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In t h i s paper we study the propert ies of nonwandering 
points of generic v e c t o r f i e l d s on some open s u r f a c e s . Ve 
extend the theorem of C. Pugh [ 6 ] i . e . ve prove that on open 
s u r f a c e s of genus zero there e x i s t s a r e s i d u a l set of v e c t o r 
f i e l d s Y with £2(Y) * P e r ( Y ) ; From t h i s i t follows that gene-
r i c a l l y there are no o s o i l l a t i n g o r b i t s . Moreover together 
with the main r e s u l t s of my next paper (concerning the s u f f i -
ciency of S 2 - s t a b i l i t y of v e c t o r f i e l d s on open manifolds) 
i t implies that 5 2 - s t a b i l i t y i s a generic property for open 
surfaces of genus zero . 

2 
Let U be homeomorphic to £ without a countable number 

2 
of points which form a closed subset of S • By S we denote 
the set of " i n f i n i t i e s " of M. 

Hr(M) - the space of C1 v e c t o r f i e l d s on M which generate 
flows endowed with C r-ffhitney (s t rong) topology ( r > 1 ) . 

§ Y » M x R — M the flow of Y. 
We denote by Oy(x) an orbi t of Y s t a r t i n g with x i . e . 

§-[x,0) « x and define the posi t ive ( reap, negative) semiorbit 
bj 
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J, Kotus 

Oj(*) = {iy(x,t)l t>C>}r 

0~(x) = j$Y(x,t): t<o}. 

Finally we denote by Qy[xfy] the closed Y-orbit segment from 
x to y. 

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

(a) 0^(x) is bounded if it is contained in some compact 
set KcM, + (b) or(x) escapes, to infinity if for each compact set 1 + ± KcM there exists a point yeOy(x) for which Oy(y)H K = 

(c) Oy(x) oscillates if it is neither bounded nor esoapes 
to infinity. 

These kinds of behqvior for Oy(x) (resp. Oy(x)) can be 
also described in terms of the o -limit (resp. a-limit) set 
of xeM under ̂ y namely. 

co(0+(x)) = { y e Ms 3 t n — + <*>< a . $Y('x,tn) — y} 

o>. (Oy(x)) = | y e M: 3 t n — -oo. a . $y(x,tn) — y}. 

It is easy to see that we oan distinguish the following cases» 
(a) Oy(x) is bounded iffco(0y(x)) is compact (and non-

-empty) 
(b) Oy(x) escapes to infinity iff o(Oy(x)) = fif, 
(c) Oy(x) oscillates iffo(Oy(x)) is a non-compact sub-

set of M. 
We extend the definition of a-limit (resp. a-limit) set 

of xe 14 to ¿/-limit (resp. a*-limit) set 

w*(Oy(x) ) = | y e M U Bs 3 t f l — + oo .9. i y ( x , t n ) - ^ yj 

a*(Oy(x)) = | y e M U B s 3t Q — - - <x> § y(x,tn) — y 
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Generic vector fields 3 

Thus 
(a) 0+(x) esoapes to infinity i f f there exis ts Pe S such 

that co*(0+(x)) = { p} , 

(b) Oy(x) osc i l la tes i f f « ( O y ( x ) } ^ (i and there ex is ts 

P e E such that P e co*(Oy(x)). 
Let Per(Y), Q(Y) denote respectively the periodic points 

and the non-wandering points of Y i . e . 

Per(y) = j x 6 M : $ y ( x , t ) = x for some t > o } 

fi(Y) = j x 6 M : 3 x n — x, t f l — + . 9 . $ y { x f l , t n ) — - x } . 

By H (̂M) we denote the subset of Hr(M) such that every ele-
ment of H (̂M) has only hyperbolic restpoints and we' denote 
by the set of Kupka and Smale vector fields (for de-
f init ion see [ 4 ] ) . In [5J i t was proved that H (̂M) is open 

and dense in Hr(il) but h£_s(M) i s residual in Hr(M). 
We say that veotor fields X and Y defined respectively 

on manifolds N, M are topologically equivalent i f there exists 
a homeomorphism h : N —»-M taking X-orbits to Y-orbits and 
respecting time order. 

