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From new measurements between 2173A and 1848A, six new odd terms and 33 miscellaneous
odd levels have been found. Almost all lines of intensity 10 and greater have thus been classified,
but it has not been possible to fit them all into multiplets. Five of the new terms and one
previously known term may form two triads and probably belong to the (3d) 4s-5p con-

- figuration,

N extensive analysis of the V I spectrum has
been published.! At that time, observations

in the violet were incomplete. Recently, however,
the arc spectrum has been photographed in this
region and a total of 263 arc lines measured be-
tween 2173A and 1848A. Six new terms and 33
new miscellaneous odd levels have been found.
These are listed in Table I, in which the notation

TABLE 1. Terms of V 1.

TERM LEVEL DIFF. TERM LEVEL
@Gyt 476905 aa 0| 2ann 45353.69*
4, 0 . .
gy f 176.86 | 2%% :
7' 4819104 6oz 46707.18
7720 47348.14
SR aeise M3 | B o 4761
oy 481304 2235 | 100%™ 47800120
‘Fa 483288 1894 | {1.5 4792549
04 Fypo . 5/2 925.49:
1205, 120 48001.8:
WDy 4018974 ) oo | 130 48023.68
4 0 M 0
Mol desson 15634 |fbwr o (804708
mDyd 4958400 14378 [ 18 0 48201.79
772 . 75/2(') ]/2 48289-8
177/2% .
APy 5080414 yoc o | 184 48881.48
rFys  50530.27 19472 48064.99
o 200" 49000.82
Bos  osree 1210 |2 o .
ﬁ*cmo s0742.4 1628 1937 5000028
iCrod 50033.58: 1912 [ 47T )
PGy DO 450 50130.6
o 001 2w 3015435
wRr Soora 1wy | Bwmwt o S0333.30
. 5/20 . 153’3 8/2 .
n F7/2 51174.50 192.1 285/2, 7/20 5043835
mFoy®  51366.6 S T ) 50529.67
304,50 50595.73
m:Dlng 50976.5: 91.2 3132, 512° 51194.2
mDys® 510677 11| 30y 51830.69
m:sz 51212.2 . 1859 335/26 7/20 52008.09
m Dy 51398.1: 34412 55202.44
35372, 5/2° 55877.82:

* Observed g =1.26 for this level; calculated from 3556A and 3379A,
having observed Zeeman patterns (0) 1.27 and (0) 1.08, respectively.

1'W, F. Meggers and H. N. Russell, Nat. Bur. Stand. J.
Research 17, 125 (1936).

is continued from the previous work. A colon
denotes doubtful levels. One term, 0*F°, which
has been published, is repeated here with slightly
revised values. Six of the terms in Table I may
possibly form two triads, #4D°, 0*F°, ¢*G° and
m*D° n*F° p*G°. They probably belong to the
(3d)? 4s-5p configuration, but the array of terms
from this configuration is so complicated that no
attempt has been made to assign a limit to either
triad. The intensities of the combinations be-
tween a*F and these suggested triads are given
in Table II.

Table III contains the newly classified lines

TABLE 1. Intensities in multiplets of V 1.

atFyyz atFye a‘Fspy a‘Fy2

n4D7/2° 90 50 0
14D 590 80 40 1
n4D5/2° 90 40
ﬂ‘Duzo 60
04Fy/9? 607 3072%*
04Fq/° 25 30 30r?*
04 Fgs° 25 1072* 20
04F30° 30 207
¢*G1ys® 40
¢*Goss® 15 20%*
@*Gip2” 0 15 20
¢'G/2° 1 15 20%
m*D /90 60 50* —_
miD g0 60 50* —
miDg/5° 70 12
miD 50 60
n4Fq/2° 807? 30
n4Fq)90 10 60 30
niFy00 15 60 40
’ﬂ‘Fa/zo 1 5 60
$*G11/2° 50
PGopnd 0 50

4G1/2° —_ 12 40
P4G2° — —_ 40

* Blend.
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SPECTRUM OF VANADIUM 711

TaBLE I1I1. Classified Lines of V 1.

