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orCir~r.-.ry Loi:;.:a:~:1or obncrvc('. !:in~ ( 1) " ( J) !' .... t.:~..d tf:n1o co:·.:e p!:'·~-

rcfm~,c:'!. to r.:..n Ptd IV) 0 t!:.o •Nl c.o T'.1. rvx), etc • .t t"•t!lcn,cno tho ionic 

nrocico p::•c(·: ~nn.t~··~/: 1..'1 aolt\ticn nro probably Ptit-4 e!K1 l't:O.::~-i·+ • 
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It 1a not nac~o:Jtu•y to ·doncr1bo hm•o tha prcp..'ll"':,ttion of 

r~·,ot}10'1n hc.vc boon o;·:~ployert. r.1.n:l pl~1ty of otnto r.w c'lntol .. :::in:,r1 

rro:·;A ntnorpt,.on a poe ti'll (!:d '(1) hno beon founll qn1 to oufl'icicnt 

fo"I~ th13 '~ork:. r>rcp;'lrntion or tho eollo1c1ul Pu(IV) o.Jlo u.~c1 

t::ly bo or in.teront; ho~~('vor, ns w111 nlso tho1t1' at;oorpt1o:l 

npcctrn. 

li:r'~rolyo1rr -oce1:tr!'J upon t'lllowtl"..t; a ~11luto n~1·o'i 01'>1nt:1·:J!"l 

(1.tJ. 6 nbout o.l M inn+) of a Pu(IV). nn.lt to otnn.d fo1. .. novcra.l 

dn:m, o~ q<!1ts rnp1-U:;t upon -h~::.t1n0 ouch a. nolutio:-1 to lOJ"'C 

(<1) ' (d) ' (f)-, (tl) • (n) • ( O) • ;~open. to'J pr0C 1 p1 tnt1on Of' t~l'J h:f···1I•o:r.-
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eb::om .. ~tior~, nn•.1 thcr stesp rico !n abunPptiou wit!1 ~N'l't)f\O~t.n:~ 

w::a.volc:1;;th b~Jginnin0 ctt ~bout 5~·1QJ 1~. 'l'hono fontu.r0o r·c:r.t.\~.n 

I:U(!V).. General abnorpt1on (nn~1 et.:msequ€-,ntly- tho valuo or e: 

·at nny po1•~t) ooee; .. ,s to dopor:.d upon prap.·u'at1on nnrl tl'Cf:\trl~nt 

ot tho sol~ theroforo e::;tlr:>ation of c.oll.o1t1nl f'U (IV) by r.:onauro

t;:ont or 1tn aboorpt1on. rt.:.i:(!n-::.1 cay bo cubjoet to crt•ol'~ an hie-~ 

Co;~.mnrtoon of 1·1,s. I t;'1t!l tho nbnorpt1on opcctrn of tho 

other ntntoo or pluto11inn Od,(l) oho'i7a thnt thin ool c::mt~1.1nod 

loan t1~'1..."l lJ;t or ru(III), 1on1c Pu(IV), end li.l(VI) cor;~i:;irw~1, 

o.chicvo h1[~hor pur1 f;y, 0.0 tho p:rooo~ro or tho othnr nt~ltc3 t1ooo 

Ln.::stly, boforo bo.:;1!.1n1nc tho d.1ncuao1on of tho oxpor1• 

montal wor1r• 11; ·1a daa1.:::-of! to ('1o::ll with tho qno!ltion or t!1o +e· 

ntnto of plutoniu.;;;.~ 

dttionn favoring existence of' this ion at tro~1ernto C:J!·wc~1tr;:t1o:·ts 

''oro no'~; ~mot'!:"'., Itn nbflorptio.,"'l m11:~i:1:1'4 a.rQ too lo·.-, to p'Jr:.~it 

c1otoction of l:J;~ Pa.(V) in tha nolutiono cnployo(l hoP~ (l) • 

\of' 1 to pl'O!lcnco or abocnco. ::oro rccon.tly 1 t hns ucco::·:o p.:n::::::;1blo 

to prcp..'ll"O r.:tablo solut1ona no hizh no uo~: 1n f'tl(V) 1 anrJ em 
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Rop~te~17 r-...x~os1ng the Solution to '~. ~'l'ot3h Gueo :3urraee) 

(1) -:T1me or 
.·con~ !to~ contnct· 

1 12 bt'B·• 
2. .0. 

s ft 

4 n 
-· 5: ... 

