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THE STRUCTURE OF THE SPECTRUM OF SINGLY IONIZED
ZIRCONIUM

By C. C. Kiess and Harriet K. Kiess

ABSTRACT

Seventy-five per cent of the lines observed in the spark spectrum of zirconium
have been classified as combinations between terms of the quartet and doublet
systems of Zr II. The terms which have been found are in all cases those required
theoretically for an atom with three outer electrons. All the terms, except one,
which can possibly arise from configurations of the electrons when they occupy
4d, 5s, and 5p orbits have been found. Of the terms possible when one of the
electrons removes to a bd or 6s orbit only a few have been found, of which some
form Rydberg series with the low terms. In all, 10 pairs of series-forming terms
have been detected with either 3F, J G, or *D of Zr III as limit. The results given

by these different series for the distance between a4
Fij^, the lowest term of Zr II,

and a3F2 , the lowest term of Zr III, are very consistent, the mean value being

113,175 cm-1
, corresponding to an ionization potential of 13.97 volts for the ion

Zr+ . The irregular doublet law shows a close parallelism between the term

i

structures of the neutral Yt atom and the singly ionized Zr atom. The list of

Zr II lines appearing in the sun is extended and includes lines which have not

been observed in laboratory sources but may be calculated from permissible

combinations.
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I. INTRODUCTION

The analysis of the first spark spectrum of zirconium presented in

this paper is a part of a general investigation of the spectra of this

element in progress for more than a decade at the National Bureau ol

Standards. This investigation had as its object not only the accurate

description of the spectra as far as the available spectrographs equip-

ment at our disposal would permit, but also the discovery ol the

series relations which would reveal the structure of the spec tin.

As a first contribution in the completion of this research a previous

paper ' by one of us, presents lists of wave lengths from 2,100 A in 1 he

ultra-violet to 9,300 A in the infra-red which are characteristic ol the

Zr atom in its neutral and three ionized states.

B. S. Sci. Papers, No. 548, 22, p. 47; 1927.
1205
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A second contribution, by Kiess and Lang,2 presents an analysis of

the spectra Zr III and Zr IV. In this paper the extreme ultra-violet

portion of the spectrum as observed with a vacuum spectrograph is

described and the classification of the lines, as characteristic ol the

doubly and trebly ionized Zr atoms, is shown to be in strict accord

with recent theories of spectral structure. ;

•

With the new wave-length data at our disposal, we soon iound

many pairs of lines separated by constant wave-nuniber differences,

which have since proved to be term separations ol Zr 1 and Zr LL

With the clue to the nature of complex spectra which was furnished

by the work of Catalan 3 on Mn. and of Frl. Gieseler 4 on Cr, we were

able to link together many of the constant difference pans into more

or less fragmentary multiplets. However, progress was slow, for

there were no temperature classifications of the lines available at that

time, and the interpretation of the anomalous Zeeman effect had not

yet been found. So we turned aside from Zr for a while and devoted

our attention to the spectrum of Ti for which temperature classifi-

cations were available, and in which we expected to find a small-scale

pattern of the Zr regularities.

Following our work on Ti,5 which in the meantime had been

advanced as a result of Lande's 6 quantum theoretical interpretation

of the anomalous Zeeman effect, we returned again to the Zr spectra.

The Zeeman effects observed by Moore 7 were now interpretable, and,

through the kindness of Dr. A. S. King, of the Mount Wilson Obserya-

troy, we had an advance copy of the results obtained by him and Miss

Carter 8 for the temperature classification of the Zr lines. Little

difficulty was now experienced in placing most of the stronger lines

into mutiplets of the quintet and triplet systems of Zr 1 9 and of the

quartet and doublet systems of Zr II.
10

II. EXPERIMENTAL

1. WAVE LENGTHS AND INTENSITIES

When the analysis of Zr II had progressed far enough to account

for nearly all the strong lines in the published tables of wave lengths,

it was seen that additional observations in the ultra-violet shorter

than 2,100 A were desirable. The Hilger Ex quartz spectrograph of

the Bureau of Standards was, therefore, adjusted to record the region

down to 1,900 A, and new observations were obtained with it of both
the arc and spark spectra. In addition to these prism spectrograms,
a few more were obtained with the spectrograph carrying the concave
grating ruled with 20,000 lines per inch. The wave lengths derived
from these more recent plates have been averaged with those already
published in the lists referred to above, and are presented in the
second column of Table 2 of this paper. This list of wave lengths
supersedes that published in the earlier paper. Faint lines omitted
from Table 2, but present in the earlier list have been found to be

lour. Research, 5, p. 80S; 1930.
Phil. Trans. Roy. Boc, A 9U, p. 127; 1922.

• \;m. dci l'liysik (IV) G9, p. 147; 1922.
J. Opt. Boo. Aim. & Kov. SO. Inst., 8, p. 607; 1924
• Zeit. fur l'liysik, 1.% p. 1K9; 1<J23.
7 Astrophys, J., 2N, p. 16; 1908.

"I'hys, J., fi.
p
,, i>. 88: 1»27.

• Popular Astronomy, II, p. 647; 1923; 33, p. 255; 1925.
10 J. Opt Sou. Am. A: Kov. Sci. Inst., 12, p. 427; 1926; 14, p. 140; 1927.
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spurious or are due to impurities. The letters b and B following the
intensity estimate indicate that the line is nebulous, and the Letter I

that it is asymmetrically shaded toward the red. Some of these
asymmetrical lines closely resemble unresolved band heads, but there
is no evidence of band structure on the plates.

Some of the newer spectrograms were given prolonged exposures so
that a finer discrimination could be made of the intensities than is to

be found in the published lists. On the grating spectrograms all the
strong lines show ghosts of the Rowland type. In a study of the
ghosts produced by the Bureau of Standards gratings n the ratio of

the intensities of parent line to first ghost was set equal to 10:1 for

the first order spectrum, and 10:3 for the second order spectrum.
Lines which were not strong enough to show ghosts were assigned

intensities ranging from to 9. Lines with ghosts of intensity to 1

w^ere assigned an intensity 10. The intensities of all stronger lines

were obtained by multiplying the estimated intensities of their ghosts

by the above ratios. The intensity scale for the prism spectrograms

was obtained from the scale set up for the grating plates in the region

from 2,200 A to 3,100 A, which was photographed by both spectro-

graphs. The intensities thus derived are entered in Table 2, where

they are compared with similar estimates made by King from arc

sources.

2. THE ZEEMAN EFFECTS

New observations of the Zeeman effect have also been made for

this investigation. In 1924 the late Prof. B. E. Moore, of the Uni-

versity of Nebraska, made for us several exposures with the magnet

and spectrograph of the Brace Laboratory. They were made on long-

strips of Eastman ordinary and panchromatic films and covered the

region from 7,000 A in the red to 3,200 A in the ultra-violet. The

source employed by Moore was a spark maintained by a 5,000-volt

transformer between electrodes of carbon which had been impreg-

nated with zirconium solutions. The field strengths were of the order

.of 28,000 gausses/cm2 and were derived from measurements of the

sodium D lines and the calcium H and K lines which appeared as

iimpurities on the films. All the films were measured and reduced at

'the Bureau of Standards.
,

Quite recently the Bureau of Standards obtained a water-cooled

!electromagnet of the Weiss type. Preliminary experiments with it

iin conjunction with the large grating spectrograph have given some

!very excellent results for several elements, including zirconium 1 tie

(source was a condensed spark maintained by a 2,500-volt transformer

.'between metallic Zr electrodes mounted in brass holders. With a

current of 150 amperes on the magnet a field strength ol ^,.3UU

gausses/cm2 was attained with a 7 mm gap between the poles. BoUl

ithe parallel and normal components were obtained in juxtaposition

/on the spectrograms by means of a Wollaston prism. The zinc and

copper impurity lines which appeared on the plates proved very

useful in calculating the field strength. The region.covered
I

by these

recent observations extended from 4,100 A to 5,900 A in toe second

order of the spectrograph. Some ultra-violet lines of the overlapping

third order spectrum were thus obtained.

» J. Opt. Soc. Am. & Rev. Sci. Inst. 6, p. 417; 1922.
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To secure additional Zeeman effects for lines in the ultra-violet

some observations were made with the Hilger Ex quartz prism
spectrograph also. The resolving power of this instrument is only a

third that of the large grating spectrograph and, therefore, the results

obtained with it do not attain very high accuracy. Nevertheless,
Shenstone and Blair 12 have found such Zeeman effects observed by
them with a similar instrument quite serviceable in the interpretation
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of Ag II and other spectra. The exposure times are short, ranging
from a lew seconds for the most intense lines to 5 or 10 minutes for
mos listed m Table 2 as of intensity 3. This fact makes it possible
to use higher currents on the magnet and narrower gaps between the
pole pieces, thereby securing the additional resolution of the magnetic
pattern afforded by stronger fields. With a current of 160 amperes

Phil. Mag. (VII), 8, p. 766; 1929.
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and a 5 mm gap between the poles a field strength of 35 500
gausses/cm2 was maintained. The Zeeman effects thus obtainedm this investigation lie between wave lengths 3,061 V and 2 449 \
and are appropriately marked in Table 2 with the suffix Et .

III. STRUCTURE OF THE FIRST SPARK SPECTRUM
1. THE TERM SYSTEMS

It was mentioned above that the first regularities detected in the
Zr spectra were pairs of lines separated by constant wave-number
differences. Of these, Av = 559.5 and 448.8 were observed to link
together many of the strong lines in the near ultra-violet. Even-
tually these A*>'s were found to be characteristic of a low 4F term in
combination with higher D, F, and G terms of the quartet system.
In fact, the four lines at wave lengths 3,572.47, 3,496.18, 3,438.23,
and 3,391.96, which were designated by de Gramont 13 as the rates
.ultimes of Zr in the photographic region, constitute the principal
diagonal of the multiplet 4F- 4G°. The theoretical interpretation
of the spectrum, given below, confirms de Gramont's characterization
of these lines.

With the basic term of the spectrum established, it was soon
possible to locate the low 4P terms and the second low 4F term. The
identity of these terms was verified by the Zeeman effect. The
doublet system was more difficult to unravel, but several well-ob-
served Zeeman patterns in Moore's list enabled us to fix with cer-
tainty the low P, D, F, and G terms, and to connect them with the
quartet terms already found. Of the doublet terms a2D is lowest,
lying in the term diagram just above the second of the low 4F terms.
;The terms which have been found to account for the spectrum of
Zr+ are given in Table 1. Figures 1 and 2 show graphically the rela-

tions between these terms. The symbols used in defining the terms
are those recently proposed as standard by Russell, Shenstone, and
jTurner. 14

» Compt. Rend., 166, p. 365; 1918. " Phys. Rev., 33, p. 900; 1929.
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The lines belonging to Zr II and their classifications are given in
Table 2. In the first column is given the key number of the line,
the full significance of which is to be seen in Table 3, which, at a glance
shows the term combinations of the different multiplets and also the
number and types of terms with which any particular term combines.
Thus, for example, it is seen that the term a2D, the lowest of the
doublet system, combines with every odd term of the middle groups
except 2

2H° with which combination is impossible owing to the
restrictions imposed by the selection principle for inner quantum
numbers. The wave lengths of all the lines entered in Table 2 were
derived from measurements of Bureau of Standards spectrograms,
except the last 9, which were measured by Lang on the plates obtained
by him with the vacuum grating spectrograph of the University of
Alberta. 15 Of more than 900 lines in the table, 75 per cent have
been classified on the basis of the terms of Table 1. Of the unclassi-
fied lines (210 in number) some may be due to impurities and a few
may belong to Zr III and Zr IV; but there is good reason to believe
that most of them properly belong to Zr II. Many of them possess
the property of being nebulous. In spectra which have been fairly

well worked out such lines invariably result from combinations of

high terms with those of the middle group. Similar term combina-
tions would satisfactorily account for them in Zr II. Indeed, a few
terms of the high group have been foimd which combine with middle
terms, and the lines resulting therefrom are nearly all nebulous. It

is not easy to establish the high terms, because satellites are usually

missing, and only rarely does a high term combine with more than
one of the lower terms. No Zeeman effects are available to interpret

such lines, and the best one can do is to estimate their origin from
theoretical considerations. The theoretical origin of these unassigned

lines is discussed more fully in a subsequent paragraph.

Table 2.

—

Wave lengths in the spark spectrum of Zr

Key
No. XL A.

6, 787. 15

6, 678. 03

6, 346. 54

6, 313. 57

6, 114. 78

6, 106. 47

6, 100. 04
6, 028. 64

5, 477. 82
5, 418. 01

5, 350. 36
5, 350. 10

5, 311. 78

5, 191. 60
5, 124. 98

5, 112. 28

5, 000. 91

4, 925. 90
4, 908. 67

4, 894. 43

4, 854. 65
4, 841. 98
4, 816. 47
4, 761. 67

4, 734 94

Intensities

B. S. King

14, 729. 66
14, 970. 35

15, 752. 27

15, 834. 53

16, 349. 30

16, 371. 55

16, 388. 81

16, 582. 91

18, 250. 38

18, 451. 85

18, 685. 15

18, 686. 06

18, 820. 86

19, 256. 54

19, 506. 85

19, 555. 32

19, 990. 80

20, 295. 21

20, 366. 45

20, 425. 70

20, 593. 07

20, 646. 95

20, 756. 36

20, 995. 18

21,113.70

Term com-
binations

62F3M-Z2GS*
6*Pik-z»P!k
62Dik-z4F!h

&2G4H-Z2F3K
62D 2>*-z4F3h
62Pok-z 2Pox
c2D2k-1/2D?k
&2Djk-z<D2h

c2DiK-l/ 2Dfo
cJDjk-V2I)Sm
& 2D2k-V 2Dik
6 2D2h-I/ 2D5h
a 2H«M-z*FSK

62DiH-»,I)'M

62Q4H-z2GSh
a 2SoK-z2Piw
62G3H-z2G!h

&«Pik-z»FJk
WPik-I/'Poh
«2G4H-z4GJ*
62G4H-z,G5«
62Pok-V2Poh

Observed
Zeeman
effects

(0.37) 1.09

(0.00) 1.27

(0.00) 0.66

(0. 00) 0. 78

(0.00) 1.21

(0.00) 1.17

(0.00) 0.83

Theoretical
Zeeman
effects

(0.33) 1.00, 1.67

(0.00) 1.33

(0. 00) 0.67

(0.0()) 0.W)

(0.00) 1.20

(0.00) 1.20

(0. 00) 0. 80

15 J. Opt. Soc. Am. & Rev. Sci. Inst., 12, p. 523; 1926.
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Key
X I. A.

Intensities

V
Term com-
binations

Observed
Zeeman
effects

Theoretical
Zeeman
effects

No.
B. S. King

14
12

15

16

15

4, 719. 80
4, 703. 03

4, 685. 19

4, 674. 41

4, 661. 78

1

5

4

1

5

1

1

1

21, 181. 43

21, 256. 96
21, 337. 90

21, 387. 11

21, 445. 05

C2D 2^-22PlH
62Pih-1/2P?h
o2F2>*-y2G§H

6*PiK-a:*D?K
o2F3H-2/2G&

(0.00) 1.32
(0.00) 1.00

(0.00) 0.95

(0.00) 1.33
(0.02,0.05,0.08) _._,

0.90,0.94,0.97

(0.02, 0.05,...) 1.00,
1.03,1.05,...

16

14

17

12

16

4, 629. 07

4, 624. 86
4, 613. 95

4, 601. 97

4, 574. 49

5

1

5

2

6

1

2

1

21, 596. 58

21, 616. 24
21, 667. 35

21, 723. 76

21, 854. 25

2PlH-Z2D2H

C2Di*-Z2Pfo
a2G 3H-22r^
62 Po«-!/2P?h
62Po^-i2DIh

(0.00) 1.07

(0.00) 0.95

(0.00) 0.85

(0.07, 0.20) 1.00,
1. 13, 1. 27, 1. 40

(0.02,0.05,0.08)...,
0. 90, 0. 94, 0. 97

(0.07) 0.73,0.87

14

18
4, 565. 43

4, 553. 96
3

12 1

21, 897. 62
21, 952. 78

c 2DiH-z 2Pfo
&2F2K-z2Di>4

(0.00) 0.85
(0.00) 0.99

0.07) 0.73,0.87
(0.03,0.09)0.77,0.83

0. 89, 0. 94
(0.14,0.43,0.71)...,

0. 43, 0. 71. 1. 00, ...

(0.03,0.09,0.14)1.00
1.06,1.11,...

19

20

18

4, 496. 96

4, 495. 44

4, 494. 41

15

3

8

15

1

2

22, 231. 03

22, 238. 54

22, 243. 64

a 2F2K-z<G&

6'Pik-z*Doh
62F3h-:c2D&

(0.49) 0.78

(0.00) 1.08

20 4, 485. 44 2 22, 288. 12 6'Pjh-z'DJk (0.00) 2.12 (0.20,0.60)1.00,1.40,
1. 80, 2. 20

(0.02,0.05, ...) 1.00,

21

17
4, 482. 04
4, 461. 22

3

10 5
22, 305. 03
22, 409. 12

fc
2F3H-22H$H

a 2G 4^-z2F!H (0.00) 1.06

20
19

4, 457. 42

4, 454. 80
8

10
10
8

22, 428. 23

22, 441. 42
6<Poh-z<Doh
a 2F3H-z 4G3>*

(0.00,1.30)1.33,2.17
(0.43) 1.08

1.03,1.06, ...

(1.33) 1.33
(„. 0.40,0.58) ...

0. 91, 1.06,1. 22, ...

