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I. Title

SUMMARY

Ion transport and closures in the north polar ionosphere

II. Objectives and necessity of the research

Recently an infinite hierarchy of moment equations have been
developed. One advantage of the moment method 1is exact
calculation of the Coulomb collision operators. Predicting the
weather change of the upper atmosphere in the northern polar
atmosphere can be achieved by studying fluid models of density,
temperature, and flow velocity. These fluid equations are coupled
to higher order moments and consequently unknowns are more
than equations, which is called the closure problem. In general,
closures are developed only for high collisionality. In the first
year of this project, electron closures have been developed for
arbitrary collisionality and ion charge numbers. In the proposed
research, ion - closures will be developed for arbitrary
collisionality, 1on charge number, ion mass, and electron—ion
temperature ratios. In addition, the Coulomb—Milne problem
solved in the first year will be reexamined.

IlI. Contents and Scopes in research development

1. Compute the Coulomb collision operator, charge exchange

operator, ionization, and recombination operators.

2. Develop the general moment equations that include the
operators

3. Develop transport equations using the general moment
equations

4. Develop ion closures

a. Solve a system of linearized general moment equations
analytically.kernel functions for the integral form of closures
and find simple fitted functions combining the moment and
collisionless kernels.

5. Ion transport (Coulomb—Milne problem): Since the results



computed from the general moment method show different
behavior in temperature, a more careful analysis is required.
We adopt the total and random velocity moment equations and
compare two results.

IV. Research and development outcomes

1.

The general moment equations have been developed with the
Coulomb  collision operator, charge exchange operator,

lonization, and recombination operators included.

The Coulomb—Milne problem has been solved using the

general moment equations.
Ion closures have been developed

a. Systems of linearized general moment equations have
been solved analytically.functions have been obtained for the
integral form of closures and simple fitted kernel functions
have been obtained combining the moment and collisionless
kernels.

Ion transport (Coulomb=Milne problem)

a. For minor species 1ions escaping the Maxwellian
background, we have written the general moment equations in
terms of total— and random— velocity moments. The total
velocity moment equations are linear and hence can be written

in matrix form.

b. We obtained the power series solutions in the both
moment systems and confirmed that the both moment methods
yield the same results.

V. Plan to use outcomes (Future work)

1.

The general closures and transport will be computed using the
moment equations developed in the first year of the Project.

The transport theory of plasmas with neutrals will be
computed.

The closures will be developed for high— to low—collisionality



plasmas.

. The electron closures developed in the first year and the ion
closures in the second year can be used to close plasma fluid
equations for the density, temperature, and flow velocity.
While the existing closures are valid only for
high—collisionality plasmas, new closures are valid for arbitrary
collisionality and can be applied to wide range of plasmas.

. Combining the general moment method with the Monte—Carlo
method, we can compute the ion transport more conveniently
and efficiently than existing numerical methods.
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