COVM&W& A.O.V(vai’ivz.s (cr(- vectv {;upus>

E&W ey We aLe{uuo( what £ naeans /fu\/ a  \veetor -F\QU on QA
YQW Qw&au. 'l'o be d(H:Lre,mf iable . We now O(‘LSOVE be LLow we
0\;{'('24-0\*: oke chl/\ o vecdvy {—L’Lu .

et S be a V'u)w(’ow Surfice oM R*>. Recall f -S> R

5 & Afferentichble function on S Fes , ond  veT(S),
4  one can  differentiate f okt p i the duwection V
by fitking & C7 cunve ¥ on S with We)=p, V'e)=v

(LV\A C/va[?uﬁvxa %Itzo'F(X‘f))- \What (—(: now \)laCL of} a
differatiable Function F:S2R we fuve a Aiffevactiable
veetor fidd w oon S 7 T pe S, Ve p(S), and V) is a
C” (ot on S with T()=p, ¥(o)=v, should we differextiate
W oin Hhe Aiyedion v )ota C/OMPL;*'.\VLS ﬁ‘;lkzow(ﬂﬂ)? Nol



Recall Haat bf? a  Vech~ -Fuu(o( W o S e von ‘tam%ud’
vecty £dA ie. W showld e hwy;cwt +t S af Cuerny
pint of S. €9. I may be the Swface of Tavth, WH may
bt the \elodh of wind ak pe S (whith is tanpest o S).
gw\oposa wind blows axr & Constant SPaoQ A 10 ku[fa 4@0\43
Yo e%wd't»/, fvime west b oeast . Than W
(S 05 showm in ved I Ha  preture . T

P & on the W’t‘w ond veTp () & Tomgxw\'
o the 22uadvyv, we wight wemt v hat
‘e “Nvféj;ve,” v/ff W ﬁ:; P 1l Z@&d’(m v (s +he 2Zuo
veekor . Bub f e Cﬁw\?w\'é’- ';\A‘,C'W(ﬂ‘"ﬂ whae Y \DO.Y&WMES
‘he Qﬂku.ﬂd’DY', j"\g\{zow‘f‘*” B C,Qy\‘aim(b wot  (0,0,0) .

Leeavar  w(Yi6)) CI/LAV\.%S Aivection m R as t vaves! Tnduwd,
d

C—

Tc W¥) is povpal To  Tyey(S) Vi, and not tangent to S .
We want a \‘cl,tvivcrﬁve Haf W that %’was % (‘Vamﬁ,‘m’t) Vet -g(e,lok on S.




Definition. det W be & Adifferantial\e veche feld o a
requdar swface S, peS, veT(S) Lt YO
be any C° ecune on S with Fd)=p and (o) =v.
The Covarient derivative of w ik fhe Aredion v is
Vyw :=  Hag O\rﬂ'w%omaﬂ Fmgec-h'om O{'

d —
:‘;\twme)) to Tp(s) |

=0

Rumark = Vo s wekl—definadk
independent o e chaice
of TE) as Lorny 2o FlI=p

ond Yo = v, becawse
j'—fl’czow(ytﬂ) Mu\o(o n\ﬂn oMM
v but ot o wl/\:(/L\ v

Y A "w;"'
we P\L\d () ao o caer B&é Mﬁvﬁ’ﬂw\ VVN c TP ()
4 —Fu.v\(:\'fms) ’



Po Lam Yung
Pencil


Example, Lot S=8(xy2)eR:z=x%y")  pavaboloid n R?, paramehized
‘7‘3 X(u, V) = (U,v, wHv?h) V(uw)e R*, et W be the vechy
fald on S dtfined by wilsund) = v xulum) - wdy () Vi ve R
Lot P:s_((o,s):-(O,n,\)é S, ad v=x, (6,1)=11,0)€T(S). Find Vw,

f@\ w(¥9)

-0

Colution.  Note X, =(1,0,2u) and 2,=(0,(,2v) so
W) =(v,-u,0) ¥ (uv) eR. Lot Y(+)=%(£,1)
So that T(4) €S VteR, Ye)=p, Y(o)=v . x
Then wiv&)= (1,-1,0) b+eR so ;ﬁ;\,c:o W (¥er) = (0,~1,0).
It s wot WV\‘\' 4o S .

