,@/M’{S&Ifﬂﬁans 0}/ ﬂ//jeé}’aic jmalogf //le afjeéms} I
éﬂ ,gfczef of bits of /4[355/&4,'(; jeamp/i?;

4) 4%55/&’(: f/ﬂu/ﬂs

Mopliticedions in Sec. 1.3 o 47/%
g) Let [ be an a/jaérax'c% chsed Aol
—/De/z'mf/oﬂ ‘e 50741 an embedited 4//5“ l/a//.%‘], We mean A subset
0/ Ity some n) 0/24”&0( ﬁ, /ax%ﬂa/ﬂ/ﬂj ffc{a/f/orz)’.
- Led J(CZF}: Y™ o emboolted affme vaveties /wpf
#: X — is called /ﬂﬁlmﬂﬁd (ata. & mapphism) f
/'/1; 2 /{g:f//vz‘/o/; a/ a M/}a [F g F " j/z/m éy /ﬂegﬁoﬂ/ds_
o The %Jm a/ /oogw/mz,z Sonctoons [FIXT consists of

/a omial M&m X —F w arual 2ololitron wnd J//oﬂft/ﬁﬁczzﬁaﬁ

17) 74(/7%/0”5.

Facts: i) The set Iﬂ()=//éf/;g,..x,,]///x=af ‘s aM
jdfead n /:/;g X, ] (T)=VT()) The assionment X+ T(x)
guves a/y'eoz"/oh betiven embedied abme. vvieties in [F” and
nedicel ivleads of [Fly,. x,3 (Woblstellensats). Moveaver FIX]
25 [y, /T, Ts « %eré generadtea /F-%M;m w. 2
o&’;fmjwsn/w/ collection of jwf/a/forsr x+ 1) c=f. .0 Moreover
the ﬂ.{f{’/é/z. Flx7) (’wfzzm'm No  [(Monzew ) %afeﬂ‘ elements,

i) Lot 7ﬂs)(—ﬁ}’ be a /m/;o//sm Mq/ A 74{-.7{6&—/;;,...,*’,,]
O/f. 5(4% 'tf/a;f (7D=[7f7€ )/X M jﬂ/z{ A /oMomw/'m//Jm
x. — 0 a/_s s o A+
‘ﬂﬁp Flyl —FIx], g6 g0 T snds g+ 107) 2o 1)



i1 m T 4552’9/4/%%1‘ @ > ip* a/e’%nes 2 oyeoz’/on between

mopphsms K =Y and 41705/4 homomopphims [F[71 — [F/x]
Moreover, this 45signment s functoriad: (¢, )x: Zafmdéf or p: N Y
% S 2 fove [;I/f)*= 50*;0*

i) allows us 4o tade about Whstract ! affme veretes, A 779#
cor/z;}wm/ Zo /,} jem/az‘w/ F "a/éz;é{m; w/o W ;;ofwz‘ eloment's
7Z3 cha a/ j’wc/d/‘@/ff 5'0/%':5/90/7@4 Z[o an M/f/a/m ﬂ/ /{/ /M‘ZD
some [F" bt we vew N /}’//4}’06[/’{/(/6 of an elﬂ/ej

6(//;4 . 77&
Nt ion 0/ A /Mo;y//;m S{/KZ IR LS SENSE. N Z%S Sf/lé/ng.

//fl’e e ZZ wo //j&/{u/ cons ZZ/Z/VZZ/MJ .

() Lel X be an afline variet X/éﬂ'-[)(] Then )7@ =lxeX[fx)#af
(s an 4//#1& Va//wé} W, F[&]=F/)’(][/-']

(it) /d /{/,7 be d//}/rﬁ m//zyf/es, 7701 /{/X}/ /s ﬂ,&o an 4}%}7&
me‘Z, 1% ZF[U@F”‘Y}’] =[xy ], [ng,VX,;/)-'=/A’)Uq§;Z

)Pel’i’l: Su .‘!5’1’765 A 47%}7(; VW/VZ} X 0/(7//}%0/ ? /Oﬂ'gﬂamm/
ff(m}f/oﬁs are éﬂ/ZZeo/ ,gansti &Zo;eo/ ) z‘ﬂ/edz e Zna/feo/ &/w‘eo/
Subseds in a fr?oa/ajj/ , f/a Zaristi Z‘Woxéj?/. A sudset o X
is called Zarsei Gpen £ s co/x;o/émaﬂ‘ (s Zorsel closed
Mbte Yot a ZW/S/CI' dbseo/ SUKJM{, sey, }// of X i Qf“’i” an
o fme Vme/‘f} (s /mg /éu‘{ For Qe sub varicties) The homomor-

/o//sm (% k] — FlrT comesp bo (i Vs X is sufective.
o J
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1) 4{@&@’@(_ j/w/{/s_

11) Defmtion fexanples.

