€rge Moshammedia 02 Huim 2017

%yrmmm‘izm%

Taoufiki said

1. Sit B = (e1,...,en) ume bose de E. Toun i=1,....,n , om dé%vmt ef € £, on
er(ej)zéi,j , 7=1,..,n
o &1 Zaiez‘:() s vy, aj:Zoziez‘(ej):O.
i=1 i=1
o Sit feE*g)Man\aarue x:inei,ma DV, ej(@) =g
i=1

n

2) =Y wif(er) =Y fleei(x), dot  f=" flee;.
=1 =1
c/C (€5, .. et) enk wne base de B = dimE* =n.

9. Sit weAE Om a: Y(z,y) € E?, w(x,y) =-w(y,x)
Si x:y,mmﬁ : w(z,z) = —w(z,z) dome w(x,x):O,z}quueMer.

() Ona: w w(z,y) —w(lebz,Zy] ) Z x;yjw(bi, b;), AD’T\L

1<i,5<n

hn
w(r,y) = ( Ty o Ty )(W(bi’bj))lszm

Yn

Lo matnice M= (W(biabj))lﬁi’jﬁn convient.



cf(DLp\ai}uamu/r\Qe(X,Y)eR”, mmode(m,y)eEZtaQorue

X = Matg(z) eb Y = Matg(y)

On o 'XNY = w(z,y) =" XMY done 'X(M — N)Y =0, ceci poun bouk
XY
dome VY , (M —N)Y € (R )—{O}(/au/’rmsdwi/bmﬂmmmmw),

W M — N =0.
(Qs) £a, verwion mabricielle de Q’amhAra/mébue »'Benik

Y(X,Y) e (R")? |, IXMY = 'Y MX

Comme tXMY € Mi(R) alows ((EXMY) =t XMY, done -
V(X,Y) e (R")? , tVIM.X = —'YMX, d's tM=—M.
a b

(c)UoLdim(E):Q.S)e&M: = Matp(w Ofna b=—ccan M =—-'M
c d

ek a=d=0 con w(b1,b1) = wibz, b2) dome M =cJs.

Omu@u@wx}ueﬁ,a/r\/’m&cahmx p: A(E) = Ma(R ),w|—>MatB gg)mda%&
ff\ie/r\mQI.?).a.)mtpiméaine PJQ“‘EE etm\ae,cbvoe w)=0 = w(b,b) =0
)

comme Im(p) = vect(Jo) ollors dimA(E) =rg(p) =1.

(d) (&) = (&) -
On o ¢ eak imjective, dome oun x #£0 , om o : w(z,0) # 0, donc il
exciake y € B, w(x,y) #0.
(&) = (&)
x1
it x=| : |er" fd que MX =0 On eonit :
Tn
0=t (MX)=' XM = tXM deme VY € R™ | tXMY—o
?LX#OQQ@*\AQC—ZLI) #Odmm&w,atey—Zyzw (r,y) #0 cad.

i=1 i=1
Y1
EXMY #0 avec YV = ,mqukmtaﬂwde

Yn



Om emn deduit VX, MX=0 = X=0 ie. M esk imveraille.
q.LlB

(&) = @)
On o ¢, € L(E,E*) ek dim(E) = dim(E*), il Au%%di de momnbren que @y,
%k . .

it ve B teﬁq.u,e vu(x) =0. On o Yye E |, w(z,y) =0, mabriciellement,
VY € R, LXMY =0 .
dome  —(MX) =' (-MX) =" ((MX) =" XM € (R")* = {0} uis MX =0, ce

qui impligue X =0 can M imuvenaible, qwis z=0.
49wmﬂmtam&m%mm&wmmﬂe@mw%Edwmﬂéﬂsmm
base B de B ek M = Matg(w).
On o tM=—M ( Q3b ), done det(M) = det(*M) = det(—M) = (—1)" det(M)
dome (14 (1)) det(M) = 0, comme M € GL,(R) ( Q3d : & — & ) alown
ml:/pam.
5.0mw:n:2p.0%wm¢w]n%tmmiﬂge,ma{%%&

O -I I, 0
det(J,) = Prl= (=1 P =(-1D)® =140 (Vi=1,...,p, Ci < Cisp),

I, O 0 I,

aln can J, = —tJ,.

