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The V IV spectrum has been ex tended by using as light sources a condensed spark and a hollow 
cathode di scharge. With the ne w data , the experi mental inte rpretation of levels of the 3d2 , 3d 4d, 
3d 5s, 3d 5p, 3d 4f, 3d 5d and 3d 6s configurations has been completed with the exception of three 
le ve ls o f th e 3d 4f and 3d 5ci co nfigura lions. Four leve ls of Ihe 3d 5g electron co nfigura tion have also 
bee n found. These le ve ls account for 340 of the 360 lines assigned to V tV in the region 675 A-5940 A. 

Three mem be rs of the 3d ns series give an ionization potential of 376730±40 em - I = 46.70 volts. 
The 4d 2D term of V V has also been located in the course of thi s work. With the aid of the new 

observations be tween 675 A and 2200 A the value of some le vels already known has been improved. 

Key Words : Atomic s pectra , V tV and V V; c lass ified lines, V tV and V V s pec tra ; spec tra, V IV 
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1. Introduction 

The fourth spectrum of vanadium was analyzed by 
White [1] I in 1929, who found the terms of the main 
configurations, 3d2 , 3d4s, 3d4p, and two terms of the 
3d 4d configuration. From a study of related spectra , 
B. Edlen deduced (see A.E.L. [2]), that the singlet 
term IS of the 3d2 configuration was in correct and that 
the e nergy level values of all singlet terms should be 
decreased by 698 cm - I. 

As a result of new observations a complete revision 
and extension of the V IV s pectrum has been made , 
and the results are presented in thi s paper, together 
with some new levels of V v. 

2. Experimental Details 

The analyses are based on two sets of spectro­
grams. The first set was obtained by the author during 
a stay at Princeton University, and covers the region 
675 to 2200 A. The plates were taken with the 2 
meter-grating spectrograph at Palmer Physical Lab­
oratory, by using as light source a condensed spark 
in helium , under the same conditions used by A. G. 
Shenstone to excite Ni III [3]. In the present case 
V I, V II , V Ill , V IV and V V were exc ited; byobserva­
tion of the polarity of the lines it was not diffic ult to 
differe ntiate among the lines corresponding to the 
various stages of ionization. (See fig. 1.) 

Th e second se t of plates , from 2200 to 5940 A, was 
obtained by Velasco in Lund in 1953. The light source 

'" An invited pape r. Present address : Instituto de Optica, Madrid 6, Spain . 
I Figures in bracke ts indica te the li terature refe rences al the end of thi s paper. 

was a pulsed hollow cathode discharge used under 
the conditions described in a paper on V III [4]; the 
spectral instruments used were a 21-ft grating s pectro­
graph in a Wadsworth mounting and a quartz pris m 
spectrograph Hilger--E478. More than one thou sa nd 
lines were the n attributed to V III but it was pointed 
out that some of the m might belong to V IV. In mos t of 
the grating spectrogra ms, it was imposs ible to distin­
guish V III from V IV lines. Other s pec trograms ob­
tained with the prism spectrograph permitted, how­
ever, an unambiguous dis tinction between V III and 
V IV lines. The analysis of V IV could thus be s ub­
stantially extended. 

On the vacuum s pectrograph the plate factor was 
about 4.2 A/mm in the first order. From 675 to 800 A 
all but the weakest lines were measured in the second 
order. In the hollow cathode spectrograms the plate 
factor varied from 2_0 A/mm in the prism s pectro­
grams to about 5 A/mm in those taken in the first order. 

Most of the wavelength values give n in table 3 are 
averages of measureme nts made on two or more plates. 
To distinguish between the accuracy of different meas­
urements three decimal places have been re tained 
for the lines with a n es timated probable error not 
higher than ± 0.01 A. When only two decimal places 
are given in the wavelength, the error may range from 
0.01 to 0.03 A, depending on the character of the line. 
Correspondingly the number of significant figures in 
the wave number column (table 3) has been adjusted 
to the assumed accuracy of the wavelengths. The 
symbols used in the " Intensity" column in table 3 
are those recommended by the Joint Commission for 
Spectroscopy [5]. 

About 360 lines in all were assigned to V IV. 
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FIGURE 1. Hollow Cathode Spect ra of Vanadium. The lines belonging to each spectrum are indicated 
by the corresponding roman numeral. 

On the prism spectrum V IV lines are clearly shorter and wider than V III lines of similar intensit y. 

3. Analysis 

Within the main co nfigurations only the term 3d 2 IS 
was mi ss in g. The only remaining uncl assified line in 
the region of the 3d2-3d 4p tran sitions, 11. =884 .146 A, 
was , therefore, des ignated as the IS-lpO combination , 
giving a value of 42462.1 cm- I for the IS level. New 
transitions between the even and odd levels confirm 
the reality of the energy levels given in A.E.L. [2] , 
with exception of the 3d(2D)4d :IF term. 

With the presen t observation s the values of the 
e nergy levels already known have been improved. An 
asterisk in tables 1 and 2 indicates that a slight change 
in the leve l value has been made as a result of thi s 
revision. 