At f i r s t we r e c a l l some properties o f « -limit (reap. 
o . 

o - l imit ) set of vector fields on S . All these properties 
were studied in [3] . 

Let Z be a continuous vector field on S^ whioh generates 
a flow. We say that O^iy) approaches an orbit 0 2 ( x ) i f for 
any a r b i t r a r i l l y small transversal seotion (a,b) at x there 
exists a sequence (xQ) of succesive common points of O^iy) 
with (a,b) such that : 

( i ) a l l elements of (x n ) belong either to (a ,x ) or 
( x . b ) , 

( i i ) i f x n 6 ( a , x ) ( x n 6 ( x , b ) ) , then xfl e ( x n _ r x ) 
(x n e (x ,x j a _ 1 ) ) for n e N. 

Let 
w S (0+(x)J = { y e c o ( 0 * ( x ) ) : Z{y) = 0 ) , 
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4 J. Kotus 

e j n ( 0 j ( * ) ) = co(o£(x)) -co 8 (0+ (x ) ) . 

T h e o r e m 1. For x e S 2 the set cofO^fx)) satisfies« 

(a )c j (Ogfx ) ) is non-empty, closed and connected, 

(b) co (Oj (x ) ) Is the boundary of a simply conneoted region 

G c S 2 (thus C J ( o £ ( X ) ) separates S 2 ) , 

(c) con (oj(x)) = co(oj(x)) i f f « n ( o £ ( x ) ) is a periodic or-
bit , 

(d) i f con (oJ(y))£w(oJ(x)) and oJ(y) ccon(oJ(x)) then 

cofojty)) (resp. ^ (O^iy) ) is oontained in some component of 

co8(0+(x)), 
(e) cj°(0^(x)) consists of at most a countable number of 

orbits. 2 
Let A be an arbitrary closed simply conneoted set in S . 

We say that h i [ 0 , 1 ) — - 2A is a cyclic mapping of A i f : 
( i ) h (r ) is a closed simply-connected subset of A for 

every z , 0 ^ r < 1, . 
( i i ) i f r . lim r , r , r e [0,1) then 0 ( U h ( r . ) ) c n=0 ^ ten 

Q h(r ) (the set [0,1) we identify with a unit c i rc le ) . 
T h e o r e m 2. The set o (o£(x ) ) for xe S2 has 

a oyclio mapping satisfying the following conditions: 
(a) for any r e [0,1) h(r ) is either a regular point or 

a singular component of c j^Ogfx ) ) » 
(b) the set of r ' s suoh that h(r ) are singular components 

ofco8 (o£(x)) is closed and nowhere dense in [0,1), 

(c) h - 1 ( o n ( 0 j ( x ) ) = U ( r n ^ n + 1 ) a n d h M ( rn» rn+1 ) i B 

n n 
a homeomorphism, 

(d) suppose that t ^ z 2 a n d » U2 3X6 a,n& n o n o v e r _ 

lapping neighbourhoods of h f ^ ) and h ( r 2 ) . Then there exists 
T dependent only on the choice of Û  and U2 such that.for 
t > T the semi-orbit o£(x) crosses Û  and U2 alternately. 

Now we define a cycle of vector f ield Ye H^(M) and de-
scribe in Lemma 1 the relation between £?(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 the pro-
2 

perties ofco -limit set of vector fields on S to study the 
properties of cycles of veotor fields. 

For xe M which is not a restpoint of Ye Hr(M) by (atx) 
(reap. (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). 

D e f i n i t i o n 1, Let the sequence ( O y C ^ » ^ ) 
satisfy for any neN one and only one of the following con-
ditions t 

(i.j) xne(a,x), x f l—-x and the first intersection x a 
of OyiXjj) with (afx) lies between xfl and * n + 1; 

{i±1) xEe(a,x), x f l—-x and the first intersection xfl 
of Oy(xn) with (a,x) lies between and xfij 

(iii^) xfle (a,x), xfl — - x and the first intersection xfl 
of 0^(xn) with (a,x) satisfies x n » xfl; 

(i2)-(iii2) are similar to (ijMiii.,) using (x,b) instead 
of (afx) then we will denote by Cy(x) *the sat {ye MUB» y « 
= lim z Q and zQ€ Oy [x^xjj , which is not a closed orbit of Y 
through x. 
Cy(x) = {ye Cy(x): Y{x) = Ovye fi} 
Cj(x) = Cy(x) - C®(x). 

