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scattering data would indicate KBr would bc a
very good substance for using in further in-

vestigations. If a monochromatized beam of
x-rays mere used the complicating factor due to
the 0.10.~ radiations would be eliminated, at the
expense of the intensity of the incident beam,
however.
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Classification by means of the combination principle of 367 lines of Nd II as arising from
30 lower and 57 upper levels has been checked by Zeeman eHect measurements at fields up
to 87, 180 oersteds, and by other data from the M.I.T.-W.P.A. wave-length project. Quantum
numbers have been assigned to those levels which have approximate LS coupling, and g
values of all known levels have been determined. The lowest term is 4f'{'I)6s—a'I. All of the
low terms found arise from 4f46s and 4f45d, while all identified upper terms are believed tn
arise from 4f'6p. The strongest lines in the spectrum belong to the sextet and quartet super-
multiplets arising from the transition 4f'(5I)6p —6s, but these show perturbations which give
rise to important intensity anomalies which affect the selection of raies ulA'mes. Curves are
given which show the variation, in the progression La II, Ce II, Pr II, and Nd II, of the
binding of terms arising from the configurations f"s, f"p, f"d and, where known, f"+'.

"EODYMIUM (Z=60) is third in order of
the 14 elements in the Periodic Table called

the "rare earths. " It gives rise to extremely com-
plex spectra, the normal atom being charac-
terized, according to the Bohr-Stoner theory, by
six outer electrons of which several are felectrons.
No previous known attempt at classification of
any of the Nd spectra has met with success, and
only by making extensive Zeeman effect studies
at high magnetic fields, and by using new
determinations of the wave-lengths of lines be-
tween 2000 and 11,000A from the neodymium
arc, have we succeeded in determining the basic
regularities in Nd II.

Some 2700 intense lines of neodymium are
listed in the M'.I.T. 8'uveleegtk '10,Mes, ' while the
M.I.T.-W.P.A. card catalog contains a total of
6000 lines believed to arise from this element.

' M.I.T. 8'avelength Tables (John Wiley A Sons, New
Y'ork, 1939).

Most of these lines can readily be ascribed to the
normal atom or the first or second stages of
ionization, on the basis of King' s' studies with
the electric furnace. In the present paper 367
Nd II lines are classified as arising from 30 lower
and 57 upper levels, to the majority of which
quantum numbers have been assigned. Zeeman
eAect data are included for such of the lines as
show resolvable patterns at fields up to 87,180
oersteds. These data sufFice to determine the
Land& splitting-factors (g values) of all terms.

The only Zeeman determinations on Nd lines
which me were able to find in the literature were
those of Van de Vliet, ' who reported the separa-
tions of a large number of unresolved triplets and
resolved patterns for 16 Nd II lines. Van de Vliet
used magnetic fields of 38,500 oersteds. Since me
had available fields more than twice as strong in

~ A. S. King, Astrophys. J. 78, 9 (1933).' H. J. Van de Vliet, Thesis Amsterdam (1939).
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I'.saLE I. Classified lines of Nd II.
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4282.570
4278.75
4277.279
4272.789
4270.565
4266.?16
4256.239
4247.367
4246.879
4234.196

0.753

{0.979)

0.75?
(1.027)
0.806

1.012
0.963

0.940
1.023
1.005

883
971

848
1046
890

(1167)
(0)

(828)
(0)

(896)

259a414i —7'c[
aels( —12 '-'

ael~i —3'sj

ael« —z'I'4~

gelsi —7 4$

asE4) —4'q
ael s)—25,014
gsLq —pl'si
g4lq —13'q
gsE„(—zel'el

aelq —5's)
gels) z H 4j

a'l4) —8's)

asleep 12 sj~

gelsl —15's$

asleep
—z I 3$

aels) —24 vl

asls) —8's&

aels) 3
gele) —z K vg~

aelq-9'q
gelq-25, 014
aelq —zeK's)

aslq —4'q
g4lst —z K e$

g4E4) —zel'; (
a'lq —13';)
gelsi —9 4~

asl4~
—zsH's)

aslq —25,235

gel4~ —23,171
aelq —zel's)

