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1. Introduction
It is well-known that the Hamiltonian system of 2n-linear first-order equations has the form
y =JH(@)y, teR,

where y € R?”, H is a 2n x 2n symmetric matrix with piecewise continuous real-valued entries, and J is
the so-called symplectic identity given by

=[5
Letting y = (x,u)” and
w0 =[5 )

* Corresponding author at: Department of Mathematics and Statistics, American University of the Middle East, Kuwait.
E-mail addresses: zeynepkayarQyyu.edu.tr (Z. Kayar), zafer@metu.edu.tr, agacik.zafer@aum.edu.kw (A. Zafer).

http://dx.doi.org/10.1016/j.jmaa.2016.03.043
0022-247X/© 2016 Elsevier Inc. All rights reserved.


http://dx.doi.org/10.1016/j.jmaa.2016.03.043
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/jmaa
mailto:zeynepkayar@yyu.edu.tr
mailto:zafer@metu.edu.tr
mailto:agacik.zafer@aum.edu.kw
http://dx.doi.org/10.1016/j.jmaa.2016.03.043
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmaa.2016.03.043&domain=pdf

Z. Kayar, A. Zafer / J. Math. Anal. Appl. 440 (2016) 250-265 251

we may rewrite the Hamiltonian system in an alternative way
¥ =At)x + Bt)u, u =—-C(t)x— AT (t)u. (1)

Although there is an extensive literature on the Lyapunov-type inequalities for second-order differential
and difference equations [2,3,8,10,11,13,14], the works on systems are limited and mostly are carried out
for planar case [4,17,19]. Second-order equations with impulse effect were first considered in [6], and later
the planar Hamiltonian systems under impulse effect have been developed in [5,7] to study disconjugacy
and stability problems. To the best of our knowledge, Lyapunov-type inequalities for the general 2n x 2n
Hamiltonian system were obtained in [9,16], and nothing is known for the impulsive case.

In the present work we consider (1) under impulse effect, that is,

' = At)x + B(t)yu, u =-C(t)x— AT (t)u, t#m
a(r") = Kix(7;),  w(r") = =Lix(r;) + Kiu(r)"),

K

t>tg, 1€N={1,2,...}, (2)
where

(i) {7:} is a strictly increasing sequence of real numbers,
(ii) A, B, and C are n x n matrices with entries continuous everywhere except possibly at each 7;, where
one-sided limits exist, and B = BT and C = C7,

(iii) {K;} and {L;} are sequences of n x n matrices such that each K; ' for i € N exist.

Note that the second-order impulsive equation

2+ Ct)r=0, t#m
zo(rh) = Kix(r,), 2'(7)) = —Liz(r7) + K2/ (17),

K2

t>tyg, ieN={1,2..} (3)

is equivalent to (2) with A =0and B =1.

By a solution of system (2), we mean y(t) = (z(t),u(t)) such that x and u are continuous for all ¢ > ¢,
except possibly at each 7;, where one-sided limits exist, and that y(t) satisfies the impulsive system (2).
A real number ¢ is called a zero (generalized zero) of x(¢t) if and only if z(c™) = lim;_, .- 2(t) = 0 or
z(ct) = limy_ .+ z(t) = 0.

The first result concerning the Hamiltonian system (1) when n = 1 was given by Krein [9] for

' =alt)r +bo(t)u, u =—c(t)r — a(t)u. (4)

Theorem 1.1. Let b(t) > 0 and c(t) > 0. If system (4) has a solution (x(t),u(t)) with x(t1) = z(t2) = 0,
x(t) Z0 on (t1,t2), then
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