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In this paper we study the properties of nonwandering
points of generioc vector fields on some open surfaces. We
extend the theorem of C. Pugh [6] i.e. we prove that on open
surfaces of genus zero there exists a residual set of vector
fields Y with @(Y) = Per(Y): From this it follows that gene-
rically there are no osoillating orbits. Moreover together
with the main results of my next paper (concerning the suffi-
olency of 2-stability of veotor fields on open manifolds)
it implies that 2-stability is a generic property for open
surfaces of genus zero.

Let M be homeomorphic to S2 without & countable number
of points which form a c¢closed subset of 52. By E we denote
the set of "infinities" of M,

Hr(M) = the space of ¢T vector fields on M which generate
flows endowed with CT-Whitney (strong) topology (r >1).

QSY: MxR-—=M the flow of Y.

We denote by OY(x) an orbit of Y starting with x i.e.
Q‘-i{x,o) = x and define the positive (resp. negative) semiorbit

by
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2 Je. Kotus

0;.(x) = {@Y(x,t): t>0},

Og(x) = {éy(x.t): t<0}.

Pinally we denote by OY[x,y] the closed Y-orbit segment from
x to Y.

We distinguish three kinds of asymptotic behavior for
each semi;orbit:

{a) Oi(x) is bounded if it is contained in some compact
set KC M,+

(v) 0"(x) escapes. to infinity if for each compact set

KC M there exists a point yeO‘(x) for whioh O (y)ﬂ K= ¢,

(c¢) 0':I'(x) oscillates if it is neither bounded nor escapes
to infinity.

These kinds of behgvior for O;(x) (resp. Oy(x)) can be
also described in terms of the o -limit (resp. x-limit) set
of xeli under ¢y namely.

w(().}(x)) = {ye M 3tn————+oo‘ 3. @Y(x,tn) — y}

0((0;(;{)) = {76 M: th——-oo. EX @Y(x,tn) _.y}.

It is easy to see that we can distinguish the following cases:

(a) O;',(x) is bounded iff w(O.}(x)) is compact (and non=-
~empty)

{b) 0+(x) escapes to infinity iff w(o;(x)) = ¢,

(c) Oy ¥(x) oscillates iffco(o (x)) is a non-compact sub-
set of N‘.

We extend ths definition of w-limit (resp. x~limit) set
of x¢ M to o*-limit (resp. a*=-limit) set

S(0p(x)) ={FetUB: e —=+o0 3. bylx,b,) 3}

cx*(og(x)) ={yeMU E: ?ftn—>-oo e3Je @Y(x,tn)'—'-y}.
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Generic vector fields 3

Thus
(a) 0.}(::) escapes to infinity iff there exists Pe E such

that o*03(x)) = {=},
(b) 0;(::) oscillates iffc.)(o;(x)) # ¢ and there exists

Pe E such that Pe co"(o;(x)).
Let Per(Y), Q(Y) denote respectively the periodic points
and the non-wandering points of Y i.e.

Per(y) = {xe M QSY(x,t) = x for some t> 0}
Q(Y) ={xeM:3xn——'~x, tn—> +oo.9.§Y(xn’tn)__._x}.

By Hg(M) we denote the subset of HT(M) such that every esle-
ment of Hr(M) has only hyperbolic restpoints and weé denote

by ﬁ}\ g(¥) the set of Kupka and Smale vector fields (for de=-
finition see [4]). In [5] it was proved that HE o(¥) is open

and dense in H' (i) but Hy (M) is residual in ﬂr(M).

We say that vector fields X and Y defined respeotively
on manifolds N, M are topologioally equivalent if there exists
a homeomorphism h :+ N —M taking X-orbits to Y-orbits and
respecting time order.

At first we recall some properties of w=limit (resp.
o -limit) set of vector fields on S2. All these properties
were studied in [3].

Let Z be a continuous vector field on 82 whioch generates
a flow, We say that C‘z’(y) approaches an orbit Oz(x) if for
any arbitrarilly small transversal section (a,b) at x ‘there
exists a sequence (xn) of succesive common points of Oz(y)
with (a,b) such that:

(i) all elements of (xn) belong either to {(a,x) or
(x,b),

(ii) if Xy, e{a,x) (xne (x,b)), then x, € (xn_1,x)
(x,e(x,x,_,)) for neN,

Let

wB®05(x)) = {yew(0f(x)): 2(y) = 0],
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4 J. Kotuse

w™03(x)) = w(0F(x)) - ©®(0F(x)).

