Le Hive 14 : (ommedions o /4{7%}’&/'5 jeomﬂfé’y, A
1) flbets Nallstellonsetz & consequences

E’ﬁ[c/a,ca.' [El Sfpz(/ans /{/ 45/ [Vj Sec ﬂ4
BOowNiLss: /1/4; Y lbert coves

11) Main result

A“/’f ﬂ‘- /ﬂ an [n/}mfu /F/Za(

(onsider & Sgsz‘f.’m of /Do%no/mﬂl equaltions {&,.x,120,i0. .m A
basic yqesfleh is wha He last m fyud/om /mp% fA Hrst one. B Toms
out -fzai «é[ue's answer ’fo 7%'1 /aesf/or» m teyms 0/ L/j@@}’a w[w F is
@{5%/410% closed (F=[F).

Thm /Mﬂsfdfm;a/tz) Let [F- ,ZF'_X ﬁéﬂf[)g,..x,,], c=0..m TFAE
0 3 eel, | £<t.1)
6) /l.(o()=o Yi=1.m ﬁ?{(x)ﬂ) (¥ «elF")

Foof 437[ 2)=6) Gor any F):if £~ Li,jﬂl: Lo i=1.m, Lo
75&)’; ‘%j{(x){&ﬁo = £ (x) =o. O

. 1) Assume F-F Tl # Sy stem fl)=0,(=1...m, hes
o solutions & 76(747{,) (hmt: ‘V/”Q Thm w 7{:7)_

_Z) Lwe a counterexample £o"=" m 1) for =K nm=1
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Tl fl/oo/ of 6) =30) requires two At fevent /zgreoéen'f; - e *wear
Ml stellensarz” & o moniplation w. localizations.

17) Wear Mullstellensets.
R’opasz{/on: LA fo o Beld £ K b o frokd extension of E
/ﬂlfﬁ@, gene/a/fea/ as on [F ~Qlége/gm. 77u %mﬂ__/( <®

Boof ( using Moeiher's normelization lewma ﬁ./af we "ve on% /Voueo/
v én//mfe F )
/% 'L%e:f /emma [ﬂm m Sec 7 07[ Lec ’/3J A m/[F[{, L, Je=K
S.f K s ﬂn/fa/F&,,...,Xm]. WTS m=0. I//wo/ L%m smee K s a
755/0/) 3 X,Jék. Its mz‘ejml/ MW—--X,,,:‘/!/C K ic 72/141{6—'—’?01'&3}"4[)
=/50,4,. ). Flx,..x,J st X,-Z+j€_, Xfﬁ‘...’/' =0 (mK)=
[Mw&‘/p(g ét )(/] ’/+(7€_’ X1f._+jo)(,e =0 (m K&chg n F/;(,,..X,,,,j)q
Bt Ho constont tevm s 1, so we apnve at contmdiction O

B’Dﬁdilfloiq ARS 7,4: MOWMJ 601/0%? f/wf WC’KZ use ‘Lzo /}’DI/C Tn/m.

(orollony: Sippose F=F 446, GelFlx, xJ, I=(,.¢),
g::[F&4,._ 3/T. Tl /uaowing Sets ave M 5{/)’60&10)4.
= {He moxmed igkeds cBS
Ny { o=, ) EF | (<)== &)=0]
Hoof: wnte X, for x:+I B
_"/ua./a X, — ) : Note K=B/h is 4%&4/ K %nn‘eé jgnem,feo/ F-
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wlgefe. 53 Boposition, dimg K <o and, smee F s a{?&éfw‘c% cbo-
e, K=F LeZ 4= image of T m Blb=[F & o™= (o)
Sme G (%,.. 570 = L (65=0 ¥] > Le)

* map X,— X, : For 046{, #, assz;imwf £+ Hf[o() is a well.
o/e//meo( ﬁomoimyﬂéum Bﬁﬂ: (/L [: [og,.. °4<)’0- _[1"; )'UI(’/{’VL[/I/G_ K/c
2+ ((,..0,) =a. So 1ts vermd Wy, is a max. jdead je. meX,
&ﬂ&'u'ffa,, W, = {1 <, 4,) 20§

-4 !—->oln' £ > m, o /HbeMﬂ/Z%, MVEerse:

0(@ = (image of X; in B/h‘a()dﬁ,_.p: [)Q(J)/_,_,Xk(oz)) :(”(4'---”()5):”(-

M n = {f+T W-f”éF&,,..Xk:( I £l o(,f') =Q <=7[o(,-m=/ma£e of X, m l%ﬁ]
//Maje, of £+1 m B/m is = frIéﬁJ#ﬁ/,‘ 0

