110 Proc. Japan Acad., 44 (1968) [Vol. 44,

26. Oscillatory Property of Certain Non-linear
Ordinary Differential Equations

By Hiroshi ONOSE
Department of Mathematics, Ibaraki University

(Comm. by Zyoiti SUETUNA, M. J. A., March 12, 1968)

1. Statement of theorems. Recently, Kartsatos [2] proved

that certain differential equations of the form
"+ f(B)g(e, x)=0 or x® + f(t)g(x)=0

can have only oscillatory solutions. Looking into the proofs in [2]
closely, we see that the argument used there may be applied equally
well to equations of the following more general form:
(1) a® + f()g(x, &’y « -, V) =0,
We shall prove in this paper the following theorems, where all
functions considered are real-valued and continuous on their domains.

Theorem 1. Suppose that the differential equation (1) satisfies
the following hypotheses:

(@) fis a positive function defined on the interval I=[t, + oo)

with t,>0 and S+°°f(t)dt= 4 c03
t

(8) g is defined on R™; sgn g(x,, @, « - -, @) =sgn @, for any (x,,
PLgy =2, xzn) € Rz%; and g(le, Zwa M) Zwm):z2p+lg(x1’ Loy =2y xZn) fO’l'
any (&, &, -, &,,) € B, any 2 € R and some non-negative integer p.
Then, every solution of (1) on the interval I is oscillatory.

Theorem 2. Suppose that the equation (1) satisfies (a) and the
following:

() ¢ s defined on R*"; sgn g(®,, X, «++, %) =8SgN 2, for any (x,,
Ty o0y Bay) € R g(—0yy —@ay o0 0y —050) = — g(&y, Xy + + , Ba,) fOr any
(g, Ty + 0, Ty,) € B amd for any 2<k<2n—1 and any ¢=0, the
Sunction g(x,, ,, -+, %) has a definite limit Gk, ¢), which is posi-
tive or + o0, a8 L— + 00, + v, B _—>+ 00, X,—C, L —0, ¢+, X,,—0.
Then, every solution of (1) on I is oscillatory.

We would like to remark that Kartsatos [2] proved Theorem 1
in the case n=1 and Theorem 2 when the function g depends only
on the variable x,.

The author is indebted to Professor K. Nakashima for kind help
and to Professor S. Sugiyama for pointing out errors in the first
draft of this paper.

2. Proof of theorems. First we shall prove the following
elementary but useful

Lemma. Let ¢ be a 2n-times continuously differentiable func-



