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A preliminary report on the second spectrum of tungsten, p ublished in 1938, presented 
27 even energy levels and 50 odd energy levels t hat were deri ved from. 500 W II lin es ranging 
in wavelength from 1961.43 A to 4348. 13 A. The presen t paper submits data on 62 e ven 
levels, 132 odd levels, and 2,173 classified lines of W II , ranging in wavelength from 1756.6 A 
to 6219.77 A. The gronnd state of the W+ ion is represented by t h e 6Do~ level of a sextet 
D term arising from t h e 5d46s 1 electron configuration, bu t the level in terva ls fwd magnetic 
splitting factors indicate cons iderable departure from LS-couplin g, suggesting that co upling 
intermed iate between LS and Jj may be more appropriate for t he spectrum V'{ II . 

1. Introduction 

The sear ch for r egularities among spectr al lines 
emitted by tungsten ar cs and sparks was initia Led 
at the National Bmeau of Standards in 1925 when 
O. L apor te and I were both new (temporary) 
members of the pectroscopy Section. By ex­
ploiting existing data on wavelengths, intensities , 
and Zeeman patterns, L aporte [1] 2 identi6 ed the 
first spectral terms and classified lines o( WI. 
Zeema n data confirmed Lhe designaLion of the six 
lowest energy levels as 5D from 5d46s 2 and 7S from 
5d56s1• This term an alysis and quanLum interpre­
tation of W I was later greatly extended b.\T L aporte 
a nd Mack [2] until it includ ed 300 energy levels and 
2,37 classifLCd lines ranging in wavelengLh from 
2008.64 A to 11477.97 A. 
Shortl~T a fter Laporte found the low-energy terms 

in Vi I , I began a search for th e theoretical low 
6D ((rom 5d'16s1) and 6S (from 5d5) terms in W II, 
ass uming that ionizaLion removed one s electron. 
This initial search failed because of insufficient 
info rmn,tion about the spectrum IV II. Then I 
undertook to reobserve the ultraviolet ar c and 
spark spectra of tungsten, to distinguish W II from 
VV I , to refine the wavelengths, and t o observe 
Zeeman patterns of W II lines . From. these obser­
vations, 27 even levels (including 6D and 6S) and 50 
odd levels were derived from 500 W II lines ranging 
in wavelength from 1961.43 A to 4348.13 A; these 
results were published [3] in 1938 as a preliminary 
report on lines and levels of the spectrum W II. 
From Lime to time dming the following quarter 
cen tm~', fmther improvements in observations and 
extensions of analyses have been made; the pmpose 
o( the present paper is to present the final d ata on 
62 even levels, 132 odd levels, and 2,173 classified 
lines of IV II , ranging in wavelength from 1756.6 A 
to 6219.77 k 

1 FOrrl1C'f 11l (' mhrr of Sr)('ctroscopy Section , N US; present address: Riel, ",Vis. 
'Figures in brackets indicate tlte literature references at tl1e end of this paper. 

207 

2. Experimental Procedure 

Small rods of very pure tungsten were used as 
electrodes in the arcs and sparks that served as light 
sources. The arcs were operaLed wiLh applied 
potential of 220 v and 6 amp dc, the parks wiLh 
30,000 v , about 30 rn a, ac, and 0.006 J.Lf capacitan ce. 

The first spectrograms were made in 1925 with a 
Hilger E 1 (LiLLrow) quartz specLrograph which 
could be efrecLively employed in the ulLraviolet down 
Lo wavelengLh 1900 A. Later, these speeLrograms 
were supplemented by a new series obLained by C. C. 
Kiess with Lhe first Hilger E 185 (LiLlrow) quartz 
spectrograph that was delivered to th e Bureau of 
SLandards ill 1932. This larger spectrograph has a 
focal length of 3 111, and r eciprocal dispersion, or 
plate factor , of 0.3 A/mm at 2100 A and 1 A/mm at 
3000 A. Th ese obsel"\TaLions of t un gsten lin es on 
photographic plaLes exposed in quarLz specLrographs 
were presented by me as a ~[asLer's Th esis at the 
UniversiLy of Chicago [4]. Additional spectrograms 
were made in 1933 by Kiess with a concave gratin g 
of 22-ft radius, and 30,000 lin es per inch. In a 
Wadsworth moun Li ng, Lhis graLing produ ced spectra 
down to 1900 A w.iLh a plate factor of 2.44 A/mm in 
the first order, and with a plate factor of 0.88 X/mm 
in the second order from 3200 Lo 4400 X. This 
gr ating spectrograph was employed also Lo photo­
graph tun gsten spectra throughouL the visible range. 

Since all the above-mention ed spectrographs were 
stigmatic, movable diaphragms b efore th e sIiLs per­
mitted placing strips of juxtaposed spectr a on 
photographic plates. Th e usual procedure was to 
phoLograph the iron-are spectrum containing stand­
ard wavelengths, Lhen the t ungsLen arcs an d sparks 
in adj acenL strips and anoLher iron spectrum beside 
the tungstell spark. The positions of tungsten 
spectral lin es relative to iron lines were measured on 
Gaertner comparators, in 1925- 26 at the Bmeau of 
Standards; and in 1933- 34 at Marquette University 
by com tesy of th e late Fr. Joseph Carroll, S. J. 
Linear scale readings allowed the wavelengths of 
tWlgsten lin es to be interpolated b etween iron 
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standards in the case of prismatic spectra with the 
aid of Hartmann's dispersion formula, and from 
grating spectrograms by assuming linear dispersion. 
In both cases, small corrections were made when the 
interpolated values of iron wavelengths departed 
from their standard values. For purposes of analy­
sis, the final wavelengths of tungsten lines were 
converted to vacuum wavenumbers with the aid of 
the Table of Wavenumbers published by Coleman, 
Bozman, and Meggers [5]. 

At the same time that the positions or wave­
lengths of tungsten lines were being measured, 
their relative intensities were estimated in both 
sources. Although this intensity scale, ranging 
from 1 for a barely discernible line to 1000 for the 
strongest, is more or less arbitrary, it is primarily 
useful in separating W II from W' I, and also quali­
tatively supports the subsequent analysis in which 
intensities are related to quantum numbers. In 
some cases vV II lin es appear to coincide with 
W I, and if a W II line sometimes appears stronger in 
the arc than in the spark, it may be an example of 
pole effect. Unfortunately, . no deliberate attempt 
to exclude or exploit pole effect in the tungsten arc 
was made. 

Finally, some information about tungsten spectra 
in the vacuum ultraviolet was obtained by measuring 
two spectrograms made by J. C. Boyce at the Mas­
sachusetts Institute of Technology in 1940 and 
kindly presented to the Bureau of Standards. 
These spectrograms were obtained with an evacu­
ated grating spectrograph having a plate factor of 
4.26 A./mm. The spectra were measured down 
to 1200 A. Although the excitation conditions 
were al tered, the differences between spectra were 
so slight that only above 1756 A was it possible 
positively to identify W II lin es. The wavelengths 
from this point to 1950 A were finally corrected to 
the scale of values calculated from atomic energy 
levels. 

My preliminary paper [3] of 1938 reported Zee­
man-effect measurements of spectrograms made with 
a Weiss magnet and quartz spectrographs at the 
Bureau of Standards. These data have been super­
seded by those obtained with the more powerful 
Bitter magnet and grating spectrographs at the Mas­
sachusetts Institute of Technology. These results 
will be mentioned in the next section. 

3. Results 

The main result of the experiments mentioned 
above is that the wavelengths of about 13,000 
spectral lines characteristic of arcs and sparks be­
tween tungsten electrodes have been measured. 
Among these, about 4,000 have been attributed to 
W II and 2,173 of these lines, including 90 percent 
of the total intensity, have been shown to arise from 
transitions between 194 derived energy levels, 62 
even and 132 odd. The even levels are displayed 
in table 1 and the odd levels in table 2. In these 
tables, the electron configuration is given in col-

umn 1, the spectral term designation in column 2, 
total angular momentum, J , in column 3, relative 
values of energy levels in column 4, intervals be­
tween levels of complex terms in column 5, and 
observed magnetic splitting factor, g, in column 6. 
Most of these data were supplied in 1956 for the 
third volume of Atomic Energy Levels [6] which 
contains J and level values for 45 even and 90 odd 
levels . In that volume, g-factors were reported 
for 38 even levels and for 58 odd. These were 
derived from MIT Zeeman spectrograms measured 
by J. E. Mack and Mrs. Taschek at the University 
of Wisconsin. Since 1956, the number of even 
levels has increased from 45 to 62 and odd levels 
from 90 to 132. Likewise, g-factors are now avail­
able for 46 even and 71 odd levels as compared with 
38 and 58 respectively, in 1956. 

In Atomic Energy Levels [6], it is stated that be­
cause of departure from LS-coupling it is difficult 
to assign term designations except for the lowest 
terms. Consequently, only six even terms, com­
prising 21 levels between 0 and 17437 Ie, were 
completely grouped and designated, and 24 higher 
even levels, between 18000 and 26929 Ie, were 
tentatively designated, guided by analogy with 
Mo II, g-factors, and theoretical calculations of the 
late R. E. Trees. Likewise, two odd terms, com­
prising six levels, were tentatively designated 6F and 
2S, but the remaining 84 levels were given as mis­
cellan eous. In the present paper, additional levels 
and g-factors are reported but no revision or ex­
tension of designations has been made. 

The spectral lines of tungsten from which all the 
information in tables 1 and 2 was derived, are listed 
in table 3 in order of increasing wavelength. Each 
line is described by its measured wavelength in 
angstroms, by its estimated intensity in a tungsten 
arc and/or spark, by its appropriate vacuum wave­
number in kaysers (1 Ie = 1 cm- 1), by the difference 
(O - C) between the observed wavenumber and that 
calculated from the combination of energy levels 
shown in the next-to-Iast column. Abbreviated 
notes about the observed Zeeman patterns for 307 
lines appear in the final column. 

Table 3 contain s 2,173 classified lines of W II, 
including 42 doubly classified. The only other table 
of classified W II lines was published [3] in 1938; it 
contained 500 lines, including 6 doubly classified. 
In addition to 2,173 classified lines, table 3 also con­
tains wavelengths, intensities, and wavenum bel'S 
of 25 of the strongest W II lines still unclassified; 
these are included with the hope that the blank 
spaces under "combinations" may eventually be 
filled in. 

The "Intensity" column of table 3 shows that the 
great majority of these W II lines were observed in 
arc as ,veIl as spark sources but with generally higher 
intensity in the latter when spectrogram exposures 
were chosen to make W I lines appear in both sources 
with nearly equal intensities. In a few cases, W II 
lines appear only, or stronger, in arc spectra; most if 
not all such deviations may be explained by coin­
cident W I lines, pole effects, or air lines that occa-
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sionally mask L1leLallines in sp1L1'ks operated at atmos­
pheric pres m e. 'Where the letter A follows an arc 
intensity, a lin e with nearly identical wavelen gth h as 
actually b een classified as a combin ation of WI 
energy level . The letter d in Lable 3 indieaLes a 
double lin e. 

TJl e obser ved minus calculaLed wavenumbers 
(O -C) have an average vttlue of 0.1 Ie for wave-
lengths measmed in air, that is, above 2000 .A. 
This means Lhat the average error in Lhese wave-
length measurements is of the order of 0.01 A, and 
tller e is high confidence that Lhe greaL m ajority of 
the co mbin ations are real, rather titan accidental. 
H owever, ill the vacuum ultraviolet, below 2000 A, 
the average O- C is considerably greater, in a, few 
cases as large as 5 Ie, which entails all elTor in wave­
lell gth of the order of 0.2 .A. In such CiLses, confi­
dence that the combinations ar e genuin e is greatly 
r educed but they have been! en tatively retaiJled for 
the following re,) sons. Sin ce the scale of wave­
lIumbers is greatly cOlllpressed in the vacuum region, 
alld the tU ll gstell spect.m below 2000 A were photo­
graphed with rclativciy sillall dispersioll Hnd JIlellS­
ured witbout adequate stalldllrd wavelengths, it WHS 

ineviLn,ble that tbese m easured wavelengths of ,VII 
lines would be more or less ullcertai n . Furthermore , 
it appears that most of tbese \V I r short Wlwes involve 
tlte lowest and adjacenL metasta ble energy levels, 
which is precisely what sbould be expected of stroJl g 
lili es with high energy. T1lCrcfore, these co mbin a­
tion s with relatively huge O-C m ay be regarded as 
real pending wavelength measurellleJlts of higher 
accuracy. 

III the introduction , I mentioned that Lh e fLrst 
spectral terll1s, both ill \'VI and in \Vu , were found 
frolll Zeeman-eHect observa tion s. In boLh spectra, 
such observations have greatly facilitated their 
11Iltllyses, and constitute th e supreJll e test of validity. 
Til tile l ast colUllln of table 3, are found some Jlotes 
about the observed ZeemaJl pa Uern s of 307 Wll 
lines extending from 2216 A to 4358 A. The Zeemall 

patterns of W 1 a,nd V\T II on MIT spectrograms were 
measured at the University of Wisconsin by J. E. 
Mack and N[l's. T aschek who supplied most of the 
magnetic splitting factors (g-factors) for tungsten 
levels that appear in Atomic Energy Levels [6]. 
Recently, those spectrogr ams were kindly loaned to 
me for examination. \Vithout givin g any details, I 
h ave merely written "res" to indicate resolved 
Zeeman patterns that agree with th e combination s 
of 'N II lines in table 3. Unresolved Zeeman patterns 
are numbered 4, 5, 6, and 7, according to th e notation 
of Back and Lande [7] . Incidelltally, Zeeman types 
4,5, and 6 uniquely eharaeterize, and fix J-values of, 
ell ergy levels belongin g to eveJl muHipli cities such as 
those respon sible for Wn lilies. AU Lhe Zeeman­
eIIeeL spectrograms are thickly covered by patterns 
of VV [ lin es, and the W II pat Lems are often obscured, 
or vice versa , but despit e these difficulties, th e 
combinations are generally verified. 

Finally, referell ce is m ltde to theTa bles of Spectrnl­
Lin e Int ell sities by ::\Ieggers, Corliss, fl,lId Scribn er 
[8] which lisL 1,300 tungsten lin es, ] 168 W T and 
132 W II, observed in fin a,rc between copper elec­
troclcs co ntainin g 0.1 ato mic percent of tungsten. 
It is noteworthy that 11 0 Wll lin es fl ppear among 
th e first 28 lili es of hi ghest intensit y; th ey IIrc all 
\V 1. Tungsten is similar to rhellium ill th is respect, 
but unlike thorium or uranium in which spark lines 
predomi nate in this type of flrc source. Ionization 
po! en Lials may be responsible for this difference, 
since the J.P. of copper is less than thaJ of tungsLen 
or rheniUll1 but greater than t hat of thorium or 
uranium . III LlIe list of all observed lillcs of tu ngsten 
[8], all of the W 1I lin es arc now cla,ssified, and will 
be given in this paper . 

J n conclu sion , let me say llult sin ce my Ilssocia­
tion with t he Bureau of Stand,)rd s in 1925- 26, 
when this investiga tion began , and again in 1943- 44, 
when I coll aborated on the m a nium project [9], 
this work 0 11 W II ba s been pursued ItS IL part-time 
occasional avocation witll the goal of fiJl din g order 
in a complcx spectrum. 

1\ \ B LE ]. Even levels of l V II 

Configu ration D esigna ti on J Level I nterval Obs. g 

5d'(5D )6s a tiD o ~ ~ O. 00 3. 186 
l.'; 1 i'I. 7S 

11 ~ 151 i'I. 7S J . S30 
1653. H 

:n~ 317:2. 52 1. 6:30 
J5~3. SO 

3 1/ ; '1. -1716.32 1. 56:3 
1-1:30. i'I ~ 

-1% 6 J -17. 16 J .522 

5d; a tit; 2~~ 7-120. -13 1. 0 13 

5d'(" F) Go a ' \1' J ~~ i'l7 l1. 2G O. 62~ 
25S!} S2 

.) I I 
- I '!. JJ 301. OS 1. OS'! 

2 J 10. S8 
3 1f / 2 1 3 ~ll. 96 1. 186 

1.,1.,15. 26 
4 j~ leI857.22 1. 234 
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TABLE 1. Even levels of TV II- Continued 

Configuration Designation J Level IntClTal Obs. g 

-----
5d4(3 P )6s a 4P O~ 8832. 66 2.383 

1759. 86 
] % 10592. 52 1. 47] 

2841. 58 
2 ?~ 13434. 10 1. 526 

5d4 (5D )6s a 4D O}f 13173. 38 0.455 
] 460.98 

l?~ 14634. 36 1. 183 
333. 46 

2% 14967.82 1. 013 
17\). 20 

3% 15147.02 0.872 

5d4 (3 G) 6s a 40 2% 16234. 84 0.995 
354. 83 

3% 16589. 67 1. 153 
- 36.53 

4% 16553. 14 1. 137 
883. 88 

5% 17437. 02 1. 181 

5d4 (3JI )6s 41-1 3~ 18000. 70 1. 098 
5d5 '1) 1 ~ 18990. 96 0.90 
5d5 4G 4% 19070. 68 1. 102 
5d5 'G 2}~ 19276. 52 O.9\)7 
5d4 (3P )6s ' P O?~ 19404. 08 0.64 
5d'(3H )6s 'H 6% 19442. 54 
5d5 2D 2}f 19637. 38 1. 102 
5d5 'G 3\-f 20039. 74 1. 107 
5d5 'D 1 ~ 20455. 93 O. 51 
5d5 40 5~ 20534. 35 1. 197 
5d' (31-1) 6s 'II 4% 20780. 38 1. 065 
5d5 4F 2% 22139. 97 1. 06 
5d5 4F 3% 22194. 08 1. 119 
5d' (3 P )6s 'P 1% 22503. 06 1. 22 

O~ 22535. 80 2. 2 
5d4 (3 D ) 6s 4D 3% 23046. 80 0. 86 
5d5 'F 4% 23234. 87 1. 249 
5d5 4D 211 23450. 50 1. 297 
5d5 4D 3% 23803. 84 
5d5 2J 5~ 23955. 40 1. 10 

3V, 24804. 67 1. 10 
I V, 24918. 10 

5d5 'F 1% 24991. 56 O. 9 
0% 25045. 20 O. 32 

5d5 4p 1% 25169. 87 1. 64 
4% 25209. 28 
2V, 25672. 16 O. 9 

5d4(3H ) 6s ' IT 4% 26158. 74 
5d5 '1' 2% 26227. 00 1. 04 
5d5 (31-I ) 6s ' If 5~ 26929. 34 

3~ 27273.86 
2~ 28118.90 
6% 28187. 60 
5% 28377. 80 
1~ 28491. 00 
3~ 28631. 86 
4% 29341. 56 
4% 30633. 02 
5% 31100.46 
5~ 33910. 56 1. 34 

I 4% 34091. 02 

210 



T ABI_E 2. Odd levels of W II 

Configuration D esig nation J L e,·el In te rval Obs . g 

5d4(5 D ) 6p z (l Ll'o o~~ 36165. 35 2964.06 0.671l 
.I }2 39129 41 2920. 0", 1. 147 
2;,f 42049. 45 2827. 73 1. 292 
3 7~ 44877 18 1616. 25 

J. 277 
4 % 46493· 43 5001. 57 

1. 3 1 J 
5 ~~ 51495. 00 1. 054 

5d4(SP )6p z 2~ O 0% 38576. 32 J. 614 
2 ~f 39936. 81 O. XS!l 
1 7~ 42298. 20 ] .491l 
3% 42390. 27 L 161 
2 ;,~ 44354.82 1. :300 
0 % 44455. 18 - 0.2 17 
4% 44758. 10 1. 270 
1% 44911. 63 1.22 1 
O~~ 45457. 02 O .. 'i19 
1 ~~ 45553. 70 1. 0:3:3 
3 Y2 46175. 42 1. 4.'i2 
2}f 46355. 40 1.236 
0 ~2 46625. 27 1. 70 
n~ 47179. 94 J .007 
2 ~f 4741 3. 33 1. J 1 1 
1 >~ 4758864 2. 00 
2>~ 48284· 48 1. 366 
5 >~ 48332.73 
3 '1 48830. 70 1.008 
J 7~ 48982.86 

I 
1. 72 

3~~ 49124· 52 J.4!l9 
0% 49154· 50 2. 7X 
4 % 49181. 04 1. 40!l 
2~~ 49242. 10 1. 5 10 
2% 50292. 3;:i 1.334 
] ;'2 504;:i0. 95 O. 93 
'1 7~ 5086;:i. 05 1. J 9", 
3 ~~ 51045. 25 
1 ~~ 51254· 40 1 . . 58 
2 ~~ 51438. 03 .1. 30 1 
3 '1 51863. 03 O. 937 / 2 
2Jf 52087. 02 
3 ~~ 52275. 28 1.297 
O~f 52355. 11 0.981 
4~~ 52567. 15 I 

O~~ 52593. 72 1. 56 ? 
1% 52803. 00 
3~~ 52901. 74 .I. 374 

1 2Y, 53113. 52 1. 262 
1 Uf 53329. 71 1. 357 I 

3;~ 53338. 07 O. !l68 
4 ~;' 53369. 97 J.086 
11;' 53422. 98 O. 976 
O~~ 53440. 17 2. 038 
2;;' 54026. 24 
47~ 54056. 54 1. 123 
I ),;' 54137. 20 1. 608 
57f 54229. 06 
2 " 54375. 82 1. 51 / 2 
0;';' 54485. 60 1. 46 
3 % 54498. 57 
2Y, 54 704. 61 0.623 
OY, 54760. 06 
5Y, 54958. 58 J. 141 
3Y, 55022. 86 
2>~ 55162. 30 1. 00 
4 7~ 55392. 37 1. 061 
1% 55488. 01 
1% 56084. 30 1. 021 
5};' 56376. 45 
4;~ 56413. 64 
6>;' 56439. 60 
2% 56544.- 40 
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TABLE 2 . Odd levels of W II- Contiuued 

Configuration Designation J 
I 

L ev el Interv al 
I 

Obs. g 

5d4 (3 P) 6p z 2S 0 3% 5661 2. 74 1.22 
0% 56768. 61 1. 147 
2~1 56874·99 0. 815 
IH 56932. 27 1. 06 
4~~ 57089. 46 
~ /.;. 57252. 00 
3 )1, 

I 
57729. 92 1. ] 84 

2% 57856. 70 1. 36 
4)1, 57986.92 
1)1, 58007. 60 1. 20 
2>f 58336. 98 
4 )1, 58687. 88 
3% 58709. 56 
l)f 58747.94 O. 78 
5;; 588&1. 74 1. 144 
3}f 59276. 81 1. 102 
4% 59399. 34 l. 179 
1)1, 59816. 30 
3% 59869. 14 1. 125 
3Yz 59933. 66 
2~~ 59992. 20 
5}~ 60218. 84 l. 130 
3H 60256. 45 
4;,~ 60278. 71 
3}~ 60424. 14 
2 ;,~ 60474·67 
2}f 60656. 51 
2% 60900. 97 0.92 
4~f 61055. 80 
5 ~ 61 240. 81 1. ] 20 
3 ;,~ 61326. 29 
4)1, 61 360. 54 
3 ;,~ 61550. 60 

;t~ 61566. 70 1. 07 
61589. 46 1. 149 

6;,f 61602. 18 
2 ;,~ 62333. 20 
47~ 62437. 04 
6H 62714·56 
4;,f 62715.98 
5 ;,~ 62966. 50 
27~ 62989. 60 
6 ;,~ 63087. 90 
3 ;,~ 63266. 30 
3)1, 63788. 20 
2)1, 63880. 10 I 
2 ;,~ 64030. 34 
4 )1, 64207. 50 
2)1, 64310.00 
3 ;,~ 64356.70 
4;,f 64516. 37 
3)f 64896. 22 
Mf 64969. 10 
2;,f 64990.32 
4 )1, 65003. 20 
2% 65141.56 
5)1, 65326. 40 
3)1, 65644.00 
5)1, 65684. 80 
4% 66270.95 
5 ~~ 66703. 50 
5% 68012. 50 
6 ~f 68078. 98 
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'rA ULI" 3. Classified lines of W II 

In k nsity vVave Dumbe r (enc ') 
Wavel ength Combin a tion Zeeman 

(A ) effect 
Arc Spark Observed O- C 

Vae. 

1756.604 8 56928. 0 -4.3 a 6D o,,-569321).§ 
1757.789 3 56889.6 0. 0 a 6S2,,-643102).§ 
1759.408 4 56837. 3 + 3. 0 a 6D 3,,-615503).§ 
1760. 00 5 56818.2 O. 0 a 6D 1,,-583362).§ 

1765. 514 20 56640. 7 { -3. 1 a 6D 2,,-598161).§ 
- 3. 5 a 6D 3,,-61360').§ 

1766.319 8 56614. 9 { + 4. 9 a 6D3~61326 3).§ 
+ 5. 0 a 6S2~64030z).§ 

1775. 023 3 56337. 3 -0.6 a 6D ')1-578562)1 
1776.834 4 56279. 9 + 0.8 a 'FI)1-64990 z).§ 
1783. 050 10 56083. 7 -0.6 a 6D o,,-560841).§ 
1794.166 4 55736. 2 + 3. 0 a 6D 1,,-57252')1 

1795. 131 20 55706. 2 - 1.6 a 6D 3,,-604243).§ 
1798.60 3 55598. 8 + 0. 1 a 'F,,,-643102).§ 
1799. 558 4 55569. 2 O. 0 a 6S2,,-629892y, 

1800. 570 20 55538. 0 { + 1.0 a 6D 2,,-587093y, 
-2. 1 a 6D 3,,-602563).§ 

1802. 211 8 55487. 4 - 0. 6 a 6D o,,-554881).§ 

) 803. 840 8 55437. 3 - 5.0 a 6D ,,,-615895).§ 
1804. 51 6 55'116. 7 + 3.2 a 6D,,,-569321).§ 
1806. 437 3 55357. 6 + 1. 4 a 6D ,~568742Y, 
1807. 64.5 2 .15320. 5 + 1. 4 a 4F 1,,-640302).§ 
1809. 082 2 55276. 6 + 0. 7 a 6D3~599922).§ 

) 8 11. 021 5 552J 7 .. 5 + 0.2 a 6D3~599333Y, 
1S12. 161 40 55182. 7 + 3. 6 a 6D ,,,-613263).§ 
1812.765 6 55164. 4 - 0. ) a 6J)2~58336 z).§ 
1812. 977 5 :55 l 57. 9 + 5. 1 a 6D3~598693Y, 
l S I5. 073 2 55094. 2 + 0. 6 a 6J) ,~61 2405y, 

1817. 347 10 5502.5.2 - 0.4 a 6DI~56544 2Y, 

1821. 062 30 54913. 0 { + 4. 4 a 6D ,,,-61055' ).§ 
+ 0.2 a 6S2,,-623332).§ 

1823. 64 3 54835. 4 + 0. 3 a 6D 2,,-580071y, 
1826. 126 20 54760. 7 + 0. 6 a 6D o~54760oy, 

1828. 69 6 54684. 0 { + 1.0 a 6D3~593994Y, 
- 0.2 a 6J) ~~578562Y, 

1838. 338 25 54397. 0 - 0. 8 a 4P I~64990 2Y, 
1847.041 5 54140. 6 + 3. 4 a 6D o,,-541371).§ 
1848. 104 30 54109. 7 + 0. 4 a 6D ,~602563).§ 
1852. 110 15 53992. 5 -0.7 a 6 D3~587093Y, 

1852.917 20 53969. 0 - 0. 2 a 6D I~554881).§ 

1860. 069 4 53761. 4 + 1.6 a 6D2~56932 1).§ 
1861. 26 6 53727.0 + 5. 0 a 6D,,,-598693y, 
1864.976 15 53620. 0 -0.7 a 6D 3,,-583362).§ 
1865. 818 8 53595. 8 - 0. 3 a 6D 2~56768 3)'§ 

1871. 261 6 53439. 9 { - 0. 3 a 6D o~53446o).§ 
- 0. 3 a 6D 2~56612 3).§ 

1871. 90 6 53 '121. 6 - 1.4 a 6Do~53422 1).§ 
1873 . 646 20 53371. 9 0. 0 a 6D z,,-56544 2).§ 
1875. 1.')6 12 53328. 9 - 0.8 a 6Do~53329 1y, 
] 877. 3:3 2 53267. 2 -3.4 a 6D3~57986 4).§ 
1877. 869 20 53251. 8 - 0.4 a 6D ,~59399 4).§ 

1878. 54 4 53233. 0 - 3. 1 a 6Sz,,-60656 2).§ 
] 880. 216 8 53 185. 4 - 0.4 a 6D 1,,-54704 2).§ 
) 88 1. 798 15 53140. 6 + 0.2 a 6D 3y,-578562).§ 
1882. 185 8 53129. 7 + 0.1 a 6D ,~59276 3).§ 
1886. 304 6 53013. 7 + 0. 1 a 6D3~577293Y, 
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TABLE 3. Classified lines of W II- Continued 

Intensity Wave number (em- I) 
, iVave!ength Combination Zeeman 

(A) effect 
Arc Spark Observed O- C 

Vae. 

1891. 908 6 52856. 7 { -0. 3 a 6Dl).,-54375 ')1 
+ 1.3 a 'F1)1-61566')1 

1892. 442 15 52841. 8 + 5. 8 a 6Sz,,--602563)1 
1893. 80 4 52803. 9 + 0.9 a oD o,,--528031)1 
1895. 943 30 52744. 2 -0.4 a 6D,,,--588915)1 
1900.503 12 52617.6 -0. 8 a 6D 1,,--541371)1 

1901. 245 30 52597. 1 + 3.4 a 6D o,,--525930)1 
1902. 51 20 52562. 1 -0.3 a 6D 4,,--587093)1 
1906. 677 12 52447. 3 -1.4 a 6S2,,--598693)1 
1908.750 10 52390. 3 -5. 6 a 6S2,,--598161)1 
1909. 16 6 52379. 0 + 5.9 a 6Da,,--57089')1 

1909.80 4 52361. 4 + 6.3 a 6D o,,--523550)1 
1911. 50 25 52314. 9 -0.6 a 6D z,,--554881)1 
1915.38 8 52209. 0 - 0.9 a 'P2,,--65644 3)1 
1925. 99 12 51921. 3 -0.1 a 6D 1,,--534400)1 
1928. 61 20 51850. 8 + 0.5 a 6D z,,--550223)1 
1929.47 10 51827. 7 -0.4 a 6D a,,--565442)1 

1930. 10 6 518] O. 8 -0. 1 [t 6D 1,,--533291)1 
1931. 87 10 51763. 3 -0.1 a 'F 1,,--604 742)1 
1934. 345 10 51697. 1 -0. 2 a 6D a,,--56413' )1 
1934. 62 3 51689. 7 + 1.2 a 'F z,,--629892)1 
1938.21 25 51594. 0 -0.7 a 6D 1,,--531132)1 

1938. 74 3 51579. 9 { -2.9 a 6D,,,--577293)1 
+ 1.5 a 'F 3)1-649902)1 

1940.54 8 51532. 0 -0.1 a 6D z)1-54704' )1 
1943. 27 4 51459. 6 + 0.2 a 'G,,,--680125)1 
1945. 02 10 51413. 5 - 0.2 a 'F' )1-66270' )1 
1948. 35 30 51325. 5 - 0.5 a 6D z,,--544983)1 

1949. 55 40 51293.9 + 4.8 a 6Sz,,--587093)1 
1949. 93 4 51283. 9 - 0.3 a 6D 1,,--528031)1 
1951. 06 40 51254. 2 - 0.2 a 6D o)1-51254lJ.> 
1953. 00 3 51203. 3 O. 0 a 6D 2,,--543752)1 
1957. 90 2 51075. 1 + 0.2 a 6D 1,,--525930)1 

1959.54 5 51032. 3 + 0.2 a 'Fz)1-623332)1 
1961. 42 6 50983. 5 - 0.1 a 'Po)1-598161)1 
1962. 14 40 50964. 7 O. 0 a 6D2~-541371).i 
1962. 92 20 50944. 4 - 0.3 a 'Fa,,--643563).i 
1963.02 2 50941. 9 - 0.4 a 6D4,,--57089' )1 

1967. 09 2 50836. 5 + 0.2 a 6D 1,,--52355o)1 
1967. 41 10 50828. 2 + 0.6 a 'F')1-656845)1 
1968. 67 8 50795. 6 + 0.1 a 'Fa,,--64207,).i 
1973. 32 20 50676. 0 O. 0 a 6Da,,--55392 ' )1 
1974. 66 4 50641. 6 - 0.3 a 4G5,,--680786)1 

1975. 48 15 50620. 7 - 0.7 a 6D4)1-567683)1 
1976. 70 25 50589. 4 +2.2 a 6S2,,--580071).i 
1977. 24 12 50575. 6 + 0.1 a 4G5)1-680125)1 
1977. 53 15 50568. 1 - 0. 1 a 6D 1)1-520872)1 
1981. 42 20 50468. 8 + 3.2 a 6D.,,--566123)1 

1982. 35 15 50445. 1 - 0.9 a 6D a,,--551622)1 
1982. 73 1 50435. 5 - 0. 8 a 6S')1-57856h~ 
1982. 92 20 50430. 7 - 0. 3 a 6Do)1-504301)1 
1987. 80 25 50301. 9 - 4.6 a 6Da)1-550223)1 
1989. 41 30 50266. 1 - 0.4 a 6D,,,--56413')1 
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TABLE 3. Classified lines of W II-Continued 

In tens il.v Wa ve number (em- I) 
'vVavC'!ength Combination heeman 

(A) effeet 
Are Spark Observed O- C 

Vae. 