[0/75/0/0 ‘LZZL (//ﬂu/a f /,, /f ) of 2l ﬁm/{/aa/e/dﬁ N3 h - mathicey
w cofbdeats in I f}uizfa,&n{§7 L Vi an n-dml vector gpace
wver [F, Hea Moww& a besis in V we /'oéér’f/zg, GLV) w (20F)

Note that (7 (F) = [Ae Mk, (F)] et (A) 205 S (4 (F)
i an athe Va//%d‘l w. FLG4 (F)]= 0-'[4/{}-][(/%”]/ wihese ’{?/3
c;(/':g_,, n, are melix coefficients See () in Sec. (

Defintion: 5;7 a1 a@%mic grodp we Mean & Su;fjfa/m of some
Gl (F) Hhatt is Zarsel clysed ) € grven {} /a»gmamm/ epuations.

E)(Mfis 0/ 4 jeg}’&ic_ jl’ac{/ﬂs .
D ¢ 0F)
1) S, (F)-{Ac (LF)|det (A)=1F, 2 cmpt lypomel. epeetin
yé prlpomet o
72/5 /s ‘L%a j’/dedﬂ[ //Mca/ j’”‘f”
2) Assume. char F#2 SA O,(F) = { Ae [ (F)| A47= T ¢
More coneptually, 6t B be a non- desenerate symmetrc form
s J J
on a Mfﬁfof _?mcp, V 0/ Mm =/ /&ZZ —f/e;c 75/714; /Me Ry
0/22/0/70/”7&/ /@5/5 So ff(ue S fo aé‘]%rmce o/cy‘fh/zeﬂ ‘L%m)
7707 we cCen cow/aér 0/@49)'7?6 ['//V)/ ggq)jv)w?/@v) ‘b/zgvel/}
A thoice of an 0}’1‘40/10/'#//-[ basis 76# B isertifes [ Ve ) w 52/ F)
The Foup G (F) (o0 OWP) 15 called % wz//oa?md roup.
Note Hhat it W) =21 #r AcQ(F). Set SQ(F):=



={Ael OF)|det 4=13. Ths is alss an /&{7%/4«41 104, Yhe

_}OEQM WZ‘/QJMJ 1o,
3) 5&/}71(@/%, 76/7 a //aﬂ—ﬂéjmcmﬂfe Skew- fjfiwf/f}’/c ;g///lf

o on z fwte dimensional vector sprce V ( f/w, Mz‘wm,f/'cw%,

dom V' is Lven) we can Sim bart, consicter e J(/my:ém‘/c j/”‘f

S/D[Zw):/(/é KZ/V)/ w‘[ju/jv):w/@v) #qyéV}_ One can fomd

2 basis y,.,y, €V st 4ol v ) =1 A;-+;Mf,,w/£z/e we have 2 %"

& (s, Lok T be f/e matrin a/ D -L%J basis:

- ( 00) so thit Sp ()= {4 (F)] A794-3F 5, (F)

The jrm/os 7% é;’em/afés 7-3 gve ca,ﬂeo/ 0455/:4[ 7745( ave
exz‘/em% gw/zoorz‘an%.

%) T Sugi’aa/os of @W-ﬁ/dew,{(:"'ﬁ)i s - ni
) Z[}’/Mju/ar) [(0’;‘) f and a//ajm«/ , fa/za;_[g4,_,,e,,)} matrices
(L (F) are ﬂ{f.ﬂ/émjc.

