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The diatomic and linear triatomic molecules such as the oxides and 

halides of the "iron-group" elements are of importance in high temperature systems, 

Although the various high symmetry compounds of these elements, e, g, the solid 

oxides, hydrated complexes, etc,, are sufficiently understood in terms of the 

present ligand-field theory, no semi-quantiUative schemes have been utilized to 

understand and predict the spectroscopic and thermal properties of their simple, 

gaseous molecules, In this article, the observed dissociation energy vs, atomic 

no, curves for the linear gaseous oxides and the halides of the first transition series 

are compared with the corresponding energy curves of the solid oxides and the halides 

and the similarities are pointed out. It is shown that the double maximum stabilization 

curves observed in the gaseous molecules as well, can be understood in terms of 

the splitting of the (3d)- shell of the transition atoms in a linear (C or D h oov 00 

symmetry) ligand field with two independent splitting parameters one of which is 

smalL A method for predicting the low-lyi~g molecular spectral states is 

developed, The energies of the states depend on the splitting parameters and 

the electron interactions, The parameters are estimated from the first portion 

of the thermal data and used only for these elements, The electron interaction 

energy is obtained from the spectral term.s of free atoms (ions), Unlike .the case 

in the high symmetry applications, this procedure here takes into account 

"electronic correlation" (configuration interaction) effects, The generality of the 

