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§ 1. Introduction

L e t M  b e  a  com pact orientable n + 1 dim ensional m anifold and

F  a  cod imension o n e  foliation o n  M  ta n g e n t  t o  O M  o f  c lass Cr.

(M ,  F )  i s  a  Reeb fo lia tion  i f  a ll leaves in  In t M  are homeomorphic
t o  R". A  R e e b  com ponent is a  R e e b  fo lia tion  w hose  leaves are
p roper. A  R eeb  fo lia tion  is always transversally orientable.

(M , .F )  is C r  conjugate to  (M ', . ,7 ')  i f  th e re  e x is ts  a foliation
preserving C r hom eom orphism  of M  o n t o  M ' .  ( M ,  )  i s  C r  isotopic
to  (M , i f  the re  ex ists  a  fo lia tio n  preserving C r  homeomorphism
o f M  which is C r isotopic to the identity.

F o r  n =  2  N ovikov  ([8 ] for Reeb components), Rosenberg,  R o u s -
sane and  C hate le t ([3], [10],  [ I I ]  fo r R eeb  fo lia tions) has classified
C 2  R eeb  foliations b y  C °  c o n ju g a c y  a n d  C °  is o to p y . In  [6 ]  i t  is
show n that if (M, is  a Reeb foliation of class C2 then M  is hom o-
to p y  equivalent to (k  dim ensional torus) a n d  (M , g " )  i s  a  R eeb
component if and only if  k= I.

T h e  purpose o f  th is  n o te  is t o  show  that any Reeb com ponent
i s  a n  "ordinary Reeb com ponent" i f  n  i s  large. H ere  th e  ordinary
Reeb com ponent (.5' x D", FR )  ( o r  ( S  x D " , F 'R ) )  is d e f in e d  b y  w
=Exidxi—exp (14E4 —  1))dt w here D" = {(x,, x 2 ,..., x „ )IE x t I } a n d  t

is the coordinate o f  S ' = R/Z (or co' =Exid.x i+ exp (1 /(Ext — 1))dt
respectively). It is easy  to  see  that w  and  co' a re  completely integrable
non-singular one  form s on  S  x  D "  and F R  a n d  . .",f( are Reeb coin-
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ponents of class C .

Theorem  1. L e t  (M „ 9 7 ) b e  a  R e e b  c o m p o n e n t o f  c lass  C '.
I f  tt ...61 then (M ,J"..)  is  C °  conjugate to (S ' x D " ,  r- R)

Theorem  2. L e t  (S ' x D", ,cF )  b e  a  R e e b  com ponent o f  class
C ' .  I f  t t_ _ 6  th e n  (S ' x D " ,  3 )  is C °  iso to p ic  to  (S ' x D", or
(S ' x D", g"..R' )

R em ark In Theorem 2  th e  iso topy  can  be  taken  to  be  identica l
o n  S ' x O D ". In Theorem s 1 a n d  2 , i f  th e  holonomy groups o f the
boundaries a re  C r conjugate then C ° can  be  rep laced  by  Cr.

T o  p rove  T heo rem  I i t  is c o n v e n ie n t to  in tro d u c e  the notion
o f  generalized Reeb com ponent. (M, is a  generaliz ed R e e b  com-
ponent i f  th e  holonomy groups o f  a ll le av es  in  Int M a re  trivial and
i f  all le a v e s  of a r e  proper. (A  genera lized  Reeb component is
transversely orientable . The proof is easy by using the double covering
argum ent a n d  Corollary 2.1.) T h is  is a  special c a s e  o f  t h e  almost
w ithou t holonomy foliations trea ted  in [ 6 ]  a n d  th e  re s u lts  in § 2
(except Proposition 2.3.) a r e  contained i n  [6 ]  f o r  C 2  case . B u t th e
assumption that all leaves o f .37; are proper simplifies the argum ents. So
we give independent proofs for the results o f § 2.

The difficult p o in t  in  th e  p roof o f  Theorem 1 is t o  sh o w  that
OM =S  ' x  S "- . A n d  th e  proof o f  Theorem 2  i s  m ore  e a sy  th a n  the
proof o f T heorem  I. So  w e leave it to  the readers.

