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ARC AND SPARK SPECTRA OF YTTERBIUM
By William F. Meggers and Bourdon F. Scribner

ABSTRACT

A new description of conventional arc and spark spectra of ytterbium (neo-
ytterbium, aldeberanium) has been completed in the wave-length range 2000 to
11000 A. Wave-length measurements and intensity estimates are presented
for 1,668 lines, 400 of which characterize neutral Yb atoms (Yb 1 spectrum), about
1,250 are due to singly ionized atoms (Yb 11 spectrum), and possibly a dozen
belong to doubly ionized atoms (Yb 11 spectrum). Some spectral regularities
are given for neutral and for singly ionized atoms. The ground states of Yb,
Yb*, and Yb*+ atoms appear to be associated with the electron configurations,
4f146s2, 411463, and 4/, respectively.

CONTENTS
Page
L. . Infrodyttion: Sassl e et e i e N R e B 651
YUESH O} q ooy b ol aaher Jalebiad She o it o 1 B A - Sl ol it 652
T Resultdads £1 JFEa00 Aeaig. 1o Mty ©0a0es Bk o e tied Hilaethd 653
IVrs¢iBeferencessa: . s L auiils S s bl sy ol 0 fd e e aa o ) I e 664

I. INTRODUCTION

In 1878, Marignac [1]! discovered in gadolonite a new earth which
he named ytterbium (Yb). Nearly 30 years later Urbain [2] succeeded
in splitting ytterbium into two components, which he named neo-

tterbium (Ny) and lutecium (Lu). The same separation was made
independently (and probably somewhat earlier) by Auer [3], who pro-
posed the names aldeberanium (Ad) and cassiopeium (Cp). The
common usage now is to represent the elements having atomic num-
bers 70 and 71 by the symbols Yb and Lu, respectively, except in
Austria and Germany where Ad and Cp are more generally used.

Owing to the difficulty of separating rare earths from one another,
and to the complex nature of their spectra, descriptions of the latter
have long been in a most unsatisfactory state. In our recent paper
[4] on the arc and spark spectra of lutecium, we remarked that all
available samples of lutecium were contaminated by ytterbium and
thulium so that the spectra of the former could not be unambigu-
ously determined without simultaneous comparison with ytterbium
and thulium spectra. Thus our attempt to produce a complete and
trustworthy description of lutecium spectra naturally led to the pro-
duction of similar data for thulium and ytterbium. Improved de-
scriptions of these spectra are essential not only for purposes of spec-
troscopic identification and analysis, but also for the term analyses
and interpretation or spectral structures characteristic of different

1 Numbers in brackets refer to literature citations at the end of this paper.
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atoms and ions. In the present paper we make public our latest
description of the conventional arc and spark spectra of ytterbium,
including some preliminary details about spectral structures.

The only spectroscopic tables published for ytterbium since the
discovery of lutecium are the following [5]. Auer [3] first gave a list
of 200 spark spectrum lines (2621.24 to 5897.56 A), but most of the
wave lengths were borrowed from a table which Exner and Haschek
had given for old ytterbium containing unrecognized lutecium.
In 1910, Eder and Valenta [6] published 58 lines (5474.24 to 5788.87 A)
observed in the arc spectrum and in 1911, reproduced spectrograms
and gave tables of wave lengths [7] for the arc spectrum (169 lines
2615.48 to 6799.87 A) and for the spark spectrum (195 lines 2615.48 to
6799.87 A). The most complete tables were published, in 1911, by
Exner and Haschek, who list 905 lines (2320.95 to 6799.91 A) observed
in the arc spectrum [8] and 795 lines (2224.58 to 6489.31 A) in the
spark spectrum [9]. These tables contain a considerable number of
lutecium and thulium lines, and many ytterbium lines are common to
both, without positive indication as to whether they belong to neutral
or to ionized atoms. In 1914, Blumenfeld and Urbain [10] measured
the wave lengths of 499 lines (2309.6 to 3499.4 A) most of which were
believed to represent ytterbium, although many were recognized as
possible impurities. The latest extensive description of Yb spectra
consists of 422 lines (2271.51 to 7699.49 A) observed in the arc spectrum
by Eder [11], neglecting more than 200 lines ascribed to impurities,
principally Tm. The salts available for these early investigations of
rare-earth spectra were so impure that great difficulty was experienced
in sorting the lines and frequently the same lines were ascribed to two
different elements. For example, [12] 2615.41 Yb, Lu; 2693.33 Yb,
Lu; 3283.40 Yb, Tm; 3362.61 Yb, Tm; 3425.10 Yb, Tm; 3441.51 Yb,
Tm; 3472.48 Yb, Lu; 3887.34 Yb, Er; 5074.32, De, Tm, Yb; 5307.11
Yb, Tm. Except for the temperature classification of 399 lines
(2935.09 to 6799.58 A) by King [13], no further investigations of Yb
spectra have been reported in the past 22 years.

II. EXPERIMENTS

Our first measurements of Yb spectra were made in 1929 when the
investigation of Lu spectra was begun [4]. Samples of Lu and Yb
oxides prepared by Auer, and obtained from Eder in 1919 when he
discontinued his work in spectroscopy, were available. Although
the chemical separation was far from complete, it was possible to
make a fairly satisfactory assignment of lines to Lu and Yb by
simultaneous comparison of arc and spark spectra. However, both
salts contained some Tm as impurity which could not be completely
identified without comparable data for Tm spectra. The first sample
of Tm salt available for this purpose was generously supplied in 1933,
by Professor B. S. Hopkins, University of Illinois, who also supplied
a sample of Lu oxide and three samples of Yb oxide, one of which
contained more Lu than Tm, another more Tm than Lu, and the third
was entirely free from both Lu and Tm, but contained considerable
lanthanum. This ytterbium material was purified by the electrolytic
reduction method devised by L. F. Yntema [14]. Alkali (Li, Na, K)
and alkaline-earth (Mg, Ca, Sr, Ba) impurities are usually present in
rare-earth salts, but these have extremely simple spectra, which are
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easily identified. Miscellaneous impurities were detected by com-
paring our final wave-length list with Kayser’s Hauptlinien [12] and
with a description of lanthanum spectra [15].

The procedures employed to insure the correct assignment of
spectral lines to their emitter, both as regards chemical element and
stage of ionization, were the same as for the study of Lu spectra [4],
and the details regarding light sources, spectrographs, photographic
plates, etc., given there need not be repeated here.

