
RP296

THE STRUCTURE OF THE ARC SPECTRUM OF ZIRCONIUM

By C. C. Kiess and Harriet K. Kiess

ABSTRACT

Nearly 1,600 lines have been measured in the are spectrum of zirconium between
2,0S5 A in the ultra-violet and 9,300 A in the infra-red. Approximately 80 per
cent of these lines, which includes all but 7 for which temperature classes have
been determined, have been classified as combinations between terms of the singlet

,

triplet, and quintet systems. The terms, without exception, are those required
by H unci's theory, and many of them have been confirmed by Zeeman effect
observations. Many pairs of terms of nearly the same value, with the same
inner quantum number, and arising from the same electron configuration, mutu-
ally perturb one another with the result that lines originating in them exhibit
abnormal intensities and Zeeman effects. The lowest term of the spectrum,
o3F, and the lowest term of the quintet system, a5F, both form Rydberg series

with higher terms, from which the distance separating the ground states of

Zr I and Zr II proves to be 56,077 cm-1
,
giving an ionization potential of 6.92

volts for the neutral Zr atom. The resonance lines are given by the combination
a3F-25G°, whereas the raies ultimes are given by a3F-23G°. More than 200 Zr
lines have been identified with dark lines in the solar spectrum, of which nearly

half represent term combinations which do not appear in emission spectra observed
in the laboratory.

CONTENTS
Page

I. Introduction 62

1

II . Experimental 622

1. Wave lengths and intensities 622

2. Zeeman effects 623

III. Structure of the arc spectrum 623

1. The term svstems 623

2. The Zeeman effects G60

3. The intensities £62
4. Interpretation of the observed terms 664

5. Series and ionization potential 667

IV. Zirconium in the sun - ™®
V. Conclusion and acknowledgments °7 1

I. INTRODUCTION

For more than a decade the spectra of zhconium, as omitted by

arcs and condensed spark discharges, have been under investigation

at the National Bureau of Standards not only to obtain as accurate

a description of them as possible, but also for the purpose of bnding

the series relationships underlying their structure. Various stop, in

the completion of this problem have been described in three earner

papers, of which the first,
1 by one of us (C. C. KX gives tables ol

wave lengths observed in the arc and spark spectra between 0,300 A

and 2,100 A; the second, by Kiess and Lang/ describes.the structure

of Zr III and Zr IV; and the third,
3 by the present writers, pre*

i B. S. Sci. Papers, No. 548, 23, p. 47; 1927.

2 B. S. Jour. Research (RP. 202;, o, p. 30o; 1930

3 B. S. Jour. Research (RP. 255;, 5, p. 1306, 1930.
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an analysis of the first spark spectrum, Zr II. In this paper we present
a similar analysis of the arc spectrum, Zr I.

The work on both Zr I and Zr II was carried on at the same time,

and our earliest efforts at disentangling these spectra centered about
the groups of strong lines in the ultra-violet and infra-red. From
these we detected the wave-number differences which are character-

istic of the low 4F term of Zr II and the low 6F term of Zr I. However,
as stated in our paper on Zr II, we laid aside the Zr problem while
we endeavored to work out the structure of the titanium spectrum
in which we sought a small scale pattern of the structure to be ex-

pected in Zr. That our expectation in this respect was justified has
been verified by our subsequent progress with the Zr spectra; for

we have, indeed, found that the spectral structures of Zr closely

parallel those which our own 4 and the more complete investigation

of Russell 6 have revealed in Ti.

When we resumed our work on the Zr spectra we had acquired from
Dr. A. S. King, of the Mount Wilson Observatory, a set of plates

copied from his furnace spectra of Zr, supplemented later with an
advance copy of the temperature classifications of the Zr fines made
by him and Miss Carter.6 And from the late Prof. B. E. Moore, of

the Brace Laboratory, University of Nebraska, we had obtained the
films on which he had recorded the Zeeman effect of Zr out to 7,000
A in the red. With these aids we were able to identify most of the
stronger lines of Zr I as members of the quintet and triplet systems.

II. EXPERIMENTAL

1. WAVE LENGTHS AND INTENSITIES

When the Zr wave-length tables, presented in the first paper re-

ferred to above, were published in 1927, it was decided to terminate
the list of arc lines at approximately 4,900 A because it seemed un-
necessary to duplicate Vahle's 7 excellent description of the spectrum
from this point onward to the ultra-violet. However, we found it

desirable to have for inspection a map of the spectrum covering the
range of the published wave lengths. New observations of the arc
spectrum have, therefore, been made at the National Bureau of

Standards with both the concave grating and the Hilger Ei quartz
prism spectrographs. The plates secured with the prism spectro-
graph cover the region from 2,000 to 3,050 A. The first order of the
grating, with a dispersion of 3.7 A per mm. was used for the region
from 2,200 to 2,900 A. For the region 2,900 to 4,900 A the second
order of the grating was employed giving a dispersion of 1.8 A per
mm. At least two plates of each region were secured. The material
used as electrodes in the arcs was metallic Zr obtained from three

different sources. Although these samples are of high purity from the
chemical point of view yet they were found to contain traces of other
elements, of which the more conspicuous are Fe, Ti, and Si. Each
of them contains traces of Hf also; and, in addition, the sample used
for the ultra-violet observations with the prism spectrograph contains
traces of Ni, Cb, Al, Pb, and Sn.

* J. Opt. Soc. Am. & Rev. Sci. Inst., 8, p. 607; 1924.
« Astrophys. J., 66, pp. 283 and 347; 1927.
e Astrophys. J., 65. p. 86; 1927.
? Zeit, fur Wiss. Phot., 18, p. 84; 1918.
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Most of these newer spectrograms have been measured for \vnv (
>-

length determinations and intensity estimates, since ii was noted
that many of Vahle's faintest lines appear on our plates with increased
strength. The wave lengths and intensities which appear in Table 3,
therefore, are derived entirely from measurements made a. the Na-
tional Bureau of Standards. The compilation of these wave lengths
afforded opportunity to revise the earlier tabulation of the spectrum
in the range from 4,900 to 9,300 A and, accordingly, i„ the list as
presented m this paper, a few lines have been added, but others have
been omitted as not belonging to Zr I. We believe that the wave
lengths as given in Table 3 are characteristic of the arc spectrum of
zirconium^ but the possibility of eliminating other lines from the list,

especially in the ultra-violet where most of the unclassified lines of
Zr I occur, is recognized. At the present time, however, it is not
possible to make thorough comparisons with other elements owing
to the inadequate descriptions of their spectra.

2. ZEEMAN EFFECTS

When Lande's quantum theoretical interpretation of the anomalous
Zeeman effect 8 was published we found Moore's 9 observations of
Zr of great service not only in confirming the classifications of Zr I

lines we had already made, but in leading to the classification of

additional lines. However, only a few of Moore's observations
referred to lines of wave length longer than 4,900 A. When his

attention was directed to the fact that the arc spectrum of Zr con-
tains many strong lines in the red and near infra-red he generously
offered, as stated above, to secure additional observations for our
investigation with the equipment of the Brace Laboratory. These
observations and the results obtained from them have been described
in our paper on Zr II cited above, and to which the reader is referred

for the details. Here also will be found a description of our prelimi-

nary observations of the Zeeman effect of Zr obtained with the magnet
and spectrographs at the National Bureau of Standards.

III. STRUCTURE OF THE ARC SPECTRUM

1. THE TERM SYSTEMS

The terms on which the arc spectrum of Zr is built belong to the

singlet, triplet, and quintet systems. Of these, the quintet system is

simplest, having as its lowest term ab
¥, with the characteristic

iAj/s 348.4, 291.5, 225.7, 152.9. It was these wave-number differ-

ences that were found first, separating the strong infra-red hues in

'the group lying between 7,849 and 8,498 A, and also those in the

blue-green group containing the lines which de (inmiont lu has

described as specially sensitive for visual speeirochemical analysis.

/After the stronger lines, which were linked by these Aj/s had been

assigned to multiplets, several fragmentary groups remained which

were suspected as intersystem combinations with tuple! terms.

This view proved to be correct, and led to the identification of the

low and metastable terms of the triple* system. The triplet system

s Zeit. fur Phvsik, 15, p. 189; 1923.

» Astrophvs. J., 28, p. 15;

" Compt. Rend., 166, p. 367; 1918.
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is by far the most complex and contains more observed terms than
the singlet and quintet systems combined. Although the singlet

system is much less complex than the triplet system, yet it proved
to be the most difficult to unravel owing to the lack of term combina-
tions with distinctive wave-number differences and the uniform
character of the Zeeman effects.

The terms which have been established for Zr I are presented in

Tables 1 and 2. The relative positions of these terms are shown in

Figures 1, 2, and 3, the black dots representing the even terms of

Table 1 and the open circles the odd terms of Table 2. The combi-
nations between the terms, which are usually shown in diagrams of

this kind, are omitted because of the confusion that would result
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glet system of Zr I

from drawing in so many lines. The visual representation of the
term combinations is supplied to some extent, however, by Table 4,
which contains the key numbers of the classified lines of Table 3 and
shows at a glance all the combinations which occur. It is of interest
to note that there are about 20 combinations between terms of the
singlet and quintet systems. An explanation of their appearance in
the spectrum is offered in a subsequent paragraph. The symbols
used in defining the terms are those proposed in the report of Russell,
Shenstone, and Turner. "

All the quintet terms and most of those of the triplet system are
regular. The triplet terms that depart from regularity show only
partial inversion. The most conspicuous of these is a3P, of which

»« Phys. Rev., 33, p. 900; 1929.
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the component a3P2 lies 10.7 cm" 1 below a3P . It exhibits a close
affinity with the lowest term of the singlet system, a lD,, the moan
of their term values being very nearly that which a3P2 "would have
it it occupied its normal position as determined by the interval rule
Ihese two terms are almost identical in their behavior, with the result
that many combinations into which they enter show abnormal inten-
sities and Zeeman effects. The properties of these terms in the mag-
netic held will be discussed in a subsequent paragraph. Other terms

sio *£?• Partially inverted are c
3P, 23

I°, ^H°, ?)
3F°, *

3D°, z
3P°, and

30' o
th tilese ™ay be incmded sucn terms as a3G, a^G°, ^

3G°,
u3F°, ?;

3D°, etc., winch show marked deviations from the interval
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Figure 2.— 7er7/i diagram of the triplet systcrn of Zr I

rule. In fact, very few of the complex terms of Zr I have separations
which follow the interval rule closely.

Of the nearly 1,600 lines recorded in Table 3 approximately 80
per cent have been classified as combinations between the terms of

Tables 1 and 2. Each classified line is provided with a key number
giving the number of the multiplet of which it is a member. For
comparison with our intensity estimates we give those of King and
Miss Carter, and also their temperature classifications. Inspection
of the table shows that all but seven of the lines observed in the
furnace spectra have been classified. The lowest term, aW, and the
two related terms, a3P and a lD, each enter into combination with
about 60 of the 80 odd terms comprising the middle group, while a?F
combines with 40 of them. Those combinations account for Dearly
all of the strong arc lines of Temperature Classes I and TI.
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Table 1.

—

Even terms of Zr I

62;

Term

*H7

nu
mi

iQt

»G«

«G<

JGj

'Q 2

5F 5

5F 4

5F 3

5F 2

!Fl

»D 4

5D 3

5D 2

!Di

'Do

'P 3

jp 2

»P1

3H a

3H 6

»H 4

3G S

3G4

3G 3

3F<

3F S

3F 2

3D 3

3D 2

3Dl

3Pi

»Pl

3P

'Hs
1G4

»P1
»So

5, 888. 93

848. 39

5, 540. 54

291. 47

5, 249. 07

205. 66

5, 023. 41

152.88

4, 870. 53

22, 398. 00
86g. 69

22, 145. 31

201. 67

21, 943. 74
< :?. J.;

21,801.21

21, 726. 28

11, 258. 38

241.73
11,016.65

131.29
10, 885. 36

15, 119. 66
131.16

14, 988. 51

197.23
11,791.28

12, 772. 78
12.12

12, 760. 66
257. 22

12, 503. 44

1, 240. 84
670. 43
570. 41

570. 41
0.00

14, 697. 03

348. 25

14, 348. 78

225. 77

14, 123. 01

4,186.11
-190. 17

4, 376. 28
179. 43

4, 196. 85

18, 738. 94

8. 057. 30

5, 101. 68
? .

13,141.76

12, 342. 37
886. 04

11,956.33
315. 61

11,640.72

15,932.10

?

17, 752. 73

17,228.42

15, 699. 86

242.46
15,457.40

810. 92

15, 146. 48

17, 142. 72

82.90
17,059.82
-261. 70

17,321.52

42, 086. 82
64S. 29

41,443.53
806. 48

40,637.05
70U. 35

39, 936. 70

?

11, 'Mi). 86

40*. 68
41, 538. 23

568. 93

41,179.30
891.69

40, 887. 61

226. 96
40, 660. 65

36, 360. 20
499. 37

35, 860. 83

384. 76
35, 476. 07

265. 77

35, 210. 30
168. 35

35, 046. 95

38, 101. 09
400.01

37, 701. 08

241. Jt8

37, 459. 60

47, 698. 29
563. 7.9

47,134.50
498. 08

46,641.42
446. 27

46, 195. 15

396. 67

45, 798. 48

41,068.00
218. 80

40, 849. 70
196. 29

40,653.41
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Table 3.

—

Wave lengths in the arc spectrum of Zr

[Vol.

Key
No, X I. A.

Intensities,

temperature
class, and notes

B. S. King

1

2

3
2

1

9, 276. 94

9, 139. 33

9, 099. 90

9, 069. 40
9, 015. 13

1

1

2

5

4

6

7
2

9,011.31
8, 941. 74

8, 930. 10

8, 925. 04

8, 910. 05

1

1

1

1

1

8
4

9
2

8, 906. 33

8, 899. 52

8, 894. 01

8, 844. 50

8, 836. 09

1

6

8

5

10
11

8, 804. 98

8, 786. 23

8, 778. 48

8, 771. 02
8, 762. 93

3

2

1

9
12
2

13

8, 749. 48
8, 742. 11

8, 734. 86
8, 709. 24

5

1

4

1

7

18 }8, 656. 04

5

11

11

14

8, 654. 59

8, 642. 76
8,641.01
8, 638. 51

8, 627. 71

2

3

1

1

3

15

8

8
17

8, 615. 66
8, 614. 16

8, 610. 24

8, 587. 84
8, 585. 90

1

2
4

5

11

16

13

8

8, 584. 21

8, 581. 22
8, 579. 47
8, 575. 69
8,571.05

6

1

1

1

4

9
19

20

8, 568. 54

8, 558. 64
8, 554. 42

8, 536. 22

8, 535. 13

4

2

2
1

1

18
13

6
20

8, 524. 99
8,515.06
8,513.78
8, 510. 38

8, 502. 77

1

3

3
1

2

21
11

21

9
22

8, 498. 44

8, 495. 98
8, 464. 65

8, 457. 50

8, 453. -17

10

4

10

4

10

23
24
21

17

13

8, 429. 14

8,416.91
8,414.00
8, 408. 50

8, 390. 18

1

1

2

21
25

8
21

10

8, 389. 42
\ 386. 7()

8, 382. 79

8,370.2]
8, 366. 96

8
3

1

10

2

Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

10, 776. 46
10, 938. 72

10, 986. 12

11, 023. 06
11, 089. 43

11, 094. 12

11, 180. 45

11, 195. 01

11, 201. 36
11,220.20

11, 224. 89
11,233.48
11, 240. 44

11, 303. 36

11, 314. 12

11, 354. 06
11, 378. 32

11, 388. 37

11, 398. 05

11, 408. 58

11, 426. 12

11, 435. 75
11, 445. 24
11, 478. 91

11, 549. 35

11, 551. 39
11,567.20
11, 569. 55

11, 572. 90
11,587.38

11, 603. 58

11, 605. 61
11,610.89
11,641.17
11, 643. 81

11,646.10
11,650.16
11,652.53
11, 657. 67
11,663.98

11,667.40
11,680.90
11,686.66
11,711.57
11, 713. 07

11, 727. 00
11, 740. 68
11,742.44
11,747.13
11,757.65

11, 763. 64
11,767.04
11,810.59
11,820.58
11,826.63

11,860.35
11,877.59
11,881.69
11,889.47
11,915.43

11,916.50
11,920.37
11,925.93
11,943.86
1 1, 949. 86

a3G 3-!/
5D2

a3H 5-2/
3G!

atF&-z*Gl

a 3 G3-l/3Fi

alDj- 23F2
a 3D3-z5P§
a3H4-j/3G?

63F 4-J/
3F§

a3Q5-|/3F?

a5F4-Z3FS
amt,-y*Gl

a 3H5-]/
5GI

63F2-2/3D!
csPo-zsp?

a«Fi-23F2
a3H 4-3:

1F§
a 3H5-2/

3G5
c 3 Po-»3DI
'a3D2-z«P§
.2/3DH5F2

a 3H4-|/5Gj
C3P2-X3P?

c3Pi-z3P5

a 3G5-y 5Dj
63F2-y5Dt
&3F 3-3/

3F§
ft3F 3-J/3F§

a^Di-«; 6Di

a 3H6-2/ 6G5
C 3Pi-X3Pl
a 3H4-i3F§
c3P 2-03Di
63F4-1/3FI

a5F6-Z3F!
6iDa-x3P5

a3D2-i3F3

j/3DS-e5Fi
c3 Pi-t>3Di
aiD2-z3FS
aSDr-x*F°3

a«F2-z5F?
c3 P2-:r3P2
a5F3-2«F5
a6F2-23F§
aJPs-z'SS

asDj-x'Da
a3D2-iiFl
asF4-2»F3

o 6D4-w» JDJ
C3P2-p3D5

a'Fi-z«F!
rt3p,_z3F5
&3F2-J/3F3
a 3 F5-25F4
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

X I. A.

Intensities,

temperature
class, and notes

B. S. King

Wave
No.

Term com-
binations

Observed Xoe-
mnn ellccts

Theoretical Zccman effects

8, 361. 17

8, 360. 17

8, 350. 45

8, 345. 99

8, 342. 10

8, 332. 44

8, 328. 54

8, 320. 12

8, 316. 97

8, 309. 50

8,305.94
8, 299. 79

8, 296. 54

8, 283. 84

8, 240. 36

8, 212. 59

8, 201. 73

8, 194. 64

8, 174. 63

8, 169. 72

8, 152. 59

8. 133. 00
8,125.84

8, 120. 15

8,114.29
8, 109. 23

8, 107. 5o

8, 087. 79

8, 070. 12

8, 063. 10

8,058.14
8, 055. 73

8, 055. 32

8, 053. 08
8, 046. 08

8, 040. 12

8, 015. 22

8,005.28

7, 963. 69

7. 960. 01

7, 956. 69
7, 944. 65

7,940.46

7,931.76
7, 924. 17

7, 915. 17

7, 908. 46

7, 906. 55

7, 897. 98

7, 888. 52

7, 882. 15

7, 876. 24

7,870.00

7, 868. 34

[7,864.37

7, 849. 38

7, 842. 93

7, 833. 36

7, 826. 75

7, 822. 96
7,819.36
7,816.31

8,111

10,111

20, V

15,111

20, III

3,V

2,V
2, IV
6.V

4,111

5,111

2,V
2,V
5.V

11,956.77
1 1, 958. 20

11,972. 12

11,978.62
11,984.10

11,997.99
12,003.61
12. 015. 76

12, 020. 31

12,031.11

12, 036. 27
12,045.19
12, 049. 91

12, 068. 38

12. 132. 06

12. 173. 07

12, 189. 20

12, 199. 75

12, 208. 51

12, 229. 61

12, 236. 96

12, 262. 67

12, 292. 21

12, 303. 04

12,311.66
12, 320. 55

12, 328. 24

12, 330. 87

12, 360. 92

12, 387. 99

12, 398. 77

12,406.41
12,410.12
12, 410. 75

12, 414. 20

12, 425. 00

12,434.21

12, 472. 84

12, 488. 33

12, 553. 54

12, 559. 35

12, 564. 59

12, 583. 63

12, 590. 27

12. 604. OS

12,616.15
12,630.50
12,641.21

12, 644. 27

12, 6.57. 99

12, '573.17

12,683.41
12,692.93

12, 702. 99

12, 705. 67

12,712.08

12.736.35
12, 746. 84

12,762.41
12,773.19
12.77V. :j7

12, 790. 25

j,5D5_C5F 4

rPi-r'DS

a«F4-2»F|

03Dl-X3Dt

B«Fa-z»Fi

a'Pa-z'SS
C2 P2-t>3D3

aoF 3
_zsF!

rt^Fi-ZSFS

l05Pi- Z5S2 /
a*~Dr-x*D°2

asPr-tf'Df
a*Pi-2/5Do
a^Fs-ziDI
a*F 4-z5F?
a 5 P2-2/3I>2

aiHs-f/Gi
aiD2-z'F.!
(llD2-Z 3Dl

a5P!-i/ 5DI

a5FS-2«F5
a5F2-25F§
a5F2-z3D?
aiD 2-z 1D2
a'Pi-z^Fi

aH^-x*m

a»DHE»Di
a 5 P:r.v'D2

a 5F2-z'D2

a3D2-^ 3Di
n«Fi-z»DS
a=F 3-zn)2
asF 3-z5 F4

a 3 Po-z5Ii

B«Pi-0»Dl
a 5 D3-I/5 I'2

aSFr-z'D!
a'P2-l/3D3

a»P*-*F|
a»Dr-ir'P!
a»Pi-z»Fi
a5D<-i/5P3
a 3F 4-z3D3

/a'Pi-// I".-

\a»D2-z 3D5
a^Fi-z^'l
biF2-V in
a [ > / I

)

B»D u D|
a'i'.-z D't
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

[Vol.6

Intensities,

temperature
class, and notasKey

No. X I. A.
Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

B. S. King

37
37
28
35
37

7, 800. 73

7, 799. 51

7, 766. 54

7, 765. 67
7, 755. 39

4

2
5
4
2

12, 815. 79

12, 817. 80

12. 872. 21

12. 873. 65

12,890.72

a5Di-j/*PI
a5D2-j/'P2
5P2-?/5D3

a3P?-E«F2
a^DiH/'Pi

38

33
37
40

7, 745. 43
7, 744. 05

7, 723. 70

7, 722. 48
7, 721. 72

2
2

5

4

1

12,907.29
12, 909. 59
12, 943. 60

12, 945. 65

12, 946. 92
a5D 3-V5P3
C3F3-l3Qi

41

42
33
36
40

7, 708. 38

7, 704. 24

7, 693. 45
7, 690. 81

7, 660. 75

6

7

2
7

1

1,V

12, 969. 33
12, 976. 30
12, 994. 50

12, 998. 96

13,049.97

a3G 4-j/
3G3

a3D3-|/3p|
ttoF 3

_23D3
a 3Di-w 3D5
c3F 4-a;3G?

