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Abstract: Basic concepts of anomalous resistivity and the physical mecha-
nism of current driven instabilities are reviewed with a view to applying them to
the field-aligned acceleration of auroral electrons. A paradox that an anomalous
‘resistivity’ contributes to acceleration of electrons is resolved by taking into ac-
count its different effects on electrons in different parts of the distribution function
(PAraDoPOULOS: Rev. Geophys. Space Phys., 15, 113, 1977); bulk electrons carry-

.ing a field-aligned current are anomalously scattered and decelerated by collisions
with turbulent electrostatic waves and contribute to maintain parallel electric field,
which in turn accelerates electrons in the tail of the distribution. Among the
possible instabilities the electrostatic ion cyclotron instability has the lowest
threshold velocity for the wide range of T,/T; including 7,/T;~ 1, which is valid in
the upper ionosphere. The electrostatic ion cyclotron wave is destabilized by a
relatively small field-aligned current in the upper ionosphere (KINDEL and KENNEL: -
J. Geophys. Res., 76, 3055, 1971). A numerical model of the field-aligned ac-
celeration by SATo (Symposium on Plasma Waves in the Magnetosphere, 66, 1978)
is reviewed in order to emphasize an important role of the ionosphere; the existence
of a resistive external circuit (ionosphere) is necessary for resolving the ‘chicken-
egg’ cause and effect relationship among parallel electric field, anomalous resistivity
and formation of runaway (accelerated) electrons precipitating downward into the .
ionosphere.
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Fig. 2. Electron and ion velocity distributions for the case of Buneman instability and the
range of phase velocity of unstable waves.

w~w4}+i%§<meym] | (13)

2m,;

DEISEEZbRD. Lich o TRRERFEOMATEE L, M2 0OW TRLCHERTH 5.
TR LU EDORZ, BEHLTEFEA 4 vABLWE— A LR IBFCDRELHT,
ROGEMEHRIL LT IelFhidisbigue.

m

“>% h Buneman REEWIEZ B1ediix, Vo>Vee TEX DM BEBRCKELBEFON
V7 P RENERINS.
@3&,20@4%yE—AKi5ZmﬁxfﬁﬁajwﬁﬁﬁysJV—VEVD%%
T % (DAVIDSON et al., 1970). = OFITIEXFrtes HBEHIZ 0 TH 523, TEEMRDOERE
B2 DBRELABRHCTHbL L. HIRBTIIET « 1 4 v T BORVCEEST
ZRHBR (14) OLMEHLLTV5. REEEOMHEEEIZN 3 (@) O W OFFTH 5.
NREGEPFEE L FC BT ORESE TR D, DV BF DRESTN, TNEEE
DRAEEELER D (Ve V), ND&EH,%?Gﬁﬁivﬁvﬁvaﬁmlofmi
%5 (4. DX >3z Buneman REEMIX, WMERNKARE®TH DD, ThhifafiT 5
TeBIIL 7 v BN ETH S, ZDEFATRREED =34 ¥ i, TERET
DEF A+ VEOMEM Y 7 b ThDH, RREMITIEROCREL, BFIAMEASh Vo,



I

(o)
f, (v o) f(v.0)
fo(v,0) || ions
' lectrons
f(v)
1

-V, (0) V,(0)
ronqe of wy /K ronge ofw /K

(b)
| j\
f(v) ‘

-V, (0)
(c)

!

2V, (0) V4(0)

Y, (0)

(d)

!
f(v) H H

-V,(O) V,(O)
Velocity —

&

(IRt

(e)

V (Velocity) —
o

- . e e e s

V (Velocity) —

V (Velocity) —
o o

V (Velocity) —
o

(f)

(9)

™

Fig. 3.

