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The III specl rUtn has bee n excited in electrodeless la mps and photogra phed from 655 A 
Lo ]1084 A. Wavelengt hs a nd es ti mated in tensit ies a re given for almost 2,400 Jines. A 
r cvisioll and ex t ension of t he earli er allalyses of t his spectrum has in creased t he nu mber of 
kn own evc n levels from 43 to 124, a nd t he number of odd levels f rom 55 to 190 . N ell' gr 
factors a rc g i\'en for 46 levels, a nd t he previous desig nations of 40 leve ls a rc changed . 
Improved meas ureme nts in t he \'acuum ultravio let region give a co rrection of 7.4 cm- 1 

to be sub tracted from t he valu es listed in Atomic Energy Levels, Vol. :3 (1958), for a ll leve ls 
a bo ve t he ground co nfigu ratio n. The a pprox imate l:v 1,800 class ifi ed lines 110\\' in cludf' a ll 
of t he s trongest lines. The ISO of the ground co nfig ura t ion 5s'5p' has beC' n fou nd , and thi s 
co nfig ul'iltion has bee n fi tted tu in te t'lnC'd ia te coupling t heo r.v . Magnetic dipole t ra nsit ion s 
betwee n levels of the gro und co nfig lll'ation, 3p ,_ Ij), (7282 A) a nd 3P!- IRo (4·b60 A), have 
bee n observed a nd t heir nat ure confi rmed b.\· t he Zee ma n effect. The li ne 5p43P, __ ID, 
s hows hy perfin e structl11'e whi ch is in a ppI'ox imate agree me nt with a theoretical calculation 
of t he ex pected structure. Nell' levels have bee n fou11d for a Lmost a ll hig her configurations. 
All previously known se ri es have bee n exte nd ed a nd nell' on es fo und. From O l1 e of t he new 
series, 5p3(4f) O) 5-12g 5 Gij, til(' prin cipal iollization C' nergy for III (1.54:304 ± 1 e m-I) has bee n 
dc ri ved . ThC' l.'C'sults of thc a na lysis are compared \\' it h theo rel ic:li expecta t ions in a numbe r 
or C:lSCS. 

1. Introduction 

On e of th e purposes ser ved by the s :\~s Lcma t i c 
compilation of Atomic Energy L evels [ I ] 1 being C1lniecl 
out at NBS is to point out in adequ;l cies in the 
existing n nnl~-scs of n tomie speell'n. Th e work 
r eported hcr e WetS p cLrtl~ " stimulated b.\~ th c Heed 
l'eveclled und cr th e scrLltin)" of this progrnm fol' n ew 
observations HllCl ll1HtlYSeS of the iodine and bromine 
spectra . Another )'el1son for o Lir inter est in these 
p lU'ticulal' sp ectnt is that iod in e and bromine fll 'e the 
halogens most fl'equentl~" lI sed in th e eled l'ocleless 
metal-halid e hmps [2] developed in this labomton -. 
These lamps ha,ve proved Lo b e excellent so m ces of 
metalli c spectra. vVe have also fOLIlld thai the 
electrod eless lamp gives a strong pure iodi ne sp ec­
tr um wh en used as described below. in ce the 
spectrum of the halogen con ta ined in a meLal-halid e 
lamp appekU'S along with thltt of the me tal, the user 
of these lamps n eeds a complete iL nd iLcc umte 
knowledge of the iodine an d bromine spectnt. The 
present or recen lly completed work of th is In bOl'aLol'.'" 
includes new descrip tions alld anal.'-ses of the firs t 
and second spectra, of both iodine and bromin e. 

The spectrum of singl.v ionized iodin e has prc­
viously been analvzecl by P . L ltcroute [3) and by K. 
::\lurllkawa [4]. Th e r es ul ts of th eir wo rk, together 
with some pJ'elimi nat'S" r ev isions a nd ex tension s made 
poss ible by the ll ew obser va tions reported here, are 
given in A tomic Ener!ly Levels (AEL ), Vol. In. Om 
observa ti ons Il re superior to earlier measurements in 
being mor c complete (particularly in the vn,cuum 
ultl'1lv iolet rcgion) and mo]'e acc llmte. Al so impor­
tant is our nbil ity to dis tin g uish beiLer between th e 
til'St and. second spectrum. 

I Figu l'es in brackets indicate thc literatul'e I'cferences on page 452. 

2 . 0 bserva tions 

The sources for Lhe sp ect rum in the region 2000 to 
I] 000 A were electrodeless lamps made from 5-mm 
i.d . quartz 01' V.'~COl' tubing about 10 cm long with a 
hemi sphericnl window blown at one end <I nd n side 
arm ,ttLllclled.. These were thoroughl.\- evac wtted 
a nd outgassed . and ,t fe w C'J'.\-s tn ls of iodine dist illed 
in to them before scal ing o fT . The discharge \ nl 

excited with the Raytheon ::\Iicl'otherm m ic1'mntve 
genera to1' whi ch opel'ates IL t 2,450 ::\le with 125-w 
o utpu t . ,\Ve m ilde all obsel'v,ltions wiLh the lamp 
en d-on exce pt " 'hen Zeem an paLiel'ns were photo­
gmphed . Th e speC' tnt wel'e dispersed with g rn tings 
h<tving 30 ,000 , 15,000 , and 7,500 lines pel' inch , each 
mo ulltedin p ll rallc1ligh t to give stigm atic images. 
From 2000 to 2400 A the phlte factor was 2.2 A/mm ; 
from 2400 to 4400 A, l.0 A/mm ; from 4400 to 9000 
A, 2.0 A/mm; from 9000 to 10400 A, 5 A/mm.; an(l 
from 10400 to 11] 00 A, ] 0 A/mm. 

.l\'[ost of tlle wavelength v<tlues given in table 10.1, 
the lin e lis t (sec. 10, Appendix), are average of 
m easurements m <tcle on more than one plate. The 
intensi ties are ViSU,ll est imates, meaningful onl." for 
lines in the Sitm e spectnll r egion . Almost all of 
the strongf'r T II lines show hyperfin e structure under 
h igh resolut ion. Wherc th e s tructures were com­
pletely 01' p llrtiall)" resolved, we m easmecl the indi­
vidual compo ncnts. ,\Vith few exceptions, however. 
onl.'" the weighted ftveragc of the componen t wave­
lengths is g iven in table 10.1. The int ens it)" given 
fo1' such a line is the sum of the estimated componen t 
intensities. ~lLlrakaw,l r4, 5] hilS obse rved in ter­
fcromet rically Lile }1.'~ pCl'fine strllcturc of a number 
of T II lin es. 

Because of the linc-broade ning cluc Lo strllcturc, 
th e w,lvelength m cas urements h cre Il rc not as 
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accura te as one might wish. However, the dis­
agreement between the observed wavenumbers ~Lnd 
the corresponding differenccs of the "bes L" val ues fo1' 
the relevant energ~' levels is usunlly less than 0.1 
cm - I for lines in the region <Lbove 2500 A. 

'When the iodin e in the side arm of the discharge 
tube was kept at 30° C, corresponding Lo about 1-mm 
vapor pressure, most lines of the first spectrum 
appeared in thc discharge, \\·ith only the s trongest 
lines of T II showing. As the temperature was 
lowered, the second spectrum increased in intensity 
until it bec,une stronger than the fu'st spectrum. 
The discharge ceased ttt about - 28° C, when the 
pressure was between 10- 2 and 10- 3 mm Hg. 'liVe 
were able to assign most lines to the proper spectrum 
by including on every spectrogmm these foUl' spectra 
in juxtaposition: iron fll'C, "high" temperature 
(20 to 30° C) iodine spectrum, "low" temperature 
("",-25 °C) iodin e spectrum, and iron <l1'C . 

This procedul'e le fl ves the origin of some of the 
wen kef lines dou btful for two reason s: Lhe weakcr 
1I lines appefll' in the low pressure discharge but not 
at the higher press ure, wh ile the lIn spectrum is also 
Llintly excited at low pressures. The latter observa­
tion was surprising, but a compm'isoll of the intew"i­
ties in om list with those given by observers [3, 6, 7] 
of rather high energ" T discharges in iodine vapor 
leaves no doubt that our low press ure source gives 
the strongest 1 III lin es weakly. However, we 
believe that b.v this comparison we have eliminated 
the J III lines from tllC list . Those unelnssified lines 
above 5000 A which 1m ve in tensity less tlmn 50 com­
prise praeticnll~' nIl the remaining lines of doubtful 
origin . These lines may belong to either the first or 
second spectrum. 

liVe have observed the Zeeman effect in a field of 
about 37000 g ftUSS for most of the strong III lines in 
the region 4000 to 9000 A. The technique is 
described by Kiess and Corliss [8]. Zeeman patterns 
obtained from these observations fire given in table 
10.2. 

The spectrum was dispersed in the region 584 to 
2000 A by a 2-m radius concave grating of 30,000 
lines per inch ruled directly on pyrex. This grating, 
which was ruled under the direction of R. 'iV. "Vood 
at Johns Hopkins, was originall y mounted in :t 

vacuum spectrograph by K . T . Compton and J . C. 
Boyce [9]. VV. R. Bozman has designed a new 
housing for the grating and plateholder of the olel 
instrument. It consists primarily of a c~rlindrical 
section of steel pipe 75 cm in diameter and 210 cm 
long fitted wi th aluminum end covers which are 
sealed to the main tube by means of O-ring flanges. 
The slit is contained in a side tube. The optical 
arrangement is essentially that of Compton and 
Boyce except that the angle of incidence has been 
decreased slightly to about 13 .1° to give the normal 
spectrum at 1920 A. The phte factor is 4. 26 A/mm 
ftt the normal and the plateholder covers the range 
o to 2570 A in the first order. The height of the 
plflteholdel' is adj usta ble externally so that several 
different exposures may be made on one plate. 

liVe mounted a ghlSS discharge tube end-on to t he 
sli t housing by means of an O-ring seal. After a 
sid e tube was charged with iodine, the lamp was 
evacuated and excited as described above. The 
slit of the evacua ted spectrograph was open directly 
to the light from the discharge. 'liVe used Eastman 
SWR plates below 1400 A and Word Q- 2 pla tes in 
the r egion above 1400 A. The first order spectrum 
was measured from 500 to 2500 A ; and from 800 to 
1200 A all bu t the weaker lines were measured in 
the second order. Most lin es were measured three 
01' four ti lll es. Calculated wavelengths of lines in 
the I I spectrum [8] served as the principal standards 
in the region 1200 to 2060 A. Lines of helium , 
ox.\-gen, ni trogen, and carbon also were used for 
sttllldarcls. Some bands, clue prin cipally to carbon 
monoxide , appeared on the spectrograms. 

Lines of bromine were found on all our vacuum 
region plates. The existing measurements of the 
bromine spectra were not complete enou gh [or the 
elimin ation of these lines from OllI' list. 'Ve have 
exc ited, phoLographed , and meas ured the Br I and 
Br II s pectm in the vacuu m ul traviolet. Analyses 
of these spectra are underway in this Inbol'atory and 
will be reported later. 

'Ve have obtflined avern,ged valu es of the In 
5p4 ground-configuration energy levels relative to 
the lower odd levels by using the measurements of 
lin es from ]] 00 to 1300 A. These odd levels arc 
knO"''11 relative to each other with good accuracy 
from meas urements above 2000 A. We then calcu­
laLed the w<lvelengLhs of all sin gly-classified lines 
observed ill the vacuum ultraviolet. Since these 
wavelengths arc on a eonsisten t scale and the I II 

spectrum is fairl y riclt below the I I limi t (1200 A), 
we ha ve thought it worthwhile to give these calcu­
lated wavelengths in table 10.1. Together with 
the I I wavelengths above 1200 A they comprise 
a consistent se t of wavelengths over a large paTt of 
the vacuum region and should prove usci'ul in re­
d ucing low- and medium-dispersion plates obtaill ed 
with metal iodide lamp sourees. An estimated 
uncertainty in the calculated I II wavelengths of 
± 0.005 A at 1100 A gives ± 0.002 A at 665 A, where 
the first caleulatecl lines occur. The new I n wave­
lengths in the vacuum ultraviolet region yield, for 
the energy levels above tllOse of th e ground configura­
tion, values which are 7.4 C111-1 less th an the cor­
respondirg values given in AEL. 

3. Ground Configuration 

The 5s~ 5p4 ground configuration of singly ionized 
iodine gives the Russell-Saunders terms 3P , ID , and 
IS, as shown in table 1. The energy levels for these' 
terms arc listed in table 10.3, which includ es all 
presently known even levels for In. LaCI'oute's 
values for 3P1, 3PO, and ID2 arc about 3 cm-I too 
high relative to the ground sta te 3P 2• The level he 
designated ISO is not real. In the three atoms for 
which the configuration 5p4 is known (T e I , I 1I, and 
Xl' III ) on e finds good agreement with intermediate' 
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T A Bf. E J. P1-eclicted IO'ms of I II 

Co nfigun,t ion ].JI'C'<li cte(i terms 

5s' .>p' ' I' II) IS 
3p o l p O 

585p' -.-
liS np nd 11/ ng 

",;::0 n;::G 'n ~5 ,, ;::4 ,,;::5 
-----

58' 5p'('SO)nc { 'So ' I' ~n ° 5F ' 0 ° 
, ° ' I' ' Do ' J!' ' 0 ° 

582 .\p'(2D O)nx' ( ' 1) 0 '( PDF) '(S P01'O )O '( PDFOH) '(D1'OHI) ° 
\ IDO 1(1'DF) I(S I'D1'O)O 1(1'DF01 I) I (D1'0111)O 

5825p3(2,PO)nx" { ap o '(S I'O ) '(1' 01')° '(DFO) '(FOlT) 
11'° I(S1'O) 1(1'01')° I(OFO) I( ~'OH) 

co upling theory. Robill son and Shortley [10] have 
calculated t]le coupling pa.rameters for 5p4 in these 
atoms by makin g 3P 1) 3pz) and ID-3p c exactly fit 
the theoret ical curves given ill Con dOll and Shortley 
[ll], p. 301 , and reproduced in figure 1. This 
method gives fl gooclfit for all levels except ISO which 
lies too high in all three cases. (The position [01' 

I II 5p4. ISO in figure 1 o[ reference [10] must be 
corrected sin ce only the in correct valli e of Lacroute 
was avai lable to Robinson and Shortley- this re­
duces t he elisagree ill ent to <Lbout one thircl of its 
fonner value .) As Robinson and Shortley point 
out, tlJis docs not mean that ISO is perturbed- an 
interaction would push the Lerll1 down. We have 
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'J' he levels of 5 p' f 01' thTee atoms fitted to theoTet'ical 
inteTmediate-coupling CU1-ves. 

calculated the parameters by the method Condon 
and ShortIe}' originally used for Te J, i.e., by making 
3P 1, the mean of ID z and 3P 2, and the mean of ISO 
and 3P O fit exactly. Thi s bring-s ISO down to ex­
cellent agreement while leaVIng the value of 
X=;t.1 v/Fz (see Condon and Shortley for notat,ion) 
essentially unchanged in all casf'S, but the agreement 
of the J = 2 levels is not as good as in l~obinson and 
Shortley. As a co mpromise we have averaged the 
values of the parameters obta.ined by these two 
methods . . The results are given in table 2 and the 
corresponding values of the observed energy levels 
are plotted in figure 1, again making 3P I fit exactly. 
Since the LfLnde, Sla.ter, ancl coupling ratios all arr 
functions ollly o[ the p;lrameLer X the goocl agree­
ment obtaillecl for t]lCm b.v Robinson and Shortley 

, is retained here. The ll ew IS term makes t.he 
~ agreement of the observed Slater ratio (lS- ID )/ 

T A BLE 2. [nterlHediate-coll pling param eters and predicted 
Ie_vel positions for th e 5p' configuration in Tc 1, In, and 
Xc III 

T C I III Xc I II 

X = )tr pi F2 O. 68-[ O. 844 1. 00<1 
cm- 1 cm- 1 cm- 1 

r(5p) 4090 5930 8180 
F 2(5p,5p) 1195 l<}05 J 6:30 

-

3p ,{p rCd. - 171 - 220 - 480 
- obs. 0 0 0 

31' { prCd. ( -1751 ) (7087) (9795) 
l obs. 4751 7087 9795 

31' { PI'Cd. -f697 6325 7878 
o obs. -1707 6448 8131 

11),{PI'Cci . ]0708 13929 ]7580 
- ob~. 10559 13727 17100 

Ie..: {PI'Cd. 22731 28924 36162 
, 0 obs. 23199 29501 37398 

(l D_3p c) in I II (1.481 ) 'with the theoretical value 
(1.365 for x = 0.844 ) about the same as in Te rand 
better than in Xe III. 

The eigenvectors of the two second-oreler enero'y 
matrices for p4 in intermediate coupling, for J b O 
and J=~, respective~y, are functions of X only. By 
calculatmg these mgenvectors and squaring tho 
elements o( each , one obtfLins the percentage com­
position or each level of a given J in terms o( the 
pure Russell-Saunders levels of that J. The results 
of this calculation for x = 0.844 (I II 5p4) are that 
ID2 and 3pz have 90.3 percent Russell-Saunders 
purity (i.e. , they are 9.7% mixed), while the pmity 
[or ISO and 3PO is 83.5 percent. Hence the LS 
designation.s assigned these levels are not without 
some meanIng. 

4. Magnetic Dipole Transitions 

" Forbidden" transitions between pail'S of levels 
belonging to the p4 confi gurat ion have been observed 
in laborn,tory so urces of the spectrfL Or (Lhe aurora 
line at 5577 A, ISO_ IDz), Se I [12], Te I [13], Xe III 

[14], and Po I [15]. We have found two s1l('h transi­
Lions in I II: 5p 43P t _ ISO (4460. 185 A) and 5p43PZ-

IDz (7282.83 A). A diagram of the ground con­
figuration levels showing t]l esc transitions is given in 
figure 2. The observed wavenumber of each line is 
that predicted by the separation of th o relevant 
levels as determined from lines in the vacuum ul­
traviolet. The transition probabilities as derived 
from magnetic dipole s trengths tabulated against X 
by Shortley et al. [16] ar e 99 sec- I for the line at 4460 
A, and 9.1 sec- 1 for tile line 7282 A (x = O.844 ; both 
lines have zero transition probability in pure Russell­
Saunders coupling, where x = O). Of ('ourse the 
observed illtrllsities in table 10.1 have no absoluLe 
meaning, and for these t \\-O lines in difIel'enL spectral 
regions do not give even relative experimental 
inLensities. BoLh transitions appea.r much stronger 
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FIG GHE 2, 'Two magnetic dipole transitions observed in I II. 

i n the high prcss ure (I I) discharge than with low 
pl'CSS Lll'e cr II) c:'\ci ta tion. Thi s first spectrum char­
actcr is no t surprising since lil('se transitions oceUI 
between lcvels wbich lLr(' se ri ('s limits for the J I 

sp cctrum. The levels lie a.bout 100,000 cm- I abo ve 
thc :r I ground s tate , while th e excita tion energy for 
clllY I l[ lin c in this r cgion is almost twice Llmt amount. 
] n his note on the xenon spcc tra, Edlen [14] mcntioned 
tha t such lines were a t first cxperimentally r eferrcd 
to th e next lower ionizlttion tban thaL to which they 
actually belonged . 

Th e line at 4460 A is pure magn etic dipole radi­
a tion, a nd its classifi ca tion was made cer tain by th e 
transverse Zeemcul effect obser va tion shown in fi gure 
3. After thc line had been classified , a searcl1 
through th e Zeenmn da ta of Kiess and Corliss yielded 
t his pa t tern. In a fi eld of abou t 37,000 gauss the 
line spli ts in to a triplet with separa tion of l. 51 
Loren tz units (I,.D.). Bu t the unshifted per'pen­
dir ularly polarized component and the symmetricall y 
d isplaced parallel componen ts form a pattern that 
is the inverse of the o ther triplets appearing in the 
fi g ure, and Clm arise only from a magneti.c dipole 
tr ansition. The derived grvalu e for 5p43P l is, of 
co urse, 1.51. By observ ing the Zeeman effect for the 
analogoLls t mn sition in P b I , 6p2 3p j _ 1SO at 46 18A ,. 
H . N iewodu iczanski [17] gil ve the fi rs t defi ni te 
ex perimen tal proof for t he occurrence of mltgnetic 
di pole radiat ion in atomic spec tn l. 

w 
>-­
<! 

u' I 

WAVELENGTH. A 

F lG CHE 3. 111 icro photomelel' traces of an iodine specl1'og ram 
showing the transverse Z ee man e,ileel in Ihe Tegion near 4460 . t . 

(rhe " u psid e-down " Lorentz triplet obsc rved for tllC I If line at 4460.185 A is 
defini te proo f o[ its magnetic-d ipole character. 

The r esolu tion obtain ed in the first order specLrum 
wi th ft grating of 30,000 Ii nes pel' inch was s ufficien t to 
resolve partly the hypc rfine stru cture of the line 
5p43P z--ID 2 (7282 A), as shown in. fi gure 4. There 
s('em to be Lhrcc o r four co mponents on our pla.tcs, 
though only OIle is well l'csolvr cl from t ll(' r es t . 1n 
order to compar e Lite obscr ved structure of t llis linc 
wi t h theory, we ha ve cnlculaLed th e hyperfine 
spli tLin gs of the 5p" 3P2 nnd 5])4 IDz levels in J I27 II. 

The required cOl1s tnnt s wel'e taken <lS follows' 
J1ucle<tt' spin = 5j2, lludc<lr mltg l1 ctic moment = 2.81 
l1.m., nuclear elecLri C' q lIncirupole m oment = - 0.62 X 
10- 24 cm2 [18]. The formu las of G oudsmi t [19] and 
Casim ir [20] give l It(' magnetic spli tti ng {actors, 
A (J ), and the electri C' qllndrupole fitctors, B (J), 
r espectively . Trees [2 1] hIlS published co nvenien t 
genent! ex pn'ss ions fo r eva lun ti ng' t il ese form ulas. 
SVe have a lso taken t he dJ:ecLs of intermecliat3 
co upling in to accou nt. The calcul ated spli tt ings arc 
A ep2 )= 0.033 cm - I , B e p z) = - 0.00017 cm- I , AeD2 ) 

-0.6 -0.4 -0.2 o 0.2 04 0 .6 

WAVE NUMBER, em-I 

FIG IJ RE 4. M icrophotometer trace showing Ihe hype/ fin e 
stmcture of the for bidden line 5p ' 3 P2- ' J) 2 at 7282.1. 

'rhe theoretical relative illten~iti('s and calculated pOSition s of the components 
of th is pattern arc also ind icated. rL-' !le posi tion of tho trace wit h rrspect to the 
zero of t he wavenu mber scale is arbitrar y. 
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= 0.078 cm.- I, B (1D 2) = 0.00042 em- I. lfitis ass umed 
t b,tt 5p4 3P2- ID2 is predom in ,ttely f\, magnetic dipol e 
t ransition, the same inLensity l"Ittios as for electric 
dipole rc1 din,tion should H.pply Lo the hyperfine com­
ponents [22, 23]. Th e " Lit eo l"eL ic,t1" hyperfine pat­
Lern in fi gure 4 is bn.sed 0 11 l hi s assumption ,wd the 
calculated splittings. J n v iew of the approximations 
mctcle in the theory, LllC agrce ment of t he calculated 
and observed pCLtterns seems SlttisftLCLory and may be 
regarded as a confirmaLion of t ile uggested origin 
of this line. 

Sin ce the Zeeman effecL for a forbidden line show­
ing hyperfine stru cture llcls f il. rely been observed , 
three separate several-hour exposures were made 
especially to obtain the magnetic s plitting of tIl e 
line 7282 A in a fi eld of 35,500 glll1SS. A micro­
photometer tracing of one of the Zeema n patterns 
obtained is shown in fi.gme 5. Ass uming t he calcu­
lated in termediate co upling Orvalues of 1.451 for 
5p4 3PZ and 1.049 for 5p4 ID2, one obtains the calcu­
lated Zeemtw-component positions given in table 
3. The observed valucs,which arc averages for 

z 
o 
if> 
if> 

::; 
if> 
Z 
<l 
<r 
t-

W 
t­
<! 
-' a. 

em- I 13324 - 25 

- 2 

I 
~ ~ o 
if> 
if> 

~ 
if> 
2 
<l 
a: 
t-

W 
t­
<l 
-' a. 

-I 

PARALLEL 
POLARIZATION 

2 LORENTZ UNITS 

~ 
PERPE NDICULAR 
POLARIZATION 

F IG unE 5. M icrophot011letcr traces oJ the transverse Z eeman 
paltem .for the line at 7282 A. 

The spectrogram from which these traces have been made was obtained with the 
source in a fi eld of 3;;,500 gauss. In order to locate tile Zecman components with 
respect to the undispl.eed byperfin e pattern , an ex posure wit h the SOurce in zero 
magnetic field was also made on this spoctrogram (not shown ). 11'he zero of the 
above Lorentz unit scaJe is taken at the same posit iol) , relative to the observed 
byperfille pattern of fi gure 4, as tbe zero of tbe wavenumber scale ill fi gure 4. 

T AB I,E 3. Z eeman elleet for the /o1"/)i iden l-ine at 7282 A 
rp!fC ohsetvr c! co mpOll en t po:;; iUons are avcra~c values from 3 pattern.;; obtained 

wit h a magneti(' fi eld or abou t. :1R,500 gallss. Only half tho pattern is gi \'e l1 since 
t he centers or Kntvity of allY two corrrs po nding co rnponen ~ s were, within the 
orrors of observation , located sYlllllletrica ll y wiLh respect to Lhe zero of the mag­
netic displacement scale ill figure 5. 

..--eo mpo- T li co-
nOJl ts reLica l Calculakd Obse rvC'c1 Ca lculal cI 

M J (1 1)2) rclaLivc posiLioJl posiLion toLH-1 
M; ("Pz) in ton - \I' idth 

si t }' 

---------
2 - d 2 0.6-17 L.U. - - - - - - O. 6 15 cm- 1 

L-tO ;~ I. 0~9 1. 042 L.U. .390 
O-t l ;{ 1.45 1 l. 459 . Hi5 
1. 2 2 l. 853 J. 860 . 060 

--------------

cr-CO l11pO-
lion ts 

1-t l 2 O. -102 L.U. O. 39;3 L.U. 0.225 cm- 1 

2-t2 8 .80", .808 . Ll50 

meas urements of the three pat terns, }I.re also given . 
The agreement of calculated and observed positions 
and the reversal of the respective polarizations from 
those expected for an electric dipole transition are 
definite proof of t lte origin of this line. The a veragG 
values of the Orfactors derived from the measured 
patterns ar e 1.457 for 3P 2 and 1.046 for ID z. 

A broadening due to unresolved hyperfine stru c­
t ure is apparen t for most of t lte components in 
figure 5. Since the spli tting of either level by tbo 
external magnetic field is here several times large r 
than the zero-fi eld hyperfine spli tting, the formula 
for the Back-Go udsmi t case [24] should give a fn il' 
approximation for the total energy of each magnetic­
hyperfine state. This formula predicts a splitting 
of each Zeeman componen t into 21 + 1= 6 equally 
spaced hyperfine components. The expected over­
all width of a given Zeeman component due to th is 
s tructure can be obtained from the previously cal­
culated values of the hyper-fine split ting factors for 
the two levels (see above) and the standard formula 
for the Back-Go udsmit effect [24]. These calcu­
lated widths are given in table 3. Neglecting fo r 
a moment the observed asymmetries, one can sec 
that the general features of the pattern are in accord 
with these widths . In particular , what migh t at 
first be taken as large deviations from the predicted 
relative intensities of table 3 ean probably for the 
most part be explained as effects due to the differrnt 
wid ths. For example, the appearance of the d is­
tinct and r elatively narrow 1f-components at ± 1.85 
L .U., as contrasted with the barely observable struc­
t ures at ± 0.65 L .U.- -where components with (,Ite 
same total in tensit ies c1,S those at ± 1.85 L .U. sholi ld 
occur- is, no doubt, du e principally to the fiLet 
that the predicted ovemll wid th of the innermost 
compon ents is 10 times LIl at of the outermost co:n­
ponents. Since the addi tional broadening of all 
components due to D oppler and instrumental effects 
has noL been considered, the calculated widths of 
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table 3 should be taken only as indicative. Previous 
experience with uncooled electrodeless lamps eX0ited 
as described above indicates effective gas tempera­
t ures of 4,000 to 8,000 °C when the lamp is in a 
strong magnetic field. At these tempera tures the 
Doppler width of each transition contributing to 
one of the Zeeman components of 7282 A is ('om­
pm'able to the " total width" of table 3 for the nar­
rowcst components (0.06 cm- 1). 

The asymmetries, with respect to total width and 
peak intensity, observed between members of the 
symmetrically positioned pairs of components in 
fi gure S fl,re confirmed on the other two Zeeman 
spectrograms of this pattern. The complcte Back­
Goudsmit effect would divide eH.ch Zeeman com­
ponent into six equally intense components without 
fl,ltering the overall symmetry of the usual Zeeman 
pattern. It seems likely that the a,symmetries are 
caused more by devifl,tions from thc intensity rule 
for the Back-Goudsmit case than by the renmining 
asymmetries in tlte level positions. Writh the pres­
ent resolution, no significant asymmetries in the 
positions of the centers-of-gravity of corresponding 
components are observed. 

The line 3P 2_ 1D 2 is allowed in electric quadrupole 
radiation as well as in magnetic dipole radiation . 
Although it is certain tha.t 7282 A is almost pure 
mllgnetic dipole in chamcter, it might be possible 
to deduce frOlLl a symmetric Zeeman pn ttern a slight 
admixture of electric quadrupole radiation in the 
line. This was done for a similar transition, 6p2 
3P 1_ 1D2 in Pb I , by Jenkins and Mrozowski [2S]. 
These investigators also were able to confirm an 
interesting " in terference" effect [23] between the 
magnetic dipole and electric quadrupole radi ation 
in this line. An applieation of this type of lmalysis 
to the pattern in figure S does not appear fefl,sible 
because. of the asymmetries due to hyperfine struc­
ture . It is possible tha t fI, detailed calcubtion of 
this pfl,ttern by use of t he formulas for th e " inter­
mediate field" cfl,se would be worthwhile. 

5. Higher Even Terms 
The higher terms of I II are of three types, ac­

cording to whetlter the pfl,rent term in I III is Sp3 
4S0, 2D o, 01' 2P O. As shown in table 1, these are 
denoted by affixing to the valence electron no prime, 
one prime, or two primes, respectively. No mean­
ingful analysis exists for I III , but one cfl,n esti­
mate the positions of Sp3 2D and Sp3 2p from their 
positions in Sb I and Te II . The result is that 
the 2D l)., ,2)-i levels sbould lie about 12,000 and IS,OOO 
ClU- 1, respectively, above 4S, and the 2P )1 ,I )1 at 
approximately 2S,000 and 30,000 cm- 1, respectively. 

We have indicated in our discussion of Sp4 the 
extent to which Russell-Saunders designations ar9 
meaningful for that configumtion. 1i'or many of 
the higher levels such designations have considembly 
less meaning. The overlapping of the " terms" 
belonging to a given configumtion and parentage 
signifies the usual heavy-atom departure from 
Russell-Saunders coupling, and makes thE' L-S 
naming of some of these higher levels little more 

than a convenient acco unting system. vVith the 
reader thus warned we shall, however, use this 
notfl,tion. 