WOMM@M&WMWMWXJY,MQ:
—wo(X,Y) = ~'XJ,Y = X(~=J,)Y =t X("J,)Y = (' X(",)Y) =" Y], X = wy(Y, X)

Ssit B = (e1,...,e2p) lo. bose camomique de R™. Toun (i,7) € {1,...,2p}?, o a :

_6i+p,j Al 1= 1,...,p
wo(ei,ej) :t eiJnej =

5i7p,j AL Z:p+1,,2p

dstt Matp(wo) = Jo qui est imoeraille, d'st wy esk anymplectique ( Q3.4 ).

6. Soik z € E\ {0}. Jan Q.3.d., il ecciske yeE kel que w(z,y) # 0.

—1

Ofn/r\oﬁ,e hh==x, b2:w(x,y)y' Oma :

w(bl,bg) = 71 = 7w(b2,b1) et w(bl,bl) = w(bg,bz) = 0 (Q2)

:M%/nbm'rwque (b1, b2) eat ume base de E - $i (t,s) € R? terrue :sby +thy =0
allos 0= w(sby +thy, by) =1, dome sby =0 quis 5 =0,
£QWMM%,MWM&WW,&&MM&E%MM,

om a @ Matp, p,y(w) = Ja.



7. (a)?MuGF*&tGmW\ﬂémm@irmdeFdme.OmT\negemﬁ,eum
wneaxrvp&mﬁmx&méaimﬂ:E—)Rq.uL%tmupﬂemG.

r=2p+2c , Yy=yr+yc ek a €R, om a :

u(az+y) = w(arp+yr)tilaretye) = au(zr)tulyr) = a(u(zr)+u(za))+tulyr)tulye) = ai(z)+u(y)

(ﬂ) Om /r\efme I W=WFxF-
o On o cw € A(E) dome @€ A(F).
o On a :

Ker(pg) = {ze€eF | w(x,.) =0}

{reF |VyeF , wy) =0}
= {zeF |VeF , wy) =0}

FnF¥

g)um;crue dim(F) < oo ol

w et aymplectique <= o eat imjeckive

<~ FnFY={0}
(c)o?oithE. On a -

» € Kerpr pul) =0
w(z,.))p=0

Vye F , w(x,y) =

1111

r e F¥

d'stx Kerpp = F“.
o Joun tout 2 € E . Yp() =@u(2)F € F* dome Imapp C F*.

@%éd@wc}m\ynt,&ueF*,aﬂo’wiﬂmteﬂeE*mémBm”di :
U/p =1 (Q7a)

wwmewmtuwwr&mﬁorw,aﬂom¢w%tmmgmthoe,dﬁm,iﬂmteer

Lell que i = pu(@), qwis u =T/ = (pu(@))/r = (Yu)/r (@) € Imip.
Ommmrj)utque: Imypp = F*.
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(d)gmw&mﬂﬂaw&xwﬁﬂmWQ?c&Ql,mw
dimE = dimImyp + dimKeryg
= dimF* + dimF¥

= dimF + dimF¥

(e)o?wmmww/pxp%tm%ewmgwﬂab‘quemﬂm,/rm
Q?b,ma:FﬂF“:{O}.gaWWécédantedeawwj&m

Qadéco'nvr\mihmx:E:Fw@F.
OOmW:G:FW.éBem@mmmW\eﬂk/rmécé&mtyanque:

dimE = dimG + dimG*

M)MMWGWZF :
Git 2 F. On o VyeG=F, wzy) =—wyz) =0, donc z € G¥.

