
U.S. Department of Commerce National Bureau of Standards

RESEARCH PAPER RP732

Part of Journal of Research of the Rational Bureau of Standards, Volume 13,

November 1934

SECOND SPECTRUM OF HAFNIUM (Hfn)

By William F. Meggers and Bourdon F. Scribner

ABSTRACT

New data (wave-length measurements and intensity estimates) for more than
1,000 lines characteristic of singly ionized hafnium atoms, including Zeeman pat-
terns for 207 lines, are presented. Analysis has resulted in the interpretation of

862 lines as combinations of 117 atomic energy states, most of which are grouped
and identified as doublet or quartet spectral terms. The normal state of the
Hf+ ion is represented by a doublet-D term arising from the electron configuration
5d 6s2

, and a tentative value of 14.8 volts is derived for the ionizing potential.

Attention is called to the extraordinary similarity between La i and Hf n spectra.
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I. INTRODUCTION

An improved description of hafnium spectra, published in 1928 by
Meggers, 1 included data on wave lengths and intensities of about 1,500
lines between the limits 2155.72 A in the ultraviolet and 9250.27 A in

the infrared. The range of this list, the precision of the wave-length
measurements, and especially the discrimination between lines char-

acterizing neutral atoms (Hf i) and those due to ionized atoms (Hf n)
gave the present authors an incentive to search for regularities in the
first two spectra of hafnium. Such regularities were indeed found,
and preliminary reports of the structures of these spectra have been
published. 2 In each case relative energy levels were established

which combined in such manner as to account for more than 200
spectral lines and permit the assignment of relative values of inner-

quantum numbers to the levels. The absolute values of these quan-
tum numbers were tentatively fixed on the basis of suggested identi-

fications of the ground states; thus, from theoretical considerations
and comparison with similar spectra, the lowest term for Hf i was
assumed to be (d

2
s
2
)
zF, while for Hf n it was (ds

2
)
2
~D. A study of the

electric furnace spectrum of hafnium by King 3 confirmed our separa-
tion of Hf ii from Hf i lines and indicated that our Hf i levels were
correctly oriented.

At this stage it was felt that, to verify our identification of the
ground states and to extend such identifications to the remaining

» W. F. Meggers, BS J.Research 1,151(1928) ;RP51.
2 W. F. Meggers and B. F. Scribner, J.O.S.A. & R.S.L 17,83(1928), Hf n. W. F. Meggers and B.F.

Scribner, BS J.Research 4,169(1930) RP139; Hf i.

» A. S. King, Astrophys. J. 78,343(1929).
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levels, observations on the behavior of hafnium lines in a magnetic
field were indispensible. Such a study of the Zeeman effect for haf-
nium 4 was made possible by Dr. G. Hoist, of Eindhoven, Holland,
who kindly presented for this purpose a small rod of hafnium metal
condensed on a tungsten filament. From this investigation we ob-
tained new data for 280 hafnium lines (2393 to 4817 A), 70 belonging
to the first and 210 to the second spectrum. Analysis of these
Zeeman patterns confirmed our first suggested identifications of the
low energy states, and made it possible to extend the spectral classi-

fications, especially for Hf n lines since a larger proportion of the
latter appeared in the magnetic field.

On account of the position of hafnium in the periodic table of *

chemical elements (immediately following the rare earth group)
its spectral structures are of special interest and it is highly desirable

to make these analyses as nearly complete as possible. For the Hf n
analysis, it was soon found that a limitation was imposed by the
restricted range for which data were available and in part by the fact

that the earlier observations were made with impure materials. Thus
in the work already mentioned, 5 although 2,100 lines were measured in

the interval 2165 to 9250 A, more than 600 of these were discarded as

evidence of columbium, zirconium, titanium, and other impurities.

A more reliable and extended list of hafnium lines was finally obtained
through the kind cooperation of Prof. G. von Hevesy, who, in 1932,
supplied us with a sample of highly purified oxide, with which the
spectra have been reobserved, and extended to 1990 A in the ultra-

violet and to 10637 A in the infrared. A further extension in the
ultraviolet was made by Dr. B,. J. Lang of the University of Alberta,
who photographed the spark spectra to 1300 A using the same elec-

trodes which the authors employed for the study of Zeeman effects.

To give a detailed account of the new experiments and to present the

final results for the Hf n spectrum are the aims of the present paper.

Further data and analysis of the Hf i spectrum will be published after

they have been supplemented by additional observations of Zeeman
effects, since the data at present available have proved insufficient for

the complete identification of Hf i spectral terms.

II. WAVE-LENGTH MEASUREMENTS AND INTENSITY
ESTIMATES

The new sample of hafnium oxide presented by Professor Hevesy
(1932) for the continuation of our spectroscopic studies, greatly sur-

passed the earlier one (1925) in purity. Whereas the first sample was
relatively rich in columbium, zirconium, and titanium (represented

by 357, 109, and 50 lines, respectively) the last one was entirely free

from titanium and showed only a spectroscopic trace of columbium,
but contained considerable amounts of zirconium and nickel.

In making spectrograms with this new material, the same instru-

ments and technic were employed as in the earlier experiments fully

described elsewhere. 6 In addition to arc and spark exposures made
with silver electrodes on which a portion of hafnium salt was fused,

the entire range of spectrum was also investigated with very pure
copper electrodes. However, in the latter case, it was found im-

« W. F. Meggers and B. F. Scribner, J.O.S.A. 23,121(1933).
« W. F. Meggers, BS J.Research 1,151(1928) ;RP151.
• W. F. Meggers, BS J.Research 1,153(1928);RP151.
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possible to observe the spark spectrum because of the ease with which
the oxides scaled off, so stigmatic arc images were recorded full

length and enhancement at the cathode was relied upon as an indica-

tion of ionization. Besides serving as a check on the observations
with silver electrodes, those with copper electrodes revealed some lines

which had previously been overlooked because of masking by silver

lines.

The later spectrograms were, in general, stronger exposures so that
it was necessary to revise the scale of estimated intensities formerly
given. By using Schumann plates in the ultraviolet, the authors
succeeded in extending the observations from 2155 A to 1990 A with
a Hilger E x quartz spectrograph, and Dr. Lang recorded the spark
spectrum to 1300 A with his vacuum spectrograph containing a con-
cave grating of 2 meters radius. New photographic plates which
first became available about 3 years ago permitted extension of obser-
vations in the infrared to 10637 A. Formerly no satisfactory spark
exposures of hafnium were obtained for waves longer than 6000 A,
but after 5 trials with the new material one was obtained which re-

vealed enhanced lines (greater intensity in spark than in arc) up to

about 7000 A. Beyond this point, lines arising from ionized atoms
can only be recognized by their enhancement at the negative electrode

of the arc. The same applies to lines in a portion of the ultraviolet

(2000 to 2400 A) where our spark spectrograms were relatively weak.
In this range, the Hf n spectrum is well developed at the arc cathode,
and all lines truly enhanced in spark spectrograms probably belong
to twice ionized atoms.
Our final estimates of relative intensities of halnium lines are based

entirely upon the new observations, but the earlier values for wave
lengths were averaged with the most recent determinations, with the
hope that the final means thus derived from 4 to 7 or 8 spectrograms
would be improved in precision of relative value.

III. OBSERVATIONS OF ZEEMAN EFFECTS

For the study of Zeeman effects on hafnium lines, we employed
electrodes of hafnium metal condensed on a tungsten filament. The
electrodes were mounted in brass supports between the pole pieces

of a Weiss electromagnet made by the Geneva Society, and the spark
was operated with a condensed discharge from an alternating-current
transformer. After passing through a Wollaston prism of crystal

quartz, the light was focused on the slit of a stigmatic concave
grating spectrograph by means of a lens of fused quartz. This
enabled us to photograph both parallel and perpendicular compo-
nents of the transverse Zeeman effect simultaneously. Several spec-
trograms were made on Eastman 33 plates in the second order of a
Rowland grating giving a dispersion of 1.8 A per mm, and covered
the range from 2300 to 4900 A. Unfortunately, the hafnium metal
oxidized and wore away rather rapidly in the atmospheric spark, so

that tungsten lines finally appeared with predominating intensity
and too little of the hafnium remainded for observation of Zeeman
effects in the region of longer waves.
A field strength of about 33,000 gausses was maintained with a pole

gap of 6 mm, the actual field strength for each exposure being deter-
mined from measurements either of calcium lines (3933, 3968 A) due
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to contamination of the hafnium electrodes, or of aluminum (3944,
3982 A) or zinc lines (4680, 4722, 4810 A) impressed immediately
before or after the hafnium exposure. Under the most favorable
conditions of exposure and intensity distribution, we were able to

resolve patterns in which the separations are about a/8 but the limit

is more commonly around a/5. Patterns which are fully resolved
are followed in importance by those in which the components are
blended, but show typical intensity gradients. It has been custom-
ary to distinguish at least 3 different types represented by symbols
A1

, A2
, and B, according as the strongest perpendicular (n) compo-

nents are inside, outside, and in the center of the group, respectively.

Whenever the type of unresolved pattern was obviously A, we
attempted to measure the separations of the strongest components,
but when no asymmetry was noticed, we assume that the measured
separations apply to the centroids of the pattern. In the latter

case, measurements are found to deviate about 25 percent of the total

range of separations from the value for the components of greatest

intensity.

IV. CLASSIFICATION OF Hfn LINES

In our preliminary account of regularities in the spark spectrum
of hafnium 7 we displayed 206 combinations between 16 levels of

low energy and 27 higher ones. The 2 lowest levels were tentatively
named (aV) 2D, and the next 4 were regarded as (d2sY~F but further

attempts at grouping and identifying levels were considered too hazard-
ous. As soon as the new data on Zeeman effects were available, the
tentative interpretation of Hf n levels was confirmed, and the g values
(splitting factors) for all of the remaining established levels were
calculated from resolved patterns. This made it relatively easy to

group levels into terms and configurations, which in turn indicated
which terms were still missing and where they should be sought.

In this way the table of combinations was extended to include

about 800 lines involving 32 levels of the first set and 70 of the second
or middle set. At this point, the lines which remained unclassified

were mainly faint and hazy ones, so that attention was then turned
to the search for third set levels which might be expected as spectral

terms forming series with the lower ones. A number of such high
levels have been established but their proper grouping and interpre-

tation are uncertain, since none of them combine strongly enough to

be tested with Zeeman effects, and nothing is known at present of the

structure of the Hf in spectrum, the low terms of which represent
the convergence limits of Hfn series.

Soon after the already published Hf n levels were definitely identi-

fied by means of Zeeman effects and grouped into doublet and quartet
terms, it was noticed that a remarkable parallelism existed between
the structures of Hf n and La i spectra. Not only the relative posi-

tions of the terms but level separations and abnormalities in interval

ratios and inversions are more or less faithfully duplicated (except

for a scale factor) in Hf n as found 8 in La i. This close similarity

of the two spectra served as a guide in the further analysis of the Hf n
spectrum; it will be discussed in more detail in the last section of this

paper.

> W. F. Meggers and B. F. Scribner, J.O.S.A. & R.S.I. 17,83(1928).
« H. N. Russell and W. F. Meggers, BS J.Researeh 9,647 (1932); RP497.
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Complete data for Hf n lines are presented in table 1, where meas-
ured wave lengths, estimated intensities, wave numbers in vacuum,
term combinations, observed and calculated Zeeman effects appear
in successive columns. Of the 1,035 lines listed in table 1 as character-
istic of singly ionized hafnium atoms, 862 have been classified as

combinations of 117 atomic energy levels, most of which have been
grouped into doublet or quartet spectral terms. These terms com-
bine in such a way that the simple selection rule for total angular
momenta or so-called inner quantum numbers (AJ— 0, ±1) is

strictly obeyed, but there is apparently no restriction on changes in

orbital momenta, AX (except that imposed by the AJ rule) and
combinations occur for AX=0, ±1, ±2, ±3. Xntersystem com-
binations are very prominent and, except for more frequent intensity

anomalies, follow the same rules as doublets or quartets. It is obvious
that a satisfactory analysis of such a spectrum would have been
impossible without the aid of Zeeman effects.

In the extreme ultraviolet only the classified lines have been
quoted from Lang's observations. The unclassified lines in table 1,

which are situated mainly in the ultraviolet, are relatively faint and
usually haz}^ and unsymmetrical in the spark. Their wave lengths
are derived from arc spectrograms in which they appear as electrode

lines. These lines probably represent combinations with high levels

which it is impossible to establish or identify from the limited data
at hand.
In the last column of table 1, we have entered computed Zeeman

patterns for comparison with the observed patterns reported in the

preceding column. The computed patterns were obtained by apply-
ing the ordinary rules to the g values derived from the observations;
they are here given in complete detail to permit a critical test of the
quality and consistency of the observations, and also to facilitate

comparison with tables of theoretical Zeeman effects computed by
Kiess and Meggers 9 for pure LS coupling. The splitting factors for

Hf ii levels deviate so often and so widely from the Lande values
that they may be regarded as a new system representative of vector
coupling of a mixed or intermediate type.

Table 1.

—

First spark spectrum of hafnium (Hf n)

X air

Intensity

l>va,com
~

l
Term com-
binations

Zeeman effects

Arc Spark Observed Computed

9742. 28
9453. 55
8581. 88
8305. 91
8238. 13

10

2
1

2
5

(?)

(?)

5?

4
10

10261. 73
10575. 14

11649. 26
12036. 32

138. 29

VFiy—z*mx
62F2H—2 2Dih
b iF2H—24Dih
&~D2y—ziF°2y2
WFix—zmyi

7983. 66
7861. 22
7801. 53

7757. 89
7720. 72

3

3

2

5

1

5

8
6

15
2

522. 14
717. 18
814. 48
888. 56

12948. 60

b*F3H—z*rj°2y3
atFox—zmn
b*Fix—z*DIk
biQzx—zmx

7683. 09
7634. 50
7565. 35

61.08
7514. 88

2
1

1

30
1

2

10

2

13045. 93
094. 83
214. 73
221. 99
303. 27

b*F 2x—z2'D2x
WFiy—ytFvA
b iF2y—y2 ~D°2x

6«PlM—Z*Pfo
&2G3^—2/2D2H

• C. C. Kiess and W. F. Meggers, BS J.Research 1,641 (192S);HP23.

88075—34 3
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity

J'vaoem~1
Te-im com-
binations

Zeeman effects

a air

Arc Spark Observed Computed

7398. 96
7328. 64
7292. 33

78.72
7277. 67

3
1

5

10
30
1

6

50

511. 70
641. 34
709. 27
734. 90
736.88

WFix—xmx
WFiy—z4F§^
V~Diy—z 4Ffo
62Di^—w 2Dih
b*FiH—z«D&

7189. 30
7164. 52
7061.90
30.33
21.23

1

1

10
30
3

3

5

30?
150
30

905.73
13953. 83
14156. 60

220. 17

238. 60

a 2Foy3—z4Do>s
o2Pih—zWix

64F2^—

z

4D^
b*Fix—z2Pfo

16.99
7010. 68
6997. 83
80.91
70.44

5
2

100
5

6
10?
20

200
10?