aelel z K 4$

gelq —15'q-

aelei —ZeK's-,

gel;~-17 «)
g4I 4x —11's)
ael q -zel's)
gel s)—10'4)
g&l;)—ysl'v )
gsl4$ —6 3&

asleep 7

g4lq -24'v&

a4lq —ysl's)
gelt-zeK s)
gsl-v —z K s$

gsE4$ —z~l 4$

a4Iq-29,02?
gsl"$ —z K v~

g4I;2.-26,182
gelsl —18'q
gelsi-19 e,'
gsIq-23, 171
ael4~-12'»

a4lq
—y'I's&

aelq -zeK'e~

gelt —2?,744

asKq —29,298
aels) —z K s~

asI4)—8'sl
a4lq —25,014
gelt —12 q
aels) —6'sl
aelq —7'e)

asleep-13 s)
aelq-25, 138
aslq —~l'q
aelq —9'e)
gslsg —13';i

6
76.
6

183

199

(9}
5 96
5 1626

(51)

(82)

{124)

(948)
(0)

(80)
(1066)

(0)
{968)

(0)

(0)
(129)
(?4)
(0}

{128}

(1247)
(158)
(98)
(0)

(80)
(0)

(10S3)
(62)

(260)
(0)

(947)
(0)
(0)

(?64)
(575)
(610)

(0)
(718)

983

1697

Q.974
1.039
0.802

0.992
O.g43

0.965

250

180
173

2130
2150
1059
937

1000
59?

1283
861

0.754

1.16
0.9?6

{0.803}

1.01

0.443

(1.109)
0.756

1.004
0.98
1.149
0.765

(15)
308

215

0.99
0.751
1.131
0.971

76

5
5
5

5

1209
2948
1328
218$

1236
2195

1,201
0.445

(0.979}
0.757

(1.148)
{1,027)
0.80Q

(1.202)
1.001
1.033
1.016
0.998
0.982
1.053

556

259
150

253

6
76

6
76

5

2?S
(29)
(22)

{161)

0.804

1.034
0.805

(1.148)
Q.759

{0.9?9}

0.448
1.028
1.196

(0.803)
0.802

(1.109)
(1.109)
1.150
1.019
0.800

(1.199)
1.233

1.082

1.006
0.783
1.146
0.920
0.968

1019
794

1159
1645
1030

601

67?

1112
114Q

1092
972
867

1206
1184

309
124

(35)

211

118
105
136

96

6

6
4

6
76

?6
6
6
6
76

6

0.757
0.904
(1.161)
0.839
1.013
1 108
1.171
1.032
0.914
0.936
1.200
1.137

(»9) 3300635
218
(51)
331

0.444

0.742

(Q.979)
0.447

1.079
0 960
1.030
0.778

(280)
(165)

(76?}
(88)

91
200

1.28
0.802

1.19
1.0021908

(250}
(1398)

50
400
561
233

(1.027)
0.445
0.451
0.750

0.98
0.845
1.012
0.983

491
165

(245}
(740)

2659 0.449

(0.803)
0.940
0.968

Combination Type Sep.
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TABLE I. Classihed lines of Nd II.—Continued.

Int. Combination Type Sep. y Int. Combination Type Sep. p

4232.378 40
4228.200 15
4228.025 12

4227.719 20
422Q.258 10d

4217 282 20
4211.286 30
4205.595 20
4199.099 15
4186.033 8
4179.585 10
4177.321 15
41?5.606 40
4173.379 12
41M.265 5
4156.083 10
4144.553 10
4133.361 15
4126.475 1

4123.8S1 40
4120.654 6
4113826 10d

4110.472 10
4109.455 30
41Q9.073 15
41Q6.582 25

4104.227 10
4100,240 10
4095.999 1

4085.815 10
4080 227 20
4075 272 12
4075.116 15
4069.267 15
4067.727 2h

4061.085 40
4%9.961 20
4051.145 15
4043.596 15
4040.796 40
4038.124 15
4034.012 4