Th e determination of levels and their groupin g into 
term s in the higher configurations did not offer special 
difficulties. The search for new energy levels has bee n 
made by the usual method of rec urrin g differences. 
The assignment of levels to te rms and electron 
configurations, takes into account the relative inten· 
siti es of lines in multiple ts, the intervals, and the rela· 
tive positions of term s and configurations deduce d 
from compari so ns with s uch related s pectra as Ti III 
and Ti IV. In the case of the 4/ elec tron configuration 
the theore ti ca l calculations for Fe VII by Y. Shadmi 
we re used as a guide r6J. 

The limit of the 3d nx configurations being a 2D 
term of V V and the coupling nearly LS for low values 
of "x", the designation of the levels was rather straight­
forward. In the case of the 4/ electron configuration 
there are a few levels that share the same LS characte r. 
The desi gnation is, therefore, not so conclusive, and 
the assignme nt has bee n made by comparison with 
Ti III [7] and Fe VII [8, 6], as stated above. The 3d 5g 
configuration is expected to show a high percentage 
of pair coupling. Only four leve ls have bee n found with 
certainty, which, accordingly, are presented in table 1 
with pair-coupling notation. 

As a result of this analysis, all the terms belonging 
to 3d 4d, 3d 5s, 3d 5p, 3d 4/, 3d 5d and 3d 6s have 
been found with the exception of three levels of the 
3d 4/ and 3d 5d configurations (tables 1 and 2). The 
total number of classified lines has now been extended 
to 340 lines of the V IV spectrum. Their wavelengths, 
visual intensities, wave numbers and classifications 
are given in table 3. Only twenty of the observed lines 
still remain unclass ified, and very probably they 
corres pond to 4/-5g transitions. 
Ionization Potential. - By using a Ritz formula 
n* = n + a + bT on the three observed members of the 
3d(2D)ns series an ionization potential of 376730 ± 40 
cm - I or 46.70 volts has been calculated. The levels 
and series used for the calculations of this limit are 
collec ted in table 4. 
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TABLE 1. Even levels of V IV 

Co n fig. Des ig. J Level Interval 

3d t 3d :!F 2 0.0* 
325.4 

3 325.4* 
409.3 

4 734.7* 

3d t 3d l D 2 10959.3* 

3d t 3d :!P 0 13122.8* 
116.4 

1 13239.2* 
219. 1 

2 13458.3* 

3(P 3d l G 4 1839] .2* 

3d1 3d l S 0 42462. 1 

3(W O)4s 4s :!O 1 96196.1 * 
216.0 

2 96412. 1 * 
385.7 

3 96798.0* 

3(l(t0) 4s 4s 10 2 100200.7* 

3deD) 4d 4d l F 3 215957.7 

3(l(1 0) 4d 4d:l O 1 216905.0 
203.0 

2 217108.0 
242.0 

3 217350.0 

3(l(t 0 )4d 4d:!G 3 217836.3* 
263.7 

4 218100.0* 
363.6 

5 :218463.6* 

3(/(t0)4d 4d l P 1 217990.7 

3(/(t 0 )4d 4d:!S 1 220343 .5 

2!!Y- 547 0 - 68- 2 297 



TABLE 1. Even levels of V IV - Continued 

Config. Desig. } Le vel Interval 

3d (2 D) 4d 4d 3F 2 222794.6 
238.4 

3 223033.0 
271.6 

4 223304.6 

3d(2D)4d 4d'D 2 225804.1 

3d(2D)4d 4d 3P 0 226521.6 
95.5 

1 226617.1 
179.2 

2 226796.3 

3deD)4d 4d'G 4 227712.5 

3d(2D)4d 4d'S 0 234121.8 

3d(2D) 5s 5s :3D 1 236148.6 
173.8 

2 236322.4 
444.5 

3 236766.9 

3d(2D) 5s 5s 'D 2 237638.8 

3d(2D) 5d 5d'F 3 283459.4 

3deD)5d 5d 3D 1 283722 .7 
217.7 

2 283940.4 
286.3 

3 284226.7 

3deD)5d 5d 3G 3 284101.1 
239.0 

4 284340.1 
359.2 

5 284699.3 

3deD)5d 5d'P 1 284365.7? 

3d (2D) 5d 5d 3S 1 285298.6 l 
3d e D )5d 5d 3F 2 285798.9 

258.0 
3 286056.9 

229.6 
4 286286.5 
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TABLE 1. Even levels of V IV - Continued 

Config. Desig. J Level Interval 

3d(2D)5d 5d l D 2 287221.4 

3d(2D)5d 5d 3P 2 287733.4 

3deD)5d 5d l G 4 288127.6 

3d(2D)6s 6s 3D 1 291796.0 
122.1 

2 291918.1 
499.5 

3 292417.6 

3d(2D)6s 6s ID 2 292766.7 

3d(2D) 5g 5g [3 ~ ] 3 306323.1 
4.6 

4 306327.7 

3d(2D)5g 5g [4~ ] 5 306871.0 
-5.3 

4 306876 .3 

TABLE 2. Odd levels of V I V 

Config. Desig. J Le vel Interval 

3d(2D)4p 4p ID o 2 144273.1* 

3d(2D)4p 4p 3Do 1 146117.7* 
311.6 

2 146429.3* 
425.8 

3 146855.1 * 

3d(2D)4p 4p 3Fo 2 147135.2* 
521.3 

3 14 7656.5* 
712.7 

4 148369.2* 

3d(2D)4p 4p 3PO 0 151449.1* 
-22.1 

1 151427.0* 
140.3 

2 151567.3* 
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Table 2. Odd Levels a/V Iv-Continued 

