A variational principle for a fractal nano/microelectromechanical system
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Abstract: Wang’s fractal variational principle for a fractal  nano/microelectromechanical oscillator is studied(K.L. Wang. Mathematical Methods in the Applied Sciences, 2020, DOI: 10.1002/mma.6726), and its Euler-Lagrange equation is obtained. A new variational principle is obtained by the semi-inverse method. 
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1. Introduction 

The variational theory for a microelectromechanical system(MEMS) has been caught much attention[1,2]. Fu et al. obtained an approximate variational principle for a nonlinear vibration for a MEMS oscillator[1]. Following Fu et al.’s work, Wang gave a fractal modification and studied the following fractal MEMS oscillator[2]



, , ,     (1)
and obtained the following variational principle[2]

 ,     (2)

where the parameters (i=0~7) are constants, the definition of the fractal derivative can refer to Refs.[3-5]. 

2. Euler-Lagrange equation 

Making the fractal variational principle, Eq.(2), stationary, we have 
 



    (3)
Using the following relationship 


  (4)
and ignoring the boundary terms, we can convert Eq.(3) into the following form 

.           (5)
From Eq.(5), we obtain the following Euler-Lagrange equation 

   (6)
This equation is not equivalent to Eq.(1), so Eq.(2) is only an approximate variational principle. 

3. Variational principle 
In order to obtain a genuine one, we write Eq.(1) in the form

.                       (7)
By the semi-inverse method[6,7], its variational formulation is 

,                     (8)
where F is the potential satisfying the following relationship 

.                   (9)
Calculating F from Eq.(9) we have 

(10)
It is easy to prove that Eq.(8) with F given in Eq.(10) is a genuine variational principle. 
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