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The {}itcrn CLnssas of ths Stab-Lc P.enk ) V{tc'Lor B;rndles on fP3

IUI-.l i : l i- l) t iOil l-r(i i t

I)c;i:cr:1"'i,i^:r';t"L c1.' i,ilii.i:cl:crt:r r:l, LilCilllSiil r Bctr" i'Ic:i. j" ?.?A t

7 I tt?i.: flucirarc;*'t,, iloinsn:in

o. "i,R3,ry'{+.qiiiq*

Lel'b k bu an aj-6;chraica-Lry closed fi 'elcl cf chare*teristi.c O anct

P=iI; t i le 3-d:i.urensional i:::ojectivq spece over kn The natural cluee-

t iu:r .  o i  c ie i ,cr ; i : in- , ; rg ih. :  l . : ' ip les o: i '  integers (c i ,c2,c5) rvhich cen

be thr.. Cilern cler:;ses o:f n ntnble re.nk 3 vcctr:r br"urglc cn F isas

f61-r,ri,r ' lr ' tnil h.r l{".1.1;lytsh+::nr: fur [6, Pr,obleia f4-:i. Sj"nce the.nr & l jrr[.*?t  v r .L  .  . r ,a  _ ,  c i  v  L ,  v  t t . t

bcr of rcsu,.J.1;$ h.i:vo been <l[:tained i ' ,. 'hicir ]ra\,-c l i . i i i ' t ,ea tha pcscibl"e

val.ue* of thesc tr5-plcs* I ' i .r 'st of a1.1, t ire Tiieoren of'Rienan:i-j loch

irnpl :Les t i ra 'L,  ctc,s=Cq (nod U. Tiran, f 'or  each ol . r*2,  t }ere [ , ro
I A J

bal$ids on c, rviri.ch have Lreern obtainecl by G,Ei-encl';aji:, O.Fcx'stbr,

TJ 5l:-, lr lc' ir-\Rr" nn.l I i"Spir:c1lcr'" Their resu]is are su:flnri.ze,3 i" [fJ -f r l g V ! A i a r v ; v v a  u .

'tle cilr normalizc ony r*::h I ve*tcr" birr:cl}e on } b.;' a sui'Lsible

tr,i i.;rt sucir tha'i; *l*0, -). or -2" F.rrtl:er-":orc, by chrei.iring tlic

hr r r - r : i " l r r  t ' - ' r r i ' l - . , ' ' i  , : , 4 ' i  - . n  * t r ' 1 ' 1n  *1  i f  C . r=  -1  O f r  - 2 )  1T0  m6y  SUppOSe i , i : n i :V 1 4  j . J + !  
\  C f r a l {  v  t l J , . U  V . ! r a b  i l . L  V : t

n \ '  r . i -F a * r \ ,  c ,^)  *cr  a f  cr= -1 anc l  cr (>O i f  Q-r= * / .  i t iovd,  accc; 'c i -v14  ( -  u  * r  ! l  ' "w
/ * -  

'  
) a " .  4  - L  ) =  J -

r - 1
t - r rg  t c  L5 ,  Scc t .4 l  one  has :

( i i

t i i )

i  r - - - i '

C n  -  C . '/ /

, t1-  c I*2c, r ' i '2 .

{ : 2 - i c . . - i 2
r'

tfcg-11::lx' 1ia--ru ,:r'oi'cil in 
';: 

,
' ' )

\  i  , . : , r . , i  , - 4_ . i . o : ;+ ,5  
{  * , i  < ; l _ , : ^

i ; t  
u . . i \ r  v Z  u u _  

J  u  { "

r ictLans to be i . ra;csr ' " :  : , ' r

.l.t'*

-r--la

; n g  [ e ]  o u e

r  r  r  
- i

: /  !  I  I
t t t " " ' )  I

I  le:
U r}

cr  =0 thcn c,., > 2 'tr:i c- I
/ ' d 1 r

J -

c" = *1 th.el.
j.

l a  - \  ' l  
l , r r {  n

v  a l  r ' -  *  s i . ^ u  v r y

/

J ' : i  ? r '

/ '-7
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f l n d s  f i r r t h e r :  r e s t
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the Chern clasees of a stable rank 3 vector bundle on F"

stat ing these restr ict ions v/e introduee *sorre notst ions"

( P  l
IJo(1rc2) x lc l*cr i

Mo(r,c2)  = l *7-(2q*I )c2,  " l -eq*t )cz 
+ 2(qz-r l * l )J ' \

'  d o ( a )  ,
\  tJ (*I-(Zq--L )cr+Z(ri* l)q, *f i*{Zq-r) cr+'2dq*2d'(d"Fr) ) }

<1=I

i',{, (ur c2) z' lrl""'zrr*r, *l--zq"aozq?J \
ar(o) t

\ LJ r-i*'jqar+Z (d-1) q+2 ({-1) , "7r-Zq"r+2c"q'2d(d+}) 
) I for n? t

. d=I

Lfr(er c2) = l*7-(2q+'1) e r"ttq, "!*(2crrl)c2+2q2] 
\

'c.rta.i 
"' 

L

\ O rc|*(Zq,.r)er+2dq, *!*tar-rr )cr+z(d+l) q-2d1e+2) ) ,  for q?1

d=1

rt ,hcre d0(q) is the largeqt integer fqr  vrhrcn r l (d+l)(q- l t  at(C)

is the largent inte5er for  whictr  (c i+f1 '*nana dr(e) ie the lar-

gest i.nteEe:: for vdrich (d+t)Z<n. It is es'sy *: 
"": 

tl:at if
'  ' 1  

:d+ t . ) f  i . ( q ' * zq ) ,  sd
d{d+}) . iq* i  or  i f  (d+1) ' *q . t l ren 2c1q-2d(

n n

i+2) f i." 
(r" r'".,) " Now, according to

{2 "7 )  s  ( 2 "8 )  an t l  t 2 , g ) ]  c t ne  hus ;

(n  n - )  ' i "o ' r .  scng
o \ v t ' 2 ,  a : *  : I _ _

1

l € c i < * . ( c , " + 1 )- a a ? 1  
e

9I . ]€1,11 (q,c2) igi-€qe.

IJeforo

Iturb:

for q? 2

jj

f)
L - t

r {q<* "  ( c ' , - l - )
L

^  r  a i  ( n  n - \  f C fut ) *  * "2 \  "1  I  "2 /
- 1

1 5  a <  + ' { c . - 1 )  ./ /

that i,ila above cofl-

s ia l le : :e: :k ]  ' i?cto:

prove *uitis assertio:r

) vecto:: cund.ies.

(o) j{ .r=c }i.1 *zZ2 i: i l t  "7*+.'t3 
g cr€t: '

( 1 )

(2) I{ cr= -2 "zZ2 
*,r4 

" , r !+; ' (cr-}) '  
g

Tfg l r = -1 then

tircn

cnrnp

the ait: o.f the prelent pepe:' L3 to shorv

, i i1 i6 l is  suf* . icc to Lrssure ihe c: ; i 's tc: :ce of  a

bunclle o;r F lrj ' th tha. i l ivan Chern clas3ss' l i ie

by procuci;\,-4 varicu$ e;rinples of stable rairk
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l# i th soine exception$, these bun.Jlee are real j-zed as extensioi ls:

ref lexive sheaves constructcd

scirenre of F and Y i.s a plar:.e

of extension is described in

( 1 )

i i
j
I

I'I

where Z ts a c losed subschsne of  P,  local ly coi :npJ-ete i i i terseci , ion

(f ,c. i , )  of  codir ienoion 2.  ?he exie: :s j .on is dcter i j . : red b; ,  a globa.
-c

section \ of a, (: i+a-b) 
"'rhich 

gene:'a'uestnis sheai' except' at f ini-

te iy ueny points" I+" fo i io ' , ' ;s ,  using tne exect sequence ( i ) ,  th.at

9 , * l L t V  / 0 \ H t , ' t  f , r - - h \ / / o ( .  I  I  L - - - -." 'LL \r 2u.p)z b,) - (4*b) /OZt*a) ' 5 , hence there is e O-oilrensional

closed suir-:che:re S of p sucir i,hat €*L! tF ,0;XO* Let Y be a

l -ocn i "  c losed subsc i : .ene o f  P  o f  cod inens ion  2  c i rch  tha t  TnS =6

I- ,et  t  be en in*r ,e5er.  Stppose ihat  i i?(y{- t } )=O $rd thqtr t . r {4- t }€S
^ -

l las a g lobal  sect ion vanish j . :g  at  nc pc int ,  o f  Yn ? i :en by L l rSecr4] ,

t,ircre is iur extens:r-on:

o *+9 *-+ s *-+ rr r r(i:) -) o

0 ..-+p *+ n **+ ryos -"'*> o

v*rcre 3 i* one of the stable rank 2

by R"i,i ir:d in [iJ, ,S is the si-ngular

curve or -bho eropty schene, This kinrl

[r-, sect "' if"
Hencel wo prove th.e following:

&reo::eq. "Ir"Zr.7
can be the Chern c]-asses of  & stable rair ic 7 vec'

!gl--b-gncl.L9--gs p -ff*Sg]*g];*}I "t*2= "5 
(nod 2) S-nS,",jflgI--EgIgA-

Ipej ; lg: fg.r  croc. .sc.^ sat js f f f i ;g ig (0)r  ( } , ) ,  (2) ,
t u G . 9 - - . _ '  

L '

T take this opportuni-ty to exj)ress ny thanks to C'"ll$riic5

for. his consisient help and encourager:ent"

1" Cpqplcnents abou.t Extensions and--lgne Use{q} E.e-ples

Let .} be a rank 2 reflexive sheaf on P which cen be realized as

an exter:sion. ;

o :-t 0g") *> F -+ rz{b) .*> o

i i r c  C i rc r r r  r : - l rescs  o f  i l  a re ;



ct(E) *  et(F)  4 '  t

cZ(E) = ez$) + t  cr(F)  + deg Y

c*( l l ) ' *  -c*(5)  " { -  t  cr(9)  ' r "  (cr( f )*L+l ' )crc i ;  Y*2X(OY)
- ) -  

)  
L -  

, \

Iioi,revcr, thc condition llc(9(-t) )'- 'o j"s too r:'brorr€; for CIu{pur-

po$es"-[n t i rcr nexttwo propcsi.bions rve shcl] l .  consj,dcr tvro c&.ses i* '

rviricir tiris co*di-Lion is not irecessar:ir-y fulfi l-l"eci but a local-Iy

fr.ee extcnsion sti.Ll existsi'

$qpottlrqt r*J.* L*, r lis*g. try*F 2 HSfJ".***:ggsiL{"*qn r sig.!-s-3p

Ig;e-q,U-2.9.g*-as-*qll-e,r1sng*.9{l 
(I) e}d tgl s bg !}rb--sil8l}.aL:?cheue'

o-f V ^ Sunpc,se thetr"rJ,, 14+a) *:**g*"S-Iol:-Al-'sg-LtjCItl-ganisb'if* at
.2":;s s _--=:#.* L

no poi-r i t  of  S.

