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TAVE-LENGTH STANDARDS IN THE EXTREME ULTRA-VIOLET SPECTRUM OF CARBON,
- WITROGEN, OXYSEN AND ALUMINUM.
. By 8. B. Ingram.

ébstract.

Wave-length determinations,-- The ane—lengthé of lines in the extreme
ultra—via}ét speotra of carbon, nitrogzen, oxygen and alwnirum have been
determined with an accuracy of .0l to .04A by direct comparison with iron

Istanaéydsi .
| npt gﬁéu@s in cgrbon 6111 and fitrogen ﬁiv__ vp! Groups of carbon GIIE
and nitrogén Fpy have been completely raéolved intc six components and the

ratio PyPy /P Pafound to bs 2.47 and 2.33 respectively,
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1. PDetermination of Vave-lensths,

In & pevious article1 by.Pr. “11likan and Dr. I. €, Bowen wave=
length’standards in oxyzen an? nitrosen were published. TFor fhe;e garlier
determinations the stron:s alumirum lines between 125CA and 2000A served as
primary standards. In the course of subsequent studies it has become increoas
inzly evident that the wave-lenzths of these alumirum lines were inconsistent

7ith themsalves, one of tha Joublet separations bein. in error by as mwuch

=

ag J17A. The vresent puper presents an zttempt to eliminate this source of
arror by brincing hish orders of stronr lines in the extremwe ultra-violet
inte direct comparison with firat order iron lines, This standardization
has also been carried to carbon and zluwsinum as well as to the nitrogen and
cxyzen renorted in the earlier article, thus providing a set of standzrds

completely covering the ranse from 800A to 2C00A.

[¢2]

For this nurno

b

e the smestrum of & vacuum gnark between ons aluminum
anl orne iron elesctrode wae photoqraphei in variouz rec-ions between 3C0CA and
BCO0A., As has been noted previously such a spark bringss out the carbon and
oxyzen lines stronsly in addition to those of aluminum and ireon.

In the determination of wave-lensgths the first step was the calculstion
of approximate values on the assumption of & linear relationship between

the position on the plate and the wave-lenzth. Using these aprroximate

[

values all iron lines ap earing on the nlate were identified and the differ-
ence between their true and approximate wave-lenzths determined. Plotting
these deviations azainst the wave-lensth zave a curve which could be used in
correctine the ap@roxin&te wave-lenzths of 2ll other lines on the plate.
In zeneral this cerrection did not =xceed one angstrom.

The various valueé of the wave-lenzths of the oxysen, carbon, and

alwrinum lines were wei-hted =zs to order, sharpness of the line, ant nearness

to iron standards, and then averaged. As =z further check on their mutual

consistency and on the doublet senarations the values thus determined were



compared with the date obtainsd from = numbsr of hizh order »lates that had
beeg taken for other purpcses. Some slight adjustwents wers made to correct
& few discrepanciss brouzht $0 lizht by this cormarison, but in no case

w2 this»adjﬁgtmenf Treéter than ﬁhe irdicated posgihle error in the wave-

lencth (see helow),

-3

he hezt oFf tha plates comparsd wag that of a spectrum of & vacuum

spark hetwsen alurinum electrodes contzining sodium nitrate. The wave-lenszths
of th2 lineg on this nlate had nraviouslv heen determined by means of a lurze
rmudbsr of firgt order cxysen lines occurrins on it. The comparison with our

cerbon, oxyren, ani alwrirum standards indicated a systemwatic errvor of =tcut

v

LO4A  in this previous determination. Afteor correcting for this smmll error

the data frem this nlote were used for the desterwination of the nitrosen

A test of accuracy of tre fine structure separaticns can He obtzined

"y

hy commarison of related series lines anrd »d' zroups. Thus, an error of

ahout MA in arv one of the four lines involved would accourt for the Aiffer-

ence batween the doublet sevarstions of 1854A and 1372A, and errors of from

0B ta JOO2A would account for all diecremancies in the ot sroups at

L

Nle to oheek the absclute values of

s alse nosei

[h

AB5A, 9224 ans 117FRA. It

certzain lines. Thus, tY= fraguency of the 18354 lipre and the difference in

the fregnencies of th~ lines at 1505A and 137°9A can he calculated from series

relztionghine, Tr hoth of thess cazes the error does not exceed .C03A.

