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The Third Spectrum of Krypton
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(Received March 25, 1935)

The spectrum characteristic of the Kr++ ion has been
selected from the various krypton spectra excited in a
Geissler tube discharge. The distinction between lines of
Kr III or higher spark spectra and those of Kr II is based
on the partial or complete suppression of the former by
inductance in the discharge circuit. Wavelength measure-
ments, based mainly upon observations with the Rowland
grating at the Bureau of Standards, extend from ),2100 to
X7400. A total of 369 lines has been classified arising from
88 levels of Kr III. The low states of Kr++ are 3P, 'D and 'S,
due to the 4s24p4 configuration. The higher excited states

are built upon the 'S, 'D and 'P states of Kr+++ by the
addition of ns, np or nd to the norma14s24p' configuration.
All but 8 of the 76 levels comprising the first excited states
have been found. The connection between these and the
low states has been established by the use of J. C. Boyce's
extreme ultraviolet data. Numerous inter-limit combina-
tions have permitted precise evaluation of relative term
values. Calculations based on the 4p'('S) ns'S', an d
4p'('S)nd'D' and 'D', series have led to an estimated
value of 298,020 cm ' for the lowest 4p4(4S)3P2 level,
corresponding to an ionization potential of 36.8 volts.

~HE wavelength data reported in this paper
were obtained in the spectroscopy labora-

tory of the Bureau of Standards during a series
of investigations of the spectra of krypton and
the other rare atmospheric gases in various stages
of ionization. ' ' ' The spectra were obtained
from Geissler tubes operated by a.c. transformers
in a circuit containing a spark gap and con-
densers. Various amounts of self-inductance were
inserted in the circuit for some exposures in
order to distinguish between lines arising from
different stages of ionization. Full details are
given in the paper on Kr II', in which a selected
list of spark lines arising from the Kr+ ion was
published. After this selection was made about
600 lines remained, which, judging by their
behavior in the discharge, originate in Kr++ or
higher stages. In the present investigation 369
of these including practically all the intense
sharp lines are classified as Kr III. In view of the
uncertain origin of the remaining lines the pub-
lished list is confined to the classified lines.

In determining the stage of ionization in which
a line originates, by aid of discharge behavior,
the essential criterion is the weakening of inten-
sity or complete suppression of higher spark
lines when inductance is placed in. the circuit.
The method is not entirely critical because, for a

given ion, lines from higher energy states are
affected in much the same way as those from
the next ion. L. Bloch, E. Bloch and G. Dejardin'
made a selection of the rare gas lines on the basis
of their length when the spectrograph slit was
illuminated by an electrodeless discharge exposed
end-on. This method is subject to the sa~e
limitations. In the paper quoted the lines are
designated 1, 2 or 3, accordingly as they are
regarded as belonging to the first, second or
third spark spectrum. The identification of the
lines marked 1 is practically perfect, but it was
found in the course of this analysis that, not only
the lines marked 2, but also a considerable
number of those marked 3, belong to Kr III.
Here again the basis of the distinction seems to
be the elevation of energy states within the ion.
On the whole the two methods of sorting show
satisfactory agreement. It is now known also
that the discharge conditions in an electrodeless
discharge can .be made to favor a certain ion by
a proper selection of pressure and electrical
excitation.

The wavelengths used in the analysis are based
mainly on observations with the 21-ft. Rowland
grating over the range from )2400 to X10,000.
No Kr III lines are classified beyond ) 7400. The
probable error of the grating observations
seldom exceeds 0.01A except in the case of very
broad hazy lines which in general have not been
accounted for by this analysis. The corresponding

' Wm. F. Meggers, T. L. de Bruin and C. J. Humphreys,
Bur. Standards J. Research 3, 129 (1929); 7, 643 (1931).' Wm. F. Meggers and C. J. Humphreys, Bur. Standards
J. Research 10, 427 (1933).' T. L. de Bruin, C. J. Humphreys and Wm. F, Meggers,
Bur. Standards J. Research 11, 409 (1933).

4 L. Bloch, E. Bloch and G. Dejardin, Ann. de physique
10, 461 (1924).
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wave number precision ranges fmm 0.17 cm '
at X2400 to better than 0.02 cm ' at X7400.
Quartz prism observations go down to X2100
and overlap the ultraviolet region covered by
the grating spectrographs. The fainter ultra-
violet lines were observed only with the quartz
instrument. The wavelengths in air, wave
numbers in vacuum, estimated relative inten-
sities, and identifications of the classified lines,
are given in Table I. The relative intensities from
the beginning of the list to ) 2407 are estimated
from quartz prism observations. The rest are
based mainly on the grating observations. In any
case the intensity estimates are comparable only
over short ranges. Lines marked k or II are hazy
or very broad and diffuse, respectively.

In addition to the experimental material just
discussed, the author had at his disposal the
wavelength measurements in the extreme ultra-
violet, made by Professor J. C. Boyce, which the
latter very kindly permitted him to use. These
data were obtained by use of the plectrodeless
discharge and the two-meter vacuum spectro-
graph of the Carnegie Institution of Washington,
at the Massachusetts Institute of Technology.
The identified lines of the extreme ultraviolet are
given in Table III of the following paper. ' This
material proved to be of inestimable value„not
only for establishing the connection between
terms which had already been found and the
lowest states, but also for indicating the relative
positions of the gmups of terms converging to
diAerent limits based on the Kr+++ ion.

Two previous attempts at the analysis of Kr
III have been reported. Acharya' supplemented
published wavelengths with quartz prism obser-
vations and gave a list of terms part of which
were identified as the quintets of the ('5) system.
A different partial analysis of the term system
converging to the ('5) limit has been published

by Deb and Dutt. ~ We are in complete disagree-
rnent with both of these analyses. The wave-
lengths already published, consisting of the
measurements of Baly, ' and of Bloch, Bloch
and Dbjardin, are hardly of sufficient precision
for use in a term analysis.

