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THE INFRARED SPECTRUM OF BERKELIUM-249 

John G. Conway 

Materials and Molecular Research Division, Lawrence Berkeley Laboratory 
University of California, Berkeley, California 94720 

Earl F. Worden 

Lawrence Livermore Laboratory, 
University of California, Livermore, California 94550 

Jean Blaise, Pierre Camus and Jean Verges 

Laboratoire Aime Cotton 
C.N.R.S. II 91405, Orsay, France 

The berkelium spectrum, excited in an electrodeless lamp, has 

been recorded between 3,700 and 12,000 cm""1 on a high resolution 

Fourier Transform spectrometer. The spectrometer is located at 

Laboratoire Aime Cotton. Approximately 200 micrograms of 249Bk as 

the triiodide were sealed under vacuum in a quartz tube of 3 mm 

inside diameter and 25 llll1 length. 1 The lamp was operated in a cavity 

at 2,450 MHz with about 80 watts of input power. 

Two experiments were run with different spectrometer settings to 

have the best coverage of the region. One region covered 3,700 to 

8,960 cm-l, and the second was between 8,960 and 12,000 cm-l. The 

region higher than 12,000 cm-1 was recorded but it is not as intense 

as the spectrum recorded on photographic plates. In the 3700-9000 em -l 

region, 900,000 data points were recorded in ~run lasting 13 hr 15 min. 

For the second region 500,300 data points were taken in 7 hr 22 min. 

The spectrometer was operated in air at atmospheric pressure and the 

values have been corrected to vacuum. The same electrodless lamp was 
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used throughout this investigation. 

A computer program performed the Fourier transform and selected 

the peaks. It printed out a listing of the peak values and their 

intensities. A paper chart recorded of the spectrum was plotted. It 

is necessary to check the listing against the plot since some features 

of the background get recorded as peaks. The intensity has been 

estimated from the chart recording. The intensity is on a 0-9 scale. 
. -1 Sh1fts between the two runs are between 0.004 and 0.008 em , the 

second run giving the higher wavenumber values. 

The complete line list is in Table I. The first column is the 

vacuum wavenumber in units of cm-l. The second column is the line 

width information. An E in front of the width indicates an estimate 

of the width, a C indicates the presence of off-diagonal or weak 

components, and a D indicates a complex pattern, probably a low J or 

a multiple line pattern. ·A~ is where no degradation was observed in 

the hyperfine structure. The units are 10-3 cm-l. Column three is 

the estimated intensity on a scale of 0-9. Column four is a code 

for the character of the line. A 1 is for a sharp line, a 3 for a 

blended line, and a 4 is for a wide line. A 5 indicates the hyperfine 

structure is degraded to higher wave~umbers and a 6 is a pattern degraded 

to lower wavenumbers. A 7 is for a peculiar pattern that is not 

covered by the other codes. In column 5 is the J value of the odd 

level and column 6 is J of the even level. Column 7 is the energy 

value for the odd level and column 8 is the energy value of the even 

1 evel. 
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The ground state of Bk I is 6H1512 of the 5f97s2 configuration. 

The Bk II ground state is 7H8 of the 5f97s configuration. 2 All 

entries in Tabl~ I with J values of half integers. are Bk I lines and 

whole integer values are Bk II. -1 Of special note is the line 6530.720 em 

This is a transition within the same configuration. The transition 
6 6 is between the ground state H1512 and H1312 , both belonging to the 

configuration 5f97s2. Similar parity forbidden transactions have been 

observed in Cm and Cf. 4•5 

The odd energy levels of BK I are listed in Table II and 

the even levels of Bk I in Table III. In the first column of these 

two tables is listed the value of the le~el in cm-l, in column 2 is the 

J value, column 3 is the width in units of 10-3 cm-l. Column 4 is the 

A·value and column 5 is the B value derived from the hyperfine 

structure~ Column 6 is the configuration and column 7 is the term 

designation. The values of the levels for Bk II are from Worden 

and Conway. 3 

Berkelium-249 decays with a 318 day half life so that a com­

bination of incomplete chemical separation and a half life short 

enough to grow in some daughter element between separation and 

experimental result in the occurrence of many 249 Cf lines and a 

few 245cm lines from the a decay of 249 Cf (340 y half life). 4 These 

have been removed from the list. The curium had to take into account 

the isotope shift. The available data are from the 244 and 246 isotopes 

of curium. The californium is to be published. 5 
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Table I. The infrared line list of Bk-249. 

UK LlNl LIST 

wAll£ NlJMUt. t< lollCTH INT COOE J-0 J-~ 000-lVEN LEVELS 

,)7,9.lld l .SiJU u 5 
-.s7:.::>.d.i.u • 0 7 
Jtlbo. 7td t.llOIJ 0 b 
J87!:.i.5:Sl i. b;JO IJ 6 
3tltl<t.dl.o f:. 120 0 7 13/Z 13/2 ld717-22b02 

.)!!';1(:.!!7~ ~d.S 0 b 1':)/2 15/2 .231..72-19179 
J91U.7dd E.i+OOt. ll ~ 

.3':1.i.S.2(; ( O:::lU 0 b l:i/2 17/2 26298-22 362 
391d.'+J' dllt .1. 5 13/2 lJ/2 2 9b !i 3- 2 5 7 b 5 
39c:'+.luo E':>IIU 0' 0 5 13/2 13/2 25 .. 31i-21506 

J93':i.b7u i:C:IIOO 0 6 1712 15/2 25HJ3-29u3ti 
J9~.!. 5.L'+ J(;u6 ll 5 
.S':I':i.S. ti !!7 ':14.1 l 0 13/2 15/2 1 Y 9':l3-1ou B 
3':1!:>5.72'+ lluiJO (j 6 13/Z un 19'393-1603tl 
3':1b7.2b.S t.U2jj (j 6 13/2 11/2 2 8 7 2 5-2'+ 7 511 

J':llli.J ::id l711t ll 7 
.S9tl1.7'+'+ Ui.Jil 0 5 
3':1d3.'+Jb 1Gbli 0 5 15/2 13/2 20U21-1&036 
J':ltll. b9.S d17 (J 5 11/2 13/2 265':liJ-22&02 
'+u,c::.':io i:. 160 0 5 

402.S./l llo5lJ t. 5 
4LiC::'+o'3':1(. 27':111 0 5 l,/2 1.S/2 2ti235-24210 
4U.SJ.J7:> t.H5u 0 6 
'tiJ,):, ... .<;.:; 2342 0 5 
4oJ3ti.UJ9 <tBC 1 b 

.. 0 Jll.l '+.S dill l b 9/2 11n 22771-16733 
4049. 7tA 671C 1 b 11/2 9/2 2J22o-19177 
'+u~c::.bJ7 L ':IU C 0 5 
4Q5i'.uG::~ J61 1 b 17/2 1712 26439-22382 
ltiJL':i.':l'~ .0:<::1!! 0 5 

411t.d.!l~~ t43il0 (j 6 17/2 . 17/2 2 51 0 3- 2 9 1 7 2 
'+Uiii.'+lll 112b 1 5 17/2 1':1/2 26'+39-2236·s 
4117.S.It!:><t u 3 11/2 -::1/2 26':>90-'22516 
4Ut11.'+t.d 6'+'+ 0 5 13/2 .1.312 27550-2J'+&e 
4Udt!.bb 1701J 1 6 ll/2 1':>12 24b52-205b9 

lti.bJ.':itiZ 373'+ 0 b 19/2 17/2 19373-15290 
4 c. ':ld. d ':1'+ i:791 () 6 .11/2 11/2 1/777-21!!76 
lt.I.L.d.lt8'+ BJ 2 0 b 
'+H'J.Id'J ~b7U 1 5 11/Z un 28.)19-2'+210 
4110. dl Y03 {J 6 

