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PROORA.MS FOR THE ANOU l...AJ:P. OISTlUBUTION ANALYSIS 

·., 

·~·' ·,·1 ~· . 

' '!' ~· _.: 

.<:J. .. 

BY A MAXIMUl+lt-l,UtX:LIHOOD METt-IOD 

. ' 
'•: .. ·'.. . . . . . . . . . . '.:..1·::.· 

· .Lawi"ence R.adit~~ticn Labo·::ato:ry : · . :· · 
.. · .: : .. University o£ California: :/' · ·. ·. 

· · ·· Berkeley 11 • CaUforDia ·· ·· · 

.:·.:· :' .Feo:rua:ry 26p .. 19~~ .:· 

·, 
.t :, ••·· .• ·, 
.;,., ,' .... 

. ·:·· 

·., ... ·' ..... 

The tWo program& descd'bed' in this. paper have· been written !or. the .. 

· ·analyst~ of an angular distribution by using the muimum•likelihood method,. 

· The programs· are· particwa:dy s'Uited for the cases i~ which the least .. 

·squares method is inapplicable, i. eo~ wht4m come intervals of the.distribution 

. . . are so poorly populatec:1. that the dtstribu.tion of assigned errors hi not Oaussian. 

· ~ .. The programs~ called· u~u an.cl '~~:.~", have been wdtten for the 

I 

·. : 709 and 7090 lBM comp11ter o£ the Law~ence RM!a.tion Labo;ratory, Berkeley .. 

. They ha.ve to be ru with the FOR TAAN MONITOR systemo A copy o! each 

f .of these program~ b available fron1 Robrarf: Hir~ey~ Alvarez group,· Lawrence . . :. ' ~ . '· ,. 

.. Radiation Laboz:atory, . 

r , 
... .. 

. 'nle function fUted to the exptildmental ,J.ata is 
. . * •• 

· £ = 1 · + a 1u 1 + a. u., + • • .. + a u • · • • · - · · . · 2•"' _ n n 

: . .'· 

~ ·. . ' 

{1) 

• where u1, ~Z; •" • un are ginn £unctio:~.'a ~~ ~e e~.~gle 8 defining the angular 
..... , 

· distribution. 
-'· 

In ;program ~'AD~Cos" the function £ to a. polynomial o! order n iZt 

cos 6., 

.... 
.. 

·Belgium. 

' ; 

;,, ' ..... , 
'• .· 

f- -· .' 
\ ··-
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UCl\L ... lOlOO 

·•· In Program "AD ... Leg" the fw.'lctlons ui. are .the 'mnormalized Legeudre .· 
.• . . . 1 . : .. ,. . . ' .. . ; . . . . 
· polynomials · that satisfy the relations 

, z.e 1 . . .. . 'l 1 ·. . . . .. · 
'· J?i (cos 6) = .. -i ., eos e Pll: .,. 1 (cos 8) .. -i- P1 .. 2 {cos 8), . (2.) 

· · ,. · .: · .. • · · ~ · · ·. · · ·· ·· · · dP . · (e~e 6) ·· · cU? ~cos8) · · 
· ··~.· · :.- ., .. ~~~· ·1) '11'!!1 , · • .o-. ·•· "'J .. , .it t·l 1. ;_:,.;.. :': ~- l· ' ·~ c;.v.l. ,.. .l ·, ~; ,:. •; ~n · . . ..,""'" + . .~r,n ,cos "'r .= --a·'"-·~·~·-""· ... .,...,..,.r ... '14 ·- .·"· .. ,. · ... . . . .. _ . COli"' . ,u COS g. 

(3) . 
r': 

.. • · ·· . · · The n:ialdmU.m value £or n ia Ul for both cases. . -~- . 