' J. C. Boyce, Phys, Rev. 47, 718 (1935).' D. P. Acharya, Ind. J. Phys. 5, 385 '{1930),
'S. C. Deb and A. K. Dutt, Zeits. f. Physik 6'7, 138

(1931).
8 E. C. C. Baly, Phil. Trans. 202, 183 (1904).

The eleetmn configurations of the Kr++ ion
are obtained by adding the valence electmn to
the configuratiori, 4s'4p', of the Kr+++ ion. The
lowest states of the Kr+++ ion, 45, 'D and 'I',
become accordingly the convergence limits of
three sets of terms. The normal configuration of
Kr++ is 4s'4p', giving (45)'P ('D)'D and ('P)'5
states. The configuration 4s4p' yields 'P' and
'I".These latter terms combine both with those
of the low and first excited states but all the lines
lie in the Schumann region or extreme ultra-
violet. The term scheme, predicted by the Hund
theory, because of the addition of an electmn to
the 4s'4p' configuration, is shown in Table II.
VUhen the principal quantum number of the
valence electron is increased by one, the corre-
sponding array is repeated, Hold-face type indi-
cates that all or part of the levels of a term have
been identified. The predicted arrays for nf elec-
trons are omitted inasmuch as no such terms have
been found.

Altogether 97 levels have been found including
68 of the 76 belonging to first excited states.
Identifications are given for all but two of the
observed terms. Inter-system and inter-limit
combinations appear with considerable intensity.
The relative values of the terms converging to
the diferent ion limits are 6xed by the inter-
limit combinations in the range covered by this
investigation and supported by such combina-
tions in the extreme ultraviolet. Transitions
between terms converging to different ion limits
are associated theoretically with perturbations
between terms separated by a small interval. o

The rare gas spectra approach the jj type of
coupling so that perturbations may be expected
to occur between terms of like j values irrespec-
tive of / or s. Consequently in many cases there
may be a sharing of configurations between
different terms, leading to peculiar interval
ratios, partial term inversions, or unusual com-
bining intensities. The unusually high relative
intensities of the inter-limit combinations among
the higher terms among the first excited states
converging to ('D) and ('P) have added to the
difficulty of assigning these terms to their pmper
system. Table III contains the observed terms
and their identifications, including those Fixed

only by extreme ultraviolet transitions.
' E. U. Condon, Phys. Rev. 36, 1121 (1930).
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TABLI: l. Lines of kryPton III.

INT. X (air) v (vac.) TRANSITION INT. X (air) v (vac.) TRANSITION

1
1
1
1
2
1
3
2
1
21—
1
1
6
3

1
3
3
2
1
1
3
6
3
3

3
1
4
1
1
40
4
1
2
3
1
3
10
1
1
1
1
2
6
1
6
5
4
10
8
1
3
10h
Sh
3
6h
4
3h
2
1
2
1
2
40
15
3
8
Sh
1
1
6h
10
6h
2
2h
10
2
11—
1
6
3h
1
1
4h
2
2
8

2 116.00
2129.75
2138.70
2142.49
2 148.58
2 158.43
2162.50
2170.83
2172.25
2215.60
2219.14
2230.69
2232.35
2259.76
2273.76
2279.79
2290.52
2291.28
2299.15
2303.00
2317.87
2322.32
2329.22
2345.45
2358.48
2360.14
2361.82
2363.26
2364.70
2368.19
2376.69
2387.90
2393.94
2400. 10
2401.58
2402.40
2402.96
2403.29
2403.65
2407, 10
2414.78
2427.48
2428.92
2431.04
2434.64
2439.2 1
2439.78
2440.05
2440.89
2451.52
2452.29
2453.28
2453.74
24S4. 12
245'?.72
2459.63
2462.76
2468.43
2473.96
2474.90
2478.37
248 1.04
2482.99
2487.03
2491.35
2494.01
2497.71
2498.77
2500.64
2506.86
2507.84
2511.92
2512.92
2512.42
2519.29
2520.32
2S24.27
2524.97
2525.51
2529.52
253 1.46
2537.16
2537.57
2544.72
2546.36
2546.67
2548.60
2549.5 1
255 1.49
2553.16

47243.96
46938.98
46742.58
46659.91
46527.67
463 15.36
46228.20
46050.84
46020.73
45120.40
45048.45
44815.21
44781.89
44238.76
43966.40
43850.12
43644.72
43630.25
43480.91
43408.23
43129.78
43047. 14
42919.64
42622.67
42387.21
42357.40
42327.27
42301.48
42275.73
42213.43
42062.47
41865.03
41759.41
41652.24
41626.S7
41612.36
41602.67
41596.96
41590.73
41531.12
41399.05
41182.47
41158.06
41122.17
41061.3.7
40984.45
40974.87
40970.34
40956.24
40778.67
40765.86
40749.41
40741.48
40735.47
40675.80
40644.22
40592.57
40499.39
40408.81
40393.47
40336.92
40293.51
40261.87.
40196.47
40126.78
40083.98
40024.50
40007.63
39977.7 1
39878.53
39862.95
39798.20
39782.37
39742.83
39681.78
39665.57
39603.5 1
39592.53
39584.06
3952 1.32
39491.02
39402.31
39395.95
39285.26
39259.97
39255.18
39225.46
39211,46
39181.03
39155.41

(4S)SssSog
(4$)4d'D'a
(4S)4d'Dos
(2D) 4dlDos
(4$)5ssso g

(4S)4dsDos
(4$)4dsDos
(4S)4dsDos
(4$)4dsDos
(4S)4dsDos
(4$)4dsDo I
(sD) SssDos
(sD) 5PsDs
(4S)Sp«Ps
(4$)4d'D'a

{
(sP) 5psst
(2D)SplPI
(sD) 5PsFs
(4S)4dsDo I
(sD) SPsDs
(sD) 4dsFoa
(sD)5piFs
(sD) 4d'Dos
{4S)4dsDos
(sD) 5p'DI
(sD) SpsDI
(sD) 5PsDs
(sD) SPsFs
(sp)spsS,
(4S)5ssSo j,