Earlier in ves tiga tors fo und the levels of the even 
groups (4S0) 6p, (2 D O)6p' , and (4S0)4]. Transitions 
from these levels to lower odd levels are responsiblc 
for the strongest I II lines in the ail' region . The 
intensities of the Sd- 4] transitions indi cate that the 
strong line fl,t 2993 .866 A is due to Scl 3D~-4f 3F2 • 

This requires that the designfl,tions of the levels 
previously cfl,Ued Scl 3D~ fl,nd 68' 3D~ be interchanged, 
as well as those of 4] 3F2 and 6p" 3D 2. Murakawa 
[4] noted that the 3D~ levels were almost indistin­
guishable, and Lacr'oute [3] mentioned " l'analogie" of 
the J = 2 levels involved. K eithE'r of these authors 
had fl,vailable a complete line list with a uniform 
intensity scale. vVe unfortunately did not notice 
Murakawa's incorrect designation of the 4] levE'ls as 
sj- an error retained by Lacroute- until after the 
publication of AEL, Vol. lH. Our measurement of 
these strong multiplets hfl,s resulted in some designfl,­
tion changes. "Vhile some configuration mixing un­
doubtedly takes place for eftch of these pairs, the 
intensities of most of the other combinations of these 
levels confirm our changes. In the next section i t 
will be shown t hat thc present choice of 58' 3D~ is 
supported by theory. The relative position of the 
level here designated 4) 3F 2 is supported by the 
position of 3F2 in the neId y-found Sj configura lion. 
Also on the btLsis of our intensities and g-valucs, we 
have r eversed 1-1uralmwa's designations of the pairs 
6p' 3F3, 3Ds and 6p' Ip], 3D j • 

The 7p 5,3P I<:vcls, fl,ll of wltich hfl,ve been found , 
overlap the 4J levels but do not make as strong 
combinations. The level 7p 5P 2 was previously 
known. 

The tcrms of (2P O) 6p" fl,re now complctc. Lacroute 
gave five of these levels cOl'l'ectly, although the level 
he designated 5p" Yl hfl,s fI, J-value of 2. As noted 
above, his 6p" 3D 2 fi ts better in the 4f configuration. 
We assign his 6p" 3P 2 to 6p" lD 2. The 6p" group 
overlaps both the 4] and 7p levels. From the line 
intensities it appears that the 4] levels and 7p sPs are 
relatively pure, while most of the remaining levels 
of 7p and 6p" fl,re configuration-mixed. 

The analysis has yielded all but two of the levels 
arising from 4]' and 7p' . Since these groups overlap 
and mix, any individual assignment to configuration 
and Russell-Saunders designation at best represents 
only the principal contribution to a complete descrip­
tion of a given leve1. Lacroute found five of these 
levels, assigning them to 7 p' . We hfl, ve assigned all 
but one of these to 4]' . Four other levels listed by 
Lacroute for 7p' are not real. 

All the levels of the complete S] configuration are 
new exeept 3F3, which was given by Lacroute as 
7p' lP1. Most of the levels of nf are now known 
through n = 8. Four levels are assigned to 9]- three 
of them tentatively- on the basis of series regulari ty. 

The level given in table 10.3 as 8p 3P2 was errone­
ously assigned a J -value of 3 in the AEL tt1bJ e, while 
8p 3P 1 was given by Lacroute fl,S 7p' 3D 2. The 8p 
levels faIl fl,mongst those of 4]' and 7p', but the 
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present designations seem mo t likely on the basis of 
combination intcnsitics and seri.es considerations. 

A group of 13 highcr CVCll levels which may belong 
Lo any of four con fi gura tions, as hown in table 10 .3, 
]J ave bccn given only numcric~),l lcs ignations. 

6. Odd-Parity Configurations 
Table 10.4 is a complete Ii t of thc prescntly known 

odd levcls in ] II. The tcrms of 585p 5, 5p3(4S0) 68, 
(4S0)5d, and e D O) 68' werc prcviously known. The 
5p5, 68, and 5d configuration arc probably mixed, 
but the newintensitics leave no doubt that Lacroute 's 
designations for 5p 5 3p~ and 5d 5D~ must be reversed. 
The resulting new position of 5d 5D~ is confirmed in 
the 6d configmation. 

A comparison of the predictions of in tennediate 
coupling theory fo[, p58 with the experimen tal results 
for a number of rare-gas type atoms is made in the 
book of Condon and Shortley ([11], p . 304) . It 
seems of interest to make this compari son for the 
kllO IVll examples of 8p5 wnich exhibit intermediate 
coupling to a significant extent . Therc arc only three 
of these, and the results for tl lem arc shown in table 
4 and figure 6. The levcls for Kr III 48 4p 5 and Xc III 
58 5p 5 were fitted to the intermediate coupling for­
Jllulas in Condo n ~1nd Shortley by the method used 

TABLE 4. I ntermediate-cou pling pan uneters and predicted level 
positions f or the con figw'ation S p 5 in three atoms 

Kr III ,~ , 4p5 I II 5s5p5 XC III 5s5p5 

x= %t p /G1 O. 236 1. 000 1. 240 
l' (np) 3741 CI11 - 1 5900 cm - 1 9621 cm - 1 

G1 (ns,n p) 11890 4425 5819 
----- ------

1p g{prccl . (115932) cm - 1 81555 cm- 1 (98263 ) cm- 1 

- obs. 115932 81908 98263 

3p o{precl. 119358 85296 103686 
'obs. 119381 84222 103569 

3p o{precl . ( 121 544) (90405) (112694) 
o obs. 121544 90405 112694 

Ip~{ prcrl. 141899 95514 118909 
ob~ . 141 876 95956 119026 

4 S4 p5 I II 5S5p5 Xe m 5s5 p5 
P~/2 S l/2' 

Krm 
413 

Ip; 

~ 
~~ 
~ 

~- 0 0 ~~~ 

P;/2 S1/2' 

3PO 
-2/3 

3 p; -I 

.2 .3 .4 .5 .6 .7 .8.9 I .9 ,8 .7 .6 .5 .4 .3 .2 

X --+-I/X 

F IGURE 6. Obse?'vecl levels of Sp5 fo?' three ato ms fill ed to 
intennediate-cou pling cw·ves. 

the re: the parameter X is chose n so that the levels 
J = 0,2, ftnd the mean of the two lcvels of J = 1, fi t 
the theory exactly. Thc v}),lue of X cho ell for I II 
58 5p5 gives ft somewhat better fit t han is obLaincd 
b~T Llte Condon and SllOJ'tley method. Sti ll , the 
fit for I II is )lot as good as for th c othcr two aLOlUS. 
Interact ion with either 5d 3D~ 01' 68' 3D~, 01' with 
both, probably causes the apparent dcp l'e sion of 
5p53P~ in I II. III any case thiscalculaLion definitely 
supports the designation cll:1ll ge for 5d bD~ a nd 
5p 5 3p~ mentioned above . The other known cases 
of Spb, in CI II through Sc VI of Lhe S I isoelectroni c 
sequen cc, are quitc closc Lo L- S couplin g (x< O.l). 

The level adoptcd hcre for 5p 5 3P~ in Xc HI is 
listed as 5cl 5D~ in AEL, Vol. III. The analog,l" with 
I II and Kr III leaves little doubt that our change 
should be made . The three combinations [26] 011 

which the lcvel is based were not sufficien t to de­
termine its co nflguration unambiguousl.IT. Hum­
phreys' [26] level for 5pb 3p~ in Xc III would seem 
questionable ; it is far lower than the cxpccted po­
sition of 5d 5D~, the on1.v other possible designation. 
The known level s 5d 5D~,2. 1 of XC III agree with 
the order fOlilld in I II. 

A diagonalizatioll of the enerK'· matrix in intcr­
mediate co upling for the configmation 5p3 68 in I II 
has increased our confidence in the co nfiguration 
and parentage assignments made here fo[, all the 
knolVJl odd levels based on 51)3 2D o and 5p'" 2PO 
parents. The matrices of the electrostatic and 
spi n-orbit ill tel'aetions for 8p3 arc given on pages 
199 and 268, respecti vel)·, of Co ndon and Sho rtley 
[ll]. The value 01' F2(5p ,5p ) used in our calculatio n, 
14~5 ern- I, was obtained from the relation 6F2=3p~-
3D 3 for Sp3. It is supported by the value of F 2 
for the 5p{ configuration given above , 1405 cm- 1• 

If one knows F o and th fl levels of either J = 2 or 
J = l, the vftlue of G! (6s,5p ) may be obtained from 
the diagonal-sum rule. At the time thc value of 
G1 adopted herc (1000 em- I) was chosen , however, 
it was based on values obtained from the equation 
5p3({SO) 68 eS~-5S;)= 4GI ' This gives GI= 952 
cm- I for In and GI= 1035 cm- I for XeIII. By 
carrying out the calculation for GI = 500, 1000, 
and 1500 cm- I we have assnred ourselves that the 
intermediate value is very close to the " best" vallie 
for fitting the observed levels. The other parameter 
needed for the calculation , t p, was taken to be 
5930 cm- I, as in the 5p4 configuration. 

The calculated energies and Orvalues for the 
levels of 5p368 are given in table 5, together with 
the observed values. An exact fit is assumed for 
the 3D~ and 3p~ levels. The average deviation of 
the predicted and observed values, 322 cm- I , seems 
rea,sonable for a calculation neglecting COil figuration 
mixing. Table 6 gives the calculated composition 
of the levels of J = 1 and J = 2 in terms of pure 
Russel-Saunders states. 

It will bc seen tha.t tll e aforementioned designation 
of thc level at 94825 cm- I as 6s' 3D~, in stead of the 
level at 9213:3 cm - I , is supported by th is calculation. 
The indicated perturbation of 68' 3D~ is in the direc­
tion to be expected if it is caused mainly by in ter-

449 



TAB1. E 5. P redicti ons of intermediate-cou p ling calcvlat ion faT 
I II 5p3 6s com paTed with ob8avalion 

Th e para m eters were tak en as fol1o \l's: I; (fp ) ~5n30 em-I , F ,(ep,5p) ~ 1425 em-I 
a nd GI(Gs.5p)~ 1 000 em-I , 

D esignation P red icted Obser wcl Di frrrC'llce Predi cted O bsrr yec1 
position position YJ YJ 

---~ ---------

6s 'S! 81176 em-I 81033 em- I 143 ( m - I 1.9;.4 J. 95 
lis :lSI 848(;2 84843 19 1. 877 1. 753 
tis' 3D i 9409(; 94825 - 729 0. 703 0.653 
()s' '01 94103 9369' 412 1. 235 J.J(; 
(.).~' ' 01 (966., 1) 96651 0 1. 333 1. :36 
fls' 'D f 9S0;!5 97701 334 1. 048 0. 996 
6s" sPo ( 10.,201 ) 100201 0 ---- - -- - - --- -- --- -------
us" ap r 10.,749 101;103 - 3;;4 1. ;!8' ---- ---- - - --
()s" SP 2 110015 11 04 59 -444 1. 430 J. 36 
fis" ap r J 111 73 11 1962 - 789 J. 037 ----- - --- -_ .. 

T A B L E 6. Calculated percenta(le com positions J01' the levels of 
1][ 5p3 6s 

T he co mposi tion of each le\'cl is g i YCll in t he colu mn un der its assignr d designa­
tion . 

6s ' S; (lS' 3D i (is' lD i 68" sr i 

% % ~' ~I % 
68 bf1 2 g1. 7 4. 5 O. 3 3. 6 
68' 3D! O. 8 65. 6 22. 5 11. 1 
68' l D ~ O. 4 13. 7 75. 6 10. 2 
68" 3Pz- 7. 1 16.2 1. 6 75. 1 

6s'Sl 6s ' 3Di (i~" 3P i U.s/l lP i 
---------------------

% % "0 % 
68 381 87. 4 7. 9 O. 2 4. 6 
6s' 3DI 3. 0 80. 1 O. 8 16. 0 
68" 3 PI 3. 6 4. 9 77. 1 14. 4 
68" I PY 6. 0 7. J 21. 9 65. 0 

action wi th sd 3D~. Th e oth er ambigui ties r esolved 
by thi s calculation wer e between th e sel' and sel" 
levels on th e on e hand and those b elongin g to 68" on 
th e ot,h er . As b etween th e sel' and 68" groups, th e 
pres en t assignments are in gen era.1 supported by th e 
relati ve in t ensi ti es of combinations of levels belongin g 
to these configura tion s with levels of th e distin ct 
up' an d 6p" groups. 

The in tensiti es would no t have served , however , 
to distinguish th e 68" levels from those of sd". Th e 
assignmen ts of the two levels 5el" JD ; and sel" 3D~ 
m ay be consid ered qu estionable, sin ce the former is 
well below a level of J = 2 assigned to 5el' and the 
la t ter is n ear the level designa ted 5d' IF~ . However , 
t hese a ssign em en ts fi t in wi th th e oth er levels of 
J = 2 and J = 3 within ea ch par en tage group b etter 
than any other a.rrangem ent. The 5el' group is now 
known excep t for one level of J = 5, and only 3F~ is 
lacking in th e 5d" group . 

The sortin g-out of th ese lower odd levels, togeth er 
with an approximate knowledge of th e various seri es 
limi t positions whi ch they approach , h ave enabled 
us to assign defini te configuration and parentage 
designation s to th e complex group of 91 odd levels 
b etween 118074 cm - I (5el' 3P~) and 145837 cm - I 
(20;,1), Only eigh t of the levels expected in this 
region are missing , four of th em from 9el 5,3D o. The 
levels of 6el 5,3D o and 78 5,38 ° wer e previously known 
and cor rectly iden tified. About 15 oth er previously 

li sted high er odd levels ar e included in this an alysis, 
usually wi th a ch an ged design ation or a n ew assign-
m ent to a defini te configuration. ! 

It is in ter estin g to note th at tIl e sm allness of th e 
3D~-3D; in tervals in th e 78' and 88' terms (2.3 7 and 
36.12 em - I, r esp ectively ) is in accord wi th th e 
th eoretical predi ction s for th e correspondin g levels 
of 68'. In table 5 th e predi cted posit ions of 68' 3D~ 
and 3D~ ar e b oth very n ear 94100 em -I . The large 
obser ved separa tion of th ese levels, 1134 em -I, is 
apparen tly due to p erturbation s in opposite directions 
for th e two levels. 

liVe have assigned 15 levels to the 6el' gr oup , b ut 
th er e is r eally n o good basis for givin g th em term 
design ations; h ence th ey ar e list ed num erically . 
TIl e Russell-Saunders design ation s given th e 5el' 
and 5el" levels probably should no t be taken as more 
th an suggestive, but th e names given h ere fi t tJ1C 
observed combinations better th an any oth er 
arran gem ent. 

Th e levels of th e n ewly-found (48 ° )ng 5 ,3 G O terms 
in LabIe 10.4 ar e based on combin a tions wi th 4J 5,3F 
and , in th e case of th e high er seri es m embers, wi th 
5f 5.3F. Al thou gh we h ave assigned mul tiplici ties to 
th e n g levels on th e basis of th ese transitions- in ter­
combin ation s are cl efmi tely weaker than in trasystem 
tra nsition s- i t is clear from fi gure 7 t hat th ese levels 
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F IG URE 7. L evel8 of the (48 °) ng grou ps. 
T he ordinate scale on the left applies to the 50 levels, the higher le vels being 

plotted accord ing to the scale on t he right. 'rhe R ussell -Sannd ers d eSignat ions 
for tllcse levels m ay be obta ined by comparing t his fi gure wi t h t he level values 
gj ven in table 10.4 . 
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do not 1"311in Lo th e tripl et-quinteL paLLern of Russell­
Sa und ers couplin g. Th e nu mbers under " Ie" in 
l11i s fig ure r efer to pair-couplin g [2 7]; th e~- are the 
fOU l" possible r esul ts of add in g th e orb ital angular 
momentum of a g-electron Lo t he J of th e parent 
4 C:: ~, level. WIlil e tl1 ese level certa inly do no t sh ow 
good p air-coupling, iL seems probable that this 
nota tion describ es th e ob erved sLructures b etter 
th an th e L-S sch em e in table 10 .4. 

Each ng triplet level is paired wiLh a q uin tet level 
in the three high er " p airs" of figu r e 7. In the 
known I II terms of th e type CSO)nl 5L , 3L , wh er e l= 
p, d,.1, or g, a ch aracteristic partial in version of Jevels 
occurs except in np 5P. (Both of the known terms 
6p, 7p ,oP show large deviations from th e Lande 
interval rule in th e direetion of partial in version.) 
However, this deviation from Russell-Saunders 

) structure is compound ed by overlappin g of th e 
triplet a nd quintent terms only in th e (4S0)ng groups. 
Even the (4S0)n.1 3F terms arc well above th e corre­
spondin g quin tets. 

I t would seem from figure 7 that some of th e ng 
levels are perLurbed b.v amounts comparable to the 
(small ) level separations. The position of th e 5g 
[5 t h level and th e crossin g-over behavior of th e 
[3th4 pair with eac h increase in n are probabl.\' the 
mos t obv ious examples. P erhaps th e best overall 
descrip t ion of th e grouping observed for th ese n g 
levels would be " fru strated pair-co upling ." 

In a ddition to th e id entified series members based 
on th e 5p3(4S0) parent, Ul e higher g roup of ocld levels 
beginning with 20~ .2 at ]45837.7 cm - I probabl~- CO Il ­

tai ns levels b elongin g to each of th e designations 6d" , 
7eI' , 78", 88' , a nd 5g'. liVe lJave giv en o nl~' numeri­
ca l designa tion s to these levels, no attempt lJavin g 
been made to ass ign them to defini te pareills a nd 
configura lion s. 

7. Series and the Ionization Energy 

In a sin gly-ionized aLom , the R ydberg denominator 
n * for a. series m ember is defined by th e eq ua Lion 4'1' = 
R/(n *)2; wh ere 4'1' is th e position of th e level m eas­
ured from th e series limi t , and R is the Rydberg 
constan t. (Th e quantity '1' is th e "r educed " 
absolu te term value. For convenience in using the 
Rydberg Interpolation Table [28], th e value of R 
was tak cn as ] 09737.4 cm- I in th e series calculations 
r eported h er e. ) .Man y unperturbed series obey 
quite closely the Ritz formula n*= n + l' + aT, wh ere 
n runs through the succcssive integers for the series 
and I' and a ar e constan ts for a given series . Since 
the fraction by which n * exceeds an in teger is a 
lin ear fun ction of T for such a series, tIl e positi on of 
th e seri es limi t is laken as t hat value which gives 
the " best" stra igh t lin e wh en these successive frac­
tions are plotted aga in st LllO correspondill g values 01 
T. 

Figure 8 sh ows Lwo such plots for the new (4S0) ng 
5G~ series , n = 5 t hrough 12. The a pproximately 
straight lin e is obtain ed by takin g th e 5])3 4S0 limit , 
t he gr ound state of I III , to lie 154304 cm - I above 

th e 5p4 3P 2 groun d levd of I II. The CLll'vcd lin e, 
rep.l'csen Li ng a ve ry u nli kely beh avior for th is sc ri es , 
results from ass umin g th e limi t to be only 4 cm- 1 

f,"bov e Lhe straigh t-lin e valu c. It is seen th al t he 
Rydberg denominator fract ion s for th e hi gh er se ri es 
m embe)' become in creas in gly se nsiLive Lo Lll e l imi t 
ch osen 01', equivalenL l.\' , Lo Lh e se ri es le lrel values as 
n increases. Th e lasL poin to n th e left in Lh esLrai ghL­
lin e plot, for n = 12, would fall on th e s traight line if 
th e position of 12g 5G~ were rai sed by 0.2 cm - I . 

Sin ce this level is b ased on two weak lin es- Lran si­
tions to 4f of 5 and 5J 5F5-th e observational uncer­
tain ty in its position is about 0.1 cm - I . In a ll Y case 
a seri es of tlli s r egularity leaves small doubt about 
th e reality of a ll Y of its m embe)'s . 

Anotl1 el' example of a fa irly regular se ri es, n8 5S0, 
is s11 0wn in fi gure 9, along with th e p erturbed n8 3S0 
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series. The behavior of the latter series is certainly 
too irregular to be caused by a single perturbil1D" level. 
By analogy ,~th the 58° .series, one might gue~s that 
the dashed Ime shown 111 figure 9 approximates a 
hypothesized " unperturbed" behavior of the 38 ° 
series. The fact that 98 38~ combines strongly with 
5p4 ID z, whereas the analogous transition for the 
other ns 38 ° levels does not occur or is quite wea.k, 
s uggests that the level 6el' 15~ is mainly responsible 
for the depression of 9s 3 8~. This 15~ level only 375 
cm - 1 above 9s 3S~, combin es with 5p4 ID2 i~ a ti>ansi­
ti.on. just twice as strong as the 5p4 ID 2- 9s 3S~ lin e. 
81mIlarly, an in teraction probably exists between 
] l ~ 38~ ando either or both of ~he sli~htly higher. levels 
25 1 alld 29 1 , The perturbatIOns of the 38° senes ar e 
a.ctually l?Ot very large. For example, the perturba­
tIOn reqUlred to remove the point for l1s 38 ° from the 
dashed lin e to the position shown is onlv 90 cm- 1 

(a change of 22 cm- 1 in the reduced term value). 
The nd 5D~ series is shown in figure 9 as an example 

of. an apparently regular series which nevertheless 
falls to obey the simple Ritz formula. It is clear 
that a limit position determin ed by assuming such a 
series to be Ritzian will be too low. A previous value 
reported [29] by us for th e principal ionization energy 
of I II , 19.12 ev, corresponds to a limt of 154260 cm- 1 

d eri ved from th e ns 5S~ an d nd 5D~ series. 
On the basis of the ng 5G~ seri es in figure 8, i t seems 

reasonable to take the position of I III 5p 3 'ISO as 
154304 ± 1 cm- 1 above the ground level of I II. By 
combining this result with a recent value [30] for th'e 
conversion factor, (wavenumb er) /(energy in electron­
volts)= 8066.03 ± 0.14 cm- 1 ev- 1 , we obtain 19.1301 
± 0.0004 ev for the principal ionization energy of 
I n. If the conversion factor adopted in the AEL 
volumes is applied to our new limit , the resulting 
energy is 19.126 ev. 

8 . Conclusion 

. The earli er analyses of the I II spectrum, which 
Ylelded 43 even and 55 odd levels, have been revised 
and extended to include 124 even and1 90 odd levels. 
The revisions include changed designations for over 
40 levels, Improved values for all previously known 
levels, and new Lande gJ factors for 46 levels. All 
previously known series have been extended and new 
ones found . The ionization potential of I II is well 
determined by: one of the new series, (4S0)ng 5G~. 
Wherever feasIble, the results of the analysis have 
bee~ compared with theory and with experimental 
findmgs for homologous and isoelectronic atoms. 

This iI?proved analysis was made possible by the 
observatIOn of almost 2400 I II lin es excited in an 
electrodeless lamp. "Ve have measured the Zeeman 
patterns of 83 lines. About 1800 lines are now 
class~fied , . as cOI?1pared to approximately 500 lines 
classIfied 111 prevIOUS analyses. None of the remain­
!ng unclassified lin es is very strong. The present list 
mcludes approximately 300 lines in the vacuum ultra­
violet region, 655 to 2000 A, and extends to 11085 A 
in the infrared. The measurement of the vacuum 
ultraviolet spectrum has yielded an accurate value 

for the connection between the higher levels and those 
of the ground configuration. 

"Ve have observed two magnetic dipole transitions 
among levels of the 5p4 ground configuration and veri­
fied their nature by th e Zeeman effect. 

This work was begun at the sugaestion of Dr. 
C. C. Kiess , who measured most of th e Zeeman 
patterns in connection with the investio'ation of the 
first spectrum of iodine. Charlotte Mo~re compiled 
I?1ost of the new OJ values and prepared a preliminary 
line lIst for the regIOn above 2000 A. Mrs. Ruth 
Peterson has very accurately carTi ed out the hand 
~alculations needed for a IJeW I II square array . 
She also punched the mput cards used in calculations 
mnde at t he Bureau IBM 704 installation. 

The observed wavelengths in air were reduced to 
vacuum wavenumbers on the 704 with a code 
devised by Charles D eW. Coleman and William R. 
Bozman .. In addition , all energy level search pro­
gram wntten by Coleman a nd Bozman for the 
('~mpu Le!' can be credited with finding a good num bel' 
of the higher levels. .M1'. Bozman has genero usly 
devoted many hours to ass isting us with the COI11-
puLer work. 

The numerical computations involved in an 
i~lterm~diate-eoupli~lg calculatio n for the 5])36s con­
figu/,atlOn we.re carned out?1l tIl e 704 .by Dr. Richard 
E. b'ees , uSll1g a code wntten bv hlm. Dr. Trees 
has also been of help in some of tl; e other theoretical 
calcula tio ll s. 

To,geLhcr with Mrs. ~~gnes Rhodes, who typed and 
proofread the manLlscnpt, each ot these colleaaues 
deserves our sincere thanks for assisting in this w~rk. 
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10. Appendix 

TAn LE 10.1. Observed lines of I II 

X(vac) X(vae) Observed 
obser ved calcu la ted In tensity \\ avenumber, Classification 

cm- 1 

655. 804 2 152484. 6 
657. 029 1 152200. 3 5p' 3P 2- 5 11) 2, ;) 
659. 004 6 151744. 1 5p' 3P 2- LJ9 i, 2 
661. 4 12 1 15119J. 7 5p' 3P2- 14d 31)3 
663 977 8 150607. 6 5p' 3P 2- J3d 3D3 

664. 031 3 ] 50595. 4 5p' 3P2- 481, 2 
664. 520 . 5J2 8 150484. 6 5p4 31'2- 471, 2 
665. 055 . 041 8 150363. 5 5p' 3P 2- 46! 
665. 135 · 1. 32 5 150345. 4 5p' 3P2- 451, 2 
665 699 . 695 150 150218. 0 5p' 3P 2- 43 1, 2 

666. 660 . 653 150 150001. 5 5p' 3P2- 42. 
667. 270 100 149864. 4 5p4 3PZ- 411, 2, 3 
668. 264 .250 15 14964l. 4 5p' 3P2- 12d 31)3 
668. 976 . 981 25 149482. 2 5p' 3P2- 403 
672. 505 .491 40 148697. 8 5p' 3P 2- 11d 31)3 

674. 063 -f 148354.1 5p4 3P 2- 12s 3S1 
675. 748 . 732 1 147984. 2 5p4 31'2- 34 • 
676. 493 . 480 80 147821. 2 5p' 3P2- 333 
678.856 . 853 200 147306. 6 5p' 3P2- 10d 31)3 
679. 155 · J52 5 147241. 8 5p' 31'2- 30. 

679. 618 . 6 16 50 147141. 5 5p4 31'2- lOd 3D2 
680.971 . 967 15 146849.2 5p' 3P2- 263 
681. 266 .269 6 146785.5 5p' 3P 2- 251, 2 
682. 180 · 179 25 146588. 9 5p4 31'2- 118 3S1 

682.685 .682 40 146480. 4 5p' 31'2- 241, 2 
683. 414 1 146324. 2 
683. 569 .565 80 146291. 0 5p' 31'2- 211 
685.685 .694 1 145839. 6 5p' 3P Z- 201, 2 
689.294 15 145076. 0 

689. 817 .822 250 144966. 0 5p' 31' 2- 9d 3])3 
690 082 5 144910. 3 
690.272 3 144870. 4 
690.453 . 455 80 144832. 4 5p' 3P2- 9d 3D! 
691. 194 · 193 15 144677. 2 5p' 3P 2- 88 ' 3D . 

691. 295 5 144656. 0 5p' 3P ,_ 491, 2 
693. 567 . 566 -10 144182. 2 5p' 31'2- 1083S1 
696.630 1 143548. 2 
696.840 1 143505.0 5p' 31",- 481, 2 
697. 358 . 353 1h 143398. 4 5p' 31',- 471, 2 

697. 606 10 143347. '1 
697. 940 . 936 5 J43278.8 5p' 31' ,- 462 
698.032 . 036 3 1.43259.9 5p' 31',- 451, 2 
698.650 .656 8 143133.2 5p' 3P,_ 43,, 2 
699. 697 · 712 1 142919. 0 5p' 31',- 422 
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TABL.E 10.1. Observed lines of I II- Continued 

},(vac) }, (vac) Observed 
observed calcu la ted In te nsity wavenumber, Classifi ca t ion 

em- I 

701. 007 1 142651. 9 
701. 909 40 142468. 6 
706. 055 . 044 400 141632. 0 5p' 3p ,_ 8d 3D , 
706. 3 19 10 14 1579.1 
706. 622 . 611 3 141518. 4 5p' 3p ,_ 8d 3D ! 

