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N. A CAi·lPO

.- 2

Un feuilletage de codimension 1 sur 55 •

Proposition. 11 existe un feuilletage sur
51

S' gyant pour feuillas

....

- trois feuilles compactes $1)1. () y

des feuilles Y - dY ,

d.es feuilles S1 x S
1

X ( 52 - ( 3 trous » •

OU (Y"o Y) est une variete a. bord da dimension 4' obtenue an ,attachant a'

(n4, dD4). une' anse S1 AI Jl-(D2• OD2 )· suivant un p10ngement

A:. S 1 x { 0, 1 .~ X (D2 , on2 ) ~ OD4 cn4 dedeux tores solides 51 x:n2 .. ll.2!!

noues, et simplement enlaces.

'2
La demonstration 'utilise une ac~ion libre· de T -( 3 '. cercles. ); ..

le quotient par cette action de S5 - ( 3 cercles) est diffeomorphe a..

C = S3 (3 trous· ) • En enlevant de C trois lacetsj1 •. j2 ' jj ,. ji par-'

tant du i-eme trou, on obtient s1 x ( 52 - (3trouB» ~ 11 en rel;lulte que S5. ..
. . l' ,',

s ' ecri t cornme une reunion de trois varietes a. bord A1 ' A2 ' A3 ).., ~ , x. (Y. ~ Y) .. . •.•.,.

et d'une variete a. bord B, qui est fibree en T2
au dessus de

p'osi tion.

R. BARRE

( ,3 traue »),. Cala permet da feuilleter comme annonc~ dß.ns' l'a','pro-, ,','

Varietes quotien~et feuilletagese

Definition. Soit S un ensemble; un Q~ de 5 est un couple (X,tt) ,

ou ,X est une' variete et 't:, X --t S une surjection teIles que '

a) 0 si x' et x' ont mame image par -n dans S, il existe un 'V6i'si~age

U de x, un voisinage' U' de Xl et un diff~omorphisme 'h de U· sur ,U~
! .

telsque h(x) ::I'X' et --rt(h(t) ::i-rt.(t) VtEU;
0,

b) si T· eeit une variete, f, f' : T -::$. 'x tell~'s. que, -nf. ~ ""l~~', .l'en~-

semble T0 = {t E T 1 f( t) = f( t' )} est ouvert dans T.
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Si de plus S est muni d 'une structure 0 de gr,?upe compatib~e avec IOa struc-~

ture de variete quotient on '.dit que S est une Q-varieteel') groupe.

Theoreme. Toute Q-variete en graupe possede UD Q-atlas gui est un vrai

graupe de Lie.

Idee Toute Q-variete a un fibre 'tange~t qui est une Q-variete. i:..:tant dünnes

"deux champ·s. de vecteurs sur une Q-variete on peut defir~ir leur CrOCj-lc t. A toute

q-variete en groupe est associee un~ algebre de Lie, 'et ä. toute SOllS-all~f~bre de

Lie I!r .. de u;}. correspond· une sous-Q-variete en graupe immergee· H de Q.

On conclut cornme d'habitude.

G., BOLTON Transnormal systems.

Let M be a ',CP ' complete conneoted (+ ve)-defini te riemannian lnani fald

without boundary.

A system of, submanifolds of I~ is a partition cf 1-l into cP submanifoltj:'i

called foils • No assumption is made about the dimensions of these subrnanifolds~

. nor n~ed they fit smoq~y together.

A transnorina~ syste~ of 14 is a system of submanifolds cjf . 1"1 such that'

any geodesie segment of M is orthogonal to the foils cf the systelß at" none

. or all of i t.s points.

, The talk concerned transnormal systems conta~ning. foils of codimension

".and also foile cf codimension ~ 2 (called singular f~ils) •

Let ,sr be a T.S. as ~bove, and let F be a singular foil. Let·

p NF'~ F be the normal bundle of F in M, and, let eF

the norrnal exponential. map.
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'rhcorc'm

of tubes r

-4-

• Each. foil iso complete in i ts induced metri'c.

i) eF is surjective ;

ii) e;1 (foil) is a 'proEer submanifold of NF· which is a union

iii) eF · is a local diffeomorphism on the inverse image (undere
F

)

cf the non--singttlar foils.