III. RESULTS

The measured wave lengths and estimated relative intensities of
1,668 Yb lines observed in arc and spark spectra are presented in
table 1. Each line in this table was observed on two or more spectro-
grams except a few with questioned intensities which were seen only
on the strongest exposures. The brightest Yb lines were measured
on eight or nine spectrograms, and many of them were measured a
number of times on Lu and Tm spectrograms, where they appeared
as impurities. The concordance of values from different spectrograms
and the coincidence of wave lengths with impurity lines indicates that
the final results for most lines are correct within 0.01 A, but errors of
0.02 A or more may exist among faint lines. Hazy lines which oceur
so frequently in spark spectra are not only subject to larger acci-
dental errors but may show some systematic error, since they are
usually unsymmetrical. Otherwise, Yb lines appear to be sharp
and free from hyperfine structure. No information on the isotopic
constitution of Yb is available, but since hyperfine structures have
been detected only for lines of rare earths with odd atomic number,
Yb (Z=70) may be assumed to be immune.

In 1915 Eder [11] published 177 lines, which he suspected belonged
to a new element, denebium (De). It now appears that at least 110
of these lines are due to ytterbium, and many of the remainder are
due to thulium.

TaBLE 1.—Arc and spark spectra of ytterbium (Z=170)

d=Double. 1=8haded to longer waves. III=Spectrum of doubly ionized
e=Enhanced at electrode. I=8pectrum of neutral atoms. atoms.
h=Hazy. II=8pectrum of singly ionized
H=Very hazy. atoms.
Int(}a]nsityt and Inttla]nsityt and Inttlalnsits; and
character character character
Are Spark Arc Spark Aro 8park

n || 2102.72| 20 200 o || 2127.54 I
14 2 n 2128.82 u
jid 5 i 2129.64 i
n 100~ u 2130.45 u
bid 5h n 2131.37 u
I RI10:680 | ol ol 3 n || 2131.71 n
I 2115.46 o || 2133.17 n
it 2115.84 I 2133.34 b
u 2116.65 1 2133.66 i
m? || 2117.83 m || 2134.98 u
hid 2119.25 u 2135.22 i
jid 2121.54 n 2136.33 i
i 2122.81 |. b1 2137.52 u
n 2123.30 i d 2137.71 n
u || 2126.72 u || 2138.32 b1
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TaBLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued
Il}:ltenslé:y and Intgnsits; and Intt;,]nsityt and
character character character
NeiA prec | LSV She|[x s A -
Arc Spark ‘Are Spark Are Spark

2139.25 2 w |i2211.87 f.o il L 2 m || 2373.89| 2 8 n
2139.96 25 1 2214.64 1 8 i 2h i
2140.41 2 i SEAVAPN SR P 2h? i 9 i
2141.00 10 m || 2224.45| 20 40 it 2 Il
2141.67 5 | [$2224.880 i oo 2 i 5 1
2142.18 L AT ° bid 2227.70 3 n 3 i
2143.42 BB u || 2231.55 2 it 30 I
2143.86 |- X BT I 2237.48 3 pid 1? bi
2144.74 .| 30 Ag? hid 2240.09 25 i 3 1
2140457 ST 3? I 0o b0l P Gt 8h i 5 i
m?

2147.15 bid 225546 |_________ 1? n
2147.50 m || 2257.01| 4 40 m || 2403.39 ... 3 1t
2148.07 mo (| 226102 (. ________ 3 || 2404.07 ... 4h I
2148.49 m || 2262.25| 2 30 u || 2406.07| 1 5 It
2148.92 It [P 22a8T6: | TEet S 3h m || 241839 | ... 2h ]
2421.36| 8 25 I

2149.43 3 7, 11226886 |- U1 2 i
2150.45 3 u || 2265.65| 3 50 o || 2422.81 I
2150.93 2 o] 226715 (... 1 1 || 2424.56 n
2151.20 2h n 2268.28 il 4 1 || 2425.65 u
2152.32 10h i 2268.64 [ ______._ 3h 1 || 2426.16 |- |
2433.62 I

215344 | ... 1 IEH £ 2271512 | SIS g g (RS e ns 1
2163.67 | oo 1 i ;%ggg 2? ppeeme I 2438.20 I
I, e 5 II 2439.67 I
2154.16 80k {m? 228338 | 8 10 n || 244057 | I
2155.18 7 I 2283.98 | _____... 8h m || 2447.23 |_ 1
2155.51 40 iy 2454.7 1l

228580 | 3? [oo-__-__ I
2156.51 3 m || 228585 . ___ 8h 1 || 2456.00 I
2156.79 2 1 1 || 2457.65 il
2157.87 iy i || 2458.23 i
i g 1 || 2460.24 I
i 2461.38 I

I
I u | 2464.48 | 20 5 1
I 1 246831 [t s __ "ot 3? n
I 11 || 2466.62 2 10 I
I || 247104 | 2? i
I 2481.40 1 4 n

1
pig m || 2484.28 |_________ 2 i
i 1 || 2484.88 3 8 1
e L 3|
1 |l 2312.56| 1 2 1 || 2488.96 |- ... 1
2169.77 I 249045 | 2 40 i
217213 |_________ 3 u | AR £ a2 T osore9| 3 1
217258 |EREaETieE 2 || 532080 | 20 5 7|l 2493.63 | 2 5 1
2173.34 | 2 5 |l 93317( 1 2 m || 2405.08 [ ________ 1 n
217428 | 4 10 U | 535601| 2 6h o || 249569 |- 10h 1
Y7538 |Eoot 3hLu?| 1 : 2498.35 | 1 4 i

2333.80 |- .o 2 it
2175.88 il u 2500.57 2 i
2177.04 1 n || 2385421 37 I 1 2500.89 1 I
2177.50 5 it : I 1| 9501.17 2 1
2178.80 8h it 1| 2501.99 30 i
2180.24 7h i Tl 2505.46 10 i
2181.51 2 n I || 2508.04 | 27 % I
2181.85 2 i I || 2509.85 |---ocooon 2 I
2182.55 |_ 3h I I 1 2510.27 [-o-ocoe- 1 n
2183.29 7 I IT il 251050 | 1 5 i
2183.61 3h u T 1l 2512.04 | 20 100 n
2184.78 |_________ 2Lu? | u I || 2512.58 | ... 10h I
2185.69 | 60 100 I I || 2515.60 |- --—--- 5 It
218825 _.__.__. 5 1 I || 2516.36 | 4 10 n
2180:42.[5:08 110 8 it |l 2516.83 | 3 30 I
2193108 (2208012 2 n || 2366.78 | 3 12 LTI SRR 7 i
2193.40 (_._______ 4d n 2367.58 10h o | 2620.82 |.-Lis 3 il
PITT LT 2 D 2 m || 2369.44 10 n || 2521.02| 1 6 ]
2198.14 20h i 2369.87 1? I || 2522.41 8 15 1
2201.19 3? n 2370.10 3h o0 |} 2624.98 |-_-_c--- 4 u
2203.07 2? o |l 2373.06] 1 5 1 2526.28 |- da - 1o 5h I
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TABLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued
Intgnsity and Intgnsits; and Int(}a)nsityt and
character character character
Mo A i || X e A o || A o A L2
Arc Spark Arc Spark Arc Spark

