
L Srrteres

I 5usnvEs

6/e 5l6vl by re\rcwtly sdme sheeflheory, fi"n our lopu theog nofet.

DFFINI-IION tef Xbe akp,,logrcat spau. A pgg@! P.( seJ5 onY. (abelan 1vstPt,,1.ny, lenenh J ocafugog ^d)
tt q Lowlrava(lanl lun,Jo, p O(X) ----s s! (A!, /34-r, '{) N"Je lhat teaog:1': r(|J 
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(hts s\elt adpnl lt lfu rnclutrcn i sh(x) -- s 5nyts(*JP. ,)eu,a 5h(x) rs a re-fleci,"v , ̂ brqbqtn4 ,^t,,"1
o( seb 9U')"t r tue f6askn a,- ts aaluallg f nrk l,n,l p,ereru,rg , 'or h (K) a a q!!!!jq!g&q .{ +h" '^' .
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LoRaLLnRY A mo,phrsm n Jh (x) lr a fttlnonolph(M M sh(x) lf. i rt a motronoryhlt, -', Sd'6@)'
so ,(. )l r " po,rlu'rc tn jetke nap.,A mlrphum n sh(X) " an t)lmalphgn t/- + lt
an $ynotphrm ol pvezh?aw, 'o iff '1 r /olnharft bte lu/(

-IJte nny(n1 r nol lwe ol epmophrns, allhocghlhere gornndtnn whrch chamcbnta lhae maps (rc1
rtps n61A ).

LtH lrs If D u q dnqAm of ,rhea,te,,t antl lransfOrnajrcns then 1lw lWt ,n Snke(K)"P,5 o5;sqf ond
r a lwti q y, tx.) J, lmrb ttt Jh(4are rcmPuL(l poltfwtte.

LIL;NITS rN D rs a d6qnm of thearca and lrantrtvnqlwn!, tel L bz !fu "olmtl 'n sd' t9(x)* -ftten
a-l |6qglher i,'+h +/u norphuns D; --) L-> 3L are a cdrmrl fit D n Jh(x)'

Le+ {,X->1 be at'onhnwu mc,tP o( tPaaa. ttvQrt4q: $tnchr !* shtX)-- sh(f ) s elc*nad
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U ii t iii " r I dl t ̂ 17 y'^ lu rt t Ltq a tilo nan s 4! o( r) "? aud Ra a t fl ' r rc'd v

sheqfiI,ahitL tet P b,apntheal ,fobelan q,"t,,tpsi P+ b.the 'thn*frhqlw1 ol P uer6rlp4 6n o p"eobea(
,,1 rcL. Fo, xe X )Iu sJzlk Pi K an abelnn P,nvP M 4(anon(Ql wa'1' c'ttd bi tr,npl4 aAcltnq
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7u *1,,y11 ffo4ohum are -->c--) 9C



. .--f ^ a/ xl 'PRyrlllllllllllllll glsrlt^)) --______) r4"' ' f Thr sheaf Ur-sou'fhe tevmtml obiecl ond
flre s t1eafrfi r crft/on 4
',) r--aV 6+t1s mrhol.\z\

iF* ",ng ,n ̂ c"r,onltolwa5,

' Lohmh P otrlu'tte and ileafiQ
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ivenu p,nl^lo 4jechw*l n l laf 91-.qAJY 'i a taleSDa@t ftna9t' to

NDIE th,hhome qf / t' :gaech3 't tn$ -- 6 (sheo{ r'rye-) ttt< s ay rhal .tn 1uch.( :* d o qn:-PlwxJflt'
- 
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4 4:a--- fi rs a yr'evyhvn "/ r heauza {he nau@d wDtThttvn o+ dngnms gtvt^

4'l0l ----+ H'{t/)
(ll, u) F--+ tv/ lvlfl)

q l .
l \

-,.,i 
--_. 