Contig. Desig. J Level Interval 

3cl(2D)4p 4plFo 3 153918.7* 

3d(2D)4p 4plpO 1 155565.5* 

3d(2D)5p 5p ID o 2 254468.8 

3d(2D)5p 5p 3Do 1 254824.1 
322.7 

2 255146.8 
298.7 

3 255445.5 

3d(2D)5p 5p :lFo 2 255463.3 
284.3 

3 255747.6 
504.] 

4 256251.7 

3d(2D)5p 5p 3pO 0 256739.9 
41.9 

1 256781.8 
361.4 

2 257143.2 

3cl(2D)5p 5plFo 3 257690.8 

3d(2D)5p 5plpO 1 258288.8 

3cl(2D) 4/ 4flGo 4 263111.4 

3deD)4/ 4f 3Fo 2 263593.0 
15.3 

3 263608.3 
504.8 

4 264113.1 

3deD)4/ 4f3H o 4 263822.4 
339.4 

5 264161.8 
683.9 

6 264845.7 

3cl(2D) 4f 4f:3Go 3 263902.3 
499.6 

4 264401.9 
190.0 

5 264591.9 
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Table 2. Odd levels oj V I V - Contin ued 

Config . Oesig. .J Level Interval 

3deO)4J 4J'0° 2 264482 .8 

3deO)4J 4J 'P 3 264902.2 

3deO)4J 4/,30° 1 265019.7 
47.7 

2 265067.4 
204.2 

3 265271.6 

3deO)4J 4/,lPO 1,2 265879.2 

3deO)4J 4J 'W 5 266600.3 

TABLE 3. CLassified Lines aJV I V 

'A. vac. Intensity Wave numb er Classification 'A. vac. Intensi ty Wave nu mber Classification 

675.469 30 148045.2 3d :If:! - 4p :lF~ 722.912 40 138329.4 3d:JP,-4p :Jp~ 

677.345 200 147635.2 3d :lF4 -4p :JF~ 723.045 40 138303.9 3d:JP()-4p:JP~ 

678.740 60 147331.8 3d 3F:! - 4p 3F~ 723.537 40 138209.9 3d:JP, -4p :lP O 

679.647 50 147135.2 3d 3Ft - 4p 3F~ 723.652 40 138188.0 3d 3P,_4p 3p~ 

680.632 40 146922.2 3d3F4-4p:lF~ 724.068 40 138108.5 3d:lP t - 4p 3p~ 

681.145 40 146811.6 3d 3F:l - 4p 3F~ 724.809 5 137967.3 3d3Pt - 4p 3p~ 

682.455 40 146529.8 3d 3F3 _4p30:~ 734.344 20 136175.9 3d ' 02 - 4p 3F~ 

682.923 40 146429.3 3d 3F2 - 4p :10~ 737.854 400 135528.1 3d 'G4 - 4p 'F:~ 

rd 3F4 - 4p 30:~ 
745.165 20 134198.4 3d:1P2 -4p :lF ~ 

684.368 500 146120.2 
3d 3F2 - 4p 30~ 749.641 40 133397.1 3d:!Pt -4p 3D~ 

684.450 100 146102.7 3d:3F:!-4p:J0~ 750.110 150 133313.7 3d '02 - 4p ' O~ 

691.530 100 144606.8 3d '0,-4p ' P~ 750.809 40 133189.6 3d 3P,-4p 30~ 

693. 128 50 144273.4 3d:!F2-4p 'O ~ 751.908 30 132995.0 3d 3PO- 4p :lO ~ 

699.497 30 142959.8 3d 'Ot-4p ' F~ 752.038 30 132972.0 3d 3Pt - 4p 30 ~ 

702.035 1 142443.0 3d aPo-4p 'P~ 752.568 20 132878.3 3d:!P,-4p 30 ~ 

711.911 20 140467.0 3d 'Ot- 4p 3Pf 778.433 tr 128463.2 3d 'G4 - 4p 30~ 
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TABLE 3. Classified lines o/V Iv-Continued 

A vac. Intensity Wave number Classification A vac. Intensity Wave number Classification 