1990. 07 15 50249. 4 { - 0.1 a 'F2»-615503» 
- 1.1 a 6D ,»-534221» 

1990. 86 12 50229. 6 + 0.3 a 6D.,,,-563765» 
1993. 15 6 50171. 8 - 1. 9 a'D,»-651412» 
1993. 53 1 50162. 3 - 3. 3 a 6D 2»-538883» 
1993. 74 3 50156. 9 - 0.3 a 6D 2»-533291» 

1994. 21 15 50145. 1 - 0.9 a 'F4»-65003,,; 
1995. 545 25 50111. 6 - 0.3 a 'F.,»-649695» 
1997. 46 6 50063. 7 - 0.3 a 'PI cr-60656 ,» 
1998. 54 3 50036. 6 - 0. 1 a 'FI};-58747J" 
1998. 99 3 50025. 2 O. 0 a 'F2 .~-61326h 

Ai r 

199n. il;3 ]2 49988. 1 - 0.2 a 6])3',-54 704 h 
2001. 70 3 30 "[994 1. "f + 0 . ..[ a 6J) 2cr-5311 82 '~ 
2002 . . 59 2 49919. 2 O. 0 a 6DIcr-51438,,, 
2002.73 1 3 4\)915. 7 + 0.4 a 'Po"--587471,, 
2005. 60 1 498H. 3 + 1.0 a 4 D3"--64990 ,,, 

2006. 07 :3 'f9 8:32. 6 + 0 . ..[ a 'P,,,-632663,, 
2008. 08 -I '10 'I ()782. 7 + 0. fi a 61)3,,-544983» 
2009. :n 2 4D7.')0. 8 t l.6 a 41)3"--648963,, 
200\). D8 I 12 4nnfi.7 + 0. I a 61), ,,-512541,, 
2010.24 :3 1.5 4972\). :3 + 0. ] a 6I),,,-5J9013,> 

20J 0.66 2 J 497 18. \) + 1.1 a 'G.,,,--662701>, 
20 12. 18 ;) 4\)68 1. ;) O. 0 a 'G 3,~-66270,,, I 
20J :3. 06 -I ..[ -IU65\). G + 0.1 a 61)3"-543752,, 
2014. 2;3 :3 l5 "I!lG:30.7 + 0.2 a 6I),,,-5J803h, 
2014. 43 :3 10 4\J625. 8 + 0. 1 a '1", ,,-58336,,, 

20l5.44 2 8 "1()60 1.0 + 1.1 a '(C ,,>-609002» 
20 17.26 - 2 4U5.56. 2 + 0.7 a 'P ,,,--6 2.9892» 
20J9.08 - l 49.5 11. G - 0.2 a 6S,,,--56.9321,, 
2019. 55 2 fj 'f9500. 0 + 0 . . 5 a '1",»-643563» 
202 1. "13 :3 494.';4. 0 -0.6 a 6S,,,--5687 4h~ 

2023. 25 1 4940\) .. 5 + 0.1 a '(; ,,,-656443,, 
2023. 63 :3 49400. :3 + 0.6 a 'P 1,,-5.')9922» 
2023. 79 3 ..[939G. 4 + 0.4 a ']), ,,-64030 ,,, 
2025. 45 1 4 -1935.5. D + 0 . .5 a 'F' 2"-60656 2,, 
2025. 62 2 4935 1. 7 + 1.4 a 'F',,,--64 207,,, 
2026. 07 il 30 49340. 8 + 0.6 a 61)3"-54056, ,, 

2027. 30 1 ] 2 493 10. 8 + 0.9 a 6D3cr-540262» 
2027. 5.5 2 3 49304. 8 + 0. 8 a '1"3,,--62715,» 
2027 . 87 2 .5 4929G. 9 + 0.6 a 41" 1»-580071» 
2029. 12 1 ] 5 49266. 6 + 0.1 a 'G5»-667035» 
2029. 99 5 50 49245. 5 + 0.3 a 6D,,,--55392,» 

2030.87 3 4\)224.2 + 0.4 a 'PI,,--598161» 
2031. 44 12 '19210. 4 + 0. 7 a'D3,,--643563» 
2032. 16 3 49192. 9 + 0. 6 a 6S2,,--566123» 
2032.92 12 49174. 5 - 0.4 a 'p 0,,--580071» 
2033. 38 10 4916:3. 4 + 0.4 a 4D3,,--64 310,» 

2033. 73 8 49 154. 9 + 0.4 a 6])0,,--491540» 
2034. 1\) 3 49143. 8 - 1. 6 a 'F,,,--578562» 
203.5.02 5 25 4·\) 123. 8 - 0.2 a 6S2,,--56544 2» 
203."i.87 5 40 ,[9 J 03.3 + 0.5 a 6D ,»-522753» 
2036. 40 2 -HJ090. :j - 0.4 a "G.,»- 656443» 
20:17. :j ,,) 3 40 49062. 1 - 0.4 a 4D,.(.-64030 , " 
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TABLE 3. Classified lines of W II- Continued 

Intensity ·Wave number (em- I) 
Wavelength Combination Zeeman 

(A) effect 
Arc Spark Observed O- C 

Air 

2037.89 2 15 49054. 6 + 0.3 a 4G3)1-656443)1 
2039. 10 - 4 49025. 5 + 0. 4 a 4F,,.-624374y, 
2040. 86 4 20 48983. 3 + 0.4 a 6Do,.-489821y, 
2042. 00 1 6 48956. 0 + 0.6 a 'F ,y,-602563y, 

2042. 55 5 48942. 7 + 0.9 190704,.-68012:;)1 
2043. 02 2 8 48931. 3 + 0.3 a 'F ,,.-(37883)1 

2043. 52 5 30 48919. 6 - 1.6 a 4F3,.-62333,y, 
2043.72 15 48914. 7 + 0.2 a 6D 2,.-52087,y, 
2043. 82 3 48912. 3 + 0.1 a 6D1,.-504301y, 
2044. 33 2 10 48900. 1 + 1.0 a 4P2,.-62333,y, 
2045. 05 3 3 48883. 0 - 0.3 a 4D 3,.-64030' )1 

2045. 32 2 15 48876. 4 + 0. ~ a GD 4y,- 550223)1 
2047. 07 2 20 48834. 8 + 0.9 a 'G 5y,- 66270' )1 
2047. 76 2 48818. 2 - 2.2 a 4D 2y,- ( 37883)1 
2048. 03 5 30 48811. 8 + 0.4 a 6D,y,- 54958:;)1 
2049. 62 8 25 48773. 9 + 0.3 a 6D !)1-50292,y, 

2050. 36 12 48756. 3 + 0.8 a 'G,,.-64990,,., 
2051. 32 I? 1 48733. 5 + 0.4 a'D 3,.-63880')1 

2053. 10 5 15 48691. 3 { + 0.2 a 4F2y,-59992')1 
+ 0.8 a GD 2y,- 51863:' )<i 

2053. 35 3 48661. 6 + 0.2 a 4G 2y,- 64.896'{}) 
2054. 67 10 50 48654. 0 + 0. 4 a 6D 3y,-53369' )1 

2055. 19 2 3 48641. 8 + 0.6 a 4D 3y,- 637883y, 
2055. 54 I? 3 48633. 5 + 0.9 a 'F2y,- 599333)1 
2055. 99 2 10 48622. 8 + 1.0 a 6D 3,.-533383)1 
2058. 30 12 15 48568. 3 + 0. 2 a 'F2,.-598(93)1 
2059. 03 1 8 48550. 9 - 1.0 a 4G3)1- 651412)1 

2059. 45 4 8 48541. 1 + 0.4 a ' F 1)1- 572522)1 
2060. 53 3 2 48515. 7 + 0.5 a 'F,,.-5981(1)1 
2063. 34 1 48449. 7 - 0.4 a 'G4,.-65003')1 
2064. 76 2 6 48416. 3 + 0. 3 a 'G')1- 649695)1 
2065. 06 6A 3 48409. -d- + 0.3 a ' F ')1- 632663)1 

2065. 57 3 30 48307. 3 + 0.1 a 6D 3y,- 531132)1 
2067. 52 -? 30 48351. 7 + 0.3 a 6D ')1- 544983)1 
2067. 87 -? 10 4834:i. 5 + 0.4 a ' G,y,-6489(3)1 
2069. 36 10 48308. 8 + 2.2 a ' G3)1-648963)1 
2069. 77 3 4829\l. J + 0.6 a ' D ?,.-632663y, 

2071. 19 2 40 48265. 9 + 0. 4 a 6D ,,.-51438 ' )1 
2071. 95 3 48248. ::l + 0.5 a 4Gs,.-6568457i 
2074. 63 15 48185. 9 + 0.5 a GD 3,.-52901 3)1 
2075. 59 2 30 48163. 8 + 0.1 a 'F1,.-56874'7i 
2075. 93 10 48155. 9 + 0.5 a 'P1,.-587471)1 

2076. 92 2 48132. 9 + 0.3 a 'P,,.-fi1 566 ,y, 
2077. 36 5 48122.6 + 0.7 a 4G 2y,- 6435(3)1 
2077. 61 6 481Hi. \) + 0. 4 a ' P 2,.-(15503)1 

2077. 92 1 10 48109. 7 + 0.4 a ' F4,.-fi 296(5)1 
2078. 32 1 40 48100.3 + 0.7 a 'Po,.-5(9321)1 

2079. 11 20 80 48082. 2 { + 0.3 a 6D 2y,-512541)1 
+ 0. 3 a 6D,y,-542295y, 

2081. 75 3 48021. 2 - 0.6 a'D2)1-62989 ,y, 
2083. 70 1 10 47976.4 + 0.7 a 'F' )1-592763y, 
2084. 23 

I 
12 47964. 1 + 0.9 a 'G 4y,- 6451(4)1 

2084. 88 5 47949. 1 +0.5 a 4F3y,-61 360,y, I 
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T A BLE 3. Classified lines of W II- Con t in ucd 

In tensi Ly 'Wave num ber (em- I) 
WavrlengLh Combinat ion Zeem an 

(A) effect 
Are Spark Observcd O- C 

Air 

2086. 37 2 3 4791L!. 9 + 0.6 a ' F3)1- 6 13263)1 
2086. 58 5 ·1 47910.0 + 0.6 a 6D 4,;-54056')1 
2087. 34 2 :2 47SD2. 6 + 0. '1 a 'P,,,-618263f> 
2087. 46 5 4 47SS9.9 + 0. 5 a ' Os'1-65.'1265f> 
2088. 18 60 30 47873. 4 + 0. 7 a 6D ')1-5104.53,> 

2089. 13 40 20 ~ 7S .5 J. 6 + 0 S a 6j)"y,-52567, ,> 
2089. 49 -I -17S-13. 4 + 0. S a ' 1) :1)1-62989~f> 
2091. 23 2 -I 47S03 . . 5 - 0. I a 4 G 4~64J.563 1-'J 
2093. 79 20 20 4774:1. 1 + 0. (j a 'P I ,>-583.:i6~'1 
2094. 72 .50 25 47723. 9 + 0.6 a 6 D I)1- 49242'f> 

2095. 78 1 476D9. 8 + 1. 0 a 'D I,,-62383~f> 
2097. 76 2 3 -1765~ . 6 + 0. :2 Ct ' U' f>-64207'f> 
2098. 22 (iO A 30 4764-1. 2 + 0.4 a' 1"3)1-610-551 f> 
2098. 58 70 -10 47636. 2 + 0.5 a 6D I,.,;-49154of> 
2098. 69 3 - 47633. 7 + 0. n 1 90704v,-6670·:i5,,, 

2099. 37 2 I 476 18.3 + 0 .. 5 a 'O:l},- 642074)', 
2100.06 I - I 47(j02. 6 + 0 :2 a 0f)')1-5-50.J.d3)', 
2 100.66 

I 

:)0 20 47589. 0 + 0. 4 a oD o'1-475881'1 
210J. 05 - 'I 3 4751\0. l + 0.3 a ' 1",,,-624374)', 
2101. 66 ,I 47566. -1 + 0. 2 Ct '(;s},-65003,» 

2101. D6 10 2 47.S.5D. 6 + 0. 6 a 6])3"-522753,, 
2 l02.2 l :3 I 47.55:3. n 1-05 a '0,,,-6.17883" 
2 J 0:3. 16 :30 1.5 ·17532. 5 + 0.4 a '(; 5,,,-64969 ;,<; 
2105. 07 I 3 ·17-ISD.3 + 0. :3 a '1"3"-60900 ,,. 
2106. 0,[ 2 -17·1 (i7. ·f + 0. 5 a ' P",- 00900h 

2106. 17 ;30 30 41-16-1. 5 + 0. ·1 Ct oJ) 1,,-489821,, 
2107. 26 3 47-1"10. 0 - 0.7 a '(;:1,,-040.,01>, 
2108. 38 - 'I 25 +7-11-1. 8 - 0.3 a' PI,,--580071)', 
2 108. 65 - 'I 15 474 08. 6 + 0. 1 a '1"2,,--5870.93'1 
2 11 0.33 50 30 -f7 371. 0 + 03 a 6D3V,-5J087~,; 

2 11 3. 0:2 :20 :2 472!)0.5 {+ 0. 1 a '0 3)1-6.3880 ,,> 
+ 0.5 a' ])3)1-624·374,. 

2 11 ..[. 16 1 ·172S.5. I + 0.0 a OS2y;-54704 ~)1 
2 11 Ii. 08 JO 2 4726·L 5 + 0. :3 a 'P I)1-578561>; 
2 11 G. :3ii 20 +7251\. 6 + 0.2 a oD2)1-504301)1 
2 1 J S. 6ii 2 472fi L S + 0.2 a ' P O) ,-560841)1 

2 11 5.9 1 2 +724G. J + 1. 5 a '1"3',-60656 2» 
2 116. !H 2!) 2 4722:). 1 + 0.3 a 01) ,1' ,-53369')1 
2 JI 8.03 1.5 ;) 47 H)S. 1\ + 0.3 a '03,;-(:i37883Y.; 

2 11 S. 34 :2 ..[ 71 !) I. 1\ + 0.9 a 0 D.I, ,- 533383'1 
211 S. 87 40 20 ·J7 IS0. J + 0.2 a f> 1)0',-471791)1 

212 0. 38 I 1 47 146. " - 0. :3 a 61)3",-518633)1 
2121. 60 100 25 4711 0. 3 -0.5 a f> 1)'1;-502922)1 
2123 . 42 J5 20 J 707!). 0 - 0 4 a ' 0 5',-64516,» 
2124. 14 1 -[706:). 0 + 0.3 a 'Ji'3,,-604742)1 
2125 .. 58 4 10 ,,[7 03 1. I - 0.4 a 'G" .-632663» 

2 J26.86 2 " 47002. 8 + 0.3 180003",-65003,» 

2 127.44 12 20 -I6!)90 0 { + 0.4 ] 1\0003",-64990 2)1 
0. 0 a ' [>",- 604243» 

2 12!). 00 10 2 +(i!)SG. 6 + 0. 2 a 6S",- 54375" 1 
2 1 :3 0. O:i :20 

I 
2 46932. 4 + 0. 1 a ' 1) 1',- 61566", 

2 1:) I. n -I :3 I 4(iS!)5. G 0. 0 1 80003'f-648D6 3 '~ 
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TABLE 3. Class-ifiecllines of W II- Continued 

Intensity Wave number (em- I) 
Waveiength Combination Zeeman 

(A) effect 
Arc Spark Observed O- C 

- ----_ .. 

Air 

2134. 044 25 10 46844. 61 + 0.12 a 'F3).>-60256J).> 
2J35.04 - 20 46822. 8 + 0. 4 a 4P2).>-60~563).> 
2137. 135 20A 10 46776. 87 + 0.12 a 4F,~554-S81).> 
2137. 636 25 6 46765. 9 + 0.2 a 6D,).>-4-8284-2).> 
2138. 133 40 30 46755. 0 + 0. 4 a 6D4).>-529013).> 

2139. 16 30 12 46732. 6 + 0. 4 a 'F,).>-615S9s).> 
2139. 646 12 6 46722. 0 + 0.3 a 6D 3).>-514-382).> 
2139. 86 1 46717.3 + 0. 5 a 68, ).>- 541371).> 
2140. 03 5 6 46713.6 + 0.4 a 'G,~632663).> 
2140. 94 2 46693. 7 + 0.3 a 'F4~61550J).> 

2142. 49 15 4 46660. 0 + 0.5 a 'P, ).>- 57252,).> 
2142. 736 3 1 46645. 61 + 0.26 a 'Po~5548S1).> 
2143. 257 15A 3 46643. 27 + 0.35 a'Do).>- 59S161).> 
2144. 08 40 4 46625. 4 + 0.1 a 6Do~46625o).> 
2145. 28 6 46599. 3 + 0.4 a'D,).>- 615662).> 

2146. 02 1\ 3 46583. ] + 0.3 a 'D,~61550 J).> 
2146. 13 25 8 46580. 8 + 0.6 a 'F3).>-599922).> 
2147. 17 1 46558. 3 + 0.2 a 'P,~599922).> 
2J47.31 3.5A 3 465.55.2 -0.4 a 'F,).>- 57856,).> 
2148.1\4 8 46522. ] + 0.4 a 'F3).>-59933J).> 

2149. 136 12 46515. 69 + 0.02 180003).>- 645164).> 
2149. 69 3 3 46503. 7 + 0.4 a 'F,).>- 61360').> 
2151. 28 - 3 46469. 3 + 0. 2 a 4F,~61326 J).> 
2151. 83 4 46457. 4 + 0.2 a 'F3).>-598693).> 
2152. 126 20 25 46451. 07 + 0.03 a 'F,).>- 55162,).> 

2152. 85 5 - 4643.5 .. 5 + 0. 5 a 'P,y,- 59869Jy, 
2153. 15 8 1 46429. 0 + 0.2 a 'F2).>- 577293y, 
2153. 550 40 20 46420. 36 + 0. 37 a 6D,y,- 525674y, 
2153. 870 4 20 46413. 46 + 0.10 a '04~629665Y, 
2154. 31 4 3 46404. 0 + 0.4 a'D3).>- 61550J).> 

2155. 25 3 46383. 7 + 0. 1 a 'F,).>- 61240sy, 
2155. 31 4 2 46382. 5 + 0.3 a 'P2~598161y, 
2156. 00 4 46367. 61 + 0.13 19276,).>- 656443y, 
2156. 42 4 20 46358. 6 + 0.1 a'I),y,-61326Jy, 
2157. 798 4 20 46328. 98 + 0.05 a 6J)3~510453).> 
2159. 96 4 8 46282. 6 + 0.1 a 'P,~56874,y, 

2160. 69 2 - 46267. 0 + 0.4 a 'D,~60900,y, 
2161. 83 2 3 46242. 6 + 0.3 194426~656845).> 
2162. 36 5 46231. 2 0.0 200393~66270'y, 6 
2163. 49 3 46207. 1 + 0.3 180003).>- 64207'y, 
2163. 880 6 30 46198. 78 + 0.20 a 'F,~610554).> 

2164. 800 5 46179. 15 -0. 12 a 4D3~61326 3).> 
2165. 264 6 46169. 25 + 0.10 205345).>-667035).> 
2165. 56 3 46163. 0 + 0.2 a '0,).>-62715, ).> 
2166. 316 40 80 46146. 84 + 0. 11 a 6D3~508634Y, 
2167. 185 10 20 46128.33 + 0. 21 a 6D,~522753).> 

2167. 276 1 46126. 40 + 0.09 a 'G3y,- 62715'y, 
2168. 590 4 10 46098. 45 + 0. 09 a 'G,).>- 623332).> 

2169. 936 15 40 46069. 86 { O. 00 a 6D ,y;--475881).> 
+ 0. 28 a 6D2).>- 49242,).> 

2172. 206 12 46021. 72 -0.43 a'D ,).>- 60656 ,).> 
2172. 926 6 46006. 47 - 0.15 196372).>-656443).> 
2173. 26 1 2 45999. 40 + 0. 04 18990,~64990 2).> 

2173. 55 25 50 45993. 27 -0.08 a 'F ,).>- 54704').> 
2173.825 5 15 45987. 45 + 0.07 a 'F3).>-59399').> 
2]7.').494 12 8 45952.17 { + 0.17 a 6D,~491 243).> 

+ 0.29 a ' P ,y,- 56544 ,y, 
2175. 54 3 45951. 1 + 0.2 a 'F2).>-57252zy, 
2176. 424 2 12 45932. 54 + 0.02 19070,v,--650034).> 
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TABLE 3. Classified lines of IV II--ConL in u('cl 

In tcnsity 'Navc n um bcr (em - t) 
Wa \'cLcngth Corn b in a! ion Zccman 

(A) effect 
Arc Spark Observed O- C 

Air 

2176.88 3 1.5 4Fi~)22 . 9 - 0.2 20780.»-667035» 
2177. 13 3 4 459 17. 6.5 + 0.01 a oS2»- 533383» 
2177. 52 4 

30} 
4 .5!J09. 42 + 0. 14 a oS2y,--533291~ 

2177. 546 4.';908. 88 + 0. 10 a 'D3»-61055,~ 
2178. 04 2 4580R. 46 + 0.04 1 90704y,--649695~ 
2178. 72 10 50 45884. 14 + 0.24 a 4G4~-62437,,~ 

2178. 92 10 30 4587rl. 9 + 0. 5 18000"»-63880,,, 

2179. 634 8 45R6"1. 0 { + 0.1 a 'F,,»- 592763'1 
- 0. J 19276" ,-65141 20, 

21RO. 46 20 40 45R47 . . 53 + 0. Hi a '(; 3..,-6248740, 
2180. 68 R 45R42. 0 + 0.2 a '1'",- 592763" 

21 Rl. 49 J5A 3 45R2.5. 0 + 0. ,I· 19070",-648963", 
2182. 225 40 458 10.45 + 0. 1J a 0])2).;-489821" 
2JR3.32 40 4.5787. 48 - 0.02 18000,,»-6.37883» 
2183. 94 2 45774. 48 + 0.14 a 4Ft y,--544 850~ 
2185. 42 50 45743. 49 - 0. 04 a 'G 3y,--62J832~ 

2185. 7.5 !) ·10 45736 .. 5R - 0.02 205345»-662704~ 
21 6.738 30 40 457 1.'). D2 + 0.05 a 01)";- 518683,,, 
21R6. 835 .~ 10 457 1 :3. Srl + 0.00 192762,;- 64990", 
2J87. 82 :3 ] ·~ 5 6!):3. 3 + 0. 2 a oS" .,-5.3118,.., 
2 J88. 06 2 Y.5(jSS. 3 - 0. ·1 a '])2).;- 60656 , ,; 

2 189. J!J 30!1 30 4.5(j(j -1. 7 + 0. 1 a 'Ft',-64375"1 
21Rrl. 364 ·10 ·10 ·15661. Orl - 0.07 a 0]) ,).;-471791'; 
21R9. 49-1 50 .50 -156.58. 3H + 0. 20 ( t 0])",- 488.303L; 
2189.740 6 LO -1.'i(j 5:3. 25 + 0.3 1 a • 1'0).";-544860'1 
2189. 850 YO ilO 4.5650. 06 + O.OH a ' (; 5,;-6.308760 , 

2 190. ilO 6 45631. 2 O. 0 a 4F2 11-669.J2i '~ 
2191. 34 4 J2 -156J!). !) + 0.2 J 9276" ,-648963", 
21rl2. 094 4 6 4.560-1. :z:3 - 0.0:3 200:393y,-B!j4443;; 
2193. 440 30 40 4557 6. 25 + 0. 24 a 6])",,- 502922;; 
2193. 542 25 40 45574. J:3 + 0. 22 a 4F2~-5B8742 '" 
21rl3. 88 1 4.5567. I + 0 2 a 'F.ty,--604243'f 

219-1. 51.5 70 50 45.503. !)2 + 0. 22 a 0])0'1-455681y, 
2195. 680 2 45.52!). 76 + 0.28 a 'G 5,.,-629BB 5.., 
2 J05.816 25 "~5 526. \)4 + 0. 3H 104420,,-649695'1 
2 196. 6.5-1 1 '15509. 57 + 0. Oil (t '1) :t ' ,-60656"..; 
2 196. 780 12 10 ,~ 550(j. 06 + 0. 11 a ' J)2).f- 60474h, 

2106. rl14 3 ·15504. 18 O. 00 ID(372).f-6514H~ 
2197. 504 8 10 4549 1. 97 + 0.19 a '1' ty,--56084 1;; 
2197. 5R5 1 454DO. 3 - 0.3 20780').f- 66270,;; 
2198. 008 6 4548 J. M + 0.23 a 6S2y,--52901 3;; 
2198. 676 40 60 45467.72 + 0.19 a 'F2).f-567683).f 

2199. 166 40 20 45457. 5D + 0. 57 a 6Doy,--4.5457o;; 
2199. 742 2 8 454 45. 69 O. 00 19070,y,--64516,).f 
2200. 696 2 45426. 0 + 0.1 a 'Fty,--541371).f 
2200. 907 12 "154·21. 64 + 0.15 a 'F,;;- 60278,.., 
2201. 984 12 ~· 530!J. 42 + 0. 19 a 'F,y,--602563'1 

2203. 798 10 25 45362. 06 + 0. 44 a 4F').f-602185" 
2203. 086 20 70 45358. In + 0. :35 a 'J)ty,--5.9.9.92,;; 
220-1. 482 100 150 · ~5:347. D8 + 0.14 a (l J )4~-Z °11'5!tf 
2205. 460 6 8 45:327. 88 + 0.2:3 a'D 3y,--B0474').f 
2205. 886 1 ;) 453 H). 12 + 0. 08 1 8990ty,--6431O,;; 

220G. OGO J5 15 45:315.55 - 0.21 a 'G 2y,--6 t5503).f 
2206. ] :3-[ 8 12 45:H4. 03 + 0. H) a'1'2).f- 587471;; 
2206.2:H 2 45:3J1. !J ] + 0.25 a 'F2;;-5(6123).f 
2206. 588 40 80 -15:304. 71 + 0.17 a 4Po).f-541371;; 
2206. 922 20 ;'30 -152!J7.85 + 0.25 a 'Fay,--58?D93y, 
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T ABLE 3. Classified lines of W II- Continued 

Intensity Wave number (em- I) 
Wavelength Combination Zeeman 

(A) effect 
Arc Spark Observed O- C 

Air 

2207. 435 - 5 45287. 33 + 1. 31 190704~643563y, 
2207. 914 15 20 45277. 50 - 0. 04 a 4G5~627146Y, 
2207. 986 30 40 45276. 02 + 0. 10 a 4F3~58687;y, 
2208. 813 40 45259.07 + 0. 23 196372~648963y, 
2209. 564 12 6 45243. 69 + 0. 37 a 4F2~5654.4. 'y, 

2216. 023 60 40 45111. 84 - 0. 12 a 6D2~48284 2Y, r es 
2216. 296 8 5 45106. 28 - 0. 21 a 6Dl~46625oy, 
2217.582 4 3 45080. 13 - 0.05 192762~643563y, 
2217.765 12 15 45076. 41 - 0. 03 a 'F,y,-599333y, 

22 19. 588 () 12 45039. 39 + 0.01 18990 1~640302Y, 
2219. 740 10 15 450%. 31 - 0.01 a 'G,y,-61589,y, 
22 19. 882 2 2 45033. 42 - 0.06 1927 62y,-6 431O,y, 
2220. 938 30 60 45012. 01 + 0. 09 a 'F,y,-59869 ,y, 
2221. 525 10 15 45000. 12 + 0.10 a 4G 5y,-624374y, 

222 1. 652 5 5 4499 7. 55 + 0.09 a 4G,y,-615503y, 
2222. 070 10 30 44989. 08 + 0. 18 180003~629892y, 
2223. 206 2 2 44966. 10 + 0.26 a 4D 2~599333Y, 
222:3.326 ,. b -t4963. 67 + 0. 21 200393~650034Y, 
2223. 450 12 12 44961. 17 + 0.24 a 4G3~615503y, 

2225. 230 15 A 5 44925. 20 + 0.18 a 4F3~583362Y, 
2225. 882 60 80 HU12. 05 + 0.42 a 6])o~44911 1y, res 
2226. 320 12 15 H903. 21 + 0.33 a 'P2y,-58336 ,y, 
2226. 40 8 J 5 44901. (; + 0.3 a 4D2~598693Y, 
2226. 56 50 60 +-+898. 4 + 0.3 a 6D,y,-510453y, 

2226. 68 20 25 44805.9;5 + 0.46 a 'P1y,-554881y, 
2226. 77 20 70 4489". H 
2228. 29 1 :3 44863. 5 -0.1 207804~656443Y, 
2228. 70 5 2 44855. 26 + 0.41 a 6S2~522753Y, 
2228. 88 12 80 44851. 6-. 
2229. 026 10 G 44848. 70 + 0.22 a 4D2~598161y, 

2229. 620 75 100 4'18:16.76 + 0. 14 a 6DI~463E52Y, 
2229. 730 8 25 448:34. 54 + 0. 32 a 4Doy,-580071y, 
223 1. 080 12 30 44807. 42 + 0.02 a 'G4y,- 61 360,,-> 
2231. 84 1.5 .5 44792.16 + 0.11 20534.;y,-653265y, 
2232. 11 3 :3 44786. 74 + 0. 10 a 4D3~59933,y, 

2232. 284 6 4 H783. 25 + 0.03 a 4F2y,-560841y, 
2232. 56 .. 8 44777.72 + 0.09 23234,y,-6801 25y, 
2232. 80 :3 2 44772. gO -0.25 a 4G4y,-61 3263,-> 
2234. 63 .) 1 12 44736. 24 -0.38 a 4G3y,-61 326 ,y, 
2235. 00 + 2 44728. 84 -0.07 a 4F,y,-5344Goy, 

2235. 48 2 44 71 g. 2,1- -0.08 196372y,- 643563» 
2235. 64 20 30 44716. 03 + 0.14 a 6j)4»-508634y, 
2235. 856 S 8 44711. 7J -0.01 a ' F 1y,-534221y, 
223 7. 06 1.5 100 44687. 65 -0.02 a ' G,y,-612405Y, 
2237. 84 10 4 44672. 08 - 0.54 19637,%-643102% 

2238. 10 2 1 44666. 8 + 0.2 a 6S2»-520872% 
2240. 53 21 44618. 4 O. 0 a 4FI~533291y, 
2241. 080 30 ;)0 44607. 5 O. 0 a 4P o%-53440o% 
2241.282 .50 1 10 44603. 4S -0. 10 192762%- 63880 ,% 6 
2242. 71 7 7 44.575. OS + 0.12 a 41"3%-579864"2 

2242. 965 10 J2 44570.02 + 0.24 a 4P,%-55162,» 
2244. 15 JO 25 44546. 48 + 0.46 207804%-65326,,, 
2244.75 2 3 44534. 6 + 0.2 204551)~-649902% 

I 
2245. J 9 2;) 40 4452.). 8 O. 0 a 6D 3»- 49242,,-> 
2245. gO .5 :3 4451 1. 8 + 0.1 19276,%- 637883% 
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TABL I~ 3. Classified lines of vI' II- Co nti nued 

Intensity vVave nu mber (e m- I) 
Wavelength Co mbinat ion Zeeman 

(A) effect 
Arc Spa rk Observed O- C 

---
Air 

2246.35 8 ]0 44502. 86 + 0.20 a 4G.}>- 610554}> 
2246. 64 15 20 44497. ] 2 + 0.07 a 'Po}>- 533291}> 
2247.67 6 40 44476. 73 + 0.10 200393}>-645164}> 
2248. 27 25 40 44464. 86 + 0. 14 a 6D3~-491 814}> d 
2248. 75 60; L 100 44455. 37 + 0.19 a 6D o~-444550~ 

2249. 28 6 5 4'1444. 9 + 0.2 a 4F3H-578562~ 
2249. 38 15 ] 2 44'142. 9 + 0.3 a 6f:)z}>- 518633}> 
2249. 702 .5 5 44436. 56 + 0.22 1 ROO03~-624374~ 
2249.804 20A ? 4'1434. 54 - 0. 21 205345~-649695~ 
2250. 45 1 8 4442 1. 79 + 0 12 a 4G2,.,-60656'~ 

2250. 560 3 3 44419. 62 + 00:3 a 4F'H-592763~ 
2250. 730 30 50 44416. 26 + 0. 14 a 6 1) 2;~-475881~ rC's 
2251. 14 :30 40 44408. ] 7 - 0. 03 a 6 \) 3~-491 243;i 6 
2251. 434 I R 2.5 44402. 38 + 0. J 2 a 4 Ji' 1 ~-5311 32 '1 
2251. 924 5 25 443\)2.71 - 0. 25 1\)6372" - 64030,,, 

2254. 98 10 20 443:32. .56 + 0.06 J ROOO3}>- 62S33z", 
22.55. 71 5 J OIL 10 443 1 R. 12 + 0.1 6 a 4F3~-577293'1 
22.5.5. 770 I I 4·LJ3 1 7. OLb + 0. OR 2003D3~-643563 '1 
2256.1 8 2 6 H30R. 98 - 0.0 1 a 41) 2y,-592763~ 
22.56.85 12 30 <14295. 8 0.0 a 4 [>",- 577293}> 

22.';.':. 12 -10 :30 H2iO. 9 + 0.6 2003 93~-6431O,~ 
22.59.0i JO 25 44252. 3 O. 0 a 4 D3~-59;:1991;, 

22"iO .. 56 10 ? I Ii 442·),2. 7 O. 0 106:37 2;;- 6;:1880,,", 
2259. 66 :3 :3 4·12-10.8 0.0 a 61)2'.,-474 13" ., 
22f;9.72 6 20 ..) ·l239. 6 - 0. 2 a 4G 2'1-6'0474 h 

2260 . . 58 4 (i 4·1222. 8 0.0 20i80" ,-65003", 
226 1.046 I 2.') 44 196. 04 + 0.42 19070." ;-632663,-" 
2262. 3 0 G 20 44 180. J :3 - 0.17 a 4G 2,;-60424 3" 
:2262. 406 .J 4 44 187 . 06 + 0.1 3 a 'F,y,-554881', 

2263. 40 I 2? H Hii. 66 { + 0. J 2 a'P I'1-547600'i 
-0. JO 200:393..,---64 2074~ 

2263 . . 53 1.5 80 4.J 1G.5. 12 -0. 0-1 a 'G5~-616026~ 
22G4. 178 8 % 441;;2. -18 + 0.04 a 4G5~-61 5895"; 
2265. 338 7 :3.5 H 12D. 87 + 0.08 a 'D3;,- 592763h 

2265. 67 3.5 20 4412:3. 4 - 0.1 2:3(J555..,---68078G~ 
2266.0.5 3 8'? 44 11 6.0 + 0.2 207804,,,-648963~ 

2266. ] 2 1.5 SO <j.J 114.6 + 0.2 a oD 3'1- 488303!., 
2266.2.5 J fi 80 44112. 1 0.0 a 'Pl~-54704h 
226 7. 3 0 4 4 44091. 69 + 0.05 a 'Fu,-528031,-" 
2268. 064 2 2 44076.84 - 0.0:3 2219.J3;,-662704~ 
2269. 08 2 LJ 44057. 1 O. 0 239555;;- 68012;,., 

2270. 232 'r 125 44034. 75 It -0.17 a 6])1..,---455531y, 
~ u + 0.23 a 'F4~-58891 5'''' 

2270. 90.5 6 6 '14021. 70 + 0. J a 'G 2y,-602563'1 
22 71. 105 10 12 44 017. 82 + 0. 22 a 6S2y,- 51438" .f 
22 71. 64 2 - 4·1007.4 0.0 a 6D2~-471791', 
2272. 09 - 3 43998.74 + 0.10 1 89901~-62989hf 

2272.510 8 2.5 43990. 61 + 0.01 200393y,-64030" -,, 
2272. 96 .5? lfi 4:39g l. 0 - 0.1 20534 5'1- 64516"" 
2273. 55 6 10 ,l3970. 49 + 0. 15 a ' Poy,- 52803h 
227.5. 22 5 