247. 20
260. 03
286. 21

320. 84
342. 35

WQm—z 4G|^
«2F3H—

2

4F2^

6935. 16

6857. 03
55.29

6850. 07
6767. 91

5

5

7
20
1

50
10?
50
60?
1

415. 31

579. 56
583. 26
694. 37
771. 54

62D 2^—z4Dfo

a iF2yi—z4F|^

biFiH—x2F°oyi

54.61
6719. 40
6647. 06
44.60
09.20

60
2

30
100

1

100
50

100
200

8

800. 63
14900. 36
15040. 10
045.67
126. 25

WDiy—z4D§h
VFzy—*2F§h
b*FiH—z*Flx
&2Dnf-z4F2^
c*D 2h—V'Vlx

6605.91
6699. 76
84.53
67. 39
65.76

1

4
6

1

4
40

60
3

133. 79
147. 89
182. 93
222. 55
226. 33

6 4P2H-i/ 4F2H
a 4PiH—z*F°iy2
a 2H5>*—

#

4F4ju
WGzy—y^V,
& 4Fi^— z2D!>^

62.85
57.91
50.01
48.72
48.24

2

10

1

1

2

10

100
10

10

3

233. 06
244. 56
262. 94
265. 95
267. 07

b*Fiy—y*F\x
6 4F3H-z 4D3M
62F3>i—ioiDIh

amm—z*Glx

42.80
31.66

26.20

12.61
6511. 62

3

2

1

50
30

5

10
6

279. 76
305. 82

318. 63

350. 59
352. 93

am^y—ziQly
2

o.2p1H -Z2P§^

/ 62F2H-x4D!H
\ &4P 2i*—V*F%i
a.iFm—z*T>2K
biFiy—z*Gl>i

6494. 58
73.89
67.90
62.30

6455. 85

3

2
1

2

5
20
2

4
20

393. 21
442. 41

456. 71
470. 10
485. 56

WGzy—y*FbA
b4FiH—

z

4D 2 i^

tfQzKi—z*D°2x
b*F1H

—j/2PiH

6390.99
90. 32
43.77
37.76
15.94

1

1

1

1

2
2
4
1

5

642. 71
644. 35
759. 15

774. 09
828. 59

64 Pi>«-2/ 2Po^
64Poh-?/2P?h
&2F2}4—«*' 2 FIh;

6306. 17
6279. 84

71.05
48.95
30.84

1

15

1

SO
10

5
20
3

100
20

853. 11

919. 58
941. 89

15998. 27
16044. 77

b*F 2y3—y iF^
a 4P2is— z4F!h
VG^—I/

4Fsh
a 2F2^—

z

4 Fi!4

64Fiv<i—

z

4G 2^

29.66
22.81
06.95

6202. 85
6158. 72

2

6
1

2
1

3

10
3

2
2

047. 81

065. 47
106. 53
117. 17
232. 66

biFoH—y^m
a2G3>i— z4F!^
6 2F3>i—zmix
a4PoH—

z

4F!H
6 2G 3.^—y 2Flx

56.25

35.65
6135. 10
6097.47
93.15

3

1

10

3d
I

20

239. 17

293.69
295. 15

395. 72
407. 34

fa4Pm—

z

4Dfo
\ 6 4F 2^—

z

2Pfo
a 2PiK-z2DiH
WGiy—ymy,
b*FlH-y*F$H
6 2D 2>i—

z

4F3H
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity-

fvac 0110
"

1
Term com-
binations

Zeeman effects

Xair

Arc Spark Observed Computed

48.00 3 5 529. 82 a*Pon—

z

4D!}$
41.44 2 6 547. 77 6*F3h—z'Flx
31.96 1 3 573. 78 &2F2H—y 2®w
27.57 10 20 585. 85 WGix-ymx

6006. 39 2 2 644. 34 aiGv.i—zt&Sx

5969. 38 4 5 747. 53 6«F 2h—

z

4Dsh
5929. 35 3 5 860. 59 6 4Fs^— z4Glx
5885. 58 3Zr? 2 985. 98 62D 2H-24D§H

42.23 50 80 112. 02 a*PiK—z*Gi«
09.50 20 30 208.42 a 4Po>$—24D§h

5801. 71 7 15 231. 53 a2G3H—

z

4G2H
5767. 18 15 30 334. 70 a*F2K—z«Fix
5752. 53 3 5 378. 85

5373. 58 4 10 620. 68 62F3H—

X

4P2H
60.40 — 1 661. 71 62F2H—Z«P2H

58.83 1 3 666. 61 VGzx-ymy,
5631. 36 1 4 752. 78 biPix—xWm
5590. 73 3 5 881. 80 (UPox—z2Pfo
65.56 2 5 17962. 67 amix—

z

2Gly3
47.83 — 1 18020. 07 WGiy—ymx

24.35 40 50 096. 66 amy—z»D$k
5514. 96 1 3 127. 47 VPix—V'Vix
5493. 22 1 6 199. 21 MBte-v2Gix

63.38 10? 10 298. 62 a«PjM—z«Di«
44.07 20 30 363. 52 6*F2Ji—z*Glx

30.06 1 4 410. 90
5420. 44 2 3 443. 58 WvA—zmn
5391. 36 6 10 543. 05 tt*PiH—Z^PiH

71.80 2 4 610. 57 6 4P2>*—ziGiy,
61.38 1 2 646. 74 64Pok—|/

4Doh

48.40 10 15 692.00 a2F3H— z4F§h
46.30 10 40 699. 34 62G3H—z2GiYi

24.26 20 30 776. 74 6*Dij4—z»P8k
5311. 60 100 150 821. 50 fc2DlH—Z2T>°2H

5299. 85 8 10 863. 22 o*Pi«—z«D!«

98.06 80 100 869. 60 a*Po>j—z»D!h
89.98 3 10 898. 42 amSy—z^Gix
76.39 1 3 947. 09 &*F2>tf—l0*Pfa
64.95 50 80 18988. 26 64Fiji—2/2D?h
60.44 30 40 19004. 54 biD 2y—z*?\H

5247. 10 40 60 052. 86 VGiy—z2Gbi
5194. 57 3 6 245. 53 b*Fiya-ziG°iH
87.75 20 30 270.83 a2Fm—z*T>^
64.56 3 8 357. 36 biP2^—y iD°2H
56.06 1 5 389. 17 64Pi^— 4»1H

28.53 10 20 493. 35 alGix—z*D3H
27.08 ._ 1 498. 87 64Po^—z2S§h

5110. 61 7 561. 70 c2D 2«—j?F§k
5080. 44 2 10 677. 87 &4Po*—2/

4D?^
79.65 40 60 680. 92 6*Fi«—z*FIk

75.92 10 20 695. 39 a 4P2H—z2D1h
71.23 6 8 713. 60 a2F2^—z4DIh
58.18 8 10 764. 46 6*DiH—z2D!h
57.03 20 30 768. 96 64Fsk—z2F§h
40.82 100 150 832. 53 a 4PoH—z4Dih

5034. 33 4 8 858. 09 a2F3«—z4G§h
4999. 69 30 40 19995. 68 6 2Di^—

z

4Dl^
84.78 1 3 20055. 49 o'PiH—tf

2Dii<
45.38 7 10 215. 27 a 4Pi4—z^PSji
34.46 50 60 260.00 a 4Pi«—z2D!h

26.99 6 8 290.72 o4P2>i—z 4F§h
20.97 2 5 315. 54
07.34 1 3 371. 97 6 4F2*—

z

4PS^
4904. 51 10 30 383. 72 64P2H—

y

4F>§H
4885.75 1 6 461. 99 a*H4«-^r2FlH
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity-

Cvao™" 1
Term com-
binations

Zeeman effects

Xair

Arc Spark Observed Computed

83.28
65.43
60.54
48.46
44.00

5

1

4
10

4
10

3
20
15

472. 42
547. 45
568. 12

619. 36
638. 35

b2Gzy—|/
4D§h

b2Gzy—X2T>2!4

a 2PlH—24P§^
WF\y—2/

4E>2^
a 4P2><r-z

2Dih

34.84
17.22

09.18
4807. 14

4790. 72

20

4
15
15

2

80

6

20
40

677. 45
753. 08

787. 77
796. 60
867. 87

b*F3H—ziGii4

C2G3H—Z2F°2X

(0.00 w) 1.09 (0.03,0.09,0.15,0.21) 0.96,

1.02, 1.08, 1.14, 1.20,

1.26, 1.32, 1.38

65.78
60.59
49.39
35.75
35.67

2

4

(?)

12

20
1

10
20

977. 08
20999. 95
21049. 47

110. 10

110. 45

6 4Poh—z2Di^
6 4Po«—

2

4SiH
62F2H—x^Dly,
a2GiH—z*G°m
a2F2H—Z2~D°2X

33.74
31. 36
19.10
14.99
13.47

20
20

1

2
40
30
3
1

119. 06
129. 68
184. 57
203. 04
209. 88

bi~D 2<A—24G§h
a i~Poy—z*'Poy2
a 4Pi^—z2D\y2

4703. 62
4699. 72
82.68
75.45
64.14

3

15

100

10

40
8
10

150

254. 29
271. 93
349. 34
382. 35
434. 20

64F2^—z^Yva

b^GzA—22GSh
a 4Pi^—

z

4DI^ (0.18, 0.51) 0.80, 1.12 (0.18, 0.56) 0.76, 1.04, 1.50,

1.88

59.22
55.65
40.14
26.41
22.71

4

8

6Zr?
30

4

3

20
6

100

456. 83
473. 29
545. 06
609. 00
626. 29

a 4P2^—24G 2h

64F 4^—y*Fix
biF^—z^H

(0.00 w) 1.06 (0.04, 0.10, 0.18) 0.90, 0.98,

1.04, 1.12, 1.18

13.74

4605. 79
4599. 46

86.25
73.81

10

20
6
4
6

50

30
40
10
20

668. 34

705. 74
735. 61

798. 22
857. 50

am^—zmix

a 2F2y—z*F°3x
&Gix—z2Gly
a*F3x—z i 'D°3H
6»D 2ji—2«P!h

(0.00) 1.04 (0.01, 0.03, 0.05, 0.07, 0.09)

0.96, 0.98, 1.00, 1.02,

1.04, 1.06, 1.08, 1.10, 1.12

70.70 2 30 872. 38 6 4P2K—»*PlH (0.00) 1.45 (0.04,0.10
s

) 1.40,1.48,1.54,
1.62

63.81
46.34
41.31
39.76

10

3

8h
2

20
3

905. 40
21989. 57
22013. 93

021. 44

X*~Diy—5
&2Di^-22P!H
a 4PiK—z^Gva

35.38
33.18

6

30
30
40

042. 71
053. 41

biFzy—yiFlH
alFiyi—zt&ly (0.00 w) 1.13 A2 (0.07, 0.21) 0.77, 0.91, 1.05,

1.19

(0.14, 0.42, 0.70) 0.53, 81,

1.09, 1.37, 1.65, 1.93

24.74
4519. 02
4490. 60

3

2

30
10 h
20

094. 54
122. 51
262. 51

amiy3—yzGbA

WF3y—y2F°2X (0.00 W) 1.69 h

86.65 1 20 282. 11 c^m—w^h (0.00 w) 1.18 (0.03.0.09,0.15)1.06,1.12,
1.18, 1.24, 1.30

(0.22, 0.66) 0.35, 0.79, 1.23,

1.67

(0.00) 0.92

86.14
83.29
66.41

20

6

30
5

30

284. 65
298. 81
383. 09

a 2F2^—

2

4D^
C2D2H—x2F°m
b*F2y— 2/

4F?h (0.00 W) 1.69

52.70 - 10 452. 00 b*G 3y—xiFlx (0.00) 0.91

43.07
26.18
22.76

15

3

20

20
9

150

500. 66
586. 52
603. 98

64P 2h—w 2F>\y2
(0.00 w) 1.28 A 2? (0.04,0.10,0.18.0.24,0.32)

0.78, 0.86, 0.92, 1.00,

1.06, 1.14, 1.20, 1.28,

1.34, 1.42

(0.03) 0.77, 0.834417. 37
4397. 15

40 100
3h

631. 57
735. 64

aJPoM—yfDix (0.00) 0.78
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity Zeeman effects

Aair I'vac 01"" 1
Term com-
binations

Arc Spark Observed Computed

85.52 _ 5 795. 93 a^Gs^—

2

4P!^
70.95 60 100 871. 92 a2F 2^— 24G?h (0.00) 0.98 (0.01, 0.03, 0.05) 0.95, 0.97,

0.99, 1.01, 1.03

67.90 30 40 887. 89 a*F2H—zm* ! (0.00) 1.50 (0.06,0.16) 1.26,1.36,1.48,
1.58

65.73 5 899. 26
50.52 30 150 22979. 32 b^ix—y*Flx (0.34) 1.28 B (0.04,0.12,0.20,0.28,0.36)

0.95, 1.03, 1.11, 1.19,

1.27, 1.35, 1.43, 1.51,

1.59

36.66 40 200 23052. 76 &4F3^-y2F& (0.26) 1.19 (0.04,0.10,0.18,0.24)0.98,
1.06, 1.12, 1.20, 1.26,

1.34, 1.40

35.15 5 5 060. 79 a 4F3^—z'Flv*

34.65 10 30 063. 45 6«F4h-24G5H (0.00) 1.16 (0.02, 0.06, 0.10, 0.14, 0.18)

1.09, 1.13, 1.17, 1.21,

1.25, 1.29, 1.33, 1.37,

1.41, 1.45

27.55 ? 4 101. 29 (Z2F3J4—z*F2h
21.36 2 30 134. 38 & 4Pi>3—y^m (0.00 w) 1.70 (0.09, 0.27) 1.49, 1.67, 1.85

20.69 15 40 137. 97 63D2K—z^m (0.35) 1.37 B w (0.08, 0.24, 0.40) 1.Q5, 1.21,

1.37, 1.53, 1.69

4319. 51 1 8 144. 29 a2PoH-z4PoH
4272. 85 20 60 397. 02 a 4P2>i—

2

4D§« (0.00) 1.36 (0.02, 0.04, 0.08) 1.32, 1.34,

1.38, 1.40, 1.44, 1.46

69.67 10 20 414. 45 a^Fs*—24G§h (0.00) 1.00? (0.02,0.08,0.12,0.18)0.94,
0.98,1.04,1.08,1.14,1.18,

68.10 — 5 423. 06 64Po«—2/
4Pi>*

1.24

62.72 4 10 452. 62 a 4P,^—22P?h
52.61 ? 1 508. 38 22G^—

3

49.33 10 30 526. 52 W~Dxy—y2DiH (0.37) 0.86 B (0.12, 0.34) 0.68, 0.92, 1.14

45.84 8 20 545. 86 64F2^-2/4F2>i 1 (0.12) 0.98 (0.02, 0.04, 0.08) 0.94, 0.96,

1.00, 1.02, 1.06
41.93 1 7 567. 56 C2T>2H—wWlx

32.43 30 60 620. 46 &4FiH—2/
4F?h (0.14) 0.52 (0.06, 0.16) 0.40, 0.52, 0.62

31.61 — 2Zr? 625. 04 6 4Pi^—j2F!h
18.84 (?) 1 696. 55 a2Q3H—22Fsh
07.39 — 2 761. 03 a 2H^—yiQ'm
06.59 30 80 765. 55 6 4F2h—2/2F2« (0.00) 1.02 (0.03, 0.09, 0.15) 0.86, 0.92,

0.98, 1.04, 1.10

4201. 76 (?) 1 792. 87 VFm—xmx
4187. 68 5 8 872. 87 b*FiH—y*Pl>i

79.55 1 10 919. 30 &2F2^—u*~Dix (0.00) 0.92
77.50 10 20 931. 04 a.i~Pix—y2~Dlx (0.00) 1.06 (0.02, 0.06) 1.02, 1.06, 1.10

