0. exXtnsic uwvature
A > '
1

Curcles franseoded 7
outwarziunt pred )
ne\m\a\: ) Slzm\a(‘ 'hﬂang\cS
g ( =%, wh-1X
Wﬁ‘—t r [ r 4 ,X . r
veuyr ., <°‘~f€ Upyes” .
O = A \lnear’nm-vsg.
ﬂ f 0 }k (43 > of"’cmsof‘»\’lad
Ve dwrs vio
nol_e h? (/GR '\‘W\gen-\qq\
(&mn same S W—; 5
rechn as ¥ S(ZK) — %X
— = L Xlelch
A repea{“ for surface N 50X C X Q&X
n4 veclhr Xn=o T |
S\/\a\ja {&nsor
w X iu 5 S‘J E‘“K‘; .
¢ VXX o sha\oe Hextnngc
lensur ! cuNvgture 8
—
® = (%! hffgerm QL
) -
r IR Wrgon
- —
(xi= 0 | TS = ¢ XX
XS = syX
- )
VXSZ :_?_,‘_.X ;\1 inwand
[ I;Z—/'\/_\ = SP(xX)
—SAXXIN
desnbes Symmehne {@m) fensor S 1)
o SN
il I W) r 3.
in fw s ways ¢ for suduce vectors

_.bend‘ng o£ rzorW\(A {’0 S\’d\j Gf'“’\r)a:nql
— bending ¢ Sufft{cevéch/rs' J(D Stay hnge/\f



—

>>
BN
L

oveall s9n of

AR
VX C = S\(C) ) g no-{—- UV'C\\
A -h —5(¥) defined
0 \6\ S on drove
# of 2 udd nuemals
< o a glven droice
e Wt fells You which
side of dangent line
~ cune (S Curv ing
N

¢ SCukaA’\ Ny cicle
cente~un same

Nomnal h\? moves 0?}?‘"“““1 \ st de when
{'b XdW‘GChU/\ S(X): —-%-X
un Oppo site s
when
S0 =t X
p\—evto\,g)

ag e
Remark: Allaunesare infnnsiclly fat!

g = dsSwAs W acdenathh pa ramchmzation

( % s=rdf — (Del=ds?

our noton o§ cuvature f‘om’v‘ne cwvtle 1 BENDING n lavger
Spe = odnnsic cunctuwe EETrdc = profotype)

Thatnnsic wunalure only shacs v 2-dmensinns—
ﬁhef‘e = vahﬂyﬂ @'r urdzv“s\'ardtng‘:‘gagég'ce anduve

eXNNSIC cunare o spheve
omes fom  avadar crpss-sechorss — 1d netion
combroe together o c@aV\Hf‘j 2\ bending




2 1\/{50““4“&5 : ~ &
n R ( nn = i>
@‘5 CVXH) ﬁJrﬁ @(ﬁ> = 0
5 W@Q X N ﬁ\ =0
| in B2 " Vw_)
1R
VUx N = Skx) linear tyansformahon
T of S\M‘fuce vedrors
l\‘,?%r (nfo surfuce vectors

ATy = ‘)

VSRRV
another y — Y- an = SX)Y = \/‘LSI)XJ':S;&\GX
:SQ’(\(QO

~lf N
v(yna=o)
@Y}' n+t w =0 {5 tangential
SYYX)

by = ~e(TyY) ;

Jdenvahve o tangentia)

(s Mnus  normal A

o) J_Cn r '
S S0 = SR s = (i) ¥
= ~Q‘/\7XY+%V\/X A Sij‘:gj\
=N (Vy\(“Vx\() V% Syrmekric Conheckion
= \/f)\‘ [X\\(} =0

A

/1\
algo surfue veduw

é}(@rcsé i sudace couvds— L\CMM m&go>
swue vedw ‘




A A
s\'\(ﬁf—tc‘/‘m wh "]—)N)%

A
(@)
A oblamed oy cwss—Section, through
S\MF&LGZ normal
A
T ~
& B

SO Cunve normal ¢ /}\\J =3 ﬁ
J N
- N A A | 'T]IW
N U= T = KN schochenck
Llakspace S
a=0 1%\ . !