· _The experimental diatdbutlon is assumed to be. known withi~ two intervcus 

'of cos e extendins from c.:<is'8 =!. to'coa 8 wi a tor the'first interval and from 
;·.'.·: ·~· .:.' .. •. .- .. , • -: ·.' . ,· •· •.•• t ••.• ' ,: •. •• : .: ·•• • . • •. : '·. • • . ' '; .•• 'I' .• · ( ,' ,. : • • .. ' ,' .••. ' •. . • 

cos 8 = c to ·coS' 8 i: d for the second {Fig •.. 1)., . Thl~f a.Uowa orie to delete . '. 
.·, ' ~. ' ·~ .... · .,. . . . ·. . 

' . regions ol'the'distribution 'where it coUld ha.ve'b~en difficult or impossible: 

·ex~erl~~iaiiy'to meaa~~.-·t:he ev~nts~ as !or example in the'fo~~ard:.and: .. 
'f 

· b&ck~ard dire~tt~ria~ : · ' <' " ;. . , · · · · · · · '.· · ·· .; ' '· ' · ' ; :· · 

. . , ·· . >' ne.;pJ!obabiii~··~t~a ~v·en eve.nr. has a\ratue' 6
1
:·m dcoa ·e·t~'-,_.: :-:::· .. 

.. '·:· "·.. '. ~ . . . . . '• ' . ' . . ' . 
·t'' , ... ·:· .. .,•,·, .... ,: .. _.' .· '. :· .. '• £(6i) .... ,·:.!:,.;, .... ~ ·... . 

. .· 

··; 

. ~ • .. 

·.:·1·, •;' 
"·:· ·.· 

I • ' ' ' 

' :·: 
- .··'· .. · 

'·::,,.~J~1)_d~~~~ • ·"'b.""(( '· . =;·~~ d ~os.8 ... ~-.. ,- .(4) 

fa.-~Jc (£(6~ dco~6~"-,:::·· ...... ,· ,,:•·-·. 

. ....... 
•, .. ;-, 

.. ~-

' I ' r " . ~- ~ •·.. ' ' ' 

·',_ . 

. . .; 
;' ~-- . . . ~ 

I,-+,, • 

(5) 

!. ~: 

(6) 

·,, '. 

_. 

· . ( l) ~. Erdelyi, Map.us, Ober:tettinge:r, and Tric:omi, Jnshe!..!!ana.cendental; 
> "'' 

0 
I' • ~ .. 

00 
' 

0 

f , .. 

', 'j, 
. ~-

' •' ..... 
\ ·· . ..... .. --,..-~ .. ~......__ .. ___ . __ _:,.. __ ."'-. -._......,. 

. •. ' . . ·· .. 
. : •: .. ' ~ . . 

-----~-.-.--- ··-----~ ~---· 

'· ... ·· .. 



:··,· 
I, • . 

. J 

or .J 
·'.' .;,' ·. ·!-':' ··. · .. ' . ' ' . ~ . . 

' 
. :· .:~-; : . -~ ... ; " :._.. . .. ~ . 

. ; . ~ . 
I 

,;J • ... 

.... '·. '". ,<',< ., ·, :.,,;:,' .• b ··d .. ; ' , .. 

. . .. . ·~ :_ ~1. (cos:6i) .··.·,.···N· ·, Ja ··+je ['1 (cos G) dcos 6~ '··.'o . . .(;: ;.·: 
,······:.t-_· ·f(cose)···· · 1i» ··d '". ·. ·. SIC .. •J. .'' l?)'_.,: .. :.::;·.·:: 

• ' ' 'f'oh ;'; · l ·, :J~/L [i !~<>.s. ~) dCoG 6} ' ', ::• U: ;,} 
: • . .. 

4 

. . • ,, . >Th~se 'e~\\&tio~~· are, nonlin~ar'b\ ~h~ co_<af!iclents ?'.a~' .:.They ha.ye been 
.. · .. ,• < ... -~ ': . .J. :::• ;>··.-·>~.~··.·· 1, .:,· ,·. ; .. _ ... ; .. ··.·.~ :,'·.·· : .. • ..... ' ·:_:_ .. :· • .. ·.··.·l~:.;_.·.· .... : ... ~~.·-... · · .... ' .· ... ·;,;: .. ~ 

· · solved by an iterative pzoocedure, sta.rtmg from ~PPlt.o:sd.m.ate values a:;· .·· ·o. 
·.: • .- .. j_.·· ...... } •• <'·,_~-.·.·;·_,, .• : .... · ..... 1:',.:.-: :·.· .... ·)~~·· ..... l.~<· .. :.-,1~ . ·-~·· £ ... l\· :..··~·~·-

which are as'sumedto bedinow:ie,'' .,. I, I "I' <,:~,.: . ·, .··~· ., 

'; .. 