706. 901 . 898 150 141462. 5 5p' 3P,_ 8d 3D ~ 
707. 136 · 133 100 141415.5 5p' 3Po- 33.5! 
708. 122 . 11 3 7 141218. 6 5p' 3PI_ 36, 
709.733 . 720 50w 140898. 0 5p' 3PI_ 34, 

709. 856 .871 1 140873. 6 5p' 3P,_ 8d 5D , 
71L 7J6 . 742 6 140499. 6 5p' 3P ,_ 6d ' 151 
712. 9 18 .914 200 140268. 6 5p' 3P ,_ 310 
7 13. 152 2 140222. 6 
71:3. 502 . 493 25 140153.8 5p' 3P,_ 3D, 

713.557 .565 10 140143.0 5p' 3Po- U s 3S '] 
71 3. G54 · G45 1.00 14012:3. 9 5p' ' 1' ,- 98 as ,] 
71 5. 832 . 830 150 139697. G 5p' 31' ,_ 25 1" 
7 Hi. 161 · 157 10 139633. 4 5p' 3p ,_ 6d' H, 
7 16.583 . 580 ]50 139551. 2 5p" ' 10 ,- Gd' 1:31, 2 

717. 388 .390 80 139394. G 5p' ' 1' ,_ 241, 2 
718. 360 · :36.5 I 139206. 0 5p' ' 1' ,_ 211 
7 19. 5Hi .53D 1000 13897G. 5 5p' 3P2- 6d ' 121 
722. 169 15 138471. 7 5p" 1) ,- 5 11,2)3 
722. 980 .980 1000 1:383 16 4 5p' 3p ,_ 6d' 10, 

724. 550 2 138016. 7 5p' ' 1) ,- 49 1" 
725.4:{2 10 137848 9 
725. 976 · !J79 4 137745. 6 5p' 31' ,_ 9d 3 D ~ 
726. OlD .0:15 2 1377:37. 4 5p' ' Po- lOs 3S; 
726. 798 . 79-1 :3 1:3 7589. 8 5p' 31' ,_ 8i ' 3 \) , 

726.987 · D85 10 ] 37554. 0 5p' 31" ,_ 8s' 3D l 
727. 2-16 .2'16 800 137505. 1 5p' 31' ,- Gd ' 9, 
730. 42:3 ] 136907. 0 
73 1. 005 .002 7 136798. 0 .5p' 3Po- 7s" 3P l 
7:31. 169 5 136767. 3 

73 1. 216 · 213 7 1:36758. 5 5p' ' 1) ,- 47 1" 
73 1.860 .853 20 136638. 2 5p' ' 1) ,- 46, 
73 1. 96 1 .964 25 1366 19. :3 5p' ' 1) ,- 451, 2 
7:l2. 092 .081 50 136594. 9 5p' ' 1) ,- 44,,3 
732. 276 . 269 15 136560. 5 5p' ' P,- 6d' '( 1)2 

732.910 . 905 5 136442. 4 5p' 31' ,- 6d ' 6 1,2 
734. 4:~ 0 .433 1 136160. 0 5p' 3P ,_ 7s" 3Pi 
735.402 .401 2 1:35980. 0 5p' 31',_ 7s" 3PO 
737.5J6 .545 500 135584. 8 5p' 3p ,_ 7d ' 1)3 
740. 342 · :343 25 135072. 7 5p' 3Po- 8d 31)1 

740.950 .959 300 13496l. 9 5p' 3p ,_ 7d 3 I), 
741. 13 1 _ 129 6 1:34928. 9 5p' '1) ,- 37, 
H I. 207 · 213 6 1:349 15.1 5p' 3p ,_ 6d' 51 
74:3. 054 . 052 20 134579. 7 5p"D ,- 362 
743.848 60 134436. 1 { 5p' ' 1' ,_ 8d ' Dl 

5p' ' Po- 8d 5D l 

744.188 · 180 40 134374. 6 5v' ' P ,- 8d 'D ~ 
744. 822 . 821 20 134260. 3 5p"]) ,- 34i 
746. 143 · 1:36 1 134022.6 5p' 31" ,- 6d' 30 3 
746. 52:3 _ 517 15 133954. 3 5p' 3p ,_ 6d' 2, 
748.781 _ 780 800 133550. 4 5p' ' P ,- 7s' 3])3 

748.978 . 978 7 133515. 3 5p" D ,- 30, 
749. 552 . 550 15 133413. 0 5p' 3P, __ 6d' 151 
750. 197 250 133298. 3 { 5p' ' 1' ,- 8s 'SI 

5p' ' 1'2- 6d' 13 
751. ] 87 · 185 25 133122. 6 5p' ' 1) ,- 26, 
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TABLE 10.l. Observed line; oj I 1I CO li Li III1 t'ci 

>. (vac) >. (vae) Obs('I"vt'd 
obser ved cal c ula Lcd Intensi ty wavenumber, Classi(i caLion 

CI11 - ' 

752. 656 · GGO 6 1:32862. 5p' ' I) , .lI s 3S, 
752. 798 · 80 1 7 1328:37- 5p" 31',_ 8s 5f:) 2 
75:3. 26:3 .273 40 132755. 8 5p' '1) ,- 24 i,2 
75:3. :364 · :381 3 132738. 0 5p' 31',- 5d" 31' 1 
754. 3'1·2 .348 1 132565. () 5))" ]),- 21 1 

75'~ 540 .546 8 13253 1. 1 5))' 31"0- 6d' ]21 
754.9 13 .918 :35 132465. 6 5))' 31',_ 6d' 131, , 
756. 935 . 942 2 ] :32 111. 7 5))' '/) ,- 2C1, , 
758. 20 I. . 20:\ 25 13 189 1. 1 5p' 31' ,_ 6d' 121 
761. 739 .7'17 120 131278. 6 5p' 31' ,_ 6d' 110 

763. 644 . 649 12 130951. 1 5))' '1) ,- 8s' 3 /) ~ 

765. 594 600 130617. 5 { 5))' 31',- 7s ' 3/) i 
5))' 31' ,- 7s ' 31)j 

770.77 1 .777 300 129740. 2 5))' 31"0- 7d 3/)1 
772. 078 .086 1 ] 29520.6 5p' '1) ,- 7s" 31'1 

772. 344 . 35 1 400 ]29476.0 5p' 31' ,_ 6d' 71, 2 
773.055 . 058 500 ]29356. 9 5))' 31',_ 6d' or, 2 
786.4 13 . 409 15 127 .1 59. 6 5p' '1) ,- 8d 51)1 

786. 460 20 1271 52. 0 { 5p" 31',_ 6d' 40 
5))' ' ]) ,- 8d 51)3 

788. 329 · :\38 3 126850. 6 5))' 31"0- 8s 3S1 
788 815 · 8 11 700 l26772. '1 5p' '/) ,- 6d' 1. 51 
79 1. .1 47 · 149 350 126398. 8 5))' '1) ,- 9s 3S1 
791. 85 1 . 847 7 126286. 4 5p' 3PO- 5el" 31'1 
79 1. 967 15 126267. 9 

792.3 13 70 1262 12. 7 { 5p' 31' ,_ 6et ' 12 
5p' ' ]>,- 8s 3S1 

794. 237 . 238 500 125907.0 5))' ' 1) ,- 6et' 143 
794. 757 . 758 400 125824.6 5p' ' 1) ,- 6d' 131 , , 
797. 8 19 .836 2 12534 1. 7 5p' ' ]> ,- 6d 31)1 

798. 158 . 159 1000 125288. 5 5p' 3]> ,- 6et 31)a 
798. 'J27 · 419 400 ] 25246. 3 5))' 3]> ,- 6et 3D2 
802. 618 . 637 1 12'1592.3 5))4 '1) ,- 6et' 102 
805 361 .365 5 124167.9 5p4 ' 1'0- 7s' 3/) 1 
809 188 · 192 60 123580.7 5p4 3]> ,- 5et" 'Fa 

809. 52:1 ] 50 123529. 5 { 5))' 31' ,_ 7s' 31)3 
5))' 31' ,_ 7&' 3 n j 

8 14. 09-! . 103 50 122835. 9 5))' '1) ,- 6et' 7'1,2 
8 l '1. 459 . 476 3 .122780.9 5p' 31' ,- 5et" 31."2 
8 14. 880 . 888 ]2 122717. '1 5p' ' ]) ,- 6et' 61, , 

8 18. 047 . 039 700 122242. 4 5p' 3P,_ 6et 5 D , 
820. 884 .892 150 ] 21819.9 5p' 31' ,- 6et 5 J) z 
82 1. 159 . 164 :30 121779. I 5p' 3P,_ 6e1 51) 3 
823. 42G . 436 170 121 443. 8 5))' 3]>0- 5d" 'PI 
82'1. 841 · 858 1 121235. 5 5p' ' 1) ,- 7e1 3D !! 

825. 122 · 11 3 500 121194.2 5p' 3 I' ,- 5et" 3F a 
825. 9:34 .929 300 121075.0 5p' 31' ,- 5et" 31) , 
827. 797 . 792 400 120802.6 5p" '1',_ 5d" ' P I 
828. 888 . 897 1 1206.J:3. 6 5p' ' 1) ,- 7e1 51) z 
83 1. 168 . 187 300 120:312. 6 5p' 11) , - 7s' , D 2 

83 L 270 .278 150 120297. 8 5p' ' 1) ,- 6d' 33 
8:34. 095 . 106 1200 1 198DO. ,~ 5p' 31',- 7s 3S, 
8:38. 070 . 075 700 l U):321. 8 5p' 31',- 5r/" 31) z 
840. 259 . 282 :3 1190 10. () 5p' '1),- 5el" 3 1', 
84 1. 0()7 · .1 06 700 118892. -\ 5p' 31'0- Gel 3 I) , 

843. 11:3 · 11 6 600 11 8608. I 5p' 31' , 7s 5f:) z 
8cl·5. 6:38 . 652 25 11825:3. 9 5p4 31',_ 6d 3 I), 
8·W. 295 .306 900 ] 18 .162. 1 5p' 31',_ 6e1 31) z 
847. 79G 600 I 17952. () 5p' 31' ,_ 5el" 3PO! 
8-17. 926 . 922 1000 1179:34. 8 5p' 31',- 5r/" 3PZ 
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TABLl<~ 10.1. Observed lines oj I II- Continued 

A(vac) A (vac) Observed 
obser ved calculated In tens it y wavenumber, Classification 

cm- I 

855. 49 "~ .502 400 116891. 5 5p' '1) ,- 7s' , /) ~ 

863. 590 .590 600 115795. 7 5p' ' 1"0- 6d 50 i 
868. 380 .383 750 115157. 0 5p' ' 1',_ 6d 5/) , 
870. 3-1 3 .341 900 114897.2 5p' ' 1',_ 5d' 'I" , 
871. 596 .599 30 114732. 0 5p4 31',_ 6d 5 J) 2 

872.391 .388 800 114627.5 5p' 31"0- 5d" 3D, 
873. c\89 .495 1500 114483.4 5p' ' 1",- 5d' 'I" , 
875.9·H .940 1000 114162. 9 5p' ' 1),- 5d" 'I" , 
877. 276 .279 800 113989. 2 5p' ' 1",_ 5d" 'D, 
879. 844 .847 2000 11 3656.5 5p' ' 1"2- 5d"' ]) a 

881. 881 · 889 1500 1]3394.0 5p' ' 1",_ 5d' IF3 
886. -192 . 511 30 112804.2 5p' ' 1" ,_ 7s 'S, 
890. 995 .995 1000 112234. 1 5p' ' 1",_ 5d" ' D , 
893. 167 · 163 1000 111961. 1 5p' ' 1",- 6s" 'P I 
895. 84A .847 400 111626. 6 5p' ' 1"0- 5d' 'PI 
895. 957 .963 200 11 1612. 5 5p' ' 1) ,- 6d 3 I), 
896. 376 .370 400 111560. 3 5p' ' /) ,- 6c1 ' 1) 3 
896. 692 400 111521. 0 { 5p' ' /) ,- 6d 3/) 2 

5p' 31", __ 7s 5S2 
901. OO ·~ . 006 200 110987.3 5p' ' ]>,- 5d' ' P, 

902. ] :30 · 133 400 110848. 8 5p' 3P ,_ 5d" 31'2 
905. :) 1:3 .314 100 110459. 0 5p4 31",- 6s" ' 1"2 
910. :~09 .309 400 109852. 8 5p' ' ]) ,- 5c1" ' F3 
914. 957 .951 200 109294.8 5p' 31" ,_ 5c1' 'S, 
9 l7. 007 .001 300 109050. 4 5p' '/) ,- 5c1" ' F2 

921. 3c\3 .340 400 108537. 2 5p' ' 1",- .5c1' II) , 
922. 085 . 088 100 108449. 9 5p' ' 1"0- 5d' ' P, 
925. 1] 9 · J 42 1 10809'1. 2 5p4 '1) ,- 6d 5 1) 2 
925.477 . 488 ]5 108052. 4 5p" 1) , - 6c1 51)3 
929.1-13 .144 800 107626.0 5p' ' 1",- 5c1' ' Ga 
930. 133 · 131 100 107511. 5 5p' 31",- 5c1' ' F, 
930. 506 .506 150 107468. 4 5p' 'D,- 5d" 'Fa 
931. 139 · 137 100 107395. 4 5p' ' [>,- 5r/' 3 p ~ 
937. 322 .332 20 106686. 9 5p' 180- 7d 3D', 
940.904 . 902 200 106280. 8 5p' 3P ,_ 5d" lD 2 

941. 936 .960 2 106164. 3 5p ' 'D ,- 7s 38i 
942. 472 .478 40 106103.9 5p' 3 P ,- 6s" 3 P, 
947. 02 3 . 024 100 105594.0 57)' 'D ,- 5ri" 3D 2 
947. 749 . 744 ]5 105513. 2 5p' 31'0- 68" 'I", 
948. 658 .653 80 105412. 1 5p' IS0- 6eL' 5, 

953. 199 8 104909. 9 
953.489 30 eL 104878. 0 { 5p' 31" ,_ 6s" II", 

5p' lD ,- 7s 582 
956. 503 . 515 10 104547. 5 5 p' 3p ,_ 5c1' 3D l 

958. 333 . 342 25 104347. 9 5p' lD ,- 5d' 3P, 
959. 619 .61 7 100 104208. 0 5p' 'D ,- 5d" 3P j 
961. 979 . 982 70 103952. 4 5p' 31" ,_ 5 eL ' 180 
963. 415 .430 4 103797. 4 5p' 180- 88 38, 
967. 378 . 381 700 103372.2 5])' 3 P 1- 6s" 3P , 

968. 670 .677 100 103234. 3 5p' ISo- 5el" 3P , 
972. 292 .313 10 102849. 8 5p' 3Po- 5ri ' 3S1 
978. 394 .393 300 102208. 3 5])' 3P ,_ 5ri' 38i 
988. 434 .433 200 101170. 1 5p'I D ,- 5c1' lP , 
992. 508 . 503 150 100754.8 5p'I D 2- 5d' 3Pi 

995. 768 . 770 700 100425.0 5])' 3P,_ 5ri' 3F , 
1000. 572 . 569 1200 99942.8 5p4 3p ,_ 5c1 ' 3Fa 
1000. 701 . 711 80 99929. 9 5p' lD,- 5ri" 3D 3 
1003. 350 . 354 ]000 99666. 1 5p'I D 2- 5d' 'F ! 
1003. 457 . 458 500 99655.5 5p4 3PO- 6s" 3P l 
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TARLE 10.1. Observed lines oj I II ConLilllI cd 

>-(nlc) >- (\·"cj Ob~e rvcd 
observed ca lcuh, Lcd In tensity waVC IlU In bel', C lass ification 

cm- I 
----- - ---- ----- -

1003. GI2 . 605 300 99640. 1 5p' ']),- 5'/" 10 , 
1009.93G .935 700 9901 6.2 5p' ' 1',- (is" 31', 
10 16.38 1 .375 20 98388. 3 5p' 'So- 5r1"']>, 
1 017. 977 .973 200 98234. 0 5p' 'D,- Gs " 'P, 
1018. 5 3 · 581 4000 98 175.6 Sp' 3P2- 5d' 3D3 

101 9. 230 . 223 400 98 113. 3 5p4 1PI- 6s" 31"3 
1019. 400 . 386 800 98096. 9 5p4 31'0- 5d' 3D, 
1023. 544 .533 200 97699. 8 5p' 3p ,_ (j , ' D, oS 
1026. 065 . 070 3S0 9745!J. 7 5p' 31"1 - 5,/' 3D, 
1030.047 . 043 800 D7082. 9 5p' 3p,_ 5d' 3D , 

]033. 801 .787 400 96730 4 5p" I D2- 6s" 3P3 
1034. 655 .655 10000 9G(j50. G 5p' 3p,_ 6s' 3D3 
1042. ] 54 · 146 J OO 95955. 1 5p' 3 1',- 5p'\ I I' , 
]043.430 .43 l 2 95837. 8 5)) 180- 6r1 3D! 
1046.373 .373 200 95568. 2 5p' ID,- 5el' 3S, 

1054.582 . 57 1 150 94824. 3 5p' 31'2- 6s' 3D, 
]054. 742 .738 1500 94809. 9 5p' ']),- 5el' ' D ~ 
]064. 98 1 .977 60 93898. 4 5p'ID2- 5r1' 3c i 
] OG6. 273 . 273 250 93784. 6 5p' ID,- 5r1' 3F, 
1067.34 1 . 334 2000 D3690. 8 5p' 31'2- 6s' 3D, 

1075. 210 .200 3000 93005. 1 5p4 31' ,- 5r1 3D3 
1082. 540 .53 1 400 92375. 3 5p'lD2- Gs" 3P, 
1085. 405 .405 700 92 131. 5 Sp' 31',- S'/ 3D ! 
110 I. 099 . 091 30 908 l8.4 5p' ' D 2- 5 '/' 3D , 
110 I. 239 .232 400 9080G.8 5p' 31'1- 5r1' 3Pij 

1103.590 .584 800 90613.4 5p' 3]'1 - 6s' ' D ~ 
1105. 000 4. 993 5000 !J0497. 7 5p4 31',- 5r1 3Di 
111 I. 1 G5 · 157 2500 89995. 6 5p' 3 P, - 5el ' 3D ~ 
1117.2 19 .2 19 lS00 89S08. 0 Sp' 31'0- 5p5 , 1' ,-
1125. 2S I .254 3S00 88869. 1 5])' 3 P ,- 5p'\ ' P! 

1131. 504 . 511 2000 88378. 0 5])' 31'0- 6s' 3D, 
11 39. 752 . 753 1200 87738.4 S])4 3P,_ os ' 3D , 
]1 39.805 .808 10000 87734. 3 Sp' 3 1),- 5el 51), 
1154. 6(j8 .670 JSOO 86605. 0 5p4 3P,_ Gs' 3]); 
1 159. 871 .879 1000 8G2 16. S 5p4 'D , - Sel ' 3F ,-

]] 60. 5G2 · S05 10000 86165. 2 5p' 31',- 5el 5D, 
1166. 482 .480 20000 85727.9 5p4 31',- Sd 5D, 
11 67. 054 .069 1500 8568S. 8 5p4 31'0 - Sd ' D , 
] 171. 007 .0 14 50 85396.6 5p' 180- 5r1' I P j 
117S.841 .840 5000 85045. 5 Sp' 3P,_ Sri 3D , 

1178. 650 . 649 10000 84842. 8 .5p' 31',- 6s 38i 
1184. 156 · 153 200 84448. 3 5p4 'D,- 5el ' 3D, 
1187. 338 .335 ] 5000 84222. 0 5p4 '1 1' ,- 5p5 31' , 
1190.853 .850 10000 83973. 4 5p4 'D,- 6s' ' D; 
1198. 884 .878 5000 83410.9 5p' 3]> ,_ Sel 3D ~ 

1199.677 · G72 1000 83355. 8 5p"D ,- 5d' 3D ~ 
1200. 223 .221 7000 833 17.8 5p4 31',- 5p5 3]'il-
1205. 931 .933 2000 82923. 5 5p4 'D ,- (i s ' 3D3 
12 16. 12S · 121 3000 82228. 4 5p4 11) ,- SpS 'P, 
1220. 887 .885 20000 81907. 7 5p' 3P 2- 5p5 3P2 

1230.222 .221 GOO 81286. 1 5p' ' Po- 5el 5D, 
1233.0G9 .074 100 81098. 5 5p4 'D ,- 6s' 3D, 
1234. OG3 . 070 20000 81033. 1 Sp' 3P2- Gs 5S, 
1239. 9G9 .970 80 80647. 2 5p' 3P,_ SeL 5D, 
1250. 559 .560 700 79964. 2 5p' '1)2- 6s' 3D, 

] 264. 580 .576 20 79077. 6 5p' 3P,_ 5el 5D ~ 
1275. 424 .422 2000 78405. 3 Sp' 'D ,- 5ri 3Di 
] 275. 59G . 592 1000 78394. 7 5p' 3PO- 6s 3Ri 
1277. 190 · 186 2500 78296. 9 5p' 3P ,_ 5el sD il 
1285. 782 .772 ] 500 77773. 7 5])' 3Po- 5p5 3r ! 
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TABLE 10.1. Obsel'veel lines of Ill- Continued 

A(vac) A(vac) Observed 
observed calculated Intc nsity wavcnumbe r, Classifi ca tion 

cm- ' 

1286. 084 . 076 4000 77755. 4 5p' 3P,_ 6s 3S, 
1296.416 .425 3000 77135. 7 5p' ap ,_ 5p' 3p , 
1302. 580 . 573 150 76770. 7 5p' 'D z- 5el 3D , 
1332. 533 .536 12 75045.0 5p' 11"0- 5d' 3D , 
1336. 517 .527 20000 74821. 3 5p' 3P ,_ 5p'; 3P, 

1351. 219 . 22.5 20 74007. 2 5p' 'D,- 5el ' D , 
]380.501 .497 500 72437.5 5p41D ,- 5d ' D 2 
1406. 138 . 159 ]0 71116.8 5p41D,- 6s 38 , 
1418. 539 . 540 25 70495. 1 5p'lD,- 5ps 3p , 
1466. 673 . 693 1000 68181. 5 5p' 'D,- 5ps 3P , 

1485. 734 . 763 30 67306.8 5p41D ,- 68 582 
1504. 761 . 788 ]0 66455. 7 5p' 180- 5p' 1P, 
1521. 068 15 65743. 3 
1700. 529 2 58805. 2 
] 825. 049 . 059 2 54793.0 5p' 3p,_ 8p 3P , 

1826. 705 10 54743.4 
1828. 550 3 54688. 1 
1828.729 3 54682. 8 
1859. 466 3 53778.9 

] 961. 837 . 839 2 50972. 6 5d ' D!- 8p 3P , 
1964.631 . 636 3 50900. 1 5d 3D,- 6/ 3F , 
1978. 8 16 . 799 2 50535. 3 5el ' D ,- 8p 3P , 
1981. 360 3 50470. 4 
1990.944 3 50227. 4 

TA B1~E 10. L Observed lines of I II- Continued 

A(air) Intensity vVav c Class ification A(air) Intensit.v Wave Class ifi ca: ion 
number !lumber 

2014.178 1 49632. 00 .5p' 3Pil- 4.1' 3D , 2125. 156 1 47040.50 
2023. 100 8 49413. 17 5d ' D!- 5f ' F , 2] 32. 921 1 46869. 27 6s' 3D 2- 4.1' 'PI 
2024. 580 2 49377. 05 5d ' 3D,- 1' ,3 2140. 992 2 46692. 61 6s' 3D,- 7p' 3F 3 
2026. 155 1 49338. 67 2141. 338 Ih 46685. 06 5el 3D!- 41' 3G3 
2034. 068 15 49146. 76 5el 'D,- 5f ' F , 2143. 876 1 46629.80 

2035. 812 1 49104.66 5ri ' D ,- 5f ' F , 2150. 143 3 46493. 90 
2037. 806 2 49056. 62 5d ' D ,- 5f 5F2 2171. 863 2 46028. 99 
2038. 561 1 49038. 46 2172.223 5 4602 1. 36 
2041. 256 4 48973. 72 5el ' D ,- 5f ' F 3 2] 77. 480 4 45910.26 5::/ 3D ,- 8p 3P1 
2048.8]6 1 48793. 04 5d ' D l- 41' 3F , 2203. 313 8h 45372. 04 

2053. 160 1 48689. 82 2208. 736 1 45260. 65 { 6p sp ,_ 9el ' D ! 
2053. 802 1 48674. 60 5d ' D l- 8p 3P1 5ri 3D l- 4f' 3P , 
2060. 167 2 48524. 24 2210. 358 3 45227. 44 5ri 3D,- 5/ 3F 2 

2091. 300 3 47801. 95 2210. 876 2 45216. 85 

2096. 797 7 47676. 65 { Sel' 3F,- 8f 3F 3 2211. 135 ] 4521 1. 55 68' 3D,- 4/' 3D , 
6p ' P 3- 35',3 2211. 533 1 45203. 42 6s ' :32- 7p 3P , 

2103. 562 1h 47523. 34 5p' 3p ,_ 6 p" 3D 3 2217.279 2 45086. 28 68' 3D,- 7p ' 3F , 
2105. 120 1 47488. 17 5d' 3G4- 43,4 2227. 385 1 44881. 74 5r1 3D,- 4.f' 3D', 
2114. 745 6 47272. 06 2229. 246 30 44844. 28 5d 3D ,- 5/ 3F 3 
2116.970 1 47222. 38 5p' 3P l- 6p" ' D , 2230. 393 2 44821. 22 
2117. 767 1 47204. 61 2231. 371 1 44801. 58 

211 8.690 1h 47184. 05 2236.618 1 44696. 48 6p 5P ,-10s ' 8 , 
2119.858 2h 47158. 06 5d 3D!- 7p ' 1F 3 2236. 762 1 44693. 60 6 p 3P ,- 10d 3D ! 
2122. 086 8 47108. 55 2239. 433 3 44640. 30 5d 3D ,- 5f ' F 3 
2122. 252 1 47104. 87 2239. 714 1h 44634. 70 
2122. 372 1 47102. 20 5el 3D!- 7p ' 3F , 2244. 666 5 44536. 24 
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T ABLE IO.i. Observed lines oj T i l CO ll lillll r cl 

,, (air) In ten sity vVavc Class ification ,, (air) In tensity \Vav r Class ifi cation 
n U III be' r nllmb 'r 

2240. 675 2h 44490. 42 5p5 ap!_ 7p 3p z 2369. 574 20 42J 8. 78 
2255. 206 Ih 44328. 12 5p5 3P 2- 7p 3P I 2369. 960 10 42 181. 92 5p5 3py- 7p 31"'2 
2256. 674 3h 44299. 28 2371. 622 I 42152. 36 5d' 3F ,- 61 3F. 
2260. 035 20 44Z33.4 1 5p5 IP1_ 7p' ID2 2372.192 15 42142. 24 5el' 31"0- 4.f' 3D I 
2261. 700 4 44200. 85 2372. 596 3 42 135.06 5ci 3D j- 5f 5F" 

2262. 032 2h 44 194.36 6s 58z- 4/ 3F 3 2378. 034 10 42038. 72 5d 5D y- 6p" 3 p ~ 
2262. 533 Ih 44184.58 2379.463 5 42013. 47 5c1' 3Dj- 7p ' ID ., 
2267. 855 2h 44080.90 5p5 Ip y_ 41' 3D I 2380. 761 1 41990. 57 68' 'D!- 4.f' 3G; 
2274. 322 3 43955 57 5p5 I py- 7 p' 3Fz 2380. 917 2 41987. 82 5r1' 3D 3- 77)' 1]" 3 
22 76. 270 lh 43917.95 2384. 069 20 41932. 31 5c1' 3D j- 7p' 3F , 

2286. 564 4 43720.26 68 38y- 6p" 38, 2395. 244 2E c 41736.09 
2287. 060 1 43710. 77 5c1 ' D y- 6p" ID 2 2397. 260 25 41701. 59 6s' 3D y- 4/ ' 3F ? 
2287. 903 15 43694.67 5d 3D j- 8p 3P 2 2397. 753 3 41693. 02 5el' 3F ~- 7 '2~ 3 
2288. 569 1 4368 1.96 2398. 225 10d 41684. 81 5p5 1 p i- 4.f' 3P 2 
2288. 693 2 43679. 59 2398. 370 4 41682. 29 5ri ' ID 2- 102, , 

2291. 767 2 4362 1. 01 6p ' P3- lOs 58! 2399. 209 4 41667. 72 6p 5P, _ 8d ' Dy 
2293. 226 25 43593. 26 5el 3D y- 5J 31"2 2400. 166 6 4165 1. 11 6]) 51',_ 8d 5D ~ 
2302. 945 1 43409.30 2400. 588 3 41643.79 6p 5P,_ 8d .ID3 
2310. 139 5 43274. 13 2400. 974 1 41637. 09 6p 31'0- 8s' 3D y 
2310. 551 2 43266. 41 5d 'D z- 6p" 3D 3 2403. 863 1 41587. 06 5c1' 31"3- 61 3F , 

2311. 205 lh 43254. 17 5p5 3P !_ 6p" 3P 1 2404. 090 20 4] 583. 13 6s' 3D y- 8p 31', 
2314. 761 2 43187. 73 6p 3P,_ 9el 3D ! 2404.926 2 41568. 67 6p 3p2- JOS 38y 
2315. 638 4 43171. 38 2405. 384 3d 41560. 76 6p ' P 2- 8d ' D y 
2319.150 1 43106.00 5el' 3D!- 7p' 'D? 2405. 887 20 41552. 07 6p 5P2- 8d ' D j 
2319. 968 2 43090. 81 5d 3D ;- 41' 3F 3- 2406. 303 10 4] 543. 33 { 5d' 3D j- 4f ' ' Go! 

6p ' P 2- 8d 5D ~ 
2320. 329 10 43084. 10 5d 3D j- 41' 3G. 
2322. 532 2c 43043. 24 2408. 008 100 41515.48 5el' 3D j- 4f ' 3G3 
2327. 395 1 42953. 31 5el' 3D ,- 4f' 3D , 24 11. 967 I 41447. 34 6s' 3D z- 5f ' F 3 
2331. 650 3c 42874. 93 2412. 570 40d 41436. 98 
2333.076 1 42848.73 2414. 154 1 41409. 79 

2415. 117 3 41393. 28 
2334. 203 20 42828. 04 5el ' 3D !- 7p' 3F ? 
2335. 502 10c 42804.22 5p5 31'2- 4/ 5F ; 2415. 732 2 41382. 74 
2330. 188 1 42791. 66 6s' lD2- 41' 'D 2 2417.853 3 41346. 44 5el' 3Gj- 62, 3,4 
2339. 831 1 42725.04 2419.176 100 41323. 83 5d' 3D 3- 4f' 3F 4 

2340. 072 1 42720. 64 2434. 830 4 41058. 18 
2437. 087 1 41020. 15 5d' 3Gj- 43, 4 

2340. 277 3 42716. 90 68' 3D 2- 8p 3P, 
2340. 778 3 42707. 75 5el' 3F2- 102,3 2437. 710 5 41009. 67 5el' 1F ,- 4/' 'le3 
2341. 947 1 42686. 44 68' 'D z- 41' IF 3 2437. 901 20 41006. 46 5r1' 31" ,- 7p' 3F" 
2342. 402 50 42678. 15 5el 3D j- 5J 3F 4 2438. 285 25 41000.00 5p5 3P y_ 6p" 3D 2 

2343. 067 3 42666. 03 5ri ' 3PO- 41' 'PI 2441. 484 3 40946. 28 5d 3D 2- 6p" ID 2 
2441. 872 2 4093!). 78 5p5 3 P l- 6p" 3P, 

2344.303 1 42643. 54 
2345. 301 4 42625.40 5el' 3Gj- 11 3" 2444. 220 40 40900. 45 6s ' 3D y- 5f 3Fz 
2346. 266 15 42607. 86 5el' 3D 2- 41' 3G3 2446. 516 3 40862. 07 5p5 3p y- 7p ' P , 
2347. 044 4 42593.74 5d' 3Gj- 10 2,3 2448. 496 30 40829. 03 5r1 ' D y- 6p" 3S, 
2348. 485 5 42567. 61 6s' 3D y- 4/, 3P I 2451. 075 4 40786. 08 5r1' 3F ,- 7p' 'F3 

2451. 194 5 40784. 10 5p5 3P l- 6p"3Po 
2349. 180 1 42555. 02 
2350. 115 1 42538. OS 6p 3P I- lOs 3St 2453. 952 5 40738. 26 6p 5P,_ 9s '82 
2352. 860 3 42488. 46 6s' 'D,- 7p ' 'D? 2454. 434 2 40730. 26 
2354. 286 8 42462. 73 68' ID 2- 7p ' 11"3- 2454.533 30 40728. 62 5p5 3P I_ 7p ' P , 
2357.473 3 42405. 33 6s' 3D 2- 41' 3F 3 2454. 958 3 40721. 57 

2456. 046 Ih 40703. 53 
2359. 865 2 42360. 56 5el' 3PO- 7p' IP , 
2360. 474 7 4235 1. 42 6p 3pz- 9el 3D j 2457. 367 2 40681. 65 6s 3Ry- 4/ 2F ? 

