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Analysis of the Spectrum of Neutral Atomic 
Bromine (Br r) 
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The spectrum of the n eutral bromine atom, TIn, has been newly investigated by using 
electrodeless discharge tubes as light sources. The observations have led to a list of wave­
lengths and estimated intensities for 1253 spectral lines in the range 1067 to 24100 A. The 
n1!mber of known energy levels has been increased to 123 even and 128 odd levels, as compared 
WIth the 27 even and 33 odd levels previously known. All predicted energy levels of the 
482 4p4 ns, np, nd, nf electron configurations from 0 to",,93250 K have been discovered. The 
observations in the vacuum ultraviolet establish that the positions of all the levels lying 
above those of the ground configuration ~s given in the .compilation Atomic Energy Levels, 
Vol. II (1952) should be lllcreased by 6.7 h. All bu t 26 fall1t h nes of TIl' I have been classified. 
A total of 67 lcvels has been ascribed to the 482 4p4 nf configurations. It is demonstrated that 
the nf configurations exhibit almost pure pair coupling. The very regular (3P2)nf[5]OIl /2 
series yi elds for the pri neipal ionization energy of TIr I the value 95284.8 K. 

1. Introduction 

( It has been part of the recent program of this 
laboratory to obtain improved descriptions and 
analyses of the first and second spectra of the heavier 
halogens. Work on the Br II and 01 I spectra is 
currently in progress, and the results for II and In 
have already been published [1 , 2).1 It is the purpose 
of the present paper to report the results for the first 
spectrum of bromine, Br I. 

who made a rather extensive study of hyperfine 
structure (hfs) in Br 1. In the course of the latters' 
analysis of th~ structure of 64 lines in the range 
4390 to 8700 A it was found that a number of lines 
exhibited hfs patterns that could not be satisfactorily 
explained on the basis of the interpretation of these 
lines as offered by Kiess and de Bruin. Without 
going into details, we merely state that all the anoma­
lies encountered by Tolansky and Trivedi have been 
eliminated by the extended analysis of this spectrum 
given in the present work. Iodine and bromine are very frequently used in 

electrodeless metal-halide lamps [3] serving as light 
sources for the study of rare-earth and other metallic 
spectra. Since the spectrum of both the metal and 
~he haloge!l will appear when such a lamp is excited, 
It IS essentIal that the user have available a complete 
and accurate description of the spectrum of the hal­
ogen in order to separate the halogen lines from those 
of the metal under investigation. 

The most thorough study of Br I hitherto available 
is that contained in the excellent paper on the struc­
ture of the arc spectrum of bromine published 30 
years ago by O. O. Kiess and T. L. de Bruin [4]. 
That paper gives, also, a summary of the investiga­
tions of Brr carried out prior to 1930. The Brr 

~j analysis by Kiess and de Bruin appears with minor 
revisions in the compilation "Atomic Energy Levels" 
[5], and when we refer to the analysis given by those 
authors we shall mean the form as presented in AEL. 

, 

The most significant contributions to the study of 
Br I to appear since 1930 are those by P. LaCl'oute 
[6], who studied the Zeeman effect in this spectrum 
and made some wavelength measurements in the 
Schumann region; and by Tolansky and Trivedi [7], 

V"' 
1 Figures in brackets indicato tbe li terature references at tbe end of this paper. 
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This considerably improved analysis results largely 
from the use of more refined apparatus, photographic 
emulsions, and light somces than were formerly 
available. The analysis rests chiefly on the 103.5 
spectral lines that we have recorded for Brr by using 
electrodeless discharge sources in the photographic 
air region. In comparison, Kiess and de Bruin's 
line list contained only 330 lines, which is reduced to 
274 when the 56 lines listed by them but not con­
firmed in our work are rejected. 

The analysis of Br I as given in AEL has undergone 
a number of changes as a result of clues furnished by 
the greatly augmented line list. These changes can 
be summarized briefly as follows: 

Originallevcls _______________ ________ _ 
Rej ected ____________________________ _ 
J or designation changed ______________ _ 
Total real _____ ______________________ _ 
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Number 

Even Odd 

39 
12 

7 
27 

39 
6 

17 
33 



The new wavelengths have permitted us to find 123 
even and 128 odd levels for Br I compared with the 
27 even and 33 odd levels listed in AEL. 

2 . Wavelength Material 

(a) Vacuum region: We have observed the bro­
mine spectrum below 2000 A by use of a vacuum 
spectrograph having as dispersing element a concave 
grating of two-meter radius and ruled with 30,000 
lines per inch directly on Pyrex. The plate factor. 
at the normal (1920 A) is 4.26 A/mm, and the plate­
holder covers the range 0 to 2570 A in the first order. 

The light SOID'ce was an end-on glass discharge 
tube having two side-arms set off by stopcocks and 
containing reservoirs of bromine and iodine. The 
discharge tube was affixed to the slit housing of the 
spectrograph by means of an O-ring seal, so that the 
slit opened directly to the discharge. The bromine 
vapor was retarded from entering the main spectro­
graph chamber by continuous pumping through a 
trap that entered the discharge tube just before the 
slit. The bromine vapor pressID'e in the discharge, 
excited in the field of 2450 Mc/s radiation from a 
microwave oscillator, was partly controlled by regu­
lating the temperatID'e at the bromine reservoir . 
Helium was also admitted into the discharge. The 
auxiliary iodine reservoir was used to provide 
standards [1] to supplement the impID'ity standards 
of hydrogen, helium, carbon, nitrogen, oxygen, and 
chlorine [8, 9]. We used EK 103a- 0 UV and 
SWR plates and measured the 1000 to 1280 A region 
in the second order and the 1000 to 1650 A region 
in the first order. 

Table Al in the appendix lists the 124 spectral 
lines in the vacuum region that we have attributed 
to Br I. The observed wavelengths in the first 
column of this table represent the weighted means 
of only two measID'ementso in the second order for 
the range 1067 to 1120 A and of three or more 
measurements in the first and second orders for the 
range 1120 to 1633 A. I'Ve have also made use of 
measurements by W . C. Martin and C . H. Corliss 
of certain bromine lines that occID'red on their iodine 
spectrograms. 

The new wavelengths have made it possible 
to establish the ground Br I energy separation 
4p 5 2p~/ 2 - 2p~/ 2 as 3685.2 K with an estimated error 
of ± 0.3 K .2 Since none of the higher Br I energy 
levels make transitions to the ground term that yield 
lines in the air region, it is necessary to fix the 
energies of these higher levels with respect to the 
ground 2p~/2 level by use of the vacuum observations 
only. OID' new vacuum wavelengths establish the 
absolute positions of all levels above the ground 
level to an estimated accuracy of ± 0.3 K and require 
that the corresponding values for Br I levels in 
AEL be increased by 6.7 K. 

' Througbout tbis paper we use tbe Dam e kayser. witl> symb ol K, for the unit 
Of wave number Cln-J• 

Since the relative positions of the higher Br I levels 
have been accID'ately fixed by observations in the air 
region, we can calculate the Br I lines in the vacuum 
region on an accurate and uniform scale once we have 
made the energy connection between the ground and 
excited levels through our measID'ed vacuum wave­
lengths. These calculated wavelengths are given in 
column 2 of table AI; they agree to a better extent 
with the measured wavelengths over the entire range 
than to the ± 0.01 A we would have ventured to 
estimate solely on the basis of examination of the 
agreement of wavelengths derived from the different 
exposures, and especially in recognition of the inade­
quate standards in certain parts of the region. 

(b) Air region: A preliminary list of Bn wa ve­
lengths in the photographic air region was given 
earlier by Tech and Corliss [10]. One will find in 
that paper a thorough description of the experimental 
procedure and the preparation of the light sources, 
which we summarize briefly. 

Workers have encountered in the past two major 
difficulties in obtaining a light source suitable for the 
investigation of the bromine spectrum: (i) bromine is 
so chemically active a material that it attacks hot 
internal electrodes; and (ii) water vapor in the bro­
mine causes the appearance of troublesome extrane­
ous bands. Both these difficulties were eliminated 
in the present work by using electrodeless discharge 
lamps, excited by a Raytheon Microtherm microwave 
generator at 2450 Mc/s. For our first series of obser­
vations, we used lamps containing BeBr2, but for the 
more recent series we used lamps containing pure 
bromine vapor at a pressure of the order of several 
millimeters of mercury and dried by means of several 
passes through P 20 S as described in [10]. The 
absence of water vapor in our lamps is attested to by 
figure (1) , displaying the bromine spectrum in the 
vicinity of Hex (6563 A). It will be noticed that Hex 
does not appear at all in the bromine exposure. On 
the other hand, this figure shows clearly the highly 
objectionable Br2 background that occurs on spectro­
grams of long exposure and that reduces the effective 
resolving power. Furthermore, the presence of such 
bands often makes it difficult to decide whether 
certain faint lines are of atomic or molecular origin. 

The spectrograms were made in the first and, 
wherever possible, second orders with concave grat­
ings having 7,500, 15,000, and 30,000, lines per inch, 
and mounted in parallel light (Wadsworth mounting) , 
giving first order plate factors of 10, 5, and 2.4 A/mm 
respectively. All the spectrograms bore exposures 
to an electrodeless lamp containing thorium or iron 
or to the iron arc, to serve as secondary standards il~ 
the determination of the bromine wavelengths. The 
plates were reduced either by linear interpolation and 
a correction curve, or by putting the micrometer 
readings of the. lines on punched cards and carrying 
out the reductlOn by use oIan IBM 704 computer, 
which adjusted all wavelengths to fit a fourth degree 
equation determined by least squares . 

Table A2 contains the wavelengths, intensities , 
wave numbers, and classifications of 1035 Br I lines 
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6500 6525 6550 6575 6600 ll. 

'l\ 
FIGURE 1. The bromine spectrum in the vicinity of H a (6563 .1\ 

I Exposure (b) was lnade with an electrocleless discharge tube containing brom ine va por excited by a microwave diathermy uni t. Ex posure (d) is of bromin e excited 
;. by a high voltage ring discharge apparatus that enhanced Dr I I. T he other exposures are of thorium , which served as secondary st.andard s. H a occurs onl y in lo be 

middle t horium exposllIe (0). 

observed in the range 3325 to 12810 A. Except for 
the weaker lines in the region 4264 to 5721 A, and 
except for very faint lines over the whole range, the 

>..; wavelengths in the table represent the weighted 
means of from two to eight measurements. Because 

(' of t he inherent broadness of many of the lines, partly 
as a r esult of' unresolved hyperfine structure, and 

\ because the weaker lines were only measured once or 
I twice, Lhe accuracy of the wavelengths is not as great 
f-J as one ,,,o uld vvish . The estinl ated error of the \vave­
'-v lengths according to spectral region is: 
( 

3325- 4300 A 
4300 - 7400 A 
7400- 11000 A 

] 1000- 12900 A 

E rro r 

± 0.00.5 1\ 
± 0.02 A 
± O. 03 A 
± O. 06 A 

(' . 

Lin es ill table A2 whose wavelcngths are conn ecterl 
r- by bnlces are i ll dividufllIy measured compo nents of 

resolved 01' partially resolved hyper:fin e structure. 
Most of the Br I lin es exhi.bitin g such wide, resolved 
hfs patterns result from transitions involvin g the 

1 4p4(1Dz)5s 2D 5/2' zD 3/ Z levels 01' the 4p4(3P2) 5s 'JP 5/2 

1,.1 evel, a clue that was very useful in the analysis. 
The character of certain lines is indicated by 

.). inserting the following symbols after the in tensity 
of the lin e: 

c almost resolved hyperfine structure 
cl unresolved double line 

I, h hazy, diffuse 
H very hazy, very diffuse 

I,.l. s shaded to shorter wavelengths 
w wide 

r W ver y wide. 
Thc nUll1 bel'S in column 2 of the table are visual 

I estimates of the intensities on an approximately 
lineal' scrtie where the faintest line is assigned an 

I in ten si Ly 1. It must be emphasized that these 
" relati \Te intensities are valid only over small wave­

length ranges, and no attempt has been m ade to r adjust Lhc values to take in to account the varying 
I se ll sitivi ty of the photographic emulsions. 

Lines of wavelength greater than 11316 A were 
mens med also on the infrared recordi n gs descri bed 
in the next section. For cOl1lp<ll'ison , the in tensities 
derived from these recordings are listed in paren­
theses followin g the photographic intensities for 
these lines in table A2 , The sy mbol (m) indicates 
that the line was masked on Lhe recorder charts 
either by a standard lin e 01' by a bromine line of 
another order. 

Table A2 incorporates several improvemen ts over 
our earlier list of wavelengths. Additional chlorin e 
lin es were deleted by consulting the u npublis hed 
chlorine lin e list of Corliss. Chlorine accounted for 
nearly all the impurity lines . found on oU)' spectro­
grams. FmLhel'Jl1ore, several hint Jin es, measm ed 
~ nly on ce, especially in the region 4725 to 4825 A 
have been ascribed to Br2 and r emoved from the 
list. The line at 4358.33 A has been attri.buted Lo 
H g and probably origilHt ted in the scattered light 
en tering the slit from Huorescen t illumination in 
our source room. 

More importanLly, addi tion al plates have been 
measured in parts of the spectrum above 7400 A. 
This has not on ly yielded a number of new lines in 
t his region , but also has allowed us to correct a small 
systematic error of uncertain origin that was presen t 
in some of the earlier measurements in this region . 
The new wavelengths from 7400 to 9700 A differ , if 
at all, by only about + 0.01 A from the earlier values. 
Above 9700 A the correction averages somewhat 
less than + 0.04 A. 

Finally, W. F. Meggers and R. Zalubas have 
generously provided us with some Br I wavelengths 
that they had measured on their Yb and Th spectro­
grams, respectively. These measurements have also 
been averaged into our new mean wavelengths. 

(e) Lead sulfid e region: The infrared description 
of Br I was extended to 24100 A by thc use of r ccord ­
in g infrared spectrometers. Thc wavelengths of 94 
new lines were measurcd by the author from r adio­
metric records in the form of recorder chm'Ls gen­
erously supplied expressly for this investigation b.\' 
C. J. Humplu'eys at the Naval Ordn ance Laboratory, 

507 



TABLE 1. lVavenumbers and intensities oj selected multiplets obsp-rved in Ike radiometric region 

4d 
'Fr/2 4F7/2 4F5/ 2 'Fe/2 

80587. 61 81081. 10 81672. 28 81842. 02 

5p 
'P;/2 (18 ) 

74672. 32 6408. 78 -- - -

'});/2 (35 ) 
75009. 13 6663. 15 --

'1';/2 (250 ) 
7[;814. 00 6028. 02 

5p 
'D;" (3450) (40) (90) 

75521. 50 5066. 11 5559. 60 6150. 78 
'D ;/2 (500) (1800 ) 

75697. 05 5384. 05 5975. 23 --
'D;/2 (500) (263) 

76743. 08 4929. 20 5098.94 

Corona, and by E. D . Tidwell at the Bureau. In 
both laboratories electrodeless discharge lamps, 
containing pure bromine and excited by 2450-
megacycle microwave diathermy units, served as 
light source. The records made at Corona were 
obtained by scanning the spectrum with the high­
resolution grating spectrometer designed and built 
at the National Bureau of Standards. This appara­
tus has been described by Humphreys and Kostkow­
ski [11]. The bromine wavelengths were measured 
on these records by linear interpolation between 
krypton standards that were introduced by reflection 
from back of the various filters used to sort out the 
higher order bromine lines. This procedure does 
not yield the most precise wavelengths, but it was 
entirely satisfactory for 0UI' purposes. For nearly 
all lines, the departure of the measured wavelengths 
from those calculated by the combination principle 
was less than 1 A. All lines (except 19317 A and 
21093 A) of intensity 40 and above in the region 
beyond 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 a Fabry-Perot interferometer 
that were recorded simultaneously with the bromine 
spectrum. This technique, as well as the spec­
trometer apparatus, has been described by Plyler, 
Blaine, and Tidwell [12]. 

With the exception of a single chlorine line,3 
every line established from these records can be 
classified as a transition between Br I levels whose 

315730.1 A. This is the only impurit y line foun d on the tracings; it occurred 
wit h intensitv 5 on our scnle. Accorclin l;! to t he recent work of L-Iunlphreys and 
P an! [13J. it is t he second strongest Clline in the region studied . The strongest 
Clliue , at !5869.71 , was masked by a Br line oCanother order. 

4d 4d 
'D7/2 'D5/2 'DU2 'D1/2 'PI/2 

79044. 50 79260. 91 79630. 67 80026. 40 81429. 97 

(950) (469 ) (138) 
4372. 18 4588. 59 4958. 35 

(206 ) (359) ( 138) (219 ) 
4251. 78 4621. 54 5017. 27 6420. 84 

(40) (330) 
4212. 40 5615. 97 

4d' 2F7/2 
83358. 84 

4d' 2F,/? 
83723. 08 

]I 

,,! 

I 5p' 2D;/2 
78511. 60 
5p' 2D3/2 

78676. 65 

(547) 
4847. 24 

(266 bi ) 
5211. 48 

(452) 
5046. 43 

I 

I 

I 

values have been accurately determined from obse1'- li 
vations in the photographic ail' region. Precise ./ 
wavelengths for these lines can therefore be calcu- {" 
lated by use of the combination principle. It is / 
these calculated wavelengths that are listed in table l 
A3, which includes four lines above 12000 A that 
were also observed photographically. 

The relative intensities given in the second column 
of this table express, in ten ths of an inch, the heights 
of the recorded line profiles above the continuum. 
One of the tracings furnished by Humphreys was 
selected to provide the standard scale to which the I 
intensities of lines measured on other tracings would ;:' 
be referred. As the spectrum was being scanned, 
lines of intensity greater than 85 were attenuated by ( 
manual adjustment of a resistance network intro­
duced in the input of the amplifier. The measured 
heights of these lines were multiplied by the known I 
attenuation factors corresponding to the various '+l 
resistance box dial settings. Since the amplifier is LJ 

linear within the limits of loading, and the response 
of the detector is almost flat within the range covered, 
the relative intensities are considered to be very 
reliable over intervals of sever al hundred angstroms, 
but not over the entire region covered, inasmuch as . 
no correction was made for the spectral response of).. 
the detector or angular distribution of energy from j 

the grating. '<j 
In table 1 are displayed the wave numbers and in- ! 

tensities (in parentheses) of certain important I 

multiplets observed in the radiometric region. Ob- ""' 
served multiplets that helped to establish the im­
portant ep )6s 4p levels are shown in table 2. In A 

both these tables, transitions allowed by the selection 
rules, but unobserved, are indicated by horizontal ~I 
bars. 
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1'A B I.E 2. Some observed ?nultip /ets involving the 6s .p ,~levels 

'Poi' 
82236. 17 

6s 
'Pm 

82661. 57 
' PI /2 

85576. 93 
---------------------.---------------------

5p 'P ~2 
74672. 32 

'P;" 
75009. J3 

'P;" 
75814. 00 

(1 700 ) 
7563. 85 

( 750 ) 
7227.04 

( 20 ) 
7989. 25 

( 110 ) 
7652. 44 

(338) 
6847. 57 

( .500d ) " 
10567. 80 

------------ ---------_·--------------------1 

i5p 'S;" 
79178.33 

( 1250 ) 
6714. 67 

( 1800 ) 
6964. 52 

( lO w)" 
8833. 85 

( .55 ) 
6711. 21 

( 24 ) 
6398. 60 

" Thesf' two li ncs werc obscrved photographi cally. 

3. Term Structure of Err 
Th e un excited state of' t he neu tral bromin e atom 

is chctracterized by the elec tron configuration 482 4p 5, 

which yields an inverted 2p term of odd parity. 
From t be vacuum. ultraviolet obsel'nt tions discussed 
abo \-e, t he position of 4824p52P~ /2 is found to be « 3685 K , relative to 2p~/2 taken as ze ro. The 484p 6 

~ con fig uration gilTes one e\'en le l-el, 281 / 2 , while all 
othcr known Br [ levels arise from exci ted configura­
tions of the type 482 4p4 nl, where l stands f'or the 
letters s, p, d, f indicating the orbital a ngular 
momentum qu antum number , and n is the principal 
quantum number. I t is convenient to refer to 
482 4p4 nl confLgura tions simply as nl configurations . 
The terms that are expected th eoretically for each 

j of' these configurations are displayed in table 3, 
"'" buil t in the L'i scheme. The nllevels are b ased on, 
.- and can be derived from, the parent 3P2, 1,0 ID2 and 

ISO terms of the 4p4 configuration of the ion, Br+. 
The observed distribution of the levels in each of the 
Bn nl configurations indicates that the coupling 

energies of the 4p4 core dominate tb e structure of 
the Br I levels. W'ith just a few excep tions the co­
ordination of Br I levels to specifi.c compon ents of 
the limiting 4p4 terms is unambiguous. When dis­
cussing Br I levels in text, tbis limil is s tated ex­
plicitly . HowelTer , in our tables of' observed lines, 
the levels invollTed in the class ificaLion or the lines 
are written in an abbreviated no tation , which affix es 
no prime, one prime, and two primes Lo th e symbol 
for l-value to designate that the level is b ,tsed on the 
3P2, 3P I , and 3Po parent, respecti l'ely . For Im'c!s 
based on ID2 and ISO, the parent is stated explicitly . 

The positions of the Br II 4p4 levels h al'c been 
accurately determined by Martin and Tech [14], who 
established the 4p 43P 2, l. 0 levels from new observa­
tions of the vacuum ultraviolet spectrum and the 
ID2 and ISO levels from observations in the air region 
of the " forbidden" magnetic dipole transitions, 
4p4 3Pz- 4p 4 ID 2 and 4p4 3P I _ 4p 4 ISO . Since the 
distribution of these parent levels manifests itself in 
the structure of all the Br I configurations, the posi­
tions of the observed parent levels are repeated here 
in table 4, together with a sligh tly different fL t to 
in termediate coupling theory 1'rom Lhat given 
earlier . 

The spin-orbit interaction energies in the 4p4 
configuration may be obtained by re lTersin g the 
sign of tv in the matrices [or p2 given in The Theory 

T A B r.8 4. Observed and calculaterl po~iti01B fol' the energy 
levels of the 4p' confi(lumtion in Hr II 

r:l1<'rgirs and cOI Jplin g param eters arc stated in knysl'r;-; 

Level Ob~('rvcd Obs.-Calc. Obs .-CaJc . 
positi on 

-----

F 2= 1690 F ,= 1698. 1 
!'v= 2800 !' p= 2795.0 

3P2 0.0 0 0 
3P I 3 136.4 + 6 + l3 
3PO 3837. 5 - 18 - 14 
ID2 12089 .1 - Ill - 1.53 
180 27867. 1 + 112 0 

1 

lA 
T A BLE 3. PTe rlicted term s of HI' I 

I Configuration I Predi cted terms 
------------

482 4po ,p o 
484p5 '8 

-

I 
n s np nd nf ng 

n 2':5 n 2':5 n2':4 n2':4 n2':5 

4~' 4p4 (3P ) nl { ' P ' (8PD)O '(PDF) ' (DFG)O '(FGH) 
' P '(SPD)O '(PDF) '(DFG)O 2 (FGH) 

482 4p'(1 D )nl 2]) 2(PDF)O 2(8PDFG) 2 (PDFGfJ)O 2(DFGHI) 
~ 

I 
482 4p4(18)nl 28 2PO 2D ' Fo 'G 
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TABLE 5. Odd 

~I 

Parent LS J,t E {T E {T E Cr E r E r Designation Designation n* n* n* 11* n* 

4,'4jJ'+ -------> 5p 6p 7p 8jJ 9" 
4D7 /2 7/2 75521. 50 19763.30 85762.98 9521. 82 89636.84 5647.96 91538.33 3746.47 92620.21 2664.59 

[W 
/ 2.35638 3.39481 4.40788 5.4 1208 6.4 1742 

4])5/2 "'-5/2 75697.05 19587. 75 85820.53 9464.27 89669.07 5615.73 91557. 11 3727.69 92626.84 2657.96 
2.36692 3.40512 4.42051 5.42570 6.42542 

"PS/2 5/2 74672.32 20612.48 85526.82 9757.98 89548.83 5735.97 91489. 10 3795. 70 92584. 19 2700. 61 
/ 2.30733 3.35348 4.37393 5.37687 6.37448 

('P,) [2] ' 

"'-4ra/2 3/2 75009. 13 20275.67 85586.30 9698.50 89540.42 5744.38 91529.22 3755. 58 92594.47 2690.33 
2.32642 3.36375 4.37073 5.40552 6.38665 

4D3/2 3/2 76743.08 18541. 72 85943.86 9340.94 89786. 18 5498.62 91667.59 3617.21 92677. 31 2607.49 

[1] / 
2.43277 3.42752 4.46734 5.50794 6.48731 

"'-4p '/2 1/2 75814.00 19470.80 85799. 19 9485.61 89764.81 5519. 99 91598.86 3685.94 92608.84 2675.96 
2.37402 3.40129 4.45868 5.45634 6.40377 

2"05/2 5/2 785 11 .60 19909.60 88848.01 9573. 19 92755.81 5665.39 l 'arcn t, J ,l 

[2] / 
2.3477 1 3.38569 4.40 110 Designation 

------- -----
"'- , 

2D3/2 3/2 78676.65 19744.55 88953.76 9467.44 92818.85 5602. 35 11/2 2.35750 3.40455 4.42579 / 
(3P,) 4S3/2 3/2 79178.33 19242. 87 8903 1. 84 9389.36 92839.36 5581. 84 [5]0 

/ 2.38804 3.41867 4.43391 "'-
[ I ] ' 9/2 

"'-4D l/2 1/2 78865.72 19555.48 89147.30 9273.90 92890.80 5530.40 
9/2 2.36887 3.43989 4.45448 

[4]/ 2Si/2 [or- l /2 78076.00 20345.20 88712.98 9708. 22 92728.53 5692.67 
"'-2.32244 3.36206 4.39054 7/2 

I 
21'3/2 3/2 79695.89 19426.4 1 89947.93 9174.37 93500. 15 5622. 15 7/2 

/ 2.37673 3.45850 4. 41799 ('p,) [3] / 
('Po) [ I ] ' 

"'- "'-
zPin 1/2 79868.03 19254.27 89g05.88 9216.42 9349 1. 41 5630.89 5/2 

2.38733 3. 45060 4.4 1456 

5/2 
/ 

::F7 /2 7/2 87225. 16 20148.74 [2] ' 

/ 2.33374 ) /2 [3] ' 

"'-2F~/2 5/2 87061. 23 20312.67 
3/2 2.32430 / 

2D 5/2 .1/2 88483.42 18890.48 [I] ' 

[2] / 
2.4 1021 "'-

('D,) 1/2 

2D3/2 ) /2 88438.78 18935. 12 
2.40736 

zPS/2 3/2 87259.29 20114. (; 1 9/2 

[1]/ 
2.33572 / 

[4] ' 

"'- "'-
2Pin 1/2 87499.03 19874.87 7/2 

2.34976 

7/2 
('P,) / 

[3]' 

)/2 

5/2 

[2] 0 
/ 

) /2 

I 
7/2 

('P o) / 
[3]0 

"'-5/2 

I 
~ 
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pm'ity levels of BI' I 
\. , 

E {T 
n ' 

lO p 
93291. 38 199::S.e 

7.4 1953 

---.--------- .------------

I 
E ---- --- ------

------- ----- - ------------- Ground Configuration of Br J , 4s'!p' 2p jj2 0.00 
-------------

2Pj ,2 3685.24 

------------- -_.- . ------- . 
. ------------

933,9. 31 1945.49 
7.5 1037 

------------- ----.-- ------

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

E Cf' E {T E {'l' E {T E {'" E {T 
n* n* n* n* n* n* 

4f 5f 6f 7f 8f 9f 

I 90873.70 4411. 10 92222. 74 3062.06 93036.08 2248.72 93563.77 1721. 03 93925.35 1359.45 
88392. J 8 (;892.62 4.98772 5.98644 6.98567 7.98512 8.98450 

3.99010 
90873.78 4411. 02 92222.80 3062. 00 93036. J 3 2248.67 9356;1.82 1720.98 93925.36 1359. 44 

4.98777 5.98650 6.98575 7.98523 8.98453 

883,9.16 6945.64 90845.55 4439.25 92207. 32 3077.48 93026. 10 2258.70 93556. 94 1727.86 93919.84 ] 364.96 
3.97484 4.971 88 5.97143 6.97022 7.96932 8.96635 

88340.71 6944 . 09 90846.78 4438.02 9220 .27 3076. 53 93026.67 2258. ]3 93557.34 1727. 46 
3.97528 4.97257 5.97235 6.97110 7.97025 

88351. 10 6933.70 

I I I I 3.97826 4433.50 3096.87 2256.36 1726.29 
90851. 30 4.97511 92 187. 93 5.95270 93028. 44 6.97383 93558.5 1 7.9i295 

8S350.78 6934.02 
3.97817 

88371.32 6913.48 90869.64 441 5. 16 92222.01 3062.79 93035.35 2249. 45 
3.98407 4.98543 5.98573 6.98453 

88363.97 6920.83 90868.76 4416.04 92221. 57 3063.23 93034.99 2249. Sl 93562. 65 1722. 15 
3.98196 4.98493 5.98530 6.98398 7.98252 

88425. 48 6859.32 90891. 56 4393.24 92233. 08 3051.72 93042.65 2242. ]5 
3.99977 4.99785 5.99658 6.99590 

88424.88 6859.92 90890.88 4393.92 92232.69 a052. 11 93042.39 2242. 41 
3.99960 4.99746 5.99619 6.99549 

91496.23 6924.97 93994.02 4427. 18 
3.98077 4. 97866 

91497. 14 69'24.06 93994. i3 4426. 47 
3.98103 4.97905 10f 

91545.72 6875.48 94017.80 4403.40 ('1',) IOf [4);" 941 80.82 J 103. 98 
3.99507 4.99208 9.97000 

91542.44 6878.76 9401 8.21 4402.99 
3.99412 4.99231 

91483.01 6938. 19 93988. 36 4432.84 
3.97697 4.97548 

91482.30 6938.90 93987.61 4433. 59 
3.97677 4.97506 

92228.30 6894 . 00 94700.23 4422.07 
3.98970 4.98153 

92228.60 6893.70 94700.41 4421. 89 
:1. 98978 4.98163 
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Parent I LS J ,l E r E 

I 
Designation Designation n' 

48' 4p"+ ~ 5s 6. 

