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with the fact that their average between par-
ticles in very different states (different shells) is
relatively small. The coupling between unlike

particles in dif'ferent shells is then expected to be
weak compared to the like-particle interaction
within a shell, giving (L L„S S„) coupling. Since
two-thirds of the known pl correspond to neutron
excess greater than ten, one may tentatively
ascribe the observed regularity to this effect.
The frequent occurrence of negative spin-orbit
coupling (making I=I ——,') is also plausibly as-
cribed to a remnant of shell structure in actual
nuclei.

Since the Hartree model has more meaning for
the lighter nuclei, " its shell structure might be
expected to make the moments of a few light
nuclei much simpler than the more general case
considered above. The nucleus ~9K" seems to be
quite simple. Its position on Fig. 1 (I=3/2,
pl ——0.36) indicates that it has the sign of spin-
orbit coupling' corresponding to an almost-closed
shell. This is explicable on the basis of a zero-
order (fictitious!) potential'" somewhat nar-
rower toward the bottom than a harmonic oscil-

lator potential (as is reasonable for so light a
nucleus), making" the order of single-particle
states 1s, 2p, 2s, 3d, 3p. We have then the con-
figuration (3d D) (3d' 'S)„Dai2. The two
additional neutrons in the isotopic nucleus ~9%4'

would be 3p'with 'So lowest, "leaving the ground
state unaltered except for the admixture of new

higher states. The lowest of these admixed states
is (D) (3p2iD), 2D3i2, which would reduce g~
(by polluting I with neutrons) and hence would
reduce the total magnetic moment, as is ob-
served: for igni one has pl ——0.20. (It would also
reduce the doublet splitting slightly, .but this has
not yet been observed. ) The other new state of
interest is ('D) „(3p''P)„'D3i2, which would tend
to increase pl, but only slightly since it is quite
high and is only admixed by unlike-particle spin
coupling. It may be regretted that the interesting
isotopic pairs Cu, Re, and Tl, each having
p' ™")quite exactly, "may not be treated
so simply.

Discussion with Dr. Feenberg has been appre-
ciated.

'4 Compare the term orders for square, parabolic (refer-
ence 2(d), page 173) and Coulomb potentials.

"Schuler and Korsching, Zeits. f. Physik 105, 168, 495
(1937).
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The First Spark Spectrum of Manganese
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The analysis of the Mn II spectrum has been extended to include a classification of over
seven hundred lines arising from combinations between terms belonging to the quintet and
septet systems. From four members of the 3d'('S)nf'f series an ionization potential of 126,147
wave numbers has been calculated by means of a Ritz formula. Pictures have been taken and
measurements made covering the range from approximately 800A to 6000A. A hollow cathode
discharge was used as a source, with each of the three gases, helium, argon and neon, as con-
ducting media.

HISTORY

T was in the manganese spectra, arc and first
spark, that Catalan 6rst noted groups of

lines of a more complicated structure than could
be attributed to triplet-triplet combinations.

*Now located at Western Reserve University, Cleve-
land. , Ohio.

' Catalan, Phil. Trans. Roy. Soc. A223, 127 (1922).

Among the enhanced lines he called attention to
the groups which were later identified independ-
ently by Russell' and by Black and Duffendack'
as being 3d'4s 'S—3d'4p "P, 3d'4s 'S—3d'4p 'P,
3d 'D —3d4P~P and 3d54PrP 3d'4d'D, all-
based on the '5 ion. Intersystem lines were found

' Russell, Astrophys. J. 66, 233 (1927).
3 Black and DuKendack, Science 66, 402 (1927).
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connecting the septet and quintet systems.
Russell added the second member of the 7S

series, and Catalan' later located the correspond-
ing 'S. This completed the analysis as far as it
had been carried until the present investigation
was undertaken.

APPARATUs AND OBsERvATIQNs

A Schuler tube, similar in design to that used

by A. G. Shenstone for the production of the
Cu II spectrum' has proved quite satisfactory as
a source for the manganese ion. The lines ob-
tained are extremely sharp. The degree of
excitation of the once ionized atom can be con-
trolled to a considerable extent by the use of
different noble gases; and, provided helium or
neon is used, lines originating in high energy
levels, which are either extremely diffuse or
absent entirely in the spark, are here present
with considerable intensity.

Since helium alone of the noble gases has an
ionization potential su%cient to excite the com-
plete Mn II spectrum, it was used to cover the
complete range of wave-lengths from 800A to
6200A. Pictures of certain regions were also
taken with argon and with neon in the tube, and
wherever feasible, arc and spark pictures were
also obtained.

In the region above 2250A the Princeton 21-
foot concave grating (ruled by Professor R. W.
Wood) was used. For wave-lengths between
2000A and 2400A only the strongest lines were
obtainable with reasonable exposures with this
grating, so supplementary measurements were
made from plates taken on an Hilger Ei quartz
prism instrument. Through the kindness of Pro-
fessor J. C. Boyce, the author was permitted to
use the two-meter normal incidence vacuum
spectrograph of the Carnegie Institution of
Washington, which is located in the Spectroscopy
Laboratory of the Massachusetts Institute of
Technology. ' The plates taken with this spectro-
graph extended the observations to about 800A.
Later the vacuum region was retaken on the two
meter spectrograph at Princeton with neon and
argon in the tube instead of helium.

' Catalan, An. Soc. Espan. 26, 67 (1928).
5 Shenstone, Phil. Trans. Roy. Soc. 235, 195 (1936).' Compton and Boyce, Rev. Sci. Inst. 5, 218 (1934).

THE ANALYSIS

Details of the con6guxations

3d'4s.—Consider the possible terms in the
doubly ionized atom which form limits of the
first spark spectrum. Because of Pauli's exclusion
principle, 3d5 can give rise to only one sextet, 'S,
but there are many allowable quartet terms.

Upon the addition of a 4s electron one ob-
tains ~ 'S from the sextet, the septet being the
normal state. Based upon each quartet are
metastable quintet and triplet terms. The arc
spectra of Mn and Cr indicate that the lowest
of these should be '6, 'P, and 'D. These have
been located in Mn II and their term values
(centers of gravity) compare with the corre-
sponding terms of Mn I and Cr I as follows:

3d'4s Mn II
'G 27571.3
'P 29911.6
5D 32828.3

3d'4s' Mn I
4G 25278.4
4P 27230.4
4D 30397.0

3d'4s Cr I
'G 20521.3
'P 21846.3
~D 24292. 1

The remaining quintet term of this configura-
tion is 'I'. This has not been found, probably
because of its weak inter limit combinations.

3d' and 3d44s'.—The only quintet terms
possible from these configurations are the 'D
terms previously mentioned.

~ Gilroy, Phys. Rev. 38, 2217 (1931).

Positions of the low configurations

To the closed shell completed in argon, one
must add six electrons to obtain the structure of
once-ionized manganese. The possible low elec-
tron- configurations are thus 3d', 3d'4s, and
3d44s'. Series limits of Mn I determine the
relative positions of the high multiplicity terms
of 3d' and 3d'4s —the former limit being pre-
dicted higher by about 14,300 wave numbers. '
From the height of 3d44s above 3d' in Mn III,'
and from homologous terms of the neighboring
first spark spectra, the 3d44s' configuration
should be found rather high in the spectrum—
between 55,000 and 60,000 wave numbers above
the normal state. The positions (centers of
gravity) of the lowest terms of these configura-
tions are actually

3d'4s ~S—0
3d' 'D —14550

3d44s' 'D —55364.
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3d'4P. T—he expected ' 'P terms, based upon
'S, are those found earlier by other investigators.

Associated with each of the even terms 'G, 'P',
and 5D should be a triad of odd ones. It is
thought that all of these nine terms have been
located; however, there is some doubt as to
whether those assigned to 3d'('P)4P 'D and '5
have been correctly named. The assignment is
here made difficult because these levels un-
doubtedly mix characteristics with those of
3d'(4G)4P 'F. All three terms occur quite close
together and are the only terms that have been
found which show strong transitions which in-
volve a change in I. other than ~1 or 0. The
s'I' combines with u'P, and the terms designated
as s'S and s'D both combine with 'G terms.
Of the levels with the same j values in the three
terms, the ones with the lowest j values are
closest together. One might then expect that the
transfer of characteristics would be greatest in
these cases. This is borne out by the fact that
the strongest combinations in the anomalous
multiplets are between levels of low j values,
while the intensities in the proper multiplets
drop off more rapidly than might ordinarily be
expected. The intensities of the lines in the
a'P —s'D and a'P —s'S multiplets are not at all
what would be predicted by theory. However, if
one. calculates the sums of the intensities for these
two multiplets and compares them with the sums
of the actual intensities of the lines to the a'P
term the agreement is quite good considering
that only visual estimates of .the lines have
been made.