2361. 174 10 42338.87 6s 38y- 7p 3 Po 2457. 703 6 40676. 09 5r1 ' D j- 7p 31'; 
2361. 303 4 4233().56 5ri 2D j- 5/ 3F 3 2458. 239 5h 40667. 22 5rl' 'D z- 72,3 
2362. 399 4 423 16. 92 2459. 005 2 40654. 55 

2460. 444 8 40630. 78 6p ' 1' 2- 9s '8, 
2362. 946 1 42307. 12 6p ' 1' 2- 8el 3D ; 
2363. 303 1 42300.73 6p .Ip,_ 8el 3D y 246 1. 126 30 40619. 52 5p5 31"'1_ 4/ 5F l 

2367. 224 3 42230. 67 5d 3D y- 6p" 11"0 24()4. 085 15c 40570. 74 
2367. 930 1 42218. 08 2464. 684 80 40560. 89 5p5 3P Y_ 4/ ' F 2 
2368. 332 7c 422 ] 0.92 2466. 249 J 40535. 15 

2469. 167 20 40487. 25 6p ' P3- 8d 5D , 
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TABLE 10.1. ObseTveel lines oJ I II- Conti nued 

>-(air) Intensity 'Wave Class ifi cation >-(a ir) I Intensity ' Vave Class ifi cat ion 
number number 

2469. 824 6 40476. 48 6p · P 3- 8d 5D 3 2537. 583 2 39395. 74 
2470. 369 1 40467.55 6p 5P 3- 8d 5D , 2540. 126 40 39356. 31 5el 5D 3- 7p 5P, 
2471. 295 25d 40452. 39 2542. 140 GOd 39325. 13 5el' 3D ,- 8p 3P, 
2471. 664 2 40446. 35 2542. 557 3 39318. 68 5el 5D 2- 7p 5P 3 
2473. 272 2 40420. 06 5p5 3Po- 6p" ' P I 2542. 976 1 39312. 20 5el 3D l- 6p" 'D , 

2475.766 1 40379. 34 6s 381- 6p" 3D 2 2545. 416 20 39274. 52 5el 3D ,- 6p" 3P 2 
2476.2 13 2 40372. 05 5el' 3G.- 6J 3F , 2548. 342 15e 39229.43 5el' 3G,- 4/, 'F3 
2476.738 1 40363. 50 2548. 556 25e 39226. 13 { 5el' 3G 1- 7p' 3F 3 
2478. 073 5e 40341. 75 5el' 3F.- 41' 'G, 6p 3P I_ 8el 5D ~ 

2478. 994 2 40326. 76 5d 3D 2- 6 p" ' P , 2550. 426 4 39197.37 5el ' 3D 3- 7p' 3P , 
2551. 258 6 39184. 59 5el' 3D 3- 7p' 3D 3 

2479. 467 3 403 19.07 6s 381- 6 p" 3P I 
2479. 797 6 40313. 71 5el' 3F . - 41' 3G3 2552. 448 1 39166. 32 
24.80. 029 2 40309.94 2557. 699 50 39085. 92 5el' 3D ,- 4/, 3D 3 
2480. 48G 1 40302. 51 2559. 258 25 39062. 11 5el 5D 2- 4f 3F 3 
2481. 103 25 40292. 49 5d' 'D,- 5 2,~ 2559. 571 10 39057. 34 5el 5D ,- 6p" 3D 2 

2559. 708 20 39055. 25 5el 5D 3- 4/ 5F 2 

2481.289 1 40289. 47 
248 1.689 2 40282. 98 256 1. ] 32 5e 39033. 53 6s' 3D 3- 5/ 3F, 
2482. 058 25 4027G. 98 5r1 ' 3D ,- 7 p' 3D " 256 1. 977 30 39020. 66 6p 3P 2- 8el 3D 3 
2483. 26 1 I 40257. 48 2562.451 300e 39013.44 5el' 3D ,- 4/' 31"3 
2483. 520 3 (; 40253. 28 5p5 1]> 1- 7p ' 3D, 2562. 701 2 39009. 64 

2562. 945 2 39005. 92 5d' 3G1- 7p ' '1"3 
2483.95 1 1 40246. 29 5d' 31"1- 7p ' In, 
2484. 246 1 40241.52 Gs 381 - 7p 5 J)2 2563. 350 10e 38999. 76 6s' ' D 2- 8p 31', 
2484. 387 2 40239. 23 5ri 5]) 2- 7p · 1'2 2563.518 15 38997. 20 5el 5D ,- 6p" 31', 
2487. 027 10 4019G. 52 2564. 386 200 38984. 00 5d 5D 3- 4f 5F 3 
2489. 065 JOe 40 163.6 l 6s 38,- 6 p" 3Po 2566. 242 1000 38955. 81 5ri 5])3- 4/ SF, 

2566. 604 2 38950. 32 5el' 3G 4- 7p' 31", 
2491. 638 50 40 122.14 5d' 31";- 4.f' 31", 
2492. 514 8 40 108.04 6s 3S, - 7p ' PI 2566.712 3 38948. 68 5d' 3F ,- 1,/3 
2493. 458 3 40092. 86 25G7. 529 3 38936. 29 
2494. 738 100 40072. 29 5d' 31<'4- 4.f' 3G 5 2568. G42 8 38919.42 5d 5D ,- 7p 51', 
2496. 123 21" 40050. 05 6s' 3D 3- 8p 31', 2572. 956 5 38854. 16 

2573. 253 5 38849. 68 6p 31",- 8d 3D , 
2497. 984 1 40020. 22 
2499. 316 30 39998. 89 6s 38 ,- 4I 5F t 2573. 992 5 38838. 53 5d ' 3D 3- 4.f' 3D , 
2502. 981 70 39940. 32 6s 381- 41 5F 2 2574. 256 1 38834. 54 5el' 3G3- 12,3 

2503. 560 10 30931. 09 { 5el' 3D ,- 4.f' 2D ? 2574.817 1 38826. 08 6s ' ' D ,- 4f' 31<' . 
5d ' 3G.- 6f 5F 5w 2577.473 1 38786. 08 5d 5D 2- 7p 51'; 

2506. 999 6 39876. 32 { Gs' 3])3- 4J' 3F . 2577. 652 2 38783. 38 
6p 31",- 8d 3D-l 

2580.145 5e 38745. 91 6.~" 3 p ~_ 7',3 
2508. 941 ] 39845. 45 2582. 794 2000 38706. 18 5d 5D i- 4/ 5F., 
2510.612 8 39818. 94 6p 31" ,_ 8d 3D , 2583. 710 2 38692. 46 5el 3]) 1- 6p" 'PI 
25 13.199 20 39777. 9,5 5el 5])0- 6p" 31' , 2584. 746 10 38676. 95 5d ' D ,- 4/ 5F I 
25 14. 617 10 39755. 52 5el 5D 3- 7p sp ;) 2584. 837 8 38675. 59 5el ' D ;- 4/ 51". 
25l5.022 10 39749. 12 5el ' D 3- 4f 31", 

2519. 494 5 39678. 57 
2585. 202 5 38670. 12 5el ' D l- 7p 31'2 

2519.898 1 39672. 21 6s' ' D 2- 7 p' 31'2 2585.407 2e 38667. 06 

252l. 989 1 39639. 32 
2586. 721 100 38647. 42 5el 5D ,- 4/ 5F , 

2525. 206 3 39588. 82 
2587. 052 4c 38642.48 5el' 3D ,- fJ 31<' . 

2525. 988 4 39576. 57 5el' 3D ,- 7p' 31', 2588. 132 8el 38626. 35 5el' 3D 3- 4f' 3fl, 

2526. 612 8 39566. 79 5el 5D O- 7 p 51', 2588.670 150 38618. 32 5el 5D ,- 4/ 5F, 

2527. 350 10 39555. 24 6p 51'3- 9s 5Rg 2592. 0 10 2h 38568. 56 6p ' 3F ,- 41 i,2,3 

2530. 974 50 39498. 61 5el' 31'0- 41' 3 p~ 2592. 490 3e 38561. 42 5d ' 3G,- 4I' 'G , 

2533. 372 5 39461. 22 5d' 3F ,- 2,/3 2593. 458 300 38547. 03 5el 5D ,- 4/ ' F 3 

2533. 605 100 39457. 59 5el 5DO- 4f 51", 2594. 376 4 38533. 39 5el' 3G,- 4.f' 3G 3 

2534. 272 200 39447. 21 5el 5D ,- 7 p 51'3 2594. 954 20e 38524.81 5d ' 3D 3- 8p 3p ., 

2534. 505 40 39443. 58 5el ' 3D 2- 4f ' 3F , 2595. 518 8 38516. 44 6p 3P O- 8d 3D-r 

2535. 708 2 39424. 87 2596. 063 4h 38508. 35 6s' 1]) ,- 7p' 3D , 

2535. 846 2 39422. 73 5d' 3F , - 8f 5F 3 2596. 500 6 38501 .87 5el ' D l- 7p 31', 

2536. 994 4 39404.89 5d' ' D ,- 3',3 2597. 878 6 38481. 45 6p "1',- 9s 38r 
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T AB LE 10.1. Ob served lines of I II - Co nt inued 

Hair) In tensity \\' a H ' C lass ifi catio n >. (a ir) In te ns ity \\'ave Class ifi cat ion 
numb(' r number 

---------
2598. 397 4 38473. 77 2694.056 25 37107. 74 5c1 ; /) 1- 4/ aF I 
2598. 765 4 3846 . 32 6s' 'D z- 4f' 3D 3 2694. 593 I e 37100. 35 
2600. 757 1 38438. 86 5d 3.D ~- 6]1" lD , 2696. 702 6 37071. 33 5c1 ' 31"a- 4(' 3D , 
2600. 989 2 38435. 43 2697.375 2 37062. 08 5d' '0 ,- 7]1' 'F:l 
2602. 890 10c 38407. 36 5]15 1 P l- 6]1" ISO 2698.319 50 37049. 12 5e1 5/) 1- 4f .5J?2 

2603. 658 8h 38396. 03 6s' ' D z- 4f' 3F 3 2700. 419 3 37020. 31 6]1 31),- 6e1' 143 2605. 340 3 38371. 24 6s" 3p ,_ 5 ' ,3 2701. 43 1 50 37006. 44 5et ' '0 ,- 7 p' 31", 
2606. 703 2 38351. 18 5et' 3D a- 4f' 3F , 2704. 257 1 36967. 77 
2607. 347 30 38341. 71 5ci' 3G,- 4J' 3F ; 2704.424 2e 36965.49 
2608. 442 1 38325.62 2704. 522 20e 36964. J 5 

2609. 175 1 38314. 85 5d' 3p;_ 7]1 ' 3D , 2706. 320 3e 36939. 59 
2610. 740 150 38291. 88 5d' 3G;- 4f' 30 ; 2707. 400 3 36924. 86 5et' 3D l- 6f 3F2 
2612.524 1 38265. 74 6p 31' ,- 8d 5D 3 2708. 159 50 36914. 51 
26 12. 963 20 38259. 31 5el' 3D 2- 5f 3F3 2709. 708 1 36893. 41 
2619. 890 30 38158. 16 5p5 3p ;_ 6p" 3S1 2710.206 1 36886. 63 5d' ' F~- 12,.,? 

262 1. 362 4e 38136. 73 5d 5D;- 6]1" 3D 1 2710. 57 I 36877. 77 
2621. 858 3 38 129. 52 2712. 236 150 36859. 02 5d' 3F 3- 4.f' 3][ , 
2626. 309 2 38064.90 5d 3D ,- 6]1" 3S, 2713. 108 1 36847. 18 6p' 3F 3- 391 
2626. 974 8 38055. 26 5ci' 3/) , - 5f sF 3 2715. 784 4 368 10.87 
2627. 334 8 38050. 05 6s 58,- 6]1' 'D , 2719.726 20 36757. 52 5d' 3F a- 8p 3P , 

2631. 983 15 379 2. 84 5c1' 3F ,- 7p' 3D 3 2722. 542 2e 36719. 50 6p' 3D ,- 381 
2632. 756 1 37971. 69 5ci' 10 ,- 6f 5F 4 2723.041 40c 367 12. 77 5e1' 3F ,- 4/, 3G. 
2635. 298 1 37935. 07 2726. 649 2 36664. 20 
2636. 270 20w 37921. 08 5d' 3D a- 4f' 3Fa 2728. 749 6 36635. 98 
2636. 729 150w 37914. 48 5d' 3D~- 4f' 3G. 2730. 124 500 36617. 53 5ri' 1G l- 4.f' lG . 

2638.644 1 37886. 96 6p 3]> ,- 6e1' 151 2731. 788 20 36595. 23 { 6s" 3P 2- 8f 3F 3 
2641. 302 20 37848. 84 5d" 3D a- 11 3 ., 
2645. 375 2 37790. 57 5d 5D l- 4f 31", 2732. 200 5 36589. 71 5rl' '0 ,- 4(' 3G3 ' 
2651. 301 1 37706. 11 2732. 735 10 36582. 55 6p ' 3D ,- lI s 3 ~1 
2651. 874 I h 37697. 96 5e1' 3F a- 4.f' 3P , 2734. 137 3 36563. 79 6p' 31" ,,- 50L. 

2652. 636 1h 37687. 13 6 p' 3/) ,- 41i,2, ;3 2734. 877 1 36553. 90 6p' 'P ,- 46 ~ 
2655. 829 10e 37641. 82 6s' l/) i- 5f 31"3 2736,4 10 1 36533.42 6p' lP 1- 45i" 2660. 396 1 37577. 21 2736. 938 1 36526, 37 
2665. 01 4 5 37512. 10 6p 31',_ 9s 3Si 2744. 533 20 36425. 30 5ci 3D~- 6p " 3D ~ 
2665, 284 20 37508. 30 5e1' 3D a- Sf 3F . 2746, 590 8 36398. 02 5d' 'G ,- 4.f' 3F , 

2666. 141 1 37496. 24 6p 3PO- 6c1' 151 2747. 502 4 36385.94 
2667, 049 3 37483. 48 68" 3P2- 3,, 3 2749. ] 33 1e 36364. 35 6p 3]> ,- 6e1' 121 
2667. 624 ] 37475. 40 2749. 884 2c 36354.42 
2670. 304 4d 37437. 79 6s' 'D ,- Sf 5F 3 2750, 362 2c 36348. 10 5el' lG,- 4f' 3G5 
2670, 854 4 37430. 08 5ci' 3F3- 7]1' 3P , 2753, 502 10d 36306 66 Sci' 3F ,- 5j 3F , 

2671. 008 5 37427. 92 5d 5D l- 6p" 3P , 2754. 745 ] 36290, 28 
267l. 239 6 37424. 69 5c1' 3F l- 4f' 311 . 2755. 128 5 36285. 23 6p' 3D ,- 21 1 
2671. 770 1 37417. 25 5ci' 3F 3- 7p' 3D 3 2757. 213 7 36257. 79 6p 5P :!_ 7d 3D a 
2674. 795 150 37374. 94 Sci' 3F l- 4f' 3TI 5 2758. 702 1 36238. 22 
2676. 150 3e 37356. 01 5c1 5D 2- 6p" 3D , 2759. 624 8 36226. 12 5el' 3F a- 4.f' 3D 3 

2676. 562 10 37350. 26 5ci 5D l- 7]1 5P , 2761. 43 1 15 36202.41 5d' 3G,- 7p' 3D 3 
2676. 983 1 37344. 39 6p 3p ,_ 9s 5d2 2761. 930 I e 36195. 87 
2681. 203 10 37285.62 5d' 'G l- 4f' 11"3 2764.142 4e 36 166. 91 6p' ' F 3- 44, , ~ 
2681. 597 10 37280. 14 5c1" lD 2- 13" 3 2764. 250 2 36165. 50 5ri' 3p ~_ 13, ,3 
2682. ] 60 15 37272. 31 5c1 5/) 1- 6 p" 3PO 2765. 149 20 36153. 74 5d' 3F ~- 4f' 3F 3 

2683. 392 3 37255.20 5d' 11"a- 13" 3 2765. 660 200 36 147. 06 5ri' 3F a- 4f' 3G, 
2685. 160 2e 37230. 67 2769.734 2c 36093. 89 
2686. 154 20 37216. 90 5d 5D l- 7p 51', 2770. 695 20 36081. 37 6s' 3D ,- 6p " 31', 
2687. ] 64 ]e 37202. 91 2775.306 Ih 36021. 43 
2681'. 536 5 371 83. 92 2775. 613 1 36017. 45 

2688. 981 200c 37177. 77 2775.856 4 36014. 29 5d' 3D l- 4f' II' , 
2689. ] 92 30c 37174. 85 5p5 31' ,- 6p' lD " 2776, 241 2 36009. 30 Gp' 3F,-]Od 3D a 
2689. 722 I e 371 67.53 2776. 990 4c 35999. 59 6s' ~ ]) 1- 6p" 1 1' , 
2691. 652 1 371 40.88 2781. 129 10d 35946. 01 5d' 3]) 1- 4f' lD , 
2693. 040 Ih 37121. 74 6p 3PO- 9s 3S1 2782. 793 I h 35924. 52 
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X(air) 

2783. 290 
2784. 243 
2788. 236 
2788. 69G 
2788. 911 

2789. 056 
2789. 601 
2790. OGO 
2790. 573 
2790. 994 

2791. 524 
2792. 724 
2793. 933 
2797. 089 
2797. 367 

2799. 632 
2804. 766 
2805. 564 
2808. 594 
2809. 789 

2811. 927 
2812. 210 
2812. 692 
28] 5. 118 
2816. 821 

2817. 090 
28]7.909 
2819. 086 
2823. 629 
2824. 060 

2825. 461 
2826. 004 
2826. 814 
2829.338 
2829.837 

2830.110 
2830.735 
2832. 494 
2832.736 
2833. 495 

2836. 768 
2838. 482 
2840. 236 
2840. 438 
2840. 970 

2841. 444 
2841. 920 
2842. ] 75 
2844. 121 
2846. 986 

2847. 442 
2848. 272 
2849. 671 
2851. 170 
2851. 723 

2852. OGO 
2852. 290 
2852. 852 
2854. 168 
2854. £64 

Intensity Wave 

8e 
10 

1(; 

I h 
5e 

10 
30c 
10 

Ie 
Ih 

2c 
6 
6e 

10 .' 
20e 

6,' 
8 
4 

200 
10 

Ie 
4e 
2 
3 

15 

I e 
1 

25 
I e 

10 

4 
3 

30 
1 
8e 

30 
100 

1 
3 

20 

10 
Ih 
6 
6 

25 

20 
1 
7 

25 
50 

20 
1 

10 
I e 
7 

20e 
8 

25 
80 

4 

number 

359] 8. 11 
35905. 81 
35854.40 
35848. 48 
35845.72 

35843. 85 
35836. 85 
35830. 96 
35824. 37 
35818. £7 

35812. 17 
35796. 78 
35781. 29 
35740. 92 
35737. 37 

35708. 46 
35643. 10 
35632. 96 
35594. 52 
35579. 38 

35552. 33 
35548. 75 
35542. 66 
35512. 03 
35490. 56 

35487. ] 8 
35476. 86 
35462. 05 
35405. 00 
35399. 60 

35382. 04 
35375. 24 
35365. 11 
35333. 56 
35327. 33 

35323. 92 
35316. 12 
35294. 19 
35291. 18 
35281. 73 

35241. 02 
35219. 74 
35197. 99 
35195. 49 
35188.90 

35183.03 
35177. ]4 
35173. 98 
35149.92 
35114.54 

35108. 92 
35098. 6£ 
35081. 46 
35063.02 
35056. 22 

35052. 08 
35049. 25 
35042. 35 
35026. 19 
35016.42 

TABI~ E 10.1. Observed lines of Ill- Continued 

C lass ification 

6p' 3F 2- 10d 
5d" 'D ~-
6p' 3D;-

3D ~ 
7, -., 
20';,2 

5r/' 3D;- 7p' 'D ry 
6p 5P,_ 7d 3ni 
5d' 3Gl- 4f' 3 11 5 

5d' 'F'l- ' 6 2,3, 4 

5d" 'D ~- 52, 3 

6p' 3F;- 333 
5d' 3F 'l- 5f 3F3 

5d' IPI_ 12" , 

6p' IF3- 403 
5d" 3D 'l- 62,3,' 

6p' 3F ,- lIs 381 
6p 5P ;_ 7d 5DO 

6p 5p ,_ 7el 
5el' 3F§- 5f 
5d' 3F 'l- 5f 

6p' 3F 2- 24]., 

5d" 3D 'l- 5 ',3 
6p sP ,_ 7d 5 D ~ 
Gp 5P 2- 7d 5D§ 

6p' 'F ~\­
Gp' 3D 3-

6p' 3D ·,-
6p' 3D;-

39, 
46 , 

30 ; 
44 2,3 

6s 58,- 6p ' 3P, 
5d 3D I- 7p 3Po 
6p 5P ,_ 7d sD l 
5el 3Di- 4f 3F , 
6p 5p ;_ 6'(l' 40 
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X(air) 

2856. 7G8 
2857. 132 
2857.515 
2859. 37G 
2860. 602 

28G'.290 
2861.838 
2865. 184 
28fl5. 458 
2865. 766 

2867. 021 
28fl7. 704 
2867. 970 
2869. 767 
2870. 635 

2871. 416 
2872. 788 
2873. 208 
2873. 667 
2874. 281 

2874. 550 
2875. 738 
2876. 262 
2877. 212 
2878. 632 

2879. 021 
2879.172 
2883.019 
2883. 440 
2883. 996 

2885. 949 
2886. 446 
2886. 961 
2888. 024 
2888. 874 

2890. 137 
2890. 498 
2891. 462 
2892. 878 
2893. 566 

2893. 847 
2894. 114 
2894. 377 
2895. 354 
2895. 498 

2896.813 
2897. 909 
2900. 253 
2903.015 
2903. 488 

2906. 004 
2909. 390 
2910. 567 
2910. g06 
2914. 458 

2915. 061 
2915. 762 
2915. 881 
291fl. 146 
2917. 740 

Intensity vV,\\' c 

8 
15e 
35 
20 
35 

3 
40 

G 
4 
5:1 

20e 
I e 
2e 
7 
2 

] 

7 
5(' 
1 
I 

1 
2 
5 
2c 

1500 

30 
8h 

GO 
10 

1 

1 
10 
3 
L 
2 

1 
10 
7 
3 
Ie 

7 
10 
R 
3 

]5 

10 
10 
15e 
10 
1 

2 
5e 
8 
1 

20 

15t 
3c 

10 
4 
8 

numb c r 

34993. 95 
34989. SCi 
34985. 17 
34962.40 
34947. 41 

34939.01 
34932. 32 
3489l. 53 
34888. 19 
34884.44 

34869. 17 
34860.87 
34857. Ci4 
34835.8 ' 
34825. 28 

34815. 8) 
34799. 18 
34794.09-
34788. 53 
3478 1. 10 

34777. 85 
34763. 48 
34757. 15 
34745. 67 
34728. 54 

34723.84 
34722.02 
34675.69 
34670.63 { 
34663. 94 

34640.49 
34634. 52 
34628. 35 
34615. 60 
34605. 42 

34590.29 
34585.97 
34574. 44 
34557. 52 
34549.30 

34545. 9'5 
34542. 76 
34539. 62 
34527. 97 
34526. 25 

34510. 58 
34497.53 
34469. 65 
34436. 86 
34431. 25 

34401. 44 
34361.40 
34347. 51 
34343.51 
3430 1. 65 

34294. 56 
34286. 31 
34284. 9] 
3428l. 80 
34263. 07 

Class ification 

6p' 3F z- 21 1 
5d" 3D3- 43,4 

5el 3D,- 7p SP 3 

6p' 3D 2- 10d 3D, 
Ci s ' 3D I- 6p" 3pz 

5d' 3G,- 4(' 
5d' 3G,- 41' 
6p 31' ,_ 6d' 
6p' 3F ;- 10d 
5el' 3]>, -

6s" 3P8- 4f' 3D t 

6p' 3D,- 9'd 3D, 

6s 58,- 6p ' 3P , 
Gp' 3D,- 8s' 3 D'~ 
6p' 3D,- 26-3 

6p' 3D,- 88' 
6p sP 2- 6d' 
6p' 3P,_ 
6p' ' D 2-

3D I 
2'l 
44 ',3 
251,2 

5el 3D,- 7p 5P , 
5el" tD g- 3 2~3 
6p sp ;_ 7d 3D , 

5pS 3PO- 7p 
6p 3P,_ 7d 
6p' 3F 2-

5d' 3F,- 7p' 
5d' 3G,- 5f 

SP , 
3D l 
201,2 

3D , 
3F ; 

6p' 3P2- 431,2 

5d' 'P l- S,,2 
5ps 3PO- 4f SF , 
6p' 3F 3- - 263 

6p' 3P ,_ 471,2 
5eL ' 3D z- 6p" 'D, 
5ol' 3 Pz- 52,3 

5d 3D,- 4f SF ] 
6p' 3D ,- 241,2 

6p' 3P 2- 42, 
5eL" 3D3- 32, 3 

5d 3D,- 4f SF , 
6p' 3P,_ 46g 
6p' 3PO- 38i 



'L\l3LE ] 0.1. Obse1'ved lines oj T JI Oll ti llll('c1 

A(air) III tensi ty \ Vav(' C lass i fication A(ai r') I nt (' ll siLy Wave C las ' ifi cation 
number 1l1lIl1b(,J: 

--

2917. 911 2 34261 . 06 6p' 3P,_ 45;,2 2990. '18'[ 20c 33429. 65 6p' IP,_ 302 
2919.715 6e 34239. 90 (is 1:) , _ 6p' 'D, 2992. 391 2c 33-108. 35 
2920. 122 10 34235. 12 6s 582- 6p' 3D , 2993. 66 1000 33391 89 5el 3]) ;- 4J 31", 
2921. 134 6r 34223. 26 6p 5P?_ 7s' 3Dl 2994. 99 1 20 33379. 35 6p' 31",- 8s' 3D , 
292 1. 686 8e 342 16. 0 2()96. 734 100e 333M). 9'l 5p5 31',- fip' 3n 3 

2921. 982 50 342 13. 33 6p' 3D,- 401 2997. 189 25c 33354. 87 5d 5D3- 6p' 'D, 
2925. 087 80c 34177.02 5p5 31' ,- 6p' 3P, 2998. 229 10el 33343 30 6p' 31" ,- 8s' 3D; 
2926. 769 3c 34157. 38 2999. 498 20c 33329. 20 6p' ' P,- ]Od 3 ]) ~ 

2927. 388 2c 34150.15 6p' '1"3- 36z 3000. 694 40 333 15. 91 6p 31" ,- 7el 3D ~ 

2927. 664 I e 34146. 93 3004 858 8 33269. 75 6p 3P,_ 6el' 5; 

2927. 850 30 34144. 76 3007. 318 .I5c 33242. 53 
2928. 758 4e 34134. 18 6p' 31',- 43 ,,2 3010. 480 7c 33207. 62 6p' 11",- 29; 
2929. 112 60 34130.05 3012. 7] 2 20 33183. 02 6p 31"0- 7el 3D; 
2930. 627 2 34 112. 41 6p' 3D,- 21 ; 3018. 042 30c 33 I 2'l. 42 6s 58 ,- 6p' '1"3 
2931. 720 200 34099. 69 6p 5Pa- 7el 5D l 3018. 249 20c 33122. 14 6s' 3D l- 6p" 3P, 

2932. 911 10c 34085. 85 6s" 3p;_ 7p ' 'D, 3018. 826 15e 331 15. 81 5p5 3PO- 6p" aD, 
2933. 394 I 34080. 24 6p 5P,_ 6el' I ~ 3020. 751 35c 33094.71 5d' 3D;- 4I' 3P , 
2933. 638 5 34077. 40 6p 51' ,- 8s 3Sr 3020. 950 7el 33092. 53 5el" 'D,- 1' .3 
2934. 963 25 34062. 02 6p' 31<'3- 24;,2 3021. 214 100 33089. 64 5el 3D;- 6p" 3D2 
2936. 954 40 34038. 93 6p sPa- 7el 5D3 3023. 211 lh 33067. 78 5el' 'G ,- 'II' 3D3 

2938. 155 6 34025. 01 5el' 3G.- 5/ 5F .j 3024. 948 15c 33048. 80 5el' 3F2- 4I' '1', 
2940.471 40 33998. 22 6p' 3D;- 391 3031. 204 30c 32980. 59 5el' 31<' ,- 4I' 'D , 
294 1. 778 4 33983. 11 5'1' 3G,- 5/ SF, 3032. 039 80c 3297.1. 51 6p 3P,_ 7el 3Da 
2942. 429 60 33975. 59 3033. 856 35 32951. 76 5el 3D;- 7p 51" , 
2942. 923 10 33969. 89 6p 51"2- 8s 38; 3035. 807 40 32930. 59 5el' 31'0- (1)" IP, 

2943. 192 15 33966 79 6p 5P,_ 7el 5D ~ 3036. 973 4e ;329 17.94 5el 5D2- 6p' 'D , 
2943. 267 I 33965. 92 3040. 888 15e 32875. 56 5el' 31",- 'If' IF3 
2943. 842 2 33959. 29 5el' 31",- 6f 3F 2 3041. 207 l c 32872. 12 5el' 3]1'2- 7p' 31"3 
2945. 857 10c 33936. 06 (1)' 3 P~-12el 3D! 304 1. 735 15e 32866. 41 5el' 3G3- 4/, ID, 
2946. 081 8e 33933. 48 6s" 31';_ 41' 3D, 3042. 243 3el 32860. 92 5el' 'D,- 6f 31"3 

2947. 055 10 33922. 26 6p' 'F3- 35',3 30-13. 530 8el 328'[7. 03 
2947. 927 40 339 12. 23 6p' 31" ,- 391 3045. 391 30 32826. 96 5el' 3D;- 7p' 31', 
2948. 642 25 33904. 01 5el' 3Gl- 6/ 31", 3049. 691 80c 32780. 67 6s' 3D3- 6p" 3D3 
2950. 152 6 33886. 66 5el' 31",- 6f 31", 3051. 188 2 32764. 59 6p' IP,- l l s 5 8 ~ 

2953. 773 5 33845. 12 5el' 3Gl- 6/ 31"2 3051. 792 'IOe 32758. 11 5el' 3Ga- 7p' 31"3 

2955.086 20c 33830. 08 3053. 072 3 32744. 37 5el' 38;- 7p' 3D, 
2955. 795 Ii! 33821. 96 3053. 177 25 32743. 25 5el' 3F2- 7p' 11' , 
2956. 236 100e 338 16.92 5p5 '1' ;_ 6p" 31' , 3055. 365 50 32719.80 6p' 3D3- 342 
2957. 008 5c 33808. 09 6s" 3P,_ 7p ' 31", 3056. 005 90e 327 12.95 6s' 3D,- 7p 31' , 
2957. 658 200c 33800. 66 5p5 3P2- 6p' 3p; 3059. 322 50 32677. 48 5el' 31"2- 7p' ID-, 

2959. 796 15 33776. 25 3061. 716 20 32651. 93 5el' 31"2- 7p' 11"3 
2960. 113 1 33772. 63 6p' 31',- 40J 3064. 603 2 32621. 17 
2962. 632 10e 33743. 92 6s' 'D,- 6p" 'D, 3065. 902 60e 32607. 35 5p5 IPi- 6p" 381 

2962.819 1 33741. 78 5d' 3D,- 6p" I P, 3067. 346 1 32592. 00 
2967. 350 5 33690. 27 5el' 3Di- 4f' 3Po 3070. 042 35 32563. 38 5el' 3G:;- 7p' 1D, 

2969. 413 25 33666. 86 6p' '1"3- 333 3070. 705 30e 32556. 35 6p' 3D3- 33:; 
2970. 694 7 33652. 34 3071. 046 2 32552. 74 
2970.819 30e 33650. 93 5el' 'G,- 41' 1IT5 3072. 456 80 32537. 80 5el' 3G:;- 7p' 'F3 
2971. 895 2 33638. 74 3073.658 7e 32525. 07 5el' 31"2- 41' 3DI 
2973. 766 40 33617. 58 6p 5P,_ 88 5S, 3074. ]32 3 32520. 06 

2974. 880 20" 33604. 99 5d" 'D2- 22,3 3074. 255 8 32518. 76 5el 3D :;- 4J 31" , 
2977.650 4 33573. 66 6p 3p,_ 7el 3D; 3075. 678 4 32503.71 
2978. 287 4c 33566. 55 5ci" 'D,- 8J 51"3 3076. 210 20 32498. 09 6p' 3D 2- 8s' 3D2 
2979. 044 25e 33558. 02 3077. 708 40e 32482. 28 5el' 3G:;- 7p' 31", 
2979. '187 2 33553. 03 6p 5P3- 6el' 23 3078. 754 5000 32471. 24 5el 3D :;- 4J 31", 

