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pr~i*ielli ~~; the. Sh~r a®totne lnrtest; nu~~r· ef p~tit)lee,~ 
. ~ . 

. 9lll~ caaomle pr~oo~s is ·a eteebastic ·prc~eas all4. it can \10· 
aol~~a: both· ·tv 1-lont~ .carlo ·.fUlil. the :m.ia~!cal mu~hotl~- · 

file. &1~l¥t:ic~l. tr~th·Ofi ,e;tGJ!ts t1i1ib -~~ tU.;ftri$1~, -ta,f,fP~t'iO'~;c 
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p~eblem 6f' the :taM l;ilene~tt\!ltl. :twt' Id·t!!s --~f- :np~~iroht:tcns ~e 
. ' 

USU&lls" Itndta:~ 

.·· In th~· er;:, cat1e.d· ··npp~-m~1!l;Q!l; ~~- .'tbe:· lo·s~· -·o:r S!le!J;«f bJ 

to~-s~tic.n ~a· 'C~t>t~~- ~ec·t· ~~· ~$~~t~.ai. the -~a~o~i~ fcrm 
' •• • - - > ·- -- ,. ,,, '. ,... - •• ' ~ ~ ' • ' • •' • • • ~ • • 

ot ·cc·mvl~to ~~nifll ·~, ua~(l t.(}:r: tt~it\t1Qcn 'e.~: vail?' pr:oaucti:on · 
•. • • • ' • v -~-~- • - .... 

. · In tbO: (tpPtientr~t.i~ I&· ·tl)~ . i~i,~t'i'Q!l lo~s i'$ ino1,;U6~a bllt 
--; ~. " • • - • •• > • - -~ ' • • ' • ' • ' •• ' ~ •• i ~ .. ' . .. . -

I • 

tts .· ... J-effeot is $GSU.m<:l(l: llo ~ ~~tent. rfb'ese appt~~tio~ do no~. 
- I , • - • • • • • • ' • .: •' • ' ,·• ~.. • & • 

i~loo~ t- ·pr:~se~ ·tik~·-nuc1e:ar 1~fti'Oti()lttJi- e~~ .~rteo~ · 
. -. ' . •. ' . . ' . - . .. . .• .. " . . . ' . . .- - ~ ' . . . . . - - - . 

lliiteo:t 1?-~r pr~uCf:bi(')flS ''bf el,S~t:rmw. e.tc~ JI.~V'er m tbeb e~e$s 

eect:~hm$ -.~ amnl1 tbuy c_an -~ ~eal~~t:t •. 

'Bqt,.tati·•:{'-1·•14} 1£ ''IJ:tit.t~~- ~ttl! ·the. a:p}';lt:~ftlt:rti~: -a .. -l:Jh the ,. - . . . ' - _. . -'l, ~~ .; 
~~t.t:n~tm: 1t~E)~~'1/_e",.9-;,~) -~.IJtt,ll_~E_,"X) y~ ~")C.'.8':J,~). -~e.th$' ~~~~fa~$tltid 
e:j)rectrnm· ot: :th~ ~tec~t'oo$ -.a ptcten~ ~$J»();1i~~l:J;*> .211¢- t$rm _ .- ,-

!).. . ,, ··•·•· . . .· ~ '- . ' . . . "' ...,~· .... , :·.!-/.,,~ .. ; - . • ~ . ,> "' ·:.:_ ... 

(CJ~.e£ :- ~ -~ ~':J,_ ) stgn:ttte$ tb.e- ~et1l$b efi~t:t"iin~. ~--the -e~~~cn 
· in• thiq~e~a t:(lt~·•· tittle (~x~x + ©'i ~~) ~p:teednts tbti· cllen~e 

. ·.:- .: ..... ~~--· .. · . . -.' -

of 4tetri.bt.ltif~Di •. . ~~.·- . . . 

' . 

· OOtl oc.•e:~:tJl'!e:iiatcrs:•.- ·~~t~lung ·ttfld -~~-~~'ati-on thei~· 
., ...... -· 

· ie ricn~1;oot ·loos ·to~ gain :e.f· ~lE)l~s:.: ~heaa ·ope~n,j;c~- 're-present. . . 



The· coupled pt¢tin1 dlff~eDt1al eqUat!<;ile-( 1 •. 14) ao ·not yielll 
. . " . . . ~ . . ~ " ' 

any soluttc,n mauoli ~~u1nr:v metlloct,. r~-::u1. np~~atie• wbi® 
• • - ~ • - - • .;. • • - • • ••• . • • " • • ' .,, ' • " ·_, • • • - ~. - - • ••• ••• •,< 

e:~uree am~ll divergence is e~'m'l$ti•s ueod:* ~en so the· prcc~:eG . . .. 
' . . 

is eo ·c~•~:ome that -we us~- one of 1ts· momsllte!-
c'' • 

.(~?I) :=.) e~f(Jl)~ fJ Je . ~J.. ~'!,._) . :;- r 71'\~(T) ~tl'l d y' .··. 
·.=--·. 
·:: .. · 

. cf .a ~(fti·c·n J.tptt?: ttl'/ :$en~1tl tGrm~~:~..,~~e~rinlf -~ tt.l~:.~~~.:·?.)~t­
·t~~ _ll;b~eQt~- affect ~b~ mQmenta ht~Gt• th- tbe )m¢r~ii e~as~A ~: 

._._, .... : :- ::.: ·. ·- . ' "' ' ' ·~i· ' 
I ., • 

~he:. ~gntlaQi ~~qu(!tit>n~.-tl~v~r ~-t~n f!!~.'$·Ctnie~;a ·ot :ev:r~;, 
• . ' ::-· -· .. .' . :- i. ~ . ... - . . . J - - • • • ' • • : ·_; "" .:.- • • 

'beaides· tb~ ·~bow~ationea. iii;fti:Cul:tf .•. 

. . . . . . . . . . (6) .. . . . .. . . . ' ·: ~,;;;:.: :( .. 
· f i~~d~n~ 'b~ ~lt'ere . ·. tbe omi.$S'!eif. ot t,'hs :flt~:ft oi'tter· ·~e~ .· · 

I - • - ~ • t ~, < • 

~~ua111 :~~~- 'bttt'. ·•· ·~~· · rtetli'f()ti'Dt ~iJntmll? th~ l91f~. a~!ie·., 
~ - ·. . ' • ~. " ' .• ~ . r""""f~t· 

· ei~le" 1:1~tt~n:~.,tt ·h~ttelr· tllelOOee the· multipt{f, s•7!1: ~nt~· . 
. '.: . . -· . . . . - . - ' ' - . ~ . . . ' . - ~-. . . 

eoatt~~-ng~' 'fh~ s,.tti:1Et l~~~ ~~11Jt1~ ea~tte~i~tl·~~ feuntl: verY te. 
:• , -~ , 0 < • • <. •··, I ' ' , '· f , ' •, -~ '', ~:'};qf;/'',••• • • ' 0 

' • 
0 -~ '' 0 

0 
° ' 0 ,.;• " • • ' ~.· 

itl the :iAS· ~il :tt~l'lOS. ·tllJ -nttliS$i:on <l~$ .tat)t P~~- ·ntsJ~ d1:ft'1e~1ty. , . 
• ,· -. < '. ' • t' ' I ' ,· 

. ... " .. , ...,_ .. ~ :. ' . 

· ·tpb.e see~.a era~r· te~· in th$ aa~gs_tou. ~~nttt;a o:Jila~a·· · .· .. 
~ • --' "'"' • 7 ~ -· ' • •• ~' • •• • -- • -; • .... - ~-

'1egQ#i.tbm$tl•CB'1~;. ·~.o o•~~~· t'bis ·tit- ·eut:ta\1~ ·o:ut: ··ott pr~~a~e-
.._ . ., I. , • . .. . • " ·• " .. "' .. " , ·. ~ . - ~ • ' . _., " ': • , . . ·• - .. ' ,~ "· .,,. ·• , . • • .v .. . • ·'" " ~ • '<I 

is ne~a.e.a~. ~hltJ.le to 2!$etnct ~~ $t.~tte~t$i,·:at te:t~, -m«l'~'.::~··. 
'. • • • • • • •• ~ •• • > .._ " •••• "' • ' - .- • ' • ·- - •• ~- • t • •,.,_ . . .•. ' • - : -.. • .., 

tbit$ ·- 'h&:o ·be· a~\atefl t~ the tiJJi~ ·r~~n.:~s ·of 'tt-.e; ::-nucl'ei',: 
. ~- . ~. . . . . ·: . . . '" . . . ' . . . . . . . .. .. . ' 

'S:iw llttfUaton ~quatiene• Qt9eUEe 0' Col$ta\'lt demifW nt,roo$;;he~;. 

tld.~--~s .e'mll& .. Eje~cu~ ~ettt •en .• ,at tli·~trib-~n~;· ·. «~~711;.~~"f
1 

~-- .... JroJ.l®'lng -Be~n~(.~)~tt t~kin~ itlto.-eooe~a~~~~· th~·-.~l.¢Pttmt 
ana -~p~oa~~tiCI.l ·d e!ectrona ·9!U'l r,;h~tens »eaenkQ boo improve~f· · ... · 

• • '> • '• • ' < '! L •' ' • - • '''• ' -~ ' ,·, '' ' • ' ' • 

:the ~iffUSi@b ,equatim 111· ml4ift~ t'l few m~e terms~ lie t'bel'l t1ppl!etl' 
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6 stltM.tessi~, ~m~rat:t~ m~tnc4 ;levinetl l:u-llQee;ntat Mtl zatee.pi~; 
•• ' • < • •• - ~ ::" • -

-a, 'tttGP·lrf etep ;m~t\'!Gi deviaad. 1lV btmeelf •. Be, bae shewn. tbat 
- . -. ~ ' ',. - - ·-· - ' "._; . - . . ' ··-· . . -. . -' ' - -- -- - : - .' 

fer PX!im~' ~,ner-~e.s ::.. 110 ~V' at $'bQWQr ttttmilmm the •an. a-qun~e,-. . . ~ - - . ' . . -- ,. . . ' . . " . ~ . - - - ' . 

1i:!le _ft~t oale~lation ® tbe !{!literal uistribUtiOD Of' -elee~ 

.•. gtv~u- bY· P~tott~~~(-g) bUt- ,fle treat~a ~he ·Sb«Ver vnf~ ~pprtm ,_._- ... 

l!lat!~ A* t.hue ~,(fi~bt!n~ the !:ont~~tt·m. ltW~· -ana 'uE:G-d nfi 

'tiP~~-~JJi;~-,,~ch' wa~•~n.!fi~ Ae -.~: ,~~tn111,: the riu~~~ ct .p~rtio:ies 
• • •• • •' ' • • • • - ' ~ < • • • f, -- • • ' •• - • - -

n~- ;f~J:!:t~a~ ,¢t1e'tfl> •ae. lj~~ile'~f;mtttett ~sntl :t~ -tt~tt~l4! wt~b- l.'E!sa 
. - . . -. ·-- . .· -~ .· . . . . .,. .. - . ·-:. .. . .· ' ·. ~ . . ' . 

twction -M ,toll,~$'# 

;_;foe.) ::= o·4S(l+4-x) .2.)(p (-4"X-'lf
3

) 

··t - ... i ~~ --. _-;_. -,.:··~ ·. •. - ... - . ' :._ . . ·~ - - . 