treatment is revealed by comparing the results of the simple ionic and covalent 

models with those of the molecular orbital method, Calculations of spectral 

states are made for ScO, TiO, VO and CrO and experimental data discussed, 



. ; 
' :' / 

. j 

~~~d field fheoey ot Lin~ Oe.$&oWi ._iecules 

· tnvoivina; •e JiJ's~ ~ai t:1on $e~1es ~ernente 

Depa rt~~nt:-O.ii!~Che:r:fli.S.tiJ1¥:~J!.~! Laawr'enc·e-tRadia.ti.on·::..ba:qq r a tory 
I!J:ni~e:r:sit.y Gi!" C..ahf6rnia,_. Beljkeley, ·California 

niatdJD.ic ~ Uneu triatomic peeeus la.ol.ecul.Aul involving . 

. metals ot the first transition aeries en of ob.emie:al and, astJ!O• 
. . 

UCRL-8968 

l)hysical iatere$t. · However there are no simple_ 'W$1& of predicting .. 

· . their spectl"'Seopio eta.~e or dissod.a.tion energie&o !he usliUll, · 
... : ·. . . . . :t 
. s&mi-ernp;trj.cal molecular orbital method bas- been .applied. to 

l.o. Benbera, Sj?!oy~: of J?1at0Jilio )11oleeu..l!s (D. Van Jostread, 

lew lorlt, l9$0) ·'- Chap. 6 

eorrelat:e speetr&J. data ot homonuclea:r and heteronucleaz: moleeules 

of the first three perioda; by NlMI.lOQ' one . can treat the states o-f · 

simil.ar hee.vter p.seous $pecies when sufficient cb.ta exist. tor 

eompari.son. 'l'h~ sueeess ~ thi,s method baa been due to two 

te-vorabl.e eirC\ilmlBtanceaJ nrst as in tbe atomic: eaae, light molecules 

he.ve tewer l.ow-lyins sta.Ws and have leas compl1c.s.ted states tllan 

heaVJ' molecules; second, the light el.e<rules have been subJected 
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to. e. pea-t .deal ot s:peetre.l i)lvestig&tlion an4 analysis. As a result 

1t has been possible", to draw empirieal CGI"l"elation diagrams shoWillg 

tbe eNlleing pof.rite. ot the t:neru ·level:-& 1a SOUls from the ·separated 
' ' 

&t_. .. to the 'uilited. atoa'' eonti.gtU<at1on•· · .Be1ther of these c1r-

cumstencea _C)bte.ins ._tor the gaaeous spec1ee of the tirat tranattion 

aeries. the ~tral data,~ as is well.kn<*U, are t\lite incomp.lete 

·· -~· Rosen, e4., ~s $)ectro•copitues CGneerrwlt Lee Molecules 

:W.~tomiQ.ues (le'tllia.nn and Cie, l'al'~s, 19$1) 

&tld iUny of the ~~served trauiti- ntmain t.lltlmal.Y&ed bec&ue ot 

t~1r ¢amplerlty. Even the ~d ata\e.s of the molecul.es &ft. not 

E~a'M.bliebe4. ·toe ~ea. ~ *~ cb.araoterlaUe of t~ · 