Tha intensities and final wave-len-the are ziven in the first two

co’urng of table I, A letter A in the fourth colurm inlicates that the line

sen probebly bs Aenended uron to .OlA, B indicates 024, and C .03A or C4A.
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2. The tn' Groups in Carbon CIII and HILTODGF ¥rv.

Braons the linea etudied in the zhove work wers the op' rreoups of

D

i

earben CIII ant itrozen yI" viteh were here for the first time completely
j :

resolved into their six comonents se “hovm in table II. This esrsbles us

to Aeterrine the ratios of the senarations of Plﬁz and ﬁgﬁ, whizh ars =iven

G

in table TIT tosrthar with all wreviows Aeterwinztions i
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Tt is at once ssen tha* in roins 46 elements of hi~her atomic nunbier this

/ :
ratio zurroaches the wvolue 2 c2lled for by Tandé's interval rule,
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TABLE 1

Int. A1. A Vac. v Accuracy Int. NI A. Vac. v Accuracy
Carbon
5 977.031 102350.9 B 2 1247.391 80167.3 C
i 1009.863 99023.3 B 5 1334.541 74932 .1 B
1 1010.095 99000.6 B 5 1335.703 74866.9 B
. 72.4 B
1 10,10 383 989 5 1548 .189 64591.6 A
2 1036.339 96493.5 A 4 1550.774 64483 .9 A
.01 96430.3 A
2 1037.018 2 1560.257 628%(; g
3 1174.922 85112.0 A 3 1560 . 660 6 .
3 1175.261  85087.5 A 3 1561.378 64046 .0 B
2 1175.577 85064 .6 A
4 1175.711  85054.9 A 4 1931.027 51785.9 B
3 1175.988 85034.9 B
3 1176.359  85008.1 A
Nitrogen
3 685.000 145985.4 A 4 989.802 101030.3 B
3 685.517 145875.3 A 4 991.570 100850.2 B
4 685.822 145810.4 A
3 686.346 145699 .1 A 5 1083.956 92254 .7 B
5 1084 .529 92205.9 B
3 763.348 131001.8 C 3 1085.497 92123.7 C
3 764.358 130828.7 C 6 1085.688 92107.5 C
3 765.158 130692.0 C
2 1134.180 88169 .4 B
1 771.542 129610.6 B 3 1134.420 88150.8 B
2 771.914 129548.1 B 3 1134.987 88106.7 B
2 772.398 129466.9 C
1 772.938 129376.5 C 3 1199.533 83365.8 B
2 1200.200 83319.4 B
3 915.595 109218.6 B 1 1200.681 83286.1 C
4 915.986 109172.0 B
4 916.690 109088 .1 B 0 1740.315 57460.9 C
3 1742.740 57380.9 B
2 921.978 108462.5 B 3 1745 .260 57298.1 B
2 922.512 108399.7 B 2 1747.855 57213.0 B
1 923.037 108338.0 B
3 923.211 108317.6 B
2 923.658 108265.2 B
2 924.264 108194.2 B
Oxygen
2 599.600 166777.9 B 2 796.665 125523.3 B
2 702.329 142383 .4 A 4 832.754 120083.5 A
2 702.813 142285 .4 A 3 832.924 120059.0 A
2 702.905 142266.7 A 4 833.327 120000.9 A
3 703.850 142075.7 A 4 833.739 119941 .6 A
5 834.459 119838.1 A
3 718.522 139174.6 B 3 835.099 119746.3 A
5 835.288 119719.2 A
1 779.824 128234.1 B
2 787.716 126949.3 B
2 790.205 126549.4 B
Aluminum
2 1352.857 73917.6 A 4 1760.101 56814.9 A
4 1761.973 56754.6 A
4 1379.675 72480.8 B 5 1763.939 56691.3 A
4 1384.140 72247.0 B 4 1765.814 56631.1 A
4 1767.730 56569 .7 A
7  1605.764 62275.7 B
7 1611.858 62040.2 B 10 1854.715 53916.6 B
10 1862.775 53683.4 B
6 1670.802 59851.5 C
6 1935.881 51656.1 B
4  1719.455 58158.0 A
5 1721.273  58096.5 A 4 1990.534 50237.8 B
5 1724.982 57971.6 A
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TaBLE II