1t1a. ll<~ ':JJi.J 1 6 
'+l.:i2. Jo'+ UIIC.(; ~ 5 17/2 1~/Z llG'+b-16913 
4l'+b.b7 J.<j 5 d 0 5 
'+147.5b7 blO 1 b 9/2 Ill!. 22771-1662'+ 
ltl:iC:.u':l/ 1 1 
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dK L ll'i£ LIST 

WAVI:. NuMUt:.k NlCTH IN T CODE J-0 J-E ODO-t.VEN LE. Vf.LS 

'+1?1:1.31? l':lu/J(.; 2 'j 1112 U/2 Z.':ibo4·217G6 
'+ ltJ:.O; 2 ? .. E d50 ll 6 
'+ 17£. 4 bit 33'+'3 1 5 1 '3/2 1712 22752-26'325 
417.2.6'13 goJ 0 5 
'+1tl2.4b~ 28HC -j 5 17/2 15/2 2JJ61-1':l17':l 

4.i.tl<:l. ti<.J u73 1 5 13/2 1.312 2Cj683-l54'33 
41':12.J':ll 6tl4 .J 6 1312 15/2 1t1717-22'311i 
41%.111 1 1 
4.2i..'+elb5 t.JJ71J u 5 13/2 17/2 28125-24521 
4~lJ'+eltO:;, l1UJU• l.t 7 

4~~.4.574 11!22 1 5 
'+<!1b.5.S'+ 11JJ u 5 15/2 15/Z 2!t786-2ll56'1 

4~1L.7tl~ t. tlllll tl 6 
42i24.Jld 11)7 Cj 1 b 13/2 1112 17993-13769 
'+232.Z.:Su 0 1 

42:>Ld9:.. U50u u b 17/2 l712 27161-22'110 
.. , ?J. b~" 0 1 
42b2.215 712 u 5 13/2 1112 2766tl-23'+06 
42b2.72d. 0 .. 
ltcUtle 71j 2443C 2 5 1712 1?12 21:1800-24521 

42':13.263 1C:21 1 6 
42'1'3.6':1':1 () 1 
4 2':1~. cHIC::: 0 1 
4311.3tl.S .>uu (j 6 
4.3.::0.574 £ 7!i () 0 6 

't3<.4.z.d:. 0 1 
4J.s,.2U t 105 G 0 6 
43.St1.319 417u 2 5 11/2 912 17777-l34H 
'+JJ':I.<~£1 15u0 2 5 13/2 11/2 27~6a- 2 332 '3 
'+ 3'+i2. bib E. litO (I (j 6 

it34b.::.2b £1YOO 0 b 1112 11/2 2'1025-252 79 
4354.t)7':1 2'122 0 6 
4 3ull. 2 oc:: dO 0 • 1 7 
'+Jb8 .1~..ou t: 700 0 6 
.. J7 .i. 2 91 U3du 2 5 9/2 9/C. 2·65'38-22227 

~t.H2.6lu 11'38 1 6 13/2 13/2 11!717-23090 
lt.S7':l. bod! £Jt50 1 5 
'+3i>'.1.tlc::7 2ti'H u 6 15/2 1712 24786-2'3172 
43':1':1eb UU 41!61 0 6 1712 1712 23.361-2 7761 
'ttt.:.O.bB dd6 0 b 11/2 11/2 2()1;78-2527'3 

'+'t ... J.jC::J l 220• () 7 .... 
'+itLJ.'3i.7 258 2 6 15/2 15/2 26298-218'34 

'*'+"'*•'+u2 t: 750 u 6 
'+'+J2.UJ1 ':15 9 1 6 
44Jl. 7itl 1o90 1 6 
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iJK L INC. u:..r 

WAIIl NUMtiE.k 1-lii..TH !IH CULil J-0 J-c: 000-lVt::N Li VELS 

'+Ltlt1o .:23 L 55..; IJ 5 
ltlt'tio:ib<t 2':id7 2 6 1112 ~n. 17777-22227 
ltlto'5.u7/ u 1 

,- ltitbq .1 :l1 t.ltiOu I) Q 
Ltlt71oOO:l j, 1 

451.i;:olb":l 11t7d 1 & 
.. ~~oY• .S:SJ J.uCJS 0 & ts 7 22'+2t!-2b~38 

'+~C::U.5.$tt t:.d5Y 0 5 
't';:i.>lo j.)~ 1L 32C 2 b 15/2 13/2 2.Su72-185~tu 

45.)2.d':iu rHuc 0 5 

'+~.>3.51~ ~'tOO 1 ? 1112 17/2 25103•20569 
lt~Jloltl:> E..BIJO 0 b 

It 545. ":J5d t. t!O(J il b 
'+5'+7.1'+1 UC:Ou 0 5 
It 5!>7 ol5 .. 77tl (j 5 15/2 17/2. 3127 5-Zb 71ts 

It 5/8. It· i'u 21t8bC 1 5 13/2 l.s/ 2 Ubbt!-23090 
45d.S. d5l 128'JC 0 5 
<t591t. 4':1~ £ 24GU 0 5 
4b ... u.d95 t C:Ou• c. 7 
'+bu~t ... 7 .. 1&84 1 0 

461.:4. ,j.j~ 3<tb 1 6 
4oll':i· 11 l5 1 1 1312 13/2 17':193-22602 
'+b .. 0.44(j E 2411• u 7 
4611.27 J. ll34C 1 5 13/2 11/2 18717-2332':1 
4olbe<t7':1 t::~5ou 0 5 

4&17. 7':io 1'+8'+ 1 5 
'tb.21olb E ~too 0 6 
'+b27olb'+ bOO 0 6 
Ltb..)b.11td 1837 0 6 11/2 ':Ill. 2tltlq5-24259 
It b3'1. :>4'::1 E ZdJ• 1 7 

4b40 • ..i57 l ':lOll ll 5 13/2 1'5/2 27550-22'HO 
46o3ol1:) 0 1 
4bt>.So 5..)u E .S(J u. 0 7 
ltotA. 31':1 t. 900 0 b 
46/0.~35 j,(j:j2 0 6 11/2 13/2 2'+005-19334 

It 0 i' 2. It 9Lt ll 4 
4b77.19u 511C 2 b 912 11/2 2223&-17559 
.. 6nJ.•H/ dill 1 6 
ltbno.162 UJOO 1 6 
ltbdbo23.S 1777 2 6 11/Z 1.3/2 2"''::~':--1A<;LtQ 

ltbb7.18 706 1 6 
4bdd.tlo~ 570 1 5 l.J/2 1:.. ld717·23406 
4bb<J.74u 0 1 
'+b'1':i .dJt. 1625 1 5 13/2 1.3 " 273Q2-22602 
<ti'14otlu f:. Z20 1 5 1712 1':1 '2 27084-22369 
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[jl( L lNI:. LI5T 

w~VE NUi'lt>L t< rilUTH .iNT t;OUE J-0 J-E.. OQD-I:.'VEN LEVELS 

'+7c::~.~b~ U73C 4 5 "112 l.l/2 2&?'38-211:176 
47<...>.d1o l<t17C 2 5 13/2 11/2 27G22-2229d ":, 

47L.ij.~~v l.l2 4 1 6 d d a .. zs-27157 
4 7..) 1 • ~ "10:: 1~28 1 5 15/2 1712 20021-152':10 
4 u.c.. 7 bl E 10u J 6 