L e m m a 1. For Yg Hp(M) *eC(Y) - Per(y) iff there 
exists a cyole Cy(x) of Y through x. 

P r o o f . The sufficiency of this condition is obvious. 
We prove its necessity. Let VQ be a neighbourhood of x such 
that if y e V 0 then Oy(y)n (a,b) 4 0. By (Vn) we denote the 
sequenoe of neighbourhoods of x in (a,b) satisfying clVflc 
c intV .. and P) V = {x}. Since xe£2(Y) then there exists 

~ n=1 
t„> T> 0 such that x„ ®£v(x_,t_)e V„ and x_ is the n n* n n n* n n n 

first common point of Oy(xn) with V^, Moreover if x ne (a,x) 
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6 J* Kotue 

(xQ e ( x , b ) ) then xQ e (a ,x ) (x f le ( x , b ) ) t x f l i s a l so the f i r s t 

common point of Oy(x) with (a ,b) and x n tends to x . I t i s 
a consequenoa of the f a c t tha t genus of M i s zero . Thus i n -
f i n i t e l y many elements of sequenoe (*n) belong e i t h e r to 
(a ,x) or ( x ,b ) . We assume tha t they belong to ( a , x ) . Beoause 
any pai r of * n t * n

e (a ,x) s a t i s f i e s one of three p o s s i b i l i -
t i e s» x n e ( x n , x ) , x f l 6 ( a , x f l ) , x n « x n , then I n f i n i t e l y many 
elements of sequenoe (xn) s a t i s f y one of them* Suppose t h a t 
there e x i s t s a subsequenoe of (xf l) whioh we denote a l so by 
(x n ) s a t i s f y i n g x n e (x n , x ) f o r any n s N . Let « x^. Then 

the f i r s t common point z^ of Oy(z.j) with (a ,x) belongs- te 
( z 1 f x ) . Assume tha t the arcs O y [ z n , z n ] l ^ n ^ k w e r e def ined 
and they s a t i s f y the condi t ion ( i^ )* Let Vj w i l l be an e l e -
ment of (Vfl) such tha t clV^H (a,x) c ( z ^ x ) . Then f o r i k + 1 e 
z k + 1 e ( z n , x ) , z k + 1 « Xj , z k + 1 denotes the f i r s t common point 

of Oy(Bk) with ( a , x ) . From t h i s i t fol lows tha t there e x i s t s 
a sequenoe of a rcs (0y[z Q t z Q ] ) s a t i s f y i n g ( i . , ) . In the other 
cases the proof i s analogous« 

L e m m a 2. For Ye Hr(M) there e x i s t s a G r vec tor p 
f i e l d Z on S whioh generates a flow and a c losed , countable 
set Kc S2 such t h a t : 

(a) Z, 0 and Y are topo log ica l ly conjugated I S -K 
(b) i f y e K then Z(y) » 0. o 
P r o o f . We assume tha t H i s homeomorphio to S 

without a countable number of points whioh form a closed sub-
se t K of S 2 . By [2] there e x i s t s a C 00 diffeomorphism 
f s M —~ S 2 with analogous p rope r t i e s . Then Df(Y) i s a C r 

vector f i e l d on S2-K f o r Ye Hr{M). Of course Z, 0 i s topo-
I S -K 

log i ca l l y conjugated with Y. Let ||*|| denote complete C00 Rie-
mannian metric on S2 and g : S2 — R be a C°° func t ion s a t i s -
f y i n g : g(y) = 0 f o r y e K, g pos i t ive on S -K and g s u f f i -
c i en t ly quiokly going to zero as x esoaping to K. Then 
Z(x) = g ( x ) d + | | (Df(Y)) (x) | | 2 ) 1 / 2 (Df(Y)) (x) i s C r vector f i e l d 
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(tonerio viator f i e lds 7 

on S2 topological^ conjugated with T on S2-K and Z(y) - 0 
i f y e K. 

L e m n a 3. L«t Cy(x) be a cycle of Ye H^(M) through 
xeM. Then there exists a continuous vector f i e ld Z on II 
and an orbit 0 z (y ) with properties! 

