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Analysis of the Spectrum of Neutral Atomic
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The spectrur: of the neutral bromine atom, Bri, hes been newly investigaied by using

elestrodeless discharga tubes ay light zources,

The oheervetions have led to & Lst of Wiy

lengths and estimated intemsities for 1253 spectral Uoes in the cange 1067 to 24100 &, The
number of known energy levels bas been increased to 125 even sand 128 odd levels, as compared

with the 27 gven and 33 add levels previowsly khown  All
48 ¢ na, wip, v, f electron configurations from ) (o~B93250

redicted energy levels of the
have baenr diseovered, Tha

observation® in the vacuumn uliraviclet establish thet the positions of all the levels Iying
above those of the ground Mnﬁglﬁatduu aa ghven in the sompilation Adomic Fnergy Levels
¥

Vol IT {1952{ ghould be insrease

6.7 K. ALl but 26 feint linea of Br1 have bean clussiflad.
A total of 67 levels haa been asodbed to the 4at

3 :[p"nj‘mn.ﬁgumﬁum. It is demonstrated that
the nf conBgyrations exhibit almoat pure pafr

coupling  The vary regular (Palnf151%um

perice ylelde for the princlpal ionization energy of Bri the value 352848 I

1. Inkreduction

It haa been part of the recent program of this
lahoratory to obtain improved deseriptione and
analysas of the first and second epectrn of the heavier
halogens, Work on the Brar and Cli epectra is
currently in progress, and the resulta for It and In
have already been published [1, 2].' It is the purpose
of the present paper to report the resalts for the first
spactrum of bromine, Bri.

Todine and bromine are very frequentiy used in
electrodeless metal-halide lamps [3] serving as Light
sources for the study of rare-earth and other metallic
SEBEH&. Since the spectrum of both the metal and
the halogen will appear when such a Jainp i excited,
it is eszential thet the usar have available 2 eompleta
and accurate description of the spectrum of the hal-

h in ordar to separate the halopen lines from those
of the metal under investigation.

The moat thorough study of Br 1 hitherto available
i3 that contained in the exeellent paper on the struc-
ture of the arc spectrum of bromine published 30
years ago by C. C. Kiess and T. L. de Bruin [4].
That paper gives, also, a summnary of the investiga-
tione of Bri carried out prior to 1930. The Bri
analysis by Eiess and de in appears with minor
revisions in the compilation f*Atomic Energy Levels"
(5], and when we re}:ar to the analysis given by thosze
anthors wa shall mean the form as presented in AEL.

The most sighificant ¢contributions ta the study of
Br 1 to appear eince 1930 are those by P. Lacrouts
[#], who studied the Zesman effect in this spestrum
snd made soms wavelenq%h measurements in the
Schumann region; and by Tolansky and Trivedi [7],

1 Fignres In beaakabs Indbtabg the diaratars ralargicey wt s aod, of vhis papoc.

who made a rather extensive study of hyperfine
structure (hfs) in Bri. In the course of the latters’
analysiz of the structure of 64 lines in the range
4390 to 8700 A it was found that a number of lines
axhibited his patterns that eoald not be satisfactorily
explained on the basis of the jnterpretation of thesa
lines a3 offered by Kiese and da Bruin. Without
Egiug into details, we merely atate that all the anona-
iea encountered by Tolansky and Trivedi have been
eliminated by the extended analysis of this spectrum
gnrr[?ﬂ in thedpreg?nt wnrk.ed . sl
is considerably improved analyeia resulta largel

from the u=e of mufe regn“;d &pparaTulz, phcl-t.ugrnphli
emulsienz, and light sources t ware Tormerly
available. The analysis rests chisfly on the 1035
gpecital lines that we have recorded for Bri by using
electrodeless djzchiprge sources in the photographic
sir region. In compariaon, Kiess and de Bruin's
line list comtained only 330 lines, which is reduced to
274 when the 56 lines lizted by them but net con-
firmed in our work ars rejacted.

The analysis of Br1 &3 given in AEL has undergone
a number of chanpes as & result of clues furnished by
the zreatly &Uﬁ!nﬂﬂtﬂd line list. These changes can
be summarized briefly a= follows;

MNumber
Even Odd
Oreiginad levels ________________________ 39 34
Yefeeted .. ___ . ____________________.__ 12 Lid
J or desigination changed_ . ... ___ 7 17
Total eeal . ___ 27 a3
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The new wavelengths hare permitted ue to find 122
even and 128 odd levels for Br 1 compared with the
27 even and 33 odd levels listed in AKL.

2, Wavelength Material -

{a) Vacuum region: We have observed the bro-

mine spectrum below 2000 E‘h}' uze of & vacoumn
spectrograph having as dispersing element a concave

sting of two-meter radive and ruled with 30,000
Elj-nes per inch directly on Pyrex. The plate factor
at the normal {1920 A) i= 4.24 E.,l'r;:m, and the plate-
kolder covers the range ¢ to 2570 A in the firat order.

The light source was an end-on glass discharge
tube having two side-arms set off by stopcocks and
containing reservoirs of bromine and iodine. The

i oe tubﬁ waa afﬁxedf t.uciihﬂ elit h:inuain of t]]:e
spectrograph by mesns of an O-ring seal, so that the

it up-:'.necr dirgcﬂy to the djﬂchm[‘ga. Tha hromine
vapor was retarded from entering the main spectro-
graph chamber by continuous pumping throvgh a
trap that entered the discharge tube just before the
alit. The bromine vafpnr presaure in the discharge,
excited in the field of 2450 Mefs radiation from a
microwave oscillator, was partly controlled by regun-
lating the temperature at the bromine reservoir.
Helium was al=o admitted into the discharge. The
auxiliary iodine reservoir was wsed io provide
standards [1} to supplement the impurity stendards
of bydrogen, helium, earbon, nitrogen, ax}rﬁ;‘r;, and
chlorine [8, 9], We used EK 10380 and
SWR plates and messured the 1000 to 1280 A region
in the second order and tha 1000 to 1850 A region
in the first order.

Table Al in the appendix lista the 124 spectral
linea in tha vacuam region that we have atiributed
to Br1i. The ohserved wavelengths in the first
colunn of this table represent the weighted means
of ooy two messurements in the sscond order for
the renge 1087 to 1120 A and of three or more
meagurements in the first and second orders for the

tange 1120 to 1633 A. We have also made nso of
measurements by W. C. Martin and C. H. Corlise
of certain bromine lines that ocenrred on their jodine
spectroglame,

The new wavelengthe have made it possible
te estehlish the ground Brt energy separation
4?’ M—Pl a8 3685.2 K with an estimated error
of £0.2 E? BSines none of the hizher Br 1 energy
levala make transitions to the ground term that yield
lines in the air region, it iz necessary to fix the
energies of these higher levels with respect to the
ground “Fg; level by use of the vacuum observations
cnly. Our new vacuum wavelengths establish the
ahsolute positions of sll levels above the ground
level to an estimated accuracy of +0.3 K and require
that the corresponding valves for Bri levels jo
AEL be increased by 6.7 K.

3 Throughout thie ?apcr e e Lhe Db kay e, Witk sprubal K, for the amit
of weve numker omel,

Since the relative positions of the higher Br1 levels
have bean accurately fixed by obeervations in the air
TEgIOD, We Can cn.lcu?la.t.e tha ﬁr_: lines in the vacuum
region on an accurate and uniform scale once wa have
made the an connection between the pround and
excifed levels through our measured vacunm wave-
lengths. Thesa calculated wavelongths sre ziven in
colomn 2 of tabla Al; thay apres t0 a hetfer extent
with the messured wavelengthe over the entire tange

than to the +0.01 & we would have ventured to
estimate solely on the basis of examipsation of the
agreement of wavelengthe derived from tha differant
axpoaured, snd eapecially in recopnition of the inade-
quate standarda in certain parts of Lthe region,

{b) Air region: A preliminary list of Brr wave-
lengths in the phomgra hic air region was piven
earlier by Tech and Corlise [10]. e wil find in
that paper & thorough descripiion of the e
pracedure pnd the preparstion of the li
which we summarize briefly.

Workers have encountered in the past two major
difficulties in obtnining a light source suitable for the
inwvestigation of the bromine spactrum: i) bromine is
g0 chemically active a material that it attacks hot
interoal electrodes; and (i3} water vapor in the bro-
mine #ausez the appearance of troublesome exiTane-
oug hands. Both these difficultics were elitninated
in the present work by wsing electrodeless discharge
lamps, excited by a Eaytheon Microtherm microwave
penerator at 24450 Mefs.  For our firat series of cheer-
vations, we used lamps containing BeBr;, but for the
maore recent series we used lamps eontaining pure
bromine vapor st g pressyra of the order of severa!
millimeters of mercury sod dried by means of several
passes through P:0; s deeeribed in [10]. The
abgence of water vapor in our lamps is attestad to by
figure (1), displaying the bromine spectrum in the
yieinity of Ho (8363 A). It will be noticed that Hea
does not aﬁpeur at all in the bromine exposure. On
the other hand, this fizure shows clearly the highly
cbjectionable Bry background that occors on speetro-
grams of long exposure and that radaces the effective
resolving power. Furthermore, the presence of such
hands often makes it difficult to decide whather
certain faint lines sare of atomie or molecular origin.

The =pectrograms wers made in tha first and,
wherever possible, second orders with concave grat-
ings having 7,500, 15,000, and 30,000, linea per inch,
and mounted i parallel light (Wadsworth mounting},
giving first order plate factors of 10, 5, and 2.4 Ajmm
respectively. the spactrograms bore axpoaures
to an alectrodeless lamp eontaining thorium or iron,
orf 0 the iron are, to gerve a2 secondary standards in
the determination of the bromine wavelengths. The
plates were reduced aither by linear interpolation and
& <orrcction curve, or by putting the micrometer
resdings of the lines onh punched cards and earrying
out the reduction by use of an IBM 704 computer,
which adjusted sll wavelengths to fit & fourth degree
efquation determined by least squares.

Table A2 containg the wavelengths, intensities,
wave numbers, and clazsifications of 1035 Br 1 lines

erimental
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meaEured wl=o on the infrared recordines deseribed
m the next seetion.  For cornparison; Che mtensities
dirived from these recordings are listed 1m0 paren-
I'-'-Hlll.'.'i'L: I||:- 1||!|n|||'_'|'.|||]|iz il|||"|.—~;I|i|;':- [
these lines in tabls A2 Tl sxinbol (m) indieates
that the hne rinskind on the revorder elinrts
l.'i||||'| |I_I. i -llll'l-ellll!'ll ]illl' or |.i_'|.' 19 |rt'-l.l|:i||r' |i|ll.‘ '|:l|.
anet Lo oo

Fable A2 ineorporstes seversl Binprovenents over
o parlier L=t of \‘-1h'~'i'|l"l!|:;'|ll-. Additionul L'll]l'lf']]il'
hnes wers deleted by consulting the  unpublished
clilorme line list of Corliss,  Cldovine aceounted [or
nearly all fhe il|||r|||"|ll1. hnes found o o B L=
EFFIITIS Furthermore, spveral Taint lines, moasuard

||||.'-'i"\

Wik

only onee; especnlly in the regton 4725 to 45825 A
Favie been ascribed to Bry retnovied from Lhe
lst. The line at 435543 A has been atirthuted Lo
[Ty sind |lr'll|r:l|r.r_'. arprimted o the senttered lielt
entering the shit {rom Hyoreseent iflominetion in
UL SOUFeE o0l
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il
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TABLE L. Waeernsmberd and indeneitics of selected mulliplets obaerned fu the radigmetric region
44 4 4
Frs 1B 1Fys F,; g T Dy, Dy Dy N
BOSST. 01 BIOBL. 10 HLGTZ 28 H1S4e 02 Todg, 50 To2e00 01 708300 67 800, 40 #1429, 97
Sp
1Py {18} 1] [464) {138)
74872 32 G408 T8 _— —_ 4372 18 4585 60 J068 &5
P {33) {206) {3ad) {132} {219}
Ta000. 13 6663, 15 e 42581, 78 4621. 54 BONT. 27 G420, B4
1Py ¢ 250] {407 (&0
T3314. 00 G028 (2 4212 90 5815 97
5 -
751.::1[*?”541 '{uss. 1}1 5;549? }ﬂﬂ m{:?tf}?s 3" 2y, i’ *Hy
. 2]
T {500 { L8007 RR3EA B4 SRT23 0B
75097 05 5384, 05 5875, 23 —
1Dy (500 (263}
76743 08 4000 20 GOEs. 94 5p’ 1D, (547) {266 B
THF1L. GO 4847, 24 0211 4%
Sp' DG, {452}
TEGTE. B8R 544, 42

Corona, and by E. . Tidwell st the Bureau. In
both Iaboratories electrodelezs discharge lamps,
containing pure bromine and excited by 2450
megacycls microwsve diathermy units, served as
light source. The records mﬂ.c-{]:‘. at Corona were
uﬁta.inad by scanning the spectrum with the high-
reanlution grating spectrometer designed and built
at the National Bureau of Standeards. Thia appara-
tus has been described by Humphrey= and Kostkow-
gki [11]. The bromine wavelengths were measured
ot these records by linear interpolation beiween
krypton standards that were introduced by reflection
from back of the warious filters usad to sort out the
higher order bromine lines. This procedure does
not yield the most precise wavelengths, bot it was
antirely satisfactory for our purposes. For nearly
all Lines, the departure of the measured wavelengths
from those caleulnted by the combination principle

was less than 1 &, Al lines (except 19317 A and
21003 A) of intensity 40 and above in the region

heyond 19000 A were also measured on the tracings
made by Tidwell, who used the infrared spec-
trometer at NBS,  These wavelengths could be meas-
ured with precision by interpolation between the
white-light fringes of & Fabry-Porot interferometer
that were recorded simultensously with the bromine
spectrum. 'This technique, as well a3 the apec-
trometer apparatus, has beon described by Tlyler,
Blaine, and Tidwell [12]. ) j
With the exception of a single chlorine [line?
every line estahlished from these records can be
clazsified as a transition between Bri levels whose

FIRM.L A, This % the auly ImMpUElEy dime foond om the teaeimgs L naciered
with fmlenclty 1 on giir gele.  Aaoordlng to bhe recent work of Rumploeys and
Taual {171, 1L {5 L feonidd] strempest 1 Line 1n the reglon Aodied.  TTe strongest

1 bue, &t 15580,7 &, was masked by 2 Brline of spolher prder

values have heen accurately detertnined from ohzer-
vations in the photographic sir a}"gfion. Precise ..
wavelengthe for these lines can therefore be caleu-
inted by uze of the combination prineple. It is
thess c&{m]ated wavalengths that arc listed in table
A3, which includes four lines shove 12000 A that
wera also observed photographically.

The relative intsneities grven in the ascond eolumn
of this table express, in tenths of an inch, the heights
of the recordegr line profiles ahove the continuyum.
One of the tracings furnished by Humphreya was-.
selected Lo provide the standard scale to wlich the
ntenzities of lines measured on other trucings would
he referrsd. As the spectrum was being scanned,
hines of intenaity greater than 35 were atienuated by
manyal adjustment of & resigtance networl intro-
duced in the input of the amplifier. The measured
heights of these lines wera multiplied by the known |
attenuastion factors corresponding to the wvarious -
registance box dial sELtiufgs. Since the amplifier is |
linear within the limits of ipading, and the response
of the detactor is almost flat within the range covered, -
the relative intensities are coneidered to be very
reliahle over intervuls of several hundred angstroma,
but not over the entire region covered, inasmuch as
no correction was mada for the spectral response of -
the detector or angular distribution of energy from
the grating. ’

In table 1 are displayed the wave numbers wod in-
tensities (in porentheass) of certain important
multiplets observed m the radiometric region. Ob- .
gorved omltiplets that helped to establish the im-

ortant (*Pi6s 'P levels are shown in table 2. In-

o1h theso tahles, transitions allowed hy the selection
rules, but unebeerved, are indicated by horizontal-*
bars.
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TabLE 2. Home cdaerved mulidplely ineolving the Ga 1P levelfs
o
1P 1Py P
AlRe 17 22881 5T RA5TH O
ap Py {17007 2
74872, 32 ThE3. 85 THEY. 25
1P ! {750} (1107 { SO )
Too 13 T2V 04 TES2. 44 10567, BD
P { 138}
TG4, 00 | 6847, 57 e
D | (1250)
78521 50 6714, &7
v {1300}
THEUT, 05 _ ad82. 52
Al { 10ko )=
78743 (A —_— —_— HEIZ. 35
) LM (84)
THEES, 72 6711, 21
Sp 18 {24}
THITE 33 B34S, G0

* These two lnes were obacrved photographically

3. Term Siructure of Brl

The unexcited state of the neuntral bromine atom
is chrracterized by the elactron confizuration 4 4%
which vields an invertad *P term of odd parity.
From the vacuum ultraviolet observations discussad
above, the position of 4¢8Mp"P): is found to he
3685 f{, relative to ‘P;. taken ag zero. The dedpt
configuration gives one even level, '8,., while all

energies of the 4p* core dominate the structure of
tha Br 1 lavels, ith just & few exceptions the ¢o-
ordination of Bri levells to specific components of
the limiting 4p* terms is uwnambiguous. When dis-
csugsing Bra Ievels m text, this [imit 1= stated ex-
plicitly. However, in our tables of observed lines,
the levels involved in the classification of the lines
are written it an sbbrevisted notation, which affixes
na prime, ona prime, und two primes to the symbeol
for &-value to designate that the level is based on the
P, 1, and R, ga:rent, respectively. For levely
Ppasad oo Dy and '3, the parent is stated explicitly.

The positicns of the Br o 4p* levels have been
accurately determined by Martin and Tech [14], wheo
established the 4p'3F;, , levels from new observe-
tions of the vacyum uoltraviolet spectrum and the
Iy, and '8y lavels from observations in the air region
of tha “forbidden™ mapnetic diPo]e: transitions,
47 P —4p* 'D: mnd 4p* *P,—43* 15,. Since the
distribution of these parent levels manifests itself in
the siructure of all the Br 1 configurations, the posi-
tions of the ohserved parent levels are repeated here
in tabla 4, together with = slightly different fit to
intermediate coupling theory from that given
entlier.

The spin-orbit interaction energies in the d4pt
configuration may be obiainad by mveminﬂ o
sign of §, in the matrices for p* given in The Theory

Haerped and colcufoled poefion: for the ensrgy
tevele of the 4p! comfipwralion in Br

Emargbes ond wonpline powrnmalers pr dobel En Loyt

TaBLE 4.

other known Bri levels arize from excited configura- o
tions of the type 45 45' af, where { stends for the Level | Crbserved (b, -Cale, Obe.-Cale.
letters 2, p, o, f indicating the orbital angular | Bosition
momentum guantum owmber, and 1 is the principal — _—
quantum nwinber, It is convenient to refer to Fye= 1600 F,=1898.1
4+ 43t nl configurations simply as ol confizurations. Fap= 2804 Tip=2TR5.0
The terms that are expected theoreticelly for each
of these configurations are displayad in table 3, P 0.0 o 0
built in the L% scheme. The sf levels are based on, P 3136 4 +6 +13
and can be derived from, the parent B, "D, and 1P, 3R57.5 —18 —14
IS, terms of the 4p® configuration of the jon, Brt, Th | 120891 ~11] —153
The obzerved distribution of the levels in each of the "% STH67.1 +113 0
Br: al configurations indicates that the coupling
TasLE 3. Fredicied terses of Br

Configurativn Predicted terms

44 4 pe

4s dp* H

13 nE nd ~f iy
axh #>5 w4 ‘ azd ; L)
| |
P i ks WP HOFGY™ «(FGH

sripima |\ HSRDYE | BB HDFG ‘ R

45 4pH D nd ) P LF® IHPLRG) HPDFGH | #DFGHI
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TapLE 5. Chdd
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of Atomic Spectra [15, p. 268]. The diagonal alac-
trostatic energies to be added aret

P BFg—lﬁFg
Iy 4F,— 9F,
5 EFU

1

where Fy=F,{ip, 4p) and Fg=25 Fi4p, 4p3. The

choice of coupling parasmeters in the previous cul-
culation of the distribution of Br 11 4p* levels [14]
resulted in the fit shown in the third ecolumn of
tabla 4. Sinca these diacre}.gra.nciee reappear to somg
extent i the enleulation of Br 1 4552 levels presented
helow, it has seemed worthwhile to recalculate the
parents in order to demonatrate that, with just a
small change in parsmeters, the calenlation of Br 11
475% '8, ecan be improved without appreciably sifecting
the fit for the ?P.,,; levels. The new fit, shown in
the last eolumn of table 4, is a strict least aquares fit,
to the four levels other than Dy, It otz the
total energy spread of the configuration exactly, and
emphesizes that the larger diserepancy for 4p*'Dy,
may actually be due to a perturbation by a higher
level, mince the discrepancy is in the right direetion.

Tables 5 and 6 contain all the enargy levals of the
neniral bromine atom that we bave been able to
find by using the new wavelengths. The tables are
arrahged 50 as to display clearly the lavel parentage,
configaration, and series. For each level are given
the ene {E) relative to 43* *P5, token as zern,
the absolute snergy wvalus (17 meazured from the
principal ionization limit, ie., from Bri 4p 7P,
and the effective quantum number Ifﬂ-‘a' caleulated
according to #*=+(R/T), where B is the Rydberp
constant for bromine, 109736.56 K. The designa-
tions of the lavals, usually in both the LS scheme
and ths J{ scheme, sre given just to the left of the
firet member of each geries and hold for all other
levels of the =eties. In all except the nf configura-
tiong one might say that the coupling is “midway
between' the LS, J.7, and JI coupling schemes.
The almost pure pair-coupling in the nf configura-
tions permita positive assignment of J.f symbols to
the nf levels. All other levels are consistenty
referred to in terms of the adopted L8 symbaols, for
reasons of tradition, of the peneral familiarity of
this notation, and of the lucﬁ of any really satis-
factory solution to the vexing problem of notation
for intermediata couplings.