'+7.34.4~4 .3 1 
4740.b3U a'+70 1 5 1312 U/2 2 tlg5Q-24 2111 
47? ... -:lbl J8;) 1 b 1.512 1.312 ld717-2346!l 
47~d.o90 l<j72 0 5 1312 1 ?/2 2 7H>8- 22'310 
4 7bti.2G7 1546 3 5 15/2 lJ/2 28235-23'+be 

'+772.o.S'J 4073 1 6 15/2 1512 23C72-27844 
4772.91d 1'34b 4 b 1512 lJ/2 24107-19334 
4777.bU. J 1 
47IIJ.3/b ~yg 1 3 17/2 1112 27161-22382 
47ol.Oil4 2~':12 0 & 

47dJ.'J'+5 E 14i.l 1 6 11/2 13/2 271J74-230YO 
47tld.3JJ 1183 0 & 
47'-Ju. ':14::> 1':17U 1 b 
47':llobU4 761C J b 1?/2 13/2 26~'38-2150(, 

~t7LJ7.1LJo £1':150 a b 

47"1':l.i.ldu t: o::iiJ 0 5 
4dUlol1"1 1:. 41.10• 1 7 
4tlt..2.Q':il 1:.1':100 li b 11/2 13/2 30567-25765 
4 H L1 b. 6 ':14 t 7?0 (j 6 
4ti&..7.411i ll 1 

4d.:2.2b1 723 (j 5 
'tti.:.c:.tit;~ bd7 l) 5 15/2 1:>/2 31541-2&718 
4d0::4.Jb~ (I 1 
48C:I:I.':>bl t:: 15UU 0 5 
4ti.S5.2(Jb ':137 1 & 15/2 17/2 17?47-22382 

4d40o't1d ~177 1 5 11/2 1.5/2 2Uti7ti-1&J3d 
4o47.5uu t. bOO () 5. 
4ti4tlo4J'o u 4 
4d .. 9.?C.4 12J3 1 5 
4851.1.111 1:.Gb 2 & 11/2 lJ/2 283 U-2346 t 

4dtJU • 7b':> 2277 2 0 13/2 .i.5/2 2?43Ll-205b'3 
4dbb.Ub E21Ji. 1 6 11/2 11/2 29b25-2475d 
'+!Jdl.i. 4/ ... E. 2 3/J I) () b 
4dd4.dC:':l Jd35 1 b 15/2 U/2 23ll72-27'35b 
'+':Ho.5':io 505 1 6 13/2 15/2 17'3'33-229 10 

4':1.:.6. 4.Su 174? 4 b b/2 15/2 241u7-1'H7Y 
4':1.S1.2YI 2154 l 6 1512 15/2 24107-2'10 36 
4':l.)b.7.:b t. 25J 1 b 
4942 .65i E.270tl u b 
4'11to.4 75 t: 701.) 0 5 
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dK L It-.t: LIST 

w~vt NJML>UI. W!CTH !NT COO£. J-0 J-E ODD-EVEN Lt: Vt:-:LS 

'+':l'+':l.5o1· '+'+Z u b 
lt':i!i~.'1btl 1:: 425 0 !'.> 
49td.57t!. l C::'>O• (I 7 
lt':ii'J .':i~'+ 0 1 
4974.711:! u 1 

't9bd.46/ b53 u 6 
') 0 u It. 2 .... t.7Zd 2 5 1312 1112 zno2-az9a 
5i.o..o.2'1J 351 J 5 1712 15/2 2H46-16039 
5illll.33o ' 4 
5 U15.224 t. 250U 0 5 912 11/2 22574-17559 

5019.42.:: a 1 
5 \J.i4 o1J4 b36 1 b 
7u~5.b27 l 4 
?u~7.1~J -J')d 1 0 13/2 1312 24H1-l':i334 
50::.5.0 1b13 0 5. 15/2 1 J/2 17541-22602 

50~6.1.!'.>11 g 1 
5iib1.5i'7 252 1 6 b 7 111755-23817 
5ub4.47'> 359b 1 b 15/2 17/2 241C7-29172 
5U71t.3b:l t151l 1 b 
70db.d~7 C:!tH6C Sl 5 19/2 1112 22752-17665 

70'Jboii1'J t l.J 0 0 0 b 13/2 13/2 17~':l3-23090 

511.5.b<.i:: J(J5 7 2 6 6 7 ld755-23861 
7ll':io'J4't [ dC!J 1 b 
5119. Od t bOO 0 6 
51 tl6. -1~5 934 9 b 11/l 19/2 17162-22369 

52i.Hio347 Jlll d 5 17/2 17/2 17ltl2-223d2 
5t.12.:.id £ 3luC 3 6 912 11/2 22771-1755':l 
52.1.'1.757 t 40(iU 0 6 
sz,.c.1ld 2/Jb 0 5 
52t.9. 3d? 661lJ l b 11/2 1J/2 2d319-2309G 

523'1.227 J51)5 1 5 
~21tlo2't-j ':l21t 0 5 
52~t!..2bu t '-3~ 1 5 
sz~7.uJb 1 1 13/2 d/2 2 s 7 2 5- 2 3 4 b 8 
52t.b.6ltu 1001C .. 6 

!:><::oo.221 U20c u 5 
s.u1.no 1 ur;; u 1 6 11/2 13/2 27!174-22602 
52/.S.dc:: .. E.s70 G 0 6 
sa<;.olo L2b0ll 0 b 
;,zo::...316 a96 u 5 13/2 1112 19';93-2527':l 

5C:: '14 .':13:. nz 1 5 
J 

52<;5.1 '+o 2 1 
') J 1LJ o':l Y5 t. 5UiJ 0 b 
5Jl~.os7 t.l<t7ll u b 11/2 13/2 17777-23090 
:1 .H7 .b'J'+ 1bd9 2 6 13/2 lJ/l 2 .. t 52- 1 Cj 3 3 4 
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oK LINe LIST 

WAVt. NUMti'::.t< lol lt.JT H HH COUI:. J-0 J-E 1)00-t.VEN LEVELS 

~3.l.Y.l~tl E. ':jj u iJ 6 1312 1112 2 .:~ 7 2 s- 2 3 4 o b 
:> 3.:tl.l 47 u 1 
:> :s .:..s. j ':JJ U200 u 6 ' ·~ 

5~~b.lSI 2221 J 5 
5:S0.5.5tl,j lldl u 0 6 

5Jt..~.ou? t. 1 u il Li (j 5 15/Z 1?/c 17547-22'310 
?Jiu.oi'J 2516 .) 5 13/2 111'2 2/668-aZ'H 
5-loc.<:. 7:> t.270u (j 5 
53-:jb.lb c.1 ~6 il 1 b 13U 11/ ~ 21H25-2332'l 
?4Lobo1Lo:> '+ 7~9C J 5 1~/2 1712 23C 7 2-17665 

54j.o.b4u 11bb 1 5 11/2 13/2 24555-29973 
54~ .... ot:.l 2140 i 6 
5427.85 .. u l 
5't.li1o?1o E. buil u 6 
?'t'tioU?c L 12U 0 il 5 

5447o41Y g 1 
5't?tl.7bl Elt!OO (j 6 
54L'to'tY'j L '::lu o (, 6 11/2 13/2 '2401.i5-185Lt0 
5'+13.511:> t..::tilu (j 5 13/2 lJ/2 29b83-2LtilU 
54t11otl4b 5,j1 u 6 1512 1312 211 ':1 50 - 2 3 4 b 8 