{4S)5pape
('D) 5p'PI
(sD) 5PsDs
(4S)5papa
(4S)4dsDo I
(2P) Splpl
(4S)4d «Do j
(4S)4d «Dos
(4S)5p'Ps
(4S)4d «Dos
(sD) 5psDs
(sD) 4dsFos
(4S)4d'Doo
(4S)4d«Do j
{4S)SssSo,
(sD) Sdipo I
(4S)5p«Py
(sD) 4dsFoa
(4S)Sp«PI
(4S)Sp«PI
(sD) 4dsFos
(4S)5p«ps
(4S)5p«Ps
(sD)SPsDs
(4S)Sp«Ps
(4S)5Paps
(sD)SPsDs
(sD) 4dsDos
(sD) 5PsPs
(sD) 5PsDs
(sD) SPsFs
(sP) 5PIDs
(sD) 4dsFos
(sD) 4dsFos
(sp) Spspg
(sD) 4dIPoI
(4S)Sp'Ps
(4$)5p«Ps
(4S)Sp«Ps
(4$)5p«PI
(sD) SPiFs
(sD) 5P'Ps
(sD) 4dsDos
(sD) 5psP j.
(4$)Sp«ps
('D)SpsF~
(4S)5pap&
(sD) 5PsFs
(2D) 4dsF04
(sD) 4dsDo z

(2D) 5PsDs
(sD) 5PsFs
(sp)SPsps
(2D) 4daF04
(sD) SPsDs
(2D) 5ssDos
(sD) 5PsFs
(sD) Spipy
(4S)5Psps
(sD) 5PsPo
(sD) 4dsFos

—(sD) 5psPI
(2D) 5psF4—(sD) 5P&Fs—(sP) 5p'Ds—(sD) SPsps
(2D)5plpj
(2D) 5PsFs
(2D) 5PsFs—(sD) 5psDa—(sD) 5psFs—(sD) 5pIPy—(sP) 5psDs—2os—(4S)SdsDos

—(sD) 5PsDs
(2P) 6slPoi
1oi—2os—(sD) SPsDs—(sD) 6siDos—(sD) 5Psps—2os—(sp) 5PsDs—(sD) 5psD&—(sD) Sd 'Dos

—(sD) 6ssDos
—(sD) 6s'Dos
—(sD) 6s&Dos—(sp) 6sspos—(sD) 5PsFs—(4S)6ssSoi—(sD}6s'Dos
—(sD) 6s'Dos—(4S)6ssso1—('D) 5p'D j—(sp) 6ssPos—(4S)5psps—(4S)5psps—(4S)SdsDos—(4$)SPsps—(sD) SdiGo4—(sD) SPsFs—{4S)5psPi—(4S)5psPI—(sD) SPsDs—(sp) 5psps—(4S)5d«Dos
—(sD)SpsF4—(4S)5d«Do&
—(4S)Sd D o

(2D) 5plFs—('S) 5d«D's
(4S)5d«Do,—(sD) 6ssDos—(4S)5d'Do I—{4S)SdsDos

—(sD) Sd iDos
—(sP) 5PsPs—2os—(sD) 6ssDos—(sD) Sd&Go4—(sP) 6s'Poz

(2D) SPsFs—('D) 5p'Ds—(sP) 6sipo i—(sp) 5PiDs—(4$)Sd'.D'4—(4$)5d'D's
—(4$)Sd«Dos—(4S)6s«Sos

(2D) SdlG04—1oi—(sp) 5p'P j—2os—('S)6s«sos—(sD) Sd'Go4—(4S)5dsDoI
(sD) 6ssDos
(2D) 5psF 4—(sp)spspo—(sD) 5d i Dos—(sD) SdiDos—(sp) 6sipo—('D) 5p'Fs—(sD) 6ssDos—(sD) 5P'Ds—(sD) 6ssDos
(2D) SdlDos—(4$)SdsDo&—ior—(sD) SPsFs

101'
Sh
30
10h
6
3h
3

1
3
1
2h
6
25
15
60
4h
2
4
10
1h
4

20
3
8h
15
30
7
40
15
20
25
25
3

1
1
2
7
5
2h
Sh
3
2
10
8
2
4h
2
20
25
15
15
2
4h

6
6
30
30
2
Sh
4
50
5
2

100
40
ih
20
30
6h
10
10
20
4
1S
10
4
50
3
20
60
2
20

2553.81
2554.25
2555. 13
2557.55
2558.00
2563.25
2570.48
2571.19
2586.78
2589.47
2604.35
2609.66
2615.19
2623. 11
2625.64
2628.08
2628.90
2630.66
2639.76
2641.00
2641.74
2648.43
2648.69
2650.96
2653.66
2658.00
2670.67
2672.79
2676.00
2679.62
2680.32
2680.72
2681.19
2690.23
2694.81
2696.59
2697.30
2698.07
2698.71
2708.34
2709.02
2710.27
2715.19
2730.41
2741.84
2742.05
2743.03
2744.05
2750.36
2756.53
2765,90
2768.54
2785.26
2806.07
2811.67
2813.97
2814.48
2817.53
2820.95
2822.63
2829.41
2835.94
2841.00
285 1.16
2853.22
2856.09
2859.05
2870.61
2872.85
28'?4.24
2884.55
2892. 18
2893.68
2895.92
2900.04
2909.17
2915.78
2917.67
2934.00
2935.23
2938.56
2939.91
2948. 13
2952.09
2952.56
2955.20
2968.31
2992.22
2993.27
2996.60
3002.24

39145.44
39138.70
39125.22
39088.20
39081.33
39001.29
38891.60
38880.86
38646.55
38606.40
38385.84
38307.74
38226.74
38111.33
38074.61
38039.26
38027.40
38001.95
37870.91
37853.18
37842.63
37746.99
37743.29
37710.97
37672.60
37611.10
37432.68
37402.99
37358.12
37307.66
37297.91
37292.35
37285.95
37160.53
37097.37
37072.89
37063.13
37052.55
37043.77
36912.06
36902.79
36885.78
36818.94
36613.72
36461.09
36458.30
36445. 14
36431.73
36348.15
36266.80
36143.94
36109.48
35892.72
35626.56
35555.60
35526.54
35520. 10
35481.66
35438.64
35417.55
35332.69
35251.33
35 188.55
35063.16
35037.85
35002.64
34966.40
34825.60
34798.45
34781.62
34657.31
34565.89
34547.97
34521.25
34472.2 1
34364.02
34286.13
34263.92
34073.22
34058.95
34020.35
34004.73
33909.92
33864.44
33859.05
33828.80
33679.40
33410.29
33398.57
33361.45
33298.78