Figure 2 shows the distribution of ns, ap, ad, af
levela through =9 The amall horizontal bars in
edch nd column represent the position of one or mare
levels. The scale of the diagram does not allow an
individual representation for ench level. The werti-
cal] lines in anch column separate groupe of levels
haviog different parents, the lowest gmli;:- of levels
m each colurwmm being bascd on the (*F;) parent.
it should be remembered that when & level group
appears to he intersected by & vertical line (by virtuo

1 Thokn tlertmstatie qxﬁrﬂtﬂlnus difter by 8 constant amwoont brom those Fiven
mp. lﬁgl'l'iﬂ. which ore oot milrely correct. Ses fralnote oo paga 102 of
ULq-l. 2 \
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Fraure 2. The dittribuicon of Br1 energy lewels for n=4 io
=42, a8 dincuascd in fha fexf,

of boing met from above and from below by sueh &
ling], then there 1= s change of parent m either
ﬁ(‘;ing to the next higher or the next lower ﬁruu .

e separation of the level groups for each nl clear
reflects tha en differcnices of the ﬂparent limite
shown by the dashaed lines in the fgure. Thus
except. for absolute energy position, the lavels of
many af sets have the saine :Ippearance in this figure:
threa pgroups of levals held apart by the parent
differences. Thia “building-tlock™ character 12 well
obaerved at 4f, 5f, 63, and 7s, for example, and can
be expocted to bold st all high m.  The dotted level
0sitiona represent somea pre?licted, but unoheerved,
evels based on Py o). It is seen that the only un-
ohazrved levels based on parenta other than (FF.)
and lying below the {(*F,) hmit are those of (*F) 8p,
£Pa7d, and (*Fi}8s. The other dotted positions
fall above the (P limit, and the atoma excited to
thesa levels can be expected to autoionize.

1t i= conveniont st this peint to diacusz the extent
to which significance may he attached to the symbols
used in thiz paper to deseribe the enargy lavels.
The IS5 symbols are based on an examination
of the intepnsities in the transition arrays, with
aymbols being sssigned in such a way that the
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intensity relations most nearly conform to the wall-
known LS rules, The arrays used were those
containing lavals of low principsl quantum nymber s,
the assignments being retainad Jung geries without
regard to intensities. LS symbols aasighed to levels
in this way will not necessarily survivae if the netyal
energy mairices in the L8 scﬁema ara diagonalized
wnd the eigenvectors found, because when the
coupling strongly departs from the L8 =chpmne, the
mmtenszities then hein verned mora by, say, the
Jd rules, the L5 symbwols to which one is led depend
more oo Wf; and K end will not with as=urance
correspond to the mejor L5 contribution to the
composition of the levels. A preliminary rough
diagonalization of the Bri1 5p ehergy matrnces sug-
eeats, for axample, that the © cmtnge-methc:ﬁ’
would require the (*Pyjsp*Di. and $P56p°Dis
lavels to have their designations interchanged,
wheress the intengities would not suggest this. 1n
any case, the departure from L5 coupling is 20 great
that L and & ara not quantum nombers any-
way, making mesningless any involved procedurs
for naming the levels. In the abs:nca of reliable
eigenvectors, the “intensity-method” seems to be
the nost attractive. The »p LS assignments in
Brr turn out to correspond exmctly to thosa in Fi1
[16], but are quite different from those adopted for
the 't np levels by Kiess and Clorlise [1], who assipned
L8 symbols by {orming a ona-to-one hest correspond-
ence of Landé gfactors to observed g-factors. For
gmall departures from pure LS coupling, all three
methoda sheuld result in the same desipnations,
Ideally, one should bke to designate ohserved
levels in the notation of the cou %ing scheme in
which the energy matrices are already most diagonal,
that is, in which there is the least nondiagonal
contribution te the energies (eigenvalues). In this
sense, the Br i af confizurations are very nearly
pair-coupled, and J{ symbols should certainly be
usged Far the #f levels. %ﬂr the sake of consistency,
J4 eyinbols have also been assipned to the other
Br 1 levels, as alternatives to the LS symbols.  This
ig justifiable ot the grounds that for mg the choice
of ./ or JJ 3 notation is arbitrary owing to the identity
of the matrices built in the two schemes, while for
? and #nd the notation could be equally well .7 or
f since the coupling iz intermediate., In these
cases only exact caleulation would allow us to decide
in favor of one or the other scheme, and this woald
gtill be difficult for »d because of the eizenble per-
turbatiens that afflict the nd confipurations. The
JJ4 designationa for the Bri ap levels have been
chosen on the bagis of approximate caleulationa by
using the diagonal JJ{ energy expressioms.  Diagonal
expressions are lesz valid for ad, so that only general
considerations of level poeitions ecould be mvoked
inn the aseipnment of JJf notation, the primary am-
hasie being placed on tha intensities of {3ggj4rf—
?’Pg}?::,f transitions for the (*P;}4d designations and
6p—1d, 5p—5d transitions for the other nd designations.
The mainfeaturezof JJI coupling and the theoretical
treatrnent of electronic configurations exhibiting this
type of coupling ara discussed st length by Minn-
hagen [17]in his fine paper on Ar 1. he Lheoretical

treatment is based uapon the penersl formulas of
Mller [18], who calenlated the 4 matrices of elec-
troztatic encrgy in the JJ scheme. The correspond-
ing matrices of spin-orbit interaction have rocently
been provided by Edlién and appear in the appendix
of reference [19].

A pair-, or J{ coupled cenfipuration iz character-
ized by (i) a Jomination by the core coupling energies,
and gi} an electrostatic interaction of the outer
clectron with the core that is stronger thean the spin
coupling of this elactron. The second requiretnent
means, w1 Lhe case of the -lgnl confizurations of
Bri, that the contribution of 3% \ to the level
energies muat be greater than that-of £, and tha
G*{dp, nf). The notation used for 4 level in a pair-
poupled configuration 12 that suggested by Racah
[20], in which the level ia designated as { }nd [K];,
where the parent is placed in the parenthesea, and
where K, the mtermediste gquantum number, 19 the
quantized resultant of the coupling of the total
angular momentum J, of the ent ion with the
orbital angular momentumn of the external electron.
The coupling of K with the spin of this aleciron
rives the J-value of the level, Each K-valua thus
188 two J-valuea associated with it, J=K+%. For
Br 1, J. can take the values 2, 2, 1, 0, and 0, corre-
sponding to the five levels of the u]gmund cottfiguration
4p*in theion. 'The selection rules governing electrie
dipole transitions between JZ couplad levels are

AJ,=0: AK=0,+1; Al==+1; and AJ=0, +1.

The last two are, of course, independant of ecoupling,
but the first two are essily violated when departures
frotn pure pair coupling occur, hecause the energy
matrices are not diagone] in J, or K

Owing to the departures in Bri fromn aoy pure
coupling scleme, the single level eigenfunctions of
any suui scheme aro mixed. L, 8, J,, and X are not
very pood quantum numbers, and the only restric-
Tzi‘::}ng oh trahsitions seem to he those on parity and

4, Ionizaotion Limits

A very sharp determinstion of the principal
ionization limit of the neuiral bromine atom is
possible now that the (Py)r 5-5]?,;, series has bean
observed. This series is found not only empirically
to provide the beat value for the limit; it 12 al=o the
seTles one Mmipht expeet on theoretieal grounde to
provide such a best yalue, The theoretical eriterlon
onn should use in the selection of the laast perturhed
series for the limit determination is that tha effect of
nondiagonal matrix elemnents connecting the levels
to other levels of comameon { and JJ value shall be very
small or zero. In peneral, this criterion resiricts
congideration to serirs of levels with high { and J
values,

Sinee no level with J=11/2 can cecur in the np
configurations, there will be no perturbation of the
(P lnf[5s semes by levels of 1those configurations.
Indeed, the only nondiagonal element that makes o
connection to this series is the §y, element between
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G5l and ({D3)[5]5:/:, but the latier nf ssries is
well above the (*F;) ionization limit, the lowest
member of the series, (1D,}4_£ 5], being already
mora than 5000 K abova the (0P} limit.

The aciusl determination of the limit from the
(*Py)nf15lhz series has been cwrried out praphically.
The enective (principal) quanturm number, 2%, of &
series member 18 defined by the relation T=K/(a*)*
where 7' is tha position of the lavel messured from
the series limit end & 13 the Rydberg constant, which
for hremine equals 10973656 K. I the series is
Ritzian, then n*=n—a— 87", whero n 8 the running

rincipel quantum pumber and « and f ara constants
or & given series. The position of the series limit is
taken sae that value for which the plot of {(n—a%)
versus T, 3‘iclds the best struight line, The guantit
{(n—n*) definea the quantum defect, d=o1aT,.
In practice it is usually more convenient to plot T,
against ((*—4), whers ' i3 some intoger for the geries
guch that {(£™—3&) is the part of #* to the right of the

ecimal.

Fi 3 showsa that a very nearly straight line
reaufta if tha 4p'(*P,) limit is taken to be §5284 80 K
above the 4p° P, und level of Bri The
vertical lines through the points represent the devia-
tion of {1—4) resulting from a change in the limit of
+0.10 K. Ii the adopted series limit is reduced by
only one kayset, we obtain the unsstisfaciory and
unreasonabls behavior of this series depicted by iho
second plot in figurs 3.

With the adopted FP=95284 80 K, we have made
& least squares caleulation of the constants o and £
by using ihe first five series members. How well
these constants reproduce the series members can
be seen from table 7. The position of (*P)of[5k .
would hava to be raised by 0.0%4 K in order to bring
its Foint in fignre 3 onto the hne. Thies is cereinly
within the experiinental error, sinea the lovel has
bean established on the basia of two messuremen
of 5 wide, hazy line at 7405.46 A. A change of 0.05

LE: [N

Hah -

oA |-

o

- ah —=

AR -

P80 T

amn L .
b WO M P WK S gng

T—

Fiaure 3. The (PAnf[bl, rerics pletied for itwo diferent
vfues af the Tt

o K

‘The nppar cnres renulls fam the valire of Lbe Br[ Hnieatkm po-
Lellisl by pnty 100 K ey b vehua adopted tor Br b on the hasks of the et
blat, The vertical bar io the ewer plot showr tbe eddact on (1= of & change of
o= 1,1 K in tha limit,
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in thie wavelength would bring the corresponding
leval into line,

The value of 95254.50 K for the Eri.ncipal ioniza~
tion en iz well rupported by other series. The
(5P nf5]c,q series givea an identical lmit, although
the pownt for 9 in fails about 0.1 K below the
line, and again the spectral line fitahliahjng the
level iz wide and faint (778344 A). With this
limit, the plots of the higher members of the (*P.)nd
'Fuon ond (CPinp *DSg series are also very nearly
linear, while the greater deviation from linearity in
tha first {ew members of each of these series 13 n
result of the ehanging eoupling conditione along the
series. -

Tagre 7. Oheerved Bri (CPInl[Sk.s series  membersT oom-
pared wilh positions calowlated by wse of the Ritr formple

P
B U BREN NT
Config Observed Cale, Obs.~cale.

1if 58392 15 28302, 18 —0, 0L
af ORT3, VO HORTE, 70 (00
i 92203 T4 QoEel T3 +0 01
Fi 13036, 05 3036, 07 +10. 01
af Q3563 7Y L3585, 78 -1
173 93025 35 3026, 44 —0 0%

[t mnay be g:-u'ml;nd out that, slthough the apparent
depression of {*Po)97[6)5- and (*P)9fli)iz iz within
tha axperimental uncertainty, the depression of these
levele might more interestingly be a result of an
infer-ionic Stark cffect. The conditions at 9f are
l'iﬁhe for such an effeet, and the character of the
obssrved lines from these levele are certainly sugges-
tive of Stark brnadunin% Such an interpretation
is strengthened by the fact that tha line=s {(*P;)4d
Fyp-CP 7[5z snd CP4d ‘Fru-CPa 7158, 25
well as 9 out of 13 of the obeerved (E’Pz}‘i{f—-(gf':}ﬂf
lines have been recorded #s hazy or wide. The
regularity of the (*Frufl5ls . series used to deter-
mine the jonization limit leaves no douht, however,
that the determination is an excellent ohe, accurate
to probably £0.15 K ralative to the levels used in
tha determination, even allowing a small Stark
effect on the n=7, B members. Such osn effect
wonld have no more influence than the normal
Bx?a'iment-ﬁl errar on tha limit determination,

t seems reasonsbie therefore to adopt 953848
= 0.5 K as the position of Br 114 p**P; abova the ground
lovel of Br 1. Wa bhave inclyded in the sta erTor
the eatimmiod accur&c%uf the eheolute positions
of the higher levels. ith the cooversion factor
123953 10-% ev/K as adopted in AEL, we ohtein
11.811 ev for the principal ionization energy of Br 1.
Ii wa vse & more recent; value [25] for the conversion
factor, 8066.03 +0.14 K/ev, we obtain 11.8131
4+ 00003 ev for this toniration energy.

Although several Bri seriez having three meinbers
and based on the higher P:,) are koown, nonae of
themn is ynperturbed. More aceurate valees for the
positions of the hizhor linits eah be found by com-




bining the above (*P;) limit with the positions of the
Brior 4ot levels ap given by Martin and Tech [14].
It i= estimated that these Br 1 levels are aceurnte to
+0.5K. The five limits are then as follows:

{*F,} : 95284.8
(P} : 98421.2
2P o 001223

CDq) ;1073738
{15, : 1231519

These ore the limits that were used in the caleulationa
of n* [or the Br1 levels,

The (P himit found in this investigation is 265 K
lower than that given in AEL, Vol. II. Tt 1= note-
worthy that Cataldn and Rico predicted » value of
95300 K for thiz limit on the basis of their study of
the Ga1— Rk 1 scquence [21].

8. Lewvels of Even Farity

{(a) dp*ns: Except for (*Fy) 8a7Fy, which is caleu-
lated to fall around 94650 K, every (*Pins lovel
through Lls that is predieted to lie below the PP}
limit is now known. The {*F)5: group and the fwo
{*P)7% levels wera kmown before, ith the excep-
tion of (*Pi8s*Py,, assigned to the 6d confizuration
in AEL. all ather ns levels are new. Tha (FP)7s
E?a,lg, 155 laveols listed in AEL ara E]]UI'iDIJE‘

The moet important of the new (*Plns lovels are
those belonging to (P)6s.  The strongest lines from
these levels fa]l in the lead-sulfide and vacunin
regions, but it has been pessible to determine ull the
levels accurately from weaker lines observed in the
photographic sir region. Cataldn and Rico [21],
who made & graphiesl =ztudy of the (Ga1—Rb1 sc-
quence by mesns of term values and the constants
e and g appearing i lhe expression defining the
quantum dafect, predicted the Enaitiﬂns of the thon
unknown  (IP6e*P.. and  (BF06e*F,, levels as
52300 K and 35648 K, respectively, which are
remarkably close to their oheervad positions 82238 K
and 85436 K. Clataldn and Rico alse cam: to the
conclysion that P58 7P, at 67184 H was consider-
ably perturbed, it= ‘‘unperfurbed” poaition being
a7ord K. However, the reaults of ecrtain calenla-
tions, presented helow, do not enpport sich a con-
clusion, Tt seems that the differing eoupling con-
ditions in the elementes of the gequence stedied by
Catalén and Rice are responsible for the sppearance
that the 67184 level waa perturbed.

In both the 53 and 62 configurations the D term
based on the (T} parent [alls below the (PP} Homiat.
The Lerm beloneging to 55 is discussed below. The
(*D,)65 {Dy g level, 84470.7 K, has baen established on
the basts of only one line, identified as 4p° POy —
(\D;)164?D; ., at 1101488 A in the vacuum ultra-
wiolet. This line was long regarded by us as belong-
ing to Brn, bui ite intensity and the fact that it
estahlishes the (D66 Dy level within just o few
kayaars of ita pradicted position (table 11), make us

believe that our identification i= alinost certanly
correct.  One then wonders whether the anclassified
line at 5139 A might not he (3Py5p *Pi.—{'D;)bs
Dy, placing the lutter Jovel ut 9446097 ﬁ

The only ne configuretion in which the 35, loval
based on the S parent falls below the (°F;) parant
iz 5z. The results of caleolations presented below
give~01040 K for the position of ("Su)8sz 35y,. There
are three eligihle levels in this vicini% that hava
J=1/2, at 91691, 91524, and 91928 {For in-
tensty roasons end on the basis of caleplations, the
lavel &t 32000 K hns been nssigned to {*Ppi¥s iPH.}
Sinee the S1938 level ees g0 well with the pre-
dicted position, we have interpreted this level as the
{15;)52 35y,  The other two lavels have heen assigned
to the ("F;}7d configuration. It is felt that this
iuterpretation of the two lowoer levele also leads to
the most coneistent ad series.  An obscrved g-factor
far the level at 91938 K will he required in order
convinee wus that this interpretation is correct,
howover,

Tha {*Pi5z levels wera sll known before, but &
curious circumetance led Kicss and d2 Bruin to adopt
incorrect (1D; 805 and (D 'Syhp levels. This
caysed some confusion in the praparation of AEL
about the correct order of the (*I}.) and ("Sq} limita
in Br11. The §# levels in quesiion, adjusted to our
energy acala, are:

This wark | :

Ref. [1]
(D) Dy i;.'sssm. 3} 77330 8
8.2 | (418 3 _
(T #Dhyye THOOR K | 77312 8 a=14222 K
{8,) 91938 0 | 75008 8

It is seen Lhat Kiess and d= Bruin’s 35, 5 level is real
and corrcaponds to owr Ty, Although theie D
term iz inverted with Teapeet to ours, 1t ﬁﬂs the rame
separation, 18.2 K. This led to a qualitatively
correcl interpretation of many lines in Kiess and
da Bruin's work, avzn thuu%h orost of their (D) 54,5 P
levels ara spurious. Both lavels of their ("Sy)5p ‘P
term are real but are actually based on the *P parent.
Sinee Kiess and de Broin eatablished the ('ngﬁlg
levels on the basis of strong lines having the 182
separation of their spurions {'I);) 5z lavals, all {axcapt
Py} of their (13,160 levels are spurious as wall, and
ere all {cxcept Py raimed above real levels by an
amoun} corresponding to the difference 4A=14222 K.
The resson that this fortuitous system conld have
gppeared 0 convincing—the trencition array is dis-
played in rcfercnes {%T—is that Br1 i= & prime
axample of & spectrum in which chance numerical
relationehips occur among the lovels and give sup-
port to gross exrors in the anelyme. It ig through
guch relationships that additicnsl crrers ean casily
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be generated; in this case they alsc account for some
of the incorrect J-values given by Kiess snd de
Bryin §

Tha energy levels of the Br 1 4p*se confipuration
heve been celenlated by diagonalizing the second-
order energy matrices built in the LS scheme. The
matrices of spin-orbit interaction sre obtained fron
those of 322 on page 268 of TAS by reversing the sign
of the spin-orbit integral associsted with the core,
{s. The diagonal electrostatic energies to be ndded
to the apin-orbit matrices are as follows:

lP . F[."- ].-51'12"'301

P - Fu—lﬁFg
G 1] .‘Fp_gF_a_?G|
o FQFEGJ

where  Fy=(1/25)F'(dp, ap), G,=(1/H{'(4p, 59,
and Fo=6F.{4p, 4p) L 4Fy{dp, 5s).

In the first diagonalization we edopted the values
fip 20d ¥y found above for the 4p* confipuration of

arent levels, In order to comnpensate approximalely
or tha discrepancy in tha calenlated position of the
'D:) parent, we have added an electrostatic correc-
fion term €=—150 K to the disgonal energy ex-
ression above for the ‘D term, built on {'I;). A
cast sguares fit, holding ' constant, was then made
to the Ss-levelz other than Mgy e, gince this term is
known to be porturbed. The calevlation yielded

UThe difeuliy rests m the fnet Tl Lhree pdes of weal ol kevels [n Bl bave
almaodt the same separallon, gl de the mhoce difference & T are

VP 7 p A Do pm ST 2 — (PP BRI G 1222 K
{EB% ir?siji—% u:]ﬁpﬁ. S0 Tt I K
¥Potian EFTon RS0 i (e Y0y BAFD 4w 14T 5 B

Owlng to b mppeprancs of the 884834 kevel in bwo of the pairs, the line ak 7950,

A faliy at B"m" 1o Kiowe ard de Broin's system, 5 that {Logh] e, aoi
Imleed g, ¢ twhea by them. The cotire puzzk B codopoymiben by Ehy
fnst thet Lbe real paies ﬁfhﬂg,

iFn)5a AF 10 GABRLE— (TP )5 3Ty 7150 8o 17306 B
FFAp T SR 0 — (1D #F o GTONL 2 ITRAA B,

twe pepATLtione Almost el by Ae 1A T pided te the sepavation
Clodp YD g A — (250 E 100 SR04 =—F04 .0,

(3,=733.8. The resulta of the fit are given in tahle 8
and show that the *D} levels have apparently been
pushed down by about 300 K. It is for this rerson
that any attempt to determine physieally meaningful
Farmnetem from the diagonal=um rule necemarily
eads to failure. Tn fuet, this method yields an
imaginnry value for {4, and & negative G,.