Doir FCG‘“.@’MW,Q&WMWM:

dimF = dimE — dimF* = dimFE — dimG = dimG*

dot legolite  F =G, quis GO G =E=FaoF-.
Tan auite w/ara %tAW\Qecho[uem GnGe ={0} ( dapws Q70 ).
8 St n=2p, peN*,
Oc\xgeca,bp:lm'%torueQ&
* Pp)=Plp+1) :
9@&EmR—wdedimen2p+2.ﬂ)eQam@me%amwmQﬁ,mmm\l'ne
%'&Meﬁz(bl,bg)EE2,mW%wtﬂeque :

w(bi,b1) =w(ba,b2) =0 ,  w(bz,b1) = —w(b1,b2) =1

Om/rme F = vect(by, b) atfu:w/p. JV(OO’T\b'LO’T\/bCI.UB D w e/at/ts/gm\/lxﬁecbmrum

F

On a C)EA(F)mweA(E).UQWdWi@&mW@g:F%F*mtum
g)oitmeKenp;. Om/ru%e r = aby + Pby :

VyeF , &(x,y) =0, donc a=a(x,by) =0=0o(x,by) =B denc = =0.
£'Wetﬂ’é3a&tédedi/mm dimF = dimF* enbraiment que 95 esk um
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10.

FY ek FOFY =FE.

Jon hrypothene de nécunnence, il existe ume lane By de 7 kellle que
Mat g (wpoxpe) = diag(Ja, ..., Jo) € Map(R)
On pote : B=B,UB,. On
Mat 5(w) = diag(Ja, ..., J) € Map(R)

can/r\mmteutzeFattoutyer , wz,y) =0=w(y,x).

ik B= (e1,...,€2p) wme bose de E Lelle Gue Matz(w) = diag(Jz, ..., J2).

Four i = 1,eyp, om0 w(egi—1,€9i) = —1 = —w(eg;, e2;-1)

ek Jowt li—7] #1, em a @ w(e,e) =0.

On Note B = (—e3,—€4,...,—€9p,€1,€3,...,€2i_1). Omn « bien Matg(w) = J,.

Soit J e L(B) kel que  Matp(J) = —J,.

Oma:—)——[ dome J2 = —1Id.

&t powt w € E\{0} , X = Matp(z) et Y = Matp(J(z)) = —J, X, om o :
w(z, J(z)) =" X Jp(—Jp.X) =8 X.X = zn:xf >0 ol (21, 2n) =" X

i=1

Ommewwwmmmwﬁwsz

éBQ&IWdELP’Q%tWUMQE,MMWAEWW,MQZ

Lp’thmL&e'mM/r\P\iAme <= Lp,QeAtM\ﬁbcbwe
< LPvQ mtm%eobvwe

$sit D=PAQ.
o i deg(D)>1,em cnit : P=PD, Q=QD awec (P1,Q1) € Ry_1[X]xRy_1[X]
dewsc /’r\s@\dn@m men muds. Omn a - Lpo(Q1,P1)=Q:1P-PQ=Q1PQ—-P,Q1D =
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11.

19.

demc KerLpg # {0} quis Lpq meal ab um mo/mefur\p\ukm\e
o?LD:l,aQ@hAiQMJLe(A,B)ER[X]QLchIMe AP+BQ=1.M)MWMQ&

Aw\ﬁ,ecb/mtédz LP7Q :

it TeRprg—1- go’ummﬁe/b divsisisns euclidienmes :

TA=RQ+V avec deg(V)<qg-—1

TB=SP+W avec deg(W)<p-—1

Ona: T=TAP+BQ)=VP+WQ+ (R+5S)QP, sL. R+ S #0 alons deg(T) =
deg((R+ S)PQ) > p+q > deg(T), ce qui esl impossible, done R+5 =0 et pon
auike :T=‘7P+WQ=LP,Q(‘7,W).
Omm}é‘ki%ied'aﬁefd que

les nacimes de P aomt simples ai, et seulement s PAP =1

On pose D=PAP.

o §i deg(D) > 1 dome il exiske A € C kel que D(Y) =0 ( Cheonzme de Debollembent
),mW(X—A)MPdP’MWM,mWWeWP
.E?LD:Lméth'idmhtéAe@SW: UP+VP =1.%i P admek um nacime

m\up)tixr\ﬂe)\e((:,mawu:

