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A Review on Structure of the Polar Ionosphere 

Nobuo MATUURA* 

Abstract: Characteristic features of the structure of the polar ionosphere in 
the polar cap, auroral oval zone and trough region, and physical processes 
affecting the polar ionosphere are summarized. Polar disturbances of the 
thermosphere having an influence upon the ionosphere are also mentioned. 
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Fig. 1. A model of the earth's magnetosphere. 
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Fig. 2. A model of the polar ionospheric regions. 
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il�v::.xtft-L-C� 9' lz:t:�{&UO);t- µ 7 • ;t 

-.... �1vv:tru'AIJJ%{¥B0)7
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=J?:'� �- r v::.:xtft-L-C1.t,0. ;t- µ =; • ;t-.... �1vc·tm'ih0ti 
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=; 7-:-� �- r c 7
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2- 'i htdJi�v::.Jtft-L, ±C L -C J:i&Um•miv::.� 1.,-c {J&fflrWJ.tiJ:� G :h0 r 7 7ffl.fH:t 
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° 
7 7-:·� ;t;- 7-:'0) fqj5Ev:t 
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=; 7-:·�wJ.tO)�,�t.i:�Ntv::. J:-? -CAifi�--c:-� 0 iJ:, ••m1il�c·v:t 7

° 
=; 7-:· 

�llliJ·G r =; 7fJ�""-O)�fiv:t-�v::.�-?iJ·c·, r =; 7iJi�O)WJ.tiJ:m!:f1&v::.t.i:0fftti: (15Z 

i&U) c 7
°
=J?:-�;t;-?:'O)fftti:ctJ;vivffq)-O) L �1:v::.�0. 
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j(�7V7-K#-:>-C�ffi�:h0:t:��=*��-�-f'(�P},Y, 7�77�-f', ffl 

r) tJ ;ti�� v::. � i. , -c r :imm•mi 0) � 1m••� 'A:9 t. -t ffl.fH:t, ti�� v::. � vt 0 m rEt 0) � ,m, 

�J& (PCA) � J: U�:Rr&:fft;r§O)�';%'ffl� (PCD) �iJ. G�o G:h -C 1.,0. *��=* Iv� 

-fJ'l-f-0):l:tgrtJ:�*'A""O)�Jd:t:l:tgru'A L-? �tjJ*v::. J: 9 ti�:1i:v::.=*i:r-t 0 tJ:, ttgru'A L 

-? �tit!.t�HW.v:t E3 2£11::�ffe L, "i k:tfilru'AmibJ.tO) W'A:9VC{f l. ,{J&ir$!.ti&Uv::.�lb-t 0. 

1972 � 8 J=J v::.¥61: L t.::.:t:�t-tg;fj(j1=1jll,;ltjjj1=1jv::.� I. ,-c, ti'th-C 5jl., *��=*Iv�' -filr 

JRi7:Aiffi£ c1911-os9 A) --c:·wrnrn�n0 cc iv::., -l-O)filrJRO)i3•�'.J'tvtt.::. 7 =;An 

O)<f- -r � =- n 1s v-3?''-£:t-tgJ:�O)r�m�11mrW1.t5J-1PO)flmutJ;rrbn, Jjij*�:o 

i1¥*iJ; REAGAN and WATT (1976) v::.J: 9¥li15-�n-Cl.,0. Aiffi£;a; IS V-3?"-£:L'li! 

O)Jl[ < �jm� Lt.::. 5 @I O)�i;-v::. "':)I., -C, filrl!UJlUiJ• G ;5j( 'th G ti, t.::.1 ;t Y 1:JJx:$ (Q) iJ;IZI 

3a v::., IS V-3?"-fla!Uv::.J: 9�G:ht.::.r$ffl.lJO)fflrW!.t5t1P (Ne) iJ;® 3b v::.�2-

ti.,-ci.,0. t.:hGfi!u�O):n\.11JiJ•G;5j('thGnt.::. �J;b�*aii-1*� (¢=Q/Ne2) 0)711PiJ:® 3c 

v::.tc�c·ffe�:h-C� 9, -1} 1969 � 11 J=J O)j(��=*1v�-filrffl.*O)�v::.:n -:r 3?"0)<f-



4 

A 
rs) 

Jff. 
I 

I 
/ 

/ 

/;!\. 
![J:.. 

