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Earl F. Worden 

Lawrence Livermore Laboratory, University of California 
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Jean Blaise and Jean Verges 

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

249 -1 The Cf spectrum has been reported between 3700 and 12,000 em 

on a high resolution Fourier Transform spectrometer at the Laboratoire 

Aime Cotton. The spectrum was excited in an electrodeless discharge 

lamp which contained approximately 200 microgram of Cf as the triiodide. 

The lamp outside diameter was 5 mm and it was 25 mm long. The 

lamp was prepared by subliming the triiodide into it under vacuum and 

1 and sealing it off. It was operated in a· cavity at 2450 M Hg with 

about 80 watts of power. One lamp was used throughout this investigation. 

To obtain the best coverage two separate runs were made, one 

was between 3700 and 9418 cm-l and the second between 9418 ·and 1200 cm-l 

In the first region 810,100 data points were taken in 12 hr and in 

the second region 500,100 data points were taken in 7 hr and 25 min. 

The spectrometer was operated in air at atmospheric pressure.and 

the data corrected to vacuum. 

A computer program performed the Fourier transformation and also 

selected the peaks and prints the vacuum wavenumber of the peak and 

* Work done under the U. S. Energy Research and Development Administration. 
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its intensity. A paper chart recording of the spectrum is also produced. 

The computed peaks are checked against the chart to confirm the presence 

of the lines. The intensity, on a 0-9 scale, are estimated from the 

paper chart record. 

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

-1 
wavenumber in units of em • The second column is line width information, 

the values are in units of 10-3 cm-1 • A E indicates an estimated 

width, a C indicates off diagonal components or weak cdmponents are 

present and a D is for a complex pattern probably of a low J or possibly 

a multiple line pattern and a * is where no degradation was observed. 

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

is a code to the structure of the line. A sharp line is indicated by 

1, a blend by 3, and a wide line by a 4. A 5 indicates the hyperfine 

structure is degraded to higher wavenumbers, and a 6 is for a structure 

degraded to lower wavenumbers. A 7 is for a peculiar pattern that 

is not covered by the other codes. · 

Th d f CF I . 5 f h 5f107 2 f' . d e groun state o ~s I
8 

o t e s con ~gurat~on an 

the ground state of Cf II is 61
1712 

of the 5f107s configuration. The 

-1 line 9078.145 em is of special interest as it is a transition 

between the ground 5I 8 and the first excited state 517 both of the 

same configuration 5f107s 2 . Parity forbidden transitions of this type 

are callisionally induced in relatively high pressure separation of 

electrodeless lamps and have been observed in Bk and Cm experiments.
3

•
4 

The chemical separation was not complete and there was some 

berkelum3 and curium4 in the sample. These lines have been removed 

from the list. 
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The Cf-249 between 3500 and 1200 -1 Table I. line list em 

Cf LIN! LIST Cf L li~L LlJT 

WAll C. NUMUl:l'< hlLTH iNl CUOl ~Alit. NU1'1l>ll< wiLT:i J.rH CliUL 

J4':1b.~u u 4 4:J7/.4Ll. :..u (, l 0 

3b ... u.:.:.. ... l .:: () J l.i 5 '+.3':1.$.1:..... ' 1 
Jol7.7Ud (, 1 't3~b.d7'+ "- 3uu u :, 
.S9J4.ou7 lJ 1 441':1.2ti'+ c:. 15 u u 0 ( ) ,, 
3':l41.l~d 321 (j 6 44C:.b.2ti-:J 1 4 

3':l:iu.75 1:. 3iJu Q 0 ..... >l.J:,J L iUU (j ? 
.S'1:,3.7c::Y ·t: sOU 0 7 '+'+IJtl.'+l'+ IJ 5 
J-:~5'+o't1d () 4 4't/3.tl7'+ 1 4 
.S914.1u3 1 1 44tlu.':l'+b li 1 
'+Liulto41. lb 7 2 6 '+'+tid. j (i/ 0 1 

'+Ull.O':H 2 31 ~ 6 4'+Y-+.52::l 0 ? 
'+us?.dl. ... lob l. 6 '+It ':lb. oll u 1 
411.:~7.'+'>'+ loo 1 5 '+'+':17.8uY u :, 
4U'+bod?o. u 7 4?i.;J. :lY4 u 1 
4u50.47't 0 .. '+51..~o24c:. .:: l. l .: :, 

't(i'-:J1.7?1 0 1 7 4?i.cOo't60 " 1 
4fiY<:::.?ol t. 24U a 6 454.:1.~01 ll 1 
lt117ollo (j 4 .. ? .. t ... od 2 1 
ltld) • .;.,j t J?u 1 6 4??2.5::Ju t: 15\1 u 6 
41.l9. OJ/ J .. 4~b~.5u? 1 1 

ltlltY.7'+2 ll 4 45o'1.7Ul 34 1 6 
't16ti • 1 !H I) 4 4?7J.bYi 14:, 3 t• 

CJ 

~t17u.9<t::> E lOG lJ b 45d9.4':11 1 1 
4lld .2t..1 t. lOu 1 5 45Yodbti 0 1 
41b5.tl13 3b iJ 5 4b~.;B.oh 1,;, liJJ l 5 

