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Pomeranchon 1 
\ ,· .. •· I' 

·.'.'\ . ·exchange required by the. fact tha.t the phase shift at the strip boundary 

is generally nonzero. Trajectories a.nd reduced residue functions are 

found. The trajectories· have 'reasonable shapes, slopes . in agreement,. 

[a' ~ 0.?;/(BeV/c tJ: for reasonable chosen strip widths, -~-·t1;;~_ :< ,t:'\ ·; .. _ . ... :-

with expe~imeht 
··:-···~:. · ... _. :· •• f 

·',:""'··\and end ~oints in the region of t -~ 0~ 
.;~t~~-~··--'(: ··: ._; 
~...-.? str~p boundary displaces trajectories upward, 

Increasing the phase shift at 

while increasing the strip 
-:~. --·~·· ·:.-~ r}"' 
-'"< ~~v·· Width 

~ .... -~ .. . . ' . tend.s ~6 flatten t_rajectories. The behavior of the reduced 

'· 
residues is found to be representable by a simple approximate formula 

~- . ~- . . . 
ternis'of the input potential. The potential investigate~, with 

..... ·;·.'.:. 

of inelastic scattering;· is incapable of generating a J = 2, 

times too large. . ~;;(:J:f ~- : ; , .. ·.· ~.·~.~~ce aiUi yielis ~ .. p width severSl 

·r·;:~, .. , ·.,. · .: ·~ .~·~:··the·. ]?base shift. at· the strip boundary •tends to improve the 
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-:~ :i;·~.:~.·.-~.~---~ .. '!:_·_·~:~--.·,.J!\:_._.:·._;_~.:_ .•. _.··.·t,'··.:.·.·_·:,:_::~.~.:_~.~.:_:·:.;_'_.~ ... ·_':'.·.-.~ .. :.·.~;:::'.;.·::'_~ .. I· ~:.: ... ~:_._:·;·.--.~-~ ODUCTION' ' ' -~~::F:~J?,;~~:::~:;.~~~~~~I~~~: ... 
· • ' • ~un , , , .:' ;· . :Xfi'~~- i 

Che~l~~- and.Chew~~d··j~n~s;·have recently_pr_6_.'p_o_. __ sed a new ·· ;,.:..-::;',:>(·,.~· 
• ,~, ." ·~~ • : > I ~' '> 'f; :,. i, ~ • ;A ~{ 

Ft~~l·,.,_. .• , . .,;;-+ 1 :;i~.~-' 1·~ :;·method of 'solving ,the pion-:pibn probl~m, based on th~:-ktrip approximati~n: 4 '·i~~j~~~:l~-fJ 
:.'":-:0•··-'k--:' -:·,·r·:~ ·.·:r~~··.: ;" . . . . . . ; . ~ ~ . ·'' ·. ~' ... ·;\ ;· . r· 
:;tj~~:;;';!i;~~~,:~:;;i~:'t.~·}:/The starting point ·in the·. calculat.io~ they. propose _copsists .o~ trajectorie~ . ·.·_,,, r1 

·[~t~:,l:'f~?:Y~;,;~~;;~;·:.,d ~ed~.;d residue;func~~;""s: in the ~rossea' channel~ and the width Ot ; "J :c\(~1~.~ 
•. . ... :.~ ~.--· ; . :t- . i .. - . ~- j1'· ·,._ L 

strip inside. which -the. double-spectral functions' are .nonnegligible •. · · -> ~~ 

Chew and Jones ha;,.ei sh~ ,~~ ·to,obtain from these quantities ·a Born ·C: '/ T 
term which in~ludeS the ·~ff0.:s of resonance exchange, c~tinuvm ,, , '· ~ 

.'wJ .. ~i .. \·'.'·'" 1;·:,;,._:.;· and inelastic. :processe~: in: t~e direct chB.nnei.3 Chew has given the ·· '·'l' 
: .. (:~·~;~):<(?i=~~::~~~;{;~~;-- . . . . . . . : . . . . ' ,. . ·.: ... ,t' 
1 i'' '·a'·', •; '•',"C' :• '. :, Solution of the resulting (nori • .,;edJiolm) mi:xiifi.ed integral eg,ua tion • ,. · · · . :·· ·+ 
~~·;;;f~~{~fi~~~/or N ~ (s) .2 

Ari iterative prOcedure is Onvisionea in which self- I , . ;,; · : ~ 
ii):f~~::1~~i\~\~i~~:::::~::::::::::ot:d ~:: :::. th:~:::a:;c:::~::·\: .·, .f, 
~:~~t~~~;;lt}.;;~ ~· to give nt>nerical resul~s , far the solution, of the mcxlified integral ~"·-.'::·./.~· 

l.f'.· 

'::,'J.\•Z0'' 10c ·'·;;".,."'equation when the. Born term :is' approxiina.ted by the. exchange ·of a zero-· 

~·· ;.·G:!iicr;:\i.~fwidth p. We feel 'these reSults are of interest both as a starting 
!, " ,.J: ·:;.·~;~.~.,!::~--'1;';,~". ·.··point w:tih which to compare the more inclusive calculation .in progress 
r:/~:~:::;;::;~:~:ff:'~ ._\} .. :: · · . · .. · · · · · . .-:· ·' 
,~~. :~.:/•'.:;,:·~\<·~-·:;.·,·'. and as an indication of the size of the role played by p exchange ·· 

;i~,~~~~Ki·~~S: :n the pion-Pion problem. 

.... •• •• f 

: ·.:~ .. 
. ~ .. · ... 

''· 
· ... :..:· 

No attempt is made ... the present work to find 

. ;• ~-' l·;'.J"'' .... .::·'"''': .. ··self-consistent solutions. We rather study the output trajec~ories and 

::.~:·':·::?U::::-~t~-:>~:irst . · . ·.. ·: . 
i" ,,. .. , ~>;t: ~·~·· . ·.\ .•. residues as functions of the width of the .. exchanged p, the strip boundary,,,... . ~:-

... ,, :;.,;:::~~,~·:~:.,·~:,\.-/:' ~nd the phase· shift at the strip boundary. our ·results,. briefly,· -wit~. ~-··· . .rx : J 1;: 
:- ',-~··'.··-Iii, .!;;'- ot' ·~·" ', ~.:~;;.~ ,.,. •• ' •• ' ~ • '/' ;l" ~\(:(': '"t . . 