Theorem 3. If no tube of NF is mappedby e
F

to asingular foH,. then . e
F

is a diffeomorphism onto M which maps tubes of· NF· onto non-singular'foils~

A few tentative conclusions ware drawn fram the above ·in the case.where
, ,

has mo~~ than .. one s.~ngular foil disc~ssed. In' parti~ul~r'it w~ .stated.,that·,

in thi.s oase' all non-singular feils are' diffeomorphio and there are exac?tly. two.· .'

. singular foils.

C. GODBIL'LON A (perhaps) new invariant cf codimensicn 1 foliations.···

Soit c; un feuilletage da codimension 1 d'une variete . M defini par·'une·

,forme de ·Pfarf i'ntegrable et sans singUl~ite w. On deduit de 1~ ·condition

dlintegrabilite wl\dW:: 0 que llon peut ecrire dw = W I\w 1 ' dW 1 ::WA W
2

,

d W 2 = LA.) 1" w 2 + W 1\ W 3 ' •••

Proposition 1 • La forme .0. = w 11 W 1A ~ 2 = ~ w1/\ d W 1 est fermee I etsa

classe de ·cohomologie \.11 Jt:. HJ(M, 'IR) ne depend que de c:F'.

Proposition 2. Soit X UD champ da vecteurs sur M tei que.' ~(X) = 1 • 2a.

M'wr

peut prendre

On a alors
d
Wk:: r+~~ kl(: )- l S~1)]

:r~ s

w '/\ IN •.Par co.nsequent si
r' S

a.est 1 1algebre deLie de base avec; w ..(x.) = $~.
1. J ,l.J

on a
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[x. x.] = Ci:j~1)! (" ),
'I

j - i X. . 1 •1. J ']' · J. • " 1.+J-

Proposition 3. ~est isomorphe a 1'a1gebre de Lie des champs de vecteurs

formels a une variable.

On a Ifc(~, ~) == 0 pour ~ f. 3 et H
3(1' ~) = 1R avectnJ pour .-

." generateur. Par consequent du point de vue formel ltlJ .. n'est pas triviale.~

" G. JOUBERT:. Linearisation da diffeomorphi"smes. Applications.

On B,e "pose les problemes suivants

• .Probleme 1 : soit f€·Diff.r(lR +) (ensemble des diffeomorphismes loc~ux de
"iR+de c1asse r conservant l'origine) ; existe-t'i11EDif?'C12.+) te1que".

1f1-1(x) = ax " (1) "?

Probleme 2: Boit g'~ Diffr ( ~ +) qui conunutte' avec f a-t ~ on" pour 1e mema . "1
. 1

19l~ (x) = bx . ?

Si f' (0) ~ 1 les problemes 1. .et.·2 sont resolus par Sternberg ayec

. r ~ 2 et· r' = r-1 •

Si f'(O) = 1· on demon:tre 1e ·theoreme.suivant :

Theoreme ~ S~it f t: Diff
r

( rR +) , . r ~ 0,

t~t. 11 exi~te un C1-diffeOmorphis~e

tel que ' f' (0) == .1. et . f contrac~'

F :1 1 O,x)' ~ iR+ tel gueo

'i) F(f(~) =- -F(x) + 1

ii)&" gC:Diffr'(~+) r l ~ 1.: commute avec f .2!L!: F(g(x) =F(x) + c( ,;

Ce theoreme permet de resoudre les problemes 1 et 2 en posant
F(x)1 = a , et en remarquant que 1 ne peut etre differentiabie <an.· q •

Applications <:

i) plongem~nt da f verifiant'les conditions·du theoreme dans un graupe

a un paramet~e da diffeomorphismes ;'
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i i) etude d 'un feui lleta.ge de codimension 1 . au voisinage· d 'une feuille

Ilorneomorphe a u,n tore T
2

•

Foliations cf codimension one cf not'necessarily compact spaces.

A great deal of new relations between the transversal stru~tUre of. a.folia-

tion, the topology cf i ts' leaves and of their closures, ,of th,eir.· holonomy and .

