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ABSTRACT 

All available data on 2525 V I lines (wave lengths, intensities, t emperature 
classes, Zeeman effects, and absorption observations) subjected to analysis have 
aided in the identification of 60 doublet, 60 quartet, and 28 sextet terms. Com
binations between these give 634 multiplets and account for 2, 186 observed lines. 
Complet e tables of lines and t erms are presented. 

The lowest term is (das2)a4Fl~' but the strongest line (raie ultime of VI) is 
(d4s)a6Dj}i-(d4p)y6F06~ with wave length 4379.24 A, involving the simple s-p 
transition. 

Line intensities, level intervals, and Zeeman effects indicate that this five
electron spectrum is governed, in the main, by LS coupling. The terms are all 
regular except for a few inversions, some of which appear to be explained by 
perturbations also accompanied by abnormal magnetic splitting. 

Absorption data and temperature classification confirm the orientation of the 
terms and agree qualitatively with their energies of excitation. 

Zeeman-effect observations for more than 900 lines greatly facilitated the 
analysis, and constitute convincing evidence for its correctness. 

With the aid of the quantum theory, and comparisons with other spectra, the 
electronic configurations responsible for the observed terms have been identified 
in nearly all cases, but a few terms are left unassigned for various reasons. 

A number of two-member series have been recognized; from them a corrected 
ionization potential of 6.71 volts has been computed for neutral vanadium atoms. 
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I. INTRODUCTION 

A contribution of far-reaching importance to the term analysis of 
complex spectra was made by Catalan [1]1 in 1922, when he announced 
new types of regularities (multiplets) in the spectra of manganese. 
Similar regularities were eagerly sought in other spectra, especially 
those of elements in the same period as manganese, primarily for the 
purpose of testing the alternation and displacement laws of spectral 
structure. Thus, after multiplets had been identified for scandium, 
titanium, chromium, manganese, and iron, to vanadium fell the 
distinction of d~sclosing the first spectral regularities in the 5th group 
of elements, thereby proving the general validity of the alternation 
law. 

The first regularities in the arc spectrum of vanadium were an
nounced in 1923, simultaneously by Meggers [2] and by Laporte [3]. 
Both recognized quartet and sextet multiplets accounting for several 
hundred hnes. A paper on Zeeman effect and multiplet structure 
by Lande [4] gave further impetus to such analysis, and further 
results based on interpretations of observed Zeeman effects for 
vanadium lines were published by Meggers [5] and by Bechert and 
Sommer [6]. The analysis was continued by Meggers during the 
development of the theory of complex spectra [7] until the identified 
terms [8] accounted for about 1,000 lines. Except for a series-forming 
term identified in 1927 by Russell [9], the analysis rested until 1932, 
when it was resumed and carried to its present state of completion 
by cooperation of the present authors. A summary of the identified 
terms was published in 1934 by Miss Moore [10]. 

In order to bring this analysis to its present state, it was necessary 
to reobserve certain regions of the spectrum and to reexamine spec
trograms for faint lines. By postponing this presentation, it was 
possible to exploit new photographic plates and spectrographs, 
which added much to the completeness and quality of the data. 
Most of the new observing was done at the National Bureau of Stand
ards, while the extensions to the analysis all emanate from Princeton 
University. Since practically all conveniently observable data for 
V I lines have now been satisfactorily interpreted and correlated, the 
time has come for publication of final results. 

II. OBSERVATIONAL DATA 

The observed facts upon which this analysis of the V I spectrum is 
based consist of wave-length measurements, intensity estimates, 
temperature classification, Zeeman effects and absorption data, all of 
which are collected in table 1. 

1. WAVE LENGTHS 

Although a considerable number of spectroscopists have measured 
wave lengths of vanadium lines [11], no one has given satisfactory 
results for the entire spectrum, so, in lieu of remeasuring all lines, it 
has been necessary to use a composite list. The most complete 
table of vanadium arc spectrum measurements (1,642 lines, 2311.53 
to 6812.63 A) was published in 1911 by Exner and Haschek [12], but 
the values are on Rowland's scale and the relative errors are rathe 

I Numbers in brackets refer to references at the end of this paper. 
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large. More precise values on the International Scale were obtained 
by Kilby [13] (3126.224 to 3943.666 A), and especially by Ludwig [14] 
(2207.1 to 4646.402 A), whose results as tested by subsequently found 
spectral regularities appear to be correct within a few thousandths 
angstrom. These observers, however, measured only short intervals 
of the spectrum and omitted many faint lines. The region of 
longer waves (5500 to 9500 A) was explored in 1920 by Kiess and 
Meggers [15]. 

Efforts to advance the structural analysis of vanadium spectra 
soon indicated the necessity of remeasuring portions of them and 
extending observations in both directions. At the National Bureau 
of Standards the interval 4456 to 6700 A was remeasured in 1923, 
new observations in the ultraviolet (2081 to 2440 A) were made in 
1925, new measurements in the infrared (6700 to 10500 A) in 1933 
were extended to 12000 A in 1935, and finally, the ultraviolet (2081 to 
2700 A) was once more observed with larger dispersion in 1936. 
These last observations were suggested by the term analysis which 
indicated that the earlier ultraviolet measurements were affected by 
systematic error. This systematic error was probably due to the fact 
that the iron lines used as standards below 2400 A were quite unreli
able until new values by Burns and Walters [16] become available in 
1929. 

Since these new values of vanadium wave lengths are here being 
published for the first time, it may be justifiable to give some details 
of their measurement. Large concave grating spectrographs were 
employed, except in the ultraviolet, for which an exceptionally power
ful quartz spectrograph became available in 1931. Dispersion con
stants of the spectrograms are as follows: 0.4 to 1.1 A/mm in the 
interval 2100 to 2700 Ai 3.5 A/mm from 4456 to 9100 A; 10.2 A/mm 
from 8600 to 12000 A. All measurements were made relative to the 
international iron-arc secondary standards [17], supplemented in the 
ultraviolet by the above-mentioned values of Burns and Walters [16]. 
The earlier observations were made with vanadium chloride on 
graphite, but those since 1932 were secured with solid metal elec
trodes of highly purified vanadium kindly presented for these spec
troscopic investigations by Jerome K. Strauss of the Vanadium 
Corporation of America. 

A. major difficulty encountered when describing the atomic spectra 
emitted by conventional sources is due to the confusing presence of 
molecular spectra arising from metallic oxides. In the arc spectrum 
of vanadium at atmospheric pressure partially resolved rotation 
structure of such bands [18] extending from the blue to the limit of 
observation in the infrared, inevitably masks many faint atomic 
lines and may in some cases falsify the wave-length measurements. 
The vanadium furnace spectrograms obtained by King [19] being 
free from oxide bands, were reexamined at Princeton for faint lines. 
Thus, in the range 2632 to 6607 A on King's plates, about 130 new 
lines were measured, the wave lengths of 155 others were checked, 
and 11 close doubles were resolved, including vanadium lines near 
strong iron lines or other impurities. Unfortunately, the infrared 
has not been observed without molecular spectra. 

The hyperfine structure of some V I lines has been investigated by 
White [20], and by Kopfermann and Rasmussen [21], the latter 
definitely deducing from their measurements a nuclear-spin moment 

73059-36-9 
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of 1=9/2 for vanadium atoms. In table 1 the symbol "em" meaning 
"complex hyperfine structure measured", is attached to the 17 lines 
investigated with interferometers. No hyperfine structure in vana
dium spectra has been resolved with ordinary spectrographs, but 
some infrared lines showing considerable width may merit further 
study with greater resolving power. For example, the line with 
mean wave length 8116.80 A appears to have a width of the order 
of 0.5 A. The present term analysis of the V I spectrum is quite 
independent of hyperfine structure, but further work in the latter 
field may be suggested and aided by it. 

2. INTENSITIES 

Except for four multiplets in each of which the relative intensities 
of lines have been measured by Frerichs [22] to test intensity rules, no 
quantitative measurements of intensities have been made in vanadium 
spectra and the usual practice of estimating such relative intensities 
has been followed. In the present case, we have quoted King's [19] 
arc-intensity estimates for the most part and attempted to supply 
the remainder on the same scale. Whereas other observers usually 
employ a scale of 1 to 10, King's scale has much greater range (1 to 
200 for vanadium), and although empirical, it has been shown to be 
remarkably homogeneous and in possession of considerable quanti
tative value [23]. 

3. TEMPERATURE CLASSES 

Comparison of the spectra of vanadium excited in a vacuum furnace 
at various temperatures enabled King [19] to separate some 1,600 
vanadium lines (2340 to 6842 A) into a half dozen different classes 
corresponding closely to successive energy stages required for their 
excitation. This classification was of primary importance in the first 
search for regularities among vanadium lines and has been of great 
value in simplifying and generally confirming the complete analysi~. 
King's temperature classes in roman numerals are quoted together 
with estimated arc intensities in the following list of lines. In the 
interval 2400 to 3200 A, King measured about 130 V I lines not 
mentioned before 1924. 

4. ZEEMAN EFFECT 

In 1911 the Zeeman effect for several hundred vanadium lines from 
3665 to 6625 A was published by Babcock [24]. These observations 
were improved and extended and in 1923 were lent in manuscript 
form to those actively engaged in multiplet analysis. Except for a 
few patterns published by Bechert and Sommer [6] these data have 
remained in obscurity, but with the kind consent of Mr. Babcock, 
they are now fully presented, together with their interpretation in 
the following list of V I lines. A report on magnetic splitting factors 
(g and g sums) resulting from the present analysis was published last 
year by Russell and Babcock [25] so further details of this phase will 
be omitted here. The Zeeman effect observations quoted in table 1 
are given in the usual form (normal triplet units) p components in 
parentheses followed by n components, the strongest in complex 
patterns being distinguished by boldface type. The same applies to 
calculated patterns, except that in some cases these are simplified to 
make their relation to the observations more obvious. 
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The calculated patterns are derived from the observed g-values 
obtained from Babcock's material and listed in table 1. When the 
observed components are wholly or partially resolved the full com
puted pattern is given. When only blends of the components of a 
given polarization are measurable, the calculated position of the blend 
is given. For the stronger lines this is assumed to coincide with the 
center of gravity of the theoretical group, as determined by the for
mulas of Shenstone and Blair [26]. Such cases are marked b in the 
list. For weaker lines, it is probable that the measurement applies 
more nearly to the stronges,t component of the group, which is, there
fore, tabulated with the notation s. 

The observed Zeeman effects have been most helpful in the identi
fication of spectral terms and they afford the most convincing con
firmation of the correctness of this analysis of the V I spectrum. 
"From the magnetic standpoint, this complex spectrum is conspicu
ously regular and orderly. Lande's formulas for the g-factors are 
closely followed, showing (as does the regular multiplet structure) 
that the departures from LS coupling are small. Most of the dis
cordances are explicable as a result of simple perturbations between 
adjacent levels [25] ." 

5. ABSORPTION 

Before the theory of complex spectra had been fully developed the 
apparent prominence of large azimuthal quantum numbers was 
regarded skeptically by many, and it was necessary to devise experi
mental proofs. The absorption spectrum of vanadium was promptly 
investigated by Gieseler and Grotrian [27] to determine the normal 
state of the atoms. They observed 52 absorption lines (2914.92 to 
6251.81 A) when vanadium was vaporized in a furnace at 2,000° C. 
Since all of these lines originated either from a low quartet F or a 
slightly higher sextet D term, it was concluded that the normal state 
of vanadium atoms is described by a ~FH~ level. Evidence of a similar 
nature, but less refined, is found in the self-reversal of lines in the 
vanadium arc. 

King [28] extended his temperature classification of vanadium lines 
in the ultraviolet from 2340 to 2700 A by comparing arc intensities 
with those appearing in absorption by vapor at about 2,600° C. 

The only other absorption data for vanadium are those of the solar 
spectrum. More than 600 vanadium lines have been identified in 
the spectrum of the solar disk, and most of these are enhanced two or 
more intensity units in the spot spectrum, so that many faint lines of 
vanadium appear only in sun spots [29]. 

III. TERM ANALYSIS OF VI (Z=23) 

Since the terms of the V I spectrum are deduced directly from 
observed properties of the lines, we present in the following numbered 
subsections (1) a complete list of observational data in table 1, to 
which are added the term combinations for all classified Tines, and 
calculated Zeeman effects to compare with observed; (2) the intrinsic 
facts concerning the established spectral terms in table 2; (3) discus
sions of electron configurations and terms; and (4) spectral series and 
ionization potentials. 
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1. LINES OF THE VI SPECTRUM 

Table 1 exhibits in successive columns (1) the observer; (2) meas
ured wave length; (3) intensity; (4) temperature class; (5) vacuum 
wave number; .(6) term combination; (7) observed Zeeman effect; 
and (8) calculated pattern. 

The key to the numerals in column (1) is as follows: 1 = W. F. 
Meggers; 2=H. N. Russell; 3=Solar or sun-spot spectrum; 4=Exner 
and Haschek [12, 19]; 5=0. E. Moore; 6= W. Ludwig [14]; 7=0. M. 
Kilby [13]; and 8=A. S. King [28]. 

All wave lengths listed here are on the International Scale. 
The letters a, b, c, etc., attached to wave lengths in column (2) 

have the following meaning: 
a=(J for higher level calculated from this line. 
b= Observed and calculated Zeeman effects discordant. 
c=Fe masks V line. 
d=Blend with VII line. 
e=Masked by VII line. 
f=Ni masks V line. 
(J=Zeeman effect pattern changed by self-reversal. 

The third and fourth columns contain the intensity and tempera
ture class, respectively. For lines of known temperature class 
King's [19] intensities are given unless the intensity is in parenthesis, 
in which case it belongs to the observer in column (1). This is gen
erally true of waves longer than 6400, and shorter than 2755 A. For 
all lines of unknown temperature class, the intensity is that of the 
author referred to in column (1). A few cases of temperature 
classes not published by King are given in parentheses. Intensities 
less than 0, i. e., 00, 000, and 0000, are entered as -1, -2, and -3, 
respectively. The intensities quoted from furnace spectra are 
inclosed in brackets. 

Symbols accompanying some of the intensity numbers in column 
(3) have the following significance: 

a=Absorption [27]. 
c=Complex, hyperfine structure (hfs). 

cm=Complex hfs measured [20, 21J. 
d=Double. 
E=Enhanced in spark. 
h=Hazy, nebulous, or diffuse. 

H = Very hazy. 
l=Shaded to longer waves. 

p = Part of band. 
r=Self-reversed. 

R=Strongly self-reversed. 
W= Wide hyperfine structure. 

W = Very wide hyperfine structure. 

The vacuum wave numbers in column (5) were derived from the 
measured wave lengths with the aid of Kayser's Schwingungszahlen 
[30], except beyond 10000 A, where either Babcock's [31] method of 
using Kay'Ser's table was employed or reciprocals were calculated 
from wave lengths corrected to vacuum by extrapolation of Meggers 
and Peters [32] dispersion formula for air. 

The term combinations entered in column (6) show the quantum 
theoretical interpretation of the observed lines, the notation being 
that which is in general use [33]. In the case of blends, an attempt 
has been made to list the more important term combination first. 
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Lines which are completely masked have their multiplet designations 
in parentheses. 

Symbols attached to Babcock's unresolved complex magnetic 
patterns in column (7) have the following meanings: 
wl=slightly widened; w2=moderately widened; 
w3=greatly widened, while the apparent intensity distribution in such 
cases is qualitatively represented by letters as follows: 
For unresolved p components B= i' '1; D= n; E=!\. 
For unresolved n components A= '1 i' ; B= i' <1 ; C= n n. 

As already explained, the letters band s, with calculated patterns 
in column (8), indicate blended and strongest component values, 
respectively. Discordances are pointed out and often explained in 
footnotes. In such a complex spectrum, it would not be surprising 
if a few discordances arose from errors of observation or of judgment 
in separating overlapping Zeeman patterns of V I or of V I and V II 
lines. The recorded Zeeman data may be compared with values 
computed from Lande g-values by referring to a publication by Kiess 
and Meggers [34]. Considerable departures from such calculated 
values are usually accounted for by perturbation of adjacent levels [25]. 

The total number of classified lines is 2,186, divided among multi
plicities as follows: 365 doublets, 1,173 quartets, 323 sextets, 277 
doublet-quartet, 145 quartet-sextet, 12 doublet-sextet, and 13 from 
combinations with the three miscellaneous levels. The total number 
of assigned multiplet designations is 2,308, 120 lines being blended. 
Of the blends 118 have two designations each and 2 have three each. 
In addition, 73 lines which would otherwise appear in multiplets are 
masked; 61 by VI, 4 by VII, 2 by Ni, and 6 by Fe. 

The combinations between sextets and doublets are of special 
interest, as this is the smallest atomic number for which they have 
been found. The combination a6D-z2Go exhibits all five possible 
members of the multiplet, three of which (AX 4200.19, 4179.42, 
4159.70) have completely resolved Zeeman patterns, of very unusual 
type, which put their nature beyond any question. The remaining 
lines recorded as doublet-sextet combinations are sporadic and faint. 

TABJ.E I.-Arc spectrum of vanadium (VI) 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. X.irA arc class P"aocm-1 combinations 

Observed Computed 

- --- -------
I 11911.8 2 8392.7 a'F3~- z'F!~ 
1 11263.8 3 8875.6 a'G2~-Y'Fi~ 
1 11249.0 5 8887.2 a'G3~-v'F!~ 
1 11195.4 5 8929.8 a'G,~-v'Fj~ 
1 11182.6 5 8940.0 a·G.~-y·F!~ 

1 11107. 7 10 9000.3 a'S,~-v'Pi~ 
1 10993.4 15 9093.9 a'S,~-v'P!~ 
1 10982.5 5bp? 9102.9 a'G,~-z'Gj~ 
1 10848.0 20 9215.8 a'SI~-V'P!~ 
1 10824.8 6 9235. 5 

1 10523.3 2p? 9500.1 b'Pl~-Z'PO~ 
1 HH79.4 4h 9539. 9 
1 10458.4 2 9559. 1 b'P,~-z'Pl~ 
1 10392.4 2 9619.8 a'D2~- z'D!){ 
1 10383.72 3h 9627.83 

1 10283.4 I? 9721.7 a'Dl~-z'D!~ 
1 10251.5 I? 9752.0 bIG'~_X'G!)i 
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TABLE I.- Arc spectmm of vanadium (V I)-Cont inued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Tnt. Temp. Term Zeeman effect 
Ref. ~air A arc class v't'a ccm-1 combinat ions 

Observed Computed 

- - - - - ------

I 10203.45 10 9797.93 a 2P O}i - z2D T~ 
1 10193.66 5 9807. 33 a2PU,,-Z2D h, 
1 10163.00 2 9836.92 b'Po~-z'PiJi 

1 10138.82 5h 9860.38 b'Pi}<l- Z4P~~ 
1 9865.44 10 10133.62 a2P!~-z2D h<J 
I 9772.98 5+1' 10229.49 
1 9738.50 15 10265.71 btF hs-y4FiH 
1 9708.36 10 10297. 58 b'F3~-Z20 :h2 

1 9691. 58 40 10315.41 b'F2~-Y'F~Ji 
1 9684.19 7 10323.2H 
1 9670. 9 5d1'? 10337.5 v'D,~-e'F'Ji 
1 9668.9 31'? 10339.6 b4 Fn~-ytF2~ 
1 9614.68 50 10397. 92 b'F3~-Y'F3Ji 

1 9611. 60 80 10401. 24 btFH,~-y~F4~ 
1 9593.04 3p? 1042l. 37 yGD 3.-., - et Fa!1"? 
1 9582. 28 6"+1' 10433.07 b'F2)~- y ' F;Ji 
1 9540.31 5 10478.97 b'D,~-x'F;;, 
I 9536.53 31'? 104R3.12 Y' D h,-e'F'Ji 

1 9511.37 5h 10510.85 
I 9509.11 5h 10513.35 1° -f'P'Ji 
1 9482.64 4 10542.70 

1 9480.25 5h 10545. 36 {Y'Dj~-e4F3~ 
yllD hi-etFui 

1 9476.14 10 10549.93 {b'D3Ji -X'F1Ji 
b'P,v,-Y'F' Ji 

1 9467.92 3h 10559.08 
1 9466.32 8" 10560. 87 b'FH!l -Y'D l ~ 
1 9454.44 10 10574. 14 b'F47!i - z2G4~ 
1 9445.74 10 10583. 88 Y'D'~-e'D 3V, 
1 9439.80 8" 10590.54 

1 9435.52 80 10595.35 Y'D3}i-e'F'H~ 
1 9411.32 30 10622.59 Y'Di~-e'D ,,,, 
1 9406.02 4" 10528.58 b'F'~-Y'D;v, 
1 9398.92 10 10636.60 y'D;~- e'F'Ji 
1 9384.83 30 10652.59 v6D;~-e6DIJi 

1 9380.50 4 10657.49 
1 9369.80 Ii 10669.66 
1 9366.86 50 10073.01 Y'D ;~-e'F3J> 
1 9362.76 2 10677. 68 b'P2~-Y'D iJi 
1 9361..,8 6 lQr,79. 03 v'DI~-eOD;Ji 

1 9341.10 100 10702.44 v'Dl~- eOD,~ 
1 9334.91 5" 10709.54 b'Fu~-Y'D;Ji 
1 9328.14 ' 40 10717.31 y' D"v,-e' D'J> 
1 9324.46 5 10721. 54 v'D;v, - e'D'J> 
1 9316. 50 3 10730.70 z2Ghi- ef FHi 

1 9313.54 4 10734.11 {Y'Div,-e'F'J> 
b'PI~-v'F;J> 

1 9308.64 20 10739.76 ytDj3-i -t!4F2~ 

1 9290.34 10 10760. D2 1I oDo~-e'DIJ> 
1 9273.31 15 10780.68 b'P,v, -v'D;J> 
1 9265.59 20 10789.66 y'Dl» -e' D'J> 

1 9255.84 10 10801. 03 y·Dii~-e4FIJ.S 
I 9242.89 30 10816.16 Y'D;~- e'D3J> 
1 9226.09 20 10835. 87 y6D iJ.) -e6D I~ 
I 9217. 22 4" 10846. 28 a'PI~- z'P1J>? 
1 9202.88 4 10863.18 a~p,~- z~Di~ 

1 9168.76 20 10903.61 { 1I4Fh~- e4 F~~ 
Y'Fh~-e4FaJ.i 

1 9165.80 4 10907. 13 a'H,» - v'FlJ> 
1 9164.84 40 10908.27 b'P'H-V'Dl~ 
1 9156.54 20 10918. 16 a2Hu~- z2G3~ 

I 
1 9113.74 6 10969.44 a'PIH-z'DoH 

1 9105.86 10 10978.93 b'PIH-V'DlH 
1 9100. 78 8 10985.06 'F· - e'F, I 
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(J) (2) 

Ref. X!\irA 

- ----
I 9085.26 
1 9073.34 
1 9016.68 
1 \l037.58 
1 9022.70 
1 9021. 08 
1 9063 . 08 
1 8999 .10 

1 8971. 62 
1 8963. 6 
1 8949.2 
1 8932. 95 
1 8931. 62 

1 8919. 85 
1 8916.35 
1 8642.61 
1 8598.92 
1 8580.37 

1 8551. 48 
1 8541. 98 
1 8534. 50 
1 8505.63 
1 8505.06 

1 8502.94 

1 8499. 50 
1 8493.61 
1 843 1. 63 
1 8421. 39 

1 8416.53 
1 8414.39 
1 8408.23 
1 8402.79 
1 8342.04 

1 8331. 21 
1 8324. 40 
1 8282.35 
1 8280.39 
1 8267.61 

1 8255.90 
1 8253.51 
1 82·11. 61 
1 82113.05 
1 8198. 87 

1 8194 . 82 
1 8187.33 
1 8186.73 
1 8180. 19 
1 8171. 34 

1 8168.89 
1 8161. 06 
1 8154.55 
1 8141.58 
1 8136.80 

1 8116.80 
1 81011.88 

1 S109.07 

1 810S.60 

1 8102.42 

1 80113.48 
1 S028.13 
1 S027.36 
1 7947. 36 
1 7937.90 
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TABLE I.-ATe spectrum oj vanadium (VI)- Contil1ued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman ofloct 

arc class Vvaccm-1 combinations 
Observed Computed 

--- ---
40 11003.82 a'P'fi- 2'D;fi 
4 11018.28 a'H'fi-v'F!fi 

50 11050.75 a'Plfi- 2'Dlfi 
30 11061. 87 a'Pofi-2'D~fi 
211 11080.12 a2H~~-z2G;~ 
211 11082.11 b' P lfi - V'D ifi 
5 11104.26 b' POfi-V'Dofi 
4 111011.17 y6D2~-e6F3~ 

40 11143. 20 atD OH-ztD7H 
5 11153.2 V' Dlfi-e'F'fi 
4 11171. 1 b'Pofi-V'Dlfi 

50ew 11191. 44 at Pl)-S-ztDz}i 
7hp1 11193.11 V'Djfi-e'I"fi 

10llew 11207. 88 a'P'H-2'Difi 
21)1 11212.27 a'H'fi-v'Fifi? 
5+p1 11567.40 
4+ V lJ 626.18 v'DlH-e'D'H 
8h 11651. 31 v'D;H-e'D IH 

3+V? IHl90.67 Y'D1H-e' DoH 
20 11703.67 b'O'H-V'OiH 
30 11713.93 b'03H-V'O!H 
10 11753.69 v'D ;H-e'D'H 
4 11754. 48 v'D1H-e'DIH 

5<11 11757.41 {Y'DOH- e'DoH 
b'O'H-y'OIH 

50 11762. 17 v'D!H-e'D3H 
5 11770.32 2'F!H-/,F'H? 

10h+p1 11856.85 v' D 1H-e'D'H 
5 11 S71. 27 b'D'H-X'D;H1 

5 11878. 12 b'O'H- y'F'H 
5 11881. 14 b203~ -y2F~J.i 
3 11889. 85 v'D;H-e'D'H 

15 11897. 64 
60 11984. 19 v'F'H-e'D'H 

40 11999.76 ytF2~-e4DIH 
30 1200\1. 58 ytFh-s-etDoH 

100 12070. 55 V' Fifi - e' D 'fi 
20 12073.41 v'F1H-e'DIH 

2 120112.07 b'O ,).>-2'H ' H 

100e 12109. 22 a'D'fi - 2'D1H 
lOIlew 12112.73 a4D 3~-z4D2H 
60 12130.22 a'Dl),-z'DoH 

100 12137.24 y6F$~-e6D4~ 
80 12193.45 a4Do~-ztDoH 

5 12199.48 b'D'fi - W'Fi).> 
70 12210. 64 v' Fj).>-e'D'fi 

100 12211. M atDI}.~-ztDiH 
15h 12221. 30 b'D 'H-W' F iH 
40 12234.53 y' l'l).>-e'D'H 

7h 12238.20 v'F;).> -e'D3J.> 
150ew 12249.95 (LtD 2~-Z4D2H 
20 12259.72 Y'Fl).!-e'DIJ.> 
50 12274.73 a'Do).> -2'D;H 
20+V 12286. 47 y6Fl}i-eIl DoH 

200cW 12316.74 a'D ,).!-z'DlH 
15 12327. 25 'V6Fo~ -e6Do~ 

20<11 12328.49 { y'F;J.> -e' D'H 
y'Fl).> -e' DIH 

30 12329.20 { y' Fl).> -e' D'H 
Y'FsJ.>-e' D ,J.> 

40 12338.60 

looe 12352.23 a'Dlh -z'Dhs 
20cw 12452.78 

100cw 12453.97 a'D'J.>-z'DiH 
6 1257g.34 2' P1J.>-e' D'H 

30 12594. 33 2' P!)s-e'D')i 
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T ABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Rer. Xair A arc class JfvaeCm-1 combinations 

Observed Computed 

- ------- ---
I 7932.99 6 12602.13 "P'}l-e'D'}l 
1 7826.88 3 12772.97 b'PI}l-Y'S')f 
1 7787.81 1 12837.05 x'F;)f-e'F')f 
1 7736.63 1 12921. 97 a'D')f-z'F')f 
1 7704.81 3 12975.34 z'Pl}l-e'D')f 

1 7701. 30 ~ 12981. 15 b'Po}l- z's,,, 
1 7676.14 2 13023. 80 b'P,,,-X<D,,, 
1 7662.97 2h 13046.17 II'Dl,,-/'F')f 
1 7661. 02 2h 13049.51 b'P,,,- "SI" 
1 7638.03 311 13088.78 z'Pl,,-e'DI" 
I 7624.80 15 13111. 49 z'Pl"-e'D,,, 
1 7621. 85 4dp? 13116.57 II'D,,,-/'F')f 
1 7613.55 211 13130.87 y'FI"-e'D,,, 
1 7598.28 311 13157.20 b'POH-V'S')f 
1 7596.92 3p? 13159.61 b'PI}l-x'D')f 

1 7591. 24 3h 13109.46 .'p,,,-e'Do)f 
1 7578.75 511 13191. 10 z'Pl" -e'D,,, 
1 7573.93 2 13199. 55 b'Do,,-v'Fj,,? 
I 7570.26 2 13205.96 b'DI,,-lo 
1 7554.63 2 13233.27 z'p,,,-e'DI)' 

1 7488.08 311 13350.89 b'PI,,-z'Si)f 
1 7485.88 2h 13354.81 b'DI,,-v'Fl)f 
1 7398. 64 1 13512.29 a'O'''-II'm" 
1 7395.20 3h 13~18. 58 a'O,,,-y'OI)f 
I 7389.14 2 13529.65 a'G,,,-v'O; . ., 

1 7385.95 3 13535.50 b'Pi,, -z'p,)! 
1 7381. 95 1 13542.84 b'Pn,-z'sr" 
1 7363.16 15 13577. 39 a'O,,,-y'O;» 
I 7362.49 4 13578.02 { b'PI}l-z'Pi" 

b'O,,,-u'Dl,, 
1 7361. 39 10 13580.05 a4G2.li-1I(Gi~ 

1 7358.64 4 13585.73 b'D'}l-v'Fj)f 
1 7356.51 20 13589.66 a4GU,i-lI t04H 
1 7338.92 30 13622.23 a'O,,,-II'O')f 
1 7329.66 2 13639.44 a'O'''-I/'O')f 
1 7327.76 1- 13043.00 b'H'H- "HI" 
1 7321. 44 4 13654.76 a'O'}l-IIGl" 
1 7306.71 2 13682.28 a'O'''-II'm)f 
1 7291. 90 1- 13710.07 a2F:HO{- %4H~72 
1 7264.28 8 13762.20 b'D,,,-v'Fl,, 
1 7255.68 2 13778.51 z'Fl}l-e'F,,, 

1 7239.26 1- 13809.77 x<m"-/'F,,, 
1 7228.36 1- 13830.58 b'D')f-v'Dl" 
1 7186.79 1 13910.59 { X<D!"-/,F,,, 

a'F'}l-w' F!)! 
1 7182.04 2 13910. 78 b'Po)f- "P')f 
1 7159.90 1- 13962.84 b' P,,,-z'Pi,, 

1 7151. 36 2 13979.50 b'D,,,-v'D!,, 
1 7148.15 6 13985. 78 
1 7102.53 211 14075.62 a'06.!>i-x4F4}-{ 
1 7092.08 411 14096.36 
1 7063.69 1- 14153. 02 a'O."-v'FI,, 
f 
1 7026. 05 lO+p 14228. 83 a'F'}l-v'OI" 
1 6974.50 5 14334.00 a'F,,,-v'O,,, 
1 6940.92 2 14403.35 a'F,,,-Y'F')f 
1 6910.06 2 14455.12 a'F,,,-y'F,)f 
1 6893.99 3 14501. 39 a'F,,,-y'FI}l 

1 6883.92 2 14522.60 b'P')f-V'pr)f 
1 6871. 53 4 14548.79 b'P')f-ll'Pl" 
1 6870.86 8 14550.21 b'H5}l- z'H!}l 
1 6841. 89 (7) lIlA 14611. 82 a'DIJi-ztFiJ.i 
1 6839.58 6 14616.75 b'H."-z'H;,, 

1 6832.44 (10) lIlA 14632.03 a'D,,,-z'F!}l 
l 6829.9* (IQ) IIU. 14637.39 a'D')f-z(FI)f 



Meuoer8] 
RU8seli 

(1) (2) 

Ref. Xalr A 

6819.13 
6812.40 
6786.32 

6784. 98 
0777.29 
6766.49 
6760.12 
6753.00 

6744. 20 
6732.02 
0708.07 
6693.66 
6677. 82 

6662.38 
6657. 62 
6643. 79 
6633.26 
6624.86 

6623. 51 
0607.82 
6600.445 
6605.98 
6578. 96 

6568.73 
1 6565.88 
2 6564.350 
1 6558.02 
1 6550. 02 

6543. 51 
6531. 44 
6510.076 
6508.736 
6504.164 

6490.68 
6488. 05 
6480.52 
6466.97 
6452. 35<1 

6450.947 
6447.82 
6445. 14 
6438. 08 
6435. 148 

6433.17 
6431. 620 
6430.471 
6424.96 
6423. 219 

6420.23 
6418.71 
6417. 017 
6411. 26 

6407.07 

6405. 961 
6393. 270 
6385.62 
6384.46 
6381. 26 

6379. 338 
6374. 484 
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TABLE l.-Arc spectrum of vanadium (V I)-Continued 

(3) 

Int. 
arc 

2d? 
(20) 
6 

(40) 
2 

(60) 
4 

(8Oc) 

1 

2 
4 
lit 
1-

(1) 
1-

(2) 
(2) 
(7) 

(8) 
(3) 
[OJ 
(10) 
(2) 

1h 

(3) 
[2J 
(5) 
(2) 

(5) 
(15) 

[-IJ 
(2) 
(9) 

(2) 
(4) 
2h 

(2) 
(10) 

(2) 
(3) 
(1) 
(1) 
(2) 

(3) 
(4) 
(5) 
(lh) 
(1) 

1-
(1) 
(2) 

1 
2 

1 

2 
1 
lit 
2h 

3 
1 

(4) 

Temp. 
class 

IlIA 

IlIA 

IlIA 

IlIA 

IV A 

IV A 
III A 
IlIA 

IV A 
lIlA 

III A 
IlIA 

(5) 

14660. 
14675. 
1473l. 

14734. 
14751. 
14774. 
14788. 
14804. 

14823. 
14850. 
14903. 
14935. 
14970. 

15005. 
15016. 
15047. 
15071. 
15090. 

15093. 
15129. 
15132. 
15133. 
15195. 

15219. 
III A 15226. 

15229. 
III A 15244. 
IV 15262. 

I III A 15278. 
II 15306. 

15356. 
III 15359. 
II A 15370. 

IV 15402. 
IV 15408. 

15<126. 
III A 15158. 
II A 15<193. 

IV A 15497. 
IV A 15504. 
IV A 15511. 
IV A 15528. 
III A 15535. 

III A 15540. 
III A 155<13. 
III 15546. 
IV 15560. 
IV A 15564. 

15571. 
IV A 15575. 
IV A 15579. 

15593. 
15603. 

15606. 

III 15637. 
15655. 
15658. 
15666. 

III 15671. 
III A 15683. 

(6) (7) I (8) 

Term Zeeman efJeet 
-I 

combinations 
Observed Computed 

59 a'P')i-x'D;)i 
07 a'Do)i- z4Fi)i 
47 

38 a'D')i-z'F;)i 
09 b'P')i-Y'PO)i 
64 I a4D')i·- z'F!)i 
56 
15 a'D3)i-z'Fl)i 

47 e'P1)i-V'Pi" 
a'P' )i-z' Pi" 

29 b4P')i-V'P;)i 
31 a4P2~-z6p~~ 
40 b'G')i-xIGl)i 
82 b'FI)i-v'G!)i 

50 b'F')i-lI'G!)i 
25 b'Po)i-V'Pi)i 
50 b'F3)i-1I' Gl)i 
38 a'G')i-v'Fl)i 
49 a'P')i-z'Pi" (O? W I) 1.50 (0) U3b 

57 b'F')i-y'GO)i 
42 a'G 3)i- , ' Ol)i 
56 a'D l)i- ,'Di)i 
63 a'P')i- "Po)i (0.43) 1.32,2.12 (0.42) 1.28,2.12 
79 a'Do)i-,'Di)i 

45 {a4D3)i-Z'D;)i 
b'G')i-w'G')i 

05 a' PO)i- " Po)i (0) 2.61 (0.02) 2.56b 
60 a'G3)i -y'F!)i 
30 a2G4}i- z20~~ (0.24) 1.11 (0.00) 1.13b 
91 (0) 1.08 

12 a·PIH-z'Pi~ (0) 1.74 (0.01) I.7Ob 
34 a'P''' - ''P;)i (0) 1.59 (0.09) 1.57b 
57 a4D2~-22D~H 
73 
5<1 a'Po)i-"Pi)i (0.47) 1.30,2.20 (0.44) 1.27,2.15 

46 a ' F ,,,-v'Di)i 
70 a'F3,,-v'D;Ji (0) 1.08 (0) 1.08b 
60 v'Dl,,-e' P 'Ji 
94 a4DI~-z2D~~ 
95 a'PI)i-z'P')i (0) 1.48 (0) l.51b 

33 b'F.,,-x·FlJ. 
84 b4F3~-X4FiJ1 
38 b'F'Ji-x'FiJi 
29 b'G3,, -V'G!)i 
37 b<FI),-z4Fi)i (?) 0.41 (0.01) 0.38b 

16 b4 F2~-X' FZJ1 (0) 1.07 (0.00) l.03b 
89 b'F3,,-x'FjH (0) 1.22 (0·03l1.22b 
67 b'F.,,-x·F1H (0) 1.32 (0.04 1.32b 
02 v'D ,,,-e'P3H 
22 b'FI)i-x'F;H 

47 b'O')i-v'G!)i 
16 a'G3Ji-z'H!)i 
27 b'F')i-x'F!)i 
26 { b'F3)i-x'FI)i 

a'F')i-v'DI)i? 
45 b'DI)i-x'Di)i 

16 { a'G')i-z4HI)i 
a'Dus-Y'Pi)i? 

14 a'G')i-z4H!)i (O?WI) 0.78 (0) 0.79b 
87 a'G'Ji-z'H')i 
71 lI'D')i-e'P3)i 
56 v'DlJi-/,D3)i 

28 a'GI)i-z'Hl)i (0) 0.97 (0) 1.02b 
21 a'G, -w'Fi o 0.64 (0) O.64b )i () 
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TABLE l.-Arc spectrum of vanadium (V I) - Continued 

(1) (2) (3) (4) (5) (6) 0) I (8) 

Int. Temp. Term Zeeman effect 
Ref. X.ir A J','arcm- I 

arc class combinations 
Observed Computed 

- --------- ---
2 6369.217 [-31 15696.19 b'O'}l-w'F!}l 

1 6361. 259 3 III 15715.82 {a'O' }l-Z'H'}l (0) 1.03 (0) 1.05b 
( b'O'}l-v'Oj}l) 

1 6358.819 3 III 15721. 85 a'O'}l-Z'H!H (0) 1.09 (0) 1.04b 

1 6357.297 4 III 15725.61 a'H3}l-Y'O!}l (0) 0.80 (0) O.BOb 
1 6355.582 1 IIA 15729. ~6 a4G3~-w4F2YJ (0) 0.90 (0) 0.90b 
2 6354.306 [-11 15733.02 b'FI}l - x'OJ}l? 
1 6349.477 5 III 15744.08 a'HH;-Y'Olfi (0) 0.94 (0) 0.95b 

1 6343.944 1 IV 15758. 71 { b2QU~-v2G4~ 
V' D ;}l-!' F'}l 

1 6340.18 1h 15768. 07 v'Dj}l-!'F'}l 
1 6339.090 5 III 15770.78 a4H5,li-ytG4}i (0) 1.03 (0) 1.03b 
2 6333.634 [01 15784.37 a'H3}l-Y'O;}l 
1 6326.845 6 III 15801. 31 a'H'}l-y'O'}l (0) 1.09 (0) 1.l0b 
1 6324.675 2 III 15806.73 a'O'}l-w'Fl}l (0) 1.11 (0) 1.06b 

1 6321. 229 2 IV 15815.35 y'Dj}l-!'D'}l (0) 1.54 (0. 41) 1.55b 

1 6318.367 tT IV A 15822.50 {a(HH1-V404~ 
btDz}i-x'Pi}i 

1 6311.53 3 III 15839. 66 y' Dj}l-!'F'}l (0) 1.0610, (0) 1.14b 
1 6309.718 1 IV 15844.19 b'D'}l-x'PI}l (0) 1.34101 (0) 1.33b 
2 6306.499 [01 15852.28

1 
b'F'}l - x'O;}l 

1 6304.334 2 IV 15857.72 V'Dl}l-!'F'}l 
1 6298.69 tT IV A 15871. 93 '{ b'O'}l-w'F!}l 

a4G3~ -wtF3J.i 

1 6296.518 15 I 15877. 41 {a6Dt'1-z6Dj~ (0) 1.50 (0) 1.46b 
( z'Fh,-!'F"}l) 

1 6292.858 20 15886.64 a6D3~-z6D2}i (0) 1.52 (0) l.47b 
1 6286.94 2 15901.59 y'DI}l-!' F'}l 

1 6285. 185 20 I 15906.04 a'D'}l-z' Di}l (0) 1.50 (0) 1.5Ob 
1 6282.36 2 III 15913.21 a'O'}l-w'Fj}l (0) 1.16 (0) 1.13s 
1 6280.93 2h 15916.82 z'F;}l-!'FI}l 
1 6274.670 15 I 15932.70 a'DI}l - z<lDo}l (0.60) 1.28,2.49 (0.69) 1.13,2.51 

1 6268.841 8 IIA 15947.51 {a'DM-Z'F'}l 
a' D'}l-z<lF;}l 

1 6266.32 7 IIA 15953.92 a6D2~-z6Fi~ (0.25, 0.67) 1.41,1.92, (0.23,0.70) 0.91, 1.a7, 
2.39. 1.84,2.31 

1 6261. 236 5 IIA 15966.88 a'D l}l - z, FO}l (1.12) 0.78, 3.06 (1.13) 0.69, 2.95 

1 6258.595 8 IIA 15973.62 {a6D o.J1 -Z6DO~ (0) 3.20 (0.05) 3.25b 
(a'G'}l-w'Fj}l) 

1 6266.906 8 IIA 15977. 92 a' D'}l-z' D;}l (0) 1.61 (0.07) l.60b 
1 6251.83 30a I 15990.89 a'D'}l- z'D;" (0) 1.55 (0.09) l.54b 

1 6249.30 tT IV A 15997.39 b'F'}l -z'Oj}l 
1 6247.544 2h 16001. 87 b'Dlfi-X'Pi}l 
1 6245.214 2 IIA 16007.84 a'Do}l-z<lFo}l (1.94) 1.47 (1.86) 1.42b 
1 6243.49 3 lIlA 16012.27 a'D'}l-z<lP1,H 
1 6243.11 30a I 16013.24 a' D '}l-z<lD'}l (0) 1.54w, C (0.09) l.54b 

1 6242.80 15 I 16014.04 a'Do}l-z'Di}l (0.80) 0.96 (0.77) 0.99,2.53 
1 6240.137 6 IIA 16020.86 a6Dl~-z6Fi).i (1.05) 0.85, 1.51,2.12 (0.34, 1.02) 0.80, 1.48, 

2.16 
1 6238. 22 IT IV IG025. 80 b'D '}l- T'Pi}l 
1 6236.278 1 IV 16030.78 z'FIH-/,F'}l (O?w, D ) 1.02w, A (0.12) 1.01b 

1 6233. 187 12 IA 16038. 73 {a'D'H-z<lF!}l (0.74) 1.44w, C (0.72) 1.44b 
(z'Fi}l-!'FI}l) 

1 6230.736 30 I 16045.04 {a' D'I>-Z'D!}l 
(z'F;}l-!'F'}l) 

1 6224.507 15 I 16061.10 {a'D'I>-z<lF;}l 
(a' D o}l-

z<lFi}l?) 
1 6221. 216 1 IlIA 16069. 59 a'D'}l- z' Pi}l (0.55)? (0.49,1.48) -0.13,0.86 

1.85,2.83 
1 06218.328 3 IV 16077.06 z'Fl}l-!'F'}l (0) 1.32 (0.07) 1.32b 
1 6216.368 30 I 16082.12 a' D'I>- z' D ;}l (0) 1.45 (0) 1.Us 

1 6214. 743 1 IV 16086. 33 
1 6213.874 15 I 16088.58 a'Dm-z<lFl}l (0,45) 1.48 (0.52) 104M 
2 6207.251 [51 16105.75 a' DI}l-z'F!}l 
2 6:lOO.644 0] 16122.91 a'D'}l-z<lPl}l 



]OfeguerS] 
Russell 

(1) 

I (ef. 