(2) 
.- --~ ot Pu. 'l'1:.:'ID ot 
Al.la~oo~ cono· No. Contnet 

'66.5 1 <: 12 h.rB. 
-_4.95 2 tl 

·1.20 3 tt 

o.e4 4 '1'1 

l;.l:i 5 -tf 

(12.) 

Tin~ of ~ of ?l1 
cone No. contact t.dsoreod 

1 
2 

49.5 
z.zs. 

·,r of Pu 
Ulo~bod 

so.a. 
2.63 
1.zg 
o.12 
0•57 



··.:.· 

\ 

. ot 11qu1d tr:>o cone to con$• due to tho f'o.ot th.Qt n{) vro.ohGa wore 

tt:lployod. 'l"hitt moans ~llnt csoont1o.lly no udaorpt1on· oec.urrod 

arto~ contact w1tn the socond f'reah gle.sa surrnco. 

. If', then.t e~aoc.t1on of' tho proeooo lo not duo to cotabllah• 

· ~Jont of»• Octtd;l1bl~1U.IUI TillS" 18 1t that. only pa.rb of'_ ,thO eollo1c1nl 

· :Dltor!nl 1n:lt1o.lly praoont ·enn bo cd.not•bodt P.uo~1ble roa.nono area 

(i) .?O.l"t!.nl o..'d.dt\t1cn to the ~ etnto 01• ~o(,·uct1an 

.to tho +":3 etnto.; 

(2) 11o-ccm.vtnta1·on to. 11not~!nl tr Pu(lV) t 

~~) PA:Jorl-;t1on onl;, or partie loa w1th1n n cortu1n 

oi~o 11-r.!it., lnt•ccr .p~rt1.cloa nob O.dher1nsi 

(4) : !.1c~~ ehr.meo 1n tho nutm•a or·,tho collo!.t.1nl 

cutcriul• · bl ... O" ... lD;llt nbou.t .by eontnct vr1th thO 

·clasa curfneo• thisronct1on. t'oau.ltiil3 tn 

. como fol'"Z:l of Pt1 r1h1ch ·e.Ottl~t not bo t'l.d.o:ll"bO<l• 

v;ould co~~poto t?1th tho n.doorpt1on proeocm !.n 

uair~ up the ndGorbnblo mnto~1al •. 

Tha o.na!ler to th.ia quoBt1on vmo to ba t"oun.d 1n nboorpt1on 

cpoetrum maamtr&t.1tlxtto.. In order thnt thooa ~!Ght Lo d1ttoetl:r 

unotul 1. tho plutan$.um -c0n.ec11tra.t1on should be nppro:t~.n .. 'ltoly tho 

.· 8o.mo as 1n tho. &ole frtw. 1'lhich adso:.-pt1on bu-d olt~oo.<!y bocn 

obaot-vod nn<l menaul:tod• namel:r 'between lo-5 and ·lo-4 r ~ ncr.,cvor, 

tho lot? lte;ht abs01'pt1an of such t11lnto sola preatmt,:')-.1. a nor1ous 

drn\"1bnC1Cl . ~hO uoOlO..."'ln spoetrop1:10tor.~otor dOOtJ. not pot~t~l:tt tho Ut30 

or eolls wh1ell r..ro looa. enouch to G1Vo neeurnto lo~ I'ti/I roa/linG9. 

lJ.flO 'V:lfl thottaf'oro cnc!o of' a lncorntory-bu11t apoetrophoto:;!)tor (v) 

wh1eh porr>Jitt~d n eell l.ensth or 50 em. tlw volum$ of tho coll 



J'v •' j)'> • ,'0' .. 

-<) / .... .. . ~ .... -. •' 

. 3 used t:o~ llO er~ · • 

.. ~1.10 ·colloidfll sol \Ufed 1n tb1s e~:porir~nt wns about 

0 X l'0-5 t !n Pti (IV} ~ on~ {;!:'am of'- ~~0.1:. t;:laso uool wno c:n• 

t'lo:ror:t:--:r.or a.~clot"'Pt1')11i th1a we1;;~ltt~ _ar gl0.:ltJ ttool :V'Hlfl · cnlculntGll _ 

to haj•e _ ,o. om:"i'llCO of about nooo eti2 • an nrer.1 ol1chtl:; lnrt;ot-

-t1·.:.fl!l tb.nt_ 'f11'Ji0h eould bo "snt~torl" by th1.a t'l.l~1t:.'l'~ltl.t or pluton

\t>.tn. -1'11tta c\lnd1t1t;m$ hOre· 'fJOre Ltpp1'-~!d.t1atelj tho Ot:..tnO O.D th.OtJG 

prov-diitns 1n tnt)3.t o.r tha adsorpt1on · o:tq"iel~im(.lllf.i$ dctict•1bG{'l 1n 

ont"l1~?1" wee·b:tono~ _ tr~t on f.\ t-:.u.ch._.lnrecr eel\\le. 