I(ARC) AND ‘Wave No. MULTIPLET I(ARC) AND WAvVE No. MULTIPLET
REF. MAIR)A TEewmP. CLASS VAC cM DESIGNATION ReEr. MAIR)A Tewmp. CLASS VAC cm™1 DESIGNATION
4 3915.36 211 25533.26  biDg—4° 1 2597.73 1? 38483.66  a®Gyra—ntD1ss°
4 3863.40* 1 25876.64  b*Dq/2—63/2° 1 2559.81 2h? 39053.70  a2Ggsa—25°
4 3697.98 1 2703411 b*Dyj—q4Grs2° 1 2550.40 1h 39197.78  a2Gy/3—23°
4 3659.45 2 111 27318.74 b2Gr72—195/2° 1 2549.834 5 39206.48 a'Dyp—90°
7  3645.626 311 27422.34  a?Fq2—55/2° 8  2549.62 3111 Fe? 39209.77 atDyja—115,50
4  3636.95 1111 27487.78 a8Ss2— q*Gs/2° 1 2535.835* 1 3942290 a'Dyp—12°
5 3632.964 1 27517.92  b2P31a—63/2° 1 2535.441 2 39429.02  a?Ggja—297)2°
4 3559.28 1 28087.60  ab8Ss.—170? 1 2534.825 15k 39438.61  a®Gyjz—12Fy;9°
7  3556.241 411 28111.58  a!Gi1/a—2a11/2° 1 2532.280 5 39478.24  bFq5—34452°
5 3529.474*% [2] 2832477 - b*Hgjp—T1/2° 1 2531.778 3 39486.07 atD;p—16"
6 3503.181 1111 28537.35  a?F12— 8720 1 2531.20 4h 39495.08  a2Gg/a—307/5°
4 3476.35 1 28757.61 b2Gyya—12Fg2° 1 2523.505 5h 39615.51  a*Pgo—n'Ds2?
5 3322.039: ) ;I{/IA 28892.66  b2Gyjo—12F1)5° 1 2521.615 (3n) 111 39645.20  a*Py/9—niDy°
6 3454.881 I 28936.30  B2Ggjp— 12700 atPgjo—ntD3ye
6  3442.006* 21V 2904454  @2Fyp—15y0 | 1 2521512 6k 30646.82 {a”Gm—r’Fm“
5 3427.486 11V 29167.57  b2Hy/2— @'Gr1/2° 1 2515.649 6h 39739.22  atPyja—niDy?
‘é 3108.48 . 11IA %933(6).41 v2Gyja— p*Grase® 1 2514.41 104 39758.79 a;gs/g—n‘l)v/zo?
3401.894*% —1 9386.99  bpiDq,—25° p a*Goja—ntFy;s0
4 338501 1 2952560  iDys—27y,0 | 1 2482711 (ISR)IIL 4026639 {a4P5,2—23°?
4 3383.76 1 2054446  b*D;9—26° 1 2481.11 104 40292.37 atHqp— 34550
‘; 3;;833 . % v %958§.g2 b4Fg0—2a11/2° 1 245541 2h 40714.07 a:gg/g—n4D1/2°
3370.196 9663. b4 D19 — p*Gsra® ) a*Dsra—2152°
4 334501 trlV 2988670  a*Fap—10,0 | 1 245479 1 40724:35 {awm—mps,zo
5 3242.440 0 30832.11  a'Gyja—q*Goy2° 1 2449.78 1 40807.63  a*D3jo—niDy/2°
5  3230.441* 1 30946.62  a'Gga—12° 1 2446.150 K13 40868.18  a*Dyjs—ntDy)2°
4. 3225.63 1 IITIA - 30992.76  a'Gsia—1472° 1 2412.81 1? 41432.84  a'Pyjo—mtD 2"?
2 3211.323* 0 v 31130.85  b2Hyp—25° 1 2407.517 5 41523.93 a:;l/g—m‘Da/go?
3180.09 1 31436.56  biP3/a—63/2° @*Pyjg—mtDyg;,°
6 3147255 81V 31764.56  aiGya—18y,0 | 1 2404544 Sk 41575.26 {mm,,-zso
8 3143.2 11V 31805.6 a8Ss2— 330 1 2231412 30 44800.71  a*Fg;p—2a11/2°
8 3109.42 11V 32151.03  b:Hgjo—ntFyy0 1 2196.56* 2? 45511.47  a®Dq5—q*Grss®
8 3108.56 [131v 3215992 atGya—22° 1 2172.75 7 46010.1