3d'4sP.—This configuration should give rise to
a septet and a quintet triad based on 'D and a
quintet and triplet triad based on 4D. Terms m'F
and m'D have been allotted to the 4D ion struc-
ture. Probably either m'P or v'P is the remaining
member of this triad. It is suggested that the x'P
belongs to the group based on the sextet term.
The separations of its levels are comparatively
large as one would expect, and it falls in the
'right region. However, it exhibits two rather
peculiar features. Its combinations with the O'D

are extremely weak and it shows marked
enhancements when helium is used in the Schuler
tube. Such enhancements do not occur with
neighboring terms and cannot be explained as
due to a metastable state of helium. Unfortu-

nately, the normal state is the only low state
with which septets may combine without inter-
system combinations. Thus one would expect
only the 'P to be apparent. s'P has been tenta-
tively assigned to this configuration instead of
SP'P since the latter shows combinations with
7s7S. Either assignment indicates a perturbation.

3d'4d.—The " 'D based on 'S are known, and
'I and 'H based on 4G have been found.

Series members and ionization potential

Certain higher members of the low terms dis-
cussed in the foregoing paragraphs have been
found. These are listed below.

Configu-
ration

3d'('S) ns
3d'('S) ns
3d'('S) nP
3d'('S) nP
3d'('S) nd
3d'('S) nd
3d'('S) nf
3d'('S) nf
3d'('6) ns

Term
7S
'S
7P
'P
7D

6D

7F
6F
6Q

Total quantum num-
ber of excited electron.

n=4,
n=4,
n=4,
n=4,
n=4,
n=4,
n=4,
n=4,
n=4,

5, 6, 7, 8, 9, 10.
5, 6, 7, 8.
5.
5.
5, 6, 7. '

5, 7.
5, 6, 7.
5, 6, 7, 8.
5.

The levels of the fourth member of the nd'D
series are slightly perturbed but otherwise show
the correct characteristics for this assignment.
6f'F is also slightly perturbed by t'F.

The best value of the ionization potential can
be obtained from the nf'F series. These terms are
fixed by combinations with 4d'D, which in turn
depends upon 4P'P. All of the lines used to
place these levels occur in the region above
2400A where the measurements are most reliable.
The series shows no perturbations and the last
member is within 9000 wave numbers of the limit.
A Ritz formula adequately represents the series
and gives an ionization potential of 126,147
wave numbers. This value is substantiated by a
value of 126,148 obtained from the last five
members of the ns'S series.

TERM VALUES

In Table I the values of the terms are listed.
Their absolute values are given with respect to
the normal state, 4s'S. Although the levels
belonging to configurations 3d'4s and 3d'4p and
based on quartet ion structures are consistent
among themselves to within a few hundredths of
a wave number, their absolute values with
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TABLE I. Absolute term values in the first spark spectrum of manganese with respect to the normal state. Column I, discoverer
(R, Russell; D, Dugendack and Black; C, Catalan; A, Curtis). Column 8, electron configuration.

Column 3, term designation. Column 4, term value.

C, R, D

Rc
C, R, D

Even
3d'(6$) 4s
3d5('S) 4s
3d6

ci
cc

ic
ic

3ds(4G) 4s
c ~

~ c

ci

3d 5(4P) 4s
cc

3ds(4D) 4s
ic
ci
ii

3d44s2
ci
cc

cc

ic

3ds(6$) 5s
3ds('S) 5s
3d5(eS) 4d

ci
~ c

ic

3d5(eS) 4d

cc

cc
cc

3ds{eS)6s
3d6(eS) 6s
3d'(eS) 5d

ic
~ c

'c c

ic
cc

ic

3ds(4G) 5s
ii
ii
~ i

3d5(4G) 4d

ii
ci
ci

3ds(4G) 4d

i ~

cc

~ i

3ds(eS) 7s
3ds(eS) 7s
3ds(eS) 6d

ii

3ds(eS) Ss
3ds('S) Ss
3d6('S) 7d
3d6(eS) 7d

Terms
4s7$2
4s5$2
3dsD4
3dsDe
3dsD2
3dsD1
3dsDo
asGe
asG5
asG4
asGe
asG2
asP2
asP2
asP1
asD4
asDo
asD1
asDe
a'D2
bsDo
bsD1
bsD2
bsDe
bsD4
5s7$6
5ssS2
4d7D1
4d7D2
4d7D3
4d7D4
4d7D
4dsD4
4dsD6
4dsD2
4dsD1
4dsDo
6s7$2
6ssS2
5d'D2
5d7D2
5d7D4
5d7D5
5dsD4
SdsDe
5dsD2
5dsD1
esGe
esG5
esG4
e'G2
esGe
esH6
esH4
esH7
esH5
esHe
esIe]
esI4
esI5
esI7
esIe
7s7S6
7ssS2
6d7D6
6d'D4
6d7D5
Ss7$6
Ss5$2
7d'D
7dsD4
7dsD6.
7dsD2
7dsD1
7dsDo

0.00
9472.86

14325.64
14593.62.
14781.03
14901.06
14959.68
27546.90+
27570.95+
27583.30+
27588.23*
27589.038
29889.31+
29919.22+
29951.12*
32787.602'
32818.10~
32836.400
32856.95*
32858.84*
54846.0
54938.1
55115.8
55371.3
55696.5
74559.91
76374.56
79540.76
79544.51
79550.28
79558.38
79561.10
82136.30
82144.34
82151.07
82155.72
82158.16
97728;0
98410.1
99892.5
99894.8
99898.6
99903.1

100682.3
100688.1
100692.6
100695.3
101467.588
101489.318
101499.038
101499.842'
101501.30*
106157.4
106164.2
106167.7
106168.9
106169.9
106508.1
106512.1
106519.1
106519.8
106522.5
108126.2
108447.6
109242.3
109244,4
109248.2
113697.0
113895.2
114347.0
114932.2
114943.9
114951.9
114956.5
114958.1

C, R, D

ic

Odd
3ds(eS) 4p

c ~

3ds(eS) 4p
cc

3ds(4G) 4p
cc
ic
c ~

3d5(4G) 4p
ii
~ ~

cc

3d5(4G) 4p
cc
ci
c ~

3d 5(4P)4p

3ds(4P) 4p
3ds(4P) 4p

3ds{4P)4p
c ~

3d6(4D) 4p
~ c

~ c

ic

3ds(4D) 4p
ic

3ds(4D) 4p
cc
cc

c c

3d44s(eD) 4P
cc

3d5(eS) Sp?
cc

3ds(eS) Sp
ic

3d44s('D) 4p
~ c

3ds(5$) 4f
ii
ii

, ii

3ds(6$) 4f
ii
c c

ic

3d44s(4D) 4p

Terms
4p7P2
4p7Pe
4p7P4
4psP6
4psP2
4psP1
ssG2
zsGe
zsG4
zsGs
zsGe
ssHs
ssH4
zsH5
ssHe
ssH7
s6ps
ssF4
zsF1
S5P2
sspe
ssD1
ssD2
s6$2p
ssDe
zsD4
zsP6
zsP2
ssP1
y6p1
y5p2
ysP6
y5p4
y5ps
ysp,
y'P2
yspe
ysD4
ysDe
ysD2
ysD1
ysDo
z7P2
z7Pe
s7P4
5p7P2
5p7P6
5p7P4
5psPe
5p6P2
5psP1
xsP1
X5P2
xsPe
4f7pe
4f7P6
4f7F4
4f7Pe
4f7F'2