4030.470 20

4024.?85 20
4021.330 12

eel-PI's)
asE» 2

cells —14'z~

aelz) ysl

aslq-ysE'q
a4ls~-21',-~
asE4I —ysl'q

sE& ys

cells~
—10'q

asls~ —15's~

asIs) ysloq

asIq-pK';)
eely-29, 027

eely -11'3~
cells-9 4i
eely-ssK'q
a&I4)—16'q
eels

asl4) —17'q
eels] —22 s$

a4lq-yel'si
eely-16'q.
eels' —10'q
eely —dK'q
esI4) —12 s$

a4Eq-ysI'q
a&Eq-23'4)
aslq —ysl"es

eels~-17'4~
eely —11's)
esl4~-25, 014
eely-ysE'q
eely-26, 182

eely —13'q
aelq-19'4~
asIz)- ssK'si

asI4) —y I Q
cells-27, 744

eely —22'q

cells —18'q
cells-19's~
asI4~ —14'sg

eels~ —ysI'q
asIq -15's~
eely-24'q

122 (57)
(50) (270)

(1233)
133 (68)
93 (426)

128 (708)
(0)

112 (57)
90 (764)

140
523 (256)

(0)
224 (1010)
133 {68)

108 (53)
(0)
{0)

452 (223}
(0)

167

1811 1.147 1.025

897
2291

1004
1418

290
2800
1063

1681
1326
1173
2254
1059
1722

0.753

1.293
0.799
1.02

(1.027)
0.803
1.295

0.79
0.443

{1.027)
0.753
1.143

0.981
1.204

(1.027)
0.447

(1.148)
0.802

1.027

1.160
0.892
1.15

1.033
0.915
1.205

0.93
0 966
1.032
0.977
1.010

1.089
(1.220)

0.984

0.899
1.135
0,969

5

4

198
185

496 (1746)
317 (157)

(o)
263
184 (9O)

291 (1307)
(0)

275 ()35)
108 (51)
(65) (425)
76

(o)

(0)
346 (175)

(0)

700
2542

763
2199
1813

976
2269
1683

1526
949

1026
2709
914

0.984

(0.979)

0.447

0.804

(0.803)
0.752

0.805

(0.754)
1.232

0.757
0.981
{1.148)
1.031

(1.Q27)

1.026
0.804

(1.148)

1.182

1.164

0.943

1.121
0.814
1.015
0.9S9
1.045

(1.202)
1.032
1.089
1.083
1.108
1.046

1.026
1.150
1.117

5 210 (105) 1961 0.807 1.017

—241 0.?49 1.032

4020.872
4018.826
4012.250

4000.493
3991.743

3990.103
3982.355
3979.479
3976.836
3973.650
3973.269
3963.114
3958.001
3952.195
3951.154
3941.512
3937.575
3894.62?
3887.866
3880.779
3869.045
3863.409
3863.327
3851.748

3848.233
383S.981
3826.416
3S11.774

3811.073
3807.227

3805.359
3780.391
3769.644

3?52.679
3?14.808
3615.817
3614.673
3522.044
3470.866
3354.621
3339 063
3334.471
3328.270
3282.777
3231.349

15 asls) —yeE'q 6
15 asIq —ysE'q 6
80 eels) —ssK's) 4

lod a4Eq —20'q 4

60 eely- ysI'q 6

40 aslz( yslozp 6

20 eels) —28, 170
40 asIq, -21's~ 5
40 eely —25,138 6
3Q eely —27,744 6
40 asl@-yeI'g 6

30 esl;~-29, 027 4

30 asIq-16'q 6
30 eely —14's~ 6

40 asIs) —21';) ?b

60 asIq- 17'4~ 6
2Q eely yel

20 eely —26.182 5
25 cells

—19'4~ 6
esl4$ —y I e$ 5

20 eels) —22 si
20 eely —ysH's~ 4
10 asls( —17'4) 5

8 asIs~ —23 4g 4

10d asls~ —gl's~
20 aslq —26,041
10 asI'q —20'sg 4

8 aslq —19'4g 5
10 eel q —29,298 5

15 aslq —21'q 5
50 aslst —ysI'zi

20d eely-ysI's~
100 e4I q-28, 1?0 6

10 esIsi -20'q 6

Sd asIq —23'4~ 6
20 aeIq-29, 298 6
8 cells-28, 170 6

12 c4Iq —25'4g 4

10 eely —30,453 4

10 a4Iq- 25'4~ 6
10 cells —30,453 4

15 eels'. —25'&~ 4

15 eely —30,03? 4
8 eely —30,453 6

8 eeIq —25'q 6

(20) (130)
225 {988)

