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The present analysis classifies 2725 lines and identifies 768 multiplets of the doublet, quartet,
and sextet systems. The results are in complete agreement with Hund's theory, and indicate
that all the important features of the structure of the neutral atom are now known. The results
agree closely with those of Catalan and Antunes (who classified 2076 lines) except where
changes in term-designations have been made on account of Zeeman data or of a new interpre-
tation of the convergence of the components of multiple terms to their limits. The principal
ionization potential is 7.84 volts, Tables are given of terms, electron configurations, and of 3007
lines, of which 91 percent are classified. Zeeman effects have been observed for 871 lines and g
values derived for 270 levels. The large majority of these have nearly the theoretical values for.
L,S coupling. There are some cases of g sharing (Table VII). The wave-length list includes
measures of 1282 lines made with the interferometer by Dr, Keivin Burns of the Allegheny
Observatory, which, by his generosity, are here published for the first time; and also 274 newly
measured lines between ) 2230 and 'A1814.

1. PREVIOUS INVEST IGAT IONS

HE first regularities in the arc spectrum of
cobalt were detected by Walters' who

identified the lowest terms of the quartet system.
Catalan' in 1928 classified about 1200 lines. A
thorough discussion, classifying 2076 lines, was
published in 1936 by Catalan and Antunes. '
This publication is unfortunately diAicult of
access in this country, and the situation is
aggravated by the fact (communicated to us by
Dr. Antunes) that the reprints which the authors
hoped to distribute were lost in Toledo at the
beginning of the Spanish War. We are very
greatly indebted to Dr. Antunes for the loan of
the single copy of this work in his possession—of which we have retained a photostatic copy.

The present work was begun without knowl-
edge that this investigation was in progress, and
has been extended farther with the aid of ob-
servations in the infra-red and ultraviolet. In ~

view of the inaccessibility of the results of the
earlier analysis, a detailed presentation of ours
appears to be in order.

Observations of the Zeeman effect for 151
lines were given by Roth and Bartunek4 who

' F. M. Walters, Jr. , J. Washington Acad. Sci. 14, 407
(1924).' M. A. Catalan, Zeits. f. Physik 47, 89 (1928).' M. A. Catalan and M. T. Antunes, Anal. Soc. Espanola
de Fisica y Quimica 34, 103—145, 207—297 (1936).'F. L. Roth and P, F. Bartunek, Phys. Rev. 47, 526
(1935).

found g values for 93 levels. Our observations
include 871 lines, and give g values for 270
levels.

Marvin' has made a theoretical discussion of
the energy-levels in the deep configurations of
Co I. We have found certain additional terms
close to the positions predicted by him.

2. THE OBsERvATIoNAL DATA oN WHIcH
THE PREsENT INvEsT IGAT IoN Is BAsED

(a) The wave lengths have b-een compiled
from all available sources (listed in Table VIII).
We are very greatly indebted to Dr. Keivin
Burns for putting at our disposal a long list of
unpublished determinations with the inter-
ferometer. With his generous consent, 'these are
printed here for the first time. Dr. Burns states
that these observations are good to two parts
per million. They are distinguished by heavy
type in the general list (Table VIII). Next in

preference, in order of accuracy, come the
measures of Meggers and Kiess in the infra-red,
including unpublished data kindly put at our
disposal; those given in the Wavelength Table of
the Massachusetts Institute of Tecltnology; and
unpublished measures of grating spectra by
Burns. The observations have been extended from
) 2230 to X1814 by measures made by one of us
(C.E.M.) on a plate taken by Dr. A. G. Shen-

' H. H. Marvin, Phys. Rev. 47, 521 (1935),
407
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TABLE I. Observed and predicted lorn levels in Co I.

CONFIG.

3d'4s'

3d'4s

3d'

TERM

b4P

a'6

a'II

2P
2D

a'F

a4P

a'D

c'D

PRINCIPAL
LEVEL

0
0

15,184
14,955
16,468
16,051
20,500
Z0,878
21,780
Z0, 99Z
21,920
ZZ, 96Z
35,798
56,Z7Z

3483
3483
7442
76Z9

13,795
13,857
16,778
16,799
18,389
18,194
23,184
Z1,Z94
47,4Z1

27,497

INTERVALS

816, 591, 402
808, 594, 406
590, 422
Z50, 385
766
787
715
787
695
703

1232
1168—3ZO—35Z

660, 548, 386
662, 538, 396

1018
1050
241, 363
498, Z43—307—359
385
ZZI

23
4

973

' A. G. Shenstone, Phil. Trans, 237, 453 (1938).
~ A. S. King, Astrophys. J. 42, 347 (1915),51, 179 (1920)

Mt. Wilson Contr. Nos. 108 and 181-.

stone with a normal-incidence vacuum spectro-
graph having a 2-meter glass grating ruled
30,000 lines per inch. The dispersion is 4.2A(mm.
Few standard lines were available, and the
measures are not of high precision.

King's temperature classification' has been,
as always, of fundamental value in the analysis.

(b) The observations of Zeeman effect were
made by one of us (R.B.K.) but include some
plates and measures made earlier by A. S. King.
They were obtained with the aid of the Weiss
magnet and the 15-foot concave grating spectro-
graph of the Mt. Wilson laboratory. The field

strength was slightly in excess of 30,000 gauss.
The spectrum was photographed in the second
order (dispersion I.86A/mm) from X2200 to
X5000, and in the first order from )5000 to
X7000.

Measurements of the Zeeman patterns were
made with an ordinary comparator. Most of the
complex patterns were unresolved, the n com-
ponents usually appearing as doublets with the

components widened in some degree, while the

p components were either undisplaced, though
broadened, or appeared as doublets. Measure-
ments of displacements on complex patterns
appearing as doublets were usually made on the
centers of gravity of each component of the
doublet. In some cases, however, the patterns
were on the verge of resolution and were strongly
shaded inward or outward making it difficult
to locate the center of gravity. Then settings
were made on the strong edges of the pattern.
These should give, very nearly, the separations
of the strongest components of the complex
patterns. In many case's one component of a
doublet pattern, or one side of a resolved pattern,
mas badly blended with a neighboring line. In
these cases the displacement was measured
between the unblended component or com-
ponents and the no-field line appearing in the
adjacent spectra.

The reduction of the observed Zeeman sepa-
rations in angstrom units to the theoretical unit
of the normal Zeeman triplet was done in the
usual manner. The field strengths mere deter-
mined from measurements of the patterns of the
sodium D lines and of numerous normal resolved
patterns of previously classified Co I lines.

3. RESULTS OF PRESENT ANALYSES

The results of the present analysis agree in

general with those of Catalan and Antunes,
except among the high levels —both odd and
even —where many changes in designation have
been made, based largely upon Zeeman data not
previously available. The number of terms
identified is 99—47 belonging to the doublet
system, 43 quartets, and 9 sextets —including
284 energy-levels. There are 43 more levels which

have not been grouped into terms —a total of 327
levels, of which 132 are even and 195 odd.

Combinations between these account for 2725
lines —including 69 which are unresolved blends

of lines which should be roughly comparable in

intensity. There are also 42 faint predicted lines

which are masked by strong ones. These are

grouped into 768 multiplets, and 204 com-

binations with miscellaneous levels, observed in

whole or in part. Of these 1.86 are doublet com-

binations, 197 quartets, 18 sextets, 288 doublet-
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TABLE II. Electron configgrations in Co I.*

LIMIT d"s b3F a'P 'E'

Added
Electron 4s b4P

4p s'D' x4D'
s'F" x4F'
z6G' x4G'

6SO x4SO
'Po x'Po
6DO t4D0

4GO

4HO

4IO

2G0 A)4 Fo
'H' m4G'
2IO 4HO

'Fo m4PO: 2PO

2Go s4Do . 2Do
2HO 4FO 2FO

4SO

4PO

4D0

2So
2PO

2DO

z4Do s2Do s4So s2So .
s'F' s'F' z'P' y'P'
z4Go saGo m4DO v2D0

m2G'.
y2HO ~

2IO

x'F'.
x'G'
s'Ho

2PO

2DO

2F0

x'S'
w2po:

2DO

LIMIT ds a3F LIMIT d7s a'F b3F LIMIT d6 a'F

Added
Electron 4s b4F a'P

a'F a'P

4p y4DO y4SO
y4Fo y4PO
y4G0 p4D0

y2Do y2So.
y'F' x'P'.
y2GO ADO ~

Added
a'D Electron Ss

2FO z2PO
v26"' x'D'
x'H' w'F'

Added
e'F f F h'F g'F Electron 5s e F e F

4d e4P
e4D
g4F
e4G
e4H

e'P
e'D
f2F
e'G
e'H

4d e'P
e6D
f'6F
e'G
e'H

f4P 4P 'P
f'4D 4D 2D
i4F 4F 2F

f4G 4G 2G

f4H 4H 'H

+ A colon denotes that the assignment of the electron configuration is doubtful.

quartet, and 66 quartet-sextet intercombinations
(while 13 are double intercombinations, between
doublets and sextets).

The terms and unclassified levels are listed in
Table IV. Some of the higher ones are incom-
plete —the components of small J value having
eluded search.

4. ELEcTRoN CoNFIGURATIQNs

The electron cortfigurrtti-ons for the low even
terms can be assigned with certainty. Marvin's
theoretical study is conclusive, —especially his
prediction of the terms a'H and O'G close to the
positions in which they were later found by
Catalan and Antunes and by us, as shown in
Table I, where the third column gives the level
of the leading component and 'the next the
term intervals —the observed values being in
Roman type and the calculated in italics.

Marvin assigns O'D to 3d'; but it fits his
prediction for 3d'4s' satisfactorily, and the
recently discovered c'D falls naturally in the
other place.

The three remaining terms from the "low"
configurations all lie so high that there is little
or no hope of finding their combinations.

DESIG. LEvEL EsT. e~ TERM Co II 4F4)-'F4
FINAL

a4F
e6F
f4F
e'H
a4F
h4F
b4F
a'F
e4F
e'F
e4H

0
45,676
47,524
53,822

0
52,864

3483
7442

44, 782
45,924
51,142

1.278
2.277
2.386
2.892
1,226
2.308
1.350
1.387
2.420
2.450
2.975

67,188 3350
21,165 3350
19,276 3350
13,121 3350
73,009 9813
20,600 9813
60,213 0
57,043 950
18,738 0
18,282 950
12,399 0

63,838
63,493
63,45.0
63,593
63,193
63,651
63,696
63,535
63,520
63,336
63,709

1.281
2.276
2.382
2.901
1.223
2.316
1.352
1,387
2.421
2.433
2.978

The odd configurations 3d'4s4p and 3d'4P
give a great number of terms, forming triads,
each of which should have its terms roughly at
the same level and combine strongly with the
related even low term. Many of these triads can
be identified with certainty. Among the terms
of small L, value, especially in the doublets,
there is a good deal of mutual perturbation and
sharing of relationships, which make assignment
difficult.

Among the high even terms, which are also
included in the table, the "families" having the
same limit-term in Co II are usually clearly
separated, and assignments are rarely doubtful.

TABLE III. Ionization potential of Co I.
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TABLE IV. Co I terms.

CONFIG.

dss

d782

ds(BF)4d

d8s

d782

do

ds(BF)4d

dsa

ds(BF) 58

da(BF)4d

d's(8F) 58

d7S2

d's

ds(BF)4d

dsPF)4d

d7$-

8(BF)4d

(l78(BF)4d

d'('P)5s

d'(8F)4d

d'8('F)4d

d782

SS

ds(SF)5S

a Pl)
azp7

b2Pl
b2pj

e2pl&
e2pj.

TERhf

18,389.5?
18,775.01

20,500.71
21,215.90

51,200.60
M, 041.14:

b2D2)
b2Dq

02Dq
e2Dq

e2D2g
e2Dl

a2Fq
azFu

e2FS~
e2F2

f2Fsl
f2F2~

g Fsl
g2Fzj

a2G4j
azgs)

bzG4)
bzg~

02G42~

ezgq

a2HBl
a2H4l.

e2HBi

e2H4)

a4P2~
a4pl~
a4P~

b4P2~

b4pq
b4P5

e4pq
e Pl)
e4P)

f4P2)
f4pl)
f4P)

g4P2)
g4plg
g4P7

e4DBg

e(D2)
e4Dlg

64'
f4Dsg
f4D2)
f4Dl 2

f4'
a4F4y
a4F'~
a4F2g
a4Fl~

b4F4j.

b4Fg)
b4F@

e F4/
e Fsg
e F2)
e Flq

21,920.09
28, 152.57

27,497.06
28,470.51

52,460.10
58,348.27

7442.41
8460.81

45,924.98
46,746.00

52,095.00
52,970.62

52,768.68
58,704.14

16,467.90
17,283.68

28,184.23
28,207.76

52,156.46
M, 856.68

21,780.47
22,475.86

52,118.91
52,775.47

18,795.52
14,086.28
14,899.28

15,184.04
15,774.04
16,195.68

51,042.26
52,033.26
52,915.92:

58,986.68

56,545.51:

51,052.98
51,560.76
52,264.49:
52,684.62

53,702.18
54,282.78:

0.00
816.00

1406.84
1809.33

3482,82
4142.66
4690.18
5075.83

44,782.18
45, 105.59
45,876.58
46,875.17

a2D2) 16,778.16
a2Dlg 16,470.60

1.88:
0.48:

1.28
1.09

1.24
0.79

1.20
0.82

0.92
0.80

1.16
0.86

1.14
0.49

1.11
1.18

0.93
0.98

1.11
0.90

1.11
0.87

1.12
0.92

1.09
0.94

1.18
0.97

1.64
1.72
2.66

1.50
1.47
2.68

1.59
1.40

1.46

e4pl j
64'
I(j
Id

I(j
Id

Id
Id

Id
Id

Id
Id

Id
Id

ezgs
Id

I(j
Id

Id
g2FB)

Id
Id

Id
Id

Id
I(j
I(l

Id
Id
Id

Id
2Pl)

ezpl

422'*

1.45
1.18

1.58:

1.39

Id
Id
Id
I(j

eBPqj.
i"Fsl

1.82
1.27
1.05
0.42

1.84
1.25
1.04
0.40

1.38
1.21
1.01
0.44

Id
Id
Id
Id

Id
Id
I(j
Id

Id
Id
Id
I(j

OBs. g C. ANn A.

1.88 Id
0.69 Id

1.29
0.68

CONFIG.

d78(BF)5a

ds(BF)4d

d's('F) 4d

ds(BF)4d

d's(BF)4d

d"('F)4d

d78(BF)4d

d's(BF)4d

d s(BF)4d

d's("F)58

d's(OF)4d

d's(BF) 4d

d'a('F) 4d

f4F4)
f4'
f4F2y
f4F,)
g4F4j
g4Fsg
g4F2g

glFq

A4F4~

A4Fy,
A4Fq
h4Fq

i4F42~

i4Fq
i4F2l
i4FI)

e4GB)

64'
e4gsj
e4G2,,'

f46~~
f4g )
f4gsy
f4g ~

e486)
e4Hej.
e H4j
e4HB~

f4HBj
f4H~
f4'.
f4HB~

g HB&

g HB)
g4H42~

g4H82~

cops~
copy

51,208.75
51,267.93
52, 162.02
M,772.80

58,511.83
54, 158.17
54,514.67
55,165.63;

51,142.58
51,174.28
52,121.21
52,716.70

53,618.08
54,315.67
54,860.93
55,268.75

57,922.06
58,441.08
58,678.78
59,314.82:

58,789.12
54,445.61
54,94g.g?

eBD47;

eBDB~.

eBDq
eBD1$
eBDj

eBFB1

eBFq.
eBFS)
eBF2
eBFlg
eBFg

f'Fr)
fBF4)
fBFS

fBF2)
fBFl)
fBF'j

eBGBl

eBGB)
eog42~

66gq
esg2$
e6gl

eBHq
eBHq
eBHB)
eBH41
eBHq
eBH

12)

2'
88
42~
5lg, 2)
6g

zzSol

53,725.20
54,352.30
54,946.90
55,407.10

45,676.00
46,223.01
46,706.83
47,090.65
47,364.78
47,528.44

53,660.37
54,356.45
54,896.57
55,288.02
55,577.28:

58,728.36:
54,867.43
54,682.91
54,98g.62:
55,449.97
55,889.73

53,822.08
54,452.38
54,947.68
55,312.96
55,520.64
55,555.34

54,561.74
55,078.76
55,223.14
55,598.74
55,721.01
55,826.81

44,454.51

TEBh(

47,524.47
48,201.60
48,718.57
49,078.43

51,170.14
51,199.58
52,070.00
52,702.76

M, 864.41
53.694.57
54,258.75
54,426.64

58,788.78
54,477.07
54,904.99

1.33
1.27
1.04
0.36

1.34
1.16
1.08
0.76

1.26
1.28:
0.98: .

1.27

0.85

1.21
1.18
1.18
0.74

1.82
1.25:
1.28:

1.21
1.18
0.96
0.98

1.22
1.18
1.10:

1.81
1.67
1.44:

1.44
].48
1.47:
2.14

1.48
1.43
1.40
1.32
1.09—0.71

1.44
1.86
1.27
1.17
1.07

1.35
1.82
1.23
1.28

'

1.25

1.84
1.29
1.22

0.94

1.36:
1.46:
1.14

2.10

C. ANn A.

Id
Id
Id
Id

Id
Id
Id

Id
Id
Id
Id

eBD47,
fBFq,
f6F2

Id
Id
Id

g4 Fll

fBFB)
j4F4)
f4P2)
f6Fll

Id
Id
Id
I(j

eBHB2~

eBHB~

j4F47z
eBHsj

f4Dal
Id

eog;)
Id
Id

Id
Id
Id
Id
Id
I(j

31~q*
eag477
eogs
eog2~

f4'

834
f4goj

fsg4a
f4Dll

Id

f4HBl
f4HB~
f4H4g

f4%ad

eopzj

f4'
f4D2~
f4H87
f4G277
f4P~

CONFIG.

ds(SP)4y:

TERM

yzS07 47,977.94

d7, (sp)4p g2SO&

W2Sol
48,026.84
48,887.72

ds(lD)4p

d's('P)4y:

ds(BP)4p:

zzpoll
zzpo)

xzpoq
gzpo)

43,587.71
43,180.24

46,685.48
47,091.14

48,884.87
48, 160.48:

d's('P) 4p: W2W)
wzpo (
$2Pol)
02PO)

dzs('F)4p

ds(BF)4p

ds(lD) 4p

ds(8P)4p:

d's(8P)4y:

d7s(SF)4p

ds(BF)4p

z2D02g
z2Dolg

y2DO2

y2DOl

g2Doq

W2D02)
W2Doq

02DO„
62Dolg

742D

u2Doq

z2F
z2F02)

y2Fosg
y2F02t

49,025.42
49,754.78

50,925.11
50,945.47

83,462.83
34,352.42

86,092.44
86,875.18

43,921.89
43,911.86

45,688.15
46,454.95

46,671.94
46,186.41

53,195.98
58,074.92

31,871.15
82,781.71

35,450.56
36,329.86

d7s(sg) 4p:

d"(lD)4y:

ds(lg)4p

x2Foaj
x'Fog.

W2FOB)

w2F02g

02Foq
02F02)

742F08)
742F02j

t2FO~
t2F02)

82F0
s2Fo,

43,555.22
43,425.71

47,225.11
47,128.96

48,817.17
48,615.56:

50,578.73
50,712.45

51,896.75:
52,796.18

53,103.78
58,146.91:

d78(BF)4p

ds(BF)4p

d78(SG)4p

z2G04)
Z2gos

yzgoq
yzgog

g2g04
2GOS

d7s('H)4y: wzg04)
wzgo

ds(lg)4p

d78(sg) 4p

02604)
0 G087

z2HOB(
z2Hoq

d7s(SH)4p. y2Ho
y2H04)

ds('G)4y x2H067
x2H04)

31,699.69
82,738.07

33,439.72
34,138.59

46,082.10
45,766.68

50,593.38
50,611.22

53,276.02
58,878.53

45,540.28
45,111,48

50,875.91
50,210.80

50,703.08
50,902.61

d7a(SP) 4p x4SS, 48,758.72

d7s(BP)4p Z4Soq 40;621.62

ds(BP)4y y4SOI) 46,562.87

OBS. g

2.05

1.70
1.50:

1.19
0.71

1.33
0.63

1.39
1.20

0.94
1.24

1.32
0.74

C. ANn A.

yzpol)
Id

2poq

540l)

108o

1.20
0.82

1.19
0.81

1.28
1.18

1.19
0.85

1.21
1.18

1.16
0.81

1.18
0.88

1.12
0.96:

1.24
1.02

1.25
0.88

1.18

Id
Id

I(j
Id

Id
Id

z2Doq

x4P02~
W2Doq

Id
Id

Id
Id

W2F08'
W2Foq

Fo
742F02)

744 DOBE
t4D02&

1.15
0.91

1.15:
0.92:

1.16 .

1.11
0.91

1.16
095

1.12
0.98

1.10
0.82

1.03
0.86

I(j
Id

Id
.I(j

z2Ho4

10104

1020@

2.03

1.25

1.75

Id

x4pol j
t4Doq

1.12 Id
0.90

1.09:
0.91

1.08
0.98

Level rejected by Catalan and Antunes. f I.evel regarded as doubtful by C. and A. and not given designation.



ARC SPECTRUM OF COBALT

TAB?,E IV.—Concluded.

CON FIG.

d's(6P) 4p

ds(6P)4p

d's(8P)4p

d's(8D)4p:

dzs(6F) 4p

d'('F)4p

d's(6F) 4p

d's('P) 4p

ds('P)4p

dzs(6P)4p

d's('D) 4p:

TERM

z»po2)
Z4poq
z»P»

g»PO2(
g»pop
g»po~-

tO»P02 1

(r)»pot)
uI poz

z»DV;q
Z4DV2g

z»W)
z»Do)

y4Dos).
y»Do„'
y»Doll
y4Dox

g»Dooj
g»D02)
g»Dog),
g»Doc

(0(Dos,
to DV2$

+Doi

6»Dosj
o'DV2~~

o»D&)
o»DVI

u»Dosj
u»DV2)
u»Dog
u»DV)

t»Doss
t»Do„
t»W~
t»Do;.

s»Dos 1

s DV2$
s»Dol j-
s»Do~

OBS.g C. aND A. CoNFrG.

41,968.89
41,982.66
41,969.90

44,480.14
44,658.03
44,857.57

46,002.83
45,904.68
45,957.29

1.63
1.73
2.51

1.55
1.62
2.44

1.54
1.68
2.48

Id
Id
Id

(o»FV2,

g2PO) j~

z2Soj')

ui2L)62i

y»po). ~

y» po1

dzs(6F)4p

ds(8F)4p

dzs(8F) 4p

51,160.03
5)2,014.45
52,355.12

8502)1.51:
1.68
2.40

dzs(8G) 4p
Id
Id
Id
I(j

29,294.52 1.43
29,948.76 1.35
30,443.63 1.18
30,742.65 —0.01

I(j
Id
Id
Id

32,027.50
32,654.50
33,150.68
33,449.18

1.41
1.39
1.20
0.01

d's(6F) 4p
Id
Id
Id
Id

39,649.16 1.41
40,345.95 1.35
40,827.77 1.24
41,101.80 —0.03

1.33
1.17
1.16
0.14

d8(8F)4p
43,398.62
43,242.95
43,263.57
43,435.58

45,971.19
46,329.63
46,260.02
46,502.15

46,872.74
47,393.93
47,612.18
47,905.26

48,217.32
48,443.76
48,546.07
48,571.77

50,741.66
51,139.38
51,847.27
52,264.01:

g2FV8)
g2FV~)

z2POi&
y2POx

. %-Doo(
(rz»Fio2)

glpoJ

$»D081
o»DV2i

o»Dog 1

o»Do

u» Da» q

u'DV2)-

u»DV) &

u»Do(

Id
Id
Id

d's(8F) 4p
1.42
1.36
1.48
0.16

1.30
1.28
1.12
0.01

1.19
1.34
1.05
0.36:

dzs(6G) 4p

d's("F) 4p

1.33:

z»FO»(
g»Fosji

z»F
z»FV))

y»FV»j
y»Fosx
y»F02)
y»Fog)

g»Fv»&

gi)Fosi

g4Fo2~-
g»Fo) j
(o»FO»$

u)4Fos,
(rz»FV2~

v Fo)'

o»FV» z

o»Fos1
6»FV2y

6»FV&&

z»go:.j
z»GV».~

z»gosj
Z»GO2)

y»goo(
y»go»j~

y Gvs)
y»G02)

g»go;.~
g»go»!
g Goo.

g»G02x

+»goo 1

ut»go» )

zr)»go82~

zo»go2)

zoDo»&-

Z6Do

goDV2)
goD
zoDoj'

TERM

28,345.86
28,777.27
29,216.37
29,563.17

32,841.99
33,466.87
33,945.90
34,196.21

41,225.76
41,918.41
42,434.23
42,796.67

43,295.32
43,847;98
44,201.92
44,555.71

54,791.2
55,314.04:
.)5,684.7
55,622.84

28,845.22
29,269.73
29,735.18
30,102.96

. 32,430.59
32,464.73
33,173.36
33,674.38

41,528.53
42,269.32
42,811.44
43,199.65

43,952.06:
44,183.34
44,394.47
44,568.47

24,627.79
25,269.25
25,739.93
26,063.11
26,250.49

OBB.fi C.AND A.

1.35 Id
1.24 Id
1.03 Id
0.42 Id

1.32 Id
1.16 Id
0.95
0.47 Id

1.35 Id
1.24 Id
1.04 Id
0.44 Id

1.32
1.20 )~F66)
0.95 62F62~

0.44 (o»po))

1.27 Id
1.19 Id
1.01 Id
0.58 I(j

1.28 Id
1.17 Id
1.03 Id
0.72 Id

1.31 Id
1.18 Id
0.98 Id
0.83 Id

1.18 NFo»j
1.00 2o»Fosj
0.70

1.57 Id
1.56 Id
1.66 Id
1.88 Id
3.37 Id

CONFIG.

dzs(6F)4p

z6Foq
z6F04
z6Fos1
g6FO~)

goFo)g
Z6Fo(

zogoq
z6go
zsGo»

gogo@
gogo'
gogo'

]os&

262ij
366~

40'
501

66617
762~
8'q
9 6$,4$

10osy
1162'
12otj
13os1.,»;
1462
1568~
1662
1762)
1866~
19o,&

2 lose-, »~
2266),
23oq-
2466)

25'
26osj
27 2)
28661
2962'
3062~

31'.
32o))
33' 1,2)
3461',2j
35 l)p2$
3668~,4~
3762).,6)

23,611.78
23,855.62
24,326.11
24,733.28
25,041.16
25,232.79

25,138.88
25,568.68
25,937.59
26,232.05
26,450.02
26,597.64

41,041.43
41,104.96
42,988.12
43,969.90
44,381.32:
47,839.15
48,828.87
48,851.58:
49,197.74:
49,484.05
49,847.08
50,105.05
50,738.20
50,806.55
51,184.63
51,863.18
51,989.31:
52,476.64
52,498.17
52,526.04
53,065.96:
53,463.10
54, 165.35
54,398.60
54,874.08
54,932.32
55,061.49
55,120.30:
55,387.11:
55,508.78
55,737.87
55,818.91
55,922.3
56,101.84:
56,222.04:
58,187.39
59,388.89

1.46
1.49
1.40
1.33
1.10—0.61

1.40
1.34
1.29
1.15
0.88—0.01

1.40
1.34:

Id
Id
Id
Id
Id
Id

I(j
Td
Id
Id
Id
Id

1.25:
1.09
0.70:

117o.q

8roq

1.36

1.66:

1.31:

OBS. g C. s.ND A.

Table II shows the assignments finally
adopted. Terms predicted by theory but not
found are denoted by the absence of small
letters. Most of these terms are either very high,
or would combine feebly, if at all, with the low
level (e.g. the sSo 6PO 6Do 4HO) The most
notable missing terms are the two 'I' terms,
which are probably represented by observed
lines with no satellites to identify them (f9). Most
of -the unassigned terms are odd, and all but two
lie between 50,000 and 55,000 where the lower
terms of the Sp configurations should be expected.

5. SERIEs L IM ITs

The convergence of the components of the
terms of Co I to the components of the limit
terms in Co I I is of interest. Catalan and

Antunes have shown' that, among the terms
which have d' 'F as limit, the quartet and
doublet components of lowest J go to 'F2, those
of next higher J to 'Fs, leaving two high J
quartet components for 'F4. This "inverted"
convergence was found by one of us' for the
limit d' 'D in Ni II. In Ni I, inverted convergence
appears also in the terms having d's 'F as limit,
though that to d's 4F is normal, but in Co I the
convergence to d's 'F is "normal. "The combina-
tions of all four components of h F with x'G' are
much stronger than those of g'F, and the reverse
is true for s'F", s'G'; hence the doublet and
quartet levels are correctly identified. But
O F4) g F3] are close together; also O F3.*„g'F2j )

' Reference 3, pp. 132—134.
2 H. N. Russell, Phys. Rev. 34, 82j. (1929}.
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and O'F2~, O'F&~. This suggests strongly that the
convergence to d's 'F should be normal. Catalan
and Antunes concluded that it is inverted, and
found it dificult to distinguish the sextets and
quartets in this pentad by means of the line-
intensities. Working on the assumption of
normal arrangement, we have been able to
arrange the levels into a pentad of terms which
combine much more strongly with s'D', s'F',
s'G' than with any quartet, and another pentad
which combine more strongly with the quartets
than the sextets. The ten leading components
of these terms all lie between 53,511 and 53,936,
the second components between 54, 158 and
54,477, and so on.

In consequence of this reinterpretation of the
situation, our values for the leading components
of the sextet pentad, e'P, e'D, f'F, e'G, e'H
differ from those of the previous authors. Two
of them were rejected as not real levels by them,
and two not given at all; yet all are determined

by good combinations except e'II7~ which gives a
single very strong line with the right Zeeman
pattern. The components of small L and J in

this pentad give faint lines, and some of them
could not be identified. A level of 54,282 which
we have placed in this pentad as f'D2; is clas-
sified by Catalan and Antunes as d'('F)6s 'F3~.
It gives no combinations with levels having
J=4-,'. If their interpretation is correct it seems
to us very improbable that the 4F4~ component,
for which they searched in vain, should be
missing, as, especially in high series members, it
should give stronger lines.

6. ION IZATION POTENTIAL

The available series consist of only two
members (4s and Ss). The best way to determine
the ionization potential is that developed by
Catalan and Antunes" and independently by
Meggers and Russell" —estimating the Rydberg
denominators n* by comparison with neighboring
elements. Reliable values of n* are known for
Mn, Ni, Cu and Zn, so that those for Co can be
interpolated with security. Table III gives the
results. Only the components of largest J in the
terms, and of greatest L in the pentads, need be
"Reference 3, pp. 139—140.
"W. F. Meggers and H. N. Russell, J. Research Nat.

Bur. Stand. 17, 190 (1936); (Rp 906).

used. The error of the estimated term value is
proportional to Dn*/n*' so that the low terms
give poor determinations. Adding this to the
level of Co I, and subtracting the height of the
limiting level in Co II above the ground-level,
we obtain the level of 'F4 above 'F4, . The mean
for the terms for which n*)2 is 63,536 corre-
sponding to an ionization potential of 7.84 volts
with an estimated probable error of &0.02. The
values of n* corresponding to this limit are given
in the last column. The agreement with the
estimated values is very close. Catalan and
Antunes, by the same method, find 63,339, (7.82
volts). They prefer the value 63,312 obtained
from their 6s term by a Hicks formula. The level

g4P2~, if in series with b4P2;, should give An* about
1.10. This would place the limit at 75,000 above
'F4;, or 11,500 above 'F4 of Co II. The still
undiscovered term d' 'P should lie at about this
level.

7. TERM TABLE

Table IV gives the term values which have
been finally adopted. These were obtained by
the usual process of convergent approximation,
finding mean values for the odd terms from. their
combinations with the low everi ones, etc. In
taking these means, values derived from Burns'
interferometer measures were given triple weight,
and discordant combinations with deviations of
0.1 cm ' or more were disregarded if better data
were available. A colon denotes that the term
value is determined with inferior accuracy, but
not that the reality of the level itself is doubted.

The term v'F' is doubtful. It gives a good
multiplet with b4F, but its combinations with
a4F are polar lines in the arc, and were originally
attributed to Co II.

The term designations given by Catalan and
Antunes. are listed in the last column, "Id"
meaning that they are identical with ours, and a
blank that the level does not appear in their list.
The numerous differences in assignment arise
among the odd terms mainly from the present
availability of Zeeman data; among the high
even terms, from our reinterpretation of the
convergence to the d's limits ()5). Three levels
which they rejected as not real are restored to
our list, and also nine which they regarded as
doubtful. Thirty-three energy levels for which
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TABLE V. Zeeman patterns of Co l.

ZBFMAN KFFXCT
OBSERVED CALCULATED

ZFZMAN EFFECT
OBSERVED CALCULATED

ZXEMAN EFFECT
OBSERVED . CALCULATED

6872.82
6814.95
6771.04
6682.48
6595.86
6591.88
6563.40
6490.34
6477.86
6454.99
6451.18

6450.28

6481.07
6430.84
6429.91
6421.70
6417.82
6395.15
6351.44
6347.84
6340.80
6320.41
6814.52

6313.08
6282.63

6273.02

6271.47
6257.57
6249.50
6247.28
6246.38
6232.44
6230.96
6228.35
6211.19
6193.54
6189.00
6181.00
6122.64
6116.99
6107.93
6100.77
6093.14
6086.66
6082.48
6070.67
6049.11
6007.69
6006.85
6000.66
5991.89
5984.25
5984.09
5946.48
5985.39
5915.55
5890.48
5877.42
5876.10
5846.57
5880.07
5826.29
5790.08
5774.87
5770.44

- 5750.95
5706.16
5703.03
5659.12

5651.78

5647.28
5687.73
5686.12
5616.07
5598.47
5590.74
5558.82
5546.96
5545.98
5524.99
5523.31
5515.99
5489.66
5488.12
5483.96
5483.35

(1.37)1.35
(0.48) 1.84
(o.86)1.43
(-)1.09
(-)o.9i
(-)0.96
(-)1.10
(-)o.94
(-)0.88
(-)1.17
(-)1.15

(-)1.16

(?)i.oa
(-)i.io?
(-)0.90
(-)o.'ss
(-)o.?s
(-)o.61
(?)0.97?
(-)1.15
(-)1.15:
(-)1.05
(-)1.06

(-)1 25
(—)0.90A

(-)i.ia
(-)1.15?
(-)o.s6
(-)i.ii
(-)1.09:
(-)1.36:
(-)1.20
(0.71)0.$$, 1.83
(?)i.oi:

'

(-)1.42
(-)1.02:
(0.54) 1.48
(?)1.21:
(-)1.24
(1.83)i.aS
(?)1.06
(—)1.24?:
(0.81)1.43
(—)1.21
(-)1.34
(-)o.?9
(-)1.12
(0.46) 1.08
(-)1.18
(-)i.os
(-)1.23

(-)1.18

(-)0.41
(-)1.32.
(-)0.93
(-)1.17
(-)i.29
(-)0.80
(-)1.65
(-)1.20
(—)2.09?:
(o.59:)?
(?)0.99:
(-')O.?1
(-)1.12:
(-)1.20:
(?)0.76?:
(-)i.66:"

(-)o,s2:
(-)i.io
(-)1.12
(-)i.'os
(-)1.05
(-)o.ss
(o.45)o.9s
(-)o.ss
(-)1.50?:
(-)1.12
(-)1.25
(-)0.86
(?)i.os:
(-)1.18
(-)1.580?
(-)1.19
(-)1.10

(1.34)1.34
(0.41)1.32
(0.83)1.42
(0)1.10
(0)0.86s
(0)0.988
(0)1.11
(0)0.99
(0)0.88
(0)1.16
(0)1.19

{
(0)1.17
(o.o3)o.9o
(0)1.02
(0)1.12
(0)0.92
(0)0.80s
(0)0.85
(0)0.55
(0.26)1.02
(0.12)1.14
(0)1.28
(0) 1.14
(0.08, 0.25, 0.42)
0.71. . .i.55

(0)1.16
(0)0.79s
(0.85)0.96
(0)1.14
(0)1.08
(0)0.88
(0.22) 1.14
(0)1.02
(0)1.49
(0)1.21
(0.74)0.$$, 1.92
(0.76)1.22

'

(0)1.87
(0)1.01
(0.63)1.50
(0.41)1.84
(0.09)1.22 .