~1t1«t •"tel$ eauae the i.reatest d1tt1eu1ty ill awlJ~ a 

ll()).ee'Ular ol"b1te.1 modal, ~1CUWly iu ~U¢lear molecules· 

tnach -sa Old. de& o .. ~U4es. 

ae VW1,st1on Vttb ei1Qni.C n\JJAOel." et the heate of di&S()CiatiOn 
' . 

Gt th$ pal101.1$. t~i1o!oa-aetal. aaupounda ~o shows lntere•tiaa . . 

t.-turu {fisa. 1.. 61\4 2) -~' lt ~lUiiq .oca'IU"G 8lllOl'.l6 the outer 

eleQ~ of t• a~ -G)'J:UJ would e:xpect to~ e1 ther coval4i111t or 

:l.~ie 'bon41n.8 a smooth, oc>atinuou.B Vfi.riat1on in heat&o In all 
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• '·. • ,' ','•, , '' ' ' '•:",· J. , ': \ ·'' ', I • • • •,- .. ' ' • ',, 

· t&r )4--et.Q't~ -~-a ~- -~· ~· .A-1~ _ ~ &t·-~· :-, 
1n -~. ~ .~~e ~···~-~--.01~, -~ ~~\_ .. _;, 

.,t~ m u.• ~$&?• ~-~ -~:;~•uv o~•··-·• •. • «il• ••' · · 
. . . . ·~· _' . . : ·; . . . ·. ',. . '. . ·. :. . . l -~ . . . " •. ;, ( 

• ._ .-1i\6U• ~:teJM.~ -. .. - .~ lieU ~tttD~. 
' .•• • ' .• • • ¢ • 

.•• ~- 'li$9t ~ ... &Y •:•~=- -~ abSfe: tit thtJ . 
.. . .. ~ . ~- .• ·, .. . ~ ·. :- - ·~ . - . 

~ ot ~~te:tlon ~·· .--~. w 41"e \ll~U.tl#l;J .· 
_.. 

lri~stfN. 1n .u.-~a r;tl ~-·~ 
,' •' . 

I, :·· •. . \ 
·- ' 

~ ~ .. i. :~ 
., 'j t ...... i 

t_ !l. 

i' •• · 

'1:~ 

) •-..-; 



• ;.1 ...... 

·• 
,": ;.,_ 

• 1 ~ .k . . .,~., ·I 
\'<1 • ~ : 

o .~ ... , •• ~ :i I • ,. 
,. . 

: · ..... 

·: 
,· ~ .... ::.:.;,...~ . : ~ 

..... 
f!, .~ : .. 

'.; ·: .. ·;, . .. ' ~ ., 

. -

~ : 
··:, •• ~SD9H ~-.. at~.- , .... 

•. ~:-.. · ·;. . 
1.• .• ·~ ,. 

'·. 
~.: 

.(· ... 
·' . 

. i 

. . . .. -~ 

·-~ ·, (' 

.. · 

.,·_. -'\ ~ 
t_ "-' •• 

''. -~ } . i ·:-.. ~ .. I 

'. 
. ~ \" 

' . ·' , ~ .\ " . 
}. 
t ~ ••· •• 

,. 



. •. ~ 

•.• 1·, 

l,.-, 

... . .. 
W:~J \lift ..... •~ ~ tire oases:; .~ ~ '" no. tiOt$.~ · ·. ·.· 

:' . . . ·. . ., ~ . 

~®toll J;a -~ :~ to t.t --~1-· •. e~ ~·--~~· ... 
' ' I' : ' ' • . • I , I . ' ': .';' • :· \'···· ,1' 

~} '\ ~·~ .• , t~ .~:~.~the~ }Jai~~-,:··,::, ·. 

~~ · ·ltiu••~1 ~~ ttmt ~. 1a. '-o~ n•ii··: .'. : . . .. J . ..· . . . . . . . ,· ·. . .. _, ... c';.. ·. 
\ 

the· td$gle ~U~ ·-~1V .ls ~ cOl$~-~ ..u -·~· -~.~~ 
~. H~~ ~-cu. at~-.·~ ~<'not~; a·.·.· 

... ~;- ao. •~r'fi ~·• &ad ot ~ ·~. v. ·an<l .CE .-~ •• . ti u~.; 
fie~ QJ.itUns 1 .. ~· ·Q$ * ~·• b>oDl thf) ~-·-' . . . \ . 

~. ~-" l:c~ 

A.t ~ 10 leal " 