\
--------------> d

FJna aa o somotphr 1o.
a shqf .l G @ellalnng {$e.
s^W nfu  r ,vn  w\a t :ded ' \  , ,  ,
{ar,ol<j"nurl i qe ulhlhtt rt4brrylr

U E X



-rhrs s ctealr ̂  nlryhun ol pruhpavea, ,nduanq a norphun f'/ ' f ^c,- -4 t -'H o/ :haw r'^t'll"
ahi,i, rlehnha, f:' rclearlg "{tnctor' 7o rimmante

rtr f-'Q r -l4,eattrmabd :t'tea I J D F+ !-$ 1241,1 6(v)

lTa--4nl {t$ x }he vnlryhun f theam Mn.tahcl "'tly' l!'e p'efua'{ mDvPhr^
aehierl 'f" Us X at

Wu =+r,tc(v) -> l.$vz4et H{vJ
(v,i) ts---------+ 1't' $"tt\)

T we anrler sheanz ofqbehan qDuPr o' rn6.'lhen yhz dehnlwa "/ $ and l'' ?rrluu fuavx'co{
^ielwn 3vonpt (rq " nn9'1 auA a\1t" vhorlhrtns -ul sh<avet ol abelpn Xn"ps tung).

,r"* ) oro *w o4iun"]utn f 
' ---t I* . Nok lhal snu rtr Qe sh(lJ, !-'6- - q Q/ 'lhere ts a biiecfun

hnh.ateo-n yreolleaf mo#nt-t a''--? and shu'( morphsnr ,f -'a --> f forarneaf F. ft/ ae shly) u/t
r)ehne a morphtm 7a. Q+ l* f  - 'C-  ̂  {o l low'-

e ---------+ J*r''G
4 [v) ---------+ (f-'c)[l '' v)

b r-------+ (v, e)

d
, \

!"+''c; !"
( r )

&trhr,q) = &trr(xtl l'1L
tt

tuh,eve $r a y"ethul ,P, 
' 
. d*rol- ? -----J lP la tr eanily snenh lrc d na4n\ sn, anc( 1-cn ts ah lnudly

nq+uwl. rh lt'e revlq lha+ ffu.dqqnn
Ic. -----------> H

t tJ , J
l* l"c. ---'o S* s 't ,

t_f- f

rc*muht tor arlmorphun / 4 thnow on l. \ok thow f''-- l* *only wnams hAow*lat
(+- 'G, '1", , \  6 d vefLihn\J+ t  a lonq / ' . ;dppa@wthawavtrc 'yhttm-/ '  a---+J*F andAehne
.'I rnlryb\ryr * . at ----> F vl y^ahefnn

t"' a'to\ -----+ n(u)
liT pla ry 4tv) -----+.F(u )

1.t, e) r---> f"(*)l u

Jhr! rnd(@, '/ ', 1"6 -----> F ue etaimlht dtrymnt

tomnulp.r. aut 0*!)v fto).;(t\ : (*"t]"k;q) = Ti ,, (s;il = 'Y.,u (vt) = 4"tiD,-- f"t+1.
Cleavl,l ?' ts u^tq^t tuqh Y ,( j) *r!-,ukl,h G''c,U) 't 'a4sry1a rellzclonl ti n"to,yh"^ A'--+'i' s Aeh"nwd
b"r th'"alupn "n open seB al llu fu"a f -' V ).

1l ,re .nsdersheavn "l abelnn yDuFor rtnS') ?a romuyhtsw ol theavw"l Swup (vtn6') artcl th'
ata'k<lvuowhunr abarc arc olto Henu {-'-{* 'n'lht)( ca'tu auo

BnJ (rh({l) 
? 

Bg(ihu}) +- '--14



Lc&r q4'9 will hied lo Lna ukat lhe coL4n* e ' !"f+ '---. I ol- th z-qIJdnthDn^ts lel t ,sheaP , F "* X b' Utn''
theaun* er' +'' lkF -) F 6 llu worphrm vcluot h1 lhz rLan\ F+r ----) !, F. so finl yurt

6 ' (0 l  -  l4  vz4o1 F( t ' tV)

,1",,1,r] "r"
then € B ae.fined. .fi. Uex and lev bq Se'rlqeo!): *C ( s(v)\- y.Lthe l,n*ry 5tt)--i Q1E6 Q'x
r  ehrtA bg sG) - iu*, 1v-,+, r) -+i 4 e flyiy*.r'n*

ScrwiJ ev (') - (v",ltlvr\

.  t " l  , f  ,x-- ;Y be otr tnrpw, Fashea{ '^Xand hasheaf *Y ( ' t  t -ek,  gwtp q r ! l?t)J+ f  'd--1 l "F
$ A mbrphrsm) !|rc a(1otnf Tatlte" /. {^L---)' f r)he @mpo f.