('D) 5psPy
(sD) 4dsFos
(sD) 4dsFos
(2D) 5plFs
(~D) 4dsDo1
(4S)5p«'Ps
{2D)5psF4
('D) 4d'Fo4
(sD)Spsp&
(sD) 4dsDoa
(sD) Ss'Dos
(sD) 4dsDoI
(sp) 4dsFo,
(sD) 4d'Gos
(sD) SPsps
(4S)4d «Dos
(4S)4d «Dos
(sD) 4dsFos
(4S)4d«Do4
('P) Spa»
(sD) SssDos
(4S)5pape
(sD) 4dsFo4
(sD) SsIDos
{sD)4dsDos
(sD) Ss'Dos
(sD) 4dIDoz
(sD) 4dsDos
(sD)Spspy
(4$)4d «Do 1

(4S)4d«Dos
('S)SP'Ps
(4$)4d«Dos
(sD) 4dsFoz
(4S)4d «Doo

(4$)4d«Do I
(4S)4d«Dos
(sp)4dsFos
(sp) SPIDs
(sp)4dsFos
(sp) 5psPz
(4$)5pape
(sD) 4d'Dos
(2D) 4dlp01
(4S)SPsps
(sD) 5Psps
(4$)5PsPs
(4S)5papa
(sD) Ss'Dos
(sp) 4dsDo,
(sD) 4ds Dos
(sP) 5p'Ps
(4$)Spsps
{sD)4dsSo&
(sD) SssDo&
(sD) 4d'Soy
(~D) SssDo I
(sD) 4dsGos
(4S)5PsPs
(sD) 4dsDos
(sp) 4dsDos
(sD) 4di pop
(sD) SssDos
(sD) 4dsGo4
('P) 4d'Foa
(sD) SPsps
(sD) 4dsGos
(sP) 4d'Fo4
(sp) Ssspoz
{sD)4dsDos
(sp)4dsFos
(sD) 4dsGo«
(sD) 4dsGo4
(sD) 5p'PI
(2D) 5ss Dos
{4$)Ss«sos
(sD) 5psP I
(sD) 4daSo y

(sp) 4dsFos
{sD)4dsDos
{sp)5ssPoo
(sp) Ssspox
(4S)Ss«Sos
(sp) Ssapoz
(sD) 4dsGos
(sD) 4dsGos
(sP)4dsFos
(sD)4dsGo4
('P)4dsFos
{sD)4diDos
(sp) 4dsFos

iog
(2D) 5PsDs—(sD) 5PsDs—('D) 6s'Doa
(sp) Splpi—(4$)6s«sos—(sD) 6ss Dos—(sD) SPsFs—(sP) 6s'Pos—(sP) 5PsPs—(sp) Spip&—(sP) 5PsDs—(sp) 5Psps—(sD) 5Psps—(sD) 6s&Dos

—(4$)5O'Ps—(4S)5p«Ps—(sD) 5psDs—(4S)5p«Ps—(sp) 6s'Pos—(sD) 5piDs—(4S)SdsDos—(sD) 5psDs—(sp)Spss|—(sP) SPiDs—(sp) 5PsDs—(sD) SPiDs—(sP) 5p'Da—(sD) 6s'Dos
—(4S)Sp«g s—(4$}5p«ps—(4S)Sd'Dos
—(4S)5p«Ps—(sD) 5PsDI—( $)Sp'P—(4S)5p«p&—(4S)SP«PI—(sp) 5p'Pi—(sp) 6s'Po I
-(»)SpiDs—(sP}6sspoi—(4S)Sd«Doi
—(sp) 5piPz—(sp) 5psS s—(4S)Sd'Dos—(sD) 6ssDos—(4S)Sd«Dos
—(4S)Sd«Do j—(sp) 5psDI—(sP) SPsps—(sp) 5p'S &—('P) 6ssPo i—(4S)6s'$'s
—(sp) 5pss |—(sD) 5pape—(sp) SPsDs—{sD)5psP o—{sD)5piFs—(4$)6s'S's
—(sP) 5psDs

(sp)SpiDs—(sP) SPsDi
-(sD) 5psP~—(sD) 5piFs—(sP) 5p'Ds—(sD) 6saDos
—(sD) 5p'Fs

(sp) 5psDs—{sp)5psps-(sp) 5psDi—(sp) 5psDa—{sD)5psF4
(sD) 5psFs-{sD)5d &Dos

(sD) Spsp—(4S)5papa—(sD) 6ssDos
—(sp) 5psD&—(sp) 5p'Px—(sp) 5PsDs—(sp) Spspa—{sp)Spsp&—(4S)5pape—(2P) 5plDs—(sD) 5psFs—(sD}5psDs—(sp) 5PsDs
-{sD}5psDa—(sp) Sp'S~

(2D) 5pap 1—(sp) 5psDs
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TABLE I.—COSAtSQ8d

INT.

