MATH 5061 Lectawve &  (Mav 10)

Recall: Tsometine (mmerSon F: \Mk-S) - (ﬁn'g) st F*a. =3

e 3 (dFv) , dFw)) = 9, (v,w)
Fo T f

k
Locc.lhs  imuerpows are embeddiag M= FM c M.

Setup: M® ¢ (M".3)  cubmemibtd  ( k<n)

(M.3)

QUJS“"'\N\ * ove do S-tua(n ‘e
ChakrmsreT & T extrasic” 5&wefa

o M >

Crucel obsewekiow . At pe M, thre s an

oﬂ'\o\ejavw.\ S\':\W\t‘ws -r?ﬁ - .T;M @
L

(wot 5 )
NC‘\‘*-‘ o\ g avwmel bundie
oﬂ'\msaw\k\ de co wpe stliow v = VT + VN V pe M
2 a0
TM Tm N,M

Nte: —3- restricks 48 om e product on Rach TMs (Tpﬁ.g)

wwke 5::5.‘1_" ANNS) (M‘_g) Riewm . vaonifold

Bb Fund. Tlam. of G, A Riem. connection V Cor (Mk.g) .

&f Hawe X3 V veletedd to the cwleient R\‘t’/w\. conmecthiow V own (ﬁ,g) 2



Recel: N * T(TM) x T(TM) — T(TM) X

A = -)x

-d
~ " ToX

N : TTR) = TTR) — TEIA)

Prp: Lot XY € TCTM) | owek X, T €TITM) be extimsions o %Y.

THEN - T

N, = (T, T)

Q@M&’lksf 'q- (p) olqn“lr Onl-a o §(P)s X(P)

owd ‘? dlowg any cwnt T¥: (<£)— ﬁ st Tl)=p 'U'(g)= X(p)

[wﬁC&uw\-\:c TEM , Wwmne Y=Y an M’]

= R.HS S \‘v\d.b?, g{ 4+ chvwe 6" XS \su s q A

PrGWF= Chack R.HS. defimes a connectiow Whiclh 7€ viietvic tawpetible
-frea

ook EOF SNY, thtaa veEsatt Follow £ by waigueuess part
of Furd Thm of RG
@ () = (T0) btlcar
® (o) = (BT = & @)
W (T,60) = (XY + £, ) = x@ Y 4 (@0
) Z(an) = Z(FGT) = 3 (VX .Y )+ 3 (% UgY)
= g (X ¥) + 3 (x,Q5))
(T - @) = (TT- TX) = (%71

-
= ([xx1) = x)




(%" WWet chont tue nevwel pevt + N ?

DQ‘E! : ZM fundewmantel ovm of M in M
A : TCOM) = T(TM) — T (NM)

AX,NX): (V-*)

Runwka This s well ~definasd  nclep, of ta extemsiws X.Y.
LQM'\W\A: 1) (%, - A(\(.x) v *'YGT,(TM)
W R Vv §c (M)

@A) AEX.X) = AR, EY) =5 AK.Y)

e AT a sywmetac NM - velieod (0.2) ~tmsar

Poaf: ) A -ACX) = (‘ih"-@}m"
= (T -Tg%)" = (Ei-?])"-.- (xxD =0

W) AEXY) = (%‘-}i -(‘f‘ ;‘( = ‘F(ﬁg\-{) =fAM,Y)

T—

Px 1 € TI(NM) taan we con defiae a scalar -velned 2™ 4. Gurt )
A" : T(TM) = TV(TM) — CG(M)

A.,l(xx) = < A(xx).vl>

s & a Scow'vcufn( billeey favvn o @ech T?M
\we — — Shepe o‘)erd.rl
ROV AgouY) =< Sy, Y7 (NEingaston map

a\yebre
whare S!1 : T?M - T‘.N\ s se\f- cdjent oycra‘for_



Pops | Sq(x) = = (Y Ug syt m
R\_ﬂ‘i: <S;l(x)‘\’> = Abl(«xl\() =< A(x'Y).'l>
iy (ﬁ{?)".'fl) = (9Y,1?

VXY ¢ Tiw)

- X
= X<Y Y -<Y,J 7> = <Y, = (@) )

& Ul stdom °

(p‘“.a) ) (SwAsctan ﬁ ) Carnvetare §
Ul ’i Yek‘h\bu?

(Mh.%) ) cannecti'own v ) QANGIWYE R

Y

AV\SWZ R and R ore veletrd v'a Ha 2”‘ ‘F‘e A (Of Svl)

'ﬂ\za wil\ e expt-cnul M s of D sets ot “canstrannt equetions

Called 6&\4::. Cﬁdgzu, Rice? z{uc'hw\s,

Be‘f\)re we State these UL\A&'('-'M\S . we need Sewe Yn\-w.‘uu:) wstiwns .