S) The mulbipticatue 7o F= ¢ (F) ofter tnted ¢ G, and
bl adlibe grop F=(a7)T€ CLF) ofter toncted 85 G, are

ﬂjjt’/g}’&ic.
: -Z;/ 6, , KZ e ﬂ/jeyg/m{c j/ou/og, 'Lz»ém o s Dhesr /)’adé«u[

1

(it (2, (F)X (1, (F) enbeds into (4, (F) as e subronp
of Hloce- pé'ajone,[ matyices)
9]



A.Dem: /éfe {/a/f CVer;, %dmja j//ﬂa/o i our Sense, C: Ls
Zayiser cosed i an d/%ﬂc VW/f/'g-,, [)Z,, (f)/ /eme /5 an 4///’»7,:
t/m%‘} (el Moreaver, pote. that the mulliplicd ion Hap
62;7 [[F)X CZ, /F) — 474 /F) o 'fé version /ﬂ?o

K/,, /F) i [Z,, [f) ave.  gven £ /)pé/fo/wa,/s /n flc /m/fr/x
Coetticeent's / Ma/ also g/af - JZ Z‘la {a:fée/») So are mg%W;
Tt Hllows Hat (. )

x) [)/S a9 A//Mc ves g2 4 o m %ﬁ'@;ﬁo}y (’x[—ac
K o invers Lon, § — 4 /%705 are /1//0//'0/ ISMS.

e can take (%) fov 4 (move com%aﬁm/z ) 0/1974/7/'//0ﬂ of e
ﬁ/%et{/’m'c j;’aa/a , /ou/euer we jyf —flg Samq o%gy{ ¥ Gm? g
5/%/7/‘/5(7;//7} (%) embeds as a Zanski closed Juo:j/aa/ into
some” (L (F) (see,eq. Thn § &n 5315 of Jovl).

/@/M-' [X ) /s /OWW % 'f[e a/f'/%m‘f/w o/ a e j}’aa/o ﬂfﬁoﬂzcg
CZmanifollds HYere  wt) affine ﬂéye{mx‘c vaneties). e
can shon Lhat eyeg 4/35 braic rogp (s smpdh as 2 VW/%‘J/
(try 4o prove f/zr /'/ you Khow whet  “smoth  means - use
Z‘Z:‘ He action of Ye [ mrmcfy) M%omo;o Hism roup o [ is
fl’m:rbl/e)_ V3 /o//oa/; Yt S [F- C, an Wmic jIW/ Vg
2 Complex [Mﬂa%flc ) Lie Jros

12) %/770/%070//5/%5 gf /’;waw Yations

Qﬂe//mzzmh.‘ /P/‘f 5 A/ be ﬂ,{?f/gﬂu'c j/oa/os.
5l



B, an (Laebraic avoup) fomommphm [ —>H we meay 2
g @ (Lyeuic grop) Jommsy
jmu/o /omwm/y//m —//Mf /s also a /W;x/zfm o/ vesjetbes.

Lt Vb 2 Amte dmensional prce. /% P I represen-
{azl/on 0/ 4) m YV we meay on %%/Mc j}’aa/o /oMoMa//O//fM
0 — (L) (welt etaboocte on h/,% Yational * tarter)

v oo A/aro/:, a 1tionel vepresen tation of § 15 ome with
ety ix me//?a‘&:tzj in ﬂ'—[ A

Exam//e 7: () 7Z¢jmu/os fé/fz S /F), Q/AE’]/ ;0,7 (F)
ﬂq /s even In ‘LG/ﬁ {ksf CaSc) are em{eo/o/to/ zlﬂza CZ, (ﬂ:)) che
Conme. h//f/ & 1ationl /?Wesm taton in V= f ” ca,ZZea/ z‘auzzo/?j/ca/ )
i) If Vis 2 ratonal vegresentaton of (7, 4l so ase
VX ond b qusd /aof/enz‘ /(70Veyen‘fa/z[/0ﬂ; o I/ Ths js
Gt as an ~look at myix coetficients
u ) _7}‘” /V W ate pational /\?ore:wvfm‘/ms a/ f) Llon 50 ave
VW g Vel

EXWM/ZL Z: 50(/9/0056 O/M [7070. In 1-%5 Case Z‘/¢ Map x> xl is an
Mfom?a//w of I (He Frobenias Mz‘am/pﬂ//w]. 7he map
e (0, (F) = L, (F),(ag) 5(ay) is Losefore an elyebraic grogy
40}%0}%07//5”7- Jts an aul‘omo;/'ﬂ/o’m o w abstract prop bul not
o an ﬂ«%e(}m'c froup (/nl/ 1t 15 1t & polypomiat)
Mo G4 [l (F) be defmed & polypomats witd