Aty . We O\rﬁ'toﬁomﬂ,«j project W Aown 1o TF(S): let N be o

(Ol“ll )'Zu

=A>s“-ozs“+sze¢zv wif viovmal o T, (S) and (0,1,0)=Px,+Bx, tCN aft p.
T IS K@=, 0,0) gnd xy(00=(0,1,2) , taking Aot producks witl

(0/—‘/")'xv

Fhewm VX&MS 0=PN adt —1=5B , O Vyw = tle or‘t'(/bogow&
prijection ot (o-1.0) +o TS ) T PxtBa = —g (et2),

&mp I N1



Often Vyw callendoded  Ta Hiae presence of a Local pavamtrzation,
let S be a sz)uizw surface v IR”, ¥ U2 ¥w) €S be a
Loeal X pumebization Atfoud n Some open set U i R The
key i b figpun ot Vg Yu, Vy X, Vg 2 and Ve 2v on x(W).
’T\/\Qj e ‘tav\@us't' '\“D ¥ (W) honee Lineor Combinations of x. ond %y,

Write Vi Zu= T %, 0+ T 3, For 0§, K €41,29,
N, %, = ‘—;l Ly © C_L Ly TZ; ave C -(;\;Md’(ows of ()
Ve By = T, %0+ 00 x, Colled Hhe Cluistoffel Sqwbs
Ve ¥,z Toox, o+ Tox, on %W,

The Cuistoffel Symbols Can be Computed by Taking dot prodects
of tlase Qﬂ‘wﬁiom with X ond x, . Indeed, f Vyw = or’fbvogovsc&
projection of é’t\‘t:o\N(ﬂﬂ) o TP(57, then  Vyw— i‘?\.\t:&W()’Ct))

(s noywal o Tp(S), g0 its det product with any K& Tp(s) i 0.

Henee f\N X '\'av?‘elw* ™ S we have

and y which we a’?V\ﬂ 1o X=x, and X=x,,.

)



RQC"&M '\’N 'G\V‘Sk ‘G’(LV\&AVV\QD\-FDVQ ‘EDVWS E:X“' X“/ F: Zu'z\// G:'Xv'xv,
Hen e r§§ , “GDJ Gy k € L)‘,-’—S , Cam be -Qou»\o\ \o\j $olviw6

ih.zuzr"t_*rf? [{zv~z“:rge+rjv
X, % = F+0a Xy, Bz 0L« G
{éu 2, = TLE«T, F ([XV'X“"E‘E""E?_F

X, xv= [ EtV G X By = [ F + (06

(
Fhen COW"PUL*'Q X “ X ok X, - Xy

)

, then Cougpute B, F, &,
ond  solve o system of 2 equafions  twolving l_‘l o \_\L.
Note r|‘1= ('?_l‘ and ﬁZ’=FZ{ ¢ Sl m‘j obey thhe same
System  of  2guations . Lotey on we will Wfivduwe a itk Haat
ollovws us T Compute dof  products Such as %y X, ond %y x,
VWov2 Zasils. But ‘(’ov vew Wfs look ot owne wa(e.



-EXow\ple,. let S= 1§ (x,y,2) eR : 7<7'+31+ 2"=1§

X (w,v) = (COSvL Cosv, (oS Sn v,

\Da«aw\z‘{'\«(uo\ log
CO W\.\)VJ'Q_ r( ‘2

Sin u)

. (wv)e (-%,g. ) *(’“,W>
oA \‘tij :

Solution . (Method ()  Nove X%,

(-SWuCosv, =sinw Sinv, CoSw )

Xy = (~osu sinv, Cosucosy, ©)

— 2
So E=I, F=0, G=Cos'w.
Ao - S (Smwva —Sinw cosv, D)
So ¥uv " ¥u= 0, Ruw &y = -Sinwcosu , whid gives

¢ 2

. . - =
{ A = Mi=o, Ti=te

( 2 z .

M2 0+ T cosu= —simucosuw

Exevcist . Check n s Z.xo.vup(a Hat [, =
(Hint : First show

— )
= FZZ:O} 5, = Sinucosu,
Xuw 20 = Xuu-Ey = Xy "Xy =0 and Xy X, = Simucps\a
( 2 ( T
What is r?-l ond T2 (n Hs «QK&M\(Z Aviswe, @ V2= 0 (5, = —tanu



ok
To Compute T We nud v Compule Xuw Xu, Luu' X, Buv X, XXy,

Xov - X ond Xy ~ Xv. —\_L\Q %‘(M\mg "'V\QC‘C 1S 0‘“’% ULSfFu«Q.

