Géustaics Ml - TP -~ Sous-vewchkes

El‘ii. Ln‘ {(x,q)elR"[ K=t £ we T , M= Lwu 41 N
al 1. 1

heth¥
17

(t) M ectr-U e hus-MiLﬁT do R

e
=

oLl ’ M g Posons 11':- 1'5_} 2-[ 3 ouveds u \R ) a ” i
-\, ——
Ih"—luu 7 e

V("lt‘)e H ¥ ﬂ'lv- ‘(-u\ (ol‘:)e Lh Te a:-;lq- .

Posows U= T.xIR < IR* ouved >3 C{) o W —= lRl

x9)— w@xy) = (‘j; "“‘}«'\) :
Alorr @ off wn dréo c“’(w Lo ) " EP(L{)__,_ Rx CIh-%)clR euved
on Tn-th: 1mr-trww v

On = MaU=L, < g?(ﬁnu):cp([_h): Rx {of = PU)N (Rxde3 ),
dowe M ot e Sous- owsheds dae. 1 de IR
M et % e mus—w't""j‘}h R ?

(_Z.) MD:‘ S(XI%')&(RLl x=0 S ?A- H"‘-: MU Ho .
vet di (Op) dorr R

gld ezl U versvwepe o0
p(H'nu)= (Rrjod)n QL)
> Lot d ‘e W;&f\_)

NoN | Len Fow (OiO)e- ch_H\ )

et & on &JPVNK CF(OP)"(OIO)
elenss « w LP{xm):'- (ca(zw). PLx9) ) v ) (?'2.(

, Corddius (08)e MaU pu pebt £, oles
tﬁ_(o&):o Ghpert = ?ﬁ"(o{‘D): Qo ﬁL(OIO'\':;)‘@CqO):

H‘nu) -:..KOSC 'IR. .

45

20

o Cowscdirous C—%,O)e H(nu powr
@ (k1 0) =0 ¥ groud =7 949 (50)= -

BoZ (1) Exewpl dmbecedon de desx
S, = sphert $L=.{x‘-u{"'4:f¢7'zl 5 /
S,z cqlmdre f xuq= g
(2) E(&u'ab dlvdecseche de deny fous-
Q = sphive -

DL

o i (R g West o s dous=veT

QNS = (ousbe o hott




EXos

ey,

() Pow cis-cﬂs 2R Lewreunhl A = (r(x,c,)g.lﬁl! x'—-.c.f?‘.-.uc 5 s eous—i1or a&fEa.)

a ﬂ‘l: _e‘:(o) POM ﬁd‘_lﬂz—? R r("t“))\'—" XZ-—L{?'-—.{
douc A, etb bus ver 0 b v velewd V‘-“f*‘j":‘“ CLL—EL :
D= (0 ) [5) = bwr=tae) st (aole F) i o

- t&i— roud -

¢ Douc & dfo ?A est e subuexrsTn sua (R* ,olemc ,’\:CO) Aa e e
« Pu 1=0 | e G A@: {x"—-q’"-_-.DS:'— {td‘—'-XSL.J{(d'-""S >< cim'u'e_ar‘(ao/;
fous -

lA-ax

(2) Pow ?mﬂs Ps,ua VRN Bﬁ;{(ﬁv\elgz[ w3 }:/,} et pus—we 7

T R o
dew ¢ BP’ et tows - vex W O et n Soleent r“l‘g’C‘* 25
x+ =
Dguben = [S2)e[5) & rastae) o (9ot Fes
« Tow pHO g, efr subwero  dewe Bff ‘UO) o™ Fores-vel.

. J};—_,O o s B = {%’5_755081{(&,:_,(5 7we‘sf'_oum' ne Sotes -Vl

[F=V,% BD: A(J%:(/O) POLA- ‘éo'-_tp\l-—p [R . (xty) —2 /:‘-'(3 s
ﬁvf el e mbuwervm Cen V%’o (ry) = (j{) = /O) 't/@y)

Eioli  los ervenlibes o= cord— s oles ms-w«fe;a{ops?

Q) g,--{(x,ma—)ell&”[ %5 3(12—-? =O ?3
oul | con 8'1: %-rg,‘,{,u dix E\\(Rz—""’(R gC"t“J}

(z) -C/'?f {(ytg,a,u,v)eﬂzg\ mf’—u:o}

OUl{ o S}_: %fofl-*-l d_4 Fl\‘ \?}———?UQ xu‘v‘ u \
(Kl(dﬁa‘) — (X'S_t_y%):(b’ )

— Blxy)= x> 37?-_':'2:‘&?“ »

x3+3tr%"'\7:’ O g
2=

5 T
On [perct voin Sy = B, @) ou Ty \R3._-—7\'P\x L2\



EXo 5 les sows (€4 o
_— - ~ @ NSl in = E —
MM( Sov*‘-&s GQC,S &uwS-Mgf_,kr_; ?