T*eu J-hsrs-:q*-cn-9x!"sifii-m :

o --+ F -> lt *-+ f 'i ---+ o

vector bundle on Puvri.th E q-]"?4I l

lfggf" ilu*lizing (1) ' one 5ets. an

rA ry iE

o *+ g 
P.(*b) 

*+:/

Dral iz ing (2),  one f inds an e>lact

exerct se.quellcc:

; i*') Ir(-a) -*+ 0

sequen.ce:

( 2 )

o *)tJrtn) +F+r/utir) -+ 8*I$r{*i l ,0p) +8rtL(?",0y} -+ o

T/e trave E*tL$r(-a),0;X A, (4+a). J,€t t bu a globel sec'Lion of

bJZ (4+a) vanishing at no point of S. t determines a globe'l  sec-

tior 
1 o or 

'€*1 
t$'o,dol vihich generate 

"€tiL 
tV" ,t9; as * 9r*u'n-

dule. IYon thc coii:n.utatj-ve dia3ranl

f  t€, ' t l ( r , (-a) ,oo)) *v i ro csrf ]( f ' ,  Op) )'  
l , o  

-  
|  

L

J J
o=if  ( ) fur,  f  i r t*" i ,0rr))  *+ i tJL^^-(3 'n,( ' r ) )

i - t  fo i ic ; : :  i ; ] i : t

I r  i {ocs i r i ' ;o 0.' r r \  v

i .J,,  t lrc ir ir i lcl ir i .c; i ]  11e;' ' i -r i i :- : ; :  Bc (1ltt l1 iF:Ap)) *_> H2 (F)

- - - - .1  r r r *  t ]  I
l icrrco [ ^ rs t]rc irnu5e of atr elc;rctrt e0€Il] : t-(-r ,ap)

L ( J
" - ' : € !



L c t :
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t f l0 *-+ ur *-4 Lo S3 -*> O

bo 'lhe extension clci,crr,,:,ineil by oo. Brel.izirl$ ())

exerct aequerico:

r s 5

Fran the fact that I o tJcne:rctes the

J-owo that i*jl '(Eo,d.,) = or l: 'ence llo

In (o; *, (9o);, * Iu" E=Iif, is a rsnk

have &n exact sequence:

o"*>.F *-) il; *+0.r *+€*L1{f",do) *-+&*.Lixo,dr}

i 5 )

, . r l

one  $o t " l '  
' o ' "

: i a

ri

;
f;,

(9 r,-:::ocir re 8xL1' (V* ,0 r)

is locally free r &ncl

5 vector btu"rdie on F

**+ 0

1.l; fo]--

+
i , i l l l  !

l1t td ive

t :
I

i
I

o -+5 ".*+ E *> rs -*> o

Br:gng!"tig!- !,2o riel F be--g**,gq3 z X9gln:*:q-.f:ixSi. gly' v t""'T*d*
tt '+

Jlie.ji,Jrglh.**g-si, (1 "1) *+i-Lq! s -h.g,-gi*1;]I5q}-=;-*ig#$- -"-'' " o
!  n h n ' l

L*:t d>1 i:nd e )i be ip.[q;e1s--*,i-rrfp;ZqA-c*1]CF(ci+-e) W]*'i'-':)::::*"

;;d-,; ;:
Tf Ye P i-s a ccnn"l-e;tcl intersecti-on gl*l.'f *s .t-: : iJq,9!' " 

{-- "$'g 
-

I G r y

Y t l ; 4 . ! L ) l i : : ' ) ' t .  v , : - ; d -i ri.,.ir .*"i. :irl ir-ti lil-*g't c f

Y" t l ien thcre is  € : rL e:<- ;er ts i -cr t| ------.--

o * + g - - * > n - + L y o s - - + o

r+J,]r c e_rq.-l]s. 7 veq'3s:jsSl*-Qi] P"

B+I€. 
"1,re 

have er exact seali€nce:

1
i l t * { r , , , .  - - q1  - - }  . i i o  ( g= i r ( r . , , ,  ̂, g ) )  - . - - s  , , 2 r * J . . - t r  . ? ) )

i  , ,  Sr '  
,  '  { *  \ r -4 l -  \ *Y U St- '  

'  ' - -? t  i { - i t jV 'vu i  j - r  
rJ  j r t

a i r c .  i so ;eo rp i : i s * . " r  I { . " ( r3u , ,9 ) lF  ,€ t i l ( r i u  *uT i  U  
" l s r ( } - ' ' i )  

@

n,4  L I t=  r r - r  . r , , , , f , r t l i : - - " f i g  r " : - " {4 ) ,$F  H  .F  {e r - * ) lY "t l j i>-:;  l fsr-t ' , r  - : i i ; - :  L-r"}.^ \-- i- t  
* 

= bi-- \L" w t l  -

.  t v !

ey (1.1.)  t i :c1c t i 'J  : rn cr i : .  I - ; t l  ( I . rF) ' , ' r i : ic i l  d ' : t i ' ' l ' : ' i i r "  
' '  : ; r

ex ' l .e. . rs ion:

0 --*")Y -*i' rl' -*9 IS -*+ 0
{

r , . - i - .  1 - r  , l  I  ^ ,n : - - ,  l - ,  . l : ,nc  l  r t  r : ! .  i ;e  t  j t c  i : . '  , ' i .n  Of  r . t , r .  i .n  j j t ' ( . .1  l l , . t  
'  . '

f  . *  . - : l  . r . \ . ! v U q - i - r - , _ /  r i  v  v  I  l r v  
"  "  : ,



l. iow, we' ruant to descrj.i:e the norphisn tf (&*I (IyrS) ) *>

*) II2 (f ) . ', ',rc consider tl:e canonical locally free resolution of

Ty t
o *+ {!.,,t*a-e) .*+ 0*t*a:

Appl"yr .ng Y,rr (* ,51) to (4)  one gc ' ts

o -*+20:*,{Iy;l) **+Ftcr; CS FCei **+y(ci+e) -*+6'tt,tr,5) *-.+ o

whfir t leconposcn into 't ' ; lo short e:cact secli lcnces:

0 **+, F *-">Ftn) o .Y (e) **-t (ry.F) (ci-r-e) --* o

0 ** t  ( Iy .Y)(c l+-e)  *>S(a+e) *+5(o+"e) lY -+ 0

Tir rnor .ph isu t loQXrIL( Iy ,Y))  * -+;12(F)  is  eq i . ra l  to  the eomposi t ion

of ure rnorph:-;ns t, : if 1$14+e1 l ::) -*-+ I*( ry "F) ( o+e; 1 ancj

[* : l i1 t ry,F)  (c] .*e)  )  -+ # g l .  The sect icn s e # (F(c l+ 'e)  )  restr ic ts

to a scct io:t  e";e i to(F(a+'e)l f  )  r ' ;nicir  varr ishcs at no poirrt  of I  and

suclr  that  t ,  {*1)=0,

It fo] l-ows that t, ir.e elersen'u (ej,ej)e If 6"f l  (Jrug,$)) goes

into o by thc r , iorptr is ; i  * t 'E- t t r ( t ,us,$))  *> I I -CT),  i rence i t  is

the i:; iry,e of an cllement un- '.-"| ' :L'- '- ' : l '1 
, e' detel'r: i lres the ex*< - i ) i - t  r - y U S t "

tensj-on we are locr:j-ng ro::,

ir iext, rrc shorv thet t i:,e staol"e rank 2 ::ci ' l-oxive sheaves pro-

ducccl  by 3"1. ; i rC in [ f ]  sat is ly t ] :*  h; 'pot i reses of  . ( ] "1.)  ar :C (1"2)

rf thcy are consi'c,ructecl uitn sofie cai]ei

I",enryq Lo|, I.et, 2., tZp be ncns: in: ' - ' .1e: '  (connected")  curves i -n P such

Lhg :i,lXi-S.gh,Sig. z. n '/,2 
.L:"t99-U**;i*q}.e-39$I}-e.ig.*S*{i'*flS}rS..:w

$fSLlq*I-l$!.r*SlL1S.! Z-Z"-,u Z,r, !rt! D=4 A Z,

rli.i,*.-s* zr;;. ;, 
'' ' r z

( i )  Z _ig.1.,9, i-o_":"}" P

/ ; i \  1 ' r }  l , z  r - ,  r . r  . - ,  t f )  / . l r \  i * - ,  }
\ - t r . /  - " , 7 . i  r : r - i  : - -  L r ,  l : . * . ' v f . . \ L ;  t  . L - i r r -

' -1 *1

( i i i . )  : l f : .  : f 'or '  $olnl  nG-7/- ,  -1; l :e, l lqqt$,Q!t ._pl  i f  {#,"(n))  - - - - i \

If {{9,, t*i il * surie c

c) iJ"{-c) -*-} rx *+ o

an exact scquencc;

( 4 )

cor-rsiclcreC es a d:r-*

\  ,  \ \' , ,  (n / )  r .s  sur iect ive thcn t i :e  rest r jc t j -on Ua7u, . , ( -n) )  **>
ZLt Ll

I



-:+ tf tr.r,(-n) I z,) lg_gti.t$qjjyg"
( iv) c,-r 7 Q) *q Jrui:rr3s:-lq_Ju*-L1_e._s}sQ.g}*gggl}ggg.