~ ;}~.t'·f.:.:<:~~~:l;~;:.~t:~-~tr:t:p widths aro~d :5. aerl are ·iee.ding trajectories,: a,. of ree.so~aii~· ~,~'J.::y;_·. ~::.,~_:·::t, ~; 
'.'?:~:t;,·;~.;:~~:~-::~~-~:}:·L:·:; .. '·~ _-:·.·.--·: .. '· 2 ·.:·:;\;"~~. _.:: ., , .. :,:';: :.:,· .-> . .;:(,;· .. ~:£~:· :··::~,:~~; 

~ :2t~~~:f;:ii~i~:~Mi~>f:,;7,~r~~<~v1 ~ > .
1 1~~~~rable "< cq , [f: 5~;\'!-;( f~f}:•< }~'t{::, ::: lt> ~ 

·.•<::•<, •-c••:,"•''" '>'·'"''•'',, ''"'->'i 'J• • •I ··' :'• .•·.;'··'' ,I? • '·. ' :'l!.;'··ff,•<J¥ _,. · '• ">,;.:.,I,,·'·; ·1.',;• .·.f· '.jju''•;"> .,.>. 1;;1.,. • •'<. ~~-
·~"~'"~~ ~ .. ·":,'! 't .< •~"" '.;·r "'~·.· ,_,, 't· ,/ 'i' ,;•f~~t!> "'"' .• ..,.. '"li'""'•~~~~~r~t· ~. ,,•' "',~ rr~.'•l'• •• ...... ~,;:! .,.•~:;,~ "< 'I'\." i.}, f.!',;. 1'?;:• ... • ~~ ,'-' t:·· 

,. ,-·l i'\·'''' ·:···· •''··· "'·'· •ift"'',j~., • ...... '"~.' ·c, ···(" >·' '>1'"".: ·,; ,,,,..,~,, .. _, ' .• ·~ ( • <•<···'"' i . ··'''·"'~"""' ,,, ' 1"1· ~-,., ' ... ·. , .• , r. 

,, 

' ~ J • ~ }:;v'i; ','"":.1f~t' ~( i~ ~ .... ~· ~"tJ.~., ~a ,. . ~-.(' "~~ ~ ~ $ '\"# ·.~~;~f.'"''./"~~ ( t ~ ~,,:.·.;:r,.-'t: '~. . ~f ~ ',. r :• J 
·. ' .. /'C "'"- ,.;;•;~;::1lf''' ,, .,·~· ' . :. :A: l '• / ·=~~; :~;}~:,;~ ,,? :;' 



~),i ;·;t.:~ .Tf.rf.~2 ;::.:~ . .:·: -~. :·::=~- ·.:~ ~~: ·-1~ :_-.;:;:: 2:' ::·'(~~;~r?:~f~: :~~ ~ .)rt-:::~~~-~:i~~l:~:;;:.];r..r~ff~wj~[1~r:~~~:·~. :~:,:J_;r·~.~?~;;/··:~ r~{~~{:R~ 
~,:t,.1 ":.._ ~j.; 1 {,'•t~~,~-":.'"-~~··l~~..;.';.;'t.,~, 1 •/• 1 ·"~1;:,, "..,• ~!:"...,•;{\•t f,;~,.,...: ..,_,...,.,(.:, .. ,•~..,..-'''i_l.oi••~<-'l!~~"k""~'('j;:.;~;;~~;~~·l>l-1';4-,"l}•"•l:,., ';,)/Jf~~~'.J:.~~)."',.-..~~ . ., .. .,~},>.. 1 ••J;. 1 1 .~.~~'\•~·~ , 1 • 1~ ~IJ"•;;.;,,~·· 

:tl'~~f:7;n~~~~t/;,· :'' ,: ·. · ··· · ·· ·· .. \·': · ,,~~? ~:;'' i:;?:,e:f··,~z;~~ffi1~{~;~~{0tF~~l Q:~~~{·<;: :;:.~;·r~ if'-· 
',' .. - .. .':.;. .. ,:_'-:.\-':'and reduced residue functions,·-.?', ,in agreement·~With the approximation .... :_->-'·:'·:.<··:··.~· 

• ..:;; -~· :•- .. \ \!,'.,., ~ ' • ~ ,, •• • • ... ~ ..... l~ ~ .. ~ .tc'' li":.,.··-~·':"-r.i~lo ... ,::' .. , ...... ·' .7!>·~ t- •• .... .• J. ........ ' .. ~· ;i~ ,. ~ ~ ', .... ,:t<>..;_ "... > ' ~ ' t' ' ~' ~.<...._ J .... ""' 'j p,. ,• .il J~ ',. '.. .,_ ')., } ,~~·~ ·t,. '.I-~ rli. .. f.~.1 ... '~-~, ~ ... ~""t· ··~ .• ~ ' ""'. r t ~ "''~· "'t;;-' ..... ,• ~·j. '"'i'•}"t \ t ~ "l,,... 
, 1ir < ~ i • • • ~ \ 5 ! l ,.... r- A A ~ "'"" .- ....... ,;•"" l ' .., • ' • I • , , • "",+,.. ,.. •l:J I , ' ' ._ .r. • ~ ' ..-~, ~ l' , "~ "l.. • , "" 

\ ·~· ; ~ .. ~::: -~~.'. ~-~ ~:~~~~ ;·.~ ·::::.Ot .. Chew ahd Tepli tzJ « ~-~:: ~-t'~>~?"\ ~ ~ '. ·t~ :~,..~·~~~.fl~~;f.~~:ji5 ~~~(;/j1;,.;~"·t;~}·:~:( :·\~i-,1() ... ·:~: :~~: ~~~~~ ... ~ ~\~·~::~~~;it'·:_~;.:: ~~ji: ~r': ?_~~·~·rt~~4:j; : 