4fsp,
4fsp2
4jspe
4f5P4
4fsF5
'wspl
K'sp 2

QJ P1
2vsF6
2V6P4
'wsP2

3d44s(4D) 4p

Even Terms
3ds(eS) 9s 9s7S6
3ds(eS) 10s 10s7$6

117031.1
119185.6

38366.07
38542.96
38806.53
43370.37
43484.50
43557.03
64456.33*
64473.13+
64493.83+
64518.57*
64549.72*
65482.66+
65565.68+
65658.308
65754.61*
65846.61+
66542.26*
66643.01~
66644.78*
66676.56+
66686.45*
66893.79+
66901.148
66929.22+
67008.93*
67295.16*
68284.38+
68417.34~
68496.37*
70150.39*
70231.07+
70342.58+
70497.44*
70657 ~ 18*
7 1263.92*
7 1323,15*
7 1390.14+
720 10.75*
72247.38*
72306.81*
72320.62*
72322.07 2

83255.1
83375,9
83529.6
85895.1
85960.6
86057.4
86897.7
86936.9
86960.8
88839.6
89078.9
89428.8
98423.5
98423.7
98423.8
98424.0
98424.1
98461.76
98462.34
98463.16
98464.14
98465.15

106265.3
106373.7
106479.2
106525.8
106707.3
106750.0

A

ic

Odd
3d44s(4D) 4p

Terms
2vsp s
'%5P3
Sf'Fe, s
5f'F4
5j7Pe
5f7P2
5fsF1
5fsF2
5f5Pe
5f5P4
5fsF6
v'G2
v'Ge
vsG4
vsGs
vsGe
vsP1
vsP2
vsF1
vsF2
V5P2.
7vsDo
v6p4
7vsD1
vsps
2vsD2
vsPe
7vsD6
x»D4
vsDo
v6Dl
vsD2
vsD6
vsD4
vsHa
vsH4
vsH5
v'He
vsH7
usF1
usp2
usF 6
usF4
usF 5
usP1
usP2
usP6
usG4
usG5
usGe
tsF6
tsp2
tsF1
t5p4
tsFs
f7Pe

6j7P5
6f'P4
6f7Pe
6fsF1
6fsp2
6fspe
6fsF5
6fsF4
7f7Pe
7f7P5
7f7F4, 6
7fsP5
7'&4
ssF2
s'Fe
ssF4
ssF6
8fsF

3d5(eS) 5f
ic
c ~

3ds(eS) 5f

3ds(eS) 6f
cc
cc

3d5(eS) 6f

cc

ic

3ds(eS) 7f

3ds(eS) 7f

3ds(eS) 8f

3d44s(4D) 4P

106893.8
107172.8
108409.8
108410.1
108410.2
108410.3
108435.6
108437.2
108439.0
108441.4
108443.0
108485.4
108503.0
108524.7
108550.7
108587.9
108726.4
108974.7
108994.0
109045.7
109122.4
109167.7
109221.1
109235.3
109327.1
109343.7
109378.9
109476.3
109607.8
109958.0
109994.3
110068.5
110204.9
110428.7
110547.5
110602.0
110692.2
110795.0
110926.0
111017.5
111060.5
111115.4
111159.2
111160.5
111162.3
111178.8
111212.8
113181.7
113250.8
113323.0
113641.4
113645,0
113645.5
113646.7
113658.0
113840.0
113840.1
113840.2
113840.3
114024.5
114025.5
114026.4
114027.8
114026.9.
117112.9
117113.0
117113.1
117148.3
117137.8
117164.7
117231.7
117314.6
117399.3
117483.2
119253.

respect to 4s'S may be incorrect by several
tenths. This is because the only lines connecting
this group with levels fixed accurately with
respect to the normal state fall in the region
below 2000A where measurements cannot be
relied upon to better than a few tenths of a

wave number. Levels of this type are listed to
hundredths and followed by an asterisk.

CLASSIFIED LINES

Table IIA contains the classified lines from
2000A to 6200A. All lines were observed with the
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TABLE IIA. Classified lines from ZOOOA to 6ZOOA. Lines whose wave-lengths are followed by an asterisk were photographed
with a quarts prism instrument. Columns 1, Z, and 3, visual estimates of intensities in spark, helium Schuler tube,

and arc. Column 4, wave-length in air. Column 5, wave number. Column 6, classification.

40
30
60
75
80
()

100
()

100
()

150
10

4u
4u
4u

0
3

200

150
1
1
3
1

100
1
5

10

15

5
5

15
10
20
10
25

40
30
25
20
15
10

1
2
3
5
3
2
-0
0
0
3

2
25
20
40
4Q
40
40

50
9
8
7
6
5

75

8
100
20
0
0
1

30
40
50

1
0
3
0

3u

60

0
50

4
3
2

1
10
0
0
2

0

25
20
35
40
4p
35

10
100

15

1

2

1
1

1?
0
0

1

75

60

0
50

6131.917
6131.005
6130.794
6129.022
6128.725
6126.210
6125.855
6122.799
6122.438
5302.320
5299,278
5296.968
5295.292
5294.216
4652.816
4647.585
4639.150
4530.034
4510.210
4496.989
3804.476
3803.881
3802.958
3801.633

3800.240
3497.536
3496.814
3495.831
3488.676
3482.905
3474.124

3474.037
3466.336
3465.037
3464.043
3463.330
3462.878
3460.312

3460.039
3441.983
3438.978
3136.3 15
313S.507
3134.g19
3046.266
3039.551
3029.041
2965.gP1
2963.633
2961.694
2958.944

2956.984
2956.168
2956.005
2955.37
2955.110

2954.20
2952.87
2949.209

2939.309
2936.51
2935.35
2934.71
2933.784
2933.057
2932.32
2927.394
2927.221
2923.630
2921.320

2917.076
2916.155
2915.458
2914.956
2902.902
2898.531

2 2897.066
2889.424
2889.311
2888.809
287 1.679
287 1,489

5

16303.61
16306.04
16306.59
16311.31
16312.10
16318.80
16319.74
16327.89
16328.85
18854.44
18865.26
18873.49
18879.46
18883.30
21486.36
21510.55
2 1549.66
22068 72
22165.72
22230.89
26277.40
26281.51
26287.89
26297.05

26306.69
28583.41
28589.31
28597.35
28656.00
28703.48
28776.03

28776.75
28840.68
28851.41
28859.77
28865.71
28869.48
28890.88

28893.16
29044.73
29070.10
31875.35
31883.56
31890.56
32817.55
32890.06
33004.17
33707.89
33732.55
33754.63
33786.00

33808.39
33817.73
33819.59
33826.9
33829.83

33840.2
33855.5
33897.52

34011.68
34044.1
34057.6
34065.0
34075.73
34084.18
34092.6
34150.11
34152.13
34194.07
34221.11

34270.90
34281.72
34289.91
34295.82
34438,22
34490.15
34507.59
34598.85
34600.21
34606.22
34812.64
34814.95

6

4dsD o —4fsF z

4dsDi —4faF x

4dsDy —4fsFz
4doDz —4f~F z
4dsDz —4foF s
4dsDs —4foFs
4d'Da —4faF4
4dsD4 —4foF4
4dsD4 —4fsF s
4d'Ds —4f'Fa, s, 4
4d7D4 —4f Fa, 4, s
4d'Ds —4f7F4, a, z
4d'Dz —4f'Fs, z, i
4d IDj —4f'Fz, i, o
5psPg —7ssSz
5PsPz —7ssSz
5psPs —7soSz
5p "P4 —7s'Ss
5pvPa —Vs'Sa
5p7Pz —7s'Ss
4d'Do —5f'F z
4dsD, —5f&Fz
4dsDz —SfaFs
4dsDa —5f'F4

blend?
4d~D4 —5fsFs
3dsDy —4P oPz
3dsDz —4P'Ps
3dsDo —4PsP&
3d~Dy —4p5P)
3dsDz —4PsPz
3dsDz —4p'P j

3daDs —4P~Ps
4d'Do —5f'Fo, s, 4

4d'D4 —Sf'Fs, 4, s
4d7Da —5f'F4, a, z
4d"Dz —Sf'Fs, z, i

- 4dvD& —5f'Fz, 1, 0
3doDs —4PaPz

4saSz —4p7Pz
3daD4 —4P~Ps
4saSz —4p'Ps

4dsDz —6f'F a
4dsDs —6fsF4
4dsD4 —6fsFs
4psPy —SssSz
4p~Pz —Ss5Sz
4psPa —SssSz

bsDa —x&Pz
'b~D4 —x5Ps
aaD4 —soFs
asDs —ssF4,
aaDz —s'Fi
asDg —saFz
asDz —zaFz
asDs —s'F z
a&Do —s'F i
asDa —z'F s

double?
asDj —ssFz
asD4 —zaF4

4ssSz —4psPs,
asD4 —zsFa

4saSz —4PaPz
caDs —saDz
asDg —s'Dy
aaDy —zsDz
asDo —ssDi

4soSz —4PsPi
asDy —s'Sz
asDz —saDa
aaDa —ssDa
zsD4 —e'G:
asD4 —z'Ds

also ghost?
4dYDa —6f7Fo, s, 4

4d7D4 —6f7Fo, ~, s
4d'Ds —6f~F4, a, z
4d'Dz —6f'Fs, z, i

aaDa —ssD4
ssDs —esG4
asD4 —s'D4
zsDz —e'Gz
zaDz —esGs
zsDg —esGz
ssFs —eaG4
zsFs —esGs

1u

2
20
3
7
0

2
2
Su

12
10

?
10

?