(1.88) 1.83
(0.57) 1.06
(0)0.89
(0.76) 1.45
(0.07)1.22
(0.07) 1.84
(0.01)0.80
(0)0.87

- (0.87)1.04
(0.03)1.12
(0.04) 1.02
(0.18)1.24

(
(0)1.12
(0)2.15
(0.08)0.43
(0)1.80
(0.15)0.92
(0.19)1.14
(0)1.37
(0)1.08?
(0)1.58
(0.80)1.19
(0)1.92s
(0.56) 1.02
(0.56) 1.02
(0)0.71
(0)1.11
(0)1.11
(1.18)0.76?
(0)1.678

(
(0)0.80s
(0)0.90
(0)1.08
(0)1.16
(0)1.06
(0)1.08
(0)0.60
(0.38)0.96
(0.04)0.84
(0)1.42
(0.38)1.10
(0)1.30
(0)0.878
(0.28) 1.02
(0)1.09
(0)1.578
(0)1.16
(0)1.12

5477.08
5470.46
5469.30
5454.57
5452.30
5444.58
5487.00
5434.57
5431.02
5418.73
5408.11
5407.52

5402.00
5399.76
5398.72
5390.47
5381.77
5881.10
5869.59
5368.90
5366.74
5364.81
5862.78
5359.20
5858.01

5858.50

5852.04
5849.09
5347.49
5348.88
5842.70
5341.32
5339.52
5836.16

5384.82

5333.64
5381.45
5825.94
5325.27
5321.71
5316.77
5812.65
5810.21
5301.04
5292.20
5287.78
5283.48
5280.68
5276.18
5268.49
5266.50
5266.30
5257.62
5254.65
5250.00
5247.92
5237.08
5235.18
5280.21
5222.49
5219.00
5212.69
5210.83
5210.04
5188.58
5176.08
5166.06
5156.86
5154.07
5146.75
5133.46
5126.20
5124.71
5122.76
5108.90
5094.95
5087.85
4993.00
4986.44
4979.94

4928.29

4924.99
4918.26
4915.96
4914.71
4907.58

(-)1.08
(-)0.92
(0.72) 1.59;
(—)1.83
(-)0.57
(-)1.04
(-)0.82
(0.84:)1.12;
{-)0.67?:
(0.78)1.13
(0.68:)?
(?)1.43

(0.41)0.68:
(-)0.94
(-)1.83:
(-)1.85
(-)1.11
(0.68?:)?
(-)0.8?t'

(-)0.98
(?)1.01:
(1.35:)
(-)1.15
(-)0.56
(?)0.88

(-)i.o6

(-)1.14
(-)1.16
(?)1.06:
(-)i.is:
(-)i.oi
(-)1.16
(-)o.s6
(-)1.16?:
(-)1.8??:
(0.87:)?
(0.74)?
(-)1 08
(-)1.22
(?)o.?o
(-)1.15
(—)0.97
(?)0.76
(0.60)1.45
(-)1.19:
(-)1.80
(?)i.oi
(-)1.07
(—)0.86
(-)0.80
(-)1.09
(—)0.88
(-)1.18
(—) 1.47
(-)1.85?
(1.88)1.32
(-)i.as
(-)0.92
(0.78) 1.45
(—)1.06
(?)i.so?:
(-)1 83
(?)0.83
(-)1.16
(—)1.15
(-)1.22
(-)1.22:
(-)1.11
(-)1.00
(-)1.28
(-)1.2o
(-)1.07
(?)1.26
(-)o.a?
(-)1.17
(-)1.80
(?)1.74:
(?)i.o6:
(?)1.48:
(-)0.97

(?)i.oo:

(—)o.s6
(?)0.47
(?)0.86:
(?)0.81:
(?)0.84:

(0)1.078
(0)0.94
(0.66) 1.35
(0.07)1.33
(0)0.54s
(o)o.96
(0)0.84
(0.79)0.90
(0)0.48s
(0.77) 1.14
(0.78) 1.07
(0.$'0, 0.61, 1.02)
0.11.. .8.15

(0.41)0.62
(0.07)0.94
(0)1.52
(0)1.40
(0)1.148
(0.91)1.14
(0)0.89s
(0)0.91s
(0.15)1.14
(1.15)0.77
(0)1.048
(0)0.61
(0)0.84

{
(0)1.06
(0)0.92
(0)1.14
(0)1.05
(0.09)1.14
(0)1.04
(0)1.02
(0.15)1.14
(0.09)0.94
(0)1.18

E

(0)1.15
(0)1.39s
(0.67)1.20
(0.73)0.$7, 1.98
(0)0.91
{0.31)1.24
(0.44)0.82
(0.15)1.15
(0)0.90
(0.46)0.84
(0.55)1.52
(0)1.88
(0.46)1.28
(0.24) 1.07
(0)1.05
(o)o.s4
(0)0.74
(0)1.09
(0)0.94s
(0)1.18
(0.12)1.48
(0) 1.45s
(1.33)1.33
(0)1.38s
(0)0.82
(0.73)1.46
(0)1.10s
(0)1.97s
(o.o?)1.84
(0.78)0.78
(0)1.10
(0)1.20
(0.20) 1.24
(0)1.22s
(0)1.14s
(0)1.04
(0.09)1.26
(0)1.228
(0.02)1.04
(0)1.86

. (0.08)0.39
(0.07)1.12
(0)1.26
(o) i.o4
(0.22) 1,29
(o.ss) 1.44
(0)0.97
(0.52) 1.86
(0)1.02
(0)1.62
(0.07)1.26
(0)0.87

(0)0.84

4904.17
4899.52
4886.99
4882.70
4881.81
4867.87
4855.59
4849.31
4843.45
4840.25
4815.90
4813.96

4818.47

4795.85
4792.85
4785.07
4781.48
4779.97
4778.23
4776.31
4771.10
4768.07
4767.14
4756.72
4754.35
4749.68
4737.76
4734.82
4727.93
4718.47
4698.38
4693.19

4682.36
4663.40
4657.89
4654.83
4644.81
4629.85
4625.76
4596.90
4594.68

4581.59

4580.18
4570.02
4566.61
4565.57
4564.15
4552.44

4549.65

4545.98
4545.28
4548.81
4540.78
4583.98
4580.94
4527.91
4517.09
4500.56
4494.74
4483.91
4478.81
4471.80
4471.55
4469.54
4466.88
4431.60
4421.33
4417.89
4404.93
4402.67
4895.87
4891.89
4891.56
4387.91
4880.07
4879.26
4375.54
4374.91
4873.68
4371.13
4889.62
4381.28
4810.09
4303.23

(-)0.89:
(0.46)0.85:
(-)1.06
(0.?7)1.18:
(?)0.98
(-)1.19A?
(?)0.59
(?)o 97
(1.13)1.10
(-)1.12A?
(?)0.98
(1.71)0.56

(-)1.06A?

{0.86:)1.00:
(-i0.98A'?

'

(0.71)?
(0.81)1.36:
(-)o.?i
(-)0.93
(0.86)0.36
(-)1.24
(-)0.98
(-)0.82
(-)i.'so?:
(-)0.50
(-)1.83
(1.14)1.10
(1.15)1.18
(0.76)?
(-)1.1.8
{2.05)1.82

0.68, 1.$0, 2.16?
(0.75)1.49c'?

'

(0.48) 1.49
(1.37:)0.50: 811'.
(?)o.95:
(-)0.85:
(0.85)1.54
(0.41)1.15
(-)1.27
(-)1.44

(-)i.44

(-)1.26
(-)i.'24

(0.75:)0.76:
(—)1.45
(-)0.92
(0.51?)?

(—)1.46

(-)1.35
(-)0.80:
(-)1.24
(-?)i.oo:
(-)i.so
(-)1.56
(-)1.62:
(O.s7)-?, &.o5
{-)0.96:
(-)i.oi
(-)0.68
(-)1.'o9
(-)i.'o6
(-)1.38
(-)i.46
(—)1.42
(—)0.96
(-)1.56
(—)i.si
(o.25?)
(-)1.23
(-)o.sa?
(-)1.22
(-)i.s2
(—')1.20:
(-)i.a4
(?)0.50
(-)1.18
(-)1.65
(-)0.99
(-)1.'ss
(0.24) 1.28
(-)1.12'

(1.05:)1.80:
(-?,i.io)?

4292.25 (-)0.96

(0.56)0.99
(0.89)0;95
(0.04) 1.12
(0.74) 1.28

(0)1.18
(o)i.so
(0.90)1.16
(0.96)1.10
(0) 1.14
(0.48)0.96
(1.54)0.54
(0)1.10
(0)1.56
(0.74)1.06
(0)0.94
(0.74) 1.06
(0.78s) 1.85
(0)0.72
(O.22)O.98
(0.36)0.36
(0)1.20
(0)1.08
(0)0.82
(0)1.42
(0)0.488
(0)1.28
(0.93)1.14
(1.14)0.05, 2.22
(0.85)1.46
(0)1.06
(2.04) 1.38
(0.40,. 1.19)
0.69, 1.$8, 2.28

(0.74) 1.49
(0.47) 1.48
(1.80)0.58, 8.18
(0.22) 0.98
(o)o.s2
(0.52) 1.50
(0.87)1.26
(0)1.23
(0.06)1.44
(0)1.46

(0)1.24
(0)1.18
(0.74)0.78
(0)1.48
(0)0.95
(0.88)0.38, 1.14

(
(0)1.49
(0)0.60
(0)1.82
(0)0.80?
(0.02)1.24
(0)0.86
(0) 1.48
(0.09)1.47
(0)1.87
(0.84)0.24, 1.88
(0)0.86
(0)0.98
(o.os) o.66
(0.01)1.10
(0)1.14
(0.02)1.32
(0.22) 1.46
(0)1.40
(0.18)0.90
(0)1.53
(0)1.51
(0.22) 0.90, 1.35
(0)1.18
(0)0.998
(0.18)1.22
(0)1.50
(0)1.82
(0.04)1.84
(o)o.ss
(0.04) 1;12
(0)1.64
(0)0.90
(0)1.57
(0.14)1.24

'

(0)1.13s
(0.91)1.60
(0.34, 2.08)
0.08, 0.76, 1.44

(0)0.96
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4287.38
4285.78
4276.10
4268.03
4252.30
4248.18
420?.61
4190.71

4187.24

41.79.22
4170.88
4162.16
4158.42
4150.42
4139.45

4122.27
4121.31
4118.77
4110.53
4104.74
4104.41
4092.84
4092.38
4086.30
4082.59
4081.44
4077.40
4068.54

4066.36

4058.60
4058.18
4057.19

4056.97
4053.91
.4052.91

4045.38

4035.54
4027.03
4023.39
4020.89
4013.94
4010.93
4003.59
3997.90
3995.30
3991.68
3991.52
3990,29
3987.11
3979.51
3978.86
3978.65
3977.75
3977.18
3S74.72

3972.50

3969.11
3960.99
3957.92

39M.91

3947.12
3946.63
3945.32

3942.68
3941.72
3940.88

3938.85
3935.96
3935.28
3929.25
3925.15
3922.75
3917.11
3909.93
3906.28

3898.48
3894.97

(-)1.16
(0.77)1.15:
(-)o.95
(—)0.60
(0.62)1.34
(0.81)?
(?)1.14
(0.53)1.47

(—}1.55

(-)0.94
(-)1.o9
(-)1.24
(-)0.84
(-)1.42
(-, f.lf) 1.56:

(-)1.os
{—)1.08
(-)0.95
(-)0.88
(-)0.75?
(0.23) 1.19
(0.33)?
(—)1.18
(-)1.31
(-)o.44
(-)1.11)
(0.40:)1.30
(-)1.29

E

{090'}1.26C(0.79g)
'

(0.72)0.58, 1.88:
(-)1.24
(0.85, 0.74) 1.45:

{-)1.37
(0.38}O.47
(-)1.29

(-)1.34g&B
1.47o)

(-)1.10?
(-)1.33
{0.83)
(-)1.33
(1.34) 1.33
(?)0.87?
(0.29)0.91, E.49
(—)1.87o, B
(—)1.2o
(-)0.96
(-)1.17
(O.3S)1.3S
{-)1.54
(-)1.38
(-)1.26?
(-)1.05
(-)0.95?
(0.23)1.35
(0.64o) 1.32C?

(-)1.25

(-)1.15
(-)0.91
(o.s4, o.s6)
—— 120 ——

(O.SOo), 05{0.74g)
'

(0.74)0.87?, 2.25?
(-)1.25
(O.f8, —,-)1.81o, B

(-)1.26
(-)1.'14
(0.41?, E.81)
0.00, O.SO, 1.67
(-)1.26
(-)1.89o, B
(0.57)?
(-)1.31
{0.34)—?, E.70
(-)0.89
(0.26) 1.20
(-)1.40
(0.86o) 1.37C

(-)1.69?
(0.20)0.24, 0.66

(0.38)1.18
(0.70s) 1.19
(o}o.Ss.
(0)0.68
(0.38)1.33
(0.76)1.06
(0.13)1.10
(0.63)1.40
(0)1.54
(0.38)1.34
(0)0.92
(0)1.08s
(0)1.29
(0)0.86
(0)1.49
{0.47, E.qf)
062 E56 250

(0)1.02
(0)1.02
(0)0.97
(0.04)0.87
(0.01)0.70
(0.21)1.16
(0.32)0.89, 2.36
(0.06)1.17
(0)1.30
(0.03)0.41
(0)0.99
(0.33)1.30
(0)1.26

(
(0.87s) 1 28(0.74g)
{0.72)0.5'8, 1 96
(0.03)1.24
(0.88, 0.69)0.19,
0.65, 1,11, E.57

(0)1.39
(0.28)0.42
(O.22)1.3O
{0)1.45s
(0) 1.24g
(0)1.08
(0)1.28
(0.79)1.75
(0.04)1.34
(1.36)1.32
{0.44) 1.32
(0.25)0.93, f.)8
(0)1.91s
(0)1.18
(0)0.97
(0) 1.16
(0.32)1.36
(0)1.52
(0)1.36s
(0)1.26
(0)1.08
(0)0.99
(0.22)0.90, E.85
(0.64s) 1.34

{
(0)1.25

(0)1.12
(0)0.89
(0.16, 0.47, 0.7S)
0.57, 0.88, 1.80,
1.51, 1.82

(
(0.87s) 1 04(o.?4g)

'

(0.75)0.72, 8.88
(0)1.24
(O.E4, 0.42, 0.70)
0.46. . .E.S6

(0)1.28
(0)1.11
(0.39, l.l7)
0.01, 0.79, 1.57

(o)1.2?
(0)1.88s
(0.55)1.48
(O.3O) 1.31
(0.32) 1.00, 1.65
(o.2o)o'.So'

'

(0.28) 1.23
(0)1.38
(0.12, 0.36, 0.60)
0.65, 0.89, f.f8,
1.37, 1.61

(0}1.70
(0.20)0.20, 0.60

ZEEMAN EFFECT
OBSERVED CALCULATED

3894.07
3892,11
3885.27
3884.60

3881.86

3878.75

3876.83

3873.95
3873.12
3861.16
3851.84
3850.09
3845.46
3843.69
3842.04
3841.45
3835.90
3823.52
3819.90
3817.94
3816.87
3816.45
3816.31
3814.45
3813.92
3812.47
3808.10
3805.77
3797.44
3795.85
3783.73
3777.54
3774.59
3760.40
3755.44
3754.34

3752.78
3751.62
3749.93

3745.49

3740.18

3735.92
3734.13
3733.48
3732.39
3731.26
3730.47
3728.84
3726.65

3712.17

3711.64
3708.82

3707.46
3704.06
3702.23
3693.47
3693.10

3690.71

3686.47
3684.96
3684.47
3683.04
3676.55
3670.04
3662.15
3660.69
3657.91
3656.96

3654.44
3652.54
3651.25
3649.32
3648.14
3647.65

3647.08
3643.18
3641.78
3639.44

ZEEMA
OBSERVED

(-)1.02
(-)1.23
(0.34)1.13
(0 88 0.6?)1.51

(0)1.06
(0.15)1.24
(0.38)1.10
(0.8E, 0.60)
0.28. . .E.45

(o)o.94g
0.83s

(0.08)2.60
(0.55)1.26
(0.48)E.85, 2.20
(0)1.12
(0)1.18
(0)0.89
(0.62}1.07

( )0.94g A

(-)2.53

(0.49)E.88, 2.38:
(-)1 14
(-)1.24
(-)0.80
(0.63)1.16
(?, 1.74) 1.84?
(-)1.23
(-)0.49?
(-)1.08
(-)1.14
(-)1.2?
(?)1.19o, B?
(—) 1.21
(-)1.30
(-') 1.02?
(-)1.65?
{0.51)f.OO, -?
(0.34) 1.65
(-)1.OS?
(0.34}1.58?
(o.fs, '-, —,—)? .
(0.54)?
(0.92)0.76
(0.42?)1.61?
{?)0.43?
(0.46)1.27
(-)1.34
{0.42) 1.98:
(-)1.4o'

(O.88, O.71)?

(0}1.16
(0)0.56
(0)1.06s
(0)1.16
(o.o6)1.2v

(0)1.15
(0.06) 1.31
(0)0.75
(0)1.75
(0.52)0.95, 2.00
(0.36)1.60
(0.03)1.24
(0.31)f.78, 2.35
(0.16s)1.92
(0.44s) 1.48
(0.91)0.77
(0.44) 1.29
(0.98)1.06
(0.28s) 1.23
(0)1.37
(0.44) 1.88
(O)1.39
(0.88, 0.69)
O.f4. . .1.52
(0)0.60
(0.57)1.15
(o.19)o.So, E.8s
(0.73s)
(p'62 )1+06

(O.f8, 0.39)
0.$$. . . 1.22

(0)1.42s
(0)1.23
(O)1,14s
(0.28) 1.56
(0.10)1.12
{0)1.33
(0.51)1.19
(o.8o, o.sS)
E.O6; . , 2.23

(0)0+72g
0.34s

(0.98}1.69
(0.0$, 0.11)
0.98. . .1.13
(0.47)0.61, f.56
(O)1.?Vs
(0)0.98
(0.14)1.14 '

(0)1.10

(p)
0.88g
0.66s

(0.36)1.04, E.75
(0.50)1.18, 8.f7
(0)1.39
(0.11)1.26
(0)1.04
(1.27) 1.41
(0)1.08
(0.66)1.49
(0.18)0.87, E.84
(O.fS, 0.55, 0.92)
0.49. . .8.8$

(o.as) 1.oS; f.s5
(0)1.72s
(0)0.88
(0)1.04
(0.15)0.84
{0.80, 0.91)0.11,
0.72, 1.33, E.9$

{0.25)0.93, E.)8
(0.06)1.11
{0)1.34
(O.E5, 0.45)0.78
1.02, 1.32, 1.62

(-)0.55
(0.39)1.17
(0.18)1.31o
(0.82o)

1 01C(0.669)
'

{0.88, 0.66)

(-)1.44
(-)1.12
(-)1.16
(-}1.'S3B
(-)1.]0
{—) 1.36
(0.50)1.21
(o.8g, o.63)

( )0.?ag
0.36i

(0.99)1.67
(-)1.12

(0.45)0.62, E.A
(-)1.82o, B
{-)O.S3B?
(-)1.09
(-)1.10

( )0.84g A

(0.39)-~, 1.78
(0.50)&.26:, 8.O
(-)1.41
(-)1.25
{-)1.04
(1.25)1.4O
(-)1.13

7:

.96
0

(0.58:)?
(0.17)1.22o
(O.E9, 0.53, -)
-?.2.20:

' (0.37)1.10, f.90
{-)1.73o, B
{-}o.93
(-)1.02
(-)0.83
(0.8E, 0.91)
-?, 0.73, 1.37, E

(O.26)-,O.94, E.5
(-)1.10'

' ' '

(-)1.30
(0.88, 0.55)
0.5E, 0.81, —

N EFFECT
CALCULATED

3638.34
3637.31
3636.71
3634.7i
3633.34

3632.83
3631.94
3631.39
3627.80
3624.33
3620.42
3619.28

3615.38

3611.70
3609.75
3605.37
3605.01
3604.46
3602.07
3600.80

3596.51

3594.87

3591.74
3587.18
3586.08
3585.80

3585.15
3581.87
3579.02
3578.90
3569.37
a564.94
3564.11
3562.09

3560.89

3558.77

3552.98
3552.72
3550.59

3548.43
3546.70

3543.25

3534.76

3533.35
3530.55
3529.81
3529.03
3527.94
3526.84
3525.87

- 3522.85
3521.56
3520.07
3518.34
3513.47
3512.64
3510.42
3506.31
3504.72
3503.71
3495.68
3491.31

3490.73

3489.39
3487.71
3485.70
3485.36
3483.41
3480.01

3478.74
3478.55

3477.83
3476.36

(-)0.98
(0.40)?
(0.42) 1.34
(-)o.s6
(0.57)1.18?

(-)1.14
(0.20) 1.10
(-)1.50
(-)0 91
(0.47)1.31?
(-)1.85o, B?
(-)1.18

(-)0.551', A

(-)0.92
(-)1.21
(0.18)1.20
(-)0.80
(-)0.95
(-)0.40
(0.53)1.41?

(-)1.25

(-)1.01

(0.19)1.35
(?)0.95
(-)0.94
(O.E9, —)0.74

(0.46) 1.34C
(0.33)0.92?, 1.67?
(-)1.52
(-)1.24
(-)1.23
(-)0.77
(-)0.86
(0.66)0.61,
1.05, 1.52

(0.40, E.8E)
0.00, 0.7S, 1.59

(0.34)1.02

(O.S1)1.34?
(0.47)
(0.8$, 0.93)
0.73, 1.32, E.97

(-)1.60
(-)1 51

( )1.05giA
0.8? if

(-)1.20

(-)o.vo
(-)0.75?
(-)1.04
(-)0.98
(-)1.31
(-)1.35
(0.23}?

(-)0.97
(—)1.58B
(0)1.55)
(-)0.94
(-)1 11
(-)1.02
(o.sa)?
(-)1.20
(0.32)1.15
(-)0.95?
(-)0.84B
{0.49?, E.88)
0.00, 0.7S, 1.58

(o.8o, o.s6, 0.92}
2.1?o, B?
(-)1.15
(-)0.42i, A
(0.34)1.19?
(-)1.16
(-)1.45B
(o.f9, 0.62)

(o.66)?
(O.88, O.62)
0.00, 0.$8, 0.84

(-)1.25
(0.25:}1.18

(O)O.91s
(0.40)1.09, E.SS
(0.44) 1.32
(0)0.82
(0.18, 0.58)
1.16, E.5E, 1.86

(0)1.01
(0,21)E.OS, 1.49
(0)1.49
(0)0.86
{0.47) l'.86, 2.19
{0)1.86s
(0.41)1.09

(p)
0.35s
0.68g

(O)O.Sas
(0)1.17
(0.21)1.22
(0)0.84
(0.11)0.92
(0)0.42
(0.14, 0.$8)
1.05, E.88, 1.61

(0.21)1.26

E

(0.04}1.04
(o)1.oo
{0.14)1.34
(0.22)0.91
(0)0.90
(O.f 7, 0.51)0.77,
1.11, 1.45, 1.79

(0.47) 1.33
(0.32)1.01. E.65
(0)1.50s
(0)1.32s
(0.12)1.14
(0)0.75
(0)0.89
(0.24, 0.78)
0.61, f.09, 1.57

(0.40, E.80)
0,00, O.SO, 1.60

(
(0.35)0.96
(0.45) 1.39
(0.48)1.30
(0.46s) 2.05
{0.8f, 0.94)0,10,
0.73, 1.36, E.99

(O.O2)1.64
(0)l.sos

' )O.'SOs
1.12g

E

(0)1.12
(0.24) 1.19
(0)0.70
(0.03)0.66
(0)1.03
(0)0.96
{0)1.24
(0.11)1.34
(O.E5, 0.46}
1.03. . .E.96

(0)0.93
(0)1.62
(0)1.57
(0)0.94s
(0)1.05
{0)0.92
(0.47)1 ar)

(0)1.08
(0.49)1.12
(0.09)0.92
(0)0.96
(0.38, E.f$)
0.04, O.SO, 1.')6

(o.fs, o.ss, o.92)
2.17s

(0)1.12
(0)0.45i
(0.32)f.f5, 1.78
(0)1.14
(0)1.44
(o.f9, 0.56}
0.95. . .8.06

(0.59)1.36
{0.85, 0.75)o.os,
0.58, 1.08, 1.58

(0.22) 1.26
(0.24) 1.19

ZEEMAN EFFECT
OBSERVED CALCULATED
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8474.53

3474.01

3471.38
3469.68
8465.79
3468.49
8462.80

3461.17
8458.02
3456.92
3456.52
3455.23
3453.51
3448.35
8446.08
3443.64

3442.91
3438.90
3488.71
3435.75
8433.04
3432.81
3431.58

3428.22

8426.45
3424.50
3422.90

8421.62
8420.79
3420.47
8417.67
3417.15
3414.73
8409.17
3406.89
8405.12
8402.06
8401.91

8401.61
3400.47
3895.37
8390.79
3390.39
3388.16

3385.21

3388.90
3382.07
3881.49
8378.78
3878.85

3377.06

3376.20
3374.30
3373.96
3373.22
3370.82
3367.11

3365.01

8364.25
8863.76
3862.79
3861.55
8359.28

3358.00

3856.84
3356.46
3355.11
8354.37
3851.53
8348.11
3347.57
3346.93
8342.73

3341.94

8841.34
3889.78

(0.38)1.18?

(-)1.40

(-)1.32
(-)1.08
(-)1.17
(-)1.08
(0.88, 0.80)
0.69, 1.24, 1.80

(-)1.14
(—)1.20o, B?
(0.88o)?C
(—)1.06
(—)0.66o, B
(-)1.19
(-)1.20
(-)1.o5
(0.64)1.15

(-)0.95

(-)1.01
(-)1.1o
(0.38)1.50
(-)0.46
(-)0.89't
(-)1.14

(-)1.12

(-)1.42
(—)1.58
(0.88?, 0.95?)0.68?:

(?)1.8o?
(O.56) 1.45
(o.rs)?
(0.50)1.21
(o.82:)o.9s
(0.80)
(0.28) 1.26
(0.28) 1.09
(-)1.37
(0,72)0.96
(0.81?,0.89?)0.22?

(0.34:)0.17?
(0.80 )
(-)0.83
(-)0.46
(0.69)0.39
(0.32, 0.83)0.76
1.34, 1.93*

(0.88, 0.78, 1.80)
0.43, 0.95, 1.49,
2.02, 8.$8

(1.06)1.45
(0.37)1.01, 1.77
(-)1.11
(-)0.89
(-)0.39

( )0.94g))A ~
0.71i)j

(—)1.35
(0.65) 1.35
(1.26)?
(0.20) 1.08
(-)1.23
(0.18,—,—,—)2.37o, B
(0.61)0.94?, 2.25?

(0.13)1.15
(O.61)O.65:
(0.44) 1.89
(-)0.58A
(—)1.17

( )1.73?
1.18?

(-)1.11
(-)1.26
(-)0.58
(-)2.18o, B
(-)1.86
(-)1.57
(-)0.66
(-)1.42
(-)1.26

( )0.92g)A
0.78ij

(-)1.04
(0.41)0.94

(0.85)1.12
(0)1.46
(0)1.31
(0.09)1.38
(0)1.048
(0)1.16
(0.75)0.41, 1.91
(0.87, 0.82)0.13,
0.68, 1.23, 1.78

(0)1.15
(0.20)1.24
(0.91s)1.14
(0.04)1.08
(0)0.688
(0)1.15
(O.O3)1.14
(0)1.06
(0.65)1.14

(
(0)0.95
(1.33)1.33
(0)1.02
(0)1.14
(0.48) 1.50
(0.10)0.44
(0)0.98
(0)1.17

E

(0)1.15
(1.11)1.42
(0)1.42
(0)1.60
(0.88, 0.83)0.84,
0.89, 1.44, 1.99

(0)1.348
(0.57) 1.41
(0.79)1.44
(0.50)1.20
(0.20) 1.00
(0.68s)0.618
(0.26) 1.20
(0.86)2.01
(0.07)1.88
(0.26)0.94
(0.88, 0.95)
0.80. . .2.19

(0.858)0.088
(o.r9)o.98, F1
(0)0.84

™
(0)0.48
(0.70)0.89, 1.78
(0.89, 0.86)0.19
0.76, 1.83, 1.90
(0.88, 0.79, 1.32)

-0.07, 0.46, 0.99,
1.52, 2.05, 8.b8

(1.07)1.42
{0.85) 1.04, 1.74
(0.04) 1.12
(O)O.97s
(0)0.80

(p)
0,94g
0.568

(0)1.82
(0.86)1.42
(1.35)1.38
(0.19)1.14, 1.51
(0)1;22
(P.15i)2.428
(0.50)1.18, 2.18
(0.82) 1.00, 1.84
(0.18)1.14
(0.97)1.40
(0.78)1.46
(0)0.26
(0)0.74
(0)1.36
(0)1,14
(0)1.10
(0)1.30
(0.16)0.52
(0)2.008
(0.07)1.34
(0)1.56
(0)0.66
(0.19)1.46
(0)1.24

{o) . g
0.77s

(0)1.02
(0,18, 0.48. . .1.12)
0.87. . .2.61

ZEEMAN EFFECT
OBSERVED CALCULATED

8838.51

3387.17

3384.14

3838.88

3829.46
3829.01
3828.20
3326.99
3326.56
3325.24

8822.19

8821.91
3319.82
3319.47
8319.15
8318.89

(-)1.81

{0.66)1.30g&)A0.74i j

( )2.09o B

(1.06)

(-)1.44
(-)-?, 1.28, -?
(0.44) 1.31
(-)1.45
(-)1.04?
(P.60)0.90, 2.04?

(-)1.10

(-)1.34
(-)1.52
(-)1.04
(-)1.06
(0.91)0.82, 1.71?

3315.08 (0.66)1.86

3814.07 (-)0.88

8813.11

8812.82
3312.14
3808.81
8808.48
3807.15
3806.40
8805.73
3305.10
3804.79
3804.11
8803.88
8298.68
8294.58
3294.09
3293.86

8293.21

8292.08
3287.57
8287.19
8283.77
3283.46
3288.32
3279.25
3278.84
8277.66
3277.30

3276.48

8271.77
3270.19
3268.89
3265.85

(1.47)0.77

(0.46) 1.46
(0.51)0.98, 2.00?
(-)1.4o
(-)1.24
(-)1.60
(-)1.55
(—)1.20
(0.49:)0.39 or 1.12
(?)1.31?'
(—)0.61?
(0.50)1.1'8, 2.07?
(1.26) 1.40
(0.80)1.87
(?)1.86?
(0.92:)0.44?

( )1.01g)A~
0.64i j

(0.73)0.55
(—)1.37
(0.89)1.32
(—)1.46
(-)1.13
(-)1.26
(-)1.47
(0.67)0.68
(0.19)1.48
(0.65)1.88

( )0.95g A

(-)1.26
(—)1.30
(?)0.60i
(—)1.29

8264.84 (0.22)0.87?, 1 89

3264.71
8268.21

3260.81

3258.41
8258.08
3254.20
8253.41
3251.65
3249.99

3247.17

3246.99
3243.84
8248.57

3287.02

3285.78

3285.58

3234.11
3282.87
3227.75
3226.98
3224.68

(-)1.62
(0.80)1.18

( )067g A

(0.99)1.16?
(-)1.57
(-)1.89
(?)0.76?
(-)1.68?
(-)1.29

(-)181
(0.28)1.85
(-)1.51
(0.38)1.34

( )086g D

(?)1.65

(-)0.99A?

(-)1.83?
(—)1.49
(-)1.17
(0.35)1.03
(-)1.79

{0.08) 1.36

'0 67'O.58s
1.25g.

1.66
1.97s

(0.34)0.97
(1.05)1.10
(0)0.80
(0.24) 1.44
(0)1.29
(0.51)1.28
(0.09)1.45
(0)0.65
(0.60)0.88, 2.08
(0.22) 1.17
(0.30)1.07
(0)1.858
(0)1.50
(0)1.05
(0)1.06
(0.21, 0.62, 1.08)
0.62, 1.08, 1.44,
1.85, 2.26

(O'.42s) 1'.19

(0)0.87
(0.03)0.86
(1.37)0.77, 8.51

(0)1.88
(0.51)0.98, 1.97
(0.81)1.40
(0)1.25
(0)1.60
(0)1.508
(0)1.22

(0)1.00
(0)0.98s
(0.52)1.10, 2.14
(1.26)1.42
(0.84)0.23, 1.91

(0.98)1.06

(p)
0.93g
0.68s

{0.72)0.t58, 1.96
(0)1.86
(0.41)1.32
(0)1.42
(0)1.17s
(0)1.28
(0.01)1.48
(0,67)0.8o, 2.00
(0.48)1.42
(O'.6S)1.'84

(p)0 94g
0.568

(0)1.28
(0.38)1.34
(0)0.50s
{0)1.28
(0.18)0.91, 1,87
(0)1.86
{0)1.81
(0.14)1.67
(0.55)1.14
(0)0.64g

0.448
(0.87)1.16
(0.20) 1.60
(O) 1.87
(0.66)0.81, 1.18
(0)1.68
(0)1.82s

(
(0)1.32
(0)0.45
(O.31)1.86
(0.09)1.52
(0.36)1.88, 2.08

(p)
0.88g
0.55s

(1.02)1.65
(0)1.08
(0)1.02
(0.20) 1.40
(0)1.42
(0)1.22
(0.28)0.97
(0)1.74

ZEEMAN EFFECT
OBSERVED CALCULATED

EFFECT
CALCULATED

ZEEMAW
OBSERVED

(0.16)1.20
(-)1.47
(-)1.15
(-)1.1o
(—)1.06
(0.58) 1.29
(0.79)1.25

( )1.650I))
1.51g,.

(?)1.18

8219.15
3216.99
8210.85
8210.21
3205.88
3208.02
8199.32

8198.66

(0.26) 1.22
(0)1.52

{0.04)1.10
(0)1.06
(0.41)1.34
(0,74) 1.22

{')1.88g
1.808

(0.17)1.20
(0.38)1.18
(0.42) 1.05, 1.89

3196.42
3198.16
8192.22
8191.29

(0.29)1.20
(0.43)-, 1.06, 1.90
(—)0.68
(-)0.68
{1.20)0.00,
0.80, 1.60

(0)0.74
(0)0.70
(0.39, 1.17)
0.03, 0.81, 1.59

(0.88, 0.96)—0.1&

0.51, 1.15, 1,79
(0.37)0.96
(0)1.69
(0.7s)0.84, 1.9o

8190.91
3189.75

0.58, 1.11, 1.73
(o.41)o.97
(-)1.74
(0.78)0.8$, 1.88
(o.54)o.61?, 1.84
2.61?
(-)0.98
(0.68)1.29
(—)1.o8
(0.48) 1.30
(—)1.05
(-)1.17?
(-)1.17

(o.1s)o.57

( )0.98g A

(-)1.06
(-)1.07
(1.82)1.88
{?)1.82?
(-)0.90
(-)1.08
(0.65)?
(0.50)2.15?

(-)1.08

(O.64)O.94

( )1.16o B
(1.66)?
(-)1.79
(-)1.46
(—)1.42B?
(-}1.24
(—)1.38
(-)1.54
(?)1.64

(0.80)0.98, 1.48
1.99

(-?)o.71
(-)1.13
(?)1.55?
(-?)1.55
(O.45)1.8S
(0.32)1.60
(-)1.42
(0.74)0.89
(1.07)0.77, 1.4$

3186.35
8185.94
8182.11
8180.29 (0.54)0.55, 1.88

8177.26
8174.90
8174.14
3173.14
3169.76
3168.06
8161.65

3159.66

(0.64) 1.86
(0)1.22
(0.49)1.19, 2.17
(0)1.06
(0)1.20
(0)1.14

~ ~

(0)0.52
(0.17)1.00

(p)
1,0og
0.828

(0)1.05
(0)1.06
{1,84)1.84
(0.88)1.02
(0)0.94
(0)1.00
(0.74)0.44, 1.92
(0.49)2.19
(0)1.12
(0.49)1.80
(0.59)0.89, 2.07

1.178
(0)0.94g
(1.67s) 1.16
(0)1.72
(0)1.58
(0)1.41
{0)1.16
(0)1.448
(0)1.58s
(0)1.748

j j (0.27, 0.81)
0.91, 1.4&, 1.99

(0)1.48
(0.02)0.71
(0)1.14
(0)1.61
(0.22) 1.59
(0.48)1.89
(0.34) 1.60
(0)1.41
(0.72)0.88
(0.88, 0.99)
0.76, 1.48, 2.08

(0.66)0.88, 1.99
(0)0.828
(o.s2)0.8s, 1.s6
(0.71)1.15

(
(0)0.58
(0)0.98
(1.16)1.52
(0.07)0.44

(o)2.83
1.98g

(0)1.108
(0.56) 1.24
(oi1.76
(0.24, 0.71)1.01,
1.48, 1;95

(0.258)1.00
{0.56)0.62
(0)0.97
(0)1.36
(0.32) 1.22
(0)1.25
(0)1.21

8158.77

3154.79
3154.67
3152.70
3152.12
3149.81
3147.06
3145.02
3140.71

8139.94

3137.75

3137.32

8129.48
3127.25
3126.72
3121.56
3121.41
3118.24
3118.47
3110.82

3109.50

3107.54
3107.04
3105.92
3103.98
8103.78
8102.40
8099.66
3098.19
3096.70

(0.66)0.70, -?
(-)0.86iA?
(0.88)0.24?
(0.60)1.11

(-)0.70

{1.24) 1.54
(-)0.45

( )2.17o(B
2.05gj

(-)1.14

(-)1.66

(0.67)1.11, 1.48,
1.90

(0.32)0.97
(0.58)-, 0.88, —
(-)1.00
(-)1.29
(0.30)1.21
(-)1.20
(?)1.21

3096.40
3095.71
8090.25
3089.59

3088.67

3087.80
3086.77

3086.89

8082.61
8079.39

3078.52

3072.84
8071.95
3064.37
3062.19
3061.82
8060.04
3056.66

3188.37 (0.88, 0.91)0.00,

'Zeeman pattern from Rybar, Physik. /cits. 12, 889 (1911),
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TABLE V.—Conclgded.