pp’ Groups in two-valence-eleciron atoms

p 23

(3)
1176.359
85008.1

46.8

(4)
1175.711
85054.9

b1

(2)
924264
108194.2

123.4
(3)

923.211
108317.6

Carbon Cur

(3
1175.261
85087.5

(2)
922.512
108399.7

3p

2.33

Do
3)
1175.988
85034.9
29.7
2
1175.577
56.5 85064 .6 22.9
47.4
(3)
1174.922
57.1 85112.0
Nitrogen N
2
(2)
923.658
108265.2
72.8
(1)
923.037
143.8 108338.0 61.7
' 124.5
(2)
921.978
144.9 108462 .5
TarLe 111
Ratio of the triplet separations pipa/psps
2p
Be: 3. 57
Bu )
- Cux 2.47
Nw 2.33
Ov 2.27

2%

2y

P’

'



THE SPECTHUM OF SUTPWER, SIT,
By 8. B. Ingrem,
Abstract.

One Mundred and eighty-three lines are claseified in the spectrum of SII.
Thirty-thres terms of the quariet system and thirtyesiz of the doublet system
are aezamm and correlated with the electron configurationsby means of the
m theory. The ionization potential of the SII fon is fixed at 23.3%. 1 volts.



Bupsriventel Wawk,

Tre sulpbur eoeotrum was obisinsd by paseing e condonsed dlschsr

g through
ﬁsﬁ gew{ At higher pressures the Zalwer series prodomimsted but as the prese
sore wes reduosd tomeds tha limitine volue ot ohich o lechergs ¢onld vvstein
tteelf the %@&mgm Yirmsheoarm rolatively wealk and the sulpbor dpsetivas ceme
out with aread intensity, When the self industion of the diocharge cirouls
was reducsd o s minfeom the Yines of BXY, IIX, IV =204 ¥V sppeared strengly on
the plates. Foeerbicn of suffiocfont self induction into the oireunit to redose
the freguency of escillation, and hence the inetantansous value of the current,
to sboul ona-tenth it formsr walue completely supprossed sll of these sxeapt
the SIT limes, The visible and ordinsry ultra-vielet rogions seve photographed
by means of s 7 meley concave graking ir s Roewland mowrtdng.  In the sltraevio-
let these chuepvations wers sepplesented by a plate tsken on o Hilger Qoarts
spectrorraph B2, In the sxtreme ulira~viclet a vacuum epectograph #ith a
grating of 1 weter roilus wes used, The oxsctness with »hich the dats 1%
the series relatinnshine glves a cheok on the soourscy ¢f the meesuroments.
The nrebabls serors, setimebed in this way sret for tiw measursuents on the
large grating sbent .ORA, on the quarts spautrogravh shout O34, and on the
yucunm spectrograph nhout ,08A. Soms of the weakar lines heve beonm talen from
old dnte appesvine in Wayser's Hsndbush der Spestroscopie. The probabla errer
in these smagnremmbs sppears %o be adout ,BA.

Predicted Terms,

fhe spectrum of sulphur IT should be siuilar to that of oxygen II containe

fng & dowblet mnd quartet eystem. Table X gives s summaiy of the predictioms
of the Hand theory., The notetion used is stendard szeepting fer the introduse
tion of nrimes on the letter referring to She orbit of the exeited elsctrom.
Onorimed tarss ars bnsed on the e state of the SIII ion, singly primed terms
on the 1D state and dowbly primed terms on the 'S state, Those terms which
have been sbservad are talicieed in the table.
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Term Values.