1'" . . .
fundamental group together· with, for example, the"1'l1 or the ~c cf the total·

space. X of the foliation ~ (X not necessari1Y compact, nor Hausdorff,

nor RGWI a differentiable manifold

can

C;; cf codimension one mode·lled on

be obtained using one dimensional foliations onM2 •.

:B x R .. )

The so..-ca.lled "simply bounding families" (which general~ze homotop~) give

many properties of a leaf F (or of F) in 'a t~pological foliation •.

T,he Bo-eall~d "bounding families!' (which generalize 'homology) give analogous "

2'" '.
properties of proper or exceptionnal leaves in a transversally· C . foliation.

Wi th the :bwo other nations of "x -elementarily homotopical dependance" 'cf .
. 0

two closed transversal to c:i ,wi.th common point x· . and of that cf :."secant tt .
0" .'

(af h~motopy, of homology, ••• , if ~ i~'transversallyoriented) we attach'

tri the leaf F' of x new invariants of the the leaf F in .~ •
o

These four concepts enter naturally, with their mutual relations, in a gEl- 11
. .

neral theory (af.first alinea. Their effective and 'precise role i8 sho~ by ..

examples and non-trivial corollaries in each c~e of the other tlWee ··a~inea.s) ,.'

only quick~ sketched.

'k
H.B. LA\iSON :. Codinlension-on·e foliations cf S2 +3 •

Let p(z , ••• ,z ) be a weighted homogeneous polynomial in (~+1 )-variables .
o . n . .

such that V p = (0 p/'d zo~ ••• ,1 pi d zn) f. 0 ror z ~ 0 , and set

s.2n+1 '= { (Z t ••• , Z ) e: cn+1 . : fz\2 1} Let V ={
. n+1 p(z) =.0J and := • z E C ' ..on, t
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consider L = Vn s2n+1 • Since 0 is a regular value of the map

p I
s
2n+1: s2

n
+1 --?> « L isaregular, compact, codimension-2 submanifold .

of s2n+1, and a tubular neighborhood T(L) cS2n+1 is diffeomorphic tö

D
2

XL. Let C = 5
2n+1 - T(L) •

Theorem 1 • There exists a 0 00
codimension-one foliation of C having

dC as the onlY compact leaf. All other leaves have t~e homotopy type of

S
n

••• V (y times ) where

Corollary • Given an,y integer g~ 0 , there' exists a codimensi·on-one :foliation

of
,3

S having as a leaf the compact surface of genus . g punctered at one. point.

( )
'2 2g+1

Proof • Consider the polynomial p zo,z1 = ~o + z1 . •

Corollary • There exists a codimension-one, C OO foliation of 55 having one

compact leafdiffeomorphic to 5 1XL where L iso a circle bundle over 'T2

of ehern class -3. Thera are two types cf non-eompact leaves. One is diffe-·

amorphie to

2~spheres·.

2 -- 2 . '
T X 1R , the ,other has the homotopy. type cf a bouquet· cf 8-

( ) 3 3 - 3
Proof :. Consider the polyriomial p zo' ~1 ,z2 = Zo + z1 + z2 -.

Corolla~y • There exists codimension-one, i C 00 foliations of D
2

){ 53 and

where,in general, v = SO(n)/,SO(n~2) •
. n,2

Corollar;l • If there exists a codimension..:.ane, cotJ
foliation of

I

then there exists a codimension-one c foliation of
2n':"1

S ,- •

. Proof ~ Coneider •••
k ..

Theorem 2 • There exists codimension-one, coO
foliations of 52 ~3

·k::l 1,,.2,'3, •••.

