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The nonlinear electric field structures were observed by many satellites, such as Cluster, Polar, Fast, S3-3, and so 
on. They were observed in various space plasma regions, such as ionosphere, magnetosphere, and solar wind. 
Indeed, the observed nonlinear electric field structures are solitary waves which can be molo-polar structure or 
bi-polar structures. The mono-polar structure of electric field has only one peak which can be positive or negative. 
The bi-polar structure of electric field has two peaks that can be positive (negative) then negative (positive). The 
bi-polar electric field structure can be continuous bi-polar structure in which the two peaks are close and the 
separative bipolar structure in which the two peaks are separated. Many authors have proposed nonlinear models 
to interpret the observed plasma density solitary waves. In this study, a model for the nonlinear electric field 
structures were proposed to interpret the satellite observed electric field structures.  
 
A MHD model is established with ion motion in a magnetic tube. By exactly deriving the MHD equations in a 
cylindrical coordinate system, the “Sagdeev potential” is obtained and the electric field structure is analyzed. The 
analyzed results show that, in the space plasmas the nonlinear electric filed structure could be nonlinear periodic 
electric field wave which is different from the sine or cosine shape, mono-polar electric field structure and bi-
polar electric structures. According to the initial disturbing conditions, the molo-polar structure can be positive 
structure or negative structure, and the bi-polar structure can be positive (negative) then negative (positive) and 
continuous one or separative one.  
 
Using the satellite observed plasma parameters in different space plasmas, the model results for the nonlinear 
electric field structure parameters are consistence with the satellite observation. 
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