Theorem 1s For xeS2 the set w(OE(x)) satisfies:

(a)w(oz(x)) is non-smpty, closed and connected,

{(b)w (OZ(x)) is the boundary of a simply connected region
ac s? (thus w(oz(x)) separates 52),

(e) mn(OZ(x)) = w(0}(x)) 1iff wn(og(x)) is a periodic or-
bit,

(d) if w“(oz(y))gw(o;(x)) and o‘z‘(y)cQ“(oE(x)) then
o(oz(y)) (resp.cJ(OZ(y)) is contained in sume component of
ms(OE(x)),

(e)cun(oz(x)) consista of at most a countable number of
orbits,

Let A bs an arbitrary closed simply comnected set in 52.
We say that h : [0,1),———*-2A is a cyclio mapping of 4 if:

{i) h{7r) is a closed simply-connacted subset of A for
every 7, 0<7<1,

(i1) if T = lim 7 _, 7, 7.6 [0,1) then ﬂ (U h(z,})<S
h n n=0 kxn k
S h(r) (the set [0,1) we identify with a unit circle),

Theorem 2. The sat m(OZ(x)) for xe S° has
8 oyclioc mapping satisfying the following conditions:

(a) for any v €[0,1) h(T) is either a regular point or
a singular component of o“(o;(x)),

(b) the set of T's such that h{r) are singular components
of ws(og(x)) is closed and nowhere demse in [0,1),

(o) b= (wB(0}(x)) =Lﬁ) (tyspeq) o0 Bl (5,7p ) 18
a homeomorphism,

(d) suppose that T1<7.'2' and U1, U2 are any non over-
lapping neighbourhoods of h(T1) and h(1’2). Then there exists
T dependent only on the choice of U1 and U2 such that for
t>T the semi-orbit Oz(x) crosses U, and U, alternately.

Now we define a cycle of vector fleld Ye Hﬁ(u) and de~
scribe in Lemma 1 the relation between Q(Y) and cycles of Y.
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Generic vector fields 5

Next we state Lemma 2 and 3 which enables us to use ithe pro-
pertiea'ofa)-limit set of veotor fields on 52 to study the
properties of cycles of veotor fields,

For xe M which is not a restpoint of Ye BT (M) by (a,x)
(resp. (x,b)) we denote an open transversal interval with
left end a and with right end x (resp. left end x and
right end b), ' _

Definition 1., Let the sequence (Oy(x,,X.])
satisfy for any ne N one and only one of the following con-

ditions:

(11) x, c(a,x), x, ——x and the first intersection X,

of 0y(x) with (a,x) lies between x, and X, .}

(111) x, ¢ (a,x), x;, —x and the first interseoction X,

of 0;(xn) with {a,x) lies between X,.q 8nd x.3

(111,) x e (a,x), x, —x and the first intersection x_

of Og(xn) with (a,x) satisfies X, = Xp$
(12)-(1112) are similar to (i1)-(iii1) using (x,b) instead
of (a,x) then we will denote by CY(x)‘the set {ye MUB: y =

= lim 2z, and z,¢ OY[}n.inJ}, which is not a closed orbit of Y
through x.

C?x) {3€Cﬂxh‘ﬂx)=0vyeE}
Cylx) = Cylx) = CP(x)e

Lemma 1. For YeHL(M) xeQ(Y) - Per(y) iff there
exists a cyole CY(x) of Y through =x.

Proof. The sufficiency of this condition is obvious,
We prove its necessity., Let Vo be 8 neighbourhood of x such
that if ye V, then Oy(y}N (a,b) # ¢, By (V,) we denote the
sequence of ne%ghbourhooda of x in (a,b) satisfying clv, <