43

44

7, 658. 62
7, 654. 40
7,650.50
7, 646. 71

7, 621. 60

8
2

1

2
3

3, IV 13, 053. 60

13, 000. 79

13, 067. 45
13,073.93
13,117.00

3Pi-2»DI

c3Hi-z3H2

28
45
46
36
47

7,621.16
7, 615. 74

7, 614. 48
7, 612. 08
7, 610. 89

7
4

2

7

5

i,v 13, 117. 76
13,127.09
13, 129. 27

13, 133. 40
13, 135. 45

a5P3-2/
5D!

a 3G3-j/ 5G2
asPs-yiFS
a 3D2-w 3D§
a3Pi-ziD2

48
32
33
44
42

7, 609. 69
7, 607. 19
7, 562. 17

7, 560. 31

7, 560. 04

3
15

6

4

5

8,111
13, 137. 53
13,141.85
13, 219. 91

13, 223. 33
13, 223. 80

c3G 4-z'P5
a 1D2-z3D 3

'

a 5 F2-z3D3

a 3D2-y3PI

41

43
491

35/
41

7, 558. 47
7, 554. 73

7, 552. 99

7, 551. 50

9

10

5

10

2,V
5,111

2,V

13, 226. 55
13, 233. 10

13, 236. 15

13, 238. 76

c3G 3-|/
3G5

c 3Po-z3Dl
fz 3Sf-c«F2 1

\a3P2-z5FS /
a 3G 5-» 3G4

41

40
40

50

7, 544. 62

7, 540. 65
7,521.03
7, 519. 34

7, 517. 97

8
8

6
2

6

1,V
1,V

13, 250. 83

13, 257. 82
13, 292. 40
13,295.38
13, 297. 81

a 3G4-#3GS
C3F2-Z3G3
c 3F3-z3Gi

40

42
47
51

7, 515. 74
7, 506. 56

7, 502. 91

7, 502. 25

7, 479. 61

8

6

6

I

8

i, v

i, v

13, 301. 75

13, 318. 02
13, 324. 49
13, 325. 68

13, 366. 00

« 3D2-y3P5
a 3P2-z'D2
a 3H 4-«; 3F2

52
43
42
.53

45

7, 467. 57

7, 439. 89
7, 433. 12

7, 423. 83

7, 422. 77

8
20
6
2

6

1, V?
10,111

13, 387. 56
13, 437. 36
13, 449. 60
13, 466. 44
13, 468. 35

&Fi-y*G3
a 3Pi-z3 I>2

a 3 D,-j/3P!
a^-HFS
a 3G 3-y5G5

42

44
41

7, 417. 91

7, 414. 24

7,411.42
7, 400. 89

7, 399. 33

5

1

4
6

4

tr, V

13, 477. 18

13, 483. 85
13, 488. 98

13, 508. 17

13,511.02

a3Di-y»P8

a 3H«-z3H5
a3(}3-V3GJ

51

42
54

66

7, 383. 64

7, 379. 19

7, 377. 86

7, 874 80
7,373.51

7

1

1

3
6

1, v

1, v

13, 539. 73
13,547.90

13,550.35
13,555.%
13, 558. 33

a3H6-w 3F|

q 3Di-I/3P5
fc'F4-z«P5

C 3G3-I»F4

45
4.)

CO

7, 367. 22

7.860.66
7,368.60
7, 363. 34

7, 843. 98

3

2
1

1

8 4,111

13, 569. 91

13,682.01
13,586.80
13, 595. 52

13, 612. 85

a^Gs-i^G!
a'Qi-yiQl

a 3Hi-z3G3
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Table 3.—Wave lengths in the arc spectrum of Zr- Continued

Key
No. X I. A.

7, 340. 03
7, 336. 03

7, 332. 73

7, 327. 84
7, 323. 75

7, 318. 15

7, 317. 32

7, 313. 73

7,311.68
7, 307. 38

7, 306. 24

7, 2*4. 76

7, 284. 02
7, 264. 79
7,258.23

7, 248. 50

7, 223. 87

7, 201. 67

7, 193. 37

7, 179. 59

7, 177. 26
59 7, 169. 14

7, 162. 12

7, 161. 02
7, 157. 88

7,146.11
7, 144. 48

7, 143. 87

7, 143. 43
7, 140. 74

7, 138. 30

7, 132. 98
7, 113. 54

7,112.83
7,111.71
7, 103. 77

7, 102. 95
7, 097. 78

7, 095. 66
7,0:>4. 61

7, 092. 82

7, 091. 27

7, 089. 50
7, 087. 35
7, 060. 84
7, 057. 99

7, 057. 38
7, 027. 40
7, 005. 46
6, 994. 38

6, 975. 94

6, 966. 49

6, 953. 87

6, 948. 51

6, 932. 41

6, 929. 09
6, 925. 71

6, 922. 23
6, 916. <;o

6, 907. 40

Intensities,

temperature
class, and notes

B. S. Kim

20

'4, II

8, III

2. V
2, V

1, V

4, V

4, V

150, II

Wave
No.

s

—31

i, v
4, IV?
20, II

40, II

80,11
150, II

5, V
3, IV

1, V
20, III

1. V

3. V
30, III

15, IV

50, III

15, III

60, III

4, V
2, V

2. Ill

3. IV

13,620.18
13.627.60

13, 633. 74

13, 642. 83
13, 650. 45

13, 660. 90
13, 662. 45

13,669. 15

13,672.99
13, 681. 03

13,683. 17

13.723.51
13,724.91
13,761.24
13, 773. 67

13, 792. 16

13, 839. 19

13, 881. 85
13,897.87
13, 924. 54

13,929.05
13,944.84

13, 958. 51

13,960.65
13, 966. 77

13, 989. 78
13, 992. 97
13, 994. 16

13, 995. 03

14, 000. 29

14, 005. 08(

14, 015. 53

14, 053. 83
14, 055. 23

14, 057. 45

14, 073. 16

14, 074. 78

14, 085. 04

14,089.24
14.091.33
14,094.88

14,097.96
14,101.49
14, 105. 76

14, 158. 72

14,164.44

14,165.66
14, 22'i. 10

14, 270. 65

14, 293. 25

14, 309. 45

14,331.04
14, 350. 48

14,387.61
14,421.03

14, 427. 93

14, 434. 98
14,442. 23

14.463.36
14,473.24

erm com-
binations

Obsen •

man effects

^IVa'DS

biVi-ytGl
tfGi-ytGl

0303-1^5

a*~Ht-x9Q\

pMh-ySGt
am 6-xiGl
a3D 3-j/5F|

a*F s-zJD!

a8II.,-i3G|

a'F 4-2«GS

63F2-I/5Q5
•aSGs-j/JGj;

aiD^Di
ItFi-yiGt
63FJ-25P5
.a*Gi-y>Gl

63F3-y5GS
a3G 3-z3D2
63F3-y3G|
«3P2-Z3D§
a3F2-25D!

a5F3-25DS

63F2-y3G5
fc3F 4-rGS
«3F|-e3F4

63F4-2:3F3

a3G 5-z'GJ

a'Gs-^FJ
a'F,-z»D!

aSF 4-z 5DJ

a^Fj-z'DS

63F2-yJG3
a3G 4-j3D3

a<Fs-z*D!

aiPs-zJP?
/>sF-T'FS

a3G3-z'GJ
a'Gra'Fj

B*F|-2»DJ
a^Pj-z'Pi

(0. 00) 1. 16

(0. 00) 0. 00 w

(0. 00 w) 1. 10

(0. 00) 0. 00

(1.48) 0.00, 1.55

(0.51) 1.51

(0. 93) 0. 80, 1. 77

(0. 00) 0. 64

(0.6s) L63

Theoretical Zeeman effed i

(0.00,0.10, 0.20, _._) 1.00,
1.10, 1.20, ...

(0. 00, 0. 50) 0. 50, 1. 00, 1. 50

(0.00,0. 15.0. 30,0. «) 0.90,
1.05, 1.20, ...

(0. 00) 0. 00

(1.50) 0.00, 1.50

(... 0.45. 0.60) ... 1.20,

1.35,1.50,1.65,...
(0. 50, 1. 00) 0. 50, 1 00, 1. 50,

2.00

(0.00,0.2V. ...) 0.30,11. |8,

0.77

0.76) .. , loo,
.'.0, 1.75, ...
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Key
No. X I. A.

Intensities,

temperature
class, and notes

B. S. King

60
65
69

62

6, 904. 40
6, 900. 59

6, 888. 30
6, 885. 20

6, 883. 27

7

8
15

3
4

2,111
2, IV

20, IV

70
59
67
71

65

6, 857. 93
6, 854. 63

6, 853. 85
6, 852. 59

6, 849. 29

3

3

3
4

8 4,V

72
69

6, 847. 34

6, 847. 03

2

18 25, V

59
68
63

6, 846. 42
6, 845. 30

6, 843. 76

5

5

2

73

68
60
68

6, 838. 69
6, 833. 69
6, 832. 93
6, 828. 82
6, 812. 66

3

4

12

10

3

12, III

10, V

70
70

6, 811. 32

6, 796. 71

2

4
74
75 }6, 794. 66 2

73
68

6, 790. 89

6, 772. 92
10

8
4,V
3,V

69 6, 769. 16 20 40, V

60 6, 762. 38 20 30, III

76
68

6, 752. 73

6, 717. 89
10

8
4,V

3,111

72 6, 709. 61 7 2, IV

69

70
70
72

6,702.13
6, 698. 50
6, 697. 94

6, 693. 95
6, 688. 19

6
2

3

3

7

i,v

2,V

77
78
81

6, 678. 81
6,645.16
6, 620. 62
6, 617. 28

6, 616. 40

3

3

5

2

2

i,v

BO 6, 603. 27 8 4,V

82
60
69
80

6, 599. 89
6, 598. 86

8, 596. 75

6, 592. 02

2

3
3

8 4,V

78
60
79

80
83

6, 576. 57

6, 569. 43
6, 5.50. 57

6, 506. 39

2

3

4

5
4

i,v
1. V
3, V

6, IV?

84 6,503.31 5 5, IV?

85
84 }6,493.12

6,489.68

4 1, V?

82 10 25, IV

83 G/_Si.35 2

Wave
No.

14, 479. 53
14, 487. 52

14, 513. 37
14, 519. 91
14, 523. 98

14, 577. 64
14, 584. 66
14, 586. 32
14, 589. 00
14, 596. 03

14, 600. 19

14, 600. 85

14, 602. 15

14, 604. 54

14, 607. 83

14, 618. 65
14, 629. 35
14, 630. 98
14, 639. 80
14, 674. 51

14, 677. 40
14, 708. 95

14, 713. 38

14, 721. 55
14, 760. 61

14, 768. 81

14, 783. 62

14, 804. 74
14, 881. 53

14, 899. 89

14, 916. 52
14, 924. 60
14, 925. 85
14, 934. 75
14,947.61

14, 968. 60
15, 044. 40
15, 100. 16

15, 107. 78

15, 109. 79

15, 139. 84

15, 147. 59
15, 149. 95
15,154.80
15, 165. 68

I \ 185. 05
lu, 201. 30
15, 217. 82
15, 261. 64

15, 365. 27

15, 372. 55

15,396.67

15,404.83

15,417.49

Term com-
binations

a 3F 4-z5G?
fc

3F 3-I 3F3
& 3F2-z 3Di

aiD 2-z5D§

G5F 3
-25D2

63F2-iiF§
63F 4-ziO?
&3F4-J3F!

a3Pj_z6Dg
63Fs-a: 3D2

a 5F2-25D§

a 3G 3-x3D3

a 3U3-w 3D2
a5P 2-z5Pl
a 3F3-z 5G§
a5P3-z6P3

a3Di-tf3D!
a 3D2-a 3D2
fo5P 2-2/

3G§
\a5P3-|/5G3

a 3G4-w 3D§
a^Pi-zsPS

63F4-x3D§

3F2-Z6G2

a5p2-25p^

a 3Po-z*Di

63F2-x3Dj

a 3D2-i> 3D3
a 3Di-y 3D2
a 3Pi-z5D2

asPs-^FS
a5P2-x 3F|
(HHs-ziHS

3F4-2tf 3D3

a 3G 4-z3HI
a3F 3-z5Gl
63F 3-z3D§
63F3-w 3D|

a5P3-x3F3
a 3F 2-z5G5
a5F3-z :, r2

aiD2-z3PS

a 3G3-w 3F2

fa3H 5-i 5D!
\a3G4-tt> 3F3
a 3G3-z 3Pi

aiD2-z 3PJ

Observed Zee-
man effects

(0.00) 0.66

(0.00) 0.85

(0.00) 1.66

(0.00a;) 0.72

(0.55) 0.58

(0.00) 0.90

(O.OOw;) 1.25

(0.00) 1.44

(0.00) 1.08

(0.00?t>) 0.78

(0.00) 0.82

(0.00) 0.72

(0.46) 1.46

(0.00) 0.92

(0.00) 0. 84

Theoretical Zeeman effects

0.17) 0.50, 0.67, 0. 83

(0.00,0.08, 0.17) 0.92,1.00,

1.08,...

(0.00) 1.67

0.00, 0.08, ...) 1.00,1.08,

1.17,—-
(0.33, 0. 67) 0.00, 0. 33, 0. 67,

1.00

(0.00) 1.00

(0.00,0.17, 0.33) 1.33,1.50,

1.67,—

(0.00) 1.50

(0.00) 1.00

(0.00,0.08, 0.17, 0.25) 1.00,

1.08, 1.17, ...

(0.00,0.08, 0.17) 0.82,1.00,

1.08, ...

(0.00,0.17) 0.50,0.67,0.83
(0.50, 1. 00) 0.50, 1. 00, 1. 50,

2.00

(0.00,0.08, 0.17) ... 0.75,

0.83,0.93

(0.00, 0.05, 0.10, 0.15)

0. 85, 0. 90, 0.95
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Key
No. X I. A.

Intensities,

temperature
class, and notes

B. S. King

Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

94

6, 470. 25

6, 457. 60
6, 451. 62

6, 445. 76

6, 439. 01

6, 434. 40
6, 426. 20

}6,407.03

6, 404. 27

6, 390. 61

6, 386. 40
6, 345. 23
6, 340. 39

6, 324. 55

6, 321. 37

6, 314. 71

6, 313. 05

J6, 304. 35

6, 299. 72

6, 282. 66

6, 279. 77

6, 267. 09

6, 257. 28

6, 224. 22

6, 220. 86

6, 214. 72

6, 213. 06

6, 204. 13

6, 192. 96

6, 189. 38

6, 178. 26

6, 160. 27

f{ }6,157.75

90

101

S9
94

6, 155. 56

6, 149. 94

6, 143. 23

6, 140. 50

6, 134. 58

6, 127. 49

6, 124. 86

6, 121. 95

6, 120. 86

6, 062. 88

6, 052. 84

6, 049. 29

6, 045. 89

6, 032. 62

6,025.41

6, 014. 69
6, 002. 66

6, 001. 03

5,995.41

5, 984. 82

15, IV

1,V

10, IV

1,V

4.V

8, IV
1,V

2, V

50, V

12, V

15,451.09

8,V

6,V
8, IV?

5. Ill

20,1V

481.36
495. 71

509. SO

15, 526. 05

537. 18

557.00

603. 55

610.28

643.64
653.96
755. 52

767. 55

3, IV

4,1V

5, IV

15, 807. 04

15, 814. 99

831. 67
S35. 83

15, 857. 69

15, 869. 34

912. 43
919. 76
951. 97
976. 98

16, 061. 83

16, 070. 51

16, 086. 39

16, 090. 68
16, 113. 85

16, 142. 91

16, 152. 25

16, 181. 32

16, 228. 57

16, 235. 22

16, 240. 99

150, II

15,11
125, II

16, 255. 83

16, 273. 59

16, 280. 82

16, 296. 53

200,11
5,111
20,11
3,1V
12,11

16, 315. 39

16, 322. 39

16, 330. 16

16, 333. 06

16, 489. 26

16, 516. 61

16, 526. 30

16, 535. 59

16, 571. 96

16, 591. 80

16, 621. 37

16, 654. 68

16, 659. 20

16, 674. 82

16, 704. 32

a 3G 4-z3H$

&3F2-tt> 3Dj
a5F2-23Pf
aiG 4-i/

3F5

63F3-W>3D§

23Q|-€3F3

a 3F 4-z 3F§
Z3Q°_C3F 3

asanas
aSQ3-y,3F|

a3G 5-«-'3Fl

63F4-«j3F§

aiQ4-y«D3
a^Qi-zmi

laiSo-2iPi

\a3Pi-z3P§

63F4-Z3H2

c3Pi-p3FS
63F3-w 3Fl
63F3-Z3HJ
a3G 5-i3QJ

63F4-z3G3
z5D5-e5Fi
6iG4-ziHS
a3P!-Z3P2
z5DI-e5Fj

a 3Pi-z3PI
Z5D5_e5F3

a3F4-z5F3
a 3G5-i3G5
fz5DH?i>F 4

L6
3 F2-w; 3F2

a3G4-i3GS

a5F6-z3G4

a3F3-z3F3
a 3P2-z3P5
a3F2-Z3F2

Q3F 4-Z3F4

a 3Po-z3PI
a>G 4-i/'F|

a 3P2-z3P!
a 3F3-z5F2

63F2-w 3F5
zJD 4-e !Fj

a3H4-w 3G3

^Fj-u^F!

a3F4-z5FJ

C3P2-M3I>2

63F4-i3GS

a5Fj-z3GS
c3Pi-u 3D§

(0.00) 0.79

(0.00) 0.90

(0.00) 1.14

(0.00) 1. 04

(0.00 w) 1.18

(0.00 w) 1.54

(0.00) 1.12

(0.00) 1.44

(0.00) 0.78

(0.00) 1.27

(0.00) 1.00

(0.00) 1.49

(0.00) 1.51

(0.00) 1.26

(0.00) 1.22

[(0. 00) 0. 80

(0.00) 1.36

(0.00) 1.10

(0.48) 1.44

(0.00) 0.69

(0.00) 1.26

(0.00) 1.50

(0.00) 0.74 A'
(0.00) 1.15

(0.00) 1.17

(0.00) 1.14

(0.00) 0.88

(0.00) 1.45

(0.00) 1.36

(0.00,0.02, 0.03, ...) 0.97,

0.98, 1.00,...

1(0.00,0.08, ...) 0.75, 0.83,

0.92

(-..,0.60,0.80) .

1.05, 1.25, 1.45,

(0.00, 0.17, -..)

1.58, 1.75

(0. 00, 0. 03, 0. 07,

1.03, 1.07, ...

(0.00) 1.50

(0.00, 0.22, 0.43,

0.38, 0.60, ...

0. 8.5,

. 1.42,

) 1.00,

.) 0.17,

(0.00,0.15,0.30...) ... 1.50,

1.65, 1. SO

(0.00) 1.00

(0.00) 1.50

(0.00) 1.50

(0.00) 1.25

(0.00) 1.20

(0.00) 0.67

(0.00, 0.15, 0.30, —

)

1.60, 1.65, 1.80

(0.00) 1.08

(0.00) 1.50

(0.00) 0.67

(0.00) 1.25

(0.00) 1.50

(0.00) 1.00

(0.00) 1.50

(0.00, 0.08, 0.17), ... 1.08,

1.17, 1.25

(0.00, 0.10,0.20, ...) 1.00,

1.10, 1.20, ...

(0.00, 0.05, ,..) ... 0.85,

0.90, 0.95

(0.00, 0.17, ...)

1.58, 1.75

(0.00, 0.05,

110, ...

.) 1.00, 1.05,
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[Vol. 6

Key
No. X I. A.

Intensities,

temperature
class, and notes

B. S. King

103 5, 984. 24 6 5,V

105

100
5, 969. 29

5, 955. 37

2
12 12,11

89 5, 935. 23 10 10,11

106 5, 925. 17 7 12, III

107 5,901.09 4 2,111

89 5,885.61 10 8,11

108 5, 879. 79 25 40,11

101

103
5, 872. 62
5, 869. 51

1

8 4, IV

100
104

5, 868. 28
5, 847. 33

4
5

109

110

5, 818. 48
5, 809. 16

5, 801. 31

2

2
2

108 5, 797. 76 12 25 II

111

100
k 791. 30 2

110

108
5, 746. 59

5, 735. 70
2
12 20,11

107 5, 708. 88 4 2,111

112
113 }5,685.47 3

114
115 }5, 680. 93 12 15, II

110
110 }5, 674. 76 2

112
116
117

5, 666. 28
5, 664. 55

5, 659. 83

2
12

3

25, II

118
115

5, 629. 02

5, 623. 56
4

5 3,V
112
115 }5, 620. 16 10 15,1V

108 5,612.11 3

112
119

120
112

112

5, 557. 91

5, 555. 38
5, 550. 34
5, 545. 42
5, 537. 45

2
2

2

8
5

3, V
2,V

119
112

121

5, 536. 67
5, 532. 30
5, 528. 44
5, 523. 88
5, 522. 78

3

4.

10

3

2

8, V

122

119
112

120

123

5, 518. 06
5, 517. 12

5, 507. 96
6, 504. 22
5, 502. 16

2

4

3

1

12

2,V

15, V

124
125

125
126

5, 487. 52

6, 486. 09
5,481.17
6, 480. 82
5, 478. 34

2
4

3

5

5

2, IV

2, IV
3,111

Wave
No.

18, 705. 94

16, 747. 78
16, 786. 93

16, 843. 89

16, 872. 49

16, 941. 34

16, 985. 90

17, 002. 71

17, 023. 47
17, 032. 49

17, 036. 07
17, 097. 09

17, 181. 87
17, 209. 46

17, 232. 72

17, 243. 27

17, 262. 50

17, 396. 81

17, 429. 84

17,511.73

17, 583. 83

17, 597. 88

17, 617. 02

17, 643. 38
17, 648. 77

17, 663. 49

17, 760. 16

17, 777. 41

17, 788. 16

17, 813. 68

17,987.39
17,995.58
18,011.88
18, 027. 90
18,053.85

18, 056. 39
18, 070. 66
13,083.28
18, 098. 20

18, 101. 81

18,117.29
18, 120. 38
18, 150. 51

18,162.84
is, 169. 66

18,218.12
18. 222. 87
18, 239. 23
IX, 240. 39
18,248.05

Term com-
binations

a»D2-23G!
a3F2-2*FI

a*F2-23F5

aiD*-z3Sf

c3F3_2iDS

a3F3-zSFJ

a3F4-z3D|

a«F^z3G!
am$-w*Gi

c3P?-w3DI

63P2-a;3Si

Z3D3-C5 F'3

a3F3
_23D2

faiH5-* 3Fi
\a3F3-z5FS
z3D2-e 5Fj
a3F2-z3Df

a3F2-ziD2

(zWl-eiFt
\a 3G3-a:6D§

\o3P 1-z3SI

fz3D!-c6Fi
UfDheWi
z5FH;5F 3

a 3P2-zaG3

oiD 2-z 1F§
a 3IVz 3Si
fz5F§-e6F2
\a3P2-z3Sr
a3F2-z3D2

z«F2-e«Fi
a'Fr-y'Dr
yiFhpQi
z«FS-c5F 4

zSFS-e'Fs

a'Fs-y'DJ
z'FS-eJFj

ailis-^IIg

a*F 5-y3F?
aJFr-tf'DS
25F2-«'iF2
yWl-PQt
aiGi-z'F3

« 1 D2-J/ 3D2
asF2-V»Dt

a«F3-y«DJ
6»GW 3F!

Observed Zee-
man effects

(0.00) 1.02

(0. 00, 0.52) 0.68,

1.14

(0.00, 0.42,0.87)
1.52, 1.96

(0.00, 0.71)0.49,
1.30

(0.00) 1.25

(0.00 w) 1.29,1.74

(0.00) 1.12

(0.00) 1.10

(0.00) 1.20

(0.00) 1.03

(0.00) 0.90 A»

(0.66) 0.77

(0.50) 1.47, 2.01

(0.51) 1.09

(0.00) 1.97

(0.00, 0.75)0.44,
' 1.27,2.00

(0.00)1.35
(0.00)1.23

(0.00) 1.40

(0.00) 0.90

Theoretical Zeeman effects

(0.00, 0.02, 0.03, ...) 0.97,

0.98, 1.00, ...

(0.00, 0.67)0.00,0.67,1.33

(0.00, 0.42, 0.83) ... 1.08,

1.50, 1.92
(0.00, 1.00)0.00, 1.00,2.00

(0.00, 0.08, 0.17) — 1.08,

1.17, 1.35

(0.00, 0.17, ...) ... 1.42,

1.58, 1. 75

(0.00, 0.08, .,.) 1.00, 1.08,

1.17, —
(0.00, 0.03, 0.07, ...) 1.00,

1.03, 1.07, ...

(0.00, 0.17,0.33) 1.00, 1.17,

1.33, ...