:,i ~:: fi_;r~:; {i~Hf\; · .: l :-.: ·~ · . · · .;:~; :~·-: {; i:i,:?~ t _ ~~§ ~~~:: ~\(,;,:z::~~~:}~~:; ~: :::· .. ::J~::: :; s.: J;::;;~:J:-:;.'><~ < _ . 
~., \.r;,::~,r:;:i>~;r~~;·-;}- ., -~~, ·,· .. "! ;(s )/~· ( s) .. ~ = ... (s ~ '7·. :)_Ba(s) (s.~ t.c:::~,:::·:~.fo~;·:.; :· ~~-: .~~-.~:\-' . · · .. _.,,. :· ,'·:~!·;.,; : .. r ·;f:~~;.~:~~.;., .. :::· 
::·: ~;,·?::~2?L·:;', ... ::;~>-~ ·. ·· . ;...·: .. · .. ·· , -/: · .~; · · .. :.·:v . · <;.·~-~-.~.r/· ~~ .. ~ ., .· :·· ;_ . :;;:' · \- -': ·· ·::,·: -~ ,,~.:~~;::>r~:f} ~:_'.:)~;~it' 
,'·' :.>' :._f~'j_'(!:£:i >(, ·-~,.·:;: ,~where s ;,is. ~in the strip. and .B . ._ is· the. potential• . The Pomeranchuk .·· · .. ·. ···~·/·' ··" .,.·;,,· .. ',: ·.:-> (, 
.!"~T'.~· \~i~~·;<:t:·.~;,._.·~,~~~.:.>.~ .. , · .. · ' ... ~. •' .,, -~ . - .. ~ J ~ "+, #.~~ ....... :::.·<~ ~·~~ .. l ~ • : ··- ~~l .. •' ·-.~.~)·.~.;.~:,~. ;~~;~ 
; _ •· .: .,:' ~-~·. \::1 .:_:~-. trajectory cannot be mde to· reach J. ,:= 2, with the potential . in· question, .. >,.: · ;· .:. ~-r 

, ',);' ;'·:;:}\ { ;: ~ji~ i; "~ the, residUe ~ ~:.. = · ~ ~ t~-~~( ~P2>):~~: i_. i;v,S Ove~~r; ~~.;. 6 a~; ~~~~ ~-;~;:y~~}'; .• ~·::';< 
~: i:;;• <"··''as the value. corresponding' tb :the obser.V.ea p:wid.thl.:~· In· Section I!. f:r:;~y. \ ~.~~ ,; 

:--. /~:·._.• .. ' .. ' ' ·:': ;·, ·.'·: :: ~~::::.:,.+.: /·.·>:.·:·: · .. :··:"..·.·.~ . .-~<--.::.:.:.),·· ·'·· ··"·• .:t)<·-. ::·.'" f 
' .,l •.,; .:,' :: Co j: ~: 'we review t~e ·. e_q~t ~o;s . :o .~e :"1 ~ ~~d · ~:s.ou~~ l the · m.tc~in~ P,ogr""l : ·:': ·., ,r' ':, ,:, ;~; .

1 ·:·.:.·_-;,:_:·.·.· .. ':··:· ':.·,~ ,~-'yhic~- ·s·~~v~~ :~h~m~; {·in· section.·~:rr~:~fg:i:Y:e the. ~rn'~·t.er~r-t~n~sec:tXon:xy~· ·· _,:<·' 
•·· •.:·---i.-.··!:...,~._: , ... j·'f··,..~.:-····:t''<· ... "'.:-~:?·1·:.:~·· 'l;.:~"' '_..f!•",.:~;. "'r'"···~~-~r]·~:·:_J.'. t -l ~· ;.:~t , .... \.,.' ~ .... w ·,_!r-.,. ....... 1~'1:._.,· .:· 

:~,.-··,\ ·~ ?:·'.! i {;e 'present: 6~ re~Uits; ~and. finally;:. :1.~· Sectio~ ·y, we'· bri~flY·:discus_s::.t I ' "'· '... -
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. ' .. '> . ,, . ' •.,:· ' . ' 6 \ 
has 'been .written down· exp~icitly; ;. it .is a d~u~le s~tion ~n~;::_;.~·_;_ 

.~ • • . -4 • '' ' ' . : j 

• < • ) '1. I., 

and less ~han oA for at!< l/2 .. ·~;. 
, . .- · .. _,, .. · r ,_ .. t,-.··. 

.... \~' ".; :'· .. ::;' .. . .. ·.·. 

. 2 
out,. 'we may see from _Eq> (~) that' N t (~) .·. 

are both singular at the 
. ' .. - I , 

strip boundary s
1

, behaV:ing ·like 
., 

)···: 

the singularity'is n,ot, however; present in the amplitude· 
... ~ 
~- ' 

· .. ye · 9.1so recall that t is the end point of a trajectory if ..... 

a homogeneous solution.3 

· The solution._ of Eqs. (1) · through (5) has been programmed 

The input to the progra~ consists of s
1

, _t, a 1: ,· 
t. . 

v' . . :. and Bt(s); the output [in additio~ to Nt(s) andDt(s)] consists of the 

~(t_) and the q_uantity r(s)/a 1 (s) [which. is. 

(8)/(dDt(~)/dsV· 
. ~ ~. ... ~ --~ ' . ·.•· -.' ·: 

. I 

Int~grations are 



-~:F~~:~~~i;~~~{(;:·,--,,~_-~_5"-~: -~~ -~~-~.J~G<~;~:;~3-~-:i~~~tr~~t;·~~- 'c::r;7 .. , rt~7,. :}?" ·: 

• ·<· ·;:-· ;'.-.• -:< ~t s • The .Fredholm. ~qua.tion((3 )·is ·~olved_:_by ~trix i~~e_;·~iori,_ again .... ·, .. -~ ' {~·-;~. ;\ ~ 
-·!- ., . ·1· -- ~- '._:'. L.;~:~ r. :·! 

-~ ... - .. :"!'.;·_~·~·,r,. j "l. .. . r·r 
;.,·.~,.~·-,_~-~"". . ...... ~ . ~ . :·'. .. .~ . . ' ·. ...-. .; _-:,_;~ .\"'" 

, , ;~-:.:. •· _.. .., 1 ~ -?sing Gaussian quadrature~ ih appr~ximating the integral· operator. by a:·; :~~;t" ' • ~~.;-1 
,1 · ... ·- ""• · .. : .... ' 1.,. l ~ • • .·: .~ • ' • • .. ~ ·: ... •• :._,.. .:~~- ·; 

}0~~~~~~~~~-· 
.. ·''J;., •. ::•:·l-~}·', (:re~ona.nc~,energ:les and widths) when i(.is 15-by-:·15 tliat ar~ withiri-'1%.{:,:·.~~~;:}·;•/A>! 