(a ) £ z ( s , t ) - # y ( z , t ) i f zeCy(x )|M , t e R 

(b) c/(0+(y) ) - Cy(x) or o£*{0~(y)) « C T ( x ) . 

P r o o f * Let (a ,b ) be a transversal section of Y at 
x, and (Oy[xQ fxQ ] ) be a sequenoe of arcs with ends & 
e (a ,b ) for vhich Cy(x) is the set of accumulation points. 
Suppose that the arcs(Oy[xQ fxQ ] ) satisfy condition (i., ) of 

Definition 1 i . e . x n e ( a , x ) , xfl e ( * n » * n + 1 ) » * n —- *» x n - ^ x f 

xn denotes the f i r s t common point of Oy(xn) and ( a , x ) . We 
ekeese transversal seotions S ^ S2 respectively at a ^ O ^ t x ) , 
a 2 eOy(x ) such that S^ « { # y ( x , t ) j x e ( a , b ) and t « t^ for 
some t . j > o j , S2 » j # y ( x , t ) » x e ( a , b ) and t « t1 f o r some 

o|• Let x^ be the f i r s t common point of 0^(xn ) with S1 f 

x^ be the f i r s t oommon point of Oy(xn) with S,,. Since genus 
of M is zero and xeQ (Y ) , Oy(x) has no oommon points with 
(a ,b ) besides x. Thus Oy(x) separates C » 0^(S2 ) fl Oy{S1) 
into two components. Let C denote the closure of the compo-
nent of C - Oy(x) which contains ( a , x ) , V be a continuous 
vector f ie ld with support C such that some subsequences 
(x ' ) , ( x ' ) satisfy x ' e 0Ux n ) for any n t and Z • Y + V. 

nk k k+1 u nk 
Therefore 0™ Tx' , x ' 1 = 0V Tx' ,x ' 1 and there exists an 

Z L V k Y L n k k 
orbit Ogfy) • contains the arcs ^Oy [x^ 

Moreover $ z ( z , t ) = $ Y ( z , t ) i f zeCy (x )DM, t e R . It follows 
from the assumption about (Oy[x a»xQ ] ) and the last two sen-
tences that co*(Oz(y)) = Cy(x). I f the sequence (Oy[xn ,xn ] ) 
sat is f ies one of the other conditions of Definition 1 we can 
analogously prove that Cy(x) * oC*(Oz(y)) or Cy(x) = 
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8 J. Kotus 

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

T h e o r e m 3. If Cy(x) is a oycle of YeH*(M) 
through x€ M thent 

a) Cy(x)||| is an invariant set under and separates M 
b) C^(x) oonsists of at most a countable number of orbits 
o) for any Oy(y)cc£(x) the set co*(0̂ (x)) = { p} (resp. 

°f*(Oy(y) « {Q}) and either Y(P) « 0 or P e S (either Y(Q) = 0 
or Q e S) 

d) Cy(x) possesses a cyclic mapping satisfying properties 
desoribed in Theorem 2 (replace in this theorem the sets 
o8(0j(x)),cofl(0+(x)» by cf(x), Cj(x)) 

•) any transversal seotion S of Y meets the cycle Cy(x) 
at most one point. 

Now we shall prove that eaoh cycle of a generio vector 
field Ye Hr(M) contains no point at infinity. This fact to-
gether with Lemma 1 implies that there exists a residual set 
of vector fields Ye H^M) satisfying Q(Y) = Per(Y). 

In the sequel S+ (resp. S") denotes the entranoe (exit) 
set of flowbox F of veotor field. 

L e m m a 4. Let a flowbox F for Ye Hr(M), a point 
pe int S+ and a Cr neighbourhood U* of Y be given. Then there 
exist a neighbourhood S+ of p in S* and a flowbox icp with 
entrance set S+ (and corresponding exit set S"c s") such that 
for any pair of points q-e S~ there exists a vector field Z 
satisfying the conditions: 

(a) Z e U* 
(b) Z • Y off F 
(a) q"eOj(q+) and Oz[q+,q"]cP. 

