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The Conditions for the Existance of p

Limit-Cycles in Lienard Equation*

Ma Xuyuan
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The Lienard equation is
X+ f(x)x+g(x)=0
For this equation we assume
I) The function f(x) and g(x) are continuous on (a,, a,), where a,.a <0.
2) There is a sequance
a,<a, | <w<a,<0<a<-<a,,<a,
satisying that f(a))= fla) =0 (i=1,2,+,n). And we have
S0 <0 for x€(a,,a,),
Six) - fx,,)<0 for xela,, a.,,), x€Ca,,, a;.2),
fG)  f(x.)<0  for xe(a,,, a), Xt (@igy @)
where i=0,1,2,+»,n~2; and a, = a,= (0 (Take the similar 4gn in the following
conditions) .
3) xg(x)=0 (x#0) and g0)=0.
We take the symbols:

F(x) =j0‘f(x)dx, G(x) :j0‘g<x)dx,

AF,=F(a) - F(a, ), AF,= F(a) ~F(a,,) ,
AG,=G(a)~G(a,,), AG,=G(a)~-G(a, ),

—_— L — L
M,= max (|AF|, [AF|, 20AG)%, 2(AG)?),

1<i<n
1<j<nt1 ;
Mg,= max {2[AGJ?, 2(AG)},
1<i<{n+!]
Mmg = min {lA‘Fr'ly lAF‘} 3
1I<i<<n ) .
Ky=(1+2), K,=(1+(KX*+2)2), 00 K,, [1+ (K} ) +2)7%],
4) min{ F(a,,., ), F¥a,,.)}>M,,
5) m,>2M,;,. :
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6) min{FXa,,, ), FXay)} >((K;, My, —mg )2+ Mj 5,7,

7) Fla,)> K, M, ,, FXay,,,)<-K;M,,_, .
where 4), 6), 7) are holding for r=1,2,e k.

In this paper, at first we construct eight lemmas, secondly we deduce six
estimating expressions for the values of the path-curves of the Lienard equation,
last we obtain the following result,

Theorem If the Lienard equation, satisfies the conditions from 1) to 7) as
stated above, then it has n=2k limit-cycles at least. If it satisfies the conditions
from 1) to 7), and 7) is holding for r=4k +1; then it has n=2k+1 limit- cycles
at least.

Example Let f(x)= —(x*-1)(x*-3%) and g(x) :%x in Lienard equation,
then it has two limit-cycles on the interval [ -5,5] at least.
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