'~,:: ::if.(;j -r;:{ar the results f~ 4ob~ ;· 40 i, :Ab0~t 5ot· cif -t~ ;\lllll~, tti.~-:~a~· ~he :P,:a:' '), 
::~:;·< :i~am is_ used i~ ·~o~~uting··~h~. ~~rator:;?~~(s;·a-'·)Cie-~r/Eq~~ ><2! _and <4Y~!~~f{::< 

' - . . ·.· . -~,,. . . ' .. ~-: . . '~ ... .. ( _:· ·.' . : \ . ·' ~ . ~: .-' :" ·'" 

!· .• ; ., 100 to' 400 terms in .the. double ~·sums :for: PB ar{-tised, .~depending, 

,.,.. •. ;.·.,...·r-;,-''1. 

~··-., .... :r:T~-· . ·· . -- . .:~; ·. :·· .· . . . -. .. . ... , 
,. : ... ·.\ . .-::·T·:··:: -r~· :_\~s~.zes of ·a.}ind'_ri:~·:····~;Find.ir~!f':~if.an~ .ria·,~ trom the· inpu~'-t~~es :ab:ou~~ . .\. . ;·o .. ~:::·;\, .::· 

•• tr ·.:'i:;~~- )-~~. t}~ ·i ~_i:~_:··-k5·r' s~bo~ds :. ' .. :_,, .---~ .. :_,_',;_: = __ ,~~.·_;~_·~.:j.:,:~·-~:,·_._:.·_.-~.:_ .. _;?_:~_~-~.: __ (. ·-·~.~.:.~_-_'_.,· .. J· .... . ;-:.· ·:' .. . ~;-~ .:iF ;I·:: :/:_:~: ~~ '''::: {.t,{·; ::.: .: : 

-, .< ,. , :-1~,:}: ;,;'j·.S . , ..... :.' :•:: .r~d:~ THE rtm;:j~~/~;-;::,:~.-:_Y,:_::.-·:1£:::··: I 
· .. " ' ' } . :. ·' In this wC:~.;~·~~':~ •• ~.:;or ·the:~~~;~~iz1ea_:.~;,l.~i:i1!{;j;-\r,' . ·: U 

. ·-~ 
-_{. 

.. ~·;.~_:'.~_; ·: .';_:'.!.:_.'.:.) '"•t ·.·.: .. _; =-·~.-~ :.: :_·_· ... :itft;~~-·:;: Bp;~;·- + .·. Bp~~:;1::~~I~;~~X;_·~ .•. · ... _._:_ .. ~_:_i;_:····.·_._-:: __ ~.If ;~:;_';,~ ~~:';: .,: "~ :~ ' 
' ,,,.... J ;.·, ;,·,·._, r.t·'". • .,, ·· V F"' t ' t -~. -4 ~! • t : • • .f, '~<"::~ r_,:,• • • -.• ~ • ~ /;. \ ~~ • ~.. "' f 

··. • ... ft . ·,_ \ ' ' -., . '... ...f t .._ ' . ~- ~--~·-- "'·-· _· .. _:_ ,_· ·,·:, ..• :._.,·~: . _, .'~>· ~·, .. ~ .. •Jt··~,'.'\ •. 1'/' ~-" _., .. -,.~.,_.,.;:··.f··-~-··· .. ,, . .,_ . . . ;-<·'·.·:;·.,:}:> .. ~V.:;T=2(s) ·.: " ,.~~ ,-;: j .. ·.:· ·.'~~\·::~::;}); r __ :·~-~··~ '· 
· ·"' _ .. "":-~ "-.:'-~ :~--~~i -~· ... ~, r 1.. . . ... t \· ·. .. _,. r- ~ ,, .~ ; ~ ~ ·\-· ·-.·.-.• ~ __ , .~: _:. ~-.-~.', -.· .• : :. ~ 

" i ~ : .. _· ... ,.; '} . li' •. ,J . " 1, - -.. "-' 
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·- ~ )f ~1~_> ·/ ·.' ·:, .. . . . ·· ;- : (10) .. · ,. ,. ._.';{;' . -~ 

... <·~:~':{~ .. ·<; ' 
in order to study:numerically the de:penden~e of the solution·: .;-}·; 

Eqs. (i) .through (5}~n the condition at the strip boundary. Th~>i~. '' ;,, t 
to the potential.'Which is 
., . . ~ ' ; I . 

of this J;Eirm i a· that. it !!i Ves tM eon;\:l'i but ion to thO. '·l, .. ~:· < :: ~ 

. .~·i.}% f;~';}~.''t'te~tia1 r,:om inelastic pr~esses ~11 th: d.ireet. ehanne1•&.1>~ s1 • ; · · ,· 'li.· 
';' ~ :i"· :.'· ·,,, !\··;:; .. ·i;"· ·' .. Except for s very near s 

1 
_we have B i <~:at' and,,the subtraction of the · ·: ,:'· 

·-'.<:~~;~.:~~·~·::~;i_f;:l;T·logarithmic terms. ~n (5) ·make. s the. kern~l Kt (s, s.") ·almost i~~epen~ent.l\. : .. :: .. ··.·': .·.~·.:· \J
1 

• ' ,,, .. ' ' •,>; \ ' . ' . • / • . \ •. y '·<!'. . l· 
-· • t ·",' ~: "~ :\ • • !r I ' . '~ ' ' 1 • ·• • . ~ 

.. : \.~· ;:) <·-. ..;of· the Pomerancpoh potential · · :- ·., " 

'<~r;,<~::::~'< ·'·:.,.The p·contribution: [Eq. (9)] ha~ se~eral interesting feature~-:~;;/·_:: . .' 
•'* ...... ·.t,~~t: . ··_·1~ :•. ~. 'j ·•• 

; . ~lf~.'l : (a) In study:lng thO output trajectories as a function of the inpUt ; .. ::;.' '· ·. 

c·.<'.: ~'Width I'P,' the T =. 'o trajectories with input r P are identical to . ,·: ·· :·?:· '.: ··-;~· f' 

''.; :f'J{~·Y~tg\? :::e: ··:Jg::yje::i:s = ~ t:o2:P = a:t in:::. th::) f::s ~~ry 1, g::::Y) ; ' ')': . . . / ~~:·:.•, 
' p . - , :; ·: ' . .. .~. ', : 

:it is constant to about 2CI{o up to s values around 300m2 . Fi-om 'Eq.: (.5)'. :;· ~;.:- ': - f·~ 
1( . , i 

· ... ; ~ ..... · ·:-, 
~ ..,- -, 

·'We see that the constancy of Bi and the smallness of B~, except 

near.·s 
1' 

imply that the ke:rnel o'!-' the Fredholm equation .• (3) 

'·' 

.. '• .·. ~ ·,_ ~ 

1 < ": -~ ; , ,t~ .. --~ '· . !; 

·' .,.,.; .. ' ..... ~': ·. ~ '.<'.is small. Thus the Born term is a. good approximation to the solution;;·_" 

'::-:J ;-:,:;·,'F~;~~~~or N°, and hence for N: (c) As ~ increasedrcm' 1, B~ (" ) be~~:.~' ' 
'"·; .;. ·,. 1 • · strongly decreasing function of s ·.and the .integral term 

·'.·;:·,eli;.·.. ~i •• •• ~- • i.~~· .... 

