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A Review on the Physical Processes in the Polar Ionosphere
Tadatoshi TAKAHASHI*

Abstract: A review of physical processes which control characteristic features
of the polar ionosphere is given. Especially, roles of the two consequences of the
magnetospheric processes, namely, the energetic particle precipitation and the con-
vective electric field are discussed preponderantly. In connection with the thermal
structure of the auroral ionosphere, anomalous resistivity and its ionospheric effects
are mentioned briefly. BRI
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Fig. 1. A noon-midnight meridional cross section of the earth’s magnetosphere, which
shows the interrelation to the polar ionosphere (after FRANK, 1975).
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Fig. 2. The precipitation of auroral particles in the polar region
(AKASOFU and CHAPMAN, 1972).
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Fig. 3. A representative plasma drift configuration in relation to the polar cap, the auroral
oval, and the nightside main trough (after HEPPNER, 1977).
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Fig. 4. A schematic diagram summarizing the main features of the low-energy electron
precipitations observed in the vicinity of an auroral westward traveling surge (MENG
etal., 1978).
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Fig. 5. Electron energy spectra precipitating into the dayside oval region. Solid circles
indicate the data at 112 s after the launch and at 142 km altitude. Open circles the
data at 236 s after the launch and at 235 km altitude. The spectrum given with open
circles corresponds to the particles in the dayside cusp region (SHEPHERD etal., 1976).
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Fig. 6. Plots of the ionization rates per unit incident flux for the monoenergetic electron
fluxes (after BANKS et al., 1974a).
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Fig. 7. Schematic diagram of the aeronomical processes in the polar ionosphere (after
ROBLE and REES, 1977).



100 "W OB R A (R R
PMCETRTRIRET 523, PHRAXKHMERTO 5B, N(ES), NO Fixv 72+ — AREE
EokETI, EFRECERT L —r s KRPCERINS.

4. - BHOBRBERBEEEICRIETEE

RIREHR KT AEE, BIVOEThR X > THRIh 2 EREREEN, Birkeland EHO
morphology 1zvoWTlt KAaMDE (1979) X D LR LU LA T WD, 2D X5 B HOHF
B F BOBEYIRDIEERLBERD 1 DL bigoT5.

BANKS et al. (1974b) 12 X » TREINIBEHD 1 + vLE~DOZ R, BEEHEBOHE
EBRTH BT, BELERNARO 192520 EE25. BMWEBCL Y EXB
FY 7 FOEERYME B ECB L, OY+N—NO*+N DO REAMEEI R, 5] &t #
BEES NO*+e-N+O L X o TEFEEII—FED VIV F TRREFH A L, = O

AE-C BENNETT ION MASS SPECTROMETER

5 ORBIT 3725 22 OCTOBER 1974
10

10°

NO*
CONCENTRATION 10°
(Ions/cm3)

A=65.2°

+1.0

ASMA DRI
PLASMA DRIFT 05

VELOCITY

Yi

(km/sec)

|
|
|
|
|

0

-05

-1

o

mrTwE ) S % 3 5 32 8 2 8 $ 5 832 3% 828 8%
INVARIANT LATITUDE [A]  © w© = © «© 9 ®m @ @ ¢ n T © & © *® o «©
|DEGREES) ¢ 8 F 8 3 8 8 83 5 3 3 B ¢ 85 8 & -
MAGNETIC LOCALTIME @ = 1 = @ @ & w ~ © & ~ = ¥ © © 9
ln) 2 & 8 = =& 2 8 8 § & @ ¢ - - - ©- &«

SOLAR ZENITHANGLE @ ~ =~ g 2 3 8 8 = = 8 5 & 8 383 ¢ ¥ 3

(DEGREES)
K 8 AE-C B2k X% NO* HE, IO 7/5X~« VY7 M REOREIRMER
(BRINTON, 1975)
Fig. 8. Simultaneous Bennett spectrometer measurements of NO* concentration and
plasma drift velocity. The data were obtained during a perigee pass at southern
high latitudes on October 22, 1974 ( BRINTON, 1975).
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APRIL 25, 1971 0440UT
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FEOSHEME SEERBORME L 10°cm3 #Bfrr L-URLTH%. MLT i
BET 20 cREE F Rt (WHITTEKER ef al., 1976).

Fig. 9. F layer peak density contour plot of the polar ionosphere deduced from the data
obtained from the Alouette-2, ISIS-1, and ISIS-2 satellites. Units on the contours
are 10° cm=3. Magnetic local time is indicated on the right hand diagram with
midnight at the bottom ( WHITTEKER et al., 1976).
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Fig. 10. Plots of computed F-region electron density contours for four days of the year
at 17 : 30 UT. The circle refers to 60 invariant latitude. Magnetic local time
is indicated on the right hand diagram with midnight at the bottom. The two small
bars on either side of the circle denote the line of zero solar depression angle. The

contours (300 km altitude) are in units of 10° cm=3 (WATKINS, 1978).
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Fig. 11. Global plot of electron temperature Te for the disturbed period, August 4-7,
1972. The general enhancement of Te in all passes and the irregular enhancements
at the equator in some passes can be seen. The high-latitude temperature is usually
irregular and high (BRACE et al., 1974).
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Fig. 12. Plots of the four parameters, namely, electron temperature at 300 km altitude, ion
temperature at 300 km, and electron number densities at 300 km and 120 km, for the
24-hour measurements on February 11-12, 1972. These data were obtained by an L

band incoherent scatter radar (WATT, 1973).
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Fig. 13. Electron temperature contour plot deduced from the data obtained from the
Alouette-2, ISIS-1, and ISIS-2 satellites. Magnetic local time is indicated on the
right hand diagram with midnight at the bottom ( WHITTEKER et al., 1976).
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Fig. 14. Comparison between the observed and the calculated electrons temperatures.
The observed temperatures are indicatedby the points with error bars. The calculated
temperature profiles refer to the following cases: (1) classical transport coefficients
with no topside heat flux; (2) same as (1) but with topside heat flux of 10*°eV{cm® s,
(3) twice the direct electron-electron heating rate Qece; (4) twice the assumed field-
aligned current; (5) anomal topside transport coefficients; and (6) anomal transport
coefficient around F layer peak (FONTHEIM et al., 1978).
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