(0)
213 (107)
372 (1309)
(76) (573)

(0)
265 {131)
740 (2592)

64 (417)
{72) (614)

(0)
176 {79?)
589 (2060)

(69o)
586 (293)
215 (108)
243

226 (112)
(0)

193 (95)
510 (280)
152

(82)
604 (302)

201 (107)
(0)
(0)

263 (1182)
530 {1849)
369 (1661)
149 (672)
214 (960)

(0)
236 {114)
294 (1321)
182 {90)

(0)
353 (1?8)
547

246 (1106)

1152
926

1036
000
631

950
2225

816

973
887

1020
722

1986

2052
1400
—56
2?46

347

202

1345
1920
1169
1124
887
714
995
826

163
948

—195

1.142

0.804

(1.294)
0.751
0.446

(1.231)
(0.98)
0.755
0.445

1.148

(1.294)
(1.231)
0.804

0.448
(1.027)
0.802

{0.447)
0.807
0.802

0.808
{1.027)
0.448
0.451
1.031

0.803
0.43

(0.979)
0.803
{1.148)
1.233
0.?5?
0.450
0.800
0.754

0.803

(0.979)
0.755
0.?4
0.799
(1.O27)

0.447

0.448
0.78

1.162
1.029
1.267
0.964
0.818
1.155
0.99
1.020
1.185
1.084

1.222

1.201

0.980
1.037
1.013
0.956
1.033
1.022

1.045

1.034
1.084
0.641
0.961
1 183

0.975
1.03
0.898
1.004
1.151

(1.220)
1.020
0.980
1.169
0.902
1 017
1.045
0.991
1.04

0.981
1.045

O.SQO

0.995
1.03

the Bitter electromagnet, ' we prepared two sets
of spectrograms of twenty plates each, containing
exposures to an arc between electrodes of
neodymium chloride in silver. Field strengths as
determined from impurity lines were: set 58,
85,860 oersteds; set 64, 87,180 oersteds. The
plates were obtained by using simultaneously
several concave gratings of 35-foot radius, with
the technique described in previous papers
dealing with other elements, ' and were measured
on an automatic comparator. 6

' G. R. Harrison and F. Bitter, Phys. Rev. ST, 15 (1940).
'G. R. Harrison and J Rand McNally, Jr. , Phys. Rev.

58, 703 (1940).' G. R. Harrison, J. Opt. Soc. Am. 25, 169 (1935); Rev.
Sci. Inst. 9, 15 (1938);G. R. Harrison and J. P. Molnar, J.
Opt. Soc. Am. 30, 343 (1940).

A quadratic array was first set up by the
usual means, and was then extended by means
of the interval sorter and interval recorder, '
using the new wave numbers of Nd II lines

obtained in the M.I.T.-W.P.A. wave-length

program. This array was then checked and
extended by use of the g values obtained from
the Zeeman effect work. It was found that
incorrect levels could be eliminated quickly when

results obtained with both the combination
principle and the Zeeman patterns were com-
bined. In this way the intervals provided checks
on patterns which had been improperly inter-

' G. R. Harrison, Rev. Sci, Inst. 4, 581 (1933); J. Opt.
Soc. Am. 28, 290 (1938}.
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TABLE

Config.
4f4(~I) + Term

Term Value
crn ~

g values No.
LS Obs. Lines

Term orJ value Term Value
g values

LS Obs.
No.