i^a t;6+ 1't7*7 -J!-> 7

!11nLfrzab9t9 wr. teJlll $r-91-X 944 :e l{')b) f s(*):tu+ (vql,r)J, v. " +rc*r' l, € c-(v')' tben
1"" ie tt,

3"n"*f i1i  -  1v*,fn,(L\ lu,\  ,4 e

5uowe lhal I r ahoneomomhtrm' so Ihal {* u l,tltu hrlhf.l ad henu 2 i a portlure Boftto'y'a.btn 'Tl
I i ' o n a o n n T t u n , t h e n f i u i t o a n ' N m o F i t t m . L e l ' l e€l u ) l x g r w n . l h t n l e + s - { i ' U l B V ' t w d b E r z )

Jem,E -  (v"1 fv .G.) l r . )

whete s(z) = tvt, Nal't)) wlh 44yr, \t*2'f (t*) ad l'c e 6(v\:fno| ,r, 
t(uol')' P(t

lermz.I  :  gevn* fr"(k)  (= ( t - ,v, ,  A' t t , l t )
- f46 Semi+p1t*

:. gefli Fe) +, -- fall'4ew,t 
r4+p1,6+ta) FL

NoIe thts tt qnnecq)ta1 l wa r,lread! dennbcd tbe aoliotnl Tqvhter on 'he P'EVtbqt pag< '



NOTE Sheai$mfwn hnnula wih Reslncltnn.

Let X be r,+ kpolwtral spao, U-X opew. rle c[.aim tIL f"llowtng daqnm ^aqul"'t u1o Jo uomoryhvn

sh(x)

l ,
l - N
J

slr(o)

P I X )-," II
Itu)

whare.?, f h ttan"l,ft,7ryhyyo, qncl <heavta rwp. (4 '$.gwupt or fln1t). Ale paiettucate*rch.lltzofbe.
taaq hllow ,nitedtaletj. tel F beq pvtaheal "n P, aad lef-

,t'. , {-rtu), ------> F*
(w, r) r--------+ (w,s)

- b; llre cctttorntal iortot'phrm fr7 ze0.'rhen 'af Aehnc

n . .  a  ( c l , , \  - - - - - >  / e F \ 1 , ,
.  .  - r \'Zb,  

F)L) :  P, ( ' t*)  )

' ih$ i cteaill ^mofphtrt o(-rheavq, whrch ts an 1othotphttm d,u< *" *hz'lollouvLf'l tnmnxwrv. chagmm.

---------+ re- F) t " .

L
=::-:) F' 

j+ $ cbiti ah.thu( fhql lfu uomovphtrrn I t nahlral tn F, 'oniPl€inT +he P'oot'
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Dav\ ,a l t r l  ordev i rq  ,n+hnq X<V ' l t .  V(v,c)e X i t 'e i  s ' lw,s le 'J) . ) .  (ve)<{w,J) .  i " r  L 'bn+he
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raaimaltfr, "l Z.llena "rerr4 rhotn,n Z nunl have anuppev bound,sohY zodr Z Ldiatns a .m^x'tmal
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S.o , . t  .a \  cae ,we have pwduu) ( r1/ rvn, le  Ksl .  ( r r , rn ;  . (n ' ,n , )  Stnu (Frn) ,smqxim.ql  ,n  z ,
t\lollorrt,!or Z U {(.nttn,\> 2,, ,eonlndtchrg {nat<itr'c^\\H.+ z,. sa hnallg uvz. wndud< lhql .V
$ tmPMsibte) an44v p"( s tnn/ek.

1.1 4 o ----> r'L e LF"-')o tt exctd an.l ,{ F and F'are flcraque,.then F" r, fla,cqw. Stntz ! hco{luquz
hevi . re l ,  L l . lo l lows f laat  (T"hv)(U)  =. Imt . t7  nt l  Ve U a ' rd f€ F"{v)  f iovr i= ' fv t ' l for :onvteF(V).Bc(
It v llanqutto s:mlv ror r ne F(o). Lonsaqwrt!1 t : yv (r,1"\ : *'(r") 1,1 rurcquue4



Ii lT.l J,X--+y ttd rnnhwuu) mdPt dntl i F $d fldtque sheaf on \, tienun "laim !*rrsflului'nY'' -Iho-,r'oburorz snaftr w€ QEY, f"F($ ---> le?(w) tj 'ul F(f ' 'c)) ----> F(lan).