8  3099.59 2h IV 32252.96  b*Fg2—1372° 1 2170.74f 60R 46052.7 ' Fyo—14Gy/2°
8  3096.04 21V 32289.93 b4 Fq70—q'Goa® 1 2169.85 8 420;%2 i 5 0
b4 Fqa—1475° 1 2164.88 15 46177. @4 F113— 5602
8 309285 11V 32323.33 {a“Gm—n“Dm" ‘5 216454 3 4618416 qtFyy—A0
6 3038710 101V 32899.16 a‘Hys—10:° |1 215812 15 463220  atFyp—40
4 3027.07 21V 33025.64  B2Py/a—3232° 5 2157.80 5 46328.9 o . 6.0
% atGrra—26° atlg2— 032
s 300966+ [111V 3321663 {40718 o |1 au664 10 46369.1 { Gapvr S
6 3003.288 51V 33287.16  atGria—12Fy° 5 2146.28 6 46577.5
8 3001.05 1h IV 33312.02 b4 F 50— 203" 5 2145.20 3 46601.0
8  2994.61 2h IV 33383.63  a'Gsa—28° 5 214413 5 46624.2 a*Dgra—345/5°
8  2991.14* 21V 33422.35  a'Gya—12F22° 5 214245 0 42?8?3 a‘:gs/z—éé;a/ozo
a?D315—155/2° 5 214033 1 4 . atF39—063/2
8§ 297921 21V 33556.15 { BGap—34® | 5 213045 0 467264  a*Dyj— 34510
8  2956.57 121V 33813.14  b4Fga—ntDy)s° 5 2138.62 10 46744.3 abD 53— 195720
8  294991*% 2h IV 33889.46  a®P3a—q*Gers® 5 2137.71 2 46764.2
8  2941.11* 1 1ITA 33990.83  a?Py/2—0%Fy20 5 2136.27 1NV§§ 46795.7 a*Fypa—T172°
8 2939.26 2nV 34012.22  b*Pga—ntD1ss° 5 2135.54 1 46811.7 a®Dgjp—195/5°
8 2895.16 4nV 34530.27 a*Hya—ntDygo® 5 2135.18 0 46819.6 atFqig—s2Fy;9°
5  2849.086 4 35088.69  b*Djsa—35° 5 2133.90 0 46847.7 a®D 32— 203/2°
6 2815.994 ShV 35501.02  a?P3o—2142° 5 213291 8N 46869.5
4 2788.16 2V 35855.41  a?Dgja—12Fp/9° 5 2132.03 3 46888.8 a%D 72— 203/5°
4 2785.52 81V 35889.37  a2Djja—r2Fgs° 5 212717 5d? 46995.9 atFajp— s2F00?
4 2777.70 8h IV 35990.41  a2Dgia—r2F7/9° 5 2126.74 5 47005.4 a4 Fyjp— s2Fq)50
1 2742.250 2 36455.64  a®Gqra—T1/2° 5 2125.84 20 47025.3 atFqo=—"T72°
1 2711.874 1 36863.96  a'Pya—S5/2° 5  2124.15 12 47062.7 a*Fora—817/2°
1 2710471 2 36883.04  a'Pgia—063/2° 5 211748 208§ 47210.9 a*Fyio—T1/2°
1 2708.224 2 36913.64  a®Gyra—q4Gosa® 5 2114.82 0 47270.3 atFoa—q'Grj2®
1 2696.760* (6) IV 37070.55 atPga—63/2° 5 2113.52 0 47299.4 a*Dgja— 359
1 2690.065 2 37162.80  a*Pyj2—63/2° 5 2111.38 SN 47347.3
1 2645.343 5 37791.04  a*Pgra—87/2° 5 2110.51 188 47366.8 a*Fr2—q'Ge2®
1 2640.684 (6) I1I**  37857.71  a*Psp—9° 5 2108.97 8 47401.4 a*D3jp—35°
1 2629.094 5 38024.59  a'Dj1a—S552° 5 2106.33 15 47460.8 atFyia—q4Gos2®
8 261490 2 111 38230.98  a'Dj/s—63/2° 5 2104.84 20 47494 .4 atFgjp—147)5°
1 2613.85 2? 38246.34  a'Pyi—1552° 5 2104.57 15 47500.5 a*Fryy—q'Gr2®
8  2602.7 1111 38410.17  a®Gyra—2152° 5 2104.07 3 47511.8