5'ttl'to7oo c:4lJ2 2 5 
54tl'.>.7t;? 1t152 c b 
'.>5u2.J7,) £130(; (, 5 
~5ut!.oOu i: 200" u 7 
551'+ob7Lt .. 0 7 

55.:.t!.5t!J E.1<tJu il 6 8 7 1t13b0-218tltl 
5 5.S':Io ':1 0:> 523 1 6 15/2 un 23072-17532 
?54iot12(.. 5'+2 :> 5 15/2 lJ/2 17547-23090 
5?'+3.Zo5 2 1 
5551..l.Ut! U.350 (j 5 

55~1. 77o 2':1% 2 b 15/2 13/2 33110-27558 
555b.J7tl ~u':l8 1 5 
5?b3.jbb 7112 1 b 1712 1712 32'+68- 2692 5 
55obodtl2 17':11C 2 b 15/2 U/2 24107-18540 
~~/1o!:l5u E. duO II 5 

:>S81.tLi5 24 ':16 0 5 
5b~C:.5J5 t.1uoo 0 5 
56~ 7. o .)o 77b Q 5 
SbL::J.~c./ [~bOil 1 b 
:lbll. SS<;j 5&1 J 5 7/2 -j/2 22153-1651t1 
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9 91". j "'"' £29~1) 1 5 
9914.3u7 1: 55 u 1 5 
<.j':J.I.b. '+.l.d 1: ,:!';)(,• 2 7 

<:i-J~~.uOti ( s2u 1 b 11/2 1112 25907-15'167 
'1':1.:..'+ .l ':its l 90ii 1 6 
':1'1.:b.04/ 1 1 
<j'-jlt7 .4t.':i l1 ':l'3 0 1 'j 1J/2 l31l. 34.1.57-2'+21(; 
j':i!:.t~.'it:u t. 650 0 u 9/2 'U2 2'H35-1 '117 7 
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·aK LIN E. LIST 

wAVl NU :1 tlt. r( w IOTti LN T COllE J-J J-E ODu-t.liE.N LEVELS 

~'j/bo732 ac~z J. 5 13/2 13/2 34186-24210 
~':f'j.S.l?u 2672(; b 6 ~12 712 231115-LH':Il 

.~ 

1 ii 0 u 3. 2 ?Lt lu4JC 7 0 
.i.OU12 .. Ud '+557C Lt 5 
1 u (j .i. ':1. d 42 1tJ3C It 0 lSi 2 13/2 33110-23090 

1(i () 34 ,lj bb f:.3271J l 5 15/2 1.512 31541-21506 
1 u u j 7 .1 db u 1 
luuJ7.7~o E. 415• 1 5 c. I 187S5-2d7'1..S 
J.vu'+0.67o 1 l 
J.OOI.tu.Jc:.l t62G 2 5 0 b 5598-15 644 

1Ju4d•ud.S J.lt t12 1 b 11/2 15/2 2~<::27-l'H 7'l 
lOu::.z.Y~..S E '+71.1 1 b 
J.uO~J.t.ou LldOO 1 6 
J.iJu?S.Su.i. El'"5u 1 5 
luC5b • .:I.S t. Juu• 3 7 9/!. lllc! 2 6 0 4 '<- l 5 ] d 7 

lu0bu.':ld3 t. dUO 1 6 
1UubJ.l9tl 22!.t8 2 6 
11.1 iJO'+o 55'+ lt.l.:.~; 2 5 
lUlCiboUld C:.:.55C ':l 6 17U. J.l/2 324dd- 22 382 
lli11..do2dd t.l':liJOC 3 5 1J/2 lS/2 2 nz2-1 oY13 

lu112.&c;<: t. J5 u 3 6 
lll llb d?J 11113 2 6 
.l.UlHol.tll d'1'1C <J tJ ll/2 l'J/ z .S2'+t~8-223o':l 

1ulc:.4.5u.S J.7 33 2 b 
lU13lo'+4d l 1 

ll.l1Jo.74::1 l306C '::1 0 7 I 16d~1-26'l3d 

l J 142 ... 0'+ 21d3 J. 5 11/2 ;;12 2Ub71i-HIJ5 
l01'+bod4tJ llOdC 3 6 
lL.l?uol':l'l 7fli It 

,. 
:;> 8 7 16JbC-2~510 

J.Ul53.7d5 2 1 

1U1;,..S.db2 26'+ u 1 5 
J.U lou .2bd 127oC 7 6 
Hlblob57 i:. .. u 0 J 6 11/2 11/2 2d6':l5-1d73.S 
J.U17U.11l 0 1 
1U .1.10 oltl':l iJ 1 

luJ.tll.t.d'+'+ 127bC 2 6 13/2 15/2 3'3785-2 %00 
10lod.did t.4 .. o u u 5 5 0 ol.i51-1b24iJ 

l w 'u (,. u ~7 2121C g 6 1712 15/2 33110-22'H0 
h<::udol.22 2 1 
J.02ldo0':1l 1 1 

lL. 21Jo...S~u L1dC.u l 5 
lu <:: 1.>. o<+::. t.lu!Ju l 6 15/2 .1.712 1/'jlo/-27/bl 

:10,J.4oUI...) U~5u J. b l3/2 LSI I! Z':1~4b-lg.i3'+ 

J.U2.lu.~ld l l 0 0. ~ 7 912 1112 ?757-l?'~li7 

lu4::.>'+oll<:d c. 450 5 b ':l/ t! lJ./2 2d%i'-1673J 
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OK lIN I:. LIST 

WAVE. NUo'1ik R Wll.:TH !NT COOl:. J- \) J·E OOU·EVEN LEVELS 

10<:!::.:>.9S.u ~ 4 11/2 1112 24u05-13lo9 
1C23b.~b1 t. ?00 1 6 
1023o.~7 ... 1 0 
104it7.4'+~ 150 4 2 b ll/ 2 17/2 27.i.b1-1b'H3 
1U ~52 .l) o5 2141 2 b 1512 15/C 3Y.:'31-29u 38 

H<::bu.li43 31:~1 ~ 0 15/2 13/2 26~98-16038 

1u.::o5.9u.i. 1o55 1 0 13/2 15/2 2'.l465-1-317<j 
1IJ 2 90 • d 5o li''~ 3 1 b 11/2 13/C 2':lb25-1933'+ 

1 0 ~ "'· 111 1512 1 0 L:i/2 15/2 17547-27844 
H<::':J'j.2o2 2 4 

J.u3~;u.uvo it!i50 7 l) 

103&.3.57'::1 1:. 751.. 1 5 
1G3u4.dl-1 2 1-
lOJvb.lb.i. l .25{, I) 5 
1UJ(d.ld lt~ttll 1 6 

1ii;)c::J.51u £ <j5(i 1 0 
1.JJ,_/.43u Jb7u l 5 
l 0341). dd, it'll4 

., 
5 ... 