§ 2 .  Generalized Reeb components

In  th is section M  is  a  com pact manifold a n d  .5r. is  a  transversally
orientable codimension one foliation on M  o f  class C ' tangent to OM.
F o r  x  M , F.„ is  th e  lea f o f .F  containing x  a n d  fo r  a  subset

Qs= { x  AllFx n S

Lem m a 2.1. L e t  g: [0, I]— >M  b e  a  m ap  tran sv e rse  to  S r. and

suppose t h a t  Fot,)=F9 (,,), 0 , < t 2 < 1 ,  th e n  th e re  e x is ts  a  c lo s e d
curv e C  transv erse  to  ,./ 7  su c h  th at 02,=Qy q,,,„D . M oreov er if  12' is
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u  le a f  o f  ,F ; satisf y ing F ' n g( [ t ,  t1-1-e])=0 f o r  some a > 0 ,  then w e

can tak e C  so  that F' n C = F ' n g( [ t ,  12]).

The proof is easy by a standard argument (see [4]).

Lemma 2.2. S u p p o se  n o  l e a f  o f  ,F  is e x c e p t io n al a n d  there

ex ists  a non-com pact p ro p e r le af  F .  T h e n  th e re  e x is ts  a  le af  F,

and  a c losed  curv e  C o  transverse to s u c h  t h a t  C0 n F ,  consists of
one point.

P ro o f. There exists a  c losed  curve  C  transverse t o  3 7  passing
throught F  (see [4]). L e t  g: [0 , 1 ]-04  b e  a  parametrization o f  C

such  tha t g(0)=g(1) e F .  If there  ex ists t su ch  th a t g (t )E F  a n d  g((0.

t)) n F = 0 ,  th en  f o r  som e sm all el, s2> 0, g (c i )  a n d  g(t-FE2) belong to
th e  sam e leaf a n d  g([vi, t+e2]) n F = { g ( t )} .  S o  by  L em m a 2.1. there
exists a  closed transversal curve Co such that Co n F  =  {g (t)} . I f  there
d o e s  n o t  e x is t s  s u c h  t, p u ttin g  t, = inf It e (0, 1)Ig((0, n F  0 0 1  we
see g(10) F  since F  is  p ro p e r. W e  a sse rt th a t th e  leaf F ,  containing
g (to ) is p ro p e r . O th e rw ise  F o  is lo c a lly  dense, so  th e re  e x is ts  E> 0
s u c h  th a t  g(10—v)e F „ .  B u t f ro m  th e  d e f in itio n  o f  to, F  a n d  any
neighborhood o f  g(to— a) intersect. T h is  contradicts to the definition
o f  to. B y  t h e  sa m e  re a so n  g([0, to)) n F 0 = 0 .  S ilice  F o  is proper,
fo r  sm all c> 0, g([0, t0-1-1,])n F0= Ig(10)1 a n d  w e can choose e  so that
g(t0+v)e F .  T h e n , by L em m a 2.1., the re  ex ists  a  c losed  transversal
curve Co such that co n Fo = {g(t0)}. e. d.

Problem . U nder th e  assumption o f  Lemma 2.2. is  th e re  a  closed
transversal curve C  such that C n F = {one point}?

Lemma 2 .3 .  (Sacksteder-Schwartz [1 2 ] )  Let C  be a closed
curv e transv erse to  t h e n  f o r  an y  x e 0 Q , an d  f o r  any  neighbor-
h o o d  U  o f  x ,  th e re  ex is ts  a  leaf  w ith  non-triv ial holonomy group
which intersects w ith U.

F or the proof see [12] o r  [5].

Lemma 2 .4 .  L et (M, b e  a  generaliz ed Reeb com ponent and
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C  a  c lo se d  cu rve  tra n sve rse  to  gr- th e n  w e  h a v e  Qc=Int M .  More-
over f o r  a n y  le a f  F  in m t  M , t h e  c lo s u re  o f F  con ta ins  am.