884.146 30 113103.4 3d 'So-4p 'Pf 1326.807 5 75368.9 4p 3P~-4d 3P2 

1071.054 20 93366.0 4p'D~-5s 'D2 1329.288 10 75228.2 4p :JP~ -4d 3P2 

1086.382 5 92048.6 4p 'D~-5s 3D2 1329.968 10 75189.8 4p 3p~ - 4d 3P, 

1096.375 2 91209.7 4p 3D~ -5s 'D2 1330.355 10 75167.9 4p 3PZ-4d 3P, 

1110.720 2 90031.7 4p 3D~-5s 3D, 1331.665 tr 75094.0 4p 3P~-4d 3Po 

1112.199 5 89912.0 4p 3Dg - 5s 3Da 1332.459 3 75049.2 4p 3P~-4d 3P, 

1112.436 5 89892.8 4p aD~-5s 3D2 1334.493 ( ) 74934.8 4p 3F~ - 4d 3F~ 

1127.836 20 88665.4 4p 3F~ - 5s 3D2 1339.335 5 74663.9 4p 3F~ - 4d :lF3 

1131.255 20 88397.4 4p 3F~ - 5s 3D:l 1344.493 tr 74377.5 4p 3p~ - 4d 'D2 

1194.462 20 83719.7 4p 'F~ -5s 'D2 1347.030 1 74237.4 4p 3P~-4d 'Dz 

1226.523 60 81531.3 4p' m-4d 'D2 1355.131 80 73793.6 4p 'F~ -4d 'G4 

1242.248 3 80499.2 4p 3D~-4d 3p, 1356.529 10 73717.6 4p 'D~-4d 'PI 

1243.718 10 80404.1 4p 3D~ - 4d 3Po 1391.105 20 71885.3 4p 'F~ -4d 'D2 

1244.287 2 80367.3 4p 3D~-4d 3P2 1395.001 60 71684.5 4p'm-4d'F3 

1247.069 30 80188.0 4p 3D~-4d 3p, 1400.416 5 71407.3 4p 3m-4d 3G3 

1250.918 20 79941.3 4p 3D~-4d3P2 1403.618 8 71244.4 4p 3D~ - 4d 3G4 

1271.153 2 78668.7 4p 3F~ -4d 'Dz 1408.639 8 70990.5 4p 3D~ - 4d 3D2 

1272.972 30 78556.3 4p 'P~-4d 'So 1410.018 8 70921.1 4p 3D~-4d 3D2 

1273.529 10 78522.0 4p 'D~-4d 3F2 1412.686 20 70787.1 4p 3D~ - 4d 3D, 

1304.173 30 76676.9 4p 3D~-4d 3F2 1414.409 50 70700.9 4p 3g-4d 3Ga 

1305.420 40 76603.7 4p 3D~-4d 3F3 1414.842 20 70679.3 4p 3m - 4d :lD2 

1308.061 50 76449.0 4p 3D~-4d3F~ 1418.533 30 70495.4 4p 3D~ - 4d 3D:l 

1309.502 10 76364.9 4p 3m-4d 3F2 1418.921 10 70476.1 4p 3m-·4d :lD, 

1312.717 20 76177.9 4p3D~-4d 3F3 1419.580 80 70443.4 4p 3F~ - 4d :l G~ 

1317.566 5 75897.5 4p 3F~ - 4d 3F:l 1423.420 10 70253.3 4p 3m-4d :lDz 

1321.719 10 75659.0 4p 3F~ -4d 3F2 1423.719 30 70238.6 4p 'P~-4d 'D2 

1.321.917 10 75647.7 4p :lFg - 4d 3F~ 1424.197 tr 70215.0 4p :JF~ - 4d :lD3 

1326.666 5 75376.9 4p 3F~ - 4d 3F:l 1424.916 10 70179.4 4p 3F~ -4d 3Ga 
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A vac. Intensity 

1426.654 100 

1429.114 10 

1433.276 1 

1434.092 15 

1434.842 15 

1439.834 1 

1447.120 tr 

1449.681 20 

1451.042 30 

1451.496 10 

1454.000 40 

1520.142 60 

1522.493 40 

1525.756 10 

1527.223 15 

1527.721 15 

1601.915 80 

1611.879 80 

1806.184 80 

1809.854 60 

1810.566 30 

1813.050 50 

1817.676 100 

1825.836 200 

1861.558 300 

1939.065 500 

1946.772 5 

1951.432 400 

TABLE 3. Classified lines ojVIv-Continued 

Wave number Classification A vac. Intensity 

70094.1 4p 3F~ - 4d :3Ca 1963.103 300 

69973.4 4p 3F~ -4d 30t 1966.244 20 

69770.2 4p :3F~-4d:30 1 1971.471 40 

69730.5 4p :IF~ - 4d 3C4 1982.422 15 

69694.1 4p 3F~ -4d 30:3 1990.712 40 

69452.5 4p 3F~ - 4d 30 t 1997.722 500 

69102.8 4p 30~-4d IFI 1999.320 200 

68980.7 4p 3F~ - 4(f30:l A air 

68916.0 4p 3P~- 4d:lSI 2002.480 100 

68894.5 4p 3P3 - 4d 3S1 2011.180 40 

68775.8 4p :IP~ -4d3S 1 2014.199 40 

65783.3 4p 3~-4d 30:J 2027.144 1 

65681. 7 4p :1P'; -4d :lOt 2042.454 20 H 

65541.3 4p :3P~ -4d30t 2060.113 tr H 

65478.3 4p 3P~- 4d :l01 2063.563 2H 

65457.0 4p 3Pg-4d :30 1 2079.300 30 

62425.3 4p IP~- 4d IP I 2084.433 20H 

62039.4 4p IF~ -4d IF3 2086.073 30H 

55365.3 4s 101-4p I P~ 2088.737 50h 

55253.1 4s 30 1-4p :JpZ 2105.709 tr 

55231.3 4s 30 1- 4p 3p~ 2106.560 2 

55155.7 4s :lOt - 4p 3p~ 2120.052 40H 

55015.3 4s 30t - 4p 3Pf 2129.934 30 

54769.4 4s 30:J - 4p:3~ 2136.330 10 h 

53718.4 4s IOt -4p IF~ 2137.741 20h 

51571.2 4s 30:1 - 4p3F~ 2141.199 40H 

51367.1 4s IOt - 4p3p~ 2146.828 SOH 

51244.4 4s 30t -4p :JF~ 2149.852 20H 
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Wave number 