C intV _, and (\] v, = {x}. Since xec 2(Y) then there exists
n=1

X € Vs t,> T> 0 such that x, =§Y(xn,tn)e V, and X, is the

first common point of O}(xn) with Vn. Moreover if x, e (a,x)
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(xne (x,b}) then Ene (a,x) (xne (x,b)), X, is also the first

common point of 0;(:) with (a,b) and in tends to x. It is
a consequence of the fact that genus of M is zero. Thus in-
finitely many elements of sequence (xn) belong either to
(a,x) or (x,b)., We assume that they belong to (a,x). Because
any pair of xn,ine (a,x) satisfies one of three possibili-
tiest i'nc- (xn,x), ine (a,xn), in = x,, then infinitely many
glements of sequence (xn) satiafy one of them, Suppose that
there exists a subsequence of (xn) which we denote also by
(xn) satisfying X e (x,9x) for any ne N, Let %, = xy. Then

the first common point Z, of Of(z,) with (a,x) belongs"te

(2,,x)e Assume that the ares Oy[z,,2z;] 1<n<k were defined
end they satisfy the condition (i,). Let V, will be an ele-
ment of (Vn) such that clvjﬂ (a,x)C (ik,x). Then for s, , =Xy»

By, € (En,x). Zy,q = ij, Zy,q denotes the first common point

of 0;.(:1() with (a,x). From this it follows that there exists
a sequence of arcs(OY[zn,En]) satisfying (1i,). In the other
cases the proof is analogous.

Lemma 2., Por Ye H'(M) there exists a C* vector
field Z on 82 whioh generates a flow and a closed, cquntable
set KC 82 such that:

(a) Z] , . @d Y are topologically conjugated

(b) if yc K then Z(y) = O,

Proof. .We assume that M is homeomerphie to s
without a countable number of pointa whioh form a closed sub-
set K of 52, By [2] there exists a C ™ diffeomorphism
£ : M— 8% with analogous properties, Then Df(Y) is a CT
vector field on S°-K for Ye HY(M). Of course zl o _ is topo~

logically conjugated with Y, Let [*|| denote complets C°° Rie=-
mannian metric on S° and g 3 S° —— R be a C™ function satis-
fying: g(y) = O for ye K, g positive on 82-K and g suffi=-
oiently quiokly going to zero as x esoaping to K. Then

2(x) = g(x)(1 + [(d£(X))(x)2)"/2(D2(¥))(x) 16 €T vector rield
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Generic veator fields 7

on 52 topologically conjugated with Y on S2-K and Z(y) = O
it Y€ K,
Lemna 3, Let ct(x) bs a cyele of Ye H:‘;(I) through
xe¢ M, Then there exists a continuous veotor field Z on M
and an orbit Oz(y) with properties:

(a) @z(s,t) = ér(z,t) ir aeCY(x)| M t€R
(b) w(04(3)) = Cylx) or £L*(07(y)) = Cylx).

Proof.,. Let (a,b) be a transversal section of Y at
x, and (Oy [xn,in]) be a ssquence of arcs with ends Xx,,X, ¢
e (a,b) for which C,(x) is the set of accumulation points,

Suppese that the aros(0y [x,sX,]) satisfy condition (i,) of

Definition 1 1.e. x, ¢ (a,x), X ¢ (x,, )y x, — Xy X, — X,

'Xne1 n
x denotes the first common point of OY(x ) and {(ayx)e We
chooee transversal seotions S,, S, respectively at a,c OY(x),

eOY(x) such that S1 {QSY(x,t) t xe(a,b) and t = t, for
some t >0} S, = {QSY(x,t)z x¢c(a,b) and t = t, for some
t,< o}. Let x; be the first common point of OF(x;) with S,
i" be the first ocommon point of 0+(x ) with S,. Since genus
of ¥ is gero and xeSAY), Oy(x) haB no oommon points with
{a,b) besides x, Thus Oy (x) separates C = 01(32)”"!(3 )
into two components. Let 5 denote the closure of the compo-
nent of C - OY(x)' which cogtaina (a,x), V be a continuous
vector field with support C such that some subsequences

(x ), (x ) satisfy x/ ny O+(x ) for any n, and 2 = Y + V,
+1

Therefore 0Z |__xnk, xnk] = Oy [x’;k’xnk] and there exists an
orbit Oz(y) = Oz(x%) whioh contains the arcs (01{ [xi‘k'x;‘kn])'

Moreover ¢,(z,t) =QSY(z,t) if zeCY(x)ﬂM, te¢R. It follows
from the assumption about (0Y [xn,in]) and the last two sen=-

tences that w*(Oz(y)) = Cy(x). If the sequence (Uy [xp9%,])
satisfies one of the other conditions of Definition 1 we can
analogously prove that CY(x) = of (Oz(y)) or CY(x)

= W (Oz(y)).
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8 J. Kotus

The next theorem is a consequence of Lemmas 2, 3 and
Theorem 1, 2.