2527.85 2 10 1 || 2619.90 2 5 S22 706 2 5a e ozt 3 1
2028.32 |1 ool 7 1 || 2621.13 2e 100 m || 2718.35 7 40 i
2529.54 |._._.___. 4h 1 || 2621.66 1 4 I || 2719.00 .. ______ 2? pid
2532.58 |._._.___. 3h I || 2623.20 1 5 272209 - 22 ... 6 i
2536.01 p & 10 I || 2627.04 |.__.____. 20 I || 2729.06 |- ... 1 n
2537.64 25 1 || 2628.04 1 4 o] 272949 _-._.._ 2 pid
2538.18 6 M1 262878 |- osi . 2 QL 973158 |2 seoosil 1 i
2538.68 40 I || 2631.70 1 4 I || 2732.74 8 40 u
2539.63 2 I || 2632.66 |- 4 1 || 2734.08 1 6 i
2540.61 2 I || 2634.32 b 20 i o 3 i
25410 f .o L 3H I 11268689 |.naoisn 5h i 3 hid
254282 | _.oo.... 8H I (| 2636.49 |.__..___. 5h I 2 u
2545.85 [__.____. 2 1 || 2638.09 le 60 I 1 i
2547.30 |- 1 1 || 2639.44 5 15 bid 1
2547.47 | ... _. 4 I |1'2640:62 1. - oo s 15h i 1 1
2548.06 | _______. 1h I || 2641.90 4 10 n 20 n
248,73 1. _ ool 8 11 || 2642.55 5e 150 m 1 n
2550.04 2 4 I || 2643.65 ...__.___ 5 i 2 n
2560.42 | __.___. 3 I || 2644.31 40 i 4 n
Lt i 1 RS 4h 11 || 2646.45 2 10 bid 20 n
2552.13 | 10 40 D047 25 oo ze e s 4 11 3 14
2552.69 | 8 30 I || 2647.46 | 2 7 1 || 2748.65| 10 40 n
2565.31 |________. 50h I || 2648.80 2 8 I || 2749.64 |- __.____ 2 11
2556.26 | ________ 3 I || 2649.78 4 10 0l 2749.98 |-. .- 10 18
2557.24 2 8 I || 2650.73 2 4 I || 2750.47 | 50 200 1
2557.70 | ______ 4 I || 2651.72| 2e 60 m || 2751.44| 3 20 n
2559.03 | ________ 1 I || 2652.23 2¢ 60 nr || 2753.67 |-cceee-- 3h I
2569.94 | ________ 2 I || 2653.74 | 50 200 hid g 5 [ 4 n
2560.57 | _______. 5 I || 2656.11 2 7 11 || 2756.02 |-._.____ 4 n
2561.64 | _ ______ 1 Im || 2659.27 2 5 Tl DO e Loc s ot 3?7 I
2565.56 | 5 15 || 2660.01 | ________ 6 m (| 2758.99| 1 10 It
2566.80 | ________ 3 I || 2661.86 | " TT7C 1 || 2760.54 |-._.._.. 4 o
2567.63 | 10e 300 I || 2665.02| 10 60 1 || 2760.78 3 25 m
2568.17 |________. 2h 11 || 2666.11 5e 150 I || 2761.38 3 25 n
2571.34 6 20 11 || 2666.98 be 150 I || 2764.42 1 10 i g
257211 |- St 3 I || 2668.75| 2 20 i1 . 1 I
2573.13 3 10 Im || 2671.98| 10 2 1 - 7 I
2574.78 | 1 3 1 || 2672.65| 20 80 I . 2 L
2577.68 | 2 30 ax i1 2678.87 |- oo 2 m || 2771.34| 3 30 It
2579.58 be 200 I || 2674.87 |- .__._. 4 Vi BT ) S SRS 4 u
2583,72 |- 2o 2 n || 2676.13 2 m || 277545 .. 2 n
2586.28 | 1 4 u || 267737 o || 2776.28| 10 50 n
2588.65 | oiu 2l 8h 1 || 2780.03 ... ... 3 I
2501.02 | 1 5 it m || 2782210 ... 1 I
250271 |- e 3 it u || 278257 |-eeenoeen 1 n

2784.66 3 30 u
2594.18 1 5 i g bid
250448 | 2 5 1 o il B 2 I

278700 1. o i 1 n
2596.15 2 6 1 I || 9787'08 n It
2596.29 2 7 hid I || ovgg'ay |- 0T 10 I
2596. 73 2 3 bid n % i e
250726 1 | 2 1 || 2692.40 2 PR/ iy 1
2599.16 2 50 I || 2692.69 2 || 2793.98 Cp 10 I
2600.19 1 3 I 2694.61 |- 1? bid 2794.44 1- 7 n
2600.84 1 3 11 || 2695.43 9 I || 279478 4 I
200241 .- .- it II || 2696.63 6 h 8 | o i e I s e

295,10 == =i 4 il
2604.04 4 10 10 || 2700.80 [-cocmee-o 10 ol 2705621 o tn 10 n
2607.86 3 7 11 || 2704.52 3 )i @0 [ 8 n
2608.45 | _______. 2 1 || 2708.08 1 m || 279821 |.______.. 10 I
2609.12 |.________ 4 I || 2708.84 5 U || 2799.39 2 3 n
2610.86 3 20 i || 2709.72 2 n
2812.03 1 . drth . - 2800.04 3 15 b

8 i 10.56 15 i i

2612.60 | 1 4 u || 271266 | 3 7 o || 2808.44 80 {nn
2615.25 5 20 Im || 2714.42 5 i 4 1
2617.00 6 25 I || 2715.94 2 i 1 1?
2619.06 2 6 u |l 2717.19 2h n 3d 1
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TaBLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued

Intensity and Intensity and Intensity and
character Spec- character Spec- character Spec-
Nair A trum || N air A trum ||\ air A “lfm
Arc Spark Arc Spark Arc Spark
bl i 20 n
1 1 3 I
bid bi 2 14
hi 1 4 his
u n 3 b4
u n b4
n n n
n n n
n n n
n il 14
0 []'2804.99 | —.oe... 10d n 4
1 || 2896.91 i3 10 i hid
b n bid
{ 1 n I
m? n 4
i
i i
n n n
1 n s
1 n u
n i u
i
5 it n
n 7 n i
i 8 n i
il 0 bid o
I || 2912.86 | _...... 3 ] n
n
291421 10 60 n hig
(| 2014.49 | _______ 47 i L
m | 2915.27| 10 40 u i
u || 2916.43 15 10 n i
H 201684 |- ... 1 b1 I
n
2919.34| 15 90 n u
o || 2921.12 4 20 I hid
m || 2924.23 3 15 n !4
292713 .. ... 1 I i
1?7 || 2927.86 2 10 1 || 3014.45 hid
n
3 1, m? || 3017.56 hid
I 3 "1 || 3019.06 I
I 2 1 || 3019.47 n
I || 3020.70 |- i
it 1 || 3022.45 i
n
u || 3023.62 a
n u || 3024.93 it
n u || 3026.67 n
n u || 3028.39 g
n
= u || 3020.53 fes
i 1| 303111 | 50 60 n
i I 3031.62 2 o
n m || 303385 | ... 4 n
i I 3034.64 3 10 I
n 3036.83 |.ccecuee- 4 u
bid I i) 3038.00| 2 6 b1
I I fl 3038.55 |.cccceeo- 2 u
it Il 3039.67| 4 25 i
n 304049 | 1 5 bid
hid I || 304265 | 4 30 hid
n I || 3044.02| 1 5 1
it I || 3044.83| 1 5 14
n I || 3046.48| 3 15 u
n 1 || 3047.06| 2 9 n
bid I || 3053.98 2 n
bid I || 3054.67 |......... 1 hid
n o (| 305516 1 5 n
1 I || 3063.14| 2 7 n
n n || 3063.69 |.cc.cene- 8 i
u u |l 3064.92 2 n
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TaBLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued
Intensity and Int(la]nsity and Intgnsits;' and
character character : character %
¥ii A Seoe |12 A e | A o
Arc Spark Arce Spark Arc Spark
3065.04 50 u || 3175.75 1 T 1 || 3315.38 |.ocoeeooo 5 i
3067.38 4 B 40 1] 831883 11> - 3 i
3068.29 4 4 1 || 3319.18 2 15 i
3071.61 | 4 1 1 || 3319.43 [ R R TTh s - 1
3073.70 5 10h Iy 8820.81 . olaaas 4 1
3074.52 1 1 || 3322.97 5 i
3076.04 4 1 || 3324.16 5 1
3080.15 17 I || 3324.46 | 1 i
3080.55 1 1 || 3325.57 | 4 1
3084.36 6 u || 3327.77 2 bid
3085.82 | _.___... 6 o (| 3196.35 | ... 2 Y {1 8331.21 {_-_ % ... ! i
3086.99 1 6 1 || 3198.66 4 30 1 (| 3333.07 3 15 i
308799 _______. 2? AP BIRL | 5.1 2 1 || 3337.18 6 2 1
3089.11 5 20 1 || 3201.16 8 60 r || 3342.94 8 2 1
08061 1. sy ol 2? u || 3204.69 1 4 1 || 3343.06 2? 10 i
ity g B RN 2 1 || 3206.16 1 4 11 || 3346.50 . SIS S N S | 1
3092.54 40 1 BNET0 e de ot 2 1 || 3347.53 3 15 11
3093.44 3 u (| 3210.11 1 10 1 || 3349.94 | ... 1 1T
3093.87 25 m || 3214.33 |- ... 1 1 || 3351.08 2 1 1
3094.92 3 o || 3821649 |- .. 2 11 || 3352.49 i I8 1
3095.24 | ___... 2 B30 1. 2 1 || 3353.74 i
8097.84 |. ...l 1? u || 3217.19 4 20 1 || 3355.88 | 11
3101.36 2 20 u || 3218.33 3 15 1 || 3356.98 i
3102.07 1 10 m || 8221.28 | ... 4 1 || 3361.61 i
3 1y gl g ) EES IS 30? R Y R 3 1 || 3362.43 1
3107.91 | 15 100 e [T b R 1? m || 3363.61 1
2 . I || 3365.97 |. i
1 || 3369.90 1
I || 3375.48 b4
1 || 3378.43 1
1 || 3379.78 ... 5 n
1 || 382.58 | GRS REEU LI8 7 1
I]] 898404 | .- K. ... 5 1
I || 3387.49 5 1 1
1 || 3390.32 b (a8 SR N 1
3125.45 1 2 || 3242.07 |.ceeea--- 2 1 || 3391.10 1 9 I
812606 1--. &0 40h || 8244.97 |- 2h? I (| 3392.40 . ______ 1 u
8137.14 | _.8a ol 2 1 || 3246.07 7 i et RO 1 || 3394.44 1 5 hid
3127.86 1 6 3 || B4 - 1? 11 || 3396.32 | ... 4 i
3120.14 |- .. 4..... 3 u || 3254.22 1 3 Ir || 3400.58 i [ & RGP 1 1
3132.61 2 8 m || 3256.05 |- 1 1 || 3401.02 i
3138.14 |- .5 5. 2 1 || 3402.28 1
3136.76 3 20 1 || 3404.11 I
213808 1C. 3 .15 6 1 | 3408.50 i
3140.92 | 10 40 1 || 3409.88 | 1
3141.72 3 15 1 || 3410.54 n
3145.06 4 20 I || 3411.24 1
3145.55 3 2 I || 3412.45 ' §
914038 1o a ok 2 11 || 3414.86 11
3148.99 1 5 1 || 3415.04 I
38160.44 | ..o 1? m || 3415.98 bi
2 1 || 3416.88 i1
1 || 3418.40 1
1 || 3419.62 i
In || 3420.35 b AR A A I
|| 3302.42 ... 1 1r || 3426.06 | 10 3 1
I || 3304.57 2 10 I || 3428.48 4 20 b
1 || 3304.76 2 10 m || 3431.14 8 3 1
1 (| 3305.27 SRR (S O ¢ 1| 3434.62 2 5 11
I || 3305.73 5 30 I || 3436.46 2 7 11
: i - 1 i 1 || 3438.73 3 20 1
: i . 2 8 In || 3438.83 4 30 1
3169.05 3 30 u . i I || 3443.59 1 IR ), DIRRE 1
3171.19 1 5 n f 1? I || 3446.89 2 6 i
3173.77 1 8 || 3315.11 [ A BT 111 3448001 ________ 1 1
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TABLE 1.—Arc and spark specira of ytterbium (Z="70)—Continued

[Vol. 19

Intensity and
character

Intensity and
character

Intensity and
character

Spec- - Spec- Spec-
MairA oo || X air A e | X aie A s
Arc Spark Arc Spark Arc Spark

3452.41 SR S I || 3634.54 3 => 1| 388731 — 8 n
345408 | 10 60 1 || 3637.76 7 15 u || 3800.86| — 1? hid
3456.30 |- __ 1? I || 3644.23 1 3 1 || 3900. 20 2 I
3458.27 4 20 1 || 3648.13 2 = 1 || 3904.82 3 20 i
3458.36 4" o sn I||3648.46| — 2 I || 3905.88| — 2 )14
3460.27 7 2 1| 3649.74| — 2 1 || 3908.02 2? = 1
3461.71 1 6 I || 3652.96| — 1 1 || 3011.28 6 = 1
3462.36 1§ RN (s e 1 || 3655.73 3 = 1|| 3934.30( — 4 o
3464.36 | 100 20 T || 3664.56 | — 2 u || 3938.26 1 5 hid
3467.05 ... 3 I || 3664.76 | — 2 || 3938.53 | 4 i
3469.92 |.oocaeaeo 2 I || 3669.71 6 10 1 || 3046.94 | — 3 I
470,98 |- L&l 2 I gg;ﬂgg é 28 I (| 3948.23 | — 1? b1
it 5. n 1
1| 368715 — 2 1| 3040801 ! {w
I || 3687.60| — 3 u || 3949.88) — 1? i
3068.03 | — 3 n