Tbe lQte~l Q;i·$til~~~nt: -fif -the qlo~.tl!'Cn~ wll:il~ passin~ !leQr tb.e . . ' . . - . -. ., ' . .... ' . '- -~· ' '' '·- ' . ~ . ·. ' . . :· .. . ' . ~ ' ~ 

. :A: ,-t}~getl p~lel~ .. at -,ene~~ ·ll ·~te:r :~J~CSsl~g· ~.-:ate1ianc.~, . ., dt • 

ip··-,.~ ~-41~ ;~~~~~~ ·~lt!P.~~ C®lOlttb·.s~e~ll~~· ~t,-.th~('-~ttl~ 
. -~ .. ··.. .. . . . , / ,1. (E5 \:l-eU:- . . , 

,o,:f .~.oattetin.,· ~$. 8 ® .~.then t.._8 e r = E:' J :\'Vll:~:re E -=t:!f-.2 r~~. a. e ·. -.- .. 
'l!h~l t¥iit~~ ~~·· •0! Jlaturnl ·ttlnf/~4:e~nt "' 

1-?:) 5 T 
--·- ~IZ p :::t1-3 

' 

. '-

tll~· t:fulieX>e _rndiU$.,, ~~l :tb.e equ.qt!m :l!vstl by, :s~thca·:. tb.e.. fncte:r: X-::: 1;- , 
: ' '""' 



is the ~i~taooe .6em tbe ana ct the ehowe~ in 't0~ :of· tbe ·tf9liere 

1:aa~us .• 

'"'-"' 
ibe U$G ·ef t~· ti()liette ~~aiua ·· mt:it t:o ~aaure ·tJM~· 'latemi 

~: {" . - ... ~ ... ~ . · .... ~~ . . ~ . . . . . . . ~ . - . ·-· . ' . . . . .. . . . . 

spte.Qti has "$eW:rat mavm.tl1!tt'fa,. .. In tbie. uriit ·~.11~ ··M•::e~l!g· partio1ea 
- ~ . . . - ' ~ ' ,. . . . . .. . . ' .... ' -~ . . .. . . . ' . . . ... ' . -~:; :: . .. . . ~ . ' 

· · ·- 1'6~~ .p~iotei! 'bnvi1Jg, .enr;.~~t _:fr«' .grea.tli!.!::.thf1n tb;e · qri-tieal ·~lle!t'IJV 
'/ . - ..... - . . . . . . 

.. . ... 

•' '-, _,., ,. 
. . 

~~~1.~,~ to:e tlie· f!ien~:u::e-~~ de tbe etJ~~r;,- ·of: .e~~$ilPritl&. 

. . 
\. ,1. L ._ ·.·1·~. • 0 • • ." ~· •' 

0 

<., ',f.;, l, ~-~' 
0

' • : ,' 
0 

• ,< 
0 

I 
0 
'•, ,: ',' ::;' ';. ',,,· 

0 ? '• 
0 

' 

~ie~t~ra ~- ~~t~(. \.) :htrri~ ~d:1v~a ttxe:_ ,e,iftust.~.n -~quat~ten 
- • < • • • • • • • i • . • ._. :.:.. ' ~ '• • -.' • • . . :- .. -~-: : ·--~-' -~ r '· • r -' 

. wi:tb~t nPl!:t~tr~~~j 'the iWi-l:lnti9Jl i«t0: t~~~ '!h~~~ '~~~- g!V~'t.l: 
••• -. ~ :. •• ,., ~·- -· • ·-~ •• -- • ,; ; -·· :·, ~ •• , •• $. ··:: • : • ' -~-- : • -:··. ·:_,_·.q _. .. -.' ·~· ¥... • • :~ -:: . 

:~~~~·-:~t· ~~~f!fil: ~:~t~~~~~ti~ ~~ -·~ ~~.~~",·~~~:;tQzs,,.~~a .f~ ~te 
· .sltowe~·. ~o· t:flfe~rJC$~ :c~m ··be-.. ~ ttcm tile• -~.f.l~e .• ·lii~stly 

• • • ~ ' • • • • • ' • _,, • p. - • ,. • •• • - • ' • -. ' -~ • •• • <.-~ ·- ••• ., 

" . . the ~teiit~•n: ·tli~t~ibli;i(!)tl ttt· -the' .ell~" ~lm]m #.s -~~t~~ tbell 
• • . ; :-· ~ • . I". • " ~' • -. • ' • .. • • 

' . 

•·th~· ·~th$ 'f~m!n upto ~--d,~etn~~ . 25 .in. -~- ·tbf3U ''Qt!e' v~ c1cse 
~ . .. . ' . ' . ' 

' ' "tcg~thet~ ;Q!t~~ thtt't ;{iPte t2~ :the Stith~· dit!tri\}utto.n:~is s:ti!b.tly 

h~er :~a -~ tli~t' lfi.sb~~ dtsti~t!)Uti·~ ~· ~sin ·b!1her~ ·:t~ 
,. • > • - • - • • •••• ~ • - ... • .. • •• ' • • ·- ~. • • • • ' ~ • • •• • ~- •• ' - ..._ • • 

. . ."': . ..._,_ ............ ::·-~~~' ~ - . - -~~«:;::;--;'-t~ .• -.o.~, .,. : -·_·;···_"::l" __ •·.· -~ ••···. ..,• - -.. ' 

tbe l~t :t~ettietl the iietrl~ttons tl$Vi~.t~ ·fOOm eoob· ct-h~r ~udufll.l3-.: 
- -·. • • • - - • - • ' -i ~·. .. • .... • ~ • 

· ,~~~l# thel!e ~ meJ:~- ~ti1.:t!lee -~Jt.t~ cow .-t• ·~~~ewers .• .. . . . ,-·· ~ . , ~ ' ' ' 

F.fl1': iate· Qllewete ·there er.~ .~ ·•j;i<Jl~ at lal:«or <t~ttlac~., In 

~~; wcr:e$ ·the ai:~t~~ti.on t~ ~~~··*~~:·its ~esv ~~·· fe~ 
. ' •• ' '--·-·· _,' ,. J. . .. ·, ...... ' ~- ' . • "' ... . . .-::. . - . ' 

•. i· • -

i$11~ .$howe• it. ls tlt~- ~t ·naa~l¥ ~~- . the ui'fltrlbl.ttii$00 a~s tnCl!e . . . . . . .· ·' . . . .. ·: .... : - . " . . .. ~ ·. ~ --. : . . . . , . . . . m. . . . . . . . . . ·, . 
·.~ lese· equa~ tt ~ppaQrS ww web :s~1a.illg tbat thou~ Bathe 
~ • - ..,. -.. ' •• :··.- •• - •• ••• • .. - _... ,> .._, ' ' -~ • ·- ' • ' -.. ' • • • • ' 

f'~ffltlla: ·O-~fm .eatc-& SGl"iOOS e~l:~S· lil gives g·O"'wf.t t:~~ison· w:J.tb. 
' '. , , - . ~ . . .. ·,' . , ' ,. .. " . . I . 

. the ·exr~1J~ff~iltal ~suits;. 'BUt the ·ert:Ol'"e' ·in the tcrmtll~ .·~. eu~ 
' ' 

"' r'• ,. • · . ., 

t~~t: t~ey f!!~W~imte::W c.om~ns:ate. .one; atlOth~ ·~· bene~· 'thft 

~~~~~nt witb -the ~~per~tmental r-es~lte .eeeure: •. 
. ' 



.... 

Sib~ -cums ~ve11 w H'ishitrflra te'e ~iwn 'for hcrno~e~'ou& 
' - - -

atmasphe~e .•. ltl praoti~ ·thi:s is nat ec •. Hm~er the~e ~~ nt} ser,isus, 

er~N"r in tt1e ;Q:tm1f!l:.l '$o:r: the. ab~ve tlS~Pti~ if the'~ .ie ~~r~c:t 
•• ' ' • • • > ,. > ,. •• ' ' • • • • - ... • .... 

eCJ.Ulli.~um ~~~:tl'fe.sh~~ tmd· tb;e. tted.iumj,.'\Che v;xr:'ifi;t1~,of 
• 'I ~ • i .~ ' -., , •- . .,. • -· " . 

atmo~cJPh~;tti)tt ,: 11ree$~'¢'e :Wi~b fil~~~~ Chtmt~: -tf~l;·· :tJ1~: va~uQ._o~ '-~m .. : •. 
~b(J !ltl~na~~ce..,'of .~m wltb .prf!tts~a ie giwrl ~&rl4~~. itfl ~t?~lity 

• ' '> ; ' • ~ '"" • ,_ .,_ • • ' '' ·"' • ' • .., • ' - .; ., • • '' • ' C"• • f ' >• • • •, .~_,. 

,..._., ~ . . 

ot$tdbt.rlri·on~ at· ·a. ce~tatn -hei!ftt is :1-nftueneea 1U ·tbe .tllstr:ibutien ... ,. 
' - ,. ~ . . -. . . - ~ . - . ' ~ . . " . 

at 'b.tt!h&~ 1eve1 ·at '!Qwer ·~~$liar~: •. Griimn ·11~ s:tU(l.i~.a tbi~ eft't'tot 
- • . . ~ . - . " . =· ~ . -· - . • . • -:_, - ~ . ·:· . -. ~ ·- . • • " - • • 

·llflti tJbSO~cl that !n tJlG 1*~ tit~fbete .ttl$ .lttte~$;1 $))r~tlQ.. oat): 
• ' • • .<- • , • , .: • < < • ' • I "": n < .,_ • _.' ' • • • • ' ' • • • • 0 < ' ~- v 

t;e· <;\~tlpa~(! ·wltli ·the~ $;preatt ·at the umt:er:m · (le!lS.ity ntm¢.Sfh~r~~- . 
:· ·"'~' ~ > • ' • - • • ~ • • ' ~' - ' • • f • • • ~ - ..... ~ 

lt. was: $b. t~. 1f J? 111l(i .t/ be the ;.'$apsctiv~ -~~a~~S' at· -tllil . 
· mea~~n1 tb~f! tt1el~· ~eta.Ua1s ~~-BiVt)~. lfv ·.~ ~- (p~0~.01} ;at·m~~~re 

• - • • ; ' - ,. • t • •• ~1 ' • • . • . .:.. • ~ -

Aceoriii~ to Nisblfnu$ al1Ci K~ta ~aloul'Btl~e tbe ·i'imlttan .. · 

· ~qua~ime · 'YiQJe ~cilved t• taetl'l1•· .$p®i:~i ctt~~~ · t~ ~xamp~~ ~en B · = <>C -., . . ... . . .. . . ... . .. · .... ''"····-· •· ···.. . . '·- ... . . -·. . . ,._ . ~· .o -
te~ tbe pri~~ b1)s infintta ~u~r&v tbe soluti,cin was !>htiliriea ·f:cs· 

. . ' ·- . ~ ·-- .. .., __ .. ~ "' - -. ~ - - . •.. ' 

·~·:·P.o~nt~;,lll'te~ir· tor ttnite· i:t~' ~tmgq the eolutten waa 

tJ'btta~ fo~ 41atribUtton .- on+y ~neal! the ~xie·~ xn.· tbe. p~eceaa tbciy ;,, .. . -· ~ "- ' . ' ... . ' ~ ·' . . . . ,. 

~J:rt.r~~ucea .al·.~- 11~~i}~· ttn-.:n rul th~ -~ p~.tertuJ.:~ It w~ 
gtvetf tq· ·the l!e1et:l:cn 

. .·~ . . :3 t- . . . . . 
-.. " .. .5 ~--· --~~:;:---" 
. = ~ +- ;( ~(E~jE.) +-;). L.. ( Yf-rH) 

-~ 1'-_::; -1 

'· 
I~~- -Qen _.be .·s~~ that -~ -n~~ p~te~ •s• is a s1e~.s}U vaqln~ 
tunotiOl'l -~ (iilittanee,., In the l:~ ~tJ mosph~~ (t:~25 an~ in( &.ft:..) 

