CS%» BRAD Gpoup AcTioNs & A PBW-TYPE BASIS

MotwaTtion: %oot ypcToRs via A BRAD GRouP AcT/oN

Recodl ot i Loonerdo’s Fireh doll, we sonw Hurt

& /M‘\' v QVJO""%&LPO\ o U %@V[Q[a—‘;(goo ba ) EO‘/ KE I
/UL’Z = I o : P Foc , e<e W,
MO: - G " ¢ (« 0 T K : /Utez q-s)
Mow | wellnd

THEOREM .21

(.3 7/{,'8’(}./{.«08’(‘/1:\-—3 /M’D (A‘®u,/®u3e4u‘q),u3
[CS lsoMDY@lAiSVW = UeCor s?c\c&s.

iL\ K/, j(:w‘ /AEZ.@ we o bosis -Pbr {l/to.

The  Subelodores Ut o U ove qpuomtum ouabogues of
U, UMD cUeD. We lave PBW Fheorems v

Wns) & U, Explicitly, UN®) g o bosis
(onsisthay & 0dtred monomiols (n the oot veders Ex, xe Bt
Tn the C(/uwﬁwq ge)H'tv\oo' o b B2 5, cxeTT’ but
we  donlt ?f)c Know  low 0 make Sense of Eu fir ce @

THEOREM  For oM oC6§+/ Hore |15 o ofomect
Eoie U; such that /l/t*- l/\OvS a | badic CoMS(S‘{‘fA«g

oF  ovdered wenowials (n Muse efomots.




Thie datoment  (eves b axistne o o ‘)aﬂv\ & Wontrivied,
(LS ‘H/UUQ s o Un&.Q;rQ/\')lvwb Lﬁ@ DL,QJé»cE\ro\ %/ ’I/U'.

Motivakion for how we will congheadr Hhese Eu empin
ot Prom he chrssicol ge&‘cima. For ony /36 @*) Here.
% e 1\ ond we\/\/ svdh that W&:fs, We Wedte

S 5,&,(@):0@ ‘PW WS S Veduced Qxemsg:m.
One Cm LMt each S«, 4o om W’Wr&l/lisl/\/\ é:LZ%%oB

17\6 é\;(xy = Q,)((E(odl e&)ex‘)(-aoﬁ -Poc.b\ QXP(ac& o)

Gl s

ConGrraction %:c —> e
%?) the Yo, Seq Ol > O o hr ¥ [
g“a aleo acrs om an CE- wedunle

T]/LQ/ é\;z OQD wot OVA‘\H, —Rrw\ o \NQJQ 8routP oction
(We, cQ/OV\'+ D&wavos Q/\owt [S\;?: l\ buk ‘HM%J do ‘wa\
m Efmtck %roup oction ;

Dbl o The bvaid %fou\\) asSo cioded v W
s e Arup %wwaJrcd f?‘J SiVV\PQZ reFlection s
S, (DCLGTVB but Wodulo O“\VQ*? the bra:d
ceokions | iF | &y RN ak o S e

J
or&w M un \/\/) Wwe tva;os,e ’H/\Q, V@Qﬁfctom

WA v WA derws . s

[Aﬂ& We, owty ) WLQD»JCNMS 5;';-./3_ P%@z&én WJ



A /’( Wil ﬂbtﬁ\\
& Two  redmeed %Q\f%siovxs *F).r we\/\) owe
redw

l?uj o Sequnce oF Broud elekions. So
£ owe DLCCQ,@‘\ Hat  Lhe [6\::; Sorh?—ﬂq e brad \(eﬂvﬂousl
we Can, for o weW, define W:=8x,. Sa,
where, W= S«, - S, s vedmeed
Then for any Fé@*‘, a woy to define the
Voot vedo 6{% € QA('V\*) [E “V Sek
Bﬁ: bile s - é\;gl‘“ %Var(e&ﬁ)
Where (F:»:Wo() <€V [ ond W= Sex = Sete | L8

vedmed 05 beSore .

With Mty v wind, we'll dolow Hiis otline
| W Oi/\,wvﬂ‘wvx Q@H‘m(a bj Construcking  a
\DV\M‘(A %rou? action  ow M Dvxcﬁ Oon ) 7[\045*&'
Aivmarst o o) /U-W\OOQMQ,%J Wwﬁo?mg + thae
o Sefmed above oo 63 We wifl The
use thie o debine _E(?, Br ol pe O



DEEMNING THE AcTion |(sh,)

L@Jc(s Shovt loU V‘@S—F’ C(;Hmﬁ oursefuec + —HAQ
CosC = < \UWN’\Q, E/ I:) edc.  wngteed of
Ex, Fa, e ad G=qx«. Mo Catinve 4o
A(LSLWSS Ov\,Q\j Poﬂiw\ /u’wtoco«%a@s \/ O‘p Tmoa 1

So \/:'f?lvm, where \/m’?\fe\/\ Kv= CLW‘Vz

& E 5 B
{DQ;DML E(\i %‘ig | 1:()'«@’33 %raﬁﬂreo.