(/f) Culaf_a'm e { C"a‘dl*)‘—'lgsl x"-u{’-e - 3xyz-13 =0 ‘{

-\ -
e S=F (o) pew F: R* — R (%09, ¥) —7 x3-e<d3’—f 2> 3xyz —(3 - Lusse.

3x"—3c’% 0 x"_gg_f_o i xt-gyz2=o

® VF(x,g‘e-): (3«{;—3::; ): (OJ & {3"—'::2-:0 x y & S"'ft‘ Y

3t 3xy 0 zl_xﬂ';o x 2 K3+q3+ 23 _3xgE =O ,‘MFOKLQ{ .
&__,_—-—-—'-——-—'/

swur St 1%
e Dowe T estue cubuwersvon ew fout- Fon,.k d = :_f_\u; eat- sous - vt ke du . 2

C)FEM('ZLCLUIWQMA C= {(X,fg, (:lRB ] wal‘t-(-?: L ) x-H_f-—)C"‘O?S

= Cv{f":‘a.})e(@(x-&q-rz*f , w=A-e g
C et 4 nibecsechan de Lo 5F[A;:M S)‘L '(%7"“‘ /

T :

ot UKCA{?/JM.JM. t;m/uujfkvq«c[ﬂ : AN .‘.~’;" { —';j
-~ : <
e = F((olo)) pou E- lR ——"—"'lR. Q‘wx =

(g, k) —> ("“’ ‘”’ ') '
Xt & .

2x% 2% PES
Bt (4 o u) e e T |

W YFo e IF =2 may tusal
w =0 o 220 | (EFF =2 et
St %:o & z2=0 ) eic= 4 : Cf\{(é_og_-og { o)%i}?j
. PU“SG[‘* dE G V\OL‘BQA Nouey rwcel mol  loo velewr  (00)= F(490] ulest- pe?
AL?_».Q«{,U\ poun F o, dae FC(oloﬂ wledt pos e lows- e L
e Ek 4\4&'\ Lo [200»&# (’llO]O) exi{‘v\‘\ rabﬂj JO‘-“M‘ C{L C &
Poun o vole | Chdious € ow vesmepe do (100) !

\

ﬁ xeyte el { %‘=l~xl—2"=}//f+lt‘—t“—°cl= 222

= -2zt W=[~z?
u= 22T + 2 (1-52°
@%3 ;i = o (-57)
= (-2

Q'bkuefu?‘rfu.o%moh (L0o) | o[vcw-oQ 1—vo & Y4VO o coutbe C et

m(hmd&deuxwm. Sxta e}‘\x—l%
”l(ﬂ-\,‘g (3/\/—2"



e O
N0 RO

= . @U(’ﬁ. ed” Lo Ious-espeu_ weo i walls  de Nndedsechune  ewdme ds S{QL\L\T

i ?—{(xmﬂ]x‘écf’%t":i { & & cT&“u.oLu S= {(x,gtﬂ[(-i)lﬂfz L {

g ﬁ:ruu A ot e b de (R 7
. En2=F () pom FrRE—R*

G —s [ iy )
(Gf-#_)"*w -G
“Bx 2 12

o =F )= 1 - edt 7

(ry) (Mx—g,) . O> 'T'& s toup !

‘P@SGY-L (,9-(’::5,)) ne slotandl [;.ﬂ HrelR . [ow_s ca [te csloung

oret ume des deuwx andiens:
% 4#0 e 2F = 2 wox
4 y=0, 220 ok x5 e IF =2 ieen -
kg tjzo(%#o =t , re3F=1
W Y=0 & z=0 , eI =4 .
. Bu Sotee © b ICGyr) =2 &> (rod) & {(—'i{Q'ﬂ[#O.guig,fL(—o;{mf‘% .