-:- a. i().c.liir ~ ~a , '.1. ~~ 1i.>t , .... ::~~--~· . 
~ tS)., i.f r/~m crt.an1es i: _: -;, tv~ 1;~·. Thus Ni~ld;mu~ and:KM"a.ta tbougb 

aasu~d t4~ $s• vrlll r~nmi1'l.·aonstant ttttcu~oot only· i·£·.[-n(&/E-.)>> l~· (~) 



wl~& n~. ~!la ·:rmin ~- ttf?· .~&m~ 'tma 'mtni~:~®&Ge· ~~·-.;~: __ 

reapactiwly' -~r .. ~icb 'the 't}~~tment, is-_ ~~e:. the -~~~r ~g!i 
- . •;.'' 

thus' 'taUs \tt:lth ·listamce., ... .,,.:-_ ····>-·"·<-,~-. · ···- - · :,.,,_ 
--· 

i\ceordiblte': ·-_Mill~~_ a~ft K~~t~:- ~~; ai~:~~~~~~A< -~a1t-. ~~-
e~ t~ . tf~• .o( .. x11~ ·~i¢11· "a ~. ~~·.tf• Wtlflt ·~. ~1~ ~~vd 

--~------ · -·-:e-OZ'ti~ · \U ~l!'$!2n~uk ~ ~ta~,a,. · ·: < _ . -,,,.,,;,··::·~;;-,.;c,_~,-· ~- · .- ---'<·-

. .. -. . -., ~ 

f~a _f'~l:l:ewi~ fo~~a- -~~JJ- th~ 'aehi-~~':i~~t~ _dla:ta~ttt.en 
- - - - - --·- - - . - . ,., - {111 . . ,. . - . - - ' - . - ,; . . . . . ' 

-and tme: 8-'J"-e'teu. bY-Ir:a.een . - , . _. 
~-<~)-;: -~C~) ~~-"L~ 1·+-~)s-~:~ :_-- ~ - ~>(t.l~). 

- The fcl$lu1n ie Iinow~1 -o&-:the ;£~ne ·tutG ·$Q~l~:- t~ the ·:·i:a.t~~a1 
~liG:tribnti:0iJ_ ~a- was·· ~~~est~n 'lw Gr-~~en~; ·~hi~ -ai~bJtt~n is · 

' . ,. ' :.. - . . . '. ' ' " ~ - ' -- : . -' ' . . 

f~r" :thO;· '(!'lectrcm· 3;!1 ·the ~Atl_;. He;re- ~1!{'11: m'ia_ '1:. is·_:tllti ·lti-$tance - - . . - . :m -· -- . . .... 
Qf ·Ji.tttt:nt' -ce~i.d~ll'~d $'#~- 'f;b~ ·en~~- ·of. ~:ttte- :$h~t--•. · t-:he -a!~S:tr!buti on 

'': ~ '0 -• .,;.:. • '0 ;• ' >, • • 0 ~· '~ '; \~ < r -o• ~- • - •' ' F 'lu •• : 0 • '• ' ~ 

_ w~ ;~lntmca . t_f1 _be 1laU« ·t~ o_.6 ~ .s. ~ 1,~.e a~l ·o •. f:11: ~ ~~r~~ 1.0 ~,.. 

fhe· ~~U&!~ ':f~~t:dt de~n~ }~tl tno ":tinlW1 c-t· -t~;·_·trt•' .P.~f'J~te,:z:.~ 
" ' ' • • • • • ' ' 1 , ~ ••• • ,_ ~ • . 

'· 

. 1;\;_.e 
'-il .•. . 1~ ,· ..... 

. ~ ~ . ' 

:t.t!be tlia'ti1rill~1tt~·cn t{g~- i:a eo .~~~li-se& tlmt· . - ~- - . .. . . .. 

/ ~ ~ -~ #ex) d_-x == ) .· 
. "' 



sse pi~~~mete;;e hem .1$. BS$~ii, 't:c be eOflS'tetit- 'tiJU~CU!'bOUt t~~ di~anoe. 
• • • ' • •••• • : ; ·' •• ·._ -- • < '.;. • • • • ... • , ' • ~. £- • ' • . • • 

1!.t tnaiert:tee, tbe ·ststus .e-t ·tii~ -shew~~~ At the 1legt.ntnt l.;t i~ e~o.. 
' ~ . ' ' ~ : ,.-: . :· . ·' . ' - . . . . ' ..., . ·. . -· .. . . -. . . -. 

At tb& eh~~ rr~:mu~ it: ie t· ,ana ~-21 :t.nte ·ehowe~~l it ie ~tere 

tb$~l1*: 
., 

-· .... __ .,.- " 

. t~be mto· :fcrm4~ ·:t·e n ~- tc~tml'l~ 'nfkl .uros. us~.d --'ttt~~:!out · 
.', ' ' . -- .,._. -. . ' 

-ijhe ~lu •m.'tt !f~c~.ntly'., tl~~!t" ~~ntb~r tN-.~·· ~· l&tll~t\1 iU.e·· 
. . . ' -- . ~--

- • • ' - > 

·ef._ th~ .,_~. ft'm~ute't~~~-- ''J;her $Cluti¢tt -~ tit!uele.n o.qun.tietl .. · . -·: ·: .. ·. · 
• • • ' • . ! . ~' • • -' ••• 

~1alotf~nti:Gll':-betJ t~it- ~-e ct tta tmpett-~ .• ithfi trlenta '{:~lo: ~ttroa . . ' .-- '~ ,~, .. - ,. ' ~ . ' . 

. . 

:i.'···ee=::;- =-=~c=~=~~=e==u~~ 

i!btl :t1Gnta e~le in:et'htHl:· ·:te a wau <>i: oemputtng' nn ·ul11mown· 
_,. . . . ·' .. . . . --· .... -

v~tt\'ble, ~ us:tn~ ~-(!~m ttU~'!'s,. 16• ~mary oesmic -~~ f;ay a ·p~~n 
.. ~ • "0... - .. • •• - • .. • ·- • • - ·-· ' 

~e 'oo~tdeq~l t~~- be iilM~nt ~n· the- -~p~r, a~mt~~G·· ·~- thla-

. ~sr~h--~ -·~~1114~.--th rm· :aq :mecleeule ••• Pr$itict mn« tbei~ 
m91.lWntum .~:e:t~.lft.ltt~n-<•~1 -~. ~~el ·ae·penuent~ e~ ot ·~-· .. · · 

(_ -~ . ' . . . . ,; 

edetit'J~ moa.el.$ :n~ the. al~i)J~fbrrfl::l twael 

t)l~orili-m~el. 

·:ftte flGll,~b!·(}D vd1l g~~~nt~ particl~~ li'ke P't0b.:ki-o~.nuel~{;n~. 
' . . " . . 

rm~_ ·anti~u~ltle~ ... ~1.1 the p~c.lill~ ·pretl.'Uce:a ~ -~e;l~~- S.\3!lt~ 

t1Zttttsveraa ·ta'O!liellttim · value in· -.suoh n ttll!UIDer- th6t the V'f:{e.t~; sum" 
' ·- . . - . . . . . - ~- ' . . - . . . . . - ·. 
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-a lbb!lltuiiiUftl mc~tum ·en& •· r~pidi.~e=v is- a!$c assi;gtn~tl t& ·· ~e; • 
• • • •• .,. -- < •• _..,__ ' 0' . .., • .- .• 

~hey ~e ~(J ·ilo cnoo~n thnt tlle' .ooose-tNa.ttoo 1,~- -~~ -~lid~. 

file· .$·tmul.at1cn .Gf au<t1 prmQ!'S:e~tm or~ 40110' tf~· ,uai:lQ rantloti ~Ut1Wrs 
. ~. . . ~ . . ' ' . . . 

·- ' . 

bl'tt;.11Gli G: $d.· 1~ ~he~& ~a-~tere .bJl~ ll'\) d$f'i.ni~ value.~ jne17 . 
' ' • • ~ . • • 'h~-. -. . ·- ·~ - - •. . •• "' , : 

tfan ll~ •ll¥ sets, .cf' value· c~,flg $t."taiJl cooeerv~tticn lawS;~·-~,; , 
• - h • .. ' • - ' - ' • • - • • - •• •• • - ~ •• ~ ' • - ' 

1 • . ; -

thnt e~rgy a-prc~efittle: :Qif' -~,·- »:·(t'Abota~tr>Jl '$Dii ·•sa; t'i ·t~f-~l 
ino!~erit·;t;n·a t~r~t:. :11~t~ci~ ·'d rmse m · ,.tb$n.the· ·t(l'.tl~~ · ··-

-~· . . ,'f! '·' . . '' . . . . ' 

~1~ti:on tt:ola:&~ g(X}<lt~ · 

. cv : rn(-~ "m p'l + ;). ~" e. 
' · . · . ( + . e. ,.,.-)_.,·.;(_~.:.,,"h)_ ·J c .. ~~ "ii) 

1 
(kt-1 r-_-) lKa.·· ,_k .. ) :rn ~ hntii'~~clron eG"lliG'Oll. ~ 1 rr 1 '" I-; '"' -

,. ' .. ' ' " . . j( 
• II• 

ete.-. pmrt1ct'1- ,.e :tc~a~ 

1:,00 ~ultip1ieit~t -~t· ~t ~ ki: fllllsw tbe %-e:latiel! atwn 
':.:: 

bel:··. ·' "'· 
.-~w~z""(cv)) = o..,+ o..:t(~cv )-ra.?:J/vCJv - ---"-&~.r~) 

.< .. 

' ' 

Yihil~ ~ltt.JU~~~ et ·the. teet am• gov~:r:mu: ~-too ~l~ti:btl 
.. <-n(q;)) ~ ci\ + (o.. 2 +o..~lrav) t'h cv -- ~ ::r (t+) .·' 

ffho ·values_ ~f .e"J!i~r~?J•~4are «~}iiGt1 ~II A"nt±nucet. et n1("t2l3ere 
~ moltiP_licitw (t'l~)_ me:ane: the, n~mber 02 ·:p~tielee __ .~e(lu$6:.,. It ie, 

/ . de~r:tae:nt Oil the eomt!'§ of tl'!~ i:ncidt!nt ~palttlel~•- HO\'f.ISVS!' ttl~ 
., . . .. . . . 

reau~d mn1t~lJ)li¢ity is eoor:~- Clepe.rdl~l:it . nci. ~bow.n _by lito b.~ et n:~f13}. 
Jtna :a po-:tm~al a£· ·5th eraer rr~.:y;·l!e,';tittea\-~tb the~ ·-tli:stri~tion~ 

' ' 

nut· 'Use o£ ~- vari ~l:)le ~ ::: rn.c C <fl <! -

1 
) 

z'Ylc:. Cn~-1/) 

.. 



e.~~~;t:pt,-1mr ·.er ®1-lti'Uci~ 4~~~~.,~-t~f1;4.} •. mne l!i'lti:pUc:U:y. 

l:;(l . ·tbe:n !!~ten, l¥ e "'\ ·!Ot· 1% . '\te'l~s o£ . 1 boa 'th1~:,e tU.~tl'i btt~t,on· :ts 

~31-'.t'!~l~t -sr..f!.O:ote:t ·tzy'· :us:~ng a .r,nnfH:~I3. nu.~~ 11,. \'ff U$i'vg the· .re:U'ttion 
• ; • • • • • ' ;,l ' • • ••• ' 

· ·"ll ·= - ~ R . · . :t.~. ~h~ nU:mlwtr :0-t ·indi;iidu~i ty~s .~-e· p~~loles :Om'l 

11e. o.o'btei:}iJ~l<l l:!.t.~tn 'bhtta-'~~~ -~he· hoo;uct pmttie:l.ea ·.~ then felle\~4~ 
. ~ • • - . • • ' f - . . . . • . . ~ • . . . • • .. •. : ' ' 

!t?h~! ce1'tbet" interact ··\d:tb \'i)tbe~ ~~olea} w f;etn ~l:.\,~e:t~¢i -Q.l!l' ae~eya 
.- , • • ' ·- •••• ,"> ~; ••• 

'fh.lQ~rtmn~.ously 01:' .w~~~-s 'th~~ o'b$~\ffi;fi~nnl ievsl.*, }\t;:. tt1e -to-p .ot· .. 
- ' . ·- -. . - - . . . - -- . L__. . , ·-· .. . . . 