22
23

24
20

4, 445. 88
4, 442. 99

4, 442. 50

4, 440. 45

1

25

2

10

12

1

5

22, 486. 44
22, 501. 07

22, 503. 55
22, 514. 17

62Dih-z2Pih

4P 2H-Z 2F3H
6<Pix-2<DiH

(0.00) 0.97

(0.80)0.91,1.43,1.95

(0.01,0.03,...) ...

0. 94, 0. 96, 0. 98

(0.27,0.80)0.93,1.47

25 4, 429. 34 2 22, 570. 41 c2Di^-y<F2^
2.00

20

25

4, 414. 54

4, 404. 81

5

2

5 22, 646. 08

22, 696. 10

6<P2x-z<D2K

c2D2>*-!/4F3H

(0.57) 1.42

(0.00) 1.30

(-.0.34,0.57)...
1. 26, 1.48,1. 72, ...

(0.02,0.06,0.10) ...

20
26
17

4, 403. 35

4, 401. 35

4, 899. 44

6
2
2

3 22, 703. 62
22, 713. 94
22, 723. 82

6<Po^-z<D?h
a 2G 3^-2<F^
a 2G 3H-22F3

°>
i

(0.68) 0.43,1.90
1.22,1.26,1.29

(0.73) 0.47,1.93

27
28
29
23

4,388.50
4, 383. 10
4. 382 95
4, 379. 78

2

1

1

9 8

22, 780. 45
22, 808. 52
22, 809. 29
22, 825. 81

62P 1H-i2FlH
6 2D ih-j/<Doh
62G 3h-i/<F!h
a 2HjH-z 2GlH (0.00) 1.02 (0.01,0.03, ... ) 1.00,

20 4, 370. 96 8 6 22, 871. 87 64Pik-z4D5^ (0.00) 0.83
1.02,...

(0.18,0.54)0.83,1.19,

20 4, 359. 74 10 8 22, 930. 72 6 <P2H-z <D|h (0. 00m;) 1. 07 A> (0.09,0.26,0.43)1.00,

30
31

83

•1. 842 88
4. 889. 50

1, 887. 68

1

3

5

1

1

1

23, 023. 19
23, 037. 36
23, 047. 61

*>
2D 1H-j/<FfH

a 2F 3H-z 2FI^
c2Di>i-j/2F^ (0.00) 1.20

1.17,...

(0.03,0.09) ...0.89,
32 4, 886. 86 2 23, 054. 36 c2D2«-i/2FJh

0.94

88

18

88

4. 383. 88

•1. 828. 62
4. 817. 88

1. 81288

15

3

2

12

3

1

3

1

23, 070. 74
23,111.49
23, 122. 29
23, 156. 03

23, 183. 36

62F3k-z2F3°h
6 2G 3«-i/<D2K
J»
2Pix-y*Pfc

a 2F2H-z <GiH

62D2h-I/2F5h

(0.00) 1.13

(0.00) 1.13

(0.00) 1.14

(0.06,0.19,0.32) ...

1.18,1.30

88

SB

30

a;

4,806.94

4,801.8]

4, 293. 14

4

5

8

7

1

1

1

1

23,201.06

23, 239. 51

23, 266. 93

23, 286. 44

a 2Hw-zJG3x

62D 2M-i/«F5H

VQzH-vmH

(0.77) 1.13

(0. 00) 0. 73 A»

(0.00) 1.35

(0. 00) 0. 66 A»

(...0.71,0.91) ...

0. 81, 1.01,1. 21, ...

(0.06,0.19, ...) 0.67,

0.80,0.92,...
(0.02,0.06,0.10) —

1. 26, 1.29

(0.02,0.05,0.08) —
0. 94, 0. 97
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Table 2.

—

Wave lengths in the spark spectrum <>f Zr—Continued

Key XI. A. -

Intensities

f
Term com-
binations

Observed
Zeetnan
effects

Theoretical

No.
B. S. King

Zcrmun
effects

38 4, 289. 18 2 23, 307. 94 c2Dsh-V 4DIh

39 4, 286. 51 5 1 23, 322. 46 a^H-z'Dfo (0. OOw) 0. 49 A 1 (0.16,0.47,0.78)
0.11,0. 12,0 .

33 4, 282. 21 6 23, 345. 88 ^Fsh-^FSh (0.00) 0.87 (0.00) 0.86

19 4, 277. 37 4 1 23, 372. 30 a*F3M-z<G5x (0.00) 1.28 (0.02,0.04 ) ....

1.21,1.27

(0.24,0.71)0.14,0.6240 4, 273. 52 4 2 23, 393. 35 a2PiH-z 2F5n (0.21,0.67) O.OOw

41 4, 266. 72 1 5 23, 430. 63 6«PoM-!/ 2D!>i'

30 4, 264. 91 4 1 23, 440. 58 62Dih-V4F2H (O.OOw) 1.38 (0.11,0.34) I. 1 i,

1.37

42 4, 258. 05 12 10 23, 478. 34 a 2D 2H-z 4 G2>i (0. 70, 1. 27) 0. 00, 0. 40
0. 91, 1. 39, 2. 00

(0.31.0. 91. 1.57)0.26
0.37,0.88,1.51,2.14

37 4, 236. 56 5 3 23, 597. 43 vGix-vmx (0. OOw) 0. 76 (0.02,0.05 ) 1.00,

1.03,1.06,...
(0.03,0.09,0.14) 1.00

1.06,1.11,...
36 4, 231. 64 8 2 23, 624. 77 62Dsk-# 2F3K (0.00) L21

43 4, 224. 27 3 2 23, 666. 09 a2Pi>*-z4FiK

41 4, 222. 41 3 23, 676. 51 64PiH-|/ :
r>2!-i (0.00) a 63 (0.27,0.80) 0.40,

0.93, ...

26
42

4, 215. 76

4, 211. 88
1

12 10

23, 713. 86
23, 735. 70

a 2G4«-z<F4°H
a 2DiH-z4G2H (0.00) 0.61 (0.11,0.34) 0.23,

0. 46, 0. 69, 0. 91

28 4, 210. 62 5 23, 742. 81 o-'Di^-^Dfo (O.OOw) 1.41 (0.29,0.86) 0.51,1.08,

1.66,2.23

31 4, 208. 99 30 20 23, 752. 00 a2F 2M-22F2H (0.00) 0.88 (0.00) 0.86

44 4, 205. 91 2 23, 769. 40 6 2F 3^-y<P2X

34 4, 191. 50 6 23, 851. 11 biGiM-V^l* (O.OOw) 0.69 (0.16,0.48, ...) 0.00

0.32,0.63, ...

28 4, 186. 70 12 23, 878. 45 62D2H-I/4E>3H (O.OOw) 1.49 (0.11, 0.34,0.57)...

1.54,1.77,2.00

36 4, 179. 81 15 23,917.81 62Dih-1/2F3>* (O.OOw) 1.25 A 3 (0.03, 0.09) 0.77,-

0.83, 0.89, 0. 94

45 4, 161. 20 20 15 24,024.78 a^-z'Ff* (O.OOw) 1.09 (0.23, 0.69) 0.17, -

0.63,1.09,1.54

43 4, 156. 24 15 15 24, 053. 45 a 2PoH-z4Fi>* (0.00) 0.70 (0.13) 0.27, 0.53

(0.00, 0.17.0.29) ...

1.20,1.31,1.43
45 4, 150. 97 10 8 24, 083. 99 a2F 3H-z4F2H (0.00) 1.26

31 4, 149. 22 75 50 24, 094. 14 a 2F 3«-z2F3H (0.00) 1.15 (0.00; 1.14

46 4, 131. 31 1 24, 198. 60 a<P2H-z <DiH
46 4, 123. 38 1 24, 245. 13 a<PiM-z4Do^

47 4, 110. 05 3 24, 323. 77 c2Pih-z2DI>4 (1.04)0.69,1.38 (0.27,0.80) 0.53,1.07
1.60

42 4,096.63 4 2 24, 403. 44 a2D 2«-z4
Q3>i (O.OOw) 0.81 A 1 (0.11, 0.32,0.54)

0.44,0.66.0.88, ...

43 4,090.52 10 5 24, 439. 89 a2PiM-z4F2>* (O.OOw) 0.81 A 1 (0.15, 0.46) 0.57,

0.88,1.18,1.49

46 4, 085. 68 5 5 24, 468. 85 a 4PoH-z4Dox (1.34) 1.33 (1.33) 1.33

46 4, 077. 05 3 24, 520. 64 <z<Pik-z4Dih

46 4,071.09 4 2 24, 556. 54 a<P2H-z <D5« (0.52) 1.45 (0.11.0.34,0.57) ...

L.26, 1.4\ 1.72, ...

48 4,050.32 15 15 24, 682. 46 a 2F2«-z2D!>i (O.OOw) 1.23 A 1 (0.03.0.010 0.77,

0.83, 0.89, 0. 94

48 4, 048. 68 25 15 24, 692. 46 a 2F 3H-z 2D«i (0.00) 1.20 (0.03,0.09, 0.11)

l.OO.l.M. 1.11, . .

47
46

4, 045. 63

4, 040. 24

15
4

10
2

24,711.07
24, 744. 04

a 2PoH-z2D?H
c^Pom-z'Di*

(0.00) 0.58

(0.69) 0.46,1.90

(0.07) 0.73,1).-:

(0.73) 0.47,1.93

49
45

4, 034. 84

4, 034. 10 5 2
24, 777. 15

24, 781. 70

a 2G3«-z 4D5«
a 2F 3H-z4F 3x (0.29) 1.20 (... 0.24. 0. 3

'

1.10,1.19,1.29, ...

45
31

4, 031. 35

4, 029. 68

2
20 15

24, 798. 60

24, 808. 88

a 2F2n-z 4F2n
a 2F2H-z2F 3>i (0.00) 1.59 A» (0.14.0.43,0.71) ...

1.28, 1.57. 1.86

46 4,024.45 12 5 24,841.12 a'PjK-z'Dfo (O.OOw) 1.25 (0.09, 0.36, 18)

1.00,1.17. 1.34.

46 4,018.38 10 4 24,878.64 a4PiK-z4D& (0.00w) 0.89 (0. IK, 0-54) 0.<l,

1 1.10, 1.66, l.W
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Key XL A.

Intensities

V
Term com-
binations

Observed
Zeeman
effects

Theoretical
Zeeman
effects

No.
B. S. King

50 4, 002. 95 2 24, 974. 54 6»PiH-w 2Dfa
51 3, 998. 98 30 20 24, 999. 33 a 2D2H-2 2F2^ (0.75) 1.08 (0.17,0.51,0.86) ...

0.69, 1. 03, 1.37,

(0.07, 0.20) 1.00,47 3, 991. 14 40 30 25, 048. 44 asp^-zZDlK (0.00) 1.00 A»
1.13, 1.27, 1.40

52 3, 984. 76 4 20 25,088.54 b*F2H-z*Q2H

50 3, 982. 01 3 25, 105. 87 W~Piy2-wiT>°2!4
51 3, 958. 24 50 25 25, 256. 63 fl2Di^-z2F!H (0.00) 0.91 (0.03,0.09) 0.77,

0.83,0.89,0.94
53 3, 941. 92 3

1 25, 361. 20 o<p 2H-i/
2r>2^

45 3, 936. 07 7 2 25, 398. 89 a 2F3H-z4Fks (0.00k;) 1.78 (0.10, 0.29, _._) ...

1.62,1.81,2.00
(0.17,0.51,0.86)0.34,48 3, 934. 80 20 10 25, 407. 08 a2F2H-z2Di^ (0.56) 1.04

0.69,1.03,1.37,1.71

52 3, 934. 14 20 15 25, 411. 35 &*Fijf-z«GSH (0.00) 1.10 (0.09, 0.26) 0.31,

50 3, 929. 54 8 25, 441. 09 62Poh-w 2Dij^ (0.00) 1.00
0.49, 0.66, 0. 83

(0.07)0.73,0.87
54 3, 923. 92 1 25, 477. 53 62D 2h-x<D2h
55 3, 922. 36 1 25, 487. 66 62P1H-i2pjH
56 3, 915. 94 25 15 25, 529. 45 a*DiK-z«Fijji (0.22) 0.74 (0.20, 0.60) 0.20,

0.60,1.00

57 3, 914. 36 7 25, 539. 75 &2F 2M-w 2DiK (0.00) 0.85 (0. 03, 0.09) 0.77,

52 3, 903. 77 1 25, 609. 03 6'F 3>*-z<G3K
0.83, 0.89, 0. 94

57 3, 881. 97 7 25, 752. 84 62F3h-w 2D!h
58 3, 874. 37 1 25, 803. 36 am^-ym^
59 3, 855. 43 3 25, 930. 12 a2D 2M-22Di^

60 3, 853. 07 2 25, 946. 00 6<P 2H-z2Pfo
52 3, 843. 03 30 26,013.78 b*F 2x-z*Glx (0.00) 0.95 (0.02, 0.07,0.11)

56 3, 838. 28 5 26. 045. 97 a*D2K-z 4FiK
0.87,0.92,0.96, ...

51 3, 836. 76 60 26, 056. 29 a 2D 2H-z2F§H (0.00) 1.12 (0.03, 0.09, 0.14)

54 3, 833. 87 2 26, 075. 93 b^T>2yi-x*T>
a

3H
1.00,1.06,1.11, ...

52
61

3, 832. 94 1 26, 082. 26 6<F4>i-z<G2^
.'•!, 827. 51

3, 827. 27
1

1

26. 119. 26
26. 120. 90

c2D2H-i/ 2G3^
62
63

3, 823. 72 1 26, 145. 15 a2P1H-z<Dfo
3, 823. 41 3 26, 147. 27 aiFsK-^DiK

60
64
59
65

54

3, 819. 84
3,818. 78

3, 817. 59

3, 814. 97

3, 813. 98

2

1

12

2

26, 171. 71

26,178.97
26, 187. 13
26, 205. 11

26, 211. 91

6<P,H-z 2P!k
6 2G3H-x<Dfo
a 2Di^-z2Dfo
b*F3H-zmx

(0.00) 0.72 (0.00) 0.80

62
66

3, 807. 41

3, 800. 73
2

5
26, 257. 15
26, 303. 29

a 2PoH-z 4DoH
a2Di^-z<F^ (0.00) 1.30 (0. 11, 0.34) 0.69,

66 3, 796. 47 20 26, 332. 81 a2G^-z2G3^ (0.00) 1.62 A 2

0.91,1.14,1.37
(0.11,0.33, ...) ...

00

67
3, 792. 32

3, 782 72
2

5
26, 361. 62
26, 428. 52

6«Poh-z2Pi*
c2Di^-y2pfo (0.00) 0.83

1.44, 1.67, L 89

(0.07)0.73,0.87
63

3, 772. 06
4

4
26, 431. 88
26, 503. 21

a2F 3«-z<D 3^
a*PiH-z*D°2x (0.00) 1.40 (0.02,0.06)1.31,1.35,

62
52

3,771.98

25 30

26, 503. 77
26, 632. 54

26, 540. 01

ff
2F 2 jrz<Dij*
^Poh-z'Dix
b*FzH-z*Glx (0.00) 1.04

1.35, 1.39, L 43

(0. 03, 0.10, „.) 0. 94,
1.01,1.07,...

67 B, 787. BO 8 26, 603. 78 c2D 2H-l/
2Pfo (0.00) 1.18 (0.07, 0.20) (U09, 113, !

65

66
1

75 30
26, 609. 73
26, 647. 74
26, 654. 50
26, 687. 80

b*F2x-ztF°2H
1.27, 1.40

59 5
a2G3H-z2G5>i (0.00) 0.91 (0.00) 0.89

68 40 m5 2*~2
!E!« (0.00) 1. 15 (0. 00) 1. 20

&2G4*-v 2g;h (0.00) 1. 07 (0. 00) 1. 11
66

5 26, 743. 77 a2D2H-zJF§H (0. 00) 1. 32 (0.02,0.00,0.10) ...

m 35 10 28, 793. oi 6*Gsk-V*GSk (0. 00) 0. 87
1. 22, 1. 26, 1. 29

(0. 00) 0. 89
28, 803. (

.'L' 6*F 4>$-z»F3w (0. 00) 1. 68 (0.10, 0.29, ...) ...

5,737.73 10 26, 818. 45 62G3H-1/2GS* (0. OQw) 1. 44
1. 62, 1. 81, 2. 00

(0.11, 0.33, ...) ...
;

1.44,1.67,1.89
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Table 2.

—

Wave lengths in the spark aptdrum ,,f
/,- (',,,,(,•

Key
No.

X I. A.

Intensities

V
Term com-
binations

Observed
Zeeman
effects

Theoretical
man

B. S. King

63 3, 721. 69 o
26, 861. 90 a'-F^-^D^

69

70
59

65
71

3,718.86

3, 717. 02
3, 714. 77

3,711.95
3, 710. 47

2

1

1

6

26, 8S2. 34

26. 895. 65
26,911.94

26, 932. 38
26,943.12

a»DiH-z»D&

fc'FHi-z-'FS.i

(0. (XV) 1.43

(0.00W) 1.31

(0.31,0.94)0.09,0.71,
I 1 1.1.97

(0.20, 0.00)0.(10, ].()(i,

1.40.1. mi

72

66
52

73
63

3, 709. 27

3, 698. 17
3,697.49

3, 692. 60

3, 682. 67

60

100
20

1

2

30

40
10

26, 951. 84

27, 032. 74
27, 037. 71

27. 073. 51

27, 146. 51

a*F3*-i/2D2H

b*Fix-z*Glx

a«P,H-z2S5H
a JF 2H-z<D3H

(0. 00) 1. 08

(0. 00) 1. 13

(0. 00) 1. 15

(0.03,0.09,0.14)1.00,
1.06,1. 11,

(0.00) 1.11

(0.03,0.09,0.15,. )

1.00,1.00,1.12,...