50939.8 

50858.4 

50723.5 

50443.3 

50233.3 

50057.0 

50017.0 

49921.9 

49706.0 

49631.5 

49314.6 

48945.0 

48525 .5 

48444.4 

48077.8 

47959.4 

47921.7 

47860.6 

47474.9 

47455.7 

47153.7 

46935 .0 

46794.5 

46763.6 

46688.1 

46565.7 

46500.2 

Classification 

4s 30 1 -4p :3F~ 

4s 30 :3 - 4p :IF~ 

4s :30t - 4p :J~ 

o 
I 4s 30 t - 4p 30: 

o 45 3 0 1 - 4p :JOt 

o 
1 4s :10 :1-4p :30 : 

o 4s 30 t - 4p 30 t 

o 4s 30 1 - 4p :30 1 

o 4s 30 t -4p :10 1 

o 4s :l03 - 4P :JOt 

4d IF3-4j:J0: o 
J 

4d IFI - 4/ Ig 

4d I Fl - 4/ I O~ 

o 4d IF:J - 4j:JG4 

o 4s 30 1 -4p lOt 

4d302 - 4j30~ 

4d:J0:J - 4F 10 3 

4s :lOt - 4p 10~ 

4s 303- 4p 10~ 

4s IOt-4p :lF~ 

o 4d IF3- 4j IG4 

4s lOt -4p 3~ 

4d 3Ot - 4j3G. o 
3 

4d30:J-4j3F~ 

4d301-4j3F~ 

4d 3G:I -4j3G o 
4 

4d 30 t -4j 3F~ 



TABLE 3. CLassified Lines of V IV - Continued 

A air Intensity Wa ve number Classification A air Inte nsity Wave n um ber Classification 

2150.231 40H 46492.0 {4d 3C4-4/3C~ 2384.729 lOH 41920.7 4j'lC~ - 5g [3 ~ L 
4d IPI-4/ID~ 

2387.663 3H 41869.2 4(f3F:l-4/ I F~ 

2151.087 20h 46473.5 4d 3D:l - 4/3H~ 
2395.450 lOH 41733.1 4d IF:l-5p IF~ 

2155.336 100H 46381.9 4d:lG~)-4/3H~ 
2402.855 5H 41604.5 4j'lD~-5g[4n 

2159.055 lO H 46302.0 4d3GI-4/:1G~ 
2413.256 20H 41425.2 4/3C~-5g [3~] 