. · t.hs: atmoepn~re ~be:ce too ~iJ."Gm!71 ooomtr: TffiJY is iir.ci<Jt:).~t is oosutriea 
• - '·. • • ( • {. "'- • • • ' • • • • -!· • - .-.!' • - ~ • • • 

' . .. 
to · ~ tbe c~ip.ri o~· th~ n~tlill~t$ ey~tem., ~he iU.~;t~~ne~- 'at-~x *lieb 

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

it: Wi-ll eol1·1Be. wit~ t~n ·~.r m-caecule i~ ~ive~ ·ltV' the~~. '.f,;e~ ·path. . - . . '"' . . -

./• ~ 
: J 

· !f CJ~-a.M. ~pr$etl~g _ttl~· ·i•tee·~iti ~~~ ... $(!e,i·@n of·_the p~tcn 

eill':~oleeu'le ~~tlit:tnl. tbe~ t- r-~ ~ :24qoc / o-,:.~ . _· ~\ ~~~s. !-~- ~ 
i:a ··'tb~ ~all .b.~~. pntb:•·· \'b~·· PltGbabll$W ·that & -rr~ti~l~: ·Wiii ttf!Ve1 

'. ' • ' . . ' ' . . E:. ' ' . . . . . . ' : : ·'' '' . ' . '-' •" ' ' '''" ' ' ' ' 

:a ®tibl.i: .. t is ~i:tron ·~ :e.- h -._~to.ts too- d:istatlC!$' a!:stancQ tt'fitiG~setl 
·ftr ·.~ ptl~~i#l~· ~twa~tt :ar®t:tet. .~a !~:taoti~tt \tt 1ID stll~r:·.'·P!lrt~clee 

~ - . '• . • •·t - . -

ts- t,0~rtlSa -~ ·th~ 1:e1atto» 
.. - ... ,,.,:... 1:_ =.::A G, R "fm f ~..__ 

·'l• ..... ~ '-"'- . ,,_ ,- ~ . ·• •. - ;'<"~ _:, •. i"" • ~ ' ( •. :- 8-': • ·,,...' ~ ... 

•,; 't~ ethe-r pt:P!Jlte· e£• $1~3!~ i.nteuet!.t'»,\f ~.h:{¥- ·fi®e· ~nil: ktcns aecnu 
' • I• • ,,,,. I - • • ' ,· • ·• ' • • .•, -. <" •' !' ·•· ., • . • . • - , • 

:t}l~t1gti 'O~, .. ,ot· t:t~ ~~ll)le, d¢6tq .w~•-•· trsltl# rnnd~~-)~t~~e>~'--'4 ,. 
~' .. • ' • • ~ • • ' • ' ' ,·· .. • ' ... ~ • •• ... • 6. • • • • ~ 

eat!· ,a~:te~:tl'l~ ~tll.e-- JPdi"nt. -'t$ tte.~.n"J, the ~¢bi:ftg ·~ati o ·~ad 'til~ aec~y . 
(', 1 ,• ... • - 0 ' j 0 ' • • • • ' ~ ' '- ' ' ' '• >.• ' ' ' 

t:t~., lf®' :tt tb.e, t-fit.t1i.notten:- ptlnt i;~ hi~~t tllnn the. tt~w potnt 
.. ' • r • ' • ' •· • ' •' 

iS' 'the lt£1VD~aa tllGlt tJl~· ~t!ele wili -dOOS.V~o- mhe CG•-il'lt'l'OOS cf· 

t;h~ ~eo~- ~- i~nte-~nc~i-rm point is ~teyrtliitr~tl ·bY' nctillg -the- ·MJ~1e 

Of '~Qntturtr~ aar,i~tl! the pr~oue tnteract'i·cn. tl1e tiietnnee 

.- ... ' 

;travert!etl: be~en the two eWl"!ts .. In tm:: case e£··a~S:c~. tb~ dtrectien 

.. -- ·---



-t1nrl:_ !'f~Gloottr ot th$ ,{le~ pnn:totes e:an ~- catoulat~a- ·tg a~·iDg_ e~ooy 
' . ' . . . ' . . - . 

ti;!ledti~e.\W! l!hU!."!· ~1~ ~~~t.li!' ~-·metti.i.l~e{) mt1:1 thG11 ~eagbi 
. . . - - ~ . . ~~· 

tbG 19V'$l ~· ·obae$,i.:W or tbeli~ ·e~~· :lfiil.-·W'ltw S -Q~V'~-: a~J~--

::~=~~-~::i::~=:C==~·. . . . 

. _ by e:tnpl9' ·l)tit:U~ ttl~~ ;rnlmb!!Jf -~t- •bafJ -·Bep1b~. i ··~·1$iWS ~{l· W~~~~il 
:eiit~~~ :.~ -~• .:aec~ -~ 1r 6 ~ -~-- -~~~·~11~~: s~u~~ ~~~:;,_. __ :··.~ 
tlbldi'~'a~- -. ~"*etf4\r1e· 'Jff~c't_ o~ -): :~;matt~~~~_:lh_ -~2~~,~~~-- -

:ana $ut$~~~~n ·pat'~ t>S. nh(}·.iew~~tt-·ltv ~-·~ana$· -~-1i~~,r~ 

usu~~~ :th~; <t•~ -; ~-~e· -•~:. -~u}~a t~ ~ ~'~~ -~~~,·--_ <~···<::> 
~hough tn t>re:ctt~e tlloir ~t1eJ:~~tee· ~ mw-q~1, we i«n~~, them--~~::~-

. tbe. e~e~ 1n~oit}e(tt-itt- wt~m ~c1~~~bte 1!:-ntit~~:_ ~J.~~~:~~---~ .?~,;:~·.:;y 
'I' 

' ' . ~' ··-

,\;' 

_ ~hut! nt· __ tbs· le~-1 ct &'bS~tton a ~t 'tibe s.h~r patti"'lte$ 

with---~e.er~~mt¢s;~. ll'l!~Vt ~.e~~et~e tJf :tt~;limte . ~i)iea .~- -plecfiea_ ~t 
<• '- • • • • 

the. o~~etl:ona't l'e'\fe~ I~ eame pa~ti:clee: Ml .on it tb·en t~J, · 
. ' ~ - - ' . . . . . . ~ - ' :. .. . . . . ~ . -.. . ' ..... -~--- ' ,, 

d$1Wet-ime wj.!l :t~certt ~t. thits: :nn r4:tiftcial :Sbewer ie e:~ .. ila~ -· .· . . - .· - - . . . . .· . -· .. . .. 

. , 
Wlil$ mente t16il'lc· -o4llcu'la,i:$~$ --~ pr~.fte~ _ t~ tbe· e.ol~l~h-

·-· }, - • • ·- - • • ....,.... ' -,- > - ._ 

ct: tb~ a~ttue:ton :ecpt\tien f)e~a~ays~ mhi9 i~ ;tncnuse the ~®- ~· 
'' •• -· ~. ~ ' - ,.,_, •• •• ..... , ~ 7f1. . . < -- ~ "- • 

·eol.tttite~ . et th.~'-. 'diftu$ion eQ.uaticn 1:$ not pm~ible, •. ~l•e~VGr-
.... :' • •• • • - -- • " • -- • -f • -· • - ~' • .. • ~ • -

tb~~~ equati$nJ;l a.~- l1$t ·itlclua:t:: ·all turtee -f'Jf· illterootions tn thO:-
, - . . ,, - . - . ~ . : . - '"' _,, __ . -· - . - -- .. . - ' -.. ' . . ~ 

!1!~ )w!til the eb.cwer ~icl~'B-4' Bitbf.:"'i! ta;pp~itnntion. ·A. ·-~ B is- .· · . .. . - . ... . ~- . - - " . . - ·.. . . . ' - - ~ -~ 

t.ncdnde all ''\vpee ot lmewn intfl?rsotiem" Of· o~f!f! ·we rrrtts-t, tncv .. r _ · 

tbe (li,st:ei 'bJJtitm funeti:cn· of a11 e.oi'l:tsoe~; ana: tbe mean lt:s~ p,,~ha 



·thG· lee~ ~itrf~bi 11t;' etct •. tti~;ttl tbe !U~-t:~raauQiti~~ ;Gf' bJii~!h ~ret:§ 

~~C!c(tt~;w:nt~ tbf2a$ il!lt~ F1~ •!li tt).JJ~ flew tll}t~ ··$:· vra1. ;h!~h ~&~§ 

·~tr~· ·la1#~ $~ es~Qpole~4 t}:i}t\1 t~ a~u ·Of tile Q~fH ef' the . . . . . 

~,_.4:0 ~fWS:' ~ti.~1~ one~~;. It ooet'nS ;p~$~bl$1 tl1tft $V .. e;•~:$ 
. ' . . . \ . . . 

tb~~B:laul~tt~-.~ •~ ·q;l3'itu~eb:tll) ·11itb tile 1!'~$Vil~t~ ,tt·~~ the; ~-~to~e 
. . ' \ . ~ .. ' . ,.... . . 

·Wbf!: f~tt- ;fl~lj;) ~(lleu~t:t~~ ·mll -~ ·~ fG-~ t~ :tutu~. 

l\b®t: tt~ tmeUJ!~ ;~f tb~ ~.It!~ ~!t~tJltf at ntt ~~~tt :!"~~~e~.~ 

n(ttan· ~t: ~1{~)~~'7 tb~t~ t~~nte (:1~1o e:trlc~'l~t:~~(l{~$· n~6. ·tlJat ~b 
: . . . ~' -. 

m.attt~ t}f the· w•~ ~f1 vs~ uutib. tl«e49 1 tt~ .. t?f tt~~· ~1t·,rr t~=lla;t. 

~t~ ~~t:4Dltfl -- ires;~~ .nnutl~( t; · . . ; · . ~!• 

'i.Pl't1tm f.Jt 0l(t;t·)~$l!~l'tf ~n l~te C~t~J O:ftleu:l.n.~OO !~:~~:tag 

e-m~ d<f~t'd-t -~~ ~d~t~~~:t .. ~~ttmltm• ·6~0$(1 G'GOti~ . : . . . . . . . . 

wtl!i f~tei sc~oG:mtrts· ~~~ cofttict tte tt1;~ ~-!! ·a,~¥1qt.:ten, 
~ . ~. ... . •: .·• . . . 

1-ei•th~ .~!6131 i:l) tbe_ lOMerxtl~ l.$M· ~~ •tb e~,, 
·fl~~ ~•~'*'' $v1-tlpl(!.· eoolmb eQt!t'tG~t~ ~~· ·mtt.*:-~, -scntter,;;ng 

:::,~ ' 

~ru.r•~· tact~ ·~ ~4 ~lt ··-of! the -~1-t.Ji •fbt'· t~~· ,~~~)o 

~~..l~0:1ati.am~ ~l!llan *~t1 .$~Hl et~lt fa~~@;te: tn ttte· · e~~-· r,; 

,~-ent!:~~iJ. ·Pl$0,~_.., 

s~· ·¢£;~i(ii~eqd ~t~k ~n e·l~~'t~ $b®~ t· ~1t:lv.;2bu~ tbe t-l~a­

:ittt;)'n ~~ ebflUl<t ~~ •·cl_~tt ~s· ~av10.\':tal.y -~~, ·Glee~~: ti'flJ!G: at~ 
' ' - . ~ 

c~4if~~et! il~n~ the !Grde-~!!oo· ~1~et«"o-ss~.:tfbt11tll ~'It~~ tk~• 

·~ ·eo 1~~tbt'11:c ~eta·. t~ tbeaf«r~ uset:tc •·~~~ ~J!m1Me 
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the; :produeea eiect:uon or photon i-e nsstnr..ea tc· i'ell.ow tho· 
~- ~--..-~ --· ' .. ·----~~ -··· - .. .- -·· .. - ... . ... __ .. -- . --- --- ·~···'" 

somn;.erfield angt1iar d:b:t~ibuticn vtltb §'t.tail •. lt~ ueed ~· more"' il 
- -·- - .. . -~ ....... ~- ·--- -~- - -· ~-... -····· --- ..... -- , .. ~- .. ....,. _____ -~---·. --~-. -- -· .... -· -.. . 