Itq.ql," (i) i.c'b x €.ZJ^{\'/,?.^ gns cp:: chocise a regu-Lar systern of pa-

l ' l l r . , tc t * rs  L l r \ , " r l i  o f  0o , ,  such t t raL Iy  , *  =  (urv)  nr :c1 I r ,^ -*  =  (ur rv) "
'  -  # r  X  O I r n  u 2 r ^

'ilhr:ii I, u= ll,, * fl J-z r.* (urv',v) &
. r  r ^  , . r1  9  ̂  u ,A i  t -

(ii) i ' ie start v;i"i;h t]:.e e>rac"b sequencet

o *> ,*rrt* *j (02, * 0 rr.-> o
J

B:i T^/rr=rrr/{trr-n t*r) H$rrt" t*r)1r/:z *rr(*D). i lenee vre ob*

tain an exact sequencc af 2r-rnociules:

o -+ U,,,,t*n) *+ 0z *> 0 r,_ *>, o
Lp - {'r '"L

Appl"ying €*Lz (*,arr) to (5) one gcf,s an ci<act scqucnce :

R-i'L this is an epimorph.rsra

is en isou,orphi-srn" !'l

Resir ic t ing to Zzr, r ' re gc 'L an epiurcrphisn *r l r*  - "+uJZf 0 z?{f r ) .

of inveriibl-* {9", *nodules, hence it
,t2

( i i i )  \ , ic  eonsic ler  t i ie e;ract  cohonol-ogy $,-eu"cnce &ssociated

to (6) t i i isted vrith *.n :

i lolarr(-n)) -+ H9 ,*rr(--n)& Qzzti l )  --+ I f  ,**r-(-n)) + #trrz(*n))

havc -bo shor,; tirat the :*orpni*ra f*t,u" (-r:.)) *+
I

nject,i-ve* If f€.iio U!r@)) tlren tiro diagran:

#(r"-,,,, ) .._* *--+ if (r,.roi

ri tg

( 5 )

( 6 )

It,

*>

i
q
I{
t
i

J s

I
I
J
I

t

!
{
!
I
1
t

fol"lows 'th.at we
1

t . * (az( *n) )  i s  i

i "
l z r ) l

\'

is  connutat i -ve.  l t fo i :ave ern exact secuence:



t*w,-) **> rl"c*z) *+ ri @r_6 (c v.-(D)),'L a oZ oZ

i l r - r t  i l l l , * r ,  t j ; ,9. ;  (L iy l t  i jo(0, ,  ( -n)) l ' . ,c  urrd l l l ( t , r . ,  ) , ; .1k.  I t  fo. I lo i ' rs
"2 t',?- o2

'Lhr:rL 'Lirr:: i i .r-: jr1-r|1is;,r I;:L1uir, ) .*-. i l l :11<.,.,..,) is an inc;,:orphisnr, :'].. Lt' 

l' l ' ,fe hnl,c provecl tirn'c th.* inorpi::i-lr::r y*fur2,(.-r:) )-+i-f"(r,.r,(*n))1.r
J ,

thc clr:";rl r;::1 'th+ ncrri>h.icin if 1t' i ,r(n)) **:) Lio (2rr(t.t)), i iornr, .:Lile a$ser*

'[i.on fo].-l-o,,'.,1; j'ron our irypol;h.csi.eln 
*

( i i r )  f ;Q i igZ.( '  : )  ) . ,C i ; : : . , ; . )e,  b; ;  i i : i i ) ,  
'c l ic  r : ior ,p i r icsr ,

l io{ tur(} )  }  - -+ } io i r , i r " { r ) lz , r , )  is  sur. jecLivcr  i=}r2,  i ls i rg ( : i - i )  i t

: [o.1]-o1r; i ; , : i i . ,  . .-1c;G (r,;r,(]) l : lr) 6, :-,J(Zt) l icnce r..;rtJ-l l , 'z:. is gc:r;;rated

try its 61o'i;,,.i.I- sectj.ons, :i,.1r2" It J:'o.i:lovis tha-b i.,.i*().) is f;ene1a-

ted" b;l i. ' i,r,; gi.inuJ- sections"

i : l , tal f le . i - .4. J.,e-L q*1 end cr*1 bc ir i iegers r: :uch t l lat cp? 2(1*2.
, L €

l,et Z I , Xe be nonsi,ngu.ler surfaces' in P o:i d"egree .g*t end

er r.espclc- l . :Lvcl-yr in' i :crsec'bir :g; t : :ensver.sal ly.  pLl. i ;  ZZ = 2.,  n Z,

l,et II hc ir J:-Leu.rc :i"n P.r,'hich j.*.terseets 1,r"si:svcl'rrar)-ly X 1., f Z

4 1 . _ j " _ ! t 1 r \ 1 - - . ^  I
r r . , ( i t - : , , . _ , r ' J \ .  r

0 *,), ; i t ( j,) -*> .; i" ( t, | ;-, ) ;" H': '  i  - ;
.l.

nn,. l  7,2,  I ' , ; 'L Gl" , ; i { " . l ) I1r . i= i - r2,  tet  Zre i i  be ix no;: ; . ' i r :gu}ar.cu.r .ve

of r1';;;ree c4 :){ts;; i.::g 
'ciu'ou2;;r. r of t ir ' ; ; loints r:: i" j-J ffZ2r O*r*

*q(c]*-1.)u r ; ; rc i  le 'L ' : , '=\u ' tJr"  One car ( ,onir t ruct  { i  s ' i ;&b. l .e i ' ;n-k z

re{'1exi.',,'e s-l.re;rf $ or. F usl;r{; ati exL*;:sir:n:

o *> grGd -*+-f ** t',,(q:r) *> o

5:lre Chel' :r cl-ns*es c,f F e.re: c., iF)= *l-, c2$1 ,,rtZrc.(Y)=rt|

-  2 (q- "L lca- r -Z ; :  (see  [2 ,  sec t "eJ  ro1  c . i : ta i l s ) ,

I'!.:"t,:'i'1..;;', tie invceti-6e.tc r-i:rcie;. r':'rj-ch cc;ncij.iio".o $ srltisfie s
'Lti* l-,wpo-ii 'rc:; ie c-i i l-.1.) " T"' i.r.,: e:i ' i ,en;ie:t (? ) i: cj.rtr::, inj.r:e d. b,7 a

1ii.c:;al. s. '{:",: ' .,r, T r:J"' { ')., ( }*?i} T;i; i i : i  ;11;;i;- c11.y i:- i. r j"ri i ' i :c3.y :": it;1y

;:c-i-r.rtS" i-:f' l, is gn in';:::'Lib-r.: {i''_-*,i,r:':i'..1.; t.h*x \if irav.e en *:<:tci

: , , . r )  . " )

f'ry"

H"'i l l  :,-, rt :a? ) "
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L, ir t  D=Zrf i  'ZZ" t ly (1") ) ,  d.)  y(5-aq1 l  r f .  # r2rrr .e-(  ?q*2) )C C?r* i t )

and&.i . ,1i-2?q)lz,rbl  t !r ,  tn)- Choose e5"e- i lo ( t l r , t . r . t1) suci i  that t i re- .'2 "i

c l j . r , , iso::  o.. f- '  zerCI$ of i  -r i  j .s i i ,  i=7.r?:,  atrci  let t ;r- t i l f  1lr- tc;,*(2q*2)))
'r' ' LL ':

bc & noir l lcT'o { ;eci , ; j .on* I ' r fc r ; -ny ta.ke 
"$ , -=(t t  @ *t ,oA):

: t t  . f 'c l ] -c ' r ; i  ' t ; . :af  
,  i *  or 'd,cr  to vr : r i fy  t i rc hylrothe$i-s ol . ' (1"]) ,

it srrf: i. i t:r:r to r. i-nci a gi.obal section of u)r(4*c:) r 'a:rishin{l at no

pc,in'L o"i '  l :), Tlt is i '":.rppens, fcr exai;ipie, if Dr(i). l lcr' i , sri; ipose

tirat 'n f rrt c

Ti i r - ;  norn t l i r ; i  t io  ( (0  (n . - ty ) )  -+  i ro (9 ,  (q -a) )  i s lsur jecr . i veu  l ; ,i r r r r ! . ;J  i r  \u i  p \  (J .  
, r - l  

,  y-- r  /  I  r -o u lJ

Q-,'1 ii j.), tire i:io::;-:hi.sn if (coZ(4-q) ) **) If (u:r(,i*U) lzA) is surjec-

t ive, l ienr:e i t  sru-i f ices to f ind a glooal sec't ior-r of e'Jrf+*dlZZ

vai:isl: i-ri: at no .oci-i.nl ot' D" itrt D2d{nZr)r}o i i je have:

t.: r( 4 *u) lz,rt.i 0 rrrq*r) 8t (9 zz(D) g 0 rrrq) ri i # rr(-Da)

One can j.rientif 'y i\o {CI.2?_(q)63 0 *r(-np) ) rcr.th thc g}obal sections

of (J',..,(<l) v&r:isirjr:o at enJi point of Dr" i lencci i ' , 'e nust f inC e gJ-o*
{-

ticr.l- scc'i:::.r..:r o.f 0r.^(c) r'en'-'ish:-ng a-[ ar'{f po5-n'u of }, but at nc
I

poiri 'f o.' ' ,Uo l-' lrt: i:r::r'chiii is if t ' l".,tq)) *-+' Ilo (0r^(q)) a::i l

r,o {it) /. i\ **i ';:o (t'!. { c ) ) bri.r:.{ uro,i cctivc. ,* I*rf ice s to fini ar . L  \ L / ) \ n l l , ;  /  t r  * t ' { , : r . . r . r ,

gi-obal ,qe c'i; ion of #^_ (q) vrnisiri i :g at eny poi-nt of D, but at no
\/.1

point  o: i '  ] )*  l . l *v,  #n (q)r$l f . ,  (*Dt)Utr- ,  (D),  i i *nce vje Lr iust  f ;nd
":!- "l- *:].

n globu.i. gsc'; ic:i t, i  On (D) v';.nisl: i;:;, a.l no pci.nt o:f l* S\:cii a
"1

secti-ri. i  e:; i.st"; i:" :.::: i  c;,1f i: i :

. . O , , i  , / : r  , - \  i  - -  . . , Q , , t , ' ?  / . . r . t  \  i  . i 1 ^ , . "  
r  - 1

i t ' ' ; - ! t , ,  ( - * - , t  t  r r  v r r  ( ; ; )  ) - i  : i o : '  a ; r y  : . r r J  i )  ( se  e  L  5 ; i y ,  i " l - _ i  ) .