X

8054.72
8050.93
3050.49

3048.88

3048.10

8044.00

3042.48

3040.81
8039.56
3038.30
3034.43
3031.28
8028.18

3026.37
3023.59
3022.35
8017.54
8017.25
3015.68
3013.59
3006.52
3005.97
3005.76
3000.54
2999.71
2996.94
2996.54
2995.24
2995.15
2989.59

2987.16

2982.26
2978.95
2978.01
2977.46
2975.46
2971.86
2969.61
2957.67
2955.38

2936.54

2929.50
2928.81
2927.66
2919.55
2911.56
2907.67
2908.19
2899.81
2892.24
2886.44
2885.80

2882.21

(-)0.75
(-)1.90B?
(0.66)0.88, 1.88
1.73

(0.80, 0.87)
0.72, 1.38, 1.95

(0.40?)0.94, 8.05

(-)1.82

(O.BO, 0.S2, 1.33)
0.43, 0.95, 1.52,
2.08, 8.60

(?)1.42:
(-)1.80
(?)0'.71
(—) 1.39?
(0.40) 1.58
(-)1.45

( )0.72g A.

(-)1.50
(-)0.87
(-)2.02o, B
(-)0.78:
(-)1.60
(—)2.31o, B
(—)1.18
(-)1.48
(0.45) 1.41
(0.98)1.18C
(-)1.98
(?)0.90
(-)2.01
(?)1.05
(—)0.87
(0.64) 1.24

( )1.94o)B
1.65g I

(-)0.43
(0.80:)1.91
(-)1.33
(0.60:)1.40:
(0.64) 1.15
(?)1.05?
(-)1.83
(-)0.95
(0.67)0.78

(-)1.15

(-)1.11
(?)2.52
(-)1.23
(-)0.75
(?)1.10:
(?)1.86
(0.50) 1.04
(-)1.22
(-)1.21
(0.26) 1.19
(?)1.49

(0.71)1.05

(0)0.70s
(0) 1.98
(0.21, 0.68)
0.84, 1.86, 1.68

(0.89, 0.87)0.18,
0.76, 1.34, 1.98

(0.55)0.91, 8.08

E

(0)1.32

(0.87, 0.82, 1.37)
-0.11, 0.44, 0.99,

1.54, 2.09, 8.6$
(0.94)1.42
(0)1.87
(0)0.68s
(0)1.89s
(0.89)1.61

(p)
0.80g
0.41s

(0) 1.46
(0)0.88
(0)2.07s
(0)0.78
(0)1.58
(0)2.34s
(0.74) 1.20

(0.35)1.42
(0.94)1.11
(0)2.15s
(0)0.95
(0)2.18s
(0)1.09
(0.24)0.86
(0.59)1.24

(') 1:60g
1.88s

(0)0.42
(0.72) 1.96
(0)1.82
(0.84) 1.42
(0.78)1.46

(0)1.32
(0)0.99

(0)1.21

(0.04) 1.10
(0)2.62s
(0)1.25
(0)0.78
(0)1.17
(0.50)1.40
(0.48)1.04
(0)1.18

(0.44) 1.20
(0.66)1.49
(0.73)1.07
(0;31)1.12

l&KKMAN LiFFKCT
OBSERVED CALCULATED

2878.55
2872.49
2862.60
2859.65
2850.94
2850.04
2842.88

2837.15

2838.92
2828.46
2826.79
2823.64
2821.74

2820.00

2818.59
2815.55
2814.97
2803.77

2797.08

2792.48
2785.89
2778.81
2774.96
2772.69
2766.38
2766.21
2764.18
2763.06
2761.36
2758.53

2752.07

2746.02
2745.09
2740.45
2731.11
2728.75
2722.10
2719.58
2715.98
2695.84
2685.33
2679.75
2673.91
2661.71
2650.26
2649.98

2648.63

2646.41
2629.97
2627.63
2623.44
2622.43
2617.85
2613.49
2606.12
2600.97

(0.70)0.69, 2.03
(-)0.75
(0.22)0.96
(-)2.02:
(0.58:)0.67
(-)0.64A?
(0.85)-, 1.10 .1.88

( )1.02g
A

(-)1.82
(-)0.85
(-?)1.13
(-)1.22
(?)0.95

(-)0.68

(?)1.10?
(0.57) 1.29
(-)1.77:
(0.81)1.15

(-)1.60

(-)1.22
(-?)0.43
(-)1.54
(-)0'.56
(-)1.15
(-)0'.s7
(-)0.88
(-)1.17
(-)0.97
(-)1.06
(?)1.62

(-)0.79

(-)1.16
(-)1.24
(-)1'.05
(0.89)0.95
(-)1.00
(-)1.29
(-?)1.37
(-)1.07
(—)1.49
(-)1.52
(—)0.91
(?)1.23
(-)1.30
(—)0.42
(-)0.64

(—)0.95

(-)1.23
(0.77)1.30
(-)1.14
(-)1.88
(—)0.91
(1.11)0.87?
(—)1.26
(-)0.51
(-)1.63

(0.68)O.g, 2.00
(0)0.64
(0.20) 1.00
(0)1.87
(0.55)0.62
(0)0.61
(0.86)1.10, 1.88

(p)
0.98g
0.68s

(0)1.37

(0)1.12s

(0)0.97s
(0)0.66
(0)1.67
(0)1.23
(0.56s) 1.33
(0)1.66
(0.77s) 1.20

(
(0.20)0.90
(0)1.64
(0)1.15
(0)0.48s
(0.02) 1.50
(0)0.51

(0)0.89
(0.12)0.88
(0)1.22

(0)1.00s
(0.29) 1.58

E

(0)0.79
(0)0.86s
(0.12)1.18
(0.26) 1.22
(0)1.07
(0.39)0.95
(0)1.02
(0)1.27s
(0)1.42
(0.30)1.07
(0)1.52
(0)1.49
(0)1.02
(0)1.22
(0)1.24
(0.06)0.42
(0)0.62
(0)1.04
(0.04) 1.34
(0.03) 1.24
(0.74) 1.33
(0)1.17s
(0)1.94s
(0)0.90
(1.07)0.78

(0)0.53s
(0)1.69s

ZKKMAN EFFECT
OBSERVED CALCULATED

2591.68
2590.59
2585.33
2574.35
2572.23
2567.34
2562.12

2556.76

2555.07

2553.33
2558.00
2549.29

2548.33
2544.25
2586.50
2535.96
2535.35
2532.17
2531.35
2528.96
2521.36
2513.11
2512.90
2507.67
2506.87
2504.51
2496.71
2495.55
2494.73
2493.93
2489.24
2483.61
2476.64
2476.43
2478.90
2472.92
2467.68
2460.80
2460.19
2456.23
2441.04
2485.09
2432.21
2429.22
2428.59
2426.99
2424.93
2422.56
2413.18
2410.50
2402. 16
2402.05
2384.85

2380.48

2869.67
2365.05
2350.28

IAAF&FiMA. N

OBSERVED

(-)0.89
(—)1.07
(—)0.78
(0.58)1.34
(-)1.52
(0.74)1.19
(?)0.00, 0.88,
1.64

(-)1.73

( )1.79o B
(-)1.43
(-)1.37
(0.49, 1.45)
0.50, 1.40, -?
(-)1.06
(-)1.53?
(-)1.21
(-)0.91
(0.50:)1.16
(—)0.46
(-)0.95
(-)1.12:
(—)1.20
(—)1.21
(-)1.30
(—)—'?, 2.00
(0.77)?
(-)1.24
(-)1.04
(-)1.69
(-)1.51
(-)0.74
(?)0.62
(0.70)1.11
(-)1.54
(—)1.43
(—)1.51
(?)2.29
(—)1.51
(-)1.95o, B
(?)1.64
(0.67)1.25
(?)1.03
(—)1.07
(-)0.96?, 1.56?
(-)0.44iA
(-)1.39
(-)1.52
(—)1.31
(-)1.65
(-)0.45
(—)0.80

(-)1.54

(?)1.48

(0.69)1.12

(-)1.07
(0.54:)1.25
(-)1.47

I!iFFKCT
CALCULATED

(0)0.86s
(0)1.05
(0.07)0.84
(0.49s) 1.84
(0)1.49
(0.75s) 1.20
(0.41, 1.88)
0.01, 0.88, 1.65

(0)1.35

(())
1.78s
1.36g

(0)1.44
(0)1.40
(0.$9, 1.47)-0.$8,
0.56, 1.54, 2.52

(0') 1.04s
(0)0.53
(0.03)1.24
(0)0.91
(0.41)1.28
(0.06)0.42
(0)0.92
(0)1.07s
(0)1.16
(0)1.28
(0.26) 1.20
(0)1.94s
(0.74)0.87
(0)1.86
(0)1.06
(0)1.62
(0)1.52
(0)0.72
(0)0.62s
(0.74) 1.12
(0)1.58

(0)1.49
(0)2.62s
(0)1.48
(0)1.97s
(0)1.64
(0.72s) 1.26

(0.09)1.26
(0)0.37s

(0.11)1.33
(0.04) 1.65
(0)0.46

(0)1.47
(0)1.56
(0)1.46

(
(0.86)1.12
(0)0.82
(0)1.11
(0.52) 1.25
(0)1.51

i Inside component.
o Outside component.
g Center of gravity of pattern.
s Strongest component calculated.

Doubtful value.

A n component shaded outward.
B n component shaded inward.

'

C p component shaded inward.
D p component shaded outward.

we have given term designations are not given
by Catalan and Antunes. Each of the low terms
62G and c2D accounts for 42 lines. Most of the
higher levels are confirmed by from three to ten
combinations; g'H6; and x'H5i' have but two,
and e'FF&~ only one ()5).

Six levels to which they have given designa-
tions (in the pentads discussed in )5) are placed
in our list of unclassified levels —either because
of irregular intensities in the multiplets or
because other levels, in a more probable position,

were discovered. We have been constrained to
reject as unreal five of their high odd levels (four
in this pentad) and the low c'D at 22, 247, 23,392,
which they regarded as doubtful. Of our 37
unclassified odd levels, all but two are new.
More than two-thirds of these depend on the
new measures in the ultraviolet.

8. ZEEMAN DATA

The observed separations are given in Table V.
The g values given in Table IV were found from



TABLE VI. The g sums for Cn I. values minus those of R and 8 are as
units of 0.01.

follows in

CONIC'IG.

J N
0
T

d~s,
d8$
d9

4
6.71
6.67

d8 (3F)
d7g(5F)
dvs(8F) +4p

5
2.73
2.67

OTHER HIGH
ODD EvEN

TERMS TERMS
ALL

TERMS

13 1 23
17.80 —0.71 26.53
17.33 —0.67 26.00

J
No.

Alg. mean
Arith. mean

Comp.

7
—4.3
&5.7

6.8

12
20
—1.7
&3.5

3.4

22
26

+0.8
&2.5

2.3

3k 4s
21 15

+0.4 —0.5
+1.5 ~1.4

1,7 1.4

Sg 6-';

6 1
+0.6 (+2)
~1.0 (~2)

1.1

N
1-,' 0

T

9
9.33
9.33

11
9.55
9.33

19
24,63
25.07

7 46
7.30 50.81
7.33 51.06

2-,' 0
T

8
9.81
9.71

16
17.26
16.85

15 15 54
17.79 17 39 62.25
17.89 17.55 62.02

3-,' 0
T

N
'41 0

T

5
5.45
5.40

5
5.82
5.80

16
19.24
19.14

11
14.18
14.00

12
13.55
13,74

8
8.54
8.56

18 51
21.70 59.94
21.27 59.55

14 38
1 7.13 45.67
17.49 45.85

5-', 0
T

6-', 0
T

N
7-,' 0

T

All N
0
T

1
1.09
1.09

32
38.21
38.00

5
6.66
6.62

1
1.40
1.39

65
71.02
70.00

2 9 17
2.20 11.38 21.33
2.18 11.36 21.34

5,06
5.13

5
6.46
6.51

1
1.34
1.33

1
1.34
1.33

69 69 235
84.51 80.59 274.33
84.77 80.79 273.56

I

"A. G. Shenstone and H. A. Blair, Phil. Mag. 8, 765
(1929); H. 'N. Russell, Phys. Rev. 36, 1590 (1930)."F.L. Roth and P, F. Bartunek, Phys. Rev. 4V, 526
(1935).

these in the usual manner, starting with the unre-
solved patterns, and then using the formulae of
Shenstone and Blair" in the case of unresolved
patterns, when it appeared probable that the
mean of a blend had been observed; or sometimes
the formulae for the strongest line when this
was probably observed. The computed patterns
are derived from these empirical g values. For
unresolved patterns, the center of gravity of the
group is usually given. When the strongest com-
ponent is entered instead, it is denoted by s.
When two assignments are given in Table VIII,
both calculated patterns are entered here.

The accuracy of the g values may be estimated
by comparison with those of Roth and Bartunek. "
Grouping the levels according to their J values
the mean differences in the sense authors'

TABLE VIl. Conspicuous examp/es of the sharing of g values.

TERM

5 II)
a'DI)

b4P2)-
a'D21

LEVEL

15,774
16,470

15,184
1.6,778

43,425
43,242

0 —T

—0.26
+0.29

—0.10
+0.08

+0.16—0.20

TERM

y4+0 )
v4D'I)
v'D'

LEVEL

46,562
46,260
46,186

52,460
52,970

52,763
52,716

0 —T

—0.75
+0.28
+0.38

—0.28
+0.27

—0.21
+0.26

The accuracy increases steadily with J, which is
to be expected, for the displacement of the
strongest n component of a resolved pattern
is J~g~ —J2g2 and that of an unresolved blend is
-', I(J+1)g~—J&g~I. The observations therefore
determine, on the average, the value of (J+x)g,
where x should be of the order of —,', The values
of 6.8/(J+-', ) are given in the last line and
closely represent the observed mean discordances.
The average value of J is 2.9, corresponding to a
discordance of ~0.02 in the g values. If the two
sets of determinations were of equal accuracy,
the probable error of either would be &0.012,
confirming Roth and Bartunek's statement:
"Most of the g factors are estimated to be
reliable to about 0.01."

Most of the g values are in good agreement
with those derived from the elementary theory
(I.S coupling). The g sums for various configura-
tions are given in Table VI. Here for each group
of configurations N is the number of levels of
given J for which reliable g values were derived
(omitting the doubtful values marked with
colons in Table IV), 0 the sum of the observed

g values, and 1that of those from I.S coupling.
For the first two sets of configurations g values
have been found for all the levels, so that the

g sum test is strictly applicable. For the others
some levels are missing and the test is not exact.
The excess of 0 above 1for the first two sets
suggests that the observed values may be about
one percent too great; but the others do not
confirm this.
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TABLE VIII. Arc spectrum of cobalt (Co I).

REF.

1
1
1
1
1
1
1
1
l
1

1
l
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
l
1

1
1
1
1
1
1
1

1
1

2

2
2
2
2
2
2
2
2

2
2
2
2
2
2
2

2

2
2
2
2
2
2
2
2
2
2
2
2
2

IA

11,894.93
11,630.93
11,508.4
11,402,20
11,318.27
11,305.0
11,158.6
11,106.34
11,094.7
11,091.94
11,085.4
11,018.1
11,015.9
10,957.0
10,946.88
10,935.42
10,805.9
10,785.4
10,771.3
10,739.0
10,713.4
10,692.6
10,681.82
10,660.17
10,561.3
10,521.3
10,471.96
10,447.39
10,442.11
10,398.38
10,382.16
10,367.95
10,364.4
10,354.45
10,348,1
10,335.39
19,332.66
10,276.80
10,172.85
10,167.58
10,154.90
10,152.95
10,131.37
10,128.06
10,111.0
10,10S.43
10,092.1
10,078.62
10,052.98
10,048.80
10,046.31
10,031,45
10,021.47
'10,019.08
10,007.80

9952.2
9940.69
9918.1
9912.73
9909.52
9890.92
9859.90
9852.5
9847.7
9823.52
9798.37
9785.39
9769.0
9764.53
9746.02
9735.53
9729.54
9696.60
9694.0
9678.21
9670.20
9659.94
9629.83
9613.46
9606.52
9597.90
9592.3
9585.28
9580.63
9569.00
9548.66

INT.-TC

10
40

6h
3h

40
2h
2
8
3h

50
ih?
1h?
2h
2h

10h
4

10h
3h
1?
6h

1
3h

30h
30

2
3h

15
4h

20
4h

50
2
1

60
1?
4h
3h
4h

20h
200

2
4
2

150
1h
2
3h

100
8
3

150
5
4h

30h
3
3h
2
1

10
1h

30
1
1
2
4h
2h

40
1h
Sh

100
2
3
5
2

10h
2
3
3h
4

200
2h
2
3
Sh
4

WAvE No.
VAC.

8404.65
8595.41
8686.9
8767.84
8832.85
8843.2
8959.2
9001.40
9010.8
9013.09
9018.4
9073.5
9075.3
9124.1
9132.52
9142.10
9251.7
9269.3
9281.4
9309.3
9331.6
9349.7
9359.14
9378.14
9465.9
9501.9
9546.69
9569.15
9573.99
9614.25
9629.27
9642.47
9645.8
9655.04
9661.0
9672.85
9675.40
9728.00
9827.39
9832.48
9844.77
9846.66
9867.63
9870.86
9887.5
9892.96
9906.0
9919.28
9944.58
9948.71
9951.18
9965.92
9975.84
9978.22
9989.47

10,045.3
10,056.91.
10,079.8
10,085.28
10,088.54
10,107.51
10,139.31
10,146.9
10,151.9
10,176.86
10,202.98
10,216.52
10,233.66
10,238.34
10,257.79
10,268.84
10,275.16
10,310.07
10,312.8
10,329.66
10,338.21
10,349.20
10,381.56
10,399.23
10,406.74
10,416.09
10,422.2
10,429.81
10,434.87
10,447,55
10,469.80

MULTIPLET
DESIGNATION

caD1$ —yaDoy)
eaDq yaDoa)
baG4~. -zapo

caDa) yap oa)
b2Q4~ y4Dog
b4Pi~ —zopoa~
yaDo, y e4F,)
yaDoay -e4pa~
v4Doa~ eoGai?

s4P os —e4Pa~
v4Dop fBPg i?
x4poa~ -e4Pae~.

b4Pag —zap oa~

x4Poai g4F4j,
aaDla~ seDop i

x4Poq) g4pai'
xaPoag —h4P4 ~.

yapoa) e4F4z
x4Foa~ —e4G4g

&aDa) —yaDo, i

w4Doa) —h4F4)
baD&g —y4Do&g
yapoag —e4+~ag

m4p oat —h'F4~
baGag —sapoag
x4Goe~ —e4Hq
baDq saPoa)
x4Fop —e4Dqy
x4Goe) —e4He~
yaPoay e4pai
x4poay —fapa~
ae4Doa) —g pa
x4Goer —e4Ge)
x4poay -e4Gg
x'F os —e4Da~
yaDoag —capp
x4Go4g —e'Hq
~4Poa) h4Pa)
b4Pg —soDo&g'
yaDoq —eapag
x4Goq —eaG4~
x4Go4~ —e4Gq
x4poq g4pq?
aaHeg —saGo4~
x4po4) —g�4F-
�qx4F�—e4Hq
baDa~ —zap'
b4Pq —soDoag
x4Fop —e4Gag
x4poq -e4Qeg
aaHq —y4Go4)

(
yappy —e4F&g
x4G a) eaQa

m4poag —h'Fa~
m4Doqg -eaD&y
b4Pag —za Dog
~poag f4Pax
baDag —y4Doa~
xaPoa) h4Pa
xap oa~ —f4Da~

x'Fog —g4Fag
x4poa) fapa)?
x F ag -e4H4)?
zv4Po4) —f'Ge)
xapoa) i4P~)
xapog -eaG4g?
aaHq —sa Goal
xaPog h4pq
~poa) j4pq

(
baDiy -zaDoa~

m4poa~ -f4G4~
m4poa~ —f 4'
x4Po,,) gap ai
x4poay -e4Ga~
w4p ops —a4Pay

m4poq -h4pa)
~F04) f4Dag
yaPoa~ —eap&~
x4Foa] —eaGa)?

w4po4$ —eo Dw)
R4poa) —f'Da)

REF.

2
2

2

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
4
2
2
2
2
2
2
2

2
2
2
2
4
2
2
2
3

4
4
3
5
5
5
3
3
3

IA

9544.52
9527.17
9517.33
9513.42
9482.75
9470.74
9454.23
9442.34
9435.70
9428.8
9422.60
9406.12
9395.11
9356.98
9351,06
9347,88
9344.93
9340.54
9319.53
9280.42
9262.5
9258.18
9245.60
9233.64
9207.96
9204.11
9185.95
9181.75
9177.93
9165.52
9133.24
9130.50
9111.64
9095.37
9071.35
9052.44
9040.0
903/. 87
9032.70
8986.51
8972.89
8958.37
8953.72
8939.14
8926.21

' 8904.63
8892.49
8888.70
8878.28
8870.70
8856.56
8850.70
8837.90
8835.21
8819.11v
8779.20
8774.71
8772.04
8766.55
8759.58
8750.13
8745.56
8744.37
8733,27
8722.12
8678.65
8675.02
8661.06v
8658.14
8655.73
8648.79
8596,09
8589.78v

8586,68v
8575.32v
8574.46v

8569.72

8559.07
8513.52
8489.50
8478.45
8454.71
8409.03
8379.44v

INT.—TC

300
10h

1

1
1
2
3h
4h
3
1
3h
4h
2

200
3
2h

20
3h
2
5
2
4
1
1
1
5
2
5

20
2
6
2
1

50
4h
2
1

50
1
3
7

15
2
5

50
30

1
8h
3
8
3

30
4h

20
100

3
2
2
4h
3

60
8

10
40

2
3

20
60

3
3h
4
3h

50
30
50
50
18
10
Sh

30
8
1

10FVh
35

WAvE No.
VAC.

10,474;35
10,493.42

10,504.27

10,508.59
10,542.57
10,555.94
10,574.38
10,587.69
10,595.15
10,602.9
10,609,87
10,628.46
10,640.92
10,684.28
10,691.04
10,694.68
10,698.06
10,703.09
10,727.21
10,772.42
10,793.3
10,798.30
10,812.99
10,827.00
10,857.19
10,861~ '/3
10,883.21
10,888.19
10,892.72
10,907.46
10,946.02
10,949.30
10,971.96
10,991.59
1 1. ,020.70
11,043.72
11,058.9
11,061.52
11,067.86
11,124.74
11,141.63
11,159.68
11,165.48
11,183.69
11,199.89
11,227.03
11,242.36
11,247.15
11,260.35
11,269.98
11,287.96
11,295.44
11,311.80
11,315.25
11,335.90
11,387.44
11,393.26-
11,396.73
11,403.87
11,412.94
11,425.27
11,431.24
11,432.80
11,447.32
11,461.96
11,519.37
11,524.19
11,542.76
11,546.66
11,549.87
11,559.14
11,630.00
11,638.55

11,642.7S
11,658.17
11,659.34
11,665.79
11,680.31
11,742.80
11,776.02
11,791.37
11,824.48
11,888.71
11,930.69

MULTIPLET
DESIGNATION

y2Poa) eapa)
g)4F04) j4F4)
m4p os —eoDa~
x4Goag —gapa~~
~4poa) fop~
x4Poay —g4 Pqa
b4Pay —saDoa)
v4Doq —g4Pay
x4Go4) —e&Ga)?
x4Go4) —h4F4)
xapop f4G4I
~4po~) f4Qa)

~po, ~ g4p.„
aaHeg -y4Go4

aet4poa) f6Pa)
aaH4) —y4Qoa~

'N4po2$ —a~pa&
l84po|y fBF2$
yapoa) eop4)
baDq —y4pop
xdpoa~ —e4Hay
baD2) —saGoa)
aaPg. —s4poa~
x4po~g —eaH
b2Dag

sapor'

x4Goa~ —h4Pa~
x4Fo4g —e'He~
x4Qoq gapa)
x4pol) —gapa)
x4Fop —h4F4y
baG, &

yaGo
ya Goy —e4pq
aaH4~ —y4Foa~

baDq —y4Fop
x4Go,) h4F
aaHe) —y4P 4$
xaDoa~ —eo Gag?

mcpoa~ —eoQa~
y4po&x e4pa]
av4poi$ —51$,a$
av4Doag —h4Piy
baDq —zaDog
x4Goa~ —h4pq
x4Doq —g4 pay
x4Goe~ —eaH4~
x4poaa —h4pq
x4F os —g'Pq

y~poa~~ cap'pa~

y4poag e4P4)
x4Goq —h4Fq

av4po4& —eel
x4Doq —e'Pa~

m4p os —4ag
x4Doa~ —e4Dq

x4Go4~ —h4pa»
y4Goa~ -e4pa~?

x4Goa~ —h4Fa~
NFoz) —h'Fa)
x4Go4) —i4F4&
zaDoq —e'F~~
baDa~ —saDoa~
baDq —y~poa~
x4poq —eaH4g
aaP&y —z4Doag
x4poq —h'Fq

(
y4poag —e pa)
x4pop —h4F4~
saDoag —e4pa~
aaH4I —ya Goo~

aaHe) ya Q04

(
2G 4g e4Pa

x4Qoay -i'Fag
y4phy —e4pay
yaGoay —e4Fay
x4poq —h4pa)
yaGoag —e'Fa~
x4Poa) —h4Fo)
boa~ —3'
x4Qoq —f4G4)
y4Poa) e4pa)
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TABLE VI II.—Continued.

REF. IA IN T.—1'C
VAVE No

VAc.
MULTIPLET

DEsIGNATION REF. IA INT.—TC
WAVE NO.

VAC.
MULTIPLET

DEsIGNATIoN

5
5
5
3
5
5
4

5
3

5
3

4
5

5
3
4
5
5
5

5
3

5
3

5
3

3
5

5

5

5
4
5
5
5

5

5

4
3
5
S
3
5
5

5
3
4
3
5
5
5

3
5
4
5

4.

3
3
3
5
5
5
3
5
5
5
5
5
4

8378.34v
8372.79v
8345,55
8342.63
8331.69
8318.55
8315,35
8301.45
8298.95v g
8296.82v
8283.48
8275.55
8272.38
8269.38
8243.38
8208.57v
8192.97v
8189.32
8167.88
8160.65
8154.31
8151.95v
8150.19
8140.43
8137.08
8116.37v
8114.04
8112.13
8093.932v
8085.54
8082.60
8080.23
8066.49
8062.98
8055.996v
8053.50
8050.76
804$.306v
8041.37
8037.64
8029.217v
8024.73
8022.08Vv
8017.86
8016.56
8012.99
8007.239v
7998.09
7996.80
7987.36v
7984.22
7980.57
7966.08
7962.40
7960.55
7957.76
7926.525v
7919.48
7912.90
7908.6V9v
7907.14
7885.25
7877.49
7873.32
7871.3VOv
7869.868v
7866.10
7859.39
7855.821v
7843.64
7839.99Vv
7838.121v
7822.12
7818.25
7817.15
7810.30
7809.24
7794.13
7786.63
7764.02
7743.27
7735.45
7734.23
7725.95
7712.661v

50
80h
20h
SOWh
20
5Wb

20
Sh

60h
50b
50b

8h
Sb

80h
1

80
125

10h
20 Wh
40
10h
60
50
40
80
80
10h
5Wh
8-III
Sh
1

60
60

SWh
2—V
2h

5Wh
2—V

20
10h
80
40
40
15h
15h
20Wk

5—V
12b
10h
5-III
1
3h

40
3Wh

25h
, 40h

3—V
15h

1
6-III?
1

10Wh
20
10h
2-V
2-V
1

10Wh
40h
12
40
3-V
2Wh

5h

10h
20

5h
1

12
4

10k
40
12
6—III

11,932.26
11,940.18
11,979.15
11,983.33
11,999.07
12,018.03
12,022.66
12,042.79
12,046.41
12,049.50
12,068.90
12,080.47
12,085.10
12,089.48
12,127.62
12,179.05
12,202.24
12,207,68
12,239,71
12,250.57
12 260 09
12,263.64
12,266.29
12,280.99
12,286.05
12,317.40
12,320.93
12,323.83
12,351.54
1.2,364.36
12,368.86
12,372.49
12,393.56
12,398.96
12,409.71
12,413.55
12,417.77
12,429.28
12,432.28

12,438.04
12,451.10
12,458.05
12,462.16
12,468.73
12,470,76
12,476.31
12,485.27
12,499.55

12,501.57

12,516.34
12,521.27
12,526.99
12,549.77
12,555.58
12,558.50
12,562.90
12,612.40
12,623.62
12,634.12
12,640.86
12,643.32
12,678.43
12,690.91
12,697.63
12,700,78
12,703.20
12,709.29
12,720.14
12,725.92
12,745.68
12,751.60
12,754.66
12, /80. 74

12,787.07
12,788.87
12,800.09
12,801.83
12,826.64
12,839.00
12,876.38
12,910.89
12,923.94
12,925.98
12,939.84
12,962.13

y4Goq —e4Fa
y4F04g —e4Pq
y4poa) —eapa)
x'Goy —f4Gay
aaDa) —z4Foa)
x6poq —f 4'~
Z2Doq —e6Fi(
x6poq —z4Fq
x4G64~ —f'Ha~
x4Goq —f4H4)
x4Goaz —f4Haz
x4poag f4Gai
x4Goq —fopaj
x4Goa) —f4H6)
x4poax —

iaaf

y4po& x —e4P &
x

y4Goag —e4Faa
xaG64~ —i4py,
g4Foa~ —f'G4~
y4Goax eapax
x4Goag —i4F4~&

y4FO4a e4p~i
baG4~ —yapo&&

y$
—Z2po

F64' f4'
4G04 i —e4F4 &

x4Goa~ —e'Ha
zap oa) —e4Fa)
y4Go-g e4P4g
x4poa~ —f4Daz.
x4poi; —f4Gay
s'Go ~ —e4Fq
zaDoq —e'Pa)
x4Goq —4ay
y4poq —e4$"2g
zaDoa~ —e4pa�-
~x4�G0 e6G41
x4Doq) gaFax
y4Foa& e4F&g
haDa) —zaDoyz

(
aaDa& Z4Foai
x4Poa& f6P4x
y4Dop~. —e4Fqg
y4poa) e2Paz
z2DO2) —eapa~
x4FO4) —h~p a&

x4poa~ —z4F a~

x F 4, —f4D~.;,
yaGO4) eaPaz
x FO4) —e6D4

{
a2Ga) Z4Goa

X4GOa) eOH4Z
aaDq~ —s4Doa~
x4 Goa x

g4poaa e6P
y4F oyz —cap a~
g4poti e6Gai
x4Foag —i4Fa~~
x4F64' —i4F4z~

yaGoag eapa)
xaDoa~ —g4 Pa~
xaDop~ —g4Pa~
y4GO4) —e4Pa~.
x4poa~ —i a~

g G04z —e605i

zg4poa~ g4P2 &

y4Goa& —e4py y

y~Goa) —e~p2~
x4Goa& —e'Hq~
x4GO4& —eoGa~
y4Dos) —e Fa)
a'QADI z —Z4Poql.
y4Goa~ —capp
y4Do&i e4pq
x4FO&~ fop&~

(
x4GO6) —f4Ha)
x4Goq —4qg
x4Foa~ —3'
y4poa& —eapa
aaG4g —Z4G64g

a'G4g —s4Doag
x4GO6) —eOGq
x4Doiz. —gapa'
z2Foa) —e Ipc~~

x4Goq e6H6
y4DO) —e4pi)
b Dq. —y&DO2)
baPig —zaDO2~

5
5
5
3
5
3
3
5
5
3
5

3
3
3
3
5
3
5
3
5
5
5
4
5
5
3
3
5
5
3
5
3
4
5
5
5

3
3
4
3
4
5
3
3
5
3
5
5
5
5
4
3
3
4

5
3
6
4
5
3
3
5
4
5
5
5

4
5
5
4
4
5
5
5
3
3
5
5
5
5
3
5

5

7704.92
7701.90
7695.94
Z 685.65
7648.08
7641.43
7637.63
7634.50
7618.64
7616.13
7610.24
7606.30
7604.30
7600.11
7594.18
7590.57
7588.71
7586.72
7578.34
7564.96
7561.06
7559.65
7553.9VOv
7533.48
7526.29
7524.07
7515.28
7502.72
7489.37
7484.00
7478.77
7471.21
7457.342v
7443.43
7437.16
7429.00
7417.38v
?406.23
7398.72
7388.689v
7365.77
7354.5V9v
7353.47
7351.55
7349.68
7315.73
7307.86
7285.28 @
7263.58
7250.12
7217.34
7193.56v
7185.63
7173.37
7159.153v
7154.688v
7134.290v
7124.47
7117.91
7113.98
7113,538v
7102.55
7101.77
7097.84
7094.53
7084.9V4v
7079.20
7070.41
7055.88
7054.042v
7052.8V2v
7042.58
7032.52
7027.V9Vv
7016.602$
7015.18
7004.81
6997.22
6977.02
6972.70
6946.31
6937.81
6910.84
6908.08
6906.39
6901.52
6872.32v
6864.91

12
12
10h

1
12h

1

3
2
1
2—IV
2—V
1
1
1
2-II I
1

20
1

20
15
15
4-IV
1—IV
2
1
1
3h

10
1
3
1
6—V

10h
1—IIIA

10
10—II

1
1
5-III
1
3-III

25
1
1

25
1
4—IV
6
1—IIIA
8
4—V
1CrP
1
6—V
8—II
5-V
1-III
2
1
5—V

25
1
1
1-IV

100-I
10
20
25
10—III
60—I

5h
25
6-V

35-I
5
3-III
4d—V
1
1

10
4—III

15
30

1
5

40—I
10

12,975.16
12,980.24
12,990,29
13,007.69
13,071.59
13,082.96
13,089.47
13,094.84
13,122.09
13,126.42
13,136.58

13,143.38
13,146.84
13,154.09
13,164.36
13,170.62
13,173.85
13,177,31
13,191.88
13,215.21
13,222.03
13,224.49
13,234.43
13,270.43
13,283.11
13,28/. 03
13,302.56
13,324.84
13,348.59
13,358.16
13,367.51
13,381.03
13,405.92
13,430.97
13,442.29
13,457.05
13,478.14
13,498.43
13,512.14
13,530.48
13,572.58
13,593.23
13,595.28
13,598.83
13,602.29
13,665.42
13,680.13
13,722.53
13,763.53
13,789.08
13,851.71
13,897.50
13,912.84
13 936 61
13,964.29
13,973.00
14,012.96
14,032.27
14,045.20
14,052.96
14,053.84
14,075.58
14,077.12
14,084.92
14,091.49
14,110.49
14,122.00
14,139.56
14,168.68
14,172.37
14,174.72
14,195.43
14,215.74
14,225.29
14,247.99
14,250.88
14,271.98
14,287.45
14,328.82
14,337.70
14,392.17
14,409.80
14,466,04
14,471.81
14,475.36
14,485.5Z
14,547.01
14,562.82

aaHq yapoaz
b2P) y4pogx
xaPop g4P~)
Z2P01$ g4Pa&~

y~Goag —eapn~
y4F04) —e2Pa)

zapoa) e4pa)
baGa~ —yap oa~

g'F64', —eoDa~
baP) —zaDoq

(
zapoag e2pa1
zaGoa) —e4F2(

m4Doal —g4Pa&
x4GOO~~ —e6G4.~?
x4Foag —4qg
aaDq z4Dozz

b'Pzg —y'Goay
b'Di~ —yap oa~
z'Goa~ —cap al
x4Dog) —h4 F4)
y4Do2g —e4pa~
y4Doq —e4F&g
zap oag —e4Fq
y4Doai eaPa)
z'Doa~ —e'Fal
X6poay —Sq a;

vo4Doag —g4Pa~~
x4Doz —h4F I~
A~Doa' —h4pa)
g+Doag gaPag
b4Pg —s4pojz
y4po4) e6P4)
z2G04& e4Pa
x4Doi& —h4pa&
b4P, ~~ dpo,
x4po4~ —eoG4g
aaDyg —z4Doq~~

caDq —Z4Poag
c2DJa, Z4Po
baDa) yaPoai
y4GO x eaPaz
b4Paz —z4Foa~

y4Doq —
cap&~

x4Doq —h4F y.i
x4poa~ —e6Ha~
aaDa~& —z4Dog~&

x4poq) 4ai
baDq —yahoo)~
x4FO4g —e6Ga~ r'

b4P&g —z4Fop
haPq —zaDox(
y4Do@ —cap al
x4Doag —h4pay
x4Doag —f4Da~
zapoag —cappy
aaDy~~ —Z4Dog)
z'Goa) —eaP g
b~Pq —Z4poa~
x4Doa~ h4F
x6Doq —f4Daj
z2poaa —eapa x

x4Doq —i4pa~
y2GO4( —f4F4)
y4Doq —eapai
b4Pag —z4Doa.~

x4Doi~ —e6P& ~.

x4Doal —i4F4~~
x4Doag —f4 Gap
ha Day —yaDoa)
b4Pq —Z4Doa~
y4 Dog e6F4 g

g4Do„)
zaGO4& eapa~
b'P) —Z4D~&)
x4Doq —2I)
aaDq —Z4l)o~
x6Doq —f4Pa~
b4Pq —s4Goag
x4Doig —f4G g
aaPq —zapoa~
b2D2) yaPoag
aa Gag —zaGO4~
caDO~ —z4Poa~.
x4Dog —fop'~
caDa~ —z4Poq~
b4Py —Z4Dog
Z Pol) —g Pa/

", ( l&.rror of +1A assumed in X published in M. I. T. list. 4' Line double-Burns.
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TsoLLz VI I I.—Continued.