I 

? 4393R. 2 O. 0 a oD" i-454570" 
2275. 98 3 2 43923. 5 0.0 a 'G 5" - 61::NiOl, , 

I 2277. 416 3 4 4389.5. 86 + 0.04 19070",,- 62966;y, 
2277. .583 60A 20 43892. 64 - 0.44 a ' P ,;;-544850'1 

2277. 977 10 3.5 4388.5. 05 + 0.0.5 a 'G 3 ,,,-60474,y, 
2278. 108 2.5 30 43882. 52 + 0.06 a 4F,~-525930y, 

I 2278. 70-1 10 12 43871. 0.5 + 0.0.5 a 'G4v,-604243~ 

221 

- _._-----



TABLE 3. Classified lines of W Il- Continued 

Intensity Wave num ber (em- ') 
Wavelength Combination Zeeman 

(A) 

I 

effect 
Arc Spark Observed O- C 

Air 

2279. 213 10 3 43861. 25 + 0.03 a 4F2Y.,-551622Y., 
2279. 672 1- -? 43852. 42 + 0.08 a 4F4Y.,-587093Y., 
2280. 300 8 30 43840. 34 -0.02 200393y,-63880 1Y., 
2280. 621 30 12 43834. 18 + 0.21 a 6S2y,-51 2541Y., 
2280. 802 J O? 10 43830.7 O. 0 a 4F4Y.,-586874Y., 

2282. 202 25 75 43803. 81 + 0.02 a 4G5Y.,-61 2405H 6 
2283. 266 25A 5 43783. 40 + 0.10 a 4P,Y.,-54375'H 
2283. 437 4 3 43780. 12 O. 00 a 4 D zH- 587 471H 
2284. 436 20 18 43760. 98 -0.08 a 4PoY.,-525930H 6 
2284. 619 10 40 43757.47 + 0.11 a 4G2H- 59992zH 6 

2285. 09 - ? 1 43748. 45 -0. 01 200393Y.,-637883H 
2285. 75 1 3 4373 .5. 82 -0.17 207804H- 64516,Y., 
2286. 28 5? 8 43725.69 + 0.12 a 4G 4Y.,-60278'H 
2286. 476 6 4 4372l. 94 + 0.16 a 4F2H- 550223H 
2286. 94 I- I 43713. 07 -0.01 19276'H-62989,Y., 

2287. 46 8 5 43703. 13 -0.18 a 4G4H- 60256jH 
2289. 01 12A 8 43673 . . 5 + 0.3 20534sH- 64207'Y., 
2289. 41 .5 7 43665. 9 + 0. 2 a 4G,Y.,-60218sH 
2290. 48 2 2 436+.5 .. 5 + 0.1 194426y,-630876y, 
2290. 564 15 20 436+3. 92 + 0.07 a 'F'H- 523550H 

229l. 376 4 7 43628. 45 -0.47 19637,y,- 63266 jY., 
229l. 56 7 8 43625. 0 + 0. 2 a 6S,Y.,-5104.53).i 

2294. 20 - 3 43574. 7 + 0.3 20455,Y.,-64030,y, 
2294. 55 10? 35 43568. 1 -0.1 a 6D 3y,-48.984'H res 
2294. 84 10 20 43562. G + 0.1 a'D3Y.,-58709j)1 

2295. 52 3 3 43549. 7 -0.2 180003Y.,-615503y, 
2295. 78 15 20 43544. 8 + 0.1 a 4P' )1- 541371y, 6 
2295. 985 15 25 43540. 88 + 0.02 a 4D3)1-586874)1 
2296. 873 4 5 43524. 05 + 0.09 194426Y.,-629665Y., 
2296. 956 8 6 43522. 47 + 0.02 a 4Po)1-52355o)1 

2297. 930 1 10 43504. 03 O. 00 221402Y.,-656443Y., 
2298. 23 8 20 43498. 4 + 0.2 a 4P,Y.,-569321Y., 
2299 807 6 18 43 '168. 53 -0.10 232344Y.,- 667035Y., 
2300. 078 1 5 43463. 40 + 0. 37 a 'F3Y.,-56874'H 
2301. 284 3 5 43440. 63 -0.26 a 4P2Y.,-56874'Y., 
2301. 642 20 30 43433. 87 + 0.15 a 4P,Y.,-54026 ,Y., res 

2302. 139 - 1 43424. 49 + 0.32 20455,Y.,-63880,Y., 
2303. 274 25 50 43403. 10 + 0.57 a 'G3Y.,- 59992zY., 
2303.819 25 75 43392. 83 -0.02 a 6D, y,-44911 1Y., res 
2304. 474 - 2 43380.50 -0. 02 a 4G4Y.,-599333Y., 
2305. 219 4 8 43366. 48 + 0.12 19070,v,-624374;i 

2305. 553 - 1 43360. 20 + 0. 36 180003Y.,-613601Y., 
2305. 705 - J 433.57.34 + 0.69 a 4F3Y.,-56768jv, 
2305. 972 1 1 43352. 32 + 0.10 196372Y.,-62989 ,Y., 
2306.419 2 3 43343. 92 -0. 07 a 4G3)~-599333Y, 
2306.511 - ? 4 43342.19 -0. 05 18990,y,-62333,Y., 

2306. 918 15 40 43334. 55 + 0.04 a 4P2Y.,-56768jy, res 
2307. 392 2 3 43325. 64 + 0.05 180003y,-61 3263Y., 
2307. 930 5 10 43315. 54 -0. 46 a 4G,Y.,-598693Y., 
2309. 850 8 25 43279. 54 + 0.07 a 4G3Y.,-59869jY., 
23 10. 244 4 12 43272. 16 + 0.14 194426Y.,-627146Y., 

2312. 800 - 4 43224. 35 + 0.20 23046 3Y.,-66270,Y., 
2312. 907 6 20 43222. 35 + 0.01 a 4D,Y.,-57856h 
2314. 084 - 6 43200. 36 -0.42 a 'F3Y.,-5661 23Y., 
2314. 637 10 I 25 43190.04 + 0.08 a 4 D 3y,-58336,Y., 
23 15. 022 20 I 50 43182. 87 -0.01 a 6D ,Y.,-46355h, 
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~ 
\ 
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Wavelength 
(A) 

Air 

2315.246 
2317.722 
2317.88 
2318. 916 
2320. 832 

2321. 807 
2322. 594 
2322. 720 
2323. 038 
2324.291 

2324. 714 

2324. 776 

2326. 091 
2327. 592 
2327.737 

2328.3 [4 
2329. 69 1 
233 0. 89 
2331. 778 
2331. 8 16 

2333. 146 
23;;:3.462 
2333. 57 
2333. 770 
2334. 070 

233.5.205 
2335. 548 
2335. 933 
2336.7]6 
2337. 799 

2338. 125 
2338. 582 
2339. 16 
2339.732 
2339.817 

2339.904 
2340. 668 
2341. 074 
2341. 368 
2341. 442 

2341. 903 
2346. 864 
2347. 644 
2348. 01 5 
2349.262 
2349. 839 

2350.362 
2351.052 
2351. 168 
2351. 496 
2352. 924 

2353. 33'1 
2353. 667 
2354. 018 
2355. 019 
2356.469 

TABLE 3. Classified lines of W II- Continued 

In tensity Wave number (em- ') 
CombinaLion Zeeman 

effect 
Arc Spark Observed O- C 

3 4 43178. 69 + 0.05 a 'P2,,- S66123» 
4 6 43132. 57 + 0.13 a 41"3,,- 565442» 
6 10 43129. 62 - 0.08 a 41",,,-579864,, 
3 6 43110. 36 + 0.06 a 4P2»-565442" 
6 5 43074. 76 + 0.02 a 41"2»-54375 2» 

- 1 43056. 68 0.00 192762,,- 623332» 
2 3 43042.10 + 0.13 a 4G2»-592763" 
5 8 43039. 76 - 0. 02 a 4 D2,,-580071» 

15 25 43033.87 - 0. 01 a HO,,,-491814,, 6 
7 5 43010. 67 + 0 15 a 6S2,,-5043OJ» 

1 1 43002. 84 - 0.06 a 6D2»-461753» 

3 10 43001. 70 { + 0. 02 a'1"3}2-564134» 
+ 0. 11 :22J 392,,-6514 12» 

15 60 42977. 38 + 0.02 a 6j)".<.<-49124·3» 
8.11 5 42940. 67 - 0. 19 200393»-62989,,, 

- 1 429-17. 0 - 0. 5 22J 94 3»-65141h, 

20 35 42936.35 - 0.05 a 61) ,»-444550» res 
6 15 429J 0.98 + 0.06 a 'J)o»-56084h~ 
;) 8 4288R 01 + 0.03 a' 1)2»-57856 ,» 
3 4 42872. 57 - 0.13 a ' F ,»-577293" 
1 1 42871. 87 - 0.03 a 6S2,,- 50292h, 

25.11 12 42847. '14 - 0.21 a ' 1' ,»-534400» 
- 1 4284 1.64 - 0.05 a 'G 5»-60278h, 

3 8 4283 9. 66 + 0.24- a ' j)3»-579864y, 
15 35 42835. 08 - 0.06 a 61),»-443541<, f e'S 

5 5 4283 0. 48 + 0.02 a' i' ,},-534221y, 

6 25 42800. 66 - 0.01 a 'C 3»-59399,» 
5 42803. 38 + 0. ]6 25209,y,-680125» 

2 8 42796. 32 + 0. 08 22 J 9'J3»-64990,» 
6 15 42781. 98 + O.IG a 4G5»- 602185» 
6 20 42762. 17 + 0. 07 a 41),»-577293» 

- ? 2 42756. 21 - 0. 04 221392)1- 648963)1 
1 'J2747.86 - 0.2'J 239555y,- 667035» 

15 30 '12737. 20 + 0.10 a 4P')1-533291» 
10 8 42726.84 + 0.07 a 41",»-51438,» 

1 ? 42725. 29 + 0.13 a '1"2»- 54026,» 

6 20 42723. 70 + 0.03 a 4G,»-592763» 
4 6 42709. 76 + 0. 08 a 4 D3»- 57856,» 
4 15 42702. 35 + 0.21 221943»- 648963» 

25 35 42696. 99 -0.02 a 6D3,,-474.132)1 res 
1 - 2? 42695. 64 -0. 18 196372»- 62333,» 

1 6 42687. 24 + 0.10 a 4G 3»-592763» 
1 5 42597. 01 - 0.15 230463»-656443» 
1 3 42582. 86 -0. 04 a 4 D3»-577293» 

7 42576. 13 + 0.39 18990,,,-615662» 
3 20 42553. 53 -0.02 205345»- 630876» 
6 10 42543. 09 -0.05 a '1",»- 512541» 6 

2 10 42533. 62 - 0.05 20455,,,-62989,» 
2 6 42521. 14 + 0.14 a 4p ,,,-53113,» 
I- I 42519. 04 + 0.26 19070,,,-615895» 
4 12 42513. 11 + 0.01 a 'G2»- 587471» 

4 42487. 31 + 0.07 22503,,,-649902» 

2 8 42479. 91 - 0.01 1907 0,,,-615503» 
1 5 42473. 90 - 0. 07 180003»-60474,» 

2 42467. 57 + 0.46 238033,,-662704» 
4 42449. 52 -0.41 23234,,,-656845» 

1 2 42423. 40 -0. 04 180003»-604243» 
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Wavelength 
(A) 

Air 

2357.268 
2357. 931 
2358. 816 
2361. 194 
2362. 108 
2362. 484 

2362. 528 
2363. 464 
2363. 721 
2363. 910 
2364. 225 

2364.577 
2365. 832 
2366. 684 
2367. 132 
2368. 021 

2368. 36 
2369. 755 
2370. 056 
2370. 624 
2371. 058 

2371. 218 
2371. 936 
2372. 610 
2373. 305 
2373.462 

2373. 679 
2374. 454 
2375.044 
2377. 172 
2377. 393 

2378. 130 
2378. 603 
2379. 466 
2380. 159 
2380. 708 

2381. 065 
2381. 333 
2382. 243 
2382. 364 
2382. 700 

2383. 500 
2383. 884 
2384. 033 
2385. 253 
2385. 335 

2385. 500 
2386. 447 
2387. 708 
2388. 536 
2388. 798 

2389. 541 
2390. 371 
2390. 890 
2391. 218 
2301. 574 

TABLE 3. Classified li n es of W II- Continued 

Intens ity Wave number (em- I) 
Combination 

Arc Spark Observed O- C 

1 5 42409. 02 -0.11 232344~-656443H 
1 42397. 10 -0.20 200393~-62437'H 

12 18 42381. 19 + 0.01 a 6D2~-45553b 
12A 10 42338. 51 -0.09 a 4G4y,-58891 lH 
3 15 42322. 13 -0.16 221943~-6451 6'H 
1 10 42315. 40 -0.15 239555H- 66270'H 

1 4? 42314. 61 -0.02 a 4DoH- 554881H 
8 14 42297. 85 -0.06 a 4D IH- 569321H 

1 42293. 25 -0.21 200393H- 623332H 
6 30 42289. 87 + 0.01 1907 04~-613604H 

10 50 42284. 24 + 0.06 a 4D2~-572522H 

3 1 42277. 94 -0.07 180003~-6027 8'H 
7 42255. 52 -0.09 190704H- 61326 3H 

4 6 42240.31 -0.32 a 4DI~-5687 42~ 
1 3 42232 . 32 + 0. 08 a 4F4y,-57089,~ 

2 42216. 46 -0.27 221392~-643563H 

8 14 42210. 42 -0.06 a 4P'H-528031H 
6 8 42185. 57 O. 00 a 6D4~-48332lH 

10 45 42180. 22 + 0.01 205345~-6271 46H 
5 12 42170. 11 -0.02 190704~-61240l~ 
1 7 42162. 40 -0.22 221943~-643563~ 

2 5 42159. 55 - 0.09 194426y,-616026~ 
5 20 42146. 79 - 0. 13 194426~-615895~ 
5 30 42134. 82 + 0.08 a 4G.,~-58687'~ 

1 42122. 48 + 0.58 a 'F2y,-534221~ 
4 42119.69 - 0.20 a 4G3~-587093~ 

1 3 42115.84 - 0.08 2219437f~6431 02~ 
5? 35 42102. 10 - 0.04 a 4G,~-58336 2H 
4 20 42091. 64 + 0.11 232344~-653265» 
6 12 42053. 96 + 0.05 a 4P2y,-554881H 
6 8 42050. 06 + 0.29 1927627f-61 3263~ 

8 15 42037. 02 + 0.03 a 4F~7f-533383» 
10 15 42028. 67 + 0.04 a 'F2y,-53329 1» 

1 2 42013. 42 O. 00 221943~-64·2074» 
4 9 42001. 19 - 0.01 a 4P l y,-525930» 
3 5 41991. 51 + 0.01 180003y,-5 999 2 2» 

1 2 41985. 22 + 0.10 19070,y,-61055,» 
6 8 41980. 47 + 0. 06 a 4F3~-55392,» 
2 2 41964. 45 O. 00 a 4D 2y,-569321» 
7 20 41962. 32 O. 00 a 4G5»-59399'H 

25 41956. 40 O. 00 230463y,-65003.» 

2 3 41942. 32 - 0.12 a 4D 3y,-570891» 
I - I 41935. 57 - 0.03 20780,»-627154» 
3 6 41932. 95 - 0.01 180003y,-599333~ 
7 15 41911. 48 + 0. 09 a 4F4y,-567683» 
5 7 41910. 04 O. 00 a 4D]y,-56544h, 

8 12 41907. 14 - 0.03 a 4D,y,-56874 2» 
2 9 41890. 51 + 0.14 221392~-640302~ 
2 5 41868. 39 - 0.05 180003y,-598693>i 
2 8 41853. 88 + 0. 12 261584~-680125» 
2 8 41849. 28 - 0.14 230463y,-648963~ 

1 41836. 28 + 0.02 221943~-640302~ 
25 75 41821. 75 + 0.08 a 6S2~-492422» 

4 30 41812. 68 + 0.24 a 4F27f-5311 32~ 
1 3 41806. 94 O. 00 22503,y,-6431 O2>> 
2 3 41800. 71 - 0.08 a 4D,y,-567683~ 
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TABLE 3. Cla ssifie d lines of W u - Cont in ued 

In tcnsity Wav~ number (em- I) 
Wavc~cngth Combina t ion Zccman 

(A) 

I 

('ffcet 
Are i:l par k Obscrved O- C 

Air 

2391. 717 4 8 41798. 22 - 0.05 19442u,,-61 24 05)1 
2392. 932 20 60 41777. 00 - 0. 11 a 6D3,,-z uF ' )1 rcs 
2393. 171 4 10 41 772. 83 + 0. 07 a '82)1-580071)1 
2393. 768 1 3 41762. 41 - 0. 18 a ' P ')1-.528550)1 
2394. 162 7 25 41755.54 + 0. 02 a '1",,,-5661 23)1 

2394. 444 12 7 41750. 62 + 0. 28 a '1"31<;-551622)1 
23H4. 636 1 7 41747. 27 - 0. 04 a '8 3,,-583362)1 
23H5. 036 1 5 41 740. 30 + 0.17 22 1:3!),,,-63880' )1 
23H5. 104 !) 10 417:39. 12 + 0. 01 a 6]) ,,,- 44911 1)1 
23H5. 384 - 1 41734. 24 + 0.01 23234,,,-649695)1 

23H5. 664 1 3 4 1729. 36 - 0.04 23H555,,-65684 5)1 
2395. 730 5 8 41728. 21 i{ + 0.01 a ' 1'2,,- 55162 ' )1 

+ 0.24 a '1)3,,-568 74,.., 
2396. 22 1 7 10 'H71!).66 - 0.03 a '1", y;-50.t: 301)1 I"(' ~ 

2397. 097 200 "11704.42 - 0.24 a 6])2,,-Z 61" 3)1 ITS 
239 7. 997 15 41688. 77 - 0.14 196372,,-613263)1 

2398. 149 7 'H686. 12 + 0. 10 22 1943"-63880 , ,.<; 
2399. 332 4 12 '11665. 57 + 0.02 J H!.JO,y;-60656 ')1 
239D. 574 1 4 'j.1661. 37 + 0.02 23234 ,,,-648.963y; 
2400. 358 I 6 41647. 76 - 0. 47 2213D,,,-637883y; 
2400. 519 5 8 4164~. 97 + 0.05 a'Dzy;-56612l)1 

2400.866 4 2 41638. 95 - 0. 13 a 6])3,,-46355')1 
2401. 863 5 12 41621. 67 + 0. 08 a'i)3y;-567683)1 
2402. 480 2 7 41610. D8 + 0. 08 a'1""y;-550223)1 
2403. 074 5 10 41600. 69 + 0.03 a ' F,,,-52D01 3)1 
2403. 222 10 15 4J 598. 1:3 - 0.16 a 'Po,,-50430 1)1 

2403. 455 4 10 415D4. 10 - 0. 02 22194 3,,-637883)1 
2403. 762 1 2 41588. 79 + 0. 03 a 4P2,,-550223)1 
2405. 280 8 41562. 54 + 0.11 a 682,,-48982 1)1 
2405. 6:31 - ? 1 41556. '18 + 0.06 a '1",,,-56413')1 
2406. 576 1 - J 41540. J 6 + 0.34 234502,,-61; 9902)1 

2407. 286 1 6 41527. 92 + 0.64 2250:3,y;-64030 ' )1 
2407.787 5 12 4 151D. 27 + 0.04 a ' 1",,,-563765)1 
2408.282 12A 15 41510. 73 - 0.13 200393,,-615503)1 
2409. 226 5 20 41 494. 48 - 0.02 a ' P ,,,-5 20872)1 res 
240D. n 4 3 18 41490. 21 

2'J09. 827 4 41484. 13 + 0.42 18990,,,-604742)1 
2410. 69'1 - 2 41469. 21 - 0.36 230463,,-64516' )1 
2410. 854 1 1 11466. 46 + 0.18 248043,,-66270')1 
2411. 287 7 3 41459. 01 - 0.09 a °D3,,-461753)1 
2411. 538 6 20 41454. 70 - 0.02 a 40 5,,-588915)1 

2411. 820 10 25 41449.86 - 0.08 a'D 1,,-56081;1)1 
2412. 064 2 2 41445. 66 - 0. 06 23450,y;-61;8963)1 
2412. 76 5 8 41433. 72 - 0.06 a 48,y;- 57986')1 
2414. 118 4 7 41410. 40 + 0.13 a 6i:l2y;- 488303)1 

2414. 806 6 25 41398. 60 - 0.04 180003,,-59399')1 4 

2414. 888 3 3 41397. 20 - 0. 05 a '03,,-5 7986')1 
2416. 063 1 3 41377. 06 + 0.02 225031,,-638802)1 
2416. 416 1 4 1371. 02 + 0. 02 239555,,-653265)1 

2417. 430 2 4 4 1353. 67 + 0.21 19070,,,-60424 3)1 
2419. 350 8 35 41320. 85 + 0. 05 200393,,-61 360' )1 

2419. 848 4 5 41312. 34 + 0. 12 a 4 Do,,-544850)1 
2419. 987 3 8 41309. 98 + 0.08 230463,,-61;3563)1 
2420. 990 12 35 41292. 86 + 0. 21 a '1"3)1- 51;7042)1 
2421. 358 1 3 41286. 59 + 0. 04 2003(3)1- 613263)1 
242 1. 662 3 12 41281. 40 - 0. 10 23234')1- 6451/14)1 
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T ABLE 3. Classified lines of W II- Con t inued 

Intensity 
I 

Wave number (em- I) 
Wa veleng th Combination Zeeman 

(A) 

I I 

effect 
Arc Spark Observed O- C 

Ail' 

2421. 974 5 12 41276. 09 - 0.02 180003)A;- 59276 3)A; 
2422. 292 30A 20 412 70. 67 + 0.16 a 4P2~54704 2)A; 
2422. 529 8 25 41266. 63 + 0. 01 a 4]) )A;- 56413 4)A; 
2422.726 1 4 41263. 28 + 0.08 n04(3)A;-64310z)A; 
2425. 975 lOA 6 41208. 02 - 0.01 1(0704)A;- 60278 ' )A; 

2426.482 1 4 4119\).42 + 0.06 2380 33)A;-65003 ' )A; 
2426. 558 4 10 41198. 13 - 0.02 19276')A;- 60P 4, v, 6 
2427. 493 10 40 41182. 26 - 0.04 a 'D 2~443542)A; 6 res 
2427. 807 4 6 41176. 93 + 0.15 a 4G ~577293)A; 
2428. 758 4 10 .. 1160. 80 + 0.10 2304( 3)A;- 64207')A; 

2429. 396 4 10 41149.99 + 0. 4:3 2692\)5V,- 680781.)A; 
2429. 489 4 6 41148. 42 + 0.26 19070 )A;- 602 18s)A; 
2429. 528 3 S 41147. 76 + 0. 14 1927(2)A;-60424 3)A; 
2429. 971 1 6 41140. 26 + 0. 01 a 4(3)A;-577293v, 6 
2430. 788 3 10 41126.44 + 0.]] 2213(2)A;- 6826637, 

243 1. 373 5 18 41116. 54 + 0.06 a 4D2~5(084 1 )A; 
2431. 71 4 5 12 41110. 7S + 0.01 204551)A;-61566')A; 
2432. 707 6 41092. 47 + 0. 09 23803 ,,-6489(3)A; 
2433. 139 5 8 41086. 70 + 0.09 a 4F3v,-54498, v, 6 res 
2433. 982 25A 20 HOn 47 + 0.25 22194. )A;-63266Jv, 

2434. 254 lOA 12 41067. 88 + 0 05 205345v,-6 1602ti)A; 
2434. 453 5 8 .f1064. 53 + 0.06 a 4P,v,- 54498')A; 
2435. 008 10 50 41055.17 + 0.06 205345~61589 sv, 
2435. 445 4 20 41047. 80 I O. 00 239555~650084Y, 
2437. 155 I - I 41019. 00 - 0.1 3 196372}1,- 60656 ,}1, 

2437. 332 3 6 41 016. 02 - 0. 04 200393}1,- 61055, }1, 
2437. 47 1 4 15 41013. 68 - 0.02 239555y,- 64969 sv, 6 
2439. 473 4 12 40980. 03 + 0.10 192762~602563y, 
2439. 808 2 7 40974. 40 + 0.20 a 4F2~52275Jv, 
2439. 913 2 7 40912. 64 + 0.01 232344)A;- 64207' )A; 

2440.432 10 20 40963. 93 + 0. 11 a 'Do~541371)A; 
2441. 612 7 12 40944. 13 6 
2441. 790 7 40941. 14 - 0.58 a 4P2)A;- 54375 ,v, 
2443. 858 2 40906. 51 + 0.31 23450z},-64356Jv, 
2446. 394 25 120 40864.10 + 0. 05 a 6S2v,- 482842V, I G 

2446. 570 1 1 40861. 16 - 0.07 200393~60900,v, 
2447. 255 4 12 40849. 73 + 0. 10 221392~629892v, 
2447. 52 1 40845. 3 - 0.2 a 'P I )A;- 51438,v, 
2448. 00 5 15 40837. 3 O. 0 19637 2~604 74!v, 
2448. 237 4 50 40833. 34 + 0.04 2304(3)A;- 63880,v, 

2448.662 4 8 40826. 26 + 0.07 205345)A;-61 360,}1, 
2448. 719 3 4 40825. 31 - 0.03 189901}1,- 598161}1, 
24M). 694 4 20 40809. 06 - 0.02 20780'}1,- 61589 s)A; 
2450. 324 2 7 40798. 57 + 0.11 19070' }1,-598693)A; 
2451. 032 3 7 40786. 78 + 0.02 196372}1,-tJ04243}1, 

2451. 468 50 4077\). 53 + 0. 11 a'D I}1,-4112981}1, 
2451. 660 1 40776.33 + 0. 0:3 19442 6~60218sy, 
2453. 760 3 10 40741. 44 O. 04 230463}1,-6378S,y, 
2455. 506 40A 10 40712. 48 - 0.05 238033y,-64516;y, 
2455. 722 2 5 40708. 90 + 0.04 180003y,-58709,y, 

2455. 866 6 35 40706. 51 + 0.05 205345y,-61240sy, 6 
2456. 072 4 8 40703. 09 - 0.01 a4P2~541371» 
2457. 043 

I 
1 3 40687. 01 - 0.17 180003y,- 58687,» 

2458. 529 3 4? 40662. 42 + 0.09 a 'G3y,-57252,v, 
2458. 564 I 5 I 30 40661. 84 - 0. 04 a 4P l y,- 512541y, 
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TABLE 3. Classified tines of W II- Con t inued 

In tensit.v \Vave num ber (em- I) 
Wavelength Co mbination Zee man 

(A) effect 
Are Spark ObserH'cI O- C 

----

Ai r 

2458. 838 3 20 40657. 31 + 0. 17 19276g ,-599333)<; 
2459. 602 20 10 40644. 68 + 0.10 a 'F3~540564)<; 
2459. 876 4 :1O 40640. ] 5 O. 00 a 4G2~5687 42~ U 
2461. 148 5 20 406Hl. ] 5 + 0. 08 1 96372~602563~ 
2461. 294 3 8 4061 6. 7-1 - 0.03 200393~606562~ 

2461. 442 5 15 40614. 30 + 0. 02 a 'F3~-540262~ 
:l464. 616 15 40 40562. 00 + 0. 05 a 4F2~-518633~ 
2464. 70 1 4 40560. 6 - 0.4 239555~645164~ 
2465. 148 ] 5 4055:3. 25 - 0. 08 23234,~637883~ 
2465. 598 2 7 40545. 85 - 0. 06 20780,)<;- 613263)<; 

2465. 667 2 20 40544.72 - 0. 01 261 58,)<;-667035~ I 
2465. 962 4 30 40539. 87 + 0. 09 1 927(2)<;-5981 6,,~ 7 
2466. ]76 2 5 40536. :~5 + 0.03 a 4G,~570894~ 
24G6. :~ 3 0 5 10 40533.82 + 0. 05 a 4G 2)<;-567683~ 

2,166.522 35 80 '105::l0.6G { - 0. 01 a 0D ,~-z 6F 2)<; rC's 
- 0. 18 a 'F,~492422~ 

2467. 078 3 D 40521. 5:3 + 0. 08 205345~61055,~ 
2468. 006 

I 

2 10 40506. 2!l + 0. 13 238033~643102~ 
2468. 404 6 J5 40499. 76 - 0.03 a 4G3~57089h 
2469. 206 2 () ·[0486. 0] + 0.07 22503,)<;- 629892)<; 
2469.873 

I 

3 25 ·10'175. 07 + 0. 15 25209,~-656845)<; " 
2470.804 8 70 ·10460.43 O. 00 20780.,)<;-6124 0,,)<; 
2471. 740 15 40 ·10,I'J5. J] + 0. 07 20455,)<;-609002~ 
2472. 380 1 ;~ ·ro4 3+. 64 - 0.29 20039,,~-6047 42» rc~ 

2473. 752 1 +OH2.2 1 - 0. 01 19404o%-59816 1~ 
2474.278 2 4 040;~. G2 - O. O-l 238033»- 64207 , » 

2475. 474 1 3 40384. 43 + 0. 03 200393»- 604243!.f 
2475. 588 3 50 40382. 24 
2475. 844 4 ] 0 40378. 07 + 0.17 a 'G2,,-5661 23» 
2477. 284 3 I,,) 40354. GO - 0.22 196372%-59992,» 
2477. 796 30 200 4034u. 2(; - 0. 01 a 0 D,~z OF,» () 

2478. 313 2 20 '10337.8-1 + 0.14 234502~637883» 
2·[78. 402 2 6 40336. 4() + 0. 12 1 80003~58336 ,» 
2 '[78. 87-1 4 10 40328. 72 + 0. 06 1 907 0.,»-59399'~ 
241-l0. 041 3 4 40309. 74 + 0. ] 8 a 'G2~565442» 
2480. 867 3 6 4029G. 32 + 0. 01 1 963 72~599333» 

248 1. 546 ]0 30 40285. 30 - 0.02 a 4G3~5687 42» 
2482. 154 3 40275. 43 + 0. 01 20780,»-61 0554~ 
2482.390 3 2 40271. 60 O. 00 a 'F,~489821~ 
2482.688 3 4 40266. 77 - 0.02 a ' Do»-534400» 
2483.592 4 12 40252. 11 + 0. 01 239555»-64207,» 

2483. 744 5 7 40249. 64 + 0. 04 a 4 ])0»-534221» 
2484. 008 7 20 40245. 37 + 0.02 a ' D 3»-55392' » 
2484. 404 7 40 40238. 95 - 0.02 200393»-60278,» 
2484. 848 2 4 40231. 76 O. 00 196372»-598693» 
2485. 160 1 2 40226. 71 + 0.21 238033»-640302» 

2485. 606 1 3 40219. 50 O. 00 230463»-632663» 
2485.779 5 15 40216. 70 - 0. 01 200393»-602563~ res 
2486.429 6 18 40206. 18 + 0. 05 1 90704~592763~ 
2486. 776 3 0 40200. 57 - 0. 01 20455,~606562» 
2487. 155 2 1 40194. 45 - 0.03 a 'D2~-551622~ 

2487.231 3 5 40193. 22 - 0.01 22 1 392~62333,» 

2488. 120 8 30 401 78.86 { - 0. 08 a 'G3»-567683» 7 
- 0. 06 196372»-5981 61~ 

2488. 780 30 120 40168. 2 1 O. 00 a OS2~475881% 4 
2488.932 15 7 40165. 76 + 0. 12 a ' F .»-550223% 
2489. 231 40 200 40160. 93 + 0. 07 a 6])3»-Z oF3» res 
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TABLE 3. Classified lines of W II- Continued 

Intensity Wave number (em- I) 
Wavelength Combination Zeeman 

(A) effect 
Arc Spark Observed O~C 

Air 

2489. 514 5 12 40156. 37 + 0. OJ a 'Do}1-533291}1 
2489. 900 5 10 40150. 14 - 0.06 a 'Po}1-489821}1 
2490. 586 4 15 40139. 08 - 0.04 22 J 943,,-62333'}1 
2490.718 12 25 40136. 95 O. 00 a 4F2}1-51438'}1 
2492. 252 4 14 40112.25 + 0.04 26158'}1- 66270'}1 

2492. 928 8 80 40101. 38 + 0.02 a 'F'}1-549585}1 
2493. 54 3 7 40091. 54 - 0. 01 248043}1-648963}1 
2494. 738 2 40072. 29 + 0.07 24D181}1-64990' }1 
2494. 872 7 40070. 14 - 0.11 a'D I}1-54704 z}1 
2495. 522 5 10 40059. 70 + 0. 10 a 'G'}1-566123}1 

2496. 648 50 120 40041. 63 - 0.15 a 6D 3}1-44758'}1 5 
2497. 480 35 75 40028. 29 + 0.03 a 6D'}1-461753}1 5 
2498. 076 2 3 40018. 74 O. 00 20455 1}1-60474'}1 
2499.22:3 8 16 40000. 38 + 0.09 ] 927 6'}1-592763}1 
2499. 330 2 4 39998. 67 - O. OU 24991 1}1- 64990'}1 

2499. 692 15 100 399~)2 . 88 - 0.02 a 6S'}1- 47413z}1 
2499. 934 3 4 :39989.00 + 0.12 a 'P'}1-534221}1 
2500. 11 12 30 39986. 19 - 0.03 L80003}1- 57986'}1 
2500.217 1 3 39984. 48 + 0.12 238033}1- 637883}1 
2501. 020 1 10 39971. 64 - 0.05 25169 1}1- 651 41z}1 res 

2501. 877 10 3U957. 95 - 0.06 a 'F3}1-5SS69' }1 
2502. 072 2 10 39954. 84 + 0.11 a 'G3}1- 565443}1 
2502. 162 3 4? 39953. 40 + 0. 08 a 'F2}1-512541}1 
2502. 836 1 3 39942. 64 - 0.16 230463,,-62989z}1 
2505. 264 1 39903. 93 - 0.04 a 4P'}1- 533383}1 

2505. 790 3 5 39895. 56 - 0.05 a 'P,,,-533291}1 
2506. 048 - ? 80 39891. 45 + 0. 15 281876,,-680786}1 6 
2507. 994 12 30 39860. 50 O. 00 a 4G,,,-564134}1 6 
2508. 274 2 3 39856. 05 + 0.05 180003}1-57856'}1 
2508. 582 1 3 39851. 16 - 0.08 a'D 1}1- 54485o}1 

/ 

2508. 690 - ? 4 39849. 44 - 0.02 a 'G 2}1-560841}1 
2509. 386 2 3 39838. 39 - 0.04 a ' P 1}1-504301}1 
2509. 955 6 40 39829. 35 - 0. 05 200393}1- 598693}1 7 
2510. 246 3 39824. 74 - 0. 16 28 187 6}1- 680 125}1 
2510.348 - ? 2 39823. 12 - 0.19 a 4G,,,-563765}1 