-·· ~. ~ \"-~'' '· ~- ' -. ' ,· . ' . .._'. •, •. - 1.'.\'•.,. 

, ,~~·:.C:,r.•·>;.: .. -~ /,~·· .. in: ~<1~.)(3) .yi_elds ccmsequently·a~ lB.rger· repuJ.siye :::~ontriubtion 
' :.·· .:~:. :~::~: .·,.,·.·~~·:+::y,.':t·.:,?~\;·~~~;: -~~~!J·;. 
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···• ·-', .. ,. ::,< ,.;.<••;.:,.::;. L·' ,:·-·(d) As .t decreases from l'the opposite··o'btain;j Bt (s)- becomes an- ·-- ~. •T· -~ . -·~·.)- .·-v-

,;>t/<.':.~~·::~;;~f~:·:f·f:/},' ·. ·.·;·::·> /.-· ... -.:.~--~·-·.:r·· ·--~: :~·~\' ·:~ ;_~,,~_ ·. _ ·;,·:> ·...-. · ·._· ··~:{t".~/:~.~\1:: .\/,~:~:;.r_;~ 
·: .:·~:.>~-i~:i:'~·~n ~~J;.-~-·increasing·-~unction ·arid· the 'integral .term an attraction. ··:Pro.p~rty (~)t<·::/-:~:<:P~~-\~,:~-(· 
._:>~~::? ;·~~~::-·: ~t; ~~.:~y:·: ... - · ..... -.r~~,.( · ·: • · ...... · .. ·. · -· ·· . -!. · ·- :' <,{: ~ ... ) . : .:~.(, ·• ~ ••· :,. ··:.:I r "; ..... -.-~- ;::.~-~·:r~N:),··:.<:.(./ :nr .· 

·-~, ~-:c·:~'/l'':'"r ;:·~~,\-;<-~~-.~tends ,to-.limit.the maximum value. of t'that:'may_'be 'att{iined by .. a· \ .. ·,.-:·,,:, .. c.:;;:,·.~ .• ~ 
;;t~;~i:f} .. ~h:::":~J.~.:-:-~8~~ ~-:; / . : . --~-~. ·. I~.;-~ . ' :,~.-· :: .-: . /':.'>.''<-:> j ., ·.:- ,. -· .,·:· . • ::·· : ·.< . ,•· ·:V· ' : ': .- ' : ':. ·( it:'.::··:::;ft:~<:·~: 
_,_;~;;y,: .c·t:?·-~-:~h~_:;:~·.~·~·r<:..:trajectory~;:~ For.·reasonable· ·input···mdthsj · the"·output<~rajectories·_.te!l<f/\:·;,_.,:;\--.'":.<,;;~·~:~ 
··.-~;·::·; },; '-:k .. ;.;! ~:{:._.;tf_::1:f ·'~.~ .. : • : : :;o , ::· • L . ..: ):;;. : ·-: .. ;~ ·~ . .. ·: ·, '•· '--~:_( ::.·: . ·.· ';, •' ·. . . . j; . . , • ; . • . •<" :yL~ n:;i ~,'~~ >·.;;~~; . : ·~\;.~~ 
' • ·"'· ·: ·."·. · .. ~· -~.,,- ,::::"' ·;~: ·:.: t~ . tUx-n ·: o\Ter!•·in the· neighborhood of' . t '-~ ·. i 9r, beiow; ... )r6Z. ·very·· large·. }~:~:2<;::~> ·; ;;;.~{;~.f:'~L-': 

'~: ;,i;:-~ ~ri:s,;~j:~~i:nt' irl:ai;;., ~ ~~~t;,;;;~;:::;~;;;~~.,;1.~. '·,;,;;.. b: :f~o_i·. t~: aa.:.~~i.' hi~;,:;;~~;:··'?~ 5f 1 
.,. 

);(~'~i~!f/:W~i~0~~/~lJ~110~.};~~:~~:~~:~::~o.:~·~nJ~ ~; pror~~1~~~~:~,' :.~:.::f:J:)";:~~~!::·f!i; 
· ¥' .. -}. ~,.., •• • ., .. , .(i':. ... i:r:_:.·.: ... · •· ··· .. ' ' :. IV· · RESULTS AND DISCUSSION· ·· ) ;;1 • ·• ·'· 

-~<~3.f, ;.~::J/\~:"':L'~~-( J/> -:~·;_j., ... ·,r\·::. , . ._ :: ..... -·-- .~ ... - -~ .· . ·. -~· - - ... ~:~6;:f>:.t·~; 
<;:; ·,.: · '->''"'-· \ _; :'·.<~, __ !n Figure's:lthrough 9 we ·:·show 'a series;of trajectories. :for· ~· . . ·>.~-:) . 

. ;.•h ' .. t:·;~~ ~) ·:· ·~ '~··' . . · .. ', .. ~- .~.' ! .· ,' '- ~ ·, ';- •. ~:~{ ',·., ~ .' ' ,. •. . . . . ·.· . .. . ' ' ::~:,;.:;;y/'_:·~.~- :_; ; '• 
~:;·.:.different yalues -:~f' .a..t/ r,. and .s /: f'~und ·from .se~ting Re -~t (~) '.= o_:;1::;>~;f::'-';.::: ~~ 

.. <·":;;~:.·_ . - ~··. · .. :_i.- .,_, .• .. ·: -~- ·:;_1 •. · .. : .. . : . .•.. · ... ·- .. , ; -;) ··~ ·tr.;.:·o,:· .. ·· .. -J. 

