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The Arc Spectrum of Selenium' '

J. E. RUEDY AND R. C. GIBBs, Cornell University

(Received August 16, 1934)

The arc spectrum of selenium, as excited by means of
a positive column discharge in helium, has been photo-
graphed over the wave-length range 300-11,000A. Four
different grating spectrographs were used having disper-
sions of from 11 to 2.5A per mm. A total of 510 lines has
been measured as belonging to the arc spectrum and of
these 391 have been classified. Seven series built on the 4S

state of the ion have been carried to five or more members
and the absolute term values are determined to within
0.2 cm '. All the 4P~, 4P'(~D) 5s, 4p'('2 ) Ss, and 4P'('D) 5P
terms have been located and also some of the 4p'('D) 4d
terms. Perturbation effects are frequently evident and are
illustrated by plots of the various series.

HOLLOW cathode discharge tube, dc-
' ~

~

scribed in a recent paper, 4 was first used
for the production of the selenium spectrum,
but difficulty in maintaining the glow within the
cathode when selenium vapor was condensing
upon it (as was also previously experienced when

using sulfur) made a difterent method of excita-
tion desirable. Jlj, positive column tube with
water cooled electrodes functioned more satis-
factorily in nearly all respects. The discharge
occurring in a tube of 4 inch diameter and 1

foot length was photographed endwise, circulated
helium being used to maintain the discharge.
The selenium was vaporized as desired from a
small side tube. By increasing the density of
selenium vapor, spark lines were decreased in

intensity while arc lines were increased, and if
carried su%ciently far, strong bands were
produced from 2600—6000A, with arc lines very
prominent and spark lines almost absent. Kith
the one known exception of mercury, all im-

purity lines were also decreased in intensity by
this same procedure. In each spectral region two
exposures were made on the same plate, one with
a low and the other with a high density of
selenium vapor. The tube was generally run at
0.8 ampere d.c. supplied by an a.c. rectifier set.

The region from 300—2550A was photographed
with a 1.5 meter grating in a vacuum spectro-
graph giving a dispension of 11A per mm, from
2550—6550A with a 21-foot grating in a Wads

'This research was supported by a grant from the
Heckscher Foundation for the Advancement of Research,
established at Cornell University by August Heckscher.

2 A report on the subject matter in this paper was read
at a meeting of the American Physical Society, April,
1934. Phys. Rev. 45, 747 (1934).

3 Heckscher Research Assistant in Physics.
4 J. E. Ruedy, Phys. Rev. 44, 757 (1933).
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worth mounting giving a dispersion of 2.5 per
mm, and from 6550—10,400A with a 7-foot
grating in a Rowland mounting giving a dis-
persion of 8.3A per mm. Two lines were also
observed at still longer wave-lengths using a
Zeiss triple prism spectrograph which gave a
dispersion of about 125A per mm in that region.
Schumann plates were used for the vacuum
wave-lengths and Eastman plates of suitable
sensitizations over the rest of the range. The
vacuum wave-lengths have a maximum error of
0.07A, which corresponds to about 3 cm '. The
stronger lines from 1890—2420A were measured
in the second order of the 21 foot grating and.
their accuracy is believed to be within 0.01A,
which gives a wave number accuracy of about
0.2 cm ' for some transitions involving the
deepest terms. The wave-length accuracy from
2550 to 10,400A varies, but the wave number
errors are always within 0.2 cm '.

Previous work has been done by several inves-
tigators' ' ~ ' ' leading to a partial analysis of
the selenium arc spectrum. The data, however,
were quite incomplete and as shown by the
present work some of the term assignments were
incorrect. The more complete data yield 103
classified lines for the vacuum region and 288
for the longer wave-lengths. From these a total
of 130 terms are established, of which 100 are
new. All the stronger lines have been classified,

~ C. Runge and F. Paschen, Ann. d. Physik 61, 641
{1897).

J. C. McLennan, A. B. McLay and J. H. McLeod,
Phil. Mag. 4, 486 (1927).

7 J. C. McLennan and M. F. Crawford, Nature 124,
874 (1929).

R. C. Gibbs and J.E.Ruedy, Phys. Rev. 40, 204 (1932).' K. R. Rao and S. G. T. Murti, Proc. Roy. Soc. A145,
681 (1934).
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TABI.E I. Lines of Se I.

Int.

2
1

10
12
8
61.
2
1
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1
6
2
1
1
1
1
2
7
3
5
1
1

10
0
0
1
1
2
6
1
2
1
2
0
1
1
2
2
3
6
8
0

12
6
8
0

20
0
3
7
8

20
10
8
9
1
3

30
4
4
1
3
0
3
1

15
0
0
0
1
2
1

15
15

1
1
8
1
1
0
0

id

0

0
1

2

X(air)

10652.7
10533.4
10386.28
10327.19
10307.39
102 17.26
10132.40
10107.52
10086.45
9969.73
9938.09
9825.51
9816.63
9754, 19
9716.00
9695.76
9603,34
9595.41
9549.40
9544.96
9541.64
9535.83
9517.91
9432.43
9427.43
9419.85
9329.83
9329.15
9303.15
9271.02
9265,41
9252.40
9228.03
9218,30 .

9216.81
9214.28
9212.77
9211.04
9206.14
9203.58
9181.80
9140.79
9090.26
9088.70
9088.14
9083.05
9074.86
9038.56
9035.05
9005.99
9005.58
9003.44
900'l.93
8969.63
8969.23
8938.14
8930.67
8924.19
8918.80
8915.88
8914.58
8882.72
8872.26
8868.51
8799.79
8791.73
8742.29
8666.30
8663.11
8654.77
8651.54
8568.39
8495.97
8491.35
8450;47
8440.55
8425. 16
8423.76
8375.31
8368.57
8368.25
8367.44
8356.26
8350.60
8341.64
8340.03
8335.14
8309.52
8304.66
8282.40
8274.55
8272.45

v(vac)

9387.3
9493.6
9625.45
9680.52
9699.11
9784.68
9866.62
9890.91
9911.58

10027,62
10059.54
20174.80
10184,00
10249.20
10289.48
10310.96
10410.19
10418.79
10468.99
10473.86
10477.50
10483.88
10503.63
10598.81
10604.44
10612.97
10715.37
10716.15
10746.10
10783.35
10789.87
10805.04
10833.58
10845.01
10846.76
10849.74
10851.52
10853.56
10859.33
10862.36
10888.12
10936.98
10997.77
10999.66
11000.34
11006.50
11016.43
21060.67
11064.97
11100.66
12102.17
2 2103.82
11105.68
11145.68
11146.17
11184.94
11194.30
11202.42
11209.19
11212.86
11214.50
11254.72
11268.11
11272.75
11360.78
11372.49
11435.51
11535.78
11540.03
11515.15
11555.47
11670.33
11767.06
11773.46
11830.41
11844.31
11865.96
11867.93
11936.58
11946.19
11946.65
11947.80
11963.78
11971.89
11984.75
11987.06
11994.10
12031.09
12038.13
12070.47
12081.92
12085.00