1 .. 343.!129 1 1 
1u344.05o 1 1 

1u34,ol1-' 2 1 
lL J~ ... jlf'::j 1J21C d 0 11/2 13/2 28695-18540 
1Li37~ooJ7 U35u 8 6 7 li 16601-27157 
10 J b'+. 7 c:: '.1 1 4 
1037o.uit1 t: J.uoO 1 6 1312 l:il ~ 2b41&-1603'1 

1uJ7'1.8!1'+ 13&<:! 1 .5 
10J6.S.u5v 215'+C 3 b 13/2 15/2 65 30-16913 
10.3'1't.bl" t.l45 c 1 b 
lu3'J7.u2t uoou 1 5 
104ulo'::l7o t. 55C 0 0 9/Z 1112 2 'H-3 5- 1 8 7 3 3 

h4\.':1.2dcl 1 <::8 J ' b 15/2 13/2 17547-2 7956 
lUit13.'.lb7 1 1 
l04'+'.1ob~LJ u 1 
1041t5.7!1J u 1 
.i.u'+45.921 li 1 

11..451.3~3. l3tOG ti & 
1lJ 4~5. 7t-J t. l:.i" 2 b 
1U45o.7ol E. 550 l 5 '17/2 15/2 21u'+&-10587 
lu4b0 • .3'+d '.lU 1 1 5 
1u4Mo.J':i<:> u 1 

l04':1J.o9.- (. 35() 2 b 1112 11/2 2'1227-ltll 33 
lu4'::1'::1ob.SC: J41l 2 0 
11J5ui'.b .. ._ .:till 0 b 15/2 un 3311U-2~b02 

105LS.u5/ u 1 
1U5J.3.3'JY 2':l35 1 5 1312 .i.S/2 2':1b83-1'H70 
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dto.. liNi:. LIST 

HAVt. UIJMULi<. Wl.Uti INT GuO£ J-u J-E ODD-tV EN LEVELS 

1" ~.)IJo j ':l't L dlll. J. b 
10 '.).)/o't.1ci 1 1 

J. 0 5i.Jd 0 7 "'" 1:. 1:> 0 1 :; 
1U~'t':io86C: c. lt'tiJlJ 1 6 
liJ~!:I'to':ld t.U~O 1 6 

Lll~o:..o7Lu .s 1 11/2 9/2 ·z4u0:>-13to39 
lU5i'.i.o24.) E. zuc 2 6 11/2 ll/2 5416-15'3117 
lv:;.tu • .:o~ 13tltiC tl b d 7 1b.)60-2693t! 

, 105ti4oJd tHOU 1 6 
lu~tl7oJ'+'i t. <:;Q[J j 5 1512 1 ~/2 0-105d7 

1u5':l.S.9':11 t: 9uu 1 5 
li.~':li'oli i"1 E.UUO 1 5 
.i. U bw 1o ~ 00 t 2[d. 1 7 
.ll. b l..: 0 ~ c..l t. 'oc 9 5 1312 1112 Zit37l-1376S 
.i..;tJ:i.Uo ~do 215.S 1 6 1112 lJ/2 2'3945-19334 

lub ... ~oZ!:-.:i u 4 
l.u6.i.7o5:S5 t. .. 50 1 6 11/2 11/2 2':1351-1873.3 
1Ubc..J.o3L l 1Zll J 5 11/2 l.S/2 5tolo-loC.3ci 
1Ubc..1o9':l.) t 20i.o• 2 7 712 '112 29799-19177 
.l. ubi!>. 5I l..b 1 1 

lCJo~uo~b lYJ~ l 5 UIZ 1512 27550-1&913 
1u6'ilo'H/ <t5.)J 2 ~ 0 D 5~9tl-1o24D 

.I.Uo47obi'-+ j':j1':ll.. j 5 L312 13/Z 3'+114-23tob e 
lubl.l.::oZlo l 25J 2 6 17/2 l :J/2 17HZ-27tl41t 
11Jbo':l.7.:: 1:. 3iJU 1 5 

J.(, 6dbo 5 tid 12BG 7 6 11/2 13/2 29227-lB::i<tii 
lubtldo.>~:i.. c. oUG 1 5 
1iJ bdcio bt12 721 2 5 1312 1.312 31t1~7-23it6€ 

1Ubdtiod7/ C.lwll u u b 
1U7u'+odl-J t. cu u J j 6 

lL7v7o7tici 2':15dG b 5 l.S/2 1.1./2 J4114-23it0b 
ll. 7 .i.7o'i~O::: i:.1~ua 1 5 
1lli'.::7.4't.l t. .1.5GC y b 15/2 1 71.!. 33110-22382 
L073J.luo .1.99u 2 6 13/2 15/2 2':1':112-19179 
1u7<+Jo.J~:. t. <tOu 1 5 

1U74uo1~d 1 ':12 .. 1 b 
1074i.to:d-J L 15> a 1 5 
ll.l'+oo2Ld 3 't l..S/ z 1~iz 3~ 785-zgo 38 
lu7:.n.;.B..)~ t. J.ju 1 ~ 13/2 11/ ~ 31t157•23406 
107~u.:><tci 1u<+d 1 b 6 I 18/:iS-29512 

1u1u:>oui''1 Lllu ~ 1 b ll/2 -J/2 2YY4?-19177 
1il7buoU04 t. 7(J 5 1312 11/ c! Jlt18b-23406 
1C7d4oull.> 2 4 Y/2 ':l/2 ';;757-1651t1 
lw7o5oJo .. 24U2 2 5 1J/2 11/2 34114-2332g 
.i. u 7 t>S. 0 d ';jt) t;.j,d:J(J 0 b 11/2 ll/2 21t555-1376':l 
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oK LINt. LIST 

iliA lit. IWMtl;;:~ Wl[Tt1 lNT coo~ J-0 J-E 008-[.Vt.N lE IIELS . - lUI -17.1 :>.:: l4ld 7 6 d d 1o.36u- 27157 
10d.I.Uo'+d .1.372 J 6 ll/ z l.:i/2 2 '1 ;s 51 -1 8 5 4,0 
liJII._d •. H':J du:. u 6 lJ/2 1112 .54157-2332'-l 
llld.:~5.bL.2 t.l 1 
lUoJ7.7u l 4uu• 1 7 ;;12_ 7/t!. 25757-14920 

1uo~Z.oU II'+ d 1 6 1312 13/2 1 'F:l':l3- '3141 
1i. <157. oo2 4d4 l 6 1312 ll/2 3lt1tl6-l-3329 
lutsb.s.o.s .. t 25~ 1 5 
li. dbtl. '1IJ :l S.:!L~ l 5 
1.) tl ( J. 7 tlo 7 j d 2 6 .1.5/2 1/n. 334:;5b-223t12 

lu do<::. J 2o 124JC d 6 
.l.l.ioo.>.lu t 55 J b b 1:5/2 ll/2 24t52-1376S 
l. 0 II ':J'l • 0 51 t.<:uJU 1 " .I.Ud~':J.':I/3 E4'+0C 1 5 
1U':luSol':l':1 t: .::su• 0 7 

ll.i9.SJ. au .. 1 1 
1 J ~.:IOo 1.b.,; c .HOO 1 5 
1u<J.:~':l.llu 1 1 
l.O':Ii.t2.Z~u lC::: u 0 iJ 0 5 
.l.u ':J ?c.. • .1: ':Ju 1 4 

lll9bS.3.S7 217J 1 6 
l.IJ':Jb'+o':lt.;Z 0 1 
l.L.9d7.2-:l:. l 1 
1u Yo7. J':Jl l 3 
.I.J';Iot1.5ll "' 1 

.l.ld':ld.obo E 15 u. 1 7 712 112 25'Jltl-14'i20 

.1.11J u l. J d.:. tlt12 1 5 13/2 1312 6530-17532 
l1L.uJ.47'+ u~.sc 0 !) 