.. z .. J.Bt.7 E 300 u 6 'tb.i..4.10::.i c 15li j 6 
42.i..1ob0::9 2 1 46.:.5 • .I. bJ J .. 
'+214.do'::l u 1 4o,~.517 t.. lou 2 b 
<t2S,.5b.) u 0 7 <+oJY.'+J-+ 1:. .3? 1.. l. ? 
.. ,:;5.ld3 l. 0 4b;.d.62u 2il1 Ll 5 

42b4.773 u l 4bbiJ.2.6 ... u .. 
42t-7. <:~ oo 0 4 4672.4':l5 1'+b u 5 
'+2'1':1od't? 1 7 ltb7bobl/ .. 1 
4.Si..do7bo u 4 471Yoo7-J u 1 
4Jlb.7'j .. 51.1 (j 4 0 4772.17-j t. 2uu l. 0 

4.S.i..7odC2 l 1 477o.~7':J E. l'+U J 'J 
4J<::~...<::vu 0 4 471tl.?3.S t. 1Yu 0 b 

~·~ 
ltJ,3.8?b il 5 4i'btl.~:.~ 2 l. 
4J3J.8oo l 6 47-jG.Zi:d &o '1 5 
43.)7.2<-.i.. 0 .. 47':17.iJLJj 2LJ5 l ? 

~. 
\ 

'+.3'tltobltl 1:. 221.1 u 5 4cl't? .... ).) 
v 

E. j(j,; li 5 
'+35J.:.i''t l 1 4'::1..2.21:.> 372 LJ 6 
lt;)b(i.bb7 3 1 4-jc;;l.~i.lti 184 7 6 
4370.774 0 4 '+'125.2c;;.S '31 3 0 
4Hl.tl7i:: t 15 0 a b 49.so.41~ lb 4 6 
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CF ~ !NE LIST Cf LIN!: LIS I 

w,. vt:. NUi1BlR. WluTH lN T cuut. r4AIIl NU11 ut." Wl[ TH lNT CUUt. 

4Y72.S~-1 194 b. ? ~olil.~'+:.> 45'> ti b 

4':17':1.3<+'> t. 2? '> b ?t:.ll.d7b 43 t: 5 
'+97'>1 .2% u 1 '>bo?.Ji'd ,J 

. ... 
Sl.w1.~dY E. SG~ u 5 '>b71.tlv1 L lOu ;_j 5 
5Qi.l:::.771 (I 1 ?odd. o?b Sol l 5 

.,V ·,. 

504i..7Sb 1:. 400 1 5 5oY9. 2 tlo 1:. luG r, 6 u 

5046.51.9 1:. 24C 1 6 57;.7.2c:? 1dSI iJ '> 
5()53.14d ltlb 4 5 5712.8YY 1 l.t 

50'>t..81<. 20d b b 5717.71.1 ~ 4 
5uoC..J'+d 0 1 57 i:.3 • .s '>2 i.d2 iJ b 

:.01.174.117 i:. JJI) 1 5 5h5.7bj I:::J4 0 5 
5lldi.4Sd c. ZOu 8 6 ·57c.5.d3i iJ 1 
5 u Yil.liJtl n 3 5 :.711d.l43 u 1 
5liJbo btl.S ':H 9 6 57b'J.Y3.) E .:00 j 5 
5li'O. u J.: 264 'j 6 ~ d" 4. '> '>u i::. 1uu (, 5 

!;)(.uS.'li:::.S £ o5u (J 5 5til.o.5ii~ 1lb 1 b 
521:::.J.Jd E. 21ll. j b 5tl1bo5Gd 184 0 5 
'>21:::2.51~ 1 1 5df:.'+o541 1:. 2i.IO u 6 
~~,2 • HJ~ 40 1 b 51:l<.4o'1o~ l 15.; (i 5 
5(:.>'+.3.$:.> 1 l.t !:ld ... 7.b7i:. u 1 

524.::.761 9 4 5857.<:42 2 '+ 
52'+5. 4bo t:. 2(iiJ 3 5 51:l57.8od 1 1 
52o':l.52'> 44 u 1 6 7d'>l:l.2l':l L It(; 1 5 
52':ldo7'+u E 4il 1 6 5 d?ti. tl '15 f:. 25J (j 5 
:; ;s<::z ... ':l .. 1:. 4\Ju (j l.t ?bb7.0G~ 1:. SrJ (J 6 

53 '+LI • 7 'J':> .>30 g 6 5b<;u.5uSI E 170 7 5 
5.)o5.b7d 0 4 5':11.5.7C::u 1 1 
5.)7J.<.j':jj d2 d b 5'Jd.d.H t 15'.1 1 b 
!;) .s 7'J. 3 C::l 75 (j 5 5':l4:i.7.S2 7 1 
51.ti.l5. 4 g~;, 291 J 6 5':152.2otl E 20(; It· It 