This lemma is proved in [1]. 
L e m m a 5. Let PeE, (a,b) be a transversal seotion 

of YeH^(M), Oy(x) be a cycle of Y through xe(a,b) and 
PeCY(x). Then for any neighbourhood U*cH*(M) of Y there 
exists a vector field X satisfying: 
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Generic vector fields 9 

(a) Xe U* 
(b) co*(o£(x)) - {p} 
(c) Oy(x) crosses (a,b) at x 4 x. 

P r o o f . Let S be a transversal section of Y at 
yeOy(x) with Sfl(a,b) = 0, and let F be a small enough flow-
box with entrance set S (see Fig.1). Since Cy(x) is a cycle 
of Y through x then there exists a sequence of arcsiOy^.xJ) 
for which Cy(x) is the set of accumulation points. We denote 
by y n the common point of with S. It follows from 
Lemma 4 that for any neighbourhood U*c Hr(M) of Y there exists 
a vector field Z e U*" satisfying: Z(p) = Y(p) for p 4 P, and 
y^t Ogfx) for some k. Hence O^ix) crosses (a,b) either at 
xk 4 x or xk 4 x and co*(o£(x)) = co*(0+(x)) (see Pig.2). 
By Theorem 3 co*(0+(x)) = { Q} = w*(0+(x)) and either Z(C<) = 0 
or Q e E and there exist i"o>re[0,1) such that ^••'r, 
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10 J. Kotus 

h(r ) = { x}, h(r) ={q}. Moreover If Q i P then one of the 
following conditions is satisfied: (i) there exist rne(0»1) 

such that tq < t^ < ...<rn, h(rn) = zBeC^(x), 
z n e 0 Z { V i f n * m> Cd*(oZ(zn,) * M i f n < no» Cj^°z(zn ' 
= {pf, (ii) there exists an increasing sequence (r

n)» 
rn e (T0, r), rn — T , h(rn} « zQ e cj(x), zn* Oz(aa) if n / «¡, 
cj*{02(zn) ) {p} if ns ii. Suppose that c£(x) satisfies (ii/. 
By Theorem 3 if r_ —-r then O ( U h(T,,))c h(r). It implies n n=0 vkin K 

that lim h(rn) = lira zn = P. Let zQe O^fx), zi n
6 ' 

zn_e ot(z_), neK. We choose small enough disjoint transversal C.MX Li il 
sections S*. S7ls st in z,,„ and the flowboxes o' in* 2n oT in* ¿n 
vo, P1n, F 2 n such that S*, S ^ are entrance sets of PQ> F2d, 
S~ is the exit set of F 1 n and F Qn oZix} = ii, Fin 0^(x) = 0; 
i = 1,2, neN. Since lim zQ = P we oan assume that P is exactly 
one accumulation point of the flowboxes , i = 1,2 (see 
Pig,3), Let ? , ?2n 138 flowboxes with entrance sets 
SJ, s}n, S^Q and exit sets 3gn as in the conclusion 
of Lemma 1. Por S~ and S*., and for any pair of §pr, S*n+1 there 
exists an arc 0„ c Os, [xc,,x j crossinfe this pair of 
transversal sections. Since the genus of M is se.ro then 
07[7n,yn] has at most one common point with S~, Sgn* ®1n+1* 

L e t - o ^ ^ . y n s ; , = o ^ ^ ^ i n s ^ , y 2 n -

= °z[?n'*jrJn§2n' ?m+l = ° Z J R S1n+1* L e m m a 4 t h e r a 
exist vector fields ZQ, Z1n, Z2a satisfying: ZQ, Z^Qt Zr,n& U*, 
Zip) = z0(p) if p4?0> z1n(p) = Z(p) if p<M1n, z2n(p) = Zip) 
i f P ^ 2 n - yo^°Zft

{zo)» z2n)» o o 2n 
z1n+1e °Z1n+1

(71n+1)» °Z2nl>2n»3'2n]c:P2n' %n+^1n+1'z1n+1.f-
c ^ m + f Thus the equations X(p) = Z(p) if pe PUP 0U [j F^u 

n=1 
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Generic vector f i e l d s 11 

71+Jf 

Un=1 * 2 n % X ( P > = Z ° ( P ) ' P e P ° ' X ( P ) = Z i n ( p ) ' p £ F i n ' i = 1 » 2 » 
m e K define a vector f i e l d X with the propert ies : X&U*, 
co*(o£(x)) = { p } , 0~(x) i n t e r s e c t s (a ,b ) in x 4 x. I t i s c lear 
that P e co*(0^(x) J t but the equality i s a consequence of assump-
t ion that the sequence (z n ) has no other accumulation points 

- 335 -



12 J . Kotus 

besides P. Now i t i s not d i f f i c u l t to see tha t the proof 
of condi t ion ( i ) i s analogous. 