3,, 2, 1 
' --' -- --

/"\ \, I ' " I \ " 
/ I " 

I '\ 
I 

I 
I 

, ., ----

t 

2 

3 

4 

' 5 

\ 

/ .,,. 

4AUG 

4AUG 

5AUG 0306 6931 10· 

5AUG 1254 9137 

6AUG 0235 6644 01• 

10
5 

10
6 

( c m - 3 s e c - 1) 

@ 3a r\WJ .:i:. :r- JI.,::¥' - f-ft rf&?Rli*5 j !:J: 1? Bfjj( Lt-: 1 ;;t :/ !:!:.nit$ 
Fig. 3a. Profiles of the ion production rate (Q) derived 
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Fig. 3b. Profiles of the electron density (Ne) observed by 

the incoherent scatter radar at Chatanika. 
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-r -�1v-c·O)wimuh�G �Gnt.:. �*s i:f=tO)��JJMMfif�� cuLwicK, 1972) t �b'tt--c 

Ii{! 3c ltC�*l--r:-��;h,""(\,,Q. fi!u�O)ra,ltCvi��*9 70km tJJ::-c·§J.l�t.i:�h�di-Gh, � 

� 80 km #)L["'f:'O)]'l;f=O){rnHi�;f=O){@)CJt�--c *9 1 ffifft* � < t.i: '? ""C \,, Q. .:::. 0) J: 5 t.i: 

�tiM*aif��O);f:frHf1!::vi, �It 80 km #)L(vC:}o\,, ""C Wfl�lM*aif�� (aD) h�.Et�® 

*�"' H3Q+ � H30+ ·H20 (aD-10-0 cm3/s) h�]'l;f:vC.Ej-!.�l,, fqj��h�Jt�l¥J,j\�\,, 

NO+ � 02+ (aD-10- 7 cm3/s) h��;f:vc.&[�-t Q.:::. c vc J: Qt 0) c $;x. G;h,Q. 

ffimf�O)J::Jl*�i:f=tvcvi� 100 eV c 1,, 5 {.!£1,,.:i:.-* 1v=¥-O)mrJRh� 1¥t�VTEA L --C 1,, Q 

ht, �k �p,m,vc5j1, ,m-1-* (-109 electrons/cm2 s) ,atffimf�O) )J\\, ,ff[gffflvcbt.:. '? --cwimu � 

;h, --C :to � (FosrnR and BuRRows, 1976), polar squall c t JiHfn ""C \,, Q. Polar squaII 

vir&J€.Fai�rai-c·O)fJLril!7JlU c :><";ffitttntJUB'ttt.i:: 1,,.:::. ch� G, ��!IP'JvC�z>fif"':) t 0) c ';ff; 

x.Gn, it.:.ffimE�-c-O)m�c 1,, 5.:::. c -c·wJitfi!uffiFaiO)��ttvcz. 1...,1,,,.:::. ciJt¥JH�r�n --c 

"'Q . .:::_O)f!O){J£=-*1v=¥'-mrO)vfEAvim•11 F iJi�iJ�GJ::-OW ( r 'Y 7°-tf-1 F') m•im 

vctJ�vt--cO)m•�, ��c l,""(��L,, it.:mrW/t�mJW5t1!JcO)MJlht5j\,, (DYSON 

and WINNINGHAM, 1974). 

km 
1500 

� 1000 

500 

ISIS-U 

May10, 1976. 140916-141130UT Dec.29,1976.111125-1112 55 UT 

(!)140916 
(2)141000 
G)141045 
©1411 OS 
®1411 30 

CD 11112s 
(1)11 1147 
0)111211 
©1112 32 
(S) 1112 55 

km 
1500 

1000 

500 

o----�__.._---,J�-----�.-a--'--L:-
1

---.r-�,-----10 
u- 10 10 

-3 

ffl-=fW� (cm ) 

� 4 �*to .J: -a�*0Jl¥iffi��-�OJ�-=fW�7J·1Ji 
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ionosphere over Antarctica derived from ISIS data acquired 
at Syowa Station. 
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ffiffiaBfO£t-ig-e�{§ Lt.::. ISIS-2 %ffi£ (!) 7 -!7 vc l 0 c J:iflijtl/JJH!c·(!) mrWlt5l:{ff 

viffi%f�:xvcj:o1,,-c�L1,,*�15�1t��L-c1,,0 (� 4, tloofm, 1977). 