2160. 222 20H 46277.0 4d 3G3 - 4/ :lF7 
2413.524 5H 41420.6 4/IF~- 5g[3n 

2162.498 30 46228.3 45 I D2 - 4p :ID~ 
2416.552 30h 41368.7 4d :1F:l - 4/ :lC~ 

2167.200 20H 46128.0 4d 3G:;_4f 3C~ 
2421.317 50h 41287.3 4d:IF4-4/3G~ 

2170.384 (40 H) 46060.4 4d:IG4-4/3H~ 
2431.885 30h 41107.9 4d 3F2 -4/ 3G~ 

2173.893 lOH 45986.0 4d:lC:I - 4/:IH~ 

2432.518 10 h 41097.2 4d :IF4 -4/ 3G~ 
2186.394 tr H 45723.1 4d :IG4 - 4/ :IH~ 

2433.530 50 h 41080.1 4d :JF:1-4/ 3F~ 
2187.562 5 H 45698.7 4d :IC:; - 4/ 3H~ 

2446.071 30 h 40869.5 4d :1F:1-4/ :IG~ 
2195.388 lO H 45535.8 4d 3S1 _4/:JP~ 

2446.802 50h 40857.3 4d :IF4 -4/ :IH~ 
2268.298 500 44072.3 4s ID2-4p 1m 

2449.404 40h 40813.9 4d :IF2 _ 4f'IF~ 

2313.236 IH 43216.2 4/ I C~-5g [3~]4 
2449.723 20h 40808.6 4d 3F4 -4/ :JF7 

2321. 962 IH 43053.8 4j'lH7-5td 4n 
2450.329 20h 40798.5 4d :IF2 -4/ :lF~ 

2322. 259 5 H 43048.3 4/3H~- 5g [4n) 
2450.869 50 h 40789.5 4d :IF3 - 4/ :lH~ 

2326.291 3 H 42973.7 4f'IC~ -5td4n 
2463.796 lO h 40575.5 4d :IF:1 - 4 / 3F~ 

2338.032 10H 42757.9 4/ 3F~ - 5g[4H) 
2464.720 2 h 40560.3 4d 3F:l - 4/ 3F~ 

2339.548 20H 42730.2 4/ 3F~ - 5g [3 ~ ]3 
2467.287 20h 40518.1 4d :JF4-4f 3H~ 

2340.140 lOH 42719.4 4f'lF~ -5g[3n 
2478.119 IH 40341.0 4d 3D:I- 5" IF~ 

2340.704 5H 42709.1 4/3H~ -5g[4~ ]5 

2351.934 5 H 4/3H~ - 5g [3 ~ ]4 
2480.739 30 h 40298.4 4d IPI-5p IP~ 

42505.2 

2353.639 3 H 42474.4 4rIG~- 5g [4~ ]4 
2494.351 20h 40078.5 4d :1F:1-4/ I C~ 

2356.369 10H 42425.2 4rIG~-5g [3 ~ 1 2497.049 lOh 40035.2 4d 3D2- 5p 3p~ 

2356.624 5H 42420.6 4/ :lq- 5g [3 ~ ll 2506.969 10h 39876.8 4d :JDI- 5p 3p~ 

2364.512 IH 42279.1 4rIC~- 5g [4!].; 2509.606 5h 39834.9 4d :lDI -5p :IP~ 

2378.290 IH 42034.2 4d :IF:1-4f : ID~ 2511.377 IH 39806.8 4d :1F.I-4/ IC~ 

2381. 712 lOH 41973.8 4/ IF~ - 5g [4n 2512.242 ( ) 39793.1 4(l'ID:I-5p :IP~ 
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- -------

TABLE 3. Classified lines olV Iv- Continued 

'A a i r Intensity Wave number Class ificat ion 'A a ir Inten sity Wave number C lass ifica tion 

2519.803 20h 39673.7 4d 3 D~ - 5p :lj'> ~ 2650.613 8h 37715.9 4d 3D2-Sp :ID ~ 

2530.520 2 h 39505.7 4d IFI-5p :IF~ 2655 .408 50H 37647.8 4d3G4-5p 3F~ 

2532 .982 20h 39467.3 4d I D~-41 :ID~ 2656.868 50H 37627.1 4d:IG:I-5p :JF~ 

2546.228 20h 39262.0 4d :IPI -4rl p~ 2667.837 Ih 37472.4 4dtPI-5p'IF~ 

2550.971 2 H 39189.0 4d IF:I- 5I} :10~ 2669.483 lOh 37449.3 5p ID~-6s :10 2 

2556.915 SO h 39097.9 4dID~-41 IF~ {5p :lD~-6S :ID:J 
2703 .933 20H 36972.2 

5p 3D~-6s :1 0 1 

2557.897 15 It 39082.9 4d :JP~_41 'l P~ 

2569.812 10 h 38901. 7 4d :l D:I-5jJ :IF~ 
2716.594 20 h 36799.9 4d :IS I - 5p 3p~ 

2570.724 80 h 38887.9 4d IC.,-41 IH~ 
2718.722 2 h 36771.1 5p3D~-6s :ID2 

2727.780 Ih 36649.0 Sp :lD~-6s :IOt 
2584.636 40h 38678.6 4d I O~ - 41 I D~ 

4(l'lO~-5I} :IF~ 
2740.545 5 h 36478.3 4d IPI_ .5p ID~ 

2587.258 10 h 38639.4 

2592.747 ( ) 38557.6 4cl'l01 -5p :IF~ 
2740.966 5h 36472.7 5p 3D~-6s :10 2 

2595.858 20 H 38511.4 4d IF:I- 5p I D~ 
2743 .523 20 h 36438.7 4d 3S1 - 5p 3p~ 

2751.528 lOh 36332.7 5p aF~ - 6s :lDI 
2596.761 15 h 38498.0 4d 3 Po-4rID~ 

2763.860 15 h 36170.6 5p :IF~ - 6s 3D~ 
2598.287 30h 38475.4 4d :lP~_41 :lD~ 

2764.219 15 h 36165.9 5p :IF~ - 6s :lD3 
2599.983 30 h 38450.3 4d:JPI-4/:l0~ 

2824. 131 20 h 35398.7 4d IC4-4/ IG~ 
2603.213 10 h 38402.6 4d 3PI_41 :lO ~ 

2834.089 5 H 35274.3 5p 3p~_ 6s 30 3 
2607.633 5h 38337.5 4d:IOt -5p am 

2850.160 2H 35075.4 5p IF~ -6s 102 
2610.323 10 It 38298.0 5p ID~-6s ID~ 

2899.575 2h 34477.7 5p IP~-6s 102 

2614. 159 1 h 38241.8 4d 'JOI- 5p :lD~ 
3034.27 10 32947.3 4d :IF4 - 5p :lF~ 

2620.320 25 h 38151.9 4d 3C4 -5p 3F~ 
3052.346 10 32752.16 5p ID~-5d ID2 

2623.483 15 h 38105.9 4cf'\P2 -41 I F~ 
3055.864 5 32714.46 4cPF3 - 5p :lF~ 

2624.213 50 h 38095.3 4d :l0:1-5p :lD~ 3060.146 5 32668.68 4d 3F 2 - 5 p :l F~ 

2628.090 20 h 38039.1 4d :10 2 - 5p :l D~ 3067 .85 tr? 32586.6 5p :ID~ - 5d :lp 2 

