Lecture 26

Monday, March 9, 2020

We brnow that binear maps are compatrble wibh the ddrectue of 2 vechr
space - Ig velhy cpace V i« efo.i[opd with an innes /)mo(acf ) M@k(hg o an
el poduk (pac, one can ok what kend of Lraav mape IS ‘meml‘zlz/e ’
with the inner Prw(w)(f on V7

V ¢ \/
— I{m
/{(r)

The rott natnrad answer o Pm!al;b th lingar raps that preserve. Cnuer
(,(\Cw),(r(tr))z C"tuf) ,fof 9y u,Vé‘V. ff«c/l\ a map & called

¥ s

Praalwis :
a uné/:a.rg h.ép. We el ak&jz)t&. Stve gewwtn'(. L Sequences of btm'\‘ag maps
as gollows.

Leb €2 VYV be 4 wuémf) map.  Thenm (flw), flw) =(a, ) for M
w €V, That i

l(gﬁu)llt: dl® ¥uw €V.
Tlxerqm, [plarll = el por al weV., We see that a mm‘\‘«g map (s

ﬁcndﬁl\— plreserving. TIn sther L\)aw(r, ﬂv_ {eh{,fit ég a veky doesn't Ll@nﬁe

a{’rer “Pl’lﬁ':"ﬁ £
The ‘angle.' between two  abehvad vedws w aud v cau ke a(c{c'hevl as U

S‘A{Tf%i'\ﬁ Cos & = (wv) .
el [0l
W 00«6(&, deum Ve,(for: ’F(b.) and ,F[D) is ¥ fﬁt‘f,@lﬂinj
(5% = (Kw)’ A)
gl Tyt
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Becane (j;(m)(p(u)): (a0  and llf(h)/(:”““, [(g(v)l)zlhrll) we bave
A V=2 cn by, I we cm[a allow auofu D be betweer 0 axd T thew ¥=96.
Hence, & wnifermy map & awgle Preserving . Tn other words, the augle
between two vedve doen't change aphr “F/!j“‘ﬂ £

Br: Leb Ve an vwer podact gace and £2 V=V ke a binear map
G(vew. J:a (,CV'):,,ZV. i ’F a Mw'é‘dg Me,(?

T_v\'éw'h‘méa ) o on perceive that f s '\o‘ll cmrllﬁ:zj b cawe it
doesn PFeserve lanji'ly; (nlﬂwuj‘n ¥ does presesve anole;). Tn gene/x//
'H"L SCJCMZQ 5 ot uun‘ag unleg 11, Scﬁj(y fador s a QJ‘M/)(?)L
humber with  modulus L. One con oF cowrse write 4 more 1Tgorows  preog
o ,(aﬂowc.

(e fl) = Gy 24) = 4 (w,4)
whih i nit egnal o (ww) for ang w40, Theetfore, L5 not unidary.

(/(V\['&&fﬂ MA{)S belm.w, Zdte l‘ofa’f:‘m. In H\c c«mfe,ul q‘l /IQZ (W /ﬂ" th
fyma‘«ﬂ) , mm'i-n.ra aps are exa,uHJ te ‘jun«e/v‘lz_ rotatiopns about He olgin
(H)lti(/l‘. we. gle Eeaéd?, (:am{f[af wﬂ%) .

The thner /nalwd' m V Juves any bineat map £:V=V a companom
opersdv whidy we ll - ahjornt opecab, £V Adpt pperclors
oY o very k:,{&ew( tof o ,d:wl% ylncfro«f 'ﬁ'\wg (i.e ergmwduz,
ugo\f\syqa} “‘) o (hineyr th[ud spaces.

Dﬁtwt't'm .

LtV be o innes )o«wf,ud" pace and P V=V be a dmear map,
Thon e rmap F*: VoV i called the dJofld ofel’«ﬁ»f'ﬂ” (f of A
safupres e fpollovwrns  propesty

(w, ) = () §502)  Varw 6V,

Lecture 26 Page 2



bre Can define adjornt gpecator of o birear map 5 VoW Bat for
W  we Gle m«ia nterested iy ‘Hw. cage V=W for Somp [ fc(f‘g. Lt ws comsder
a. (,ew e.)Lam/a @( ,(md( a.t(;’m‘h.f 5# a ﬁ’kear rmap.

Er: 1= K
e 5 12", ’f([&‘]) - [ x_—(-Q] ‘
7 Ly
Find 10(‘
Let e [L] and - [AJ be two ﬂo«e/vj vectors.
y b
Because P’ § a wap fom R4 R, we aw\[z) need fo kugo what
f) o, Let w wate

fel= £ ([} ) [(1]

w”l*Cfb ¢ ad 4 are t be defeemined i temas o a and b, 733 Ye
chtmifrm 4 m{;m’ui‘ ppecats, we have

flrv) = (u, ;*ar))

LHS ~ (10([ <[ :*Zz )

- erg)&-r (x—Zy)b.