50
80
6
50
30
3
60
40
60
30
20
100
10
15
60
20
9
10
1&
20
100
80
20
10
3
20
2h
40
40
300
5
150
100
30
2
3

.30
1

30
20
ik
50
200
60
10
SO
10
100
40
20
15
10
100
6
8
10
3
70

100

10
200
15

5
2
20
2
100
15
2
Sk

2
5
20
1
30
1

30
5
2
5
2
1$
7
1
2
3

3022.30
3024.45
3044.80
3046.93
3056.72
3062.43
3063.13
3097.16
3112.25
3120.61
3122.46
3124.39
3136.20
3139.$8
3141.35
3141.88
3144.32
3151;VS
3156.63
3170.93
3189.11
3191.21
3220,62
3222.24
3223.74
3224.85
3235,21
3239.52
3240.44
3245.69
3246.62
3264.81
3268.48
3271.65
3279.42
3285.25
328$.89
3292.21
3293.88
3304.75
3308.16
3308.73
3311.47
3325.75
3330.76
3332.50
3342.48
3348.17
3351.93
3374.96
3388.93
3396.58
3428.83
3439.46
3442,86
3446.85
3448.71
3471,02-
3474.65
3485.08
3488.$9
3492.80
3497.13
350/. 42
3514,55
3521.11
3524,78
3537.20
3549.42
3562.09
3564.23
3567.72
3579,9$
3582.48
3598.04
3603.96
3611.06
3615,82
3632,S
3641.34
3655.77
3670.23
3671.14
3674.23
3690.65
3696,69
3699.98
3726.32
3769.69
3792,70
3809.16
3829.57
3835.37
3847.49

3 (vae.}
3307V.78
33054.27
32833.36
32810.40
32705.33
32644.35
32636.89
32278.30
3212 1.81
32035.76
32016.78
31997.00
31876.51
31842.20
31824.26
31818.89
31794.20
31719.25
31670.21
31527.40
31347,68
31327.05
31040.99
31025.38
31010.94
31000.27
30901.01
30859.89
3085 i.14
30801.23
30792.41
30620,86
30586.48
30556.84
30484.44
30430.35
30424.42
30366.02
30350.62
30250.80
30219.6'1
30214.41
30189.41
30059,79
30014.58
29998.90
29909.33
29858.51
2982S.02
29621.50
29499.40
29432.96
29156.14
29066.03
29037.33
29003.72
28988.07
28801.76
28771.67
28685.56
28656.70
28622. 16
28586.73
28502.86
28445.04
28392.05
28362.49
28262.90
28165.60
28065.50
28048.57
28021.13
27925.41
27905.69
27785.01
27739.4$
27684,83
27648.39
2/521. 43
27454.62
27346,26
2/238. 52
27231.77
27208.87
27087.81
27043.56
27019.44
26828.53
26519.87
26358.98
26245.08
26105.21
26065.73
25983.63

TRANsr Trow

{SP)4dsgos '- (SP)SPsgs
(»}»»os —(sg) 5pV»
{sg)4d'G04 —(sg}5psp 4

(»)SssPOS —(SP)5psP,
{sg}4dsGOS —(»)$p»s
(sg) 4d'Boa —(sg}SpsPS
('D) 4d'G'» -(sg) Splps
(45)4dsgos -{45)SpsPS
(»)4dlG04 —{sg)Spsp,
(SP)4dspos -{SP}Spsg
( P)$s Pos —{SP}SpsPl
{3g) 5slgos —{sg)$pl gq
{sP)»»os —(SP)5pigs
(»)Sssgo& —{sg)SPlPS
(45)4dsgos (48)5psp
(sP) 4dsgos —(SP)SPSS,
(SP)SslPo, —{sP)SpsP,
(SP)4dsgos —(SP)SPsg,
{'B)5p'Os -(sg)6ssDos
('P}SssP01 -{SP)SpsP0
(45)4dsB03 -(45}SPSPS
(»)Sssgos —{sg)5psps
{SP)Ssspoo {SP)5P1P
(SP)SssPol —{»)5plP,
(48)4dsgol —{48)SpsP,
{»)SslP01 -(SP)SpV»
(sg) 4dl po1 —(sg) Splg
(SP)SslP01 —{SP)Spl go
(sg)Sssgol -(sg)$plP1
(48)Sss50, —{45)SpsP,
{'P)4d'B'1 —{SP)5psPS
(»)$ssD03 -{sg)5psp,
(sg)Sssgol -(»)$psp&
{48}4dg -{5)Sp P,
('D)Ss»os -(sg)$plPl
(»}4d»os —(sg)5plg2
(sg) 5ssgos —(SB)5pip,
(SP)SssPOO -(SP)Sps5,
(SP)SssP01 -(SP)$ps51
{»)»Pol -(sP) Spsgs
(sg}Sssgos —{sg)Spsps
{sg)$P'Bs —{SB)6ssgo,
(sg) Sssgos -{sg}Spsgs
(48)Sss803 -(45}5psP,
('D) 4d'Bos -(sg) Splps
{SP}4dsgol -{SP)$psP,
(»)Sssgos -(sg}Spsps
(»)«O 1 —(P}SpD
(48)SssSOS —(sS}SpsP,
(»)Ss»os -{»}Spsgs
{sg)4dlgos -(sg)Spsps
('O)»»ol -(sg)5 p Ds
('P) 4d'F'3 —(SP)5 pigs
(SD)Sssgos —(sg) 5psgq
('P}SssPOS -(SP)SplPl
SP)SssPOO -(sP)$,psg1
'P}SssP01 —(SP)$psgl

(sg)Sssgos -(sg)SPSFS
(»)5~Dos -(sg) Spsg,
('P)5p'» —»1
('B)4dlg s -(sg)Spu»
( B)4d gol —(sg)SpsPl
(»)4dsgol —{sg)SpsPO
('S)»501 —(45)SpsP,
(»)4dsgos —(sg)Splg,
('D) 4dlgos —(sg) Spsp,
(SP)SssPOS —{SP)5psS,
{SP)5ssPos {SP)5psgs
(»)«sgos —{SP)SpsP&
{SP)4dsPOS -(sg)SP1DS
(48)SssSO, (4$)5psP
(SP)Ssl 1 —(SP}$plPl
{sg)SslBOS —{sg)$psP 1
(»)«» 1 —(sg) SpsPS
('8)4d»03 -(45)5psPS
('5) 4d'Bos —{48)Sp&P1