X (POSITION) —



No. 68. 19803 REBIC X 5 BB DEIE (Review) 9

Ke
m,Vg (o)

.00l

1/r“ —_—

H 4 oz TER(EShIRHCHT2BEFOEE = L ¥— K, LBDE=xL¥— Wp
D 7w vy + (DAVIDSON et al., 1970 iz k %)

Fig. 4. Plot of electron kinetic energy K, and total field energy W versus time, which is
normalized by ty (after DAVIDSON et al., 1970).
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Fig. 3. Spatial average distribution functions at (a) t=0, (b) t=3cg, (¢) t=7tx and (d)
t=1Ity wheretg is the maximum growth period given approximately by wp.~*(2/+/3)
(4my/m V3,  Electron phase space at () t=0, (f) t=3cg, (g) t=7tx and (h) t=
11tg[m,/m;=1/27; K,(0)=1/25)] (after DAVIDSON et al., 1970).
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Fig. 5. Typical model of electron heating in
< @ ® laboratory plasmas. Large electric field is
applied suddenly at t=0. Note that there
E is no steady state in this model.
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Fig. 6. One-dimensional simulation results on anomalous resistance. (a) Drift and
thermal velocities for a typical one-dimensional run. (b) Vp/Vy. oscillated slightly
about unity, where Vp is the average drift velocity and Vy, is the average electron
thermal velocity. (c) _Thej average value of Vp/Vry.. (After BORIS et al., 1970.)
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Fig. 7. Electron and ion velocity distributions for the case of ion acoustic instability and
the range of phase velocity of unstable waves. Note that for the instability to occur
it is necessary that Vp; < |(w,/k)|<Vp.
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Fig. 8. Electron and ion velocity distributions for the case of electrostatic ion cyclotron
instability and the range of phase velocity of unstable waves. Vp' is the drift velocity
of electrons in the direction of the wave propagation (oblique to the magnetic field).
Note that the instability occurs even if the wave phase velocity lies in the region of
strong ion Landau damping in the case of k =0.
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Fig. 9. Hydrogen plasma critical drifts, normalized to the electron thermal speed, of the

ion cyclotron and ion acoustic waves as a function of electron to ion temperature
ratio, T,/T;. The H* cyclotron wave is unstable to the smaller current over the
range 0.1<T,/T;<8. In addition, we plot, using STRINGER’s (1964) results, the
drift for which the maximum ion acoustic growth, rate equals the ion plasma fré-
quency, the transition to nonresonant strongly unstable behavior (BUNEMAN, 1959).
The dotted lines indicate where STRINGER’s estimates may be inaccurate (after
KINDEL and KENNEL, 1971).
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Fig. 10. Critically unstable frequency w, perpendicular wave number u;=k,%a%/22.2, and
ratio | to [| wave number k,lky as a function of electron to ion temperature ratio
for H* plasma; these are approximately the same for any ion. w|92; and u; are
plotted on the same scale. Where analytical analysis was difficult, we have relied on
numerical results of FORSLUND et al. (1971). Short wavelength oblique waves with
o close to 2; are excited at small T,|T;; at large T,|T;, the k vector swings toward
the parallel direction, while w approaches 3/22; (after KINDEL and KENNEL, 1971).
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Fig. 11. Comparison of critical current profiles and field-aligned currents. We computed
the critical current for the O* cyclotron wave assuming the plasma were pure O
(lowest solid curve), the pure H* cyclotron wave (middle solid curve), and the ion
acoustic wave (top solid curve). T,/T; was chosen to be 1. The dotted lines re- '
Dresent the current densities for total field-aligned current fluxes (at 200 km) of 108,
10°, 10", and 10* electrons/cm?- sec as a function of height assuming L~8 and that
the current is conserved. For this ionosphere, 108 electrons/cm?-sec is stable, 10°
electrons(cm?-sec excites cyclotron waves, 102 electrons/cm®:sec may excite ion
acoustic waves. As the current increases, the unstable region moves to lower alti-
tude (after KINDEL and KENNEL. 197]).
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Fig. 12. Constant potential source-driven field-
aligned acceleration model (S4ro, 1978).

At t=0 field-aligned current with intensity

2 RP "~ of I =0 |R,, where R, is the ionospheric

/\ AN /VVM/\ Pedersen resistivity, flows along the equi-

potential field line. Owing to the sym-
IO nOSPl\ ere metry we have only to consider a half of the

t=0

Ly

closed circuit.
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