1 || 3690.54 | — 107 n
1|l 360148 — 4 u I
I || 3691.71 2 = 1 1
I || 3694.19 | 500 1000 n I
I || 3698.59 3 15 u I
1

I || 3699.50 2 = 1
I || 3699.81 | — 4 I I
1 || 3700.57 3 = 1 u
1 || 3701.03 2? — 1 hig
1|| 370342 — 4 b4 1
n

I || 3708.66 1 3 I
I || 3710.32 2 / n n
1 || 3716.15 2? — 1 I
u || 3720.98| — 2 n n
I || 3722.29 2 10 n i
it

I || 3724.22 3 15 n
|| 3720.80 | — 2 n i
1 || 3730.39 31 3 n I
1 || 3734.70 6 1 1 hid
I || 3741.61 | — 3 n 1
I

I || 3743.15 2? — 1
1 || 3749.68 2 7 I I
|| 3753.05| — 2? n n
|| 3753.89| — 3 n 1
|| 3761.00| — 4 u l:

1 5 1 || 3762.54 1 6 14
3567.12 | 1 7 m || 376610 1 4 n L
! 3 0 i g;;g.io 1g g 1 2 é

2 n 3.43 n -

— 4109.60 1 ST R S ¥ 1
1 || 3774.32 2 1 411304 2 7 =

|| 3779.28| — 2 n
4119.26 el CRal | 1
T 4 Tl 1046 | 5 10? 1
L : 412286 1 6 u
I || 3786.37 2? — 11l 412734 2 I
I || 3791.74 8h 2 I 4131'00 . "‘éiil“" I

I || 3798.18 2 = I
u|laresaa| 2 | — 1 | S I{
i || 3807.54 3 15 I || 4139.05 1
I 3814.22 - 8 I 4141.49 n
1 || 3816.21 2 7 I || 4147.80 I
1 || 3816.34 | — 2? I || 4149.07 | 40 6 I
1 || 3839.46 1 3 I || 4164.64 | _____ 2 b1
In |f 38390.92) 5 ot 1) 416912 1?2 |_________. 1
|| 384033 | — 3 || 417011 | 3 20 I
Im || 3847.48 | — 3 I || 4172.24 | ... 2 i
1 || 3847.86 3 - 1 || 417236 p 1y ST S 1
1 || 3857.61 3 —-_ 1| 4174.57| 10 1
u || 3858. == 2 I || 4180.82| 40 100 I
I || 3863.46 X 5 m || 4186.90 |..oo..._. 104 I
m !l 3872.851 20 2 1]l 4190.30 4 30 i
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TABLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued

Int?lnsity and Inulslusit,yt and Intgnsitsz and
character character character
g Spec- Spec- . Spec-
Aair A trum || sir A trum || sir A trum
Arc Spark Arc Spark Arc Spark
4810801 g a [ S AT ;| 147248 ] 208 SilEs oo L 1 I
AA679 |- = 5 n 7 (SR 2 n 1
4218.55| 4 50 I || 4482.44| 10 2 1 1t
4218.64| 15 ? || 448443 [.________ 3h n 3
4224119 o e 1 U || 4487.27| 2 10 n 1
422794 | ______ 10 T | ) Y R R 1 i u
422006 |2 G 1|l 4493.96| 2 10 n : 1
423024 | ____.. 4 1 | 4503.51 [-coooooo 2h? n < n
4231.99 | 10 2 1512450862 F Bl liEE | 4765871 58N S | o] 1
(=T T 0 e R R & 1| 451340| 6 1 A | Ty e | R 1
423455| 2 15 I || 4514.04 |..._.._.. 2? u (| 477461 3hb 1
T T R e 2h 1 || 4515.16 | 30 100 || 477484 | 3h 1
4247.88 7 In || 4520.66 |- 17 || 4779.00| 3 1
4251.52| 4 1 1| 4529.90| 20 2 1 || 4781.89 | 200 1
425253 | 5 20 || 4533.50 | 4 1 1| 478452 3 1
425478 | 2 4 1 || 4536.80 [-coeooooo 2 MG HEATRERE] g s s e 1
4255.78 | 3 8 1 || 4539.30 [-ooooooo 2 1n || 4786.62 | 100 500 I
496677 1 ok i o} T P TR S Lol T RO S MR 1
4257.66| 3 15 || 454135 | 6 1 || 4808.51 |....._... 4h I
4266.99 | 2 8h 1 || 4543.90 |- 4 1 || 4809.47 |._..___. 2 I
4270.55 | ... 3h 1 || 454701 |..___.___ 1 W IEASIBOE] ek it 1
P PR D R M 1| 4548.35| 2 2 1,1u? || 4816.40 | 40h 1 1
427332 1 3 n || 4553.58 | 10 40 || 4818.38 | 3 30 b1}
4277.73|  9h 2 1| 4557.94| 2 6 || 4820.25 | 20 80 I
428301 7Ca?|...__.___. 1| 4564.00 | 50 2 T 48000707 s 2s o= 1
i 6 1 1| 4565.99 ... 2h? | TSI S0 P R 1
430549 | 2 |________ 1| 4567.38| 5 1 488155 i S 2h I
4305.96 | 20h 3 ¥a||4B08'80 15 2% - |.._____1% NEHTA081 08! | B gkt =oi ottt 1
4306.49 | ... 3 1 || 4576.21 | 200 10 rl4nsai7ad s o 10h i
30982 | gl T | BT (e T R Y 1| 4836.96 | 20 120 I
giz.gg s o B - | 1 gms 50 gh 1| 4837.47| 20 1 1
6. 10 40 1 Liy f healat eeh n 1
32223 3 20 m || 4587.14 |20 % nm || 484118 2 g {a
432528 | .. _____ 3 u || 4589.22| 20 1 1| 4848.45| 3 20h I
4326740 |- ek [ sy 1|| 4590.84 | 30 ? 1 %.g g 10 I
o b ORISR &  §
29731 e e | 1T D SO Kt s 1
4336.48 | ... _.__ 3h? 1 || 4507.25 ... 2 nif| 48718 | 8h I
4339.10| 2 10 I || 4598.37 | 10 50 m|| 4871.64 | .. 3h I
AU - ol ol SER g T ) T T SN, ¢ 1|/480348) 2 | ... I
434420 | _____ 2? 1 || 4610.66 ... 47 n :gg:.gg 52 T 1:
|l 461858, - .- 3? u 2 3
St B e s 008,72 |20 8h
St A T 012:38% mraaie il s ol I
I || 4634.04 | 2 15h sl e o 5
O e e AQIRIIAN o |t 1
» “4‘?“50-54 }g 1 ! 4%.46 ......... gﬁ? 1
W N B s = 492931 |_________ I
I || 4651.67 | 3 ... THl 463195 |10 | 1
I || 4657.04 | O ... I |l 4935.51 | 500 20 1
| WO R S (R 1|l 203696 | " 8h | ... T
g g;-gé gh ---------- 1 48342 2|55 100 u
08| 2 |- 4942, st LS e S o 1
2 1 || 4670.59 3 7 10 || 4942.78 1 5h 1
A il 1 || 4683.83 8 40 1 || 4044.09 5 20 I
440230 | 4 20 m || 4684.27| 7 1 1| 4044.96 | . ____ 7h I
4409.35| 6 10 m || 4688.51 | 1 4h (| 4954.67 |_________ 4h 1
4410:28: 12 | e 1|l 4690.80 | 1 5 o] BT R A R T S | 1
4410008 el s L BT T T R S s 1|l 405840 2  [oiomi 1
442744 206 | _______ TR ATHTT (S ) P 4966.91 | 100 1
443022 | 6 1 PO B TR R o 30h I (| 4972.30 | ... 3h? e
4439.21 T 4718.68:12208 . |ii ot 1 (| 4973.90 |.________ 2h? I
4448.94 1| 472079| 6 1 1| 49748 | 100 |l 1
4463.48 || 4726.08 | 60 250 u || 4988.30 | 4 ol 1
4467.14 | o || 4732.02| 1 7 n || 5009.53 50 I
4472.19 u || 4732.96 | ... 3 || 5014.50 ). ... 10 it
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TaBLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued
Inte}slnsity and Intgmsity and Intlelnsity and
character character character
Spec- % Spec- Spec-
Nair A ] X air A oyt Xair A trafm
Arc Spark Arc Spark Arc Spark
23%9.66 4 e g I ggggg‘} p ? I 5425.;3 e
114 2 10 n oL|E 1 || 5458. n
5027.68| 10 ¢+ |oooo.ooo.. 1 || 5255.68 | __ 8 || 5471.21 it
5082:61 |- 2h? o || 5257.50 | 15 100 1 || 5474.05 I
5033.33 |.__._____ 2h? rin}| 952581701 5@s. fiiiimlii 1 || 5478.52 i
[ L T 3h? || 5262.07 ... 1 m || 5481.94| 60 2 I
504712 | 2h? || 5263.61 | - 10 10 1 || 5486.59 ... 4 e
5049.87 | 2 30h A T L e G T e e I
CTTHE M S B SR 1 || 5277.08 1 || 5498.86 | ._.______ 20kt I
5058.76 |._____._. 2h? || 5279.56 o |} ss0si04 | 12l EmoL L 1
5062.95 |.____.__ 15 i 5@2.52 n 5505.% 40 21; 1
1 || 5286.14 | . || 5508.30 |....c... 2 his
5067.33 | 5 5 {n 5287.30 n || 551146 | .0 2h 1
5067.68 |._____.__ 3h? I || 5299.86 1| 551839 | 12 ... i
gggg.so §° __________ 1 || 5300.95 ‘m || 5520.24 | ... ih iy
.15 0 2 1
5306.53 | .ooeoo 1h m|| 552455 10 |___.._____ I
5074.33 | 200 5 1 || 530933 | 2 5 Tie|| 652781 | 1® [T I
5074.68 |._____._. 3? || 532114 | 6 m || 5529.09| 1 9 it
5076.75 | 50 1 1 || 5328.51 |- 1 || 5529.95 ... 8h I
ggg;gg i 1 || 5334.04 1 || 5539.09 | 200 5 1
o I
5335.15 m|| 554585 22 |..____.... I
5085.74 |.________ 4h || 533877 | .. 3 m || 5547.19| 2 15 e
5087.64 | 1 10 m || 5345.68 | 20 100 || 5548.97 |.._ ... 2h I
5088.97 |- ... 3h m || 5345.82| 10 50 1 || 5556.48 |1500 50 1
gcl)g(l).gg _________ zl’: || 5347.21 | 40 200 o || 5562.07 | 50 2? 1
pl o IR i
5351.33 | 50 3 1 || 5568.11 1
510443 | 1 50 m || 5352.96 | 100 250 n || 5572.55 I
5105.08 |._______ 5 || 535712 |. ... 1 || 5573.14 1
511151 |- 6h 1 || 5358.65 | 15 100 u || 6575.73 1
gﬁg% 3 seegraee| 5359.98 | ________ 10 u || 5578.23 1
1y o ISR I