I 

1 
1 
1 
~ 
1 

I 
2 
2 
2 

2 

1 
1 
1 
2 
1 

1 

I 
2 
2 
1 

1 
1 
2 
3 
1 

2 
I 
1 
2 
1 

2 
1 
1 
1 
1 

1 
1 
1 
1 
I 

1 
1 
1 
1 
1 

1 
1 
1 
1 
1 

1 
1 
1 
4 

1 
1 
2 
2 

(2) 

A"irA 

----
Ol9g.202 

0190.490 
' 6189. 350 

6184 .93 
6184.026 
61Sl. 841 

6170.340 
616!. 913 
6157.763 
6152.416 

615 1. 509 

6150.132 
6135. ;-((; 
6135.07 
6128. 54:! 
6128.30 

6119. 505 

Gil l. 622 
6110.214 
6109. 176 

'6106.967 

6104. G09 
6097.42 
6093.866 
6090.515 
6090. 184 

0089.473 
6087.485 
6086.55 
6082. 789 
6081. 421 

6077.367 
6067.245 
6063.372 
6058. 113 

'605'1.445 

6018. 636 
6039.690 
6025.384 
0024.161 
6021. 725 

'6017.90 
6016.093 
6008.643 
6002.601 
6002.273 

5984.602 
5980.748 
5978.881 
5975.323 
5924.560 

5879.41 
5863.16 
5858. 13 
5855.49 
5853.75 

5850.286 
5846.306 
5839. 357 
5839.043 
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TABLE I.-Arc spec/rum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term 
Zeeman e/'rect 

PvaeOm- 1 
arc class combinations 

ObsNved Computed 

--- ---

30 I 16125.65 {a6D3J1-Z6D4~ (0) 1.47 (0) U8b 
(a'F')l- z'GlJ,i) 

1 III A 16149. 35 a4D~.!1 -z6pZJ.i (1.17)? (1.09) 1.60b 
3 IIA 16152.32 a6Dz}i-z6F3}S (?) 1.00w, A (0) 0.87b 
lit 16163. 87 x'lJh,-/ 'P'\l 

[- I'IJ 16166. 23 b4F4j.i-x4Gs7S 
1 lILA 16171. 95 a'Dul-ZoPi)l 

8 IA 16202.09 a'Dus-z'Fh, 
[OJ 16224.25 a4F2~-z6Gr;, 

[11 16235.18 a'D'\l-z'Pi\l 
[lj 16219. 29 a4F 3,1i'-Z60 3>i 

[Ij 16251. 68 {a4DJJi-ZapZ;S 
a4D2}i-1IoFi", 

15 I 16255.33 a6D4}i- z6F5n (? w, D) 1.1 5w, A (0) 1.18b 
15 It 1629·1.17 afDl~-ztPO\.7 (0.G8) 0.iil,1.80 (0.67) 0.52, 1.87 

2 lILA 16295.25 a20.u~-z211· 2Is 

[OJ 10312.58 a'F')l-z'mJ,i 
2 UIA 16313. 24 at D 1Ji-y6Fo.li (0.88) 0,2. 12 (0.89) 0.31 , z,oS 

10 I 16336. 68 at D2}<l-ztPbl (0.19,0.55) 0. 81, 1.20, (0.18, 0.54) 0.81, 1.17, 
1.56, - 1.54, 1.89 

25 II 16357.75 atD6!fS-Z .. rO~ (1.27) 1.27 (1.27) 1.27b 
[3j !G301. 52 atFI~-260iJ.i 
[IJ 16364. 30 at F4,H- Z6O.5.!1 
2 UIA 16370.23 a2GulJ- zZ}i'h2 (0) 1.02 (0) 1.34b 

tr UIA 16370.38 a·])o~- y6Fo!-i 

1 163%.85 a1D3~- yaF.i~ 
[3] 16405.42 atF3~- zIlG4-'" 

-3 164 14. 44 a'D'\l-y' P§)l 
50 I 16415. 33 a' D')l- ZIp;)} 

[3] 16417.24 a4])o,.,-yeFi~ 

1 IlIA 16422.61 a4DH~-yaF;~ 

2 16425.14 a'P')l-v'Di)l 
[2J 16435.29 a'F'\l-z'O!\l 
25 I 16439.00 ntDU·i- ztp iJ,1 (-, 0.79) 0.90, 1,45, (0.25, 0.77) 0.94, 1.45, 

1.99 1.96 

[2] 16449.95 a(E\J.i'-z60 2~ 
I HI 16477. 40 bt0 3H-XzHhs (0) 0.94 (0) 0.92b 

tT IlIA 16487.92 a4Il:;~-x4G2J.i (0) 0.76 (0) 0.80b 

5 IIA 16502. Zl atDoJ.i-z4Pi.\i (0.83) 0.86, 2. 56 (0.85) 0.R5. 2.56 

2 16512.24 b2G~!,,- t4D3~ (?) O.gO (0) 0.6Sb 

tr IIIA 16528.10 atPz~-y4D2}i 

25 I 16552.57 a4DzJ,lJ-z4Phs (0.51w2B) 1.46w, C (0.52) 1.47b 

1 III A 16591. 87 a4H1.\i- x4G3J,i (0) 0.92 (0) e.92b 

1 16595. 24 z2Fa~-e2F3J,lJ 

tT IV 16601. 96 (0) 1.04 

tT lILA 16612.51 at Pui-y4Dhi (0.74) 0 (0.74) 1.43b 

I IV 16617. 50 b'O')l-x'H!)l (0) 1.05 (0) 1.08b 

tr IlIA 16638.08 a'P')l-v'DOH (1.41)1.24. (1.32) 1.26b 

4 IIA 16654. 84 at Dl,li'-z4PZJ.i (?) 2.03wl (0) 1.89b 

2 IIA 16655.76 a'P')l-v'D§\l (0) 1.16 (0) 1.1gb 

1 III A 16704.93 a'Po~-y'Di)l 
2 IlIA 16715.70 at Pl}i-yt D2.\i (0) 1.03 (0) 1.07b 

2 IlIA 15720.92 a4H5}S-x4OZ,li (0) 1.02 (0) 1.01s 

2 16730. 87 z2F2J.i-e2FzJ.i 
2 UIA 16874.23 "'R')l -x<O ;)l (0) 1.11 (0) 1.l2b 

1- 17003.82 y6F5~- etiG~~ 

tT IV A 17050.94 a4G~n -t'4F2~ 
Ih 17065.57 y6F1}S - e6G4}S 
tT IV A 17073. 27 b4Fl%- w4FiJ.) 

1 IV A 17078. H b'P, )S -x'Do)} 

2 lILA 17088. 40 b 'IPZ,\i'-xj D2~ (0.56) 1.52 (0.55) 1,42b 

8 III 17100. (jJ y' F;)l-e'OG)l (0) 1.18 (0) 1.1Sb 

Oh 17120.44 btF4J.i-X4Di~ 
[1] 17121. 36 v'F;)l-e'G')l 
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TABLE I.-Arc spectrum of vanadil.m (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. 'ferm Zeeman effect 
Ref. ).alrA arc class Jlvaocm-1 

combinations 

Observed Oompnted 

- ------ - --

I 5830.719 7 III 17145.80 v'Fhs-e'Q,u (0) 1.10 (0) I.l2b 

1 5826.59 1 III 17157. 96 b'F,u-w'F;u 
1 5817. 532 5 III 17184.67 y'F,u-e'Q,u (?w,) 1.oow, (0) 0.98b 
1 b5817.063 3 III 17186.05 b-lPl~-X4DT~ (0.79) 0.77 (0.26, 0.77) 0.91, 1.42, 

1.94 
1 5814.76 1 IV 17192.86 a'Q,~-",F,~ 
1 5807. 14 3 III 17215.44 v'Flu-e'Q'u (?) 0.87 (0) 0.89b 

1 5798.905 2 IV 17239.87 v'Fiu-e'Q,~ 
1 5797.352 1- 17244. 48 Y'F~u-e'Qlu 
1 5790.533 1 III A 17264.80 b'F.~-w·F;u (O? w.D) 1.13 (0.12) 1.20b 
1 5788.549 3 III 17270.71 b'Po~-X<D~u (1.31) 1.39 (1.26) 1.34b 
1 5786.153 7 III 17277.86 {Z'Q,u-j'F'~ }(O? WID) 0.98w1A rO) 0.86b 

z·a;~-r·F3~ (0) 1.05b 

1 5784.360 5 III 17283.22 z·Q5~-f·F.~ (O? WI 0) I.l2W1A (0) l.04b 
1 5783.509 2 III 17285.76 z'G!~-f'Flu 
1 5782. 842 1 IV 17287.75 a'Q'u-",FI~ 
1 5782.601 2 lIlA 17288. 48 {a'D3~-Y'F;u 

b'Plu-Y'p~U 
1 b5776.670 4 IIA 17306.23 a4D3}S-z2Gav, (1.41) 0.91 (1.39) 1.15b 

I 5772.402 6 III 17319.03 b'P,u-x<D;u (O? w,D) 1.12W2A (0) 1.11b 
1 5770.55 3 17324.60 y'F,u-f'F,u (0) 1.42 (0.09) 1.40b 
1 5770.02 Ih 17326.19 z'P,u-e'P,u 
1 5761. 411 2 IlIA 17352.06 a'D'~-v'Fiu (0.53, 1.32) 2.91 (0.47, 1.40) -0.05, 

1 5755.085 3H 
0.89, 1.82.2.75 

17371. 13 

1 5752.71I 3 III 17378.30 b'Po~-x'Di~ (0.60) 0.47, U7 (0.72) 0.45, 1.88 
1 5750.643 2 III 17384.55 b4F4}.~_W4F4~ (0) 1.34 (0.04) 1.30b 
1 5748. 860 4 III 17389.94 { b'Plu-x'D!~ }(O) 0.82 {(OJ l.oob 

a'F,~-x'Di~? (0) O.84b 
1 5748.412 1 17391. 30 b'Pl)s-Y'Piu 
1 5747.706 2 III 17393.43 b'H,u - x'Qlu (0) 1.06 (0) 1.15b 

1 5743.438 18 II 17406.39 a'D'u-Y'Fi~ (0.78 w, D) 1.26 w, A (0.71) 1.27b 
1 5737.040 25 II 17425.77 a'D'u-ylF;~ (0.56,0.85) 0.49, 0.85, (0.19, 0.56, 0.93) 0.42, 

1.18, 1.55 0.79, 1.17,1.54, 1.91 
1 5734.004 5 III 17435.00 { a'F,~-x'G3u }(O) 0.94 z·Q'u-j'F.u 
1 5733.403 1 IV 17436.82 zIlP2~-eIlP3~? 
1 5733.099 1 IV 17437. 74 b'H,u-x'Qlu (0) 0.94 (0) 1.01b 

1 5731. 257 30 II 17443.35 a'D,u-z'Q'JS (0.20,0.64, 1.07) 0.72, (0.22, 0.65, 1.08) 0.16, 
1.14, 1.59 0.27,0.70,1.14, 1.57, 

2.00 
4 5729.89 tr . IV A 17447.51 ,,'Dl)s-Y'S!u 
1 5727.662 20 II 17454.30 a'Dlu-Y'Fi~ (0.37, 1.17) 0, 0.82, (0.39, 1.16) 0.03, 0.81, 

1.57 1.58 
1 5727. 024 60 I 17456.25 a'D'u-Y'F;~ (?w. D) 0.94 w. 0 (0) 0.95b 
1 b5725. 633 6 III 17460.49 a'F,u-x'Q'u (0) 1.03 (0) 0.89b 

1 5720.578 1 17475.92 z'Q,u-j'F,JS 
1 5716.219 3 IV 17489.24 (0) 1.16 
1 5713. 582 1 17497.31 b'PI~-z,pru 
1 5711. 92 1- 17502.41 a·Q.u-v'D;~ 
1 5708.959 2 III 17511. 48 b'Plu-x'D;u (0) 0.93 (0) 0.95b 

1 5707.765 1 IV 17515. 15 b'H'u-x'Qlu 
1 5706.973 30 I 17517.58 a'Dou-y'Fiu (0.25) 0.22, 0.59 (0.21) 0.21. 0.63 
1 5706.135 2 IV 17520. 15 
1 5704.374 2 IV 1752.1.56 
1 b5703.562 40 I 17528. 06 a4Dl~-y4F2}i (?W3 D) 0.94 (0) 0.8U 

1 5698.509 60 I 17543. 59 a'D'JS-v'F;u 
1 5691.125 1 IV 17566.36 z'P;JS-f'D3JS 
1 5687.764 1 IV 17576. 73 b2P,u-x'F ;u 
2 5683.658 1 17589. 43 b'F'JS-y'Q;u 
1 5683.230 2 III 17590.76 

1 5676.529 1- 17611.52 b'PoJS-x'Diu 
1 5670.827 30cm I 17629.23 a'D.u-z2QI~ 
1 5668.369 12 II 17636.88 a'D'JS-v'DI~ (0) 1.48 (0) 1.45b 
1 5665.246 1 IV 17646.53 { b'Pou-z'P~~ 

a'P'JS-z'Fh~ 
1 6658. 432 1- 17667.84 z'P'JS-f'F,~ 



M'UUeT8] 
RU8seU 

(1) (2) 

Ref. A.lrA 

- ---
I 5657.449 
1 5656.895 
1 5656.29 
1 5652.030 
1 5651. 50 

1 5646.112 
1 5643.363 
1 5635.516 
1 5633.900 
1 5632.469 

1 5627.628 
1 5626.014 
1 5624.895 
1 5624. 605 
1 5624.223 

1 5622.075 
1 '5620.46 
1 5619.56 
1 '5616.56 
1 5610.20 

1 5604.943 
1 5604.205 
1 5601. 380 
1 5597.822 
1 5592.962 

1 5592.409 
1 5588.487 
1 5686. DO? 
1 5584. 738 
1 5584.490 

1 5582.638 
1 557~. 35 
1 5578.400 
1 5576.510 
1 5573.992 

1 5565.93 
1 5561. 670 
3 5560.56 
1 5558. 752 
1 5557.453 

1 5547. OSO 
1 5545. 933 
4 5544.80 
4 5542.69 
1 '5535.382 

1 5533.833 
1 5527.72 
1 5517.198 
2 5516.807 
2 5515.371 

1 5515. OS3 
1 5511.181 
1 55OS.610 
1 5507.753 
1 '5505.881 

1 5504.838 
2 5500.816 
2 5496.020 
1 5489.940 
1 5487.915 
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TABLE I.-Arc spectrum of vanadium (V I) - Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
VTaeCm-1 arc class combinations 

Observed Computed 

--- ------
12 II 17670.92 a'D2}i-v'D1u ~OWI) 1.49wI (0) 1.485 
1 IV 17672.65 b'Po)!-U'PO)! 0) 0.75 ~0.04) 0.70b 
2h 17674.55 a'F,)!-x'DI)! (0.59) 0.93 0.59) l.00b 
1 17686.61 (0) 0.93wl 
1 IV 17689.53 b'Po)!- z'Pi)! 

10 II 17706. 40 a'DI)!-v'D;" (0.60) 0.60, 1.80 (0. 63) 0.57, 1.8% 
Ih 17715.03 z'P;)!-f"D,)! 
3 17739.69 a'F,,,-x'FI)! (0) 0.87wl (0.07) 0.88b 
2 17744.77 a'F,,,-w'G;u (0.38) 1.09 (0.24) 1.10b 
1 IIA 17749.30 a'F,u-z'Dj)! 

30 I 17764.55 a'D,u-u'Dlu (OWl) 1.42wI (0) 1.30b 
8 II 17769.65 a'Dou-v'D;)! Uuaffected (0.03) 0.03 

10 II 17773.19 a'D lu-U'D!u (011.20 (0.03) 1.18b 
20 I 17774. 11 a'D,u-Y'Dlu (0 1.36 ~O) 1.34b 
2 17775.31 b'Pou-V'P!)! (0) 1,46 0) U2s 

2 17782. 09 a'H'H-z'H;u (0) 0.67 (0.09) 0.66b 

1h 17787.20 {a'H,u- z'Hlu }(0.38)? W, {(OJ 1.37b 
b'G,)!-u'Flu? (0 .71) l.20b 

1 17790.08 a'D,u-y' D lu 
1 17799.27 b'H'H-W'G;)! (0) 0.76 (0) O.65b 

1 17819.75 { a'F,)!-z'FI)! 
a2F3H-w4G~~ 

8 II 17836.46 a'Do)!-v'DI)! (0.58) 0.60, 1.81 (0.58l 0.58, 1.75 
1 IV 17838.81 { b'F')!-U'FI)! }(O) 0.97 {(0.44 0.95b 

a'H4}i-z'H~J.i (0.15 0.9Ob 
2 III 17847.80 a'F.)!-x'F;)! (0.27) 1.08wI (0.27) 1.1Ob 
1 lIlA 17859.15 a'D,)!-Y'Di)! 

1 IIA 17874.67 { a'F,)!- z' Dlu 
b'H.)!-w'Gm? 

12 I 17876. 44 a'Dl}i-v'D2", ~O?WI D) 1.50wI A. (0) 1.45b 
1 lIlA 17888.98 a'D,)!-u'DI)! 0.48) 1.55w, C (0 .56) 1.49b 
2 III 17896. 92 a'H,)!- z'HI)! ~O) 1.11 ~0.04) 1.10b 
3 17900. 99 a'H,)!-z'H!)! 0) 1.17 0.16) 1.20b 

10 I 17901. 78 a'D,)!-u'D;)! (0) 1.50 (0) UOs 

1 17907.72 a·D.»-x·Di» (011.16 (0) 1.17b 
1- 17918.27 (0 1.02 
1h 17921. 33 a'DI)!-u'D!u (1.06) 0 (1.02) 0.17,2.22 
2 17927. 40 a'D,u-u'D;)! 
1 IIA 17935.50 a'F,»- z'FI» (0) 1.11wI (0) 1.1Ob 

1 17961. 48 a'DI)!-v'Di» (?WI) 1.60 ~0 .94) 1.52b 
2 III A 17975. 24 a'Pou- z'Sou (0.81) 1.47 0.83) 1.47b 

-2 17978.82 a'F.»-z'Dlu 
3 III 17984.67 { a'Plu-z'Sou (0.58) 0.83, 1.74 (0.55) 0.65,1.75 

aIDo)!-y'D;u 
1 IIA 17988. 87 a'F3u-z6DI,., (0.38) 0,- (0.38,1.13) -0.12, 

0.63, 1.38, 2.14 

8 II 18022.51 a'D,u-v'DI)! (O?WI) 1. 78wI (0) 1.69b 
2 IlIA 18026.24 a'D,u-y'Dlu (O?WI D) 1.97wI B ? (0) 1.87b 
1 18029.64 .'Dlu-y'D!)! 
1 IIA 18036.77 a·F.u-z'F!)! (0) 0.96 (0) 0.91b 
1 18060.60 a·F.)!-z·DI)! (0) 1.14 (1.24) 1.30b 

1 IV 18065. 65 b'H,)!-v'H;)! (0) 1.09 (0) I.OSb 
1 18OS5.63 a'F I)!-z'Do)! 
1 IIA 18120.13 a'FI)!-z'F;)! (0.42) 0,0.79 (0.42) -0.02, 0.8~ 

(2) 18121. 40 a'F,)!-z'Flu 
(4) 18126. 12 aIFI)!-z'Dili 

1 IIA 18127. OS a' F I)!- Z6 Fi» (0) 1.75 (0) 1.73b 
1 IV 18139. 91 b'H,)!-z'Il)! (?WI D) 1.69wI B (0) 1.55b 
1 18148.37 a'F,»-v'G!u (0) 1.19 (0) U5b 

8 III 18151. 22 (hIH,u-V'GI» (OWl D) 0.75 (0) 0.77b 
a'Po)!-Y'S!)! 

1 18157.37 b'HI)!-II'HI)! (0.45) (0.67) 0.82b 

2 III 18160.81 a'PI)!-II'SoU (0.52) 0.70,1.71 (0.50) 0.70,1.70 
[2] 18174.09 a'FI)!-z'Fiu 
[3] 18189.94 a'F,)!-z6Flli 
2 III 18210.09 a'DI)!-z'Pou (O?) 1.03 (0) 1.03b 

10 III 18216.81 b'H.)!-v'Glu (0) 1.14 (0) 1.15b 
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TABLE I.-Arc spectrum of vanadium (V I) - Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. T erm Zeeman effect 
ReI. X.ir A arc class IIvaccm - 1 combinations 

Observed Computed 

- ------- ---
I 5487.220 2 III 18219. 12 a'D,~-z'Pl~ (0) 1.14 (0) 1.13b 
2 5482.471 [IJ 18234.90 a'F,~-z'F,~ 
1 5467.792 2 18283.86 a'F,~-v'GI~ (0) 0.92 (0) 0.89b 
1 5463.996 1 18296.56 (,!w, D) l.54w, B 
1 5458.133 1 IV 18316.20 a2F2M-w2Fz~) (0) 0.85 (0.04) 0.85b 

1 5454.822 2 18327.32 (0) 1.28 

1 5450.68 1- 18341. 25 { b'F,~-w'D;» }(O) 1.16 {(D) 1.12b 
b'F,»-v'Fl~ (0) 1.19b 

1 5445.86 Ih 18357.48 b·F.~-w'D'» (?w, D) 1.22w, A? (0) l.24b 
1 5443.235 2 18366.33 z4D3~ -f'F3~ 

I 5437.659 1 IV 18385.18 b'H5~:-z'Ii» (0.79?) 1.06 (0.63) 1.01b 

I 5434.168 3 IV 18396.98 aZFul-w 2F3Ji (?w, D) 1.10w, B'! (0.18) l.11b 
I 5429.484 2 18412. 85 Z'D;H-j'F,), 

1 5424.106 4 III 18431. 11 { a'F,»-w'Dl» (O?w, D) 0.93 (0) C.95s 
a2H.'~-Z2HsJ.i 

1 5421. 654 1 18439.45 z'Dl»-f'F'H 
1 5420.040 1 18444.93 (O?w, D) 1.56 

1 5418.076 2 IV 18451. 63 b'H.~-w'F;» (?w, D) 0.52w, A (0) 0.6Ib 
I 5415.277 10 III 18461. 16 b2H:;~-z2I6Ji (O?) 1.06 diffuse (0) 1.00b 

I 5401. 945 8 III 18506.72 {b'H.~- z'n~ } (? w, D) 0.97 (0) 1.0lb 
b'G3~-v'F;» 

I '5397.873 1 IV 18520.68 z'Do»-f'F ,» (0.21) 0.58 (0.25) 0.21, 0.71 
'5393.185 10 Fe IV 18536. 78 a'H'H-z'HIH 

1 5388.296 1 III 18553. 60 z'D1H-f'F,~ (O?) 0.87 diffuse (0) 0.90b 
1 5385. 134 3 III 18564.50 z'Dj~-f'F'H (0 w, D) 1.1410, B (0) 1.J2b 
1 '5383.436 2 IV 18570.37 z'Dh,-j'F3~ (O?) 1.07 diffuse (0) l.06b 
1 5363.530 1 18639.27 a.H,~-z'H;~ 
1 5353.420 5 III 18674.47 a2F3}i-w2D2~ (0) 1.08 (0) l.08b 

1 5338.61 1 18726.28 a2F2,!1-w2D2~ 
1 5335.588 2h 18736.89 (?w, D) 1.1010, 
1 5334.309 1 18741. 37 b'H,~-v'G;~ 
1 5330.425 1 lIlA 18755.02 a'D3~-z'F;~ 
1 '5329.281 1 1875a.06 b-4F4J.i-V4F4~ (0) 1.36 (0.37) 1.36b 

1 5328.823 2 18760.66 z'F;~-e'D.l' (? w, D) 1.2910, C? (0) 1.28 b 
1 5319.037 2h 18795.00 b'P'H-W'D ,»? (0) 0.8210, A (0) 0.13s 
1 5316.885 2 18802.79 b(P2H- V4F3~ (O? 10, D) 0.38 WJ A (0) 0.38s 
1 '5315.219 4 18808. 67 z6F4Ji-e6D.l~ (? to,) 1.10 w,n (0) 0.92b 
1 5311.462 2 18811. 36 a~D2)'l - y2GaJi 

1 5302.157 5 18855.02 z6F3)1 -e6D2Ji (0) 1.48 
1 5294.04 3h 18883.92 z6D~}\-eGD3Ji (0) 1.28 (0) 1.248 
1 5290.724 2 18895. i7 (0) 1.20 
1 5290.289 2h 18897.32 b'P,»-v'F;» (0) 0.75 (0) 0.78s 
1 5287.640 5 18900.78 (0) 1.00 

1 5282.516 1 IV 18925. 13 z' D ;» -e'D')i Ci to, D) !A7 10, C (0) 1. 5Gb 
1 5281. 910 2 18927.30 z6Fl7)-e6D4~ 

1 5280.435 2h 18932.58 a2D2~-y2Fj~ (0) 0.8210' (0) 0.96s 
1 '5275.69 2h 1 ~949. 62 z'F;»-e'D3» (0.61) 1.27? (1.06) 1.4()b 
1 5272.697 1 IV 18960.36 z6D~!4-e6Dui (?w,) 1.38w , (0) 1.36b 

1 5271. ()'19 1 IV 18966.29 a2PH,s- z2Pi~ (0) 1.22 (0.03) 1.21b 
1 5270.35 3d? 18968.81 z'F;~- c'D,» 

1 '5266. 118 4 18984.05 { b'G.~-v'F;» (O?) 10, D 1.08 (0) 1.2Sb 
z6 Fi~-e6DI.I'" 

1 5264.34 2h 18990.47 z6DiH-e6DoJ-S (O? U', D ) 1.04 (0) 1.108 
1 5260.978 1 IV 19002.61 z'D;»-e'D4)~ (0) 1.56 (0.26) 1.52b 

1 5260.350 3 19004. 86 (Ol 0.79 
1 5258.162 1 19012.77 a'D')i-v'F;)i (0) 068 (0) 0.678 
1 5256.24 Ih 19019.72 z'D;»-e' D3» (0) 1.58 (0.24) 1.60b 
1 524R.593 1 19047.44 b'P,»-V'Dl»? 
1 5240. 878 9 III 19075.48 b'H,j,-x'Hl!-i (0) 1.11 (0.09) l.09b 

1 ' 5240.198 1 III 19077.95 z'F'»-e' F.» (0) 1.56 (0) 1.39b 
1 5234.088 8 III 19100.22 b2H.~_X2Hh4j (O? "', D) 0.89 (0.11) 0.90b 
1 52J63.752 2 IV 19101. 45 z6F4~-e6F3~ (0) 1.59 (0) 1.5., 
1 5227.592 Ih 19123. 96 z' D;»-e'D3), 
1 ' 5225.767 3 III 19130. 64 z'F;»-e'F,» (0) 1.52 (0) 1.2Gb 



MegoerS] 
Russell 

(1) (2) 

ReI. Xair A 

----
I '5223.636 
1 5216.595 
1 5213.651 
I 5212. 237 
1 5207.683 

1 5206.621 

1 5200.344 
1 5195. 394 

1 5194.824 

1 5193.626 

1 '5193.004 
I 5192.022 
1 5190.684 
1 5188.882 
1 5182.828 

1 5180.752 

1 5179.800 
I 5179. 100 
1 5178.554 
1 5176.781 

1 5176.494 
1 5174.533 
1 5172.110 
1 5169.944 
1 5166.789 

1 5164.892 
1 5159.350 

1 '5157.026 
1 5148.724 
1 5148.428 

I 5139.536 
1 5138. 431 
1 '5137.591 
1 5128. 530 
1 5105.171 

1 '5086.847 
1 5075. 672 
1 ' 5073.188 
1 5070.622 
1 5064.131 

1 5051. 607 
1 5047.240 
1 5046. S06 
1 5043.510 
1 5032.956 

1 '5024.162 
1 5014. 620 
1 5010.018 
1 5006.393 
1 5005.615 

1 5002.320 
2 4995.019 
1 4991. 824 
1 4984.528 
1 4981. 726 

1 4966. 123 

1 4957.648 
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TAllLE I.-AI·e spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman eflect 
Pvaccm-1 arc class combinations 

Observed Computed 

------ ---
1 19138.45 z'D!»-e' D"i (0) 1.51 (0) 1.34b 
3 IV 19164.27 z6F2}i-eGFH4 (0) 1.64 (0) 1.628 
1 III 19175.10 b'P,»-v'Dl» (OWl) 1.l4wI (0) 1.11b 
3h 19180.30 (0) 1.01 
3 19197.07 b2H4~-X2H5.!1 (0) 1.53 (0) 1.5~b 

1 III 19200.99 { z' Fl» -e'Fo» }(0.90) 2.08 (0.93) 0.21. 2.07 
z6Dl)i-e'F,» 

2 19224.16 (0) 0.41 
5 III 19242.48 zOF§»-e' F3}, (0) 1.42 (0.15) 1.30b 

10 III 19244.59 { z6F2~-e6 1i'2J.~ }(?) 1.55 {(0.04) 1.29b 
z6}-"1}i- e6FH~ (0.19) 1.40b 

1 HI 19249.03 z6Fi~-e8F I }i (O?) 1.12 (0 .13) l.09b 

7 III J9251. 33 z' F!»-e'F,» (0) 1.45 (0.45 ) 1.47b 
1 IV J9254.98 z6Fo~-e6}"'o~ (WI) 0.57 (0.14) O. 5~b 
1- 19259.94 b'H,»-x'H,» (?) 1.10 (0.13) 1.11\0 
II< 19266.63 b'PI»-v'Dl» 
I IV 19289.13 z'Do»-e'Fo» (1.93) 1.22 (1.96) 1.24b 

1 IV 19296.86 zODl» -e'FI)' (1.10) 0.68, 1.3D, 2. 15 (0.36, 1.07) 0.69, 1.40. 
2.12 

1- 19300.41 (0) 0.66 
1 IV 19303.02 z'Fo»-e'FI), (0.75) l.7i (0.74) 0.30. 1.79 
1 IV 19305.05 z6D!»-e'F,» (0.7 1) 1.55·w, (0.61) J .44b 
4 III 19311. 67 ("!w, D) 1.03 

3 19312. 74 z6D3~-eIlF3~ 
2 19320.05 z6D4J.i-e6FHi' (0.43) 1.56wI (0.45) 1.49b 
3 19329.10 z8FiM-e6F'2}<J (0) 1.47 (0) 1.42b 
I III 19337.19 z6Do~-e6F l ~i' (1.01) 0, 2.09 (1.08) 0.03,2.12 
1 IV 19319.01 b'PI»-v'Dh, (?wID) 0.90w,A (0) 098b 

4 19356. 11 ZIlF2}i-e6F3H (O?w,D) 1.48 (0) 1.46. 
3 III? 19376. 91 z'Dl»-e'F,» (0 .25,0.73) 0.60w, A (0.23, 0.69) 0.01, 1.07, 

1.53,1.99 
3 19385. 64 z'Fl»-e'F.» (0) 1.50 (0) 1.69b 
4 III? 19416. 89 z'))!»-e'F,» (?w, )) ) 0.98w, A (0 ) 1.02b 
2h 194J8.00 z6F4H-e61i'5~ 

6 19451. 61 a2F:tI,~-u2G;~ (?W I D ) 0.86 (0) 0.73b 
5 III 19455.79 z'))!»-e'F.» (?w,) 1.18 WI (0 ) 1.20b 
1 19458.97 b'P,»-v'))ilS (0.73)'/ (0) 0.B6b 
7 III 19493.35 z6DfH-e6F~ (O?w,) 1.53w, (0) 104M 
2 lin 19582.54 (0) 0.96 

Ih 19653.09 { b'P,»-u'))!» )(0) 1.39wI 
{(O.4S) l.4~b 

a'))IH-v'FIIS (0) 1.58b 
2- 19696.35 a'G5~-w'G5J.~ (0) 1.27 (0.04) 1.26b 
1- 19706.00 a'G3»-w'GIH (O~ 1.03 (0.30) l.Olb 
1 19715.97 a'G4J.l-w4G~~ (0 1.17 (0.11) 1.16b 
3 V 19741. 24 (0) 1.06 

2 IV 19790.18 b'G3»-t'Gl» (0) 0.92 (0.12) O.88b 
1 III A 19807.30 b'P')i-u'DI» (0) 1.05 (0) 1.07b 
1- 19809.00 a'G3»-x'F,» 
I-h 19821. 95 b'PI»-u'Dl» 

Ih 19863.52 { b')),»-w'P i» 
b' H'H- V'IlIS 

Ih 19898.28 b'G.»-v'Hl» (?) 1.15w l (0. 89) 0.99b 

5 III 19936.14 { b'H,»-v'H» }(O) 1.05 {(OJ 1.00b 
b'G.»- t'Gl» (0.26) l.08b 

1 19954.46 b'PI»-u'));» (0) 0.98 (0) 1.05b 
1- 19968.91 a'G,»-II'H,» 
2 19972.01 a'DI»-II'D!» 

4 IV 19985. 17 b'H.»-v'IlIS (O?w,D) 0.94 (0) 0.94b 
[3p?) 20014.37 b'Po»-u'Di»? 
1- 20027.19 (0) 1.18 
1- 20056.50 b'G".-v'Hh, 
1- 20067.79 (0) 1.17 

2 IV 20130.84 z2D2~-e2F3~ (0) 1.15 (0) 1.00b 

2 20165.25 { a'PI»-w'))o» 
a'P,»- w'));', 
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(1) (2) 

Ret. Aalr A 

- ---
I 4944.996 
1 4944. 415 
1 4942.802 

1 4935.101 
1 4933.616 
1 4932. 029 
1 4927.733 
1 4925.657 

1 4923.785 
1 4922.379 
1 4918.980 
1 ' 4916.265 
1 4913.093 

1 4909.18 

1 4908.684 
1 4906.90 
6 4906i 718 
1 4905. 84 

1 4904.875 
2 4904.447 
2 '1904.350 
1 4904.285 
1 4900.624 
1 4900.004 

1 4896.35 
1 4894. 218 
1 4892.722 
1 4891. 602 

1 4891. 222 
1 4890.090 
1 4886.821 
1 4885. 649 
1 4882.183 

1 ' 4.881. 554 
1 ' 4880.560 

1 4877. 219 
1 4R75. 462 
1 4873.00 

1 4871. 264 
1 4870. 134 
1 4867.986 
3 4864.85 
1 4864.741 

1 4862.625 
1 4859. 135 
1 4857.02 
1 4855.35 
1 4851. 483 

1 4848.821 
4 48-18. 60 
1 '4846.620 
1 4843.018 
1 4833.804 

1 4833.027 
1 4832.427 

1 4831. 642 

1 '4830.678 
1 4828. 821 

TABLE 1.-Arc spectrum of vanadium (VI)-Continued 

(3) (4) (5) 

Int. 'remp. 
arc class Jlvaccm- I 

------

Ih 20216.83 
1- 20219.22 
1 IV A 20225.82 

1- 20257;.37 
1 IV 20263.47 
4 III A 20270.00 
1- 20287.66 

10 III 20296.22 

1 20303.92 
4 20309.72 
2 20323.76 
2 IV 20334.99 
2 · 20348.11 

1 20364. 32 
1 IV A 20366. 40 
1- 20373.82 
1 20374.55 
IT IV A 20378.22 

3 IV 20382. 20 
[7J }IIId e0383.97 
[0] 20384.39 
8 20384.66 
6 IV 20399.89 

IT IV A 20402.19 

1 IV A 20417.71 
4 III 20426.59 
Ih 20432.84 
4 III 20437.52 

1 IV 20439.10 
1 IV 20443. 84 
2 IlIA 20457.51 
2 IV 20462.41 
2 lIlA 20476.94 

50acm I 20479.58 
8 III 20483.75 

IT IV A 20497.77 
40aem I 20515.17 
1 20515.52 

7 20522.84 
1 20527.60 
2 20536.67 

-1 20549.90 
40aem 1 20550.36 

5 IV 20559.30 
2 I V 20574.07 
1- 20583.04 
1- 20590. 11 

40aem I 20500.52 

1 IV 20617.84 
3 III 20618. 77 
1 20627.19 
2 IV 20642.53 
1 IV 20681. 88 

3 IV A 20685.21 
30 I 20687.78 

35 I 20691. 13 

1 IV 20695.26 
1 IV 20703~ 23 

(6) 

Term 
combinations 

a2On,-xIF'» 
a'Po»-vIFi» 
a'0,»-w2Fl» 

b'Ol»-t'OI» 
a'F,»-u'Fl»? 
a'P,»-y'Pi» 
aIO,»-w'F;» 
a'P,»-v'Ph. 

b'O,»-u'F;» 
z'Di»-e'F,» 
a'O.»-v'Rl» 
aIOl»-Y'RI»? 

{ alO'»-J/'Rl» 
a'Ol»-z'lI» 
a'PI»-vl F,» 
a'Ol»-v'Ol» 
b'O,»-u'Fl» 

aIOI»-v'Rl» 
alO,»-vIRo» 
aIPI»-ViP 0» 
aIO,» - vlR'» 
a'O,»- v'Ol» 

b2Olli-U 'F,» 
a'O,»-v'Rl» 
b'O,»-u'RI» 

aI O'»-"IO;» 
alO,»-vlO;» 
al P I» - Vi Pi» 
a'Ol»-,,'Ol» 
aIPolS -vIPo» 

aIFlli-zlD;li 
a'Pus-Y'Plli 

a'F'li- zID,» 

a405}i-ri'G5~ 
a' 03»-v' Olli 

a4Po72-Y'Ph, 
a4F2j.i-z'DiJi 

(b'D»-"Fili?) 

a4G4M-v4G572 

a<FI»-zIDo» 

{ b'Oo»-u'H;li 
a'POlS -y'Di» 

a'Plli-y'Di» 
(b'Om-r'Dl»? 

a'Plli-y'D;li 
a4Fui- z4D i}i 

a4F2u- z4D 2H 

b'PllS -v'Di» 
bID'lS-IIFlli 

(7) I (8) 

Zeeman effect 

Observed 

(0) 0.94 
(0.85) 1.01w,C 

(0) 1.10 
(0) 1.52 

(0) 1.62 

(? WID) 0.95 
(,lw,D) 0.95 

(0) 0.91 
(1 w, D) 1.19 

(0) 1.01 

(0) 0.78 

(0) 1.17 
(01 WI D ) 1.11 
(0) 1.57 

(0) 1.07 
(0) 0.98 
(0) 0.86 

(0) 1.00 
(0) 0.60 
(0) 1.74 
(0) 1.17 

(?w3 D) 1.18w, C 
(0) 0.90, 1.65 

(?W3D) 1.08w, C 
(?wID) 0.76 

(?w,D) 1.25wI A 

(?wID) 1.04wl C 

(?w,D) 0.91w, A 

(0) 1.10 
(0) 1. 21 
(0) 1.33 
(0) 0.84 
(0.25w,D) 0.19, 0.03 

} (O?w. D ) 0.81 

(?wID) 1.1!w, A 
(?u·,D) 1.67 w,n 
(0) 1.11 

(0) 1.19 
(0.43, 1.20) 0, 0.79, 

1.62 
(0.5 1,0.83) 1.28W3 

(0.82) 1.18 
(0) 0.90 

Computed 

(0) 0.92b 
(0) 1.11b 

(0.21) U8b 
(0) 1.41b 

(0.26) 1.61b 

(0) 0.918 
(0) 0.99b 

(0.33) 1.09b 

(0) 1.228 
(0) 1.21b 
(0) 1.54b 

(0) 1.10b 
(0) 0.97b 
(0) 0.83b 

(0.18) 0.9gb 
(0.02) 0.60b 
(0.06) 1. 72b 
(0.04) 1.14b 

(0) 0.98b 
(0.01,0.04) 1.63 

1.66, 1.69, 1.71 

(0) 1.01b 

(0.22) l.24b 

(0) 0.86b 

(0) 1.40b 

(0.22) 0.18, 0.62 

{(OJ 0.818 
(0) 0.788 

(0.66) 0.96b 

(0) J.16b 
(0040,1.21) 0, 0.80, 

1. 61 
(0.18, 0.52, 0.86) 0.4 9, 

87 0.83 , 1.18, 1.53, 1. 
(0.63) 1.14b 
(0) 0.90. 