Self be qn4 5yr6{ sp \.ttlc delzre dnew ieol C allct)lh theal ol c(uortnunu't p<Jws lE aaillour
FtUeX, 6lu) tftuplJrnaPt t'()-)!*vF7 s'l- {or "eU,4P)eFe rrrrts u clearl! a:hcq(("{ -
i la i i^ i^^d i  F6) anda 61luqw smu 4 1ei  cnd stg-aPpeyfeEh q1)t  delqzi :VJ UeevFnLl
t(o) =i(6i Vq.u dhd O "flterwue- nf" tlrf : aacl.6* {/wqw.7h2 rnqP P0) --. alD 7rcn hy
obelrangKrtp-tt.f O ana,rir !Y'1.*.:,y-'l LcV cnd s.'
t(o) =i(ol Vq<u qnd O olhewuL nqn 4u =l ancl 6 rs {/wq*t. 7h2 rnqP P0) --. alD Trcn hy
s F-> (P P lewnpt) ts oh tnJeduft novPntrm ot t 0eovet'

(')



l@

t6r-l''l

t\'t:ev!+'!r ':+1,*.:,'!",1:1;i','l fr:,i-i,! litJ^f,!:,i:,:,|::y,! #":;4t;!;!:2fl,:fi,,'i^;A!iik3f,"[f,Nai.?f]#iit;r:tAr":"1::1ii-'i;;';':':' 'penre'u*nh"' n3 Q ort
'::j;,^t{;,\,!".ff:':f:;,'^,l,fr'5!;"k[i,']i|*;'!'J:;,1'],,];il:];$\:'!::h'(,1?',,,0,

Doru n nolot

Fz+ehdtr,q a Jh.o{ l,J zeut La'l ,X be< lopotolrcal :7.aco 1 |e} Z be a c[orcd u bset ,^,lh nclunton i 'z->X,
-trt 

, ! x -z v" +he LotfiFlenenlanl 'pen"ubif, ancllel j' U-)X berh ncluzton

l " \  In l  F  b"o  rhca lon  Z  (o l  abe ln l tqwuq) .6 ,  a  pou]  P17 andan4gevm (v ,s )e  ( i *F \e  we hau ' t
( v , j 5 l =  l v n u , 5 l v n o ) =  o  s t n , r  

' ( i ; F ) ( v n u  
) =  F { v n \ r 4  z \ = " i  r l e n e  ( i + r ) p  = o .  F b t  P t z

a^.1 e, ge,/tn [\ lts)eFp (tr.VsZ 6aPe|\ tu ]lo ̂ lbsfa,a kgobgyl lot Q e X be "pen t I .v -- Q o z theL
{t*r)iE) -- F(a}z.)'- pltt) so @/s)e ?'kF\ p .Thts clehu.ot a vrqP Fp ---+ (' i+F)p wht<h 1s nj<crhr^e
s tn&(  (q ' l )  - - (@t ' )  n  l i *F )p . - lhen fheo, ,  WeQnQ'  s  l  s l i xa t=  r ' lwnz  BLn lwnz g  lonz ln (qr0z)

.. '" 1onz,11=1o'nz,s') 'n Fp.(oneako <hechr lht nay 't u'ell-ddtnd). 'The may r' lnvtall4 sujethrc and
avvro tp tsw 4  Swup 

p lenu ( i *F)p2 fo  l t t  Pez '

,^Je ell;+F {fu thert{ 'blaned h,1 e#ertclnq F 4 <w o,i ' 'de Z By abooe ofna]r;|r .on t^'e w,' l l  $mehmq)
qnle f ninsk-acl ol i+ F an d rtg " U;nl^er- F a.t) theal o X' vhen 6te (tetn @nl td et L+ F

(b) N,r" le+ Fbeqshe{on U Let ir(F) be l lu fuerf o,'X caracnled h l lu pvohc,[ Vt->f(v) I V€U,\JF;O
olhnrw,rn.Tnon ,s an Uomotih,sm 6[ t 'be)nn qw 