54li.8SY t. 10u 1 6 :;)9?~.293 37.S a 5 
5'+0::4. 540; £ 5G l b :i9u5 • .!91 9 1 
:i441.5!;)(> tJ 1 597l.bo6 u 1 
5 .... ..:.6Jo 1 1 5':1/d.:>Jcl 15b 4 ? 
5417.3'+'i 47!1 0 5 5':1!l5.1blt 0 4 

~4::JJ..uo'+ t: 200 0 5 5':l~tJ.7'+'.J 0 1 
?'i'l7.~7'.J L 5u 1 5 5':1':l7.2uu 0 4 
55iJb.217 0 4 60u7.zt .. [ 75u 0 5 

~~ 75.2:2.5-tl:i 1:. Jil il 6 60J.b.dd2 u 1 
55J6.csb':l £ ltli 0 0 6 iJ C::l. 5 d2 ? 4 ... 

,, ~~'+1.87b 1:. J.U Gi.J 0 7 &u.:iJ.'1 .. o 0:::41 (J 5 
<.; 55~7.41:ld 0 4 buS7.1Jbw ~tlJ 2 0 

55'>.$.2~6 57 0 6 6u4u.2t11 87 2 5 
55~~.77.$ t. 1uu 2 b 6043. 7lJ t:. 5J 1 6 
56Ub.Jlb t. 15 0 l 5 ou~oo.sdt 0 4 
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.GI- L lNI:. LIST <.;F Lll'•E LIST 

W.IIIE. NUMt>LK WlLTH !NT COO E. W~IIE. NUMi.>c.K. til.;Trl lNf CC UE. 

bOt.J.bbo t. 1'7 0 1 s 6 Jl<+. 2 ':.>2 U4 1 5 
oub':h u o~ lt5 Ll u b &Jitlo S lb J '+ 
o1Jt5.'1J.l 5d .. 6 6J'<3.6Lb 2iJ7 j b 
b0o2o8'+<. :;; 4 6.s-.:;>.u:.t:. ll '+ 
biJoJ.Jo'1 0 4 6347.7'+'+ IJ 1 

bu'17obu7 t. 80 0 6 63So. d .. o biLl" u 7 _.~ 

o1u2.J<t<i- .. u.J (, 5 6.)o1.37l ~ 1 
o1u'+. 7?o Ll 1 b.311.-.b6 g 1 
ul.i..~ob7~ J3 7 0 b b4u3.u47 b l 
ala. Jo, l!l4 5 6 o'+Ub.bllJ 1 4 

ol<.llool~ 0 '+ o'tl.dofC:.'+ [ j(; 1 'j 

b1J2.sc:.u 7<i u 5 b41J.d1Jl. g 1 
b1:J~.~It .. u 1 bltlb.33Y t .. au 0 6 
6l':.>3.8~l> 0 .. l>lt17.3dd ~td l b 
61':.>~.285 £ J.JO 1 6 0'+<.2o7tlJ 8 1 

blb5.Jib E 451) 0 6 b4j1.bbd ~ 1 
blll't.Q;;iu t. 5u 1 6 blt~7.'lb0 C.· 15u (J 5 
blb6.0':1':l ( <::53 0 & b't.l9.7tll f'j l 5 
616'1.211 0 4 61t~':.i.I.Sl 175 1 6 
bl':lu.7':l'l (j 1 61tb?. 21'+ £ 101.. 3 5 

b19b.ltu7 .J It b4o1.J'+'+ L 31J 0 b 
&1~8.1~'+ I: 2Uu 4 5 61td5.42d II 4 
b<:: ... 3. d<t7 7 1 b4~J .41'+ 1 '+ 
llllC::.dJtl 5'+ 8 6 b4':ld. J:..u u 1 
bdtlo 091 (j 1 651J<.o47i.J IJ 1 

b2'-.i.olJ1d 64 1 5 &~1..?.247 l .30(. 1 6 
b2~1.47i £ 1110 1 5 b51l.l:ld 0 1 
b2 .. J.630 2:15 1 6 65.l.g.J(J3 J 1 
bz,s.zut~ 213 2 5 b5<.1odlo 2 1 
o2o2 • 71!2 t 5u 0 5 bS<:.J.db'+ 1o7J 7 7 

bC::.>J. 71tiJ 3 '+ 0 s .. z .1 <t'l E 50 :1 5 
62.39.570 t 10 (J 0 6 b5'+1id32 l su J 5 
b" '+~ .J 9~ 0 1 o5'+~.2~'+ t. 1? u .. b 
6 2:;.. 7. It <jj 1:. 35i) 1 5 b:Ob5 oil;. 1 1 
&'bloo51 t. 50 It 6 &570.~<:i.l. E. 1ou !,) 5 