INT.-TC
WAvE No.

VAC.
MULTIPLET

DEsIGNATIoN REF.
X

EA. IN r.-TC
WAvE No.

VAC.
MULTIPLET

DESIGNATIOY

-5

5
3
5
3
5
5
4
5
3
5
3
5
5
3
4
5
5
5
5
5
5
5
5
5
3
5
4
5
3
3
4
3
5
5
5
3
5

10
3
5
4
4
6

4
4
7
3
4
4
8
8
4
3
5
5
4
4
3
3
4
8
7
4
4
4
4
4
4
4
4
5
4
7
4
5

5
9
4
5
4
5
3
8
4
4
4

6858.38
6846.97
6845.66
6838.11
6829.92
6826.96
6819.53
6814.9508
6808.94
6807.43
6799.40
6792.35
6789.26
6784.85
6778.06
6771.040v
6767.394
6758.10
6756.57
6742.17
6722.71
6720.95
6717.64
6712.71
6703.92
6700.99
6692.87
6684.8VSv
6684.08
6682.30
6680.35
6678.818v
6672.96
6665.29
6663.72
6652,29
6649.97
6645.33
6644.03
6638.40
6635.12
6632.438v
6623.780v
6623.36
6617.5725
6617.126v
6595.8698
6591.834
6S88.02
6579.3738
6563.403v
6554.840
6554.382
6552.466$
6540.64
6535.13

. 6517.00
6508.785v
6504.223$
6502.29
6496.18
6490.3448
6483.305
6482.806
6477.8615
6474.558v
6470.1288
6463.060v
6454.9988
6451.1368
6450,2308
6444.678v
6439.171
6431.0VS$
6430.342
6429.913v
6425.125
6421.V038
6417.824
6414.67
6407.5108
6396.524
6395.158v
6386.69
6366.20
6352.751
6351.4488
6347.8438
6340.8058

25
25
10
15

1
3

20
40-I
25h

1
6h
1

15
25

1
50-I
15
25
25
5
4
4
5h
8h

15
1

30
30

228
1
5—II
2
4
3h
3h
5
4h
1
1

25k
15—II
2-III?
1
3n—V
6n-V

12—V
15

1
15
40—II

2N
2n
3-II I
1
2h
3k
Sk

15
1

6-II I
1N
2h

10—V
2528
3

25h
40—III

3n—V
80—I

2—V
80

Sk
2—V
4-II I
5
2—V

15—III
1
1
2—V
8—V
5k
228
2h
2-V

10—V
10

14,576.69
14,600.98
14,603.77
14,619.89
14,637.43
14,643.77
14,659.73
14,669.58
14,682.53
14,685.78
14,703.13
14,718.39
14,725.09
14,734.66
14,749.42
14,764.71
14,772.67
14,792.99
14,796.33
14,827.93
14,870.85
14,874.75
14,882.08
14,893.01
14,912.53
14,919.06
14,937.15
14,955.02
14,956.80
14,960.78
14,965.15
1 4,968.58
14,981.72
14,998.97
15,002.50
15,028.28
15,033.52
15,044.01
15,046.96
15,059.72
15,067.16
15,073.26
15,092.96
15,093.92
15,107.12
15,108.14
15,156.83
15,166.10
15,174.88
15,194.83
15,231.80
15,251.70
15,252.76
15,259.55
15,284.82
15,297.69
15,340.25
15,359.62
15,370.41
15,374.96
15,389.42
15,403,26
15,419.98
15,421.17
15,432.94
15,440.81
15,451.38
15,468.28
15,487.60
15,496.87

15,499.05
15,512.40
15,525.67
15,545.21
15,546.98
15,548.02
15,559.63
15,567.90
15,577.31
15,584.97
15,602.38
15,629, 18
15,632.52
15,653.25
15,703.62
15,736.87
15,740.10
15,749,04
15,766.52

Z4poq —g4pzx
x4Dozx —eogz~.i
x4D02&- —e6P»

g2Gzx S2Poox
x x'

x4goq —eoGq
Czgy) —Zzpo&-

b4P)) —z4gozx
y4P04) —f4P4)
yzgoq —e4D2~
x4goz) e6D6
y4gozx. —ezpzx

x'Do~ —6~
y4Poq f4I& q
x4go~) f6pg x

b4Pzz, —s4D02~
y4poz) f4pz)
czgq —284 D 0

x4D06~ —eopzl
x4D06~ —24pzxi
yzE& Oq —e2PZ x

Z2Poza e2PZ x

y4pol) f4F
x4goq —Sq 2~
x4goz~ —

ized

b4Pzx —S4Gozx
x4gozx —f6Pzx
bzgz) yzgol

yzgozx e4gzx
czggl —'K4DO&

b4pq~ —S4gox
a4pz~ —z4Fozx.
x4g0» —6)
z4G02~ —e4F6!
y4Goq -f4pzg
x~g06~ —eOGq
y4G02) —f4'.
z4G06) —e4P4~
y4G04~ —f4F4&
czgq —zzpo&x
a'P» —s'Doz-,'
azgq —zzP06x

y4G06~ —f"F4~
yzgoz) g4P6x
yzg02~ ezP& x

S4goz~. —e4F z~

yzgoz~ —ezpg
x4Doz.x —e6H Ox?

yzgo) x —g4F2 x

a G4g —S2G04x

y4FO, ~ f4Fz,
x4goz) —42)
b4P2) z4 goy x

gzp&) y4G zxi

x4gozx. —eogz~
x4D06& —eoGq
y4poq f4pzx
z4G06~ —e4FOI,

yzgoqy —e4D»
gzG4z S2Pozxl
Z2Poq —f4Fzx
g2P) —y4Pog x

S4g0))—e4P2 x

. czggx —xz goi-;-
Czgi x —XZD'2!2
yzgoq —e4gzix
S4goq —e4F4x
y4D06) f4F4)

(
g4P2) Z4gozx

(azG6~ —zzG06~)
Z"G04g —e F4x

y4Go z f4P x

y4goz j4pzy
a2G6) —s2I' oq
aZGq —y Doziz
y4go, l, f4p, ,
azp) —szgog x

yzgo» —ezgzix
yzPozx e4gzj'
y4DO& f4I&,I
s4gog —e4pq
S2F06) f4E&4x

y2Fozx e4P&x
y4G04& —f4pz&

y2P02) g4I&'2 l
y2F06) g4Pz)
czgzg 284gogx

4
8

8
5
4
4
3
3

7

4
3
5
4
4
5
4
4
4
4
5
4
5

5
5
5
4

3
4
5
3
3
3
3
3
7
5
3
4
4
4.
4

5

8
4
4
5
4.

4
4

4
4
4
4
4
4
4
4
3
4
3
3
8
4

4
4
5

ii
3
3
4
7

10

6337.963v
6322.919
6320.418v
6318.552
6315.779
6314.5288
6313.032v
6302.50
6296.96
6292.8298
6282.636v
6278.19
6276.6088
6275.1334
6273.026

6271.900
6271.4V2v
6265.97

6262.825
6257.578$
6257.0668
6253.940
6249.504v
6247.2848
6246.3898
6232.440v
6230.968
6223.3558
6222.329
6211.2975
6205.503
6203,701
6197.837
6193.540v
6189.0055
6181.90
62 81.008v
6175.029
6171.43
6168.86
6160.04
6158,53
6146.38
6143.764
6132.410
6130.41
6129.1185
6128,224v
6122.640v
6116.994$
6107.9378
6105.470
6100.7788
6098.270
6093.144v
6086.6635
6083.283
6082.4328
6070.671v
6058.2335
6049.110$
6015.384$
6013.6538
6011.4025
6007.690v
6006.3528
6005.0308
6002.459v
6000.668v
5996.915v
5993.48
5991.890v
5990.46
5989.58
5984.582
5984.2538
5984.0928
5983.278v
5981.990v
5965.661
5965.040
5963.39
5951.73
5946.484v
5940.424
5939.86

5
2h
8-IV
4n
2h

50
50

1
2h.
5

40—I
1

40
25

4—III?

1

1

Sh

6-II I
3
2h
8—II
8
Sh
2—IV?

10—II I
10
3
2-IV?
3h
2h
5h

15
10-Ilw

1
10h

2
1
2k
1
2h
3h
Sh

10h
1

2028
5
8-IV?
8-I
2—V

10h
4h
3

]0—I
7-II?
2h

15—III
2-V
3
6—V
2

30t
2h
5-V
5—IV?
8
2
5—I
2
1

20-III
1

1
4n
3-III?
3—III?
2
3h
2h
2k
1
2
S-III
1
1

15,773.59
15,811.12
15,817.37
15,822.05
15,828.99
15,832.13
15,835.88
15,862.34
15,876.30
15,889.24
15,912.49
15,923.76
25,927.78
15,931.52

15,936.87

15,939.73

15,940.82
15,954.82
'15,962.82

15,976.22
15,977.S2
15,985.51
15,996.86
16,002.54
16,004.83
16,040.65
16,044.44
16,064.07
16,066.72
16,095.51
16,110.28
16,114.96
16,130.21
16,141.40
16,153.23
16,171.79
16,174.13
16,189.79
26,199.23
16,205,97
16,229.18
16,233,16
16,265.25
16,272.17
16,302.30
16,307.62
26,311.06
16,313.46
16,328.31
16,343.38
16,367.62
16,374.23
16,386.83
16,393.56
16,407.35
16,424.83
16,433.96
16,436.25
16,468.09
16;501.90
2 6,526.795
16,619.45
16,624.23
16,630.46
16,640.73
16,644.44
16,648.11
16,65S.24
16,660.21

mx

16,670.63
16,680.19
16,684.62
16,688.60
16,691.05
16,704.99
16,705.91
16,706.36
16,708.63
16,712.22
16,757.96
16,759.72
16,764.35
16,797.20
16,812.02
16,829.16
16,830.76

z4G02~ —e4F2~

z4gozx e4Pox.
yzpozx e4G4x

Z4G02) —ezp6!i
b2P)) yzPoz&

y'Fog —e4Cxp!

Z4G04) —e4E& ox

X4G06& g4II, x

gzgz). —y4Dcz
Z4E& O, x e4p„xi ' ''i
a4P&.x —S4¹x
S4/0) x —g4PZ

x~

Z4g 02~ —e'P2 x-i
y4DO, & j4p, x

z4DO» e4+»
2

zzFozi —f4E&zx

z4G06~. —e4E 4x

azGq —y4Gozx
a4l~q —2'4G06x

yZDOZx —e4P&x
azgzx —zzGozx

gzpy~ Szgog)
(azG4~ —y4G06~)
z4goz) —e2E& zx,

yzgoq —g4Pzx
zzG06~ f4F2x'
g2G4x y4G04x
yzD0 ~

—f'F,-

z'Fozz —e4P4-
x

czgq —zzpo& x

g4PI —S4go& x

y4gozI —f4F 2-,'

a4Pq —s'Goz-,'-

yzD01) j2E' Zx

y2pozl —e4E72p

x4Goq —g4II6',-

y2E& 02) e2gz x

S4G06I —e'I'zx
a4pq —z' Doz&

x4G04~ —g4Hox
~4D06) f4F6x'
Z4G06~ —ezp&zx

x4gozg —g4pzz,
azGq —yzGo4.
az G6) —szD'2,'-

gzG6~ —y4F 062

gzG4) —zzG06x
S4Goz-' —e4 Fqxi

z4goi~ —ezF i'-

g4P2) —z4Go 2!
gzDg) szPoq
z4F0&~ —e4Fzg
z4E& 06) —e4Pzx-

a4P) —z4go]
yzgoZx. —eZliZ x-

gzG4( y4p04 x

yzpozx e4EE,'x

X4GOox g4IE6x
a4P j.I, —Z4DO&x

czgzx —xzDozx
y2Fozx —gzFq
Z4P04x —e4P4)
yzgoz x ezg(x
szG04x —f4F~'

yzPozx —e2Gzx
yzP06~. —g4P2~
yzgozx —e4II6l
z4D06x —ezp ~x"i .'4
y2POZx —f2PZI
y2F06) —f2F zx-

a4pg. —Z4 goix
z4G04Ii —ezp;x,
z4E& ozx —e4F2~?
y2poz) —e4+4zx
azg» —y4goi)
gzgzy —zzgoz&

azgq —y4Pozl,
y4goq —f4Fzz,
czgq —284poz)
yzF06x. —ezG4)
a4Pq —S4Dozx

S4pozx —ezE'6x

g'Gzx —y"F'2-,'
Z4goz~ —eoF
s4P04) e4P6
yzgoz~ —ezG6x
z4goz~ —ezpz~.
z4poq —e4pq
yzgoq —g2p2
S4Goox eopoz

f Wave-length 6013,S82 (M. I. T.), g~ Line probably a blend,



SPECTRUM OF COBAI T

Tzm. E VII I.—Continled.

IA INT.—TC
WAVE No.

VAc.
MULTIP LET

DESIGNATION REF. INT.—TC
WAVE NO.

VAc.
MULTIPLET

DESIGNATION

10

3

3
4
5

11
4

4

4
4.
3
3
3
4

4
3
3

11
5
5

10
5
3
3
3
3
3
3

10
4
5
3
5

11
3
3

10
11
3
5
4
3
5

5
5
5
4
4
4
5
5
9
5
4

10
5

3
3

11
9

11
3
3
4
5
4
9

11
4
3

11
4
7

4
3
3

11
11
4

5935.3918
5923.13
5922.365
5916.88
5915.5518
5905.5848
5890.4878
5886.52
5883.42 1v
5881.077
5878.047
5877.427v
5876.102v
5846.5VSv
5834.6288
5830,0V08
5826.299v
5818.09
5806.34
5793.92
5790.0848
5774.3VSv
5770.443v
5768.71
5760.39
$754.079 '

5752.883
5750.952
5741.50
5740.986
5739.59
5736.52
5734.25
5733.28
5730.45
5720.80
5715.91
5706.1608
$703.031
5696.75
5688.$93
5688.169
5686.96
5684.69
5681.04
5679.637
5676.49
5675.421
5659.121v
5656.10
5651.'l34

5647.234v
5643.087
5642.542
5639.991
5637.V34v
5636.4558
5636.1288
5627.726
5616.077
5602.26
5598.478
5594.VV88
5593.13
5592.185
5590.7448
$589.27
5581.28
5576.045
5573.65
SS69.678
5565.87
5563.69
5558.8258
5546.968
5545.9378
5544.28
5533.070
5530.780v
5527.19
5525.674
5524.990v
5523.968
5523.3108
S515.9908
5508.29
5503.23
5501.511
5497.557
549$.682v

6-III
1
3
2h

10—III
2h

12—III
1
3
2—I?
1
4h
4h
2—V
1
4—V
3
2
1
1Fe?
2
2

. 2—V
1
1
1
2h
2
1
2h
1
1
1
1
1
1
1
1
2k
1
2—II
1
3
1
1
1
2
3h
3—II
1

3h

12—II
Sh
2h
1—I IIA
3—V
1
3—V
2
5
1

SOCa?
2

2
10—II

1g?
2
1
1
1Fe?
1
1
2-I II?

2-III?
1
1

10—II
1
1
4—V
1
8-II?
3h
1
1
1
1
2-III?

16,843.44
16,878.30
16,880.48
16,896.13
16,899.92
16,928.45
16,971.83
16,983.27
16,992.22
16,998.99
17,007.75
17,009.54
17,013.38
17,099.30
17,134.32
17,147.71
17,158.81
1/, 183.02
17,217.79
17,254.70
17,266.13
17,313.10
17,324.90
17,330.10
17,355,13
17,374.17
17,377.78
17,383.61
17,412.23
17,413.79
17,418.03
17,427.35
17,434.25
17,437.20
17,445.81
17,475.24
17,490.19
17,520.07
17,529.68
17,549.01
17,574.17
17,575.48
17,579.22
17,586.24
17,597.54
17,601.89
17,611.64
17,614.96
17,665.70
17,675.13
17,688.79
17,702.88
17,715.89
17,717.60
17,725.62
17,732.71
17,736.73
17,737 77
17,764.25
17,801.09
17,845.00
17,857.05
17,868.86
17,874.13
17,877.15
17,881.75
17,886.47
17,912.08
17,928.89
17,936.60
17,949.39
17,961.67
17,968.71
17,984.42
18,022.88
18,026.22
18,031.61
18,068.14
18,075.62
18,087.36
18,092.33
18,094.55
18,097.92
18,100.07
18,124.09
18,149.43
18,166.11
18,171.79
18,184.86
18,191.06

b4pq —y4Dosy
y2D02( fsp2)
b4P« —y4D02y
X4Doq —g4P2g
a2Gsg y2G031
z4D03~ —eop4g
a2G4&' ysGo4
c2D2z —y4poq
a2D« —z2D02~
a2G4y —y4P's~
b4P«zsp02~
y2F osz. —esD2y
y2F 02y —esD«
s4F03) —e4F2)

y2 Gosh'
—e4G4)

s4Foss e2Fsz
z4posf, —e4F
Z4F0«, —espsg
c2D« —282DO2z.

y4F02y —e2P«
y2pop —e4Hs~
y2F osi —gsPq
ysF03) —e2H4i
z4F04y —cope~.
z4Gosg —eoF211?
yspos) gsp2x
s4 Goe) —eOP4 &

y2Dosx h4F&y
z4Dos~ —eOF 3~

y2PO» —h4P4)
asD2) —y4FO&~

y2G03~ —e4D2;
c2D« —x4P0121
z4G04$ —e6P
z4pos) —e6pq
a2D« —y4F02~.
z4posg —esF3,
ysPos) fsF2)
Z4P021 e2Pq
b4psg —s2Gosz
a2D2a —zsDoi ~

1 2
y4pos) e4P2i
z4P04x —e2P3)
y4pos) e4D3 &

b4psy —z2F02~.
y2D02g —h4pg~?
y2Doq —g2p21
y4Foq —e4D2~
asG42~ —y'Gos,
b2D« —x4D0«
b4PIi —z2Dos
Z2Doq —espy
a2P« —y2DosI
c2D« —82Do«
zsDO« —g4P
a2D« —y4P0
y4posg g4Psg'
z2D02) —g4Fs~-
Z2D02) —espy ~

y2Goq —e4Gs~
y4Poq —e4G4I
y4PO« —e2P x

b2G4y —10sg
y4Gos, —e4Psg
Z4F02) e6p2)
z4PO» e6Pq
asD« —ssDoqg
y4G02g —e4D2~
z2DO« —e4D«
y2posg —h4p21
y2Gos~ —g4F2y
bsD« —ADO~?
y2G03) f2Pss?
Z4posg —e2F2~
c2D« —282Do«
ysGos) -e2G4)
y4Gosg g4ps)
c'D« —84Doy
y4FO« -e4D«
a4psg —S2Fosz

y4Posg —e4pgi.
csD« —y4So«
y4Gosy —e4G»
z2D02~ —e4D2~
a2P) —y2D0«
y F02) g4P21
y4F02) —fspy?
y2D02g h4p2,
b4pq —y4p021

F02) j4Gs)
c2D2y -282Dosz

4
4
4.
4
9

5
10
4
5
9
4
4
4
9
4
4

10
12
12

9
7
5
4
4

5
12

4
5
9
4
9
7
4
4
4

5
9

4

4

4
5
7

4

10
9
5

4
4
4.

10

4
7

13
4
5
9
9
4

4
4
4

4
11

5489.666v
5488.1218
5483.962v
5483.3548
5479.74
5477.089v
5476.906
5476.47
5470.4608
5469.305
S457.45
5454.5738
5453.338v
5452.3058
544/. 93
5444.585v
5437.002v
5434.5768
5431.027v
5428.00
5427.39
$427.21
5426.V348

5425.621v
5421.98
5413.734
5408.119
5407.520v
5402.000v
5399.V628
5393.729
5390.81
5390.4788
5381.7768
5381.105
5378.20
5373.9588
5372.75
5370.350
5369.5918
5368.904v
5366.V438
5364.816v
5362.7818
5359.2008
5358.923
5358.01
5353.SOOv

S352.0468
5349.091v
5347.4998
5344.5708
S343.383v
5342.703v
5341.328v
5339.528
5337.330
5336.163v

5334.8218
5333.647v
5332.652v
5331.456v
5329.82
5328.01
5326.247
5325.9498
$325.2768
5321.719v
5316.7728
5312.650v
$310.219$
5308.55
5307.208$
5301.042$
5292.203
5290.49
5287.V85v
5287.574
5286.48
5284.08
5283.48V8
5280.631$
5276.1838
5268.4988
5266.506v
5266.302v
5265.7868
5265.523

5-III?
1

10—V
40—I

1
S—V

40028Ni(1
4-V
4-IIIA
1

20-V
1
3-V
1

20-IV?
3-III?
2-III?
2—V
0
2
2
1

4
1
2-V
2-III?
5-V
3-V

10
3h
2
2-IV?
6-V
5-III
1
1
1
1

20-I
30

5

15-III
6-III?
2-IV
1

25-III
20-III
4-V
4—V

10
20-II I
50-III
7-V
4—V
1n
3-V
6-V
5-III
5-II I

1$-II
1
2-V
3-IV
4-III

10-III
2-V
7-III
8-III

20
1
0

15-II
12z
0
5-V
3—V
1
1
4-V

20-III
8-V

10—II I
25-I I
10-II?
4—V
1

18,211.00
18,216.12
18,229.94
18,231.96
18,243.99
18,252.82
18,253.42
18,254.88
18,274.92
18,278.79
18,318.50
18,328.16
18,332.31
18,335.78
18,350.51
18,361.78
18,387.39
18,395.60
18,407.62
18,417.89
18,419.96
18,420.57
18,422.18
18,425.96
18,438.34
18,466.42
18,485.59
18,487.64
18,506.53
18,514.20
18,534.91
18,544.95
18,546.09
18,576.07
18,578.39
18,588.42
18,603.10
18,607.32
18,615.60
18,618.23
18,620.61
18,628.11
18,634.80
18,641.87
18,654.33
18,655.29
18,658.47

18,674.19
18,679.26
18,689.58
18,695.15
18,705.39
18,709.55
18,711.93
18,716.74
18,723.05
18,730.76
18,734.86
18,739.57

18,743.70
18 747 20
18,751.40
18,757.16
18,763.53
18,769.74
18,770.79
18,773.16
18,785.71
18,803.19
18,817.78
18,826.39
18,832 31
18,837.07
18,858.98
18,890.48
18,896.60
18,906.26
18,907.02
18,910.93
18,919.52
18,921.64
18,931.88
18,947.84
18,975.48
18,982.65
18,983.39
18,985.25

, 18,986.20

y4P04) e4Ds $
y4Fosy —e4Gq
Z4D03) f4P4I
a4P2y y4Dos
y2P03~ h4P3,
z Dos( —f4ps)

(y2Posy g2P21)
Z4G04) f4P4)
Z4DO« —f4F2)
b4P2y -z2D0 1-

y4F02( —e4D
y4P04y —

g4F4 &-

y4P04) —e4H 51

z4DO& f4p~1
z2DO«g4P) g

y4P04) e4 Gs
y4 Gosh' —e4Dnz
y4G02) —g4F21
c2D2~ -x4poi~
z2P02) —g4Ps)
Z2DO« —e4G2y
y4G02y —f'F3~
b4pq —y4ply

(
y4F04$ —e G4zs

(bsD2] —X4D02))
y4FOIy —e4D~
Z4ghq f4p31
a2P« —y2Dov
y4G02) —e4Gs)
y4FO« —g4F«
y4F02) e2D21
Z2Gosg —e4G4~
y4D sy —g4pq
y4D02) —.esP«
y4F0« —e4G2~

b 4' —z2DO«
y4G04~ —e4Ds~
y4posg g4F2$
Z2Dosy —g4P2~
Z4Gosg —j4ps~
a4P« —y4D02)
c2D« —yspo~
y4P03) f2Psi
Z4DO« f4' i

y2Gos& esH41
y4pos) —e4Hq
y2G04) f2p3
c2D@—282F02~
y2G04~ —esHsg

(a2D2y —yspos~)
Z4Go» f4P4&'
y4posg —e2G4g?
y4pos~ —e Gsz
y4G04$ —g4F 4'
y4G04IJ, —e4Heg

y G 5) —e4H62
ysG04y -e2G4~
y2 Gosh'

—e2G3~
y2Gos) —h4F4)
y4G04y —g4pq

(
y4GO» —g4pq

(y4Goq —e4Ge))
y4&q -e4Hs)
s4pos) f4F4)
a4Py —y4Doi ~.

y4P02g g4P, )?

z4Doq —f4F2z
y4poq -e4H35~
y4GO» —e4Gs)
y4Gosg -esD2)
y4G04g —e4Gq

4P02y g2P3
y4Fosg —e4G2~
ysPoq f4D2s?
y2Gosz f2P2a
a4P2~ —y4Doq
y4DO«-esp~
y4 Gosh'

—g4F2y
y4D 02' —e4D2~
s4Dosy —f4F3~
y4P02I, —e2Gsg
y4DO« —g4F2)
y4G03) f2Psx
z4Goq —f4p6)
y4Gosy -e4H42~
z4G02~ f4P«
asG4) —ys posy
Z4G03) —f4pq
s F02~ f4Ps
a4psy —z2F02~

y2D02) —2I)
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T'ABLE VI II.—Cont~nued.

REF.

9

6

10

4
10.

10

10

10

10

9

9

10
10

6

4

5

12

5

9
21

4

4
5

9
10

7
9

10

10

9
9

ii
11
11

7
12

7
4

4
20
10

4,

10

4

5

5264.83
5264.203v
5262.48
5257.62lv
5254.652v
5253.84
5250,003v
5247.921v
5243.542
523?.OSSv
5235.188v
5234,67
5230.363
5230.210v
5222.490v
5221.243
5219.00Sv
5214.751v
5214.440
5212.699v
5211.S32v
5211.714
5210.834v
5210.042v
5292.35Sv
5183.53
5183.04
5180.13
5179.66
5177.585
5177.363
52?6.085v
5173.48
5172.292v
5166.060v
5265.256v
5158.854v
5158.431
5156.366v
5154.87
5154.070v
5249.796v
5149.108v
5246.753v
5145.512
5142.47lv
5141.03
5135.543
5133,467v
5126.201v
5225.715v
5124.718v
5122.767v
5113.232
5108.903v
5108.27
5103.11
5100.034
5098.02
5094.955v
5092.282
508?.SSSv
5085.695
5077.410v
5076.83
S067.55
5059.849
5057.990
5050.601
5034.970
5034.06
5033.36
5022.11Sv
5013.326v
5007.286v
5004, 187
5000.877
4993,006v
4988.035v
4987.853v
4986.443v

4983.04
4982.789v
4979.944v
4974.47
4972,935v
4971.015v
4967.902v
4967.528
4966.58l v

INT.-TC

1
2—IV
2

10-III
8-IV
1
7-V

15-II
1
5

15-II
1
1

25-II
4-IV
1
2-V
1
0

25-III
3-IV
2
3-IV
3-IV
4-V

1
1
1

2e
20-III
0
2
2-V
3-IV'}
2-IV'}
2—IVI

20-IVP
3
8—IVP
4-II
2-IVP

15-IV)
2-IVP
3
1
1

15-V
10—IVP

7—IV'?
2-IV)
8—IVP
6—IV)

10—V
1

2N
1
8-III
1
3-V
1
3—III~~
2
2-IV }
1
1
1

3
2N
2
2&a

5
1
1
5

10
2—IA

10
2

0
60

1
2-IV
6

20Iv
3
2—IA

WAVE No.
VAC.

18,988.69
28,990.96
28,997.17
19,014.73
19,025.48
29,028.42
19,042.32
19,049.88
19,065.79
19,089.29
19,096.22
19,098.10
29,113.82
19,124.38
19„142.64
19,147.21
19,255,41
19,'171.'OS

19,172.19
19,178.59
19,281.78
19,282.22
19,285,46
19,188.38
19,253.73
29,286.52
19,288.34
19,299.18
19,300.92
19,308.66
19,309.49
19,314.26
19,323.98
19,328.42
19,351.74
19,355.12
19,378.77
29,380.36
19,388,12
19,393.74
19,396.75
19,422.85
29,415.4S
19,424.33
19,429,01
19,440.50
19,445.95
19,466.73
19,474.60
19,502.20
19,504.05
19,507.85
19,515.28
19,552.67
19,568.24
19,570.66
19,590.45
19,602.27
19,610.01
19,621.81
19,635.97
19,649.18
19,657.53
19,689.61
29,691.86
19,727.92
19,757.94
19,765.20
19,794.12
19,855,57
29,859.26
19,862.92
29,906.38
29,941.29
19,965.35
19,977.71
19,990,93
20,022.44
20,042.40
20,043.13
20,048.80
20,062.49
20,067.53
20,074.96
20,097,05
20,107.30
20,111.02
20,123.62
20, 125.14
20, 128.98

M ULTIP LET
DESIGNATION

y'Qoq —e4G3~-
ZODoq -eaDq
saDoq —eaDa~
y4D03( e Pa
yBDoa~ —e4D3~
y4QOa) g4P~)
y'Goy —e4H3,~.

a4Pg —y4DO}
caDa) y45o,
y4Goag gaPq

y4G 2$ e4Ga)
y4Dog) —e4D j,g
a4Pig —y4Doi ~.

yBDQa) g4P4g
y'F'q —e'Dig
z4poI) -f4F
zaPQa) e4Pa)
y D3$ —@pa(
Z4pog —f'Fq
zap oa~

—e4D3~
y4Goa) —eaGq
y4Doy -eBDy
caDaf -ymPN)
y4Dog -g4pi~
y4GQ3$ —e'Da)P
s'Foag —g4pa~
zapoa) g4F4)

g F3[
y4F 3$ -e&H4)
y4DQ}g —eaDq~
aaDa) yaDQ
yaGQ4$ gaPag
zapoa) g4P3$
zaDQ&) —g~pay
aBPa~ —y4DO&y
y4Doa) -e4P&.)
s'Foay -e4Gat}
saGoay -AH@
Z2Doa) e2Ga
z&FOB( —e4Gq
a4Pq —y4DO~
y'Doay —g4pa~
z4PO3) f4Pag
ZOGoa~ -e4Qag
y4Doa) —fa Fq
y2poa) fBp ag
y4Dog —e4Pg
SOGoy —e4HB&.

Z4poag f4F„)
zaGO4) —e4G:)
y4Poq gapaa
z4poq f4P3)
aaDa) yaPoa)
zaGO4$ —e Q4~~

y'2Qoq g2Pag
y4GO» gapa&
y4Goa) eaH
y4Doq —e4%(
aaDq —yaDoay
b4Pa) —zBpoag

y4Goq —eaH3)
b4Pq ZBPoag

spa/ —e Da)
GQ4) —e2Q4

caDag —vapo a)
y4Poag —gaPq 9

y4Doq —e4P)
aaH4) —x4GQ4)
Z4poq —f4'

yapoa
S4PQ2) f4Pj x.

saDO~},—h4F2
Z4poa~ f4/i'3 s

b4pyg —sopor)
haD)) —zaPO)
ZBGoa) —e F4)
y &Fog —h4F4)
zaGO3~

b4Pa~ —zopoa)
baDag -s4PO2)

(
baDay —ZBPov,
y4poq —h4Fay
y4Doa) —f2pa~&

sopor —e'Ga-|
aaDa) —yaDoi)
ZBGoq —eBFB)
baDig —m4Doi)
saGoa) —eaGq
yaGoa~ h4F, ~

b4F4} —s'F q

R EEs

12

11
11
11

'1 2

5

9

4
10

7

4
11
12
12
4

5

7

11
12
11

10
10

10

10
10

9

4
11

12
5

4
11

4

22
12

4962,891
4959.682v
4953.179v
4951.828
4948.589v
4945.784
4945.55'
4944,735
4943.282
4942.350
4941.65
4941.354v
4936.418v
4935.222
4934.065
4932.883v
4931.346
4930,783
4928.818

4928.290v

4925.676
4924,998v
4920,272v
4918.266
4915.960
4914.724
4922.399v
4910,934
4908.481v
4907.58
4907.12S
4904.172v
4902.52
4899.520v
4897.182v
4892.76
4892,508
4886.995v
4882.704v
4881.311
4880.25
4878.356v
4869.377v
4867.870v
4863.461
4862.097v
4857.938
4855.590
4855.235v
4853.309
4852.973
4849.315
4843.454v
4840.253v
4837.948
4834.359
4832.088v
4828.412
4817,43
4815.900v
4823.966v
4823.476v
4808.24
4801.79
4797.835v
4797.750v
4796.378v
4795.853v
4794.27
4792.855v
4785.070v
4782.561
4781.432v
47?9.979v
4778.233v
4776.31lv
4773.498
4771.108
4768.072v
4767.142v
4762.353
4756.722v
4754,35Sv
4751.57
4749.68v
4746.115v
4742.22
4738.097

INT.—TC

1
5
2-IA
2

1
1N
2
2
1
3
6
2

258a'}
5
1
3
1

2-III
1

1-IIIA
2
3
3
1-IA
4R
3
1
2
1-III
1
2-IIIA

15
1
2n
5
2-I II
4
2
0

10
25-II

5
1
1
1
0
3
2
2
3-III

25-III
2

0
1
1
1-III
2-III

20-III
1
1
1
1
1-IIA
2—V
1

15-III
50

1
3-IIA

10-III
2—IV
6-III
1
6-III
5-III

100
2MnI

100
3—III
1

20-I II
100

2
1

WAVE NO.
VAG.

20,148.00
20,156,97
20, 283,44
20,188.95
20,202.16
20,213.62
20,214.57
20,217.90
20,223.85
20,227.66
20,230.53
20,231.73
20,251.97
20,256«87
20,261.63
20,266.48
20,272.80
20,275.11
20,283,19

20,285.37
20,296.13
20,298,93
20,318.42
20,326.72
20,336.24
20,341.40
20,350.99
20,357,06
20,367.23
20,370.96
20,372.86
20,385.23
20,392.00
20,404.48
20,414.22
20,432.67
20,433.73
20,456.78
20,474.76
20,480.60
20,485.05
20,493.00
20,530.79
20,537.15
20,555.76
20,561.53
20,579.13
20,589.08
20,590.58
20,598.76
20,604.43
20,615.73
20,640.67
20,654.32
20,664.26
20,679.50
20,689.22
20,747.95
20,?S2.17
20,?58.77
20,767.11
20,769.22

20,791.84
20,819.76
20,836.93
20,837.30
20,843.26
20,845.54
20,852.42
20,858.58
20,892.S1
20,903.47
20,908.41
20,914.76
20,922.41
20,930.83
20,943.16
20,953.65
20,966.99
20,971.08
20,992.17
21,017.02
21,027.47
22,039.82
21,048.18
21,063.99
21,081,29
21,099,64

MUI.TIPLET
DI=SIGXA TIO~

y'Foa~ —43~
b4FI) sopo)
b4pa) —zopoa)
z2Poag f2P2)
y4Doa~ —eaG3)

baG4} 'at Doa
baG3) —xapoa)
sapoa) fat» ))
y4 pop h4 pa),
y4pogg h4P)$
zaDoa~. —h4pq

(y4GO4) —e4H3))
ZBGoq~ —eBF3~

b4pa) yaPO~&
haD&) —x'Foa) ~

baDy) —W¹',
caD j)—x4SO3.)
ZBGoq —eop4)
z2Foa~ —eaG4~
ZBGoa) —eaPa
y4Goq —g'Fa~
bBPq —yahoo},
baP&g —x4Doi,'.'
a2H4( x4GO3

b4pa) —ZBP'q

caDq —maSO)
baQq -xapoa~
b4pq ZBPQ4x

baDI~ —saPO&~

y4Qoq —eaQai
aaDq —yaDop
soGQ4} —eaH3~-

y4Doag eaD~ x

yBO B) —h4F4&

saGO4~ —eaG4~

zBGoa) —eBpa
(y4poq —h4Fi&)
b pa) ZBDO4).

ZBQoq eBPa a

y4Goa~ —g»a~
ZBQoq —eBI";i
b4Pq yaPQ. &3

saPoa j —e'D~~
b4pa) —sBDoa&
s'tPoq —eaDay
b4pa) -ZBFO&~
Z4Doq —e4P, ~

baPq —2oa&

y PO2& —iag
ZBGoag eB

ZBGQB) -eBF4(
b4pq —ZBDoa)
b4Pg —yaDO»
y4Doq —e4H3)
y4Doa~ -eVI4)
y4Goa) —h4F g i

baDq -xaDQi)
ZB~)—eBP1j
zBGQ4) eBI

(baby xaDQ'|))
y4FOa~ —h4paa
zaDoa) f4Da i

yBDoag —h4F4(.
caDa) —xaP lk

b4pq —ZBI'"~~

sopor —e48 g]
y4FO4) —h F3
ZBGQ3$ eBPa}
zaPoag —gaP3),
aaFa}J,—z4FO4},
b4Pag yaDQO t

ZBGoag —cop ~~

ZaPoag —gaPa
ZBGoq eop, i

y4DQ3$ —faIr 3)
zBDQ3$ eBP4
ZBDoay —copa'
zao 3) —gapa
s'G'3) —e'D4)
Z2GO4g e H3
zBDoi) —eopa &

y4Doay h4pa &

ZBDQ4~ —eBPoi
saGO4y —g'Fa~
y4QOBg f4'�)
zapoag —faFO
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TABr.E VI II.—Cont~need.