 

ol ]t( P ",Ih l lv 11a11'- a+ P "[ lhr 7une6{ ' f lwe
s la lhsav ,e  dea i l  o ,LPdU;aFp, (PeU (nu  1 ' | r l ' p  -  Fp  - /o .  P€U aar t  o  c lher tvve  Swppose c t rs
anoher sheaf-on X @th Alu: f and 4, = 6 V e"4 u, *'* tLu tqnontal FP --a qP oo tronivphur V PQU'

fhevv uo,at',onstlmaWhun 4. i" '- 'a c. uherc F 's lh-' pre'oheafabsrc., h'nu $' glFl- '->a fu.V9Ut.V

|':L*:l('y ':i:;':y\iff;,':^"fti,fl'k;:"1':I',|Y' ,fl::tr:;':n:w^T'nl;*Li;:r
ii\,i,)*',,,qi.-o,"iro,"+"i'i1t!A:!T': !,:f,I;!;X:I;,!oi,"; #fiT:;^ =''
':g:LiXf #;"2o *Jtli iu;; '-,::h"*,1*y29"\:+"n 4"iun,oiao'n"."u"'{ v-t'r'
ro r leqrlq 6' rs srrL. ieci, i r  lo r"rfu, lg. Hert '  f  

'  c antsoko"phtsri i ,  :ojLF l lotnlqr ' t  t ' rJe 'al l  Jt '  F fhe

sheqr obhvted d,4 c'kidrrtg..11S ze'a o*lrrl' 0

NoVthqf z,: f non i*tr =o anct ( v --f +ln it.r --9

F\ LplFber^ sheolon X., lel Ze-|.,Ve dosed cnd i=x-L:hen Flv $ a sh@,|"" O adan abolE fulett
!, Amovphtrvn l,Lttfl"),--- t=- Ine rhect( F)7'wao dehrucl n/16\a ̂ ncl fh.g, Mot/Phtsm T,< lht conontcql one

.t: 7 -+ ia[rlz)
tu , r ( ' t ) - ->  r  I - (  z^v)

s ,- s *n"' t f ,r, l) l : ; ; :yo,

'il1* v a wowhym ol theauu "l'abelun Swup s. By de],niwr."l.Fl- everyrcclnn6 yteadkylhe, k ally
lrm ,,naqa ol rcchou undet *, so ! is an eyimorphtsm of t heawo ule <heched r lt') llhl 4 vtat

a monviorphsm 4 sheqt'"c,'. tTjeciqrm'110t +ti selvav'a

iqr . 'q  I

o -;1ir lJ l> F Y> iu [r l=)--- '  o
rilrrdl,4 etacl rf

( r )  e - - ( : , 2 ' h

i;*iffiuin$ffirr:liw$':':*niti,,*ii,"*,



@ Sqb;hea{/ *,lh supprrlt LeI 7 btacloted t,abrcl ol- 4 qnd lel F be asheo{ * X w. dnJtre

T=(K,F\-- [ser(x) )supy: e z]

cteatl| ' fz(Xt F) ts 4 tubgnq 6l F(X).

G) L& aeZH h-thz p,cdheaf V ?T.nu(v, F)v) = lse€(\l) | Supps = znvj ru'ew ,kr(r\ r
^ su.b$)ndo, "l F-arct.'that2l2(F).uafiea[ kl 0=U;V; and 'ag s; e a<:E)(v;\ a{e a rnaLhvl
la: il| Le+ se F(t)) be]fu amqlqamctwn ,n F.'lhQn Suols: 0sqppr;-c z to sc et"- 1p11g1 Aena
?(!(F) 's ̂  theaf, Glled'fhe bsh"ea{ a( F-,+11 tupprl n 2 cleat! )e }Fl= a. 