0=UNPN\) +VNP'(\) =1
@e@ﬂM,ME@WW&PWWW.
O'T\, comaidine Q'a/r\/r\ﬂmabkmx
r o Ry[X] — R
P — det(LRp/)

O%Q&MLT(P)#OW{\&%ME%LL&LP’pI%tmiAMﬂO’L/r\P\iAﬁT\EWPAP/:l
Tosors Z = {x € RY | f(x)zo}dmbwmﬂ'a@ﬁm%ueﬁ'imtéwde
Z eak wside. g)uz[\/rmm/bqulilzmtem/r\@i/ntimtéiwuna:(al,...,ad),iﬁmte
dommré&r>0vér~i@iamt:Boo(a,T)CZ<c'%tPaQ>oup,enep,abin}eanmMm

d

I/l oo oW ansein ce qui ik ) &n /r\llthEALQieﬂ., om a H}ai—r,ai+T[C Boo(a,r).

=1
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13.

Om 2enit flxy,.yxg) = ZPi(xl,...,xd_l)xfi ( ol LP\.OLPJ.E P; me A@r\ryw\d as de
i=0

- d—1
Foun (b1, ..eybg—1) € ]aifr,aﬂrr[,ﬁa i e t+— f(by,...,bq-1,1)
1 d—1 zlill B@fv\tf/«b’n/r\ﬂ%mofmmﬁe 1 d—1

admet ume infimité de nacines ( tous les dements de Jas — r.aq+ ] ), dome elfle
mtwu&&e,www&q%q-u&
d—1

Vi=0,..,nq , V(bl, ---;bd—l) S H}az —r,a; + T’[ s Pi(bl, ...,bd_l) =0

8mxtémtm¢vwcédé,mo@hmt%uef%tmupﬂe,uwmtmbw&tﬁﬂ%/w&e
At f.

MQWMW@,WWR&WM,MW

Adh(f~H(R\ {0}) = Adh(R?\ Z) = R?\ Int(Z) = R?

o@DmmmeE,mdé%'\miJiu(x)w«wmétwntﬂ’wniquemxtécédan\tdewl(n.)eE*
qan Qmwefvr\p\uzmm 0o, aubnement dit Vo € B | wi(z,.) = w(u(z),.) dome

VeeE, VYyeE , w(z,y) =wlu(z),y)

o ch)ofnb‘LoMque u € L(E). Soiemt (z1,72,y) € E® ek a €R, om a :

w(u(ary + x2),y) wi(ary + 22,9)
= awi(z1,y) + wi(x2,y)
= aw(u(z1),y) + w(u(ra),y)

= w(ou(ry) +u(ze),y)

ceci enk ewn fouk y € E dome w(u(az; + 22),.) = wlau(ry) + u(zs),.) ais

u(axy + 22) = au(zr) + u(zs) an m\gm}bwd:é de o,
o J@ombm«wurue u € GL(E) :



Comme lo dimemnsisn gw, il M@&-t de momnbnen dembmte

ik z € Ker(u). On o u(z) =0 domne

w1(0,.) = w(u(0),.) =w(0,.) =w(u(x),.) =wi(z,.)
@Danmxaeobthéde Puwy, o a @ x=0.
o dosntromns que u eal U/morue :
it v e GL(E) kel que : Va,y wv(z),y) =wi(z,y).

V{E,y EFE ) w(x,u(y)) = —w(u(y%x)
= *wl(yax)
= wi(z,y)
= w(u(z),y)
d sl uesS.
14 (a) On o uwes, done V(x,y) € B? | w(x,u(y)) = wu(z),y).
Hoakniciellement, ¥(X, V) € My (R)? | EXJUY = (UX) LY =t XIUJLY . d'oi :
JU ="UJy

(Q’> Torems U = (@i )1<i,j<4a. On a -

a13=a31 =a42 =az4 =10

_t
JU="UJy <= 11 =033 , G22 =044 , G12 =043 , (21 =434
a32 = —Q41 , A1 4= —023
ai1 a2
Ofn/l'\m:N: , a=uaz3 , PB=as.
az1 a2
N O[JQ
Om o QME/T\_ : U= :
BJy 'N

(c) On a : T(X)=X%—tr(N)X +det(N) + a.
On a N2 — tr(N)N + det(N)I = Oy ek om ve)‘u.%w. que JoN +¢ NJy = tr(N)J



15.

