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Rocket Observations of the Lower Ionosphere in the 12th-14th 

Japanese Antarctic Research Expeditions (1971-1973) 

Shigeru M1Y AZAKI* 

Abstract: The 12th, 13th and 14th Japanese Antarctic Research Ex­

pedition parties (1971-73), carried out firings of twenty-one rockets to observe 

the polar ionosphere and auroral phenomena at Syowa Station(69° 001S, 39° 

351E; geomagnetic lat. 69. 6°S, long. 77 .1 °E), Antarctica. The electron density 

profiles of the ionosphere in disturbed conditions were obtained. The results 

of analyses and discussions are given in this report. 
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Fig. 1. Block diagram of radio frequency probe measuring circuit. 
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tlffi u[ff 2 mm, *�550 mm 2 *' ra,� 60 mm 

�1K•ffl!��P-�ru�@•��po/��-17Y7A���-

2. 2. fffffl7° Cl -7''1!: (Electrostatic probe method) 

3 

flffeffl:7
°
P-7}*c L-C2�ffi�7

°
P-7}*�ffi1.,,-c � Q. -"':)�j:_\,,b�0Ji�� Lang­

muir probe (LP) --c:·, zJllJJEffl:ffivc� 0 fflEEftilffl1m5 I� 0 il[vfEffl:EE��P1Ju L, -t�fflvfEffl:EE 

�tt�ru;E�0t���Q. ���@�il[vfEfflEE��K�vfEffl:EE�m•L-C�IJ. �E�� 
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16f:Pvc 1 @ 2 ,� 

3 X 10-4,.__,3 X 10-6 A, 3 X 10-6,..__,3 X 10-s A, ��ilHitJR� --c:· 2 

f&'.-wJ I) ti *-
�vfE ffl:vfE iU JEfti lffl 

ffl:ffi 

5 X 10-6 ,.._,5 X 10-s (l/2p-p )A, �;f�t��j� 

il[ff 2 mm, :R � 200 mm (P3�ID) 

� 2 vc Langmuir probe zJlUJE@•� 7''p o/ � d,i',1 7 �--7 A���-

lkvcffi 2 ffi: § �::1J1*�11JuJtmm.il�vc�vt 0 ffl:-=ffflvfE��tt�:tUffi L -c 7
° 
P -7·vc.IE� fifil 

�-EE�m�L. �-a9Kffi�a9�ffl-=fW��ru��0t���Q. 

f 

+6 V fifil� (5. 2'"'"'6. 5 V) 

� 2 Langmuir probe tl{IJ'.@@IRt:l P ':I !/ �-·,1 7 !f '7 A 
Fig. 2. Block diagram of Langmuir probe measuring circuit. 
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atU �fflrf,Eif lffl �$i� fflrf,E®(IE,B '-5(IE,BFF3i� 
Jt�EE*m 2,B 16 s vc.. I @I ,-rt:ffi @[1£ 2 mm, -ffe: � 200 mm ( F9� Jf1) 

� 3 VC...:. O)ffl-=f,.rtrfiE 7° P - 7° 
(Electron current probe, EP) lJ!U�@J�O) 7" P 'Y !7 �"1 7 !7''7 A �7,K-j-. 

i PROBE 

� . LOG. DC 

�� f.
� 

� 3 -�-m� P -���@-�P �?�17��A 
Fig. 3. Block diagram of electron current probe 

measuring circuit . 

.!;Al: S-2IOJA-5, -6 %�vc..:tt� L t-=atU��O)ffi;��Jlli�tc.b�. 7° 
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p - 7''n�JeM�62tt;-c� < J: :> vc.. ts:.".) -c 1t, 6. S-I60JA-3%�vt1J\ml0)fe,o()fil?,JiJib�-c� ts:.lt ,0)-C:', ��$���!Mvc.. L -c 7' p - ·f C L -c �mL-c�6- ��1J;t:,�ai••��JEfflEE���-t-QmrmrfiE�P-���mL-c� 6. �P:fJnfflEE iJtUJEfflrfiE tl:L1JfflEE fU�-wJ� ®(IE 

2. 7V 
o,...__,3 V I tf;4/j vc.. gain � high c low vc.. ID VJ � x., -i' 0) lt vi IO : I -c:-� 6 . 16tf;vc.. I @JA;J '/' :1 - r c t�JEfflEE;aq=$).. � ;rl,Q. 

7° 
:J 7:.'--ct • -r -v Y /� - • 'T 7' r O)fi§*, ffl-=ffflmEie c ffl-=fWJltO)'*]i,.f-vilXO)��;t:,-c:-� x. G ;rl,Q. ��Ji'. Ne (cm-3)=4. 97x 10 3 ie (A) {!£�Ji'. Ne ( cm-3) =5. 40 X 102 ie (A) � 4 vi JA-6 %fflU!�fflatUJE�:fo J: Lfffl:ffi�i.K L. IZJ 5 vi JA-5, -6 %�fflO)iJ{U;E��*JJ. �l:vftc. C.:. 6 �7,K L-C :fa VJ' IZI 6 vifflM�iJtU;E�O) 7° 7 ;('7\3.i:t��fi��,-. IZI 7 vi S-
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160JA-3 %�m1x:J:IHI!U���jf-L, � 8 Vi S-160JA-3 %�0).\IJ{ij[ifj$�jf--t. � 9 vj: S-210 JA-5, -6 :to J: U S-160JA-3 %�0)ti1&:��0)§cf!:��jf--t. 5FJ13?X�vc:tovt 01J!U5E�vj:5FJ12{'J(�O)�it c ViUi!P] C -C'tf> 0 iJ;, tffiiJ• \, ,$7}-iJ;iJ.tJ: � �N 

I&] 4 S-210JA-6 'ij"tim:ttJfHJlUJE� 
Fig. 4. Ionospheric measuring instrument for S-210JA-6. 

I&] 5 S-210JA-5, -6 iy:ji�]HlliJffil 
Fig. 5. Instrument assemblies for S-2JOJA-5 

and -6. 

l&1 6 'fl/iJl!i�UAE�(l)7·7 ;(-c;���ft 
Fig. 6. Plasma test equipment for ionospheric 

measuring instrument. 
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� 1 s-160JA-3 -ry-mHuxmmu;E� 
Fig. 7. Ionospheric measuring instrument for S-J60JA-3. 

I NEL I NOZ 
If 

5-160JA-3 

S-210JA-5,-6 

RT 

� 9 �J!l)c:1*�11fdm\:� (JARE-12) 

� 8 S-I60JA-3 -'1:ft-,:tlJU!i!I$ 

Fig. 9. Arrangement of rocket-borne instruments. 

Fig. 8. Nose cone and probing electrode of S-160JA-3. 

