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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. 
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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 night side main trough ( after HEPPNER, 1977). 

� 2 � J: tf� 3 vi, ffi:!wt1lt1$JIO)��l¥Jt*t§��.7;_lli-t 2 j(�lz§ c L "Cf.ft-rl�ffT, � J: tf 
�fvft:1it� VC.. 0 \, '"(, -t 0) ±� f.s:. ��� '£ C ti:> f::.. "1G O) '"'(· � o. � 2 vi AKASOFU and CHAPMAN 

(1972) vc.. J: 0 t O)'"'(·, f.ft-r�rO)f�l¥J/{ 3l - :/�� L "C \,, 0. .:r:. -t /V� -ii�� keV Ur 
0) f.ft-rvi ;t - /� 1vtJ<:vc..5t:,(µ L "C � I? , Ja!.{llU-c:·v:t*j 1 keV tJ r 0) 7° i=z r :,; , � J: tf1it -ril�� I? 
jb!v-C:·� I? 7J 7' 7° '�1$!1�%$:i'" o. 13Z-OlU-c:·vi 1-10 keV 0)1it-ril�-&i�i'" 0. ;: .h,vi 1� V 

��J f.ft-r�rffl.��-@;-.7;_, discrete aurora vcxfJ;t Vt� I?, 13Z-OlU:t-- i=z '7 iJi:1wt-c:·O)::tf::.. 0 
-�� c t.s:. "? --c \,, 0. 20 keV �J!tt-JJ:O) /" - F t.s:.f.ft-r�i:L'!!H���ltoc vc�;j" L--C [R.]1C..,FJB'9t.s:.n\. 

:,(µ� L, Jt13Zq:i0) iJ:ts:x-c:-�i Y 7 r t.s:.nltn- c 1it.s:. I?� 0 "C \,, o. ;: 0) /" - Ft.s:.nltn-�i diffuse 

aurora vcxri;t-t 0 iJ�, ll!Jt!J0)1it-=fvc J: 0 mantle aurora, 13ZlUiJ, G'.'.>71fvCiJ,vt--C 0) proton 

aurora �-@;-/v '1.:'\,' o. � 3 �i, HEPPNER (1977) VC J: o "4) O) '"'(·Bffefflfj-;�O)f�l¥J><tffi:.,,{ 3( - :/ 

��L--c\,,0. �q:ivcvi[R.]8")vc.:t--i=z :1;t-/�1v, �J:tf::t. r :17iJ:1wtt�Vt�o. ;t-



No. 69. 1980] 95 

p 7 * -..,{ 1v��:t-ov,--c%tvrr:••ti��2io 1:>.ho. ::t r 7 7,ll{•O)f�•�)qffit,� 7° 7J ;<��tvft:O)� 

w�, �.n11J�•�oo��@�•c�o. 

···-�����KMBLk��-�;t.olry%JmE••���' -�-��O)••t•vrr: 

'4) ffi:�t.d�!U�ffi. "? --C :i-o I) , C ;h, G�i.t-=.iJ�" 'v��� Lir" 'tJ:i1� I:>, --t]-7• 7' r - A m��v:::J! 

1:>hotl-tJ:S�lll-••111�ir*�f'r= IJ f:H L--C"''°· 

3. �T ..:c. '* 1v �- -11-=f (J)fflltt!i•� tc]Jzvt-r�� 

3.1. P*"f' .:I:* JL, :.¥-fi[70)iJliQIJ 

p�o/r, Aiffi£Klo*-P7:*��-��0)tt��c.n��•kO)�#��-� 

< tJ: �.h--C :to I), ;:.ti, G�i."' < "?iJ�O) review rmntv� "i c 2ib G.h--C ", o (ARNOLDY, 1974; 

HULTQVIST, 1974; BOYD, 1975; MILLER and WHALEN, 1976). 

> 

cu en 

C: 

cu 
w 
-

...,,LIJ ,:, ,:, 

10 
10 

10
9 

108 

107 

106 

105 

0.1 

WESTWARD TRAVELING 

SURGE 

---- A-5 i 
.. -.. -.... J 8"" 20 ergs/ cm2 • sec • str 
-- c-10 
............ 0-1 

10 100 

E (keV) 

�4 *-p,.�-�--�9K���*-P'·��M•���9��™™Gd�, 

1978) 
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 

et al., 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 kin altitude. The spectrum given with open 
circles corresponds to the particles in the dayside cusp region ( SHEPHERD et al., 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. 8. Simultaneous Bennett spectrometer measurements of NO+ concentration and 
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high latitudes on October 22, 1974 ( BRINTON, 1975) . 
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Fig. 9. F layer peak density contour plot of the polar ionosphere deduced from the data 
obtained from the Alouette-2, ISIS-I, and ISIS-2 satellites. Units on the contours 
are 105 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 altitud(f) are in units of 105 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). 