* Blend. ** Temperature class =that of blend. §§ May be blend with VII.
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TasLE I11.—Continued.

I(ARC) AND WaAVE No. MULTIPLET I(ARC) AND ‘Wave No. MULTIPLET
RerF. MAAIR)A Tewmp. CLASS vAC cmt DESIGNATION REF. AQAIR)A TeMmp. CLASS VAC cM™1 DESIGNATION
5 2103.04 8 47535.1 aSDyjo— 12D 5720? 5 2048.99 tr 48788.8 atFyia—220
5 2102.58 15 47545.5 a*Fgra—9° 5 2044.26 2NN§§ 48901.7 a8D 70— mAD 57202
5 2102.23 15 47553.4 a*Fyia—q*Gy® 5 2043.13 20 48928.7 .
g 2101.;%_“ tg 4;569.7 aﬁDstz—lzl})?smz 5  2041.74 10N 48962.0 Do
2100. 2 47586.4 a*Fyjo—0*F1y2 aSDgra—m*D ;201
5 210051 25 475923  @AFpa—otFyp |5 204124 48974.0 { a*Dyy3—310
5 2099.55 3 47614.1 5 2041.00 60 48979.8 a4 Frya—21515°
5 2098.50 40 47637.9 a*For2—q*G1172° 5 2039.81 SN 49008.4
5 2097.36t 30 47663.8 a'Fyjo— 0 F3/9° 5 2039.39 tr 49018.4 atFya—220
5 2097.00 888 47672.0 a4 Fg2—105/2° 5 2038.85 90 49031.4 aFora—ntDs0
5 2096.72 15 47678.3 aFrja—120 5 203845 0 VII? 49041.0 a®Dgja—31°
5  2096.54 tr 47682.4 atF35—9° 5 2035.30 80 49116.9 aFra—nDys®
5  2096.37 208§ 47686.3 a4F5/2—qig7/2g 5 2034.06 90 49142.2 a“;s/z—;r;Dgéz“
a4F3/2—Q 5/2 5 2033.28 8 49165. 0t Fg2— 2152
5 209649 20, 47690.4 { WFs—q'Gos® |5 203227 60 401902 @A Fys—miDyps®
5 2095.77 25 47699.9 a4 Frj2—137/2° 5 2032.10 SN 49194.3
5 2095.29 2 47710.9 ’ 5 2029.36 50 49260.7 atFyyo—ntDq)2°
5 2095.11 2 47715.0 5 2028.42 40 49283.5 aFyo—ntDsg)2®
5  2094.71 40 477241 atFra— 14720 5 2027.62 40 49303.0 a*Fsia—n*Dss®
5 2094.15 8 47736.8 @t Fgp—17° 5 2025.04 3 49365.8 atFqpjp— 12D 5100
5 2093.70 1 47747.1 a*Fra—1552 5 2021.98 1 49440.5 atFypp—ntD 590
12092447 607 47775.8 a:gm—g*sfm" 5 2021.72 0 49246.8 atFyip—nDry2
a%Drpa— 5 2020.30 2 49481.6
1 209230t 107 47779.0 { @*Fys—0tFsn® |5 201804  #r 495370  atFy—230
5 209191 4 47787.9 atFya—1152° 5 2015.41 4 49601.6 a*Fypa—25°
1 2091.29% 207 47802.1 atF312— 0% Fy;2° 5 2015.04 ONVII? 49610.7 a8D gra—323/2°
5 2090.96 10 47809.7 a*F35—105/2° 5 2013.09 3N 49658.8
5 2090.68t 30 47816.1 atFrjg— 0 Frj2° 5 2012.35 20 49677.0 atDgjo—323/2°
5 2090.54 5 47819.3 aSD7ja—245/2° 5 2011.83 3 49689.9 a*Fga—12Dy2%?
5 2089.94f 20 47833.0 5 2011.54 15 49697.0 aSDqj5—33°
5 2089.13 2 47851.5 5 2011.33 4N 49702.2
