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ABSTRACT 

The relativistic self-consistent solution for the normal tungsten 

atom .is presentedo A comparison is made between the energy eigenvalues 

for each of the subshells with corresponding experimentally determined 

energy-term valueso 
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INTRODUCTION 

A previous paper 1 described a method for obtaining the relativistic 

self-consistent solution without exchange for an atom of arbitrary atomic 

number and electron configuration. This method involved the use of a. rather 

flexible routine programmed for an IBM type-704 computing machine. The 

routine described therein has been used to obtain the self-consistent solution 

for the normal tungsten atom, and the results of this calculation are presented 

in this report. For comparison the experimentally determined energy-term 

values for each of the subshells of the atom has been included. For a com

plete description of the method by which these results have been obtained 

the reader is referred to the previous report. 

DETAILS OF THE CALCULATIONS 

In this calculation 541 grid points were used for the numerical 

integrations. For reasons mentioned in the previous report the calculation 

was carried out by using equal grid spaces in the variable p defined as 

p .= £n(1000 r/a
0

), where a
0 

is the Bohr radius in hydrogen and r is the 

distance from the origin. The grid spacing chosen was Llp = 1/36 with an 

innermost value of p = Po =. :-4. The range of values of r is therefore from 

rmin = r 0 = 1.83156x Io-4 a 0 to rmax = 59.8741 a 0. The iterations ofthe 

::< 
Work done under the auspices of the U. S. Atomic Energy Commission. 
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calculation were repeated until successive value.s of the individual subshell 

contributions to the potential at the origin were constant to at least 1 part 

in 10
6

. Six-figure accuracy for all energy eigenvalues was obtained as 

indicated by their values in successive iterations. 

RESULTS FOR THE TUNGSTEN ATOM 

The energy eigenvalues obtained from this calculation are given 

in Table I. Also included in this table are experimental energy-term :values 

for each of the subshells of the atom. 
2 

The Appendix contains the edited 

tabulations of the various potentials and the individual electronic wave 

functions for this solution. The, relativistic radial wave functions consist 

of -two parts -- F, the large component, and G, the small component. 

These wave functions have been normalized and satisfy the condition 

Included in the tabulations are parameters which define the 

behavior of the wave function for values of r less than r 0. The normalized 

wave functions for this region are expressed as power series of the form 

F= (;or (no + a] r + 
2 

a.2r + 3 
a.3r + . ) 

and ( 1) 

k)' 2 3 . . . ) . G = (13 0 + 13 1 r + 13 2 r + 13 3r + 

'o 

' 
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Table I 

Comparison of energy eigenvalues with experimentally 

determined term values for tungsten 

Experimental energy-term value Calculated eigenvalue 

5120.3 (Ry) 5139.0 

890.64 880.90 

849.7 5 845.74 

7 51.25 745.82 

207.17 202.21 

189.20 185.21 

167.58 163.93 

137.36 136.10 

132.76 131.44 

43.38 41.47 

35.70 34.39 

30.79 29.40 

18.57 17.91 

17.58 17.00 

l 
2. 701 

1.99 
2.529 

5.19 5.889 

2.96 3. 785 

2.20 3.058 

0.4111 

0.4927 
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APPENDIX 

This appendix contains edited results of the self-consistent calcu

lation for the normal tungsten atom. Because these tabulations were printed 

by the computing machine, a description of the notation is necessary. All 

numbers are written in decimal form consisting of two parts: The first 

seven digits preceded by a decimal point are a decimal number between 0. 0 

and l. 0. The sign and two-digit number that follow are the power of ten by 

which this number is multiplied. The sign of the number is to the left of the 

decimal point; thus -.9072915-07 is to be read as -.9072915 X 10-
7

. Zero is 

represented as . 0000000-39. 