1.14
70.41 2 2 971. 72 c2Poh—24Pfo

66.64 3 23993. 41 62P^—ut-DXx
63. 43 1 5 24011.91 64F 4H—

2

2G3H
62.40 10 50 017.85 a2G4^—22F§H (0.00) 1.13 (0.00, 0.01, 0.02, 0.03) 1.09,

1.10, 1.11, 1.12, 1.13,

1.14, 1.15, 1.18

58.90 5 30 038. 07 &2D2H—

2

2F§H (0.00 w) 0.86 h (0.08, 0.26, 0.42) 0.70, 0.86,

1.04, 1.20, 1.38, 1.54

56.74 (?) 4 050. 56 <Z2G3H—2/
2D2>4

41.84 (?) 5 137. 08 64Poh—w 2~D°m
40.21 (?) 2 146. 58 64Fih—|/

2PoH
38.70 (?) 3 155. 39 64P2^—w^Dlx
27.80 10 40 219. 17 62Dim— 22F2H (0.00 w) 0.72 Ai (0.07, 0.21) 0.68, 0.82, 0.96,

25.10 (?) 5 235. 02 62Q4H—xm* 1.00

23.54 1 10 244. 19 62G3H—w 2D°m
4113. 58 15 20 302. 89 a2F 2H—

2

2Pfo (0.18, 0.54) 0.44, 0.79,

1.14

(0.16, 0.50) 0.48, 0.82, 1.14,

1.48, 1.80

4097. 21 3? 8 399. 99 a 4P2M—

y

2DiH
93.16 120 150 424. 13 (i'Fih-24 Fih; (0.08) 0.47 (0.04, 0.10) 0.42, 0.48, 0.56

82.67 — 1 486. 89 &4F3M-y 4Ffo

80.44 30 60 500. 27 a4F2^—

2

4F!^ (0.00) 1.07 (0.01, 0.03, 0.05) 1.03, 1.05,

71.22 3 6 555. 75 64F2H—2/
2FsV 1.07, 1.09, 1.11

50.67 2 7 680. 33 a 2G3^—

2

4Gt^ (0.00 w) 1.69 h (0.12, 0.38, 0.62, 0.88) 0.30,

0.54, 0.80, 1.04, 1.30,

1.54, 1.80, 2.04

49.44 4 10 687. 82 a 2Pi^—2/
4F!« (0.86) 0.31, 0.86, 1.39 (0.28, 0.82) 0.30, 0.84, 1.40

48.46 (?) 3 693. 80 a2H4^—22H!>*
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity Zeeman effects

Aair Vvzccm
~

l
Term com-
binations

Arc Spark Observed Computed

47.96 4 50 696. 85 amax—V2GIa (0.00) 1.16 (0.01, 0.03, 0.05, 0.07, 0.09)

1.01, 1.03, 1.05, 1.07,

1.09, 1.11, 1.13, 1.15,

1.17, 1.19

33.88 1 6 783. 05 6 4Fi^—z/
4F2H (0.26, 0.80) 1.30, 1.84 (0.26, 0.78) 0.20, 0.72, 1.24,

1.76

(0.20, 0.62, 1.02) 0.36, 0.78,29.16 4 10 812. 08 tfYiy—z4D§^ (0.21, 0.61) 2.39

1.20, 1.60, 2.00, 2.42

20.25 5? 5 867. 07 VDiy—z'Pfo

08.46 2? 8 940. 21 a 2Fiy—y*Fly2 (0.14) 1.15 (0.06, 0.18) 1.06, 1.18, 1.30

4007. 36 2? 10 24947. 08 b^2H—x^\Vl (0.00) 1.58 (0.04, 0.14) 1.38, 1.46, 1.56,

1.64

(0.02, 0.06, 0.10, 0.14, 0.18)3998. 51 1? 6d 25002. 27 a^Qiyi—z«GSm (0.24) 1.15

0.99, 1.03, 1.07, 1.11,

1.15, 1.19, 1.23, 1.27,

1.31

96.80 1? 5 012. 97 a*P2H—24Gsh
84.85 1 5 087. 98 62G3K—zmtx (0.18 h) 1.34 h (0.06, 0.16, 0.28. 0.38) 0.64,

0.76, 0.86, 0.98, 1.08,

1.20, 1.30, 1.42

84.03 3 8 093. 14 a 4P2^—z*FIh (1.40) 1.20 (0.26, 0.80, 1.32) 0.10, 0.62,

1.16, 1.68, 2.22

79.40 4 40 122. 34 62G4H—«-' 2F& (0.00 w) 0.62 Ai (0.06, 0.18, 0.30, 0.42) 0.64,

0.76, 0.88, 1.00, 1.12,

1.24, 1.36, 1.48

75.15 — 4 149. 26 62D 2^—

y

4Ffo
64.96 5 15 213. 83 a2Fiy—2/

2Poh (0.29) 0.86, 1.42 (0.28) 0.84, 1.40

46.00 — 7h 334. 97 &F3y
2—v2Fly2 (0.00 h) 1.28 h

45.35 — 10 h 339. 08 c^y—v^Dlx (0.00 h) 1.24 h (0.09, 0.27, 0.45) 0.88, 1.06,

1.24, 1.42, 1.60

35.64 7 20 401. 66 b^y—yWlx (0.00) 1.33 (0.02, 0.08) 1.22, 1.26, 1.32,

(0.0*4, 0.10, 0.18, 0.24), 1.0833.65 30 40 414.51 a*Fiy3—z*F°Sy2 (0.00 w) 1.47

1.16, 1.22, 1.30, 1.36,

1.44, 1.50, 1.58
33.18 — 1 417. 55 b*~Piy—w2T>°2i4
32.40 3 10 422. 59 a*FvA—z*F°2H
31.96 — 1 425. 44 6«P2H—w*D3k

29.53 3Zr 3 441. 16 &»g 4k—zmiH
23.91 15 40 477. 60 ai-Pty—zi-Phy, (0.47) 1.22, 2.16 (0.47) 1.22, 2.16.

18.10 60 100 515. 38 a*Fiy—z*V°oh (0.00) 0.41 (0.04) 0.41, 0.49.

17.47 4 20 519. 48 b*Fm—z2Glyi (0.63) 1.12 Bw (0.10, 0.30, 0.50, 0.70)

0.53, 0.73, 0.93, 1.13,

1.33, 1.53, 1.73.

3900. 64 2 20 629. 59 am6y—zmiy2 (0.00) 1.08 (0.01, 0.03, 0.05, 0.07,

0.09, 0.11) 0.99, 1.01,

1.03, 1.05, 1.07, 1.09.

1.11, 1.13, 1.15, 1.17,

1.19.

3883. 77 6 20 740. 91 a«P£«—z«P!h (O.OOw) 1.18 (0.13, 0.39) 1.03, 1.29, 1.55,

1.81.

82.23 _ 3h 751. 12 a*Hoi—y*Glx
80.82 30 40 760. 48 a*FiK—z«FSk (0.32, 0.95) 0.78, 1.42,

2.06
(0.32,0.94)0.14,0.76,1.40,

2.02.
77.11 5 40 785. 12 WFm—yi-Dly3 (0.00) 1.26 (0.03, 0.09, 0.15, 0.21)

1.10, 1.16, 1.22, 1.28,

1.34, 1.40, 1.46, 1.52.

72.55 7 20 815. 49 a»FiH—fl*Dix (0.00 w) 1.21 A* (0.09, 0.27) 0.71, 0.89,

1.07, 1.25.

67.32 4 15 850. 40 a2Pm—2/
4F!k (0.00 w) 0.82 Ai (0.07, 0.21) 0.77, 0.91,

1.05, 1.19.

64.75 2 20 867. 59 62G 4M—tf'Gfo (0.00 w) 0.45 Ai (0.07, 0.21, 0.35, )

0.57, 0.71, 0.85, 0.99,

1.13, 1.27, 1.41, 1.55.

49.52 7 25 25969. 93 a2Q 3H—2/
4Fsm (0.00) 0.83 (0.03, 0.09, 0.15) 0.77,

0.83, 0.89, 0.95, 1.01,

1.07.
38.37 1 3 26045. 36 6*Pih—s*P?H (0.38) 1.31 (0.41) 0.41, 1.35.
23.53 1 4 146. 45 6 4P2^—z*DSk
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity Zeeman effects

Xair Pvao ™" 1
Term com-
binations

Arc Spark Observed Computed

19.90 2h 171. 30
17.20 6 20 189.81 a*-Gzy—yZFSx (0.00) 0.87 (0.02, 0.04, 0.08) 0.84,

'

0.88, 0.90, 0.94, 0.96,

1.00.

10.59 2 10 235. 24 WGzx—xi'Dbi (0.19, 0.58, 0.96) 0.00

Wus
(0.19, 0.57, 0.95) -0.03,
+0.35, 0.73, 1.11, 1.49,

1.87.

06.07 6 40 286. 39 biF3x—y i-'D2yi (0.00 w) 1.04 A' (0.05, 0.15, 0.25) 0.98,

1.08, 1.18, 1.28, 1.38,

1.48.

3800. 39 40? 5 305. 65 o*P1H-z«P!« (0.00) 1.69 (0.00) 1.68, 1.70.

3799. 51 — 3 311. 74 Wiy,—^Ffo
97.95 5 10 322. 55 a2F3H—z*FbA (0.00) 1.12 (0.00, 0.01, 0.02, 0.03)

1.08, 1.09, 1.10, 1.11,

1.12, 1.13, 1.14.

93.37 40 60 354. 33 0>T>v/2~Z^\y% (0.22) 1.13 (0.05, 0.15, 0.25) 0.93,

1.03, 1.13, 1.23. 1.33.

82.78 4 8 428. 11 a»F2K—

2

4Gij< (0.00) 1.18 (0.04, 0.12, 0.20) 0.86,

0.94, 1.02, 1.10, 1.18,

1.26.

80.09 3 7 446.91 a*Poy—z*F° >A (0.00) 2.62 (0.01) 2.62.

72.83 _ 1 497. 80 6*Poh—*4Pi>*
71.36 3 8 508. 13 amx-zmx (0.24) 0.96 (0.04, 0.14, 0.22) 0.76,

0.84, 0.94, 1.02, 1.12.

70.64 — 3 513.19 6 4P 2«—.t
4PIh

66.92 10 50 539. 37 biF2H—yiT>°m (0.00 w) 0.85 A' (0.08, 0.22) 0.78, 0.94;

1.08, 1.24.

62.51 2 25 570. 48 a»H4H—z*D§h (0.00 w) 0.81 Ai (0.04, 0.10, 0.18, 0.24)

0.80, 0.88, 0.94, 1.02

1.08, 1.16, 1.22, 1.30.

58.04 _ 3 602. 08 &Q3x—**P2M
47.48 3 7 677. 04 a^F^y—y-I>iyi (0.00) 1.10 (0,02, 0.04, 0.08) 1.04,

1.06, 1.10, 1.12, 1.16,

1.18.
45.78 .

—

1 689. 15 a*G3K—v*Fsh
44.98 3 15 701. 91 b*Fiy—ztG°iH (0.64) 1.20 Bw (0.08, 0.22, 0.38, 0.52,

0.68) 0.64, 0.78, 0.94,

1.08, 1.24, 1.38, 1.54,

1.68, 1.84.

37.88 5 15 745. 56 6<Fih—|/
4Do^ (0.00) 0.44 (0.00) 0.46.

19.27 50 70 879. 38 a4F2^—z^DIm (0.00 w) 0.85 Ai (O.OS, 0.24) 0.82, 0.98,

1.14, 1.30.
05.40 5 15 26979. 99 a*Qix—y'Flyi (0.64) 1.01 Bw (0.12, 0.36, 0.60, 0.84)

0.32, 0.56, 0.80, 1.04,

1.28, 1.52, 1.76.
02.36 — 2 27002. 14 VFsy—vmx

3701. 15 15 40 010. 97 a?Gix—y*Fli4 (0.00) 1.02 Ai (0.02, 0.08, 0.12, 0.18)

0.9G, 1.00, 1.06, 1.10,

1.16, 1.20, 1.26, 1.30.
3699. 72 10 25 021. 41 a*P2y—z iF°2x (0.00) 1.42 (0.02, 0.04, 0.08) 1.38,

1.40, 1.44, 1.46, 1.50.

99.56 1? 3 022. 58 b*F2x-z 2Ghi
98.39 3 10 031. 13 b'-D2y2—y iFlx (0.00 w) 1.02 Ai (0.06, 0.16, 0.28) 0.90,

'

1.02, 1.12, 1.24, 1.34,

1.46.
81.39 2 4 155. 95 a*F 2x—24PI)4
78.05 — 3 180. 61 VGzy—y*GtH
68.79 — 2 264. 08 a 2PoH—

y

4FiH

65.35 8 20 274. 78 a'PoH—

z

4Pfo (0.48) 1.12, 2.08 (0.46) 1.22, 2.14.
61.73 — 2 301. 75 a*Giy—y^Flx
61.05 5 12 306. 82 a 2Fzx—z*Glx (0.00 w) 1.37 A2 (0.03, 0.09, 0.15, 0.21) 0.96,

1.02, 1.08, 1.14, 1.20,

1.26, 1.32, 1.38
59.02 2 4 321.97 bz~D2x—V 2Flx (0.00 w) 1.02 h (0.08, 0.20, 0.32) 0.84, 0.96,

1.10, 1.22, 1.36, 1.48
56.64 — 2 339. 75 WFix—v?~D2x

48.35 4 6 401.87 &3Dik—V^ly* (0.00) 1.14 (0.02, 0.08) 1.00, 1.06, 1.10,

1.16
47.48 — 2 408. 41 VFix—x^hA
44.35 50 60 431. 95 a 4F3K—z*Fsx (0.00) 1.25 (0.04, 0.08, 0.10) 1.14, 1.18,

1.22, 1.24, 1.28, 1.30, 1.34
42.54 — 1 445. 58 2/

4F?H—

5

33.19 2 4 518. 21 asPovs—y 2Flx (0.25) 1.50 (0.25) 0.99, 1.49
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Tabls 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Xalr

30.86
24.00

22.46
3600. 07
3599. 16

97.42
94.42
91.11
80.46
69.03

61.65

52.70

50.27
44.78
35. 54

18.75
18.38
15.62
11.88

3505. 22

3495. 94

95.75

87.57
85.16
79.29

78.98

75.85
69.23
68.86
65.92

62.65

43.42
38.24
28.37
21.45

13.74

10.18

3407. 76

3399. 80

94.99

94.58

89.83
86.10
85.22
84.70

Intensity-

Vvao 01"" 1

Arc Spark

15?

6

2
10

533. 86
585. 98

1

1

4
4
3

597. 71
769. 34
776. 36

5

1

50

10
2
1

3

80

789. 80
812. 99
838. 63

27921. 43
2S010. 85

70 80 068. 89

30 40 139. 60

50

1

2

80

158. 85
202. 47
276. 17

6

1

50

15

3
1

4
150

411. 09
414. 08
436. 38

466. 66
520. 75

3 10 596. 46

12 20 598. 01

4
2

30

8
3

40

665. 08
684.91
733. 30

8 30 735.86

1

2
1

2
2
2

2

761. 74
816.62
819. 69
844. 14

10 15 28871. 37

10
15

3

1

15+Zr
20
4

29032. 60
076. 34

160. 05
219. 02

3 8 285. 01

15 40 315. 58

7 15 336. 40

100 150 405. 09

6 30 446. 75

10 25 450. 30

40

10

70
2

2
20

491. 57
524. 05
531. 73

538. 27

Term com-
binations

6 2G4H—V 2Glx
a*FiH—z*F°iH

6 4F,H—

2

2Sfcu
6 4F 2^—2/

4D§h
64Fi^—yiBlx

a'PoH—2/
2Poh

a 2PiH—y^m
a*P 2H—2 2F!h
a 4F3>i—2 4D!m

a 4Fi^—

z

4Dfo

V>~-DvA—yiF°m
6 4Fsh—

z

2G2h
a 4F 2^—z2DSh

62Dih—y 2Pi«
atGsx—ymx
a2F 2H—

2

4P2H
&2G4H—22H!h
a 4F 4,^—24D§h

a2F3H—2/
4F 2°h

a 4F3^—

z

4G 2^

a2P1H—z2Soh
&2Dih—J'2Pohs
a^T>2M—24DIh

a2G4j4—

y

4F!H

24Ds^—

1

a*F*y—

y

2¥\x
CLiQuy— z4GIh
a2PiH—V^m
a4F2>*—z4Fsh

a 4P2M—

y

4Ff^
6 4Fm -x^Di^
u2DlH -Z 4P0H
a 4F2H— 22D1h

a 4P2K-I/2PiM

0^3^— £
4F34

fl2F 2^-Z2F^

a 2Di^—z4F5h

a 2G 3}$—

z

2G^

a 4F2^—

z

4D 2.^

a4FiH—z2P5H
6 2G 4^—J/2G3H

a 4Fi^—z2D5^

Zeeman effects

Observed

(0.11, 0.34) 1.14 Ai

(0.62) 0.16

(0.38, 1.12) 0.00, 0.