�n-c1.,�. �NrJiEl7'i:r-7"vc"'.:>1.,-cv1�12?1(�0) S-210JA-5, -6 -�fjO)��O)W[vft>�-1 

7 7-. ���-C. �NotElffl[EO);l;_��l]jJQ Lk. '£ t-:ffl;fiiO)l!jr,J'ti��J! Lt-:. Langmuir probe 

vc ":)I., ,-c viW[mEmP:5 lfflEE��ffi�rElIDiJ� 0.::::fiJrElIDvc L-C, ';:mE'M£EE�·l1:0) e. 7-. -r v v 7-. � 

ll$tfflvc-f-.:r. 'Y !/ Lt-:. 'itd!Hlw�$ifff�v1-EL current amp. �imLtdivc�I/J$;7}�c-:i 
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tc_rJ) f.·, �JEJltiJ\B! < ts:."'> t.::.. ffl-=ffflvfE 7° 
P - 7'vc "JI.' -C vi!fil�Ef]VCvi�£ts:. <, ffl;ffiO)�c fl:��*- t.::.. ts:. to7J!UJE�0)1t:IJi, *1*lill�$iJ;*1J 2. 1 kg, ffl:ffi$iJ;*1JO. 4 kg H*1J 2. 5 kg -r:.·ct; IJ, {J!fflffl:1Jvi+l8V *iJ;*1J300 mA, -18V *iJ;*1JlOO mA -r:.·tt*90. 72W-r:.·ci;Q. 7° p - 7'0) J.ilmt!IMJJviffil2?x�O)��vcvHlJt-r:.·ct; "? t.::. O) f.·, 4-!illviliJUIRJfmfil?.Jil�. /� * 0) jJ vc J: "? -C El �vC!ffll,, -C, iJ:."Jufil�--t 0 ::n;t:;�:I*ffl Lt.::.. {XVC-*%�vc "JI., -C O)jj{lj��O) :ffilf�VC"J I. ,-c Jffi� G, 2. 2. 1. S-210JA-7 rWJ00� 7°P - 7'vi0. 5"-7 MHz O)r1390)na���ms1 L, mslOOWHi o. 5tp-r:_·ci;0. �flu� �1J1J11'11EEvi600 m V (p-p) -r:.·ct; Q. 7° 

p - '.:lvi 2 *O)ffl:ffi� ffl 1. ,-c,  f;llJ�vcim1. ,-c to IJ, -l­O)�Jltvi*945Jlt-r:.·ct; Q. it1ffl: 7° P - f c L -ca ffl:rffl:vfE 7° P - 7··�1J!ffl L, �llif O) 7° P - 7·· c 7.1(1Ll80° 0) iffi.i::nvc 1±1 Ltdt 3 *O) 7°P - 7'�ffl1.,t.::.. 71(:ifijfrPJO) 2 *O) 7°P - 7··vi 1 t9mvc1;1] IJ �x..-C c!;0. 3 *O) 7° P - f� ffl 1, ,f.::.O)vi P 1r 'Y r 0) wake 0)3<"jJ*� 3 *O) 7° P - 7··vc J: "? -c��0 t.::.ot.>-r:.· ct; "? t.::.. 2. 2. 2. S-210JA-8 �00� 7°P- 7'vi 0. 5 ,....,7 MHz O)r1390)00lHitt�mslL. mEilOOWHi0.125fY-C:'ci;0. C;h' fiP'T,y r • 7'e.0 :/vcJ::0�•���GcctoJ: U, J: IJ�tmts:.P'T,y r WJlfflO)�Jlt�1t� fJlil""' G t.::.ot.>vCffff5 IOOM�1F- < Lt.::.. 7'' P - 7°vt1ft*O) two-wire ��{l§vc{tffl L, -l-:h c 11[ �:tf[P)vc single wire �/:BL, -l-:h��fi3-0lUvc Lt.::.. 1fltffl 7° P - 7·'vi Langmuir probe c ffl-=ffflvfE 7° P - 7··0) 21lffl� ffl I. ,f.::.. Langmuir probe vi'IIEE-8. 2 V,...., + 7. 8 V O)Ffcij� 1 fYO).::::�� c L -cmr]I L -c � Q. ft!!O){}�vctovt Q Lang muir probe 0)1wslfflEEvi 0"'+6V -r:.-�GiJ;, c 0) 8 %�0)��1ffl�Ftvft.::.O)vi, t�tcITT�I. ,.::c.t,1v=¥'-if{{ilfflO)'Ilt=f·to J: U1 * :/O):itITTM1*�1lJ�Q c c -r:.· ct; "? t::... Lang­muir probe UT v;>( -� 2ch. �J:§1,,, �ftfU�a 1: 10: 100 O)!fij�1,,-r:_--J;IJIJ�x.. -C� Q, it::..ffl-=ffflvfE 7'p- 7··ttt1lx: L -c  to IJ, 7"p--:1·vi7.l(SfZ-r:.·�00� 7'p-·::iO)�fB1J!Uc 180° �0)fftfl:vc cl; G. 2. 2. 3. S-210JA-9, -10 �00� 7°P - 7)i 0. 5'"':7 MHz O)r1310)na���ms1 L, 1W5100:WHi 9 {}�O)�itviO. 125 tp, I0%�0)�itvi o. 5 tv-r:.·ct; 0. �na� 7° p - 7'vc�ffl--t 0 7l!UJE'llffivi 8 %� c Im t:�;t:; 0) iL 0) � ffl " 't.::.. 
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Lang muir probe vc 1M] L -C vi, Q,.__,6 V 0) Fa9 � I #Fa9 0) =�¥Bl c v·c1i5 I L -c ", Q. Lang muir probe O)fflffiVi�ffeJ¥JJl 7° P - 70)�,f§fflffi c 180° �O)fs'l.fii:vc.I& I) #vt--C 2b Q. i k1ltr11VTE 7° P - 7· t tii=tlt L -c to IJ, filiR0)1Jtffi� ffl" ,f.:._. 2. 2. 4. S-21 OJA-I I �ml¥Bl 7°P - :ltt0. 5""7 MHz O)Fa90)mJ¥JJl��ffff51 L, mJ:Mv:t O. lfY-C:'2bQ. ?JlUJEmffiv:t ffr*ifflffi c -th c iR�1f friJ0)1Jtffi�'.3l:1§ c L tdt 2 ch. vc l 0 :iJtUJE�fr 0 t.:... .:: hvi P 7 
'Y 1- • ;i.. l::

0YvCJ::0ffeJlffl0)1JtrW�7t1JJc, two-wire probe WcFa9��@�1frt]vc#Mfk, "'nvg:>0Ji'ffi0) i mpedance probe O),tt��fi5�*t2b0- Mtm 7°P- 7°c L-Cvi, m 

+mm 7° 
i:i - 7·0)� �tii=tlt Lt.:... ?JlUJEmffivi�l't,m-ffincfil@fJ:rJtUmmffi� ffl \, ,f.:._. .:: 0) 11 %m K�aLt-:m+fflvfE7P-70)@MK��*O)��•EE�L�. �gi�£�mtt�#�L L, -th�£��IEmEEc Lt-:. 2. 2. 5. S-2IOJA-12 �m1¥Bl 7° P - �f'v:t 0. 5,.__,7 MHz O)Fa90) m1¥JJl��ffff5 I L:r!5 lm1:Mv:t0. 5#-C:'2b Q. rJtUmfflffi v:tfrr�mffi� ffl" ,-c 2b Q. m+mm 7° 