1ft1e valW! Qt -~ -~ beet1 o~-.· rl'Cl\\ ·~ • ·-~;, _·'1,~ ~ 

. twQ 1~" -..rt~es, ia· abcnit ~tattt, ·to -~ ,._·:_ · 

v~-.U«l- ~t _sJutttua ~rs '-~ .~·~t tw ~ . . . ~ . . . ,• :· 

,,.~~ 1a··~~t;L)- . .-llo · ~~ _. .pttt~~ ~•r• 

· ~··•~ bUn ~w tma 'bae ~. ·~-;~~ ~ . . · 

ttrst tw i-.1"®.. -.~ Vlll be ~ ~--.~·to·~ ~ 

·~1•·· -~~- A.J. .. ds sme.U ~oo .11~ f~W rwult w· *-'~~-
. .~. ' "' r .\· 

. to essentiatf)t'Ohtf indepesdeht p·arail'r.Hc~ter: f<:>i tti-e fitf3t• fe·~:ti'~xi'sition. elements 
. ·. ( ' ;~ 

as in the octahedral . ·' 
i • f 

_,• ..... !' • 
\ . 

. ' 
'' 



., 

·, J• 

UCRL-8968 

', t•~·~··~ .. 
·-.'A ta ~:-§ ~~···beWMn . ..,.·~·~s .f.Q ~;,: ,·· .. 

' . . . 

, · ' . ; .... ..:... ... ~"'"'ll-::S ftalll. ·-..~... .,..._;;.~A&, ,twi): A.. Ul ~1,.,..; ttaciet:IJU$ ' > . .,...,:,.. ... ~~ .... :~-"'"'""""'~ ,··~··· ~ .............. ~. 
,. ~-it ·:tn ~~. v~~ .. );'e-~c=\!Qn 'hmt.t ea.,·--~ 

eni z. .. ~ ~·· .tt•li e~tl.i•u•., 4.~~bl· s~ttiag:: 
: - - .· : . ' - .. ' . . ·: ·' ·. . ' 

~ lot 1f'h!4h tba ~t IOl.evel• ~ d .. ~.&&ed tw. tboee of; 
' I ' ' > , ' ' 

~. ~ ·•• :'by' ~lttmatel.r 'ttte ·~· .. .-~ ViU e;bCir ebliS.lar 

t._\ilAMt~- ~ .... t1~1i ~-- Df -e.. ·~)0· tb$ ftU4 

a~~1- .ta the. '*ltdes •• leu tbatl' 1?1 ~ OXi._, Wht~b · 
4 i1a. .-~ ~th ta. ·•ct~etUsdoal. ~. .lit~~ 

tM:~t e.ft.eii OJ1 an f.otttc IDM$11 · t~ f11~•1ty, ... ~ ~-

. ~ · bJ ~- · bali.4eJ ~ one 4s~leet~ 13 t~terl'$'4 to '~ 

~·~ l~ - .• 'truJ ~ttion •tat to ehieJA ~ 4-e~~ 
. ' 

.,., the .1:~ tblA • 
. ,... ' ' ' .. 

- th.t 'the lJ.geind t1·14· .ttl~ h8$ ~ &~~ tot 

~~J;~t~ ~ ~viPr et ~ d!Ju;~,atihm ~0iea, lt . 

.... ~ ~ ~Jl4 ~ ~ .. 1ft) t:'T. to. &QeOUnt ,... tbe 

ordY' ttl ~tl'Qi1lc •t•tas a ~ .~.,. .s ,_ s~etet 
~t~J' .1ft.·~ ~nt~f>%1. 

~ ~ ~~ statt ts ~~ U, the order oft 

e.vas.~le ~~Wt· 1~ the 1~ f1•1•· h tbAl ~~ral •a..eUler 
ft'bj,~ t~t toentio.rle4 ·~. !tt it; .. ~ tb&t the 'boad.1Dg 
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~)1~·: (• atiit~ It).~ .. tiU:e4 'b1 tiS$ ~ ~1~- as~~~ · 
~·~·~···~ (~~)~ fWl U..··C\1~1':~~ ~~.c~ ~e -ut~~ .. 
-~. ·~: ~~1f ~&taU. $1/a1lable ~,., Jd ... ~ .. 6 • 

ot ~-"~AbO~ ;otbtWI ·of ··~ts.. ·&. n' ~ Co \fm!. ·· .. 
~tl, ia ~i ~;., -e ~·~·~~in ' : • 

det$4.tp:l~-)».id ~1atft~ · ~g to the ,Ja,...iftv.•t.· art~ ·~ J .· ,:• 