-

(b\ Let U'- 'f.- Z anl let ,j,V --+y, bo lht n.lq,ltln. Neaorury tl 7f.teclaimltuft 6 an <xac+ telten&
d shen'tu

o ----+ ae F) j)r 4J" ( rl")
-Ihe rnor?h rsm fr,r lnv,ally .monc, a v'lr. jul tmd k thow tttal 2lZlf)= Ker! n1e''-! s 11re uoryhtrn
obhrnid brt r$,tlndtnn. BU

(KetY)(v) - l  ser(v) I  slrny: o\
=  l s e F ( t r l  I  s P - - o  V e e  u 1
-  {  seFtv )  I  supere  z l  =  x ; t?Yv)

!1.F s.(latqw ftrta' VV, ^lv 'F(v)-4 j4(?l;)(v)> f(Vo\t) r tuljechve, t o 'L/ ,rlwulal$ an
e Pr /1l0 ry h Ent

Some Examdu *Jhenuu on Vandlea L& X b< .t vauehl over dn ̂ lqebratca$ clwed .freld k, aa n Ch .T.

@n5 on \ n o* s l:heaf .f rtryi.

(q)tetYgX L< clpsed. Far an opeosel t)='X bf hU) be lhr detl u'llu vmq Axlo) ans$hnq ofthak
*eqalar.{unc}onr*h,.hvanrhalqll pnnh 4 Y0U. -rhe. pwheal U t--> J"'fu) ol ibehan qduH 6 o:heal,
cAleaf l ishea{o ld,a l rh" f '1 , ind*sanbthcalo{) tu thea!@*(anstdercc lanath"eo!L lSwups)x{
f  . Q  l h u  j t = 0 x  q n d ' l l = X l h c r  h  = O

(t) f \ y arabuon"\ t.n. t r ne4ucide anollocal! olored), ue oln;mll1at -!W gu.rhenl.: hc.( 0,/* y roynorphtc
l" .r,*(gtl, *hent i.y--a )\ s ttrv nclwron dnd 0v rtfurhal ol reqt^\dt{undqnt ov' 7 t\owOx,9vare
shziw 4'rrnqs dndfh.te )t o. artonrcol noryhvm .ofsheauu oL , vE 0," !)+ t"r@t), g{vl'-) Oiv nfl ?v<t' b'J
j t--> f lvnt. Nolt oowrder evegofle a, arhedf . f  q,Euft.- lhe!\ Ox Ja i .rLt9r\ 6 af l  ePil t t totPh ttn sf i tz

, ol alehon nror,ror

J " t l  a( iv l6) = o,

M : /An o' IF^

ro dehw0v w weltu onqnal AelN ol- rcqulo4unrlwe on ubqaro ol N, a q'Q----sEr teqular t# "t"ty
Dovl*hca a,n opennerqhb&hood ' r!,,a,i.1, qnd tlkre are appnpqo)e qw|'&h of FlYno4q\i cletDd "n V'
"-ezfnc{rnq +o q'"^ V. rlq} U0Y 'r open ,."X,l, ' f fulluru lhte v o'e '* "yen qrd fe9x(tl ') ,oIl,. q'Al=V enJ
tl,, - q\" ! rl1,al $, la' U ) : Jlv . tle haw :hownlhal ^f r toallq uleclwe, hewz dn epimorPhtrttl ttL

ii",ul"j"g     At(Jh(^l). cteal! Ketg: f 1, rc i follow' imme,lnkU trhqt 1a0t4Ox/1, an sheaw*
abdtan \wrl?t.



L ? , Q  
e  n

( . )No, , , r lq l \ - l f ta .nc t te tYbe l fu ,unnno lhndts*n l7a 'nh . 'henv tpda in+herBanexq lJe( /wt / te
o! sheav a ol'abelnn gwup on Y, wherc F -- LaOe a i+Oq

A ------+ /t+ 0x >F )O (r)

(teA,tll Op r ltu had on lPl loen by I t--+ q Jp] t--t k .'Thcrc ts a ,anonrtal rnotphum of sheawo J qbeltqn
--t clwult"O t. ----> i+Op qn'en by -/ t---+ f /P) ( timilatlt (9r ---'-'t i*6a).stnu ltmh art 1a.ken Pornlure

roror{ "71u1- 
1;*goyv1 o i ' ;"tpe)(v) : a)p(vnlP " oo(vntcil ar'd o)<'4F-'rxrcn b1 (9" (v) '-1Flvi,