2980. 322 7e 33543. 63 6p' '1',- 310 3079. 64 1 20 32461. 89 6p' 3D 2- 8s' 3D; 
2981. 162 2c 33534. 18 3082. 229 60 32434.63 6p 5P3- 8s 5S ~ 

2983. 312 50 33510. 02 6p 5P Z- 8s 58, 3083.315 4 32423. 21 
2986. 0ll '1 33479. 73 3084. 278 6e 32413. 09 6p' 31" 3- 9d 3D ~ 

- ~ 2981. 189 6 33459 80 5 el' 3p ?,_ 3, 3085. 509 60e 32-lO0. 16 
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TABLE 10.1. Ob8erved line8 of I II- Continued 

A (air) I Intens~ty 'Wave Classification A (air) Intensity Wave Classification 
number number 

------- ------ ----- ------

3086. 446 3 32390. 32 3186. 440 20 3187:191 5d' ID j- 7p' 3F , 
3086. 989 + 32384. 62 6p' 3 Po- 29 1 3189. 680 20 313+2. 05 6p 3p ,_ 6d' 23-
3089. 652 20el 32356. 71 6s' 3D l- 7p 3 Po 3194. 682 35 31292. 98 5el' 3P l- 81,2 3090. +76 10e 32348. 08 5el' 3D ,- 6p" 3D 3 3195. 610 6e 31283. 89 6p' 'D2- ,l6 , 
3090. 609 25 323,l6. 69 6p 3p ,_ 7d 3D , 3197. 074 ,lOd 31269. 56 5d" 3P ,_ 72,3 

3092. 698 15e 3232,l. 84 3197. 514 2e 31265. 26 5el' 3S1- +.f' ' P I 3094. 035 1 32310. 88 3197.711 2e 3 1268. 33 6p' 'D ,- +51,2 3096. 38,l 15e 32286. 36 3198.069 2e 31259. 83 
3096. ,l59 ]0 32285. 58 5el' 3Gl- 7p' 3F , 3]99.891 60 31242. 04 6s 3S1- 6p' 3P I 
3097. 075 Ih 32279. 16 6p' 3P ,_ 34, 3201. 547 :3e 31225. 88 5p5 IP 1- 7p 3Po 

3099. 064 35 32258. 45 6p' 3F3- 8s' 3D , 3204. 517 5e 31196.94 5el' 3S1- #' ' D 2 3099. 925 60e 322+9. 49 5 p5 3p ,_ 6p' IF3 3204. 894 2 31193.27 6p 31',_ 8s 5S ~ 
3101. 067 3e 32237. 61 I 3208. 946 25 3ll53.88 5d' ID ,- 4.f' 3G-3 
3102.663 60 32221. 03 5el 3D l- 4J 3F 3 8209. 664 30e 3 1146. 91 6s 5S,- 6p' 3D , 
3104. 171 10 32205. 38 5d' 3P l- 12", 3221. ,l93 8 31032.55 5el' 3S1- 7p' 31"0 

3106. 665 40 32179.52 5el' 3F ,- 4f' 3G 3 3229. 081 4 80959. 63 5el' 3S1- 7p' II" I 
3112. 838 30e 32115. 71 6p' 31" ,_ 33 l 3231. 433 2c 309:37. 09 6p 3p ,_ 7s' 3D a 
3 113.026 10 32113. 77 5d' 3D i- 7p' 31' , 8235. 951 5 30893. 90 5el' 3S1- 7p' ID , 
3 .11 6. 441 8 32078. 58 5d 3D l- 7p 51" , 3238. 909 25e 30865. 69 68 3S1- 6p' 31'2 
3 1 J 7. 071 30e 32072. 10 6s' ID ,- 6p" 3p , 3239. 245 20e 30862. 48 6s' 'D,- 6])" 3S1 

3117.718 40e 32065. 4,l 5el' 3G l- 4.f' 3G 3 8252. 008 3 30741.36 5el' 3S,- 4.f' 3D I 
3119. 878 5 320,l3. 24 :3256.460 100e 30699. 84 68' 3D ,- 4J 3F 2 
3121. 648 15e 32025. 08 6p' lP I_ 20 ,,2 3257.814 2 30686. 58 
3 125.976 50 31980.74 5d' 3D ,- -If' 3:F" 3258. 125 20 30683. 65 6p 31' ,- 85 3S, 
3 l28. 507 35e 3195-1. 87 5d' ID2- -If ID-, 3265. 309 1 30616. 15 5el' 3S,- 7p' 3F , 

3128. 638 10 31953. 53 6p' 31'0- 118 3S, 3267. 320 5e 30597. 30 6s" 31" ,- 8p 3p , 
3 132.910 25e 31909. 96 6p 31'0- 6d' 5 , 3270. 4-lO + 30568. 12 
3133. 397 50e 31905. 00 5p5 3p ,_ 6p' , r'I 3271. 534 1 30557. 89 
3] 33. 618 10e 31902. 75 6p' 31'1- 3·H 3276. 536 30e 30511. 24 5p5 3p,_ op' 3F 3 
3136. 473 100d 31873. 71 5el' 3G 3- 4.f' 3F. 3278.4 18 1d 30493. 73 6p' 3D I- 6d' 151 

3\ 37. 604 60 31862. 22 5d' 3D i- 8p 3P I 3279. 256 2e 30-185. 94 
3138. 830 90e 31849. 78 5d' 'D,- 4.f' 'F3 3288. 860 100e 30396. 92 68' 3D ,- 6p" 3D , 
3]40.946 8 31828. 32 6p 31' ,- 7d sD l 3296. 368 3e 30327. 68 5el' 3P ,_ 7f 3F 3 
3144. 212 1 31795. 26 3300. 133 10 30293. 09 6p 31"0- 8s 3S, 
3144.997 1 31787.33 330] .538 20e 30280. 20 5p' 'Pl-:- 7p 3P, 

3145. 346 2 31783. 80 3302. 457 150e 30271. 77 5p' 31" ,- 6p' 3D , 
3148. 089 8 3]756.10 6p 3P ,_ 7el ' D , 3303. 841 15 30259. 09 6s' 3D ,- 7p 5p ')~ 

3149. 636 8 31740.5] 3307.70l 10 30223. 78 6p 3P 2- 80 5 S 2~ 
3151. 915 2 31717. 56 5el ID ,- 7p' 'PI 3309. 502 1 30207. 33 
3153. 078 5e 31705.86 5d 3D !i- 4f ' F 3 3312. 374 10el 30J 81. l,l 68' 3D l- 6p" 31"0 

3155. 573 1 31680. 79 6p' 'F3- 201,2 3313. 825 1 30167. 93 
3155. 864 10 31677. 87 5el 3D 3- 4/ SF. 33 14.478 3 30161. 98 
3157. 337 3 31663. 09 5d' 3D l- 7p' 3D l 3315.326 2e 30154. 27 
3158. 080 20 31655. 64 6p 3P ,_ 6el ' 12 33 18. 088 40 30129. 17 { 5el' 3F ,- 41' 31'2 
3158. 357 20 31652. 87 6p 3P ,_ 88 3S1 6p' 3p,_ 201, 

33 19. 210 2 30J 18. 98 6p' 3D,- 98 3S1 
3158. 466 40 31651. 78 5d' 'D,- 7p' 'D2 3321 . 099 1 30101. 85 3159. 175 1 31644. 67 

3321. 641 1 30096. 9,l 3161. 027 200 31626. 13 5d' 'D,- 7p' IF3 
3323. 700 2 30078. 30 68" 'Pl- 7p' 3D z 3163.935 40e 31597. 07 5el' 3D l- 6p" 3P 2 3326. 405 50e 30053. 84 5el' 3F ,- 6p" 3D 3 3169. 882 15e 31537. 79 65" 3PI_ 4f' 3P2 3327. 256 Ie 30046. 15 

3173. 509 3e 3 1501. 75 3330. 708 2e 300J5.01 5el' 3Gl- 4.f' 3P Z 3173.752 5e 3 1499. 34 5el' 'D z- 4f' 3D , 3331. 585 6 30007. 11 5el" 31" ,- 3,,3 3 175. 066 1000 3 1486. 30 5p' 3P l- 6p' 3p , 3331. 754 8 30005. 59 6p' 31"0- 8s' 3D I 3J 76. 630 15e 31470. 80 6s' 3D z- 6p" 3P , 3334. 536 2e 29980. 56 5el ' D !i- 6p' 3P , 
3 177. 828 10 31458. 94 6s" 31"3- 7p' 3P, 3340. 351 3e 29928. 37 6s" 3p ,_ 4.f' 'F3 

3178. 064 1 31456. 60 6p' 3D,- 8el 3D ; 3341. 289 100 29919. 97 5el ' D ,- 6p' 3P , 
3180. 575 lOe 31431. 76 5el" 3p z- 8':2 3345. 342 25e 29883. 72 5el" 3D ,- 72,3 
3182.602 2 31411. 75 3345. 607 3e 29881. 35 5el' 3F ,- 4.f' 3P, 
3182. 709 10d 31410. 69 68' 3D l- 7p 3P, 3346. 219 2e 29875. 89 
3184. 489 4e 31393. 13 68' 3D ?- 7 5p 3347. 857 40e 29861. 27 5d' 3F ,- 7p' 3P , p 
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T A llLE 10.1. Observed lines of I J[- ConLinued 

}.. (air) Int ensity vYa\'e 

I 

Classifi cation :>-. (ai r) _I Intensity 'Na ve ClassificaLion 
number number 

-- - --

:3:349.286 20 2984 . 5:3 5el' 3F,- 7p' 3D3 3464. 5·fO ·Ie 2 55.60 5el' ']) , 4/, 31', 
:3351. 394 :30 29829. 76 5el' 3F§- 6p" 3P, 3,166.953 10 28835. 5J 5el' 'Dl- 7p' 3F, 
3352. 823 10c 29817. 04 5el' 3D ,- 6p" 'So 3467. 261 5e 28832. 95 6s' 3])5- 7p 51'3 
3352. 928 2 29816. 11 6p' 'D,- 38, 3L168.0']'6 30c 28826. 43 6s' 3]) ;- 4J 31'\ 
3355. 53 1 300 29792. 98 6s 3S1- 6p' 31"0 3468. 486 20 28822. 77 5el' '])2- 7p' 3D3 

3359. 961 150e 29753. 70 6s' 3D 3- 7p 31", 3-169. 342 I 288J5.66 
3360. 699 8e 29747. 17 5el' 3G§- 7p ' 3P, 3·170. 131 6 28809. J 1 
3362. 137 7 29734. 4·1 5d' 3G!l- 7p' 3D'3 3478. 279 3e 2874 1. 62 
3362. 598 20e 29730. 37 6s" 3P 2- 7p' 'D, 3481. 569 I 287H.46 
3363. 367 2 29723. 57 3482. 917 ] 28703. 35 6s' 'D,- 7p 31' , 

3365. 500 20e 29704. 73 60" 3P2- 7p ' 'F3 3483. 706 5 28696. 85 
3366. 575 7el 29695. 25 3·183 894 60c 28695. 30 6s' 3D,- 6p" 3D, 
3:374. 457 100c 29625. 89 5el sD3- 6p' 3F, 3488. 509 15 28657. 34 5el' 3F2- 'I f' 3D 3 
:3378. 475 6c 29590. 66 5p5 3P,_ 6p' 'PI 3489. 100 2 28652. 49 
3380. 983 30c 29568. 71 5p5 '1' ,- 4f 3F, 3489. 561 4 28648. 70 

:3382. 711 2 29553. 60 3490.488 1 286<].1. 09 
::l383.858 80c 29543. 58 5el sD ,- 6p' 31'2 349 1. 273 1 28634. 65 
3386. 377 4e 29521. 61 5el' 'So- .~f' '1', 3492. 916 4 28621. 18 Sd" 3D2- 32,3 
3390. 2JL1 15c 29488. 20 5el' 3F!l- 6p" 3D3 3495. 624 Ie 28599.0L 6s" '1",- ·If' 'I', 
339].360 7c 29478. 23 7s 3S,- 8,, 2 3496. 408 5 28592. 60 6p' 31' ,_ 8s' 3D , 

3394. 192 7e 29453. 64 3497. 406 300e 285 4 . .J.4 5el 3D 2- 6p' ']) , 
3399. 537 8 29407. 33 3498. 372 2 28576. 55 
3400. 316 5 29400. 59 3498. 500 1 28575. 50 
3401. 500 50c 29390. 36 5p5 3PZ- 6p' 3F, 3498. 985 25e 28571. 54 6s' 3D;- 6p" 3D , 
3402. 587 4c 29380. 97 3500. 824 2 28556. 53 6p' 31',_ 8s' 3D , 

3409. 138 2c 29324. 52 3502. 457 2 28543. 22 5el' 3G5- 4f' 3D 3 
3409. 692 7c 29319. 75 3503. 459 35e 28535. 06 6s' 'D2- 7p 31', 
3409. 938 30e 29317. 64 5el sD,- 6p' 3F, 3503 996 30e 28530. 68 6s" '1',- 4f' 'D , 
3411. 173 1 29307.02 3504.729 1e 28524. 72 
3415. 911 30c 29266. 37 5ps 'P,- 6p" 3D , 3510. 630 10 28476.77 5el' 'D2- 4/, 3D , 

3416. 759 5 29259. 11 3511. 357 20 28470. 88 5el' 3G5- 4/, 3F3 
3417. 606 5 29251. 86 3512. 177 JOO 28464. 23 5el' 3C;- 4/, 3C, 
3421. 805 7 29215. 96 5d' 'So- 7p' 'PI 3513. 304 2 28455. 10 
3421. 987 3 29214. 41 3513. 971 2 28449. 70 
3422. 948 20e 29206. 21 5ps 'P,- 6p" 31', 3514. 319 1 28446. 88 7s 5S,- 8f 3F 3 

3424. 993 250e 29188. 77 5d' 3F,- 8p 31", 3514. 757 2 28443. 34 
3426. 461 20 29176. 26 5d' 3C;- 4./" 3H, 3515. 021 J5 28441. 20 5el' 3D,- 4J 3F 2 
3429. 784 7el 29148. 00 5d' 3F,- 7p' 31', 3515. 661 3 28436. 02 
3432. 080 25e 29128. 50 Sp5 lP,_ 7p sp, 35 16. 504 50e 28429. 20 5d sD5- 6p' 'F3 
3433.277 4c 29118.34 6s" 3P l- 5J 5F; 3517. 822 3h 28418. 55 5el' 3C;- 8p 5P2? 

3435. 093 80c 29102. 95 5d sD ,- 6p' 3D3 3518. 688 1 28411. 56 
3436. 712 3 29089. 24 3519. 105 3 28408. 19 
3438. 434 20w 29074. 67 5el' 3G;- 8p 31" , 3520. 089 5e 28400. 25 5d' 3D ,- 7p 5P 3 

3438. 792 3 29071. 65 3522. 007 2 28384. 79 
3440. 510 2 29057. 13 3523. 646 2 28371. 58 

3441. 290 25c 29050.5L1 5p5 '1",- 6p" 3Po 3523. 886 1 28369. 65 
3442. 819 7 29037. 64 5el" 3p~_ 22,3 3524. 095 2 28367. 97 
3444.433 1 29024. 04 5el" 3F!- 102,3 3524. 292 15 28366. 38 6s" 11' ,- 7p' 3Pa 
3446.365 1 29007. 77 3525.4·03 2 28357. 44 6p' 3D,- 6el ' ll o 
3447. 683 35e 28996. 68 6p' 'D2- 352,3 3525. 798 1 28354. 27 

3447.872 10e 28995. 09 5p5 'P l- 7p sP, 3526. 223 60el 28350. 85 5el 5D,- 6p' 31"1 
3450.764 8e 28970. 79 3526. 904 500 28345. 38 5el' 38,- 4of' 31"2 
3454. 191 -! 28942. 05 3527. 385 -! 28341. 51 5el' 3PO- 7p 31" , 
3455. 886 1 28927. 85 3528. 062 2 28336. 07 6p' 3F2- 6el' 145 
3458. 654 20 28904. 70 6p' 'D 2- 342 3528. 57 L]. 2 2833l. 96 

3459. 108 10 28900. 91 5d' 3C;- 4f' 3F 2 3528. 810 1 28330. 07 
3459. 626 3 28896. 58 5d' 3F j- 8p 3P I 3529. 316 2h 28326. 00 
346 1. 812 1 28878. 34 3529. 540 1 28324. 21 
3462. 097 I 28875. 96 3531. 331 5h 28309. 84 6p' 3D I - 6el ' 10, 
3462. 332 2e 28874. 00 6s' 3D3- -1J 3F2 3533. 379 60 28293. 43 6s" 'P ,- 7p' 11'1 

465 



TAllLE 10.1 . Observed lines oj Irr- ·Conlinued 

}, (itir) Inlensit y v,ra ve Classification X(air) Inten sity Wan' Class ifica t ion 
llumber number 

~~--------- ---- --------

3533. 6-18 ]0 2829J.28 5el" 3D l- 81., 3649. 144 ?'h 27305. 88 
3535. 876 70 28273. 45 5d' 3G .- 6p" 3D 3 3650. 800 20e 27383. ~6 6~' ID~- 7p 5 P '1 
3;")37. 56] 10e 28259. 99 6s" 3Pl- 6p" IS" 3652. 299 4 27372. 22 6p' 3D ~- 6d' 131" 
3538. 334 ]h 28253. 8 J 6p' 3F ,- 6d' 131.2 3653. 355 15 27364. 30 5el' 3si- 7p' 31'1 
3539. 628 1 28243. 48 3655. 423 5h 27348. 82 5d' 3D l- 4f 3F 2 

3,"i-l1. 60.~ 100 28227. 72 68" 11"1- 7p' ID , 3657. 060 ]00 27336.58 65 3S1- 6p' 3D ., 
35-13. 319 1 28214.06 5el' 3F,- 5f 3F 2 3661. 792 50e 27301. 26 5eL' 3D l- 4f 3F : 
35-17. 170 ] 2818:3. 44 3662. 816 2 27293. 62 
3549. 734 2 28163. 08 ,~el ' ID ,- 8p 3P , 3671. 889 1 27226. 19 
3552. 196 100e 28143. 56 5d' 3D,- 4f 3F ; 3677. 874 3e 27181. 88 6.'-;'1 ap:!_ -II' 31" , 

3552. 782 20 28 138. 92 5d' 3D~- 6p" 3D , :3685.694 3e 27 124.2 J 5d" ID ,- 4f' ID ., 
355:1.034 8e 28136. 92 5el' IF i- 6f 3F 4 3692. 266 5c 27075. 93 5p5 31"1- 6p' 3F ; 
355:3.8-1:3 1 28] :30. 52 3695. 633 Ie 27051. 26 5d' 3D l- -If 3F; 
3554. 873 5 28122. 37 5d' I D~- 7p ' 3P I ::\696. 292 15e 27046. 44 5d' 3Dl- 6p" "D , 
3555. 039 2e 28121. 05 5d ' D i- 6p' IF 3 3700. 027 1 270]9. ]4 5d" ID ,- 4f' IF3 

3555. 576 2 28116. 81 :3700. 703 ] 270 14. 21 
3558. 008 50 28097. 59 5d' 3S1- -If' 3PI 3703. 426 .5c 26004. :34 5d' IFl- 'If' IF 3 
3560.5-12 200 28077. 50 5ci' 381- 7p ' 31" , :3709.498 40e 26950. J6 5d 3Dl- 6p' ID , 
3563. 001 5 28058. 22 Sci ' 3G,- 5f 3F ; 37 14.466 Ie 260 J4. I I 65" 31"2- 7p' 31' ; 
3566. 158 2 280:3:3. :38 6s' 3D a- 4f 5F 4 :37 15.233 5e 26908. 56 5c1 ' 3D l- 7p 51' 2 

3569. 696 ] 28005. 50 :3 716.170 50 2690 I. 77 Sci ' D l- 6p' 31"0 
3569. 888 6 28004. 09 6p 3p .,_ 7s' 3D ~ 3725. 274 I 26836. Q:3 5ci" 3D l- 4./" ID , 
3570. 278 ] Oe 28001. 0:3 5eL' 3D~- 7p 5P, 3727. 200 2 26822. 16 5d' 3pr- 7f 3F , 
3571. :3 86 ] Oc 27902. 3-1 5c1 5D~- 6p ' IF; :3727. 330 10 26821.2:3 5d" ID ,- 7p' ID , 
:3571. 769 JOel 27989. 3-1 5c1' ID~- -If' 3F , :3729.580 1 26805. 05 5d' ID ,- 5f 3F 3-

3573. 680 200c 27074. 37 Sci ' D l- 6p' 3p ., :37:'10. 890 25 26795. 64 5c1" ID ,- 7p' Ile3 
3575. 861 70 27957. :31 5p' 31"1- 6p ' 3D-, :37:3-1. :366 60e 26770. 70 5d' IFj- 7p ' IF3 
3576.826 1 27940. 77 68" 11"1- 7p' 3F2 :3739. :327 2 26735. J 8 6d "D l- 9f SF ,? 
3579.477 ] 27929. 07 :3740. 358 -Ie 26727. 8 J 5d" 3D a- 7p' 3F 3 
358G. 568 :3e 2787:3. 85 Sci" 3D l- 6f 3F , 3740. 900 2 2672:3. 94 

:)586. 946 10 27870. 02 5c1' I D~- 8p 31"1 :3742. 1:38 200 26715.10 5el' IF1- 7p' 3F\ 
3587. 105 J 27869. 68 Sci" 3F ~- ] :) " 3 :374+. 1:38 1 26700. 83 6d ' D ,- 9.f ' F 3? 
:3587. 36:3 3c 27867. 68 5c1' 3D i- 7p ' P I :3745. 55?, 6e 26690. 74 { 4} 3F 3- 503,4 

:3588. 505 4 27858. 8 1 6d ' D l- 9.f 5F S? 
3592. J 10 ] 5 278:30. 85 5d' 3F2- 5/ 3F 3 

3746. 008 3e 26687. 50 { Gp' 11" 1- Gd' 151 
6d ' D l- 9.f ' F 4? 

3592.738 4 27825. 98 
3593. 030 Ih 2782:3. 72 68' ID ,- 4/ 3F , 3748. 299 4e 26671. 19 Sci" 'Fa- I 13" 
359·J. 69 1 2 27810. 87 :376+. 694 2 26555. 0-1 6p' 3D I- 6el' i 1)2 
3596. 204 I 27799. 17 :3766. 364 :3 2654:3. 26 5d" ID ~- 7p ' 31", 
3597. 133 4 27791. 99 :3 767. 804 4e 2653:3. J 2 5d" 3D i- 7p' ID , 

3769. 287 1 26522. 68 
:3598.012 3 27785. 20 

lFj- 7p ' 31"2 3606. 902 1 277 J6.72 5el' 3Gl- 5/ 31"3 37G9. 891 5 26518. 43 Sci' 
:361 I. 680 8h 27680. 05 5d' IFl- 6( 5F4 :3771. 45~ 10 26507.45 5el" 3D a- 7p' 11"3 
36 12. 769 2 27671. 7l 5d' I D ~- 7p' 3])1 :3772. 506 1 2(i500. 05 4} ' F .\- ]2g ' G6 
3615. ~72 3 2765 1. 78 5el" 3D i- 22,3 3778.068 2 26~6J. 04 Sci ' 3F 3- 7p 31' , 

3778.913 lOe 26+55. 12 68 3S;·· - 6])' 3F ; 
3615.868 20el 27647. 99 5d 5D ,- 6p' IPI 3779. 374 25 26451. 90 5el" 3D 3- 7p ' 3F , 3617. ]:36 ] 27638. 30 

3781. 442 20e 26437. 43 5el' 3D~- 6p" 3D 1 3618. 014 6 276:31. 59 5el' IDz- 4f' 3D 3 
:3787. 772 ] 26393. 25 4.f 3F :- 503,4 36 18.652 6 27626. 72 5d' 3F ,- 5.f ' 1" 3 :3789. 289 5 26382. 68 Sci 5D i- 6p ' 31"3 3620. 408 1 27613. 32 5c1" 3D z- Sf SF 3 
3792. 147 1 21':362. 80 

3620. 691 ] 276 11. 16 6p 3Po- 7; ' 3D I 3793. 419 10 26353. 96 5el' IS3- <II' 3P I 
3626. 755 20e 27565. 00 5p' IP1- 6p" 3D I 3800. 176 2 26307. 10 
3627. 507 15 27559. 28 5el' ID !- 4t 3F 3 3801. 073 2 26300. 89 3627. 785 3 27557.17 5el' 3 p~_ 7p' 3D ., 3801. 453 5el? 262~)8. 26 5d' IF3- 4f' 3G3 3631. 880 6e 27526. 10 6,,' IDi- 4/ 31" ,- 3804. 274 1 26278. 76 5el' 3D l- 6 p" II' I 

3632. 500 10 27521. 40 6; ' I D~- 6p" 3D , 3804. 720 1 26275. 68 
3633. 665 ] 27512.58 5d' 3Gi- Sf 5F 3 ;~804. 843 6 26274. 83 68" 1[>1- 4f' 3Po 
3640. 432 Ie 27461. 44 3807. 840 10 26254. 16 5d 5 .D~- up' 3F3 
364l. 1 ~0 1 27456. 18 3809. 65 1 5e 26241. 68 68" 3pg_ 8p 3P , 
3648. 812 2h 27398. 37 6p' ID ,- 241,2 3815. 519 I e 26200. 82 68" 3p i- 7p' 3P I 
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TABI,," 10.1. O/;sel'ved l ines oj J JI - Co nt inu cd 

A(a ir) Int cnsity vV:wc Classifi ca tion X(air) In tc ll s iLy \ Vave Clas ifi cation 
num ber nlln li)er 

----

38 18.597 2 26180.20 6p' 3D ,- 7d 3D ; ~086. 88 I 244 6 1.59 
3826. 022 I 26129. :39 -1O 9. 598 3 2-14·15. 38 5d 5D ;- 6p' 3D 2 
:3829. 355 I 26106. 65 5r/ ' 'F!- 4f' 31". 4094. 310 I 24 ·"7. 25 6p' 3P2- 9s 3S; 
:383:3. 736 35e 26076. 82 5eL 3D!- 6p' 'D ? 4094. 59 5 24 -115. 53 6p ' 31" ,- 6d' 15, 
3842.914 25 260 14. 54 5eL 5D~- 6p' 3D ; 4095 232 I. e 244 1 I. 75 

3848. 808 ] 25974. 70 4 JOO. 186 2 24382. 26 6p' 3D 2- 6eL' 7 j,2 

3850. 8 18 8 2596 1. 15 6p 5P2- 6d 3D ! 4102. 895 6 24366. 16 6p' 3D 3- 6eL' 14! 
:3851. 243 1 25958. 28 4103. 463 I. 24362. 78 6p' 3D ,- 7d 5D2 
3857. 334 I 25917. 29 4/ 5F5- ll g 5G" 4107. 8 18 3 24336. 96 
:)870. 276 I 25830. (i3 H09. 658 2 z.J.326. 06 

:38 71. 878 :~ 2581 ~). !1 .~ 6s' 'D ,- 6p" 3D , 41 u . 646 3 2431 ·1. 30 6p' 31" ,- 6d' 8 , 
3877. 198 25 25781. 51 5p5 31" ,- 6p' 3D , 4115.615 3 24290. 85 
3879. 028 5 25772.35 5eL' 3p , __ 7p ' '1' , .J.l 16.294 6 24286. 84 6p' 3F 2- 7d 3D ! 
:3884. 064 4 257:38. 94 6p ' 'P ,-· 6r1' I:H.2 -1·116. 438 I 24286. 00 
:3893. 000 70c 25679. 85 5p5 31'0- 6p' 3P , ·1116. 823 3 24283.72 6p' 3D 3- 6d' 13,,2? 

:3895. 547 10e 25663. 06 5eL' ' P;- -I f' 'P, .J.l I. 7.892 3 24277. 42 
:390 .1. 118 20e 25626. 42 5eL' 3Po- 6p" 3D , .J.] 1. 8.813 I. 24271. 99 6p" 3D,- 321 
:3904. 896 1 25601.62 4] 19. 599 J 24267. 36 
:3905. 917 3e 2559·1. 9:3 5d' '1" ;- -I f' 'D 2 4120. 190 8 24263. 88 6p' 3D ?- 6d' 6i)2 
:3907. 201 ] 00 25586. 52 5d 3D,- 6p' 3P, 4]2 .1. 28 .1 3e 24257. 46 6s' 3D i- 6p' 'D2 

3908. 940 I 25575. ] 4 5r1" 3D z- 7/ 3F ., 4122.93J -I 24247. 75 6s" '1"1- 7p' 3D , 
3909. 708 J 25570. J2 5eL 5D!- 6p' 3F ; ilJ 2-1. 536 2 24238. 31 
:3910. 678 2 25563. 77 4126. 093 10 24229. 17 6p' 3D,- 6eL' '10 
:39]5.234 30 25534. 0:3 5el' 3F !- 'If 31" , <tI35.723 1 24172. 75 'If 5F 4- 9g 3G; 
3924. 018 2e 25476. 87 6p' 'F3- 6eL' H ! ·].136. 482 2 24 168.32 4J 5F 4- 9g 5G S 

:3931. 169 10e 25430.53 5d' ' P;- 7p' 3 Po 4138. 030 5e 24159. 28 6p' 'F3- 6eL' 10, 
393 1. 442 15 25428. 76 5el' 3p ,_ 7p' 3F 2 ·1139. 702 1 24 149.52 
:3937. 222 60e 2539 1. 43 6.\ ' 3D ,- 6p' 'D 2 4142. 014 2 24136. 0"1 
:3942.476 ~ Od 25357. 59 5r/' ' 1" 1- 7p' 'I" ·IU5.865 3 24 1 J 3. 62 ·1/ 5F5- 99 5G G 

:3944. 019 1 25347. 67 4153. ] 36 2 24071. 40 4J 5F2- 99 5G! 