Lines

6s
6s
6s
6s
6s
6s
6s
5d
6s
6s
Sd
6s
Sd
5d
Sd
5d
Sd
Sd
5d
Sd
5d
Sd
Sd
Sd
Sd
5d
Sd
Sd
5d
Sd

Term orJ value

3i
2
Z6II'..)
Z6II'3)

Z H 4$

3
4'4)
5'5)
z6I's)
Z6H'6)

a Is)
a6I4)
a6Isi
a I4)
a'I6)
a4Ig)
a6I
a6I.gi

a I6)
a Is)
a6I.q
a4I;]
a6E4)
a6L, yl
a6Es~
b6Is~
a'I.g)

a6E6)
b6I )
a6Ggg
a6Ey)
a'I.g)
b6Is)
a6Hgg
asEq
b6I6)
a'I. l 0)
b6I7)
a Egg
b6Is)

Nd II—low
0.00

513.33
1470.09
1650.21
2585.46
3066.75
3801.91
4437.52
4512.50
5085.61
5487.66
5985.56
6005.33
6637.48
6931.82
7524.68
7868.73
7950.00
842033
8716.51
9042.86
9166.22
9357.83
9674.83

10,194.70
10,337.09
10,516.70
11,373.38
11,392.07
1.2,459.96

even terms
0 444
0.828
1.035
0.727
1.159
0.965
1.239
0.615
1.108
1.294
0.851
1.200
0.546
1.004
0.839
0.444
1.108
1.015
0.828
0.000
1.129
1.183
1.035
0.286
1.207
1.159
1.233
1.239
1.263
1.294

0.447 24
0.803 31
1 027 8
0,754 26
1.148 9
0.979 8
1.231
0.620 7
1.109 1
1.294 4
0.854 5
1 ~ 199 1
0.552 11
0.998 2
0.842 10
0.483 12
1.107
1.015 2
0.840 9
0.008 1
1.127
1.187
1.034 1
0.453 4
1.205
1.144
1.247
1.230
1.250
1.284 2

Term Value
g values No.

I.S Obs. Lines

1.071

0,788
0.696
0.888
0.309
0.826
0.639
0.979
0.755
1.003
0.965
0.755
1.058
1.081

Nd II—middle odd terms
20,672.55
20,830.03
20,90733
21,241..11 0.285
21,291.76 0.825
21,871.53
22, 187.63
22,389.86
22,455.63
22,696.91
22,850.54 0.444
23,159.99 1.203
23,171.07

Z'K'4)
6'3)
7 4)
Z6I
8'q
90
z I
10'4t
PE'6)
11'3)
12

X'I.'»
13'5)

7i
14'3)
15'6)
r'I'4i
Z6E'6)
16'4)
gH gt,.

17'4)

61

18'6)
19'4)

20's)
21
z'E'))
22
23
24'7)
y I'6)

Z6E

4i
Z6E'g,

y'I's)

25'4i

Nd II—middle odd
23,230.00
23,397.39
23,409.53
23,537.38
23,857.27
24,053.36
24, 134.08
24,321.27
24,44535
24,467.98
24,842.87
25,014.9i
25,044.65
25,080.86
25, 138.56
25,235.62
25,295.26
25,352.37
25,389.21
25,524.47
25,771.50
25,876.57
25,877.18
26,041.19
26,182.49
26,210.75
26,227.09
26,274.08
26,640.07
26,772.06
26,912.73
27,308.97
27,425.05
27,445.91
27,448.70
27,744.17
28,170.45
28,41.8.90
28,856.78
29,027.49
29,298.60
30,002.26
30,037.04
30,246.67
30,453.25
31,451.24

1.035

0.828
1.'015

1.035

1.294

terms —Contilued
0.545 0.778

0.845
1.012

0.828 0.938
1.004
0.970
1.014
0.899

0.839 0.917
0.946
0.970
1.120

0.444 0.820
0.988
1.187
1.110
1.035
1.152
1.029
1.030
0.980

0.286 0.642
0.957

1.018
1.104
1.047
1.028
0.976
1.013

1.129 1.133
1.087
1.177
1.112

1.159 1.166
1.086
1.017

1.207 1.202
1.239 1.161

1.203
0.902

1.263 1.267
0.800
1.220
0.990
1.048

5
5
3
6
7
5
6
5
5
3
5
1
3
5
3
1

3
6
1
4

4

2

5
3

2

3

2
2
2
1
2
2
1

1
1
3
2

preted because of f'aint or overlapped compo-
nents, while the g values checked on accidental
coincidences of intervals.