Fact. [lz(“"“'l‘* = ~‘z- E. Jiluv X = "L Ey gx_w-zu: FV'JEG\u
Yuwky = Fu-38 , Wy, o356 Xu - ¥ = 3G,

The poofs are Simple Consequances of  the  pvoduct rule .

2.q %(Xu'zuh 2 X X S0 Huw Xu = % Z(semo=1E,

ﬁ(z“'xﬂzzuu'ﬁv"’Xuv'ﬁu = Xuu- Zv{' .\. = (%)

So ZM‘ZVZ Fu_.‘iEV -

Ps\\ oter ‘%:wv’ \’A,mﬁﬁ'es Coan ‘9@ \)\m\/{o( Simi\a»r13 (“'Pb )
So Now Fhe CUnristotfel S'jw\\oo\s Can be f‘bw\o\ b~3 SD(Vw\g

T e +07F = 3 & [LVE+VF=J‘E
{ [ F+0 a="F-3E LFrGlG = 3.

> — 2
Germe-dn [REen- R
GiE T - 6. LLF+06i6= fav



EXamP(Q, Asaiv\ et S = S(X,tj,z) €R*: Xz-egz-(-z?'-_- Ay

X(a,v) = (Cosu CosSv, oS Sy, Sinw )

_ k )
HV\A r(J’ :FW "5,|< € ‘l/zs_

Pavo metized \a:)
(u~)e (-3 J)X(-u ™)

Solution (Method 2). Nagin %, = (=Sinu cosv, ~sinusiny, Cosu)

Xy = (mosu sinv, Cosucosy, ©O)
So E= [, F=o0, Q= CoSw.

We have Eu=Ev=0 F,= FV= o G =-2Sinu cosu, G=0

~ | 2
W Frlg= Fu-3 & m-om"-cow: o (fhi=0
( ¥
(o B« F= 36 __35 2+ o= o _giﬂ‘z:o
ﬁ‘l F+ ST;_'(; = -g- Quw T, 0+ (’l; Cos U =-Sint Cos K l-‘:=~1'awu

\A/(/HCL 0\(50 {M?\((ZS

!
\2(=0, r;‘: —ton u %mﬂﬂj,
{ o —_
flruwruF: Fv—‘z-e“_% s

+ F -0 = SmuCosu
| 2 ﬁ g

(2 rzz = Sihu Cosu
{ 2
.0+ Qz-wuzo

aF * 5.6 =

2



Now that we Raow low Fo Compute the Curishffel sgmbels [,

we know low Fv  Conpute Ve, %, Vi Bu, Vi %, anmd Vg X,

ThWie Ll be wyc{-wa (A uvw()whms Vw i a Qo VMM’(\AZ‘C['(M
o we obsunve e \%mei, ey ?W\w\'ws —Fu Coveniant chrivatives:

Tomore (O I Viva e ((S), ¢ €R, and w s a differentiable viackhs

advaned

a 'V fscalled .
’ vg @ I veTP(S) ond W, Wy Wt diffeventiable vechy fdlds an €

& Convectio

™S,

e vv(w‘-th) = Vyw, + Vyw,

@ 6 VeTV(S), W s & o\iffzmmﬁabu vectey ‘f\ﬂ«(ﬁ( o~ S WA‘F (S
L A NH{LQ»’G‘AEQ ~ﬁmc,+fov\ ™ S, thaen Vv(ffw)=4—€‘,(v)w+—§(f)v\,w,
e.@.‘fw O, note thax § % is & (ocal parzmdhvization ﬁ_ S vt p= Xlo,0)
o Bid)= X(«Kile)) , i=1,2, dne C”™ tuneo on S Such ot Tito)=p Rand,
Fi0)=ve, than Y(t):= X(ceh )+ Cu6)) i Q C e o S withs

Blo)= P ok Ylo)= CVi+Cevy, &V\a\ C(/\&\v\ yulo W\\‘)\\QS Cl L\J(wu))

= ¢, i\ W(’U‘(ﬂ) T, J\'l W(f (.‘l')‘) SO PVD‘)QC"W svilo T(S) %\V-(S Pwyer'ha @




_V\/\L ?VM g(‘— @ s Yal %(W|+w7_}()’({-)):i‘;w‘(5({-7)+ﬁwz(’Ulf?) , GAA

Alax a’& @ mals  Flak ét\._‘ﬁ:(?u-?) w(z’tt))) = (;‘-& -G(ne)))w()’(n) + ‘F("f“-))i-t wXy)

Heve Y&) 1 C/O’ML o S W )’(o}:P,Y‘(e)zv, Detdls  onitHed .