4
9
4
4
7
4

11

4

9
4

1,1
4
4
9

11
4
9
4
4
9

11
5
4
94,
4

4
10
4

11
12
5

4
4
9
4
9
9
9
4
4
9
4
4
4
4
4

10

9
4
4
4
4

11
11
9

4
4

11
11
4
5

10
4
4
5
4

5
4
5

10
9
9
4
9
9
5
4
4

10
4.

IA

4737.769$
4736.22
4734.828$
4732.051$
4729.058
4727.936$
4727.746
4725.250$
4718.470$
4709.04
4704.386$
4704.144
4699.180$
4698.389v
4697.52
4697.000
4693.190$
4689.98
4688.489v
4685.858$
4683.95
4682.361$
4677 ~ 528
4677.251
4676.705$
4670.92
4667.861v
4663.403$
4657.390$
4654.834$
4654.519
4653.770$
4652.470
4651.84
4648.652
4645.153$
4644.31'Tv
4643.733$
4642.79
4640.820$
4639.07
4631.10
4630.52
4629.359$
4628.908v
4627.44
4625.V67$
4624.561$
4623.020$
4622.691v
4620.824v
4619.329
4614.003v
4612.41
4608.908$
4601.158$
4596.903v
4594.633$
4594.356
4591.375
4589.36
4588.V30$
4586.936v
4581.596$
4581.380
4580.964
4580.139v
4579.364
4577.27
4574.942v
45 70.024$
4567.533
4566.610$
4565.578$
4564.843
4564.153$
4563.989
4563.85
4563.38
4563.02
4561.948v
4561.22
4560.97
4559.123
4553.336v
4552.441$
4550.469
4549.658v

INT. —TC

2-IIA
1
2-III'

40
2
3-IA
1
1

50
1

3
1

25
3-IV?
1
1
6-IV)
1

20
30

1 I!

9-IIIP
1
4
0
1

10
12-III

100
25

1
1
1
3
5

0
70
15

1
10

1
1
1

15-III
125

1
2-III

10
150
30
25

1
60

1
8

30
5-IV
4-IV
1
1
1
1—IA

15
20-III

1
1
4-IA

25
1

20
2-IV
2

100
15-III
10
35
10

1
1
1

25
1
1

10
25
25

&1
10-III

WAvE No.
VAC.

21,101~ 10
21,108.00
21,114.20
21,126.59
21,139.97
21,144.98
21,145.83
21,157.00
21,187.40
21,229.83
21,250.83
21,251.93
21,274.37
21,277.96
21,281.89
21,284.25
21,301.53
21,316.11
21,322.88
21,334.86
21,343.55
21,350.79
21,372.85
21,374.12
21,376.61
21,403.09
21,417.11
21,437.59
21,465.26
21,477.05
21,478.50
21,481.96
21,487.96
21,490.87

21,505.61
21,521.81
21,525.68
21,528.39
21,532.76
21,541.90
21,550.03
21,587.12
21,589.82
21,595.24
21,597.34
21,604.19
21,612.00
21,617.64
21,624.84
21,626.38
21,635.12
21,642.12
21,667.11
21,674.58
21,691.06
21,727.59
21,747.70
21,758.45
21,759.76
21,773.89
21,783.44
21,786.44
21,794.96
21,820.36
21,821.39
21,823.37
21,827.30
21,831,00
21,840.99
21,852.10
21,875.61
21,887.54
21,891.97
21,896.91
21,900.44
21,903.75
21,904.53
21,905.20
21,907.46
21,909.19
21,914.34
21,917.83
21,919.04
21,927.91
21,955.79
21,960.10
21,969.62

21,973.54

MULTI PLET
DESIGNATION

b4pl) —yaD01)
y4Doq, —h4piy
zsDO) -esPla
b4pa& soDo,

b4pq —ZOD04y

b4P3) —yaF03)
zaG04) —ea Gag
y4Goq -f4H 33
yeGoq fepq
y4G04y —hap a~
Z4Doay -g4 pay
S4Doay -eapi&
aapa~ -s'Goa
zsDO& eep
y4Doay —f4J'ay~
C3Dq -vapo)
ZODoly -eepl&
y4poq f4G4(
baDay —AD o»
aapay -Z4poai

'
baDay -m4Doig
ssDoq —e'Fag
b4F&~ zsDol &

b4pq —zsG03&

e&D1$ —1 103$
baD ) Zg4pol x

zsD03) -e'Fq
seDO, ~

—eeP1
sepoy h4F
baDag -m 4D03)
bapq —z4poi)
aapa) -Z4D03)

baDay -xapoag
baDiy -y4poig
bdpl) soG01
Z3GOq —h4Fa~
e2D3) zgapol
Z4Goay —e4G4y
b4Foy —zeGoay
yaG04y -eeGag
ssG04) -f~P4)~
Z4Dolg -e4piy
zeD04g
b4pay —soDoay
y4Doay -h4F3)
z4D03~ -e'Dq
baDag —sap 0,l
ssDoay —espiy
z4Doly —g4pag
baDa) —xaF03)
aapa) —z'Goa)
y4Doag h4F31
y4Doq —f&D331
b4pay —yaD'll

G06$ f4G43
Z4Doay —e4Pay
z4D 3$ e4D3-
bePa) —zsGoa'
aapa) —z4poa x

Z4GO4$ —e Da&
b4F43 —ZOD03&

b~pq —ssG04&
zeP04& —esF s~

(Z4Dolg —e4D1;-)
ze Dog —esP3-,'
zapoay —h4F a~

aapa) —z4G 4$
zaFoe~ f4D3~
y4F04' —esG4$
aapay —s4D sag

z4Doq —g4F4y
ye G04y —esDag
z4DO) e4D x

zspoaa —esp43
Z4G041 —g4F4&

baGay —zaHO4~
Z4G04y —e4Heg
z4D03) —g4Fg
b4paz, zegall
y4Doa) f4p, i

bapl zapol
zaposy —espy
aaH4g —m4Goa&

baD31. —m4F'a~-
zeGog) —f'-F4(
z4Doy —g4F1)
zeGoa) f4paa

(
zeP02) esFaz

(Z4Doag —e4G4&)

10
11

4
11
4
9

10
4

11

4
4
5

12
4
9
4

11
4
5

9
5
5
9
4
4
4
5

11
5
4
4
4
4

10
11
4
9
4

11.
4

11
9

4
4
9
4
4
4,
9

9
9

10 .

9

4

7
4
9
4
9
4

10
4
9
4
4
4
9
4
4
9

10
4

4547.75
4546.873
4545.985$
4545.238v
4544.541
4543.810$
4541.65
4540.'786$
4534.353
4533.985v
4532.605
4530.949v
4527.919v
4526.'F94$
4526.518$
4525.787
4524.72
4519.283v
4517.96
4517.094$
4514.1'I7$
4508.664
4500.562$
4499.261
4494,746$
449.3.05
4492.076
4490,309
4489.40
4486.706$
4484.513$
4483.918v
4483.586
4481.S77
4478.657
4478.319$
4477.212$
4471.809$
4471.550$
4471.271
4471.046
4469.547$
4467.53
4466.881$
4465.817$
4460.725
4458.594$
4458.242
4452.166
4450.79
4445.'Fllv
4445.049v
4441.952$
4441.02
4437.872$

4436.193$
4431.608v
4429.33
4422.00
4421.337$
4420.86
4420.43
4418.000
4417.76
4417.398$
4416.482$
4412.727$
4411.786
4411.685v
4410.02
4404.932v
4404.28
4402.674$
4396.717
4395.8'71$
4394.54
4391.890v
4391.568$
4387.915v
4381.50
4380.07v
4379.266v
4376.26
4375.540$
4375.103
4374.918v

INT.—TC

1
1—III

50
1
6-III
1

30
1
7—III
1

30-II
2-III
2-III
0
5
3

40
1
4-III
1-IV
1
5
3
2-IV
1
5
2
1

50
60
3-III

20h
1
5
4-III

30zvh

1-III
5-III
1
1

15-III
1

10—III
5
1

10
1
1
1
4-III
2-IV
5

1

2

15
3-III
1

1

4-III
1
1

&1
1
5-III
3
1
1
0
1
3-III
1
3-III
1
1-IIIA
1
3-III
4-III
3
1
5-III'
1
1
2-II I
1
3-III

WAVE No.
VAC.

21,982.75
21,986.99
21,991.29
21,994.90
21,998.27
22,001.82
22,012.28
22,016.47
22,047.70
22,049.49
22,056.20
22,064.26
22,079.03
22,084.52
22,085.86
22,089.43
22,094.64
22,121.22
22,127.70
22,131.94
22,146.24
22, 173.32
22,213.24
22,219.66
22,241.98
22,250.38
22,255.20
22,263.96
22,268.46
22,281.84
22,292.73
22,295.69
22,297.34
22,307.34
22,321.87
22,323.56
22,329.08
22,356.06
22,357.36
22,358.75
22,359.88
22,367.38
22,377.47
22,380.72
22,386.06
22,411.61
22,422.32
22,424.09
22,454.70
22,461.61
22,487.29
22,490.65
22,506.33
22,511.05
22,527.02

22,535.55

22,558.86
22,570.46
22,607.87

22,611.26
22,613.70
22,615.90
22,628.34
22,629.57
22,631.43
22,636.12
22,655.38
22,660.21
22,660.73
22,669.29
22,695.47
22,698.83
22,707.11
22,737.88
22,742.25
22,749.15
22, 762,86
22,764,54
22,783.49
22,816.84
22,824.28
22,828.49
22,844.17
22,847.92
22,850.20
22,851.17

MULTI P LET
DESIGNATION

aapq —z4Dop
caD33 —1003~
baDay —xaDo~~
zaG04y —h4pa,'
z4G04$ —e G41,

baD3) —xaDoag
ysGoq -spay
Z4Doly —eaD31
bap) —m 4Dolg
sepolg —esp a)
asply —yaD03~
zepo, y

—ceps)
ssDoq —eepag
S Doa) —e P1$
b4F4) —zsG s)
b4pe~ —soGoag

z4D03) —g4»&
saGoay f4H41
sepoy esply
Z4Doag —f'Fa)
z4DO~ —e4Pg
Z4Doay —e4Ga)
haPy —m4D01
jaDl) 332poag
y4Doay —i'pa)
ZOD03) —f4F4)

(y4Doag —f4»))
seG04y —f4pa)
zsGoay —f4«)
baDag'-~e F'ay
aapa~-s4Goay
zepo) —espy
Z4Goeg —e HQ
bepag —soG03)
bapy —sapol)
sep 1) espl
Z4Gosy —e4Heg
y4D03) —f F4)
baG4) —s'Hog
zep say —e'Fag
z4 Geest

—e'Gq
z4Goag —f'pa)
zsp04y -esp4&
y4DO) —6g
zepoay —eep31
Z4G031 —e'H4~
zap os) —f4D3)
z4poa) —g Pa)
y4Doag —21&
b4F4y —s G04)
soD03~ —f4pa)
zspol~ esp(
z4Poay —e4G4~

aap3$ —z4D03$
s4Doay —eaDay?
y4Doay —faG3~
z4DO» —faPa~

{
baD11 —m 3D03
saGo~g —f4H31
ba Gay —xaG03~
y4Doq —Sip, ag

E

sapoa) —eel)
eaDay —1201)
zspoey —esp4)
S4Goay —e4Ha(
saG04g —f4Hs~
ZOGoay —f4Fi)
y4D03) —f3pay
baply —sapo)
zepoa~ eepl
aaH4) —saH04)
zsD01~ —f'Fa»
aapag —z4GO&)

Z4Goag —gapa'
s4Goag —e4G»
bapy —xaD 1',
bapl) —x4Goag
s4F04) —e4Day
baD3~ —y4poi)
bapig —m4Doag
b4F4~ —soGoag
bapq -m4Doig
zepoa) eepa)
sepoy —e4Dag
Z4poay —e4pi)
S4POSy —g4P4 &

zep04y -esHe)
zsGoqy -eaHeg
baGq —x'G'4',
baD1) —xspoa)
sep04) —eepa)



RIJSSELL, KING AND MOOI&L

TABLE VIII.—Continued.

14EE.

4
4
9

9
9
4
4
5
4

9
9
5
4
4
4
9

10
4
9
7

4
9
9
9
9

4
4
9
4
4

4

4
4
4
4
9
7
9

10
4
4
7
4
4
5
9

10
4

10

9
4
4
4
5
4
9
4
4
7

11
9
4
4

10
9
4
7

4
9

11
10
11
5

12

9
5

4374.4468
4373.634v
4372.08.
4371.130$
4368.08
4367.03
4366.213$
4361.913$
4361.031
4360.830$
4359.4268
4358.96
4358.08
4357.173
4356.9008
4353.824v
4350.6308
4350.10
4343.724
4342.4868
4341.19
4340.240
4339.625$
4339.03
4337.54
4334.37
4333.14
4331.64
4331.231$
4326.406$
4324.32
4320.385v
4313.403v
4310.093$
4309.4378
4307.4398
4303.235v
4301.0268
4297.9288
4292.2508
4291.94
4290.206
4288.54
4287.3818
4285.782v
4283.33
4282.5678
4276.1078
4275.069
4270.427$
4268.4468
4268,032
4267.18
4264,642
4263.743v
4263.333
4259.865$
4255.22
4252.302$
4248.188v
4245.57S8
4241.886
4241.5168
4240.79
4238.442v
4237.341$
4233.996)
4229.9559
4228.861
4228.54
4225.1108
4223.768$
4222.254
4221.09
4220,436v
4220.274
4214.8729
4210.0868
4208.74
4207.6110
4206.143
4204.85
4204.057
4198.425
4197.85
4196.84
4194.87
4194.344

INT.—7'C

2mh
6-IV
1
5-I I I
1
1
2
2k
2

10
15

1
1

10
3
4
1
1

&1
0
1

in
5-III
1
2
1
1
1
3-IV
0
1
2
0
2
2
2—V
3—IA
3
2
3h
1
1
1
2
6-I

1
2
3
2
2-II I
3h
1

2
&1

2
1

12-I
2-V
2-V
2-III
2-V
1
2

3h
1
1
2-III
0(1
1
2
2
2
0
1
2h
1

&1
1
3h
2

1—III
5

WAvE No
UAC.

22,853.64
22,857.88
22,866.00
22,870.96
22,886.94
22,892.44
22,896.73
22,919.30
22,923.94
22,924.99
22,932.38
22,934.83
22,939.46
22,944.23
22,945.67
22,961.88
22,978.74
22,981.54
23,015.27
23,021.83
23,028.71
23,033.75

23,037.01
23,040.17
23,048.09
23,064.94
23,071.49
23,079.55
23,081.66
23,107.40
23,118.54
23,139.60
23,177.05
23,194.85
23,198.38
23,209 ~ 15
23,231.82
23,243.75
23,260.50
23,291.27
23,292.95
23,302,37
23,311.42
23,317 72
23,326.42
23,339.78
23,343.94
23,379.20
23,384.88
23,410.30
23,421.16
23,423.43
23,428.11
23,442.05
23,447.00
23,449.25
23,468.34
23,493.96
23,510.08
23,532.84
23,547.31
23,567.81
23,569.86
23,573.90
23,586.96
23,593.08
23,611.72

23,634.28
23,640.39
23,642.19
23,661.38
23,668.89
23,677.39
23,683.92
23,687.59
23,688.50
23,718.86
23,745.82
23,753.42
23,759.79
23,768.08
23,775.39
23,779.87
23,811.77
23,815.03
23,820.76
23,831.95
23,834.94

VJIULTIPLET
DESrrNATION

z4poa) g4I1 a1
z4po4y -e4Ge~
y4Dosy —esHs~
asDa) —x4Doa'
z4Goq —eaG4~
z4Goq -e4Ga~
ssDosy f4P4)
a4pay zs posy
a4Pq zspoa)
hapl —xapoa)
zsDos& f4Ps~
hapl- —194Doa
sopor —5J),af
y4Do&~ —4a~
z4poai. e4+as
y4Doq —esGag?
ssDosg —f4pa/
Z4Goa~ -e4Hs~
SODA

—f4F&~
z4Dos) fap, i
z4Goay gapa/

{baDq —vsDoJ~
zap os) s4Pa)
baPJ( zapoag
z4Gosg —eaH4)
s4Foay e
asH4y —zaHoe)
s4p sic —e4Dg
a4pag —yaDoJ/a
caDa~ —u'F os&

baby —94Doiy
zaFos~ —esGa~
z4po&g —g4piy
bsD~y —$4Doa~

aspic -S4pog
ssposy —f4F4/a
S4poJ) -e4Ga)
a4pq —zspoiy
z4Foag —eaDag
g4D01$ gaPaz
aaH4) —xa Gos'
z4F say —gapa'
baDq —

ma Doing
z4Goey —eaGq
z4Fos~ —japan
as pay —zspoag
hapl —194poay
S4posy -e4Hs)
s4Fop —eaGs~
S4poai e4Gs)
aapa), sapo
bapq, -xaDoa)
a4Fq -sop o)
caDq —vapor)
hapl -y4poq
S4Go4g —e4H@

sDos~ f4F
zspoay —f pa
g4 Goy gapa)
a4Fq —ssposy
haDg) —yap'
s4Fop —gapa~
asDa) —x4Doa)
zsDoa) -h4F4y
soDo4~ f4Fs
s4Go4y —ea Gay
asPq —s4PoJy

a4F4) —zs Foe)

a4Fay —sepoy
g4Foa) —es Gg.
caDay —s4Doa)

zspo4) f4F
sspoJg —f'Fa&
z4Doa~ —k4P

'caDa~ —15os)
baG4~ usDos

z4Doay —h'Fa~
zsDoq —f4Da)
aaHe~ —saHoq
bsDay —ma Dos)
sspo4$ —e HQ
z4FOJ) —esD&s2
a4pay —zsDo4&
S4DoJa& —k4Fa-,'
sa Go4) —esH a.~?

REEi

4
9

9
4
4
9
4

10

9
10
9
9
5
9
4
9

10
10
9
9

4
10
5
9
7
5
4
4
4
5

7

11
9

10
10
4
4
4

5
5

5
4

4
4
9

4
9
5

11
4
4

4
4
4
9

10

4

4
5
4
4
4

5

10

4192.856e
4192.473
4190.712v
4189.50
4187.2468
4184.50
4180.695$
4179.2268
4177.59
4176.0398
4172.569
4170.8888
4168.44
4168.114
4167.85
4167.61
4162.169
4160.70
4158.420v
4156.91' 4156.646
4155.97
4151.74
4151.20
4150.429v
4139.452v
4138.393
4132.155
4131.85
4130.538
4122.271
4121.318$
4118,774$
4110.532v
4110.073
4109.706
4108.488
4108.34
4106.462
4106.306
4104.743$
4104.418v
4097.1938
4095.9258
4093.053
4092.848
4092.3869
4090.354
4088.291v
4086.92
4086,300$
4084.113$
4083.63
4082.593v
4081.4408
4079.42
4077.406
4077.382
4076.565e
4076.1245
4069.540v
4068.541$
4066.3655
4063.1748
4061.76
4059.321
4058.762
4058.6009
4058.1838
4057.195v
4056.979
4054.6188
4053.918$
4052.9125
4049.2831/
4045.386v
4040.7945
4040.647
4038.963$
4037.1988
4036.7631/
4035,542v
4034.490
4027.032$
4025.497
4023.3998

INT.—TC

3h
&1
20-I

1

1
0
2-I II
1
0
1

1

1
1
2—IV
8 Co II?
4-III
1

1

1

2—IIA
3-III
1
4—I
3—U
1n
2-II I

60—II
50—II
25-I

Sh

id—(IA)
1
1

&1(1
4-III
2-I II
2
2-V
2—V
3-III

25—I
20h

1—IA
1

15-II
2
1—IV
2—IA
2—U
1
2—V
2-III
3h
3-IA
1-IV
8—II

15—I
3h

1
1—(IA)
1
6-II
8-I
S-I
2-V
2—(IA)
1-IV
3-III

20—I
2-III
2
0
2
0
8-III

250rMn
10-I

1
4-III

WAVE No.
VAc.

23,843.40
23,845.57
23,855.60
23,862.50
23,875.34
23,891.01
23,912.75
23,921.14
23,930.52
23,939.42
23,959.32
23,968.98
23,983.05
23,984.93
23,986.45
23,987.83
24,019.18
24,027.67
24,040.84
24,049.57
24,051.10
24,055.01
24,079.52

24,082.65
24,087.13
24, 151.00
24, 157.18
24,193.64
24, 195.43
24,203.12
24,251.66
24,257.26
24,272.25
24,320.91
24,323.63
24,325,80
24;333.01
24,333.89
24,345.02
24,345.94
24,355.21
24,357.14
24,400.09
24,407,64
24,424.77
24,426.00
24,428.75
24,440.89
24,453.22
24,461.42
24,465.14
24,478.24
24,481.13
24,487.35
24,494.27
24,506.39
24,518.49
24,518.64
24,523.56
24,526.21
24,565.89
24,571.92
24,585.07

24,604.38
24,612.94
24,627.73
24,631.12
24,632.11
24,634.64
24,640.63
24,641.95
24,656.30
24,660.55
24,666.68
24,688.78
24,712.56
24,740.65
24,741.55
24,751.86
24,762.68
24,765.35
24,772.84
24,779.30
24,825.19
24,834.66
24,847.61

MULTI PLET
DESIGNATION

aaDai —Z4SoJy
zspoi —f4pga
a4F4y —sap o4)
a4Fay —zsDos~
aaDq —x4Doa)

(ssPoq f4Pa))
y4Doay —gapa'
ssFoq —f'F4/,
baGa) —19 poa
a'Fig —s'Dos(
s4Fsag —e4Ha/
S4Goa~ —h'Fy, -

s4G'a' —goF a&-

z4DoJ~ —k4FJ~
zspoa~ —f4' a~?
zaF say —g'F a~~

S4Doq —f4pay
s4Goe~ —h4F4~
caDig —19o&g
ba G4) —152pos
aaDq —x4Do) y
bsDag -94Doq
hapl) —5//4Fo/~

Z4posi eaGa&

(
haDa( —x4poa&
z4Doay —63

pa) —z4Fos/
asD1/ —s4SOJ,'
baP&g —y4poJ&
aapa) y4Dos s

b4pa) —s4F 4)
as He~

—x'Go4~
aspsi za Go4/.

aapa) zaGoa

aspic

—s'F sag
Z4Goq —h4pq

(
a4F4g —zsFoa
caDq —tapoq
a4paa~ ssDoa/.
S4Doa~ —f'Da)-
zsF say f4F"
zsFO4~ f4pa~
aap/a —zaPo)
aaDq —x4D i$
S4Dos) —h4pa)
Z4Dos) f4Dss
z4Go4) —k4pa(
b4P~ —S4Soiy
aapaa —zapoaa

a4Fa,' —zsDos)
z4Doq —a'Fag?
b4pq —x4Dos&
s4Fop —h4Ps;

b4F&y —s4poi&
S4Dosy —a4F4a.
z4DOJg —e'Pla
S4Foq —k4F4~

S4Gosi h4F»
b4pag —s4Fos~
Z4Doa) —f4Ga J
b4PJy —xaDo

aspic y4Doa)

(
b4Fay —z4Dosg
caDq —uaDoJ&
s4Dos~ —

iaaf
a4F4/a —ssD 4$
asDq —x4Do)
b4pg —x4DoJ)

biopsy

—z4p sag

a4F&) —so Goa-'

z4Doa~ —f4Pa)
a4pa~ —zsDoJ)

as' -1///4Do)
z4Goea —f4'
bap) —x4pol)

aspic

—y4Goa)
aapq —zap'
hapl —x4po/
baDag 82Doag
aaP) —zapo, /

baDay —ya Pop
s'Goe) —f4H si

(z4Goag —f4Gs&)
a4pa) —ssGO~(
S4Do) -fop'
b4P&) -s4So& )

g Coincides with V I.



ARC SPECTRUM OF COB ALT

TABLE VI II.—Continued.

REF.

4

5
7

4
4

11
4

11
7

11
4

9
10

5

4.
4

11
4
4
7
4
5
4
9
4
4
4
5

4

9
10

7

4
7
9
4
4
7
5
5
4
4
4
4
5
9
4
4

9
4.
5
4
5

7
10

4.

4
4
5
4
5

10
4
4

9
4
7
7
4

4020.898$
4019.288$

4019,140
4016.830
4015.222$
4013.942v
4012.143$
4011.089v
4010.931$
4007.923v
4007.273
4003.596v
3999.180
3998.554
3997.901$
3997.051
3995.306$
3994.542$
3992.36
3992.014
3991.831
3991.684$
3991.528$
3990.299$
3989.687
3988,884$
3987.11Vv

. 3985.449
3979.518$
3978.864
3978.650v
3977.75
3977.184$
3975.320v
3974.726$
3973.561
3973.144$

3972.5060
3969.116v

3968.61
3966.438
3965.236$
3965.011
3960,99Vv
3958.60
3957.928$
3957.629
3956.59
3956.270$
3954.954$
3953.612
3952.917
3952.326
3951.717$
3947.125$
3946.633v
3945.326$
3944.950
3944.41
3942.684$
3941.728$
3940.887$
3939.07
3938.856v
3937.949
393S,964v
3935.287
3934.V120
3933.918$
3933.654
3933,159
3930.076
3929.256v
3925.151v
3922.755v
3921.104$
3920,729$
3920.581
3920.135v
3919.635
3918.627
3917.115$
3915.503$
3909.933$
3908.57
3906,28V$
3905.540
3904.790
3904.058v

INT.-TC

20—I
5-I
5
2-V
2
7-II
2
2—IA
3h
1-III
1
2-I II
1
1n

40—II
1

6o-II
6—I
1
1

15
6—I
4—IV
6-II
1
2
6-I
2h

10-I
4—V

10-I
1
3-III
3-III

10-I
fSNi?
10-II
6-III
8-III
1-IIA

2—IIA
1-IIA
6-II
1

15-II
10

1
15

1
1n

25-I I
8-I
4h
3-II
2--II

15-I
1-IV
1
2—IV

20-II
12—I
2-V
3—V
7h

30—II
1-III
1-III
6-I

80Ca?
1n
1
3-III
3-III
7-I
1-IV
4-II
2-II I
2—III
1
8-II
2

15-I
1

10-I
2-V
3-V
2—V

WAVE NO.
VAc.

24,863,06
24,873.02
24,873.94
24,888.24
24,898.21
24,906.15
24,917.32
24,923.86
24,924.85
24,943.55
24,947.60
24,970.51
24,998.08
25,001.99
25,006.08
25,011.40
25,022.32,
25,027.11
25,040.79
25,042.95
25,044.10
25,045.03
25,046.00
25,053.72
25,057.56
25,062,61
25,073.71
25,084.21
25,121.59
25,125.72
25, 127.07
25,132.76
25,136.33 '

25, 148.12
25,151.88
25, 159.25
25,161.89
25,165.93
25,187.43
25,190.64
25,204.43
25,212.07
25,213.50
25,239.05
25,254.34
25,258,62
25,260.53
25,267.17
25,269.21
25,277.62
25,286.20
25,290,64
25,294.42
25,298.32
25,327.75
25,330.91
25,339.30
25,341.72
25,345.19
25,356.28
25,362.43
25,367.84
25,379.54
25,380.92
25,386.76
25,399.58
25,403.94
25,407.65
25,412.78
25,414.48
25,417.69
25,437.63
25,442.93
25,469.54
25,485.10
25,495.83
25,498.27
25,499.23
25,502, 13
25,505.38
25,511.94
25,521.79
25,532.30
25,568.67
25,577.59
25,592.54
25,597.43
25,602.35
25,607.15

MULTIPLET
DESIGNATION

»p»~ —Z»po»

{
b»P«g z» P o~y

(b»pqg —z'Do«~x)
a«pq —«v»Dog
s»Go»~ —f»G»~

b»Px —x»Do;
s»Fo3x —h»F qx

g»Poy —zo Dog
z»F03' f»Do x

z»Go5~ —»»F»~
z»Goa) —e'G»-'
b«py —v«Do» x

z»Do«~ —eoD«x
a«P«g —z«Do«g
g«F2~ y»po
z»Fo, x i»P»x
a«pq y» Go» x

b»p&g z»Go
z»Do«) —eo Goy
a»F«& —zoGo«)
b«py —v»Do»
b»F«g —s»Gos,x-

s»Go») —f'H5-'
b»pq —x»Doi&
z»Dog~ —eoD3x.?
s»Go«~ —f»G«x
b»F,)' z»Po«x

soDog —6~
g»pq —zoGo»'
s»Goy —f»H»-'
p»pp- —z»Go»x

b«G»x —$«Poox
«p x —x«Dog x

g«pl) Z«POI x

b»Fq —z»Do3~
s»po3) —f»p«&
b»P«) —x»Do«(

(
s»Fo»g —f»G»~

( z»Go«; —f»Hox)
b«Pq u&«DO«

a«D«) —z»Pop
g»p„g zoGO&x

a«.D«~x —z»poig
g«pox —y»Do«x

g«F«y —y»Go«x
b«p~ —«v«Do»)
s»Go3~ —e'Gox
b»F x —z»Do«x
z»po«x —»»pox
s»Do3x —1«,'
a»P») —sod os)
z»Doi~ —Sj.~ «-,x

b«px —$»Dox
a«F3x —z«Goo x

J
b»p») —s»po~&

z»F oz x —f»G3 x.

b»py) —x»Do)
b»Py) —zo«&

g«F, x —z«Po«''»
z»poy~x —i»F«y
s»Fo«y —f «~
s»po»x -f'Do&
b»P») —s»Goy
b»F)x z»DO)x
z»po4~ —eoD»»
z»F03' f»G»x-
z»pop —cop&)
a«P3~ —y»Po»
b«pq, —x»poI&
b«G3x —$«Po«x,
b»P«x —z»Go«x

z»Go~( eoH3
b»P«.x —z»So) x.

z»PO»x j»P»x
b«pg y«pol-x-

g«P ) y»PO x

z»Go«~ —4g
g«DIx. —Z»Po &.&.

g«Dlx Z»po
b«Pq —x»Po~,'
z»Foox. —f»D
g«Dy x —z»

podex&

g«PI~ —x«Do
a«p&x —x«D"«+
g»F»x —soGo.'

»Go,') —eoH4y
b»Fq —s»Goy

s»pop —f»G«(
z»Goo«x —eoH o

REF.

7
10

5
7
7
7
4
5
4

4

5
5

12

4
4
4

4
7
5
4.

12
4

7

4
4
5
5
5

11
9
4

4

4
5
5
4

7
11
4

7
4
4
5

11
11
4
4
9

4

9
11.

4
4
4

9
5
4

4
4
4
4

4

3902.390
3899.996
3898.485$
3894.976$
3894.0V3$
3893.303
3893.067
3892.968
3892.210
3892.118v
3891.680
3890.734$
3889.978v
3885.275$
3884.601v
3881.869v
3881.006
3880.839
3880.40
3878.750$
3876.831$
3873,953$
3873.120$
3870.534$
3866.832v
3863.966
3863.607
3861.164$
3860.42
3856.796$
3851.848v
3850,945$
3850.097$
3845.468$
3844.866
3843.692$
3842.04Vv
'3841.458$
3835.900
3835.689
3835.497
3832.8990
3830.096
3823.52
3819.9080
3817.940v
3816.876v
3816.458$
3816.3180
38f 4.457$
3813.925
3812.470
3811.065$
3808.102$
3805.775$
3801.233
3799.808
3797.442$
3795.856$
3787.345
3783.731$
3777.543$
3777.078
3774,599$
3/71.851
3769.703
3760.401$
3759.684v
3756.30
3755.44Vv
3754.346$
3752.787v
3752.18
3751.805
3751.625$
3749.930v
3745.491v
3740.186$
3739.441v
3739.20
3735,928
3734.139$
3733.483$
3732.390v
3731.268$
3730.4V6$
3728.840v
3726.653$
3712.177$
3711.646$
3708.823$

INT.—TC

1n(1
4-II I

20-II
60—II

2—V
2-III
in
1
3-III
2—V
1
2—III
6-I

10-I
25-I
3
8
3

70r
20-I
40-II
60-II
4-III
2
1
2-III

20-I
4
4-III
2-III
4-IA
5-III

60—II
1
4-III

30-II
5-I
8

10
3
5
1n
1-IV
4-II

18
5-II

15-I
15—I
5-III

30r
4-III
5-I

10—I
2—III
in
1
f
1
1
5h
6-III
1-III
8—II
1
1
4—II
3-III
1

10-II
4-III

10
1
1
5-II I
9—II

25—I
5—II
0
1

12-II
7-II

12-II
20-I
2-III

zo-II
3-III
S.-III
6—III
3-III

12-II

WAVE NO.
VAC.

25,618.09
25,633.82
25,643./5
25,666.85
25,672.81
25,677.88
25,679.44
25,680.09
25,685.09
25,685.70
25,688.59
25,694.84
25,699.83
25,730.94
25,735.4f
25,753.52
25,759.24
25,760.3S
25,763.26
25,774.23
25,786.98
25,806.14
25,811.69
25,828.93
25,853.66
25,872.84
25,875.24
25,891.61
25,896,60
25,920.93
25,954.23
25,960.32
25,966.03
25,997.29
26,001.36
26,009.30
26,020.44
26,024.43
26,062.13
26,063.57
26,064.87
26,082.54
26,101.63
26,146.52
26, 1 7. 1.24
26,184.73
26,192.03
26,194.90
26,195;86
26,208.64
26,212.29
26,222.30
26,231.9/
26,252.38
26,268.43
26,299.81
26,309.68
26,326.07
26,337.07
26,396.25
26,421.46
26,464,74
26,468.00
26,485.38
26,504.68
26,519.78
26,585.38
26,590.45
26,614.40
26,620.45
26,628,26
26,639.32
26,643.63
26,646.29
26,647.57
26,659.62
26,691.21
26,729,07
26,734.39
26,736.12
26,759.53
26,772.35
26,777.05
26,784.89
26,792.95
26,798.63
26,810.40
26,826.13
26,930.74
26,934.59
26,955.09

MULTIPLET
DESIGNATION

g»Po) —zoG «)?
b»pz) —x»Dog
b»Fq —s»Do~
a«F«~ —y«Goy
s»Go») —eoHq
a«P) —z«So~
s»po«~ f6/ 3x

b«DI x —«V«SOx

b«PI~ —$«Do»(
s»Po«) —j»F«)
c«Dq —23oIj~

s»po3~ —i»p
a«pq —y»Goo~
g«P«x —y»FOI~
b»F«x —z»Do, )
b«pq —$»Dog ~x

b»pg —s»po(
b»F») —z'Go»
b»P) —s»Po
b»po) —z4Doz)
b»F»g —z»D:&~
b«pq —v»Do«(
a»P«xj, —x»Doox
b«Dg x —~«Po» x

b«Py —y«po)
g«pq —z«Dog]

b»P«~ —zo«g
b«pay —Iv'Doi~
b»Fog —s»Go«~

c«D«g —22oqg
a«F3) —y«Goy
b«pq —v»Do)
g«Go) —w»Do«)
g«pop —z«Do«g
a«pop —y»F o3x

b«pq -y»$oq

a«PI) —s«So)
a«Pg —y»Po~
s»D&x —g»P«~

b«PI~ —v«Do«~
b'Pq —y'P'I-
a«G«x —x«pop
b»pig —s»po«,
b»Pq —s»Pox.
b»PI( —s»pop
s»Poq eoG3x»

a»py —s»SI~
a«pop —y»Go«)
b»F»y —z»Goo',
a«pq -y»poI~
b«G»y —foo3~
a»PIy —X»Do«~

a«Dgg —x»poi~
z»PO»x —eoG»x

b«P~ —u»Doing
a«D«g -x»Go«)
a«D«g —«v»Do«x

a«pq -y»po~
a D«$ —zv D"i$
s»po«y —Sq, «)
ZSPoq —e»D«x?
a»pq —z».
b«p, ~

—y«Pj
a«Go~ —cv»po3~
a«D«g —ux»Doox

b«pq —«e «po«(
bmG3~ —1 1 o«g

z»po») eo Go)
y»Do3~ —g»H»I,
g«D«x —x«po«~
g«Dg) —s«po)
a2F3~ —y'Goo~
a«DIy -x»Go«~
b»P«~ —x»pop
g«G3) 403
g«D«x s«po&
g«D).x —«v»Do«).
g«D«) —x«po3$
b»P«g —z» po«g
a«Dig —m»Dog
b»p«g —s»pop
b«py —x«Soy
g»P«) —z»SoI)
a«Gq —m »DooI,
b»p) —s«po)
a«Dq -xzpo«x



R U S 8 E L I. , IZ I N G AND MOORE

TABLE VIII.—ConHeued.