p - 7�v:t7tfvc/B Lt.:..'�ffi� ffl\, ,-c 2b Q. 2. 2. 6. S-I60JA-4 �12{X�O) S-160JA-3 C lqJ Cffl-=f'�VTE 7°P - f�m:tt LkiJ;, .xt�t\'h$i��{5effl Lf..:..O) -c:·, muJEmmiffilffl v:ttltiJ; 0 t.:... �lOv:t S-210JA-7, -8, -9, -10, -11, -12 to J:: U S-160JA-4 %mO)JiJ{ij�HflW�JO)�m:tt m�O)�ct!:���-t. �I 4<X�vc:to", --r v:t?l-!IJJE�O)*ffliJ·" ,fffi,tiJ;, � G vca:t� � h --c", Q 0)-C:'-thvc ":>\,, --c jm-"( Q. �ffeJ¥JJl 7° 
i:i - fvc ":>\,, --c vi o. 125 f]}o) ffeJ:Jtlj-c:, o. 5""8 MHz i -c:·O) JWi¥JJl��ffl}5 [ L. 800 "'lOOO mVp -p 0) v�1v-c:·�p;bnL. '.3l:{amv:t75dB O)fij�, 60dB 0)3l1 -.r � v � vY:)� t 0 -c", Q. ffff51*0) JWi¥Bl� §���-t'"?- n -.9e�@Mv:tA,@:J 1 MHz 0)7J(s8s.9effi@M� 1*ffl L, ,tO)��rltl 3, 5, 7 MHz ��� � �f.:..O) -c:-. ,tO)*:@}jtiJq,i�vc� < tJ: IJ, iJ,":>, JWirltl� § !l£iJ; 4 ,s( vc tJ: 0 t.:.. 0) ··eiJlU:@O)ffi/jtiJ;cb iJ; 0 t.:... tJ!UJEmffiv:t�'.3l: 2 *2b 'J, P=Jr�}JJ-c:·, *930°0)��0)ffl%vcOO\,,fdlJ� L--C\,'Q. Lang muir probe vi 1lJ,@::il1$i vc:/ !J 'Y ��O) �A:t.rtn.v'i:. �*JEO)���$i��i5effl L t.:..0)-C:·*JE�iJ;t#vc� < t,r. 0 tc.. tt1$i�iJ: 20 dB c60dB 0) 2 *?U�t'0, � GvC 7°P- 7''vcwr1Uvc]\.0tc.mvt� lOOkilc IOkn, vc If]}-::' c vc!;JJ IJ �x.. 0.:: c vc J:: IJ, l±L1JfflEE;a: 5 V-...,o. I V i -c:,r'- 3t c L -C:Jlkx.. 0 c, YlUJEfflvft iftgf/IH:t5 X 10-5
,..__, 1 X 10-9 (A) C t,r. Q. �� C LL l 6#Fa9vc 1 @I 1 t)Fa9f":> 7° 

p - 7 0) iJ•h I) 
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S-210JA-7 

S-210JA-8 

S-210JA-9, 10 

S-210JA-ll 

S-210JA-12 

S-160JA-4 

�G
IL II IT 

II 

Fig. JO. Arrangement of rocket-borne instruments. 

9 

vc12 Mil c 1. 1 Mil ilqfm�tLG. i tdeMfrJ J: 9 9e:!}t{�62t/Ji ··e®<:IEI1;;ti[vc�m�.tv-c 

\.-,  Q. 1lt rfflJ!iE 7° 
P - 7'vc "':) \.-, -c �itl!UJE@J��i frJ@J c Im t:·e ti!> Q il�. ®<:IE c L -c 16 t/JF1=19 vc 

o. stPFa9 7° 
P - 7· O)f\;: 9 vc200 kil ilqfm � tL +4. 5 V c ts:. Q. it.:.., JeMfriiJ� G JEM�62f'Y 

i --c-®<:IEI1;;t1[20 kil iJ��m � n -c \.-, Q. 

S-210JA-16, -17' -18 %:fflHir,,unrJrHl 7° 
p - f � J: aMtm 7° 

p - 7'jjlfi:n�m1'l L -c \.,' Q. 

s-210JA-19 %��1:t1l* f) O)m1'l��O)mJ-f*J:, mr1tffi:7° P - 7''0)��=m:1'l L-c tf)Q. mu 

1E1ltffi�i P 'T -Y r i:p,t.,i!ml�ftlrufffivc@:f£ 25 mm O)J�JUf11ltffi� ffl\., ,-c \.-' Q. 
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IZJI 1, 12, 13vi S-:-210JA-I6, -17, -18�-�vc..}tit L t-:lt/Jl�?'J!IJ'.<E�O) 7'f.��ffi--t. 

IZJI 4 v:t S-2IOJA--19{:r�O)'}l t=fffl:VTE 7° 

p - 7''0)%��ffi--t. IZ115 vi S-210JA-16, -17' 

-1s, -19�-�0)r?Hl��O)mcli:IZJ�ffi--t. 

� 11 S-210JA-16%�m:IitJ'IH!t.Jf?J!U�� 
Fig. 11. Ionospheric measuring instrument for 

S-210JA-16. 

� 12 S-210JA-17%�m:Iitffl'it.Jf?J!U�� 
Fig. 12. Ionospheric measuring instrument for 

S-210JA-17. 

� 13 S-210JA-18%�m:IitffHt�Jf?J!U�� 
Fig. 13. Ionospheric measuring instrument for S-2JOJA-18. 
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Fig. 15. Arrangement of rocket-borne instruments. 
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Fig. 16. Flying directions and landing points of rockets. 
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120 140 
01 STANCE ( km )  

I&! 17 P 'r 'Y J. .  O)�L 1 '.5 ilvtfiliffi 

(JARE-12) 

Fig. 17. Rocket trajectories. 

� 1 ?'11�/IJJ!r,P,IJ r:2 'r 'Y J.. � L  1 '.5 frffi5c (JARE-12) 
Table 1. Ionospheric sounding rockets (JARE-12). 

No. 

p 'r 'Y J.. 

1ft � � JJ B 

Jlt �j fl# ,u 

Je M J:: r jEj 
9B M jj & � 
� * Jlj Ji rWi JJt 
:lf:1-};;.�}Jt Jlj Ji fFf" rs, 
71( i2 JU Ji file tit 

� m � 11¥ rs, 
74 r Ji f1l. 
v - ::i'�>tvt 1: r ftI 
l/ - ;;i'�§tvtjj&flJ 
T v ;( - � >l:mU#rs1 
.tlJl HliiJ {ITT :I: 1i 
ffl r*J tfill. JJt 
m �l; mi. JJt 
¥e M ll¥ :ttl LI::: � ifil\. 
95jf�:tt!!J::Jili.l rtiJ Jili.\.i! 
7z f� 

S-160JA-3 
197 1 .  4 . 30 

13  h 00 m 
82° 

180° 

83 km 
2 m 16 s 

80 km 

4 m 32 s 
1 84° 

80. 5° 

191 ° 

4 m 32 s 
19 . 5 kg 

3 °c 

1 1  ° C 
-6°C 

O m/s-

• 

2 

S-210.JA-5 
197 1 .  9. 14 

00 h 50 m 
82° 

1 70° 

1 14. 2 km 
2 m 40 s  

99. 7 km 

5 m 16 s 
158. 9° 

76 . 9° 

1 74. 5 ° 

5 m 05 s 
37 . 1 kg 

18°C 
1 1  °C 

- 23 . 1 °C 
i 2 m/s SE I 

I 
� 

3 

S-210JA-6 
197 1 .  12 .  3 
15 h OO m 

82 ° 

1 70° 

1 32 . 1 km 
2 m 54 s 

93 . 8 km 
5 m 41 s 
161 . 4 ° 

74. 9° 

173. 9° 

5 m 28. 5 s 
37 . 0 kg 

+ 1 .  2° c 

2 m/s SSE 

� I -- -� �- -------'-----------'--------_____Jc._ ______ _ 
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Fig. 18. Electron density profiles. 
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Fig. 19. Electron density profile. 
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Fig. 20. Electron density profile. 
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Fig. 21. Electron density profile. 
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Fig. 22. Electron density profile. 
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Fig. 23. Rocket trajectories. 
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1 40 

� 2 ffi'.MJii!jUP 1r 'Y r � L  J: ? �5c CJARE-13) 
Table 2. Ionospheric sounding rockets (JARE-13) .  