Theorem 3, If CY(x) is a oyocle of Ye Hﬁ(M)
through xe M then:

a) C:Y(x)ll is an inveriant set under ¢, and separates M

b) C'Y‘(x) oonsists of at most a countable number of orbits

o) for any OY(y)C CQ(:) the set w*(o;(x)) = {P} (resp.
«™03(y) ={Q}) and either Y(P) = 0 or Pec B (either ¥(Q) = 0
or Qe E)

d) CY(x) possesses a cyclic mapping satisfying properties
desoribed in Theorem 2 (replace in this theorem the sets
2oz (x)), ™03 (x)) by c3(x), CF(x))

e) any transversal seotion S of Y meets the cycle CY(x)
at most one point,

Now we shall prove that each c¢ycle of a generic vector
field Ye HY(M) contains no point at infinity., This fact to-
gether with Lemma 1 implies that there exists a residual set
of vector fields Ye HT (M) satisfying Q(Y) = Per(Y).

In the sequel S* (resp. S°) denotes the entrance (exit)
set of flowbox F of veotor field.

Lemma 4, Let a flowbox F for Ye H'(M), & point
pe int S* and a C* neighbourhood U” of Y be given. Then there
exist a neighbourhood S* of p in S* and a flowbox FCF with
entrance set S' (and corresponding exit set S S”) such that
for any pair of points q-"lesI there exists a vector field 2
satisfying the conditions:

(a) ZeU™

(b) 2 = Y off P

(o) "¢ 07(q¥) and 0,[a%,q"]c P,

This lemma is proved in [1].

Lenma 5, Let PecE, (a,b) be a transversal section
of YeH"o"(ll), OY(x) be a cycle of Y through xe{(a,b) and
Pe CY(x). Then for any neighbourhood U”c Hf,‘(u) of Y thers
exists a vector field X satisfying:
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Generio vector fields 9

(a) XeU™
(b) & (4(x)) = {B}

(c) OZ(x) crosses (a,b) at x ¥ x.

O
T

Fig.1 Fig,?

Proof, Let S be a transversal section of Y at
ye:o;(x) with SN (a,b) = ¢, and let F be a small enough flow~
box with entrance set S (see Fige1). Since CY(x) is a ¢ycle
of Y through x then there exists a sequence of arcs(OY[xn,ij)
for which CY(x) is the set of accumulation points. We denote
by y, the common point of OY[}n,in] with S. It follows from
Lemma 4 that for any neighbourhood U*c HE (M) of Y there exists
a veotor field Z¢ U™ satisfying: Z(p) = Y(p) for p¢ F, and
Y€ 07{x) for some k., Hence 0,(x) crosses (a,b) either at

X # X of X, # x and JY(0F(x)) = W*0}(x)) (see Fige2).

By Theorem 3 af(o;(x)) = {q¢} = ©X0(x)) and either 2(¢) = 0
or Q€ E and there exist To,z‘e[0,1) such that 7 <7,
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hir) = {x}, nir) = {Q}. Moreover if ¢ # P then one of the
following conditions is satisfied: (i) thers exist Tnea(0,1)

1<n<ng such that To<T4 Ceee<Tp, h(T ) =z ecg(x),
2 e 0s0z ) if n # m, o™05(z,)) # {?} 12 n<ng co(O*(z o -
= {P}, (ii) there exists an increasing sequence (Tn),

e (T,,7ly Tp—=1T, hiT,} = 2 ¢ C§(x).'zn¢ 0y(8,) if n ¥ m,

w*(og(z V)£ {P} if ne N, Suppose that Cn(x) satisfies (ii;,
\\_/
r=0Q “kxn

that lim h(Tn) = lim 2z, = P. Let z e Oz(x), 2

By Theorem 3 if 7 —7 then (N} <' hir k)) S h(t)e It impiies
1n€ 07(24)s

2,,€ Oz(zn), ne N, We choose small enougn disjolnt transverssl
1 +

ns S2n M Z50 Zype Zpp

- +  of
For Fypgr Fop such that So’ S,, are antrance sats of Fo’ an.