. ·' .. 

,··,''.: .··/ .. ~~:\ ... \,'?;_·l';._;·_..j,· .. ~·· ·,:··· ,• ·~·:·' .. '·•·" 
. The exact' solution is thon St~lppoaed to be ..... ;_ . ': 

0 . . . • t • ; _; ,·, ·:·; · .. 
• • • • ' • . . ' . 1 ' . • ' : . . •• : • ' ' • .. ; • . ; ~ 

, , I I ';' • .•. ;•::•·!' '.I •·'·, a,~. ~.a:·+ ~t·'' ~ , ,.'; • ·., ·. • tar 0 

.. i'·f~rst' att~~pt t~·d.~e~~ne ~Ia) -&J~iution;i~ made~ b~·soivl~g-~e-!ollowin~' 
::· ... : .· ___ :' ·. ,· ... : : :.:1·~--~.·' ·. '·~·· :. ':·. •.; ,'. ' .... · .. : -~.-. ... • . ''. . .· ·' · ... ·~ '· · .. ·.·· .:" : · .. ·. ,... '';.~·. 

··. ·· · equa.tions0 obta.inea a,·expend.ing. :S::qo. ( 7) in a Taylor series and keeping .. ; 

. ·: -· ;', ' 

• .... ··.·~·.··.. • •. '· •. f '. ,. '~'-~.-it.. ·'.;~:·_···'t.·~· 

.·,' only fi~-st-o~d·~·~·,;~s hi'Aa_£·t· .. '·' '.'. '-.': ' .. :' ., ·,I .• . !.' ., ·~ . 

. •·. ' ,,-:)_ .,•' .,· ··.· .. ·.-· .. ·. ··_.,,\ __ ::. -~- ... ·.' b'' ·d .. ,,, ·.\ :~ ... · ... : •. ,·' ., 

· · N ·. ·.ur1 ·<~:_s ei) ·_··~ ~- 'k.""'k (u.l! (co' 61) d cos 6). "< .· .... ·. · .. 

,. • i~'l ·~~~:~e~) :, {~1(~0(,cos8) d,eos6), .', ', 

19
) ' 

.·._., 

.... ,; 
· .. t. 

,•:. 'case,· the integrals in(9).have been reduced by using relation (2) and (3)., 

,. ·The increments A~. found by solving the tryste~(9) &l'e added to the approxi• 
. ' . ' .·' . " "' 

mate coefficient ak"' The resw.ting ~fal\wo of ~t. ar~ then used as a new 
, , •. • r. . . , ~ . ' , . , . . . .' . ' . ; ' • :. " 

....... ' 

.. apprOximate solution ud. ·tb.te procedure to repeated. star~ng .from (8) .. 
"' . ·./ " . . . ~- ~ 

· .. ; ;·. 1 . 
i 

I ' - . ·. .. ~ ' ,'· ~·; . " . 
·;\>. 

~ \ ·,·_ , .. ,;( .. :···· . . .. 

',' ... :. \-' > 4'• 

~r r . . ~ · .. 
,'. ·.· 

:.~.:..-............ ~--~·~~-~:...:..~...:..:__. .. _ __.,"';""""""-~-··.;. ... ,.. ..... ,..... ·_:.:. :::' ,.,.....-._ ... ~-~--,-__,....;,. . ___ ...,,_. __ :i .. ~_; ~- ,. __ '_, __ ......... -_--.:...-......._~· ... ~~:--- ~~-~--:--~-~~~~----:--.-'-:---'--· ·~ ... ---·--.-·-·-



•,-;,•' 

·.! 
..... 