The first two pages of the tabulation contain :'information about the 

atom and its configuration. The entires at the top of the page are as follows: 

the problem identification number, the atomic number, the number of elec

trons. in the atom, the number of shells in the atom, the values of r 0, Po• 
and ~p. and the number of grid points used. Following this is the electric 

potential at r 0 due to the electrons of the atom. A tabulation of r, p, and r 

, times the total atomic potential follows. Note that in this and other tabulations, 

values of the functions at every ninth grid point are given. All potentials and 

energies are expressed in Rydbergs. 

Each electron subshell has a separate tabulation which is identified 

by the designation in the upper left-hand corner. Following this are the 

number of electrons in the subs hell, the eigenvalue in Rydbergs, the potential 

contribution at r 
0 

for one electron of this suhshell, and A., the parameter 

used in,the power series for the wave function at r
0 

(see Eq. (1)). The next 

two lines contain a. 1 s and !3' s for this power-series expression, starting with 

a 0 and followed by a 
1 

a
2

, .•• etc. In general, only five values are given 

and are sufficient to express the wave function to eight significant figures 

for values of r near r 0. A tabulation of the quantities r v. (r), v., 
2 2 1 1 .t (F + G )dr, Es G, and p follows. Here vi is the potential due to one 

electron in this subshell. 

Although eight-figure results are tabulated here, small errors 

due to rounding may be present. These are sometimes manifested in incon

sistencies of the monotonic behavior of some results for large values of r. 

Because these results are in fact not accurate to eight figures, these vari

ations are not significant. 
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a2228179-0l o 1'3 514 59 02 0 70 20 ?08-0 1 o 1'•0B86~·0-l.-o194098 1-0 2. • '5000000 0('1 
o2861031•01 ol351~56 02 o2293984•06 o2?40689•01-e308850A-02 0 7500000 00 
o36736l3-0l o1351447 02 o743Sl~2-06 o354~9~3-0l-o4A909A3-0?. 0 1000000 01 
o47169,4•01 o13~14?.5 0? .~~~4751-05 e~57~9?4-01-o7698091-02 o12~0noo 01 
,6056414•01 o1151369 02 .7~4~907•0~ o~6q60R9-01•.1202178-01 o1500000 01 
o777!Hl10•0t o1,51~33 0?. e2347576-04 o1,4l9l~ OO•ol~5A707-0l o1750000 01 
o9991940-0l o13.5091)9 0~ ,71430?3-04 .~042~flf> o,_-.,~-,..,.,47-''1 0 ;J.OOnooo 01 
ol200988 oo o1350152 02 o211?7?1•0, .~o~·~~o on-.42~,~~1-01 o1750000 01 
ol642739 oo o1346442 02 .602512~-03 e4461087. oo-.~'-~~~91•01 o?.500000 01 
o2103527 00 e1344140 0?. 0 lfl40l21-n;:» o~3,7170 OO-oA~79"~7-01 o2750000 1')1 

e2685722 00 ol3)714~ 0? .4203406-02 e8617536 OO•ol2430~4 00 o3000000 01 
e3411011 00 ol32259~ 0?. o09~7,~1-02 o11120?.7 Ol-o164~37A 00 0 3?.50000 01 
o429~42~ 00 o129710~ 0? .~137241-01 o13314A7 01-o2057~05 00 0 3500000 01 
o534~240 00 e12'5731fl 02 o40?1410-01 ot42R6?0 01-ol,~1R75 00 o3790000 01 
e6572351 00 ol20376R 02 o6369594•01 o12A15~~ 01-o24A~4~4. 00 o4000000 01 
o0020450 00 olllt4056 02 eB2273Alo<ll·o11-tl3274 Oo-o'-227q7~ 00 o42~0000 01 
o98ll43e 00 o10901?5 02 •A67304R-nt-o~696110•nt-o1~60966 on o4~nOOOO 01 
e1200062 01 a104~871 0' o1004530 OO~ot171~7q 01-o~QR,01~-ot o4790000 nt 
e1479191 Ol o99!'94Ql 0.1 vl950745 OO.o2079117 Ot o-,~-,467?-0l oiJOOOOOO r'l1 
e1127175 01 o9064437 01 o-42190R1J OO-o2422:\4" 01 oQ38'-693•01 o5190000 01 
o1699075 01 o7764357 01 v7071694 00o 0 206999A 01 0 99~Q01,-0l o5900000 01 
~1976030 01 o629l820 01 0 907999~ 00• 0 1297001 01 o6Biq564-0l o9190000 01 
ol997029 01 o4950143 01 •9.042003 OO•o57!1A040 on o~l~1'375-0t o6000000 01 
ol999817 01 olA60,57 01 0 99873A5 00ool694326 00 o9297300~02 oG290000 01 
el9999~9 ~1 .~006872 01 o9999~97 OO•o~09995~o01 o1602518~02 oG~OOOOO 01 
o 2000000 01 o2341760 01 • 9999996 OO•o 3l69896o02 ·, 1690 ~~6-0~ 0 6 T:JOOOO 01 