(DQ/LMQQ ‘H’UL WW0¢EMISW w loF U witha
WENETF, | WEN=E, K| MNow
we  define Sove Lines oferors T/ T)/wT, T
Sudn At o ol meZ , vel,

T E PR E

Tou 4l - T YN

e e OL“C’V’E(Q\FME(C)\/

CA/‘D,C)/O
Tou 4y —Cc T YN

( — (lc. c
20N = 2 : (—\\"ct'“ e \EMF( 'y
o, bh,c20
Oc=lopC =2

L O s il -

O\/b,C),O
O—b+C= v



,\\/\JZ, QAJF&QM ‘\’\A)D ove  obtuined /PIOJ/V\ the
wivuur \w\) b\g +w‘&s+‘ww\\ bb Wl \We will seo
e - e e

Recall Ahe tevedmctble V= Lin,+) of higheet
W@ta\/& n % TU\% (Y ’l/tov(s@z)- Let

WG the action of Hese O@’U“AJVWS on /.
let vo he e \/Lia\wéjr V’?)E\A* vebor of V, ond

veoltl | vi=Fv) Bow d Besis Lo /| Wil
() - V €L (r\ - N4V -¢
F VL/ { C 3 \/(b'("/ E VL { - ] V(‘.'“(

(€ Q\/&:o'j f 3<O) 57»/\.

[\)ow \NQ)M C&L@b(/\r'\\o& jr\/\Q octson of
OV o@ﬁﬂz&orj \NSQW\S _\"/‘Q ‘F(;Q,Qowtno Frogﬁf"v)

of Gowssiom  bimomial, oefficiants.

L?J/‘/W\M/\ el e A re (Q/M?O( thain

T Lobm-a)t (& 1P [aHb
el e ]
(=0

KPf‘ooF',

Exevcine (No*‘f’/\ SY"\TQ (6 o 'wa\nlﬂiw (/omhiv\od\wv?eﬂ ic,Lev‘AHﬂ? (ﬁ cl/:i')
widl,
\O(wxovv\imQ
coadFe.




LU/VWV\M %2 For oll) L)
T(\/L\ = (’\\V\VL q/(m-:)(cel’\\/v\’t
T =] (20" a Ty,
ITNE (D gt v
PRy = ()" GL"‘(”H\ Va-:

Lomma B4 The opredees T, T°, ©T, ©T
WQJMZSU{}Q/; OV‘J ondn Pw\-aec‘w TWM i (I/tﬁ/(g’éz)’
Mo .

T B o)
(1) %[,_(‘:_ =
=

(2) Hr ol meZ, vel,,
g R G it B R A AL SN E R LA

Peook. Bv} Co»/v\ffﬁb{-e coducihefy , i suffices

P Comsider V= L(n,4). BLJ\%}NW? i cles by
lowma 8.3, We wm due () 4 (2) on +he
basie V) AHen Hese to Rlow Fom  Lowi 2.3,

Lemn €S| Ryl VY ok cdoe|d ve\/)
T(EW) = (-Fk) T BT =TT (-l ) )
T(CW) = (-kE)TH | FTO)=THEKD v)
Flieol = el T KR ()= T EiciD



Peosk cheerdn . | THs woua\/\ o doke V= L(M,-{—)/
ViEv] oy lcomu [0 | Lo g
T(Ev\ = (’FK\T(\/\

as Cxowvf.&, WiHA the reSJr LQ,QO\N[\/»{) gwsﬁw!@\].
T(E\/.v\: T([»AH-L] VL"W

=l ln-i+ ) [V\H—L] Vae :

e | BTl = Fl (- Os/(;mm-:\vm_i\
= (- CK/“H\(W” [W- i+ (] Viegy

= e = Faf7 T e
- (:16\(\ T(V) hes wight =21

onid So an, | Bl 4l et O



DEFEW NG THE ActioN  (zn GENERAL)

ek, v b A0 /u( p \bere
O\rb&m\m) Exdiend all bur &Q}wmg Ofélu
NIl wow) 2
ool ote XL : (GOt E:o(c,(\* Es FZW: E‘| Bl v 0.
[('1. (]
et Vobe o Fdim Usfop-nad. Diine our ogeretons
sudh ek £, o0 he A Vé\/,\)

T oh e T es ey
o, h,c 20

Towklg—c =W
(
- L ac-b — () e—(b) —(c)
2w = e e EF
o, bh,c20

To+lg—c =

( —ac — (& b) c
@Y OE: > (—k\“ctoc F;\E(Oc FC
ck o, bh,c20

o—b tc v

; Jac =1 (=) ¢ (6} (€]
wTj(VPZOH\"OtM ey

C—b+tc=wv ! B @"&)/7_)
B T N LA (Poclt %= ¢
Rocodl Mbeo%m %%(sﬁa—awc}\ deSoned
b\a EHE& FHFm) kaa{ C@mgzcﬁumﬁ V
U C((Sﬁz\vvmodm& Vie e m&u%
Wwe 0}5& T we defued e frer.