2636.401 30 h 37919.2 4d :IDI -5p :l D~ 3077.476 15 32484.72 4d ID2 - 5p IP~ 

2636.936 lOh 37911.5 4d:lG3-5p :JF~ 3084.36 1 32412.2 4d :IF3 - 5p :10~ 

2644.946 8h 37796.7 4d :JOa-5p aD~ 3096.226 2 32288.01 5p aD~_ 5d :IP 2 

2645.541 80H 37788.2 4d:lG5-5p 3F~ 3110.416 30 32140.72 4d :IF4 - 5p 'JO~ 
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TABLE 3. Classified lines of V Iv- Continued 

A. air Intensity Wave number Classification A. air Inte ns ity Wave number Classification 

3113.022 25 32113.81 4d 3F3- Sp 3D~ 3489.51 tr 28649.1 4d 3P2- Sp 3D~ 

3121.304 10 32028.60 4d 3F2-Sp 3D~ 3490.913 30 28637.61 Sp 3F~ - Sd 3G3 

3135.192 20 31886.73 4d'Dz-Sp 'F~ 3496.419 50 28592.51 Sp 3F~ - Sd 3G4 

3227.507 15 30974.72 Sp3D~-Sd3F2 3500.57 IH 28558.6 Sp 3p~_ Sd 3S 1 

3229.92 tr 30951.6 Sp 3p~ -Sd 3P, 3504.10 IH 28529.8 4d 3P,_Sp 3D~ 

3234.251 20 30910.14 Sp 3D~_ Sd 3F:l 3505.70 10 28516.8 Sp :lP~ - Sd 3S, 

3241.460 40H 30841.40 Sp 3D~_ Sd :IF4 3514.25 80 h 28447.4 Sp 3F~ - Sd 3G5 

3268.077 15 h 30590.22 Sp3P~-Sd3P2 3525.89 tr H 28353.5 Sp 3F~ - Sd 3G3 

3274.931 SH 30526.20 4d 3P,- Sp 3p~ 3545.98 tr h 28192.9 Sp:)F~ -S,d 3Dz 

3284.560 50 30436.71 Sp 'F~ - Sd 'G4 3550.718 10 21nsS.27 Sp 3p~_ Sd 3S, 

3294.259 40 30347.10 4d 3P2- Sp :tP~ 3681.04 10 27158.5 Sp 3p~ - Sd 3Dz 

3295.501 10 30335.66 Sp 3F~ - Sd 3F2 3691.236 15 27083.46 Sp 3p~_ Sd 3D3 

3298.371 20 30309.27 Sp3F~-Sd3F3 3833.74 ISH 26076.8 Sp 'P~-Sd 'PI 

3303.719 5 30260.21 4d 3p 0- Sp 3p~ 4136.72 SH 24166.9 4d 'So-Sp 'P~ 

3314.175 2 30164.74 4d 3P,_ Sp 3p~ 4450.75 tr 22461.8 4f3D~-Sd3P2 

3318.788 Sh 30122.82 4d 3P,_ Sp :JP~ 4479.195 2h 22319.18 4f 'F~-Sd 'D2 

3328.527 30 30034.68 Sp 3F~ - Sd 3F4 4505.17 IH 22190.5 4rlF~ - Sd :lF2 

3333.986 15 29985.50 4d3P2-Sp3p~ 4508.67 2H 22173.3 4/ 3F~ - Sd 3F4 

3334.79 60 29978.3 4d'G4 -Sp 'F~ 4518.58 8H 22124.6 4I'H~-Sd3F4 

3385.336 1 29530.69 Sp 'F~ - Sd 'D2 4565.63 tr H 21896.6 4f3G~-Sd3F2 

3433.52 tr 29116.3 Sp 3D~ - Sd :lD2 4608.15 IH 21694.6 4f3G~ - Sd 3F 4 

3448.410 50 28990.57 Sp 'O~-Sd 'F3 4616.57 IH 21655.0 4r)G~-Sd :lF3 

3452.741 3H 28954.20 Sp 30~ - Sd 3G3 4643.985 10H 21527.20 4f'H~-Sd 'G4 

3455.325 15 28932.55 Sp 'P~ - Sd '02 4801.54 2H 20820.8 Ss 30z-Sp :3p~ 

3459.40 10 h 28898.5 Sp 30~ - Sd :30 , 4828.990 IH 20702.48 4d 'So-Sp:Jm 

3471.989 20 28793.69 Sp :30~ - Sd 302 4841.26 20 h 20650.0 Ss 'Oz-Sp 'P~ 

3473.458 20 28781.51 Sp 30~- Sd :l03 4845.21 3h 20633.2 Ss 3D, -Sp :Jp~ 

3487.63 30 28664.6 4d'02-Sp 'O~ 4855.05 3H 20591.3 Ss :30,-Sp :JPg 

306 



TABLE 3. Classified lines of V lv-Continued 

A air Inte nsity Wave number Classification A air Intensity Wave number Classification 