MeOOtT8] 
Russell 

(I) (2) 

Ref. 'AairA 

- ---
I '4827.458 
1 4823.428 
1 4819.040 
1 4808.666 
1 4807.537 

1 4803.042 
I 4799.786 

I 4799.020 
1 4797.973 
1 b4796.930 

1 4795.104 
1 4792.954 
1 4786.515 
1 4784.480 
1 b478!. 342 

1 4778.40 
1 4776.519 
1 4776.364 

1 4774.505 
1 4773. 083 

1 b4772. 588 
1 4767.552 
1 4766.635 
4 4765.67 
2 4765.496 

1 4765.283 
1 4764.004 
1 4761. 880 
1 4759.346 
1 4759.018 

1 4758. 742 
1 4757.50 
1 4757.37 
1 4753.957 
1 4751. 849 

1 4751. 574 
1 4751. 275 
1 4750.990 

1 4748. 525 
2 4747.075 
1 4746.638 

1 4742.631 

1 4739.607 

4 4739.11 

1 4738. 318 

1 4737.746 

1 4731. 95 

1 473l. 556 

1 4731. 268 
1 4730.394 

1 4729. 844 
1 4729.544 

1 4728.652 

1 4723.430 
1 4722.877 

First Spectrum oj Vanadium 143 

TABLE I.-Arc spectrum oj vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
" •• ecm-I arc class combinations 

Observed Computed 
--- --- ----

30 I 20709.07 a'F,»- "Dl» (0.56w, B) 1.33w, 0 (0 .74) 1.32b 
1 20726.37 a'Po»-v'Do» (1wI D) 1.15 (0) USb 
2 IV 20745.25 (0) 1.05 
1 20790.00 (0) 1.34 

25 III 20794.88 "Oi»-e'F,» (01w, D) !.l8w, A (0) 1.18b 

1 20814.34 b·F,»-x'O'» 
5 IIA 20828.45 a'FI»-z'D'J> (0.48,1.51) 0, 0.92, (0.48, 1.43) -0.08, 

1.85,2.81. 0.88, 1.83, 2.78. 
1 IV 20831. 78 b4D3~-ttFh, (1101) 0.521 (0) 0.47s 
2 IV 20836.33 b'P'}j-y'Sl» (0) 1.34 (0) 1.31b 

20 III 20840.85 zt105}i-e6FH~ (Olw,D) 1.10w,A (0) 0.88b 

3 IV 20848.80 (0) 0.94 
3 IV 20858. 14 aIF,»-v'Di» (0) 0.86 ~O) 0.82b 

20 III 20886.20 z'04»-e'F,» (Olw, D) 0.9910. A 0) 1.03b 
5 IIA 20895.10 a'F'J>-" D lJ> (0) 2.18101 B (0) 2.00b 

tT IV A 20908.80 a2F2}i-s'D t~? (0) 0.49 (0) 0.68b 

tT IV 2092!. 69 a'F,»-s'D!J> (lwI D ) 0.85 (0) 0.90b 
5 III 20029.92 b'PI» -v'D'J> (lwI) 0.8910 1 (0.16) 0.07b 

10 III 20930.59 z'Oi»-e'F,» (0.34) 0.69, 1.44 (0.10,0.30, 0.50) 0.60, 
0.80, 1.00, 1.20, lAO, 
1.60 

1- 20938.74 b'D 1»-V'POii 
1 IV 200H.99 (0) 1.00 

2 209H.15 b'Flii-X'P,» (0) 1.18 (0) 2040b 
1- 20969.29 b'D'ii-t'Olii 

10 III 20073.31 "Olii-e'Flii (0710. ) 0.6710, A (0) 0.58b 
1 IV 20977. 56 b'H'ii-u'Olii (0) 0.99 
1 20978.33 a'O,»-x'H,»l 

Ih 20979.49 (0) 1.33 
1 20984.90 (0) 1.07 
1- 20994.26 (?WI D) 0.50 
1 21005.43 (0) 1.41 
1 21006. 88 a'O,»-x'Hj» 

2 lIlA 21008.10 a4PZ}i- Z6S~>i? 
8 III 21013.57 "Ol»-e'~'oii (0.34) 0.37 (0.36) 0.30b 
4 III 21014.14 "Oo»-e'F,» 
7 IV 21029.25 z6G;~-e6FH~ (0.61w. B) 1.37w, C (0.78) 1.32b 
1- 21038.58 a'O'ii-x'H'» 

6 III 21039.80 b'P,)s-x'P!» (0.11) 1.61 (0) 1.54b 
1 21041. 11 a'F,»-v'Dl» 
8 III 21042.38 . 'Oi»-e'F,» (0.85) -, 1.30 (0.11, 0.34, 0.57, 9.80) 

0.53, 0.76, 0.99, 1.21 

(1.0910, B) !.l5w, A 
1.44, 1.67, 1.90 

7 III 21053.31 z6a2~-e6F2~ (1.14) 1.00b 
1 IV 21059.73 
5 IV 21061. 68 z6Gi~-e6Fl}S (1.63) 0.55, 1.60 (0.52, 1.57) -0.52 

0.52,1.57 
5 IV 21079.47 b'Po»-v'D l» (0110, D) 1.00101 (0) 0.98b 
1 21092.91 {b'D,»-t.Ol» 

a'F,»-v'D;)S 
1 IV A 21095.13 a eD4~-Z4F~)i' 

1 IV 21098. 66 { b'FI)i-w'Oh! 
bIF.»-w'G!» 

I IV 21101. 21 b4Fl~-X2F2~ 

1 21127. 05 t a'F,»-v'F!» }(0.59) 1.05w, {(O~52) l. 24b b'F,»-w'Ol)S 
1 21128.81 a'O,»-x'H!» 

b'P,»-x'D!» 
2 21130.10 b'P»-s'Di» 
3 III 21133.99 b'F,»-w' O!» (0) 1.04 (0) 1.07b 

1- 21136.46 b'PI»-u'Dl» 
6 III 21137.80 b'PI»-vISi» (0.18) 1.77wI (0.24) 1.76b 
2 21141. 79 { z'Oi»-e'F'ii 

aIGlfj-x'Hl» 
1 21165. 14 z6G2}i-eeF 3)i 
8 III 21167. 6" b<F.»-w'O!» (0) 1.12 (0) 1.l5b 

73059-36--10 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. Xalt A VTAeCm-1 arc class combinations 

Observed Computed 

- --- - -- ---
I 4721. 524 6 III 21173.70 b'F,~-w'Gl~ (0) 1.05 (0) 1.08b 
1 4721. 246 2 21174.95 (0) 1.15 
1 4718.895 1- 21185.49 z6Gj~-e6F4~ 
1 1718.753 1- 21186.13 b4Du .. ~-T4DiJ.i 
1 4717.692 10 IV 21190.89 a'G'ii-zlH,~ (0) 0.81 (0) O.77b 

1 4716.IH4 1- 21195.60 a4PIJ.i-z6S2~ 
1 4715.900 5 ? 21198.95 a2F2~-'U2Di.!1' (?) 0.98w, (0) 0.98b 
1 -1714. 113 10 ? 21206. 99 aG·,~-x·H'ii (0) 0.96 (0) 0.88b 
1 4713.448 2 21209.98 b'D'ii-r'D'ii 
1 '1710.566 12 ? 21222.95 a~G.~-x4HlJ.i (0) 1.04 (0) 1.05b 

1 4709.728 4 ? 21226.74 (0) 1.04 
1 4707. ·158 4 III A 21236.97 b'F'ii-X2Fh! (0) 1.00 (0) 1.05b 
1 4706.574 12 ? 21240.96 a·O,.,,-X·H'H (O?WI) 1.09WI (0) 1.08b 
1 4706.178 8 ? 21242.75 b'P'ii-X' P,,, (?w, D) 1.39w, A (0) 1.37b 
1 1705.099 4 ? 21247.61 a'F'ii-u'D!" (0) 1.15 (0) 1.16b 

1 -1699.329 3 ? 21273.70 a2H sJ.i-x2Ohi (?) 1.11 (0) l.12b 
1 <686.926 6 ? 21329.99 b'Po"-V' S,,, (0.39) 1.50, - (0.38) 1.47,2.22 
I 4684.457 3 21341. 23 b'Plii-X'P!H 
1 4682. 763 2h 21348.96 b'D,,,-r'D!,, 
1 4680.904 2 21357.43 a'H.~-x'O;ii 

1 4673.658 1 21390.54 b'H'H -W'H,,, 
1 4670.483 25cm III 21405.10 a'D,,,-y'P!,, (?w,) 1.14w, (0) 1.04b 
2 4669.273 2 21410.64 a4Fui-z4Gj~ 
1 4666. 149 4 III? 21424.97 It<PIH-T'Po,, (0.41)? (0.41) 1.27,2.09 
1 4656.546 1/. 21469.16 b'D'ii - 2;" 

1 4654.639 Ih 21477. 95 b'D'ii -r'D'ii 
1 4652.928 1 21485.85 b'F,~-v'O'ii 
1 4648.880 2 21504.56 b'Plli-W'Pili 
1 4647.860 1 21509.28 a'F'li-v'FJ~ 
1 4646.396 15em III 21516.06 a'D'H-v'Pili (0.17,0.55) 0.83, 1.21, (0.19, 0.58) 0.77, 1.16, 

1.62 1.55,1.93 

1 4645.971 1 III A 21518.03 a4F3J.i-z4G2~ 
1 4644. 452 3 III 21525.06 a'H'ii-w'O'li (?) 1.34 (0) 1.34?b 
1 4640.735 7em III 21542.30 a'D'ii-V'P!ii (0.47) 1.57w, (0.16, 0.48, 0.80) 0.87, 

1.19, 1.52, 1.83, 2.15 

2 4640.309 0 21544.28 b4PI~-X"PiH 
1 4640.002 8 III 21545. 42 a'Dlii-V'Poii (0.73) 0.46 (0.74) 0.45,1.94 

1 4636.166 2 IV 21563.53 a'H'li -w'Olii 
1 4635.176 15 I 21568.14 a4F4n-z404~ (0.63) 1.27w, (0.44) 1.22b 
1 4630.038 Ih 21592.07 a'PI),-x'F!)1 
1 4626.480 7 III 21608.67 a'DOii-v'P~ii (1.34) 1.34 (1.33) 1.33b 
2 4624.657 1 21617.19 b'POii-X'Poii 

1 4624.404 8 III 21618.38 {a'D1ii-Y'Piii_ (O.82wl) 0.98, 1.52, (0.27, 0.82) 0.92, U7, 
b'F3li - W' F;ii 2.07 2.01 

1 4621. 26 1- 21633.09 a'H'li-w'O'li 
1 '4619.771 25 I 21640.05 a'F'ii-z'O!ii (0.67wl B) 1.49wl D (0.71) l.08b 
1 4619.048 8 IV 21640. 64 (0) 0.96 
1 4618. 800 2 21644.60 a(DI7{-v4P2}i 

1 4616. S50 1 21653.75 b'F'ii -W'F!ii 
1 4613.913 1- 21667.52 { a2F2J.i -w2Pi~ 

b'Dlii-V'PO~ 
1 45U. 722 2 IV 21677.83 b'Flli-!O'F;~ (0.22,0.65) 0.62, 1.05, (0.22, 0.67) 0.17 0.62, 

U8 1.06, J.51 
1 4610.925 2 III A 21681. 57 a'Do~-z'Piii (0.87) 2.58, - (0.86) 0.86, 2.57 
1 4509.646 4 III 21687.64 aIG(}<J-z~H4}i (0.56) 1.07w, D? (0.56) l.05b 

1 4507.226 2 21698.97 (0) 0.54 

1 4506. 146 15 I 21704.06 {a'F'ii-z'O!~ (0.68, 1.12) -, 0.32, (0.22, 0.68, 1.14) 
b'F'ii-w'Flii 0.78,1.25,1.71 -0.13, 0.33, 0.7S, 

1.23, 1.69 
1 4602.960 2 IV 21719.09 a'H'H-w'OI~ (Olo.64 (0) 0.62b 
1 4594.103 60aem I 21760.97 a'F'ii - z' 0 5;! (0 1.13 (0) 1.15b 
5 4591. 991 [0] 21770.96 b'P'ii-W'F'ii 

1 4591. 220 12 IV 21774.62 b'H'ii -w'HI" (0) 1.02 (0.54) 1.02b 
1 4588.776 1 IV 21786.23 b'F'H-W'F!ii (0) 1.18 (0) 1.18. 
1 4586.364 50aem I 21797.68 a'F,,,-z'OIH (O?w, D) 1.05w. C (0) 1.02. 



MegqerS] 
Russell 

(I ) (2) 

Ref. "'air A 

- ----
4 4585.93 
1 4583.783 

1 4581. 227 
1 4580.394 
1 4579.198 
1 4578.728 
1 4577. 642 

1 4577.173 
1 4571. 783 
1 4570. 425 
5 4565. 513 
1 4564.581 

1 4500.710 
I 455,1.056 
1 4551. 860 
1 4549.644 
1 4615.394 

I 4540. 014 
I 4537.663 
4 '1535.57 
I 4533.940 
I 4530.808 

1 4529.589 
1 4529. 301 
1 4528.302 
1 4527.990 
I 4525. 168 

I '1524 .218 
4 4522.87 
I 4520. 168 
1 4517.571 
1 4515.558 

1 4514.191 
1 4513. 624 
I 451 1. 433 
1 4509.287 
I 4506.577 

I 4506.210 
1 4506. 094 
I ' 4.,01. 972 
I ' 4501. 414 
5 4501. 256 

5 4500.853 
4 4499. 76 
I 4498. 114 
1 4497. 710 
1 4497.398 

1 4496.864 

1 4496.062 
1 4494. 955 
4 4492.32 

4 4491. 47 

6 4491. 162 
6 4490. 815 

6 4488.898 

4 4486.28 
6 4480. 041 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
pVI'ccm-1 are class combinations 

Observed Computod 
--- ---

2 IV 21799.74 a'G')i- z'JJ §)i 
5 III 21R09.95 b'F')i-v'G1)i (0.63, 1.06) 0.00, 0.37, (0.22, 0.67, 1.12) 

0.77, !.l8, 1.63 -0.07, 0.38, 0.82, 
1.27.1.72 

2 IV 21822. 12 a2H4~-x2Fhi 
40aem I 21826. 14 a4F2.!1- zeG 3}-S (0) 0.90 (0) 0.90b 

7 IV 21831. 80 b'F,»- V'm)i (0.73w,B) 1.22w, C (Q.59) 1.12b 
15 III 21834.03 b'FIH-V'Ol)i (O?w,D) 0.79w,B (0) 0.76b 

1 21839. 21 a'G')i-Y'Ii), 

40aem I . 21841. 44 a4Fl.!i-ztG2>i (O?w,D) 0.70W2 B (0) 0.66b 
15 III 21867.20 b'F')i-V'G§)i (0) 0.92 (0) 0.95s 

6 III 21873. 70 b4F4}i-v4Gh'i (0.G7w, D) 1.2110, D (0.59) l.23b 
[- lbJ 21897.23 a4H5}i-w· G~}i? 

2 21901. 71 a2DJ.!1-x2Dj~ (OWl D) 0.97101 A (0.11) 0.93b 

20 III 21920.29 b' F')i-V'Gj)i (0) 1.02 (0) 1.03b 
7 IV 21957. 14 b2H4}i-w2Hh, (0.26) 0.95 (0.30) 0.95b 
3 IV 21962.91 a2DI}i-Y'JPU}) (0 .1 5) 0.81, 1.07 (0.11) 0.85, 1.08 

10 IV 21973. 60 (?w, D) 1.03 
25 III 2199,1. 13 b4Ful- 114 G6.!1 (0) 1.08 (0) 1.02b 

6 IV 22020. 22 a2Hr;,!1-z4n}1 
6 IV 22031. 62 a'D'H-v'Pl)i (0) 1.19 (0) 1.17b 
1 IV 2204 1. 79 
4 IV 22049.71 
4 IV 22064.97 (0) 1.10 

8 III 22070.89 a'H.)S-v'G!{, (0) 0.73 (0) 0.74b 
4 IV 22072.31 bCPI}i -w2F2),i (7w, D) 1.02 
1 22077. 17 a'H')i-Y'H')i 
5 IV 22078. 68 (0) 1.19 
5 IV 22092. 45 b4 Fu'1-t4Do~ (0.19) - , 0.58 (0,20) 0.20, 0.59 

15 III 22097.10 a'H' H-v'Gl)i (0) 1.15 (0) 1.17s 
tT IV 22103. 68 
3 III A 22 11 6. 88 aCD 3}i-ZeSi.!1? 
3 IV 22129. 60 (0.37) 0.91, -
2 IV 22139.47 a'llsH- Z4U}i (0) 1. 13 (0) l.lts 

6 III 22146. 17 b'F')i-t' Dl)i (?WI) 0.85wl (0) 0.85s 
2 IV 22148. 96 a'G ')i-u'Fl)i (0) 1.18 (0) 1.20b 
2 IV 22159. 72 a'G')i-,,'FI)i (0) 1.02 (0) 1.01b 
3 IV 22170. 25 b'F')i-t' D1H (1.18) 0, 0.77,1.56 (0.39, 1.18) 0, 0.79 , 1.57 
2 IV 22183. 59 a'G' )i-u'Fi)i (0) 0.88 (0) 0.86s 

1 IV 22185.39 
2 IV 22185.98 a'D1)S-x'D i)i 
8 III 22206.28 a'G')i-y'Gl)i (0) 1.08 (0.3 i) l.08b 
2 22208.87 a40Hi-u4 F4~ (0.25) ?nw, (0.59) 1.22b 
1 IV 22209. 82 a'H,)S-Y'H')i 

1 IV 22211. 80 a"G!!~-u~Fi~ (0) 0.59 (0) 0.63b 
1 22217.19 a2D')i-x'FiH 

tT IVA 22225.34 a'H'H-v'G!H (?) 0.90, W3 A (0) 0. 85 b 
I 22227.32 b'G,)S-t'F1" 
2 IV 22228.87 b'O'fol-t'F'H (0) 0.85 (0) O.86b 

5 III 22231.51 
{a.rr.fol-y,rrl)i 
(a'DI)i-x'F,)S) 

8 III 22235.47 b'F')i-t'DiH (O? w, D) 1.01w, A (0) 1.08b 
1 IV 22240.94 (0) 0.63 
1 IV A 22253.97 a'D')i- z'Si)S? 

1 IV 22258.18 {a,rr.fol-v'Gl)i 
x'Dj)S-h'G'H? 

2 III 22259.74 a'G.)S-v'G§)i (?1o, D) 1.55w, C (0) 1.51 b 
5 III 22261. 45 a'H')i-y'H,fol (?1o, D) 1.33w, B (0) 1.40b 

{ b'F,)S-t'DiH 
}(? w, D) 0.99w, C {(0.61) 1.19b 

20 III 22270.96 a'H,)S-y'rrjfol (0) 1.0ls 
( b'G'H-t'F'H) 

1 22283.97 a'rr')i - z'Il)i 
6 III 22314. 97 a'rr')i- z'Il)i (0.6910, B) l.06w, C (0.63) 1.03b 
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TABLE I.-Arc spectrum of vanadium (VI)-Continned 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Term Zeeman effect 
Ref. Aair A Int. Temp. Jlvaecm-I combinations arc class 

Observed Computed 

- ------------
6 4475.882 2 IV 22335.73 a4H.!-S-z·n~ (0.26) 0.89 (0.26) 0.90b 

6 4474.721 12 III 22341.52 {a'H,~-z'U~ }(O) 1.02 (0) 1.03b 
(a'H,~-z'!!~) 

6 4474.047 10 III 22344.88 b'F,~-t'D;~ (? w,) 1.13w, (0) 1.178 
4 4473.26 1 IV 22348.82 

6 4471. 781 1 IV 22356.20 {a'DI~- z'S;~? 
b'H,~-v'HI~ 

4 4471. 35 1 22358.36 a'F,~-t'G!~ 
4 4470. 86 1 22360.81 a'H,~-v'GI~? 
4 4470.39 1 22363. 16 a'F,~-t'Fl~ 
6 4469.712 15 III 22366. 55 a'H,~-z'n~ (0) 0.98 (0) 1.01b 
6 4468.764 4 III 22371. 29 a'H,~-w'F3~ (O? w, D) 0.37w, A (0) D.Z78 

6 4468.008 8 III 22375.08 a'H,~-z'Il~ (O? w, D) 1.57w, B (0) 1.648 
5 4467.624 1 IV 22377. 00 a2D2~-x2F3~ 
6 4466.857 2 IV A 22380.85 a'O'~-Y'Fl~ (0) 1.17 (0) 1.1Gb 
6 4465.509 2 IV 22387.61 b'P,~-t'Dl~ (0.53) 1.4 7w, C (0.46) 1.44b 
6 4464.769 2 IV 22391. 32 b'F,~-t'D;~ (0.58) ?w, c (0.38) 1.28h 

4 4464.27 2 IV 22393.81 b'H,~-t'GI~ (0) 1.04 (0) 1.17b 
6 4462.367 20 III 22403.36 a'H,~-z'I6~ (0) 1.01 (0) 1.02b 
6 4460.989 4. IV 22410.29 a'F,~-t'G;~ (0) 0.92 (0) 0.95b 

6 4460.302 50a I 22413. 74 {a6D.~-z'P;~ }(? w, D) 1.31w, A (0) 1.?7b 
(a'G3~-1/201~) 

6 4459.766 30a I 22416.43 a'D3~-z'Pl~ (0.24.0.46,0.79) 0.75, (0.16, 0.48, 0.80) 0.73, 
1.05,1.46,1.76,2.04, 1.05 1.37,1.69,2.01, 
2.36 2.33 

4 4458.41 1 IV 22423.23 aIFs~-vlH{~ 
6 4457.762 8 III 22426. 51 a'H,~-z'I,~ (0) 0.97 (0) 1.03b 
6 4457.484 15 I 22427. 91 a'D,~-z'Pl~ (0.36, 1.09) 0.55, 1.24, (0.37, 1.10) 0.51, 1.24, 

2.01, 2.77 1.97,2.71 
6 4456.505 3 IV 22432.84 (0) 1.12 
6 4453.126 1 IV 22449.85 b'F,~-x'H'}l 

6 4452.711 2 IV 22451. 95 a'H,~-v'Gl~ (0.20,0.58,0.97, 1.41) (0.20, 0.60, 1.00, 1.(0) 
?W3 c -0.35, 0.05, 0.45, 

0.85, 1.25, 1.65, 2.05, 
2,4. 

6 4452.022 20 III 22455.42 a'H,~- z'U~ (0) 1.09 (0) 1.05b 
6 b4450.909 4 IV 22461. 04 a2F3~-t2Gl~ (0) 1.02 (0) 0.87b 
6 4449.578 5 III 22467.75 a'O'~-1/'G;H (0.16) 0.91 (0.09) 0.90b 
4 4445.81 1 IV 22486.82 b'P'H- t'DoH 

6 4444.216 20a I 22494.87 a'D IH- z'Pl~ (0.24,0.79) 1.56,2.11, (0.26, 0.78) 1.56, 2.08, 
2.67 2.60 

6 4443.342 5 IV 22499.29 b'O,~-t'HIH (0) 1.01 (0) 1.04. 
6 4441. 688 25 I 22507.67 a'D,~- Z'P;H (0.50) 1.74W3 c (0.53) 1.76b 
4 4438.98 1 IV 22521. 41 a'F.~-t'FI~ 
6 4437.842 20a I 22527.18 a'D,~-z'P;~ (0.39) 1.61 (0.41) 1.60b 

4 4437.39 1 22529.48 afH5~-z2n~ 
4 4436.89 1 22532.01 a'HM-1/'.H;~ 
6 4436.140 15 I 22535.82 a'Do~-z'Pl~ (0.47) 1.90,2.88 (M7) 1.87, 2.81 
6 ~434. 602 5 III 22543.64 b'P'H- t'D;H (? w,D) 1.14w, A (0) 1.11b 
4 4432.88 1 IV A 22552.39 a'D'H-x'FjH 

6 4430.512 3 IV 22564. 45 b'P'H-t'DiH (0.26, 0.79) 0.89, 1.41, (0.25, 0.7.) 0.93, 1.43, 
1.95 1.93 

6 4429.802 15 I 22568.06 a' D'H-1/'F;H (?w, D) 1.89w, B (0) 1.80b 
6 4428.519 15 I 22574.59 a'D'H- z'P!~ (Ol1.87WI B (0) 1.87b 
4 b4427.31 5 III 22580.76 b'O'H-t'HoH (0 0.94, 1.54 (0.02, 0.07, 0.12, 0.17, 

0.22) 0.84, 0.89, 
0.94,0.99, 1.04, 1.08, 
1.13, 1.18, 1.23, 1.28 

6 4426.011 20 I 22587.39 a'D'H-v' FlH (0.15, 0.43, 0.70) (0.14,0.44,0.7410.79, 
2.31w. B 1.09, 1.38, 1.67, 1.97, 

2.27 

6 4425.724 " III A 22588. 85 { a'H'}l-v'GlH 
a'O'H-v'FI}l 

6 4424.576 4 IlIA 22594.72 a'O'H-z'H!H (0) 1.03 (0) 1.00b 
6 4423. 920 2 IV 22598. 06 b'D'H-q'D;H? (Ol1.07 
6 4423.210 8 lIlA 22601. 68 a'D'H-x'FlH (0 1.18 (0) 1.2Gb 

4 4422.48 2 IV 22605.41 {a'HIH- z'I6~ }(?) 0.82 {CO) 0.84. 
a2p,~-x2DiH . (0) O.~.)lJ 



Megger3] 
Russell 

(1) (2) 

Ref. ABitA 

- -----

6 4422.239 

6 4421. 585 

6 4419.944 
4 4418.45 
6 4416.699 

6 4416. 480 

5 4415.062 

6 4414.547 
4 4413.70 
6 4412.142 

6 ' 4408.515 

6 4408. 209 

6 4407.655 
6 4400.649 

5 4406. 141 

6 4405.008 

6 4403.680 
5 4401.140 
6 4400.589 
6 4399.426 

4 4397.88 
6 4397.414 
6 4395. 243 

6 4394.814 
6 4393.840 

4 4393.09 
6 4392.078 
6 439l. 681 
6 4390.611 
6 4389.986 

4 4388.09 
6 4387.215 
4 4385.33 

6 4384.730 

4 4384.19 

4 4381. 76 
4 4381. 23 

4 4381. 03 

6 4380.570 
6 4379.242 

4 '4377. 90 
4 4376. 80 
5 4376.057 
6 4375.315 
6 4375.069 

6 4373.827 
6 4373.234 
6 4369.066 
6 4368.598 
6 4368.047 

4 4367. 07 
4 4365.74 
6 4364.221 
6 4363.531 
5 4363.357 

~---------------------------------------------------~ 
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TABLE l.--Arc spectrum of vanadium (Vr)--Continued 

(3) 

I 
(4) (5) (6) (7) I (8) 

Zeeman effect Int. Temp. 
JlVAOCm- 1 Term 

arc class combinations 
Observed Computed 

------ -----

3 IV 22600.65 {a'H,~-v'Gh, (0) 0.88 (0) 0.80b ( a2Pl~-v'Sl~) 
20 I 22610.00 a'D,~-v6Fl~ (0.28,0.87) 0.76, 1.34, (0.29, 0.88) 0.73, 1.31, 

l.95, 2.55 l.90, M9 
12 I 22618.38 a8D2}i- zap;}) (0) 1.76 (0) 1.75b 
1 22626.02 a~D2~-v2G3V, 
2 IV A 22635.01 a'G3~-y2F;~ (0) 0.89 (0) 0.92b 

20 I 22636.13 a'DlH-Y'Fo~ (1.21) a.63, 3.10 (1.20) 0.62, 3.02 
2 22643.40 e·H..,-"'GI~ 

b'D3~-q'D;~ 
2 IV 22646.04 a'H3~-v'Gl~ 
2 IlIA 22650.39 a4D2;.s-x4FiHo (O.79wlB)?w. D (0.74) 1.18b 

12 I 22658.39 a'Do~-z·Po;.s . (0.37) 2.94wlB (0.38) 2.92b 

{a 'Do~-Y'Fo~ . }(1.30) 0.85, 1.86 
f1.94 ) 1.36b 

90a . I 22677. 01 (0.10, 1.20) 0.62, l.42, a'Dl~-Y'Fl~ 2.22 
70a I 22678.61 {a'D,~-voF;~ (O.90)? (0.83) 1.42b 

(b<Po}j-t<Do}j) 
70a I 22681. 45 a'D3~-Y'Fl~ (0.56) 1.57w, (0.47) 1.45b 
80a I 22686. 63 a'D.~-Y'FI~ (0.48) 1.49wlC (0.43) 1.47b 

6 III A 2258g.24 {a'D'~-X'Fl~ } (?W2D) l.09w, C {(OJ 1.04b 
b'Pl~-t'D;~ (0) 1.07b 

4 III A 22695.07 {a'D,~-z'Pl~ 
a·H.~-v'o;~. 

4 III 22701. 93 a·H,~-"'G.;~ (0) 1.13 (0) 1.07b 
H 22715.02 b·D2~-u·Pl;.s 

60a II 22717.87 a'Do;.s-y'Fh, (1.12) 0,2.18 (1.14) 0.12, 2.16 
2 III 22723.88 a·D l~-x'Fi;.s (1.18) 0, 0.80, 1.50 (0,41, 1.22) -0.03, 

0.79,1.60 

1 22731. 87 a2F2~-l4G3~ 
1 IV 22734.27 (0) 1.01 

~Oa II 22745.51 a'Dl~-v'F;~ (0.27, 0.86) M3, 1.01, (0.29, 0.88) 0.3", 0.94, 
1.58, 2.14 1.53,2.11 

3 III 22747.72 a'G';.s-z'HI" (0) 0.98 (0) 0.99b 
4 III A 22752.77 a·Dl;.s-x·F;~ (O?Wl D) 0.S6Wl A (0) O. 88b 

4 III 22756.65 b'Po;.s-t·Dhi (0.72) 0.44 (0.71) M7, 1.89 
5 IIA 22761. 00 a'Dl~-z'Ph~ (0.19) 1.82 (0.15) 1.76b 
2 IV :12763.96 a'H,~-v'G'}j (0.63)? (0.54) 1.16b 
1 IV 22769.50 a'Po~-y2Pl;.s 

100a II 22772. 74 aftD2}i-y6Fj}-S 

1 22782.58 a'F,~-t'G;)i 
3 III A 22787. 13 a'DoH-x'Fi~ (0.20) 0.60 (0.19) 0.19, 0.57 
1 IV 22796.91 a·G,~-u·Gl;.s 

125ra II 22800. 04 {a'D'~-Y'FI~ }(?W, D) 1.28w, C {(OJ 1.20b 
a·F.~-z·Fl~ (0) 1.37b 

1 III A 22802.84 a6DoJ.i-Z4pr~. 

1 22815.47 a4H4J.i-v40~J.S 
Ih 22818.24 b'D,;.s-u·P;" 

IV A 
{ a'G'~- 'U'G3}j 

1 22819.28 a'P1;.s-x'Dl)i 
a6D3.!.~-Z.P1~ 

(0.18) 1.25b 4 IV 22821. 69 a4G5J.i-u4GAJ-l (0) 1.25 
150raem II 22828.61 a'Du~-v'F';.s (?w3)1.20w, (0) 1.I5b 

2 IV 22835. 58 a·P,~-x·Di" (0) ~1.35 (0.57) 1.42b 
1 IV 22841. 38 
0 22845.22 a4G3,l.~-u4G2J.1? 
4 IV 22849.10 b'G'~-8'G!~ (0) 0.88 (0.15) O.88b 
1 IV 22850.38 

4 IV 22856.87 a·G.~-u·GI7l (0) 1.19 (0.19) 1.I6b 
4 IV 22859.98 b2G,~-s2Gj;.s (0) 1.11 (0.07) 1.10b 
2 IV 22881. 77 a4G4~-u4G5~ (0) 1.56 (0) 1.64~ 
4 IV 22884.23 a'G,~-u'G3}j (0) 0.07 (0.09) 0.98b 

10 I 22887.12 a'F3~-z'FiJl (?w. D) 1.63w, B (0) 1.75s 

1 22892.25 b'G'~-8'G3~ 
3 IV 22899.21 a'Pl~-x'D;" 
4 IV 22907.18 a·G,~-u·G;;.s (O)~0.56 (0 .13) O.5Gb 
5 IIA 22910. 81 a'D,,,-z'P!,, (01Wl)_1.59 (0.04) 1.60b 
1 IV 22911. 71 a'Po~-x'DI~ 
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T ABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. X.ir A Vvaccm-1 

arc class combinations 
Observed Computed 

---------

6 4361. 399 2 IV 22V22.00 a'G3~-u'GlH (?W3 D) 1.66w, B (0) 1.59b 
4 4361. 03 1 22V23.95 a'F,~-u'Fi~ (0) 0.83 (0.04) 0.85b 
6 4360.592 3 IV 22V26. 24 a2D2~-w2FiJ.i (Ow,) 0.86w, (0) 0.86s 

6 4357.453 2 IV 22942.76 { a'F3s-u'F;~ (0) 1.10 or (0) 1.38 rO.09 1.12b 
a'D's-w'Dl~ diffuse. (0.24) O.88b 

6 4356.796 1 IV 229·1G. 22 a'G2H-u'GlH (0.22, 0.64, 1.03)? (0.20, 0.60,1.00)-0.01, 
0.39,0.80, 1.19, 1.59, 
1.99 

6 4355. g58 10 I 22950.64 a'F'H-z'F1H (0.29,0.88) 0.16, 0.70, (0.30,0.92) 0.09, 0.70, 
133, 1.92 1.31, 1.93 

6 4354.985 5 IV 22955, 76 a2R5J.i-x2H 6~~ (0) 1.09 (0.13) 1.08b 
6 4353.338 2 IV 2296'1:.44 a'P'H-x2FiH (0 .15,O.50)? (9.15, 0.46) 0.4~, 0.74, 

1.05, 1.35 
6 4352.892 50.em I 22966,81 a'F'H-z'FlJS (0) 1.30 (0.11) 1.30b 
4 4352.47 2 IV 22969. 03 (0.17)? 

6 4350.820 2 III A 22977.74 a'D,~-z'Pis 
6 4350.680 1 IV 22978.48 
4 4342.84 6 III 23019.94 a'H'H-x'Hhs (0) 0.90 (0.Q7) 0.89b 

4 43 12.21 4 III 23023.28 a4PH~-x·D2}i (0.18, 0.57) 0.81, 1.15, (0.20, 0.61) 0,68, 1.09, 
- 1.50, 1.90 

6 4341. 016 40uem I 23029.63 a4}i'3~-z'F~H (0) 1.21 (0.09) 1.22b 

6 4336.129 2 IV 23055.58 b'H'H-U'HlH (0) 0.90 (0.22) 0.88b 

6 4334.114 4 lIlA 23066.30 a'P'S-x'D3H (?w, D) 1.06w, A (0) 1.1Ob 

6 4332. 832 30aem I 23073.13 a'Fz}S- Z'F2J' (0) 1.00 (0.07) 1.00b 

6 4332.380 1 IV 23075.54 b'H's -u'H;H (0) 1.08 (0.09) 1.07b 

6 4330.033 30aem I 23088,04 a'F's-z'FiJs (0) 0.35 (0.01) 0.40b 

5 4323.489 [-1] 23122.99 a'Hs.!1-x2H4}i 
4 '4322.37 1 23128.98 b'P'H - v2Pls (0) 0.38, 1,32 (0.02, 0.05) 1.32,..1.3. 

4 4320.29 1 23140. 11 a2Hs}i-xtHsJ.i (0.21) 1.11 
4 4319.96 1 2314l. 88 a2H4~-xtH3Ji 

4 4318.70 4 23148.63 

4 4315.83 1 23164.01 a'P'H-w'F;s? 
6 4313. 896 3 IV 23174.40 a'II4J.i-x2H 4}i (0.25) 0.94 (0.22) 0.91b 

6 4309. 801 20 I 23196.42 {a'F3~- 2fF4~ (,I w, D ) 1.46 w, B (0) 1.50b 
(aG',s - w'84H) 

6 4309.531 2 IV 23197. 89 a'G3s - w'H;H 
4 4308.44 1 23203.74 a'D,s -w'DiH 

6 4307. 188 12 I 23210.50 { a'F's-z'F;~ (0,31, 0.92) 01, 0.72, (0.29, 0.87) 0.11, 0.69, 
(a'G,sw-H';H) 1.37, 1.93 1.27, 1.8. 

i 4306.594'1 [-1] 23213,70 a4H3~-x2R~~ 

6 4306.222 15 I 23215.70 a4F2~- z4F3J.i (? W3 D) 1.82w3 B (0) 1.78s 
5 4305.482 3 IV 23219.70 a4H5J1-x2H5~ (0, 0.38) 1.08 (0) 1.1Ob 

6 4303.542 3 IV 23230.16 (? w, D) 0.85w, A 

5 4302.143 tr IV A 23237.72 a'D'H-w'DiH (?) 1.32w I (0) 1.34b 

6 4298.048 12 III 23259.85 a'G'H-w'H;H (0) 0.77 (0) 0.80s 

6 4297.694 12 III 23261. 77 a'G3s- w 'HlH (0) 0.94 (0) 0.85b 

4 4297, 10 1 23265.01 a'H'H-u'Gls (0) 1.07 
6 4296.121 15 III 23270. 29 a404}i-w4H5}i (0) 1.04 (0) 0.95b 

6 4291. 828 15 III 23293.56 a4GsJ.l-w4H 6J.2 (0) 1.10 (0) 1.08b 

6 4291.305 4 III 23296.40 a'H's-x'Hj~ (0.12,0.44,0.73,1.05) (o.n, 0.40, 0.67, 0.94) 
2.06w3 B 0.00,0.27,0.54,0.81, 

1.07,1.34,1.61, 1.88 

5 4288.819 1 IV A 23309.90 a'D'H-z'So~ 
6 4287. 823 4 IV 23315.31 (0) 1.03 
6 4286.428 5 III 23322.91 a4H5~-x'H;}) (?) w, D 1.61w, B (0) 1.48b 

6 4284.061 15 III 23335.80 a4H3~-x'Hj}) (0) 0.68 (0.06) 0.6Ob 
6 4282.924 (5) (III) 23341. 99 a'HHi-x'Hl}) (?w, D) 1.46 w, B 
5 4278.992 2 IlIA 23363.44 
6 4276,966 12 III 23374.52 a'H4}.i-xtH4,!1 (0) 0.94 (0.04) 0.94b 

6 4271. 563 12 III 23404.08 a'H'JS- x'H;s (0) 1.08 (0,04) UOb 

6 4270, 332 4 IV 23410.82 a2D2~-t4D2~ (0) U8 (0.35) 1.25b 

6 4269.768 5 III 23413.92 a~II 37S-xtH4J.1 (0.15,0.45,0.75,1.05) (0.15, 0.43, 0.71, 0.99) 
1.96w3 B -0.06,0.22,0.50,0.79 

1.08, 1.36, 1.64, 1,92 

6 4268. 65~ 20 III 23420.03 a4H8}i-xtH6,!1 (0) 1.21 (0,21) 1.2Ob 

4 4~67, 32 1 IV 23427.32 

• 4265.90 1 IV 23435.12 b'D3W-Q;6FlJS? 