3. 2. :ro1B't:t-1\J�� 

ffiJt;:i- -,,� 11--�c·vt, ffiJt:fJ'lr� Tj:o l UffiJt:m�(!)tttEn�t=!Hlz1¥Jc· as 0. fiJ�viffiJt; 

(!) W;;{Qi{, J:Ji:*�(!)ffl:mVJ C L -c {tffl L, � TfJ'lrn�J:Ji::k� �1Dz:l±li" Q ;r_ * )V =¥' -(!) 

:±�i1!Hlvi 1-lOkeV (!)7·r:i r :,;j:oJ:Utlrnq§.--:::>-C\i'0. {ft�viffi��:r. 'Y r'�vfEj:ol 

Utiii7
°

5 7-:'--;,JfvfE�fiJ»;{Q L, � :r. 'Y r tlvfEvcl '? -C§s1:i"0 � ::i. -11--�HiJ:Ji::k�(!),� 

J\.11 t. L -c:t3J�l¥J-c:· as 0. 

ffiJt:t,g1Z-c:·(!)�rfJ'lrvt::kt.t 1? ,}t.t: 1? 7¥tB�:rttE L -c1,,0n:, ,§!.iflij(!) tJ ,A 7'flfiJ�c·(!)'*=rfJ'l 

r.:r- -t- ;r,, =¥' -n�i:�Jl. 7
° 

5 ;(--;, c fqj�vct':J 1 keV tJ Tc· as 0 (!) K-xt L -C, fZiflij (!)ffiJt;J,glZ 

c·(!)� Tf1r.:i:. -t- ;r,, =¥' -vi *9 10 keV tJ Tc f.t:--:::> -C \i, 0. J:ti/&1¥JJ;ffeffi�vc ISIS-2 %vc l 

'? -ctmrJlU 2' ht.::.�{f[ij(!) tJ 7- 7
°

iJ!t,g1Z (cleft) c :r:ziflij(!)�Jt;�c·(!) '*= Ttlr 3!Hc£v:5i, ,-c:>J<� 

G ;ht.::.tl�ll1 :i- ':/ 1:W:$.il;� 5 (KNUDSEN et al., 1977) vc� 2' ;h -Ci,, 0. :r:zif!ij (!){iJ15� 
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Hg. 5. Profiles of the ion production rates for O+ , N2+ and 02+ , 
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based on the observed fluxes of precipitating electrons. 
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Fig. 6. Profiles of electron density, respectively at the auroral oval 
and trough region, observed by the incoherent scatter radar 
at Chatanika; (a) for January 1974, (b) October 1972 and 
(c) July 1972. 
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7 

77��������IB v-�-a�KJ:�t�Ghkffi::/c���--JlfflrWoc5t 

:;fp�{Jun;� 6 (BANKS and DOUPNIK, 1975) vc��ht\,,0. EiJi��fflrWocn;�Tf.ft 

-1-�tjJJfHc J: � tffis'ttMvCrWJ < fJ:. � t 1,, 0 �11. :12J: (c) ��\, 'L F iJi��fflrWocn;ffi 

Yffiivc{1£1,,�1_tn\J!Gh0. o+ 1 * Yn�±:fJltn\.-c-�0 F iJ�-c-�{1£1,,fflrWocvtfflM�� 

7G.@vc J: 6 t � -c-� 6 h�, [q)�vc�1J*lvcfB 5 7
° 7 ;(-zffiElli (polar wind) io J: a o+ 1 

*:/�m•&�ffi����KJ:0t�t��Gh0. 