Tles Weon < e reeulds we Pmuul e adwﬁﬁ?
Dt Shoigly owey o give He reqults for T
Here  ove Yhe ?m@@x\n\d we ad: Evmww&.‘o&e(lvl.‘

o | Tl ond| T |ore bisac}c\re, with
M Verges wTo: ol il
« PN (W)= (—cbdr“f‘”m(vx
“ Yty = (=6 T Tl
o Tl VY = Ve (0ed e B “To, 2T, T2
W ﬂamw —\'lz\%; s o Lxescige.
o lewme 4.5 w pLres
T (B4 E (EL il Talpd [E Tuldd =T (- kBN
N [FM = (’ G Ee) Tty BT =T ((FE V).
+ 1% /Be‘\T with (at/dz)foj Hon By Comudes
with Bl ad 0 D el T (S
EﬁToc(V\fT&(EP\/\ o
FaTual) = Tu(Fpv) o (o5, p) =0



ReLaTiong For Tue Ta

Gotng Em.!é 4o ‘H/\Q chncsiok 04534 ’PW S
VV\DWLW\*/ el e W w«'\'cmw‘)'/l{_wvu (S\:c of -Pcdwm

%'WOJMQM amd  of 0{8 el Tloge SA‘?H
/5\:@()(\/\ — -

\A)@'A QWQ Simi\dor bohaviour Fom 0w T« L, owd

%r s \/uQ’Q,Q peed & bundh PP Bovwubes.

?QOPOSlT(oN ng %J&@Q bte/u, —H,We (- 64 UAW
w‘eu guch) A (Fr ol veV $ealt (£
TheCav) = & TV Tape L Uomds V)

The wep WOW o o awbrerphion oF U

o prove tha, B Wl o wehd Yo
hove  Ssrmobec Ao Ba Tucl) Tu(Epv) od

SpwllLarly e EF V‘QFM by 4/@.

PRoPos(TION Z.10 “ key (oMPUTATON "
leb <, BT, ri=-<B ">, For ol Pdim
W-wmodides \/ ond ol vel,
() Tu(Eav) = (od (EXVER) Tuc ).




Setking G=4, Wi, Correct éwam s yedumees o
o /PML&LN —B,./mvﬁ/b\ tor Scs

(Pfoog Sketcdn TLTS 4 a bij @Wpﬁmﬂnom ; but
\/\wa ore  +Hue ‘1607 Steps :
M %IW\AAQM\ (fﬂf\703 .
od (B \w;/g - ,Z( g e ’?p’EfZ),

g
Tb’& Loy \:fov\/\ -\"/‘e ‘Fm/«vvaﬁl ‘QM QJ(E:}\ we E
S (v l/ep\/\ﬁxrd,() Q@dﬂ/rf( USwWJ (,0 ‘ded E
The v comes o ()th) e =0 L(OCEF[C </30=

"9 B
o We o ue He cboe prove ot Fo-
tenen's M, 20,
pA(ES BRI
()« 3,0 1] o i 0

s

(d& ,_(M E/b\l'“
z( )J[ 'W% CLQJ;(L-U (i-)) (owl(E(m ) E/A Féx

J <

Tl/fus |74 &04&( }o\) \/\ML‘HW oW L MSWHD i’lf\ﬁ
previves Lawdda. et alwm)=z owQ(EM\)Eﬁ

£



o b uce (\) ond (2) ofé b Soila lor
(P TLl) (i RHS of o gal). Tdeed
TV i5 o fivesr (ombimetion of derms of
te| Bhem| EJEPESN, nd s opplying

(O Hen (2] Auen | (1) allods ws + pess

alr) s od of A Mee | Fdord W4 sikch
A Y., l\A)Q &/\J MP with a1 ﬁt‘mﬁaur Combined 1

oF  ferms EE:)E(CB) ?cx(‘r/mv/ whare F <A <>
How b= s|ta-b+e, §Bm(ﬂi%,]£,\9 Hee
Ottt on suh Sewmg, e see ek

Aty ae zro wless h=v, ad e et

I
() Tactd = 24 (Pl EQFIES aloby
Sine o(0)= Eg Ove - with A-p, &Y =s-v,
Hie ic 'Tog(EFﬂ) as Jesired.

Mow ijre,‘\'bc% We  Caon %0% o SEWLtQmJ( Nﬁuﬁ"’ Fbr
Toc(\:(z@ Ustag e MQNM‘:

\’UM/‘?' TF 4 u' € /U 3.‘&1 el;(uv):’ M."—(;(v\ “For
G»QQ V n o %Al%vtflwmgmhﬁ u’WOM \// ‘H/w
CT (V) = (W) “Telvy For aff such v.



T—g: u,e(u/,\ ‘E)f /AQZ@ (v\ﬂm,w /u/vc/ft-awrleof
Hun TV et W) Plece of U :
= (’Ci,oa—vk/d\/)w(u’)(\-oc(ﬂ ‘E)r A sudh v

Pree  Drercise (e Bk ol is ey, aud e
cecod | Tolloed Tow |t Tiwst| ovd Aot Fovstuld
vating “TeW wd T (W) Bor ve W)

ﬂﬂfs ,Q?JMW\M am)ﬁd to (%\ %5\’% ug
TR = (569 4: FYRR) T,

Mow We  Wowt +o MJML yro.m ‘H/\ls o0 -porwuﬁfﬁ
Por Epla). Wo Gndo Hln by Awigtirg
e Dtc&&m‘unér wdim.  Rewld the  ontiewtomosplizim
U Sl |07

TETE B | O FL TlkIE R

For all xeU,  febre Todx)c U—U &,
%&Cﬂ:’coao&at; T s o owtiowtomorplism
but| Al Hwitt [T st ob actioh .