"!leggeTS] 
RUi!sell 

(1) (2) 

Ref. Aair A 

- ---
6 4265.102 
6 4262.169 
6 4261. 222 
6 4259.320 

6 4257. 375 

4 "4252.80 
4 4246.69 
6 4241. 325 
6 4240. 368 
6 4240.089 

4 4238.97 
6 4236.618 
6 4235.765 
6 4234.531 

6 4234.010 

6 4232.959 
6 4232.466 
6 4229.695 

6 4227.740 
5 4226.022 

5 4224.133 
4 4222.98 
4 4222.33 
4 4221. 04 
4 4219. 51 

6 4218.714 

4 4216.38 

4 4213.94 
4 4210.85 
6 64209. 857 

4 4206. 68 
1 4204.52 

4 4200.89 
6 4200.100 

6 4198.621 

6 4197.606 
4 4197.29 

5 a4195.601 

4 4191. 05 

6 4189.849 

5 4187. 665 
4 4186.80 
6 4182.506 

6 4182.082 
4 4180. 89 
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TABLE I.-AI·c spectrum of vanadium (VI)- Contiuued 

(3) (4) (5) (6) (7) I (8) 

Int . Temp. Term Zeeman eflect 

arc class Vvaocm-1 combinations 
Observed Computed 

--- ------

8n III 23439.19 (O? W2 D) 1.21w, 
6 III 23455.66 a'n'J.>-x'n'ji (?w, D) 1.67w, B (0) 1.50b 
2 IV 23460.87 b'G3ji-Q' FIji 
8 I 23471. 33 a'F,ji-,'D1J.> (0.41) 1.31w, B (0.12, 0.37) 0.6 ~0.88 

1.13, 1.38 
6 III 23482. 08 a'n'ji-X'n,J.> (? w, D) 1.55w, B (0) 1.55b 

1 IV 23507.35 a'n'li- u 'G3li (0) 0.93 (0) 0.93 
1 IV 23541. 15 a2Pt~-w2F2~ 
3 III 23570.93 b'F'li -U'Flli (0) 1.52 (0) 1.48b 
4 III 23576.24 b4F3.l1-U4Fi~ (? w, D) 1.54 (0) 1.60b 
3 IV 23577. 80 b'F2H-n·Fr~ (O.U, 0.72) 0.78, 1.23, (0.25,0.76) 0.29, 0.7g, 

1.7' 1.30, 1.81 

2 IV 2359~ . 01 (0) 1.22 
1 III A 23597.11 aIlDH·~-22G~~ 

10 III 23601. 86 b'Flli-U'Flji (0.20) 0.46 (0.21) 0.47b 
8 I 23608. 75 a'Fui-z2Dj~ (- , 0.54) 0.18, 0.57, (0.18, 0.5') 0.22. 0.58, 

0.96 0.94 

12 I 23611. 65 { b'F'ji -u'Flji 
a'F3ji-z'D;li 

} (0) 1.05w, A (0.11) 1.02b 

12 III 23617.51 b'F'li-U'FlJ.> (0) 1.23 (0.03) 1.22b 
15 III 23620.26 b4F,~-U4F4~ (0) 1.34 (0.04) 1.30b 
4 III 23635.73 b'FI~-u'F2~ (0.28,0.93) 0, 0.67, (0.30,0.91) 0.09, 0.70, 

1.30, 1.91 1.30, 1.91 
4 III 23646. 66 a' P o}l -w'Dlli (0) 0.87 (0) 0.88s 

(5) (III) 23652.92 b'F2~-u'F3}{ (?w, D) 1.61w, B 

5 III 23666.85 b'Fl~-u'F~>i (O?w, D) - , 1.5Ow, A (0) 1.44b 
1 IV 23673.34 "F~li-e'G'ji 
2 IV 23076.99 b'P'li-W'Plli (0) 1.54 (0) 1.50b 
1 23684.23 b'Doji -1J'Doji 
2 IlIA 23692.81 a6D3~-y'F2}i 

4 nIA '3097.25 aOD '}l-v'F;ji (0.19,0.55,0.96, 1.34) (0.18,0.55, 0.92, 1.29, 
?w,C 0.23, 0.60,0.97, .134, 

1.70, 2.07, 2.44, 2.81 

1 IlA 23710.40 e OD ,ji-Y' Fili 
aOD ,ji- , 'Glli 

lh 23724. 12 b'D oji-p'Dlji (0.55) 0.75. 1.76 (0.56) 0.66, 1.78 
lh 23741. 52 biD lji-p'Dlji? 

20 I 23747.11 a'D'ji-y' F'ji (?w, B) 1.43, 2.4 7w, C 0.14, 0.43, 0.72, 1.01, 
1.30) 0.22,0.51,0.80, 
1.09, 1.38,1.66, 1.95, 
2.24,2.53 

1 23765.04 b'D ,~-p'Di;, (0) 1.49 
1 23777.25 a'Dlji-v'Fiji. 

1 lIlA 23797.79 a'F'li-Z' D;ji 
4 lIlA 23801. 77 a'D,ji-,' Glji (0.34, 1.04, 1.70) 0, (0.34,1.03,1.72) -0.80, 

0.72, 1.30 -O.U, 0.58, 1.26, 
1.05, 2.64 

4 lIlA 23810.66 a6D 'ji-v'Flli (- , 0.62, 1.01, U5) (0.18,0.56, 0.94 , 1.32) 
0.21,0. 54,0.05,1.38, 0. 21,0.59,0.97, 1.3', 
1. 76, 2.18, 2.60, - 1.71, 2.09,2.47 

2 IV 23816.24 a 'n'ji-y'I6;, (0) 1.05 (0) l.03b 
1 23818.20 a'Doji-y'Fiji 

1 IV 23827.80 b'D'ji-p'D;ji? (0) 1.31 (C.26) 1.31b 

10 II 23850. 81 {a6D'~-V'Ij'2~ (0.36,1.23) 0.20,0.60 (0.i2,1.26) -0.!8, 0.56, 
b'P'li-W'P;ji 1.40, 2.24 

12 I 23860.51 a'D'ji-y'Fjli (0.16,0.49, 0.79, 1.08) (o.l6,O.46, 0.76, 1.06) 
0.17,0.50,0.80,1.09, 0.11,0.47,0.77,1.07, 
1.41, 1.68 1.38, 1.69, 1.99, 2.29 

[lh] 23872.95 a'Dlji-x'Doli? (0.56)?w, (0.56) 0.56, 1.76 
1 2.1877.92 a4D2}i-xfDi~ (0) 1.42 (0.13) 1.49b 

10 I 23901. 89 a'D'H-v'Fsji (O.U, 0.72, 1.20) 0, (0.22,0.68, 1.14) 0.01, 
0.43, 0.90, 1.43, - 0.47,0.93,1.38,1.83, 

2.29 
2 IV 23904.82 a'n'li-v'llli (0) 0.92 (0) 0.07b 
1 IV 23911.66 b'D'ji-p'Dsj1 (0) 1.48 (0) 1.50s 
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TABLE I.-Atc specttum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. AairA "nocm-1 arc class combinations 

Observed Computed 

- --- --- ------
6 4179.421 15 I 23920.05 a'D'ji- z'Gi<{ (-, 0.54, 0.93, 1.28, (0.19, 0.58, 0.97, 1.36, 

1.70) 0.20, 0.57, 1.76) -0.23, 0.16, 
0.98,1.34, 1.71,2.09, 0.55,0.94,1.33,1.71, 

4177. 071 2 IV 23933.50 b'D3ji-p'D;ji 
2.48, 2.86, - 2.10, 2.49, 2.88 

6 (0) 1.37 (0.38) 1.38b 
5 4176.793 [3J 23935.09 a'Flji-z'D!ji 
5 4176.644 lOOp?) 23935.94 a'Doji-x'Doji 
4 4175.16 1 IV A 23944.47 a'D3ji-x'Diji (0) 1.46 (0) 1.52b 

6 4174.023 5 III 23950.98 a2Pl~-w2D~H (0) 1.19 (0) l.lSb 
6 4171. 308 3 IV 23966.57 b4PI~-W4PO~ (0046) 1.26 (0.45) 1.23, 2.13 
6 4169.261 2 IV 23978.34 b'Plji-w'Plji (0) 1.65 (0.11) 1.64b 
4 4168. 95 1 23980.13 a4DJ~-x4DiM" (0) 1.17 (0.02) 1.19b 
4 4167.04 Ih 23991. 11 z'F!<{-f 'F3)S (?) 1.37 diffuse 

4 4166.74 lh 23992.84 z'Flji-f ' F 'ji (0) 1.33 
4 4162.34 1 24018.19 a4H6~-y2I6J.i 

{a'Dl ji-V'Doji }(0.92)?W, 
t.94) 0.88, 2.76, 

4 4160.40 1 III A 24029.39 a'D'ji-v'Dlji (0.23, 0.66) 0.94, 
1.39, 1.83,2.27 

3 4159.690 8 r 24033.47 a'D3ji- "Glji (0.20,0.61, 1.01, 1.45) (0.21, 0.61, 1.01, 1.41) 
0.22,0.55,0.93,1.33, -0 •. ~8, 0.12, 0.52, 
1.76,- 0.92,1.33, 1.74, 2.14, 

2.54 
3 4158.379 0 24041. 08 a'D3ji-v'D'ji 

5 4157. 960 1 UIA 24053.50 a'Doji-x'Dlji (0.56) 0.56, 1.77 (0.58) 0.58, 1.75 
5 4155. 888 1 III A 24055.49 a' D'ji-II'Dlji 
4 4155.24 1 24059.22 af H4}i-y'H}i 
6 4153. 332 2 III A 24070.30 a'Doji-v'Doji (1.66) 1.58 (1.67) 1.62b 
6 4152.662 2 IV 24074. 18 (0.24) 1.00 

4 4151.37 1 24081. 65 a'D,ji-x'D;ji 
4 4150.70 2 IV 24085.53 (0) 1.09 
6 4148.873 2 III A 24096.17 a'Dt)~-v'Dlji (0.32, 1.00) 0.83, U9, (0.33, 0.98):0.84, 1.49, 

2.15 2.15 
4 4147. 77 2 24102. 60 z6Dlji-foD3ji 
4 4142.91 2 III 24130. 86 a4D3}i-w4F~}i 

4 4142.66 2 IlIA 2H32.32 a'D'ji-v'Diji 
4 4141.85 2 IlIA 24137.04 a'Doji-v'Dlji (1.03) 0.13, 2.23 (1.07) 0.10, 2.23 
4 4141.37 2 IV 24139.84 z6Dlji-j'F,ji (O?w, D) 0.59w,C? (0) 0.67s 
6 4139.262 4 IV 24152.12 b'Plji-w'Piji (0) 1.44 (0) 1.40b 
4 4138.12 2hd? 24158.79 b'Poji-w'Poji 

5 4137.987 [1] 24159.55 aID'ji-w'Flji 
4 4137. 02 1 24165.22 z' Diji-f' F3ji? 
6 4136.395 3 IlIA 24168.85 a'D3ji-v'D lji 
6 4136.116 4 III 24170.48 b'Poii-w'Plji (0.51) 1.08 (0.50) 1.10, 2.10 
4 4135.29 1 24175.32 a'D,ji-x'D!ji 

4 4134.50 60a I 24179. 93 a' D ')i-v' D lji (Ow ,D) 1A2wl 0 (0) 1.43b 
6 4133.781 3 III A 24184.13 a4Dl~-T4Dbi (0) 1.48 (0) 1.Us 
5 4132.877 [lJ 24189.42 a'D'ji-z'Plji 
6 4132.019 60a I 24194.45 a' D3ji-v' D;ji (O?w,D) l.44w, C (0) 1A6b 
4 4131. 20 1 III A 24199.25 a'D'ii-v'Diii (0.23, 0.72)?w, A (0.2.,0.72) 0.62, 1.10, 

1.58, 2.06 

4 4130.40 1 24203.94 z' D!ji-f'F'ji 
6 4130.143 2 24205.44 a'P,ji-v'Flji 
6 4128.868 5 III 24212.91 b'Flji-s'D oji (0.22) 0.20, 0.60 (0.20) 0.20, 0.59 
6 4128. 077 60a I 24217.55 a' D'ji-y'D lji (Ow, D) 1.50w, C (0) l.42b 
6 4124.680 5 III 24241. 02 a'P,ji-w'Diji (0.56)w, C (0.55) 1.42b 

4 4123.56 60a I 24244.07 a'D'ji-Y'D~ii (0.70) 1.12,2.57 (0.71) 1.11, 2.53 
6 4123. 196 6 III 24246.22 b'F'ji-s'Dlji 
4 4122.35 1h 24251. 18 z'D!ji-f'D'ji 
6 4120. 977 1 IV 24259.27 a'Goji-vlRlji 
6 4120.545 8 III 24261. 81 a'D' ji-w'Flji (0.32,0.97) 0.22, 0.84, (0.34, 1.01) 0.18, 0.86, 

1.49 1.53 

6 4119.463 8 III 24268.18 alD'ji-w'Fiji (0049,0.83) 0.52, 0.85, (0.18, 0.52, 0.86) 0.49, 
1.20, 1.55, 1.86 0.83, 1.18, 1.53, 1.87 

4 4ll9.lD 1 IV 24270.32 b'Flji-s'Dlji 
6 4118.648 8 III 24272.98 a'D3ji-w'F!ji (0.54) 1.33 (0.62) !.29b 

0 4118. 187 S III 24275.70 {b'F3H -s'D;ji 
(b'P'ji-x'Slji) }(Owl) 1.14w, (0) 1.08b 



MeguerS] . 
Russell 

(1) (2) 

R ef. A a ir A 

- ---
6 4116. 700 

3 4116. 60 

6 4116. 479 

6 4115.484 

6 4115. 179 

6 4114. 525 
6 4113. 517 

6 4112.334 

6 4111. 790 

5 4110. 761 

6 4109. 780 

6 4109. 043 
6 4108.217 
6 4107. 467 

6 4105.166 
6 4104.779 

6 4104. 392 
4 4103.41 
6 4102. 163 
5 4101. 535 
5 4101. 009 

6 4099. 796 

5 4098. 850 

6 4096. 935 
4 4096. 50 
6 4095.485 

6 4094. 285 
4 4093.50 
6 4092.694 

6 4092.417 

6 4091.948 

6 4090.587 
4 4084. 75 
4 4084.24 

6 4082.930 
5 4078. 707 

5 4077.971 
5 4074.191 
4 4072.16 

6 4071. 537 
4 4070.78 

4 4068. 00 

6 4067. 742 

5 4065.421 
6 4063. 932 
4 4062. 72 
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TABLE I.-Arc spectrum o/vanadium (V I)-Continued 

(3) (4) (5) (6 (7) I (8) 

Int . Temp. Term Zeeman effect 
pvaocm-1 

arc class combinations 

Obser ved Computed 

--- - --

4a I A 24284.48 a6D,» -y6Dl» 

0 24285.06 a6D O»_yOD,,, 
50a I 24285.77 {a6D,»-V6D l" }(?) 1.60 (0.04) 1.60b ta'F,»-z6P;») 
2 III 24291. 65 a4Dl~-z2PY3i 

60a I 24293. 45 {a6D3»-V6D;" }(?w,D) 1.54 (0.15) 1. 56b (b' F.» - u'G,») 
3 I V 24297.31 b'FI), - u'G,» 

12 I II 24303.27 a' P,x-w'D,x (O?w,D) 1.05w,A (0) 1.l0b 

5 I II 24310.27 a'G,»-t' F;x (1.11) 1.74 or (0) 1.09 (0) 1.10s 

!,,,,,"-" DI" (a'a,,,-t'F;») 
l00Ra I 24313. 47 (b 'F,x-s'Dhs) 

(a' D,» - x'D ;,,) 
(b'F,»-u'Glii) 
(b'F,»-u'G;,,) 

1 24319. 56 {a' a ,x-v2HI» 
a'G,x-t 'G;x 

50a I 24325.36 {a ' D ox -y6Dl» }(O.71) 1.09, 2.54 (0.72) 1.14,2.58 (a'Do»-w'Flx) 

2 IV 24329. 73 a' P,x-w'Dox (O?, 0.80) 0.88, 1.60? (0.80) 0.90, 2.50 
5 III 24334.62 a4G!!.I1- t4Fi~ (?w,) 0.72 (0) O. 72b 
4 In 24339.06 a'P,» - w' D l» (0.44, 1.35) 0.40, 1.27 (0.45, 1.35) 0.35, 1.25, 

2.15 
60a I 24352. 70 a6D ,»-y6Di){ (?) 1.48w'C (0) 1.42b 
15 III 24355. 00 b']<',»-s'D!» (?W2) 1.38w, . 
12 III 24357. 30 a 4GHs-t4F:~ (0) 1.36 (0) 1.36b 

1 IV 24363. 15 b'P,x-s'Dlx 
20 II 24370.53 a'D ,x-w' Flx (0) 0.88 (0) 0.88b 
0 24374.24 a 'G,x-!'F i){? 
0 24377. 44 b'D,x-r'F'x (0) 0.94 

60a I 24384.60 a' D,»-y'D;" (0) 1.44 (0) 1.50s 

Oh r 'D3){-Q' FI" 
24390.22 a4H6~-u4Fhs 

a'H3x-u' F;x ? 
3 IV 24401. 63 b'F3X-s'D;" (O.61)?w2C (0.47) 1.30b 
1 24404.23 a'F,x-z' P!" 

25 II 24410. 27 a'D,x-w'Flx (0) 1.06 (0) 0.97b 

3 IV 24417.42 {a'G3){-V2B ,X } (?2P) !.l9w, C {(O.98) 1.1Gb 
a ' G 'x- t ' Fl" (0.33) 1.18b 

5 III 24422.11 a'Pox- w'Do" (1.27) 1.35 (1. 25) 1.34b 
50a I 24426.91 a ' D 3H-v'Dlx (0) 1.40 (0) 1.40s 

8 III 24428.58 { a4P l-",-w4D2~ } (0.18, 0.55) 0.76, !.l 5, (0.20 , 0.60) 0.70, !.l0, 
b'P,x - s'D!x 1.50 1.50, 1.90 

3 III 24431. 37 a4PoH-w4Di~ (0. 01):0 (0.90) - 0.10, 1.70 

25 I 24439. 50 {a'D,x-w'Flx leo) 1.1 3 (0)-1.14b (a'F 'x-yOF!x) 
1 24474. 41 a4Po~-lo 

1 24477. 47 { a'G'x-v'B ,,,? 
a'F,x-u'Plx? 

4 III 24485.34 a4POJi-v4Fi~ (0.85) 0,1.73 (0.87) -0.01,1.73 
[-1] 24510. 68 atF,~- z6Pi~ 

[-1] 24515. 11 atF 3J.i' - ZIlP hi 
[OJ 24537. 85 a'G,»-t'Gix 

3 III 24550. 06 a'P,x- v'F!x (0.19,0.52,0.86) 0.3G, (O.lS,0.52, 0.8G) 0.35, 
- , - 0.69, 1.03, 1.38, 1.73 

2.07 
8 III 24553. 85 b'P,,,-s'DI){ (?w ,) 1.06w, (0) !.l7b 
4 II 24558.38 a'F,»-y' Flx (0 .38) 1.32w, (0.48) 1.35b 

4 IIA 24575. 22 a4F3X-yftF2~ (0) 1.06 (0) 1.12s 

{ a'G.x-!'Glx }(0.31) 1.18, 1.76 
r) 1.33b 

3 IV 24576.75 b'P,x -x'SlH (0.16, O.tS) 1.52, 1.84 
2.16 

-lei? 24590.78 a4F2H-z!l P2~ 
10 IV 24599. 79 a'G,,,-t'G!){ (0) 0.56 (0.02) 0.58~ 
1 24607. 14 b'P,,,-s'Do» 
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TABLE I.-Arc spectrum of vanadium (Vr)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. oQ'emp. Term Zeeman eflect 
Ref. Ash A arc class JlV1\ Ccm-1 combinations 

Observed Oomputed 

- ---- --- ---
4 4061. 61 1 24613.87 b'Pl»-v'Di» (l.27) 0.45, 1.29 (0.38, 1.14) 0,54, 1.30 
4 4060.85 1 24618.47 a4G5~-t40t~ (0) 1.38 (0.13) L42b 
6 4057.822 5 24636, 83 b'F,»-u'D;» 
6 4057.069 10 III 24641. 41 a'G3»-t'G!» (0) 0,98 (0.21) 1.00b 
5 4055.963 [Ohp?] 24648.12 a41?1}S-z6Pi}i 

4 4053.66 1 24662.13 a·P'J.i-y!D~}i 
6 4053.267 3 IV 24664.51 b'PI»-s'Di» (0,86) 0,83, 1.41 (0.29, 0.87) 0,81, t.39, 

1.97 
4 4052.47 1 III A 24669.37 a4Fz}i -v6F3}i (0,53)?w, C (0.50) 1.28b 
6 '4051. 356 12 III 24676, 15 a'G5Y2-t4G~~ (0) 1.25 (0,31) 1.24b 
6 4050.9f>l 10 III 24678.55 a'G,»-t'Ol» (0) 1.15 (0.22) !.l7b 

6 4048.619 4 I1A 24692.83 a'F2}i-v6Fi7{ (0) 0,97 (0) 0.99s 
5 4047.380 Ih 24700.39 a'F.f}i-1I6FZ~ 
4 4046.87 1 24703,50 a'G,»-t'O!» 
6 4042.632 5 III 24729.40 b'PI),-s'Dl» (0.19,0.56) 0.77,1.17, (0.17,0.52) 0.81, 1.16, 

1.56 1.51, 1.85 
4 4041. 60 3 V 24735,70 

4 4040.31 2 IV 24743.60 a'G,»-t'Gl» 
5 4037.358 [-lhJ 24761. 70 a 'F,»-v'Fl»? 
5 4036. 159 ° 24769.06 b'Po» - x'Si» 
5 4035. 896 [3] 24770,67 a'Fn.,-ztPoJ.i 
4 4034.71 1 IlIA 24777. 95 a'F,»-"Pi» 

5 4033.062 1 24788,08 a'F3}i-y6Fb~ 
4 4032.85 2 lIlA 24789.35 a'FI»-Y'F~» (?) 0,90 (0) 0.898 
5 '4032.481 1 IV 24791. 65 a'PI»-v'Di» (0) 0,86 (1.36) 1.21b 
6 '4031. 831 5 IV 24795.64 a'F,»-t'F!» (0) 1.09 (0,30) l.09b 
6 4031. 220 2 IV 24799,41 b'Po»-s'Do» (1.28) 1.31 (1.30) 1.30b 

4 4030. 12 1 24806.14 b'Po»- v'Di» 
4 4029.90 2 lIlA 24807.49 a'F3}i- Z'Pz}i 
4 4028.08 1 24818.76 b'Do»-p'Fi» 
5 4026.200 [- 1] 24830,32 a4FH,-v6Fi~, 
4 4025,30 1 24835.89 b'DI»-p'FiH (0,73) 0.42, 0,93, 1.48 (0,30, 0.90) 0,30, 0.90, 

1.50 
4 4024,40 1 24841. 44 b'DI),-t'PiH 
6 4023, 174 4 IV 24849,00 { b'PI» - v'D1H 

a'F,» -/'F;» 
5 4023,066 [-I?] 24849,67 a'Pn, - y2l)2Y2 
5 4022,111 10j 24855.56 a'F,» - v'FlH 
4 4021. 90 3 IV 24856,88 b'Po»-s'Di;, (0.73) 0.39,1.87 (0. 75) 0.35, 1.85 

4 4021. 44 1 24859.73 b'D,»-p'FiH 
4 4020,54 1 24865,30 {b'D,» -t2PI» 

b'P,»-x'Pi»? 
4 4019,45 1 24872. 03 b'D oH -O'Do» 
6 4016.699 1 24839,05 b'DI» -o'Do» 
4 4015,66 1 24895.50 a'G2}i-u2F2}i 

4 4015, 35 1 24897.42 a'H,»-u'G'H 
4 4015.06 1 IV 24899,22 b'D'H-P'F!H 
5 4012,510 III 24915,04 a'FI»- "PiH 
6 4011. 315 3 III 24922,47 a'p,»-v'D1» (0?1/.'2 D) 1.03w, A (0) 1.10b 
4 a4009,77 2 III 24932.06 b'DoH-O'DiH (0,49) 0,59, 1.55 (0.43) 0,54, 1.39 

4 4007,01 1 24949.23 {b'D'H-O' DIH 
a'D2» -v'Fl»? 

6 '4003,544 2 IV 24970,84 b'D,» -p'F;H (OWl) 1.06 (0) O,73b 
4 4003,18 tT IV 24973,09 b'D,»-o'DiH 
4 4001. 66 1 IV 24982.57 a'PI»-v'Dl» 
6 ' 4000,081 1 III 24992,45 {b'D3»-P'F;» }(0.50) 1.27?w, r1.27) 1.24b 

a'Po»-v'DiH (0,78) 0.27,1.82 

5 3999,939 0 24993,34 a'F,»-z'Pl» 
6 3998.731 15 I 25000, 89 { a4HG}i-u4Q&J.-J (0) 1.09 (0) 1.04b 

(b'H,» -t'HlH) 
6 3994.887 I III 25024.95 b'DI»-o'D!» 
6 3992,801 12 I 25038,01 { a·H6}i' -'l(,4G4~ 

(b'H,»-t'H lH) }(O) 1.02 (0) 0.90b 

5 3991. 083 1 TIl 25048.80 b'D,»-o'D1H 

6 3990,574 20 I 25051. 99 {a4Hf!-1-utG3.!4 
a'H'li-u'G,» }(O) 0.88 {(OJ 0.85b 

(0) 0.80b 



MeggerS] 
RU8sell 

(1) (2) 

Ref. hair A 

- ----
6 3988.834 
4 3988.10 
5 3987. 634 
6 3984.595 

6 3984.338 
6 3980.526 
6 3979.427 
6 3979.147 
4 3978.34 

6 63975.354 
6 3973.363 
5 3971. 93a 
4 3964.50 
6 3963.634 

6 3950.230 
4 3945.88 
4 3945.17 
4 3944.51 
6 3943.666 

4 3942.008 
6 3941. 255 
6 3940.596 
6 3939.337 
4 3938.89 

6 3938.203 
6 3937. 528 
6 3936.286 

6 3935. 140 
6 3934.018 

6 3031. 345 
6 3930.028 
5 3929.491 
7 3927.932 
4 3926.67 

6 3925.244 

6 392,1. 661 
6 3922.437 
6 3921. 914 
5 3921. 749 

6 3920.491 

6 3919.990 
4 3917. 14 
4 3915.36 
6 3915.125 

6 d3914.329 
4 3913.86 
4 3913.56 
6 3912.887 

G 3912.209 

4 3911. 71 
6 3910.796 

6 3909.892 

6 3909.677 
4 3909.40 

6 3908.311 

4 3907. 17 

7 3906. 746 

First Spectrum oj Vanadium 153 

TABLE 1. -Arc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
vV8 ccm-1 

arc class combinations 

Observed Computed 

--- --- ----

5 II 25062.92 a'H,»-u'O ,» (0.66) !.l3w, C (0.58) 1.16b 
1 25067.55 a2F3~-t2H4~ 
1 25070.46 b'D'M-O'DzM 
6 II 25089.58 a 4HHi-U4O:}1 (0.81w, B)? w, D (0.93) 1.07b 

6 II 25091. 19 a~H3H-u~Gi~i' 
3 III 25115.22 (0) 0.89 
4 III 25122. 16 b'H'M-t'Hl., (OWl) 0.91 (0.04) 0.90b 
4 III 25123. 93 b'D,y,- p'Gl» (0) 1.13 (0) 1.10b 
1 25129.04 a'll3H- u'F4J.} 

1 III 25147.90 b'D,y,- o'D3» (0) 1.42 (0) 1.7Gb 
2 III 25160.51 b'H,»- t'R,» 
2 III 25lG9. 55 b'D,»-o'D!» (0) 1.36 (0) 1.45b 
2 III 25216.74 z' G,» - e'O ,» 
4 II 25222.26 (0) 1.01 

4 III 25307.85 (0) 0.91 
1 III 25335.76 a'D,»- v'Di» 
2 III 25340.32 z'O,»- e'G,» 
1 III 25344.56 

12 I 25349.97 a4D3J.i-w·D2~ (0) 1.44 (0) 1.50b 

6 II 25360.63 a'G,»- x'G3» (O?w,) 1.70w, B (0) 1.62b 
3 II 25365.48 a'RHi-w'RiM 
2 II 25369. 72 (l2D IJ·~-V2Di}i (0) 0.85 (0.07) 0.94b 
4 II 25377. 82 a4H~~-w4H;~ (O?w. D) 1.59w, B (0) 1.51b 
2h I 25.180.71 z6F.iH- e6H s}1 

3 II 25385.12 a~F3H-S2a4J1 (0) 1.00 (0) 1.01 b 
3 II 25389.48 a4Hc~-w4}]s~i (OWl D) 1.50 (0) 1.46b 
5 I 25397. 50 a4D2}~-w~DiJ1 (0 .2(~0.77) 0,48, 1.09, (0.28, 0 .83) 0.52, 1.08, 

I.G ,2.09 l.63, ~ . 18 
6 II 25<104 . 89 a. 4H 3.!1-'lV4H 3>1 (0) 0.64 (0) 0.65b 

20 I 25412. 13 a~D3~-w4D;J.i (0) 1.37 (0.12) 1.37b 

5 II 25<129.43 a(H4~-w4H;~ (0) 0.93 (0.07) 0.93b 
10 I 25137.93 a' G'M-x'O'» (0) 1.04 (0.30) 1.0gb 

- In 25441. 41 Z60aM-f8F5~ 
3 25451. 51 a(II5~-w(H5x (OWl) 1.08wl (0.09) 1.09b 
1 III 25459. G7 z'F'M- j'03M (0) 1.44 (0.36) 1.3Sb 

{ u' F,»-s'G ' M }(O) 0.93 
(0) 0.97b 

10 I 2.')468. 94 a'F4~-z20 ju (0) 1.91b 
a4H3~-w'H;H 

10 II 25472.73 a tHe~-?l)4H6}S (0) 1.18 (0.21) 1.20b 
12 I 25487.23 a4D2u- w4D 2H (0) 1.33 (O.ll) 1.32b 
6 I 25490.57 a4D1J..<l-w4DIi~ (0.53) 0.64, I.G9 (0.56) 0.64,1.75 
0 25491. 63 Z'F'M-j'G'M 

5 I 25499.82 a4D ui'-w4Dix (0.53) 0.60, 0.98, 1.10 (0.20, 0.59,) 0.60, 1.00, 
1.39 

2 III 25503.08 a4H~~-w4H5J.i 
2 II 25521. 66 
2 II 25533.26 
2 II 25534.77 a'R,»-w'H' M (0) 1.60 (0) 1.55b 

5 I 25539.95 
1 IIA 25543.04 a(Dl~5-1° 
2 III 25545.00 
4 IIA 25549.38 a'D')i-w'D3)i (O?w, D) 1.39 w, C (0) 1.35b 

{a'D' ~i' - V'FiK" } (0, 0.46) 0.70, 1.04, rO.17, 0.50) 0.69, 1.83, 
10 I 25553.80 1.36 

a'D,»-w'Do» 1.34 (0.04) O.04b 

1 25557.08 
5 I 25563.04 a'D,»-w Di)i (0.39) 0.41, 1.21 (0.40) 0.40, 1.20 

20 I 25568.95 { a4F4~ -1J'F3H 
a'G,»-x'O!y, 

4 III 25570.35 a'D')i-v'D;H (0) 1.12 (0.07) 1.16b 
tr IV 25572.18 

4h III 25579.27 (0) 1.20unsymmetri· 
cal. 

2h II 25586.77 (0) lAO 

6 I 25589.53 e'D')i-V'F;)i }(O) 1.45 {(0.07 1.34b 
a'D'),i-w 4D2}1 (0) 1.38b 
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(1) 

Ref 

6 
6 
6 
5 
6 

6 
4 
6 
6 
4 

6 
4 
6 
6 
5 

6 
6 
6 
6 

6 
4 
5 
6 
5 

6 
4 
4 
6 
6 

4 

6 

6 
6 
6 
6 
6 

6 
4 

(2) 

>"air A 

----
'3904.475 

3904. 402 

3904.216 
3902.550 
3902.260 
3901. 681 
3901. 155 

3900.168 
'3899.137 
3898.271 
3898.143 
3898.007 

3897.072 
3896.81 
3896.624 

'3896. 147 
3895.71 

'3894.028 
3893.73 
3892.864 
3892.478 
3891. 227 

3891.115 

3890. 188 

3889.857 
3889. 236 

'3888.331 

3888. 081 
3887. 56 
3886. 687 
3886.584 
3886.200 

3885. 770 
3885.55 
3885.33 
3884.462 

'3883.887 

3880.265 
3879.667 
3879.225 

3878.3l 

3876.740 

3876.084 
3875. 909 
3875.425 
3875.081 
3874.350 

3873.640 
3873. 21 

3872.747 

3871. 083 
3870.581 

3867.6]0 
3867.33 
3864.862 
3864.55 
3864.300 

3864. lIO 
d3863.864 

3863.629 

TABLE I.-Arc spectrum oj vanadium eV Il-Continued 

(3) (4) (5) (6) (7) I (8) 

I n t. Temp. Term Zeeman effect 

arc class JlvaeCm-1 
combinations 

Observed Computed 

--- --- ----
3 III 25604.41 a2Dl~-v2D2~ (0.32) 1.49 (0) U Os 
2 III 25604.89 { z6Q3)s-e6G.~ 

a'D,~-v'F!~ 

1 IIA 25606.11 a4Do~-1° (O?w,) 0.98 
3 I 25617.04 a'Do~-v'F;~ (0.45) 1.28w, (0.43) 0.43, 1.29 

50T I 25618. 94 a4F 4.~~ -y4F4~ 
2 II 25622.75 a2F3l';-p'D3~ 
6 II 25626.20 z6Fhs-f6G,~ (Ow,) 1.10w, (0) 1.15, 

6 II 25632.69 Z'F!ii -f6G.~ (O?w,) 1.00w, (0) 1.19s 
4 VE 25639.46 (a'D'ii-v2F!~) 
5 II 25645. 16 
[4?J 25646. 00 a2G,~ -x'Glii 
6 II 25646.88 Z'F;ii-f6G6~ (O?w,) 1.J7w, (0) 1.1Gb 

6 II 25653.06 z6F;ii-j'G;ii (0) 1.02 (0) 0.92b 
2 III 25654.77 a'H'ii-w'H;~ 
2 III 25656.00 
6 II 25659 . .15 a'D'ii-v'F!ii (0) 0.27? (0.53) 1.30b 
1 25662.01 y6F3ii-h6G,~? 

4 II 25673.10 z6Flii-j6G,~ (0) 1.10 (0) 0.51b 
1 III 25675.00 

25a I 25680.77 a4F3~-y4F2}i (?w,D) 1.59w, B (0) 1.48b 
2 II 25683.33 
2 ITA 25691. 58 a(DIJ.~-v4F2U 

4 II 25692.32 

25a I 25698.44 { a'F'l,-z'Giii }(0.86W, B) 1.0410, C (0.82) 1.06b z6Ful';-j'G,;s 
0 25700. 62 b'F2H-t'F;~ 
1 III 25704.73 b'F,;s-t'F!~ 
3 III 25710.72 a2D'ii-u'D;~ (0.33) 1.39w, (0.38) 0.78b 

2 III 25712.37 b'F'ii-t'G;~ 
1 25715.79 a2H'ii-w2Hl~ 

- 1 25721. 59 b'F'ii-t'F!;s 
6 I 25722.27 a'G,;s-w'G,~ (O?w,) 1.25w, (0) l.25b 

[21 25724.81 b'F,;s-t'F!;s 

2 III 25727.66 a'G.~-w·m~ 
1 IV 25729.lO 
1 25730.55 b4F4J1-V2H~~ 
4 II 25736.32 a'G3ii-w'G,~ 
3 II 25740. 14 b'F2~-t'F!ii (0) 0.97 (0.35) 0.97b 

1 25764. 16 b4FH~-t4F2~ 
3? III? 25768.13 b'F3ii-t'F,;s (0) 1.17 (0.21) 1.18b 
2? III? 25771. 07 a4D3~-y2Dh~ 

1 25777.18 { a'D2),-u'D!;s 
b'F'~_V2Hl~ 

1 III 25787.59 

20 I 25791. 95 a(Fu~-z2G4~ (0.61) 1.12w, 0 (0 .56) l.20b 
20 I 25793.12 a'F'ii-Y'F;~ (?) -, -,1.56 (0) 1.45b 

3 I 25796.34 a4D27i -v4 Fb·, 
35 I 25798.63 a4F3J.<J-Y'F3~ (0.20) 1.17w. B (0.15) 1.18b 

1 III 25803.49 bIF,;s-tIFiii (O?w, D) l.29w, c (0) 1.28b 

4 II 25808. 22 a2G,~-x'DI;s (?w, D) 0.47w, A (0) 0.57b 
1 25811. 11 a2DIJ·~-u2D2.!1 

4h II 25814.18 {G'D3;s-V'Flii 
a2Du"l-x2PoJ.S 

8 I 25825.27 a204;.s-x2F3~ (0) 1.17 (0) 1.27b 
2 II 25828.62 b·F.;s-t'Flii (0.30) 1.27 (0.30) 1.27b 

15 I 25848.47 a'F,~ -v'Flii (0) 1.28 (0) l.28b 
2 II A 25850. 35 a'D,;s-Y'Dl~ 

35 I 25866.85 a'F,;s-Y'F!ii (0) 0.98 (0.07) 1.00b 
1 IV 25870.14 

[3J 25870.60 a'G,;s-w'G!~ 

3 I 25871. 87 
6 II 25873. 52 a'G,;s-x'F!ii (0) 0.86 (0) 0.87b 
1 25875. 09 b'F3~-t·F')S 



Meguers] 
Russell 

(1) (2) 

Ref. AairA 

- ---
4 3863.40 
6 3862.21S 

6 3861. 593 

6 3859.336 
6 3858. 680 
4 3857.87 
4 3857.70 

6 3855.855 

6 3855.370 

5 3854.860 
4 3854.58 
4 3854.08 

6 3852.099 

6 3851. 173 

5 3850.158 

6 3849. 324 
6 d3847.331 

4 8846.56 
4 3845.96 
6 3844.888 
6 3844.442 

6 3843.502 

7 3843.001 
4 3842.70 
6 3841. 892 
6 3840. 757 

'3840.443 

G 3840.136 
6 b 3839.379 
6 3839.001 
4 3837.75 
5 3837.427 

4 3836.48 
6 b3836.056 
6 3835.563 

5 3835. 180 

4 3834.80 

'3834 .227 
5 3834.147 
4 3833.80 
6 3833.223 
6 3832.836 

4 '3831. 84 
4 3830.59 
4 3830. 29 
6 3828.830 
6 3828.562 

6 3826.770 
4 3825.32 
4 3825.03 
6 3823.977 
4 3823.77 

4 3823. 40 

6 3823. 212 

6 3822.890 
4 3822.70 
6 3822.008 
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TABLE I.-Arc spectrum of vanadimn (Vr)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman ellect 
vVllccm-1 arc class combinations 

Observed Computed 

--- ------
1 25876.64 a'Hu,-w'HIJ> 

12 I 25884.55 a'F'J>-z'G;J> (0) 0.82 (0) O.81b 

6h II 25888.73 {a'D'J>-x'P1J>' 
b'F'J>-v'H'J>? 