71
74

3, 679. 64

3, 678. 91
1

10
27, 168. 86
27, 174. 25

c2Dih-x 2D!^
62D2M-j/-T;h (0.00) 1.12 (0.07,0.20)1.00,1.13,

69
75
72

1

3, 674. 74

3, 672. 65

3, 671. 28

40
2

20

40

10

27, 205. 09
27, 220. 57
27, 230. 73

b*Fm-z*F°m
a*Fsy-z*Cx°2n
a2F 2>rj/

2D^
(0. 39) 0. 58

(0. 00) 0. 93

1 27, 1. 40
(0. 00) 0. 40

(0.03,0.09)0.77,0.83,
0. 89, 0. 94

69

76
65

3, 668. 46

3, 657. 40
3, 667. 06

8

1

3

5 27, 251. 66

27, 259. 54
27, 262. 07

6<F3H-z<F%

6<F3h-z2FJx

(0. OOw) 1. 55

(0. 00) 1. 19

(0.10,0.31.0.52) ..

1. 34, 1. 55, L 76

(-. 0.24, 0.33) ...

74

77
3, 662. 14

3,661.33
8
4

27, 298. 69
27, 304. 73

62DiH-J/
2PoH

6 2D2h-*2Dih
(0. 00) 0. 82

1. 10. 1. 19, 1. 29,

(0. 07) 0. 73, 0. 87

76
66

3, 660. 92

3, 655. 56
3

7
27, 307. 79
27, 347. 83

a 2PiH-I/ 2D2H
a 2G 3H-z 2GlH (0. OOtt') 1. 57 (0.11, 0.33 ...) ...

71 3, 651. 50 2 27,378.23 c2Dik-z2D2k (0. 00) 1. 60
1. 44, 1. 67. 1. 89

(0.20,0.60) 0.60, 1.00,

1.40,L80
(0.67) L33
(0.05, 0.14, ...) ...

1.48, 1.57,1.07

78
69

3, 650. 73

3, 636. 46
7
8 5

27, 384. 01

27, 491. 46
a 2So>^-w 2PoH
b*F^-z*FIH

(0. 68) 1. 34
(0. 00) 1. 54

77
79

80
69
72

3, 633. 49

3, 630. 03

3, 629. 12

3, 614. 79

3, 613. 43

10

10

1

18
2

10

40

27, 513. 93
27, 540. 16

27, 547. 06
27, 656. 26

27, 666. 65

b2-DvA-x'-D°2x
6<F2tf-z2D?H

62G4K-z2H?k
6<F2H-z 4F5H
a 2F2H-J/2D&

(0. 00) 1. 18

(0. OOw) 1. 70

(0. 00) 1. 04

(0. 00) 1. 20
(0.11,0.34)0.69,0.91,

1.14. 1. 37

(0.00) 1.03

75

78
80

81

82

3, 613. 08

3, 612. 34

3, 611. 90

3, 607. 39

3, 599. 91

12

3
15

7

7

40

8

5

27, 669. 35

27, 675. 02
27, 678. 39

27,713.00

27, 770. 58

a*FiH-z*QlH

WGix-zmix

6<P2H-z'S!h

c2Dj^-i2F^

(0.86)0.94

(0. 37) 0. 53

(0. 00) 1. 06

(0. OC.v) 1. 33

(0. 00) 1. 02

(0.23, 0.69. 1.14) ...

0.34,0.80,1.06 ...

(0. 33) 1. 00, l

(0.01,0. 03 ...) ...

0. 94. 0. 90. 0. 98

(6. 38, 0.60)L 88, 1. JO,

1. 80, 2. 90
10.03. 0.09. 0.14)1.00.

1.08, l. 11,...

83 3,588.80 2 27, 856. 55 a<P2H-z2P?« (0. 00) 1. .54 (0.13,0.40) 1.20.1.47.

woo
(•.01,0.06, 0.11

1.22 1.28, I. '»

.0.60.

1.00

79

79

3, 588. 32

3, 587. 98

6

7 10

27, 860. 27

27, 862. 91

6<F3h-z2D2H

6<Fih-z2D!h

(0. 00) 1. 50

(0. 26) 0. 52

74
81

3, 582. 08
3, 578. 22

2
7 4

27,908.80
27, 938. 91

6jDi^-i/2Pi«
^Pi>4-z<S!h (a 25) LSI (0.13. 0.40) 1.60. 1^7.

2. 13

69
69

75

3, 576. 88
3, 573. 09

3, 572. 47

20
8

30

40
8

100

27, 949. 38

27, 979. 02

27,983.88

b'FsK-zmn
6«Fi«-z«F!h

a*FiK-z«Gfo

(0. 00) 1. 25
(0.31,0.96) ..., 0.67,

1.35,8.81
1

• N A •

(0.00) 1.21

1 0.31, 0.94) 0.09,0.71,

1.34, 1.97

9. 08,0 30 0.31,0.49,

0.66, 1

0.64, o.M) ...

o. 7*>. L01
84 3, 568. 14 4 28,017.83 o 2FjH-z2G3ji (0.81) LOB

77 3, 565. 41 5 28,039.29 tfDiK-z'Dfc (0.00)0.84
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Intensities
Term com-
binations

Observed Theoretical
Key X I. A. V Zeeman

effects

Zeeman
effectsNo.

B. S. King

70 3, 561. 11 1 28, 073. 17 fr-Pix-V^lx

85, G9 3, 55G. 61 30 60 28, 108. 66
/a2D2K-2<D2>S

}(0.00) 1.31 (0. 00) 1. 33

81 3, 554. 09 7 28, 128. 59 ^Pom-z^Sih (0.37) 1.55,2.39 (0. 33) 1. G7, 2. 33

75 3, 551. 94 18 40 28, 145. 62 aiFz'A-ztGlx (0.69) 1.14 _. 0.64, 0.89) ..

0.86,1.11,1.37,..

86 3, 549. 51 10 28, 164. 88 6<P2H-z4Pfo (0.00) 1.44 (0.07,0.20)1.40,1.54,
1. 67, 1. 80

80 3, 542. 65 25 10 28, 219. 42 biQi^-zmiya (0. 00) 1. 11 (0.01,0.03, ___) 1.00,
1.02, 1.04, _.

77 3, 539. 05 4 28, 248. 13 Wix-X^ik (0. 00) 1. 59 (0.20,0.60)0.60,1.00,
1. 40, 1. 80

(0.09, 0.26,0.43) ...79 3, 536. 94 5 28, 264. 98 6<F2H-22D2^ (0. 00) 1. 12

0.94,1.11,1.28,...

87 3, 530. 85 6 28, 313. 73 WGix-xmH (0. 00) 1. 06 (0.02,0. 05, ...) 1.00,

1.03,1.06,...

86 3, 529. 99 5 28, 320. 63 6<PiH-z<Poh (0. 41) 1. 09 (0. 47) 1. 27, 2. 20

93 3, 527. 42 7 28, 341. 26 62D 2K-z2Ffo (0. 00) 1. 06 (0.03,0.09,0.14)1.00,
1.06, 1.11, ...

69 3, 525. 81 8 10 28, 354. 20 6<F 2h-z4F§^ (0. 00) 1. 53 (0.10,0.31, 0.52) ...
1. 34, 1. 55, 1. 76

94,85 3, 520. 87 5 28, 393. 98
fa2D2H-24D 3°^

\a 4 P2K-2/ 4Ffo }(0.00) 1.73

87 3, 514. 64 4 28, 444. 31 62G 3k-j2F^
83 3, 512. 67 3 28, 460. 26 a<PiK-22Po^

88 3, 511. 55 2 28, 469. 34 C 2D2M-3/ < P2Mi
89 3, 510. 46 7 4 28, 478. 18 a2D 2W-2/2Dfo (0.00m;) 1. 55 (0.20,0.60)0.60,1.00,

1. 40, 1. 80
(0. 87) 0. 87, 2. 6090 3, 507. 66 4 28, 500. 91 a'Pi^-^DoH (0.81)0.96,2.48

86 3, 506. 48 2 28, 510. 50 6'Poh-z 4Po*;
86 3, 506. 04 4 28, 514. 08 6<P 2^-z<P^ (0. 00) 1. 70 (0. 00) 1. 60
75 3, 505. 67 12 20 28,517.09 a <F 4H-z <G|^ (0. 80) 1. 27 (... 0.57, 0.73) ...

1.09,1.25, 1.42,...
91 3, 505. 47 15 10 28, 518. 72 a2H5>$-I/

2G4H (0.00) 1.13 (0.01,0.03, _..)

1.00, 1.02, 1.04, ...
82 3, 500. 15 4 28, 562. 06 C2DiH-X2F2H (0.00) 0.94 (0. 03, 0. 09) 0. 77,

0. 83, 0. 89, 0. 94
69 3, 499. 58 8 6 28, 566. 72 &«F3H-z<F5^ (0. 00) 1. 48 (0.05,0.14,...) ...

1. 48, 1. 57, 1. 67

90,86 3, 497. 90 12 28, 580. 43
/6<Poh-z <Pi^
WP°2ya-V*'DiyJ }(0.36) 1.33,2.26

/(0.20, 0.60) -1.00,

I 1. 40, 1. 80, 2. 20

79 3, 497. 00 2 28, 587. 76 6<Fi^-z2D!^
75 3, 496. 18 50 200 28, 594. 50 a 4F2K-z4G3H (0.00) 1.00 (0. 02, 0. 07, 0. 11)

0.87,0.92,0.96,-.
83 3, 485. 31 5 28, 683. 67 a<PoHi-z2P5^ (1.05) 1.72 (1.00) 1.67

93,92 3, 483. 54 12 30 28, 698. 25
fa2P,H-z2Sfo
\62D2x-a;2F2^ }(0.34) 0.98, 1.63 (0.33) 1.00,1.67

94 3, 481. 44 2 28, 715. 56 a 4PiH-2/ 4F?H

84 3, 481. 14 35 80 28, 718. 03 a 2F3H-z2Gfo ((0.00) 1.09 (0.02, 0.05,—

90
84

3, 480. 40
3, 479. 39

5

30
5

60
28, 724. 14

28, 732. 47
a<P ^-j/<DoH
a2F 2^-z2G§^

(1.30) 1.44

(0.00) 0.90

1.00, 1.03, 1. 06.. .

(1.33) 1.33
(0.02, 0.05,0.08)...

89

BO

a, 479. 02 5 10 28, 735. 53 a 2DiK-2/2Dfo (0.00) 0.90
0. 90, 0. 94, 0. 97

(0.00) 0.80
3 2 28, 739. 82 6<P1h-2«P2h (0.00) 1.47 (0.07, 0.20) MO,

1. 54, 1. 67, 1. 80

'.<;,
3, 478. 29 4 5 28, 741. 56 a<F3H-z2F2H (0.00) 1.93 (0.19, 0.57, 0.95)...

87 8,471 H 8 100 28, 800. 76 WGsh-^F^ (0.00) 0.93

1. 43, 1. 81, 2. 19

(0. 02, 0. 05, 0. 08)

94 :t. tag m 4 28, 810. 72 a<P2^-l/4F|^ (1.20) 1.43

...0.90,0.94, 0.97

(0.29, 0.86, M3)-_
91 3, 463. 02 35 30 28,868.29 amiH-yiQ°3yj (0.00) 0.95

0.74,1.31,1.89,.-.
(0.01,0.03, -.) —

91 :t. m '.c 3 28, 893. 91 a2H4x-i/2Gfo
0. 94, 0. 96, 0. 98

90 10 10 28, 902. 43 a'PiK-i^Df* (1.05)0.63,1.37, 2.02 (0.27, 0.80) 0.93,

1. 47, 2. 00
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

x I. A.

3, 457. 56

3, 454. 57

3, 443. 57

3, 438. 23

3, 437. 16

3, 433. 90

3, 432. 41

3, 431. 57

3, 430. 53

3, 424. 82

3, 424. 64

3, 423. 82

3, 419. 10

3, 414. 65

3, 413. 39

3, 410. 26

3, 408. 09

3, 404. 84

3, 403. 69

3, 402. 87

3, 402. 52

3, 399. 36

3, 396. 66

3, 396. 34

Intensities

B. S. King

3, 394. 63

3, 393. 12

3, 391. 96

3, 388. 29

3, 387. 87

3, 378. 30

3, 377. 45

3, 376. 25

3, 374. 71

3, 373. 42

3, 369. 27

3, 367. 81

3, 363. 81

3, 362. 70

3, 359. 96

3

10

100

15

12

30
3
3

400

2

25

400

80

40

4

10

8

30

15

2

7

8

4

10

28, 913. 88

28, 938. 91

29, 031. 34

29, 076. 43

29, 085. 73

29,113.09

29, 125. 73

29, 132. 86

29, 141.

29, 190. 27

29, 191. 81

29, 198. 80

29, 239. 11

Term com-
binations

a 2D 2 i.rj/JD5«

a2G 3H-I/
4F:H

a<F3H-2«G5H

a2Pox-z 2S5*
a<P2H-I/

4D5H

a<PoH-y*DiH
a 4 Pi><j-!/4F3x

6<F 4ji-z4I>3K

a<F 2H-z2F3H

6<PiH-z<D5x

29, 277. 21 a*G*jf-0*FiK

29, 288. 02

29, 314. 90

29, 333. 56

29, 361. 56

29, 371. 48

29, 378. 56

29, 381. 58

29, 408. 90

29, 432. 27

29, 435. 04

29, 449. 87

29, 462. 97

29, 473. 05

29, 504. 97

29,508.63

29, 592. 22

29, 599. 66

29, 610. 18

29, 623. 70

29, 635. 03

29, 671. 53

29, 684. 39

29, 719. 69

29, 729. 50

29, 753. 74

a4P2H-l/ 2Ffo

6<F3h-z4D!«

a 2G3>K-j/4r)2^

6<F 2H-z<Dfo

a 2HjH-z2HJ>i

6<Poh-z4E)o^
6'FiK-z 4Dfa
62Di^-2:2 F2>4

a 4F2H-z 4FiH

a*FiH-z*Qlx

a<Fi>i-z2F2H

a2G 3>rI/
2F3H

a 2G3«-!/ 4F3H
6»F 3m-z*D3K

a«PiH-i/ JF2X

a 4P2H-z < SIj^

a 2G4H-I/2F3H

6«P 2«-i<D2>i

6<F lH-z<DiH

6«F 2}rZ<D:«

a«Pj-I/JF§H

a 2H 1/4-z2H?H

Observed
Zeeman
effects

(0.00) 1.20

(0.00ir) 0.64

(0.00) 1.11

(0.65) 1.28

(1.07) 1.42

(0.85) 0.00, 1.54

(0.29, 0.91) 0.00,

(0.00) 1.19

(0.37) 0.84

(0.00) 1.82

(0.00) 0.78

(1.29) 1.40

(0.00) 1.12

(0.00) 0.47

(0.00) 0.88

(0.00) 0.54

(0.00) 1.52

(0.00) 0.57

(0.00) 0.95

(0.30,0.90) 0.60

(0.00) 1.58

(0.00) 1.46

(0.00) 1.13

(0.22,0.60) 1.51

(0.00) 0.67

(0.55) 1.30

(0.34) 0.00, 1.00

(0.00u>) 1.35

(0.00) 0.94

(0.40) 1.48

(0.00,1.13)0.79, 1.53

(0.76) 1.20

(0.00) O.OOto

(0.00) 0.93

Theoretical
Zeeman

(0.00) 1.20

(0. 07, 0. 21, 0. 35)
0.54, 0.68, 0.82,..

(0.03, 0.10, ...)

0.5)4, 1.01, 1.07,..

(0.67) 1.33
(0.11. 0.34,0.57) ...

L.26, 1.48,1.72,...
(0.73) 0.47, 1.93

(0.35. 1.06) 0.03,

0.68, 1.38, 2.09
(0.05, 0.14, ...)

1.00, 1.10, 1.19...

(0.09,0.26, 0.43) ...

0.77,0.04, 1.12,..

(0.10, 0.29, ...) ...

1.62, 1.81, 2.00
(0.06, 0.19, ...)

0.C7, 0.80,0.92,.,

(0.37, 1.11, 1.86) ...

0.49, 1.23, 1.97,..
(0. 07, 0. 20, 0. 33)

0.91, 1.04,1.17,...

(0.24, 0.72, 1.21)

0.16, 0.32, 0.65...

(0. 09, 0. 26) 0. 77,

0.94, 1.12, 1.29

(0. IS, 0. 54, 0. 90)

0.35, 0.70,1.06,..

(0.09, 0.27, ...)

...1.5-5, 1.73, 1.91

(0.20) 0.20.0.60
(0. 03, 0. 09) 0. 77,

0. 83, 0. bQ. 0. 94

(0. 18, 0. 54) 0. s.3,

1. 19, 1. 55, 1. 92

(0. 27, 0. 80) 0. 93,

1.47,2.00

(0. 31, 0. 94) 0. 09,

0.71,1.34.1.97

(0.03, 0.09, ...)

1.00,1.06. 1. 12,...

i0.23, i) 69) o. 17,

0.63, 1.09, 1.54

(0. 02, 0. 05, 0. as) . .

.

0. 90, 0. 94, 0, 97

(... 0. IS, 0.C7) ...

l.ii. tit i

(0.41, L.81) " 1-.

0. 46, 1. 80,2 17

(0.20, a oo) loo,

1. 40.

(0.02. 0.05, ...)

1.00,1.03,1.06,—

(0.11,0.34,0.57) ...

(0. 40, 1. 20) 0. 00,

ii. St,

(0. 17, 0.51, 0.8«) ...

(•.It,
0.09,0.46,11

(0.00) 0.91

18296°—30-
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Key
No.

X T. A.