Proof. Q =  Int M follows im m e d ia te ly  f r o m  L e m m a  2.3. If
there  ex ists a  neighborhood U  of x E O M  such that  U n F = 0 , since
the holonomy group of each component of OM is non-trivial by Lemma
2.3., there exists g : [0, U  transverse to  F  s u c h  th a t  g(0) and g(1)
b e lo n g  to  the sa m e  le a f  and g([0, 1]) n F ø. T h e n  b y  L e m m a  2.1.
there exists a  closed transversal curve C ' su c h  th a t  (0,., n F = 0 .  This
is a contradiction , q .  e .  d.

Definition. A  vector field X  o n  M  transverse t o  S r .  i s  nice

i f  X  h as a  closed orbit C  such  tha t C n F = {one point} for any leaf
F  in Int M . W e ca ll such  a orbit C  a nice orb it.

Proposition 2.1. L e t  (M, .9-, )  b e  a  g e n e ra lize d  Reeb coin ponent,

then  the re  ex is ts  a  n ice  ve c to r fie ld  X  o n  M .

Proof. B y L em m a 2 .2  th e re  e x is ts  a  closed transversal curve
C  and a leaf F o  su c h  th a t  C n F0 = {one point}. Suppose that there

exists a  leaf F  su c h  th a t F n c s  x,, x2, x 1 0 x2, th e n  le t  x  x , b e  the

a rc  o f C  s u c h  th a t  x ( C  n F, By Lem m a 2.1. the re  ex ists  a
closed  transversa l curve  C ' s u c h  th a t  Q,..=Q.,7-x20 hit M . Th is  con-
tradicts to  L em m a 2.4. It is  e a s y  to  c o n s tru c t  X  s o  t h a t  C  is an

orbit of X. e. d.

Corollary 2 . 1 .  L e t  (M, g--) b e  a  g e n e ra liz e d  R eeb  component.

T h e n  Int M i s  a  fib ration  o v e r  S '  w ith  f ib re  F r . .  M oreover there

e x is ts  a  fo l ia t io n  p re s e rv in g  flo w  0 ,  o n  Int M w hose o rb its  co inc ide

w ith  m a x im a l s o lu tio n  curves o f  XI 1 nt M , a n d  Int M = F , x [0, 1]/(x, 0)

—(4)1(x), 1). i(F)= F fo r  a n y  le a f F  in  tut M.

Proof. W e  id e n tify  S '  w ith  C .  L e t p :  Int M—)„S' b e  a  map
defined by p(x)=C n F ,  then clearly  p  i s  a fibration. Let d t  b e  the

natural one fo rm  on S '  = R/Z, th en  th e re  ex is ts  a positive function
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f  o n  1nt M su c h  th a t  w (f X )  I w h e r e  co= p * d t .  0 ,  i s  the flow as-

sociated to fX . q. e. d.

F ro m  n o w  o n  (M, .97) is a  generalized Reeb component. W e

fix  a  nice vector field X  on  M , a  n ic e  o rb it  C  o f  X  and a point

xo e C .  T h e n  a s  in  th e  p ro o f  o f  Corollary 2.1 . w e  have the one

form 0) and the foliation preserving flow 4), on 1nt M.

Lemma 2.5. L e t  V  b e  a  com ponent o f  O M  a n d  z  a p o in t  o f
V. L e t  T  b e  the m ax im al solution curv e o f  X  w hich contains z  and
Y o be a p o in t  o f  Fx„ n T  (w hich is not em pty  by  L em m a 2.4.). Then
Fx„ n T={Yn=4)n(Y0), n e Z }  a n d  i f  X  is  o u tw ard  n o rm al a t  z, lim y„

= z.

Proof. I f  th e re  e x is ts  y e F 0 n T  su ch  th a t y =4)+1, (v0), 0‹ to < 1,
then  by  L em m a 2.1., there exists a  closed transversal cu rv e  C '  such
t h a t  0 Int M .  T his contrad ic ts to= Qtamy0)1. t<ti + to) = Qto,(..)io sisio)
Lemma 2 .4 . B y  the sam e argument w e  se e  th a t a n y  segment {(M.170)1
n _ t n + 1 } m e e ts  w ith  a ll  le a v e s  of i n  Int M . S ince  a ll leaves
are proper, the set {y„In e ZI d o e s  n o t  a c c u m u la te  to  a  po in t o f
Int M n T. S o  w e  have lim y ,,= z  i f  X  is o u tw a r d  normal a t  z.

n

q. e. d.