$7, 18 the exit set of F,, and ¥, fWO:(x} = @, Finf705(x) = ¥

i= H 2, ne No Since lim 2, = P we can sasume that P 18 exastly

sections S;, S; s 2., &and the flowboxes

F

one accumulation p01nt of the flowboxes Pl s 1 = 1,2 {pee
Fige3). Let No, F1n 2n ba the fleowboxes with entrance sets
T4 hs e .\l- H- . s
bo, S1n’ Son and exit sets o’ Sqps Spp 88 In the conolusion

i @ T T e ; . N g- &t +*
of Lemma 1. For S5 and 81, and for any nair of Sgﬂ, S1n+1 there
exists an arc O, fqr,yq begxr‘ crosaing this pair of

transversal ssctions. olnce the genus of M is zero then

O,Kyn,y ] has at most one common point with So’ S‘n, 51n+1e

Let 35 = Og[¥p o9, ]7 So’ Y11 = 04[Fp 47y ]r]s11’ Jon =

o “o o o
- 5 = - 5 Ingt
= Oz[yn,yn]rlszn, Y1041 ‘,OZ[?n’ynJ(]§1n+1' By Lemma 4 therse
exist vector fields Zo’ Z1n’ Z2n satisfying: Zo, Z1n’ Zgne u*,
2(o) = z (o) if p¢ Py, Z,4,{p) = Z(p) if D¢ F p, Z,,(p} = Z{p)

4 I + T~ +
if p¢ ¥, , yoéozo(zo), 0Z [zo,y _}cFo, Iopc O 2n(22n),

+ - -
#1001 92, Tanet)s O [z2n’y2n]'“— Fonr %, '31n+1’z1n+1J -
i F1n+1' Thus the eguations X{p) = Z(p) if pe FUF L,&:% F It
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T

.....P

a
Fige3
o0
] s
U b1 an, X(p) = Zo(p)y _OF:FO, X(p) = Zin(p)’ Pepin’ i=1,2,
n=

meN define a vector field X with th2 oproperties: Xe U™,
¥03(x)) = {P}, 03(x) intersecte (a,b) in X # x. It is clear

that Pem*(oﬁ(x)), but the eguslity is a conseguence of assump-

tion that the segueice (zn) has no otner accumulation points
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besides P, Now 1f 18 not difficult to see that the proof
of condition (1) is analogous.

Figo4

Lemma 6, Let X be a vector fisld from the conelu~-
sion of Lemma 5 and assume that X e (a,x). Then there is no
cycle Cx(y) of X which contains P and y e (a,x].

Proof. Suppose thaﬁ thers exists a cycle Cx(y)
of X with PeCy(y) and ye(a,b)s If 3 = X or 3 = x then 0x(3)
crosses {a,b) in two different points contrary to Theorem 3(e).
Since the genus of M is zero the unition of are 0Oy([x,X]| and
[x,i]c:(a,b) separates M into positive invariant component ot
and negative invariant ocomponent D, This implies that for
ye (8,X) either Cx(y)c:D' or Cx(y)r1(§,x) # ¢ In the first
case Cx(y) does not contain P, in the later Cx(y) has two

common points with (a,b). If ye (X,x), then 0}(z)c D%,
Oz(z)c:D' for z e (X,x) contrary to the properties of the
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arcs(ox_[xn,xn]) assumed in the definition of & cycle. Hence
thers is no cycle C (y) of X with ye {a,x] ané Fel (v).
Lemma 7. Iet Pc E and (a,b) bve a transversal gsec=-

tion of Ye Hﬁ(iﬂ). Then for any neighdouriiood € Cno(..'I) of

there exists an open set V¥C U™ such that for Ze V™ there is
is no oycle CZ(x) which contains P and x ¢ (a,b).

Proof . Let U Hﬁ(m) be a neigabourhood of Y. Sup-
cose that CY(x) is a cycle of Y through x ¢ (a,b) which con-
tains P, By Lemma 5 there exists a vector fieid XeU™ such
that w"“(o;‘:(x)) = {?}, 0yx(x) orosses (a,b) in X # x. assume
that X c{a,x). Let ¢ = 1/2 min {Q(i,a),q(f,x)} y O i8 a me-
tric induced by Riemannian metric on M. It follows from Pro=-
position 4,5 in [_1 that thers sxist an open set b1 U™ and

a point %% e la,b} satisfying w (O'g(x }) = {:}, 0 {X,x )<€

- E . -
for Ze U1. Worsover we can choose U such that Oz(xz) crogses
1

{a,b) at i' # x7, %l e {a,x ) for Z¢ U « By Lemma € thsere

exists no cycle C (y) of zeV which contalns P and y e (a,x e
‘hus if 01 does nzt gatisfy the conclusion of Lemme 7 then
there exists Ye U, with cycle CY(y) such that: Pe CY(y),

ye (xf,b) and tais cycle is the sccumulation set of
arcs(OYLyn,yn
than OY(x }o Hence y,3,,¥,¢ {x¥,b). knalogously like in the
first step of this proof we c¢an show that there exist open
set U;c U’: and poipts tze (x*,b) satisfyings w*(O*(yz)) = {P},
=%