,)~'·}:.~.~~:.~;:·In the·figure~'.the yalu~s ·of:r.are appropriate to the m·.•·= .1::'.,-:,:,·~· '·'t';:,t~~: '->· .. ::~ .. , 

' .· .~··\.;.:.· '~, :·j~>~;I){::~.~~ect. chaim~if ~~- ·~T ·-~·i 0 ;t~aject,o~-~ ·for given r,_ tnfJ.y be re~~: fro# the ·-·~~:~·~}:~;W;-;£(> -:~- .. · -~·· . 
. ··-~ ::_>-'>~::·:<·~:-_.;· . '.> .:·--.~.:-···~ .... ; •'. . . _. '.· •'•,.< .... }~:.-~;;_;:,>:~ 

;,., ... ·;·:' ,.. ~- .·. ~··figure- of _the T = 1 trajectory. for 2!". In plotting. the ·trajectories, .:·T·>·'"', '· .. 
·-~:·:·;;_,>;·,~>.:c·>~~.~;~~_~;r· .. ;.· .. . ·. , · .. -;·:-·.. ·' .. ·· .. ::--~ •);~;~.~: ...... ..,:· 
::·· ., ·.· \''· ~;;.;p-:.·' ·: _f:_~i·has _be.e~ assumed constaht in t.- _Clearly·an: increasing ·ai yields a;··~·.::? -:.·. :~ 
~~:i ~· .::~~.-.• ·~·~.~~~·"·.;.·i ', t"~"<';l- '. ' •.· -:, • .;;i·' . ·.' ·, ' ' ,' 'H ' I 1• • " . '. .. .. • ·!" > .' v.• '·~. ,,l~ '• .. _;,,._ '~.·~t 
, 2 \: ... :~.·::,~~e-~_:!!~~~/-~~ajectory w~th,greater slope, ·and. a decrea.s:tng:·i_at 'less~r; si6pe.···we -~. \:,:' · 

,. r~ ,., ·•. '~- ... r 11'·~.;. · · ·· · ~ ., .... · . ~ · ; .• ~.- ~ ,.,:,., ' ··,_, •. 

' ... _. ~:::;'·<~;.·_·:·~ .. ~~>;~: re~a.ll. t~t the strip,_b~~dary. sl ,is expected to' be la_~g~ •'en~ughi~6 . ~-.< ... ·~r~:·)!: 1
• \ ·::. ', 

,c.;;.,~\/::_ -.~-~~j~J;i,{r~·i:i :' .: ~.:·:.·-:: .;-~':,·:_,.(·_~-~·.·· .·. . . . . . '- . ' ... f ··.,· •. ,:'.:·;::---:.~~:.[.' ·•: 

.:·.:- ;·; <~.o,.;,-:·: :f,·· !'·::·,~ha~ .at I'whic:;h:i-~,,~-. t:j(s1 ~/rc] 'is iess than 1/2. The values· ·chosezy:;r,o:·:;t.h;;:.r;~ , .. /' 

·.·.:.'.:_:::_~-''.)_:·; .•. •_ .• _;_:_;_._·:;_~.-.'.:_-_:_i_•·--.~ .• ~.:.·.}_::_~.\~ .. ~.~.'-j;r::=n. :_:~_( ;: :1 a~: ;:•:::::1:u:n n:::i::·:n~~h a:;:~t:~ :;~;Ji;;!it\';: : .::' 
.: ... ' . . ' . . . ·. ... ' ~- ' ' . ' ' . \ -:{ ~·~!/'}~.:.:~· ;: ;. ·' . .-: .. -/; ~'.:/ 

-'_: · .··.:·~.-- e:;t-::<~~;(;:.}~'_regi?~·-~~.·:hich Regge behavio: ·se:e~ to b~-~~-~;e valid for ~~ ~~d·:;~:;~:;::::-:;~··.;;1. "·:~<.;, .. ~· .. :: ;· 
.- .. -; ,..:··-"·' ··'~'-~' ·,r,. (s 1:::$ ·500 m ) · ~- · '' ' -· ' · •·· ·:r: 

~ .•. :_ ··-~~".._ , •. , ·-·.,;- ,.., ........ ~ • .. """ • : .! ~ •. ·:~.: ...... ·:::~_-.· ~ ... t~t·t-_:~··"::_ ".J ... :.,~- ... :1.···, ···r~··· . .. :.t __ .. ....,. .. 1~ .... .. 
·.···· ··r,· .• - ~<j· ...... .:~·.t :·~ .. ~ ~~. ··._~.. . "~ .. :/· ·'- - ~· . I .~~ ,., • l.; ~ . ·a~.~~~·':J..-~--l,~ .. ;.~ .... ~.~··,··•·.~·-~:. ... r.~.:~ . .:}~i:[\~#J;lg .. · ,,::' . .( pnJ.y the parts of th<i tr;:j:ect<>ries . ;.;::··.whic~ a( s hs r~is.fng : · '' < '' • ·· :,•O'( 

.:·;.: _., ... ~::::-.::,.,_:~~ :er'6m a(-p:d ar~ shown;·~si~~~~-,~~r·.; above···t~·~:;~~~~:.·-~_·.:;m.·. ai£?0;~i.:.~.:.··.:.:~.~~.-,I.~_f~,;·J,:.;: .. ;: .. '.·:·: 
.. ~~-.~><::~:~~)~'/:;:_:' ·. _:. ..:_, __ ·, '.··.<~··;~._.:._- ·:-~ .. ·•· :~:· ... ,- •:·.·.' ', . ~\-~-~- ., .'~· 

,.,.· ' .. !':·::~-.;:·:presumably too la~ge·for J;h_e.interpretation:of'·,:;t ,as.~~- a·.trom-.;-;.;,' .. i~/./·~/-''!.:y~ 
1
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~~~~r~~~~~Eir ,',' ::·c-: .,·'~::~; ,_ .. ,. . , -:::·x ;: •. ~:··, ~7- < , .. <:;; . \- .. :·· t;.: · . :j~:±i;.iA~~;~- 1 
· · c (.o/.~·•·;~··F.W~;,..v· .trajectory is indicated, but the detailed shape near~;itihis value-is not::· ~J>·Jt-:.~:'~·'.·· ,:j 

l:>.!,~;~::;f~if·,~.:rjp·:~ .. ;: . ·. ·. · , .. ·,. ··. . .·· . ···· . · · ... ·. 1~:., . · · • : . :~·};·i;;"~-·;,··~.j;7::~&~~;;: ,1 
,.~·:····t>.~;j;~;<:;~:.f·'::'··'·.··: given. The maximum.slopes'of the trajectories shown·.'lie'in the range···~··~;ji'!\;'~/~':; .. ;':•; .1 

:~i;~~r~:;~J.r,:;~:<:~~rf:~,o.l/(56 rr?f.·.~··o~6/(;o m2 >,:··w~~ch brB.ckets· .. :t~e'vaiues i:o~tained.fo~--~hl::· .. ;~:\}:·T:·:1>t0r~:·r~j 
;.:~t~~:;~·,. ,, ~~d:'i?~·::;,::;. / ' ' . _1C ': . .'· •. . ..1C' ' . .·. . . ·. . . . ,· . • 7 . . . ·~'},,," .:·~,5~t:';J;,i;~·~(k?: I. 
.'~ ,,~:;':~~\',:\"·:· ':!'' .;:;.¥f.!\;;· slopes of boson trajectories· from fitting high-energy, data '.·,··<~~_r:, .. u· ~·'-' 'c ··-: .,,:.-

.The' values df a(oo) are all above 0 for the' 
: . . ._ . 