2 3 I · 4 5 

S-2IOJA-12 S-160JA-4 S-2IOJA-9 S-2IOJA-10 S-2IOJA-l l 
1972 . 2 . 11 1972. 4. 17 1972 . 5. 14 1972. 5. 16 1972. 8. 7 

15 h 00 m 02 h 42 m 02 h 13 m 02 h 02 m 04 h 45 m 
82° 82° 82° 82° 82° 

135° 135° 135° 315° 315° 

107. 5 km 86. 0 km 129. 3 km 115. 4 km 125. 8 km 
2 m 36 s  2 m  19 s 2 m 54 s  2 m 43 s 2 m 51 s 

123 .  7 km 79. 1 km 117. 3 km 60. 7 km 135. 3 km 
5 m 10 s 4 m 33 s 5 m 41 s 5 m 28 s  5 m 41 s 
146. 1 ° 105. 7° 131. 9° 310. 0° 334. 0° 

76. 2° 80. 4° 77. 2 0 81. 4° 78. 5° 

148. 8 ° 123. 0° 139. 2° 303. 0° 317. 1 ° 

4 m 48 s  4 m 33 s  5 m 21. 7 s 5 m 08 s  5 m 21 s 
40. 0 kg 17. 8 kg 40. 5 kg 40. 0 kg 40. 0 kg 

- 14°c 24°c l5°C - 2°C 
17; 5° C 12 °c 15°C 11 °C 13° c 

-0. 5°C - l2°C - 22°C - 20°C - 13 °C 
3. 8 8 m/sE 0. 2 m/s- 4 m/sSSE 3 m/sENE m/sSSW 

� I�
� 

I�
� � �· 

ffiiffl - 320r - 290r -2oor -6oor 
O dB - 1. 2 dB - 1. 3 dB -0. 3 dB - 4. 8 dB 

Sfffl Blackout Blackout Spread F Blackout 
EP, RFP EP EP,LP, EP,LP, EP, RFP RFP RFP 
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- 1. 5 dB 
Blackout 

EP, RFP 

1 06 

ELECTRON DENSITY ( cm-3 ) ELECTRON DENSITY ( cm-3) 

!&I 24 S'."""2IOJA-7 µ Jr .,y H::. J: Qffi'.T��I!t?t 
;ff-jO)j!jU*s:!l CJ::�f1*) 
Fig. 24. .Electron density profile. 
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Fig. 25. Electron density profile. 
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Fig. 26. Electron density profile. 
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Fig. 27. Electron density profile. 
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Fig. 28. Electron density, profile. 
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Fig. 29. Electron density profile. 
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Fig. 30. Electron density profile. 
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Fig. 31. Electron density profile. 
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1ltrffiJl'.7)-:;ffivc�1.,  ,--c��l¥JtJ: ;:. c vi, r§J&ir062 km �1.,  ,--c fflrffiJl'.O):ffi*il;� C --C 1., ,  0 ;:.  

c -:c·;;t 0 .  J:�ffifvC �\, ' L  Viff077 km ii• G fflrWJl'.O)Q0@cil;� 0 < tJ: 9 �-&?i:>, 99 km VC �\,,  

""Cir0 4"-'5 x JQ 5cm-3 O);ffi:;kfrn[�� L, ,  t .. Hf� 0  �il·VC�j; L "( \, ' 0 .  T�ffifvC�\, ' L Vi�Jl'. 

95 km""' 105 km O)F1c19vc 11-rWJl'.O);ffi:;kil;fftE L, 4""'5 x l05cm-3 t.],J:O)ffi}l'.�� L --C \., , 0 . 

CO)�it-JWJ���5! $IO)J:�Jiil;�JU'!'-vc:ii LtJl1J5Efitvi�� L --c Li '? t.:. -th J:: 9 J:--r:·vi� 0  

� ii ·  vc �j; L, --C ", 0 . i t.::..ir08l km .L;J, T vc � 1., , --C t �j; L, --C 1., , 0 . 
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Fig: 32. Electron dens ity. profile. 
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!Zl34:to J: U!ZI35vi, S-210JA-12 f}�O)J::��:to J: UT��O)ffl:-=fWf!tJt,fflO)mmu*s*� 

ffi L --c JS 0 .  ;: 0) i=z 'T y Hi.§1-f139 O)mr.ffl�vctr�J::vf G ;h tc. t 0)-c:-. J:t�l¥J:!!f!.�B'J tJ:.§1-F1390) 

ffl:;$Jlffl:rWf!tO)���ffi-t" t 0) C }�b;h 0 .  6 L '  J::��VC :fo \,  'L  vi. 1§uf!t88 km i -ewll 

;a;�$]CJ::� LL, -th J: I) -1: --nvt vfWI!tiJ;-;EVC tJ: -? L \, ' Q. ,lO){ffiHi 1,...__,2 X l05cm-3 

--c-zis 6 .  T��vc:to\i  , ·ot*993 km i --e:-Wllvivt vsf-5:Ec'-lhiJ, G Tvi�,�vc� "'.) t \i  ' 0 .  

ffl:rWf!tJt,fflO)tf{IJ;EvC :;o \, ,"( ,  J::��:to J: UT��vcffl:-J-WI!tn;-vttc.�[!t�j,-- L "( \, , Q  

O)vi. i=z 'T -.y r O)� L .i: :> �vc:tovt 6 ��O)�ft:vc J: 0 i=z 'T -.y F 0) wake O)�IHc J: 0 t 0) c 
.�:bh 0 .  i tc. T��vc:to\i  ,--c �f!t90 km tJTO)WJ:!tn;@I�!i<Jvc�jr L --c \i , 6 O)vi, t�IJJEJ:: 

0) FimijHc'*lJI L --C \i ,  0 n, t *Dh ts:. \i ' ·  
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Fig. 34. Electron density profile. 
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�36 vi. S-160JA-4 %�<1)J:j:f.�:t,o J: rJ""f��(l) fflrWI!lJt:;{p {l)�jllU�:!.ft�ffi L --C � o .  

t. (1) i:r 17" ,y r vi.�F13i(l)tr�J:vf'"(·, 30 MHz !J ::t ,1. - � <1)?£kll:5lvi. - 1 . 2 dB, :tt!H��7J(3fnx; 

Jt{1)�1fHi. -320r c �� l: .i:  5 !L��'"(-� --:, f-:. -t<1)�* 65---..:,80 km (l_)""f-filrnll�vc :t-o \., , --c  

Jt�l¥JfflrWI!li.7;::k � < tJ: -? --c \., ,  o . 
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� 36 S-160JA-4 P 'r ':I H::. J: � 'ilftrffim'.5J-;-fj)O)fm?:JlU*a:J!: 
Fig. 36. Electron density pro.files. 

3. 3. ffit4�� c 1r ·:, H;: J: �•um 

�37vi.�14?X�<1) i:r 17" 'Y r (l_)!fLJ?mi�ffi-t . � 3 vc tt�Ji�m i:r 17" 'Y r <1)� 1..., .i: 5 �5cvc "'.) 

1,, ,--cffi-t. ?Xvc�iJ!U�:!'.J!Jc "'.)\.,  ,-c jm-'"' Q .  