~10 001 \'ft\.0 loft 1tt COl.1t{lCt Vlith tha G;l,nao l1oo1. ntth 

·occim1onril fJflil ... ril~~ rot- 3.5 ht;Hl"O • (Eubao~nont nnnl~nilll 

ahcvnJd t!~t ctbout 50~ o1' tho plut~;:~liui·.~ had: boon ndaorboa.) The 

.liq,uld \i1aci then ~cu.l .. ~1 1nto tho 50 em c.boorpt1on coll c.n-1 tho 

o;;octrw.:1 t::as rcccrdo:.l. S1nco tho ba.oo•11.no· '1na not d.oflncd on 

- ri.1~b1tr~t·y .ntt~l rot~ a ro\!9-1 1.•ororanco or..ly. 

Ac tbo r:ccL"rllUl np~ct.s.--or.h~toucter o!'i'Ol"OC!. <Uot1nct ad

vuntQ.gon in OpOt"'1"lting CO!l\"Otli()nep r ... ~r.'t 1ntel"r~otntion or ronulto. 
. . . 

1t t·!:ta (7oe1dod. to l .. ~r>erit tho rAb<WO ex;,o.r1mont D.t high cnot:.Ch 
. : . 

coneont~v.t1cn or pluttn1itim to port'.J1t uno of thu -lo er:.1 cello :t:a 

eo1l·~i:.1n.l ::~:z.te1~1t~l whtch. t'ifiH; C&\;;vlble of' r~1oor•ption. It tt~~.o co.l

cult1t:~x1 th:"Q.t t.lUl o.mou.nt or tlo.ca tJt)-ol et:ploy·iK'! (ncrJ.n, !q;,!•o:-:1• 

t~tol:,~ l c::•cm) nho:.~ld h!JSO bcc!l ant-..u:>nto(1 \1p•~a -o.c1t~ol.•'L-:r:~ r.~l·o-.:t 

2or, or the totttl e~.llo1da.l Pu.(r-.:) :!)l'c:;c-nt. rc.t·~wJ.l_-y at;o~<.t 2J;; 



'"' . 
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4.5•10~ t ln. PU~ "'ttex- ll) boutte oantnct with the glano WQ<>l• 

tha~t!Ml eoneontrat1on wa• Z.(;;•l~..,.... r.- Ao1d1t.r t_ucl) uru~ 
.0.15 h1. 

Th~ absorption epeetrom t:aQ ~ne.aouro~ beth bafol"' and arte:r 

eontnct v;1th thO glt~.ns, a o.l5 M HCl eolut1on being uaod aa a · 

J;Jla.n7.c. In Ft.g. IV o.ro plotted. tho corroDpon~tns molal ext1nc-.. 

tton c:osf!'1e1ontc va • r.c:volemgth. 

P1ro't or all, l t is to bo -1'\~tod that tho ohnpa ot the eurve 

tn1.:en nttor e.daorpt1on 1a .much tho prul\G in Pig. IV- ne l.n P1G• III. 

_.The .lmpwbant aseumpt1on 1B thel--af.ora twlr.1G that. tho Mtto -

eone~Jntl .. O.tod eol l\.418 unrlar£;000 tl);'3 Ob.r.» ehatl$0 tliJ l'U\B tM tllQr(? 

t'lil.uta sol. 'i~ua eonelua1ono dra.wn trorn thG. tollowins otHJ_orva• 

· tlons• mndo wi1~h l"OI.!:at"(l to tho torw~r {!rtg~ IV), mG\1 be applied 

Gqu&ll,- to the la. ttcr and c oMequcntl;r _to all the sola wbieh have 

beon'invosttsatad from tho otanapoint o.t.a-1oorpt1on alone. 

curve ••a'' • Flg. IV • 1s. t,-p1eal ot collot~,.al Ptt(IV) sola 

(ct. l"iS• I) • -?ointa of 1lttl3r~at o.rel 

(l,) 'l"hh ataorpt~on b~"ld or ·.ru(VI) -at 6315 i .• 
1nd1catin;; that a.b~i? .. n~ or the matcrlo.l ·, 

pvouent was 1n t1l1a ox1d13e~ oto.ta• 

(~) . Banda at neJ ft. G200 1• o.nd uOOO ~~ t\nd · 

thc.t etaep r>illo in nbaorption b{l~1nn:tns at 

a:Oout. 5300 ~~ oll charactG1.'1ot.1e or , 

collo1f3a.l Pu(IV); 

( z) 'I'h9 virtuttl at:•u·enee of TJiltlks 1nd1~nt1n~ 

fu (III) or "norml ,.. ru (IV) • 
\ . 