(»D) 5s 1D»
(4$)4d «D»
(4S)5s sS1
(4S)5s sS1
(4$)5s ssl
(»D) Ss 1D»
{4S)4d «Ds
(4S)4d «D»

Transition

(»D)5p 1P1
(»D) 5p 1P1—(4S)5p sP1—(45)5p sP»—{45)SP sPo
{»D)5P 1Ps—{»D)5p sF4
(»O)5P 1Ps

(»D}5s sD» —(»D) 5p sD1

(»D)5s sD1, —(»D)sp sDl

(4$)4d sos
(4S)4d sD1
(4$)4d sD»
('5)5P 'Po
(4S)sp sP»
(»D) 5s sDs
(4S)sp sP1
(4S)5p sP»
('5)5P 'P

—(4S)Vf sp
-(4S)7f sF—{S)7f sF—(4S)5d sO1—(45)5d sD»
-(»O)5p sFs—(4S)5d sD»—(4S)Sd sDs—(4S)5d sD1

(»D) 5s »D1
(»D) 5s sDs
(»D) Ss »D»
(»D) Ss sDs

(4S)4d «Ds
(»D) 5s sOs
(4S)4d «Dl
(4S)4d «Do
(»D) 5s sDs
(4$)4d «D»
(4S)4d «D4
(»D}5s sD»
(»D) 5s sD1
(45)5P «Ps
(4S)5p «Ps
(4$)5P 'Ps
(»D) 5s sDs
(»D) 5s sDs
{'S)5s «S»
(4S)4d sDs
(4S)sp «P»
(4S)Sp «P»
(4S)5p «P»
(4$)5s «5»
('$)5P «»
(4$)5P «Pl
(»D) 5s sD1
(4S)SP sPo
(»D) Ss sD»
(4S)5s «S»
(s)sp P»
{»D)ss so»
(»D}5s sD»

. (4S)5P sP1
(»D)5s sD»
(»D) 5s sD1

—(»O) sp sO»—(»D)SP sDs
{»D)5P spy—(4S)7p sP»

—(4S)6f «F
—(4S)7p «P»
-(4S)6f «F
—(4S)6f «F
-(4S)7p «Ps—(4S)6f «F—(4$)6f «F
-{»D)5PsFs
-(»O)5p sF»
-(4S)5d «O»—(4S)5d «D4—{4$)5d «Os
-(»D)5P sp4

(»D)5P 1Ps
-(4S)5p «Pl—(45)8f 'F
-{4$)5d «Dl
-{4S)5d «O»
-{4S}Sd«Os—(4S)Sp «P»
-(4S)sd «Ol—(45)5d «D.—(»D)5p 1P1—(4s) Vs ssl

(»D)5P sOs
-(4$)5p «Ps—(4s) Vs ssl—(4$)VP «P1
-(4S)7p «Pl—(4S)7s sS1—(4S) VP «Ps—(4S)VP sPo

(»D)5s sD» -(»D)5P lps

(»D)5s 1D» -(»D)5P 'O»
(»D)5s sDs —(»D)5p sP»

(4$)4d «D» —('D}5p 1D»
(4S)5p «P1 —(»P)5s 1P1

{»D)5s sDs —{4S)6f «F
{»D)Ss «D s —(4S)6f sF

(»D)5s so» —(»D)5P sD»
(»D) Ss 1D» —(»D) 5p sP1
(»D)5s 1D» (»D}5P sP»

Int.

0
1
2
Od
0
1

12

4
10
15
0

18
20

3
15
18

1
0
2

15
15
2

12
12
12

1
4
1

10
id

20
1
1
1
1

30
0
3
0
Od
0
1
3
Od
Od
0
Od
1
1
0

0
0
1
5
0
Od
1
6
3
1
1
1

12
15
0

25
1

20
10
10
5
0
3
0

7
0
1
2
6
5
3
1
4
6
0

Z(air)

8265.34
8258.24
8256.74
8255.78
8253.04
8217.53
8194.61
8191.43
8190.13
8185.00
8182.93
8172,00
8163.08
8157.73
8155.69
8152.02
8149.28
8147.09
8140.17
8098.5 1
8094.69
8093.19
8087.77
8081.14
8065.31
8060.91
8058.60
8058.37
8055.29
8051.81
8043.62
8036.35
8029.14
8024. 18
8020.62
8018,42
8000.96
7979.5 1
7963.89
7960.67
7958.20
7934.70
7932.83
7929.48
7924.16
7916.20
7904.59
7902.07
7796.15
7771.60
7770.26
7767.87
7766.88
7756.53
7754.5 1
7750.41
7737.00
7735.16
7724;04
7680.61
7677.83
7676.69
7674,82
7672.39
7672.17
7670.33
7653.59
7606.81
7592.19
7587.16
7583.3V
7581.47
7575.08
7549.97
7508.97
7506.44
7494.39
7493.47
7430.72
7429.27
7426.81
7424.39
7415.58
7414.02
7383.88
7380.34
7377.77
7376.75
7372.54
7370,82
7357.53

12095.39
12105.79
12107.99
12109.40
12113.42
12165.76
12199.79
12204.53
12206.47
12214.11
12217.20
12233.54
12246.92
12254.95
12258.01
12263.53
12267.65
12270.95
12281.38
12344.57
12350.39
12352.68
12360.95
12371.09
12395.37
12402.15
12405.70
12406.06
12410.80
12416.16
12428.80
12440.04
12451.21
12458.90
12464.45
12467.86
12495.06
12528.66
12553.23
12558.30
12562.20
12599.41
12602.38
12607.70
12616.16
12628.85
12647.39
12651.42
12823.32
12863.82
12S66.04
12870.00
12871.64
12888.81
12892.16
12899.00
12921.35
12924.42
12943.02
13016.22
13020.94
13022.87
13026.04
13030.00
13030.54
13033.66
13062.18
13142.50
13167.81
13176.53
13183.12
13186.42
13197.56
13241.44
13313.74
13318.22
13339.65
13341.28
13453.95
13456.58
13461.03
13465.42
13481.41
13484.25
13539.27
13545.79
13550.50
13552.38
13560.11
13563.28
13587.79

Transition

(»D)5s 1D» (4S)7f «F

(4S)5p 'P» —(4S)7s «S», (»P)5s sP»
(»D}5s sD1 —(»D)5P sPo

(4S)5p «P» -(»P)5s sP», (4S)7s «5»
(4S}5p«Pl —(4S)7s «S», ('P)5s sP»
(»O)5s sD1 —(»D)5p sP1

(»D)5s so» —(4$)6f sp
(»D)5s sD1 —(»D)5p sP»
(4$)5p «Pl —(»P)5s sP», (4S)7s «S»