· ... ,·.~.U~ ti\!14.~~-- 'Ql.Dt$4 J.a.·~. ·, •. so ~nl ~. 
~ . ; ' . . . . . . 

~·: M~ a~a11ttii ··~t~$1•'• ~ttt~l 'tn 'p±q ·.trria a· ~$.3. · · . . ~ . . . . .:.:. ; \ . 

ao'1~\ll.N'· ~1t~ .~t:t~ ~ loo!c •t~~ f!luoh e.a ••o· or· 
. '· ·:·' ' . ' . 

• ++f)·,~·~ ~ot tlle 1maer 54-el.eet~n .. l.evel$ van~~~~· 
I ' , :· , . 11ll ' 

bt ~ae, 1D gqtns ti'O!il a. ~·.aepe;ta\ed. e.~'' to • "wid ted. . · . . ·: . '.· . ) ' . ' 

atca" ~k,~ •rg ~13 W1ll. ero . .a tu im~~1l~1e .'!IRTa• 
• • ; I 

· ~'be ~tra o~ ··~ ttdfJ1~1o• Jaetal ~las, qan be -.·crll."' \);y. 

~·· \t) a. -~ at~.l &wever ~t :~he •lea $14 ·~~l:ttl~s ··; · . 
. ' . . . \. '. ·' ·~ . ' l 

¥•~e4 ~the~ it u•U~JM to,_ .euffl.~let1.7 •:·~·tha~metal. ·. ' .: . ' :· . .·. '· ' 

a~. th&t ·ti\e ·IICl.e· ~tats ha.ve .12Dt .. &l-te_.. ~ the ·~*s~ted -tt .:.e. fb:1s u • ~tatement G~ o• prevtous ._.*Pt1on ot 
~ ' ' . . .. 

-~--~~ltala.' 

_..-. it 1e ao ~t. t4l) w.s··· • tantc ~i tor 

~···of tt.eH.ltiiiGi\ we Will n.l.&te the -~ or~itaJ.a ·of' . 

the· sa•._. -~.a tO •e ttnte atNCtt~ Me*o•. ·~ .. i,t 

~ ~· :~ -thiit .the reaul.t 1.~ ~ UW!tea ·~.-. tonto .1. • 
': p 



·' 

• I ~f' 

•·:, ,;.i:;.--'' 
.~ · . 

.... _,; 

'1 .:-: 

... 
~ . ···•·· 

.... ·-

· .. '· . 

..,.1L_: 
-~ 

·, ' 

. t 

l'w· t&at atl"t14~ .__- • .~ ... t~'o• ...-..~ ........... , • 1a a~-----.·· 
. . . . ' . , ' . " - .· ·, lf'l'~~ ~ "" . . . . . • 

s!U•-. a ~iallt ,,_trio -~tW ~-~- DO- ~triwttoa • •t ·. ~ · · 
A••1;naitt--~ -'1/d--tlle t~tt~ .-w o_ tl»ltal.e 1a -~ _C:~ .•. ».~_-.':·.~ .. t .. _-Uc __ .•.... "·· ··'' . 

~·· ~: .. ~ ·.~t · .~ ··*'" t4·_~u--te~·-~rb!o~ ot -~ ~-c -~~--~:··, 
We -~.a.....A"-#40&1.1"• • .:.~t94 tn·oio'- ~- ~ti~ .-~~ ;·. bi~'i····--~,. . r-:"' .. _.,.., ~. : . ._ ~ .,.... ·, _ . _ ~--VGI4 or ,~~h 

Jtol~ · tst4tee . .., o~ .-~ · f!\$eia;niaa the-. 4_.u~t~ · · , 

·to tae l.()W~"tt_.ub~~ v ,t;. J~ We-~~.-~~-._· __ ·· 
, • • • ,',• - i • • ; " 

0 
,' •• • ., • • I J; • 0 ·~ 

~~ttoii ._. ~ ·.tke to~ ~ <>t· " tfiO. state•. · ~+ ~ a+-. 
. . . . . . ; ·~ 

.\,.; 

re~l'S to the ~~t~on wit~ tw• -a.-elect~. ur& -~~ ·. 

nth -~ ~ilta ~P»>sed att4 i!l~s ~J·· tb• · re~~t 
etate is ''· · ~ this wa;, the ~s~tiOllS ot·_~l posst»le -low· · 

· ~--s~at••. ~ · ~ Gbtatnett. 
! . I . ~ 

The .uxt .~l• i.t to v.~ iili,e !DO~ul~ $ta~•· 1ft o~ 