15
()

?
()
18
9

20

10
6
1

25
10

15

()

30

12
10

12
20
12

10
1

20
20
()
25

8
25

4

0
5
1
1u

10
3
6
0
5
3u
2u
5

50
5
6

W

iu
2

50
8

10

3
10
8

8
8'

20
5

10
4
1

25
5
4-
7

1
1

20

0
12
10

1
2
5
3
0
8

10
0
5
5
5
0
6

20
6
2
1
0
0
0
6
2
7

20

3
20
4

20
5

0
2
2

3
1
5

2
1

5
2

3

1
1
1

2
5
3
1

2
0
4
5

4

2870.665
2868.887

2868.098
2862.410
2860.629
2821.840
2816.329
2811.438
2811.290
2809.661
2806.5 13
2805.207
2803.442
2797.580
2796.113
2789.306
2781.935
2775.654

2763.165
2762.548
2762.090
2724.461
2722.097

2720.013
2719.739
2719.018

2717.531
27 16.800
27 11.630

2 711.568
2710.392

271Q.335
2709.973
2708.813
2708.454
2707.915
2707.546
2706.639
2706.094
2705.734
2705.561
2704.043
2703.972
2703.74
2703.508

2703.455
2702.240
2701.696
2701.528
2701.35 1
2701.171
2701.035
2700.011
2699.853
2698.989
2698.729
2698.623
2695.366
2693.191
2680.776
2679.165
2677.853
2674.990
2674.861
2673.384
2672.588
2667.033
2666.895
2662.764
2661.994
2661.420
2661.005
2655.925
2651.039
2639.857
2638.179-

2638.127
2632.3S8
2632.016
2625.607
2624.768

34824.94
34846.52

34g56. 10
34925.36
34947.11
35427.46
35496.79
35558.53
35560.40
35581.02
35620.93
35637.52
35659.95
35734.67
35753.42
35840.66
35935.62
36016.94

36179.71
36187.80
36193.80
36693.66
36725.52

36753.66
36757.36
36767.11

36787.23
36797.12
36867.28

36868.12
36884.11

36884.89
36889.82
36905.61
36910.52
36917.85
36922.88
36935.26
36942.69
36947.61
36949.97
36970.70
3697 1.68
36974.6
36978.03

36978.75
3699S.48
37002.83
37005.13
37007.55
37010.02
37011.88
37025.92-
37028.09
37039.94
37043.51
37044.96
37089.72
37119.67
37291.47
37313.99
37332.29
37372.22
37374.03
37394.68
37405.81
37483.72
37485.66
37543,81
37554.67
37562.77
37568.62
37640.48
37709.85
37869.58
37893.66

37894.40
37977.45
37982.38
38075.09
38087.25

zaFz —esGs
ssF4 —eaG5

also Mn I
zsF4 —esG4
s'F s —esGo
zsFo —esGs
aaDs —ssPs
a'D4 —ssPs
asDz —z'Pz
c'Ds —ssPz
aaDy =ssPz
zsH7 —e~Go
asDz —zsPi
asD& —ssPy
saHs —esG;

4p~P4 —Ss'Ss
ssHs —esG4
z'H4 —e'Gs

4p7Ps —Ss'Ss,
ssHs —e'Gz

4psPs —4p'Ds
4P sPs —4d'D4
4pzPz —Ss'Ss

aaPy —ssF&
asP1 ZaF2
aaPz —s~F y

asPs —zsF4
aaPz —soFz
asPz —s»s

also Fe
asP s —saF z

asPa —z'F a

asGz —z'Gz

asga —ssGz
asGz —s'Ga

asGa —s&Gs
asG4 —z'Gs
asGa —saG4
a'G4 —ssG4
ssGo —e'Go
asGs —zaG4
a'G4 —z'Gs
a'Px —s'Dy
asGs —soGa
asPz —ssDz
zsGa —e'Gs
aaGa —zsGs
aaPz —z'Di
asPi —s&Sz

aags —ssGo
z'G4 —esGo
a'Go —ssGo
soG4 —esG4
ssG4 —esGs
asPz —s'Sz
asPs —ssDz
zaGs —e~G4
zsGs —e'Gs
caPs —ssSz
ssGz —e'Gz
ssGz -e'Ga
a5Pz —ssDa
asPs —zsDa
asDz —y'»
aoD& —ysF j
asDo —y'F i
asDz —y'F z
a'Ds —y'F z
a'Di —y'F z
aoPa —s'D4
asDz —ysFa
a'Ds —y'F s

4d7Ds —7f7Fo, s, 4

4d'D4 —7f'Fs, 4, s
4d7Ds —7fvF4, a, z
4d'Dz —7f7Fs, z, 1

asDs —ysF4
asD4 —yoF4
a'D4 —y'F s
aaGz —ssHs

a'Ga —s'Ha
a'Ga —z'H4
asG4 —z'H4
asG4 —ssHs
asGs —ssHs
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21-foot grating except those whose wave-lengths
are followed by an asterisk. The latter were
taken from plates photographed with the quartz
prism instrument. All wave-lengths are air wave-
lengths.

The lines below 2000A are given in Table IIB.
The vacuum spectrographs were necessarily em-

ployed for this region, and only vacuum wave-
lengths are recorded.

It is perhaps worth noting that the number of
lines in this list which originate in levels near
114,000 wave numbers, and which occur in the
neon but not in the helium Schuler tube pictures,

illustrates the enhancements that are obtained
by the use of different noble gases.

CONCLUSION

Although most of the strong lines have been
classi6ed, there remain many unidentified.
Large numbers of these are undoubtedly due to
triplet-triplet combinations. There are, however,
striking omissions among the quintet terms, of
which the most notable are the 3 d'('F)4s 'Il and
its triad of odd terms, and the two remaining
terms of 3d4('D)4sp.

A few of the triplet terms have been dis-

TABLE IIA.—Continued.

1

28
4

30
75

15
3
5
4
6

15

2R
3
6
0

90

2

30
2R

30
30

3
0

50

2
10 5
3uu 5
2uu 4
1uu, 2
4uu 10
2uu 4
2RR

100 50
2 1

10 20
30 50

1 1
2 2

10 10
25 20

? 2
()
15 6

7 0
()
12 8
20 15

5 5
15 15
13 15

? 4
()
12 10
?. 2()'
8 6
8 6

10 10
5 3
7 5
7 8
7 4
1 ou
7

'

5
8 6
4 1

50

10
1

10
30

2618.144
2616.489
2610.207
2605.696

2603.727
2603.045
2601.526
2600.285
2599.036
2598.9 10

2597.56
2596.76
2594.736
2594.404
2593.731

2591.432
2590,229
2589.987

5

38183.61
38207.76
38299.71
38366.01

38395,02
38405.08
38427.50
38445.85
38464.32
38466.18

38486.2
38498.1
38528.06
38532.98
38542.98

38577.17
38594.05
38598.70

50

2589.824
2589.729
2585.889
2585.440
2585.130
2578.813
2578.280
2577.84
2576.113
2566.035
2565,219
2563.641
2559.737
2559.676
2559.413
2558.607
2557.595

38601~ 13
38602.54
38659.86
38666.57
38671.21
38765.93
38773.95
38780.6
38806.56
38958.96
38971.35
38995.34
39054.81
39055.73
39059.75
39072.05
39087.51