&au.:>'+(; l 51J 0 5 b57,.3.l.o 34 1 & 
o21o.~72 E. JOOIJ a 7 o?':ll.5':1u () 1 
bC:dd.5?1 0 '+ &5'.1J.4b':l u 1 
b (: ':1 J. I) ltC:: E li:JO 0 & 6~'::15.1'+1 E. 10u Ll b 
b 2 ':13. d '+3 0 4 65%.25':1 u 1 .... . 
629,.178 41 ~ 6 o5<:~~.uJ~ "' '+ 
o2~,.7:d £ 30 u (, 5 bbu4.Uo7 Li 1 'J. 

o2':1llo57u u 1 t>&u7.2'J2 £ 1~U u 5 \!' 
oC: 'J~. 4 bC:: 0 1 obl<t.1b<:i 1:. 15iJ 1 5 
6Jide &o(; 73 1 6 tJbldo82J 0 '+ 
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CF LIN[ LIST CF LINE LIST 

WAIIt Nl.JMt.ltK wiCTrl IN T COUI: WA\/1:. Ni.JMUt..k ldCTH i ,,~ T CL LlE. 

boS4.1b lb'+ 2 b b'Ho.j.<t&7 £ l(;o.J u 4 
&blt<t.Obu u It o'3tlo. 2t.>'~ 112 2 G 
bb?il.So':J E. 15u c 4 6 o9'-Jl.'t~o li .. l 5 
oo:.>1.u.H (J 1 b':I':J'-J,/G, B3 J 5 
66?J.4d7 71 5 5 7 u" 1. 2 tio Q 1 -:;;"" 

6b73 • .!u:> C luG 1 5 7 ii u d, ti Y'+ c. 1 
6687.10-t t. lOJ• u 7 7uc:J.'3f'+ t 10 G 3 5 
ub'Jl.:iu.i 2 1 704?.!Jl.ti L 2.1.1 IJ 2 5 
b~':J7.o'+o a .. 71bu, 5b2 1: 2uo u 5 
b 715.399 0 4 7u:>.::.1ld 61 J 5 

b71d.Gdl 0 4 70?2.3~/ £ .>5u 1 b 
671tl.6':JY 3 4 705'+.ul'1 22':! u 5 
b 7 32.2 9? 0 .. 71jblJ .b!k lol 1.1 5 
b7.H.b.H Li 1 71.6.).?;)5 (j l 
o7'+lo176 ( 10\1 iJ 5 7lJ t.>4. '+34 J. 1 

67o3,J42 t. 1ou 3 6 711 7ti. J .. ti l 1 
6 7t,7 olttitl d4 Cj 6. 7lltilto4iJ/ u 1 
67i'£.2bo 191 il b 7H.G.':lbd t '+I. 2 6 
o 7i'ti. J':lu 195 u 5 7l~.o1.5tio t:. 1J il b 6 
67t~U.Odd 267 u 5 71'\..5.77(, £ ?uO l b 

b7du.'Jlb .l3':l 0 b 7 ... l'+.bl.:: t._ l'JU 1 o· 
679b.':l7 .. ( l5U 2 b 71c..Solu':J ~tlu u b 
bllLb.G.lb oO 1 5 71'-o.blu t. lOG w 7 
blluti .u .So E ?ti 2 b 71i.t!J.7b7 IJ 1 
bb14.6u7 3 1 7144.73J t:. t~a l) 5 

oll~U.bu1 25~ 3 5 7l:>do34ti u 1 
b6'+2.lu'+ u 1 717? • .:<::~ u 1 
bdlt2 • .Sb3 u 4 7lb3.7Yu E dO G 5 
bb5'+o 7 0::1 183 J b 71tilt.C::'+7 il l 
bllbC::.257 0 1 71b7.0uj 5d l 5 

b~b4ob72 u It 71ti'Jo'+db b 1 
btibY.6l7 &7 0 5 u . ..,c;.tls b5 [; 5 
667~.162 liJ(l 1 5 722.!.07~ '+'ttl 1 5 
od9c.Jb7 0 1 7 i::i::b. '341 u .. 
69u3.o1o u 1 7 251. ol9o J 1 

69U. 7 7o 119 1 5 1'-~u. :1Bc: E JOu .l. b 
6921.375 a 1 7t:.".J7.16l 257 u 5 
69i::3.~55 u l 72~Y.3oc cJl i.l 6 .... 
o9C:':l.2lo Ll It 7Zol.<:ld 2 1 
6937.317 () .. 72b.S.608 d5 l 6 

' '•; v 69~1.077 E J.O 0 0 It lcb7.tiL> '+bJL.l ' b 
o':IC:.2.0bd t:. 50 2 5 7 2t:.b • 4 tlu t -.oo ') 

'- 0 
b'l5t1.1Ji' t zuo (J 6 7Jli'.7:.1 u .. 
o9b2.31lu 0 1 7.517.'37':) '+Y \J 5 
b'Jbtl.741J E lOU 0 5 /.)Ji:..777 l) It 
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(.;f lINt. L!Sf L:f i..Wi:. LIST 

WA\It NUI18£t< ~lCTH LNT CODE WAVt. NUM Ul K ~HTh un cu ot: 