-1y the i ' r ,rr"r:c,,,  oi t l iu,.t . ,r*- lori l  t , i i j - l  j"s lcui ' .r i i l -eni; to:

i:o 1t,.'r. i*D+x ) ) =,:',o r?,.J. ( -'p) ) :.'cr i:r1, :': {. 1,,
t L  *1



* .LO

I'iolr, ltn show hotr one can choose D*I'If\ Zr- CIn CZ euch that

ho(c. i r .  (* l l r - i ; ) )*0 for  ar ' ]y x(  D. ' i /e l ta*"e brt-E0n- (+-4).  Using the
V l I " I " I

ei,g.c:'t s.:, c qlr{ ,r il e :

o - -"b (f..{*2r:-rt) *+ [t, i(*q) (t d;,( -q+':.) *--+ t*rn ,r-4 o
r r -  * J

.on* f j_ l r i l *  t [ . i . r .  r - ,o/r  (q*4)) , ,0,  i :ence i , f :  a"E. i io({" i*  )  vui ishesi  ( J  1 r  ,  - tO ] f ,  
C ;? ,  

O - *  t  t  - " v  
t  . r \ ' a ; vv  . 1 . - !  u  \ -  r ,  t - *CJ

elt ar4y poi-nt o:f C'n Ce the::$::r$* It f 'ollovrs +.hat there j.s a set

Tc ln  CZ *cns is ' t j - r :6  o f '  ] rc ( r rC.  ) "  * " (o ,*2)  
(cr -5)  po in ts  su ich that ,

"1

:Lf ry,{ i io(t.r... ) virni.sh.es nf an.y p.oi'nL of Tl tircn ff"'O*

Let 1r-. ,  r  o o. r$* bei the poi.nts of '  T ancl let f  i€ ' lo(O*r ) be 'uhe

ui 'rr-( lue ( ' . r j r  *:c lcrr. ler ' )  sec' i rc::r  va:: is l : i t rg of yIr G c a,Vi- iryi .uf r . . ,  rJ6

bai;  not * i  " i , i -o 
f l -r . .  orF* is a basis of i iO(/-JC. ) hc; ice fcx" sny

. "J..
xeCr, "bi:.r'r 't is st i such that ctr(;t);/O. ft ro]-l-o'', 'rs thet for er{r

x€Ct\T there is an f  E i f  ( !r .(ct))  vrhich vanishes at a: l ; , '  point of
.L

T bu-b not a* x" Inr1eec1, clro,ose Sq such thst, ut(x);dO enft

\ci lo (/rh ir)  )  srrch that } . tv1)=c) r-r :c1 ),1*;; . tn" l ' i r  rnay tn}:e f=\4o r i ,
V 1*

\lro iril-;:e pr:c'ved ti:e.t 'sire i:*ge iocus cL' t.nc -l"i.nel:r sy$ten of

tlrc cu:'\rci c:t dr3,r'oe q i:r I i  passi-:r; t l trougit t l. ic poiats o:f L' is Tn

I ' f  : f la11o'., . ;c - i ; irai: ,  ncivl:)r;  C2 (i . i t  i 'ac'c i*r) i f  nlccs$si ' i i ,  l i ,c uqy

$u;)pose - i : l r , ' : ' j ; ,  f 'or  i ;n; ,"  i ,  s i  vet : j .shcs ai  no pornt  of  (CIn CZ)\T.

l lo',,;, $i1.y.)p.*1$e ti:rt, TCI'IC:fl Ce. Let x€ D" Jf f e i lo(dr-.,_ ) r 'a-

i - r iEr i rcs i . i t ,  nr : ; , ,  3roi . : r t .  of  ) f  ! - t l  
' ' r . l : tn G-=Jr he:: .cc ; ;o(a;g.(*" .  + ' - t ) l t= O"

r . '
l l r*  luive pr:ovi: i l  t i rut i . i '  r ' . .0 or:  i f  ; l (q*z) (q*5)+f*6t f :cl(q- l)

. - - ' . .  i ' ! , r r l  r r  r , r 6 1 ' i

- l

i f  ; ; ; - ( q * I )  ( 1 - 2 ) " ;  3  i  r S
. e

{  . l )  r : . . i : i . i - i i - , r ;  i : : . ,  . . - "  i ;

' i ir':; ctirv;: C"., j.lr:l'l,tlr1/'

q ( q.*1,) i'i:c:r on e cesl

' " ' . i . .  r : . '  1 1 ,  
- l l

. / r  - . . . /  \ _ 1 , { . - / +

u . i  _ i ,

construct

t1"re1 r;:-i,: Ca;l eo::; i i .nct -Fsr.tch 'thli i  : i""1 sa-t,:-st' iec the h;,rpctlresis

^ - F  / ^ t  1  \
L , I  \ - L . I l . ,

f ) r t . ' - t  , - '  1) '  lV r i \ .  V l , . L

# i ' , : *  i F  r * . i ]  z \ ' l
l , I l  ( !  v  . i J ^  j .  - ' t '  V &

i j - '  
" . , . . ,  

i ,  1 . , . , . .  -  t i l
! , - . /  L -  i . r v - i  t r )  '  - -  ,  t



l t *

l iev't,  lre show that i f  . .{}? thcr:, for sny n}I,.F(t) hns a

glc i :a l  *ect ior :  i 'ar ishtng in coCj.urensioir)2,  Ti : :st lyr  v. 'e shovi

'LLr,tt, f lcr i:.r:y d *ri.-f 
th.ere j"s etr ir l 'c{ucib-1e surj:ace of clergree t1

in i l cci:t i: i . l t5.;:tg '2,? b'nt not Zl* ', ie rna;r $upposc cli i  q+loThenthebsse

J*cicus oi: ' t.h.e l irtci i:r sys't.ei;t of ' t, ir.e sli i ' i 'aces of rlcgree cl cortt,aiu-

ir,{i 'd, ts ZZ irricl ti:is; l-j,ner::::' systcia r.icpara't,es tt;e points of PIZZ"

l iy" i l i rc TJ:rco. i : 'cut or ' i ; : ; r ' t ini , ' i ; i i*  gener'u-L. $urr{ icc of degree d col l*

taining 7,2 is i rrcciucible"

irfu.:t,,,, let nil- be ern inte,rer. J-ct h=O be ci-i equation of thc

pl.r:tle II anii let g*3 1;e €In cclua'Li.on oil en irredi-rc:ible surfaco of

cleg;rer: n'r'q*2 con'i.a:i.ning Z, tiut not 2J.., Lei s be a global sectj-on

of Si(n) , ; . , i r ic; i i  &ocsr i"rr to lr"g€ I Io(Iz(n-rq-l)) ,  I : f . '  s vanisires in co-

c1i: :rcnsir:n i-  than 'Lirere is an m(n, an s'E Ho($(r:))  ancl an

f  € I f (g ' {n *n ) )  such  tha t  s * fo€ i ' o  Le - t ,  gnbe  the  in r :ge  o f  s ' i n

}f  ( Iz(n'rq- l)  ) .  ' / i 'o hsve f .8'* h"8" By u.:r ic iue fac'6orizet ionr 8'*h

or g'=9, but nonc cf ther* r'a:rishes on Z end tli-is i.s a contradic-

t i .on

-Eieril,g lo, u
euch the'L e r? 2q*1".

\ /--_
f ,ct  Cl  ) . I  e i rc l  c 22? be intr?goro V . ' . [ .c t  Z, 'CP be a

4

corpJ-etc: in-L,crseet icr :  of  ' r ;uo surfece of  degrcer q end let  Z1 be a

plarle curve of cieg:ret cZ sucir ti:at Zr- ureets Z, at y sinple points,
t)

O€r*q-" i ,ut Z=Z-rts Zr, One c3.n construct a stable rar* 2 refJ.e*

xive shee:f S-on P as &n ex'[en$]-on:

o **>tl i,(*q) *"** F ** lz(q) -*> o

Tlicr Chcr::r ciasse.s c-i' F sre : c, (9) *O e c r(9 ) 
=c2, co ($) =

? r - 1
=  c ; - " ( Z t t - ] _ l c . - , + 2 r  ( : ; c r  l 7 y  l j c c t , 2 J  i . . r : :  i c t a i l s ) ,

t t

Onc cCI : l  s l io ' , / ,  &s in  (1" .4) ,  the ' ;  j . f  r=0 o l ,  i f
.) e . 

r-*4

+1 -/::';i c' ';ii,:li ore c.tr'} cc,i-;.;triic-i *J gucir that Jr i."}i

, , . . . : : ' ; " - , ^  n { . "  t 1  ' r \  . a ' r a n  . r * "  ^ \  1  4 , - ^ . ^ ^ ' -l l . f  i l f - \ - r . . . l3 .1) .1 . , : i  L) r  (1"1) ,  i " l .sc ,  j . f  r , :  l "  then $(n)  i ra i :  &

'cior.i .,r*iie iii-:r;; i"n cc;diuierri::iai: ii 2,

1

| ' ( c -1 )  { r :1 - -2 )+

set,isfir:s i.i:e

1; lobal  ssc-



i'fe encl tire

vector bunci.-Lc otf

'J trnr] 4 o

witn e.n exartple

c. : -0,  t r l i -eh wi l l

of a senistable rank 5

be used in the rrect ions

secti"on

P v*ith

di f *

nfg*1.*  Iu6n . [ . ,e-b cte" l  a:rc1 cr>;7r i  L]c in 'cef icr$r Le' l ;  \ rzZ 
i :e p 'Lane

CLlr,Vc$ i-ln .i l  of dc;;ree OA.-q and q.u t 't lspect:ivoly, cont'e.in'ed in

ferciit p-|.,i;.;:r* llj- elr:$ II, arrd sucii '[int z, mcets z, at s sirlrp]e

poinbs, O-tr inl ;11" Put Z*,Z,y, ZZ, l ,$ 'L 11 be a pJ-anc t ;hich inicrsects;

transve:-;+ai3-y Z-, e.ild Z,) 8.n.{l vh:icl: cloes ngt coltain any point of

H l n  i : I A  n Z "  l \ t t  L . * H f \ I I i r  i = l r 2 *

Therc s-rjs

ancl su.ch 'i;.rriti; tt

at  e i :1 '  pc: iLr ; I  of

cJ-c: incn'bs t . t , t26i  I f  @,j , (L))  r ' ; i r j .ch gr:neratr ;  t3*Q)