UCRL-8634 
-Z.3-

o2000000 01 ol823765 Ot otOOOOnt'l Otuot57?.70A·0~ .~?,8?(\f} ... ,.,~ o70non.oo 01 
0 2000000 01 ol420349 1"11 0 100000() Ol•o314-,CJ~7 .. 0~J ol ~l4''H\•Ofl o72~0000 01 
1 200000.') 01 o110616C) 01 1 tf'l0f'l0"t'l ,., l•o 1919!18e ... l"'., • 1 I''!')~.,~ :>.-f'l ~ o '1 '50 0 n!'H'I 01 
o200000f' t'>l ,8614854 ('H'I 01 ('I(')Q()('I('I nt•o294835A .. l0 • , 464?.09-l t o77~(')1"f'IO 1'')1 

o200t:loon f'l] o6709256 "" el"'"~"~"''\f'l 1"11 el'lf'l('l('lf'l('l() .. ,9 o~"~l"lf\('lnl"'n-,? 0 At)MHlr'\1"1 I'll 
0 2000000 01 o522517~ I'\ ('I ol"OOOrll'\ ~l ,nnononn-~9 • " ,., () nt''ll"' 0-., 9 0 "'--'"1')01') nt 
0 2000000 01 o4069,69 1')1'1 olOI'l(')(ll'lr"l nt 0 onoonoo-~9 oOt'H'It'll'\nO-~ ~ oA~I'\001'1('1 1"11 
0 200000") f'll o316922S no 01 l"'f'l('lf'll'\1"1 01 0 1'll')l')01'\1"10·~? o l'lr"II)I')I'HH'I-, 9 o ft 7 fJ .(\I'H'I l'l I'll 
o2000000 (11 o24661C)7 l'lt"' utn"l"'l"'l"'n "1 0 MHH\f'II"H'I-~? el"\t"'Of'IAI'\0-"9 o?Oonnnf'l nt 
o2000COO rn ol922234 ("II') olf'll'lf'M'II''I I'll oM'I('II'II"'I'\0-~9 e 1'\r'IIV'II'\1'\0-~ q o97.~0r"lf\l'\ nt, 
e200000C Ol ol49703'7 00 olOt\('lt"'f'll'\ "'1 ol"'nl')l'lf\1"1(')·~9 ol"\f\1'\l'lnt"\f'I-~C) o951'\I"'M'II'l I'll 
0 2000000 01 o 116~H!94 no 01 l')n()(')f'll'\ ht oOOOnt'H'IO•~ 9 ol'\~f\f"l"!l"'rl•~9 oC)7~f"f'll'\f'l "1 
0 200000(') 01 0 90 7()991•0 1 ol~"~NJnn~ "1 0 onol"'nl'ln ... ,9 onnl'l~l'll"'f\-~C) olrlOI"'f\1"10 1"12 
0 2000000 ~~ 0 70 71504-"' 1 O ]I"'IVll'\1"11') "1 •"'"' 1'\1'\f'lr!l"\-., 9 .~nl"\l"'~f'ln-~9 ol0'-5~"1"11'\ nt 
0 20000"0 01 0 5 5 0 12 9)-" 1 ol"'f'lf'lf'll'll"\ "1 0 nnnl"'~"~l"\"-~9 •"""'"'""'"·"9 o H'I~O""~'~ 1"12. 
o2000000 01 o4289084•"1 ol"'"'"'"'"'"' ~'~1 0 nnnnf'II"'Oo~9 o"'"'""'"'"'~"~--,9 olC71Jnl"'l'l "2. 
0 20C'OOI')O 01 o3340342-nl oll'\"' 11 "'""" "'1 0 nnn0""n ... ,9 0 nnnl1nl"'n-~ 9 ol10DOOO f'2.. 