(Boiwn 312 W v 05 bodore,
To (Fed BV E v | = (d(EE™)ER) Tute)




(in porkivaler; Sthg m=v e

g
B Tl = T [(Fat (EQ) ) |

Proot  skeetch
° R«s‘h e Cw e%t‘d‘? &€ TM(E«(\M: UEBs—Ellculcs
‘Emcﬂ(ﬁﬂv\ = IL;( (mEc’Ecu\
Tod ((yu= lcuaulds .

°N0/\<{7) we claim Yok F T&(w\: w Tec(V) $o.
ol v w OtQQ, WIM%QLWWS‘JDWQ /Urvwocb/@ V/ Than
T] (Tl (B W) V] = (od (FIW ) Tl
ol T [(Fed (B W)W ] = (d EYW) Tocls) e v e above
We'll Qo 4he Hrek one:
T ] TCAEN W) v] = e (WEevF ELlicduldz" V)
= W (- T Y Tee = (-Fae D KTl
= (E(u)» W ECIT ()
= (ed(ED W) Tulv).

g C@W\D}W\Iﬂ ‘H/\ES observat yen wiHA (*\/ e %L‘E
Tec] (Ted (ES) EP) v] = ed (F&) ed (ES) g | Tetv)
= [ad(ed) B [T,

Nov wls move on oud  wse Hheee vrelotions o shou
e Lomﬁ)u:\i)wﬁﬁ*'f) oL e abhil P vl v



Peoposition %13 Fov o) uell Here 3 « unige
el sedi il (Br oy veV heale £.1.
Tx(uv\ = u fo(‘/) Tope L U-mogs V)
The weg WU 1o o owtortoy plrigu - U.

Pﬁogr; S\Awose Wy u, €U ond  welye o@rwﬂ;
Lund  w W, Thn we om tee (uuy)'= U
ondl (auﬁbmﬂ = au 1'buz So it Sudlues —fasl«ww
existene for Oée/m‘ﬁrs £ . Bt thiz & O/X%W/‘?
Whed  We've done

b;i;qmm Tty = KS&)’T‘*(V\
T&(E&V) = (\:4\4&3 T&(\A
Tl = 3 E o)

X(og(ﬁtw .

5 ;&M%Mﬁng (E/; ) (ad (ESM E) TV (%)
Ttx (FFV) [z ( 5‘7/& dF/g )\c&*(\/)

Mow ‘@f Uniguencss - ]} u', u! bt sa%y’r;%,) Hre
Condrion oo o caiu@.,\ w, Hagin
(W M) T =0 | ¥ V) vell. Since =5
‘5945“’@ this mums  W-u ovnihiddes every fin
/M’W‘%L"*h/ Do | W—-u’x0 bj Leoncrdo s Jochvre.



B:X &Q}WL*V(O’\ s o maae/brm chﬂom.f(flntsm. But

rote we'w drely down Surjedivity & Ha ey
Uk ul;

SMee | Wi l/M ’(:ofvv\u@m 'pw

M/AT&(V\/ B0 g( Fc; <(V) y
BTty & FpTa(w, tha

MLINS ol Hrg CXZJNJ%\'MZ 0_690@2%' Lh e }wo«a,e,
e

Laediviy: Th U & o He lenmel, Huon
TLuw)=0| br ife| veV,] dll V. SMe T
% biSe@fi%) the retult oo LQWWBPOI} ﬂ&}m

Apain  Seqs w=0. S0 AU & o awdererphivm-

@\J abuge o nofution | we allse  denole i cutonn.
Ue) u-) 17‘7 qu'. Q/{—;M go 197 (ﬂ{;’i’\z“\'h}m )
Tl =T V| B, i e |22 v ()

Our «Q-fwwﬂo_s %or« bodsre + L us:
Tc((%//\; \st/ﬂ':. T;l(k/»\ v, /uez@

B Ede Tl
T ks (BN - -



cxgwdﬂ

(75

To((Elg\ = éz:o. i GL;L E(;ﬂ E Eim

?
= = 5 — (v
=i (Edg\/ ?)( Y 9 T EFE&
e e = - T A veil)
\DCU:{Q = ?0 (-1) Ol/d 7:; F{g Fj
B (F[D e Z(“t)ic&i T Fﬁ =

Note These wply TZ'= Tela-T.