'..anj"shc,: eii e;t;l pcint of IIt\2, and t't vsr:rishes

lr t \?,L"u -( i )  is  g '" : : ie i : 'a- t ,er l  t ry j -bs gtobal  scct ions,

hr,:n*c ir ic cun f i rrd { i l , {rA c I f  {uZ{3)} such t} :r*t  i r*tr ' r ,  and5, =

s; t,.,ns,r gr,:nr.rr.erte a'),r.(4), 5-,, e;xi T, c.tet'ernine a.n ext'ensioli:- r J  
1 -  *  l s  - L .  E -

r', **\ rrtZ *+ iI *-+ I- *+ oU *pL lp  , / ,

vdth 11 r . r  l rc i i i is t l :b lc ranJ; ]  vector 'b i : -n i l l .e ou P l i i l 'h  Che:rn c lassesi

^  1 r : , \ ^ - r \  , - .  / r " \ , r n  -  ( , ^ f  l , : ) = " ? * ( 2 c - , 1 - ) c ^ - ' 2 o 2 + 2 s  "L : 1  \ J ; / ' - t . i 9  t - . r ' . . . : . t t - ' " ? - . t  " 3  \ j / / * \ ' 2 -  t - ' i  " ;  - ' 2  * t l  ' - - ' '

lTe eislc": ' ' 'c t i:r lt for a.qy n*1 tlrcre j.$ an cpinorptri.snt

t,t\ / \

4i 
.**," (i ' , , i ;t ) " l- irrlccd , crua.-l. i .z:i.::-11 tirc c:<nct se; (j.r iencc:

. , 2
o -*+ e'{r -*> ;i'J *> 3l7,rr}I -+ 0

CI;:le g$1,-s sn cxgct secucnce I

n' 0 -*+$ r 
-*> r;: ** 0 f, 

*'+ u'z n ir (4) *> o

" 2  / , t  a ,  i . ,  ' q , . ) - i - . . , r i . i . i . -  -  I  - .  -  f  l r ,  - * r l  (  1 ; fl lhe r : rc: ' , . , l : i .s : r  ( l i ;  *" t t rz 
t l  j l  { ,1)  is  dc ' f ' ; : : r ; i j .ncd by 51lH e'r , i  )2 l l "

l-L f ci i;r,:: i  1,i:a' i ' i ; l :e f i- ' i . '  ' ;e of 'f i : ' l  i ' :o: ':: i i iei: i i iCI ("r]r{i:) ) *}

- * - - ' ^  ' { ) i , ' ;  i ' , i l ?  c i r i - l r i $ i , l ;  o . i - i . 1 , - -  r r , : j ; ' s  ( i . ' - ,  , . i ' . )  c ' . ; c i t  t n u l ; : i ' - :  t ' l : t : i -' * 7  i "  \ , . / - - ' ' . 1 / , /  u u . i " - ' L r v r ;  v ' ' L  - ' - - ' . . - - - * -  '  L r , ' * z ,  l -

\ .  \  . . F r  . r ' )  r i \ \  F , o  . : r r n h. c , 'h , i r . . i  na .  ; - ' ,1 - '  no j . i . i t  o t '  i i f r  Z .  I  i= ' . t - . ,2o  LCt  A) -nAZ€; iW\ { i t t  { . / . ;  . ;uur t
L r } l v u  e " . v  - 1 ,

t i : i - . " , , ,  ) t . . . . . ,u  - - ' r ;  i i1  o i i r1 l ; f . i .c , r  c I i  1- , ; - ,  : i ' ' -1 ,2,  ; . r i - ; t j  lc t  ) 'oG ; f  { , t0 , , ( : . ' ) )  b" '

-*w



-  1 ? r

a linear forrn lvhich does l lot vanish at tho point x lvhere \ snd

Let ,f br a 611oba)... sr-.ction
n  . . 2  , \ I \ . r . . $ l ' , > ' t )It" (di,r(ir) )'" j.s (),i,iI)Jii i.rr..j.shes

thn'! tp,r:ight valiislt only at xo

bal sec'Lion f  
- ' . ) r t . fo or l f ; (n)r

LZ intersect .  Let  fo be thc eprmorphism E* * j  IZnn"
^  - . * i r  .

oI. iJi{lnJ vJI}o$e r-nage ].n

oniy at  the poi-nt  xo I t

ff $ vani,$hes at x then
l .
Inage A t

v*roi;1r in H" ((/, i(n) ) '- is

T T
* 4 8

2. I1gnplq q{ $lablg }lqp. } Yeq!ql_$1ndl.eq"rv:ith

()q,,\l), r,anisheci a'L no 1:oint of

lYit i] soxle excentions, the bLrndl-es considered in

cor:.g'bructe d a$ extensi-ons:

o -*+-F *+ r -*> ry ,r'(r) *+ o

where $' is a s'i;able rank 2 refl exive shee-f on p as 1n

Y is a pJ-ane crl]:ve of clegree d:zu Cne can verify the

of Il a-s it follci',;s. In every ca$e one has Sf!fr, hence

poee }f  t f ,  ,  S(1) )=0. I t  fol lorvs t ,rat t f  (p)*0" I} :al iz ing (I)  one

" - ^ *  
n  n ' . r  ^ . r ^ ^ +gc r r r  i i j i  e j (ac  r  t j cqucnce:

o **> 0?(*r) *+ u*-+F* -Yr*r, 3) -+ o

Tf erZ 5 tnei: Fxg Stf l  hirs cnly one (up to scal*r) global see*

tion sn lTe raay suopose t,hat *itfo, hence the rnorphisu: rftgxi *)

*>  l1o{ } ' " f  r : )  i s  in jcc t i v * .uy1 j : )UO" t i l  and  der$*g  Op&) ,  he : rce

vle have &n exac1; seque:rce:

o *+0v(1*a) *et '  ly *>uy (T *> o

l - t  fot-. l .or,r 's t i :ab t i :e norpir isi i  t{o(S'* lx) *> if  (u"(3)) is injective,

hcn*e i io (] l '"; . 'g"

}:*a:plg 2,1. J,ct qZ7 a:-rd

rar'*i 2 rcfl i :xive $i:.,:ai ' ci:

folloivs

the glo*

st].l-l-

*r=o

t ,his sect ion are

( 1 )

(1 "4 )  and

stabi l i ty

v/e may sup-

cc2*2q^2 be  in tcgcrs"  -Le t  S  Uc a  s ta 'u lc
( - <

!) const:.r.:c'1e,,1 *s .:tn c:<i;ension:

.*;7 ! **) r., ( q-2 ) *+ o
'J

i;liii:c cui,vc o:i cie;r+* c.r-l a&d Zn {r



coruplote j"ntersection

pec"bivclY, st-tclt t,hat

. i{e ccln*t::lrc'b e

'bcnsl ion:

of two surfec*s of degree q*2 and

Zr- meets ZZ at r eiraPle Points"

e-btrhl-c; rnrrk ] vcctc'r btrnCJ'c Il on P

e*] n re,s-

[}s un ex*

O **>5 --+ ll{' *-':'" llf u q(}) **+ C)

1

lv] .re::e Y is; r :  *oni"cn&ccord. ing 
' 'co i t .4)r i ' f  r=g o' .  i f  i ' ( t ] -Zi(q*5) ' ' '

+Igr* (q*i-)  {q."2) t i ren. thc co::st: :r :c 'bicn is possib}en T}:e Ci1ern
t

classes o-t '  I l  r . l - .r .a: c.,  ($}*0 ,  cZ(i i )*c,.  ,  e3(E)"c;-(2q-1) er+2(q.*2)+2r'

th:j-s e::nniple covers al} th.E vetlues of c,, with .5 = -r -

(2q*} )  cr+}a. iq*?) .

P.':irqf,f4t- 2.2,. i,et rF be a stable r'ini; 2 refl"ex:Lvc sheaf on Ji con*

s'b; 'ucted as in extc;:s:on: 
e

o *-? g't*r) *> f "a rl, "--+ o

where  j ,  i s  a  J - i3e"  The Chern  c lasacs  o f  5  a re :  c r (9 )=-1rcn f f )= I ,

cr(Ti" ,1" iTe i rav,u i lz(S(*1.)  ) , "0,  ar :C $( l )  i .s  gener 'a 'beci  by i ' ' i :s  81o-

tre.l scjc:.bj-ons;. I 'L fo-Llo,gs tha'b if Y iS A }oo,:in curvg in ]: r; ith

d,J. f (2)  genclra ' iErci  by i 'Ls s1,obal  sect icr ;s t i r*n UYO)CiF has & sec-

tion vc:ri.shi.n;1 st n() poini of Y. l:t 'Ll l is case'b]:ere is ein ev'ten*

s io t r :
o -*?5 *+ 3 *+ rT *-(1) 

*> o

rvi th H ar rni :k 7 vector bundle on l l"  ] ,et Yr, """,Y," be the connec-

tcd cci"lnolicir.ts of il* ff ti iere r"-+ an i such il:ai: iro(rurlZ)-*)=O or

i f , ho i r , t . r (Z ) * ) - l -  anc l  n l2  the l  l l  i s - s - l ab le  ( see  [ f ;  Secb . ; i ,  ] l xam-
*'l

a

p le  2J  fo r  C i ; ' ;a i l s )  "

i for , , r ,  ;1"c i ;  q] l  :xrc1 cr [2 be : i " r r -Lcger;  suc] i  the-h *z?2"L*2.