5362.46 | ________ 2 m || 5580.82 I
S117.75 ). 3h 1 || 5363.66 | 25 2 1 || 5585.43 I
512161 1 15 m || 536412 . _______ 2 1 || 5586.35 I
FITTR R R 1|| 5364.84 |- 1? 1 || 5587.29 1
5128.54 |.__._____ 5h 1 || 5365.44 3 1 || 5588.46 11
5129.60 | ... 3h it
5RBTRG | e 2 || 5597.19 ot
5120.651' 2.0 |- L 1| 5367.79 | 2 3 it B ¢
DT R S g 1| 536829 2 20 it 1
513241 |..____.__ 5h 1 || 5376.99 | ... 10 I B
5136.00| 6 50 18 15880.26 |7 72 ceioinans I i3
5180:58 | 8 ar . oEmoak I
5380.521 3t ek 1 || 5620.17 1
g}g-g; --------- 5h I || 5383.96 |- 2 1 || 5620.24 I
o 3 50h I || 538673 |- - 2 || 5620.90 n
e 1§h HEHGAREI0F | AL esotonss 1| 5627.89 1
it M- 1 || 538987 | 8 30 o || 5631.52 I
5390.68 | 30  |.._._..... 1| 563200 2 |ooeeooo... 1
e { B . | R T — 1|l ses780| 2 |TTiIII 1
sis7sa| 2 T)| 639340 | 6 1 || 5637.86 |.ooo_ .- 5 I
E1O¥ ik apsm | T U1l 530385 | 6hL  |-ooooeeee- 1|l 56303517 | ... 1
SONsE w1 T el R e < e 2 ot || e S ¥ "
BROOTE (S s 2] e 1 || 5653.29 n
o B D - |l 530976 | . ... i5 1 || 5654.33 1
o : | Sioas |2 2 1 || S600.08 :
K- 5 SRR SRR II z 1
Sares| T I 5420 T 20 || 5683.60 n
5226.19 || 5424.68 | _.____.__ 10h 11 || 5686.53 51 [N SR Bos Y 1
5227.09 u || 5426.91 n || 5686.57 3 10h b1
5227.25 1 || 5429.86 |- || 5689.71| ... 1h it
5228.18 1 || 5431.20 |. HRIE6R0001..10 ). .80i .0 1
5229.99 m || 5432.73 m || 5603.71| 1 10 I
5236.68 | ____..._ h T || 5440.58 | 1 {| 5705.00 2 I
5240.51 | 10 40 I || 5445.52 1 || 5706.79 12 n
5244.11| 50 5 1 || 5449.30 1 || 6713.75 10 i1
524465 | ... 10 I || 5454 01 1 || 5717.30 15h I
548,41 |_ " s 12 1 || 5455.08 1 || 5720.01 8 1
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TaABLE 1.—Arc and spark spectra of yiterbium (Z="70)—Continued
Int‘lalnsityt and Intgnsityt and Int?]nsity and
character character character
Spec- Spec- Spec-
Aair A trum || N air A trum || A oir A tl‘Il)lem
Arc Spark Arc Spark Arc Spark
5723.72 LB R TR 1 (| 6001.05 |. 1? I || 6312.99 i
5728.86 e S L I (| 6002.52 20 I || 6324.42 |. I
5730.02 4 60 I || 6003.65 11 i 1 (e S I|| 6324.73 | hid
573580 | 2 15 A T TR ] ey e R T 1 || 6324.78 1
5736.95 L s R S I || 6007.42 4 80h I || 6333.36 hid
5745.80 [ gk LA et 1 || 6014.95 IR Beul re I|| 6335.72 80 Pl g 1
5749.92 8 10 1 || 6020.56 2 5 I || 0345.02) bk . |iiliiin.id 1
{i7d e 571 b PR, 1a? T T S S, 3 15h I || 6345.74 2 7 I
LR TR R I T 1 || 6024.08 2 5 I || 6355.40 2 50h bid
0764651 ... .o.cb 14? M HEe03L80 1 10 - 4. i..os..id 1|l 6356.68 |--___—-_ 2h? I
5767.23 2 10h I || 6035.72 v T oy WY SO 1|l 6372.71 e 7 (S 1
5771.67 | 30 50 11 || 6040.80 3 10 o hesvrpdil Lot 6h bid
5773.86 P A AT I||6042.26 (. ... 2? I || 6382.93 1 2 i
5774.35 2Rl e Al i R Y SR S 1|| 6387.72 1
STI6.08. 0 .. o8 1? 11 || 6052.88 8 30 I || 6393.79 1
STI8 001 ..o 3 i || 6054.88 1 10 = |.._.oisa I || 6400.40 1
. 1 || 6056.48 1 20h I || 6402.64 I
211 6068.20.1 . 10, i foaasieaiie 1 || 6404.62 1
1 || 6075.25 3 I || 6417.97 1
1 || 6082.40 10~ I || 6421.02 1
1 || 6083.29 2 I || 6421.54 1
1 || 6083.85 12 I || 6432.73 i
1 || 6088.72 3 I || 6438.01 1
11 || 6098.51 1 11 || 6440.81 bid
u || 6106.22 4 I || 64566.92 i
5831.82 @ PR, (TR g 30611019 | s e 4 I || 6463.15 I
5834.00 | 60k 1 1 || 6111.28 £ i e el et I || 6474.74 pid
5834.58 W pniliifide s 1| 6118.40| 10A? | ____..... 1 || 6488.50 jid
83908 oo T e 1? s R T 5| e 20h I || 6489.10 1
5836.220 sl 27 1 || 6122.99 “DREEL SRR ST L 1 (| 6489.27 u?
5837.15 o 6r20:08 L i 4 I || 6492.74 1
5838.67 1 || 6126.37 |- 2? 1 || 6503.02 u
5842.45 1 || 6128.21 | 6 11 || 6509.11 1
5844.46 1 || 6131.61 |- 2h? 1 || 6523.24 1
5847.24 ol bl 70 e U AR el D I || 6541.37 1
5854.52 1| 6142.85 1 || 6550.19 it
5865.65 |- 1 || 6146.94 1 || 65653.34 I
5868.40 1 || 6150.64 1 || 6555.15 1
5874.70 1 || 6152.58 1 || 6568.35 1
5875.96 Y 101768 i 2 1 || 6585.42 u
5882.81 1 || 6175.59 f-ooeee-oo 1 n || 6592.75 I
5896.61 1 || 6189.07 |-o..____ 1? 1 || 6605.93 I
5807.22 u || 6190.81 | 3 15 u || 6607.07 I
5898.80 v T T R Tt ot e 1 || 6617.06 I
5903.37 m || 6208.11| 2 20k 1 || 6643.54 I
5008.36 | 20 30 1 || 6208.68 1? 1 || 6644.07 2
592039 | 1 10 1 || 6215.57 6 u 1,520 g
5927.70 3 e e S 1 || 6223.65 15 I 67817 1
5035.06 | 3 40 1 || 6233.38 5 1 || gareras &
5936.47 p LR e L 1|l 6234.86 5 bid 3
5043.55 | 1 2 ullesser| 2 |eeeooo. | GEEEL e e X
5946.02 4 100 I, B286.15 1. S il 2? 1 || 6699.38 | 10 8 { n?
5947.28 | 1 5 - GR68.80 | © ¥ o i 1l gr5.79! 5 1
T I e RO 1 || 6246.97 | 40 60 1 || g797°62 | 30 6o Fl o
950.98 oo cnceee 8 R Y] T b ol e e 1| g7a522| ‘2 7 o
5955.35 1 || 6260.80 4 50h 1 || 6749.40 [ g | ISR 1
5958.70 i [1620 000 L2 20 20! 1? g i Ty D LG A 47 u
5959.31 L1 (0% ) BRSSO 1? I || 6768.70 | 80 2 1
5961.85 1 || 6271.16 1? 3 I || 6777.22 [ ARG Tt Dkl 1
5972.71 1 || 6274.79 | 100 150 I || 6782.17 i i e 1
5985.35 1 5 Y9 b o el S 5 1 || 6785.16 1 b hid
50868.80 {..-.i.0a0 2h? 1 || 6286.26 (G D T T ¢ O R 1 || 6790.82 R RRRL Pttty > X 1
5987.91 2 20h 0 || 6207.38 fuceiaeues 15h u || 6799.61 1000 50 i
5089.32| 16 |cocccaeaie 1 || 6303.28 3 4 1 || 6802.47 2 20 i
5991.51 | 50 150 1 || 6308.16 | 20 30 u |l 6813.66 - b AP PERSEER R I
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TABLE 1.—Arc and spark spectra of ytterbium (Z="70)—Continued