1 
4P S/2 512 63436.45 31848.35 82236.17 

/ 
; 

1. 85623 
('P ,) 12] 

'" 4P 31Z 3/2 64907.19 30377. 6l 82661. 57 
1. 90064 

{ 
ZP 3/2 3/2 67183.58 31237. (;2 85435.33 

/ 1. 87429 
('P,) [1] 

'" 4P l/ 2 1/2 66883.87 31537.33 85576.93 
1. 86536 

('P o) { 2Pl /2 [0]- 1/2 68970. 21 30152.09 86279.41 
1. 90773 

4s' 4p'+ --; 4d 5d 
4Fp/2 9/2 80587.61 14697. 19 87191. 97 

/ 2.73249 
14] 

( F U2 "'-7/2 81081. 10 14203.70 87440. 02 
2.77955 

4D 1/2 7/2 79044.50 16240.30 86768.28 

13J / 
2.59943 

4D s/2 '" 5/2 79260. 91 16023.89 86933.28 
2.61693 

('P ,) 411' 5/2 5/2 81672.28 13612.52 87754.92 
/ 2.83927 

[2] 

"'-4F 3/2 3/2 81842. 02 13442.78 87769.96 
2.85714 

4D 3/2 3/2 79630.67 15654. 13 87131.65 
/ 2.64765 

11J 

4DI /2 '" 1/2 80026. 40 15258.40 87271.73 
2.68177 

4P l/2 10] - 1/2 81429.97 13854.83 87754. 17 
2.81433 

2F ;/ 2 7/2 83358.84 15062.36 90427.64 
/ 2.69916 

13J 

'" 211'5/ 2 5/2 83723.08 14698. 12 90565. 85 
2.73240 

4P 5/2 5/2 84305. 76 14115.44 90585.26 
/ 2. 78823 

('P ,) [2] 

' .Pm "'-3/2 84077.52 14343.68 90537.52 
2. 76596 

2P 3/Z 3/2 83578. 50 14842. 70 90459.75 
/ 2. n906 

[1] 

2P l/2 "'-1/2 83101. 09 15320.11 90292.34 
2. 6i636 

1 
' D ' /2 5/2 84945. 16 14 177.14 9lli5. 18 

[2/ 
2. 78216 

(Wo) 

"'-2D 3/2 3/2 85191. 59 13930. 71 91001. 35 
2.80666 

512 

{T 
I 

E 

I 
{1' 

1/' n" 

7s 
13048.63 88135.07 7149.73 
2.89997 3.91770 

12623.23 88275. 49 7009.3 l 
2.94843 3.95674 

12985.87 91284.03 7137.17 
2.90697 3.92]]4 

12844.27 91347.68 7073.52 
2.92295 3.93875 

12842.89 92089. 61 7032.69 
2. 92310 3.95016 

6d 
8092.83 90244. 89 5039.91 
3.68235 4. 66621 

7844. 78 90267. 85 5016.95 
3.74012 4.67688 

8516.52 89860.70 5424. 10 
3.58959 4.49792 

835 1. 52 89947.97 5336.83 
3.62487 4.53455 

7529.88 90354.93 4929.87 
3.81752 4. 71800 

7514 .84 90416.44 4868.36 
3.82134 4.74771 

8153. 15 89867.69 5417. 11 
3.66871 4. 50082 

8013.07 89729. 40 5555.40 
3.70063 4.44445 

7530. 63 90428.50 4856.30 
3.81733 4.75360 

7993.56 93244. 35 5176.85 
3. 70515 4.60408 

7855.35 93342.44 507~. 76 
3.73760 4.64833 

7835.94 93473.77 4947.43 
3.74223 4. 70962 

7883.68 93452.77 4968.43 
3.73088 4.69966 

7961. 45 93117. 18 5304.02 
3.71261 4.54855 

8128.86 92992.67 5428. 53 
3.67418 4. 49609 

7947. 12 94088.98 5033.32 
3. 71596 4.66926 

8120.95 94082.60 5039. 70 
3.67597 4.66631 

I 
E 

I 
88 

90788. 90 

90797.55 

93906.64 

93983. 18 

7d 
91851. 14 

91880.64 

91755. 54 

91810. 29 

91956. 55 

91926.88 

91800. 15 

91690.94 

91823. 95 

TABLE 6. Even 

{T E ,,' 
9s 

4495.90 92161. 45 
4.94046 

4487.25 92182. 30 
4.94522 

4514.56 
4. 9302'1 

4438.02 
4.97257 

8d 
3433.66 92807.81 
5.65323 

3404.16 92843.81 
5. 67768 

3529. 26 92729. 66 
5.57614 

3474.51 92753. 69 
5.61990 

3328.25 92743. 16 
5.74206 

3357.92 92853. 62 
5. 71664 

3484.65 92774.91 
5.61172 

3593.86 92650. 45 
5.52580 

3460.85 92824.33 
5.63098 

'\ 

( 

'.J 
1 

I 
S 

< 

I (, 
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pal'ity levels of Br 1 

(1' E 

I r I 
E r E {T Parent LS E {,f. n' n' n* n' D esignation 

lOs li s 4824p4+ 
3123. 35 92995.8 1 2288.99 93544.55 1740.25 

! 
21),,, 75 90.33 31483. 57 

5.92741 6.92395 7. 94090 1. 86695 
58 (1 1) ,) 

3102.50 93039.29 2245.51 93557.98 1726.82 2 D 3/2 75908.53 31465.37 
5. 94730 6.99066 7.97172 I. 86749 

5. (ISo) 2S 1.12 91937.95 31213. 95 
1. 87500 

I 1 1 1 I { 
2D 5/2 

4.4p' 281/2 84825.60 
1·------------1 

6. (I D ,) 
~~ - --- -- - -- --

2D 3/2 94470. 7 12903. 2 
2.91626 

9d lOd lld 12d 4s' 4p4+ 4d 
2476.99 93411. 48 1873.32 93818. 96 1465.84 94106.70 ]178. 10 94317.40 967.40 209/2 91921. 86 15452.04 
6.65600 7.65367 8.65232 9.65127 10.65056 2.66491 

2440.99 9343 1. 26 1853.54 93859.09 1425. 71 94126.43 1158.37 20 7/2 91998.55 15375.35 
6.7049 1 7.69440 8. 77324 9.73312 2.67155 

2555. 14 93403.86 1880. 94 93798. 76 1486.04 21) 5/2 93088.62 14285.28 
6.55342 7. 63815 8. 59331 2.77160 

2531. 11 93405.91 1878.89 93815. 57 1<169.23 ('D,) 2])3/2 92516.91 14856.99 
6.58446 7.64231 8.64233 2.71775 

2541. 64 2F 7I2 93682.82 13691. 08 
6.5708 1 2.83111 

2431. 18 ?F s/2 93671. 92 13701. 98 
6.71842 2.82998 

2509.89 93335.31 1949.49 93821. 47 1463.33 zP 3/2 93609.89 13764.01 
6.61223 7.50266 8.65973 2.82360 

2634.31i 93282. 58 2002.22 2Pl /2 93650.35 13723. 55 
6. '15415 7. 40320 2.82776 

2460. 47 93451. 49 1833.3 1 281/2 93701. 48 13672.42 
6.67831 7.73673 2. 83304 

" I 

, .. 
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oj Atomic Spectra [15, p. 268]. The diagonal elec­
trostatic energies to be added are 4 

3p 6FQ- 15F2 

ID 6Fo- 9F2 

IS 6Fo 

1 
where Fo = Fo(4p, 4p) and F 2 = 25 F2(4p, 4p). The 

choice of coupling parameters in the previous cal­
culation of the distribution of Br II 4p4 levels [14] 
resulted in the fit shown in the third column of 
table 4. Since these discrepancies reappear to some 
extent in the calculation of Br I 4p45s1evels presented 
below, it has seemed worthwhile to recalculate the 
parents in order to demonstrate that, with just a 
small change in parameters, the calculation of Br II 
4p4 ISO can be improved without appreciably affecting 
the fit for the 3P 2•1•0 levels. The new fit, shown in 
the last column of table 4, is a strict least squares fit 
to the four levels other than IDz• It predicts the 
total energy spread of the configuration exactly, and 
emphasizes that the larger discrepancy for 4p4 ID2 
may actually be due to a perturbation by a higher 
level, since the discrepancy is in the right direction. 

Tables 5 and 6 contain all the energy levels of the 
neutral bromine atom that we have been able to 
find by using the new wavelengths. The tables are 
arranged so as to display clearly the level parentage, 
configuration, and series. For each level are given 
the energy (E) relative to 4p 5 2p~/2 taken as zero, 
the absolu te energy value (T) measured from the 
principal ionization limit, i.e., from Br II 4p43P Z, 

and the effective quantum number (n *) calculated 
according to n*=-v(R/T), where R is the Rydberg 
constant for bromine, 109736.56 K. The designa­
tions of the levels, usually in both the LS scheme 
and the J el scheme, are given just to the left of the 
first member of each series and hold for all other 
levels of the series. In all except the nj configura­
tions one might say that the coupling is "midway 
between" the LS, J ci, and J el coupling schemes. 
The almost pure pair-coupling in the nj configura­
tions permits positive assignment of J el symbols to 
the nj levels. All other levels are consistently 
referred to in terms of the adopted LS symbols, for 
reasons of tradition, of the general familiarity of 
this notation, and of the lack of any really satis­
factory solution to the vexing problem of notation 
for intermediate couplings. 

Figure 2 shows the distribution of ns, np, nel, 7if 
levels tIn'ough n = 9. The small horizontal bars in 
each nl column reprf'sent the position of one or more 
levels. The scale of the diagram does not allow an 
individual representation for each level. The verti­
cal lines in each column separate groups of levels 
having different parents, the lowest group of levels 
in each column being based on the (SP 2) parent. 
It should be remembered that when a level group 
app ears to b e intersected by a vertical line (by virtue 

4 These electrostatic expression s differ by a constant amount [ronl those given 
on p. 199 in TAS, which are not entirely correct . See footnote on page 102 of 
referen ce [22] . 
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FIGURE 2. The distribution of Brr energy levels for n = 4 to 

n = 9, as discussed in the text. 

of being met from above and from below by such a 
lin e), then there is a change of paren t in ei ther 
going to the next higher or the next lower group . 
The separation of the level groups for each nl clearly 
reflects the energy differences of the parent limits 
shown by the dashed lines in the figure. Thus, 
except for absolute energy position , the levels of 
many nl sets have the same appearance in this figure: 
tIn'ee groups of levels held apart by the parent 
differences. This "building-block" character is well 
observed at 4j, 5j, 6p, and 78, for example, and can 
be expected to hold at aU high n . The dotted level 
positions represent some predicted, but unobserved, 
levels based on (SPeo). It is seen that the only un­
observed levels based on parents other than (SP2) 

and lying below the (SPz) limit are those of (Sp)) 8p, 
(3P J)7el, and (SPo)8,s. The other dotted positions 
fall above the (SP 2) limit, and the atoms excited to 
these levels can be expected to autoionize. 

] t is convenient at this point to discuss the extent 
to which significance may be attached to the symbols 
used in this paper to describe the energy levels. 
The LS symbols are based on an examination 
of t.he intensities in the transition arrays, with 
symbols b eing assigned in such a way that the 
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in tensity rela tions most n early conform to the WJll­
knowll LS rules . Th e arrays used were those 
co ntn ining levels of low principal qu antum number n, 
t he assignmen ts being retained alon g eries wi thout 
r egard to in tensities. LS symbols assigned to levels 
in thi s way will not necessarily survive if the actual 
energy matrices in the LS scheme ar e diagonalized 
a nd t he eigenvectors found, because when th e 
co upling strongly departs from the LS scheme, the 
in tensities then being governed more by, say, the 
J cl rules, Lh e LS symbols to whi ch one is led depend 
Ill ore on J e and K and will no t wi th assurance 
correspond to the major LS con tribu tion to the 
composition of the levels. A preliminary rough 
dia,gonalization of the Br I 5p energy matrices sug­
gests, for example, that t he " percentage-method" 
woul d r equire the (3P2)5p 4D~/2 and (3Pl) 5p 2D~/2 
LlVelS to have their designa tions in terchanged, 
wh ereas the in tensities would no t suggest t his. In 
an y case, th e depar t ure from LS coupling is so great 
t hat L and S are no t good quant um numbers any­
wn,y, making meaningless any involved procedure 
for naming the levels. In the absJl1ce of r eli able 
eigenvectors, th e " in tensity-method " seems to be 
t he most attractive. Th e np LS assignmen ts in 
Br [ turn ou t to correspond exactly to those in F I 
[16], bu t are quite different from those adop ted for 
t he I [np levels by Kiess and Corl iss [1], who assigned 
LS symbols by forming a one-to-one best correspond­
ence of Lande g-factors to obser ved g-factol"s. For 
small depar tures from pure LS coupling, aU tlll'ee 
methods should resul t in the same designations. 

tres,t rnent is based upon t be general formulas of 
M oller [l8], who calcuIn. ted the p4t matrices of elec­
trostatic energy in t he J et scheme. The correspond­
i ng m atrices of spin -orbi t in teraction have recen tly 
been provided by Kallen and appear in the appendix 
of reference [1 9] . 

A pair- , or J el coupled conftgurationis character­
ized by (i) a domin ation by the core coupling energies, 
and (ii) an electrostatic in teraction of t he ou ter 
electron with the core that is stronger than the spin 
coupling of this electron. The second requirement 
means, in the case of the 4 p4nl configurations of 
Br I , that the contribution of F2(4p, nl ) to the level 
energies must be grea ter than that of Int and the 
Gk ( 4p, nl) . The notation used for a level in a pair­
coupled configuration is that sugges ted by R acah 
[20], in which the level is designa ted as ( )nt [J{JJ. 
where t he paren t is placed in the parentheses, and 
where J{, the in termediate quan tum number , is the 
qu antized resultan t of the coupling of th ~ to tal 
angular momen tum J e or the paren t ion wi t h the 
orbi tal angular momentum of the extern al electron . 
The coupling of K with the spin of t bis electron 
gi ves t he J-value of the level. E ach J{-value thus 
has t wo J-values associated wi th it, J = J{± K For 
Br I , J e can take the values 2, 2, 1, 0, and 0, corre­
sponding to the five levels of the growlCl configW'ation 
4p4 in the ion . The selection rules governin g electric 
dipole tr ansitions between J et coupled levels are 

IJ.Jc= o; IJ.J{= O,±I; IJ.1=±I ; and IJ.J= O, ± l. 

The last t wo ar e, of course, independent of coupling, 
but the first two ar e easily violated when depar tures 
from pure pair coupling OCCUl' , because th e energy 
matrices ar e no t diagon al in J e or J{. 

Owing to the depar t ures in Brr from any pure 
coupling scheme, the single level eigenfunctions of 
any such scheme ar e mixed. L, S, J e, and I{ ar e no t 
very good quan tum numbers, and the only r estric­
tions on transitions seem to be those on pari ty and 
IJ.J. 

4. Ionization Limits 

Ideally, one should like to designate observed 
levels in the no tation of the coupling scheme in 
which t he energy matri ces are ah'eady most di agon al, 
t hat is, in which there is the least non diagonal 
con tribu tion to the energies (eigenvalues). In this 
sense, the Br I 'r/:/ conftgm ations are very nearly 
pair-coupled, and J el symbols should cer tainly be 
used for the 'r/:/ levels. For the sake of consistency, 
J el symbols have also been assigned to the other 
Br I levels, as altern atives to the LS symbols. This 
is justiftable on the grounds that for ns the choice 
of J et or Jd notation is arbi trary owing to the iden tity 
of the matrices built in the t wo schemes, while for 
np and nd the notation could be equally well J el or A very sharp determination of the principal 
Jc.i sin ce the coupling is intermediate. In these ionization limit of th e neutral bromine atom is 
cases only exact calculation would allow us to decide possible now th at the (3P2)nj[51 ~1 /2 series has been 
in favor of one or the other scheme, and this would observed . This series is found not only empirically 
still be difficult for nd because of the sizeable per- to provide the b est value for the limit; it is also the 
t urbations that afflict the nd conftgm ations. The series one might expect on theoretical grounds to 
J cl designations for the Br I np levels have been provide such a best valu e. The theoretical criterion 
chosen on the basis of approximate calculations by one should use in the selection of the least pertmbed 
usin g the diagonal J j. energy expressions. Diagon al series for the limit determination is that the effect of 
expressions are less valid for nd, so that only general nondiagonal matrix elements connectin g the levels 
cO llsidem tions of level positions could be invoked to other levels of common I and J value shall be very 
in t ile assignment of J el notation , the prim ary em- small or zero. In general, this criterion res tricts 
phasis being placed on tb e intensities of (3P2) 4d- consideration to series of levels with high I and J 
ep2)n / transitions for the (3P2)4d designations and valu es. 
5p-4d, 5p- 5d transitions for the other nd designa tio lls. Since no level with J = 11/2 can occur in the np 

The main features of J el coupling and t he theoretical configurations, t her e will be no perturbation of t he 
trea tm ent of electroni c configurations exhibitin g t his (3P2)nj[51 ~ 1 /2 series by levels of those configuratIOns. 
type of coupling are discussed at length by Minn- Indeed, the only nondiagon al element that makes a 
Imgen []7] in his fm e paper on AI' n. The theoreti cal connection to this seri es is the [4 p clement between 
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ep2) [5E' /2 and eD2)[5]~' /2' but the latter nj series is 
well above the ep2) ionization limit, the lowest 
m ember of the series, ('Dz)4j[5E'/2' being already 
more than 5000 K above the (3P 2) limit. 

The actual determination of the limit from the 
ep 2)71j[5E'/2 series has been carried out graphically. 
The bIIective (principal) quantum number, n*, of a 
seri es member is defined by the relation T=R/(n*) ~ , 
whClre Tis th 9 position of the LweI measured from 
tha series limit and R is the Rydberg constant, which 
for bromine equals 109736.56 K. If the series is 
Ritzian, then n *= n - a - {3Tn , where n is the running 
principal quantum number and a and {3 are constants 
for a given series. The position of the series limit is 
taken as that value for which the plot of (n-n *) 
versus T n yields the bast straight line. The quantity 
(n - n *) defines the quantum defect, o= a+ {3T". 
In practice it is usually more convenient to plot T n 
against (0-0), where 0 is some integer for the series 
such that (C- 0) is the part of n * to the right of the 
decimal. 

Figure 3 shows that a very nearly straight line 
results if the 4p 4(3P2 ) limit is taken to be 95284.80 K 
above the 4p5 ?P~/ 2 ground level of Br 1. The 
vertical lines tluough the points npresent the devia­
tion of (1 - 0) r esulting from a change in the limit of 
± 0.10 K. If the adopted series limit is reduced by 
only one kayser, we obtain the unsatisfactory and 
unreasonable behavior of this series depicted by the 
second plot in figure 3. 

With the adopted IP = 95284.80 K, we have made 
a least squares calculation of the constants a and {3 
by using the fiTst five series members. How well 
these constants reproduce the series members can 
be seen from table 7. The position of (3P2)9j[5]fl /2 
would have to be raised by 0.09 K in order to bring 
its point in figure 3 onto the line. This is certainly 
within the experimental error, since the level has 
been established on the basis oof two measurement§ 
of a wide, hazy line at 7495.46 A. A change of 0.05 A 
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FIG URE 3. Tho (3 P 2) nf[5l!1/2 se1'ies plotted for two diffe1'ent 
values of the limit . 

The upper curve results from changing the value of the Br I ionization po­
t ent ial by only 1.00 K from the value adopted for Br I on the basis of the lower 
plot . The vertical bars in t he lower plot show the effect on ( I - Ii ) of a change of 
± 0.1 K in the lim it. 
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in this wavelength would bring the corresponding 
level into line. 

The value of 95284 .80 K for the principal ioniza­
tion energ;y is well supported by other series. The 
ep2)nj[5]9 /2 series gives an identical limit, although 
the point for 9j again falls about 0.1 K below the 
line, and again the spectral line e§tablishing the 
level is wide and faint (7783.44 A) . With this 
limit, the plots of the higher members of the (3P2)nd 
4F9/2 and (3P2)np 4D ~/2 series are also very nearly 
linear, while the greater deviation from lin earity in 
the first few members of each of these series is a 
result of the changing coupling conditions along the 
series. 

T ABLE 7. Observed Br I (3P 2) nf[5lil /2 series m embers'r com­
pared with positions calculated by l l8e of the Ri t z fonnllla 

a =0.01 6505 
{J = - 9.58,1X 10- 7 

Config. Observed Calc . Obs.-ca lc. 

4f 88392. 18 88392. 19 - 0.01 
5j 90873.70 90873.70 O. 00 
6f 92222. 74 92222.73 + 0.01 
7f 93036. 08 93036. 07 + 0.01 
8f 93563.77 93563. 78 - 0.01 
9f 93925. 35 93925. 44 - 0.09 

It may be pointed out thftt, although the ftpparent 
depression of ep2 )9j[5]fl /2 and ep2)9j[5]3/2 is within 
the experimental uncertainty, the depression of these 
levels might more interestingly be a result of an 
inter-ionic Stark effect. The conditions at 9j are 
ripe for such an effect, and the character of the 
observed lines from these levels are certainly sugges­
tive of Stark broadening. Such an interpretatlOn 
is strengthened by the fact that the lines ep2)4cl 
4F9/2- ep2)7j[5]YI /2 and CSP2)4cl 4F 7/2- CSP2) 7j[5] 3/2, as 
well as 9 out of 13 of the observed (3P2)4cl- ep2 )8j 
lines have been recorded as hazy or wide. The 
regularity of the CSP2)nj[5]Yl /2 series used to deter­
mine the ionization limit leaves no doubt, however, 
that the determination is an excellent one, accurate 
to probably ± 0.15 K r elative to the levels used in 
the determination , even allowing a small Stark 
effect on the n = 7, 8 members. Such an effect 
would have no more influence than the normal 
experimental error on the limit determination. 

It seems reasonable therefore to adopt 95284.8 
± 0.5 K as th e position ofBr II 4p43 P2 above the ground 
level of Br 1. We have included in the s tated error 
the estimated accuracy of the absolute positions 
of the higher levels. With the conversion factor 
12395 X 10- 8 ev/K as adopted in AEL, we obtain 
11.811 ev for the principal ionization energy of Br 1. 

If we use a more recent value [25] for the conversion 
factor, 8066.03 ± 0.14 K iev, we obtain 11.8131 
± O.0003 ev for this ionization energy. 

Although several Brr series having three members 
and based on the higher (3P1.o) are known, none of 
them is unperturbed. More accurate values for the 
positions of the higher limits can be found by com-
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bining the abovc (3P2) limit with the positio nsof the 
Brn 4p4 levels as given by MarLin and T ech [14]. 
It is estimated that these Br II levels ar e accurate to 
± 0.5 JC. The five limi ts ar e then it follows: 

(3P2) 95284.8 
(3P j ) 98421.2 
CPo) 99122 .3 
CD2) 107373.9 
(ISo) 123151.9 

T hese are the lim its that were used in Lhe cftlculaLions 
of n * for the Brr levels. 

Th e (3Pz) limit found in this investigaLion is 265 K 
lower thf1l1 that given in AEL, Vol. H. It is note­
worthy thftt Catalan and Rico predicted ft valu e of 
95300 Ie for this limit on the basis of their study of 
the Gftl - Rb r sequence [21]. 

5. Levels of Even Parity 

(ft) 4p4n8: Except Jor CPo) 88 ZPy" whieh is calcu­
laLed to ftl,ll ftround 94650 K, every (SP) 118 level 
through 118 that is pred icted to lie below the (3P2) 

lLmit is now known . The (3P)58 group and the two 
(3Pz)7s levels wcre known before. With the excep­
tioll of CP2)8s 4p 5/2, assigned to the 6el configuration 
in ARL, all other n8 levels are new. Tha CP)78 
ZP3 /2, 1/2 levels listed in AE L ft re spurious. 

Th e most importa ll t of Lhe new CP )n8 levels are 
t hose belonging to CP)68. The stron gest lines from 
these lrvels fall in the lead-sulfid e and vacuum 
regions, but it has been possible to dete rm in e all the 
lrvels ftCc uratelv from wea ker lilles obsrrvrd in t he 
phologmphic a"iT region . Catalan and Rico [21], 
who made ft grap hical study of the Ga 1- Rb I se­
quence by m cans of term values ftnd t he constants 
a an d {3 ftppearing in the expression definin g t he 
quan tum defect, predicted the positions of Lhe then 
unknown (3P2) 68'P5/2 ftnd (3P1)68 2P3/2 levels as 
82300 K and 85649 K, r espectively, wbich arc 
remftrlmbly close to their observed positions 82236 K 
nod 85435 K. Catalan and Rico also cami' to the 
conclusion that (3P2) 58 2P3/2 at 67184 K was consider­
ably perturbed, its " unp erturbed" positio1l being 
67969 K. However, the res~lts of eertn,in calcula­
tions, presented below, do not suppor t such a con­
clusion. It seems that the differing coupling con­
ditions in the elements of th" sequence studied by 
Cn,Lalull and Rico are responsible for the appeamnce 
that the 67184 level was perturbed. 

In both the 58 and 68 configurations the zD term 
based on th e (lD2) parent falls below the (3P2) limit. 
The term belonging to 5s is discussed b"low. The 
(ID 2) 68 2D3 /2 1evel, 94470.7 Ie, has been established on 
the basis of only one line,)dentified as 4p5 2pO,,_ 
CD 2) 682D3 /Z' at 1101.498 A in the vacuum ultra­
violet . This line was long regarded by us as belong­
ing to Br II, but its intensity and the fact that it 
es"trtblishes the (lD2)68 2D 3/2 level vvi thin just a few 
kaysers of its predicted position (table 11), make us 

believe that our idenLification is almost certainly 
correct. One othen wonders whether the unclassified 
line at 51 :39 A might not be (3P2)5p 'lp~/2- (lD 2) 68 
2D5/2, placing the latter level at 94460.97 K. 

The only n8 confio'uraLion in which the 28~ level 
based on the (,So) parenL falls below the e p 2) parent 
is 58. The results of ca,lculatiOl1s pre ented below 
give"-' 91940 K for the posit ioll of ('80)58 28". Ther e 
arc three eligible levels in t his vicinily that have 
J = 1j2, at 91691, 91824, and 91938 K. (Li'or in­
tensity r easons and on the basis of calculaLions, t he 
level at 92090 K has beon assigned Lo epo)7& 2P~.) 
Since the 91938 level agrees so well wiLh t he pre­
dicted position, we have interpreted th is level fts the 
('So) 58 2S".. The other two levels have bee n assigned 
to tho (3P2)7d configuration. It is folt lhaL Lhis 
interpretation of th e two lower levels also leads to 
the most consistent ncl series. An observed u-factor 
for the level at 91938 K will be required in ord er 
convince us that t his interpretation is correct, 
however. 

The (3P)58 levels were all k nowll before, b ut a 
curious circumstance led Kiess Iwd cl:- Bruin Lo adopt 
incorrect (' D 2 1S0)58 and (' D 2 'So).5p liwcls. T his 
caused some confusion in the prepftration of AEL 
abou t t he correct order or t he (' D z) fL llcl (ISo) limi ts 
in Br II. The 58 levels in questioll , ~tdju sted Lo our 
energy scale, are : 

(' ])2) 2 Do!2 

(1 I) ,) , D :l/ 2 

(' S,) ' 8' /2 

This wo t"ie 

7.')1)!J0. :) 
( - J8.2) 
75(01).5 
91(31). 0 

77330. I) 
(+ I f\. 2) 
773 12. () 
7590 . () 

R ef. [J] 

It is seen that. Kiess and de Bruin's 2SI/2 level is real 
and corresponds to our zD 3 !2 ' Altltougll their 2D 
term is inverted wiLh respect Lo ours, it luts the same 
sepamtiol1, 18.2 K. This led to ft qualiLfttivcly 
correct interpretaLion of many lines in Kiess and 
de Bruin's work, .w en though most of their (ID 2)5s, 5p 
levels are spurious. Both levels of their (lSo)5p ?PO 
term are real but are actually based on the 3p parent. 
Since Kiess and de Bruin established the (lD,) 5p 
levels on the basis of strong lines having the 18.2 K 
separation of their spurious (lD2) 58 levels, all (except 
2p~ /2) of their (I D2) 5p lev 21s are spurious as wr11, and 
are all (except "Pf /2) raised above real levels by an 
amount corresponding to the difference Ll = 1422.2 K. 
The reason that this fortuitous system could hftvo 
appeared so convincing- the transition array is dis­
played in r eference [4]- is that Br 1 is a primf' 
example of a spectrum in which chance llum erical 
relationships occur among tho levels and give sup­
port to gross errors in the analysis. ] t is through 
such relfttionships that additional elTors can easily 
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be generated; in this case they also account for some 
of the incorrect J-values given by Kiess and de 
Bruin.5 

The energy levels of the Br I 4p458 configuration 
have been calculated by diagonalizing the second­
order energy matrices buil t in the LS scheme. The 
matrices of spin-orbit interaction are obtained from 
those of p28 on page 268 of T AS by reversing the sign 
of the spin-orbit integral associated with the core, 
t p. The diagonal electrostatic energies to be added 
to the spin-orbit matrices are as follows: 

4p : Fo- 15F2- 3G 1 

2p : Fo- 15F2 

2D : Fo- 9F2-2G1 

2S : Fo- 2G1 

where F z=(1/25)F2(4p , 4p), G1 = (l /3)GJ(4p, 58), 
and Fo=6Fo(4p, 4p)+ 4Fo(4p, 58). 

In the first diagonalization we adopted the values 
t4P and F2 found above for the 4p4 configuration of 
parent levels. Tn order to compensate approximately 
for the discrepancy in the calculated position of the 
(lD2) parent, we have added an electrostatic COITec­
tion term C= -150 K to the diagonal energy ex­
pression above for the ~D term, built on (lD2) ' A 
least squares fit, holding C constant, was then made 
to the 58-levels other than 2D 5/2,3 /2, since this term is 
known to be perturbed. The calculation yielded 

' The d imwlty rests on the fact that three poirs of real odd levels in Br I have 
a lmost t lw same separation , equalJo tile abore differe"ce 6 . 1' he,yarc 

(W,) 7p 4D!,2 89786.2-('P2) 4j[2] J" 88364.0= 1422 .2 K 
(I D ,)5p >n,,, 8848.1.4- (' D 2)5p 2F',2 87061.2 = 1422.2 K 
('P o)6p 2P I" 89905.9- (I D ,) 5p 'D,,, 88483 .4 = 1422.5 K 

Owing to t he appearance of the 88483.4 level in two of the pa irs, t he line at 7950.2 
~~ falls at a "junction" in Kiess and de B ruin' s system, so that it could be, and 
indeed was, classified t wice by t hem. The entire puzzle is compounded by t he 
fact thut the rea l pairs of levels, 

(' Po)Ss ' PlI' 68970.2- (3p ,) .I., 'P,,, 67183.6=li86.6 K 
(3P ,)6p 'Do" 88848.0- (I D 2) 5p 2F,,, 87061.2= 1786.8 K, 

b ave separation s almost equal to 6= 1422.2 "del ed to the separation 

(' 1'1 )6p 2D ,;, 88848.0- (' D ,) 5p ' D Zn 88483.4=364 .6. 