L e m m a 6. Let X be a vector f i e l d from the conclu-
sion of Lemma 5 and assume tha t x e ( a , x ) . Then there i s no 
cycle Cx(y) of X which contains P and y e ( a , x ] . 

P r o o f , Suppose that there e x i s t s a cycle Cx(y) 
of X with Pe Cx(y) and y e ( a , b ) . I f y = x or y = x then 0 x (y) 
crosses (a ,b) in two d i f f e r e n t points contrary to Theorem 3(e ) . 
Sinoe the genus of M i s zero the uni t ion of arc Ox[x,x] and 
[ x , x ] c ( a , b ) separa tes M into posi t ive invar ian t component D+ 

and negative invar ian t component D". This implies tha t f o r 
y e (a ,x) e i t h e r C x (y)cD~ or C x (y)n (x,x) / 0 . In the f i r s t 
case Cx(y) does not oontain P, in the l a t e r Cx(yJ haa two 

common points with ( a , b ) . If j 6 ( x , x ) , then o J ( z ) c D + , 

Oy(z)cD" f o r z e (x,x) contrary to the proper t ies of the 
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Generic vector f i e l d s 13 

arcs(0~ [x n » x n ] ) assumed in the de f in i t i on of a cycle. Hence 
there i s no cycle C x ( y ) of X with y e ( a , x ] anc FeC^ i y ) . 

L e m m a 7. Let PeE and (a,b) be a transversal sec-
tion of YeH^(M). Then fo r any neighbourhood U*cH*(Jl) of 

there ex ists an open set V*c U* such that for Z e V * there i s 
i s no cycle Cg(x) which contains P and x e ( a , b ) . 

P r o o f . Let U*c Hp(M) be a neighbourhood of Y. Sup-
pose that Cy(x) is a cycle of Y through xc- (a ,b ) which con-
tains P. By Lemma 5 there exists a vector f i e l d XeU* such 
that u''(Og(x] ) = { p } , O^(x) orosses (a ,b ) in x 4 x. Assume 
that x e ( a , x ) . Let &= 1/2 min {9 (x ,a ) ,9 (x ,x ) } , 9 is a me-
t r i c induced by Rieraannian metric on M. I t fol lows from Pro-
position 4,5 in [ 1 ] that there 9Xist an open set U^c: U* and 

7 . o ( ^ o 

a point x c- (a ,b) sat is fy ing co*(C'z(x ) ) = { ? } , 9 ' x , x ) < i 

f o r Ze uT. Moreover we can cnoose uf such that crosses 1 \ L — Z 7 —z z * (a ,b ) at x 4 xu , x e (a,x ) f o r Z e U . , By Lemma 6 there * Z exists no cycle C z ( y ) of z&V1 which contains P and y e (a,x ] . 

'i'hus i f U? does not sat is fy the conclusion of Lemma 7 then 1 ^ 
there ex is ts Ye U., with cycle C y ( y ) such that: P e C y ( y ) , 

y e (x^,b) and this cycle is the accumulation set of 

arcs(OyLyn ,yn ] ) lyi^g i « the other component of M - C^fy) 
v v 

than Oy(x ) . Hence y , y n , y n s (x ,b ) . Analogously l ike in the 
f i r s t step of this proof we can show that there exist open 
set e j c u j and points yZe (x Z ,b ) sa t i s fy ing « co*(0+(y2 ) ) « { p } , 

7 7 7 
0^(y ) crosses (a,b) in y e (y f b ) ana there i s no oyole 

C z ( x ) of Z with x e (a ,x ZJu [ 7 Z , b ) , Pe C z (x) f o r Z e u j . I t 
z z + 

easy to see that i f x e ( x ,y ) then Oj fx ) is contained in 

a region bounded by o£ (x Z ) , o £ ( y Z ) and [ x Z , y Z ] c ( a , b ) so 

0'|(x)ri [xZ ,yZJ = 0 and Q ( Z ) n [ x 2 , y Z ] = ihe last two sen-

tences imply that Up sa t i s f i e s the conclusion of this lemma. 
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L e m m a 8» For Pe B there exists a residual set 
Gp(M)c Hr(M) of vector f ie lds with no cycle which contains P. 