To Yelop, et S be o Y'Q;wa‘-/ surfact , w: U (W) €S be a Qocal
PR mebizafion, pe x(U), ve Tps) , ond w be 2 differentable
Vector {Z%Qo\ v X(W)., We ke how Ao Cow»‘wshl Ve Za, Ve 3,
U Xu and Uy, %, becaust we ko how % canpute T3, 45k €002
Yo com~\7wk-e. VyW ; we {-‘ws\- wnte V= CEusf A xry ok P ond Lge
VVW =C Vﬁuw""’\v’_‘vw - Then we wnite WEuUV?) = aluy) 2u + blu,v) X,
Fov some Aiffrodiable fuckiong Al v) and bluv), Aefined fov (wn)ell,

thon Yy, w = Vg, (@20 + Vg (bx,) = % Ea ¥ 0 Vx X 2—\; X, * bvﬁuﬁ",
. = 2a v b v
QA Swwlamh:) Vlv w = Py Ep v a Ve, X S>v L ¥ %, Xy,

Alhge’fwf, Wwe oy \/wru 1o @vw\?w“c Vy W ‘FDV o~ Wai
AL(-GL«zmﬁa\oLz vechsy ‘(:\‘9—(0( W in o j)bvd—va..ze AivechHon v :



Example. Lot S'= Qlxyzye R X4q™2% (§, S=(o0,-1) , amh T\ 45y be

- 2 2V l—u"— - 2
P&VQW\Q"'VIZQA bﬂ Z(“/V): (‘\—-(-‘:u_"-c—;’/ Ut ’ H-u“fvvt ) (uv)e R
v vt ke xy (v f{: P= %lu,vy - o i 2
Then wip = [ * LR s o C7 veehr fald onS
J.JL{— - Zgﬁ- 255- ;) v= (-—l,\,O) ) ‘F(V\A V\/ w .
) (1= 4uv 4w
Q . N _ 2(| wiv') _ ~
O\M..hOV\ . 01"2 2‘_“ = ( (H'UL *Vv) , (‘_‘_“7__‘_‘/-,,)1_ , (\+“L_‘_VL)L>
X\, = ( 4wy 2 Cipn=v?) _ 4V >
Y (+tuwv)r , Qruvh)r (HuV?)?
= 4
Se E= G = oo, FEo Tb follews +hax
1bu l6bv
‘FDL - F\/ =0 5 E = Gu = - (\“_“L_‘_V‘L); ; E\/~GV - _L (‘+wz+v1_)3
u % r - _ 2v
mf.g\} Henee l—u — r\":. T;_,_ = T TwEet T = "n,-l_u 1+u+v
g 2Si7._ﬁ 3 __3_ 452 2 z
A{' P ( 5, 5') 7_(»@;' 'ﬁ') Wwe tHws hawe Xu= 25, zf7 -V"( 2;," "'lg;-
| _ ~2 —1 _ 28 A ? 2§62
r”-r'l: ~\21—_§=— ll" 7—"(-2?. ’ qﬁ«uzsuz—&z“"_}"v_—vﬁv-v;

vzt_v %, = vzuz\/: ~2€. %o~ 25{;. 2y R'QQ Qvo.\wﬂ'wt & P - Henwe at P, we hawve

VK“W: VZW(’VE“*“ XV)‘ - *Zf Xu "' 3\4 ﬁv Xu +.r2.. VZ Zv_ "’gfv ‘-—,“‘Lq‘ |2§‘Z§’)
/ (un)=(5) 3 (b, ~0g)
Sulaivet Vx, w= Vg, (Visux) ,v)z(ﬁ,m'Wz“ }g B R AR Gs, 2 ;L‘; —
ok Ao = (- P
Forg e, Db v=(-LL °3"§& Zlv“*‘f,so Vyw==2 G we2 G (25 ~ =t
ekt tw oA X/