6 II 25903.87 a4D3~-v'D2Ji (0) 1.52 (0) 1.53b 
5 IIA 25908.28 a'D'J>-y,DIJ> (0.38) 1.23 (0.37) 1.26b 
l h 25013.72 z'G!),-j'F'J> 
1 25914.86 y'FIJ>-h'G'J> 

60ra I 25927.26 a'F'J>-v'D;J> 
30a I 25930.52 { a'F'J>-y'F1J> (O?w,) 0.38 (0.03) 0.41b 

a'G3J>-w'G!li 
Iii 25933.95 z'GIJ>-j' F'J>? 
1 25935.83 a'G3J>-w'GIJ> 
1 III 25939.19 

2 IIA 25952.55 a'D'J>-v'DiJ> (0.65) 0.51, 0.95 1.40 (0.24, 0.70) 0.49, 0.96 
1.43 

5 I 25958. 78 a'D'li-v'Di» (?w,) 1.67w, (0) 1.58b 
[3p?J 25965.62 { b'G3J>-s'HIJ> 

b' F 'J>-t'G1J> 
6 I 25971. 25 

20 I 259S4.69 a'F'J>-y'F!li (O?w,) 0.91, 1.48 (0.08, 0.22, 0.36) 0.79, 
0.93. LOS, 1.23, 
1.37, 1.51 

1 25989.89 b'F'J>-t'GlJ> 
3 II 25993.95 
4 II 26001.22 a'Du,-v'Do» (0.58) 0.57, 1.72 (0.60) 0.60, 1.79 

20 I 26004.23 a'F'J>-y'F1J> (0.30, 0.9J) 0, 0.66, (0.29, 0.87) 0.11, 0.69, 
1.27, 1.93 1.27, 1.8. 

4 II 26010.59 a'D'J>-v'D 1J> (0) 1.15 (0) 1.17b 

2 II 26013.98 
3 II 26016.02 a·Do~-v2Di~ (0.38) 0.38, 1.11 (0.36) 0.36, 1.09 
5 IA 26021. 50 a 4F3Ji'- z2Gi! (0) 1.03 (0) LOlb 

60r I 26029. 19 a'F3J>-y'D J> (Ow, D) 1.13w , C (0) 1.02b 
80r Fe II 26031.57 a'D,»-v'D,» 

4 I 26033. 38 a'G'J>-x'F'J> (0.49) 'Iw, C (0.50) 0.96b 
8 II 26038.52 a' D'J>-v'FIJ> (0) 0.99 (0) 0.81b 

10 I 26041. 09 a4D2J.i-v4DzJ.{ (0) 1.31 (0.15) 1.32b 
1M 26049.61 b'D'J>-t'PiJ> 
1 26051. 76 a'F'J>-v'D!J> 

1 IV 26058.22 (0) 1.28 
5 I 26061. 08 a4Dn,,-v·Dh~ (0. 44) 1.10) (0.20) 1.12b 
4 II 26064. 43 a'Doli-v'D;J> Unaffected (0) 0 

[3p?J 26067.03 { a2F3}i -r4F4J,S 
a'PoJ>-s'DoJ> 

tT IV 26069.64 b'F'J>-t'G'J> (0) 0.97 (0) 0.98s 

l00r Fe II 26073.49 a'POJ>-v'D1J> 
[4J 26074.05 a'G'J>-v'G!J> 
1 26076.44 a'P'J>-s'D;J> ? 
3 III 26080.34 a'G'J>-v'HIJ> 
4 III 26082.97 a'PI),-v'Dlli (0.45) 1.05w, C (0 .39) 1.06b 

3 II 26089.77 b'F,»- t'GlJ> (0.59) 1.4810. difIuse (0.41) 1.26b 
1 26098.28 b'G'J>- s'H'J> 
2 III 26101. 00 
4 II 26110.26 a'G'J>-Y'H,~ 

60r II 26112.09 a'F'J>-Y'D1J> (0.21) 0.92w, C (0.09, 0.25) 0.76, 0.92 
1.00, 1.26 

6 II 26124.31 a'Do~-v4Di~ 
4 II 26134.23 b'H'J>-q'Flli 
1 III 26136.20 b'F,»-t'Glli 
5 II 26143.40 a4DIJ,S-vf D2J.{ (0) 1.40 (0) 1.(2. 
4 II 26144.82 a 'D'J>-w'P1J> 

1 III A 26147.35 b'F'J>-t'G'J> 
15 I 26148.63 { a'D'J>-x'D1J> }(?) 1.43w, A (0) 1.45b 

(a2F'li-r'G,~) 
15 I 26150.83 a'D3»-x'Dlli (0) 1.43 (0) 1.(08 
1 III 26152.14 

30 I 26156.86 a'F'J;-v'D1J> (0.54w,) 1.25C (0.56) 1.30b 



156 Journal of Research of the National Bureau of Standards [Vot.17 

T.>\BJ.E l.-Arc spectrum of vanadium (VI)-Contiuued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. AairA arc class pV8ccm-1 

combinations 

Observed Computed 

- ---- - -- --- --.. _-
6 3821. 485 15 I 26160.45 aODlji-x'DOji (0.70) J.J3, 2.52 (0.71 ) 1.11, 2,53 
5 3820,299 4 26168, 56 a 4 D 2Ji- V( D j}i 
6 3819.967 15 I 26170.84 aOD,ji-xOD !ji (0) 1.44 (0) 1.54b 
4 3818.76 1 III 26179.10 a2DI~-w2Pi.!i 

6 3818. 241 60 II 26182.67 { a'F1ji- v'Do,\i 
(a'F'li- y'D;ji) 

} (0,28) 0,22,0.62 (0.23) 0,17, 0.63 

6 3817.978 4 II 26184,48 a'G'ji- z'Il» 
6 3817.847 8 IA 26185.38 a'F'ji- Y'Dlji 
6 3815. 514 10 I 26201. 39 a'Do ji-x'Do» (0) 3,27 (0,03) 3,2Gb 

6 3813.499 60a II 26215.23 { a'F'ji- y'D;ji Y0,48, 0.90) 0.42, 0,82, (0,17,0.50, 0.83) 0,51, 
(a'D lji-X'D1ji) 1.16, 1.49, 1.85 0,81, 1.11,1.51, 1.84 

5 3813,347 1p? 26216.27 b'H,»-r'Gj» 

4 3811. 32 2 III 26230,20 z'D!»- f'p,» 
6 3809.599 15 I 26242.07 a'D,ji- x'D;ji (0) 1.58 (0.07) 1.60b 
4 3809.68 1 III 26245,62 z'D;»- f oPlji 
6 3808.521 40 II 26249,49 a'F1»- y'Dl» (0.38,1.15) 0.00,0,76, (0,38, 1.15) 0,02,0.78, 

1.52 1.55 
4 3808.1l 3 III 26252,30 z'Djji- f' P3» 

6 3807.506 20a I 26256,49 a'Doji-x'Diji (0,70) 1.08, 2.48 (0,74) 1.08, 2.56 
6 3806.798 8 II 26261. 37 a 2G4J.)-v2Gh1 (0,23) 1.04 (0,30) 1,09b 
4 3806.44 1 26263.81 b'Flji- r'Doli 
6 3804.917 2 III 26274.35 a'H'ji- t'Glji 
6 3804.599 3 III 26276.55 b'P'ji- v'Plji (0) 1.49 (0) 1.48b 

6 3803,901 6 111. 26281. 37 a'F,»-y' D!» 
6 3803.782 6 II 26282.19 a'G,»-v'Ghl (0.31) 0. 93w1C (0. 32) 0,94b 

6 3803.487 25 I 20284.23 {"'D,ji-XOD!ji }(O) L 51 (0, 03) I , 52b 
( a'F,ji-r'Glli) 

6 3802.884 2 III 26288,41 a2G3Ji -yaH4~ (0) 0, 59 diffuse (0) 0,47h 
5 3801. 158 [4] 20300,33 a'F' ji-y'Di» 

6 3799.922 25 I 20308,89 a'DI»-xoD;» (Ow,D) 1.40Wl A? (0) l.10b 
5 3799,704 [0] 26310.40 btFus-r'Dh, 
6 3799.284 1 IV 26313,31 b2G'l~-q'G3ji (0) O. R5 (0, 09) 0.88b 

6 3798.660 2 IlIA 20317,63 r a'Plji-v'D;ji 
l z6Dlli-f6PI)S }(O) 1. 16 (0) 1. lOb 

6 3798,260 4 I 26320,40 

6 3796.465 3 II 20332.84 a'H.ji-!2G3ji (0) 0.90 (0) 0,90b 

4 3796,21 1 20334,64 ( z'D2ji-/' P'ji 
la'H'ji-t'Fl» 

6 3794.962 50a II 26343,28 { a(j DH~-1·6D4~ }(OWI?) 1. 48wl? {(O, 20) 1. 50b 
a'F'ji-Y'D!ji (0) 1. 86b 

6 3793,614 8 111. 20352,53 a·FH~-y4D2J.<J (0.47, 1.41) 0,96, (M7, 1.41) -0.07, 
1.81. 2.76 0.87, 1.81, 2.15 

5 3792,853 Ihp? 26357.92 z' Doji-/'P1l1 

6 3791. 331 2 111. 26368.51 a'F,ji-y'D;ji (0.85, 1.51) O?, 0,70, (0,30, 0,88, 1.(6) 0,13, 
1.30, 1.91 0.71,1.30, 1.89,2.47 

6 3790,467 8 II 20374.52 a2G4~-w2F~~ (0) 1.14 (0) 1.22b 
6 3790,331 20 I 20375.46 a' D,ji-x6D !ji (0) 1,41 (0) 1.41b 
4 3788.78 1 III 27386,25 
5 3788.496 Ip? 26388.23 z6D'ji -f6P'ji 

6 3787.545 3 II 26394 . 85 a2H~~-v2H~Ji (0) 1.06 (0,09) 1.06b 
6 3787.148 5 II 26397,62 a'H.ji -v'Hlji 
6 3784.822 1 III 26413.85 b'F'ji-r'Dh~ 
6 3784.676 2 IA 26414. 87 a'F,ji-y'Dlji 
4 3782.93 1 III 26427. 06 b'P'H-r'Dlji 

6 3782.555 3 II 26429,68 a'G'H- z'Il» 
4 3781. 74 1 III 26435,37 a'H,»-t'Gj)S 

6 3781. 398 3 II 26437.76 { b'P,ji-v'P;ji }(C! 1.45 
f(0, 13) 1.51b 

a'Flji-y6D1H l (2,05) U3b 
5 3779,764 2p? 26449. 19 b'F'ji-T'D1ji 
6 3779,646 4 II 26450,02 a2G331-w2F2Ji (0) 0,91 (0) 0,93b 

6 3778,683 25 I 16456.76 a'D'ji-x'Djji (0) 1.43 (0) 1.36b 

6 3777.492 1 III 26465, 10 { b'Plji-t'Plji } (0) 0.85 {(0.18) 1.30b 
a'G'ji-Y'H,» (0) 0.918 

6 3777. 168 2 111. 26467.37 a4F2.11- v6Dj~ 
6 3776,881 2 III 26469.38 a'G,ji-v'Gjji 
6 3776.171 4 II 26474.36 b'F,»-r'DlH (0) 1.11 (0) l.lh 



-~-----------------------------------------------------------------------------------

MeaoerS] 
Russell 

(1) (2) 

Ref. ""irA 

- -------
6 '3775.711 
6 3775.193 
6 3774. ]]6 
6 3772.755 
5 3772.472 

6 3772.157 
4 3771. 66 
4 3771.17 
6 3770.529 
6 3769. 996 

4 3769. 83 
6 3769.072 
5 3767.250 

6 3766.405 

5 3765.632 

4 3764.80 
6 3763.142 
6 3761.445 
6 3760.800 
5 3760.643 

7 3759.319 
6 3758. 784 
6 3758.548 
5 3758.293 
4 3756.89 

6 3756.036 

6 3755.699 

6 3753.273 
4 3752.11 
6 3751. 780 

4 3750.12 
5 3750.062 
5 3749.374 

6 3747.980 

6 3747. 131 

4 3743.89 
6 3741. 499 
6 3740.236 
6 3738.760 
6 3737.992 

5 3737.426 
4 d3736.00 
6 3734.428 
5 3734.286 
6 3732.067 

4 3731. 02 
4 3730. 18 
6 3729.034 
4 3724.17 
4 3723.56 

6 3723.332 

6 3722.606 

7 3722.201 
6 3721. 996 
5 3721.440 

6 '3721. 353 

4 3720.92 
6 3718.913 
4 3717. 54 

• 3714.85 
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TABLE l.--Arc spectrum of vanadium (V I)- Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
PVBCCm-1 arc class combinations 

Observed Computed 

----- --- -------
4 III 26477.58 z'F'»-U'D,» (0) 1.22 (0) 1.46b 
3 II 26481. 22 b'P,»-v'P,» (0.43) 1.27w, C? (0.44) 1.24 , 2.12 
3 III 26488.77 a'Po»-x2S,» 
2 III 26498.33 a2P01-x2SIi~ 
Oh 26500.32 a'H'lS-V'Hl)1 

2 III 26502.52 
1 IA 26506.01 a'F')1-Y'D,» 
1 IIA 26509.45 atD3H-u4D2~ 
3 IIA 26513. 99 a'D')1-u'Di)1 (0) 1.52 (0) 1.52b 
2 III 26517.72 a2Po~-x~PO}i 

1 III 26518.87 a'H')1-t'Fi)1 
4 II 26524.23 a2Pl~-u2Dhs (0) 1.03 (0) 1.06b 

[8W] 26537.05 a'D')1-u'Do)1? 
2 II 26543.00 { a'H,»-t'F;)1 }(?W, D) 0.48w, A? (0) 0.57b 

z' FI)1-U'D ')1 diffuse 
1 III 26548.45 z'F')1-U'D')1 (0) 1.00 (0) 0.94b 

2 III 26501.29 b'G,»-q'Gl)1 (0) 1.05 (0.11) 1.lOb 
6 II 26566.01 b'P')1-T'D')1 (0.10) 1.41 (0.46) 1.43b 
3 II 26578.00 b'P,» -v'Pi)1 
3 II 26582.56 a2G 3~-w2F3~ (0 .55) ?w, (0.59) 0.9Sb 

[-1] 26583.67 a'P'lS- v'Si» 

4 II 26593.03 b'Do»-3i)1 (0) 0.63, 1.41 
1 III 26596.81 a'H,»-v'Hs)1 
2 II 26598.48 a'H,»-t'Fl» 

[5h] 26600. 29 a4Do~-u4Do~'! 
tr IV 26610.26 b' DI),-3i)i (0) 1.08 

3 II 26616.27 a4D l~-'lvDt~ (0) 1.12 (0.10) !.l6b 

4 II 26618.66 { z' D ;)1-0'D2)i} (O?w, D) 1.3610, A (0) 1.58b 
z' Dl)1 -U' D ' )i 

4 II 26635.87 a2PHs-x2Pi~ (O?w, D?) 1.3610 , A? (0.45) 1.36b 
1 26644.14 z' FI )1-g'D')1 
5 IIA 26646.48 a'D')1-u.'D ')1 (0) 1.34 (0 .07) 1.34b 

1 III 26658.28 b' P I), - T' D')1 
Ih 26658.68 a 4Hs~-v2H~~ 

f7] 26663.57 atD3~-utDj~ 

81l II 26673. 49 { b'P')1 -r'D')1 } (ow,) 1.0810, {(OJ 1.13b 
b'Po»-v'P')1 (0.02) 2.58b 

3 II 26679.53 atDo}1-u'D i~ (.58) 0.59, 1.75 (0.66) 0.56, 1.68 

1 III 26702.62 
6 II 26719.68 z5D~~s- (1&D4~ (0) 1.45 (0.56) 1.48b 
6 II 26728.71 b'P')1-T'Di)1 
8 II 26739.27 b'P')1-v'Pi)1 (Ow,) 1.31w, (0) 1.33b 
5 II 26744.75 a'H'H-t'O')1 (0) 0.67 (0) 0.74 

1 IIA 26748.80 a'D'H-U'D')1 (0) 1.50 (0) 1.52. 
1 26759.01 z' D ,,, -O'DIH 
5 II 26770.28 b'PoH-V'Pilj 
2 26771.30 atPI~-vtSiy.; 
1 IIA 26787.21 a'P')1-x'P;)1 (0) 1.46 (0.02) 1.546 

2 III 26794.71 z'Dl»-O'D2H (Ow, D) J.49w, C (0) 1.39b 
3 IIA 26800.74 a'D')1 -u'D!H 
4 II 26809.00 a' H4),-t'O!)1 (0) 0. 82 (0) 0.78b 
1 26843.98 b'PoH-P'Fi)1 
1 III 26848.38 a'H')1 -t'O!)1 

3 III 26850.05 b'Polj-r'DoH (1.24) 1.28 (1.28) U2b 

3 26855.29 { a'rr,,,-t'Os)1 }(O) 1.12 z'D!)1-0'D'H 
3 III 26858.21 z'DiH-U'D'H? 
4 II 26859.70 a4H5}1 -ttO~~ (0) 0.93 (0) 0.87b 
1 26863.71 a4PO}i-y4SiH 

3 IA 26864.34 a'F,»-z'F;lj (0.38) 1.41, - (0.06,0.19, 0.32) 0.88 
1.01, 1.14, 1.26, 1.39 
1.52 

1 III 26867.50 b'PIH-r'Di)1 
4 III 26881. 96 (0) 1.10 
1 III 26891. 91 z'G!»-e'rr,» 
1 III 26911.38 a'rr,»-t'OlH 
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T ABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. hair A J'vaccm- 1 arc class combinations 

Observed Computed 

- ---------
6 3713.955 5 IA 26917.84 a'F.»-z'FI» (O?Wl D) 1.73wl B (0) 1.75b 
4 3713.55 1 III 26920.80 b'Po»-T'Di» 
4 3713.31 1 III 26H22.54 a'G,»-8'GI» 
4 '3711. 41 1 III 26936.32 a'G'»-8'0;» (0) 1.34 (0.31) 1.30b 
6 3708.718 6 II 26955.85 a2H5~-u2H5~ (0) 1.02 (0.04) l.06b 

6 3706.031 4 II 2697.5. 39 a2H4~-u2H;~ (0) 0.85 (0.19) O.88b 
4 3705.82 1 III 26976.94 z6G5~-e6H5Y) 
6 3705. 037 30 I 26982.62 a'D,» -y'Pi» (0.34,1.05) 0.48,1.16, (0.36, 1.07) O.M, 1.25, 

1.90,2.64 1.96,2.68 
6 3704.705 60 II 26P85. 06 a'D'lO-v'P1lO (O?w, D?) 1.33w, A? (0) 1.24b 
6 3703.993 2 II 26990.24 a'P'lO- x'PilO 

6 3703.566 IOOa II 26993.36 a'D.lO-v6P'lO (O?w, D 1) 1.40w, A? (0) 1.36b 
5 3702.231 1" 27003.08 z'G6lO-f'G,~ 
4 3700.63 tT IlIA 27014.76 a'G'lO-t'D;» 
6 3699.474 3 II 27023.21 a2a4~-x2H4?S (0.77) 0.99w, (0.93) l.00b 

{"'DllO-V'PilO } (0.24,0.80) l.45, 2.01, (0.25, 0.15) 1.57, 2.07 6 3695.867 40 II 27049.56 
(a'F'lO-z'Fl») 

. 2.55 2.57 

6 3695.331 30 II 27053.51 zOGolO-e6H,lO (0) 1.19 diffuse (0) 1.22 
6 3694.617 3 II 27058.73 { z'GI»-e'H4), 

a4Pl~-x.(PO}S 
6 3692.224 50 II 27076.28 a'D,»-v'P;» (0.48) 1.67w, C (0.33) 1.68b 
7 3690.277 40 II 27090.56 a' D»-y'PilO (0.45 1.82, 2.71 (0.49) 1.83, 2.81 
6 3688. 070 50 II 27106.77 a'D,»-y'P!» (0.38) 1.57 (0.27) 1.58b 

6 '3687.473 12? II? 27111. 16 z6G$~-e6H8J.i (0) 1.20 (0) 1.41b 
4 3686. 74 1 III 27116.51 
6 3686.259 8 I 27120.08 a'G'lO-x'HslO (0) 0.98 (0) 0.968 
4 3684.35 3 II 27134.17 z'Gi»-e6H ,lO (0.87)?w, C 
6 3683.114 30 I 27143. 24 a'DllO-V'P;lO (0) 1.77 (0) 1.72b 

5 3682.581 0 27147.17 a'F'lO -z'F3lO? 
5 3682.064 [OJ 27150.98 a4P(l~-x'PoH 
6 3680.103 15 II 27165.45 z60tJ.]-e6H5~ (0) 1.02 (0) 1.008 
4 '3677. 08 2 IA 27187.80 a4FlJ,~-Z2F2~ (0.22, 0.67) 1 (0.34, 1.01) 0.06, 0.74 

7 3676. 693 10 II 27190.65 z' G!lO-f'O,lO (0.43)1 
1.41, 2.08' 

(0.42) 1.39b 

6 3675.698 20 II 27198.00 a6D,lO-Y'P!;, (0) 1.67 (0) 1:65. 
4 3675.49 3 III 27199.56 z'GllO-e'H,lO 
6 '3673.392 12 III 27215.06 z'G!»-e'H<;, (0) 0.93 (0) 1.13b 
6 '3672.394 8 II 27222.48 z6Gl»-f6G5» (0) 1.26 (0.36) 1.30b 
6 3671. 207 10 I 27231. 27 a'G3lO-x'H,» (0) 0.89 (0) O.88b 

6 '3667.731 15 II 27257.08 z'GllO-e'H,lO (0) 0.79 (0) 1.00b 
6 3665.137 8 II 27276.38 z'GllO-f'G,lO (0) 1.19 (0.15) 1.24b 
6 3663.582 15 II 27287.95 z6GiJ.i-e6H2>i (0) 0.67 diffuse (0) 0.67b 
4 3662.01 1 III 27299.66 z6FllO-U'F,lO 
4 3661. 37 2 III 27304.42 a2G.(H-x4H5J.i (0) 0.96 diffuse (0) 1.02. 

4 3659.45 2 III 27318.74 
5 3658.274 -11 27327.54 z6F3~ -{J6F2~ 
4 '3657.47 2 IA 27333.54 a'F')i-z'F3lO (0) 1.25 (0) 1.00b 
6 3656.689 6 II 27339.38 Z'03lO -['03)i (0.25) 1.11 (0.06) 1.1lb 
4 3654.67 2 III 27354.46 z'FllO-U'F,;, (?) 0,48w, di ffuse 

7 3652.453 2 III 27371. 08 z6F3}.1-(J6F3J..~ (O?w, D) 0.80 w, A 
6 3648.962 5 II 27397.28 { z'G1lO-['0,lO }(1)w.D) (1.l7w,C {(D) 0.78b 

b'P'lO-w'Shs (0) 1.24b 
5 3648.382 tr IV 27401. 63 a2D2>s-u2F2~ 
7 3647.359 3 II 27409.32 b'P,»-s'FilO (0.63)? 
5 3647.157 Ob 27410.83 zOGllO-['O,lO 

7 3645. 626 3 II 27422. 34 
6 '3644. 709 8 II 27429.25 a'G.»-u'Gl» (0) 1.04 (0.52) 1.00b 
4 3644.34 1 IlIA 27432.02 
5 3644.264 -1 27432.59 z'G'lO-['G,» 
6 3643.859 5 II 27435.64 a'DI»-u'Fh> (0) 0.73 (0) 0.74b 

4 3643.10 1 III 27441. 39 { z'F!»-o"F'H 
Z'D3»-U'F,» 

6 · 3641. 082 4 II 27456.57 zOGh,-f'Ol» (0.54)1 w. (0.53) 0.19b 
4 ' 3640.392 15Fe IV 27461. 75 z'G!»-!,03H 
4 3640.05 2 III 27464. 38 z<1FlJ>-u'FI» 
6, 3639.023 6 Il 27472.10 a'D~-u'FlJi (0) 1.00 (0) I.Mb 



Megge,,] 
R","ell 

(I) (2) 

Ref. "-air A 

- ---
4 3638.35 
6 3637.762 
5 3637. 240 
4 3636.05 
6 3635.873 

4 3635.41 
4 3633.91 

5 3632.871 

4 3632.52 
4 ' 3629. 31 

4 3628. 38 
4 3625.58 
5 3624.149 
4 3622.64 
5 3619.529 

4 3617.29 
6 3616.727 
5 3610.810 
6 3609.296 
5 3606.694 

6 '3605.578 
4 3604.09 
6 3600.024 
4 3598. 11 
6 3595. 613 

6 3592. 527 
4 3592.17 
4 3591. 08 
5 3586.222 
5 3586.111 

5 3584. 333 
6 3583.706 
6 3582.814 
6 ' 3580.823 
4 3570. 31 

4 3579.09 
6 3577. 868 
6 '3575.124 
0 3574. 768 
5 3574. 173 

6 3573.506 
6 3572.623 
4 3572.30 
6 '3571. 649 
6 3571.210 

0 3571. 027 
6 3569.681 
6 3568.929 
4 3566.81 
0 "3566.176 

5 3565.480 
5 3564.984 
4 3563. 52 
6 3563.394 
0 • 3562.133 

4 3561. 40 
6 3557.164 
7 3556.241 
0 3555.735 

0 3556.140 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Term Zeeman effect 
Int. Temp. P"accm-1 

combinations arc class 
Observed Computed 

------
2 III z/477. 21 
3 IV 27481. 63 (0) 0.88 

-1 Z/485.57 z'Glji-/'G'ji 
1 III 27487.78 
3 III 27495.90 (0) 1.07 

2 Z/499.43 a'G,ji-p'Dlji 
3 III 27510. 77 z'D!ji-g'Fu~ 

1 27518.62 { z'Foji-g'Flji 
a'G'ji-p'D!ji? 

1 Z/521. 29 z'Flji -g'F'H 
1 III 27545.63 z'Dlji-g' F'ji (0.56) 0.85 (0.16, 0.48, 0.80) 0.46. 

0.78,1.10,1.42,1,7" 
2.06 

1 III Z/552.68 z' D oji-g' FIH 
1 27573.06 z' D IH-g' F'ji 

-1 27584.85 b'FIH-q'Doji 
2 III Z/596.33 z'DlH-g'F'H 
0 Z/62O.06 b'F,ji-q'Diji 

1 III Z/637.14 a2G3u-ujG;~ 
3 III 27641. 46 (0) 1.01 
0 27686.75 b·F.)s-u·Dlji 
3 III Z/698.36 b'PIH-'"'Slji ? (0.37) 1.72 (0.36) 1.81b 
8 II? 27718. 34 a'G ,ji-U'OiH (0) 0.86 (0) 0.88 

3 III 27726.93 (0) 0.87 
1 IV 27738.40 
5 II Z/769.69 a'D,ji-v' P iji. (0) 0.99 (0) 1.04b 
1 III 27784.40 b'F'H-q'Diji 
1 III 27803.77 a,DIH - v'Plji (07,"1) 1.15,"1 (0.52) 1.1Sb 

3 III 27827.65 (0) 0.06 
1 11A Z/830. 43 
1 III 27838.87 b'P'H-u'DIH 

-1 27876. 57 a'Gus- r'Fiji 
2 V Z/877. 43 

[Oh] 27801. 26 b'POH-W'S!H 
8 II 27896.14 a'D,ji-x'PIH (0) 1.20 (0) 1.20b 
3 III Z/903.09 a'G'ji-r'Flji (0) 1.18 (0) l.29b 
3 III Z/918.60 a'G271-r'FtJi (0) 0.60wI A (0) O.60b 
1 IV 27930. 39 

2 III 27932.10 a'G,ji-r'F!ji 
4 II 27041. 67 a'G'H-r'Flji 
3 III 27963.11 afG4H-T4F4~ (0.35) 1.05 (0.44) 1.20b 
3 II 27965.90 a'DIH-v'POH (0)0.86 (0) 0.89. 
1 27970. 54 a'F'H-s'Flji 

5 II 27975.76 a'G,ji-q'F!ji (0) 1.34 (0) l.29b 
2 III 27982.69 b'P'H-q'D;ji7 (0) 1.34 diffuse (0) 1.36b 
1 IlIA 27985 . . 8 a'D'H-X'D'ji 
5 II 27990.32 a'G'H-q'Elji (0) 0.87 (0) 1.00b 
2 III 27993.75 

4 II 27995.19 a4G.su-q4Fbs (0) 1.29 (0) 1.38b 
1 IIA 28010.45 a4Pn~-t4Di~ 
3 III 28011.65 a'G,~-q'Fiji (0) 0.59 (0) 0.59b 
1 28028.32 a·G3~-r'F4~ 
4 III 28033. 29 a'D,ji-z'Plji (0.38,0.87) 0.26,0.61, (0.09,0.28,0.47),1.07, 

1.04, 1.49 1.26, 1.45, 1.63, 1.82 

[-1] 28038.74 b'Plji-q'DiH ? 
1 lIlA 28042.64 a'F'H-x'D jji 
1 IV 28054.19 
2 III 28055.15 a'G'ji-q'Fl~ (0.21) 1.13 (0.30) 1.18b 
2 III 28065.08 a'F'H-S'Flji (0) 1.08 (0.35) l.08b 

1 III 28070.88 (0.71) 7w, B 
2 III 28104.29 a'DI~-v'Piji 
4 II 28111. 58 (0) 1.27 
2 II 28115.57 a'Plji-w'D;~ (0.17,0.79) 0.33,- (0.26, 0.78) 0.40, 0.92, 

1.44,1.96 
3 III 28120.30 a'Plji-t'D'~ (0.84) 0.82,[~.49 : (0.8,5) ,0.85, 2.q5 

730G9-36-U 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
~.ifA arc class Vvaecm-1 combinations 

Observed Compllted 
- ---- - ----- ----

6 3553.274 6 II 28135. 06 a'P'~-I'D!" (0.50) 1.41w, C (0,48) 1.44b 
5 3552. 814 [2J 28138. 69 a'F3~-2'D2" 
5 3552.598 1 III 28140.40 b'PI"-q'D,,, 
6 3551. 534 3 III 28148. 84 a2PIH-u2F2~ (?) 0.35w, A (0) 0.308 
5 3548. 696? Oh 28171. 35 b'Po~-q'D,,, 

4 3546. 78 1 28186.56 b'F,~- t'F2" 
6 3545.339 8 II 28198.02 a'Pu,-t'Di" 
6 3543.498 8 II 28212.66 a'Po"-I'Do,, (1.28 )1.25 (1.29) 1.30b 
5 3543.171 [IJ 28215.27 a4F4~-x6D4~ 
6 '3542.656 1 IIA 28219.38 a'DI"-x'Po,, 

5 3511. 239? [-IJ 28230.67 b'Po"-q'Di,, 
5 35·11. 150 [OJ 28231. 37 a4F2J.'i-x6DiH 
6 3540.534 1 IIA 28236. 28 a4D2}-i-x4Ph~ (0) 0.68 (0) 0.728 
5 3536.036 [3J 28272. 20 a'F3"-x6Dl,, 
7 3534.739 1 IIA 28282.56 a4Do~-x'P1i}i: (1.25) 1.24 (1.26) 1.26b 

6 b3533.759 6 II 28290.12 a'PoH-t'Di" (0) 1.14 (0) O.83b 
7 3533.666 10 I 28291. 16 a4PzH-t'D3}) (0) 1.14 (0) 1.10b 
5 3530.869 -I? 28313.58 a'FI"-x'D,,, 
6 3529.743 10 II 28322.62 a'PIH-t'D;" (0.19. 0.56) 0.71,1.12, (0.19, 0. 56) 0.77, 1.14, 

1.49 1.51, 1.89 
5 3529.474 [2] 28324.77 a'F,~-x'D;" 

5 3528.198 1 III 28335.01 b'FI~-8'G2" 
4 3527.74 1 28338.73 a'Dl}.i-x4Pi~ 
6 3525.767 1 III 28354.55 b'F,,, - 8'Gl,, (0) 0.93 (0) 0.89b 
5 3524.009 [0] 28368. 69 a'FI"-x'Di,, 
6 63522.568 3 III 28380.30 b'F,,,-s'G,,, (0) 1.18 (0) 1.33b 

7 63519. 165 3 III 28407.74 b'F'H-S'G,,, (0) 1.23 (0) l.41b 
4 3518.12 IT IV 28416. 20 b'P,~-x'PlH? 
4 3516.20 1 IV 28431. 71 b'F'H-x'F,,, 
5 3514.629 -1 28444.40 a4F3J.i-x6D4}.i 
4 3511. 87 1 28466.75 b'H'H-S'H'H 

6 3506.845 3 III 28507.55 a'PoH-v'Pi" (0.35) 0.99, 1.65 (0.35) 0.99, 1.69 
6 3505. ()94 6 III 28516.90 a2Pu-s-vzPi.li' (0.30) 1.20 (0.20) 1.27b 
4 3505.24 1 IV 28520.59 
6 3503.181 1 III 28537.35 (O?w ID) a.80WI B 
6 3501.489 4 III 28551. 21 a'PoH-w'So)> (0.39) 1.02 (0.43) 1.07b 

6 63500.818 3 III 28556.61 b'H'H-8'H;~ (0) 1.01 (0.63) 1.01b 
4 63500.32 1 IV 28560.66 a2PH,-w 28o}.i (0) 0.95 (0) 1.12b 
4 3499.00 1 28571. 43 a'0 3),-p'F;H (0) 0.65 
6 63498.198 3 III 28578.00 a4G'J.l-p'F3J.) (OWl D) 0.94w I A (0) 1.3M 
6 a3496.939 3 III 28.\88.28 b'H'H-S'H,}> (0) 0.96 (0.37) 0.96b 

4 3496.25 1 IV 28593.90 a'G,}>-p'Fi" (0) 0.56 (0) 0.58b 
4 3491. 39 tT IV 28633.68 a'G,}>-p'F;" 
4 3490.25 1 TV 28613.04 a4G3~-p4Fj}i 
6 3489.466 4 III 28619.51 a'O'H-p'Fl~ (0) 1.07 (0) 1.Oi.~ 
6 3487.008 2 III 28669.70 a'POH-v'Po}> (0.23) 0.88 (0.25) 0.89b 

5 3485.867 6 III 28679.09 a' PI}>-v'PO), 
7 3482.188 1 IV 28709.40 a'G,}>-p'Fl}> (0.59) 1.16w, (0.67) L23b 
4 3480.78 1 28721. 03 a·G3YJ-04D2~ 
5 3465.243 tT IV 28849. 77 b'FI~-p'Do" 
6 3463.393 2 IrA 28865.19 { a'F.~-Y'Pj}> 

b'F'H-p'Dl}> 

[3461. 66 125R Ni II 28879.63 (a'D'H-w'Dl}» 
5 3460.099 1 lIlA 28892.66 { b'F,}>-p'D;H 

a6D 4~ -xtF4J.i" 
6 3456.917 4 III 28919.26 a'H,}>-l'lll" 
4 3455.80 IT IV 28928.57 {a'DIH-U'PO" 

a4D3J,i'-V t G:fJ.i 
5 34~5. 585 1 IV 28930.40 b'F,~-p'DlH? 

6 3455.211 1 IV 28933.54 a'F,,,-q'Gll> (0) L05 (0) 0.978 
6 3454.881 3 IV 28936.30 b'H,,,-q' G ll> (0) 0 88 (0) 0 95b 
4 3453.51 1 IV 28947.75 
4 3452.98 IT IV 28952.23 
5 3450.504 1 28973.00 a'F3~-y6p;}> 



Me9UtTS] 
Russell 

(1) (2) 

Ref. Aair A 

- - ---
5 3449. 511 
4 3447.09 
6 3445.812 
4 3444.86 
4 3443.55 

5 3442.927 
6 3442.317 

6 3442. 006 

5 3439.659 
4 3438. 99 

5 3437.876 
6 3437.779 
5 3436.080 
4 3432.05 
5 3428. 4~0 

5 3427.486 
4 3427.09 
4 3420.73 
6 3425.958 
6 3425. 287 

6 3425.072 
6 3423.867 
5 3423.328 
6 3418. 517 
6 3417.009 

6 3416. 641 
f3414. 77 

6 3414.201 
4 3413. 76 
4 '3410. 96 

6 3409.098 

4 3408. 46 
6 3408.001 
6 3400.838 
5 3406.617 

6 3405.160 

6 3404.964 

6 3403.364 
5 3402. 977 
6 3402.572 

5 3402.367 
5 3401. 894 
6 3401. 345 
6 3400.396 
5 3400.200 

6 3398.272 
6 3397.845 
6 3397.583 
6 3396.514 
5 3396.224 

5 3395.524 

4 3394.76 
5 3392.729 
4 3392.45 

5 3391. G14 

6 3390. 767 
7 '3390.388 

4 3389.50 

6 3387.386 
5 3386. 910 
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TAllT_E I.-Arc spectrum of vanad£um (V J)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. T emp. T erm Zeeman effect 

arc class Pvaecm-l combinations 
Observed Computed 

- -----
Oh 28981. 31 a'Dl» - w'D1H 

tT IV 29001.73 a·G5}~-r4Gh~ 
2 IV 29012.40 b'H.» -q'GlH (0) 0.99 (0) l.08b 
1 I V 29020. 50 
1 IV 29031. 64 (0) 0.99 

1 29036. 76 a4D :H",-w2D2~ 
2 III 29041. 92 a2D~~-t2H4 !.1 (0) 0.91 (0) 0.90b 

2 IV 290-11.51 {a'DoH-W'D1H 
b'P'H- P'D§H 

[ -lhp?J 29064.35 a4F2~ -Vaph", 
tT I V 29070. 02 

2 29079.42 a'F,»-q'O,» 
I IV 29080.25 a'II,»-t,Hllj 
I 29094.62 a4F3H-y6P3H 
I I V 29128.78 b'P'H-P'Dl» 

- I 29159. 03 a4F2.l.{-y6P2~ 

1 IV 29167.57 
1 29170. 90 zOGj»-U' F,» 
1 III A 29174. 03 a'D,»-w'D!» 
I IIA 29180. 58 
1 IV 29186.30 (0) 0.87 

G II 29188.14 (0) 0.96 
3 III 2919B.42 a2H5j.i-s2Gh{ (0) 1.02 (0) 1.03b 

-lh 29203.00 atFI~-yGPi~ 
5 II 29244.10 afD3}i-t4D 2~ (0) 1.42 (0) 1.4Gb 
5 II 29256.50 a'D,»-t'D 1H (0) 1.43 (0) 1.48b 

2 IIA 2926 1. 04 a2Q3>i-v2F2} { 

150R Ni II 29276.18 (a'Dl»-w'D!») 
5 II 29281. 00 a'Dl»-t'D,» (0.56) 0.58, 1.71 (0.60) 0.60, 1.79 
1 IV 29284.81 b'F,»-r'F!» 
1 IV 29308.92 b'Fl){-T'Fl» (0) 0.77 (0.27) 0.49b 

4 III 29324.89 {a'D,»-t'Fj» 
b'F,){-r'FiH 

1 ITA 29330.41 
3 III 29334.34 b'F'H-r' Fj» (0.63) 1.07w, C (0 .74) l.09b 
6 III 29344.35 a'Do»-t'DoH Unaffected (0.12) 0.12 
2 29346.24 b'P,){-p'Di){ 

0 IT 29358.80 a'Dl»-t'Di» (0) 1.14 (0) 1.18b 

2 IV 29360.49 {a'D'H-t'FI» } (O) 0.76 (0) 0.78b 
b4F2~-rfF2~ 

5 JIll 29374.29 b~F4~-r4Fh~ (0.23) 1.23 (0.19) 1.28b 
0 29377. 63 b'F'H-q'Fl» 
9 II 29381. 13 a'D,){-t'D!» (0) 1.29 (0.04) 1.34b 

-1 29382. 90 b' F,){-q'F;){ 
-1 29386.99 b'F,){-q'F;» 

2 III 29391. 73 a'II,» - s'Gllj (0) 0 .87 (0) O.88b 
12 II 29399.94 a'D,»-t'D,» (0) 1.34 (0.12) 1.37b 

1 29401. 63 b'FI){-q' Fl» 

1 IV 29418.30 b·F2~-Q4F2}1 (0) 0.95 (o.26l 0.99b 
4 III 29422.00 a'Do»-t'Dl){ (0.56) 0.56, 1.89 (0.59 0.59, 1.71 
6 III 29424.2S a'P'H-w'Pl){ (0) 1.48 (0) U 3s 
3 IV 29433. 54 b'F3»-q'F!){ (0.34) !.l3w) (0.50) 1.l4b 

-1 29436.05 b'Po»-p'Do){ 

3 III 29442.11 { b' FIH-q'Fh, 
a4P2~_ u4Fi.J..I 

2 IV 29448.75 
1 29466.37 b'F,»-q'F'» 
1 29468. 80 b'F,»-q'FjH 
Oh 29476.06 { a'p,»- u'F!» 

b'PoH- p'Dl» 

6 III 29483.42 a'Dl){-t'D;H (0) 1.44 (0) 1.44b 
2 III 29486.72 a2G4~-v2Ii~372 (0) 0.95 (0) 1.34b 

tT IV 29494.43 { b'Fl){-U'Pi» 
a2D2~-s4G3X 

2 IV 29512.85 b'F,){-q' Fl){ (0) 1.14 (0) 1.22b 
Oh 29516.99 a'p,){-u'FI» 
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TABLE l.-A.rc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp . Term Zeeman efl'ect 
Ref. X .. irA arc class Vvaocm-t combinations 

Observed Computed 
- ------ --- ---

6 3384.602 5 III 29537.12 a'D,){-t'D,){ (0) 1.42 (0) 1.35b 
4 3379.35 2 IV 29583.00 (0) 1.08 
6 3377.629 15 II 29598.10 a'P,){-w'P!){ (0) 1.49 (0.07) 1.54b 
6 3377. 398 10 II 29600.12 a'Pl){-w'P,){ (0.45) 1.21,2.11 (0.43) 1.27,2.13 
6 3376.059 8 II 29611. 86 a'Pl){-w'Ph (0) 1.59 (0.14) 1.65b 

6 3374.036 3 III 29629.62 a'Pl){-u'Fi){ (1. 70) 0, 1.06, 2.21 (0.58, 1.74) -0.04, 1.12, 
2.28 

4 3372.80 tr IV A 29540.52 
6 3371. 118 3 IV 291l55.27 b'Pl){-V'S,){ (0.29, -) O.t!, 1.63 (0.84) 1.03,1.70. 
5 3370.196 1 29663.37 a"PIH-u4F2}i 
4 3369.0 1 IV 29673.90 a'Dc){ -z'SO){ 

4 3367.04 1 IV 29691. 21 
6 3366.875 4 II 29692.64 a'Po)<;-w'PO){ (0) 2.54 (0.01) 2.58b 
6 3365.556 10 II 29704.27 a'Po){-w'Pi)<; (0.46) 1.07,2.05 (0.50) 1.10,2.10 
6 '3363.551 4 III 29721. 97 a'Po){-u'Fi){ (1.07) 1.07, 1.56 (1.02) 0.i8, 1.56 
4 3362.1 1 IV 29734.80 

6 3356.358 10 II 29785.67 atPu.,-w4P;J,i (0) 1.38 (0) 1.38b 
4 3345.01 tr IV 29886.70 
4 3342.28 2 IV 29911.10 
4 3340.17 1 IV 29929.99 
4 3336.79 2 IV 29960.30 b'F,){-p'Fi){ (?w,) 1.40 (0) 1.39b 

4 3336.350 2 IV 29964.29 b'F3)<; -p'F;){ (0) 1.01 
5 3336.2l2 1 IV 29965.53 b'F,){-t'pi){? 
4 3334 . .14 tf IV 29984.11 b'F,){-p'Fi ){ 
4 3333.573 2 III 29989.24 b'F,){-p'Fl){ 
5 3332.449 tr IV 29999.36 b'F')l-p'F!){ 

6 '3329.858 12 II 30022.71 a'P,){-x'Si){ (?w,D) 1.02w, A (0) 0.88s 
6 '3328.401 2 IV 30035.82 b'F3)<;-p'F')l (0) 1.17 (0.59) 1.l2b 
6 3327.983 2 IV 30039.62 b' Po){-v'SoYi (0.67) 1.36w, A (0.68) 1.35b 
4 3327.14 tr IV 30047.26 (0) 1.06 
4 3326.38 1 IV 30054.13 a'H,){-q'Fl){ 

6 3324.489 1 30071. 19 b'F,)S-p' Fl){ 
6 3324.393 3 III 30072.05 a 'H,)S-r'Gl){ (0) 0.77 (0) 0.76b 
5 3324. 203 1 IV 30073.73 a'p,)<;-t'Fl){ 
6 3321. 684 5 III 30096.58 a'H,){-r'G,){ (0) 0.91 (0) 0.91b 
6 3320.140 3 III 30110.58 a~P2}i-8~Dl}i (0.23, 0.66) ?W3 B (0.23, 0.68) 0.87, 1.33 