Two members of both of the series of terms me% and m®P, m = 4, B, have been
detooted, thus making possidle the dotermimation of the term values and of the
imitzum ﬁﬁgmtm. In fixfng the terms ﬂ‘?, and &E?. an iwﬁ&u of
effective guantum mamber of 1.08 between the terms 4P and P has been assumed,

This sssuspiion is arbitrary except insofar as 4t is justified by anslogy with the
terms of 01T and of other light elements. The term wvalues caloulated on this

sessumption are sbout 700 et

lese than those determined by an ordinary Rydberg
formila. The combimation of the 4e%P term with the low 78 term in the extreme
nltraeyioles fizes the ground term of the SII fon at 188824.5 om ™’ giving an
jonization potential of 23.3 % ,) wolts., The gcomplete list of term values is
given in Table IY. Sinece no intercondinstions between the a.énblet and quartet
syatems have been detected the term values given in the two systems bear no
absolute relationship to sach other.

Description of Table III.

Table I1T givas & ocuplete list of all the lines which have been classified
in SII. In the firet column is given the intensity of each line on a scale
romning from O to 10. 8ince the photographs were talen on different spectro-
graphs the intensities are not in all cases comparable. The intensities of
lines moasured on the large grating spectrograph are prefized by the letter R,
the intensities of those taken from Kayser's tables are prefixed by X, and of
those measured on the guartsz speotrograph by Q. In general lines marked X are
weaker than O lines on the R soale and those marked Q are weaker then either
the X or B lines. lLines below 2000A are measured on the vacuwm speotrograph.
The asecond colwmm of the table gives the wavelengths, the third the wave mmbors,
and the fourth and fifth the series designation in the quartet end doublet sys-
teus raspeatifaly. |

No intercombinations between the dovblet and quartet systems have been
tdemtified. The reason is doubtless that the data svailable im the present work
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- 444 not include sccurate messurements on the weaker lines among which such ine
tergombinations sre to be expected. Teble IV gives s list of the omly un~
alﬁaﬁniﬁ@d_ lines which can be definitely ascribed to 8II. The grouwp of lines
in ths region of 42004 probebly involves the high B(& PDP G terms of the

: agpa 44 ami.mﬁw bat it has not been possible to resolve them inmto multie
plets. One line requires special mention, 4182.64, one of the stromgest lines
in the spectrum, It is without gues’ion the leading line of the multiplet
4p%0-44%F and probedly mesks the 1ine  'p'®ry-44'%0g which should also e &
strong line wory claose to this position. This line has beenm used to fix beth
the M‘l‘ﬁ and &d'aﬁa levels. The assumption of this valoe of the 3% level gives

-1

an inverted G term of separation 1.90 em ~, @& very reasonsble valus since in 011

this term is inverted and hss a separation of 1.2 om™t.

Bo terms from the configuration sax:g.ﬂ‘ have been detected, Both the guare
tot and doublet terms based on the a? state of SIIT should be hydrogen-like
and hence have term values in the neighborheod of 27000. The doublet terms
based on the 3D ferm of SIIT should lie at sbout 15000. The combimation of |
these terms with the terms of the s°p°.4d configuration will give faint lines in
the red or infra-red whereas the combinations with the observed terms of the
sgpg.a& configuration will give faint lires in the ultraviclet near 20004 where
they wdght easily be missed.

Strong doublet limee in the extreme uliva-viclet should arise from com-
birations between the low D and 2P terms and the dovblet terms of the s3°.4e

and s°p°.34 oonfigurations. These linse have been identified. The low terms

2 2

should also conbine strongly with the P, 2D and 28 terms of the sp¥oonfiguration.

2 at

-

&n inverted °P term of separation 445 om” on™) which combines with the
6%°%.4p doublet terms §s doubtless the P term of this group. Another °P term

BAO0D

near 48000 and an unclassified term, x, at 55147.9 give: strong lines in the

extreme ultra~violet in combination with the low doudblet terme.
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~ One component Py, of the 6°p .34 P term could be definitely fized by com
binations with the s%p%.4p terms and with a®P,. The lines given by the P,member
m doubiless too weak to be detected.