2510. 482 8 80 39821. 00 - 0.06 Hl070'}1-588915}1 
2510.799 3 39815. 97 + 0.17 234502}1-632663» 
2512. 186 2 4 39793. 99 + 0. 07 25209'}1-65003,» 
2513. 435 1 30 39774. 22 + 0.06 269295}1-667035» 6 
2514. 358 2 4 39759. 62 + 0.11 a 6S,»- 471791}1 

2514. 526 3 20 39756. 96 - 0. 02 I 189901}1-587471» res 
2515. 324 3 30 39744. 35 { + 0.18 I a 'F2}1-510453» 

- 0. 01 I 
205345}1- 60278'}1 

2515. 508 5 8 39741. 44 - 0. 02 a 4D I»-54375,» 
2515. 806 2 10 39736.73 -0. 06 a 4D 2}1- 54704'}1 
2516. 138 10 39731. 49 -0.14 23234,»-629665}1 

2516. 284 1 3 39729. 18 -0. 04 180003,,-577293» 
2517. 406 1 25 39711. 48 - 0.22 248043,,-64516,» 5 
2518. 144 6 50 39699. 84 + 0.03 a 'P' }1-50292z» 
2518. 973 4 

I 
39686. 78 - 0.16 25209'}1-648963» 

2519. 126 4 7 39684. 37 -0.12 205345»-602185» 

\: 

I 

228 



TAB LE :3. Classified lines of W II- Con t inued 

I ntensity Wave number (e m- ') 
Wavelength Co mbination Zeeman 

(A) 
Arc Rpa rk Observed O- C 

effect 

Air 

2519. 444 8 30 39679. 36 -0.06 a 4P2)1-5311 32» res 
2520. 10 1 3 39669. 0 -0. 2 230463)1-62715')1 
2521. 156 3 10 39652. 42 - 0. 02 a 4G5y,--57089' )1 
2521. 686 3A 3 396'14. 09 + 0.33 207804y,--604243~ 
2521. 853 3 3 39641. 46 + 0. 11 a ' F4y,--544983)1 

2522. 039 30 60 39638. 54 + 0.04 a oD3)1-443542» 
2522. 270 3 8 39634. 91 + 0.21 283775»- 680125» 
2526. 208 4 10 39573. 12 - 0. 10 a 4F ')1-48284 h res 
252 7. 200 2 15 39557. 59 0. 00 a'D 3.,,-54704 2)1 
2527. 552 2 10 30552. 08 + 0.05 U8043)1-643563~ 

2528. 560 -? 8 39536. 32 + 0. 0:) 2QL1.,)5')1-599922» 
2528. 91 3 5 20 39530. 80 + 0. 05 a 4D,.,-544983» res 
2529. 200 2 39526. 17 + 0. 11 261584 • .,-656843» 
2530 . .54 1 4 39505.38 + 0.0.5 2 '18043.~-64 31 O2'5 
2530.70 10 8 39502. 88 + 0. 04 a 4D,»-541371J.> 

253 0. 986 5 50 :30498. ·J2 + 0.09 20780")1-60278,» 
25:32. 08.5 1 1 394S I. 28 + 0. 17 23234'4;,-62715,;, 
2532.4 14 4 7 :39476. I S + 0. 08 207804",-602563» 
25:32. 7 J 1 2 .5 39471. 52 + 0.1 0 19276')1-587471» 
2532. 842 2 3 39469. '18 + 0.08 256722)1-651412)1 

2.532. H60 6 15 39467. 64 0. 00 a 4.P2)1- 529013J.> 
2533. 278 2 7 39462. 60 + 0.23 238033y,--632663» 
2.53 4. J 40 5 30 39449. 27 + 0. 07 194420)1-588915J.> 7 
253 4. 829 5 50 39438. 55 + 0. 09 207804!->-602185)1 7 
2535. 178 3 39'133. 12 + 0. 08 1 92 76,~-58709 " '1 

253!i. 573 1 10 39,[26. 98 + 0. 25 22 1392y,--615662» ,~ 

253 6. 000 6 40 39420. 3'1 0. 00 a 4Do!->-525931l)1 
2536. 622 2 25 394 10.67 + 0.04 221392",-615503» 
2536. 789 1 1 39408. 07 + 0. 07 a 4D 2!->-543752", 
253 7. 133 1 30 39402. 73 - 0. 10 248043!->-64207, ,,, 7 

2.539. 3] 3 7 35 39368. 91 + 0. 01 a 4P 2»-528031!-> 
2539. 869 1 8 3936U. 20 - 0. 08 20455",,-598161» 
2539. 919 3 20 39359. 52 - 0. 08 200393y,--59399,!-> 4 
2540. 101 1 39356. 70 + 0. 18 22 1 9437>-615503~ 
2540. 43 1 1 4 39351. 58 + 0. 03 a 4D3",-5449837> 

2.540. 807 2 39345. 76 - 0. 26 18990, ",-583362!-> 
2540.925 l OA 4 39343. 03 + 0.07 1 940~ o7>-587 4 71!-> 
2541. 063 6 20 39341. 80 + 0. ] 9 269295y,--66270,» 
2542. 598 1 30 39318. 05 - 0. 11 256722»-6499027> 6 
2543.3 08 2 25 39307. 07 - 0. 02 25209,»-64516')1 6 

25'14. 658 1 39286. 22 - 0. 18 230463»-623332» 
2546. 283 3 30 39261. 15 
2546. 790 1 15 39253. 33 + 0. 16 a 4G,,,,-554881» res 
2546. 91 2 1 2 3925 l. 45 + 0.1 5 180003y,--572522ii 
2547. 838 5 39237. 19 + 0. 12 200393 . .,-592763ii 

2548. 378 6 20 39228. 88 + 0. 08 a 4D 3)1-543752ii 
2548. 600 1 6 3922<1. 08 + 0. 02 2567227>-648963ii 
2549. 096 5 15 39217. 83 + 0. 08 a oD ,y,--423903ii res 
25 .50. 10 4 39202. 38 + 0.21 2323 .54y,--624374ii 
2550. 295 5 8 39199. 30 + 0.07 a 'F4ii- 54056'ii 

25.51. 157 1 10 39186. 15 - 0.1 7 22139,y,--613263ii 
2551. 450 15 391 81. 65 - 0. 08 a'Do!->-523550ii res 
2552. 249 5 5 39169. 38 0. 00 a 4D 2y,--541371ii 
2552. 362 4 40 39167. 65 - 0.01 26158.!->-653265ii 7 
2553. 168 70A 50 39155. 29 + 0. 10 a 4F3y,--525674ii res 
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TABLlc 3. Classified lines of'vv II- Continuod 

Intonsity 'vVave number (em- I) 
·Wa ve!ength Combination Zeeman 

(A) effect 
Arc Spark Observed O- C 

Air 

2553. 308 1 7 39153. 14 -0.14 20780'72-59933372 
2553. 693 1 39147. 24 -0.18 25209472- 64356372 

2554.665 15 70 39132.34 { -0.16 23955572- 63087672 
+ 0.13 22J 94372- 61326372 

2554. 864 40 60 39129.30 -0.11 a 6D O"--Z 6Fl72 
2555. 106 40 100 39125. 59 -0.09 a 6D 272-42298172 

2556.092 6 39110.50 -0.06 19637272- 58747172 
2557.511 2 39088. 80 + 0. 04 18000m - 57089472 
2558. 582 12 39072. 44 + 0. 26 196372,,--58709372 
2559. 170 1 39063. 46 -0.18 22503172- 61566 272 
2559. 500 7 40 39058. 43 + 0.01 a 4D 272-540 26272 6 

2560. 788 9 39038.78 0.00 24991 172- 64030 272 
2562. 244 1 9 39016 60 -0.04 18990172- 58007172 6 
2562. 594 1 8 390J J. 27 + 0.17 23955572- 62966572 
2563. 166 20 200 39002. 57 -0. 01 a '0572- 56439672 4 
2563.432 5 38998.52 + 0.30 25209'72-64207472 

2563.534 1 4 38996. 97 -0.12 27273 372- 66270472 
2563. 914 12 30 38991. 19 -0.06 a 4F272- 50292272 6 res 
2564.424 8 38983. 43 -0.10 2 'J804372- 6 37 88372 7 
2565. 834 7 38962.01 + 0.01 24918172- 63880 272 
2567.320 1 38939. 46 + 003 a 'G572- 56376572 

2567. 620 10 30 38934. 92 - 0.05 a 68272- 46355 272 6 fes 
2568. 108 2 10 38927. 52 + 0.06 a 40 272-55162 272 
2568. 850 10 30 38916. 28 + 0.03 1\.)070,,,--57986'72 6 
2560. 123 1 3 38912. 14 O. 00 238033,,--62715 '72 
2560. 298 8 80 38009. 49 - 0.0:3 a 'D3,,--54 056'72 5 

2570. 701 2 38888. 26 - 0.28 24991 172- 63880272 
2571. 459 50 150 38876. 70 - 0.14 a 6D'72-Z 6F 272 fes 
2571. 632 3 15 38874. 18 - 0.11 18000372-56874272 
2572. 240 8 45 38864. 90 O. 00 20534572-59399472 
2572. 366 8 30 38863. 08 - 0.24 a 'F3,,--52275372 

2572. 572 25 38859. 97 - 0. 50 25169172-64030272 
257:3. 605 0 38844. 38 - 0.08 26158472- 65003'72 
2573. 820 3 12 38841. 13 - 0.05 a 'P272-52275372 
2573.952 15A 7 38839. 14 - 0. 09 a 'G'72-55392472 
2576. 168 7 30 38805. 73 - 0.08 a'D I72- 53440072 

2576. 372 8 40 38802. 66 - 0.04 a 4G3,,--55392472 
2577. 308 5 38788. 57 - 0.05 a 'DI,,--53422172 
2578. 605 8 3 38767. 71 - 0.20 180003,,--56768372 
2579. 266 20 70 38759. 13 - 0. 03 239555,,--62714672 7 

2570. 4(]7 20 38755. 66 { - 0. 32 a 4Po72-47588172 
+ 0.20 26029572- 65684572 

257\). 542 20 100 38754. 98 - 0.01 a 68 272-46175372 fes 
2581. 140 2 8 38730. 99 - 0.09 192762,,--58007172 
2581. 206 18 30 38730. 00 - 0.02 a 6D'72-Z 6F 372 
2582. 527 1 5 38710. 19 - 0.04 2516901- 63880272 
2582. 746 1 4 38706. 90 + 0.01 221943,,--60900272 

2583. 520 3 5 38695. 31 - 0.04 a'D I72-53329172 6 
2584. 236 12A 5 38684.59 + 0.05 256722,,--64356372 
2585. 146 4 38670. 97 + 0.0:3 293414,,--6801 2572 
2585. 934 6 30 38659. 18 - 0.06 190704,,--57729372 
2586. 350 8 25 38652.97 + 0.05 a ' P 2,,--5 2087272 6 

2586. 586 1 5 38649. 44 - 0.14 a ' P l72-49242272 \ 
2587. 367 6 38637. 78 - 0. 06 256722,,--64310272 
2587. 676 2 9 38633. 17 - 0.0:3 23803372-62437'72 
2589. 171 30 90 38610. 86 - 0.08 a 6D ,,,--44758'72 
2589. 661 4 9 3P603. 56 + 0.04 19404072-580071" 
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TABLE 3. Classified lines of 'vV II-Con tinued 

Intensity Wave number (e m- I) 
W avelength Combinali on Zeeman 

(A) effeet 
Are Spark Observed O- C 

Air 

2591. 229 2 38580. 20 + 0. 02 1027(2»- 578562» 
2591. 4!J2 14 12 38576. 28 - 0.04 a oD o»-z 2S0» 
2591. 738 1 4 :38572. 62 - 0.01 a 4G 3H-J5.164~tl~ 

2592. 458 3 3 3856 1. !Jl - 0.07 a ' 1>1).,- 491540» 
2593. 686 1 2 38543. 65 - 0.05 180003»-56544 ,» 

2594. 645 2 38.529.41 + 0.05 238033,,-(23332» 
2595. 506 2 7 38::> J6. 63 + 0.09 22 J 392,,-6065(2),> 7 
2595. 580 5 5 385 1;; . . '53 - 0. 37 28187o}2-66703;,,, 
2595. 764 3 8 38.512.80 + 0.05 a 4[<' ,,,-53::>69;,., 6 
2596. 867 3 15 :38406. 'J4 + 0. OJ 207801»-59,276a;, 7 

2597. 866 2 2:") 38"J 81. 6-[ 0.00 23!)5;;5;,- 6,24374» 7 

2598.672 711 7 :38·Hj0.7 J { -0. 06 a 'G",-54704", 
- 0. OJ a 'G,,,-550,2-<,",-, 

2:}98. 748 20 35 :3 8"Hi8. 58 - 0. 10 a ' 1"1»-4·7179" ., 
25!H.J. ] 74 J - I 38"162.27 - 0. 16 221!)~ 3,,-60656h, 

25!)9. 652 3 7 38-L55.20 + 0.04 a 41 )2»-534:2,2", 

2;")D9.772 4 20 38453. 42 + 0.02 102762'1-57729h I'(,S 
2601. I-II I 6 38,I:n. 19 0.00 a 'G 3,,-5502,2a)-' I" l'S 

2(j() 1. -I:l() 8 30 :)8428. D2 - 0. OJ a'1>2,,-5186::>a ,., 
2G02. 16G 2 J :38-11 8. ()(j + 0. 0:3 a 61) 1},--39936", 
2602. ;")1 (j 12 75 :38-11 2.8!) - 0.05 180003h- 561, 1d;" 

2GO:3. OI S 20 120 :38"10.i. 48 + 0.0"1 a 4C ,p.:.!-5 .J,D5851:.! 7 
2(;0:\. GOD :3 :38:3!)6. 7G - 0. :\0 2(j! ):2!) .; ',-65::J ,2fj ;, , 
2(j()-1. 0·12 2 (j 38:3!)0. 38 + 0. 04 a 4Pl}2-481J8,2" , 6 

2GO;-,. 110 - ') [) :38370.2:3 f - 0.02 a'I) ,,,-5 .).);38a,, 
t + 00 1 106372,,-580071'1 

2UO.i. !)7:) 7 J5 38:3(j I. !J I + 0. 0;3 a 'Jh'1-5')'),29" , rC's 

26Q(j 227 2'1 3in ;j8. 20 + 0.02 2;3(722),>- 64030" , 

2(j()(j 27:3 2 20 :38357.52 r -0. 11 26 1.58" _,-64516;» 
l + 0. J:3 205345, ,- 58891;" 

260G. -172 4 40 383;")4 . . S\! O. 00 232344", (i15895}; 
2(jOG. 074 4 12 :383 '17.2 1 - 0.07 a 41"0" - 1,71791 ,,, 
2607. 822 20 383:3,[. 7"1 + 0.0-1 22 1 :3!12' ,-601,7 4", 7 

2608. 440 5 3832;";.6G - 0. 0"[ 28:3775;,-6670;3 5» 
2609. 1l 6 2 7 383 J;3. 72 - 0.01 2323"[.;;-61550a), 
2600. 250 4 40 383 1:1.7G + 0.02 230-163;,-61360;7> 5 
261 0. :370 1 3 382!) 7. :32 -0.08 2003!1" ,-583;362o, 
2611. 26-1 1 8 :38211-1. 2 1 + 0. OJ 22 13!J2',-60424 aY, 

26 11. 510 1 38280 60 + 0.01 221 9J3;,-604 742» 
261 1. 5\)2 1 6 3827!J. -10 - 0. 09 23 04(3),>- 6132C a» 6 
26] 2. 667 4 15 3826:3. 6f, - 0.08 a 4G 2),>-54498a),> 
2612. 848 2 3826 1.00 - 0.04 189901»-572522),> 
2614. 956 2 38230. 1(j + 0.10 22194 3,.,-604 24 a» 

2615. 446 20 80 38223. 00 + 0.0.5 a 4D3)1-53369;» 
2615. 701 3 15 38219. 27 -0.0.5 19637,,,-57856'7> 
2617. 162 1 2 3Rl !)7. 9cl -002 26158,,,-6435(3),> 
26] 7. 636 ;) 3R 10 !. 02 -0.03 a 4 D 3'1-53838a)1 6 
2618. 072 I 7 3818J. 66 -0.27 248043, ,-62989"., 

2619. 18 40;1 1.5 38168.50 -0.14 a 4 D,),>-528031)1 
2620.2 1 ;3 50;1 60 38153.43 -0.02 22503 1,,-6065(2),> 4 
2620. 757 7 30 38145. 54 -0.16 a 4D,,,-5311 3b res 
20:2l. OH 2 38140. 93 -0.05 a 4G')1- 54375 1J" 
262 1.601 5 12 38133. 26 -0.01 a 6S,)'>-45558", 
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T ABLE 3 . Classified lines of W II- Con t in ued 

Intensity 
I 

vVave number (em- I) 
vVav{,!pngth Combina tion Zeeman 

(A) 

I I 

effect 
Ar c Spa rk Observed O-C 

----

Air 

2621. 826 1 38129. 99 + 0.29 2622724- 6435634 
2622. 778 1 5 38116. 15 -0.05 23450,y,-615662y, 
2622. 873 1 2 38114. 77 -0.17 a '03y,-547042Y, 
2623. ll4 6 50 3811 1. 27 -0. 09 20780,v,-58891 :;y, 
2623. 890 2 8 38100. 00 -0. 10 23 4502y,-615 5 03Y, res 

2624.401 3 38092. 58 + 0.04 196372y,-5772934 
2624. 488 2 15 38091. 32 - 0.10 232344y,-61 326 34 
2624. 952 4 38084. 59 -0.04 221 943y,-60278'4 
2625. 058 3 38083. 05 + 0.05 26227 2y,-6431 Ozy, 
2625.863 4 38071. 38 -0. 12 249181v,-62989z4 

2626. 486 12 38062. 35 -0.02 2219434- 6025634 6 
2626. 851 3 38057. 06 + 0.04 25209,y,-6326634 
2627.722 4 10 38044. 44 -0. 08 a 'F,y,-529013y, 
2628. 045 1 8 38039. 76 0.00 269295y,-64969:;y, 
2628. 996 7 35 38026. 00 -0.07 a 'F3y,-51 438zy, 4 

2629. 496 1 5 38018. 78 O. 00 19070,y,-57089;4 6 
2630. 177 3 7 38008. 93 -0. 07 23 0463y,-61 055'4 7 
2630. 384 3 20 38005. 94 O. 00 23234,y,-61 240:;4 
2630. 534 6 9 38003. 78 -0.15 a 'P2y,-51438 24 res 
2630.946 2 37997. 83 -0.21 249911v,-62989z4 

2632. 485 35A 7 37975. 61 + 0.13 192762y,-57252zy, 
2632. 768 7? 7 37971. 53 -0. 08 22503 1y,-60474 Z4 
2633. 886 4 25 37955. 41 + 0.06 a ' G 5y,-55392,y, 
2634. 578 6 35 37945. 45 + 0.02 a 4G,y,-544983y, 
2635.379 6 30 37933. 91 -0.01 a 4D 2y,- 529013y, 

2635. 723 1 37928. 96 -0. 22 20780,y,-587093Y, 
2636.772 1 2 37913. 87 - 0.14 a 'F 1y,- 46625oy, 
2636. 953 1 20 37911. 27 -0.04 248043y,-62715'4 
2637. 209 - ? 10 37907. 59 + 0.09 207 80,y,-5 86 874y, 
2637. 576 15A 25 37902. 32 -0.04 a 'G,y,-5413714 res 

2638.220 7 37893. 06 -0.09 28377 5y,-66270;4 
2638. 870 1 37883.73 -0. 30 189901y,-5687424 
2639. 052 1 3 37881. 12 + 0.07 204551y,-583362y, 
2639. 432 1 37875. 67 -0.12 234502Y,-61 32634 
2641. 076 2 8 37852. 09 - 0.14 221392y,-599922y, 6 

2643. 086 - ? 10 37823. 31 -0.13 a 'F,y,-4912434 
2643. 253 1 10 37820. 92 - 0. 01 23234'4- 61055,,, 
2643. 296 4 30 37820. 31 + 0.01 a 4P2v,-51254i" 
2645. 692 25A 7 37786. 06 - 0.09 a 'G34- 543752" 
2647. 309 1 4 37762. 98 + 0.12 238033y,-615662y, 

2647. 726 7 70 37757. 03 - 0. 19 25209,y,-62966:;y, 4 
2647. 894 1 2 37754. 63 - 0. 09 a 'D3y,-52901 34 
2648. 453 2 37746. 67 - 0.09 23 8033y,-615503y, 
2648. 958 2 37739. 47 - 0. 11 221943y,-599333y, 
2649. 682 1 10 37729. 16 - 0. 01 221392,,-598693y, 

2650. 276 3 7 37720. 70 - 0. 05 a ' D l y,-52355oy, 

2650. 580 1 3 37716.38 - 0. 08 2727 33y,-6 49902y, 
2651. 035 1 8 37709. 90 - 0.03 a ' F,y,-52567,y, 6 
2651. 881 4 30 37697. 87 - 0. 06 190704v,-567683v, 
2542. 298 1 3 37691. 95 - 0.01 a ' P 1y,-48284zv, 

2652. 433 4 37690.03 - 0.15 200393v,-577293y, 
2653. 015 lOA 8 37681. 76 -0.02 a 4F2v,-48982iv, 
2653. 424 7 35 37675. 96 + 0.04 a 4G,v,-54229:;v, 
2653. 568 10 35 37673. 91 -0.04 a 6D 3y,-423903V, 
2654. 841 1 5 37655.84 + 0. 09 192762y,-569321y, 
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TABLE 3. Class1fied lines of vV II- Con tinued 

r 

IntcnsiL.v Wave number (e m- I) 
Wavelength CombinaLion Zeeman 

(A) 

I I 
effect 

Arc Spark Obscrved O- C 

Air 

2655. 485 3 25 37646.71 - 0.07 239555,,-616026~ 
2655. 667 15 20 37644. 13 - 0.01 a 4F I~-46S552~ 
2656. 027 10 27639. 03 - 0.06 2863 13,,-66270,~ 

2656. 435 - ? 8 37633. 25 - 0.04 a 4F3~-510453~ 
2656. 706 10 37629. 41 - 0.05 261584~-637883~ 

2657. 745 1 6 37614.71 + 0.09 19637,~-572522~ 

2658. 036 25 100 37610. 59 - 0. 04 (I 6D I).>-z 6F l~ r es 
2659. 171 I ? 10 37504. 53 + 0.39 256723~-63~663~ 
2659. 703 1 15 37587. 02 - 0.01 269295~-64516,~ 

2661. 852 1 20 37556. 67 - 0.03 2380:)3~-61 360,~ 

2662. 214 3 30 37551. 57 - 0.10 20'15 51 ).>-580071~ res 
2663. 874 2 15 37528. 17 - 0.02 19404o~-56932 1» 
2664. 346 80 200 37521. 52 - 0.04 a '0,,,-549585» 
2665. 644 2 8 2750:3. 25 - 0.15 a 4G,~-54056,» 
2666. 086 1 40 :37497.03 - 0. 17 281876~-65684 5~ 

2666. 446 8 ? 3740 l. 97 - 0. 12 19276,~-56768a~ 
2666. 49:1 20 60 3749 1. :H + 0. 11 a 6S,~-449 11 1~ 
2668. 245 1 5 37466. 69 - 0. 18 a 403~-54 056,» 
2668. 961 5 5 37456. 64 - 0.11 a 6S,,,-z uF 3» 
2669. 250 10 25 37452. 59 - 0. 07 a 4DI).>-520872~ 

2669. 371 5 30 37450. 89 - 0.20 a 4F3»-50863,» 
2670. 395 10 50 374:16. 52 - 0.0'1 a 4G3»-54026 2» 
267 L 040 2 37427. 49 - 0.38 2:30463~-604 7 42» 
267 L 580 8 18 374 19.92 - 0.21 a 4D3~-525674» 
2672. 647 15 37404. 98 - 0.16 239555~-613604» 

2672. 956 1 3 37400. 66 - 0.11 204551»-578562)1 

2673. 608 20 60 37:30 l. 54 - 0.13 1 80003~-553924~ r es 
2674. 471 4 :37:379.48 O. 00 :3 06:3:3 4~-6801 25)1 

2674. 628 10 :37:3 77. 29 - 0. 05 2:30463~-604243~ 
2675.734 1 20 37361. 84 - 0.10 293414~-667035~ 

2677. 579 3 6 37336. 10 - 0.12 19276,,,-566 123)1 

2677. 796 20 60 37:3:n 07 - 0. 06 a 6D3,,-z 61" ,,,, 
2679. 638 20 70 37:307. 41 - 0.05 a 4D,).>-522753~ 

2679. 758 3 18 37:305. 74 - 0. 03 1 90704~-563765~ 
2680. 546 10 :37294. 77 - 0. 12 196372~-56932 1~ 

2681. 568 2 :37280.55 + 0. 05 225350~-598161~ 
2681. 730 1 :37278. 30 + 0.14 26920,\o.r-642074~ 
2683. 226 8 80 37257. 52 - 0. 05 a 4Do ,,,,-504S01~ 

268:3. 512 1 35 37253. 56 
2683. 632 4 30 3725 1. 89 - 0. 07 23 8033~-610554~ 

2684. 301 12 20 37242. 60 + 0.09 272733~-645164~ 
2685. 068 12 25 3723 1. !l6 + 0.05 2:30463~-602784~ 
2685. 366 6 12 37227. 84 + 0.08 252094~-624S74~ 
2686. 946 4 100 37205.95 - 0.06 2:H502).>-606562~ res 
2687. 000 5 70 37205. 20 - 0.06 22 1943~-59399 1~ 

2688. 230 7 35 37188. 17 + 0.03 a 4G,,,-534221~ 
26!l0. 036 2 37163. 21 - 0.12 25 1 691~-62333,~ 
26!l0. 15:3 - ? 1 37 161. 59 - 0. 01 180003).>-551 622~ 
2690.710 2 35 37153.90 
269L 952 2 5 371 36. 74 - 0.10 22139,~-592763'1 

2692. 358 4 18 37 13 1. 14 - O.OD 1 96:372,,-567683~ 
2693. 228 1 37119. 14 - 0. 06 a 4 D,,,-520872~ 

2694. 080 4? 37107. 40 - 0.16 26 l584~-632663~ 
2694. 382 20 60 37103.24 + O.Ol a 4G2~-533383~ 
2694. 594 6 70 37100. 32 - 0. 08 2:39555,,-61 0554~ 
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TABLE 3. Classified lines of W II-Continued 

Intensity 'Wave Dumber (cm-1) 

Wavelength Combination Zeeman 
(A) effect 

Are Spar k Observed O- C 

Air 

2694. 828 2 6 37097. 10 - 0.03 238033y,-609002y, 
2694. 994 6 30 :37094. 82 - 0.05 a 'G,y,-533291y, 
2695. 111 1 :)70U3. 2 l - 0.13 18990 ,y,- 56081,.1y, 
2695. 874 3 10 37082. 72 - 0.01 221U43y,-592763y, 
26U6. 914 2 35 37068. 41 6 

2697.714 80 160 37057. 42 - 0.12 a 6D,y,-z 'Soy, r et:; 
2698. 265 1 1"1 3704\1. 86 + 0.14 200393y,-570891y, 
2698. 706 1 ::l 3704:1. 80 - 0.04 23234,y,-60278,y, 
2699. 041 8 12 37039. 21 -0.09 26227,y,-63266 3Y, 
2699. 270 1 10 37036. 06 - 0. 08 27273 3y,-64310,y, 

27 00. 320 3 50 37021. 67 + 0.09 23234,y,-602563y, l'llS 

2701. 036 8A 10 37011. 85 - 0.29 286313y,-656443y, 
2701. 485 20 60 37005. 70 - 0.11 a 'F,y,-518633 v, 
2702.115 25 250 36997. 07 + 0.01 1 UH26y,- 564396y, 6 
2702. 188 4 ? 369U6.07 - 0. 05 a ']''' y,-475881y, 
2703. 066 8 60 3698 .. L 05 + 0. 08 23234,y,-602185>, 
2703. 118 8 10 36083. 36 - 0.04 a 'F,y,-48284zy, 
27 03. 46 7 12 120 3697/). 57 + 0. 13 311 005y,- 680786y, ;) 

2703. 698 1 5 36\175. 4 l + 0. 05 H)637 ,y,- 566123y, 
2703. 829 1 36973. 62 - 0. 02 23450,y,-604243y, 
2705. 599 10 35 36949. 43 - 0.11 20780,y,-577293Y, 

27 05. 8U5 12 36945.40 0.00 230463y,-59992,y, 
27 06. 702 6 ? 36934. 38 - 0. 01 a 68 2y,-44354 ,y, 
2706. 733 .50 36933. 95 + 0.04 194426y,-56376,y, 
2707. 067 2.5 36929. 40 + 0.01 293-[ 1,y,-662701 y, 6 
2708. 360 4A 2 36911. 77 - 0. 27 31 1005y,- 680125y, 

270U. 582 20 80 36895. 12 - 0. 09 a' D2y,- 518633y, 
2710. 678 2 1 36880.20 - 0.17 a 4F3y,-50292,y, 
2710.792 5 40 36878. 65 -0.03 a 4G2y,-53113,y, 6 res 
2711. 336 3 3687 1. 26 - 0. 16 28 1182y,-64990,y, 
271 2. 704 5 50 36852. 66 - 0.01 23803 3y,- 60656 ,y, 

271 3. 478 4 2 36842. 15 - 0. 29 a ' F ,y,- 455531y, 
2714. 0l6 1 36834.85 - 0.40 200393y,-56874,y, 
27 14. 950 1 5 36822. 18 - 0.16 230463y,-598693y, 
271 5. 346 25 80 36816. 81 - 0. 02 a 4G,y,-53369,y, 6 
271 6. 020 2 3 36807. 67 { -0. 11 19276,y,-560841y, 

- 0. 09 26158,y,-629665y, 

2716. 147 3 15 36805.95 O. 00 234.50,y,-60256 3Y, 
2716. 322 :30 80 36803. 58 -0.09 a'D ,y,-51438,y, 
2716.890 35A 35 36705. 90 -0. 17 20455,y,-57252,y, 
2717. 180 10 40 3679l. 96 - 0.08 a 4G5y,- 54229;y, 6 res 
2717.702 3 18 36784. 00 - 0.03 a 'G,y,-533383y, 

271 8. 044 30 120 36780. 26 - 0. 04 a 4G3y,-53369,y, 4 
2718.257 2 36777. 38 + 0.06 28118,y,-648963y, 
2719.232 8 3 36764.20 -0.09 a 6D,y,-39936!y, 
2719. 392 10 36762. 03 O. 00 248043y,-61566,y, 
2719. 798 1 36756.54 + 0. 06 272733y,-64030zy, 

2720.404 6 30 36748. 36 - O. 0,1, a 'G3y,-53S383Y, 6 
2720. 594 40 36745. 80 + 0.0,1, a 4F,y,-45457oy, 
2721. 8.50 4 15 36728. 83 - 0. 04 2003 93y,-5 67 683y, 
2722.80.5 20 70 36715. 95 -0.06 a 'D3y,- 518633y, 6 
2723. 704 3 5 36703 . 84 - 0. 07 180003y,-5470I,.,y, 

2724. 081 5 60 36698. 75 - 0.04 23234,y,-599333y, 
2725.457 8 36680. 23 + 0.01 19404oy,-560841y, 
2726. 445 3 4 36666. 94 + 0.04 a 'G,y,-529013y, 
2728. 880 1 6 3663,1,. 22 - 0.05 232344y,-598693Y, 
2729.532 I 6 I 36625. 48 + 0. 08 283775y,- 65003, y, 
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TA B LE :3 . Classified lin es of W II- Continued 

I ntensi ty \¥ave lHlInber (em- I) 
Wavelength Combination :t;eeman 

(A) effect 
Arc Spark Observed O- C 

Air 

2729.620 25 75 36624. 30 -0.06 a 4Po)1-454570)1 res 
2729.936 5 30 36620. 06 + 0.02 a ' D l).,- 512541)1 
2730. 846 3 8 36607. 86 -0.11 221 392;r-587471)1 
2732.078 2 8 36591. 35 + 005 28377 5;r-6 49(95)1 6 
2732. 378 4 4 36587. 33 - 0.09 a 4P 1;r-471791H (j 

2733. 4.t8 5 :35 36573.01 + 0.01 200393;r-566123.'5 6 
2733. 704 :3 36569. 58 -0.01 22139,;r-587093)1 
2734.627 3 36557. U O. 00 261 58.;r-62715')1 
2734. 737 .5 ·JO 36555. 77 - 0. JO 2480~ 3;r-61360')1 
27:35. 784 2 ]0 36541. 78 + 0.08 234502;r-59992~)1 6 

2737. 13!5 1 3 :3652:3. 7·1· - 0.11 a 4G3;r-5311 3~)1 
\ 2737. 7.56 2 5 3(j.'5 l.i. ~ (j - 0.02 2219'13;r-587093)1 

2737. 8-10 :3 :3(j :i ] ,I. :3 ~ O. 00 272733,,-637883'5 
2738. D(j2 I 5 :3(j ;1 9~J. :38 + 0.0(j 28491 1)1-64990J)1 7 
2739.080 ·1 -l :3 64!J7. 8 L - 0.06 1 80003 ,~544983)1 

27:39. 140 ·1 ],5 :36497. 0 1 - 0.0-1 189901;r-554881)1 7 
2739.384 6 :30 36493. 76 - 0.0-1 221943;r-58687')1 
27.t0. 187 6 20 36483. 06 - 0. JO 234502;r-599333'1 
2740. 80J 20 200 364H. !JO + 0. 0:3 238033'1-60278" 1 -I 
2742. 471 J .) 30 364.52. 68 + 0.07 23803 3 , ~-602563h 6 res 

2742. 90:3 S ~O 36446. 9-1 + 0.02 19637z;r-56084,,~ 
2745. 036 2 :30 36-11 8. G2 - 0. 02 234502)1-598693)1 ·1 r es 
2748. 312 20 I i5 36375. 21 + 0.09 1 80003)1-54375~ ,.~ res 
2748. 418 2 12 36373. il2 -0.08 200393)1-564 13h~ 
27,j0. 023 1 9 363,j2. 61 + 0.07 2304(3)1- 59JDD" , 

2750. 325 10 20 36348. 60 O. 00 a 4G.;r-52901 3)1 res 
2750.72i1 2 1.5 36343. 28 + 0.04 29341,;r-65(845)1 
2750. 880 3 12 36341. 28 - 0.04 252094;r-615503'1 
2752. 242 5 30 36323. 28 - 0.03 239555;r-602784)1 7 
2752. 360 1? 2 36321. 72 + 0.03 190704)1-55392')1 