(0.00, 0.08,0.17) 0.92, 1.00,

1.08, ...

(0.00, 0.17) 0.50, 0.67, O.S

(0.33,0.67) 0.33,0.67, 1.

1.33

(0.50) 1.50, 2.00

(0.00) 1.00

(0.00) 2.00

(0.00, 0.50) 1.00, 1.50,2.00

(0.00) 1.35

(0.00) 1.25

(0.00) 1.40

(0.00) LOO
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Wave lengths in the arc spectrum of Zr—Continued

X I. A.

Intensities,

temperature
class, and notes Wave

No.

B. S. King

Term com-
binations

Observed Zee-
iiKin effects

Theoretical Zeeman a

5, 477. 40
5, 475. 55

5, 474. 94

5, 474. 39

5, 464. 02

5, 460. 71

5, 457. 58

5, 448. 55

5, 447. 94

5, 443. 16

440.41
5, 437. 74
5, 437. 26

5, 436. 91

5, 428. 42

5, 426. 36

5, 423. 50

5, 421. 86

5, 418. 73

5, 413. 92

5, 407. 63

5, 405. 13

5, 395. 88

5, 391. 18

5, 386. 65

5, 385. 14

5, 382. 36

5, 379. 54

5, 372. 43

5, 369. 39

5, 363. 35

5, 362. 56

5, 351. 92

5, 350. 89

5, 343. 59

5, 338. 41

5, 331. 74

5, 330. 83

5, 329. S3

5, 321. 81

5, 321. 27

5, 319. 98

5, 316. 75
5,311.42
5, 310. 97

5, 309. 64

5, 308. 94

5, 308. 38
5, 307. 62

5, 305. 50

5, 303. 80
5, 303. 36
5, 301. 98

5,300.11
5, 299. 53

5, 299. 20
5, 296. 78

5, 294. 82
5, 292. 52

5, 280. 06

3,111

2, IV

7,11

2,111

40.11

0, III

6,111

5,111
2, V

2,V

18, 251. 78
18, 257. 95
18, 259. 98

18, 261. 81

18, 296. 47

18, 307. 56
18,318.06

18, 348. 42

18, 350. 48
18, 366. 59

18, 375. 87
18, 3S4. 89

18, 386. 52

18, 387. 70
IS, 416. 46

18, 423. 45
18, 433. 17

18, 438. 74

18, 449. 39

IS, 465. 79

18, 487. 26

13, 495. 82
IS, 527. 52
18, 543. 67

18, 559. 27

18, 564, 47

18, 574. 06
IS, 583. 80

18, 608. 39

18, 618. 92

18, 639. 89

18, 642. 64

18, 679. 70

18, 683. 30

18, 70S. 82

IS, 726. 97

18,750.40
18, 753. 60

18, 757. 12

IS, 785. 39

18, 787. 30
13,791.85
18,803.27
18,822.13

13, 823. 73

18, 828. 45

13, 830. 93

IS, 832. 91

13. 835. Gl

13,843.14

18, 849. 18

13, 8.50. 74

18, 855. 65

18, 862. 30
13,864.36

18, 865. 54
13,874.21
18.881.14
18. 889. 35

18, 933. 92

a5Fr-2/ 2D5

&3P2-« 3D3
n5F3-i/3F§
'a*F4-y JD3

Z 3F§-*5Fj

a5Fi-y5Df
fl3F 4-2^D!j

aiG4-zsF3
aiDrl/!D3

25F!-e«F 2

25Fs-e*F4
asFi-j/UDS

'«1D2-I/ 3F2

ia5F4-i/
3FJ

QiDt-j/'Fa

z'FS-e»Fs
a 5F2-I/3F.3

a»F3-0»F§
6iG 4-3;

1GJ

o5Fi-!/*DS

flJFj-» sDS
a 5Pi-j/'Di

aiH 5-P8GS
Ja 3Pi-z5?2
\fliG4-y'GS

ftSFi-2/3F2
ziYhCFi
a3F 3

- zsD3
asF-i^FS

ciD2-y5D3

aPo-y3D!
a 3Gr^ 3G3

asPj-a-sDj

a3P2-i5D?
c^Pj-i/SDi
asFi-t/iDS

a-Dj-P'Fa

fl3Dl-tf3F2
«»Hr-z»HJ

a'Dj-^F?

a«F»--!/ 5I>3

aiG 4-ziG4
C'G4-I 3F4

a»G4-w'Gi

(0.00) 1.22

(0.00) 1.32

(0.45) 1.10

(0.97) 0.50, 1.53

(0.00,0. 10,0.20, __.)1. 00,

1.10,1.20,...

(0.00, 0.33, 0.6/;.. .1.33.

1. 07, 8. CO

(0.50,1.00) 0.50,1.00,

1. 50, 2. 00

(1.00) 0.50,1.50

(0.00) 0.54

(O.OOu/) 0.98

(0.19)1.04

(0.00) 1.54

ai. oo) o.50

(..., 0.60, 0.80) ... 0.60,

0.80, 1.00, 1..

(0.00) 1.00

(0.00) 1.06
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Wave lengths in the arc spectrum of Zr-—Continued

Key
No. X I. A.

Intensities,
temperature

class, and notes Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

B. S. King

136 5,277.40 12 8,111 18, 943. 47 a 3Pi-y3Di (0. 00, 0.34) 0. 70,

1.13
(0.00, 0.33) 0.83, 1.17, 1.50

140
143

146

5,272.15
5, 264. 04
5, 263. 74

5, 250. 33

2
4

1

2

18, 962. 33
18, 991. 55
18,992.63
19,041.14

aiPi-jSDS

a3Di-w3F5

144
148
141

140
146

5, 248. 51

5, 248. 03
5,243.46
5, 242. 19
5, 241. 93

3

3
5

2

1

19,047.74
19,049.48
19,066.09
19, 070. 71

19, 071. 65

a 3P<rt/5Df
c3Pi-*3DJ
a5P2-x5Di
a?T>2-u^F°3

130
148
140
136

5,235.07
5, 230. 55
5, 227. 00
5, 224. 94

3

4
3

9 6, III

19, 096. 64
19, 113. 14

19,126.12
19, 133. 66

a3F2-ZiDl
03Pl-y5D2
05P3-X6D4
03P2-J/3D2 (O.OOw) 1. 18 (0. 33, 0. 67) 0. 83, 1. 17, 1. 50,

1.83
149 5,223.62 2 19, 138. 50 a5F3

_
1/
iF§

150
142

151

5,215.58
5,209.31

5,201.17

2
8

8

4,V

4,111

19, 168. 00
19,191.07

19,221.11

C3 P<)-t> 3Pl
a3G3-w 3Cr!

a3Pi-p3F§

(0.00u>,0.55)
1. 29, 1. 70

(0. 00, 0. 59) 0. 00,

0.98

(0.00,0.30, __.) ... 1.35,

1. 65, 1. 95
(0.00,0.83) 0.17,0.67, 1.50

152
153

5,187.04
5, 184. 55

4

2
19,273.46
19, 282. 72

63 P*-tt; 3Pf

154
148
153

155

5, 183. 71

5, 178. 99
5, 174. 31

5, 165. 97

5, 164. 71

8

3

2
8

3

6,111

4,V

19, 285. 85
19,303.42
19,320.88
19,352.07
19, 356. 80

o 3Di-w«Di
b 3Fi-w*Gl

(0.00) 1.02 (0. 00) 1. 00

155
142
156

142

151

5. 161. 01

5, 158. 68

5. 158. 02

5,155.46

5, 150. 22

7
6

12

15

1

3,V

7,V

12, V

19, 370. 67
19,379.42
19,381.90

19,391.53

19,411.25

b3F3-w*G°3
a 3G 5-w 3Gij

zSGts-eSFj

a3G4-to 3Gil

a 3P2-y 3F§

(0.00) 1.10

(0.00) 1.30

(0.00, 0.07, 0.13, ...) 1.00,

1.07,1.13,—
(0.00, 0.15, 0.30, ...) --.

1.50,1.65,1.80

150
157

158

5, 145. 46
5, 140. 42

5, 136. 78

5, 136. 16

5, 135. 16

1

1

3
4
2

19,429.21
19,448.26
19,462.04
19, 464. 39
19, 468. 18

c3Pi-t>3Pf
a 3H4-w3D!j

a 3H 5-tf
3HS

136

159

5,134.43
5, 133. 42

5, 132. 88

5, 128. 16

5, 126. 06

1

10

3
2

3

6, V
19, 470. 95
19,474.78

19,476.83
19,494.70
19, 502. 74

a»Pj-i/3D§

6iQ4-c3GJ

(0.00) 1.23 (0.00, 0.17, 0.33) 1.00, 1.17,

1.33,-.

152

156

5,120.44
5, 119. 44

5, 115. 27

5, 113. 69
5, 112. 82

7

15

1

1

5,V

19,524.15
19,527.96
19,543.88

19, 549. 92

19, 553. 24

63P2-u> 3PS

z^Oe-e^Fi

(0.00) 1.46

(0.00) 1. 13

(0.00) 1.50

(0.00, 0.08, 0.17, ...) 0.93

1.02,1.10,...

153
160
158

5, 110. 17
5, 105. 56
5, 104. 23
5, 102. 54

5, 098. 56

2
1

2

19, 563. 39
19,581.05
19,586.15
19,592.(54

19, 607. 93

a*Di-wiT>S
aiSo-t^Pi
a 3

Ufl-i/
3 Il5

158
5, 089. 62
5, 085. 26
5, 082. 02
5, 080. 00
5,079.01

2
10

2
4

2

3,V
19,642.37
19,669.21
19,671.75
19,679.57
19,683.40

aWrymi (0. 00) 0. 80 (0.00)0.80
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Table 3.— Wave lengths in the arc spectrum, of Zr—Continued

X I. A.

Intensities.

temperature
class, and notes

B. S.

5. 078. 28

5, 075.23
5, 074. 00

5,073.14

5. 072. 29

5,071.82
5, 070. 27
5, 065. 25

5, 064. 92

5,060.42

5, 059. 89

5, 056. 10

5,046.61

5, 037. 43

5,034.45

5,032.42
5, 026. 91

5,011.47
5, 002. 16

4, 996. 35

4, 994. 77

4, 992. 45

,991.19

4, 987. 83

4, 980. 59

4, 968. 17

4, 963. 74

4. 962. 30

4. 960. 31

4, 960. 10

4, 959. 12

[4, 956. 90

4, 951. 73

4, 950. 83

4, 949. 94

4, 948. 77

4, 943. 48
4, 939. 93

4, 933. 60

4, 932. 45

4. 930. 88

4, 925. 03

4, 922. 92

4, 922. 23

4, 913. 07

4,911.60
4, 910. 78

4, 908. 29

4, 908. 10

4, 905. 09

4. 902. 89
4, 894. 18

}4,893.12

4,887.72

12
1

2 +Ti
4

2

2

5

King

20, V

2.V

3.V
4, V

15, V

3,V

10, V

Wave
No.

2,V

5,1V

2, V

3, V

19, 686. 23

19,698.06
19, 702. 84

19, 706. 18
19,709.48

19,711.31
19,717.33
19, 736. 87
19, 73S. 16

19, 755. 71

57. 78

72. 59

Term com-
binations

2, IV

19, 845. 87
19, 857. 62

19,865.63
19,887.41
19, 948. 67

19, 985. 80
20, 009. 05

20,015.38
20, 024. 68

20, 029. 74

20,043.22
20, 072. 36

20, 122. 54

20, 140. 50

20, 146. 34

20, 154. 42
20, 155. 28

20, 159. 26

20, 168. 29

20, 189. 34

20, 193. 01

20, 196. 66

20,201.42

20, 223. 04

20, 237. 57

20, 263. 29

20, 268. 26

20, 274. 71

20, 298. 80

20, 307. 50

20,310.34
20, 348. 21

20, 354. 30

20, 357. 70

20, 368. 02

20, 368. 81

20,381.31

20, 390. 46

20, 426. 74

20,431.18

20, 453. 74

G'lU-t/'Ils
ailli-zill

63F 3-u; 3G$

25GJ-c8F|

6 3F 4-m; 3G

z*Dr-e3Fi

C 3 F2-» 3 P2
2 3D2-e3F 3

C3 Pl-t>3P2

25G3-e5Fj

a3IIe-y ;,Lle

z3Di-e 3 F 2

z5G|-e5Fo

a«Fs-»3GS
z»GS-e»F*
a 3H 5-{/

3H8

aiGi-zHIa

MGs-s -I-'i

a5F 4-J/3G3

aspj-piFa

yiQfrfiCh

z*af-e«Fi

25G5-C5F3

C 3 P2-443 P!
asPr^GS
c3FH 3F3

a sF4-2JP3
c3FH3F5

a5 F3-l/5G3

c 3 Pi-tt3P5
25QJ-e5F 2

fa Q«h i

\a 5 F<-l/Hx3

a 5 lV]/ 5GS

Obsen ed v.v^-

man effects

(0. 00) 0. 82

(0.00) 1.02
(0.00) 1.00

(0.00) 1.06

(.O.OOtt') 1.08

(0.00) 1.25

(0.00) 0.92 Ai

(0. 00) 1. 16

(O.OOu) 1. 25

(0.00) 1.06

Theoretical Zeeman effect!

(0.00. 0.08, 0.17) ..

0.83, 0.92
0. 7\

fO.OO) 1.03

(0.00) 1.00

(0.00, 0.03, 0.07, 0.10) 0. A.'',

0.98,1.02,—
(0.00, 0.10, 0.20, 0.30) 0.85,

0.95,1.05,...

(0.00. 0.05, 0.10 ...) 1.00,

1.05,1.10,...

(0.00, 0.08, 0.17), 0.75, 0.83,

0.92,...

(0.00) 1.17

(0.0.1, 0. 13, 0.27, ...)

1.57, 1.70, 1.83

(0. 00, 0. 50, 1. 00)

0.50, 1.00, ...

(0.00,0.80,1.74)? (0.00, 0.92, 1.83)

2.17,3.08
1. 25,
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Kev
No. X I. A.

Intensities,

temperature
class, and notes

B. S. King

165
174
163

}4,884.12

4,883.61

3

8 5,11

163 4,881.25 8 4,111

165 4, 880. 66 1

163
175

k, 866. 07 10 5,11

173 4,851.36 12 12,11

172
4, 850. 10

4, 847. 67
1

1

176
156
172
177
156

4, 846. 35
4, 843. 84

4, 841. 45

}4, 838. 99

2
1

1

4 2, V

177 4, 838. 77 5 4, IV

178
163

4, 832. 75
4,828.05

2
10 10,11

173 4, 824. 29 12 12,11

179 4, 815. 77 2

173 4, 815. 62 25 60, I

163 4, 815. 05 12 12,11

172
177

4,811.99
4,809.48

1

10 8, IV

180 4, 807. 10 I

177
173

4, 806. 68

4, 805. 88
3

12 15,11

131

182

4, 803. 45
4, 802. 20
4, 794. 95

3

1

4

179
175
172
173

4, 793. 27
4, 793. 18

4, 789. 12

4, 788. 69

4

2
5

10
2,111
8,11

163 4, 784. 94 12 12,11

4, 783. 43 1

181

183

184

173

}l, 7S2. 59

4, 775. 66
•J, 773. 23
4,772.32

3

1

30 80, I

185 4, 769. 65 2

ISO 4, 762. 78 10 8, IV

182
186

4, 756. 94
4,753.06

1

1 3, V

i:sl 4,751.90 3 2, IV

187 4, 750. 98 1

181
188
18!)

173

4, 749. 39
4, 748. 70

1,742.96
1,789.48

2

1

3

45 100, I

4,736.96
4,786.10

2

1

Wav<
No.

20, 468. 82

20,470.96

20, 480. 85

20,483.33

20, 544. 74

20,607.04

20, 612. 39
20, 622. 72

20, 628. 34

20, 639. 02
20,649.21

20, 659. 71

20, 660. 64

20, 686. 37
20, 706. 53

20, 722. 67

20, 759. 34

20. 759. 98

20,762.43

20, 775. 63
20, 786. 47

20,796.77

20, 798. 58

20, 802. C5

20, 812. 56
20, 817. 9S
20, 849. 44

20, 856. 76

20, 857. 14

20, 874. 86
20, 876. 70

20, 893. 10

20, 899. 70

20,903.35

20, 933. 68
20, 914. 34
20, 948. 33

20, 960. 06

20, 990. 29

21,016.04
21.C33. 19

21,038.35

21,042.44

21,049.49
21,052.54
21,078.06
21,093.48

21,101.71
21,112.99

Term com-
binations

a 3 G-3-t>3F2
aiFi-yHll

a^Fs-y^G°3

J/5G6-/5G6

'a^Fs-y^Gl
Z3F|_g3F4
a 5 F2-j/*G2

aSFa-zsPS

OlD2-I/3G3
z5G!-e5F5

a5F 3
- 25Pl

'a*Gi-u*Fl
25G§-e5F 4

a3G 3-w3FI

aWt-xm
a 5F2-iy 3G3

a 5F 3-z/
5 G.3

aoFi-ySGt

aSFr-ytGi

aSFi-zsP!
a3Gs-tt

3F2

aiD2-z»P§

a3G4-tt3Ft
a5F4-rGS

a5F 3-:t
3F2

6 3 F4-tf 3F§

a3D2-w 3Pi
23F§-e 3F3

a5F2-z3PS
a'3Fs-y^Gl

wFi-ySGl

aSFi-2»< i\

a'(ir/3 (!,5

a.VF 2-i/*G3

a'D2-x 3FS

a 3H 4-z3IS

bsFs-^FS
a 3 Ilo-z8I?

a^Fr-i3F3

oSF»-ziGJ

a'Fs-i'F?
aiD2-J3Di
63F 4-ti3ll
B«Fr1f»G3

Observed Zee-
man effects

(0. 96) 1.10

(0.78, 1.21)1.14

(0.87) 1.25

(0. 61, 1. 24) 0. 31,

0.95, 1.59

(0. 00) 1. 20

(0.00)0.80

(0. 00) 0. 61

(0.90) 1.11

(0. 00, 0. 37) 0. 00,

0.37, 0.75*

(0.00)0.85

(0.00) 1.07

(0.70)1.20

(0.00)1.35

(0. 61) 1. 25

(0. 00w) 0. 79

(0.00) 0.70*

(0.00) 1.01*

(0.00) 1.07

(0.59) ?

(O.CC) 0.84 A»*

Theoretical Zeeman effects

(„_ 0.90, 1.20) ... 0.75,

1.05, 1.35,1.65,...
(0.50, 1.00, 1.50) ... 0.25,

0.75, 1.35, 1.75,...

f(— 0.80, 1.00) ... 1.00,

I 1.20, 1.40, 1.60,...
(0.67, 1.33)0.33, 1.00, 1.67

f(0.C0, 0.03, ..-) 0.95, 0.98,

I 1.02, ...

(3.00, 0.08, 0.17) ... 0.75,

0.83, 0.93

(0.00, 0.25, 0.50) 0.35,

0.50, 0.75, ...

(0.33, 0.67, 1.00) ... 0.58,

0.82, 1.25, 1.58, ...

(0.00, 0.33)0.00, 0.33,0.67

(0.00, 0.20, ...)0.45, 0.65,

0.85, —
(0.00, 0.05, ...) t00, 1.C5,

1.10, ...

(... 0.60, 0.89) ... 0.95,

1.15, 1.35, 1.55,...

(0.00, 0.17, ...) ... 1.42,

1.58, 1.75

(... 0.53, 0.67) 1.13,

1.27, 1.40, 1.53

(0.00, 0.15, ...)0.60, 0.75,

0.90, ...

(0.00, 0.08, 0.17) 0.75,

0.83, 0.92, ...

(0.00, 0.03, ... ) ... 0.90,

0.93, 0.97

(0.00, 0.02, ...) 1.00, 1.02,

1.05, ...

(0.33, 0.G7) 0.33, 0. C7,

1.00, 1.33

(0.00, 0.10, --.) 0.85, 0.95,

1.05, —
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Table 3 .—Wave lengths in the arc 8 peotrum of Zr--Continueri

Key
No. X I. A.

Intensities,
temperature

class, and notes "Wave
No.

Term com-
binations

Ohserved Zee-
man <-.

Theoretical Zeeina: iei Tcis

B. S. King

190
191

192
193
175

4, 734. 93

4, 734. 37

4, 732. 34

4,731.14
4, 723. 89

4, 720. 30

1

3

15

3
3

1

15, III

21,113.75
21,116.24
21,125.30
21,130.66
21,163.09
21, 179. 17

a3P,-ziP!

fliDr-JiFS (00.0to)4.61, l.(;7* (0.00) 1.00

1S6

181

4,719.12

4, 717. 62

10

8

10, V

6, IV

21, 184. 4S

21, 191. 22 a'Fi-i^Fa

(0.00) 1.05

(0. 00, 0. 70) 0. 00,

0.70,1.37

(0.00,0.01, 0.02, ...) 0.9S,

0.99, 1.00, ...

(0.00,0.67)0.00,0.67, 1.33

181
178

189

4, 716. 79

4, 714. 86
4,713.91

2
1

1

21, 194. 97
21, 203. 65
21, 207. 92

aiFr-HFS
63F 3-u3Fa

194
189
173

182

4, 713. 43
4,711.91
4, 710. 08

4, 707. 78

4, 704. 73

5

7

45

5

2

2, IV
8,V

100,1

4,V

21, 210. 08
21,216.90
21, 225. 16

21, 235. 52

21, 249. 29

a 3H4-i 3F?
63F 4-tt 3F4

aJF4-i/5G|

63F3-^F$

(0. 30) 1. 20

(0.00) 1.06

(0. 00) 1. 05*

(0. CO) 1. 25

(0,00,0.08, 0.17, .

1.02, 1. 10, ...

(0. CO) 1. 08

..) 0.S3,

195
196
197

190

4, 703. 59

4, 702. 20

4, 700. 83

4, 700. 18

4, 700. 09

2
2
1

3

3

21, 254. 44
21, 260. 72

21, 266. 91

21, 269. 86

21, 270. 25

a'Pi-^G!

c3Pi-s3D2
a^Pi-zspS

183
193
197

190
193

4, 698. 14

4, 697. 14

k 695. 04

4, 691. 73

1

2

3

3

21, 279. 08

21, 283. 62

21, 293. 14

21, 308. 15

G3F3-23G3
aSFi-i^Di
fC3P 2-S3DS
\a3P -25Pf
aiF 3-z3D2

183 4, 688. 45 25 40,1 21, 323. 05 a3F4-z 3G5 (0.00) 1.03 (0. 00. 0. 05, 0. 10, .

L.05, 1. 10, .--

--) i.oo,

173 4, 687. 80 50 150,1 21, 326. 02 ai¥ 5-yiQl (0. 00) 1. 06* (0.00,0.07, 0.13, .

1.07, 1. 13, ...

..) 1.00,

182
185
182

4, 686. 57

4, 684. 25

4, 683. 43

2
4
10

2,V
15, V

21, 331. 60

21, 342. 18

21, 345. 91

63F2-V3F2
a»D 2-i3Fs
&3F 4-^FS (0. 00) 1. OS* (0. 00) 1. 25

181 4, 667. 14 5 4,11 21, 420. 42 a 5F2-z3F5 (0. 00) 1. 12 (0.00,0.08, 0.17)

1.17,1.25

... 1.08,

198

188
199
1S9

4, 662. 97
4, 659. 49

4, 659. 20
4, 657. 64

2
4

2
6 7,V

21,439.58
21. 455. 59

21. 456. 93
21,464.11

aiH5-u 3Gs
aiU2-i3Dj
a*DH 3F3
53F3-u3F5 (0.00) 1.07* (0. 00) 1. 08

196
200
189
201
202

4, 654. 37

J4,644.82
4, 640. 38

4, 640. 12

3

6

2
3

8,V

2,V

21, 479. 19

21, 523. 35

21, 543. 92
21,545.15

a 3G 4-w3D5

\6 3F2-u3Fj
a 3 P 2-v

}
(0.00) 0.70* (0. 00) 0. 67

193
183

4, 634. 63

4, 633. 99

3
30 50,1

21, 570. 67

21, 573. 67

C5F 4-i3Dj
(0.00)0.98* (0.00,0.03, ...) 0.