3945. 000 2c 25:341. :37 6s" 31" ,- np" 'D 2 H58. 425 3 24040. 79 6p' 3P,_ 9s 3S, 
3952. 724 2w 2529 1. 85 5el' '1" ,- 7p' 'D 2 4 J60.646 i1c 24027. 96 6d 3D ,- 8, ,2 
:3953. 978 2 25283. 83 5d' 3F !- H 3F 3 4162. 565 J 24016. 88 5d' 3D ,- 6p" 3S, 
3960. 504 1 25242. 17 4162. 689 1 24016. 16 -IJ 5F,- 99 5G2 
396 1. 538 1 25235. 58 6d 5D2- 8J 31" 3 4166. 838 2 23992. 25 5d" 'D z- 7p' 3D 3 

3962. 959 ]5el 25226. 53 5el' 3D ;- 6p" 31'2 4171. 155 I e 23967. 42 5d' '}f 3- 7p' 3D , 
3965. 544 50c 25210. 09 5el 3D ,- 6p ' 31' ., 4173.810 40c, Z 23952. 17 5d 3D,- 6p' 3P, 
3965. 772 10 25208. 64 5el' 3p ,_ 4.f' 3G-3 4]77. J7 9 4 23932. 86 5d' 3F ,- 6p" 'D2 
3972. 839 30 25163.80 6s 3S,- 6p' 3D, 4178. 440 1 23925. 63 6p' 3P 2- 6d' 14! 
3973. 481 3 25159. 73 6el 5D !- 8J 5F4 4179. 928 1 23917. 12 

3974. 067 1 25156. 02 6el 5D !- 8f 51"3 4183. 035 1 23899. 35 
3974. 953 1 25150. 42 4.( 5F 5- 10(1 5GG 4183. 516 2 23896. 60 
3977. 968 1 25131. 35 6el 5D z- 8f 5F 2 4 192. 862 1 23843. 34 6p' 3P2- 6el' 13;,2 
3980. 433 2 25115. 79 6el 5D ,- 8f "F3 4197. 190 2 23818. 75 5d' 3G3- 6p" 'D2 
3981. 043 1 25111. 94 6d 5D ,- 8f 5F4 4206. 534 1 23765. 84 

3983. 574 4 25095. 99 6el 5D,- 8f 51" 5 4217.476 3h 23704. 19 5el" 3D §- 7p' 3D 3 
3988. 076 ] 5 25067. 66 5el' 3S,- 6p" 'So 4219. 138 10 23694. 85 6p 31',- 6d 3D ; 
3990. 835 1 25050. 33 4224. 993 10 23662. 01 6p' 3F 2- 7d 3D , 
3996. 642 5 25013. 93 5el' 'P ;- 7p' 3F'" 4225. 542 50c, Z 23658. 94 5el 3D ,- 6p' 'F3 
4006. 349 6 24953. 33 6p' 3D,- 7d 3D-! 4231. 185 1 23627. 39 4f 3F 3- 99 3G: 

-!013. 765 4 24907. 22 6p' 3D,- 6el' 5; 4233. 249 2 23615. 87 6p' 3F2- 6d' 5, 
4017.235 2c 24885. 7 1 6p 5P 3- 6d 3D § 4235.511 302 23603. 26 (7) 3P,_ 6el 3D ! 
4019. 3.10 1 24872. 86 4240.441 ] 5c 23575. 82 5d 3D ,- 6p' 31'2 
4036.002 50c 24769. 44 5el 3D z- 6p' 3D , 4242. 545 1 23564. 12 5d 5D l- 6p' 3F 2 

4043. 893 20e 24721. 66 6s" 31' ,_ 6p" 'P , 4248. 287 1 23532. 27 

4060. ] 84 2 24622.47 5el 5D o- 6p' 3D , 42+9. 71 1 1w 2352'1. 39 
4077. 366 I 245] 8.72 425+. ] 93 I. 23409. 61 6p" 3D,- 28; 
4078. 556 1 24511. 56 4254. 282 1 23499. 11 
4079. 877 1 24503. 62 6p ' '1' ,- 6d' 102 4256. 129 2 23488. 02 
408 1. 378 5 24494 . 61 6p' 3D ,- 7d 5D O 4257. 606 l w 23480. 77 
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TABLE 10.1. Observed lines of I II- Con t inu ed 

}.. (ai r) Intensity Wm e Classifi cation }.. (air) Intensity '''aye Classifi cation 
llumber number 

---- ----

4260. 128 3e 23466. 87 6p' 3P ,_ 6d' 131,2 4444. 873 1502 22491. 5\ 6p 5P 2- 6d 5D 2 
4265. 801 2 23435. 66 4445. 872 3c 22486. ·016 5d' 3P l- 4f' 'P, 
4266. 925 1 23429. 49 4f 3F 3- 37 , 4446. 742 402 22482. 06 6p 5P ,_ 6d 5D O 
4271. 310 6 23405. 43 6p ' 3D ,- 7el 3D 3 4451. 149 25c 22459. 80 6s" 3P l- 6p" 38 , 
4276. 015 1 23379. 68 4J 3F ;- 9g 3Cs 4452. 858 3002 22451. 18 6p 5P 2- 6d 5D 3 

4279. 188 4e 23362. 35 6s" 3Po- 6p" 38, 4456. 250 10e 2243'1. 10 5d" 3D 3- 4f' 3C , 
4281. 834 5e 23347. 91 6p' 'F3- 6d' 93 L.I-456. 625 100e,2 22432. 20 6s' 3D 3- 6p' 'D 2 

4282.912 4 23342. 03 4457. 643 5 22427.08 
4287. 924 2 23314.75 5d 3D ,- 6p ' 'P, 4458. 474 20e 22422. 90 6p' 'F3- 5g 5G , 
4288. 215 6 23313. 17 5el' 3F z- 6p" 'P1 4460. 185 302 22414 . 30 5p' 3J\- 5p' 180 

4291. 923 30 23293. 03 6p' 3D,- 6d' 12 4461. 928 2 22405. 54 7p 51",- 310 
4296. 286 10 23269. 37 6p ' 31" 2- 6d' 121 '1462. 708 100 22401. 63 6s" 'P l- 6p" '80 

43 15.481 10 23165. 87 6p' 3F 3- 7d 3D 3 446-1. 338 150e, 2 22393. 45 6s' 3D z- 6p' 3P , 
4316. 897 5e 23158. 28 5d' 3» 2- 4f' 3P , 4468. 167 3e 22374. 26 6p ' 'P ,- 7d 3D l 
4319. 623 l w 23143. 66 6p' 3F2- 7d 5D-3 -1473.412 100e, Z 22348. 03 5c1 3D 3- 6p' 3F, 

4322. 756 50 23126. 89 5p5 'P l- 6p' 'D , 4476. 037 J02 22334. 92 6p 3PO- 6d 3Dl 
-1333. 159 2e 2307 1. 36 6p' 3F'2- 7d 5D ~ -1479. 656 30 223 16. 88 6p" 3D ,- 201, 2 
4334. 246 2 23065. 58 4483.730 1 22296. 60 7p 3P ,- lId 3D l 
4337. 427 2 230-18. 66 6p' 3D 3- 6d' 10, 4484. 829 2w 22291. J 4 5d' 'F~- 5f 3F, 
4338. 224 I e 23044. 43 5d" 3D 3- 8p 31'2 4487. 234 7 22279. ) 9 6p' 3P,_ 6d' 110 

43-.12. 078 20 Z 23023 98 6p 5P,_ 6d 5D l 4-188.552 LJ.OZ 22272. 65 5d 5D l- 6p' 3D, 
4355. 036 .I 22955. 47 4-l90. 652 4 22262. 23 6p' 3D ,- 7d 5D 3 
-.lB62.456 10 22916. 43 67) 51' ,- 6d 5D l 4490. 912 3 22260. 94 5d; 3 F' ~- 6p" 3p 2 
4364.22-1 5 22907. ) -1 5el' 'D2- 6p" 'D 2 4-.192. 352 3 22253. 8] 5d' 31'1- 7p' 3 Po 
4368. 247 2 22886. 05 4-l92. 6-19 )w 22252. 34 6p' 3F 2- 7s' 3D 3 

4369.83 -.1 2 22877. 74 5d' 3PZ- 7p' 3D 3 4495. 698 :I 5e 22237. 24 6p' 3D 3- 6el' 93 
437.1.722 ] e 22867. 86 4-l96. 815 1 22231. 72 6p' 3]> ,- 6d' 102 
4373.686 3 22857. 59 6p" 3 » 0- 33. 51 4-.197.535 7 22228. 16 5d" 31' 2- 7p' 'F3 
437-1. 760 3 2285 1.98 6el 5D 3- 7f 5F 3 4-J.97. 708 10 22227. 31 
43 76. 139 100Z 228-1''- 78 4'198. 586 1 22222. 97 7p 5P ,- 10d 3D 3 

4376. 745 8 228-1-1. 61 6el 5D 3- 7f 5F , 4499. 604 20e 22217. 9-1- 5d' 3pz- 8p 31' , 
4379. 048 2 22829. 60 4504. 375 ) 22194. 4 1 6p" 3P,_ 310 
4382. '189 5 22811. 68 6d 5D 2- 7I 5F3 4505. 072 6 22190. 97 7p 5P,- 10d 3D~ 

4383. 998 )5 22803. 82 6d 5D ;- 7I 5F S 4505. 265 5 22190. 02 67)' 3D 2- 7d 5D g 

4385. 904 2 22793. 91 6d 5D ;- 7I 5 1~ 4 4506. 772 1 22182. 60 4/ 3]<'3- 8g 3C j 

4388. 458 10 22780. 65 6p ' 3D 2- 7d 3D , 4507. ) 29 2 22180. 85 5d' 31' 1- 7p' 'I', 
4390. 278 20e 22771. 20 6p" 3D ,- 2l] 4507. 866 10 22177. 22 { 5d' 31' 2- 7p' 31' , 
439-.1. 555 6c 227+9. 0-1 6p' '1' ,- 6d' 7i,2 4I 3F 3- 8g 3C ; 
4398. 585 JO 22728. 20 6p' 3D ,- 5el" 3 PI 4508. 441 1 2217-1.39 40f 3F 3- 8g 5C; 
4399. 037 60e 22725. 86 6p' 3]<' 2- 6d' 33 4513. 170 8e 22151. 16 { 6p' 3F 4- 6el' 93 

7s 38 1- 7p' 3D , 
4399. 592 1 22722. 99 4/ 5F,- 8g 3Cs 4513. 508 8e 22149. 50 
4400. 741 4e 22717. 06 4I 5F 4- 8g 5GS 
4403. 566 60e, Z 22702. 49 5d 3D 3- 6p' 31' , 4514. 064 20e 22146.77 5el' 3G3- 6p" 31' , 
4404. 580 7d 22697. 26 5d' 'Fl- 4.f' 3C: -.1.5)9.910 1 22) 18. 13 7p 3p,- 12s 38]? 
4405. 577 1 22692. 12 4f 5F 3- 8g 3C ; 4520. 528 4 22115.10 5d' 3PJ- 7p' 'D, 

4526. 672 2 22085. 09 6p" 3D ,- 10d 3D ~ 
4406.097 3 22689. 45 4f 5F 3- 8g 5C ; 4527. 024 10 22083. 37 6p' 3F 3- 7d 5D ; 
4408. 954 60Z 2267 4. 7± 6p 31' 2- 6d 3D 3 
4411. 198 5 22663. 21 4f 5F5- 8g 5C G 4529. 898 1 22069. 36 7p 5P,_ 291 
4412. 333 50Z 22657. 38 6p' 3F ,- 6d' 23 4532. 296 1 22057. 68 7p ' p ,- lOd 3D ~ 

4416. 569 10 22635. 65 5d' 3D i- 7p 3Po 4535. 046 5 22044. 31 5c1' 3 p ~_ 4.f' 3F ; 
4537. 599 5 22031. 90 5d" 3F 2- 7f 3F3 

4416. 890 10 22634. 00 6p 3P._ 6d 3D 2 4538.411 3w 22027. 96 5d" 3D 3- 5f 3F 4 

4417. 567 10e 22630. 54 { 6p' ']>;- 6d' 6'1,2 
6p" 31' ,- 321 4540. 644 40Z 22017. 13 6s' 3D 2- 6p' 3P , 

4419. 496 2 22620. 66 4f 5F 2- 8g 5C l 4541. 306 8 22013. 92 6p" 31'0- 291 
4421. 965 30e 22608. 03 6p' 3p.,_ 6d' 102 4543. 833 25 22001. 68 6p' 3F ,- 6d' 12 
4423. 725 100e,2 22599. 03 6p 51';_ 6d 5D ~ 4544. 272 50 21999. 55 5d' 3D ~- 6p' 'D 2 

4544. 339 20 21999. 23 
4428. 195 50d, Z 22576. 22 6p' 'F3- 6d' 8 ; 
4430. 130 2 22566. 36 4f 5F ,- 8g 50 2 4548. 342 7 21979. 87 6p" 3p,- 10d 3D 2 

4435. 104 5 22541. 05 { 6p' 3F 3- 7d 3D ~ 4549.071 4 21976. 35 
5d" 3D 3- 8p 5P 3-? 4549. 437 1 21974. 58 5d" 'D2- 5I 3F , 

4436. 937 3 22531. 74 5d' 31'2- 4J' 3D " 4556. 012 1w 21942. 87 
4442. 562 200Z 22503. 21 5d 3D l- 6p' 31'0- 4558. 758 4 21929. 65 4f 3F 4- 8g 3CS 
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T ABL.1i: 10.1. Obsel'ved lines of I II- onlillll od 

;>., (air) Inten sity \ ra vo Classificatio n ;>., (a ir) T Il tensiLy \\'avo Class ifi catio n 
n umbe r number 

-- ------

4559. 545 8w 21925. 6 5d' 31' 2- 8p 31', 4687. 890 20 21 :325. 59 .If 31",_ 26! 
4559. 999 1 2l923. 68 -If 3T<\ - 8g 5G; 4702. ~.68 25 2J259.4 68' 3D Y- 6p ' 3P, 
4560. 612 15Z 2J 920.73 5el 3D z- 6p' 3F 3 4702. 594 7 2125 . 91 6p" 3D 2- 2-1-1.2 
4560. 880 10 219 19. 45 5d' 31" 2- 6p" 3D 3 4706. '153 lw 2J 2'11. 48 6)) ' 3F ,- 5g 30 . 
4568. 06 3 2J. 4. 95 4f 31"2- 8g 3Gj 4707. 842 40 2J 2:35. 2 l 5c1' 'D z- 6p" 31'2 

4571. 517 J2 2186 . 4.J. 6p 51'2- 5d" 3F j 4709.844 20e 21226.18 6p' 3F ,- 5g 50 , 
4573.543 2 21858. 76 6d 3D j- 8f 3F, 4711. 430 25c 212 J9.04 6p' 3F ,- 5g 50 5 
4573. 718 5 21857. 92 5d' 3D l- 7p 31'2 4712. 498 ] 212]4. 23 
4574. 090 20Z 21856. ] 4 6p 51' ,- 5d" 3D! 47]3. 988 l w 2] 207. 52 7p 5P 2- 211 
4576. 550 40Z 21844. 39 6p' 3D 2- 6el' 3j 4722. 102 12c 211 71. 08 5el" 3D z- 4f' 'D 2 

4578.017 ] 21837. 39 5el' 3Pl- 7p' 3F 2 4726. 535 20e 2115 1. 23 5d 3D 3- 6p' 'F " 
4578. 710 7 21834. 09 7p 5P,_ 25 1,z 4nO. 366 25 2J J:34. 10 6p 3Pl- 5et" 3F !l 

458·1. 457 1 21806. 72 6d 3D2- 8f 3F 3 '1730. 958 20c 2U:31. 45 6p' 3F 3- 7s' 3D j 

4584. 752 2 21805. 32 5el' 3G3- 6p" 3D3 4731. 316 8 21129. 85 6p" 3P,_ 21 1 
4586. 582 20 21796. 62 6p' 31' 2- 6d' 93 4733. 414 6 21120. 49 6p' 3D 2- 6r1' 12 

4589. 495 ] 21782. 78 4f 3F 2- 1Oel 3D a 4737 .. ~ '14 2 21102.08 
4590. 764 25 21776. 76 4737. 691 2 211 01. 42 
4590. 930 20Z 21775. 97 6p' 3D 2- 6d' 23 4737. 828 4 21100.81 
4593 . 066 7 2l765.85 6d 3D 3- 8f 3F 3 '1739.388 1 21093. 87 7p 51'3- ] I s 582 
4596. 720 6 21748. 54 6p 5]> 2- 5c1" 3D l 4742. 810 50c 21078.65 6s" 31'1- 7p 3Po 

4599. 769 200Z 2J 734. 13 4744. 797 3 21069. 82 6p" 3D 2- 21 1 
4600. 365 lw 2J 73J. 31 4748. 978 20 2105 1. 27 5el' 31< 2- 6p" 3S, 
4604. 309 ] e 21712. 70 4750. 846 Ie 210,12. 99 6p' 'D 2- 9s 3S1 
4605. 924 1 21705. 09 4751. 798 4 21038. 78 
4609. 191 1 21689. 71 4752. 676 60 21034.89 6s" 31'0- 7p 3P, 

4611 . 224 40e, Z 21680. 14 5d 3D l- 6p' 'I' , 4/53.825 1 21029. 81 
4612. 265 1 21675. 25 7p 3P2- 352.3 4763. 820 60 20985. 68 6s" 31'z- 6p" 'D z 
46H 102 1 21666. 62 4765. 519 30 20978. 20 5d' 3D j- N 3F z 

4621. 854 IOOZ 21630. 28 4768. 193 15 20966. 44 6p 31'z- 5d" 'F j 
4622. ] 72 7 21628. 79 4770. 456 5 20956. 49 4/ 3F 2- 2'11 .2 

4622. 347 20 21627. 97 6p" 3D z- 26! 4770.857 1 2095.J.. 73 
4623. 417 8 21622. 96 6p" 3[\- 251.2 4772. 841 1 20946. 02 
4624. 603 1 21617. 42 4f 3F ,- 10d 3D ! '1775. 674 10 20933. 60 
4625. 288 5 216H 22 5el' 3p ~_ 4f' 3F 3 4782. 000 6 20905. 90 7p 3P,- 10d 3D ! 
4627. 292 5 2160-1. 86 6p' 3F ;- 6'el' 3! 4782. 658 5 20903. 03 7p 3P 2- 10el 3D ! 

4632. 446 300e, Z 21580. 82 6s 5S2- 6p 31'2 478'1. 798 50 208g3. 68 5el' 'D z- 6p" 3D 3 
4633. 365 50 21576. 54 6s' 3D ,,- 6p' 3D , 4786. :389 2e 20886. 73 7p 5P,_ 201.2 
4638.810 8 21551. 21 6p' 3PO- 7el 3D l 4787. 228 50e 20883. 07 6s' 3D l- 6p ' 31' Z 

4640. 831 150 21541. 83 4787. 776 3 20880. 68 6p' 3F 3- 6el ' I " 
4641. 1'12 7 21540. 38 4790. 690 30 20867. 98 5el" 3D z- 7p' 'D 2 

4641. 984 30 21536. 48 6p' 3F 3- 6el' 23 4792. 522 lw 20860. 01 5d' 3P ,,_ 5f 3F 3 

4643.843 1 21527. 86 4796. 576 25 20842. 38 5el" 3D ,,- 7p' 'F3 

4647.472 1 21511. 05 5el' 'P j- 8p 31', 4805. 662 'Ie 20802. 97 6p' 'F3- 7el 3D ~ 

4649. 114 1 21503. 45 4806. 402 75Z 20799. 77 5d 3D z- 6p' 3F z-

4651. 324 1 21493. 23 7p 5P 2- 11 s 5S ~ 4807. 320 3 20795.79 

4654. 492 3 21478. 60 
4807.998 20 20792. 86 6p 5P 3- 5c1" 3Fa 

4657. 302 30 21465. 65 6p' 3D 3- 6el' 8, 4812. 106 1w 20775. 11 
48 ]3.902 2 20767. 36 4f 3F z- 211 

4663. 560 Ie 21436. 84 6p' 3F 2- 5el" 31'1 4825. 452 I 207 17. 65 
4665. 537 10e 21427.76 6p' 'F3- 7c1 3D ! 4828. 252 70e, Z 20705. 64 5p5 31" ,,- 6p 3P 2 
4666. 484 500d? 21423. 41 6p 51"3- 6el 5D l 

4668. 116 20 2141'5.92 51" 3- 6e1 5D z 
483 1. 600 1 20691. 29 

6p 48:32.238 5e 20688. 56 6p ' '1',- 7el 5D o 
4672.280 2 21396. 83 7p 5P2- 241.2 4833. 747 3 20682.10 7p 31'0- 33. 51 
4675. 530 1000Z 21381. 96 6s' 'D z- 6p' 'D 2 4835. 178 40 20675. 98 5el' 3D l- 6p" 3D z 
4676. 080 20 21379. 45 6p ' 31< 4- 6el' 81 4849. 308 4w 20615. 74 5el' 3D j- 6p" 3 1" , 
4676. 902 75 21375. 69 6p 51'3- 6d 5D ! 

4850. 303 • 60e 20611. 51 6s 5S,,- 6p 31" , 

4677. 909 20e 21371. 09 6p' 3D 2- 7s' 3D 3 4851. 017 20 20608. 47 6p' 3D,- 7s' 3D l 
4684. 507 1w 21340. 99 7p 5P,_ 21 j 4851. 292 3 20607. 31 4f 5F,- 7g 30 ; 

4684. 928 2w 21339. 07 5el" 'Fj- 7f 3F , 4853. 174 15el 20599. 32 { 6p 31",- 6el 5D l 
4685. 349 1w 21337. 15 'If 5F ,- 7g 50 1 
4687. 468 5c 21327. 51 6p ' 3D 3- 5g 3G. 4853. 254 15 20598. 98 4f 5F 4- 7g 5Gl 
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TA B IJ I, 10.1. Observed iinfS of I II - Continu ed 

X(R ir) Intensit,y vVavc C lassifi cati on X(air ) Ill ten ~ i ty W,, \'C Classifi cation 
numbe r ]lumber 

--------- - --- --- ----------

4859. 150 1 20573. 98 4/ 5F ,- 7g ' Gl 5063. 37 15 J 97~· 4. 19 6p" 3S ,- :36 2 
4859. 34 1 1 20573. 18 4/ 5F 3- 7g 3G, 5065. 37 ·WOe, 2 19736. :39 5ps 31' ,- 6p 31", 
4859. 786 15 20571. 29 4/ 5F3- 7g 'G, 5068. 08 20e 19725. 84 6p" 3D ,- 16" 31' , 
486-1. 5 13 60 20551. 30 { 6p' ']) ,- 6d' 14l 50fi9. 93 2 1971 8. 64 

6p" 3P 2- 442,3 5092. 60 30 196:30. 86 6d 3]) j_ 7f 3F , 

4865. 029 2 20549. 12 7p 31' ,- 25 ,.2 5100.16 8 19601. 77 5pS 31'0- 6p ' 3]), 
-~865 . 500 20 20547. 13 4/ ' F ,- 7g sG6 S110.36 8 19S62. 64 6d 3 D~- 7f 3F 3 
4867. 649 20 20538. 06 5d' 3]) ,- 7p sP z 5111. 79 6 19S57. 17 6d 3D i- 7f 3F 2 
4874. 200 2 20510.45 4/ sF z- 7g 3Gj 5114. 56 20e 19546. 58 6p" 3D,- 7 s" 31'0 
4874. 473 2d 20509. 31 4,{ sF z- 7g 'G~ 5115.89 2 19S41. 50 6p" 'P ,- 46 z 

4876. 051 10c 20502. 67 4J 5Fz- 7g sG j 5124.57 40 19508. 40 Sd 3 ])~_ op' 3D , 
4881. 185 4h 20481. J 0 5125. 87 5 19503. 45 7p 5p;_ 9d SD j 

4882. 127 40e 20477. 15 { 5el' 3S,- op" 3P Z 5126. 58 2 19500. 7S 
6p' 31" ,- 6el' 7 '(,2 5130. 20 10e 19486. 99 6p' '1' ,- 6el' ] ~ 

4884. 083 -W e 20468. 95 6p' 'D2- 6el' 131.2 5131. 24 SO 19483. O~ 6~" '1',- 6p" IDz 

4884. 828 80c, 2 20465. 83 6,' 3D ,- 6p' 'F , S135.79 lOOel 19465. 78 5el' '1' ,- 6p" 'So 
4886. 182 5 20460. 16 5el' 3]) ,- 6p" 3Po 514::l.01 ]0 19438. -15 
4888. 42:3 4 20450. 78 4( 5F,- 7 (1 5G~ 5147.55 WOe 19421. 31 6s" 31',- ~J 3F 2 

4891. 22-1 2 20439. 07 7s 38 ,- 7p ' 3PO 5149.73 200 194 13. 09 5r1 3]) 3- 6p' 3F 3 
489S. 037 10e 20423. 15 6p' 'P,- 6el' 40 S154. 97 SO 19393_ :35 6p' 'F3- 7s' 3D j 

4899. 465 3 20404. 69 5e1' 3]) ,- 7p SP, 51S6. 41 1002 19387. 9 -~ e p sP ,_ 7s 58 2 
IJ908. 755 25e 20366. 07 { 7s 3S,- 7p' 'P, SHiJ. 20 3000e, 2 J 9360. 9 -~ 6s 58z- 6p sP 3 

6s" 31' ,- 6p" 'I', 5174.70 SO J93J9. 41 6p' 3F2- 7s' 3Dz 
4910. 579 10 203fi8. 51 6p' 31',_ 6d' 60 5175. 32 -lOel 19:3J 7_ 10 6p' 3F2- 7s' 3]) , , .2 
4911. 454 1 20354. 88 5176.19 300 193 1 :3. 85 6s" 3p z- 6p" 3P , 

4920. S87 6e 20317. 10 6p' 3])3- 7e1 3]) j S179. 22 12 J 9302, S5 6d 5D 3- 6f sF 3 
4924. 546 40e 20:300. 77 6s" 3P,_ 7p 3P ? 5181. 29 30 19294. 84 6e1 5]) j_ 6/ ' F , 
4930. 049 6 20278. 11 6p' 31'0- 6e1' si 518::l.21 10 19287_ 69 
4941. S33 3e 20230. 98 6p' 3F ,- 7el 3]) j 5185.17 200 19280_ 40 6p 5p Z- 7s 5S 2 
4943. 163 30e 20224. 31 6p' 'P ,- 70' 'D 2 5188. 62 20 19267. 58 5el' 3S,- 6p" 3S , 

4957. 7S6 10 20 164. 78 6p 31' z- 5d" 3Fz 5189. 90 50 19262. 83 6d 5]) . - 6f sF s 
4959. 992 1 201S5. 69 S190.06 20 19262. 24 6e1 5D 2- 6f sF 3 
4965. 687 50e 20132. S8 6s" 31' ,- 7p 3P, 5192. 89 4e 19251. 74 6p' 31' ,- 7el 3D z 
4968. 431 80 20121. 46 6,, ' 3D 2- 6p' 'P, 5194. 15 8 19247. 07 6el 5D ;;- 6f SF, 
4980.773 I e 20071. 60 6p" 3D 2- 7g 3G j 5198. 89 6 19229. 52 6p" 3S,- 32, 

4981. 960 1 20066. 82 4/ 3F 3- 7g 3Gl 5205. 48 20 19205. 18 6p 3P Z- 6el sD ~ 
4982. 796 3 2006:3. 45 5209. 26 2e 19191. 24 
4984. 083 15e 200S8.27 41 3F3- 7g 3G, 5210. 06 2e 19188.29 5d" 3F l- 7p ' 3F 3 
4984. 265 5e 200S7. 54 6p 31' ,- 6el sDo 5214.08 2002 19173. SO 5el 3D j- 6p' 3D z 
4984. 562 3e 20056. 34 4/ 3F 3- 70 5G, 5216. 27 6002 1916S. 45 Sd 3D ,- 6p' 3Fz 

4985. 351 2 200S3. 17 5221. 76 4d 19145. 30 
4986. 922 10002 20046.85 5el 3D ,- 6p' 3D ? S222. 51 3e 19J42.55 6p' 'F3- 6el' 12 
4990. 949 4 20030. 68 7,' 3]) ~_ 13-2 •3 S223. 28 Ie 19139. 73 5el' 3F j- 6p' 'D 2 
4992.22:3 SO 20025. 57 Sel' 'D i- 6p" 3S, S228. 97 SOOel 1911 8. 90 6s" 31' ,- 6p" 3D 2 
4994. 976 6e 20014 . . 53 S230. 47 I e 19113. 42 5el" 3D ,- 7p' 'D 2 

SOOO. 12 5 19993. 94 6p 51' z- 5d" 3]) Z 5232. 00 5 19107. 83 7p '1'3- 9d ' D ,? 
S002. 02 5e 19986. 35 5232. 98 3 19104. 25 7p ' 1'3- 9el ' D l 
5008. 36 100 19961. 05 6~" 3P O- 6p" 31', 5241. 64 2 19072. 69 7p 5p,- 10s ' S2 
5028. 82 30e 19879. 84 6p' 'F3- 7s' ID z S242. 01 3 19071. 34 
5029. 39 4 19877. 58 5el" 3F l- 6J 5F4 S243. 50 Ie 19065. 92 

5029. 67 15e 19876. 48 6p' 3p Z- 7d 3D l S245. 71 3000e, Z 19057. 89 6s' 3D j- 6p' 3P 2 
5032. 15 6e 19866. 68 6p' 'F3- 6el' 3j 5256. 19 I e 19019.89 
5040. 23 15w 19834. 83 6p" 3]) 3- 39, S259. 34 2 19008. 50 
5045. SS 25 19813. 92 4J 3F4- 7e 3GS 5261. 27 15e 19001. 53 5el' 3D 2- 6p' 31', 
504.6.43 1502 19810. 47 6; ' 3D 1- 6p' 3PO 5263. 47 2 18993. 59 5el" 3F j- 7p' 'D 2 

5048. 16 We 19803. 68 5265. 16 150e, 2 18987. 49 6s' 3D ,- 6]) ' 'I', 
5049. 52 Se 19798. 34 6p' '1"3- 6el' 23 S266. 96 WOe 18981. 00 6s" 31'1- 7p 'I' , 
5052. 70 6 1978S. 88 5d' 'So- 6p" 'I' , 5269. 36 SOO 18972. 36 60" 31'2- 6p" 3D 3 
50S7. 00 3 19769. 06 4f 3F,- 7(; 3Gj 5270. 58 2 18967. 97 5el" 3Fl- 7p' ' F 3 
5061. 91 150 19749. 88 6~ " 3P O- 7p sP, 5272. 52 5 18960. 99 5el" 3D 1- 41' 3D , 
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T A R1, ," 10.1. Observed li nes oj T 1 [ - O ll ti ll U('d 

}.. (air) Intensity WiW Class ificat ion }.. (a ir) In t e nsily \Vavc C lass i fi calion 
num b('r numbe r 

-- ------- ---

5278. 57 4 ] 8939. 25 7p sP ,- 10s 58 2 549 1. 50 OOZ -I 204. 90 6p 5P 3- 7s 582 
5286. 09 8e 189 12. :31 5d" 3F a- 7p' 3F , 5492. 3 L 5 ] 8202. 22 
5288. 68 200e J 890:3.05 6s" Wl- (1)" 3P O 5493. ,1:3 400 ]8198.51 6p' 3F 3- 7s ' 3D z 
529 1. 68 8 J 8802. :33 5el' 3F z- 7p 3p , 549..[. 00 400e I 196. 62 6p' 3F ,- 7s ' 3D a 

5496. 94 1000e 18 186.89 6s 5 , - 6p 51'1 
5293. 65 4 ] 885. :30 
5294. II ] 0 188 3.66 6p" 3p ,_ 372 5497. 65 300 18 184-. 54 5d' 3D 2- 6p' 3D 3 
52~6. 2-1 50 ] 8876.07 6p" 3D 3- 362 5504-.72 ]OOOZ 1816 1. J8 6s 381- 6p 3P o 
5296. 45 20 18875. :32 6p' 3P, _ 7ei 3D ! 55]0. 50 2 ] 8 142.13 
5209. 78 400 18863. ~ 6 6s" IP1- 6p" 'P I 55 17.23 2 18 120.00 

55 18. :38 8 18 11 6.23 7p 5P I_ 7:,/' aP3 
5:30:3. 42 4 18850.5 1 6r1 5D ,- 6/ 5f;\ ? 
5:30-1. 25 60e 18847.56 6s" 3P l- 7p 5p ~ 5522. 06 600e ] 8 104. ] 6 6s" 31'2- 6p" 33 1 

5:305. 87 5e 1884 1. 8 1 552:3. 60 8 18099. J I 6p' 31'0- 5d" 31' , 
5:306. 56 2 J8839. 36 5525. 44 ] 2 J 809:3.08 7s 58 2- 8p 31" , 
5:30 7. 63 10c J 8835. 56 5d" 3D l- 7p' 31i\ 5525. 92 5e J8091. 5 1 