1.78, 2.23 
4 3319.77 1 IV 30113.95 b'F3){-o'D!)l 
6 3319.010 4 III 30120.82 b4Ft>i_p4F4J.i (0) 1.19 (0.04) 1.32b 
4 3315.87 1 IV 30149.36 b4F,}~ -o·D 2ys 
4 3313.97 3 IV 30166.64 b'F,)<;-o'Dlfj (O?Wl) 1.14 (0) 1.0Gb 
4 3313.00 2 III 30175.48 a'P,)S-s'D!)<; (0.48) 1.37wl (0.48) 1.44b 

6 3309.179 8 II 30210.31 a'p,){-x'Si)S (0.32) 1.75 (0.42) 1.85b 
4 3308.89 1 IV 30212.95 b'F3,'i-o'DlH 
6 3308.250 3 III 30218.79 a'F,)S-v'Gl){ 
5 3305.lOl Oh 30247.58 a'Pl){-v'Di){ 
5 3299.972 2 III 30294.59 a'p,)S-v'D!)<; (0.96)?w, (0.90) 1.34b 

6 3299.588 0 30298.12 a'p,)<;-8'Di)S 
6 3299.256 1 IV 30301. 17 atP2~-s4D3~ 
6 3299.089 3 III 30302.69 a'P){-x'Si){ 
6 3298.147 15 II 30311. 37 a'F.)<;-v'G')S (0) 1.07 (0) 1.05b 
5 3295.788 0 30333.05 a'PH-s'Do)S 

5 '3295.465 1 IV 30336.02 a'G,){-t'G;)S (O?) 1.17 (0) 1.53b 
5 3292.561 Oh 30362.78 a4PH,,-s4D.2J.s 
6 3291. 678 4 I 30370.93 a'F.){-y'Gl)<; 
6 3289.525 -1 30390.80 a'P){-s'Di){? 
6 ' 3288.435 2 III 30400.88 a'G,){-v'Hl){ (0) 1.00 (0.96) l.00b 

0 3284.36 l 6 III 30438.58 a'G')l-t'Gl){ (0) 1.06 (0.33) l.08b 
6 3283.311 15 II 30448.32 a4F3J.i -y4G~ys (0) 1.01 (0) 1.01b 
6 3277.939 5 IIA 30498.22 a'F')l-v'G;)l 
5 3277. 791 0 30499.59 b'P,)<;-t 'D;fl 
7 3273.025 7 II 30544.00 a'G.)<;-t'O;)<; (0) 0.86 (0.07) 0.898 

6 3272.188 1 III 30551. 82 a'D,){-q'Fi)S 
6 3271. 635 12 II 30556.98 a'F,){-v'G;)S 
4 3271. 39 3 III 30559.27 a'G,){-v'H;)S 



Megg.,,] 
RU8sell 

(1) (2) 

Ref. X.ir A 

- ---

6 3266. 078 

6 3265.887 

6 3263.238 
6 3262.063 
6 3261. 080 
5 3260.8891 
5 3260.382 

6 3259.531 
5 3256.779 
4 3256.46 
6 3255.649 
5 d3254. 783 

4 3252.86 
6 3250.033 
5 3249. 930 
5 3249. 790 
6 "3249.567 

6 3248.696 
4 3246.83 
5 3243. 957 
6 3243. 274 
6 3242.033 

6 3241. 167 
5 3238. 894 
4 3234. 73 
5 3233.497 
6 d3233.183 

6 3230. 645 
6 3230.441 
6 3229.604 
5 3228.182 
6 3227.408 

6 3227.117 
6 3226.106 
4 3225.63 
5 3225.490 
6 3218. 874 

5 3218. 355 
6 d3217.113 
6 3215.379 
6 '3213. 939 
6 3212.437 

5 3211. 569 
5 3211.323 
5 3210.427 
5 3210. 096 
6 3207.415 

5 3206.923 
6 '3205.581 
5 3205.257 
6 3204.193 
6 3202.383 

7 3201. 227 

6 3199.819 
6 3198.012 

4 3194.92 
4 3194.57 
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TABLE I.-A rc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
arc class vuacm-1 

combinations 
Observed Computed 

- --------
4 III 30608.97 {a'D'J{-q'F!J{ 

a'G'J{-v'HI" 
5 IV 30610.76 .'F,,,-t'D;,, (0) 1.00 (0) 1.oob 

15 II 30635.62 a'Fl"-II'G;,, 
5 III 30646.64 a'G,,,-t'GI,, 
6 III 30655. 88 (0) 1.15 

-1 30657.67 a'G,,,-t'G1J{ 
-1 30662.44 a'F'J{-t'DiJ{1 

5 III 30670. 44 a'D'J{-w'Pi" (0) 1.02 (0) 0.988 
1 IV 30696. 36 a'F'J{-t'DiJ{ 
1 IV 30699.33 (0) 1.13 
9 III 30707.02 a'D'J{-w'P;" (O?w,D) 1.15w,A (0) l.23b 

10 II 30715.18 a 4F'H-x'Fj~ (Ow'D) 0.90w'A diC· (0) l.40b 
fuse 

1 IV 30733.30 
2 III 30760.08 a' G'J{-t'G", 
3 30761. 05 a' D1J{-w'P,,, 
Oil 30762.38 a'GN-t'G!1i 

10 II 30764. 49 a"Jr'H-x4F4}-l (0.61) 1.11w,O (0.15) 1.30b 

3 III 30772.73 e'D1J{-W'Pil' 
b'PoJ{-t'P,,, 

1 IV 30790.42 a' D1J{-u'Fi,, ? 
1 30817.69 a2G'J{-t'Gl" 
3 I II 30824. 17 a' Do"-w'P,,, (1.29) 1.25wlO (1.29) 1.29b 
1 IlIA 30835.98 u'DoJ{-w'Pi" 

4 III 30844.22 a4D2~-w4P~}i (0.49) 1.43w,O (0.37) 1.43b 
1 IV 30865.86 a'G'J{-t' G!" 
2 III 30905.59 a ' F ' J{-x'FI" 
1 30917.38 b'P' J{-I'Dh, 
6 III 30920.37 a'G'J{-u2F!" (0) 0.96 (0) 1.16b 

6 II 30944.67 a 4FsJ.i-x4Fj~ (0) 1.18 (0.03) 1.20b 
1 30946.62 a'D1J{-w'P;" 
4 IV 30954.64 b'H'Ii-x' Il" (0) 0.90 (0) 0.91b 
3 III 30968.28 a'G,,,-I' G,,, (0) L86 (0) L76b 
4 IV 30975.71 b'H'Ii-X'I;" (0) 0.99 (0) LOOb 

o!I 
3 III 30978.50 a'G'Ii-u2H l" 
4 II 30988.20 a'F'H-x'G!" 
1 III A 30992.76 
1 30994. 12 a'F'J{-x'F'1i 
5 III 31057.83 a2OJ,\i-u2Fz}i (0) 0.89 (0) 0.93b 

1 III A 31062.84 a(F2~-x4FiJ.i 
10 II? 31074.82 a'F'J.S-x'G!1i (0) 1.08 diffuse (0) 2.04b 
4 II 31091. 59 a4F2~-x4Fbi' (0) 0.98 (0) 1.01b 
2 III 31105.52 a'D'H-t'Pi" (0) 1.12 (0) 1.l2b 

15 II 31120.06 a'GHi-u'H'1i (0) 1.02 (0) 0.90b 

1 III 31128. 47 a2Gs-",-u2FSJ.i 
0 31130.85 a 4 F2-", -x (F3~ 

2 IV 31139.54 {a'D1J.S-t'Pj~ }(O) 1.12 (0.38) l.!Ob a'D,~-p'F!~ 
4 III 31142.75 a'n31i-r'G!~ (0) 0.76 (0) 0.76b 

20 II 31168.79 a4F4-",-x4G~~ (0.58) 1.16w, 0 (0.59) 1.20b 

1 IV 31173.56 a'D1J{-p'F!" 
15 II 31186.61 a'G31i-u 'H,,, (0) 0.93 (0) 0.80b 
5 III 31189.76 a'H'J.S-r'Gh, (0) 0.90 (0) 0.90b 
3 I 31200.12 a4F'}i-x4li"i>i (0) 0.36 (0. 03) 0.39b 

25 II 31217.76 a'F'J{-x'Gili (0 .55) l.04w, 0 (0.74) 1.08b 

2 IlIA 31229.03 {a4FtH- X4F2H 
a'n'H-r'Gili 

6 III 31242.77 a'H,~-r'Gl" (0) 0.99 (0) 0.99b 
20 II 31260.43 a'F'J{-x'G;1i (0.62,1.17) 0.22,0.73, (0.23, 0.71, 1.19 

1.17,1.68 -0.18, 0.30, 0.77, 
1.24, 1. 72 

1 IV 31290.67 b'P')i-t'Pi" 
1 IV 31294.11 a'n'J{-r'G,,,? 
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TABLB I.-Arc spectrum of vanadium (V I)-Continued 

(I) (2) (3) (4) (5) (6) ('7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. Xair A nrc class VYUcm-1 combinations 

Observed Computed 
- ------ ------

4 3194.40 2 nr 31295.77 
6 3193.919 6 II 31300.48 a'H6x-r'G!x (0) 1.15 (0) 1.I6b 
7 3189.078 1 IV 31347.99 a2Po~-u2P!~ 
6 3188.096 3 IV 31357. 64 a2Pl~-u.2Pi", (0.67)1 WI (0.65) 1.43 
6 '3185.404 40Ra II 31384.17 u'F.x -x'G!x (0.45) 0.68, 1.507 (0.12) l.02b 

6 '3183.995 (IS0R)a II 31008.03 a4Fl~-x4G~~ (0.59) 0, 0.62, 1.33 (0.06,0.19) 0.34, 0.46, 
0.59,0.72 

8 3183.96 (125R)a II 31398.38 a4F3M-x4F~~ 
6 ' 3183.415 150Ra II 31403.78 a'F,x-x'Glx (0.34) 0.55, 1.15 (0.05) 0.88b 
8 3182.76 1 IV 31410.19 a'D3X-s'Dlx 
8 3181. 63 1 IV 31421. 35 a'D,x-s'D;x 

4 3180.56 1 IV 31431. 91 a2Dl~-t2Plh, 
4 3180.09 1 IV 31436.56 
8 3177.83 1 IV 31158.90 a4Dlu-s'Di~ 
8 3169.6 1 IV 31540.77 a'D,x-v!D;x 
4 3165.59 3 IV 31580.61 b'PIX-t'PO~ 

8 3104.5 1 IV 31.191.46 
4 3163.89 4 IV 31597.57 b'PI~-t'P;~ 
8 3161. 9 3H IV 31617.55 
4 3159.87 2 V 3W37.76 
8 3158.77 [1) IV 31648.77 

8 3156.89 2h IV 31667.62 a,p,~-t'Fl~ 
4 3156.19 10 IV 31674.64 (6) 1.15 
8 3153.54 5H IV 31701. 25 
8 3152.75 2H IV 31709.19 
4 3150.59 5 IV 31730.92 (0) 0.83 

8 3150.03 2f! IV 31736.56 
8 3147.97 3f! IV 31751.32 
6 3147.255 8 IV 31764.56 (0) 0.65 
8 3146.8 III IV 31769.23 
8 3145.65 [1) IV 31780.73 

8 3143.2 1 IV 31805.60 
4 3139.97 4 IV 31838.21 a'Pox-p'Fix 7 
4 3139.04 3 IV 31847.64 a2Pl}i-p'Fi~ 
4 3138.50 3 IV 31853.12 a'Plx-t'Pi~ 
8 3135.17 ! IV 31886.94 { a'Plx-p'F;~ 

a'DOH-x'So~ 

8 3134.54 1 IV 31893.45 
8 3133.0 IN IV 31909.12 
8 3131. 9 IN IV 31920.33 
8 3131.3 1 IV 31926.44 
8 3123.25 1 V 32008.71 a'D.~- b'F;~ 

4 3121. 78 4 IlIA 32O~3. 78 a'P2j.~-vtPiJi 
8 3116.35 1 IV 32079.56 
4 3112.93 8 III 32114.79 at PlJi-v4POJi 
8 3112.13 3 IV 32123.04 
8 3110.9 1 IV 32135.74 a'Pox -t'Po~ 

8 3108.56 [1) IV 321.19.92 
5 3167. 142 5 IV 32174.61 a'P'H-r'D ix 
4 3100.12 5 IV 32185.18 a'P'H-v'P;~ 
4 3103.99 6 IV 32207.26 a'Po~-v'Po~ 
8 3103.60 1 IV 32211.31 a'PIH-v'PiH 

8 3101.4 1 IV 32234.15 
8 3099.59 2h IV 32252.96 
5 3096.763 -1 32282.44 2'Fix- h6G'H 
8 3006.04 2 IV 32'289.93 
4 3095.90 5 III 32201. 40 a'PI~-r'Dox 

6 3094.699 20 III 32303.98 a·Po~~-vtPi", 
4 30<J3. 79 25 III 32313.41 atP2}i-TtD2~ 
8 3093.24 67 III 32319.16 a'F'H-x'Di~ 
8 3092.85 1 IV 32323.33 
4 3092.72 8 III 32324.64 

6 3091. 552 15 II 32336.85 a'F'x-x'D;~ 
8 3091. 42 20 II 32338.28 a'F,~-x'D;x 
4 3090.81 4 IlIA 32344.66 a'F" -z4Ha 



Meouers] 
Russell 

(1) (2) 

ReI. X"it A 

- --- -
6 3090.538 
8 3090.40 

6 3089.134 

6 3088.119 
4 3087.49 
6 3087.072 
5 3085.923 

6 3084.384 
6 3083.542 
5 3082.109 
5 3082.010 
4 3080.34 

4 3080.16 
5 3079.365 
8 3077.86 
4 3077. 73 
8 3076.69 

8 3076. 63 

6 3075. 935 

6 '3075. 269 
8 3074.83 
8 3074.05 

6 3073. 825 

8 3072. 73 
8 3070.88 
6 3059.648 
5 "3057.117 

8 3066. 51 
6 '3056.373 
6 3053.725 
4 3000.93 
6 3050.457 

8 3056.59 
6 '3056.339 

8 3054.89 

8 3053.65 

6 '3052. 195 

8 3051. 39 
6 d3050.883 
6 3050.396 
8 3050.33 
8 3047.21 

6 3044.938 

6 3043. 553 

6 3043.123 
'(3042.672 

4 3041.83 

8 3040.13 
8 3039.46 
5 i3039. 305 
6 3038. 710 
8 3038. 06 

5 3037.372 

8 3033.75 
6 3031. 009 
8 3030.93 
4 3027. 07 
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T ABLE l.-Arc spectmm of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeoman effect 
arc class vvaoCln-1 

combinations 

Observed Computed 

--- ------ -
3h III 32347.46 

[IJ IV 32348.95 a'Fl)l-X'D;» 

25 III 32352. 16 { a'P,»-r'Di» (O.68)w, 
(z'Fi)l-h'OUl) 

30 III 32372.81 a4PI~ -v4Pi>2 
2,1 IV 32379,44 z'Fl)l -h' O,» 

15 III 32383.79 a·Po~-rtDo7{ (1.25) 1.28 (1.28) 1.32b 
Ih IV 32395.84 z'Fl)l-h'O')l 

20 III 32412.01 a'p,»-2j» 
30 III 32420. 87 af P2H- r tD jH 
50, II 32435.92 a4Fui-w4Fj;.s 
6 IV 32436.95 a'H')l-s'Hl)l 

12 III 32454.57 a'P»-T'Di)l (0.65) 0.54, - (0.70) 0.50,1.90 

6 III 32455.46 af Fl;.s- x4Dt}i 
4 WA 32464. 83 at F3~- z4Ht-,'i 
5k 32480.7 1 z'Fi»-h'O ,» 
6 IV 32482.09 a2DHi-82F~}i (w , D) 0.72 w, A 
5h IV 32493.06 z'Fl)l-h'O,» 

4 III 32493.70 a'P')l-V'PiH 
8 III 32501. 04 { atPIH-r4D2,1i 

(z'Fj)l-h'OUl?) 
10 III 32508.08 a'H,»-s'Hi» (0) 0.84 (0.45) 0.058 
8h IV 325 12.71 z'Fi»-h' O'H 

IOh IV 32520.85 z·FlH-I,'O,).l 

60T II 32523.35 

2h IV 32534.93 

{ a4F3}S-wfF2}-) 
a'F'H-x'DlH 

}(w, D) 1.60w, D {CO) 1.68s 
(0.61) 1.I5b 

2 IlIA 32554. 52 a4F:ni-zIH3H 
30, I 32567. 50 a'F3»-x'Dj» (0. 52) 1.22w, C (0.52) 1.288 

6 IV E 32594.46 a'D';l-8'FiH 

20 I 32600.90 af Fui-w4Fh-s 
125R II 32502.38 atF4H-wf}'hs (0.30) 1.05,).41 (0.07).l .29b 
12 II 32630.57 afEz;.s-z2Pi}S 
2 IlIA 32660. 32 af l f Hi-Xt D 2}S 

125R II 32665.10 atF3J1-w4F3H 

[I] IV 32705.67 
looR II 32709.42 atF2H-w4F2H (0) 0.87 (0) 1.0lb 

1 IV A 32724. 86 { a411' 1 ~-Z2PO}i 
a'P'H-w'S'H 

80R II 32738.26 a.4FlJi-w·Fi~ 

20 II 32753.81 { a4FzJi-x4D 37J }(0.92W, D) 1.56w, C {(0.34) 1.78b 
(a'F'H-v'Oi») (0.88) 1 .16b 

. tT IV A 32762.45 
35T II 32767.90 a'Fl).i-z2PiJ.) (0) 1.13 (1.15) 0.81b 
25 IV 32773.13 a204}-S-t2F3H 
1 IV 32773.88 a'PH -V'PiH 

[1] IV 32807.43 

50T II 32831. 87 a4F3J.i-w4Fh~ (0) 1.39 (0) 1.48b 
0.70 {0.30, 0.91) 0.10, 50r II 32846.80 a'Fl}i-w4F2J.i (O. 54w2 D) 1.14w, C 1.31, 1.92 

50T II 32851. 44 a'F2Ji-w'F3~ (w, D) l. 58w, D (0) 1.61s 
15Fe III 328.'15. 31) (a'H'H-q'OlH) 
8 IV 32865.44 

1 IV 32883.81 a'Dui-l4Fhs 
[1] IV 32891. 06 
1 32892.72 a'H'H-q'OlH 

10 IV 32899. 16 
[1] IV 32906.21 

2 32913.65 {a'D 2J.i-t4F3J.i 
a'D3»-u'D!H 

[I] IV 32952.94 a4Du~-t4F2Ji 
101 III 32982.75 al!G3}i-t2FzJi (0) 0.86 (0) 0.93s 
57 III A 32983.60 a'F 3H-v'OlH 
2 IV 33025.64 
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TABLE I.-Arc spectrum of vanadium (Vr)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman effect 
Ref. Xalr A vva ocm-1 arc class combinations 

Observed Oomputed 

- ------- ---
8 3022.77 10H IV 33072.61 z6G,~-g6G6~ 
4 3021. 78 6 IV 33083.45 a'G,~-t'Hl~ 
5 3016.392 1 IV A 33142.56 a'F,~-z'Hl;,1 
4 3016.17 20 III 33144.96 a'Pz}.i-wfSi,., 
5 3014.972 1 IV A 33158.17 a4F3~-y2Fj~ 

4 3014.33 15H IV 33165.19 z'G,~-f6H7~ 
8 3014.19 [4] IV A 33166.73 
8 3011. 58 1 IV 33195.46 a'PI~-s'F!~ 
8 3011. 40 [2] IV 33197.44 z6Gl~-g6G,~ 
8 3010.84 [1] IV 33203.62 z6Gl~-g6G.~ 

8 3009.66 [1] IV 33216.63 z6G;~-g'G,~ 
8 3006.90 5H IV 33247.11 z'Gl~-f'H,~ 
4 3006.34 6 IV 33253.30 a'G,~-t'Hl~ 
8 3006.24 5R IV 33254.41 z'Gl;,-f6H,~ 
4 3004.82 10 IV 33270.12 a'D'~-"Pi~ 

4 3004.33 4 IV A 33275.55 a'DI~-"Po;, 
6 3003.288 5 IV 33287.16 
4 3002.65 8 III 33294.27 a'D,~-.'P!~ 
6 3002.450 6 IV 33296.47 
8 3001. 90 lOR IV 33302.58 z'G;~-f'H.;, 

8 3001. 05 Ih IV 33312. 02 
5 3000.566 Ir IV A 33317.36 
4 2999.20 12 III 33332.55 a'PI~-w'Si~ (1) 1.74 (0.36) 1.82s 
4 2998. 62 4 IV 33339.00 a'Do~-v'Po;, 
8 2997.87 5R IV 33347.33 z'G!~-f'H'H 

8 2997.08 3R IV 33356. 12 z'Gi~-f'H,~ 
4 2996.48 6 IV 33362.80 a'G,;,-s'G1H 
6 2995.617 4 IV 33372.40 a'Dlli-V'Pi~ 
8 2994. 61 2h IV 33383.63 
8 2994.50 1 IV 33384.86 

8 2994.01 1 IV A 33390.32 a'F'~-Y'F;~ 
8 2992.79 [tr] IV 33403.93 
8 2991. 14 2 IV 33422.35 a'D,~-riD;H 
4 2990.93 8 III 33424.69 a4Po~-'W4Sr>i' 
8 2990.31 1 IV 33431. 62 a'D,;,-v'P!;, 

4 2982.18 2 IV 33522.74 afDl~-T4Dh, 
5 2981. 537 0 33529.99 a'D3;,-r'D;;, 
8 2979.21 2 IV 33556.15 
6 2978.936 4 IV 33559.27 a'D2~-r'D2~ 
6 2977. 550 25r I 33574.90 a'F,~-w'D;H (1) 1.12 (0.03) 1.04s 

6 d2976.527 8 IVE 33586.43 a,p,~-q'D;;, 
6 2975. 077 8 IV 33602.80 a,G';,-s'G;H 
5 2974. 217 8 IV 33612.51 a'PI~-Y'Do~ 
5 2969.868 0 33661. 73 atD1J.i-rtD2Ji 
5 2969.363 1 33667.45 a'D';,-r'D;H 1 

6 2968.981 3 IV 33671. 79 a'PI~-q'DiH 
8 2968.29 5 IVA 33679.67 a'P'H-u'Pi~ 
5 2966.079 0 33704.73 a'PoH-y'DoH 
6 2963.818 6 IV 33730.56 a'P'H-Y'D;~ 
6 2962.784 30r II 33742.22 a'F'H-w'D;;, 

4 2962.07 1 V 33750.38 b'H';,-p'G;H'! 
6 2961.127 10 III 33761. 09 a'P,~-u'P;~ 
5 2960.8491 -1 33764.26 a,p,~-q'DiJi 
8 2959.99 2 IV 33774.09 a'PI~-q'D!H 

'(2957.520 10 VE 33802.27) (b'H,~-p'GI~) 

4 2957.30 10'1 II 33804.80 a'F.~-w'D!~ 
5 2957.176 8A IV 33806.20 a'PI~-u'Po~ 
8 2956. 57 Ih V 33813.14 
5 2956. 142 1 IV A 33818.02 
6 2955.806 15 II 33821. 87 a'F,~-v'F!~ 

4 2954.33 20 II 33838.77 a4F2~-w4Di~ 
'(2953.943 50RFe II 33843.19) (a'F'~-"F!~) 

8 2951. 84 2h IV 33867.31 a'PI~-u'Pi~ 
8 2949. 91 2h IV 33889.46 z'G!~_h6G,~1 
4 ~949. 62 25 II 33892.79 a'F,~-v'Fi~ 



Meggers] 
Russell 

(1) (2) 

Ref. AsirA 

- ----
8 2949.09 
4 2946.54 
4 2944.76 

8 2943.84 

6 2943.197 

6 2942.354 
8 2942.33 
4 2942.02 
8 2941.11 
8 2939.26 

8 2938.67 
8 2938.30 

6 2937.696 

6 2935.880 
8 2934.72 

5 2934. 646 
5 2933.234 
8 2930.89 
8 2928.74 
4 2928.62 

6 2927.646 
5 2926.258 
6 2925.880 
8 2924.92 
6 2923.627 

8 2923.41 
5 2922.715 
6 2922.582 
8 2921.18 
5 2919.931 

4 2917.94 
4 2917.52 

4 2916.00 

4 2915.33 

6 2914.924 

8 2914.43 
6 d2914.299 
5 d2910.435 
6 2906.134 
6 2904.126 

1I 2903.700 
8 2900.86 
6 2899.602 
6 2899.207 
6 2898.822 

8 2895.16 
6 2894.583 
8 2893.47 

5 2891. 977 

5 2891. 430 

8 2890.56 
6 2888.523 
6 2887.707 
6 2873.378 
6 2870.575 

~ 2870.04 

n 2869.484 
6 2868.130 
6 2866.971 
1I 286G.620 
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TABJ.E I.-Arc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Zeeman effect 
Int. Temp. vnecm-t Term 
arc class combinations 

Observed Computed 
------

1 IV A 33898.87 a' .Po~-u'Po~ 
15 II 33928. 21 a tF2H-w.f.Dhs: 
10h IV 33948.71 a'Pl~-u'P!~ 
12h IV 33959.32 { a'PoH-u'P!~ 

(z'o;~-h'G'H) 
30r II 33966.76 a'Fl)S-w'Doii 

10 I 33976.49 a'Fl~-w'D!ii 
10 I 33976.74 a4F4~-v4F;~ 
tr IlIA 33980.32 
1 IlIA 33990.83 a'F'H-w'Dlii 
2h V 34012.22 

6 II 34019. 04 a'Fl~-I° 
5h IV 34023.32 z'Gh,-h'G')I 

15 I 34030.35 { a'F,~-v'F!~ 
a'Fl~-v'F!H 

15 I 34051. 4t a4F3~-v4F3Ji 
20h IV 34064.82 z'G!~-'I'G,~ 

2 III A 34065.72 a'Fly;-w'Diii 

I 
3h IV 34082.12 z'O!~-h'G,~ 

15h IV 34109. 32 z'G;~-h'G,~ 
Ih IV 34134.47 z'G!H-h'Gl~ 

I 2 IV 34135.87 

10h IV 34147.17 z'Gl~-h'G,~ 
12 I 34163.37 a'F3H-II'D!), 
4 lIlA 34167.78 a4Fl.J,i-v4F2.\i: 
5h IV 34179.04 z'G1H-h'G.~ 

70Ra II 34194.11 a'F,~-v'D;~ 

2h V 34196.69 I 
5h IV 34204.78 z'O;H-h'G'H 
4 III A 34206.34 a'F'H-v'FI~ 
6h IV 34222.78 z'Gi)l-h'Gl~ 
6 III A 34237.39 a'F')I-v'F!~ 

8 IV 34260.78 a'O'ii-T'GIH 
4 IV 34265.70 

8 IV 34283.56{ a'G'H-T'OlH I (z6G'H-h'G'H) 
10 II 34291. 44 a'F'H-II'DiH 

50Ra II 34296.21{ 
a'F3H-v'DIH 

(z60IH-h' G'H) 
(z6GiH-h'G'H) 

2h IV 34302.03 z'O!ii- h'G.~ 
2h IV 34303.55 z'OIH-h'O'H 
57 I1A 34349.09 a'F'H-y'D!H 

40r II 34399.92 a4FzJ.i-v'Di}i 
20 II 34423.71 a'F'H-v'DiH 

12 II 34428.75 a'FHi-v~Di~ 
5H IV 34462.44 

30 II 34477.40 a'Fl),-v'DoH 
20 II 34482.11 a'F'H-v'D;H 

5 III A 34486.69 a'Fl)1-u'D;~ 

4h V 34530. 27 
8 III 34537.19 a'F1H-v'DiH 
4h IV 34550.43 a'D3H-s'FIH -
2h IV 34568.31{ a'D'H-s'FiH 

a'D~-8'FiH 
2h IV 34574.85 a4DH-s-s4F;~ 

5H IV 34585.26 
2 IlIA 34609.64 a4F:IJ·~_v4D3~ 
2 IlIA 34619.43 a'Fl~-v'D;H 
2 34792.06 a'P'H-p'DIH 

35r II 34826.04 a'F'H-u'DIH 

5 IV 34832.52{ a'D'H-q'D!" 
a'D1H-q'DiH 

3 IV 34839.27 a'D'ii-q'Dl~ 
20 IV 34855.71 a'H5~-x'I6H 
10 IV 34869.82 a'D'H-u'P!H 
15 IV 34874.07 a'H'H-x'I,~ 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

ZeemRn effect 
Ref. XllirA Int. Temp. 

Vvaocm - t Term 
arc class combinations 

Observed Computed 

- ----------
6 2866.441 20 IV 34876.19 a'P'ji-p'D ;", 
5 2864.386 30r II 34901. 27 a'F'ji-u'Dl", 
6 2863.016 12 IV 349 17.25 a'P'ji-p'Di", 
6 2862.418 10 IV 34925.28 a'D'ji-u'Piji 
6 2861. 677 1 IV 34934.31 

6 2859.997 25 II 34954.84 a4F2M-u4Di~ 
6 2859.001 4h IV 34967.00 a'D,ji-u'P3~ 
6 2858.787 10 IV 34969.63 a'Po~-p'D3~ 
6 2857.972 20 IV 34979.59 a,p,~-p'D iji 
6 2855.739 2 IV 35006.95 a'D,~-u'P;~ 

6 2855.518 6 IV 35009.65 a'Poji-p'Di~ 
6 2855.252 20 II 3501~. 91 a4FH~-1jCDo}.i" 

6 2854. 057 4h IV 35027.57 {a'Dl~-ufPi~ 
a'fl4H-x2n~'t 

4 2853.82 3h IV 35030.44 a'Do~-u'P3~ 
6 2853.579 2 V 35033.88 a'P.~-v'S3ji 

6 2852.899 25 IV 35041. 80 a,p,~-v'S3~ 
6 2851. 784 20 II 35055.49 a'F3~-u'D;ji 
5 2849.197 15 II 35087.32 a'F'H-u'D!ji 
5 2849.066 4 35088.69 
6 2848.807 15 II 35092.11 a4FHi-u4D i}2 

6 2846.600 20 IV 35120.01 
4 2844.92 2 IV 35140.12 a'D,,,,-t'D;~ 
4 %839.43 4 IV 35208.05 a'D,~-t'Di~ 
4 2838.06 5 III 35225. 03 a'FHi-U'Di}1 
6 2836.714 3 IV 35241. 72 a'F'ji -u'D;y,; 

6 2835.660 5 V 05254.82 a'D'ji-w'F;H? 
4 2834.88 3 V 35204.54 
6 2815.994 5h V 35501. 02 
6 2799.229 3 35713.61 
6 2798.526 2 35722.57 a'DoH-t'Di~ 

4 2788.16 2 V 35855.41 
4 2785.66 10 IV 35887.57 a'P'ji-t'D;~ 
4 2785.52 8 IV 35889.37 
6 2785.216 3 35893.28 
4 2783.7. 7 IV 35912.06 a'Poji-t'Dh, 

6 2778. 058 4 IV 35985.77 r a'D'ji-p'D3H? 
l a'F,~-x'Glji? 

4 "2777. 70 8h IV 35990.41 
6 2777.157 5 35997.43 
8 2776.67 2h V 36003.73 
4 2776.47 6h IV 36006.35 

6 2775.911 2 36013.59 a'P2H-04D hi 
4 2774. 61 3 IV 36038.24 {a'D ,~-p'D;ji 

a'D,~-p'D3ji 
4 2773.66 8 IV 36042.79 at GH,s-s2F37S 
4 2770.94 2d IV 36078.16 a'D'ji-p'DiH 
4 2768.93 6 IV 36104.34 a'Gm-8'F;~ 

4 2768.30 3 IV 36112.56 a'P'ji-o'Dlji 
4 2766.10 1 V 36141. 27 a'Dji-p'Diji 
4 2757.75 2 V 36250.79 a'G'H-s'F;H 
1 2755.653 (10) V 36278. 34 
1 2753.084 (8) V 36312.19 

1 "2747.534 (6) III 36385.54 a'F,ji-w'O;~ 
1 2738.075 5 36511. 22 a'O,ji-s'HlH 
1 2733.334 (8) IV 36574.55 a4F3~-w'G4J1 
1 2731. 518 (20h?) IV 36598.86 
1 2731. 347 (80r?) IV 36601.16 a'O'ji-S'H'H 

1 2729.807 2 36621. 80 a'F,ji-v'O lji 
1 2729. 120 2 36631. 02 a'D'H-q'F!~ 
1 2727.440 1 36653.58 a'Doji-q'FiH 
1 2727.124 1 M657.83 a'F'ji-y'H'ji 
1 2725.062 4 36685.57 a'F,ji-w'OlH 



MeggeT8] 
Russell 

(I) (2) 

Ref. haifA 

- ----
I 2723.925 
1 2722.560 
1 2721. 139 
1 2717.433 
1 2716.689 

1 2715.025 
1 2712.217 
1 2707.589 
1 2703.904 
1 2701. 266 

1 2700.506 
1 2700.046 
1 2699. 12 

1 209S.724 

1 2697.744 

1 2690.996 
1 2696. 760 
1 2696.376 
1 2696.222 
1 2695.235 

1 2094.102 
1 2693.918 
1 2693.00 
1 2689.350 
1 2689.114 

1 2688.942 
• (2088. 719 

1 2688. 55 
1 2G87.408 
1 2687.001 

1 2686.512 

1 2686.356 
1 2685.843 

1 2685.515 

1 "2685. 14 

1 2685.018 
' (2683.092 

1 2682.682 
1 26S 1.17 
1 2680.939 

1 2679.707 
1 2678. 878 
1 2678.674 
1 2677. 472 
1 2677.117 

1 2676.636 
1 2675.977 

1 2675.753 

1 2671. 669 
1 2670.918 

1 2668.894 
1 2665.958 
1 2661. 424 
1 2657.708 
1 2656.55 

1 2656.224 
1 2654.005 
1 2653.824 
1 2652.919 
1 2651. 896 

-------- -------------------, 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (0) (7) I (8) 

Zeeman effect 
Int. Temp. 

Vvaccm-1 Term 
arc class combinations 

Observed Computed 
------

2 36700.88 a'~'1),-x'D;~ 
(60r) IV 36719.28 a'G3~-8'Hl~ 
(20) IV 36738.45 

3 36788.50 a'F,~-x2F!~ 
3 36798.63 

(7) V 36821. 18 
4 36859.30 a!!G4}i-q20j~ 
3 36922.30 a4F4~-w2F3~ 
1 36972. 61 a4D3J.2- p4F;"" 

(7) IV 37008. 72 

1 37019.13 a4F3ys-w2F2~ 
4 37025.44 

(20) IV 37038. 14 a4P2H-t4Pix 
(40) IV 37043.58 {a,p'H-t'P;~ 

(a'D'H-p'F!H) 
(50r?) IV 37057.03 a204~-q2Ghi 

(40r1) IV 37067.31 a'G3), -g'G!~ 
(6) IV 37070.55 a·D2!1-p4Fi~ 
1 37075. 8~ a'D2~-t'PiH 

(.1) V 37077. 95 
4 37091. 53 a4.F'H .. s-V404J7 

3 37J07. 12 
0 37l09.66 a'D,~-p'F;~ 
2 37122.31 a'D3~-o'J);~ 
2 37172. 69 a4DI.\1-p41i'iJ-S 
3 37175.95 a·D3~~-p4F4ys 

4 37178. 33 atDI.\.,,-t2Pi}, 
(60) VI<: 37181. 41) (a 'D'H-p' F3H) 

1 37183.75 a4D2~-o4DiJ1: 
5 37199. 55 
1 :17205. 18 a4F2~-lV2F2>i 

(10) III 37211.96 { a4Fu-s-vt G5H 
(a'DI~-p'F;H) 

9 37214. 11 a~PIH-t4POJ,i 
-t 37221. 22 a ')) ,~-o'J)3~ 

{ a'PI~-t'Pi~ 
4 37225. 77 a'PI~-l"'Pi~ 

a~DI}i"-otDo}i 
(15) III 37230.96 atPI.!1- l4p z.\i 

5 37212.66 a4F3~-v4Gj~ 
(80) VE 37259.38 (a'D,~-o'm~) 

I 37265.08 a'G,~-q'G'~ 
2 27286.09 a'DI~-o'Dl~ 
2 37239.30 a'DH-o'Do~ 

5 37306.4.1 a'P~-t'Po~ 
10 373[7.99 a'P~-t'Pl<i 
(5) III 37320.83 a4F3>i-lJ4G h~ 
1 37337.59 a 4F2~-w2F3}.i 

(4) III 373"12. 54 a4FIJ.i-w2FzH 

3 37349.25 a'D~-o'Dl~ 
4 37358.44 a4D2J.i-04D3~ 

(8) III 37361. 57 {a 4F2J.i-V4G2J.i 
a4DIJ.i-04D2~ 

(10) III 37418.68 a'F,~-v'G;~ 
(7) III 37429.20 a'F3~-w'D;~ 

3 37457.58 a'FI~-w'Di~ 
(20) III 37498.83 a4Fl.J.i-v40i~ 
(70R) III 37562.71 a'F,~-t'D3~ 

5 37615.23 a'F,~-w'D;~ 
10 37631. 62 

(60R) III 37636. 24 a'F3H-t'DiJ> 
2 37667.71 atF4~-x2H~51 

(25) IV 37670.28 a'H,~-p2G3'" 
(20) IV 37683. 12 a'H,~-p'Gl~ 
(50R) III 37697.66 a'F,~-t'DiH 
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TABLE I.-Arc spedrum oj vanadium (Vr)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Zeeman effect 
Int. Temp. Term Ref. AairA arc class Vvaccm-t combinations 

Observed Computed 

- ------ - --
I d2650.608 3 37715.98 
1 2648.891 6 37740. 42 
1 2647.710 (40R) III 37757.26 a'F']li-t'Doli 
1 2645.990 2 37781.80 a' DI)s-s'Dili? 
1 2645. 343 5 37791. 04 

1 2645.256 (10) III 37792.28 a'F"li-t'Dili 
1 2644.690 1 37800.37 a 4F3J.i-x2H~>i 
1 2643.19 5 37821. 82 
1 2643.14 (5) III 37822.53 a'F"li-t'D!li 
1 2642.289 (4) III 37834.71 a'F']li-t'Dili 

1 2640.684 (6) }UI e7857. 71 
1 2640.267 (7) 37863.69 
1 '2637.222 (20B) III 37907.40 
1 2634.864 8H? 37941. 33 
1 2633.588 4 37959.71 a'F']li-t'D;li 

1 2632.398 2 37976.87 a'FHi-u2G;~ 
1 2632.300 (2) III 37978.28 a'F" li-t'Di;s 
1 2629.094 5 38024.59 
1 2620.284 (20) III 38152.43 a'D'li-t'P;li 
1 2618.908 5 38172.47 a'D1li-u;D'li 

8 2614.90 2 III 38230.98 
8 2611. 75 1 III 38277. 09 
1 2611. 255 8 38284.34 a'D2J.i-t·Pi~ 
1 2611. 031 I? 38287.62 a'F";S-u'G;li 
1 2610.891 6 38289.68 a'D'li-t'PI;s 

1 2607. 752 (10) III 38335. 76 
1 2607.12 7 38345.06 
1 2605.084 4 38375. 02 a'D]li-t'PO;S 
1 2604.294 5 38386.66 a'D]li-t'Pili 
1 2603.932 1 38392.00 a'D]li-t'P;li 

8 2602.7 1 III 38410.17 
1 2600.793 5 38438.26 a'D'li-t'Pi;s 
1 2600.01 2 38449.91 a'D'li-t'Pili 
1 2586.242 5h 38654.58 
1 2577. 292 (20r?) III 38783.81 a'F";s-u'F'jli 

I 2574.866 311 38825.35 
1 2574.020 (50R) III 38838.11 a'F' 'li-u'F'lli 
I 2570.268 411 38894.80 
1 2568.376 3011 38923.45 

1 2564.817 (40r?) III 38977. 46 {a'F" li- U'F';li 
a'R'li-r'Rjli 

1 2564. 348 (411) }m {38984.59 
1 2564. 228 (20h) 38986. 42 a2HsJ.)-r2Hhi 
1 2562.125 (60R) III 39018.41 a'F";S-u'F'lli 
1 2558. 893 (10) III 39067.69 a'F"li-u'F'j;s 
1 2556.815 (6) III 39099.44 a'F"li-w'P;li 

1 2556.016 (9) III 39111. 66 a'F'li - w'Pili 
1 2554.856 (15) III 39129.42 a'F'li-u'Fi;s 
1 2552.648 (50r) III 39163.26 a'F,;s-u'F;li 
1 2549.965 12 39204.46 a'F'H-u'Fjli 
1 2549.834 4 39206.48 

5 
1 2547.832 1 39237.28 a'F]H-w'P'li 
1 2547.073 6 39248.98 a'F1J.i - wtpiJ.i 
1 2545. 981 (30r?) III 39266.78 a'F];s-u'Fili 
1 2543.723 (20) III 39300.66 utFni-U'F2J1 
1 2541. 765 7 39330.93 

1 2536.932 8 39405.86 
1 2535.835 I 39422. 90 a'F ]li- w'Plji? 
1 2534.825 I5h 39438. 61 
1 21;34.206 3 39448.24 a'Fjli-u'G;li? 
1 2533.800 1011 39454.56 

1 2532.280 5 39478. 24 
1 2531. 778 3 39486.07 
1 2531. 20 4h 39495.08 
1 2530.174 (80R) I III 39511.10 a'F'li-u'G;~ 
1 -2526.213 (lDOR) III 39573.04 a'FIli-8'D!li 



MeggerS] 
Russell 

(1) (2) 

Ref. XairA 

- ---
I 2523.505 
1 2522.024 
1 2521. 615 
1 2521. 512 
1 2520.31 

1 2519.622 

1 2517. 500 
1 2517.142 
1 2515.649 
1 2515.145 

1 2514.41 
1 2514.322 
I 2511.940 
I 2511.642 
1 2511.182 

1 2510.242 
1 2510.18 
1 2508.822 

1 2507.777 

1 2506.902 

1 2506.482 
1 2505.540 
1 2504.382 
1 2503.912 
1 2503.300 

1 2501. 608 
1 2500.382 
1 2499.959 
1 2499.778 
1 2499.244 

1 2499.094 
1 2498.232 
1 2498.024 
1 2497.655 
1 2497.099 

1 2495.787 
1 2491. 815 
I 2489.13 
1 2488. 737 
I 2488.203 

1 2487.528 
1 2483.636 
1 2482.854 
1 2482. 711 
1 2482.115 

1 2481. 28 
1 2481.11 
1 2480.606 
1 2478.97 
1 2476.510 

1 2475.178 
1 2473.652 
1 2473.527 
1 2471. 443 
1 2468.138 

1 2465.664 
1 2464.953 
1 2445. 224 
1 2441. ~92 
1 2441. 352 

1 2439.102 
1 2435.518 
1 2432.014 
1 2431. 940 
1 2431. 568 
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TABLE 1.- Arc spect1"Um of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Zeeman eilect 
Int. Temp. pvaocm-1 Term 
arc class combinations 

Observed Computed 
--- ---

5h 39615.51 
1 39638.77 a4 F3~-u4G~~ 

(3b) III 39645.20 
6b 39646.82 

IOh 39665.73 

(I00R) III 39676.56 { a'F'ji-s'Dlji 
(a'F'ji-u'G'ji) 

8 39710. 00 a'F'ji-x'Siji 
(80R) III 39715. 64 a'F')i-u'G'ji 

6k 39739.22 
(30T) III 39747.18 a4F2~-v2D!~ 

10h 39758.79 
15h 39760.18 

(IOOr) III 39797.88 a'F,ji-s'Diji 
(80T) III 39802.61 a'F,ji-s'D lji 
20h 39809. 90 

(8) III 39824.80 a'F'ji-u'G;ji 
1 39825.79 a'F'Ji-w'Hhs 
5 39847.34 a'Fl~1-x4Si~ 

(I00R) III 39863.95 { a'F'ji-u'G!H 
a'F'ji-s'b'Ji 

150R 39877.86 a'FlJi-s'DoH 

6 39884.54 a4Fl~-v2Dt~ 
(15) III 39899.54 a'F'Ji-w'H'H 

1 39917.98 a'D'Ji-r'D;H 
2 39925.47 a'D 'Ji-2'ji 

(50r) III 39935.24 a4Fl~-s'Di~ 

(60R) III 39962.25 a4Flu-u'G2}i 
5 39981. 84 a'F'Ji-v'DlJi 
8 39988. 60 a'F,ji-s'D!ji 
2 39991. 50 a'F'Ji-w'H!Ji 

(12) III 40000.05 a'HlJi-s'D;ji 

15 40002.44 a4FaJ..J-u2D2~ 
(20h) III 40016.25 a4F2J..J-v2 F~J.i 
(lOh) III 40019. 58 

6h 40025.49 a'D'Ji-r'Dlji 
2 40034.40 a'F'ji-v'F!Ji 

20 40055.44 a'F3}i-w4H47S 
2 40119.29 a'FlJi-v'DlJi 
4h 40162.56 a'D,ji-w'Diji? 
4h 40168.90 a'D'Ji-w'Diji? 
5 40177. 52 a'F'ji-w' HiJi 

10 40188.43 U4F2}i-u2Dz}2 
(7h) III 40251. 40 
2 40263.91 a'F'ji-v'FiJi 

(l5h) III 40266.39 
(2Oh) III 40276.06 a'D'Ji-w'D!ji? 