104 

1978). � lHt, ISIS-2 v::. J: o t > .i: ? !L�llc :J:ovt o m-rml.fl't!t11lU*5*0) 7° i:z ,:; r ·-e� o h� .  ffi 

. �vc:J:o \, ,--em-rml.flth�� L < �ltrt o �-rht;, Gh 0 .  m-rml.fltvt , c � :J:o 9 5000°K h� G 

6000°K 0) r&J \, ,{I([�ffi L "( \, ,  o (BRACE et al., 1 974). ·m -rWil.fltO) !t1Jltl vC:io \, ,  L ,b , IS 1/ - _?t� 

-vi.-t_- 0)-t" <''hf-:fitg� 9BW-t o 7J� , �12vc Chatanika vc:J:o vt o IS v - _?t'' -O)m-rWfl't, 

m-=r-mi.11t. ,1 ::t- YWil.flt O) H1JlU*5*�ffi Lt-= (WATT, 1973) . .::. 0)*5*0)�r1=195tWUi vtviVi005t 

. ··c ,· :t:1ir.Rm� . Kp O)@: vcffi-t J: ?  lCgiJ�vt S .i: ?  !L�. f&�vt:t:� EUV h\:l:.t-: 0 mM 

� c tJ: "'.) --e \i ' '° .  :l'lt:fiti� S J:  ? !LO)�(dlf:T--C f!t=fiffi\*Jt� L,\, ,if !rt� J[-1:t--e t , 0 h� ,  �-JI 

�-� O)�T�-r·K�-t o ����� l 7t@flt c �� Gh,  -� l: J: ? ��O) � * � � 

vfE}dt�5t. � 0 \, , vt-thtJ-""f"O) 3<' ,1 .z,. 7- -r - 11,, -c* � < �iv-t o  .::. 2:: h� �o G n --c \, ,  o 

(BANKS, 1977). m-=r-mi.fl't t t. nvcx-�-� L 't � G vcf*UffitJ:M��ffi L 't \, , o t 0) c ,il!:-:bh 0 .  

�-rWil.flt O) ffi�vc:J:o vt o !l' i:z -.,,.:: ;v fJ:0 11nc--:)t ,--e cb t ,  < v:>h:sfr*h�tJ: � ;h,"t \, , o iJ� Ck 

· c � vi , WHITTEKER et al., 1976 ; BRINTON et al. , 1978) , � 1 3 vc WHITTEKER et al. vc J: 0 *6 

> 
I-

6 

5 

vi 3 
z 

a 
z 

t; 2 
w ..J w 

SOLAR ZENITH ANGLE.  X - degrees 

79 80 

1 I O  1 20 1 28 1 28 1 20 1 1  0 100 90 80 I 79 I 90 100 1 1  0 1 20 

" . ,  : � 
I l . ' 
: i 
i � ,--.... 
: ', {\ 

I ", 

I ' 
, ' I 

f 1 : \ I 

: \ : \ I 
: \ ; \ ; 

', I \ I I I .... ' .. ' , 

,, 

.... , \ .... I / 
.. -.... 

\(  I 
: ,,_, 
•, _ _____ _ ,,,-------------

3000 

2500 

2000 

1 500 

1 000 

500 

0400 0800 1200 1600 2000 0000 0400 0800 UT 
I I I I I t 
I I I I I I 

o
';(. 

w a: 
I-

�12 Chatanika tc:tovt � IS v - !J� - O)mJi!fHi ,,{ '7 ,,( - !J lfUllU*a.:'= (WATT, 1973) 
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 kin and 120 km, for the 
24-hour measurements on February 11-12, 1972. These data were obtained by an L 
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Fig. 13. Electron temperature contour plot deduced from the data obtained from the 
Alouette-2, ISIS-I, 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 indicated by 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 1010 e V/cm2 s; 
( 3) twice the direct electron-electron heating rate Qee ; ( 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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