1.02, ...

95, 0.08

189
203
203

4, 627. 70
4, 626. 42
4, 624. 07

2
10
1

12, IV
21, 602. 99

21, 608. 92
21, 619. 94

6 3F 3-w 3F|
a 3 ih--
a 3 Ii;-/ !I,

(0.00) 1.04* (0.00; 1.03

204

187
205
193

4, 619. 56

4, 613. 35

4, 610. 77

4, 610. 10

4, 609. S3

3

2
4

3

1,IV

2, IV

21,641.04
21,670. 17

21, 682. 29

21, 686. 44

21,688.71

a»F3-z'(}J

aJF,-.

181
206
190

203

4, 609. 28

4, 609. 15

4, 604. 42

4, 602. 57

4, 601. 43

3
3
10

12
2

8,111

15, IV

21, 689. 29

21.712.1S

21,720.93

21, 726. 33

a»F 3 1

a 3 lle--

(O.OOv) 2.11 \-

(0.00) 1.13*

(0.00,0.17, 0.33)
1 . >1, 't. 00

(U.00; 1.17

... 1.67
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

[Vol.6

Key
No. X I. A.

Intensities,

temperature
class, and notes

B. S. King

182
207
189

208
209

4, 600. 27

4, 590. 55

4, 590. 15

4, 585. 72

4, 584. 95

3
10
3
2
2

6,11

203
210
203
210
183

4, 584. 57

4, 584. 23

4, 582. 29

4, 576. 20

4, 575. 52

1

4

5
4

25

2, IV?
3,V
2,V
40,1

203
193

211

210

4, 574. 94

4, 572. 85

4, 570. 59

4, 565. 45

2

2
1

5 2,V

212 4, 562. 54 1

4, 562. 12

4, 558. 69
3

3
213
206

}i, 558. 03 3 2,V

211 4, 556. 25 1

209
206
k 555. 52 10 8,V

206 4, 555. 12 10 10, V

207
207

4, 553. 01

4, 550. 70
10 12,11

214
188

4, 549. 62
4, 542. 22

1

20 20,11

208 4, 539. 98 8 4,11

211
215

4, 537. 60

4, 535. 75
1

25 30,11

216
213
193

217

211

4, 533. 67

4, 526. 40
4,526.12
4, 524. 20

4, 523. 91

2
1

3
1

3

218
219
212
220
221

4, 523. 12

4, 521. 93

4,515.41
4, 513. 34
4,511.15

3
2
2
2
1

222
207

4, 507. 26

4,507.11
2

20 30,11

211
220
211

4, 496. 53
4, 494. 93
4, 492. 80

2

3
1

2,1V

205

210

220

4,491.55
4, 490. 38
•l, 486. 36
4,484.71
4, 482. 49

3

3

2
1

3

2,1V

2,V

212 4, 480. 77 3 2,V

224
206

4, 478. 45
4, 470. 66

2

10 15,111

219
224

4, 470. 31

l, 469. 60

6
2

5, IV

Wave
No.

21, 731. 79
21, 777. 80
21, 779. 71
21, 800. 74
21, 804. 40

21. 806. 21

21. 807. 82
21,817.05
21, 846. 09
21, 849. 33

21, 852. 09
21, 862. 09
21, 872. 92
21,897.55

21, 911. 51

21, 913. 51

21, 930. 01

21, 933. 04

21, 941. 74

21, 945.

21, 947.

21, 957.

21, 968.

21,973.

22, 009.

22, 020. 37

22, 031.

22, 040.

22, 051. 02
22, 086. 47

22, 087. 83
22. 097. 21

22. 098. 60

22, 102. 48
22, 108. 29

22, 140. 20

22, 150. 36
22,161. 11

22, 180. 23
22, 180. 97

22, 233. 15

22,241.05
22, 251. 00

22, 257. 78
22, 264 OS

22, 283. 68
22, 291.77
22, 302. 81

22,311.37

22, 322. 92
22, 3(12. 36

22, 363. 56
22, 367. 01

Term com-
binations

a 3Pi-x3Df
63F2-M3F3

b iF2-w i~Dl

ami-xmi
63F 3-«3D2
a3BU-j3H5
fe3F 2-ii3D!
a 3F2-2 3G3

a3n5-x3H6
a5F 3-i3D§
a5F 3-tt>3D2

VFi-u*m

a 3Di-t;3P5

ja>F3-vm

a 5F 4-w 3D 3

/63F 4-w5D!
\a3G 4-i/3H5
a3Q 3-2/3HJ

a 3Po-a: 3Di
a3P2-x 3D2

a 3F 2-z 3S°
aiD 2-i3D§

a1D2-w 3D 2
5

a5Fi-w3Df
a 3P2-x 1F 3

biGi-v^Fl
a5Pi-i>3F2
a5F2-i3D^
aJP2-x3S;

a«F2-w;3D2

6iG 4-|/'H§
fc
3F 4-y 3H 4

a3D 2-t'
3Pi

anii-v*GS
WDz-utGS

aSFs-y'DS
«3Pi-x3D$

aSFr-w^Ds

a 5 Fi-«; 3D2

asPt-xiFS

b*Fi-u*D°3
a3F 3-z l F3

a 3D 3-r3P2

OiF 5-2 3H5
a 3 C; 5-j/3]ij

63F 4- J/
3 IIS

a>Fi-zmi

Observed Zee-
man effects

(1. 00) 0. 49, 1. 47

(0. 00 w) 0. 73*

(0. 00) 0. 64

(0. 00) 0. 83*

(0. 00) 0. 85

(0. 00) 0. 80*

(0.00) 0.51*

(0.00)1.39*

(0. 00) 1. 22

(0. 00m;) 0. 67 Ai*

(0.00,0.32) 0.79,
1.13*

(0. 00) 1. 12

(0. 00) 1. 15

(0.00) 0.98 A'*

Theoretical Zeeman effects

(1. 00) 0. 50, 1. 50

(0. 00) 0. 80
(0. 00, 0. 17) 0. 50, 0. 67, 0. 83
(0.00,0.08, 0.17) ... 0.75,

0. 83, 0. 92

(0.00,0. 08, ...) 1.00,1.
1.17,...

(0.00,0.05, ...) 0.85,
0. 90, 0. 95

(0. 00) 0. 50

(0.00,0.33,0.67) ... 1.33,

167, 2. 00
(0. 17, 0. 33) 0. 83, 1. 00, 1. 17,

1.33

(0.00,0.50,1.00) 0.00,0.50,
1.00, .._

(0.00,0.33)0.83,1.17,150

(0.00,0.03,0.07, ...) 1.00,

1.03,1.07,...

(0.00,0.17,0.33) 1,00,1.17,
1.33,...

(0.00,0.03,0.07, ...) 1.00,

1.03,1.07,...
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

X I. A.

Intensities,
temperature

class, and notes

B. S. King

Wave
No.

Term com-
binations

Observed Zeo-
man effects

Theoretical Zaeman effects

4, 468. 78

4, 468. 22

4, 466. 90

4, 462. 27

4, 460. 33

4, 460. 00

4, 459. 02

4, 457. 92

4. 457. 42

4, 456. 29

4, 455. 43

4, 451. 34

4, 450. 27

4, 448. 94

4, 448. 00
4, 444. 33

4, 438. 04

4, 436. 76

4, 436. 08

4, 435. 84
4, 435. 48

4, 431. 48
4,431.11
4, 429. 09

4, 428. 86

4, 428. 38

4, 427. 24

4, 424. 98

4, 423. 27

4,420.45

4, 420. 25
4,419.31
4, 418, 25
4,417.46

4, 415. 85

4, 414. 89
4, 414. 14

4,413.04

4,411.92

4,411.62
4, 409. 63

4, 408. 32
4, 402. 96

4, 400. 89

4,400.23

4,395.20
4, 394. 94

4,394.49
4, 394. 29

4, 392. 73

4, 390. 15

•4,389.61

4, 386. 47

4, 382. 73

2

lOZrll

2 Cb?
2

3,11

10,11

2,11

3,1V

2,1V

5, IV

2, IV

2,V
8. II

10, III

3,111

12, III

2,11
12,11

4,11

6,11

6,?
8, IV

2,11

22. 374. 02
22, 3S0. 63

22, 403. 84
22, 413. 60

22, 415. 24
22, 420. 17

22, 425. 70

22, 428. 23

22, 433. 90

22, 438. 23

22, 458. 84
22, 464. 24

22, 471. 00

22, 475. 75
22, 494. 30
22, 526. 17

22, 532. 67
22, 536. 17

22, 537. 34

22, 539. 17

22, 559. 51

22, 561. 40
22, 571. 68

22, 572. 85

22, 575. 30
22, 581. 12

22, 592. 64

22, 601. 37

22, 615. 79

22, 616. 81

22, 621. 62
22,627.04
22, 631. 09

22,639.34
22, 644. 26

22, 648. 20

22, 653. 75

a^Pa-zSDa

a sP3-u;*D2

a 3Di-7/3PS
a3F 4-j/

3D3
&104-U3GS
a3D 3-s3F2

a3EU-03G!

a5Fr-w:3D3
a5Pi-wJDo
aiD2-2/3pj

a5P2-u3D?

biDr-z'Pi
63F 3-2/3H?
a3Pr w'3Di

c 3 P2-:riP?

aiD2-j/ 3PI

61D2-^F3
am b-wiGl
a3D2-t;3G3
a5Pi-w3DI

a 5P2-w 5D2

a5F4-w 3F3
a3Dj-tt3Pf
a5F3-u> 3F2
amt-v^Gl

a^Fs-w^Fl
C3 Pi-liPI
a3F 4

-j/SD 3

a 5Ps-w 5D3

22,659.55 {~j
22,661.10
22,671.31
22, 678. 05

22, 705. 65

22,716.33

22, 719. 69

22, 745. 72
22,747.08

22,749.41
22, 750. 44

22, 758. 52

22,771.88

22, 774. 69

22, 790. 98

22, 810. 43

C3p,_t,IF§

a3II 4-s3F3
a3IVMJ 3DI
a^Ft-w^'Di

a*F 6-z3IIS

a3Pi-u) 3D2
a'Pi-u^DS

a3Fj-l/3C5
aiFj-yiDi

a3Da-s3F!

\a»Dj-w 3F5
zJFH'F*

(0. 00) 1. 16

(0. 00) 1. 44*

(0.00,1.31) 1.36,
2.10

(0. 50) 0. 75

(0. 75) 1. 08

(0.00) 2.49*

(0.96)0.50,1.43

(1. 01) 1. 49, 2. 49*

(0.44) 1.42

(0.00) 0.99*

(0. 35, 0.65)1. 64B'

(0.47) 1.57*

(0.00) 0.00W

(0. 00, 0. 97; 0. 43,

1.60

(0.33,0.67) 0.83,1.17,1.50,
183

(0.00,0.33,0.67) ... 1.33,

1.67,2.00

(0.00,0.33) 1.50,1.83,2.17

(... 0.67,0.83) .... 0.87,

1.03,1.20,1.37,...
(... 0.75,1.00) ... 0.55,
0.80,1.05,1.30, ...

(0. 00) 2. 50

(1.00) 0.50,"1.50

(1. 00) 1. 50, 2. 50

(0.50,1.00) 0.50, 1.00, 1.50,
2.00

(0.00) 1.

(0.33,0.67) 1.17,1.50,1.
2.17

(0.17, 0.33, 0.50). .1.33, 1.50

1.67,1.83,—

(0.00,0.23,0.47, ...) 0.00,

0.23,0.47,...

(0.00,1.00) 0.50,1.50,2.50
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Table 3.— Wave lengths in the arc spectrum of Zr—Continued

Key
No. X I. A.

Intensities,

temperature
class, and notes

B. S. King

238
228
246

4, 380. 75

4, 375. 65

4, 373. 07

1

1

5 2,V

246 4, 372. 52
4,371.63

2
1

212
225

4,388.41
4, 366. 45

2 Cb?
10 15,11

242

4, 366. 18

4, 364. 67
4,381.94

1

1

2

207 4,360.80 10 15,11

244
235

4,359.25
4,358.74

1

6 4,11

4,353.91
4,350.56

4

1

233

241

4,350.07
4, 349. 39
4, 348. 93

4

1

4 2, IV

247
4,348.10
4, 347. 89
4,347.37

2

25
2

30,11

248
231
241
249

4, 347. 23

4,346.53
4, 345. 58

4,345.05
4, 344. 92

3

5
2
1

1

2, IV
4, IV

238
229
249
248
225

4, 343. 40
4, 343. 04

4, 342. 65

4,341.49
4,341.13

2

4

1

1

20

4,11

20,11

250
245
229
246
231

4,338.11
4, 336. 11

4, 329. 56

4, 325. 44

4, 324. 03

1

2

3

10

5

3,11
15,11
4, IV

251
244
241
242
252

4, 323. 90

4, 322. 23

4,321.44
4,321.17
4, 319. 05
4,313.98

2

2
6

5

1

4, 11

3, IV

253
254

246
255

4,310.48
4, 309. 82
4, 309. 10

4, 307. 42
4, 307. 22

4,305.03

1

4

3

1

2

3, IV

231
233

254
250
238

U, 304. 68

4, 303. 75

4, 303. 38

8

1

8,111

253 4, 302. 88 15 15j il

238
250

4, 302. 57
4,301.5S
4, 298. 92
4,295.17

3

3

2

2

Wave
No.

22, 820. 73

22, 847. 32
22, 860. 83

22, 863. 73

22, 868. 43

22, 885. 23

22, 895. 51

22, 896. 92

22, 9G4. 83

22, 919. 16

22, 925. 15

22, 933. 31

22, 935. 98

22, 961. 43
22, 979. 11

22, 981. 69
22, 985. 29
22, 987. 72

22, 992. 11

22, 993. 21

22, 995. 96

22, 996. 70

23,000.41
23, 005. 43
23,008.24
23, 008. 92

23,016.99
23,018.90
23, 020. 95

23, 027. 10

23, 029. 00

23,045.03
23, 055. 71

23, 090. 58

23, 112. 56

23, 120. 10

23,120.80
23, 129. 73

23, 133. 90

23, 135. 41

23, 146. 76
23,173.95

23,192.76
23, 196. 31

23, 200. 19

23. 209. 24

23. 210. 31

23.222.11

23, 224. 00

23, 229. 02

23, 231. 07

23, 233. 71

23, 235. 39
23, 240. 79

23, 255. 16

23,275.46

Term com-
binations

z*FH*Fi

c^Ffi-zaGl

azFs-y'°T>2

a*~Pr-x*D3

am-o-s 3Fi
C3P2-W3D!

a5P3-«3D§

a3F4-w 3F?

aiGi-yiGl

a3F 3-t/3FS

a 3Di-s 3Fj
a«Fi-M> 3F2
a3G6-23l5

a 3F2-2/ 3Dt
a 3G 4-z3l5

a 3F3-i/ 3Fs
a5P3-w 6DJ

a»GH3Fl
aiDj-w3F3
a3F 3-y3D3
o«Ff,-a;

3Gj
a3D2-« 3Fi

6»F2-»»P1
a 3Il4-*3F?
a°Ft~wiFi
a 3F4-i/6DS
a 3F4-yiF!

asPs-y'HJ
a3Pi-y»PI

a»F4-z3G?
6»Fj-ioiD3

fa 3D3-«3FJ
a«P2-u»D$
la»lVy»P8
a»G 5-t3Fi
z«FS-/*F|

a*Fj-i/5FI

z»FH»F«
a«G4-^FJ

Observed Zee-
man effects

Theoretical Zeeman effects

(0.00) 2.10

(0.00,0.38,0.69)
0.80,1.15*

(0.00) 1.47*

(0.00) 1.24*

(0.69) 1.11

(0.00) 1.01*

(0.00) 0.76

(0.00) 0.95

(0.00«01.06Ai*

(0.00)0.96

(0.00) 1.12

(0.00) 1.44

(0.00) 1.01*

(0.00) 1.46*

(0.00) 1.53*

(0.00, 0.35, 0.70,.„) ...2.10
2.45,2.80

(0.00,0.33, 0.67) 0.83,1.17,
1.17,1.50,—

.00,1.17,(0.00,0.17, 0.33) 1,

1.33.—

(0.33,0.67) 0.83, 1.17, LI
1.83

(... 0.30, 0.40) ... 1.15,

1.25,1.35,1.45,—

(0.00) 1.00

(0.00,0.17) 0.50,0.67,0.1

(0.00,0.17) 0.50,0.67,0.83

(0.00,0.17, ...) LOO, 1.17,

1.33,...

(0.00,0.08,0.17) 0.82,1.00,
1.08,...

(0. 00, 0. 25, ...)...l. 50, 1. 75,

2.00

(0.00) 1.50

(0.00,0.08,...) 1.00,1.08,

1.17,—
(0. 00) 1. 50

(0.00, 0.05, 0.10,...)-. 1.50.

1.55,1.60
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Table 3.— Wave lengths in the are spectrum of ;;,—Continued

645

Key
No.

241

235

254

257
250

242
229
25S

250

256

260
261
254

254
249
262
256

238

248

264

205
260
272

261
254

212

271
270

265

266
» 267

248
250
268

256
256

I 256

269

238
24b
270

273

256
265
229

274
200

X I. A.

4,294.78

4, 294. 47
4,291.34

4, 291. 18
4,290.44

4,290.20

4, 287. 20

4, 286. 96

4,285.24

4,284.73
4,282.20

4,282.03
4,280.31
4, 276. 71

4, 274. 76

4,272.25
4, 269. 62
4,268.01

4,267.30

4, 265. 75

4, 265. 13

4, 264. 02
4, 261. 92

4, 261. 42

4, 261. 20

4, 260. 77

4, 260. 38
4,258.32

J4,256.44

4, 256. 04
4, 255. 86

4, 255. 32

4, 253. 56

4,243.66

4,242.61

242.01K
4, 241. 68

4, 241. 43

4, 241. 20
4, 240. 35

4, 239. 31

4, 238. 34

4,237.42

4,237.19
4,236.56
4,236.04

4, 235. 04

4, 234. 63
4,232.08

4, 227. 76

4, 225. 49

4, 225. 25

4, 224. 65

Intensities,
temperature

class, and notes

B. S. King

18

3Cb?

15
18

25
3

20,11

2, IV
8,111

5,11

20,11

5,111

5,111

20,11

3, V

4, in

4,111

1, IV

4, IV

2,1V

80,11

50,11
50,11
150,11

4, IV

3,111

7,11

200,11

an, v

Wave
No.

23, 277. 58

23, 279. 23
23, 296. 21

23, 297. 10
23,301.11

23,302.42

23,318.72
23, 320. 03

23,329.37

23, 332. 16
23, 345. 94

23, 346. 87
23, 356. 24
23, 375. 90

23, 386. 56
23, 400. 30
23,414.71
23, 423. 54

23,427.43

23, 435. 94

23, 439. 34
23,445.45
23, 457. 00
23. 459. 78

23. 460. 96

23, 463. 32
23, 465. 48
23,476.88

23,487.24

23,489.46
23, 490. 42
23,493.42
23, 503. 13

23,558.51

23, 563. 79

23, 507. 12

23, 568. 96

23, 570. 34

23, 571. 62
23, 576. 34

23, 582. 13

23, 587. 52

23, 592. 64

23, 593. 92

23, 597. 43

23, 600. 32

23,605.89
23,608.18
23, 622. 40

23, 646. 56

23, 659. 25

23, 660. 58

23, 663. 94

Term com-
binations

a»F4-i/»F3

a 3Pa-u; aD3

a 3IVy3Pj

\a*GH3FJ
a 3 Fs-J/»D3
a 3 Fj-i/3DS

\a 3IViiDi

aoFs-ySFS

25F^5Q 4

a 3H«-ziIJ
a 3 P<H/ 3Pi

a 3Pj-y 3P!
a 3G 5-z3I8

c3Pj-piDa
a5Fj-i/5F?

«iFH*F4

a3F3-j/3FJ
63F<-23H

a 3GH3Ds

a5F4-x3Gi
&3FH3F$
z'FH'Gs
c 3PH3Po

/a 3H 5-ziI$

\a3P2-l/3PS

o 3Fj-y5Da

a'Dj-i/'Fa

63FH3F2

a 3G 5-iiGJ

\c 3Fs-y3F5
a5F»-y<sF!

a'Fj-i/JFI

a ! Fi-i/J FI
tfFi-yiFl

asPs-w'DJ

?*F5-/*Fi
a3 Fj-i/3F5
a 5Pj-i/5Pi

aiDj-i*P!

a'Fs-j/'FS
63F 4-<»FJ

/a 3 Fj-i/ 3D3
\a«Fr-i'Pa
z5FS-e»a«

Observed Zee-
inan effects

(0.00) 1.61 A"

(0.00) 1.47*

(0.00) 1.45*

(0.00) 1.54,1.77'

(0.00) 1.60

(0.00) 1.08

(0.00,0.98)0.00,
0. 99, 1. 88*

(0.24) 1.35

(0.00) 1.96 A*

(0.00) 1.30

(0.00) 1.26*

(0.00)1.01*
(0. (X)) 0. 00*

(0. 00) 1. 32*

(0.00) 1.96

(0.00,0.62) 1.24,
1.84*

(O.OOw) 1.13*

(0. 00) 1. 37*

(0. 00) 1. 41

Theoretical Zeeman effects

(0.00,0.10,0.20,0.30)
1.46,1.55,1.65

(0.00,0.17,0.33) 1.00,1.17,
1 33

(o.6o)V.5b

(0.00,0.25,0.50) ...1.25,
1. 50, 1. 75

(0.00) 1.50

(0.00) 1.50

(0.00,1.00)0.00,1.00,2.00

(0.00) 1.50

(0.00,0.17,0.33) 1.33,1.50,
1.67,...

(0.00,0.42,0.83) ...1.08
1.60,1.92

(0.00) 1.25

(0.00)1.00
(0.00)0.00
(0.00) 1.35

(0.00,0.17,0.33) H8.1.6Q,
1.67,...

(0. 00, 0.67) 1.17, 1.83, 2. 50

(0.00,0. .50) 0.50, 1.00, 1.50

(0.00) 1.40
(0.00) 1.25
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Key
No. X I. A.

