GR Lo @vafvv’«y, A b /(ew/,/ leclure 7

Note Title

’?e (ud.' PA;“(J mobiva tm [N U:e ”/ﬂe{n‘c Tg,nsar !

a J‘” /“'"‘011/5[( Sface, wm nevlial and cavleston coowliveles -
Lf:o(n&w» Space- e
[vfasﬁmu.' . l ) . 2 . 2 . 2 ¢
chistance (X, x) = - (X -)(") + (}('— ){') +(x*-%°) +(x* ‘)
T

Undep. of choie = Yo (x¥=x") (x-x9)

o metial cds .
- O
WC.{LI» 7") = (0 ! " )

a ]M /%h‘o«vstc' Gface, P Mt'{vgr‘ oo dumall 5’9‘4‘4 .
2 v ad 3
[ dictonie (x,2)] = grv ) (x= i) (x5 )*f

() Wit g e

ncC%v-J&i( L‘o(S

0 Cenerabliration G coevved Space -l An‘s{ov¢°¢al§,:
Allow evem such G0 (%) whith in mo
coordmate sgpslrm aluy:

grv ()= 7., Jor o x € M
= $pv (%) co anctt $éanyplly Fav ton mom cnerliel cooveiwates
=) Sud py (x) tade Mz&,’ul{ :,u'.l %‘M'vc")f J

Q f-n/wu &}nszlam '5 67«4'!".‘“(4 /)wuu/'aa& :
RC?AMR 9w {5 Le W(/‘ thoAt

cll epuinv. primce, : .
Recat g pripts et fw each X e M these exc’:lls a conwdinate
Jf MF{(»&; Sanell prncces
fp”e?«-l{/ =2 'we-[ EP” 575% 50 f‘d J L‘ S{ d x :
+Same v&.fhm/m-’wv,,,‘yu}! =742-'l'-s/. EP” L‘,&,/a ca%, fflu‘c[ Mw? Aa@(>

4 St sinbermsd prvv. physies 575 brog £P” 7,,4 (‘() = '7,.1) dest (4,9 7H(x'x7)'[’x~;) o’
to Lowuest mom¥iwnal ovder,




Rpca.el: Matd. Aeforrn Goirn 7/ lhe rmeluec Gursor :

Q g N covariont Tmsov 4 voauk (0,.2)

(étcwo’( g, (s om s/amivl Ww@) /21,9"&)_— Ax”

a TL«,s, c] m co‘fmr-n’/ vectoy .p/{s O”(x)
[owm beses af ead pau:l x , than
g v o the [orm:
g(x) 2 9,.(x0 0 @O
Lot 41060 < 40,00 gond g, oio ioons bl (roice momeleneret)
O ?rv“‘) v, bbl = here exists a Gmsov 3.' z{mk (a.0):

ol lasss

ol 2,
0= 30 E Q@) wnth g7 g 00=5;

> Modewrn view of th Ginsteiniann c7mb-lmc¢ Iom'ma‘/»(c:

Recatt: We asld lat for cach powt p et theme & a corolinete
$g5Cm S0 blat, whim chioosivy the bases dx'T, 525
bhn g (e)agoo ) dx" ol x®, 4.0 = ;(x)é%:%)
S (r)= Yo (w;xmew("w% )

Modeon forrmabibion of bl bimsteimiam epusionlomse prccsple
Jmolep andotly of ovy choice of corolina sybTorm:
Theve te choins of duual bases § 07607, fes)] o Tlan) , Totws))

so Chat : gro )= 3 (€, 0, €00))= 2,0 Vx em




/de, l&nowo;; M{MM {évau/r‘ ;,,,, wh N 6/5(/%0\15 ?
a Dl]’/am.m 94—6[0( M/ M@ww%_ J,,/v) mducer an —Q(x)
a ’,J.'?da(d p‘«q,&s /(ovm}ouce ool comfvm varras @