. ; 

At ea•.ch itera.tioD, the quantities ;~··· · 

... . ·· · ~:·.:::·: : ~· ':. ··.Jt·"k·. · .. '·_,. [··· · _,.'z_£n~.····J.., .. ·.-f. . .. 
. ·. •'" •• ·• ·,·: ••• , '-'-: <iOi - - - • • (10.) 

".· ..... ·•. . ;, ....... · .. ·:.. . . ' . '. ' ' , . . "" .. . . ,, ... 
1 & k :. · ... ·:-' .. r .... 
, ... · !~, ,1 • ·. _; -~ , ; I • ',l • ·_, • 

1 

·~~ . · . .' : ;: .,·' . .a '1<.-, > ', : , . ' ,' •'_' :. {,:..,;· .. \. •: ' ~ ' • "'! 

, ,· ".: •I' ••• ',., '.•. ;, ~ • • .. . ', ' '' ,' 

0 

• -c '• , \ o ~' ~} '~-·' .:-., ·, 

• • • ~ ., • • • . _l ' .... -~ • - • J 

'·~recomputed. These q~tities. which would represent the standard errore 
r·:.. . . ·. _ ... _, ·:~; :·· _·:--:-··::· .:1.· · .. • .•. ·.· -· · .• • •· 1 ;' • ·;· :._ -~ :.- . ._. .. ,.!.:; · ·_ .. ~~i 

· .. ' • !, 

, .. 

... 
·' 

..... if ~~ .. ~~e~~c~e~:~ ~·,~ere .~ot ~o~r·olate~, ~~e ·~~@~·~'-~~d.~", ~~~:V~~gence~\ .·· · · · 

check.·. ln the pre.s~mt version o£ ·the. programs." f;ne iteration P..rocedure is ·· ..... . 
. ) .. ·-~'·,; .. ~~·<,,·;~ ·.;.';., <!::'.P...\_"~(', ... --~~-'. ·~-. ~~:·.;.t·:'~. ,•, ' i, ,,'·,. ;,' . ' '·:.::,,,·l .. f'1 ' ', :. •, :.• '. ,'': ,,·'<!· .. '.~ . :~:- : .... 

. • . :. stopped; when ~e·1·a.&lt mc~e,m.ents ~~.found b'f solving~~: syat~m <.9)·1ca.re .' :: · 
'.'~"·, _.'·. ·: ';:: ·• .. ::·~ ;:,~.::•::·:w~·.o .. .'::- _.!• .. j "··:·<~:""-'::,,_:_! ,.~·,: .. /·· .!.·'·.,: _..,: >··. ·,.l-', ': .. ( ',· :' '•, :: ••· ·,····.~··. ,' ....... -·~ 

·.· '. >:!:!:!_ s~l·r than. a cert.Un ~:>action C)f thtai:r ;respec,tiv~ ~~s~~.d .er.r.o:rs" ,, . ,' . 
·,:.··· .. ·' !: ,'- . ,., . ~ .'.1 ' . _ _;-• 4"~ ~·· .'. _ .. _;1 . · • .'.' '·. ·:.·.. .. . ... • ·<;~-,-<,'~~~7-" ' . . :·· . .-· .... 

, · •. ·. ·o~·' Tbie. f:ra.ctio~ c:.anf)~e: .lntrodu.Q.ttd in t.he.p:ros~ams 1ae.~.~Jl1tial; .: ·' .. ,, 

• ..... . ··! ,. ·. ·.·.·.in£···: .. ··_ ... :·-,o·:··._r .. :_··.m·;:·.: ati~n (XE_· .rut)~ .. ·., ,,<·.:-. .. .. . . ': ... · .. · .. , . · .. ' .. · ... ·· . · · _:>·.'-'._. · · ·· .. · ~ · 
' , ' \, 1 ~ ,'1 ~ ;,,:• • . ··~ .:,' 1 ~. 1: "t'\' _:,·,·,' .. ~ ; •:. 

