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One –field model 
The dispersion analysis allows to select high frequency and low frequency oscillation spectra of particles. In the case of 
low-frequency oscillations, the graph of particles’ displacement depending on time represents a smooth curve. In this 
case, the equation can be obtained by Taylor series expansion. This approach is called one-field model. 

Two-field model.	  	  
In the case of high-frequency oscillations the dependence of the displacement on the time is a rapidly varying function, 
so a standard procedure of the series expansion is not possible. However, if one divides all particles into even and odd 
and considers oscillations of these groups separately, Taylor series expansion will be feasible for each of them. This 
approach is called two-field model. The solutions of all equations are sought in the form of travelling wave. 

 The purpose of this project is to describe the dynamics of plane waves in the material that can be 
considered as a square lattice with the same type of particles at the micro level. We examined two 
types of square lattice: simple and stable, for which the equations of motion had been derived.  

The solution: 

Four-field model 
This model combines the equations of classical one-field model and equations of two-
field models, constructed using different methods of sublattices allocation , and can be 
used to describe the different types of waves, both short and long. 

The solution:  

The solution of the first 2 equations  is similar to two-field model, the solution of the last 2 will be sought  numerically 

Simple lattice Stable lattice 

Descrete equation: 

Continuum equation:	  

Dispersion relations for one-field model, stable and simple lattices respectively 

Dispersion relations for two-field model, stable and simple lattices respectively 

Dispersion relations for four-field model, stable and simple lattices respectively 

Simple lattice 

The solution for stable lattice is similar to the 
solution for simple, except for coefficient A:	  

As a result of the research the equations of the plane waves propagation in materials with a square crystal lattice were obtained. 
The cases of long and short wavelengths were considered separately, and the research has shown the one-field model to be effective in 
the first case, and two-field model - in the second case. 
The comparison of the results obtained for stable and unstable lattices showed that qualitative differences in the solutions hadn’t been 
observed. 

The system of 
equations for stable 
lattice is similar to 
system for simple, 
except for 
coefficient  
before C. 