P4v  'o  ^1  p*+  ( f ( r l , f (o l )  We Pnw fha l?  u  loa l tq  tu iec fue .7 f  \ /<  x  i ' oPen bq l  l? 'aJgv- the tgx(v ) - -a? l ' v ) l t
i *o?{v )= ! r  i * ,o l lu  , in i ihue .  r f  P leeV a"a  (o rb)€" r . (v )  q ,bek . then t ( l  U , :  V-  Q and 0r=  V-  P  ( lea ' \

k ,v ) lu , r -  (a ,o \  nd  Gi ) luz= Ptb)  .Hah@ (c 'h l ln ,  e  rmls ,  anc t  l . " ,b l l v ,  e ln l r ,  n - (  $  lu7dt tg  tude 'h te

andlteyt0- an zPi qDfnJm J+ It clear'fhal 9v = Ker /r t" (r) t exacl

e cl6ip f,p6ayno lhctl Px[x\-;f (X): koh tnal tu.|echrc.1hal u, wr cannol avhiranlLr, pwtnk
ua|uu  q4  lun  c | t thud pont '  o |  l7 l '  8 " |+hry1(  |n , 'n ]  tnu  o tn ' ) -p^onScqa la t | loc lan6of f ' ' twn t |qn | .
p12v,p+!u 

l lqal sedionr 4ndot -l(x.-) rr nolexorl

@tEl Cluevg rheaua Ld- X be a kPblalLql,spotz., {u;};2a -an 
opeu nuer 'l }</ and turyue )hdt '[or ea'ch i

u&^ .eq ,en  6  snoa/  T ,  "^ i t , , ' " ^ r t  k ieua" j  on  somo'ph tsm f1  ' 'F ; l " 'no ,  I  Gr ' /u ,ng  s I

("1 U; Y'; -- |
(O !; '"- 'Yi 'a f5 "" u;nr)1 / lu' '  vr" '1"h

r gps6p11 ol x\,

J '

we rlaimlhal lhaft"N/h a u,tt7ut >hea{ T ta, X ,*lh tomorlthunr t,7lu,----+Tt :,trh lhal,$' e-ad i,t
\ : f , ;  " '1 .  o t  t ) ;AJ ,  wc  tan  t lea \4 ,^eduu 1 t  l l4  corc  whex no  U,  = f .Fo ' "ach  xe \  Ie t  dk)< I  be '
i"wu ieleckd ,ndex iulh te Va1.1 f-e, zeQ, ovt lel Y;i," 7,,1r;,* denol< l?tz t)omDt?ht (m ol

Ue+.) TIAF ,,n3<) ni',ret by Y1 .fi" an opn, tFJ Ws i dnltne l[rn\-l- be the sl "{ ^ll funthotts
, ' W ----+ t),.* ryro., X'th ttu pdpevhu

s: W-.--+ Drnw'Fa,y.
VzeN s(- )ef46t , , t
VxeW t l r " r "  B an ofen neghbof iNd te\ l1W qnd iea s l

V.-0; anf,' fe,Fi(V) tachlhal fo'aI jeV.,
s (r) - r-\

t3q A4s I ltu T, are theaw"l gnupt and \, vomo,phvmt "( 3^"7,', thL,f i,,, and,Y'1,* 1* !:"f t
^i.rr\ ma"phtsmt "l 1nups, soT Eeamuq Dr*)hea{ J l,o"P t ondd l'ha Itallt}1pue rrwt.tutw and u"'ot'lcnAt^
o[ lunrt"kt 11,, r crft. ',s lw. d ,tt't 9' Jn t^ b,l ma.m de\al:' lloL nbhu lhctt ht iJi] h ahl h Dwng
wmmukt  r l t re)"  lp \  aborc (a^9 J eUinuJn Oh-)

rq-: jo,t
to*1rr"

we chech l lv aek". ih {" ,  o, touP' '  +hx moP zt-)obdonyk?\M{" 'on!.ryt1r! t . f :Tlw)andvsvrJ,
le l  \ /91 . t ,  a "a  V '=uu1.  ba  l tuz  q lon t  wt l lL  |e ' r ; (V)  and l  e l : t4 lv  ]  t ' J  vJe  \ / ( tV

