Zec 10: /%/9/ a./é//éVQ_Y /ﬂf"a)f/ons &JVQO/IVgS
0) [ajm/oﬁflon 07[ 6/&55}/5@7&10}7 0/ SZ /”ng
7) #opf /ng(/g/as

0) Led F be an w%&é/ajc% closed fell Chor F72 § (> S,
/»Jzo/ar K = [Utz/)f C L’f[ be z‘é 72 /e&ehfa;f/on o/gm
ﬂ:: where /f” acts § t" In Sec yai 7/ Zecj h/e/ﬂ/oVeo/'f/a)f
M(n) = Tndy F, . In parf/oola/ Frobenius /ea/prouf implhcs

(1) //om [I/M(n) Homg[ ﬂ;) ¥ rtiond [‘V(% I/

Zasz‘ 'f/me we /60&4660/ ’fZL &/zzSSl/Cazflon 07/ flﬂ’e/p: ‘fo

aim: Homg, (M) 20 4 Lomep. V o mox. weisht n
7o prove this we need

Zemma ¥ rational Lrrep V& ey me :
K@ V i a 8- Juérgo/esen'fzuf{on
I[ /V;,,H mel{’m as a B-Kpreseatotion
Boof :
U, is stable moler (E2) So in 1) we need 4 shu, Het 1
is stalle Lmo(ey [(;40 } £, /;WZ [u,]f ats { J il on V<,.,/V<,,“
/Dclc 2 basis b, vel/ of Wels I vedtors w Wy s m,..m,. Let
' be. the dual basis of U ﬁrf We/ hts M. M,) ). We cloum hat
.,_[(’*) f”(u) =Cy. v, (u 4)€P[u] s Aomajweoas 0/ 0/5, (m-—m )/2
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0

/o fyovx: (%) observe thot gff,o )[Z 70) fé?’) = qu 4) #fefl(oﬁ)
L(EE So g
FHY) = <4, T ?) {ffa")l/J‘>= < c;fto")o/,-, (Zf)fﬁ‘”?
- £ g, (D)= €7 e )
In /a}'z‘/aofw, [ﬂ{/ m, = C, V_((Jf )=0]e= (1). And i =t om
10 Y 10
Hen C":‘j‘((“ 4)) ls Con;fanf,ﬂieamn} Yot all loments (1)
ot /e,oreswfeo/ & He Some gperator I Ve Ve, 1 hes 2o be

t ideatity (4 it is A u-0). o

Boof of (laim: Hom,.. (If M(n) =[(1)]= Homg (V' F) s0 it eﬂoaJ/
+o S'AOW 'f[e KAS. s #F0. fMpte ’ééa)f @, 1) of Lemme. , Vgn_)CVij
a B-subrep, so Homy (Y )<= Homy (V) V., I, ) = [ 2) of Lemme]-
Homy (E°" P E) #0. o
1) //op/ Mgeém_g
1.0) Introduction.

So fay, e Ve {&/{ a /Iuméelf 0/ /éu'ms w/o /}’oo/ :

A (Sec 2 of lec 2) Eve;a, affine L%Vé/’avic grayp 15 ZSomo//oA/'c
to an algebraic suégroup of (L, for some n.

B (PEW 77;’eorem) Sec 11 0/ lec 5): If x,.x, i a basic m q Lie

hgehre. g, Hon Ho ordered monomiels x*. 3 (d:30) fom o fasis
m Ulg)
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C (Answer 3 in Sec 2 of Lec S) I char =0, ( is an alsebraic
roup iredlucifle as a Vay}c;tg_)\cjslze[ﬁ,fém #ﬂ-fmear map
between Vetional (—/’905 is olso (= lnear, § g- subkepresentation
s akse o (-subkepresentastion

:D( 2) of Thm in Sec 11 o/ﬁ:a oa) Led 043/17’/)70,[0/6 an
MJ%MJC gre4p, o7 lie(G) § liﬂ—-?z{l/(g)) fc(fll/en o?} (6)x - x
Then C[x+g)=é[)<)+£{;) ¥ x)yeg.