11uL7.o9':J JC:.2i.o 1 0 15/2 1712 26,9ti-1529G 
110<.-+o04b '+730 6 5 13/2 13/2 J4114-2309li 

l.l.u4'+o17? Ui::~il 1 6 
111) 0 7'. il ::..5 l5<tl.C 2 5 13/2 1J/2 34157-23090 
1l.Uo4.l':ll £1500 0 6 
11 U ':Ju o J bl> i::.BilJ u 5 
.1.11.1'1::.;. 7Lil l goa 1 5 

l1~<~o.tl4u t.1'+ju u 5 
l1u':J':Joui2 2 1 
l.l.u':J':J.Jlo 2 1 
.1. .1. ...... '+. u .)(.; t. 151.1 0 0 9/2 712 26Llt4-14'320 
ll1.lJ.?4J. 7'14 1 b 13/2 lJ/2 29b71-1t1540 

111.>7 o '+Uci 7dl 1 b () I 22421:1-33566 
111 '+d • 21.1. d.2~3 1 'j 7 7 6!109-17957 
.1.114':1 .b':b sJgz 1 b 1712 17/2 26439-15290 
l~l:>?.Jud ~52 d l. b 

ll1~.;o.t.I'J .1.~13C 1 
, . 
'.) 13/2 1112 2~72~-17:>59 
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tJK '- !NL LIST 

wAIIt. Nu•'1 uEK ;,IL;TH lNT Cl;Ui:. J-0 J-C:. OIJU-t:.Vt:N LEVELS 
.'... 

!.117'+. (l -SS> 1\.uJ 1 6 
11175 • .i.dd E. 157 .3 5 7/2 71 z 291'H-1Bc2'+ 
1ll.7ti.71:.> C:.l.£::51,) l. b d/2 u.n c9':l12-1B733 
1117-:l.:l?l 1 l 
111~3.31):> '+7'+ 5 b 

11l.~<t.l11 H71C 2 6 
lll':i:>.b.:S!i 2 1 
111'Ju.Z4d l3Z7C 1 6 7 0 21743-32940 
ll C:: ~ 4. ~ b~; '+~1dC I 5 1312 15/2 34114-.:'29 10 
11<1.1 g. 1 ~2 l 1(,.; t!. 0 

11i:-l2ed'+J t: 15 u 1 5 
11 z .:. .. • ti ':1'+ i:. zuo 1 5 
lli-'7.27.5 t.1 75 (I u 0 
11<1.38.~:>:. J 4 
11247.~72 1u211 1 5 13/2 l':) I 2 -S<+1?7-2291v 

J.1cb4.47J £. 7uJ u 5 .. 312 L.S/2 2t.3u2-1oJ3B 
11C?b.5Jd uac l 5 1~/ z 1712 .3 '+ 1 B E- 2 2 '3 1 u 
112oJ.o<J:1 Ull 1 5 
J.12dbetHt!. 1 4 
lli:'J.l..5<:.4 l '+ 

.l.l2':1'+.1i-l u 1 
11c'.lti.'+~l t:.. ZQ.j l> b 
l.l.J1'+el.>'+ uzs il li 5 
l.l.31b,/7_, 1 '+ 15/2 1.3/c 347d7-2J4b8 
J.J.J.l.d.(lo.> t.Jt!. I) 0 1 0 

11.3~b..S4'+ E 91)() 1 6 
11~-loolb,. E JOu 2 0 ll/2 11/2 <'<! 1145-1755 y 
l1.>'+/1e7C.'+ t. ~30 (; 5 0 ll/2 11/2 Z511d-1.37oY 
11 J:>'+o ol.1 t.280il li 5 
l1Soi:.3o:i •HSC '+ u 17/2 1:)/2 3.3 i: 5 b- 2 1 d y 4 

1.l.Jb3.l~ti t. 821.1 2 0 11/2 13/2 288'35-175.32 
11371.5:-'+ £.2il5u l b 13/2 U/2 29912-1854() 
11Jtibd'J(l UC!5il 1 5 
J.J.J~u.o:.. .. c:.J:$7 1 b 11/2 •uz Ju5b7-1':l17t 
1l'+i.'+o1J.J. c.uou 0 5 17/2 U/2 .:S4t172-234b8 

11'+17.0:>1 L i'uu 1 5 71 c ':l/2. 22153-1073.5 

11'+'"1.<.n.l E Juc. 2 5 7 8 1681J1-2d22.:S 
l1'+i7.4-Sv l 1 
114~7.?'+..l l 1 
1.l.4:..5,Jtiu c: 21uu 0 5 .. 
ll47l.o7..i l l 13/2 11/i:: 3u2C5-18733 
ll!:ildo.:-l'+ l 1 
115-. ... .)bJ l2g5Q 1 b .1.1/2 U/2 31..iti?7-1YJ34 
.d7c:.4o'-:ltiu L. ji)Q l 4 
l1? .. 8.C::~:i t. ':luu (j b 



0 0 u / 

-31-

ull. LIN&: LIST 

WAIIt. i~UMbt.r< kl~TH INT CUUE J-0 J-E OOJ-I:.VEN LEVELS 

• 1153d<lit17 E zoe 1 5 
11541.313 1 1 
l1:177otl4.> t.aou 1 ;, 11/2 11/2 2Uo76- 9300 
1l?o?.btl'1 1 1 
11bL7. o5.i 0 1 

1lbC::<to4tH ll'H 1 b 17/ z 1712 17?47-2':!172 
11b?7.ii:3 .. 14114 1 6 
llob?.1tlo £151)0 l b 
llobo .161 E 25u 1 b 11/2 ll/2 2'1227-17559 
llb7b.43J [ 1'jJ 2 5 

11olo.7<+.:: l ~50 1 0 11/2 'j/2 25113-13439 
l1bltl. t12u 1:.1a.0u .. b 9/C. 71 z 26598-14920 
l1btl'::l.:i.>~ E:. 450 .: b 
11o':l":lo2.i7 7211C l b ll/2 13/Z Z<.JC::U-17732 
l1b 1:HS.'jld 1 4 

117u3.:;,2o 2 ~ 
117J,.l/Lo 1 1 
117J2.~t/.: 1 1 
lll.H.Ju':l 2J4j 1 5 11/2 l.S/2 20b78- 'H 41 
l17.)Bol61 2UBO l b 

ll74Jo J /2 E 4~L; 1 6 
ll75i;.<J.i..i:. U~IJO l b 15/2 13/2 33C::?b-21506 
11761o'+dlJ 1.S30C 7 b 
117b7o27o u 1 
11717.82'+ SIUO 1 s 

utHJl. &'n 2':l0b 1 5 
l..i.ll.i....>. 57-::. 1.1 1 
lltll4.57l u 1 
1161 ':l. 0 tl'+ do8 1 b 11/2 .. J/2 293!)1-11732 
llo..:.:.4n lJ(J l l 6 7 7 2l743-3356b 

11 b <_ 7 o Q O't u 1 
111l.l7ol.UlJ Eli:.O Ll u 0 5 5/2 712 25(J26-13191 
l1tl.>do42!i .S2d 1 5 'j/2 ':l/2 22 7 7 4- l 0 7 3 5 
11 64'::1. 3 5C:: c.l.i.. u 4 0 b 
lld?bo'+57 l ':l5ll " 7 17/ z l':i 12 17162-291)38 

lldb3.1C:: 1:. ..:5J 4 5 6 b 16..>60-26223 
l.i..d7::i.3'+7 2 4 15/2 15/2 .5'+7tl5-22':l10 

.;r· 
11d':l::. ..... 1 ::H>2C 5 b 11/2 11/2 25bb4-137b9 
l1':lu5o':l'+d tJ5b l 6 13/Z Lll Z 29465-17559 
ll':l.i..2.34J 2 1 

·~ 

11':l.l.o.ld2 0 l 
1l':l.i..9.1uJ 5.>41 1 b 17/2 l!:>/2 32i;tltl-ZO?b9 
11 9:i'+o lt.JJ 3Uc! 1 6 
11':l~<.J.ouw £. li.J 0 (J 0 6 
ll':lt2.b'::l:;, Ll4il0 lJ 7 17/2 15/ z 34o72-22YlD 
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~AVt:. i~ul1bi:.R l'lluTH r;H Cull£ J-0 J-£ ODO-t:VEN LEVELS • 
.1.19713.7U7 2,1 J 1 5 
11'117.bdu 2 1 
.1..1.9o7. 7 uo u 1 
.1.1 ':Jo7. oCto G 1 712 5/2 25Yl!l.,;13g3l 
ll':J'1lo':i t; 'iOu Li 5 7 7 lotl01-2&793 

.l.C::.:. L. -j. 0 8.:: 1 1 
12u12.u.> .. 1J7':J 1 5 13/2 l.S/2 6~30-18540 

l2ul'+.u77 1 1 
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Table II. The odd energy levels of Bki. 