REF

4
10
4

5
4
5

4,

4
5

11
10
4

9
9
4

10

4
4
5

7
4

11
4

7

4
4

4
4
5

7
4

4
4

11

4

5

5

4

4,

7
5

5

IA

3707.01
3704.060e
3702.23Vv
3699.017
3693.4V6v
3693.364
3693.106e
3690.V15e
3686.4VVe
3684.96ov
3684.479
3683.04Ve
36??.980
367?.835
3676.552v
3670.04le
3669.23Ve
3668.66
3664.6
3662.158e
.3660.699e
3657.918e
3656.962e
3656.33
3654.44lv
3652.54le
3651.254e
3649.329v
3648.140v
3647.658v
3647.388
364?.OSle
3645.440
3645.190e
3645.005
3643.1Sle
3641.V84e
3641.673
3639.443e
3638.346v
3637.45v
3637.319v
3636.V13e
3635.06e
3634.V13e
3633.340v
3632.S39e
3631.948
3631.390v
3628.228
3627.806v
3626.020v
3625.56v
3624.955e
3624.33Vv
3623.02v
3622.35e
3621.Voe
3620.422e
3620.03e
3619.285
3618.010e
3617.48v
3615.38Ve
3614.34e
3614.10e
3611.VOle
3609.V52e
3608.82e
3608.307
3607.04e
3606.69v
3605.3VOv
3605.015
3604.469e
3602,38e
3602.OV9e
3600.803e
3596.510v
359S,545
3594.8VOe

3592.33e
3591.V46e

3587.186e
3586.082
3585,808
3585.154e
358$.801

INT.-TC

6-II
25-I
12-III
2n-IV
8-I
2-III
8-I
7-II
2-III

10—III
20-II

1
1

12-III
3-III
1
1-III
in

12-II
5
2-II I
7—I

&1
5-I I

15-I
4-III
8-II I
3-III

12-I
1-III
s-rrr
3-III
5-II I
ig?
9-II
6-II
1n

10-II
1-III
1
4-rrr
6-II
2
7-III
2-III
7-III
2-III

20r-I
2n

2Sr-I
2—IIIA
3
8—I
5-III
2
1

15R
5-III
2
1
4-IIA
2
6-II
1
0

10-II
4-I II
3
3-IIA
0
7

20r-I
5-III
4-II
2

40R-I I
3-III
5-II I
3

50R—II
2
4-II I
2

7oR-II
3-III
4-II

25R-I
15-I

WAVE No.
VAC.

26,964.96
26,968.28
26,989.VS
27,003.04
27,026.55
27,067.09
27,067.91
27,069.80
27,087.34
27,118.49
27,129.64
27,133.18
27,143.73
27,181.13
27,182.20
27,191.68
27,239.92
27,245.89
27,250.18
27,280,37
27,298.56
27,309.44
27,330.20
27,337.34
27,342.07
27,356.20
27,370.43
27,380.08
27,394.52
27,403.45
27,407.07
27,409.10
27,411.41
27,423.75
27,425.63
27,427.02
27,440.75
27,451.28
27,452.11
27,468.93
27,477.21
27,483.98
27,484.97
27,489.SS
27,502.02
27,504.68
27,515.07
27,518,87
27,525.6i
27,529.85
27,553.84
27,55?.04
27,570.62
27,574.09
2'/, 578.71
27,583.42
27,593,44
27,598.57
27,603,49
2V,613.25
27,616.26
27,621.92
27,631.65
27,635.69
27,651.70
27,659.74
27,661.51
27,679.92
27,694.86
27,702.02
27,705.96
2V, 715.72
27,718.39
27 „'/28.52
27,731.25
27,735.45
27,751.52
27,753.86
27, '/63. 69
2?,796.83
27,804.29

27,809.51
27,829.18
27,833.70

27,851.31
27,869.08
27,877.66
27,879.79
27,884.88
27,887.62

MULTIPI. ET
DESIGNATION

a2Dq —2v4Bop
a2gq 5J P02
a2F2) y2F06)
b2G2~ —y2H04p
O2G4) -y2HOq
a2Dly -z2pol(
O4py —2e4D01 ~

a2D22 2v4F061
a2G4) —X2FOS)
b2py —X2poq
a2py —X4P01~
a2D2& x2Do,
g2D2) x2D0
O4F2) z2FOS)
g2py —x4p0~
O2G4) —y2H06)
O4pg -2v4DO~
a4P2y —102'
b4P2) —x4F02)
zSD01) -e2Dly
a2PI) —'N2D 02)
a4pq —202'
O2P) —I4D01)
b4F2y —y4Doq
OSP) s2pol )
O4pl) -s2pog
c4F2) —s4po~
a2G4) —2v4FOS&

O2G4) -N2posi
OSGS~ 2v2G0&$

a4pl) —s4F02y
O2G4) -2v2604)
a2P) —e2DOI $
a2D2) 2v4F02
O'Pq —X4G02g
O2G4) 2v2G02

c2Di) -X2D01~
g2Dq -X2Doq
e»q -330',2y?
O4pi) —zv4D02)
O'Pl) —y280)
a2G4$ —'N4G06$
a2P) —v4DQg
O4pq -2v4DQg
a2Gq —406'
b2GS) —242F02(
a2pq —X4poi)
O2Gq -X2HO,-)
b2pl& -X2$0g
a4p2) —s4Foq
O2G4y —1306),4)
O4psy -s2Q04.,
a4py —z4PO~
zs Goy —f4G
O4pq -y4D021
a4py -z4PO
sSFolg —e4D2x?
O2GSy —1402)
s6D 2) e2DI
a2pl) XSP02
g2D2) —2v4GOS)

O2P( —2v2Sog
a2F2g —y2D02~
O2Py —801'
O4pi) —x2F021

O2pq —X2PO)
O4plg —2v4DO)
a2pg 202D0
O2Gs~ —X2Hoq
g2D2) —y4P02)
b4pq -s2F02)
OSP) —X2DQy
O2Q4) x2Ho4
O4psg —s2pos~
a2Dlg —'N4F 02/
a2H4) —y2H04~
e2Dig —3501~,2~
g4pl ( —s4po
O4 pl i —z2pol)
g2Pq v2Doq
O P2) 306)?
g4F2~ —st 021

(O2P) —2e2poi))
sSGolg —&4'?
b2plg —x2P01 '
s6Q04) —i4P4)
sSG04~ —esP 6~2

a2F2( y2F02)
a2G62i -s2H042
a2D2$ —y4P01)
O4Psg y4D06
c4F2) —s4D06)

REP.

5
5

5
4

5

5

4
5
7

7
10
5

5

4

4
7
5

4

6
5
4
4
5
4
5
5
5

7

5

5

5
5

5
7
4

5
5
5

4
5

7

3581.8V3v
3579.15e
3579.029
3578.903
3578.OV6e

3577.688
3577.260e
3575.36le
3574,96Ve

3573.37v

3S70.35e
3569.3VOv
3568.426
3564.94Vv
3564,643
3564,115e
3562.912e
3562 09Vv
3561.38e
3560,891e
3560.306
3559.597
3558.VV2v

3557.980
3556.120
3553.161
3552.989v
3552.V2oe
3551.666
3550.592v
3550.20v
3548.438e
3546.88e
3546.VOVe
3543.256v
3542.976
3542.508
3540.40e
3539.442e
3538.44e
3537.VOVe

3534.V69v

3533.356v
3533.081
3530.554
3529.816e
3529.032e
3527.947
3526,84Vv
3525,872
3525.089
3523,701
3523,423v
3522.856
3521.731
3521.567
3520.OVSe
3518.340v
3516.675
3516.418
3516.04e
3513.82v
3513.4VSv
3512.64ov
3512.41v
3510.426v
3509.843e
3506.3loe
3505.133e
3504.V28e
3503.717
3502,998
3502.63v
3502.2VSe
3496.794

' 3496.681
3496.070
3495.682e
3494.63v

3491.98V

3491.316e
3490.V36v
3489.399v
3488.73e
3487.956
348V.V12v

INT.-TC

4-II
3
6-II
6-II
6-II
2—V
3—II

60r-I I
25r-I

1

8OR-II
2-III

2sr-I
2
4-III
7-II
6-III
1

2Or-I
5-III
1—IV

12—I
2
1
2—III
8-rl
8—I
2-rrr

20r—I
5
7-II
1
6-III

15-II
2-IIA
2k
3'N
1
1
1-III
4-rrr

25r-I
2
1-III

80R-II
30r—I
5-III

100R-II
3-III
2&
7-rr

25r-I
4-II I
5-I

30r-I
15-II
soR-r r
1-III
2
3
3?

50R—II
60R-II

2
30r-I
Sor-II
80R-Ir
3-rrr
5-III
3-III
2d

20r-I
100R—II

6-II I
15-I
3-III

sor-II
2
3-III

is-r
10-I
6o -rr

1
1n
8-II

WAVE No.
VAC.

27,910.42
27,931.63
27,932.60
27,933.58
27,940.03
27,943.06
27,946.41
27,961.25
27,964.33
27,976.81
28,000.48
28,008.18
28,015.59
28,042.93
28,045.32
28,049.48
28,058.95
28,065.37
28,070.98
28,074.87
28,079.48
28,085.08
28,091.59
28,097.84
28,112.54
28,135.95
28,137.31
28,139.44
28,147.79
28,156.30
28,159.38
28, 173.40
28,185.73
28,187.14
28,214.59
28,216.83
28,220.55
28,237.33
28,245.00
28,253.00
28,258.85
28,282.34
28,293.6S
28,295.84
28,316.10
28,322.03
28,328.31
28,337.02
28,345.86
28,353.70
28,360.00
28,371.17
28,373.41
28,377.98
28,387.04
28,388.36
28,400.39
28,414.40
28,427.85
28,429.93
28,433.03
28,450.92
28,453.V2
28,460.51
28,462.3S
28,478.46
28,483,19
28,511.89
28,521.46
28,524.76
28,532.98
28,538.84
28,541.81
28,S44.71
28,589.47
28,590.40
28,595.39
28,598.57
28,607.17
28,628.83
28,634.33
28,639.09
28,650.06
28,655.56
28,661.91
28,663.92

MULTIPLET
DESIGNATION

a2P) -y»oq
O2Gq —ND021,
a4Pq z4PO
a4pq —s4poi
a2pl~ —e4D02)
O2PI) $4 D02)
zSG06$ -f4G61
4pl~ z4po

a4ps) s4F06|
O4F2y —y4D02)
O2Qs) —150
sSG02g -h4pl)
b2Q4~ 1506
a2Ps) y2P06 )

O4P2g —x4Q02~
OSF2) z2Qos)
O2pq -t4Doly
zSQo+ —f4H'6

O4P2) -2v4D02)
a2pl) 2st2D0

O2pq —/4D0~
b4FI~ y4D0, ~
O4P2g —2v4D01(
a2Dq —2v4pop

(
O4F2) z2F02)

(zsG06y fSPSg)
a2D1$ —2v4G02$
a2pq v4DO)
a2P4) —2v2Q04(
O4pq —x2Dol IJ,

F» z4DO»
b4pq. -X2D02I,.
a4F2) z4pol(

'

zSG06) —eSGS)?
c4P~) 5 P02$
O'P) —Solg
a4P2~ —s4Poi~
b4P2y -2v4DL4)

O 4' r2G04)
zSG04) f4G41
sop 02) f2F2)
sSGosy —i4F3~
O2pq —X4501g
O4P~ zoo~
a2P1) —v2D 02)

{ssGooy —f4GS))
c4pq -s4Q02~
a2pq -y2poq
a2P) y2PO)
O4F6) —y4G04(
a4F2) —s4GOS)
O2pl) 2v250
a4F4y -z4F04l
O4pq —s2polg
b4py —2v4pol~
O4P2y -X2FOS~
O4pq —y4D0~
ZSQ04) f4HS
g2Dq y2PO)
b4pq -s2D02)
O4pq z2 poop
g4Psy s4P02)
a2F2) y2Dol)
O4Ply —24t4P02)
zSQoq esQ, )
zSDS&~ —f4DS|
sSGosg —eSG4g
a4PSy —s4Q0
O4pq —y4Doiy
O4pg y pol
a4pq -z4DOS~
OSF2y -y4GOSg
b4psy -y4D02~
ZSGOQ fop
O2ply 2v2 pal
a2Gq x2Q06II
O2py —2v2po»
a4F2y —s4D02g
O4P4) y4D06(
zsG06) eSGS
O4FS) —z2G03]
g2H6$ —y2H~;f
O4pl) y4G02)
O4P1$ 501

{
ssGOSg —f4'
ssG021 —21~
g4Pig —z4D0»
O4FS) —s2p02 |
a2F61 y2DO~(
O2GSy -1602~
O4Py -y4PO~
O4P2) —2v4F02)



COB ALT

TABLE VIII.—Continued.

I&EF.

4
4

4

5
7

4

ii
5
5
4
4
5

11
4

11
7
5
7
4
7
4
5

j1
4
4
5
4
4

5
4
5
4
7
5
4
4
4
4
4
4
5
5
5

5
4
5
4
7
4
4
4
5
4.

6
5
4
5
5
4
4
4

ii
4

10
4
5

11
4
5
5
4
7
7
5
4
4
5
4

IA

3487.29v
3485.700v
3485.368v
3483.80v
3483.410v
3483.141
3482.590
3482.07v
3481.52v
3481.42v
3480.29v
3480.012v
3479.579
3478.744
3478.555
3477.836v
3477.64v
3476.3604
3476.002
3474.530v
3474.26v

3474.018
3473.455
3472.707
3472.196
3471.382v
3469.683
3468.973v
3468.592
3467.262
3465.792v
3464.95v
3463.499
3462.804v
3461.173v
3460.85v
3460.719
3460.58v
3458.028
3456.924v
3456.525
3456.437
3455.237v
3454.61v
3454.47v
3453.514v
3452.324v
3452.18v
3449.706
3449.441
3449.170
3448.358
3447.281
3446.66v
3446.088
3445.68v
3445.445
3445.17v
3443.644v
3443.42v
3443.203
3442.918v
3441.255
3441.140
3439.39v
3438.909
3438.713
3438.47v
3438.18v
3437.680v
3437,453
3436.955v
3436.169
3435.95v
3435.753
3435.149
3433.045v
3432.845
3432.318
3431.582v
3430.900
3430.810
3429.681
3428.763v

3428.222v

3427.768
3427.05v

IN T.—I'C

2
4—II

15-III
6

20r-I
2-II I
1n
3
1
1
3
6—II
1-II I
7—II
8-III
4-III
i.
5n-I V
1
6-I
6—?

100R—I I
1-III
6
1—IV
7-III
8
3-III
1-IV
1—IV

100R—II
1
3—II I

6Or-rr
15-III

1
4-I
1
3-III
9-I
1-IV
1—IV

25r-I
2d?
0

200R—I I
3-III
2
5

60R-II
60R-I I

4—.III
3—IV
1

12-III
2
1n
1-III

80R-I I
4
5—I II?

4or-rr
3
2-IV
4
5-IV
4-I I I
23'
6n—III
1
3-III
1
1
8
1

60R—II
3
3—III

sor-rr
1n
1n
1—IV
3-III
6-III
2-IV
1

WAvE No
VAc.

28,667.37
28,680.46
28,683.20
28,696.10
28,699.32
28,701.54
28,706.07
28,710.40
28,714.85
28,715.74
28,725.03
28,727.34
28,730.92
28,737.81
28,739.37
28,745.31
28,746.91
28,757.51
28,760.48
28,772.66
28,774.86
28,776.90
28,781.57
28,787.76
28,792.00
28,798.75
28,812.85
28,818.75
28,821.92
28,832.97
28,845.20
28,852.24
28,864.30
28,870.09
28,883.70
28,886.43
28,887.48
28,888.69
28,909.96
28,919.20
28,922.53
28,923.27
28,933.32
28,938.54
28,939.77
28,947.75
28,957.73
28,958.98
28,979.70
28,981.93
28,984.21
28,991.03
29,000.09
29,005.33
29,010.13
29,013.54
29,015.54
29,017.87
29,030.74
29,032.64
29,034.43
29,036.84
29,050.87
29,051.84
29,066.62
29,070.69
29,072.35
29,074.43
29,076.81
29,081.08
29,083.00
29,087.22
29,093.86
29,095.71
29,097.39
29,102.50
29,120.34
29,122.04
29,126.51
29,132.76
29, 138.55
29,139.31
29,148.90
29,156.71

29,161.31
29,165.17
29,171.29

MULTIPLE T
DESIGNATION

z«Doe) —f4P~~
b4pq —z2SO-i

z«Goy —e«H 71
a4F2g —

ZING«»

b4F» y4Fo4',

aop1) —y2PO(
b4P1~~ —y4PO2)
b2D1y —16O2y
z«QO«g —e"Dq~
z«Q021 f4Q21
c2D21 —35«1~,~~
b4P2~ —AD«1)
a4P1 —

sepoy
b4P2y —x2¹y
a2P'1~ 'tv2PO21

z«GO4y —e«Q4~
s«GO«) —f4H«)
z«QO«) -e«G»
a4P1~ —x4FO1g

b4F2~ Z2DO2)
z«DO2~ f4G
a4P4y —z'Po
b4F2g y4FO«)
b4pq -mepo11
z«Qo«a —f«F4@
s«G«1g —e'G1 &

s«Goy —8"G«&

a2H«$ —'1' G«4-'

z«Goy) —f4Hq
z«DO«~ —12'
s«Qo» f«po j,

a4F4y —z4Goy,
z«GO,

&
—e«Q«~

P~-ADO
b4F11, —y4F02)
s«GO«) —8«H«~.
b~D21 —14«~g
a2P«y y2P02~
s«Dog —f4Q4i?
a2D2~ —w2D «21

a4F» —z4Goe~

a2Hgg —x2HO«1
z«G«4g —f4H4g
a4pq —z'Dog
Z4GO«g —g4H4~
z«QO2~ 8«G
b4P4) y4Qo, )
z«G«11 —e«H2~
s«Q«4x f«P»
s«GO1) —f«F11.

b4F4& —y4QO4~
b4F21 —y4QO~1
s«QO«1 —3»
s«Go2; —e«G21
b'Do~~ —vip«1)?
z«GO4y —e«Hq
s«DO«y —f4D2g
z'DO1$ 21$
b4P2& —w'FO2&
b4p«) —y4Goe~
z'Dog —f'F«)

(
a4F» —z4Do

(a4P~ -m'Do~~)
z«Go«~ —f op~a
s«GO4y —e«Gq
z«DO4~ —h4pq?
z«Qo» 8«H»
a Q4g —z Ho«)
z«DOq —f4D»
Z4GO«~ —g H «1

s«GO«) —e«H4(
z«Doe) 8«D i
z«DO» —f«F4&

a4P1g Z2p«1
a2Q» —v4Dop1

2
z«D«4$ —8«D41
z«Do]

&~ f4G2x
b4F1& y4P01x
a2Hg) —xmHo4-'

a2D2) —x4Pop
a4F«$ Z4Do„z
a4py -z2P«1g
s«Dog~ —8e Ql&~

s«QO2) 4g1,
s«Do» —f«Fe)

(
s«D«4) —8«P«~~

(z«D«4y —i'Fq)
z«DO» —i4P»
z4GO4y —g4H«~

REF.

4
5

11

4
5
7

4
5
5
7

4
5
4
4
4
5
5
5
.5

5
4
9
5
5
4

11
4
5
5
5

4
4
5
4
5
4
4
7
4.

11
5
4
4
5

11
5

4
4
4
7
5
4

4

4
5
4
7
5
4
4

4
5

4
10
5

11

5
7

5
5

ZA

3426.454v
3424.5001
3424.00v
3423.35v
3422.900v
3422.784
3422.497
3422.29v
3421.628v
3421.348
3421.029
3420.790v
3420.474v
3417.795
3417,673
3417.353
3417.154v
3415.519v
3414.736
3413.52v
3413.33v
3412.87v

3412.633
3412.339
3409.646
3409.177
3408,891
3407.467v
3406,89
3405.816
3405.120
3404.05v
3403.166
3402.18v
3402.064
3401.913
3401.617
3400.471v
3399.93v
3399.44v
3398.811v
3396.457
3395.370v
3394.916
3393.16v
3390.94v
3390.797
3390.396v
3388.677
3388.494
3388.163v
3387.47v
3387.061
3386.471
3385.559
3385.219v
3384.78v
3383.909v
3383.18v
3382.96v
3382.071
3381.498
3379.71v
3378.736v
3378,357v
3377.90v
3377.0608
3376.934
3376.206v
3375.238
3374.303
3373.969v
3373.33v
3373.226v
3372.45v
3371.015
3370.80v
3370.322v
3368.67
3368.570
3367.411
3367.111v
3365.014
3364.900
3364.255v
3363.760
3363.274

INT.—'I'C

3-III
10—II

1
1
4-III
7
1—IV
2
3-III
3
1
7-III
5-II
6—I
5-III
1d

sor-rr
5-I

200K'
3Ni?
1

2
80R—II
80R—II
15
60r-II
2-IV?
2
1

30R
150R-rr

1
1
2
4—III

20
2-III
1-III
1R'
1-IV
3-III
1-III

4or-rr
2-III
2
1
3-III
5-III
1-III
3

3Or-rr
1-IV
1—IV
1g?
6

25r-II
4
4-II I
3
1
2-III
4—III
1
5-III
3-III
2
5—II
2
2-III
1
5-III
4-III
2
7-III
2
2
2

10—I
1
8
1

30r—II
2-III
1n
4—III
3-IV
4-III

WAvE No.
VAc.

29,176.36
29,193.00
29,197.30
29,202.84
29,206.65
29,207.64
29,210.09
29,211.84
29,217.51
29,219.90
29,222.62
29,224.66
29,227.36
29,250.27
29,251.31
29,254.05
29,255.76
29,269.76
29,276.47
29,286.94
29,288.53
29,292.50
29,294.52
29,297.04
29,320.18
29,324.21

29,326.67

29,338.93
29,343.89
29,353.15
29,359.15
29,368.36
29,376.00
29,384.50
29,385.52
29,386.82
29,389.38
29,399.29
29,403.95
29,408.22
29,413.64
29,434.03
29,443.45
29,447.39
29,462.67
29,481.92
29,483.16
29,486.65
29,501.60
29,503.20
29,506.08
29,512.09
29,515.68
29,520.82
29,528.77
29,531.74
29,535.57
29,543.17
29,549,51
29,551.45
29,559.22
29,564.23
29,579.86
29,588.40
29,591.72
29,595.75
29,603.08
29,604.18
29,610.57
29,619.06
29,627.27
29,630.20
29,635.78
29,636.73
29,643.58
29,656.17
29,658.02
29,662.27
29,676.81
29,677.69
29,687.91
29,690.55
29,709.05
29,710.06
29,715.76
29,720.13
29,724.42

MULTI PLET
DFsIGNATION

z«DO» —e«P«1
a2D2y —v4DO«~

b«P2) 501
azp~ —y2$o~
a4P1) —m 4Doq
z«DO«& &4F,

&
z«DO ~ —e«P1y
Z4GO2p —g4H»
a2D1 ~ 1v2Doe ~

z«D«1y —f«F»
a'P1~ —u4DO&)
a2D2g —x4PO )
a4P1g —m4Doq
b~p4g —s2GO«)
a2Py —xeSo)
b2P1) —m2PO~

b4F2) y4po, )
a'F4) -z4GO4~
b4pq —z2Doq
a4F«~ —z'GO2g
z«GO«y —e«H«~

(
b2G4) —18O«)
z«Dog —12'
a4F4y —s4DO«~

b4Pg y2G«4

b4F«) —z2DO2g
b4peg —y4poe)

E

Z«DO1$ —8«Q1&
s«Do) f«pq
s«D«2g —2q
s«DO1) —8«Dl i

b4P4) y4P04g
z«Po» jg4P«i
z«FO«~ —f4D«~
b4pq. —m4GO«)
a2P) —x&p»
z«D&g —e«G2]
a4pq —x2FO~) .

a~p1& —m'D ~
Z4QO4) —g4H4~~

a2Dgg —v«Dog
z«DO«g —e«G4g
a2D1$ x4P01 x

b4Fop —y2GO»
a'P2~ —w4DO &~

sop oe) —i4P4)
a2D2~ —v4D«1g
z«DO2$ —33$
a2D11 —x4PO)
a4P1~~ —zopoq
aoG4y —v4DO«)
b4pe) —y4F «1)
a4P( —x2Doq
a«a —u'D»
sop«1~
s«DO2$ f4+3
b4pq —y4GO2~
Z«D01g~ —42'
z«DO21 —fep'2y

s«FO2i f4D2i
a2D2) v4DO, )a'P) —xopoq
a2Qq —x2GO4)
z4GO«y g4H
a2pq —y2S'1
z«DO«g —f'H4)
s4Goe) —g4H«y
a4P2y —m'Doe~
b2pq —12«1)
sepoy —f4P2
sop«2' —e Dej
z«DO«y —fep»
a4P2g —x2P«os
z«DO«y —i4Fzg
a2P1~ —x S ~~

b2D11 —top«2&
zepo4i f4Q«i
s«DO1g —51' ~)
b4F2) —Z2D«1)
a2D2) —~2Dop
z«DO» —e«D2g
s«D«4) —f'Hey
b4F4) —y4GO«)
b4P) —x4poq

(bzpy —v2PO»)
s«Doey —e«G2~
a2Dq v2Do, )

«DO«& —e«G«~
s«DO41 —e«D«~



kUSSELL, I~l NG

Tsar.E VI II.—Conkeue{E.

4
10

5
5

5

5

4
5
4

5
7
5
5

4
4

5

4

4,

7

4

4

5
5
4.

4

4

5

5
5
5

5

5
4.

4

5
5

4
5
4
7.
4
5

4
4

3362.79Vv
3362.085
3362.553y
3361.267
3361.093
3359.284v
3359.066y
3358.003y
3356.842y
3356.464y
33S5.940y
3355.118
3354.3V4v
3354.213
3351.539y
3351.138y
3350.376
3349.519y
3349.204v
3348.112y
3347.574
3346.932v
3346.320
3345.57v
3345.146
3345.02v
3344.245
3343.530
3342.734
3342.564
3341.94Vv
3341.34lv
3341.04v
3339.780v
3339.15v
3338.7iv
3338.519
3337.50v
3337.1V lv
3334.4Sv

3334.146v

3333.688
3333.388v
3332.67y
3330.81v
3329.466v
3329.013v
3328.ZOVv
3327.50v
3326.991
3326.564
3326.38v
3326.27v

3325.43v
3325.240v
3324.81v
3324.70y

3322.198v
3322.922
3319.822y
3319.562
3319.478
3319,256
3318.60v
3318.398v
3317.93v

3315.035
3314.345
3314.073v

3313.38v
3313.116v
3312.825v
3312.277
3312.148
3311.48v
3310.16v
3309.017
3308.814v
3308.688
3308.482v
3307.473
3307.156v
3306.404v
3305.V30v

IN T.—7'C

6-III
5?-III

18
5
6-III
3—III
3—III
3-III
2-II I
3-III

20-II
4-III?
3-III
1-IV
4h
7
3k
8-II
7
8-III
2-IIIA
2
1
3
2-III
1
8-III
5-III
5-III
5
8-III

2
2-III
3
8—I
1

30r-II
2)3

20—I
24'
5-III
2-III
3-III4'
8-III
2—IIIA
0
1

2
10—II

2Rl
1

8-III
2-III
4-III
8
8-II
4-II I
1

0
3-III
2—V
8-III
1

2—IV
3-III
3
7—II
3
1
2
4-III
1
4-III
7-II
2—IV
2-rrr

WAvE No.
VAc.

29,728.64
29,734 93
29,739.64
29,742.17
29,743.71
29,759.73
29,'761.'66

29,771.08
29,781.38
29,784.73
29,789.38
29,796.68
29,803.29
29,804.72
29,828.50
29,832,06
29,838,85
29,846.49
29,849.29
29,859.03
29,863.82
29,869.55
29;875.10
29,881.69
29,885.50
29,886.63
29,893.55
29,899,94
29„907.07
29,908.59
29,924.11
29,919.53
29,922.22
29,933.51
29,939.15
29,943.07
29,944.82
29,954.00
29,956.92
29,981.38
29,984.10
29,988.22

29,990.92

30,006.36
30,014.12
30,026.24
30,030.33
30,037.60
30,043.94
30,048.57
30,052.43
30,054.10
30,055.06
30,062.69
30,064.40
30,068.26
30,069.31
30,092.93
30,094,52
30,113,46
30,225.83
30,116.58
30,119.51
30,224.60
30,126.38
30,130.63
30,256.94
30,163.22

30,165.70

30,172.99
30,174.41
30,277.06
30,182.05
30,283.23
30,189.28
30,201.32
30,211.79
30,213,64
30,214.79
30,216.68
30)225.89
30,228.79
30,235.66
30,242.83

MULTIPLET
DESIGNATION

zsDoq fsg( q
a4F&y —s4Goq?
ssDS4g —esGs1
asPqg —saPO1~
sspoa) j4F3y
g'Peg —xapo3~
b4Py —x4P»

(
aaP1$ —xaPo&~

aaP[ —t4Doq
zsPoai f4G~x
aaDa) —ysSoi)
aaD1g —ysDo»
aaPS —tsDO~

bSFSy y4FOa)
zspo4) fOpsy

ssPoay
ZSPo3) f4'
zsposy —&spy
zspo41 f4D3)
zsD04x j4P3)
aaDig —y4Doa~

sopor) —Sspay
zsP04) esDq
g4P» —xaDoiy
baQ4y 2203' q
asP1~ —xaDoa'
zsDo4y f4G@P
aaDay —vaD Say

zspos) fSQs)
gaDax yap'
bSP1) —NaDoa
baQ4$ —sap oai

baDq —asaL "q
zsFo4,'- —esPS)
baQSg —saPoa~
baDag —26oay
gaP1) xapo
soDOS~ —33'
b4F4j, ya(P4z
zsDoay —51) a

(
b4F'q —y4poa z

(aaDq —ayaDO1))
ba Gs&- —asa D oa&a

b4pax yaGO3g

(b4P~ —vaDov, -)
zsposx f4II s'.

ZODo~g fspay?
zspo3) —esDy
ZSpo3 1 —fSF41
zspo1) —2q
ssDo3x esII4)
zsPos) fOPS)
asPay —m'Foag
aaPq —t4Doa~

E

a4P~ —saS»
ZODO4~ —e44~
gap) —g)aSO1
b4Pg v4Dol
baQ3) yaGO4

baDa) —2 7oa)
gaD1) +S 1

baG4) vaGO41

gaDa) 334+03
zspos) esD4x
g4Pay —xaDoi~
zspos( —esGsi
ZOFO3$ esI a'
zspo1x —f4Ga)
g4Pag —xaDoa
bsPq —x4Poq

E

aaP1g —t4DO1~
ssPo) esG1 x

zsPoaz —jsP~x

(
a4Pq —m4Foq
haGq —v'Goy
ssPoag —j4Pa
spy —e D ~

(a4Pg) —4O3'}
(zspo-1 j4p4)}
gap1) t4Do
b4P, $ x4PO
baQ4x —vaG03g
gaDi) yaDoa z

baPq =asap'
zspoay -esDag
aa D» yap o»
sopo&g esP11
gapl) vapo
b4Pq —xsPoag

sopor —2a)
zsP 0» —fOPa)

7

4
5

5
5

4

5

4
5
5
5

5
5
7
7
4

4
4

4

5
4
5
4
5

4

7

4
5
5
4

4

4
7
4
4
5
4

5
4
4
5
4
4
7
4
4
4
5

5

4

4

4

3305.109v
3304.V91v
3304.119v
3303.881v
3302.781
3299.1iy
3298.680v
3297.22v
3296.19v
3294.536
3294.48v
3294.098
3293.861
3293.210y
3292.44y
3292.22v
3292.081v
3287.827
3287.5VSv
3287.192y
3286.545
3285.874
3283,777
3283.466v
3283.329
3282.232
3282.042
3281.820
3281.585v
3279.254v
3278.84Zv
3278.105v
3277.662v
3277.304v
3276.483v
3276.23v
3275.66y
3273.931
3272.76v
3272.405
3271,778v
3270.198
3269.30y
3268,894v
3268.56y
3267.998v
3267.68y
3266.47v
3265.352v

3264.718
3263.213v
3260.814v
3260.72v?
3260.286
3259.847
3259.20y
3258.41Sv
3258,035v
3254.63y
3254.ZOZv
3253.426
3251.656v
3250.51v
3250.335
3249.995v
3247.1VOv

3246.997
3245.750v
3243.840v
3243.579
3241.548v
3242.05v
3239.256
3238.92y
3237.80v
3237.028v
3235.783
323S.53Zv

3234.119
3232.8V4v
3229.36v
3227.752v
3226.986v
3226.25v

3226.15v

3224.632v

INT.-1C

2—IV
1—IV
3—IV
4—II
1
0
6-III
6
3
2-IV
1
3
2-III
3-III
2
1
3-Irr
5
2-III
7-II
1-III
5
3—II
9-I
4-III
1-III
1-IV
2
2—IA
5-II
6-III
2-rv
3-III
4-III
4-I II
2
1

10
1
3
8—II
2—IV
3
2-III
2%v

2 —IV
2
4
3-III

7h
4—II
9-II

3
6
1-III
4-III

12-II
2—IV
2
Say

6-II
8-II
4-rrr
3
8—II
2-II I
5
3
1
5
2
8—II
Sh

6-Ir
1—IV

60
3
2-IIA
4-III
6
2

4-II I

WAVE NO.
VAc.

30,247.51
30,250.42
30,256.57
30,258.75
30,268.83
30,302.49
30,306.46
30,319.85
30,329.36
30,344.58
30,345.09
30,348,61
30,350.80
30,356.80
30,363.94
30,365.96
30,367.21
30,406.49
30,408.83
30,412.37
30,418.35
30,424.57
30,444.00
30,446,88
30,448.15
30,458,32
30,460,10
30,462.25
30,464.34
30,485.99
30,489.82
30,496.67
30,500.79
30,504.12
30,511,77
30,514.08
30,519.40
30,535.55
30,546.49
30,549.79
30,555.64
30,570.40
30,578.80
30,582.60
30,585.77
30,590.99
30,593.98
30,605.30
30,615.77

30,622.72
30,635.84
30,658.38
30,659.31
30,663.34
30,667.48
30,673.60
30,680.92
30,684.53
30,716.60
30,720.67
30,728.09
30,744.72
30,755.57
30,757.22
30,760.44
30,787.20

30,788.83
30,800.67
30,818.80
30,821.28
30,840.59
30,845.31
30,862.41
30,865.59
30,876.25
30,883.65
30,895.53
30,897.93
30,911,43
30,923,33
30,956.93
30,972.40
30,979.75
30,986.84
30,987.77

31,002.37

MULTI PLET
DESIGNATION

gal —avaPO1 j
zspoag esG3)
asPy —ysPoq
sD4) —f Fg
zsF04) f4'
b4Py —y4DO~
ssDo4) —esHOI,
ssDSS~ —4q
ZBPo) fOP@
a Pig —5 1$
sspo1$ esQ1
aaDa) ayapoa
ssPoq —esQ4~-

gaPq —xSSoq
ssPo ) esD»
b'P~ —y'So1y
a4Pay —wspoag
Sspo1~ —eSGa~
bSP1y vaDo
a4Pq —saSO~
baPq vaPO1 x?
g4P1$ —y P a~.

aaDag —wapo~~

gang —maS«
SP) y4poi

zspo4g f4+; i

gal —8o1g
aspay —saI o3~

b4Pq —ysDNg
b4Py —yaPoi~
zspo4~ —esL3-,
zsFo4) —fsp4)
bsPay —maDoa)
zspo4~ —esGO~
zspo1~ —eOH'&

asPq —ay'I'O1'

zsposg —f4G
ssPoag fOPa x

bsPq —v4DO~)
zspo3) fspaz
ZSPOSI 34pax

b4Pay —xa Goo&

a4Pa~ —5 1'

zspox —6j.
G~ —6 -',

gaDa~ —ass Doa~
aaDq —yaPo~

(a4Fq —ysDO3))
(zspo3) esDag)
a4P1g —y4Poi)
a P1$ —N P &k-

aaD1y —avap'a)
baPq —av'Boa(
zspo3$ —esG3!

ZOPoax esD11
bSPQ —avaD 1$
aSPay -y4Poq
zsp Say —esGa~
bsPay —x4Poiy
b4Pq —ysDO. -

zsposg fsp4 I
zspos) —e st
aa G4) ~apo3
b4Pa) yaPoag

{
b4Paa~ —Vs DO~)

(sspoa; —esHS~)
bsPq —y4SO1)
aaH4$ —va Goi)-
bsPag —x4Poay .

gSP» y4 Pop
zsPosa& esH s
a4pq —y'Doag
a4Pay —y"P»
so Foa) —4a)
baDa) —taPoa&

a4PSg —saGo4~

bSPy yapoi

(
aaHsy —vaGo3g

b4Pq —vaD'a~
b4Pig —yaPoi j
aaDq. —AD'~~
zsPoax fOPa)
aspl) —zapoa]
aaPy —avaPO j.
ZOPoq —esH4.~

aaH4~ —22O3~

sopor —5» aj-

b4Pag —yaDo1~



SPECTRUM OF

TABLE VI II.—Condinled.

REF.

5

4
5

4

4

4
4
4
4
4
4

4.