2556.893
2556.571
2553.263
2548.752
2543.461
2542.984

39098.24
39103.17
39153.83
39223.12
39304.70
39312.08

2542.928 39312.94
' 2541.168 39340.17

2541.115
2538.047
2537.926
2535.980
2535.660
2534.223
2534.102
2533.463
2533.336
2532.782
2531.897

39340.99
39388.54
39390.42
39420.65
39425.62
39447.97
39449.86
39459.79
39461.80
39470.42
39484.2 1

2 2557.540 39088.35
2556.942 39097.49

asGs —ssHo
asGs —ssHo
asGs —ssHv

4svS3 —4pvP2,
asP2 —ssP2
a'I 3 —s'Ps
asD2 —ysPi
asDi —ysPi
a'Do —y'Pi
asD2 —ysP2
asP1 ZsP2,
asD3 —y'P2
asDi —ysP2
asP2 —ssP2
a'Ps —ssP2
asD3 —ysP3

4svS3 —4pvP3,
asPi —z'Pi
asP2 —'ssPi

4psPi —4dsD2
4psPi —4dsDi

blend?
4psPi —4dsDo

asD4 —y'Ps
4psP2 —4d'Ds
4psP2 —4dsD2
4psP2 —4dsDi
4psP3 —4dsD4
4psP3 —4dsD3
4psPs —4dsD2
4svS3 —4pvP4
asG4 —ssFs
asGs —ssF:
asGs —ssFs
asG3 —ssF4
asG2 ZsF1
asG4 —ssF4
asGs —zsF4
asG2 —zsF2

asG3 —z'F2
asG2 —ssF3

asG3 —ssF3
asG4 —ssF3
asD3 —ysD4
asD4 —ysD4
asG2 —ssDi
asG2 —ssD2

a'Gs —ssD2
a'G2 —ssS2

asGs —ssS2
asD2 —y'Ds
asD3 —ysD3
asG3 —ssD3
asG4 —ssD3
a'D2 —ysD2
asDs —ysD2
asD4 —ysD3
asD2 —ysDi
a'Di —y'D2
asDi —ysDi

1 2

5 3
7
1
4 2
iuu 5

u

1
3',
2 i

oil
2uu 10 „,

0
1

1uu 8
3uu 15
7uu 25

5
0
1
6
0
5,

3uu ' 10
4uu 15
5@R 20
1uu 5
4uu 10
4uu 8
3uu 7

1
1

2 4
1 2
3 4
0 1

5
1
0
4
0
3
0
2
2

3 4
2 1
1 2
1 1

2
0
0
0
0
2
3
0
1R

2531.804
2530.725 .

2517.39
2516.600
2479.346
2473.64*
2473.560
2467.753
2462.407
2462. 12+
2458.583
2457 '885
2457.785
2453.620
2453.133
2452.488
2452.323
2452. 172-
2446.592
2446;385
2441.475
2441.059
2438.192
2437.848
2437.368
2436.539
2427.939
2427.719
2427.379
2419.81
2417.94
2416.35
2412.74
2410.57
2408.85
2402.071
2401.946
2400.211
2400.150
2399.050
2398.789
2398.23 '
2397.866
2397.286
2373.36
2361.76
2360.24+
2360.10
2359.44+
2359.378
2358.46
2357.65*
2356.78~
2348.82*
2344.32 +
2338.21+
2337.96+

2329.50+
2328.83+
2320.20*
23 18.89+
2305.010
2298.95

5

39485.67
39502.50
39711.9
39724.20
40321.04
40414.1
40415.35
40510.45
40598.39
40603.1
40661.52
40673.07
40674.74
40743.76
40751.85
40762.57
40765.31
40767.72
40860.79
40864.25
40946.42
40953.40
41001.56
41007.34
41015.42
41029.37
41174.69
41178.42
41184.18
41313.0
41344.9
41372.2
.41434.1
41471.1
41501.0
41618.07
41620.23
41650.31
4165 1.37
41670.47
41675.00
41684.7
41691.04
41701.13
42121.5
42328.4
42355.5
42358.1
42369.9
4237 1.1
42387.6
42402. 1
42417.7
42561.5
42643.2
42754.6
42759.2

42914.5
42926.9
43086.4
43110.8
43370.40
43484.6

a'Di —ysDo
asDo —ysDi
asG4 —ssD4
asGs —ssD4
ssHv —esHv
ssHo —esHs
z'Ho —e'H o
z'H s —esHs
s'H4 —esH4
s'H4 —esHs
ssHv —esI3
ssHv —esIv
zsH3 —esH3

4pvP4 —4d'Ds
4p P4 —4dvD4
4p'P 4 —4d'D s

ssH3 —esIv
s'H 3 —esI o
s'Hs —esI s
ssHs —esIo
zsH4 —esI4
zsH4 —esIs

4pvP3 —4dvD2
4p'Ps —4d'Ds
4PvPs —4d'D4

ssH s —esI4
4pvP2 —4dv Di
4pvP2 —4dvD2
4pvP2 —4dvDs
a'Pi —y'Pi
asP2 —ysP1
asPi -ysP2
asP3 —ysP2
a'P2 —y'Ps
a P3 —ysP3
ssGo —esHv
ssGs —esHo
ssGs —e'H s
ssGs —esHo
ssG4 —e'H4
ssG4 —e'Hs
ssG3 —esHs
s'Gs —e'H4
ssG2 —esHs
a'Ps —ysD4
a'P2 —ysD3
asPi —y'D2
asPs —ysDs
a'Pi —ysDi
asPi —ysDo
asP2 —ysD2
a'Ps —y'Di
a'Ps —y'D2
asG& —ysFi
a'Gs —ysF2
asgs ysF3
asG4 —y'F s

also Fe
asG4 —ysF4
asGs —y»4
asGs ysF3
asGs —ysFs

4svS3 —4psPs
4svS 3 —4P 'Ps
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TABLE IIB. Class'tfl, ed lines below ZOOOA. Columns 1 and. Z, intensities due to neon and helium Schuler tube, respectively.
Column 3, eave-length in vacuum. Column 4, vt'ave number. Column 5, designation.

1

5
0
7

30
7
6

20
5
9

12
5

10
20

6
10

2

11
1

12
40
15
10
40

10
25
12
15
12
8

10

3

1960.358
1955.060
1954.855
1953.233
1950.919
1948.277
1947.945
1946.919
1946.335
1945.150
1944.794
1944.168
1942.645
1940.191
1936.7 17

2
1

10
8
1
9

15
10
10
10
5

25

6
4

30
12
12
5
8
1
5
2
4
0
5

10
12
8

15
10
20
10
10
3
8

10
20
10
12
9

20
3

25
10
15

5
3

20

8
0

15

1850.602
1849.937
1848.2 66

10 8
10 10
4 2

15

1848.161
1847.780
1846.790
1844.080

6
1
5
3
5
3
4

25
20
50
30

8
- 10

9
9
6

()
2

1
2
2
6
4

1844.027
1843.784
1842.87 1
1841.7 18
1839.595
1838.607
1838.050
1834.572
1828.250

15 1827.078
8 1823.697
5 1823.049
2 1822.212
8 1820.648
0 1819.751
2 1817.493

1934.790
1932.600

5 1931.408
7 1930.437

1928.121
2 1926.939

10 1926.579
5 1925.506
5 1923.341
5 1923.060
2 1922.036

15 1921.245
1920.959—1 1920.018

8 1919.639
1918.908

5 1918.637
1917.599

20 1915.095
5 1914.677

10 1911.395
0 '1909.830
2 1907.839

1898.134
0 1897.464

1869.042
1 1868.588

1868.312
2 1867.872
8 1865.831
8 1865.547

1865.296
10 1864.617
8 1864.403

15 1862.816
6 1862.518
8 1861.663
0 1860.425
8 1859.444
8 1859.119

12. 1857.918
10 1857.018
10 1856.700
5 1855.942

12 1854.902
1854.268

20 1853.271
10 1852.810
12 1851.597

5 1011.1
5 1149.3
51154.7
5 1197.2
51257.9
51327.4
5 1336.2
5 1363.2
51378.6
5 1409.9
51419.3
51435.9
5 1476.2
5 1541.3
51633.8