detniled. treatme.zyt qf aJngle ·and. mu.lt·iJ?le- sca~tt~ring \V"ltbout::. arW 
........... --·-~---· ...... __, ........ --·--· ----~·- ····'" -··-···· ··---- '·· ... -- _ ...... - ···--· . . -~ ., . . 

approximat~on ~ .He alno- cont'fid.ered two more . modifient1:Qile- til~:·-~:~ 
•• • - • ,..., --- ,_ • >- -- •• ' •• • • ....... - -- _, - - - •• • • .. - - •• • ~-- -. "· ,, • - •• ,._ ......... ' - ••• --- ~ '--· .,..; • 

anibi-lati.cn . o:t pesi tr,ons: in flight. an~ se~ onQ.~Y the .:ra(liatio'~:<' .. :' ·: 

~e~~~ -~n~ -~~d~~~d .. tc~.,5:~~~~~2 -~~~~~a~~g ~-~ tbe·-~~~~~~~~~~~::.:·· _; 
~- . .:; ...... ·.~-l· .. . }.,.,._ .. · ...... ·~~-- c -~- • ••• •.•• ·-·-- --~--- --~-~:·:. •4-·.:., -~. 

o:t -.~shnan t .rind Pi.21tubn C.18l.. At low !~~cr tt- they: foJ.loltJed tile : · ~/:: .. ~ 
• • ·-4·, ---· ~ •••.•••• ··~- ...... --~ .• ~·-.''" .~ .1 ....... ,_, , . -~-; • ·····~ .. 9 ···- - ~~ ••• --. --: ... ~.· 

eleo-tr$n in short ·traok ¢egJfAE~DtS"-Uptct>Sel:!O-'Gil~r§ --bUt'-l)h.Qt6ns:-·; · · 

~ori~t-~~~~ ·. ~ ~-t~n~;(;i~l in .. ~~c~ ~~a#~- o~~ · ~~~~~~~, ~~t~~,i~~i~h~ 
.. _., .... J...,.,.e·-', _.,.,.,..... .. ...... ........ .... . ----- .......... :·:. 
wr~ -~or -'photons, be'lovt 1- f.Iev.:.They stUdied. ths EAS- I)henen:;$,nbl'l<t· .: 
: • .. : .. _ .. ·.· ,':A ~· ... ., .·,~ '·~ . )'<_"',.• :2,~. • ·.·:,. ~-~·~~ ,.· --·:· ."··.,- ··~~-:· ·::'.".:: 
J.n~tJ.ated:,at· l.nterv.;,.;t'S·_ 'C~tJlO, gm/~m ... i. ~~be tlX;J..v' ... of :tb::e .sb.c~~-t~; · 

• • .. , : •• ·•-: '' •<_: . ..;~-'•'')· ~·& .>· ' ~-. !.. ( ~'"'"F ~· ' • c,,f';. • 

:tnd~line:d· 25~~~. \vi:tl! :tJ'l~ ·v~~:b,i~~l,.;_ ?ri~~ PlltttJ'~-~ Qnd ~.lec,trc~~: .. _. 
• ,. • ' - '. ' • • • ' •••••• -- • • • ' ' -. " • ~ ·' • - .. - • - ... ~ -. -.. ~· .: -~- • w - - •• • "• • 

',: '\-'1:.' · •• _ .; ; : ' • • . . ' . • :. <: :_-_ 

of ·>f.;,. ·1o;, .,ott>- Gev -wer~ cons±derea:~ ~hey found that- the sp~eacr{". 
- .. :_ - '"' . .. . .. " .. .; . . . -~ 

·:: ~~1e.1~:t~~a~ d~~splacement obt~inea ·by tllem ·was fitted: lrf. · t~~ 
.•. 

. .,.-----~~ 

,; I 

[l -

. .. --- .... ".,-• ·-- -~---~ ...... - .. , .. ---· ·-j·~-~ .. , . 

·H~t:e: .they 'have fl$~l~c;t_ed. the.e!fe~t cf the t~rm 2l>t _( Y ( 'Y~). · 
._itl tbe .den()mirlator a£·the ·~~!'rGe!SiOrlS for s·. ~b;.US the· dependance 

. . . ' . ' . . . - . ... . - -

·.of· s· wi;th di:stanae: · wtia . D(?'g-le~·ted .. Helte: XR:· is a· distance· i·D. . 
: . . . -· - . ~ . 

terme:- ~;r ~ich the ·tateral sp:eeaa ie measn:re·a.:xn the NKG f~l?c 
I 



;:g 

tbie: Ulfit ~ 1el'J«tll f(i}~ lllenettrinl'. the, Utteral '~pead v•~ -SO m., . . 

ilut; :be.reas· tbe' ~tlJ;e· ht\8 e[Qimea the distritiUt:tm .te be -~· 
> • ..,_ : • • • - • ~ - ... • ' - • • • • ,· • • • 

ete~~~. ·tb~ :Uirlt-· ta ,=24ttt.J¥. 1lJ>p~-ttstely i _ot' ·tbt3_ Ilotie~G Ubit~ .. 

~cts}Ji;~t,.aa~·b:t-~b~ ars· ecnstaats te ~ fit.tefl •. ~(}m. ·the eta1eultdtie»e 
- . . . ' . ~- . . 

~~l:B~ -~-~par~-« t~ ~be· _tn<G tli~~ btJtto~1,._ ootb __ 9·~ emn:ti $~ ~~!~ 
<l,.sta~tt~ t~_ ~a alttc ·net~,t!· tll~· the· ·~- · ~aieter">~~-·;(!.~~titi'o~ 

. · i:i1Clai:i.atl ·$htlwft -n~ -n •eel'tain de~tll ttl mroate~- th~n- tb0·. ··~ 
-' . '·.. - .. 

' . . ~ . . '• . . . ·. . . . -. . .. . 

. ~D- ·t·e» ~trJUU ap: Pflt.amete~ thegr fGUlld e~c~a~- lte~ttt at. tb.~ 
, " - -~· ,' , • • ,· . , ~ ' ' ., , - ' .-· .• ~ . . ,. , ' •., ~· ' r, 

1a~ge ·ai!ltan~~ t'ttlet \t¢31 :t: .• o. ~ 'S :< t·;i' ·lln'lf t111~ -strowa~- ~~ti elf]a · . ' ,;._., . . .. ' . . - ., . ' -.;:: .. -. ; .... ' . . . ' .. ---· . 

1fe~$n tri.tbJn 11; ~ndl•. fi)t ,,. to ·2s rr~t•s-:., to ~11 ~otl8b~l1t'J' 
< ' - ',c: ~ . . ' . -

it :~~ '!Je.tle)~-s ~~tt.el!· tba't:t (_ ~ ~~) ... 

' ··-;. . . - - .. ; . .· . - : ': . -. i•· . ' ·• f'19l': . ·. · . 
. _ . Sueb. ~Bcte •ro :~le:e o~wef! tv $~:t·tl' n. nl • !bh-tl'~ 

. ..L_. 

. lili!'Q: c'tbe 1.tl.tetnl <l:i;SI'tritiUt:J~ Oll ·we :~rte~Fsr th~ \'be mttl· ifiEtri btu~i. Gh:-t . 
' . -. . ' 

ii:!.Un$(20} ·a~n e:l~ll :!*l~~a t:e c:tntm- ·that hi$ eimnlftt;t·o.tl results 
• • • : ; • • - - ~ • ~ - -. • ' •• ~ • > •' ·'"' .... 

~;l1<m -well ·wtth the -M~'tfn ,·et a'!,. tte -!iml.nteff''-shoee~ll ··Upto lOCO , 
• • ~ • •' ' ' • • • .- > •. • ' •·' • ,< "• • ' • • • , ' • , .._' • ' • r '• ~ ' • • 

a~"' ·~net. feu~ that th~· ·fta't~1'bn'tio'n. ol!' thfl; e:te~cn ~trl};botat)' 

tnau~a eb~s· ·ate ~~tr~~fiti.,.. ~be ~* ot· th• phQ1;¢tJ tntluc$:tt 
. . . . . ~ . . . . . . - .. - . .. . . . -· .. . ·. .,. ' - . . . ~ - . . ~ ' 

ehcW$r laga,. :~llitta the ~dt ·of tim ~l~ctJren i"D<tneoa ebGwr t'!li!btJ¥;-
-. • •••• - • • •• ' • • J - - - ' • • • • ' 

tl,'}~,· _'4t:e:t7t.t·\titiQtl is ~~!fler _·than tll~ nm qi~tt!:i~tiotl 8t·· ·f$$et:;, 
- . 

tbr!n, tbt.!' Sill~$ atet'tibU-ti~ tal~ ott :e:.cre. e:tee:vly ~ha.."l, ·the· N!G 
. -

· di$1;::r11Pttcn. tn til~ --~· Jm.pe.r he m0(!i·tietl his· tol!ln$r I01WlUl~ 

f'Qtr . ve/1:11 W- q$etattoes £r~ the mti{;t -of tllG enewe·r,. H:t$ 

etetr!:but~~ -~ te· ~ttten ~ 
· ·, ~l'AI ~ e_cs) ('3-)f\( 1 ~:L \e,H(r) -----~·19) 

"(H 'YH j 
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m:he· tli#e~tl® betweeH ·the t~muht t 1'.,18) and· f 1,..19} in the 

pr.€es~ .. of· e. :fattt0c:t; M(r).,_ mbie· tacit~ ie i~tl- t:e gi~ $~.!'&: 
s-te.~pne~ tlt tbe tnil ·ena et· ~be- ();tetzr:itutten. 

M ("f) := ( ( + ~)I (t+ ( t. )3) ~ L ';:: b D 6 ~ . 

. ...... 
H·el?~· "Eor J»oton irttu~$t~ -eb~fij-. -~dz;;\_2~3S}. f, tt• 1~;~- -~tf·~ ; .. 

. . .... . . - . - - ..... 
-: 

fi!ttl f:Qr! e,loGtre-n eh~rt$ !1.0 .:(294-SS) .,. .A=-!~~~$ ·S .. ~~;2·.: 

-~ b0th. ~ ilbtwe tgt:~e~, Qf "Ghe.lt' B v_,.f$' w!:th ~JJGW: :~a· ~ts;· .. 
' . . c" ~ ~ . - . . -~ . " . .. . . 

-.,·· 
. . . 

u~t:~.--a;t~-- tb.e-t~ttt.t ~t ·tim ~as~~-~ ~~--1~7~ $~~-:~n 
ie- leestllml thtl ·tta:tt. tn trw :mfG <lietltibfit:f on~ :sut he~ ·tt; .. Mac 

- • • • • - .·' - - - •• -- ' -~ • -1 ~ '. • • • • ,, • • • • • • • ' ' • : ' • • ~ - •• -~· :- ·~ •• ; ' -_-. .. • • ' • • • - ' 

~G:~tts· ~n,_ t~~ ~e ~~Stne~l!# ~~a· tf.a ~- '~ ~-· -~-b~. ~~~~nt ·JJ. ·tif 
/ . . . . .. . . 

tb~ ~JG- d1$t~'bUt!Q!l, contnitts t;be • ~~,e~•- !iUt '$ott. tb%l.J~tQI!~ 
• ' ' ic·- . ,, - ' . u, . • . ~ • . . ~ ' •• '--~ ; • :..., .... • •. : ,· • • ~ 

th~ 11tl)lUG ,f.tf ll V'li.Jlie?$ itt~ \ltd(:lly ;e.·· ~hli'S \J$: '~1~ at .,. WW ,ceinple2:· 

~e~~l ate~ttmtt~ 'Wbt-ob ·a~i~ P~~ -i~:t~ e~- ~n:e:e~ 
H < ,. < ' < • ' /" • < • • • • ~ • ,o ' • ~ o 

In tbt: tl'Btl -qQsttf·.;, :Tm8 untt tt<te; •~-~~b ~-~$~ ~-· ust~ 

the lU.tio~ d!;stribUti~b ,( '~•-18) entistacto~il$ ZOJ! ,several ye~ .• " 
•. < - • ' • • • - - • • • • • -

.. . . . ' 

Rea: N0 is, the tot~ 'num~:tt -0£' ,o1e~t~ens m t~~, eh~~~ .. R ~n ~24 rn.--, 

.a1?•o-~ss~ · ·n2~:1.,54. ti~~3.:sg,. ~n.o1- · · · 

i!h~ :mr.& iformul~ ·t.ot: the l;t)t~xro.l ai,a~1bUt'i0ti oif' ~1(:}~~~ 
. - .. 
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dOleS not il!lc11tde the ~eni'tfi :an~le variati·on .• : To take i-nto account 
- . ' - . -- - ~ - - . . ... - - - ~-- - . ~ . '- - . - . - - - - .. . - -- ~ - . - ' 

dY thi.s: e!'f'e:ct ·tinsle~f21'l has su~estea a RG type .a£ ;r~~la 
- •• .L ''oO ,,_ ... •'o< o•• .... ·,;•·.,··.-:- .._,~~- o ••, • ..,_,, • '".•·'(-' •'•;••"'~• ,,,_ • -~,' :~~ •> ''' •.,. o '' ' '-

by iu;lal;rsi rig the Voleen.o Ranch e~riments' 1:ike the· i'ello.vis ; ..... 
S-'2. - (, "\r -+S' -2.) . 