: Fove £het K, X are also in &jection w
X { F -zzlgf/éra A0m0m0W415m5 B—F }

13) Fodt of ) =a) of Thm
Set A= Fly x 3L, a:=fr (bt e d, B= AlaT
WTS: 0€fa\€//7/0}<=>[/gem ’/) m Sec 7.7 0/'/ Lec 5] = g_’:{b}.
Eyepg ronzero iy, has & moximel jdead (we /oz/oyeo( Hhis 1m +he
Moetherion cose & B is Moctheran as localization of sudh, (ovol-
@3 m Sec 1.2 of Lec 9), So B={p]e> /{j=f5 But B =] Jem
jzn lec 9 Sec 111= Alx3/(1-ka) = Flx,. x,3/ (£, £, 1-xb)
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XL, . 2)e F"E G o,)=0 ¥ (=1..m& o £5,.)=1F
Bit £, ()20 = £, (&, 4,020 = o .. 4,)=0 So X =p <
[(Z)Vofézrd»( in Sec 1.2]<¢= K=d <= 0elut|l207. 0

1.4) Algedroic substds vs vadicad ideods,
Ul o end of Yo boare, F-TF.

We now fummoc 2o understanchn, N bl stellensate more con-
Ceffua/ag_ Recall (Sec! of Lec 2) Hhat for idead T 1 2 commu-
Lok ve /’/n} 4, ‘f//, /’Qaé/cd JI: - {Qe/]/a(éf for some Z?O} i
oy /0/60/( m A

Defimitions: 1) An ideed T<A is vadicad i I=ST.

2)4 subset K cF is called ajjeé}’m’c i/ g
fro b€l 5,3 N {aeF I £ ()0 % (ot m3 W say ot
X is olefned @ 2, Pa/@nommls ;{;é and write )(:V/zf,./,,, ).

Our joo/l is to relate a[gogmjc subsets of [F" 4o rediced
ideals in Flx,.x,] Ta any subseb X <IF" we assign
T(X) = {fe Fl,,.x, 1| £6)=0 ¥ e X§
In o oher n(/'/{mz/on, if T<fFlx,.x3 is ary /ﬂ/fb/, Hon
we can conside He subset
V(T)={eF"| fe=0 # feI]
7Zc fompufd)on /h fL /)’007/ 0/ ﬂx}——%"é } a/ //aﬁnzo/(enﬂoﬁ
shows ot
O I00) 5 a redicak ideel.

4]



Ii) If 1= /]5,7{,) /FZ;(4,.-)(”] ) /VOP/f/C/lM So dlldy /O/t’b/ fas
“hs 7"00Vm)/ e V(I) = V[gﬁ)

my and V()= V(IT)

Froposition: Th assignments X P IX) I = VI) ae mutu-
% /nVerse /(/j'e%‘/om bt ween

. Jéaérm'c subsefs o/ F"

o Kedicad ideeds m [Flx,.x, ]

Poot: () £ i) ensure Hed e maps are bert ween 570%1;460/
978

| Lt X=VE. L) ) =a) of Nallstellensate meens
I(x)- V. L) ) & i) show V(T(x))=X
fow bt - [;f,;f,,) be radiced. Tha l/[f)=l/[7{,..7{4)/ 50

TWVa)-YH#. £)=JT =T 0

Exemples: 1) V({03)=[F"g V(FE,..x,1)=4.
7) T mclflx, x,] is maximel Een V() is a singtl pont.

: /érras/bano/emzs 7] /%pasn‘/on reverse chclu sions:
1) For ideads T I cFlx, 13, have V(I,)2V(T)
2) For algebraic subsets K ek el have I(XD>T(K,)

Now we oiscuss fow O/)em;f/om w. ideals Lronsbote 2o Lhose w
___T/%eg;’wc subsefs,
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Lemme:  [eH TI<Flx,.%1 b idealds. Then

1) V(I+3)=V(D)NV(I)

2) V(In3)=V(T7)= W(I)UV(3)

In fwff/cwfaug mtersections & wnons of Two ﬁ/j&gi’w’c Subsets
ase ajajn MJ%VOJC-

g)(am/z)é: n=2, I=@), j:/)(l—)(f) (rachiced ~ , S also Lec 75)
T+3=ly-xx) = (525, ) et rdical /I+3 = (x,x),
V(L) = {6, x)] %205, V(T)={(x,.x)] %=x'5, V(T+9)={(50)3.