Of ~ir ener8f•«i• fb,ere aM t-.o ~~te, ~1buti~s. tQ th$: 

eutt81 ot a st~i e. ligand. t1el4 tfna1 4Uid 1ihe enw&r ot ~·et~ ' ·· 
. ' ··' 

intel-Mt1on,. ~~ oal1e4 pair~ serif &ltbGush ~-~-~. ~t 

. . . . 

$'he-1~ t1•14 energy ie Iii-en. a teqra -o:e A.. we 8.dtu'li8 tbat . ., 

the.· el.eetri>n interaction, ~ :npairinaiit ~exv .is _epp~~l¥· the 

same .a ill- tbe_·f~ ,atoa (~) .and <lan 'be ob~ne4 tl'oa the- tre. 
: •• ' > _· 1:2. . ' ' ·_ ; . ' ' ._ . . .. 

a.tQm: (iGn) ~--·· . ~ is DO onte-to-On.e q~~~pon<l~ 'be~-

~-· 1. ~' ,A~!:.&ne£Q-~,i! (lfe~ional ~ ot ~~~ 
c:ti-c\u.~ 467, 1949) 
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'· 
~ '. 

.··• ,. 

'~ . ., . 
l '. _;', ·~- • ~ . ••• • . • • . 

. . . ·.; ' 

,.\ 

· ,.il!tatel -ot a'O.S -4 of 'iiOlecul. .. -.ithi ~ -..e n* - .t .. ~J"Qns .. 

. . ' .. • ·: c •.. :~~ ~ne ~~~'··~$ ~~- ~~:~~-A~-~ 
: f . 

·•.· 

·-· ~ 

; ' 

i-'•. ,·-. 

. . . 
: J ':. 

-,~ . . 
.· ·,, 

... _ .. ,· 

.~.aU -~~:·a~~(~· 1-0a) ~s:.~f the·afJI.le Sp2A that have_.:f'l. · 

i ~~ ~-~~-\~.~~~~ 1\ .A .-; ~$4-1~~~·· ~ . ~>-: 
:• :~~-~~~ :~ ~~~--'-~--~~t~ -(,d)ll'ii 
tak~ as.·~·.~~~· ·U.-•n~-~-~-~e .~eat·.~.(~~} 

.. ~()a)~ ~ ti1;h._ -~ . .-:.··~. &d~~- r~~~ti~eq. r• muJ.t~,iet 
-.. _• · atW.Q •~s- t~. -~~'Br ,~ ·wtr&:Y t~ ~~-.. · . · . 

. .- · tbis ·~e~ · ~~ tq. Ia• ~¢td~ii~ou· ot, centiFstton . · 
: ' ·,- . ' . 

· .. ~~i~_emona .U.·~te-•ot ~·-~ecl!lie .. ,;t•·~ ~ ~-
. . 

~t-.4e~.ipi1~ A'.· ·~hit-- a-ttllb.il.~ ~1ft.~.,.;;;~~ ion 
• ~' <' -

U4 ~, ~sul,.t· of -~- ~~:p$i14~ng '\~&leuUt~!< ~·~ ~~ 61~· · 

by tbe -~tifm o# th" ionic term. rilu&$. l'i'at~, the 

• tti~C$ ~ t~0 ~ 81Ve$ abt. onl~ ~- ,~.~~ -~U&" tAwtrsy
6;1 

·· '. ~ •· ~~ ·e,~e~ tll~oa ~gy &f (;,.)a 1w:i~ *leetmn 
- t ' . . . ~- .. ·. . ; . . .: . ' . . . . ' : :-. 

~l.ation. 
'• . "· . . .. . . .' .. 

the·. •·1m»l:U'teat1oa 1ft Q&l~t~'()~, .~$ ruu1ta ~. the li.ft~tt 

·r\;l&1otcn ~-~ the ~~~/l•d.·f\; ·!4 ~! ... i .t• not ~~· . 
tn .:~~ ol'1 ·t~t'ahe~ ·ttelu~ ··~ these !•~· 1d!:rtciual. 

~b e.i1d •aenanae !D.te~a JAUt Qe ~~, .imd •s~ial.l.¥ . .· . . :. . : 

~t1<m intus4tiQil neal~· ·. 

- ~s~ts, of ~eJ.o:~ ot l0t1-1,ug· ~-Wl.ar _atates .. et th6 
• :'- . . r . ,. . • 

. . . 

41~~ gaaeou',~l• an··.~ ia ~11! x. We .~ at~ t~ 
. - ... , . . ... 
