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NECESSARY AND SUFFICIENT CONDITIONS FOR
OSCILLATION OF NONLINEAR NEUTRAL FIRST ORDER
DIFFERENTIAL EQUATIONS WITH SEVERAL DELAYS

SHYAM SUNDAR SANTRA

Abstract. In this work, necessary and sufficient conditions for oscillations of
the solutions of a class of nonlinear first-order neutral differential equations with
several delays of the form(

x(t) + r(t)x(t− τ)
)′

+

m∑
i=1

φi(t)H
(
x(t− σi)

)
= 0

are established under various ranges of r(t). Finally, two illustrating examples
are presented to show the feasibility and the effectiveness of the main results.
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[11] Karpuz, B. and Öcalan, Ö., Oscillation criteria for some classes of linear delay
differential equations of first-order, Bull. Inst. Math. Acad. Sin. (N.S.), 3 (2008), 293–
314.

[12] Liu, Z., Kangb, S.M. and Ume, J.S., Existence of bounded nonoscillatory solutions
of first-order nonlinear neutral delay differential equations, Comput. Math. Appl., 59
(2010), 3535–3547.

[13] Santra, S.S., Oscillation criteria for nonlinear neutral differential equations of first
order with several delays, Mathematica, 57(80) (2015), 75–89

[14] Tang, X.H., Oscillation for First-Order Nonlinear Delay Differential Equations, J.
Math. Anal. Appl., 264 (2001), 510–521.

[15] Tang, X. H. and Lin, X., Necessary and sufficient conditions for oscillation of first
order nonlinear neutral differential equations, J. Math. Anal. Appl., 321 (2006), 553–
568.

[16] Zhang, X. and Yan, J., Oscillation Criteria for First Order Neutral Differential Equa-
tions with Positive and Negative Coefficients, J. Math. Anal. Appl., 253 (2001), 204–214.

[17] Zhang, W.P., Feng, W., Yan, J. and Song, J.S., Existence of nonoscillatory solu-
tions of first-order linear neutral delay differential equations, Comput. Math. Appl., 49
(2005), 1021–1027.

Received November 20, 2016

Accepted July 11, 2017

Sambalpur University

Department of Mathematics

Sambalpur 768019, India

E-mail: shyam01.math@gmail.com