In order to obtain better eigenvectors for & calcu-
Istion of g-faectors, wo attempted to improve the
paramatric representation of the 52 levels by making
# striet lenat srhumea fit to the levels other than
Dz a4z and by allowing all parameters {except €1 to
viry. The main cffect on the parameters waa a
reduction of the volue of ;. The fit is shown in
tabls 3. By means of the eizenfupetion expansion
cocflicients (tabla 9} obtained m thiz calculation, the
theoretical gfactors can be calculated. These are
compared in table 10 with the obsarved g-factors.
The g-factors for these 5s levels are derived from
messurgments of the Zeeman patterne we obtained
hy exposing to an alectrodeless lamp placed in a
field of about 37000 oerateds. Since our exposure
times wers not long for these preliminary exposures,
cmlf' the stronger Brt lines wore recorded. Thesa
iocluded most of tha lines in the 5:—5p teansition
array, however. Alo averaped with our own mess-
urements were valuez generously furnished ws by
W. F. Meggers, who had measured some Br
Zeeman patterns occurring on his ytterbivm apectro-
grams. The final observed g-factors should be
accurate to better than 0.015. The agreement
between observed and caleulated values i3 =zeen to
be very good. The observed g-=ums nlzo agres well
with theoretical sums. It should be noticed
that the LS levels *Pys and ‘Py; are thoroughly
mixed.

It s pratifying that two cffocts predictable on the
bugia of the perturbetion of the {182}53 D levels arp
actoally chserved. The firat concerns the group
of moderately strong lines in the region 7975 tn

8035 A. These lines all shiow resolved hyperfine
structure snd are {'Dy)5s 2D —(*P,}4f tronsitions,

TapLe 8B, Obrerced and colcufoied Br 1 dptfhs energy levela
All rnerglea and persmelest are stated 1o knyrdars.

Fa(dp, 4= 1608.1 Fa(dp 4p) =1698.0
G {dp,5e) =T33.8 G;(ﬁp,ﬁﬁ] =T748.5
Qbarrved Tap=2706.0 Tap= 2712
Level desig. poaition 0000000000
Cale. Cbe-Cale, Cale. Oba-Cale.
(*Pa1 58 1Py 33436 43339 +47 G339 —3
5Py B 1T 64907 G4R4% + 53 64005 +2
E‘Iﬂ}ﬁ-& ‘Pia G354 L1 =G4 ilie —4
VPO oe TPy BT 184 G7T185 —1 47175 +11
3Py} 52 P GRYTO GRYR4 —14 GBITY —7
{(IDg e D 76850 ! TO153 — 295 T6lT2 — 282
{1 he 2Ty 7 30 || THEM 350 76225 —316
(15gp S ¥ B 935 |I B14TS —37 o19=8 1}
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TagLe 9. Eigenveciore of the Br 1 4p'5e fevels, culeidaled wwith
Fuldp, 40} = 18080, G (4p, bn)o 7485, §),=2712

('Ing) 3Ty (*Pc} ‘Pra
(') kg 10, B3E3 01624
(B 1Py _{l 1504 i1, O8E3

1

(LErs) #1020 Y 1P () Py
(D) 1Dy 0. D837 0. 1681 | —0. 0861
AP Py | —0 0585, 0. 7302 0. 8807
Py TPy {. 1695 —{). 6844 0. 7278

Py ‘P [(AF) e (B} *Byr
() 4Py e 0 97654 0. 1561 0. 1383
{IPQ; P —0, 1663 0, G205 0. 0994

= —o1102 | -0 1101 0 0867

The eigenvestor of each level is given in the columo ynder
the adopnted degighetion of the leval, The designations on
the extrems left reler to pure LS atstes. The clements of the
eigenvectons a0e the expaosion coeffitients thet pecur in the
corresponding sigenfuticlion. For example, the siganfunc-
tion af the lavel called Y% p ia & linear combination of thoae
fur 1D4n a0d "Pya end 1s giveo by

B {3k 4™") = 0L BBEEY (I Digprd — 0. 15348 (1Pg.).

The #Ny lewel Tthus haz s purity of 97.7 percent In this
approximation.

which point to apparent violations of the selection
rule on the orbital angular momentom of the ex-
ternal electron, Al=+1. A reasonable interprata-
tion of these lines is that {1Dp) 5 D containg an
admixture of (*Py)44 eigenfunctions. Probabiy ench
of tha (‘Dy)is "D lavels is mixed with both of the
two possible (*P;}4¢ levels of the same J-value, but
the 55 Dgg%4d Thp and S 2Dy, w44 Dy, inters
actions are perhaps the stronger because of the
presamity of the levels. This would explsin both
the Af=3 trangitions and the fact that the (Dy)55 7D
leveis have apparently beem pushed downward.
The situation 13 nct-u&]IP' more complicated than
this, beeauas the etrong {*D:)52 *D— (*P;}44[2]° corn-
binations are eaused partly by the additional
(1D} 5p 2D < (FP534]2]° mteraction.

The (Fibs levels alzo combine weakly with
{*Pinf levels, partly becaosze of =mall 5344 inter-
actions and also threugh the (2D;)5e 2D levals,

Tha other effact of the ("D;}5: % ("Pyidd interaction
17 & reciprocal one to the above and concerns the
unexpected intensity of the (Pijdd —('I);)5p trans-
itions, particularly the line at 10840 A, resulting
from the trangition (*P.)4d Dy~ (*Dy)5p 2Di,.

Already &t 5¢ tha separation of the level grou
aceording to parentage 13 obvious, For ngh t
dominanee of §y, shonld permit tha calenlation end
identification of the ns levels by use of simplified
meirices for J7 or JJd coupling. Since thes: sre
identieal in the two schemps for =0, the coupling
roight be called o coupling. The complete Je
E-na]l;:;mea far p's hava heen given by Mioohagen
19].

E Toa typographice] errore sppser in Fhose mairices: To the w32 msirle

Elbe el Ingrmnd (—Zni 4T mloment shevold sonmeck Eha Trvela hased on the (i) —
(g ta ruther Lhan (P =D, whick shoold be eero. Fuorsher, the
eoeMlescnt of 07 1o the disgonal eniast koo Bha Fed® Invel hased on (3740 shoald
s 2/ wadber than L3

TabLe M), Obserped and calewlated g-foctora for the Br 1 4952 fevela

¥
Level dasen. Evargy
s, Cale. Landé
" ?
(PP G584 Z G0E AL | 2647
?P T #3070 ‘ o Tad 0 734 0. 687
W) 13 SigEE ... {1. 008 (2. 00
gam= 3 342 3 335 4 333
Py P G4907 1, A32 1. 533 1733
PP 67184 1. 522 1 313 1. 338
(D) 1Dz 75000 0, 336 0. 319 0. 500
F=EUmM= I 880 3. 867 3. 367
{24} "Prix 634360 1. 585 1. 591 L G}
(1D} iThyy TREHD 1. 210 1. 200 1. 200
AU = 2 3G 2 800 B0
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Ap was the case in 11, the relative magnitudes of
ihe J& matrix elements permis a simplification such
that the 9% levels in Br1 may be calculated by use
of the following approximate expressions:

¥y Pap=B+ P2

{FP3} 1Py, 2P} Py,
Py Poy | B+ (P} +% ' %3' -
¢Fy) Fan 1;;5 G B+ (P .+.%. o
QAT Py} Py
OF) By | B+ OPI+E G lﬂg o
(Py) P % Gl B+ OP) 45 G
(D9 M3y =B+ (DY +3G"
0808 =B+ 08)+50,
whers the parent bols stand for the obzerved

walues: ["’Pﬁ=ﬂ, FPy=3186, (P, =3838 (Ih)=
12089, and (15,)=27867 E. symbols are given
the Br1 p's levels iIn the company of J& ener
expregsions, but the . correspondence can be foun
in table @.

The LS5 eigenvectors for {(*P)5e show that the
J=1/2 levals are relatively pure in tha LY zcheme
while the J=3{2 are thoro mixad. As might
ba expected, the caleulation of (*F)bs from the above
g4 expressions E'ves just the ﬁ]ppmite. results, i.e.,

the J=1;2 levels ore thoroughly mixed in the Js
acheme while the J=3/2 levels are pure. This sane
behavior was found by Minanhagen in I1.  The large

electroatatic intergction of tho J=1/2 lavals is also
present for #26 and reveals itself through a lsrger

Tarte 11,

nondiagonal eontribution to the enerpy than for the
{*F} J=3/2 lavele, The comparison of obgerved Gs
and Ys levals with those calculated from the Js ex-
pressions is given in table 11. Sinee the agreement
1= axcellent for a rather larps range of GG, and since
amall perturbations are preseni at both 6s and Ts,
it makes litils senze to debate the exact value of (Y
in thiz approximation. A striet least squares fie
gives Gh=3(" as 172 K and 42 K for 6 and Ts,
respectively. In the J:\repnmtion of tahle 11, how-
ever, we have assumed that G, variea ngpmxlmuteljr
us {n*)-? in accordance with theory and have taken
(45, 6z)=100 K and G,{A!?, 75)=78 K, both based
on the value of G;(4p, Bg} found above. The non-
diagonal contributions in kaysets & the ("P)be, Te
energies for “P, ?P are as follows:

e Te
J=142 +113 +1%
Jm e + 18 + 3

where the upper sign is alwaye taken with the highar
level of o given J. It is seen that even at T2 & posi-
tive confirmation of the level assignments can be
effected by use of diagonal ezpressions only.

Coupling diagrams of the t:::lp& found in TAS,
chapier 11, cunnot be constrieted for a pls configura-
tion hecause the number of parsmaters necessary
to determine the level intervals ie greater than two,
However, zince the splitting of Brn (°P) ie small
onmpnre& to the distence {rom ('P) to (‘Dy) or
{18, the Br1 *Pins levels can be deseribed to v
satisfactory approxdmation as & function of the
ratio (,(4pmne}/Tp. 'Thiz is accoinplished by omit-
ing in the en matrices the elements associated
with ((Th &nﬁsﬂ}. A coup]jgﬁ diagram showing
the structure of p'{"Pins in the transilion from
L& to J4- or Jfcoupling has been construeted
by Edlén {22, £r 132].  An equivalent diagram for
the observed I levels = presented in fipure 4
and strikingly agrees with the theorstical vior
of these levels,

Dbserved Br 1 Apf6a, Ts emergy levelz compored woth colevlatione ustitg fhe simplifed J8 odrfces

Al energles and peraioet=rs nre ababed o Kaysers.

Level design. | Ohserved Cale. Obs-Cale, | Parrmeters
PEEition
1
{*Tqhthe 1Py #2246 g B +37
P68 P 52662 22668 +4 .
(P65 Py BERT7 B5601 | —24 B #2100
(P 16e tPy Bhdadn BEA47 — 1% {,=190
(P8 2P B0279 BG4 | —G3
(ETz160 #da,p 4401 44478 -7
|—— ——
{*Py17 1Py BE13S £5100 435
(T3 Ta Py AJETH REa9a —17 B=558106}
LAY LR 01345 01373 —25 - Gy=74
PI7 Py 91284 912TR 40
BF78"F., LT 22035 + 55
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" are alse ploited and foun

Sinee (3, varies approximately sz (R*}~% and [
remains ezsentially constant along the series, we
bave plotted in figure 4 the ns levels, referred to the
center of gravity of each lg;mupn:, agajnat (m* "%
The mean values M{*P,.1%Py) and 4(*Psz+Fsp)

ﬁ to mve two appmxhnatefy
straight parallel lines, 25 expected. The slight
irregularities ara caused partly by small perturba-
tions of the levels. Thz observed crossover of the
‘Py; and *P5 levels is in mecordunce with theory.
Tt should be noticed that the plot yields an unam-
biguous coordination of the levels to apecific levels
of the (*P) limit. .

From s comparative study of the plots in figures
4 and § one cab obtan a :Emlitntive picture of the
perturbations present in. the (Pl series, mostly
chused by ns > nd interactions, The displacemenls
of the parturbed levels are all amall, being of the order
of 20 to 50 K,

The (*FPy) 65*Fy; lavel scems to be about 75 K too
low, but the cause is not clear, unless thia displace-
tent results from the influence of the J=13 levels in
the {*P;}4d confizuration that lie 1000 to 1500 K
higher. The ('D:}d7P,;, =8y levels are Ifumhably
respousible  for the perturbation of {*Fi)ss Py,
which is sbout 50 K too high. The higher {(*Fu}
#g seriea memberas all aufier slight perturbations
owing to ne ¥ nd interneiions. hila tha plots in
figure 5 =sean to be ]:ugh.l{ irregular at the and cor-
reaponding to high n, 1t should be rememberzd that
T is there relatively small, and »* is therefore
quite sensitive to changes in T, a8 is evident from the

exXpresaion

112
ﬁﬂ*w—,ﬁaﬁ dT,

(b) 4p*nd: Sorting ont and intappreting the Br 1 a4
enerey levels is perbaps tha most intricate problen
in tﬁ analyeis of this apectrum, Abundunt per-
turbations and an intertnediste type of eoupling
severely complicate the analysis. We have in the
analyss attempted to male the best possible use of
the ebservations. The interpretation of the Bri1 ad
levels aa presented in table 6 seems to be the most
reagonable derivable from general arguments, ob-
zorved line intensities, applieation of tha Ritz
formule, spproxitnate caleulations, and the like,
A mors detaﬁed study of the rd configurations haged
on accurate calenlations including mterconfipura-
tional interaction might well necessitatc the revision
of soma of the gssignments, psrtieularly of thoss
fevels having low Jvalues, Reconsideration of ihe
nd J=¥ levels might aven bring the interpretation
of (13g) 5598, into question, as pointed out mbove,

The separation of the nd levels of ench configura-
tion into groups according to th: parent Hmits is
quite epparent. The P i, 5d, 6d levels all e
balow the Ef'P,} Lhimit and have keen found. Tha
{:P,}7d levels are predicted to fall below the (P
Lmit but are so close {~94900 K} to this hmit that
they have not been diecovered. All (3Fnd acries
are eomplete through 8d; each series thus contains

five members. The (FPond*F.; eeries iz known
throygh 124, Of the nd levels based on the hich
{'D.) and {'5,) parents, only the {\Dhidd group falls
below the PP linit.  All levels in this group have
bech identified &t least teutatively.

The grouping of the nd levels according to parent
suggesta that the eoupling of these confipuratione is
intermediate between the JJI and J,i;i. pchemes. The
dingonal en expressionz for p'd in these iwo
schemes have bhoen ealoulated by Malier and Killén,
respectivaly, and can be found in the paper by
Minnhagen [19]. A comparison of the J.f expressions
with the obzerved levels revesls that oven the
observed ordering of K-pairs with respect to energy
ia not reproduced by the diagonal J.{ expressions on
the asstirnption that the doemnibant Eontribution to
the an 15 dua to ¥{4ip, nd).

It is falt that the reason for this lies, at least in the
cuse of &f, in (he magnitude of the G' integral,
whose eifect on the energies is probably greater g&n
that of F*, implying o lorge departure fromm Jf{
conpling, which requires & small G* contribution.
The large (' contribution probably accounts in part
for the high position of the (*Py)4d[3}e s, levels. It
may be thuat the levels {*I%)4d(3]y: and [2]s; shauld
have their designatious mmtecchaaged. The interac-
tion of the 44 lovals having J=5/2, 3/2 with the
(D158 FDs 5,0 levels conlributes to the high position
of the 44 parr just mentioned, but this effect is prob-
ablyv loss significant than the size of tha ' integral.

The large d;gnrtums from eny pure coupling
scheme In the ud configucations, as well ue sizenbls
perturbations, render the assignment of designationa
to the levels a rather diffieult problem. Both the
L8 and J 1 symbols assigned these levels in table &
are based on the intensities of the 4d—nf, Sp—ad
and Sp— 54 combinations. There etill remein severa
inconsisteacies; in particular the combining proper-
ties of some levels vary wregularly along o series.
Only & very detailed considerslion of perturbatinns,
together with wceurate calculations, can aid in the
solution of this problem. Even a cursory examina-
tion of the effective quantum numbers of the nd
levels reveals marked regularities wlong series,
Apart from smaH mteraction with some ne levals, the
Pe-rturhﬂ,tiuns are primarily a result of the over-
apping or praximity of groups ol levels with different
7 and Bazed on different pavents. The mest stnkin
case of this 1= the (*F,)5d % (*°F,)6d interastion, whicﬁ
couses the (P54 up of levels 0 be slightly
higher thap ex ectenfm It ig very posgible vhat tha
{3P3)68d Fypy and (°Py)5d 2F;, levels should have their
designations interchanged. A (*P1)6d % (*P:94 inter-
pction has apparently pushed the FP16d group down,
The separstion of these latter groups is diffieult,
however, and the assignineits should be regarded as
tentative. Their further interaction with the slightly

ighar (*D);}4d levels is slso probable.
he (Do4d *Gyere levels have been satablished
with certainty (sze table ¢). The other seven lovela
of the {"D;}4d group have received their designations
primarily on the basis of their position being such
thut they de pot fit well nte sny (31) groups.
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Fuonme £ Obeerved levela of 4p0Pins, reforred fo center of grovily, ond plotled againe (n¥y-?
{0 ahore the mmgemr:e tawand the Br o 4p 3Py, I Hm:{i

{Furthermore, we had just seven levelz left over
after unraveling the (Find levele) The order of
tha ['Dg}*il-:ii levela bears ]E st-nlémg raseliblanga to the
corresponding eroup in Kr 11, but ia in sharp disagree-
mant with J,_lp diagonal expressione (gesmming
dominant F?), which predict the J=3% levels to be
the lowest.

The most important nd seriez showing any degree
of regulanty i the (*Pynd*F; series, for which
{2—3) is plotted ngainst T in figure 6. The non-
linearity of this plot i3 interpreted not as a failure
to0 have the correct ionization potential, but as the

effect of & gradual change in coupling along tha
seriga, The members from 94 through 124 ave
almost exactly linear. A change in the assymed
ionization potential would eause the Line connecting
these lavels to curve up or down., A lesat sguares
celculation of the Ritz constants « and § froin these
levels pives «=1.35276, S=—3.442%10°% from
which the entire series has been cnlculated. The
results, given in table 12, revesl not only by how
much the early series members lie too high because
of the different coupling condilions, but also by how
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much the 7d and B4 levels have heen pushed down
snd up, respectively, by the (*Didd 3Gys level
between them.

TabcE 12 Obaerped énergy fesele of e 4200 nd "Fafy serfes

ﬁm&md witk cafcwlafions wsng the Riz forsule, or de-
werE fr the fexfl
All corrgies &re stubewd I knysera.
a= ] 352
B 3 AT M
Config, Cheerved Calenlated (bs —alt
£ ROSET. &L W22, AT + 300 14
5d RT1%1. 97 7160, 44 + 3L 53
Bef 40244, ER HO24 1, 40 B
T W1AGL. 14 TLAS8, 17 — 7. [
A (D) 4 WGy =Y1921 .50
Rd 92807, BL QI807. 63 +10 1E
Oy 93411 48 411, 44 —Li
1td 93813, 95 DB3E18 D3 + 0. 01
114 94104, V0 410 TN 0, 0
1 04317, 40 04317, 4 n o0

Theae slight devistions of the points representing
({P7d, 8d 1Fye indicaile with certainty the presence
of the nearby perturbing level, which can be only
{*Dyydd ¥, Until this perturbation was recop-
nized, the only strong Br 1 lines atill remainmg un-
classified were those at 6096 and 8133 A. Thut

the line at 6096 A results from the transition
(P b D5 — ({Dy)dd *Gys is unquesiionsbly cor-
rect, becaunse (i} it lortunately h&i!l:llpells to one
of the two uneciaesified lings whosn bis wera reporiad
by Tolansky and Trivedi {7], its obsarved structure
fitting fairly well the splitting of ("Fy5p ‘D, derived
from other lines, and {ii) 1t yields 1 valee 91922 I
for (!Dg)dd 3Gy, which is the proper position to
gecount for the perturbation of the ad ‘Fy, series.