731.td.'::IU o8 i) 0 Ill '+.: • 3 .::J 71 .i. ::; 
7 35t:~e 5.)~ J 1 7114/.b:>u 1 1 
/Jdu.tl.)b 7':> ~ b ldh'::l.l':tb b .. 
73'::11.1+2~ t. .:uu (j 5 7 '::IJv. z o'+ u 1 
71.ti.il.t.Jdl £ .::50 , 5 7'-J?l • .SlJ ljj l ? . ~ 
7'+.J.';j.tt3~ b5 ':l Q 7 I.Jo1. J '::lo u 4 
7'+..::<:.1.6b~ £ dil l.t b 79bb .1 '+0 1:1 1 
71t'+J.C::::19 0 1 7';j7J.J~o d 1 
71tl.tltoltlt2 l.t.S 0 0 71.Jo9.l:lo~ t. '+51 [J 1 6 
74b'.:l.~12 I) 4 7'::1'::17.73o u 4 

7473.5Jit [ 50 '.:1 6 /'::l'::l'::I.':J'+b 1 4 
/4d1...Sl5 1:: ou g 5 dO~;o.uJ':l 1 1 
749'::1.1137 711 g b duu'::ldC .24 8 1 5 
7':>00.2.:6 t 150 8 5 du11.77t 0 1 
751d.t':Jo 1 1 d{dd. '::11o t .:.ut.J lJ 5 

7';;~1.351.i J It 80.>'+.7.S·~ t: lUJ 7 6 
7':Jcd.t::U:; 1 1 du.>o.u.s .. JZ 1 'j 
7:)1u.l':11 u 1 d U Jd oU 1/ 2L.J ':J 5 
7574.447 253 2 s tlu'o'+e4?li .:. l 
7582.210 1 1 &u77 • .Su'1 25':J 7 5 

7bl7.d'11 2 It &Q77ddJ 3 1 
7od .• 5u':> Q 1 dC.91.'+7'+ 1 1 
7b~'+.':ll4 Jl/0 2 7 du':l3.1ol d5 -3 5 
764(, .2 5t; 1 4 dlu1.5.:7 ~ 1 
76olod~d 5b 0 6 81C ... 55.:) 2 1 

lobs.o o E 200 0 6 81<:u.:du t. lOU j 5 
76?':>.27'::1 39 0 5 dlol1.9il4 (j 1 
7bo3.1o<:: 0 1 d lit!!. '::12:> c 1 
7712.51~ 0 4 8bo. 5.Sd u 1 
7711t • .Hb 0 4 l:l1t..i'.Ot::.:i l 5C ' 5 

7714.96'+ 1 1 d1b7e14J 1 1 
17 .:u. 5 J<:: 0 4 d1i'b.d':l3 1 1 
7 1 . .H .It 1u 127 It 5 111'::12.~77 i; l 
77.)5.<.()3 428 2 6 dt::l.S.I:I/'::1 E 50 '::1 b 
7739.154 (J 4 8<:.SS. bb l 4 

7lbo.ttl~ b 1 lit::31).Ju t: .:00 0 1 
7175.5/5 i:.. 45{., 2 5 !!247 .~.:: i:. 200 iJ b 
7 776. 5o2 0 4 o2o5.::1'+4 L JS u 2 0 
li'ts1.7ou !31 1 5 dl:b':I.'::I.Sb l.7 0 D 1 7 .... 
77'::11.2.U 1 1 d.0::71.54;i 57 tl ~ 

' 7 7 '::14. 71)u 2ft! 4 5 dUC..o51 u 1 .... \j' 
7., 97. 15C. 2 1 I:I<Uit.buu 0 1 
7 817.0 5.S do g 6 !1.:7':1.34/ ti.S ,j 'j 
7d,1.4.S.S l 1 d<:ou. ·:Hi' u l 
7d2~.~'1.S 1lt ~ 5 6 t!2ts2.J7J .i. 1 
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WAVt. NuMUt.o< 

d•.Su2..3i'-:l 
ILhl't • 4 2tl 
ti~L'i.tHJ 
d36.7~7 
t!J4':1.C::.Sb 

,.., T< 

d.Sbb.' .i.':l 
d37lo':l!ltl 
8372..94o} 
t!J75.5;,2 
6Jdl.h? 

dJbl.7tJb 
HJtStl. 6J2 
8..S-:14.d..)J 
chu3. ':l'+d 
t~tt .. 5.obl 

64L.o.Oo2. 
8 4..)2. 0 b':i 
644d.7.i.':l 
tilt bO. 9 5d. 
dltlic:!o ':lid 

85u4.2o1 
85C..,obLb 
65~7.':14:-
65bo.4i:d 
ii?% .1 bJ 

d5':ibod5::> 
6629.1':ld 
6b3lo 371 
libo!:>.C. ':ll 
6bb7. ':lb7 

db7ll.1btl 
tlotl4.il .Sb 
ll bll':lo 3 u.l. 
d72S.7bd 
67'+6o'+.:S't 

d7b7.7tH 
87bts.541t 
8775.Lt(j~ 

d77,.743 
~ d7dl.o 7~0 

dtlu3.2.~d 

' 6t!IJdoO':i-:i 
f..;'r<" 