1.56

(0.00) 0.66

(0.00) 1.10

(0.13, 0.39) 0.37, 0.62,

0.88

(0.40, 1.19) 0.00, 0.79,

1.59

(0.00) 1.05

(0.26) 1.14

(0.00) 1.22

(0.00 w) 1.29 A2

(0.11, 0.32, 0.54) 1.57,

1.80

(0.25) 0.86, 1.35

(0.00) 1.14

(0.42) 1.20 Bw

(0.00 w) 1.75 A 2

(0.12) 0.72, 0.96

(0.00 w) 1.62 A2

(0.24) 1.14 Bw

(0.00 w) 1.32 A3

(0.14, 0.41) 1.21, 1.48

(0.23) 0.99

(0.64) 1.16 B

(0.00) 0.49

(0.29, 0.87) 0.80, 1.40,

2.00

Computed

(0.12, 0.36)1.09,1.33, 1.57,

1.81

(0.61)- 0.15.+1.07

(0.35, 1.05) 0.11, 0,81, 1.51

(0.09) 0.65

(0.04, 0.14, 0.22) 1.00, 1.10,

1.18, 1.28, 1.36, 1.46

(0.14, 0.42) 0.38, 0.66, 0.94

(0.38, 1.16) 0.06, 0.84, 1.60

(0.00. 0.01, 0.02) 1.03, 1.04,

1.05, 1.06, 1.07

(0.10, 0.32) 0.92, 1.14, 1.34

(0.03, 0.09, 0.15, 0.21) 1.12,

1.18, 1.24, 1.30, 136,
1.42, 1.48, 1.54

(0.06, 0.18, 0.32) 0.78, 0.92,

1.04, 1.18, 1.30, 1.44

(0.12, 0.34, 0.58) 0.66, 0.88,

1.12, 1.34, 1.58, 1.80

(0.28) 0.84, 1.40

(0.02, 0.06) 1.12, 1.16, 1.20,

1.24

(0.05, 0.15, 0.25, 0.35, 0.45)

0.78, 0.88, 0.98, 1.08,

1.18, 1.28, 1.38, 1.48, 1.58

(0.10, 0.30, 0.50) 0.76, 0.96,

1.16, 1.36, 1.56, 1.76

(0.14) 0.67, 0.S4

(0.09,0.27)1.15, 1.33,1.51,

1.69

(0.04,0.10,0.18,0.24)0.94,
1.00,1.08,1.14,1.22,1.28,
1.36

(0.07, 0.21, 0.35) 0.77, 0.91,

1.05, 1.19, 1.33, 1.47

(0.14. 0.42) 0.66, 0.94, 1.22

1.50

(0.06, 0.16, 0.28, 0.38) 0.64,

0.76, 0.86, 0.98, 1.08,

1.20, 130

(0.13, 0.39, 0.65) 0.67, 0.93.

1.19, 1.45, 1.71

(0.08) 0.37, 0.53

(0.30,0.90)0.15,0.75,1.35,
1.95
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity Zeeman effects

Xair «Vaccm_1
Term com-
binations

Arc Spark Observed Computed

84.14 5 10 541. 15 62DiH-y2F2°H (0.00) 1.01 (0.04,0.12)0.83,0.91,0.99,
1.07

76.68 1 4 606. 42 a2F3^—V^m
70.69 — 5 659. 03 62G 3H—V*~Dly2
67.09 1 2 690. 74 a^vA-V^m
65.80 — 2 702. 12

58.30 3 8 768. 45 a2Qm—z^GU
56.05 4 6+Zr 788. 40 62D 2«—z2Q§4
52.06 40 80 823. 86 a 4F4^-z 4Fl^ (0.00) 1.34 (0.00, 0.01. 0.02, 0.03, 0.04)

1.29, 1,30, 1.31, 1.32,

1.33, 1.34, 1.35, 1.36,1.37

49.17 — 5 849. 59 a 4 PiH-2/ 2PiH
33.49 — 2 29989. 99 62Q 3H—x'Vzx

28.21 15 20 30037. 57 a 4F 2^—z^Ih (0.00 w) 1.07 (0.03, 0.09, 0.15) 0.91, 0.97,

1.03, 1.09, 1.15

24.18 2 6 073. 98 a 2Pi^-J/ 4I>2H
23.35 4 20 081. 50 b*FiH-wmH (0.00 w) 1.74 A2 (0.06, 0.20, 0.32, 0.46) 0.86,

0.98, 1.12, 1.24, 1.38,

1.50, 1.64, 1.76

18.74 1 1 123. 28 aiVM—yWoH
17.99 15 20 130. 09 a2D2H—

z

2D 2^ (0.29) 1.12 (0:06, 0.20, 0.32) 0.86, 0.98,

1.12, 1.24, 1.38

17.24 — 2 136. 90 a 4F^— z4G§h
14.03 — 2 166. 09 a*Fm— z 4S^

3310. 85 2 6 195. 06 a 4P 2u—y^x
3294. 68 — 3 343. 25 62G 4m—x^m*
89.74 2 3 388. 82 a*Vlx—y i'Dm

83.39 3 6 447. 58 a*F2x—y iF°m
79.98 20? 20 479. 24 a 4FiH—

z

2Di* (0.57)0.28,0.63,0 98 (0.20, 0.58) 0.26, 0.64, 1.04

73.66 6? 6 538. 08 a 4F34—

z

4D§^
66.53 — 2 604. 73 62D 2^—

z

2Di^
56.15 — 1 702. 29 64F 3* —Z2F.3M

55.28 15 25 710. 50 a 4Fi^—

z

4D 2>^ (0.45, 1.34) 0.93, 1.81,

2.70

(0.44, 1.30) 0.02, 0.88, 1.76,

2.62

53.70 30 80 725. 41 <z2D 2h—

z

4F§h (0.00) 1.38 (0.04,0.12,0.20) 1.06,1.14,

1.22, 1.30, 1.38, 1.46.

50.07 — 1 759. 73 a 4PiH—V*F2x
43.00 1 6 826. 78 VFix—yiQix (0.00) 1.57 (0.06,0.16,0.28,0.38)0.92,

1.04,1.14,1.26,1.36,1.48,

1.58, 1.70

33.80 1 4 914. 48 a^x—yiFlx

27.00 2 4 979. 6 2 a 4PiH—y'2F ?iX
25.04 1 4 30998. 45 64F 2h—w 2 Df^
20.66 10 50 31040. 60 a2F3^—

y

4Ffo (0.00 w) 1.55 A2 (0.06, 0.18, 0.30, 0.42) 0.81,

0.93, 1.05, 1.17, 1.29,

1.41, 1.53, 1.65

18.20 2 8 064. 33 64F3^—w2D 2^
17.30 20 25 073. 02 a^D2H—22Di>i (0.16, 0.48) 1.66 A2 (0.17, 0.51) 0.67, 1.01, 1.35,

1.69

15.29 1 092. 44 a 4P >r-s^Poh
06.77 1 4 175. 05 a2PiH—x*D2x (0.00) 1.36 (0.07, 0.21) 1.05, 1.19, 1.33,

1.47

(0.13. 0.39, 0.65) 0.51, 0.77,03.67 3 10 205. 21 a 4P2H—2/
2FIh (0.00 w) 0.76

1.03, 1.29, 1.55, 1.81

3202. 16 1 4 219. 93 tfGsy—yiDlx
3199. 99 6 30 241. 10 a2PoH—z*S°ox (0.48) 1.22 (0.47) 1.21

98.33 _ 2 257. 31 |/2F2H—

9

95.63 4 8 283. 72 62Dih—2/
4Doh (0.26) 1.33 (0.28) 0.75, 1.31

94.47 1 5 295. 08 a2G 3^—

z

2D2H
94.19 50 100 297. 82 a 4FiH—z4G 2h (0.27, 0.81) 0.76, 1.30,

1.83

(0.35) 1.24 B w

(0.28, 0.82) 0.18, 0.72, 1.28,

1.82

(0.07, 0.21, 0.35) 0.97, 1.11,

1.25, 1.39, 1.53
93.53 30 40 304. 29 a2D 2^—z4D 2h

85.32 3 384. 93 z*F8h —5
83.67 — 1 401. 24 3/

4Ffo—10
81.76 1 3 420. 09 a*Fm—y^lx
76.85 40 50 468. 65 a 4F2^—z2PiH (0.00 w) 0.74 Ai (0.12, 0.38) 0.68, 0.94, 1.18,

1.44

67.46 1 3 561. 94 &2D2>r
-«/*D!k
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity Zeeman effects

Xair ,,vaccm-l
Term com-
binations

Arc Spark Observed Computed

62.61 5? 40 610. 33 a^y—v^Ih (0.00) 0.96 (0.00) 0.98

59.93 — 2 637. 14 Wix—xi-DIk
45.32 20 25 784. 09 a2DiH—z*Dih
40.77 7 15 830. 14 a2F2^—y 2F°ty3 (0.00) 0.99 (0.02, 0.04, 0.08) 0.90, 0.94,

0.96, 1.00, 1.02

39.67 10 15 841. 29 a*F3^—

z

4Ffo (0.00 w) 1.50 (0.06, 0.16, 0.28, 0.38) 0.96,

1.06,1.18,1.28,1.40,1.50,
1.62, 1.72

34.72 70 150 891. 56 a*DsK—«*G& (0.44) 1.09 B w (0.09, 0.27, 0.45) 0.73, 0.91,

1.09, 1.27, 1.45

33.50 1 4Zr? 903. 98 V*my—6

33.10 1 4 908. 05 WFzx—zmiy3
26.27 3 6 31977. 76 a*F2K—2 4D1H
16.95 3 8 32073. 37 a*FsH—z2QIh (0.00) 1.10 (0.04, 0.12, 0.20, 0.28) 0.83,

0.91, 0.99, 1.07, 1.15,

1.23 ,1.31

11.49 _ 2 129. 66 a2G 3H—z2Qhi
10.87 10 40 136. 06 VDix—z2Soh (0.32) 0.72 (0.32) 0.70, 1.36

09.11 50 150 154. 25 a*F3H—z 4G§^ (0.59) 1.14 B W (0.08, 0.26, 0.42, 0.60) 0.64,

0.80, 0.98, 1.14, 1.32,

1.48, 1.66

07.83 — 2 167. 49 z<G§H—

3

3101. 39 40 100 234.28 a 4F 3>r-z2F°2y2 (0.14, 0.43, 0.72) 2.15

A2
(0.17, 0.51, 0.85) 0.38, 0.72,

1.06, 1.40, 1.74, 2.08

3099. 13 _ 3 257. 79 z»F§h—6
92.26 6 20 329. 45 a 2F 2>*—y*FhA (0.00 w) 1.70 A2 (0.10, 0.30, 0.50) 0.68, 0.88,

1.08, 1.28, 1.48, 1.68

91.79 1 5 334. 37 WFzy—yZGM
83.65 1 3 419. 72

80.64 20 100 451. 39 a*G\H—z*GlH (0.00) 1.15 (0.02, 0.04, 0.08, 0.10, 0,14)

1.02, 1.06, 1.08, 1.12,

1.14, 1.18, 1.20, 1.24,

1.26

76.70 1 4 492. 95 MFix—yiGlx
70.00 — 4 583. 86 a*H4H—r*F§H
69.66 — 2Cb? 567. 46 WF 2y—wl"Dhi
66.53 — 3 600.70 z*Dlx—4
64.68 20 620. 38 a2F 2H—y

2FlVi (0.00 w) 1.46 A2 (0.09, 0.27, 0.45) 0.71, 0.89,

1.07, 1.25, 1.43, 1.61

64.38 5 623. 58 IT»FJh—14
55.43 4 9 719. 13 (HFm—z2Dih (0.00 w) 1.33 (0.24) 0.98, 1.44

54.52 6 15 728. 88 a*Fm—z*Fva
46.03 5 20 820. 10 a2Fzyi—y i'D2y2 (0.00 w) 0.75 (0.11, 0.33, 0.55) 0.56, 0.78,

1.00, 1.22, 1.44, 1.66

35.28 ~ 3 936. 33 z*?\y-2

31.16 00 120 32981. 10 ^Fiy—y^Dly, (0.13,0.38) 1.42 A* (0.13, 0.39) 0.67, 0.93, 1.19,

1.45

25.29 10 20 33045. 09 a 4F4>i—

z

2F3K (0.00 w) 1.96 A 2 (0.10, 0.32, 0.52, 0.64) 0.60,

0.80, 1.02, 1.22, 1.44, 1.64

1.86, 2.06

24.78 3 15 050. 66 VT>2H-yt?\x (0.00 w) 0.89 A i (0.14, 0.44) 0.86, 1.14, 1.44

1.72
24.35 — 2 055. 36 VFm-xIDIx
22.11 1 4 079. 86 a*PiK-a*FiH

16.94 5 6 136. 54 a 2DiH— z2Po^
14.98 — 3 158. 09 z*P!m—6
12.90 50 100 180. 98 a2Di^—

z

2D2H (0.00 w) 1.37 A 2 (0.12,0.38) 0.68, 0.92,1.18,

1.42
12.19 — 4 188. 79 a 4P2^—2/

4D?h
11.24 3 20 199. 27 a^Giy^—X^Fiy^ (0.00) 1.06 (0.00) 0.92

04.77 _ 3 270. 75
01.85 — 4 303. 11 a?Fiy—wiF)\y,

3000. 09 25 40 322. 65 az~D2V—zZF\ya (0.00 w) 1.04 A» (0.06,0.20)0.98.1.12,1.24,
1.38

2996. 76 — 3 359. 67 WFiy—xiF\x
93.45 — 2 396. 56

90.83 1 7 425. 81 WFix—zmiy,
84.38 — 3 498. 05 ymx—11
80.21 1 4 544. 92 6»Dijf—yKMn
77.59 6 25 574. 44 a*Piy—z2S5h (0.00) 1.68 (0.00) 1.68, 1.70
77.13 — 5 579. 62
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity

Arc Spark

50

60

47.70 I

47.08 '

150
6
2

15
120

2
120

7b
80
4

30

4
4
6
2

20

2
6

20
100

2
20
4

160

100

15
100

Term com-
binations

593. 62
613. 95
653. 44
672. 25

673. 61

691. 54
731. 21

753. 42
764. 48

783. 42

819. 53
846. 55
859. 39
892. 79

33921. 31

34000. 68
029. 27

112. 75
124. 05
162. 53

165.68
241.39
265. 80
316. 37
321. 32

355. 29

367. 69
394. 05
419. 16

430. 30

488.02

544. 03
564. 33
603. 81

646. 26

709. 17
715. 08
722. 67
756. 35

823. 54
835. 19
886. 85
934. 15

942.45

950.88

970. 93
983. 54

34991. 62
35052. 59

062. 43

075. 59
087. 16

105. 76
113. 41

62Di^—

z

2DI^

a*P2H—z2G!sh
a*F2H—z2F°2x

a 4PoH—V^m
a 4PiH—S/

4Dfo
Wiy—tt> 2Dfo

z4D§^—

3

6*Fiji-z«DiH
aWm-yimy3
zHT3y—17
a*F8K—

z

2DI>s

Zeeman effects

Observed

(0.00) 1.04

(0.43) 0.97 Bw

(1.09) 1.55

(0.67) 1.44 Bw
(0.00 w) 1.50 A 2

(0.00 w) 0.86

&<F3j*—pQia
a*FiH—zMHh (0.60) 1.24 Bw

a2DiH—

z

2DiH
a*F3.4—

z

4PI>*

a4FiH—»*Dih
a2P,^—z*D5k
62G3^—

P

2F2H
a 4F2H-z4Pf*

02DlH—

Z

4D2^

z<G5h—2
z»Ffo—10
a 4P 2H— i/

4r>2^

a 4P 2>r-a:«Di«

a 4Po<^—22So«

a2F 2ii—j/
4DJh

a 2G 3^—a^F^

o*P8jf—

y

4D?H
a 2F3^—z*GSk

2/2D2H—12
fl

2D2^—2/2D!^
a2Pm—z 4DIh
a^Fi^—

2

2F 2^

o*Dih—

2

4GIh

o»G4h—z2FI^

62D 2h—

x

2F§h
a*Pi^—

#

4D 2^
a»G3H—

w

2D 2^
a 4PiH-3;2D^

o4Fsh—z2F§^

o4Pih—

z

4S!h
a»Fsjf-28G§K

y2F|H—16

(0.00) 0.82

(0.54) 0.30,0.60,0.!

