Magnetohydrodynamic model



Weber & Davis 1.5-dimensional model r & g-componens of a vector
(depends on r, r & p—components of a vector are considered) é
(axisymmetric, on the equatorial plane, polytropic, steady, rotation)

(r. 0, ¢)... spherical coordinates with 6 = m/2
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Basic equations (differential form): % = 4
mass conservation...
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momentum equatoin...
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energy equation...
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induction equation...
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magnetic flux conservation...
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Basic equations (integral form):
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mass conservation.. r° pv, = f (constant)

magnetic field is normal to the
solar surface

energy eqution... ﬂa = K (constant)
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T; r /
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Q... solar rotation rate (constant)

induction equatlon...v(p B, -v, qu =

divB=0.. r’B =®=R.B, >

(constant)
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@ -component of momentum X dr => angular momentum conservation (per unit mass)
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| integrate with r | | <
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Angular momentum conservation (per unit mass)



r-component of momentum ® dr => energy conservation (per unit mass)

rotational energy

thermal energy

centrifugal energy
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* integrate with r |
Energy conservation (per unit mass)
radial flow kinetic energy gravitational energy
2 GM 2
%v,2+ % (v,-rQ) + a(fl %— — —%(r Q) =E ... energy per unit mass (constant)



6 equations for 6 quantities (p, v,, v, p, B,, B,)

I—\ one equation for one quantity (v(r))

Profile of v, (r)
v, There are three critical points corresponding to three
A gigfv: characteristic wave speeds: , Alfvén
”’ &= speed, fast-mode speed.
/ Solution I is appropriate for solar wind.
% \ < r.~5R,, r,~10R, withT ~10°K
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Parker's solution (there is only one critical point
corresponding to sound speed)

For details, see http:/163.180.179.74/~magara/page31/Topics/SolarWind/sw.html.