;ti�-c-�ffl�vifflm!ffl7
°
77:--z� F lJ 7 r;lib�1:.f0n;, �'Alffivc¥fa't"0JliA1Jn•G 

b' 1J vc JPJ n • 5 ::k iJi m lHJ�; vi �'A lffi fa'§$� 7° 5 .7-:' -z -;.,, - r f.ft r � t-t!tfjUc JPJ h • 5 51 iv� i@'t" c 

c t vcffimf�h· G fi::/c�vcn.vtt �fflM!ffl 7
° 
7 .7-:'-z �&::k�1JJPJ� 7

° 7 ;r,:·-z F lJ 7 r t {@ 

't" c � x. G h 0. ;: � F' lJ 7 r � tjJJ!Hc J: � t ,tf{JW � fflM!ffl 7
° 
7 .7-:' -z n�ffi%t���� t � 

{J{U�ffi::/c�vCJPJvtt �� � h 0;: c vCtJ:. 0. ;ti:t�-c-� 7° 7 7-:'-z;k;fffi[iJ;;ti�� F Jl5t:;fpvc 

Lz.vf't"����� Ltda*iJ�. KNUDSEN et al. (1977) vc J: � L¥1H!r �ht io 9, � 7 vc 

�-t-J: :i tJ:. F 11 i::0
- �mrWocn\.1ffiJ��Gh t\,,0. 

�'A!ll�ffl�vc '-:>\,, t, :i&JlrYB�1J*lffl�nltn\.�t?ai7;M�vc �ht 1,, 0. ffi::!c� rffl 
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� 7 �{00:H�v;:. .t 1J >J<2iDf-: J'&:k1lrWm'. (NmF2) O)�Wflf!M"� 
C�ff"�' �{ftvt 104 cm-3). Zilzffv�vi 7' '7 ;(-;,x,t/fiEO)vfEffv�. }2'ifv� 
viJ'l-tijjWftf!Ml, :;t:1,,�ffv1Hi:KJJi� 104° O)if'v�. 

Fig. 7. Contours of NmF2 derived from the numerical analysis 
(continuous curves in unit of 104 cm-3), where dotted 
portions of the contours are derived from extrapolation. 
The broken curves denote the convection flow lines and the 
thick line denotes the positions of 104° solar zenith angle. 

-=f 7' � !7 r ;qcJ,,_ G h Q "i!E V *�ffl.i f' (FRANK and ACKERSON, 1971) v:t, zB�tJf,,i 

'ffi:J:�nlt5l(J)t'ftE�ffe-t it (J) c � *- G h --c lt, Q 11;, -t' (J) fml&ili:�'AJffiffitiG"C:', :tmrt11; G 3'1--0W 

vcffi111; '5 o+ 1 * '/V1t11; FRANK et al. (1977) vC l 0 --c �/:fj � h --c \, \ Q. m'A�ffiffGc' 

tmmu�nt-:. o + 1:t-'/vtffi:t!!! t

&t�lffi11;Gmt:teL--c�t-:.it(J)c�*-Gh, o+ 1:t-'/0).:i:.:t, 

11,, =¥' -11; 1-5 keV �Jl'.c' 2b 6 ;:. c 11; G zBMltJf,,t�� �cl Q ;/Jo;! (J) tjJ*11;{"F J:§ L --C lt, Q it 

(J) c }�J-::Jh Q. 

3.3. t--"3?il� 
��lffic'(J)�I¥] 7' 7 ;( '"?' 5f1'JH:t, ct) Q L ��mvc v-c' �M"J 7' 7 A''"< 11;lj[.�"t 0 i*J{JW 

(J) 7
° 5 ;,,:· '"?' lffi11; G, Woc11;j}{!{Uc-�,�vc�:J;-t 0 ,14:� �}�"'.);:. c 11;5;0 G h --c ::ro � , -t' 0) m 

w � 7' 7 ;z.:- '"?' � - ;,,:· c Pf 1v c'\,, 0. 7' 7 ;z.:- '"?' � - ;z.:- c ffi� * - /� ;t,, (J) {1H��octumw cit-: 