27.53. 09·l 6 363]2. 03 -0.04 a 4G3;r-52D013)1 
27.5:3. :320 6 25 36309. 05 - 0.03 207804;r-570894)1 7 
275:3. S2G 6 36302. 37 - 0. 07 293<114)1-656443)1 
27.54. 6!J5 1 2 362!J0. !J3 - 0.08 a 4D3;r-51 438')1 
2755. 036 1 3 36286. 44 - 0.14 a 4D')1-512541)1 

275.5. 66 J 6 36278. 21 - 0.09 261584;r-62437')1 
2756. 776 2 20 36263. 54 + 0. JO 239555;r-(02185)1 6 
2757.7LO 6 3625 1. 26 + 0.13 248043;r-61055h, 
2758. 182 4 3624.5. 05 + 0.1 7 225031;r-5874(1)1 
2758. 333 18 20 36234. 07 - 0.04 a 61)4;r-423903)-i res 

2759. 338 1 10 36229. 87 - 0.14 230463;r-5.92763v, 7 
2760. 691 3 15 362 12. 11 - 0.03 225350!~587 4 71v, 6 
2760. 742 ]2£1 ]0 362 11. 44 - 0.0.5 192762)1- 554881'1 
2761. 587 40 100 36200. 37 O. 00 a 4F I;r-44911 1)1 res 
2761. 837 2 6 36197.09 + 0.08 221392)1-583362)1 

2762. 499 6 1.5 36188. 42 + 0. 06 238033;r-59992')1 
2764. 263 200 400 36165. 33 - 0.02 a 6l)O;r-Z 61"0'1 
2764. 768 8 50 36158. 72 + 0. J6 269295;r-630870'1 5 
2765. 340 2 ]0 36151. 24 - 0.02 252094;r-61360,v, 6 
276.5.986 1 36142. 80 - 0.10 221943~583362)1 

2766. 3 18 ] 35 36 ]38.46 - 0. J L 283775~6451(4)1 7 
2766.981 4 35 36 129. 80 - 0. 02 238033~599333)1 6 
2767. 967 4 25 36Jl6. 93 - 0.08 252094~61 3263)1 
2768.3:W 30 50 36JJ 2. 2.5 O. 00 a 4F2~1;741 32)1 6 
2770. 496 2 5 36083. 96 + 0.03 19404o~554881)1 

235 



TABLE 3. Classified lines of VI! II- Continued 

Intensity 'Vave number (em- I) 
Wave~ength Combinat ion Zeeman 

(A) effect 
Arc Spark Observed O- C 

Air 

2771. 005 5 20 36077. 34 - 0.09 a 4D2y,-51 0453» 
2771. 531 5 3 36070. 50 + 0.02 30633,y,-66703s» 
2771. 927 2 6 36065. 34 + 0.04 238033»-598693» 
2772. 658 2 8 36055.83 - 0.01 180003y,-5 405 64» 
2773. 849 5 25 36040. 35 -0.09 a 4G2y,-522753» 

2774. 092 ? 30 36037. 20 + 0.04 26929;y,-62966sY' 
2774. 433 10? 36032. 76 + 0.01 a 4Ply,-4662·",u» 
2774. 988 6 20 36025. 56 + 0.02 180003y,-54026z» 
2775. 878 1 5 36014. 01 O. 00 a 4G,y,-525674» 
2776. 509 20 100 36005. 84 + 0.01 a 4F4y,-508634» 6 

2777.536 2 10 35992. 51 + 0.07 272733y,-632663» 
2777. 870 8 30 35988. 18 - 0.05 20780,»-567683» 
2778. 124 2 35984. 90 + 0.06 2934(4»-653265» 
2778.281 3 35982. 86 - 0.01 249181y,-60900zv, 
2778. 429 5 6 35980. 95 - 0.17 a 4Doy,-49154ov, 

) 

2778. 694 20 80 35977. 51 + 0.03 a 4G3v,-525671v, r('s 
2780. 285 60A 40 35956. 94 + 0. 05 a OD 2v,-z OF lv, res 2782. 142 20 80 35932. 93 - 0.02 a 4Gs»--533694» 
2783. 979 2 6 35909. 22 - 0.19 24991 1»-60900zs 2784. 290 2 15 35905. 21 - 0.04 20534;y,-564396» 

2785. 126 1 3 35894. 43 - 0.11 25672,y,-61566 ,v, 
2785. 634 12 50 35887. 90 O. 00 19070,»- 54958sv, 7 2786. 300 

~} 20 35879. 31 + 0.02 20534sy,-56413,v, 
2786. 340 35878. 80 - 0.06 a 'F2v,-471791» 2788. 403 2 35852. 25 + 0.07 a 4G 2v,-52087,v, 

2788. 536 4 6 35850. 54 - 0.09 196372y,-554881» 
2789. 197 10 20 35842. 04 - 0.06 20534sy,-56376sv, 7 2790. 160 2 18 35829. 67 - 0.03 28377sy,-64207,v, 
2790. 433 5 50 35826.17 - 0.14 23450,»-592763v, r es 2790. 998 3 3 35818. 92 - 0. 08 28491 1v,- 6431O,v, 

2791. 740 2 5 35809. 40 - 0.08 a 4Dov,- 489821v, 
2791. 850 - ? 1 35807. 98 - 0.02 a 'Pzy,-49242,v, 2793. 622 1 4 35785. 28 + 0.06 26929sv,-627146v, 
2796. 674 1 3 35746. 23 - 0. 11 192762y,-550223v, 
2796. 866 3 6 35743. 77 - 0.15 a 'F1v,-44455o» J"l'S 

2797. 298 2 35738.25 - 0. J6 249181»-60656 ,v, 
2797. 879 1 35730. 83 - 0. 27 251691»-60900"-1 2798. 353 3 35724. 78 - 0.06 286313v,-643563'1 2799. 042 20 100 35715.98 - 0.05 a 4D 3y,-508631v, 5 2799. 248 1 35713. 36 - 0.29 189901y,-54704,» 

2799. 312 1 35712. 54 - 0.02 a 'F3y,-491 243v, 2801. 058 4 30 35690. 28 - 0. J4 a 'Pzy,-491 243v, 2801. 430 10 35685. 5-10 - 0.07 a 'G 3»-522753v, 6 r 3802. 705 3 35669. 31 + 0.01 28118,)-,--637883v, 
2803. 068 4 35664. 70 - 0.25 24991 1y,-60656,v, 

es 

2803. 233 4 10 35662. 60 - 0.02 221943y,-57856 ,v, 
2803. 302 1 3 35661. 71 + 0.07 29341,y,-65003,» 2803. 604 8 25 35657. 87 - 0.10 a'D,y,-50292,v, res 2803. 682 3 35656. 88 + 0.01 23234,y,-58891sv, 
2803. 909 5 35654. 00 - 0. 13 25672,y,-61 3263v, 

2804. 922 3 12 35641. 12 + 0. 04 230463v,-586874v, 2805. 177 2 15 35637. 88 - 0.05 30633,y,-66270, ," 6 2805. 546 7 35633. 20 

/{ 
- 0.06 20780,y,-56415,v, G 

2805. 936 20 120 35628. 24 - 0.13 204551y,-560841v, 
+ 0.05 a 4Gzy,-518633v, 2806. 392 3 4 35622. 45 - 0.07 a 'Pov,-44455o» 
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TA B[, ], 3. Clctssijied lines of \V II- Continued 

Inlcns ity 'Wave number (em - I) 
Wavelength Co mbin ation Zeeman 

(A) dfect 
Arc Spark Obscrved O- C 

Air 

2806. 626 3 10 35619. 48 + 0.01 248043W-60424~).> 6 
2808.474 4 40 35596. 04 - 0. 03 20780'w-563765~ res 
2808. 956 3 50 35589. 93 -0.02 22139'w-57729~).> res 
2810. 085 3 35575. 64 O. 00 286313w-642074~ 
2811. 743 1 6 35554. 65 - 0. 01 29341,).>-64896~,> 

2812. 210 8 50 35548. 76 O. 00 a ' 1'2).>- 489821).> res 
2813. 228 3 15 35535. 90 + 0.06 221943).>-57729~).> 

2814. 106 2 35524. 81 - 0. 11 19637,w-55162,).> 
2814. 798 4 30 :35516. 07 + 0.03 194420).>- 549585),> 5 
2815. 720 2 35504. 44 - 0.10 22503 1).>- 580071).> 

2816. 283 6 10 35497. 35 O. 00 a 'G3w-52087,).> 
2816. 478 2 :~5494. 90 + 0. 26 18990 1).>- 544850).> 
2817.422 1 a :35483. 00 - 0.11 24991 1w-6047 4,~ 
281\). 002 4 12 3546:3. ] l - 0.02 a 4D 2).>-504301~ 7 
28 19. 897 4 20 35451. 85 + 0.07 248043).>-60256~~ res 

2820. 532 3 8 :35443. S7 - 0. 07 239555w-59399,~ 
2821. 800 5 a5 35427. 95 - 0.14 192762~-547042).> res 
2822. 542 25 125 %418.64 - 0.10 a ' F3w-488303).> res 
2824. 144 4 35a98. 54 + 0. 06 286313};- 640302).> 
2824. 306 4. 4 :35a96. 52 - 0.08 a ' 1'2w-488303~ 

2824. 680 2 6 :35a9l. 8:3 - 0.03 26158Jw-6 15503).> 
2824. 806 l 7 % :38D. 12 + 0.02 2840 l l~-6::i880,~ 
2825. l88 1 6 :35:385. 47 - 0.01 196:37,~-550223'> 
2826. 482 a 15 :35:369. 27 O. 00 1 80003~-588691~ 7 
2827. 542 8 :35a56. 00 + 0.02 1\)404o~-547600~ 

28aO. 064 12 80 :35:324. 50 - 0.01 a'D,w-50292z).> 6 
28a l. 2a6 7 35 :35:300. 88 - 0. 01 a 'G,~-518633).> 
283 1. 643 1 2 35:304.80 O. 00 25 1 60 1~-6047 42).> 
2832. 215 3 35297. 67 + 0. 23 23450,~-587471).> 
2832. 848 1 a5280. 80 - 0.38 230463~-583862~ 

2834. 208 50 :35272.85 - 0.51 a 'G3~-5186j3}> 6 
28a5. 334 8A 5 :35258. 85 - 0.21 234502}>-587093}> 
2838. 422 5 4 35220. 50 - 0. 01 a 6 D3}>-.'I99S6'~ 
2839. 820 3 10 :35203. 15 - 0.04 a 'G,}>- 514.'182}> 
2839. 936 1 10 35201. 71 - 0.09 26158,).>- 61 360,).> 

2841. 080 2 6 35187. 54 + O.O l 248043).>- 599922).> 
2842. 460 6 :35170.46 - 0.03 31100sw-66270,}> 
2842. 700 2 ] 5 35167. 50 - 0. 05 26158,w-61 3263}> 
2843. 045 2 2 3516:3. 22 + 0.04 272733}>- 624374).> 
2843. 449 - 2 5 35158. 23 - 0.15 19070.1).>- 542295}> 

2843. 603 1 12 35156. 32 - 0.02 286313w-637883'> 6 
2844. 426 1 :35146. 15 - 0. 09 189901w-541S71).> 
2844. 500 2 8 35145.24 - 0. 07 a' D 3}>- 502922}> res 
2845. 725 3 10 :35 130. 11 - 0.02 a 'Gs%-525674}> r es 
2846. 357 1 35 122. 31 - 0.25 200393w-55162,% 

2847. 140 3 18 35112. 65 -0. 17 180003).>-531132).> res 

2848. 234 2 5 35099. 16 { -0.14 1 02762}>-54375,,-> 
- 0.13 2(2272).>- 613263}> 

2849. 678 1 35081. 38 -0.04 194040%-544850'1 

2850. SOS 35fi 8 35067. 48 + 0.25 ] 9637 2w-54704 '}> 
2851. 068 4 35064. 28 - 0.1 9 248043).>-598693}> 

2851. 554 3 3 35058. 30 + 0. 38 221943).>- 572522}> 
2852. 083 3 70 35051. 80 + 0.02 30633.1}>-656845).> 5 
2852. 460 1 35047. 17 O. 00 252094%-60256 3}> 
2853. 440 3 20 35035 13 -0.15 189901w-54026z).> res 
2853. 694 4 35032. 02 -0. 06 204551}>-554881).> 
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TABLE 3. Classified lines of W II-Continued 

Intensity ·Wave number (em-I) 
Wavelength Combination l Zeeman 

(A) effect 
Arc Spark Observed O- C 

Air 

2854.719 3 4 35019.44 -0.12 a 4G')1-512541)1 
2855. 524 25 35009. 56 o. 00 25209')1-60218 5)1 
2856. 256 2 35000. 60 -0.04 24(91 1)1-599922)1 
2857. 470 1 34985.72 - 0.14 190704y,-54056')1 
2857. 695 2 6 34982. 97 - 0.15 2003(3)1-550223)1 6 

2859. 484 8 30 34961. 08 -0.10 a 4Pl)1-455531)1 r es 
2860.898 12 34943. 80 
2861. 058 2 6 34941. 85 - 0.01 a 4G4¥2-z 6}j1 SJ1 
2861. 21 2 10 34939. 99 -0.13 23 0463y,-57 9864)1 
2861. 518 2 34936. 23 -0.11 239555y,-58891 5)1 

2864.036 2 34905. 52 - 0.20 23803 3)1-58709 3)1 
2864. 395 1 34901 . 14 + 0.10 180003)1-52901 3)1 
2864.473 2 15 34900. 20 - 0.10 281876y,-630876)1 6 
2804.744 1 8 34896. 90 -0.16 26158,y,-61055')1 7 
2864. 858 3 10 34895. 51 + 0.13 221(43)1-57089,y, 

2865. 603 6 34886. 43 -0. 05 23450,y,-58336')1 6 
2865. 804 3 20 34884. 00 -0.04 23803 3y,-586874y, 
2866. 322 8 10 34877 68 - 0.09 a 6S 2y,-4.22981y, 
2866.600 4 8 34874. 30 - 0.04 a 4F,y,-46175:ly, 
2866.751 6 20 34872. 46 - 0.06 a 'F3y,-48284:ly, res 

2866. 910 1 34870.53 -0.17 28118,y,-62989,y, 
2867. 409 6 15 34864.46 - 0.04 a 4P 1y,-45457ily, r es 

2867. 697 4 3 34860. 96 { -0.23 19637,y,-544983y, 
+ 0.28 1(2762)1-54 1371y, 

2867. 934 4 20 34858. 08 + 0.06 205345y,-55392,y, 
2868.736 8 80 34848. 33 -0.03 a 4G 3y,-514382y, 

2870. 906 18A 10 34822. 00 - 0.33 25169 1y,-599922y, 
2871. 902 2 12 34809. 02 + 0.02 230463y,-578562y, res 
2873. 352 2? 10 34792. 35 + 0.05 221392y,-569321y, 
2873. 836 2 12 34786. 50 - 0. 02 1944 26y,-5 4229 5Y, 
2874. 478 

I 

12 34778. 72 -0. 18 281876y,-62966:5)1 

2875. 110 4 34771. 08 - 0.02 250450y,-598161y, 
2876. 684 1- 2 34752. 06 + 0.08 25672')1-604243Y, 
2876. 934 20,1 10 34749. 01 + 0.07 22503 1y,-572522y, 6 
2877. 827 2 34738.26 - 0.1 8 19637,y,-543752)1 
2878. 083 lO A 8 34735. 16 + 0. 14 22139,y,-568742y, 6 

2878. 316 2 '10 34732. 35 - 0.13 239555y,-58687.y, 
2880. 164 1- 8 34710. 07 - 0.03 28377 5y,-630876y, 
2881. 538 8 34693. 52 + 0.14 30633 475- 65326:5y, 
2882.400 3 20 34683. 14 + 0.02 230463y,-57729:3y, 6 
2883. 152 3 3 34674. 10 + 0.13 26227,y,-60900275 

2883. 247 6 4 34672. 95 + 0.11 2692(5)1-616026y, 
2883. 915 2 34664. 92 + 0.05 200393y,-547042Y, 
2884.310 2 20 34660.18 + 0.06 269295y,-61589'5y, 6 
2885.46:3 1 2 34646. 33 -0.24 a 6D j y,-z 6Fily, 
2886. 464 6 34634. 31 -0.13 2863 13y,-632663y, 

2886. 896 5 
35} 

34629. 13 + 0 11 a 6S2y,-Z 6F !)1 
2886. 923 34628. 81 + 0.17 22139,y,-567683)1 
2888. 318 15.11 8 34612. 08 + 0.09 20780,y,-55392,y, d 
2888. 699 4 34607. 52 - 0.22 a 4D j y,-49242,y, 
2889. 780 4 50 34594. 58 -0.09 248043y,-59399,y, 

2890. 634 2 2.5 34584. 35 + 0.01 311005y,-65684 '5y, 6 
2891. 456 3 20 34574. 52 -0.01 221943y,-56768 3y, 6 
2892. 912 2 10 34557. 12 + 0.02 23450,y,-58007]y, res 
2894. 924 2 10 34533. 10 -0.04 23803 3y,-58336 ,y, 
2895.441 2 10 34526. 94 - 0.02 28187s)1-627146y, 6 
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TABLE 3. Classified lines of W II- Continued 

In LensiLy ' \fave number (em- I) 
Wavelenglh Combination Zeeman 

(A) 

I I 
effect 

Arc Npark Observed O- C 

Air 

2807. 726 2 3 34400. 7J -0. 11 10637 z . .,-541371)0. 
2898. 102 2 34495. 2 ... + 0 10 23234')1- 577293)1 
2898. 360 1 34492. 17 + 0.06 a 'G' )1-510453h 
2901. 174 2 25 3H58. 71 -0.12 200303~544983)1 
2901. 448 3 34+55.46 - 0.12 a ' G3 • .,-510453)1 

2902. 201 30.11 20 3H46. 52 -0.12 29341' )1-637883)1 
2903. 500 50 34+3 1. I I -O.OD 2(9205)1-61360' )1 
2904. 081 8 80 3442 .... 22 -0.0 1 205:3 'J5)1-549585)1 G 
2904. 556 2 8 :344 1 Ii. 5/\ - O. 0/\ 2219~ 3};-5661 23)1 G 
2904. 843 -7 5 344 15. 18 - 0. 08 a 4D o • .,-475881)1 

2005. 602 8 :1 12 34-lOG.20 O. 00 234;"i02~578562)1 6 
2906. 416 2 12 :34:306. 57 + 0.10 22ii3,so},-569321)1 
2908 .. 504 3 2.1 34 :371. 8 7 - 0.06 220503 1)1-568742)1 
2910. 332 2 J O 3'1350. 30 - 0.02 22J 043)1-505442)1 

2911. 542 2 20 34336.01 { - 0.07 :2 003 03)1-543752)1 
- 0.07 :3 0633,.,- 649695", 

2012. 464 2 25 :)4:32.'). 15 
2912. 584 :3 5 :34323. 7:3 - 0. 09 a 'F,).,-49181')1 
2012. \)86 1 34310. 00 - 0.11 (! ' 1'1).',-449111" 
291:-\.614 2 :)4311. 60 + 0.13 2G9295~61 2405)1 
2013. 748 12 30 :34310. 02 + 0. 11 a 'G')1-50863')1 6 

2014. 272 :30 :3430:3. 805 - 0.28 20455 1).',-547600).', 
2014.655 2 J5 :342DD. :H + 0.05 I !l070').ji-5S369').ji 6 
2D16. :347 5 :34 27!l. 44 + 0. 02 2:H50z~577293)1 
291G. 584 :3 8 34276. 66 - 0.08 2727:33)1-615503)1 

2016. 768 :3 10 34274.50 { + 0.22 (! 'Dz).ji-49242z)1 
- 0. 08 J 80003).ji-522753)1 

291 6. 896 2 12 ::14273. 00 - 0. :38 a 4(i 3).ji-5086S')1 
2917. 389 :3 5 :34267.20 - 0. 10 a 'F1)1-4912-1h, 
2917. 540 1 5 :34265.42 + 0.02 261 58')1- 60-12-13)1 
2917. 895 :3 34261. 25 - 0.25 256722~599S33).ji 
2918. 6:3:3 25 100 34252. 58 - 0. 04 a 'Fz).ji- 455531)1 7 

2918. D76 2 10 :34248.57 - 0.11 204551).ji-54704z)1 
2D JD.508 2 12 :34242.3:3 - 0.15 20780.1).ji- 550223).', 
2020.90:3 - 6 :34225.98 + 0.04 :311005~65S265).ji 
2921. 908 lOA 12 :342J4.21 - 0. 09 281182).ji-62S3Sz).ji d 
2922. 674 - 5 :34205. 24 + 0.04 230463..,--57252,).ji 

2923. 382 5A 10 :34196. 95 - 0.0:3 25672z~598693)1 
292:3. 451 1 10 :34196. 15 + 0.04 (! 'Gz).ji-504301)1 
2923. 980 3 12 :34189. 96 - 0.10 25209,~59399,).ji 6 
2924. 996 4 40 :34178. 08 - 0. 12 20780,~549585)1 5 
2925. 834 5 125 :34168. 30 - 0.04 :339 105..,--680786).', 5 

2926. 836 :3 15 :34156.60 - 0.10 a 4Dz).ji-491243)1 res 
2926. 990 40.11 10 :34154. 80 + 0.26 a 'Pz).ji-475881).ji 
2927.710 :3 20 :34146. 40 - 0.06 1 9276,~534221).ji 7 
2929. 984 :3 20 :3411 D. 90 - 0.07 261584~60278').ji 6 
2931. 530 2 20 34101. DO - 0. 04 :339105).ji-680125).ji 6 

2\);)1. 805 5 :35 :34097. 65 - 0.06 261,s8').ji- 602563).ji res 
2932. 864 :3 20 :)4086. :39 + 0.07 180003).ji- 52087,).ji res 
2D:33.068 1 I :34083.80 - 0.32 28(313).;--012715,).; 
2n:3,s. 201 2 6 :34050. 25 + 0. 01 28377 5).;-{i24S7,).; 
29:55. 358 8 25 34057.4;3 - ·0. 06 a 4Gz~u0292').; 6 

2935. 726 2 10 :3405:3. 16 - 0. 03 1 9276z~533291).', 
2935. 806 - 4 34052.2:') - 0. 20 2727:33).',--61 ::1263).; 
2936. 61 40A 125 34042. 02 + 0.26 2304(3).;-57089.).; 
2937. 200 87 15 :34036. 07 - 0.02 194040..,--5341,00),; 6 
2037. 61 . l OA ]2 ;34031. 3:1 - 0. 10 239555).;-579864).> 
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TABLE::l. Cla88i/ied lines of vV II- Continued 

In tellsi ty 
I 

\\lave ]lumber (em-I) 
Wavelength Combination Zeeman 

(A) 

I I 

effect 
A rc Spark Obcn'cd O- C 

Air 

2937. 774 2 4 34029. 42 - 0.03 262272v,-602563v, 
2938. 685 '1 4 34018. 87 - 0. 03 194040v,- 534221v, 
2938. 872 2 12 34016. 71 - 0.09 200393y,--54056;v, 
2939. 757 6 35 34006. 47 - 0.09 a'Dov,-471791v, 
2940. 204 8 60 34001. 30 - 0.07 a 'F3y,--474132v, 

2941. 476 4 5 33986. 60 + 0. 10 200393v,-540262v, 
2942. 128 12A 10 33979. 07 - 0.16 a 'P2v,-474132v, 
2942. 263 2 10 33977. 40 - 0. 01 a'D3v,-491 243v, 
2942. 618 3 10 33973. 41 - 0. 07 a ' F,v,-488303v, 
2945. 137 - 6 33944. 35 + 0.02 221392v,-560841v, 

2946. 454 - 25 33929. 18 
2947. 136 - '1 2 33921. 33 - 0.15 340914v,-6801 25v, 
2950. 453 4 40 33883. 20 - 0.01 248043v,-58687,v, res 
2952. 262 75A 100 33862. 44 { - 0. 22 a ' Pl y,-44455ov, d 

+ 0.11 180003y,-518633v, 
2952. 974 4A 4 33854. 27 - 0.32 232344v,-57089;v, 

2054. 070 4A 3 33841. 71 - 0.49 28491 1v,-623332v, 
2954. 482 4 15 33836. 99 - 0.01 192762y,- 5311 32).> 6 res 
2955. 007 8 15 33830. 98 - 0.08 190704v,-52901 3v, 
2955. 256 2 10 :33828. 13 - 0.06 230463y,--56874 2V, 
2956. 67 20A 10 33811. 96 - 0.08 189901y,-528031).> 

2957. 266 1 12 33805. 12 - 0.06 2863 13v,-62437,v, 
2957.590 1 33801. 43 - 0.07 234502V,-572522v, 
2958. 972 4 :33785. 65 + 0.05 19637,v,-534221v, 
2959. 312 - 2 33781. 77 - 0.17 272733v,-61055 ;v, 
2959. 910 - 10 33774. 94 + 0.02 26158,v,-599333).> 

2960. 771 - 1 33765. 12 - 0.08 262272v,-599922v, 
2961. 020 12 50 33762. 28 - 0.02 a 'P lv,-44354 2V, 
2961. 558 - 2 33756. 15 - 0.23 24991 1v,-587471v, 
2964. 412 - 1 33723.65 - 0. 03 306334v,- 643563).> 
2964.898 2 20 33718. 12 - 0. 07 20 78 O,v,-544983).> res 

2965. 589 2 15 33710. 27 - 0.13 261584v,- 598693).> 
2966. 417 4A 2 33700. 86 + 0. 17 196372v,- 533383v, 
2967 . 926 4 20 33683.73 + 0.05 a 'D3).>-488303v, 6 
2970. 908 2 5 33649. 92 - 0.20 a 4D l v,-482842).> 
2973. 092 - 3 33625. 24 + 0.02 192762v,-52901 3v, 

2974. 377 20 35 33610. 67 + 0. 12 a 4F,y,--449111v, res 
2975. 078 3 10 33602. 75 - 0.01 189901y,--52593o).> 
2976. 476 15 50 33586. 97 + 0.03 a 4F l y,--422981v, res 
2976. 985 - 2 33581. 23 - 0.01 22503 1y,- 560841v, 
2977. 442 3 33576. 08 - 0.02 a 4F2v,-z "F l).> 

2977. 580 4 40 33574. 52 + 0. 04 30633,v,- 64207; ).> 6 
2977. 950 3 20 33570. 35 + 0.04 204451V,- 540262v, 
2978. 332 1 6 33566. 05 + 0.11 230463)O-5661 2l)O 
2981. 319 1 33532. 41 + 0. 10 248043)0-583362).> 
2982. 219 2 25 33522. 29 + 0.10 205345 ).>-54056; ).> 

2984. 426 6 33497. 50 -0. 10 230463)0-5654.42).> 
2985.830 6 33481. 75 -0.02 234502).>-569321).> 
2986. 103 5 25 33478. 69 + 0.09 25209,).>-58687,).> 6 
2986. 382 3 20 33475. 57 + 0. 06 a 4F,).>-483325).> res 
2987. 294 15 60 33465. 35 -0.19 a 4Pov,-422981v, res 

2988. 502 4 12 33451. 82 -0.07 a'Dov,-46625ov, res 
2988. 771 12 33448. 81 + 0.13 20780.).>-542295v, 
2990. 850 12 33425. 56 - 0.47 a 4Gsv,- 50863,v, 
2991. 470 4 33418. 63 -0.25 2491 81v,-583362v, 
2991. 855 3 33414. 33 -0.25 281 87 &v,-616026v, 
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TABLE 3. Classified Lines of W l!- Continur cl 

In te nsity vVav(' llumber (e m- I) 
\Va velength Co mb ination Zeem an 

(A) effect 
Arc Spark Obs(']' vl'cl O- C 

Air 

2992. 043 18 33412. 23 
2994. 700 3 60 33382. 59 - 0.06 272733)/.,-60656,y, 
2995. 129 6 33377. 81 - 0. 06 232344y,-566123;, 
2997. 685 8 33349. 35 - 0. 02 26929,;,- 602784" 
2998. 050 5 3334.5. 29 -0.13 2499 1".,-583362" 

2998. 693 15 50 33338. 14 - 0. 05 a 4F u,~-z I;F2~ r es 
3000. 499 3 :333 18. 07 - 0.04 234502y,- 567(j83Y, 
3000. 624- 5 50 333]6.69 + 0. 03 a ' j) 2" - 4828J,, v, res 
3002. 287 2 40 33298. 23 - 0.10 2003 93y,-5 38.:183>, 6 res 
3003 . 070 4 10 33289. 55 + 0.05 269295;,- 602183, , 6 

3003.435 15 33285. 51 - 0.11 238033y,-570894>, 
3004. 28-1 .5 33276. 10 - 0.06 20780,y,-5.10564" 
3007.5] 1 -~ ? 33240 40 - 0. 20 26 1 58,y,-593994" 
3008.946 2 25 33224. 55 + 0 17 283775'.,-616026" 7 
301.0. 13 1 3 33211. ,17 - 0.19 28377 5" - 615895,, 

30 10.750 4 80 3320'1. 64 + O. O-J. 19070,y,-522753y, res 
30l] . 102 2 33200.76 - 0.05 272733y,-60474 2" 
3011 .327 '1 33 19K 27 - 0.02 22 1 !H3y,-55392;"; 
301 2. 102 2 15 33189. 74 + 0. 10 1940,1OH-525980 '~ res 
3013 . 003 1 33178.82 + 0.05 232344).,-564134;" 

30 14.200 611. 3 33 166. 63 - 0. -18 25 1 69 1y,-58336zy, 
3014.606 2 25 33 162. 17 - 0.07 23-J.50z},-566123y, res 
301 5. 69-1 J 8 33 150. 20 - 0. 08 272733y,-604 21,3H 6 
3017.1 ·HI 2 2.j 33134. :23 + 01 7 239555y,-57089,v, 
301 8. 624 I 20 3311 8. 03 - 0.01 26158.1y,-592763y, 5 

3019. 628 3 33 l07. 08 + 0.04 3J 1005)<J-61,2074y, 
3020. 630 4 20 33096. 04 - 0.02 18990 ')<J-520872y, 
3021. 982 20 80 33081. 23 - 0. 24 a 4F3h-Z uJi' 4,l1 

3022. '182 20 3307 5. 76 { - 0.02 25(722)<J- 5871,71)<J 
+ 0. 06 28491 1y,-615(62)<J 

3022. 672 3 30 33073. 68 - 0.10 200393;,--53113,;., 

3022. 906 2 6 33071. 12 - 0.03 238033)<J-5687I,z)<J 
3024.502 25 250 33053. 67 - 0.07 a ']f2;,--1,1,851, 2)<J res 
3025. 993 1 33 037. 38 - 0.02 256722h- 58709a)<J 
3027. 369 6 33022. 33 0. 00 22 I 392;,--55162z)<J 
3028. 750 10 33007. 31 + 0.05 a 'G 2y,- 1,921,2zy, 

3028.975 8 33004. 86 + 0.01 272733y,- (02784)<J 
3029. 524 4 32998. 88 + 0.12 192762y,- 52275a)<J 
3030. 793 2 32985. 06 + 0.11 22503 1y,-551,881)<J 
3031. 000 25 32982. 81 + 0.07 283775y,- 61360, y, 
3032. 450 3 15 32967. 04 - 0. 01 20455 1y,- 531,221y, res 

3032. 660 8 32964. 76 - 0.01 238033)<J-56768ay, 
3033.626 30 32954. 26 -0.02 a'D 1;,--1,·75881)<J r es 
3033. 790 2 32952. 48 + 0. 27 225350;,--551,881y, 
3033. 913 4 20 32951. 14 + 0.11 19'1040y,-5 235 5o)<J 
3036. 311 1 32925. 11 - 0.14 248043;,--57729ay, 

3036. 670 5 50 32921. 23 -0.07 a 'P2)<J-1,6355zy, 
3039.578 3 20 32889. 73 + 0.05 a 'G2)<J-1,9121,3)<J r es 
3044. 400 10 32837.64 -0.09 251(9 1)<J-580071)<J G 
3044. 564 1 32835. 88 + 0. 26 205345;,--533(94)<J 
3045. 216 15 32828. 85 + 0. 07 221943y,-55022ay, 

3046. 911 1 5 32810. 57 + 0. 07 192762;,--52087zy, 
3047. 060 1 15 32808. 97 + 0. 07 238033;,--56612ay, 6 
3048. 604 4 40 32792. 36 + 0.01 19070,y,-51863ay, r es 
3049. 563 - ? 3 32782. 03 - 0.04 2811 82)<J-60900zy, 
3049. 850 5 50 32778. 96 - 0.01 a 'D 1y,-1,71,13!y, 
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Wavelength 
(A) 

Air 

3051. 29 
3053. 354 
3053. 420 
3054. 129 
3058. 452 

3059. 268 
3061. 027 
3061. 678 
3063. 422 
3063. 972 

3064.635 
3066. 976 
3067.410 
3067. 572 
3067. 856 

3069. 288 
3071. 234 
307l. 730 
3072. 740 
3073. 403 

307 5. 963 
3077. 520 
3078. 868 
3079. 992 
3080. 787 

3081. 042 
3081. 215 
3083. 520 
3087. 394 
3089. 742 

3090.712 
3091. 870 
3094. 629 
3095. 870 
3098. 031 

3098. 300 
3098. 580 
3098. 870 
3100.074 
3100.736 

3101. 224 
3102.204 
3103.517 
3104. 534 
3106. 180 

3106. 632 
3108. 386 
3108. 778 
3110. 690 
3111. 887 

3112. 463 
3112.860 
3113. 384 
3116. 100 
3117. 263 

TABLE 3. Clas81:jied lines of W II- Continued 

Intensity 

Arc Spark 

25 250 
6 

26} 
1 

1 20 

3 
10 

6 15 
8 

4 30 

3 
6 60 
3 6 
.') 50 
6 60 

8 80 
1 15 
5 50 
4 30 

4 

8 
30 300 

? 15 
20 

2 

4 40 
1 3 
2 20 

10 50 
6 

2 2 
3 
4 

5 50 
2 

2 12 
- 12 
- 8 

5 
5 50 

4 
5 50 
2 12 

3 
8 

20 
3 

6 60 
4 40 
1 4 

1 4 
20 50 

12 
3 
1 

Wave number (e m- I) 

Observed O- C 
-

32763.49 
327H.34 
32740. 64 
32733. 03 
32686. 79 

32678. 06 
32659. 28 
32652. 35 
32633. 74 
32627. 89 

32620. 83 
32595. 93 
32591. 32 
32589. 61 
32586. 59 

32571. 38 
32550. 74 
32545. 48 
32534. 78 
32527. 77 

32500. 70 
32484. 26 
32470. 03 
32458. 19 
32449. 8 1 

32447. 13 
32445. 30 
32421. 05 
32380. 37 
32355. 77 

32345. 62 
32333. 49 
32304. 67 
32291. 73 
32269. 20 

32266. 40 
32263. 48 
32260. 47 
32247. 93 
32241. 05 

32235. 98 
32225. 79 
32212. 16 
32201. 61 
32184. 55 

32179.86 
32161. 71 
32157. 65 
32137.89 
32125. 52 

32119.58 
32115.48 
32110.08 
320Fi2. 09 
32070. 12 

242 

+ 0.03 
+ 0.02 
+ 0.08 
+ 0.03 
-0. 04 

+ 0. 06 
+ 0.04 
-0. 08 
-0.06 
-0.01 

+ 0.01 
+ 0.07 
- 0.05 
+ 0.02 
+ 0. 08 

0. 00 
- 0.08 
- 0.10 
- 0. 07 
+ 0.36 

+ 0,06 
+ 0, 03 
- 0, 05 
+ 0. 17 

+ 0,06 
- 0.21 

0. 00 
+ 0.05 

O. 00 

+ 0.07 
+ 0,01 
+ 0.18 
+ 0.10 
+ 0.09 

+ 0. 09 
+ 0.04 
+ 0. 03 
+ 0,03 
+ 0.02 

+ 0. 13 
+ 0.14 
+ 0.04 
+ 0.06 
+ 0, 01 

- 0,07 
+ 0, 20 
+ 0,15 
+ 0,10 
+ 0.04 

- 0.02 
- 0.02 
+ 0. 10 
- 0,04 
- 0.20 

Combination 

a 4F3)1-1,61753)1 
a 41'z)1-1,61753)1 

238033)1-56541,2)1 
261584)1-58891 5,,; 
2516( 1)1-57856"." 