274
275
276
260
264
271

4, 220. 65

4, 219. 94
4, 218. 44
4, 217. 25

}4, 215. 31

256 4, 213. 86

270
277
278
260

4, 212. 63
4, 212. 16

4, 211. 34
4, 208. 09

256 4, 201. 45

273 4, 199. 08

279
280
270

4, 197. 76
4, 196. 14

4, 194. 76

269
280
280
265

4, 194. 46

4, 194. 01

4, 192. 10

4, 191. 80
265
256 }4, 187. 56

270
281

282

4, 187. 12

4, 186. 79
4, 186. 05

4, 183. 31

278 4, 179. 07

276
269
275
283
278

4, 173. 13

4, 171. 47
4, 170. 48
4, 169. 67
4, 169. 36

4, 168. 45

284 4, 166. 51

256 4, 166. 37

285
277
265

4, 165. 63
4, 159. 54

4, 157. 70

280
270

4, 153. 75

4, 152. 64

278
280

4, 150. 47
4, 147. 36

278 4, 140. 01

276 4, 135. 68

286 4, 134. 32

287

288
278

4, 133. 70
4, 133. 52

4, 130. 46

289
290
291

292
285
293

4, 128. 30

}4, 127. 97

4, 121. 67

}4, 121. 45

281
292
289
294
293

4, 120. 16

4, 119. 83

U, 110.66

4, 108. 39

Intensities,
temperature

class, and notes

King

Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

10

3
7+Cb

2,111

6,111

15, III

20, III

20, III

10, V

20, III

10, III

10,11

10. IV

10,11

30, III

15, III

23, 686. 41

23, 690. 40
23, 698. 79
23, 705. 50

23, 716. 41

23, 724. 55

23, 731. 49
23, 734. 14

23, 738. 76

23, 757. 09

23, 794. 63

23, ,05

23, 815. 53
23, 824. 73
23, 832. 57

23, 834. 27
23, 836. 83

23, 847. 68
23, 849. 38

23, 873. 59

23, 876. 06
23, 877. 98
23, 882. 20
23, 897. 80

23, 922. 07

23, 956. 11

23, 965. 64
23, 971. 33
23, 975. 99
23, 977. 77
23, 983. 00

23, 994. 17

23, 994. 97

23, 999. 23
24, 034. 36

24, 044. 99

24, 067. 85
24, 074. 28

24, 086. 87
24, 104. 98

24, 147. 76

24, 173. 02

24, 180. 99

24. 184. 62
24. 185. 67
24, 203. 58

24, 216. 24

24, 218. 18

24, 255. 18

24, 256. 48

24, 264. 07
24, 266. 01

24, 320. 13

24, 333. 62

a3P2-tt?3Ff

z*F|-e5G8
fa3Gs-^DS
\aiD2-2/«F§

wFi-ytFz

aWi-yiTl

a3D 3-s3D§
z5Fs-e»Gi

aoF2-y$Fl

alD2-23P2

63F 2-W 3P2
a 3G5-x3H§
a5P3-i/5P§

a»P*-wiDa
a^Qi-xmi
a 3G4-z3HI
&3F3-Z 3F3
r63F2-*3F2
ta^Fs-j^F!

asPi-ysps
b^Fi-PBl

aiD 2-ziP!

a3D2-s3Df

aiD2-»3D2
a°Fi-wi~D°2

a3P2-w 3F3
a»Fj-ziPf
a3D2-s 3D3

63F4-ziGI

aSFi-ytFl

tfGi-wiFS
a«F2-»3D 2

frFz-VFl

a3G 6-a:
3n§

aspj-j/jps

a3D2-s3I>3

a3G3-x3HI

a3Di-s3Df

a3Qi-v*Ql

a3D3-r3F3
a3II s-r3F?
a3Di-«3D5

z«GJ-ejn!
JasPr-aPGJ
\a 3 Pi-i/«F5
IflVt-xmi
fa3G3-w 1F|
\a3Pi-j3P5

frFs-Vm
b*Fi-xmi

f ziQ&-e»] IS

\a5Pi-u;3PJ
o»PrX»PI

(0. 00) 1. 68

(0.00,0.98)0.00,
0.99,3.00*

(0. 00) 1. 41

(0. OOw) 1. 69 A**

(0. 42) 1. 39 P>*

(0. 00) 1. 66*

(0.00) 1.03

k0. 00) 1. 64*

(0. 00) 0. 32*

(0.00,0.47)1.26,
1.76*

(0. 00, 1. 07) 0. 29*

(0. 00) 1. 35

(0. 00) 1. 47*

(0. 00) 1. 43

(0.00) 1.08

(0. 00) 0. OOw

(0. 00) 1. 41*

(0. 00) 1. 49

(0. 00)11. 51*

(0.00) 1.48*

(0.00,0.50)0.50,1.00,1.50

(0.00,1.00)0.00,1.00,3.1

(0. 00) 1. 33

(0.00,0.25,0.50) 1.25,1.50,
1.75

(0.50,1.00) 0.50,1.00,1.50,
2.00

(0.00) 1.67

(0. 00) 1. 08
(0.00,0.10, ...) 1.45,1.55,
1.65

(0.00,0.67) 1.17,1.83,2.50

(0. 00) 1. 00

(0.00,1.50)0.50,1.00,2.50

(...0.75, 1.00) ...0.75, 1.00.

1.35,1.50,...
(0.00,0.05,0.10,...) ...

1.50,1.55,1.60

(0.00,0.17,0.33) 1.33,1.50,

1.67,.-

(0.00,0.05,...)
0. 90, 0. 95

(0. 00) 0. 50

(0.00,0.33,0.67)
1. 67, 2. 00

(0.00,0.30,...)
1.65,1.95

.0.85,

-1. 33,

...1.35,

(0. 00) 1. 50

(0. 00) 1. 50
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Wave lengths in the arc spectrum of Zr—Continued

281

252

295

896

286

286
2s:

28]

297

X I. A.

4, 107, 50

4, 099. 31

4, 094. 26

4, 093. 16

4, 090. 78

4, 088. 20

4,087.68

4, 085. 68
4, 084. 29

4, 083. 08
4, 082. 29

298 4, 081. 22

293
293
287

293

4, 078. 31

4, 076. 53

4, 075. 05

4, 074. 93

303
298

4, 074. 35
4, 072. 71

294
4, 069. 53
4, 068. 71

298 4,064.16

296

296

299

4, 063. 32
4, 062. 65
4, 061. 53
4,060.58

300 4, 060. 08
4, 059. 23

301

291
4, 058. 98
4, 058. 63

272
286

4, 057. 06
4, 056. 50
4, 055. 71

292
298

4, 055. 30
4, 055. 03

302 4, 054. 43

286 4, 053. 67
4, 052. 99

296
299
298
293

304

4, 050. 48
4, 046. 08
4, 044. 57
4, 043. 57

4,042.23

289
305 [4, 041. 63

297 4, 035. 89

301
4, 033. 56

4, 032. 78

4, 032. 47

300
298
300

298

4, 030. 75
4, 030. 03
4,028 95

4, 027, 31

4, 027. 20

Intensities,

temperature
class, and notes

B. S. King

8.V

4. Ill

3, II?

5,V

3,11

4, IV

4,11
3,11

100,11

12,11
10, III

15, II

100,11

4,11

100, II

15,11
4, IV

2, IV

Wavi
No.

20, V

60, II

10,11

10,11

25,11
30,11
10, IV

5, IV

40,11

3, IV
5,11

15, III

15,11

24, 338. 89

24, 387. 51

24, 417. 57

24, 424. 14

24, 438. 34
24, 453. 76

24, 456. 87

24, 468. 84
24,477.17

24, 484. 43
24, 489. 16

24, 495. 59

24, 513. 06
24, 523. 75
24, 532. 65

24, 533. 40

24. 536. 87
24, 546. 75

24, 565. 98
24, 570. 93

24, 598. 41

Term com-
binations

Observed Zee-
man effects

6»FH»DJ

o»F»-0tF3

a3Q3-t?3G3

a3G5-»3G|

Q3G4-*>3G!

a 3D3-r3F|

63FH3DJ
a3F 4-£'3GS

a5F5-^DI

a^Po-a^Pf
a3P2-j3pj
a3D2-r 3F3
a3p 1-z3P5

o»Hs-ff3F?
a*Fr<c*D§

a«Pi-w,'3p|

aSF3-xi~D°2

24, 603. 51 a«Po-»3D!
24, 607. 55

24, 614. 33 a3P2-t>3r>f

24, 620. 09 a 3G 3-s3FS

24, 623. 14

24, 628. 29

24, 629. 82

3, IV 24, 631. 93

24, 641. 47

24, 644. 87

24, 649. 66

24, 652. 16

24, 653. 79

24, 657. 44

24, 662. 07

24, 666. 21

24, 681. 48
24, 708. 32
24, 717. 54

24, 723. 6.5

24, 731. 84

24, 735. 53

24, 770. 69

24,784.99
24, 789. 79

24, 791. 69

24, 802. 62

24, 806. 63
24. 813. 37
24, 823. 51

24, 824. 03

a^Pi-ziPI

a»PH»FS
a3P 2-#5F§

C3PH3P2
a 3 G5-t>3G5

&3F 3-z3H!
aSF2-x5Di

a?F4
-2iPS

a3G4-l>3G5

a3Pi-p 3Dj>

a3Gr-s3F3
aJFi-jJDo
a3Po-x3 P.i

\a3He-yiHS
a3F4-i/

3OJ

a'PH3FS

a-Pt-z-Vi
o»Fr-ir»Di
a-lVz'1'i

aJFj-i'DJ

(0. 00) a 86*

(0. 00) 1. 70

(0.00) 1. 31

(o. oo, o.8i) o.e

1.50

(0. 00) 0. 50

(0. 00) 1. 57

(0. 00) 1. 06*

(0. 00) 0. 08*

(0. 00?/;) 1. 08A»

(0.00) 1.42*

(0. 00) 1. 13

(0. 00) 1. 50

(0. 00) 1. 14

(0.00,1.01)0.44,
1.40

(0. 00) 0. 95

(0. 00, 0. 40) 1. 60

(0. 00) 0. 93

(0. 00) 0. 80

(0.00) 1.19

(0. 00, 0. 48) 0. 48,

1.00
(0. 00) 0. .50

(0. 00) 0. 00
(0.49) 1.33

(0.00) 1.24

(0.00) 1.48

(0. CO) 1. 17

(0. 00) 0. 86

(0. 00) 1. 57

(0. 98) 0. 73, 1. W,
1.75

Theoretical Zteman effects

(0.00,0.08,0. 17) 0.92,1.00,
1.08,-..

(0.00,0.33,0.67) ..1.00,
1.33,1.67

(0.00, 0.25, _._) .... 1.50,

1.75,2.00

(1.00) 0.50,1.50

(0. 00) 0. 75

(0.00, 0.15, .„) .... 1.50,
1. 66, 1.80

(0.00, 0.08, ...) 1.00, 1.08,
1.17,...

(0.00, 0. 17) 0. 50, 0. 67, 0. 83

'0.00, 0.10, ___)1.00, 1.10,

1.20, ...

(0. 00) 1. 50
(0. 00) 1. 50

(0. 00) 1. 50

(0.00, 0.15,...) 0.90, 1.05,
1.20, ...

(0. 00, 1. 00) 0. 50, 1. 50, 2. 50

(0. 00, 0. 25, 0. .50) 0.75, L00,
1.25. ...

(0.00,1.00) 0.50, 1.50, 2. 50

(0.00,0.08,0. 17) ...,0.75,
0. 83, 0. 92

(0. 00, 0. 25, 0. .50) 0.75, 1.00,

1.25, ...

(0.00) 1.20

(0.00,0. .50) 0.50, 1.00, 1.50

(0.00,0.42,...) 0.00, a 42
0.83, ...

(0. 00) 0. 00
(0. 00) 1. 50
(0.00,0.33,0.67) 1.00, 1.33,

l.'i7, ...

(0.00, 0.17, ...) .... ], 67,
1.83,2.00

(..., 0.60, 0.80) ..., 0.85,
1.05,1.25,1.4.5, ...

(0.00) 1.00

(0. 00, 0. 50) 1. 00, 1. .50, 2. 00

(0. 50, 1.00) 0. .50, 1.00, 1.50,
2.00
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Key
No. X I. A.

Intensities,
temperature

class, and notes

B. S. King

298 4, 024. 92 18 is,n
298 4, 023. 99 15 30,11

306

307

4, 023. 29

4, 023. 04
4, 021. 01

4, 018. 13

2

3
1

2

303 4, 017. 00 5 8,1V

289 4, 012. 25 6 12,1V

309
4, 009. 39

4, 007. 59

2

8 15, IV

307
310 }4, 004. 87 4 4n.IV

299 4, 004. 39 4 4,1V

304 4, 003. 09 6 12,1V

298
308
311

4, 002. 55

4, 001. 22

4, 001. 09

5

2

3

8, IV
2,V

4, IV

312

309

3, 992. 46

3, 992. 05

3, 989. 50

1

1

6 12, V

313
305
298

3, 989. 29

J3,
988. 68

4

5

7,111

10, IV

302
308
296

3, 986. SO

3, 986. 14

3, 984. 75

4

2
8

5,V

20, III

304
310
289

3, 982. 16

}3, 981. 59

4

10

5,V

20n, IV

314
289

315

}3, 973. 73

3, 978. 26

3, 977. 47

6

3
7

30rc, III

2,V
15, III

298 3, 977. 32 3 3,V

309
299

3, 976. 17

3, 975. 29
2

7 15, IV

297
3, 974. 20
3, 973. 51

2
15 60,11

299 3, 973. 39 3

307
314

297

k 972. 30

3, 970. 45

3, 968. 25

3

3

18

3,V

80, 1 r

316 3, 966. 65 8 6,11

307

308

3, 963. 79

3,957.41
3, 956. 62
3, 955. 81

3, 955. 64

3
3
2

2

2n,V

317

318

3, 952. 87
3,951.33
3,941.62

2

2

5 5, IV

321
299
297

}3, 933. 18

3, 929. 53

3

30

2,V

150, II

Wave
No.

24,838.22

24,843.96

24,848.30
24, 849. 85

24, 862. 39

24, 880. 20

24, 887. 19

24, 916. 65

24, 934. 43

24, 945. 62

24, 962. 57

24, 965. 58

24, 973. 66

24, 977. 04
24, 985. 32
24, 986. 13

25, 040. 12

25, 042. 70
25, 058. 74

25, 060. 05

25, 063. 88

25, 075. 71

25, 079. 86

25, 088. 57

25, 104. 92

25, 108. 53

25, 126. 57

25, 129. 53
25,134.53

25, 135. 47

25, 142. 74

25, 148. 31

25, 155. 20
25. 159. 58

25. 160. 33

25, 167. 24

25, 178. 96

25, 192. 91

25, 203. 07

25, 221. 27
25, 261. 90
25, 267. 58
25, 272. 15

25, 273. 23

25, 290. 94

25, 300, 82

25, 363. 13

25,417.54

25,441.15

Term com-
binations

aWi-xt'Dl

b^Fi-v^Gl

a3H5-tt 3 C-2

/z5GS-e*Gc
\asPH JDi

a5P<H/5S2

asFi-zSDS
WF3-&QI
aWi-x^Fl

a3D:rtt3G§

a 3Ho-w3 G<j

a3Fs-y5G2
ami-ymi
.asF*-a£D§

a3F 3-z5P5
b^Fi-v^Gl
a3P2-»*D3

asPi-yss!
fasPj-PD!
U5G 3-eJH7

/fc 3F 4-fi
3F§

\z5Gl-emi

aiQ4-i>3F§

a5F3-J5D4

3H4-W3G4
a 3 Gi,-s3Fl

a*Fz-y*Qi

a 3G 4-s3F5

f**aS-e*G3
l6»Fj-*»FS

aWi-y^Gl

a3F4-z3F3

b*F3-v*Ql

C3PHPD1
63F*-p»G3
a'Gi-7i"FS

fa3r>2-r3DS
\a 3G3-s3F4

fl3F 3-l/3G4

Observed Zee-
man effects

(0. 66) 1. 25

(0. 50) 1. 39

(0. 39) 1. 01

(0. 00) 0. 85

(0. 00) 0. 97

(0.00) 1.41

(0. 71) 0. 90

(0. 26) 1. 85

(0. 00) 1. 20

(0. 00) 1. 41

(0.00) 1.21

(0.00) 1.32

(0. 00) 0. 94

(0. 00) 0. 95

(0. 00) 1. 10

(0. 51)1. 03

(0. 00) 1. 05

(0. 00) 1. 52

(0. 00) 0. 91

(0. 00) 1. 03

Theoretical Zeeman effects

(0.25,0.50,0.75) ..., 1.00,

1.25,1.50, 1.75,...
(... , 0.45, 0.60) ._., 1.20,

1.35,1.50, 1.65, ...

(..., 0.60, 0.80) .... 0.85,

1.05, 1.25, 1.45, ...

(O.CO, 0.05,...) 0.80,0.95,
1.00, ...

(O.CO, 0.02, ...) 0.97, 0.98,

1.00...

(0. 00) 1. 33

(0.33, 0.67,1.00) ..., 0.42,

0.75, 1.08, 1.42, ...

(0. 17, 0. 33) 1. 67, 1. 83, 2. 00,

2.17

(0.00, 0.03, ...) 1.00, 1.03,
1.07, ...

(0. 00, 0. 17, 0. 33)

1.33, ...

1.17

(0.00, 0.05, .-) 1.00, 1.05,

. 1.10,...

(9.00, 0.17, ...) .... 1.42,

1. 58, 1. 75

(0.00, 0.08, .-) 0.75,0.83,
0.92,...

(0.00,0.05, ...) 1.00,1.05,

1.10,—

(0.33, 0.67, 1.00) ... 0.42,

0.75,1.03,1.42,—

(0.09, 0.05, ._.) 1.09, 1.05,

1.10,—
(0.00,0.17, ..-) ... 1.42,

1.58,1.71

(0.00,0.08, .--) 0.75,0.83,
0.92,.-.

(0.09,0.03, ..„) 0.95,0.98,
1.02,...
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049

Key
No. \ I. A.

319 3, 927. 41

E }3,926.78

320

320

316

307
313

321

321

j
311

I 317
322

1 307
323

297

321

313

325

307
322

316

307

313

326

321

327
316

329
326
330
329

I
316

313

323

3, 924.

3, 923. 46

3, 921. 80

3, 916. 64

3,906.14
3, 901. 49
3, 900. 51

3, 898. 54

3, 897. 65

3, 896. 53

3, 893. 84

3, 892. 02

3, 891. 39

3, 890. 32

3, 889. 00

3, 885. 41

3, 882. 39

3, 879. 04

3, 877. 60

3, 872. 18

3, 871. 38

3, 864. 33

3, 863. 88

3, 863. 33

3, 860. 65

3, 849. 26

3, 847. 01

3, 845. 45

3, 839. 12

3, 835. 96

3, 831. 51

3, 831. 30
3, 825. 27

-3, 822. 41

3, 809. 70
3, 806. 52

3, 792. 40

3, 791. 39

3, 791. 07

3, 784. 86

3, 780. 53

3, 775. 46

3, 766. 95

3, 766. 71

3, 765. 18

3, 764. 38

3, 754. 79

3, 754. 08

Intensities,
temperature

class, and notes

B. S. Kin;:

3rc,V

100,11

3,V

10,11

471,1V
100, II

125, II

100, II

10, LA

40, IV

40,?

100, II

30,11

30,?

100, II

40,11

80,11

loo, n

60,11

80,11

Wave
No.

25, 454. 88

25, 458. 96

25, 471. 35

25, 4S0. 50

25, 491. 30

25, 524. 89

25, 593. 52
25, 624. 01

25, 630. 44

25, 643. 40

25, 649. 25

25, 656. 62

25, 674. 34

25, 686. 35

25, 690. 50

25, 697. 56

25, 706. 28

25, 730. 02

25, 750. 04
25, 772. 30

25, 781. 90

25, 817. 98

25, 823. 31

25, 870. 41

25, 873. 41

25, 877. 11

25, 895. 06

25, 971. 66

25, 986. 85

25, 997. 39

26, 040. 31

26, 061. 76

26, 092. 02

26, 093. 45

26, 134. 57

26, 154. 11

26, 241. 35

26, 283. 26

26, 361. 07

26, 368. 09

26, 370. 33

26, 413. 59

26, 443. 83

26, 479. 33

26, 539. 14

26, 540. 85

26, 551. 61

26, 557. 25

28,625.11
26, 630. 17

Term com-
binations

'z5G5-e5G 3

.2
5G4-e 5G4

a 3 Fr-J3F2

aWi-y^Gl

a 3F2-j/ 5G2

a 3D 3-r 3D 3

/a 3F3-xiF§
\C 3 P2-23D3
a 3G 4-s3D§
z5G§-e5Q 3

a3F 4-2iGl

a*Fi-xm

a3F2-i/3G3

a*P3-t"3PS

a 3F3-y5G|

aiG 4-2iH5
?«G|-€6Gs
a 3G 3-s3D2
a3F4-a;

3D3

a 3F3-z3F3

z5G2-e5G 2

a 3F2-y5G 3

a^Fs-isDa

a 3D2-r3D 3

C3P2-W 3Sl

a 3F2-z3F2

63F4-s3D3

/a 5F4-w 3G 4

la 3F2-i3Df
a 3F 4-w 3D3
a iF5-v) iQl
a 3F3-ziG 4

a 3F3-i3FJ

6 3F 3-s3D2
fa'DH»P8
\a 3G4-r 3 FJ
a3F2-i3F5

63F 3-s3D3
6 3F4-r3FS

a 3 F3-z3D3
a 3Fj-«> 3DS
a 3F2-z3D5

aVDHJP!

Observed Zee-
man effects

(0.00)1.07

(0. 00) 1. 81

(0.00) 1.28

(0.00)0.00wA2

(0. 00) 1. 29

(0.00) 1.06

(0. 00) 1. 09
(0. 63) 1. 15

(0. 26) 1. 16

(0. 00) 1. 00

(0.00) 1.21

(0. 00) 1. 00

(0.00) 1.19

(0. 00) 1. 08

(0. 00) 1. 21

(0. 00) 1. 15

(0. 00) 0. 68

K0. 00) 0.76

(0.00) L 24

(0. 00) 1. 37

(0. 00) 1. 72

(0.97)0.78,1.21,
L67

Theoretical Zeeman effects

(0. 00) 1. 15

(0.00,0.42, 0.83) ._. 1.08,

1.50,1.92

(0.00,0.02, _._) ... 1.30,

1.32,1.33

(0.33, 0.67) 0.00, 0.33,

0.67,1.00

(0.08,0.17,0.25)0.83,0.92,
1. 00, 1. OS, 1. 17, 1. 25

(0. 00) 0. 92
Ll. 0.75, 1.00) __ 0.75,

1.00,1.25, 1.50,—

(0.00) 1.25

(0:00,0.08, 0.17) ... 0.75,
0. 83, 0. 92

(0.00,0.07, ___) ... 1.22,

1.28,1.35

(0. 00) 1. 00

(0.00,0.08, ...) 1.00,1.1

1.17,-.
(0.00) 1.08

(0.00,0.25, 0.50) ... 0.92,

1.17,1.43
(0.00,0.08, 0.17) 0.92,1.00,
1.08,-.

(0. 00) 0. 67

(0.00,0.17) 0.30, 0.67, 0.83

(0.00,0.08, ...) 0.75,0.83,
0. 92. .

(0.00,0. 17, . ) .- 1.42,

1. 58, 1. 75

(0.00,0.42, 0.83) ... 1.

1. 50, 1. 93

(0.50,1.00) 0.17,8.67, 1.17,

1.67

43324°—31-
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Intensities,
temperature

class, and notesKey
No. X I. A.

Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

B. S. King

334

333
331

3, 737. 40

3, 736. 50

3, 731. 44

3, 725. 75

3, 723. 20

3

1

1

1

1

5, IV 26. 748. 99

26, 755. 42
26, 791. 69

26, 832. 60
26, 851. 04

(0.00) 0.93 (0.00, 1. 00^)0. 00, 1. 00, 2. 00

335

333\
333/
336

3, 714. 13

3, 712. 94

3, 706. 63

3, 695. 60

10

1

7

1

30, III

10, III

26, 916. 60

26, 925. 22

26, 971. 05

27, 051. 52

a 3F 4-«; 3F§

(WFr-rmi
\&3F2-r 3F2/
a3F 4-z3Hg

(0. 00) 1. 85

(0.00)0.00w

(0.00,0.17,...)-- 1.42,
1. 58, 1. 75

(0.00,0.22,...) 0.17,0.38,
0.60,.-

331

337

338

3, 690. 33

3, 688. 47

3, 685. 62

3, 683. 47

3, 681. 64

1

5

6
1

27,090.14
27, 103. 79

27, 124. 82
27, 140. 61

27, 154. 14

a3D 3
-*3P2

a3F 3-2/
3P2

a3P2-w3G|

(0. 00) 1. 25

339

335
335

3, 680. 37

3, 677. 05

3, 663. 64

3, 661. 20

3, 658. 30

4

2Cb?
40
10
2

5,111

300, II

30, III

27, 163. 47

27, 188. 02
27, 287. 51

27, 305. 62
27, 327. 34

a 3F4-x3G§

a 3F4-w 3Ft
a3F3-w 3F2

(0. 38) 1. 14

336 3, 656. 83

3, 650. 98

3, 650. 47

3, 648. 39

3, 646. 89

5

4

4
3
6

6, III 27, 337. 96
27,382.11
27, 386. 68
27, 401. 54

27, 412. 84

a3F3-23HI

340

341

335

342

3, 644. 50

3, 639. 56
3, 638. 70

3, 634. 14

3, 625. 39

2
4Pb?