Lei Li*.Yl-U -irr ,,, j iCr'r; T.., is I pli:r:c Ci:rve o'f ; ie;::ec c2*q4"1" cind It

n planc ct i l 'Vc of  de;r ;c Q-l . r  s i tuatcci  jn c i f ' ferel l t  p lanes and

S-t"ch t ; : : : - i .  )1. ,  ; . . : r . : i :C Y.,  in n " ' ; j . ' . ' i ; - i "C i rCi i r ' l ;C,  g ' ( . : ' ;5. i ' ' f  *  In t i i iS

'*ry



* 1 5 €

vafues of c.,  lv i th:
, )

+ Zdq.-Zre

l lxemple.  2"4"  Let  , i?1,  A ld ' r2  and 
"Z)=c1+d.  

be in tegers.

a stable ran-k 2 reflexive sireaf 
:tr P constructeci es &n

o *+ 9rt*a-D ---'F ---+ rz(e ) *+. o

,Let Jr oe

extenslon:

where Z=Zru Z2t vri'i;h Z, a pl.ane curve of degree c2*q{"d+1 rnd. Z,

a complete inte::s'd'ctron of t ' ,yo surf. 'aces of clegrec d and d-11,

respec'L, i -vc1.y,  ,Str .c i t  ' t i rct  
I  i : :eets ZZ a' t  r  s innl . . r  poiats.

i ' fe eonstruct a s'lrable rani< ) , vector bturdle E on P an ex-

tens ion:

o -*+Y *-> lt*

plene cllrvs of

4  f x r s  ( 1 )  * +  O

clcgree e-dn occo.r :c l i ;$ to (1.4) r  i flvltere Y is a

c&se t t re  C i re rn  c lasses  o f  E  Bre :  c r (B)=0,  c r (B)  =c? ,  c r ( r - )  ="?*

* ( 2c1*)- ) c r+2q(q-2 ) 
-t'2 ( r+1. ) -

Ti:j.s e:rauple covers all the

2 2

"7i*(2q-.1 
) cr+'2q( c1*2 ) o2 5"rS "3-( 

zq*r) cr,i '?r1(q-})

ggrulg Zu')o L,o'L d)1, c1)inax (2d,r5) ancl c2) Q:t- l  be interges"Let

tUe a r; tablo rank 2 ref ' l -exive sheaf on P cons'bructecl as an.ex-

tens ion:

wirere %*Z1u Z2r rrith ZL n plane curve of degree q and Z, a eort*

plete j .n ' tersect ion of tr , ;o surface of degree d and d+1r respecti-

vel;' u such tha'; Z, neets Z, at r einple points,

l '/e construct a steble ::arrl< 7 vectsr bundl* E on P as &n €x*
i '

tens ion:

0 --->.q:-+ lt --+ Iyu s(1) --+ o

ivhere Y is a plane curve of  c legree c2-q+1" Accorcl ing tb (1.4)r
1 -

i f  +"d(d- i )+ I { r '5c l (a ' r t )  b i ien the const ruct ion i rs  poss ib le .  T i re
Z - ' i ' -

,2 ,  c r ( I )  - "7- (2c i *1)c2 .
. J .
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$"0{ , i - f  )+T€*5d(A+f1 then the const ruct ion is  poss ib}e '  T i re
)

in** r ,  c lasses of  H ars :  c r - (E)=Or cn(n)  =c, rcr (n)  ="1- (2q*1)"2 *

+  2 d q * 2 d { c i " : - l } * " 2 r o '

The erxrrnrples (2" '))  anci (2"4')  cover at l  t t re values of c,
g  ^ .  - r  - /  2  r A  

, . J

vri th , t / ;* t2r1*1-)cr+2clq*2cl(ci+l)  5 c,{ '5-(2q-})cr+2dq' i ' iorv, }ct d be

tlre J-arges-L irttc;;er for r:riricfi ZX{4. rtl/e }reve ZHq? (q*t) (q*2)" It

iol lolrs that the exaa:ple.s from (2"1) to (: .Q cover al l r tne va-

Lues of c, iv i th c3€ ioio (qrc2) r except *7="ni*(2q*1) cra-Z(q'-qi-})  and

t
*5=*V* (  2q*1 )  c,  ,

nxq,-Elg Zur)* Let q?2 and 
"243 

be integers such thai erz?cl*Z.

Let xr be a stable ranlc ) vector bunclle on P v.rith clhet'n cl.asses

* i= -1,  c j=e,  c i r -q.z--Zcyl  (see [ -0,  (?.8) ] )"  Let  i lc-P be er  p lane

whic i :  contains a gener ie l ine of  E'o ey [8,(5-e1lJ ,  I ' (q.*1)  is  ge-

nerated, by its 51oba1 scctions r hence th.c sane is true for

Efr(cr-t+l). I t  fol lorys that Efr(ct*A+I) has a global section va-

nislring a.i no point of 1I, hence "Lhere is an epiilori:hisn

4H , Eii* -> (l.(c'-q{-})." Conposi.r4 r';ith thc morpirisn I'" 
*+ liir*

we got  an ep inrorp i r isn c t : 'Xu*  aP { ln i r2-A+})"  l ,e t  E*= Kero{ .  B is

n r,e.t:k ] vector buncLlc on P and, by defil:j."Lion, thcre is an exact

seqrrenc0 
Cd

O *+ gx -y i j ' *  *-*(/H (cr-C+1) *+ 0

Dualizing, v;e get aJl exac'b sequcnce

O -+ E' " > ll *,- #i, (-cr+q) *-+ 0

Ti ' re  Che: :n  c lasses of  i i  ere cr (L i ) *Oo ca(n)-c 'ncr (E)  ="7 ' (2q- t ) .2  *

.r-  a(qzi*q+I).  Irr  o: 'crcr to s?rcl t i iat E is sta'nl"e i t  suff ices to

r iho', , tr  that : io(ct) is i rr j i . :ct , ive " , ;e lave ; lo( l t '*(-1"))=0, hencc tne

r z n

mcrph:i.c;; ;f {,; '*) '*) ]f (; i i ,-}) i-s injecf ive" i iow, let irt1=iier( -t .

Dnulizirrg ti ic e:<i,ict $efiucnce : ,t^l.r

0 *+ Fli **) Eir'i **:ltZr, (c2-c+'1) *-+ o
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and rrsi-rrg tire fact thart f e n;t*I))*0 one finds that If trf it*l))=0'

tut l l f i(""1-){: j t trr(cr*ct*l), henc+ }lolFrr)=0, It  fol}orvs thst i f(d}i)

ilr in j r'c'[ i../0 &

.S13gglg 2*6o tet  q*1 and cr?;2 b# intc l le: :osuch i ;het  *eB2q*l-"

I-,Ct' l: l t be a *st,ablo rartl l  1 vcc'co:: buncil.e on P vri.t ir Chefn Cl-as'?cs

*j.. *1., e)_*e, *rr *O?* By [et, Sect,"5J, t i iere is atl exact sequenco

0 :**) lle *03, ** Ar\ (q) :*+ o

for some pkrnc i'ioc F" Let 
"rro= 

I(er( * 
fu* 

f rrorq) )' Using tire

f ineke .Leinnsr &$ iq [a, (1"f) ] ,  onc gets err cxnct seql. ier lee:

o *? 
%t-t17 

**ry u' **ry l"ib *-b O

r i  is gencpated bJ' i 'Ls 551obaJ- :rcct iot-ts" E: 'L r ' ; -g:r. : i^(Q). r-L fol ' -
tto l*O "O

Io ivs  that  E ' (q)  is  genereted by i ts  g lobal  sec i ionsn

Let  I IcP be a 'p lane v ,h ich conta j .ns a ger ter ic  } ine of  X ' .

Orre c{ut conetr: 'uct,  o* in (2"7), a stable ra.:k 5 ve*tor bunoi-e I ;

on P as atl extcnsiou:

0 *l) Ie *-+ n *+ CIU{*cr+q) *} 0

n
The Chern c l -es,ses of  i i  are c*(1I )=0r  cr ( I l )  "="Zrc ,  { } i }  =" i - (Zq* l )cr .

Idow, let 6 U* the Largest i.ntcger f,or r',nj.cir 2f-1{ 
"', 

and'
I

:  -  , s r  2  r a -  r \  . n r * 2a=do(q ) .  cz - rzq* r )  e . l ' / . t q  - [+ r )  i s  equa l  * "  * , "1 *z  i f  c "  i s  even
1 2

and'co *2rc|r ' i )  i f  c,  is odd. I t  fol lorvs that the exa:nples frcn

(2"1)  to  (? .6)  covcr  a l l  the poss ib le  ve. l .ues af  c ,  wi th  *32" !e-

-(24-r) cr*"Aa"t! ."Zcif  i*r)  :  *  no ("A) " 
t

The tci:r, l j .ning I ' i :Ju.:s of c, ar- 'e coverd by:

E4r'rrnp]-g 2, ' l  n LCIt c22*2 be atr i .n-i ,e. ie; ' .  ict F be a stalr le r lnl;  2

re f l - c :< i ve  s i r i : : , : f  o t )  F  t r . $  i n  t ? - .2 ) , ' . , ' e  cons t i ' uc ' f  a  s tec le  r i , - : i '  " )

vcctor  bundl -c  j !  on P e,s  err  e>: tc i : l : ;on:

tr\llg-xtq\]



wnere y is & I ,cni .  curve j .n P sat iofy ing the condi t ion-s stated

at  the  beg inn ing  o f  (2  
"2 )  "

Le t d, bc an i:rtcger rvltir 0 * rf * *r-1" If Y is a dis jornt

unir:n. of cr*c1*.1 lines ancl of & ratiurr*f curve of' clegree d+t then

tho Chr l rn l r r :** ,0,*  of  x sre;  cr(U)=0r cr(n)  =Q.rcr( l i ) . '2d.

ff Y is a non,sin6ular, cu.rve of-' degree c, ancl of gcnus g
r  _ ' 1

then cr { IJ) ' *0 ,  c2( i l ) *cA,cr (E)  =2c2*2 '?28"  Accord l t rg  to  LaJt  there

sr*  suc l : .  cu lY*s fo ; '  a l t  g  ' ; ; i th  O*;** -*Z {*p-*3)+1 '

It fo"'1""lol.rs that this exanple cCIvers a}l the val.ttes of ct

w i t l r  O{ca f  } j r " r ( c , " i . i ) ,  One  c&n  eas i } y  see  tha t  \ . * r ( ca+5)>

? m ^ ( c 2 )  f o r  a l . l  c r Z ? "
= u t -

q, Tir.rr,
J  a  L r l rc , : '  : i l.es of Stable fiank ] Vector F*ndlgq r v i t n  q ,=  - I