283775)1-610554)1 
22503 1)1-551622)1 

a 4G3)1-49242"v, 
23450,y,-56084rv, 

a 'G,v,-1,9181 ' )1 

a'D2y,-47588ry, 
a 'G,y,-48830l v, 
a ' G3v,-J,9181 ')1 

20780,y,-53369 ,v, 
19276,y,-518633y, 

a 4G,y,-491 24:li-f 
26158,y,-58709:lv, 

a 'DI),,-47179 ry, 
a 'G3y,-491 243y, 

200393y,-5256T;y, 

239555y,-564,39 1l)1 
26!.l29,y,-593994)1 
23955,y,- 564134)1 
196372;r-520872)1 

189901;r-51438z)1 
a 'D,;r-47413 2)1 

23955,y,-56376s)1 
a 4Do;r-45553r)1 

28118,y,- 60474 z)1 

230463y,-55392')1 
30633,y,- 62966s)1 
221943y,-544983)1 
18000,;r-50292z)1 
2863 13y,-609002)1 

a 4D3;r-47 413 2)1 
18990 1;r-51254,y, 
24991, y,-57252z)1 
2!.l341,y,-61589s)1 

a 4G3;r-488303)1 

22139,;r-54375 2)of 
19637,y,-51863'l)of 

a 4D,;r-47179')1 
225031;r-54704z)of 
25672,;r-57856z)1 

34091,;r-66270,y, 
19404,;r-51438z)1 
23234,;r-55392,)of 
20455 1y,-52593o)1 
272733;r-59399,y, 

a 41',y,-45553')1 
230463)1-55162~)1 
26227')1-583372)of 
2516\Jly,-57252z)of 
248043;r-56874zy, 

Zeeman 
effect 

n's 

res 

res 

res 

7 

6 
7 

res 
res 
res 
res 

5 
res 
4 

res 

6 
res 

res 

res 

res 

6 
res 
res 

res 
6 



T AB LE 3 . Classified lines of W II- Continued 

Intensity \Nave number (e m- I) 
'vVa ve!engLil Combination Zeeman 

(A) effeet 
Arc Spark Observed O- C 

Air 

3U 8.475 5 32057. 66 - 0.10 256722)->-57729 j)-> 
3U8. 98:;. 1 32052.46 O. 00 19442&)->-z &F 5}<i 
3119. 2:37 5 12 32049. 83 + 0.19 a 'G2}<i-J,828J, z}<i 
3121. 032 10 32031. 40 + 0.16 28187 u,,-602 I 8s}<i 
3125. 700 1 2 31983. 59 - 0.08 28491 1}<i-6047 J,·Z}<i 

3125. 790 1 8 31982. 64 + 0. 10 225031)4-54J,85o}<i 
3126. 420 4 40 31976. 20 + 0. 14 230463,,-550223)-> 6 res 
3127. 750 1 50 31962. 60 + 0.20 26929,)->-58891 5)-> 6 res 
3128. 982 2 40 31950. 01 + 0. 21 225350)->-544850)-> res 
3129. 682 1 25 31942. 87 

3129. 907 3 2 31940. 57 - 0.14 249911)4-56932 1}<i 
3133. 780 3 3190 1. 10 + 0.19 28377,w-60278')-> 

3133. 965 20 31899. 22 { - 0. 0:3 29341.w-61 240s)-> 
+ 0.04 20455 1}<i-52855o}<i 

3135. 156 4 31887. 10 + 0. 03 250450)->-569321)-> 
3135. 238 4 31886. 27 O. 00 221392}<i-5J,.026 ,)-> 

31:35. 8:38 1 12 31880. 17 - 0. 01 25209'}<i-57089 '}<i 6 
3137. 224 4 8 31866. 08 + 0. 04 :3 l LOO,y,-62966s}<i 
31:37. 57 2 31862. 56 + 0.10 221943}<i-54056'}<i 
3138. 770 6 31850. 39 + 0. 07 194040}<i-512541}<i res 
3139. 517 1 12 31842. 81 O. 00 286313w-60474zy, 

3140. 577 2 2 31832. 06 - 0. ]0 221943w-5J, 026,» 
3140. 96 2 31828. 18 O. 00 26158.y,-57986,» 
3142. 928 3 31808. 25 + 0. 18 248043w-5661 23» 
3143. 348 4 20 31804. 00 - 0.02 30633'}<i-62437,» 6 
3143. 670 4 31800. 74 + 0.09 196372}<i-5l 438z» res 

3144. 493 25 31792.42 { + 0. 05 190701w-50863,)-> 
+ 0.14 286313y,-60424j» 

3145. 768 20 200 :r 31779. 53 - 0. 06 a 'G'}<i-483325» 5 
:H46.292 - ? 20 1- 31774.24 O. 00 3391O,}<i-65684s}<i 7 
3146. 8:36 2 4 • 31768. 75 + 0.02 192762}<i-51045j» 
3147. 474 - :3 31762. 31 - 0.09 251691},-569321» 

3147.825 15 31758.77 + 0. 23 269295}<i-586874y, 
3148. 678 1 10 317.50.17 - 0.07 281182}<i-59869 j» res 
3149. 856 30 300 31738. 29 + 0. 04 a'Do}<i-J,4911 1» res 
3151. 304 5 125 3172:). 71 O. 00 23234.y,-549585y, 5 
3151. 568 5 20 31721. 05 + 0. 01 a ' D 1)4-46355,» 

3152. 238 4 31714. 31 + 0.07 29341,y,-6 1055",» 
3152. 484 25 100 31711. 84 + 0. 04 234502}<i-55 162z» 6 
3152. 749 5 6 31709.17 + 0. 19 a OS2}<i-Z uF l}<i 
3153. 134 2 31705. 30 + 0. 18 25169 1y,-56874zy, 
3153. 934 2 31697. 28 -0.12 281182}<i-598161)-> 

3154. 172 5 10 31694. 87 + 0. 06 a ' G3}<i-48284zy, 
3158. 925 1 2 31647. 18 + 0.33 2863 1 3y,-60278')-> 
3160. 026 20 200 31636. 15 -0.06 a ' F'}<i-z °F '}<i 6 
3160.673 1 4 31629. 6il -0.02 262272y,-57856zy, 6 
3161. 942 10 31616. 98 - 0.04 196372y,-512541» res 

3162. 225 15 31614.15 + 0.05 3J 1005w-627146}<i 
3164. 262 10 31.593. 80 + 0.02 :34091 '}<i-65684s» 
3164. 794 1 30 31588. 49 - O.O-l 238033}<i-55392,» 
3165.657 4 31579. 88 + 0.0-1 256722}<i-57252z)-> 
3166 . . 534 12 31.571. 13 - 0.05 26158'}<i-57729jy, 

3167. 736 1 6 31S.59. 16 - 0.17 25209'}<i-56768jy, 
3168. 372 2 315.52. 82 - 0. 02 249911y,-565442y, 
3171. 355 1 6 31523. ] 4 -0.04 22503 1y,-54026 zy, 
3173. 564 8 3150l. 20 0.00 28491 1}<i-59992zy, 7 
3174. 22l 1 31494. 68 - 0.22 20780., - 522753 
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TABLE 3. Classified lines of W II- Continued 

Intensity ' ''Tav e number (em- I) 
' Va ve!ength Combi nation Zeeman 

(A) effect 
Arc Spark Observed O- C 

Air 

3175. 958 20 200 31477. 46 - 0.07 a 4P2~-44911 r~ r es 
3177. 200 30 120 31465. 15 -0. 07 a 'F3~-Z 6F ly, 6 
3178. 036 6 60 31456. 88 -0. 05 a 4P U-2- Z 6F2hi res 
3178.672 8 31450. 58 
3179. 436 15 120 31443. 02 -0.06 a 'P2~-Z 6F3~ res 

3180. 060 2 60 31436. 85 -0.12 239555;;-55392,~ res 
3182. 194 30 31415. 77 -0.07 3391 05;;-653265~ 
3183. 000 2 31407. 82 -0.05 196372;;-51 0453~ 
3183. 441 12 31403. 47 + 0.01 252094;;-5661 23~ 
3183. 965 3 10 31398. 30 + 0.01 200393~-51 4382Y, 

3185. 057 2 20 31387. 54 -0.04 a 'D2Y,-463552~ 6 
3186. 396 2 15 31374. 35 - 0.18 251691Y,-565H2~ 7 
3187. 116 1 80 31367.26 
3188. 01 6 6 31358. 40 -0.06 238033~-551622~ 
3188. 495 1 10 31353. 69 -0.11 a 'G2y,-47588r~ 

3189. 238 50A 100 3134.6. 39 { - 0.02 a 'D3~-Z 6F4~ 
+ 0. 25 a 'F3~-447584~ 

3191. 016 2 20 31328. 92 -0.10 23 0463;;-5437 5 2~ r es 
3192. 117 8 31318. 12 -0. 08 a 'F4;;-461753~ 
3193.825 25 31301. 37 O. 00 1 89901~-502922~ 
3195. 708 2 5 31282. 93 -0. 08 221392y,-534221~ 

3200. 380 6 31237. 26 - 0.02 286313;;-598693~ 
3200. 565 6 31235. 46 + 0.08 34091 4y,- 653265)1 
3201. 583 20 60 31225. 53 -0. 02 a 'F 1~-399362~ res 
3202. 254 10 31218. 98 -0.04 238033~-550223)1 6 
3203. 343 12 60 31208. 37 -0. 01 a 'D3~-463552~ r es 

3203. 433 6 30 31207. 49 -0.11 a 'D2~-4B1753~ 
3203. 752 10 31204. 39 + 0.03 252094y,-5641 3,~ 

3203. 909 2 31202. 86 + 0.03 256722;;-5687 42~ 
3204. 400 2 30 31198. 07 -0.03 221392)1-533383)1 

3205. 262 5 31189. 69 - 0.05 221392)1- 533291)1 res 
3206. 420 6 60 31178. 42 - 0.07 a 'G2)1- 47 41 32~ r es 
3206. 680 - ? 12 31175. 89 O. 00 22 1 943;;-53369,~ 

3207. 580 8 31167. 15 - 0.02 252094)1- 563765)1 
3207. 671 6 31166.26 + 0.06 249181~-56084r~ 

3209. 968 4 80 31143. 96 -0. 03 22 1943;;-533383~ r es 

3215. 275 2 40 31092. 56 { - 0. 08 339105;;-65003')1 
- 0.18 249911)1-560841)1 

3215. 648 ? 30 31088. 95 -0.24 a 4F2)1-423903~ 

3216. 308 2 30 31082. 57 { - 0. 08 20780.;;-518633)1 
- 0.01 29341 4;;-604243~ 

3218. 806 6 31058. 45 -0.09 33!llO;~-649695)1 

3219.890 5 31048. 00 - 0.07 234502)1-54·4983~ 
3221. 914 60A 20 31028. 49 + 0. 09 a 'D3)1-461 753~ 
3222. 274 3 31025. 03 + 0. 03 26227 2)1-572522~ 
3222. 646 20 31021. 45 -0. 09 28377;;;-59399,)1 
3223. 22 2 31015. 90 + 0. 09 1 92762;;-502922~ 

3223. 900 8 31009. 38 -0.36 230463;;-54056')1 
3224. 320 3 4 31005. 34 -0.17 20039 3;;-510453)1 
3224. 550 6 15 31003. 13 - 0.05 23955;;;-549585)1 6 
3225. 170 1 2 30997. 17 + 0.05 a 411' 2;;-42298r~ 
3225. 480 2 20 30994. 19 0. 00 232344;;-542295~ res 

3226. 750 5 30981. 99 - 0.11 20455 1;;-514382y, 
3227. 020 1 6 30979. 40 - 0. 04 230463;;-54026,y, 
3228. 990 3 15 30960. 50 - 0. 15 205345;;-z 6F5~ res 
3229. 422 8 30956.36 -0. 08 30633 4;;-615895y, 
3230. 604 4 20 30945. 03 - 0. 07 a 4G, 471791~ 
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TABLJ, :3. Clctssijied l-ines of VI' II- Continued 

Intens iLy 'Wave number (em- I) 
Wave~ength Combination Zeeman 

(A) ('(feet 
Arc Spark ObsC' rved O- C 

Air 

3230.846 8 12 30942. 71 -0.15 a 'F3)-,- 443542U res 
3231. 053 4 30940 73 + 0 15 25672 2)-2- 5661 23u 
3231. 442 1 30937.01 - 0.10 225031u- 534401lu 
3232. 132 15A 6 30930.40 - 0.32 26158.»- 570894u 
3233. 140 3 8 30920. 76 + 0.0·[ a 'P2)-,- 44354", 

3233. 286 20 30919.36 { - 0. 08 22 19-13)--;-5311 32U 
+ 0.02 a ' 1)1",-455531u 

3233. 46 1 30917. 70 + 0 12 30633"",- 615503u 
3233.820 2 30914. 25 -0. 18 2.')J 69 , ",- 560841u 
3234.50 4 30904. 40 + 0. O:~ 225350)-;-5344 00", 7 
3235. 774 1- 8 30895. 59 - 0.12 a ' G5u- 483325)-; 6 

3236. 644 3 25 30887. 29 + 0.11 225 :~50w-534221u 
3236.744 6 30886. 3:3 
3237. 684 1 30 :30877. 37 + 0.09 29:34 1·,u-602185u 
3238.220 2 30872. 25 + 0.0 1 256722U- 565442U 
3243. 008 5 40 30826. 67 + 0.02 22503Iu- 533291» r es 

3243. 334 15 100 30823. 58 - 0.08 a 'G 3u- 47 41 32u 5 
3245. 273 6 30805. 16 - 0. 04 3409 1.w-64896 3U 
3245. 937 2 :30798. 86 + 0.39 204551w-512541u 
3246. 413 1 :30794. :35 + 0.44 225:350)-;- 533291)-; 
3246. 498 1 12 30793. 54 - 0. 03 196:37 2)-;- 504301)-; r es 

3249. 848 10 30 30761. 80 + 0.03 22J:392)-;- 52901 3)-; r es 
3251. 262 40A 40 30748. 42 + 0. 05 a 4 F2~-Z 6F2~ res 
3254. 848 1 4 30714.54 - 0.08 20780.)-;- z 61" 5)-; 
3255. 012 30 30713. 00 - 0.05 272733)-;- 579864)-; 5 
3255. 582 20 30707. 62 - 0.04 221943)-;- 52901 3» 

3255. 824 1 30705. 33 + 0.06 262272)-;- 569321)-; 
3255. 957 60A 20 30704 08 - 0.06 281876)-;- 5889 15» 
3257. 815 12 30686. 57 - 0.1:3 2:34502)-;- 541371» 
3260. 32 3 30663. 00 - 0.03 22 1392»- 528031» 
3261. 937 8 30647. 79 - 0. 20 262272u- 56874,» 

3262. 244 3 60 30644. 91 - 0.04 28631,w-592763» 6 
3265. 988 2 12 30609. 78 - 0. 09 26 158.u-567683» 
3267. 430 40 30596. 27 
3268. 353 - ? 30 30587. 63 - 0.07 248043U- 553924u res 
3268. 882 4 30582. 68 - 0.16 272733W-57856,u 

3269. 622 50A 10 30575. 76 + 0.02 234502»- 540 26 ,u 
3270. 049 3 30571. 77 - 0. 21 238033U-54375,u 
3273. 300 1 8 30541. 41 - 0.20 262272W-567683U 
3274. 788 1 12 30527. 53 - 0.05 29341.w-598693u 
3277. 608 3 3 30501. 27 - 0.45 311005u-61602!u 

3278. 148 15 30496. 24 - 0.21 24991 1u-554881u 7 
3278. 924 12A 20 30489. 02 + 0.02 311005u- 615895u 
3282. 478 4 30456. 01 - 0.05 272733u-577293U 
3282. 693 - ? 5 30454. 02 + 0. 02 26158.u-5661 2lu 
3283. 765 20 30444. 08 

3285. 820 1 15 30425. 04 - 0.31 34091.u-64516,u 
3286. 566 25 75 30418. 13 - 0.02 a 'F lu-z "F lU res 
3290. 10 1 30385. 46 - 0. 28 262272u-5661 2l!-1i 
3291. 45 3 30373.00 - 0.07 221943W-525674!-1i 
3293. 138 2 25 30357. 43 - 0.20 248043w-55162'!-1i 

3297.418 4 30318. 03 - 0.11 251691w-554881!-1i 
3297. 497 4 30317. 30 - 0.10 26227 zw-56544')i 
3298. 284 40 30310. 07 - 0.01 283775W-58687')i 
3299. 39 4 30299. 91 - 0.03 225031w-528031)i 
3299. 741 6 25 30296. 69 - 0.06 a 4POW-Z 6Fl!-1i 
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TABLE 3. Classified lincs of W II- Continued 

Intensity Wave number (em- ') 
Wavelength Combination Zeeman 

(A) I effect 
Arc Spark Observed O-C 

-

Ail' 

3300. 344 5 12 30291. 15 - 0.12 230463,,-5333837f 6 
3301. 870 8 30277. 15 - 0. 12 a 4D,~4491 1i)4 
3303. 216 6 30264. 81 - 0.06 207804~51045.1)4 
3303.736 2 30260. 05 - 0.03 31100;,,-61 360ly, 
3304. 324 411 3 30254. 66 - 0.24 261584~56413')4 

3304. 548 80 30252. 62 { - 0.08 238033~5405 6,,, 7 
+ 0.03 200393~502922)4 

3305.46 1 1 30244. 27 + 0.07 24918,,,-55162 2)4 
3308. 358 3 60 30217.77 + 0.06 26158,~563765" 5 
3310. 190 20 30201. 05 
3312. 1G3 1 - 4 30183. 06 - 0.03 25209,~55392,,, 

3313 532 4 30170.59 - 0. 15 24991,,,-55162 2,, 
3314. 323 8 30163. 39 - 0.15 189901~49154o" 
3316. 820 3 30140. 68 + 0.33 311005~612405" 

3317.412 2 15 30135. 31 { O. 00 221392~522753)4 
+ 0.21 23234,~53369,,, 

3319. 488 1 10 30116.47 - 0. 01 34091,~64207,,, 6 

3320. 944 10 30103. 26 + 0.06 23234,~533383" 
3322. 345 6 30090. 57 - 0. 09 225031~525930" 
3323.414 15 10 30080. 89 - 0.31 221943~52275.1" 6 
3325. 980 2 8 30057. 68 - 0.10 293414~59399,)4 
3333. 280 1 8 29991. 85 - 0.05 189901~489821" 

3334. 806 5 29978. 13 - 0.01 272733"-572522,, 7 
3335. 404 3 29972. 75 + 0. 27 234502~534221" 
3336. 170 2 29965. 87 + 0.29 192762~492422" 
3337. 352 3 29955. 26 - 0.08 311005~61055')4 
3338.276 1 12 29946. 97 - 0.08 221392y,-52087z" 

3338. 632 5 25 299-t3.78 - 0.03 a 4D2~44·9111" res 
3339. 036 5 30 299 40. 15 - 0. 14 a 'G,y,-z 6F 'M< res 
3339. 590 8 29935. 19 - 0.06 29341,y,-59276.1" 
3342. 468 25 120 29909.41 + 0. 05 a 'D ,y,-z 6F .1)-1 res 
3343. 095 12 60 29903. 80 + 0.04 a 'G3y,-z 6F,,, res 

3343. 410 15 80 29900. 99 + 0.11 a 'F,~44758'M< 6 
3344. 898 3 25 298S7. 69 + 0.12 234502)4-533383)4 

3345. 858 100A 80 29879. 11 - 0.10 234502y,-533291y, 7 
3347. 458 1 2 29864. 83 - 0.23 a 'F, y,-z 2S0y, 
3348. 296 4 80 29857. 36 + 0.06 262272y,-560841y, 7 

3348. 876 4 40 29852. 18 + 0.13 22503,y,-523551l" 6 res 
3349.323 3 8 29848. 20 + 0.20 19276,y,-49124.1y, 
3350. 634 12 30 29836. 52 + 0.12 20455' )4-502922y, res 
3352. 388 3 10 29820. 91 + 0.09 a'D ly,-444551ly, 
3352. 954 20A 15 29815. 88 + 0. 03 25672')4-554881y, d 

3356. 241 4A 2 29786. 68 + 0.17 24918 1y,-54704zy, 
3358. 292 5 29768. 49 -0.01 24991 1y,-54760oy, 
3358. 608 50 200 29765. 69 - 0. 04 a 'G3y,-46355zy, 4 
3359. 274 10 29759. 79 -0.23 19070')4-48830 .1y, 
3360 326 3 30 29750. 47 + 0.05 19404oy,-491541ly, res 

3361. 104 40A 100 29743. 58 -0.08 a ' Poy,-z 2S0" res 
3361. 748 6 29737. 89 + 0.09 281182y,-57856zy, 
3362. 595 3 29730.39 + 0.23 a 4D3y,-z 6F .1y, 
3363. 721 10 30 29720.44 -0.02 a 4D 1y,-44354zy, r es 
3364. 351 4 29714. 88 + 0. 02 25045oy,-54760o)4 

3364. 588 1 3 29712. 79 - 0.26 249911~54704zy, 
3366. 71 8 2 30 29693. 99 + 0.09 248043y,-544983)4 r es 
3369. 561 3 29668. 93 -0.02 221943~518633y, 
3369. 795 1 4 29666. 87 O. 00 23234,,,-52901 3y, 
3370 240 I 3 29662. 96 -0.06 234502y,-53113 2y, 
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TABLJ;; :3. Classified li nes of W II- ConLinued 

I n lens ity 
I 

' Nave number (em- ') 
Wa "e!englh - ComiJinatio n I Zeeman 

(A) 
Are I i-lpark 

I 
Observed I 0 - (' 

I effect 

Air 

3372. 202 2 15 296'15. 70 + 0.01. 30633, )1-602781;, 6 
3374. 866 3 ::30 29622. 30 + 0. 02 a 'G')1-461753)1 res 
3376. 146 30 300 2961 1. 07 - 0. 0 1 a '1)3)1-44758')1 rps 
3379. 028 + LJ 0 29585. 81 + 0.06 a 'G3)1-46175l% res 
3379. 825 2 29578. 84 + 0.06 J 94040;;-48982 ' )1 

3380 681 J 8 29571. 35 + 0.20 248 043)1- 543752)1 
3382. 598 .'iOA 40 29554. 59 + 0.41 1 9276,%-488303 !.~ 
3383. 091 2 .50 295.50. 28 + 0. 10 293 '114)1- 588915)-, 
3384. 888 25 20 29534. 60 - 0.14 25169' )1-54704,., 
3386 502 4 20 2952 0.52 + 0. J7 23 04(3)1-5256740, 

3386. 933 3 29516. 76 + 0.16 28491,%-58007' )1 
3387. 63+ 1 1.5 295 10. 66 + 0.40 2(9295)1-564396)1 
3389. 544 2 2949'1. 03 - 0.01 249911)1-544850'1 
3389. 985 1. 29490 19 + 0. OS 25672')1-551622)1 
3390. 324 1 20 29487. 24 + 0. JO 1. 9637 ')1-491243)1 1"('S 

3394. 450 2 15 2945 1.40 + 0. 16 23'1502)1-52901J)1 
3394. 907 1 3 29447. 44 + 0.33 2(9295)1-56376;'1 
339.1. 7 J 2 2 29HO.45 + 0.0.5 250450)1-544850)1 
3398. 690 1 29414. 66 + O.OD 23D555)1-53369')1 
3398. 922 1.5 120 2D412. 65 + 0.02 180003)1-474132)1 7 

3401. 884 :30 300 2D387. 04 + 0. 0-1 a'D')1-443542)1 res 
3402. 194 40? 29384. 37 + 0. 11 24991 1)1-543752)1 
3404. 082 1 29368. 07 + 0.07 29341' )1-587093)1 
3406. 086 2 J2 29350. 79 + 0 O() 25672')1-550223)1 
3406. 588 1 20 29346. 47 + 0. J 5 29341,»-58687;" 

3406. 824 30A 40 29344. 43 + 0.1 '1 a 4P l}~-399362)1 
3407.4.50 2 10 29339. 04 + 0. J6 272733)1-566123)1 
3408. 2 14 2 5 29332.47 + 0.19 232:34')1-525674)., 
34 10. 170 1 25 29315. 64 - 0.09 25 J 6D')1-5448511~, 
34 1. 2. 736 3 30 29293. 60 + 0.08 189901%-48284 ", res 

3415. 406 4 6 29270. 70 + 0.16 272733)1-56544 2" 
3416. :370 2 29262. 44 + 0.39 190704)1-483325" 
:)416. 623 20 100 29260. 27 
3-117. 620 3 29251. 74 - 0.13 248043~54056"~ 
3419. 720 5 29233. 77 + 0.14 26158,»-55392.., 

3421. 1:34 4 ~O 

I 
29221. 69 + 0.1 2 24 RO-l 3)1-540262)1 4 

342 1. 430 .5 29219. 17 + 0.07 

I 

2-1 D 18",- 541371)1 
3422. 742 1 6 29207. 97 + 0.17 a 41)3)1-44354 2)1 
3424. 436 5 .'i0 29193.52 + 0.20 19637 ')1- 488303)1 res 
3426. 20 4 29178. 5 + 0.3 3J 1005)1- 60278')1 

3430. 558 1 2D141.42 + 0. 12 200393»-49181')1 
3430 739 1 - 8 29 1311 89 + 0.11 272733~564 1 34)1 
3-135. 636 4 29098. 35 + 0.29 28(31 3)1-577293)1 
3435. 710 30A 6 29097.73 - 0.1 7 238033)1-529013» d 
3437. 233 3 20? 29084. 83 + 0.05 200393)1-491243'1 r es 

3440. 5R3 4 20 29056. 51 + 0. 10 a 'G 5)1-Z 6F,» 
3440. 644 200 29 0.56.00 + 0.06 339105'1-629665» 
3442. 493 2 20 29040.40 + 0. ] 8 230+(3)1-52087,» rcs 
3443. 167 2 29034.71 + 0.03 24991' )1-540262)1 
34H. 934 2 29019. 82 + 0.04 25209" ,-542295)1 

3449. 862 10 100 28978. 36 + 0.05 a 'F3%-423903» 6 
345 1. 166 10 28967. 41 + 0.08 25169,~54 137h. 7 
3452. 494 8 30 28956. 27 + 0.10 a 'P')1-423903% res 
34.54.962 } 1d 30d { 2893.5. 54 + 0.24 26227,%-551622)1 
3455. 01 5 28935.14 + 0.17 225031~51 4382)1 5 
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TABLE 3. Classified lines of W II- Continued 

Intensity 
I 

vVave number (em - I) 
Wavelength Combination Zeeman 

(A) 

I I I 
effect 

Arc Spark Observed O- C 
-----

Air 

3460. 377 1 10 28890. 31 + 0.12 194426y,-48332;y, 
3463.510 20 150 28864. 18 + 0.08 a 'P,y,- 42298171 7 
3464. 446 1 20 28856. 38 + 0 Ol 25169, y,- 5402n ,y, res 
3465. 062 1 10 28851. 25 + 0.08 221943y,- 51045 371 6 
3468. 225 4 6 28824. 94 + 0.10 23450,y,- 522753·" 
3469. 266 2 25 28810. 29 + 0.60 230463y,- 518633" 6 

3470. 746 1 28804. 00 O. 00 339105)1,- 62714 6)1, 
3471. 230 1 6 28799. 99 + 0.15 26158,)1,- 54958;)1, 
3471. 698 3 28796. 10 + 0.24 26227,y,- 5502BJ'" 
3472. 310 1 10 28791. 03 + 0.07 200393y,- 48850 3y, 
3472. 896 ,1 28786. 17 O. 00 20-155,y,-49242 ,y, 

3475. 288 2 80 28766. 36 + 004 30633.y,- 59399'y, res 
3475. 936 1 10 28761. 00 O. 00 28491 1y,- 57252 ,y, 
3476. 496 30A 8 28756. 36 + 0. 27 2811 8,y,- 56874 2)1, 7 
3477. 092 1 4 28751. 43 + 0.09 225031y,- 51254171 6 
3481. 910 - 7 10 28711.65 - 0.01 283775y,-57089. v, 

3483 490 3 28698. 63 + 0.06 204551y,- 49154071 
34S0 122 10 50 28676. 96 + 0.17 a 'G,y,-4·49111y, res 
3-187. 080 3 28669. 08 + 0.11 221943y,- 5 086 3471 
3·l89.42 3 28649. 86 + 0.15 28118,y,- 56768:lv, 
'H89.785 1 3 28646. 86 + 0.17 205345y,-49181 4y, 

3490. 313 8 40 28642.53 + 0.19 a 4 G;!~Z GF 3}2 res 
3490. 912 12 50 28637. 61 + 0.12 a 4F3Y2- z GF271 -1 
3-191. 127 8 25 28635. 85 + 0.12 a 'F,y,-S9936 2y, 6 res 
3492. 056 3 -10 28628. 23 + 0.07 23234.y,- 5186 S :lv, 
3492. 46 1 3 28624. 92 - 0. 04 3~091471-627154y, 

3493. 62 1 - 28615. 42 + 0.07 a 4P2,Y:i- Z 6Fz}f 

3-198. 134 1 5 28578. 49 
3503. 22 3 28537. 00 + 0.11 a 'P1y,-z 6F ly, 
3503. 656 30 28533. 45 + 0.05 2+8043Y,- 533383.'4 
3505. 05 2 28522. 1 O. 0 249 ] 8171- 53440il» 
3507. 17 2 28504. 87 - 0.01 249 181y,-534221» 

3508. 54 1 3 28493.73 - 0.11 28118,y,-56612J)1, 
3508. 664 50 28492.73 O. 00 180003y,-z 61"4y, 
3511. 269 2 15 28471. 59 + 0. 15 238033y,-52275 3y, 
3512. 077 1 20 28465. 04 O. 00 25672,y,-541 37],~ res 
3512. 98 3 28457.72 + 0.12 28631 3y,-57089, v, 

3514. 106 20 28448. 60 - 0. 01 24991,y,- 53440ily, 
3514.990 1 4 28441. 45 + 0.18 28491 171- 569321)1, 
3516. 234 15 28431. 39 - 0.03 2-1991,;,-534221y, 
3517. 39 3 28422. 04 - 0.33 18990'71- 4741 32y, 
3518. 56 1 2 28412.60 + 0.07 23450'71- 518633y, 

3521. 57 2 28388. 31 - 0. 05 29341'71-577292y, 
3522. 102 1 10 28384. 02 + 0.03 28491'71- 568742y, 
3523. 133 8 28375. 71 
3525. 733 3 30 28354. 79 + 0.09 18000371-463552y, res 
3526. 817 - 50 28346. 08 + 0.06 34091,y,- 624374y, 6 

3527. 040 - 7 30 28344. 28 + 0.14 20780'71-491 243Y, 
3529.546 10 100 28324. 16 + 0. 12 a 'G.y,-z 6F3y, res 
3531. 440 2 5 28308. 97 + 0. 12 248043)1,- 531 132y, 
3532. 680 3 28299. 03 + 0.15 31100571- 59399'71 
3534. 12 5 28287. 50 - 0.01 a 4G371- Z 61"371 

3534. 498 3 25 28284.48 - 0.03 25045071-533291y, 07 
3536. 12 5 28271. 50 - 0.07 26227271- 544983v, 
3536. 268 4 80 28270. 32 +0.02 251691y,-53440ilv, 67 
3538. 40 2 28253. 29 + 0.18 25169171- 53422yv, 
3538 .. 55 (- '1) 3 28252. 09 + 0.09 281876y,-56439&71 I 
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T ABLE 3. Classified lin es of VV IT- CO ll linu('r] 

In tens ity I"'ave num ber (em- ' ) 
vVaveleno"th Combi nation Zeeman 

o 0 
effeet (A) 

Arc Spark Obse rved O- C 

Air 

3539. 455 3A 4 28244. 87 + 0.13 2003(h)1- 48281, ' )1 res 
3544. 460 5 25 28204. 98 + 0.02 a 4G4)1_1,1, '7584,> res 
3546. 474 3A 3 28188. 97 - 0.01 18990')1-47179')1 
3547. 00 1 28184. 79 + 0.23 104040)1-47588')1 
3548. 258 15A 12 28 174. 79 + 0.07 180003)1- 461 753)1 d 

3549. 052 25 150 28168. 49 + 0.06 a 4G3~1,47584)1 res 
3550. 14 3 28159. 86 + 0.02 25 160')1- 533291)1 
3551. 528 10 28148. 85 + 0.03 2(2272)1- 54375")1 
3553. 020 5 28 137. 03 + 0. 22 ] 027(2)1-1, 71, 132)1 
3554. 068 1 3 28128. 74 - 0. 05 252004)1-533383)1 

3554. 93 2 28121. 92 - 0.04 2400 1')1-53 113 ')1 
3555. 166 12 120 28 120. 05 + 0.07 a 4G 2;,-44351, ")1 res 
3557. 914 5 30 28098. 33 + 0.08 22 1943)1- 50292'h 
3560. 67 2 28076. 58 + 0.04 :~ 06 :~34 )1-587093)1 
3561. 456 5 28070. 39 + 0.07 261584~542295)1 

3562. 508 1 5 28062. 10 + 0.30 283775)1-56439u,> 4 
3563 59 3 28053. 6 + 0. 2 2840 1')1-5651,4 ')1 
35G3. 098 1 2 28050. 37 + 0.05 20780')1-488303'1 
3565. 834 1 3 280:35.0:2 + 0.08 28:37 75)1-564 134)1 
35G6.73 3 28028. 9 - 0.3 2(9295)1-549585)1 

3571. 072 3 8 27087. 75 + 0.22 234502)1-514382)1 
3572. 474 60 200 27083. 82 + 0. 02 a 4P]14-Z 2 H o~ res 
3572. 830 1 5 27981. 03 + 0.15 28G:313)1-.566123)1 6 
3574. 82 2 27965. 4 O. 0 28 1182;,- 56084')1 
3:')77. 59 2 27043. 8 + 0.2 25 160 ')1-531132", 

3570. 64 3 27927. 8 - 0. 1 2250:3' )1-50430' )1 
3581 876 2 6 279]0.36 + 0.16 26227 2 .~-51, 1 37\0~ res 
3582. 75 1 2 27003. 56 + 0.14 192762)1-4717.9 ' )1 
3583. 458 1 8 27898. 04 + 0.24 26 1584)1-54 0.56' )1 G 
3584. 68 3 27888. 53 + 0. 09 272733)1-551622)1 

3592. 418 50 150 27828. 46 { - 0.09 20455,~J,8284 2)1 5 res 
+ 0.13 a 4]i'2)1-Z 01<" )1 4 

3596.171 2 30 27799. 42 + 0.18 262272)1-54 026 ')1 
3597. 48 - ? 2 2778D. 31 + 0.04 22503' )1-502922)1 
3598. 45 2 20 27781. 8 O. 0 2863 13)1-564134)1 7 
3600. 594 1 27765.27 + 0.12 a 4G 3H- 44354 2)1 

3600. 933 1 G 27762.66 + 0. 18 248(43)1-525671)1 
3601. 55 1 27757.90 + 0. 10 25(450)1-52803')1 
3602. 455 3 8 27750. 93 + 0. 11 256722)1- 53422')1 
3602. 700 - ? 1 27749. 04 + 0.04 27273 3~550223)1 
3608. 280 10 27706. 13 

3610. 044 1 20 27692. 50 + 0. 13 252094)1-52901 3)1 res 
3611. 826 1 20 27678. 92 + 0. 02 330105)1-615895)1 6 
3613. 530 4 27665. 88 - 0.03 256722)1-533383)1 
3613. 785 30 150 27663. 93 + 0.09 a 4D')1-42298')1 res 
3614. 606 1 8 27657. 64 + 0.09 256722)1-53329, ... 