L3t £
e On o F(ilo'%)z (“j’f ’):1: (%) 2, dewe A;{ F—T{C(O(o))
4
~ _ xE _ o x=£i _
r(")oto) = ((K_JZ.J‘JG)‘(O) < {(i“'k)lit & k=4
dene (100l BAFW) |
o Dowc FE\((QLO))\ i({,olo\g et tue  ous - AL ERE (oh M. Bal=4 ) e [R}.

o le porud (Lo0) ed dovlsLe (C(Z Exo 5) C{m« Jo ors v €t
mexinols de S ed Elon) {C‘loto\B -



-—

1) Le groope &L (R) elt- U fous-vou €t da M“(na)?
o0l con clesk o ooved da M (R) | puisqe
GL(IR) = def' (T-w,00 1o, ) od ddf LM, (R ) — (R

of  Dlewrewlods mruf.
Dowc GLIR) o fo wils amewimn do Hi(R) n*.
(>) Mgq. SL(R)= fAcGL (R | dut A=4 | et ome jmus- o €he’

. Rusque SL(RY= dek (1), 4 sufpet i uamtian g d@st) a foup
contoud (dsows k) |, et eow a dm (SL(r1) = n=k .

. Boun colinben d{dek), on te plocs doun flovwed GLRY countenaut Sh(R):
YAce, (Ainruwbl) G Y HeM(R) , ew &t
det(a+t) = det (A(4L+ AW = M(A).A&C&L+§‘H3
S H—rO (ennorme dawn MAR) €gq lInll= Z_ g\ ou Sop eyl ) /
on o det (L4 FHY) = A+ T(AH)+ o(HY) , denc
dak (A+H) - dek(B) = () Te(F'H) + o(H*)

+ Done -"Je})Pr: M(R) PR He—r OL%M-’G(PF‘H) ‘

uf" C:)CAI‘Y'IM-L

[u-c"h-s fa"h-—7

s M (IR) .

e~

Le (GA.LGE (5-( d(M)A )CC. (e d/“W\&A%ﬂM dk k‘img_?,( i S'éj\— '\{."M-( C:j“.q.gk-a,z.li__:ﬂ_.

- 2
v« Fou CGWK’TOJ ) SLURY et v cous ok de MR du dhwensitn p=1. .

(2) M. O(R)= §AcCL(RY| A=A S el om juuss -our& e cle Ma(IR]. De oullle dine [

s Ono Q(R)= e poua E: M(R) — MJR) L A F(A)= AT Q.
. Caluabons dF, e YHC M (R) +  E(aR)-FA) = () + o(HZ)
E(acr)-F(A) = (A+HY(A+H) - ﬁa:%m»« Fr N -
=~ Hop 4 BH & o(k) |
=P dE (H) = HR+AH= (AW)Ee A = cpumdtise de AN

. He ke(dR(0) & symetsdde FH=0
£> KH est aulsqudarque i N 90(“’(6:3 Hesdn) |
o dim ler(dE()) = dim win) = 20 = ke (dF )= = o estconstod.

. Dont O (R) est soms—vetielc & dim QfR)= A=de(dF) = - ) = al-1) o
> 2>



—
—_te . 2
—0 O

Le SUPPO’J\_ dw Cusp ¥(F) = ({:L, {-3), telR est-il ue rous-vanicle” ?

Et peuw T 20 ? Ex pown t>0 7

° L&P-P.u.s waple et de cousdderer Le con >0
lo poroudtiisahe Y Jo,orf — R? et acgubiess ( wir= (243F) #0 %)

dowe 'dyl::-m_# R ext e oﬂe"‘m}“’“ € i ve. %,\v\ﬁ‘ef}‘lﬂ (rk C(X'_:’Lwo.k)
ek ped w":atw"j_ ¥ est oue Pume rsTov - X
De plus ( ¥ e um howeowgr{;bu‘.smt Sua i[tWQ»?R C= {(X;X?»){“'”Dj/
o o Afo:pﬁ.oqv-t \F: C —3 Jool (xlx%) — ‘L'=JCJ5- e conlnue .
Powc Ke‘&' Un euruleccﬂcuuf ,ei‘ ou t\m.o,?,o. C edt v b(.us—voo\\e':k -
o Si on consrdern auwn Lo PBM ¥(o)= (00 ) , la Pmm{b\rsw
¥ [O\U"Y_—-ZlQ’L u.\e/k'-FQMS difid fun wn ooved U '%wj' k\fq““f"“
& LW ponass. Y son om ovred J-€, 00l owec & weure  suppod ds ¥
ot tq. ¥lO)= (0©). Su 1-g,00, dovs ¥ pred i e sradren~ent
MW&X&M]O\QEI&dNL gu'cd_(f%ﬂ"“ﬂ[\':d”:"(' s
Damn o gei o de (00) dsue gz we perd Rl vm lhoweo W Tpdiet .
o Bwfin, & own constdesr tous los P@Mﬁ'& ‘6-({-] poun te [P\) La FDL\J“ )
(00) est o pond du rbrov newmerd oty wlelt pes une satsren e

poree -que dﬁk wedt poa ‘m‘(ed«f ew T=0 (.Fofscirg ¥(o) = (0,0)) -

Le gu\a‘mx de Lo sP-(er_L Q,o@ Y(H = ﬁQJC (cost, swi) , te R ) ~es‘\“-\lﬁ Une

sous-vamele 7 (supporear @>o )

e SV o i couwdew par  flo Lnate (00)= %\;-m\(&)’ o arrn‘oﬂ-m \,Q.og
ef owa ;ows.—mul€L€) [ PN N v \(JALM‘&IO_

(olmc Mm) X un l«»u&&om‘ob«"&m Ul Jti,‘u‘fm.of-z"f

fu (4®") M nve .