(4S)5s «S» -(45)5p »P1

(4S)5s «S» —(4S)SP «P»

(»D)5s sD1 —(4$)6f sF

{4$)5P«P» —(4S) Vs 'Sl

(4S)5P «Pl —(4S)7s sS1

(4S)5p 'P» —(4S)6d 'D»
(4$)5p sP» —(4$)6d «Dl

(
(4S)5P sP» —(4S)6d «Ds

4P4 lo» 4P4 15o

(»O)5s sos —(4S)8p sP»
(4$)5p sP1 -(45)6d «Dl
(»D)5s 1D» —(4S)8f «F

(4S)4d «Ds -(4S)8f «F
(4S)4d «D 1 —(4S)8f «F
(4S)4d «Do —( S)8f

(4S)4d «D» -(4S)8f 'F
(4S)4d «Ds -(4S)Sf 'F
(»D)5s sDs -(»D)5p 'D»
(4S)5p sP» —(4S)6d D»
(4S)5p sPo -(4S)6d sD1

(4$}5PsP» -(4$)6d sDs
(45)5p »P» -(4S}6d sD1
(&S)5p »P1 -(4$)6d so»
(4$)5p sP1 -(S)6d Dl
(»D)5s sD» -(4S)8p sP1
(»D)5s sD» —(4S)8P sP»
.(»D}5ssDs -(4S)7f 'P
(»O) Ss sDs —(4S)7f sF
(»D)5s 1D» -('S)9f «F
(»D)5s »D1 —(4S)8P sPo
(»D)5s sD1 -(4S)8p sP1
(»D)5s sD1 -(4S)Sp sP»
(»D)5s sD» -(»D)5P 1D»
(4$)5p 'P» -('D)4d 1»,
(4S)Sp 'Pl —('D)4d 1»,
(4$)4d «D s (4$)9f «P
(45)4d «Dl -(4S)9f «F
(45)4d «Do -(S)9f «P
(4S)4d «D» -(4S)9f «F
(4S)4d «D4 —(»S)9f «F
(4S)5p sP1 -(45)8s «S»,

(4S)Ss «5»
(4S)8s «S»

(»D)4d 1»

(4$)4d «Ds —(4S)7f «F
(4S)4d «Dl -(4S)7f «F
(4S)4d «Do —(4S)7f «F
(4S)4d «D» —(4S)7f «F
(45)4d «D4 —(4$}7f «F

(4S)5p «Ps —(4$}7s «5», (»P)5p sP,
(»D)5s so» —(»D)5p sP1

(»D)5s sD» —(»D)5p sP»
(4$)5P «Ps —(»P)5s sP», (4S)7s 55»



E. RUEDY AND R. C. GIB BS

TABLE I.—Continued.

Int,

4

10
0'8
0
0
3
Od
4
2
2
1
1
3
1
0
1

30
1
1
1
1
1
1

15
8

20
2
1

10
12
0
2
1
1
1
2
2
1
1
1
1

15
6
2
5
8
0
0
3
6
1
0
1
8
1
1
5
Od
0
3
7
1
2
5
1
2
1
1
5
1
3
1
2
4
2
1
0

20
3
1
4
0

10
9
8
6
8
4
6
1

) (air)

7338.96
7335.51
7328.97
7319.18
7299.5 1
7287.53
7266.13
7265.31
7256.48
7210.04
7 188.31
7 1.87.86
7185.46
7180.49
7 178.84
7099.70
7069.59
7062.49
7062.06
7061.56
7056.27
7049.15
7047.55
7043.15
7024.30
7013.85
7012.75
7010.82
7002.84
6998.47
6991.77
6990.65
6973.33
6931.32
6925.63
6905.76
6899.91
6879.52
6865.09
6860.17
6858.47
6858.14
6856.29
6831.27
6830.89
6830.56
6815.28
6805.24
6796.23
6789.93
6781.22
6768.50
6757.12
6755.42
6748.73
6746.43
6743.57
6737.46
6721.37
6708.45
6704.74
6701.04
6699.56
6690.67
6682.36
6679.43
6666.69
6657.83
6544.85
65 12.69
6470. 15
6456.43
6441.43
6420.32
6410.99
6497.69
6358.37
6344.31
6332.32
6325.57
6325.11
6322.21
6300.99
6295.32
6284.47
6283.96
6283.16
6269.15
6266.23
6259.81
6242.21
6220.86

a (vac)

13622.16
13628.56
13640.72

Transition

(»S)5P aPo —(»$)8s»Si
(aD) Ss aDg —('D)5P 'Da
(»$)SP aPg —(»S)8s aSi

13718.29
13758.70 {aD)Ss aDa —(»S)7f «F

(aD)Ss aDa —{»S)7f 'F13760.2S
13776.99
13865.72
13907.64
13908.52
13913.16

(aD) 5s aDa —(»S)9p aPa
(aD)Ss aDg —(»S) 7f aF
(»$)4d «Da —(»S) 10f «F
{»S)4d «Dy —(»S) 10f «F
{»$)4d «Da —(»S) 10f «F
(»S)4d «D» -(»S) 10f «F

13922.79
13925.99
14081.2 1
14141.21
14155.42
14156.28
14157.29
14167.88
14182.20
14185.42
14194.28
14232.36
14253.54
14255.82
14259.78
14275.99
14284.90
14298.58
14300.87
14336.40
14423.29
14435.13
14476.68
14488.95
14531.88
14562.44
14572.88
14576.49
14577.19
14581.12
14634.54
14635.35
14636.06
14668.86
14690.50
14709.97
14723.63
14742.54
14770.24
14795.13
14798.85
14813.52
14818.56
14824.85
14838.29
14873.80
14902.46
14910.70
14918.93
14922.23
14942.07
14960.65
1496'(.2 1
14995.80
15015.75
15274.98
15350.40
15451,32
15484.17
15520.22
15571.25
15593.90
15626.30
15722.95
15757.82
15787.63

{4$)SP«Pa —(»S)6d 'Da, »

(aD)Ss aDa —(»S)8f aF
(»S)4d «Da —(»S) 11f «F
(»S)4d «Da —{»S)11f «F
(»$)4d «D» —(»S)11f «F

(»S)5p «Pa —(»S)6d «D2
(»S)Sp «Pa —(»S)6d «D1
(»$)5 p «pa —{»$}6d «Da
(aD)5s aDa —(»S)9P api
(aD)5s aDa —(»S)9P apa
(»S)5p «pg —(»S)6d «Da
(»S)Sp «Pz —(»S)6d «Da

(aD)5s aDq —(»S)9p ape

{$)SP P, —{S)7d D„(D)4d 2i

—('S)7d «Ds, ('D)4d 2z—{aD)4d 2z, (»S)?d «Di
—(»$)6d 'Da—(»$)8f 'F
—(»S)6d aDa—{aD)4d 2z, (»S)7d «Di
—(4$)7d aDa—(»S)7d aDa
-(aD)4d 2z, (4$)7d «Di
—(»S)7d aDi
-(»S)71 aDa