?roof .~ 18 inductive from the last c.orollary.

for-
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;.

i

be a compact manifold which fibers over rar some

1: '.~ 1 • Then 8'ler,y transversalJ' jrientable codi·mension-one plane field 'on' 1\1

l.:~ homotopic to a. foliation.

k
Coro:!:.Jc1.r,y (!Ülnor) • Let Z 2 +3 be a differentiable homotopy sEhere of dimen-

sion 2
k

+3 for k>,1 • Then there exists a smooth,codimension~ne foliation.
k

of 21 2 .+3

...Let Pd(Zo'

Pd ( z):: 0 J • If n

,Zn) = z~ + z~ + ••• + z~ , and sdiL
2n

- 1(d) = {z<:S2n+1\

is odd and d;. ± 1 (mod 8 )then L2n-1 (Ci) ~ S2n-1 and

io knotted in S2n+1

k' .
Corolln.l:l, • Thel~ e.:dst codimension~ne, C00 foliations of S2 +3 ill k ~ 1

. hn.vinl';__ the boun'~S::.L.?f a tllbular neighborhood of the knot· L2n- 1(d) as ~ leaf.

Theorem .) • Th~,~r~: exists codimension-one, COO
foliations cf 'each cf ·the mani.folds·

k
L2 +3(d) for k, d~1.

R. LUTZ Linear orthonormal k-fields and foliations on Sn.

One has the general problem, 'given an n-manifold M, of finding;, for'a

given k, a k-field (i.e. kindependant vector fields at each poin~) on ;M

which ~pans an integrable k-plane field •.

In case of Sn, .thete exists, by Radon-Hurwit~-Eqkmanrtalgebraic resulta,
, .

a k-field on Sn for all k~ h(n). (h(n) = 2
o

+8d-1 if n+1 = (2a.+1) 2
o

+4d.;,;.

c~3 ; a, C, d~O.). Adams showed that h(n)" ~s the maximal number of such

fields.

Radon-Hurwitz examples are of the following type, called linear ortho-

normalk-fields on Sn.

that

Such a k-field is given by k linear mappings A. , A. €O(n+1) , such
1. ,l.

<A. XiX) = 0, <A:x ,A .x) = 0 , i ~ j , <A. x, A.x) = 1 for all x .t Sn.
:1 . ]. J :1 1.
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far

In other words we have

. I

1 1= j •

A.
1

skew sy·mmetric orthogon~l, and A.A. + A.A ::a 0
1 J J i

Then, the spanned k-field is integrable irf, far each

A. A .X E=- ( A1x , A
2
x, ••• ,k x) •

1 .) -1c

·Classical examples are the fibrations 51 ~~?n+1 ~ CF
. . n

:=) ~ S4p+1 ~ HP (k = 3), and- the tangent bundle to - S7 , all obtained
p

from linear orthonormal k-fields.

Theorem. Ir a linear orthonormal k-field

k-plane field, then

i) k+1 divides n+1

ii) k = 1 , ~ 3 , or 7

q on spans an integrable

iii) for k = 1 or 3 and up to a linear automorphism of Sn
,<T is one.

cf the preceeding examples

iv) far k = 7 necessarely n =.7 and we obtain the preceedipg example.

Remark. For the Hopf fibration S7~S15~ S8 , by the preceeding result,

it does not exist a linear orthonormal k-field q tangent to the fiber _s7

at eacb point.

Question : does thereexists a 1 (or 2,3, ••• )-field on S15 wichlies at

each 'point in the tangent ·1-plane to the Hopf 'fibration ?

R. UJTZ Structures de contact en dimension 3.

Une stucture de contact sur une variete ~I2p+1 est une 1-forme W teIle

que .w1\ (d IV) P Boi t une forme volume (ce ciui suppose 1.1" orientab~e) ,.

Le champ de 2p-plans assacie a vV est dit structure de contact sur" M •

Deux structures de contact

diffeomorphisme f da M

C' 1 .et,

tel que

~2

r*v 1

sont ditee isomorphes s.'·il. existe un
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CI-n~R.N, LO~"lNER et IiOPF ont pose le probleme de l' existence de structures' de
, ,

contact non isomorphes sur wie variete ou. ily en a au moinsurie (par ~xemple

s~r le f.i bre un,'i tai~e 'cotangent 'a une variete ' NP il Y a une structure de con;"

'tact naturelle induite par la forme da Cartan-Liouville sur T ·Jt- N,) • L~ pro-, .

