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The reconstruction method based on Grad-Shafranov equation is widely utilized in analyzing the structures of interplan-
etary magnetic flux ropes. This method is valid only under the two conditions: (1) that the flux ropes are essentially of
2-dimensional structure, and (2) that the observed magnetic field variations are due to spatial structure with no temporal vari-
ations involved. Actually, however, many flux ropes are expanding along their propagation from the Sun, that is, they must
be taken as the time-varying structures.

Though this problem has been studied by Hasegawa et al. (JGR, 2014), the method has not been applied to sufficient
number of the observed flux ropes. We developed a method to derive the spatial change along the spacecraft orbit for the
flux rope expanding in a self-similar fashion, for which it is valid to apply the Grad-Shafranov (GS) method (SGEPSS, 2022;
JpGU, 2023). The present study is aimed at making clear the problem in the traditional GS method and the merit of the new
GS method. For easy comparison between the two methods, we analyze the theoretically calculated magnetic field variations
associated with the flux ropes with various expansion rates by the two methods and examine the results from the two methods.
So far, we have found the following:

(1) Two methods yield different results for the direction of the flux rope axis, with larger difference as the strength of the
expansion.

(2) The Grad-Shafranov (GS) equation gradually lose the validness as the expansion effect becomes stronger.

(3) For even stronger expansion effects, the conditions for the GS equation collapses.

Though at the present stage, we don’t analyze the observed flux ropes sufficiently, the above results suggest that we may
need careful examination about the analysis results based on the traditional GS method.
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