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/esze seatations of %%m'c g0 & Lie 4/{7%/4:} v
1) Bepresentations 0/5{[#—), char [F>2.
2) /Q;orese/,fa/f/om of S (F ) Mor F>2.
3) ﬁwﬁ/emwz%,

7.0) 1636070-' Led [F be an L{f%fm’c% choseo] Hel! of &/ar=/072.
Set gyaeé/[ﬂl) Wene seen in Sec 3 of Lec I Ehat He eLements
€ f / p_// 465 Z//ﬂ) we contnd. Wewe also classited Ao \47-/‘//50;
Where these clements act f, x=

[490)

(¢91)

(0,4, 0), a#0

Qar jon/ m hs /waf 5 ta exp lain fow e e contel

eloments anse and also Gplain, a/é( 1ts subicient 4o %sy/ﬁ,
e /}VQS comespan D/MJ/ ‘o Hhe ‘fkl/’nfef 2bove ~é, Zhe comptemeat
Section ¢n Lec S, We? Z’Z’"‘fé can eccar:

7.7) bostyictes! /OZ% /ﬂawer /ﬂ?

Ths is an additioned  strudure of Lie dj{,ﬁm: o ﬂ«ery{l’Mc jmf/n:
w p/a/wfgmz‘/a /o Z&f 4’ c (/,, /F } 'y ﬂ»{f«mfl’uc jrwf

7240;%4 < o) geal (F) (=Mt (F) is closed undow X+5xF We witl use
Ty 2
'é& ntatipon X tr1 /Zw X f m T 4/')’ Con fe;(f_

2) Led P —H be an ijt{}’u’c (/Waa/o /zJMoﬁfo?y//fm) and 7-"7;77:



\7 — 5 —L//L /’m&x/ Zc’e 4%%1/@_ /momoy/z:m. 77&4 ?pﬂ(#']/:? [x)_[”J

Wote that Z } Séows ‘L%e/é XX is pecovereod 740/»; 4 ('1‘3&6}
and 1t Bom an embedmy. (< (4, (F)

+ Chece 1) for q=8L(F) So,(F) b, (F)

Eem : 771'5 {/epym (s /oayaﬂe/ ‘o 7Zm cn Sec 7 a/ Lec 6. 7Zc ﬁ}’oo/
(s Mo/’a.% simitar : we “ecover” Xi>xF: g9 Hon e (7’9-‘ G —=¢.
Ths Iequres e {wyaa ge 7 Jm{/m of /oinfs over rncated /00§}70/tf/4/
/’/l(fjs , Jee 10 Com/bé/umf section and compare ‘o the cou}oémaﬂf <
Lec £ A kfy Cam/ou—fa/'f/on i Hat }%,, a cuie 0/ e jgﬁa (/[{)=
7+ ’f@-}-‘f} in (Z”/[) we howe J(Z)P= /-l“f’pf& £ (For Zwo
Co/umu'f/n} elements d F i MOZ associate [F- -zéyégfa we fave
(lp) =l fep? (1)

5@2}%/& 7€0V ,\ﬂ]ﬂQé[F)’ we Aw/a tfqﬂc]ﬂ;)h@ /@J=4

72) Tle /-cwz‘ml map 9 —> Z/{y)_

Led 9 be 1//1, Lie dz%«%ﬂ( o/ an a,%bémjc JVJé}o ( fos xeor
Can CDﬂS/OZB" X'oé Z//j) /(.3/ o/yree,/) X Xfpjé?]CZ/@). So we fave
0\/7770 (:XHXP—X[fJ.'g[ —95/@).

To State one of s /rgaaf/e s, we need 2 generek constrution (over
2]



any ) Becadl (LecF Sec13) e a ‘/b/nll /’77656141‘4;6/014 Ad: G— ff@).'
’(“/{f):’;%n W,Zwe, dg:g/f—ajglg-’_-[‘—a (, 4(7}’01,(/0 a,az‘omaﬁ//r/u‘ 7;0/ a
jrw /omo/ﬂo//y//fm (s @ //ic a,/jd}’a /ouohaf/ls‘m} _Sec Z a/ Zc"c 6.
o 40/@) is o it ﬂ/j(ygm auz‘amay//:m.
/47 Z/‘e L%%Va 40%%7079)/5/» g — g gxzzeﬁo/g 7,4, an asSots-
abve a/j(,{ya_ /omo/no¢n//fm Z//j) —95/{7 ).
So we ja,‘ e adjomt actons of § % Lie m(fjdﬂz, aaz[omr/a/um

on 9 and é associative %Mr« MZZOMDI/'O/}J'/”S on Z/{j)

N we gelt bace % dzzrf=/o72.
Theovem : 1) L&) & contrad ¥ xegy.
2) (lex) =kl () -//aeﬂ;— X&0].
2) C(XU)c K[XHZKJ)’ -Vx,},eg.
4) Th map L s (Fequivarnt : (/AX@)X%%@)(&),@@C)’ xel.