5527. 88 6 J8085.09 
5:309.44 20 18829. I ~ 611' 3 ~ J- 6d' 5, 
5:322. 80 400Z 1878 1. 88 5])5 3P Y_ 6p 3Po 5528. 09 } 6 ] 8084. ~· I 6p" 31'1- 7:/ ' 3Pr 
5:32:3. 8:3 80 18778. 25 5d' 3C a- 7p 31", 5528. 19 2 18084. 08 
5326. :31) 100e 18769. 22 6p ' 3D 3- 7;::, ' ID 2 55:3 1.96 2 1807J. 76 6p 31'0- 5d" 3D , 
5:327. 54 J5 18765. 17 5el" 3p z- 8p 31", 

55:38. 08 6e 1805 1. 79 { 5r1' 'F3- 6p" 'D , 
5d" 3D z- 7 p' 3P , 

.5:nO. 1:3 8c 18756.05 61" 3D 3- 6d' :33 55'1 1. 52 4 18040. 58 
5:3:3 7. 1:3 ] 5 J87:3 1. 45 
5::n8.22 10000Z 1872 7. 6:3 6s' 3D z- (1) ' 3F 3 554 1. 96 8 18039. 15 5et" 3D z- 7p ' 3D 3 
5:3->5. 15 5000e, Z 1870:3.35 6s' 3D a- 6p' 31" , 554-L 17 ]Oe 1803 1.96 6p ' 3D .l - 6e1' 12 
5:W).61 50e 18687.75 6p' 3D 3- 6el' 23 5546. 55 :30w 180n 22 6p" 3D ,- 7:-/' 3Pj 

5550. 08 50 ] i'012.76 5d' 31"2- 4/ 3F , 

5:35 1. 85 75e J8679. 9:3 { 5p5 ' P l- 6p' 31"0 55.50. 51 2 180 11. 36 6d 5D ,- 7p' ' I" , 
6p" 38,- :30 2 

5:35-1. 7J 8e J86G9.96 555 1. 65 ~ OO J 800 7. 66 6s' ' D~- 6p' 3P , 
5:3G 7. GO 150e J8625. J2 5el' 3D 2- Gp' 31', 5568. 80 20e J 7D52. 21 6p ' 31';_ 7s' 'D z 
5:369. J 0 15c J86 1\).92 5ri" 3F z- 6/ 31"; 5569. 56 6 17949. 76 5el" 'F3- 6/ 31", 
5:36\).86 1000e J86 17.28 6s ' 3D a- 6p' 3D 3 5570. 60 2 17946. 40 7p 31),_ lOs 3':)j 

5575. 78 :3 17929.7:3 
5:372. -~9 30 18608.17 6p 5P,)_ 5ri" 3 [> 2 
5:17:3. 27 6e J 8605. 47 6e/ 5D~- 7 p' 31"3 558:3. -1-1 25 J 7\)05. 1:3 6p" 31),- 7s" 3Pu 
5:3 H :38 :30e J 860 I. G:3 6p' 31"4- 6d' 23 558'1. O-~ 20 J 7903. 21 
5:37G.0 ..J 4 18595.88 5585. 48 4 17898. 59 5e1' 30 a- 4( 31" ., 
5:37 8. 99 :3 18585. G8 Sri ' 3P l- 7 p' 3P , 5587. 88 4 1 78~O. \11 5ri" I F3 6/ 31"; 

5589. 29 80 17886. :39 5et' 33j IP 31'0 
5:380. O·~ GO 18582.06 ~p 31' ,- 5d" 3F l 
5386.2:3 20 185GO. 70 Ip 31),- Od 3D ! 5500. 20 8 I 788·j. ·~8 6p ' 30, - 5d" 'I' , 
5:38 7. 56 <l c 18556. 12 6p" 3D 3- :3-lz 559:3. 12 :300Z 178 74. 15 5e1 3D ,- 6p' 3D , 
5:392. 27 12 I 85:3\). 91 7 p 5P3- IOs JS2 5595. -17 ..J-w J 7865. 6-1 5et' ' D ~- 7]) 3P, 
5:)\J3. :30 JO J85:36.0G 5598. 52 GOOe 17856.9 1 5p5 tpr- 6p' 'I>, 

5600. :32 1000 178.1 l. J 7 5et' 3G!- 4/ 3F, 
5:39:3. 86 8 185:34. 45 6p" 3]> ,- :36 , 
5:3\)0. 53 :3 18514. 98 560 l. 9 -~ 4 17840. 00 
5·105.42 800e, Z 184\14. 8 J 5p5 3P ,_ 6p sP 3 5603. 16 80 17842. J 2 6p' 31"2- 7s ' 3D a 
5-107. a G 800c J8488. J 7 6s' 3D ,- 6p ' 3D 2 5606. 52 15 1783 1. 4:3 6p" ' 1'1- :3 7 ~ 

54 1-1-. 96 ]5 18-1-62. 2:3 { 6p 3p ,_ 5d" 3D l 5608. 41 4 17825. 42 
6p' 3PI- 7et 5D l .56 12. 89 1500 J 78 11. 19 { 6s" lP ,_ 6p" 3P2 

Gp" 3D J- 30, 
5-1-22. 05 J OO J8438. 08 6p' 3D ,- 7s' 3D 2 
5422. 74 ] 00 J 8~ :35. 74 6p' 3D ;- 7s ' 3D , 56 16. 77 ] 0 I 77!l8. 89 
5425. 06 ·Id J 8~ 27. 85 7p 3p ,_ 9el 3D , 5618.28 6 177 94. 10 
5435. 8:3 3000 18:3\) 1. :H 5 p5 3P,_ 6p 3P 2 56 18.57 5 17793. 18 6el 5D ,- 4.f' 3D , 
5438. 00 ]OOOZ 18:38-1. 00 6s' 'D ,- 6p' 3P , 5620. 02 10c 17788.59 5d" 3D J- 6p" 'D 2 

5623. 30 ] 2 17778. 22 7p 31' , lOs 3S, 
5448.80 10 18347.57 7s 3S,- -1-f' 3 Po 
545-1. 4:3 8et ] 8:3 28. 6:3 Gp' 3P.,_ 7s' ' D ~ 5525. 6\) 10000Z J 7170. 67 6s 3Si- 6p 31', 

5~5 7. 06 200c 18:319. 79 { 6s" 31)3- 6p" 3D ; 5638. 0 I I 1772H. 00 Gp" 3S)- 2i , 
5d" 3D ,- 4f' 31', 5639. 78 I 17/26. 27 

5458. :3G J 5e 18:3 15. ·1:3 op' 3p ,_ 6d' :3 ! 56~ 1. 10 2lle 17 722. 12 4/ 3F.,- 7 s" 3[>1 
5~6 -1. 62 2000c 1820-1. -15 6s 5S,- 6p 51' 2 56~:3 . :32 100 177 15. 15 5ci' 3 F~- 4f 31"3 

5467. 52 15 1 828~. 75 op' 31' ,_ 7d 5D ~ 564:3. G7 5e I77J4.05 5 -l" 3F'~- ~f' 'D , 
5468. 12 50 18282. 74 6p' 3D 3- 7s' 3D ~ 56-1-8. 66 J 5e 17698. -lO 5d' 'Di- 7p 31' , 
.5478. CO 2w 1 82 -~7. 10 6p' 31' ,- 6d ' 2a 56·19.06 2 17607. 15 
5470. 5G 60 182-14 . . 57 6p 31' ,- 7 s 3S, 5655. 10 JO J 7678. 25 
5-1-80. 84 10e 18240. :jl 6p" 31'0- 7 s" l 1" , 5655. 52 5w 17676. 9:3 6p 3Pl- 5d" 3D z 
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T A BLE 10.1. Obsen'ea lines of I II- Continued 

, 
A(air) Intensity ,,-a ve Classification ;>.. (air) Intensity '''al'c Classifi ca tion 

number numbcr 
------------- ----- ------

5658. 46 8e 17667. 75 6d ' D l- 7p' 3F , 5812. 31 4e 17200.00 5d' 3F z- 4.f 5F 3 
5663. 63 25 17651. 62 5d' 3P l- 5f 3F , 5815. 06 40 17191. 96 4.f 5F ,- 69 5Gi 
5665.71 6 1764.'). 14 5819. 71 80e 17178. 22 5d' 3D j- 6p' 3F 4 

5676. 70 7 17610. 08 5821. 97 3010 17171.56 
5678. 08 1000Z 17606.70 6s' 3D z- 6p' 3F, 5823. 54 3e 17166. 93 

5678. 88 I e 17604. 22 5823. 71 10 17166. 43 
5679. 92 50 17601. 00 5d' 3G j- 4f 3F , 5824. 19 20 17165. 0 1 
5682. 64 15 17592. 57 5825. 69 6 17160. 59 5d" 3Dl- 4f' 3PO 
568:3. 83 2 17588. 89 6p' 31" ,- 8s 381 5827. 74 4 17154. 55 
5688. 21 30 17575. 35 5830. 79 4e 17145. 58 

5690. 91 2000c, Z 17567. 01 6,' 'D z- 6p' 3D 3 5832. 86 15 17139. 50 
5692. 68 10 17561. 55 7, ' 82- V' 3D 3 5834. 78 8e 17133. 86 
5698. 97 2 17542.16 583,">. 06 10 17133.04 5el" 3F z- 7p' 3F , 
5702. 05 500Z 17532. 69 5ri' 3D;j- 6p' 31" 2 5838. 57 8 17122. 74 
5 704.87 20 17524. 02 5c1' '80- 6p" 38 , 5839. 88 2 17118.89 

5710.53 +OOOe, Z 17506. 65 6s' 3D:l- 6p' 'F3 5843.38 50 17108. 6-1 5el' 38 1- 7p 3P , 
5715. 57 40 17491. 22 58+5.0'1 6 17103. 78 
5716. 34 3 17488.86 58+9. 03 20 17092. 11 5el' 3D:l- 6p' 3D 3 
5717.58 l c 17485.07 5851. 76 20 1708-k 14 
5717.85 5 l7+8+.24 7s 381- 771 ' 3P , 5855. 26 lOel 17073. 93 5el' 3D z- 671' 'F, 

5726.76 15 17457. 04 5863. 07 5 17051. 19 
5733. 46 20 17436. 64 7s 58 2- 8p 5PZ? 5868. 64 5 17035. 00 
5735.69 12 17429. 86 5873. ] 2 3 17022. 01 
5735. 87 15 17429.3 1 5893. 06 20 16964. 41 
5738.27 1000Z 17422.02 5p5 3p [_ 6p 3P , 5899. 47 8e 16945. 98 5c1' ' D z- 7p 5P3 

5738.83 40 17420.32 

1 
5901. 41 60 16940. 41 5el' 3S1- 7p 3P , 

5738.89 70 17420. 14 5906. 04 10 16927. 13 
5739. 01 100 17419. 78 5p5 3P2- 6p 51"2 5910.42 20 16914. 58 
5739. 18 150 17419. 26 59 11. 18 20 16912.41 5el" 'Fa- 4I' 'D2 
5739. 40 200 17418. 59 5911. 78 12 16910.69 

5739.59 150 17418. 02 

l 
5911. 96 60 16910. 18 

5739.77 200 17417.47 
6s" 3P ,_ 6p" 3D , 5913. 40 10 16906. 06 

5739.88 70 17417. 14 5913. 67 50 16905. 29 
5739.95 40 17416.92 5918. 10 12 16892.63 
5741. 94 3 17410.89 5d" 3F z- 7p' 'D , 5920. 59 200Z 16885. 53 5el 5D j- 6p 31", 

5743. 06 30 17407. '19 5920. 87 40 16884.73 6p 3Po- 7s 3S1 
5749. 04 5 17389. 39 5928. 63 20 16862. 63 6p" 'D ,- 362 
5750. 41 50 17385.24 5d" 3Fz- 7p' 'F3 5934. 96 10 16844. 65 
5752. 35 25e 17379. 38 5d" 3D z- 8p 3P , 5938. 35 10 16835. 03 
5757. 22 6e 17364.68 5939. 69c 100 16831. 23 7p 3PI_ 7s" 31'0 

5760. 72 1000Z 17354. 13 6s' 3Dl- 6p' 3D , 5946. 15 15e 16812. 95 6p" 3D ,- 69 3Gj 
5763. JL1 25 17346.84 4.f 5F4- 69 3G5 5947. 79 5 16808. 31 4.f 3F3- 6(/ 3G3 
5765. 43 3e 17339. 95 5950.25 5000Z 16801. 36 6s 381- 6p 31', 
5765. 68 8 17339. 20 ~ 4/ 5F 4- 6g 3G, 

5952. 09 50 16796. 17 { 4.f 3F3- 6g 3G, , 4f 5F4- 6g 5Ga 4f 3F3- 6[- 5Ga 
5767. 19 100 17334. 66 4f 5F,- 6(/ 5G5 

5769. 01 8 17329. 19 5953. 66 20 16791. 74 4.f 3F 3- 69 5G, 

5770.46 3h 17324.84 70' 3D z- 32,3 5975. 83 2510 16729. 44 5el' 3D z- 6p' 'I' , 
5771. 02 10 17323. 16 4f 5F 3- 6(/ 3G3 5983. 69 6e 16707. 47 6p 3P 2- 5el" 3D z 
5774.83 500e 17311. 73 5 p5 3p z- 6p 5P, 5986. 27 3 16700. 27 

5776. 54 50 17306. 60 4f 5F3- 69 5G. 5988. 23 12 16604. 80 

5783.34 100 17286.25 4f 5F 5- 69 5GG 5990. 17 20e 16689. 39 5d' 'D z- 4/ 3F , 
5991. 86 30 16684. 69 - 5d' 'D z- 6p" 3D , 5787. 02 500 17275. 26 6p 3p ,_ 7 s 3S1 

5790. 26 10 17265.59 6008. 19 15 16639. 34 
5794. 85 25 17251. 92 4f 5F 2- 69 3G3 6013. 55 7e 16624. 51 5d' 'D z- 6p" 3P , 
5795. 30 10 17250. 58 4f 5F 2- 69 5G2 6021. 88 50 16601. 51 6s" 'P l- 6p" 38 1 

5707.02 50 17245. 46 6028.43 10 16583. 47 5el" IFa- 7p ' IF 3 
5798. 95 b 100 17239. 72 4f 5F2- 69 5G3 603l. 41 8e 16575. 28 5f 3F3- 503.4 
5807. 29 15 17214. 96 6p' 3]> 1- 6el' 10 6032. 80 2010 16571. 46 2 
5808. 21 3 17212. 24 6p' 31'1- 8s 381 6033. 44 10 16569. 70 7p 5P,_ 8d 3D l 
5808. 38 5 17211. 73 6p" 'D 2- 372 6035. 13 20 16565. 06 5el" 3D l- 4f' 3P , 
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'rA UL];) 10.1. Observed lines of I JI- Co llLinll cd 

A(ai,') JnLensity \Vavc Classification A(air) InlcnsiLy W ave Classification 
nllmb r Illl mb r 

-- - ---- --- --

6036. 15 3e 16562. 27 6276. 65 ~Oe 15927.66 
6039.32 100 16553. 57 4} 3 1~,- 6g 3G5 6277. 05 30e 15926. 65 5el' 381- 6p" 3D , 
6041. 60 ]00 ] 65 'J7. :3:3 5el' ' 1" 1- 6p" 'D, 6279. 7D J2 159 ] 9. 70 7p 51' ,- 8d 5D z 
6043. 79 15 16541.33 4/ 3li',- Gg 5G5 6280. 36 Oe J 59 18. 25 5el' 31'>0- Gp' 'I', 
6048. 70 50 16527.90 5el" IF3- 7p' 3F, 6282. 61 20 15\Jl2. 55 7p 51' ,- 8(l 5D Il 

6051. 82 10e 16519. 38 6p" 3P ,_ 211 629\. 39 500 15890. 34 5el' 31",- 6p' 3D 3 
6055. 06 " 50el 16510. M 4f 3F ,- 6g 3G! 6300. 47 3 15867. H 
6059. 53 8e ]6498. 36 4f 3F ,- 6g 5G! 6300. 84 15 15866. 51 5el' 381- 6p" 3 F't 
6068. 93 500Z 16472. 8 L 6s' 3D l- Gp' 3F 2 6320. 41 3h 15817. 38 5el" 3D z- 5f 5F 3 
6074. 98 2000e, Z 16456. 40 6s' ID z- 6p' 1F3 6326. 10 4 1580:3. J 6 7p 51'2- 8d 5D l 

6077.83 150 16448. 69 5el 5D ,- 6p 3P 2 
6326. 45 2e 15802. 28 

6084. 78 30 16429. 90 6p 31" ,- 5d' 3P l 6:329. 38 40 15794. 97 7p 51',- 8d 5D ! 

6090. 90 12e 16413. 39 5el' JD z- 7p sP 1 
6331. 87 30w 15788. 76 5el' 381- 7p 51' , 

{ 5el" 'D,- 6p" 3]> , 6332. 84 25 15786. 34 7p 5P 2- 8d 5D~\ 
6094. 08 20e 16404. 83 5d" 3D z- 5f 3F 2 

6336. 57 100e 15777. 05 6s" 31'2- 7p 3P, 

6094. 33 15 ] 6404. 15 6339. 97 lAOe 15768.59 6s' 3D !- 6p' 3F 3 

6] 03. 37 16379. 86 '1"1- 6p" 3P , 
6341. 24 .LOOe 15765. 43 5d' 3F!- 6p' 31", 

150 5d' 6347. 77 4 J 5H9. 21 
6103. 87 15 16378. 52 6:357. 37 6 15725. 43 6p" 31" ,- 8d 5D l 
6111. 35 6 ]6358. 47 6p" 3P,_ 8el 3D l 

6363. 27 { 6p' 3D ,- 5d" 11" 1 
6127. 49 2000c, Z 16315. 38 6s' 3D z- 6p' 3D, 50 15710. 85 5el' 381- 6p" 3PO 
6132. 86 20 16301. 09 6p" 3P ,_ 8d 3D. 

6364. 23 8 15708. 48 6p" 31',- 8d 5D , 
6137. 39 20 16289. 06 5d' 3P l- 6p" '80 6385. 14 5e 15657. 04 6p" 3D ,- 8el 5D! 
6148. 15 40d 16260. 56 6385. 46 8 15656. 25 6p" 'P,- 241" 
61'18.34 50Z 16260. 05 5d 5D o- Gp 3P, 6385. 80 30 15655. 42 5el' 381- 7p 5P I 

6J55 36 200 16241. 5 1 6el 3D !- 6f 3li', 6387. 38 5 15651. 55 
6155. 97 6 16239. 90 

6388. 66 5e 15648. 41 61)" 3D 2- 8el 5D z 
6\ 56. 77 12 16237. 79 

6389. 60 7 15646. 11 

6157. 14 15 16236. 81 
6393. 5 :3h 15636. 37 

6158. ]8 20 16234. 07 
6395. 33 ]5 ] 5632.09 

6160. 09 ] 5e 16229. 04 5el' 381- 4f 31" , 6420. 96 10 15569.69 

6162.22 300e 16223. 43 { 5p5 'Pl- 6p' 3D , 
6421. 12 20 15569. 30 

6el 3D l- 6f 3F 2- 6430. 42 12 155·16. 79 
6440. 46 400e 15522. 55 

6164. 88 8e 16216. 43 6458. 41 30 15479.41 5d 5D,- 6p 3P , 
6166. H 40e 16212. 33 6459. 'J6 2 15476.80 5f 5li'5- 1 Ig 5Go 
6172.84 4 16J95. 52 6p" 1]-,,- 291 
6182. 28 60 16170 79 64M. 79 30w ] 54M. 13 6p' 'D 2- 7d 5D ! 
6184. 62 10 16164. 67 5el" 3F !- 7p' 3D 3 6466. 42 4h 15460. 24 6p" 38,- 10s 58, 

6470. 25 8 15451. 08 5el" 3D l- 4f' 3F , 

6186. 93 3 16158. 63 4f 5F 3- 8el 5D 8 6488. 97 50 15406. 51 7p 5P3- 8el 5D , 

{ 6el 3D ,- 6f 3F; 6492. 86 6 15397. 28 6el 5D !- 4f' 3P , 
6189. 94 60 16150. 78 71) 5P 3- 8el 3D ! 6493 49 20 15395. 79 7p 5P3- 8d 5D! 
6197. 16 50e 16131. 96 6el 3D!- 6f 3F 2 

6201. 69 2 16120. 18 
6497. 12 4 ] 5387.18 7p 5P 3- 8el 5D , 

6203. 04 20e 16116. 67 5el" 3D 3- 6p" 3P 2 6509. 39 3e 15358. 18 
6512. 98 6e 15349. 71 6p' 3D 3- 7s' 3D , 
6516. 18 250e, Z 15342. 18 51)5 'P!- 6p' 3F 2 

6204. 86 1000Z 16J 11. 94 6s' 'D,- 6p' 'P, 
6205. 61 5 16.L09. 99 6el 3D !- 6f 3F 3 6518. 91 l2e 15335. 75 
6222. 93 3 16065. ] 6 6p" 3[> 2- 201, 2 6520. 26 5 15332. 58 5el" 3Dl- 8p aI' , 
6223. 15 2 16064. 59 7p ' Po- 7s" 3P l 6523. 60 20e 15324. 73 5el' 3F 3- 6p' 3D 3 
6223. 66 3 16063. 27 5el" 'D2- 6p" 3D a 6525. 93 3 15319.25 7el 3D,- 12", 

6526. 76 10 15317.31 

6225. 07 1 16059. 63 5f 5F 5- J2g 5G6 

6238. 58 5e 1602,t. 86 6538. 32 20 15200. 23 5el' 3p :;_ 6p" 3]-' 2 

6239 80 2el 1602 1. -19 5el" 3D 2- 5f 3F 3 6539. 96 2 15286. 39 

6250 59 40 J509·l. 07 6p 31',- 7s 5S ~ 6540. 73 12 15284. 59 5p 3P,_ 8el 3D ! 

6255. 53 500e 15081. -I -~ 5el' 3D !- 6p' 'F3 
6544.01 10e 15276. 93 
6545.60 10 15273.22 

6256. 33 40 15979. 30 6p' 3Po- 7s' 3D l 6546. 97 20e J 5270. 02 5ci 5D r- 6]) 3Po 
6257.49 000e 15076. 4:3 5d' 3F ,- 6p' 3F, 6555. 68 20 L52·l9. H 
6269. 70 le 15945. 32 6s" 3[> :;- 7]) 3P , 6564. 14 40 15230. 08 7p 31'2- 8el 3D ! 
6272. 37 3e ] 5938. 53 5d" 3D l- 4f' 3D 2 6565. 37 15 15227. 23 7p 31:' ,- 8d 3D z 
6273. 16 15 15936. 52 7p 5P ,_ 8d 5D ! 6567. 76 2 15221. 69 6el 3D l- 4f' ']\ 
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TABLE 10.1. Observeel lines of I II- Continued 

A(a ir) Intensity 'Wave Classification A(air) In tens ity Wave Classi ficatio n 
llumber number 

---- ----------

6567. 98 2 15221. ] 8 6902. ] 3 200Z 14484. 29 6s 3S1- 6p 5P 9 

6576. 04 3 15202. 52 6904. 77 lOe 1-1478. 75 6s' IDz- 6p' 3D-2 
6578. 50 10 15196. 84 5el' 'So- 7p 3P , 6906. 81 12 14474. 47 7p ' 1.'3- 9s 5S ~ 

6585. 21 400 15181. :35 6s' 3D l- 6p' 3D, 6g09.98 2 1-1467. 83 6p' 'D ,- 7s' 3D l 
6613.82 4 15LL5. 68 41' 3H,- 501" 6956 46 20 H:371. 16 6d 5D ;- 8p SP 3? 

6618 51 4 15104. 97 5p' 3P l- 6p ' P 2 6958. 78 1000Z H366. 37 5el 5D~- 6p ' P 3 
6621. 71 12 15097. 67 6970. ] 3 I 14342. 98 6el 'D;- 'If' 3D 3 
6622. 35 120e 15096. 21 5el' 3D~- 6p' 3D , 6999. 20 1 14283. 22 6el ' D i- 'Jj' 3F , 
6633. 86 20 15070 02 6p 3 p~_ 5el' 3P i 'i018.\)\. 70 e 14243. 30 5el' 3D j- 6p' 3F ; 
6638. 72 15 ]5058. 99 7p 31'2- 8el 3D ~ 7021. 60 20 14237. 84 5el 5Dz- 6p 51.'3 

(,6-J6. 7:3 3 15040. 84 7022. 5~ 2h 14235. 94 5el" 3Fz- 41' 3D 2 
665;) ·J9 20 ] 5012. 02 i027. t l 5 14225. 67 6el ' D l- 8p ' P 2? 
6665 96 600Z 14907. -!5 5p5 3P l- 6p 51.'1 '02/. 88 :3 14225. 12 5el' 3S1- 6p" 3D 1 
6672. 27 100e 14083. 27 5el' 'D z- 6p" 3D1 7023 0 + I 14224. 80 
667\.l. 77 fie 14966. 4-± 10:32. >!,) 300e 142 14.78 5el' 3Dz- 6p' 3F , 

7042. 26 100e 14 196. 07 5el ' 3Gl- 6p' 3F ., 
6685. 20 60e J 4\.l5~ . 29 6p' 'D·;- 7s' lD~ 705721 2h 141 66. 00 5el" 3D l- 5}' irF 1 

668 I. 'il -10 ]4948.67 5d' 3 1~~_ 6p" 3 u ; 7057.81 :3h 1416·[. 80 6el sD l- 8p 31.' , 
6690.84 6 14J4 I. 68 6d 'Di- 7p' 'D, 705\). 07 I h 14162. 27 
6'105. J5 lOe I-H)09. I:) 6p' :3 e :... - , s' 3L ; 70; 8. 72 20 l -J122.95 5el' 'So- 6p" 3 1'1 
6708. '13 5e 1 4~J O I . 8-J 

7085. 21 200e ]4110.02 5c1' 3Gl- 6p' 3D3 
670,). 12 :3e IJ300. 97 6t! 3D j- 7p' 'D2 7100.06 15 14030. 51 5d' 3P,_ 6p" 3S, 
671 1. 7\) 1 14S!J5. 0-1 7101. '(2 2 14071. 22 6))' '1.' ,- 5d" 'PI 
67 12.03 8 1489 4.51 5el" 3 F3 ..Jf' 3C , 71 15 08 10e 14050. 'i8 5))' 'Pr- 6p' :l D , 
U7I1. 05 80 1488.;. :58 71:n 66 2 14014. 1\.l 7d 'D;- ~J/ 5F5'? 
671 'i . '(4 10 1-+81>1. 85 6e1 ' Dz- 8p 3 p .) 

71 :38. 97 100e 1-100:3. 76 5c1' 3Dl- 6p' 3D 2 

6718.8'3 :300Z 14870. 4-1 5d ' D l- 6p 31.' , 7161 45 2 1:395J 8 1 

6720. 66 ]00 ]4875. 3 ) { 5d' '1'1- 6p" ' P , 71 86. 15 20 1 :39 11. 82 5el' 130- 7)) ' I.', 
6r! 3D"- 7 p' 'F :] 7221. 85 10e I :38~ :3 0. 05 

6721 . J:3 20 1437:3. 68 7p 5J>:,. - Bs JS3 7225. 81 J no / J :3835. 47 5c1 sDo- 6p ' 1"1 
6725. 77 Je 1480-!. 03 
67:3 0.92 :35 I ·Hl:52. 8 7248. 06 Ie 1:3792.99 5d" 'Fl- 7p ' 3I'2 

7254. 78 :3h J :3780. 22 5d" ' Fl- 7p ' 3D 3 
6744. :30 5h 1482:3. 2.[ 7282.8 3 40e, 7 1:3 727. l'[ 5p' 3[> ,_ 5p' 'D ., 
6745. \,0 oe 14 8 h). '1:1 Gd 3Dl- 7p' 3J', 728D. +1 I 1:371 -[, 64 5f 5F :1- 9g ' Gi? 
6750. 'i4 6 1.[I\J5. (,5 6p" :ll"'} - \)s 582 72Rl. :H J 1371 \. 12 5j 5F,- Dg 5Gl 
6764. 17 150e I '1i7v. 70 5d' :IF;- 6p' 'F3 
6768. :30 ,Ie 14770.68 6d 5Dl- -If' 3D , 7:3 II. 57 2 J:367:). ] D 5j 'Fs- 9g ' G! 

7333. 1:3 I ]:'\632. 99 5j 5F lJ- 9g ' Gl 
6769. 5:3 :3e 1 -1768. 00 6s" 31'"_ 4j 37 3 7342. 10 ] ] :36 16. :3:3 5f 5F~- 9g sGl 
6771. 69 ] 2e l ·f 76:3. 29 6s" 3 p~_ 6p" 3D , 7:351. :35 5007 1:3599. 20 5el 'Dl- 6p 5 P? 
6776. 5:3 2 IH52. 74 7:370. :3 1 :3 1356~. 21 c·d 'Da- 5f 3F; 
6771. J6 :3 Hi50. 72 
6770.1 7 8e H 1J7. 00 7:370.8:3 .J.e 1 :3563. 26 6s" ']>1- 4/ 3F " 

7:38:3.4 \) 15 13540. 00 6el 5Do- 5/ 5F; 
6787. 19 2 14729.57 7392. 26 10 1352:1. 94 6el 5D~- 5f 3F3 
67\16. 21 4 1,[710.02 5f 'Fs- IOrl 'G ti 7395.5/ 5 13517.8D 6el' 8i- 11 3 .• 
680 1. 80 2 14637.9::\ 6el 3D,- 4)" 3D1 

4h 
( 5f 31c3- 9g 3C ; 

6812. 57 4000Z 14674. 70 5d sDl- 671 ' P 3 7398. 91 ]351 L 78 l 5/ 3F3- 9g 'G j 
6816. ,t6 4c 14666. :32 7el 3D l- 1 13 .• 

6820. 93 :3 14656. '11 7400. 29 20e ]3509. 26 5el" 3P2- 6p" ' D , 

6822. 98 2 146.52.31 Gel' :3 j- "'f 3F, 7407. 75 5e 13495. 66 
74l8.52 6 13476. 07 4)" 3F2- 42z 6824. 09 2 14649. 9:3 5el" 3D,- 5j 3F , 
742:3. 85 15 13-!66. :39 

6825 23 150e 146±7. 48 6s' 3D l- 6p' 3}" 
7435. 26 2e I :3H5.7:1 

6825. 79 3 146-!6. 23 

6826. 83 2 1464-1.05 7437. 64 2 13Hl.42 
6831. 15 :3 1463J. 79 7p 3]\- 8d 5D ~ 7437. 87 J 13.[41. Ol 
68:32. 89 10 146:)1.06 7438. 90 12 134:39. 15 
68:\8. 60 :3 J4(j18.8-! 7444. 29 25 13429. 42 6p" 'So- 321 
6855. 90 :3 1453l. 95 5el" 3F,- 7p' 3D 3 7454.79 :3 ]3410.50 

6860. 47 J e ] 45 72. ?,~ 6d 3Dl- 7v' 3.7 2 7454. 9-! 5 13410. 23 
6869. 78 I 14552. 49 7459. 00 20 I :H02.9::\ 6d 5D?,- 5}' 5F 2 

61'79. 12 ]0 14532. 73 6p' 31.',_ 7s' 3Dz 7461. 52 2d 13398. 41 7p 31';_ 6d' l-l l 
6880. 25 :3 ] 4530.35 6p' 3P1- 7s' 3D , H77. 07 5e 1 :3370. 54 5el' 3[>1- 6p" 'D, 
6888. 84 4 J 4512. 2:3 7481. 52 25 13362. 5J 6e1 5Dl- 5J ' F . 
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T ABJ, 8 10.1. Observed lines of I n-Con~inu ed 

A(a ir) Il1 ~ensity Wave Classification A (air) In ~en ity 'Nave Class ifi caLio n 
nu mber number 

74 2. 88 10 13360. 16 6d sD a- 5f sF 3 796 .61 5 12545. 79 
7484. 77 70 13356.79 6d 5D ;- 5f 5FS 7990. 27 2 125 L1. 78 
7488. 87 5 13349. <17 7991. 36 lOe 12510. 07 5d" 'Fa- 41' 3G. 
7505. 54 30 13319. 2 6d 5D,- 5f 5F 3 7993. 29 3 12507. 05 

7506. 31 6h 1331S. 46 { 5d" 3F,- 41' 3F3 7994.65 2e 12504. 93 6d' 2a- 1, ,3 
7 p 3Po- Gd' 151 

000. 09 2 12496. 42 7d 5Da- :.r 5F . 
7508. 34 10 13314.86 6d 5D ,- 5f 5P 4 008. 32 2 12483 58 
7535. 77 5 13266.39 8009. 28 3 12482. 08 
7544. 05 3 13251. 83 8009. 84 1 12481. 21 
755 7.96 25 13227. 44 S01 4. 03 1 12474. 69 
7563. 20 25 13218. 28 

8049. 51 3 12419. 70 7d 5D ,- Sf 5F6 
7563. 66 2e 1321 7.47 8055. 06 20 12411. 14 
7569. 15 25 13207. 89 8056. 5-1 2 12408. S6 
7573. 40 7d 13200. 48 6s" 'Pl- 6p" 3P! 8060. 37 1 12402. 97 7d sD l- 8f 5Fz 
7578. 96 20 131PO. 79 8150. 57 1 12265. 71 5f 5F.- 80 3GZ 
7579. 95 4 131S9. 07 

8152.46 2 12262. 87 5f sF 3- 80 sG, 
7585. 53 2e 13179. 37 8153. 83 30e 12260. 80 6p" 3P,_ 60 5G , 
7592. 03 1 13168. 0 5f 3F .- 90 5GZ 8154. 53 3 12259. 75 5f 5F.- 80 sGZ 
7595. 37 300Z 13 162. 29 5d 5D,- 6p sP , 8159. 49 10 12252. 30 5d' IG,- (1)' 3F. 
7596. 3:3 20 13160. 63 6d' 12- 1' ,3 8162. 42 1 12247. 90 8p 3P!_ 372 
7612. 27 1 13133. 07 5f 3F,- 90 3G3 ? 