{»S)Sp apg
(»S)Sp aPo
~»$)SP «P&
{aD)5s aDa
(»S)Sp «Pj
(»$)SP ap&
(»S)5P apa
(»S)Sp apa
(»S)5p apj.
(»S)Sp aPo
(»S)SP ap~

{aD)SsaDq —{»S)8f aF
(»S)Sp apy —(»S) ?d
{4$)5P epa {aD)4d ia, {»S)8s «Sa

{~D)4d 1a(»S)5p «Pa —(»S)8s «S2,

(4$)8s «$a(»S)SP «Pa —('D)4d 12&

(4$)Sp «pq —(aD)4d ia, (»S)8s «$2
{»S)Spepa —(»$)8s «Sa, {aD)4d ia
(»S)Sp aPo —{4$)9s aS&
{»S)Spapa —(»S)9s a$1
t»$)SP «P~ -(»$)8s «Sg, (aD)4d 12

(»S)5p apg —(»$)9s aS~

aDa (2D)4d 4a
«Da
aD&
aDa
aDx
aDa
4a, {S)8d aDa
aSi

—(»S)8d—(4$)8d—{4$)8d—(»S)8d—(»S)8d—(»S)8d—('D) 4d—(»S) 10s

($)SP p
('$)SP P
(»S)5p 'Po
(»S)5p aPa
(»S)Sp aPg
(»$)Sp ap~
(»S)5p aPa
{4$)SpaPa

15804.50
15805.65
15812.89
15866.15
15880.42
15907.86
15909.14
15911.16
15946.73
15954.14
15970.52
16015.53
16070.50

(»S)Sp «Pa
(»S)SP «Pa
(»S)Sp apx
(»S)Sp «Pa

—(»S)7d «Da, »—(»S)7d «Da—(»S) 10s aS &—(»$)7d «Dg, (aD)4d 21

(»S)Sp «Pa —(»S)7d «Da
{»S)5P«Pg —(»S)7d «Da
(»S)Sp epx —(»S)7d «Dx, (aD)4d 2s

(»S)Sp «Py
(»S)Sp «Pg
(»S)sp ep&
{»$)5p aPo

—(»S)7d «Dq—qaD)4d 2g,—(aD)4d 2y,—(»S)9d «Di

('S)?d «D&

(»$)?d «Di

13658.96
13695.78 (»$)Sp ap& —(»S)8s aSi

Int.

1
1
3
1
1
1
2
6
5
4
8
1
5
2
5
1
6
4
5
3
3
2
2
4
2
3
1
2
3
2
3
1
2
2
2
1
1
1
3
2
1
1
1
1
2
id
2

11
12
10
6
3

30
40
50

6
8

10
8
1
1
2
3
8

10
12
2
2
3
4
2

3
4
6
8

10
1
1
1
1
2
3
1
1
2
5

30
4

60
15
50

) {air)

6216.S7
6207.78
6207.20
6203.27
6192.45
6188.23
6186.60
6177.71
6138.46
6121.54
5962.01
5961.71
5961.32
5936.32
5925.15
5924.98
5924.76
5909.38
5909.20
5907.08
5878.70
5843.14
5827.80
5753.32
5752.03
5738.29
5719.68
5718.43
571?.99
5704.98
5703.73
5703.11
5702.44
5701.37
5700.24
5666.80
5652.36
5618.92
5617.87
5586.43
S586.34
5572.31
5572.22
5530.28
5530.12
5499.48
5498.78
5374.14
5369.91
5365.47
4886.99
4792.73
4742.25
4739.03
4730.78
4667.80
4664.98
4664.20
4623.77
457 1.36
4534.89
4534.68
4532.74
4339.59
4330.28
4328.70
4184.08
4141~ 17
4140.40
4139.66
4111.88
4023.23
4021.26
4019.72
4014.77
4012.96
4011.88
3985.83
3981.74
3980.34
3735.02
3734.50.
3733.34
3592.01
3591.66
3591.03
3501.52
2547.98
2442.07
2413.5 17
2332.81
2164.160

a (vac)

16081.61
16104.36
16105.88
16116.07
16144.24
16155.25
16159.51
16182.76
16286.23
16331.24
16768.23
16769.07
16770.17
16840.81
16872.54
16873.03
16873.67
16917.58
16918.08
16924.16
17005.86
17109.36
17154.38
17376.46
17380.37
17421.99
17478.65
17482.49
17483.82
17523.7 1
17527.53
17529.44
17531.50
17534.78
17538.28
17641.76
17686.82
17792.09
17795.41
17895.58
17895.87
17940.92
17941.2 1
18082.28
18082.80
18183.55
18185.83
18602.46
18617.14
18632.54
20456.78
20859.11
21081.16
21095.49
21132.29
2 1417.41
2 1430.36
21431.99
21621.35
21869.24
22045.08
22046. 11
22055.55
23037.22
23086.73
23095.17
23893.40
24140.97
24145.44
24149.82
24312.93
24848.68
24860.85
24870.33
24901.04
24912.27
24918.98
25081.79
25107.55
25116.38
26766.04
26769.73
26778.11
2783 1.74
27834.45
27839.33
28550.90
39235.1
40936.5
41420.7 1
42853.7
46192.75

(»S)Sp apy
(4$)5p apy
(»S)5p apy
(»$)Sp eP
($)SP p
(»S)Sp epy
(»S)Sp «Pa
(»S)Sp «Pa
(»$) Sp epa
(»S)Sp «Pg
(»S)Sp «P&
(»S)Sp epa
(»S)Sp «P&
(»S)5p «Pg
(»S)5p «P&

—(»S)9d
(»S)9d—(»S)9d—(»S)9s—(»S)9s—(»S)9s

-(4$)8J—(»S)8d—(»S) 8d—(»S)8d—(4$) 8d—(»S)8d
-(4$)8d—(»S)8d—(4$)8d

«Dr
aDy
aDg
«Sa
«Sa
«Sa
«D»
«Dg
«Da
aDa, (~D)4d 4a
«Da

«Da
«Dz
«Dx

(»S)Sp «Pa
(»S)5p epg
(»S)5p epy
(»S)Sp «Pa
(»S)Sp «Pa

(»S)Sp «pg
(»S)Sp «Pa
(»S)Sp «Pa
(»S)Sp «Py
(»S)Sp «Pj.