(i)_‘ Comneciom & anvatuware *n vdrvmel bunclle

4
3 Co WA ECRON V own Aefleedd @S ¢

Q" : TEM) x TIuM) — T(NM)

(E_x: Tlais ©s a)
L — N
Vx'l = (W)

“ Cowmectvn"

Nerwe| L N Nt Lo =
7 c:.::m R xx) 1 := Ve V1"V Yy 1+ Ve 1



(ii), Covevient denvetive of 2 f4 A

Fix 1 e TLM), S
P\.\ (xX) = ALY =2 AXY, )
v teged A T(TM) < TIM) x T(UM) — C(M)
Defive: ¥ X, M. 2 eTm), ¥ 1 e T(NMD),
(VA) 00X )= Z(Acara) = A 9%, 1)
- AN = AT

—WW\‘. ( Cﬁms‘ttm‘vd' Eciut.'\'.‘ans" Lot TTOMRENC \WInLYSanS )
e 4?\\\,)“\"\’ (‘iu‘“ Jowgs held Sovr Me (M 05 ):
VX2 WETM) , VT % eT(NM) . we heve

Gowss: R(XMZW) = R Z ) = <AMW), ARZ)Y
+ <A(xwW), ALLDYD

Ricei: R(x.¥,1,%) = (RN 59+ < (Sy: Sl Y

Godsaz: R(XY,2.1)= (VAY O, 2.17) = (YA 2,17

TM =TM @



Paot: Recell: VWxY = WY + AMY)

§(x.‘()'2 :

ﬁx‘a*% - ﬁx ﬁw% + ﬁ‘W.‘t] E:

Uy (W2 + A2)) = Uk (W2~ Ae))

+ V2 + ACOrY1.2)

= Wi + Al Y3R) +« Ty (AD)
= VUxUy2 - A(%,90,2) = Tr (A0D)
+ VCg'*]z + H(CX.Y].%)

= R(XX)Z + A, 0,2) -ARN(Z) A (xx]),2)
+ IYy(Amx2)) - -V.x(M\'.%)).

Ts\ﬂ‘v\) N % Pwdwc‘f wrthy a fcujmmt W ¢ T(Tm) ,

RONGZ W) = ROGT,2.W) + { Tgtanan wy - (Tl wd

= ROAN,2W) - < BX.2), TyW Y + <ANER), UxW?

- N S ~
Gauﬂ" = ROxaw) =< h(x,SZ)'(‘Q.‘w\) * <P;(‘(.%)&qxw\7
—

= RN, 2. w) = <AME), AW +<AIYR), AW

Tt.k-‘v\) N 1% % pvselu.c‘f wetlh, & orma | Yl e T¢ ) .

RI%Y.2,7) = ANLTR, ) = AR, )+ A 2,9)
« <y (A, > =<TUxlnaec), 17



Nete: <Ty(Ae,2)).q? \

- N
=Y (Aa.p) - < (T2

=Y (AR P) = (AR, Ty 7 /

E(Xd\‘.%,q) - ﬁ(\(.Vg%oqj - A’\*.QYioq)f A(v_x\(’vi‘;%oq)

+ YAtz p)- AR e
Codontt - XAt e )+ AWZE Vo)

(Y A) (x,2,7) - (F,A)(Y.2 )

Recelt: ﬁxfl = -Sy‘ (X) + V:"‘

RO = I, T - %Ty1 « Texon 1
= ﬁ*(-SQ(X)‘P v:q)"v_x(-SY‘Y)+q:1)
< S;l(’t\(o‘f]) + V;*“JY‘

- - T““,““"‘. tevwns .

- - N
4 [V\‘(Sv(X)).&N + [ qx(s;l (‘“)]
4 i X
T T Vet Vo
Tc.km) tnnee praduct with & Norma | § ¢ T,

ﬁ(x.‘(.'[.‘ﬂ =<Rx(x.‘()q.§> ~
- < [F(s,0m]75 5+ < [Tulsyem s )



Nste: <[ﬁ~r(37(x)ﬂ?3> =< ﬁ“(s'lm) L5 \
= Y[ 3700.§ ) - <S1(x)ﬁ{$§>

= < S,lm. ng b, /

§(x.\(.q,§) =<R‘\(x.‘()q,§> * < Sylx), Sy (12
- < S.l(*r),&s(x))

= <P"’(X.‘()Yl R <(Ss$o 31- S§° S"P(x) Y 7

Ricei

Ceverad Raumavks

(1) Twn codimenson 1 (e hypes sur face ) , b Rices equetive

vs tnvial.
Recsem: (odiva 4 < is 1-dim'R =31

Ricci: R = <RI 9 + < (88,100, Y >

) The wait spwee R c(R™F_ ) has K= 4.

~<
n <)\»‘t"“‘:‘d w“ w4\
P ot Sl R Vl - -x. PO stisn wectar

= ﬁx'( =5x; = X =737(x)=-)(

‘e A,‘(x,y):(S?(x),\() = =<K X7



Geuss: ﬁ(x.‘tz.w) = R Z W) =-<AMNW), A(XZ)Y
+ <A(XW), A 2)D

= R§(¥,w,q.w\ = (W72 XY - KXW <X2Y
e Kgns 1 .

W) TF M C (M\3) dim L ond (M.3) Whas constant
sectiome\ cuwatur® , fhen tov V( = it normel Clecally)

Codaru es? < Vx(S.,W)) - V.((S.'V()) = 37(CXNJ)

( Ej_ ?Nve tais )