The other line, at 6133 A, ia interpreted as the
transition (‘:f;}ﬁp Dipp— (Do) ded 4yp.
tional line been observed in the radiometyie
region for each of the *3 lavals. These nre com-
binations with ('Dg)5p ZF3s 5 and serve aa further
evidence for the reality of the 33 lavels,

{:l) 4z4mt: The 4adp® confipuration yields only one
level, 25, Bromine is the only halogen for which
this level has been found with certainty. A caloula-
tion based upon the irvegular-doublet luw predicts
tha &, term to lic near 27000 K. Of the nine even
levels with f= 1/2 that were found in the range 50000
—a0000 K, only eight can arise fromn configura-
tions othor than 4#4p'. These can sll be unam-
biguously identitied an the basiz of position and
intensity considerations. The remainmg level, at
2422560 K, must be 4ed4p* 35,;. This identification
explains the high intensity of the ultraviolet lines
at 1232 & reaulting from the transition 45%p° *P5—
24825 and at 1179 &, 4e¥Mpd P, —54525: the
rround *P° term is the only knawn term to which
the 4sdp® *3,, can make transitions in & ohe-glegtron

1T,

! InpI rddition to the ultraviglet lines and a Faint,
wida line at 12369 A, the only other lines from 5,
that have been observed are two moderately strong
doublets st 10184 & and 11004 L. The doubles
vharaeter of each of these lines is assumed to reault
from the wide hia splitting of 35;;, which is expected,
gince the unpaired 4s electron in the 4243 configura-
tion should couple strongly with the nucleus. The
classifications of thess hnes are as follows:

16184 A

5p Pip—apt 15,
11094 &

ip *Pip—ep* By

The components of 11094 A appear single with ouc
resolution but there is slipht sheding i the tweo
eomponents of 10184 A, This results from tha hfs
splitting of 5p ‘Piu, which according to Tolansky
and Trivedi has a strocture (0,127, 0.086, 0.043% 1In
K. To gel an estimate of the splittimg of the 35,
level, we note that the separations of the components
of 10184 A and 1109¢ & are 0.45 and 0.5 K, respec-
tively. The laﬁ difference between these two
valuea might at first seern disturbing. But a simple
sketeh of the appropriale ansivons, taking into
accpunt the known hyperfine atructure of 'F]; (four
Flevels) and adopting any reaspnpble value for the
unkoown situeture of ‘P {two Flevels), reveals
that one would expect the components of 10184 A
to be ubout 0.1 K eloser Logether than the compo-
nents of 11084 A, Furihennore, it is apparent from
such a skotch that the measured separntion of the
centers of gravity of the 11094 A COmMpanants vary
nearly represents the trea his splittng of the 28,
We therefors adopt 0.59 I as the splitting of the
level.

calculation of the theoratical strueture of this

level is revesling. Following Slater [23], we can

524

One addi-

‘o




write the expectation value of the nuclear interaction
contribution to the total Hamiltonien as

a
{H*}n%‘,; oyRHME  rydbergs.

{Thie forinula helds only for conficurations contain-
ing & szingle unpaired s-eleciron.)”™ Here o is the
fine structure constant (1/137), gn is the weighted
aversge bromine nuclear g-factor (=7.82X107Y,
R(D) 1 the velue of the normalized s-eigenfunction
at the origin, and

H=FF+1)—HI+1)=JJ+1).

Bince J=1/2Tand the nuclear spin =32, the enerpy
seperation of the two Flevels will be

4o

aE=Ti- )] rydherga.

We have ealenlated R(0} from reecently published
{24] Hartree-Fock radial wave functions for the
bromitie 4e34p® comfiguration. Tha 4s-orbital of this

eonfiguration will not ba very different from that
of the 4s44* con stion. Wea find R{0)=15.8,

Ingerting numerical valuea in the above equetion,
wa ﬁnnlff,' obtein
E=1.37%10"*  rydbergs
=1.50 kaysers,

{A relativity correction would increase this value by
about 14%.) The above result is to be compared
with the observed wvalue 0.5 E. Some of the
dizerepancy between these values must arise from
confipyraiion intersction, Such an interaction is
undoubtedly present, hecause the two lines under
discussion are examples of so-called two-electron
jumps. The occurrence of these lines at all indicates
that the ap* configuration is mixed with a configura-
tion that would make the transition in a one-electron
jump. The interaction involved here is probebiy
with one of the J=1/2 levels of the 44 configuration,
poasibly 44 'F;. One would expect the level with
which the 2" 8,,; 3 mixed to share some of the
latter's hyperfine strveeture. Each of the 4d levels
with J=1/2 was checked for hfs, but none could
definitely be eatablished from our observationa.

6. Lavels of Odd Parity

{a) 4p'np: The snalyeie of the systetn of odd
lovels of Bry was enormonsly simplified by the
occurrence of almoat pure J,{-coupling in the nf
confipurations. Upon the identification of n faw
of the af levels, the rest could Eﬂsil_{ b ealeulated
angd identified, We could then sefaly regard ell
odd levels left over a8 helonging to excited np
configurations.

T aloml Aloo be meniemed thed o actor of 23 & mbafog rona thie eqnatfon
In Blter's woek, Vol 11, - 268,

With the sxception of the (*P}8p uuf), which is
redicted to center around D4BT5 IEr all »p levels
or w=35, 6, 7, 8, & that fall below the (P,) limit hava

becn found.  Two levels belonging to (FP;)10¢ have

been identified aleo. Of the levels based on the

('I2;, '5,) parenta, only the (I).)6p levels are below
the {HP,B it. Ae in the ne and nd confipurations,
the np lavala fall into groups that reflect the struc-

ture of the Brit p* parents. The coupling of the
igher np configurations is between the J. and 7 7
pmes, but apparcntly closer to J.{. Happily,
eonfiguration interaction of the np set of lavels with
the nf set is extremely small. The very different
souplng exhibited by these two sets of odd levels
may partly account for thi= mimma) interaction.

The matrices of spin-orbit interaction for & p*p
configruration have been ealeulsted in an L bagsis
and sre presented in the following paper in this
issuz of the Journal of Research. A study of the
Br1 wp confipurations by mesns of thess matrices
has not yet been cotnpleted, The results of the
caleulationa will appear later, (ogether with the
resulta of Zeeman o vations in progresa.

It may be mentioned that the slectrostatic [13]
and spin—orbit [15] elements of the #¥% matrices for
peir-coupling have just been published, gz well as
the #Y matrices for Jg-coupling [19], caleu-
lated by Kallén, The assipmnent of K-values to
the Bri ap levels is based on intensities and &p-
proximate calculations with the JJ4 diagomal energiy
oxpressions given in reference [19]). The LS symbaols
are based oo the intensities of 5p—D5s, Gz,
tranaitions.

The Br1 5p configuration is rather isolated mnd
except for a few small interactions ia ra ns
a pure configuration, It should therefore be ihle
to represent quite accurately in parametre fortn
the distribution of the E‘p levels. It was for this
reason, in fact, that the p'p matrices in intermediate
coupling wera caleulated. Since the ('S) 5p °F®
term is above the (*Ps) limit and has not been ob-
served, it 18 not possible to use the disgonal sum
rule in the ecaleulation of the parametsrs. The
paramaters mey, howaver, ba eatimatad in a variety
of ways based on dingonaj BTIGIEY @Xpressions in the
several coupling schemea for levels of high J-valus,
on agpmmntel‘_v caleulated positions for {'Sy)
5p *P®, and on level differences. The approxiniate
paramaters found in this wey cen be inzerted in the

energy matrices and improved by iteration.
The most interesting interaction oceurring with
the 5p configuration i3 perhapa the (174} b2

W PP 42 g interaction. The (P36 term
lies snmjlwlhitﬂhigher but may slso hepginvolved.
Aceurate calculatzons given below show that the
two 4f levels have been pushed down by 13 K and 21
K for J=5/2 and J=3(2, respectively. This partly
accounts for the surprisingly strong intensity of
{’]?5}53 D—EPy4f(2]° transitions, a= painted out
ahove.

The {"P;)5p Diu={18- level seeme to lie ah-
normally high, judging from the disgonal JJd energy

5%




expressions. ‘This same behavior wes noticed in the
cage of I 1 by Minnha%en [19], who ealculated the I
6p levels by use of the F*(5p, 6p) purameter only. It
was suggested that configuration internction might
be responsible for the high position of the level in
nestion, As avidencn for eoch &k interaction,
innhagsn cited the fact that the intensity of the J 1
line classified as (P;)65[20s.— CPy6p[1%(=8044 A)
ia much stronger than that of the Lne {(*F;)62[2]:,.—
(P16 p[3)8,» (==9058 4) whereas the Jatter line should
be stronger for sll unperturbed couplings.  The only
J=23/2 level below I 1 *P.)6p 1= th‘ﬁg‘wnd Jevel bp®
P, which renders perturbation difficult to accept.
It seemz reasonable that the intensity ratio of T1
lines just mentioned is, rather, a rasult of the fact
that 2044 A falls at the wavelength of penk sensitivity
of BEEK—"N" photographic plates, while 9058 A was
undoubtedly photogrephed on Q" or “Z” plntes,
which are less gensitive than “IN plates by about a
factor of 10. Tn Br 1, the corresponding lines both
occur in the “N™ region, and the relative intenaitiza
are in the expected order. Tt is felt that the high
pusition of the level in question, both in 1 1 and Br 1,
1 to ba explained by the magnitude of the (3 (np,
R'g) integral, which contributes sizeably to the Brr
%}]md 11 6p energies and should not be neglected.
e Ji ptp disgonal epnergry expressions for AF)np
{21°, [1]° mre, axcept for an additive constant:

7

o 1 1
2Ry~ 2T Gl fs

o l ] ﬁ !_@ 'z__l,
2k, —55 F' 45, O+ 5 —5 fos

- v ] 17 1
{1]3..2 +ﬁ F!+2—4 Gn—f—ﬁ G’g‘—i f,ta’

o T e, 20 (i Q. |
[1]-,, +E F +ﬂ G°+m L +§ fnp

where all integrals refer to the (np, a'p} interaction.
Approximate Br 1 5p parametors, derived as deseribed
above, indicate that the effect of G* on [2]ix hrings ia
diagenal energy very close to that of [1}t;. Since
ithe two levele are commected by G°, G, and I,
they repel esch other in such a way, neglecting the
action of the other levels in thae mnﬁgumtjon, Bg bo
mnke [1]3,; appear high and the K'=2 levels apposr
a3 & closer pair. The Hg?,g level is pushed down by
all 5p J=1;2 levels nbove it. This same type of
affect is probably opereting aise in the case of the
high Br 1 CP;4d[2] peir, as mentioned previously.

A qualitative picture of the run of Br r ap levels
and porturbations cun be obtained from ficure 7, in
which the quantum defect ia plotted against abso-
Izte leval walwe. The points representing the
{"Pyynp ‘Dyu sories are very newrly linear for n=8,
7, 0, 10, The elight dapression at =58 i3 due to
the mteraction wit CE M8l An application of
the Ritz formula with «=2.57410, =43 180> 10*
derived by least squares fram 2By 7, 9, 10p ‘Dig,
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reproduces these levels almost exactly and shows
that the lovel at &p is depressed by about 2.6 K, its
“unperturbed™ position being 915408 K. The
semte Ritz formule predicts [*Pi)5p D3y to fall
114 K higher than observed, the departura baing a
result of 51& regular eonpling change along the series.
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The great deviation from linesrity exhibited in
figure 7 by the early members of the (Fyjnp ‘Diy,
‘Pip and (CPoinp "Pig, » series is
tiraly due to perturbations, sincs t
term energies for each J-value are much mors regu-
lar. However, thz possibility of a configuration
mteraction affecting these levels in puch & way as
to ecancel out in the means should
It secins fairly certain that
there is a (P )px{'Pi7p inte;mtﬁ, and the

8

approximatsl

not be overlooked.

CEa)6p I,

. ('Dg}5p *Pigas.
to have been push
through interaction with (P }6p
befwesn them.

Ths most obwvivus wholesale tmutpal interactions
in the np configurations affact the closs #F;)7p and
Py )ap ﬂ%l‘oupﬂ, the levels of the
higher than expected and those of the secon

Pin

{axcept 3p 3.) lower.

{b) 4p'nf: ANl the 67 levels ascribed to #f con-
fipurations in table 5 are new. The pronounced JJd
in these comfiguretions permits
culaied very axactly by the theo-

the

Bve

eonpling pravailin
%ﬂ t0 be

Tevals

mey

fo

up, respectively,
355,?, which lies

firat grou

retical expressione of electrostatic ener

Maoller (18],

exceptions

The JJd desipgnations of fl‘:{a
* presented in tahle 5 are therefore, with one or two
discussed below, definite. i
gtructure of these levels is very marked, ss can be
seen by examinipg the peir ?Jl:]il;tings in table 5. All
#tf lavala based on limits o

cted to He below the (*F;) limit have been found.
These nre the 16 levels of the {SP,,ui;l{, 5f groups,
All (1f%, '8g)nf levels lie above the {*F:) limi

Most. of the observed transitions involving the

er than P wnd pre-

hably not en-
plots of nrean

neneed
The (2P:)7p, 8p, *FPig levels geem
o] down an

iven by
cvels ag

The

Lmat.

by

being
group

par

Br 1 #f levels ocour in the (*Prjdd—(*P)nf arrays.
As mentioned above, 5s—nf transitions are alsoc ob-
sarved, pritnarily as a result of & 52 4d interaction
but nearly sll other lines involving nf levels would
ba difficult to observe ginee they fall in & very un-
favorable region of the spectrum, the far infrared
and radiometric regions. The Pi’,}dd— {*Pyinf ar-
rays are gimilar for each value of n aa regards the
intensity relationships of the various lines in the
arrey, but the intensity of any particular transition
decrenses a3 a rule with incressing n.  In genarnl,
for transitions between two pair-coupled confipura-
tions the hnes will be stronger when I, H, snd J
changs by unity in the same direction, or, with a
given Al{=+1), when Ad=aK{= £ 1:0). Asususl,
also, the stronger lines involve the higher J-values.
The representative (PFP4d—{2P:)5f array is shown
in table 13.

In this table, the adopied K-values of the (*Pijdd
levelz are found Ll}:er with the eorresponding
LS designations. The only rigerows selention rule
here seems to he that on J. It will be noticed,
however, that three transitions from 5f in this table
that would be allowed by the selection rule on J,
but not by the selection rule on K in pure JJ{ coupling
have not been obsarved. The same i3 true in
the cuse of these three transitions for other nf, axcept
that (*Pa)4d(3]7:— PP 4f5]4: occurs weakly, owing
to the “mixing” of the two (*P;4d levels having
J=7/2. On the other hand, for the 5f case in table
13 a= well ns for other :r% there appear amngl;i" Lo
lines that do “violate” the AK={, £ 1 rule. These
are the (*P;)4d *Dyo— (*Pa) nf [31%: and (*P:}4d Fyp—
{3ijﬂ-f[4]?£g trahsitions. For no value of » bhave
the two |: 9}4!{ 'Fg;&,gm—{an]ﬂj[Elhn line=s been oh-

TanLk 13, Wavenunbers and fafersfifer of the abeervod (YPa)4d — (P50 tronsitions i Bra

g \ dd—s [4] 141 ‘ ]| 18) 1 12] [2] 1] 1] [ (1}
Fan 1Fn g L Ll YN i 1Faim Fan 1y e JaT?
- 5{ B0SEY, 81 H1031. 10 | TidL 0 THRGO. Bl | 81672 25 H18542 02 | TOE30. 67 B0026. 40 81430, 97
WBFna { 6007 J
90873.70 10284, 09 !
[5 w4 (3
HRTL.7E 2792 68 | ——
[ { 1007} (50
90845.65 10257. 96 — | 11501, 03 II
(4] [TH) (L) £ 2003 (2003
HiR4&. 78 —_— 765 65 | 11802 27 11556, 56| 9174 bD |; .
, [3]42 {15} (1K) {3007 {100 {2507 {201 I (300)
- EII]S&J‘]I.ED 10283, 59 770 21 | 11506, 78 11590 39 | 9179, 12 OK, 31 4 11220, 60
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periurbalions,

served. The perturbations that affect the (*Py)dd
levels baving J=35/2, 3/2 and the difficulty nt preseni
of appraising the quantum significance of the
K-vnlues pesigned these levels, as mentioned in
another section, render premature any detwiled
correletion of intensity characteristics in the amray=
under discussion.

The several perturbatione that afflict the (*Pplnf
geries are vividly revealed by s plot of quantum
defecta against relative term walues for these series
{fig. 8). In examining this re, cne should bear
in mind that the ordinate seale is preatly expanded,
and the irrepularities in the plots are cuused by level
perturhationa of only & few kaysers and less. 4An

iden of the vertical scale in kaysers can be gained
for euch walue of n by noting the separation of the
various pairs. For axemple, at u=7, the vertical
soparation between 7i[45. and 7f]4]¢e corresponds
to only 0.57 K, an amount that is probably greater
than that by which either level iz perturbed. The
perturhations in the Bri #f configurations sre most
conveniently discussed in terms of the J{ non-
disgonal matrix componenis. We shsll therefore
consider first the ebergy matrices and the theoretical
caleulation of the nf anergy level distribution.

The matrices of alectrostatic ene are diagonal
in . The diagonal elements of the matrices for
p'f have the fortn E=FKE (parent level)—2F'—

L




2f, P4 201G+ 29.G*, where 7, 5., §. are numerical
coefficients whose values can be found in Moller's
gnp&r, and F (3, G are the familiar integrals

efined in TAS. Levels of & given K-pair have a
- eoramon f; coefficient; the pair splitéing with respect
tr J arises from different g; and §; coefficients,
Small pair splittings, therefors, imply small G¥ snd
G* integrals. In the Br: wy cunﬁrgumtians, the
contribution to the level enargies by the F? integral
is wuch greater than that by the G? and GY integrals.
Nondiagonsl F? is found only between levels with
_agqual K-value and based on the differeni parents,
T =1, *P—*iF,, and *P,—'F,. Alap appearing
off the diagonal are G* and G*, commesting levels
whosa K-values are equal or are different by 1.
In order that A ba a good guantum number, it is
thus essential that G° and G* be smull compared
with FZ

In the setual esleulstion of the af level distribu-
tion, it 13 convenient and suitable to make certain
spproximetions, All (15,,'Dy)nf lavels fall above
the principsl ionization limit and nons wag ohaerved.
But zince these levels are distant and sre contected
to the levels based on (P} only through nondiagonal
G and G* {end ), the effect of omitting these
levels from the en meirices will cause nepligible
crror in the calenlated (CP)nf enerpies.  Furthetimora,

enter accuracy in the caleulated distribution of
these (*Pinf levels (18 levele for each #) ean be
expected if we cmploy tho observed positions of tha
Br it (°F) levels rather then adopting the pera-
metric form for these parents. We thus replace the
tarm E {parent level) —2F° in the sbove diagonal
expreseion by the quantities: B, B4-3136.4, and B+
3837.5, for levels based on BF;), PPy, and (*Fy) , respec-
tively, where Bis & constant forany given n. This pro-
cedure automatioa]ly aecounts for nondiagonal
which may then be disregarded.

We thue have 15 levels for each » to be represented
m ametric form by four parameters, B, F?, (&,
and (3. The determination of meaningful param-
eters cannot bs accomplished by & simple applica-
tion of the diaponal mun rule, becanze every ohserved
Br 1t wf level, with the exception of members of tha
(P:)nf5]" seriea, suffers interaction with other
configurations. The extent of this interaction can
be reasonably well eatimated only in the case of the
(Pynf4li- levels, because almost the entire inter-
configurational contribution to these muet come from
CPnfl4]sn levels, there being no possibility of »
J=0/2 in the np configurations. After G hes besn
catimated as described below, ¥2 ean be found from
the(*Ponf  [Blfi.— Ml3-=HF'— K&* diagonal in-
terval, provided the nondiagonsl intreconfigura-
tivnal eontribution to [4]5., a8 well a8 the intercon-
figurational contribution, have first been Temeved
from the energies ag observed. The first of these
contributions can be determined by perferming a
preliminary diaponalization of the J=9%/2 matrix
with n pood estimate of F2. The second contribu-
tion can be obtained if a reasonable "unperiurbed”

{(*P;} nf [4]5,; series can be deduced.  If an interaction
Earmneter {wee ref. [22], p. 141} +=23 K i& assumed
etwoen the (*Pynf [4]3q snd (Py)nf 413, series, the
former series becomes satisfactorily Ritzian, an
after sn additional “smoothing” of the series,
unperturbed level energies can be estimated to
aufficient accurney, und then F? can be derived.
Since nondisgonsl contribution to the {*P:nfl5]°
pair = negligible, the G* prrameter can be obtained
directly from tha observed separation of this pair,
whose diagonsl energy expressions, including the
spin-orbit interaction energy of the f-eleetron, are

(3l : Bt o T +g t

s .palpipllo ®
[E]PI.-Q.B"'F]-EF +54G 5i‘_r.

The fact that for n= 35, the [5]i,. falls higher than
i5]t;2 confirme the deminance of %G‘ over %—3;‘,

and partially justifiee the omission of {, In our
calenlations, The G* parameter for 4f fiss heen
extrapolated from those for higher #, eince the
observed coincidence of the 4f pair, euggesting an

equality of %G' and %i’,, does not permit a direce

ealeulation of G*
If the (*Poxf1]* levels were unperturbed, G*
conild be calenlated fairly scourately from the pair

aplitting, %G’, Even though this series A plotted

in figure 8 appesrs Rifzien, thare iz some evidenca
that the series members have all heen perturbed
upwarde in such & way that linearity of the plot
was preserved. Nevertheleas (i° was crudely ta
as given by the pair splittings for nz5 and ex-
trapolated for n=4, since any other procedurs meata
with equivalent uncertsinty. The remaining a]j):'
rametar, B, was adjusied 5o a8 to prediet the {TP;)
nf%L‘.‘m levels exact .

¢ lavels ma calculsied by use of the parameters
found shove are compered with the observed
poaititns i table 14 for 4f, 6f and in table 15 for
6f, 7/. The B and F* parameters are given in
tabla 18, along with the almost constant products
Fxw?. The agreement betwoen obzerved and cal-
culated energies is seen to be very good, and it is
probably significant that the departures in almost
every casa pgres with the direstion of perturbation
one might expect on the basis of the plots in figure
%, The caleulatione predict the observed ordering
of K-pairs with respect to energy for all exeept the
perturbed (*F;)4§73]° and {SP.J-L%J" pairs.