'bl~me est d' autant plus interessant que Bur' un'e variete compacte il y a stabi~ "

lite infinitesimale des structures de·contact : si'. et '. er2, sant suffi~'

sa.mment C
1
-voisins, et de oontaot, elles sont isomorphes (et meme isotopes) •

tln premier. resul tat ~ ce sujet est 1e suivant :

Theoreme 1. Si M3 estune varieteoompaote orientable ayantpour revetement

universel s3, alors il existe wie infinit~ deolasses d1homotopie de struo-

'tures de contact sur M.

Ce resultat est une consequence du resultat suivant

Theoreme 2. Si M3 est compaote orientable, toute 1-forme sans zero sur M

est homotope a'une forme de contact, l'orientation da cette forme etant arbitraire.·

Les memes methodes conduisent aussi' au

Theoreme 3. Si 1.13 est compacte orientable, si iN· est wie . 1-forme sans zero,

une 2-forme sans zerOt il existe
~

W homotope a' W ~

e.t homotope ä. ? •

Un corollaire en est qua, si on se, donna un champ de vecteurs. X ·sans
.~

zero sur M et une forme volume v,. il ~existe un·charnp saris zero, X .homo-

tape a. X· et unimodulaire .par rapport a v (g (X) v = 0 ) •

L. MARKUS : ~;namical systems cf codimension 1 (Poincare-Bendixson theorem,

is true in dimension n ~2 ) •

Consider a Lie group G, acting different,iably on a compact different.1able

~.n 'Gn-2 fl)1 .. n-2
·manifold IV! • Assume G::a· )(." ., where ' G 'is a compact 'Lie group "

e c

(connected) cf dimension n-2. Then we can define past and future limit sets
1
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of" an orbi t C(x) (through point x <: 1'<1 ), and the concept of a past or future

recurrent orbit, and other terminology of topological dynamies.

Example. 1
G = SO( 1) )( iR on surface M

2
is classical qualitative theory of

ordinary differential equations.

Note that each orbit G(x) is 1 1 . 1
H )( 1R J or H·'x' S ,or - H~ S where H

is same homogeneous space of n-2
G •

c

:Jefinition. Orbi t G(x) is peri'odic in aase i t is compact (ma~ifold topology) .•

Defini tion. 'Orbi t G(x) is non-singular in oase tangential "mapping of Lie al-

gebra of G is ~njection into tangent space at each point on G(i) (~hat i8

G acts locaily freely on. a(x) ).•

Theorem. Let G acts on Sn. Let C(x) be a non-singular orbit such that

a(x) . meets no singular orbit. Then either

'i') a(x) is periodic,. or

ii) . the pösitive limit se~ cf a(x) is exactly one periodic orbit~

(this generalizes the classical Poincare-Bendixson·theorem)

Dieser Satz ist nicht trivial. Beweis: Klar !

"Also -i t seems likely that a generalization of Denjoy-Schwartz holds.

Theorem. Let G acts on r(1 compact. A non-singular minimal set· K' 18 ei ther

i) a periodic orbit, or

ii) is a fiber bundle of H over

-Recall the generalized Kronecker diotum

vented all.the rest.

God created the torus, ,man in-.
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Feuilletages pr~sgue sans ·holonomie.

Soi t 9= un f~uilletage de codimension 1 , da classe. r ~ ~ transvez--

salement orientable d'une variete compacte ~. On dit que ~ es~ presque

Stl.TlS holonomie si les feuilles non compactes da g ont une holonomie nulle •..;,,"

L
. 0

est une feuillecompacte' d tun feuilletagß g presque sans'
, .

holonomie~~olee dans l' ensemble des ~euilles compactes de .~";'g

d'holonomie est ab~li~n libre.

son groupe

Corollaire • Sai t s= .un feuilletatie de 143 dont ·les feuilles· non comEactes·· .

sant hameomarEhes a fR 2 • Alors :

i) les feuilles cOinEactes sont homeomorEhes a. T2 , et g: ne Eossede '

pas de feuilles exceptionnelles ;

ii) M3 . est homeomorEhe a. une des varietes suivantes un fi·bre sUr
1 .~.