—{»S)10s «Sa—(»S) 10s «Sa—(»S) 10s «Sa—(»S)9d «D»—(»S}9d «Da

—(»S)9d «Dx—(»S)9d «Da—(»S)9d «Da—(»$)9d «Dz—(»S)9d «Da

(»S)Sp epj.
(»S)5p «Pa
{»S)5p «Pa
(»$)Sp «P&
{»S)Sp«Pa
(»S)Sp «Pa
(»S)Sp «Pg
(»S)Sp epa
{»S)Sp«Py
(4$)5p «P»
('S)Sp «Pa
(»S)Sp «Pa
(»S)Sp «Pa
(»S)Sp «Pa
(»S)Ss aS&
(»$)5s aSg
(»S)Ss aSi

4p» api
(»S)Ss aSg
{»S)5s «Sq
(»S)Ss «Sa
(»S)Ss «Sa
(»S)Ss «Sa
{»$)Ss aS)
(»S)ss «S&
(»S)5s aSy
(»S)Ss aS&
(»S)Ss aS),
(»S)5s aS&
(»$)ss as&
(4$)Ss as&
(»S)Ss aSy
(»$)Ss aSy

{»S)5s aSy
(»S}Ss aS&
(»S}Ss as&
(»S)Ss aS&
(»S)SS «Sa
(»$)Ss «Sa
{»S)Ss «Sa
(»S)Ss «Sq
(»$}ss «S,
(»$)ss esa
(»S)5s «Sg
{»$)Ss aS&
{»S)5s aSy
{»$}Ssesa
{»S)Ss «Sg
(»S)Ss «Sa
(»S)Ss «Sa
(»$)Ss «Sa
~4$)Ss «$&

4P» 1$0
4P» 1$0
4P» 1$0
4p» 1Da
4p» &So
4p» apg

—(»S) 9d aDz
—(»S)11s «Sa—(»S)11s «Sa—{»$)iis «Sa
—(»S)10d «Da—(»S) 10d 'D»—(»S) 10d «Da
—(»S) 10d «Dg—(»S)10d «Da—(»S) 10d «Di—{»S)11d «Da—(»S) 11d «D»—(»$)11d «Di, .—{»S)i id «Da—(»S)6p aPi—(»S}6P ape—(»$)6P aPo

4p» iSo—{aD)Sp aDi
(»S) 6p «P 1—{»S)6P epa—(»S)6P «Pa—(»$)6p api—(aD) 5p aDg—(»S)6p ape
{aD)Sp 'F

-{&D)SP&Pg—(»$)?P apo—(»$)?p ap&—{»S)7P apa—{aD)SP aPo
—(aD)5 p api

(2D)5p apa

—(»S)8P aPo
-(»$)8p api
-(»S)8p apa-{aD)5P iDa
-(aD) SP 'Da—(»S)7p api
-(»S)?P apa
-(»$}?p «Pi—(»$)?p «Pa

(»S)7p «Pa
{2D}5p. 1Fa

-(4$)9p api—{»$)9P apa—{»$)8P «Pz—(»S)8p «Pa—(»$)8P «Pa—{»S)9P «Pj.—(»S)9p «Pa—(»S)9P «Pa—(»S)Ss aS&—{aD)Ss aDy—{»S)4d «Dz—(»S)Ss aSy
-(»S)4d aD&—(»S)Ss «Sa

Transition

(»S)5p apz -(»S)9d aDx
(»S)SP apa —{4$)9d aDa
{»S)SPaPa —(»S)9d aDa
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TABLE I.—Continued.

Int.

6
8

50
40
4
6

50
4

15
50
30
35
40

Int.

6
5

25
30

3
3
4
4
3
8
6

30
5

25
3
5
8
6
3
6
3
4
3

.2
4

25
3

25
25
15

1
6
8

12
6
7
S.

10
15
20
10
10
25
4

15
15
20
15
15
15
15
2
2

12
1
4
8

A{air)

2147.19
2081.08
2074.793
2062, 788
2054.36
2050.43
2039.85 1
202 1.80
1994.47
1960.257
1918.552
1913.151
1897.921

),(vac)

1893.50
1859,69
1858.84
1855.20
1852.02
1850.5 1
1849.55
1830.41
1828.65
1822.15
1796,04
1795.28
1794.55
1793.29
1790.48
1772.64
1759.24
1752.94
1751.88
1750.89
1745.30
1742.75
1708.04
1706.70
1699.90
1690.70
1688.79
1675.27
1671.15
1643.39
1635.80
1629.06
1628.85
1626.25
1625.45
1625.19
1623.90
1622,73
162 1.2 1
1617.35
1611.26
1610.72
1606.46
1604.70
1593.19
1587.46
1580.04
1579.49
1577.90
1577.61
1575.26
1563.28
1562.50
1560.28
1556.54
1555.55
1548.29

8 (vac)

46557.8
48036.5
48182.14
48462, 50
48661.3
48754.6
49007.38
49445.0
50122.5
50996.97
52 105.32
52252.39
52671.64

v(vac)

52812.3
53772.4
53797.0
53902.5
53995.1
54039.2
54067.2
54632.6
54685.2.
54880.2
55678.0
55701.6
55724.3
55763.4
55850.9
56413.0
56842.7
57047.0
57081.5
57113.8
57296.7
57380.6
58546.6
58592.6
58827.0
59147.1
59214.0
59691.9
59839.0
60849.8
61132.2
61385.1
61393.0
61491.2
61521.4
61531.3
61580.1
61624.5
61682.3
61829.5
62063.2
62084.0
62248.7
62316.9
62767.2
62993.7
63289.5
63311.6
63375.4
63387.0
63481.6
63968.1
64000.0
64091.1
64245. 1
64285.9
64587.4

Transition

(4S}7d «Dl

4p41gz —(4S)4d 8D2
4p4 1gz —(4$)4d 8D1
4p4 1Dz —(4S)4d 'D8

4p4 1Dz —{4S)6s «Sz

4P4 1Dz —(4$)6s 8S1

4p4 8p0 —(zD)5s 8D1

4p» 8pl, —('D)5s 8D1
4p4 8P1 —l,zg)5s 8D2
4p4 8P0 -(4S)4d «Dl

4p4 'P 1
4p4 «pl
4P4 8P1
4p« lgz
4P4 lgz
4p4 'Dz
4p 1D2
4p4 8P2
4p4 8pz
4p4 lgz
4p4 1D2
4P4 8Pz
4p4 lgz
4p4 zp0
4p4 1D2
4p4 8P1
4p4 8pl
4p4 8P2
4P4 8P2
4p4 8pz
4p4 lgz
4p4 8pl
4p4 8p0
4p4 1D2
4p4 lgz
4p4 lgz

—(4S)4d
-(4$)«
-(4$)Ss—(4$)Sd—(4$)5d
-(4$)Sd—(zp) Ss—(zg) Ss—(zg) Ss—(4$)7s
-('P)»
-(zg) Ss
-('$) 7
-(4S)4d
-(2P)Ss
-(4$)4d
-{4$)4d
-(4$)4d
-(4$)4d—{zg)5s
-(4$)6d
-(4S)6s—(4$)6s—(4$)6d—(4$) 6d—(2D) 4d

«gz
'Do, 1
1D2
8D2
'Dl
'D8
8P1
'Dl
8D2
«Sz, l,zp}Ss 8P2
8pz, (4S)7s «Sz
«D«
8S1
8D1
1P1
8D2
8D1
«Dz
«D1, 8
1D2
«D1, 2, 8
«Sz
8S1
'Dz
'D1, 8

12, (4S)8s «Sz

4p48pz —(4$)ss «$2
4p» 8P0 —{4$)Ss 8$1
4P4 1S0 —(4S)Sd 8D1
4p4'So —{zp)Ss 8P1
4p48P1 —(4S)Ss 'Sl
4p4'So —{4$)7s 8S1
4p4 'So —(2P)5s 1P1
4p4 'Pz —(4S)5s 8S1
4p4 1D2 —(zg) Ss 8D1
4p4 1D2 —{zg)Ss «gz
4p4 lgz —(zg)Ss «D8

Transition

4p4 'S0 —{2D)4d 21,

4p4 1gz —(4S)4d «Dz
4p& lgz —(zg)5s lgz

Int.