I am indebted to Dr. I. S. Bowen for the identifioation of two important
multiplets in the extreme wltra-violet, a“sanb‘%m and “453”&%321 which were
taken from unpublished data of hias.

Horman Bridge lsboratory of Physics,
Galifornia Institute of Technolegy,
Hay 4th, 1028,



TABLE 1.

Predicted terms of 8IX.

méaﬁéa N Prefix Terms Prefix Terme o Prefiz  Terms
configuration ]
aaz | | a “;s;,
a 3p2p
ap‘ b 42
b 2p 2 234
SIIX lon sip® - % | | “n - | g
2} § 4 sapa.ru ] ‘g,
me 32 it an mg" zs
%% mp = “g4pp
mp 2y 3p 2p m' % %3 mp® %
ot m Yy
md 2p 3p 2 mi' 232 3p2p 3y e 2p
s%% mp of 4y 4y 4

e 2y 2p 3g m'  2p 2 Bp 2%y e 2y



ap’p

4?%1

188834.5

1089439.7
108086.68
108858.5

TABLE 1X.

Term ¥ralues

@’
or,  163934.5

53!'1 163983.1
4

sp
% 82908.36

'R  82463.28

Torms based on SEIIEP

78993.1%7

- 3783816

38293.29
38568,02

5779579

BB690, 48
58986 .43

59036.83

22
s p .48

s 75045.88

afn  mer0.00

‘3 93 e |
s8R,  36596.42
5°y M2

Baya vEp
'R 56107.43

&°ry  55238.70

&’  s720.17

D,  57866.26

‘aD 3
f’na

Torms based on SEIIIB‘

e

t~n

40 ,,‘,I)s
@

"1

173623.9
173665.4

56977.3)
86876.87

45018.43

47798, 46
47987.24

48188.00
48277.33



s&‘rﬁ
sa‘ra

%
361‘3

aatp,
sdatp,
aatp,

4a4p,
4,
449,

satyy
4ty Fy

',
sty

78068.19

78316.02

788611.37
78647.67

35005.80
32795.14
32676.09

38410.80
35541 .51
35622.66
38670. 67

36208.98
36519.60
36729.90
3686880

Terme combining with a"n, uaP, of s

gapa‘ Py

%393

M.a!,Q

’892
3!,1 '

x

70360.37

69212.27
69265.17

73321.78
73703.11

29679.53
29841.18

31903.37
333885, 53

48491.8
48661.7

B55147.9

aav%,
3
41 o

2.3

P configuration.

24171.83
24169.63



Int.

B3

B3
R4
RS
K2
RS
RS
R 1
R6
R1

R4

R1
X3
R1
3
RS
RS
R0
R9
RS
X3
RS
27
R4

E3

I.A.Afr
se19.22
5664.73
5659.95
5646.98
5645,70
5640.32

 5639.96

5616.63
5606.11
5578.85
5564.94
5558. 91
5586.01
5536.76
§526.32

B518.76

5509, 67
B473.59
5483.81
5432.77
5428.64

§400.83

6345.67
5320.70

5212.6)

§201 .30

17179.68
17648.21
17663.11
17703, 68
17707, 68
17724..58
17726.7)
1779934
17833.74
17919.88
17964.67
17984.14
17995.54
18056.12
18090.54

18115.00
18144.88

18264.49
18330, 72
18401.7
18415.72
16510.54
1870164
18789 .31

19178.92

19220.48

PABLE III.

Quartets

sag, -}
34%, ~4p)

g~
30§ 458

3%y ~4oTy
34 ~4D,

dutyioly

dar, 450
34X, ~4pD;

462 ~4p0)
o -4
-,
o
o -4

Classified lines of S11.

Doublets.
485 ~4pDz

4} -

4sFy -4933

4pP, -5aF,

g

P 5P,
4s "Bg"ip ‘Ya
4a'Dip'T,

4a"D~tp "D,

4a'Dy-4p'D,



Int.