16.

ek N+ JEN = tr(N)Jy. On e deduik que -

U2 N? — oI, a(NJy + JiN)
5(J2N +t NJQ) (tN)2 — O[ﬂ[z

- tr(N)N — (det(N) + af)I, atr(N)Jy
Btr(N)Js tr(N)!N — (det(N) + o)
T(U) = U?—tr(N)U + (det(N) + apf)I4
2 ( N OéJQ ) ( 12 02 )
= U®—1tr(N) + (det(N) + ap)
BJy N Oz Ip
N

£3WWWMWXUMWMC.@MRW,MW
MWWC\R.%%T\PAM,WXUM%M

Aesp(U) = XESp(U)mAdxwmm&thé

en o dewx nacimes doubles
o?LXUWWWW,%WUm@WMMW
MMWWAMWM@WMﬁU:XUm%LMWM
QEBQJ'JZC[UETU—

o JBcesnninement, yu (X) = (X N2(X =X Fuinque mp dinsize T, 7 (2)

ek 7y esk umitaine alons my(X) = T(X) = (X —A)(X =N WUmtAm%ma&mw
oOma:dim(E,\(U):m()\)=2d@m&mtedw/x«}eotaanetYdaC4

limgainement jmdy[\/ emdombs Lels que

UZ =\Z

UY =\Y
Tsaomns A=a+ib ovec (a,b) € R x R* (mA%R).@mmdgm,
d%wrv@antab@m»mabnwﬂ%m%@aAeBmtmg)ﬁ (a, 3,7,8) € RY fell

L}lle:
aZi+ BZs+vY1 — Yo =0 (*)

10



17.

Oma:

UZ1 = aZ1 — bZQ

UZ =X\ <+
UZQZGZQ+bZ1

UY1 :aY1 —bY2
Uy =)\Y <

U}/Qza}/Q“!_bYl

8%muMamt(*)MU,ms@Umt:

G,(O[Zl + /BZQ + ’}/Yl - (5Y2) + b(ﬁZl - OZZQ - ’YYQ - 5Y1) =0

£'é80&té(*>atﬂe@a¢wb¢o@mmt

ﬁZl—OzZQ—’YYQ—(SYl:O

/r\OJ’LAUJl:e aZ1+/BZ2+'yY1—6}/2—i(ﬁZ1_aZ2_7Y2_6}/1):0
c,ecrukds/nma: (o —iB)(Zy +iZ2) + (7 +i0)(Y1 +1iY2) = 0 quis o —iff =7 +id =0
mﬂa%am\iﬂge(Y,Z)mtpi@de,d'odazﬂzfyzéantﬁaWémmaéemt
lilre.

@’WQ%MAE%WKM,MQZ

u(z1) =az —bza , w(ze) =azo+bzy , u(y) =ayi —bys , u(y2)=ayz + by

demce

0 = wi(z1,21) =w(u(z1),21) = w(az — bze, 21)

= aw(z1,21) — bw(z2,21) = bw(z1, 22)

comme b #£ 0 ollsrs w(z1,22) =0; De meme w(y1,y2) = 0.
D oubre /’r\ant

w(u(z1),y1) = wi(z1,491) = —wi(y1,21) = —w(u(y1), 21)
domne w(azr — bzz,y1) = —w(ays — by, 21) /[WM bw(22,y1) = —bw(ya, 21),

W b#£0 a&efw w(z1,y2) = w(z2,91).
De meme w(u(ze),y1) = w(z2, u(y1)) embradme aw(za, y1)+bw(21,y1) = aw(z2,y1)—

bw(zys, y2), quid w(z1,91) = w(z2,¥2) can b#0.

11



18.

19.