S

. de fibre T
2

, T2
l( r0, 1] n2 51 D"2)( S'x l:J T

·D
2

1- S
1

'.,'

Le theoreme suivant fournit une condition necessaire pour. qu'un feuil- ..

letage soit presque. sans holonomie.

'I'heoreme 2. Soit g: un feuilletage gui verifie las conditions suivantes;:'

i) 1 t injection i
L

: L~ ItI d 'une feuille . L E- g- indui t un isornorphisme

i~ : ~1(L)~ ~1(M) injectif dont l'image contient le SOUs-grouEe des

. commutateurs de "l't 1(M)

ii) pour.toute feuille compacte

tive.

L .
o '

est surjec-

Alors c;

nelle.

est presque sans holonomie et n' a pas de feuille exception-'·

Corollaire. Les feuilletages de T
2 x I et ·T3 sans comEosante de Reeb sont

presque sans holonomie.
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A counterexample to a Poincare-Bendixson type theorem on 'S3

The example proves the following :.

. ~ . 3
Proposition.'On S there exists a smooth codimension-one foliation with same

I

proper leaves without any compact leaf in their closure~

The construction is in three steps :

1) By. properties of Seifert fiberings of S3 (with two singUlar fibers) ,

the complement M cf a tubular neighborhood of a (p,q) torus knot. can.re-'

ceive a foliation whose holonomy is given by anarbitrary subgroup of Diff(S1).

eenerated by two periodic diffeomorphisms cf order p and q'. (these folia~

tions are t,ransverse .to the Seifert fibering) •

2) If D(M) denotes the double of the manifold M above , we go from D(M}

to ·S3 .by a meridian curvem in M. A fol~ation of '"Ir.
!'i extends to . D(Z-I) ,.'

and gives rise to a foliation of S3 by modification and surgery along m •

••

3) The e~ample is obtained by taking aa asubgroup of Difi(s1) a group G

gener~ted by two periodic diffeomorphims of orders 2 and 3 ,. whose orbi~s

admit an exceptional minimal set (the' idea,of this group is derived fram Sack.'

steder's paper: on the existence of except~onal leaves"in foliatioris' of codi-

me'nsion one '") : •

Automorphisms of plane fields.

A new criterion is given for the integrability of plane fields in terms

of the existence of sufficiently many locäl automorphisms.

Lemma. Let G be a transitive abelian subß!oup cf the homeomorphism. grOUp of

n .
·IR • Then G is conjugate to the g:r:oup of translations. The conjugating ele-:·

. k'. rment "is.unique up to an affine homeQmorphism, and is cf class C 1. every
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Proof. 1) A transitive abelian "group i'si simply tran~itive.

2) ,The normalizer cf the translation ~roup ~n the. homeomorphism group is: .
. 1

the affine graupe

3) Topologize G' with the point-opent topolpgy. By a theorem cf R. Ellis~'

Du.lee. ·Jou.rnai '1957 " i t is a topological .graup. Since i t . is abelian and homeo-

n n '
morphic to 11< ,it is. isomorphie to the addi tive group of ,~ .• The desired,

conjugacy is construeted out, cf this homeomorphis~. The last statement follows

from the Bochner~~ontgo~ery theorem.

Theorem. A field E of plane elements on a manifold. is int..,egrable if and only"
./

if each point has a neighborhood U" homeomorphie to 'Rn such that· the res-

triction cf E to' U 'admi ts a transi tiva abelian grouE cf auJliomorphi·sms.

Proo·f. This follows from the lemma and the faot," that the standard model for ari

integrable f~eld is the field cf parallel planes in ~n .which is invarian~. by

the translation group.

S.A. ROBERTSON Parallel foliations of pseudoriemannian manifolds'.

