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- lon-neutral interactions
- lon motions and Ohm’s Law
- lon influences on neutral dynamics
- lonospheric wind dynamo
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Ion and Electron Motion Under Force Balance

Tons
F; ~0=ne(E+vixB)+nmvi,(vh — vi) 1)
+ nmivic(Ve — vi) — Vp; + nm;g
Electrons
F.~0=—ne(E+ve xB)+nmcve,(vnh — ve) ()
+ nMmeVe; (Vi — Vo) — VPpe + iog
Notation
B magnetic field
e magnitude of electron charge
E  electric field
F  force per unit volume
g acceleration of gravity
m  particle mass
n number density of electrons and of ions
p  pressure
v velocity

Ven, collision frequency (electron-neutral)



Neglect pressure gradient, gravity, electron-ion collisions (except for
electron motions parallel to B), and terms proportional to m./m;.

Ions
ne(E +vi x B) +nm;v;,(vp — vi) =0 (3)
Parallel to B: .
vi|| = vn) + ———k (4)
M;Vin

Perpendicular to B:

B vinSL(EL +v, x B) = Qb x (E; +v, xB)
Vil =Vu1 + B(Miz. n Q?)

(); =eB/m; (6)




Electrons
—ne(E+ve X B) + nmeten (Vi — Vo) + nmelei(vi — Vo) =0 (7)
Parallel to B:

€

Me ( Ven T+ Ve -zl)

E, (8)

Ue|| = Un| —

Perpendicular to B:

~VenQQW(E| +v,, xB) —=Q?b x (E| +v, xB)

Vel =Vp| + B(I*"gn_ + g«’:g) (9)
Q. =eB/me (10)

Limiting perpendicular velocity (v;,, Ve, going to zero):

V| =V.| = E X BJ;’;B2 (11)
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Ohm’s Law

J=ne(v;, —v,.)

:{T”EH —I—{TP(EJ_ + v, X B) +ogb x (E—|—Vn_ X B)

electric current density
parallel conductivity
Pedersen conductivity
Hall conductivity

unit vector parallel to B

(12)
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Horizontal momentum equation for neutrals

Dv ] J ov ]
—D: L 4-2p0cos bz x v, = —Vp+ £ [ ai‘ )+ v (Vi — Vian)
(13)
Vi = (nym; /) p)vin, (14)

v, horizontal neutral velocity

() angular rotation rate of Earth
z altitude

7z  unit vertical vector

(t  viscosity coefficient

p  mass density

-

colatitude



500

fon d lation — (2B (BxB _ N\ (ouB*\B_(ExB _
01 drag acceleration = P —.82 uy P B —Bz u

400

=~
k)
R

op = Pedersen conductivity
¢ = Earth rotation

- ] l , opB?\ (Ex B g
— _ Joule heating per unit mass = ( ) (—2 —-u J_)
§ 300 . p B
e ] B = Magnetic field
3 _ E = Electric field
'*E: 200 - H = Scale height
] u,; = Wind component perpendicular to B
: i 1 = Molecular viscosity coefficient
E — ] p = Mass density
100~ apB°/p §Q 7] op = Hall conductivity

0 . R T . L
107° 1074 1073
Rate coefficients (s™)

- [
o f
|

N



Auroral power

Starm Tlrma

Culat Tirma

Joule heating

Starrmn Tirna




Neutral Wind at 140 km
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Dynamo Equations

J :{THEH —|—{TP(EJ_ + Vv, X B)+(7Hb X (E—I—Vn. X B)

V-J=0

E=_-Vo

plus boundary conditions
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Summary

lon-neutral interactions strongly influence both ion and neutral dynamics.
High-latitude thermospheric winds are often dominated by ion convection.
lonospheric wind dynamo usually dominates low-latitude electric fields.

Mutual coupling of thermosphere and ionosphere dynamics is important.
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Wind, 12 UT, March
Without tides, 150 km With migrating tides, 150 km
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