N AN =+ K
A = knN==
n° ’er\ T
jo tells if 1,0 ¥
sign ) A A J('o Slg\n
pavaliel (=) or — S&rt) =— Sas up
dnbiparallel C“')Az St T Compo ,,ml—aF
Spr =~ (AN) K shage tensur along
:\r = cunNe
cuvature

YOAUCL CMVETWrE A ouves n surfae

S\(\C\Pe Lsogur = machine ‘\’9
with dwechon T

(Sty) = syrmeknc meriy, — as orthonormal basts of egenvectoss
untque i§ egenvalves dishinct (madulo syrs)

S =ngl) = S = Xt
(= ) = Sy = ae
0 = () ¥

F0 Y
dishndr egenvalves

have Ok(\ﬂogom\ aSm_S()quS ! |
n[ a\l a\‘s‘f\ nck "‘ﬂo\ etgm;'\?ams — 0\"“0‘190"\/«/(‘ - Of‘hfm GUWK ]Cmme

(ﬁue for hyperswfnw A " )



(01 grface e n}i 2% wahx

S .
= (\Ql 0) 2 ewgavalies " ()\ﬂnc\(m:{ Cb(NG(('\Wﬁj“
K |
etﬂa/“/’fd’v@ e\ | € FDV\C\POL\ Avredhons
Cuahure
N 2 O\’\/\f)dgomd( direchong
b, b2 det S = de)r(EiS_g) = kbl
same e ,
Sign = GauSSLom Cu.V\[a'\'UV'C (:l<'.
' |
@u‘(’SO\O\ on same ‘
Sthe o f posthve
'{'Z(lﬂggn\' CMV\/a\"MVf
plane
no inesechnwith >
—mﬂse.ér?\qnc
NPT T
[1\e } OW{K‘R Quivarure
lfypefbo\(c \\ / slgns . :
parboloid. / on opposite
\ . Sihes of
Saddle m[ asne e\g-envechr’
? €(go~va\l/~€

N ¥
Vo N = S(e) =k €
%

36}\ L_)Q;S MOVe al\)ng € (uﬂ\Hﬂ%%\’hmw}
N . A

catny N rotakes 1 planeof €% N
D\Ar(%uanoma\ al{ gnedeHq

k=0, % #0 aurve. n(f\rm\‘ along "
‘?‘5\."‘\”,“& “Ines of cunathuve
LT oo

@‘ oarved
{ dwecion



0.4

6“. T(y )uz) Pa\faMe"ﬂzeo{ Surfa co.

~
r
F‘ 7 (W) }
F\ é? (q\uz)

< o

w?

"'\ - a’l
\“n 217 aan
sz Wg,.

- -
f(uﬁluoﬁ =0,
ui-ub = AU

”ﬂ

52 = (Frau 4 ) (Rl 7 )

= Ga, auldu’
inFnsic mednc

u ﬁ@\'@rdamm\%l 'F’IW\“

A<= Edul RF dudv + 6av*

Q'L: =1L,

h\%@nsﬁ Yo coord l\r)e;

v surface —~ Span fangeat ganc

gnd A%NZ WU\OWQPPWX\ Md\‘(o\f)

F’_.F: = (ﬁ'}oau%(—@_)o Au? § Lo
a
4 [, e i
2 A quadm\—ic
¥ Z@z)o AUlpu? {fems
+CF‘22>0%U7')2 ]
4 [f\tg\f\cr‘ordzr terms,
auisdu
(ER) = 4 P ) dutd®
2 .~
Sab

Shape tensor

1N Surface caads
gwves quao{mh C
aPPWX\Mothw\ +o
Sur@ce [IRLY)
frum Tangent

{ane

" setund fundamenta| ‘Fom”
Kdu?¥ 2Laudv+Mgy?