EX‘ZM/Ué: /3/’ ﬂ’gé, 46{4/& [/6)=ef t[A):/p.A} é(f)s/_’/’

/01’007[ 0/ Theorem: W & prove 7) in oleteil.
(Caim: Led A be an associative Fﬂljo&m. For )(614/ we wwrte
adly) Fow e Onear o/ye/a/‘far ZH&#]:J—%J. Tlen X?’JK’:&/A«)&/.

foof of claim: Lef s Ke%gdefazfars 4k, g YK
A —=A Niote that Zr[; commuate K aa//)(}=zx'€. So

wl ()= (48 )= L(1)]= L{-RL= Lo~ Bw = ad(x?) D of clhin
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Waw we je/f bace to paz 7). /4//%, Woim 2o A= Z/[ff)
X y€apc Uloy) ~ Z}f;] = ao/&jgl,. Nite “hait all gperations
in e /y/'é hen! Sike. ¢ . Now 2z Lain 2o A= Mot ()
(used to cetme ;(4”3)/},/75 [A’["’fjjwo/&)/)oa, - So [k~ x‘%’lﬂ

= ao/&);q—ao/&)/’; -0 #Uyég, Hence (&) =xC-x s contral.

3) is smiler in s/)‘mf 6Lt /WJ hosder (see Lec 4433) :7@} X Jé‘/{
(Xg)g)(/) —(_7/9 /s & “universal’ (ndependent of choices of Ay )
Lie /UD?IMMM.Z (= Explession in bpackeZs) in ¥ 0«/

2) and 4) ave mqu wnd BFE s : juj

7.3) /omp/a‘/m of classitication
Lets g,r//a,in Jow fn/c z//fpyem 4&/& S %:rz§/? fn/a vetlucib b
//q/e;enfmf/am 0/ 9. Fre ey imeducbte g-/\?orese;;{dmnle//y)—ma/% )
V. E’/’ ng, bt Jlff&) /Mo’fc {/l/f scelor a/ fle acton 0/ z% centnl.
element ((x)E Z/@) on i/ to be called {A/Qnﬁ/a/ character of V
Mo wntl also nesd 2 Bzsic ool 4o /a/oaia Hes represenCations

74’0/44 exm_‘m ones. /L;V E 5 /(/74}7: A representation vd 0/ RS /oﬁow&'
Y J 7 v
z/ﬂ acts on V vie a /oﬂmmo/;u//m Fﬂ—aﬂ[fﬁ, ‘f@ 7 acts oy V¢

Via Foﬂo( g) 51 %) of ﬂeorem, we have (. ):
"J(I/OJO(Q):J(VJ' (’*)
We write ﬂ*m 741/ ’L[/C set 0//7{/”ﬂ(/0’75 Xﬂ ‘_’J’— 5ﬂ4(/f7§/lg,

J/Xr(j)’fﬂ\’)ffg), L(ax) =22 Nx) #{Jeg, velF Tk % (z) £ 2) 07[
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Thm, and the fact that X, is o Onear faniton on He center we have
K€ q* O a-imeps V.
Kemare: ﬂe(jm«/o ( acts o g*(’)gyj.]: =X Adllg), Thi 2o (3)
itrs enoaj/ 4o &/asyfg, z}%?os 75» (/}Asf one J/y per wbit- Viri?
pes a {/]eﬁf/on betoseen (rreps /Dcenz‘}’e,/ Chavacters N auo ,}’ﬂ%//i )

The next exercse descowbes e (-action on j«@)_. (s %essen-
1{/% * e a Afamz‘ actton on L&
. ) Show that [ACJ).'=£6(J> detnes a (invasent non-
degenerate %ﬁ}myfm Form on g
Z) Show f/uf 7ér )(éj*m _—:(/ %(eﬂ st f&)f‘f)’@( b)) ‘%(eg)
(/w{e;'c Flf/?j o= (CK,:O%)_ 7Zc /Mﬂ}o XI—?ZX (s [‘CfuiVW/zzn‘f:
BE Aa[g") > Frp)z, Frg)."

E){mnfﬁ: X=(000) (991) (22,0) hawe 2,20 /ooof), /f/‘_fyz).

These R s are exact /ﬁa/efenfaf/ves of all Cordds Va co(/y’tgay,
lrsses ) oy by The TWE Lheovem. Ths z(fjm‘ﬁer wit) e
remare /@4/4: Exercise %ms/c: o clessificaton of Hnte

domensioned. ivveduci 4 /\;o/eseﬂfg;é ons of q.