I I :~ ./~./. .:::.:i'<·. <; 
\ ··." .. 

~e "b" chows th.e tollomns chnracter1.ot1ca 1 - . 

(1) Yocy h1t;h «eneral a_baorpt1on• r1o1ng 1n a 

· f'n1rly 0r=1oot~ p~o o~ ~et"'I'lttinG otoep

nooo trorn th~ loril;ost wo.volength to the 

obortontJ 

(2) Proaoneo of th(.) oama amount or IU(VI) u . 

bofore adsorpt1cm (now abo\1t· 25% or the 
. . 

· totnl plut;m1,ztn weacnt • a~tit)O onl7 ·tho 

+4 a tate m~s romovs<l) 

·c~u • · Pool!$ ehara.ctor1at1o or colloidal· P\i(tV) 

at 7Z60 l ana G.,OO A' 
_(4) · Appotiranca of a nr:-All nootmt or "normnt• 

P\i(IV) • ao 1nd1onto<l b7 n lac~ pont¢ nt 
'· G .. 

4'/00. A tJhich (lid not· OCC\.1r ln CUl."VO "a'• e 
- • . l •• 

(Fott Q dotailotl eot~pq.xa1son or t.."lo BbOOl'*pt1on. apsetrG\ ot 

... 

.. Pu, th.o rondo~ 1a QSG.L"l NJf.O;"l"Od to th~ foll~1lng &ourcoa 1 (td ' ( l).) 

Tlto:Ja tla.~ ll\"'e oupplor~~ontod b;r .fl.,_ l.r.lPO.rtt~.nt observation t:ln('i& 

_· on tha ool 1t~el£. Attor ·qt{lnt11ns 1n cqntaet with tho cln.sa wool 

· th~ l1.qu1~ ·baenr.Jo quitG elott-<'ly' 1n f'not r.1nn7 po.rtleloo tlet"S · 

. · v1oi'blo na such, and wox-e oa:Jily pttae1p1tatod by eontr1f\tgut1on. 

Tho oboorvtit1on \'nl.s. 1"oproducoo. upon rop!latin3 tha o::1;.ol"ir~ont •. 

. tth1o vto1blo incronse in pgrt1clo o1zo is eorrolo.tod '<71th 

. tha crontly '1nercaoGd liGht a.ba0l .. Pt1on th:rouc;..~cntt the \'fnVOlC!TGth 

ror;ton '1t1VO!Jt1gntod. Curvo "ti" COl"roopondo Cl't'Jc,Ol7 to the ~ -
dopondenco of' Rnylo1&~'a oco.ttm.•int; ln\7 11 nlthouch no. oottr.;uto or 

paM;1olo o1zo .is. roas1'blo on th:lo bnoia. 
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It 1o crmnrcnt tho t no ttpproc1nblo 1ncronoo in ~{_III) 

o.r rt.t(VI) hnt1 oecu.rrc1. Tho amount or "normnln Pu(IV) ton 

had r1oon to .only a_~out 7%. or tho tota.l plutonium preoont. · 

.ThUD 1t 10 eerta,.n ~;f.;ho.t adsorption doot:J not COrlOB duo to Ox1do.

t1an o:r- roc.1uet.S.on ~ convors1on to the "norvnltt +4 sta.to• 1t 

ooootJ • rathor •. that eT.tonoivo ·growth of part1cloa oecu.ro unctor 
. . 

. tho lnf'luoneo of tl~O t;lO.DO, -~ -tha.t th10 CUlUIJGtl thO to:rm1nat1otl 

·of the ac1oorpt1on ~oeoss. 