"zk2q 
be integers" Let F tre a stable

P constructed as an extensi.on:

*e;f -*+ rr(A) *'p e

Fu:;*p_19 3 . 1* Let q Hr and

ranlc 2 reflexive sheaf on

0 **+ aot*u)

$here 'L*Zru ZZ* vrith Zt .g plane curve of degree 82 and 22 a co::]*

pJ.ete intersec'i;i.on or t',vo surfaces of degEree q such that Zt tneets

Z,A at r sinpl-e point,s. i-/e construc'i; a stebl-e rank 1 vector bunole

E on P as an cxtens ion:

o *->y(-1) -*+ Hn(-I) --+ rs ---+ o
' r )

Accold,at:g to ().5) o i f  r=O or i- f '  ' i ' (q-1) (q-?)*:15 t .* q'  'Lhe n the

const, i 'uct ior:  is pcssible. The Cirer: l  c lasses of l l  f l ro cI(E)* - l t

c ,  (E)  =,czrer(E)  ="? i*zq"r ' t -2r  .

liirj.s e;iar,ipfc cor,/ei's all ti:.e l'ai.ue cf c, 't;i.th 
".j="7-2q"^ 

or

rvi,tlr 
"?r*z 

rrr rr ( q*l ) ( qJe )'rZ { ",ii "?o-z-i;" zn'Zq?',

SI$Bplg 3o2" l ,st  delr a}2d ai:d 
"Z?q 

be intc.;ers. l ,et ' :"  be a

strrb.l"c r: i tnlt  2 re-i ' -1.1.-:. :- irzc shcrsf on P coti i ; 'L,r: i tct i- ' t l  i . i { i  an cxtctrsi"ol-t l

a

o *+{f i*,.i^r) *-+5 *** t, (d) *-r o
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wlrere 7,*Z7u Z2t viith Z, a pJ"ane curve of degree q end zZ & con*

plete intersect ion of tvro surfacee of degree d anci d+1, respcc-

t ivcl ; , ,  s i .rcl t  t l . : l r t  Z1 r,rects ZZat r siuple poj-t : ts" \ ' ie corrstruct r ]

stable renk ] vector bun,dle lJ on P er.s an extension:.

o -*-* F *+ i, *:+ r:r ,., s -*z 0

where Y : ls a plane curve of degrco e2-e" According to (1.4),  i f
-t

i .  tA- f  i  (d-2) - r ,1{  r { i  d(c1+1)  e  then the const . ruct ion is  poss ib le"The

Ci:.er ir  cl .asses of E are cr( i i )= - l*  r  c.( i j )=cA ,c-r(E)=c3-ZqcZ+2iq*2r.

4T_gup1e 3"3'.  Lot , i?1, qhd ani i  .a*"q+d- be integers" Let -* be

a stable renJ;2 ref ' fexive oireaf on P constr lrcted as an extcnsiotr;

o ---+rg"t-a) ->g rz((i) -*-) o

of

r';nerc 'i*Z:-u ZZo .,';i-tn Zt a pl-:::e curl'e of deSree c2-Q and ZA *

pla; rc  c l t :vc  o*-  de. ; rec I  suc i t  t i r i : t  2 . ,  :ects  ZZ at  s  s i ; ip le  lc l -n{ . { . i ,

O(sfd"  Let  I {  be t l re  p}ane cons idered in  ( } .6) .  The gener ic

spl r t f r r r . l ;  t ; ;pc o: f  i i '  i r ;  (0r0r0)  i i i ] ( i  I i  cor : t l - r -n l ;  a  6c l ' lc l lc  1 in" '  o f

f i 'o Ry (1"6), thcrc is.att  ep: i . ;ro::y;his;n I '  *+ O,rt .q-e), iet i i  be

vrhere Z;-ZLvZZ, vrith ZA a plene curve of delree c,-qfd and. Z, a

co:npl.e'be intevsection o.f two sttrfaces cicgree d such that Z1

mee"bs ZZ at r  simplo points." i ' i re construct a stable rank S.vector

bundl-e E on P as an extension:

o --+s(-1) --+ i i*(- l)  4 ry,,  s I  0.

r , ,hcre Y is a p)-nne curvr-,of clegrce e-d. According to (1.5),  l f
1 " >

i " ta- f  )  (a-a)  *#.rEi j - '  then the construct io i r  is  possib lp.  .The
t

Clrern c lasses of  lJ  are:  c l (X)= -1r ct(E)='cZyc,(Ej=c|-Zqcrt 'Zd+*

-262+zx.

Exanp lg  5 .4 .  Le t  da } ,  a ld+ l  anC c2bQ+d be  in tegers *  Le t  X !  be

a scioistalr le rfr i l l l  3 vector bunCle on P cottst:r 'ucteclr es r-n ( i .6),

as &n cxtens ion l

o -"-,+CIi-+ Er -*> I- *-> 0
TJ
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the kernel of thj-s epiurorphism" i'*'e travo, by clef inition,Bn exact
o

sequence :

0 *> E *+ E' **+ 4, (q*rt) *-> 0

f 'c fo.Llorrs, es in (2.5) t  tha' i ;  E is i l  * table ranlc 3 vector

bunr l . Ic  on F l ' : i t i r  Chcrn c lcssres;  cr (E)= -1 ,  cr ( i i )  =cZ,  er f t )=c?,

-2qg^- i -2dcr*2s. ,

Tne exaatple s fron (5,2) ' to (3 
"4) cover alt  the values of co

) 2 )
vyith ct*z(].c",+ Zciq*Zd(d+r) S cz !cl,^2c1c2{-2dq-r-2<j" trow, fet H Ue the {

I  /  *  
- - - - - t  

1 .
tv . Al A/

largcs'b integer for ivhich Zci f q" Then 2dq-r-2c1 3 (q.*f ) (q*2) 
" It fol-

lorvs-t i :at the e:ranplos fror, l  tT.L) t ,o t1,4) covcr a}]  the values

o f  c ,  w i th  cA€  i i ' ( q rc r )  "

Lct A be t i re }argest integcr for wnicir  2{{"2 end d=df (6)"
Z  . ^ - Z  l .  2  lc|-2qcr+24' j.s e clual Io !.ci tf c, ic even encl to $" f,cfi"D if

eZ is odd" It t 'ol lorvs that t,he exa;iples from (5"1-) to (5,i l  cover

eil l  the possible values of c, with *,r2"7*Z[*Zua[i-Zitd4r) : =

i  *  n l ( c r )  "
The renaining velu.es cf c, {tro cover:ed by:

gppplg-l,r. Let eZZl b; an integc::. T,'e coi:str-uct a rank 3 vector

bundLe U on ll es an extenr:ion:

o -*>CIp(--1)2 :> i i --> ry (1) *> o

wbere Y is a l"cnio curve in P vr i th{,sJy(2) generated by i ts g}obal

eections irrid such that i ' io(I;(1))'.0. The e:'; l ,e::sion is deternj-neC
t f

by tvro global scct ioi :s 51, 5 A of t ,-r i (z) ' r ; i i - icJr gener.cte this si leaf .  ?
{ ] f

ff 5r ff id 5: are l inearJ.y i-nr-rcpendcirt ovt-lt k thcn n is stable (as
t L

olle ci: ; t  casi ly si:e d,r-:.ei l izi ir5 t i ie r ' ;- t : t 'cnsion) 
" 

I

l ,e 'b 2 {d(c- ' r - l  be ern inte: ; r : r"  f : f  y '  is ;  c dis jo int  union of

d-] l ines end of n rationsl cuirve of' degree c2-C+2 then the Cirern

c lasses  o f  j - i  a i ' c . :  c1(1 i ) *  -1 '  c r ( l : )  - -o ,>_rc . . .  ( l l ) -c r - i -2 -2c '1 . .
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l f  e  ̂ > 2 and Y is a rat iontr l  curve of degree cD{' l  then:"l ' :. /

c1 (E) ,=  *1 ,  c r ( t t ) - "2 ,  c r ( I l ) * cZ ,
' 

I,;nr, suppc,;s that, ar}1" ff Y is a

grec c:r' i i snC c,f ficnus i; contaj.ir.cr.i in no

c l t rsr :cr , l  c f  , !  i ; r 'e  :  c" ( l I ) . '  
' r  ^  / r ' \ -^

t -
" + S  w p \ i r t * t A t

to 1,1J, tl:ere i:rc sutch cu-i'ver.; for uJ-J- g
1

fr o (c.,+1.) (cr*2 ) "t '1,

I t  fol lows that, fo:. '  c243,'bhis exanple coverrr atl  the va-

lues af c, wit ir **z{*.1*t (cr-+l)2*1. One can easity sae tha-L
1 )

f .  
(cr ' r : t " ) ' - r -1 ** : . (er)  for  a l l  c tZ '5.

4 n X-va;lur1e s of $ts.ble l':.:il* 3 Ve;c'hor Bundles r,vrth cI* *2

EX AIS 4.I .  Let qAf and c2?2cl bc irr te3cr."s" f ,€t5r be a stable

rar*c 2 refle:civc erheaf o::r I constr'ucted e$ cn extension:

o *>Pp (*q) -*>tf 4 rz (q*r) :+ o

vrhere Z,,,ZLI ZZ, vrith Z, a plane cu-rve of clcg::ee cr*l an& Z, & co!n"

ple'ce i i:tcrsec'i:. iorr of tr,ro surfeiccs of degree q*'l encl q, respecii-

nonsingular curYo of de*

i:J.r.in* tl:err t,he Ch*rn

c,r(T:) *cr+ 2g, Ac corcl i"ng

r';i'f lr f: t e 1

vel;r, such that Z, rneets ZZ nt r si-i-tple poinbs* \ '/e con$'bruc1; &

stabl.e ::anh ) vcctor bunrlle E on F

o ---+ 5" ---> E+6(."1-)

Accorc l ing to  (1 . .4)  r  i f  r=0 or  i f  f  "  ta-e)  ( r r * ) ) "1€ r  5  q . (q- l )  then

the constmct ion is  poss ib le"  T i :e  Chern c lcnses of  I  are:  cr (E)*
)

= -2 ,  cz ( l i )=c t '  c ,  ( ; , ; )  - c ; - (2q+ l ) c r ' i ' 2q i ' 2 r ' .

