Heliophysics Summer School 2013
Terry Forbes Problem Sets

Problems for Magnetic Energy Conversion Processes T.G. Forbes

Problem 1. (Vol. 1, Ch. 5). The figure below shows a steady-state configuration where
anti-parallel field lines (solid lines) merge and annihilate at the y = 0 plane. The annihilation
is driven by an imposed stagnation-point flow (dashed lines).
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The stagnation-point flow u is prescribed by:
u = —ky 3’ + kx X ,
and the magnetic field has the form

B(x,y) = B.(») X,
where k is a constant and By(y) = — Byx(-y).

(a) Use the resistive MHD equations listed above to show that the mass continuity equation
is satisfied if the density, p, is a constant.

(b) Verify that Faraday’s equation is satisfied if the electric field is E = -E, z where E,, is
a constant and Z is the unit vector perpendicular to the x-y plane.

(c) Use the resistive MHD Ohm’s Law above to determine B, (y) in terms of the electrical

resistivity, 1),, the magnetic permeability, 1, and the constants, k and E,,. “Explicitly”
means you should solve and integrate the different equation that comes from Ohm's Law.
(Hint: You will need to use the Dawson Integral function.)

(d) Plot the solution for B, with B, normalized to B, and y normalized to [. B, and [ are
constants defined by

B, = Eobholy , and [, = 21,

ne leLO .

What is the physical significance of B, and /,?
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