2 
RS 0~3/(50 m ) ] • 

' . .. ·. - • 1C . 
. ' 

:If this, fea:ture persists .Wi.th ·better Born terms it . 
. . · .. :.~ . 

provide a dynamical re~olution of. the problem of the s-wave 
', ., . · ' . ~ -· . . I 

' ' 

ghost. 

is that. they-all tw;n :over well under t .. . . ... = 2, .as discussed .in · 
.. ,, 

•:.=; ,.__.f :;.".:· .. -.-,Section III. Thus~ while ·p exchange accounts qualitatively .for the ·'' ... 

:;l.i\i;;,M~~iJi:;.;~:::~ :.:(· h
8
1:): d::f::ul7::::e f: ~:e :~~::::~~: :::o:::~'t'; , 

:;:.· ....... •' · <,¥, "' '·'·'·trajectories were foUnd to lie 'completely. under the primary · {) ·~E: ·~~~;_' :_. ·;· ;~:·~~::'.-t .. . . ·. . . .. ·. ,. 
,·ti .. \. t•. ··.~~·~ •. :.},t.J.~:·.:·.-trajec~ories (T),;, i.e .• , arr;x < otr(o;,,) ~ 
. ;:~!.~·.:> ,.,. We may also see, from Figs ... :(·~· 5 and 6 .. 

,;'f' .... 

that 
. ~f.::' 

and f1
1
_.tends to raise trajectories in an approximately pa.ralllel 

··. 1 A more det~iled picture of thec'.dependence of sR·( ~) on at 

shown i':l Fig 0.10 for a case of t, near the trajectory maxima, 

the resonance energy is pa.r~icularly sensitive to at• · 'It··· 

that ~(t~ behaves smoothly in the limit ~t ~ 

~-;~-;-~_:!-" .. With respect to the strip width,->we see fromFigs. 
. . DY\::~~:-~r: · · . · . 

. :-:· ·r\:ht'!'~::J~·-:~t~:: .i~creas~ ~1· tends to ~a'ise and flatten .traj_ec~ori_e~.~·~-. A ~e.~~~~ .. :?·;;:.~- .. J 
' · ~·; ·.,:~\.)-~~-.,:;·Y;:.~.-"' 'of the flattening can be· found from. the· approximation,.·~ for, s:·<: o,; .. :· ;~··:·>"':i.~:. .1 

.: -~ ". -:·;·:~·:·.:~?:·~.· ·\ ... .. . . -~ . , . ·-. _;:. ··: :·.· ;_:., ~. . .. . . :· .: . . . . ,10\.-~.'::i>)l;~~;~~,~:~·.\;::::~~~~i::.::r~::, . .. . : ~ ·~ 
.:_ 1~;_~·~>:-?· 1 

: •• .~(s) =·· a(oo) +:[a(o),;.,a(oo-)]/(1 2s/si)~.:-.:~.~,·;>;~fo.·~~ .. :·;:t:··;;:· .... -:.:.:-,·>.'· :.' · l 
;r~~~;:~·t~:.;:_;·.·'.<<~: · .; : ··' .. ::::·:,:·;···':, :(:._,:··'·.~.:·_ ~·- ·" -~:··:·-;::.{:.:::t.J~~J.1J!~)~~::~:::·~r~L\:.:r~i.~~~:;<~.:~~:~·.-.~ .. .-·:·~ 

... >· ... ,, .·;- _, .· ~hd:.b.h ·seems .to ti~ .the 1;l:'ajectories, faJ.rly well.•-'.~·.·,l· ..• , :· l .• •·'~ ,:·,.··. '·' ;: .-.• · • .. \ ,., ·, ..• · ·• ! 

8 and .~ th.9£ 
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v·.; , ~:r<:-, .,:;;;,. as an e;mmple, r(s) for a· trajectory of Fig. 4 with S,'~ s1/2. This ,.;.:::~·/;?:~i;"'~'~_,\'f:{' 
jj;;} __ :~~-·~~-,f~::~;~;?'~;':{< < . . :. . .' . . .. . , . . . .. . -:.' ~~ ~. ' . . ;; : ~:~t-u;{;,t~~;,,/~•. 
;~t;;~,i:;~)~.\J\::. ~,.':·'·'>~.case (r = ·2) corresponds> in the T ~ ·.0 ·channel, _,to_ an;·rxchanged p'ot •. ~:)2~ .. -:?:J:~~.:i;~:¥~;-~~: •i 

~~-;~< f;:~J~.,::A;0}~~::· ::/ · ·- · · · · . · · · . · . · . · . · · < · ... -~ · .. r · .. . · .. ~- :':; :· :;; ·r:·~.J.//~>: 
~:·~,,y~.g;};,'(. :./·.• .. :.:,._~ ~;.,~he ~erimental width .. (14o -~eV) and has_ a(O), -~ 1_.;, .~f w~ _ ~ompu~e_ .. t~~·-·· .. :~-·/''"~~\';;},'}::J'o• 1 

~ •• 4' _.; ... 

cross section from the· ·formula; .- .<·. · ·1~~ v ~ :. : : .' ., ' ·· 
· . ~· .. : , . a~~ = · a·~2~< o );:· · · · · ·;. .. ··· -·> .. · · · ,.. · · ·· 

; ~~ .1\,U. ... ' 

'. \•, 
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~2 from Fig. 81 we find 
.. 