, f 1 I ' • ·".~:', ·:·· •• ··~, j·_-L.~·;·,-. ' ~, '•.· .. ·? /,' - ,. ''- .'. 
' . ', '. -~ ~ . ' 

·,. ···, ·· . Remarks· 
.' ;.' ,' ., ... :,; .. t .• · 

··· . .r 
I ~. . ~. ; 

'·'. 

· .. , .. The £unction £,•. vvhich should :~.·e};u:e sent the probability di;»tribution 
. ·~' 

·. ,. .. .· ' ' _. ; ___ ' ·.. . : .. ,· .· . . 

l -::· 

... 

· . .;:.· 

.. ; 1.!'4 

'.· 

· .. ···~ of. the events• eat~.' take nega.tiv~·~v·a.!UfiU. for LU1 at:bitra.ry ·Set;. Of the coefficients~ 
~~. r , ;_ ·•· •. ·,,: ., .. \:. .·.: " .. · , ;' , : .. •·. . ., ' . , . . , ,' 

· ·.:'.When this ha:ppenei~·the.·~o\U~E!le of.,~e ite:ra.ti~ proee.dure., new approximate 

•. .. ~coe~ici~nt~ ~;. &~().' d~~r~ed. ~Y. &.dding .. t~ .. the ~PI>~~:dma~. coef!ieient~ of· · 

.. the.pre~~us step 1/~0.~~ lncre.~ents ~~~t" U necess_a:ryo- the; inc.reme'ntlii. . . 

. . ··. ~:re reduced ~~atn by tne ·sa~ tactor an~ the iiera.tiv~ p~oeedure is continued •. 
-·.- :_: ·: ·.- _ ... : . • . . .• ,, ·.; _.. . _; :_. • u .' • ·,.. ·.' . . .• . . . -- ••. · . : .•• •'. ' ' . :··.: :': . . 

,. .. .. ·:_ . . ·· · ' !~~!.F~rmat . . ' · 

·. ·. The experimental angular diotributio~ can be fed into the prog:ratn in 
. . . . . . ~' . . ·. ' ; ... 

tWo different ways:'.· · · ·, · · ' '· ·. 
. ;·:·: 

'· 
· (a) ~S a lis~,_2f individU_!!._.!l.!e:!?&!.t eac:h Wit.b..,!tEX C:O:rreeponding value of COS(;); 

' , ' . 
... 

(b)· as a hfstog~a.~:;~''!! ... or each inte:rva~le i;h(j nUm.ber oi the events ruid the · .. :,"·" 
. . . 

· '· ... value 'o! coa··s co:rreap~nding to the middle 'o£ the''"interval ~re given.. 1-\ll the 
. ' . . . 

/· 

·, . 
· .· putor (and reduces the Dumbe~ o£ input ca:rds)~ The intervals have t? be 

. ,chosen small enough. m o~d.er to.b.a.ve a distribution pr&eti(!au.y equivalent to 
. . . . ' ~ . '• . \''\ 

. ' . 
~ ·.·. . .. ';' .. .I . I . 

' ~ l 

. i 

. i 
··;_ . 

! ; 
.. t~ 
... 

·; 

j 
' l 
\ ·. 

i· 
T 

. :~ 

I" 
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that of ease a.-. · '. , .. 
• I 

_ .. ·· ·.· .. ,.· 

.. -· The input.da.ta.ha.ve-to be giV(!In 'on punched cardm, ·.in· the. foUowing order~· ... _ 

i' ... 
• ' f • ' ' ., • • • ,' '. o • ' • • ', ·' • i' 1:.' • •. ( ll ' ' ' • ' . • • i" ' ' ::. ~ . : \ ' ' ' • '• •, • • \ • I ! . ' .. I .' • ·~ ' ; ,:_ ' •.," • 