(0.30) 2.02

(O.OOw) 1.73A 2

(0.00) 1.44

(0.00) 1.29

(0.22, 0.67) 0.63, 1.

1.54

(0.00 w) 1.20A2

(0.00) 1.

(0.75) 1.49

(0.39) 1.18B

Computed

(0.00) 1.14

(0.00) 1.06

(0.08, 0.26, 0.42) 0.64,

0.80, 0.98, 1.14, 1.32

(1.07) 1.54

(0.26, 0.80) 0.90, 1.42, 1.96

(0.10, 0.28) 1.00, 1.20, 1.38,

1.58

(0.08, 0.22, 0.38) 0.74, 0.88,

1.04, 1.18, 1.34, 1.48

(0.08, 0.24, 0.40, 0.56, 0.72)

0.61, 0.77, 0.93, 1.09,

1.25, 1.41, 1.57, 1.73, 1.89

(0.02, 0.06) 0.78, 0.82, 0.86

(0.18, 0.52) 0.28, 0.62, 0.98

(0.26, 0.78) 0.54, 1.06, 1.58,

2.10

(0.10, 0.32) 1.10, 1.32, 1.52,

1.74

(0.12,0.34)0.92,1.14,1.38,
1.60

(0.02, 0.08, 0.12, 0.18)

0.98, 1.04, 1.08, 1.14,

1.18, 1.24, 1.28, 1.34

(0.22, 0.66) 0.23, 0.67, 1.11,

1.55

(0.10,0.30)0.70,0.90,1.10,
1.30

(0.02, 0.06, 0.10, 0.14)

0.99, 1.03, 1.07, 1.11,

1.15, 1.19, 1.23, 1.27

(0.24, 0.72) 0.97, 1.45, 1.94

(0.06, 0.16, 0.28, 0.38)

0.84, 0.96, 1.06, 1.18,

1.28, 1.40, 1.50

(0.02,0.08,0.12)0.90,0.96,
1,00, 1.06, 1.10, 1.16
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Table 1.

—

First spark spectrum of hafnium (Hf u)—Continued

Xair

Intensity
1

Are Spark

48.40
45.15
41.95
41.20
38.79

-
6

3
10 hi
1

2

121. 80
137. 23

176. 79
186. 07
215. 94

35.18
32.59
29.33 4

5h
2

20

260. 78
293. 02
333. 68

28.51
28.15 1

3
4

343. 93
348. 43

23.42
22.68 40

2
100

407. 64
416. 92

20.43
20.23

3
100

10

200
445. 18
447. 69

19.23 - 2 460. 26

18.03
16.90
16.08
14.77
14.48

2

6
15

3

2
12
40
80

475. 36
489. 59
499. 92
516. 45
520. 10

13.87 40 70 527. 80

10.23
09.61
08.00

1

30

3
3

80

573. 82
581. 67
602. 07

2807. 53 - 4 608. 03

2799. 77
98.50
94.11
93.62
92.81 1

4
6h
1

3

4

706. 72
722. 92
779. 04
785. 32
795. 70

90.44
89.81
89.73

1

3
10

5

20
60

826. 10
834. 19

835. 22

89.51 7 50 838. 04

87.92 — 2 858. 48

86.31
85.89
84.47
77.31
75. 27

2

4

12
2
3

3
15

879. 20
884. 61

902. 91
35995. 46
36021. 92

74.02 15 60 038. 15

73.50
73.36

5

50
20

250
044. 91
046. 72

72.34
70.44

4
6

20
30

059. 99
084. 72

69.69
67.34
64.89
64.48
61.20

1

1

3

8
10
2
6

094. 49
125. 14
157. 14
162. 51
205. 46

59.09
56.92
53.84
53.61
52.57

5
2

30

10 h
7h

233. 15
261. 66
302. 22
305. 25
318.97

Term com-
binations

z*DIh—2

yWiK—8

a 4F3^—V 2T>°2y2

a iT,2X—y 4E>3H

b4Pij$—v^2^
a»P,H-tf*P8H
a^GzH—wiFia
a4P2>s—xPDUt

a*F1H—Zi-p\H
a*F2x—z^fa
z*D\x—h

zm* -4

tf»Dfa—

6

22P?H-7
WFiy—Z*T>2X

ai¥m—x2F2h
a 2F 2^—

y

4D2H
aiGzy—zmtx

a*Gix—w*Flya

WD2hi—tc'FIn

tfToy—w»D!m

a2F2^—x*Dlx

aflFQt—yWfa

a«PoH—

z

4Sfo
a4F3^—z*G\x

6*Diji-y«P?w
a«PiH—atfDfo

&2D 2«—Z*PlH
G2G4H— 22HIh
6«Fim—i*P!h
6 2G3^—m2D%

a2G3^—

y

2GsM

Zeeman effects

Observed

(0.00) 1.16

(O.OOw) 1.52 Ai

(O.OOw) 0.88A2

(0.36) 1.33B

(0.68) 1.13 Bw

(0.84) 1.30B

(0.00) 1.15

(0.00) 1.07

(O.OOw) 1.83A*

(0.00) l.C

Computed

(0.13, 0.39, 0.65) 0.64, 0.90,

1.16, 1.42, 1.68

(0.08, 0.22, 0.38)0.86, 1.00,

1. 16, 1.30, 1.46, 1.60

(0.06,0.18,0.30)0.76,0.88,
1.00, 1.12, 1.24, 1.36

(0.08, 0.24, 0.40) 1.02, 1.18,

1.34, 1.50, 1.66

(0.14,0.44,0.72)0.46,0.74,
1.04, 1.32, 1.62

(0.20, 0.58, 0.98) 0.48, 0.86,

1.26, 1.64, 2.04

(0.06,0.16,0.28,0.38)0.64,
0.76, 0.86, 0.98, 1.08,

1.20, 1.30, 1.42

(0.02,0.08,0.12,0.18)0.96,
1.00, 1.06, 1.10, 1.16,

1.20, 1.26, 1.30

(0.08, 0.22, 0.38, 0.52)

0.80, 0.96, 1.10, 1.26,

1.40, 1.56, 1.70, 1.86

(0.03,0.09,0.15,0.21)0.96,
1.02, 1.08, 1.14, 1.20,

1.26, 1.32, 1.38
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity Zeeman effects

i-vac™' 1
Term com-
binationsAair

Arc Spark Observed Computed

51.81 20 80 329. 00 a4F4j«—y2?hi (O.OOw) 1.82A2 (0.08, 0.26, 0.42, 0.60) 0.74,

0.90, 1.08, 1.24, 1.42.

1.58, 1.76, 1.92

51.21 — 3 336. 92 WGix—vmx
48.70 — 2 370. 10

48.41 — 2 373. 94 02Dm—22Pl>i
40.42 — 7 479. 98 6 4F3>*—v*Dl>i

39.08 3 497. 83
38.77 60 150 501. 96 a<F2H—z2F§k (0.00) 1.19 (0.03,0.09,0.15)0.97,1.03,

1.09, 1.15, 1.21, 1.27.

35.76 — 4 542. 12 z*T)\y.—3
35. 12 1 7 550. 67 62DiH-X2F2H
32.98 — 20 h 579. 29 zmy—9

32.68 3 15 583. 30 a2G4H—2/
2Gfo

31.16 2 10 603. 66 &2D2H—y 2G°m
29.47 — 5 626. 32
28.25 — 2 642. 70

27.18 — 4 657. 08

18.51 40? 50 773. 98 62Di^—WiVly2 (0.00) 1.08 (0.04, 0.10)0.90,1.06,1.14.

17.90 - 10 782. 23
(z*~D°3y-G
\Z2D2^—

5

14.60 — 2 826. 94 22Po«—

5

13.51 — 10 841. 74 a2PoH—xtBfoi
12.43 20 60 856. 40 a*F2y—y2 ~D°2yi (0.00) 1.08 (0.01, 0.03, 0.05) 1.03, 1.05,

1.07, 1.09, 1.11.

12.13 1 15 860. 48 a2F2^—j/
4Dsh

11.96 2 20 862. 79 a2PiH—x^>\y2
10.65 — 5 880. 61

10.00 — 8 889. 45 Z^lyr-Z
06.71 10 100 934. 29 ai-Pix-V^U (0.00 w) 1.16 Ai (0.08,0.24) 1.18,1.34,1.50,

1.66.

03.18 1 10 982. 52 a2QsH—x'Vfc
02.52 — 3 3699L 55
01.55 — 1 37004. 83 y*Flx—19

2700. 98 — 4h 012. 50
2687. 22 — 5h 202. 15

86.55 _ 2 211. 43
85.72 — 3 222. 93 z2F^—10

85.22 4 30 229. 86 a^iy—xmy, (0.00) 1.27 (0.04, 0.14) 1.08, 1.16, 1.26,

1.34.

84.02 1 7 246. 50 Wxyr-x^vA
83.35 40 150 255. 80 a^%y—x^\^ (0.18) 1.14 (0.03, 0.09, 0.15, 0.21) 0.96,

1.02, 1.08, 1.14, 1.20,

1.26, 1.32.

82.99 — 2 260. 80
78.42 2 10 324. 37 Wiy—x^lx
77.95 — 2 330. 92
77.56 2 10 336. 36 a 4F3H— 2/

4 F2>i
76.63 2 20 349. 33 a2Q 3H—

z

4P2>*

75.21 _ 2 369. 15

74.52 — 1 378. 80 b^vA—u^l^
72.05 — 1 413. 34 z^GIh-16
71.25 7 15 424. 55 a^P 2^—xi¥hA
70.33 — 3 437. 44 Z^lyr-11

69.57 2 7 448. 10 &*Fi^—vo 2~P\y2
69.01 20 25 455. 95 a2D 2H—

2

4P2«
67.53 — 6h 476. 74
67.15 — 2h 482. 07
66.95 — 2h 484.88 Z2D2V-3

65.98 15 50 498. 52 a 4PiH—2/
4P& (0.00) 1.63 (0.06, 0.16) 1.52, 1.64, 1.74.

64.03 — 2 525. 97 24Di>*—

2

61.89 30 100 556. 14 a4F3>i— 2FIk (0.00 W) 1.72 A2 (0.14, 0.42, 0.70) 0.53, 0.81,

1.09, 1.37, 1.65, 1.93.

60.53 — 3 575. 33 24Fi^-l
59.69 — 4h 587. 20

57.85 20 50 613. 22 a 4F2>i—

y

4F?H
57.50 7 20 618. 17 a2F3H-^^ 2I>2^
55.68 — 3h 643. 95
55.41 — 4 647.78 a4P2H—

w

2Dfo
55.06 — 2b 652.74
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Table 1.

—

First spark spectrum of hafnium (Hf u)—Continued

Intensity Zeeman effects

Aaii fTao01"" 1
Term com-
binations

Arc Spark Observed Computed

53.06 _ 2h 681.12
52.86 — 4 683.96 zmy-5
52.33 — 5 691. 49 &2D2H—z*P1k
51.79 — 1 699. 17 z*T>U—4
51.17 10 40 707. 98 V~D2X—

x

2~Plx (0.00) 1.22 (0.04, 0.14) 1.14, 1.24, 1.34

1.44.

50.28 6h 720.65
49.15 5 20 736. 73 62Dih-^4Doh
48.06 — 3h 752. 27
47. 30 60 200 763. 10 a 4F4^—

y

4Ffo (0.40) 1.28 Bw (0.05, 0.15, 0.25, 0.35, 0.45)

0.88,0.98,1.08,1.18,1.28,
1.38, 1.48, 1.58, 1.68.

44.46 — 3 803. 65 z*Di>i—

7

41.41 100 400 847. 31 a 4F4«—z4G!h (0.00) 1.14 (0.03, 0.09, 0.15, 0.21,

0.27) 1.00, 1.06, 1.12,

1.18, 1.24, 1.30, 1.36,

1.42, 1.48, 1.54.

38.71 80 200 886.03 a2DiH—

y

2Di^ (0.00) 0.81 (0.00) 0.80.

37.53 — 2 902. 98
36.69 — 2 915. 05 y2Dfo—10

35.79 6 30 928.00 a2G 3^—y*Qlx (0.00 w) 1.61 A 2 (0.08, 0.24, 0.40, 0.56) 0.52,

0.68, 0.84, 1.00, 1.16,

1.32, 1.48, 1.64.

32.02 — 4 982. 32 6*F2h—v2D°2H
31.52 — 1 37989. 54 a*Fi<4—&Flx
30.18 — 4 38008. 89
29.77 — 2 014. 82
29.52 — 4 018. 43

27.83 1 042. 88 yi&lx—16

26.96 10 20 055. 48 a 4F3^—j/
4FIh

25.56 2 10 075. 77 a2PoH—i*P8h
24.83 1? 3h 086. 36 z*Qly—12
22.75 50 150 116. 56 a*Fix—y 2'Dm (0.34, 0.96) 1.49, 2.11 (0.32, 0.94) 0.14, 0.76, 1.40,

2.02.