�38:t-o J: rJ�39 vi., S-21 0JA-16 %�<1)J:j:f.!kf:t,o J: rJ""f��(l)fflr�fl7t:;(p<1)�7J!U�*� 

ffi 1...,--c � Q. t. (1) i:r 17" 'Y r <1)¥6M�tUvi02�457t"c·� Q i.J;, !1B:fll£:f:tgvc:t-o\., ,-c vi. B <1) l±r@:fir 

<1)��'"(-, 1,, ,;bvp o �J:fHi OO�"c-� Q. 1:¥1-�:t-o J: rJ""f���vc, j@jfl*995 kmtJrvi.fflr� 

!l�t�j�vc�;/JQ L --c :t-o IJ ,  .:t.n J: IJ J: '"(· vtfflrWifl<1)±¥f.vtvp o �f.J�tJ: \., ,  L �tvfv!-5Efilf 5 

'""6 X 1 Q5cm-3 �ffi l, "( \., ' Q .  °! f-:_J:j:f.�vC :t,o \., , "( vij@jfl 86 km, ""f��vC:t,o\.,  ,-C  vi �fl 84 km 

vc :t,o\., , --c ,  fflr�fl(l_) ���f.7�� L < �1t. L --C \., ,  o .  "i t-: �39vcffi-tr��(l) fflr�!l7t:mvc 

� 37 µ' 'r ':I r O)�L.i: ? ift.1?$ (JARE-14) 
Fig. 37. Rocket trajectories. 
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� 3 1it�f}!��lj i:z 1r ,y r � L  J: 'j �jf.: (JARE-14) 
Table 3. Ionospheric sounding rockets C JA RE-14). 

No. 

i:z 1T 'Y r 
� �� � }3 B 
� � � �u 
JE M J:: r fig 
:re it h {ft fig 
)& * jlj � i%b Ji'. 
i&*-i%b/Jt jlJ � rt� Fs9 
71( 3¥- JIJ � Re •  

� � �� rr} Fi39 
7i r h & 
v - 1t #f '!f. vr J:: r fig 
l/ - jl#f�fvtJJ{ftfig 
T v ,,< - !I �{tH}F13J 
J!Ji HJHJ fITT Ji :I: 
it l*J mi. Ji'. 
:fl � mi. Ji'. 
JE M � :tt!! J:: � &i. 
JEM&i'i'lf!J::�UtuJ!111.J! 
7( {� 
� � 7.K f fjY:, % 

CNA 
:;t - p 7 
1[ � J! � Ji� 
11.t • JI tJ[IJ ;E � 

S-210JA-16 
1973. 2. 15 
02 h 45 m 

82° 

1 35 ° 

1 02. 6 km 
2 m 3 1  s 

1 4 1 .  5 km 
5 m 00 s  

1 1 0° 

75. 87 ° 

1 1 3. 02° 

4 m 40 s  
40. 85 kg 
18. 0°C 
14. 0°c 
- 2. 5 °c 

7. 1 m/s E 

- 300r 
- 1 . 5 dB 

Es �:J;.(7 MHz) 
EP, LP� RFP 

2 

S-210JA-l 7 
1973. 4. 23 
02 h 54 m 

82° 

1 35 ° 

124. 5 km 
2 m 49 s  

1 10. 7 km 
5 m 35 s 

1 34° 

76. 50° 

1 37. 10 ° 

5 m 1 5  s 
40. 70 kg 
1 3. 0° c 
1 5. 0° c 
- 15. D°C 

0. 2 m/s E 

'Ek:� 
- 750r 

- 5. 0 dB 
5,.._,7 KR 

Blackout 
EP, LP, RFP 

3 

S-2 10JA-19 
1973. 7 .  15 
22 h 09 m 

82 ° 

1 35 ° 

1 30. 0 km 
2 m 53 s 
92. 0 km 
5 m 42 s  

144° 

76. 52° 

1 37. 02 ° 

5 m 27 s 
39. 89 kg 

8. 0°C 
15. 0°C 
- 3 1 . 5 °C 
O m/s E 

'Ek:� 
+ 5or 
0 dB 

0 

E � �@Jlx!f'r4) IJ 
EP 

4 

S-210JA-18  
1973. 8 .  23 
03 h 53 m 

82° 

3 15 ° 

129. 4 km 
2 m 52 s 

1 28. 5 km 
5 m 33 s 
343 ° 

77. 77 0 

3 17. 43 ° 

5 m 28. 5 s 
40. 82 kg 

0 °C 
8. 0° C 

- 32. 1 °C 
0. 2 m/s SE 

'Ek:� 
- 50r 

- 0. 5 dB 
3,...__ 5 KR 

Echo l±l t.::.. I) 
mx.t.::.. IJ 

EP, LP, RFP 
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Fig. 38. · Electron density profile. 
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Fig. 39. Electron density profile. 
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:tu1,, ,--c,  i§u0Cil\990 km tJJ::vc :tu1,, ,--c� L,1,, ,ffl-=fWOCO)��iJ;j;QiJ;, ;: ;h,vt P 1r ,;, 1' O)�� 

vc'A:9fzsii"° Q P 'T ,;, 1' 0) wake O)�liv:: J: Q t 0) c!: J!tb.:h Q. 

140 ,-. ............ ..........,---.-............ -rnor'---,-....,......,'"TT"""--r-,..,......""' 

130 S-210JA-17 ASCENT 
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;_ 1 1 0  
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1&1 40 s-210JA-1 1 p 1r ':I r vc J: Q ,� r�nlt 
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Fig. 40. Electron density profile. 
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·:... :...:.:. 
��i� .: .. '�. ·---=--·· · ' .  

I&! 41 S-210JA-17 P 'r ,y r �t J: Q 1lr1r�lt 
5tl'ffO)JiiJUJ:lU*5!l C-f�Mj:) 

Fig. 41. Electron density profile. 

�4otu J: rJ�41 vt, s-210JA-17 %�0)J::¥f.A{i=:tu J: rJr'*=�O)fflrWocJtmO)•mu*a*� 

5r- L 't j; Q · ;: 0) µ 'T ,;,  1' O)fT'tJJ::vf�O)ffl11t'IO):J:k]ijvE:::h �F1=1ivc:tuvt Q µ 'T ,;, 1' •muO) 

� �ft*O) C � ij ��5r- Lk. i""�btJ�m�*��Jt0)�-� - ���5r- L, OO MHz 9 

:;t /- - !;J vt -5. 0 dB�5r- Lt: . i t.::.1 :;t / fl 7  A vi:JG:1ttJ: radio blackout ;J:k�"t:'j; '? f.::.. 

J::¥f.�i§u0C 90 km iJ, G 105 km i "t:'vt, �nrlrl!l 7° 
µ - 'fO)mUIEiJ;J::�O) nrlrl!l� 7 MHz �� 

x_,  f@;fO L 't Li '? k. �400) ;: O)�OCO)i:KF1=1ivc:tuvt o ��vt, fflrfflvft 7° P - 7•iJ. G :1< 66  

tdI!U1E1W:�5r- L --c j; o .  i k�OC 105 km iJ. G 120 km i "t:'O)mrWocillU1E{rniO)�j/vt P 'T 

,;, 1' wake O)�l,[i t -€ffi!J1'fzslvc tJ: '? -c 1,, ,  o t 0) c mfE � .:h Q iJ\ ;: ;h,vc -0 1,, ,  --c vt tJ: :tu�*8ItJ: 

���fi 5 �,�iJ; j; o . r'*=�vi i§uOCilB 87 km h· G*9 105 km O)r1=1ivc:tu1,, ,--c,  t,pQ�iJ.tdi 

*flit"-76 X 105cm-3
� t b, -l-.:h J: 9 J:: "l:'vt m-=rwocvt ���& L '"( \, \ Q.  r@JOCil\9 121 km 7J• 

G 125 km O)r1=1i vtl:¥f.� c!: jqjijt ffl-=fWocO)mU1E{rniiJ;�& L --c 1,, ,QO)vt, µ 'T ,;, r 0) wake 

O)�WiJ; ;: O)�if vt* � "' ,  t 0) c m/E � .n Q. 