5
15

4

3, IV
50, III

27, 430. 86
27, 468. 05
27, 474. 54

27, 509. 03

27, 575. 40

a 3G3-tt3Gt

o 3Pi-y3Sf
a 3F4-z3GI

a3D;H3G 4

(0.31)1.22 (...0.60,0.80).._0.85,1.05,
1.25,1.45, ...

335
343

341
3411

331/

3, 623. 87

3, 619. 38
3,616.30
3, 615. 09

3, 613. 70

45
4

3

3

7

300, II

15, III

27, 586. 97
27, 621. 18

27, 644. 70
27, 653. 95

27, 664. 58

a3F3-w 3F§
aiDz-y1?!

a3Po-#3Sf
fasp.o-^sn
taJDr-^PS/

(0. 30) 1. 04 (0. 00) 1. 08

337

344
3451

346/

3, 612. 55

3, 609. 64

3, 005. 90

3, 602. 78

2

3

3

3

27, 673. 38
27, 695. 69

27, 724. 45

27, 748. 57

a3F2-2/ 3Pi

aiG 4-z3IS

(aiQi-tm 1

\6 3F2-tt 3G3/

339 3, 601. 18 50 400, II 27, 760. 81 a3F4-ar
3Gi (0. 00) 1. 12* (0.00,0.05,...) 1.00,1.05,

1.10,...
347
348
349

3, 597. 42
3, 596. 29

3, 594. 70

3, 593. 87

2

4

2

27, 789. 82
27, 798. 55
27, 810. 85
27, 817. 27

aiSo-tt>iP!

a5F6-t>3F?

c3F3-ff3F§

350
339
335
351
345

3, 593. 12

3,591.72
3, 586. 28

3, 585. 52
3, 577. 55

o

25

2

6

2,111
100,11

15, IV

27, 823. 06
27, 833. 91

27, 876. 12

27, 882. 03
27, 944. 12

C3Pi-S»Pf •

a 3F3-x3G§
a 3F2-w 3F2
a 3F4-i/5FJ
aiQH3F?

(0. 00) 0. 68

(0. 00) 1. 04

(0. 00) 0. 67

(.-0.75,1.00)—0.75,1.00,
1.25,1.50,—

335

352
353

854

3, 675. 79

3, 569. 46

8, 568. 87
3, 566. 10

25

2

25

100, II

15, IV
100, II

27, 957. 89

28, 007. 51

28, 012. 15

28, 033. 86

a3F3-t<;3FS

a 3n 4H73D§
aiD 2-i3S!
a 3F 4-c3D§

(0. 00) 1. 21

(0. 42) ?

(0. 00) 1. 11

(0.00,0. 17, -..) -.1.42,
1. 58, 1. 75

(0. 00, 1. 00) 0. 00, 1. 00, 2. 00

(0.00,0.08,-.) 1.00,1.08,
1.17,.-

355 3, 562. 48 2 28,062.38 aiD2-w3F2

356 3, 558. 95 4 12, IV 28, 090. 21 a 1 D2-P3F3 (0. 00) 0. 72 (0.00,0.08,0. 17). .1. 08, 1.17,

1.25

(0.00*0. 42, 0.83).—1.08,
1.50,1.02

357
o5.

r
j

3, 552. 64

3, 550. 46

o

30, III
28, 140. 09
2S, 157. 35

a*F2-u 3F5
a 3F2-w 3F3 (0. 00) 1. 26
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Table 3.— Wave lengths in the arc spectrum of Zr—Continued

Key
No. X L A.

Intensities.

temperature
class, and notes Wave

No.
Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

B. S. King

35S 3, 549. 73 5 15, III 28, 163. 14 aiGi-PVl (0. 00) 0. 00 (0.00,0.33,.-) 0.00,0.33,
0.67,.-

357 3, 548. 68 2 28, 171. 47 a«F8-w»FS

359
339

360
351

3, 548. 39
3, 547. 69

3, 535. 16

3, 533. 22

3, 532. 46

2
25

8
12

o

100,11

20, IV
60, III

28, 173. 78
28, 179. 33

28, 279. 18
28, 294. 74

28, 300. 79

a3Di-93Df
a 3F 3-x3G4

aiQ^iiGI
a3F4-2/5FI

(0. 00) 1. 25

(0.00) 1.15
(0. 00) 1. 65

(0.00,0.03,...) 0.95,0.98,
1.02,-.

(0.00) 1.00
(0.00,0. 15, ...).„ 1.70,
1.85,2.00

355

361

362

3, 530. 22

3, 529. 44

3, 524. 52

3, 524. 26

3, 523. 63

6
2
o

2

3

15, III 28, 318. 83
28, 325. 08
28, 364. 58
28/366.70
28, 371. 77

zWl-pGz

362
362
339

362

3, 522. 18

3, 520. 30
3, 519. 60

3, 518. 87

3, 517. 47

3

3

35

1

3

125,11

28, 383. 45
28, 398. 58
28, 404. 25

28,410.14
28,421.43

aJF 3-y;SD2
C*F5-W' 5D4
a3F2-:r3G3

a«F2-w5Di

(0.00)1.07 (0.00,0.08, 0.17) ... 0.75,
0.83,0.92

348
363
351
364
362

3, 515. 25

3, 514. 49

3, 514. 32

3, 512. 35

3, 510. 36

1

2

3

1

2

28, 439. 39
28, 445. 54

28, 446. 90
28, 462. 86
28, 478. 99

a5F;$-J>3F!
c3P2-p 3D|
a3F2-J/5F?
fl5F?-«3Dl
aSFi-tc^Do

354

365
366
351
367

3, 509. 32

3,503.27
3, 501. 50
3,501.33
3, 495. 37

25

2
7

8
4

100. II

8, IV
15, III

28. 487. 43

28, 536. 61

28. 551. 03
28. 552. 44
28, 601. 09

a 3F3-f°D2

aiG*-z3HI
a3F3-J/5F?
63F3-»iD2

(0.00)1.10 (0.00, 0.08,0.17)0.92, 1.00,
1.08,...

362
364
368
362
369

3, 494. 44

3, 493. 66

3, 487. 91

3,487.81
3,483.01

4

3

3

3
15, IV

28, 608. 70

28, 615. 17

23, 662. 29
28, 663. 11

28, 702. 61

a 5F2-w 5D2
a 5Fi-«3Di
aiD2-M3D!
a=Fz-M'>~D3

a^Gi-w^Fl (0.00) 1.24 (0.00) 1.00

354
370
371
362

3,482.80
3, 482. 13

3,478.78
3, 477. 64

3, 476. 02

8

3
8
2

3

20, III

20,111

28, 704. 34

28, 709. 90
28, 737. 53

28, 746. 95

28, 760. 35

a3F3-f3D!
a 3F2-z3Pi
a 3Pi-x3Si

a'°Fi-w !''Dl

(0. 45) 0. 79 (0.60) 1.50,2.00

372
373
354
361
351

3, 472. 89
3, 472. 72
3,471.18
3, 470. 18

3, 469. 05
3, 468. 31

5

25
2
4

2

4, IV

100, II

4,11

28, 786. 25

28, 787. 67

28, 800. 43

28, 808. 73

28, 818. 03

28, 824. 26

a3P2-P3F2
a 3Pi-w3Fl
a 3F2-»3D?
25FI-/5G4
a3F2-y5Fi

374
361

375

3, 465. 63
3,464.30
3,461.09

7
o

10

10,11

30,11

28, 846. 54

28, 857. 61

28, 884. 37

a3F4-i5D3
z*FhpG5

a'G4-t;3G3 (0. 00) 1. 24 (0.00,0.25, -.) .... 1.26,

1.50,1.75

371
371

3,457.19
3, 455. 90

10

15

20,11
30,11

28,916.97
28, 927. 73

a 3Po-:r 3Si

a3Pa-i3S!

(0.00) 1.78

(0.00)0.53
(0.00) 2.00
(0.00,0.50)1.00,1.50,2.00

373

376
372

3,449.91
3,449.40
3,447.36
3, 446. 61

6

2

30
15

6, IV

100, II

30,11

28, 977. 99

28, 982. 32

28, 999. 44

29, 005. 73

a3P2-ti3F5

a3Fj-2lFi

a3Pj_p3F§

(0.00)0.59
(0.00)0.79

(0.00,0.33) 0.33,0.67,1.00
(0.00,0.42, 0.83) 0.25,0.67,
1.08,...

362 3,442.70 1 29, 038. 70 vFi-wWi

354 3,440.43 12 30,11 29,057.84 a3F2-C''D2 (1.00) O.COu; (0.50, 1.00) 0.17,0.67,1.17,
1.67

368
374

375

3, 430. 94

3, 430. 29
3, 430. 02

1 3,426.93

3

6

1

4

8,11

29, 138. 21

29, 143. 72

29, 146. 02

29, 172. 30

aiDr-/,

a'I'VJ'DS

aiG4-0-!G!
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Tab le 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Intensities,
temperature

class, and notesKey
No. X I. A. Wave

No.
Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

B. S. King

361
373

377

354

3, 421. 42

3, 419. 65

3,417.07
3, 416. 68
3, 414. 94

3

12

1

4
2

20,11
29, 219. 28

29, 234. 38

29, 256. 45

29, 259. 82

29, 274. 78

a 3P2-w3F§

a3Pi-u>«D 2

(0.00)0.74 (0.00,0.42,0.83)0.25, 0.67,

1.08,...

374
361

378
379

3, 414. 66

3, 411. 78

3, 409. 40
3, 408. 54

3, 401. 79

3, 400. 75

12
2
2
4

3

2

20,11

3,V

29, 277. 13

29, 301. 84
29, 322. 33

29, 329. 74

29, 387. 88

29, 396. 90

25F?-/«G5

a5P2-r3D§
a3Pi-tt3Da

361

380
374

3, 397. 92
3, 389. 26
3, 387. 10

3, 386. 90

3, 385. 80

4
1

2

2
5

5,V

5,V

29, 421. 37
29, 496. 52

29, 515. 33

29, 517. 07
29, 526. 67

25FI-/«G6

aiD2-y»P!
a 3P3-x6D§

381
379
380

[3,379.92

3,370.60

7

10

10, III

20,111

29,578.03

29, 659. 82

(zm-pGs
\a3P2-*i 3D2
aiD2-2/6P2 (0.00) 1.38 (0.83,1.67) 0.17, 1.00,1.83,

2.67
374 3, 368. 63

3,365.00
5
1

5,11 29, 677. 16

29, 709. 21

tfFz-xiVl

377
382
381
383
374

3, 363. 08
3, 360. 45

3, 355. 01

3, 353. 65

3, 353. 15

1

15

2
12

3

25,11

20,11

29, 726. 17
29, 749. 40

29, 797. 65

29, 809. 63

29, 814. 17

a^Fr-wim
a,i~Dr-wi~D2

z^FhpGi
o»F<-»iQI
a^Fz-x^Dl

(0.00) 1.35 (0.00) 1.00

384

381
385

3, 351. 23

3, 347. 08

3, 343. 71

3, 340. 20

3, 334. 07

3

1

3Cb?
2
2

29, 831. 25

29, 868. 23

29, 898. 32
29, 929. 72
29, 984. 73

6 3F3-*3P2

23F§-/SG 3

6 3F4-*3G2

380

379

385

3, 333. 56

3, 329. 11

3, 326. 43

3, 322. 29
3,316.21

6

3

6

6
5

4, IV

5,V
4,V

29, 989. 36
30,029.49
30,053.68
30, 091. 12

30, 146. 26

aiDj-^Ps

63p3_f3G§

386

385

3, 315. 12

3, 310. 55

3, 305. 90

3, 300. 81

3, 297. 64
3, 297. 00

3

3
2
1

2

2

30, 156. 18

30, 197. 80
30, 240. 26
30, 286. 88
30, 315. 98

30, 321. 87

Z5G6-/«G5

63FH3G2

386

387

388

3, 296. 73

3, 293. 58

3, 293. 45
3, 292. 25

3, 285. 18

3
2
2
1

3

30, 324. 34

30, 353. 34

30, 354. 54

30,365.60
30, 431. 02

z?>Gt-pGi

aJD2-w 3P2

a3P2-y8Pi

389
385
390
386
385

3, 282. 73

3, 281. 87

}3,280.46

3,278.58

7
1

2

1

15,11 30, 453. 71

30, 461. 71

30,474.80

30,492.26

aWi-w^Gl
63FH3G§
fa 3Pi-^iD2 \
UGhpGz j
bWi-VGl

391
391
388

3, 277. 38

3, 276. 95

3, 269. 66

1

2
12 40, III

30, 503. 42
30,507.43
30, 575. 44

a 3Gs-tf 3F!
a 3Gi-g 3Fl
a3P2-^P2 (0.00) 1.24 (0.33,0.67) 1.17,1.50,1.83,

2. 17
383
392

3, 267. 35
3, 261. 06
3, 260. 91

3

2

1

30, 597. C4
30, 658. 04

30, 657. 45

z^GhpG 2

63F2-s 3Di

390
393
386
389
386

3, 260. 11

3, 256. 00
3, 254. 28
3,250.42
3,243.98

15

2
10
15

10

40, III

15, IV
35, III

8,V

30, 665. 00
30, 703. 66
30, 719. 94
30,756.46
30, 817. 50

a3P3-tc 1D2
a^T>2-tm
z^GhpGn
a 3F3-w 3G§
2«Gl-/«G fi
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Table 3.— Wave lengths in the ore spectrum- of Zr—Continued

Intensities,

tempera turos
class, and notesKey

X I. A.
Wave
No.

Term com-
binations

Observed Zeo-
G Q'ects

Theoretical Zeemau effects

B. S. King

394
3SS
3S9 3,234.12

1

5

30
5, in

100,11 30,911. 12

p»P|

(0.00) 1.07 (0.00.0.05,...) L 00, 1.0.1,

1.10, ___

3S«
38C

5
I

5,V 30,921.07
30,09130

3,212.57

3

30

10

S.III

100, D

i2.ni

3i.on.7s

31,118.77

31,103.24

"Oj

aiD2-f3D5

(0.00) 1.00 (6.00,0.03,...) 0.95,0.98,
1.02, ...

396

3,101.23

3, 191. 05

3, 1S5. OS

5

25

3

2

3

100,11 31,326.85

31.32S.62

3PS
a 3F2-w 3G3

dsPH
aiD 2-t'

3Pi

(0.00)0.54 (0.00, 0.08, 0.17).. .0.75,

0.83,0.93

3. 182. 37 2

3
2

2

15 50, III

31,414.04

31,570.34
31,614.16

z5G!-/5G 5

C3F*-o3D§
a3Pi-rSS

\a3P!-c 3Pg }(0.00)0.86 (0.00) 1.00

403

404

3, 149. 05

3,143.47

3
10
1

1

1

25,111 31, 748. 86

31,774.18

31,802.77

a 3Pi-fDl

aiGi-ymi

405
406
397
403
403

3,139.79
3, 136. 95

3,131.11

10

12

10

15

12

20, III

30,in
20, III

50, III

25, III

31,840.04
31, 868. 85
31,006.78
31, 918. 65

31, 928. 33

aiD2-03G§
OJD2-ltsPl
aiD2-c 3P2
a 3Pi-«3D2
a 3 Po-*3D!

(0. 00) 1. 29

(0.00) 1.00

(0.00)0.00«>

(0.00,0.50)0.50,1.00,1.50

(0.00,0.33) 0.83,1.17,1.50
(0.00)0.50

403
407
403

40S

3, 130. 05

3, 121. as

3, 120. 74

3,113.50
3, 108. 36
3,101.06

5

2

30

s

2

8,111

125, III

8,111
10, III

31.939.19
32,022.03
32, 034. 42

32, 10S. 81

32, 162. 01
32, 237. 69

a*PH»Df
aiDr-*8F|
a3PH3D3

a'Ps-t'Di
a 3ri-u3Po

(0.00) 1.19 (0.00,0.17, 0.33) 1.00,1.17,

1.33,—

109

401
410

3, 099. 05
3. 095. 82

3,093.29
3,092.25

3
10

10
3

3

2.V
12, III

is,m
2,111
2,V

32, 252. 34
32, 292. 23

32, 303. 02
32, 318. 63

32, 329. 50

a»Fi-s3F|
aspo-pspf
a3P2-f 3P!
a3p 4

_U3FJ

411

410
412

3,090.44

13,067.12

3,066.74

B

10

4

2

MIT
12,111

32, 348. 54

32,401.96

32, 598. 45

aiDa-M3 Pi!

f« 3 Pl-7i 3Pl \

a 3F 4
-:

401
413
414

408

3,063.68
3, 052. 80
3, 052. 00

3, 049. 33

5

2
2

2

6

a,in

6, III

32,632.09
32, 747. 37

32, 784. 58

a 3Pi-»»P|
a 3 Pi-3 3F5
a 3P2-
a IV» 3PI
a 3Pr-u3PI

401
410
415

408
410

3,045.82
3,043.23
3,029.52

3,022.66
3,014.44

6

4

20

1

5

10,111
3.IIJ

300,11

15, III

32, 850. 29
32, 998. 95

33, 073. 81

33,164.02

a 3P2_cspj

"PS
;'FJ

(0.00)1.11 (0.00,0.08, ...) 1.00,1.08,
1.17,...

415

416
408
415
415

3,011.73

3,005.50
3,005.36
2,985.36
2,969.18

20

5
4

10
4

250,11

60, IV
40,1V
200,11
40,1V

33,193.86

33. 262. 67

33, 264. 21

33,487.06
33, 669. 56

a3Fj-ti»D!

./'PS

/"D?
a : F3-u3DS

(0.00) 1.00

(0.00)0.68

(0.00,0.08, 0.17) 0.82,1.00,
1.08, ...

(0.00,0.17) 0.50, 0.67, 0.83
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Table 3 —Wave lengths in the arc spectrum of Zr-—Continued

Intensities,
temperatures

class, and notesKey
No. X I. A.

Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effect

B. S. King

415
417
418
419
420

}2,960.86

2,933.02
2, 923. 86
2, 916. 23

2, 901. 64

6

1

4
2

2

60, IV

10, IV
10, IV

33, 764. 14

34,084.61
34,191.38
34,280.85
34,453.20

a 3P2-s 3D?
a 3F3-t/

5P§
a3F3-«;iD2

1(0.75) 1.32 Ei (0.50, 1.00)0.17, 0.67, LH,
1.67

421
422
423
421
420

2, 892. 26
2, 889. 15

2, 880. 83
2, 875. 98

2, 868. 48

6
2
3

12

3

30, IV

5,V
200, IV

34, 564. 93
34, 602. 13

34, 702. 06

34, 760. 58
34, 851. 46

c3F4-f3F§

aiDir^FS
a3F4-Z 3FI
a3F2-wiE>2

(0. 46) 1, 18 Ei (0. 00) 1. 25

421 2, 860. 85 6 30, IV 34, 944. 41 a*F3-tm (0.00) 1.46 Ei (0. 00, 0. 42, 0. 83)_.1.08, 1.50,

1.92

(0.00) 1.08

424
425
421
426

2, 857. 97

2, 848. 50

2, 837. 23

2, 836. 49

1

6

15

3

2,V
150, IV
200, IV

4,V

34, 979. 62
35, 095. 91

35. 235. 31

35, 244. 51

aiFi-xiGl
a 3F3-Z3F3

aiD2-r3D3
(0.00)0.96E!

427
428
429
430
421

2, 831. 33
2, 829. 80
2, 827. 55

2, 824. 82

2, 821. 56

2
6
6
3

6

8, IV
8, IV

8, IV

35, 308. 73
35, 327. 82
35, 355. 93
35, 390. 22
35, 430. 98

a'oTs-viDt
a3Pi-ziPi
a3F 4-z3H!
a 3 Pi-r3D2
a3F3-f3Fl

431
432
428
421
428

}2, 819. 56

2, 815. 49
2, 814. 91

2, 814. 71

5

3
12

2

10, IV

2,V
150, IV

35, 456. 11

35, 507. 36
35, 514. 67

35, 517. 20

ta3F 2-w 3P2 J

asPo-ziP!
a»F2-i3FS
a 3P 2-J1Pi

(0.00) 0.60 Ei (0.00)0.67

433
424
425

421

2, 806. 77

2, 798. 30
2, 795. 14

2, 793. 40
2, 792. 05

6
6
5

7
10

12, IV

8,V
8,V

20, IV

35, 617. 67
35, 725. 47
35, 765. 86

35, 788. 14

35, 805. 44

a3p2-i,lF3
a 3F3-i3D 2

a 3F3-xiQl

a3F2-PF§

434
435
436
429

2, 790. 14
2, 786. 90
2, 777. 64
2, 774. 03
2, 771. 35

12

6
1

2

1

35, 829. 95

35, 871. 60

35, 991. 18

36, 038. 02
36, 072. 87

aiD 2-w IPi
aiD 2-Z3P!
a3F2-2/5S 2

a3F3-z3H4

424
437

430
438

2, 770. 88

}2, 767. 38

2,766.50

}2, 764. 68

1

4

2

2

36, 078. 98

36, 124. 61

36, 136. 10

36, 159. 89

(a*Fft3T)
a
i \

\63F 2-o 3Dl /

fa 3P2-r3D3 1

\a3PH3P8 J

439
440

441
439
437
440

}2, 763. 01

2, 761. 18
2, 759. 46

U 748. 59

6

2
3

2

36, 181. 75

36, 205. 72

36, 228. 29

36, 371. 56

\a3F 4-^G5 J

a 3F 4-s3F§
fa 3P2-^D2 1

{63F>-o 3D 4 \
|a 3F 3-»3G3 J

440
441
435
442

2, 737. 86

2, 727. 00
2, 725. 45
2, 725. 01

2, 719. 52

5

5

8
2

4

36, 514. 08
36, 659. 50
36, 680. 34

36, 686. 26

36, 760. 35

a3F3-tf
3G!

G3F 4-s3F?
aiD 2-<3 P2
aSFo-tt^Fjj

(0.00) 1.12 Ei (0.00) 1.25

438
438

441
440

2, 718. 28
2, 717. 48
2, 709. 76
2, 709. 33
2, 706. 15

4

5

4

8
10

3*6, 777. 09
36, 787. 94
36, 892, 72

36, 898. 58

36, 941. 94

a3PH3Pf
a 3P2-*3P!

a3F3-s3F 3

a3F2-P3G3

443
441
444

445

2, 701. 83
2, 692. 91

2, 687. 74
2, 685. 91

2, 683. 79

3

4

7

3
3

37, 000. 99
37, 123. 55
37, 194. 95
37, 220. 29
37, 249. 67

aiDH3G§
G3F 2-s3F2
a 3F 4-s3D§
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Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

055

X I. A.