On a w(z1,91)? + w(z1,%2)? # 0 can simen, omn auna Matz(w) = Oy, ce aer esk

L‘,G’!\bl.e,th DB wwwMte' WALZ .

On pose « ¢ = Zlativlnn) ¢ v ok v/ = ¢y = Y{+i¥] ( en panicdien (2,Y7)
esk C—libre. Omn comsidine (y1,vh) € E? kel que

Matp(yy) =Y] , Matp(y,) =Y,

Om wéru{)fe comme /[\néoéd.am/mar\t que 52(2172%9/17—?/2) esl ume base de B et

que w(z1,y1) = —1 ek w(z,15) = 0.

Bien san, on awa auwssi les nelakions de Q17 (o0 1 eb yo senont neplacss
WAWMngngmg,mWmew(zl,yl):—1
ek w(zl,yg):(),ceuruimbwimeque:

Matz(w) = Js

Om fose T = AN = Va2 +b2 >0 ek 0 = —arccos(%) €]0,7[ can simom, em auna
b= —sinf =0 ce qui esk abounde (A C ).

r

On a :
u(z1) = az; — bzy = r(cos(8)z1 + sin(6)z
u(z2) = bz + aze = r(—sin(6)z1 + cos(6)z
u(yr) = ayr — byz = r(cos(0)yr — sin(0)(—y2)
u(—y2) = —byr — ayz = r(sin(f)yy + cos(0)(—y2)
Dot

Ry O
Matz(w) =7 ’ ?
O> R_y

Hogimbenamt, sn Node M = Matz(wi) et N =Matg(u)=r o0 )
O2 R_yg

On a M=t NJ, (Qmw\{métahynmabwﬂedavgr,y , wi(z,y) = w(u(z),y) )

R O O, —1I O —-R, Oy —R_y
M =r 6 2 2 2 — 2 6 — 2 0
02 Rfe I2 02 Rfe 02 Rol 02

asec 0 = —0.
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20. On o - P(u) = 0rp), an lermme de MOYOUC
E = Ker(P(u)) = @ Ker(Pi(u)) =P F

g)owntje{l,...,r} el z € F;. Om ede y = u(x). On a :
Pj(u)(y) = Pj(u) o u(x) = wo Pj(u)(x) = u(0p) = Op
domc y € Fj, ceci poun Lok w € Fy, d'st Fy el atalle pan u.

1. Soient (4, k) € {1,...,7}? Lel que j # k, x € Fy el y € Fj. On o - Pj(u)(y) = 0.
Comme Pj AP, =1, alons il exciate (4, B) e RIX]? , AP, + BP; = 1. &m uhillisamt

+ B(u) o Pj(u)](y))

)
= w(z, A(u) o Pi(u)(y)) + w(z, B(u) o Pj(u)(y))
(

ceoL/r\mtoutyeFj,dsmcxeFf.
cM%fr\mequexeF;‘“.?MkyEFj.Omau(y)éFjcanFjAta%e/r\anu,dofr\c
wi(z,y) = w(u(z),y) = w(x,u(y)) =0 can x € FY | u(y) € F;

ceoL/rmmbeutyeFj,d'o&xeF;“.
Omn emn conclut Fy C FY ek FkCFj‘-’“.

29. Seik j e {1,....r}. Moombrons que : F; N Fy = {05}
9oita:€FjﬂFJ‘fJ.@mt&utyeFj , wr,y) =0 can z€FY
/r\suntoutk;éj et/r\ounl‘,out yeF, , w(zy =0 cavzeF; CFY
/r\anAuite,/[\ouhteutyGE, w(x,y):O(d’a/[\nébQ.QO ),dsfncw(z,.):()/r\ufw

ﬂ)'ml W/ F; xF; eak A/'d/TT\/PQ&C,blqAJ.& Aune Fy ( d'o./r\m Q.7.b )
De méme, on menkne em ubilisamt Q.21,Q.7.b L Q.20 que Wi/ eak W
b'm}ue A Fj.
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23.