10.4

Geodesic nowna\ Coordmajres (\éxhns\c mr?rc(ir;m of @5 0?}
2 su.rfa

1
dst=  dr?+ r* (d6% s 26 A7) sphencl (%3) spheres
= —dh’ +t7? (JL@I‘?S\UZQOM?“) 2~d wsmdogy
_ 1 (YL st
.~ vy ety sinh?X dd?) Sh&lr\\()seu ‘9/‘95\'3\')6?'65@\4)
LT+ QAT cTydgd)  Asheet
= e@x) 4+ Gab O X’ ab= 2% 4
e~ - spacenme m 4-d
arclengts orthogona) or 4
pavameinzed sucfaces
9CUd€S ics u 9€0d€$\ Ca\\9 Po\m\\e\ !
X\:X(o surfa@; ave equl distant
(susk &%)
X9y 2
f él orjr\")()gona\
€wrn()os(\'10r3
YA Oe’km}gen'\'
condittons Space
Ju=¢< 2 2=1%2
Jia=O Fls S‘)h’r\mg o( —lvmgeﬁ'\'spabt
resubts SF\tH‘mg o4l
Oab whabrer ) — diagond! fensirs acuedingto segregahng
(s gorer ayb:;vr\s dies @s A or 2,3

examme exdnnsic wunatuwe of each such surface
W1 coord system

£ parameter family of sucfaces)




(0.4

2 ool ﬁ’“mi: .
61—.-3( = 0N (wit nomdl o surfaces X'=x'0) ﬁ\.n =e
“ 6 A A
€a=0dq cAn =1
metne 0 imvete mednc matncec!
[c] ©|O . gh=e
9 = 1o o giz 9 = qu::o
A 97[ Jul
v N— gab gloc: éqc
2¥2 ode & nvetesesr 2x2block ’K
SHGRGEDSU(‘
' — A
Vy 1= 50 - N Vo ¥ = = S(0X)
N V@ =~ Sab J

/\:
= S R AP
L SPe= Pba\zpbm 2 ( Ve ST T € Sap
) + 0 &

= M€ —}—WSLQ

Ve,Ca = qup\ €y

1
€ Sqb = May

Connechon (,Umpoaenjfs sp! o+

M¥a= L Qo= Ousys r Dge) BT =023 bul

CQ’MOHACW“Q Mo re than
i Cndey ectua\ 4 (”9

Same for:
Mog = $9¥0( Igas—Ide,5 445 )
R a—

iu)

r.o_ 0 (
‘f) ab = —')2: 9 gab)\ =/ _ZL 6'9 4L)\ ==& Sab — (Eakz +.l-qub)‘

€
r‘ @b = (’lcb\—: i% gcc\ 9B>d;1 — Scﬁzj

C., = cd
r’ ab= 79 (9&«,‘9"@4‘910\“‘6 54m> <~ wnhrechun on Sufr




sphencal coodls
9.0 < ef1 0 Sa=(L9ab,d) = r( 1O
(90 <u5m29> (Sab (Zq & - ( O smb
= | y l' o .
= e (osm?é> = "r: (94L)
S% = L &%
§~Cogww\ogu
)= £ %) Sasioag o S g
J(?Meotwvcd'\,h ‘
OF surfuce mehnc t =0
< : inhnle
mehnc (7{(2\?‘)?& e;mﬁz&égﬁw CXMNSIC CUnghwe.
of dyrama ‘ . .
yanaky e veloetty  —"dy namics U
here Ge"

ey pansion OFspace“
\F&deoF SP}‘er‘cS o Creasing 1 fime |

A sheel PS&AOSP\\QWG ==\, Ggg

S% =L ab o SU=L O

unit spheve— pseudosple
scdles I\ i r T
Q{}mreog radws/ Pseu&orzd\us




0.4 SPM' cuwWature

A4
Rq/@\flj: 0% rv(&s“ 85 Piég + P‘(Y@FQSK“PW‘SGPGYQ

gPhHog hav many indies are 4 !