RESULTS

Table I contains the lines of Nd II which we
have thus far been able to classify. The hrst two
columns contain the wave-length and arc in-
tensity of the line as given in the M'.I.T. S'ust. -

ly!ng/k Tables, followed by the lower and upper
terms from which the line is believed to arise. The
fourth column contains the type of Zeeman
pattern observed for the line in accordance with

the notation described elsewhere. The 6fth
column, marked "Sep.", contains the funda-
mental observed separation between lines of the
pattern, which is equal to the difference in g
values of the lower and upper levels, in terms of
1QOO for the normal Lorenz separation. The
columns marked p and n contain the displace-
ments from the zero position of the strongest
parallel and perpendicularly-polarized compo-
nents, respectively, expressed in the same units

'G. R. Harrison, W. E. Albertson, and N. Hosford, J.
Opt. Soc. Am. 31, 439 (1941).
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as column 5. The last two columns contain g
values for the lower and upper levels, respec-
tively, as calculated from the observed data.
Lines for which no Zeeman data are entered were
too weak to observe, or produced incompletely
resolved or badly overlapped patterns. Values
enclosed in parentheses were assumed from final
averages for the level involved, and were then
used to calculate a g value for the other level
producing the line.

The levels found in the classification are listed
in Table II. The first column lists the electron
which, added to the con6guration 4f4('I) of
Nd III, is believed responsible for the levels the
designations of which are given in column 2, and
value in cm ' in column 3. In that part of the
table containing the middle odd terms con-
figuration assignments are not given, and in
cases where exact term assignments are not
known only the inner quantum number J is
given. The columns headed g vaIues contain re-
spectively the theoretical g values for IS
coupling and the g values observed. The final
column gives the number of resolved patterns
used in arriving at the average measured value of
g given in the preceding column.

LOVf CONFIGURATIONS OF SINGLY
IONIZED NEODYMIUM

The neutral neodymium atom contains 60
electrons, of which 54 are in closed shells, while 6
are expected to be in the 4f, Sd, 6s, and 6p shells.
Following the normal order of binding, one might
expect the lowest configuration of Nd I to be
4f45d6s', leading perhaps to a normal configura-
tion in Nd II of 4f35d6s2, 4f46s', or 4f'5d6s
Instead, the trend observed in Ce II' and Pr II'
is found to continue and 4f'6s is lowest, with
4f'5d only slightly higher, both combining
strongly with 4f'6p The . terms expected from
these configurations are as follows:

f's: ' '(SDFGI)' ''(P,D'2F4-G&H4L&K&LM)

'(SRD4FG4H, I3KL2N)

f"p. ' '(P2D2FgG2H2IK)

(SSPgDg FgGyyHgIsK+4M2N)

'(PBDgF qG7HOI6K6L3M3NO)

f4d: 6 4(SP2D&F3G4H3I2KL)

(M 9D12 FBG11H11I8K6L6M4N20)

(S4P5D 11F11G14H11I12KBL7~+4N3OQ) ~

—30.000

g'H
'I'
K'

—ZQOOO

—IO,OOO

a tl

a i"

tT0 I

Fio. 1. Identiled levels in Nd II to which complete
quantum assignments have been made. The strongest lines
in the spectrum are those arising from transitions between
the upper group of levels and the two lower groups,

A diagram showing the energy levels of Nd II
completely identified thus far is given in Fig. 1.
All the low even terms found originate from the
4f4('I) term of Nd III by addition of an s or a d

electron, while most, if not all, of the upper terms
found are believed to rise from addition of a p
electron to the same parent configuration.

Table III gives the wave-lengths, estimated
arc intensities and temperature classes of identi-
fied lines of the fundamental enlarged s —p
supermultiplet. Most of the lines in this array
check within a few hundredths of a wave number
with their calculated values, testifying to the
validity of the assignments and the consistency
of the wave-length determinations.