Caq/;ga'wfs e AIL: (en o Mo/f(/usf m F) Ths is ‘f[a case in Ex
6]



7-9 o/ Sec 11 . 7Z,, Fr restrcts 4 f/‘#faé ﬂ‘;[njj we Aw/e
/[@}:p > f(ag-p)w Gc XeoxP is id on /}f) so we ge Ze
%&t{/’m‘c f/’aa/o /[;’0%%;/5 40/1'/0/170/‘///5/17 fr: f - 6’ , an abstract

j/aa,a Mfamoy//sm, Vs /@5 & very z'm/uayz‘mi solb in Y fﬂa%/
of sutional /’;ﬂ}@feﬂflzf/ans of {

Fen (on {emina/fng) . for he group (= (2, (F), sepreseatedion is
vatneld ” means - matri coetlicients are /oaagnanf/a/é w e matrix

entres, X5 £ olet” Dne also consiolers ;”OD?/W%/M ’ fepresen-

etions — Bhose, were matric coeflicients wve /mémow/d; J'a;z‘ o
K5 for exemptl, Yo fuédoﬁzwf teptesentaition, Es Lensor powers

ete. are foﬁno/wal) L%/Q /7.[5 a&«aﬁ /S //o%z /Jaémw/a/.

73) zg/'da. /m'o-furg & conne s,

A 4 /awz‘ of e je/reral /'aéoz’oj , we care abput e
strudure anol representartion theor, of mpls déf//fu’c props
£ their reloties [ Semisple’ & veductve”) g,

:DE/MIZZIOI).‘ A» m{i,o/émic jraa/y A simpte i it i comected
(in 'f/e Zps05k] ﬁ}oa /ojj) K 2l normal dfpﬁrmb Saéirm/_c o/
5 are jgmz(c, We also /’e;m're 5 /S not commutatyve.

for exenple, SL,(F), nrz, SO, (F), =3 or 25 (S0 is
:/Se/)//}’/m/é ’ /wf not S/ﬂ%ffe), 5/702,, [F)/ N7, are X/A}Oé, In a /1/%

Here ane Jhsf Five more examples, He fxaff/omcf s A
£ E;, é} Werl discuss more an that Ceter

3‘]



5me6_ d/%oéra,gc j}’gq/pj ﬂ/” Zhe post M/oorfm{ eined a/ SJ/Wmfy
in Methematics. 7Zedcz are 2lso e most centrad aé'eo‘/ e /%oresm—
Fation fn/eo? —wil 2 Fou ex%oz‘/o/u con "/””"’IO’L the ntlo e very-
{/mj consiglered in @f/emfm‘/an 1%0? /s reloted £ simpts
A,%&él’aj ¢ j}’ﬂu/ﬂs 01 o Way b another oy 5\’@/14/4, S appears
ch at least Lhiee Weys wha we sfuo§ SE & its represeatations,

Che manifestartion of Yhis central wbo is a comection £
ffmzﬁi simple Fops. let § be a smpl aloebraic groep over
[F= U'; As in E)(am/o& 7 in Section f/) [ embeo/s nto Some
(¢ (F) as a Subpoup depmeo § /oémfml epuations W e Peients
n ﬂ; 50/ é é}a/q/aé 4 0/ Section 7.,2/ /«/afd Ao frobenius
6170/0}140794//%/ Fri C—C Fee k27 awd s P:= frc Lef
[qjc (2, (IF. )@{e £l fred /ozhf 0P Nite that
G E)P=[P ats entyy-sase]= Q) (E). T particatsy (s
ﬁmzze_jm«/a, cg. Ar (- S (F) et RE 54/#;)

These grogs we 2most smpls” ~we cen /raod(ce it )7;706_
§roaps w? of Lo, Ths constmton can be je/fgm//zw/ —one
can @éﬁz Fr* w s //Z/h//ftzfo/ versions” —we 'l mention ‘f//:
lder in He cowse. Ao whs mentioned in Lec /} ot Fmte

5’//7;0/?: jlfou/as are /ﬁ)/ﬂodwlo/ n 'f//: u/ag.