�tJir-=f�IJEO)rWEt�oc�i::W-) c -z:-vt � int-: L {w[iffiffflO) 1l/iJttlffl-z:-vt, 15li1=19vc::rolt,--c1ltrW 
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mrWoc�mJlU :H·�O) f\:�1¥Jt.;:!W,jcecl) Q spread F vi$1t \ttociii'iifmc'fmil:!U � ti.,Q iJ;, 
4'f vc ffiti vc to 1, \ --c 5.$ oc <b 5.$ < i tc. iv] oc <b � b <>0 --c � 1, \. ffiti vc ?Jz 1, \ c' � 3<t *'jg <b , ;: 0) !W. 
* 0) §7¥5tfil� c t.;: 0 --c 1, \ 0. 

�rWoc�mJlU?J'-�0)¥51:_f!IH1Hi�,f L <b �YHitc- vit.;: 1, \ iJ;, E 1lltivc � 1, \ --c vi��vc J: 
0 7° 7 ;:( '"7 jli/J (two stream instability i t::. vi drift instability) iJ;fcfjJ t.;:¥51=.�t�c- cl) 
-0 iJ;, F1l]tito J: � J:1JW��mJ vc � 1,  \ --c vi, ��3<JJ* CM15<t*'jg) , 7

° "J ;:( -;" fJn �HUTLAuT 

and VIOLETTE, 1972 ; CLARK and RAITT, 1975) , cl) Q \, \ vi j1£fffJLr:W* (DYSON and 

WINNINGHAM, 1974) iJ;-$; x. G h -0. 

OG0-6 vc J: 0 --Cfmil:!U �hi:ffi£{ftti:c'O) ';:rWt!itvp G �- .  '"t ttb 1S flN/N (%) O)ft 
ocfr�{JU.iJq�J 10 VC7T- � h --C 1, \ Q (WRIGHT et al. , 1977) . l!'liJWvi retarding potential 

analyzer �j§ \, \ --C 1 :t- YWOC�iflU5E Li: <b O) c', � 10 O)ffifilirv1Hi 4.7 f')� i  IJ fil§:�*9 40 
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1[-=f� r1llti0){1&ftociJ!Um::W c -� L --C to IJ (DYSON and WINNINGHAM, 1974), �iJ!Uc' vi 
7

° "J :::( -;" � - ;<' vc.M�--t Q {ftti: J: IJ ��{l&ftoc1JW vc cl) IJ 7
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ji)cx;j� L "( \, \ Q (CLARK and RAITT, 1975) .  
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Fig. II .  Polar plot of the ratio of N2 densities for K p23+ to 
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No. 65. 1979] 13 

!fHtr.�m!::k�mnx:��1t � -Jst 6 .  �tH::.xf�'"t 0ffi:l:wtc-vi::k�O)J:�1lHifJn:1:_ c, He, o 

ts:. c'Jtttl¥.JJt:l:0)1J\ � 1., $:7t0)�9r C ts:. 9 {JU$:m'."Ui ;: O)iif!0)�1tn:-=r� � ;h,6.  AE-C 

�v::. l 6 ::k�ffl.$:O)fmiU*a!tHi ::k�O)::ktl§'ffiO)frtf� �� L -c 1. , 6 (MAYR and HEDIN, 

1977). ;: 0) l 5 ts:.�ml::k�ffl.$:0)�1tvtffl�m!M;@0)�1t�1:.f 6. 

ffi:l:i�ml::k�O)f&J%<:ts:.1Jn�v::. 1 0 t::k�:m:1J�n:JS� L ,  {1£l$:J.ljJijglzv::.f��--t 6 ;:  c t  

$; x. G h, :1J�l¥.Jts:.t§1L {'F J¥.J v=. l 0 t ffl�m!M;@��1t � -Jstfl � .  

5 . Mf u: 

ti:1:Ji::x:ffl:�m!f�;@vt1itt�m!:to 1 u�mi c O)�;fc'f!*lts:.%1l�� t 0 -c :to 9 ,  fr:��jztt� o 

;: c n: -r, � ts:.n� 0 fs:O)vt�� -r- ct> �  n:, A,ff 0)7iJf:JEjigtbv::.Mff Lt-: 1. , .  