12
20
15
25

6
6
3
4
8
2
3
2'

15
3
6
8

12
15
10
10
10
5

12
12
6
6
5
8
8
3

10
10
10
8
1
4
2

10
10
4
5
4
6
8
2
3
0

10
2
2
2
0
1
3
1
3
0
5
7
7
4
5
1
0

4

1
2
1
3
3

) (vac)

1547.12
1531.84
1531.33
1530.39
1524.88
1522.45
1521.20
1519.99
1515.33
1511.27
1506.09
1502.57
1500.91
1496.44
1461.99
1458.29
1456.31
1449.16
1446.98
1446.78
1444.85
1441.81
1435.75
1435.28
1430.58
1427.87
1426.68
1420.64
1416,84
1414.26
1406.60
1406.37
1405.37
1404.45
1402.63
1401.92
1397.49
1395.88
1395.43
1392.97
1392.13
1391.27
1390.99
1385.54
1384.63
1382.56
1379.50
1377.98
1377.04
1375.03
1373.03
1367.91
1366.78
1364.83
1363.80
1359.72
1357.79
1354.63
1353.86
1353.02
1351.62
1348,40
1347.50
1346.58
1345.54
1342.04
1330.55
1328.75
1327.80
1326.83
1322.06
1316.26
1313.53

v(vac)

64636.2
65281.0
65302.7
65342.8
65578.9
65683.6
65737.6
65789.9
65992.2
66169.5
66397.1
66552.6
66626.2
66825.3
68399.9
68573.5
68666.7
69005.5
69109.5
69119.0
69211.3
69357,3
69650,0
69672.8
69901.7
70034.4
70092.8
70390.8
70579.6
70708.4
71093.4
71105.0
71155.6
71202.2
7 1294.6
71330.7
7 1556.9
71639.4
71662.5
71789.1 .

71832.4
7 1876.8
71891.2
72174.0
72221.5
72329.6
72490.0
72570.0
72619.5
V2725.7
72831.6
73104.2
73 1,64.7
73269,2
V3324.5
73544.6
73649.1
73820.9
73862.9
73908.7
73985.3
74162.0
74211.5
74262.2
74319.6
74513.4
75156.9
75258.7
V5312.5
75367.6
75639,5
75972.8
76130.7

Transition

4p4 8pl
4p4 8pz
4P4 8Pz
4P4 8P2
4p4 lgz
4p4 lgz
4p4 'Dz
4p4 1D2
4p4 8pz

4p4 lgz
4P4 lgz
4p4 8pz
4p4 1gz
4p4 8pl
4p4 8p0
4p4 8P0
4p« 8pl
4p4 8pl
4p4 8pl
4p4 8pl
4p4 8P0
4p4 8pl
4p4 8pl
4p4 8pl
4p4 8P0

—(4$)6s—{4$)4d—(4S)4d—(4S)4d—(4$)7d—(2D) 4d—(4S)7d—('S)7d—(4$)6s

—(2D) 4d—{4$)8d
-(4$)6s—{2D)4d
-(4$)Sd—(4$) Sd
-(2P)Ss—(zp) Ss—{4$)Sd—(4$)Sd—(2P) 5s—(4$)7s—{4$)7s—(2P)Ss—(4S)7s—{zp)Ss

'Sl
8gz

8D8
«Dl, {2D)4d 21
21, (4S)7d «Dl
8D2, 8
8D1
«Sz

32
8D8, (2D)4d 48
8S1
48, (4S)8d 8D8
«Dl, z
8g1
8P1
8P0
8gz

8Pl
8S1
«Sz, lzp)Ss 8Pz
v»', {4s)7s «$2
8S1
lp1

4p4 8Pz —(4S)Sd «D1,2, 8
4p4 8Pl —(zP)5s 1Pl

4p48Pz —(4S)5d 8D2
4p48P2 -(4S)Sd 8Dl
4p48P2 -(4S)5d 8D8
4P48Pz -(zp)5s 8Pl

4p4 8p0
4p4 8P1
4p4 zpz
4p4 8pz
4p4 8p0
4p4 8pl
4p4 8pl
4p4 8pz
4p4 8pl
4p4 8P]
4p4 «pl

4P4 8P1
4p4 zp0
4p4 8P0
4p4 8P0
4p4 8P0
4p4 8P1
4p4 8pl
4P4 8P1
4p4 8pz
4p4 8P1
4p4 8pz
4P4 8P2

—
(,4$) 6d

-(1$)6d
-(4$)7s
-(2P)5s
-(4S)8s—(4S)6d
-(4$)6d
-(4S)7s—{zg)4d
-(4$)8s—(4S)8s

-(2P) Ss—(4$)7d
(zg) 4d—(4$) Vd

-(4S)9s—(4$)7d
-('g) 4d
-(4$)7d-{4S)6d
-{4$)9s-{4$)6d
-{4$)6d

8Dl
«Dl, z
«Sz, (2P)Ss 8P2
8P2, (4S)7s «S2
8S1
8D2
8D1,8
8S1
12, (4$)8s «Sz
«Sz, ('D)4d 12
8S1

lP1
«Dl, (2D)4d 21
21, (4S)7d «Dl
8D1
8S1
«Dl, (2D)4d 21
21, {4S)7d «Dl
8D2
«D1, 2, 8
8S1
8D2
8D1,8

4P4 8P2
4P4 8P,
4p4 «pz
4pl 8pz
4p4 8pz
4P4 8Pz
4P4 8Pz

-{4$)7d «Dl, (zg)4d 21—(2D)4d 21, (4S)7d «Dl—(4S)7d 8D2, 8

-(4S)7d 8D1
—(4S)9s 8S1—(2D)4d 32—(4S)8d 8D8 (zg)4d 48

4p4 8Pl —(2D)4d 32
4p4 8P2 —{zg)4d 12, (4$)8s «$2
4p«8Pz —(4S)8s «$2~ (2D)4d 1

4P4'Pz -(4S)8s 8Sl

but there still remain 119 weak ones which have
not been identified as impurities and for which
no place has been found in the term scheme so
far developed.