/) EelvreSenfa;fzem of 5/2 /ﬂ:) w. &/w/ F=2
Ly tase is Yo clessife He imeduible. rationed //\;dfese/n‘;a‘/ons.

The Ml)rs ae sbll Hee it jenmxg, ave fo /?Wjer irreducibty.
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Examptls : M/[)agpm [xfxi",..., ) (s
7 Fer g
< for L<p, [rreoucibfy over o [Sec. 3 of Lec 9) and 50 sine
a/&r;, 42)1/!}'6/. /s alsa ﬂ'-ng}’?’ over (.
M{o) is not (eduable : S/OM”__[X,/)JP) s 2 submoduts. -
G.J. for g’(?j), fave j.lcp= [QX+CJ)P=6?P)(’D+ C';eféﬁ}ml_-[x,ﬂj”).
T fact, most' of Mi)s w lgp are net [0%0/1’/{0? yeduci 64 .

Now we /0)’051('46& move Crreducible ayf&z‘s. for £his we noosl £l
///'}oém'us twist § construction

:Deft‘n/f)on: Z&’f V /c [ /a,z%mz[ /’?olesenfmflon 07/ fﬂno/ \0: C —’C[fV} l{t‘i
Yhe corvespondims omomorohism. The Frobenius twnst V' s o reovesentatoo
pondy domanag Vi the rprcentado

Cﬂ/’/’{sﬁom/ﬂgP Zo F"ﬁ” [ —4 EZ[V), W[wc, /&RIZZ, Fr Caj)=(cP AP ), (5
the Frobenius /omomo;f//sm ( Lx 2in Sec 12 of Lec 5),

E{mfo b 5/0%__ (xf (7'0) ~ M)
ﬁgsm/afzon: Fr s an ab5tract Jﬁ/a}o /Jomo¢//yM, sol/ m/’; ///’co/ua'ﬁﬁ = V (s.

ﬁo/osff/fm c I Vs wreduable, Ben HG)OV T is iveducible # ZG{Q.YD—;}
B’OD/.‘ /Vof—c ’Lé/tvf ﬂ ans Oh Vmg 0 /74—);* =0)_ So an ﬂﬂ‘ugfe//esm_
Zation 07[ M) v’ /s o/ ZZ/c }érm M)BY' £ a Sugfwzce yic
Moo that ¢ (HOV")= M"‘)@jV.’ Se MBYis [“stabl e Ve
is [-stable.  Smce V [hence VL) is ipreducibte, we ave dome. 1
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72/’5 j/ves 15 o Z‘»é %Mn} ZnA(if/Vc cm;fma'f/on. for K 70, we
wnte For g K‘?aeaiffo/ K times.

[m%&g (Steinbey, Lensr prodact Yheom) for 5], dy <p-1 He
pepresentation M(},)8 M(),) .. M(), Y7 b5 ivveduciéts.

In 741@{/ wc'fé See f/cvé 'é/ ese /}foa{oZes WE /a,frwzsa HNoN- /50/1407//0
and ethaust all il/’tw/zci/é 12 tional /%/ejwz‘n,ﬁahs of 512 (FF)

3) [amf/emmfs-' Canc%faﬂl o/fscr?'of/on 0/ X fo’fj
77)5 /ﬂll& /?Omo/s on ’f/c Ca/t}o&m‘f fo /epzzurg 6'

* Ve /o(/ﬁzs o/ /Z -'=f[£]/[£‘)-’ 60115/'/6# Z(/cji’ﬂu/o (Z{) (see Hhe
CDWMenf bo Lec 6). Lt 4/40”) be Ue remel of C&{of,)"’c
& @//}ﬂ) be the temel of 5/40,,) —> (14,), e Gtter is
identifed w. q. (onsider He #ey J/—aj/’: G(A,.) ——’f//{o,, ).
Lg(zzgno/)n} He Computation i Lemare of  Section 1 7, we See
Yot s tag restndts % (;[4/%) —96/,76%,) and moreover,
/kﬁfars z%mj/ - {;(40” )/(z [4,,,,) — f/o (A, ) Theorem ¢
Secton 1.1 follows.

e Via tweniant vector Pelis:  an ofservaton s et Ay a
CommuTatve &(/70!1@ A £ 2 derivetion F A —A, the Hap
SEA A fo A-FICT & Gt -invencal vector Selbi,




‘éAL /VI070 gHSF Z(a//ﬂj outt ‘fo Calhab/c w '[P? /L;r 'f/l: one
/ZZeﬂ/S 1‘0 /OVoVe, 'ézaf ﬁr K-’ f/,, /f) we Kecover fakﬂy zln/c /02//
powes i G4 )= M, (F) & then prove (2) of Thm