GJ = 733.8. The results of the fit are given in table 8 
and show that the 2D levels have fLpparently been 
pushed down by abou t 300 K. It is for this reason 
that any attempt to determine physically meaningful 
parameters from the diagonal-sum rule necessarily 
leads to failure. Tn fact , this method yields an 
imaginary value for t4p and a negative GJ. 

In order to obtain better eigenvectors for a calcu­
lation of g-factors , we attempted to improve the 
parametric representation of the 58 levels by making 
a strict least squares fit to the levels other than 
2D5 /2 .3 /2 and by allowing all parameters (except C) to 
vary. The main effect on the parameters was a 
reduction of the value of t4P' The fit is shown in 
table 8. By means of the eigenfunction expansion 
coefficients (table 9) obtained in this calculation, the 
theoretical g-factors can be calculated. These are 
compared in table 10 with the observed g-factors. 
The g-factors for these 58 levels are derived from 
measmements of the Zeeman patterns we obtained 
by exposing to an electrodeless lamp placed in a 
field of about 37000 oersteds. Since om exposme 
times were not long for these preliminary exposmes, 
only the stronger Br I lines were recorded. These 
included most of the lines in the 58- 5p transition 
array, however. Also averaged with our own meas­
mements were values generously furnished us by 
W. F. Meggers, who had measmed some Br I 
Zeeman patterns occmring on his ytterbium spectro­
grams. The final observed g-factors should be 
accurate to better than 0.015 . The agreement 
between observed and calculated values is seen to 
be very good. The observed g-sums also agree well 
with the theoretical sums. It should be noticed 
that the LS levels 2P3/2 and 4P3/2 are thoroughly 
mixed. 

It is gratifying that two effects predictable on the 
basis of the perturbation of the (lD2)58 2D levels are 
actually observed. The first concerns the group 
of moderately strong lines in the region 7975 to 
8035 A. These lines fLll show resolved hyperfine 
structure and are (lD2) 58 2D - ep2)4j transitions, 

TABLE 8. Observed and calculated Br I 4p45s energ!l levels 

All energies and parameters are stated in kaysers. 

F 2( 4p,4p) = 1698.1 F, ( 4p,4p) = 1698.0 
G, (4p ,5s) = 733.8 G, (4p,5s ) = 748.5 

Observed \4p= 2795.0 s-.'p = 271 2.0 
Level dcsig. posit ion 

Calc. Obs-Calc. Calc. Obs-Calc. 

(3P 2) 5s ' P.I / , 63436 63389 + 47 63439 - 3 
(3P,) 5s • P'I2 64907 64848 + 59 64905 + 2 
(3pa5 s 'plI2 66884 66938 - 54 66888 - 4 
(31',)5s 21'3/2 67184 67185 - 1 67173 + 11 
(31'0) 5s 2plI, 68970 68984 - 14 68977 - 7 

(,D, )5s 2D5/2 75890 76185 - 295 76172 - 282 
('D2)5s 2D 3/2 75909 76239 - 330 76225 - 316 

( ' So) 5.~ 2S' /2 91938 91975 - 37 91938 0 
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TABLE 9. Eigenvectors oj the Br I 4p'5s levels, calculated with 
F 2(4p, 4p) = 1698.0, G, (4p, 5s) = 748.5, \,,, = 2712 

which point to apparent violations of the selec tion 
rule on the orbital angular momentum of the ex­
Lernal electron, tJ.l = ± 1. A reasonable interpreta­
Lion of these lines is that (LD2) 58 2D contains an 
admix ture of (JP2)4d eio·enfunctions. Probably each 
of the (lD2)58 2D levels is mixed wi th both of the 
two possible (JP2)4d levels of the same J-value, but 
the 58 2D5/2X 4cl4Ds/z and 58 2D3/2X 4d 4D3/2 inter­
actions are perhaps the stron gQr because of the 
proximity of the levels. This would explain both 
the tJ.l=3 transitions and the fact that the (ID 2)58 2D 
levels have apparently been pushed downward. 
The situation is actually more complicated than 
this, because the strong CD 2)58 2D - (SP2)4j[2]° com­
binations are caused partly by the additional 
CD 2)5p 2D oX (JPz)4j[2]° inter action. 

(1 D2) 2D5/2 

(' D2) 2D5/2 O. 9883 
(,P,l ' Po12 - 0. 1524 

(ID 2) 21)3/2 

(I D,) 21)3/2 O. 9837 
("P,l 'P31, - 0.0585 
(3P I) 2P312 O. 1698 

(,P ,) 'P 1/ 2 

(3P Il 'PI/2 O. 0794 
(3Pol 2PII' - 0.1693 
(' So) 'SII' - 0.1102 

(3P ,) 'P 5/2 

O. 1524 
O. 9883 

("P2) 'P3/, 

O. 1581 
O. 7302 

- 0.6646 

("Po) 2P I/2 

O. 1561 
O. 9805 

- 0. 1191 

("P I) 2P 3/2 

- O. 0851 
O. 6807 
0.7276 

(,So) 2S'12 

O. 1283 
O. 0994 
O. 9867 

The ep)5s levels also combine wealdy with 
(3P)nj levels, partly because of small 58 X 4cl inter­
actions and also through the CD2)5s 'D lev21s. 

The other effect of the (ID2)58 X (SP2)4d in ter action 
is a r eciprocal one to the above and concerns the 
unoxpected in tensity of the (3Pz)4d - (ID z)5p trans-
itions, particularly the line at 10840 A, resulting 
from the transition (SPz)4d 4D5/2 - (, D z)5p 2D s12 . 

The eigenvector of each level is give n in t he column under 
t he itdopted designation of t h e level. The designations on 
th e ext reme left refer to pure L S states. The clements of the 
eigenvectors arc the expa nsion coefficients t ha t occur in t he 
co rresponding eigenfunction. For exampl e, t he eigenfunc­
t ion of t he level called 2D 51, is a linear combinat ion of t hose 
for 2D512 and 'P51~ and is given by 

Already at 58 the sepa,ration of the level groups 
iLccording to par entage is obvious. For n ~ 6 the 
dominance of t4p should permit the calculation and 
identification of the n8 levels by usc of simplified 
matrices for J ej or J el coupling. Since thes e iLre 
identical in the two schem.es for l= O, the co upling 
migh t be called J e8 co upling. The complete J e8 

matrices for p 48 have been given by Minnhagen 
[19].6 

The 2])512 l evel ~t hus has a purity of 97 .7 percent in t his 
a pprox im ittion. 

6 Two typogra phical errors appear in t hose matrices: III the J= 3/2 matrix 
i he ofl·diagona l (-1.1 2) element shon k! connect the levels based on the (3P,)_ 
(l D,) parents rat her than (3P,)-(' D,), wh ich should be zero. Further, t he 
coe fn cient of 0' in t he diagonal element for the J = 1/2 lcvel based 011 (' P,) should 
be 2/3 rathcr than 1/3. 

T ABLE 10. Observed and calculated g-jactors for th e 131' I 4p·15s level8 

g 
Le,'el design. Energy 

Obs. Ca lc. La nde 

[( 

(3PI) '1'112 66884 2. 608 2.601 2.667 
(3Po) 21'1/2 68970 0.734 O. 734 0.667 
( ISOl 2SIl2 91938 --- - --- -- - -- (1. 998) (2. 000) 

g-sunl = 3. 342 3. 335 3. 333 

(3P 2) 4P312 64907 1. 532 1. 533 1. 733 
(3P I) 21'3/2 67184 1. 522 1. 515 1. 333 
(ID 2) 2D 3/2 75909 O. 826 0.810 O. 800 

g-sum = 3. 880 3. 867 3. 867 

(3P 2) 41',;/2 63436 1. 595 1. 591 1. 600 
(ID2) 2D 512 75890 1. 210 1. 209 1.200 

I 
g-sum = 2. 805 2. 800 2. 800 
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As was the ease in I I, the relative magnitudes of 
the J es matrix elements permit a simplification such 
that t he p4s levels in Br I may be calculated by use 
of the following approximate expressions: 

(3P,) 'Ps/2 = B + (3P,) 

(3PI) 'PI/2 B + (3PI ) +~ 0 1 

{201 
3 

,15 0 1 

6 

B +(3PI ) +~·01 
6 

·l2 0 1 

3 

B + (3Po) +1:. 0 1 
3 

where the parent symbols stand for the observed 
values: epz)= O, (3P1) =3136, (3PO) = 3838, (lD2)= 
12089, and (ISo) = 27867 K. LS symbols are given 
the Br I p4s levels in the company of J es energy 
expressions, but the J el correspondence can be found 
in table 6. 

The LEI eigenvectors for (3P)58 show that. the 
J = 1/2 levels are relatively pure in the LS scheme 
while the J = 3/2 are thoroughly mixed. As might 
be expected, the calculation of (3P) 58 from the above 
J es expressions gives just the opposite results, i.e., 
the J = 1/2 levels are thoroughly mLxed in the J es 
scheme while the J = 3/2 levels are pure. This same 
behavior was found by 11innhagen in I I. The large 
electrostatic interaction of the J = 1/2 levels is also 
presen t for n ~ 6 and reveals itself through a larger 

nondiagonal contribution to the energy than for the 
(SP) J = 3/2 levels. The comparison of observed 68 
and 78 levels with those calculated from the J es ex­
pressions is given in table 1l. Since the agreement 
is excellent for a rather large range of Gl, and since 
small perturbations are present at both 6s and 7s, 
it makes little sense to debate the exact value of G 1 

in this approximation. A strict least squares fit 
gives G1 =!GI as 172 K and 62 K for 6s and 78, 
respectively. In the preparation of table 11, how­
ever, we have assumed that, G1 varies approximately 
as (n*)-3 in accordance with theory and have taken 
G1 (4p, 68)= 190 K and G t (4p, 78)= 78 K, both based 
on the value of G,(4p, 58) found above. The non­
diagonal contributions in kaysers to the (SP)6s, 78 
energies for '-P , 2p are as follows: 

J = 1/2 

J = 3/2 

6 ~ 78 

± 1l5 

± 16 

± 19 

± 3 

where the upper sign is always taken with the higher 
level of a given J . It is seen that even at 7s a posi­
tive confirmation of the level assignments can be 
effected by use of diagonal expressions only. 

Coupling diagrams of the type found in TAS, 
chapter 11, cannot be constructed for a p 4s configura­
tion because the number of parami:lters necessary 
to determine the leVel intervals is greater than two. 
However, since the splitting of Br II (SP) is small 
compared to the distance from (3P) to (lD 2) or 
(ISo), the Br I (3P)ns levels can be described to a 
satisfactory approximation as a function of th0 
ratio G1(4p,ns)/tv' This is itccomplished by omit­
ing in the energy matrices the elements associated 
with (lD2) and (ISo). A coupling diagram showing 
the structure of p4(3P)ns in the transition from 
LS to Jd- 01' J et-coupling has been constructed 
by Edlen [22, p. 132]. An equivalent diagram for 
the observed Br I levels is presented in figure 4 
and strikingly R,grees with the theoretical behavior 
of these levels. 

T A BLE 11, Observed Br J 4p' Gs, 7s energy levels cO?npw'ed with calculations using the simplified J os matrices 

All energies and paramet ers are stated in kaysers, 

Level design. Observed Calc. Obs.-Calc. 

I 
Parameters 

position 

(3P ,)6< 'Ps/, 82236 82199 + 37 
(3 P,) 6s 'P3!2 82662 82658 + 4 
(3 P I )6s 'P1!2 85577 85601 - 24 B = 82199 
(3P 1) 6s zP3/2 85435 85447 - 12 G I = 190 
(3 Po)6s ZP I / 2 86279 86342 - 63 
(I ])2) 6s 2])3/' 94471 94478 - 7 

=== 
(3 P2) 7s 'PS/ 2 88135 88100 + 35 
(3 P2)7s 'P3/2 88275 88292 - 17 B = 8S IOO 
(3 1'1 )7< 'P I !2 91348 111373 - 25 G, = 7S 
(3P i) 7 ~ ZP 3/2 91284 91278 + 0 
(3 Po)7s ~ P tI, 92090 92035 I +55 

I 
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Since G t varies approximately as (n *) -3 and .\1> 
~- remains essentially constant along th e series, we 

have plotted in fig ure 4 th e ns level, rcfelTed to the 
center of gravity of each group, against (n*)-3. 
The mean values 7WPy,+2Py,) and ?WP3/2+2P3/2) 
arc also plotted and found to give two approxinmLely 
sLraight parallel lines, as expec ted. Th e slight 
irregularities are caused par tly by small perturbfL­
tions of the levels. The observed crossover of th e 
4Py, and 2P3/2 levels is in accordance with theory. 
It should be noticed that the plot yields an un am­
biguous coordination of the levels to specific levels 
of the CP ) limit . 

> 

I ~ 

~. 

;, 

From a comparative study of the plo Ls in figures 
4 a nd 5 one can obtain a qu alitative picLure of th e 
pertul'b fL tions present in the CP)ns series, mostly 
caused by n8 X nd interactions . The displacements 
of Lh c perturb ~dlovcls fLrc all small, b eing of the order 
of 20 to 50 K . 

The CP o) 682PY2 level seems to b e fLbout 75 K too 
lov{, but the causo is no t clem', unless this displfLce­
ment res ul ts from th e in flu ence of th e J = h l ev('lsi n 
the CP2)5d configuration thfLt lie 1000 to 1500 K 
higher. The CD2)4cl 2Py; , 2S" levels arc probfLbly 
responsible for the perturbfLtion of CP 1)8s -lPy" 
which is about 50 K t oo high. Th e high er e p 2) 
n 8 series m embers all suffer slight per turbfttions 
owing to ns X nd interactions. While th e plot s in 
fig m c 5 seem to be highly inegulur fl,t the end cor­
responding to high n, it should b e l'l'Dle Jl1 bur ed that 
T is there relatively small, and n* is thcr efore 
quite sensitive to changes in T, as is eviden t from th e 
express ion 

~ 

(b) 4p'Jnel : Sor ting out alld int0rpreting th e Bl' I ncl 
encrgy levels is perhaps the most iu tricfLLe problcm 
in thc fLnalysis of t his spectr um. Abundan t pCl'­
t Ul'ba tions and all interJllediatc type of couplill g 
severely complicate t he n,nalysis . IVe hfLve in the 
analysis attemp ted to make the best possible usc of 
the observations. Th e interpretation of th e Br I nd 
levcls as presented in table 6 seems to b e th e mos t 
re,l,sonable d erivable from general arguments, ob­
served line intensities, application of thil Ri tz 
formula, approximat e calculations, and the like. 
A more detailed s tudy of the nd configurations b ased 
on accumte calculations including interconfigura­
tion al interaction migh t well n ecessitate th e revision 
of SODle of the assignments, particularly of those 
levels baving low J-values. Reconsideration of the 
nel J= ~~ levels might even bring the interpretation 
of (ISo) 58 2Sv, into question, as poin ted out above. 

I 
1. 

I ~ 

The separation of the ncl levels of each configura­
tion into groups according to tho paren t limi ts is 
quite apparent. The (3PJ ,o)4el, 5d, 6cl levels all lie 
below the ep2) limit and have b een found . The 
('P J)7cl l evels are predicted to fall below the ep~) 
limit but are so close ("' 94900 K ) to this limit that 
they have not b een discovered. All (3P2)nel series 
ar c complete thTough Sel; each series thus conl-ains 
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five m embers. The CSP2) nd4F9/2 series is known 
thro ugh 12cl. Of the nd levels based on the high 
(lD 2) and (ISo) pfLrents, only th (lD 2)4d group falls 
below the CP 2) limi t. AlllevC'ls in this group lUJ,Ve 
b een ident ified aL lefLst ten Latively. 

'rhe grouping of the ncl lelTels iLccording to parent 
suggests that the coupling of tllese con figurations is 
intermediate b etween the J el and J c.i sch emes. The 
diagonal energy expressions for p4cl in Lhese two 
schemes have been calculated by Mbllel' and K allen, 
r espectively , fLn d can b e found in the paper by 
M inllhagen [19]. A comparison 01' Lhe JJ expressions 
with the observed levels reveals tbltt e\'en the 
observed ordering of R-pairs with r es pect to energy 
is not reproduced by the diagonal J et expressions on 
the assump tion that the dominfLnt co ntribution to 
the en ergy is due to F2(4p, nd). 

I t is fel t that the r eason for this lies, aL leasL in Lbe 
case of 4cl, in the m agnitude of the GJ in tegntl, 
whose effect on the en ergies is probrtbly gr eaLer tImn 
that or F2, implying It large departure from JJ 
co u pling, which requ i res a small Gk con tribu t ion . 
TJl e l arge Gt co ntribuLion probably ,tCcoun Ls in prtrt 
for th e bigll posi tio n or t he (3P2)4cl[2].'/2,3 /2 levels . It 
may b e that the levels (3P2)4cll;315/ z and [2h l2 sllOuld 
h lwe their designaLions int erchanged. Th e interflc­
tion of Lhe 4cl levels havillg J = 5/2, 3/2 with the 
(lD 2)58 2D sl2.3 /21evcls co nt ributes to the high posit ion 
of the 4d pail' jus t mentioll ed , bu t t hi s eO'cel is prob­
fLbly less significan t tl Htn t he size of th e 0 1 integral. 

The htrge depar tures fro lll any pure coupling 
sch eme in the net co nfigumtio ll s, fi S well as sizeable 
perLurbaLions, render Ute llssignJl1 en t of designations 
to the levels a mther difGclJ L problem. Both the 
LS and J el symbols assigned these levels in table 6 
ar e based on Lhe inLe ll si ties of the 4d- nj, 5p - 4d, 
and5p - 5d combination. Ther e stilll'em}tin sel'el'fll 
inconsistencies; in particular the combinin g proper­
ties or some levels vary llTegularly along a scries. 
Only a ver y detailed consideraLion or perturbation s, 
together with accurate calculaLions, can ,tid i n the 
solution of this problem. Even ,1, cursory ex,tll1ina­
Lion of' the efl'ectiye quanLum numbers of the ncl 
levels re lTeals markcd i1'l'egu1arities alo ng series . 
Apart from SLn fLll interaction wilh some n8 I e\"(~l s, th e 
pertmbations arc primarily ,t resul t or t he o\'er­
lapping or proximity or groups of levels with difrerent 
n and b ased on different paren ts. Th e mos L s triking 
case of this is the (3PJ)5d X (3P2)6d in Leraction, wlilch 
causes the (3Pt)5cl group or 1e\' o1s to be slig hLly 
higher than expected . ] L is very possible that the 
(3Pz)6cl 4F7 /2 and (3Pt )5el 2F 7/2 1evels should have their 
designations interchanged. A (3 P1)6el X (SP2 )9el iJlter­
action has apparently pushed the (SP J )6d group down. 
The separation 01' these laller groups is difficult, 
how8\~er, and the assignmeJlts s hould be regarded as 
tentative. Their fmther inte1'<tctioll with Lhe slightly 
higher (lD2)4cllevels is also probable. 

The (lD2)4d 2G9/2 ,7 /2 lel' els have been established 
with certainLy (sec table 6) . The other seven levels 
of the (lD2)4cl group h ave recei I·ed their designations 
primarily on the basis of their position being such 
that they do not fit well inLo any (3P) groups. 

-- -, 
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FIG U RE 4. Observed levels of 4 p4 (3 P )ns, referred to center of gravity, and plotted aga):n sl (n *) - 3 
to show the convergence toward the Br II 4p' 3Pz, 1,0 limits . 

(Furthermore, we had just seven levels left over 
after unraveling the (3P)nd levels.) The order of 
the (lD2)4d levels bears a striking resemblance to the 
corresponding group in Kr II , bu t is in sharp disagree­
ment with the J cl diagonal expressions (assuming 
dominant F 2), which predict the J=;~ levels to be 
the lowest. 

The most important nd series showing any degree 
of regularity is the ep2)nd 4F 9 /2 series, for which 
(2-0) is plotted against T in figure 6. The non­
linearity of this plot is interpreted not as a failure 
to have the correct ionization potential, but as the 

effect of a gradual change in coupling along the 
series. The members from 9d through 12d are 
almost exactly linear. A change in the assumed 
ionization potential would cause the line connecting 
these levels to curve up or down. A least squares 
calculation of the Ritz constants a and {3 from these 
levels gives a = 1.35276 , {3 = - 3.442 X 10- 6, from 
which the entire series has been calculated. The 
results, given in table 12, reveal not only by how 
much the early series members lie too high because 
of the different coupling conditions, but also by how 
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series. 

much the 7d and 8el levels have been pushed down 
and up, respectively, by the (l D 2)4d 200/2 lel-el 
between them. 

T AB 1,E 12. Observed energy level s of the 4~' (3P2) nd 4F~/2 serie.' 
compw'ed with calculations using the Ri tz fo rm ula , as de­
scribed in the tex t. 

Confi g. 

4d 
5d 
6d 
7d 

8d 
9d 

10d 
11(/ 
12d 

All energies arc stated in kaysers. 
a = 1.35276 
tI = -3 .442X 10- 6 

Observed Calculated 
I 

Obs .-cal c. 
--------- - - -

80587.61 1'022 1. 57 + 366. 04 
871\)1. 97 87160. 44 + 3153 
90244. 8D 9024 1. 40 + 3. 49 
91851 14 91858. 17 - 7.03 

4p4(ID z)4d 2G g/2 = 9192L.86 

92807. 81 92807. 63 + 0.18 
93411. 48 9341].49 - 0. 01 
93818. 96 938 ] 8.95 + 0. 01 
94106. 70 94106. 70 0.00 
943 17. 40 94317. 40 O. 00 

, 

Thcse slight del-iations of the points representing 
(SPz)7cl, 8el 4-F9 /2 indicate with certainty the presence 
of the nearby perturbing level, which can be only 
(lD2)4el 20 9/ 2 , Until this perturbation was recog­
nized, the only strong Br I lines still remaining un­
classified were those at 6096 and 61 33 A. That 
the line at 6096 A results from the transition 
(3P2) 5p 4D 7/2- (lD 2)4d 209/ 2 is unquestionably cor­
rect, because (i) it fortuna tely happens to be one 
of the two unclassified lin es whose hfs were reported 
by Tolansky and Tril-edi [7], its obsen'ed structure 
fitting fairly well the splitting of (3P2)5p 4D 7/2 derived 
from other lines, and (ii) i t yiclds a value 91922 K 
for (lD 2)4d 20 9/?, which is t he proper position to 
account for the perturbation or the nd 4F9/2 series. 

The other line, at 6133 A, is interpreted as the 
transition CPz)5p 4D s/2- (lD 2)4el 20 7/2 ' One addi- -<; 
t ional line h as been obser ved in the radiometric I 
region for each of the 20 levels. These are com- ~ 
binations with (l D 2) 5p 2F 712. 5/ 2 and serve as further I 
evidence for the reali ty of the 20 levels. .... ' 

(c) 4s4p6: The 4s4 po configuration yields only one 
level, 2Sy, . Bromine is the only halogen for which 
this level has been found with cer tainty. A calcula­
tion based upon the irregular-doublet law predicts <1 
the 2Sy, term to lie near 87000 K. Of the nine e\' en , 
levels with J = 1/2 that were found in the range 80000 1 

- 90000 K , only eigh t can arise from configura- .. ' 
tions other than 4s4p". Th ese can all be unam­
biguously iden tified on the basis of position :md 
intensity co nsiderations. The remaining level, a t ~! 
84825 .60 K , must be 4s4 p6 2Sy, . This identification 
explains othe high intensity of the ultnwiolet lines 

I ... 
:ott 1232 A, resulting from the transition 4s~4p5 2P~_ 

84825, and at 1179 A, 4s24p 5 2P ~/2 -84825 : th e 
ground 2p O term is the only known term to which I 

( 

the 4,,4p 6 2Sy, can m ake transi tions in a one-electron 
jump. 

In addition to the ultraviolet lines and a fain t, 

I 
1 

l-v" 
I 

wide line at 12369 A, the only other lines from 2S, ~ 
t hat have been obsen red are two moderately strong 
double ts at 10184 A and 11094 A. The doublet ... ) 
character of each of these lines is assumed to resul t 
from the wide hfs splitting of 2Sy" which is expected , 
since the unpaired 4s electron in the 4s4p 6 configura-

I 

Ix. , 

tion should couple strongly with the nucleus. The 
classifica t ions 0 f these lines are as follows: 

10184 A 
11094 A 

5p 4P !l /2- Sp6 2Sy, 
5p 4p~ /2_~p6 2Sy, 

The compo nen ts of 11094 A appeftr single with our 
resolution but there is slight shading in the two 
components of 10184 A. This r esults from thfl his 
splitting of 5p 4p~/2 ' which according to Tolansky 
and Trivedi has a structure (0.127 , 0.086, 0.043) in 
K. To get an estimate of the spli tting 01' the 2Sy, 
level, we note that the separations of the components 
of 10184 A and 11094 A are 0.45 and 0.59 K , respec­
tively, The large difference between these two 
values might at first seem disturbing. Bu t a simple 
sketch of the appropria te transit ions, taking into 
account the known hyperfinc structure or 4g/2 (four 
F -levels) and adopting any l'otlsonable yalue for the 
unknown structure of 4P~ (two P-le \' els), reyeals 
tha t one would expect t ho components of 101 84 A 
to be abou t 0.1 K closer togeth er than the compo-

~ j~ 
i 

nents of 11094 A. Fur the rmore, it is apparen t from 
such a sketch th a t t hc measured separation of th e 
centers of gra "ity of the 11004 A components very 
nearly represents the true hI's splitting of th e 2S,A/o 
We therefore adopt 0.59 K as th e splI tting of the 
2Sy, level. 

"' I 

A calculation of the theoretical structur e of this 
level is revealing. Following Slater [23], we can .. ' 
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I 
:> write the expecta tion valu e of the n uclear in tel'f1c tion 

con tribution to the to tal H amiltonian as 

rydb ergs. 

> .(Th is f~rmula holds only for configul' f1t ions contain­
w g a smgle unpaired s-elec tron .) i H er e a is tb e 
fin e stru cture constant (1/137) qN is the weio'hted 
avel'a~e bromine nuclef1r g-fa'ctor (= 7. 93 X I O- 4), 

• R (O) IS Lite value of th e normalized s-eio'enIunction 
a t th e origin , and b 

J{ = F(F+ l) - 1(1 + 1) - J (J + l). 

ince J,= 1 /2~and the nuclear spin 1 = 3/2, the en ergy 
separa tlOJ1 of the two F-levels will be 

l'ydbel'gs . 

We hf1 ve calcul a t,ed R.(O) from r ecen tly published 
[24] Hartrce-Fock r achal Wf1ve functions for the 
bromin e 4s24p5 configuration. The 4s-orbital of this 
c~nfigllration will not be very differ ent from thf1t 
or the 4s4p6 configura tion. We find R (O) = 15.6. 
Inserting numerical values in the above equf1tion 
we fin ally obtain ' 

E = 1.37X 10- 5 rydb ergs 

= 1.50 kayse l's. 

/ 

(A r ela tivity correc tion would increase this valu e by 
a~ou t 14% .) The above r esult is to be compared 
WIth the observed value 0.59 K . Some of the 
discr epancy between these valu es must arise from 
configura tion interaction . Such an in ter action is 
undou btedly present, because the two lin es undor 
discussion are examples of so-called two-electron 
jumps. The occurrence of these lines at all indicates 
t~at the Sp 6 configuration is mixed with a config LU'a­
tIOn tha t would make the transition in a one-electron 
ju.mp . The interaction involved her e is probably 
WIth one of the J = 1/2 levels of the 4d confiO' ura tion 
pos.sibly 4d 4P1/2. One would expect the h~vel with 
whICh the Sp6 2SI/2 is mixed to share some of the 
latter 's hyperfine structure. Each of the 4(l levels 
witb J = 1/2 was checked for hfs but none could 
defini tely b e established from our 'observations. 

, , 

I 
,. 

r 

• 

6. Levels of Odd Parity 
(a) 4p4np : The analysis of the system of odd 

levels of Br ~ was enormously simplified by tho 
occurren c~ of almost pure J e l-coupling in the nj 
configurf1tIOns. Upon the identifica tion of a faw 
of th~ nj ~evels , the r ast could easily be calculated 
and IdentIfied. We could then safely r egard all 
odd l evel~ left over as belonging to excited np 
configUl' f1 tIOns. 
. ' It should a lso be mentioned t hat a facto r of 2/3 is III issin g from t his equation 
111 Sla ter 's work, Vol. II, p, 266 . 

W! th the excep tion of the (3P I )8p group, which is 
predlCted to centor around 94675 K , all np levels 
for n = 5, 6, 7, 8, 9 that fall below the CPz) limit have 
been f?und : Two levels bolon ging to (SP 2) lOp have 
boon Iden tIfied also. Of the level based on the 
(lD 2, ISO) paren ts, only the (lD 2)5p levels ar e below 
the (SP 2) limit. As in the ns and nd confiO'ura tions 
the np levels fall in to groups that reflect t he stru c~ 
t~lre of the Br It p4 paren ts . The coupling of the 
hlgher np configm atiol1 s is between th e J e land J ej 
sch emes, ,but. appare.n tly ,closer to J e l . H appily, 
configl!Ta tlO? llltel'fl.ctIOn or the np set of levels with 
th e nj se t IS. ~xtremely sll1f111. The very difI'er ent 
couphng exlubI ted by these two set of odd levels 
mf1y par tly accoun t for this minimal in ter action. 

