
 

ISTANBUL TECHNICAL UNIVERSITY 

DEPARTMENT OF MATHEMATICS ENGINEERING 

SEMINAR 

Prof. Dr. Ioannis P. STAVROULAKIS 
University of Ioannina 

(visiting Ankara University) 
 

Oscillations of Differential and Difference Equations with Several Deviating Arguments 
 
Abstract: Consider the first-order delay differential equation 
 

𝑥𝑥′(𝑡𝑡) + �𝑝𝑝𝑖𝑖(𝑡𝑡)𝑥𝑥�𝜏𝜏𝑖𝑖(𝑡𝑡)� = 0,      𝑡𝑡 ≥ 0
𝑚𝑚

𝑖𝑖=1

 

 
 where, for every 𝑖𝑖 ∈ {1, … ,𝑚𝑚},  𝑝𝑝𝑖𝑖   is a continuous real-valued function in the 
interval [0,∞) , and 𝜏𝜏𝑖𝑖  is a continuous real-valued function on  [0,∞ ) such that 
 

𝜏𝜏𝑖𝑖(𝑡𝑡) ≤ 𝑡𝑡, 𝑡𝑡 ≥ 0   and     lim
𝑡𝑡→∞

𝜏𝜏𝑖𝑖(𝑡𝑡) = ∞ 
 

and the discrete analogue difference equation 
 

∆𝑥𝑥(𝑛𝑛) + ∑ 𝑝𝑝𝑖𝑖(𝑛𝑛)𝑥𝑥�𝜏𝜏𝑖𝑖(𝑛𝑛)� = 0,     𝑛𝑛 ∈ ℕ0
𝑚𝑚
𝑖𝑖=1  

 
where ℕ ∋ 𝑚𝑚 ≥ 2, 𝑝𝑝𝑖𝑖 , 1 ≤ 𝑖𝑖 ≤ 𝑚𝑚, are real sequences and {𝜏𝜏𝑖𝑖(𝑛𝑛)}𝑛𝑛∈ℕ0 , 1 ≤ 𝑖𝑖 ≤ 𝑚𝑚, 
are sequences of integers such that 
 

𝜏𝜏𝑖𝑖(𝑛𝑛) ≤ 𝑛𝑛 − 1, 𝑛𝑛 ∈ ℕ0 and   lim
𝑛𝑛→∞

𝜏𝜏𝑖𝑖(𝑛𝑛) = ∞, 1 ≤ 𝑖𝑖 ≤ 𝑚𝑚 
 
Several optimal sufficient oscillation conditions for the above equations are presented 
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