Iutgnsit); and Int?]nsityt and Int%nsit); and
character character character
AairA i R | BT DT el T RN Bpse.
Are Spark Are Spark Are Spark
6820.04 (1 Ve | RSN B 1| 7175.14 | 10 10
6826.06|..._.._.. 2? || 7187.06| 5 8
6828.90 1 6 n || 7222.72 3 2g
I
I || 7244.47 3
7251.5 27
1| 7305.25| 15 15
I || 7313.10 20
1| 73423 2? 5
I 4
i || 7350.09 | 40 2?
7361.8 1?
6913.55 2? 7277.52 4 3?
7405.9: 100
CoRL0L RIS 74221 | 42 10
6951.51 2 6
6063.11 2 7448.33 | 30 4
6977.68 2 7527.56 | 80
7699.49 (1500
6982.00 3 7722.58 2
6999.87 | 15 7734.5 1?
7020.16 | 5
7027.78 2? 7758.03 | 10
7032.04 3 7781.5 1?
7877.30 | 15
7032.91 DI R A G P T 7895.12 | 20
7043.79 (I R e 7922.40 7

The data of table 1 represent at least three different spectra, each
characteristic of Yb in some form or another. About 400 lines belong
to neutral Yb atoms (Yb 1 spectrum), approximately 1,250 character-
ize singly ionized atoms (Yb 11 spectrum), and possibly a dozen belong
to doubly ionized atoms (Yb 1 spectrum). We found no evidence
of band heads which could be assigned to a molecular spectrum of
ytterbium compounds.

The successive atomic spectra are differentiated mainly on the basis
of intensity comparisons of arc and spark spectra, but since the latter
were not recorded beyond 7,000 A the lines of longer wave length
from ionized atoms remain unobserved, or unrecognized if recorded in
arc spectra. The Yb 1 spectrum is surprisingly simple, but may not
be fully developed in the arc. It may possess more lines in the infra-
red but the available Yb material was too scarce and precious to permit
long exposures required to photograph beyond 10,500 A. The Yb 11
spectrum is probably even more complex than is apparent because in
addition to being undetermined beyond 7,000 A some lines are prob-
ably overlooked on account of being masked by silver lines or by the
air spectrum.

Our assignment of lines to successive spectra agrees almost per-
fectly with King’s [13] separation of ionization stages based upon a
study of the electric-furnace spectra of Yb. This grouping of lines is
further confirmed by the spectral-term analyses, insofar as they have
been carried out.

Since no details concerning regularities in the spectra of ytterbium
have heretofore been published, we present a preliminary report, as
follows: Soon after making our first measurements and identifications
of lines from neutral Yb atoms, in 1930, we found from repeated
differences among wave numbers three energy levels with separations
of 703.5 and 1718.4 cm™!. These were interpreted as (f“sp)°P,,, by
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Prof. H. N. Russell, who promptly identified two singlet levels
(f“sp)'P; and (f*s?)'S,, which account for the two lines of outstanding
intensity and easy excitation in the Yb 1 spectrum. These terms and
their combinations are displayed in table 2 where the term symbols
and relative values appear on the margin and the wave lengths (inten-
sities) and wave numbers of the observed combinations at intersec-
tions of lines and columns. Only the terms which can be interpreted
with considerable certainty are given now, the remainder being re-
served until the analysis is completed and confirmed by observations
of Zeeman effects, which, up to the present time, have not been pro-
duced for Yb spectra. It appears certain that the normal state of
neutral Yb atoms is described by (4/*6s?)'S, and that the most intense
line of the Yb 1 spectrum is (4/“6s%)!S,— (4f**6s6p)'P; with wave
length 3,987.99 A. This spectrum closely resembles that of an alka-
line earth. Indeed, the fact that Yb may be bivalent accounts for its
separation by electrolytic reduction from other trivalent rare
earths [14].

Proceeding in a similar manner with Yb 11 lines the authors found
several score of levels combining to produce some hundreds of lines,
but it was impossible to group the levels into terms and identify them.
Two lines of extraordinary intensity featuring the Yb 1 spectrum
were not included among our level combinations and Professor Russell
suggested that they represent the transition (f“s)2So— (f¥p)*Py..
When the f shell is completely filled (f**) it contributes nothing to the
spectrum and a single-valence electron will produce an alkali-like
spectrum with (s)%S, describing the normal state. However, the rela-
tively great complexity of the Yb 11 spectrum indicates that most of
the excited states must arise from electron configurations of types
1% Bsd, fRd?, fBsp, f©sd, which produce large families of spectral
terms. This is probably the explanation of the numerous levels first
discovered, but further attempts to interpret them and connect them
with terms arising from configurations with f** electrons will be post-
poned until Zeeman effects are available.

TABLE 2.—Terms and combinations in the Yb 1 spectrum

ermisymbols i salin i . (41146s6p)°P§ (41146s6p)*PY (4/14636p)3P§ (1f14656p) PY
VIRITOL:. Kol tuee Fondlne B 7 URE 17288. 5 17992.0 19710. 4 25068. 2
Term symbol Value
5556. 48(1500) 3987. 98(2000)
(4TMegI8g . oot O 0.0 17992.0 25068. 2
6489. 10(800) 6799. 61(1000) 7699. 49(1500)
(47 146878)381. oot innsa 32694.7 | 15406.2 14702.7 12984.3
4439. 21(100) 4582. 36(50) 4974.16(10) 6782.17(4)
(4/146858)3D e oo 39808.7 | 22520.2 21816.7 20098.3 4740.5
4576. 21(200) 4966. 91(100) 6768. 70(80)
(4/14685d)3D3.c oo 39838. 0 21846.0 20127. 6 4769. 8
4935. 51(500)
(4/14685d)*Dgeee oo 39966. 1 20255. 7
4529. 90(20) 4912, 38(20) 6667. 85(1000)
(4/14685d)' Do ________ 40061. 5 22069. 4 20351. 1 4993.2
4109. 60(5) 4231. 99(10) 4564. 00(50)
(41146888)3S1eee e oo 41614.9 | 24326.4 23622.9 21904. 5
3734.70(6) 3990. 89(40) 5076. 75(50)
(4/14686d)!' D2 _______.. 44760. 3 26768. 3 25050.0 19692. 2
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The resonance lines of Yb 11 are interpreted with considerable
certainty, as shown in table 3. The most intense line emitted by
singly ionized Yb atoms is expected to be (f'16s)2Sy;— (f"46p)*Ps14 with
wave length 3289.36 A, but the estimated intensities appear to be
Tpmewhat anomalous. Apparently 3694.19A is the strongest Yb 11
ine.

No attempt has been made to analyze the Yb 11 spectrum, but it
may be expected that the ground state of doubly ionized Yb atoms is
described by (4/)'S,. The full shell of f-type electrons is likely to
have high stability on account of which the fundamental lines emitted
by Yb** ions will probably lie in the extreme ultraviolet.

TABLE 3.—Terms and combinations in the Yb I1 spectrum

Term symbol.é.cui-is-sii (4/146p) 2P0 35 (4f146p)?P°; 1
Value 27061.9 30392. 3

Term symbol Value

3694. 19(1000) 3289. 36(800)
(411465)280 34 0.0 27061. 9 30392. 3
3669. 71(10) 4180. 82(100)
(4f1478)280 34 54304. 3 27242.4 23912. 0
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