5. 2088.56 40 47864.6 a*F5—12° 5 2010.66 2Fell? 49718.8 a8Dqja—32372°
5 2087.97 1 47878.1 atFr/9—16° 5 2010.48 20 49723.2 atF3o—12Ds2®?
5 2087.62 10 47886.1 atFs2—137)2° 5 2009.54 8 49746.5
5 2087.47 8 47889.6 . a0 5 2008.,70 10 49;67.3; a“g-//z—‘ ggoo
aSDyg1a— 2452 5 2007.86 - 1 49788. a’Dygjo—
5 2086.57 1Smtoy 479102 { WFya—14 |5 200612 9 408313 aiFy—250
5 2086.33t 20 47915.7 atFyja—0*F/2° 5 2004.31 4 49876.3
5 208591 20 47925.4 a4 Fsa—1152° 5 2003.04 8 49907.9
5 2085.56 10 47933.4 a4 Fsra—155/2° A(VAC)
5 2084.12 10n to v 47966.5 atFqa—17° 5 2000.56 0 49986.0 atForo—r2F1190
5 2083.65 tr 47977 .4 aSDgjo— 245720 5 1995.43 0 50114.6 atFqp—28°
5 2082.84 12NN 47996.0 . i 5 1994.34 28N 50143.3 . G
atFga— 07y 5 1992.46 50189. atFora— PGy
5 2082.52  30r2 48003 4 { WFin—0'Fy |5 199175 2 502071  atFyja— 297502
5 2081.70 0 48022.3 atDy2—26° 5 1991.31 tr 50218.2 a4 Fya—2732°
5 2081.35 2N 48030.4 5 1989.82 124} 50255.8 atFyj—pGry2®
5 2080.86 2N 48041.7 5 1989.17 0 50272.2 a4 Fqy3—307/2°
5 2080.70 2N 48045.4 5 1988.97 8 . 50277.3
5 2080.46 2N 48050.9 5 1987.25 10N§§ 50320.8
5 2079.87 iN 48064.5 atFg—16° 5 198491 = 50 50380.1 atFyja— piGr1/2°
5 2079.56 15d? »? 48071.7 5 1984.43 6N 50392.3 a4 Fg1—2975°
5 2078.12 oON 48105.0 a%Dgj2— 297,50 5 1983.37 50 50419.2 atFqjo— p*Gosa®
5 2077.75 tr 48113.6 a®Dg2—26° 5 198245 40 50442.6 atFygjo— pAGry2®
5 2077.16 15 48127.2 a%Dyo—28° 5 1982.06 40 50452.6 0t F 39— p'Gis2°
5 2077.00 5 48131.0 5 1981.85 1 50457.9 a*Fga—3075°
5 2076.78 0? 48136.0 aDyia— 27520 5 1975.42 10 50622.2 aFyja—ntFq;5°
5 2076.41 8N 48144.6 5 1973.55 SN 50670.1
5 2073.89 1 48203.1 a8Dgja— 27520 5 1972.48 15 50697.6 @t Fqpa—ntFy)5°
5 2073.58 2N 48210.3 " ) 5 1962.57 15 » 507'{%.? a,:;m-—n:;s/z:
atD 53— 289 5 1967.98 80r 50813. atFyja—ntFypo
5 2073.23 2 48218.5 { aD72—29720 |5 1966.76 60 50845.1  atFyp—mtD1s0
5 2072.75 10 48229.6 5 1966,52 60 50851.3 atFrjg—ntFy9°
5 2072.30 6 48240.1 5 1965.26 60 50883.9 atFgro—ntFg0°
5 2072.16 0 48243.4 (ISD1/2—273/20 5 1965.07 60 50888.8 G4F7lz—'m4D5/2°
5 2068.81 SN tor§ 483215 5 1964.27 60 50909.5 0t Fyp—ntF3°
5 2062.78 3 48462.7 5 1963.47 70 50930.2 at Fypo—m*D 300
5  2056.11 2 48619.9 5 1961.69 60 50976.5 atFya—m*Dy/9°
+ Designation previously published. §§ May be blend with V II.

