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ABSTRACT

Understanding how the asteroids were heated early in their lifetimes is important

because it gives further insight into the workings of the early solar system and may

contain important implications for astrobiology. Amino acids and other prebiotic

molecules observed on meteorites are believed to have been either synthesized or

thermally processed on asteroids and then delivered to the early Earth. Two leading

theories, radioactive heating by 26Al proposed by Urey (1955) and unipolar induction

heating proposed by Sonett et al. (1970), have been pursued to explain this heating.

In the mechanism proposed by Sonett et al. (1970), a dense fully ionized solar wind

from the T Tauri Sun carried the interplanetary magnetic field past the asteroids,

causing the asteroids to “see” a motional electric field E0 = −
v0

c
×B0, where v0 is

the velocity of the wind and B0 is the magnetic field in the wind’s rest frame. This

motional electric field drove currents through the asteroid and heated the body by

Ohmic dissipation. This thesis reexamines the relevance of the unipolar induction

heating mechanism in weakly ionized protoplanetary disks, which are predicted to

contain large magnetic fields of 0.1-1 G. Unlike the method developed by Sonett et

al., interaction between the plasma flow and the asteroid surface is included and

results in the formation of a shear layer due to frictional forces between the plasma

and the surface and viscous forces inside the flow. These forces cause the flow

velocity to transition from its free-streaming value outside of the shear layer to zero

at the surface. Since the motional electric field considered by Sonett et al. depends

directly on the flow velocity, this field must also decrease in the shear layer and

vanish at the surface. Nevertheless, this thesis demonstrates that a non-vanishing

electric field is still produced at the surface by magnetic field perturbations in the

shear flow. The flow velocity and magnetic field profiles in these flows are calculated

by solving the non ideal MHD equations, including the effects on Ohmic dissipation,

the Hall effect, and ambipolar diffusion. These results are then used to calculate

the electric fields produced in and outside of the asteroid, and to estimate the rates

of viscous dissipation, ion-neutral frictional heating, and Joule heating produced in
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both the plasma and the asteroid body.
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