Tiris e:"ra:*pi.e covers al.] tirc val-ues of c, rvith ,rr*"?;
t 2

*  (2q+ i )cz r ' ,2q  o ; '  r i r i th  
" r * (2q+t )c r+2c+ 

(q*2)  (c i * } i *2  {  * r * "1
n

l ) ^ . - , - 1  \ , ,  J . ' J ^ -
\ - L j . - . / v - ) ' s \ i r

L nirx ( Zci r"s)
D:*c::, i:rL:L ,1. ? n L,i: ' ; a j l  l , 11) {-r, i.ci c2 * e bc j. irtcgors.

st&ble r'*ink 2 rc-flcxive sheaf on P constructcd as &11

0 -*+ 9U(*c1) -*;. ': ' **> l, (d) *-+ O

&5 An e) : te l lS l .on :

*-> I., --+ O
i)

Let 3 be ri

ex tc r ts ion :



meet$ Z', at

bu:rdlc il on

siLnple points. 
"r'/e

a$ an extension;

1a

P

-whercr Z=ZaU%pr trith 21 a plane eu.rve of degree q-l end Z, a

conplcte interscction of tvro surf&cee of degreo d such tirat ?ti

cons'hruct I stable rank 3 vector

o -*>Y(-l) **+ I'l -*"'9 ry u s 
**P o

where Y is a plane curve of clegree e2*e, A.cccrciS-lg to (1"5)r i f

1 
l .S r !* dZ t l ren the construc'Lion is possible'  The

i.  
(ct" ' ' r1 (d-2) ' i -

4

Chern c lassee of  H are:  cr - ( l l )  =  * / ,  cz(E)=c2 ,  c3(n)=c i - (2q+1)cr+

+2 (d+1) q-Zd-Zr

Sfg i*p lg  4 .o7o l ,o t  c i?1,  Qacl+ l  anc i  c2]Q+r l  hc in tegers"  LotS be

a etab]"e ranl* 2 reflexit'e sheaf o;: F eOnstruc'r;ed as on extension:

o -*>0o{-a-r)-+ F-*^+ Iz(d) -+ o

wlrere Z,,ZatJ Z2t with ZL , plane curve of dcgree c'-qt'd and Z, &

coruplete interlrcct lon of tvro surfaces of degree d and d+lr rcs-

pecti.vely, such that Z, ne ets 7,2 at r si.mple points. ', '/e construct

a stgbls r.ank ) vector bundle 0 on F es an trxtension:

o --+$ -+ x*(-1) --+ ry rs 
*> o

where T is a plane curve of degree q-d-l"  According to (1.4) r  i f
1

! " tO- f  )  (e-Z)- :7 t "*  d(C-r"1)  then ' r i re  csnst rnct ion is  poes ib le .  T i re

Ch.ern c lasses s f  l i  aro;  cr {x}= *2t  cr i l )  rc2t  cr (E}  =*?; - (2q+i - ) *A *

+ 2 (c ] . t1)  q . -2d (d+l )+2r .

S"SqplS 4"4. Lci,  cl?lr  t !2d+f and c2.! tr-1 bc integers" Let Et

senis 'c.aDie reC-,5 vector bu::dic oi t  P co: tst t 'u.cted, as in (1.6)r

c ' ; t tensio:r ;

o **+ $? -"*+ Y,' *> I- *-> 0v  ' "  
P  

' L

u'he::e ?,=Z:-v ?,r, r'ath 3a a p]-e:ie clli've cf clcgi'ce q*,j*l anC Z, &

n ln , . ; :  c r i : { ' r l  o i  c ic ; l ce  d  such t i : l i ,  Z t ;ee ts  Z?  e t  s  s : 'np le  pc in ts ,
v u :  v  v

C f  s {  d "  L e t  } I  b e  t h e  p l c n e  c o r ' t s i c l e r e d  i n  ( 1 ' 6 ) .  3 y  ( } . 6 ) r  t h e l e

is f in epl j ior i l i : : isur l i r  ^rO!, t  (c2*cl)"  Lct  l i ' ( - I )  be t i te kernel  of

3

'"..!ffi

be €)

as €ln



2.' *

this epirnorphi.sn" YJe hnve, by defini t ion, &n exact soql lence:

" o x*(*1.) *+" st **+Orr(c2*o) *> o

rt follows.l ti:at n j-s CI s bable rank 7 vector buurdle on P rvitir

C l rern c lasr les:  c l ( .h l ) *  *2 ,  cr ( IJ)=c2,  c3( : i )=*2- . (2-c i+-1)ef+ '210+1)c l -

*2d ( d"r- j  ) ."2* o

The cxnnplcr:  from (tr ,?) to (4,4) cover a}l  the valuos of

, ) )
*7 rvitn , ' ' ' i*t2<1'r}) cr-rl ia'r"r1q*?ii(ar'2) * rt*rl- '(Zq-r'1) cr-r210'r'1)a'

I'trovr, :Let 3' be the largest integer for vrhich zt+l 5 q" Then

r ' / '  
n-^2\ ( n^\1 Tf. i 'n-l  I  nlr 's thnt fron ( 4 "I )2(d+1)U ] 2c1+(q"-2) (q-1) -  I t  fol lqr ' ;s t i rat the examples

to (4 .4. )  cover  $11 the.va lues of  c ,  vr i . th  cr€; t i r (q ,cr ) "

Let {  be t trc }argest i r i 'Leger for v&i ch zQ*c, and I=d ?(A) '

*3-(2ci'r.r)cr-r"z{f j.s equa} to *,rc|-z"r) if c, is even and to

$-&r- t )z  i f  c ,  is  odr lo  I t  fo l - lovre 'Lhat  lhe exa*p les 1 ' rom (4"1 ' )

tc r  (4 .4)  cover  a l l  the va l .ues a l i  c ,  rv i th  * ;4* t^(2{+r)  cr+21i* } )4*

*  2d(d+2)  2=  H2(*2)  
"

The reiirainir:g valuee of c, are covered b;r:

.Egggtg- 4..5o Lci cr)-_Z be atr integer" lVe construct a rank 7 vec-

tor buncile tr crt: I as an extcnsl.or-j:

0 *> C7r(*U 2 **> E -.P Ty *> o

gcnerated bY i ts globcr l '
#

tv io  g loba l  scc t ions  )1 r

f r ana 5, erc l incarl;/

l , c t ,  l - {c i {c r - l  bc  an  i -n tcgcr .  f f  Y  i s  a  d is jo in t  u r i ion  o ' t

c1*1 l - i i :ce ni : rd cf 'a rr :b io:rs l  cr ; r r re cf ' . icg:"ee cr*cl  t t rcn thc Cl tc i : r t

c l a r ; s c c  o - f  l , l  n r r . r t  c l _ ( 1 ) ) =  * ? ,  c r ( l i ) - ' c 2 ,  c , ) ( : l )  =  2 c ^ * 2 * 2 d .

If Y is a rroilsi-iu,ulrr ctu'vc o-j clegreo 
"2-l 

ancl o1' Scnus l i

t l i en  thc  C. l : :o rn  c l -ags*s  o i .  . l l  s . r - ' c !  c l  ( I )=  -2 ,  c r ( ] i )  -=c?? c r ( i i )  *

vrhere Y is  a  l .co i "  curye ip  P wi thwr(7)

sect ions, The extensiot:  is cleternined by
e
\  ^ : r  r .  r  /  c ,  \  , , ,h . i  n  h i r^n c] ra. r f  ra th iC Sl f  gaf  

"  
f fJ  

Z  
v J .  u t /  

\ .  \ . /  r ,  ) / r a J - v r *  ( i t r r ' J r  ( . i  u c :

inde:*r:dcnt o\rer i ;  thcn E i .s etable.



f iccorCing to [+],  there are such eurves for al t  g with O{gg
'i

* t , ! . 2 *1 )  ( c r -4 )+1 .

It f 'ol.lows thnt this exanple covelts all tne values of 
"-J

1

l r i t l r  O{-*"*  { - (c t * " ) - ) (cr+21 .  $ne can easr}y  sge that  :
) * ' )  e  6 '

. | , t"r*r) kr"rf l* rur(c2) for alJ. c2? 2,

de.flslg]rq"a.s

1o BdnicS,C*, Coand.SrIoi Xxistence of rantr i  5 vector bund.les wit i r

given Cirern classes on iroiaogerleous rationaL l-fotds. Llanu-

scripta n:ath" ('Lo appear) o 
':

2* Coandi ir l" :  0n t l ie spcctrure of a stable rank 'J ref le:; i rre sheaf
q\'  on P?n Prepr:.nt I I ICRESTI i io,26/r ' 'J&!;

3o. X*'nrL", I ' IartshornerR., VogeJ-aarr i i"  :  i - .estr ic i , ion theorems for

$table ran-k 1 vec'bor bunclles on [tr" i,]at]r"Ann "25g 1 54L*56g

(1"982)  
"

4.,  .G::usonrl ,"  ,  Peski.ne, C " :  Genre des coi.rrbes c1e l  t  espace projee-

t i f  ( : - :1"  Annusc ientnEc, l , lor i lusupn I  4e sdr ie ,  t .15,  401*4 iB

(L982 )  "

5o llarLslro:r'nerit.: Algebraic Gcotretry. Gradua-be Texts i.n i ' iathe-

metics, I 'ol o52" lerlin, i lei.deiber'9, i ie', 's York: Springer 3-jlf "
6. l larts}rorne ,R.: Algeb::aic vector bundles on project ive spaces:

a pronl -en l is t .  Topoiogy 18,  1U-"1-2E ( i979) .

*l o ii i j"r.i{,i1.; Gapa in ihe Ci:e::n classes of rar:k 2 stab}e reflexive

qhr:nr.osr ir: l t i ' r .nAni: n 27O t 
, l I /  *.72rt (.1.9g) ) .U l { V q  r  V L r  c  & i ,

B" Ckcr. ,ckrC.,  Spinr l i - i . . r r l io:  f r r : f l -exive Ga;:bcn von i ior :g r72 au* ' t rn.  :

CreL lc ;  .T .  744n iS*64 ( l . i t r i )  
"