�42:tu J: rJ�43vt, s-210JA-1a %�0)J::¥f.�:tu J: rJr'*=�O)ffl-=fWocJtmO)•mu*a*� 

5r- L --c j; Q.  ;: 0) µ 'T 'Y 1' vtJ::¥f.��OC*9 105 km #�vc:tu1,, , --c :;t - P =J vc�J.,. Lt.::.;fl1*tJ: 

0) "t:', ;: O)�OCVC:Ju\,  ,'"(� l, \,  ,wocO)�re�ffi L '"( \, \ Q. �mrl!l 7° 
µ - 7·vc J: Q illU5E"t:'vi, 

�OC 1 03. 4 km VC:Ju \, , '"(ft:*:mrWOC5. 33 X 1 05cm-3 'a:.'ffi L '"( \,  ' Q .  r��VC:Ju\,  ,'"( vtffl-=f 

WocJt:f!HtiJ• tJ: 9 l!!J8iJ;j; 9 ,  fflrWOCO)��iJ;�tEi"" Q. i""tJ:b tJ�oc*990 km, 122 km 
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Fig. 42. Electron density profile. 
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Fig. 43. Electron density profile. 

vcffi,J\i);mhh, 1f0 110km {ti!f:vcffi*il;ff'.iE L"C \., , 0. :ll*11rWI!tviif0 l. 5 X  lQ5cm- 3 ··c, :@:1* c L --c vi 111$� vi -t" hvt c·· (!) c .i: 'J !L �� L --c 1.., ,  tcr. 1.., ,  i 'J vcttJE � h 0. l:Z/44:to cl: Lfl:Z/45vi, S-210JA-19 %�(l)J:Jt�:to cl: cFf��(l)'mr11Uit: 7° 
i=t - fvc cl: 0. vfE(l)rJWJE*s*�� L --c s 0. ::. (!) i=t Jr v r vcvi@(l):mtt��(l) �'f*J:, •-1-�Uit: 7°P - 7·'(!) 

:7-;.. Lh,,m:tt--c:· � tcr.iJ" ":) tc.. aWJE1tffivi ::. IJ) i=t 1r v r IJ) :J-;.. �ml 7° 
i=t - f�{tffl L ts: IJ) --c:·, :&:* 

(!) F9 mur� ii, G IJ) �llft vi -'t" IJ) i i � --c vi i G tcr. 1.., , ii;, J: Jt � to .1 vcf � � IJ) 1t-+ "!n:t J} :;(ff IJ) It *fiivi7(!(0 l X lQ5cm-3 �l!tc :J:ft�E � ;rLQ. its: 2:. (l)PJr v }, IJ)fl�J:vf�IJ)jfg��:to .l rf  ••�vivt VifMffittJt�--c:·s 0 c tlJE � h 0. 
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Fig. 44. Electron current measurement. 
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Fig. 45. Electron current measurement. 
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�46vt)§tF13itr�J:vfO) S-160JA-l, -2, -3 :to J: tJ S-210JA-6%;tl0)94 km tJTO)ffl:-=fW 

JtO)iWJJt1t:flr��Mvc.ffi Lt-: t O)··e�Q. JA-1, -2%:flO)�-ifvtffl:;jJfi0)1 ::t / f =J  A t , 

CNA (30 MHz �1E0 O)gi:� t vtvif¥ffi���ffiL-C\t ,Q. t-:tittglifl�O)gc�vi, JA-2 

%0)�,fr,J, � tJ: positive bay �ffi L ffl:�IJfivi Es O)f¥tE�ffi L-C \t ,  0 .  JA-3 %�0)� 

,fr,  CNAO)ge,�vi� B 6 �OOJt�iJ. G!l&l/>liJ;M i --::i -c :to IJ ,  tr�J:vf� -0. 2 dB �ntO)i1& 

l/>liJ;� --::i t-:. S-210JA-6 {}�0)�,frvttr�J:vf� B 11�007t�iJ·G CNA O)ge,�vC.:to \t,-C 

il&l/>liJ;ta i --::i -C :to IJ ,  20�007t� i -C:'iwt\t ,-c \t ,f_:.  tr�J:vf� -0. 8 dB c �� l: .i: 5 t!iL� 

�-c:-� 0 cftJE�;rLQ (OGATA and OsE, 1972). 

�47, 48, 49vt, S-160JA-3, S-210JA-5, -6 {};tlO)§e!-J0)�0) 1 ::t / !/ =J A �ffi-t. 

�46vC.vi. JA-5 {};tlO)ffl:-=fW&�tttic LtJ:iJ • --::i  f.::_ iJ;, *f*O) 7
°

P 7 7 1  Jvvi 66 km ""c' 10 2 

� 46 &iFai11trm!!t5t:m 
Fig. 46. Electron density profiles in the daytime 

(Solid and dashed lines indicate the cases 
of ascent and descent respectively) . 
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� 47 1 ;;t- / fl 7 A (197 1 :'tf. 4 fl 30 B ,  1 3ttq,OO%ITB�,JJig) 
Fig. 47. Ground-based vertical sounding ionogram (13 h 00 m, April 30, 1971, Syowa Station) . 

1 2 3 4 5 6 7 8 9 1 0  MHz 

� 48 1 ;;t- / f 7 A (197 1�¥ 9 fl 14 B ,  OOMj52%Wd;flJ}!Jig) 
Fig. 48. Ground-based vert ical sounding ionogram (00 h 52 m, September 14, 1971, Syowa Stat ion). 

1 2 3 4 5 6 7 8 9 1 0  MHz 

· �  49 1 ;;t- / !f 7 A (197 1jf. 1 2l1 3 B ,  1 5Mi'01 %ffB�£:ttg) 
Fig. 49. Ground-based vertical sounding ionogram (15 h 01 m, December 3, 1971, Syowa Stat ion). 

cm-3 , 76km --c l 08 cm-3 , 86 km 'c' 1Q4cm-3 �OC'c'� Q c ftt@ � ;h Q . !J :;t- ./. - _;$r  �ic�vc 

J: Q c 00�43:5}� - 0. 8dB �!iUft- 1, 'J§JJ:: CNA iJ;� ":) kiJ;-l�ffl11itvt.IJLffi c J!tJ:: � ;h, Q . 
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Fig. 50. Electron saturation current measurement 

by Langmuir probe mounted on S-2JOJA-5. 
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!&I 51 S-210JA-6 P Jr 'Y r+::::. J: G Langmuir 

probe vc J: G f@*111tvft:illlJJE*s* 
Fig. 51. Electron saturation current measurement 

by Langmuir probe mounted on S-210JA-6. 

�52, 53, 54, 55, 56, 57, 58vt, S-160JA-4, S-210JA-7""'-12%�0)3eM0)�0)-1 :;t / 

f7 A �ffi't". ?J(vc 30 MHz !J :;t /. - !J  vc J: Qg&l/3(0)7'- !J  fl, S-210JA-12 %�0)�irvt 
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o dB -r::·i»ffl, s-I60JA-4%�17):Wi�vt -1. 2 dB -r::·, :P Lmn --c \,,  � tJqttx:l¥JJ»tJ�tJ:;tk�-r::­

� 9 ,  s-210JA-9 %t-:\i;l7):Wi�vt, -l. 3dB -r::·1J.� tJ:g& !/)(iJ; 3 �rf3,ffbi:\, ,fdf::k � tJ:q&!/)(iJ;�tr 

i 9 ,  4071�Jlffbi:\, ,f-:. JA-10%t,:\i;l7):Wi�vt, -0. 3dB c·frJ� t t .lttx':B'9�il� -r::-� 9 ,  JA-
11%�17):Wiftvt -4. 8 dB C', � 8 04�2071;6� G05H�0071 i c'::k � tJ:q&ll>liJ�� v'.) t_:. JA-8 % 

1 2 3 4 5 6 7 8 9 1 0 MHz : 

� 52 1 :;t / !f 5 A ( 1972ff. 2 )=J 1 1  B ,  1 5U#005f-UB*°�Jlli) 

Fig . .52. Ground-based vertical sounding ionogram (1.5 h 00 m, February 11, 1972, Syow a St ation). 