— el 1RA e = Jel b= 0al%b + M ab = D% e Ml
I~ |
:{ MocelCdb  _ ¢ nag e
e M, i’erf“cL
=@ R%cd + "pqu ML - MM,
KK - KW - gou g as

eerise
— {
2 R beals oMb = 0eMep + M e Mo — M ey
) ‘L l {efié Lﬁ‘e{, e—atmost L (
~ ok e e P indexd on [
CVK‘VK gd/t ﬁms‘ll\qg
Ecercise

1 meach Pa(r (uvziwdt.exh‘\—wwuer— S‘(gnmg}

"
=MWl s k4 KOS

I 3

¢l
Einslet fensor Gug=R% — S Ro% o« (= R*xq
R=RY%
L, spiit G'e = 7} mportnt for undarskerding G

G =
Cfer:\{)h)rl‘mﬂﬁrﬁ( lQ‘ ﬂle "‘ZC( \ Q E(yo( \E“qu

Ql b: \ZWI C'o
ol c4
Rap= ¥ 4= (a1 3‘&/\6_%
(z)ychd,




“Ouﬂ ‘m‘ral CMNQ{'MTQ Cm’\s\’mms m‘}'nqsig/e)&nmg(c Curvatuce
& —

2) <
eulty B cd = @ R%cd - €6<in\‘°°3— qu( K”f) DD‘C;(’Z

C~—— S
surfae tokal surface
Com\')w\eﬂ\s Riemann > S > lowevvo\
only of

quch\emanh % lthdch/\dX — & << dx%(KbddK

rvadded) = UL e Kak |
Z%X2 matmees {K(@\q" K%, X°
= ke (X)
(l\— leagr = linear J('v-ansfom)ahoq {ensor
l hahtrzcl(tﬁ Wwewsred as

Vedror vdlved d\%mﬁ\'\d\ ‘)Com

O = ® qucd - € @qct‘od ’“quK‘oc)

(Kq ch,d\’" kqd\t\bc>

& ngcgbal S U gbc) SLM?: Yenscor
S S
a,b=23:  ony 4 Indepen dent Component-

R .5 = e22K3;- K%K3,)

g
&
[%
N
=
2
(b N

= e(K?z 5] = € def K = € deb S =edetfS,B)
K3, I3 ‘ \/\’dd—\s'
< o
det K) invanack undev: de\‘( @>
lpasts dhange
< \Q(kz

(&)
qu’l?) =~ é k\ PZ
N
Gaussian Cquiw\c = ‘pngdud— ()l'mClPd\ C\ANal\-t*eS




) d57 = EQX\) 2+ Jab MAXL s f\a\— qu(—'\‘\i’he}

(?@)na b
tu= KKy = €288 g =S \gv,
. A x\\* [x\ o~
K b= &‘\\) l,
ge«\om\chA
A_ (\ﬂd Kmlﬁé\(e«/‘
6 (bM\?onen(- d:;\::(e
= Gauss wet)
CuNanV; @ W;of:d \->
up v sign ~as all redyired
Constant on X! =X, symmefnies -
Sucfaces

N Conslant aunveduve q»kewg/()smdosg/\ere;
=

Scalar CaNatyre W"“” ab = PR ‘e Gaussian

7_€ Cu Natue
2
c=(: @R >0 <_ mbrnsic cuteture  cnanges
6—:_\—[ (’L) R< O 5\9”3 UUL‘I\') €.
SN =
€=-\
S)=eX posthie 1fnsic
70 Qk‘\/q}ch

| /\cga\‘\vt m‘l‘hnsic cuNature,