UCRL-C(~:;;.~ 

-l·l-

DESIGNATION NP ~IND. ENF.RGY V(O) L.At480A 
o04t~GS7 00 J P 1/2 0 200000n 01-ol65210l 0~ el5,456~ 0? 

ALPHA S 

BETA S 

e6697716•03 e251~~4~-00-e1047100.02 e1995681 03•o247~142 04 
6 0~000~~~9 .~~~n~~n-~9 ,nn~nnnn-~q 0 nnnn~~n-,9 8 00~000~~~0 
o2966315•02•o1566657 00 o3695078 Ol•e5478041 02 o5992192 0~ 
0 0000nt'ln•l9 0 !'f\I"'MH""•39 enonnnnl\-'39 0 n~onnnn•39 on06~0t"H';•!l~ 

R TIM!S VCPt VfRt INTEGRAL F G RKO 
o2792334-03 e152456' 02 o651801~10 oA7437~-o~ o29~~4A7-02•o40nOOOO Ot 
o3585427•()3 ol524562 02 o12745..A9-09 e10A07~Q-O'- ,-,651'1506-02•o1790000 Ot 
0 460~77~-"~ 1 1~~456' 0' e249?30~·09 6 1~~641~·0' 0 4511,,A-o1•o!900000 Ot 
o5911~6,•03 .152456? 07 e4~73~6o-oq 0 1651441•02 o5565212•02-o,2SOOOO 01 
o7590341•03 e157.4~61 62 e95~71"1•0q •'04706~-o' ol\~64~44-01-o,OOOOOO 01 
e9746183•03 e1524560 0~ e18674,1-0A •'~~~'1?•02 oA465A,7-02•o1.790000 01 
o1251433•n2 e152455~ 02 .~64019~-nR •'~4~711•0' o104,~45-01-•2'00000 01 
ol606869•02 e152455!'! 0' e711~6,~-n~ e3909028-02 ol'-8~719-01•o1.?.'30000 01 
e2063255-02 el524551 02 o1389871-07 e4A~41'1?~-o' o1~8~~47-0l-o2000000 01 
o2649261•02 0 1~24545 0? .~714~41•07 o60~7~0~-07 olq5?AQ7-01•o17,0000 01 
o3401697•02 el524,15 0? o5~99Q53-07 o7~~R,~Q-02 o7.40'~"8-0l•ot500000 01 
o4367823-02 ol524520 0? e10~4?97•~ .q~234~9-0? •'Q~702?-0t~ot2,0000 01 
o5608314•02 e1524'•9S 02 o201728()..011 o1?0025,•01 •'""'~fi1-0l•o1000000 Ot 
o7201056•02 o1524464 02 o3931739•06 o15?0411~01 e446014t-01-o7500000 00 
e9246026•02 o152441~ 02 o7656541•0' o1937921•01 o~4~5681•01•o5000000 00 
e1187152•~1 0 1524334 0? e1489~2~-05 ol4~7779-01 o~I'I84~56-01-o1500000 00 
o1524215•01 el524216 02 e2894472.•0'3 .~22.00~"--01 oA15~467-t'H o0000000-39 
e195690l•Ol o15240~6 02 .5~177.40.05 o4?062.06•01. oQ912114-01 o~'500000 00 
o2512265•01 ~1523766 02 o10e901,-04 .~J48905•01 ol19qA04 00 o'OOOOOO 00 
o3224946•01 o15231~7 02 e210Q04~-04 o1'Q~407•0t o1444,06 0.0 o7500000 00 
o4139239•01 e1522741 02 e4082~6'-04 o995~1~~·01 o172~A91 00 olOOOOOO 01 
~5311646•01 ,1,21812 0~ t7909411•04 o1,51~07 00 o204~'23 00 ol250000 01 
o6814002-Ql e1520410 0' •15~~996·0~ otB47647 00 o2,A992~ 00 ol~OOOOO 01 
e8737111-0l ol518?.61 07. .?997"J-03 o25)~29~ 00 o27513'35 00 o1750000 01 
o111q469 00 el~l5017 0? e5A95,,4-03 e34A0197 00 o~102054 on o2000000 01 
o1432687 00 e1510041 02 e11707q~•02 e4?47619 00 e1402011 00 o2290000 01 