1] g grelols /l//ﬂ}( s{n,’ *: A,, _>A"'/° 0444.5
O S gralds () amakiy the Ap Hillu spaces .

a 3 710% €0 - Aevivalive S’ Af 4 A,;-n

Od,§ gictd the laplesiom [l Abncbertion 5: A, =/,
~> We con JMM WML e,auvﬁ'm; o N /

pvapo 5{'&'0% 4

Given a motiom 4 distance r.e., a Metw'c,;, tha's abs,

vndan ces o Vol tuame )[ow.\ 12, (;.e,a posclive (2 é/\M(M)/Ceé
thot wrhon T GA over s,

/ymc%

Pwﬁ‘a—n :% M Mé a_/uh'ﬁ‘w T be,

a ASSumne,as a/m,s, bt M o2 ortented,

a (07!54/01 a /ﬂSVt‘ue 04&9{.

(it bas pos clive doAQuahion) sl priven Ales)

Thw : ; = et (55 0)]
-Q. : S I,k c[x'/\ dx*a... of x*
v a M”'c&jmo‘( v O/Arw,




P—vooj: a /the-u fwaﬂ peM (3
yes, /&ewse J v d‘SMﬂ-{ Mm-o‘rov.t.

o Wﬂ-éﬁhe/, ‘. 0.,&9 eé/w‘o-u chavi- u\t&,ﬁuo‘-’t‘z
Yes To see é[‘,,‘g/céan’c Mak: X =X
TLCM: -~ -~ v
".’. (x(x)) = ’rs (x) —?—;‘?—Yx: /K{(‘M!? covariant
(. 8., as smaluwces :

t
2 =[2X _9_’<) o A g
3- ?7)}(9? n WA@DZ f: . a_-—.,L‘,

s

= 151222 gl e g =i
/4150: AXA e ndi™ = oé)f(%—"\)o(x'n...,‘/x“
T, < ,
D151 di e adi=[E 2] gt dxa i di S
>

1
1

%{ﬂa"w‘. (_O. hmy%—/wvm. Lhat ave weffpnnts, ar 4 covanina¥t (0,0) Lansor 2)

w
a Dg/tine :
+1 cj (i,.., l'..) wecven ’nnuu'fat‘ou e/ Chd; =)

L4 = - c/(c,, l'..) w odd Peu..ufat‘ou v/ na, .., ~)

/
winkike vu SRT, .. & [« else
’”‘*fé-—\ow‘cajl Mecans<

e d T‘Jv\, ) als> veads:

0 - W;I a(x'/\...ao(x" (o Jore)
= Jig1 &iy.pi, dx"@ dx2@. . . @Ddx"

N
:' _Ill:,,n I..

b

- , :
—Q < —(2‘.’ '.."” d’“@--.@d"‘“ (5"\”"""“-* é’\'\.SIV)

Copeejben

4

B _‘1 ‘.4 Cuﬁd {L ’/Ca»um‘(&e :ov ,,(/asen/v)IZl'emaﬂﬂlbm'l

" Y
ov  ametuc ’, valum /o‘rm




Q: Otheruseq g °
A One MIS to /~..At¢ JAA»»LH’L»\ A, [ov we ve qmazws.

\A/[L/ ) a .SAGMAM /&t NI — o&”{xpwv(l 'dnwat,\lc Ioal‘ o{ =0,
b)watd 0.y 1ok K ot oo, -0, sl g of foves comsennd by .

zﬁlﬁ /4 I/Sf ’« LW a covartan? &> tofvmvanadl Coansovs reblatsom
Dc/,uwe a m/) Hol e% : /\., - N,
) C}VVVC« dhe Coo(emvutt ve”: S: /\f