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-de~- -Gnl7 the~ state and first tev ~ted ste.tes. ii~r 

e;gd'te.ticm w~d tnvol.ve o,rbi.tals otb~· tnaa th~e ot the 5ct .. eleet~. . . - ~ . . . . . . - . 

~- ~abul.ati~ ;~.limite& to the tirat tQur traaa4,tiG _.S.ries oxi~e, 
. . ., .. 

lf}.lich are the $~~$ ~r Wl'dcll valaes e>t th.e ~tpUttlzll ~te~s 
. ' . ·(." 

" . ~- ~-"1. 1\e.Ve ~&4T ~ app~t~. O't cou:fse ta' !Mtho4 

e¢Rlld readilY he ~ to o~ mua.bs~ !l>f the tmnaitl,on ··ser.~. · 

-~4e1! ~- to f.UatarUc ~Udes, · i.t ~· s wn.. ca~il.l&bl.e tOr t}m(a. ~e 

' . . 
~-the~ ... N1d ~le~tt ot lQw-~~ -states luc~-~ 84i 

~· d,...lee~ .,e ~. 1fO$(eV6r, Pee_. ot tbe .aeJ.;eeti® N!ea 
' ~ . . . ' . . ' . . '. ' 

;~or mole~ t~il~, · tett tr~"t~ -~ the low'-i~ -~ ot 
' t. . .; . ' • :-'i ... 

~-· ~ a~¢1-.· 1toul.i )e ~s•1'ole. fn 'Babl.e ii some. of the obs~fi 
'transition$-~ u"~.,~ !lae state tnat is preeUIII8.bly ~· ~ a.ta.w 

is ~-0$~ w Xo In th<f 1"oll<Jwiag ~It V. riu. ~~der : .. 
. ' . . . ) 

·-~- obet~n&t~- u. 'Ugb.t _o'f :~ ~tiOl'lS ot the theoty Gevel~ 

a'bove • 

. . for·~~~ ~1.;.- ob .. ~ au.~>ll!t transJ:•·i® ma.v 8.1'1.se n-om. o~<_ir<' . .., . 
. . ·»1iillll't ~ --y~ <........ " i1 ~ 

tast two pr~et.d~-.xetted ••te~. ~, 1n "bat ease, the or .. r 

ot .relat.ive en.rgy. ~s rever,cld; ~ would be l,ow~. · ~iJ.We the 
~· • • t 

~~ot~ 1.- ~airly ~aat.ed. and tlal! aneJ.ya•s are not complete . 

·it is pose1~ that the. "14t1V~ order of the state$ h&a be@ 

·~versed. ···~e di~es be~n ~ ->2u and 2n ~ ~ ~ 
.eJ,ipt~ .. .., · titter~~: ro~ati~ linea wOuld.: 'be mi&1li~ S:t the 

. ' ~- -



. ~ ' . ' 
. .1 ;. t 

I" 

I·~ ' 

;.r 

.... ' 
.... ,. 

.. 
. ·' 

be&SwUl)S ot ~ roWt~Dal 'b~ tu .. ~ tw . .,_ •. U.O ~~ .... 

·~a be tU~ce~ u ~llittve ~tt• tit tmt ~~· · · 

, A~~e ~sis •. re~-td~'~stO,a and ~a~, 
at 1ewi. ot lo'tt retatt~ ~-·b~" It te poaeible ili&t · ... : 
t~ ~·4~. ~.a£ t~•tt.ione <t~-;~ at~ Al.O, ru,~do· ·,. 

' • • :/ ' ' ' I o ' ' ' :' • ' ' ' ;•• •', - ~ • •, < '•. :..' • • : ' ' ' 

·~t a. .... ~lled ~, sb.ella; na~~. se.~·N i!'i~RS~ ~ .. · 

.th•.aest~t ot··th· soo. ~~· .. · ..... . 
. ., 1£ ·. · . :~,.,~· ~itt~ ot ~o ~ COJ'te~ k:·tnt· 

··~··.· .. : ............... , ... · .... ·· ., 

ttz•t two ~ctett ~~· ~~ ~ "-~ ~ ~ . 
.- - • ~ ' < £ ' ' I ' • ' • • • ' • ' ' .< ' ' • ' !1f::·· ", ~· ' 