6d.l.4o 0~-J 
6 ts..)l.J ou 
d d.>5. 3b4 

' ; iJ'' ;j ' 

CF 

WLLTH 

.i.Uit 

5U 
t.. 15 (, 

1620 

t: 5C 

l 35U 

l 45 J .. 
t: !:100 

l 200 

31 

E tH 

40 
E &J 

5& 

57 
:Sit 

1: 250 

4 0 / 
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LINE LI~T 

iNT COUI: 

u 1 
u 1 
1 1 
2 b 
1 1 

0 1 
':l 1 
6 1 
5 5 
2 5 

2 1 
1 7 
2 1 
3 5 
1 0 

1, 1 
0 0 
4 1 
u 7 
J 5 

0 4 
j 0 
':1 1 
1 1 
l 1 

J 5 
0 l 
0 1 
1 5 
3 1 

5 5 
3 6 
0 4 
1.1 4 
0 5 

l 6 
0 0 
7 1 
b 1 
u 1 

1 4 
1 6 
0 6 
0 1 
1 1 

6 

CF L lNE LIST 

I>IAVE NUMUtf<. oHCTH INT CUll£ 

tlll.>o.lud l 551J 0 b 
t18.>d.o7b J 1 
tltl'tb. 'jt!';j -j 1 
dd~2.2\.jo .3 .. 
tl d <;/. l bC:: l Z':>J .. ? 

li'11C::.7~-J 74 1 s 
II'H4. 2 4't 1 4 
d':i3tl. bb::i 40 5 2 5 
li':i'+U•4~ t. .. o ... Ll 5 
d':i4Jobb.:i 1 1 

tl94t1.5C::':1 i) 1 
6<;~0.711 1 1 
11':1~1. tld u 1 
!l':lo:..7.: 70'+ c 5 

8 ':I boob'+'+ :)til 1 0 

119tid .z ,)(j (j '* '30w2o37b t. ~tuG I) 0 
CJ~J4~t.n'+ 1 4 
90b1.37.i. 0 4 
':l(,bbo21'J i:. l5:iJ 3 5 

':11.178.14? 5 1 
9079ob'+o E .35 0 u ll 5 
Yu':l4oo?.> 7'+ 7 5 
'Hl8.64b dil j 5 
91(:6. ,.,.!. I) 6 

91.SC:.6.i.2 139 1 b 
';111t2 .81:> E 50 " b 
':11obo?<.:i 2 1 
':Ht.':loul.l':l E 5JO 0 5 
9174.2!:)7 l 4 

9194.7't:i lOli .3 5 
':l2Lolob':l2 u 4 
9C::Jbo2~':i 0 1 
':l2.S':Ioltbo 131 1 5 
9241tob17 1 1 

925b.9lu () 1 
9284.250 .s 1 
~Ju~. 7o7 1 1 
931!:). 37<1 ll 1 
';1.S1'Jo77o 0 1 

'13<!0.47'+ 43SU 1 b 

9.S4u.Oll b7 I s 
':IJ't':lo7-jJ ~ 1 
<:~.s~u.1<~<~ ~ 1 
-JJS'+.u'+ '+oY 3 5 
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~~ Ll~E_ L IS T 

lolA \It NJMtit:.li: Wli.;TH lNT coot. 1'4AIIt. Nui1U~t<, ~ l L Tfl Ill T, COUE. 

':1 S L'+ • .,; "~ 3 5 ':i 7.: ... ~do J l 
'J s 7 7. 7 .. 'j I) 4 974'+.J4o 1 1 . ,, 9Jd':i.~c.7 iJ 1 

':17bl:i.o7J 1 4 
':i.S':15.bd:.i 4 1 

':i /t':io ':l:.i'+ J 1 
941J. e1w t. 2ln) 1 6 

97o1.Jd r. <+uu (J :, 
~, ,., 

941tlol':ll E 45 u ~ 5 
':17d':1.12'+ !: 15J j b 

'14.)8 .b:).: l dO 1 6 "11 b':i. 0 '+C. 1'+3 2 'j 
94<+7.Ut.2 1 1 97':id.li'+d G 1 
9456.41'1, J12 'j 6 

·:Jo~5.1ol L. 30(] 0 c! 
':l45':io!':ii' E .300 ':l 6 ':iolJ.O'jd .. b5 7 0 

9'+7l.o<+':l 3 1 'Hi.>2 • 3 '+ ':i 1 1 
':14':ib.141 7 1 ':id41.c!'+.S 2· 1 
'::15.,5 • .$4" 0 1 ':l8btl.1':iG 0 1 
:15\i ::>. 7b':l u 1 

'JO l':J. 2b3 5 1 
9s .. 7.cu.s t. 150 1 b 

':i8dd.b':i2 L 15 () ':i 6 

g 511.446 u 1 :ldll'1.d,H t 200 y 5 
95.l.:i.':I4.S u 1 

':I':JoJ':ioltC::lt 1 It 
':i51t>d'+5 ll .. 