Intensities

B. K. iKing

Term com-
binations

Observed
Zeeman
effects

Theoretical
Zeeman
effects

110

105
106

101

103

95

9,96

111

112

111.

108

113

111

102

108

3, 357. 26

3, 356. 08

3, 354. 39

3, 344. 80

3, 343. 81

3, 340. 55

3, 338. 41

3, 337. 93

3, 334. 62

3, 334. 25

3, 331. 90

3, 327. 67

3, 326. 81

3, 322. 99

3, 319. 03

3, 318. 52

3, 314. 49

3, 313. 70
3,311.34

3, 309. 90

3, 306. 27

3, 305. 15

3, 302. 66

3, 296. 41

3, 295. 03

[3, 288. 81

3, 287. 31

3, 285. 89
3, 285. 77

3, 284. 72

3, 282. 84
3, 280. 75

8, 279. 20

8,278.89
3, 276. 37

8, 27:.. 65

8,27* 16

8, 27:',. 04

8,272.21

3,271. 13

3, 260 11

8,242. 18

3,241.01

3, 287. 64

8,286.61

8,286 17

50

4

125

L60

•ID

29, 777. 67

29, 788. 14

29, 803. 14

29, 888. 59

29,897.44

29, 926. 61

29, 945. 80

29, 950. 10
29, 979. 83
29, 983. 16

30, 004; 31

30, 042. 45
30, 050. 21

20, 084. 75

30, 120. 65

30, 125. 28
30, 161. 90

30, 169. 10
30, 190. 60
30, 203. 73

30, 236. 89
30, 247. 13

30, 269. 94

30, 327. 33
30, 340. 03

30, 397. 41

30, 411. 28

30, 424. 42
30, 425. 53

30, 435. 26

452.68
472. 09
485. 93
489. 37
512. 82
519. 53

30, 524. 19

80,

30

30,

L5 30,

543.86
551. 61

561.70
620. K>

898. 71

766. 22

834. 58

845. 71

878. 76

887. 64

891.86
934. 66

968. 48
962 2.".

a<FiH-z 4Ffo
a 4F3>*-z4F2>$

a2P1H-22Pfo
a2G4K-2/*D§^

6*PiK-a:«D§H

a4F4K-2<F§^

a*Pi>i-24S!H

a2D 2M-z2G§^
a 4P2M-ff4D§H

64F2>i-2
4D3^

64Fih-z 4D2>4
a 2H5H-z2H%
c2Pih-z 2Poh
a4F2H-z2DiK

a2PiH-2/ 4D5H
o2F2h-z2Pih

a 4 Po>i-z4S?H
a2PoK-z 2Pfo
a2G 3H-2/

4D^
a*F2y2-z*F2ya
a*F2x-zmx

fd2DiH-w2F2K
\b*Fm-x*my2
a 4PlH-24Pfo
^PiH-^Ffo

ra4P^-2 4PlH
\a 4F 3H-z2D2H
64Fi^-2/2DJh
a 4P 2>*-z4P2H
amvt-zmix

a4FiK-z2Di>i

c 2D2H-^ 2F>2>i

a2PoK-22P§H
a 4F 3>i-2

4F§>i
z2Pfo-f2D 1H
fl

2 PoK-*V 4D8x
aWtx-xmx

64F 2h-J/
2D2h

a 4F 4H-z4FlH
a«FiM-z<FiH

fl
2DiH-z2S5*

a 4PoH-z4Pfo

a2F 2K-l/4Ffo
c jn iH-MJ 2DiK
c2D2H-^PfH

a 4F 2^-22D2>i

a2F3H-I/ 2F3H

c2DiH-m;2D5h

62D2H-«;2D!H
a4F 2«-2 4F3H

z2P;H-f2D 2Vi
a*Fni-y*Fix

(0.36) 0.53
(O.OOm-0 1.56

(0.00) 1.33

(0.00) 0.57

(0.00) 1.06

(0.00) 1.52

(0.00) 1.82

(0.00) 0.71 Ai

(0.00) 1.09
(0.38) 1.00,1.68
(0.00) 1.47

(0.62) 0.66,1.34
(0. 00w) O.OOw

(0. 36) 1. 55, 2. 15

(0.00) 1.56

(0.00) 1.00
(0.00) 1.25

(0.00) 1.29

(0. 42) 1. 34

(0.00) 1.73

(0. 00) 1. 61

(0. 00) 1. 60

(0. 31) 0.

(0. 00) 1. 19

(0. 00) 0. 62
(0. 00) 1. 28

(0. 00) 1. 12

(0. 00) 1. 30
(0.33,1.00) ...,1.37,
2.04

(0.57) 0.00,1.24
(0.46) 1.31

(0. 00) 0. 98
(0. 00) 1. 24

(0.15) 1.09

(0. 00) 1. 51

(0. 00w) 1. 55

(0.41) 1.22

(0.00) 0.40
(0.10, 0.31,0.52)...

1. 34, 1. 55, 1. 76
(0.00) 1.33
(0.16, 0.48, ...) 0.00
0.32,0.63,...

(0. 18, 0. 54) 0. 83,
1. 19, 1. 55, 1. 92

(0.05, 0.14, ...) ...
1. 48, 1. 57, 1. 67

(0.13, 0.40) 1.60,

1.87,2.13

(0. 09, 0. 26, 0. 43)
1.00, 1.17,1.34,..-

(0.00) 1.09
(0.33) 1.00,1.67
(0. 11, 0. 34) 0. 69,

0.91,1.14,1.37

(0.67) 0.67,3.00
(0.24, 0.71) 0.14,

0. 62, 1. 09, 1. 57

(0.33) 1.67,2.33
(0. 33) 1. 00 1. 67

(0.00) 1.03

(0.06, 0.17,0.29)...
1. 20, 1. 31, 1. 43

(0.09,0.26,0.43) 1.00,

1.17,1.34,...
(0.47)1.27,2.20

(0. 00) 1. 73

(0. 00) 1. 60
(0.09, 0.27, ...

1. 54, 1. 73, 1.

9

(0. 20, 0. 60) 0. 20,

0.60,1.00

(0. 00) 1. 20
(0. 00) 0. 67
(0. 00) 1. 24

(0.09,0.26,0.43)....
0. 94, 1.11,1. 28, ...

(0. 00) 1. 33

(0. 31, 0. 94) 0. 09,

0. 71, 1. 34, 1. 97

(0.60) 0.20,1.40
(0.47) 1.27,2.20

(0. 00) 0. 80
(0.07,0.20)1.00,1.13,

1. 27, 1. 40
(0.09,0.26,0.43) ...

0.94,1.11,1.28,...

(0.20,0.60)0.60,1.00,
1.40,1.80

(0.10,0.31, 0.52) .._

1.34, 1.55, L 76

(... 0.24,0.33) ...

1.10,1.19,1.29,...
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X I. A.

Intensities

222. 48
218.68
214. 19

212. 85

210. 98

208.32
204. 36

200.67
197. 08
191. 93

182. 86

181.94

.122
122

3, 181. 58

3, 178. 10

125 3, 166. 29

126
122

3, 165. 98
3, 165. 45

120
121
119

3. 164. 32
3, 161. 01

3, 159. 12

124 3, 157. 00

118
122
126

3, 155. 95
3, 155. 68

3, 138. 66

122 3, 133. 49

126 3, 129. 76

124
127
126
128

3, 129. 16
3, 128. 79

3, 125. 92
3, 125. 21

135

129

128

3, 122. 61

3, 116. 68

3, 115. 73

3, 113. 92
3, 111. 15

126 3, 110. 87

130
122

3, 110. 52

3, 106. 58

126 3,099.22

126 3, 095. 07

127

1

131

j 127

1 128

3, 091. 30

3, 089. 34

3, 089. 00
3, 088. 28

3, 086. 44

132
130

3,061.93
b, 080. 05
3, 075. 55

3, 074. 55

3, 073. 93

126

3,070.18
3, 008. 32

3, 068. 02

King

8 10
15 10

8 12

10 80
7 10

20 25
2
5

10 15

1

10 20
25 50

25 20

12 40

10 25
1 1

12 40
4 5

1

4/

2 1

7b, I

2 3

8 20

1

35 40

10 25

12 25

1

16

1 1

1

2

16

16

i

16

06
26
2

V

31, 023. 07
31.059.70
31, 103. OS

31,116.06

31, 134. IS

31, 159. 99
31, 198. 50

31, 234. 46
31, 209. 53

31, 319. 98

31, 409. 23

31,418.31

31, 421. 86

31, 456. 27

31, 573. i

31, 576. 69
31,581.97

31, 593. 25
31, 626. 33

31, 645. 25

31, 666. 50

31, 677. 04
31, 679. 75
31, 851. 53

31,904.08

31, 942. 10

31, 948. 23
31. 952. 01

31, 981. 34

31, 988. 61

32, 015. 24

32, 076. 15
32, 085. 93
32, 104. 58

32, 133. 16

32, 136. 06

32, 139. 67

32, 180. 43

32, 2.56. 85

32, 300. 10

32, 339. 49

32, 360. 01

32, 363. 57

32,371. 11

32,390.41

:;2,4;(7. si

32. 4.
r
»7. fil

:v_>, SOS. 09
:;_'. ..l L67
32, 522. 23

32. 561. 95

32, 581. 69

32, 584. 87

Term com-
binations

a«Puf-s4Dtx

a'PiH-i'Ooi,

a'F3.4-i/2F3>i

a2D2x-z'Pfo

a2F 2.4-2/<D5.j

n 2F3H-J/
4D^<

a iF2x-x*'D2X

a'-FiM-ym*
62Dih-w2Di.h
c2Dih-z2Pok

a»DiH-z2PiH

atF2x-y*Fhi
a<PoH-3r 4Dt^
a<F 3K-z<D2H

a iFm-x i T>°2^

a<F 2H-z4DiH

a2DiH-?2PSH
an>iH-zn>°0H
a<Fix-z*Db<4

a2F3H-z 4F2x

a2D 2>rz/
4D]K

a<F 3H-z4D3H

6*DiK-:r2Pfa
a*V2H-x*F>l'i

a*Fix-z 4Vhi

a<Fjx-z<l);H

a*FoH-: ''"
•

« 2 D2h-v 4 f;h

a 2DnrI/ 4 DiH

/>•!','» U I' -(

a'Fjii-z'UjH

Observed
Zeeman
effects

(0.00) 1.15

(0.00) 1.53

U>. I."-) 1.00

(0. 00) 1. 14

(0. 00) 1. 02

(0. 60) ?

(1. 30) 1. 40
(0.78) 1.48

(0. 55) 0. 83

(0. 44) 1. 44

(0.29) 1.00

(0.00) 0.85

(0. 73) 1. 05

(0.69) 0.46,1.

(0.00) 1.03

(0.00) 1.05

(0. 00) 0. 91

(0. 00) 0. 85

(0. 00) 0.50

(0. 00) 0. 93

(0. 50) 1. 31

(0. 00) 1. 19

n. in) o.oo,

(0. 68) 1. 12

Theoretical
Zeeman
effects

(0.00) 1.20

(0.05.0. 14, ...)

L I 7.1.07
(0.09.0. 2li,0.4.1

1

0.77,0.94,1. L.

(0. 00) 1. 14

(0.07,0.20) 1.00, 1.13,

1.27,1.40
(0.26,0.77,1.29) .

0. 60, 1. VI, l

(1.33) L83
(0. 27, 0. 80) 0. 93, 1. 47.

2.00
(-. ".71. 1.00) ...

1.00, 1.29, 1.57, ...

(0.11,0.34.0.57) .

1.26, 1.4S, 1.72,...
(0. 00) 0. 86
(0. 00) 0. 80

(0.27,0.80) 0.53,1.07,
1.60

(0.73)0.47,1.93
(0. 07, 0.20, 0.33) 0.91,

1.04, 1.17, ...

(0.18,0. .54) 0.83,1. 19,

1.55, 1.1)2

(0.09,0.26)0.77,11 .'. 4,
1.12 1.20

(0.07) 0.73,0.87

(0. 20) 0. 20. 0. 60

(0. 40) 0. 40, 1. 20

(... 0. 48,0. ft)

1.14,1.33. :

(0.09,0.26,0.13)1.00.
1. 17. 1.

in. -tn. i.wjo. fiao.Ho,

l. 00
Ml. I7.D. .M.0.H6)

0.80, LOt.l i.



1222 Bureau of Standards Journal of Research [vols

Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Key XL A.

Intensities

V
Term com-
binations

Observed
Zeeman
effects

Theoretical
Zeeman
effects

No.
B. S. King

3, 065. 68 16 32, 609. 75

126 3, 065. 20 2 3 32, 614. 85 a<FiH-z4D2>*

131 3, 064. 64

3, 063. 63
3

36/
3 32, 620. 81

32, 631. 56
a 2DiH-2/ 4F2^

133 3, 061. 33

3, 060. 56

3

16

4 32, 656. 07

32; 664. 29

a4F3^-y 2D2^ (0. 00) 1. 31 Ei (0.02,0.06,0.10) ...
1. 22, 1. 26, 1. 29

133 3, 060. 11 3 4 32, 669. 09 a<F2H-y2Ditf (0. 00) 1. 25 Ei (0. 11, 0. 34) 0. 69,

0. 91, 1. 14, 1. 37

134 3,057.22 5 2 32, 699. 98 a^Qm-y^m (0. 00) 1. 59 Ei (0.11, 0.33, ...) ...
1. 44, 1. 67, 1. 89

134 3, 054. 84 30 20 32, 725. 45 a 2Gw-y2G!H (0. 00) 1. 22 Ei (0.00) 1.11
135 3, 054. 39 3 32, 730. 27 a2F 2K-z4P2%*
136 3, 048. 42 2 1 32, 794. 37 a«P 2K-tf*G§H
132 3, 048. 28

3, 044. 72

5

16

1 32, 795. 87

32, 834. 22

6 2P^-w; 2PfK

137 3, 044. 12

3, 038. 59

4

2

1 32, 840. 69

32, 900. 45

a 2D 2^-y2F2^ (0. OOw) 1. 00 Ei (0. 17, 0. 51, 0. 86)
0. 34, 0. 69, 1. 03,
1. 37, 1. 71

128 3, 036. 50 7 5 32, 923. 10 afDm-yimy,
131

139 }3, 036. 39

3, 033. 45

15

16

10 32, 924. 29

32, 956. 20

\6<P2*-^P!* J

132 3, 032. 00 3 32, 971. 96 62Po^-m;2P6h (0. 00) 0. 48 Ei (0.00) 0.67
133 3, 030. 91 10 15 32, 983. 82 a<FiH-2/2r>fH (0.59) ? (0. 20, 0. 60) 0. 20,

0. 60, 1. 00
(0.00) 0.89134 3, 028. 05 20 20 33, 014. 97 a 2G3^-?/2G3^ (0.00) 0.90

138 3, 026. 18 36,/ 33, 035. 37 z*Flx-e*Fix

134 3, 025. 70 2 1 33, 040. 61 a 2G 3H-y2G|^
139 3, 025. 16 36 1 33, 046. 51 o4 Pi^-2/4 P(°H
138 3, 024. 72 36 33, 051. 32 z^FS^-e'Fi^
140 3, 021. 97 1 33, 081. 39 a*PiK-:r*D?H
137 3, 020. 45 5 30 33, 098. 04 a 2DiH-j/2F|>i (0.00) 1.16 (0.03, 0.09) 0.77,

0. 83, 0. 89, 0. 94

133 3,019.84 3 15 33, 104. 72 a 4F2^-j/2Dl>i (0.00) 1.07 (0.09.0.26,0.43) ...

3, 019. 50 1 33, 108. 45
0.94,1.11,1.28,...

138 3, 018. 53

3, 018. 08
36
26

33, 119. 09
33, 124. 02

z<FsVe4F3>i

141 3,015.86 2 33, 148. 40 c2D 2h-w 2F2h

139 3,015.67 1 33, 150. 50 64 Pi^-3/ 4PiH
142 3, 013. 66 33, 172. 61 a2F3M-i<D2H
143 3, 013. 32 8 8 33, 176. 35 a2D 2H-z4S!^ (O.OOu;) O.OOw (0.40, 1.20) 0.00,

140 3, 010. 28 26/ 33, 209. 85 c 2Poh-^DS^
0. 80, 1. 60, 2. 40

144 3, 009. 85 2 2 33, 214. 60 a 4 Po^-i/2Pfo

DO 3, 008. 13 3 33, 233. 59 6 4P2H-y<P2H (0.00) 1.71 Ei 90 (0.00) 1.60

187 3, 003. 73 15 20 33, 282. 26 a 2D2H-y2Ffo (0.00) 1.23 (0. 03, 0. 09, 0. 14)

III 8, 000. 50

2, 998. 34

2,©M.W

36
2

1

46

1

33, 317. 09
33, 340. 43
33, 342. 10

33, 389. 86

z4 F5ji-c<F 2^
6 4 Po>*-i/<P;H
*> 4 Fi>i-z2P^

(0.00) 1.53 Ei

1.00,1.06,1.11,...

(0. 47) 1. 27, 2. 20

m 2,90L40 •

r
' 6 33,419.44 a'FiK-tfiDiH (0.00m;) 2.24 Ei (0. 40, 1. 20) 0. 00,

i B 2, 990. 10 3 1 33, 433. 97 a 2D,H-2<SiH (1.44) 0.00PT Ei
0. 80, 1. 60, 2. 40

(0. 60, 1. 80) 0. 20,

in, 46

5
33,449.19 £D3M-e»D,H (0.00) 1.14 Ei

1. 40, 2. 60
(0.00) 1.20

40 33, 459. 71 6«PiK-?«PiK (0.00) 1.53 Ei (0.07, 0.20) 1.40,

1. 54, 1. 67, 1. 80

2,981.02 12 25 33, 535. 81 a^x-i^Dfo (0.00) 1.64 Ei (0.11,0.34,0.57) ...
117 8,079, U 12 20 33, 556. 52 64F2*-2/<Ffo (0. 00) 1. 50 Ei

1.54,1.77,2.00
(0. 31, 0. 94) 0. 09,

12 40 33, 569. 02 64F3H-i/4F2x (0. 00) 1. 45 Ei
0.71,1.34,1.97

(0.10,0.31,0.52) ...