·-rlJtJ tolla:Jtnf3 expor1mont was· than dea1gnod to eompnre 

q1lttlitnt1voly tho ext~nt ot ndaorpt1on. \d.th partlcle o1zo. A 

eo].lo1c1al ~t(IV). sol 400 pl 1n vol~n!) 1 o•o02 r ln plutm1S.um 

ana· o.l iJ 1n 1!1103 ~ wan propared. for th1o worlt. A lOG pl port1on 
. . / . . . 

wao l~Gpt ns c"ntrol, \'Jh11G th9 romn1n1ne; 300 p.l VIas d1v1dod t.nto 

two equ::1l. parto, thaoo bo1nG plncod 1n micro cantr1tugo col"laa ,.. 

Contr1fu.gnt1an was earr1od out by oonns or a eqm:nor1ca.l high• 

epaod. ut.x-,cont~1fueo, nno.ceolornt1on of' tho ords~ or lo4 Qto 

boi113 trA1lltn1nQt'i t·or nbout 4 boura l tn th1o wny a ou1 to.bl.O. 

sac;rogat1on ot pnrticlori aeeord1ne to aiz~ ~a e.f1'actod. 

At tha Olld or this tim~ thG eontrt~ad. oamploa woro 

· d1v1do1 1r1to. t...~o equnl layoro; eorr~ap6nf.l1ng paP~1ozlA rroc 

tho two cQne.a boing c·lllJ'lbinad. In arlr!1t1Qn an npp·Nlciobla .•. ,:, ' . ~ . . .. 

nhilo th1A \'las not nub joe ted ~o ·1nvo3tigo.t1on. 1 t \"1111 bo con-

fl1ctorod 1n th~ d1ncuac1on o'f tho flnta o'..JtnirlO<'l rron th1o 

r!Cl1t • 

~·- .. 
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... 
Fyrcz cc.."'ltri!'u;:;a cn:t'l-9 conta1.."'lin,s o.5 rrJ. · of o .1 M Hl10-n. 

<>I 
'l'his ., 

.w.a.s allaa~d to cta.11~l ~.s1~h occne1o:z.1~l etir:t .. in::; for 0 ho~:ro, 

· ~ftor v;l:l1ch .ti~;1e oolut1on. ~d ulnns wera Ql:l11ly:!od. sop.:n•titoly 

'' 

' ' . 
. tiOnO 11 nf:lf::lOlj': th!l top., m1f'l<)l9p M.1 bottom ltly(;tt-.tJ or tho 

' ' 

eont;r1t)le,31 sol o.nrl tho sampltil Iropt aa control. · n•oci. thoao tho 

frnct16n ·of e,<ieh ·ea~;:plG \7h1ch W~S in th3 ~ollo1tlal oto.tg v:na 
' ' ' 

cotitw?..to;i., .. (i)UG tO t:1~ lOW li~~t .n.b::!Qi."'ption Of' ths lone 

· c.onc<mtrntc.<l upp0r nnd midrjlo .la:rot>a, only s~tfa 11m1to aro 

t~.•::rr·rn.nt;cd·,fr::.ml tho:tr npcetr1l; tho valuoa given for the eont1•ol 

·.rind for t1)e bo·i';to:=t: ec11tr1ftti.,;•?~1 lnyor nro v•rob.'lbly uccurato w1th

.1n a tsw pst• C!:m.t.) · 

r.:ec~~l upon th~ fr~ctS.on of .tho to'ta.l pluton1tro t7h1eh r:as 

tM~3or.bt)d; nnd tho fraction t';hich md!~tori an eoli.o1.d0:1 Pu(!V), 

. . . . . 

!i>.Ooura1nc thn.t .. 1n the ontil'e contl"if~tgcd onmplo tl'1a con-

eor1t:.,nt1on or plutorr1u.z.:;, tho f.rL1.ct1.on in the. collo1r1al +4 oto.ta. 

theoo cnlcnl~:~tc-1 
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.ArtrJornt:,!toa !.! .! Ftmet1,?Jl !>f. Pnrt1clt) s1zo 

(Centr1fu01lt1on Sxpor1nont} 

fint::.vlo 
r...nd 

Vol~l>.aO 
C0:1c. ,. or Til 

· C c:nt1~o1. 
.. loo·pl 

~~Oi.) 

.c ~n tTt f.l·t~c~ 
... · r · 1.., .. , 1 1:-.-~-~fO .. ~ · . "'w Jl· · 
;.,~~rl~lo C0nt. 
r...a:ro~_, :100 p.l 

notttlt1 r.a:nt .. 
!..o.y.;;;;;;a 9 lOJ pl 

,.,. . 
;:~e~liment ...:. 