':l':il4.6C.l 1 1 
':15ilt.717 c 1 -qlj,,,ddJ ltd 1 2 5 
':153.1.. d '::1d 0 1 ':I':I.:':I.'H:J 0 1 

':1 '::> .:id .129 14 ":1 c 5 ':l':"bl.2bJ 1. 4 
95JII.It33 0 4 ':19?J.375 £ 171.1 It b ':ls .. .s.o~ 262 .) 6 

'1957.7.: 1:: .suo 2 b 
~5bb.u.Su 0 4 

-Hod. o ol 2 1 
95b7.J3d 0 1 

':1':172.b:ld l 111 v 3 b 

957'+.2t..7 u 1 
Y':ld5. S'+u 24 d 2 5 

9575.Jl7 E. 200 2 5 9':1':15.311 u 1 
':157&.2do 121 2 6 ':J-j ':i7. 2 7 <I i:. 15u 1 (, 
':1581t.2d<l o<+ 1 6 luu .. '+.Jdl L lOli ':1 5 
95H7.':ia 8 1 lOauS.tHC:: 1 1 

9593.1u'+ l 200 1 6 H u11.7o':l t: 15 0 2 b 
96.ilo21.j i) It lil012.917 2 l 
:lbi.o.t.1S E bOO i!. 5 L 0 019, 1 t..J 8 1 
'lbb.b':l'+ 2 1 

1uud.~.s1 '-:1 1 
96Jd.':J9'+ 5 5 

1uu'+'+.7'1.'-:l [_ 1uo• 2 4 

9bJ'1.57ti 25b 3 5 
101l~2.0iiJ 2 1 

':lo5l.J42 1 4 
1(,Q78.5i!.J J 1 

965~.6b'+ i:. 20U 1 5 
luiJ7i:!.ull a 1 

'-:16'!1d.tou '-:17 '-:1 5 1007b.b'+ E. 100 1 6 "· 97t..S.Huu gg tl 5 10u7b.8.J5 0 It 

'-:17Ho.52'+ 2 l 1007':1.71:.'1 2J3 'J 6 \( 9722•2t:.u 0 It lOlU'-:1.1:>1 7 1 
97U.d47 51 0 5 lOLlboltlb 122 ·~ 5 
97'c.7.178 90 6 5 

1U 1oc::. 5 dt> IJ 1 
9 7 3J. 842 0 1 

101bb.t)08 a 1 
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t;F lINt. LIST ~F LINt. LIST 

WAll£ NUM tlb~ Wll:TH INT CuUE WAllE NUi1t3Lt<. Wll.Tt1 INT CuD E. 

1o17J.~25 u 1 10<tbU.Q'j1 u 1 
10.1d1o~'td li 1 1U <to-loll() t. 2Uu .:: '-' '• . 
lijll}l).2b:> 0 1 .lu'+b'+,25:~ u 1 
1Jltl':1.0J4 0 1 1 O<toZ oO l'z. lJ 4 
10 1'::10, 2 St; II 1 Utt'l:>.ud dj 1 b 

"'. 
10l<j7.ull ~ 100 1 b 1tl':>uJ,J37 iJ 4 
u;z,«+.9L.<t 13tl "1 & 105Gb,JJd u 1 
10228.~4':> u 1 .lC ~u'1o Jtl t. 30u ') 6 
10~J'+ob:l<t '1 1 1051G.<tll l 4 
1Y 244.0 '3':1 £ 3ou b 5 J.U512.o'+:J 1 1 

102~3.079 1 1 10525.1% G 4 
10 0:.':>7. 317. 0 1 111 ~ c.b 0 :> 4.~ u 1 
11l2bd.'+B7 0 1 lu~dl.•+15 J 1 
1 OC:: 14.1 tlo 1 1 1~J5.H.35-J. u 4 
lu Z/5 •. Hit 113 2 0 1(j!:.o'+lo'+00 z 1 

1u27'3.2'+1 1 4 l(.5~,j.7JIJ 3 4 
H2db.33/ 1 1 lu55-3.1u1 J 4 
102b7.67J 1 4 10576.7u1 2 1 
10l'j2.54b 2 1 .i.C&C::d./Co;; u 4 
102':15.7J2 t zoo 1 5 1u&~b.'+uo J 1 

103GIJ.4(;7 7 1 1 u b 41.1. 'j 4.:: I) 1 
103,j1.173 {. ll.lu g 4 lL.ottu.tJ~ a 4 
1 03l5 •• SI~!t .. 1 H b46 ol. ':>J 0 .. 
10 .S1'3o-32u c: 500 0 & 1Uo'.>l,J5:.. u 1 
1034:.5.44d t: 200 3 & lub:...'iol~':i u 1 