T~le ma:trices of spin-orbi t in terac tion for a p4p 
conhgura tlOl1 have b een calculated in an L S bas is 
and ar e presen ted in the followin g paper in this 
lssue of the Journal of R esearch. A study of th e 
B1' I np configura tions by means of these matrices 
hf1s no t yet been completed. The r esults of th e 
calcula ti(;>n s will appear ~a ter ,. together with th e 
results of Zeeman o,bservatlOns In progress. 

It ~ay be. mentIOned that t be electros tatic [1 8) 
and SPlll-OI-bIt [19] elements of th e p4l matr ices for 
pair-coupling have just been published , as well as 
the p4l matrices for J J -coupling [19], calcu­
lated by K allen. The assignmen t of K-values to 
the ~r I np levels is based on in tensities and ap­
pl'OX lm~te ca~cula,t i on s with tbe J cl diagonal energy 
expressIOns gIven 111 reference [19]. The LS sym.bols 
are ?~sed on the in tensit ies of 5p- 5s, 6s, 4d 
tranSItIOns. 

The Br I 5p configura tion is ra ther isolated and 
except 1'0 1' a few small in terac tions is r eO'arded as 
a pLU'e configura tion. It should therefore be possible 
to rel?re~ent . quite accurately in parametric for111 
t he dls tnbutlOll of the 5p levels . It was for t his 
reasor: , in fact, t ha t the p4p matrices in in termediate 
couplt.ng were calcula ted . Since th e (1 So) 5p zpo 
term IS above the ep 2) limi t and has not been 0 b­
serve~ , i t is not pos~ible to use t be diagonal sum 
rule lU the calculatlOn of the parameters. The 
parameters may, h~wever , be estimated in a variety 
of ways base~ on diagonal energy expressions in the 
several couphng schemes for levels of hio'h J-value 
on approximately calculated positions'=' for (1 So) 
5p 2P O , and on level difI'erences. The approximate 
parameters found in this way can be inserted in the 
energy matrices and improved by iteration. 

The most interesting interaction occurring with 
the3 5p configura~ion is I! erhap~, the (lD2 ) 5p 2Ds/Z,3/Z 

::< ( Pz) 4j[2]s /2'3 /2 I,nteractlOn. Iho CPj )6p2D O term 
hes somewhat hIgher but may also be involved. 
Acourate calculations given below show tha t t he 
two 4jlevels have been pushed down by 13 K and 21 
K for J = 5/2 and J = 3/2, respectively. This partly 
accoun ts for th e surprisingly strong intensity of 
(lD2)5s 2D -(3Pz)4j [2]O transi tions, f1S pointed out 
abo ve. 

Th e (SPz)5p 4D~/2= [l] ~/2 level seems to lie ab­
normally high, judging from the diagonal J et energy 
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expressions. This same behavior was noticed in the 
case of I I by Minnhagen [19], who calculated the I I 

6p levels by use of the F2(5p, 6p) parameter only. It 
was suggested that configuration interaction might 
b e responsible for the high position of the level in 
question. As evidence for such an interaction , 
Minnhagen cited the fact that the intensity of the I I 

line classified as (3P 2)6s[2]s /2- (3P2)6p[1] 3/2( =8044 A) 
is much stronger than that of the line ep 2)6s [2]s /2-
e p2)6p[317 /2 (= 9058 A) whereas the latter line should 
b e stronger for all unperturbed couplings. The only 
J = 3/2 level below I I e p 2)6p is the ground level 5p5 

2PS/2, which r enders perturbation difficult to accept. 
It seems reasonable that the intensity ratio of I I 

lines just mentioned is, rather, a r tlsult of th e fact 
that 8044 A falls at the wavelength of peak sensitivity 
of EK - "N" photographic plates, while 9058 A was 
undoubtedly photographed on "Q" or " Z" plates, 
which are less sensitive than "N" plates by about a 
factor of 10. In Br I , the corresponding lin es both 
occur in the "N" r egion, and the relative in tensities 
ar e in the expected order . It is felt that the high 
position of the level in question, both in I I and Br I, 
is to be explained by the magnitude of the GO (np, 
n'p) integral, which contributes sizeably to the Br I 

5p and I I 6p energies and should no t be neglected. 
The J el p4p diagonal en ergy expressions for e p z)np 
[2] °, [1] ° are, except for an additive constant: 

[2JO 7 F 2 
5/ 2 - 50 

[lJO +7F2+5Go+17G2 1 
3 / 2 50 24 600 -4 /; n'p 

[l JO + 7 F2+ 20 GO+ 50 G2+1 
1/ 2 50 1 24 600 ~ 2 /; n' p 

wher e all integrals refer to the (np, n'p) interaction. 
Approximate Br I 5p parameters, derived as describ ed 
above, indicate that the effect of GU on [2] 3/2 brings its 
diagonal energy very close to that of [lJ 3/2 ' Since 
the two levels arc connected by GO, G~, and /;n'v, 
they repel each other in such f1 way, n eglecting the 
action of the other levels in the configuration , as to 
make [1 13 /2 appear high and the K = 2 levels appear 
as a closer pair. The [1] f/2 level is pushed down by 
all 5p J = l j2 levels above it. This same type of 
effect is probably operatin g also in the case of the 
high Br I e p 2)4d[2] pair , as mentioned previously. 

A qualitative picture of the run of Br r np levels 
and per turbations can be obtained from figure 7, in 
which the quantum defect is plotted agains t abso-· 
lu te l evel value. The points represen ting the 
e p 2)np 4D) /2 series art) very n early lin ear for n=6, 
7, 9, 10. The slight depression at n=8 is du e to 
th e interaction with ePl )4j[3 ]k An application of 
t he Ritz formula with 0' = 2.57410, (3 = +3 .190 X 10- 6 

derived by least squares from ep 2) 7, 9, lOp 4D 1/2' 
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FIGURE 7. The (3P)np se1'ies: (3 - 0) ploUed against T. 

reproduces th ese levels almost exactly a nd shows 
that the level at 8p is depressed by about 2.6 K , its 
" unperturbed " position b eing 91540.9 K . The 
sam e Ri tz formula predicts e p 2)5p 4D 1/2 to fall 
114 K higher than observed, th e depar t ure b ein g a 
result of the r egular coupling change along the series. 
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The gr eat deviation from linCfwity exhibited in 
figUl'e 7 by the early m embers of the CPz)np 4D 3/2' 
4P 1/2 and (3Po)np 2P 3/2" /2 series is probably not en­
tirely due to p erturbations, since t he plots of mean 

,> term energies for each J-value ar c much more regu­
lar . However, th il possibility of a configuration r interaction affecting these levels in such a way as > approximately to cancel out in the mean should 
not be overlooked. It seems fairly certain th at 
there is it CPo)6p X (3 P2)7p interaction, and the 
CPz)6p 4D3/Z, ' P r/z levels may be influenced by 

l ... (, D z)5p 2P3/Z, ' /2' The CPz)7p, 8p, 4P §/2 levels seem 
I t o have been pushed down and up, respectively, 

through interaction with (3Po)6p 2P3/2, which lies 
b etween t hem. 

Tbe most obvious wholesale mutu al interactions 
in the np configurations affect the close CP,) 7p and 
CP2)9p groups , the levels of the first group being 
higher than expec ted and those of the second group 
(except 9p 4D ~/2) lower. 

r' 
I 

(b) 4p4nj: All the 67 levels ascribed to nj con­
figurations in table 5 ar e n ew. The pronounced J el 
coupling prevailing in these configurations p ermits 
the levels to be calculated very exactly by the theo­
r etical expressions of electrostatic energy given by 
Moller [1 8]. The J el designations of the levels as 

r .,.. r presented in table 5 arc thorofore, with one or two 

:> 

exceptions discussed below, definite. The pair 
structure of these levels is very marked, as can be 
seen by examinin g the pair splittings in table 5. All 
nj levels based on limi ts other than (3 Pz) and pre­
dicted to lie below the CPz) limi t have b een found. 
These are the 16 levels of the (3 P] ,o)4j, 5j groups. 
All (, Dz, ' So)nj lev els lie above the CPz) limit. 

.Most of the observed transitions in volving the 

Br I nj levels occur in the (3Pz)4d - CP)nj arrays. 
As mentioned above, 58-nj transitions ar e also ob­
served , primarily as a r esult of a 58 X 4d interac tion , 
but nearly all other lines involving nj levels would 
be difficul t to observe since they fall in a very un­
favorable region of the spectrulll , the far infrared 
and radiometric regions. The CP2)4d- CPz)nj ar­
rays are similar for each valu e of n as regards the 
intensity relationships of the various lines in the 
array, but the in tensity of any par tieular transition 
decr eases as a rule with incr easing n. f n gener al, 
for transitions between two pair-co upl ed configura­
tions the lines will be stron ger when l, J(, and J 
change by uni ty in the same direction , 01' , with a 
given t::.l ( = ± 1), when t::.J= t::.J(( = ± 1, 0) . As usual, 
also, the s tronger lin('s involve th e hig her J-valu es . 
The r epresentative CPz)4d - (3Pz)5j array is shown 
in table 13. 

In this table, the adopted K-values of t he CSP2)4d 
levels are found to~ether with the corresponding 
LS designations. The only l'igorous selection rule 
here seems to be that on J. It will b e noticed, 
however, that three transitions from 5j in this table 
that would be allowed by the selection rule on J , 
but not by the selection l'ule on J( in pure J et coupling 
have no t been obsel' ved. Th e sam e is true in 
the case of these three transi tions for other nj, except 
that CPz)4d[3]712- CPz)4j[5]B/z occurs weakly, owing 
to the " mixing" of the two CPz)4d lelrels ha lring 
J = 7/2. On t he other hand, 1'01' the 5j case in table 
13 H,S well as for other nj, there appear strongly two 
lin es that do "v iolate" the t::.J(= 0, ± 1 rule. These 
a re the (3P2)4d 4D31Z - epz) nj [3]5/2 and CPz)4d 4Fs/2 -

(3Pz)nj[417 /2 LransiLions. For no vttlu e of n have 
the two CSPz)4d 4F5IZ,3!2-- CP2)nj[2]312 lines been ob-

T AB LE 13. loVavenwnbel's and intensi ties of the observed (3P 2) 4c1 - (3P 2)5 f transitions in Br 1 

I . 
~ 

: .J 

r 

,'" 

i 

"-,,- 4ri -> 
"-

~ 
[5]° 11 /2 

90873.70 
[5]°9/2 

90873.78 

[4] °9 1' 

00845.55 
[4] °7/2 

90846 .78 

[311".5/2 
908.5 1. 30 

[215/2 
90869 .64 

[213 /2 
90868.76 

[113 /2 
0089 1.56 

[l] l/2 
90890 .88 

[4] [4] [3] 

' F 9/2 'F7/2 '])7/2 

80.587. 61 81081. 10 79044. 50 

( 600 ) 
10286.09 

(300 ) 
9792. 68 --

( 100 ) ( .500 ) 
102.57. 95 -- 11801. 03 

(75 ) (1 00 ) 
-- 9765. 68 11802. 27 

( 15 ) ( 15 ) ( 300 ) 
10263. 69 9770. 21 11 806. 78 

(75 ) 
-- 11825. 12 

[:3] [2] [2] [1] [1] [0] 

' D5/2 4F5/2 'F3/2 ' D3/2 4])1 /2 'P] /2 

79260. 91 81672. 28 81842. 02 70630.67 80026. 40 81429. 07 

(200 ) ( 200 ) 
11585. 86 0174.50 

(1 00 ) ( 250 ) (20 ) ( 300 ) 
11590. 39 9179. 02 9009. 31 11220. 60 

( 250 ) ( 100 ) (40 ) (20 ) 
11608. 72 9 197. 37 9027. 62 J 1238. 92 

( 75 ) (150 ) ( 200 ) 
11607. 87 -- -- 1 1238.09 10842. 35 --

(00 ) ( 2w ) ( 10) (90) ( 80w) ( 21)0 ) 
11 6:30. 57 92 19. 28 9040. 58 11260. 85 10865. 15 9461.59 

(90 ) ( 80 ) ( 100 ) 
-- 11260.20 10864. 48 9460 .95 
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FIGURE 8. The (3P2)nf series plotted on a ve1'Y expanded (1 - 0) scale to exhibit small 
perturbations. 

served. The perturbations that affect the (SP2)4d idea of the vertical scale in kaysers can be gained 
levels having J = 5/2, 3/2 and the difficulty at present for each value of n by noting the separation of the 
of appraising the quantum significance of the various pairs. For example, at n= 7, the vertical 
K-values assigned these levels, as mentioned in separation between 7][4]912 and 7][417 /2 corresponds 
another section, render premature any detailed to only 0.57 K, an amount that is probably greater 
correlation of intensity characteristics in the arrays than that by which either level is perturbed. The 
under discussion. perturbations in the Br I nf configurations are most 

The several perturbations that afflict the (SP2)n] conveniently discussed in terms of the Jet non­
series are vividly revealed by a plo t of quantum diagonal matrix components. We shall therefore 
defects against relative term values for these series consider first the energy matrices and the theoretical 
(fig. 8). In examining this figure, one should bear calculation of the n] energy level distribution. 
in mind that the ordinate scale is greatly expanded, The matrices of electrostatic energy are diagonal 
and the irregularities in the plots are caused by level in J. The diagonal elements of the matrices for 
perturbations of only a few kaysers and less. An p"j have the form E = E (parent level) - 2Fo-
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l 2J~F2+ 2g; G2 + 2g~G'I, where j ;, g;, g:, are numerical 
- coefficients whose values can b e fo und in M oller ' l paper , H,nd liz, G2, G4 are t he familial' in tegrals 

I defined in TAS. Levels 0(' a given K-pair have a 
~ common ] ; coefficien L; the pail' spli tting wiLh respect r sto Jl-l arises il'ro~ diffehrent

C
' g; .andl_ g~ cOlelffiGc~en tsd' 

ma pall' sp Ittmgs, t ere ore, Imp y sma an 

> 
G4 in Legrals. In the Br I nj configurations, the 
con trib u Lion to the level energies by the F 2 integral 
is much greater than tha t by the GZ and G4 in tegrals. 
N ondiagonal HZ is found only between lenls with 

1
.- equal K-value and based on the differen t parents, 

j 0- JD 2, 3PO_3p z, and 3P j _3Pz. Also appearing 

I 
"-r 

/ . -
I 

I ~ ' 

-r ' 

• 

off the diagonal are G2 and G\ connecting le'-els 
whose K -values are equal or are differen t by ± 1. 
In oreler t hat K be a good qu an tum number, it is 
thus essen tial tha t G2 and G4 be small compared 
with F 2. 

J n the ac tual calculation of the nj level distribu-
Lion , it is convenien t and sui table to make cer tain 
approxima tions. All CSo/D2)nj levels fall above 
the prineipal ionization limi t and none was observed. 
Bli L since these levels ar e distan t and arc eonnected 
to the levels based on CP) only through nondiagonal 
GZ and G4 (and /;411)' the effect of omitting these 
levels from t he en ergy m atrices will cause negligi ble 
error in the calculated caP)nj energies. Furthermore, 
greater accuracy in the calculated distribu tion of 
these caP)nj lenls (18 levels for each n) can be 
expected if we employ th e observed posiLions of the 
Bl' II CP) levels rather t han adop ting Lh e p am ­
metric form for these parents . 'liVe thus replace the 
term E (parent level) - 2F O in the above diagon al 
expression by th e quan tities: B , B + 313G.4, and B + 
3837.5, for levels based on CP2) , ePJ), and CPo) , respec­
tively, wlwre B is a constan t for any given n. This pro­
cedme automatically accoun ts for nondiagonal /;4/i ' 
which may th en be disregarded. 

We Lh us have 18 levels for each n to be represen ted 
in parametric form by foUl' parametC'rs, B , F 2, G2, 
and G4• The determination of meanin gful par am­
eters canno t be accomplished by a simple applica­
tion of the diagon al sum r ule, because every obseI'vcQ 
Br I nj level, with the exception of members of t he 
CPz)nj[5]° series, suffers interaction wi th oth er 
configura tions. The extent of this interac tion can 
be r easonably well estimated only in the case of the 
(3P2)nj[419 !2 levels, because almost the en tire inter­
configura tional contribution to these mus t come from 
(3P j )nf[4]9/Z levels, th er e being no possibility of a 
J = 9j2 in the np configurations. After G4 has been 
estimated as described below, F 2 can be found from 
the(3Pz)nj [5] ~ 1 /2 - [4] 9/2= 3tF2- }~6G4 diagonal in­
terval, provided th e non diagonal in tracon figura­
tional contribu tion to [4] 3/2, as well as the in tercon-
figura tion al contribution, have first been r emoved 
from the en ergies as observed. The fu's t of these 
contributions can be determined by performing a 
preliminary diagonaliza tion of the J = 9j2 m atri x 
with a good es timate of F 2. The second contribu­
tion can be ob tain ed if a reasonable " unperturbed" 

(3P 2) nj [4] 3/2 series can be deduced . If an in teraction 
pttnuneter (sec r ef. [22], p . 141) ,), = 23 K is assumed 
between the CP2)nj [4]3/2 and e PJ)nf [4]3/2 series, the 
fonner series becomes satisfactorily Ri tzian, and 
after an addi tional "smoo thing" of the series, 
unper tur bed level ellergies can be esLimated to 
sufficient accuracy, H,nc'/ Lhen F 2 can b e dC't'ived . 

Since nondiagon al con trib ution to t he (JPz)nj[5]O 
pair is n egligible, Lhe G4 parameter can be obtained 
directly from the observed separaLion of Lhis pair, 
whose diagonal en ergy expressions, in cluding the 
spin-orbi t in ter action energy of Lh 0 j-electron, are 

[5]0 . B + 1 17' 2+ 11 G" 9 9/ ~ . 15 1-i 54 -5 /;/. 

The facL thaL for n~ 5, the [5]9/2 falls high er than 

[5]fl /2 confirms t he dominance of ~~G4 over ~~/;/ 
and partially justifies the omission of /;/ in our 
calculations. Th e G4 parameter for 4j has been 
extrapolaLed frOll't those for higher n , since the 
obser ved coincidence or the 4j pair, suggesting an 

1· r 11 G4 d 33 d . d ' equa Ity 0 54 a n 10 /;1! oes no t PCl'Int t a lrect 

calcula tion of G4• 

If th e (JP2)nj[ l]O levels were unper t urbed , GZ 
could b e calculated fairly accm ately fr om Lhe pail' 

spli ttin g, :OG2. E ven though this series as plotted 

in figure 8 appears Ri tll ian, ther e is some evidence 
t haL the series members have all b een per tmbed 
upwards in such a way th at linearity of the plot 
was preserved. N ever Lhele s, G2 was crudely taken 
as given by Lhe pa il' splittings for n~ 5 and ex­
tr apola ted for n = 4, since any other procedUl'e meets 
wi th equivalen t uncer tt1.in ty. The r emaining pa­
r ameter , B, was adjusted so as to predi ct the CPz) 
nj[5]fJ /z levels exactly. 

Th e levels as calculated by usa of the parameters 
found above arc compared wi th tbe observed 
positions in table 14 for 4j , 5j and in table 15 for 
6j, 7j. The B and F 2 parameters arc given in 
table 16, along wiLh the almost constan t products 
F 2Xn3. The agreement between obser ved and cal­
culated energies is seen to be very good, and it is 
probably significant that the depar tures in almost 
every case agree wi tb the direction of per turbation 
on e might expect on the basis of the plo ts in figure 
8. The calculations predict th e obser ved ordering 
of K-pairs with r espect to energy for all excep t the 
perturbed e p z) 4j[3]O and e p ,)4j[3]O p airs . 

The perturbations of the Br I nj levels arise from 
nj X np as well as nj X n'j in teractions. Consider ­
ing first tbe lat ter type, we r emember tha t since the 
coefficien ts of the Slater integrals in the nf energy 
matrices are based entirely upon the angular parts 
of the eigenfunctions, these same coefficients are 

529 



TABLE 14. Comparison between observed and calculated 
(3P ) 4f and 5f levels 

4f 5f 
Level design . 

Calc. Obs. Calc. Obs. 

(3P 2) [5111 /2 88392. 2 88392. 2 90873. 7 90873. 7 
[5]9/2 392.3 392. 2 873. 8 873.8 
[4] 912 339.3 339. 2 846. 4 845. 6 
[4] 7/2 340. 4 340.7 847. 3 846.8 
[317/2 347.9 351. 1 851. 1 } 851. 3 
[3]5/2 348. 5 350. 8 851. 5 
[2]5/2 383.6 371. 3 869. 7 869. 6 
[2]3/2 383. 4 364. 0 869. 5 868. 8 
[1]3/2 422. 3 425. 5 889. 6 891. 6 
[111/2 421. 5 424. 9 888.9 890.9 

(3P1) [4] 912 91497. 7 91496. 2 93994. 0 93994. 0 
[4] 7/2 498.4 497.1 994. 5 994.7 
[317/2 539. 3 545. 7 94015. 6 94017. 8 
[3]512 539.9 542. 4 016. 1 018. 2 
[2]5/2 484. 4 483. 0 93987. 3 93998. 4 
[213 /2 483. 7 482. 3 986. 7 987. 6 

(3P o) [317/2 92209. 5 92228. 3 94700. 7 94700. 2 
[315/2 209.9 228. 6 701. 0 700.4 

TABLE 15. Compari8on between observed and calculated 
(3P 2) 6f and 7f levels 

Of 7f 
Level design . 

Calc. Obs . Calc. Obs. 

caP 2) [5] 11 /2 92222. 7 92222. 7 93036. 1 93036. 1 
[ 5)9/2 222. 8 222.8 036. 1 036.1 
[4]9/2 206.9 207. 3 026. 1 026.1 
[4 17/2 207. 4 208. 3 026. 4 026.7 
[317/2 209. 6 } 187.9 027. 8 } 028.4 [315/2 209. 9 028.0 
[215/2 220. 5 222.0 034. 7 035. 4 
[213/2 220. 4 221. 6 034. 6 035. 0 
[1]3 12 232. 0 233. 1 041. 9 042. 6 
[111/2 231. 6 232.7 041. 7 042. 4 

TABLE 16. The Band F2 pammeters faT 4f, 5f, 6f, and 7f 
conjig1l1·ations, calculated as e:J. plained in the lext 

Conf. B F2 F' X n 3 

4f 88371. 24 314. 1 201 X 102 
5f 90862. 84 162.9 204 
6f 92216. 42 94. 8 205 
7f 93032.09 59. 9 205 

valid in the discussion of njX n 'j interaction . 
Since this interaction is expected to be greater if -<: 

a nondiagonal]~ is involved , we should expect that 
the strongest interactions would be of the types 
(3P])nj[IC]° X(3P2)n'j[K']0 , where K =K'=2, 3, or < 
4, and (3Po)nj[3] ° X (3Pz)n'j[3]0. Indeed, the plots 
in figure'. 8 show quite clearly that (3 PJ 4j falls just 
between (3P2)qj" and 6j and pushes (3P2)4j,5j 
levels down and (3 P2)6j ,7j . .. levels up, for K = 2, 
3, 4. Also, the (3Po) 4j[3] ° X (3P 2) 6j[3] ° interaction 
is , comparatively, very strong, owing to th eir almost 
identical unperturbed posi tions , as indicated by the 1 
calculations. It is possible that the designations -
of these levels should b e in terchanged. The poin ts 
corresponding to (3P 2) 6j[3] ° fall outside the range 
of figure 8 and have b een omitted. Anoth ~r strikin g 
feature of this figure is that it suggests, correc tly, 
that (3P, )5j[4] ;)lz falls between epz)9j,10j[4] h 

Superposed on the above interactions are those 
of the type njX np, which also seem to be stronger 
if the interacting levels have the same K-value. 

The CD z) 5p group appears to interact with nj 
levels having the appropriate K- and J-values, the ~J 
largest such interaction being (lD2)5p 2Ds/2,3/ 2 r" 

X (3P2) 4j[2] h3/Z, owing to the proximity of the levels. 
The several interactions affecting (3 P2)nj[3] 0 pairs 
make the levels for n"i;; 5 coincide within the experi- ' .... 
m ental error. Since it is not possible to decide with 
certainty from which level of the pair a particular 
line arises, when that line is classifiable by either 
of the levels , the two levels are represented by a single -L' 

energy in table 5. 

I 
'0' 

The calculations suggest that the observed ep2) 

nj[I ]O pair is uniformly high. Since a K = 1 is not 
possible from the (3P ,) and (3PO) parents, we should 
ex'})ect the observed [1]° series to be almost Ritzian 
in the absence of interaction with np levels. Now 

... 1 

I 

the series is almost Ritzian , so that if the series is 
perturbed , it must be of a complicated sort, involving 
several np levels, since a single interaction with 
CDz)5p 2P3/ 2,' / 2 would not account for the preser­
vation of the rather strict linearity found in figure 8. 

I 
I 

~~ 
I 

The (3 P2)8p 4D~/2X (3P]) 4j[3] ~/ 2 interaction , com­
plicated by additional influences on these levels, 
should also be mentioned, since it is possible that 
the two designations should b e interchanged. It 
is not entirely clear what causes the (S P] )4},5j[3]0 
levels to be observed so " much " higher than their 
calculated posi tions. 

7. Conclusion 

I 
t;, 

I 
..... '1 

I 

Since the Br I line list has now been essenti ally 
exhausted- only 26 of 1253 lines remain unclassi­
fied- it is clear that any significant additions to the 
analysis of Br I will demand a thorough, new obser­
vation of the spectrum, made with a much stronger 
source for reasonable exposure times in the red, and 
one that produces Br2 emission of much less intensity 
than the source used in this investigation. Even 
without making accurate calculations, one can 
predict very closely, barring strong in teractions, 
the positions of the remaining unknown ns, np, nd, 

.J 
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a nd nf levels t hat fall below the prin cipal ionizat ion 
limi t. This can be done aln lOst by inspection of' 
tables 5 a nd 6. One can, Lhen, make educated 
gue ses as to the wavelengLh region where t he 
tronger lines involving t he unkn own levels will lie. 

Of co urse many of t he new lin es that would be in­
cluded in any a ugmen ted lin e Ii t would be ac­
co un ted for by transi tions predicted in t he presen t 
square array, and migh t help us in a possible re­
vision of the more insecure level des ignations 
m entioned above. A study of t he Zeem an effect 
in Br I is possibly the only and certainly t he bes t 
met hod of' r esolving a few difficulties of interpre­
tation, such as that of the J = 1/2 levels ly ing in the 
vicini ty of (ISo) 58 2S1/ 2 as discussed above. 

Perhaps the most demanding study that could be 
ini tiated on Br I is an extensive analysis of t he nel 
co nfigurations and their coupling and per turbations. 
If some of the levels still miss ing from the e p 2) 9el-lld 
config urations could be found, a m ore defini te 
decision co uld possibly be reached as to whether 
som e levels presently assigned to ep,)6cl migh t not 
more properly belong to (3 P2)9d. 

O f' th e 26 lines in our list that h ave defi ed classifi­
cation, one h as in tensity 50, one in tensity 15 W, a nd 
t he rest have in tensities 10 a nd less . It is probable 
that as many as one-hal/' of these lin es act ually do 
not arise from neutral atomic bromine. F or ex­
ample, since the six unclassifi ed lines of wa velengths 
less th an 4100 A would have to resul t froHl t ransi­
tions to the even (3P ) 58 levels in order for the upper 
levels to lie below the (3P 2) limi t, a nd since no new 
odd levels predictable on t his basis fall in acce ptable 
positions, i t is doub tful that these s ix lines belong 
to Be I. 

There seems to be li ttle hope of finding a ny Bl'I 
levels above the caP 2) limi t unless a utoionization 
from these levels is somehow avoided . Alt hough 
we have predicted and looked in OUT list for many 
lines t hat we thought most likely to appear from 
such levels, non e could be established defini tely. 

The unknown ng levels falling below the cap 2) 

limit ar e predicted to lie in the r ange 90890 to 95285. 
Their stronger combinations will generally be wi t h 
n1 levels. Since these latter levels are in the range 
88300 to 95285 K combinations with ng will produce 
lines t hat fall in the infrar ed beyond t he region 
accessible by photography. 

F or suggestin g this problem and offerin g advice 
t hroughout, I thank C. C. Kiess. His in terest in 
the bromine spectrum has lasted over 30 years, and 
his excitemen t and en thusiasm as he watched our 
a nalysis progress was a constan t source of en courage­
ment. 

I also express my indebtedness to C. Moore­
Sitterly and W . F . M eggers for generously allowing 
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me to dra, w so persis ten tly upon their great experience 
and kn owledge of ato mic spectr a. 