Table I lists all the observed wave-lengths,
intensities (comparable only over short ranges),
wave numbers and transition designations. In
cases where one of the terms involved is the

result of a recognized perturbation between two
configurations, both designations are given, with
the predominant one first. Some incompletely
assigned terms are indicated by numbers with J
subscripts as determined by their apparent com-

bining properties. A d after the intensity number
means the line was diffuse.

The transitions involving the five 4p4 terms
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Frc. 1. Energy levels of Se I.

are open to almost no other interpretation. All
are observed that would be expected due to
combinations with 4p'ns and 4p'nd terms and
no intense lines are left over. The 4s electron is
not excited to any extent as the 2s and 3s
electrons are in oxygen and sulfur. Long wave-
length combinations and series relations serve to
check most of the assignments, and analogies
with oxygen and sulfur are well maintained in
relative positions of terms. Intercombinations
are quite strong and the L selection rule is
commonly violated, which gives ample check on
the choice of the 4p' 'D2 and 'So terms.

An analysis of Se II being carried out in this
laboratory at the present time has established
the relative positions of the low 5, 'D, and 'P
terms which are the limits of the Se I series. The
positions of the terms built on the doublet limits
can be roughly predicted, as was done in the
cases of oxygen" and sulfur, ' by assuming that
the energy of interaction of the excited electron

and the atom core is independent of the state
of the core. These positions are marked in Fig. 1
by the circles, and in every case where they lie
below the 4S limit, groups of terms are found
having the appropriate combining properties.
The atom would be expected to have such a short
life in those states which lie above the 4S limit
(due to the auto-ionization effect") that their
combinations would not be observed. Fig. 1
indicates by short horizontal lines the known
terms arranged in series. Crosses mark the ap-
proximate positions for the first and second
members of the 'Il and 'F series, which have not
been located due to their unfavorable positions
for observable combinations.

The two series (4S)5p 'P$23 ('S)ns 'S2 and
('S)5p 'P3 ('S)nd 'D4 were accura—tely measured
to seven and nine members respectively and the
limits obtained agree with each other and with
those given by Runge and Paschen' within about
one wave number. The method used for deter-

R. Frerichs, Phys. Rev. 34, 1239 (1929). "A. G. Shenstone, Phys. Rev. 38, 873 (1931).
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In addition to the eifect on the combining prop-Chanye In (n"-n) fOr Change in V„of 1 Cm '

erties, perturbations also cause shifts in the
terms involved as if there was a repulsion
between them. It is to this effect that the
anomalous positions of terms and partia inver-
sions of multiplets, which are so common in
selenium, are ascribed. In most cases the absolute
magnitude of the displacement of a term is

Q
sma anmall and no near neighbor of the right type is
at hand to accept the blame. In many cases there.05'.

are undoubtedly more than two terms entering
into a perturbation.

It is here suggested that the combination of
the (4S)mf 'F and 'P terms with the ('D)Ss 'D,00

I$,000

and 'D terms is due to perturbations of the
latter by the ('S)4d 'D and 'D terms. The are
spectrum of sulfur exhibits the same peculiarities
as that of selenium, and in particular the terms.SO-

('S)nf 'P and 'P were found to combine with the
17('D)Ss'D terms, as designated by Freric s. n

a later paper on sulfur Meissner, Bartelt and
Eckstein" objected to the st electron transition

'P.„and interchanged the terms ('D) 5s 'D and
(4S)4d 'D, although this gave the 'D terms built

the single limit a considerably greater separa-
nd

.30- 3

tion than those built on the double limit, an
also seriously disturbed the agreement of the
('D) Ss 'D terms with their expected positions, asn"-n . .

/

discussed by Ruedy. 4 We prefer the designations/

of Frerichs and the explanation involving per-
turbations, especially as the analogous alter-I

native in selenium would lead to even greater
~ ~

discrepancies in separations and positions than
it did in sulfur..Og-

The terms due to the addition of the Ss electron
to the ('D) and (2P) cores all combine strongly
with the 4p' levels. Each triplet has an outer
se aration somewhat smaller than its doubletFic. 4. Series in Se I. separa ion so

LI ui thelimit separation and each singlet lies a ou e
case of LS couplingpl g arne distance above its corresponding triplet.

b 'I h ('D) Ii i 1nstone and Russell" and The terms ui t on e
fi d b h bi io . Th ('P)5 'Pare that they shall have parity ~ o oit ~bothoddorboth rme y o er c

d he 4S)7s 'S2 term perturb each other
h o 4 h id' id I

. Th (2P)5 'P.. .the effect. Ho weve,
and 'P& terms show no other trustworthy com-Whitelaw that closeness is not a necessary con-

dition for a large effect. In seleniu p1
'

m the cou ling
d LS and the Perturbation conditions "K.W. Meissner, O. Bartelt and E. Eckstein, cits.is not goo an

4 1933 .are relaxea in regar o equd d to equality of L's and Ss. physik86, 5 ( }.
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binations but rely, for their identification, upon
the considerations just stated and the fact that
all the strong lines are thus accounted for.

Twelve levels are located in the neighborhood
of the predicted positions for the ('D)5p terms,
and their relative positions and combining
properties, aided by certain of their perturbation
eRects, seem to justify the assignment of definite
L and Svalues. Just three of these terms combine
strongly with the ('D) Ss 'Dz and (4S)4d PDz

terms which are evidently perturbing one an-
other. They are accordingly called the singlets,
and the J selection rule permits but one possible
designation for them. The three levels ('D) 5p'Ppip
are unquestionably responsible for the great
perturbation of the ('S)ep 'Ppip series. It is not
necessary that the levels with 7= j. and 2 should
be 'P's but the term with J=0 is unique and
otherwise to form a 'I' multiplet would spread

it and the other multiplets in a much more
erratic manner. Also the magnitude of the per-
turbations due to these three levels are nearly
the same and are all much greater than any of
the other perturbations observed. This is very
reasonably explained on the basis that, although
the equality of L's and S's of perturbing terms
is not a necessity, such equality is conducive to
a larger eRect than would otherwise be the case.
The level with 7=4 is also unique, and the
remaining triplet terms can be unambiguously
designated from their combining intensities.

Four of the group of eighteen terms due to the
configuration (PD)4d have been observed, and
three of them show intimate sharing of their con-
figurations with certain ('S)ns and nd terms. It
is possible to assign only J values to these.
Without such perturbations none of these terms
would combine with any of those built on the

TABLE II. Se I terms.