Ml 2, 976. 61 10 8 33, 585. 49 a»a<K-2»HiK (0. 58) 1. 18 Ei
1. 34, 1. 55, 1. 76

(...0.50,0.71,0.91)
0.81,1.01,1.21,...
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Table 2.—Wave lengths in the spark spectrum of Zr~-Con\inuvd

Intensities
Key

X I. A. Term com-
binations

Observed Theoretic*]
Zeeman

No. V Zteman
B. S. King effects effects

144 2, 975. 16 1 33, 601. 86 a<PiH-!/ 2 P?ii

149
192

2, 973. 69
2, 972. 79
2, 972. 50

2 33, 618. 47
33, 628. 64
33, 631. 92

a<P 24-l2D2^

150
147

2, 969. 63
2, 968. 95

8
12

20
30

33, 664. 43
33, 672. 14

6<FiH-i/<D5 !
.i

6<F 4>i-i/<F3H

(0.00) 0.51
(0.00) 1.42

(0. 20) 0. 20, 0. 60
(0.05. 0. 11, .. )-

L48, I..",;, !.<;;

146 2, 966. 27 26 33, 702. 55 y2D?H-c2Dm151 2, 964. 55 4 1 33, 722. 11 a<F3H-7 JG3ji (1.03) 1.38 Ei (-. 0.87. 1.22) .

150 2, 962. 69 12 30 33, 743. 28 6<F2h-P<D!h (0.00) 0.95
0.71,1.00. 1. 11.

(0.09, 0.26) (1.77,

2, 960. 57 1 33, 767. 44
0.94,1. 12; 1.29

152 2, 955. 77 20 15 33, 822. 28 6 2G3«-m;2F^ (0.00) 1.00 (0.02,0.05,0.08) ...
0. 90, 0. 94, 0. 97

138,

144
151

}2, 955. 53

2, 952. 23

26

6 8

33, 825. 04

33, 862. 83
\<HPoh-1/2Pih
a<F^-22G3H

}
(0. 93) 1. 27 Ei (... 0.78, 1.00) ...

150 2, 951. 46 10 25 33, 871. 66 6<F3k-1/
4D5h (0.00) 1.30 Ei

1.00,1.22,1.44
(0. 07, 0. 20, 0. 33)

2, 949. 81 26 33, 890. 61
0.91,1.04,1.17,...

148 2, 948. 94

2, 946. 93

12

16

20 33, 900. 60

33, 923. 73

a2G 3H-z2H|H (0.00) 1.00 (0.01, 0.03, ...) ...
0. 94, 0. 96, 0. 98

242 2, 946. 30 16 33, 930. 98 ztGhi-eiQix
149 2, 945. 45 4 3 33, 940. 78 a<PiH-z2D 2>i (0.00*;) O.OOw Ex (0. 27, 0. 80) 0. 40,

149
192

2, 944. 19

2, 942. 26
3

1

33, 955. 30
33, 977. 57

a*Fox-x2
T)°yi

a 2D 2>$-z<P!H
(0. 87) 0. 00m; Ei

0. 93, 1. 47. 2. 00
(0.93) 0.13,1.73

248 2, 941. 55

2, 940. 62

2, 938. 82

1

16
16

33, 985. 77

33, 996. 52
34, 017. 34

z2Hfo-e2I«H

153 2, 937. 74 4 1 34, 029. 85 b*FiH-ymn (0.00) 1.64 Ei (0.10, 0.29, ...) ...

1.62,1.81,2.00
153 2, 936. 31 12 20 34, 046. 42 VFzx-ymK (0. 00) 1. 66 Ei (0.19,0.57,0.95) ...

1.43,1.81,2.19

150 2, 934. 62 12 20 34, 066. 02 6 < Fih-I/<D?h (0.96) 0.77 Ei (0.40, 1.20) 0.00,
0.80, 1.60

242 2, 931. 89 36 34, 097. 74 z2G1m-c2G^
154 2, 931. 08 86, J 34, 107. 17 z*QiH-e*Ftx
147 2, 929. 10 1 34, 130. 22 b*F3x-y*FSx
152 2, 926. 99 25 20 34, 154. 82 62G <h-w> 2FSk (0.00) 1.05 (0.02,0.05, ...) 1.00,

1.03,1.06,...
151 2, 925. 62 4 2 34, 170. 82 a*F2M-z2 G°3M (0. 00) 0. 62 Ei (0.07, 0.21, 0.35)

0. 54, 0. 68, 0. 82, . .

.

155 2, 924. 63

2, 922. 93
2, 921. 14

2, 920. 03

8

16

16
36

2 34, 182. 38

34, 202. 26

34, 223. 22

34, 236. 23

VDix-wmx (0. 00) 1. 00 Ei (0.03, 0.09, DID
1.00,1.06,1.11,...

148 2, 918. 24 18 30 34, 257. 23 a*Gix-zmhA (0.00) 0.94 (0.01, 0.03..) 1.00,

1.02,1.04...

150 2,916.63 7 8 34, 276. 14 b*Fix-y i'Dbi (0.00u>) 1.17 E, (0.17, 0.51, 0.88)
0.51, <> 86, 1. .'(:.

1.54, :

150 2, 915. 98

2, 914. 71

15

16

40 34, 283. 77

34, 298. 71

b*FiH-v*Dix (0.00) 1.41 E! (0.0.>. (i 11. ) 1.00,

J. 10, 1.

156 2, 910. 26

2, 907. 99

8

36

8 34, 351. 16

34, 378. 09

a 2G4H-i2F3H (0.00) 1.00 Ei (0.02,0.05,...) 1.00,

LOS, LI

157 2, 907. 37 6 5 34, 385. 30 a2F3x-i/
2G3H (0.68) 1.02 Ei (... 0. 64, 0.89) ...

76, LU, l -

157 2, 905. 22 15 25 34, 410. 87 a 2F3x-i/
2GiH (0. 00) 1. 07 Ei

i. 08, i
'

151 2, 904. 22 1 1 34, 422. 60 a«F3w-z 2GJK
248 2, 903. 70 156,/ 34, 428. 76 z2H5K-e2Jox (0.00) 1.05 Ei (0.01.0.02,0.03 )

1.00,1.01,1.03,...



1224 Bureau of Standards Journal of Research [Vol 5

Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Intensities
Term com-
binations

Observed Theoretical
Key XL A. V Zeeman

effects
Zeeman
effectsNo.

B. S. King

158 2, 902. 24 2 1 34, 446. 07 a«P 2H-:r2F3H
153 2, 901. 81 3 6 34, 451. 18 6*F2H-i/

2F2^
155 2, 901. 60 5 4 34, 453. 67 WDix-wmx (0. 00 0. 72 Ei (0. 03, 0. 09) 0. 77,

0. 83, 0. 89, 0. 94

153 2, 898. 72

2, 897. 72

12 34,487.90

34, 499. 81

b^x-y^Flx (O.OOw) 1.14 Ei (— 0.24,0.33)—.
1.10,1.19,1.29,...

154 2, 895. 32 66, 1 34, 528. 40 z'GJH-e'FsH (0.00) 1.12 Ei (0.03,0.10, ...) 0.94,

1.01,1.07,...
147 2, 894. 78

2, 891. 99

2, 891. 75
36

34, 534, 84
34, 568. 15

34, 571. 03

b*FiH-y*F°3H

150 2, 889. 41 5 3 34, 599. 02 6<FiH-y4r>2« (O.OOw) 2.03 Ei (0.i9, 1.46) 0.09,
0. 88, 1. 86, 2. 83

(0.33) 1.00,1.67159 2, 888. 04 5 6 34, 615. 43 a2PiH-I/ 2Po* (0.00) 1.51 Ei
242 2, 886. 71 36 34, 631. 38 22G§H-«2Q3« (0.00) O.OOW Ei (0.00) 0.89
248 2, 884. 57 76 34, 657. 07 z2H!*-e2l5K (0. 00) 1. 15 Ei (0.01,0.02,0.03,-.)

... 0.96,0.97,0.98
156 2, 883. 79 3 3 34, 666. 45 a2G3K-x2Flx (0.57) 1.21 Ei (-.0.64,0.89) ...

0.76, 1.02, 1.27,-..

160 2, 882. 08

2, 880. 14

5

1

3 34, 687. 02

34, 710. 38

\a2D2H-i*DiH }

150 2, 877. 56

2, 874. 22

10

36

10 34, 741. 49

34, 781. 86

b*F3y,-y*I)3x (0.00m;) 1.26 Ei (-.0.48, 0.67) ...

1.14,1.33,1.52,--.

158 2, 872. 52 8 2 34, 802. 45 a<PjH-*2Fi%s (1.60) O.OOW Ei (0.37,1.11,1.86)0.26
0. 49, 1. 33, 1.97, 2.71

161 2, 871. 85 1 34, 810. 57 a<FiH-z2SoK

162 2,869.80

2, 867. 42
2, 865. 93

12

1

16

40 34, 835. 43

34, 864. 35
34, 882. 47

a<P2K-y4Pix (0.00) 1.47 Ei (0.07,0.20)1.40,1.54
1. 67, 1. 80

147 2, 865. 61 5 8 34, 886. 36 64F4K-!/
4Ffo (0.00) 1.35 Ei (0.00) 1.33

153 2, 865. 09

2, 864. 19

3

16

2 34, 892. 70

34, 903. 66

6<F2h-j/2F§h

154 2, 859. 61

2, 858. 33

2, 857. 33

46

16

36,/

34, 959. 56

34, 975. 21

34, 987. 45

z<G§>i-e<F2K (0.00) 0.87 Ei (0.02, 0.07, 0.11)
0.87,0.92,0.96,—

169 2, 856. 05 5 1 35, 003. 14 a2PoH-!/2Pox (0. 00) 0. 44 Ei (0.00) 0.67

166 2, 854. 42 7 3 35, 023. 12 a*Gix-xm>i (0.00) 0.83 Ei (0.02, 0.05,0.08) ...

240 2,853.66 26 35, 032. 45 ZJD2H-C 2F3H (0. 00) 1. 17 Ei
0. 90, 0. 94, 0. 97

(0. 03, 0. 09, 0. 14)

162

154
2, 851. 98
2, 851. 28
2, 849. 10

12

16

16

40 35, 053. 08
35, 061. 69
35, 088. 52

a'PiH-y'PSx
z*Glx-e*FiH

(0.00) 1.47 Ei
1.00,1.06,1.11,...

(0.47) 1.27,2.20

157 2, 848. 17 8 15 35, 099. 97 a 2F2M-y2G§* (0.00) 0.93 Ei (0.02,0.05,0.08) ...

1.58 2, 846. 16 2 35, 124. 76 a*PlH-xmx
0. 90, 0. 94, 0. 97

163

tea

iea

2, 844. 57 15 50 35, 144. 39 aWtx-yiPlx (0. 00) 1. 58 Ei (0.00) 1.60
2, 843. 53

2,841.38
10

1

10 35, 157. 24
35, 183. 84

a<PiH-J/'PiK
6<F3h-z4P5h

(0.00) 1.68 Ei (0.00) 1.73

164 2, 839. 34 10 8 35, 209. 12 a^H-i'Dfo (0. 00). 1. 10 Ei (0. 03, 0. 09, 0. 14)

15ft

166

2, 838. 00
2, 886. 00

5

1

4 35, 225. 75
35, 263. 02

a*Pix-i/2PfH
d2DiK-M>*PfH

(0.00) 0.90 Ei
1. 00, 1. 06, 1. 11, ...

(0.00) 1.33

L66

taa

2, S34. 38

2, BBS. 90

2,88281
l', SSL M

5
8

3

26

3
6

35, 270. 73
35, 276. 71

35, 290. 28
35,306. 11

aiFix-zmbi
a4 PoK-I/ 4 P5>i (0.00) 2.51 Ei (0.00) 2.67

H,7

m
2, 629. 88
2, 827. 62
2, 836. M

3
15

s

:io

35, 333. 06
35, 356. 30
35.381.08

zWlx-emix
a 2PiH-i2DIH
a 4 Po*-i/*PiH (U.OO) 1.52 Ei (0.47) 1 27, 2. 20

too

MO

2, 834 66
2, 824 (*

2,82L0fl

2,818.76

26
16

16

Si

'JO 20

86, 898. :i5

86, 399. 37
35, 436. 88
35, 459. 25
35, 466. 17

s'GSH-e'FjK
a'P^-^Pa^ $0 00) 1. 44 Ei (0. 07, 0. 20) 1. 40,

1. 54, 1. 67, 1. 80
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Table 2.

—

Wave lengths in the spark spectrum of Zr ( 'out inued

Key
Intensities

'
Term com
Dilutions

Observed
Zeemao
effects

Theoretical
ZeemaoNo.

X 1. A.

B. S. King

163
167

2, 816. 77

2, 810. 91
36
15 15

35, 491. 31

35, 565. 21
6«Fih-Z«Po4
a»Pi4-x2D2.4 (0.00) 1.18 Ei (0. 07, 0. 20) 1. 00,

1. 13, i. 27. 1.40

168
169

2, 809. 40
2, 808. 15

2, 807. 86

2
3

3

2
35, 584. 33
35,600.17
35, 603. 84

a2F2H-i/*P°(.i

a«F 2H-z 2 Pi\

159, 170 •

154
241

2, 807. 13

\ 806. 68

2, 805. 71

2, 804. 78

2, 800. 10

36

5
26
16
2

35,613.10 \

35, 618. 81

35, 631. 13

35, 642. 94
35, 702. 51

fa'SoK-^Pow \
la2PoH-y 2PiH I

164 2, 799. 16 8 5 35, 715. 50 aiFiyi-x'-TXx (0.00) 1.05 E. (0. 03, 0. 09) 0. 77 0. 83
0. 89, 0. 94

160
167
173

2, 798. 71

2, 797. 78

2, 796. 92

2, 796. 32

1

36
10
26

12

35, 720. 24

35, 732. 11

35, 743. 10

35, 750. 77

a2D2H-^Dfo
a2PoH-z2DiH
62PiH-?>2Dix

(0.00) 0.84 E, (0.07) 0.73,0.87

249
154

169

2, 793. 12

2, 786. 95

2, 785. 90
2, 785. 33

2, 783. 56

2

66,/
46
16

5 4

35, 791. 73

35, 870. 96
35, 884. 48

35, 891. 82
35, 914. 64

z^Hsh-^Hsm;
Z4G2H"«<J,2«

a«FiK-z2Pi*

(0.00) 1.11 Ei (0. 00) 1. 09

164

249
171

2, 782. 84

2, 781. 61

2, 777. 05

2, 776. 59

2, 774. 15

2

2
36

36
12 15

35, 923. 93

35, 939. 82
35, 998. 83

36, 004. 79

36, 036. 46

a2F SM-z2D2H

zmiK-em iH
a2F3*-z 2F3K

^3?

(0. 00) 1. 15 Ei (0. 00) 1. 14

172
172

2, 772. 56

2, 768. 84

2, 768. 73

2, 767. 45
2,766.82

26

15

15
16
16

36, 057. 12

36, 105. 57

36, 107. 00

36, 123. 70

36, 131. 92

a<F3H"!/4F2K
a 4 F4K-l/ 4 FisH

172
169
173
174

2, 766. 41

2, 761. 89

2, 760. 10

2, 758. 80

2, 754. 39

1

6
36

20
26

5

80

36, 137. 28

36, 196. 41

36, 219. 89

36, 236. 96

36, 294. 97

a*Fjw-V*Ffej
a<Fi*-z 2PoK
62Poh-^ 2Dih
a 4 Fitf-3/

4I>oK

(0.00) 0.00w Ei

(0. OOw) 0. 56

(0.13)0.27,0.53

(0. 20) 0. 20, 0. 60

175 2, 754. 23 2 2 36, 297. 08 6*F 2k-z<D!h (0.00) 0.99 Ei (0. 09, 0. 26) 0. 77,

0. 94, 1. 12, 1. 29

184
174

2, 753. 25

2, 752. 57

2, 752. 21

36
26

20 150

36, 310. 00

36, 318. 97

36, 323. 72

62F 2H-"
2Di«

a<F2K-i/4Di>i (0. 00) 1. 00 (0.09, 0.26) 0.77,

0.94,1. 12. L2G

175 2, 750. 95 4 3 36, 340. 36 VFix-zWiX (0.00) 0.93 Ei (0.07, 0.20,0.33)

0.91, 1.04. 1. 17. - -

176

241
154
174

2, 750. 44
2,749.85
2, 748. 89

2, 747. 66

2, 745. 86

1

2
2

16

20 100

36, 347. 09

36, 354. 89

36, 367. 59

36, 383. 86

36, 407. 71

a 2D2M-V2G3H

z2F2K-e2F2H
z*Qlx-e*F 3K
a<F 3H-V4D2H (0. 00) 1. 24 (0.07, 0.20, i). ...