.# C>X-) = e(s.pv') 'X (l+x) _ .:._> (! .. 2.\) 1 

~ ~c_s,~)'- ::,· r.(~+ ~-2-) ~- CV ~ 3 ~ ·t-J-~. lD "1-. 
· 2u- r(sJ rc-v-2.) 

i ~ inoreB$e-s -with 's:t2~ bu·t d.ecreaei;J:S with zen:tth angle increment., 
, ; ; r ~ -~ 

- . .,. -- ...... _., ··, ,...... - ~ . .. -· ~ - .... ~ ..... - . - ·-
',' I •' ' 

Ther~ _is . n~oth~~ <n rt:~·· ·<¢· -~binkin! .reg.ardit!g the a~cut:ooy :. o£ 
·t, ...... -' ,.__ ___ ;._, ..... :: --·· "· ··-::. - -~· .: .... ,,.·. ·:_, -----··· ,--~-~--- •"! ·- ~ ~--;·, ;,'-' ,:,---- ... ····--·;·'~ -· '\' 

. t~e ,J:JKG fUr.tei;ien •.. -~Jl$ il~Viat;t~fl:waa .ol)eer,ved .. lu. B;rif!tiet.tf;1~D( 22:' 
,· i;n 1~75. ~~4 K~~~~~~i:(2:1'): __ i~·J,97s ·;~~~- ~t ·~h~· ~~~e· ai,~:~~c~ · 

~- - v ·- --· - ~ --- - - •• - •• - -- - ... -- • --- - -_..- -- • - • - --~--

. . ... _,, - .- .. ~ .•. . . . . - ' 

·a· si'J3g,le ·~e mu:ar.!Q.~:~~c··i·~--~-~ttf~*-c·i,~~'ti to .. ·de~crtbe;·:ttl.~-·iateral 
.•.•. ~~}Ju(!~~ M:)~~"·~··*~~~(~l •~. ~~~~~~7}!~ ·n!Ul _ .· .·· . 
.. : P.o_;.~r.· '·h~~-'-~n~~~~ .:t:h~tc ;t~~- -a~e pararn~te~· i~Q~eas~ £u~ tbe . 

• . - .·;- . • . ,-. •'•'- 7,• •• .,..· -._ . ._ ... ,...:-.-,--~~ -· t . --·· -.~·-... • • , • 

d5,~~~~~ t;;~~'~h~>s~~~ ~9;~- f~: -bl·~~~~~~~ Oapd~Vlelle(29)~t ai . 
• •-' I "•;, -·~" --~- ,• • :···· .··•·:-.::~.·~::··. :: .. ,·.,:. .,. •."- .,. . .,... , , - .•. , : ,, .-· .• I ., .· • .., , • • ' 

had. · :oon_eid~:r:ed .thi ~: :t.tit.fig·. ::t:p:. ~reate~· de.tnil:.' B9;, eimul8.tien and · 

~.~ t~~ ~,~~~,.~~i~~,~l:;i;~~t~.~- .o.f tb~ T~~n sb.~ . ~xperi.mel1t. h~ 
- -· .• - ~ - ·--- ....... -:~·:._;': ·:t··::.·.:~, ··. ---.4- • -.- .... '- . . --

. ·concluded that the '~- pt>'..x:ameter is not .a sing].~ ··par~t~.r .:'bU:t. -· 
. - .--- -....... ~ . - -- - -·. . .. -· -~ ·. -. . .. . ' 

<a oemple$ fnn~tion .ot distance·:'­

. SC•) := d l~ ~· (~I "ft.) + <;t 

., ~ 

fGl'." r between 15.to 150 metres and with:tn the si!Ze ran~ 10 to 
• (; 

4·c; ')(.ID .• 1'he constants oJ... ana ~ are model_ depen<lent$ In one 

meae.l o( (Nez.)=- 3.g xto'J_-t- o. ~z.b L"' Clo')Nr<.) 

CMAJ. ~ ( N12) -:: ~·5"6 [ tR ( Ne. I ~;x {0<;) J 6 
.2.5' 

\ . 



. - .·.' 

tte;g;e S(~) l~ gi~'!l- the. ·t:~$UlJ,{ a~. F-0~ tb~ :eh~ size· ~)(.(Or ""'.4·~'1.\~s-' 
·S(-r) ·-=- o(, (M ( ~ ~J + St- w'J:k s:-1:' ~ \• 2<6 S" ) ~ = 6· C\=1llt ~d.: (3. :::I. t;"£ S" '-~ . 

S.(r) vnne_s:: ·;'ith #. $)1»ZG~1ab~ -~Wf¥$tl:, ao. nt tn 120 l!t~. 'Bey®~· -this 
- ~ ' ' 

limtt: _ i;he :~~Qt :te·. t~Gt ®cb. p~~®oea .• 
,· 

oapaevtene· ;h~~: -.t:ll$Q·_ d1seuaf!~. ethe;! ~'l~tr®t~i ~$a1~.,, . 

. [fl tfib~- ff'ie b. '3hfm: '02pe~~nt· ,f« tlieiiflti~ U.pt.o ·tfJ m i:.~~ til~ c~e 
S=t~.~ ·~~~ :~~~~~~ si;~e . . 1ci~~ fl~~:rt·r~: ~~· ~-~~ -~~- t¥~tbi~ 

• • ·- - ~ - ~ - ·- c ' - ~ ''i • • ' -· 

t:oo· <t1tttitwce·· *.om 20 •t!tes _ tG ao m~t~~@; ~he -~ ;~•ster S::~tOA, . . .· ~.·. -~ ~~. . - .. .: . . . -. - ,.. .,: ~ .. ,.. .. - -··: . -.- ......... -.: ~-~. -~ ·" ... ' . '" ... ; .. . 

~htm the ega ~et~r a~cJteaae~ -th, di~t.nn«$: •. -~1$· .ie·-;;n .~tt:~ 

tc _ tbe. to~~~l~ (.,~2~>·~- ln t~~ 'Ve~an~ R-~nc~ ~:;~ri~m~~ ftJr --~ · · 
.•. ; . ,. -~ .. .. .. . ' -'" .. _. - ~ . . -·· . . -

' 
d~~tme_e· ~1 40fJ. motJ$~s ·it ·\voo teen tbtt't the-· ·S!~,- ~~tGr · _ 
•' "• • ' , ",, : ' • ••• 

0 
••• 

0 

• • ' , , ~~ .. ~ • 
0 

•• • f.'·-~-~~ < P <" • •>- 0 p > • ' ••' ,;_ • __,.. : •',• • '> ...-• ' " :• - , • -' ~ 

f.;nerQasei ·tfpt;i, ·1.•4~:t.ehe -~~~tio11 i~f ~tee -l~6Ea ~a 'tt~®1eft.22} 
- . ·-'. - - . • .. " :- ··~ - . - • . • ~· ' . <:./!' -

);~~( 

-~tsGvb:em the ,fllt1tli~r ~iett ·-to est"abl:babed otft$r .ool!lplt~tea 

.deve:~ellQ~Gt Si ;ot:t r .l:lke::..;._ 

S,('r) =d. ~'L+ ~ ~ + ">' w\:tL. t = l'h ( ~M) 

'-..... ..,,~~ . ., ...... _ 



\ 

\ 
>, 

\ 
i 

·trldeetl :&~utt:of30') hnii al!n' eve;r.& mat~~ ~o-~ln· ~logous 
• 'w • 

to· .nt ll.M., ~ba. <l!ff(;1~~ between ~be Hill1m al!ad tbe r.o~tm 
. . 

- . . 

" .tee;· et•s~ te o_.:; . r~. 11nd _1n the. Ht11Jt~ ditrt~~~t~~ :~~e::·~~_po_~t 
.1!1>. """'"" . ........ . ·", ., . ; ; yt\ .t J/i-..-"1, . . <3: ... ·;a;. . ;,;:-. .• ... • . ·:t.t>. . ' - _-·· . 

t'J;;t; -~ue ~1::\rm \ ·_ + 'I!, -1-r 1 ~e "'LM.e:pe.n'IJ.,en\f iilf ~- 'btl~ ·"'n -~ue ·Ce$(!} ·e£' · . . 
. :, .. ·_.· .. --~ ·,-_, -~ ·--ll~-- . _·. - - : -. -_ .·. • .'.--131). ·,.. " 
the ~!Ut.in·tti$tl!~ibnt~• iit ts n~ :eo,., 'U'·au·D~- ~7al't/ ·- ·· -tr-:u;d ,_. 

' . ' . ~ ' . - . ·- . . .. . ·: .. , ' 

. ·"· ~- t,?· '$ti:~t~ th~ l!}h•r fi.~~e:11e 1u ~!.~' -'1il«1lU:ll~~-~~$•·~({: _ · · 
· ·· •·: •· .. • • • .. · . • • • - ,.. ·;~~·"·;·.,.._,.- ..... . '(<~--"'!-·r~' -·- .• ·,_..,· 

~- data- be. ue-ea wm '.trem ·tbe 'ten 4Gtee't~:c-~' ~- tJie~;·:;p~tehef"e-t~~ 
. .. - ' . . . . ~ .. ;-··.. . " . ,. ; . . . 

ll!ltv~~1. t.Y.~:_ ti(F· fetlii~l -~ tlle o~ ~.nri'Ju$is that the ·tl!$.tr11)tttion 
- ~ • • c • . ~ - • • • - ' • • ~ ' ' • • • 

is eteeva:e ·tbnn tJJ:~· Ntm dis'tlZibJ.'!ti,• but .th£;.f:af:Jt1'tli!:istn.~a:en 
•• - • ~ ' • • • ·- -~ ' • •• ·- J • 

is _e~en_ nt~~~r.~ -than. ~lt~ e:l:~~r..enta~ c:u~e. Jt~~ ·-i.t. ~- ~ . 
m?~eil. tb~t. '!l~l~ :flaft,, so f(!\9: <tetector~ irl b:!~~ .ll~na. that bia CWelUSi-on~ 

mny net 'be-· truo., 
• I ' ·.: 

~~ :coo ··thus ~ Q~~~, th~t the tae.i~ -Cit ~n ·tne- toracti:fJms · 
~ . . - ~ ' . ,, " . 