(s r +)(u) - V;ae\,t( Sermt+ 1 r Y,zard,t (jev,ns*\)
='Y;4b),r
= J:d("), 9
-- J; d(*f,9

ytm3t) + Yia("r9 (  Yr. ;9(9etm3t)11
1<,nj l  + gernag (Je;)y,6r.r i ( l ' lv ,nu,)  )
3ary I  t  + (Ve;)  u ' , . 'n;  1. t '1", ' , , r  )  ]  ]

lo i ,1, ,  (3ut*,



5o srIe-V(W), a,trequrred.1I s<'r(w) l s,)eat,)hal -;e'r@),t" -F(w\ tt  ̂  g' o"t?./ 4naltt6 ̂ ow
eaA4 +n cha.k lhat 'F rt c^ p"-neaf ol 4mn1tr. The ldaatlDn lot nngs ii ttn;laf an"l sinufht dehnry 'nntllwn s
tui, * ,, "-,1i dtech thal T,: o ,hrt /Ll,k' 3to4?t rntl

Nowhdefine Nhe ronorphttns V TL 0 -+ q-, ut s e+ro l t*u,,J.*tn')".^r,  ' (el) Ie+ i ,eT and va
= Ui. an,t +'e \ ,( \ t , ,)  \ ,  t . l . 'Vjei^ s(x\ = ! ;67.1,5(serrx +. i .  Lef w"eT;(v,Ov ) he

'tv n -(Yu; )u"nu 1+*;..,.nu ) ,-,.*..k)l*.n,
rhen VzeV*Ot) ,w haw s(9): Y;26,;,9 ( 9 erty\ i* )  . '? T*rl  tue \t t  t1\J ?\,  ! ," ! !  O" 

, ,  on ,='ute ( \hnv )n(V,nU) nnha-  f ;a t " t , .  lqe-vmu.nr*)  - -  tH)-  t ia i1 ,g(3evry v" tz  ) .Sne Y; t t " t ,g
ltomt,$hstn,  eflqry.= \Qvm,t w.- Snii; ,tirhea{,fhe,eu untquz t;(")e7t(o),,fth getm*!$):gevn 'W}

$r all ie V.mis d,inn)he'^.9'*; . rhal rr, .Sv U=9; "pen (nf,)r(rJ ,r #re r,rntql'r 4\evnet'+ 4 'n Q) Q'+

Xevmn ( l ; ) " ( ' )  -  Jr ,o ' , " (  ' ( * ) )  $xeU

Lonteqwttllq * 's o moryh,sno[ 'heowt ("( srl|rL?t, r]nclt). rvre la'I lhat tly yar'ri,r ate b|;.,hug'  meons tlnal
i+;),r'u rt';uJ.+"" and tfwe may oR tu\eclu* lij aoslw"c|""on ol 'F, and )tvlacl Nha\ Y, aoltau;-J;-- l.
To chec|" lha l  UL = l i " f ;  o^uinuJi le l  Vq OrnuJ qnA ae 'F(v i  be 3\ueh" the ' \  VzeV)

Jevnz [ (Y,J)v(Y, )v (i) )
' -  !5, '(9*n'11')" ( ' ))
=  J ' i , .  Ya t ' r i , - (s l " l \
= Jq("U, z[ t (z))  :  gevvxz (^NJ). / ( ' )

7u nmplelat rlv txrknu ywl. Fu unq,trnut, u.lppue S ranolhev slep*l 9n,\anl O;:,sf'; --;T'':l
O1 =li,o; o^ t);n}J F,,; an open MbJ:el VeU; lefiw lv 7(v) --+ t(vl h b ttu on1wrt<

. r*)" @),i'a(v) -----4 'F,(v) -) s(v)
Yu -  (o ; \ -v  (4 ;  ) ' t

*nq u latl lhal O; = Y;; t9i ..tntl !, -!;, *; .^ V, we ta thal /v t tn4epende# { i (ond tr L4 aryny}u".
nnt"oniryhoa ol qr"rpt, itq)).It ,l ,ratLrat wih ftaPad 'b I',/ '- Vc ro"'c d' S 'nnslntiwn .&e fft2l c xknd
: 1 h o n g o p r n " f  i o * k r i i " t t l i v , , n q ' - . ' L  Y n i t 1 1 " n t t , - Y v a t . ( t l r n u , t " v i < L . l l t s J h e n e a t l y c h e d u A
Nlnl I i an tJornoiph51r4 ,ffi2ou*.