3 4 5 6 7 8 9 1 0  MHz 

� 53 1 :;t / f 5 A .  ( 19721¥- 4 )=J 1 7 13 ,  02 ffi}450-HB*°£:ttg) 

Fig. 53. Ground-based v ertical sounding ionogr am (02 h 45 m, A pril 17, 1972, Syow a St at ion) .  

7 8 9 10  MHz 

� 54 1 :;t / !/ 5 A ( 1972if. 5 JI 14 B ,  02�1 75trTB*°£:tlli) 

Fig. 51:. Ground-based v ertical sounding ionogram (02 h 17 m, May 11:, 1972, Syow a St ation). 
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to-,. +--ri�+---rhtt'-:-+---.•�w.�:----+irii�71""1H•-;-:+-._:_.-
C/)�������==3�j::t��!:: 

1 2 3 4 5 6 7 8 9 10 1 1  12 13 MHz 

� 55 1 :;t J !/ 7 A ( l 972� 5 J H  6 El , 02�02?tUB;f!J£:im) 
Fig. 55. Ground-based vert ical sounding ionogram (02 h 02 m, May 16, 1972, Syowa Station). 

1 2 3 4 5 6 7 8 9 1 0  MHZ 

� 56 1 :;t J !/ 7 A (1972� 8 }J 7 El ,  04U'/i:487tl3Y3;f!J£:lfil) 
Fig. 56. Ground-based vert ical sounding ionogram (04 h 48 m, August 7, 1972, Syowa Station) . 

1 2 3 4 5 6 7 8 9 

� 57 1 :;t ; !/ =J A (1972� 8 YJ 11 El ,  04l}/j:Ol ?tUi3;f!J£i'il!) 
Fig. 57. Ground-based vertical sounding ionogram (04 h OJ m, August 11, 1972, Syowa Station). 

27 

�O)�{H;t - 2. 6 dB --c-, � El01�50]t� J: IJ !¥kl&i7�7( � < t� I) ,  ffl��tb L --C 1, , � :l*:�i7� 

L�'! G < m" ,t::_. JA-7 %��i - l .  5 dB --c-.It�l¥J3¥ffi--C' � "=' t-=. i7�. OO�OO'lt�i7� G !¥kl&i7�ffl. 
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J� .58 1 :,J-- / f 7 A ( l 9724-12J=J 1 4 8 ,  00�305;-Hjgfp�t-f!!) 

Fig. 58. Ground-b ased vert ical sounding ionogram (00 h 30 m, December 14, 1972, Syowa Station) . 

b;nf-:_ (I soZAKI and MIYAZAKI , 1 973) . 

� --c , &tlHjO)ffil2?x�K. l -?  --C9BM � hk S-210JA-6 %1U:: A,@JO)l2%t-�� Jt � i" G 

c ,  JA-6%,t,;i0)1fil;, f�JOC 88 km tJl:vC io \, ,  --C *1:1 2 {-g-O)WJ!t�ffi L --C 1, ,  o .  ;: hv:t JA-

12%.viijfffl�vCfl'bJ::vf G nt-=. t 0) ""c-� vJ ,  JA-6 %•vx �� r- J: .  5 !LO)�fl'b.J::vf G n  

t-=. ;: c vc J: o t 0) ""c-� o .  i t-=. T��vctcn , --c �l!t75 km ii �  G90 km O)fglfflO) DµJ:tgx t Wl!t 

n;t�1Jn L --c 1, , 0 . S-l60JA-3%:tm0)�{rv:t?@.il!t80 km 1tili: -c � G vcWI!tn�� < ti?JlU � h --c 1, ,  

Q, 

S�l��7%·0)�{rn 8 0) lli��O)�M�� 9 ,  � -? L fflrWI!t���-�i" 0 fflM� 

c L --cx���JHJR, x� XfJR, :to J: O({'i1ffflfirrvc J: 0 frlu:1f� �li:vcAh 0 �,JJil;� 0 .  

15z:FFttt· - P :1 llim�0)7
°
P 7 7' 1 ;v O)J:l:Jt:�fi 5 c ,  -t- 0)  t: J: 5 'isLO)j(� � vcvS:Jf.JtiU L 

--C fflrW!!til;�* L --c 1, ,  o O) il;fU 0 .  %vc�]!t75 km ii� G 1 1 0  km O)fFl9 0) D, E µJiw::XO)fflr · 

Wl!tv:t r, J: 5 !L c O) ;J{l'*ln��p'svc� 1, , ;:  c il�fu 0 .  t t-:, s-210JA-7 , -8, -IO%tm0)�ir, 

'i:MJID µJi:lg\,:vc:to \, ,tWI!t���;J;�Nt:-t Q O) il;§F.lf* vcmbn L \, ' G  ii;, t. nviwJK .. t ]fil�t-=. 

J: 5 vc'ffi:�!fO)IM#vc�{t:n�� o k© c ,�,bh o .  t. O))W:lzsl c L --C auroral zone disturbance 

vc:tovt 0 * - p :1 f.flrv::=. J: o Tt'!W�M�O) ffl11Jfta;�*- G h o  (KAMrYAMA , 1 967 ; REEs, 

1964) . i t-:.fflrfflVTE 7
°
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Fig. 59. Electron current measurements in the 

lower region; 
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Fig. 60. Electron current measurements in the 
lower region. 
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1 2 3 4 5 ,  6 7 8 9 10 11  )2 13 ,M�: 

� 61 1 ::t / !f =J .t.. ( 1973:q'- 2 J=J 15 B ,  02�455}-tlHf!J�:f.:t!!) 
Fig. 61. Ground-�ased vertical sounding ionogram (02 h 45 m, February 15; 1973, Syowa Station) . 
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JI 1.: J: 5 !Lil; JA-7 O)�i; J: � * � \, <. c v:=.�[zsl1. ,, -C \, ,  � .  -tt.i:b�:f:tg���ibil;, JA-16 O)��. -300 r, JA-7 O)�i;. - 200 r ··ca, �, -1 :t- / !/ 7 A vi JA-7 0) � if radi o  blackout -e2D "=> t. ::. il;, JA-16 O)�i;vi Es /1 0) 5j\,  ,jzJt,tiJqftE L -C \, ,f.::.. 

1 2 3 4 5 6 7 8 . g  10 MHz 

ffi{] 62 1 * / !f =J A (1973� 4 fl 23 B ,  02r�s75}f!Bfo£:t-ig) 
Fig. 62. Ground-based vert ical sounding ionogram (02 h 57 m, April 23, 1973, Syowa Stat ion) .  

1 2 3 4 5 6 7 8 9 10  MHz 

� 63 1 ;;t / !f 7 A (1973� 7 Y:f 15 8 ,  22rl'!j= l55}llBfo£:!:tg) 
Fig. 63. Ground-based vertical sounding ionogram (22 h 15 m, July 15, 1973, Syowa Station).  

1 2 3 4 .  5 6 7 1 0  MHz 

� 64 1' ;;t / !f 7 A (1973� 8 Jl 23 8 ,  03%:S05}1JBfo£:!:-tg) 
Fig. 64. Ground-based vertical sounding ionogram (03 h 50 m, August 23, 1973, Syowa Station). 