4886.36 20h 20459.4 5s :lD2- 5p :l P~ 5175.950 30h 19314.75 5s :3D I - 5" ;jF~ 
~ 
14891.52 tr h 20437.8 4f3Gl -5d 3C~ 5222.93 5 H 19141.0 5s 3D2 - 5p :3F~ 

,4899.56 tr h 20404.3 4l3H~ - Sd :lD:l 5227.89 10 H 19122.8 5s :JD2 - 5p 3D~ 
1 
4906.280 40h 20376.35 5s 3D:l - 5p :lP~ 5262.164 SOh 18998.3 5s :lD I -5p 3D~ 

4913.083 lOh 20348.14 4fIC~-5d IF:J 5267.045 10 h 18980.69 5s :l D:l-5p 3F~ 
1 
I 

14916.94 2H 20332.2 4/,lF~l- 5ci 3D2 5310.77 20H 18824.4 5s :lD2-5p ;J D ~ 

4954.408 Ih 201 78.41 4f'lH~ - 5ci :lC.1 5352 .320 60h 18678.29 5s 3D:l- 5p ;JD~ 

4966.38 2h 20129.8 4f3C~ -5d :IF2 5353.090 25 H 18675.60 5s 3DI -5p 3D~ 

4970.348 3 h 20113.70 4rlF~ -5ci 3D:l 5387.210 3h 18557.32 4f IF~ -5d IFl 

14971.941 Ih 20107.26 4 f :lC~ - 5rI :lC:; 5496.67 IH 18187.8 4rlD~-5d IF:l 

4985.653 50h 20051.96 Ss ID2 -5p IF~ 5509.19 30 H 18146.4 5s :lD2-5p ID~ 

i 
5035.460 lOh 19853.62 4f3H~-5d3C:; 5520.63 2 H 18108.9 5s ID2-5p :lF~ 

15074.90 5 H 19699.3 4f 3C~ - 5d :JC:l 5608.71 20 H 17824.4 5s ID2-Sp :lF~ 

I 5130.78 SOH 19484.8 5s :J D:l - Sp :JF~ 5710.10 8 H 17508.0 5s ID2-Sp :ID~ 

5146.502 40h 19425.26 5s :lD2 -5p :lF~ 5940.12 40H 16830.0 5s ID2 -5/) ID~ 

TABLE 4. Energy leve ls and limits of the ns series of V IV 

Electron Desig. Energy level Term value '" n· Limit J.P. 

4s :JD:l 96798.0 280538.0 2.50172 
5s :JD:l 236766.9 140569.1 3.53419 377336 376716 
6s :lD:) 292417.4 84918.6 4.54709 

4s 3D2 96412.1 280353.9 2.50254 
5s :lD2 236322.4 140443.6 3.53577 376766 376766 
6s :JD2 29 ]9]8.1 84847.9 4.54898 

4s :lDI 96196.1 280515.9 2.50182 
5s 3DI 236148.6 140563.6 3.53426 376712 376712 
6s :lDI 291796.0 84916.0 4.54716 

4s ID2 100200.7 277134.3 2.51704 
5s ID2 237638.8 139696.2 3.54522 377335 376715 
6s ID2 292766.7 84568.3 4.55651 
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4. V v 

As a by-product of the V IV analysis, 8 lines of the 
fifth spectrum of vanadium were identified in the 
region 675 to 2200 k With the present measurements, 
the levels published in A-KL. [2] gi ving combinations 
in thi s part of the spectrum have been correc ted and 
the 20 term of the 4£1 configuration has been found_ 
The new values based on the assumption that 4/)2 P~l/, 
= 2076 17.0 ("m - I is correct. are the following: 

tlw observed co mbinations among them are as follows: 

Config. 

4s 

4p 

4d 

Ss 

4/ 

New levels of V V 

Oesig. J Level 

2S 01 148100.1 

2pO 01 206350.6 

20 11 293859.5 
21 294004.3 

2S 01 328173.5 

2FO 31 349210.6 

Newly classified lines o/V V 

A Int. Wave number Classification 

820.866 15 121822.5 
829.483 20 120557.0 

1142.741 40 87508.9 
1157.577 50 86387.3 
1159.520 10 86242.6 
]680. 199 100 59516.9 
1716.722 50 58250.5 
1811.388 40h 55206.3 

The author is indebted to A. G. Shenstone for the 
many facilities placed at he r disposal to carry out part of 
the experimental work on which this paper is based, 
and to R. Velasco for the use of his hollow cathode 
spectrograms and for many helpful discussions during 
the course of this investigation. Thanks are also due 
to Mrs. Charlotte Moore-Sitterly (NBS) for her kind 
cooperation in the correction of the English manu­
script and during the editorial stages of this paper. 

(Paper 72A4-503) 
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4p 2 P~ l / , - 5s 2S 01 /, 
4p 2P~1/, - 5s 2S t)l!, 
4p 2p~1 / , -4d ~Oll/ , 
4p ~P~l /, -4d ~021 / , 
4p 2p~1/ , -4d "011/, 
4s 2StH/ , -4p ~P~l/ , 
4s 2S tH / , - 4p 2P~1/ , 
4d 2021/, - 4/ ~F~l/ , 
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