Common grov @ LIin caQMw\’img Say Vz (&fu*biv) one wost
Common wistake 1S 1o Alffwantiate only tHie cocfficiants, and  thaink
Yot (v s Qw to 23% 2y 33 Xv . TWis wodd wet work . Tndeed
d X, Y4 ave two Aifferent focal Pa(avnﬂviwd'(ms Wy  some p € S,
ond W s a Aiffeveviiable vechsy )C\M on S withh
W (X(wv)) = &wv) Xulwv) + blwv) X, (wv)

ll W (n(;,yp) a(i,vl) %,(30 + b(i,vp H‘l(;’ﬂ
thew i ﬂfw-mﬂ, ?a" Eu + th * i‘; dy T 7u “‘Z (vmeve precisely,
Hae LHS at (uv) #F the nﬁm hond side ok (5)= Gex@n); MMA

%éu Du“ﬁ ;r(v-t‘i'( {ﬁ,(i,vl) a(u,v) 'Hp( )— a0 Eau— ?u?u ¥ 2V-{- ?u .(.IDMV

42 26 '217 pl/d __I?_ i
Xy= ;, Yy '131 I,,(% )= AMuy) 5 J""’“‘IV)—& 5L 2w T 2u 5%« M 9v+ * ’4b’bu2\/
2& 26— "ba 9 Y L33 29
W\MCL\ 3\V¢5 >w 22 2u -”Z T 2u Zu* A Lv ( u °+|D 7‘3 +( ’Qu 7u.?v )
[N v—\

wo’rv\;wzssayitg3 Zzovo b
So we Ao need o take b account Vx, X. and Vi, Xy whn we Conpute
Vi, (2%,¥bx ), wlich makes the dewivative V' “covaviant



lets wnderstand iy covaviamee m oww previous exanyle. We had o

2u 2v -wEv' 2
\)Maw’rviwﬁm X{u,v) = (—\m‘w“’ Vv, vt ) "’3r S, W( V) = -V¥, u.v)f\ﬂl&“:V)/

mh we calouloded VW at P’(?:g:, 2 -%) CvE(=10,00€ TlST). We coudd alio
howe poramervized S7 by YU©.)= (cosd cos®, cosd Sin®, sin ). Then Xlw)=1(9,4)

£ ond W\Qﬂ if us wn(Z+2)0s® and v=tonm(Fr2)sn0  hence wised)= Yg(eé).

. 2 252 _3 . -
We also fave Wy = (~Costsing, coseos®, 0) a0 ax p= (355 55, 75)=9(sw'tH,}),

we hag v=E10)=2Y . S0 Wi &t p can alee be Witen o Vg, 9 of

($,0)= (S\'“-‘("%;),%), I(: e '\fMW Y, is U Constant " withe vegpect T° O ond
declove d vﬁeﬂe =0, Hun we wolh  fane %/o‘\' o Aiflerent Omd wmcomedt
Qungoar 1029 fr VW at p- Bub we veallyy, shadd cumive ok Hae Sawat Amswes
evon " we calokated o the Locad ?Mam\’ﬁmﬁm Y inded

then Yo Ts as abve, Y4 (—Sind Cos8, ~sind 58, tsd) o E=CoSd Fz0, G= | ,
O r“\ Cos ¢ = "iEe= 0 = T"‘:o, \",T\ = Fo- TEp= Cos¢sing 2 F\z\ = CosPsing
So ok pzu(sw'(-2), %), we hae Vw= %—‘ivg,‘éo =zg_ﬁr'~f Yo = %ﬁ_(%'('ﬁs))\é¢

n 2 3> 4 3 _18 24 -
=~ (5,5, 5) = (45,725, 35) o befre, 0 long a5 we did caladete Byo9,.



Su-mma/ng, I S s a vegpday suface aud 2wy is a Rocak povowdyization

the Clistoffel sywbos oue  dederwined by

iiu.zuzr"rzfﬁzl: [{Z\,'X“:FL‘E*"_;F
X% = Frila Xy, Ev= O F € GG
y _ 2
{éu'zu:rllefr;‘: &XV‘X“:E\E*’QF
{ ~ 2 — (
LIRS VAN P Sl A TP < Lo BT F 400G
O‘V\A [(Z\M'Zw = éZEu Jizw'xvs "?‘:EV gz\w'zuz FV'JEG‘u
Lun-Xy = Fw"%ev} L‘uv'zv:la“ 5 X'VV'XVZ%:GV

| T
= rll lu* (_l\ Xy ,

( x
Viuﬁv = lz.éufr'l‘bév,
vévzsu =

/ 2 -
‘rz_( Zu ‘Q-T;\ éV; VZV Z\/ = l 7.|7.. lu"'rz’;Zv,
IV\ PC*VHW , véuz\/z Vb\/&& (t"\ Wow( , QVW f qu ).
Fially £ wixws) = aluy) Euluw) + blay) Xuluy) +Hiein