This facts do mot loor reloted. However one can 4ot (oA Least)
partiad /}’Dof/j For alll of Fhem z{finé +two feoéni7ues

1) Hept alstbras § related o 5’{2%‘:

2) K)’Ro{/noes £ fithretions on vector Spaces

730/“9 we stest gur o scussion 0/ %// dgogms, These are
&SMMMIVE W//‘{&Z ﬂ«%//él‘as . Qo/aéf{/om«/ )’szafw’a %rc ave

£o /Ma/‘t/vaf/mdc Qdﬁsfloﬂs to comio/er f/t:m.

1) Alsebraic Jraups age ofine venedies w. additional (g¥04p)
strdture. A/DW docs f/z’s /e//eaf [n fZLir zz/;bgms of ﬂm:/flom %

) The /@Yeymfzzilom of (Hnite) groups, G £ of Le zz/j%ms, 7,
can fe tensored 4 A/ua/&%eo/ On ‘L‘A ather 4ano/, Lhose e e /y-

~VESenfRJfL/0WS of FC 4 U[g), assaeciative djufms. For associative
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&de/@ms, é/u’e Ve /o o/vem;é/ons 0/ -Eemol’mJ, z{ A/u%éi%)}tég /€7OVeSen-
totions. So G § Uey) showdd come w adolitioned  strudtures
thit enolle those operadtions,

1.1) Definitions

Led A be an (associatwe unital) [F —dgo@m. From the product
Ax A —A Eilinesy mep, e /DVMZucL a Unear Mep pM: A®A—A
/‘/(a@é)wz[. And f}’om 164 we /0}’00@6&4 Cinear Mz7o E: ﬂ*——%lf/
z Pz ﬁea/é} ot cen recover th produdt Hom p 8 1 flom €. e
oxioms of an &sSociative wnital /L/J{yg}’a /0 f//} /anjmje wre the
tleims thit 4o fﬂawinoq o(/zzjmm: are Commutative:

Ao Aeh —— Aok

A®/
io(@/lj/ |~ seaia// [ oz

19 ) —2— | FOA >/ <——A0F
,Z;[ we reverse all {Zc arew e jd to 'él& /WZZOWAQH}

Detintion 1: A (coumital coassoaative) Coafje/g/’a A over F s
& vector 90&6&/[ w. binear meps 4 A— Ao/ [COP/IMZ‘ADf)

A v A —[F (count) st thet 78 o&'a(ﬁmms obétamed from Hhe
above {) feversing 4o amows commute:

Ao /oA WAT@A

A®A
idos | LY PN

AR ) «—=— / FOA <= —=—> fOF




Mow note that if A i a fwnited assodetive) 4/505/@ thn A®A
/s so as well (w. maps pMBM & EGE)

_/D@‘?'yn{‘mn Z: /( 5/&%35}’@ 01/0&1_ I on @%{Jm /4 over [F
671//%/7&01 W 4 codgeﬁra struure (A,f) st A A= A8A &
% A—=F are (unitel) Mg&gf’ll 40/140}%07041»445.

Debmtion 3: A //o/y/ a[gaém 5 R 5;’%@&’4 fogafécr er/ an
ar)i’/poo&: Mop , an ﬁ/f/}’a ﬁomamwp‘:fm S: A= APA w o/o/ﬁonﬁ’
Mw&fipﬁim;tlon) e eing e /wflowing commugative :

Seid | soh

s A ABA A
/4/ z > [F £ > A
N,4@;4 WA@A//J

Femark: Let A be a /%p/ R,/gf/gl’q b4 0{ V be A-modules. We

con dibne theiv tensor /mfoa[uaf: UBY is an ABA -modile { we furn
2 o an A- modide via. & a. (ug )= Ala)(uev) = [4(a) - Za(‘;p a;}]
= Za;)u@aéz] v. Similerly, VT is an A- modide via <a.d,v>=

= <o() S)v> /I/c ﬂZSD 4{24/{. A oé's‘f/njmﬁeo/ ’f}’/'l//g,f ﬁeﬁrefwfa/floﬂi
A acks on F via 7 7ZL /’eswé‘émoc tensor /ﬂ)’oaéwf 07[ /Mgﬂ/u//ej 4as
mony, (but not oll) femibiar /p/o/;ert/es, e.g. e natured nap
(Uev)el <= Yo (Vo) i A-lnear (from COstoaM/sz‘J). But

Ul = /euU (uev > reu) mud,l Al ‘o be A-Onear [this

woudo! reguire “Cocommutat wffé/ i 0/ 4).
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12) EXQYM})(&S.