BANKS, P .  M. and DoUPNIK, J .  R .  (1975) : A review of auroral zone electrodyn amics deduced 
from incoherent scatter radar observations. J. Atmos. Terr. Phys. ,  37, 951-972. 

CLARK, D. H. and RAITT, W. J. (1975) : Characteristics of the high-l atit ude ionospheric irre
gularity bound ary, as monitored by the tot al ion current probe on ESR0-4. Pl anet. Space 
Sci . ,  23, 1643-1647. 

DYSON, P. L. and WINNINGHAM, J. D. (1974) : Top side ionospheric spread F and particle 
precipit ation in the day side magnetospheric clefts. J. Geophys. Res., 79, 5219-5230. 

FosTER, J. C. and BURROWS, J. R. (1976) : Electron fl uxes over the pol ar cap 1. Intense keV 
fl uxes during poststorm q uieting. J. Geophys. Res., 81 , 6016-6028. 

FRANK, L. A.  and ACKERSON, K. L. (1971) : Observations of charged particle precipitation 
into the auror al zone. J. Geophys. Res. , 76, 3612-3643 . 

FRANK, L. A., ACKERSON, K. L. and YEAGER, D .  H. (1977) : Observations of atomic oxygen 
(O+) in the earth's magnetotail .  J. Geophys. Res. ,  82, 129-134. 

GREBOWSKY, J. M. , CHEN, A. J. and TAYLOR, H. A. , Jr . (1976) : High-latitude troughs and 
the pol ar cap boundary. J. Geophys. Res. ,  81 , 690-694. 

KNUDSEN, w. C. , BANKS, P. M., WINNINGHAM, J. D. and KLUMPAR, D. M. (1977) : Numerical 
model of the convecting F2 ionosphere at high latit udes. J. Geophys. Res. , 82 , 4784-4792. 

tlffi�::=k . ffi:15!ii{a • rffiil]j;J .El (1977) : 1¥J:li�r:::. Mt � ISIS r ';/ 7°Y '1 r . -lj- '7 / 7" 1 / !!. Gf 
¥IV . IMS :;,, :,,-;f- � '7 A 1977 if, *J?::*¥-'¥WJ!vt�Iilf§effl, 122-127. 

MAYR, H. G. and HEDIN, A. E. (1977) : Signific ance of l arge-sc ale circ ulation in magnetic 
storm characteristics with application to AE-C neutral composition data. J. Geophys. Res. ,  
82, 1227-1234.  

REAGAN, J. B. and WATT, T. M. (1976) : Simultaneous s atellite and r adar studies of the D 

region ionosphere d uring the intense solar particle events of August 1972. J. Geophys. 
Res. , 81, 4579-4596, 

TAEUSH, D. R. (1977) : Structure of electrodyn amic and particle heating in the dist urbed polar 
thermosphere . J. Geophys . Res., 82, 455-460. 



14 

TITHERIDGE, J. E. (1976) : Pl asm a pause effects in the topside ionosphere. J. Geophys. Res., 
81, 3227-3233 .  

UL WICK, J .  C. (1972) :  Effective recombination coefficients and lumped parameters in the D
region during sol ar parti cle events. Proceedings of COSP AR Symposium on Solar Parti cle 
Event of November 1969. Bedford, Air Force Cambridge Research Laboratories, 571  p 
(AFCRL-72-0474). 

UTLAUT, W. F. and VIOLETTE, E. J. (1972) : Further ionosonde observ ations of ionospheri c 
modification by a high-powered HF transmitter. J. Geophys. Res., 77, 6804-68 18. 

WRIGHT, J. W., McCLURE, J. P. and HANSON, W. B. (1977) : Comp arisons of ionogram and 
Ogo 6 s atellite observations of small scale F region inhomogeneities. J. Geophys . Res ., 82, 
548-554. 

( 1978:tf. 6 }1 10 B �m[) 