4.

uOmAaitoruexu,b’éUthmwQa[)Tmme w=Pi..P, arsec Pi,...,P. aonkt dewx
QAMWMMAQMR ,ma%eknp\m}wpmtmgmd%
BMWWWM

o (X=X =X)"N = (X2 —2Re(A\) X +[\i[2)"™ s A el une wvaleun propne
mrm@ﬂedauetm():lw?.

. (Xfoz)m("‘)o&a%tumeuaﬂeuh/r\ns/r\ner@ew,edeuatm(a)zlwz
Ommwmﬂ%m&%m«m&é@m%mwalmtdeZ
M4A'&A'%&W%mhmlw2b'&%tw-w
Wmamnﬂ@mmm%mwmmﬂww
mm,iﬂ%dﬁum&mwﬁemmmmﬂz1mmmﬂ&,
Jc’%twwmﬂem,mﬂaqmﬁm\Q.22Wde@wqmﬂam
dﬁmeixFi%tA/WM&mU%mmFi,mormmwﬂaWdz
F%t/r\ainEMVi,dimF—2ou4

Ommmo@)utx.}qu @quec%—l..., dimF—2ou4Q%Fmtdw/x

adw/xmtp\o%ofmua/[\anwetwl MB%WMABM/FXF etwl/pxF

sonk anymplechiques.

Jorbie JU - Shwckunes complecces dompkées
- dhamément

(emnmwwdéﬂnmbmﬂ’m
Sotemk 0 € R\7Z ot X = ( Z ) mon . On o @ 'XR,X = (a2+b?)cos(a) , a €R.

A encinke gpe]—g,g[uarue cos(f+¢) >0, mm,mm,/r\anmégabtmet
conbimuiks de coaimus :

Yo [—,o] , cos(f+¢) <0

2 2

c,eq.LlLi/ﬁ\/’r\QioruﬁL}uet?EWZ WQQWWWMWM
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aonk dams 7Z.
Omad@mg’mtanmde@E]—%,%[h&quecos(@+<p)>0,domciﬂ«>éﬂi%&e :

EXR,X = (a®> +b%)cos(p) >0 , "XRyipX = (a®+b*)cos(d +¢) >0
@%mmm a Qa qu%buyn :
ﬂ)'a/[\né/:) Q.23, om a BE=(DF, avec ¥i=1,...,r , dimF; =2 su 4, les F; ok dews

& dewoc o"dipwgﬁmm /[\alr_Llw ek w1, anec fes neatrictions de W/ F, X F; ek W1/F, % F;
ok i .

ik i e {1,...,7}. Om ebde Wi =W/ pxF, ek wl =wi/pxr, -

Si dimF; =4, alows, il exciske une base B; de F; telle que -

Matg,(w;) = Ji ek N;:= Matp, (w}) = r; ( 0 ~F-o ) (dapes Q19)
Ro, 0
afoec9¢€R\7TZatri>0.@bo«chenéJ9i,iﬂmtecp¢€Rtquue :

VX e R*\ {0} , ‘XR,,X >0, "XRp, 1, X >0

NI R S
Omwwdel(_R% 0 >O w;&egaaﬂymyr\turue

M?=-I, e& VX eR*\ {0}, ‘XJ,M;X >0, '"XN,M;X >0

K2

?LdszanﬁmA =1 (Q.3.¢), dsmxﬂmteaGR,wi:aw}
Qenm@amtmmﬁmwlmtwn\qwemF Ommmb‘tequxﬁmt
th% Sia<0, om pose  t=1 €01], w=(1—tw+tw (gu

mtwﬂecbquemE/[mPvm\etp\ma dmu:mmbuabtmmFxF [ent

oALL | el Q.S) mald wy/pyxr; = (1 — tw; +tw; = (1 —t+ta)w; =0, ceorukmt
M.

Ssient B; ume base de Fi aun o guellle les matnice de w; ef w} somt

Jy ef Ny =aly et J € L(F) kel que M; := Matp,(J) = —Jo. O a bien -

M?=—I, , VX ¢ R*\ {0} , "X J,M;X =" XX >0 et tX(an)MiX =a'XX >0

On demontng que poun tout i =1,...r il exciste M; € My (R) ot d; = dim(F)

M2 =—I, , VX e R“\ {0} , 'XJ4,M;X >0 ek "XN;M; X >0
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5.