3617. 652 4 27634. 36 { + 0.05 18090".;-46625u)1 
+ 0.17 238033)1-514382", 

3618.434 1 25 27628. 3D + 0.21 2:3234'}i-508634)1 
:3628. 413 3 30 :27 552. 40 + 0.05 207804~483325}i res 
3628. 924 2 25 27548. 52 O. 00 250450)1-525930}i res 
3630. 080 2 3 27539. 75 0. 15 230555~Z oF s}i 

3630. 950 8 27533. 15 + 0.10 a 4li" }i- 423903)1 
3639. 213 1 27470. 64 + 0.03 248043}i- 522753}i 
3641. 403 60 120 27454. 12 + 0.03 a 'F'}i- z oFo)1 7 
3645. 594 10 100 27422.56 + 0.11 a ' D 2~423903}i res 
3646. 577 10 50 27415. 16 + 0.07 a 'D' }i- z oF2}i 
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T A BLE 3. Classified lines of W II- Continued 

In ten sity Wave number (em- I) 
Wavelength Co mbination Zeeman 

(A) 

I I 

effect 
Arc Spark Observed O- C 

Air 

3652. 114 10 20 27373. 60 + 0.01 200393~-4741 3,~ 
3653. 324 2 10 27364.54 + 0.10 189001~-46355,» 
3654.74 10 27353. \)4 + 0.04 30633,»-57986 ')1 
3657. 583 40 120 27332. 67 - 0.02 a 4PO~_Z 6Fo~ 
3657.871 10 40 27330. 52 + 0.14 a 4D2y,-422981~ r es 

3660. 604 30A 8 27310. 12 + 0. 21 250450~-523550~ 
3670.65 I? 27235. 37 + 0.10 3409 1,~-61326a)1 
3672. 547 5 25 27221. 31 + 0.12 19404o).,-4 66250~ 6 
3677. 405 1 8 27185. 35 + 0.11 25 169 1»-523550~ 
3678. 210 1 10 27179. 40 + 0.07 26158,~-533383~ res 

3687. 510 2 27110.85 - 0.22 26227 2y,-533381~ 
3689. 596 10 27005. 52 + 0.06 24(911)1-52087,» 
36Ql. 463 1 2 27081. 82 + 0.19 a 4D2~-Z 61.i' ,» 
3691. 846 4 40 27079. 01 + 0.1 3 192762~-46355')1 r E'S 
3692. 864 2 27071. 55 - 0.53 293414y,-564134~ 

3694 . . 525 40A 40 27059. 38 + 0.17 238033~-508634~ 5 
3705. 310 1 4 26980. 62 + 0.17 234502~-504S01~ 
3707 . 478 3 2 26964. 84 + 0.06 340(1 4).>-61055 .).> 
3708. 4Q4 8 60 26957. 45 + 0.05 204551~-4741 3 ,)1 
3712.202 3 12 26930. 53 + 0.09 221943y,-49124 3)1 

3714.033 2 26917. 25 + 0.10 25169 1y,-52087,).> 
3715. 832 3 8 26904. 22 + 0. 26 281182).>-550223).> 
37 16. 062 10 50 26902. 55 + 0. 12 a 4D 3)1-z of ,).> H 'S 
3716. 550 2 2 26899. 02 + 0.12 1 Q276,).>-46175 av, 
3719. 66 3 26876. 53 + 0.05 18000 3y,- z oF l).> 

3721. 102 10 26866. 12 
3732. 684 2 2 26782. 76 + 0. 08 27273 3y,-54056 ')1 
3736. 213 12 60 26757. 46 + 0.06 180003y,-44758 ,).> res 
3736. 91 2 26752. 5 + 0.1 27273 3y,-54026 ,).> 
3741. 706 30A 12 26718. 18 + 0.16 196372y,-46355 ,).> 6 

3745. 530 4 40 266QO. 90 + 0.17 221392y,-488303).> 7 
3750.74'[ 1 8 26653 80 + 0.05 25209 4y,-51863a).> 
3753. 162 3 26636. 63 + 0. 01 221943y,-4.8830a).> 
3753. 620 10 26633. 38 + 0. 02 248043).>-51438 ,).> 
3760. 364 2 20 26585. 61 - 0.10 281182y,-54704"1 

3763. 616 2 2 26562. 64 - 0. 10 18990 1y,- 455531).> 
3768. 97 4 26524. 91 + 0.06 a 4F3).>-39936 ,v, 
3772. 05 8A 3 26503. 25 + 0.54 a 4P2Y,-89936 ,v, 
3774. 14 - 20 26488. 58 + 0.09 23803 3y,-50292,v, 
3777. 35 1 10 26466. 07 + 0.01 18Q90 1y,-45457ov, 

3778. 686 30 A 8 26456. 71 + 0. 27 30633')1-57089,).> 
37S5. 58 20 26408. 5 + 0.1 261584y,-52567,).> 
37S\). 726 20 26379. 64 - 0.03 28118 2y,-544981).> 
3804.48 1 1 2 26277. 3 + 0.1 192762;~455531).> 
3814. 418 5 6 26208. 88 - 0.32 2 5045cy,-5125 41).> 

3822. 198 2 4 26155. 53 + 0. 10 a 4G2y,-423901./z 
3823. 062 3 10 26149. 62 O. 00 1(4046).>-455531).> res 
3827. 8Q 4 26116.6 + 0.1 261 58,).>-522751).> 
3833. 61 2 26077. 7 O. 0 230463).>-491241).> 
3837. 238 4 10 26053. 02 + 0. 08 19404cy,-45457ov, 

3846.688 2 25989. 02 + 0.02 31100,y,-57089,v, 
3851. 131 - ? 2 25959. 03 - 0.05 20534,).>-z 6F ,y, 
3851. 570 12 60 25956. 07 + 0.04 a 'Do).>-z oF l).> res 
3856. 828 3 6 25920. 69 + 0. 02 18990 1y,-44911 1).> 6 
385Q. 986 2 6 25899. 48 + 0.01 204551y,-46355 ,v, 
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Ti\BLii; 3. Classified lines of W II- Contin ued 

IntC'ns ity vVave number (em- I) 
Wav elellgllt Combination Zeeman 

(A) effect 
Arc Spa rk Observed O- C 

Air 

3872. 656 4 ]0 25814. 75 + 0 ] 4 a 'G ,).>-z IIF ,).> 
3877. 29 2 15 25783. 9 O. 0 230'J ( 3).>-488303).> 0 
3877. 65 1 25781. 5 + 0. 1 225031).>-482842).> 
3883. 336 2 3 25743. 76 - 0. 20 28(313).>-54375 2)0 
3887. 951 1 3 25713. 20 + 0.15 20(80 1).,,-z IIF 4)O 

3890. 658 - '1 2 25695. 31 O. 00 a ' P')O-z !lFl).> 
3891. 83 1 1 25687. 57 + 0 Hi 190(04).>-44758.).> 
3896. 930 3 20 25653. 95 + 0. ]il 252094).>-50863'~ 0 
3899. 782 2 3 25635. 19 + 0. Oil 1927(2).,- 41,911 1).> 
3000. 879 2 8 25627. 08 + 0. ]0 272(33).>-52901 3" 

3905. 79 1 3 2559.5. 8 O. 0 23234').2- 488303,; 
3909. 276 2 2 25572. 94 + 0.11 Ct 4 P ll ~-Z ()F O,I:l 
39]5.456 2 5 25532. 57 + 0.21 23450",- 489821).> 
3935. 43 4 ]0 25403. 0 + 0.1 a 4 J )()I,~-z 2~ O.Y.; 
3036. 053 ] 5 25305. 10 + 0. 00 20780" ,-461753" 

3936. 782 1 25394. 27 - 0. ]] 286:3 13).>-54 026 1<; 
3938. 10 1 253il5. 8 O. 0 25045o,,-601,.W ;~ 
3939. 43 8 3 25377. 2 O. 0 23il033~-491814).> 
305J.067 

I 
:3 6 25302. 45 O. 00 CL 41)1 \1-399.:16 ,,-, 

3955. 000 J 1 25273. 42 + 0. 06 22 139",- 474 1.,2<, 

3960. 87 2 0 25239. 83 + 0.03 J0637",- z IIF 3'1 
369 1. 192 - 1 3 25237. 78 + 0 JO 230403,.,-48284,,-, 
3964. 096 - '! 6 252HJ. 29 + 0.04 22 J ~).J 3V,-1, 71, 1" 2" 
3983 202 50 !1 5 25097. 70 - 0.01 204.'j.51J.;-1,5553 b 6, rl 
3986. 3S 1 25078. 3 O. 0 19276" ,-41,351"" 

3090. 42 2 250.52.9 + 0. J 225:350.,- 47588;'1 
3904 .. 56 2 25027. 0 + 0. J 2:3il033, ,-1,88303", 
4000. ]0 1 1 2-1992. 3 + 0. 1 28:377 5' ,-68369." 
4001. 883 1 "- 24!)Rl. 17 - 0. 01 33D105',- 588915" 6 
4060. ] 66 1 2 2.162:2, 5R + 0.06 28491},,-53113 2)O 

4060. 61 1 2·1505.4 - 0. 3 260295,,-z 11 1" 5)0 
4081. 2D-! 4- 10 2-1495. 12 + 0.07 a ' l) l' ,-Z !lF ly, 6 
4114. 19 1 2 242!J9. 3 - 0.08 22] 943y,--Z 111""" 
41·14. ,11 1 2.1·122.1 - 0.1 22503 1).>-1,.66250).> 
4146. 62 - '1 1 2-1109. 2 - 0. 1 250'150y,--491540).> 

4157.030 2 .') 24048. S6 + 0.11 J 80003y,--z !IF ,).> 
4165. 60 I 2 23999. 4 + 0.2 20455u,-444550).> 
4175. 58 5 5 23942. 0 O. 0 a ' Du,,-z '~ OJ1/ 
4257. 82 1 23-!79. 6 - 0.2 2480-!3).>-48284'J1/ 
4262. 75 1 23-152. '1 O. 0 256(22)0-491 243).> 

4263. 81 1 23446. 6 O. 0 230463J1/- z IIF'J1/ 

4289. 28 2 2 23307.4 { O. 0 281876).>- z IIF Sv, 
+ 0.2 18090}y,-42298 1).> 

429S. 26 ] 23258. 7 + 0.1 2323J,y,-z IIF.y, 
4323. 392 1 6 23123. 49 + 0. 04 252094).>-48382s~ 
4335. 58 1? 6 23058. 5 O. 0 18990}y,-- z !IF,y, 

4342. 40 2 23022. 3 0.0 26158, v,-1,9181,y, 
4343. 20 2 r; 230 1S.0 + 0. 1 22535oy,- 455531y, res 
4348. lOS 2011 25 22992. 05 + 0.08 a 4DOy,_ Z IIF Oy, 1'( ':--; 

4361. 534 8 fl :3 22921. 28 + 0.06 225350,,- 45457oy, 
4393. 80 I ] 2 22753.0 + 0.1 19637 ')0- 1, 23903y, 
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TABLE 3. Class~fied lines of W II-Continued 

Intensity vVave number (cm~ ' ) 
Wavelength Combinat ion Zeeman 

(A) cffect 
Are Spark Observed O~C 

Air 

4396. 88 2 2 22737. 0 { - 0.2 221392)1-z uF3)1 
0.0 30633')1-53369')1 

442 1. 836 15A 3 22608. 69 + 0.03 248043)1-474132)1 
4438. 92 2 22521. 7 0.0 34091')1-566123)1 
4468. 72 1 22371. 5 - 0. 1 238033)1-461753)1 
4508. 50 2 22174.1 + 0. 1 26158,,,-483325)1 

4542. 144 1 2 22009. 86 { - 0.21 25169 ')1-471791)1 
+ 0.15 200393,,-Z6F z% 

4554. 045 1 2 21952. 35 + 0.23 22503,,,-444550)1 
4604. 576 1 3 21711. 44 + 0. 14 230463,,-447581% 
4658. 24 2 2 21461. 3 + 0.19 234502)1-449111)1 
4665. 76 4A 3 21426.74 + 0.06 23450z)1-z uF3)1 

4691. 74 1 2 21308. 1 + 0.1 230463)1- 443542)1 
4718. 91 1 3 21185.4 - 0.1 25169,%-463552)1 
4768. 25 1 2 20966. 2 + 0. 1 25209')1-4 61753)1 
4782. 35 1 1 20904. 4 + 0.1 23450,,,-443542% 
4864. 565 2 3 2055 1. 08 + 0.10 238033,,-443542)1 

4959. 33 3 2 20158.4 + 0.2 22139')1-422981)1 
5021. 324 5 2 19909. 51 + 0.03 221392)1- z 6F z% 
5104. 427 6 6 19585. 37 + 0.01 18990,%-z 2S0)1 
5114.59 3 3 19546. 46 + 0.07 2250:3' )1-z 6F2% 
5131. 83 2 2 19480. 8 - 0.1 20455')1-399362)1 

5214. 41 2 ? 19172. 3 + 0. 1 19404o)1-z 2S0% 
5219. 04 3 ? 19155. 3 - 0. 1 23234")1-423903% 
5260. 92 4 4 19002.8 + 0.2 230463,,-z 6Fz% 
5278. 38 8 2 18939. 9 + 0.1 23450')1-423903% 
5304. 17 10 4 18847. 8 + 0.1 23450')1-422981)1 

5353. 677 5 3 18673. 54 + 0.06 20455' )1-z 6Fl% 
5375. 103 3 2 18599. 12 { - 0. 24 26 158,,,-44758')1 

+ 0.17 23450')1-z 6F2% 
5410. 89 2 18476. 12 - 0.01 34091')1- 52567.% 
5597. 056 3 3 1786 1. 63 + 0.06 2863 13,,-z 6F.% 
5698. 47 1 1 17543.7 + 0.1 2863 13)1-461753)1 

5821. 00 4A 1 17174.42 + 0.03 18990')1-z 6FO% 
5884. 32 2 2 16989. 6 + 0.2 221392)1-z oFl)1 
5964. 48 3 5 16761. 28 + 0.01 19404o)1-z 6FO% 
6024. 64 2 5 16593. 91 + 0. 30 22535o)1-z 6Fl% 
6219. 77 2 8 16073. 32 + 0.06 22503' )1-z 2S0% 

I gratefully acknowledge the assistance of Dr. 
C . C. Kiess, who supplied most of the spectrograms, 
and of Mrs. I sabel l\fmray, who carefully prepared 
press-copy of the tables. 

[5] C. D. Coleman , W. R. Bozman, and IV. F. Meggers, Table 
of wavenumb ers, NBS Mono. 3, U.S. Government 
Printing Offi ce, Washington ; 1960. 
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Gaussian wave functions for polyatomic molecul es: integral 
formulas, M. Krauss, J . R es. 68B (Math. and Math. Phys.) , 
N o.1 , 35- 41 (Jan .-iVIa?'. 1894) . 
E xplicit formulas are given for t h e molecular coulomb in­
tegrals that arise for all Gaussian basis fun ctions. These 
resul ts should expedite comput ational effort s wi t h these 
bas is functions . 

A Fabry-Perot spectrometer for high-resolution spectroscopy 
and laser work, K. D . Mielenz, n.. B. Stephens, and K. If . 
N efflen, J . Res. 68C (Eng. and Inst1' .) . No. 1, 1- 6 (Jan.- Mar. 
1964·) . 
A Fabry-Perot spectromet er with a pi ezoelectri c spacer \\'as 
const ru cted t o record wit h a reco rder, 0 1' di splay ",it h an 
ocilloscope, t he fin e st ru cture of t he H a idinger Fringes. The 
spectrom etr r is of t h e fi xed spacer design, whi ch provides 
great st abi lity of ad just mr nt. It was used to record t he 
Zeema n splitting of t he g ree n Ii ne of H g 198, as well as to 
exhibi t, on t lw osci llosco pe screen , t he multimode outpu t 
signal of a }{r-Ne gas laser. 

A laser with a multi hol e diaphragm, T . Morok uma, J . R es. 
N BS 68C (Eng. and I nstr. ), N o. 1, 25- 34 (J an.-Mm'. 1964). 
The propert ies of a laser wi t h a mul t ihole diaphgram were both 
t heorrt ically a nd experim entally examined. This laser may 
be called a mult ibeam laser . Laser act ion was obser ved in 
t he op t ical paths wh icll wel'e defin ed by t he posit ion of t he 
holes a nd t he cavit y confi gurat ion. Interference frin g(·s 
were obser ved on one of t he cavity mirrors. A wa\'elengt h 
dependent intrraction among t he beam s was obser ved. It is 
believed t l;at t hr wavele ngth of a beam can be stab il ized by 
t he II1 tenSlt les of t he other beams. A possible method will 
be proposed for t lw stabili zation . 

Principles of cryometri c impurity determina tion as appli ed to 
samples of s mall sizes, C. P . Saylor and C . S. Ross, J . l l es. 
NBS 68C (Bng. and I nstr.), N o.1, 35-39 (J an.- Mal' . 1964) . 
A cons iderat ion of t he factors t hat t end to prevr nt a t ta in­
ment of ther mal and thermodynam ic equilibrium. du ring 
thermo met ri c methods of puri ty analysis suggests t hat t he 
problems la rgely originate fro m sponta neously introducrd 
inequal it ies in co mposition. During eit her a freezing or 
melting cycle, the solid p hase settlt's in t he li q ui d. Thi s 
resul t s in a greate r average puri t y in the bot to m t han in t he 
upper pa rt of t he vessel. The effec ts would be pa l·ticul a rl y 
st rong during a m elt ing sequ ence where t h e liquid rele-ased 
by melt ing of the solid woul d provide t he co mposit ional 
e nvi rollment fo r the establis hemnt of fina l t em perature. 
This hy pothesis h as been t ested by t he des ign of a nrw cell 
for small sa mpl e'S . The design incorporates usc of small 
gold pa ns to ho ld solid a nd liquid in close co ntact. The 
r esults ar c comparable in p l'ecis ion to t hose from convpnti onal 
t ime-tempcl'ature cur ves with much larger sa mpl es , a condi­
t ion not ord inar il y poss ible with small samples. 

Heference tables for thermocoupl es of iridium-rhodium 
a ll oys versus iridium, G. F. Blackburn a nd F . R. Caldwell, 
J. R es . N 88 68C (Eng . and I nstl'.), No .1, 41-59 (J an .­
M al' . 1964) . 
The p rogra m at the J'\ at ion al Bureau of Standa rd s to es tab­
lish r eference ta b les of temperatu re versus emf for therm o­
couples of iridiulJl-rhodiu m alloys versus iridium. has been 
extend ed t o cover a ll three of t h e currently used t h ermocouples 
of this ty pe. In add ition t o the values p ublished in 1962 for 
t he 40 Ir-60 11h versus Ir t her mocouples, ta bles n ow are 
a vailable for ther moco uples of 60 11'-40 R h and 50 11'-50 Hh 
v rl'SUS 11'. T hese tables g ive emfs for temperatures in clegrees 

Celsius from 0 to 2150 °C a nd in degrees F ahrenheit fron1 32 
to 3900 OF, and t emperatures in the e units wit h emf in 
millivolts as t he argum ent . 
In addit ion to t he reference t a bles fo r t hese thermocouples, 
temperature-emf relat ionships a rc p resr ntecl fo r other a ll oys 
containin g 10, 25, 75, a nd 90 percent irid iulTl versus ir idium. 
It appea rs from t he information obtained on a ll of t he alloy 
v ersus iridium co mbin ations t es ted t hat t he 50 Ir-:30 11h a lloy 
versus iridium gives a bout t he max imum t herm al emf (12.2 
mv at 2] .50 ec ) , and as a l'rsul t may p rovide t h e optimum 
t hermocouple co mbinat ion of t his ty pe. 

A si mplifi ed theory of diffract ion a t an in terface se parat ing 
two die lect rics, J . K an e and S. N. Ka rp, Radio S ci. J . Res. 
N BS jUSNC- URS I 68D No. 3, 303-310 (Mal' . 1964) . 
Many electromagnet ic problems in volvin g more t h a n one 
d ielectric medium arc not suscept ible of a n exact solut ion, 
when appropriate bo un dary co ndi t ion s are co nsidered. The 
p urpose of t h e present paper is to formulate a new bou ndar y 
condi t ion, whi ch is capa ble of leading to mathemat ically 
t ractable proble ms, " 'it h limi ted sacrifi ces in accuracy . 

Propagation of plas ma waves in a " s poke -wheel" magnetic 
fi e ld , H. . L . Libo ff , l ladio S ci . J . Res. NBS jUSNC- UR S I 
68D No. 3, 325- 331 (MC!I' . 1964) . 
A st ud y of t h e cold plasma cylin d rical waves t hat may prop­
agate in a sp ecifi c ty pe of two-d imensional magnetic fi eld is 
ini t iated in t hi s pa pe r. T he plas ma is assumed to be of 
uniform drn s ity a nd co lli sion less, a nd a "spo ke-wh cel" mag­
n et ic fi eld is co nside red which is both a nisotropi c a nd inhomo­
geneous (varyin g as the in verse rad ius), as defin ed in t he text. 
P ertu rbation se ries solu t ions a re obta ined for the first FOl1l'ier 
co mponent of t he elect ric fi eld fo r t h e foul' ex treme cases : 
large a nd s ma ll magn et ic fi eld ; la rge a nd small plasma 
dens it ies . 

Compilation of the melting points of the metal oxides, S. J. 
Schn eider, N BS M ono . 68 (Oct . 10, 1963), 25 cent8. 
A co mpilat ion has been mad e of the melt in g points of 70 
metal oxides publishr d prior to J anu ary 1963. Both the 
origin a l melt in g poi nt and t hr equivalrn t value based on the 
In te rn a t ional P ract icnl T emperat ure Scale of 19'18 arc pre­
se nted. I ncluclrd ill t he survey is in form ation on p ertinent 
expe ri mental d etails s Li ch as t he m ethod of t empemture 
measurement , p uri ty, furnace t ype, a ll d env iro nm ent al 
condi t ions. 

Calibratio n and test servi ces ofthe National Bureau of Stand ­
ards , N BS M isc. P ubl. 250 (Nov. 22, 1963) , 70 cent~ . 
Th is publi cat ion is a listi ng of the num erous cali bra t ion and 
test ing sel'v ices p rov ided to science a nd indu st ry by the 
National Bureau of Standards. T he B Ul'ea u p romotes ac­
curacy and u niformi ty of measurement through its p rogram 
of measurelll.ent se rv ices, includi ng tile ca librat ion and t es t ing 
of sta nda rds and st andard inst rument s . An up-to-dat e 
list in g of the Bu rrau's ca lib ratio n and test fcc schedul es \I'as 
prin t ed in recent iss ues of t he F edrra l HrgistC' r, with a large 
propor t ion of t hr fees bein g clmngrcl a t tha t t ime. This 
p ubli cat ion co nta ins a ll of this ma te ri al , but i ll la rger, more 
legible type, a nd fully ill dexed. B C's ides list in g a ll N BS 
calibrat ion services a nd their cost , the pU blication in cl udes a 
st atr mrnt of the Bureau's st a tu to ry fun ctions, t es t in g policy, 
and rout in e for sreuri ng the Bureau's cali bration an d t est 
services- from ori gin a l r equest to the reporting and use of 
test I' r sults . 

A cn mpari £on of two melting-pressure equations constrained 
to the tri ple point using data for e leven gases and three 
metals, R. D . Good wi n and L. A. V\ieber , N BS Tech. Note 
184 (Oct. 9, 1963),25 cents. 
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Parameters have been determined by a least-squares method 
for the r educed Simon equation and for a new, empiri cal 
melting equation using data for H 2, D 2, 1' 2, Ne, Ar, Kr, 
Xe, N 2, Oz, CO2, H 20, Na, K , and H g. The new equation, 
(P- P3) / (1'- 'J'3) = Aexp( -a/T ) + BT, represents experimental 
data with essentially t he same accuracy as the Simon equa­
tion. It provides a sensitive difference method for graphical 
examination of data. 

Carbon resistors for cryogenic liquid level measure ments, 
R. C. Muhlenhaupt and P. Smelser, NBS Tech. Note 200 
(Oct. 8, 1963), 25 cents. 
Data are shown in graphical form. One set of plots presents 
res istance ratio R o/RL as a function of "warming up" time 
at various levels of constant power dissipation. A second 
set of plots presents resistance ratio RL/ Ro as a function of 
nominal resistance at various levels of constant power 
diss ipation . 
The use of the data and the design of a practical liquid level 
indicator are discussed in the appendix. 

Absolute calibration of the National Bureau of Standards 
photoneutron source: III. Absorption in a heavy water 
solution of manganous sulfa te, R. H. Noyce, E. R . Mosburg;, 
J r., S. B. Garfinkel, and R. S. Caswell , J . Nucl. Eng. 17, 
No. 7, 313-318 (1963). 
The n eutron emlssion rate for the National Bureau of Stand­
ards radium-beryllium ('Y,n) standard source (NBS-I) has 
been redetermined by a relative comparison to an antimony­
beryllium source which had been calibrated absolutely in a 
hea vy water manganous sulfate solution through an indirect 
method invo lving 47T"/'l -"Y coincidence count ing of t he induced 
Mn56 activity. Correctio n was made for absorption of 
neutrons by other clements present in t he bath. T he 
emission rate of NBS- I was found to be 1.25 2 X 106 neutrons 
per second, as of June 1961 with an uncerta inty of 1 percent. 
This measurement, when suitably averaged wit h previous 
dete rminations (D eJuren, Padgett, and Curtiss, 1955; a nd 
D eJuren a nd Chin , 1955), y ields the best value 1.257 X 106 

neutrons per second with an uncertainty of 1 percent. 

H eating rate as a test of adiabatic calorimeters and the heat 
capacity of a· alumina, E. D. 'Vest, Trans. Faraday Soc. 59, 
No. 489, pt. 9,2200-2203 (Sept. 1963) . 
The constancy of heat capacities measured in an adiabatic 
calorimet er at different heating rates does not demonstrate 
the absence of heat leak errors due to departures of t he surface 
t emperature from the " isother mal" condition. On the con 
trary, the total heat exc ha nge between t he calorimeter and 
its shield is v irtually independent of the heating rate. The 
test t ends to obscure a real source of error due to the variat ion 
in the total heat exchange between experiments with the 
empty and t he full calorimeter. 

A new standard of spectral irradiance, R. Stair , W. E. 
Schneider, and J . K. Jackson, Appl. Opt. 2, No. 11, 1151-1154 
(Nov. 1963) . 
The Nation al Bureau of Standards has made available a new 
standard of spectral irradiance in t he form of a 200-watt 
quartz-iod ine lamp with a coiled-coil tungsten fi lament 
operating at about 3000 ° K and calibrated over the spectral 
range of 0. 25 to 2.6 microns. The calibration of this standard 
is based upon the radiance of a blackbody as defined by the 
Planck law of radiat ion since it was done by comparisons 
with t he N BS standards of spectral radiance, of lu minous 
intensity, and of total irradiance, each of which was estab­
lished t hrough the use of blackbodies. This standard is 
used without auxiliary optics . Because of its small physical 
size and high operating temperature, relat ively high spectral 
irradiances may be obtained t hrough its use. 

Intercompari sons of the standard thermal-neutron flux den­
sity of the National Bureau of Standards, W . M. Murphey 
and J . Chin, (Proc. S ymp . Neu/ton Detection, Dosimetry and 
Standardization, I nternational Atomic Energy Agency, Atomic 
EneTgy R esearch E stablishment, Hal'well, England, Dec. 10-
14, 1062), Book, Neutton Dosimetry 11, 513-521 (International 
Atomic EneTgy Agency, Vienna, 1963). 
The standard thermal neutron flux maintained at the Na-
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tional Bureau of Standards since 1951 consists of two radium­
beryllium (a,n) sources in a geometry of lead, paraffin and 
carbon . The flux has been absolutely measured twice by 
NBS; once in terms of the absorption cross section of boron, 
and once in terms of the absorption cross section of gold (1,2). 
A neutron flux with a cadmium ratio of about 7 (for 40 
mg/cm 2 gold foils and 0.040 inch cadmium covers) and a con­
ventional thermal neutron flux density of 4231 (Apr. 62) 
neutrons per cm2 per seco nd was obtain ed. It has also been 
absolutely m easured twice through the intercomparison pro­
gram ; once by N P L, UK and once by PTl3, Federal RepUblic 
of Germany. 
The agreement between most laborator ies at present is about 
1.5%. This is in addition to the un certainty in the absolute 
measurement which is about 1.5 % or more for each laboratory. 
Intercomparisons of NBS \\"ith CEA, France; Oak Ridge 
National Laboratory, USA ; Electrotechnical Laboratory, 
J apan; National Physical Laboratory, UIC; and Physikalisch­
Technische Bun desanstalt, Federal Republic of Germany will 
be shown. 

Interpretation of pH measurements in alcohol-water solve nts, 
R. G. Bates, M. P aabo, and R. A. Robinson, J. Phys. Chem. 
67,1833-1838 (1963). 
The operational pH numbers for solutions in alcohol-water 
solvents obtained from the e.m.f. of the cell with hy drogen 
(or glass) electrode, salt bridge, and calomel reference elec­
trode, standardized with aqueo us buffer standards, are subject 
to no simple interpretation. Because of the indeterminate 
potential at t he junction Soln . X (alc. - H 20 ) IKCl bridge 
(aq. ). they do not li e on a convent ional scale of hydrogen ion 
activity referred either to t he aqueous standard state (pa n) 
or to t he standard state in the alcoholic medium (pal~)' 

Values of E ;+ log m'Ye l (wh ere E; is the liquid-junction po­
tential expressed in pH units and m'YCI is the prim ary m ed ium 
clfect of chloride ion) were found to be as constant for differ­
ent buffer solut ions in alcoholic solvents of fix ed composition 
as for the strictly aqueous medium. Inasmuch as m'YC I at a 
given temperature is dependent on ly on solvent composition , 
the liquid-junction potential m ust therefore a lso be nearly 
constant for a given solvent med ium. Correction terms 
E,- log m"YB = /l have been calculated, and it is sh own that 
pH -/l closely approximates pa'; under optimum. conditions of 
measurement. An operational scale of pH * (which is related 
to pal; in t he same way that pH is r elated to paR) is described. 
Values of pa'; \Yere obtain ed for 12 solutions in methanol­
\Yater solvents (0 to 68.1 wt. % MeOH ) and for 3 solutions in 
etha nol-water solvents (0 to 100 % EtOH). 

Short-duration vi s ible afterglow in helium, A. L. Schmelte­
kopf, Jr., and H . P . Broida, J . Chern. Phys. 39, 1261- 1268 
(Sept . 1963). 
A bright, reproducible afterglow which consists of helium 
atomic a nd molecular emissions has been observed in the 
products of an electrical discharge in a deLaval nozzle clearly 
separated from the disch arge. This afterglow has been ob­
serveel at pressures from 0.4 to 20 mm H g and \\·ith fl ows from. 
10 to 1000 cm3/sec NTP. At the low pressurc t he existence 
of the afterglow is extremely sensitive to small changes in 
pressure. Metastable H e atom concentration decreases after 
the d ischarge and t hen in creases in the region of afterglow 
emission. The afterglo\\' is very sens itive to impurities greater 
than a few parts in 105 and emission in tensity is reduced by the 
presence of an rf fi eld, possibly because heating the electrons 
retards recombination. 

Infrared transmission of the atmos phere to solar radia tion, 
D. YI. Gates and W. J . H arrop, Appl. Opt . 2, 887- 898 (Sept. 
1963). 
Infrared solar spectrum observations taken on 12 J an uary 
1955 in Denver, Colorado, with a double pass NaCI prism 
spectrometer have been analyzed for transmission coefficients 
for the "selective" absorption and for the "continuum" 
extinction. The analysis was performed over the range 1.0 
to 12.5",. The goodness of fit for the average transmission 
for a random band model and for a regular band model is 
given for each of 203 data points distributed throughont the 
spectrum. 