R 2
LR

Rz

¥
28
23
W
I
B3
RO
RSB
R4
B2
£0
RO
R1
RO
R 3
R 2
B9
23
R2
13
RO

RY
RO
R4
RS

RS

I.AMr
5201.00
5125.78
8103.30
5047.28
5032 .43

- 5014.08

5009.54
8006.71
4991.94
4942,47
4935.33
4924.08
4917.18
49801 .30
4900.47
408862
4836.81
4824.03

4819.55

4815.82
4791 .97
4763.34
4756.07
4729.45

4716.28
4700.19
4668.59
466,75
4648.14

19221.73
19508, 82
19889.72
1880714
19848.67
19938.49
19956.36
19967.64
20026.72
20227.17
20297 .60
20302.71
20831.33
20297.07
20400.63
20462.53
20673.30
20728.79

20760.41
20862.43
20987,62

21024.33

21138.21

21197,37
21269.80
21413.77
21468.21
21807.98

=8

Quartets Boublets
| 48" D-ap'Dy
48 -5eP 7
e
s
4aPg-irPy
bt "B
aem,-4g?,
p8y-SePy
SeFym4iFy
4aP, ~47Py
4sPy ~4pFy,
4Py 58P,
4uPg-GePy
| 4P -4y
Py -BePy
4pDy-5ePy
4P ~BeP, (Blend) 4Dy -BeP,
4sPy-408y
ApPy-Gely
BdDy=4p 'Yy
34D,-40'F,
40P, EaP,
48P, ~4p8y
- GDyefeP,
34D, 49D,
WP\ -8,



Tot.
RS
26
R2
X1
X1
23
6
R 7
R 4
23
R 3
3
23
B2
R4
26
Rl
R4
R4
25
26
R4
R4
R4
RS
2 10
®32
R 10
RS

I.A. A%y

4562.37

4324.96
482466
4808 .93
4493.32
4486.83
4483.43
445358
445639
443337
4431.00
4402.64
439181
4333.84
4318.84
4294.39
4291,43
4282.60
4278.51
4269.72
4287.76
42380.94
421719
4189.68
4168.37
4162.64
4162.29
41563.08

4146.90

21960, 44

22298.16
22397.28
22433.41
2256498
2356198
22707.28
22763.28
230587.76
23143,95
23279.67
33298.72
23343.78
23366.07
23414.1%
33424,93
2362878
23708, 82
23861.59
23963.46
24016.47

24018.49

24071.92
24107.62

Dovblets
48D -4p'Py
48'0y~4p'Fp
W'y

4phy-Bsky
4pD;-Ber,
40y ~5e%y
4pD, ~5ePy
4phy~5ePy
:5@3049'35
4pD; ~5ePy
4pDg V-ﬁs?,
pPymaby
ApPymedhy
4pPy=4dD,
4pPg=44D,
4pPg~4dD,
4pPy~44Dy
4pPy~4aD,
4pPy4dDy
4p'D,44'0,
40 4-'46}‘ A
405447,
(Blend)  4p'F-44'C,
'F 40,

4!354““4435:

4933*4&1' 4
4p'Fy~44'0 4



Int.

B8
RS
R32
Ré
R 7
R1
38 §
R3
RO
R6
RS
R4
K3
K2
RO
R 2
X1l
k1
RY?
R3
RS
- R1
RO
R 6
b G |
Bl
RSB
R4

3 Wt
4145.08
4143.24
4050.,08
4032.77
402874
4009.38
4007.77
4003.87
3998.74
3993.49

3979.81
3970,67
3963.09
3950.39
3946.94
3944.91
3939.75
3633.26
3932.29
3931.90
5931.50
3924.07
3923.43
3918.186
3906 .95
3892.28
3860.64