D) Defime Zﬂ'/)lnah/o('ﬂazmhevt'm”: d= d§+8d

7&1‘, e-} . 'éAe K&m Gwdan @7-«4-&‘01—- reads -
(C+m%) ¢=o0

/4) Covartam? &= confomvanas luwsos equrvalince ¢4 rougbh g

a ’(x) can be used as a e p: 57 evaluaion 4 owe ﬁ,,;‘,,/'.,,f,,:
}(x)-‘ T(M)'—-’T(M) ow)- 57

S

gtd: g’(x)em = 3.3 6’(;)@6&)({(.)( %))
o ()§) 87(x) T, (u),
@ Fo {L coelfn s J ¢ % (m) eT(M) “

ﬁm&ous %8 Alvlf ’ : ;7") = w, (x):’vg () (x) (vobtice T bases B ,C )

q (ovwcvns, j' acts an:
"'(1): -’;(M),—-’ T‘(M)’
1"&) : wplx) = (1'5: ;"’mw (x)

u]‘ﬂ éAﬂ Wﬂy,g a cam 6w¢w ov mu any
uus.w m‘bx ea : ‘f P d f', ’,( = 7.9 ‘é"
aund : a 7'"1 — T ”“‘F"




Recatt:
B) TLe Ho:(;,c * W!)-' /\P__)AM—[) (O&M(Ar)ig):gipfb

Jo(eu: R each » ¢ /\,, (s a covavnod lusa
a {Lvm’k P (L & egenvalent to a comTravamant lusor >

0 cam feed SL witt & Yo chtaum %2 €N,
a/n\/ {'[u—:«} 60{447 Mffw‘m

[Oﬁc 70{017 M \)/ \(‘7“5 coudd hsose olher 54:(;.
B Consder by Vi= L 0,-‘,_‘,", AdxA. 2dx" € /\',
<m.v=—.a—uv‘ﬁp
bee. -«L«J—r) J/_,. C.;QAM 29 a Covanant Cmsor
= alx"@ @dAx'?

1 Use ;"(o o&/mw a Coninnwn'f v ge j »

~.: ‘« 9 9

A v'
v - °”‘ @ ..o m
ST T T Y PR T e
whese ¥ =d 4 1} Y g
g /4”14 S oow v : —p fodtors

N(E) =T, . 2" dx "D @A €N,

vt

"
(*v)t}’), ‘."" = ‘.q

0 Defime % = (D), v.e

¥v = 6D), . deeodx

“1tacp

* v "‘“— ( o). L. —p A" A p X"

P?a'pOSt-ﬁ‘m N
Assurme 2 € AP Then

p( (n-p)*s € Sat for specetime
* % = (=) 2
\A/lu)f‘,,s’Z TL{ jc/mn.ﬁwt %}” 5/4[/) (r, S) where o oé?o-ml /w-w. / ( __,'7\)




Use % to turn N(M) iato am Tumer Produdt Space”

DCM."‘.W: T‘e HO‘(,G ¥>* PVOW.‘(Cs 2 scaler h(ov alss
wa';nﬂef ") chbd ﬁv A(M)’
[()(&va's'{sf =) fom
1) Wl ()8) o covdimstts (.L, 1?) '= gw
- T M
2, S-A.mu{/m)f(/)w fowm
) ﬂ[m7s /yay'tf‘v-e f/ P’/"”‘-

i le o A, 2,
(L) 70 VLER, d10.

TAM aé/m Low  exCmdled ,&wws '6/0""5
UA ot lom. comb. 4 /wms 7¢~£. aéra,P .
MNebs: g I § 0 codefinits, thom olsr () s crsfint.