RBRAD RELATIONS

LMS%&LcA Showed ‘Hmjc ’Hu, T& (0./\ modides e
O M} Sm‘\is% +he \Oratoa \fe/ﬂotjtiov\s/ ol ‘Fmr
© P ETT wikk <3, b SaspeW  hwg ordos
Wy then
TOCTJZ T TﬁTcx
g/x\/ \/;w/——/
whiere  both sides  hoe " m dnehvs . Thi
Wtw e behaviowr st Hhd % | Proee Lo
cQ/“SSW&/Q« (ool
The Pfoo!?/ I oL, cequivts forg
VLQ/CUQM'L\O'AS. \W’M E:M:;‘Por M'/B to ﬂ(vem
L lean of ?foay—- e crce =2 g | om
oy EXercise \,bskag Lomnq&ah\ﬁh of e 0 Eﬁ
Whon (ac/ﬁ):o.

\'\W\m gacﬁyg (/\/\5 order| 3| 18| whom <¢3/ cg">:
- =<K P'7 , and (o€, &) = (me)/g,,
= OLp . 1Ous %rwupﬂ% gfo«v\ eﬁf&*ef Ot\/\e
’H/\w‘\ (wm‘ﬂf\ﬂ) C(/“/ s £} conuiiitnce)
o Haoe cacey



T ( ) E&E@ ) EﬁEd (E 3
5@ dEacE/g (E&) (3)
T&(k@)“ Ei— F e = T“(F&)
e (r{ﬂ = Fcc\‘(é ‘;[/l"F Be T 7% ()
lomme B:1b ek <, BeTT 54 Sa5y lees
order |13 L Tl
= 1 oS awtorenrp hioya
T({Tﬁ Fc \F \,QTF - MF
P\I’Do{: TX's 2oveh to Slols | He “‘WO_SL(/O-%
COB/\U&L on ?&/\era\-afl O—P /M,/ dic [ow
%\1 oxercize 4 Show  om /LL/ sp Ot remaiy
fo foske b Ey, Fy, ¥eT. For Fosorg,
m\\us’r Chede poth sides

eg- | T<all, (E@ T&T (EQ
/’To((E&\
el
/\’GZTCCT(; ( E@> =0 Ta: ’F@ )(/43
B &Csﬁsf%
Ad S Cor ’F@ / (pzus 57W
o ol ﬁ)



Now nssumy, §# Cﬁ,ég . Sine e EDJVIM/C\M
&‘Io@vm Corfams  No Qoa@s/ 4%1 &V>:o Ov
<YS,F>:O. Wloe <%,8Y>=0, ¢o

[£KJE)£1 == {E?S /F&]

"—%Tﬁ (Eb\ =Ex -
AWFQ N9 W’I-d +o ) 1S | essy |t
See (3) Hot

LTe Tl E<l=0 =1 T (B0 F<T,
\A)\AJCL\ WP/CNS
To( (T@Td(a“ 7T@T& (&g ) )
Be e Tp T (B =T (Ex) =T T< 1 e(Eg),
SEWUUMP@ 10%( (FK‘ 7:[

Now recall: W i puarsted by e S| otz IV,
W (@)(QDMSIOAL for on elomnt weW are
ve faked \0\7 braid  velotson - ond  rovain vedinced
oShr %07(/0% 10 pread velekions,

50) Since the T 5Bl bvetd celutions,

We Can dofine Hr weW: redncod
SO cepne

T\I\)(': Tc(l '”-To(( ‘PD\/- w:SCGI'“ S('Cﬁ
cond [ Hbe (5 [well- DFsied]






RooT \EcToRs £ PRW BAsis

Mow We Q*o\rJ( “\o aﬂwo%b ou/ T)owﬁ b7 ws‘wj
e Ty P codkad oot vedvs’ o by ok
a P%\)\) —J(V]Q)E HMI/U/"\.

From now on,  fds  ypeghict 4o Mgmq;ﬁj-
laced cose G- wz 2 on3) B e Bllaing, jusk
‘QW Srw’\@(zfc\\’\q.

P’t&d%smow @'29 59 WelN tnd | el I
w20, | Han TAEDUT | &
(AJ(fQTT} *H«!Ll/\ TW(E%\:EW& ;

iP(ooF QG&QEL |0 2/9 13\7 Lidmdibs on 0.
‘ .
guwose Jwy>0. Yo an twm Dick ﬁe’ﬁ gt
W(R)<D. Thwe &isls W/, u" st Waww’ wit
w”é<ss)sﬁ> st wB>0, W'k|>0,
Qi) = QoY+ ) & w'e>0) w'B<o.
So |wi#l = JHuh<fiv), | byl tncueHiom,
ok (o) T(EL) EUT, Tyl (B)EUT. (4)
We dw@ with Tw’” os  Bllows:



LM@ Uy cloove s smptiv o0 "
Twl/ (Ed) 1 cofmned ga Al Qvlmﬁ/j Yen erchd A7
[Z3SR =Y B 1 wedt, | T (E)=ElL-.

PE S wi'te aspming mz2 or M=3 fg cesy:
T w=2 w=Sp, T,(E)=Ex
& w=3 w”&fgp, Scc%ﬁ y 0
T (Ek) € 2 0e B *c,/Z'EaEﬁ/ Eﬁ o

o —Tw')’) (Eog\ equ/ Sv helne (,QA/\Q SV} Tw:Tw’Tw")

ond S| gl (Lon (45
tol ronchnde . aﬁ%

bor e Seeond Jom,  OSomg WoLETT- TF we
oL whce (1 [ e dare bu7 CadMeYren "(ffﬁ\“’( )
w! ond | Wl

Ex@r(jga (abovt  voot s»)sirems\f S -\M Glec e Lk
Unler  Hu \I\WM«L% dove . o .