The holonomy group o f  V a t  z  is  the image of a homomorphism
0  o f  n ,(V , z ) t o  G , w here G  is the g roup  o f  g e rm s  a t  z  of local
diffeomorphisms o f  T. W e deno te  by  the sam e le tter an elem ent of
n ,(V , z ) and a closed curve in  V  which represent the element. Also
w e use the same letter for an element o f G  and its representative local
diffeomorphism.

W e define a  homomorphism 0: n,(V, z).—Z as the composition of
the following natural homomorphisms

ni(K z) HI(V) 1-11(M) Hi(lnt A4)

T hen  c learly  0 ( a ) =  co w here I '  is a  closed curve which represent
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Proposition 2 .2 .  0  is n o t  t r i v i a l .  L e t  k > 0  b e  th e  generator
o f  1m 0 and suppose t h a t  X  is  o u tw a r d  a t  z ,  th e n  th e re  e x is ts  oi

z )  s u c h  th a t  (P(a)(y„)=y„...k fo r  s u f f ic ie n t ly  la rg e  n  a n d  the

holonomy g r o u p  o f  V  a t  z  is  f r e e  abelian o f  ra n k  I  g e n e ra te d  b y
cD(a).

P r o o f . B y L em m a 2.3. th e re  ex is ts  a  e 7,( V, z )  such  tha t O W
is  n o t  id e n tity . L e t  l, b e  th e  lif t  o f  cc t o  Fx° w ith  in itia l p o in t y„
(n sufficiently large) then  the  end  po in t o f /, is  y ,„  where y„,=0(ot)(y„)

a n d  m O n . L e t  /2 b e  th e  seg m en t o f  T  fro m  y„, t o  y „  and t h e

com posite  of / , a n d  /2, th e n  / represents jV oi,,,,,H(ot). S o  000=1 co

= 1 co= n— m 00 a n d  0  is n o t  trivial. B y  t h e  sam e argument if
12

0(ct)-= —k w e  have P(Œ)(y,)=y,, p r o v i d e d  O W  i s  d e f i n e d  a t  y,.
T o p rove  the final assertion it is suffic ien t to  show  th a t  i f  4 ,0 0  and
(1)(o/2) co inc ide  o n  {y„In sufficiently large} t h e n  0(o/1)= 0D(o/2). To
prove th is, it is suffic ient to  show th a t  i f  cD(ct3)(y„)= y„ fo r  sufficiently
large n then 0(x3)= identity . This is easy. q. e. d.

R em ark. In  th e  above proposition and proof, 0(oc) is defined on
T , s o  the  ph rase  "sufficiently large n "  is unnecessary. T h is  is easily
seen by using the foliation preserving flow

To describe the structure of n ea r V  we define a  foliated mani-
f o ld  V(N, h) a s  fo llow s. L e t  N  b e  a  codimension o n e  submanifold

o f  a  closed orientable m anifold V  su c h  th a t  N— V  is connected and
the manifold VN obtained from V by cutting along N  has two boundary
components N ,  and N 2  w h ic h  are copies of N .  L et h  b e  a  contract-
ing diffeomorphism o f  [0, e), e>0. V(N, h) is obtained from  VN x [0, e)

by identifying (x, t) e N, x [0 , e )  w ith  (x, h(t))e  N2 x [0, e). T h e n  V(N,

h) is  a manifold with corners and there exists a  dually foliated structure
o n  V(N, h ) w hich is induced from  th e  product structure  of VN x [0, e).

A  result o f Nishimori [7] is stated a s  follows.