V(1+9) v(9)
| V(1)

This em»y% c’no{jcdes z‘/ﬂé ﬂon-/ené'czz/ ideeds fave éewhryfl’/c
Sl('j’ni/lcowa 400! (n 7.%5 €xm/v/e, {"/7 /a//éc/'tf {/zaf /ﬂff/&f&'f/oﬁs o/
a/jf,@rajc subsets is nt dransversal.

PVOaf 0/ Lemma:
ld T=(4. 1) T (31,9 ). Thea I+C/=[£,..7{,J,,. 9n) & IJ=
(i )ixtor; f21.,8) (Sec? of LecZ)
WT)NV(T) = {xelF| 7’; «)=05() {O(GF”/(% ()70} = (e lf-_"/f;-(oa) 04
4, =05 = V(1+7)
VT OV(D) = {ael" £tx)z0 #i or ;)0 ¥ <=?[7€56-](«)=o Vijs
=/ (13)

o see V(INT)=V(IT), nete TNI>IT=(INT)'=/1T=4InT. 0O
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BOMAS = Wy Aitsert caved?

Ths (5 a continuetion of 2 bonus %am Lecture 5. Mallctellon-
k2 weS au M)c/&‘ag peslt  wm Zq//m?oey ? Hhet o
Lvevieat ﬂeo? W how M'Jw.rs fé Main  Vresulrt flwc- /f/{ [
be o mee” j}’byy /zyz‘/;l on 2 vector JoRce U é Gnenr Lrnstormtios.

_anwéwﬂ‘ Uﬁm/’é-' U s t space of 0/0/%0;6#?0%; aéj;/ee, Y
/Ognom/al: v vaviakles X ; (50 Hhet ol V= 1) ). bor ([ we
e SLUIC), He o of D12 ey s oot = 7, Hot
acts on V é Cnear chenges of 4o vern bl

The 4/3&//@ of imaneats CLU] iy j/’eo/eo,/ 3 s ﬂé/‘/fyﬁ
ﬂm/? A:mo;weow nrators Mol 61/@? wmime k. ollectson of

jwﬂafo/'f ﬂ//t.r SRut /ﬂ/MAV 0/ eloment's @rem:e)

A—X&M/)é: 74; ﬁs,Z/ V= [6{)(2-1- Z/X +(jz§. /\/z Can /VV{IM an
elomsnt of U a5 a matnx ;:’)/{4«,;65{(@') acts %L
9(;5)::2[?{)57- 7ZL ﬂé&éﬂc o/ /m/a//anf)‘ /fj&tu:e/ffo/? 2
S/)"J/é 0/7)’& Z/Op'gmommj Qc—é‘/ﬁ dieemmait -ov fgj‘en‘lf/% e

oly scuiminod.,
&Myﬁ* . /W #z3 we stll heve a Smj& jaa/a]folr ~elsy Hlo oiserimmant.

4/10/ SRS N j/ow:, {A 5/'{L(dloh {&COM /Hore Mﬂ/ #ore Cﬂi/mg'cax‘i‘eo/
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A jeam,é , very G 15 known about /omgyeneoa: je/w/dorf.
Wik s Ko, ﬂ%ﬂr 4%&1‘/ is Hheir st of comhon 2ne. 7Z /o%l«//}lj_
Heovem 15 o consequncs of 2 muh move gouvel vesult due ©
Hlbat. Mt 4ot ausy /E[/ Aé(wz}ﬂo}(f a2 4 /Okoaé,y/ o/ 4 Unear
factos,
_dﬂeoiem-' Foy / e ! / 7 Jpect o /o/my a/ej /] /oﬁ/fa/m% ¢ )4(7)
[ FAE:

-/ ley mte common st of zepes of /ﬂ/‘?l)ﬁicﬂw«f jmu/ufors

of Clul®
’ 7/ /&5 R ineor /wfoy &/ mw%/aﬁm} 7":21-

Nite Hot 74;/ 123 we Fever th zero thous a/ 4, o&;vm’/zf/mwl[_

Tle conwed rest of Hithat wes wey theed of //y bt Dersm G fom
J 7UF
a 61t A Hrst /JC/J on whe /@@ y//fa’vfeo/ Hy resbt of
Hlhet wes Dand Mumford who weo a smilar constration %o
pa/wﬂfm&e x,%p/ém,ic curves Ma/ 42%/ %yﬂlm cometye Oi{/évfs
e 60 ~W//V4 /Voq(jhl him @ Fredos /%w//



