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Introduction

From the Maxwell equations in the local Minkowski spacetime chart
(derived from the DEUS topology) we obtain the relations to be
particularized for a solar type star and a massive star, and later to
be used for a 3D representation of the electric and magnetic field
topology (in heliosphere or in a stellar atmosphere) and of its
evolution with the cosmological time.

The goal of this study is modest: to obtain the equation background
of a code meant to follow the evolution of the electric and magnetic
field topology in heliosphere (or solar type star atmosphere) and in
the atmosphere of a massive star (or black hole). The difference
between the two cases will come from the choice of the local
Minkowski coordinate chart.



MAXWELL EQUATIONS

In Minkowski spacetime, in curvilinear coordinates:
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By combining (1) and (2) in the Faraday’s law of induction results:
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In the same manner, we can write the Gauss law of magnetism:
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This means that:
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When we consider the coordinates for a solar type star, as function of 7rrw. the
relation (11) can be written as:
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relation (13) can be written as:
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and relation (15) as:
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Now. in natural units, in the Ampére’s law we have ppeyp = 1/ c? = 1. The electric
current density will be described by J = p v or, with the help of Gauss law for electricity:
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In (19), the velocity v = dx'/dt, with x* = {r,{, &} and ¢ the global DEUS time:
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In our curvilinear Minkowski coordinates:
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or, using the (7) and (9) results of the Gauss law for magnetism:
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We can explicitely write also:
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With (26) 1n (25) we get:
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From equation (15) results:
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CONCLUSIONS

Using the (7,,&) coordinates for the solar type star or for a massive star (or black hole)
we can study how the electric and magnetic field components vary according to the
{FRw cosmic time.

With (32) in (29) and (30), we are able to determine £ and E¢, from where, back in
(32), By and, 1n (28), E,. As resulting from the Gauss law for magnetism, B¢ and B, are
constant through the 7gg cosmologic time.

We checked if the system formed with (29) and (30) equations has solution at fpgp ~
0.524 and found that it does, even that it 1s very complicated and dependent on the
constants ¢; - ¢3. A fine funing of these constants will be possible by comparing the
result of the 3D simulation with the observed heliospheric electric and magnetic field
topology.

With a variation 1n distance from the solar surface to the helioshere limit (c; € (0,70]),
at a constant time (e.g. frr = 0.524), we can get a snapshot of the electric and magnetic
field topology into the heliosphere. For this, as initial value for the fields we take
Bor = Boy = Boe = 0 and Eor = Eor = Eo¢, obtained at fprp = 0.5 from:
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