Any parallel field 47· of tangent ~-plan~s on apseudoriemannian m-ma­

nifold M is int~grable and its integral, manifolds form a foliati~~ ~ of'
i

dimension k. Mo~eover, the leaves cf ~ are totally geodesie. The ortogonal

compiement of· rp ,denoted by f.j.·, is also a parallel field. of dimension

m-k , and d~termines a corresponding foliation ~i • Furt~er, the dimension

of the the plane .f(x) A ~J. (x) = q, t'\ (x) is independant of x €lwl , and

is a third parallel field of tangent planes. A fourth parallel field r~ is
• ~+

·e·

thenobtained by taking cl+(x) = 4> (x) + <p J. (x) • The corresponding foliations

of the normal ~dle of (;- • Then 1: ~
+ n

~M ofcf the tangent bundle 1.1 ~d. y~ g: 'the dual, . +

denote the tangent subbundle

)I~S:- " have the same fibre
+.

and

resp. Let· -c \Fn~
+

and

associated wfth

.' are denoted by

dimen~ion. The following structural theore~s are obtained by exploiting'clas--
. j .. i

sical resulta of A.G. Walker.
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Theorem 1 • There is an atlas on 1·1 that induces an affine atlas on every leaf

of CJ"

Theorem 2. There is a vector bundle isomornhism -- s:- ,,",,'y~S= •.
+ c... t"\ - . +.

Corollar~. If ~ is a-2arallel foliation of M2n by"null n-21anes , then

i) -r; ( ~) ~ ""1: (~ ) G\ L (s: ) ;

ii) \"/2 . 1(f'l) = 0. 1+
. 2

and· \'1 . = "1. «(; g::) ;21 ],

iii) fil admi ts an almost-complex structure.

Further structural theorems can be obtained for the case· in which

fibres' M •

:<;:
n

R. ROUSSARIE Classification de feuilletages sur T3 •

Deux feuilletages g: et g:- I definis sur unevariete yll sont conju-

f~·CS stil existe un homeomorphisme h envoyant les feuilles de ..~ sur celles

de ~, • La c~assification des feuilletages a conjugaison pres peut etre ·abor-.·
3 '.' ," .

dee -dans certains cas particuliers- par exemple pour 1e tore T : en'l'abscence

. de composante.s de Reeb un feuilletage de T3 ne possede pas d I ensembles minimaux .

.' exceptionnels. 11 an resulte qu'un feuilletage sans feuilles compactes est con~

jugue a un ~euilletage' defini par une forme lineaire. On peut egalemen~ det~r­

minerle type topologique de tous les feuilletages de "T3 sanscomposantes da

Reeb. Dans le cas des feuilletages a~alytiques, le resultat a une forme parti-

cu~ierement ~impl~': . taut feuilletage analytique est conjugue a un feuilletage

defini par une forme diequation ..0::: 'f(t ) dt :... 'f (t ) W (iN forme lineaire

sur . T
2

. ) ", modifie par un nombre fini de tourbillo~ements de Reeb.·

'. A. SEC Feuilletages de Painleve.·

L'eguation de Riccati dans ~n x1f"1«([.)

Pfarf comple,tement integrables

est'UD couple d'equations da
I
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'2 I
.,f} = z Wo + z ~ 1 + w + Q(x)dz = 02

w= w
o

+y,w
1

+ y2 W -' Q(x)ciy = 02 ]
'avec y~ = 1

Gette equation defini t un feuilletage S:de dimension n dans

cf. ·n X 1P 1«(. ). - S (ou S est un ensemble analytique de. (fn ). 1P 1(e )

ble des points OU les conditions de Gauchy ne sont.pas realisees)

ensem-

n'
a (i(' estDefini tion. Le rang; r a da l' equation de Riccati. en un' point

'le rang de (w
O
(a)'''''1(a),.w

2
(a)).

Proprietes

1)Le feuilletage g- induit dans (4: n - () ) J( i? 1(a:) un f.euilletal;e g i .

transverse a "1\.: (ern - (j ) X l?1 (e ) ----, c. n - () (ou e a pour equation

l'ensemble des

-* . cV - S.' est une feuille da ~ •

*o , ouvert de tt (V - S) , tel qu~e touteil existe

dQ ast non nulle.