(sg) Sssgos —(sg) Spsgs
('P) 4d'B 1 —('P) spsPO
{'B)»sgol -(SD)5psgl
(SP)SslP01 —(SP)4d38,
(sg}4d1Dos (sg) 5PSB
('P) 4dsgos -(sP) Splgs
{'B)Ss»os —(sg) SpsPS
('O) Sssgos -{sg)Spsg,
('5)4dsDOS -(45)SpsP,
(»)4d»ol -{SP)5plP,
('O) 4d'»1 —(sg) SpsP1
('B)4dspos -(&S}5psPS
{'O)4dsg" —{sg)5psP1
{sP)4dsgol -{sP)5psDS
{»)4dsgos -(sg}Splgs
(»)«»os -(45)Sp P,
('P)»1Pol -(SP)Spsg,

X (air)

3868.70
3874.04
3898.70
3913.90
3938,53
3957.67
3979.05
4002.61
4027, 17
4067,37
4131.33
4154.46
4160.21
4171.79
4184.59
4195.91
4225.92
4226.58
4232,82
4233.72
4244.33
4294.83
430$.20
4344.24
4360.63
4378.68
4443.28
4443.72
4518,64
4536.46
4537.2S
4565.51
4621.40
4673.80
4,693.65
4V10.48
4729,72
4749.00
4754,48
4789.74
4826.08
4841.9
4845.62
4873.87
4892.21
4906.28
4940.21
496$.78
4977.08
4988.52
5016.45
5018.72
5042.86
5061.46
S069.96
5110.98
5151.68
5152.01
5160.09
5257.83
5263.18
S338.20
5349.77
5362.11
5371.40
$381.39
5412, 19
5438,20
5475.49
5477.66
5501.4355¹32
$715.80
$873.50
5935.03
6037.17
6050.11
6078.38
6110.81
6164.76
6250.98
6310.22
6395.09
6444.70
6602.90
6651.75
6683.5S
6728,41
6793,53
6818.13
6977,95
7057.45
7353.42

1 (Va,e.)

25841.18
25805.56
25642.34
25542.7S
25383.02
25260.27
25124.54
24976.66
24824.34
24578.99
24198.48
24063.76
24030.50
23963.79
23890.49
23826.04
23656.83
23653.15
23618.28
23613.26
23554.24
23277.28
23221.22
23012.54
22926.04
22831.54
22499.60
22497.37
22124.37
22037.46
22033.62
21897.24
21632.42
21389.90
21299.44
21223.34
21137.01
21051.20
21026.93
20872. 14
20714.98
20647.30
20631.4$
20511.86
20434.97
203'/6. 36
20236,42
20132.22
20086.51
20040.45
19928.87
19919.86
19824.51
19751.65
19718.54
19$60,29
1940S,7$
19404.51
19374.12
19013.98
18994 65
18727.71
18687.21
18644.20
18611.96
18577.4'i
18471.69
18383.34
18258.1S
18250.91
18172,06
17860,75
17490.52
17020.92
16844.46
16SS9.47
16524.06
16447.21
16359.92
16216.75
15993.08
15842.94
15632,68
15512.3$
15140.69
15029.49
14957.98
14858.26
14715.83
14662.74
14326.91
1416$.52
1359S.37

TRAN

(sg) 4ds501
{sg)4d3501
(sg}4dsgos
{SP)4dlpos
{sg}4dspos
(sg) 4dlgos
(sg) 4d3501
(SP)4dsgos
(SP)4dlpol
(SD)SslDOS
(45)Sss501
{sg)$slgos
(SP)4dlPol
(45)Sss501
(SP)4dlPol
{sP)SplP1
{sg)4dsDOS
(sg) 4dsgol
(sP) 4dsgos
{QP)4dsPOS
(sP) 4dlgos
(SP)4dspos
{sg)Sslgos
(sg) 4dsgos
{sg)Sslgos
{SP)4dsPOl
(sg) 4dsgo1
(sg) 4dsgos
(sg) 4dl po1
{SP}4dsP01
(sp) 4dsgos
{SP)4dsP01
(SP)5s1po j
(sg) 4dsDOS
(SP)4dlgos
(sg)4dsgos
{sg)4ds501
('P) 4dlPol
(sg) 4dsgos
(sg) 4d3501
(SP)4d 1Dos
(SP)4dsPOS
{SP}4dsP04
{sg}4dsgos
(SP)4dsP04
(SP)4dlPol
(sg) 4dsgos
(QP) 4dsPOS
(sg) 4dsGos
{sP)4dl Dos
('P) 4d'F's
{sp)4dsp04
(sg) Sslgos
{SP)4dsPOS
(SD)4d3501
{SP}4dsP01
{SP}4dsPOS

. (SD)4dsgos
{sg)4dsgos
(SP)4dlP01
{»)4dsPOS
{sg)4dl po 1
(SP}4dsgos
{SP)4dsPOS
(SP)4dsPOS
{SP)Sss Pos
{SP)4dsPOS
(sp}4dspoy
{sg}4dsgos
(sg}4dsgos
(SP)4dsgos
(SP}Ss'P'3
(SP}4dsPos
(SP)4
{SP)$slP01
(sP)4dsgo 1
{SP}4dsgo 1
(SD)Sssgos
(sg) $ssgo 1
(SP)4dsPOS
{sg)Sssgos
(SP)4dsgol
{SP)4dspos
(QP) 4dspo~
{SP}4dl pos
(sg) Ss'Dos
(SP)4dsPOS
{SP)4dsPOS
{SP)5ssPOS
(SP)4dl Pol
(zP) 4dlgo&
(sg}4dlgos
(SP)4dsPOS

SrTION

-(sg) SpsPl—{sg)5psPO-(sg}SPSPs—{SP)SpD»—{48}SPSPS—{sg)5psg1—{sg)5PsPS-{SP)SpsDs—(SP}SpsPS-(»)Splps—{48)5psPS—{sg}$psps-(SP)5psPl
-(45)5psP1-{SP)SPlgs
-(sg}6ssgos—{sg}SPSPs

{sg)$PSPS
-(SP}SPSOS—{sg)5psPl-{SP)SPlgs
-(sg}SPSPS—{sg}5plPl—{sg}SplFs—{sg}Spsgs
-(sP)SpsPS

