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Abstract 

In this paper, we obtain non-linear differential equations arising from 
the generating function of the Genocchi numbers. Also, we derive 
explicit formulae for the Genocchi numbers which are derived from 
those non-linear differential equations. 

1. Introduction 

The Genocchi polynomials are defined by the generating function to be 
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In the special case ,0=x  ( ) ( )00 ≥= nGG nn  are called Genocchi numbers. 

The first few Genocchi numbers are 0, 1, –1, 0, 1, 0, –3, 0, 17, … . 

By the definition of Genocchi numbers, it is well known that 
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where nB  and nE  are the Bernoulli numbers and Euler numbers, respectively 

which are defined by the generating function to be 
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Genocchi numbers have been studied extensively in many different 
contexts of mathematics and applied mathematics, for example, complex 
analytic number theory, p-adic analytic number theory, homotopy theory, 
quantum physics. 

There have been many works related with non-linear differential 
equations. For example, in [8], Kim and Kim studied non-linear differential 
equations arising from Frobenius-Euler polynomials, differential equations 
arising from Bernoulli numbers of second kind, Changee numbers and 
polynomials, Mittag-Leffer polynomials, degenerate Changhee polynomials 
are investigated by Kim et al. in [4, 5, 7, 9, 10, 11, 13]. Also, non-linear 
differential equations related special numbers and polynomials are studied in 
[12, 14, 15]. In particular, in [6], Kim investigated differential equations 
associated with Genocchi polynomials. 
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In this paper, we obtain non-linear differential equations arising from the 
generating function of the Genocchi numbers. In addition, we derive explicit 
formulae for the Genocchi numbers which are derived from those non-linear 
differential equations. 

2. Some Properties for Genocchi Numbers 

In this section, we assume that 
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Continuing this process, we set 
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From now on, we will determine the coefficients ( )Nai  in (2.4). Let us 

take the derivative of (2.4) with respect to t. From (2.2) and (2.4), we have 
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By replacing N by 1+N  in (2.4), we get 
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From (2.5) and (2.6), we have 
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From (2.8) and (2.10), we get 
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Continuing this process, we have 
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Hence, by (2.6), (2.13), (2.14) and (2.15), we obtain the following 
theorem. 

Theorem 2.1. For ,N∈N  let us consider the following non-linear 
differential equation with respect to t: 
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and from (2.18), we have 
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The higher-order Genocchi numbers are defined by the generating function 
to be 
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By Theorem 2.1 and (2.20), we have 
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Therefore, by (2.19) and (2.21), we obtain the following theorem. 

Theorem 2.2. For 0≥n  and ,N∈N  we have 
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