T Multiplet designation previously assigned to this line very doubtful. § V II present. 1t Blend with Cu II.
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TABLE I11.—Continued.
I(ARC) AND ‘Wave No. MULTIPLET . I(ARC) AND Wave No. MULTIPLET
REF. A(vac) TEewmp. CLass Vac cmt DESIGNATION REF. A(vac) Tewmp. CLass VAC cM ™1 DESIGNATION

5 1959.97 40 51021.2 atF3g—ntFg 0 5 1900.00 6 52631.6
5 1959.36 30 51037.1 atFyo—ntFye° 5 1898.78 5 52665.4
5  1959.12 30 51043.3 atFqio—ntFypp0 5 1897.90 2 52689.8
5 1958.60 tr 51056.9 a*Fgp—310 5 1897.49 5N 52701.2
5 1958.18 12 51067.8 a‘Fys—m*Dg® | 5 1894.47 8N 52785.2

a*Frps—m*Dqe® | 5 1890.82 3N 52887.1
5 1957.90 50 51075.1 { @ Fya—m'Dy® | 5 180050 4N 52896.1
5 1947.37 4N 51351.3 5 1872.66 5N 53400.0

and all new unclassified lines of intensity greater
than 1. From 3915A to 2196A the stronger lines
were included in the previously published paper?
but were unclassified. In column one the numbers
refer to the observers, and the key to the
numerals is the same as in the older list. Simi-
larly, the other columns contain, respectively,
wave-length, arc intensity, temperature class,
wave number and multiplet designation. An

asterisk following the wave-length denotes that a -

designation has been published for the line and
it is, therefore, a blend. A dagger indicates that
the multiplet -designation is taken from the
earlier list. In the overlapping region of the two
lists a few intensities have been revised. These
are in italics when the earlier measurements have
been retained. Furnace intensities are in brackets.
For lines of known temperature class, King’s
intensities are given unless the intensity is in
parentheses, in which case it is that of the
observer in column one.

All but four of the classified lines in the newly-
measured region arise from the two lowest terms
of the atom, ¢*F and a®D. Almost all of the

stronger lines have been classified, but it has
not been possible to fit all of them into multiplets.
Consequently, the reality of some of the nu-
merous miscellaneous levels may be questionable.

There are enough combinations with higher
terms to indicate that there is no systematic
error in the ultraviolet measurements. Owing to
the lack of standards in the ultraviolet, and to
the scarcity of combinations in the visible region
based on well measured lines, the present wave-
lengths are not sufficiently accurate to provide
standards, although they suffice to check the
reality of nearly all of the new terms.

This paper is an outcome of work on the
analysis of V II by W. F. Meggers and the
writer. Observations of the spark spectrum in
the ultraviolet were urgently needed. Dr. Meggers
kindly lent electrodes of pure vanadium and Dr.
A. G. Shenstone secured excellent photographs
of both arc and spark spectra at the Palmer
Laboratory. The writer greatly appreciates this
assistance as well as that of Dr. Henry Norris
Russell, who suggested this note and has taken
a very keen interest in it.
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Time Changes in Emission from Oxide-Coated Cathodes

J. P. BLEwWETT
Research Laboratory, General Electric Company, Schenectady, New York

(Received February 1, 1939)

The decay of electron emission which sets in when emission-limited current is drawn from
an oxide cathode has been studied as a function of anode voltage, anode current, cathode tem-
perature, and tube temperature. It is concluded that the decay is due to a transport of barium
or oxygen by electrolysis and diffusion. A value is deduced for the heat of the diffusion process.
Other time variations in emission have been observed and are discussed.

HEN an emission-limited current is drawn
from an oxide-coated cathode, the emis-

sion current decays rapidly at first, then more
slowly, finally reaching a more or less constant