8 Jf 4 in positive difmitsiit) f AU o Ml amomant'on, thon
( , ) v pdst'tf'w o(%n«ﬁ and N Mecones a ﬂ:;%Js/.a.

) () yicldsan adjourt fov o, the Co-clevivalive §:

ztave For ary afe-vaf:r /4 Ac]("’ X (e DA .‘..se,v'.z.,ﬁfﬁ,
a'(.s ad(]'m:\df‘A ) 0@»«/ ‘o A‘w fL( Ao s amvian

D,,‘zfvek/ Jw el Vie): <v,Az > = <W,t>?
and by adlion: A+v:= w . We than, bave:

Deﬁ 37 . <,4‘V,27 = (V,A?) Veé&/VéDA-#

The co- oéw’w&'w,g, v Che (anti-) ad/‘mf 7 dwcita
wslpedf t the tmma, ,aer)f (, ) o A(M)

(4, 8):== (<, dg) | Ve, gen,




C) The Coddiffevential § explivitit,
lliarty: S+ NM=>N"(m)

MPp+m+ts Sonne owithors dofinmg
onlbasf&'n : St vo ((-I) g *0(39:) (5 ws the megilive of the;

p‘vofeftq‘es A { Sl:

Cl J'Vl LonMuﬁS:

(S u,.)‘.' elper 1/ o n.'....',,,,)

w7( IK
a Jj/’/] ) cau{noéu (cmctm everycw'{m%“‘ ,ﬂa-v'l‘);
Sv =0 D Jw: v=-Sw
Exeverses: 3 Show 4he above.

o Dc{?vmv'me wAC(‘(v N m»’fS v a ,a..'w.t'ou.

Use o and § to olhanm the /L{axwo‘(e’quaffcms o MU

O D%;ﬂe; A ftd

01'5,’5‘."5,
/{7134/(0(5211447{4[/1 F )= E,, 0, 8<% 5 FoF oodeade”

* E, -8,, 0 8
2, 32 ’ ’ f/?: o
Celd §Crtag ' L ~ [
E;, B, 8,, 0, sTeg# L/

Lot 3 ~fon — 9(") 'EF"ZS’J dx Adx> A of xS

3!
Y ettt H—vedot

I TAM Tl\l Maxwo” E’«S ‘V'ta'(.'

///[/01/\40 cous ” ]44, AMI e S
M M‘Vt‘h“\‘ . i Md(dﬁ%bﬂj ”
(mo&ﬁ d‘w}ﬁn) ¢I= 0, SI = *] (o(epmeﬂ,.w,z‘wt)

VVZmM I*/M,,/L'.e., CO{WM et ,ﬁJV(




Re omw‘S:

et

O F v asswamed o be amn exadt l-/o-nu,r.e.,:
F-=AA
({Ar .1.‘Jam A O callod the & ,,dm‘ba.()

a Thas d«-dy t;m’a/&'d Y Iwmo}pna«s May well egunalions:
d T = a(.z/’ =0 /
w) 044( ca,l{; {(m‘ ’;{mﬁw (744»&'0“5 f/

a 6&\»4/ ‘rclv&w{] a//So fﬂSSfSS(S S{mﬂﬁtw «:fuoé'o-us.

RCMV‘ :

The PLEY 7. lenu/'a»& 7 cbetooclgmarnis is €he
oOsevvalion that, /w any well,

-~
/4 avd A=A+ dw
The Abavonow - Bobin, A

. and Yo logrcal by $ea m ) cam
&SW/L 64' Sasme ﬂ‘/‘&v'(f. l/mbﬂf-{m’yﬂw@;-écﬁéw.‘“\"-ﬂ.

TAey ofo Lecauce the (a‘sgé%)%:uwﬂfb’/;
At awé the E and [} ;‘Ws wm T and s«"ccollzo:

(7551—\/\/0«/&’(2

EW%W’#\T:O(A :0(2




_D_ T/‘e Laffaab«/ol//f,&mbevﬂan, A,L:
1f De}qmtm af the La/a[. Ctan "
S ountlhons dofim,

A = 8Sd+d$§ Das L meyitive of thes

ond B S be %aaé‘;{hf% L.

o Uar: A : /\P(AA)-—9//1P64A)