Now we't youdy to ofine voot vedws. The
WeiVe O\QVW%\A would e | 1y o Te @i q)écﬁé
PET ond weW st w{é:X, omd An dobine
EXZTW(EP\'

BVLJ( 'H/LES OQO%n“r ad’l/nﬂlj PfauioQQ o Congistent

C \/\m Q.



T&( (E@) & EcCEﬁ e 5]:( E/%Eo( T~ s QW%
) w@ﬂw@&Jr
IS YA

-

l@ (Ed\ = :ﬂEce = @(an 1(5 i

Lvde:ilm Mere ¢ ¢hill o way do [wmdee |on congigHat
Choie o voof \A@(%rs, but oe\,(qu b\J £ ww&ét\/\ﬂ
0 clroree l—\ﬂf 0 vedued SZ,)(EN%S]O« oF Wo Q\A))
W Q,Q/%\’ ellomauis -

T e (hosse | Wo = Soﬁ\“‘swk o redince d
&xpresgion, b

X\, Sl Ky, Ba byl -4, Sdt-(cﬂt
L o ﬁis'* of ol ()0513}(\19. voots. | Sb o X(:E}r,
Jet| U be slb. | Sx -9, = =8, | ald dofike

><}§ s TCQ\ -'~T%;_((EC<,5 : (:xifmimaw

JemElag
We  wowld VoW JLM@@/ + prove He Pgw’t\/"lﬁ L g oo

We %‘O\)@\/\\’.
1 REOREM 2 Ta e cloove gdgu(()/ (f@c/u@aimg

ac(\Ol(LV\ buv QS&/W\P)(;O”\ ’\"Mik C\/ o ot a  foot of \Mi“’gr))
(TC(L’\-J“L = TC(@\(Eit o T&\Tdi(EZéBTC(( (E(\;g EO“

0(\
LOKL Wonnes) . 'U«%ws) e, | o bmgis e?w ”)/U.




T)O Vf\ow@ tjfl &Q}}W\Q/ 'R( (/\Mj WG_\/\/ W
QV\LJS?N—Z M+[W] C(l/\‘(' Sp(/vmuﬁ bD @(PMsro/\s

Aete B Tt Er | (B)
ohate (So, . S, |is | o vedumeld expression Hv w.

@[&of\)\cisl“rt@'\’ 99
(OA Thos 0o well-deFind (M+[W1 &ﬂ%ﬁ
ot Qeperd on the choie oF redumad Oxpression).
(b) Lek <EPR be splt wode. IS W it
fhe Qorgeck duut o <sa, %7, Yo YT W]
690\»5 B %\A)ocJLs 2 oen (9») (B &E(g

PRooE  Sketce: Tt welll show (B> (=),
197 indmitton on  Jlw). S\AWOS& PN>1 b g claim Hor ol
Wi st B <. [k Wt Sg ... sﬁv(: = 0
\,\JQ, Con esguwie ‘H/Lc M &qu/usiw c@% fo7 ﬁSz\Nyﬁe beaid move.
18 OQ:{ZA) . HeMy i Sie W, ond wvote 4het
T A (A g

K x#E, Lek W' be Hhe Qmwaa{ ootk in <sg | .7
g}v\(_g‘ ’H/\.Q, JLXK?(‘LGS/\V\/; 1&( v D\W/V‘()ﬁf/\w buq one bfoicl X
o, both  peduneed LXQ eSS i0ns of W bec(]&A P e e edweed

Xpressions for W' ond agae  ohowed; weie WEW' W'



’“/Ww\ b\7 (b)} boH,  AuSinikons 624@ (Tw'/(/l/kf[u/’]) ’M‘F[wr/}. v

13( Com mimg | o prove (6). This 15 coework beed
on W=t order of Qoéﬁﬁi e m=2/] (4le sy
Sin -ECCE/QZE/;EC«. bor m=3, We get sxpesston

TaTp (€ )Tl EL® ES TulEDNES  (w Sasysd
(6) o By TR EC

GZD((E UDUB\A + | chwes Wéﬁl% of ,\Lg 50)0\/\ wilsr JeSt —pmf3-
h\’) E@ }4 Eoe- Eﬁ (3 obv?od$/ E(ﬁ Sl a CdMFL4+KhOV\
QJOOUA' WI’\I("\ we ﬂ[zu( 9 ‘D((\Q_J\’ {(ﬁe,@',
MSlv\% Ta(Eﬁ\EmZO’/;‘EdTm(‘E’g, we can derive
CA C/OVV'WW\“\’VJVD»/ ‘vavvwﬂ,lz\ b\'] IV\&()AAd’COV\:
E&Eﬁ" GL;”"EE,EKJr [V\]“EF"—‘T&(E@- Mng\j #w?,
Wwe  Co Hapn ﬁiwpﬁtw e OXpLssion E{EFCT&(E‘Q)BE:
= st TulEES"+ [l ES T £L,
Whicdh | 16| 1| Hie Bpon of  axpresgions o Ho foym (é)
The 00’(’@\‘1‘7 o Sovtren doeg Wizt O