Josons M = diag(My,...M,) ef B = ByU..UB, ( lase de B adaptée a o

décmn/pmihmE:ésFl ),dwmomﬁ'wndme\P\WmeJ’deEMQa
i=1

mabﬂwdamBth.Omuéwi&ewnab\mrﬂZamemtqu'Q:—deetque

Vo e EN\{0} , w(z, J'(2)) >0, wi(z,J () >0

Tour. ume mabnice M = (mi;)1<ij<n € Mn(R), de pelynsme conacteniskique

P () =X+ S, o st e g coffent o sbtont comme
somme des wmt des ms.

@’W P =nX" 14 Zkaka L P =nm-1)X" 4 Sk(k — DapX* 2,

k=2
ollorus
r(P) = det(Lp: pr)
n 0 . 0 n(n —1) 0
(n—1Day—1 n (n—1)(n—-2)a,—1 n(n-—1)
(n—1Dap_1 - 0
B 2a9 n 2a9
ay (n—1)an—1 0
0
a 200
0 0 ay 0

= flmiji<ij<nl
ol f eak /r\sgg/nmmnﬂe & n? mmniaﬂ»p,%, mon mulle ( cane fldiag(1,2,....,n)] #0 )
O’TL /rM& .
Y={MecGL,(R), J,M="MJ,} , T={MecY|3INecC, (X-N? divive xu}

@WQQWWQH QM&FWAWMW Lewynbmmwﬁo.

Z’:{MEE|XMmtdmmau/r\&mdou%%danw(C}
doms 2. Do le reaultal chenche.
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26. o dosntrons que (F1) = (F2)
gsitJEL(E) te,Qq.ue : J? = —Idp ek Vo € E\{0} , w(z,J(x)) >0 ek wi(z,J(x)) > 0.
Coik 0 €]o, 1]. Om ede Wy = (1-0)w+ Ow . On o bien wo eak billiméaine et ambu;/g

Sotenk 2 € E\{0} ek y=J(@). On a :
wa(z,y) = (1 = O)w(z,y) + wi(z,y) >0

dome Vo € E\ {0} , wo(a, )#(JE dwcpw%tmmnm/r\p\mmedeEumE*,

g)mtuﬂavdymm/r\mmeda%vmelfi g)andgmte il exinke (ur)ren ume auile
AM&SWM

VkeN , Xukmtdmdmmwwdeuwmdmw(c

@mapxaz}uekeNmlekxy—w(uk @m@2419mteJ1k€L( E),

wenfont

Jik =—-Idg , VzxeE\{0}, w(x Jhix)>0 ek w1 k(x, J1p(x)) >0

Lo awike (J14)k el bien bonnse domne elle admet ume suite extraite (Jix,), qui

r,@'n/umggn}ewaEL( ).
On a J2—p£I_POOJ1k:—IdE (/r\uILco/r\anuktédeM»—)M2wn\/r\eﬁwnteA

)

?mthEme@anm\hnthedew ([)Ameame dim(E <+oo),ma:

w(z,J(z)) = lim w(z, ik, () >0

p——+oo

g)kw:vJ —Om«mgw%aaﬂmneﬂtque (z, J(x %tmfle/r\w/bmb‘lmm}ez}ue
Banmblwmdewmﬂewm/[\acevect(xJ mtwwﬂ&ecez}uxmta@wnde

Done w(z, J(z)) >

& ubilisamt Q’ég,aﬁkté w1, (@, J1 g, (@) = wlug, (), Ji g, (@) ek lo. combimuitz de la
WMw,mMWWaQ&WWp%+%,W
wi(z, J(2)) = wlu(z), J(x)) >0, uis que ce réell est mom mwl can wy eat -
b«queet(x,J(a:)) mt&ﬂvw.(em/r\mtouterme,dbﬂﬂawwr\météfl.

oOmmma&itqwdmeMét@(fl)at(Fg)M&}ubwﬂam.
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