24118,38
24134.74
24883,92
24789,87
24814.67
24934.67
24944.50
24968.80
26000.84
25033 .70
25048.96
26118.75
2517758
28228,72
25308, 82
25328.94
28343 .00
26675.20

am-&‘.w |
 25423.30

25425.83
25428.41
25476,.58
35480.71
25614.99
25688,19
25684.83
26896.13

4eDg-44D,
498y~4aPy

4pDy~4dDy
b b
4pDyaaDy
4pDy~4dDy
4Dz44Dy
490)~44Dy

4n) ~4an,

Doublets

%*w;;
4P, ~4p 'y

34F -7,

3z, -0’

on, a1,
34 -0’0,
g -io'Ry
Pht
3dF,~4p'%y
4pDg-4d¥y
3dFy-dp'F,
bPg~4zDy



Int.
RO
R2
23
) B
R1
Q1
R1
R4
4 |
31
B1
R4
Q6
R3
R3
R3
R3
R}
Q4
Q3
Ra3
.Q}_
Q3
Qi
Q1
Q2

1.h.48r
38569.21
3863,08
3850.91
3802.61
37348
3672.11
3669,03
3663.36
3654.82
3638,17
3616.90
3613.1
36956.,98
3584.48
3667,16
3329.3
3314.47
32723
3387.9
3005.7
2886.9
2670.0
3860.3
2638.1
2629.1

25904.72
26045.93
26960,56
26290.29
26767.9
27224.58
27247 .43
$7289, 58
27855.83
27478.54
27640.13
27668.4
27800.93
27812.76
28028, 53
30087.6
30162.09
30880.8
30685.5
33150.8
34638.9
37443.4
37578.8
37694.8
38024.7

: 6‘?3“4}3 "5

by 40Py
4P, «4p'Dy
4aPg~4p'D,

by ~4pPy

bPg-ApFy

vPz-toPg
487 ~4p'T3

4plp 44Dy
42 ~4p'Fy
4Py np P,
48Py ~4p'H
4oy ~4p'E,

4l -4410,
wav-@g ’?3
1Py ~40'Py
VP, ~p'P,
VPy~4p'P;
it



Ing.
B
8

L

B8 B OO BB w g B B o o BB O o B

o

“ B W o« 8

L.AV00
1269.53
1268, 79
125050

1234.14

123338

1887,48
1226,%0
371,88
113105
1128.00
1124.89
ioz.22
1086.57
1081.74
1020.87
10%.8
10 4,48
1014.09
1000348

848,37

987.88

937,89
937,41
919,24
918, &2
B12.74
910,49

79594.8
79757.9

79968.0

Bi078.0
81079,3
81489.9
818195
88366, 5
88415.1
B8888.8
889373
BOTLYY
911838
969613

- 98810.3

100401 .9
Soan. e

104307, 8

106844 .2
108875, 8

108785.8
108838,0

109660.7
109830.5

ol «wa
’%"’Wa

Boublets

ﬁﬁg“m 1



wPm

Int.  I.A.Vao. Quartets Doublets
3 906.87  110269.0 88, -4eP,
1 een.E0 1182737 | aP,P,
1 867.15  118320.8 aP,-P,
1 866.23  115443.3 aP, P,
0 868.87  115481.1 | | aP P
3 843,83  118508.8 aD,-x
0 800,04 124993.9 aD,~Py
0 799.14 128134.6 | aDy-P,
o 798.92 125168.8 an,-P,
0 707.86 141271.0 an,-4dPy
0 705.62  141720.1 aBy-44¥,
0 694.71  143944.9 ab,~4dD,
1 641.81 156810.0 aly-44P,
o 640.93  156023.7 a,-44P,
0 640,41  186149.9 a8,~44Py



int,

G M o oW M G oa B OB G W M G N T N OO o G BN O N

TABLE IV,

Unclassifisd 1lines of BII.

1.A.Mr

6142.33
5027.19
8011.6)
4779.08
4661.87
4549.58
4484.44
4431 .00
4340.29
4259.18
4267.39
4193.50
4185.90
4174.26

- 4173.97

3860.11
3831.37
3783.13
3678.11
3385.79
3371.87
3368.07
3386.40

19441.04
19886.30
19948.12
20918.65
21914.71
21874.01
23392.96
22561.98
23033.48
23472.28
23481.98
33839.78
23883.02
23949.67
23951.28
26898.68
26092.96
26428.66
27180.17
29526.76
29648.65
29682.10
29785.30