Br<. ODD LEVELS 

• WAVE NUf'1Bt:i< J WIDTH A 0 CUNFlC.Uf<ATION DC.SIG. 

u.\luJ 15/2 1150 19.74 35.42 5F9 752 uH 
5416.690 11/2 623 5F-:J 7 ::,z :.F 
5757e'+'+J 912 77i.J SFY 752 oF 
65J0.720 13/2 1J2u 5F9 732 oH 

. '3535.130 11/2 695 ~Fg 752 i;H 

1L:b..;5.57U 9/2 775 SFCJ 75~ oH 
17182.tot12 17/2 4'+72 71.18 126.7 SF ':I 6ll 75 ~H 

J.7~47.622 15/2 321e 57.71 123.2 SF':l 60 75 oH 
17777.808 11/2 15 7 4.68 243.7 5F 8 752 7P 
17'3-:J3ob28 13/2 ns..s 34.16 156.6 5F8 752 7P 

1t1717.R33 13/2 1475 30.66 202.4 5F':l bll 7S ~H 

1'3U13.7'35 11/2 84'3 2!1.72 130. ') 
1YJ73.730 19/2 4b7b b 7. u 8 22b. 1 5FY bU 7S j r 
19Y-13.6tl8 1 ..S/2 1688 3to.Y5 184.6 
2"1121.434 15/2 -386 -6.6 7 113. s 

2"878.420 11/Z -15::.3 -34.9 22 5. 8 5F9 bll 75 t1H 

21CI'o6ol30 17/2 388 b.46 1'30.1 5F9. 60 7S 61 
221~3.~u5 712 -14 - • .;q 39.74 
2.:236.350 '3/2 117 e 33.57 -24.46 
2.;574.38J 9/2 371) H.':IS o3.6 

2d52.817 19/2 254Y 36.82 327.3 
2a11.6t18 ':l/2 '::188 28.1(; -23.14 SF 8 752 7P 
2 j(j 7 2. ~ 8 5 15/2 667 u. '38 11 tlo 5F'3 b[J 75 
23BS.C65 '312 3233 92.73 6u. 42 
2.l22o.':185 11/2 140 0 33.41 40. SF t1 752 lfl 

23361.oo.7 17/2 -61'! -9.3b 2'34.3 SFCJ 60 75 ~I 

2touJ 5. zgs 11/2 560 13.59 6&.67 
2to1.i7.632 15/2 141 c 25.54 124.5 5F 8 7'52 7P 
242t17.5'l0 13/2 2 88b 58.99 31.25 
2'+371.842 13/2 468 9.83 ':) 8. 7 J 

2 45 55.2 10 11/2 2403 57.44 St1.9 
2 Ito 52. ltl. 5 13/2 115 7 2 4 • .J 7 164.4 5Fd 60 75 7P 
2478&.279 15/2 211 e 38.45 3il9.5 SF 8 uo 7S 7P 
25026.9o7 5/2 -569 -28.5 -1.7 
251~3.2&11 1712 7663 li.lo38 1'35.6 5F9 60 7S 

2S1U4.2'30 15/2 3196 5b.46 1'+7.3 5F 6 60 7S lP 
25116.035 11/2 1116 26.86 63. 
2 53 d 6. (J 01 5/2 -772 -38.6 -1.2 

"· 2543G.S1u 13/2 3253 66.51 42.0 8 5F8 bO 7S 7P 
25456.445 11/2 126 3ou1 3.3 5F 8 6U 7S 7P 

2?517.no .. J/2 -143 -12.65 -40.35 
25~ .. 3.3116 712 759 27.19 7.33 
256o4.750 11/2 1637 3'1. 3b 1J".a 5Ftl oU 7S 7P 
27757.tl•30 5/2 79b 39.?7 -17.29 
2':1776. 5oo ln. 854 3;..82 31.7 
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OK ODD Li:. Vt.LS 

HAVE NUMBER J WIDTH A 8 CONF lGURATIOii UE.:>IG. 

·~ 

25907.Y78 11/2 1151 27.d3 107.1 
25918.500 7/2 20 0 
25958.97& l. 3/2 2670 5t.. 59 3to.32 
260 .. '+. 2 45 9/2 380 12.oo 290. 
262:l8.Cit0 15/2 435'3 77.90 2d. 5F8 60 7S 7P 

2 6t..l. b.'+ 7 8 13/2 1799 36.88 bl.7 
2tt..39.838 17/2 4535 7C:.23 157.8 
26590.332 11/2 788 19.14 Y8.7 
2b5'J8.-:Ib5 '3/2 1792 5 <:. 7 3 2 58. 
2b734.375 15/2 1790 32. 11 74.83 

27022.050 13/2 
27Q!I4.21G 1 7/2 
27lt1.215 17/2 4 672 7 t. • .. l 159.Lt 
273J2.475 13/2 -2 6 -(j.J'3 51. 98 
21551).280 13/2 1232 22d7 dl.il 

27668.915 13/2 18 <; 3. 96 6'3. 
27874.375 1112 2690 64.44 1~2.1 

28223.288 17/2 5592 83.8 21.34 
28235.018 15/2 313 5.90 156. 
26319.825 11/2 3363 ac..o 135. 5F8 bO 7S 7P 

26725.658 13/2 1893 38.81 64.3 
288u0.3YO 1712 2d33 45.4 27 3.1 
21!8~5.2'31 11/2 94t. 22.77 75.9 ?Fd 60 75 7P 
2895G.bbll 13/2 Z<+ou 5l.o39 70.2 
28'307.705 9/2 1032 2'3.73 '+2. 