103<;d.&b<j £ 80 0 5 H bt<J.loo 1d 1 2 5 
10 JJ2o'+'J't 9 1 lUb'1oo<t5J l c:::> 0 (j 4 
10332oll7b t. 1u0 1 0 1U b <j<j • tid j u 1 
10J<tiJo'+lu 2 1 1U7ubo.l'+:> Cj 1 
1iJ:S4u.l17 1 4 107.l'+o'tU t :)~0 u 6 

10 3 bO • ;s 85 'j 1 107.l4od6u 0 1 
10J64o0~d 7 1 1U7J'.>.b':l:l u 1 
1UH6.J.SS E 250 1 6 107J<j,.)Q l 20 0 .. 1 7 
10 JtiZ. 5b<~ a 4 1u7~7ol'1o u 1 
1113117 olldll 4 b lu/o7.5o1 0 '+ 

lLI .5'::13 o4G& 1:'. 200 z 5 1 u 7 7 il. 7 ~I u 1 
lu4u3.<t27 274 ~ 6 l.J 717. J 34 1 1 
10<til'+.:i7.i 0 1 lu777.47.l t 15 (j 2 5 

t< l iJ '+ 1 '1.1 5't 0 1 l 0 7 lj '1. '::154 0 1 
10 ltd. 7bd .. 1 1 u 1 ~2. tl '::12 t: 61JO '+ 5 

\..') 104411.920 3 1 1 Li 7 9~. 1 <:1 J 1 
l04:,Q,7Gl 2 1 10tJH,3(J .561 2 5 
104'.>2.74-J tl 1 101ldJ.H3 a .. 
10 4!Jbo 'l6C: a 1 1u o''+· u J.5 Ll 4 
10456ollb E .::so 1 

,. 
"J 1Qb,7.2~j 0 4 
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L:f L INf:. ll5T CF LINE L I~ T 

WAVE NUMLkk WlCTH IN T COO£ ~AVE NUMbC:K WJ.LTH. nn COUi.. 

1082d.ltbY 2 It .1.1.) b1.Ciu E. j'j!j 2 0 
101l3.Sol.Sl L 4!}0 y b lJ.Jo~.:}tt~, ~ It 
11)1:1.)9.153 J 1 ll3d3.lu1 0 .. 
liJd.l-3.741 2.b 7 3 5 11417.302 .s 1 

. .. 
1ilil~b.b29 7 1 11tt .. G.blo IJ 1 

.l.ull5>7.3':1/ 0 It ll44bo4'io l '+ " lU8?b.791 6 1 1l'+i'o.d'1u il 1 
10bbl.90l l l lltto5. '+i.7 i:: L50 1 6 
1U llb'+. 7'-JC. 1 1 114ocl.l'.1o 76 2 5 
10H72.UJ<: 2 It usuooJ.l7 u 1 

10874.?0b 0 1 ll5u2ooJ.-1 c. 1 
10 8 7':1. iJ 54 0 4 117.::3.717 I) 4 
1i.til91.tl19 19':1 2 5 11?<: ... 7'11 (j l 
1.09117.70 i.. 350 1 & l17'+1.~b-l u 4 
10 YU .74"-1 0 1 11 ?41. db u 1 

1u'::l.Sti.4.S-1 u 1 1.1 bJ2.1 t.d 1 4 
1u94b.213 t:: ~su 1 b llbl.S. Y7u 4 1 
lO':Iilo.Sll E. 'j.J() 1 5 11bb4o697 u 4 
1U':I':J3ob'+tl 3 1 llb95.5':l4 c. 20 0 2 6 
1U':I':17.211J 0 4 l17'tltoJ4-l I) 4 

1HC::G.'1u7 1 4 117ou.42':1 ~ 4 
11U.)tl.04'+ i) 4 1l.bJ5.o'h 2 1 
111)'+8.2<:7 u 4 l1o.S7.529 1 1 
110'+tl.bl':l 0 1 lldbd • .S2c. 3 .. 
llU 51.121 0 1 11887.2'-7 £ C:!Llll u 4 

11059.0<:5 391 2 5 119u?.d77 u 4 
1.1Lo1.2id. 0 4 1B1o.O?.S 2 1 
llli/4.407 u It l1-:lc:5.92'j u 4 
11U79.UJ u 1 11no.2dd u .. 
Uiit12.17'+ 1 1 ll95C.. 3 95 u '+ 

11Gt17. d9!.. t: .sou 7 & 1l':174.1t(d J 4 
1l11!}.d7':1 2 1 119~5 .14'+ g 1 
11122. :so 1::: 30il 0 
111C::3.7':l'+ 0 

5 
4 

ll9'::1Y.ildl J 1 

ll1b7.bi'.S 1 1 

111'-Ju.::>uo il 4 
11e:: 1:1. 1 be (J 4 
112do2bd 2 1 
11228.o61 1 1 
112b5.':1dd 2 4 

~. 

112 9.S. 4 0:> 0 4 
11C.':JY. u 7d 0 It 
l13Jt>.43u (J 1 ~J 
113J7.tlu E:. !tOO l b 
.1.135l.du7 u 4 
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r----------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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