51685.2
5 1743.8
51775.7
51801.7
51864.0
51895.8
5 1905.5
51934.4
5 1992.9
52000.4
52028.2
52049.6
52057.3
52082.8
52093.1
52113.0
52120.3
52148.5
52216.7
52228. 1
52317.8
52360.7
52415.3
52683.3
52701.9
53503.3
53516.3
53524.2
53536.8
53595,4

. 53603.6
53610.8
53630.3
53636.5
53682.2
53690.7
537 15.4
53751.1
53779.5
53788.9
53823.7
53849.8
53859.0
53881.0
53911.2
53929.6
53958.6
53972.1
54007.4

54036.5
54055.9
54104.8
54107.8
54119.0
54148.0
54227.6

54229. 1
S4236.3
54263.1
54297.1
54359.8
54389.0
54405.5
54508.6
54697.1
54732.2
54833.7
54853.2
54878.3
54925.5
54952.6
55020.8

O'D4 —zvsF 4

bsDa. —zvsF i
bsD a —m'sF a
bsD4 —zvsF s
OsDa —zvsF a
bsDi —zvsF i
O'Da —zvsF 4

bsDa —zvsPi
bsDa —zvsPa
bsDa —zvsF a

baDo —vpsF i
bsDi —zvsF a
bsD4 —zvsPa
bsDi —zvsPi
bsDa —zvsPa,
bsD p —zvsPi

3dsDo —zsFi
3dsDi —ssFi
3d'Di —ssF a

O'Da —zvsP a

,3dsDa —ssF i
3dsDa —ssFa
3dsDa —ssF a

3dsD p —ssDi
3dsDi —zsDi
3dsDi —ssD2
3d'Di —ssSa
3dsDa —ssF4

bsD'a —vvsPa
3dsDa —zsF»
3dsDa —zsF s
3dsDa —ssDi
3dsDa —zsDa
3dsDa —ssSa
3d sD4 —ssF s
3dsDa —ssDa
3dsD4 —ssF4
3d'D4 —z'F a

3dsDa —ssDa
3dsD4 —zsDa
3dsDa —zsD4
3dsDa —ssPa
3dsDi —ssPa

bsD4 —vsF4
3dsDp —ssPi
3d sDi —s'Pi

bsDa —v'Pa
bsDa —vsPi
bsD4 —vsFs

3dsDa —ssPa
bsD4 —vsPa

3d'Da —ssPa
3dsDa —s'Pi

bsDa —vsF a

bsD4 —zvsDa
bsDi —vsPi

3dsDa —ssPa
bsDp —vsF4

vsDa —vsPa
bsD p —v'Pi
O'D4 —zvsD4
bsDa —vsFa

3dsD4 —s'Pa
O'Da —zvsDa
b sDa —.v'Pa,
bsDa —vsFa
bsDi —vsPa
O'Di —v'F i
O'Da —msDa
bsDi —vsFa
bsDa —zvsDi
bsD p

—v'Fi
OsDa —zvsDa

Os' —wsDo
O'Da —zvsD4
bsDa —vsPa
O'Di —zvsDi
OsDa —zvsDa
O'D p —zvsDi
bsDi —zvsDa
bsD4 —vsDa
bsDa —vsDa
O'D4 -vsD4
O'Da —vsDa

4psPi —6ssSa
bsDa —v'Di

4psPa —6ssSa
bsDa —vsDa
bsDi —v'Do

10
20

20
15
10—1—1
0—1
8

()
12
50

2
4
0
3

25
20

1
2

1—1
15
20
0
5
0—1

20
6

3
6
2
5
5
1
7
1
5
3
1

10—1—1
1—1
0
6

8
12
10
3

15
5
2
4
6
5

6
4
5

12
15
6
5
3

15
8

12
20

6
4

15
5
3
4

12
15

10
7

6
6
0

10
5,

4

1

1

—1

12

0

0

1
7

10

()
Su
()
6
5

10
3

0

3
1
2
7

10
5
3

2

0

0

0

2
2

20

1816.866
1816.287

1815.243
1813.863
1g 13.287
1811.904
1809.983
1807.347
1804.446
1803.023

1802.979
1801.272
1799.792
1793.903
1793.755
1792.5 19
1791.884
1790.788
1788.783
1787.477
1786.322
1785.733
1785.026
1784.245
1783.718
1783.184
1782.626
1781.816
1780.248
1778.686

1778.595
1778.090
1778.024
1776.057
1775.693
1775.194
1774.202
1772.349
1770.44 1
1768.591
1767.665
1766.498
1765.495
1762.754
1760.680
1755.073
1754.847
1754.136
1752.932
1752.412
1750.202

55039.8
55057.4

55089.0
55 130.8
55 148.5
55 190.7
55249. 1
55329.7
55418.7
55462.4

55463.8
55516.3
55561.9
55744.4
55749.0
55787.4
55807.2
5584.1.3
55903.9
55944.8
55980.9
55999.4
56021.6
56046.1
56062.7
56079.'5
56097.0
56122.5
56171.9
56221.3

56224. 1
56240.1
56242.2
56304.5
56316.0
5633 1.9
56363.4
56422.3
56483.1
56542.2
56571.8
56609.2
56641.3
56729.4
56796.2
56977.7
56985.0
57008.1
57047.3
57064.2
57 136.3

1750.115
1748.137
1748.000
174791.9
1744.836
1744.659
1744.537
1743.349
1741.983
1741.6 51
1741.535
1740.155
1738.349
1737.930
1734.491
1733.556
1732.707
1726.481
1725.621
1725.295
17 16.138
1715.984
17 14.403
1708.652
1708.553
1704.866
1703.366
1700.692
1700.355
1698.132
1697.526
1697.181

57139.1
57203.7
57208.2
57210.9
57312.0
57317.8
5732 1.8
57360.9
57405.8
57416.8
57420.6
57466.1
575,25.8
57539.7
57653.8
57684.9
57713.2
57921.3
57950.1
57961.1
58270.4
58275.6
58329.3
58525.7
58529.0
58655.6
Sg707.3
58799.6
58811.2
58888.2
58909.2
58921.2

1696.5 16 58944.3
1694.252 59023.1

5

4P'Ps —6ssSa
bsDa —vsD4,
O'Di —vsDi
bsDa —vsDa
bsDi —vsDa
O'Dp —vsDi

3d'Do —y'F i
3dsDi —ysFi
3dsDi —ysFa

bsD4 —usFa
bsD4 —usF4

bsD4 —usFs
bsD4 —ztsPa

3dsDa —y'F a
bsDa —usFa

3dsDa —ysFs
bsDa —ztsF 4

bsDa —usPa
O'Da —u'Pa

3dsDs —y'F 4

bsDa —usFa
asDa —xsPi
bsDa —usFa
asD p —x'Pi
bsDa —u'Pi
bsDa —u'Pa
bsDi —usFi
bsDa —usPa
bsDi —usFa

3dsD4 —ysF4
asDa —xsPa,
asDa —xsPa
asDi —usPi
a'Di —usPa
asDi —x'Pa

3dsDp —ysPi
a'Do —usPi

3d'D4 —ysF s
3dsDi —ysPi
3dsDi —y'Pa
3dsDa —ysPi
3dsDa —ysPa

a'"Da —x'Pa
3dsDa —y'Pa

a'D4 —xsPa
3d'Da —ysPa
3dsDa —ysPa

asPa —5p'Pa
asPi —SPsPa
asPa —5p'Pa
asPs —SPsPa

3dsD4 —y'Pa
4psPi —SdsDa

i 0

4, a

a, 2

2, i

4p'Pi —5dsDi
4psPa —Sd'Da
4PsPa —SdsDa
4psPa —SdsDi
4psPa —SdsD4
4psPs —Sd'Da
4psPa —SdsDa
3dsDo —ysDi
3dsDi —ysDa
3d'Da —ysD4
3dsDi —ysDi,
3dsDa —y'Da
3dsD2 —ysDa
3dsDa —y'Di
3dsDs —y'Da
3d sD4 —y'D4
3dsDa —ysDa.
3dsD4 —y'Da

O'Da —tsF4
bsD4 —t'F s

. OsDa —tsFa
bsDa —tsF4
bsD4 —6fs& s,
bsDa —t»a
bsDa —tsFa
baDa —6fsF4,
bsDi —tsFa
bsDo —tsFi

4ssSa —ssPa
asPi —xsPi
bsDa —6f'Fa,

4p'P4 —6ssSa,
asPa —x'Pi

4ssSa —ssPa
4ssS& —ssPi

10 1692.457
0 8 1691,246
4 1689.845

1515 1689.614
1 15 1689.489

10 10
10
15

1684.576
1680.401
1679.564
1636.964

4

59085.7
59128.0
59177.0
59185.1
59189.5
59362.1
59509.6
59539.3
61088.7

5

. OsDi —6fsFa; i
asPi —xsPa
O'D p

—6f'Fi
4p7Pa —6szSa

asPa —xsPa
4p7P a —6sYSa

asPa —xsPs
asPa —xsPa

4p'P4 —Sd'Da

1636.869. 61092.2 4pzP4 —Sd7D4

40 1636.751 61096.6 4p'P4 —5d&Ds
61349.5 4p7Pa —SdzDa

25
7

()
10 ?