3h 40289.61 
lOb 40292.37 

(3011) III 40300.56 a'D'Ji-w'D'ji? 
5h 40327.15 a'DlJi-w'Dlji? 
8h 40367.21 a'D'Ji-w'D'Ji? 

10 40388.93 
5h 40413.84 a'D'ji-w'D'Ji? 
6 40415.89 

10 40449.96 a'F'Ji-v2F!Ji 
3 40504.13 

lOb 40544.76 
2 40556.46 a'F,,,-w2PiJi 
3 40883.66 a'F ,,,-t'G;Ji 

(30) III 40939. 44 a'F 'Ji-t'F;Ji 1 
(15) III 40948.49 a'F'Ji-viH,,, 

(50T) III 40986.26 a'F'Ji-t'G,,, 
(I00R) III 41046. 57 a'F ,,,-/'F1Ji 

(25r?) III 41105. 71 a'F,,,-/'FlJi 
2OT7 41106.96 a4F4}{-v2H;U 
10 41113.24 a'F,,,-t'GI,, 
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TABLE I.-ATC spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Zeeman effect 
Ref. Aair A Int. Temp. 

J'vllccm-1 Term 
arc class combinations 

Observed Computed 

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

I 2428.269 (lOOR) III 11169.09 a'F.u-t'Flu 
1 2427.735 20 41178.15 a4F3}i-v2Hh~ 
1 2426.126 15 41205.46 a'Flu-t'O;;,: , 
1 242.3.370 10r? 41252.31 a'F,;,:-t'Fl;,: 
1 2421. 976 (HOR) III 41276.05 a'F,;,o-t'Fl;,: 

1 2421. 058 (120R) III 41291. 70 a'F'u-t'F;;,: 
1 2420.614 3 41299.28 a'F,u-t'O,;,: 
1 2420.221 8 41305.98 
1 2420.115 (100R) III 41307.79 a'Fns-t'Ol;,: 
1 2418.738 15 41331. 31 a'F,;,:-t'Ohs 

1 2417.351 (I00R) III 41355.02 a'F,u-t'Fj" 
1 ~416. 748 (l50R) nl 41365.34 a'F,;,:-tlO,;,: 
1 2415. R26 (11 OR) III 41389.69 a'FI;,:-t'Ft;,: 
1 2413.031 (60R) III 41429. 05 a'FI;,:-tlF;;,: 
1 2112. 686 (80R) III H434.97 a l F3;,:-t'Ol;,: 

1 2411.590 5h 41153. SO 
1 2410.768 2 41467.94 a'F,;,:-u'F!u 
1 2409.721 7 41485.95 
1 2407.900 (40R) III 41517.32 a'F,,,-t'O;u 
1 2407.517 5 41523.93 

1 2407.389 2 41526.14 a'F,,,-u'Hhs 
1 2406.748 (50R) III 41537.20 a'F,,,-t'Ol;,: 
1 2405.733 6 41554.72 a'DI,,-x'Fo;,:? 
1 2405.494 8 41558.85 
1 2405.245 10h 41563.15 a'D,,,-x'P,;,:? 

1 2404.544 5h 41575.26 
I 2403.362 5h 41595.71 a'D,u-x'FoH? 
1 2403.029 WI! 41601.47 a'D,,,-x'F,;,:? 
1 2401. 901 (60R) IV 41621. 01 a' F,;,:-t'Gl" 
1 2401. 555 1 41627.00 a'F3}i-u2F2~ 

1 2401. 450 3 41628.83 
1 2399.954 (50R) IV 41654.77 af FHi- t4O Z}i 
1 2398.877 4 41673.47 a'O,;,:-p'Ol" 
1 2398.697 lOll 41676.60 a'D,,,-x'Pi,,? 
1 2398.277 20h 4168.1.89 a'F,,,-2,,, 

1 2398.134 20 41686.38 a'F,u-v'P;" 
r 2397.775 40k 41692.62 {a'F,,,-r'D,,, 

a'DI,,-x'Fl;,:? 
1 2397. 496 4 41697.48 a4F3H-uZF3~ 
1 2396.703 8 41711. 22 a'F,,,-v'Pl,, 
1 2396.492 15h 41714.94 a'D,,,-x'F,;,:? 

1 2396.039 1 41721. 96 a'DI,,-t'F;;,: 
1 2395. 429 10h 41733.45 a'D;,:-x'Fl;,:? 
1 2395.104 301. 41739.11 aIlD 2%-x6F2J.2? 
1 2394.270 10 41753.65 a6Do~-siG 5H 
1 2394.152 2 41755.71 a'F,,,-u'H,u 

1 2392.898 40k 41777. 59 a' D,})-x'F,;,: ,,,'/ 
1 2392.00 1 41793.27 a'D,)S-s'Gl;,: 
1 2391. 268 30h 41806.07 {a'D,,,- X'Fhs? 

a'D I,,- xOF!,,? 
1 2390.868 4 41813.06 a'F2~-u2Fi}i 
1 2390.774 30 41814. 70 a'F,,,-r'D!;,: 

1 2388.910 40 41847.33 a'O,,,-p'G';s 
1 2388.084 35 41861. SO a'F,,,-r'Dhs 
1 2387. 780 8 41867.13 
1 2387.475 5 41872. 48 a'F'H-v'P;;,: 
1 2386.956 40 41881. 58 a'O,,,-p'Gl,, 

1 2386.409 20h 41891. 18 a'D3j,-x'Fl;,:? 
1 2385.14 2h 41913.47 a'F,,,- 2,l'> 
1 23S4.64 5 41922.25 a'FaJ.)- r4 hi 
1 2384.286 20 41928.48 d'Flu-r'Do;s 
1 2383.038 3 4;950.43 a'FI})-u'F!u 



MegueTS] 
Russell 

(1) (2) 

Ref. X.ir A 

- ---
I 2380.266 
1 2380.178 
1 2378.262 
1 2377.083 
I 2372.43 

1 2370.00 
1 2355.441 
1 2347.026 
1 2340.479 
I 2339.673 

1 2334.434 
1 2333.33 
1 2329.529 
1 2327.970 
1 2325.873 

1 2324.748 
1 2324.347 
1 2324.189 
I 2322.006 
I 2321. 072 

1 2320.156 
1 2316.751 
1 2315.634 
1 2314.691 
1 23J2. 531 

1 2312.410 
1 2311.465 
1 2310.958 
1 2310. J80 
1 2308.287 

1 2307.66 
1 2304.349 
1 2302.87 
1 2302.531 
1 2299.544 

1 2299.337 

1 2295.414 

1 2293.243 
1 2291. 527 

1 2290.263 

1 2286.581 
1 2284.982 
1 2284.494 
1 2283.382 
1 2279.92 

1 2279.152 
1 2276.889 
1 2276.661 
1 2275.475 
1 2272. 048 

1 '2264.39 
1 2263.17 
1 -2258.805 
1 "2256.968 
1 2252.681 

1 2250.672 
1 2247.520 
1 2246.204 
1 2245.756 
1 2243.742 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(3) (4) (5) (6) (7) I (8) 

Int. Temp. Term Zeeman eITect 
arc class JlvlIoocm-1 

combinations 

Observed Computed 

------

8 41999.28 a4Fus-r4Di~ 
5 42000.83 af F2J,i-r4D27{ 
4 12034.67 
3 42055.52 a2GaJ.i-p2Gh<J 
l? 42137.99 a4Fl}i'-T~D2M 

l? 42181.19 a'F,»-v'Pl» 
1 42441. 89 a'Do»-p'Db. 

10 42594.05 a4F4J.i-s4F 3J.i 
(50 r) IV 42713.19 af F4J.i-s4F4J.i 
20 42727.90 a4F3M-S"F2}i 

40 r 42823.78 a4F3H-s4Fa}<J 
20 42814.04 a4F2J.i-s4FiH 
30 42913.94 a4FHi-s4FZ}{ 
10 42942.68 atF3}{-S4FiJ.i 
30 42981. 39 aIFH~-s4FiJ.i 

40 43002.19 a4F4J.i-q4D 3}{ 
6 43009.61 a41?H~-s4F3}{ 

10 43012. 53 ("D,»-s'Pl»? 
15 43051. 30 a4FIJ.i-s4F2~S 
5 43070.29 

25 43087.29 a4F3}{-q4D2}{ 
25 43150.61 a2GHs-T2Hh·~ 
30 43171.43 a'F,»-q'Dl» 
20 43189.01 a'O,»-r'HI» 
10 43229.34 a'Dl»-s' P O»? 

8 43231. 61 a'F,»-q'D;» 
30 43249.28 a'Fl»-q'Do» 
5 43258.77 

20 43273.33 a'F,»-q'D!» 
15 43308.82 a4FuS-q4DiJi 

I? 43320.59 a4F4~,-l2FjJ.i 
4 43382.83 
1 43110.68 u4FUS-q4D2H 
4 43417.08 a4F2J.i-q4D3}{? 
3 43473.47 a'F,»-x'F!»? 

5 43477. 38 

4 43551. 68 { a'F,»-t'Fl» 
u4F4}{-s4G4}{? 

2 43592.90 a4Ff}{-t 2H4J.i 
10 43625.54 a'F,»-s'Gl» 

{ a'F,»-x'FI», 
2 43649. 62 Hi? 

a ' DoH-o'Dl»? 

8 43710.90 a'F,»-s'Oi» 
3 43750.49 a'Po»-s'Pl»? 

20 43759.84 a'Pl»-s'PO»? 
10 43781. 14 a'F.»-s'Oj» 
4 43847. 62 

4 43862.39 a'F,»-s'Ol;, 
6 43905.98 a4F2~-84G3~ 
3 43910.38 a'F,»-s'Gi» 
3 43933.26 a'P)j-s'Po»? 
4 43999.51 a'Fu.-s'Ol» 

3O?Fe? 44148.31 a'F,»-p'Di» 
1 44172.11 a'F,»-s'Gi» 
9 44251.46 

50r 44293.48 a'F,»-p'D;» 
5 44377. 76 a'F.»-p'Di» 

30r? 44417.37 a'F.»-p'Dl» 
9 44479.66 a'F,»-p'Dl» 
1 44505.71 a'F,»-r'Fi» 

30 44514.59 a'Fl»-p'Do» 
8h 44554.54 a'Fl»-p'Di)l 
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TABLE I.-Arc spectrum of vanadium (V I)-Continued 

(1) (2) (3) (4) (5) (6) (7) I (8) 

Int. Temp. Term' Zeeman effect 
Ref. Xa lr A arc class Jlvaecm-1 combinations 

Observed Computed 

- ------ ---
I 2243.258 6 44564. 16 
1 2242.614 5 44576.95 
1 2241.846 40r 44592.21 a4F'}{-T4F~~ 
1 2241. 213 7 44604.81 a'FH,-q'F!;s 
1 2240.302 2 44622. 95 a'F.;s-r'G!;s 

1 2237.228 50r 44684.26 a'F,;s-q'F,;s 
1 2234.680 10 44735.20 a'F,;s-r'FI;s 
1 2232.252 8 44783.85 a'F,;s-q'F;;s 
1 2231. 412 30 44800.71 
1 2230.362 20 44821. 80 a'F,;s-r'Fl;s 

1 "2229.734 25r1 44834. 42 a'F,;s-q'FI;s 
1 2228.835 15 44852.51 a'F,;s-r'G!;s 
1 2227.396 3 44881. 44 

1 2225. 787 10 44913.92 {a'F,;s-q'Fl;S 
afF2~-rfF2}{ 

1 2225.422 30 44921. 29 a'F,;s-r'F3;s 

1 2225.029 8 44929.42 a4F2~-qfFi~ 
1 2223.014 20 44969.94 a'F>;,-q'F!;s 
1 2222.834 15 44973.58 a4Fl~-T4Fi~ 
1 2220.450 3 45021. 86 a'F,;s-u'Pi;s 
1 2219.652 3 45038.04 a·F.;s-r'Gl;s 

1 2218.238 25r 45066.75 a'F,;s-q'Fi;s 
1 2216.666 10 45098.71 
1 2216.245 4 45107.27 a'F,;s-q'F;;S 
1 2216.054 3 45111.16 
1 2213.692 10 45159.29 a'F,;s-u'Pi;s 

1 2211.350 3 45207.11 a'F.;s-p'F!;s 
1 2210.878 5 45216.76 
1 2207. 976 3 45276.18 
1 2204.930 12 45338.72 a'F,;s-p'Fl;s 
1 2203.658 4 45364.89 a'F,;s-p'F;;s 

1 2202.724 60r 45384.13 a'F.;s-o'D!;s 
1 2200.174 15 45436.72 a'F,;s-p'FI;s 
1 2196.56 27 45511.47 a'F 2;s -p'Fi;s 
1 2196.40 40r1 45514.78 afF3~-o4D2}i 
1 2196.29 5 45517.06 a'F';s-t'Pi;s 

1 2194.65 10 45551. 07 afF2H-p4F2~ 
1 2193.82 5 45568.30 a'F,;s-p'Fl;s 
1 2193.47 6 45575.57 
1 2191. 65 3 45613.42 a'F';s-o'D!;s 
1 2191.10 30 45624.87 { af F2}i-o'DiH 

(a'F,;s-p'FI),) 

1 2189.95 6 45648.83 a'F,;s-p'Fi" 
1 2189. OS 21 45654. 45 a'F,;s-t'Pi;s 
1 2188.06 31 45688.26 a'F,;s-p'F!;s 
1 2187.95 15 45690.55 a'F.;s-r'G';s 
1 2187. 39 10 45702.24 a'F,;s-o'Do;s 

1 2184.53 2 45762.07 afFH,-04Di~ 
1 2182.22 120R 45810.50 a'F ,;s-r'G!;s 
1 2181. 97 20 45815.76 a'F3;S-r'G!;s 
1 2177.24 10 45915.27 a'F,;s-r'G!;s 
1 2177.00 100R 45920.33 a'F,;s-r'GI;s 

1 2173.15 80R 46001. 68 afF2}{-r'G3J.{ 
1 2172. 75 7 46010.14 
1 2170.74 60R 46052.75 a'F,;s-r'm;s 
1 2169.85 8 46071. 63 
1 2164.88 5 46177. 39 

1 2158.12 6 46322.01 
1 2147.58 5" 46549.33 
1 2146. 64 3 46569.71 
1 2138.60 3 46744. 77 
1 2132.89 4 46869.89 
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First Spectrum oj Vanadium 

TABLE I.-Arc spectrum of vanadium (Vr)-Continued 

(3) (4) (5) (6) (7) I (8) 

Zeeman effect 
Ref. Xair A 

Int. Temp. 
JlY&Ocm-1 Term 

arc class combinations 

- --------
I 2125.83 3 47025.53 
1 2106. 32 3 47461. 05 
1 2104.56 3 47500.75 
1 2102.21 3 47553.83 
1 2100.76 6 47586.88 a·F.~-o·FI~ 

1 2100.51 8 47592.31 a'F3~-o'Fl~ 
1 2098.50 3h 47637.89 
1 2097. 34 7 47664.24 a·F2~-o·FiH 
1 2096.16 8 47691. 07 
1 2095.75 8 47700.39 

1 2094. 70 25r7 47724. 30 
1 2092. 44 60r 47775. 84 a4F.~-o4Fhi 
1 2092.30 lOr 47770.04 a'F,~-o'F;~ 
1 2091. 29 20r 47802.11 a4Flu-04FiJi 
1 2090.90 5 47811. 03 

1 2090.64 20r 47816.97 a'F3~-o'F3U 
1 2089.89 2h 47834.13 a'F,~-q2Ql~ 
1 2088. 56 15r7 47864. 59 
1 2086.55 3 47910.69 
1 2086.31 8 - 47916.20 a'F,~-o'F!~ 

1 2082. 49 2Or7 48004. 08 { a'F,~-o'Fl~ 
a'F,~-o'F!~ 

NOTES TO TABLE 1 

a=g for higher level calculated from this line. 
b=Observed and calculated Zeeman effects discordant. 
c=Fe masks V line. 
d=Blend with VII line. 
e=Masked by VI! line. 
f=Ni masks V line. 
g=Zeeman effect changed by self-reversal. 

Observed Computed 
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The total number of lines appearing in table 1 is 2,525; it includes 
all classified lines, and practically all unclassified lines since the latter 
are omitted only when they are suspected of molecular origin or rest 
on a single observer and have low intensity (2 or less). This list may, 
therefore, be regarded as a complete compilation of all data pertaining 
to spectral lines characteristic of neutral vanadium atoms, in the 
wave-length interval 2000 to 12000 .A. or, in other words, the entire 
range observable photographically with large-scale spectrograpbs in 
air. Since only 87 percent of the total number of lines are classified, 
this analysis, strictly speaking, is still incomplete. However, the 
main features of the V I spectrum are now revealed, and further 
efforts at analysis are deemed unprofitable without considerable addi
tions to the observational material. 

2. TERMS OF THE VI SPECTRUM 

The established terms of the V I spectrum are collected in table 2 
in order of increasing magnitude beginning with the normal state 
a4F1),~=0.00. Successive columns contain the electron configuration 
responsible for the term, term symbols, level values, level separations, 
or intervalfil, g-values derived from observed Zeeman effects and 
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observed combinations. The total number of levels is 453, com
prising 148 terms. These numbers are divided among multiplicities 
as follows: 113 doublet levels or 60 terms; 219 quartet levels or 60 
terms; 118 sextet levels or 28 terms; 3 levels remaining unassigned to 
terms; and 10 terms lacking their full quota of levels. A large 
majority 6f the terms are regular, only 14 being wholly or partially 
inverted. Lande's interval rules are reasonably well obeyed, as IS 

shown by the examples in table 3, but there are noteworthy excep
tions, such as z4Ho, w4Do, v4Fo, w4Go, x4Ho, u4Go, t4GO, g6F, etc. 
In some cases (e. g., w4Do, v4Fo, w4PO), the deviations are apparently 
the result of perturbations also accounting for anomalous g values, 
but there are other cases of g-sharing (e. g., z6Do, z6FO) unaccompanied 
by any marked distortion of intervals. 

Magnetic splitting factors (g-values) for 346 levels are entered tn 
column (5) of tl?'ble 2. These may readily be compared with Lande 
values by refernng to the tables CIted above [34] or to the paper [25] 
in which observed values of g, g-sums and anomalies for V I levels 
have been discussed in detail. 

All of the observed combinations of each term are indicated in the 
final column of table 2, which may serve to exhibit the combining 
properties in lieu of a diagram of transitions. The total number of 
multiplets is 634, the combinations of various types oeing as follows: 
doublet 174; quartet 210; sextet 52; doublet-quartet 156; quartet
sextet 34; and doublet-sextet 8. In addition, there are 10 combina
tions with the 3 miscellaneous odd levels, and 4 combinations in which 
the observed lines of V I are believed to mask those of the multiplet 
in question. Combinations in parentheses have their lines masked. 

TABLE 2.-Terms of the VI spectrum 

Electron Term Differ· Observed config- symbol Level ence g Combinations 
uration 

--- ---
z4so, Z4pO, w'po, v'po, z"Do, V"Do, x'Do, w'Do, 

v"Do, u'Do, t'D O, s'D o, r'Do, q4DO, p4Do, o'Do, 
z'Fo, lI'Fo,x'Fo, w'Fo, v'Fo, u'Fo, t'FO, s'Fo, r'Fo, 

d's' a'F1lO 0.00 0.40 q'FO, p4Fo, o'Fo, z'oo, V'O°, xfO°, w'Go, v'oo, 
a'F,lO 137.38 137.38 1. 01 u'Go, t'GO, 8'0°, T'Oo, z'Ro, w'Ho, Z2PO, W2po, 

a'F.lO 323.42 186.04 1.20 
v2po, u2po, t2PO, z2Do, 1I2Do, x2Do, w2Do, v2Do, 

a'F,lO 553.02 229. 60 1. 28 u2Do, z2Fo, y2FO, x2Fo, w2Fo, v'Fo, u2Fo, t' FO , 

z20° 1/200 x2GO 020° u2Go t200 s2Go r2GO 
q200: z2HO: y2HO', x2Ho', v2Ho: u2Ho', t2Hd, ZlJpo: 
y6PO, zllDo, tl6Do, x6Do, z6Fo, V6Fo, x6Fo, z6OO, 
1°,2°. 

d'sC'D) a'DolO 2112.32 40. 88 3.29 fz'PO y'po x'po z'Do V'Do x'Do w'Do zOFo y'FO a'DllO 2153.20 1. 82 ' , , , , , , , , 
a'D,» 2220.13 66.93 1. 61 z6Fo, z28°, u2Do, w2Fo, t2FO, z~Go, Z4PO. V'n°, 

a'D,lO 2311. 37 91.24 1. 53 u'Do, tiDe, s'Do, r'Do, p'Do, olDo, z'Fo, V'Fo, 

a'D.» 2424.89 113.52 1. 52 .r4Fo, s'Go, 20. 

Z4PO , V'po, x'po, w'po, vtpo, u'po, t'PO, z'Do, V4Do, 
d'8CiD) a'DolO 8412.94 63.26 0.00 x'Do w'Do v'Do u'Do t'DO s'Do r'Do q'DO 

a'Do." 8476.20 102.32 1.19 p4Dd, o'Do; z4Fo: y4FO,' x'Fo,' w'Fo: v'Fo: u'Fo: 
a'D,lO 8578.52 137. 20 1. 35 t'FO, s'Fo, q'FO, p'Fo, v'Go, z28° ,x280, Z2pO, y2PO, 
a'D,lO 8715.72 1. 39 tZPO, z2Do, y2DO, x2Do, w'Do, vlDo, z2Fo, V2Fo, 

v2Fo, z20°, ZIiSO, Z6pO, z6Do, V6Do, V5Fo, 1°, 

f'SO, x'So, w'So, ZlpO, V'po, x'po, w'po, vlPO, u'po, 
d's' a'PolO 9544.54 92.42 2.59 l'po, z'Do, V'Do, x'Do, w'Do, v'Do, tiDO, s'Do, 

a'Pm 9636.96 187.62 1. 70 r'Do, q'DO , p'Do, o'Do, x'Fo, w'Fo, v'Fo, u'Fo, 
a'P,lO 9824.58 1. 55 t'F O , WISO, v2p o, V2Do, w2Do, v2Do, z'Fo, z68°, 

Z6P O , 1°,2°. 

r'D O z'Fo V'Fo x'Fo w' Fo v'Fo u'Fo I'Fo s'Fo f , , , , , , , , 

d'8' a'O,lO 10892. 50 0.88 
%20°, V20°, X2GO, w2Q o, V200, fJ,20o, t200, 82GO, 

aGl,lO 11100.65 208.15 1.13 
r2GO, q2GO, p2QO, z2Ho, !/2Ho, x2Ho, v2Ho, u2Ho, 
t'HO, 32Ho, rlHo, z21o, t'DO , V'Fo, x'Fo, w4GO, 
t4GO, z4Ho, V'H O ,x4Ho, z41°, V'Fo. 
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uration 
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d's' 

d's' 

d's('H ) 

d's ('P) 

d's' 

dls('F) 

d'sp('F) 

d's(3G) 

d'sp ('F) 

d'sp('F) 

d's('P) 

d's('H) 

dls('F) 

d' 

d'8p('F) 

Term 
symbol 

---

a'P!), 
a'P,» 

a'D,» 
a'D,» 

a'H,» 
a'H,){ 
a'H.» 
a'H.;s 

b'P,;s 
b'P,;s 
b'P,» 

a'H ,;s 
a'H.;s 

b'F,;s 
b'F2){ 
b'F3;S 
b'F,;s 

z'Gl;s 
z'Gl;s 
z' G,;s 
z'Gi;s 
z'G,;s 
z'G')i 

at 0 2%' 
a4G3J.i 
a fGHi 
a40 5J1 

z6D~» 
z6D iJ,i 
z'D;;s 
z~D.hs 
z6Dl;s 

z6Fo~ 
z6Fl;s 
z6F2~ 
z6F.33.i 
z6F4}i 
"F,» 

IJ'Po;S 
b'PHi 

b'H,;s 
b'H.;S 

a%F2).i 
a'FJ); 

a6S,;s 

z'D~;s 
z'Dl;s 
" D;;s 
z'Db, 
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TABLE 2.-1'erms of the V I spectTurn- Continued 

Differ- Observed Level ence g Combinations 

- --- ----
{"so Y'SO x'So w'So v'So z'p o y'PO x'po v'p o 

13801. 53 -9.37 1. 20 U2PO~ t:lPO, 82po, zllDo, y'llD O, ;2Do, ~2Do ,' v2D o: 
13810.90 0. 64 u2Do, tIlDO, x2Fo, wll F o, u2Fo , tlFO, "'F o, (V" SO ), 

w4Do, o4Do, s4Do, v4Fo, p4Fo, Z8p o, zeD o, 

r'so z'po y' P O x'po w'po v'po t' PO s' p o y'DO , , , , , , , , , 
145l4.75 34.08 0. 97 x2Do, w 2D o, v2Do, u2Do, tIlD O, z2Fo, y2FO, x2F o, 
11518.83 1.17 w~r:B"' o , o2Fo, u2.Fo, tllFO, s2F o, y2GO , v200 , y.p o, 

u.fPO, x4Do , tiDO, vfFo, q4FO, p'Fo, s4O ° . 

14910.04 39.26 0. 65 t/'FO, "'Fo, I'Fo, y'Go,z'Go, w'Go, v'Go, "'Go, I'Go, 14949. 30 51.54 0.94 ,4G O, z'Ho, y4HO, x'Ho, w 4Ho , ztJ°, v 2Q o, zllEo, 
15000.84 62.10 1.10 y2HO, x2Ho, v2Ho, z2Io, y2IO , x2Io. 
15062.94 1. 18 

15078. 25 
{" SO y'SO x'So wiSe z'po y'PO x'po wipe .'po 

2.60 ' , , , r , , , , 

192. 17 t'PO, y"DO, x4D o, w4D o, v" Do, utDo, t'DO, siDo, 
15270. 42 301. 48 1.68 r.fD O, q~ DoJ p~Do , y4FO, vtFO, stFO, zzp o, x2 p o, 
15571. 90 1. 54 x2D o, v2Do, w2Fo, x6p o, xOD o, 

r 'F O, w'Fo, z' Go,x'Go, w'Go, . ' Go, "'Go,t'Go, s'Go 
1 5 LO~. 17 161. 06 0.00 r'oo , q! Go, p 20°, (z2HO), y2HO, x2H o, w2Ho , v2Ho , 
15264. 83 1. 07 u2Ho, t 2H O, s2IIo , r2H o, 221° , y2IO, x2I o, ytF O, t4FO , 

q4FO, W4QO, U t Q o , x tHO, z41°, 

("P" "D' , 'D' , . 'D', "D' , ,'D' , ,'D', ,'D', 
15664 . 75 :M.05 0.39 p4D o otDO ytFO x4 FO w tFO vtFO u41~O l.F o 

15688.80 1. 05 rtFo 'q4 FO 'ptF O 'y4QO 'xtOO ;ufGo ' vtOO 'uIGO' 
15724. 22 35.42 1. 22 tt OO: 8400', U2Po', t2P O: u2Do', V2l?O ,' x2FO : w2Fo; 
15770.72 46. 50 1. 31 t ZFO, z200, yZaa, xZGo , V2a O, t2G O, z 3Ho, v2H o, 

xOFo. 

16961. 45 88. 40 0.00 
16449. 85 122.60 0. 78 
16572. 54 156.2 l 1. 10 e'F,I' F, U'F, e' G, q6G, h'G, e'll, l'll, a'Jo'. 
167£8.75 I. 22 
16917. 15 188.40 1. 26 
17196. 44 219. 29 1. 43 

17054. 87 0.59 r'DO' p'Do, o'Do, V'Fo, x'Fo, w'Fo, v'Fo, u'F o, 
62.05 l IFo , r([i'O , glFO , p~Fo , V4Qo, w 4Qo , vtQo, u 4Qo , 

17116. 92 65.06 0. 96 tt Qo , s4GO, rfG O, ztHO, y4HO, xtllO, wIRo, x2Fo , 
11181. 98 60.07 1.14 w2FO u2Fo z2Q O t20 0 y 2H O xlE o vtH O z210 
17242. O~ 1. 27 V2Io. ' , , , , , , , 

18086.8f 40.45 3.20 

I/'p, a' D, e·D.J·D, U' D, e'F,I'F, u'F, aID, a' F. 
18126.27 7!. 81 1. 76 
18/98. 08 104. 19 1. 58 
18302. 137 135.80 1. 56 
18J,S8.07 1. 5~ 

18120. 12 53. 94 -0. 44 
18174, 06 84. 83 

1. 14 
18258. 89 113. 57 1. 28 a6D, e6D, yOD, e6F,f6F, g6F, e60,f6G, hSO, e6ll, a"F. 
18372.1,6 141.00 1. 2S 
18513. 46 166. 66 1. 38 
18680. 12 I. 42 

18805.05 0. 67 } Z28° 1/28° v2SO Z2p O y2PO w2 p o v2p o t2PO x2D o 
384.23 

' , , , , , , , , 
19189. 2S 1. 37 v2D o, u2D o, t2D O, x2Fo, x~D o, s4D o, p4Fo. 

{W'FO, x2GO, v'Go, t'Go, r'Go, q'Go, p 'O°, z'Ho , 
19023.47 121. 66 0. 91 y2HO, x2H o, w2Ho, v2Ho, u2H o, t2HO, s2H o, 221° , 
19145. 13 1. 08 y 21° , x2Io, q4FO, wIGO, viGO, u4Go, zlRo, zfllo, 

w4H o, z41°, 

jW'PO, V'D o, x'Do, w'Do, v'Do, "'Do, t'DO, z'Fo, 
19026.34 0.86 

V2Fo, x2Fo, w2Fo, .V2FO, u2Fo, t2]~ O, s2Fo, 1I2Go, 
51.81 x2GO, v2GO, u2GO, t2GO, s20o, (r2GO), q2GO, v2Ho, 

19078. 15 1.14 t2HO, u'po, vlDo, slD o, p4Do, Wf}i'O, ufFo, t4}"""' 0, 
s4Fo, w"Go, tiGO, ziRo, 

20202.49 y6PO. 

20606.43 
81.32 [ 

-0.04 

}a,p, a'D, aIF,/'F. 20687. 75 140. 73 1. 21 
20828.48 204.04 1. 35 
21032.62 1. 45 
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TABLE 2.-Terms of the VI speclntm-Continued 

Electron Term Differ- Observed config- symbol Level enee g Combinations 
uration 

---- ----
d's(3D) b'D'Ji 20767.57 -21. 56 1. 45 }x'PO, v'po, u'po, t'po, x'Do, v'Do, r'Do, g'Do, p'Do, b'D'Ji 20789.13 

-23.86 1. 25 o'Do, x'Fo, w'Fo, v"Fo, t"FO, r(FO, q4FO, p'Fo b'D'Ji 20812.99 
-17.21 1. 20 t(Qo, w2po, v2po, tllPO, x2Do, zOFo, 10, 2°,3°. b'DoJi 20830.20 0.10 

d'8('G) b'G'Ji 21603.17 1.11 t'FO w'Fo, v'Fo, u'Fo, I'Fo, Y'Go, x'Go, o'Go, I'Go 
-43.22 820°, q2GO, z'HO, x2Ho, v2Ho, u2Ho, t2HO, s2Ho b'G'Ji 21646.39 0.86 u'Do, t4n°, (r'D O) , u"Fo, q"FO, x4Qo, w'Go, t'Go 

d3sp('F) %fG~.I1 21841.45 122. 05 0.55 

}a'F,f'F. 
z'G!Ji 21963.50 157.67 0.96 
z'O;J.) 22121.17 

192.82 1. 16 
;Z4GS71 22313.99 1.24 

d38p(3F) z'Ftu £3088.06 122.50 0.397 

}a'D, a'F, e'F,f'F, a'D. 
z'FiJi £3210.56 142.53 0.987 
z'FlJi 23353.09 166.75 1.23 
z'FlJi £3519.84 1. 31 

d3sp(3F) z2DTu 23608. 80 326.35 0.76 }a2p,e2F,a fD, aofF. z'D;Ji £3935.15 1.327 

d'p(' D) z'PIJi 24648. 10 79.75 2.34 
}e6P, a'D, e6D,!6D'!'F, a'P, a'P, a'D, a'F. z'PiJi 24727.85 110.71 1. 85 

z'PlJi £4838.56 1. 67 

d'p('D) Z'POJi 24770.62 144.54 2.54 
}a'p, b'P, a'D, e'D, a'F, a'D. z'PIJi 21,915.16 215. 80 1.71 

Z'P'Ji 25190.06 1. 59 

d'p('D) II'FoJi 24789.96 40.82 -0.58 
116FIJi 24830.18 68. 55 1. 02 
II' F'Ji 24898. 73 94.15 1.23 a6D, e6D,f'F, e'G, h6G, a'G, aID, elD. aiF. II'F!Ji 24992.88 118.62 1. 37 
II'FIJi 25111.50 142.03 1.41 
II'F!Ji £5£53.59 1.41 

d'p('D) II'FIJi 25930.51 73.71 0.42 

}bIP,aID.e'D, alF. bIF.e'F.aIG.aIH.a'G,a'H. a6D 
Y'Fi}t 26004. £2 117.82 0.98 
lIlFlJi 26W!.04 49. 92 1.15 
lI'FlJi £6171.96 1.23 

d3sp('F) z'GlJi 260£1.89 323.05 0.92 }a2G, 'a2H, a'D, a4F, b4F, e4F, afa, aGD. z'GlJi £6344.94 1. 13 

dlp('D) vlD3Ji 2618S. 60 66.88 -0.06 

}aIP. b'P. aiD. e'D, a'F. biF. elF.flF, a6D. II'DiJi £621,9.48 103.11 1.17 
II'DiJi £695S.59 127.69 1. 34 
IIIDlJi t6480.18 1.39 

dIp ('D) 116D3Ji S6997.96 iO. 32 3.25 

le6P, a&D. e6D.f6F, e6F.J6F, aID, alF, elF. 
II'DlJi $6497.68 68.20 1.86 
116D!Ji £6505.88 98.89 1. 59 
116DlJi £6604.77 133.54 1. 58 
II'DjJi 26798. 91 1. 50 

d'sp('F) ,'FlJi 27187.77 283.11 1. 071 }a2D, a2F, a2G, e2F, a4P, atD, a4Ft e4F,f4F. z'FiJi £7470.88 1.01 

d'sp ('P) x'DOJi 28319.68 55. 08 3.23 

1/6P, a6D. f'F, h6G. alP, b'P, alF. 
x'DlJi £8368.76 93.39 1.82 
x'DlJi 1846$.15 133. 49 1.58 
x'DlJi 28595.64 172.49 1. 52 
x'DjJi £8768.13 1. 47 

Z4Sr}i S86£1.27 biP. 

d'8p('P) II'PI!> £9£01.80 93.63 2.32 
}a6s, a6D. aiF. II'PlJi £9196.49 121. 74 1. 76 

y6PlJi 19418.17 1. 62 

d38p('P) II'POJi sooer. 57 72.95 2.67 
}aIP. b'P, aID. a'D. y'P!Ji 90094.59 26.26 1. 74 

II'PlJi 901BO.78 1. 67 

d'8p('G) 7 v'GiJi 90695.60 58.74 0.53 

}aIF. biF. alG. alH. y'G!Ji 90694. 94 77. 38 0.93 
II'GlJi S0771.1S 92.62 1.13 
v'G!Ji 90864·34 1.21 



MeuuerS] 
Russell 

Electron 
con fig-
uration 
----
d3sp('P) 

d3sp(3G) 

d3sp('F) 

d'Sp(3G) 

d3sp('F) 

d3sp(3P) 

d3sp('F) 

d'p,{'P)? 

d'p('F) 

d'Sp(ID) 

d'p('P)? 

Term 
symbol 

---
ZOS2}-S 

x'Fi~ 
X'F2~ 
x'Fi~ 
X'F4~ 

x'G;~ 
X·G3~ 
x'G.j~ 
x'G;~ 

z'S!~ 

y'S;~ 

x'D!~ 
x'Db, 
x'DI~ 
x'D!~ 

z'H!~ 
Z'H4~ 
z'Hl~ 
z'H!~ 

z2pa~ 
z2PiH 

w'Fi~ 
w'FI~ 
2V'F!~ 
w4F4J.1 

v'OI~ 
Y'G§~ 

Y'F!~ 
v'F!~ 

z2H4}i 
z'Hl~ 

w'Do~ 
w'Di~ 
2V'D!~ 
w'D§~ 

I· 

v'Ffu 
v'F;~ 
o'F!~ 
v'Ft~ 

v'Di~ 
1I2D2~ 

v'DO~ 
v'Di~ 
v'DI~ 
v'D;~ 

u'Do~ 
u'Di~ 
u'D;~ 
u'D;~ 

v'Si~ 

x2DT}i 
x2D2~ 

x'G;~ 
x'G4)i 

v'Po~ 
v'Pi~ 

x'P;~ 
x'Po~ 
x'P' 
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TABLE 2.-7'erms of the VI spectrum-Continued 

Differ- Observed Oombinations Level ence g 

----
90892.58 a4P.a4D. 

31200.1£ 
28.86 0.38 

}a'p, a'D, b'D, a'F, b'F, a'G, e'F, a'G, a'D 
9ltt8.98 1. 01 
91268. 15 39. 17 1. 21 
31317.50 49.35 1. 32 

91998.09 
143.09 0.53 

}~'F' b'F, a H, b'G. 
31541.18 180.55 0.95 
31721.79 215.45 1.12 
91997.18 1. 20 

31786.19 2.30 a'P, b'P, a'D, a' D . 

31962.30 2.21 a2P, b2P, a'D. 