= o

260

g‘ L IR =7 R (&0 4w ) e
e St on Lowrdlels s & Peml‘@»\u:{‘{ (00) , cbns Tu(y) wled pos une Seus-vea.,
Cor f_mig.srpm wu}fm e (00) . isvellewed | Log basuchen de Sfﬁi‘wh (9‘,,'
souf” sepores, S e de dowdns dows R ) i pewresd 2t Spora de (QO) :
Do louk c‘.a.‘Sﬁu-c oovedt (U= :DE(O‘O) AL ew (00) X #au&cxd‘ \(G‘o)éu ;
; 9

Una Im(s) contyeed nfente oromches o spirals

tovkes cellle, pemewd por Ls Pem»‘k‘s
¥ (o- Lrk) avec 2O .

R*



o AV [rovren wam poraniti sabm Lol de (= {(x,g)[ xq+L{3-‘{a‘“‘"}’:°§
om velsinage des pomds  (0p) <F (-L0).

. Sort FLRF— R, (5y) — Xyt gey & Cs= F ) .

Thw des Feuchan lu-uFQ»-‘CA%S
% IR¥— IR est Cl ek 1"] F'C"Oklb)zo y VF("D:H:;S#O P‘-‘“QXCO“- %E[KWSD)#O'/_]
Y

e A UxV ovmed autoun du (ko4o) eF LP: U—>Ve xtr—;>CP(t3 tc?,
(4') (-Q(K-o\:'-%c
D F‘fos\\uw*:o_‘ > xell & g=POD
e (e C=F@Y le. CAQURY) = § ¥ = (x@0) | xell &
ot b)(x)-.-_ (4,(,(5(::)) / \g’\\(x): (Ol ‘YX\) c;u QF( )
_ : _ . - _ % X, lx)
(3) FOape) =0 sw U > Q(F-'-fQHC-(?l(KJ:.O “e. ‘-?LC" = Eﬁ;)
(W) = &F+20F @) + Gy F Qe +4F PE)=0
2 P,
‘I Le. C?‘[x): = 5:;5 (gi-xp + 295&{: .(P‘(x) + 8331: - Qx) ) . B

Por toutdgrent | e porcwn. L C ambou de (%,4o
W)= (xpler) = (5 Qo) + @lro) (koo ) + & Qo) (e + 0]’
= (o) + (HP0)) ) +5 (0,F%) ()t + 0((e-s>% )

Y(xo) + K"\CXO\ (x-%) + Jz_h"‘(xa\ (=¥t + o((x-x1t) .

) el dotweel P;J\

—
—

=0 = Flop)=0 =r (00)eC
F(40)=o =P C-'I‘D)C":- :

VFEy) = (Ltk”-e\ ) —» TElo0): (_:):“'5’ , [7{:(-(/0)-,(:{3) 20 ok

. leds Flry)= an %Bu_-l-{l-i- ¥=Y

l2x* © _ o O 3 _ 2. ©
HF()“UJ) = (o Gg—?.) = HF(O‘O) = (o —Lj 4 HF( L,e)= (o ~2_)
» Akour de (00) 1 Flop) = 140 =5 FxVz00) | Fp:ll—r Vix @) -
() Yo)= (0¢l1)=(0°) () Cn (uxw) =4 x0e)= (k, plxV) | v el § \\‘1

N
AN

@) goy= - 5= 1 W) o)z —A-(ox20Ax (1) =72

= @)= 0+ Laxs L)X olx2) =2 ¥xy= (% K-x*+0(x?) )

Autour da (h0) 1 Fdp)z-B#o =v ZUW'>(40), g U=V g tlg) T

) \{(O): (\'KOLO)ZC'!JO) (2-) C.ACU&V') ‘—‘{ \.3’(5}-:_ (Ur(g){g\l%evl %
() L) - (2 20:(3)+ bd) = Db L=~

9

= )2 - 3y 3 ER)T o) = 3y g oly)
= Y= (o443 o), g )

T
(4
X

i "H\T\