()

1630.004

1629.940 61351.9 4p'Ps —Sd Ds

30 1629.84520
()
20

20 1625.353

4P'Pa —5dTDa
4&sSa —ysPi
4ssSa —yspa
4ssSq —yspa

4P'Pi —7ssSa
4PsPa —7ssSa
4PsPa —7sssa
4p'P4 —7s7Sa
4p'Pa —7s'Sa
4p'Pa —7s7S a

4p'Pi —gssSa
4psPa —gssSa
4p'P4 —6d'Ds, 4, a
4PsPa —gssSq
4p'Pa —6d'D4, a, a
4p'Pa —6d'Da, a, i
4PsPi —7dsDa
4psPi —7dsDi
4P'Pi —7dsDo
4PsP& —7dsDa
4PsPa —7dsDa
4PsPa —7dsDi

10 1625'.2 78 61527,9
61790.7
61850.3
619'17.7
64890.4
64963.1
65077.4
69319.6
69583.3
69760.2
70337.7
70410.7
70441.8
70524.6
70701.4
70876.2
7 1394.9
71399.6
7 1401.1.
7 1459.4
7 1467.2
7 147 1.8
71561.8
71573.3
72000.6
72035.4
72059.1
72155.7
72179.7
72304.0
72343.3
72572.2
735 16.7
73536.9
73620.2
73642.3
73667.5

1618.366
1616.806
1615.046
1541.059
1539.335
1536.632
1442.594
1437.126
1433.481
1421.7 13
1420.239
1419.612
1417,945
1414.398
1410.9 10
1400.659
1400.568
1400.538
1399.395
1399.244
1399.153,
1397.394
1397.170
1388.877
1388.206
1387.749

1
1,1'
4
5
7

25
15
15
5
8

40
10
30
25.

2
3
2
4
3
2
6
3
2
2
6

4PsPs —7dsD4
4PsPa —7dsDa
3dsDp —SPsPi
3dsDi —SPsPa
3dsDi —5psPi
3dsDa —5psPa
3dsDa —5PsPi
3d'Da —5psPa
3dsDa —5PsPa
3dsDs —5PsPa

asDa —msFa
a'Di —wsFa
asDa —vtsPi
asD1 —'lvsP1
asDa —msFa
asD a zvsF a
asDa zvsF4
asDa —wsP2,
asDa —zv sPa
asD4 —zvsF4
asD4 —zvsF s
asDa —'wsP2,
asDa —zvsPa
asD4 —msPs

4P'P4 —gszSa
4PzPa —gszSa
4p7P& —gs7Sa

1385;892
1385.431
13g3.049

7
4
6

10

4
10
12
0
2
0
0
5

10
15

1382.298
1377.938
1360.236
1359.861
1358.323
1357.915
1357.451

1354.084
1553.326

73850.7L-

73892.0„

1352.828
1349.40g
1345.6 19

739 19.2
74106.6
74315.2

6

1
2
0

10

74385.3
74891.2
75153.7
75330.9
75541.0
75803.0
75867.6
75889.6
75907.5
75978.5
76117.0

1344.352
1335.271
1330.606
1327.476
1323.784
1319.209
1318.086
1317.703
1317.392
1316.161
1313.766

5
25
1'2
12
15
10
3
4
3
9

10

4p'P4 —7d'Ds 4

4p'Pa —7d'D4, a, a

asD2 —vsP1
a'Di —vsPi
asDo —vsPi

4p'Pa —7d'Da, a, i
a'Da —vsPa,
asDa —v'Pa
asDi —vsPa
a'Da —zvsDi
asDa, —wsDa
a'Da —v'Pa
asP2 GJ sP1
a'D4 —v'Pa
a' Pi —zvsPa
asPa —'wsP2
asDi —vsDo
asD2 —V sD1
asDi —qsDi
asDo —v'Di

76137.9
76377.1
76487.1
76522.0
76559.8
76591.5
76798.0
76860.3
77 120.7
77134.9
77158.6
77176.2

0

6
4

12

1

1

2
1
1

10
5

15
1
3
5
6
3
6

1313.407
1309.293
1307.409
1306.814
1306.168
1305.628
1302.117
1301.061
1296.669
1296.429
1296.03 1
1295.736

61355.5 4p Pa —Sd7D4
61525.1 4P7Pa —Sd'Da,
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TABLE IIB.—Continued.

10 ()
15

10 ()
10 5
8 2

15 4
15 6
2

10
15 1
10 0

1291.702 77417.2

1291.584
1290.926
1290.524
1289.132
1287.978
1279.443
1279.089
1278.749
1278.369

77424.3
77463.8
77487.9
7757 1.6
77641.1
7,8159,0
78180.6
78201.4
78224.7

20 4 1277.817 78258.5

20 4 1277.119 78301.2

10

20

1276.772 78322.5

1276.450 78342,3

1276.238 78355.3

40 7 1275.973 78371.6

20
2
2
5 1

10 5
10 4

1275.102
1274.077
127 1.2 17
1269.417
1268.905
1265.383

78425. 1
78488.2
7g664.8
78776.3
78808.1
79027.4

1264.447
1263.794
1262.566
1262.353
1261.282
1260.768
1260.52.3
1259.967
1259.561
1259.049
1258.513
1258.028
1256.957
1256.474
1256.175
1254.407
1250.681
1249.315
1248.827
1248.149
1247.659
1245.551
1244.105
1241.626
1240.037
1237.784
1236.873

12 6
1
4
4 0
8 2
1 0
1
6 6
8 1

12 1
15 5
15 3
10 2
8 2
6 7

15 6
7 10
6
4.
5

15
15
0

10
0
1

20

79085.9
79126.8
79203.8
79217.1
79284.4
79316.7
79332.1
79367.1
79392.7
79425.0
79458.8
79489.5
79557.2
79587.8
79606.7
797 18.9
79956.4
80043.9
80075.1
80118.6
80150.1
80285.7
80379.1
80539.5
80642.7
80789.5
80849.0

1 2

10 3 1295.150 77211.1

10 2 1294.803 77231.8
2 2 1294.437 77253.7
1 0 1293.932 77283.8

15 7 1292.877 77346.9

aeDs —veDs,
asD2 veD&
aeDi —vsD2
a P2 QlePs
asPs mePs
asDs —vsDs',
asD2 —vsDs
a'D4 —vsDs

4s'S2—5pePs
4ssSq —5psPs
4ssS2 —5psPi
aeDs —v'D4
a'D4 —v'D4
geDs —usP1
aeDi —ueFi
aeDs —usps.