0.91,1.04, 1. 17,

172
177

178
175

2, 744. 49

2, 742. 54

2, 741. 54

2, 740. 49

2, 740. 33

36

20
8

8

6

125
15

8
4

36, 425. 89

36, 451. 79

36, 464. 95

36, 478. 92

36, 481. 18

a<FiK-l/ 4Fta
a4F4H-i/ 2FlH

a2DiH-l/ 2PSx
6«F4H-z4D§x

(0.00) 1.52 Ei

(O.oo) a 08 Ei

(0.10."
1.62. 1. M.S. 00

(0. 07) 0. 73, 0. M

173
179
172
177

2, 739. 77

2, 738. 40

2, 734. 84

2, 732. 72

1

1

20
15

150
80

36, 488. 64

36, 506. 89

36,554.41

36, 582. 77

6*P,K-t> 2D2*
yiFiH-PFt*
a*F2yi-y*Fiyi

a<F3H-J/2F2H

(0.00) 1.08 Ei
(0.00) LMBi

(O.oo) l.ui

(0.19,0.57, 0.95)...

1 10, l.M.2. 11

175 2, 729. 93 3 36, 620. 15 6«Fih-i*D!h

171
170
172
174

2, 728. 56

2, 726. 99
2, 726. 48
1, 722. 62

2

36
15

25

125
150

36, 638. 54

36, 659. 63

36, 666. 49

36, 718. 17

a<FiH-!/ 4DiH
a 2SoH-''JPix
a«F3*-l/*Fi«
a*FiH-y i'DlH

(0.00) 1.20 Ei

(0.00) 1.4.
r
. Hi

(0. 00) 1. M
I.M, 0.14, 0.24

a 33) loo. l.n i

i. i'.t, ...

180 2, 721. 37 2 36, 735. 33 a'FjH-^FS*
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Intensities
Term com-
binations

Observed Theoretical
Kev XL A. V Zeeman

effects

Zeeman
effects

No.
B. S. King

181 2, 720. 36 5 2 36, 748. 97 a^Fiy2-X^F2y3
178 2, 714. 22 10 20 36, 832. 10 a^D2y2-y 2Flya (0. 00) 1. 08 Ei (0.07, 0.20) 1.00,

1. 13, 1. 27, 1. 40
174 2, 712. 38 10 25 36, 857. 08 a1F2^-2/4Dl^ (0.00u;) 1.04 Ei (0.17, 0.51, 0.86)

0.51, 0.86, 1.20,

1. 54, 1. 89
172 2, 711. 48 12 50 36, 869. 32 ^Fiy^FhA (0. 00) 1. 89 Ei (0.31, 0.94) 0.09,

0. 71, 1. 34, 1. 97
175 2, 706. 38 4 36, 938. 79 bi-Fzx-xi-Dlx

182 2, 704. 65 4 36, 962. 28 a,rD2M-x2'D'>i
183 2, 703. 25

2, 702. 93
3

1

36, 981. 56

36, 985. 93
VFiya-viF

c

2x

177 2, 700. 12 18 100 37, 024. 42 a*FvA-ymy3 (0.00) 1.23 Ei
(0. 00^ 1. 20 Ei

(0. 00) 1. 24
177 2, 699. 59 6 15 37, 031. 69 &F2yi-y'lFly2 (0.09, 0.26, 0.43)

0.60, 0.77, 0.94,

1. 12, 1. 29

178 2, 695. 42 8 3 37, 088. 98 a2DiH-i/2P°H (0. 59) 1. 09 Ei (0.27, 0.80) 0.53,
1. 07, 1. 60

(0. 00) 0. 86171 2, 694. 05 10 20 37, 107. 84 a*F2yrxmy2 (0. 00) 0. 83 Ei
172 2, 693. 52 9 30 37, 115. 14 a iF2yry iFl]4 (0. 00) 1. 64 Ei (0.10,0.31, 0. 52).__

1. 34, 1. 55, 1. 76
185 2, 692. 60 6 5 37, 127. 82 a iF2)4-w 2T>2}4 (0. 76) 1. 39 Ei (0. 20, 0. 60, 1. 00)

0.60, 1.00, 1.40,

184 2, 692. 00 6 37, 136. 10 b>F3x-v*mx (0. 00) 1. 23 Ei
1. 80, 2. 20

(0.03, 0.09, 0.14)

1.00,1.06, 1.11, „_
182,

174 J2,689.47
6 5 37, 171. 03

(aZT>2x-xZT>°2x\

174 2, 681. 75
2, 680. 94

5

16

2 37, 278. 03
37, 289. 29

a 4F 3^-2/ 4D§^

172 2, 678. 59

2, 673. 84

2, 673. 56

25

16

1

150 37, 322. 00
37, 388. 30

37, 392. 21

aiFix-yiFbA (0.00) 1.45 Ei (0. 00) 1. 33

182 2, 670. 94 10 37, 428. 89 a2DiH-x2Dz^ (0. 00) 1. 56 Ei (0.20, 0.60) 0.60,

185,

180
177

}2, 669. 48

2, 667. 77

1.00,1.40,1.80

8

12

4

20

37, 449. 36

S7, 473. 36
WFm-w^myJ
a*F2x-ymy3 (0.00) 1.43 Ei (0.06,0.17, 0.29) ...

2, 666. 56 1 37, 490. 36
1. 20, 1. 31, 1. 43

186
187

2, 665. 19

2, 662. 57

2, 652. 92

3

3

1

37, 509. 64
37, 540. 54
37, 683. 11

a 4P2K-z2PiH
62F2^-y 2F2^

188 2, 650. 37 12 8 37, 719. 37 a4F3^-24P!^ (0. 00) 0. 54 Ei (0.18,0.54,0.90)

2, 649. 80 2 37, 763. 96
0.35,0.70,1.06,—

2, 644. 88 1 37, 797. 65
188
186

2, 643. 40
2, 642. 51

2, 639. 73

6
2

36

4 37, 818. 82
37, S31. 55
37, 871. 39

a 4F 2^-2 4Pi^
a 4PiH-z 2Pfo

172 2, 639. 07 12 30 37, 880. 86 aiFzx-vmK (0. 00) 1. 52 Ei (0.05,0.14, ___) ...

189
2, 837. 62 16 37, 901. 68

1. 48, 1. 57, 1. 67

2, 630. 91 15 40 37, 998. 35 a 2D 2H-z2Ffo (0. 00) 0. 98 Ei (0. 03, 0. 09, 0. 14)

16 38, 018. 43
1.00,1.06, 1. 11, ___

186
2, 628. 89
2, 626. 98

1

3
38, 027. 54
38, 055. 19 (UPoh-^Pi*

188

188

262
282

2,020.41
2. 021. 00
2,01'.). 20

2,618.89
2,616.59

4

8

3

2

4

38, 063. 45
38, 132. 88
38, 168. 22
38, 172. 73
38, 220. 89

a 4FiH-2 4PoH
a 4 FiM-z*PTM
o*F2H-z*PS>i
d 2D 2«-t;2D2H

187
190

2,604.73

5

2

1

38, 306. 56
38, 376. 41
38, 380 24

(0.00) 1.24 Ei (0.00) 1.14

191 2, 604. l'.i 3

1

38, 388. 20
38, 108. 48

a^jj-^Pfo

188

189

2,601.27 3

2
15

38, 431. 29
38, 477. 29
38, 613. 12

a 4Po*rx2
P5tf

a»DiH-fl?F5H (0.00) 1.06 Ei (0.03,0.09) 0.77,

19]

193 2, 580. 40
4

1

38, 645. 50
38, 652. 22 6*1 iy2-zmix

0. 83, 0. 89, 0. 94
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Intensities
Key

X I. A. V
Term com-
binations

Observed
Zeexnao

Theoretical

No. Zeetnan
B. S. King effects effects

2, 583. 99 2 38, 688. 27
191 2, 583. 38 15 38, 697. 40 a*D2x-ymx (0.83) 1.49 Ei (0. 20, 0.60. 1. 00) 0.80,

1.00,1.40, 1.80, 2. 20
243 2, 581. 71 2 38, 722. 44 z2F§H-e 2G4H

2, 580. 61 26 38, 738. 94

2, 579. 73 16 38, 752. 15

250 2, 578. 39

2, 573. 64
3

2
38, 772. 29

38, 843. 85
ytQlK-PGui

195 2, 571. 42 50 38, 877. 38
taiFsH-x'Dfa/

195 2, 568. 85 40 38, 916. 27 a 4 F.iu-a: 4D3H
195 2, 567. 62 20 38, 934. 91 a<FiH-a;4Do«

247 2, 567. 05 7 38, 943. 56 a2PiH-w 2Dfo ^0.75) 1.15 Ei (0.27. 0. 80) 0.53, 1.07,
1.60

247 2, 558. 36

2, 557. 54

2, 554. 18

16

16

26

39, 075. 83
39, 088. 36

39, 139. 77

a2PiH-w 2I>2>i

196 2, 553. 06

2, 552. 59

2

2

39, 156. 94

39, 164. 15

62Dih^ 2Poh

195 2, 550. 71 18 39, 193. 02 a^FtH-i^Din (I. 26) 1. 22 Ei (0.40.1.20)0.00,0.80,
1.60

194 2, 543. 66 1 39, 301. 63 a2F2H-w 2Dfo
197 2, 543. 04 36 39,311.22 22G?h-/2F 3h
195 2, 542. 09 18 39, 325. 90 a<F 2H-z 4D2M (0.82) 1.29 Ei (0.17.0.51,0.86)0.51,

0.86,1.20,1.54,1.89

198 2, 540. 87 36 39, 344. 79 diT>m-v 2T°zH

197 2, 539. 37 2 39, 368. 03 z2G°,h-/2F2h
250,

194
h, 535. 15 5 39, 433. 55 WG\x-PGk 1

\a 2F 2H-w 2F>2W
198 2, 534. 16 26 39, 448. 96 ^Dur^Ffo
199 2, 533. 65 4 39, 456. 90 c2Pi^-i 2Pih

195 2, 532. 47

2, 528. 99

2, 522. 52

20

3

26

39, 475. 28

39, 528. 60
39, 630. 98

a 4F3H-z 4D3^ (0.60) 1.39 Ei (0.10,0.29,0.48,0.67)
1.14,1.33,1.52, ...

195 2, 521. 90
2, 520. 01

2, 513. 50

2, 510. 01

5

16

26
21

39, 640. 72

39, 670. 45

39, 773. 19

39, 828. 49

a 4Fi^-i4D2H

199 2, 509. 77 3 39, 832. 29 <7
2Pik-z2Pok

199 2, 509. 01 2 39, 844. 36 a 2PoH-z2PiH
195 2, 503. 98

2, 503. 59

4

1

39, 924. 39

39, 930. 61

a 4F2x-z 4Pfo

200
201

2, 501. 38

2, 496. 48
16

15

39, 965. 88

40, 044. 33
64F 2h-z2F2H
a 2G3M-w 2FlH (0.00) 0.90 Ei (0.02,0.05,0.1

0.90, 0.94, 0. 97

201
2, 489. 83

2, 487. 28

26
20

40, 151. 27

40, 192. 43 a2G4H-w 2F3H (0.00) 1.06 Ei (0.02,0.05,...) 1.00,

L 03,1. 06,

199 2, 485. 60

2, 484. 42
3

26

40, 219. 59

40, 238. 70
a 2PoH-z2Po«

200 2, 481. 35 5 40, 288. 48 64Fih-*2F2*

202 2, 480. 16

2, 471. 42

2, 471. 06

2, 470. 62

2
2

1

1

40, 307. 81

40, 450. 34

40, 456. 23

40, 463. 44

64F2K-^P!k

'

201 2, 467. 97

2, 467. 24

26
16

40, 506. 88

40, 518. 87
a 2G 3^-w 2F3H

203 2, 465. 37 8 40, 549. 60 a2D 2x-w 2DiK

203 2, 457. 43 20 40, 680. 60 a2D2H-w2D2H (0.00) 1.30 Ei (a 00) 1.80

204 2, 454. 61 4 40, 727. 34 a*Fi<A-V 2Tfc

205
203

2, 4.54. 21

2, 449. 83

4

20

40. 733. 97

40, 806. 79

62Pm-tf 2PoM
a2Diji-w 2DiH (0.00) 0.99 Ei (0.00) 0.80

206 2, 443. 41 1 40, 914. 01 B'Fsfc-aflDfo

203 2, 441. 97

2, 439. 22

12

26

40, 938. 13

40, 984. 28
a2DiH-w 2D2H

2, 438. 26 16 41,000.41

204 2, 436. 94 1 41, 022. 62 C 4 F2K-i72PlH

207 2, 434. 55 8 41, 062. 89 a 2D2Vi-x 2PiH
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Key- XL A.

Intensities

V
Term com-
binations

Observed
Zeeman
effects

Theoretical
Zeeman
effectsNo.

B. S. King

208

206
205

2, 433. 25

2, 432. 26

2, 431. 71

2, 429. 12

2, 426. 38

36

3

1

1

7

41, 084. 83
41, 101. 72

41, 110. 84
41, 154. 67
41, 201. 14

cWm-vWix

a*F2y,-x2~D
B

ni
62Po^2P5h

207

2, 425. 73

2, 423. 29

2, 422. 24

2, 419. 37

2, 417. 40

1

36

3

10
26

41, 212. 18
41, 253. 68
41, 271. 56
41, 320. 51

41, 354. 18
a?T>vA-xm*

206

209

206

2, 416. 89
2, 414. 23

2, 413. 85
2, 412. 40

2, 410. 67

2

2
3

1

1

41, 362. 91
41, 408. 48
41, 415. 00
41, 439. 89
41,469.62

a*F2«-:r2D2^

a2F3H-w2F2H

aWix-xWlx

208 2, 406. 83
2, 403. 86
2, 403. 28

2, 402. 58

2, 401. 44

7
16

16
16
16

41, 535. 78
41, 587. 09
41, 614. 44
41, 626. 57
41, 629. 00

c'Di^Dfo

210
207
211

205

2, 400. 62

2, 398. 97
2, 397. 57

2, 393. 35
2, 392. 66

1

5

5
o

lb

41, 643. 22
41, 671. 86
41, 696. 19
41, 769. 70
41, 781. 75

62D 2^-i>2D?H
a 2D^-:r2Pfo
a 2PiH-w 2F^
62PiH-t>2PlH

208

209

2, 389. 52
2, 388. 21

2, 387. 17

2, 382. 32

2, 378. 68

8
1

15

2

16

41, 836. 64
41, 859. 59
41, 877. 83
41, 963. 08
42, 027. 29

c2Djh-*>D2«

a2F3ji-w;2F§^

209 2, 372. 92

2, 371. 38

2, 370. 14

2, 368. 99
2, 367. 63

12
16

56

26
16

42, 129. 29
42, 156. 65
42, 178. 70
42, 199. 18
42, 223. 41

a2Fj^-w2F!K

205

208
251

212

2, 366. 22
2, 365. 61

2, 364. 95
2, 364. 58

2, 363. 84

3
16

2

2

4

42, 248. 57
42, 259. 46
42, 271. 26
42, 277. 87
42, 291. 10

62PoM-i;2PIH

c2DiH-p2D3h
3/

2F2H-/2G3k
6< F2i^-tt> 2D2,

}i

213

210

2, 362. 97
2, 361. 76

2, 359. 08

2, 357. 45

2, 354. 51

16

10

56

25

26

42, 306. 67
42, 328. 35
42, 376. 43

42, 405. 73

42, 458. 67

c2DaH-c2F2°H

/6 2Dj^-»2D5h
\62Dih-p2DIx }

212
214
251

209

2, 353. 21

2,351.69
2, 350. 91

2, 350. 22

2, 347. 13

6
12

3
36

4

42, 482. 13

42, 509. 58
42, 523. 69
42, 536. 17
42, 592. 16

6 4F 1 >r?t>2Di4
6 2G 3H-j>

2D2>.i

a 2F2j*-tt)2Ffo

212 2, 345. 93
2. 342. 33

2, 341. 74

2, 339. 39
2, 338. 93

1

36
16

26
1

42, 613. 95
42, 679. 44
42, 690. 19

42, 733. 07
42, 741. 47

6<Fi^-u> 2Diji

213

21fi

216

2, 337. 76
•J. 336. 63
2,331.57
2, 330. 38
2, 321. 77

1

26

36

18

15

42, 762. 86
42, 801. 86
42, 876. 38
42, 898. 27

43, 001. 78

c2Dih-02F!>4

62D 3h-» 2F|^
6*0 3h-p2F2h

213

210

2,324.48
2,321.87
2.317.27

2,308, in

2, 307. 31

16
6

16

43,007.15
43. 055. 49
43, 140.05

43,312.33
13, 327. 10

62Dih-pjD3},
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Table 2.

—

Wave lengths in the spark spectrum of Zr Continued

Intensities

Term com-
binations

Observed TheoreticalKey
No.