.ol830143 00 el502274 02 e2~46299-02 o6''l'Q09 00 o1~q4~1A 00 o2500000 01 
o2330942 00 el490122 02 e47157~~'- o8418940 0~ .~606699 00 o2790000 01 
o2954950 oo i14?1184 02 e9375011•0' ol070''' nt •33~04,9 on .,onoooo 01 
o3719795 00 e1442321 0.2 e1~01AA6-01 o129,567 01 e279ll54.5 0~ •'2.50000 01 
o4631714 on ·,14004~? "' •''-4~710•01 0 144~57R nt o1A9~R'~ 00 •'~00000 ~1 
o5718002 00 ,1-,44746 02 9 5253904•01 0 14~8897 01 0 7,19~78•01 o~750000 01 
o693!JG92 00 e127947~ 0~ ,.,-,ne~,~·Ol ot1?9,1!0 Ot-e500"4~4q..,.Ot o400('000 01 
oB518074 00 ol215038 02 eA41~~~6•01 o46~599~ OO•o1482742 00 o4290000 01 
a1045389 01 o11"1"22 02 e8~404q9-0l•o 1H0441~ OC-olq~07'0 00 o4SOOOOO 01 
ol287398 01 e1113813 02 e1191229 OO•ol573565 Ol-ol722095 00 o4T90000 01 
o1554861 Ol el047658 02 o2541454 OO•o2332178 01-o1037178 00 o9000000 01 
ol786976 01 e9377193 01 e50A62~ OO-o2454259 Ol•o2887206-0l og2~0000 01 
ol929544 01 e7885609 01 o7774804 OO•oi927435 01 o161~A'35•01 o~SiOOC:JO Ol 
o19856B6 01 e6320006 01 1 9390048 00~0 1110042 01 0 2424276•01 $ST~OCO~ Oi 
o1998437 01 e495363~ 01 ,9911734 OO-o44e56.,1 00 o1,88~17~1 o60000CO 01 
el99992l 01 o306075A 01 .9994208 Oo-ot191100 00 o440~~71-02 o625G~~G 01 
ol99999B 01 o300i\677 01 e'f.999057 OO-ot<)l643,c.Ol e7G44?70-03 oGSOo::.;oo 01 
o 2000000 01 o2'34l76(') 01 • 9'999999 OO•o 1 ~ 71 040~02 o 7277~0.5-04 o~7'30~:ao 01 