RHT= ([;]M) = eyl

We waut ’ro;rm{ ¢ and A SW(/lt flu:llf

Q«‘t\j)ﬂt t (n-Zy)b = % 1-34,
O Can vearrenge femms o the &#‘ hand side ag x(a-fé) 'rg(e _24).

Trrepore
{o = at}h
é[ = Q.—Z,I»
@ +b

We comclude Hal ,J, 55 e Mép Ml LH £ (Ef\]) [ ~26
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Tn thes exaw‘y[z,, ,f* i$ ewHJ the sane, as f

Er: M, (00— M (0

(Lo )=102 ]
Find j;*

Let — Ij j] awd = [:3

R R ()

Let ws wete f([: 3]) - [;5

WLWQ. oy b, T8 €C ale 1o be deforruwed in fornms o Xy, 2, b E? The

be ﬁ:ne{J vectors en My, (L),

At(miﬁ‘m o a.oljm‘ufi o perators 5
(,F(u), v)a ( ‘F"(lr)).
o= (D) L08) = (11D
=~ ibx dag+c5 408t

= ibx + ag tcx.

ILHSa<[j 5],[;‘ ;]) = axt bty 4 df.

Tn order b have

[L;Tda\fc;:;q;-tl’;+cx +d§
we weed
lia?/ F:;: g:Zf:—cl
Yy = &£ wlwdl mpjrcs A=y
7 = % T= %
O—_:S- 5:-23,.
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AR (i1 R ek

Brs RO 5 cqupped with ouer prded o e
C(M;;,iw the &keaf Mef
¢! _;?.LCR) —> PL(R)
G Q0) = wlxt])

Fiud G
[ w= avthrtc and v= o(xq'-t/axff 4o ypnm_/ vedws m P, (R).

We want & ,F«'»J Qx‘(u). Letb us wnte
Gl = mwtwet p
WLUC o, p EIR. are by be Actorained  4u ferms 0,79 = 7
68 the Je(cm'[-ﬂm c;f aljol'u‘f‘ o,aefafvrs,
@Gl ) = (v, ),
LHS = (a(ul)’H- bOt) + ¢, k't brt T)
(d)cL-t- @ﬁi)k. t ath4c AxTfp t Y)

{
j <£<>o"+@4-t£)x + fdcb-éc)(xx’ip prdyY) dr
o

—

-

)

Ha“" 1 [@ats)ut ap) %'t [aTt Qutd)f+ @rdc)x] 2*
# [eegs @t T]x v ubed 7] de

LhS = L actfpat)xtag) g+ [oreaby t Gubtx]

]
-
& [Catbi 1@etbT] 3 % G@thee )T

RIS = (aitbitc, mr™+ wctp)

= f'(ﬂuzuc)(m’*mup)/x
b
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[
= S[N‘”ﬁ + (an-tlam)%}f (40’1- !7(31‘ C%)%L't (/971‘ C—é)kf CD‘] dx
6

RHS = ém+<m%@$+(%ﬁmﬂﬁ+@wﬁé*CP

We ki Htai' LRS = RHS {uf anj 2 Luc. Laf- us take a.—./, b=c=0,
The eqwai‘am LH = KHS beconus

23 ?

I m " P
- V= = 4 5 4L
T IL(H 3 s 9 03 W
Leb ws fake a=0, b=, c=0. 71/\,, efu_a,ﬁ’lm LHS= RHS bocomws
[% ( ? "M n f
~ - —_ = -~ t = + = ,
% < + 3 p+ 7 P 3 3 (2)
Leb ws fake a=(0, =0 c= | TL\L efu_a,ﬁ’lm (HS- KHS bocomws
¥ - A ) (3
Z «t T = 3 -+ z TP )

The 5q5tom ol exzm{mu ., B) can be wirton i mebic forn ag

28/ts  dln U3 X Ve e s "
1y/17 L/% 3/1,] ): F] = [lﬂt /s 2 4].
76 O | 1 Ve oo I§

!’fﬁm )

" ys o W g Y peks uin W[«
[ n ] = |lw B L e Wy 3L b
p Yo Yo o1 76

O l !

104 168 |0 X
= [—w b —ua][ﬁ}‘
29/ V)V Ay P

From l’tu( on¢  Céan e«srfj e vy p fh fernas of ”(n%/Y'
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