Intensities,

temperatures
class, and notes

B. S. King

2, 681. 39
2. 677. S^

2, 676. 54

2, 672. 17

2, 662. 78

2

1

4

1

2. 658. 66
2. 655. 84

2, 549. 84

2. 647. 77

2; 640. 13

6

3

2

4

4

2. 636. 56

2v636.38
2,635.40
2, 634. 56

2, 633. 11

1

1

8
3

1

2, 630. 33

2, 625. 98
2, 625. 18

2, 624. 83
2,620.83

6
2

1

3

5

2, 619. 81

2,613.05
2
q

J2.612.18
4

2,609.40
2, 608. 37

6

3

2, 592. 39
2, 592. IS

2, 589. 62
2.5S3.64
2, 580. 45

2, 579. 54

2
3

5

6
2
8

2, 579. 40

2. 576. 08
2, 573. 50

2, 567. 44
2,564.26

1

5

1

7

3

2, 563. 56

2,561.91
2,556.38
2,554.84
2,554.30

4

2

8
1

5

2,551.70
2,550.50
2, 547. 10

2, 539. 62
2,538.00

2
4

2
10

6

2,533.98
2, 533. 18

2,527.10
2, 524. 84

2, 519. 94

1

2
1

2
4

2,511.56
2, 505. 98
2, 504. 79
2,504.54
2, 495. 26

2

4

3

2

5

2,493.73
2,481.92
2,481.42
2,481.22
2, 47>. 27

2
1

4

1

1

2, 478. 06
2,474.14
2,474.00
2, 471. 96

2,470.29

2

2

3

a

i

Wave
No.

37, 283. 03

37, 33L 89

37, 35tt 58

37,411.60
37, 543. 58

37, 601. 76

37,641.68
37,726.91

37,865.66

37, 916. 92
37, 919. 50
37, 933. 61

37, 945. 70
37, 966. 60

38, 006. 73
38, 069. 67
38, 081. 27

38, 086. 36
38, 144. 48

38, 159. 34
38, 25S. 0-1

3S, 270. 78

38,311.55
38, 326. 68

38, 562. 92
38, 566. 04
38,604.17
38, 693. 51

38,741.34
38, 755. 01

38,757.11
38, 807. 05
38, 845. 95
38, 937. 64

38, 985. 93

38, 996. 57
39, 021. 69
39, 106. 09
39, 129. 67
39, 137. 93

39, 177. 81

39, 196. 24

39, 248. 56
39, 304. 15
39,389.28

39,451.76
39,464.22
39, 559. 16

39. 594. 57

39,671.55

39, 803. 91

39, 892, 63

39,911.48
39,915.46
40, 063. 90

40,088.48
40,279.22
40, 287. 34

40, 290. 69
40,338.54

40,341.98
40, 405. 97

40,408. it.

40, 44 1 . 51

Term com-
binations

a PH»PJ

a3F3-s3DS
(i

; Fi-.s"D°

a i'.-/ Q|

a'P-i-r-FJ

QiD-,' IS!

a5F2-«)3St

(a ia 4-i/iF1

[a^F^D!
a3 F;s-r 3F3
a^F2-«3Do

a3F4-riF3
3

a3F2-r3F2
a3Fs-r3F5
a*Fi-u*Gi

aiSo-r'P?

a^Ft-u^Gl
a 3 Po-u> 3St

a3P2-w 3SI

a3F4-r3D3

a 3F3-r 3Dj

a3Fj-u3QJ
a3Fj-^3G3

a3Fj-ciFS

aiDr-«3P5

aiFj-pJDI

Ohsened Zee-
man effects

Theoretical Zeemuu effects



656 Bureau of Standards Journal of Research [Vot.

Table 3.

—

Wave lengths in the arc spectrum of Zr—Continued

Intensities,
temperatures

class, and notesKey
No.

X I. A.
Wave
No.

Term com-
binations

Observed Zee-
man effects

Theoretical Zeeman effects

B. S. King

458
459

458

2, 468. 03

2, 461. 79

2, 461. 02
2, 459. 84

2, 459. 27

5

2
4

3

2

40, 505. 90
40, 608. 56

40, 619. 61

40, 640. 75

40, 650. 17

3Pl-S3Pi
aiDu-p3D;j

aspi-s^Pi

458

460

2,456.50
2, 454. 96

2, 451. 97

2, 450. 98

2, 449. 32

o

1

2
1

3

40,696.00
40, 721. 53

40, 771. 18

40, 787. 65

40, 815. 29

a3pr .s 3P |

458 2,448.37
2, 448. 94

2, 445. 71

2, 444. 04

2,441.30

4

1

1

1

8

40,831.12
40, 854. 99
40, 875. 53

40, 903. 46
40, 949. 38

a3p2_s3p|

461

2, 440. 34

2, 439. 49
2, 437. 41

2, 434. 29

2, 430. 54

3

1

1

1

40, 965. 47
40, 979. 74

41,014.71
41, 067. 27
41, 130. 63

a«Pi-t;iP!

462

2, 429. 19

2, 428. 19

2, 427. 82

2, 427. 54

2, 424. 89

4
1
i

i

i

41, 153. 48
41, 170. 43

41, 176. 71

41,181.45
41,226.45 ai~D2~um

464

2,423.76
2, 415. 91

2, 415. 67

2, 415. 58

2, 414. 60

3

2

2

3

41,245.68
41, 379. 69
41, 383. 79

41, 385. 34

41, 402. 13 a3P2--;p3I>!

464

2,413.51
2,411.92
2, 410. 78

2, 407. 90

2, 407. 52

2
4

1

3

1

41, 420. 83

41, 448. 13

41, 407. 73

41, 517. 32

41, 523. 88 a3P2-p3D§

465
466
485

2,407.03
2, 405. 52

2,403.44
2, 402. 93

2, 402. 20

1

10
5

4
2

41, 532. 33
41, 558. 40
41, 594. 36
41, 603. 19

41, 615. 83

a3F3-*8G§
a 3F4--g 3D§

465

2,400.81
2, 398. 17

2, 397. 95

2, 397. 70

2, 397. 23

2, 398. 30

2, 391. 88

2,391.75
2, 391. 04

2, 390. 15

5

3

1

7

1

2
3

1

2

41, 639. 92

41, 685. 75

41, 689. 59
41, 693. 93

41, 702. 10

41, 718. 28

41, 795. 37

41, 797. 64

41,810.05
41, 825. 62

aWs-VGl

466
2, 389. 21

2, 388. 00
2, 384. 84

2, 384. 16

2, 381. 55

2, 380. 55

8
8

3

12
2
9

41, 842. 07

41, 863. 27

41, 918. 74

41, 930. 69
41, 976. 64

41, 994. 28

a 3F3-g 3D2

467
467
465
467

2, 378. 68
2, 378. 25

2, 374. 43

2, 372. 57

2, 372. 33

1

4

10
5

3

42, 027. 28

42,034.88
42, 102. 50

42, 135. 51

42, 139. 77

a 3F4-(? 3F|

a 3F2-Z3G§
a 3F3-<z

3F2

466
466

2,371.70
2,371.14
2, 370. 42
2,367.33
2,363.52

2
1

3
8
10

42, 150. 96
42, 160. 92

42, 173. 72

42, 228. 76

42, 296. 83
a3F3-53D 3

a3F2-<?3Di
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Table 3.

—

Wave lengths in the Contini

K'fy
.

effects

1

1

2
1

I

i

o'Fa- .

-

5

1

1 -

488

2,315.56

1

i

1

1

407 9

6

6
3

3

.

ax -,

!
4

3

5

3

B

44, 930. 41

a«F«-p»D|

169 4

I

3

3

3

!

45, 725. 62

45, 878. 82
45,991.73
46, 276. 7S

46, 329. 32
40, 515. 33

p Da

471 2, 136. in

2,110.14

2, 109. 42

7

47,173.96

47,410.64

aiDs-^P!

472

5
c

5

3

47.472.10
47. 528. 97

8»Fi-0

8»F|-fl
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2. THE ZEEMAN EFFECTS

The observed Zeeman effects for the arc lines of Zr, which are

entered in column 7 of Table 3, confirm most of the terms given in

Tables 1 and 2. As stated above these results are taken from Moore's
published observations, from his more recent observations measured
and reduced at the National Bureau of Standards, and from observa-
tions made with the recently acquired magnet in conjunction with
the spectrographs of the National Bureau of Standards. These
newest observations are specially marked in the table, an asterisk

(*) indicating those made with the concave grating, and the symbol
Ei those made with the quartz prism spectrograph. For comparison
with the observed patterns the theoretical Zeeman effects are entered
in the last column of Table 3. These have been taken from the
Tables of Theoretical Zeeman Effects, 12 by Kiess and Meggers.
Only a few of the observed Zeeman effects are fully resolved, the

majority representing blends of the unresolved components of the
magnetic patterns. In some instances the type of blending is evident,

and this is indicated in the tables by the symbols A 1
, A2

, and B, as

used by Back. 13 Lines with unresolved but with definitely widened
p components are marked with a letter w.

In our paper 14 on the classification of Zr II we cited two lines which
are members of both the arc and first spark spectra of Zr, as shown by
their Zeeman effects, but which had not been resolved with the
spectrographs employed in observing them. To these we add the
line at 4,304.68 A. Its wave number is given by three pairs of term
combinations, of which two, a3D 3—

s

3F4 and a3Pi— y
3F , are indicated

by the observed pattern (0.00) 1.01, 1.46.

Lande's 15 theory of the anomalous Zeeman effect for weak fields

assigns to each spectral term a g value which gives the amount by
which the components of a term are separated in the magnetic field.

For most of the terms of Zr I the g values appear to be normal, but
for several terms the g's are abnormal. This abnormality was
detected early in this work for two of the odd terms, x3¥° and ^F

,

and in a paper by Meggers and Kiess, 16 was interpreted as indicating a
deviation from normality with position hi the term diagram. But
this view, in the light of the additional data we have obtained, is no
longer tenable. These data abundantly illustrate the fact that two
terms of approximately the same value, with the same inner quantum
number J, and arising from the same electron configuration, will

have g values equal to the mean of their theoretical g's. Back 17 was
the first to notice this phenomenon for Ca I; subsequently Russell 1S

detected instances of it in Ti I, and Shenstone 19 has cited more numer-
ous occurrences of it in Cu I, Cu II, and Ni II. In Table 5 we give

the pairs of terms of Zr I which thus affect each other, and in Table 6

we give some of the observed Zeeman patterns resulting from these

affected terms, and compare them with patterns calculated with the

observed g's according to Lande's rules. There are other terms of

Zr I which also exhibit abnormal g's, such as t/
1!^ and £

3F4°, but at

12 B. S. Jour. Research (RP 2:-;), 1, p. 641; 1928.
is Zeit. fi.ii- Physik, 15, p. 20(3; 1923.
11 B. S. Jour. Research (RP 255), 5, p. 1234; 1930.
" Zeit. fiir Physik, .>, p. 231; 1921; 15, p. 189; 1923.
19 J. Opt. Soc. Am. & Rev. Sci. Inst., 12, p. 443; 1926.
" Zeit. fur Physik, 88, p. 581; 1925.

p. 411; L927.
» Phys. Rev., 28, p. 463; 1926; M, p. 384; 1927; 30, p. 258; 1927.
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the present time the observations are not sufficient to show whether
the abnormality is produced by a near-by perturbing term of like
inner quantum number and electronic origin or by some other cause.

Table 5.

—

Zr I terms with abnormal g values

Term

a3P2

ziQI
x*Fl

x*Ql

2iPi

J/
5P2

tflQi

4, 186. 11

5, 101. 6S

12, 342. 37
12, 760. 66

26, 931. 35
26, 938. 42

28, 628. 36
28, 749. 80

28, 800. 51

28, 999. 46

34, 761. 52

34, 850. 96

36, 759. 90
36, 941. 65

Theoretical

Q

1. 500
1.000

1.250
1.050

1.000
1.250

1.250
LOCO

0.500
1.000

1.S33
1.000

1.000
0.750

Observed
a

Electron
configuration

1.25 4d».5s*

1.15 4dK5s

1.13 4d 2.5s.5p

1.15 4d2.5s.5p

0.75 4d2.58.5p

1.42 4d3.5p

0.87 4d«.5p

Table 6.

—

Zeeman effects from abnormal g values

Term com-
bination

aiD*-z3PS
C3P2-23P2

03P2-Z/1D2

aiD2-y 3D§

aiD2-u;3D3
a3Pa-u;3D3

aiDj-iiFI

a»Dj-a*Pi
Q3P2-I3PJ

aiD2-f3D°
a 3P2-« 3DI
GID2-21P!
C3P2-21PI

OlD2-Z3P|
a3P2-i3P2

ciD2-p3F§
C 3 P2-t>3F3

aiD2-l/5P3
a»Pj-» 5P5

a3G<-i3D!
fc3F4-l3D§

c3G 4-2SH!
fc3F4

-23Hl

C3Q4-I3GS
fc3F4-x3G?
C 3G4-W 3G5
WFi-wiGl

a3F4-2iGI
a3F4-x3F?

6, 506. 39

6, 140. 50

5, 664. 55

5, 385. 14

5, 386. 65

5, 133. 42

4, 466. 90

4, 291. 34

4, 732. 34

4, 535. 75

4,234.63
4, 076. 53

4, 218. 44
4,061.53
4, 183. 31

4, 028. 95

4, 199. 08

4, 043. 57

3, 558. 95

3,446.61

3, 370. 60
3, 269. 60

6, 966. 49
6, 7C9. 16

6,470.25
6,299.72

6, 155. 56
6,001.03
5, 155. 46
5,046.61

3, 891. 39
3, 890. 32

Observed Zeeman
eilect

(0. 46) 1. 46
(0.48) 1.44

(0. 51) 1. 09
(0.45) 1.10

(0.00) 1.32

(0.00) 1.23

(0.00) 1.44

(0. 00) 1. 47

(0. OOw) 0. 61, 1. 07

(0.00^)0.67 A 1

(0. OOw) 1. 13

(0.00) 1.13

(0.00) 1.68

(0.00,0.46) 1.60

(0.00,0.47) 1.26,1.70
(0.00)1.57

(0.42) 1.39 E
(0.49) 1.33

(0.00)0.72
(0.00)0.79

(0.00) 1.38

(0.00) 1.24

(0.00) 0.64
(0.00«,-)0.72

(0.00)0.79
(0.00)0.78

(0.00) 1.30

(0.00) 1.36

(0. 00) 1. 30

(0. 00) 1. 25

(0. 63) 1. 15

(0. 26) 1. 16

Calculated Zeeman effect

(0. 25, 0. 50) 1. 00, L 25, 1. 50, 1. 75

(0. 25, 0. 50) 0. 75, 1. 00, 1. 25, 1. 50

(0. 00, 0. 08, 0. 17) 1. 17, 1. 25, 1. 33, 1. 42, 1. 50

(0. 00, 0. 25, 0. 50) 0. 50, 0. 75, 1. 00, 1. 25, 1. 60

(0. 00, 0. 25) 1. 00, 1. 25, 1. 50

(0.00,0.60)0.75,1.25,1.75

(0. 25, 0. 50) 1. 00, 1. 25, 1. 50, 1. 75

(0. 00, 0. 17, 0. 33) 0. 75, 0. 92, 1. 08, 1. 25, 1. 42

(0.17,0.34) 1.08, 1.25, 1.4?, 1.59

(0. 00, 0. 18, 0. 37, 0. 55) 0. 60, 0. 78, 0. 97, 1. 15, 1. 33, 1. 52, 1. 70

1 (0 00, 0. 12, 0. 23, 0. 35, 0. 47) 0. 57, 0. 68, 0. 80, 0. 92, 1. 03, 1. 15,

/ 1.27,1.38,1.50

(0. 00, 0. 05, 0. 10, 0. 15, 0. 20) 1. 00, 1. 05, 1. 10, 1. 15, 1. 20, 1. 25,

1.30, 1.35, L 40

1 (0. 12, 0. 24, 0. 36, 0. 48) 0. 77, 0. 89, 1. 01, 1. 13, 1. 25, 1. 37, 1. 49,

/ 1.61
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Table 6.—Zeeman effects from abnormal g values—Continued

Term com-
bination

a3F3-z«GJ

„;:|,\ wty\

B»F< x«GJ

0»F« w»FJ
C*Fa B>GJ

B»Pa y'Pl
o»Pa wiD!

fi»P) //'!'

irl'i U I
I

>'

CM li /'*' !'"!

3,792.40
3,791.39

8,663.64
3, (J34. 14

3, 676. 79
8. .

r
> 17. <;y

4, 253. 5G

4,237.42

•I, IS7. L2

l, l VI. IV

3,483.01
8.461.09

Observed Zeeman
effect

(0.00) 1.21

(0.00) 1.37

(0.38)1.14
(0.31)1.22

(0.00) 1.21

(0.00) 1.26

(0.00) 1.9K A»
(0.00) 1.9(5

(0. 00) 0. 32
(0.00,1.07) 0.29

(0.00)1.21(0.00)1.21
(0.00)1.24

( Jaloulated Zeeman effect

}(0. 00,0. 05,0. 09, 0. 14) 0. 99, 1. 04, 1. 08, 1. 13, 1. 18,1. 22, 1. %1

\(0. 10, 0. 20, 0. 30, 0. 40) 0. 85, 0. 95, 1. 05, 1. 15, 1. 25, 1. 36, 1 . 46,

/ 1.55

}(0. 00,0.07,0. 13,0. 20) 0. 95, 1. 02, 1. 08, 1. 15, 1. 22, 1. 28, 1. 35

J

(0. 00, 0. 25, 0. 50) 1. 1 7, 1 . 42, 1 . 87, 1 . 92, 2. 1C

j(0.00,l.()N) 0.84,1.42,2.50

}((). 00,0. 13, 0. 26, 0. 39) o. 61,0. 74,0. 87, 1 . 00, 1 . 18, l . 26, 1. 39

3. THE INTENSITIES

No quantitative measurements of line intensities in the Zr spectra
have as yet been published. But the estimates made at the National
Bureau of Standards, as described above, and those of King and
Miss Carter, are considered sufficiently reliable to illustrate the
combination behavior of the terms. Indeed, Russell 20 has shown
that King's intensity estimates, based on an extensive series of obser-
vations, are quite homogeneous, and are nearly proportional to the
square roots of the theoretical intensities. We have, therefore, based
the discussion which follows almost entirely on the Mt. Wilson
intensities, supplementing them only where necessary with our own
estimates.

For many of the Zr I multiplets, and especially those of the quintet
system, the intensities appear to follow the requirements of the rules

derived independently from quantum theoretical considerations by
Russell,21 by Honl and Sommerfeld,2* and by Kronig.23 According to

these rules those lines within a multiplet are strongest which represent
a transition for which the change in the inner quantum number J
is in the same direction as that of the term quantum number L, lines

exhibiting the same Aj increasing in intensity with J. Kronig's
formulas show further that the total intensities of a triad of multiplets

having a common term will differ, that being strongest for which the

change AL in the term quantum number is in the same direction as

the change Ak in the azimuthal quantum number of the current
electron.

Hut there are many Zr I lines which individually show abnormal
intensities, and, in the triplet system, there are several multiplets
which appear to be in contradiction with the first of the above rules.

Most of tne individual lines with intensities too high or too low repre-
sent combinations of which at least one of the combining terms is

perturbed by a near-by term with the same inner quantum number.
The perturbing terms also belong, apparently, to the same electron

configuration. The effect is entirely analogous to that of the abnormal
Zeeman (fleets described above, two related terms sharing their

transition probabilities as well as their g values. All the singlet-

* Proa Nat. /Load. Sal., ILp. 822; L926.
•i 1W. Nut. Acad. SO., 11, p. 31 1; 1926.

aa Sitz. Ber. A.kad. Wiss. Horlin.p. 141; 1926.
«3 Zeit. fiir I'hysik, 111, p. S8.

r
.; L826; 33, p. 261; 1925.
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quintet intersystem combinations may be thus accounted for. For
example, the low term a1~D2 participates with its companion &3P2 in

combining with 25P°,j/6P°, z5B°, y
5B°, s5F°, and y

5¥°. Again,

a!G and a5¥ each combine with high terms of the other system which
are undoubtedly perturbed by terms with which they normally
combine. The data illustrating this may be summarized as follows:

F§'
;

G-5j
a lG combines with< ..*>ru, ^perturbed by<

^ 3<

r^Pf 'z3Pf, v*~Dl

z^~D°2 z*D°2
vl~D°2 r*~Dl

a5F combines with< ym -perturbed by< y
5U

xm 2/
3G§

um P
3B§

z'-Gl ,x3Fl

The second type of intensity abnormality is to be found in certain

triplet system multiplets resulting from combinations of a common
high term with low terms arising from different electron configurations.

The effect is displayed most markedly in several multiplets with
a3F and 6

3F as final terms, and consists of an inversion of the normal
intensity relations within the multiplet; that is, the strongest lines

result from combinations of terms of lowest inner quantum numbers.
In Figure 4 the data illustrating this effect are shown graphically, the

areas of the semicircles being drawn proportional to the intensities, the

black ones representing the observed values and the open ones the theo-

retical values. For comparison the multiplets involving the term a3G
are also shown. It is to be noted that the graph is not intended to show
the intensity relations between the different multiplets, but only of

the individual lines within a multiplet.

4. INTERPRETATION OF THE OBSERVED TERMS

All the terms which have been observed for Zr I can be accounted for

satisfactorily by means of the quantum theory of the atom. Accord-
ing to this theory, the final formulation of which is due to Hund,24 the

terms on which a spectrum is built up represent the resultants of the

interaction of the valence electrons of an atom. The neutral Zr atom,
atomic No. 40, has 40 electrons outside the nucleus of which 36 form
the closed groups of the krypton shell. The 4 remaining electrons

are the series or valence electrons, 2 of which are assigned to the 4 3

orbits of the N shell, and 2 to 5.i orbits of the O shell. The configura-

tion of these electrons is designated by the symbol 4d2
• 5s2

. But it can
so happen that 3 or all 4 of the valence electrons occupy 43 orbits

leaving but 1 or none in the 5i orbits. In such cases the configurations

are symbolically designated as 4d3 -5s and 4<i
4

. The terms which
result from these electron configurations are given in Table 7. For
comparison with them the terms which have actually been found are

given in the third column of the table. Thus it is seen that the low
and metastable terms of Zr I all originate in the electron configura-

tions just described, the configuration Ad2
' 5s2 representing the state

of minimum energy or the normal state of the neutral atom.
With the absorption of energy by the atom, an electron is removed

from one of the configurations just described to an outer orbit. New
electron configurations ensue, of which the most conspicuous are those

24 Linienspektren und periodisches System der Elements, Julius Springer, Berlin; 1927.
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in which one of the i raked to a -

r
> 2 orbit.

The configurations containing one bp electron will produce groups of

odd terms, as shown in the table, which will combine strongly with
the low and metastable Nearly all the terms required by

try for the configurations 4d2
• 5s • I />, and h/-o. tcept

• of the singlets, ha\ a for Zr I.

the energy of the atom h migrating electron will enter

5j and - and the new configurations will be 4d2 'b8'Qs,
itc. The terms will be even, and will combine with the

odd terms of the middle group. Owing to their origin in configura-

tions similar to those gr\ i d metasl r

'is, they will

form Rydbere scries witli LL iponding terms of the low group.

As Table 7 shows, only a few of these high, series-forming terms
i q identified. The limits of these series will be the low terms

of Zr II coming from the configurations 4d2
-os, 4</

3
, and 4d- 5s2

, which
result when the neutral atom has lost one of its electrons. From our
work on the analysis of Zr II are taken the limits given in the last

column of Table 7.

Table 7.

—

Theoretical and observed terms of Zr I

?o con-
figuration

1

Theoretical 1 Observed terais
Limit in
Zr 11

PF a«F,a»F
a*P,a«P

5*» IQ 6»Q
i) a'D a*D
•-

0*S a»S

i
;

FJ) F b*F
<fP, 63p 6<P

3H,iH </iH a«H
id*- 58 iG, *G a'G, 6>G a^G

IF, »F C3F 6JF
»D,iD a3D,6'D 6*D
IP,1P cP 6»P
•D, iD c'D

id* »D, »H, 'G, »F, 3D, 'P, il, iG, IF, etc.