. W'GlU.& JuMJ .. to \e Mer.ea. ~ ~ ._. eaili8 ~ aa ..... ~: .' i.·· '· 

' .: ~ ..,,. ',, ~.····. ~ :~·. ·!· ·:· ·' 

# i ',. 

· · ~ pareutho$•e·· a'a ~lo. U toi ·~ .t.a,'61 ~ -:~ · ··;., ··.· .. · 

that ~tr ·~we &ta~t.i• t.·sd~ ~.·~~~ ·~, . · ;,· 
.~ot·tm. 2A..,~. . to·~_.~cM4.~.· ... :·~·•'~ .. 

' ! ;~ 

. A~ ~~it• (-A~ .'u) voUl4 ·~'be _,.cte,d .a .. · .. ,, 

tum· nat~ ~- ae ··-..~ ~e·.~~r ~t. ~~· ~~i·. ·. ~ ~~)· 
· tie wuld ~t 'n~ ·x 'n:lor Q~,:~~a4 :.i 'i£~·=· -:>,.X :5n~ .. : · 

•' • ' I y •'>' ' < : ~·"' .. • (' ... ' ': -....'t".~ ... ,, "I 

ac~ri!nc to the. ~~s-of~:.. ·~- ~tio. ·• Rul4- ~t' : .· 

l~-1y1~ trt.plet a.nil tlnAJ.•t states llf~th ~~u·ln .. ilt ~ :.;, : 
'n- 'n ~ tae ~·. ct ~A-. . ' ~ .,;_::· 

·rz. ~ ~· ~z-1- !'t' ts .~ ~hat .. t pn$~~ ·lf5h~; . 
. · ' •' 

epe<rtroaeopiQ k,~ ·~. act: JJutftj\t$&\~ ®111p.t~ hr ~ t~ 
. . 

;. ,. 

. . . .. 

.. . 



'·' .. ;. ·. 

nth tne ~cat~ ~.r:·th Mo4el . ft·tt~ -.., . . e. lr84el:· · <. - · ... ; - , . . ;. _, .·. -., .. , .. - . r . -·-. ... · ~-. ·~ . . ... . . ·_::,· ·-
( \ ~ - • • • t • r ' .. : ·,,, ~~)..~· • ~ ~ ... :. 

b8# ~ -Uili~tl~~ ~let1s it.t1a ~4'-tha.t .u at$ - · ·, · 
• ~ ~ :. ., • :i ~ .' .• ' : . .. 

· "~ .~~· ~t mtsbt SftVe •. a,~- cua. to ~~ _:> 

; . ~.:~ ~~ 
·tr. ~ •Pli~ttns·.P:~ «$~~:.,.-' .. , ... ~.· ' . ' 

. ' ~ . •'~'' . ' ·, . 

\ .. • theltle~C ~-· ' , 

we ,_...-.. i'DAe~ to PNteeeo• I;.W··~ 1t»4'~h-·M,ser 
' . . ' . . . - ' . . ~. . " - ., . : . . -

tor he~ uaeusa~ ~tx.a tlle ~• ·r;4· ~. _ _.. ·· . · · . <~ · 
. . • ! ";:. ' . . • ·. 

Pr()fe~ Brewer au ,.aUf> ~4t4.. the --~~ ~ *•· · 
. . . . ' 

1 and 2 ~0-r te ~U·~:at.iOA. ··''Jlls ~ -.s. ~-.e4 out ~t ~--· · ' . . ' . . . . 

' i 

.• : .. 
) 
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• ·lot . t ~ . 

ftb)A t .. 

. l'U'&t tf!N pre¢totM s~-- of di~ --- ·~ tau -~~ . . . ' . ( . . 

.. , a;..el.e~$- st&tc · ... lael'O' 

1&)le~ ~UQil a&.fli.PtiQA ~lrQft.. ·. (·Qil-l) 
~.:.· 

':·--~·.('i·) 
:; ! .· , .. ' •• 

vo 

a• .. a,+ 

a• ... f'" .. 

t• t• 
'».+ .. a· 

a-+ ::f· 
2+ .. e• 1.• · 

~ 
~· 

'·~ 

. 'tr' ,,. 
lz. 
lr 
:t. n 

a+ 1• .. 1• 4A 

_Q+- 2+ e· ·*n 
a+ .. 2• ~- ~ · 

a•;., 1+ .. 1· ~ 

e• • a+ 1• - 1+ 'E 
. a• - a• .. 1• o+ 5n 
2-+ .. ~· 2 .... 1+ >n 
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