UCrtL-663<. 
-ZS-

0 2000000 01 ol823765 01 o1000f'H'l0 Olo.t6795991..04 .'3o7c;e'J4-o~ o7000000 01 
0 ;!000000 ~"~1 o1420~49 01 0 l 0 0 (''H') ('It') 01•ot01525~4o(')S. 04897961-07 o72S0000 (\1 
o200000tt 01 el106169 n1 0 10000()0 01•o48,094~•06 o22976t')6-09 o 7«500<'H)0 01 
0 2000000 01 e8614855 01"1 0 1 I"H"t 0 MH'I t'11 o00001'100-3q el'\fll'\1"11'\r'l\")-39 o 779nt'H'H\ 1"11 
e2000001"1 1"11 o6709256 f"'(l o1~"~"~"~~"~M'I "1 oOC~OfH'\OO•~q 0 nnnflnno .. ~9 oRMH'It'\MI'\ I'll 
8 2000000 01 o522517' (')f'l olOt"OI"'f\1'\ f'lt o on of) Ot'H)•! q o 1'\I'H'Ir')t"lf\0•~ 9 o A~~rlf'll'\1'1 01 
o200"00t" 01 o406936q on el"~"~(ll"'!"'!"' "'1 ent"'l"'~l'\(\"•'39 enl'\nnnnn-'9 o B9MH'H'II'\ 1"11 
o20I"OO<"'I'l 01 o'l6922S 1"11'\ ol~'~<"'t"'l1"'" "1- 0 f"'r')001"100•9Q •""11"'r'lf"'l1•'39 o A'751'\M'If'l 1"11 
o2000000 1"11 o2468197 on .t/10001")("1 "'1 0 ooooooo-~q •""Onl'\n0-'39 o900M'I()I"' 1"11 
0 2000000 01 olq222"4 on .tonoono 01 .onooooo-~<> t f"'f"'OMH"'O-, q o9?!JnOOO 01 
o2000f)()f"' 1"11 o14qT017 on t1('1n('I("'M'1 ~"~1 0 ooonooo•.,9 oM\nnnnn-~ 9 o95f\f"OI"'n 1"11 
0 2000000 01 oll6!5894 00 olOOCI'II"'n f'll .o,ooooo-~9 • nooo "'<' o-~ q o97~f"'OOt:\ 01 
0 2000000 '" 1 o90:799?1-n1 oll"'l'l("'f"'l'\1'\ nt ,oonnnnn-~, 6 nnnnnnn•19'o101"1~nnn f\2 
0 200000':1 "'1 ,7071504-01 otni"O~'~I"'"' "'1 6 ooononn-~9 oi'\1"1()1'\()I'H~-~ 9 e1025f'()O 1"1:? 
o200000" f'l o5507:?93-0l .1nnnnnn I'll 0 nont'tnnn-'39 ol'll"\nf'lnl'\n-~9 o1051'1f"'OI'l I'\;? 

o200000f' 01 o42690A4-0l ol'"~(')f'll'\f"' Ot .n,..,ononn-,9 ,ononnno-~9 .t 0 715000 f'l? 

o200r:l00" 1"11 ·''340.,42.-01 .lf"'l"'f'll'\("11'\ f"'l .ol"'nr'lf'lflf"l'l-~ 9 ol'\l'll'li"'M\1"1-~ 9 ollOI'\fll"\1"1 f"'? 



D!SIGNATiON .NP ;INDo ENERGY VtO' 
' S 1/2 0 2000000 01•o202210~ 0~ ol541?94 0?. 

ucn.L-8634 
-26-

LAP-16DA 
oA41G69? 60 

ALPHA S ol150115•01-o9515059~00 •2771934 02-e463447q 03 e5365406 04 
0 nooo0('~-,9 .~~~n~~~.,~ .o~o~~nn·~~ .nn~nnnn-~q .~~~n~~~~~q 

BETA S - 0 3372277•02 el99~774 OO-e5044~97 01 o7S231~2 02-~96,?191 03 
0 nooon"~-3q ,~nnnn~n-~9 0 nnnn~nn.,q 0 nnnnnno-~q 0n~~~ft0~~~ 