· 1 o· . ()ne. e'ard ~l~. the. ~mum DUMbS~' Of itfu•atlo~~-.e.Uow~·~ P.sict the· fa~ tel": ' . ~ .. t 
f ~ ' ' .·~·-· ._- ... ~:··_: '. ·, ·.) .. ' ·: ~ :. ' . . ~-.. ; .. -~ ' .. • ,·'.1 

1 ' . . . ' . . ·' •. ~ ,l ' .•.. :.~, .. ' i ' " .' -
fll ; ~ ,• '~· -'. • ', 1,. • • '. •I ,· • ·, '~ • •.'\ \' ••• ! • 

·-.:· . # ·• .·. : : •• ~:_.=· ~- ' . . ~· ·, ... '. ·. :.:·· . . ·.,: . 1.·. ·.··· .. ", .. :, .',=.- ~~--
. 2. One ca.:-(1 ~ith. the limits. of the experimental angular distii~bution (see ·• . i , · • . ·•·· 

• . • • . . • . . . • . ,. . ·: . • .. . •• . • • . • ~ •. ~ '. : _. . f• ·. -. . 

. ··ahlrv:e):. a,·b,. ~·,.\t •. ~ormat(ZOX11 .4F:t0~5)_ ·i_.,. ~· ,. ;:,,~·:,, ,·,_:·,.; •. ,, ,. : ... · ' 

. . ~ '... l ; ' ; ... ·' : '• • ' "'. • .. ., 

· · .• > _· 3 •.. One card with thO. numbe;r ·oflintel\"Val4!1 i~ Case (b).ab~v~,-· witb.the total 

.·· · .•.. nUmb;;r '~£ ~ve~t~ ln.c~iie (a)~. Fq~m&t ( ZOX,U 0) · . . ,, ..... ·· ••. : ; , , , . • . 

·.. · 4.- . For. each inte~·:91" ~aeh event, on® c_ard with .the eo'rrespond.infi value · · · · · 

· .. , ofcos sa.tld the cor~es~·g nuxxiber or ~vents (~ne;i~C-as:·(~))~··. Fo:nnat 
• • • • ' .. • ' • • • '_. 1 • : ·, ' ~ • : • ., ..... • • : '. • ' • '. ' ' ' • • .' '.:. • ·, • :. • ... J . ·' ' • • • • : • ' . . • : ' 

1. • •• (ZOX
0 

FlO.S;- UO) .. : .... : . , . i . . . . . . ·. . ., . , . . . . 

,. ~ 

s. One card for the orde1• n.,. FoJrm.at ( ~o~:,. · U 0) · . 

··· ·· ' ;_ < . At this point,.: U:. a function t ~l dii!arent order!. he.s ~ be fitted to 
. ' ' . ' . ' ' ·! ', •. - . ., { ; ' . ';' . . ' \ ' ·' ! ,' . 

. ·. i 

the same :experim~ntal Clata0 stGps E) and 6 ar\111 repeatedo ~;., .... · ... 
! : ', • • ;.: • ~ ·:~ ·;.... ' 

. ·· ~rough,6, _incl\tsiv~, are added.,~· _·, .· .. : .. · ..... 1 .• 

8. . A blank card which is interpreted aga the end of the ealcula.tions~-
. . . . 

' • ·! ' . .-: ' ., ~;; :. I • ;. 
. 0uh;J.ut -Fo:l\"m.at --=.-t:.:-

' . . . . 
. . ~ . 

· Her_e is giveSl an example of outj,:>ut for an angular distribution analyzed 

by the 11AD ... Cosn_.progra~. tlbH!lX&lrnple ia shown~~ the f()llo~ng page.,.) 
' • . . • ' • • '·· ' ·, • ., '.1 • •.•• ' '. ' 

.;,i .. :: . The output for1na..t. is. identical for: tl:ull_ WQ~':!.e l" ~rog:ram.,·' . '!'he ti~e required ..... _.-

... 
. · 

/ 

. ~ ·: 

' .. . .· . ' . . 
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Remarks · 

1 .. At the end of each step the value o£ the likelihood function is . 
computed and printed~ ., . . .. (" .. · . . .. : . 