8166. 29 1 12242. 10 6p" IP!_ 7s" 3P ii 
7617. 95 3h 13123. 28 6d' 33- 8f 3F 4 8170.07 100e 12236. 43 5d' 3F a- 6p' 3D, 
7618. 50 JOOe 13 122. 33 5d' 3D:l- 6p' 3F , 8177. 60 Ie 12225. 17 
7623. 23 20 13114. 19 8179. 15 4 12222. 85 5f 5F s- 80 5G/i 
7627. 31 ' I·h 13107. 17 8180. 76 Ie 12220. 44 
7636. 62 2 13091. 20 7d 3D:;- 9f 3F, 

8183. 27 30 12216. 70 
7640. 28 7e 13084. 92 8185. 11 8e 12213. 95 
7654. 26 Ie 13061. 03 7d 3D a- 43,. 8194.84 40 12199. 45 
7657. 94 150e, Z 13054. 75 5d 5D ll- 6p 5P l 8205.68 2 12183. 33 
7665. 69 200e 13041. 55 5d' 3F,- 6p' 3F 3 8206. 08 4 12182. 74 
7683. 47 Se L301l. 37 5eL' 'Fl- 7p 3P, 

8206. 49 2 12182. 13 5f sF,- 80 5G§ 
7684. 82 I e 13009. 09 8217. U " 8 12166. 38 5f sF ,- 80 5G!! 
7685. 30 3e 13008. 27 8217. 27 30 12 L66. 15 5d' !G,- 6p' 3D 3 
7690. 55 40e 12999. 39 5d' 3G,- 6p' IF3 8235 20 J 5 12139. 66 
7691. 29 3 12998. 14 6d sD l- 5f SF } 8246. 21 30 12123. 45 5el" 3D,- 6p" 'D, 
7703. 21 5 12978. 03 6el sD l- 5f 5F , 

825 1. 79 lOOe, Z 1211 5. 25 5el 3D;- 6p 3p z 
7707. 95 3e 12970. 05 8253. 84 25 12112. 24 5el' 3P3- 6p' 3D ! 
771 3. 17 4h 12961. 27 8256.54 Ie 12LOS.28 7p' 3p z- 40 j 
7724.21 3 12942. 75 8272. 90 Ie 12084. 34 5eL' !Fa- 4f 3F, 
7735. 78 75e 12923. 39 5d' 3D ll- 6p' 3D! 8286. 65 2e 12064. 29 
7756. 05 15 12889. 61 5d" ' P2- 6p"!P! 

8288. 55 2 12061. 52 5f 3F 3- 80 3G, 
7757.58 5 12887. 07 8296.73 2e 12049. 63 4f 5F ,- 6d' 8, 
7769. 09 I e 12867. 98 5d" !D ll- 7 p 3P! 8307. 51 2 12033. 99 6d 3D l- 71)' 3P, 
7786. 18 2 12839. 74 { 4f 5F 3- 6d' 8, 
7787. 0 ,1 3e 12838. 32 6p 3P !_ 5d' 3P2 8316. 16 15e 12021. 48 7p 5P3- 6d' 93 
7798. 98 500 . 12818. 66 

7824. 91 3 12776. 18 8321. 03 5e 12014.44 
8323. 23 4 12011. 27 7840. 37 2 12750. 99 } 5d' 3P l- 6p" IP! 8330. 75 1h 12000. 42 8p 3Pz- 11d 3D :; 

7840. 46 2 12750. 85 8356. 90 2e 11962. 87 6d' 102- 12h Z 7843. 31 3e 12746. 21 6d' 9a- 11 3,4 8366. 51 3e 11949. 13 7862.79 3 12714. 63 6d' 9 a- 10,,3 

7876. 51 1 12692. '19 S372. 94 35 11939.96 4f 5F ,- 5g 3GZ 
788 1. 21 1 12684. 92 7d sD 2- 8f 3F 3 8380. 68 Ie 11928.93 6p" !80- 21 1 
7884. 39 10e 12679. 80 8385. 74 6c 11921. 73 { 5d' 3p ,_ 7p 3p z 
7886 55 2e 12676. 33 4f 5F 3- 50 3G j 
7886. 82 2 12675. 89 8398. 74 3h 11903. 28 6d' 102- 10,,3 

7887. 70 3 12674. 48 8400. 03 15 11901. 45 4f 5F 3- 50 5G:; 
7905. 57 1 12645. 83 84 03. 62 12e 11896. 36 4f 5F ,- 5g sG, 
7925. 58 2e 12613. 90 8408. 67 80 11889. 22 4f 5F 4- 50 sGb 
7956.47 1 12564. 93 7d sD,- 8f sF 3 8412.78 6 11883. 41 4f 5F 3- 50 3G, 
7956. 89 3e 12564. 27 5d" 3F ll- 5f 3F 3 8414. 32f 11881. 24 4f sF 5- 50 3GZ 
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TABLE 10.1. Observed lines of I II- Continued 

,, (air) Intensity \Vave Classification ,, (air) Intensity Wave Classifi cation 
number number 

8414. 60 ISO ?, 11880. 84 4f oF 5- 5g oG6 9259. 42 1 10796.85 6d 3D,- 8p 5P 2? 
8417.50 2 11876. 75 9260.84 2 10795. 19 4f' 3G3- 471.2 
8418. 93 7 11874. 73 9262. 73 3 10792. 99 
8421. 01 7 11871. 80 9265. 97 4 10789. 22 
8423. 60 60w, 7, 11868. 15 4f 5F3- 5g 5G~ 9274. 68 1h 10779. 09 

8436. 08 20 11850. 59 4f 5F 2- 5g 3 G ~ 9302. 41 1 10746.9.'; 
8436.92 5 11849.41 4f oF 2- 5g 5G, 9304. 65 2e 10744.37 5d' 3 p~_ 4f 3F 3 
8445. 31 6e 11837.64 { 5d" 3 P,- 6p" 3p 2 9361. 26 1 10679. 39 5d' 3p~_ 6p" 3P! 

4f 5F5- 5g 5G, 9394. 32 1h 10641. 81 
8450. 62 30Z 11830.20 4f 5F2- Sa 5G a 9405. 73 2 10628. 90 
8455. 66 8 11823. 15 

9'106.75 1 10627. 75 5d" 3P ,_ 6p" 38! 
8474. 57 2h 11796. 77 9420. 09 1 10612. 70 
8475. 37 40 11795. 65 9480. 33 10e 10545. 26 5d' !D,- 6p' !Dz 
8476. 46 10c 11794. 14 5el" ID,- 6p" 3P ! 9506. 70 1 10516. 01 
8478. 21 1h 11791. 70 9538. 51 3 10480. 94 5d 3D l- 6p 3PZ 
8478. 85 50 11790. 81 4f 5F1- 5a 5G, 

9541. 02 1 10478. 19 6d 3D ,- 5f 3F . 
8479. 80 30 11789.49 9616. 67 4 10395. 76 6el 3D§- Sf 3F , 
8497. 89 2 11764.40 9625. 06 4 10386. 70 6el 3D l- Sf 3F . 
8505. 90 20 11753. 32 5el' 3p ,_ 7p 3P! 9766. 73 1 10236.03 
8528. 14 1 11722. 67 5f 3F,- 8a 3Gs 9908. 38 1 10089.70 5d' 3D l- 6p' 3Po 
8556. 54 1 11683. 76 Sf 3F 2- 8g 3 G ~ 

10405.49 6 9607. 68 5d 3D3- 6p 3PZ 
8564. 35 3 11673. 10 ]0418. 15 1 9596. 00 7p 51'1_ 7el 5D l 
8605. 13 10 11617. 78 10691. 12 1 9351. 00 
8606. 54 2 11615. 88 11084. 68 1 9018. 99 7p 5P 3- 7d 5D , 
8623. 44 lZ 11593. 12 5d 5Dl- 6p 51'2 
8638. 89 3 11572. 38 

8639. 88 3 11571. 06 5d' 31(2- 6p' !D z 
8643. 72 ;) 11565. 92 5d" 3D a- 6p" 3D 2 

8704.22 10Z 11'185.53 5el 5D l- 6p 51\ 
8793. 87 10Z 11368.44 4f 3F 3- 5g 3G, 
8804. 23 10c 11355.06 5el' 3F a- 6p' 3F z J\ leanings of t he letters followin g the intensi ties in t his table: 

c Complex line, showing reso lved or partially reso lved structure. J\Iost of the 

8877. 61 20 11261. 20 5el' 3G.- 6p' 3F 3 lLnes Jlaving large intensities not followed by this sy mbol actually have com-
plex struct.ures masked by line width . 

8968. 84" 11146.66 4f 3F,- Sa 3Gs d Dou ble line. 1n the air region this is u3u:llly hyperfine structure. 
8969. 42 30Z 11145.93 5d 3D ,- 6p 3P! h 1 lazy line. 

tv Wide line. 8999. 07 7 11109.21 4f 31"2- Sa 3Ga Z Zeeman pat tern given in table 10.2. 
9009. 86 10 11095. 91 4f 3F,- Sa 5Gs 

.KOTES: 

9015. 63 2 11088.80 4f 3F 2- Sa 5G3 "The wavelen gtll of t his line is calculated, since it is partl y masked by the II 
line at 4850.35 A. 

9036. 92 2 11062.68 b rrhe line at this position belongs partl y to I r. . 
9042. 76 40 11055.54 5d' IG.- 6p' !F3 c 'rile relative lnten-;it ics of this line in the high and low pressure dlscharges 

indicate that it belon gs primarily to the I I spectrum; hoWe\7el', since both 78" 3Pa 9063.59 1 11030. 13 and 7s" 3Pl of I II combine with 7 p levels, it is likely that the transition given here 
9185. 41 3 10883. 84 68" 3PiJ- 6p' 3P l occurs. 

d Part of this dOllble lioe is due to an 11 transition. 

9H)5.87 30 10871. 46 5d 3Dl- 6p 3Po 
e 1'.110 intensity of this line is given as it appears on t he plate. 'fhe line at 

8217.27 A probably has a componcnL o\' erlapping the weaker line expectcd at 
9214. 67 2 10849. 28 6d 3Dz- 4f' 3F. 8217.11 A. 
9236. 12 6 10824. 09 1 The calculatcd wavelength of this line is coincident with an I I line of intensity 

9244. 02 1 10814. 84 40. 
g Line not resolved from the I I line of intensity 300 at 8909.04 A. rrhe wave-

9255. 17 3 10801. 81 6d 3D 3- 4f' 3G4 length given for the expected I J[ line is a calculated value. 
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TABLE 10.2. Zeeman e.O·eel dala fOT I II 

4173.810 
4225.542 
4235.511 
4342.078 
4376. 139 

4403. 566 
4408. 954 
441 2. 333 
4423.725 
4428.195 

4442.562 
4444. 873 
4446.742 
4452.858 
4456.625 

4460.185 
4464.338 
4473. 4 J 2 
4476. 037 
4488. 552 

4540. 644 
4560. 612 
45H. 090 
4576. 550 
4590. 930 

4599. 769 
4611. 224 
4621. 854 
4632. 446 
4675. 530 

4806. 402 
4828. 252 
4884. 828 
'J986.922 
5046. 43 

5065. 31 
5156. 41 
5161. 20 
52H.08 
5216.27 

5245. 71 
5265. 16 
5322.80 
5338.22 
5345.15 

Zeeman patterns 

(. . . ) 0. 659, 1.434 
(O.OOw) 1.187w 
( ... ) 0.719, 1.095 
(0.8'11) 1.467, 2.304 
(O.OOw) 0.795 A 

(O.OOw) 1.23 B 
(O.OOw) 0.841 A 
( ... ) 1.747 
(0.000, 0.873) 0.602, 1.440, 2.301 
(O.OOw) 1.33w 

(0.000) 0.687 
(0.272, 0.550) 1.187, 1,452,1.715, 1.980 
(0.000) 2.308 
(0.000, 0.264,0.548) 0.862, 1.108, 1.432, 1.718 
(. .. ) 1.388, 1.821 

(1.512) 0.000 
(O.OOw) 1.127w 
(O.OOw) 1.252 B 
(0.000) 0.674 
(0.586) 0.908, 1.497 

(. .. ) 1.084, 1.425 
(O.OOw) 1.136w 
(0.841) 1. 438, 2.298 
(O.OOw) 0.465w 
(O.OOw) 1.203 B 

(O.OOw) 0.561 A 
(0.330) 0.671, 1.083 
(O.OOw) 1.084w 
(0.423, 0.814) 1.160, 1.514, 1.899 , 2.3H 
(0 .168w) 1.048w 

(0.453w) 0.794, 1.105, 1.310w 
(. . . ) 1.478w 
(O.OOw) 1. 104w 
(0.000, 0.484) 0.686, 1.157, 1.629 
(0.000) 0.656 

(O.OOw) 1.565w 
(0.000,0.406) 1.507,1.891,2.319 
(0.000, 0.267, 0.589) 1.052, 1.343, 1.720, 2.045 
(O.OOw) 1.590 B 
(0.000, 0.218) 0.924, 1.143 

(O.OOw) 1.353w 
(0.351) 0.643, 1.016 
(0.000) 1.536 
(O.OOw) 1.025w 
(O.OOw) 1.139w 

T'he magnetic displacements, in Lorentz units, of the Zeem an components with 
polarization parallel to the field are given in parentheses. The displacements of 
tlle perpendicularly-polarized componcnts [allow, outside the parentheses. 
Bold type indicates strongest components . 

5'W5.42 
5438. 00 
5491. 50 
550·1. 72 
5593. 12 

5625. 69 
5678. 08 
5690. 91 
5702. 05 
5710. 53 

5738.27 
5760. 72 
5920. 59 
5950. 25 
6068. 93 

6074. 98 
6127.49 
6148. 34 
6204. 86 
6516. 18 

6665. 96 
6718. 83 
6812. 57 

6902. 13 
6958. 78 

7225.81 
7282. 83 
7351. 35 

7595. 37 
7657. 94 

8251. 79 
8414. 60 
8423. 60 
8450. 62 
8623. 44 

8704. 22 
8793. 87 
8969. 42 

Zeeman patterns 

(O.OOw) 1.622w 
(0.000, 0.3 0) 0.629, 1.013, 1.397 
(0.000,0.262, 0.532) 1.084, 1.353, 1.623, 1. 82 
(0.000) 1.773 
(0.224) 0.680, 0.903 

(0.000, 0.253) 1.232, 1.494, 1.743 
(0.329, 0.659) 0.567, 0.892, 1.242, 1.58'1 
(0.000,0.208, 0.415) 1.196, 1. '154, 1.631 
(O.OOw) 1.064w 
(0.362, 0.529) 1.275w 

(0.000) 1.519 
(0.000, 0.52'J) 0.649, 1.170, 1.681 
(O.OOw) 1.402w 
(0.240) 1.514, 1.760 
(0.000,0.243) 0.911, 1.145 

(0.000,0.139,0.286) . . . 1.269, 1.393 
(0.000,0.309) 0.932, 1.219, 1.548 
(0.000) 1.533 
(O.OOw) 1.026w 
(O.OOw) 0.847w 

(0.785) 1.525, 2.316 
(O.OOw) 1.518w 
(0.168,0.34 1, 0.496) 1.131, 1,303, 1,462,1.623, 

1.791, Ul49 
(O.OOw) 1.715w 
(0.000, 0.151,0.300,0.446) 1.028, 1.173, 1.330, 

1.491 

(0.000) 2.310 
(. . . 1.042w, 1.459, 1.8(0) 0.393, 0.808W 
(0.000, 0.257, 0.527) 0.943 , 1.199, 1.472, 1.730. 

1.968 
(0. 309, 0.570) 1.136,1,435,1.737,2.047 
(0.000, 0.874) 0.561, 1.'136, 2.316 

(0.372, 0.759) 0.751, 1.123, 1.502, 1.886 
(O.OOW) 1.05w 
(O.OOW) 1.03w 
(O.OOW) 0.69w 
(0.000, 0.304) 1.728, 1.995 

(0.823) 1.-183, 2.325 
(O.OOw) 0.97w 
(0.000,0.440) 0.713, 1.134 

The letters A and R in this table indicate the type of sh ading di splayed by the 
unresol ved patterns: 

A indicates / 1 I~ , 
R indicates I~ / 1, 
w 'Vide linc, usually several unresolved components, 
lV Very wide line. 

U nresohl'cd OJ' incomplete paUerns were treated as "blend" or IIsLrongest line 
only" patterns in the calculation of (JJ values. 
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T ABL1~ 10.3. Even levels of I n 

D esignation Level gJ D esignalion Level gJ D esignation Leyel (fJ 

- ----- ------- -----~ ------------------ - -.------ ---- ------
5p4 3pz O. 0 1. 457 4f 3F, 125477. 08 7p ' 3Po 140327. 95 
5p4 3P , 7087. 0 1. 51 4/ 3F 3 125226. 92 7p' 3F 3 140383. 95 
5p4 3PO 6447. 9 'If 3F , 125524. 56 O. 83 L 7p ' 3D , 142039. 80 

5 p4 'D z 13727. 2 1. 046 7 p 3P, 126404. 16 8p 3po 136700. 57 
7p 3P, 126235. 91 8p 3p~ 136408. 45 

5 p4 'So 29501. 3 7 p 3Po 12718J. 90 
6/ 5F , 14]088.90 

6p 5P, 99219. 61 2. 309 5f 5F 5 135182. 87 6f 5"Jl\ 141073. 17 
6p sP, 99327. 14 1. 714 5f 5F4 135140. 95 6f 5F a 14]080.89 
6p 5P a 100402. 68 1. 638 5f ' F 3 ] 35 L38. 51 6f 5F 2 141094. 09 ? 

5f ' F , 135221. 58 
6p 3P2 10261 3.52 1. 501 5f 5} -'1 1352·11. 72 6f 3F , 141471. 00 
6p 3P, 101644. 21 1. 520 6.{ 3F 3 141 :398. 31 
6p 3Po 103004. 04 5f 3F, 135684. 08 6}" 3F , 141529. 89 

5f 3F 3 135342. 60 
6p' 3D, 110006. 71 O. 915 5f 31", 135725. 82 7}" 5F S 144629. 91 
6p' 3F , ] 11298. 09 0.9]5 7f SF , 144619. 97 
6p' 3D 2 112179.49 1. 158 8p ' P,? 136044. 28 7/ ' F 3 144630. 32 
6p' 31"3 ]] 2419. 04 1. 12 8p ' P3? 136197. 24 
6p' 'P, ]1:3812.79 O. 985 7f 31" ., 144896. 23 
6p' '1"3 114157.21 1. 13 4f' 30, 136090. 15 7f 31" ; 144810.22 
6p' 31'0 IJL1635. 82 4f' 3P 3 136096. 79 7/ 31"4 144919. 15 
6p' 3D3 11 5267. 82 1. 212 4f' 3D3 136169. 16 
6p' 3F , 11 5353. 94 t . 29 4f' 3F , 136526. 91 5f' 1,,3 146460. 44 
6p' 3P2 J 15708.45 1.425 4f' 3I-l , 136752. 36 2' ,3 146973. 00 
6p ' 3P, 11 6084. 84 1. 39 4f' 3[-1, 136802. 13 .jI" :3,,3 14794·2.43 
6p' 'D, J1 9082.78 1.11 4f' 3Dz 13701 4. 34 43" 148646. 01 

4f' 31', ] 37393.02 7p" 5,,3 1'18830. 03 
6p" 3D , ]23520. 74 6213, .1 148972. 30 
6p" 3 Po 125006. 38 4f' 3P, 137640. 93 7,,3 14Jl204.87 
6p"3 P, 125 162. 00 4.f' 3 p~ 138236. 4 1. 8p' 81,2 H9367. 05 
6p" 3D , 125222. 20 O. 83 La 4f' 3G, 139449. 71 10,,3 150219. 69 
6p" 3S, 128563. 14 L 73 L 4.f' 3F , 139499. 57 11 3" 150251. 30 
6])" 3D 3 129431. 27 1. :32 L 4f' 3G3 139691. 25 12" , 150279. 40 
6])" 3p , 129772. 76 4I' 'G , 139719. J 2 13,,3 150648. 09 
6])" 'I', 130824. 99 ·If' 3D , 140036. 78 
6p" 'D, L31444. 69 1. 26 L 4I' 'F3 140387. 24 8I 51" , 1"'6922. 08 
6])" 'So 13"'363. 21 ·II' 'D2 1'10492. 31 8f 5F4 146938. 07 

4.f' 'P, 140560. 53 8f 51"3 1,16934.47 
4f ' F 5 124742. 50 8/ ' 1" , 146949. 97 
4/ 5F4 124683. 79 771' 3D, 136209. 25 
4/ 5F 3 J24711.93 7p' :i '") 136659. 84 8/ 31"3 147054. 27 < , 

4f 5F 2 124783. 18 7p' 3Da 137360. 30 Sf 3F .. 1-171 47. 10 
4/ ' F , 124841. 77 7])' 3P, 137373. 06 

7])' 3 ]~.) 139911. 38 9f 5F S 148516. 58 
7]) 5P , 124950. 92 7])' 31"; 140108. 06 9f 517 4 148513. 52 
7p 51', 125084. 32 7p' '1"3 140163. 63 9I 5F 3 1485 19.48 
7]) ' P; 125483. 51 7p' 'D2 140189. 27 

7 p' '1' , 140254. 97 9f 31", J 48676. 16 ~J 

• The letter " L" following a YJ value indicates that the value is taken from LaCl'oute [3] . 

T A B LE lOA . Odd level8 of I II 

D esignation Level gJ D esignation Level gJ D esignation I,evel gJ 
----

68 5S2 81032. 70 1. 95 5d ' D s 85727.98 1. 457 68' ID, 97700. 81 O. 996 
5d 5D ; 86036. 32 1. 480 

68 3S; 84842. 87 1. 753 5d' 3D , 97083. 30 1. 26 L · 
5d 3D ; 92132. 61 0.685 5et' 3P O 97894. 42 

5])' 31'2 81907. 83 L 54 5d 3D ~ 90498. 31 1. 138 5el' 3Da 98175. 75 
5d 3D i 93005. 95 1. 35 5d' 3F . 99377.47 5])5 3p ; 84222. 19 1. 530 

5et' 31":; 99943.10 5])5 3P O 90404. 95 68' 3D ; 94825. 33 0. 653 5d' 3G. 101157. 79 
68' 3D , 93691. 35 1. 16 5d' 'G. 103101. 57 

5d ' D o 85384. 15 68' 3D s 96650. 55 1. 36 5el' 3D ; 104546. 19 
5d 5D ; 

I 
87734. 06 1. 472 5el' 31"2 107511. 77 

5et 5D , 86164. 86 1. 434 5])5 'P; 95955. 85 1. 05 5d' 30 a 107625. 89 

478 
~ . 



r 
I 

... 

TABLE 10.4. Odd levels oj I II- ConLinued 

I 

I 
D esignation 

I 
Level gJ D esignation Level gJ 

5d' 'D! 10 537. 50 l. -15 L 7d 3D! 135584. 94 
5d' 3S1 109295. -15 7d 3D! 134960. 14 
5d' IS~ 111039. 06 7d 3D l 136187. 03 
5d' IF! 113392. 94 
5d' 3p z 114482.59 5g 5Go 136623. 34 
5et' 'Pl 114897.43 5g 5Gs 136573. 00 
5et' 3P l 118074.09 5a 5G. 136580. 12 

50 5G! 136613. 38 
6s" 3PO 105200. 97 50 5G! 136632. 59 
6s" 3P l 106103. 28 
6s" 3 P , 110458.93 50 3Gs 136623. 74 

50 3G. 136595. 35 
68" I P I 111061. 58 50 3G! 136633. 77 

5d" I D, 113367.9!l 98 5S, 139957. 94 
5et" 3D! 113656. 16 
5d" 3 Pj 117935.41 98 3S1 140125. 66 
5d" 3D! 1 L9321. 09 
5d" 3D l 121075. 75 J. -1-13 8d 5Do 140863. 42 
5d" 3F! 121195.57 1. 17 L 8d 5D l 140887. 40 
5d" 3F ! 122778. 3 L 8d 5D , 140870. 64 
5d" IF! 123580. 02 8el 5D! 140879.23 
5c1" 3 Po 1 25040. ? 8d 5D . 140889. 98 
5el" IPI 127890. 23 O. 89 L 
5el" 3P l 132734. 92 8el 3D l 141520. 48 . 8d 3D , H1463.16 
78 582 118607.56 1. 894 8el 3D ! 141634. 22 

78 3S1 119888.77 60 5Go 142028. 75 
60 5Gs 14201 . '13 

6d 5Do 121701.69 6a 5G. 142018. 60 
6d 5D l 122243. 58 1. 466 6a 5G! 142022. 92 
6d 5D , 121818.65 1.453 60 5G, 1'12033. 75 
6d OD! 121778. 3'1 1. 424 
6d 5D. 121826. 09 1. 476 6g 3Gs 142030. 64 

60 3G. 142023. 04 
6d 3D! ] 25288.29 1. 28 60 3G! 142035. 14 
6d 3D , 125247.50 1.095 
6d 3D l 125339. 01 0. 674 78" 3P O 143067. 20 

78" 3P l 14:3246.49 
7s' 3D l 130615. 21 
7s' 3D , 130617. 58 lOs 5S2 144023. 57 
78' 3D! 133550. 5,,[ 1. 23 L 

LOs 3S1 1'14182. 29 
88 582 132837. 24 

9d 5D! 144587. 78 
8s 3S1 133297. 08 9d sD . 144591. 35 ? 

6el' 12 133299. 80 9d 3D , 144832. 02 
6el' 2! 133955. 51 1. 16 9d 3D! 144964. 91 
6el' 3! 13'1023.88 O. 81 
6d' 40 134235. 94 88' 3D l 144641. 34 
6d' 51 134913. 96 8s' 3D , 144677. 46 
6d' 6l.2 136443. 37 
6et' 71.2 136561. 79 70 5Go 145289. 63 
6d' 8. 136733.42 1. 21 70 50 5 145282. 77 
6d' 9! 137505. 08 1. 24 L 70 5G. 145283. 23 
6d' 10, 138316. 49 1. 27 L 70 5Ga 145285. 87 
6d' llo 138364. 08 70 5G, 145292. 52 
6el' 121 138977. 84 
6d' 131.2 13\)551. 74 1. 09 L 70 3Gs 145291. 03 
6d' 1,1 ! 139634. 07 1. 04 L 70 3G. 145285.17 
6d' 151 140500. 35 70 3G! 145293. 69 

7s' ID! 134037. 06 1. 02 L r' 145837. 74 
7d 5D o ] 34501. 3'1 211 146291. 96 
7d 5D l 134546. \)3 6d" 24° 146481. II 1, 2 

7d 5D! U436\).52 7d' 25 1,~ 146784. 94, 
7d 5D! 134441. 71 26! 146850. 17 
7d 5D . 134502.39 291 ]47020.40 

• '['he letter" L" following a y, value indicates that the value is taken from LaCI'ou te [3]. 

479 

Designatio n Level gJ 

118 5S2 146577. 46 

118 3S1 146589. 32 

10d 3D , ? 147141. 92 
lOet 3D! 147307. 25 

1 :30 ~ 147242. 50 
310 147356. 42 
321 147792. 67 

6d" 33! 147824. 13 

7d' 33.51 147863. 97 

78 " 34, 147987. 56 

88' 35, ,3 148079.42 

50' 
36, 148307. 35 
37, 148656. 42 
381 148898. 91 
39. 14fl 266. 12 
-1O! 149481. 13 

80 ' Go 1<17405. 72 
80 5Gs 147400. 7\) 
80 5G. 147401.38 
8a 5G! 1'17403. 79 
80 5G! 147'108. 13 

80 3Gs 147406. 74 
80 3G. 147404. 11 
80 3G! 147"109. M 

128 3S1 148354. ? 

11d 3D! 148700. 85 

90 5Go 148856. 10 
90 sGs 148852.11 
90 sG. 148853. 15 ? 
90 sG! 148854. 55 
90 sG, 14885 7. 98 

90 3Gs 148856. 65 
90 3G. 148854. 34 
90 3G! 1'18858. 9 ? 

12d 3D! 149644.47 

100 sGo 149892. 90 

4 Ll,2,3 1<19866.64 ? 
42, 150002. 97 

6d" 431, 2 150219. 03 
44, ,3 150324. 10 

7d' 45,, 2 150345.98 
46, 150366. 61 

50' 47, ,2 150486. 29 
481,2 150594. 
491, 2 151744. 
50!,4 151917. 75 
51 1, 2 , 3 15219\). 

13d 3D! 150608. ? 

110 5Go 150659. 78 

14d 3D! 151192. ? 

120 5Go 1512'12. 53 

(Paper 64A6-G8) 
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