R. E . Trecs examin ed an d improved upon the 
discussion of the Sp6 config lU'lttion. VV. R. Bozm an 
frequently advised an d in sLru cLed rn e in t he various 
computations by the electronic com puter a nd also 
took charge of the prepara Lion or pri n Ls for Ute 
figures in this paper. W. C. Mltrtin C' ri LicflJly r ead 
the m anuscrip t and offered m any useful suggesLions. 
.Mrs . Ruth Peterson patiently and accLl ratel:vcarri eci out 
some of the final hand calculations, and Mrs. Sylvia 
Shure car efully typed the m anuscrip t. It is It 

pleasure to thank each of these colleagues 1'0 1' his or 
her con tribution to this paper . 
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9. Appendix 

T ABLE Al. lVavelengths oj Br I in the vacuum ultraviolet 

Observed Calc. In ten- Observed 
wave- wave- sity wave Classifi cation 
length length number 

- - ------

A K 

1067. 559 O. 556 10 93671. 6 4p5 2P 3/2_ (,D, )4d 'F5/2 
1067. 805 . 802 15 93650. 1 4p5 2P3/2_ (' D 2)4d 2P ' /2 
1068. 256 .263 10 93610. 5 4ps 2P a/2- ('D2)4d 2P3/2 
1068. 849 .856 3 93558. 6 4p5 2P 3/2- 11s 4P31Z 
1073. 912 .916 70 93 J 17.5 4p5 ' P 3!z- 6d' 2P 3/2 

1074. 243 . 245 70 93088. 8 4p5 2P 3/2- (, D ,)4d 2D5/2 
1074.803 .815 10 93040.3 4ps2p3/2- 10s 41'3/2 

1075. 345 { . 317 15 92993. 4 { 4p5 2p a/2-10 ~ 4PS/2 
.354 4ps 'P a/2- 6d' 2p, /, 

1070. 964 .964 20 92853. 6 4ps 2P an- 8d 4F3/2 
1077. 873 .878 15 92775.3 4p5 ' P b - 8d 'D3/2 

1078. 124 . 124 15 92753. 7 4ps 'Pa/2- 8d 4DS/' 
1078. 242 .247 30 92743. 6 4p5 2P 3iz- 8d 4F.'/2 
1079. 320 .326 30 92650. 9 4ps 2P a/2- 8d 4D I/2 
1080. 882 .883 50 92517. 0 4p5 2P a/2_ (' D 2)4d 'D312 
1084.810 .807 10 92182. 0 4p5 ' P 31,- 9s 41' 3/2 

1085. 050 . 052 15 92161. 6 4p5 2P 3/2- 9s 41" /2 
1085. 896 .899 5 92089. 8 4p5 2P a/2- 7s" 21'1/2 
1087.468 .470 30 91956. 7 4p5 2P 31Z- 7 d 4F.1/2 
1087. 687 .690 40 91938. 2 4p5 2P a/2- (,So).5s 2S I/2 
1087. 819 .821 20 91927. ] 4p5 2p 3/2- 7d 'F3/2 

1089. 039 . 040 30 91824. 1 4ps 2P a/2- 7d 41' 1/2 
1089. 203 .203 15 9J810. 2 4p5 zP an- 7d 'D5/2 
1089.322 .323 20 91800. 2 4p5 ' P a12- 7c1 4D 3!2 
1090. 623 .620 85 91690. 7 4p5 zP a/2- 7d 'D' /' 
1094. 722 · 719 100 91347. 4 4p5 2P a/,- 7s' 4P ' /' 

1095. 481 .482 100 9J 284. 1 4p5 ' P 3/2- 7s' 2P 3/, 
1096. 788 . 790 100 91175. 3 4p5 ' P a/2- 5d" 2D 5/2 
1098. 881 .885 100 91001. 7 4p5 2P a/z- 5d" 2D 3/2 
1l01. 347 .351 50 90797 9 4p5 2p 3/2- 8s 4p3!2 

• 1l01. 456 - - ---- - - --- - 90788. 9 4p5 zp 3/2- 8s 4PS/2 

1l01. 498 -- -- - - 250 90785. 5 4p5 21'1/2- (' ]),) 6s zD31Z 
1l03. 924 .932 60 90585. 9 4p5 2P a/2-5d' 'P.1/2 
1l04. 168 · 169 60 90565 9 4ps 2P a/t- 5d' 2Fs/2 
1105.460 . 464 50 90460. I 4p5 2Pa12- 5d' 21'3/2 
1105. 844 .846 50 90428. 7 4p5 2P a/2- 6d 41'1 /' 

1l05. 994 .994 70 90416. 4 4ps 2P a/2- 6d 4F3/2 
1107.442 . 445 50 90298.2 4p5 2P I/Z- 8s' '1" /2 
1l07. 512 .514 50 90292. 5 4 p5 zP 3/2- 5d' zp ' /Z 
1l09. 422 .432 20 90137. 0 4p5 zp l/2- lOd 4D" 2 
1110. 904 .911 100 90016. 8 4p5 2P I/,- (,D,)4d 'S' /2 

b lll1. 579 .542 50 89962. 1 4 p5 2P I/2_ (,D2)4d 21'1/2 
1111. 751 . 754 40 89948. 2 4 p5 2p a/2- 6d 4D\ 12 
] 112. 743 . 747 20 89868. 0 4 p5 2P alz- 6d 4D' /2 
] 115. 448 .448 30 896.50. 1 4 ps 2p I/2- 9d 4D3.'2 
1116. 105 · 105 40 8959 7. 3 4p5 2P I/Z- 9d 4D I/2 

lll8. 173 · 169 90 8943 1. 6 4ps zp ln- 6d' Zp 3/ 2 
1119. J40 .143 60 89:354. 3 4ps 2p ln- ]Os 4p"!2 
1119. 725 .728 90 89307. 6 4 p5 2p I/2- 6d' 2P' /2 
1121. 473 .474 120 89 J68. 4 4p5 zp l/z- 8d 'F3/2 
ll2l. 839 .842 80 89 J39. 4 4ps zp ln- 8d 4P I/Z 

ll24. 038 .035 120 88965. 0 4ps 2p 1/2- 8d 4D I/2 
ll25. 728 .725 200 8883 1. 4 4 p5 2P I/,- (, D 2)4d 2D 3I2 
1129. 979 .981 35 88497.2 4 p5 2p I/2- 9s '1' 3/2 
ll31. 171 .166 80 88404. 0 4p5 2p I/2- 7s" 2P I/Z 
1132.822 .817 100 88275. 1 4ps 2P 3/Z- 7s 41'312 

See footnotes at end of table. 

532 

TAB I~E Al Wave enqths of Br I m the vacuum ultraviolet- Con 

Observed Calc. I nten-IObserved 
wavc- wave- s ity wave Classification 
length le ngt h number 

--- - -----1----1--------- -

1133. 116 0.110 200 
11 33. 251 . 252 80 

1134. 588 

113 ... 888 
1136. 294 

1139. 350 

1139. 544 

1140.732 
ll41. 564 
1145.268 

1145. 854 
J J47. 689 
11 47.943 
11 50. 312 
ll51. 381 

1152. 411) 
1152. 833 
11 52. 989 
11 54. 640 
1159. 030 

1160. 332 
1168.542 
1170. 479 
ll73. 827 
11 77. 233 

1178. 895 
11 82. 171 
1186. 161 
1189. 279 
1189. 378 

11 89.498 
1194. 413 
1196. 370 
1196. 477 
1198. 371 

1203. 353 
1209. 756 
1210. 734 
1216. 006 
1221. 128 

1221. 870 
1223. 240 
1224. 408 
1226. 899 
]221). 049 

1232. 431 
1243. 897 
J249.589 
1251. 664 
1255. 799 

]259. 199 
1261. 658 
1266.200 
1279.477 
1286. 259 

{. 575 300 
.622 
. 882 200 
· 290 250 

.342 100 
{.53 7 

· 547 120 
.739 20 
· 568 25 
. 264 80 

. 846 60 

.689 80 

.943 60 

.307 80 

.380 100 

· 412 100 
.827 40 
.988 60 
.640 15 
.025 80 

· 329 100 
· 539 150 
· 476 150 
.825 175 
.230 250 

.889 400 

. 169 J50 

. 159 150 

.277 1000 

.379 250 

. 5001000 
· 414 200 
.366 200 
.480 200 
.374 500 

.354 200 

. 752 800 

.7391000 
· 010 750 
· 125 1000 

.866 900 

.2401000 
· 406 1200 
· 898 1200 
· 049 750 

.432 7500 
· 901 1200 
.588 800 
· 6701 500 
.7981000 

· 1941500 
· 6561200 
· 202 1200 
.4801000 
· 261 1000 

88252. 2 4p5 2p I/2_ (,So)5s 'Sw 
8824 J. 7 4p5 2PI/2-7d 'F3/2 

88137. 7 

88 114 ... 
88005. 4 

87769.3 

877.54. 4 

87663. 0 
87599. 1 
873 15. 8 

87271. 2 
1)7J31. 6 
87 112. 3 
86932. 9 
86852. 2 

86774. 1 
86742. 8 
8673 1. 1 
86607. 1 
86279. 0 

86 182. 2 
85576. 7 
85435. 1 
85 191. 4 
84945. 0 

84825. 2 
84590. 1 
84305. 6 
84084. 6 
84077.6 

84069. 1 
83723. 1 
83586. 2 
83578. 7 
83446. 6 

83 101. 1 
82661. 3 
82594. 5 
82236. 4 
8J891. 5 

81841. 8 
81750. 1 
81672.1 
81506. 3 
81430. 0 

8]] 40.4 
80392 . . 5 
80026. 3 
79893. 6 
79630. 6 

7941 5. 6 
79260. 8 
78976 5 
78156. 9 
77744.8 

4 p5 ' P al2- 5d 'D II2 
4p5 ' p an- 5d 4D3/2 
4p5 zp I/,-8s 4P3/2 

4p5 zP a/2- 5d 4DS/' 
4p5 'PI/2- 5d' 41'3/2 

4p5 'p l /2- 5d' 2p 31z 
4p5 zp ln- 6d 4p' !2 
4p5 2p 1/2- 6d 4F3/2 
4p5 2p I/,- 5d' 21" /' 
4p5 ,p a/2- 6s" 21'112 

4p5 2p I/,- 6d 4D3/2 
4p5 zP a/,-6s' '1'1 12 
4p5 ' p alz- 6s' 2P 3/2 
4p5 zP al2- 4d" 'D3/2 
4p5 2P 3/,- 4d" ' D S.'2 

4p5 ' p 3/2-4s4p G 2S I " 

4p5 2p 1/2- 7s ' Pm 
4 p5 2P 312- 4d' 41'5/2 
4 p5 2p I/,- 5d 4F3/, 
4p5 2p 3/,- +d' 41'3/2 

4pS 2p I.'2- 5d 41'1 /' 
4p\ 2p l /,- 4d' 2F.\ /2 
4p5 ZP I/2- 5d 4D I/2 
4ps zp 3/2- 4d' 2P 3/2 

4ps zp I/,- 5d 4D 3/2 

4p5 2p al2- 4d' 21'1/2 
4pS 2P alz- 6s 4P3/2 
4p5 2p I/2- 6s" ' 1'1 /2 
4p5 2p 3!2- 6s 'p.I/Z 
4p5 'p l /2- 6s' '1'1/2 

4p5 2p 3/,- 4d 4F3/2 
4p5 zp ln- 6s' 21'3/2 
4p5 2P3l2- 4d 4F5/, 
4p5 2p I/2- 4d" ' D 3/2 
4p5 2p Sl2- 4cl 4p ,.'z 

4pS 2p I/2- 4s4p6 2SI/2 
4p5 2p I/2- 4d' '1' 3/2 
4p5 2p S/2- 4d 'D I/2 
4p5 zpll2- 4d' 2P3/2 
4p5 2P 3,2- 4d ' D 3!2 

4p5 2P l/,- 4d' 2P' /2 
4p5 ' p a/2- 4d 4D s/, 
4p5 ' P l/z- 6s 41'312 
4pS zp l/2-4d 4F3" 

4p5 2p I/z- 4d 41' ''2 

.'.~ 

L .. 

.. 
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TA 1l1" 1" Al. Wavelengths of BI' I in th e vacuum ultraviolet- Coil. TA 1lJ.~~ A 1. Wavelengths of Dr 1 in the vacuum ultraviolet- Con. 

Obscrved Calc. Int c n- Observed 
wavc- wavc- sity \\·ave 
length le ngth number 

A J{ 

1309. 908 O. 909 3000 76341. 2 
1316. 735 .735 3000 75945. 4 
1317. 372 .375 1000 75908. 7 
1317. 695 . 691 2000 75890. 1 
1384. 598 .595 12000 72223. 1 

1449. 903 .901 3000 68970. 1 
148 . 452 .459 50000 67183.9 
1495. 132 . 129 5 66883. 7 
1531. 743 .746 30000 65285. 1 
1540.654 .661 25000 64907.5 

Wavelength 

A 
3325. 307 
3:H8.566 
3400. 030 
3400. 060 
3402. 411 

3402.436 
3409. 728 
3409. 753 
3418. 888 
3425. 577 

3428. 60.5 
3429. 809 
3472. 188 
3472. 216 
3496. :366 

:3497. 433 
3516. 144 
35-11. 173 
3556. 518 
3556.540 

3557. 461 
:3558. 616 
3.'i63. 706 
3564. 468 
3564. 498 

3579. 081 
3581. 712 
3589. 818 
3599. 962 
3606. 518 

3608. 864 
3644. 165 
3644. ]98 
3646. 605 
3646. 626 

3658. 486 
3659. 970 
3735. 800 
3745. 419 
37 .51. 287 

C lassificaLion 

4p5 2P I/2-'Jd 4 1)1/2 
4p5 2P I /2-'!d 4J)3/2 
4p5 2P l/2- (I D 2)5s 2])3/2 
4p5 2 P 3/2- (1.02) 5s 2 D 5/2 
4p5 2P I/r- (lD2)5s 2 D 3/2 

4p5 2P 3/2- 5s" 2P I / 2 

4p5 2P l/2- 5s' 2P 3/2 
4p5 2P 3/2- 5s' -P I /2 
4ps 2P I/2-5s" 2P 1/ 2 
4ps 2P l/2-5s 'P3/2 

Observed Calc . Int e n-' ObsC' rved 
wave- \va,vc- s iiy wave 
lengt h length numbcr 

1574. 84] 
1576. 387 
1582. 312 
1633. 404 

0.84430000 
· 381 20000 
· 31325000 
· 401 75000 

63498.5 
63436.2 
63198. 7 
61221. 8 

C las ifi cation 

,lp5 2P I/2-5s' 2P 3!2 
LipS 2P 3/2- 5s 'P5/2 
4ps 2P I/2- 5s' 'P 1/2 
'IpS 2P I/2-5s 'P3/ 2 

" Al101.456 computed wavelength . ThcJitl e i mas kecl by 
Al101.498. 

b Al111.579 this may be a Br II line. 

T ABLE A2. Observed lines of Br I 

In tensity Wave number Classification 

J{ 

lOw 30063. 76 5s 'P5/2- 7p" 2 P 3/2 
15 29854. 95 5s 'P5/2- lOp ']) 7/2 

} 25 29403. 07 } 5s 'Ps/2- 7p' 'S3/2 20 29402. 81 

1 15 29382.49 

} I 58 'Ps/2- 7p' 2.03/2 
10 29382. 28 

} 15 29319. 44 } 5s -P 5/2- 7p' 2 D5/2 10 293](,). 2:3 
1510 29240. 89 5s 'PS/2- gp • D3/2 
60 29183. 70 5s 'P5/2-9p ']) 7/2 

15 29158. 02 5s ' PS/2- Up 41'3/2 
8 29 147.79 5s 'PS/2- Up ' P 5/2 

} 20 28792. 04 } 5s 'Ps/2-4f" [317/2 10 28791. 8 1 
5 28592. 94 5s -P3/2- 7 p" 2P 3/2 

1 28584. 22 58 'P3/2- 7p" 2Pl/2 
40 28432. 12 5s 'P3/2- 10p '.0 3/2 

100 28231. 16 5s 'P5/2-8p '.03/2 

} 40 28109. 36 } 5s 'Ps/2- 4f' [317/2 30 28109. 19 

250 28101. 91 5s 'PS/2- 8p 'D 7/2 
75 28092. 79 58 -Ps/2-8 p 'P3/2 
50 28052. 66 5s 'P5/2- Sp 'P"/2 

} 1510 28046. 67 } 58 'Ps/2- 4f' [215 /2 10 28046. 43 

40 27932. 16 5s 'P312- 7p' 4S)/2 
15 27911. 64 5s 'P3/2-7p' 2]) 3/2 

100 27848. 62 5s 'P3/2-7 p' 2D 3i2 
100 27770.15 5s '-P3/2- Op 'D5/2 

20 27719. 67 5s -P3/2-9p ' .05/2 

7 27701. 65 5s 'P3/2- 9p 'P I/2 

} 15 27433. 31 } 5s 'P5 /2- 5f [215/2 10 27433. 06 

} 100 27414. 06 } 58 -ps/2- Sf [::I17/2,S/2 80 27414. 80 

2h 27325. 93 5s -P3/2- 6/ [113 /2 
20 27:314.85 58 'P3/2- 6/ [215/2 

500 26760. 42 58 ' P3/2- 8p 'D3/2 
50 26691. 70 5s 'P3/2- 8p 'P I12 
10 26649. 94 5s 'P3/2- 8p 'Ds/2 

533 



TABLE A2. Ob8eTved line8 oj Br I- Continued -i 

W avelength Intensity Wave n ulnber ClassificaLion 
I 

-.. { 

A K 

3753.351 5 26635. 29 58 'P3/2- 41' [3]5/2 
3756. 032 ::\0 26616. 28 58' 'P1/2- 7p" 2P3/2 ) 

3757. 265 5 26607. 54 58' 'P1/2-7p" 2PI/2 

3761. 746 2 26575. 85 58 '1'3/2-4j' [215/2 
3761. 847 1 26575. 14 58 -P3/2- 41' [2]S/2 

3770. 88 150e 26511. 48 58 'P5 /2- 6p" 2PS/2 ..J 
3794. 03 900e 26349. 72 58 ' P5/2- 7p 'D3/2 

1 

3798. 805 5w 26316. 60 j 8' 2P3/2-7p" 2P3/2 
3810. 95 1h 26232. 73 58 'P5/2-7p 'D 5/2 
3815. 650 1200 26200. 42 58 'P5/2- 7p ' D7/2 

3828. 505 700 26112.45 58 'P5/2-7p 'PS/2 
"" 3829. 75 200e 26103. 96 58 'Ps/2- 7p 'P3/2 

3844. 035 100 26006. 95 58' 'P 1/2- 7p' ' D I/2 
3847. 37 5h 25984.41. 58 'P3/2- 5j [1] 3/2 .. 
3850. 619 10 25962. 49 58 'P3/2- 5j [215/2 

I 

3850. 740 1 25961. 67 58 • P3/2- 5j [2]3/2 
3851. 654 3 25955. 51 58' • P1/2- 7p' 'S312 " ) 

3854. 702 90 25934. 99 58' 4P1/2-7p' 2Ds/2 
3896. 653 200 25655. 78 58' 2P3/2-7p' 'S3/2 i~ 
3899. 767 25 25635. 29 5s' 2P3 /2- 7p' 2D3/2 , 

3905. 823 } 25w 25595. 55 } 58 'P5/2-6p' S3/2 '.j 3905. 858 20 25595. 32 
3909. 385 175 25572. 2::\ 58' 2P3/2- 7p' 2Ds/2 \ 

3913. 560 12 25544. 95 58' 2P3/2- 7p' 2S I/2 

3917. 775 
} 

200 25517. 47 1 ) 

J 
58 'P5/2- 6p' 2D3/2 

3917. 819 150 25517. 18 
3929. 196 5 25443. 30 58' 2P3/2- 9p 'D Z/2 
3934. 068 

} 
60 25411. 79 

::\934. 084 80 25411. 68 58 'Ps/2- 6p' 2D5 /2 . j 
3934. 119 100 25411. 46 

3942. 026 2h 25360. 49 
3943.776 2 25349. 23 58' 'P 1/2- 6j [113 /2 
3943. 835 8 25348. 86 5s' 'P 1/2- 6j [l] l;z 
3945. 565 4 25337. 74 58' 4P1/2- 6j [213/2 

\ ~ 

3969. 416 1 25185. 50 'j 

3960. 434 1 25185. 38 Z 
3973. 967 5 251.'i6. 66 , 

3991. 363 300 25047. 01 58 'P5/2-(1D2)5p 'D);!2 l -.., , 
3992. 363 1500 25040. 74 58 'P3/2- 6p" 2PS/2 

3993. 177 .5 25035. 64 

3998. 492 35 25002. 36 .58 ' P S/2-(1 D,) 5p 2D a/2 
3099. 070 200 24998. 75 fi~ ' P3/2- 6p" 2PI/2 J....~ 

·4000.599 2w 24989. 19 58 'P5 /2- 4j [1]3!2 
4009. 296 } 2w 24934. 99 } 58 'P5/2- 4j [2H/2 'l 
4009. 325 2 24934. 81 

4012. 548 } 60s 24914. 78 } 
'--4 

4012. 580 50 24914. 58 58 'P5/2- 4j [317 /2 

4016.453 Ih 24890. 55 
4018. 316 200 24879. 01 58 ' P3N- 7p 'D 3/2 
4021. 772 250 24857. 64 5·s 'P3/2- 7p 'P l/2 -< 
4033. 7fl2 l h 24783. 75 5s' ' PI/2- 8p 'D 3" -< 
4037. :324 fiOO 24761. 89 .58 ' P3/2- 7p 'Ds/, 
4056. 404 } 308 24645. 42 } 58' '1" /2- 8 p '1' 3:2 -4 , 

4056. 42.5 25 24645. 29 
4057. 020 30 24641. 67 58 'P3/,- 7p 'P5/2 

~ , 

40".8. 406 75 24633. 26 58 '1"3/2- 7p 'P3'2 
40M. 1.50 4 24598. 44 58' ' P 1/2-4f' [213 /2 "" 4075. 503 50 24529. 92 5s" 2p 1/2- 7 p" 21'3/2 
4076. 9.~6 7fi 24521. 18 5s' ' P I/2- 7p" 2P I/2 < 
4083. 140 50 24483. 99 5s' 2P3/2- 8p 'Da/2 I 

See footnotes at end of table. " 
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'l'AULE A2. Observed lines of Br I- Continued 

Wavelength Intensity Wave number Classification 

;;-- A ]( 

4094.643 35 244]5.26 5s' zP~/z-8p 'P l/z 
4106.352 25 24345. 65 58' zP3/Z- 8p 'P312 

> 4113.132 4 24305. 52 58' zP3/Z- 8p 'P5/Z 
4114.165 25 24299. 41 58' 2P3IZ- 4)", [215/z 

? 4124. 233 75 24240. 09 5s 'P3/z- 6p' '])l lz 

.:;, 4143. 974 600 24124. 62 5s 'P3Iz- 6p' 'S ,IZ 
4157. 425 250 24046. 57 5s 'P3IZ- 6p' Z]) 3IZ 
4164. 158 4 24007. 69 5s' 'P I/,- 5I [1 ]; /z 
4164. 270 15 24007. 04 5s' 'P l/z- 5.f [11 11z 
4168. 115 10 23984. 90 58' 'P1/z- 5I [21 3/z 

4175. 786 50 23940. 84 5s 'P3IZ- 6p' z D5/2 

"'" 4179. 322 100 23920. 58 5s" zP1/z- 7p' 'D llz 
4191. 935 50 23848. 61 58" zPl/z- 7p ' Z]) 3/' 

'" 
4196.468 50 23822. 85 5s '1'5/,- (1 Dz)5p ~P,/z 
4199.473 35 23805. 80 5s 'P3/z- (7)' z8 11z 

4202. 487 450 23788.73 5s ' P5/2- (1])2) 5p ' F 7/2 
4220. 701 5h 23686. 08 58' zP3/,-5.f [2 15 /2 
4220. 859 2 23685. 19 5s' zP3/,- 5.f [2 13 /2 
4231. 643 4 23624.83 5s • P5IZ- (1 n,) 5p zF5iZ 

,L,' 4240. 366 40 23576. 23 5s 'P3/2- (i D,)5p 2 D5!2 

""r' 
4248. 414 50 23531. 57 58 ' P3/2_(I])Z)57) 2])3/2 
4250. 818 40 23518. 26 5s ' 1'3/2-4/ [113/2 
4250. 924 15 23517.68 5s '1'3/2- 4/ [1]; /2 

I 4260. 625 40 23464. ]3 5s ' P3/z- 4.f [2 ]5 ,z 
4261. 964 3 23456. 76 58 • 1"3/2- 4.f [2 13 /' 

" " 

4334. 54 20 2:3064. 01. 5s' 'PI/2-6p" 2 P31Z 
:, 4342. 45 2 23022. 00 5s' 'Pl/z- 6p" zPl/2 

4365. 14 2000 22902. 34 ,')s' 'P1/z- 7p ']) 3/2 
4369. 22 75 22880. 95 5s' ' Pl/z-7p '1"1 /2 r 4391. 60 800 22764. 35 5s' 21"3/2- 6p" 2p ,/Z 

4399. 73 450 22722. 28 5s' zP3/2- 6p" zPllz 
4404. 57 10 22697. 32 58" zP1/z- Rp ']) '12 
4412. 49 100 22656. 58 5s' '1"I/;-7p 'P 31Z 

~. 
4423. 0:3 200 22602. 59 5s' zP312- 7p ']) ,/2 
4425. 14 1500 22591. 81 58 '1"3/z-(I]) z) 5p zPl" 

i 
5s' zP3/2- 7p 'P 1/2 

(1 
4427.20 40 22581. 30 
4431. 59 1 22558. 9:3 58" zp l/2- 8p 'P' /2 

liY 4441. 74 10000 22507. 38 5s ' 1"5/z- 6p '03/2 
b4446. 08 15 22485.41 5s' ZP3/2- 7p ']) 5/2 

I 
4466. 21 200 22384. 07 58 'p5/z- 6p '])5 /2 

" 4469. 98 150 22365. 19 58' zP3/2- 7p 'P5/2 
r'~ 

4471. 67 80 22356. 74 5s' zP3/Z- 7p ' 1'3/2 
4472. 61 10000 22352. 04 58 'p3/z- (I]),) 5p 2P 3 z 
4477. 72 20000 22326. 53 58 ' P5/Z- 6p ']) 712 

I 4490.42 1000 22263. 39 5s' 'pl/z-6p' ' ]) 1/2 
1.... 

4513. 44 3000 22149. 84 58 ' p 5/z- 6p '1'312 
4513. 82 150 22147. 97 5s' ' p 1/z- 6p' 'S3/2 

"- 4525. 59 15000 22090. 37 5s 'P5/2- 6p '1'5 /2 
4529. 79 600 22069. 89 5s' 'pl/z- 6p' 2]) 3/2 

"-. ' 4575. 74 3000 21848. 27 5s' zp 3/,- 6p' ' 83/2 
I' 

4592. 16 200 21770. 15 5s' zP3/Z- 6p' 2]) 3/2 

i~ 
4614. 58 2500 21664. 38 5s' zp3!2-6p' 2])5/2 
4640. 92 40 21541. 42 5s' ' P I/,- 4I [Il a!2 

fr " 4641. 02 70 21540. 96 5s' ' P I/2-4I P H!2 
4643. 52 900 21529. 36 5s' zP3/Z-6p' z81/2 

, See footnotes a t end of ta ble. 
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TABLE A2. Ob8er-ved line8 of Br I-Continued 
-"\ 

Wavelength In tensity ' Va ve number Classification 

A K ~ 

b4654. 18 25 21480. 05 58' '1'1 /2-4/ [2J:l/, 
4693. 56 300 21299. 83 58' 'P,/2- (i D,) 5p 2D s/2 
4703. 42 50 21255. 18 58" P3/,_ (ID2)5p'D3/2 I 4706. 36 12h 21241. 90 58' 'P3/,- 4.f [1] 3/2 
4720. 03 100 21180.38 58' 'P,/2-4j [213" 

""" 4722. 97 9 21167.20 58' ' P3/,-4j [315 /, ,.) 

4752. 28 2500 21036. 65 58 4 P3/2-6p 'D3/2 
- <.,...." 

4765.6:3 250 20977. 72 58" 2P I/2-6p" 2P 3/2 
4775. 20 750 20935. 68 58" 2P1/2- 6p" 'P I /2 
4780. 31 4000 209]3. 30 58 'P3/2- 6p 'DS/2 

478,'j. 19 HiOO 20891. 97 58 'P3/ 2- 6p 'P1;, l 
4802. 67 250 20815. 93 58" ' P l/,-7p 'D 3/, '1 4807. 61 350 20794. 54 U8" ' P1/2- 7p 'P l /? 