The perturbations of the Br 1 af lavels arize from
afXnp as well as af<a’f interactions. Consider-
ing first the latter type, we remember that since the
coefficiente of the Slater integrals in the nf energy
matrices are based entirely vwpon tbs angular pars
of the eigenfunctions, these same coefficients are
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Cale. Obe. Cale. Oba.
("F9) [5)5 ) 55362 2 ;) 58302 2 | 60873, 7 ) 90873, 7
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2l 220, 5 2230 034 7 035 4
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TapLe 16. The B and F parameters for 4, 50, 6f, ond 7f
configurafions, colenlated ar avplasped in the fend

Conf, B F Fiy n?
if E8371. 24 3141 201 10
aF BOsGE. 84 162 9 204
ar org. 42 08 205
7f 93032, 09 59. 9 205

velid in the discossion of #fxw’f ioteraction.

Sinca this interaction 18 expected to be grester if . -

n nondisgonal }; ig invelved, we should expect that

the sl;run%*eet, interactions would be of the types °
=

CPnfIK)” X (P’ K'1°, where K=K'=2 3, or
4, and Pu]nﬂB“}({JPg:;nff[-Bylf’. Indeed, the plots
in fipura & show guite elearly that (7F;)4f falls just
hetween (*P;5f and 6f and pushes {’Pg}{#j,.%f
levels dowh and (P67 . . . levels up, for K=32,
3, 4 Also, the (Pu4f[3]°(P)E/[3]° interaction

is, comparatively, very streng, owing to their altnost -
identical ubperturbed positions, a3 indicated by the

calculations. It 15 posstble that the desighations
of these levels should be interchanged. The points
corresponding to (TP)6F3]° fall sutsida the rangs
of figure 8§ and have been omitted. Another striking
fenture of this figure is that it suggests, corvectly,
thet (P57t falls between (*P:}97,10£14]5:.

Superpozed on the above interactions mra those
of the type af<np, which also seem to be stronger
if the interacting fevels have the sgame K-valoe,

The ({‘D;)5p group appears to interact with nf

levels hnvini the appropriate K- and J-values, the .

largeat such interaetion being  ('Dy)5p D80
5 ng}drj{z]L’gi;,-g, owing to the proxamity of tha lavels.

he eeversl interactiona affecting (*Pyinf[3]° pairs
meke the levela for w2 5 coincide within the experi-
mental ervor.  Since it iz not possible to decide with
certainty from which level of the pair a particular
line nriszs, when that line iz classifiable by either
of the levels, the two levels are reprasented by a =ingle
en i table 5.

The caleulstions suggest that the observed (2F;)
##[1]° pair is uniformly high. Since & K=1 i3 not
possible from the (°F,) and (Py) parenis, we shoyld
expect the observed [1]? series to be almost Ritzian
in the absence of interaction with np levele. Now
the seriez & slmost Ritzisn, so that if the scries i=
perturbed, it must be of a complicated sort, involvin
geveral map levels, since & mingle interacticn wit
(‘D) 5p * Pz would not account for the preser-
vation of the rather strict linearity found in figure 8.

The (Pp)8p D {(*Pr)14/13)3, interaction, com-
plicated by additional influences on these levels,
should also be mentioned, since it s po=aible that
the two designations should be interchanged. Tt
is not entirely clear what causes the (*P,)4f5{[3]°
levels to be observed so “‘much™ higher than their
caleulated positions.

7. Conclusion

Sinea the Brr line list hes now been essentially
exhausted—only 26 of 1253 lines remain unclbasi-
fied—ii iz clear that any significant additions to the
analysis of Br 1 will demand & thorough, new obser-
vation of the spectrum, made with 8 much stronger
pomree for rensonable exposure timgs in the red, and
one that produces Br, emission of much less intensity
than the source usad in this investigation. Even
without making ascurate caleulations, one can
predict very EEDGBI}", barring strong mteractions,
the poszitions of the remaining unknown s, np, ad,
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and nf levels that fall below the principel ionization
limit, This ¢an be done almost by mspection of
tablea 5 Bnd 6. One can, then, make sducated
guessea az to the wavelength region where the
stronger lines involving the unknown levels will le,
Of cowrse many of the new lines that would be in-
cdluded in any aupmented line list would be ac-
counted for by transitions predicted in the present
square erray, and might help us in a possible re-
vision of the more Insecure level designations
nmentioned abowve. A study of the Zeeinan effect
in Brr iz pozsibly the only and certainly the best
method of resclving a few difficulties of interpre-
tation, such as that of the J=1/2 levela lying in the
viciniby of (5,)5s *Bye a2 discussed above.

Perhups the most dempnding study that could be
initiated on Brr is an extensive enalysie of the nd
confipuratione and their mupling and perturhations.
If sma of the levels still missing from the {(*P;)9d-11d
configuretions could he found, & more definite
decision could possibly be reached as to whethar
some levels ]prEEentl]r aesirmed to (*P)6d might not
more properly belong to {(4F.)94, .

Of the 26 lines in our list that have defied classifi-
cation, ons hae intensity 50, one intensity 15w, and
the rest have intensities 10 and less, [t 1= probable
that na many s one-half of these lines setualiy do
pot arise from neuirsl atomic bromine. For ax-
ample, ginca the six unclaszified lines of wavelengths
lems than 4100 A would have to result from transi-
tions to the even (*F15s levels in order for the upper
levela to lie below the {(*P:) limit, and since no new
odd lavels predictable on thie basis fall in aceaptable
pc:s]igt.inns, 1t 13 doubtful that these six lines belong
to Bri.

There soema to ba littla hope of finding nny Brr
levels above the (*Pg limdt unless autcionization
from these levels 1= somehow avoided.  Although
wa have predicted and locked in our list for many
linea that wa thought most ]ikel'[y to appesr from
such levels, none could be established dehnitely.

_The unknown wrg levels falling below tha (%P3}
limit ere predicted to lie in the range 90800 to $5285,
Their stronger combinatione will generally be with
nf lavels, Since these latter levelz are in the range
BRIC0 to 95285 K combinations with ag will produce
lines that fall in the infrared beyond the region
aeeessible by photography.
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3404 518 2 27718, 67 5z P07 1D s
AR 254 T g?zgé gﬁ 55 1Py—tfip P
3844, 165 15 7433 N
i04s 108 || 10 Srase. o8 || Be "Prr—5f [Hea
3048, 805 100 27414 96
3546, 626 } B0 27414, 80 } 5 Por—f Pliaan
3658 186 2k 27325. 93 L T ] {1
3659, 970 21 27314 25 b APy G
3735, sl S 26T6). 42 5¢ Py 4D‘
3rdn 41% 5O 266491, T hx ‘Ps.r!—Bp ‘Pla
2751 287 10 2&G44, 94 S¢ Py—Bp X
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TadLE AZ. Obaerved lines of Bri—Continued

Wavelimpth | Inlcnsity Wave number Clasgificalion
4 K
3753351 | - & 28836, 29 5¢ ‘Bur—if” 13
i 4| ERE SRR
3781 748 2 26575 &5 55 'Frr—af” (2]
2761, BAT 1 26575, 14 58 Pou—Af* [2]is
3770, 58 150c 26511, 45 55 Py 8" Pig
LY
3704, 03 500k 26340, T2 Bs Py—1p Dy
7R, RS 5w 26514, &0 Gaf 1Py —Tp"’ iHgn
3810, 05 ih 26232 73 55 Py—Tp *Din
3515, 650 | 1200 25200, 42 5 Pyr—ip *Diy
3528 506 | 70O 268112, 46 B¢ Py—Tp ‘Pin
3330, 75 200e 26103, 96 5% Pye—ip Pl
TH44 025 | 200 BEODE. 15 B Dty (Wi
3847 BT 5 25984 41 53 Pyr—5f [115s
3550, 610 10 25062, 40 B 1P 57 [2l1s
3850, 740 i 26081 87 B8 *Paa—5F [Tl
3851, 554 3 25055, 51 58 VB 7P’ *Hin
3354 702 0 2roae ob | 5’ ¢P, 7’ ik
5809 663 | 200 26065, TR 54° *Pan—T71’ Bla
AR, T67 25 25635, 20 55’ *Par—7p’ *Hn
3905, 523 26t 25696, 55 ,
1005, 85% }' 20 25505, 43 } 5 o6y’ Stz
%000, 285 | 175 35570 2% B3" P Tp' 1T
3913, 560 12 25544 35 B&’ TP TP *Bin
39)7. 775 ) 200 25517, 47 || 5o 4rr oo
wr—op s
3917. 819 || 150 25517, 15 ||
I, NG i a544%, 30 ba' Py p—0p D
3934 065 60 25411 79
3034 084 B0 25411, 68 || 55 Pyr—Bp Dia
3034110 || 100 25411, 46 ||
3042, 020 2h 25360, 49
Soir wsh | Baaih. 26 b i
& L i
1045, 565 1 25337, 74 5’ VP —b] [2l
3080, 416 h 25185, 50
| it o
1748
200l 908 | 300 2e0ar 01 55 tPr—(1D)5p D1y,
3002 383 | 1500 25040, 74 55 *Pyn—bp" ‘Pl
3008, 177 5 ZE025. 64
608, 402 35 L5002, 36 5ix Cy— N DBy 1D
3006 070 | 200 24605 Th Re 1P —bp’ TPt
1000508 | o Bd%ad. 99 So tPur—df [l
", i H B
so00. 320 || 3 2109¢ 21 |} Be 1Pyy—4f i2)L
4012, 548 €0 24914, 78
1011 0 } s 24014 58 '.} 5a Py—47 [2l2a
Al 1 £
4018 316 | 200 24370, 01 | 59 AP —7p T
4023, 772 | 280 24557, 64 5% 1P —1p Pin
4033, 762 ik 24783, 73 50" 1P —Hp Dy
w154 L "5a Bi6d5. 2 B T 7p e
56, : ;
#0536, 425 } 25 24645, 20 } T P —8p Fia
087, 420 30 24641, 67 5t 1Psu—Tp 1Fin
1078, 406 75 24635, 26 8¢ 1Py Tp T,
07508 | 50 Frisege ol S A
1076, 956 75 24521, 18 | 55 P —Tp" g
2083 140 | 50 2443 09 | 55 *Pyn—8p $Din

Hen footgates gt end of table
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TArlE AY. Oiderved Lded of Br 1—Continued

Wave puinber

Clussificalion

Wavelength | Intensity
A

S0, G35 15
4106, 355 5
4113 132 4
4114 165 25
4124, 203 6
4143, B4 G0
4157, 425 250
4164, 158 E
4134 270 13
4168, 115 10
£175. TBG 50
4179, 322 100
4191, 935 &0
4106, 458 S
4159 473 a5
4902, 487 450}
4220 701 o J
4220, 261 2
4231, ¢4 4
4240 366 40
404% 414 L11
4250, 815 40
4250, V24 15
4080, 825 )
4261 964 3
4224 54 20
4342, 45 2
#6514 2000
4304 22 i)
4391, G0 B
430 73 450
4404, &7 10
412 49 )
4423 03 2
4426, 14 LS00
4427, M 40
4431 50 1
4441 74 | 10000

444G QR 15
455, 2L 200
4450, 08 158
£47], 67 Al
4473 g1 1000
4477, T2 LT
490, 42 e
4513 44 3000
4513, 82 150
452E. B 150K
4520, 79 B8
4575, T4 2000 |
4582, 18 L)) i
4814 58 2500
4440, 92 H) /
4641 (2 70 |
4843 52 ¢ 0

Hiee lootnates at end af table

K

rddiy, 24
24345 65
24305, 52
hioy, 41
24240, 92

y4124, 42
24046, K7
ZAHYT, GO
FUHT, [
L3984 S0

23040, B4
23020, b5
23545, 61
3522, 85
253505, Bd

23TES, T3
230806, 03
2335, 19
3624 53
23570, 23

23581, &7
23918, 20
23517, UR
3464 13
23480 TH

4 01
L3022, 00
SEO0E 34
ZZEED. OB
22764 35

22700, 28
TE0ET. 32
DBASA. BB
22602, 54
Eenel, 51

Z2Z581. 20
22554, 13
22607, 38
2485, 11
2354 0

22365, 19
22358 T4
22352 04
22328, 53
22263, 30

D145, B4
23147, 97
22081, 37
2005, B
215848, 27

21770 15
21604, 35
F1541, 43
21540, 96
21523, 30

535

L e ‘gm
e’ 5P|.ﬂ—SI|' i 1z
b’ TPy 8 1P
5a $Pyn—4F (3lin
b Py p—Bp" 1Ny

Ax APy —bBp' 1554
&4 ‘Fap—Bp* 11

b g
T

EL) ‘P;m—-—ﬁ'p' s FY
be'’ aPlﬂ_ rd D
5e'f :Pus—?l'P M 5.‘!

B Py —IT

B Py —Hp© =Siﬂ

S APy —i ' Tsp R

5¢" P ¥iH
Folder S 3

S APy — LT Ep tFia
S P Thsp 1D

5 4Py — (D) ap *Diﬂ

el —af 113
{lsjga.':-“‘if é 1rz
3 i,

55 1Pyu—Af [2lin

b P " 5]}5.-:
Bt 'P]::E;” i1,
Bu’ "P|,r!_?:} ‘DE.’!
LTy "P”r—?:’p 'PT.-:
5&' *Far—tp" *Fin

58" 3]}3;3—'5?” =P
52 TP —fp 'Dﬁm
Ea’ "P|,l|—4'ﬁl 'PE&
5¢' ’Pa.la—?ﬁ' QR

Sz (DG *F1e

5! ’Pm—??’ Py
57" Py —8p ‘Tin
i1 "Ps.rr_ﬁ'p 'D!h
Be' 'y r—7p 'Din
&3 sPy—0p ‘Dia

Ga' Yy =17 ‘Pin
B’ tPar—7 b Pin

S0 AF—{" ) 5p ¥ 4

Ga AP o—6p 1Dy
Beo ‘P —5p" 1ia

B Tyy—Bp 1P
Ba’ ‘Pm—ﬁp' 185
52 1B, —fip ‘Fln
Ga" AP, p—EBp" 1145
Ga' ’P;_.-g—ﬁp' 10

34 1Pua—6p’ 1Dt
5x' ’P;.‘!— ’D].m
it 'P:r—‘l}'{l]ﬁm

]i."S

fuﬂ’ =P:|_.'g—-'ﬂ'p' Bz

i1 g "PEa



Taplk A2, OGhserped [ings of Br T—Cobtinned

Wavelength | Intensity Wave number
A K
bi0o4. 18 25 21480, 05
484, 56 300 21200, 83
4703 42 50 21255 14
4706, 36 124 21241, 40
4700, 03 ILLI) 21180 28
ATEL OV o 21167 20
4752 2R 2500 210306, 65
476E, 63 35 T, T
4775, M) 750 2¥035. 43
4780, 3t 4K 200013, 30
4755 19 1800 20E%1. A7
4802 87 250 20315 93
4307, 6L 350 20704, 54
4834 48 L1 20872 08
4548, 3 25 20610, 64
4504, N4 250 20670 22
4906, 40 114 20375, 48
4020, 05 30 2315, 98
4021, ) 100t 2212 10
4954 73 200 20177, 10
4070 78 AHHY 275, B
4083, 2a 78 H0dl. 63
AOipg, 72 5 1A, B
5020 37 21 LOBYY. 85
63 7d ) 14742, 75
B2 80 i 19630, 86
512E. 56 1} 19455, 32
5104, 47 1lar 194h1, 84
5148 78 1 194186, 6T
3150, 47 1,3 104140, 30
5220 T1 5 191449, 15
5322 32 1% 19143, 25
5228, 91 a0 10126 44
S241. 43 5 18073, 45
5245, 12 350 19060, 04
5261 ¥ 5 18084, GF
5285. 23 L1 18Q15, 30
5207 42 16 18872, 22
5314 18 10 1ER12 34
5315, 85 ;! 18806, 44
o317, 23 0 18301, 48
5418, ¥3 7 18796,
6323 20 12 1B7RD. 47
5328, D2 200 18784 A1
5329, 3 12 1E7EE. 07
53710 40 18731 hé
Hd45. 4 Lo LT 185702 40
5348, 29 1 18442 37
5384 67 120 13470, 02
pdod. TL 12w 18662 EE
564, 19 Bl 15636 96
537D 34 300 186)5 62
5575, 13 15 _ 18585 20
H3R2, §e 120 | 13571, DB
5384, 27 . 1567, 46
Hee footnaten at snd of table
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Clasification

Gu' AP 4] [Z5e

51" P {1 [ Sp 910N
58 TPyt D p5p Dy
L T T H!m
S Py 4 f (24,

G g —4f [3]ie
Se Py —Gp 10,
5" AP o—ap't 15,
Rtr 2P1,l:_ﬁ-]1” 1111{2
o8 "Pa,rz—'ﬁ'j.’il ‘DE,!:

b 4Py —p Py
53” 5P|p—?j§i 'T.]!m
G A0 —Tp 1P

58 Pyy—6y ‘Phy

S \Pan—Gp 1Pia

B AP —Tp Pia
Se* P — L1135 P2,
Ss' Py — (' Dohap tFy

52 APty e

58' Py — 0 D)6p TP
51" P r—Ap" Bl
5a™ FP p—Bp" 1D,
55" Pp— (1 D6p HFEs
5\3” :P”:—ﬁ:’r :ET.'!

At Py —df 1152

Sp 1PL—Gd’ My
5p P84 Tk,

ap 1P —10d ol T
fp APy —10d T,y
Sp APip—10d Dy
59 Pir—6d" Dap
S 1P p—8p 'Dig

3p PE—tIN) 4 2Fp s
&' AP u—tp 1Pt

5 4Pl Ls iy

3p Py —1d 'n‘;.m

Bp A p—10d 1Dy

B Dy 12q
P La— e
Sp P04 Pap
5a7 iPyg—fip 125,y
Sp 1PE—% *Fon

Ep T1w—8d Diy

S5 'l"._.lg—ﬁ iPE,I:

Sp APy (D dd 23, 5
-IPI M-" !IF

LU LT
Sp 1PE— 01 IF;

B IPp—Gp 11
58‘ ’P;.—;—ﬁp 'PT.-:
By +DBg—11d 1Py
53 P1e—6d" TPy
5‘;1 1D!a—ﬁd“ ’Dan




Taprt AZ  Obsgrvsd Hner of Br r—Oolbinied

Wavelength | Intensity Wawve nuinhber Clagai ficarion
A K

5303, B8 7 18535 41 B Phr—11a 1Pyy
5395, 45 } 12440 18525, BS } B¢ 3P, (D) bp 3Py
5394, 55 yoo 18528, 64 W Bt
5ild 28 4 15484 61 bp 1Pgr—6d 1Pyp
5420, 45 13 18443 59 5p P 8d' 1Py
5420, 20 18 18442 &3 Ep ‘Flr—3 4P
5424, B 85 18429, 38 B AT z—11d 1Fpy
5432 47 en 18402 72 5" *Pa—Bp ‘P,
E434 272 Fi 13304, 74 3 PR Dy
B450. 09 550 18343, 22 8¢ *Pr—op Pia
5453, 03 o0 15323 33 Ay ‘Pr—0d7 1Py
5435, 16 i} 15320, 17 5p 1P Ui 110y
5456 98 m 15323, 49 hp APLe— 1l ‘P
5463 72 80 13297, 48 5p A0 — 104 1Fyp
E466, 22 1200 15285, 10 Ea' 9Py a— (1 Dy 5 *Pla
5463, T8 15 15277, 26 By A T—10d 4Dy
54716 90 5 13273, 45 ap AP —0d D g
5504 44 354 15162 04 Sp A0 x—10d 1Fs,y
BE20. 55 20 12104, Ho 5p A Plg—id” *Pye
5582 563 o0 13102 1 Sp 1 PLy—3d 1Dy
it ) | 175 LEOBL. 40 hp AP3a—54 *Dan
5ER2 20 141 13070, 91 ap 1P Fir
5526, 27 3 13057 A8 g 1PL—8d 1D,
BRg4, 72 [ 18030, 17 5p Pia—1011Fya
5546 ™) o0 13023 03 Sp i lHa—liz Py
5558. 19 40 17686, 67 Sp 1Py —I0s ‘P
5555, 40 10 17945 78 55 A0 p— )i 1Py g
E5EE 17 160 17589, 98 Bip 05— 1
5500 5¢ 5 17883, 23 Sp ADd—d 4D
5597, 26 15 17R60. 13 Apr A0 a—118 4Py

- 5p 'Ply—8d Fyy
560, 41 Bk 17844 51 { i 'P;a—E'Dsz: 1Ty
5604 96 4 17546, 39 5p P (D) 44 3Py o
5600, 83 104 178210, 91 B D 6! THy
5611, 42 ¢ 125 17815 22 P *Pia—Hd 'Pia
5427, 24 200 177TH3. 77 5p 1Fiy—fd 4Dy
B33 97 144} 17744 55 hp A Pig—8d ‘Dsp
5637, 27 130 17734 16 5p D 4—0d 'Frpy
5440, 35 35 17722, 87 5p ‘D564’ *Frn
5845 31 Y 17765, 90 Sp D —0d D
5645, 97 45 17706, 83 5 D1 —d 1Dy
5667, 75 4 1TRAR 70 Sp AP ia—Bd* 1Py
5667, 92 5 17635, 28 :-Eilmn—@d 11,
S8RE6. 77 15W 17552 50 i Dy 7p" BT
5607, 20 18 17547 34 Sp Dia—bd’ s
5705, 74 & 17521 35 oy APLy—0d 1Ty
5700, 44 g 17500, 09 Sp PEr—04 Pp
5716 26 25 17458 10 fip TPYa—0s 1Py
5721, 11 100 17474 25 Sp A DH 10 4Py
522, oY 40% 17468. 60 Oy APT—0d 11y
5764 88 45 17342 2Y Sp D10z Py
5771. 30 b 173722, 31 sz Tin—Bd 1F; 4
BTTT. 60 10 17303 16 o APj—fd" 1Py
ET70. 97 4 17206, 23
5743 32 KUK 17256, 31 fip 1D4,—d 1Fy,
5754, 02 30 17284, 22 5 *Piy—7Td Fyy

S 23s g3 Lird




Tasir A2, OWerved fner of Br 1—Continued

Wavelength | Intonsby

Wave nurnber

Clasgification

y:
G798 94 100
55401, 5 40
LR, 22 a0
5805, M 30
58040, 50 250
o519, 56 B0
5421, 45 12
5824, OF &
SRET. 08 10
ERIR, B1 150
o828 89 7

ERZ0. 30 400
BEE3. &% GO
G536, B4 150
BREZ. 08 1800

JA61, S0 120

SB64 B2 00
5367, OE i1
azgn, 47 14
a8TT 1A &k
naR0, 87 &lca
paRJ. &7 &0
5804, 25 12
5098, 32 } &
503, 51 d
SR 48 0
5005, 45 200

* G046 60 &0
5808, 31 250
537, A5 &

of40. 48 1450603
5843 71 140
0946 50 800
S050. 32 F50
5953, 42 730

5082, 90 12
HB53. 35 b
5986, 32 126
502 80 100
5000 T3 o5

GGT. 34 b
a5, T4 riLy
a107. 89 125
&111. 140 80
6116 19 a0

G118, 80 300
G122 14 2400
6132, 36 1
G124, 53 30w

Fan footnotss at eod of tabile.