2CJ135.b12 9/2 1118 32.2 4 51.79 
29227.335 11/2 86 3 21. llb. 5F6 bU 7S 7P 
29351.179 11/2 ':198 23.Y6 47.8 
2'34b5.1G3 13/2 1316 2b.94 29.1 
295!+8.720 13/2 20 u t 41.57 232.9 

2'3625.565 11/2 1271 3u.59 84.23 
29071.2'35 13/2 40 4 8.51 '3!+.55 
296ts3.6l5 13/2 183 4.17 158. 
297'1'3.236 712 415 
2Y912.3Ci5 13/2 165Li 34.18 185.9 

29'345.300 11/2 1b2Ll 3'3.12 158. 
3u113.7uo 9/2 110 3.37 37.56 
J02J5.283 13/2 60 2 12.64 127.3 
3ut.lO.OuO 9/2 4uO 
3 ... 567.275 11/l 2851 68.3u 1V a. a 

: 
3(.857.096 11/2 2555 6u.69 -38.5 
J1275.6JJ 15/2 253 4.95 24.2 
31541.30 2 15/C 343 b. 55 205.1 
32tod6.851) 17/2 63u6 1.:;c.s 254.d 5H 7S 8S 
33110.260 15/2 427 t 76.69 242.9 5F9 7S as 
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BK DOD .L~VELS 

WAVE NUMBER J WIDTH A B CONFIGURATION DE~IG. 
• v 

332~6.-.52 1 S/2 5G 77 'H. 21 267.6 
31t114.1t85 1312 -2061 -lt1.82 88.11 5f9 7S 85 
34157.500 13/2 1131 2 3 ... 7 142. 
3itliS6.760 13/2 821t 17.16 126.2 
3it7d5.5SG 15/2 21.3 5 36.5 8i..5 5f':l 7S as 

34872.925 15/2 780 11t.33 l'J5.4 
3 92 ':ll• 6 0 0 15/2 5 712 .tJ2.4 13b.6 5FY 75 8S 
3':!4'+2.180 '11/2 1LIJ(; 
3':l7d5.150 13/2 31tGil 5F9 7S 85 

•, 



-36-

Table III. The even energy levels of Bki. 

BK EVEN LEVeLS 

riAVE NU"'BE.~ J WIDTH A 8 CONFiuURATIOI'< uE.;IG. A 

91~1.11S 13/2 836 17.48 1S3. SF 8 60 7 52 dG 
':13uO.S85 11/2 785 1'h 21 132. 7 5F 8 bD 7 sz :>G 

1JSd7.345 15/2 '327 17 oJ 8 2 5 '+. 7 5F8 aD 7 sz 'lG 
11..735.%S 9/2 b83 21. 3C 3GUo SF 8 bLJ 75<.. oG 
13131.'315 712 S67 2jj.61 33.33 5F8 uD 7 52 60 

134.$9.485 9/2 585 16.66 -11.04 SF 8 60 752 
1J7b9.315 11/2 571 13.;59 -3.46 SF 8 6U 7 52 
lJ931.uc.o 512 494 2S.8U 7b.67 
14920.166 712 395 
1S2':10.142 1 7/2 113 8 18. 7 3 421.3 SF d bO 7 52 :>H 

1S626.8oO 3/C. 360 29.8 -10. 
1?9d7.'Hu 11/2 689 16.86 118.9 5F8 bO 752 oF 
1ou38.0v:i 13/2 67o 14. ;j 7 81.5 
1 tO.> 9. d 4 0 ·15/2 732 13. 76 338.3 SF o oG 752 oH 
161 .. S.!341J 1/2 30 6 76.S 

162 76.'36J 5/2 3tJ 5 u. ':io -117.5 
16741.450 9/2 S43 g.36 -2S.76 
1b'313.770 1S/c 3168 37.1)5 232. 5F9 7S 7P 
11484.35.0 3/2 44 1o 7 -82.93 
17SJ2.100 13/2 131 3.28 220. SF IS 60 752 3H 

175'.>'3.1b0 1112 b64 16o:iY 73.8 
176o5.'.Hlu 17/2 544S 86.'+7 26.6 5F'3 7~ 7P. 
18540.750 13/2 -3H -7. a 165.2 SF'J 75 7P 
1862 4.117 712 318 1C. 2 3 -1J9. 
18733.o30 11/2 55 c; 13.36 9.88 

1'3170.210 1S/2 -32 8 -5.18 331.3 
1~117.220 9/2 S27 15.56 d.S.82 
1 '31 'J8 ole J S/2 2H 9.82 -74.42 
19275.632 712 4'31) 18.2 b'3. 
19334.71J 1 J/2 - :.>32 -1Uo44 1511.3 5FY 7S 7P 

1'J4..iY.284 9/2 S37 16. ~ 4 117.5 
21l5G9.745 15/2 ':l76 18.12 33 s. SF9 75 7P 
21S:J6.43o 13/2 35'36 73.72 12 3. 2 
2187&.7JU 11/2 2 S45 7u.88 197.9 
21BCJ4.u93 15/2 It 10 0 73.46 11&.9 

22u15d41 11/2 506 12.41 9 3. 24 
22227.6&0 9/2 3174 91. 'jf 218.4 

.... 
2 22'J 8. 2 4 0 11/2 2 /0 3 64.6 b3.5 
2du9. 43 6 19/2 541)5 77.82 '+db. 5F .J 1::. 7P 
U3o2.83iJ 17/2 4154 b6.2'1 221. 5Fg 7S 7P 

_,. 

22S1b.876 9/2 7b 3 21o ~ 8 14o84 
226.2.640 1 J/2 1:; ~ g 33 • .5 2'+2.6 SF8 E>D 752 
22btl6.~20 '112 2 350 5F'1 7~ 7P 
22910 .22S 1S/2 2160 3 8. 8~ 155.4 :_iFg 7S 7P 
23090.450 13/2 2671 :.ilt.43 -28.77 7F9 7':/ 71-' 



0 0 ~ ! 0 ·" "l 0 -/ J • .... ;; "i 5 <') 

' 0 

• 

-37-

BK•EVEN Lt.V::L5 

.. WAVE NUMBER J WIDTH A B CONFIGUI<ATlON DE 5 I G. 'I' 

2JJ29.1uo 11/Z 3lt0 tl. b9 1 52. 
2 34J 6. 6 95 11/2 d96 d.88 13'!.5 SF':i 75 7P 
23ltb8 • tHO 1 3/2 1858 Jti.28 132. 7 5F9 7S 7P 
24210.0 30 13/2 3105 63.&4 ~5.42 5F9 7S 7P 
24259.11+0 . 9/2 - 86'+ -24.59 17.41 

2'45~1.690 15/2 527t 94.23 10.51 5F9 75 7P 
2lt758,59U 1112 -811 -18.87 ll1o1 
25279.u~+o 11/2 -618 -14o1 156.3 
254'::13.793 13/2 t152 17.89 181.6 5F9 7S 7P 
257b5.19u 13/2 ':194 21. ~ 5 276. 5F9 75 7P 

258!4.140 11/2 -67 -1.09 128.3 5F9 75 7P 
2bbu1.7BO 13/2 
2&6ot5.o07 15/2 893 9.uB 13 5. SF~ 75 7P 
26718.'+77 15n 1'03.- 18.73 1?9.5 5f9 7S 7P 
2~.;'125.284 17/2 -81)3 -12. (::3 30.4 5f9 7'.:;, 7P 

27558.5(;il 13/2 1292 2 7. 226.2 
217b1.250 17/2 4239 67.43 8&.4 
2784£+.730 15/2 
27'156.~0~ 13/2 4'+':11 91.71+ 3u.2 
2':lu3B.93il 15/2 3?69 &It .17 21~.8 5F9 7S 7P 

2'3172.103 ll/2 5~12 8 0.12 3 57. 7 5F9 7S 7P 
2Yb..i0.3lll 15/2 20u0 
2':1973.!!50 13/2 3 5C J 
3u<::;5.b90 11/2 5F9 75 7P 
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..-----------LEGAL NOTICE-----------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
States Energy Research and Development Administration, nor any of 
their employees, nor any of their contractors, subcontractors, or 
their employees, makes any warranty, express or implied, or assumes 
any legal liability or responsibility for the accuracy, completeness 
or usefulness of any information, apparatus, product or process 
disclosed, or represents that its use would not infringe privately 
owned rights . 
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