1. cr. ~r otnl 
?tt 

1n D1t1~ 
--·-Ccn t.rt.f",l:;:o::.l 

::?·n:o~;::>lo 

1 .. n2• 
1 o-::;t: -

2.8· 
lo-.r 5 

4-.~-· a lo-·~-r 

~ .5.,. 
65 lo-sr 

- ·")I') .... ~ 

1- of Pu 
fC't~-".11 

Adsorbed. 
(0 

r:Y..par1.n3n~a.l) 

"1'11 ~0 "-'""".• 

~~, ZG 

zo. ·:u 

'1.-1,. 48 

7 

~ ·or. Pu 
in t11e 

Coll.o1~1o.l 
+4 Stt:\ta 

Go 

~-56 (42) 

6'10 (:S2) 

93 

100 

% or 
c.ollo1rlal 

Pu(IV) 
A.d~ot'bcd 

40 

6~-1()0 
(0;)) 

50-30 
(CD) 

5J 

7 

3. r:ntrieo op}-;os1to "Se<1int6nt" a.~ ea.leulnt;ofl !'rom tho 
ot!vn"' data e:t von in tb.i3 table. 

:·:;11ero on1 y ertl'~e 111::1 t3 n~e ju.:ut1f1a~1- · tho nccomp::ury• 
1n;; v:::-lno~ :i.n rr:>-::'011 :-.:;~o~:H:HJ h::~vo b~l3n e.<lopL::>t1 for u"e 1:1 
~"!ll:lnc::; t!lo C.bO"lC ealculut!ons • 

.. 
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~ Co~1~1nni~.n .-... Prohn'b1G !.~cchnn1n:n ,2!: !1Ja .ti~~~0!"7.:~tion 
· o:t" C:t)llo~ .. ~\~l i~~{T\:) 17lv Gl::>.n~: ~"!w foll.~L"lr.:o !.a propcs·;Jd. sa t~ - ..... ____ u 

tl:)~t 11!-:o.ly p1et'..::.rs O.f th!) tl .. d.oorpt1·~~ pl•OCG!l!l• :t."l &o:h.:; Z'03pOOta 

it .. ,.., no·,.;. -~1>""~c1n.-'f>1~• c.__.; .... ~._.,.,,...;.,· +..~.II A • .,;,~·~t··.-~'1~ .-:·•" .... ""~·"'·1· ,...,.._t-<~Jo ...... ~ 
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. '9lo~10 t;'loso l~.noD n.~y bo 1ncl.ic(lt!-Xli- ho<".:rover~ prOSel'!tation of 

thl~ :Jcha--:.o CO,l1i1tl jnaM.i'1.~d ()ttGn. th~h m1oh ad.c11t1onnl 

. .,_, ... .:; ... .nt 1 .... .(. '-"•!': /l ... t.,/~ I \,lo 

........ ~ ... ~ ... ~~~ ~.·.'.·.·.·_,~~"'"'.,._l.·J .. ·.tc o·~ ... ·'!!'n C""l .. ""'..,A'!"'1 f',.._ .... ~ ~Jio't .... ~?n t~ ~ft "''""n~t..ltVOl"tf' ~ -- •. ·- - '.:..)..,.,,.. . "" .... ...., ......... ,.. '"·· :.J ,,..,,;.·..J-.. ... vu .t"'J•.#-1.1.&.. til 

. '("'' 
:. '"'~"' 

;..o,, o" .. .,~.1 ,, ·~·· • .a..· ... ,~ .. .... ~ .... ·~·"111'<., "'0 
!•,1\i, ._,, ...... ,.<II! ... W; 

of 
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. c!t:.et i;o lo2G Of t:1e at:l'b1.1:1:!1n.g C~l:l.l'>£;0 OCCUr'S W.'ldelr th<l dl!'OCf; 
' 

. ·. . 

OCCUt"l"e~~·O .a,re thO RZ"C:1 of. £,;1a~~ n~;nJ.lo,~)lO n.nd U limi ~i!'lJ 
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(::\) 
(b) 
(c) . 

. (d} 
(c) 
(f) 
(g) 

. (h) 
(1) 
fj)' 
(ld .. 
(1) 

. (r:..) 
(n) 
(ol 
{p) 
·(q) 
(r). 
( . .a.) 
( t; l 
(u)' 
.(vl. 

(i;l;'} 
(x) 

(yl 

(z) 

( ,,..,; .. / 
. ( t ...... j ..... ,~ ~ 
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