Some topics in quantum statist ics. Th e Wign e r function and 
transport theory , H . l\Tori , 1. Oppenheim, and J. Ross, Boole , 
Studies in Stati~iical ])[echanico, ed. DeBoer and Chlenbeck, 
I, Pt. C, 218-298 (North H olland P nbl. Co., A InsteTdam, the 
N ethel"lando, 1.962). 
This articl e is clP voted to a disc uss ion of \\ 'igner fUllction s and 
their application ill quantal statis tical mechanics, as well as 
some recent \\'ol"k in the theory of non-equi li brium systems . 
An a nalysis of these systems also requires the inclusion of 
some other topics: scattering theory, representative ensembles, 
and factors influ encing the derivation of a tran sport equation 
for irreversible phenomena. We begin \I' ith the d eseription 
of a quantum m echanical system. In Sect ion I we first 
present sO lll e definitions a nd then discuss scattc-r in g theory. 
Thc dcscription of equilibrium system s is given in Section II 
with pri mary emphasis on the construction of cnscmbles. 
A bas is for the d iscussion of non-cquilibrium s~'s tems is given 
in Section III and the construction of ensembles arc treated 
in some detail. In Section IV, a derivation of a transport 
equation for non-uniform systems (the Maxwell-Boltzmalln 
equation) is outlined. Sl'ction V is devoted to an a lternative 
approach to transport t heo ry for gases 'and ;liquids (th e 
correlation function m ethod). 

Thermodynamic stud y of the thori um phosphide with a mass 
s pectrometer , J. J': fi menko a nd E. A. Gin gerich, P roc. Symp. 
'J'hennodyna11lics of N1lelew' ])( aterials, Vienna, ])1 ay 21-25, 
1963, pp . 477-486 (i nternational A tomie j~'nergy _1 gency, 
Vienna, . 1 nstria, Se pt . 1.962) . 
For the tllorium-phosphoro us system the ion in tc- nsi ty varia­
tion with temp(' l"atu r(' ovl'r the range J J 00 0- 225() ° r.;: and 
composition ran ge ThP, .3- ThPo.o has becn obtained fOI" the 
phosphorus vapor sp ecil's . No molecuks containin g both 
thorium and phosphorus havl' bl'en obsel" vcd in tile vapo r 
below 2245 ° J\_ \\ ' ith the aid of a silver calib ration the ion 
intensiti es have bC'en related to the partial prl'ssul"C's of the 
effu s ing phosphorus vapor speci es, P , Pz, and P 4• From tllese 
data the "app~1J'l'nt" Jl\olar free l'l1c rgips of form ation have 
bee n obtained with l"ci'r l"encp to gas('ous P , for diffl'rent 
compos itions of the solic! a nd the dissociation encrgy fOI" P z 
has bcell computed. Thc vapor ization of the thorium 
phosphidl's OCCLlI"S incongruently by decompos ition into gase­
ou s phosphorus ,wd a condrnsed phasc of 10ll'el" phosphorus 
content. The rate of phosphorus loss from the Th,P ., phase 
appears to be diffusion controllcd. There is a ma rk ed increase 
of thermodynam ic stability with d ecreasi ng phosphorus con­
tent within the homogencity range of the 10ll"cr phosphid e. 
The phase boundari l's of thl' 10\l'c r phosphide have been 
estimated to corres pond to TllP".7 and ThPo.9• The thermo­
dynami c s tabi li ty of the thor ium phosphides is compal"C'c\ lI"ith 
that of selected 100I"er phosphides of transition ll1C'tals . 

Low e nergy levels of neutral cerium (Ce I), W. C . :U artin, 
J. Opt. S oc. Am. 53, No.9, 1047-1050 (Sept . 1963) . 
The first r esults of a co ntinuing analys is of the Ce I sprctrum 
show the ground level to be 4.r5d6 ~2 lG;, \I·ith gJ= O.945. Of 
twelve other low odd levels for " 'hich the energies, J- and 
g-values arc give n, six have been assigned to 'Jf5cl6s2 and three 
to 4f5d26s. 

A s tud y of stress relaxation with finite strain, B. Bernstein, 
E. A. K earsley, a nd L. J. Zapas, Trans. Soc. Rheology VII. 
391-410 (1963). 
Two simple types of constitutive equations appropriate to 
materials exhibiting elasticity arc presented, one of a basic 
soliel nature a nd one of a basic fiuid n a turc. TJ1C' predictions 
of the equ at ions for a s tress relaxa tion ex periment arc \I'orked 
out and comp,l,rerl to the data fmm some experiments on 
various elastomers. The fluid tlleorv is shown to b e most 
appropriate in a certain sense. . 

Measurement of weak mag netic fields by optical pumping 
methods, P. L. Bender, Bull . Ampere 9", P t. I I, 261- 628 
(1960) . 
Three ll ew types of magllC'tonw tcr, the dc alkali vapor magne­
tometer, the self-oscill at ing a lk a li vapor n1agnetometer, an d 
the helium n1 agn etometer, all based on optica l pumping, a re 
compared. Pra ctical limitat ion s and p erforman ce in var ious 
environmental c ircumstances arc consid ered. 
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Three-body bound state in He4, J. i\'I. Blatt, J. ~. Lyness, 
and S. Y. Larsen, Phys. R ev . 131, No .5, 2131- 2132 (S ept. 1, 
1963) . 
The binding energy of thrl'e He' atoms, subject to pair 
forccs, is in v('st igated num eri cally for a number of proposed 
intermoh'cular potenti~l, ls anel for a series of s quare wells. 
For some potentials a 3-bo(\y bound state is found , for others 
not . lIowevrr, a direct correlation is found bet,,'een 2-body 
and 3-bod)' binding. The n eed for more accurate experi­
m ental data is discussed. 

Momentum autocorrelation functions and e nergy transport 
in harmonic crystals containing isotopic defects, R. J. Rubin, 
Phys. Nev. 131, 964 (1963) . 
In this paper \\' e review and extend the in vl'stigation of the 
er-rect of isotopic impurities on t,,-o statist ica l d yn~\ mical 
properties of harmonic cry tals: the e1 ecay of the momentum 
a utocorrelation fun ction and the transport of energy . A 
sp ectral representation is obtai ned fo r tIl(' mOlll entum auto­
correlation function s. The spcctral d r l1 sity is directly related 
to the norm al IWlde freq uency di stribu t ion of the crystal; 
the recent in vestigation s of the class ical momentum <luto­
cOlTe!:ttion fun ction in a perfec t one-dimension a l crystal 
and a onc-defect crystal a rc discussed as s prc ial cases of this 
general \r iC'nrr-Khi nchin formula . The correspondi ng quan­
t.um mechani cal autocorrelation fun ct ion is a lso treate d. 
A formal relation in volv in g the average momentum a uto­
correlat ion fun ction of an isotopically diso rd e red crystal 
,wd the frcquency spectru m of the c r.\-st~l,l is de rived. The 
ene rgy tran sport property is studil'd in terms of the time­
depcndcnt dispers ion of the momentum of a lattice pa rtiele 
\\-h en the crystal is characterized initi ally b y a spatially 
nonuniform te mperature. The local temperature, \\'hi ch is 
related to the mom entum di spcrs ion , is s tudi ed a naly t ically 
in the case of the p erf('ct on e-dimension a l c rys tal and the 
one-defect onc-d i mens ional c rystal. TJl(' local tem prratUl"e 
is s tudied numericallv \\' ith the a id of a n 113]\[ 70DO for 
several isotopically disord ered one-dimensional crystals. 

Galvanostalametry, a new technique based on the negative 
Ilress ure of liquids, for investigating electroche mical phe nom­
e na a t an electrod e, J . Sligh and A. Bre nn er, J. Electrochem_ 
Soc. 110, No. 11 , 11 36- 11 42 (Nov. 1963) . 
A proccdure based on the negative pJ"('ssure of wukr h as been 
used as a sens iti ve indi cator for the stud v of e lec troche mical 
plll'nomena. The apparatus consisted 'of a vertical glass 
t ube, closed at the upper cnd , \\'hi ch was cV<lcuated and filled 
\\-ith an l'lcct ro ly te . The latte r rClllain eel s us pended in the 
column in a llwtastabh' state of t ell s ion. The columll of 
el('ct rolyte was elropPNI by producing a millu te alllount of 
elec trolysis bet ll"ern an indica tor rlectrod l' sl'aled in the top 
of the column and a companiOll C' lcctrodc \,-hich coulc! a lso 
be at the top or in the reservoir at thl' botto m of the column . 
TJll' tim e or current rl'quired to elrop t he column ,,-as used for 
makin g the following l'xperiments and /o r observations: (A ) 
The decomposition potent ia l of water was determined by 
obse rving the 10ll"est applied voltage r equired to drop the 
column. ( 8 ) The time requi red to drop the column (on 
passage of a constant current) was proportional to thr con­
centration of iodiele ion in the clectrolytr . (C) The curre nt 
required to elrop the column was proportion a l to the arl'a of 
the indicator elC'ctroele, ]"l'ga rel lC'ss of the irregu larity of its 
shape. ( D) The formation of the g~1S req uirwl to drop the 
column occurred in less than 15 !-,scc a fter clos ing the circuit. 

Electrical resistance-strain characteristics of thin evaporated 
metal films, R. L. Parker a nd A. l\:riJl s k~', J. Appl. Phys_ 
34, No.9 , 2700-2708 (Se pt. 1963) . 
The clect ri cal resistance-strai n codfi cients of thin evap­
orated films of Aluminum , Gold , Cobalt , Nickel , Palla diulll, 
Pla tinulll, Antimony, ancl T l'llurium have been measured. 
The coeffi ciellts (strain-sensitivity coefficient or "gauge­
factor" "y) depend Oil the sp ecific resistance R , of the films. 
For relatively thick film s (s ma ll R,), "Y tends to approach 
the bulk valu e "Y b; for relat i vely thin films (large R,) , "y, may 
be many times greater than "Y o; for film s of intermediate 
thickn ess "Y has a minimum value. The r esistance change 
\\-as founel to be proportional to strain for all the above 
film s except those of Ni an d Sb. SOllle poss ible mechanisms 



for the observed b ehavior are di scussed ; it was found t hat 
free-path effects are predominant in films of intermediate 
thickn ess, a nd that t he tunn ellin g conduction mechanis m 
plays an important role in producing t he high stra in-sensitivity 
of vcry t hin (high R,) films of sep,-\rated pa rticles . 

Other NBS Publications 

J. Res. NBS 68B (Math. and Math. Phys .) , No. 1 (Jan.­
Mar. 1964) 75 cents. 
A note on a generali7,ed elliptic in t egral. G. H . Weiss . 
An asy mptotic expansion for the multivariate normal dist ri­

bution and Mi lls' ratio. H. Ruben. 
Calcul ation of certain multiple generating function s. G. H . 

Weiss. 
Som e infinite sums invol ving 7,eros of J o(x) . L. F. Epstein. 
Opt imal matchings and degree-co nstrained subgraph s . A. J . 

Goldman. 
Effects of a distribution on gap accep tance functions on 

p edestrian queues. G. H . ·Weiss. 
Gaussian wave fun ctions for polyatomi e molecules : integral 

formulas. M. Krauss. (See above abstracts .) 

J. Res. NBS 68C (Eng. and Instr.) , No.1 (Jan.- Mar. 1964) 
75 cents. 
A Fabry-P erot sp ectrometer for high-resolu t ion sp ec troscopy 

and laser work . K. D. Mielenz, R. B. Steph ens, and 
K. F. N effi en. 

Variabl e impedance power m et er, and adjusta ble re fl ect ion 
coe fficient standard. G . F. Engen. 

A laser with a mul ti hole di aphragm. T. Morokuma. 
Principles of cryo metric impurity determination as appl ied 

to samples of s mal l s izes . C. P. Saylor and G. R. Ross. 
R eference tables for t.hermoco uples of iridium-rhodium alloys 

versus iridium. G. F. Blackburn and F. R. Cald well. 

Radio Sci. J. Res. NBS/USNC-URSI, Vol. 68D, No. 3 (Mar. 
1964) . $1.00. 
An interpretation of rapid changes in t he phase of horizontally 

polarized VLF waves recorded at ni ght over a short path 
in t he southwest ern United States . E. E. Gossard a nd 
M. R. P a ulso n. 

Prec ise phase and amplitude measurement s on VLF signals 
propagated thro ugh the Arctic zone. F . H. Reder, C. J. 
Abom, and G. M . R. \'Vinkl er. 

On the long te rm phase stability of th e 19.8 kc/s signal t ra ns· 
mitted from H awaii , and r eceived at Boulder, Colorado. 
A . H. Brady. 

Oblique propagat ion of ground waves ac ross a coastline. Part 
III. J . R. Wait. 

Impedance of a monopole antenna wi t h a r adia l-\\' ire grou nd 
system on an imperfectly conducting half s pace, Part III. 
S. \Y. :vI:aley and R. J. King. 

A simplifi('d theory of diffraction at an interrace separating 
two di electrics . J. Kan e a nd S. X . Karp . (Sec above 
abstract .) 

Vari ational solution for t he admittance of long cyl indrical 
antenna. R . A. Hurd. 

Admitt ance of a nnular slot antennas radiating into a plasma 
layer. J . Galejs. 

Propagation of plasm a ,,,aves in a "spoke-wheel" magnetic 
fi eld . R. L. Liboff. (Sec above abstract.) 

An experime ntal im'est igatio n of signal strength in the a rea 
around a transm itter 's antipode. R:\1. Pipp and J. B. 
·Webster. 

R elat ionship betll'ecn s imultaneous geomagnetic a nd iono­
spheric osc iLlat ions . H . Rish beth and O. K. Garriott. 

Bibliography on igni tion an d spa rk-ignition systems, G. F. 
Blackburn, N BS Misc. Publ. 251 (Nov. 22 , 1963), ] 5 cents. 
(Supersedes NBS Circula r .~80.) 

R ecomm ended unit prefix es; D efin ed valu es and conversion 
factors; General p hysical constants, N BS Misc . Publ. 253 
(Oct. 1963), 5 cents (Im ll et-size plastic card). 

Lunar occultation s of tll'O discrete radio so urces in 1963-1964, 
J. A. Eddy, NBS T ech. ~ote J 84 (OcL. 11, 1963), 20 cents. 

Expanded vinyl fa brics for appar el use, CS 258- 63 (Sept. 19, 
1963), 10 cents. 

Steel spi rals for reinforced concrete columns, SPR 53- 63, 
(Oct. 1, 1963), 10 cents. 

Determination of differential X-ray photon fiu" and total 
beam energy, H . 'vV. Koch and J . S. Pruit, Ed. L. C. Yugan 
a nd C. Wu , N uclear Physics, 5, ch. 2.8.2, 508- 553 (1963) . 

M etallurgical mi croanalysis with t he electro n probe, J. R. 
Cut hill , L . L. Wy man, and H. Yakowitz, J. Metals AD![E 
15, No. 10, 763- 768 (Oct. 1963) . 

Large lon gitudina l r etard ed elastic deformation of rubberlike 
network polym ers. II. Application of a general formulation 
of nonlin ea r response, H. Leaderman, F. L. McCrackin , 
and O. Na kada, Trans. Soc. Rheology VII, 111- 123 (1963). 

The error rate in a multiple-fr equency shift system and t he 
output signal/noise ratio in a freq uen cy m odulation and a 
pulse-code-m od ulation /freo ue ncy-shift system, H. Akima, 
Intern. Co nf. Satellit e Comm unicat ion , London , Nov. 
22- 28, 1963, pp . 305- 309 (P rogramm e a nd Conference 
Digest, London, Engla nd , 1963. ) 

Synopt iC va riation s a nd verti cal profiles of large-scale 
ionospheric irregula rit ies, R. G. 'Merrill , R. S. Lawrence, 
and N. J. Roper, J. Geophys . R es. 68, No. 19, 5453- .5459 
(Oct. 1, 1963) . 

Excitation of t he red and green co ronal lin es, C. Peckel' a nd 
R. N . Thomas, Ann. Astrophys. 25, No.2, 100- 108 (1962) . 

Normal congru ence subgrouDs of t he t >~ t modula r g roup, ]\II. 
Nell'man, Bu ll. Am. ]\IIath. Soc. R es . Announ cement 69, 
No . • ~, 719- 720 (Sept. 1963) . 

Radiat ion impeda nce of a source ncar refl ector s, R . V. 'vVn.te r­
house, J. Acoust Soc. Am. 35, No . 8, 1144- 1151 (Aug. 1963) . 

The energy euvironl11 ent ill whi ch w e li ve, D. :VI. Gates, Am. 
Scient ist 51, No.3, 327- 348 (Sept . 1963) . 

Ev idence for fi eld-align ed ionization irregulari ties between 
400 to 100 Ian a bo ve t he ea r t h's surface, T. E. VanZandt, 
'vV. Calvert, R . W. Kn echt a nd G. B. Goe, Third In tern. 
Space Sci. Sym p. Proc., Wash. , D .C., May 2- 8, 1962, pp. 
271 - 273 (J ohn Wil ey & Sons Inc., New York, N .Y., 1962) . 

Studi es in t he geo magnetic mi cropul sation freq uency ra nge. 
W. H . Ca mpbell, I EEE Intern. Conv. R ecord 11, P t . 9, 
25- 28 eMar. 25- 28, 1963) . 

D etermina t ion of t he elect ronic energy levels of molecul es by 
loll' energy electron impact sp ectroscopy , J. A. Simpson and 
S. R. M ielczare k, .T . Chem. Phys. Letter 39, 1606 (1963) . 

Exp erim enta l evaluation of a thallium beam frequency stand­
s,rd, R . E. Bechl er a nd D. J. Glaze, Proc. 17th Annual 
Frequency Co n t rol Symp. (19631. 

Gas-phase radio lysis of n-buta n e, R. P. BorkOlyski a nd P. J. 
Ausloos, J. Chern. Phys . 39, No. :3, 818- 824 (Aug. 1, 1963) . 

Temperature control of t he st ru cture and variat ions of t he 
q uiet ionosphere, J. 'vV. 'vVright, Proc. Int ern . Conf. 10110-
seRh ere, July 1962, pp. 1D- 25 (Instit ute of Physics and t he 
] hysical Soc iety, London, Englan d, 1963) . 

Som e factors a ffectin g t he creep behavior of an age-hard en ­
a bl e a lloy, W. D. J enkin s and W. A. " rilla I'd , T rans. Quart . 
AS:\![ 56, No . 3, 427- 441 (Sept. 1963) . 

A note on contingency tabl es in vo lving zero frequenci es an d 
t he 2I test , II. E. Ku , T eel1110rn etrics 5, No . 3, 398-400 
(Aug. 1963). 

'vVilmer So uder, pion eer in dental r esearch, G. C . Pa ffenbarger, 
N. Y. J. D entistry 33, No.5, 1Dl- 192 (l\Iay 1D63). 

Equatorial electron density profil es to 5000 l(M, Usin g the 
incoherent scatter technique, K. L. Bowls, Third Intern 
Space Sci . Symp. Proc. Washin gton, D.C., May 2- 8, 1962, 
pp. 253- 264 (Joh n Wiley & Sons, Inc. , New York, N.Y., 
1963) . 

Physical mells uremen ts and ex pe ri ment de~ i gl1, 'vV. J. Youden , 
Scuola Az ione No . 10, 181- 200 (Scuola de Studi Sugli 
I droca rburi, San DOllato ]\[i lanese, Ita ly , 1961- 1962) . 

Sinl,in release in complete dentures, J. B. " roelfel, G. C. 
p ,l, ffenba rger, a nd 'vV . T . Sweeney, J . Am. Dental Assoc. 
ti7, No. 2, 321 (Aug. 1963) . 

Questions of general backgrou ll d [!.nd m ethodology relating to 
aerodyna mi c phenom ena in stel la r atmosph ere, J . C. P ecker 
and R. N. Thomas, II :"[uovo Cimento Suppl. 22, No. X, 
P t. I , 1- 43 (1961) . 

Observation on reference electrodes for fu sed-salt systems, 
M . A. R eid and J . A. Lloyd, Rev. Sci. Jnsir. 34, No.8, 
940- 941 (Aug. 1963). 

256 



Primary processes in t he photolysis of eth yl ni t rate, 11. E. 
11ebbert, J . Phys . Chcm. 67 , No . 9, 192:3- 1925 (Sept. 196:3) . 

High-fi e ld liquid H z-cooled a lu minum - wo und magnet, J. 11. 
Purcell and E. G . Payne, R ev . Sc i In s t r. 3<1,, 803- 897 (A ug. 
19(3) . 

Co mplicatin g factol 's in t hc gas phase photolysis or a zometh­
ane , R. E. R ebbert a nd P. J . Ausloos, J. Ph ys. Chern . 67, 
No.9 , 1925- UJ28 (Sep t. l(J63) . 

Use of tra nsistors in Van d e Graalf source leak control s, 
A. C. B. 11icha rdson a nd L . Cost rell , N uclear In str. 'Methods 
Letter to Edi tor U, No.1, 129- 130 (J ul y 196:3). 

The f ormulat ion of F.D .I. sp ecifi cations, G . C. Paffenbarger, 
In tern . Dental J. 13, No.1, 133-134 (MH!'. 196:3) . 

The F-region seasonal anomaly, J . W. Wright, J . Geophys. 
R es. 68, No. 14, 43 79-438 1 (Jul y 15, 19(3) . 

Effcct of hydrostatic pressures on the crystalli zat ion kin ct ics 
of natural rubber , G. JVL M a rt in and L. :i\ lan delke rn , J. 
App\. Ph ys. 3<1" No. 8, 2312- 2317 (Aug. 19(3). 

Th e redefini t ion of the second and th e veloc ity of lig ht , G . K 
Hudson and W. At kin son, Ph ys. Today 16, No.5, :30- :32, 
34, 36 (M ay 19(3). 

The shift s and \\' idths of som e s ta rk broadened oxyge n lin es 
in a n a rc plasma, W. L. "' -iese a nd P. W. Mu rp hy, Ph ys. 
R ev. 131, 2108-2 1.1 5 (Sept. 1, I\J6:3). 

The ion i)la Lion co nstants of o-nitroph enol a nd 4- ni t ro-m­
cresol from 5 to 600 , R. A . 110binso n and A. P eiperl , J . 
Phys. C hem . 67 , 1723 (J 96:3). 

11ecen t d evelopm ents in n e ut ron source s ta nda l'd izaL ion, R. S. 
Cas\\'e ll , 11. II . Noyce, S. B. Ga rfinkel, and E. R . :i\ [osb ul'g, 
Jr., (Proc. Sy mp . Neutron D etect ion , D osim etry a nd St~l nd­
Hrdizat io n, 11lte rn ation ,t1 Atomic En e rgy Agency, Atom ic 
En ergy Hesearch Establis hment, H arwcll Engla nd, \) ('c. 
10- 14, I !J(2) , Book, Neut ro n Do~irnetry II, 547- 555 (In ter­
natio na l Atomi c En ergy Agency, Vi cnna, 106:3) . 

Th e fo ll ow in g papers were p ublis hed ill I~roc . Moun tain 
Stl,tes Navy R esearcll and Developm ent Clin ic, llaton , 
N. :\1., Sep t . 28- 2!J , I DG I , (Haton, Co mllluni cations a nd 
E lcct ro ni cs Fo un dntion , .1 D6:3) . 

H.ece ll L progress in cryogenic engin eerin g, H.. B. Scott, pp . 
D1- D4. 

11emarks presented at panel discuss ion on lllodu laLion, J. L . 
Auterman, pp. A1 31- A1 :3 2. 

Predictin g t h e p crfo rmance o r t ro posp heri c co mmunication 
li nks singly and in tandem, A. P. Barsis, J\:. A. Norton, a nd 
P. ] ,. Rice, pp . A71- A104. 

H.equired s ignal-to-noi se mt ios, carri c r po\\' er, a nd bandwidt h 
to achi eve a, g iven p crformance for mul ticha nnel radio 
(;omm uni catio n sys tems, E. H. F lo rma n and J . J . T ary, 
pp. A135- A140. 

VLF propagat ion, \V. L . Taylo l' a nd A. G. J ean, pp. A45- A66. 
Millimeter wave resear ch at Lhc Nationa l Burea u of Standa rds, 

R . W. Zimmerer , pp. A1O!)- AU 2. 
Some loll' tempe raturc properti es of matcrials, R. II. 1\:rop­

schot, pp. D 5- D6. 
Aspects o f radio meteoro logy, J. D. Horn , pp. C5 1- C56. 
Problems n nd p rospects in e lect rica l properties of material s, 

J. L. D a lke, pp. D7- D1 4. 
Noise in VLF to HF ba nds an d pred ictio n of com munication 

r cli ability, W. Q. C richlo \\' , pp . A67- A70. 
Signnl-to-noise characteristics of some typica l system s an d 

t heir comparisons, H. Aki ma, pp. A125- A 130. 

Cyclotron resonances in slightly ion izcd gases, F . F ehsen f cld, 
J . Chcm. Phys. 39, No.7, 1653- 1661 (Oct . 1, 196:3) . 

Some physical properties of organi c dcntme base m;ltcrials, 
J . B . Woelfel , G. C. P affenb;l rge r, a nd W . T . Sweeney, J . 
Am. D ental Assoc . 67, 489- 504 (Oct . 19(3) . 

D ependence of p ower out pu t of a gas laser on t h e length and 
r ate of excit[ttion of t he d ischarge, J. A. \\Chi te, Appl. Phys. 
L ette rs 3, No.7, 107- 109 (Oct. 1, 19(3) . 

Shifts a nd I\'idths or somc sta rk-broadened oxygen lines in an 
a rc pla sma, 'vV. L. Wiese and P . \V. M urphy, Phys . R ev. 
131 , No.5, 2108-2115 (Sep t. 19(3) . 

The a dso rpt ion of m etha ne a nd ni t rogen on silica gel, syn­
thetic zeolite n nd ch a rco;tl, A. J. l(idnay a nd J . M. fIi za, J 
Phys. Chem . 67,1725- 1727 (1963) . 

Studying t he lunar tidal variation s in the D r egion of the 
ionosphere by m eans of very-Iow- freq ucncy p h ase observa-

---------- -_ .. - --

tion F, A. H. Brady and D. D. C rombi e, J. Geophvs. R es. 
68, No. H) , 5437- 5442 (Oct. 1, I D(3) . -

Natural electrom;,gnetic fi eld ,fluctuations in t he 3.0 t o 0.02 
cps range, W . H . Campbell , Proc. I EEE 51, 1337- 1342 
(Oct . 19(3). 

C ur rent developm ent in an elcct ronicall y scann ed a ntenna, 
H. V. Cotto ny, P roc. Symp. Electromagnetic Theory a nd 
Antennas, Co penhagcn, Jun e 25- 30, 1962, pp. ]28D- 1294 
(P ergamo n P ress, Oxford, Londo n, 19(3) . 

Airglow I'esea rch , F . K Ro;,ch , T rans. Am . Geoph ys. Un ion 
H, No.2, 43 1- 432 (Jun e HJ(3). 

Velocity-depth rela tion shi p in m icroelectrophoresis cell for 
as pha ltenes in ni t romethane, J . R. \\TI'ight a nd R. H. . 
:i\lines in gel', J . Colloid Sci. 18, 802- 804 (Oct. 196:3) . 

Som e results of a new method for obtainin g ionosp l1er ic N(h) 
profiles and t heir b enr ing on the s tru cture of t he 10ll'e r F 
region , A. K . I),wl and J. \V. \\' right, J. Geophys. R es. 68, 
No . 19,5413- 5420 (Oct. 1, 106:3) . 

A ] 00 m egapul se per second b ina ry co unter wi th impedan ce 
steerin g, S. B. C cll cr a lld 1) A. J\lanLek , I EEE Trans. 
Elpct roll ic Co mpu te rs EC- 12, Xo. 5, 56R (Oct . 19(3). 

::'IathCl1l a t ics a nci ex perim ental sc ience, "r. J. Youdcn, Sci. 
T eac her 30 , No . 5, 2:{- 26 (Sept. J9(3) . 

Lill e sha pes, sat uraLio n beha vior, a ll d tcmpe rature studi es in 
t he nu c:ea r r eso na nce of lIi cke l, H.. L . Streever a nd L. H . 
Benn eLL, Ph ys. R ev . 131 , N o.5, 2000- 2000 (Sept. 1, HJ(3). 

1m pecLlnce o r Lecla nche ce ll s a nd batte ries, R . J. Brodd and 
H . J . I)e '\-ane, J . E lcctrochem . Soc. 110 , N o . 11, ]091- 1097 
(i\fo v . I U6:3) . 

H y perfill e s tr ucture and isoLope shifts in t h e 25:37- A lill c of 
nt ercury by it lI ew in te rre rometr ic method, Y . G. Sc hweit­
ze r, Jr. , J . Opt. Soc. AnI. 53, No. U, 1055- 1072 (Sep t. 19(3). 

Abool ute scule or oscillato r sLrengh ts, C. VI. All e n :Ind C. j r. 
Co r,iss, J\[onthl y :\foLiccs 110y. Astron. Soc. 126, No. 1 
:37- 40 ( I !JG:3) . ' 

Stable G:300 A [wl'ont l a rcs in mid-latitudes, F. E. R oach a lld 
J. H . 110:tCh, ['Ianet. Space Sci. 11, 52:3- 545 (106:3) . 

Relctt ion or pa,rt ial ( 11 0) pol e fig ures to t hi ckness a nd m icro­
s tr ucture of e lecl rodcpos iLcd coppe r, F. Ogburll and C . J . 
Ne\\·to ll , J . E lectrochem. Soc. 110 , No. 11 , 1148- 1] 50 
(Nov . J(J63). 

R eg ul ation of ion izal ion ga ugc emission current to b cttcr t han 
0 .05 % , K. \\' . Yee a nd R J. Carpenter , R ev. Sci. Instr. 
34, :\f o. 10, 1101- 110:3 (Oct . 10G:3) . 

E rrors in " drop " calorim et ry d ue to sa mpl e contain er transi­
t ion s, D. C . G innings, J. Ph ys. Chem. 67 , 1017-1918 (1963). 

A t heo ry of incoh eren t sca tte rin g of rad io ",aves b y a p lasma. 
III Scatter ing in a pa ltia ll y ioni zed gas, J . P . Dougherty 
a nd D. T . Farl ey, Jr., J . Gcophys . 11es . 68, 5473-5486 
(Oct. 1, 19G:3) . 

En ergy dependence of proport iona l-cou nter fast-n eu t ron 
dosim cters, R . S. Caswell , \V. B. B everly nnd V. Sp eigel, 
Jr. , (Proc. Synt p . Neutron D ctection, Dosim etry a nd 
Standa rdization, Atomi c Energy, Atomi c Energy R esea rch 
E stablis hmen t, H a rwell , England, D ec. 10- 14, 19(2) 
Book, Neutron Dosimetry II, 227- 237 (July 196:3). ' 

Projection X-ray microscopy of roofing materia ls, S. B. 
Newman a nd S. 1-I. Greenfeld, M ater. R es . Std. 3, No . 11, 
893- 808 (Nov . 19(3). 

Normal congruence s ubgroups of the t X t modul a r g roup 
M. Ncw man, Bull. Am. M ath. Soc . 69, ~o. 5, 719- 720 
(Sept. 19(3). 

Growth and evaporation kinetics and SLirface di ffu s io n of K 
a nd H g crystal whiskcrs, 11. L. P arker, R. L. Anderson, 
a nd S . C. H a rdy, Appli ed Phys. Letters 3, No.6, 03- 95 
(Sept. 15, 10(3). 

V e ry-Iow-freq uency phase observation s of solar flare ionization 
in t he D region of t h e ionosphere, C. J. Chilton, F. K. 
Steele, a nd R. B. Norton, J . Geoph ys . R es. 68, No . 19, 
5421- 5435 (Oct. 1, 19(3). 

G encralized variational principles for electromagnetic vibra­
t ions; applica t ion t o t h e t h eo ry of waveguide junctions, 
D . j\lL K erns, Proc. Symp. Electromagnetic Theory an d 
Antennas, Copenhagen, June 25-30, 1962, pp. 253- 259 
(P ergamon Press, Oxford, London, 19(3) . 

T h e following p ap ers were publish ed in Advances in Cryoge nic 
E ngineering, Volum e 8 (1963) . 
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Some idealized solutions for chokin g, t ll-o-phase flo,,- of 
h ydrogen , nitrogen, and oxygen , R . V. Smith, Paper J - 10, 
pp. 563- 573 _ 

P-p-7' values for neon from 27° to 3000 K for pressures to 
200 atm using corresponding sta tes theory, R. D . McCarty, 
R. B. Stell-art, a nd Ie D. Timm el'haus, Paper C- 3, pp . 
135- 145. 

An apparatus to determine t he solid-vapor equil ibria of 
bin;],ry cryogenic systems, 11. J . Hiz;]' and R. N . H elTing, 
Paper C- 5, pp. 15S- 16L 

A co mparison of the low-temperatm e adsorption of nitrogen 
and m ethan e fro m hydrogen gas on three different adsorb­
ents, M . J . Hiza and A. J . Ridnay, Pap er C- 7, pp . 174- 1S2. 

A refrigerat ion system in corporatin g a lo\\,-capa city, high­
speed, gas-bearing-supported expa nsion turbine , D. B . 
Mann, H . Sixsmit h, IV. A. Wilson, and B. "V. Birmingham, 
Paper D - 5, pp. 221- 227. 

Experimental d etermination of t he bulk density of boiling 
liquid oxygen, R. W. Arnett, D . R. Millhiser, and W. H . 
Probert, Pa per E - 4, pp. 256- 262. 

Thermal conductivity of solid H 20 and D oO at low tempera­
tures, J. IV. D ean and K. D . Timmerhaus, Paper E - 5, 
pp. 263- 267. 

Linear t hermal expansion of elastom ers in t he range 3000 

to 76° K , R. F. Robbin s, Y. Ohori, an d D. H . Weitzel, 
Paper E - S, pp. 287-299 (1963) . 
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Solid form ation in flowin g cryogenic fluid s, D . B . Chelt on, 
B. IV. Birmingha m , and J . W. Dean , P ap er E - 11 , pp. 
311- 314. 

T emperature measurem ents in cryogen ic engineering, R. J. 
COlTuccini , Paper }'-1, pp. 315- 33:3. 

Pressure m easurements in cryogenic system s, P. Smelser, 
Pa per F - 7, pp . 378- 386. 

P erlite for cryogenic ins ulation, R. H. Kl'opschot and R. IV. 
Burgess, Paper G- 7, pp. 425- 436 . 

Force and seal evaluation of elasto meric O-rin gs, P. R. 
Ludtke and D. II. Weitzel , Paper H - 6, pp. 467- 477. 

Experimental investigation of liqu id-hydrogen cooling by 
h elium gas inj ection, A. F . Schmidt, Pap er J - 5, pp. 521- 52S. 

Liq uid requirements for the cool-down of cryogenic equip­
m ent, R. B. J acobs, PapeL' J - 6, pp. 529- 535. 

Coo l-dmnl and " 'arm-up of large pOII'der-in s ula ted dewani, 
F . Kreit h , J. W. Dean , and L . Brooks, Paper J - 7, pp. 
536- 543 . 

* P1lblications f or which a price is indicated are available by 
pUTChase from the Superintendent of Documents, Govemment 
P rinting OIJice, W ashington, D. C. 20402 (foreign postage, 
one-fow· th additional) . Reprints jTom outside j oumals and 
the NBS J oumal oj R esearch may often be obtained directly 
from the a1lthors. 
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