Now  welve vedy o prove The wain Hgovom
Recoll TREOREM G2 Tin e chove sebup, (recalling
acda‘w\ Huv QSguMP+;om ’HMJV c\/ o Wok & poot of \M&H‘))
EIBRE AT G 1378 ERAPRERTSY PRy

d\
(0&1, nowney. | blenes) 00 oo begis oo AT




pv"oo“; O‘p Theovem

«

O Con Show  thl UTIw] s o suboly
/U"l' Dor ol . But for how M we wbed | s
ok U TwdEx € Ulwsd Hr ol xeT. Thig
1% ere, sMe  we sz 0 vedueed UHPressiv T
Wo  sharhin Wl of ond 0 we grb UF[wa) s speaned
by T, i (B PTG (RN ( e ﬂ;bjmj
Cf,awa\) Fle  under VFSL\J( ww (4, Lo B, | of Ut Cwo)
gimuz, e B WA{ 0 Dot here!
16M+[w31) W c(\,(y)ﬁ thed %ﬁ[w&;ﬂ*!

:D( VM ang ‘(% dvow &,X(Dreésia/\s obove  aee QW%
EW@U&W'\' A Jeidn [oF [ He PPoo«C ¢ o | follows

Tirgy, we vole tok f e ad U ¢ AN+
with T (et Hay

™ ’ - .
(O&) ZE;U\‘:O 0R ?WE;:O@ o
(=0 - (=0 Cov ol ¢,

Tvdied T‘Q(Ea\‘:"KQF@” So
0=To (2 WEs) = ZTCNFRERY, o

s TS UEISDU & o o of veer spuces,
& (,\C;‘C{L\l e, Q;"‘ (M(,QL(F 2 /uéoJ Wy, M/\,Md"/\c‘/wv@



0 -6 0 5 0o

Now we g0 by tadiudion on £: §, >0,
'\’\wfrodbn&? w (‘5) ore of Ay %”‘”‘ Td(VS\EoE
hare K=ok ol \/5 ope | Plodmct e in (S) but
{or Dk, e B | = St\W |,

B 2 %LSTOQ(VS\ E. =@ b sallers o
=

))
Hn sk
st P
=0 'Rr D\O'Q U (Bj c\Aob/de\ng

S TSAVA
g Vi b e O 35’@&,\ MIQI/GD) <o MQQS:O'D

I‘*[S n W"AQO"UOMS onauv\/w,v\& USMD c,JlM-\ wt/we
&»2 wssed, Aok e @roo?/m@j ( ol he q%\v,g)
o bl W el Bolpr s
ove a bodic | B QAL
(T\(Acks T ety o Loveinl C/Or/\é;{ﬁufmc@, -HAWSL\)

™S aﬂ?%{,\/) v, “‘% ouor  basis (,Qoag wot
taiue, ws e bosic in (6'))



THE BILINEAR Foem

The vemainder oF this  folle Wil
he MCm“rﬁ(& o S“{\Owing ot
=

tol bocer 1A 1(5) | pud =
Cue. vofloded [Nie | o bilingar Fo/m (])

Mow) veedl the bill waer Emirwé ()\;(Méoxfuzo__)k
%\ovv\ Cl/taﬁ)jr@f @
Rocdlll  For x,wm?a,j,j‘)eu@/ /A,V&Z@, ‘\
a,/},eT\:
(\6)7(%‘\’— (A(vj\,x’ ox) (49, %) = (yay!, Aco)
(G leo)= 707 (FuBpd = =8aplqamqi)”
(i (Fel) =0 -
WQ NN %Q’\”b +° wse 0Ovr WPB\I\) bmg[sa ﬂ&\')
peodne  explict el bases of M;,M 4
Rojcell & W=5x,l.. S« |is reduad) 5.l ok, ()5, Hheq
M=l T e \/x"-:‘_\_cg‘-f-‘fcgiv((?og\.

T

THEREN 29 bt =2 S U tdadd

Tlhem
T ”‘Ov == &) — = AR
(Togl-h loc.;c,k( I’oc(BM 1dl(rdz\§?o&z\% \dlh'TO(JCL‘(EEr\'“ tdz\
= O if Herelis g (with ap#zl-
C R
TT(;\(FU(-:JKZ\(L«L\ OMU"\&’Q ¥



Wel will Bt bueld [4le Blllowing Lomman:

PeoposiTlon 2.2% (ot oce“[‘\) xe Ut [saw,],
\36%’[&&%3. Than (T*(U))T*(%\\:(U’WB'

The Q)voop & very Q&ADI ool Cl/\a‘)w A of Jontzen
booke ¢ Jodicted fo b, so we Lumve s fo Hhose tnlevertd.