ﬂ.y 5(,”4'&” S=1: Thew also called o(%&éwbevt'am
dauol A”otl a;: Js'#sd,

[ even : y
0 Actiom m’e.’.’fé A,(M) o achart: Srevert® vew/),

c v 2 ; v
IJ\[ - —VI;—I: (1/-)_/-'3,’ )C/’)/‘U (: (5’?—’5%3971’%>¢>

77

' /iAgA/¢J/L47.Q
Prv'p(q{l’(_j 4 élx& C(Aftmbevft'on,a l;n fAe How »;/)uc /\(MI

* Defimed : 0: A ) - A, (v
o: » — (Sa(-#o(s)‘l’
¥ I ll Hllt Syom ce Alu):
D=8d+d§ oleys (&, 0f) = (0d,4)
¥ 0 ir sclf-adyins, 0= 0 for seslalle bovmilony tandilions, ow if IM =
wid assumiy () ir possilive defimith.

* £xc~u'scs: a Vhﬂ/y D=B+[m~@, w»;/ow% §=-ol
A Venf, that 0¥ =%0, ad=da, 0§=§a.




[W‘(?MWC” 7{(4 59{/-. ;‘,‘;‘/w” # - L//] A Nr‘,ﬂ"/.(/nce

/4) T e alne-w){avs A and [T con Le a&i/o.cﬁ'zro(, sne {4 va/:/ul‘m .

B) Tw Izl'emanm'au M/“{'{‘, Sfec (4) [l [01 ‘>°) .

C) TW co‘m,:aof'n[cm. Mdm///!(#km& W‘m;“e): sl;ec(A) 2 o“mt
/5W the firnle ol Dbt case.
D)Tluem, SPCC (A) v ca.‘rﬂ/u'o’ a LA 7 ";'/Mo'ﬁn about (M'J)'l

Rl'mawl . Theve exrsts a velued smathematecad é’s«)a/v)u!,

— ealld "Spectel Geonnrlyy ) combinig  diffetint

w%:;:z:uh? }(mctv’ wah P«o&m/ avwéu}/ i.e., (he /au,.«?‘g/
WVMW? and ’-«mﬁoou €heovy !

A p p»&’cn/t"dva-' k/&m - Govelon :zgﬁ‘au .
. /\flﬂ eT, eT;
P e.0¢e (4,0%0 4,67)

,5,1;\4’] < .Z' IZ 2/* é\u -{?—
M A, A, A, A

Re ctl S/teui[*vw'wé.-
S'1$7 :fwy”éﬁeuw

£

Kl Govdonn .
feebd § & Fo) i
c "2 N2 ¢ W
L e T
“ T__ ext; f/;:\i/—u—ﬁ é)/ /30&/1(5 I

= ‘)((' "09} 1 [ J"‘
S S sx- ) = gt x
*[9‘@/25/\_/“)%7%

=0

-
-

-1 (t@d)n




OMa_uM 'f‘.t KZ«M 601/0«; wave e?Mth'u:

ﬂ Reca/‘[:&a/&w [aru},‘ e’maaﬁa\‘ %.e: 2 948

Px" 24,

O Hexe: = —I' ¢ ({he 0-form St ree ave Algrting . S LZ.O_)

ﬂ 0L+WM ,(JZAM GWJ’M eymﬁm:
vrth s f="’—£$(n+w‘)¢
B4):0 MM; CU"‘M"‘)":Q

Q: Whik physed fochls ave descrbed by K-G Liolis

//Pt‘crv\! //. TAE)’ boramnsant the

the aonsy soits of ant Sous . Mot o p ontant At Soms :
Lo 7¢ ¢ r wincleor [froce Qamong Fv#,“; & mewtooms

A 7 Meson p,d/s
a H"JS ﬁdl (én‘vd Il,ﬂhtc& Ueir mmass. Found of L M. Mol 4o ,(/‘/75/ EW[M/»?LDJE’)

o J‘*ﬁ"‘”"‘“ [‘lld (Wm'd M;l;,vwﬁM e wmodoen cnamology 3 Sce A