Lemma 2.6. T h e re  e x is ts  a subm an ifo ld  N  and  a  d iffeom or-
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phism h  s a tis fy in g  a b o v e  c o n d itio n s . T h e re  e x is ts  a diffeomorphism

g  o f V (N , h )  in t o  M  w h ich  p re se rve s  th e  d u a lly  fo lia te d  s tru c tu re s

(w here  the d u a l s tru c tu re  o f 5,7 is  d e fin e d  b y  X )  s u c h  th a t g(x, 0)=x

fo r  x  E  Vc V, x [0, 01—. M o re o v e r i f  N '  is a  submanifold homo-

lo g o u s  to  N  th e n  th e re  e x is ts  V(N', h ') a n d  g '  w h ich  sa tis fy  above

conditions.

Proposition 2 .3 .  S u p p o se  th a t O M  = V  is  c o n n e c te d  a n d  X  is

o u tw a rd  o n  V . L e t  k > 0  h e  the g e n e ra to r  o f Im(0) a n d  N  as above

th e n  th e re  e x is ts  a  connected com pact submanifold H  of F 0  w h o s e

bounda ry  cons is ts  o f k  c o p ie s  o f N  s u c h  th a t  the fo llow ing  decom -

position holds.

Fxo= H U 4k(11)U 02k(H)U • U Onk(H)U •-•

w h e re  lnt T  (n + 1 )1i(11 4,k(
H )  a n d  4) ,  , ) „ (H )—  I n t  (1),,k(H )  consists of

k  copies of VN.

The proof is immediate from the following lemmas.

Lemma 2.7. Let g : V (N ,  h)—* MM  b e  as above. W e  id e n t i f y

(x, T) e (V , — N2) x [0, v) w ith  a po in t o f V (N , h ). For  we define

4(x, T)=g-100,0g(x, T )  th e n  0 ;  preserves th e  f o l ia te d  structure on

V(N, h) and we have Ck(x, T)=(x, h"(T)).

The proof is immediate from the construction of V(N, h) and Pro-
position 2.2.

Lemma 2.8. P u t M '= M —  Int g(VN x [0, vo]1,--), w h e re  0 <co< v,

th e n  H = M '  n F s 0  is  a  com pact connected  m an ifo ld  w hose  boundary

consists of k  copies of N.

P roo f. W ith o u t lo ss  o f  g en e ra lity  w e  m ay  assume t h a t  Z  E  N,

g(z, v(,) Fx., c o  is  in the image of and the a-limit set of the max-
im a l solution curve  o f  X  containing z  is C .  Since M ' is compact,
H = M '  n F .,0  is a compact manifold w hose boundary consists o f  k

copies of N .  L et N '  b e  a  component o f  O H , t h e n  N' n {yin E

=  { y d . L e t  I ' :  [0,1]—> V ,  b e  a  c u rv e  s u c h  th a t  /'(0)= Z  E  N  2  and
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l'(I) = z  e N1.D e f i n e  /0 : [0, 1] — *M by /0(t) =g((l'(t), es)) w here  es is
choosen s o  t h a t  g((z , h(es)))=ys f o r  z  e N ,, th e n  /0 i s  a  curve i n  H
from  y s t o  y1_,• W e  d e f in e  /„ inductively by /„= , ,  th e n  1„ is
a  curve i n  H  f ro m  ys_„k t o  y'i_.„k_k • B y  th e  assum ption  w e  have
lim yi_„k =  X o ,  SO  w e can  ch o o se  a  c u rv e  I in H  f r o m  vi - in k -  k to

x 0  fo r  som e m > 0 .  Then the com position of /0, /,, /„, a n d  / i s  a
cu rve  in  H  from  y s  t o  x0. Since H  contains n o  closed component,
th is  p roves t h e  connectedness o f  H. 11. e. d.

§3. Reeb componenent

I n  t h i s  section (M „  F ) is a  Reeb com ponent a n d  w e  use the
same notations as in § 2.

Since Int M  i s  a  fibration o v e r  S '  w ith  fib re  Rn, w e  se e  th a t
OM = V  is  connected  a n d  i*: H1(01t1)— q1,(M) is isomorphism f o r  n > 2
by  th e  Poincaré duality, thus 0: 7r,(V)—>Z is  surjective. So by Lem m a
2.6. and Proposition 2.3. the following proposition holds.