'*G°, 5F C
° 3D° 2;n°. z*F°. 2flD°, 2 sO°. z"F°, 23D° a<F

»D°',«r .

mo 1Q& ipo
j,5D°, z»p°, «SS°. 1/3D°, z/

3P c
, l/»s°

. 3D°, 2'G 6
, i/'F°

a'P
[

W-5s-5p &»a
3G C

. 'F°,JU C ,:G°. 1F ,1D° a*F
l°ip° • c

, 2'F°, 2lD°,2U >0 a^D
1 'D°,'P ,3?°,iD

, U x ,D o 2T o ,3S
o

yiD
° 7ipo a^P

jpo '

rl po 0*8

(•50°, !F°, JD° 3G° 3F° 31)° y5G°. i/iF°.r«D°, y^G°, y*F°. i^D°
WJ»D*,tf»P*,p«S ,t»D

6«F
'D°, *P°', »S°, »D° '»P° "8 6<P

id }I°, iG° IF*
E»I°,» I!°./-G°, 2'l°,JilI°.

! a*H
<'.°,«3F ,yJn°. yiC} c

,
i'iF° a*G

*, iD° 'i-°,;iD <! 6'F
:F° 3D , 3p°,'iF ,'iD ,'ip°
r iyt 'p°' 'sOn"' i p o ,'is°

Do,p»P°,siFo,*iDo,z»P WD
&5P

»| ip^iFVD ', ip° r»F°, g5D°, u3P°, wi¥°, u'iD°, wiP° CD
id-5t'-5p 3F°, 'D°, »P°, IF

, »D°, >P° .o«D°,f3po tPD
f'F, 3F 1 T,t F a«F

a«P
6»G

id^js-te

»P,lp *P
i a=S

a<F
JH,«G, -F, >D,»P, MI, Ml, iK, U), iP aiF

*F, '

i 1 a'P
»F, ' 1

1

a>P
idi-Ss-M

,

6K3
I

L), ID

id*; Zr til)

43324°—31- 10
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There are no definitely established rules for tracing the observed
terms of a complex spectrum back to their parent terms in the ion.

Therefore, the assignment of the terms to their proper electron

configurations is attended with some uncertainty. However, there

are certain properties of complex terms and their combinations which
give important clues as to their origin. For example, the quintet

terms of Zr I can arise only from the addition of s and p electrons

to the quartets of Zr II, and similarly, the singlets can arise only from
the doublets of Zr. II. The triplets, however, are derived from both
doublet and quartet terms. The relative positions of the terms in

the term diagram and their separations will, in general, follow those

exhibited by the parent terms of the ion. And further, the intensi-

ties of the term combinations will indicate the nature of the transitions

involved in accordance with Kronig's rule as stated above, those being
strongest for which the change AL in the term quantum number is

the same as the change Ale in the azimuthal quantum number of the

series electron.

It was on the basis of these principles that the assignment of the

observed terms to their electron configurations was made, as shown
in Table 7. The quintets fall into such clearly defined groups that

there seems to be no uncertainty in allocating them. Among the

triplets and singlets no such unmistakable groupings occur, and the

assignments which have been made are admittedly open to revision.

However, a partial check on the correctness of these assignments is

afforded by the characteristic, noted above, of mutual perturbations
exerted on each other by related terms. And conversely, it seems
from the data at hand for Zr I, that neighboring terms_ of the same
inner quantum number are unrelated, that is, have different elec-

tronic origins, if they fail to exhibit mutual perturbations. A further

check on the correctness of the term assignments would be furnished

by the application of the irregular doublet law to the Zr I terms and
the corresponding terms of Cb II. Progress in the analysis of the first

spark spectrum of Cb is not sufficiently advanced, however, to permit
this at the present time. In Figures 1, 2, and 3, the terms which have
been grouped together in Table 7 are connected with dotted lines.

The origin of the term/5G is not certain. It lies too close to e
5G,

and its combinations are much too strong to consider it as a second
series member of the 4d2 -5s-md configurations. Eussell 25 has found
an analogous term in Ti I, which, owing to its association with
similarly situated 6D and 5F terms, he has assigned to the configura-

tion 3d2
• 4p2 with a3F of Ti III as limit. We have found no trace of

the corresponding D and F terms in Zr I, but becauseof its position

in the term diagram we assign the term /
5G provisionally to the

configuration 4d2
• 5p

2
.

We may now consider the raies ultimes of Zr I. In his discussion

of the spectra of the elements of the Fe group Russell 26 has pointed
out that the raies ultimes and resonance lines for the arc spectra

originate in the transition dn~2
-s

2->dn~2 -s"p, in which n is the number
of electrons outside the argon shell. Except for K and Cr the

resonance lines are invariably intersystem combinations of long wave
length, whereas the ultimate rays are of much shorter wave length

25 Astrophys. J., 66s p. 415; 1927. 26 Astrophys. J., 66, p. 212; 1927.



Arc Spectrum of Zirconium 667

falling generally in the blue or violet. An apparent exeeption to

fhese rules in the case of Ti I has been shown by Harrison and Eng-
wieht - 7

to be unreal. These rules give physical meaning to the
empirical rule stated several years ago by Meggers, Kiess, and
Walters,- 8 and subsequently elaborated by Meggers and Laporte,29

that the raies ultimes originate in the Lowest term of the spectrum and
result from its combination with a term of the same multiplicity but
of Lvalue one unit greater, whereas the resonance lines represent an
mtersystem combination between the lowest term and a term of

higher multiplicity. For Zr I we find that the resonance lines and
s ultimes conform to these rules, the former being given by the

combination a8F—

~

5F°, and the latter by u3F—

2

3G°, of which the
principal lines are: 4,688.45, 4,633.99, and 4,575.52 A. These three
lines, of Temperature Class I, appear in the fully developed spectrum
with intensities much lower than do the neighboring blue lines,

4,687.8 to 4,815.6 A, also of Class I, which were designated by
de Gramont 30 as sensitive lines in the visible region for spectrochemical
analysis; and they are definitely weaker than the lines 3,601.18,

3,547.69, 3,519.60 A which are among the most intense of the entire

arc- spectrum and form the main diagonal of the multiplet a3F

—

x3G°.
But on spectrograms obtained at the National Bureau of Standards,
of elements containing Zr as a minute impurity, the lines cited above
as the ultimate rays prove to be the most sensitive ones, whereas the
others, which must be classed as penultimate rays following Russell's 31

terminology, appear much more faintly or not at all. Thus, both
the resonance lines and the raies ultimes of Zr I result from the
electron transition requiring the minimum transfer of energy, and the
terms which combine to produce the lines all have a4F of Zr II as

parent term.

5. SERIES AND IONIZATION POTENTIAL

Only sLx terms of the third group have been identified combining
with odd terms of the middle group. Of these only two, e

3F and

/
5F, form sequences with the low terms a3F and a 5F. These sequences
represent the migration of an s electron from the O shell to the P
shell, and are satisfactorily represented by a simple Rydberg for-

mula, owing to the loose binding of the s electron in its orbits. The
3F terms will have a4F of Zr II as limit, but the 5F terms wall converge
to 6

4F, the component series of each sequence approaching their

different limits in the manner shown by Hund.32 In Table 8 are the
results obtained from six series for the distance between the lowest
terms of Zr I and Zr II. The individual determinations are in good
agreement and their mean, 56,077 cm" 1

, is adopted as the value
of a3F2

—a^Fiy,. This represents the work required to remove an 8

electron from the atom and corresponds to an ionization potential of

6.92 volts.

» J. Opt. Soc. Am. <fc Rev. Sci. Inst., 18, p. 296; 1929. « Compt. Rend., 1C6, p. 367; 1918.
» J. Opt. Soc. Am. & Rev. Sci. Inst., 9, p. 872; 1921 3 ' Afltrophys. J., CI, p, 223; 1826.
» J. Opt. Soc. Am. <t Rev. Sci. Inst., 11, p. 460; 1925. »» Linienspektren, p. 18-1.
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Table 8.

—

Series limits of Zr I

Term a3F2 a3F3 a3F4 c«F3 a«F4 a5F 5

Distance from limi ,, cm-1 _- 56, 636 56, 226
-763

55. 888 64,064
-2, 895

53, 787
-3, 758

53,952
-3, 3G0Reduction to g*Fim , Zrll -315 -1,323

Reduction to a*F2,

{-a»Fa~

Zr I +570 +1,241 +5, 023 +5, 889 +5, 540

0«Fi3 56, 321 56, 033 55, 806 56, 192 55, 918 56, 192

Mean (a^Fi*—

a

3F 2) =56,077 cm"'
Ionization potential= 56,077X1.2345X10-<=6.92 v

Table 9.

—

Identification of Fraunhofer lines with Zr

Observed Solar Observed Solar

X
Inten-

X
Inten- Identifi-

X
Inten-

X
Inten- Identifi-

sity sity cation sity sity cation

9, 276. 94 1 6.92 -1 4, 414. 14 4 .121 -1 Ti
8, 296. 54 2 .571 -2 4, 390. 15 2 .116 -2
6, 994. 38 12 .385 -3 4, 389. 61 2 .644 CH
6, 853. 85 3 .863 o

4, 346. 53 5 .563 2 Fe
6, 849. 29 8 .314 -2N 4, 345. 58 2 .608 -IN

6, 762. 38 20 .407 -2 4, 325. 44 10 .489 -2
6, 160. 27 2 .234 -3 4, 321. 44 2 .424 ON
5, 984. 24 6 .279 -2 4, 304. 68 8 .724

5, 735. 70 12 .712 -1 Ca? 4, 225. 25 3 .220 V+
5, 555. 33 2 .357 -3 4, 220. 65 3 .654 -1 Sa+

5, 545. 42 8 .430 -3 4, 166. 51 4 .534 -2
5, 518. 06 2 .099 -2 4, 134. 32 4 .343 3 Fe
5, 487. 52 2 .524 -1 N 4, 087. 68 4 .707 -2
5, 460. 71 3 .701 -3d? 4, 053. 67 2 .691 -1
5, 407. 63 10 .619 -1 Cr+ 4, 050. 48 5 .495 -1

5, 405. 13 4 .141 _2 4, 028. 95 7 .991 -2
5, 280. 06 10 .071 -1 Fe 4, 007. 59 8 .614 -1 d? Fe
5, 243. 46 5 .472 -3 4, 004. 87 4 . 919 1

5, 224. 94 9 .941 Cr Ti 4, 001. 22 2 .243 2

5, 223. 62 2 .632 -2 Ti 4, 001. 09 3 .112

5, 215. 58 2 .577 -2N 3, 989. 50 6 .450 -IN Ce+
5, 165. 97 8 .966 -3 3, 981. 59 10 .622
5, 161. 01 7 .026 -2 (C-) 3, 978, 73 6 .777 -2
5, 158. 68 6 .665 -3 (C-) 3, 976. 17 2 .187 —2
5, 145. 46 1 .470 Ti 3, 963. 79 5 .806 _2

5, 136. 78 3 .802 -2 3,926.78 5 .779 -2
5, 120. 44 7 .425 Ti 3, 901. 49 3 .486 -1
5, 105. 56 5 .547 4 Fe-Cu 3, 892. 02 5 .017 _2 Mg?
5, 070. 27 12 .297 -3 (C-) 3, 780. 53 18 .518 -1 CN
5, 032. 42 2 .385 -2N 3, 714. 13 10 .158 -2N

4, 996. 35 10 .383 -2 3, 656. 88 5 .859 -3N
4, 962. 30 5 .294 — 2 Sr? 3, 612. 55 2 .520 -2
4, 933. 66 7 . 673 -2d? 3, 596. 29 2 .314 -3

8 .269 -3 3, 577. 55 6 . 566 -3 CN
4, 789. 12 5 .139 -2 3, 558. 95 4 .985 -3 CN

4, 707. 78 5 .764 -1 1 V.' 3, 549. 73 5 .766 -3d? CN
4, 040. 12 3 .108 -2 \? 3, 548. 68 2 .652 -3 CN
4, 634. 63 3 .607 _2 3, 535. 16 8 .159 -3N
4, 624. 07 1 .092 -1 3, 612. 35 ] .382 -2
!,. !.."., 1 .559 -3 3, 503. 27 2 .304 -2N

4, 582. 29 5 .313 ON 3, 494. 44 4 .413 -3
4,57194 2 .905 -Id? La+ 3, 493. 66 3 .696 1 Fe
4, 570. 59 1 .611 -2d ? 3, 487. 81 3 . 82

1

—

2

8 0.001 -1 N V 3, 483. 01 ', .018 4 Fe
4, 513. 34 2 .327 2 3, 478. 78 8 .786 Fe

4, 482. 49 3 .441 -3 3, 476. 02 3 .027 -2N
5 . 452 -2N Cr? 3, 472. 89 5 .905 -2 Cr

4, 450. 27 7 .237 -2 3, 472. 72 2 .715 -3N
4, 448. 94 3 -1 N :„ 465. 63 7 .646 1 Ti+
4, 420. 25 1 .288 3, 430. 94 3 .956 -2
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Table 9.

—

Identification of Fraunhofer lines with Zr—Continued

Observed Solar Observed Solar

X
Inten-

\ Inten- Identifi-
X Inten-

X
Inten- Identifi-

sity sity cation sity sity cation

3, 426. 93 4 .913 _3 NH 3, 243. 98 10 4.030 -3N
3, 416. 68 4 .677 Fe o. 226. 47 4 .463 -IN CM
1411.78 2 .752 -2 3, 223. 34 3 -1 OH
3. 409. 40 2 .399 -2N 3, 216. 57 3 . 547
3, 40S. 54 4 .505 -2d ? 3, 212. 02 30 .006 2 Fe

3, 386. 90 2 .879 -2 3, 185. 68 2 .675
3, 326. 43 & .424 NH 3. 1S5. 08 .093 —3
3, 316. 21 5 .198 -2d? 3, 132. 08 15 .056 4 Cr
3, 297. 64 2 .667 -2 3, 121. 95 2 .970 -1
3, 293. 45 2 .479 -1

3, 092. 25 3 .234 -3
3, 285. 18 3 .199 1 -Ce+? 3, 085. 34 10 .332 1 Fe?
3, 261. 06 2 .066 -Id? Cd 3, 052. 80 2 .787
3, 260. 11 15 .146 -2 3, 052. 00 2 1.9S7 -2N
3, 256. 00 2 5.983 -3
3, 254. 2S 10 .262 v 4 Ti+

IV. ZIRCONIUM IN THE SUN
In our paper on the first spark spectrum of Zr we showed that many

j

faint lines in the solar spectrum, whose origins are unknown or doubt-
ful, can be accounted for by combinations of terms of Zr II. These
include lines which are theoretically possible, but do not appear in

laboratory sources in emission. We have carried out a similar survey
for Zr I.

The wave lengths of Table 3 have been compared with those of

ithe Fraunhofer lines listed by St. John and his associates in their

recent Revision of Rowland's Preliminary Table of Solar Spectrum
jWave-Lengths.33 All coincidences which are not already assigned b}^

them to Zr are given in Table 9. No doubt some of these will prove
to be blends, especially those coinciding with lines already assigned

to other atomic origins. There are many problems of physics and
'astrophysics which are based on such characteristics of the absorption
lines which appear in the spectra of the sun and stars, as their wave
lengths and contours. It is of importance, therefore, to know with
certainty the chemical origins of the lines and the extent to which
they are affected by blending.

It is a well-established fact that stellar spectra exhibit features that

have not been duplicated in the laboratory. For example, more mem-
bers of the Balmer series have been observed in absorption in the

stars than have been observed in absorption or in emission in labora-

tory sources. And likewise, multiplet lines which appear only faintly

or not at all in artificial sources may appear in stellar spectra with
(intensities revealing higher transition probabilities than those given

Iby the quantum theory, as shown by the recent work of Woolley 34

'and of Struve.35 Many of the Zr I multiplets fail to show their full

icomplement of lines in the laboratory and some which represent per-

jmissible transitions do not appear at all. We have calculated the

,Wave lengths of these lines from the terms given above, and have
[compared them with the solar lines, with the results shown in Table 10.

*3 Carnegie Institution of Washington, Publication No. 396; 1928.

3* Astrophys. J., 72, p. 256; 1930.
* Astrophys. J., 72, p. 267; 1930.
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Again we recognize the possibility of fortuitous coincidences, but
in cases where two or more lines of the same multiplet appear we
believe the identifications are real.

Table 10.

—

Identification of Fraunhofer lines with calculated lines of Zr

Calculated
X

Solar

Term
combination

X Intensity
Identifi-

cation

6, 224. 17

6, 176. 48

6, 148. 67
5, 904. 19

5, 772. 58

4.206
.463
.668
.208
.589

-3
-3
-2
-3
-2

Atm?
At m

ami-yiGl
6 3F4-»3D§
63F 3-tf

3D3

5, 535. 06
5, 466. 01

5, 440. 96
5, 374. 90

5, 366. 43

.065

.035

.984

.895

.428

-3N
-3N
-2
-3
-1

a5F2-z5S2

a3D2-1/iPi
a3Di-yiPi
a,mi-uZF°3

5, 304. 42
5, 219. 90
5, 197. 40
5, 167. 49
5, 162. 76

.438

.887

.376

.510

.734

-3
-3
-3N

5
-3

Fe

aiFi-ym
CZ¥2-PT>°2

C3P2-y3Pf
a^-y^Fl

5, 020. 04

4, 901. 34
4, 848. 47
4, 823. 06

4, 757. 33

.033

.321

.472

.086

.325

2

-3N
—2
-3
-2

Ti

-Cr?

ami-ymi
a5F 3

-25PS
aSFi-zsp?
aSBi-wiDS
a3H4-£ 3F 3

4, 723. 30
4, 682. 98
4, 673. 44
4, 642. 56
4, 398. 30

.349

.962

.446

.593

.303

-2
-2d?
-IN
-IN Fe

Ti+

a3D 2-Z 3F|
a3H 5-xiG!
a 3DH3FI
a5F2-z 3D2
a5Fi-2/ 3P8

4, 374. 62
4, 364. 00
4, 229. 43
4, 197. 48
4, 185. 35

.619
3. 978
.410
.510
.366

-IN
-2

-2
-IN Cr?

a5F2-w 3F2
a5F 3-w 3F 3

aiG 4-w 3G 4

a3F 3-?/iF§

a5F2-2:3P2

4, 149. 86
4, 149. 10
4, 100. 54
4, 064. 23
3, 996. 88

.900

.129

.510

.215

.859

-1

-2
1

-2

CN

Ti

a3HVr3F§
aiGi-w^Gl
b^Fz-x'-Gi

a 3H 4-zi3G§
a 3H~4-tfiF§

3, 990. 56
3, 979. 90
3, 968. 72
3, 947. 13

3, 946. 79

.*904

.717

.135

.815

ONd?
-1
IN

-2N

V

Co

6 3F3-?;
3P2

63F 2-wiF§
a3BVtt3G5
a 3F 3-zi>P3

63F 2^3Pi

3, 923. 13

3, 922. 02
3, 921. 40
3,918.54
3, 908. 42

.109

.022

.430

.575

.413

-1
1

Ce+

Ti

Ce+Pr+?

63F 2-s3F2
a 3F 2-z 5P!
6 3F3-«3Pi
ft
3F3-s3F3

63F4-s3Fl

3, 870. 65
3, 850. 31

3, 827. 25

3, 811. 79
3, 789. 93

.666

.305

.215

.809

.923

-1
-1

2
—2

CN
CN
CN?

CN

&3F2-s3F§
63F 3-s3F2
a 3G 4-r 3F 3

a 3F 2-ziF 3

a3G 3-r3F§

3, 787. 77

3, 786. 54
3, 751. 48
3, 748. 83
3, 696. 76

.786

.524

.451

.801

.754

-IN
-2

oiG4-2/
3H|

a3G 5-r 3FI
aiGi-ymi
a3F4-z3H2
a3G4-«'

1F§

3, 691. 38

3, 689. 73
3, 676. 83
3, 633. 30
3, 625. 77

.396

.701

.815

.309

.754

-3
-3
-3
-3N
-2

Co? '

tfGs-ymi
a 3G 4-yiHl

a 3F2-a;iD2

a3F2-2/3PI
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Table 10.—Identification of Fraunhofer lines with calculated lines <>J Zr—Contd.

Calculated Term
-\

X Intensity
Qtlfi-

combination

3.0!: 2.942 3 Fe ' FJ

3, 606. 06 .040 _'J Ti?
;;. 589. 98 -1 Mn. CN
3, 577. 72 . 746 -3 '. o»Fj
3, 668. 02 .009 -3 CN ! it»FJ

3, 567. is . 465 -3 CN o«Fi-»»F2
3,551.68 . i CN Co i

]']

3, 549. 7"< .766 -3d? CN piFl
3,531.28 .283 -3 q a^Frv I'

•

3,505.92 . 900 Ti+7 o»F>-a»Dl

3,504. 58 . 595 -3 o>Po-yiP|
... 1 .963 -3 CrTi " !'•

3,
••

. U5 ;\ Co h-'-Fi-h^DS
3. 478. 39 . 367 asFj-tt8Ds
3, 176.94 -3 a sF2-»3FI

3, 46a 5S . COS -3N o»Fa-w*D?
3, I

"

.DM -2 Ti? a*Fi-ymi
3. 4 19. 97 .989 -2d? /)'K,-W 1GI
3, 448 .360 -3N Co a6Fs-vFDz
3, 427. 7.". .766 -2N r^Yi-ymi

3, 426. 93 .913 -3 XII aiGi-r(l]
3. 423. 50 .535 -IN Ml a^Fs-ll lU
3,418 28 .317 -3N e«FirP8H?
3, 404. 60 .585 Pd b*F3-wiGi
3. 404. 44 . 449 -3N aiGi-v^Gl

3, 387. 43 . [19 2 Fe 05F3-V5P2
3, 38

'

.647 -1 Ti? atQi-vmt
3,38 .314 -2 a">G 4

-..-

3,383. .097 -3N aSFi-rTi
3.3."

. 082 -2N wFr V

3,344.53 .524 2 Ca--La+ o«Fi-»*Pa
3,32 1 a*F t-w*Q$
::. 322. 70 . 705 -1 o»F3^r*D1
3. 309. 52 .531 2N Ti- a^Fi-wWl
3,2*0. 17 .499 -3N a^Pi-w^DS

3. 255. '.9 IX
3, 21 & 97 . 985 -2 Co? a>Vy,
3, 207. 90 .894 -2 Ti a^Fi-i^Po
3. 1 37. 93 .900 -3 aiFz-x>Ul

3,154. 10 .421 1 a?>F3-v*G°3

3, 147. 77 1 Fe a3F 3
-F3p|

3,104 . .172 2N La+ o«Fg-it»P3
*1.02 .006 1 a^F t-v'F\

V. CONCLUSION AND ACKNOWLEDGMENTS

The structure of Zr I as portrayed in (lie preceding pages beauti-
fully illustrates the effectiveness of the quantum theory of the atom
to account for a complex spectrum. Not all the terms postulated by
the theory have been established, but there is hardly room for doubt,

that among the lines of Zr I remaining unclassified or unobserved will

be found the clues to the missing terms. Mosl of the unclassified

lines lie in the ultra-violet, and probably result from the binding of

;m electron in a 4 4 orbit. We have sought for evidence of the f

coming from the 4/ electron, both in Zr I and in Zr II, but wit]

. although both Zr III and Zr JV possess groups of lines r<

j

senting the I n 4/ -h/. In each of these spectra, how<
energy of the order of 15 or 20 volts is required to remove an electron
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from a 4j orbit to a 4 4 orbit, which is far in excess of that required to

e the Zr atom.

In conclusion, we take this opportunity to express our thanks to all

thoc have aided us in the investigations of the Zr spectra

ribed in this and in the preceding papers. To Dr. A. S. King
arter, to the late Prof. B. E. Moore, and to Prof. H. N.
re particularly indebted for placing at our disposal unpub-

lishe rations and results of their investigations. To Mrs. F. J.

Stimson, E. Z. Stowell, D. D. Laun, and B. F. Scribner, former and
a oaembers of the bureau's staff, we are indebted for the assist-

ance they have given us in making the observations and calculations

which this work is based.

shington, February 12, 1931.