21.81 _ 5h 130. 22 I/
2Dih—11

20.96 1 5 142. 59 a2F3H—w 2Flx
17.17 — 1 197. 82
14.30 3 10 239. 75 aiFoy—ziFiM
13.61 20 100 249. 85 aiGiH—yiGly, (0.18) 1.10 B (0.02, 0.08, 0.12, 0.18, 0.22)

0.90, 0.96, 1.00, 1.06,

1.10,1.16,1.20,1.26,1.30
11.65 — 1 278. 55
09.29 — 4 313. 17 biF,y—X*T>ly2
07.26 5 20 343. 00 &2DlJ$—W*D2M
7.03 50 150 346. 38 aiFix—vmx (0.26) 1.14 (0.04, 0.10, 0.18, 0.24) 0.98,

1.06,1.12,1.20,1.26,1.34
1.40

06.38 40 100 355. 94 aiT>2y—z2Flx (0.00) 1.02 (0.03,0.09,0.15)0.97,1.03,
1.09, 1.15, 1.21, 1.27

03.50 1 1 398. 37 etfDifci—z*Poh
2600. 30 — 4 445. 62
2599. 20 6 25 461. 89 a2F3H—

z

2Hfo
98.84 — 3 467. 22 aWoK—V^vA i

96.68 — 5h 499. 21

96.37 4h 503.81
95.61 1 8 515. 08 a*¥m—wspfa
93.40 — 3 547. 90
91.32 15 30 578. 84 a 2DiM—z*FS«

90.97 — 1 584. 05
r z*PSji—is
\ Z2F&-13

87.51 — 2 635. 64
86.81 — 2 646.10
86.27 — 2 654. 16
84.05 — 2 687. 37
82.90 — 3 704.60

82.51 25 60 710. 44 aiT>2X—

y

2T>U
81.70 — 1 722. 59 2*G2H—6
81.22 —

1 729. 79 ym^-19
80.09 — 3 746.75
79.08 — 4h 761. 92
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

643

Intensity- Zeeman effects

Aair ^aocm I

Term com-
binations

Arc Spark Observed Computed

78.15 20 60 775. 90 0*F2h—2/
4FIh

77.53 — 2 785. 23 z*FiX—9
76.83 20 80 795. 76 a*F4H—z'Gfo
75.50 — 15 h 815. 80 z*G°sy—U
74.28 2? 8 834. 19

73.91 25 100 839. 77 amx-xm* (0.16) 1.00 (0.03, 0.09, 0.15) 0.83, 0.89,

0.95, 1.01, 1.07

72.95 3 8 854. 26 a*~P2>4—X2 ~Fly3
71.68 30 150 873. 45 a<Fi^—y*Flx (0.18) 0.51 (0.06, 0.18) 0.39, 0.51,

0.63
71.13 — 5 881. 76 Z4Dfo-3
70.71 3 10 888. 12 azF3j$—ytQlx

67.46 10 h 937. 34
66.63 — 6h 949. 93
65.24 — 2 971. 03 &2Dih—*4Po^
64.87 — 1 976. 65 WD2H—

W

2V\y2
63.61 30 50 38995. 81 a^2x—y2^m (O.OOw) 1.03 (0.06, 0.16, 0.28) 0.78, 0.90,

1.00. 1.12, 1.22

62.81 __ 3 39007. 98

61.81 - 3 023. 21
fz2D?^—

8

1 zsPo*-7
60.74 — 20 h 039. 51

59.20 10 30 063. 00 c2F 2H—u-,2DIj4 (0.00) 0.86 (0.06,0.18)0.80,0.92,1.04,
1.16

56.40 - 3h 105. 79

55.33 — 3h 122. 16

55.10 — 2 125. 68 a*FlH—y2?lx
53. 73 — 2h 146. 67
52.36 — 8h 167.68
51.85 3 10 175. 51 o*Pih—z*D5h

51.40 40 150 182. 42 a2G 4H— z2H!h
49.14 — 4 217. 15 a*P2j*—w 2T)bA
48.97 — 3 219. 77 6*Fih—»2D§w
48.52 1 3 226. 69 a2DiH-z*PiH
48.20 10 30 231. 62 o«Pjh—z«Dfa

44.82 _ 6h 283. 72
43.93 — 2 297. 46 z*PS>*—16
43.13 — 3h 309. 82 24I>2^—

6

37.34 20 30 399. 52 a«Fi>*—j/
2Pfo

34.33 — 10 446.31

32.97 6 8 467. 49 a2D 2^-^Ffo
31.19 30 50 495. 24 oWiy—J/

4F§^
29.78 — 5k 517. 25
28.24 — 3h 541. 32 z2Dfo—

6

26.28 — 3h 572. 00

23.89 _ 1 609. 47 a«FSM—x«D5x
23.64 — 10 h 613. 39
21.72 — 5h 643. 47 z*F§h—17
21.49 10 20 647. 16 a 2PiH—tc*Po«
20.41 — 6h 664. 15

16,88 60 150 719. 78 a 2D2«-y2P!^ (0.00) 1.14 (0.03, 0.09) 1.09, 1.15, 1.21,

1.27.

15.49 10 30 741. 73 a*Yns—t0*Ffa
13.02 25 80 780. 78 a*F3.4— j/

4Ffo (0.00) 1.21 (0.00) 1.23.

12.68 20 60 786. 17 a 4F2^—i/
2F§h (0.00) 1.36 (0.05,0.15,0.25)0.91,1.01

1.11, 1.21, 1.31, 1.41.

10.36 — 4 822. 93 a2P «-*»P!h

05.17 _ 3h 905. 43 z*F%—

2

01.34 — 2 966. 53 z-'D^-8
2500. 75 10 25 39975. 95 a 2F3H—

x

4Pi4
2498. 56 — 4h 40010. 99 z2Po^—

8

96.99 30 60 036. 15 a 4Fi>$—|/
4F2ji

94.37 _ 10 h 078. 20 z 4F|^—

4

90.23 — 2 144. 82 aiFox-x'Dox
86.08 — 1 211.83 z2?\x-12

85.83 — 3 215. 87 z4Q§K—

9

83.34 10 20 256. 19 a«Fi>i—0»F8w
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Table 1.

—

First spark spectrum of hafnium (Hf n)-—Continued

Intensity- Zeeman effects

J'vac
™" 1

Term com-
binationsXair

Arc Spark Observed Computed

82.49 _ 2 269. 98 cl
2F2a—x 2FIa

81.44 10 25 287. 02 a^YvA—^m^
78.56 10 15 333. 82 b*~Diyi—x l

>~Dlx
76.05 — 3h 374. 71 z*T>ix—7
74.09 1 5 406. 69 a2G 3H—v2T>2x

73.90 8 20 409. 79 a*PiH—x*VSVs

72.54 — 2 432. 02 24D3.H—14
71.78 — 2h 444.45
71.21 — 3h 453. 78

69.17 40 60 487. 20 a 4Ps^—y2Glx

67.96 20 20 507. 04 atDiy—ztFIx
65.06 10 25 554. 69 <HFzx—y2GiX
64.19 60 100 569. 01 aiFiy—yiTUx (0.00) 1.30 (0.02, 0.06, 0.10, 0.14) 1.19,

1.23, 1.27, 1.31, 1.35,

1.39, 1.43, 1.47

63.96 10? 20 572. 80 atPm—xiFiM
62.77 — 3h 592. 40 z*G°3x—15

61.73 1 25 h 609. 95 Hfm? '

60.49 70 80 630. 01 a 2D 2^—

y

4F2H
59.46 3 4 647. 03 a 2F2>$-

z

4Dfo
56.97 — 2h 688. 22

56.65 — 3h 693. 52 22F§h—18

55.20 5 5 717. 55 62Dih—

x

2P!h
53.98 4 15 737. 79 a 2GV/—x*F>Ia
53.34 10 40 748. 42 6 2D2k—

p

2DIk
52.47 — 15 762. 87 Hfm?
52.30 10 12 765. 70 aWox—x+Diyi

50.05 - 3h 803. 13
f 2*Dfo-5
\2^DIh—9

49.43 30 40 813. 47 a 4F 3H—z 2 G°za
47.25 40 50 849. 81 a 2D 2H—y 2F°2x
46.72 — 2 858. 66 a*G2H—10

45.58 — 2h 877. 70

43.25 _ 2 916. 69
41.05 1 10 hi 40953. 56
36.16 — 2 41035. 75
34.76 10 20 059. 35 a*Gm—x^Ia
33.87 — 3h 074. 36 z^Gly—11

33.56 30 50 079. 59 62D 2*—x*F>\a
32.86 — 2h 091. 41 tfFyr-W-F&a
30.16 — 1 137. 06 bKF%A—v2F\A
28.99 20 30 156. 87 a 2F2y—w 2F°3x
26.86 — 6h 193. 00

25.98 50 70 207. 94 a iF2'A—x iT)2^
24.01 1 8k 241. 42 Z iF\y-2
22.86 — 2h 261. 00 ziF°2A—S
20.76 2 4 296. 79 a^Fm—v 2Fza
20.21 — 2? 306. 17 z 4G^—16

17.69 70 80 349. 22 a*D2K—VWsh
17.23 — 6 357. 09
17.03 — 2 360. 51
16.88 — 2h 363. 08 2*D^-8
15.95 15 20 379. 00 a*FoA—z 4Pom

13.86 — 2? 414. 82 z*Ffo—

4

13.33 4 15 423. 92 a 2F2v—x*F\a
12.04 — 2 446.07 24D%—10
10.13 40 60 478. 91 a^FiA—z2G\a
09.53 — 2h 489. 24

06.43 30 50 542. 68 a^FQy—X^FiA
05.42 60 100 560. 13 aiFzy—ytFilA (0.00) 1.12 (0.05,0.15,0.25)0.98,1.08,

1.18, 1.28, 1.38, 1.48
04.56 10 20 574. 99 a iF2A—xiF°2A
03. 60 6 10 591. 59 aiF2y—x2FiA
02.02 — 3h 618. 95 Z^FXy—lQ

2400. 79 40 50 640. 27 a 2T>2A—y2^lA
2397. 20 — 2h 702. 62

96.01 — 1 723. 33 z2FIa—19
94.96 — 2h 741. 62
93.83 80 100 761. 33 a2DiH—y 2D°2x (0.00 w) 1.44 A 2 (0.14,0.42)0.66,0.94,1.22,

1.50
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Scribner] Second Spectrum of Hafnium

Table 1.

—

First spark spectrum of hafnium (Hf n]—Continued

645

Intensity-

i-vac™" 1
Term com-
binations

Zeeman effects

Xair

Arc Spark Observed Computed

93.36 50 80 769. 53 a*F2>r-J/
4D°^ (0.00) 1.00 (0.05,0.15)0.91,1.01,1.11,

1.21

93.17
92. CO
86.32
85.78

20 40
3h
3?

3

772. 84
793. 27
892. 74
902. 22

a 4Pi^—

z

4D 2>^

zt-Dly—11
a2F 2^—ytQlx

85.18
84.57
81.51
81.00
80.30

20
30

4h
2h
in

40
60

912. 76
923. 48
977. 35
986. 34

41998. 68

z'DSh—9
WDiy—M?«Pitf

a*Fiy2—yt&m
78.81
77.97
72.33
71. 93
71.40

3

6

2h
7
4
3h
8

42024. 99
039. 83
139. 77
146. 87
156. 29

z*Fly—10

ai~?\x-x*¥\y%

a*PiH—x*PIh

68.47
67.63
65.98
62.32
51.21

2

8

100

4h
3
10
2

150

208. 44
223. 41
252. 86
318. 31

518. 26

z^\y—15

a 2 ~Poy3—

w

2F(K
a 4F 2>i—z2G°3y3

a2DiH—yWix

49.33
47.44
45.41
43.32
40.39

80
4

60

2h
120

5

80
8h

552. 28
586. 54
623. 39
661.41
714. 80

z*Gl^-17

o»F 2«—i*DSh
a*Fzy—x2D°2x

38.23
37. 59
37.33
35.50
35. 24

30
1

10 h
3h

30
1

2

754. 26
765.97
770. 73
804. 24
809. 00

Z^F\y—"(

o*Dih—J/
2Pih

b*Fzy—

v

2F^

33. 79

32.95
32.44
32.18
29.09

40
7
2
2

4h
50
10

2h

835. 60
851. 02
860. 39
865. 16

922. 03

22D 2 i4—11

o*Fiji—z 2Soh
a<P2H—w 2F°ix
z*FIH—17

z*Dla—16

25.40
24.89
24.50
23.25
22.47

1

40
20
40
60

?

80
40
60
60

990. 13

42999. 56
43006. 78

029. 91

044. 36

a^Ftyr-x^Fly,
a4F 2^—?/

4D 2^
a2F2>$—zspfo
a 4FiH—j/

4Dij4
a2Di^—2/2PS^

21.14
18.49
16.49
05.34
04.50

50
8
10

6
q

60
10

20
8
3h

069. 03
118. 25

155. 47
364. 18

379. 98

a4F2^—a*Dfa
62Di>^—wi-Flx

a2F3^—z4D§h

03.21
2302. 11

2298. 78
98.33
96.13

4
5
6

25
5

4h
6

8
50
6h

404. 28
425. 01

487. 91

496. 43

538. 10

22D2H—12
a 4Pi^—

w

2Pi^
a2P1H

—«2DIh
a 4F 3^—

2

2G4^
z*F§H—14

92.77
92.34
91.64
88. 63
85.43

3
2

30

5
6

3h
2h

40
6
6h

601. 90
610. 07
623. 39
680.76
741. 92

z4G§>s—18

a2D 2^—

y

4D!n
a2DiH—»*FJh
z4F 2^—

8

84.60
81.81
77.16
76.43
74.64

20

5

150
4

15

30
6h

150
4h

20

757. 81
811.30
900. 76
914. 83
949. 39

62Dim—v2~Dlx

a2DiH—

y

2FS«
z*FSh—18
62D 2^—

«

2Di^

73.15
71.14
70.68
69.86
68.47

88C

40
2

6

8
2

75—34

60
2h
7
8h
2h

4

43978. 19

44017. 11

026. 03
041. 93
068. 92

a 4F 4H—i2FSh
z4DIh—10
a4F2H—!/

4F>3^
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Table 1.

—

First spark spectrum of hafnium (Hf u)—Continued

Intensity- Zeeman effects

a air j,vao em-l
Term com-
binations

Arc Spark Observed Computed

67.91 3 3h 079. 80
67.58 3 3h 086. 21

67.35 3 3h 090.68 z4F!H-7
66.83 60 80 100.79 a*F2H—

z

2Dl^
66.52 30 40 106. 82 a»D 2M—z*GIk

63.36 2 2h 168. 40 z*D&-17
61.54 3 3h 203. 94
60.25 2 2h 229. 17

58.68 15 20 259. 91 a 4Fi^—y*T>2x
57.89 10 15 275. 39 a*F2y—wmx
56.26 1 2 307. 37 b*F2X—V2F°3X
55.15 40 60 329. 18 a<Fi^-x2Dfo
54.00 60 80 351. 80 a'Fi^-z^SfH
51.85 8 9 394. 14 a*Fox-w!F\M
49.82 5 5h 434. 19

44.23 4 4h 544. 85
43.18 15 20 565. 70 a*F3x-xiF2)4
39.86 5 6 631. 75 0*P2H-»2E>2H
36.34 4 4h 702.00
35.41 3 20 h 720. 59 Hfm?