1) LeA G be an affine &%ag/ojc gpoup . ant e, product mep
m: CxC— G K inversion map (. Thn A=FI(C] is a
/770/0/ Mg&é}’o_ W 4= MT Z—’E* [WAere We View &€ ps Q MO/;OﬁUm
pt — £) 4 S= ¢ The coassocatvity , countt g ﬂn‘él)owé axiom
foﬁow /)/om dSSO(/I-AZf/l/z{‘J , amf X [nverse axioms 7%r C’ For exam/o&,
e mverse axiom yeals m°(io(xc')oo/= Mo (c'x/'o/)oo/= e°/3, where
d: 0 —> (xC sendls g %o (3,5) Afp G —a/;f i th ongi map.
Passinz, 1 %WIoMoV;nﬁlsms bett ween czlg,&é/as o/ Amctions & ideti-
%M} FLC*CT w FICIOFLCT we jaf e.3.

d* (ide S)om*= /p*o e*
fote thet u=d™ . (Yot )ip)= {6l g9)-£ 5 G), & €= p*
So  we've éffzu%s/e/ one 44]/ 07[ flu anfi/poo(a axiom.

Kemare:  for aqu: ot i; & th 1-dmensionad FLGT- modute,
where fe FLGT acts /{& multipli cet ion /9 /(3) Then on /7';® k,
feFLCT acts by &)= fom I we wite fom as 54, 04, u
fyy fon€ FLCT, tlon He addion s by Z £ 0y, ()= £ (n(3, 4) -
=/§4)\ So l8F = L) Ifjé#éae,wc gt Lok #h6L

2) Inth some setting e odistribution ﬁ,/joﬂra DE) w. gpera-
tons p=my, £ =€y, D=dy, p= P, S= iy i a Hopf alyebrn The
check thet this s a /%/0/ Mg&ﬁm 5 Prottem 1 in HW1,
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2) A /M,a//&( exam/)& 7@, /ﬁmfc jrou/os G i z‘»{( (j?}’au/u x%&ém [F¢
Here A((fj")=3®g,, f[j)= %,e& S[J)‘-‘j-’ More (7ener%,/}[ //l/l, £,
4, S)is a /%/9/ w%{ygm 8 dim A<= hen [Afd*fj‘/uj‘ e 5%

7

/s a /L/o/a/ ﬂ.{j’aém) ( Y FGC=FlcT as Hopf a/j%m.

3) e g be o Lie ze[;&ém_ 7ZU; Ulsy) tzc?u/'m 2 /%/9/ a/f&g}’&
structure. Nomely defne A: o = U @Uly), X 1 x81+18x_ Thi
is & Ll a,faqe/gra AOMOMO’/OA)SM( : hint f/c 0/2& [r ﬁ/{ Seme as
Jov tensor /Jloo(uﬁf Veprestntadtions of 9 1n Sec 1.2 of Lecd) So
it extends +o an associafive a/g&ém homomonphism 4: Uleg) —
Ulo)® Ulep). F's coassaekve : indud 6oth 48id) °4 £ (id&a) 4
Ulo) — U(g)m are dgagm /o}uoIMo/yJAISMS so 1 eﬂoué»é to
Show that f/ed% Comcide. on 9, where both guve

Xt X®181+ 10 xX®1 + 1919X

Szm;’ﬁu/@, A/e//ne - 3]—71(-? X0, S‘ﬂ—a ’6((3)0’0, Xt -x &
extend 4o associative ﬂ{?&é}’a Ao/hoMor/DAISMS. Ten /d) Yz S) 67&/1)3
Ul) w. 2 //o/ayf ajg&ém structure. Wo note tht 4his defnition
ks glven Hed He o/vei’mf/om o Lensoring, pluw@i%in& Z—éazinag the
trivied representation for - £ Uley)-modutes agree.