-~t!Ol?i be'd late~. ie the--~ ui<Gtri~i~n111, Oil:l~ri hl!lVe enly m~i :fred 

·it...,. eo it - be wrttten· -w!tb.•t- at~ubt. tha:t tliw:m!G turrcti!!'! ie · 
. . . - ' 

.mo~rre -~ 'hs$ ~~ae'tt~ mbe :e~-iii i·e net ve~ 1~~:~ Dtit J;~t~ · .. -
·. . .. ' 

~~e~iirel1tal ~eul~ ifllllioote- Ulet tlt.Q di.et·r!l1Jti.cn ie, atee~~ 

~han.· ft;Jh~t 1~, g;;,ve~ :lin ·thG ];W'$' !f.Uncti:en. The~ i~ g:o~ tttncb eVi:flenoe 
' . . ·:--~ .... ~ -

if;bat .we c~mct -aeey !i7,.. tlbtft~ th~ ·a~ two !$11es ·e£ ap_pr.<J$eh~ .. 
. . ~ . - - ··~ . - . . . ·~-. -

o,m. ·uoo ie· tle~u~· ·1g t~iltna nna L~t!tt([l. tttl!ay Min~ -l;ttilanea·. the 
:. • •• • < ' • • - ~ • 

· · ~0,1tero =ats.t~.ac t~_ -~- gt>e~t: e~ent.- t!llt$! e-c--eenfJ Hn~ ·wan· ll~~"(i. 
· 'by ;q~~ettte]l~ ,et al,. ~b.- ·tt!!UJUe6: that: t~:fe fl~G Far-a~~~ is net, 

e•_~ti~ 't61: all d~atanoe.e ~om the eere,. ~-. tl1e;i ·Slf&geS.t:e{l fil 

~~penden:ee et the· ;mg,e p~tett wttb atstnnes*. 
·'-

" 

r!ittae- ,., !l:Oei Oapd(;·'rio'lle, tu:e oGmparoil •. Tbe ~eu1te' ·wt'l.l be ~v~n 
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itr th~ 'tb:i:t:tl •Itopter-.. :'JE.· the Btllon dt~t:FttbUti., in tno.t!e appropriate. 

'tllen the r~'$1~ i'U.et~a- elleuld be ~eauc~a. if· the Cri.pdeV\i~lf&e 
t1ii1!tg;butiQtJ, i~ :t:\P:t~r~{»1lflfie . tben -th~ 6'ef{{ci}, 1$ Wit'b . the~ age, . 

~ ' . 

. p~mu~~~ .;ft'_e· tt,e two· 'tfpa$ "defet!itl'J· .·~· ~e-pendent: :Qf'' e·acb. 
oth~; and .~;u .. b~vo QJnple 'G'Vid~r:ee in tht?~· ~npp~t ·the ~tltll··· 

.. f:~1~· ·it aust.ifiei!J: to ·O'U~itlu· B flew· §etri'btlti~lt- fm1'tl~ Wbfeh . 

tncr~l:rF~atea beth the tdeet$ • tn. tilts atet~t'Wt1:•· the· ·fifoli~, 
dis~tnnqe. :is.· :tedlloea ava orl ihe· · otbe~ 'llttnd the ae.,tllllde!lce oi 'tbe · ~ ~~ : _,. 

.~~ ;par_a~t~ w1tli ttis:tanos ·Witts ~ac~ptel-. -.nhe· aistribUti~: ie·· -
. I 

mile !i$~e~-'¢O,$_. Of tflia, , .. qOO"t~!. ,al~qtJttl}.·t~.e· V..llUeG ,Of 

tful .. ~~nr~te:ra f® ·:h~:--bes1•<·~•t· ~~- gl11en in the· 3l'fl.-01'1a~t~l:41• 

/ 

====~~~¢r.:t:;. 
~· ' ' 

' . . 

Yu0as 'are· p:nernt~ -~ tlie; <Ieoav .:at· pi.orre (ffj· ~h~~ we-table 

~ioJ#:t:r ··mot•~ tea~ ·theu ii~orB 'into: ¢ile~ttttJl~l ·et:. p.QSitrtlls IM'! ~~ 

.em ''cJ;i:/, mtefto1: ·With·· ·tim: air 'tnolecute·. !bG . enJtV1~1ng muons reoob 
. • I . . 

tb~/ ~ewati.enol level •. ·Flr~m tim~.? t'6 ~ime diff~t distributtU1· 
. \ . . . -



.. 

I' • ~: • ': 

.. ,, of ~ctt~ omt ~i:te QPJ>rox~,ate• lfli't'h ·the. ~-~~ime~a~ 

distltibuti·tm•, ~: e~!btl:T tapr~a lm:~ltll. 1e t·• ,, 
:,t, . -(,;~~---, 

p (o-) = .. ~ !< .. )": . ·. . . 

Here ·u · i~ :tbe tti.etanee tram· th~t c.~~. at-9 11~. 8;.:~ cm~t:ant~ •. ::tti 
~ . 

tlui Oe~!e··Itor It.ee~rmeti <:e-rmre··:rmu ~u.nb g:Qtrmula ,Wf:l~t-tttwa vd:tb 

th~ e:Pelriinenta.l· aa- .and wa~:t raunfi te ~ :$nU-aiact~tl;#ii!I!.he ·rem.ilt 
.. · ... ;. .. - . . .·· . .. . . . ·. . . . . ·.·. . ; . .. : " -: . . ·-_ : -:~ '. ( 32) . . . 

ie ~:t"YG» in dl~te~ ~··_.In :~eeent ~1tr.es K7!1®1anse:n .. J~t. &1 · have 

SUM~e~a '9 ~ t'0rmu1n ~-

f (_"" ~ = A o-?l..Q..~·\={-! I 
~ . . ~I 

~he ttna~®$· · -~ ·t&if.· ituo1~a~ :n:ct!w." parttcl~ :111eluaa 1 pions:tlMcl~t~o~~~~> 
.. - . . - . . . . r 

· nae:te(mS: ~:«· -itinual~$ne· •. mh~ ~!Qles •~· a~tet.'tt~tl with. con$i-

ae$able: utfiicu.lt~t;- .fitt ~:~11 tlin-ttmoea· tr!®l .. tbe :(;;~~· buge. ·.r.n:ammr 

. ~ :Ql,e~G ~~k them., ~be ~OO~CD O·~~t~bU'ti:en l)ei. VGX'!/ St'G~p,, 
' ' .. 

-o~~v 5:•. il.-l,eQ:Gs are ~'baerv~~l at lar,;e-r. ats~nc~~.. ~bue.· dU$' tti 
- • ".7 • ' - - • 

ths l9W-· u&ne·ity th~re tlwy ·ue diffictflt to d~tec-t. ~he -total 

tu.:n:n~~ -~ eucb pn:rtiO"le.s: is ala-~ . va~ emnll.. ~be l!l~l!al 

diet;'$bUtien.· t\U'le.tieti l~ g£'Q'eff tV· tb& tr£pp:r(mtMte re::;.!tatlm :c·.-.. 

Sme . ot ·tile, groupe those atuat~a ttui die'tit1bUti-cn are the Moocow 

group.. itl which ·A.breaimov(~} et. al., taave ebtainetl o1..-= 1 • , when 
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th~, ancw~x- .~~t~e· :w~~ . . e_Y·1o4~. ~he: l?ro.nir l!J'fiUf/(_54) f~una t>( ·-=1:,.3 

w!l~tJ .. r:r~ 1 ~io~l -o.nd o~-. '=" 1· .. ,7 :\'?het"J rr = e at 10$ 

:ttl thi;J. 't::~· ~f' fl·Sh~ :tt i$ &~W{l tllGt· · ~lle$ ·!~t tte 

' f1~mns·•· ·!l!bt$1 \1$\J'lu .en%' -~nn that ;~at' st .th~ nuol~ms ~,.na; 
~e1n~ n.t?~l .~tatna.rl w.tth:tn :~ (ti:rcte ·!JJf :~:aa;i··ue. · o~5 -~- !be rl:lpi~: 

' . ' - . ".. ~. ..• - ... ~ . . ~ . - . . . 

f'a111 ·et t'be oul'!V'~ 3!e'~sentil'IA: the: l~:lteral .di~t.~i blltiam ·ef the 
~- -- ' "' . . ~ . . . ~ .. . . . 

nu~:i~ens ·~ove it,., il~welf'e~ rA. -oauno.t: ~elllain oo~tant w.itb i neraasi ng 
~- i . 

~ ·,· l,Jomu'eo :ethem:t'Sa: 1r woota diV0l!t:t~•· £le e~emewh~ ~ · · thust· ·be 

~ater tbflri. :a .,. ~so. that tlae ~lean· 1tte!l$1'ty. ~e~e s~ro .. soE".e~.e~;_:J;. 
' . . . . -.. ·~ 

ooti~ ._parti!O,lee;:±fi ·$··$b~e1!:., ~ctrora!i~· ~ n~rm ina .$bOW$li of' '10~ ' 
~ ~ .·: . . . ' - . . . . . . . . . -- . ' . .. -· ·- ' . ·. . ,. ~ . - . 

. ~t,io,le_e i;:lle~e &rs 1l~lh?O llad~~M.f' a-tld they :et'Ji!l'Y' n~t-)t :11)~· -of the 
/' .· , · n"beve ener~~· 

'•· 

1:.·5- -- ·t~~~$.;~>ItiS!m:l!lntf,:I;mf 0, '~- ~Rttt 'FL~Vf' 
-~ .. -~~~~~~~~-~~:r~~~~~~-~~~~~~~~:d-~~~-· · .. 

. . . /·:tt~~--~~ft.~: ~~: ·~~ -~7f.lc.ua c~~omnte· ~r '~\e ~.~~~~:~~-tt: };~asttre.n 
, '.;~J · -!~iii'l ~UthP~&~ Wbs .:l~t.e~Ql {liet~!:'bu~o~ tlal:' tlw; :-~nPJtt&r E.i·neetta. 

' - ' ' . ' ,- . • I • ' • ~- . • ' . . \ • ' • . ' • 

i1:i-:. . . '\ .· -~ . . . : - ' . . . . . . "'-· . . . .. ' . . . . • . ~ . 
·$:~.qt~~' l ·a_~ . ·ta!.!S: · o~ :f)a~.ot~ ·•· b:l-\#be: di..C!fitatlee· £rem. ;t,.~~ · C(}!:e., 

-1-~~ -.-tlv~:-. eg~". ·par~te~ :mil~ imet:eefj~. tb.~ r~cle w!U · ·eune~: -~TEl . . . .. - ' . . . . --- - .. . ' - " 

cQlliams ·~nrl iQtlientien r:ma· -e'?.c!tatten eto,!fi, w:1tb·. the eu rriei~~ule •. 
. . . . . ' . --.... ' 

1?-h.ti.~~. tbt1ir: e)l~lrtt.J<. tnl6 llfHle~ el'tle'Ti§'/p..qrt~ole ;n~ll dimininb: . · 
• ; I ' ~ • •":/t 

~t't;~~.uail?• !1·gf.dn. ·fie tt1e ili1;!1;ar.t:~: trom ~~- · nxte e't the ,f!bower will 

~' ~eate~!e' tbia' --~ge. pa:r~rnete~ t'lih increase tvitb, <lieta:~e ana 

be~.l(le · ene,rgy/pal1ti;e1~ will· -~leo tJirttinisb t.o 'a,>eri.!tl. e~ta.nt'w: Qaren~~v 
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det-e·c't·Gr& are ua.ed to determine the. eoer~r of the paxtiolee near 

.the cere. !hus the energ dene1 ty can be •bt&ined. flle energ 

flow data osa be used to fiDd .ut the lateral dletriwtiea. Per 

small dietances a pflfl8r law ia au:ffioierrt te describe the lateral 

die~ibUtiea. The dietributiea. gives us· eeme biate about the cere 

atructun •. 

haki:Nri et al ( 36) haft eh ... • ~_at there ie a chan~ in the 

cere: struc.ture abeut N ::::· 105. ·The e~riment Wa.t! do~ in th·~ EAS 

arr~ or ~h~ Kobe aaiverei ty. /_':: ;·: ;·:_':~·,;::.:, ,, ·.H~ 11$.~· nine Cerenkov 

uetec"tcre. !mea~ them four counters were at the centre of the 
~-. . 

arr:ay:;::~ \~·tnd the five others· were near t~e cenne. The counters 
: ___ ) 

were c-all brated by a ein~le ma•n e! vertical· :ino.idence anu: the 

observed Talaes were ~o~parEd, with the values ·obtained:. Duri~ -;he 

. ~e-:pa&ation ·of an EAS wbese core hit the. oen:trlll detectors·, the 

nm ef the ener~iee re~ie'Sered b3' th.• central four oetmters we:re­

de-ter~Piaed CZ E} ·• He hrut shMm ~hat flactuatieDI! et L' B in the 

eise ra11ge 1 x 1'05 - 2 x 105 ie lar&er than t·ne ebowers with e:t~e 

) 2 x:---105_.,L.: .1.:-·:_ :_. .~ calculP.'ted the· later!ll dietribtltien to. . . : l"·. . . ~; 
ell,miut~·-~ i the depel!ldenoe on r, the distance !rem the shower axis. 