XI. A. - i' Zeeman
effectsB. S. King

Zeeman
affects

217 2, 306. 78 2b 43,337.11 z2D2H-/JF 3 ii

217 2, 302. 52

2, 301. 61

2, 300. 42

26
46
36

43, 417. 28

43, 434. 45

43, 456. 91

Wiit-PFiH

216 2, 295. 53 10 43, 549. 48 62G4.4-i>2 F5ii

215 2, 294. 08 12 43, 577. 00 WDiH-vtFSx
218, 1

215 J

2, 291. 15 15 43,632.73
f62D 1H-tf2F3K 1

[a2DiK-w 2F2>J
216 2, 288. 63 2 43, 680. 76 62Q 3h-"2F§k
253 2, 288. 00

2, 283. 18

2, 281. 47

1

2

26

43, 692. 74
43, 784. 94

43, 817. 83

Z*Dfc*r/*F«H

218 2, 280. 36

2, 276. 69
5

56

43, 839. 16
43, 909. 91

a2D2H-^ 2F3M

219 2, 275. 39

2, 275. 07

2, 268. 15

2, 265. 02

2, 262. 67

2, 261. 20

2,257.88

36
16

2
4
2

4, Ti?
46

43, 934. 99
43, 941. 17

44, 075. 19
44, 136. 08
44,181.87
44, 210. 59

44, 275. 59

z2Fsh-/2F3H

219 2. 254. 20

2, 253. 33

36

16

44, 347. 86
41, 364. 98

zWSx-pFiH

2, 252. 38 26 44, 383. 69

44,421.95 a<F3K-w 2D2Vj220 2, 250. 44 3

2, 247. 54 1 44, 479. 26

2, 245. 38 4, Fe? 44, 522. 04

2, 240. 90 IB 44,611.01

2, 239. 67 ZB 44, 635. 54

221 2, 235. 10 5 44, 726. 80 Z«FIk-/*F4K

220 2, 234. 42 1 44, 740. 40 a<FiH-w 2DiH

221
'

2, 233. 48 5 41, 759. 24 Z*F3H-/<F3H

221 2, 231. 86

2, 231. 00
2

4, Ti?
44, 791. 71

44, 808. 98
z<F^h-/4Fjh

221 2, 229. 74

2, 228. 12

2, 226. 64

16

26

14, 834. 30

44, 866. 90

44, 896. 71

Z*Fijr/*S
,

iM

219
2, 223. 33

2, 221. 91

2, 221. 38

2, 220. 22

2, 218. 46

26

16

16

46

16

44, 963. 55

44, 992. 28

45, 003. 01

45, 026. 53

45,062.24

zmyrPVni

222

220

2, 214. 59

2, 212. 92

2, 212. 44

2, 206. 97

2
16

36

45, 140. 98

15, 175. 04

45, 184. 84

45, 296. 82
a<FiM-«> 2D2H

223
221
224

2, 206. 31

2, 199. 17

2, 193. 84

2, 192. 75

2, 192. 02

2, 191. 16

46
16

06
3

16

36

45, 310. 37

45, 457. 47

45, 567. 89

45, 590. 54

45, 605. 72

45, 623. 62

Z<F2H-/* F:*H
a*FvA-x*Phi

225
226

2, 187. 77

2, 184. 80
2, 182. 81

2, 178. 86

16

56

56

2

45, 694. 30

45, 756. 42

45, 798. 12

45, 881. 14

a 2n<H-t>2F3«
z*Glx-f*F*H

224

2, 176. 69

2, 176. 39

2, 175. 81

2, 170. 20

2, 167. 78

16

46

3

45, 926. 87

45, 933. 20

45, 945. 45

46, 064. 20

46, 115. 62

a«FiHr**P8H

226
2, 166. 54

2, 165. 24

2, 162. 16

2,159.96
2, 159. 67

26
46
16

26

46, 142. 01

46, 169. 71

46, 235. 47

46, 282. 56

46, 288. 77

Z*QtH-f*F*H
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Table 2.

—

Wave lengths in the spark spectrum of Zr—Continued

Key XL A.

Intensities

V
Term com-
binations

Observed
Zeeman
effects

Theoretical
Zeeman
effects

No.
B. S. King

226

2, 159. 19

2, 157. 98

2, 154. 07

2, 153. 26

2, 152. 89

4

26

16

16

46

46, 299. 06
46, 325. 02
46, 409. 09

46, 426. 55

46, 434. 53 ztQm-fWiK

227
228

226

2, 151. 02
2, 145. 24

2, 144. 86
2, 144. 33

2, 144. 01

6

1

1

46

46, 474. 89
46, 600. 10

46, 608. 36

46, 619. 87
46, 626. 83

6*P 2>r?;
2D2H

227

227

2, 142. 71

2, 141. 43

2, 137. 67

2, 136. 80
2, 133. 28

2, 131. 15

2, 129. 93

2, 126. 56

2, 125. 06

2, 124. 58

1

3

7
1

7

1

2B
2

36, 1

1

46, 654. 46
46, 683. 00
46, 765. 10
46,784.14
46, 861. 32

46, 908. 16

46, 935. 02
47, 009. 39

47, 042. 57

47, 053. 19

a.2~Pox-w 2'Poyi

226
229
227

2, 122. 41

2, 121. 18

2, 120. 12

2,119.71
2,113.10

1

16

5

2

1

47, 101. 30
47, 128. 60
47, 152. 16

47, 161. 29

47, 308. 79

z«QS>r/4F3«
c2D 2>r2;2P!H
a 2PoH-^ 2PiH

230 2, 109. 66
2, 108. 40

2, 103. 17

2, 101. 55

2, 099. 30

12

2 6,/
56

1

<

1

47, 385. 92
47, 414. 24
47, 532. 13

47, 568. 77

47, 619. 74

62DiH-i>2Pox

230
2, 097. 02
2, 095. 80
2,091.75
2, 083. 80
2, 081. 81

56
15

2
16

1

47, 671. 51
47, 699. 26
47, 791. 60
47, 973. 91
48, 019. 76

62D 2^-02Pfo

231

2, 0S0. 99
2, 070. 29

2, 074. 90

2, 074. 03

2, 068. 09

56
2

3

66

3

48, 038. 68
48, 147. 41
48, 179. 66
48, 199. 86
48, 338. 29 a*T>iH-w2I'lyi

232
2 14

280
244

2, 067. 08

2,064 37

2, 061. 85

4

3

6

6

48, 361. 90
48, 402. 41
48, 425. 38
48, 436. 64
48, 484. 56

z2Q%y2-g*Qix .

2 4G!H-e 4HeH

245
2, 0G1. 35
2, o,

r
,7. 96

2, 055. 42

2,061.88

56

16

3

2
16

48, 496. 32
48, 576. 19

48, 636. 21

48, 662. 73

48, 721. 30

|2
2H^-/2H4H

232 2,051.21

2,04a 10

4 48, 736. 02
48, 744. 57
48, 807. 87
48, 837. 67
48, 897. 62

2 2Gfo-02Q3H

.-11

2,041.98

2,040. 11

06

06
1

1

6
36

1

56

4

48, 956. 28
48,991.31
49,001.15
49, 007. 64
49,061.98

49, 227. 46
49,248.83
49, 292 99
49, 327. 52
49, 358. 69

z*G\i1re*R iyi

o 2G3H-f2F^
z*Wx-fmiyi

zmtx-fmsx
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Talbe 2.

—

Wave lengths in the spark spectrum of Zr ( 'ontinued

Key
No.

233

233
244
245

234
234
235

235

244

236
236
237

237
237
237
238
238

246
238
246
239
239

XI. A.

2, 021. 36

2, 019. 65
2,016.52
2,015.86
2,013.21

2, 012. 66
2,012.03
2, 003. 18

2, 001. 90
1, 999. 43

1, 996. 05

1, 995. 24

1, 994. 91

1, 990. 70
1,981.21

1, 975. 90
1,961.37
1, 949. 65

1,948.23
1, 947. 46

1, 937. 64

1, 920. 76

1,911.32
1, 902. 78

1, 893. 52

1, 887. 07

1, 878. 53

1,861.71

1, 767. 85

1, 743. 53

Intensities

B. S. King

49, 455. 62

49, 497. 49

49, 574. 30

49, 590. 53

49, 655. 80

49, 669. 36

49, 684. 92

49, 904. 39

49, 938. 79

49, 998. 25

50, 082. 89

50, 103. 21

50,111.50
50, 217. 44

50, 457. 91

50, 593. 46

50, 968. 14

51, 274. 43

51,311.79

51, 332. 07

51, 592. 40

52, 062

52, 319
52,554
52, 811

52, 992
53,233

53, 714

56, 565

57,354

TeriD com-
binations

tfQtu-vtFh

2<Q 3M-^H 3}i

2<G5h i

a2F3H-t> 2D2H

a 2Pi«-PJD2«

z*G2x-e*H.3H

a2F3H-t>2Ffo
a2F 2M-f 2F2H
a2D 2>*-P 2D!K

a 2D 2H-P2D2H
a2DiH-t' 2D|H
a 2 D2H-tf2F2H
a 2DiM-"2F2>s

z2Ffo-02G<H
a 2D2H-P2 F$K
zmx-gtGiH
a 2 DiH-t)2PoH
a 2D2*-»2PiK

Observed
Zeeman
effects

Theoi
in
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2. THE ZEEMAN EFFECTS

Following the term designations of the linos in Table 2 are the

observed Zeeman effects. For the most part these have been taken

from the lists published by Moore and have proved of inestimable

worth in unraveling not only Zr II, but also Zr I. Some of bis pub-
lished patterns, however, are in error because of overlapping of close

lines. In such instances the observed patterns given in the table

are those derived from the more recent observations made in the

Brace Laboratory and at the Bureau of Standards, as stated above.

In some instances, too, the new measurements have given improved
values for patterns marked uncertain by Moore, and these also have

been included in Table 2. For comparison with the observed Zee-

man effects, the final column of Table 2 contains the theoretic;!

pattern for weak fields as calculated according to Lande. These

theoretical patterns have been taken from the Tables of Theoretical

Zeeman Effects, published recently by Kiess and Meggers. 16

Except for lines observed with the E x spectrograph, inspection of

the table shows that there is good agreement between the observed

and theoretical Zeeman effects for all lines which are simple triplets

and for complex patterns whose components are separated by % a or

more, a being the normal triplet separation. For complex lines

whose components are separated by less than % a the agreement

between the observed and calculated patterns is only qualitative.

For some lines with components close to the undisturbed posit ion

a definite widening was noticed, and this is indicated in the table by

a letter w following the pattern. Many of the apparent triplets are

unresolved patterns with the strongest theoretical components either

on the inside or on the outside, of the types designated as A and A

by Back. 17 Such designations in Table 2 were derived from the

recent observations described above. For lines of such types the

rule noted by Russell 18 for Ti and by Meggers 19 for Yt was found to

hold, namely, that the observed Zeeman effect is increased or de-

creased by one-fourth the separation between the strongest and

weakest components of the theoretical pattern.

For the Zeeman effects observed with the prism spectrograph there

is only qualitative agreement between the observed and theon

patterns No complex patterns were resolved and the on
>

-

measured were either triplets or quartets. However, a km comply

natterns on the verge of resolution were noted and these are mm

c^ted ?n Table 2 by* the letter W These observations were made

after the lines had been classified and have served t c .

pose I

not sufficiently accurate to establish the identity spectoal -

ou the observed and not on the theoretical g Taken of the two t*

»B.S.Jour.Ee8e8rch,l,ri?
4>

!

n^
—

«£*$££*&&% IMft
» Zeit-. fur Pbysik, U, p. 206, 19<tf.
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Table 4.

—

Zeeman effects from anomalous g values

[Vol. 6

Term com-
bination

a<FiH-

6<Fih-
a<F 2^-
6'F2H-
o 2F2h-

a*Fo<A-
b*F 3y2-
a 4F3H-
a<F2M-
a2G3H-
62G3H-
a2F2H-
a2D 2H-
a^DiH-
6 2Di*-

-z'Ffo 3, 357. 26

-z'Fi^ 3, 674. 74

-z*F!H 3, 393. 12

-z*F!k 3, 718. 86
-z*F!H 4, 161. 20

-z<F!H 3, 915. 94

-z<F!H 4, 156. 24

-J/
2F2H 2, 936. 31

-J/
2F^ 2, 732. 72

-J/2F2H 2, 699. 59

-J/
2F2°h 3, 387. 87

J/2F2H 4, 293. 14

-ff
2F|H 3, 164. 32

-J/2F2H 3, 044. 12

-J/
2F 2h 3, 020. 45

i/
2F^ 4, 179. 81

-!/2F2H 4, 337. 63

Observed Zeeman
effect

(0. 36) 0.

(0. 39) 0.

(0. 00) 1.

(0. 00) 1.

(0. 00) 1.

(0. 22) 0.

(0. 00) 0.

(0. 00) 1.

(0. 00) 1.

(0. 00) 1.

(0. 00) 0.

(0. 00) 0.

(0. 29) 1.

(0. OOw;) 1.

(0. 00) 1.

(0. 00) 1.

(0. 00) 1.

53
58
46
43
09 A2

74
70
66
50
20
67
66 Ai
00
00
16

25 A 2

20

Calculated Zeeman effect

|(0.15, 0.40)0.25, 0.55, 0.85

}(0. 16, 0. 49) 0. 54, 0. 86, 1. 19, 1. 53

(0. 07, 0. 23) 0. 62, 0. 78, 0. 93, 1. 09
(0.05,0.15) 0.65,0.75,0.85
(0. 02) 0. 68, 0. 73

}(0. 13, 0. 39, 0. 65) 0. 58, 0. 84, 1. 11, 1. 37, 1. 63, 1. 89

(0. 03, 0. 08, 0. 13) 0. 90, 0. 95, 1. 00, 1. 05, 1. 11

}(0. 04, 0. 13, 0. 22) 0. 67, 0. 76, 0. 84, 0. 93, 1. 02, 1. 10

(0. 06, 0. 18, 0. 30) 0. 68, 0. 80, 0. 92, 1. 03, 1. 15

(0. 11, 0. 34, 0. 56) 0. 64, 0. 86, 1. 09, 1. 31, 1. 54

• (0. 09, 0. 26) 0. 71, 0. 89, 1. 06, 1. 24

g values

Observed Theoretical

zmv2 0.700
.975

0.400
.857

Among the Zr Zeeman effects are two complex patterns which
beautifully illustrate the power of a magnetic field to resolve two very
close or coincident lines which have not been resolved with the most
powerful gratings used in observing them. The lines in question are
at wave lengths 4,457.42 and 4,282.21 A. Each belongs to both Zr
I and Zr II, and represents the term combinations given in Table 5.

Table 5.

—

Zeeman effects of coincident lines of Zr I and Zr II

X Terms Theoretical Zeeman effect Observed Zeeman effect

4, 457. 42

1 4, 282. 21

/ *P2-*Dl
\ 'Poh-'Do*
/ 5F2-5F3

1
2F 2H-2F2H

(0.00, 0.33) 1.50, 1.83,2.17
(1.33) 1.33

(0.00, 0.25, 0.50) 0.75, 1.00, 1.25, 1.50, 1.75
(0.00)0.86

}(0.00, 1.30) 1.33, 2.17

}(0.00)0.87, 1.54, 1.77

1 From the apparent wave lengths of the n components the wave length of the Zr I line comes out 4,282.18 A.

3. INTERPRETATION OF THE OBSERVED TERMS
The present accepted explanation of the terms of a spectrum is that

they are the resultants of the interaction of the valence electrons of
an atom in the various configurations they can assume. The neutral
Zr atom m its unexcited state has two 43 and two 5i electrons external
to the krypton shell, the configuration of these electrons being desig-
nated by the symbol U2

5s2
. The singly ionized atom has lost one

ol the s electrons, whence the configuration of the unexcited state,
corresponding to its minimum energy stage, is designated as 4d2

-5s.

i
the difference in energy between the binding of an electron in a

j>i orbit and a 43 orbit is small, so that stages of low energy may also
lit irom the configurations 4^ and U 5s2

. The terms which
result trom these three configurations are shown in Table 6. As the
present analysis shows all have been found for Zr II
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When the ion Zr+ absorbs energy an electron is removed from oneof the configurations just described to a higher orbit of the nl Z I
nf, etc., types and new electron configurations ensue. The termsresulting from these excited configurations are also shown is Table 6The most conspicuous of these terms are those which arise whenthe dislodged electron enters a 5 2 orbit. All the terms comingfrom the configurations 4£ hp and id 5s 5p have been found, as Tabic
6 shows. It is the combinations of these odd terms of the middlegroup with the terms of the low configurations that account for nearly
all the strong hues of the spectrum.

Table 6.

—

Theoretical and observed terms of Zr II

Electron
configu-
ration

Theoretical terms Observed terms Limit in
ZrHI

(<F, 2F o*F, a 2F 4d3F

4d2-5s

4P, 2P
\

2G
a<P, a 2P

62G
4(f3P

4d>G
2D a 2D 4d'D

4d3
[

2S
4F, <>P, 2H, 2G, 2F, 2D, 2P, 2D

a2S
6'F, 6«P, a 2H, a 2G, 62F, 62D, 6 2 P, c2D

*PS

4d-5s2 2D d2D 5«3D, 5a»D

f4 G°, <F°, <D°, 2G°, 2F°, 2D° 24Q0
( 2<F0, 2<D°, 22G°, 22F°, 22D° 4<f3F

<D° 4P° <S°, 2D°, 2P<>, 2S° y<D°, y<P°, 2<S°, i/
2D», y2P°, z2S° 4d3P

4d2 -5p \
2H°, 2G°,' 2F° 22H°, iv

2G , y2F° 4d>G
2F°, 2T>°, 2Po z2F°, i2D°, 22 P<» 4rf'D

2p0 x2po 4d'S

id-5S'5p /
4F°, <D°, <P°, 2F°, 2D°, 2P°

\ ' 2Fo, 2D°, 2P°
|/<F°, i*D°, 2<P°, r 2F", tf

2D°, »2P° 5*3D
w 2F°, w 2D°, to 2Po 5a'D

f<F, 2F e'F, c2F 4d'F
MP, 2P 4d3p

4d""6s \
2G e2G 4d'G
2D e2D 4d'D

I
2S 4d'S

f<H, *G, *F, <D, 'P, 2H, 2G, 2F, 2D, 2P c<H, /<F, /2H,?2G,/2F 4</3F

4d2-5d
<F, *D, *F 2F, 2D, 2P 4d3p

i 31, 2H, 2G, 2F, 2D
2G, 2F, 2D, 2P, 2S

c2I,c 2H,/2G 4d'G
4d'D

I
2D 4d'S

With increase in energy of the ion the dislodged electron may enter
the 5 3 and 61 orbits. The configurations 4d2 6s and 4d2 bd give high
groups of terms of the same type and parity as those of the low
configurations. In the case of the 4<i

2 bd configuration all the terms
will appear which have been excluded from the 4d3 group because of

Pauli's restriction. These high terms will combine with those of the

middle group^ and, because of their electronic origin, will be in Ryd-
berg sequence with corresponding terms of the low groups. The
combinations between the high and middle terms will, in general

yield faint fines which appear nebulous. The high terms are not

easy to identify and as Table 6 shows, only a few of those theoreti-

cally possible have actually been found.