(sg)SPSDS—(sg) 5PSFS
{sg)5plP1—{sP)5psPl-{sD)5psPl

-(SP)SPlgs
-(sg) SPlgs
-(sg) Spsp&-(SP)5PSVS—(sg) $psp 4
-(sg) SplPl
-(SP)SplPl—(sg) $pl ps

(sg) 5psps—{SP)5plPl—(sg) $PlPS
{sg)$psp4

-{sg}SPSFS—(sg) $PlPS
-{SP)5ps51-{B)Sp B.—(sg) $psps-{&5)5PSPS—{SP)5ps81—{&D)5pl gs—(sg) $PSPS—(SD)SpsDl,

{sg}$PSPS-{SD)SPSDS
-(SP)SPSPO
-{sP}SpsPy—(sg) $PsPS
-(sg) 5psgs—(SP)Spsgl
-{sg}$psgs
-(sg) Spsgl—(sg) $pl ps

(sg) $PSPS
-(SP)SpsPl
-(sg}SpsPl-{SP)SPlgo-{sP)5ps51

(2B)$psg1
sg SPSDS

—{sg)5psPs—('D)5ps»—(SP)5psgl
-(SD)SPSPS—(sg) $psPl
-(sg) SP'Po
-(48)5psPS—('5)5O'Pl—(SP)SpsDs
-('8)5O'Pl—(sg) SPSPS
-('P)Sp'Pl
-('B)Sp'Dl
-('D) Sp'Ps—('5)5psPS—(»)5ps51
-(SP)5psgs

(sg) $PSPS
-(»)Sp».
-(sg) Splg,
-('5)SpsP1—(SP)Spsgl
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TABLE II. Electron configurations and spectral terms for
Kr III.

ELECTRON TERM LIMIT
CQNFIGURATIoN 4$24pa 4S

TERM LIMIT
4s24p3 2D

TERM LIMIT
4s24P3 2P

4s24p4
4s24pa 5s
4s24pa Sp

4s24P3 4d

4s24pa 6s
4s24P3 5d

3P
3So
3P

3D0

3SO
3D0

SSO
'sp

sD0

SSO
SD0

1D0 3D0
1P 1D 1F
ap 3D 3F

1/0 1po 1 Do 1po 1G0
3SO app 3D0 3FO 3@0
1Do 3+0
1S0 1PO 1D0 1F0 lgo
Sp apo 3D0 Fo 3GO

1po apo
1P

'S ap 'D
1P0 1D0 1F0
apo ano 3Fo
1Po 3Po
IPO 1DO 1FO
3PO 3DO 3FO

4s4ps 1PO 3PO

The principal. evidence for the identifications
is in the combining intensities. In the region
studied we expect the strongest combinations to
be ('5)Ss'5'2 —('S)5p'P& and ('S)Ss'5'~ —('S)Sp'P2.
The strongest lines observed, v, 30,801.14, and
v, 28,502.86, are assigned to these respective
transitions. Trial arrays with constant differences
involving these and other strong lines in the
same region lead to the 'P' and 'P intervals,
which in turn appear in the ('S)nd'D' ('5)Sp—'P
and (4S)nd'D' (45)5p'P—multiplets. Failure to
find (45)Sp'Po seems explainable only on the
assumption that two of these 'P levels have
coalesced or else that the interval separating it
from the other 'P levels is abnormally large inas-
much as all lines of appreciable intensity in the
expected range have been classified. We expect

the odd terms to give far ultraviolet combina-
tions with the 4s'4p' terms. The clew to the
identification of these low terms was found by
Dr. Boyce in the multiplets, ('S)s'p4 'P sp'—'P',
and ('D)s'p 'D —sp~ P; The s'p' P intervals,
together with the separations between these and
'D, were found to occur repeatedly among the
extreme ultraviolet data. In almost all cases
these constant differences were found to be
associated with real odd levels which combined
with higher even levels to give lines in the visible
and near ultraviolet.

Of the (~D) odd terms those arising from Ss are
expected to yield the most intense combinations.
The interpretation of the second most intense
group of lines among the data as combinations of
('D)Ss'D and 'D' with (2D)5p 3F, D, 3P, and
'I', 'D, 'P, is thus supported. These multiplets
are an outstanding feature of the observed
spectrum. The remaining ('D) odd levels fall
into fairly well isolated groups and are identified
on the basis of jvalues and combining intensities.
The 'G'& level is identified necessarily on the
basis of a single combination, but is supported
by a strong line in the expected position. The
'P', 'I'", and 'S' terms of this group have not
been found. Considerable assistance in placing
the even ('D) levels has been obtained from the
isoelectronic spectrum, Se I, recently analyzed

TABLE III. Kr III terms,

ELECTRON LIMIT
CONFIGURATION 4S3/2: 0

LIMIT
2D3/2
2DS/2

LIMIT

2pa/lp

ELECTRON LIMIT
CONFIGURATION 4S3/2 .'0

LIMIT
2D3!2
2Ds/2

LIMIT
2P1P
2Pa/2

4s2 3P2 298020
3d'0 4p 3P1 293472
4pa 3Pp 292707

1D2 283376

sP1 122474.95
sP2 122240.26
sPa 12 1498.82

'Po
3P1 118390.17
3P2 117935.88

3D1 107295.36
3D2 105317.07
3D3 104193.76
3F2 104163.5 1
1P1 103898.80
3F3 103056.13
1F3 102541.01
3F4 102344.56
3P2 99911.12
3Pp 99229.89
3P1 99194.51
'Da 95 122.92

3D01 134749.99
5s SS02 152300.00 3D02 134383.17

3S 1 146438.74 3D a 132965.45
Doa 127 119 98

'So 264941

3Poo 119775.54
3P01 119759.88
3P02 117771.90
1P01 116755.47

3D1 9077 1.82
3D2 89508.96
3S1 89409.26
1P1 88734.57
3Pp 88232.5S
3D3 88150,43
1D2 85895.48
3P1 857SS.19
3P2 84961.44
1SO