4p7P4 —9s'ISs,
asDi —usPi
asDs—usps,
aeD2 —u'F s
aeD2 —uePi,
a'Ds —usF4
gsD3 —usP2
asD2 —usP2
asDi —usPs,
asDp —usPi
asDs —u'Ps,
asDs —usPs
asD4 —usFs,
asD4 —usF4
asD4 —uePs

4p'Ps —9s7Ss
4p7Ps —9s7Ss

aeP] vsP1
asPs —v'Pi
aePi —veP2

blend-
aePs —veP2
a'P2 —veps
aePs —veFs
a'Pi —wsDo
a'Pi —msDi
aeP2 —m'Di
asPs —vsF4

4seS2 —xsP~
asPi —m «Ds
asP2 —msDs
asP2 —vsPs
asPs —vsPs
a'Ps —msDs
asPs —MeDs

4ssSz —xsPs
aePs —wsD4

4ssS2 —xePs
asP1 'veD1
asPs —vsDi
aePi —vsD2
aeP2 —vsDs
asP2 —vsDs

4p7P4 —10s7Ss
a'Ps —veD4

4p'Ps —10s'Ss
a'Ds —t'F4
asGs —5fsF2,
aeGs —5f'F i

1 2

20
15

1236.770 80855.8
1236.545 80870.5

asG4 —5fsps
asGe —5feF4,
aeD4 —teFs
aeG2 —vsG2,
asGs —5fsFe
aeGs —vsGs
a'G4 —vsGs
a'G4 —vsG4
asGs —veG4
a'G4 —vsGs
aeGe —veGs
aegs —vsGs
aeGe —vsGs
asGe —vsGs
asPi —uePi
asPi —usP2
a'P2 —usPi
asP2 —uePs
gePs —usFs
a'Ps —uePs
aeP2 —usP3
geps —ueps
a Gg —vsFi
asGs —vsF2
asG4 vsps
a'G4 —veF4
a'Gs —vsF4
a'Gs —vsFs
aeGs —vsFs
asG2 —vsHs
asGs —vsH4
aeG4 vsH
aeGs —vsHs
asGs —veHs
aeGs —veHs

4s'Ss —s~P2
4s'Ss —s7Ps
asGs —vsH7
asG2 —usFi
asGs —usFs

3d Dp —4fsFi
4s'Ss —S7P4

3dsDi —4fsF2
aeG4 —usp4
asGe —usps, 4

asGs —uspe
BdsD» —4fsFs
-3dsDs —4fsp4
3dsD4 —4fsps

aeD4 —t'F s
a'G4 —usG4
a'Gs —u'G4
asG4 —usGs
asGs —usC s
a'Ge —usGs
asGs —u'Gs
a'Gs —usGs

4s"Ss—5 p7P&
4s&Ss —5p"Ps
4s7Ss —5p7P4,
asG4 —tsps
a'Ge —t'F4
asGs —tspe
a'Gs —t'F s
asGs -6jsps
a'G4 —6fsps

25 4
10
25
10 0
8 —2

25 5
8 —1
5

30 5
5
8

10
1
1

15
20
25
20 3
23 3
25 4

6 0
28 5

8 0
30 6
20
25
30

8
40

5
20 10
25 11
40
10
10
10
40 13
25 6
20
25
30
30 8
40 10
50 12

1
15
5
9

20
8

10
25
30 12
40 14
50 16

80914.7
80919.7
80941.3
80953.8
80967.7
80980.1
81004.0
81017.5
81040.4
81211.9
81228.1
81243.1
81259.7
81270.6
81290.8
81293.8
81323.7
81405.2
81457.2
81539.7
81637.4
81650.4
81756.0
81780.5
82958.4
83013.8
83108.2
83120.8
83224.4
83247.8
83255.3
83375.9
83379.1
83428.'6
83472.7
83502.8
83530.2
83561.4
88575.9
83588.8
83613.9
83682.1
83870.6
84139.5
84696.0
85597.8
85611.4
85667.3
85680.2
85703.7
85751.7
85776.3
85895.1
85960.6
86057.3

1235.869
1235.793
1235.463
1235.273
1235.060
1234.87 1
1234.507
1234.301
1233.952
1231.346
1231.101
1230.873
1230.622
1230.457
1230.152
1230.106
1229.653
1228.423
1227.638
1226.396
1224.928
1224.733
1223.152
1222.785
1205.423
1204.619
1203.252
1203.068
1201.570
1201.233
1201.124
1199.388
1 199.341
1198.630
1197.996
1197.565
1197.172
1196.724
1196.517
1196.333
1195.973
1194.998
1192.313
1188.502
1180.693
1168.254
1168.069
1167.306
1167.130
1166.810
1166.157
1165.823
1164.2 11
1163.324
1162.017

20 1161.764 86076.0
3 1161.612 86087.3

20 0 1161.295 86110.8
2 0 1156.919 86436.5
20 11S6.834 86442.8

25 3 1236.148 80896.5

1 2

25
30
6
6
0
8
0
9
0

10—1
1
2

2
3

10
20 1
23 3
25 4

1
30

1
1
1
4
5
5

2u
4'1
4
3
3
8
2

10 5
18 4
20 10
OQ

4
5
6

10
12
15
1.5 5

7
22
20 4
22
25
15
20
25
0
5
7
8

10—1
0
1

3

1156.658
1156.345
1116.374
1115.529
1114.500
1114.437
1113.389
1113.232
1112.19S
1111.898
1093,218
1089.981
1085.619
1080.288
1077.017
1069.775
1'069.110
1067.72 9
1065.564
1063.430
1062.507
1061.640
1059.980
1059.530
1056.802
1052 ~ 599
1052.037
1050.782
1047.952
1047.401
1045.887
1043.456
1042.979
1040.S38
1032.687
1030.866
1027.995
1023.546
1013.349
1012.713
1011.506
1009.562
1009 448
1008.848
1007.612
1007.530
1006.7~2 1
1005.702
1005.019
1003.000
1000.956
983.403
983.240
982.901
978.703
978.115
976.964
975.189
972.547
9S7.205
955.481
953.039

86456.0
86479.4
89575.7
89643.6
89726.3
89731.4
89815.9
89828.5
89912.3
89936.3
91473.1
91744.7
92113.3
92567.9
92849.0
93477.6
93535.7
93656.7
93847.0
94035.3
94117.0
94193.9
94341.4
94381.5
9462.5.1
95002.9
95053.7
95167.2
95424.2
95474.4
95612.6

.95835.4
95879.2
96104.1
96834.8
97005.8
97276.7
97699.6
98682.7
98744.6
98862.5
99052.8
99064.1
99123.0
99244.5
99252.6
99332.4
99433.0
99500.6
99700.9
99904.5

101687.7
101704.5
101739.6
102 176.0
102237.5
102357..9
102544.2
102822.8
104470.8
104659.3
104927.5

asGe —6fsp4
asGs —6fspe
asG2 —sepi
asGs —ssFs
asGs —seFs
asG4 —ssFs
asG4 —ssF4
asGs —sep4
asGs —ssFs
aeGs —seFe

BdeDi —weF2
Bd'D2 —esp s
BdsDs —~sp4
3deD4 —esFs
3deD4 —wePs
3deD p —5feFi
3d'Di —5fspy
3dsD2 —5fsFs
3deDs —5fsp4
3dsD p —vsFi
BdeD4 —5jepe
BdeDu —vsPs
3d'D2 —v'Ps
3deDs —vsPs
3deDs-vep4
3d'D4 —vsF s
3deD4 —vsPs
3deDi —veDs
BdeDs —v'Ds
BdsDs —v'Dz
BdsDs —vsDs
BdsDs —vsD4
3dsD4 —vsDs '

3deD4 —veD4
3deD4 —ueFs
4seSs —m'sPi
4seSz —meP2
4ssSs —'weP3

3dsDo —tsFi
3deDi —tsp2
BdsDs —t'Ps
BdsDs —teP4
3deD p —6fsFi
3deDi —6fspa
BdeDs —6f'F s
4ssSs —v'Pi

BdsD4 —teFs
3d'Ds —6fsF4
4ssSs —vsPs

3dsD4 —6fsFs
4seSs —vePs
4ssSs —usPi
4seSs —usPs
4ssS» —usPs

3dsDp —7feFi
3dsDi —7fsF2
BdsDs —7fsFs
3d'Ds —7f'F4
3dsD4 —7fsps
3dsD2 —gfeps
3dsDs —8fsF4
3dsD4 —gfsE& s

covered, but inasmuch as they represent a mere
fragment of the system and have not as yet
been connected by intersystem lines to the
normal state, it was thought best not to include
them in this report.

I am greatly indebted to Professor A. G.
Shenstone. Not only were his suggestions in-

valuable, but some ot the identihcations were
made by him. I wish also to thank Professor H.
N. Russell for his suggestions and Professor J.
C. Boyce for permitting me to use the vacuum
spectrograph at the Massachusetts Institute of
Technology. Many discussions with Dr. L.
Green have been most helpful.