7
4
4

7
4
4
4
4
4

4

4
4
4
4
4
5

4

7
7

4
5
7
4
7
5
5
4
4
4
4

4
4
7
4
4
7
4
5

4
4
4
4
4

5
5
5
5

7
4
4

4
4
5
4
4
5

IA

3223.147
3220.62v
3219.150v
3216.996
3215.332$
3211.015

, 3210.85v
3210.219v
3209.808
3208.855
3205.8838
3205.408
3204.77v
3203.0268
3199.3228
3198.6608
3196.93v
3196.748
3196.423
3193.1648
3192.220$
3191.2978
3190.910
3189.752$
3188.377$
3187.605
3187.34$
3186.350v
3185.948v
3182.1188
3180.290v
3179.828v
3177.266$
3174.9058
3174.140v
3173.56$
3173.140v
3169.7665
3168.060
3161.652$
3159.662$
3158.772v
3158.458
3158.293
3157.090v
3154.794$
3154.678
3153.692
3152.7075
3152.120
3150.819
3150.65S
3149.310v
3147.0605
3145.49$
3145.022v
3143.8149
3140.715v
3139.9475
3138.893
3138.36$
3137.755$
3137.454
3137.3288
3136.999
3136.7268
3134.62v
3132.218$
3131.8298
3129.481$
3129.0065
3127.252$
3126.725
3126.488
3121.566
3121.415
3120,108
3119.154
3118.636v
3118.249$
3116.75v
3114.118v
3113.473$
3111.339
3110.8218
3110.62v
3110.021

INT.—TC

1—IIIA
4
5—II
1-III
1—IV
4
3n —IV
5-III
1
1
1—IV
0
1
4—I:
4-I
5-Ir
2us
1
1
5-II
3-III
4-I I
1
5—I
7-III
3
4.
5—I
2-I II
7-III
2—III
1-IV
8-III
4-III
2-III
1
1-III
9-III
6—III
5-III

10—II
12-II

1
1
1-III

10-II
5-III
1
6-II I
1
2—V
2—V

10—II
15r-Ir
15g?
3-III
2
2—IV

12—II
1
2
4-III
3-III

10—II
1-III
5—II
2
4—II
1—IV
3—III
3—II
7—I
4—III
1-IV

10-II
10-II
3
1
1—IIA
5—II
1

10Ni?
6—III
2-III
5—I
5
5-II I

WAVE NO.
VAC.

31,016.65
31,040.99
31,055.17
31,075.95
31,092.04
31,133.87
31,135.41
31,141.56
31,145.57
31,154.84
31,183.67
31,188.34
31,194.54
31,211.49
31,247.62
31,254.09
31,270.96
31,272.86
31,275.96
31,307.88
31,317.14
31,326.20
31,329.99
31,341.37
31,354.88
31,362.52
31,365.13
31,374.83
31,378.79
31,416.55
31,434.61
31,439.18
31,464.53
31,487.93
31,495.51
31,501.30
31,505.44
31,538.97
31,S55.96
31,619.91
31,639.83

31,648.74
31,651.89
31,653.54
31,665.60
31,688.65
31,689.81
31,699.72
31,709.62
31,715.53
31,728.62
31,730.27
31,743.82
31,766.52
31,782.37
31,787.10
31,799.32
31,830.69
31,838.48
31,849.17
31,854.58
31,860.72
31,863.78
31,865.05
31,868.40
31,871.17
31,892.56
31,917.04
31,921.00
31,944.95
31,949.80
31,967.72
31,973.11
31,975.53
32,025.95
32,027,50
32,040.98
32,050.71
32,056.04
32,060.01
32,075.40

. 32,102.54
32,109~ 19
32,131.21
32,136.56
32,138.63
32,144 ~ 83

b6pll —ysDosl
sOFO4x fop'
a4Psl sspos j
b4ps& —84Doq
zop 64' —eOHsg
Z6F046 —e Qs

asgq —u4Doll
b4ps~~ —84Dosy
bsDs) usDol)
bsDsl gsPosl

aspic

—x4Doay
sopos~x e6Hs
gcpsl y4Dosl
a4ps) —y4Dos~
b4pq —ysFos~
b6ps) —$ssDol)
z6Fos~ —4s~?
bsDs~ —usDosy
b4F» yspo»
b4pl~ —yspo~~
a4pq zsGosg
aspic —12ol)
a4Fq~ —y4Doll
b4pq —wspos~
bspq —16oqg
aspll —'Ivspog
a4ps~ —zspo&y
b4ps~~ —y4Sol~
b4P~ —u4Dol~.
asDq. —u4DO~
asDsx —t4Doq

b4ps& —vsDos)
asH6J 52GO4~
b4P21 —yspolL
a4P~ —x4Pol,
asDs~ —vsposx
asDs~ —xspol~
b4ply —u4Dosl
a6pq —y4Dog
b4F2x ySIs OSl

a4psx y4GO4t
a4pl ~ —utsDosg
a4Fq —zsDosl
asDq —t4Dosy
b4ps~ —

u4D os
asDl~ —xspoy
a4F4i —zsQO4&

b4P~ u4Do
aspl) —12ol~

a4Fpl —y~Dol~&
a4Psz y4 Qog
b4P&' ysSO
a4pg —5&Dog
b4P,) ysDo, )
b"Pg —xsSoq
a4F 6~ —y4Dos~

(b4pl) —u4Dop)
asQ4l vspos~
bsp1g —vts4PO&

a4pl $4Doll
gsDl~ —xspoq
a4F l.~ —y4Qoqi.
a4pl~ —x4Pol ~

g4P4g zsposg
a~ps~ —vsssDosl
a4psg ss Gosh'~
a4pl ~~

—x4poy
b4psy —u»pop)
bdps) ysDos&
b4P4l ysPosx
asD, ~

—t4Dos~

asDs) —x4Soq
g4Psg y4poq
acp4) y4Dos)
b4Psl ~QPosx
asDs-,' —7osg
a4Psy —zs Dos~
a4psl y4posy
asDly —t4Doq
a4P~ —84Dog
a4ps) —x4Pol J.

b4ply —u4Dog
a4pv, —y4pos&

b4P) —x&pol~
asDl' —vs pos &

4

5
4

5

4

4

4

4
4
4
4

4

4
4

4
4
5

4
5

5
5
7
4
7
4

7

4
5
5
5

4

4
4

4
4
4
4
4

4
4

4

4
4
4
4
4

4

4
4
4
4
7
4
7

M ULTIP LET
DESIGNATION REI .

3109.506v

3108,48$
3108,223
3107.540v
3107,044
3106.142$
3105.929$
3103.983
3103.735v
3102.405$
3100.338
3100.15v
3099.667v
3098.1948
3096.7058
3096.402$
3095.716$
3090.251$
3089,5968
3088.676v
3087.806v
3087.35v
3086.835?
3086.7778
3086.393$
3085.655
3083.749$
3082.844
3082,614v

3079.394$
3073.5208
3072.664
3072.3418
3071.9578
3070,857
3070.752
3070.550
3070.348
3069,032
3064.3708
3063.25$
3062.46$
3062.199v
3061.983
3061.8228
3061.013v
3060.0488
3056.668v
3054.724
3054.132
3050.932
3050.496v
3048.888v

3048.108v

3044.0048
3042.4818
3040.8129
3039.563v
3038.302v
3034.432v
3034.088
3031.518
3031.288$
3028.184$
3026.373v
3024,400$
3023.590v
3023.115
3022.3555
3020.965
3020.85$
3017.548v
3017.2548
3015.686v
3013.5928
3010.018
3007.598
3006.523v
3005.974$
3005.7668
3000.545$
2999.714
2998.088
2996.945

INT.-2'C

4—III
1
1
1—IV
3-III
1-IIIA
3-II
5—III
5-III
4-III
5
6d
2-II I

10—II
2-I II
3-III
3-III
4-II I'

10—II
1-IIIA
3-III
2
1?

1Sr-II
4-II I
3
1
2-III

12r-II
5—II
3—III

20
15r-II

1—IV
5
1
1
1
5—II
1
1
5-II
1

20r-I I
1-III
5-II I
2
4—II

18
60
3-III

12r-II
2—IV

30R-II
8-II
1-IV
3-III
2-II I
6-II
1

0
2-I II
1
6-III
1

1
0
3-III
1
2

15r-II
3-III
3—III
8—II
0
1
1
2
3-III
7—II
1-IV
3
1

WAVE No.
VAc.

32,150.15

32,160.74
32,163.40
32,1 s 0.49
32,175.62
32,184.97
32,187.18
32,207.35
32,209.93
32,223.74
32,245.32
32,247.22
32,252.20
32,267.53
32,283.05
32,286.21
32,293.36
32,350.47
32,357.33
32,366.97
32,376.09
32,380.91
32,386.30
32,386.88
32,390.90
32,398.72
32,418.68
32,428.19
32,430.61
32,464.52
32,526.56
32,535.62
32,539.04
32,543.11
32,554.77
32,555.88
32,558.02
32,560.26
32,574.13
32,623.68
32,635.58
32,643.97
32,646.81
32,649.11
32,650.83
32,659.46
32,669.76
32,705.88
32,726.69
32,733.04
32,767.37
32,772.05
32,789.34
32,797.73

32,841.94
32,858.38
32,876.42
32,889.93
32,903.57
32,945.53
32,949.30
32,977.28
32,979.70
33,013.51
33,033.26
33,054.81
33,063.67
33,068.88
33,077.18
33,092.46
33,093.65
33,129.87
33,133.09
33,150.32
33,173.36
33,212.85
33,239.51
33,251,35
33,257.43
33,259.72
33,317.59
33,326.82
33,344.99
33,357.62

MULTIPLET
DESIGNATION

{
a4PI y

—vsDol )
(asp) —vs pop)
asps) —s4Sol~
a4pi y4SO, (
g2P) vspo)
a4psy —v4DosIl
b4F2) —y2D I)
b4Psl ysposi
a4Psy —x4pope
b4ps) —u4Dos j.
a4pg& —84Dol ~.

O'Ds) —23ol~
a&Dsi —u» po&!
b4Ply —ISO.
a4ps) y4Go, ,
a2Dg) —x4Sol ~

a4P) —ysPol. ~

a4pq —$4Dos~.
b4py —t4Dol ~

a4Psy y4Gosq
aspsl —x4Doly

(a'Dl) —wsSO

b4P) —t4Dog
asDq —8oly
b4pl x —xspog
a4pq —y4pop
a4ps~ —8'Dog
asH4g —2564~
a4pq —$5sDol ~.

b4ps) —u4Dop
a4F4~ -y4Go&~

{
a4pq —ysG64~
a4ps) —$4DOI&

a4ply —y4Soq
asplg $2pol,
a4ps~ —y4posy
a4Fq —zsDol~
asDl) —'Ivspols
a2Plg xsPoz
b4P) —x4S'l ~

b4pq —xspo
b'Pq —usDO, )
a4ps) ys G04g

a4pl) —$2Dosl
aspsg —2osy?
a4pq —zs+os)
a4ply -yspol~
a4Ps) —y4Pop
a4psy —zesDoq
b4plg —t4Dos.,
asDsy —10'
a4ps) ysQosz
a4F4y —zsGosl
a4ps) —y4S'l~
b4pq —t4Dol~
g4ps' y4F oil
b4pq —t4DO(

(
a4Pq y4poq

(b4pq —vsFos, )
a4Fsg —y4Gos~
a4psg —vsD62,~

a4ps~ —yspol ~

asp6~ —x4Dos~.
a4psg —ssDols

(bsPS, —23ol)
a~Gs) —ysHo4l
b4P1' —x Sol'

b4Psy —t4Dos~

(
g4Plg y2Pog
b4Pq —7os)
b4Pq ussgol
asDsy —1 lory
a4psy —u4Dos~
a4Pq —wspos~
a'Hsy —2564~
a4Ps~ y4FO,

&
b4pq —8'Fog
b4ps) —xspol)
a4F4~ —y4Gos~
a4P~ —u4Dol ~
aspic —m4Pol ~

b4pq —mspol~

bsps) —t4Doq
a4ps~ —ysGos~
asDsj —12oli
a2Gs( usposx
a4Pl ~ —u4DO~~.

6

6'* Measure by R, B. King, communicated by letter, January, 1'940.



kUSSELL, KING A N D A'I 0 0 R I:

TABLE VI II.—Cont'tnued.

REF. INT.—TC
WAVE NO.

VAc.
MULTI P LET

DESIGNATION REF. IA INT.—TC
WAVE NO.

VAc.
MULTIPLET

DESIGNATION

4
4
7
4
4
4

4
4
4
4
7

4

4
4
4
4

7

4
4
4

4

4
4
4
4
4

4
4
4
4
4
4
4

4
7

4
4
4
4
7

7

7
4
4

4
4
4
5
5
5
4
4

4

7

7

4
4
4
4

4
4
4

4
4
4
4
4
5
7
4
4

2996.76v
2996.549v
2995.248
2995.1SOv
2990.5 1v
2989.590v
2987.166v
2986.10v
2983.68v
2983.50v
2982.262v
2978.950
2978.010v
2977.462v
2975.464e
2975.35v
2973.123v
2972.93v
2972.30v
2971.363v
2969.?9e
2969.617
2969.24v
2959.16v
2957.6V2v
2955.382v
2954.83v
2951.69v
2948.49e
2948.30v
2946.01v
2944.58v
2943.4V9v
2942.624v
2941.993v
2941.182v

2936.546v

2934.014v
2929.505v
2928.812v
2927.9VOv
2927.66Ve
2919.552v
2917.12v
2916.041
2914.608v
2911.9VOv
2911.560v
2910.31e
2909.984v
2907.670
2905.576
2905.496
2905.132v
2904.290v
2903.19Vv
2901.53v
2899.819v
2899.73v
2895.891
2895.485
2895.335
2892.242v
2889.845e
2887.14v
2886.86v
2886.444v
2885.307
2884.074
2883.602v

2882.219v
2881.8V6v
2879.612e
2878.558e
2876.86v
2876.82v
2876.383v
2875.438e
2874.196e
2873.32v
2872.49Vv
2871.06v
2870.506e
2867.463v
2863.538
2862.768
2862.602v
2861.351v

2
1—IV
1

50
4

15r-II
15r-II
0
0
2
1-III
1n

30
1
4
1
1
1
0
1
1
1'lv
2
1

50
30

1?
1
1
2
0
2

30
1
1
1

1

5
75
50

4
50
30

1
1
7
5
5
1
4
1

1

1
3
2

25
1

25
4
3

20
4

25
3
1
2

50
3
1

15
30

5
25
12

2
2
3
2
4
5

15
1g;
3
4
3
9h

50
15r

33,359.70
33,362.02
33,376.51
33,377.60
33,429.42
33,439.68
33,466.81
33,478.74
33,505.88
33,507.96
33,521.84
33,559.11
33,569.70
33,575.88
33,598.43
33,599.68
33,624.88
33,627.05
33,634.23
33,644,78
33,662.60
33,664.58
33,668.84
33,783.52
33,800.53
33,826,72
33,833.01
33,868.99
33,905.74
33,907,94
33,934.36
33,950.79
33,963.50
33,973.37
33,980.66
33,990.03
34,043.68
34,073.06
34,125.50
34,133.58
34,143.39
34,146.92
34,241.83
34,270.38
34,283.06
34,299.91
34,330.99
34,335.82
34,350.61
34,354.42
34,381.75

34,406.53
34,407.48
34,411.79
34,421.76
34,434.72
34,454.48
34,474.83
34,475.90
34,521.59
34,526.44
34,528.23
34,565.15
34,593.81
34,626.16
34,629.61
34,634.57
34,648.22

34,663.03
34,668.71

34,685.34
34,689.47
34,716.74
34,729.45
34,?49.91
34,750.47
34,755.71
34,767.13
34,782.16
34,792.77
34,802.73
34,820,16
34,826.87
34,863.82
34,911.61
34,921.00
34,923.02
34,938.29

asGs~ —msGo4~

b4ps) —t4Do1 (
asDi~ —11og~
Q2Ggy ~2Gos
a4psy —vt'-Fog~
a4F4y —yg Go4~.
Q4F4y y4Posg
asGs~ —uspos)
a4Pg —u4Do1
a2Fsg —z4pos~
Q2P2~a —z4po1)
b4py —mope
b'Pgg —x4$oq
Q4pq —u4Doi~
Q4psg —u4Dos~
agp» -17os~
agp1&~ —'Iv4po1)
a4P~~ —x'Soy
Q'Dq —12'
b4ps~ —?os~
asPg) 2osg
bspi~ —23o»
a'Gs~ —xsHo41
agPg~ —x4Fo4)
asDss —u'Fog~

asDq —gv2Gog)

a4P1g -u4Doy
Q2Gg~ —s4Dos~
asG4~ —y'Ho"y
asDq —u'posy
asGq -15osgl
asDs~ —s4D os'
Qspsg —x4Foqg
b4P1z zyspog
a4PI) XsSo

(
Q4psg ygpog~
a4pg1 —6os~
b4P1~ —11os'
a'G4~ —msGo4~

Q4F4~ —ygGo»
a'Gq —wgGog)
asDq$ e2P01$
a'Di~ —u'Fog~
as G4) —13',4)
a4Fq —ysDos)
agp) -ugDo1y
b4pq —12o1&

aspic; —x'Foi)
Qsps~ —x4Gos)
a4P) —x4$op
a'Dg1. —zo'Pogs

(
asp11 t sposhy

asDsg~ —1Sos~

a4pq —t4Dos~

Q4pqg —t4D'g ~

as' —xsHo4)
asDq —espy
asD1) esPo)
asPg~ -x4Pogy
Q4Ps) vspoga
Q'F g~ —z4Pos)

a4Py —vvspoq
asGgy —16os~
Q4Pg) yspogs
a4Pq~ —t4Dog~

E

asGg) —tspog)
b4ps) —11os(
asDq —s4Dos'

(
asp1) usDoi)

(Q4pgy —ysDos))
asD1g —m4pog~-

agG4g —15os)
b4P& espo, .
b4P~ —espy
a4pq —t4Doi~
asGs~ —1?os~

Qgpsg —w4Dos)
a4pq —?os)

Fg~ w4Do
a4pq —e'F's)

aspic

—x4Go4~

b4ps). —12o1)
Q4Fq —ysFos)
b4P1y ugPosg

4
4
4
4
4
4
4
4
4

4

4
4
4
4
4
5
4

5
5

4
5
4
4
4
5

4
4

4
4
4
4
5

4
4
4
4
4
4

5
4
4
4
4
4
4

4
4
4

5
4
4
4
4
4

4
5
4
4
4
4
4
4
4

4
4.
4
4
4
4

7
4
4
7
4

2859.654$
2857.98v
2857.21v
2856.98v
2856.04v
2851.74v
2850.94Vv
285$.04Ve
2849.38e
2848.61v
2842.382e
2837.154e
2836.64e
2834.428v
2833.922v
2828.466v
2826.V9Vv
2825.89e
2825.151
2824.62v
2824.45v
2823.647
2821.745
2820.002v
2819.174
2818,592v
2815.555v
2814,9V6v
2812.449
2811.508e
2811.126v
2804.098v
2803.VVOv
2800.42v
2799.3?v
2797.081e
2796.228v
2795.819
2792.436v
2791.430$
2791.009v
2790.284v
2787.016v
2785.899v
2782.258v
2782.11e
2781.032
2778.813v
2775.5V8v
2774.960v
2773.68v
2772.692v
2772.54lv
2771.69Ve
2771.324v
2770.10e
2769.659v
2768.686v
2768.294
2766.382v
2766.215e
2764.188v
2763.062v
2761.366v
2758.538$
2754.26v

2752.0VOv

2750.141
2746.028v
2745.098v
2740.45Vv
2732.$48e
2731.112v
2728.V54v
2723.05e
2722, 106e
2719.581e
2715.98Ve
2709.29v
2708.810v
2707.99v
2705.843e
2705.412v
2700.298
2695.846v
2694.392e
2692.479
2685.336v
2680.104v

40
0
1
0
1
2

30
75

2
0

30
75r
0

50
40
15
SOW
0

75m
1
1
Sh

30h
50
10
30
50r
25
3

50&v
50

5
100
00
0

50
50
1S
40

2
50
30h

5
50

3
0
8

75
50
50
3

30h
15h
9h
1
0

10
20

9
50
50

100r
1

75
30

1

40
15
50
50
50

2 Co IIP
SOW'
3
0

50m
25
75m
0

30
1 Co II?

15m Co ZI?
3
1

501m
25

1
75m
25

34,959.02
34,979.48
34,988.97
34,991.72
35,003.20
35,056.03
35,065.?9
35 076 86
35,085.03
35.,094.59
35 171 44
35,236.25
35,242.68
35,270.14
35,276.43
35,344.48
35 365 34
35,376.66
35,385.95
35,392.58
35,394.68
35,404.80
35,428.66
35,450.55
35,460.97
35,468.29
35,506.54
35,513.85
35,545.75
35,557.65
35,562.48
35,651.61
35,655.78
35,698.48
35,711.83
35,741.04
35,751.94
35,757.17
35,800.49
35,813.39
35,818.80
35,828.10
35,870.11
35,884.49
35,931.45
35,933.40
35,947.28
35,975.99
36,017.92
36,025.94
36,042.56
36,055.41
36,057.37
36,068.35
36,073.21
36,089.13
36,094.89
36,107.58
36,112.69
36,137.65
36,139.83
36,166.33
36,181.07
36,203.29
36,240.40
36,296.64
36,325.57

36,351.05
36,405.49
36,417.82
36,479,49
36,581,05
36,604.31
36,635.94
36,712.71
36,725.40
36,759.50
36,808.14
36,899.10
36,905.66
36,916.86
36,946.12
36,952.01
37,021.98
37,083.12
37,103.13
37,129.49
37,228.25
37,300.92

b4Fg[ —x4Dogg
bgGg~ —36ogy, 4~
a4Pq —mspoq
aspg~ —x4Fog~
bsGq —36osg, 4~
a4ps~ -8oig
a4F1~ —y~Doq
agps) zgpo1)
asDgg —16o2~
a&ps' —x'Fog~&
b4P1g eg po)
asDqg —ur4poq.
asGs~ —18ogy
b4pq —x4Dos )
a4Fg~

—y'DosI1

b4pig —s4Dos~
a'Dq. —s4Doi~
b4pq —n'P's~
asDq —16osg
b4ps~ —uspos~

asG4g —tgposi &

aspgy —xsDoi~
a4F4y ysPos
aspsg —xgDog

4P,) ysDo,
b4pgg —x'Dos)
a4pg) —ysFo
b4pig -z4$oq
b4psg —ssDogs
asGq —tgPo2)

b 4' —s4Doq
b4F sy —x4Dos~
asDg) —18og~&

asH4) —36og), 4)

aspic

—u|4pos)
b4pg~ —v spy&
b4Fg —x4Do, '1

asp g~
—x4Gos)

agpg~ —m4Dos)

b4pg —gv4poi(

asGgy —s'Fog~
asDq —m4pog
b4pgy —z4Soig

aspic —m 4Gog)&

b4psy —m4po&~
asDs~ —tspos)
b4F@ —x'Dog
asGg$ e2G 4~ t
agDq —20oq, s~

b 4' —s~Do+
b4P1y —s4D "1

g~

b4Pq —16osg~

asps~ —m4pu,
asps) -m 4Gos~g

alps~ —xgpos~

b'Fsy —x4Do1-',

agGg~ —vsGos~
b4F4) —x4Dos)
bsGgg 3?os
b4Fg~ —x4Dos~
b4P,

&
u14po, ',

asDgg —usDoq
agDq —tgp os'

(asDgg -sspos~)
b4pgg —1os~
agFg~ —m'Fog~
agDs) ugDO

aspg~ —x2D gs

b4P1y —m'Pop
Q2Dq —u&Do1)
a2Gg —s&pog&

b4pg~ —tgp os'
Q2D1$ —usDo~sf

agpgy —m4pog~
a&G4$ vsGo4$
b4Fgg -1osyP
asG41 —vsGog&

a4Psg —usp os'
Q4ps( —s4Dog)
asp g~ —m4Gos
b4P1~ —tzF os~.

b4F g) —x4po4)
a4Pq —s4Dos1,
Q4Pg) esP 1

b4pgy —x4Fos~
b P1j,- —u D 1)



ARC SPECTRUM QF COBALT

TABLE VI II.—Continued.

IA INT.-TC
WAVE No.

VAC.
MULTI PLET

DESIGNATION REF. IA IN T.—TC
WAVE NO.

VAC.
MULTIPLET

DESIGNATION

4

4.
4
4

4

5

5

7

7

4

4
4
4

4

4

4

4

4
4
4
4
4
5
4
4
4.
4

4
4
4

10
11

4
4

4

4
4
4
4
4
4
4
4
4

4
4

10

4

4

2679.7518
2677.021v
2675.980v
2675.5468
2673.918v
2669.5758
2668.08v
2661.V14v
2657.340v
2650.2668
2649.9318
2648.635
2646.413v
2644.'7V2v
2642.8848
2636.365
2632.89v
2631.215
2629.9708
2628.761
2627.638v
2627.0318
2626.122
2624.7958
2623.968
2623.'755v
2623.440v
2622.430v
2622.250v
2622.059v
2619.276v
2617.859v
2616.2608
2615.336v
2614.124v
2613.8948
2613.492v
2610.7628
2608.900$
2606.1208
2602.5818
2600.9V7v

2599.200v

2595.9868
2595.2148
2594.1618
2593.0708
2592.563v
2591.686v
2590.594
2589.308
2585.335v
2583.038
2580.838v
2578.924v
2577.4468
2575.7338
2574.3518
2573.538v
2573.395v
2572.2348
2570.762
2567.742
2567.3448
2565.985v
2564.566v
2562.1248
2561.280v
2560.02Vv
2559.5958
2556.'762v
2555.074v
2553.337v
2553.0048
2551.2308
2549.2968
2548.875v
2548.333v
2548.194v
2544.8628
2544.252v
2543.2328

2538.70
2538.339v
2536.503v
2535.961v
2535.3598
2532.1V6v
2531.3548

75W
0

iog' Co II?
1

25
2
1
2 Co II?
0

50~8
5028

5 Co II'?

1028
10u|
10r

5 Co II?
3
122

30
3

50W'
2
1
1
5

40
2

30r
3

4028 Co I+
50u
5028
4028
10
30
4

25 Co I+II
4028

ig?
40

1
1028

5
0
1

1028
1
0

1Or75''
00
50%'
3

50K
30

1
2
6r

30r
40
5028(1

1
5Or

1
0

1Or
25

id Co II?
0

5028 Co II?
6

ior
4Or
0

3
20 Co II?
0
4

50r Co II?
1

(1
6
1

10r Co II?
5

10 Co II?
5

37,305.83
37,343.88
37,358.40
37,364.46
37,387.21
37,448.03
37,468.97
37,558.62
37,620.44
37,720.85
37,725.61
37,744.07
37,775.76
37,799.20
37,826.20
37,919.72
37,969.73
37,993.94
38,011.93
38,029.41
38,045.66
38,054.45
38,067.62
38,086.86
38,098.95
38,101.97
38,106.54
38,121.21
38,123.83

38,167.11
38,187.77
38,211.11
38,224.61
38,242.33
38,245.69
38,251.58
38,291.57
38,318.90
38,359.77
38,411.93
38,435.62

38,461.89
38,509.51
38,520.97
38,536.60
38,552.81
38,560.35
38,573,40
38,589.65
38,608.95
38,668.15
38,702.59
38,735,52
38,764.26
38,786.49
38,812.29
38,833.12
38,845.39
38,847.55
38,865.08
38,887.33
38,933.06
38,939.10
38,959.72
38,981.28
39,018.42
39,031.28
39,050.39
39,056.98
39,100.25
39,126.08
39,152.69
39,157.80
39,185.03
39,214.75
39,221.23
39,229.57
39,231.71
39,283.07
39,292.49
39,308.25

39,378.41

39,384.02
39,412.52
39,420.94
39,430.30
39,479.86
39,492.68

II 38,126.61

a2F2y —x2GOq
a4P2y —s4DOq
b4pi2~ —x4F022~

a4P2y -284P02)
a2D2~ —230i2~

c4P) —s4D0»
b2D2) —3702),)
b4P4) 10,)
a2D2) —2402(
b4pq. —x4poq
a2F2$ 82Dogy

(
b4F2) —x4P02)
b4F4) —x4poq
b4F2) —x4F02)
a2F2~ 84DO»
b4Fq —z4P02~
b4P2) —s2F02)
b4Pg —

23 oyer
a2F2g —282DO&y
b4P2~ —u2D 021

b4F4( —x4GOr y
b4Fq —z2P0)
a4P2) —1602&

a4P) —190')
a2Fq —y4SOa
b4F2y —x4poq
b4F2~ —x4G02&

b4pq —x4G02~
b4I&'2) —x4G04&

b4Fqy —284D022&

b4F» K4D01
a2F2~ —v2D02)
a2F2) —y2P0»
a4F2g —x4D02~
a2F2) —282D02)

b4F2) —x4F02)
a4Pq —804POg

b4pq g)4DOg

a2F2g -u4DOa)
b4F4) —x4P02)

(
b4Fq —s2Pog
a4Pq —190&)
b4pq —x4G02)

c4Pq x4D02
b4F2~ —284D02)
a2F2y —x4P02(
b4F2g —284D0
a2Fq —x2G04)
a2D2~~ —2902~i

a2F2y —282P02-&

a4Pq —190&y
b4F2) x2F02)
a2Pq 282F02'
b4F4~ —x4G04~
a4Fq —s'SO»
a4Fq —x4D02~
b4Pq 30'
b4Fq —z2POI)
b4F2y —x2F0
.a'Fq —84D022&

a2F2y —u4D02g
a4F2~ —x4D02~
a2D2y —310»
b4P2) —230&)
c4Fy) —x4DOI2

b4F2~ —x4G02~
b4pq —284D02g
b4Fq —u 4F02y
b4F,

&
m, 4F04

b4Fzg —284F02)

a4F2j —s4Soi&
b4F2g —x2Dos)
a2P2) $2D02x
b4F2.~ —x2D02~
b4F2y -x2FOq
a4Fq —x4DOy
g4P2g s2F02

2

g2P2) 602)
b4Fq s2S0

b4F2~ —x2F02
a4F2y —x4DOj y
a2F2~ —u4DOq
b4F» —284p0&y
b4F j,2&

—284Goq

4
4
5
4

4
5
4

5
4

4
4
4
4

4

4
4

4
4

4
4
4
4.
4
4
4
4
4

4
4
9
4

4

4

4
4
4
4

5
4
4
4
4

4
4
4
4.
4

4
4
5
4

5

4

4
4

4
4
4
4

2530.546v
2530.1348
2528.967
2528.1868
2525.626v
2523.008
2521.363
2520.908v
2518.9888
2517.869
25 17.7928
2515.0758
2513.1198
2512.900v
2511.0198
2510.10v
2509.234v
2508.730v
2507.678v
2507.169v
2506.8V38
2505.10'78
2504.518v
2503.860v
2503.24v
2502.284y
2501.5088
2501.257v
2500.494v
2496.7138
2496.45v
2495.551v
2494.'7308
2493.9308
2491.15v
2490.02v
2489.628
2489.50V8
2489.249v
2488.461v
2485.952v
2483.613$
2481.098
2478,2938
2476.640v
2476.43
2474.702v
2473.901v
2472.922$
2472.0668
2470.2V08
2467.6858
2465.1118
2464.6158
2464.4598
2463.7V68
2462. 1228
2461.5628
2460.8008
2460.1958
2456.237

. 2453.3828
2451.7478
2451.23'78
2448.505v
2445.756v
2445.353v
2443.548v
2443.18v
2442.888v
2442.628
2441.0408
2440.141v
2439.495v
2439.0388
2438.411
2438.201v
2436.786v
2436.657
2435.823$
2435.0948
2433.758
2432.2138
2431.74v
2430.1768
2429.226v
2428.596v
2426.997v
2425.5938
2424.9328
2422.568v
2421.688v

5
4028 Co II?
50R
3 Co II?
4
4 Co II'?

75R Co II?
3
3

1028
6
1
4
5

10r Co II'?
0 Co II?
2
1

4028
2

iow
3
4 Co II?
1
1
5
2
2

10k
12

1
10
9

3028
1
0
3
1
4

1
12 Co II?
0
2

4078
1 Co II?
5
8
7
3

2028
2028
3
3
2
4

20
2

20
20
2028

4
3
1
2
3
2
5
0
4
2 Co II?

20
428
8h

20R
2
1
3

50R
10
2028
0

40R
1

10
25
10
12
8

250R
3028

8

39,505.29
39,511.72
39,529.96
39,542.16
39,582.24
39,623.45
39,649,16
39,656.31
39,686.54
39,704.17
39,705.39
39,748.28
39,779.22
39,782.68
39,812.48
39,827.01
39,840.80
39,848.80
39,865.52
39,873.62
39,878.32
39,906.43
39,915.82
39,926.30
39,936.26
39,951.45
39,963.84
39,967.85
39,980.05
40,040.59
40,044.86
40,059.23
40,072.42
40,085.27
40,130.00
40,148.2
40,154.6
40,156.48
40,160.64
40,173.36
40,213.90
40,251.77
40,292.7
40,338.17
40,365.09
40,368.5
40,396.70
40,409.77
40,425.77
40,439.77
40,469.17
40,511.55
40,553.86
40,562.02
40,564.59
40,575.84
40,603.09
40,612.32
40,624.90
40,634.89
40,700,36
40,747.72
40,774.89
40,783.37
40,828.87
40,874.76
40,881.50
40,911.70
40,917.8
40,922.75
40,927.2
40,953.73
40,968.81
40,979.66
40,987.34
40,997.87
41,001.41
41,025.21
41,027.38
41,041.43
41,053./1
41,076.4
41,102.34
41,110.3
41,136.79
41,152.88
41,163.55
41,190.67
41,214.51
41,225.74
41,265.97
41,280.96

a4pg)
b4F22~

a2F2)
a4Pq
a4F2g
a4F4g

—x4F0»
1—282D02)—t4D02y—270'

x P02—103~

b4F2~ x2G03
a4P2y —x4P02y
b4FIg —, 82DO»
a4P2~ —260'
a4P2g —s4P 02'

b4F2g —x4POi~
a4pq —x4P04~
c4P2& —2702,'
b4P22~ —84D032'

b4F4y —303'
b4F2g —284P02)
a4F2) —x4D02~
b4Py —310'?
b4pq —y4POq
b4Py —320'~?
a4F4~ —x4D02~

a2P22~ —282F02)
b4F22~ —284G02~

b4F2) 284F02)
b4P2) —2602)
b4F2g —x2D02~
g2F2) —282F02 '
b4pq 284P04)
b4F2~ —402~

b4Pq —84poi)
b4Pq 284p0) z

a2F2) —x2P0,
b4F2» —284GO

b4Fi4~ 284 DO

b4P2~ —2802&

g2F2) —u4D02)
b4P j)—310')
b4pq —y4PO&~

b4F2) —284G04~~

b4Pq ~ —320' ~.

b4p3x 284F02)
b4P4J- —x2F02~
a2F2~ —t4DOi~
b4P2y —$4P02~
b4Pig —330',2~
a'F2g —v2F02~

a4Fq —s4POg
a4F&~ —z4Poi~

b4F2x 284G02&

a2F2 —x4SO&~

b4F4g 284PO, (
a2P2y —, 702)?
a2FOI, —602~
a4P2x x4gi04)
b4F2) —284G02j-

b4F4) —284Gos~
c4F2~ —x4F02j
b4P2g —3100
a4F2y —z4P02~
a2F2) —QPPoq
a4F2g —s4Poq
a4P2g —2402'
b4Fy) —282D02~

a4piy —x4F02~~

b4P2y —320'
b4F4$ —284G04

a2F22 —t4D02~

b4piy —x4POiy
c2P2) 82Foq
b4P&~ —x4Po;
b4P4~ —w4G03)
b4P2y —340», , 2)

b4Fy) —x4P02(
a2G2) —36 2).4)
b4F2) —z2IE04)



TXBI.E VI II.—Continued.

HEI&",

4

4
4
4

4

4
4

4

4
4

4
4
4

4

5

4

5
10

4

5

5

4

4

5

4

4
4

5

4
4
5

4
4
4

2419.828v
2419.324v
2419.122v
2418.580v
2418.4V6v
2417.329v
2417.04Sv
2415.516v
2415.32v
2415,29v
2414.458v
2413.580v
2413.18Vv
2412.896v
2412.V62v

2411.618v
2410.504v
2409.654v
2409.123v
2407,249v
2406.266v
2404.84v
2403.63Vv
2403.33Vv
2402.559v
2402.164v
2402.058v
2401.59Sv
2401.102v
2400.8,";3v
2400..'. 58v
2398.' S4v
2397.25v
2397.03
2396.VV9v
2396.588v
2396.232v
2395.390v
2394.227
2393.635
2392.029v
2391.369v
2390.426v
2389.984v
2389.540
2388.374v
2388.1VSv
2387.460v
2386.509
2385.813v
2384.858v
2381.26v
2380.696v
2380,483v
2379.35Vv
2379.160v
2378.905v
2377.21Sv
2376.9VSv
2374.456
2373.862v
2373.56v
2373.3VOv
2372.832v
2371.84Sv
2371.458v
2370.514v
2369.924v
2369.674v
2366.046v
2365.05Vv
2364.251
2362.32Vv
2360.V89v
2358.676v
2358.1VVv
2357.SOVv
2356.26Vv
2355.61lv
2355.480v
2354.41
2354.18v
2353.36v
2352.864v
2351.98v
2351.385v
2350.596v
2350.284v

INT»-Tc

6
10df
20zv

1
1 Co II?

25
10
3
2zv
4

40R
15
15
6

12K

250R
40m

8
20

100
25
10
15
15
15
30r
10}'
30
30
30
30

6
90

5
10
6

1
2

4

12 Co II
3
5

10
3
9

10R

20d

4
4
5

12
6

9
0

20
15
6 Co II?

15
10
9

15
5

18d
3
8
9

10
20
10
10

7
30

5
2

10
15d
4

10
6

12

WAVE NO.
VAC.