R TIMES VfR) V(R) .INTEG~AL F G RHO 
o282297A•O~ o1541294 0? ,97~~~~-09 e114~,7~·01•e~,6~~?~-02•e4000000 01 
o3624767-03 el541290 02 ,191242'5-08 o141(,70?.-0l•o4156?48-o2-•'750000 01 
o4654278-03 ol54t2a~ 02 ,37~7~05-0R o1747~16•01•o5127~79-02•o~500000 Ot 
o~976182-o3 e1541278 0? e1~~2~70e0R e215~2~9•01-o(,~25205-0'--•~'50000 01 
o767~51t-o; el5412~6 0? ,14?64~?-07 •'-~~7~~~-0t-o7A0147B-o2-•'000000 01 
o9852869-03 e1541248 0? ,2785300•07 .~2760qO-nt-e9(,20400-0?.-0 2T50000 01 
o1265111•02 .1,41?71 0? .~436021·~~ e40,7,41-01•otte~066-0t-.,~ooooo 01 
el624392•02 e154llA0 0? e1<"~02._,94•0" v497~l09-01-o14~181~-C1-e2250<'00 C'l1 
o2085676-02 e1541118 02 o/06648~-0,., o,.,122'4~-01-e1~00~~1-01-e?COOOOO 01 
e26778q6•02 el541021 02 o4023476-06 o7~~'.310-0l•o2~17674-01-e17~0000 01 
o3438167•fl2 1 115408a0 02 o7fl2367l-01) e9258247•t'H•o~729n1.B-Ol-e1~00000 en 
,4414071•02 0 1540662 0? ol'>l-6-7,97-0ii oll~,.,6~? OO•e3~5~11)20-01•el'~OOOO 01 
o5666573~n2 e1~4011~ nz v2942l·O-n~ ol~q11~4 nn-o4171404-01-e1000000 01 
o7273691•02 e1539841 0? 0 ~68~772-0~ o17046B~ nn-,~0~11)1~~-0l-e7500000 00 
o9335103-"2 el53909~ 0~ e10941~~-04 o70~0~7! OO-o,.,lA9441-0l-e~OOOOOO ~0 
el197787•01 ol5379R~ 02 o2096774-04 e2~~0611 00-,7~~1021-01-o/500000 00 
ol536337-ol ol536~3~ 02 ,3994724-04 o3065,50 no-.92094~~-01 o0000000-~9 
ol969562~l o1533897 0~ o75535~J-04 .~69?~0~ OO•o1t17~00 00 e2~00000 00 
o2523072-01 o1~10,21 02 •14!44Al-01 e44170~4 00-e1349402 00 e5000000 00 
o3228716•01 el~25]1R Oj .7615714-01 .~,~40~4 OO•o1~191A7 00 e7,00000 00 
o4125631•01 e1517735 02 ,4759120-03 e61Z,99~ OO.o19271lq 00 •10~0000 01 
o5261193-n1 .1507~~7 02 .847e?.9l-~~ o70~?7~0 no-•''-AQ44A on ol2,0000 01 
.6691862•01 ol4Q3]~7 0? .14f,9';4?•02 .·79407-47 oo-.~6:.11\~59 00 .1500000 01 
e8484167•01 el474328 02 e2457~?R•Oi' eA66q847 00- 1 ,00661-, 00 1 1750000 Ot 
o1071685 00 el450~6~ 0? w30?1001•02 0 90~0?'~ oo-,~~469'2 00 ,,000000 Ot 
ol348662 ~0 el42147o 02 ,5RR~O~o~~ o8An62~3 OO•e3A12777 00 e22~0000 01 
o1692159 00· o13B900() 02 c8l'S3~f><+-02 0 77!'HHH1 00-,,731329 00 o2~00000 01 
o2120612 ~0 o1~~~6~'- 0'- o102040o-Ol ~~~2~749 OO•o3624404 00 o2750000 01 
e266119B no •13249~1 02 oll4037~·01 e1A91640 OO•e,21,~29 00 •'000000 01 
o3150733. 00 e129922'l 0'- o12000G~-01-o299c_;4fP O~o,447017 l')n o~2t;OOOO 01 
o4228600 00 .o1276927 0' o14_95027•01•oG;~48016 0"-ol'l5n76' 00 e1l~00000 01 