4s2
3d'p 4p
4p3

3P2: 78658.22
3Pi. 76668.73
3Po.'76123.87

iD2: 69082.14 iSp. 56212.19

Limit
4S3(2.' 0

Limit
2D3]2'. —13164
2D«]2. —13780

Limit
2Pii2. —23032
2Pg2 -23890

Limit
4S3i2, 0

Limit
4Sg2. 0

Limit
4S3i2'. 0

4d

«Pi'. 19415.34
«P2' 19370.3 1
«P3'. 19266.84
3Pi'. 18035.85
3P2'. 17980.76
3Pp'. 17962.15

«D4'. 15288.15
«D2'. 15285.03
«Dp. 15277.38
«Di'. 15275.48
«D3'. 15270.76
3D2' 13380.26
3Di'. 13358.78
3D3'. 13318.50

3Di.
'D2'.
3F2
3F3
ip1:
3D3'.
3F4r

iF,
3Pp ~

3Pi
3P2'.
iD2:

12.
21i
32'.
43m

6802.13
6230.91
6039.93
5941.60
5792.01
5627.29
5404. 12
5394.19
4624. 16
4574.65
4566.12
3348.34

4496.52(2)
3399.75 (3)
2684.6
2257.81(4)

«S2.'30476.03 3Di'. 16976.91
3Si.'27661.29 3D2'. 16829.70

'D3'. 16410.60
iD2. 15178.91

'Po. 7663.2
3Pi'. 7458.6
3P2'. 6999.20(1)
iPi'. 6089.66

«S2: 12669.1
3Si.'12035.1

«Pi' 9394 77
«P2'. 9380.44

6p «P3: 9343.64
3Pi'. 9058.73
3P 2'. 9044.15
3Po. 9028.75

«Dp o

«D i '. 8269.66
«D2: 8269.16
«D4'. 8267.18
«D3'. 8266.50
'D2'. 7561.98
3Di'. 7551.97
3D3'. 7503.26

7s «$2'. 7019.94(1)
'S i: 6767.89

3Po.' 5616.17
3Pi'. 5615.18
'P2'. 5605.67
«P i'. 5574.99
«P2. 5563.80
«P3' 5557.02

«Doe
«D2'. 5116.80
«Di'. 5114.54
«D3.'5110.66
«D4'. 5110.5
3D2. 4838.23
3D3'. 4797.54
3D i.'4794.34

S2.'4448. 16(2)
3Si'. 4340.02

«F: 4425.75
3F: 4423.64

«Pi'. 3709.99
«P2'. 3706.30
«P3'. 3697.92
3Po'. 3520.33
3Pi'. 3515.90
3P2'. 3511.51

«Do.'
«Di', 3504.10(3)
«D3'. 3462.45
«D4.'3462.5
«D2. 3461.19
'D3'. 3346.22
3D2'. 3345.38
3Di'. 3293.30

«S2.'3084.08
3Si '. 3020.10

«F: 3070.97
3F: 3069.30

«Pi. 2644.29
«P2.'2641.58
«P3. 2636.70
3Pp.
3Pi'. 2553.69
3P2'. 2544.86

9f

10d

«F ~

«Do'.
«D3 ~

«D2'
«Di'.
'D4'.

1724.97

1474.74
1474.43
1474.13
1471.43

10f «F: 1362.24

11d

«Do.'
«Di e

«D2.'
«D3'.
«D4'.

1186.7
1184.52
1184.04

1 1f «F: 1102.81

3D3. 2529.44(4)
'Do'.
«D4. 2498.61
«D2. 2497.77
«Di'. 2497.27
«D3'. 2496.63
'Di. 2441.94
'D2. 2409.53

10 S2'. 2260.96
3Si'. 2222.95

«F: 2254.54
3F: 2253.33

«Do'.
«Di'. 1891.64
«D4. 1890.83
«D2'. 1887,81
«D3. 1886.48
3Di. 1880.57
3D2'. 1876.37
3D3'. 1874.88

1 is «S2: 1?28.54
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('S) limit, and their possible combinations with
other terms built on the same limit lie at too
long wave-lengths to be photographed. The com-
binations that are observed are all relatively
weak, and although some of the unclassified lines
are probably due to other terms of this con-
figuration, it is not possible to identify them at
present.

Two lines are observed having wave numbers
agreeing with the differences of certain 4p'
terms; namely, 'D2 —Sp and PI —Sp. The
former of these fits equally well as a ('S)sp 'P2

—('S)6d 'D3 intercombination, several other
lines of which are also found, and this seems to
be the more reasonable assignment. The latter,
however, has no other place in the present term
scheme except as this transition.

Table II contains all the known Se I terms
with their numerical values referred to the 'S
state of the ion as zero. Those terms which are
known to perturb each other are listed under
their predominating configurations and with a
common number in the parentheses to show the
sharing configuration of each.
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The Paschen-Back Effect. II. JJ-Coupling (approx. )

J. B. GREEN AND R. A. LoRING, * Mendenhal/ Laboratory of Physics

{Received September 24, 1934)

The Paschen-Back egect of four pairs of mercury lines,
%5789-90, 3662—63, 3131-32 and 2967—68, have been
measured. The results have been found to be in good agree-
ment with Houston's theory, both as to position and inten-
sities of components. The red shift of the central component
of X5790 was studied in greater detail at several field

strengths and was found to be practically proportional to
the square of the field strengths. The Zeeman egect of sev-
eral other mercury lines was also measured, and the g-

values calculated from them were slightly different from
the normal g-values, but are in general accord with the
values calculated from perturbation theory.

N a previous communication, ' the incomplete
Paschen-Back effect of the Zn and Cd 'P'D

multiplet was discussed. The agreement between
Darwin's' calculations and experiment were very
satisfactory. In Darwin's work, the effect of
electrostatic interaction between the two elec-
trons was neglected, so that the results could be
expected to be satisfactory only for I.S-coupling.
The sd'D and sd'D terms of both Zn and Cd are
sufficiently separated so that this approximation
was valid. But in the case of Hg, the 6s4d'Di
and 'D2 are only 3 cm —' apart, and in even moder-
ately strong magnetic fields perturbing effects be-
come quite large. Four groups of lines involving

*Assistant Professor of Physics, University of Louisville,
Louisville, Ky.' Green and Gray, Phys. Rev. 45, 273 (1934).' Darwin, Proc. Roy. Soc. A115, 1 (1927).

these two levels and the 6s6p'P and 'P levels,
namely M.5789—90, 3662—3, 3131—32, and 2967—
68, were studied, with a view to comparing the
experimental results with the theory of singlets
and triplets developed by Houston. '

Houston has calculated the matrix elements of
the interaction of two electrons (one an s-electorn)
with an external magnetic field and has completed
the calculations for weak fields, i.e. , to first order
terms. In our work we found that this method
would not be sufficiently accurate even for our
weakest fields, so that it was necessary to use
the complete secular determinant of Houston
and not to neglect the second and third order
terms.

If f=a~q ~+a2y2+aarpq+a4y4 be the zero-order
approximation of the wave function where

' Houston, Phys. Rev. 33, 297 (1929).