No. 53 . 1975] 3 1  

JA-l8%�J::��vc ;t-o1.., 'L  �:t. �fl�80 km ITTi�, r��VC:fo\.,  ' L  �:t.75 km ITTi1fvc;t-o1..,  ' L  

11-=fWfl<l)l!!].7,i.iJ;::(ftE-:t 0 .:::.  c ,  JA-19%�VC :fo\.,  ,--cJ::��. r���vc �[l�90 km vc :t-o 
1.., ,--cW1:lAJre<7)�1t�lf--tmHtiJ;1ftE-t 0 .:::. c �:t. filivcJZti-"'t-::flfflHJ! <7)�1b c '*1JI L --c 1.., ,  0 
iJ, t �hts:_ 1.., ,. 

S-210JA �H:t�M-:t 0 c 7
° v -t 'Y '/ 3 '/ iJ�* � < ts:. IJ ,  i:i 'T 'Y r �<7):1JfAJiJ�*l/livc�ib-:t 

0 <7) -C', ��iJ�;ffii'ilffivc� < ts:. Q .:::. c iJ�t5 0 <7) -C', 11-=fWiliU�vc..'*1 L --c �:t i:i 'T 'Y r <7) wake 

<7)�*��;{. Q �\�iJ�t5 Q .  
m:ffiHB��!l!Hc:r-o1.., ,--cJW(VJ<l)ffi 1 :trn<l) 3 7J �Himi -c'c5 ".) t-: p 1r 'Y Hi,m���:t. ••11 t: 

.i: 5 !L :to J:: rY:t1!H�� t: .i: � !L <7) � � <7) Il it 1.., , vc '*1 L --c,  i- - t:2 7 :ffl,� <7) M 00 vc :x-1-:t 0 � < <7) 
Jff!-��0 .:::. c iJ� t±BtEt-:. .  

�•<7)•� 2: L--c , P 'T -y r <l) f- !7 � J:: 1J ��Kfifi-:t 0 k�K. �J::<l)&m�•� J:: 
IJ JE�-:t 0 .:::. c iJ��'�"c't5 0 .  i"" - t:2 7 <7)::Yf;�&iu, � i"" ;1- - !7 ,  :tti!���<l) 2 :L=t!!,�!;.J.J::<7) 
il'!illlJ, r�ttff�flmtJl&iU�<l)filt'.fi:, c < vc rffBfl.Jl&illU:t-o J:: rY JHi � <7) & illU -C' �:t radio 

blackout <l);jtfL�<l)&?JlU t )ff�-C'25 Q .  '£ t-:: P 'T -y r t  J:: IJ *�<J) t <7) �  ffii': L --C � � vc � 
�[l<l)ffi;tg!Zvc:t-o1.., , --c AM"filr, fl�iEl�<l)i!=!?JlU�fi 5 .:::. c t m:�-c,25 0 .  

ati 8$ 

.::. <7) p 1r 'Y r vc 1 Q ••11mrWfl<l)81Jtu:r-o 1 rY7iJF:te�:t�.ll.:ffi:tti!7iJF:tem<l) 7° 

p. � ;r. � r <7) 
-"':> c L --C ts:. � ht-: t <7) 1:5'25 0 .  

m:ffiHB��:tti!VC :fo\., ' L  �:t ts:. �:t ti !E.ts:.�flj:<7) t C 'c' p 'T 'Y r ���fi\., ', nlt��vc&tJtU� 
� ,h t-::ffiI2-l4?x���<l)jJ � vc,t., J:: IJ �ffl<l)i':�� L '! -:t. 

P. 'T -y r :ffi:1fx:ffi 11.JliU��fl 00£11��5:t�tf:vc J:: -::> "t!.%\!1'F � :ht-:: t <l) -c't5 0 .  

3t � 
mr1tWF�FJr ( 1973) : 1972if. 8 J:I O)::;t:�it!!3*rai t: .1: '5 !Lm.�. mrltWF�FJr��. 19, 245-390. 
HIRASAWA, T., T. NAGATA, S. KAWAGUCHI and K. H1RA0 ( 1970) : Rocket observations of electron 

density of the daytime ionosphere at Syowa Station, Antarctica. Rep. Ionos. Space Res. Japan, 
24, 237-243. 

IsozAKI, S. and S. MIYAZAKI ( 1973) : Riometer records of 30 MHz cosmic noise at Syowa Station, 
Antarctica in 1972. JARE Data Reports, 20 (Ionosphere) , 1-76. 

KAMIYAMA, H. ( 1967) : The e]ectron density distribution in the lower ionosphere produced through 
impact ionization by precipitating electrons and through photoionization by the associated 



32 

bremsstrahlung X-rays. J. Geomag. Geoelectr., 19, 27-47. 

J I I  O Jl �  • SftR�� • #rJf!sL= • p!E$:1: • ��J I I  )iJ-y • s�slf* ( 1 97 1 ) : 5it 1 1  ?Ki¥:fffi:ttl!�W!mlJ� µ 'T 

';/ H mF9$1H� . 1Wffi�f1L 40, 74-107. 

'8� -a ( 1910) : �*��rrcl, 7· ::, ;( " 0) 7· p - 7··1l1J'.xE. aRro45if'.ffl":�RY'¥:��if*� './ / ;t; :/ 1/ A ,  1970 

if'. 4 Jj . 

'8� rf. • ::kifftrT.� ( 1 97 1 ) : WJffi µ 'T ';I r v:::. J: G ffi":.JiW!mlJHffifl . -��M�rJrzlt;:ilil . 17, 287-291 .  

l,l� sllii • ,J,J I IR!ti� • ::k�JUE� • 'g� & ( 1972) : !W�l µ 'T ';I J, f:_ J: G ffitgx;'l't 1�ff: /fO)�"l-r'i�;JJ£ :frifpo) 

W!mu. *�*1¥:�*1IDt�M�m. �*W!mu './ / ;t; :/ 1/ A ,  aB:t047if'.oc. 183-1 86. 

-��l:ttl!�ti,iJ!IJ�ir:Jt.�*im ( 1 972) : V µ 'T ,'! J, ffilP'9ffi'f!=i·. B *ffitttli!J.!!xfflifflJ� 12 ?k I* ¥Ii flr ( 1970-

1972), 1 37- 168. 

f:fj;fi,j:f:tl!�fj,i}l1Ji%Jcii'Hf:�*fm ( 1 973) : VII µ 'T ';I r fmF f1¥R1:1:i· . B *j$j,j1f..fi.tli!:l!i:ttJliP.IJ!*� 13 Yk!*fli?!r ( 197 1-

1973) ,  1 27-1 50. 

OGATA, T. and M. OsE ( 1 972) : Riometer records of 30 MHz cosmic noise at Syowa Station, Ant­

arctica in 197 1 . JARE Data Reports, 18 ( Ionosphere) , 1-62. 

PEDERSEN, A. ( 1966) : D-region ion densities measured in the auroral zone with rocket probes. 

Proceedings of NATO advanced study institute held at Finse, Norway, April 1965, Electron 

density profiles in ionosphere and exosphere, ed. by J. FRIHAGEN, North-Holland Publishing Co., 

Amsterdam, 3 1-34 . 

REES, M. H. ( 1 964) : Ionization in the earth's atmosphere by aurorally associated bremsstrahlung 

X-rays. Planet. Space Sci., 12, 1093-1 108. 

RosE, G. and H. U. WIDDEL ( 1972) : Results of concentration and mobility measurements for 

positively and negatively charged particles taken between 85 and 22 km in sounding rocket ex­

periments. Radio Sci., 7, 81-87. 

( 197 5if'. 4 J=j 4 B �rm.) 