4834. 46 500 20679. 06 58 'P3/,- 6p 'P3/2 
4848. 39 25 20619. 64 58 'P3!2- 6p 'PS/2 '1 

4860. 04 250 20570. 22 58" 2PI/,- 7p 'P3/2 

1 4906. 49 10 20375. 48 58' 'Pl /2-( lD,)5p 'P3/, 
4920. 98 300 20315.48 58' 'P3/2- (lDz)5p 2P I /, l 4921. 80 lOw 20312. 10 
4954. 73 300 20177. 10 58" ' P1 /z- 6p' 'D I/, ~ 

4979.76 4000 20075. 69 58' 2P3/,_(lD,)5p zP3/, . ~ 

4983. 25 75 20061. 63 58" ' P 1/,-6p' 'S 3(2 ~ 
5002. 72 500 19983. 55 58" 2P1/2- 6p' 2D3/2 
5029. 37 200 19877. 66 58' 2P3/2-(1D2)5p 2Fs/, '\ 
5063. 74 40 19742. 75 58" ' P I/,- 6p' 281;, 

5092. 60 4 19630. 86 4 
5138. 55 10 19455. 32 58" ' P 1/,- 4f [1]3/, ..; 
5139. 47 lOw 19451. 84 
5148. 78 10 19416. 67 5p 'Ps/2- 6d" 'D5/, ~ 5150. 47 6h 19410. 30 5p 'Ps/,-6d" 'D3/ , 

5220. 71 8 19149. 15 5p 'Ps/,- 10d 'Da(2 

.1 
5222. 32 12 19143.25 5p 'Ps/,- 10d 'Do/' 
5226. 91 20 19126. 44 5p 'Ps/,- 10d 'D7/, 
5211. 43 5 19073.45 5p 'P"/2-6d" 2D3/' 
5245. 12 350 19060.04 58' 'P1/,-6p 'D3/' 

5261. 80 5 18999. 62 5p 'Ps/,-(1D,) 4d ' F5/2 
l 

5285. 23 50 18915. 39 58' 'Pl/z-6p 'P I (2 ~ 

5297. 32 15 18872. 22 5p 'Ps/,-1I 8 'P5/, 
5314. 18 10 13812. 34 5p 'P312- 10d 'D3/2 
5315. 85 8 18806. 44 5p 'P3/,-]Od 'Do/2 J 
5317.25 20 18801. 48 5p 'Ps/2- 6d' 'PM2 
5318. 83 7 13795. 90 5p 'D I/,- 12d 'Fg/2 rI 
5323. 20 12 18730.47 .'jp 'Ps/2-6d' 'p, /, 

- -, 

5328. 92 200 18760. 31 58' 'P3/2- 6p 'D3/2 
I 

5329. 30 12 18758.97 5p 'Ps/,- 9d 'F7/2 

5337. 10 40 18731. 56 5p 'Ps/2- 9d 'D7'2 -1 
5345. 42 600 18702. 40 58' 'P I/,-6p 'P3/2 
5348. 29 10 18692. 37 5p 'P 312- (1D2)4d 281/2 -" 
5354. 67 ]20 13670. 09 5p 'Ps/2- 6d' ' F 5/, 

53.56.74 12w 18662. 88 5p 'P3/2- (l J),)4d 'F5/' .,...--' 

5364. 19 300 18636. 96 58' 2P3/,-6p ' D S/2 ~. 5370. 34 300 18615. 62 58' 2P3/,-6p ' P I /Z 

5379. 13 15 18585. 20 5p 'D 7/,-lld ' F 9/, 

5382. 96 120 18571. 98 5p 'Ps/,- 6d' ' Y 7 /2 ~ 

5384. 27 8 18567. 46 5p ' D 7/,-6d" ' D 5/2 

See footnotes at end of table. 
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'.rABLE A2. Obsel've(Z lili es of Br I- Continued 

Wavelength I ntens ity Wave number Classificat.ion 

k 
A K 

5393. 58 7 18535. 41 5p 'Ps/2- lls 'P5/2 

r 5395. 48 } 1200 18528. 88 } 5s" 2P1/2_(ID2)5p 2PI/2 5395. 55 900 18528. 64 
I 5414.26 4 18464.61 5p 'Ps/2-6d' ' P5/2 
(" 5420. 43 1:'1 18443.59 5p ' P s,2-6d' 'P3/2 

+- 5420. 80 18 1, 442. 33 5p 'P3!2-9d 'P' /2 
5424. 61 8h 18429. 38 c,p 'D 5/2- 11d ' F7/, 
5432.47 60 18402. 72 5s' 2P3/2- 6p '1"3/2 
5434. 22 7 18390. 79 5p 'Ps/2-9d 'D5/Z 

~ 5450. 09 550 18343. 22 5s' 2P3/2-0p '1"5/2 

I 5453. 03 90 18333. 33 5p 'Ps/2- 6d' 2F 5/2 
~ 5455.16 60 18326. 17 5p 'Ps/2- 9d 'D3/2 

5455. 96 70 18323. 49 5p 'Ps/2- lOs 'PS/2 
b 5463. 72 80 18297. 46 5p 'D 7/2-10d 'Fo/2 

5466. 22 1200 18289. 10 5s" ' P ' /2- (' 1),)5p 2P S/' 

M69. 76 15 18277. 26 5p ' 1)7/2-10d' 1)7/' 
5470. 90 5 18273. 45 5p 'Ps/2- 9d ' D' /2 
5504. 46 35h 18162. 04 5p 'D5/2-10d 'F7/2 

.' 5520. 86 20 18108. 09 .5p ' P s/2-6d' ' P3/2 

I 
5522. 53 90 18102. 61 5p , P5/2-8d ' D 3/2 

i" 5529. 01 175 1808 1. 40 5p 'Ps/2- 8d ' 1)5/2 
.5532. 22 100 ]8070. 91 5]) 'Ps/2-8d 'F5/2 
5536. 37 300 18057. 36 5p ' Ps/2-8d ' 1)7/, 
5544.72 6 18030. 17 5p ' Ps/2-lOs ' P3/2 

5546. 90 20 18023. 08 5p 'J) 7/2- 11 s 'P5/' 

~ 5558. 13 40 17986. 67 5p ' Ps/2- lOs 'PS/2 
5558. 40 10 17985. 79 5p 'D5/'-( ' 1)2)4d ' F7/2 
5588. 17 160 17889. 98 5p 'D7/2- 9d ' 1"0/2 

I~ 5590.56 .50 17882. 33 5p ' J) 7/2-9d ' 1)7/2 
5597. 26 ] .5 ] 7860. 93 5p ' 1)5/2-11s 'P3/2 

5602. 41 8h 17844.51 { 5p ' Ps/2-8d '1"3/2 
5]) ' P5/2-(' 1)2)4d' 1)3/2 

560-L 96 4 17836.39 5p 'P I/2-(1 1)2) 4d 2Pm 
560n. 83 10h 17820. 91 5]) ' 1) 7/2-6d' 21"5/2 

C' • 5611. 62 125 17815.22 :3p ' P s/,-8d 'p' /2 
5627. 2-l 200 ]7765.77 5]) ' P s/,- 8d ' D3/2 

( 5633. 97 140 17744. 55 5p 'Ps/2- 8d 'D5/2 
..,.. 5637. 27 130 17734. 16 5p ' Ds/,- 9d '1"7/' 

5640. 86 3.5 17722.87 5p 'D7/2-6d' ' 1"7 /2 
5645. 31 30 17708. 90 5p 'DS/2- 9d 'D5/2 
5645. 97 45 17706. 83 5p 'DS/2- 9d 'D7/2 

'-' , 5667. 75 9 17638. 79 5p 'PI/2- 6d' ' 1"3/2 r' 

I 5667. 92 8 17638. 26 5p ' D s/,-9d 'D3/2 
5685. 77 15W 17582. 89 (1 D, )5s 2D3/2- 7p" ' P I/2 
5697. 29 18 17547. 34 5p 'DS/2-6d' 'F7/2 

~ 
5705. 74 85 17521. 35 5p 'PI/2-9d 'D3/, 

5709. 44 9 17509. 99 5p 'Ps/2-9s 'P3/2 

I 
5716. 26 225 17489. 10 5p 'P5/,-9s '1"5/2 
5721. 11 100 17474.28 5p 'D 7/2- 10s ' P5/2 

;> ' 5722.97 40h 17468. 60 5p 'Pl/2- 9d 'D '/2 
5764. 66 45 17342. 27 5p 'D5/2-10s ' P3/2 

;, 
5771. 30 5 17322.31 5p 'D 712-8d ' 1"7/2 

I 5777. 69 10 17303. 16 5p 'Pl/2-6d' 2Pm 
1- 5779.97 4 17296.33 

5783. 32 500 17286. 31 5p ' J) 7/2-8d '1"9 /' 
5784. 02 30 17284. 22 .5p , PZ/2-7 d ' 1"5/2 

• 

.. 
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'l'ABLE A2. Observed l'ines of Br I- Continued 
- \ 

Wavelength Intensity Wave number Classification 

I 

A K 
<I 

5793. 98 100 17254.51 5p 'Ps!2- 7d 4F3!2 
5801. 50 40 17232. 14 5p 4D 7!2-8d 4D,/2 
5803. 82 30 17225. 26 5p 4P l!2-10s 4P3!2 < 
5805. 04 30 17221. 64 5p 4D 7!2-8d 4F,!, 
5809. 59 250 17208. 15 5p 4D 7!2- 8d 4D7/2 

5819. 56 80 17178. 67 5p 4Pl!2- 6d' 'PI!Z + 5821. 45 12 17173. 09 5p 4 PS!2-9s 4 P3!2 
5826.07 5 17159. 47 
5827. 08 10 17156.50 5p ' Ds!z- 8d 'F3!, 
5828. 51 150 17152.29 5p ' Ps!2- 9s 'Po!2 

5828. 89 7 17151. 17 
5830. 39 400 17146. 76 5p 'DS!2- 8d 'F7!2 "" 5833. 39 900 17137.94 5p ' Ps!z-7d 4D,!, 
5836. 84 150 17127.81 5p 4PS!2-7d 'D3!2 -:; 
5852. 08 1800 17083.21 5p 4PS!2-7 d 'D7/z 

5861. 20 120 170.56.62 5p 'D s!,-8d 'D,!z 
5864. 82 90 17046. 10 5p 'DS!2-8d 'F,!z 
5867. 05 60 17039. 62 5p 'Pl!2-8a 'F3!2 - ) 

5869. 47 18 17032.59 5p 'DS!2-8d 'D7/2 
5877. 15 50w 17010. 34 5p 'P l!z-8d 'PI !Z 

5886. 87 60cw 16982. 25 (lD z)5s zD3(2-7p' 'D l!z 
"1 5889. 87 60 16973. 60 5s" 2P, !z-6p 'Ds!z 

5894. 28 18 16960. 90 5p 'P 1;2-8d 4D3!, 
5898.32 } 8 16949. 28 } (ID2)5s ZD,!2-7p' 4SS!Z 5898. 51 8d 16948. 74 

J 
~ 

5898. 96 90 16947. 44 5p 'Ps!z-7d 4F,!, 
5905. 45 900 16928. 82 { 5p 'PS/2-(1 S~) 5s ZSI/2 

5p 4D a!z- (1D2)4d zF,!z 
c 5905. 66 80 16928. 22 (I Dz)5s zD,!2-7p' ZDS!2 

~ 5909. 31 250 16917.76 5p 'Ps!z-7d 'F3!, 
5937. 85 90 16836. 45 5p 'Pi !2- 8d 'DliZ ! 

5940. 48 1600 16828. 99 5s" ZP I/z- 6p • P 1!2 
5943. 71 140 16819. 85 5p 4D s!2-(1D,)4d 2D3/2 
5945. 50 600 16814. 78 5p ' Ps(2-7d 'Pt/, 
5950. 32 750 16801. 16 5p 4Pa/2-7d 'D,/2 . L, 
5953. 92 7.50 16791. 01 5p 'Pa!,-7d 'D3/2 

5982. 90 12 16709. 67 5p 4D s(2-6d' 'Pm 
5983. 35 5 16708. 42 5p 'Ds!2-90. 'PI/, +; 5985. 32 125 16702. 92 5p 4P I/2-(1 Dz)4d 2D 31Z 
5992. 89 100 16681. 82 5p 'P"/2-7d 4DI!z 
5999. 73 95 16662. 80 5p 'D a!z-9d ' D,/2 

6007. 96 200 16639. 98 5p 'D 7IZ- 9s 'P, /2 ' 0, 
6018. 17 200 16611. 75 5p 'Ps /r-7s' zP3/, 
6022. 66 30 16599. 36 5p 'D a/r-6d' 2F6!z 
6025. 24 10h 16592. 25 5p 'D S!2-9d 4D3!Z 
6057. 87 200 16502. 88 5p 'Ps!,-5d" zD i /2 

1- ' 
6064. 35 200 16485. 25 5p 'D s/r-9s 'P3/2 
6067. 36 5 16477. 07 5p 'D 7/2-(1D2)4d 2G712 
6095. 74 700 16400. 36 5p 4D 7/r-(1 D2)4d 2G9/Z 
6107. 69 125 16368. 27 5p 'P' /z- 9s 'P3/Z ,. <... 
6111. 10 80 16359.14 5p 'D 7/2-7d 'F 7!z 

6116. 19 60 16345. 52 5p 'D 3!,-(1D2)4d ' D,lz -< 
6118.80 300 16338. 55 5p 'P3!z-7s' 'Pt !Z 
6122. 14 2400 16329. 64 5p 'D 7!,-7d 'F9/2 
6122. 35 100 16329. 08 5p 'Ps/2-5d" ZD3!2 
6126. 53 30W 16317.94 (1D z) 5s ZDol2-6j [417 /z ...... ' 

See footnotes at end of table. .. 
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'rAULE A2. ObseTved li1tC8 of Br I-Continuecl 

Wavelength Intensity "'lave number Classifi cation 
I 

" r A [{ 

I 
6132. 71 800 16301. 4fl 5p 'Ds/2- ('D,) 4d 2G7/2 
6134. 71 75 16296. 18 5p '])3/2-108 'Pa/2 

( 6137. 49 150 16288. 80 5p 'D 7/,- 7d 'D5/2 
6141. 04 lOOw 16279. 38 (1 D,) 58 2 D3{2-6J [3]5 12 

( 6142. 73 100 16274. 90 5p 'P3/2-78' 2Pa/2 

\)0- 6148. 60 40000 16259. 37 58 'P;!2-5p" 2P 3!2 

I d 6151. 10 50d 16252. 76 5p 'D3/2- 108 'PS/2 

l. 6158. 19 750 16234. 05 5p 'D 7/,-7d 'D7/2 
6177.39 2000 16183. 59 5p 'D s{2-7d 'F7/2 

h· 
6184. 09 200 16166. 05 5p 'P3n- 5d" 2D5/2 

6199. 74 50 16125. 25 5p 'PZ/2-88 ' Pa/2 
6203. 08 900 16116. 56 5p 'Ps/2- 8s 'P5/Z 

I ~ 
6204. 35 90 16113. 27 5p 'D s/,- 7d 'D5/2 
6204. 4fl 90 16112.90 5p 'P, /,-7d 'Fa/2 

, 6205. 40 120 16110. 54 5p 'D 3/,-8d 'Fa/, 

'"" 
6208. 26 100 16103. 12 51) 'D'/2- 7d 'Da/2 

l , 6216.71 5 16081. 23 5p ' DS/2-8d ' 1" /2 
" ' 6225. 51 65 16058. 50 5p 'DS/2- 7d 'D7/2 
I 6235. 87 10 16031. 82 5p ' D s/Z- 8d ' D3/2 
,,4 6244. 39 400 16009. 95 5p 'P' /2- 7ct 'PI/2 
I 

~ 6248. 24 200 16000. 08 5p 'D3/2- 8d 'F5/2 
6251. 32 300 15992. 20 5p 'Ps/2- 5ct" 2 Da/2 ''c, 6253. 69 400 15986. 14 5p 'P'{2- 7cI'D3/2 

( 6282. 46 600 15912. 93 5p 'Ps/,- 5d' 'ps/, 

{ 5p' 2S'/2- S ' 'PI/' 6284. 69 8 15907.28 
5p 'Ds/2- 8d 'DI/' 

~ 6290. 13 550 15893. 53 5p 'Ps/2- 5el' 2Fs/2 
6296.71 700 15876. 92 5p 'P,/,-7el'D '/2 

P 6301. 36 275 15865. 20 5p 'Ps/2- 5el' 'Pa/2 
6315. 12 .5 15830. 63 5p' 28'/2- 88' 2Pa/2 

Itt. 
6331. 99 300 15788. 46 5p 'PS/2-88 'Pa/2 

6335. 48 1500 15779. 76 5p 'Ps/,- 88 'P5/2 
6336. 39 } 300 15777. 49 } (1D2) 58 2Ds/2-8p ' D S/2 6336. 56 500 15777. 07 

",," ' 6337. 85 60 15773. 86 5p 'Ds/,- ('D,)4d 2D3/' 
6343. 79 35w 15759.09 (1 D2) 5s 2D3/2- 8p 'Ds/2 

r' 6345. 30 500 15755. 34 5p 'Ps/2- 5el' ' F 7/2 

!<- . J 6349. 82 500 15744. 12 5p 'Ps/,-6el'F3/2 
6350.73 60000 15741. 87 5s ' Ps/2- 5p' '8 s12 

-, 6371. 60 200W 15690. 31 (1D2)58 2D3/2-8p 'Pr/2 
...-. 6392. 57 35W 15638. 84 (ID2)58 ' D5/2-8 p 'PS/2 I" 

"". 6398. 03 30 15625. 49 5p' 28r/2- (lD,)4d '8112 
6399. 99 lOw 15620. 71 (l D2)5s 2D3/2-8 p 'PS/2 

~ 6405. 52 

) 
3 15607. 22 

~ 6405. 58 4 15607. 07 

,.A 
6405. 68 6 15606. 83 (ID2)58 2D5/2-4/, [4]1/2 

I 

~. ~ 
6405. 80 8 15606.54 ) 
6410. 32 2500 15595. 53 5p 'Ps/2- 6el'F7/2 
6418. 29 45 15576.17 5p 'Ps/2- 5el' 'PS/2 

:> l 6418. 96 } 158 15574. 54 } (1 D2) 5s 'D3/2-4f' [215/2 6419. 03 15 15574. 37 
, 

6426. 30 500 15556. 75 5p 'Ps/2- 5el' 2F5/2 .. 6435. 81 15 15533. 77 5p 'Pr/,-7s' 'PI/2 
6436. 60 10 15531. 86 

J. 
6438. 02 600 15528. 43 5p ' P s/2- 5d' 'P" 2 
6458. 92 25h 15478. 19 5p ' D S/2- 5d" 2D512 

I 
See footnotes at end of t able. -
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TABLE A2. Obsen ;ed lilies of Br I- Continued 

Wavelength Intensity Wave number Classification 

A J( .l;:;" 

6462. 32 500 15470. 04 5p 'PI /2- 7s' 2PS/2 • r 
6470. 41 200 15450. 70 5p 'P3/2- 5d' ' ps/, 
6475. 23 100h 15439. 20 5p 'D 3/2-9s 'PS/2 
6483. 56 1800 15419. 36 5p ' P3/2- 6d 'P lI2 

6483. 96 35 15418. 41 5p 'D3/2-9s 'P5/2 .-' 

6488. 62 800 15407. 34 5p ' P 3/2- 6d 'Fs/2 
6493. 80 20h 15395. 05 5p' ' Ds/2-88' ' PS/2 

.... , 
6501. 51 4 15376. 79 5p' 'S1J2-6d' 'P3/2 
6514. 32 12 15346. 56 5p 'D3/2- 78" 2P lI2 .. . 
6514. 62 1000 15345. 85 5p ' P3/,-6d 'Fs/2 

b 6531. 39 70 15306. 45 5p' 2D 3/2- 8s' 'P I /2 
6532. 29 600 15304. 34 5p 'Ds/2-5(/ " 'Ds/2 I 

6541. 30 600 15283. 26 5p 'P3/2-5d' 2P lI2 I 
6544. 57 20000 15275. 62 5p 'Ps/2- 6d 'D5/2 
6548. 09 1500 15267. 41 5p 'D 7/2- 88 'P5/2 ... 

6551. 57 12 15259. 30 5p' 'Si/,- 9d 'DS/2 ~. 
6559. 80 .50000cw 15240. 16 5s 'P5/,-5p' ' D 3/2 
6571. 31 1000 15213. 46 5p 'D 312- 7d 'Fs/2 ,.. 
6574. 29 15 15206. 57 5p' ' Si/2-9d ' D1/2 
6576. 24 lOW 15202.06 ~i 

6579. 14 1800 ]5195. 36 5p 'Ps/2- 6d 'D3/2 ..., 
6579. 36 300 15194. 85 5p ' D3/2-(,So) 58 ' SI/2 
6582. 17 20000 15188. 36 5p 'P s/2- 6d ' D7/2 
6582. 62 35 15187. 32 5p 'P l/2- 5d" ' D3/2 )F'-

6584. 14 600 15183. 82 5p ' D 3/2- 7d 'F3/2 "-
6589. 62 lOw 15171. 19 5p' 'D S/2- (1 D z)4d 2F7/2 'l 
6604. 80 15 15136. 32 4d ' D7/2- lOI [41 9/2 
6613. 05 4 15117.44 5p' 'D I /2-88' 'PI/' 
6620. 47 1500 15100. 50 5p 4D 5/2- 88 'P3/, 

cI 6621. 44 8 15098.29 5p' ' Ds/2- (, D,) 4d 2P3/, 

6624. 26 20 15091. 86 5p 4D 5/2- 88 'P5/2 ~ I 
6629. 09 20 15080. 86 5p 4D 3/,-7d 'Pl/2 
6631. 62 50000cw 15075. 11 5s ' P5/z- 5p' 2D 5/, 
66~5. 10 60 15067. 20 5p 4D 3/,-7d ' D5/2 
6636. 62 150 15063. 75 5p ' D 7/,- 5d' 'PS/2 ~ , ~ 

6639. 57 40 15057. 06 5p 4D 3/2- 7d 4D3/2 
6645. 17 40 15044. 37 5p ' D 7/2- 5d' ' Fs/2 /. 

6646. 59 120 15041. 16 5p' ' S I/z- 6d' ' PS/2 

6653. 82 15 15024 .. 81 5p' 2D 3/2-( ID 2)4d 281/2 t ... ~ 

6666. 93 150 14995. 27 5p' 2D 3/2- (ID 2) 4d ' F5/2 I 

,-
6672. 15 600 14983. 54 5p 'P l/2-88 'P3/2 '''"-
6676.54 15 14973. 68 { 4d ' D 7/2-5f ' [315/" 

5p' 2D3/2- ( ID2)4d 2P I /2 
6676. 72 8 14973. 28 4d ' D7/2- 5f' [317 /2 
6681. 71 15 14962. 10 5p' 2DZ/2-6d' ' P5/2 <. 

6682. 28 20000 14960. 82 5s 'Ps/2- 5p" 2P l/2 
,-J, 

6684. 17 
} 

50 14956. 59 
} 6684. 23 50 14956. 46 (ID2) 5s ' D 5/2-5f [41s/2 <Cr l 6684. 33 70 14956. 23 

6687. 33 90 14949. 52 4d ' D712-5f' [41 9/2 , 
6688. 08 90 14947. 85 5p ' D 3/2- 7el ' DI/2 J~ 

6690. 35 120cw 14942.78 (ID2) 58 2Ds/,-5.f [317/2 <: 
6692. 13 10000 14938.80 5p ' P 3/2- 6el ' D5/2 
6694.62 10 14933. 24 5p' ' D 3/2-(ID2)4el ' P3/2 "~ 
6700. 71 60h 14919.67 5p' ' Ds/2-9d 'F;/2 

I 6702. 07 110 14916. 65 .5p' 281/2- Gd' 2P I /2 

""" See footnotes at end of table. .. 
'" 
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l 'CABLE A2. Obse1"'ved lin C8 ot Br I- Continued 

W avelength Intensity '\.\fave number Classification 

'-l A J( 
(' 

6706. 79 60 14906. 15 5p 'D 7/2- 5d' 2F7/2 
6712.12 30 14894. 31 5p' ' D S/2- 9d 4Ds/2 

r 6713. 06 125 14892. 23 5p' 2D s12- 9d 4D7/2 
6714.86 90 14888. 23 5p 'D s/2- 5d' ' PS/2 
6719. 97 8 14876. 91 

;r 
, 

6720. 68 75h 14875. 34 4d 'D7/2- 91 [419/2 
t- 6723. 65 400 14868. 77 5p 'D S/2- 5d' 2Fs/2 

6728. 28 8000 14858. 54 5p 'Pa/2-6el 'D3/2 

-' 
6738.61 100 14835. 76 5p' 'Di/2-('D2)4d 2S' /2 
6739. 66 8 14833. 45 5p 'D7/2- 6d 'FS/2 

~ 

r 6740. 83 5 14830. 87 5p' 2D s/2- 6el' 2Fs/2 
6752. 67 6 14804. 87 5p' 48a/2- 88' 'P1/2 

;A 6760. 06 2000 14788. 69 58 'P3/2- 5p" 2P a/2 
6761. 92 25 14784. 62 5p' 'Di/2- ('D2) 4d 2P I /2 

,~ 6765. 12 8 14777. 62 5p' 28i /2- 8d 'F3/2 

e ; 6771. 95 175 ]4762.72 5p 'Ds/2- .I)d' 2P3/2 
6774.63 :30h 14756. 88 4d'Ds/2- lil' [317 /2 
6778. 57 60 14748. 30 5p' 28i/2- 8d '1'1/2 

?""( 6779. 48 2000 14746. 32 5p 'D 7/2- 6d 'F7/2 
I 6785.23 10 14733. 83 4d 'DS/2- 51' [4]7/2 
\,-< , 

6785. 74 900 14732. 72 5p' 2Dsn-6el' 2F7/2 , 

':)..'" 6786. 74 2200 14730. 55 5p 'D S/2- 5d' 2F7/2 
6787. 34 j 7.1) 14729. 25 5p' 2D 3/2- 9el '])5/2 

. .4 6787.77 8 14728. 31 .I)p' '83/2- 88' 21'3/2 
6790. 04 6500 14723. 39 5p 'D7/2-6el 'Fo/2 

6791. 48 1600e 1·1720. 27 .')p ' P a/2- 6el 'D ' /2 
6801. 35 60 14698. 91 .I)p' 2Si/2- 8el 4])3/2 
6816. 72 .50 1466.1). 76 .I)p' 2 J)a/2- 6el' 2Fs/2 
6820. 04 6h 14658. 63 5p' 2Da/2- 9el 'D:I/2 
6820. 39 800 14657. 87 5p 'J) s/2- 6el 4Fs/2 

",' 6826. 02 400 ]464 5. 78 .'}p 'Pi/2- 5el' 21'312 
6840. 62 17 .5 14614 .. 1)3 5p 'pi/2- 6d '1'1/2 
6844. 82 .5 14605. 56 5p' 2 J) S/2-6d' 2P3/2 
684.5.27 .JOe 14604. 60 .I)p '])a/2- 78' ' 1'1/2 

r' 
6846. 27 j .50 14602. 46 5p 'Pi/2- 6el 'F3/2 

6853. 51 3 14 587. 04 5p' '])i /2- 6d' 41'3/2 

r 6858. 22 45 14577. 02 .5p' 2Ds/2- ('j)2)4el 2D5/2 
6859. 43 20 14574. -15 .5p' 28i/2- 8el ']) 1/2 

.' 6861. 15 1800 14.57 0. 80 5p ' D S/2- 6el 'F7/2 
6875. 22 20w 14540. 98 i5p 'Da/2- 7 8' 2P3/2 

-t. 6887. 99 12h 14514. 02 4d 'D7/2- 81 [3]7/2 , S/2 
6888. 73 80'" 14512. 46 4d ' ])7/2- 8f [4]9 /2 

( 6904. 95 400 14478. 37 5p 'Pi/2- 5d' 2P I/2 
6922. 86 30 14440. 91 5p' 281/2- (ID 2) 4el 2D3/2 
6923. 04 1 14440. 54 5p' 2D a/2- 6el ' 21'3/2 

-~ 
6927. 10 2 14432. 07 5p 'Da/2- 5el" 2Ds/2 
6927. 34 8 14431. 57 5p' 'Sa/2- ('D,)4el 2P3/2 

~ 
6929. 78 400 14426. 49 5p 'D7/2- 6el 4Ds/2 
6936. 76 20 144 11. 98 5p' 2D3/2- (,D2)4el ' D5/2 

~ 
6962. 99 10 14357. 69 4d'D3/2-5f' [2]sl2 

6971. 96 250 14339.21 5p 'Drn-6el ' ])7/' 

6992. 25 5 14297. 60 4d ' Ds/2-8f [3]7 /2 , 5/' 
6992. 83 .5 14296. 42 4d ' D5/2- 81 [417/2 

I ~ 
6993. 31 20 14295. 44 5p' 'Sa/,- 6el ' 'PS12 

7005. 19 10000 14271. 19 ;) 8 'P3/,- 5p ' ' S3'2 

: ~ 
, 

I ~ 
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Wavelength 

A 
7011. 53 
7015. 15 
7024.70 
7026.53 
7031. 36 

7054.88 
7058. 38 
7061. 71 
7066.33 
7076.71 

7082.63 
7091. 12 
7101. 80 
7107. 14 
7111. 50 

7111. 62 
7111. 73 
7113. 22 
7113.60 
7117.59 

7120. 78 
7120. 88 
7133.95 
7138.05 
7138. 19 

7142. 17 
7142.30 
7145. 56 
7147.07 
7149.08 

7150.00 
7150.30 
7153. 13 
7160. 74 
7162. 10 

7172. 22 
7175.74 
7177.89 
7184. 30 
7194. 24 

7194. 30 
7194. 41 
7194.53 
7214. 95 
7217.78 

7222. 31 
7232. 45 
7236.86 
7247. 29 
7255.56 

7257. 8 2 
7260. 45 
7261. 46 
7262.40 
7265. 16 

TABLE A2. Obse1'v ed lines of Br I- Continued 

Intensity Wave number Classification 

K 

50 14258. 29 5p 'D3/2-5d" 2D3/Z 
75 14250. 93 5p 'DS/2- 6d ' D S/2 
20 14231. 56 5p' 2Ds/2- 8d 'Fs/z 

2 14227.85 
15 14218. 08 5p' 2Ds/2-8d ' D 7/2 

50 14170.68 5p 'DS/2- 6d 'D3/2 

200 14163. 65 5p 'Ds/2-6d 'D7/2 
1 14156. 97 5p' '83/2- 9d 'D3/2 
4 14147. 72 5p' 2Da/2- 8d 'PI /2 
5 14126. 97 5p' 'D 1;2- 6d' 'PI/2 

3 14115. 16 5p" 2Pl/2-8s' 'PI/2 

4 14098. 26 5p' 2Da/2- 8d 'D3/2 
5h 14077. 06 5p' 2D3/2- 8d 'DS/2 
1 14066. 48 5p' 2Da/2- 8d 'Fs /2 

f 

100 14057. 86 

) 100 14057. 62 (1 D2) 5s 2Ds/2-6p" 2Pa/2 

150 14057. 40 
50 14054. 46 5p 'D3/2-8s 'Pa/2 

100 14053. 71 5p 'PY/2- 6d 'D3/2 
15 14045. 83 5p 'Da/z- 88 'PS/ 2 

} 10 14039. 54 } (1 D 2) 58 2D 312- 6p" 2Pa/2 15 14039. 34 
5 14013.62 5p' 28 1/2- 7s" 2PI/2 
2 14005. 57 5p" 2P312- (ID2)4d 281/2 
4 14005. 29 5p' 2Ds/2- (1 D2) 4d 2D3/2 

} 300 13997. 49 } (1 D2) .58 2D3/Z- 6p" ' P In 400 13997. 23 
2 13990. 85 4d 'D7/r-7j [215 /2 
4 13987. 89 5p' 'D1/2-8d 'F3/2 

15 13983. 96 4d 'D7/2- 7j [317/2, 6/2 

8 13982. 16 4d 'D7/2- 7.f [417 /2 
75 13981. 57 4d 'D7/2- 7j [4]9 /2 

5h 13976.04 5p" 2P3Iz- (1D z) 4d 2Fs/2 
15 13961. 19 4d 'DI/2- 5j' [21 3/2 

750 13958. 54 5s 'P3/2- 5p' 'D l/2 

25 13938. 84 5p' '83/2- 6d' 2Pa/2 
5H 13932. 00 4d 'D3/,-8/ [213 /2 
5h 13927. 83 4d 'D1{2-8j [315 /2 

300 13915. 41 5p 'P ll,- 6d 'D1/2 

} 
3 13896. 18 

} 5 13896. 06 (l D 2)58 2DS/,-7p 'D 3/2 
7 13895. 85 

15 13895. 62 
5c 13856. 29 (1D2)5s zD3/2- 7p 'P I/2 

20 13850. 86 5p' z8Y /2-7d 'F3/2 

50 13842. 17 5p 'D 3/Z- 5d' 'PS/2 
100 13822. 76 5p 'D J/2-5d' 2Fs/2 

7 13814. 34 5p' '83/2-6d' zP l/2 

5h 13794. 46 5p ' D alz- 5d' '1:'3/2 
15cw 13778.74 (1 D 2)58 2Dsl2-7p 'Dslz 

10h 13774.45 4d ' D 5/2-7j [2 ]512 
2000 13769. 46 58 ' P3/2- 5p' 2D a1z 

20 13767. 54 4d ' D S/2-7.f [3]7 /2/ 5/ 2 
25 13765. 76 4d 'Ds/2- 7j [417/2 

5 13760. 53 (ID2) 5s ' D3/2- 7p 'DS/2 
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Wavelength 