K

17254, 51
17434, 14
1TE2E 26
17221, 64
17208, 15

17178 67
17173 (9
17150, 47
17156, &0
17152 29

17141, 17
17148. T8
17137, 04
1T1E7, 81
17083, 21

170568, 82
17046 10
17028, 62
17032, 59
17010, 34

16832 25
16973, 60
1696, BU

16448, 28 }

165048 T4

16847 44
16928, &2

16528 22
16917, 76
165434, 45

14825, 0B
16810, A5
156814, 78
16801, 14
16701, (1

16708, 67
15708, 42
16502 92
14681, B2
18682, 50

165630, 08
18811. 75
16695 36
18502, 25
16H02. 58

16485, 25
18477, 07
16404}, 20
16265, 27
16365, 14

16345, 5%
18338, 55
16330, 64
16320, 08
18217, 94

538

Ip tPie—Td Fapn

o e
5p *Dix—8d Fip
EpDin—E8d iDhy

5p APi—6d’ P
5p {Ply—s Pry

bp D3 —34 1T,
Sp (Fly—0s Py

ﬁp ‘D];g—sd "Fr_,u-
5piPir—7d 'Oy
Ep \Ply—74d ‘Tha
S5p 'PLe—Td tihn

5o YDEp—8d 1Dy
Eiﬁl 'Diﬂ_gd ‘Fﬁfj
59 ‘Prao—8u 1Py
AP *TLy—8d 1Ty
By iFt—Bd {Fa

{1 Dy} Dyyr—Tp" 10Ha
1 Py s—bp 'D!,l:
S5p 1P —d 1Dy

D5 55 D77 48k

bp 'P!_.v—fd ‘Flu
B P15 Ba 38,5
 Dir{1D,)d gy
1Dy B8 D7y 2Dla
Sp Pir—7d tFax
5p AP pr--fd Dy

Eﬂ” rP].lr—ﬁ 'P'i,r:

Sp DG p—(TD,) 4d My
5p ‘Pig—id ‘P

5p 'Pir—7d \Dyp

by Piy—Td tDyn

oy Dt
[

By ‘P (11,) 4 *Dap
5p sPi—7d 1D

Bp ‘Din—0d Ty

Sp DWW 1Py
B {Pia—Ts* D

S5 D6 TFun
&p "D j—0d 4T,
By i fd” iy

55 VD p—0s 1P
53 ‘Dl (1D 4 104
5p DM (D AT M
b APy p=—Mn 1Py
5]3 ‘Dﬁx—?d ‘F':',II

A g
1 O
§‘;*§’ D 7s B
9 \PEn—Gd" 2Pha
CD G VD81 [411




TAKIE AP, Observed lincs of Br —Continued

Wevelength | Intensity Wave number Classification
4 K
51232 71 b 16301, 49 Bp D — (1 Dy 2
6134 71 75 16296, 14 5 ll’)si—il}s!‘)Pm Gin
137, 49 150 16288, &0 B *DHy—Td ‘D
B141, (4 100+ 16876, 38 | 0Do e b/ | [3
6143 72 1060 16274 8} 5p P75 3
f148, 60 4000} 18354, 27 55 1Vpr—6p'" Py
a4 §i51 10 EOd 16252, 76 5p D— 118 1Py
615%, 19 750 16234 05 5 4D in—Td ‘Do
#1577, 38 I 145153, 50 Sp tDL—Td Ty
8184 00 200 16166 05 ap SP—50" 2y
#1090, T4 50 16125, 25 E# ‘Phi—58 Ty
4203, 08 00 18118, 56 5p P5,—88 P
6204, 35 9y 1613 27 bi D1 —Td 1Dig
£o04 49 &) 16112, 80 5p ABl—T7d Fan
6205, 40 120 18110, 54 Bp 15 r—8d F1n
4204, 248 1{H) 14103 12 5p he—Td "Dhy
6216 71 5 16081 23 5p 10§ Py
6235, 51 65 16058, 50 5p ' Diy—7d Dy
G235, BT 10 16031, 82 5 TMtm—8e 1Dy
6244, 29 400 16009, 95 B5p Pip—7d 1Py
8248, 24 200 16000, 0& 5p " DHn—B4 1Fy
6251, 32 200 15002, 20 Pi—bit*’ 1D, 0
4253, 89 400 159%6, 14 82 4174 Dy
8353 46 B0 15012 03 8’ 1Py
p ’S —8 Py
6254 B0 | 15907. 28 |{ P A
6200 13 550 15803, 53 5p Pim—bid’ 1T,
8208 71 700 15876, g2 55 tPTn—Td $Dye.
6301, 36 275 15365, 20 B ‘Pre—id" 1Fip
$315. 12 5 15530, 63 Sp’ 1858’ Py
£331. 09 200 15788, 46 53 P85 WPy
1500 15779, 76 5p Piy—8s ‘Pos
8336, 30 %00 TETTT, 49 :
4336, bk 500 15777, 07 } (Db 3e 1 Dyy—8p 1D
A337 85 60 15773 &6 591 D (' Dipdd Ty
5343, 7D 35w 15750.00 | (D ds 1Dy Sp 1Dis
8345 30 [li]e] lavad. 3¢ Sy AP —5d" TFry
5240, A2 500 15744, 12 5p 1Pty 6d 1F, 0
6350.73 | 60DOD 15741, BT B Py 30’ 45y
8371, 60 0 16690, 31 E'D,}Iﬁs *Dar—8p ‘Pl
6302, 67 3W 15638, B4 "Dy} 55 * Dy —8p *Pia
398, 03 30 15626, 40 o B ,%4:1 S
y 1ihe 15620 71 A i
6405, 52 H ool N Du—tp ‘Pl
G405, 54 i 15807, 07
G405, 68 6 15606, 53 1Dk} S W y—df" [4794
15565, 5 5p 1B 1
6d18 20 18 15576, 17 ol il
1 15574, 54 !
410, 03 15 15674, 37 |1 (Dabs Dyr—df' [2in
8428, 30 1] 15558, 75 SPp—5 OF
6435, 8L 1% 15533 77 f-.; PYamTz P
oias 08 | 600 L8604 43 $5 TP15d’ 1B
4 -y
8458, B2 264 15478, 10 57 4D rgmbBd"” 4Dy
A footaoten St eod of Bbla




TARLE A2 Hbwerved Iined of Br I—Contnned

Wavelength | Lotensity Wave number Clasgification
A K
6462 32 5 15470 04 Ep ' Pin—Va" tPap
T 41 200 154510k 70 Sp tPE—5d" iPa
847623 100k 15439, 20 Eﬁp AD5—Y5 4Py,
9453, H6 180G 15414, 36 +Pe—6d T e
5453, 96 35 15418, 41 Ep 04 Pap
G4E5, G2 =00 15407, 34 &p "Pﬂ.ll—ﬁd Fin
G495, Si} Mk 15395, 08 Sp D, z—S-E =P3.rs
4501, 51 4 15376 78 g’ ’S" T
Go14. 332 2 15344 56 "D‘E.n;—'?a” P
Bhl4. 62 1000 15345, 856 Ep tPis—0d tFp,

b HS51, 39 FiL] 15674, 45 Spt TN —Re 1P
HHE2 29 Tl 1] 16304, 34 Ep T —0n' T0y.
§541. 30 GO0 16243, 24 7 +Pha—5id TP
Gadd. 57 200 15275 62 51? Pia—N *TJ'.m
8348, 00 Lann L5267, 41 B 1D p—3a Py
4661, &7 12 15259, 30 Ap' Wty —09F *Dhyy
6557 B0 LT RT 15240, 16 g APy—0p" D5
a571. 31 1000 15213 48 5p DE—Td Fyn
G574 29 15 152006, a¥ Sp* i Dyn
BATH, 24 10W 15202, (i
B5TA. 14 1500 15195, 36 5p1Pi—ad 1Dy
G570, 36 300 15194 24 59 {03 5—{185) 6% 51z
B5E2, 17 SO0 1h188 36 Sp 'Pia—od Ty,
882 42 A 16137, 32 Sp 'Pm—ﬁd” 2
G6E4 14 L] 15153, &2 ap D —Td 1F;
A689. 62 1die 1517L 19 Ei;*qu—{'Dg}M Prm
6604, B0 15 15134, 32 ‘Dm— 10f [4l5a
8613 06 4 15117 44 Sp' M |
6620 47 1pHd 151{M), B0 oy *'D;i,m-ﬁu 'Pa,rg
G621 44 5 15003 20 Hp" EDEs—{ Tk dd 1Py
524 26 20 15091, &4 A D y-=fa T
G320, O 20 1505). 86 ap D3 —7d "P':.»g
Ra3i. 62 LT 15075 11 Sg APy y—0p' D1,
B63%5, 10 60 18067, 24 Sp ‘Dp—Td s
BEI6, G2 150 LA0E3. Th Sp 1D i—5d" Py
a63%. 57 40 15657, O 8p ‘*Dip—Td *Lha
G545, 17 H) 15044 37 5;: 1 fr—53° *Fm
aa48_ % 120 15041, 16 Bp' Wiy—od’ 1Pan
6653, B2 16 15024, 51 5" ’Dlﬂ"—[’ngfhi Fy
G066, 03 150 14005, 27 5p' 20— (1) 4d *Fan
G674 15 600 140838, 54 E“Il;h—Sa 'E;ﬁ
6676, 54 15 14873, 68 5p’ TNy Thy) 4;’1"13
il g 14973, 28 Ad +The—Er" [3)ia
a831. 71 16 14962, 10 S5t M p—id’ *Fy
G682, 2% L L] 144940 B2 Sa AP —hptf 2
6% 17 50 14658, 54
(1 L 50 14456, 46 (1Tt} 5 TDgr—hf [4l8
GE8L 33 70 14956, 23
6GRT. 33 ai 140440 52 Aad A0 e bif" (418
6RE5, 08 G} 14047 85 Bp D —7d 114,
66D 35 1 20ewm 14942 78 UD,}IES IDgn~—5F [3]?;
GE92 13 1000 140938. B0 AP G 4 Dqﬂ
E604, 62 i0 14835, 24 5;.1;)’[)5.1-—-(1139} Py
A7, 71 ik 14019 87 hip’ !Djm—"ﬂd
T2 07 110 14916. 65 Ap' 38| —n6d' ‘Pm

Zpp footmotes nt end of tmhle.
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Tagrk A2, Qbaeérvod Uacy of Br i—Continued

Wavelangth | Intensity Whave number Classification
A K

G706, 79 &0 14906, 15 Sp tDte—ad' TFipn
6712 12 30 14844, 31 5p* 3D o—0d +Dyy
§71%. 06 125 14892, 23 59" S0 *Diry
6714 56 60 143R8, 23 Gp D —5d' Py
6719, 97 4 14376, 91
A720. 68 TSk 14875, 34 4 SDe 1 [4]4a
G723, 65 ] 14368, 77 D —5d”
a7e8, 23 3000 14868, 54 % PGB Dy
6738 61 100 14835 76 Spt D Ih14d gy
6730, 66 # 14583%. 45 55 tDfp—mfid Fyp
6740. 83 5 14830, 57 5p' 2Dt 1Fqn
R752 67 & 14804, 87 g T )
g780, 08 G000 14TRE. €9 APy 5" TP
6761 92 25 14754 62 Gp' gD dd iy
6765, 12 g L4TYT. 62 5p’ i e—id 1F;n
6771 95 175 14762, 72 Gp D5 Py
By74 63 Juk 14754, B8 ded $Thy il [F]Es
8778, 57 60 14748 30 5p" I8 —Bd 1P,
6779, 48 2000 14746, 32 S5p D04 1Fqp
6785, 23 10 14733 83 4 4D p—f [413n
6785, 74 00 14732 73 Sp' *D—hid' *Fig
H7RA, T4 200 14751, &5 p D p=—5d' 1Fpy
6787, 34 I75 14729, 25 Spr DL —ad 1D,
G737, 77 g §4728 31 %p' 815 Py
G790 04 G500 14724 8y p i Diy—6d 1Py
6791, 48 1600 14720, 27 Fip APy —8d 1Dy g
801, 35 [:1] L4645 21 Sp" Bia—8d 1y
88146, 72 a0 14665 75 At 1D —ad' AF,
S520, 01 tik 14664 63 ap' 1D D
6820, 39 Aon 14657, A7 Sp A I a—0d 'Fip
GG, (2 500 14848, 78 op APTy—5d" 1Py
6540, 52 175 14614 53 Ap PTe—6d Py
B544, 22 5 14605, 55 ﬁf ¢ Dog =Bl VI
6545, 27 He 1481H4. &0 p D — T 1P
6846, 27 150 14602, 46 Hp *Pia—tid ‘Fay
6553 51 3 14587, (4 Sp' D r—6id” 1Pry
65858, 22 45 14577, 02 Sp' A D —(1 T} 4d * Dy
A550. 48 an 14574, 45 p’ ¥81a—Bd 0
SRAL 15 1804} L4570, 80 Sp A Din—6d ‘Fr
GETG, 22 20w 14544, 98 ipiDjr—Te" P
GEET. 00 12k ! 14514, 02 A D —81 [N, 2
GAAR. T3 s0h 14512 46 dd 1D —8F [4]kn
6004, D5 200 14478, 37 S0 1PT—ad 14
f022, BE 340 14440, ©1 Bpt Eie—( Dl gy
6623, 4 1 14440, B o T e—0ed 1P
6997, 10 4 14432, 07 Sp *Die—5d7 1D,y
6527, 34 8 14431, 57 apt W— (1 Ihidd 1P
(024, 78 4y 14426, 49 A8 et VD
G3E. T8 2 14411 Y% Sp' T — {1 Thp 4d 10y
6962, T 11 14357, 69 dd 1\l a—af [2ia
GYTL W 25l 14330, 21 ApiDt—ad 1D
6993, 25 5 14297, G0 A A D3 [3]5m.
G992, 83 5 14206, 42 3 4 Thy—Ef [d]5s
6993, 31 20 14205, 44 * 5 i’ 1Pa
008 15 | oo 14271, 19 bz Py y—5p By

541




TABLE AZ Obsérped Naer oF Br I—Continued

Wavelength | Iptensity Waye number Clamification
g K
7011 53 50 14252, 29 5p D152 1D,
TO015. 15 75 14250. 53 5S¢ 'Diy—id Dy
7024. 70 20 14231 56 5p* M —8E 1\ Fyn
7026, 63 & 14927 &5
TO31. 34 15 14218, 08 Sp* 1Dga—3d 1Ih,
T054. 3R B 14170, &4 bp "D =0 "Dy
7058, 38 200 14163, 65 57 ‘Df—&d *Dm
7061, 71 1 14156, 97 Ap' BE—0d *Dhye
7084, 33 4 14147 72 5 VDi—8d 4Py
7074, 71 5 14126, 97 Sp" \D—6d" *Pin
7082. 43 3 14115, 18 Sp "R —Bs’ 1P
TO91. 12 4 14005, 26 Gy’ D —8d 1Dhy
7101 30 ok 14007, D6 bp’ frge—8d 110,
7107. 14 1 14068, 48 5pf \D—3d 1Fpp
7111 50 190 14057, 86
7111 62 100 14057, 62 || UDat%e *Dsg—0p" Fin
7111, 73 150 14057, 40
7113, 22 B 14054 a6 Sp D=8z 1Py
7113. &0 100 14053, 71 84 VPi—6d tDyn
7117, 59 15 14045, B2 Bp ‘Dag—8a \Ppn
1 ,
N I 1 13039 34 |} (T:)Be Dyr—6p” Py
7133. 95 5 14013, 62 59 BIe—Ts" 1Py
TLIR, 05 2 14005, 57 Sp" TPE,—1Dg) 9 35,
Ti35 1% 4 14005, 4 5" FD— (1D dd 1Dy,
7149, .
naan b IR oy 53 [} D% a6 Pin
7145. 56 2 13890, 85 &l ‘Dm—'?f [ﬂlin
7147 (17 4 139%7, 80 5&
7149 0% 15 13053, 0@ 'Dm—ff [31!.-1- 5
T150, [} 8 15982, 16 Ad A Dz—=TF [4]1y
7150, &0 TE 13051, 57 dd A Dya—7F [4]in
7153. 13 5% 13976, (4 5p*t *Pra— (110 4d TFya
T160. 74 15 13561, 19 Ad 4D =B [$]50
7182 10 750 13058, 54 be Pyu—5p' 'Dig
7172 22 25 11038, 24 sp! *Em—ﬁd’ Py
7176 74 BH 13032 04 dd ‘DB H;,.
7177, BE 54 13927, 83 4t DB
Ti%4 A0 00 13915 41 Ep iP*rg—e.d-n
7104 24 a 13806, 18
7194 30 5 13806, 06 {11051 5a A Dgy—Tm 1D
7194 41 7 13396, 36
7194 53 15 13895, 62
7214 95 he 13356, 20 (D) 58 T Dyr—Tp 'Pia
T2IT. T8 20 13460 848 5p' 87,—T7d \Fapn
7222 31 50 13842 17 Ep ‘Dt—5d* 4Psn
7232, 45 100 13522 76 5p VD —5d* TFga
7250 38 i 13814, 54 ap' ‘ﬁ;r-ﬁd 1Py
7247. 20 it 13794 46 S D1 —Bd" 1Py
7155, 56 15ct 13775, 74 Db 5 T 75 $Diia
T457. B2 104 13774 46 M *Dm—T_F Iﬂ]!n
7300 48 | a0 13755, 54 D
A a7 LR
TR, 40) 25 13765, 78 44 Dy— H ;
T285, 14 5 13760, 53 L EMLT *D,r?p 'Dm

SZ

-




Tanix AT, Gbrarved lines of Br t—Contloued

543

Wavelength | Inteoslty Wave number Classification
A K

77D, 5% b 13746, 43 (Ds)Ss ’Dm—'i"p DM
T2RL Al 5 13724, 17 198 —Td !
TIEE, 40 150 13714, 85 6p ‘Dir—5d’ *Pin
721 o2 i 13710, 03 5§ : =P;,,—nd Ty
TR, G3 75 13685, 43 p 1D} —8d 1Py
T310, 45 4 13675. 256 5p' 185—0d ‘Fay
7311, 48 1004 11673, 35 5p D3y—6d ‘Fan
7318, 31 20 13858, 73
7310, 41 o5 13658, 54 D) 55 i DT 1P 1
TR10. 53 20 13858, 12
TATD, 35 10 13651, 18 5p" S0 (D) 4d *Dyy
TEH 2 1041s 13840, 20 (ll},}ﬁa Dy—Tp APy
7320, B8 1 136268, 40 {1 P —0d sThp
na ) oW BRG] eosbemum
7242, ®j§ 10 13614, B4 5p' =s =T ‘D1 A
T34d. 53 10 13811, 84 ﬁ
Tids 51 | 10000 13604 45 Ba 'Pm—ﬁp’ i
TATE, 43 20 13540 249 5 D ia—bd Py
7383, 6o 5 13530, 63 I e ) o
7335, bd 4h 13536, 24 4t 1Dy pr—87 [2
7420, 63 3 12472 13 5’ B3B! lg'“
7425 35 750 12462 TG E-p iPs—70 1P,
7452 13 ] 13415 20 p' 4D} —T7d Fom
7453, 43 vil] 13412 95 :.p' D78 1Py
7458. 23 B0 13404, 32 ﬂ:n,,,-:rj ]1,-;
7461, B 0 13507, 70 4d 1Dy
7464, G5 % 13392 75 5p*t =P:a—-|:= REEL
7445, 44 15k 13337, 74 4 AF . —10f IE- 1Tz
7457, 81 5 13333, 56 4 Dy
7EIZ. B8 | 40000 13306, 67 Sa P yr—51 1D
g oL,

el =iz ypm
7EAE. 60 1 13240 11 P iy d' FPap
7551, 40 100 13238, 03
7551, 48 126 13238, 79 || CDWE*Par—0p" Dia
7551 B0 175 19935, 5%
7559, 94 7 13223, 89 5p D p—Ta" 3Py
ThED. 05 B0 12205, 01 b’ 187,r—78" 1P
7570, 87 550 1204 80 Bp "D 1Dy
TRTE. 23 16 121%7. 20
7552, 58 104 12184 53
FEED 09 1004 12153, 50 4d D47 [Blte
TES6. 6O 25 12177, 51 4d + D61 12150
7501, 61 1600 15185 81 52 tPa=Bp’ ¥y
7594, 52 25 13183 77 od ‘Do —0F [4]%n
7545, 07 1800 13182 81 -Ld D —bf 14 :ﬂ
7598, 00 4 13157, 74 P TP B
7604, 03 0 13147, 30 E‘,t:l’ =D§,r,—~?d Py
o068, 28 120 12143, 41 4d "Dy —8F [2Bm 4
7607. 16 100 13141 61
THOT, 25 150 12141 74 ,
7607 33 200 141 51 || FD 58 Dar—b6p” 81
THOT. 54 300 12141 24
TH16, 41 HHH 13125, 83 5p PIa—74 Py