1) lying in the cther comporent of M - CY(y)

OZ(yZ) crosasse (a,b) in §%¢ (y ,b) and there is no cycle
C,ix) of Z witk x e(a,x?]U [3%,b), PeCylx) for ZeUj. It
easy to ses that if xe(xz,yz) then OZ(x) ig contained in

a region bounded by Oz(xz), Og(yz) and [xz.yZJC (a,b) s0
Or(x)u [x yZT = ¢ and Q{Z}N [xz.yzj = §, The last two sen-

tences imply that U, satisfies the conciusion of this lemma.
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Lemma 8. For PeB there exists a residual set
G?(M)C HF (M) of vector fields with no oycle which contains P.

Proof, Let (Kn) neN be a covering of M by compact
regions, We shall prove that for any K there exists an opsn

and dense set G (K Jc Hr(M) such that if Zc—(}r(K } and xeolK,
then Z has no eycle Cz(x).which contains P, Pick K and an

open set U c HX(M). Because Hr(ll) is a dense and open subset
of HY(M) then there exists an open set V'c Uc HY (M), the
sets S1,...,Sk and points p%,...,pne intKn patisfying:

Z(pﬁ) = 0, Si is an open transversal seotion of Z and for

x ¢ olK, = {p3,...,00 } there exists S; such that 0,(x) NS, # ¢

if ZeV* It is a consequence of Lemma 4.3 and 4.4 in [1].
This implies that for any cycle Cz(x) of Z through xe olK ,
Cz(x)ﬂ Sy # ¢ for some S;. Thus it is enough to prove that

V¥ contains an open set W™ of vector fields Z with no cyole

C,(x) such that Pe C,(x) and xep S;« Using succesively
=1

Lemma 7 to S1""'Sk and V* we get the open sets W’.‘c Wj* 1C eee
c W;‘cv 1<j<k such that JAf Ze W™ then there is no oycle
Cz(x) of Z through x ¢ U S; whioh contains P. Thus it is

enough to put W* = Wk‘ So GP(K ) contains an open and dense

ﬂ G?(K ) contains a residual set,
n=1

Theorem 4., The set F (M) = {Ye H}'{_S(M)xg(r)}=

= Per{Y) is residual in HF{M),
Proof., For each Pe B therse exists a residual set
I'(Bu) of vector fields Z with no cycle whioh contains F,

Since E is a countable set, GT (M) = M Gr(M) is residual in
PcE
r(M). We want to note that the assumption concerning counta=

bility of E is essentially used only in the proof of tails
Theoremn, In Lemma 1 we proved that 2(Y) = Per(Y) for yeHﬁ(M)

set and -G?(M)
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Generic veotor fields 15

iff there exists no cycle of ¥, It is easy to see that any
bounded cycle of Ye¢ Hﬁ(M) contains a saddle conneotion, Thus

for Ye F (M) = Gr(u)rwuﬁ_s(u) there are no bounded oycles

(HE_g(M) denotes the Kupka and Smale veotor fields)., This
together with Lemma 1 implies that Q(Y) = Per(Y) if Ye F* (M)
and F'(M) is residual in HT(M),

Corollary. There oxists a residual set of vec=
tor fields in HT (M) without oscillating orbits.

Proof., Suppose that 0;(x) is an oscillating semi-
-orbit of veotor field Ye FF (M) = Hﬁ_s(n)ricr(u). In the first

part of this paper we observed that 0;(x) oscillates iff
w(O;(x)) # ¢ and there exists Pc¢ E such that Peco(o;(x)).

By Lemma 2 and Theoram 2 there exists a oyole CY(z) of Y
through z < (0§(x)) which contains P, contrery to Ye G (M).
The proof is ainalogous when O;(x) is an oscillating semi-orbit,
This tugether with Theorem 4 implies that I (M) is residual
set of veotor iields in HT (M) without oscillating orbits.
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