92948.89 107. 56 0.08 

}a,p, b'P, a'D, b'D, a'F, b'F, b'P, a'D. 
3£456.45 203.81 1.17 
92660. £6 230.80 1.29 
32891.06 1. 35 

3£69S.09 96.13 0.68 

}a'F' a'G, a'H, a'F, a'G, b'H. 
91!788.22 109.59 0.98 
3£897.81 66.09 1.11 
3£963.90 1. 21 

3£724. 86 43. 02 0. 737 }a'p, b'P, a'D , b'P, a'D, a'F. 32767.88 I. 22 

31J738.14 168.60 0.52 

}a'p, a'D, b'D, a'F, b'F , a'G, a'F. 
32846.74 142.08 1.01 
3£988. 82 166.48 1.18 
33155.30 1. 30 

99906.96 -53. 35 1.08 }a'D, a'F, a'G, b'O, a'F, b'F. 33360.31 0.91 

3e481.45 -46.19 1.11 }a'D, a'F, a'G, b'O, a'D, a'F, b'F. 335£7.64 0.85 

33640.18 55.14 0.92 }.'G, b2G, (a'H'), b'H', a'F, a'H. 33695.3£ 1. 09 

33966.7£ 9.30 0.09 

}a'p, b'P, a'D, a'F, b'F, a'P. 
33976. OS 89.59 0.80 
34065.61 62.43 I. 30 
941£8.04 I. 35 

34019.1£ a'P, a'D, b'D, .'F,f'P. 

34030.04 137.80 0.86 

7 }.'P, b'P, a'D, b'D, .'F, b'F, a'G, a'P, .'D. 
34167.84 206.97 1. 32 
34374.81 155.00 1. 21 
34529.81 1. 41 

944£8.76 58.04 0.73 }a2P, a2D, a!F, a'P, a'D, a'F. 94486.80 1.18 

34477.40 59.81 0.00 

}.'P, b'P, a'D, bID, .'F, .'G, a'P, .'F. 
34537.21 82.31 1.05 
94619.5£ 127.54 1.28 
34747.06 1. 35 

3501£.91 79.45 
}b'P, a'D, a'F, b'G, a'D. 

35092.36 132.68 1.12 
35££5.04 154. 07 1. 32 
35979.11 1.33 

96408.29 1. 85 a'P, b'P, (a'P). 

36416.49 284.29 0.89 }a'p, b'P, a'D , a'F, a'G, b'P, a'D, b'D, a'F. 96700.78 1.13 

36481. $6 77. 32 0.85 }a'F, a'G, b'G, a'R, b'R, a'F, b'F. 96598.58 1. 05 

36.77.75 102.71 0.74 }a'p, blP, a'D, a'D. 96580·46 1.17 

96611. 81 -83. 68 1. 54 
}a,p, b'P,~a'D, b'D, b'F. 36695.49 m·al 2.51 

8681 80 .77 
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TABLE 2.-Tm·ms of the V I spectrum-Continued 

Electron Term Differ- Observed config- symbol Level ence g Combinations 
uration 

---- - -- ----
w'G;~ 38828.82 199.51 0. 65? }a2G, a'll. w'G,~ 38828.33 

d'sp(311)? WIG;» 38783.41 59.45 
}alF' b'F, alG, alII, a'F, a'G, b'G, a'H, b'll. wIG,» 38822.86 75.02 1.06 

wfGhi 36897.88 40.54 1.17 
Wf QS.l.1 36938. 42 I. 26 

z2F2~ 38788.00 159. SS 0. 89 }a2p , bZP, a2D, a2F, a2G, alH, a4F, btF, atO. 
x2F3~ 36925.88 1.05 

d' elF!), 36983.63 5.57 
}VIDo, z'Fo , V'Fo, z'Fo, z'Go, V'Do . elF,» 36989.20 36.40 

e4F 3Ji 37025.60 50.04 etFHi 37075.64 

d4s('D) e'Do~ 37116.68 41. 68 3.03 

Izopo, z' Do, y'DO, z6Fo, Y'Fo. 
e'D ,~ 37158.36 69.08 I. 87 
e'D,» 37227. 44 94.65 I. 61 
e6D3,!1 37322.09 118.65 1.64 
eOD4J.j 37440.74 I. 48 

dlp (311) v2Gj~ 37174.88 187.27 0.99 }a2D , a'F, a'G, b'G, a'H, b211, a'F, b'F, a'H. 
v'G,» 87381.95 1. 05 

v'H4~ 37180. 90 29.95 0.73 }a2G, a2H, b2H, atF, atO, atH. 
U'll,» 37210.85 1.08 

dlp(311) z'I4~ 37285.03 30.80 0.87 

}a'IJ, a'G, a'H, b'll. z'n" 37315.83 SS.42 
0.96 

Zin}) 37404. £5 114.11 1.08 
z'Ii» 37618.38 1.15 

d'p(' F)? w2F2~ 3734!!.66 132.42 0.81 }a2p, a2D. a2F, a2G, b2G, a~H, b2H, btP, a"F, btF, 
w'Fl» 37475.08 1.08 aIG,aflD. 

d'S.8('F) eGFo~ 37374.98 48.19 
-0.72 

e'F I» 37423.17 79.97 1.05 
etiF2~ 37503.14 111. 83 I. 30 zOD o , y6DO, z6Fo, z6Go. 
e'F3» 37614.97 143.10 I. 33 
eOF{!i 37758.07 173.34 

I. 43 
e'F,» 37931. 41 I. 52 

d'p (3F ) w2Dl» 974,17.60 295. (M 
0. 80 }a2P, a2D , a2F, a4P, atD, a~F. 

w'Dl» 37752.64 1.18 

d3sp(3H)? V'll!~ 37481 . 38 35.59 0.76 

}alG ' v'llhs 37516.95 48.93 I. 05 atH, a'O. 
ylll,» 37585.88 60.56 

1.09 
V'H;» 37628 . .14 1.24 

dlp('F) v'G,;, 37498.76 57.24 
0.60 

}a'D, a'F, b'F, a'O, a'H, b'll. v'G j)S 37558.00 88.41 
I. 02 

v'Gl» 37644·41 120.48 
1. 15 

v4a5~ 37764·89 I. 22 

d4p(3H) ? Z'U» 37530.29 T6. 03 
0.94 }a2G, a2H, b2H, atG, afR. 

z2I6~ 37606.32 I. 06 

d4p(3F) t'Do» 37757.24 77. 74 
0.01 

}alP, blP, aID, a'F, b'F, a'D, a'G, b'G, "' D. t'Di» 37834.98 124.68 
1.18 

tID,» 37959.68 155.99 
1. 33 

t'D j~ 38116.65 1. 35 

d's('D) e'Do~ 37940.08 03.85 
}z,po, VIDo, V'Fo, V'Fo. e'DI» 38003.93 102.39 

e'D,» 38106.32 136. 14 
c'D3» 38242.46 

xlHl» 38123.76 96.87 
O.SS }a2G, b'G, a'H, b'H, a'F, b'F, a'G, a'H. 

x'H,» 38220.83 1.10 

dlp('H) x'll;~ 38246.75 78.12 
0.67 

}alG' a4H, a'G, a'H, b'H, x'lll~ 38323.87 81. 09 
0.93 

x'H,» 38404.96 78. 00 
1.11 

X(H6~ 38482. 96 1. 22 

u'Gl" 38529.78 -81.16 0.99 }a2F a'G a'll a'F 
u2Gl» 38610.94 0.887 ' , , . 



Meuuers] 
Russell 

Electron 
contig, 
uration 

d'Sp(lH)? 

d3s.s('F) 

d3sp('P) 

d'p(3F) 

d3sp(3P) 

d'p('P) 

a'p('p) 

d'p(3H) 

d3sp(lP)? 

d3sp(lP)? 

d'p(3G) 

d'p(3G) 

d3sp(lG)? 

d3sp(lH)? 

d'p(3G) 

d'sp('P) 

d3sp(lD)? 

Term 
symbol 

---
v'H)S 
V'n ... 
f'Fl)S 
f'F,)S 
f'F,)S 
f'F.)S 

w'PO)i 
w'Pi)i 
w'Pi» 

u4FiJ.i 
u'F;.~ 
u'Fh, 
u4F~}i 

x'Si)S 

s'Do), 
stDi}i 
s'D;)i 
s'D;» 

v2Di~ 
v'D;.., 

u'G;» 
U'GjH 
U 4G4>i 
u~G~~ 

v'F!» 
V'F;H 

u2DiJ1 
u'Di)i 

X2S0~ 

w'H;» 
'lv fH4}i 
w'Hl)i 
w'Ho)i 

x'Po» 
x'Ph, 

w'Po.., 
w'PiH 

w'JI;){ 
w'Hj){ 

t'FiH 
ttFz}-I 
t·F!.., 
ttF;~ 

t'GI» 
t'Gj.., 

v'H'''' 
v'Hl){ 

t'G1){ 
t'GI){ 
t'GI» 
t·O ,.., 

v·Po.., 
v·Pi.., 
v'P,» 

r·Do.., 
r'Di,J.i 
rtD2~ 
T·Dj.., 

u'Fi){ 
u'F!.., 
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TABLE 2.-Terms of the V I spectrum-Continued 

Differ, Observed Com hinations Level ence g 

--~ 

39008.60 72.50 0.92 } a'H, b'H, a'G. a'H. 39081. 10 1.06 

39127.23 114.11 0.46? 

}Z'DO , v'D o, z'Fo, z'Go, ,'Fo. 39241.34 157.48 1.03 
39398.82 198.19 1. 22? 
39597.01 1.33'/ 

99$37.10 11.80 2.57 
}a.p, b'P, a'D, a'F. 39248.90 173.76 1. 60 

394£2.66 1.52 

39266.60 33.88 0.54 

}a.p , a'D, a'F, b'F, a'G, a'H, a'F, b'G. 
39300.48 41. 28 1.00 
S9341.76 49.26 1. 21 
39391.0i! 1. 30 

39847. 2~ 2.00 afP, b4P, afl?, 

39877.62 
57.45 0.01 

}a.p, b'P, a'D , a'F, b'F, a'P, b'P, a2F, a'D. 
39985.07 64.82 1.10 
39999. 89 125.90 1. 33 
401£5.79 1. 38 

39884.49 234.83 0.92 }a2P, (;2P, a2D, a2F, a4P, b4P, a"D, a4F. 40119.£6 1.14 

3996£.17 39.01 0.53 

}a'F' b'F, a'G, a'n, a'n, b'H. 
40001.18 37. 77 0.99 
40088. 95 24.83 I. 19 
40069. 78 I. 23 

40153. 51 433. 84 1. 01 }a2Dr a2F, aZO, b2G, atD, a4F. 40587. 85 

40225.38 100. 3~ 0.70 }(t 2P , b2P , a2D, a2F, a4F, btF, a6D. 403£5.77 1. 12 

40£99.81 a2P, a4D. 

40914.1>8 63.87 0.65 

}a'F, a'G, a'H, b' H. 
40318.70 73.68 0.92 
4045£.98 83.21 1. 08 
40535.62 1. 22 

403£8.62 108.80 1. 52 }a' P, a'D, b'P. 40437.4£ 

? }b2P, a2D, a2F, btD a4F. 4069.'.76 

40919.68 -60. 86 0.96 }"'H, b'H. 40980.54 0.99 

41389.4D 39.44 0.42 

}a'p, a'D, b'D, a'F, b'F, a'G, a'H, a'F, a'n. 414£8.93 63.36 0. 89 
41492.29 107.07 1.15 
41599.36 1. 23 

41436.58 102.56 0.90 }a2F, a2G, bIG, a2H, b2H, a4F b4F, ata. 41539.14 1.04 

41501.41 158.30 0.87 }a2F, a2G, 620, a2H, b2H, a4F, 64F, atG, a'n. 41659.71 1. 05 

41654.70 103.71 0.58 

}b'D , a'F, b'F, a'G, a'H, a'F, a'G, b2G. 
41758.41 102.13 1. 0.3 
41860.54 57.70 1. 20 
41918.24 1. 20 

41751.78 96.69 2.56 
}a'p, b'P, a'D, b'D, a'F. 41848.47 161. 46 1. 62 

42009.98 1. 48 

419M·47 70.63 0.04 

}a.p, b'P, a'D, b'D, a'F, b'F, (b'G), a'D. 
41999.10 138.90 1.20 
42138.00 107.61 1. 33 
4££45.61 1. 36 

41950.95 70.58 0,84 }a2P, a2D, a2F, a2Q, b2G, a'F, a'G. 42020.93 1.11 
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TABLE 2.-Terms of the VI spectrum-Continued 

Electron Term Differ- Observed config· symbol Level ence g Combinations 
uration 

- --- --- ---- ------
d'.d(' D) "G.~ 42033.84 36.21 

I.F" ''0, _Go, 

"G,~ 42070.05 44.12 ,'G3H 42114 . 17 63.14 1. 08 
"G,~ 42177.31 80.01 1. 23 
"G,~ 42257.32 

96.10 1. 32 
,'G'H 42353.42 1. 35 

d3sp('O) u'Hl~ 42079.14 141. 55 0.85 }a2GJ b~G, a2H, b2H, a4F. 
U'H'H 42B20. 69 1.06 

d'.d('D)? "P.~ ? 
}.,po, y'D o. "p,~ ? 

,'P 'H 42164. 74 1. 44? 

2l~ 42238.86 a'P, biD, a'F, aaD. 

dlsp('P)? v'Pi~ 42318.42 -162.20 1. 34 }a2P, b~P, a2D, a'P, biD, atF. V2PO~ 42480.8S 1.14 

W'SOH 42382.04 1. 50? a2P, a'P: 

d'.d('D) f'Fo~ ? 
f'F'H ? 

f"po, "Do, Y'~o, x'Do, "Fo, y'F, z' Go. 
f'F,~ ? 
f'F'H 42363.62 142.70 
f'F,~ 42506.32 

71. 66 f'F,~ 42597.98 1. 39 

d'.d('D) f'Do~ ? 

fzopo, z'Do, y'Do. 
f'D'H ? 
f'D,~ ? 
f'D.~ 42404.89 

148. 73 
f ' D'H 42553.62 1. 61 

w'Do~ ? 

fa'D. 
w'Dl~ ? 
w'Dl~ 42480.31 107.10 
w'D§~ 42587.41 137.92 
w'Dl~ 42725.33 

d3sp('P) w'Si~ 42989.49 1. 94 a'P, b'P. 

s'FiH 42981.34 69.97 
}b'P, a'D, a'F. S'F2}l 43051.31 95.78 

s']<'§~ 43147.09 119.06 
s'FI~ 43288.15 

q'Do~ 43249. 44 59.39 
}alP, b'P, aiD, biD, a'F, b'F. q'Di~ 43308.83 101. 99 qlD'H 43410.82 144.30 q'D§H 43555.12 1.46 

UIP;~ 43443.33 60.66 }alP, aiD, biD, a'D, a'F. u'Pi~ 43503.99 81. 60 u'P;~ 43585.59 

d's.d('F) "H2~ 43649. 40 57.42 0.38 
"H,~ 43706.82 80.78 0.88 
"H,~ 43787.60 100.55 1.11 z6Fo, zlJQo. 
"H'H 43894. 15 134. 18 1. 18 
"H,~ 44028.33 161. 62 1. 30 
e6HiJ.i 44189.95 1. 38 

d's.d('F) f'G.~ 43818. 02 29.14 0. 38? 
f'O'H 43847. 16 64.77 0. 78 
f ' O 'H 43911. 93 93.21 1.12 zllFo, z6GO, 
f'F,~ 44005.14 134.55 1. 26 
f ' O'H 44139.69 187. 35 1. 34 
f ' O'H 44327.04 1. 35 

d3sp('G) t2F§H 43873.79 -1. 46 1. 04? }a2P, a2D, a2F, a2G, b2G, alF, btF, allD. 
t'F'H 43875. £5 0. 86 

d' S.S(IF) "F2)~ 43918.58 147.47 0.89 }z2DO, z2Fo, x'Fo. 
"F.~ 44066.05 1.18 

X'FOH 43707.97 137.83 

I .. D, "D, "', "F 
x'Fi~ 43845. ~o 113. 44 
x1lF2~ 43959.$4 67.05 
x'F!~ 44028.£9 176.22 
x'Fl~ 44£Oe.51 0.00 
x'Fl~ WO~.51 
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d'p('D ) 
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d'sp(' G) 

d'sp(' G) 

Term 
symbol 

---
X' PiH 
X'P!H 
X'PlH 

8'G2H 
s'GlH 
s'GlH 
8'G'H 

t'HlH 
t'H'H 

f'PI~ 
f'P,~ 
f'P,~ 

stGtu 
8'Gb! 

P'DOH 
p4D!J.1 
P'D!H 
p'Dl)! 

g' DoH 
g6Dl"" 
g' D'H 
g'D'H 
g'D'H 

r'FiH 
r4F2~ 
r'FiH 
T4Fl~ 

q'FiH 
q'F!)! 
q'F!H 
q'Fl)! 

U2PO~ 
U'PiH 

r'GiH 
r2G:u 

O'FOH 
g'FIH 
glF,)! 
O'F.)! 
O'F'H 
g'F'H 

p'F1H 
p'F!)! 
P'F!H 
p'Fl)! 

t'pi)! 
('PO)! 

o4DoJ.1 
olDi)! 
o'D!)! 
o'D!)! 

r'G!)! 
rIG!)! 
r'Gl)! 
r'm)! 

t'PO)! 
t'Pi)! 
t'p,)! 

8'F!)! 
82F3~ 

3i){ 

,l]![h, 
s'HI 
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TABLE 2.-Tel'ms of the V I spectrum-Continued 

Differ- Observed Combinations Level cnce g 

----
7 

}a'D, b'P. 7 
43988.00 

43999.68 43.68 0.98 }a'F' b'F, a'G, a'D, a' D. 44043.36 61.19 44104.55 73.90 1. 26 
44178. 45 1. 34 

44145.77 38. 25 0.90 }a'F, a'G, b'G, a'H, b'H, a.F. 44184.0t 1. 067 

44443.67 88.93 },6DO, x'Do , 1°. 44532.60 157.87 44690.47 

44463.1!8 -32.15 1.09 }a2F, a2G, b2G, a2H, afF. 
44495.43 0.91 

44514.34 39.91 1. 22 }a.p, b'P, a'D, b'D, a'F, b'F, 44554.25 62.43 G, a'F, a'D. 44616.68 84.20 1.317 
44700.88 1. 32? 

7 

\.'DO, .'Fo• 

44844.83 76.25 44921. 08 135.53 1. 557 
45056.61 101.13 
45157.74 

44973.60 75.57 0.58? 

}b'D, a'F, b'F, a'G, alF. 45049.17 9.45 0.97 45058.61! 86.54 45145.16 1. 26 

45066.56 40.65 0.59 

}a'D, b'D, a'F, b'F, a'G, a'D, b'G, a'H, b'H. 45107. tl 50.51 0.93 
45157.7£ 79.44 1. 05 
45£37.16 1.22 

1 }a'P, a'F, b'F. 45159.15 1. 66? 

45175.9£ 185.50 0.98 }(a'F), a'G, a'H, blR, a'F. 45361.4I! 1.14 

(1) 
456.'8.54 61. 71 45700. t5 43.37 1. 26 

z6Do, zGFo, Z800, 
45743.8t 69.23 45R13.25 221. 33 46034.58 

4561,8.86 39. 55 0.60 

}a'D, b'D, a'F, b'F, a'G, a'P, b'P, a'D . 45688.41 71. 62 1. 02 45760.03 131. 52 45891. 55 1. 32 

45654.50 -292.16 1. 041 }a'p, b'P, a'D, a"D, b'D, a'F, b'F . 45946.66 

4570!!.14 60.10 0.96? }.,P, a'D, b'D, a'F, b'F, a'G, a'D. 4576!!.!!4 75.82 45838.06 99.01 1.45 45937.07 

46052.79 86.27 0.56 

}a'F, alG, a'H. 48139.06 104.58 0.96 
46243.64 119.78 1. 15 
46363.41! 1.19 

46851. 10 11. 63 }a'p, b'P, a'D, b'D. 46B6!.73 5.37 46868.10 

46998.8. 146.40 1. 02 }a2p, a1D, a2F, alO. 
47143. !. 
474SS.18 b'D. 

47611.77 89.78 1. 01? }a'G, b'G, a'H, b'H. 
47701.55 0.94 
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TABLE 2.-Terms of the V I spectrum-Continued 

Electron Term Differ· Observed config· symbol Level ence g Combinations 
uration 

----
o4F!~ 47801 .87 ll4.44 

}a'F. 
o'F,» 47916.31 223.84 O~F3Ji 48140.15 188.71 o'Fl» 48828.86 

d'sp('G) q'G!» 47959.82 
197.75 0.89 }P'F, a'G, b'G, a'H, b'H, a'F. q'Gl» 48157.57 1.08 

d'p('P)? v'So» 48844.67 2.03 a'P, b'P. 
d'sp('D) t'D,» 49689.01 -33.87 1. 25 }a'p, b'P, a'D, a'F. t'Dl» 49722.88 

d's.d('F) f 'H,» 49717.57 79.61 f'm» 49797 .18 77.94 f'm» 49875.12 108.04 26QO. f'm)1 49983.16 181.10 f 'm» 50164.26 137.37 ['Hi» 50301. 63 

d's.d('F) g'O,» (?) 
g'O ,» (?) 
U'O,» 49789.17 143.20 zOoo. 
U'O')1 49932.37 182.22 U'O,» 50114.59 94.46 g'O,» 50209.05 

d'sp('H) x'U" 49977.90 142.79 0.91 }a'H, b'H, alB . x'I6)1 50120.69 
1. 06 

d'p' h'O'1{ 50584.27 70.45 

I"DO' ''", ''0, '0°, 

h'G'1{ 50654.72 97.11 h'G'1{ 50751. 83 124.17 h'O.)! 50876.00 150.30 h'G!1{ 51026.30 174.82 h'O'1{ 51201.12 

d'sp('H)? p'GlI{ 52744. 08 173.90 }a2G, a'H, b'H. p'Oll{ 52947.98 

r2H:~ 5~081. 51 169.75 }a'o, a'H. r'H'1{ 54251. 26 

s'Pl)! 57561.86 -182.76 }a'p, a'D. S'POI{ 57744. 10 

TABLE 3.-/ nlervals of some V I terms 

Interval ratios Interval ratios 

Term Level 'l'erm Level 
intervals 'rhea· intervals 'l'heo· Observed retical Observed retical 

---- ----
a'F ?29.60 9.0 9 zlJFo 166.66 I1.Jl 11 

186.04 7· t 7 141.00 9.3 9 
137.38 5. 5 I13.57 7.5 7 

84.83 5.6 5 
a'D I13.52 9.0 9 53.94 3.6 3 

91. 24 7.2 7 
66.93 5.3 5 z6Qo 219.29 13.0 13 
40.88 3.2 3 188.40 11.2 11 

156. 21 9.2 9 
a'D 137.20 7.0 7 122.69 7.2 ~ 7 

102.32 5.2 5 88.40 5.2 , 5 
163.26 3.2 3 !c " 

ziD o 204.04 7.0 ' 7 
alP 187.62 5.0 5 140.73 4.8 5 

92.42 2.5 3 81. 32 2.9 3 

z6D o 135.80 9.0 9 
z4Fo 166.75 9.0 9 

142.53 7.7 7 104.19 6. 9 7 122.50 6. 6 5 71.81 4.8 5 
40.45 3.0 3 z4QO 192.82 11.0 11 

157.67 11.0 9 
122.05 7.0 7 
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The atomic number being 23, the extra-nuclear structure of normal 
vanadium atoms is represented by 

182 282 2p6 382 3p6 3d3 482, 

but only the last five electrons need be considered in the theory of 
the first spectrum [7]; thus the configuration 3d3 482 gives rise to a 
group of terms includi,ng the ground state 4F, while 3d4 48 and 3d5 both 
produce larger families of metastable states. These even terms 
combine with a multitude of odd terms resulting from configurations 
involving a p electron, 3d3 48 4p or 3d4 4p, thereby accounting for a 
majority of the observed Y I lines. These odd terms also combine 
with hi~her even ones which form series with the lower ones because 
they anse from similar electron configurations with augmented total 
quantum numbers, 3d3 48 58, 3d4 58, 3d3 48 4d. Such series converge 
to low states of the Y+ atom, but the structure of the Y II spectrum 
has not been sufficiently analyzed to permit a complete correlation 
of terms and series. Also the identification of established terms 
of Y I is sometimes doubtful or ambiguous because, on account of 
overlapping, there is little justification for ascribing to some terms a 
single configuration and convergence limit. However, since the 
Y I spectrum is, for the most part, orderly and regular as indicated 
by intensities, intervals and Zeeman effects for LS coupling, it has 
been possible to find a fairly satisfactory correlatioll between electron 
configurations and the resulting terms. We now enter upon a dis
cussion of such correlation, assisted by comparison with other spectra, 
under the headings (a), low terms; (b), middle odd terms; and (c), 
high terms. 

(a) LOW TERMS 

Those to be expected are: 
3d3 482: 4F, 4p; 2P, 2D, 2F, 2G, 2H; 2D. 
3d4 48: 6D4D; 4p2p, 4D2D, 4F2F, 4G2G, 4IFI-I; 4p2p, 4F2F. 
d5 : 6S; 4P, 4D, 4F, 4G, and many doublets. 
The d3 82 terms may be identified by comparison with the d3 configura
tions in the related spectra Y III and Tin. Taking the components 
of highest J, and temporarily measuring all levels from the lowest of 
these in this particular configuration, we compile [35] the data given 
in table 4. The overall separations of the highest and lowest levels 
of each term are given in parentheses. 

TABLE 4.-Comparison of spectral"'tm'ms from d3 

d'VI d' V III d3 Ti II 

a'F 0 (553) 0 (583) 0 (308) 
alP 9271 (280) 11188 (258) 8302 (154) 
a'P 13248 ( - G) 1030'1 (180) 87.\~ (125) 
a'D 139D5 (3-1) 15793 (147) 11542 (129) 
'F --- ------ ----- ---- - -------- --- ------ 19676 (-60) 

a'G 10548 (208) lHi04 (221) 7902 (120) 
a'H 14711 (161) 15394 (155) 11559 (98) 

This comparison settles the identification of these terms beyond 
doubt. The narrow separation of a2D and inversion of a2p may be 
explained by repulsion of a2Dn~ aZP1;" which share their g's. The 



186 Journal of Research of the National Bureau of Standards [Vol. 17 

missing 2F level in V I is probably at about 23 000 and should, therefore, 
give faint lines . 

.A. similar comparison for the d4s configurations is given [35] in 
table 5. The identification is again satisfactory. 

TAllLE 5.-Comparison of spectml terms from d's 

d's V I d's Or n d'Vn 

a'D I 0 (313) 'D 0 (535) 
'D 0 (339) 

aID 6290 (303) 'D 7527 (495) 
b'P 13147 (494) 'P 18368 (912) 

'P 11568 (612) 
b'P 16764 (384) Ip 22859 (697) 
b'D 18342 (-63) 'D 

3D 

b'F 13345 (106) 'F 18723 (137) 
3F 13269 (118) 

a2F 16653 (52) 'F 23111 (39) 
a'a 14817 (187) 'a 21198 (276) 

'a 16193 (192) 
b'a 19178 (-43) 'a 2606B? (54) 
a'R 12638 (153) 'R 17895 (234) 

'R 
b'R 16720 (122) 'R 22316 (182) 

The terms from the d5 configuration should be much higher and 
their combinations should be in the infrared. Two have been 
identified, as shown [35] in table 6. 

TABLE 6.-Comparison of spectral terms from d5 

d'VI d' Orn 

a'S 20202 -------- 0 
'P --------- - ----- - -- 21824 (2) 
'D ---------- --- -- --- 25035 (t3) 
elF 37075 (92) 32856 (18) 
'a ------ --- - --- ---- - 20514 (7) 

Here the levels for V I are referred to the ground level. In con
figurations of this dn type the differences between the various terms 
are much smaller in the arc than in the related spark spectra. It 
appears, therefore, that the undiscovered terms in V I are about 
32000 above the bottom, which would make all their combinations 
of any strength lie too far in the infrared to be observed. 

(b) MIDDLE ODD TERMS 

The odd terms, at middle levels, arise from the configurations d4p 
and d3sp. They may be divided into families according to limit term 
in V II, and give numerous triads of closely related terms. Each triad 
should give its strongest combinations with the corresponding term 
of d4s. In this way the identifications in tables 7 and 8 have been 
ma<;le. Terms in heavy type are regarded as securely identified ; the 
others are doubtful. Under each term is given the wave number of 
the leading line of the multiplet resulting from its combination with 
the related d4s term. Most of these groups lie between 20000 and 
26000, and make the spectrum very rich in this region. 
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TABLE 7.-Identified VI terms from d4p! 

VI d's V I d'p Predicted Identified 

a'D aID 'PDF 'PDF tepO V'Do v'F" Z4po 

22413 24313 22828 16415 
b'P b'P 'SPD 'SPD V'SO? x'PO? 34Do v'SO? 

20836 21039 24553 29655 
b'D ---- ------- 'PDF 'PDF ---- --- a'Do p'Fo ----- --

25169 25123 
b'F a'F 'DFG IDFG I'Do u'i"o v'Go w2Do 

22344 23620 21994 18674 
a'G b'G 'FGR 'FGR t'FO t'Go w'Ho -------

24357 24676 23293 
a'R b'R 'GRI 'GRI u4GO x'Ho 2'10 v2Go 

25000 23420 22455 18216 

187 

v·no V'Fo 

17764 17456 
------- v2D o 

20929 
------- ------

w'FO? x'Go 

18396 17460 
,,'Go t'R O 
22859 22580 
x2H o z'Io·1 
19075 18461 

From d3sp we obtained the results given in table 8. 

TAB LE 8.-1 dentified V I terms from d3sp 

VIII Vn V I VI VI 
d' d's d's' d'sp Idontified Predicted 

- ---- ---
'F 'DFG ' DFG z6Do zliFo z'Go v' ))O w'Fo x4GO 

34194 32602 31384 
' F a'F 

' F 'DFG 'DFG z4Do z'F" z4Go z2Do Z2}~O z2Go 

20479 22966 21760 

-------- ------
'P 'SPD ' SPD z6SO v'p o x6D o W 4S0 w,po r4D o 

33144 29598 32420 
op a'P 

sp 'SPD 'SPD x48° V,po w'Do -- -- --
30022 20296 24303 

-------------- ----
'P 'SPD 'SPD 

'P a'P 
Ip 'SPD x'SO? v'PO? u'DO? 

26498 28516 26524 

- ----- - ----- ---
'D 'PDF 'PDF -- -- -- -- t'DO --

35139 
'D a'D 

'D 'PDF V,po -- u'FO? 
22031 27472 

-----------
'F 'DFG 'DFG 

'F 'F 
'F IDFG 

--- - - ------
IG 'FGR 'FGR x'Fo V"G Or z'110 8'F o g'Go s2Ho 

36042 37056 36600 
'G alG 

IG I}'GR liFO t'GO? u'Ho -- -- --
32773 30438 31120 

------ - - ---
'R 'GRI 'GRI w'GO? v'RO? -- P'GO? r'RO? x2I o 

37683 36821 34855 
'R aIR 

'R 'GRI r'GO? v'RO? V'IO? -- -- --
30096 26394 23816 

Here each low term has two "proper triads" with different limits in 
V II, and also related triads of higher and lower multiplicity (if the 
latter is possible). The latter triads have no low terms closely related 
to them, so that no combinations are given in the table. Their 
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combinations with low terms of other families are not often strong. 
There are other terms from this configuration not likely to be observed. 

The identification of many of the odd doublet and quartet com
binations is practically impossible-indeed, it is probable that the 
configurations are so intermixed that there is litt.le sense in ascribing 
to a given term a single configuration and limit term. The sextets 
may, however, be definitely identified as follows: 

Combinations with e6F. 

Combinations with a6D . 

Left over. 

The assignment of z6So is doubtful. It is a real level and in the 
right position. 

Combinations with a 6D; no more sextets 
from 4p; and these are too high. The 
general nature of these levels appears to 
be certain; some of the details are doubtful. 

(c) HIGH TERMS 

For the high terms, the distinctness of the various families, each 
with its own limit, is much sharper, and interfamily combinations 
are usually very weak or absent. 

All the sextet configurations can be reliably assigned, the reasons 
being as summarized: 

e6D d4·s (5D). Combination with Z6pO, y6DO , y6FO, and also series. 

161}d4.d (5D). Combination with same triad. (Lower members frag-
f6 F mentary). 
e6G 
e6F d3s·s (SF). Combination with z6D o , z6Fo , z6GO ; series. 

g:~}d3S'd (5F) . Combination with same triad; series. 
f6G 
eaH 

===}d3s.d (5F). Combinations; series (no satellites). 
g6G 
f6H 
h6G d3p2. Only chance left; also analogy with Ti 1. 

For the high quartets we have: 
e'D d4·s (5D). Combinations with d4p triad; series. 
e'F d5 Combinat ions with same triad. At r ight level for 

this; not for anything else. 
j4F d3s·s (5F). Combinations with d3sp triad; series. 

No other rugh even quartet terms have been found despite much 
searching. There should be pentads d4 ·d and d!'s·d. 

The only rugh doublet found is e2F, which combines with the d3sp 
triad,and has obviously the limit d!'s (3F)- the lowest triplet term 
in VII. 
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It is of interest to compare the numbers of terms predicted by 
Hund's theory and those found in the present work. 

For the low levels we have: 

Electrons '8 'D '8 'P 'D 'F '0 'II '8 'P 'D 2F 20 'II 'I 

d3S,{Predicted 1 1 1 2 1 1 1 
Observed 1 1 1 1 1 1 

d's {Predicted 1 2 2 2 1 1 2 2 3 3 3 1 1 
Observed 1 1 2 1 1 1 1 1 1 1 

d' {predicted 1 1 1 1 1 1 1 3 2 2 1 1 
Observed 1 1 

All the low sextet terms have been found and all of the quartets 
except a few which are known to lie high and must give infrared 
lines. Most of the doublets are still undiscovered. The missing 
terms are mainly those which have (probably high) singlet limits in 
V II. Only a small part of the high-lying do group is known. 

For the odd levels, involving a 4p electron, distinction between 
the origins d3sp and d4p is often impracticable. The two together 
give: 

Electrons 's ' P 'D 'F ' O 's 'P 'D 'F '0 'II '1 's 'P 'D 'F 20 'II 'J 'K 

d'sp 1 1 2 1 1 3 5 8 6 5 2 1 3 710 9 7 4 2 
d'p 1 1 1 2 4 6 5 4 2 1 2 7 8 9 7 5 2 1 

Combined 1 2 3 2 1 5 9 14 11 9 4 2 5 14 18 18 14 9 4 I 
Observed 1 3 4 3 1 4 7 12 12 9 4 1 5 8 7 8 11 9 3 

The number of observed terms sometimes exceeds the computed, 
indicating that some terms arising from a 5p electron have been 
observed. This is certain among the sextets. The doublets are far 
from complete. 

The high levels, arising from the addition of a 4s or 4d electron to 
the terms of V II, are theoretically very numerous-50 in the first 
case and 220 in the second. Only a very few of these, arising from 
the lowest levels, have been detected-as is the case in all other 
spectra. 

Table 1 contains 420 lines of intensity 15 or more. Of these only 
16 remain unclassified. This, together with the results of this section, 
indicates that both the theoretical and practical analysis of the 
spectrum in the observable region is very nearly complete. 

4. SERIES AND IONIZATION POTENTIALS 

The foregoing analysis indicates that a considerable number of 
series have been identified in the V I spectrum, but in no case have 
they been observed beyond two members. All the observed series 
converge to the two lowest terms in VII, a5D and a5F. The series 
formed by addition of s-electrons to these terms, if reduced with the 
simple Rydberg formula, give the following values for the difference 
of the lowest energy levels in V I and V II (table 9). 
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TABLE 9-V I series 

Electron 4& Ii.! n* for 4& Limit VII Ionization 

a'D ... 2425 37441 1. 4311 56009 339 55670 
a'D.~ 2311 37322 1. 4312 55889 209 55680 
a'D3~ 2220 37227 1. 4312 55793 107 55686 
a'D.~ 2153 37158 1. 4313 55723 36 55687 
a'DI~ 2112 37117 1. 4313 55682 0 55682 

Mean ...•• ~.w _____ __ 
-- -------- -- ---------- ------ ---- ---------- 55681 

a.D3~ 8716 38242 1. 5344 55327 339 54988 
a'D,~ 8579 38106 1.5344 55191 209 54982 
a'DI~ 8476 38004 1. 5343 55089 107 54982 
a'Do~ 8413 37940 1. 5344 55025 36 54989 

----
Mean ••. •. ---------- ---------- ---- -- ------ ---------- ---------- 51985 

a·F.~ 553 39597 1.3684 59161 3163 55998 
a'F,~ 323 39399 1. 3679 58971 2968 56003 
a·F.~ 137 39241 1. 3675 58818 2809 56009 
a'F,~ 0 39127 1. 3672 58711 2687 56024 

Mean ..... ---------- ---------- ------------ ---------- ---------- 56009 

The general mean is 55558, corresponding to 6.85 volts. The 
agreement between the results from the various components of a 
term is so much better than that from terms of different types 
(though the latter is good), that it would have sufficed to use only 
the components of highest J. The mean result is, however, almost 
certainly too high, for a study of the spectra of elements of neighbor
ing atomic number, for which long series and reliable values of the 
so-called effective quantum number n* exist, shows that for the 4s 
and 58 terms ~n* is always considerably greater than unity. The 
principal data are summarized in table 10, which explains itself. 

This table may be applied to vanadium in two ways; by estimating 
the actual value of n * by interpolation between Ti and Or, or by a 
similar estimation of ~n*. 

TABLE lO.-Denominator n* for spectra of iron group 

Conflguration ... dn- 1&+& dn-Ia+d dn+& dn+d 

Electron .....•.. Term 48 58 Term 4d 5d Term 48 5. Term 4d 5d 

KI 's 1.771 2.802 'D 3.798 4.771 

Cal { 1 B 1.492 2.620 'D 3.023 • 4. 146 'D 1. 633 (.) 

• 8 
2.485 'D 3.083 4. 091 aD 1.604 2.657 -------

Ti I { 'F 1.411 2.489 'F 1. 569 
'F 2.392 'H 2.870 3.885 'F 1. 489 2.545 'll 2.997 

Cr! { 'D 1. 367 2.454 '8 1.529 2. 567 
' D 2.338 ' 8 1. 418 2.494 'D 2.989 4.008 

Mnl { '8 1.352 2.433 'D 2.936 'D 1.467 2.544 
, 8 2.313 ' D 2.881 3.895 'D 1.385 2.464 

Nil { SF 1. 252 2.372 'll 2.867' 3.701 ID 1. 374 2.517 10 3.177 
'F 2.259 'll 2.896 3.907 'D 1.337 2.411 30 2.972 

C UI { 'D 1. 226 2.368 • 8 1.327 2.392 'D 2.978 3.980 
'D 2.242 '0 2.894 3.899 

, --------
Zn I { 18 1.203 2.344 'D 2.871 3.843 

, 8 2.229 D 2.906 3.908 

• Series ~nown to be pertqr bed. 
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It should be noted that, if we should apply a simple Rydberg 
series to the configurations dn - 1 4s2 and dn- 14s5s, we would do better 
by taking the upper term of higher multiplicity, e. g., 3S in Cal, and 
the lower one of lower multiplicity, as ~n * is much nearer unity 
than for the two terms of the same multiplicity. (This was pointed 
out to one of us long ago by Shenstone.) 

Estimating n * itself for the possible series in V I, we find the 
value given in table 11. Each separate member of a series gives an 
estimate of the limit, and upon allowance for the limit-term in V II, 
of the ionization energy. 

TABLE l1.-VI series 

Limit in Vn 
Configura' Term Estimated Resulting Observed Limit Ionization tion n* term JeveJ 

·F. 'D, 
---------- ---
d's+48 a'FH~ 1. 387 57043 053 57596 3163 54433 
d3s+58 !,F'1i 2.472 17958 39597 57555 3163 54392' 

e'F'1i 2.364 19636 37931 57567 3163 54404 
d38+4d "H'1i 2. 873 13295 44190 57485 3163 54322-
d's+5d f'Hlli 3.888 7259 50302 57561 :1163 5439& 

d'+48 a'D'1i 1. 543 46092 8716 54808 339 54469 
a'D'1i 1. 450 52194 2425 54619 339 54280 

d'+58 "D31i 2.59± 16359± 38242 54601 339 54262± 
"DH~ 2.520 17280 37441 54721 339 54382 

d,+4d "a'li 2.993 12250 42353 54603 339 54264 

The agreement of the 10 values is extraordinary. The five with 
limit 5F give 54390; those with limit 5D give 54331. 

It is evident that estimations of ~n * would have led to almost 
exactly the same limit-but the present method makes more terms 
available. The general mean 54361 corresponds to 6.71 volts. 

If these 10 values were really independent observations the 
probable error of the mean would be ± 16 wave numbers, or ± 0.002 
volt. This is not a safe assumption, but it is eviden't that the 
ionization potential is very well determined. 

The authors are deeply indebted to H. D. Babcock for the very 
valuable observations of the Zeeman effect, which he generously placed 
at their disposal, to A. S. King for supplying a complete series of his 
original negatives of arc and furnace spectra, and to Miss Charlotte 
E. Moore for measuring many new lines on King's spectrograms, 
for a very large amount of painstaking care and labor in checking the 
tables and calculations-and for the discovery, at the last moment, 
of the interesting terms x6po, w6Do, and x6Fo. We wish also to thank 
Jerome K. Strauss for pure-metal electrodes, which greatly facilitated 
the description of vanadium spectra. . 
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