31.41 3 3h 800. 75 z*T>hi-12
28.78 7 8 853. 61 a^T>2yi -y*'D2H
28.45 4 4h 860. 25

28.18 6 8 865. 69 a*FM—w*Flx
25.35 6 7 922. 74 a 3D 2.H-;r2DiH

24.29 10 10 H 944. 14 z^Fl^-19
23.36 4 5 44962. 94 a^x-xiDUz
20.48 7 8h 45021. 25
18.37 10 15 064. 07 a^G^-viFlki
17.66 2 2h 078.50 z*FiH-8

12.45 25 30 184. 64 a*F4M-z»H$M
11.86 5 6 196. 69 a«PiK-»*DiH
10.82 2 2h 217. 95 z4Dfo-18
06.59 2 2h 304. 62
06.11 10 10 h 314. 47 z*FlH-15

03.85 3 3 360. 94 a<FiH-;r2D2H
02.99 3 3h 378. 64 z*Di^-13

2201. 67 3 3 405. 85 6»D2h-»>FIh
2199. 84 4 4h 443.62
99.57 8 8h 449.19 z'D^-16
99.40 7 8 514. 78 a 4F2>4-^PI^
91.79 10 15 610. 51 a«F4H-yJG§K
91.27 5 5b 621. 33
90.22 30 30 643. 20 a2DiH-2/4D5*
88.87 5 6h 671. 34

84.95 6 6b 753. 27 z*F2>*-9
84.31 6 8 766.68 b*Fix-u<T>2H
81.94 3 3h 816. 38
80.22 2 2h 852. 52
78.90 60 80 880. 30 a»D2H-y4D3^

75.36 25 30 954.95 02D2H-X2D2H
73.44 15 20 45995. 54 a 4F3^—i*F5«
72.96 5 5h 46005. 70 a^x-xm*
71.89 6 6h 028. 36 z*F§h-16
70.22 20 30 063. 78 a2Po>i-« 2Di^
62.48 15 15 228. 63 a 4F2>£—

w

2Di>i
61.61 10 10 b 247. 24 z'DsV-19
58.12 15 15 b 322. 02
56.44 25 35 358. 10 a*F3x—tfliDfo
55.51 1 1 378. 10 a 2F2^—x^m
54.66 4 4b 396. 39 z4F2^—10
50.30 10 10 h 490. 45
50.07 5 5 495. 43 a2Di«-z2SS^
49.86 6 6h 499. 97
44.73 3 3b 611. 18 Z4F2V-11

44.17 6 6b 623. 31 2*D§h—16
41.84 20 20 674. 06 a 2Di>i—j/

4DI^
39.24 30 40 730. 78 a 2G 3H—vmy,
37.22 6 6 774. 95 a*Fi«—y*Plx
34.53 15 20 833. 89 o 2Pih—uinix
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

647

Intensity- Zeeman effects

Xair fvacem
~

l
Term com-
binations

Arc Spark Observed Computed

33.36
32.28
30.09
29.10
27.50

4

9
8

60
5

4h
10

8h
100
5h

859. 57
883. 30
931. 50
953. 32

46988. 62

a4F3^—wzFzx

a2G 3^—

«

2DI«

26.61
24. 59
23.68
22.94
17.95

7

50
40
15

5

8h
80
40
15 h
5h

47008. 28
052. 97
073. 13

089. 54
200. 47

a2Q4^—vm*

z 4FJH-9
a 4Fw—zmiH

16.80
15.61
15.02
14.62
10.42

4

4

20
2

15

(?)

(?)

20
(?)

15

226. 11

252. 67
265. 85
274. 79
368. 86

aWm—xiFlH
z*Fhi—17

08.50
2107. 47
2098. 91
96.18
94.33

15

60
2

100
3

10 h
60
(?)

150

(?)

411. 99
435. 15

628. 59
690. 61

732. 73

a 4F 2u;—Z2F34
a*F3^—y*G\y3
a 2F3^—viFlx
2*F!h—10

93. 22
90.83
89.95
89.38
88.77

7

40
30
3

50

(?)

40
30

(?)

50

758. 04
812. 63
832. 76
845. 80
859. 77

zmn—13
a*F2H—z4DIh
a*F2M—u2~Dlx

a2D2tf—

x

2F2K

87.66
86.80
86.29
84.94
84.45

4
8
12
1

2

(?)

4

(?)

(?)

(?)

885. 22
904. 95
916.66
947. 68
956. 65

a?DiH—

#

4D2M

z4F!^—11

83.80
82.80
79.72
79.11
76.70

40
15

3

3d
3

30
8

(?)

(?)

(?)

973. 91
47996. 94
48068. 01

082. 11

137. 90

a 2DiH—:c 2Di«
a2DiH—z^bi

a 2D 2H—

w

2Dfo

76.04
68.84
68.76
68.58
66.20

4
20
3

5

2

(?)

4h
(?)

(?)

(?)

153. 21
320. 77
322. 63
326. 85
382. 50

a 4F 2^—w> 2F3^

65.55
64.78
64.43
63.23
61.39

2
15
2

3

4

(?)

4

(?)

(?)

(?)

397. 72
415. 77
423. 98
452. 13

495. 38

a 4Pi^—

«

2Di4
62Di^—v^Fzh

a4Fij^—

£

4Do^

60.49
57.39
55.30
54.86
39.08

7

3

4

2

6

(?)

(?)

(?)

(?)

2

516. 55
589. 65
639. 05

48649. 47
49025. 90

z4F?«—12
a 4F2H—t4P!h

37. 32
36.24
29.88

2
3
5

(?)

(?)

(?)

068. 25
094.27
248. 07

a 4F2H—yiQly3
2<F!H—13
a 2F2H—« 2Dih

28.18

23.36

25

2

15

(?)

289.34

406. 74

fa*F2y—viFbi

20.07
13.38

2012. 78

3
2
10

(?)

(?)

4

1

3
15
9
5

487.20
651. 61

49666. 41

49851
50173

911
923

50957

a 2D 2>$—Z0 2DIh
a2D 2H—

z

4Dfo

a 4F2H—xiFix

q?T>v,S—y2G§H
a4P2«—viFly,

X vao

2005. 99
1993. 10
64.23
63.75
62.44
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Table 1.

—

First spark spectrum of hafnium (Hf n)—Continued

Intensity

Vvnccm
~1

Term com-
. binations

Zeeman effects

Xair

Arc Spark Observed Computed

55.66 12 51134 a2Di^—wiDix
22.74 — 12 52009 a°-T)2i4—z4P§s
22.11 — 9 026 a2D 2^—z*Pivi
19. 52 ; 20 096 a2DiH—xM)l}4
09. 46

|

— 4 371 a*F2j«—0»F§k

1901. 40 6 593 a*F2H—tt»D|«
1897. 51 — 3 52701 a 2Di^

—

w^Dlx
69.24 — 7 53498 a>Dur-£>F:»
16.26 — 4 55058 a^DiH—tfVlx
16.05 — 3 065 a2D2«—

»

2DS«

1815. 71 9 55075 a>DiM—z'Pfa
1774. 81 — 10 56344 a2Di^-w2PfH
1716. 23 — 6 58267 a2D 2^—m 2D!^
1679. 58 — 3 59538 c*F2h—0*Ffo
1628. 91 — 12 61390 a 2D2>^—

^

2F§^

1623. 06 — 12 61612 a*DvA—u2~E>2K

V. STRUCTURE OF THE Hf II SPECTRUM

In the process of atom building as first outlined by Bohr 10 the
group of 14 rare-earth elements occurring between lanthanum (57)

and hafnium (72) is accounted for by the successive addition of

/-type electrons in the shell with total quantum number 4 while the
(remaining) valence electrons 5d and 6s2 remain unchanged. Thus the
first 4f electron appears in cerium (58), the shell of 14 such electrons

is filled in lutecium (71), and the addition of bd electrons is resumed
in hafnium (72) so that its configuration of valence electrons may be
presumed to be 5d26s2

. If the hafnium atom is ionized by the removal
of one of its d electrons the outer structure is identical with that of

neutral lanthanum, and except for a scale factor due to difference in

nuclear charge the Hf n and La i spectra may be expected to be sim-
ilar in structure. In this case the displacement law of spectroscopy
can be tested with a displacement of 15 units in atomic number, much
like the comparison of Zr n with La i, which is a displacement of 17

units in the other direction. When the structures of Hf n and La i

spectra are compared they are found to exhibit the most striking

similarity that has ever been observed in comparisons of this type.

This is illustrated in figures 1 and 2, which are energy diagrams of

these 2 spectra. The diagram for La i (fig. 1) is reproduced from
the paper by Russell and Meggers u

, while the diagram for Hf n
(fig. 2) is similarly constructed except that the ordinates are doubled
in numerical value. For a comparison of details, however, it is

necessary to refer to the term tables for these two spectra. The chief

differences will be found to consist (1) of a group of low terms (associ-

ated with dz electrons) which has been established for Hf n but not
for La i, and (2) more middle terms involving an/ electron are found
in La i than in Hf n.
The modern theory of spectral structure 12 which correlates spectral

terms with configurations of valence electrons indicates that for 3

io N. Bohr, Z. Physik, 9,1(1922).
" H. N. Russell and W. F. Meggers, BS J.Researcb 9,647(1932); RP497.
18 F. Hund, Linienspektren und periodisches System der Elements, Julius Springer, Berlin(1927).



Meggers']
Scribnerl Second Spectrum of Hafnium 649



650 Journal of Research of the National Bureau of Standards [Vol. is

N

j?
1 1 1 L

\ P
n\N

*r
zr o

i i i^w £-

^N^u^^^^x g
X ^ST. jk ^S0w ^N

Q

c^^y ^^ <»

i1
w
f\\\

V\\\

a.
OB

©_ s

CO

o -1

r i

T ©

^/n^^wMit^\ \\\
CD

c

>

3
/ ^Z§l

fg^f^g

is!*

Eli

9 <N

p

P
5^^^^^^^^ q,ff^^g^^^§§s/ *

a.^:::<^^^s J&© Q.
L* c

y^^P^-*
-^

*o o o
a a oo
cr cr o"
vjC5 ^!• c4



Meggers]
Scribnerl Second Spectrum of Hafnium 651

electron spectra such as Hf n, etc., one may expect to find the terms
listed in table 2 as the most prominent.

Table 2.

—

Theoretical terms in the Hf n spectrum

Electron
configura-

tion

Spectral terms
Electron
configura-

tion
Spectral terms

5d 6s2

W6s

5d6s6p

2D

2S, 2D, 2G, 2P, 2F, *P, *F

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

ppo, 2Do
?
2F0, 4po

7
4D0, 4F<>

\2p0J 2D<\ 2F0'

5d*6p

5dns

Etc.

f2JJ)0
( 2F0, 2Q0

t
4D°, 4F°, <G°

j2SO
>
'2pO

)
'2DO

t
'4gC

)
4p0

| 4J)0

|2F ', 2 Go, 2H°
[2po| 2D0 ? 2F0

f2P, 2F, 4P, 4F
12S,'2D! 2Q

Substitution of an/-type electron for any of the above would yield

a great variety of additional terms 13 which may be expected to be more
important in the spectra of so-called "rare-earth elements", although
the first terms of this sort have actually been found in La and
Hf spectra.

The first three configurations in table 2 produce 16 terms of low
energy content (including the normal state) ; 14 (all but 2S (5d2Qs) and
the first

2D(d3
)) have been identified for Hf n. The next two con-

figurations involve a £>-type electron and are responsible for a host of

higher (middle) states which combine with the low even set to account
for a large majority of the observed lines, including all of the stronger

ones. Additional odd terms may be expected if an electron of type 4/
ever appears among the valence group. Terms of this type or frag-

ments of them have indeed been found in La i, La n and in Hf n
spectra. Normally, there is no 4/ electron in the La atom and the

filled/ shell in Hf is inactive. But in excited states these atoms may
exhibit a 4/ electron, because in the former case the stage is set for its

appearance, while in the latter the displacement of one from the com-
pleted shell has the same spectroscopic consequences as the presence
of a single one. These terms appear to be somewhat more prominent
in La than in Hf spectra.

A total of seventy-odd terms has been established for Hf n. These
combine with the low even terms and thus formally account for approx-
imately 900 lines characteristic of singly ionized hafnium atoms.
These odd terms also combine with higher even terms forming series

with the low ones, but combinations of this sort are always weak so

that it is difficult to verify and identify the higher members of series.

We have found 19 levels belonging to the high even set, but have
experienced great difficulty with their interpretation. Owing to the
lack of sufficient criteria for the grouping of these high levels, we shall

not essay, at the present time, to go beyond a tentative identification

of some of them.
A spectroscopic determination of the ionizing potential of Hf+ atoms

presupposes a correct identification of series forming terms and also a
knowledge of the lower energy states of Hf++ atoms to which these
series converge. Unfortunately, we are unable at the present time to

offer more than a tentative interpretation of some of the highest levels

i3 R. C. Gibbs, D. T. Wilber, and H. E. White, Phys. Rev. 29, 790(1927).
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which have been found, and are ignorant of the structure of the
Hf in spectrum. However, the remarkable parallelism between Hf n
and La i spectra leads us to believe that the structure of Hf in will

resemble that of La u when plotted on ordinates having double the
numerical value of those for La n. If we make this assumption, and
also assume that e

2D and e
4F form series with a2D and a4F, respectively,

tentative values for the series limits may be calculated. Such calcu-

lations lead to an approximate value of 120,000 units for the separa-
tion of a2

T>iy2 (Hf n) from a3F2 (Hf in), so that 14.8 volts may be
adopted tentatively as the ionization potential for Hf+ atoms.
The observed Zeeman effects on hafnium lines have been most help-

ful in identifying the spectral terms, although most of the patterns are

unrecognizable by direct comparison with those of the Lande" theory 14

which assumes simple (LS) coupling.

It is obvious that the departures from theoretical values derived
either from strict (LS) or from pure (JJ) coupling indicate some
intermediate form of vector coupling in hafnium atoms. The
Zeeman effect analysis was carried out in the following manner.
First, all the magnetic splitting factors (g values) which could be
derived from fully resolved patterns were calculated, and averaged
when more than one value was obtained for a given level. These con-
stitute the g values of highest weight. Next the patterns marked A1

or A2 (occurring when AJ=±1) or B (occurring when Aj=0) were
exploited for the calculation of further g values, and then the formulas
of Shenstone and Blair 15 were applied to the unresolved blends for the
calculation of g values for the remaining levels. The final g values
thus derived from the experimental data were used in calculations of

the complete patterns which might be expected for each of the lines

actually observed in the magnetic field, and these results were placed
in the last column of table 1 where they are readily compared with the
actual observations, or with patterns resulting from LS coupling. 16

Table 3.

—

Relative terms in the Hf n spectrum

Electron
Level
values

Level g values

config- Terms separa- Combinations
urations tions Observed Lande

5d6s2 a^T>m 0.0
3050.

9

0.80 0.80
(z4F°, z4D°, z4G°, z4P°, i/*F°. y*T>°, z4S°, r<D°,

y4P°, rr
4P°, z2D°, z2P°, z2F°, y*T)°, y*P°, y^F°,

a2D 2H 3050.

9

1.18 1.20
' z2S°, z2G°, *2D , a;2F , w^D°, x*F°, v^D

,

w2F°, i^T>°, p2F°.
5d2 6s a 4Fi^ 3644.5 0.45 0.40

a4F2j^ 4904.

9

1260.

4

1439. 5

2017.

4

1.06 1.03
z4F°, z4D°, z4G°, z4P°, 2/<F°, y 4D°, z4S°, :r

4D '

y 4P°,:r4P , Z2D°, Z2P°, z2F°, y*D ,
j/2p°

?
y2F°>

a4F3>* 6344.

4

1.23 1.24
( z2S°, z2G°, a-2D°, x*F°, wiD

,
yiG°, w^F°,

X2P°, Z2H°, V2F°.

a 4F 4« 8361. 8 1.33 1.33 J

5tf6s a<PoH 11951. 7
959.2

2.61 2.67
|z4F°, z4D°, z4G°, z4P°, y 4F°, j/

4D°, z4S°, z4D°,

a4P^ 12920. 9 1.69 1.73
1 j/

4P°, z4P°, z2D°, z 2P°, z 2F°, j/2D°, v 2F°, 2/
2F°,

f z2S°, z2G°, xW, ^2F°, «j2D°, 2/
2'G°, w*F°,

a*P2H 13485. 5

564. 6

1.42 1.60
X2P°, »2D°, ^2p°, tt2D°, fc-2F°.

5d2 6s a*F2y2 12070. 5

3013. 7

0.98 0.86 lz 4F°, z4D°, z4G°, z4P°, y*F°, j/
4D°, j<D , :r

4P ,

] z2D°,z2P°, z2F°, t/2D°, u)2F°, y2F°, z2G°, x^D°,
a*Fm 15084. 2 1.11 1.14 x^F M)2D°, j/2G°, z2H°, wKP°, u2D°, v*F°.