A 

7272. 58 
7284. 41 
7288.40 
7291. 92 
7305. 03 

7310.45 
7311. 48 
7319. 31 

} 7319. 41 
7319. 53 

7323. 35 
7329. 20 
7329. 68 
7333.65 } 7333.77 

7342. 85 
7344.53 
1848.51 
7378. 43 
7383. 69 

7385. 54 
7420. 69 
7425. 85 
7452. 13 
7453. 43 

7458. 23 
7461. 86 
7464. 68 
7495. 46 
7497. 81 

7512. 96 
7532. 77 
7535. 79 
7545. 60 
7551. 40 

) 7551. 48 
7551. 60 
7559. 99 
7569. 08 
7570. 87 

7575. 23 
7582. 56 
7582. 9'3 
7586. 60 
7591. 61 

7594. 52 
7595. 07 
7598. 00 
7604. 03 
7606. 28 

7607. 15 

) 7607. 25 
7607. 38 
7607. ,')4 
76l6. 41 

r~AULE A2. Obser ved lines of Br I- Continued 

Intensity Wave number Classification 

]( 

3w 13746. 49 (ID2)5s 2Ds/z- 7p 'D7/2 
5 13724. 17 5p' 2S1/2- 7d 'D3/2 

150 13716. 65 5p 'D'ln-5d' 2P3/2 
1 13710. 03 5p" 2P 'l!2-9d 'DS/2 

75 13685.43 5p 'D'l/2- 6d 'PI/2 

4 13675. 28 5p' 'S 'l /z- 8d 'F3/2 
100d 13673. 35 5p 'D 3/2- 6d 'F3/2 

20 13658.73 

} 25 13658. 54 (1D 2)5s 2Ds/z-7p 'PS/2 
30 13658.32 

10 13651. 19 5p' 'Dl /2- ('D2) 4d 2D 3/2 
10hw 13640. 30 (iD2)5s ZD 3/Z- 7P 'PS/2 

1 13639. 40 5p" 2P3/Z- 9d 4D3j2 
208 13632. 02 } ('D2)5s zD 3/2-7p 'P'l/2 
25 13631. 80 

10 13614. 94 5p' 2S1/2- 7d 4DI /2 
100 13611. 83 5p 'D 3/2-6d 4Fs/2 

10000 13604. 45 58 4P3/2- 5p' 2D s/2 
20d 13549.29 5p 'D 'l/2-5d' 2P I/2 

5 13539. 63 4d 'D , ,,- 9p 'PS/2 

4h 13536. 24 4rl ' D ' /2- 8f [21'1/2 
2 13472. 13 5p' 'S 'l /2-8r1 'D1/2 

750 13462. 76 5p 'Ps/2- 78 'PS/2 
60 13415. 29 5p' 2D s/2- 7d 'F3/2 
70 13412.95 5p' 2D 'l/2-78" 2PJ> 

50h 13404. 32 4r1'D3/2- 7f [2 13/2 
70 13397. 79 4d 'D3 /2- 7f [315/2 

8 13392.73 5p" 2P 'l/2_('D,) 4d 2D 5/2 
15hw 13337. 74 4r1 4F9/2- 9f [5],; /2 
5 13333. 56 4d 'D5/Z- 9p 'P'l /2 

40000 13306. 67 58 'Ps/2- 5p 4D 3/2 
50 13271. 67 5p' 2S1/z-78' 'PJ> 

400 13266. 36 5p '.P3/2- 78 'P3/2 
1 13249. 11 5p" 2P l/2-6r1' 2P 3/2 

100 13238.93 

) 125 13238. 79 (ID2)58 2D3/2- 6p' 'D l/2 

175 13238. 58 
70 13223. 89 5p' 4D l/2-78" 2PH 

500 13208. 01 5p' 2S1/2- 78' 2P 3/2 
550 13204. 89 5p 'D 'l/2- 6d 4D 5/2 

15w 13197. 29 
10h 13184. 53 

100h 13183. 80 4d 4D7 /2-4f" [3] 7/2 
25 13177. 51 4d 4D7/Z-6f [215 /2 

1600 13168. 81 58 'P3/2- 5p' 2S1/2 

25 13163. 77 4d 4D7/2-6f [4]7 /2 
1800 13162. 81 4d 'D7/2- 6f [4]0 /2 

4 13157. 74 5p" 2P 'l /2-8r1'F3/2 
70 13147. 30 5p' 2D 'l/2-7d ' P I/2 

120 13143. 41 4r1 4D7/2- 6f [317/2 , 5/2 

100 13141. 91 

) 150 13141. 74 (ID2) 58 2D 5/2- 6p' 4S3'2 
200 13141. 51 
300 13141. 24 

2000 13125. 93 I 5 'P3 2-78 4P 5 2 p 
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TABLE A2. Observe(/, lines of Br I-Continued 

Wavelength Intensity Wave number Classification 

.J K 

7617. 82 } 
3 13123. 50 } 7617. 90 5 13123. 36 (iD2)5s 2D3j2- 6p' 4S3/2 

7618.03 10 13123. 14 
7632. 87 50 13097. 63 5p 'Ps/2- 5d 'F3/2 
7641. 64 600 13082. 59 5p 'Ps/2- 5d 'F5/2 

7647. 70 40 13072. 23 5p' 'Di/,-(lSO) 58 2S~ 
7652. 60 

1 
30 13063. 86 

) 7652. 70 40 13063. 69 (lD2)5s 2D5/2- 6p' 2D3/2 
7652. 85 60 13063. 43 
7653. 02 120 13063. 14 

7663.39 } 40 13045. 46 } 7663. 50 50 13045. 28 (lD2)5s 2D3/2- 6p' 2D3 
7663. 63 80 13045. 06 
7680. 56 5h 13016. 30 4d 'D1/2- 7.f [1]3/2 
7680. 74 10h 13016. 00 4d 'D1/2- 7j [1]1 /2 

7681. 75 20 13014. 29 5p' 2D 3/2- 7d 'D~ 
7685. 11 50 13008. 60 4d 'D1/2- 7j [2]3 /2 
7698.72 35 12985. 60 5p" 2Pi /2- 8d 'F3/2 

7699. 58 80 12984. 15 58' 'P I /2- 5p" 2Pin 
7703. 17 2 12978. 10 4d 'D3/Z- 9p 'Pi /2 

7704. 32 6011 12976. 16 4d 'F 9/2- 8.f [5lti/2 
7706. 69 15hw 12972.17 4d 4D5/,-6j [1] 3/2 
7708. 39 8 12969. 31 4d 'F9/2- 8j [4] 9/2 
7709. 35 15h 12967. 69 4d 'D5 /2- 4f" [3H/2 
7709. 55 15h 12967.36 4d 'D5/2- 4f" [311 /2 

7711. 68 5 12963. 78 4d 'D3/,-9p 4P3/2 
7713. 27 200 12961. 10 4d 'D5/2- 6j [2] s/2 
7713. 54 45 12960. 65 4d 'D5/2- 6f [2]3 /2 
7715. 06 I 100 12958. 10 

} 7715. 16 l.'iO 12957. 93 

j 
(ID2)58 2D 5/2- 6p' 2Ds/2 

7715.31 200 12957. 68 
7715. 48 400 12957. 39 
7717.18 2 12954. 54 5p" 2P3/,-8d ' D I/2 

7721. 45 300 12947. 37 4d 'D 5/2- 6j [417 /2 
7726. 02 

1 
60 12939. 71 

1 7726. 13 80 12939. 53 (tD2)5s 2D3/2-6p' 2D s/2 

7726. 26 110 12939. 31 
7729. 19 1 12934. 41 5p' 'Di /2- 7d-'D3/? 
7733.61 900 12927. 01 4d 4D5/2- 6j [3]7/2, 5/2 
7734.61 25 12925. 34 5p' 2Si/2-5d" ~D 3/2 

7742. 05 1 12912. 92 4d 'F7/2- 5!' [419/2 
7783. 44 9w 12844. 26 4d 'F7/2- 9f [5] 9/2 
7795. 01 15 12825. 19 5p' 4D V2- 7d ' DI /2 
7803. 02 30000 12812. 03 5s' 'P I /2- 5p" 2PS'2 

7807. 52 

1 
50 12804. 64 

) 7807. 64 60 12804. 44 (lD2)5s 2D3/2- 6p' 2S1/2 
7807. 78 100 12804. 21 
7821. 10 30 12782. 41 5p" 2Pi/2- 8d 'DI/2 
7827. 23 1200 12772. 40 5p' 2Ds/2-7s' 2P3/2 
7835. 08 30 12759. 60 5p' 'S3/2-(ISO) 58 2SI/2 

7841. 87 30 12748. 55 5p' ' S3/2-7d 'F3/2 
7843. 58 600 12745. 77 5p ' P3/,- 5d 'F5/2 
7844. 01 } 80 12745. 07 } 5p ' Ps/2- 5d 'PI /2 7844. 10 80 12744. 93 
7869. 3 1 127 74 d'F - 1 "D 2,? 5 0 03. 4 9/2 Op i . _ 

See footnotes at end of table. 
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vVavelcngLh 

A 
78S1. 45 
7881. .57 
7889. 85 
7903. 66 
7905. 70 

7925. 81 
7929. 69 
7932. 99 
7938. 68 
7940. 07 

7947. 94 
7950. 18 
7961. 33 
7966. 84 
7967. 03 

7975.11 
7975. 23 
7975. 39 
7975. 62 
797S. 44 

797S. 57 
7989. 94 
7997. 02 
799S. 75 
8004. 36 

SOOS. S7 
8009. 36 
8009. 77 
8009. 86 
8010. 00 

SOlO. 17 
S013. 03 
SOH. 51 
8014. 60 
8014.74 

SOH. 89 
8021. 57 
S021. 67 
8021. 80 
8022. 52 

S022. S3 
S022. 9S 
8023. 14 
S023. 91 
S026. 35 

8026. 54 
S028. 22 
802S. 80 
8029. 48 
8029. 53 

S029. 67 
029. S l 

8030.91 
S033. 40 

699-332- 133-4' 

TABLE A2. Obsel'Vc cl li nes oj Br I-Continued 

InLcnsity Wave number Classifi cation 

f( 

} 2500s 12684. 53 } 5s' 2 P3/2-5p" 2 Pin 
2500 12684. 34 

600 12671, 03 5p' 2D3/2-7s' 'P I/2 
50 12648. 89 5p" 2Pl/2- (l O,)4.d 2D3/1 
50 12645.62 5p' 'S 3/2- 7d 'P I/2 

2500 12613. 54 5p 'D 7/2- 7s ' P5/2 
250 12607. 37 5p' 20 3/2- 7s' 2P3/2 

30W 12602. 12 { 4d 'D3/2- 6,{ [11 3/2 
4d 'D 3/2- 6f [111 /2 

30000e 12593. 09 (l D2) 5s 2D5/2- (1 ])2) 5p 2D s/2 
60 12590. 88 4d 'D 3/2- 6,{ [2 ]3/2 

3000 12578. 42 51) ' D S/2- 7s 'P3/2 
3000 12574. 87 (l D2)5s 2D 3/2- (1D ,) 5p 2D s/2 

350 12557. 26 4d 'D3/2-6f [3 15/2 

} 600 12548. 58 } (ID2)5s 2D 5/2- (l D 2)5p 20 S/2 
750 1254S. 2S 

I 
10 12535. 56 

) 20 12535. 3S (lD2)5s 2D5/2-4,{ [1]3/2 
15 12535. J 2 
35 12534. 76 

} SOOO 12530. 33 
} (lD 2)5s 2D 3/2- (lD2)5p 2Ds!2 

10000 12530. 13 
30000 12512. 30 5s' 2P 3/2-5p" 2P:;.'2 

SO 12501. 22 4d 'D7/2- 4f' [3)7/2 
175 1249S. 52 5p' 2D s/2- 5d" 2D5/2 

25 12489. 76 5p' 2Ds/2-5d" 2D3/2 

30h 12482. 72 4d 'F7 1,-8f [5]9 ,2 
75 12481. 96 5p' ' O I!2-7 ~ ' ' P l/2 

} 
100 12481. 32 

} 150 12481. 18 
200 124S0. 96 (1 D2) 58 20 5/2-4/ [215 /2 

400 124S0. 70 
1 12476. 24 4d ' F;I2-Sj [417 12 

} 
100 12473. 94 

} 150 12473. 80 
175 12473. 5S (lD z) .5 ~ ' 0 5/,-4j [2]3/2 

200 12473. 35 

} 100 12462. 96 1 150 12462. SO 
J 

(lD2) 5s 20 3/2- 4/ [2] 512 
200 12462. 60 

800 12461. 4S { 5 p 'P llz- 7 S ' P 312 
5p' 2S1,,- 5c1' ' Pm 

} 
15 12461. 00 } 15 12460. 77 (1 D2) 5.~ 20 5/2- 4j [317 12 
20 12460. 52 

900 12459. 33 5p ' P s/2- 5c1 4D3/2 

} 2000 12455 . .54 } ( 1 D,) 5s 2 D3/,- 4/ [2]3" 
2500 1245.5. 24 

IS 12452. 64 4d ' 0 7/2- 4f' [4)7" 
400 12451. 74 4d'D7/2-4f' [4 19 /2 

) 
100 124.50.68 

} 150 12450. 60 
(1 D,) 5 ~ ' D .\l2- 4j [41712 

200 12450. 39 
250 12450. 17 
250h 1244S. 47 4(/ 'FQ/2- 7.f [.')]1' /2 
40 12444. 61 4(/ 'D- ,-S ,po 

,I. P 5/2 
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TABLE A2. Obsel'ved lines of Br X- Con tinned 

Wavelengt h Intensity Wave number Classification 

A K ~ 

8034. 83 

) 
75 12442. 39 

) 8034. 91 100 12442. 27 (1D2) 5s 2D3!2-4j [3}S12 
8035. 03 150 12442. 08 
8037.34 40 12438. 51 { 4d 'D 712-4j' [2l5lz 

4d 'F912-7j [4 ]912 
8037. 65 60 12438. 03 5p 'D s12- 7s 'P512 
8050. 41 15 12418. 31 5p' 'D 1Jz-7s' 2P31~ 

8066. 38 200 12393. 73 5p" 2P31Z-7s" 2Plli "i 
8072. 89 300 12383. 73 5p' 2S11z-5d' 2P 312 
8101. 21 150 12340. 44 5p' 2S11z-6d 'F312 
8111. 56 50 12324. 70 5p' zD 3IZ-5d" 2D312 
8113.04 20h 12322. 45 4d 'FSI2- 5j' [41 112 
8131. 52 30000 12294.44 58' 'P112- 5p' '8312 

8137. 89 150 12284. 82 4d 'D51z-4j' [3]112 
8142. 80 40h 12277. 41 { 4d 'D51z-8p 'D 1/2 

5p' 2D s12-8s 'P512 
8148. 84 20 12268. 31 4d 'D512-8p 'P3/2 
8152. 65 1000e 12262.58 5p 'P 312-5d 'D1/ 2 
8153.75 10000 12260. 92 5p 'Ps/2-5d 'D5/2 

8154. 00 25000 12260. 55 5s 'P5/2- 5p 'DS/2 
8166. 32 175 12242. 05 5p" 2P s/,- (1So)5s 2S1/2 
8170.21 200d 12236. 22 4d 'D5/Z-4j' [411 /z 
8172.09 200 12233. 41 5p 'D 1/z-5d 'F5/2 \; ( 8173.71 20 12230. 98 5p" 2P3/z-7d 'F3/2 

8175.58 25 12228. 19 4d 'D5/2-8p 'PS/2 
8179. 65 40 12222. 10 4d 'D5/z-4f' [2]s/2 
8180. 01 100 12221. 56 5p" 2Pl /2-7~1I zP1/Z 
8183. 52 450 12216. 32 5p' 2S1/z-5d' ZP J/2 
8189. 93 } 1hw 12206. 76 

} ~ 

4d 'Dl /z-6j [11 3/2 
8190.08 1hw 12206. 54 

8190. 28 40 12206. 24 4d 'Dl/z-6j (1)[/2 
8197. 73 175h 12195. 15 4d 'Dl/z-6j [2] 3/2 
8210.49 3h 12176. 19 4d 'F3/z-5j' [3]512 
8215. 12 200 12169. 33 5p' 'S3/z-7s' 'P1/2 ... .. 
8237. 96 500 12] 35.59 51)' 'Dl /z-5d" 2D 3/, 
8246. 86 5000 12122. 50 5p 'P3tz-5d 4D312 
8247.97 30 12120. 86 5p' 2D 31Z-8s 'Pm 
8252. 38 30 12114.39 5p" 2P3/z-7d 'D5/2 L. 

8253. 87 35 12112. 20 5p' ' D 3/Z-8s 'P512 
: l 

8258.32 300 12105. 67 5p' 'S3/Z-7s' ' P 312 
8264. 96 15000 12095. 95 5p 'Ps/z-5d 'D;/2 -~ 8272. 44 75000e 12085.01 58 'P5/2- 5p 'D1" 
8280. 24 100 12073. 63 5p' zD S/2- 5d' 'Po/2 
8280. 75 lOOw 12072.88 5p ' D s12- 5d 'F3/2 

8291. 06 900 12057. 87 5p 'D s/z-5d 'Fs12 '-

8293. 57 100 12054. 22 5p' 2D s/2- 5d' 2F512 
8308. 49 20 12032. 57 4d ' F .12- 9p 'D I12 -¥- < 
8313. 09 10 12025. 92 5p' ' D SI2- 5d' ' P 312 
8334.70 20000 11994.74 58' 2P31z- 5p' 'S312 )..., 
8343. 70 10000 11981. 80 58' 'P lIz-5p' ' D l/2 
8361. 71 300 11955. 99 5p 'P ll2-5d'F312 
8362.38 100h 11955. 03 4d 'F7/2-7j [519 12 
8367. 20 15 11948. 15 5p' 2D s/2- 5d' 2P 312 M 
8369.00 20 11945.58 4d 'F7Iz-7j [41712 .' v' 8372. 79 150 11940. 17 5p 'Pl/z-5d 'P1/Z 
8378. 65 lOOw 11931. 82 5p' 'Dl/z-8s 'P312 

"'" 8382. 42 5 11926.45 4d 'D3/z-8p 4D S12 
8384. 04 1200 11924. 15 5p 'P312-5d 'DSI2 
8387.99 100 11918. 53 5p 'D 11z-5d 'F7/2 

"', 546 
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W ave length 

A 
8389. 75 
8392.76 
8397. 62 
8402. 08 
8408. 68 

8410. 79 
8411. 61 
8421. 88 
8428.77 
8430. 51 

8434. 83 
8435.34 
8441. 26 
8446. 55 
8454. 25 

8467.38 
8470. 62 
8471. 51 
8477. 45 
848 4. 40 

503. 78 
513.38 

851 5. 69 
529. 38 

8557.73 

8560. 57 
8565. 30 
8566.28 
857 8. 84 
858 0.00 

8592. 30 
859 5. 50 

59 5. 67 
60 3. 00 

8603. 69 

604. 06 
8606. 68 

8608. 98 

8610. 49 
8611. 85 

8612. 48 
8625. 38 
8625.47 
8628. 84 
8638. 66 

8655. 11 
8658.84 
8668.84 
8698.53 
8708. 68 

8708.96 
8725. 33 
8726. 75 
8741. 64 
8742. 99 

TABLE A2. ObSel'Vecl line.~ at BI: I- Con t in uecl 

In tensity 'N ave num ber C lass ifi cation 

]{ 

300 11 916. 03 5p ' 2D s/2- 5d' 21"7/2 
75 11911. 76 4d 'D3/2- 4j' [3]S/2 
50 ] 1904. 86 5p' 2D s/2-6d ' F3/2 
20 118!l8.55 4d 4D3/2- 8p 'P3/2 

250 11889. 21 5p' 2D 3/2- 5d' 21"5/2 

lOw 11886. 22 4d 41"5/2- 8j [3H/2 ,5/2 
510 11885.06 4d 41"5/2- 8j [4H/2 
4 11870. 57 

75 11860. 87 5p' zD 3/2-5d' ' P 312 
50 11858. 42 4d'D3/2- p ' p s/z 

150 11852. 35 4d 4D3/Z- 4f' [2]s/2 
75 11851. 63 4d 4D3/Z- 4j' [2]3/Z 

100 11843. 32 5p' 2D S/2-6d '1"5/2 
40000 11835.90 5s 'P3/2- 5p 4D 3/2 

75 11825. 12 4d ' D;/2- 5j [2]S/2 

300 11806. 78 4d 4D 7/2-5j [3H/2 ,5/2 
100 11802. 27 4d 4D7/2- 5j [4H/2 
500 11 01. 03 4d ' D7/Z- 5j [4]912 

4000 11792. 76 5 ~ ' 4P I/z-5p' 2D 312 
30 11783.10 5p' 2D 3/2- 5d' 2P 3/2 

400 11756. 25 5p' 2D s/z-6d ' 1"7/2 
l 500 11742.99 5p ' D s/z- 5d 41"7/z 

100 11739. 80 5p' zD 3/2-6d 41"3/z 
8h 11720.96 

1000 11682. 13 5~ ' 2P3/2-5p' ' Di /2 

300 11678. 26 5p' 2D 3/2-6d ' 1"5/z 
200 11671. 81 5p' ' Dil2- 5d' ' P 3/Z 

1000 11670.47 5p ' D I /2- 5d '1"9/2 
400 11653.39 5p' 2S'/2- 6d 'D I/2 

20 11651. 81 5p" zP3/z- 7s' ' P1/Z 

250 11635. 13 4d ' 1"9/ 2- 6j [5lil/~ 
50 11630. 80 
50 11630. 57 4d 'D s/z- 5j [1 13/z 

2 11620. 66 4d ' 1"9/z-6j [4H/z 
100 11619. 73 4d 41"9/z- 6j [4] 9/Z 

20hw 11619. 23 5p' ' S3/z- 8s 'P312 
20 11615. 69 5p' 2D 3/2- 5d' 2P 1/2 

30hw 11612. 59 { 4d ' P1/z- 7j [1 13/2 
4d ' Pl/z- 7j [111 /2 

100 11610. 55 5p' 'S3/2-8s ,ps/z 
250 11608. 72 4d 4D 5/2- 5j [215/2 

75 11607. 87 4d 'D5/Z- 5j [2] 3/2 
750e 11590. 51 (IDz)5s 2D 3/Z- (lD2)5p zP i/2 
100 11590.39 4d ' D 5/2- 5j [317/z, S/2 
200 11585. 86 4d 'D s/z- 5j [4] 1/2 

20000 11572.69 5s 'Ps/2-5p 4P3/2 

100 11550.70 5p' ' D ' /2-6d 41"3/2 
10 11545.72 4d '1"7/z- 9p 4D s/z 

300 l l 532.40 5p 'D 3/Z- 7s 'P3/2 
4000 11493.04 5s' zP3/2-5p' zD 3/2 

75 11479.64 5p" ZP' /2-7s' 'P1/2 

100 11479.27 5p" 2P3/2- 5d" 2D 5/2 
500 11457. 74 5p 4p ' /2- 5d ' D ,/z 
100e 11455.87 4d 'D 11Z- 4f' [2] 3/Z 
50 11436. 36 5 p' zD s/z- 6d ' D 5/2 , . - , 75 11434. 59 
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Wavelengt h 

A 

8749. 10 
8757. 24 
8760. 46 
8764. 20 
8775. 71 

8779. 15 
8793. 47 
8798.04 
8801. 03 

8803. 41 

8804. 76 
8807. 44 } 8807. 68 
8808. 85 
8819. 96 

8825. 22 
8833. 33 
8842. 85 
886l. 69 
8869. 64 

8870. 46 
8875. 43 
8877. 89 
8878. 40 
8886. 34 

8888. 98 
8895. 21 

8895. 87 

8897. 62 
8909. 73 

8925. 64 
8932. 40 
8933. 29 
8936. 96 
8944. 83 

8949. 39 
8964. 00 
8972. 83 
8979. 59 
8984. 56 

8985. 32 
8995. 21 
9000. 99 
9005. 20 
9012. 23 

9029. 94 
9045. 06 
9066. 28 
9078. 64 
9079. 29 

9084. 29 
9086. 80 
9107. 37 
9123. 17 
9126. 14 

TABLE A2. Obser vecl lines of Br I- Continued 

Intensity 'Wave number Classification 

K 

10 11426. 61 5p' 'D I/2- 5d' 2P I/2 
10 11415. 99 5p" 2P I /2- 78' 2P3/2 

700 11411. 79 5p 'D 712- 5d 'DS/2 
500 11406. 92 5p' ' S a12- 5d' ' PS/2 

250 11391. 96 5p ' D a/2- 78 ' PS/2 

50 11387.50 5p' ' S a/2- 5d' 2F s/2 
10000c 11368. 95 (ID2) 58 2D'/2_ (ID2)5p 2P a/2 

6 11363. 05 4d ' F ' /2-7f [2)s/2 
150 11359. 19 5p' 'S a/2- 5d' ' P3/2 

100 11356. 12 { 4d 'Fs/2-7f [317/2, S/2 
5p' 2D 5/2-6d 'D3/2 

20 11354. 38 4d ' F s/2- 7f [4) 7/2 
600 11350. 92 } (' D 2)58 2D 3/ 2- (ID 2)5p 2P a/2 800 11350. 61 
500 11349. 10 5p' 2D sn- 6d 'D7/2 

15000 11334. 81 (ID 2)58 2D ';/2- (, D2)5p 2F 712 

25000 11328. 05 58' 2P3/2- 5p' 2D s/2 
175 11317. 65 5p ' P ln- 5d 'D3/2 
125 11305. 47 5p" 2P a12- 5d" 2D s/2 
85 11281. 43 5p' 'S a/2- 5d' 2P3/2 

300 11271. 32 5p' 2D a/2- 6d 'D.;/2 

200 11270. 28 5p 'Pa/2- 6s" 2P I/2 
3 11263. 97 68 ' P S/2- 7p" 2P 3/2 

90 11260. 85 4d 'D3/2- 5f [1 ]3/2 
90 11260. 20 4d 'D 3/2- 5f [111 /2 
40 11250. 14 5p' ' Sa/2- 6d 'PI/2 

4000 11246. 80 5p 'D 7/2-5d 'D7/2 
20 11238.92 4d '])3/,- 5f [2)S/2 

150 11238. 09 ( 4d 'J) 3/2- 5f [2 13 /2 
l 5p' 'S3/2-6d 'F2/ 2 

30000 11235. 88 5s 'Ps/2- 5p ' PS/2 
300 11220.60 4d 'D 3/2- 5f [3)S/2 

15 11200.60 4d 'Fs/2- 7f [113/2 
6000 11192. 13 5s' ' P I/2- 5p' 281/2 

25 11191. 01 5p' 2D lJ,- 6d 'D3/2 
15 11186. 42 4d 'F a12- 7.f [3)S/2 
50 11176.57 5p' 'S ii /2-6d 'FS/2 

1800 11170. 88 (1 D 2)58 2D 5/,- (,D2)5p 2F s/2 
9000 11152. 67 (' D 2)58 2D 3/2- ('D 2) 5p 2F s/2 

350 1114l. 70 4d 'F7/2- 6j' [5) 912 
200 11133. 31 5p" 2P I12- 5d" 2D SI2 
100 11127. 15 4d ' F 712- 6f (4)7/2 

1 11126. 21 4d 'F712- 6f [4 )912 
50 11113. 98 5p' ' Sa/2-5d' 2P I12 

2h 11106. 84 4d 'F7I,- 6,{ [317/2, 512 
50h 11101. 65 5p" 2P ii12- 8s 'P3/2 
20 11092. 99 5p" 2P a/2- 88 'PSI2 

300 11071. 23 5p 'D sI,- 5d 'D712 
40 11052. 72 5p' 2D '312- 6d ' D I12 

400 11026. 86 5p 'D 3/2- 5d 'F312 
700 1l0ll. 84 5p ' D 31,-5d 'FS/2 
125 11011. 05 5p 'D a/2-5d 'P I!2 

25 11004. 99 4d ' F sI,--9p 'D312 
100 11001. 95 5p' 'D lr2- 6d 'D312 

10 10977. 11 4d' 2F 5I,- 5f" [317/2 
50 10958. 09 4d 4F~12-4f' [3)7/2 

4 10954. 53 4d ' F 5'2- 9p ' D 5/2 
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rrABLE .1\,,2. Obsen;ecl IiIL O.' of Bl' I- Continued 

vVavcJength Intens ity \ Vavc !lumber Classification 

(" A ]( 

9129. 31 70 10950. 72 4d 'F912- 8p 'J) 7/2 
9147. 04 75h 10929. 50 5p" 2P I/Z- 88 ' P3/2 

9166. 06 30000 10906.82 58 'P3/2- 5p 'PI/2 

9173. 63 15000 10897. 82 58" 2P I /2- 5p" 2P i12 
9178. 16 20000 10892. 44 58' 2P3/2- 5p' 2SI/2 

9183. 14 30 10886. 53 { 4d 'F3 /2-7p' 2SI/2 
>- 4d' 2P I /2- 5f' [213 /2 

9197. 16 50 10869. 94 5p" 2Ps/2- 5d' 21"5/' 
~ 9201. 21 80w 10865. 15 4d 'Dl/z-5f [1] 3/2 

9201. 78 80 10864. 48 4d 'D I /,- 5f [l li!2 
9202. 47 80 10863. 67 5p' 'Di /,- 6d 'D I /2 

9220. 56 200 10842.35 4d 'D I /2- 5f [213 /2 
J 9221. 19 35 10841. 61 5p" 2PS/2- 5d' 'P3/2 

;, 9226. 57 15 10835. 29 4d 'F3/z- 9p 'DS/2 
9254. 06 70 10803. 10 4d 'P1/2-6f [1]s/2 
9254. 39 30 10802. 72 4el 'P I /2- 6f [l li!2 

9265. 42 40000 10789. 86 58 'P3/2- 5p ' DS/2 
92 2. 80 100 10769. 66 5p' 'S3/2- 6el ' D5/2 ,'- 9287. 82 2 10763. 84 5p" 2PS/2- 5el' 2 P3/2 
9288. 52 200 107G3. 02 5p ' PS/2- 68' 2 P3/2 
9314. 85 :30 10732.60 5p" 2P S/2- 6el '1'1 /2 

('" 9320. 86 15000 10725. 68 58" 2 PI/2-5p" 21" 3/2 
9325. 32 20 10720. 55 51)" 2P S/2- Gel '1"3/2 