The raies ultimes of neodymium are usually
given as 4303.573A„3951.154A, and 4177.321A in

decreasing intensity. %e classify these lin s as
a I3$ s E 4~, a'I~~ —2 1 'Si, and a'I4~ —sZ'~~. One
would expect a'Is~ —2"X'9~ to be the strongest line
in the spectrum and hence the true raie glume,

' N. Rosen, G. R. Harrison, and J. k. McNallx', Jr. ,
Phys. Rev, 50, 722 (194l).
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I'ABLE III. Principal supermultiplet of Nd II, (incomplete).

s6E'9) 4012.250
80 III

aslr) asI s) a'I 3» a4I7i a'Isi a4I sy

sgE's., 4284.518 4061.085
25 IV 40 III

4456.394
20 IV

sgE'7;

S6E'gl

g'E'4)

4325.766 4109.455
100 IV 30 III

4602.242 4358.169 4156.083
10 V 50 III 10 III

4351.295 4177.321
30 II I 15 I II

4400.828 4303.573
50 I I I 100 I I I

4462.985
60 IV

4451.566
100 I I I

4676.262 4385.663
2 40 II I

4958.139 4632.688
5V 12V

ygI'6) 3973.269 3780.391
40 IV 20d IV

ygI'7) 4205.595 3996.100 3805.359
20 IV 40 IV 50 III

4120.654
6 IV

4371.069 4106.582
10 25 IV

'v I 6)

gl 4)

4227.719 4020.872 3848.233
20 IV 15 III 10d IV

4220.258 4030.470 3880.779
10d IV 20 IU 30 IV

4179.585 4018.826 3937.826
10 IV 15 IV 20 IV

4075.272 3991.743
12 IV 60 III

4358.699 4100.240
15 IV 10 IV

4307.778 4059.961
5 IV 20 IV

4211.286
30 IV

SgH'6s

gg+ 4)

gg+ 3

4859.030 4609.230 4414.432
60 IV 5d 12 IV

4825.482 4612.473 4505.741
100 IV 12 IV 8

4811.343
60 IV

4706.542
50 IV

5361.174
3 V

4647.759
8 IV

5228.427 4867.839
6V 6V

5089.837
10 IV

+ x indicates line forbidden by selection principle for J; lines not found are indicated by—

but this line, at 4012.250A, though given in our
list at intensity 80 and stronger than the two
weaker raies Nltimes, is not usually included in

lists of sensitive lines. Intensity anomalies which
are similar in character to those found in Pr II'
will be noted in Table III. The whole matter of
the most sensitive lines of Nd and Pr needs re-
examination, and exact intensity measurements
on these important lines would be well worth
making,

Figure 2 shows the shift in binding of levels
originating from the configurations f"s, f"p, and
f"d for the progression La II, Ce II, Pr II, and

Nd II; and from f"+' for the first two elements.
The lowest f"s level is taken as zero in each ca.se.
This appears to be the actual lowest level of the
spectrum except in the case of La II'0 where
Russell and Meggers hnd 5d' and Sd6s levels
still lower.

No attempt has been made to locate accurately
the c nters of gravity of the configurations in

Fig. 2, but it is obvious that the dilferences p —s
and p —d remain approximately constant through-

' H. N. Russell and K. F. Meggers, Bur. Stand. J.
Research 9, 625 (1932).
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4f6P
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4f 6P
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l0, 000
4$ 5d

4$6s

Nd II
4f 6s

F(G. 2. Variation in the positions of levels due to homologous configurations through the progression La II,
Ce II, Pr II, and Nd II, vrith the lowest level of f"s set at zero.

out the progression. The f"+' configuration, on
the other hand, becomes more closely bound in
Ce II than in La II, and it appears that in Pr II
many f' terms will be found in about the same
location as the f'p terms, while in Nd II they may
lie even lower. Figure 2 shows clearly the origin
of the great wealth of strong lines emitted by the
four elements in and near the violet.

We desire to acknowledge the able assistance
of clerical workers on the M.I.T.-W.P.A. Wave-

length Project in obtaining the basic data for this
analysis, and to express appreciation of a grant
from the Rumford Committee of the American
Academy of Arts and Sciences in support of the
work.

Xofe added in proof: In emery case in this
paper the designations y'J'~ and 21'5 should be
interchanged. This applies to Tables I, II, and
III, and simplifies the explanation of the ries
Nltimes anomaly.


