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Hilbert  schewe.

loak Hme . X a pvo:)ed'iu scheme over o fied k.
ZCX a Mocheme < a pont ze Hib(X)

Thm . We have  an isomorphism of vechr spaces
" WR(X) 2 Hom, (Ta/22, 0,)
= Vom, (IZ;OE).
Def: e shea]  Homg (Tely,, Op) ds called the “nomal sheu”

61) Z in X
Rewn - Swp)owse both Z and X are smoeoth. Thm we have the
Sequence +
0 1/3—;. - __C)_></‘J%_,r_Q_}_IK_3 0O
Dml'\liva
O3 ’—[.X/.k‘—ﬁ—‘-;(lk_;, NZ/X — O
- Nzj =T I,
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Then THb(X) = H°(ZNgy)
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Smoothneas -
We saw how to compute the dimension of the fumgent space o
Wl ot o pont Wi\@ the ‘b“ndof . Con we COmMe the dimension
3, the Wbk Scheme itsdf 7 “This fum ot bo be Auaprisingly oliffrundt-
W amgm\. We 6—\\.0&35 have  4he ihe.buq.\i);
dim TWlo 2 dim Wilb.

and we Knsw that e.buo\\i holda it Hilb i Smooty ot ac.
Tt tums ok Hext Smoothnesy can be  detedted éunduﬁqu_
Thiimiesimal L\H‘HB Crviterion

Lelk X be o gcheme Jocw\b db Fmi’(e \'aPQ ovVeL an aJ.J Aosed freld .
ek - Fim
Def: A “smell extension’ 4 Arhinian k-aljebm o Swgechon

A-)A 4 A- »kal}bmo with Kemel £ 4., (aa A- mo&de)_
Alremnalivdy . Kemd = R (a0 A-module).

Ea *“"J/w —3 k[ﬂ/

n, — 0.

2) k["'ﬂ/(ﬁ,\mz) - k[nﬂ/(xz

P'ro_‘) X/4 s Smocth it and ovid W for oy  omell extension

) Avkinian ke a\gehras A—)A otk any mm)ph\sm chcA—; X
extends o o Wb'f?\"ﬁm SFCC(K\—-\X

S?tc R X

)
- 5?““\/ ) .



Rem. “This is @ funchorial condibion (prrasedd in termg 4 Meaps(-, X))

TWuskahion :  Congider X = spec klx,y] /1}]_ Ex: Vo a simiar
. N analyis for
Notsmocth, | Koxd) /,2.0)
Spee (RUEL2) 5 spec kbail X b e ~7
£ - _'.?'{ NEy g .

-7L X+ €+ag?

SY“(HG/é) N € +be?
Y =y &% =0-

6'\\'9\&7‘1'\{9 de/\‘ede_a\ ‘_

Remonk-. TP we want to chedk  Smooth nex ak o point  x € X, we
have lo  chek.  Spec 3 X whase  closed poinky maps to 2.

B atm: Sups i= G X, and X is smelhet x
~
Then Oxﬂ = -k[lx‘,__.)an
So Gva rmf ('57‘,4. we A \\HS ho (5)()1_? ;i,
Cm\vustb , uppose e \ithiny crteron  holda.
et R= kh™/m2W = ki, 0% we have a mwp
By sw \ith “ 5 [mi= iso on any
,\9 cce.aswt‘j Wy meps, we get o R %Cw-o
Ox’,_—r?& ,uo\\'\df\ 15 an sy on hnaeyﬁ' SPucen.
“Then t  mua¥ bR an is0. g
ReX - The nfinkesmak Criterion can be used to test (or define)) the ohon 9
o SMooth -ma? f- X-—?S behweer deemes.

(Not. today).



AW\'QQ\"\OY\ Yo the Milbet Scheme -
- \ocedl  K-adqebron
Setup A an Adin T with residue fidd kR (nof nec adgel)

ASA o sujeudion woth kemel ¥ k.
Ker = $a€ | ack}

N\qf s\aecA —7 Milby —  EaC Xy = Kx spech
Ltk s‘xc?\' SubX  —> B X3i= X "Sl’“ﬂ
st Z, >;A = L,
Whte  Z, kor Zaxk o, bhe “centrad Sber”

Convenhion : Subsenpt o
means M\T\d\m
Yo the Cenhnd ﬁbef
= A
A

Equvaledty , want to W Tz, c Of b tzz € Qo itk
foX Quokent - (over A).

6_\10\5%3_: ® Do te problem 9 \'\Q-\"\r\g Juuulb % Rokh 3.}(?3
@ Glue. Present problems.

R = dir gor K odgbra, Ring Ohesma) Fin gen k- algebrn
o c ROA an ideal. st Ra/T is  A-flak
Wart to undersland ideals T c Ry Gy T st Ry /5 s A -t

Same  as before - C\‘“SS\Q}) the Ve~ ik’ “Mm[’mnj\'na feX.

R

—3:’ iy, . & ¥ §eT ,thefe Lrise geQ_ Suc.hm \‘F‘f‘?_a”é

A What does J+€3 mean (anom element 4 ROA ) ?
€9 s OK. Quk Hhere 'S vo ’f\y\a mMap Ra %RA"-
So we canmct bret QHS‘Q, RA as ey q, RAV



let - Ra— Rg be a St thewrehc N:-E(;L RAV__)RA

(9 Mo o WD),

Gorabt--t Ak v Ooralk +--y 0 M )
N .

® ¥ feT A 9eR st )+ €9 € T,

P-m?-. Buppase Te Rz 13 an ided U%’na T CRy, whee Ra/ro
A- ek Then RE /T s A -t i ¥ feT [ terewa
Unique AR (moddo To) etr iliNeg e T,

L. Tt subhicen to check  thek

—

034 & AaA—s0

femans €xad  abrer © Ri\'/’f )
Tesue : ¢ o oo .
Ro Jr, = R [z mwt be Nk

© V¥ acR, ot £9€T, we have 9T,

~
g0, it (¥)red, and  H)14e9, € T, then 229, mod T,

.
Tws o Hak Wt gves o funchion  (teils?)
@: T 5 Refp %‘—‘iikﬂ-\—esl I2QH) n Ro};;}.
£ 3 7,
The issue is Hhat Hhis is not Relimear ; and #t is vontrivial o
Onavackenne  ohidy funchons  gwe ideals.
T s cloged ander + # @ is a P hom) . v
Suppose  L(f) ¥ 29 €T oand G ey) € Ry r NoT \i_vEf
: o~ '
Then  (L(Flvea) (xrey) € T N & (i) =V ) A
S Wi+ (9wt RY) eT ermor (£20)
& W+ () e T ¥ feT, e Ry,

G U + e (a0t er) e T



M: o T oand T oor dwo il EOWeAPoy\din o
Q:T> Rl a4 TR/p,
and  SO- Q¢ the
@ ($2) = § se&x) ¥ €T, xeRy.
e S¥e \r\omRA(T,Ro[j;)_
Gvondy it T is it comecpndivg o and
¢ ¢ Wom,, (T,RIL) , then @, = @+3¢ obo
defnes o itk
(\—)@?‘1 “Tne stk \ifts 4 T CcRa b ¥ c Rz with A-Hed guationt
s eiber emply or o ’P-rinc\ya\ Homo:). Space Under
\’\OmRa (T,Ri) = HQMRB(TO.Ro/T-‘o).

Tef; We say Hnot FnaC Xy i localy unolostvcted
L Mere 15 an open aftine Cover o}, Y, sxdr over which

Z,\C Y, @n be ikended to 2%\, ¢ ¥aly.