[ZVX“W= 97;': Xt & Vé“zu + b Xy + b Vg Xy

1V
Vi we 28
v St

’DL ") ":“YWVMM £
>V X.+ & Vévéu ~+ WXV + b vaﬁy

Hov= cxa+dx, | Haan Vyw= ¢ Vg w+ O\Vévw'



Fwﬂmw va?wh’.q a;g, CoNVBAnX o\}{{’-nmwﬁo&( %Y

Two Loty propevies of owr covenmount Kevivafive ave wedtl Wﬁon:uj-
To desonbe Phese we iv\’ﬂfvv\“c,a_ O Convanfion A & N{(wﬁ\'w\.
Recall Hrnk ot S & a regulos Suefoce in R>, peS, ve Tp(S), and £:S> R
is o dffuutioble fundhion, Hiaen the Aicectionad  dosivotive &
—‘— aX P in divection v 15 d‘(:?(v), This 15 Somatines Sinply
WAtten as VI£)P), av v i the bask Poivd' P B clear from context .

In ooty wovds, v (p) = O\-Fp(v).

Propssition. T W, w, ave Aifferetiable vecty frldds on S, ttaan

Tty vache 7 Tre oxsk a4 Uniged vty fdd w o S such Hhat
%wﬂ: A ang C” fnctin £:S 2R, we lawe

Commutaty wlf) =W, () = W (1, ($)) euuywhae o S
W, o W, , '-%

wvittew Ig W) W, owre C_.o, then So (S W .

w=ww],



,\D\ﬂ""/‘& bk U XMWY CS be o Lok ‘Pmaw‘\ﬁmh'm. ¥ wzaxtbx,
Ongd W,= C &u—t—ok Xy on X (W) (govuL‘\'Lw»LS wnften ay W = ﬂ%&“"b‘:_v

and w, = C %\1 + A%\/ ) e ‘ebv' 0~\r\. C”.e; S— R , l<r— F(\A'V} -=<G (ﬁ(“;\/7),
) DF oF
Hhaen W‘(-g) (Z(w,v)) = & _af\: + b 39 dV , w?-(‘?') (Zﬁ(u,v)) = C %\—i + ()\—):'/)

PE 2 9 \'—
So W (wa (£9) (X (uv)) = A€ T +(xd 4 be )51:5\/ + LA =L

R (R
ond Stilarly W (M) (X(wv) = ac 2%1 + (o 4 be >Du)v + L %\i}:«.
T (e a5 (AT
Hence Wi (wal) = Walw G (X lwnd) = w () ()
W (% (w,vd) = (o.—— ‘92& &= C%“’\% 5:*( g”é*b’“"c_"d%>_
= (W (e) = W) Ku + (W)= watb)) Xy . This shows
1 czuw\év]:( c>z“+( GDZV*‘QC’--»A?))X“ (MMD))X
¢ W, , W, owe C°% ) then So are w, (c) = W,y (a) aund L, (d) - wo (b)) henee we
Examples OT % 2,32 0 Sinc Y A= d=1, bze=0. D [wwl=0 ¥ ™ veetw filhu,

G {—X“/ VXl -ux,) = -x,.



We Wiy oo State bvo  progerties of owr Comnmeckion V.

@ 1{" <','7\, S e hner onzkm(k O Ty(S) ot defermings the
Lirst fundomedtal fn on S, tan  for tny  Aiffereviiiable
Vet fdds w, w on S, ank any peS, veTp(S), e lbae

VLW, w> = {Ww, wW> + {w, VWi ?
Twhued | i€ YE) S a C7 g m S with Y(e)=p and T(o),v)

‘e n &f\ LW¥e)) , Wr1?)) = <Jt'\ w(mn W‘P”“"“"Y’ E\ w(¥#) > l:w*

Vyw = Sile., WO®) s othogonal 1o Tp(S), hewce to (), Smalardy $ov 7,i3- Jk\ L)
We say V ois Congpatible with e nuhic o S,

Q) For any C” veetw Llds v, w om S, we have Vyw-V,v-[v,wl=o0
We Sy U is tosoam fvee . In PM{'CQJ@*I Ww= Vv o and 0,1:1 e
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