1 4 A. Lande\ Zeit. f. Phys. 5, 231(1921) ; 15, 189(1923).
i« A. G. Shenstone and H. A. Blair, Phil. Mag. 8,765(1929); H. N. Russell, Phys. Rev. 36, 1590(1930).
is C. C. Kiessand W. F. Meggers, BSJ.Research 1,641(1928); RP23.
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Table 3.

—

Relative terms in the Hf n spectrum—Continued

Electron
config- Terms Level Level g values

Combinations
values

separa-
urations tions Observed LandS

5d*6s WDM 14359. 5

3009.

4

1.03 0.80 fz
4F°, z*D°, z4G°, z*P°, y*F°, y<D°, i*D°, y<P°,

1 a*P°, z2D°, z°-F°, z2F°, y 2T)°, y 2F°, y 2F°, z 2S°,

biT>2H 17368.

9

1.29 1.20
1 Z2G°, ^2D°, J2F°, W2D°, 2/2G°, a:2p°, V*D°,
{ W 2F°, «2D , V2F°.

5d2 6s aJPo.4 15254. 4
2576.

0.74 0.67 [z4D°, z<G°, z4P°, y*F°, y4D°, z4S°, i<D°, y*?°,

\ z4P°, z2D°, z 2P°, y 2F>°, y 2F°, z2S°, x 2D°, x2F°,
aaPiH 17830. 4 1.12 1.33 [ w 2T>°, x2F°, v2D°, w 2F°, u2B°, v2F°.

5d2 6s a^GsH 17710.

7

-321.

6

0.92 0.89 fz4F°, z4D°, z4G°. z^P°, yiF°, y*T>°, z4D°, z4P°,

\ z2D°, z2F°, y 2T>°, y 2F°, z2G°, x2Tj°, x2F°,
a2G^ 17389.

1

1.13 1.11 [ w 2F°, w 2B°, z2H°, y 2G°, v2B°, u2D°, v2F°.

5d3 6 4F1}4 18897. 7

1237.

3

1502.

8

0.46 0.40
)z<F°, z4D°, z4G°, z4P°, 2/

4D°, z4D°, a^P , z2~D°,

6*F3H

20135.

21637. 8

1.01

1.23

1.03

1.24

1 z2P°, z2F°, y 2D°, y 2F°, y 2F°, z2S°, z 2G°, x2F>°,

f 3-2F , w 2F°, w 2D°, y2G°, z2H°, v°-T>°, w 2F°,
u2T}°, p«F°.

1507.

9

6*F4tf 23145. 7 1.29 1.33

5d» & 4Pox 26996. 5

288.6
fz4P°, y*F°, f/D°, z 4S°, a;

4D , ?/
4P , *4P , ^D ,

\ y 2F°, y 2F°, z2S°, z2G°, x 2~D°, x 2F°, w 2T>°,

64Pu* 27285.

1

1262.

1.76 1.73 \ w 2F°, u2Tj°, »2F°.

6*P2« 28547.

1

1.51 1.60

5d3 62Q3« 28458. 2
-353.

3

0.92 0.89 (z4G°, y*F°, yiF>°, x*D°, x*P°, z2F°, y 2T>°, y 2F°,

\ z2Q°, .t2D°, x 2F°, w 2T>°, w 2F°, z 2B.°, y2G°,
b 2QiH 28104. 9 1.05 1.11 [ v2&°, u 2F>°, v2F°.

5d3 a*mx 31877. 8
-935. 7

1.05 0.91
1 z<G°, y*F°, rc«D , z2G°, x2F°, w 2F°, z2B.°, y 2G°,
i V2F°.

a2HjH 30942.

1

1.10 1.09

5d c2D 1H
C2D 2« 32778.

1

1.15 1.20
Vd°, x4P°, z2F°, .t2P°, v2D°, w 2F°.

5d3 b2F0H
6 2Pi* 37324. 6

W°, y 4P°, ar2P°, u2T>°.

5d3 6 2F2* 37398. 6

40.9 {j4D°, :r
4P°, .t2D°, a:2F , w2F°, y 2G°, z2H°, y 2G°,

62F3J4 37439. 5 J

v2F>°, w 2F°, u 2D°, p2F°.

5d 6s 6p
a3D.p

2 4FI« 28068. 8

29405. 2
1336.

4

4371.

1

0.52

1.08

0.40

1.03

la2D, a 4F, a 4P, a2F, 62D ( a2p, a2G, b*F, 1, 2, 3, 4,

f 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19.

zmx 33776. 3

4409. 4
1.26 1.24

zm* 38185. 7 1.34 1.33

5d 6s 6p
a3D.p

z^'m

z*d\x

29160.

1

31784. 3

2624. 2

2570. 8

0.53

1.22

0.00

1.20

\a 2~D, a 4F, a 4P, a2F, b2T>, a2F, a2G, 6 4F, 1, 2, 3, 4,

|
5, 6, 7, 8, 9, 10, 12, 13, 14, 15, 16, 17, 18, 19.

2*D!k 34355.

1

2527. 4
1.32 1.37

z4D1w 36882. 5 1.39 1.43

5d 6s 6p
aiD.p

Z2DT^

z2Di>*

34124.

33181.

-943.
0.84

1.05

0.80

1.20

la*D, a*F, a 4P, a2F, b 2T>, a 2F, a 2G, 6 4F, 2, 3, 4, 5,

J
6, 8, 9, 11, 12

5rf 6s 6p z2Po>* 33136. 3 0.29 0.67
)a*D.p 3237.

1

la 2F>, a 4F, a*F, a 2F, b 2T>, a 2F, 6 4F, 2, 5, 7, 8, 9, 12.

*2P?* 36373. 4 1.31 1.33 J

5d 2 6p
a3F.p

24G3*

34942. 4

38498. 5

3556.

1

3892. 5

1.00

1.06

0.57

0.98

)a2D, a<F, a^P, a2F, b 2T>, a2V, a 2G, b*F, WG, am,
|

1, 2, 3, 6, 9, 10, 11, 12, 14, 15, 16, 17, 18.

24 G2>i 42391.

3818.

1

1.17 1.17

24G& 48209.

1

1.27 1.27 •
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Table 3.

—

Relative terms in the Hf n spectrum—Continued

Electron
config-
urations

Terms Level
values

Level
separa-
tions

g values

Combinations

Observed Lande

5d 6s 6p
a*D.p

2*Pfo

Z 4P^

38398. 6

39226. 4

40506.

8

827.8

1280.

4

2.63

1.68

1.45

2.67

1.73

1.60

la2D, a<F, a*P, a2F, WT>, a 2P, a*G, &<F, &*P, 6, 12,

j
15, 16.

5d6s6p
a»D.p

P2Dfo 37888.

41761.

3

3875. 3

0.80

1.08

0.80

1.20

1a2D, c*F, a*P, a^F, &*D, a*P, a*Q, b*F, WF, b*G,

f"

6, 8, 10, 11, 12, 16.

5d 6s 6p
a3D.p

22F§H

38578. 7

41407.
2828.3

0.89

1.12

0.86

1.14

] a'-D, a*F, a*F, a*F, 62D, a^Q, b*F, VQ, 5, 6, 9, 10,

j
11, 13, 15, 17, 18, 19.

5d2 6p
tfF.p

?'F&

2/
4Fsh

2f
4F^

42518. 2

43680. 7

44400.

46125.

1162.

5

719.3

1725.

0.57

0.98

1.18

1.23

0.40

1.03

1.24

1.33

laiD, fl
4F. a*P, a*F, VD, a*F, a*Q, WF, WF, WG,

j
am, 5, 10, 11, 19.

5d 6s 6p
a'D.p

y2P6« 43044. 3

42770. 6

-273. 7

0.56

1.24

0.67

1.33
lo2D, a*F, a JP, VD, tfF, WF, WF.

5d 6s 6p
a'D.p

2/
2FS« 43900. 6

790.2
0.95 0.86

1 a2D, a«F, a*P, a2F, &2D, a^G, &<F, &*P, WG, 9, 14,

»jFSh 44690. 8 1.16 1.14
1

16 -

5d« 6p
o^F.p

S/
4Dfo

2/
4Dij4

y 4DlH

3/
4 P>3>i

45643.

1

46674. 5

47904. 4

48930. 8

1031.4

1229.

9

1026.

4

0.47

1.16

1.33

1.37

0.00

1.20

1.37

1.43

Ld, a*F, a*P, a2F, WD, aW, WF, 6*P, VG, c*D.

5d*6p
asp.p

22 S§H 46495. 4 1.68 2.00 a2D, a*F, a*P, &2D, a2P, WF, WF.

5d2 6p
a3F.p

z*Qix

z2Q°ix

47157. 7

49840. 6

2682. 9

1.03

1.16

0.89

1.11

la2D, a*F, a*P, a2F, WD, tfG, WF, WF, WG, am,
|

3, 17.

5d2 6p
&iD.p

ar2D!,4

47973. 4

49005.

9

1032. 5

1.21

1.26

0.80

1.20

)a2D, a*F, a*P, a2F, WD, a?P, tfG, WF, WF, &2G,
f 62F, 5.

5d2 6p
tfF.p

2*S!« 47996.

4

a2D, a*F, a*P, a2P, WF.

/? VkF\Yi 50419. 6 1.58 1.73 a2D, a*F, a*P, WD, WF, WP.

5d2 6p
a3F.p

z»FIh

*»Ffc

50910.

52339. 7

1429. 7

0.92

1.17

0.86

1.14

W), a*F, c 4P, a2F, WD, a*P, tfG, WF, WF, WG,
[

a 2H, C2D, WF.

5d2 6p
a3F.p

WJ2D2>i

51133.5

52702. 8

1569. 3

1.10

1.03

0.80

1.20

la*D, a*F, a*P, a2F, 62D, a2P, a*G, &4F, WF, &2Q,

|

62F -

5d2 6p
WD.p

w*Ffa 53227. 2 1.18 1.14 a«F, o«P, a2F, &2D, a2Q, &«F, 6<P, b'Q, a2H, 6«F.

6d2 6p
o3P.p

x*D°m 52096. 5
620.6

|x*D]y2

x4D5h

52717.

1

54693.

2

58448.

1

1976.

1

3754.

9

1.30

1.12

1.37

1.14

Ud, a 4F, aiP, a2F, WD, aW, tfG, WF, WF, &2Q,
/ am,WF.

5d2 6p
asp.p

x 4P8«

z4P!«

53330. 7

53494.

1

55060.

1

163.4

1565.

2.58

1.42

1.21

2.67

1.73

1.60

1 a»D, a4F, a<P, a2F, 62D, o2P, a2Q, WF, b*F, 62Q

,
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Table 3.
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Relative terms in the Hf n spectrum—Continued
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Electron
Terms Level

values

Level
separa-
tions

g values

Combinationsconfig-

urations Observed LandS

5&6p
a^Q.p

zmiH

zmiH

53546.

56571. 5

3025. 5

1.03

1.08

0.91

1.09

L*F, (j2F, a^Q, 6*F, b*G, am, VF.

5&6p
aiQ.p

y'Qla

53972. 5

55638. 7

1666.

2

1.20

1.08

0.89

1.11
la -!), a*F, a*F, tfF, a*G, b*F, WG, am, WF

5d2 Qp
frV.p

xiF\H 55076. 9 1.38 1.33 a2D, a*F, a«P, a^F, b*T>, aW, 6*P, c*T), &P.

5&6p
a3P.p

w*F\H

57477. 6

56345. 7

-1131.9 iaiJ), a*P, a2F, b*~D, a*F, b*F, c*D, &F.

/ v*Dbi 58117.

3

1.20 1.20 a*D, a*P, b*D, aW, a^G, b*F, VG, c*T>, 62F

5&6p
a*F.p

W2DlH 61318. 2

64654.

1

3345.

9

ia2D, a<P, a2F, VD, a*F, a*G, b*F, 6«P, WG, 62P.

5tf6p
aiG.p

62775.

64442.

1

65643. 9

1667.

1

Wd, a*F, a*P, a2F, 62D, a*F, a^G, b*F, b*F,

f
am, 62F.

ZiF°, Z4D°, z*G°.

&2G,

(««F?)2iM

(e*F?)32H

69310. 2

70666.

1355. 8
Z4F°, Z*T>°, Z*G°, Z2D°, Z2P°.

z4F°, z<D°, z<G°, z2D°, z2G°.

4=H 69483. 3 z4F°,z<D°, z2D°.

(«*D?)5ik

(c2D?)62^

69963. 2

73665.

3701. 8
z*D°, y4F°, z2D°, z2P°, z2F°, i^D .

z4D°, z4 G°, z2D°, z2F°, j/2D°.

7ih 72159. 2 z4F°, z 4D°, z2P°.

Sim 73147. 3 z4F°, 2<D°, z2D°, z2P°, y2D°.

9i« 75158. 4 z*F°, z 4D°, z 4G° z2D°, z2P°, Z2F°, y'>F°.

102M 75801. 5 z4F°, z*D°, z*G°, j/
4F°, z2F°, y*T>°.

llitf 76016.5 z 4F°, z*G°, |/
4F°, z2D°, z2F°, yW .

122W 76585. 2 z4F°, z<D°, z4G°, z2D°, z2P°, yZT>°.

13im 77163. ZiF°, z 4D°, z2F°.

143^ 77314. 5 z4F°, 2*D°, z 4G°, y2F°.

152* 79090.

8

z4F°, ^D°, z4G°, z*P°.

(g2G?)163H 79804.

6

1246. 4
z4F°, z<D°, z4G°, z4P°, y2D°, y2F°.

(««G?)174M 81051. z4F°, ziT>°, z*G°, z2F°, z2G°.

184^ 82100. 5 z4F°, 2«D°, z4G°, z2F°.

194* 83129.

8

z4F°, z 4D°, z4G°, y4F°, z2F°.

All data relating to the established Hf 11 spectral terms are summar-
ized in table 3 where electron configurations, term symbols, level

values, level separations, observed and Lande g values, and com-
binations appear in successive columns. The symbols associated with
energy levels are those now in general use for spectral line classifica-

tions. 17

» Phys. Rev. 33,900(1929).
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The so-called "#-sum rule" of Pauli 18
is expected to be valid for all

spectra no matter what the nature of the vector coupling may be.

This rule may be stated as follows: If among all terms arising through
the coupling of one electron, those terms with the same inner quantum
number J be grouped, the sum of the g values of the terms in each
group must have a value independent of the nature of the coupling,

and consequently is, among others, equal to the sum of the Lande g
values for a similar group. This rule is tested in table 4 where the
observed and Lande g sums are displayed for all groups for which the
data are complete. On the whole, the agreement is very satisfactory,

the one outstanding discrepancy which occurs for J=2% in the dsp
configuration remaining unexplained for the present.

In conclusion, we wish to make a statement regarding the spark
raie ultime of hafnium, i.e., the most persistent spectral line for reveal-

ing the presence of ionized hafnium atoms.
Recent progress in analysis of spectral structure and correla-

tion with electron configurations has enabled us to formulate a new
rule governing the selection of the raie ultime in any spectrum.
This rule has been tested in a large number of spectra (which will be
detailed in another publication), and is believed to be more funda-
mental and general than any heretofore proposed for such lines. It

may be briefly stated as follows: A raie ultime in any spectrum origi-

nates with a simple interchange of a single electron between s and p
states, usually preferring configurations in which only one electron

occurs in such states. In accordance with this rule it may be said

that the transition (5d2Qs) a4F4^ — (5d2
6p) z*G°5y2 , corresponding to the

line of wave length 2641.41 A, represents the true raie ultime of the
Hf ii spectrum. It is undoubtedly the most intense line in this spec-

trum and appears also to be the strongest line ascribable to hafnium
in spark spectra of zirconium containing hafnium as an impurity.

Washington, August 8, 1934

is W. Pauli, Zeit, f. Phys. 16, 155(1923).