TARLE A2 Obstcreed licey of Br 1—Contnued

Wave number

Classifieation

Wavelauglh | Intensity
A

THLT, 82 3
TELT. 80 &
TH1E, 03 14
TGEZ, &7 50}
TO41 G4 GO0
7647, TC 4
TBAZ, Gl an
TE52, T0 40
7642, Bh G}
7653, 02 120
TE63. 30 44
TEE3, 50 A
T6E3, e &0
TER0. L L1
TGE0. T4 10k
THEL Ta 20
THAL 11 50
7O0H, T2 35
T8940, 5B Bl
T3, 17 2
704 32 60k
7708, 40 154w
7705 39 )
709, 35 15k
TT09, &5 154
7711, 68 &
7714 27 FL L
7713, B4 45
TILE, (6 104
T71h. 18 158
7718, 3l 200
TTlh 48 400
7717, 18 2
7721, 4% L

7726 02 } &0

7726, 18 B0
7726, 26 110
Ve, 19 1
TTds Kl I b
T34 61 25
7741 06 1
TTHG. 44 ‘e
7705, 01 15
T503. 02 | 200040
VBT, 52 £l
7507, B4 &n
TE0T. 78 100
7821 10 4]
TR27. 23 1200
TE3a 0F 0
7341, BT 30

TR 53 1G
Sog Fogtnotbes at end of tabla

K

13123. 50
13123 36
131423 14
13097, 63
13082, 59

13072 23
13083, &6
13053, 49
133, 43
13063, 14

13045, 46
13045 23
13045, 08
13016 30
13016 ()

13014, 25
13003, 40
12085, &0
12654 15
12078, 11

12076, 16
12072 1%
12969 31
12987, 64
$2967. 36

12063, 78
12061, 10
12960, 65
1295% 1)
12957, 93

12057, 63
12967, 34
12054 54
12847, 37
12934, 71

12030 53
129349, 31
124934 41
1242701
12925 34

12012 92
1844, 26
12805, 1%
12512, 03
12504 6d

12804 44
12804, 21
12782 41
12iva 40
12754, 60

12748, 35
12745, 77
12745 OV
12744 93
12708, T4

544

(VD) 58 Dy —bip' 1334

69 Pir—54 'Fan
5p SFia—0d 1Fyy

G ‘D1 (5o} 5 g

(D5} Ba iDhp—fip’ 1D}y

(D) 52 110y, —dp” 2104

43 10 —7f |1L1ka
ad Iy 71 [1]ia

Byt TDE—Td 1Ty
A ATh —TF [2N5e

Bp'" i —8d 1Fp
&8 P —b6p " P In
&1 'D;m—ﬂp Pz

del For—8f 5
ad 'D:,.g—ﬁ_f i

‘H *F m—- F
‘Hi‘nm— f" 31’-‘;:
44 *Dap—op ‘Tin

e 3D 01 (3]s
4d ' Dep—8f [2[

(D} 5z *Dyy—6p" "Dy

B Ph—8d Ty
44 D65 |12

’ (FDy) 52 1Dy g—~Bp* D3

Bp" D r—Td gy
43 "Ds.lz—ﬁf [3] Jh 1]
Bp' 1B g Dia
4d Fr—A5f" [4§
M-Flg.tﬂf [5“.-:‘

5pt (D74
T P i W

("Dy) fia *Dy—p” FBI4

5p'f TPt—8d D,
bp’ DRy ¥y,
By’ ABEr— (18138 VB, o
fip’ 48%5—Td *F,
5p vPru—od Fen

} 5p P —5d 1Py

47 Fyr—10p 115,




-3 I E—F it

Tapre A2, Observed finca ¢f Br 1—Continoed

Wevelengih | Intensity Wave numbar Clasgifeation
A K
TEEL 45 26001 12654 53 . .
7881, 57 } 2500 12684 54 } Be” Pyy—5p"" "Pin
7839 85 B0 12671, 03 g tD =T ‘P
TOE. 66 50 13645, 5% B P T—{ Dy ad 2Dy
T005. 7O 50 12645, 62 Ep’ 85— 7d ‘Pia
TH2E. B1 ah00 12618, hd 5 *Dm—n 1Py
705, o4 250 12607, 37 5521 7 1Py
7032, 0% 0w 12602, 12 { 2 Do E{E iz
T3S 08 | TO0O0: 12595, 00 {'Da}sx Ny il }:-pmsp
To4d, 47 &0 12590, 5% e STy [2)kn
TO4T, 04 S000 12578, 42 Bp D72 Py
7050, 1E | 5000 12574 #7 (1) 5 3 Dy Dal g 2D
3’% ﬁ 360 1Z5E7. 26 4 VDo [3N52
TOGT. 03 } s 1048, 38 } {'Da} i 2Dnr— (D 5p D1
ez || 2 1aean. o8
535,
975, 3 } 15 12535, 12 || 'Do5e D47 [13n
7975, B2 35 13554 TH
TOTE, 44 [ SO0 12530, 33
} ] (D71 58 ¥ e— (VD Sp 1D
872 57 || 10000 12530, 15
708G, 04 | 30000 12512 30 T
TOOT. 02 RO 12501, 232 4 'D; [31
THO8. T 178 12408, 52 5p° 9D Ed” Dgp
8004 36 26 12480 76 Ep’ ’Di.r:—Ed” ’Dm
8004, 87 A0& 12482, 72 44 1Fyp—8f [Hliar
2004, 36 75 12451, 0 55" 1D[—7+ *Pia
B0, 77 100 12481, 32
K008, K6 150 13421 1%
BO10, 00 204 12480, 04 {(1D3) 50 2 10;—47 [2]in
ROL0, 17 400 L2480 70
5013, 03 1 12476, T4 4t 51 [41a
014 51 100 12473, D¢
B4, 60 164 13473, &0
a4 74 175 12473, 58 {1Dyhan ?Thyr—af [2zn
8014, B9 200 12473, 35
8E1. 57 104 12462, 06
ROZ1. 67 1500 124872 8 ('Dig) Bt 2De—4F [2]12
8021, 80 o) 124R2 &) b PryTa 4P
i A
8022, 52 00 12461 48 { o e 42,
S0, 83 15 12481 0
8022, 05 15 12460, 77 CDubar *r—af [1n
S02L 14 30 12480, 52
5023, 01 DK 12450, 3% B AP1— 58 1030
B026. 35 2000 12455, 54
} I QD) 5e 20un—af [2]E.
5026 54 || 2500 1EAES B4
sQ2a 22 1B 12452, fi4 4d Dy Hm
SO28. R0 400 12451 T4 4 Dhy—af [4l5e
5020, 4% 144 12450, 68
E029. 53 15 12450, A0
(LD} 58 2D a—4F (411
503D, 67 M) 12450, 39
8029 81 25 12450 17
5030, B1 500 13448, 47 43 WFoer—7F [ilinar
5033, 40 a0 12444, 61 42 4Dy Pl
45




Tasrk AZ  Observed Hner of Br r—Contloned

Wavelength | Intenslty Wave number Clossifiontion
A X
ROZ4. 85 75 12447 36
8034, 91 100 10440, o7 |§ D258 "Dua—df [3lin
2025, 02 150 12442 08
ROGT. 34 40 12438, 51 4d tDop—
- - a4 *Fm—:r_r [P
2027, 65 &0 12438 03 S5p DH—n 1
HOsd). 41 15 124548 31 Sp' D —Ta’ le
ROea. A3 200 12393. 73 5;” 1P e=T2'" ¥Fy »
2079, 59 ano 12345, 78 r 48— 5d" g
8101, 2L 150 12240, 44 -'ip' B[ g6 Fyn
A11L 58 50 12224 70 50" Dga—5d" Ay
2113 M 0k 12852 45 4d iF *54'* 48z
£121. 52 | 50000 12294, 44 5t P —Ap' By
8137, 5O 150 12284, 58 4d 4Dig—Af ]f;:
4l D —8p
£142 B0 404 192977, 41 oty Loy
8148, 84 20 12268, 31 44 D Sp 4P’”
F16Z 86 | 1000k 12262, 5% g "Pie—ad *Dy
R155. 75 | 10000 1226841 G2 by TP 4Bl ‘D
164 00 | 23000 12260, 55 56 1Prr—5p 1D
K168, 32 175 12242 05 Bg'’ tP '—f‘gu B3 3y
8170 91 2004 122345 02 M'Dm—ﬁ* Fip
8472 09 B 12233, 41 by T3S st
®173. 71 20 12050, B2 5p' iFe—Td "an
8175 B8 o5 12228, 10 4d ‘D p—Hip 'P
£179. 65 40 12999 10 44 10, ,,—%,r'
8140 01 100 12221, 56 :.Ep' ] L L
£183. 62 460 ]G, 32 AZi £’ B
4180, 63 1k 12206, 76
43 D=0 [L 1
£190, 08 1w 12206, 54
B190 28 40 12208 24 Ad ATh —6i [11)s
8197, 73 1754 12195 15 4d 4Dy in
K210, 40 5h 12174 18 4d "Ep—3" [3]8:
£215. 12 BN 180 33 bp’ Bly—T¢ P
H237. 948 ) 12135 53 G’ AT =5 ¥y 4
0946, 56 | GO 12022 50 b YPlr—bd ‘Dap
a247. 07 20 12120 B By Dr—8e Py
E2E2. BR an 12114 39 ﬁ *Pju—Td D
8953, 87 25 18112, % D Ry P,
£258. 32 300 19305, 87 Kp' 12575’ Fan
8264 98 | 15000 12095, 95 3p P50 1Dyg
BAT a4 | TEOOD: 12085, 01 S Py r—0p D%,
5980, 94 100 12075, 63 5p* D} b’ Py
BOR0, 75 10hs 12072, 83 S A D r—Bd ¥
2201, 06 900 12057, &7 Sy 4D r—5d Fra
£29%. 57 100 12054, 22 S 150 1Fpq
B3O8, 4O 20 19032, 57 ded 1Fy—9p ‘D
#8313 00 11 12025, 92 5p’ L5 Pap
833470 | 2000H) 11994, 74 ba" TPy r—bp" Bin
534270 | 10000 11981, 50 58’ 1Py —hp", *Dm
£361. 71 300 11055, 09 APt bid By
2362, 38 §00A 11935, 03 ded *F,,.—'.rf g
5367 20 15 11948, 15 5p* Djg—
5368, 00 30 11945, 58 4d *Fm—'f_f Al
BSTZ T 150 11944 17 b APt fd 1Py
BITS. 65 10ur 11931, 82 5" VDN B 4Py
BRAZ 4% 5 11936 45 4d 1Dya—Ep Dis
£384. 04 | 1200 11924 16 By -Ps,,—ﬁg Dy
R8T, G0 100 11918 58 50 DM g—bd Frp

546

[

e




Tanlk A2, Obsterved Meex of Br —Contlnoed

Wavelength | Totepsitr Wave number Classification
A K
5388, 75 300 11616, 03 5p' 1D—54" Fp
A307. TA 75 11611, 76 ADhypem it [3kim
2397, 62 50 11004, 56 5p' ADig—6d Fan
2402, 08 ag 11505, 55 48 1ar—8p Pin
5408 683 250 11889, 21 67" D 5" 1Fyy
5410, 78 10w 11558, 22 44 Fer—5f [PV nan
£411. 81 Sum 11886, D6 4d AF == 5F [40
B421. BE 4 1LE70, 57
8478 77 75 11560, 57 59" Dy—ad Py
8430 51 50 11368, 42 4d 1Dyy—Sp P
#1434 82 150 11852, 35 429D 41" (2%
2435 24 75 11861, 63 def ADhy il [ElEn
2441, 26 100} 11842, 32 5p" DL Fus
8446 56 | 40000 11835. 90 55 *Pyr—ip *Nin
8454 25 5 11526, 12 44 4 Dy—5F [2]3n
9470 65 | 300 Hioos 23 PR [i]:“'“
¥ ;
w751 b Eoo 11801, 03 4d D% ![4 .
MATT. 4F | 4000 11702, 76 ba' 1P, Eyie
G484 4D 30 11783, 10 5p" 1Dy 5" 1Py
SE0S, TS 400 11756, 25 b A0 —0d 1F
§513.38 | 1500 11742, 99 5p A DEr—5d 1Fra
a515. 69 100 11739, 80 55" D84 Fyy
8520, 35 S 11720, 96
8557. 73 | 1000 11682, 13 55' Pyu—5p' 1D1a
8560, 57 300 11678, 26 &p* 1D3—6d Fyn
565, 30 200 11671. 81 5p* VD —d" 1Py
2688 28 | 1000 11670, 47 5p S ,—5d "Fyy
B57H. B4 430 11663, 39 5;# BT —b6d ‘v
F530. 00 20 11651, 41 * 2Pj—Ty Py
B592, 30 250 11635, 12 #d For—of [5]1
8705, 50 i 11630, 80 ’ "
85095, 67 B0 11830, 57 Ad Dg—5f in
EG03, 00 2 11620, 66 #d \For—8f 14 fn
8603, 89 100 11618, 73 4ef Fpmbif (414
BED4. 0% 20k 11618, 22 5p' B38r—8s5 'Pin
3600, 63 20 11615, &% 5p' 1D4—5d" 1P1s
8608, 98 M 11612, 50 { e AT A
48 By 5 [z
£610. 4% 100 11810. 55 4 L
8611, 85 250 11608, 72 44 1Dy 67 [2)E2
5612 48 756 11607, 87 4 "Dy b7 [21
845, 28 7500 11590, 51 | (VD)5 *Dan—{(1Dy)68 *Pla
A0S, 47 100 11500, 39 484D [3]5n, 4
5625 54 200 11585 56 4d "Dye—57 [)t2
2638, 66 | 20000 11572, 69 5 1P 55 1Pin
8855, 11 100 11550, 70 6’ Dr—6dd F
8655 B4 16 11545, 72 44 iF,r— 0y Dip
8685, 84 300 11432 40 55 ADS p—"5 4P,
8648, 52 | 4000 11493, 04 5o’ Pg— b’
3708, 68 75 11470, 64 5p'" TPt —T8 i
4708, 46 1043 11479, 27 6p'! 7P3 sd" i
8725, 33 500 L1457, 74 p i 5 1D
2726, 75 100c 11486, a7 & 4D,,,-—4.f [D]';,.
8741, 64 50 11436, 36 5p' Dty—hd 4
§742 09 Th 11454 59 b ADE 54 1D; 4

37




Fapre AZ, Observed lines of Br 1—Contluned

Wavelangth | Intehsity Wave number Clagsifeation
A K
§748. 10 10 114368, 61 5@ ‘Dig—5d" TP
BY5T. 24 10 11415 69 Bp*’ *Pip—Te" AP
TR0, 48 700 LL&LL. 7% Bp AT r—5d 1Ty
8TEL 20 &iK) 11405, 92 §p' 184 r—5d" Py
ETT5 Tl 250 11301 5 Bp AD5r—Te ‘P
Y79, LA ai 11347, 50 Sp' 85— 5d" *Fyp
8703, 47 | 10000 103488, 45 (T3 5k 2 Dr— (L D) 5p 3P
2S04 [ 11363. 05 sr—7f (2]
8304 03 150 11356, 19 &' -% /L)
4 AFeo—7f [3 62
8203, 41 100 11356, 12 { 8 e D
8504, TH 20 11354, 3% dd 4Py —Tf [4]30
S37 88 |1 w00 11380 8 || (T¥15e Dsr—(Da)5p *P1s
BEOR BS HHl 11349, 10 ap’ FDiy—8d 1Dy
BE19 96 | 15000 11334 %1 {1158 Iy p—i ;150 *Fin
8625, 22 | 26000 11328, 05 Be" Py —bp" *e
#R33. 33 175 11317 65 Sp 1PL—54 Dan
BH42 35 125 V1305, 47 ET UL s Tautit Al B FPN
£861. 69 &5 11281, 43 Spt 85— Py
EE60, 64 300 11271. 32 Sp7 21— 1,
B5T0, 46 200 11270, 28 Sp iP5—6e" *Pp
BATA 43 3 11263, o7 65 Per—7p" Pig
SR7T. 20 o 11264, 55 dd D51 [1]1s
BETH, 4 90 11280, 20 44 +Daa—6rF [1]14
3356, 34 40 11250, 14 5p' B r—id 1P
BEES, 98 000 11%46. 50 S5 D —Ed 'Dan
305, 21 20 11238, o2 4d :Dm—ﬁf [2]ia
8495, 87 150 11238, 08 ;:’ o [.211{?
BEOT. 63 | BOOOp 11335, 88 & 1Par—35p 1Pia
000, 73 200 11280 @0 4 "Dlap—5f [3]4
5025 64 15 11204, 60 dd 1 Fy—7f [1]3,2
2922 40 GO0 11169, 13 Get AT, s—hp' 987y
5933 M 25 11191, 01 5p" Lk—0d D
8036, 96 15 111886, 42 &d Fje—7f [3im
%044, 23 i 11176, 57 A 185—b0d Fyp
&949, 39 1504} 11370 5% (D) 5z 2Dy r— (1D} 5p fFin
BOG4. (0 IO 11152 67 1Dy 5 *Dy e— {10k )6p *Fiy
BUYR 53 350 11141, 70 &t AT —Gf [5]%
8979 58 2HH) 11133 31 5" Pt g—ad” 1Dy,
BORL. 56 104 11127 1% 4 "Fav—0F [4]8x
R85, 32 1 11124, 21 4 P70 [d]3s
=005, 21 50 11113 08 Bp’ 3,—6d" P,
SHKHD, 99 1 11106. 54 4 iFop—6F [3]8, 5
QG 20 506 11101, 65 5p°" iPy R Py
6n12 23 0 11062, Ha hp't 1P By Pya
G020, O 200 1171, 23 SpAD3—5d 1Dy
G045, O 40 114052 72 Byt YD ‘Dl
o064, 35 (M} 11026, 86 G0 T —5d 1Fy
o078, 64 TO0 11011, 54 5p A D et 1T
BTy, 20 125 11411, 04 Sp 4D —5d 1Py 2
00s4. 20 &5 11414, 09 4 AF, eip T3
D056, 20 100 11001 95 B’ 10— Dy
o107, &7 10y 10977, 11 ) e T ] |
8123, 17 50 958, )0 4 ATy 4[5
9126, 14 4 10954, 53 AT 1B —p Dy