o5319918 00 el250A~O 02 0 26,14~,_0+•c1'01,13 Ot-.~464Ate-02 o~750000 01 
o661A217 00 o1212160 02 0 ~0R1340t;-01-o1457'll64 01 0 11,?640 on e4000000 Ot 
o8130~94 ~0 et1'>97~o 02 .785524t•O·l·•o·l.t.o6a91 01 el~A7709 00 e42SOOOO 01 
e9952794 nn 0 1105f,~~ 0~ ~897~6~'-01•o1R72229 on el92~A70 on e4500000 01 
el225861 01 e1060578 0~ 1~915504•01 0 1069,21 01 e125~~84 00 e4790000 Ot 
o14984~0 01 e10CQ6~4 0?. 0 1941571 00 0 21462~6 01 0 2494~72•01 o5000000 01 
el753171 01 e9199801 01 ,4402536 00 e2520780 Ol•e531~292-0l •5290000 01 
ol917727 01 e7837316 01 ,,39?987 00 0 207300~ Ot•o759~768•01 .~~00000 01 
ol983623 01 e63l3440 01 e9290159 00 e1207054 Ol-e54~2461•01 o5750000 ~l 
e1990307 01 ,4953~10 01 e9901890 00 G47?3602 OO-o240299G-01 e6000000 01 
o1999922 01 e3860760 01 o9994112 00 e1221204 OO•o6429177-02 o6290000 01 
ol999998 n1 .,300Ml77 01 a999987~ O() ~l0'.?H)295-<)1.,.. 0 98679?4-<)3 e6500000 01 
e2000000 01 e2341760 0] ,qqqqqqq 00 e14Sl995•02- 8.7A537A8-04 0 6790000 01 
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~-~-~-------N~~~~ ccccccccccccccccc 
cccococcccccccccc 
cccoccccocccccccc 
OCGOCCCCCCCCCCCCC 
cc~occccccccc~crc 
c~c~c~c~c~c~c~~~c 
c~~~CN~~c~~~cccc-

~~~~~~eE~~~~-----• • • • • • • • • • • • • • • • • 
rr-~~~~~~~~~~~~~~~ 
ccc-~~~~~rr~rrr~~ 
tllltlltllllltltt 
~~r~occcccccccccc 
~~~~ccccccccccccc 
~~r~cCCCC-CCCCCCCC 
~~~<ccccccccccccc 
~CC40CCCCCCCCCCCC 
r-<rr-ccccccccccccc 
~v-~ccccccccc<ccc 

0 0 ••••••••••••••• 

s e t ' •~~-~~~~~u~~o~~u~ 
ccc-~~~~~r~rrrr~~ e ;\ t·-1 ~ t t f11 It It I I It 
- o c • :-~ 0 0 0 C C- C C C C C c C c 
~W0YCCCCCCCC<C<CC 
<1 o ";' IN C C < C C C < c c c C c c 
~~N~CCCCCCCCCLCC~ 
~¢0~cceoccccccccc 
~~•~ccccccccccccc 
~~~-ccccocccccccc 

• 0 0 • • • • • • • • • • • • • • 

~------------~~-cco~coccccccccccc 

ccccccccccccccccc 
ccccccccccccccccc 
ccccocccoccccc~cc 
cccooccccccc-ccccc 
cccoccccccccccccc 
OCC·CC C•CCCCCC< C.< C C 

~~----------~----• ~ • D e • o • • • • • • • • • • • 

---occcccccc----
cccoccccccccc~ccc 

I f I I I 
~OC4~PO~~~r-·-·~·~ 
~•~~~r-<N~r~&ccc~• 
~~~m~~~N.~C~C~~C~ 
~c~q~~~~o~~ro-r-cc 
~NOMC~~~~~~cr-r-c~4 
~~-~~Nc-~u•-co~Nr 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
mission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on beha1 f of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 