Proposition 3.1. There ex ists  a  fo lia tion  preserv ing diffeomor-
phism  g of  V (N , h) into M , where N  is a codim ension one subm anifold
o f  V =OM  an d  h  is a contracting dif feomorphism  o f  [0, v). Moreover

R n = Fx0=ii U 4),(H)U 02(H)U ••• U 0„(H)U •••

where H  is a c o m p ac t  su b m an if o ld  o f  R", OHL= N  a n d  4)„,,(1-0
— I nt (/)„(H)= V N . We have lim 0„(OH)= N.

L e t D o  b e  a n  imbedded n  d isk  in  Fx0 su c h  th a t Int Do n H .  Fix

k> 0  s u c h  th a t  S0 = O D ° Ok(H)— Int H  a n d  7E : A - > M  b e  t h e  regular
c o v e rin g  c o rre sp o n d in g  to  k Z  Z ,(M, x0). T h e n  F, g  a n d  e

a re  defined naturally from F, X  a n d  C  b y  7E. I t  is  e a sy  to  se e  (S4,

I " )  i s  a  Reeb component a n d  g  i s  a  nice vector field for P  and
is  a  nice orbit o f  g .  L et ibe be the foliation preserving flow  on  Int

defined  by  g  a n d  e ,  th e n  w e  h av e  no (g)=- 0 7450) f o r .5-c e Int

and t e R.
From now on  we assume that 6.
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L em m a 3 .1 . There exists a f i h r a t i o n  : -+S ' w ith f ibre S ' .

P r o o f .  L e t  I b e  a  c lo s e d  c u r v e  in  N ,  s in ce  /  is  h o m o to p ic
to  a  c u rv e  in  F r0 , I  is  hom otop ic  to  ze ro  i n  M .  So r ' ( N )  h a s  k
c o m p o n e n ts . F ix  a  le a f  F ,0  in i s u c h  t h a t  i r ( 0)= F0. P u t  I-?
= ir '(H )  n th e n  lim ,,(ô R )= R  is  a  c o m p o n e n t o f  i r ' ( N ) .  I t  i s
easy to see that w e have the decomposition

R' F 0 = R  u (R)u 2(R)u u

su c h  th a t V where V = a Ç i.  S i n c e  i r ( ( R )
—mt R )= k (H ) —Int HDS0, 1 ( i ) —  mt R  contains where S0 S " ' .
Let 1= I i m ( 0 )  t h e n 1 S '  a n d is hom ologous to  R  i n  V.
S o  by Leim a 2.6 and Proposition 2.3.,

Rfl F 0 Ô 0  U U  2(D0) U

a n d  P 1 1 (ñ 0 )-1 n t0 .  S in c e 1(b0) a n d  I3 a re  n -d isk s  and

n ^ 6  w e  s e e  t h a t  P S' x [ O ,  1 ]  a n d  V  is a  f ib r a t io n  o v e r  s'
with fibre S"1. q.e.d.

Corollary 3.1. i r , ( 3 Ï ) Z  an d  i t 1 ( 3 M ) ir 1 ( S h 1 _ I )  f o r i ^ 2 .

P roposition  3 .2 . T here  ex ists  a f i b r a t i o n  p :  M — *S ' w ith f ibre
S n - i .

Proof. Since  i t ( M) is  fin ite ly  genera ted , if  i r , ( M ) Z  th e n  b y
the theorem  of B row der-L evine [I] w e see that M  is a fibration over
S 1 .  Consider the following diagram

I)  ir,(Ô M ) ir ,( M )

H ,(a M ) H ,(aM ).

B y  th e  c o n s tru c t io n  o f  A i  w e  s e e  th a t  1r*: H,(ÔM)-+H,(ÔM) i s  a
m onom orph ism . S o  by  a  sim ple  a rgum en t w e  see  tha t ke rH = l and
we have  7 r ,(aM ) H ,(aM ) Z. S o  a M  i s  a  f ib r a t io n  o v e r  S ' w i th
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fib re  G .  B y  the  hom otopy exact sequence of fibra tions w e see  that
G  i s  a  hom otopy  sp h e re . B u t G  is  lif ta b le  to  a  lea fL eR " along (/),
we have G S " .  q .  e .  d .

