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A Review of Field-Aligned Acceleration by Anomalous Resistivity
Akira MIURA*

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 1s resolved by taking into ac-
count its different effects on electrons in different parts of the distribution function
(PapapoprouLos: 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 1n turn accelerates electrons in the tail of the distribution. Among the
possible 1nstabilities the electrostatic 1on cyclotron instability has the lowest
threshold velocity for the wide range of T,/T, including T,/T,~ 1, which is valid 1n
the upper 1onosphere. The electrostatic 10n cyclotron wave is destabilized by a
relatively small field-aligned current in the upper 1onosphere (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)
1s reviewed in order to emphasize an important role of the ionosphere; the existence
of a resistive external circuit (ionosphere) 1s necessary for resolving the ‘chicken-
egg’ cause and effect relationship among parallel electric field, anomalous resistivity
and formation of runaway (accelerated) electrons precipitating downward nto the
1onosphere.
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Fig. 4. Plot of electron kinetic energy K, and total field energy Wy versus time, which is
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Fig 6 One-dunensional simulation results on anomalous iesistance (a) Drift and
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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 fre-
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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B 10 H* I x=<icd LTRTMIEE 414 vilEolbo ik s LT, KL 0 & ix
DB o, FEG OB 1=k 2a’22.% kilky DRERT. chbid, @i
EDAHVERLTCHRAUTHD o/ L BRI LAy —ATTry IR T
%, FRMER 2 R 7o I TLY FORSLUND e al. (1971) DL R A#H Lic.
o 73 Q, \OEWERROMNDEROBEINE T/T, OFRTHRIhS. K
T2 T T, TRBEH~ 7 P AL EITHFECEL b i3 322, 53 % (KINDFL
and KENNEL, 1971 {Z X 3).

Fig 10 Ctitically unstable frequency w, peipendicular wave number 11,=k,%a,%/20,2, and
tatio 1. to || wave number kilky as a function of electron to ion temperature ratio
for H* plasma; these aie approxumately the saine for any 1on. o2, and p, are
plotted on the same scale  Where analytical analysis was difficult, we have relied on
numetical results of FORSLUND et al (1971)  Shoit wavelength oblique waves with
a close to Q, are excited at small T,|T,; at large T,|T,, the k vector swings toward
the paiallel duection, while o appioaches 3/20, (after KINDEL and KENNEL, 1971)
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VA Z e b e R, TNRELTIEIFILOTIRIZ, - & EEHSI N, &S 1000
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Ep H3ido - TV 5 HBURL, IO 5 LB Oc T RERTHS
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B 11 BHEBROR X SM L BROERAEE LICBRIBRERE OB, 77 XA ~%
WERT 244 v 0" LRE LK OF 44 7 = + w vEITHT 2 BERR (RDT
DER),HY w4 70 b v vEOREER (HAFOER), 14 v FROBEENR
(E0FR) #RT. TJT X1 12E->ThHa, ST L=8 & LBIHIRFSH
5ERELT EIOBEE LTEE 200 km TO BEIREBHRZ 7 v 7 A, 108,
10°, 10%, 10 cm=2-sec™! O BEBRHBED Blbrrd. ZOBEBERzx LT, 108
cm~2-sec™! TIIRET, 10°cm2-sec™! CiI+4 7 e + e vEIFHEIH, 1010
cm~2-sec™! T4 A VEESDRI NS, BRSHAT S L, FREFRILER
Bz % (KinpeL and KENNEL, 1971 12 X 5).

Fig 11 Comparison of critical current profiles and field-aligned currents. We computed
the critical current for the Ot cyclotron wave assunung the plasma were pure O*
(lowest solid curve), the pure H* cyclotron wave (middle solid curve), and the ion
acoustic wave (top sold curve). T,/T; was chosen to be 1 The dotted lines re-
present the current densities for total field-aligned current fluxes (at 200 km) of 108,
10°, 10%%, and 10** electronsicm?® sec as a function of height assuming L~8 and that
the current is conserved. For this ionosphere, 108 electrons/cm?® sec 1s stable, 10°
electronsfcm® sec excites cyclotron waves, 10*° electrons/cm?-sec may excite ion
acoustic waves. As the current increases, the unstable region moves to lower alti-
tude (after KINDEL and KENNEL 1971).
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] aligned acceleration model (S4aT0, 1978).
! At t=0 field-aligned current with intensity
2 Rp l of Iy = | R,, where R, is the 1onospheric
‘ /\ AN /\/\ /\ A /\ Pedersen resistivity, flows along the equi-
potential field lime Owing to the sym-
IO nos Phere metry we have only to consider a half of the

_t -0 closed circuit
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