== 1

= 2

Q(x) =. 0 ) .,'

) ..,., -1(x)2Le feuilletage s: Idefinit un isomorphisme ana.lytique de '... sur

~ -1(x i
) le long de tout chemin (x,x l ) (x et Xl dans C n _ ()) •

.3) S = y; < ~ r~ = y; <:-:~ s= est un feuilletage uniformede (C. n x iP 1( c )

o<)a E er a = 0 ~ "rL-1(a)n S = ~-1(a)

r) a f" e, fa = 1 ~'> It. ~1ca)" S = ( ou 2 points)

f) a Ee fa =2 . ~ l'\. -\a)ns = ( 1 point).

4) Glassification des eguations de Riccati.

·Soi t (} irreductible et f () = sup f a , et soi t
alGe

points de () ou

1ere cla.sse pO
2eme classe pO

T'l -1(Q)feuille rencontrant est transverse ä. V * .en taut point 01.1 elle ren-

contra V '* •

Conclusion.: gener~isation aux equations pseudopo~omes.
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Another way to foliate S5

Let -be the Hopf bundle on CP
n

E({ ) _2n+1= total space =" ~

• Then denote by '0 the restrietion cf ' c

Lemma 1. Suppose y2n

denote the class cf r
is a manifold with boundary in CP • Let

n
c c:-n2(cp )

n

to H2(y) •

If a non-zero muitiple of C is zero, then E(Sj.) admits acodimension-one
y

foliation tangent to the boundary.

Proof.' The structure group of ·5 I y reduces to a fini te group and hance' there­

is a flat connection whih is defined by a closed 1-form.

·Lemma 2. 1.!:i X2n- 2 c cp . be an'orientable compact manifold uithout boundary.
n

,Let V be a "clos,ed normal disc bundle of X. Ir the intersection number

[.X] '" [CP11 = 1I1 .j. 0 then Y = CPn - V' satisfies ·the hypothesis of lemr.ia •

Proof. If intersection number, then - 0 Use the- fact that [CP.]m = mc = • 1 '

is' dual to c •

Corollary. If 2n-2 1
and ~IlhicrtX - can be found V/hich is a bundle oyer S sa-

liation.

Theorem.'S5 admits a codimension-one foliation.

Proof. For ,X2 take CPl' and locally a.dd a hanl;ile to' produce a

suchthat LCP
1
1n \.T

2
) = 1.

D. WEIL : Actions da· ~ 2 sur les varietes de dimension 3 •

On·a le theoreme suivant

si V ast une variete fermee orientable da' dimension 3 ,. V adJnet une

action: non degenereede ~ 2 S1. et seulement si V, est fi bree sur S
1

. de

fibre T
2

•
o .

~, .2 sur"On peut alors classifier le type topologique des actions de ,~

. les varietes-da dimension 3 de la maniere suivante
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Theoreme ~ 'Sol t

... 18

, 2, " .... ,.
T une orbi te compacte, d ',une action non deg~neree'de' .'~,,' ~ .

(x, 1) est identifi~ avec· (r(x),o». Alors la variete

2 " '
V = ~ X !/'f ',( I =

~. • I •

. tient de ·T2
X I ;0\1

et
. 2·,',

V· = T ", I/ f
, ,

est 1 t e,space quo- ,

, .

obtenue en,coupant V le leng de T
. 2

e's t diffeomorphe a T)( I •

Dans 1e cas. d.e l' exis tence d' Une orbi te compacte, on '~ame~e donc ',la, 'clas~ ,.

sification .~ celle des actions sur T2 X I. , .'

S'il n'existe pas d'orbites compactes' on obtient par ailieurs des theo.;.·.·· ,
.. :'

remes da classifi6ation ~nalogues.·

On obtient enfin les resultats suivants

soit Mr . la matrice re~resentant la olasse d'isotopie' de

2
et soit V = T. )( 1/ f (MfG S12(~·) ) •.

+ 2"f c:Diff ~,(T )

Theoreme. Si Mr n' a pas +1 comme valeur propre,'. taute action non degeneree, '
, 2

de ~ Bur V admet une orbite'compacte.

Theoreme •. Toutes les structures da fi bre silr.· S1 de sant-',
equivalentes (i~e. il existe un homeomorp!lisme de Y' sur,-':lui-meme' qui res- ,
,pec~e les fibres).

.q. Godbillon (Strasbo~rg,)"
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