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OSCILLATION CRITERIA FOR ODD-ORDER NONLINEAR
DIFFERENTIAL EQUATIONS WITH ADVANCED AND
DELAYED ARGUMENTS

ETHIRAJU THANDAPANI, SANKARAPPAN PADMAVATHY, SANDRA PINELAS

ABSTRACT. This article presents oscillation criteria for n-th order nonlinear
neutral mixed type differential equations of the form

((@(t) + az(t — 1) — ba(t +72))*) ") = q(0)2° (t — 01) + p(t)a” (¢ + 02),
((@(t) — az(t — m1) + ba(t + 72))*) ") = q(1)2° (t — 01) + p(t)a (¢ + o2),

((@(t) + a(t — 71) + ba(t +72)*) ™ = q()2P (t — 01) + p(t)2” (¢ + 02)
where n is an odd positive integer, a and b are nonnegative constants, 71, 72, 01
and o2 are positive real constants, q(t),p(t) € C([to, >0), (0,00)) and «, 8 and
v are ratios of odd positive integers with 3,y > 1. Some examples are provided
to illustrate the main results.

1. INTRODUCTION

In this article, we study the oscillatory behavior of all solutions of n-th order
nonlinear neutral differential equations of the forms

(z(t) + ax(t — 1) —ba(t + 7)) ™ = qO)2 (t — o1) + p()2" (t + 73), (1.1
((x(t) — azx(t — 1) + bx(t + TQ))a)(n) = q(t):ﬂﬁ(t —o1) +pt)x?(t+ 02), (1.2)
(z(t) + az(t — 71) + bx(t + 1)) ™ = q(®)2P (t — o1) + p()2" (t+ 02)  (1.3)

where n is an odd positive integer, a and b are nonnegative constants, 7y, T2, 01
and o9 are positive real constants, ¢(t), p(t) € C([tg, ), (0,00)) and «, § and ~ are
ratios of odd positive integers with 3,y > 1.

As is customary, a solution is called oscillatory if it has arbitrarily large zeros
and non-oscillatory if it is eventually positive or eventually negative. Equations
(1.1), (1.2) and (1.3) are called oscillatory if all its solutions are oscillatory.

Differential equations with advanced and delayed arguments (also called mixed
differential equations or equations with mixed arguments) occur in many problems
of economy, biology and physics (see for example [3, 7, 11, 12, 19]), because differen-
tial equations with mixed arguments are much more suitable than delay differential
equations for an adequate treatment of dynamic phenomena. The concept of delay
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