41,312.69
41,321.30
41,324.75
41,334.01
41,335.78
41,355.40
41,360.25
41,386.43
41,389.8
4'I. ,390.3
41,404.S6
41,419;63
41,426.37
41,431.3?
41,433.67

41,453.32
41,472.48
41,487.11
41,496.25
41,528.58
41,545.52
41,570.1
41,590.95
41,596.14
41„609.61
41,616.46
41,618.29
41,626.31
41,634.86
41,639.52
41,644.29
41,679.08
41,701.?
41„705.6
41,709.95
41,713.27
41,719.47
41,734,13
41,?54.40
41,764.73
41,792,76
41,804.30
41,820.79
41,828.52
41,836.29
41,856.72
41,860.21
41,872.74
41,889.42
41,901.65
41,918.42
41,981.8
41,991,70

41,995.46
42,015.33
42,018.81
42,023.31
42,053.18
42,057.43
42, 102.04
42,112.58
42,117.9
42,121.30
42, 130.86
42, 148.38
42,155.26
42,172.05
42, 182.54
42, 187.00
42,251.68
42,269.34
42,283.76
42,318.19
42,345,76
42,383.69
42,392.65
42,404.70
42,427.02
42,438.83
42,441.19
42,460.5
42,464.6
42,479.4.
42,488.3?
42,504.4
42,515.10
42,529.36
42,535.01

gsPql 70,&1

4P21 x4jr Oq

e4pq —x4G021
g4p21 x4Goy
e4p) 32011
b'P11 —v4DO)

g4FIs —zs&4Doq
e4p~s1 x4G041

(a4F11 —ze4DOI).)
a4P11 —30021
b4P1) y4S011
b4psy —v'D'q
a4F4) —x4G001;
b4Fss zvsDO
b4ps( v4D01 1

b4F I ) —vsD02)
b4p, s ysPO, )
g4Pq x2P02g
a4ps1 —x4Fop
a4Pq zv4D0)

b4F2~ —v4D02~
gsp21 —120@

g4P21 —3002
g2G41. —36021 41

b4p21 z4&2D01)

g4J»2$ —x G 2$

b4pss~ —v4Dosg
(a4F21 —zv4D02))
e4psy -zv4Doq
b4F2~ —x4P021
b4F2y —y 45011
b4ps1 —xsG041

a4pq x4pos)
b4F2) v2D02
a4F2y —z44Dos)
a4ps11 —x4 G021-

b4F21 —ysp01(
b4F1~ y2po)
a4P2) —xspog&
a4P21 —3201(
b4F1 ) —zs&2pos).

b4pq @2+001
a4Pq —x'Dog
e4l q —xsD02(
e2P2$ usPos

g4P21
e4P2)
a2Gs~1

g4F~)
b4Psg
b4pss
g2P2)
e4pq
b4F4)
b4FI)
gsP2$
a4pss,
g4P1~1
gsps1
a4ps1
b4P2)
C4P2)

32poq
x2FOs)

—3702~,q
30s),

-u4Uos1
v4D02—u2P 021—x4G04)
x2G0—u4D021
14021

—x4G0~21

zl&4poz)—1102)
ZV4L&0&& 1"2—Zl& &F 21—m'4I' Os)-

g2F2) v2po} 1

g4Ps) zv4P04s
b4P4) v4+ 021

g4F2~ —xsL'011
g4F2$ xsD02'
b4ps$ —vsD02'
b4pq —zs&spop~

4
5

4

4

4
5
5
4

4.
4
4.

4

5

5

4
4

4
4
5

5

4
4

4,

10
5

4
5

10

4

4

5

MULTIPLET
DESIGNATION RL&F.

b4F21 x4P022 2347.657v
2346.161v
2342.793
2341.784v
2340.99v
2339.92v
2339.550v
2339.048v
2338.656v
2337.95v
2337.477v
2336.00v
2335.102v
2334.1 2v
2333.980v
2333.071v
2332.08Vv
2329,089v
2328.86lv
2328.298v
2327.539v
2325.80
2325.615
2325.530v
2323.13lv
2322.260v
2320.906v
2320.41v
2319.152v
2317.516v
2316.843v

2316.V33v
2316.1SVv

2311.3Sv

2310.962
2310.36v
2309.020
2308.98v
2305.169v
2304.182v
2303.966v
2303.504v
2303.31v
2298,356v
2296.V04v
2296,038v
2295.223v
2294.003v.
2291.450v
2290.541v
2289.49Sv
2288.VV4v
2287.804v
2285.408v
2284.86v
2284.81v
2284.3VSv
2281.34
2279.92/v
2279.480v
2278.298
2276.523v
2275.884v
2274.61Vv
2274.49Sv
2273.58v
2268.V42v
2268.163v
2267.113v
2264.880v
2264.41v
2262.592v
2262.07
2258.328
2257.582v
2256.56Sv
2254.82v
2253.776
2253.587
2252.V12v
2251.83v
2250.496v
2248.981v
2248.80v
2247.86v
2246.599v
2245.600
2245.463v

INT, -TC

7

5

5
4 Co II?

10d
3m Co II?
4

10d
15
5 Co II?
.3
6

10
6 Co II?

10
6
5
6

50zv
12
15d

1

5
5
5

10zv

10
12

1
10R

?
15
10
12
9

1S
18
18
15
10
12
10
9

15
12d
12
30

10Fe
15
9

20r
9
8

2
12
15
12
15
10
10
0 Co II?
9

10
10
10
10
3

10
8

10
5
1

25
10
5

WAVE NO.
VAC.

42,582.60
42,609.75
42,671.00
42,689.38
42,703.8
42,723.5
42,730.15
42,739.32
42,746.48
42,759.4
42,768.04
42,795.1
42,811.53
42,829.6
42,832.11
42,848.79
42,866.88
42,922.05
42,926.25
42,936.63
42,950.63
42,982.7
42,986.16
42,987.73
43,032.12
43,048.26
43,073.37
43,082,5
43,105.94
43,136.37
43,148.90
43,150.95
43,161.68
43,251.4
43,258.69
43,270.0
43,295.09
43,295.9
43,367.40
43,385.97
43,390.04
43,398.74
43,402.3
43,495.93
43,527.22
43,539.84
43,555.30
43,578.46
43,627.01
43,644.32
43,664.26
43,678.01
43,696.53
43,742.34
43,752.8
43,753.8
43,762.25
43,820.3
43,847.48
43,856.08
43,878.83
43,913.04
43,925.37
43,949.83
43,952.19
'43,969.9
44,063.63
44,074.88
44,095.29
44,138.76
44,148.0
44,183.39
44,193.6
44,266.81
44,281,43
44,301.39
44,335.6
44,356.20
44,359.92
44,377.15
44,394.5
44,420.84
44,4S0.78
44,454.3
44,472.8
44,497.91
44,517.68
44,520.42

MULTIPLE T
DESIGNATION

e4F2}l—zv4 Dos)
a4p2~ —x2P02~

4pq y4 pos)

b4pq —u4D021
asp2) —15os)
b4Ps) u4D001
e4psy —xsFos}
esp 1)—N4P 01)
a4pi) —zv4G021

g4psy —zv4F 02)

a4p41 +Gos)2
b4PIlI —u4D01,,

g4p11 y4 p011

b4p2) u4Do1)

b4Fq —xsS»

b4Psy —zvsp»02)

a4F2$ —zv4GOs).

g4Psy z4&4Pos)

g4Pq —y4PO)

g4pq y4 pO.&1

b4P21 esp 011

a4Fs( —X2D02~)

a2Pq —us) 021

a4F2) —z4&4F01(

b Fsy —6'sg
g2Fsg —zvsG041
g4pss —zv4G021

g4F2) y4po, )'

b4psy —u4D0~~
b4Pq x2Poq
g2Ps( u2P02g
g4Pq zv4P04)

g2Psg —130sl
a4ps) -zv4G04)
g4Ps} zs)4P02)
b4pq —u4Dos~
e4pq —z64Dos)-
asp2) —1602(
b4P11 ))4DO)

b4Pq )&4Doss

b4FI) v2p021

g4P4y x2Pos)
g4Psg zl)4Gos)

b4psy —vsp"a~
b4F2) —xsP 11
g4pq y4P021
b4FI).—x4S01-'
b4F2}}—6oss
b4P4g zv2 j4'021

e4Ps) zv4G02(?
b4F2) /4Dos
b4P12 zs)2SOs

(a4F4s —m'Pos~)-)
b4F21 g4D011

a4Pq zv2Dop, )

b4F2y —v'F'21
b4FIs —zs&2p01-'-

g4F4$ —zv4 Go;& '-

a4p41 4021

b4psg —x4h'"1-;-

b4psI, ))4D001

e4FI) x4p01
b4F2) —702(
g4Pq x4PO)
e4pq -z04G041
a4pq —x4P02).

g4F2) zv2D0»2)1

b4ps) ]4D02)
'

a2F2$ @F021
b4pq —60s},
g4P2~ x2Gos
a4P12 —v2D01
a4F41 —Zv4G0~-~

gspsg 16021
a4Fq —v'D'11
g2ps) PPos)
b4PS), V2P021

g4psg x4p 01

a4pq —v4D02

f Part1y Ni—Burns.
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TABLE VI II.—Continued.

REI» ~

4
4
4
4.

4
5

4
5

13
4
5
5
4.
4
5
5
4
5
5

5

5
5

13
13
4

5
4.

13
13
13
13
13
13

5
5

13
5

13
5

13
13
13

5

13
5
5
5

13
5
5

13
4

13
13
5
5

13
13
4
5
5
5

13
5
5

13
13
13
13

5
5
5

13
13

5
13
13
13
13

2244. 12v
2243.254v
2241.65v
2240.745
2239.30v

2237.125e
2236.796e
2234.V10e '

2233.759v
2233.099
2232.88v
2232.460v
2231.749
2230.07
2229.V34e
2228.806
2228.334
222 7.853e
2227.666e
2225.848
2225.350
2223.97v
2219.154
2218.813
2213.86
2213.819
2212.354
2212.23
2210.89
2208.508v
2207.853v
2207.697

'

2204.796v
2203.96
2203.53
2202.59
2201.79
2201.55
2201.41
2201.235
2198.764
2197.98
2197.633
2197.34
2196.904
2196.458v
2196.02
2195.17
2191.16
2189.350

2187.284

2186.V7Vv
2186.45
2186.030
2184.950
2184.314
2183.33
2182.587
2181.121
2180.23
2180.060$
2178.59
2178.06
2176.968
2176.494
2176.03
2174.90
2174.589v
2173.845
2173.173
2172.175
2171.68
2170.565
2168.711
2167.75
2164.36
2163.96
2163.78
2163.574
2163.034
2162.196
2161.58
2158.87
2158.542
2158.30
2157.20
2156.33
2155.29

INT.—TC

?
10

6
1

10
15
12
10
9
4
8 Co II?
6
8

10
12

10
12

5
12
0
9

10
4 Co II?7»»
9

15
2

12
9

10
18
3N

3
4
6
6
4
2
3
5
8
3

15
3
2
3
3

12
8
3

10
8
3N

15
12

7
10
25m
8Fe?
2
4
3
8

30'
10
10

ON
10
18
3
6
SNN
3?

12
15
6
3N

10
8
SN
5NN

f2

WAVP NO.
VAC.

44,547.0
44,564.26
44,596.1
44,614.1
44,643.0
44,686.31
44,692.88
44,734.60
44,753.64
44,766.87
44,771.4
44,779.68
44, 793.95
44,827.7
44,834.42
44,853.09
44,862.59
44,872.27
44,876.04
44,912.69
44,922.74
44,950.5
45,048.15
45,055.08
45,155.9
45,156.70
45,186.60
45,189.1
45,216.5
45,265.28
45,278.70
45,281.90
45,341.48
45,358.7
45,367.S
45,386.9
45 403.4
45,408.3
45,411.2
45,414.82
45,465.85
45,482.1
45,489.25
45,495.3
45,504.34
45,513.58
45,522.7
45,540.3
45,623.6
45,661.34

45,704.45

45,715.1
45,721.9
45,730.67
45,753.28
45,766.59
45,787.2
45,802.80
45,833.58
45,852.3
45,855.88
45,886.8
45,898.0
45,921.00
45,931.01
45,940.8
45,964.7
45,971.24
45,986.98
46,001.19
46,022.33
46,032.8
46,056.45
46,095.83
46,116.3
46,188.5
46,197.0
46,200.9
46,205.26
46,216.79
46,234.70
46,247.9
46,305,9
46312 96
46,318.2
46,341.8
46,360.5
46,382.8

MUI.TIPLET
DESIGNATION

agpgy —1702y
a4F2y —v4Dogy-

a4Fgy —x4P02y
agF2y —u2Doly
cgp"2y —s2Fo

{agF2y —sgp02y
b4F,y 702y
a4F» —v4DO~

b4F4y —t4Dogy
c4Ply y4Soly

b4pl y
—1102y

a4Fgy —e2Dol y
, b4pgy —100gy

b4F4i e2Po,
g4F2y —e4Do, y
a4Fl y

—egD02y
a4Fgy

—2v2D02y
a4Fl~ —y2Pol y
a2P2~ —e2Gogy
a4F2l —e4D'gy
a4F gy

—x2G'gy
a4Fgy —2vgDoly
b4F gy

—902~,4y
g4F2y y4goll

(a4Fgy
—e4Dogy)

b4pgy —1102y
a4Fgy

—x4P02y

a4Fgy
—x2G04y

g4F2y v2D02y
a4F2y —y2Poly
g4Ply y2Poy
b4Fgy —100gy

b4pgy —120ly
a4pgy —u4Dogy

g4I» gx v4D02x

a4F4y —2:2Hogy

agpgy —2iogy, 4y

g2Pgy s2Pogx
g2F2z 230l i

b4Fgy —f 102~

(g2Pgy s2P02y)
b4F4j —90gy, 4y
g4pgx 2v2 Fogy
b4Fly —1402y
agpg~ —ugD02y
a4F4~ —xgGogy

a4F ly —u4Doly
g2Fgy v2G04l

g4Pgy v2D02y

b4F2y —'Ã2 Gogy

g2Pgy v2Gogy

a4F4y —v4Dogy

a4F2y —u4Do2y
b4F4y —100gy
b4p, y

ugpogg

a4P4y x2 Go4
a4Fgy

—u4Dogy
a4Fly —u4D'y
b4F2y —f 402y

a41 ~.~. —u4Doly
a4Pl y

—x2Soy
b4pgy —v'Poly

g4Pgy —W 1 2y

REF.

13
5

13
13
5

13
13
13

5
13
13

5
5
5

13
5
5

13
5
5

13
13

5
13
5

13
5
5
5
5
5
5
5

13
13
13
13

5
5
5
5
5

13
5

13
13

5
5
5

13
13
5

13
13
5
5

13
13

5
13
5

13
13
13
13
13
13

5
5

5

13
5

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

IA

2154.24
2154.074
2153.50

. 2152.83
2152.148
2151.69
2151.26
2150.11
2148.708
2147.77
2146.65
2146.264
2145.45
2143.679
2142.34
2138.971
2137.780
2137.38
2135.798
2135.59
2134.92
2134.10
2132.767
2131.84
2131.052
2130.91
2130.276
2129.508
2127.147
2126.199
2125.949
2125.322
2125.116
2124.80
2124.13
2122.64
2121.99
2121.391
2120.705
2119.904
2119.192
2118.505
2117.68
2116.842
2116.29
2115.49
2115.338
2114.41
2113.536
2113.20
2112.40
2111,416
2111.08
2110.89
2109.206
2108,980
2108,16
2108.05
2106.798
2105.02'?
2104.730
2104.50
2103.85
2103.10
2102.62
2101.70
2100.66
2099.35
2098.942
2097.511
2095.77

2094.86
2093.40
2091.98
2091.40
2091.05
2089.83
2089.67
2089.35
2087.55
2085.67
2085.04
2084.09
2082.11
2081.04
2079.55
2079.32
2078.06
2077.76
2077.44

INT.—TC

3
10
12

2
10
3N
2 Co II?
5
6
SN
0

12
12
3
2N

15
15
0
4
3
6
8N

10
0
3
tr
8
5

10
5
5
5

10
0
8

10
6N
3.

10
10

5
6

15s
10
8
2?

12

12
3

12
10
SN
tr
5

15
0
0

25 Co II?

25
12Nd?
5
4N

10
3
6

10
12
20
15
15
15
12
10
15
10
10
15
15
15N
9

10
12
10
tr
12

2
25NN

1N

WAVE NO.
VAC.

46,405.4
46,409.01
46,421.4
46,435.8
46,450.54
46,460.4
46,469.7
46,494.6
46,524.90
46,545.2
46,569.5
46,577.87
46,595.5
46,634.03
46,663.2
46,736.67
46,762,70
46,771.4
46,806.09
46,810,64
46,825.3
46,843;3
46,872.60
46,893.0
46,910.32
46,913.4
46,927.40
46,944.32
46,996.42
47,017.37
47,022.90
47,036.77
47,041.33
47,948.3
47,063.2
47,096.2
47,110.6
47,123,92
47,139.16
47,156.97
47,172.82
47,188.11
47,206.5
47,225.17
47,237.5
47,255.4
47,258.74
47,27,9.5
47,299.03
47,306.6
47,324.5
47,346.52
47,354.1
47,358.3
47,396.12
47,401.20
47,419.6
47,422.1
47,450.29
47,490.4
47,496.90
47,502.1
47,516.8
47,533.7
47,544.6
47,565.4
47,588.9
47,618.6
47,627.87
47,660.35
47,699.9
47,720.7
47,753.9
47,786.3
47,799.6
47,807.6
47,835.5
47,839.2
47,846.5
47,887.7
47,930.9
47,945.4
47,967.2
48,012.8
48,037.5
48,071.9
48,077.3
48,106.4
48,113.3
48,120.8

MULTIP LET
DESIGNATION

a4Fgy 2v2Pog

b4Fgy -ugFogy
b4Fgy —wgG04y

b4F2y —vv4P02y
b4Fgy —150gy
g4F l.,l —x2Pol

y

b4F» ugpo
a4pgl —u4D02~
b4Fgy —f 30gy, 4y

a4Fly —t4D02y
b4Fgy —1402y
a4Fl y -t4Doly
a4ply —t4Doy
b4Ply —s4DO»
g4Ply v2Fogy

a4Fgy —t4Dogy

a4F4& -u4Do,
b4P4y y2HO&y

a4Fgy —v2P ogy

b4Fly —1702y
a4F2y —xgPoly
a4ply -x4Sol

y
b4Fgy s4D02y
b4pgy —2v4pogy

g4Pgy 60gy

a4F2y —t4D02y
b4Fgy —150gy
agFgy —3002y

b4F4y ugPogy
b4P4y gvgG04y

a4Fgy —t4Doly
b'Fgy —s4Doly
b4pgy —f 602y
b4F» —s4Doy
b4Pgy tgpo, y
g4P4x 2v2Pogy

b4F4y —130gy, 4y

b4F4y -s4Dogy
b4Fly 2v4Poy
b4F2y —1 702y

b4pgx 2v4poly
a4F2y. —x4Soq?

agpgy —320ly

a4Fgy -t4Dogy
b4F4y -xgHoI'

c
a4Fgy -702y
b4Fly -190ly
b4Fly —200ly, 2y
ggpg~ —260gy?

a4F gy
—utgpoly

g4F gy
—t4D02y

{
b4ply —t2F02y
b4pgy -f 602y

b4Fgy t2Pogy
b4P2y —1 80gy

a4Fgy vgp0,.y
b4pgy —190ly
b4F2y —200ly, gy

a4F4y —60gy
b4Fgy -f 702y

g4F»» l82poy

a4pgy -702y
a4ply 11ogy
b4Fl y -s2pogy?
a4F2y -10ogy
b4F2y —t2F02y

b4Fly -u2D02y?
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TABLE VI II.—Continued.

REF.

5
13
13

5
13
13
13
13
5

f3
13
13
13
13

5
13
13
13
13
13
13
5

13
13
13
13
13
13
13
13
13
13
13
13
13
10
13
13
13
13
13
13

5
13

5
5

13
5
5

13
13
5

13
13
13
13
13
13
13

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

IA

2073.27
2071.95
2069.91
2068.99
2067,58
2067.42
2066.22
2066.12
2064.86
2062.92
2061,39
2059.90
2058.51
2055.46
2054.07
2053.46
2053.27
2052.82
2048.59
2043.70
2043.37
2043.00
2042.72
2041.76
2041.11
2039.95?
2038.86
2037.92
2035.35
2035,05
2034.49
2031.96
2029.99
2029.78
2027.77
2026.794
2026.51
2026.35
2024.68
2023,17
2020.56
2020.18
2017.26
2016.17
2015.99
2014,58
2011.77
2011.07
2010.10
2009.24
2008.85
2008.28
2008.04
2004.00
2002.44
2002,32
2002.01
2000.12
1999.89
X Vac.
1998.49
1994.98
1993.25
1992.79
1991.80
1990.34
1989.80
1989.28
1987.65
1987.24
1987.15
1987.03
1986.31
1985.88
1985.36
1985.25
1982.81
1982.52
1981.97
1980.89
1980.59
1978.53
1978.36
1976.97
1975.94
1975.67
1975.36
1974.39
1973.85
1973.62

INT.-TC

10
4N

12
10

5
6NN

12
0 Co II?
4
6
6
3
3NN
4N

10
5N
6
6
5
8?
8
8
8N
3

20
25 Co II?
0 Co II?
2 Co II?
5
7N
8N

8
8
3 '

6
8d?

10
4

trN
2
4

15 Co II?

20'
8N?
5 Co II?
8
9
8
5

15
10N
6?

25 Co II?
3

12N
8

25'
15N
10N
20
3

30 Co II?
25 Co II?
10
20
10?
12?
15
6
4

10
10

20
20
40N
15
12
10
30

6
20

6N
15
25
5

WAVE No.
VAc.

48,217.5
48,248.3
48,295.8
48,317.3
48,350.2
48,354.0
48,382.0
48,384.4
48,413.9
48,459.4
48,495.4
48,530.5
48,563.2
48,635.3
48,668.2
48,682.6
48,687.1
48,697.8
48,798.3
48,915.1
48,923.0
48,931.8
48,938.6
48,961.6
48,977.1
49,005,0
49,031.2
49,053.8
49,115.7
49,123.0
49,136.5
49,197.7
49,245.4
49,250.5
49,299.3
49,323.0
49,330.0
49,333.8
49,374.5
49,411.4
49,475.2
49,484.5
49,556.1
49,582.9
49,587.3
49,622.03
49,691.3
49,708.6
49,732.6
49,753.9
49,763.6
49,777.7
49,783.6
49,884.0
49,922.8
49,925.8
49,933.6
49,980.7
49,986.5

50,037.8
50,125.8
50,169.3
50,180.9
50,205.8
50,242.7
50,256.3
S0,269.4
50,310.7
50,321.0
50,323.3
50,326.4
S0,344.6
50,355.5
50,368.7
50,371.5
50,433.5
50,440.8
50,454.9
50,482.4
50,490.0
50,542.6
50,546.9
50,582.5
50,608.8
50,615,7
50,623.7
50,648.6
50,662.4
50,668.3

a4F4$ —$4Dozl

a4pq —125(
a4F4g —vzFoa~

a4Pz~ 9ozy
b4pzy —zczDoq
b4F4& PPo,~
b4Pz~ szpoz~

a4pz) 10ozz

a4pz~ —f 2'~

b4pq~ —2foz~ q

b4Pzg, szPozy

13
13
13
13
13
1.3
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

b4pz~
a4pz~
b4Po)
a4pyz.

szpoz)?

-zczDozg
bzPo))

13
13
13
13
13

a4pq —vzPo~
c4P4x 9ozx cg

a4Fzy —s4Dozg
a4Fp s4Doz&i

b4Fz~ —23o&~
a4Pci 1Ooz&

b4pq —21oz),4)

b4pz~ —24ozz
a4pzg —s4Doz)
a4pz~ —zv4Poz)?

a4pzy —
1 Soggy

a4Fg —f 3ogz~, cz

a4Pg) s4Do3z

b4P4x —22ozg

acpq —s4Doz~

a4F)z~ —zv4Poy)?
b4Pz( —26')?
b4F3~ —24oz~

b4P, ) 29oz)

a4pz~ —zv4Pozg

a4pz)
b4pzz
b4Pgy
a4pz&
a4pq~

—f Soz)—27ozy—30oz~
s4DO, )—s4Doy

a4Fz) ]zpo~

b4Pv, —vcpoq
a4Pz) —1 7ozJ.

b4pq —v4Fozg

b4pzz~ —vcpoz~

bcpl —vcpo4)
bcp I jc —3f oyz&

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

MULTIPLET
DESIGNATION REF.

X
IA

1972.82
1972.52
1971.75
1971.16
1970.71

1969.68
1968.93
1968.69
1967.78
1966.96
1966.68
1964.03
1963.92
1963.SS
1963.38
1961.59
1961.26
1961.00
1958.94
1958.55
1958.10
1957.69
1956.22
1955.17
1954.22
1953.71
1953.50
1951.90
1951.44
1949.00
1948.09
1947.58
1946.79
1945.86
1945.09
1943.64
1940.16
1939.75
1938.94
1936.58
1935.72
1935,46
1934.34
1933.03
1931.89
1931.00
1930.90
1930.38
1929.34
1926.90
1925.05
1924.46
1911.86
1906.72
1905.87
1905.41
1904.75
1902.15
1901.75
1897.73
1897.48
1895.78
1894.07
1893.43
1889.87
1889.60
1887.89
1884.56
1884.45
1881.09
1880.82
1880.34
1878.28
1877.40
1876.88
1876.48
1876.01
1875.22
1872.37
1870.45
1869.16
1866.45
1866.27
1864.92
1862.31
1858.26
1856.13
1855.05
1854.28

IN.r.—TC

tr?
30N
15
30N
50

3
25N
2SN
10
10
9

20
8?

20
12
25
8

15
15
25
8

12N
15
30
30

8

25
12
15
10

5
25
0

12
12
15 Co II?
3

10
30 Co II?

ON
ON

12
3
8

10N
6?

10
15
10
12
15
8
5

20
6
5

10
20

8
10

4.
3
3

10
6

12
10N
10
5

15

25
15
8
7

10
4
8
5
5
3
6

25
3

15 Co II?
40 Co II?

8

WAVE NO.
VAc.

50,688.9
50,696.6
50,716.4
50,731.6
50,743.1
50,769.7
50,789.0
50,795.2
50,818.7
50,839.9
50,847.1
50,915.7
50,918.6
50,928.2
50,932.6
50,979.0
50,987.6
50,994.4
51,048.0
51,058.2
51,069.9
51,080.6
51,119.0
51,146.4
51,171.3
51,184.7
51,190.2
51,232.1
51,244.2
51,308.4
51,332.3
51,345.8
51,366.6
51,391.2
51,411.5
51,449.9
51,542.1
51,553.0
51,574.6
51,637.4
51,660.4
51,667.3
51,697.2
51,732.3
51,762.8
51,786.6
51,789.3
51,803.3
51,831~ 2
51,896.8
51,946.7
51,962.6
52,305.1
52,446.1
52,469,5
52,482.2
52,500.3
52,572.1
52,583.1
52,694.6
52,701.5
52,748.7
$2,796.4
52,814.2
52,913.7
52,921.2
52,969.2
53,062.8
53,065.9
53,160.7
53,168.3
53,181.9
53,240.2
53,265.1
53,279.9
53,291.2
53,304.6
53,327.1
53,408.3
53,463.1
53,500.0
53,577.7
53,582.8
53,621.6
53,696.8
53,813.8
53,875.5
53,906.9
53,929.3

MULTIPI. ET
DESIGNATION

a4pqy —f 9'~
b4Fzg —29oz~
a4pi~ —20o&~,z)
b4pz~ —25o41

{
b4pg) —32''

(a4F ) —s'Do, ))

b4pz~ —26oz~

b4pzy —30oz~.

b4F~» —33o&~ z~

b4P4~ —24oz~
b4pz) —27oz]
azpzi —370~) z

b4pz~ —v4po~~

a4p, ~ ppoz~?
b4pzg —v'Foz j

E

b4Fz) —3ioq
(a4FP( —16oz~z)

a4pzy —f 8og~

a4pp) -tzpo3(
a4pzg —20'), z)
b4pgI, —35o&z&,z)
b4py, —v4p os,
a4pg) —15

b4Pz) 330)$ zs

b4I~'zg —29'
b4P4& —v4po4~

b4pg) —30o &)

b4F4) —25o4)
b4F.~ —34', z)
b4Pg~ —26oz~

b4pz) —v4po

b4Fq —28oz)
a4Pzi f 8ozi
a4pz' —zczDo&~

a4Fz~ —szpozI,

a4F zz~
—zczDoz)

b4J'4$ —v F z$
a4F4) I2Pogx

czpzg —37oz], z&~

a&pcs
—2foz~ ~

a4Fjy —29oz~
a4ps) —24oo-',

a4F&zz —vcpop
c4FI) —v4Fozy
a4pz~ —v4pox
a4Fq —31o»
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TABLE V III.—Concluded.

REF.

13
13
13
13
13
13
13
13
13
13
13
13
13

IA

1852.71
1852.52
1851.49
1850.80
1847.89
1846.94
1843.45
1842.34
1841.88
1841,47
1840.79
1840.55
1838.28

INT.-TC

30 Co II?
15?

8

30
4
8

25 Co II?
3

10
10
10
15

WAVE No.
VAC.

53,975.0
53,980.5
54,010.6
54,030.7
54,115.8
54,143.6
54,246.1
54,278.8
54,292.4
54,304.5
54,324.5
54,331.6
54,398.7

MULTIPLET
DESIGNATION

a4P~) v4POq
a4F2~. —29'~

a4psg —26o3g

a4F3~ —27o2y
a4F2~~ —

v4F os?
a4pq —340@,2g
a4F3g —28o3~

a4pq —31oiy
a4pq~ —2403'

REF.

13
13
13
13
13
13
13
13
13
13
13

1837.82
1837.13
1836.97
1834.99
1834.34
1832.47
1828.35
1825.17
1822.03
1820.42
1814.20

INT.-TC

8

3
3

10 Co II?
10
15
12

1 Co II?
3

12
12

WAvE No.
VAC.

54,412.3
54,432.7
54,437.5
54,496.2
54,515.5
54,571.2
54,694.2
54,789.4
54,883.8
54,932.4
55,120.7

MULTIPLET
DESIGNATION

a4pq —35',g)
a4P2~ —32'

a4pa) v4F03)?
a4'F~y —33'Iy, ~g
a4F3~ —2902'
a4ps) —3401),s)
a4F4) —v4F04k?

a4P4~ —26o:q
a4P4) —28'

Notes in intensity column: d, double; g, ghost; h, hazy; l, shaded to longer wave-length (asymmetrical); n, diffuse; N, very diffuse; r, narrow
elf-reversal; R, wide self-reversal; s, shaded to shorter wave-length (asymmetrical); Iv, wide or complex; W, very wide or complex.

1 Meggers, unpublished material, 1935.
-'Meggers and Kiess, J. Research Nat. Bur. Stand. 9, 319 (1932), (RP 473).' Meggers and Kiess, Sci. Pap. Bur. Stand. 14, 645 (1918); (No. 324).
4 Burns, unpublished material. Three-place measures in heavy type are interferometer measures; "v" denotes vacuum source.
s M. I. T. Wave-Length Tables (The Technology Press; John Wiley and Sons, New York, 1939).
s Russell, unpublished material.
' Dhein, Zeits. f. Wiss. Ptg. 19, 289 (1920).
s Stiiting, Zeits. f. Wiss. Ptg. 7, 73 (1909).' Exner and Haschek, see Kayser, IIandbuch der Spectroscopic, Vol. 5 (1910), p. 310; also reference 10 below; also King, Mt. Wilson Contr. No.

108; Astrophys. J. 42, 347 (1915).» Catalan and Antunes, Anal. Soc. Espanola de Fisica y Quimica 34, 207 (1936).
» Krebs, Zeits. f. Wiss. Ptg. 16, 292 (1917).
» Hasselberg, see Kayser, IIandbuch der Spectroscopic, Vol. 5 (1910), p. 310.
» C. E. Moore, unpublished material.

There are a few conspicuous cases of sharing
of g values between neighboring terms, as shown
in Table VII. The most remarkable group is
y'S»', v'D1~', v'D& . The designations of the first
two might almost as well be interchanged. Those
here given depend on the intensities in the mul-

tiplets with a4P, b4P; but these also indicate such
an extensive sharing of properties by the three
levels that it is hardly more than a formality to
give them definite names. The intermixture of
b4P&~ and a'D&; is less complete, and they may be
definitely labeled. A somewhat better agreement
with the theoretical g values could also be ob-
tained by interchanging the designations e4P»

and e'D;, and also e'P1; and e'D1q, without much
disturbing the energy levels or intensities.

9. LINE LIsT

Table VIII includes all the classified lines,
and all unclassified lines of intensity exceeding 5
on the M. I.T. scale or 2 on that of other ob-
servers. Fainter unclassified lines are included
for which King gives a temperature class or
Burns has an interferometer measure. Lines
which are very probably due to impurities, or to
Co II, are also omitted.

The wave-lengths in column 2 have been col-
lected from many sources, as described in the
notes, and indexed in column 1. The values
printed in heavy type are Burns' interferometer

measures. They greatly exceed the rest in ac-
curacy. For other lines, we have entered what
appears to us to be the best available wave-length,
but it has been impracticable to secure a strictly
homogeneous system. The intensities in the third
column are King's estimates for all lines to which
he has assigned a temperature class (column 4).
For the other lines the values of the M. I.T.
catalog are entered, when available, except in the
red (X8648—11,894) where the values of Meggers
and Kiess were adopted. For the remaining lines
the intensity assigned by the measurer is given.

All these intensities are estimates of the
strength of the lines on the negatives, and dif-
ferent observers have used extremely different
scales—the older lists going usually from 1 to
10 and some recent ones from 1 to 3000, so that
great caution is necessary in comparing them.

King's estimates are much more nearly
homogeneous, but fall off at both ends with the
sensitivity of his plates. His temperature classes
show the usual close correlation with the energy
levels, and have been of great aid in the analysis.
The wave number and the adopted designation
are given in the last two columns.

Of the 3007 lines in this table 282 have not
been classified. Only one, )3177.266, is of any
considerable strength. This, and some other low-

temperature lines between ) 3500 and X3150 are
probably the principal components of the missing
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combinations of a'G and a'H ($4); but, since the
faint components of the multiplets have not been
found, they cannot be classified.

This spectrum may now be regarded as pretty
well analyzed. Between X11,900 and ) 2500 there
are 90 unclassified lines out of 2388; between
)2500 and X2200, 52 out of 279; and between
X2200 and 11810, 140 out of 340.

The classification is therefore fairly complete
except in the remoter ultraviolet. Here many of
the lines we list may belong to Co II, a spectrum
still very incompletely analyzed. Some of these

are noted by "Co II?" following the intensity
in Table VIII.

It. is a pleasure to express our gratitude to Dr.
M. T. Antunes for making the important work
of Catalan and himself accessible to us; to Dr.
Keivin Burns for the communication of his
extensive and accurate measures, —especially
with the interferometer —;to Dr. A. S. King for
the loan of a set of plates of the spectrum, and for
Zeeman data; and to Dr. A. G. Shenstone for
taking the spectrogram which permitted the
extension of our work beyond X2230.
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The Effect of an Activator on the Absorytion Syectrurn of Zinc Sulyhide Powders

CHARLEs J. BRAsEFIELD
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The absorption of zinc sulphide powders, both pure and with various concentrations of
activator, was measured in the region 3200—4800A by the disuse reflection method. It was
found that the long wave-length limit of the absorption band for a pure ZnS powder was at
3800A and that this limit moved to longer wave-lengths with increasing concentration of Ag
activator. No evidence could be found of a secondary absorption peak characteristic of the
activator.

'F pure zinc sulphide is to luminesce under
- ultraviolet light, it must be activated. This is

usually done by heating the powder with a trace
of the salt of a foreign atom, such as silver or
copper. In order to get. a clearer picture of the
nature of this activating process, it seems de-
sirable to find out what effect the heat treatment
and the presence of foreign atoms have on the
absorption spectrum of the pure powder. Gisolf, '

studying the transmission of thin layers of ZnS
powder, has reported that, within an accuracy of
10 angstrom units, no difference is found between
the wave-lengths of the absorption edge for both
pure ZnS and for ZnS activated with traces of Cu
or Ag. He also claims to have found a secondary
absorption peak, characteristic of the impurity,
iin the long wave-length side of the principal
absorption edge. ' These results were not con-
firmed, however, in the experiments about to be
described.

' J. H. Gisolf, Physica 6, 87 (1939).
'See reference 1, Fig. 2 on page 87, and remarks on

page 88.

The absorption spectra of the ZnS powders
were obtained by the diffuse reflection method.
The source of radiation was a 120-watt tungsten
lamp with a quartz window. ' The ZnS powder'
was sprinkled in a thin layer over the corrugated
end of a black wooden rod, held at an angle of
approximately 45' in front of the slit of a small
Littrow quartz spectrograph. During preliminary
experiments a quartz mercury arc was used as a
source of radiation. The appearance on the
photographic plate, with small but uniformly
diminished intensity, of the mercury lines in the
region 3342 to 2537A was interpreted as indi-
cating that a little light enters the spectrograph
after one surface reHection from the crystals.
Most of the reflected light, however, is ap-
parently totally reflected internally, perhaps
several times, so that it arrives at the slit of the

3 Kindly loaned by Professor George Kinchester of
Rutgers University.

4 Thanks are due to Dr. G. R. Shaw, Dr. L. B. Headrick
and Mr. H. W. Leverenz of the RCA Manufacturing
Company, for supplying the samples of ZnS used in these
experiments.