Th~. e:x:pooent was evaluated •. It wae ~ain note-d th~t near the eiz·e· 

2. '~ lc ~ there ie an abrupt chanp a the oralue e.r the exponent. 

Eft.!l i~!l ~be. T~ er the e~rg per particlethe.re is eeme abrUpt 

ohanse ia that· eir;e ran~. Below 2 X 105 size the energ ,er 

partiole wne r.und t• be· o •. G5 Gev/parti~le while ~ter that size 

the. valu·e ie 1.02 lev/particle. These chansee in the cere 

structure and the eoer~iea et the particles in the YioinitJ e:r 



28 

~t tbe. e12e ·2 ll' 1:95 e~14~usr. t~ .indi,e.at:e.~ -~ e~J~tll$.: ;~ ~: ttl(!! .. ~-¢~l~i~J:.~ 
cf:' tll~. t~:r;:f;rn~ .e:e.t'!tn,ic~~- ·~-~s~ 

{i~;tee·~e:t(}: t\ $;i:£t~l1:t:t~~ ,~G~dur:~; iil:S?~l~ i~i :bltGr; Q'~ f'~Zf::t~~et ·. 
- ¥ --. - • - - - •• ~ - • - • ~ 

tn the .abave p$'oedura the cbn~g.~ ~otG:d ~- · A~~tttl~ wa,a ~~~a 
- " - .- ' ~ - ~ • • • • • - - - -~ J.- -,:·· 

~e· detafls ·~f tne l~(}~e-«~ ~f!tl :t:e:eult· !e ~v.en tn cha£'rt~~ -'~~:;::· 
~ ' ~.-

. ~- ..... : -

00f¢~E) C~lteslidA.~tl Gf ·~e •!~ c~smle' ~~- .~ill' .im~t~~t 
. ~. . ' ·-· .-.- ~ ; ~- . '~-··· . ' .. '• . -· :. . .... . . '· - . - . ~ . ". . -_ --~~:.~:;~~--

. bs~~u~e tb~ gp tb~J' ·se~ ·ttlbt ab0Ut the m~ootio ti~ld: ht· .. .. : 
~nt·:g~1~ a~-~~l'ldm:~ en. tt~ --~~tu~ -~~- P~-- it .e~tl -~- t~:td~-~~:l:~' 

-.. - . . . . -·· ~ ' --' ' - . .-_ -~ . ~ . : ·.. . .. - ' 

1:~, ·ther~ t$ tttri" ~:f.G~ent-1~1. ·!r~h.ttntem; cr ·•cEfl~r3-t1.e» ·(Jt tli~ · 
- . ~ . . - . . . . ' ' . - ~ ' 

'. 

'l'itbt $Ue. tw~vY nucie.t ~n~i{l~ •nr get~ .•. ii!)t~~ e~~~ ~: whteb 
"~· • '1', . 

tb~ elltrn g~la~toic -c~pQ~ut,l~cemes: a;tl~ioblif .tm€f; ~i:n~~i~';.:. · 
. .•. - ~ • ~ ·-·· ' •• . • - _.._ . 1.. 

' --: " ~ ' . 

·s) 'the~r: ~~- a~ r'igid:t%7 cu't· ~~, i'tl$ltl~ ·$r· .g&.l.Q~ <iue te· 'tln 

rn.~tie tiel~ '~--_. Pvete~ lll'ld: '.Linsil.1J$U b:m:f :Qll;ef!a~ ,eug~e:stea. 

$0Cb ·~- ~:tg:Hliv- ;eu;t: $f~ ~eu tbe. ~IJi.etl e-t 10' slttl\s&tl' a:10~· 
~t£'1(},». ~~us. if. there: is aU® a cut tJtrf"'f then 'ti~ vrhi~«l~ w111 : 

'f!et· · d:ehe~ ln beo\'tlel!' t»e~i ~-ml •eurAd 3 .rg 1rJ1 ~v e-ven· 'tbe hf3avieet 

ot the ~ttcl$1 Wilt no.t rett¢b t'be ea;:tb,. fila 1'-:tiJ~or-i,ee: a~v~· ~bnt 

G~,'iJf!Y' mU"$:t' too~ ~~ fr.Gtrl ct~ gata:de:$ tt~ allQU14 tiD 
I . . . . 

~60ID1E"dlnt1:f wote~e,. t.e()~$0 ·6U:tri:neJ; i(ihe- 1~~~ fl;!ght· Oalli.SSl'l$ 

w1t1) lit~ens will ~iiuee them: tnt~ 'eltigle :pr-Qtone. !.11 •is -elt:peoted· 

that tn~ ·eh$\l'la net· deviate m~~- the ~.t-ual. eouree:. ·ttmn by : 

rrcttng· the d::i~ot:it):ft of tbe· J:Vil'f'~ry ·we, :ea:til mf'er abeuit ttn~. ~l~ 

from 'Which. t"f::!ey are (It)ming ,., llt.lt: u~ 160 Ge:V' baUon b.OU~U~l 
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detea'tors ce.n ·t,e ueeil to get valUable :trlto:r~tiei:J· fliboU-t: the 
' ~ ', 

priJn~'tes bu~t ·bsytmd 10~ Gev wheJ.~e our cen.txe of· ·Qbje(l:t ie. 
' . 

. ~ 4-o not t!~t~ .. tmy· i~c~zatistl by tbat. wgy ae tbe· f~equa,ney 

beq@me-s. VS.r$ ·Gmall,.· fll0' StU(}y '$f tllG' 11/i/$ ts tbore:fore !aSOeSS~•: . 

. l'lf".ny tm:ll:on boutne · ·~ltpGr"~?r.ri:a w(?.~e ®l')'l~.t'!t$d usi~ 

sotnti:natien. 'Mt\Oe.!ret'iltev eenrJtelte· ntttl ·ewtJ: ·e'mulm:ten :e'taeksil). . ··" 
' ' ' ' '(!i?l '' ' ' . . . . . . 
Gil")z~:r~ ·et. :flit .. _,· · htwta~- sbtwm tba.t tbe. e0'mpositiol'l of ths 
. . 

G'V€l: fag~ flaes .~mb$r~ ·1~4'~' 1·4 , '2'-;SG 1e. abZ)Ut 49-~*27~~ 'if~:. S%, 7'rb 

. raap~ettvo')y.,.. 1ti'!las{*3S) bad ·a'leo e~·1tpite~. euch dmta n'O'ailf.t'bl~e 
·, ' 

•• r, 

tt1~0ur~b'l:t ~~1:tb. tb.a ~().eult 0'~itted ·b!{ ·(Hn:e'burg.~ tthi~ re~u!t it.-f. 

fer: pi:tm,"lriee• bel.$w 1fit? 'Ge.v., U~ver ab~ve 100 Gev tt1e result. ·· ·. 
. ' , . ·~. 

cnn lw!. infe~rea i!Ufi~~et·lw· £rom the 131A·S C~ll'!id.~:attan., QnEi met~~ 

1~ t~ simu~te0Ls:tt·o~~' nrtifi(:itlll1! ~Y' Etnte ·CarlG calet:a lntie~-~ 
• '') • ' • r ••- ' • ~ • 

' . ------
R-o..<veV0r -to ·,ae tltie we- have- to'assune: a· model· of interae:tie!r·,o.f:· 

• • - • - • ---. -- - 1' ••• • - • ·- •• 

tha ~bmver pa~o·les with tbf7; ·~,z ti4Qleeu].a. 'S:h-e- mooe-ls ere net-... 

wl! ef?t.a.blished_., !lenoe we :a~e: not a:th~slute]3 GU~ of th~- ~eutta 
. · . .· ) . . ... of . . . ., .' 

oar;i-1,\!;. :out of tbee.e· Qa1~ulat'i~oo... rr:~ ~lf;il& clm.r(1eteriG:·:t1ve _Qf the:_ 

~s tttost of· t:hem .. ~ae~nit b~th. o·n the ~~t.u:re Qf' ttw :wri~ey- an.\~ 

the ·mod¢1 ~t in:teraotton. fbus tho t:e~!hlits fl!:():"m ·the L'!t>nte C'Qr~o 

calo~i1nt~1!):n~ (:tUl·· n~ ·rtiw ua ~Qme. de.fittl-te ·Clue. a\>tut * .. 
JPrirnt,!ley oom~:it'i0n9 

fi:be. lti$;1 . ona tin~· Syt1.ru~;r greu;~ 19} .~.tud'ie& the .e;cx~ etructiwe 

of'· t~· "RAS. w;t.1e: Chan~ :ln: tb'G etJre stwc:tu~ ~. ·noted nh~l th~ · . :·: .. 
. ,.. ·- . . 

cericiue~en ·th$i! m;riwtl ·at i..~, tbnt· ~~o.tnlii 1(:/5 -1o7 Gev tJ:te , 

. c&mr;ioaiti®' ie· :l:ili~d .• :tt beeomee, riehe~ i.n h¢n~ie1! ·pr~mnrles 



'flt ·b.igber ·ene:v§ .• Simil.i.ar ob~s~ti~ns w&re t~n~ 1i.Y Aent~imG%1 

et l~~· ~-~ 'ilir.ll Cbaen1:t!lyA.(Jl:OJ ~roup 1U ~i~e1 tbe ftuotuatif.)X!'· 

t·n tiit1: c-er~~• ::aatttttcn~ 

Dit~e~t :ctb~llt awtbot~ h-aw nl~lC· ·\mitte'G -ofi tbi.s tGp~cs,,.. 

t.Pbe Sg.dn~y -oup ~~nd ~- aot""hltim between: the :eh~•r~':$~- a~l 

the ·~ltic~re: ·(;)vents,. ftlaJ!G. ~'Courancre :i;S' mmmum u~o1l!lt\ -1:07 .se•,.. 

Jlflltim ~et ;:al etu<U.~tt ~\the ·energ- tt~tru$ e~ tb:e, -tceaeliil! Ja~t.icl$ 
. . ' 

·\' - . 

. antl -~ooo:tuaett tb})t the · m.les ·num~::r· .of tb~ ave:rug$ pri'lr~ ma'a is. 
. -

ar(':nna 1o- te · 6Q~ l!!'.etmUHmsn~ tSJf erml'gr ~l~J# -can· ttl.eQ' ~~~\'1- ·e{)me · 

llgbt ill : tbie"· ~~~l~Qt. In tbi$ tttel!lS a Wm:tk !\'U thie -~-~f1t wl1l_ 
• ~ ,< ••• • ' ' • 

. ~ et~-'!1 in ·~liFiptef.'s ·5,. 

--
' !:!!$ -.we· .. :can al.ao orrli.w :at 'tnft; atune: C'fi)Ucllia.ten,. .. :· . . ~ - . . - . . - - - . " . . - . 

. . ' 

fh'QEl nll :these: ~~o:r:s taken iio~tbe~· ~- .giver -~ 4-tus- (~ 

'Bbett't tba ~~oett!an (}:t. the ~~immy.,._ ~re$t~lt f'r0m ,a ei~le 

. -e:cn~;ta~nt1~ 'is nGt GVwgb_ i!G!!' deti~'· te eGmO!USJ!~n -~~e t~ 
- . . . ~ - .:.~- ~ 

v~ ~- attribUte« t~ ·a-ther· ~easel'lB lite the itttell!a:eti~tl~ ·.mtb .. the 

ttii ·~G'lecu'le.s etc. 