TARIE A2 Obacrved fiace 8f Br 1—Cootinged

Wavelength | Intensity Wave numnber Clansification
A K
o124 70 10950, 72 ad \Far—Bp 1Dy
ALl47, 04 756 1029, 50 5p' " *Piy—8e Py
OL1G6 D6 | J0CO0 10506, B2 Ga 4Py —hp 1P
9173, 83 LM HiEYT, 22 Sa't AP —&p*t TP
OLTE 16 | 2000 10202, 44 &' 1Py—5p" By
44 1F Tp' Bia
BlE3. 14 30 10856, 53 Ad" 2P —5F [Elm
9197, If L) iDEED, 4 bp'f 2Pye—nd’ 2F
9201, 21 Bl 10305, 14 A Ty 50 [
Q20L 75 g0 10864 48 A *Dh =57 [1]in
B2z, 47 1) 10863. 47  AD 6 L
2. 56 200 10842, 35 4 I —5f (24
BZZ1. 19 a6 10841 Gl Bp” WP5—0d" *lun
o228 57 15 10335, 20 4 ‘P07 114,
D264 05 T0 10805, 10 4d 4Py [1 5-,
B2 G0 30 108042 72 a4 T —af 1
P2G0. 42 | 40000 1078%. 86 5a *Py—ap *Dig
i 100 10768 65 Ep’ ABE—6d 1Dc
OQIRT BI 2 107, 84 5p' iPy—5d’ Wye
D288 B2 200 10763, 02 5 Pgp—tie’ PPy
$314. 85 30 10732, 60 B’ AP L—ad 1E
B220. 86 | 15000 10725 68 Bt *P y—hp AP,
a2 20 10720, 55 Bp"* IPEr—f 4Fan
B2LE. L5 175 104681, 24 4—]:} 155, —0d vDiyq
B354 55 15 10GE7. 04 1Dy y—8g" P
204 04 [LLL 105468, 50 Bp"" TP z—b4" 4P
9375 84 1 105650, 37 4" *Fye—0 (31
wi7e I 30 10668, 85 dd” *Fen—51" (A1
6399 k5 5 10845 89 L PP 5 (44
8400, 1% ) 10336 17 A’ 2Fa—51" [l
4400, 56 20 10624, 57 ad tla—Tp D3
428, 585 3 10603, 14 G *Psr—7 p’ “Bta
0434 51 3 10564, 48 Sp'* iPge—50" P\ n
0438 20 80 10692 533 Dy—7p t02,
0100, 14 L 105467, 77 R of o M T
9434, 45 2o 10560, 72 #id \F;—5f 1115
9470, 67 ot 10556, 02 dob 'Fgr—af [3]{3
G475 11 20 10551, 07 ﬂ 13 5r—0d 112
4476 32 30 1064% 73 +Fe—Ef 2 jm
B477. 50 G 10548, 41 Gp AP r—bd Fan
G488 64 120 10536, 01 A AT —tf [4]32
G5 A0 50 13528, 64 Sp ' D—5d 1D
D408, 32 20 10525 26 41D, e —Tp D,
BEOL TH Gt 10519, 24 Sp iPls—ad " 1Dy
RWEBT_ 03 75 10515, 65 4 F —Gf [V, 1
9517, 2T 100 10604, 33 & Thype—=7p 1Pip
054% 03 40 10475, 95 4& Py -T:-sp
G52, &7 176 10465, 41 P ¥
0558, 41 2h 10463, 29 M'Fm—lf ID
B0 17 & 10457, X)
8576 17 1 10439, T2 -hi’ 'F;rg-—r&f" [3]:.1
GEEE. 61 00 10428 1% ap P8’ *Fyp
580, 33 20 13424 51 ap'" PG’ B »
0597 98 2 10416, 4d F7a—4f" 18-
OEGE. 7O il 0415 12 40 "4y [4)5
B0, 92 35 104045, 59 A" Pyp—6 12]5.
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Taelr A2 OQbgerved lner of Br —Coontinned

Wavelength | TIntensity Wave number Classifiostion
A K

604, 30 0 10409, 15 4d* 2Pyr—E5J" [2])
605 B4 | 1 10404 02 e (B
0521 02 355 10301. 06 4d *Fm-—ﬁ [1]5,,
0623, 33 15 L0388, 56 5p DEr—5

0625, 17 i 10386, 58 T o,
9627, 54 | LS4, 02 B 1P —Op 1M,
OBA1, 30 &) LE37Y, 67 41 1F, m—ﬁ; [2is
GRSE. 06 20 10375, 03 a4 inm— iD;,,
o641, 08 1 10347, 97 Ge 1P

HGEZ, 00 T} 10345, 93 4 iFm—ﬁ [3]m
9710}, 68 12 10205, 12 44" *Fe 51" [313
D717, 4% ' 10247 91 4 gy A '[P e
9710, 20 600 102E6. 00 M+Fm—— [a'i],.m
o725, 42 4 179, 51 #d ‘Dg—7p !
o731, Th 350 10873 RS B SPiy—dd’ TDgn
G732 90 0 10271, 61 4t aF 4];
9740, 41 15 10263 69 o, IF,,*—%F Il i
QT4E. 86 100 10257. 95 48 AF 57 [A
D751, 45 i 1pa5z o7 5p' 1Py —

9703, 48 B(MH) 10204, 04 [ =P ,,-—5-,-:* 'B-i.a
BB, 47 ) L0160, 19 55 Dir—5d Ty
i) % MR oD
G828, 40 15 10171, &1 5p™ tPr—bd Dy
GR31. 26 2 10165, 56 4 1P —5p ‘Pl
0844, 17 7 11155 51 44 Tk —Tp ‘Dijn
G364, 95 2 10134 12 de *Ds—T7p ‘Pla
0043 83 |\ 250 10088, 71 B Pur—p P
o044, 18 } 250 1053, 2B (D) S S Dig—thp {0y
GO45 an 1 10052, 33 43P — [gjgn
0959, 04 1 10038, i? o ’D:,a—'fp

e e b3 16095, 25 |} D459 *Dyr—ep Dan
o953, &0 1 10033, 49 bp"* EPyr—bd {Dhy
10401, 94 10 5395, 30 4d "Fe—38p 1Dis
L0025, 23 4k BUTE. 10 Ba ‘Frr—67 [4]1a
10045. 71 3k OOF]. 77 Ga Py [Bn. 5
10056, 87 15 $940, 73 A APy 5P [3)is
10061, 53 ] 25 Buge, 12 5o 4Pt g 1D

p Py 3

10061, B3 25 9935, 07 & i
10079, 75 10 0519, 16 4 1 Dyr—T0 'FPla
10085, 09 85 0912, 03 {=D=)53=Dm—ﬂ Di
10087, 94 1 99101 11 4d’ P57 [2]ba
10044 41 1 I7} g0, 75 4 \Dy—T8 ‘Pig
10102, 52 12 #5055l Beff AP, p—5p" ADHy
e i e
101135 T4 o DREL 53 4 WFgr—8p 1DEq
10116, 19 3 9379, 51 4d 10 z—Bp** Piy
10558, 79 4 9870, 14 dd Fyr—af [$lta
10533, 00 5 P66, 04 4 1 =Sy "Dy
10140, 02 A0 9550 16 B’ AP, —5p Db
10174 75 12 0E25, 55 4 1Fp—5p 1Dy
10175, 47 g DE2L B 4d 1F [4]tn

550




TapL A2 Oiterved lincy of Br 1—Comtiongad

Wavelength | Intensty Wave number Clamifiestion
A X

10184, (2 00 SB16, 61
10154, 40 200 #8164, 16 5p {P1—tedp® Hha
10197, 61 18 SR03. 53 14 1Dy’ "Dy
10208 91 350 9702, 68 4d 1,51 [5)8
10225, 23 1 R777. 06 4" 2Wer—Tp! 1P
10231, 81 2 W70, 95 42 1Dy — by’ Sy
10232, 39 15 9770, 21 48 P o (8t cn
10237, 14 5 9765, 63 4d Fyw—if [4}ke
10327.74 | 8000 DTHE. 10 Bz AP 5p Pin
10243, 31 3 9759, 73 421Dy 7p 1Din
10248, 27 3 9755 07 441D e
10265, 89 15% 3738 33 n”"_flIFr ]"
10203, I3 1 D712, 46 APy [ ]
10253, 65 50 971% 07 4t Pennp [3
10200, 62 | 1000 9706, 44 B'? 1P
10305. 89 10 proo. 44 14 \Fyr—4F Ia]su
10810, 9 }’ 700 o605 80 [ ¢Da)5¢ Dur—0p “Fla
10212, 60 n 3703, 04 5p* Bl y—bd Fap
10214 03 A peo2, 27 4 \D—Ep’ 2Dfa
10320, 04 15 987, 18 43 +Fy,—8p Pﬁ,
M e s 43 A P 2
1 .
oa e b 1o Be7T. 13 | ({Di)s Dyr—bp Pl
10370, 29 1 PHL0. 20 44 Fy—at [2in
10374. 37 19w 9636, 50 | (1D 5r {Dyr—62 ‘Pia
1087T.66 | 1500 e33, 45 SpiPirdd
10384 15 2 9827, 42 AP Tt W3
10285, 40 1 D23, 45 6p* 1D}r—Ts ‘Pam
10200, T4 175 9871, 47 55 1P1—8s' Fan
10414 97 5 9598, 03 .
10415, 10 } 9595, Si} bp’ *Din—71 ‘Pan
10457, 96 | 30000 9550, 47 B *Par—5p ‘Dl
10483 35 1 0536, 32 5p 1Di—Hia'" Py
10505, 05 g 4518, 6 4d \Dyy—6p’ D
10507, 91 12 9514 03 4 A Dyr—Tp *
10543. 67 1 0508 &3 42 D 55 (3l
10526, 404 62
10529, 58 3 0404 45 bp ‘DL—4d Ty
10554, 72 1 o471, 84
10566, 15 250 0481, 50 4P 5 11.1,.,
e | 1%, Saoy 41 B S At
10580, ’
10591, 51 10w 0438, 04 M‘D:ﬂ—{'Da'}-ﬁi? ‘Din
10509, 94 1 P431. 43 G 1Py—&p 1D
1060%, 66 40 5423, G& B ‘Di—ad’* *Digy
10616, 31 1 D416, 20
10619, 65 1 9413, 93 4@ AP, — T’ PLa
10624, 34 1 2409, 77 By’ “D—7s Py
10850, 45 1B 9405, 25 55 Pig—did’ Pan
10634. 08 1 D401 15 ad D09 1Sy
1 9377, bl o 5Ty
10694 91 12 2347, 68 ad 1 Dhp—4f (6]In
10718, 8d 100 0328, Bl &2 1Dy 4 [2fin
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Tam® AZ Obsdreed lingr of Br I—Cootlnued

Wavalength | [nteneity Wave number Clasgification
A K
10793 10 15 8323, 11 42 *Da—6p’ *DYp
10742, 14 1060 0304, 58 ﬁ "‘I-Ia'rﬂ_g.;rl?alin
10742, 48 100 V506, 20 { e G g
10747. 20 20 a0z, 20 8% \Per—Hp 1L
10753 58 150 0206, 6% 5p 1P’ 1Py
10754 13 2040 9206, 2] 40 Dop—Af [4185
1075502 | 3000 9204 66 43 +Thy AT [4]1
lorez. 77 6 33&;3. gg Be 1Ps—5p 1Pl
10784 92 5 ..
10705 10 } 10 9260, 93 } Gt Prr—df” [4]3n
10768, 08 2k 9258, 36 ' Diy—5d Fig
10804, 40 3 9252, 95 81 1Py—By 1PE
105810, 05 300 §248, 12 5p (Dix—sd s
10811, 47 1w 9246, 00 Pr—df [2hin
10815, 65 6 9243, 35 547 TG r—5d Fyn
10540, 05 B 0232, 52 4 ADy = (D) B 2Ly
10843, 56 2w 9719, 25 4 Fi— 3 [1lin
10346, 12 10 9217, 34 4d ‘Thy—8p’ 21,
10360, 79 100 9157, 537 dd Fyr—Ef [2ine
10871, 62 90 9195, 74 3p W34
10791, 43 250 2179, 02 4 4F 5 [3]3
10892, 79 100 8177, RY 4d Dy D) 5 1 i
108968, 79 2 H4174 B FAF B [4 ]2
10005, 62 60d 8164, 55 44 ‘Dyr—Af }1 M
10947, 50 1 £132. 00 4" 1Py —tf (1l5n
10647, B9 1 9131. 68 4d" *PL—ar [1Y]
10060, 13 24 D120, 96 ad fntn—gfp! .
109€1. 30 3 0120, 51 447" EP, b )8
10973, 45 500 9110, 38 41 ‘Dyr—1f 2l
1087600 | 300 9105, 30 5 1Py 5p’ 1y
10882, 30 100 8104, 07 44 *Dor—a7 210
1068%, 51 1 2007 10 ap' P A
10901, 12 g GO0E. 76 1 TFer Tp' 1D,
10097, 85 600 S050, 20 4 D97 [310
10998, 24 0 E )T AT 41 [3]5 2
110407, 42 10 foss, 2y 4 DB’ B1a
11010, 45 a00 9079, 70 4d Dy At [4]4n
11012 31 & 9075, 26 B 2D 5 1Fe
11013, 22 20 P07, 51 ff 10 —5d vFi
1118, 585 1 anTs, 12 P A== [
11024 25 10 PG5, 43 &p Py —4d’ P
11039 &0 80 055 66 B B Do
11045, 74 2004 BO50, 79 5p ‘Bl ddl 2Fgn
11047, 21 0 D049, 58 { Ad W5 [
4’ Al e—6I" [
11047. 62 17 apdn, 25 44 Fyr—7pDin
11074 0B 40 o027, 62 14 Fan—B5F [2)En
linis ) & S 1 R
11095 59 20 9008, 31 4 Fy—aF [Blip
11100, 65 1 0006, 02 65 1Py fip 1M,

5532
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TABIE AZ

Qbeeryed Haer of Br I—Contoued

Wavelengkh | Intenmty Wave number Clamifieation
A K

11101, 36 1 K5 44 4ol AT y—ip’ B4 p
11161. 72 1w 5056, T4 w W81 Th P
11104 O3 | 104 £95, 12 58’ ‘P57 Pla
11197 14 3 8928 41 5" D Frg
11225 08 | 250 E906. 1% 2 ‘PEr—4d* 1P
11247. 50 2 B8RS 43 5 THp—5d Py
11292, 69 2 .. BE5Z, 26 A0 (1T) 5p 7105
11316, 92 | 10w (%) 8835, 90 5p D5 —ta' 1
11325, 07 1 (=) ES26, 85
L1350 04 B85 (27} gEps 13 dd ‘Daa—{'Du}bp iTHg
L1367, 25 du gy { 5704 79 A Dhy e lh
11367, 7 dr 5704, 24 44 le—a-.f
11437, 61 ¢ (1) R740, 09 m I
11447 27 18 (36} 8733, 32 *Dm-ﬂi_f H
11464 B8 35 (100 S720. 13 4d ‘Dap—4f [3
11501 31 1 () BG0T. 25 5p D —EBx’ TPy
11508 77 a0 (B3} 2686, G5 4 S0 m—Bp BT
1155371 | 10 csg 830, 45 Be’ fPy—hp Pia
11557 64 1 E-i / 8620 08 57 2D i—hd A
11631 33 2 27 8505 12 Bp' 1D1—ad 313 2
11636, 0% 1 (=) A591. 61 5p’ BEr—Ed 1Fy 4
11640, D4 1 {10} S5RE, 02 4 1P 75 D,
11666, 20 | 204 {160) 2569, 43 5p *Pir—dd Py
11742 8E | 400 {219) 8513. 49 2" 1Py p—bp 'DHe
11810, 29 1 {1} E464 28 & 2F 6§ [Blar 5
11819 40 2 E—} S458 35
11823 14 1 —1 2448 53 Ep 'Dpr—ad'! Dy,
11870, 77 4 (5§ #421, 75 e’ VDlp—5d Dy
11883 95 4 (6 E412. 41 D —{ Ih1 5 T
11902, 79 5 {I4) £2300. 00 4310y —4f [1 3
11903, 61 g8 {16} 8298 51 4Dy r—df W1
11995, 11 £ {13} m3El, 26 44" 3T 41" [2]3n
11pa0, 57 15 {38} 8537 81 43 AT, —df [21
12055 15 2 (=} 8270. 30
12285, 57 2 (m] §137. 40 407 Fo 41" [4]54
12303 89 85 [27a) 8125, 29 51’ P1r—35p Pl
12254 43 1 (mg wUwg, 05 5p *Pia—dd’ 1P
12305 G5 1w Em} EDR2. 5k Ep *D;.-g—éaip“g
12504 5D L (4003 TEO4, 57 43 P41 [5lirn

Mﬂm 509 If thig lice iteelf is oot of molecular origin,
the hionded his componente of ahorter wave-
transition, the lang wiveElength component
moleculnr background.
B aAdd46.08, 4654.18, 6331.39.  There are Cl lines of almoet

lt mbahl
for t.
havm_g been logt in the

thess game waveleng‘ths

havim

= 2EQ0E 08 'This line appears to be the long wavelength
hfs eomponent of thia transition, the other epmponents
been obacured by the wing of the adjascnt line,

#34151.10 Blendad with ghoet ef sdjacent sireng line.

* h7G617.82

The tranaition op' *Ddpg=—1d ' Dhy ptobably eon-

fribigien to tlis componant.




Tarre AR Linee of Br 1 cbeerved radiomedrioaiiy

Crurie Com- Com- Com-
puted Inten- | puled Classifieation puted Infen- | puted Classification
WA VE- aity WAYE wave- ity WRYE
lengih nutnber length number
A K A K
= + 4 ) fFape fgtF AP
g | mmn) gmemm eme | glamn| e
1]
12108 18 14 (8258 55 EP' R s 13024 47 2 {5308 45 B Dy e P
12303, 93 275 | 5125 28 BT 15504 95 7 | ‘4325 39 Ad 1 Dg—bp *Fin
12364 56 440 1 501, 99 5p 1Pr—1d’ P, 15800, 32 2| 629142 | 407 D4
H
SRR 4B sdraga ERR 4 RCEH
12647, 55 10 | 7604, 51 o *Pan 4" 21y 15977, 73 17 | G257. 00 5p' AL Ge’ 1o
12755 94 60 | TRAT. 34 Sp i Dty—ad' iFay 16257, 68 G | B150 TR Sp D 3r—ad *Fem
mme | imey | gnoum |mueel o e o
: . - H
12881, 74 50 | 7772 =7 fs77 3P Bp L lD 16657, 59 10 | G001, B2 58 'Bia—4d" Py
12897, 12 a8 | v751, 55 340 Fy—a7 | 4215..1 16731, 19 | 1500 | 5670 23 9 4Dir—td Ry
1 3% | 7661 TY 5ip 1DYu—Ad’ Frn 17254 05 5794 3 P ADAgmmdd’ 1P
13064, 15 110 | 7852, 44 p \Pir—fa 4Py 17335 §) 25 | 5766 &3 * s 4" 2gn
13217, 17 1700 | 7565, R5 5.’:: *I’E;y—ﬁa:'.? : 17801, 50 350 G615 97 E? :[]-:":'I..I'!-“"Llit :Elﬂ-
13328 04 10 | 7500 93 Sp! 38169’ 1Fs 17982 00 40 | 5559, 50 5p 1 Dr—d ¢ P
13349, 73 36 | 7488 74 58’ iPyz—5p 1Py 15191, 0| 949870 A A
492 33 20 | 7184 02 Ad* Prg—df* [31s 18212 72 1 . il WS e
13484 87 o | 7413, 60 5p° 1D3—fs"* *Pyy 18510, 453 180 | 5400 57 87" Dr—id’ WPy
15074 13 | 200 | ey oa | Do e e 1677026 | 313 | 5923 a8 | oot Per—a ol
13608, 10 7240, 10 6 by it 10045, 07 54T | 5240, 9T | Bp" tPig—dd’ Dy
13308, 45 28 Hi e o A T a7 [l 19181, 39 5211, B0 s \Dig—ad’ \F:
. s—af" [3ltn . 284 { . op’ ‘Dig— ay
1385 07 o |[Tor R R DD | 0 | w0 | s ar | e epeDa
12822 £6 To0. o3 A -PL*Zé'i'f-n;": 10407, A 313 | 5127 43 5p* 183 —Ad’ Pen
13533, 14 750 | 7227 04 5p Pir—b6 ‘Po 19606, 57 263 | 5068, 04 Ep D ba—dd Fare
14075, 51 10 | 7101 08 8" 145 —Bu’’ 2Py 19733 62 | 3450 | 5066 11 5p D g—4d 1Fn
5 R 19810, 58 452 | 5046. 43 5p' *Dijn—Ad! IF
120 98 68 {%E 3 G AT, 19894, 71 43 | 5025 09 5.:3‘5' B Ad B
14354 57 1800 | 8984, 52 5;0 N B P RN gg 13? irgég gg 4.:;‘? ;IF’_SJ!—“M E‘Pﬁm
14439, 14 331 | GOT3, T3 0t 1P 20W¥7 3, " 2y "
14488 21 105 | 6900, 28 AP i 20182 50 135 | 4958 35 hp Pi—dd §
14590 73 333 | 6B4T. 5T 5p P8 P 20248 35 B | 4037 32 | "Du)ap HFE,,—{'D,.}M i
I A = L T IRGAE i st
14398, 37 55 | 0710 21 59’ Di—8s' 1y | 20024 87 | 547 | 484734 | 8 oDis A iFh
14923 43 12 | 8088 04 A APy e—df [215 21003, 33 43 | 4730, 43 4d 'Frp—8p 'Diy
14968, 61 , . 21413, 11 14 | 411278 B’ ‘Dt e—ad' Py
14608, 33 55 [{tor% 52 g B 21285, 74 17 | 4696, 70 | (1Du}ap *Fia—0D.)4d *Gay
14501, B4 20 | 666S, 43 ‘F:’“— F 31330, 29 37 | dpm6 %0 5p 1D5—dd 1P, 5
16003, £2 &5 | 6663, 15 ,5p -p5 ki 21831, 01 250 | 4871 64 8p ‘P 4g—dd iDhn
15052, 95 10 | 6641 4p 44 Faw—{(1D,) bp tDs, || 31743, 98 14 | 4597, 72 B {Pon—(1D)55 'PLy
i 4
el @ngl womeyme | mmu| e gmel poed
%ﬁ}% ﬁ 168 {3?.3% 32 .ﬁ 11139,,_4”’} Hm g%é%‘s}: ég 953 1372 18 5 Pl 4d D
15258 39 10 | 6651 98 | 4d’f IDg—df [4]5 23404, 15 12 | 4271. 58 13 'For—8p 1Mn
15311, 34 83 | 8520, 30 44 4Ty —df 20 23513, 15 206 | 4251.78 57 1PLr—ad 1Da
15859, 71 23 | 6608, 76 p T (31 i 3tz 9 R o 2 (Dha
15422, 36 23 | 8432 32 d DG 151y 24059, 97 2 | 4148 swr—6p D1y
15530, 25 3 | 8433, 56 sp' =Dam—4§“ Thyp
15570, 03 219 | 6420, 84 53 Pin—id ‘Piy

(Paper 87TAB—238)
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