B y  t h i s  proposition  O M  S " -  x [0, 1]/(x, 0)-(i/i(x), I) for som e
diffeomorphism 1i o f S "- I. L e t W '=  S " '  [0, I] x [0, e )  (x ,  s, t), on
W ' w e  de fine  a  fo lia t io n  w hose leaves a r e  defined by t=constant.
F o r  some contracting diffeomorphism h  o f  [0 , e ) ,  let W = W '/(x, 0, t)
-,(tP(x), 1, h(t)). O n  W  the re  is  a  fo lia tion induced from  the foliation
o n  W ' a n d  there exists a  foliation preserving diffeomorphism g  of W '
into M.

Lemma 3.2. T h e re  e x i s t s  a  d iffeom orph ism  f o f  OM x [0, 1]
in to  M  su c h  th at P .M  x  {0 } is id e n t i t y  an d  f o r 0 < t  I, f(OM x {t})
is transv erse to .5,7.

P r o o f . I t  is sufficient to  show  that there  ex ists a diffeomorphism
f '  of OWx [0, e j  in to  W  w hich satisfies obvious conditions. Define
11,(t)= (I -s )t+ s h (t )  and  f '(x , s , t ) =( X , s , h (t)), then f '  i s  a diffeomor-
ph ism  a n d  fo r  0 <  t e0<h(c), {f(x, s, t)1(x, s)e x [0, 1 ] )  is  t ra n s -
verse to ,F because ahs ( t )= h (t ) - t 0. q. e. d.

P u t  B =f(aM  x { 1 } ) th e n  M  is  s e p a ra te d  b y  B  t o  M 1  a n d  M ,
w here M,----f(OM x [0, 1]). I t  i s  c l e a r  t h a t  t h e  leaves o f  5 . /M , a re
diffeomorphic to  D".

Lemma 3.3. M2.'-t-S' x D" as a foliated m anifold.

P ro o f. M 2  i s  a  D "  b u n d le  o v e r  S '  a n d  th e  fibe rs  a r e  leaves
of IM 2 . B u t fo r n .6 , n0 (D iffD n)= 0  b y  C erf [2 ] and  the  bundle is
trivial. q. e. d.

Lemma 3.4. T h e re  e x is ts  a  v e c to r f ie ld  Y  o n  M  such  that
Y lintM  is transv erse to ,F  an d  all o rb it  o f  Y  is periodic o f  period 1.

P ro o f. B y  L e m m a  3 .3 . th e re  e x is ts  Y  o n  M 2  which satisfies
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th e  c o n d itio n s . I t  is  e a sy  to  e x te n d  Y t o  M , by L em m a 3.2. q. e. d.
N o w  i t  is  a lm o s t  t r iv ia l  to  p r o v e  T h e o r e m  I .  T o  co m p are  (M,

5 )  w ith  (S ' x D ", ,R ), decompose S ' x D " in to  S' x D" )  and21 S'

x S"-1 x 111 where D"( 1 —  {(x } and S"- x''''• "x,)11' v? 22 ' 

r ,  11 = x„)1  '   _ Ix?5•11. Then (M2, ,F1M2) (S ' x D"( ) ,L 2 j —

‘FRIS' x Du ( I  ) )  b y  L em m a  3 .2 . T o  e x a m in e  th e  p a r t  M ,, w e use

Lemma 3.4. a n d  th e  p r o b le m  is  r e d u c e d  to  t h e  c a s e  n = 1 .  T h is  is
e a sy  b u t  precise  description is tedious.
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Added in  p ro o f: H . Rosenberg pointed out that, in the proof of Coro-
llary 2.1, p  is merely a submersion and to see that p  is  a  fibration it
is necessary to see that f X  is complete. The completeness of f X  follows
from Lemma 2.5. by an easy argument.


