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The main findings and conclusions of our research have been published 

in three scientific papers.  The first paper entitled "Behaviour of Ion 

Velocity Distributions for a Simple Collision Model" has been published in 

Planetary and Space Science.  From this study we have found that whenever 

there are large relative drifts between the interacting species in the gas 

mixture, the velocity distribution functions are non-Maxwellian.  Although 

this research was specifically conducted for the auroral E-region, where 
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perpendicular electric fields drive the ambient ions NO , CL  and 0 

-1 
through the neutrals with speeds approaching 1 km sec  , the main conclu- 

sion of this research can be applied to the topside polar ionosphere, where 

large relative H - 0 drifts of the order of several km sec ' have been 

detected. 

The consequence of a non-Maxwellian H velocity distribution func- 

tion is that the usual Euler ;nd Navier-Stokes hydrodynamic equations, which 

are derived assuming a Maxwellian or near Maxwellian distribution function 

and which have been used In p.evious studies of the topside polar ionosphere, 

may not be appropriate.  In urder to obtain a more general set of transport 

equations, we have used a 13-:T;onent approximation of the distribution func- 

tion.  The resulting system of transport equations contains a continuity, 

momentum, internal energy, pressure tensor and heat flow equation for each 

species in the gas mixture.  The application of this general system of 

transport equations to the polar E-region, F-region, topside ionosphere 

and neutral atmosphere is discussed in a paper entitled "Transport Equa- 

tions for Aeronomy", which has been accepted for publication in Planetary 

and Space Science. 

Because the 13-moment system of flow equations corresponds to a 

system of coupled, nonlinear, partial differential equations, it was 
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a bt?a> for large electric field strengths.  This bear-shaped distribution 

persists thrcut;houc the lifetime of ionospheric electric fields.  These 

highly non-Maxwellian ion velocity distributions may hav? an appreciable 

effect on the interpretation of ion temperature measurements. 

Transport Equations for Aeronomy 

By taking nc-.ents of Boltr.mann's ecuation, we have obtained a general 

system of transport -equations for a multiconstituenc gas mixture.  This 

s/stcm of equation? contains a continuity, momentum, internal energy, 

pressure tensor, and heat flow equation for each species.  The system of 

equations has been closed by using Grads 13-momGnt approximation of the 

distribution function to express higher-order moments in terms of lower- 

order BOMStt*  The closed system of equations can be aoplied to both 

collision-domir.nted and collisioniess plasmas, and provides a continuous 

transition betwetn the two regimes.  In the collision-dominated limit, 
0 

the pressure tensor ^nd heat flow equations yield tht usual Navier-- 

Stokes expressions for the viscous stress tensor and heat flow vector. 

In addition, the morentum equation yields thermal diffusion and thermo- 

electric transport coefficients that correspond to the second approximation 

of Chapman and Cowling.  In the collisioniess limit, the closed system of 

transport equations can be shown to reduce to the well-known Chew-Goldberge: 

Low equations. 

General collision terns for the 13-momont system of equations have 

only been calculated for Maxwell molecule interactions, where the inter- 

particle force varies inversely as the fifth power of the particle 

separation.  Those Maxwell molecule collision terms are given in the 

paper.  For other interparticle force laws, the appropriate collision 
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5. 

Tcmorstu^a and Dt:!-!.sitv^ Structure of Thgraal Proton F^ows 

We have obtained self-consistent solutions of the coupled continuity, 

moment um, .md energy equntions for H  ,0  , and electrons.  Usin« reasonable 

values for the various input par.imetcrs, we have obtained theoretical density, 

drift velocity, and ti-raoerature profiles for a varietv of boundary conditions 

covering the range of ionlzation inflow to polar wind outflow.  The main 

conclusion of our piper is that the Joule heatine that is associated with the 

outward flow of H+ from the topside polar ionosphere is sufficient to maintain 

a large H+ - 0+ temperature difference.  Typically, the H /0  temperature 

ratio varies between 1 and 3. 

The ion densltv profiles we have obtained depend on a number of para- 

meters that are currently not well known«  Examples of these parameters are 

the neutral oxygen and hydrogen densities, the charge exchange rate 

. coefficients, and the downward electron heat flux.  5y separately varying 

the magnitude of the different innut parameters, we have been able to deter- 

mine the extent to which each input parameter affects our theoretical' 

densities and temperatures,  rrcm such a study we have found that: 

(1) A change in the plasma temoeiature at 500km has a significant effect on 

the ion density ind temperature profiles.  An increase in the plasma tempera- 

ture results in enhanced H , 0 and electron temperatures at all altitudes. 

(2) A factcr of 20 change in the magnitude of tn«. downward electron heat 

flux at AOOOkm has a small effect on H  and 0  densities»  The effect on the 

ion temperatures, however, is not small.  An increase in the magnitude of 

the downward electron heat flux results in enhanced H  and 0  temperatures. 

(3) In general, an increase in the atomic hydrogen density results in 

enhanced H densities, drift velocities and temperatures.  A factor of 2 

Increase in H(H) results in approximately a factor of 2 increase in the 
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6. 

H escape flvix. 

(4) A factor of 2 tflcrMt« in the charge exchange rate coefficients is 

roughly comparanle to a factor of 2 increase in the atomic hydrogen density, 

(5) Model atmospheres with low exosoheric t^.peratures vield high H  and 

0+ temperatures and lar^e I escape fluxes. 

(6) Unusually low ö' densities yield unusually high HW temperature 

ratios. 