As the current electron recedes from the core of the Zr i<>n,

there comes a stage when it is completely removed and the atom is

doubly ionized with its two remaining outer electrons forming tin 1

configurations 4d2 or 4d bs. From these arise the lowest and m
stable terms of Zr III. These terms, which belong to the triplet and

singlet systems, have all been found, as is shown in a previous pap r

by Kiess and Lang. 20 They are the limiting terms of Zr III from which

2° B. S. Jour. Research, 5, p. 305; 1930.

18296°—30 4
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the terms of Zr II may be found by adding to them the 4d, 5s, 5p, 5d,

etc., electrons.

The minimum energy that the singly ionized Zr atom can absorb

is represented by the transition 4d2 5s >4d2
5p. The lowest term be-

longing to the group arising from the 4d2 5p configuration is 2
4G°,

although the components of both 2
4F° and 22D° overlap it. The chief

lines of the term combination a4F-24G°, therefore, constitute not only

the resonance lines of Zr II, but also the raies ultimes, according to the

rules enunciated by Meggers, Kiess, and Walters,21 and subsequently
elaborated by Laporte and Meggers,22 and by Russell. 23 These are

the lines which were selected empirically as the raies ultimes by
de Gramont as stated above.

In spectra resulting from systems of one or two outer electrons the
coordination of term groups with electron configurations is fairly

simple. The spectra of systems with three or more electrons are
generally complex and the assignment of terms to their proper con-
figurations is attended with some uncertainty. There are, however,
certain guiding principles which may be of service in making the
assignments. In general, a complex term will exhibit Ap's of the same
order of magnitude as its parent term. All the quartet terms of Zr II
will arise from triplet terms of Zr III ; but of the doublet terms some
will arise from singlet terms and some from triplet terms of Zr III.

Inspection of Table 1 shows that the Ay's of the doublet terms fall

into two groups, those under 467 cm" 1

, and those over 610 cm-1
.

Another guide in the assignment of terms to their proper electron
configurations is to be found in the multiplet intensities. Here the
lack of quantitative intensity measurements for spectrum lines is

felt, but for limited regions of the spectrum in which there is no very
great change in the sensitivity of the photographic plate qualitative
estimates prove satisfactory. The intensities of multiplets resulting
from combinations between a triad of high terms and a common
lower term will differ, that being strongest for which the change in
the term quantum numbers, AL, is the same as the change Ak in the
azimuthal quantum number of the current electron. For example,
the triad of odd terms 2

4G°, z4F°2 and z
4D° of the 4d2 5p configuration

combines with the term a4F (4d2
5s), and also with the term 6

4F (4d3
).

In the first case the electron change is 5^->5s, A&=-1, and the
multiplet a4F<-z4G° for which AZ= - 1, is strongest. In the second

. qualitative .

tensity rule, and was first actually tested by Laporte, 25 several years
ago, on the Zr II multiplets here discussed.
A check on the correctness of the term assignments is furnished by

the Irregular doublet law according to which the values of -\/V/R for
corresponding terms of isoelectronic systems should differ by a con-
" a

JL xl !£ " ls the distance separating a term from its limit and R
is the Kydberg number. The only system isoelectronic with Zr+
whose spectrum has been almost completely worked out is the
neutral Yt atom. The analysis of Yt I is due to Meggers and Kus-

|

"I 1 BOC. \rn. A Rev. Sri. Inst.. 9. p. M72; 1924

optays. .(.. «« p. 21* 1927

' "pi. Boa Am., 13. p. is; 1926.
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sell
26 who established for it nearly all the terms required theoretically

for the low and middle groups. From their work were derived the
data entered in Table 7 for comparison with Zr II. The differences
in the fifth column of Table 7 run as smoothly as can be expected and
indicate a close parallelism between the term structures of Vi i and
Zr II, although the relative importance of the corresponding terms
in their respective spectra differs considerably. Tims, tin lo¥
term of Yt I is

2D coming from 4d 5s2
, the configurations -W 5s and

4ds yielding metastable terms of less prominence; In Zr II, however,
the lowest term, 4F, and the more prominent metastable terms conic
from the configurations 4d2 5s and 4d6

, respectively, the term d*D
coming from 4d 5s2 being doubtful and relatively inconspicuous.
And in like manner similar comparisons may be made between
the odd terms of the middle groups arising from the configurations
4d 5s 5p and 4d2

5s, the former yielding the more prominent terms in

Yt I, the latter in Zr II.

Table 7.

—

Values of -y/p/R for Yt I and Zr II

Electron
configura- Term Limit Ytl A Zr U

tion

f

4F4« 4d», *F 4 0.684 O.SSS 1.017
4P2K 4d2, 3F2 .694 .826 1.020

4d*.5«
JG^ 4d», »G4 .684 .278 .962
2Fs* 4d*. 3F4 .655 .338 .993

-'D2K 4d', iDa .694 .317 1.011

I
2PiK 4d2, 3Pa .667 .361 1.028

(

4Gsh 4d2, 3F4 .549 .826 .874
4 ~Flx 4d>, *F 4 .529 .340 ,8ft)

iDix 4d2, 3F* .516 .847 .863
2G1* 4d*, 3F4 .515 .386 .851

2F^ 4d2, 3F4 .513 .868 .876

4d2, 3F 4 .511 .362 .873

*Vlx 4d2, 3Pj .539 .355 .875

<P3* 4d2, 'Pi .529 .su .*::<

W-bp
2D2H

4d2, 3Pj
4d2, 3P 2

.536

.501
.34/
.898

.877

. 889
2P!« 4d2, 3P, .886

2SoH 4d2, 3P3 .555 .887 .892

2Hlx 4d2, iQ4 .539 .279 .818

2G3« 4d», iG4 .533 . 293 . 820

2F§H 4d*, iQ 4 .495 .Stf .843

2F5h 4d», iDa .535 .287

2D?h 4d2, iDa .543 .288 .826

I
JP!x 4d2, 1D2 .538 .819 . 857

f
4F<H 4d 5«,'Ds .599 .827 .926

<D§« 4d 5a, 3D3 .592 .826 .918

4Pfo 4d 5«,'Ds .576 .861 .
<r_>7

2Fs« 4d 5*, 3D3 .554 .278

4d-5s-5p 2D5H
3Pi«

4d 5s, sDs
4d 5s, 3D3

.600

.532

.283

.272

. K.'W

3Ffo 4d 5s,»Da .545

JD5« 4d 5»,iDj .546

I 2P!m 4d 5*,'Di .517 .318

4. SERIES AND IONIZATION POTENTIAL

Among the terms of Table 1, there are eight sequences of two

members each available for calculating series limits. I4 our of the

term sequences arise from the migration of the s electron, and tour

from the d electron. Experience with other spectra shows, ftowever,

that term sequences coming from the d electron, when ivprysrntr.l by

a simple Rvdberg formula, give results out of harmony with those lor

» B. S. Jour. Research, 2, p. 733; 1929.
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series resulting from the s electron. This is accounted for theoretically

by the firm binding of the lowest d electron in its orbit. The values

derived for the series limits of Zr II, and also the value of the ioniza-

tion potential of Zr+ , are based, therefore, on the series, coming from

the s electron. The component series, however, have different limits

in the low and metastable terms of Zr III. The manner in which the

individual series approach their limits has been given by Hund.27 In

Table 8 results are given for 10 series which converge to the different

components of 3F, *G, and XD, respectively, of Zr III, the relative

positions of which are known from the analysis of Zr III referred to

above. The individual values for the separation of the lowest terms

of Zr II and Zr III agree as well as can be expected from the limited

data available and their mean, 113,175 cm-1
, is adopted as the value

of a3F2
— aA

¥iy2 . From this an ionization potential of 13.97 volts is

derived for the ion Zr+ .

Table 8-—Series limits of Zr II

Term a»Dia a 2DjH a2F2v* o2Fsh 6*GsK WGm a^Fi« a4F 2^ a*F 3H a*F«K

Distance from limit, cm-1

Reduction to 3F 2 , Zr III
Reduction to «Fik, Zr II

111, 820
-3,392
+4,248

111, 696
-3, 392

+4, 505

108, 528
-682

+5, 753

107, 944
-1,487
+6, 468

101, 284
-2, 534

+14,060

101, 308
-2, 534

+14, 190

113, 460 113, 392

+315

113, 460
-682
+763

113, 428
-1,487
+1, 323

a3F2—

a

4Fi>i 112, 676 112,809 113, 599 112, 925 112, 810 112, 964 113, 460 113, 707 113, 541 113, 264

Mean (a3F 2-a<FiH) = H3, 175
Ionization potential 113,175X1.2345X10-*= 13.97p

IV. IONIZED ZIRCONIUM IN THE SUN

Zirconium is present in the sun in both its neutral and ionized states.
In the recent Revision of Rowland's Preliminary Table of Solar
Spectrum Wave-Lengths 28 by St. John and his collaborators 238 dark
lines are assigned to Zr+ . These include nearly all the strong lines

i

and many of the fainter ones listed in Table 2 down to wave length
2,975 A, which marks the limit of transparency of the earth's atmos-
phere to solar radiation. The method used in identifying Fraunhofer
lines with those of terrestrial elements was that of coincidences; that;
is, the direct comparison of solar wave lengths with those of emission
lines observed in the laboratory. That this method of identification
has its limitations is shown by the fact that of the 20,000 lines recorded
by Rowland only 57 per cent have had their chemical origins assigned,
ID the Revision of Rowland.

Perhaps the chief reason why the method of coincidences has not
been more fruitful in establishing the identity of the solar lines is;

that most of the elements of astrophysical importance have not had
( heir spectra measured with the same order of precision as that applied
to the sun's spectrum. In the case of the fainter lines, therefore,
which constitute a great majority of the 43 per cent remaining uniden^
nned, direct comparisons of wave lengths are often uncertain and must!
awail improved laboratory wave lengths. As stated above, however,;
the wave lengths entered in Table 2 are the results of new measure-i

:; %2BE&tt8lKtB8iS&%iSSSt p - 184
' Julius Springer

'
Berlin; 1927>
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ments made at the National Bureau of Standards in the Becond order
of the large concave grating, and are regarded as sufficiently accurate
to warrant the assignment of additional lines to the spectrum of singly
ionized zirconium. The new identifications which have thus been
made, by the method of coincidences, are presented in Table 9,

Table 9.

—

Identification of Fraunhofer lines uith Zr*

Observed Solar Observed Solar

X
Inten-
sity

X Intensity Identifi-

cation X
Inten-
sity X Intensity

Identifi-

cation

4, 841. 98
4, 565. 43
4, 445. 88
4, 040. 24

4, 031. 35

3, 855. 43
3, 800. 73

3, 782. 24

3, 767. 89

3, 757. 80

3, 710. 47
3, 709. 27

3, 692. 60
3, 667. 40

3, 667. 06

3, 660. 92
3, 655. 56
3, 633. 49

3, 612. 34

3, 572. 47

3
1

4
2

3
5
4
5
8

1

60
1

1

3

3
7

10
3

30

1.975
.427
.858
.265
.345

.414

.741

.220

.899

.812

.449

.257

.571

.425

.098

.922

.581

.513

.383

.479

-2
-1
-2N
-1

1

-1

-1
-IN

-IN
8

-3
-3N
-3d?

-3N
-3
-Id?
-3N
4

Ce+

CN-

Fe

3, 565. 41

3,501.11
3, 554. 09
3, 539. 05

3, 514. 64

3, 512. 67
3,431.57
3, 402. 87
3, 394. 63

3, 340. 55

3, 337. 93
3,313.70
3, 287. 31

3, 157. 00
3, 155. 68

3, 060. 11

3, 057. 22

3, 030. 91

2, 998. 49

2, 991. 40
2, 990. 10

5
1

7
4

4

3
6
7

3
15

2
8
3

10
10

3

5
10
2
3

3

5.397
.137
.123
.077

.636

.647

.587

.901

.612

.571

.924

.726

.335

.032

.659

.087

.277

.943

.505

.436

.071

12
-3

5
-1
2

6
4

3
2

-2
2
3

-1
-1

1
-1
-2
-1

Fe

Fe
Ce*
Fe?

Co
Co
MI
Fe
Fe

Fe

Fe
Ti+

Another limitation to the method of coincidences, however, is the
fact that not all the lines theoretically possible appear in emission
spectra obtained by the ordinary methods of excitation. This is

true of Zr II, as revealed by the foregoing analysis. Only a few of

the multiplets have their full complement of lines; in many only

those lines which represent the stronger transition probabilities are

present; and in yet others no lines appear at all in the spectrum.

But with a well-established set of terms based on accurate wave
lengths it is possible to calculate wave lengths for lines which are

missing from a spectrum though not forbidden by the selection

principles. We have done this for all the multiplets of Zr II which

lie in the Rowland region of the solar spectrum. The calculated

wave lengths which agree with solar lines and the terms used in

deriving them are presented in Table 10. It is of interest to note

that the multiplets 6
4P- z

4G°, 6
4P- z

4F°, and 6
4F- z

2G° which do not

appear at all in emission are represented in the solar spectrum by
two or more lines,
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Table 10.

—

Identification of Fraunhofer lines with calculated lines of Zr+

Calculated
X

Solar

Term
combination

X Intensity
Identifi-

cation

6, 085. 98

5, 881. 72

5, 549. 34

5, 278. 26

4, 989. 93

4, 857. 07

4, 794. 63

4, 697. 80
4, 0.50. 04

3, 748. 49

3, 716. 37

3, 690. 98

3, 675. 08

3, 554. 25

3, 496. 99
3, 457. 79

3, 354. 93

3, 287. 28

3, 240. 85

3, 205. 67

3, 180. 96

3, 120. 72

5.921
.728
.332
.252
.973

.101

.666

.810

.028

.508

.379

.974

.120

.278

7.010
.775
.891
.335

.874

.654

.992

.733

-3
-2
-3
-IN
-2

-2
-3
—2
-1

1

-1
-3N
-3N
-2

1

-3N
-IN
-2

-3
-2
-2

Fe

Cr

Cr?
Fe

Ce+

Zr, CN

Zr

c2D 2h-z2D2«
62D 2^-2 2D2«
6<P2>^-2 1 G2Ki
6<P2^-24 G.?^

b*Pm-z*T°iK

6<P 2^-24F-^
0*P2H-2 4G§H
6<P2^-2*F3\*
6<F 3^-2*G%i
b^x-yt'DiK

6<P2^-2/4F^
6*P<W-S/ 4Dfo
64P2K-04D2H
c2D2H-X2F2>i

6*Fi^-22D^
62F3><;-«;2Fw
a<F 3^-22F§^
6<F2>r2/2Dfo

b*F1H-y2T>°2X
64F3^-2 2G3H
6<F4m-22G2^
a2F2^-2/2F§H

V. CONCLUSION AND ACKNOWLEDGMENTS

The foregoing analysis of Zr II has shown that it is possible to
account for 75 per cent of the lines of this spectrum as combinations
of terms which can be predicted as to number and type from modern
theoretical concepts of the atom. All the terms theoretically possible
for the low, metastable group have been found. All the middle
group terms arising from configurations containing p electrons have
also been found except the term 2P° coining from 5s2

5p. This term,
which is prominent in Yt I through its combinations with the lowest
term a2D and higher terms, would reveal its existence in Zr II only
through combination with d2D, itself uncertain. No terms of the
middle group arising from the configuration Ad2 4/ have been found,
although in Zr III and Zr IV there are prominent terms arising from
the binding of the current electron in a 4/ orbit. If such terms exist
lor Zr II they would combine with the low terms coming from 4d3

.

But search through the available wave length data has failed to
reveal Aj>'s characteristic of these low terms from which the 4/ terms
must be established.
Of the high terms, which combine with those of the middle group,

only a few have been established with certainty. As stated above
many of the lines originating in these high terms are nebulous. It is

reasonable to attribute, therefore, the remaining unclassified lines,
many of which are nebulous, to combinations with unidentified high
terms which are predictable. All these unclassified lines are rela-
tively faint, and if they are the strongest members of multiplets
originating m the unknown high terms, it will be almost impossible
to classify them since the still fainter satellites, necessary to reveal
tin* characteristic Av> s, are missing.
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As stated in the introduction the analysis of the first spark spec-
trum of Zr presented in this paper has been carried forward at various
times during the past eight years. A similar analysis of Zr 1, w Inch
we shall describe in a forthcoming paper in this journal, lias been
carried on at the same time. In the laborious task of making the
necessary observations and calculations we have received assistance

from Mrs. F. J. Stimson, and E. Z. Stowell, D. D. Laun, and BourdoE
F. Scribner, former and present members of the bureau's stall'. For
the help they have given us we here wish to record our appreciation.

We are also indebted to the late Prof. B. E. Moore, of the Brace
Laboratory, University of Nebraska, for placing at our disposal not

only his recent observations of the Zeeman effect of Zr, 'out also a

set of plates obtained by him in 1907 in Gottingen; to Dr. A. S. King
and Miss Edna Carter, of the Mount Wilson Observatory, who Bent

us copies of their furnace spectra of Zr and lists of temperature classi-

fications in advance of publication; to Dr. K. Burns, of the Allegheny

Observatory, for preliminary values of ultra-violet standard wave
lengths of Fe; and finally to Prof. R. J. Lang, of the University of

* Alberta, who has furnished us with lists of Zr wave lengths observed

by him with the vacuum spectrograph.

Washington, June 6, 1930.