P r o o f . Let (Kfl) neN be a covering of M by compact 
regions. We shall prove that for any there exists an open 

and dense set G|{Kn)c h£(M) such that i f ZeG|(Kn) and x e clKn 

then Z has no cyale Cg(x) which contains P. Pick Kfl and an 

open set U*c Hr{U). Beoause H (̂M) i s a dense and open subset 

of Hr(M) then there ex is ts an open set V*c U*c H*(M), the 
Z Z sets S . j , . . . , S k and points p ^ , . . . e intKfl sat is fyingj 

2 » 
Z(p i) » 0 , S ± i s an open transversal section of Z and for 

x e clKn - | there exis ts Sĵ  such that Oz(x) n Sĵ  i 0 

i f ZeV*. I t i s a consequence of Lemma 4.3 and 4.4 in [ l ] . 
This implies that for any cycle Cz(x) of Z through x e c l K n , 
C z(x)n S i 4 0 for some S^. Thus i t i s enough to prove that 

V* contains an open set W* of veotor f ie lds Z with no cyole 
k 

Cz(x) suoh that Pe Cz(x) and X6 U S^. Using succesively 
i»1 

Lemma 7 to and V* we get the open sets W?c w j ^ c . . . 

c w*cV* I s g j ^ k such that i f Z e W*then there i s no oyole 1 A ' 
C7(x) of Z through x e I J S. whioh oontains P. Thus i t i s 

* i=1 1 

enough to put W*- So Gp(Kfl) contains an open and dense 

set and G*(M) = H G* (K ) contains a residual set* 
r n=l r n 

T h e o r e m 4. The set Pr(M) = {Ye h£_s(M)tQ(Y)}« 
= Per(Y) i s residual in Hr(M). 

i r o o f . For each Pe S there exists a residual set 
Gp(M) of vector f ie lds Z with no cycle whioh contains F. 
Since E i s a countable s e t , Gr(M) = o (M) i s residual in 

PfcE * 
H (M).We want to note that the assumption concerning counta-
b i l i ty of £ i s essentially used only in the proof of this 
Theorem. In Lemma 1 we proved that Q(Y) = Per(Y) for yeH^iM) 
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i f f the re e x i s t s no cycle of Y. I t i s easy to see tha t any 
bounded cyole of Ye H^(M) conta ins a saddle connect ion . Thus 

f o r Ye « G r(M)Dh£_s(M) there are no bounded oycles 

(Hg_s(li} denotes the Kupka and Smale veo tor f i e l d s ) . This 
t oge the r with Lemma 1 impl ies t h a t Q(Y) = Per(Y) i f Y e F ^ M ) 
and F^M) i s r e s i d u a l i n H^M), 

C o r o l l a r y . There e x i s t s a r e s i d u a l s e t of veo-
t o r f i e l d s in Hr(M) without o s c i l l a t i n g o r b i t s . 

P r o o f . Suppose t h a t Oy(x) i s an o s c i l l a t i n g semi-
- o r b i t of veotor f i e l d Yei^ tM) = h£_ s(M)n G r(M). I n the f i r s t 
par t of t h i s paper we observed t h a t Oy(x) o s c i l l a t e s i f f 
cj(Oy(x)) i (i and t h e r e e x i s t s Pe E suoh t ha t Pec j (Oy(x ) ) . 
By Lemma 2 and Theorem 2 the re e x i s t s a oycle C y (z) of Y 
through z e w ( O y ( x ) ) whioh oonta ins P, cont rary to YeG r (M) . 
The proof i s analogous when Oy(x) i s an o s c i l l a t i n g s e m i - o r b i t . 
This t oge the r v.ith Theorem 4 impl ies t h a t ^ ( M ) i s r e s i d u a l 
eat of veo tor i i e l d s i n Hr(M) without o s c i l l a t i n g o r b i t s . 
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