. . . . ' 

z •. When· a. satlafactory set of coefticiento haa been found,. the error· 

matrix is computed by lj).ve#sion" o£ th~ matrix formed with' the. eecond .... 

derivatives o!the logarithm o£ the Ul-..elihood function L •. ·. ·.. . ·:. ·--·. '· , . 

·:· : · ·. 3~ ... Tho f~ti~~ £ 18 ~tegrated.-over the ~o inte:rvaia(a,.b) ~d ... 
: • • • • • " • , j. • • ~ '. : \ ' • ' . • • 

(c, d) and the reeulte:&re'printed~ . ' . ' ' ',· '· ·: '·.: ·•.' ; ·: ' 
' . 

· ·4. · Th• .fitted diatribution·Dor:nalized to tho numb~r. o£ events in the 

interval a (a, b) and (c, d)_ is tabulated for values o£· cos8 from. :-1: to +1 for 

intervals of Width 0.1 ~ 
,._'. 

·· s. U a sati'sfaetory sOlution has not been found after the allowed number 

of iterations, the 1-.st ~crementa A~ are printed in addition to the other 

information. · . ' 
6. U the function· f takes negative valueo fo'B' the initial coefficients, .. 

. ., . 
· the calculation le stopped.: The program bas to be sent .back to the compute:-

with another $Ot of initlal-valueo. 
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'1 
DATA ;1 " 

.. 

'-0.9000 
-0.7000 
-0.5000 ,. 
-0.3000 
-0 olOOO 
0.1000 
0.3000 
o.sooo 

,~: ·o. 1ooo , 
0.9000 

RE$ULTS FOR ORDER N = 3 

(. . 
fHt 

L. 
L. 
L •. 

INITIAL PARAME~ERS 
0.730E 00 
Ool68f:-OO 
o • 

FUNCT. AFTER ITER NO. 
PROS. FUNCT. WAS NEG. 
FUNCT. AFTER .ITER NO. 
FUNCT. AFTER ITER NO. 
FUNCT. AFTER ITER NO. 

1 '= 
AT HER. 

2 "' 
3 = 
'• 

13 
8 
7 

13 
14 
23 
27 
31t 

33 
21 

NO.= 2 
-112.8384 
-111.6715 
-Hlo569l 

.NUMBER OF !TERATIONS = 4 FOR N = 3 LJK.FNCTG # 

SATISFACTORY SOLUTION ~OR THt PARAMETERS 
O.l63E 01 

-O.l65E-OO 
-O.l71E 01 

SQ. ROOT OF lNV. OF SEC •. DER.·. 
O.l009E-OO 
0.1813£-00 
0.167'•1:-0·o 

!NTEGRAfED DISTRIBUTION O.l890E 01 

ERROR MATRIX 
0•7170E-Ol O.l679E-01 
Ool679E-Ol Oo4727E-01 

-O.l018E-OO -0.4147E-02 

-0.10181::-00 
-0.4147E-02 

li -. O.l615E-OO 

FITTED DISTRIBUTION 
-0.950 0.790t 01 
-0.850 0.562E 01 
-0.750 '0.419t 01 
-0.65o ·o.351E 01 
-0.550 Oo34BE 01 

~· . 

-0.450 
-0.350 
-0.250' 
-0.150 
-0.050 
0.050 
0.150 
0.250 
0.350 
0.450 
0.550 
0.650 
0.750 
o.a5o 
0.950 

I, 

0.39'lt 01 
0.4'l4E 01 
0.623.l 01 
0.774f: 01 
0.938[ 01 
O.llOE 02 
0.126( 02 
0.1 1t0t 02 
O.l51E 02 

r { O.l57E 02, 
1
'' 0. l59E 02 '" 

; I Oo155t 02 
,·: O.l43E 02 

'{0.1241: 02 
0. ~481: ·0 l 
I dl I, 

I ,. 

.. 

'l .. . , 

., 
\ 

,, I. 

... 
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Fig. 2. Experimental and normalized fitted distribution. 