BeSwe we cleekdn a prock & e Thorm, vohe ok ve fc o vuduced
i = Se, ey o X§5 XG uh

Z(O(LXL://\ ’PD/M = L"‘J£$ 'Fb( U};} o’\/\po Q>
10\7 CLt”ﬂ70rU Q7) \
(B e g
[ (/Cb\ ﬂ/ v (CV-(L’ cl/;:)f ,

e SMQW} h7 Pt ng’h/ e \/“(if"“v‘éq\l e o
wed bosis Hor U, uith wecped b o paricg. 3, peteules

COFOQQ{/&) QROY The viesheibionof | (() ﬂ;xu‘; with
wenb i Aondespnente

Thic Alows s o xded soe Pmbw theorery  (Lhore e
ssumtd  or ?me nondeguerrey  ulyr Wiore vukichive comlitions, su e
ltvl/ hromgcundodrd ) 4o ol 7 Hed ere ot o vodt of unity

Th yomorks ohly |h Sleetcs e [prodf of TUMR.29




rPI_a_goF SkETCH !
\We 9 by wdpion on Dy - | Forl LYl s cllonr
Foy £:Q(W\>i, b
2. T fES o [E
9= Teo b Theeo [F2) - oo (FED PR
) ocit= e rBV) (/QU;) fxe/l)ﬁ[sccwo], Ueu*[socwo]-

b the Flovd 8l o proporition s
T&(k@ i 1 T (OES) (7'>
The v Sitps | o
(O Show (F) is el b 8, | (F2E) (T, Tuln)
(il te e 1 il G- &\‘,b,[FZ‘/EZ‘\(\j,«\
(E,‘LL\) AQ@Qa@, o obr WAk onm M@oﬁws%, whith  giveg
'\"Na vllue oSP (‘j)’X\.

6?1/\(_@ (u,\ Conmes bV) (P/cios'.’nw\ %28/ w Vimang O/\O/'7 T
;3“5“\’\‘:‘1 (3). This S o ws bj the WDD%W'\M) Lemmran .

LEmma (223 Lot xe’l/k’r[sccwo}/ ‘jé”l/{’[S«wol. o
(Tutg) F ) TR EL) = | (Tl Tl (¥5 EE) prokt 2
a1 12 Mo (TalpFa Tu@EL) = 0.




Proof sketd  Todiadion on Lt] Using  resulit fom
Chopler 6 Covered m Avan's  +olie;, qonmedy
VL (xX") = (X)) + c[/(‘ﬁ’/") P& (6.14)
el = 95w () + e | el e U
whore V() | vl () wore AFned i Acun's folle Such Hub
the  componnt of A w0 Utk 0Up & el 4
VD c®Es V=K, ond equls Euk,-«®@Cut) for

VEpoes DJUNJ with o | indudive 630904" Hat

QL
W = W=
(F)r<(BD = v2(e) = oinae
g%
covered by Aveu'e
Hlle ).

How Cl nd| ) | lam| (o ()Q&v\o

o Jowtaenty  Proof;

LQMNW\ \/@“G C(Q‘T Han
T W s bovs]) = i«xe\ﬁ\u(ﬂ D’Zg

Jdeo © Welte, for Wi, Vi€ u+[$«w\
V) = (g 42 T B

() = (449" 274(03\ £2
J2e
shee (A



(&w&)
e e Mo lvma 9o dhowe

(Fd-u-‘ M‘\’[ﬁuwﬂ\ 20~ (M'Fi /,(c((\)«+ [SJWD'D

By 48 ey e vosnlts e ond Ap with

(Taly) Bl y T EL) o%}:‘( Fu B [Tl B T0RL)
o iboll.

)

Then Wdikion e \1&”5 fhe  regudt
This vov% Lomma 92:}, Lomplloting e

\D\raop oF ProposiTion  $.29. nl

Vomorle  Tin vaiovs ,Q@Ckmu/ g, | uised

MOV\GQL%WWM] ot ()) oker assuW\a,/\U Sheviciles
C@/\oﬁijrfkw\s O C\/ (@°?~ +vemiscoe ddad)-




We've  how Prwa(y Hot Huce vresnldc oxded
4wl C(/ o a Vool o onity,

A C‘M@ 7’/ EKVSO\WQ ’I’Oxﬂ'é/ Hhe BAvad. i
Wog (QJLQ(J?()Q) i devms of d o&mﬁ besis wrt ()3
AS Pewel mwgnled Ef:\‘sol\'s 19 lechwe,
’H/L(L QUi U\Mlﬂl *Pom‘) ation | b el
F[’V ‘7‘/% o YA Jﬂui@“"ﬁm for | Ul vhistsg ! R’Wmldx:
DeSing

O D iy g e a Y g e
1 T Xy

20 Lr]i»

Tn e O, wed i Blijeb's luctve 05 Hhe
(%f/a@”u/’; - ompont of the prolus

OFI ol | 5O (: @\ |
Q& [/P/\*%aomﬂz:u L Soibelwa, o }([f,;[ﬁovﬂ(?egkdzleh.\k o

ore .

Y C@V\CQA}Q\LDA’ e hawe

* DSed 4 blid!| sbionlon (U

* Weed W o difine “rook veden b Feulde o PBU-type Hesrem
e Ploved] His ‘waM, ity we nice beoses L. e e

° Proved Hhose buges or dul wi respect +o ().