. .! 9352. 55 175 10689. 34 5p' 'S3/2- Gel 'D3/2 
9354. 56 15 10687. 04 4d 'D'/2-6p" 21" 3/2 
9369. 94 100 10669. 50 5p" 2 P I/2-5d' '1'3/2 

9378. 84 1 10659. 37 4d' 21"7/2-5.f' [3]5/2 
9379. 21 :30 1065 .95 4d' 21"7/2- 5f' [3]7/2 
9399. 55 5 10635. 89 4d' 2F7/2- 5f' [4] 72 

>- 9400. 19 90 10635. 17 4d' 2F7/2- 5f' [4]{)/2 
9409. 56 20 10624. 57 4d 'D 7 / 2- 7p 'Dsf2 

.-' 
9428. 58 3 10603. 14 68 ' P 5/2-7 p' 'S3/2 
9434. 51 :3 10596. 48 5p" 2P3/2- 5d' 21" /2 
9438. 20 80 10592. 33 4d ' D7/2- 7p 'D 7/2 
9460. 14 500d 10567. 77 5p '1"3/2-68' 'P' 12 
9466. 45 2tv 10560. 73 4el 'I" 5/2- 6f [1]S12 

9470. 67 20h ]0556.02 4d 'F5/2-4f" [317n 
9475. 11 80 10551. 07 5p' 'Ss/2- 6d 'D ' /2 
9476. 32 :30 10549. 73 4d '1"5/2- 6f [21 5/2 
9477. 50 60 10548. 41 5p" 2 PI12- 6d 'F3/2 
9488. 66 120 10536. 01 4d 'F5/Z- 6.f [417 /2 

9495. 30 50 10528. 64 5p ' DS/2- 5d 'DI/2 
9498. 32 20 10525. 29 4d ' D 5/2- 7p 'Ds/2 
9503. 78 6tv 10519. 24 5p 'P5/2-4d" 2D3/2 
9507. 03 75 10515. 65 4d 'F5/2-6,( [31 7/2, 5/2 
9517. 27 100 10504. 33 4d 'D7/2-7p 'PS/2 

'7 9543. 03 40 10475. 98 4d 'F712-8p 'D 5/~ 

~ 
9552. 67 ]75 10465. 41 5p '1"1 /2- 68" 21"1/2 
9556. 43 2h 10461. 29 4d 'F7/2- 4f' [3] 5/2 

I 9560.17 6 10457. 20 4d 'F7/2-8p 'D7/2 
(-' 9576.17 1 10439. 72 4d' 2P3/2- 5f' [3J ~/2 

9588. 61 300 10426. 18 5p 'Ps/2- 68' 2P3/2 

f'o 
9590. 33 20 10424. 31 5p" 2PI/z-5rl' 21'1/2 
9597. 98 2 ]0416.00 4d 'F7/2-4.f' [4J 7/2 
959 . 79 60 10415. 12 4d 'F7/z-4.f' [41 "/2 

' ,1. 9603. 62 :35 ]0409.89 4d' 2P3/2-5f' [215 /2 

I 

'" 
r 
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TAllLE A2. Observed lines of Br I- Continued 

Wavelengt h Inte nsity \lirave number Classification 

A K "'" 
9604. 30 6 10409. 15 4d' 2P3/2-5f' [2] 3/2 
9605. 34 1 10408. 02 4d 'F7/2- 8p 'PS/2 

9621. 02 35h 10391. 06 4d 'F3/2- 6J [113 /2 
9623. 33 15 10388. 56 5p 'D 3/2- 5d '])3/2 
9625. 17 8 10386. 58 4d 'F3/2-4f" [315/2 

9627. 54 4 10384. 02 68 'P' /2- 9p 'D7/2 
9631. 30 60 10379. 97 4d 'F3/2-6.f [2]s/2 T , 
9635. 05 20 10375. 93 4d 'DS/ 2- 7p 'D7/2 
9661. 08 1 10347. 97 68 'P5/2- 9p 'PS/2 -,.oj , 

9662. 99 20 10345. 93 4d 'F3/2-6f [3]S/2 I 

9710. 68 12 10295. 12 4d' 2F5/2-5f' [3]S/2 
9717.48 40 10287. 91 4d 'D 5/2- 7p 'Ps/2 
9719.20 600 10286.09 4d 'F9/2- 5f [5]h /2 L 

9725. 42 40 10279. 51 4d 'D 5/2- 7p 'Pa/2 
9731. 76 350 10272. 82 5p 'Ps/2-4d" 2D5/2 

9732. 90 50 10271. 61 4d' 2Fs/2- 5f' [4]7/2 , I 
9740. 41 15 10263. 69 4d 'F9/2- 5f [317/2 
9745. 86 100 10257. 95 4d 'F9/2-5f [4]9 /2 
9751. 45 90 10252. 07 5p" 2P 'l/2-6d 4D5/2 
9793. 48 6000 10208. 08 58" 2P1/2- 5p' 'S3/2 

} 

9810. 67 60 10190. 19 5p 'D 'l/2-5d 4D5/2 
9818. 04 } 60 10182. 54 } 5p 'P3/2-4d" 2D3/2 ,-< 
9818. 21 70 10182. 36 
9828. 40 15 10171. 81 5p" 2P3/2- 6d 4D3/2 .1. \ 
9831. 25 2 10168. 86 4d 'P1/2- 8p 'Pr/2 1 

9844. 17 7 10155. 51 4d 4D3/2-7P 'D3/2 
9864. 95 2 10134. 12 4d 4D3/2- 7p ' Pr/2 
9896. 40 10000 10101. 91 5s 'P3/2- 5p 'Pa/2 

9943. 85 } 250 10053. 71 } (1D2) 58 2Ds/2-6p 'D3/2 
9944. 18 250 10053.38 ,( 

9945. 22 1 10052. 33 4d 'P1 /2- 4j' [2]3/2 ) ... 
9959. 04 1 10038. 38 4d 'D3/2-7p 'DS/2 
9961. 92 } 20 10035. 47 } (1 D2)5s 2D3/2-6p 'D3/2 
9962. 13 30 10035. 26 
9963. 89 1 10033.49 5p" 2P'l/2-6d 'DI/2 

10001. 96 10 9995. 30 4d 'FS/2-8p ' D3/2 

10025. 23 4h 9972. 10 68 ,ps/r-6f [4H/2 
10045. 71 3h 9951. 77 68 'Ps/2- 6f [3H12, 5/2 
10056. 87 15 9940.73 4d' ' P3/r-5j' [315/2 ,-
10061. 53 } 

25 9936. 12 } 5p 'Ps/2- 4d" 2D5/2 
• J 

10061. 68 25 9935. 97 
10079. 75 10 9918. 16 4d 'D3/r-7p ' PS/2 

~ 10085. 99 35 9912.03 (I D2) 58 2D3/2-6p ' D5/2 
10087. 94 1 9910. 11 4d' 'P3/2-5j' [213 12 
10088. 31 10 9909. 75 4d ' D3/r-7p ' P 3/2 

10102. 82 12 9895. 51 58" 2Pl/2- 5p' 'D1/2 
10107. 60 } 100 9890. 83 } (ID2)5s 2D3/2-6p ' P!12 
]0107. 86 150 9890.58 
10113. 74 2 9884. 83 4d 'FS/2-8p ' D S/2 ~ 1 

10119. 19 3 9879. 51 4d ' Dl /r-6p" 2Pl/2 
L. 

10128. 79 4 9870.14 4d 'FS/2-4j' [3]S/2 
10133. 00 5 9866. 04 4d 'FS/2-8p ' Dk 
10140. 08 3000 9859. 15 5s' 'Pl/2-5p 'D3/2 
10174.75 12 9825. 56 4d 'FZ/2-8p ' D3/2 
10175.47 20 9824. 86 4d 'FS/2- 4j' [417/2 ~ ,I 

A, Jo 

l 
v 
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TABLE A2. Observed lines of Br I- Continued 

Wavelength Intensity Wave number Classification 

v- A J( 
( 

10184. 02 } 300 9816. 61 } 5p 'Pa/2-4s4pG ~81/2 10184. 49 200 9816. 16 
10197. 61 18 9803. 53 4d 'D7/Z- 6p' 2D6/2 
10208. 91 300 9792. 68 4d 'F7/2- 5.f [5] 9/2 
10225. 23 1 9777. 05 4d' zFS/2-7p" 2P3/2 

r 
10231. 61 8 9770. 95 4d 'Ds/2- 6ft' '83/2 

r 10232. 39 15 9770. 21 4d 'F7/z- 5f [317/2, 5/2 

10237. 14 75 9765. 68 4d 'F7/ z-5f [417 lz 

'- 10237. 74 6000 9765. 10 5s 'P3/r-5p 'P S/2 

r 10243. 31 3 9759. 79 4d 4D1/2- 7p 4D 3/2 

10248. 27 3 9755. 07 4d" 2D5/2-5f" [317 /2 

I 10265. 89 15h 9738.33 5p 'D 6!2-6s' 2P3/2 , 10293. 23 1 9712. 46 4d' 4P5/2-5f' [3]5 /2 
! 10293. 65 50 9712. 07 4d' 'P5/2- 5f' [317 /2 

[> 10299. 62 1000 9706. 44 5s" 2PI/r-5p' 2 D 3/2 

of· 
10305. 99 10 9700.44 4d 'F3/r-4f' [3]5/2 
10310. 62 } 600s 9696. 0 } (1D z)5s 2D5/r-6p 'P 3/2 10310. 92 700 9695. 80 
10312. 90 40 9693. 94 5p' z81/2-5d 'F3/2 
10314. 03 8 9692.87 4d 'Ds/r-6p' 2Da/2 

10320. 09 15 96 7. 18 4d 4F3/r-8p 'Pa/2 

;> ' 10324. 96 3 9682. 61 4d' 'Ps/2-5f' [2]5 /2 

I 
10329. 74 } 80s 9678. 13 } (ID2)5~ ZD3/r-6p ' P :l /2 10330 17 100 9677. 73 

~ .,L 10370. 29 1 9640. 29 4d'1"3/2- 4f' [213/2 

,"': 10374. 37 12cw 9636. 50 ('Dz)5s zD51Z- 6p 'PS/2 

10377. 65 1500 9633. 45 5p 'P6/z- 4d' 'P5/2 

10384. 15 2 9627. 42 4d' 2PI/r-7p' 28i/2 
10388.40 1 9623. 48 5p' 2 DS/2-7s 'PS/2 

>- 10390.74 175 9621. 32 5p 'P I/2-6s' 2P3/2 

10414. 97 } 8 9598. 93} 5p' 2Da/2- 7s ' P3/2 
~ 10415. 10 8 9598.81 

10457. 96 30000 9559. 47 5s' 2P3/2-5p 'Da/2 
10483. 35 9530. 32 5p 'Da/r-6s" 2P;i 
10505. 05 8 9516. 62 4d 'D3/2-6p' ' D i/2 

~J 
4d 'D1/2- 7p ' PS/2 10507. 91 12 9514. 03 

10513. 67 1 9508. 82 4d" 2D3/2- 5f" [3]6/2 
10529. 40 } 3 9494. 62 } 5p • D S/2-4d" 2D 3/2 10529. 58 3 9494. 45 

( ~ I 10554. 72 1 9471. 84 

r f 10566. 15 250 94(H. 59 4d 'P1/2-5f [113 /2 
10566.87 100 9460. 95 4d 'PI/2-5f [1]li2 
10560. 67 2d 9458. 44 5p' 2D 31Z- 7s 'P5/2 
10591. 51 lOw 9438.94 4d 4D7/2- (1D2)5p "DS/2 

10599.94 1 9431. 43 6s 'Ps/z-8p ' Da/2 

106m,. 66 40 9423. 68 5p 'D~/r-4d" zD6/2 
:-r' 10616. 31 1 9416. 89 I 

10619. 65 1 9413. 93 4d' 'P3/2-7p" 2Pi /2 
,I- 10624. 34 1 9409. 77 5p' 'Dr /z-7s 'Pa/2 

I 10629. 45 18 9405. 25 5p 'Ps/2- 4d' 'Pa/2 

~ 10634. 08 1 9401. 15 4d 'D3 /r-6p' '83/2 
I 10638.82 15 9396.96 4d' 2F7/2-7p' 2D 61Z 

I 
10660. 80 3 9377. 59 5p 'P 11z-4d" ~ D3/2 
10694.91 12 9347. 68 4d 4D7/,-4.f [5] 9/2 

( 10718.84 100 9326. 81 4d 'D7/r-4f [215 /2 

C ,I 

> 

~ 
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TABLE A2. Obser ved lines of Br I- Continued 

Wavelength Int ensity Wave number Classifi cation 

A K 
/ 

10723. 10 15 9323. 11 4d ' D 312- 6p' ~Ds" 
10742.14 1000 9306. 58 4d ' D 71Z- 4f [3111' 

10742. 48 100 9306. 29 { 68 ' P5/z-4f' [315/2 
4d 'D7{2-4f [31 512 

10747. 20 20 9302. 20 6~ ' P 51,- 8p ' D 71, 
10753. 58 150 9296. 68 5p ' P sh- 4d' 'P5/Z 

10754.13 200 9296.21 4d 'D71Z- 4f [411/2 
10755. 92 3000 9294. 66 4d ' D 71,- 4f [41 9/Z ~ 

10757. 77 6 9293. 06 68 ' Ps12- 8p ' P S/2 
10794. 92 } 5 9261. 08 } 6 ~ ' P5/2-4f' [417/z < 
10795. 10 10 9260. 93 

10798. 09 25 9258. 36 5p' 2D 5/;-5d 'Fa/2 
10804. 40 3 9252. 95 6s ' P slz-8p ' P S/2 I . 

10810. 05 300 9248. 12 5p 'D SI2- 4d" ?Dsl, 
10811. 47 1w 9246. 90 68 'Ps12- 4f' [21512 
10815. 65 6 9243. 33 5p' 2D sl,- 5d 'Fs/z 

10840. 05 500d 9222. 52 4d ' D SI2- (1D2) 5p 2Dw2 ~ I 
10843. 86 2w 9219. 28 4d ' Fslz- 5f [113" 
10846. 12 10 9217. 36 4d ' D a12- 6p' ' D5/2 

10869. 70 100 9197. 37 4d 'F s12-5f [21512 
10871. 62 90 9195. 74 5p' ' S112-5d 'Dl/z I 

J> 

I 
10891. 43 250 9179. 02 4d ' Fs{2- 5f [3 ]7 IZ.51' .J, 
10892. 79 100 9177.87 4d 'D S,,_(ID,)5p ' 1)' / 2 
10896. 79 200 9174. 50 4d ' Fs12- 5f [4]7 12 I 

10908. 62 60d 9164. 55 4d 'Dslz-4f [1]3 12 \ ' -" 1 
10947.50 1 9132. 00 4d' 2P112- 6f [1 13 /2 

10947. 89 1 9131. 68 4d' 2P"z-6f [l1I /2 '1 
10960. 83 2w 9120. 90 4d '1)1 1z-6p' '1)1/2 
10961. 30 3 9120. 51 4d' 2P"2-6f [2]3 12 
10973. 48 500 9110.38 4d 'D s12- 4f [2J5/2 
10979. 00 300 9105. 80 58" 2P "2- 5p' 2Slt2 

10982. 30 100 9103. 07 4d 'D s/2-4f [213/2 .~ 

10989. 51 1 9097.10 5p' 'S~12-7 s 'P31? 
10991. 12 2 9095. 76 4d' 2Fs/2-7p' 2D s/? 
10997. 85 600 9090. 20 4d 'Ds12- 4.f [31712 
10998. 28 400 9089.84 4d 'D5{Z- 4f [3]5 '2 

11007.42 10 9082. 29 4d 'D3/2- 6p' 2S112 
11010. 45 600 9079. 79 4d ' DS12- 4f [41712 
11012. 31 5 9078. 26 5p' ' D :l Iz-5d 'F512 I 

11013.22 20 9077. 51 5p' 2D a/2- 5d 'PI /2 L~1 

11018.55 1 9073. 12 4d" 2D:"z-5f' [315 /2 
.. i 

11024. 25 10 9068. 43 5p 'Pa/2- 4d' 'P3/2 
11039.80 60 9055. 66 5p 2SI/2-5d 'D31, -'( 
11045.74 800d 9050. 79 5p ' Ps/z- 4d' 2F 5/2 

11047.21 10 9049. 58 { 4d 'F3/2-5f [11312 ." 4d" 2D s/2-5.f' [41 7/2 
11047.62 17 9049.25 4d ' F9/2- 7P 'D 7/2 I 

'-.. , 

11074.08 40 9027. 62 4d 'F3/2- 5f [2 151' 
11093. 51 } 250 9011. 81 } 5p ' P I/2-484p 6 2SI/ 2 l, 1 
11094.24 100 9011. 22 
11096.59 20 9009. 31 4d 'Fa/2- 5f [31512 '-<, 11100. 65 1 9006. 02 68 'P3/z- 8p 'D 3/2 

~ 
l 

"'< 
I 

~ . 

~ 
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TABLE A2. Observ a lines of Br I- Continued 

Wavelengt h Intensity \\Tave number Classifi cation 

A. J( 

11101. 36 1 9005. 44 4d 'D I/2- 6p' 'Sl/2 
11161. 72 1w 8956. 74 5p' 'Sl/2- 7s 'PS/2 
11194. 99 100 8930. 12 58' 'PI/2-5p '.PI /2 
11197. 14 3 8928. 41 5p' 2D s12- 5d 'F" 2 
11225. 08 250 8906. 18 5p 'P s/2-4d' 2P 3/2 

11247.50 2 8888. 43 5p' 'D
'
/2-5d 'P I /2 

11292.69 2 - -(8) 8852. 86 4d 'Da/z-(1 D z)5p 2D s/2 
11316.93 lOw 8833. 90 5p 'DJ/2- 68' 'P I/Z 
11325.97 1 (- ) 8826. 85 
11350. 04 65 ( 27) 8808. 13 4d 'DZ/2-(IDz)5p ZD J/2 

11367.25 4w ( 7) { 8794. 79 4d 'D,, /z-4f [1]3 /2 
11367. 97 4w 8794. 24 4d 'D3/Z- 4f [l11 /z 
11437. 61 9 ( 11 ) 8740. 69 4d 'D3/2- 4/ [2] s/z 
11447.27 18 ( 36) 8733. 32 4d ' Da/z- 4.f [2]J/z 
11464. 58 35 (100 ) 8720. 13 4d 'D3/2- 4/ [315 /2 

11501. 31 1 ( m) 8692. 28 5p 'D J/2- 68' zP3/Z 
11508.77 30 (85) 8686. 65 4d 'D l/z- 6p' ZSI /Z 
11583. 71 10 (8 ) 8630. 45 58' 2Pa/z- 5p 'Pl 'Z 
11597. 64 1 ( 4 ) 8620. 08 5p' zD s/z- 5d 'D3/Z 
11631. 33 2 ( 2 ) 8595. 12 5p' 2D l/z- 5d 'D I/z 

11636. 08 1 ( - ) 859 1. 61 5p' 'S"/z- 5d 'Fa,z 
11640. 94 1 (10 ) 8588. 02 4d 'F7/'l--7p 'D s/z 
11666. 20 20d ( 169 ) 8569. 43 5p 'Pl/z- 4d' zP a/z 
11742. 85 400 (219 ) 8513. 49 58' zP3/?- 5p 'D slz 
11810.29 1 ( 1) 8464.8 4d' 2F5/ Z- 6/ [3] 7/Z, 5/2 

11819. 40 2 ( - ) 8458. 35 
11833.14 l ( - ) 8448. 53 5p 'DJ/z- 4d" zD 3/Z 
11870.77 4 (5 ) 842l. 75 5p' zD 5/Z- 5d 'D5/2 
11883.95 4 ( 6 ) 8412. 41 4d 'DI/z- (1 D z)5p zD l /2 
11902. 79 5 (19 ) 8399. 09 4d ·DJ/2-4.f r1]3/z 

11903. 61 8 (16 ) 8398. 51 4d ·Dl/z-4.f [J]1/2 
11928.11 ( 13 ) 8381. 26 4d' 2P l/z- 4/' [2] l/z 
11990.57 ]5 (38) 8337.61 4d 'Dl/z- 4.f [2]J/z 
12088. 15 2 (- ) 8270. 30 
12285. 57 2 ( m) 8137.40 4d' zF, /z- 4f' [4] 9/Z 

12303.89 35 (275 ) 8125. 29 5s' ' P l/z- 57) 'PJ/2 
12354. 43 1 ( 40 ) 8092. 05 5p 'PJ12-4d' zP I/Z 
12368. 95 1w (170 ) 8082. 55 5p ' D l/z- 484p6 ZSI/2 
12809. 50 1 (400 ) 7804. 57 4d 'F9/Z- 4/ [511 l/z 

• MOOO.599 If this lin e itself is not of molecular origin, 
it is probably the blended hfs components of shorter wave­
length for this transition, the long wavelength component 
having b een lost in the molecular background. 

b lI.M446.08, 4654.18, 6531.39. There are Cl lines of almost 
these same wayelengths. 

c A5905.66 This lin e appears to be the long wavelength 
hfs component of this transition, the other components 
having been obscured by the wing of the adjacent lin e. 

d >'6151.10 Blend ed with ghost of adjacent strong line. 
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e ll. 7617.82 The transition 5p' zDan-7d 'Da/2 probably con­
tributes to this component. 



T ABLE A3. Line8 oj Br I ob8erved radiometrically 

Com- Com- Com- Com-
puted Inten- puted Classification puted Inten- puted Classification 
wave- sity wave wave- sity wave 
length number length number 

A K A K 

11806. 31 1 8467.73 4d 'F71Z-7p 'P SIZ 15593. 01 37 6411. 38 5p" zP' lz- 68" zPI/2 
12094. 54 3 8265. 93 5p' 'D' /2-5d 'D 3/2 15599. 33 18 6408. 78 5p 'Ps/2-4d 'F7/Z 
12108.09 } 14 {8256. 68 5p' 2D slz- 5d 'D7/2 15624. 15 } 24 {6398. 60 5p' '83/Z- 68' 'PI IZ 
12108. 16 8256. 63 5p' 2D 3/2-5d 'Dslz 15624. 47 6398. 47 6p 4D 7/2-98 'PSIZ 
12303. 93 275 8125. 26 58' 'Pllz- 5p 'P a/2 15804. 98 7 6325. 39 4d 'D5/2- 6p 'P31Z 

12354. 56 40 8091. 96 5p 'P31z- 4d' 2PI/Z 15890. 32 2 6291. 42 4d" 2D3/Z- 4j' [215/2 
12368. 99 170 8082. 52 5p 'D 3/2-484p6 z8 1/z 15948. 40 20 6268. 51 5p' 2D 3/Z- 4d" 2D5/2 
12513. 40 20 7989. 25 5p 'P slz- 68 'P~/Z 15955. 01 8 6265. 91 4d 4D5/2-6p ' P S/2 
12647.55 10 7904. 51 4d' zP3lz- 4j' [215 /z 15977. 73 47 6257. 00 5p ' 'S3/2-68' zP3/2 
12755. 94 60 7837. 34 5p 'D 71Z- 4d' 2F7 /2 16253. 66 90 6] 50. 78 5p 4D 712- 4d 'F5!2 

12809. 50 400 7R04. 57 4d 'Folz- 4f [5HI /2 16584. 66 250 6028. 02 5p 'P I/2-4d 'F3/Z 
12859. 77 30 7774. 06 4d' 'FS/2- 41' [417 /2 16625. 37 10 6013. 26 5p' '83/2-4d" 2D3/2 
12861. 74 30 7772.87 58" 2Pllz- 5p 'D3/2 16657. 89 10 6001. 52 5p' zSI/2-4d' 'Pm 
12897. 12 48 7751. 55 4d 'F91Z- 4f [4] 9/2 16731. 19 1800 5975. 23 5p 'D 5/2- 4d 'Fs/z 
13048. 21 38 7661. 79 5p 'D 5/Z- 4d' zF7/2 17254.05 105 5794. 16 5p' 2D5/2- 4d' 'PS/2 " \ 

13064. 15 110 7652. 44 5p 'P3/2-68 'Pa/2 17335.81 25 5766. 83 5p' 'S3/z-4d" 2Ds/2 
13217.17 1700 7563. 85 5p 4P slz- 68 4PS/2 17801.50 330 5615. 97 5p 4P I/2- 4d 'Pl/2 
13328. 04 10 7500. 93 5p' z811z- 68' 'PI /2 17982. 00 40 5559. 60 5p 4D 7/Z- 4d 'F7/2 
13349.73 36 7488.74 58' 2P3/~5p 'P slZ 18191. 08 60 5495. 70 5p" ZP 3/2- 4d" 2D3/2 
13392. 33 20 7464.92 4d' 'P3/2- 4j' [3]5/2 18212. 72 10 5489.17 4d' 2F7/2- 6p' 2D s/2 

13484. 87 9 7413. 69 5p' 'D llz- 68" zPl/Z 18510. 48 180 5400. 87 5p' zD 3/2- 4d' 'P3/2 
13584. 48 30 7359. 33 5p' 2S 1/2- 68' 2P3/2 18568. 31 500 5384.05 5p 'D s12- 4d 'F7/2 
13674. 13 300 7311. 08 4d 'F7/Z-4f [5] 9/2 18779.29 313 5323. 56 5p" 2P I/2-4d" 2D3/2 
13808. 19 } 23 {7240. 10 6p 'P llz- lOs 'P3/2 19045. 07 547 5249. 27 5p" 'P3/z- 4d" 2D5/2 
13808.45 7239. 96 4d' 'Pslz- 4j' [317/2 19181. 99 

} {5211. 80 5p' 'D I/2- 4d' 'P3/2 

266 
13821. 95 

} f232. 89 4d 'D l/z- (1D 2)5p 2P3/2 19183. 17 5211. 48 5p' z1) s/2-4d' 2Fs/2 
13822.07 9 7232. 83 6p 'D 712- lOs 'P5/2 19317.02 120 5175.37 4d 'F'/2-6p 'D 71Z 
13822. 56 7232. 57 4d' 'P51Z- 8p 'D 712 19497. G2 313 5127. 43 5p' 'S3/2-4d' ' PS/2 
13833. 14 750 7227. 04 5p 'P3/2- 68 'P512 19606. 57 263 5098. 94 5p 'D 3/2- 4d 'F3/2 
14078. 51 10 7101. 08 5p' 'S3/2-68" 2PI /2 19733. 62 3450 5066. 11 5p 'D 7/2-4d 'F9/2 

14290. 98 } 68 {6995. 51 4d 'P l/z- 4f [113 lz 19810. 58 452 5046. 43 5p' Zj) 3/2-4d' 2Fo/z 
14292. 20 6994. 91 4d 'P 1/2- 4f [lli /2 19894.71 68 5025. 09 5p' z81 /~4d' zPI/Z 
14354. 57 1800 6964. 52 5p 'D S/2- 68 'P3/2 19925.72 138 5017. 27 5p 'P3/2- 4d 'D I /, 

14439. 14 344 6923.73 5p' 2D s/2- 68' zP3/2 20073. 55 7 4980. 32 4d' ' F 7/z-4f [4]9/2 
14488. 21 105 6900. 28 5p' 2D 3/Z- 6s' 'P IIZ 20162. 50 138 4958. 35 5p 'P s/z- 4d 4D3/2 

14599. 73 338 6847. 57 5p 'P l/2-68 'P3/2 20248. 38 8 4937. 32 (I j) 2) 5p 2Fslz-(1 D2)4d zG1I2 
14607. 80 21 6843. 79 5s" 2Pl/z- 5p 'P Ii2 20281. 73 500 4929. 20 5p ' D 3/2- 4d ' FS/2 
14888. 70 1250 6714. 67 5p '1) 7Iz-68 'P5/2 20405. 97 7 4899. 19 5p' 483/2- 4d' ' P3/Z 
14896. 37 55 6711. 21 5p' 'Dl1Z- 68' 'PI /2 20624. 67 547 4847. 24 5p' 2Ds/,--4d' 2F 7/2 
14923. 43 12 6699. 04 4d 'Fslz- 4j [2]5/2 21093. 83 43 4739. 43 4cl 'F7/2-6p 'Ds/, 

'-<., 

14968. 61 } 85 {6678. 82 4d 'F5/2-4j [3] h 21213. 11 14 4712.78 5p' ' D II2-4d' 2P 3/2 
14969. 33 6678. 50 4d 'FS/2- 4f [315/2 21285. 74 17 4696. 70 (IDz)5p 2F 7IZ-(IDJ 4d 2G9/2 
14991. 94 89 6668. 43 4d 'F.1/z- 4f [41712 21330.29 37 4686. 89 5p ' J) 3/2-4d 4Pl/Z 

15003. 82 35 6663. 15 5p 'P 3/2- 4d 'F5/2 21631. 91 359 4621. 54 5p 'P3/z- 4d ' D3/2 
15052. 95 10 6641. 40 4d 'F3/2- (lD z)5p zD 5/2 21743.98 14 4597. 72 68 'P3/2-(1 D2)5p ZP 3/2 " i 

15146. 09 30 6600. 56 4d" zD.\/2-41' [317/2 21787. 24 469 4588. 59 5p ' Ps/z- 4d ' D5/2 
15185. 29 

} {6583. 52 5p" zPa/z-68" 2PI/Z 21801. 59 6 4585. 57 5p ' 281/2-68 'P3/; 

15185. 43 188 6583. 46 4d 'F31Z- 4j [113 /2 22720. 19 60 4400. 17 5p ' '8 3/2- 4d' 2P3/Z 

15186. 82 6582. 86 4d 'F3/2- 4f [lli /2 22865. 65 950 4372. 18 5p ' ]' sl2-4d 'D7/2 
15258. 39 10 6551. 98 4d" 2Ds/2- 4j' [417/2 23404. 15 12 4271. 58 4d 'F 512-6p ' D 3/2 

15311. 39 63 6529. 30 4d 'F3/2- 4j [2] 5/2 23513. 15 206 4251. 78 5p ' P3/2- 4d 'Ds/2 
15359. 71 22 6508. 76 4d 'F3/Z- 4f [3] 5/2 23732.96 40 4212. 40 5p 'P y/,-4d 'D I/2 
15422. 36 28 6482. 32 4d 'D 7/2- 6p 'PS/2 24099. 97 2 4148. 25 4d 'F5/2-6p 'Ds/2 
15539. 25 3 6433. 56 5p' 2D 5Iz- 4d" 2D5/2 
15570.03 219 6420. 84 5p 'P 31Z- 4d 'Pl/2 

(Paper 67A6-238) 
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