?'(a' ~- ·3 from Fig. 11. and a' ~ 1j100 

This resUlt is three to five times as large as the va~ues,_;.':·."·/.::_ 1, 

from the factorization principle13 and the 1CN and NN c;oss 
.<J~. '.' .• ·::~' 
" sections. The fact that r is too large seems to be connected. with' the · 

that a is too small through the observation that bot~ d_if .. 

· .. , "··-~,,-,,;,. ;;_-.·ficulties w~U:dbe eased if the integral term in Eq. (3) gtive a ,:.: ,1\\·:<:··:·::. '-'::·. 

::~·~{:~;%~.-~~~; .. ·: .. : ::::::;t::: v:i:~::::::0:i:: :~ 1:. ::t::n:d ~:·t::• poi~~ :'"~ .. ; :-' :' , 
... ' ~ 

·~· .. 

~.:·:,·:;<' ~:~.;l:. f __ at which the integral term becomes repulsive; ·r(O:) would be smaller. 
. ~ ... 

:vL1 ./. ~ >· 
' A.·.• ' 

'I"\. 
since by Eq. (1) it is 

. v 
proportional to B , which is N less 'the 

· .. ·ot':··.., 

. ·.· .. 
. s ... integral! term. A similar situation obtains for an output p which is 

"~ . 
,•··:··;., . . ·. ·'14 

, .. always too broad. ·_ Thus the J?rincipal deficiencie's of elementary p 
·:!, J:i.l·.; .. 

: ~-, .·_'exchange 
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·· ... _·, 

/ ~;. .~~ 

·' · \erm ,in Eq.- (3) which/ in turn, may be attributed to the constant,· 

~~·~:· ' .. 
·~:1~~ · ... {: • .._ 

seem to stem from the lack of attraction from the integral -: · . . · . \.' · .:·-· 
. .:·<· .. ' 
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t = 1, .behavior of 'the potential discussed in Section III. Since··· ..... ·,. 

;, :this behavior' re~ults ftom the fixed spin ( =1) of the exchB.nged p we :' . 
: . .I J ' • • -:' • < • • . ,: . ·, • ... • ' :'?I . . ~ ~ ~. 

may expect some ·improvement in. a calculation in which the Regge ~ehaVior_ 
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,.. :··· -":' ~-

,. · ·-·.·-<r.-~':,.t. ··.contribution to the-right-hand cut of A(s,t) which: if'being solved 
y-~·.·;.:r·>:·;. _,_·. J. . • ~-~· . . .. _ 

, ·,_ ~>·:a-}~.\· .. ;t··:·i'or ~nd is not to be inclUded in :BY)•3 The left.:hanf:cut ~oni this. 

-.. ) \:~:xL~·_:';_;:~-<term begins, hmrever, at s = -sJ., ·-~~ ~t~~ t~is term is: pre~uma~ly ·. : _, \· _,:- . __ 

·_.r ~.;:-.::·\,>:·-:-:. _t_:.·,~·:~·<. small for the same reas~ns_ as thos_e which justify t~e :-strip awrox~~~~~~{i./ ·•:;:_\_:. __ f1 
:: . oj , t >· ~ ... _ ·.· "1-' , ~- • • • • • . • • :·· .. • <. ~ .. -· . 
·.· · :~: /' : .. (iv) Inelastic- channels below the strip boundary such· as niD, PP; ,: · · · 
~. c·(.~.:~:~~·.·'.: ·,,·~.~ ... l • 

0 
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'- 0 ) ·,·i 0 

', ·,' "·;_. •• ,_ 

··!'J-· •:. 

~nd KK: two possible methods for finding their ·effects are: (a) . 
Jo.; ' . :· . . 

'>;; 

··. ;':';· .'·:: ) :._y;~.!JiuJ.tichannel calculation and (b). introduction of the ·inelasticity · 
! ~- _.f ' ~ ' .·.,. .. ;:: • : •• _ ~ • .• • • • ' 

.·r ;-., :-~:.;·r.;}_~;,_~;:·i~,; :·parameter R (s)· = .ctr.(s)/,Jt(s) into the equations .of Section II. It.·:;'·' 
~-- ... _-:'..-·_ .. -'t·····_ .......... \:~·-·:·:···J;"·.~· · . . t .. , . ' . ., ~·-b-- .. ~· 

~•: :~' ; ~::}:(),: :. , has: been point~d out that (b) ·is easily accomplfshecl by replacing .. ;. :, y <. 
.. ;:· .r.}! ·.-··, . . .- ., t, 

'· · :·.'~ ';: ,. Pt (s) by Pt (s )Ih (s ); but reli~b:i.ly calcuia.ting,, or even estimati~/;·~;_:':C; · 
.. , .. .- <:.- \:~... . . . 6 . -H:·, .. 

' . ·-" · 'f't (s) does not,_ at :present, appear feasible. The absence_. of any ~-. •(/' ·:·: ·. . _ . 
. 'f •. ,. : :~ -~-, ·\ r- ~ .. , ~ -~ ·-~.:· :; -~~ 

< ::~four ... pion decay, of the· f 0, however; lends support to the .neglect " . ·· .. ~ ~:.,. 
.,.._·• •• • > · ·of inelastic effects b'elew the strip boundary. 

. . . . ' 

•' •I! 

• I ' ' 

'Th~ qualitative succes~ of the ·simple ~_-fl.mction exchange 

',_; .. · .. _,. 
·' 

•• J..,." 
.. , _:....• 

I \.'·:· :•• ·j:: f(.' : ., ,·'.;.;, 

'.'contribution in yielding Regge trajectories of· reasonable shape and 

·, 

,·' 
'·',' -.~·._- ·' ~ 

_ .. .._,.' r -....-r. 
:·;, ·, •' ' ... 

-~};'~:-. ·-·,: ~ ·,:'"!?• . ' . . .~ . . ·, 
, .. ' ··.; ·>-1 ·reduced residue· functions of reasonable magnitude gives some encourage-: . 

. , . ~ ~ • .- ~I ;. ; .. • 

.. >· : .. ···.>~.. -~ent tbEi.~ the inclus~on.:6f ·(i ), and- possibly others, above w.l.ll make· 
. t; i :-~~ :-~~ . . \1 . 

. ~· .f • ! 

'• > . ; •' ·t.r·: \ :~.;; ~ possible' to. 'f~nd a . solution to the pion-pion bootstrap. equation~~ .. . 
•'•~,!.~\:~~.~·,·~~• ' I •, :• • '.:< 
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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 behalf 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. 
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