3D01 148947.01

6s
sS02 82497.43

3S01 76 f76.60

SDpo 81518.71
sD01 81504.70
sD02 81490.68

Sd sD03 814'74.36
sD04 81414.84

3D01 127816.62
1P01?126023.09
aD02 125553.49
3S01?125035.67
3D03 123567.95
1F03
3POO
apo,
3PO2
1SOO

3Do1
3D02? 64908.37
3D03 63452.80
1D02? 61836.33

1D02? 64672.62
Go 4 62662.64
101 60048.87
202 59411.68

'D02 109449.70
3Ppp
'P'1 107792.76
ap02 104367.20

3PO(
48852.02

3P02 47 108.17
1P01 45558 88

sDop 159572.32
sD01 f59547 88
SDc2 159538,08
SD03 159526.22
SDo4 159369 73

3D02 150214.30
4d 3D03 149283.56

3F02 144455 82
3F03 143318.95
3F04 141937.04
3G03 138022.48
3G04 137604.12
3Gos 136910.45
1G04 135177.93
PD02 132555.55

3F03 123188.34
3F04 122976.02
3F02 122807.72
3D02 121228.17
3D01 115754.00
1F03 115051.73
3D03 113127.15
1P01 109785.72

4s4ps

3D02 80643.34
3D01 78724.56
3Doa 77260.07

OP02 182078
3P'1 178639
3Pop 176476
Po, 156144



by Ruedy and Gibbs, "in which this set of terms
is fully developed, Almost the same order of
even ('D) levels occurs in both spectra.

The even terms of the first excited state based
on ('P) are complete except for Sp '50. The
relative positions make practically certain the
interpretation of those of j value 2. 'D3 has a
unique j value among the group. Those with J
value 1 are given the most plausible assignment
on the basis of the combinations. This group has
not been found in Se I.

Of the odd ('P) levels those yielding the most
intense combinations are assigned to ('P)5s'P'
and 'P'. The ('P)5d'P' levels seem to be quite
certain because of the intensity distribution in
the ('P) Sd'F' —('P) 5p'D multiplet. The 'F'4
level is checked by interlimit combinations. Two
levels assigned to the ('D) system, ('D)4d'5'j,
and ('D)4d'P'~, combine very strongly with the
{'P) even terms. The assignments are made
therefore with reservations. The ('P)4d'D0
levels show unexpected in, tervals but no other
reRsonRble RsslgnIQent seeIIls poss1blc. The re-
maining {'P) odd terms 'P0 and 'D' are sup-
ported by faint but numerous and numerically
consistent combinations with no plausible alter-
QRtlvcs.

It is not possible to estimate precisely the
intervals between the various ion limits on the
basis of the data here reported. Either the low
terms of Kr IV or suSciently long series for
precise evaluation of the limits mould be required.
A fair estimate of the relative positions of the
limits is obtained by extrapolation from the
homologous spectra, Ne IV, and A IV. The
centers of gravity of the term groups should also
be separated by roughly the separation of the
limits. Calculations based on series of which two
members have been found indicate an interval
of from 16,000 to 19,000 cm ' between 45 and 'D
Rnd from 34,000 to 38,000 cIY1 between 5 and
'I', These intervals are to be regarded as approx-
1Inat1ons, howevcl, becRusc lt 1S improbRble that
the series are well represented by a Rydberg
formula and free from perturbations. Further-
more thc identifications of thc secoQd sc11cs
members are too uncertain to establish beyond
doubt which of the levels of the doublet ion

"J.E. Ruedy and R. C. Gibbs, Phys. Rev. 46, 880
(1934).

limit is approached in each case. These estimated
intervals compare reasonably well with the
scpRIRt1ons betwccn the groups of levels belong-
ing to first excited states which are associated
with the second series members and also with
the intervals between the low terms, 'E2 —'D2,
j.4,644 cm ', and '&2 —'~o, 33,0&9 cm '.

The absolute value of the terms is based on
calculations of the limits of the ('5)nd'D'3,
('5)nd'D'3, and ('5)ns'5'& series. The calculated
limits expressed in terms of the position of 'Doq

are as follows:
~D'3, 159,049

'D'3+ ('D'3 —'D'3), 159,7& I
'5', + ('D'3 —'5'g), 159,778.

An earlier estimate was based on ('5)ns'5'a
which 1s cxpcctcd to give the most I cgular sc11cs.
Such a calculation, however, places Ss'5'~ at
146,000 and 4d'D'3 at 153,226 differing by 6300
from the average of the above values. It was
assumed therefore that the '5'2 series was per-
turbed more than the others which were chosen
as the basis of the absolute values. The actual
procedure was to add 6300 to j.46,000 to bring it
up to 152,300 to give the absolute value of '5'2
and to 6x all other levels by their relative
positions. The calculation places the lowest
level of Kr III, (45)4s'4p' 'Pg at 298,020, cor-
responding to an ionization potential of 36.8
volts. The experimental value given by Tate and
Smith" is 38.7a0.5 volts.

In conclusion the author is very happy to
acknowledge his indebtedness to all who have
contributed to thc progress of the analysis, in
particular to Dr. Wm. F. Meggers of the Bureau
of Standards, who collaborated in the experi-
mental work and in the measurement of the
spectrograrns, to Dr. T. L. de Bruin, '2 of the
University of Amsterdam, for making the first
suggestions as to the identity of some. of the
('5) terms, and to Professor J. C. Boyce, of the
Massachusetts Institute of Technology, for the
use of his extreme ultraviolet data.

"J.T. Tate and P. T. Smith, Phys. Rev. 45, 113 (1934).
'~ A letter, dated Amsterdam, 8 Jan. 1933, from Dr. de

Bruin to Dr. Meggers contained the 6rst Kr III regularities.
These consisted of the combinations of (4S)5p 'I', 3I' with
('S)ss ~S', 3S', 6ssS', 'S0, and (4S)4d~a0, 3D0, based on
wavelength and i~tensity data obtained at the Bureau of
Standards and conhrmed by Zeeman effects of M3507.42
and 3564.23 observed at Physica. Some revisions of these
identifications have been made.


