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Rocket Observations of Electron Density and Temperature 

Profiles in the Auroral Ionosphere 

Tadahiko OGAWA*, Hirotaka MORI':' and Shigeru MIYAZAKI* 

Abstract: Six profiles of electron density and temperature under quiet 
daytime and disturbed nighttime ionospheric conditions were observed by the 
sounding rockets launched in 1976 from Syowa Station. It is found that the 
daytime electron density profiles have a solar zenith angle dependence and that 
the nighttime ones are dependent on auroral activity levels. Enhancement of 
the electron density amounting to 2-5X 105/cm3 was observed in the £-region 
when a rocket penetrated aurora. The electron temperature in the £-region 
was within 500-900 K, increasing with altitude, whereas that in the nighttime 
was within 700-1000 K, decreasing with altitude. The latter fact may indicate 
that heat source exists around 100 km in altitude during distrubed condition. 
Some discussions are made on the twenty-two electron density profiles obtained 
during 1970-1976 to summarize the characteristic feature of the auroral 
ionosphere. Finally, the empirical formulae are deduced to infer the nighttime 
electron density during a large substorm from the 30 MHz cosmic noise 
absorption and geomagnetic disturbance levels. 
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Fig. 1. Time sequence of DC voltage applied to electron current probe 
(EP) and Langmuir probe (LP). The maximum input-current 
to the probe designed is 1 X 1 0-4 A for EP and 2X 1 0-5 A (/ow­
sensitivity) and 4X 1 0-6 A (high-sensitivity) for LP. 

� 1 � 17 ?x� (1976) i:i 1r 'Y 1- ifli1!U�5c 
Table. 1 List of sounding rockets at Syowa Station (JARE-17, 1976) 

Maximum Ionospheric condition 
Launching time xli Rocket altitude (45° EMT) (km) CNA* JH** 

(dB) (r) Ionogram 
Remark (deg.) 

S-310JA- 1 12: 45, Feb. 13 216 
S-210JA-20 02: 40, June 25 118 

-21 03: 23, July 26 116 
-22 02:20, Jan. 26 119 
-23 07:31, Sep. 13 121 
-24 02:54, Aug. 17 118 
-25 03:01, Sep. 1 125 

* CNA: 30 MHz cosmic noise absorption 
** t1H : Horizontal geomagnetic disturbance 

:11 x : Solar zenith angle 

0.2 0 quiet daytime 55 
0. 3 -150 Es in aurora -
0.2 - 20 E s in aurora -

quiet weak Es daytime 87 
quiet weak Es daytime 86 

0.4 -180 Es near aurora -
quiet Es near aurora -
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Fig. 2. Daytime electron density, temperature and space potential profiles 
observed by Langmuir probe aboard S-310JA-1. 
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Fig. 3. Daytime electron density, temperature and space potential profiles observed by 
Langmuir probe (LP) and electron current probe (EP) aboard S-210JA-22. 
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Fig. 5. Nighttime electron density and temperature profiles during disturbed 
condition observed by S-210JA-20 (CNA=0.3 dB and 11H =-150 
r) and S-210JA-21 (CNA=0.2dB and f1H=-20r) . 

130 

120 

110 

0o O 0 .. 
120 

110 

] 100 400 600 800 1000 
Electron Temperature ( K) 

Cl, 
-0 

::, 90 

80 

70 -EP 

.. LP (Ascent) 

105 

S-210JA-25 

0301 LT 
Sept. 1, 1976 

130 

120 

110 

100 

90 

80 

70 

60�
2
�__L...,�.-1-J.....1..J....J...l,..L...,,...�L--...L-........... �U-1--:---'-----'--'-..._._ .............. ---;:-

5
----'60 

10 103 10
4 

10 

Electron Density (cm-3) 

[g] 6 S-210JA-25 -e:·i'J!UJE �;ht-.:i?zil'c!iO)�-=fW!!t c m\.J!tO) 7' P 7 -r 11v 
Fig. 6. Nighttime electron density and temperature profiles observed 

by S-210JA-25. 



keV 1itr 7 '7 'Y !1 7-. 0) l:J1- c x;fJ;t, L --C 1.t ,t::.tJ� .  A,O) c .:: 6  fi!u�O) lzs!*Mi*vi §/j GiJ• c'tJ: 

1., , . T�ffifO) 100-115 km vcJ! G tL o  Ne O) ifgxj,' vi P r  'Y r O)��O)�--c- � 0 .  Vs vi 

1.5 ±0.2 V c' � 0 t::.tJ;, ffjztt-t" o ftl?.O) S-210 � p 7 'Y HC"".)I., ,'"(  t .::  O)f@)C:ilriJ• 0 t::. .  

� 4 vi  S-210JA-23 O);f,a*c', E fi�c· Ne
= 5 x 104/cm3

, Te vi  100 km c' 800 K, 

120 km -c- 900 K -c· � 0 t::. . 

3. 2. �r�i 0) l: � ? !LH�O) 7° D 7 7 ,( JI., 

� 5 K. S-210JA-20 c -21 O)ffia*��--;-. JA-20 vi discrete i}tO),  JA-21 vi diffuse i/t 

O) :;;t- - P '7 q:t�1fHr Lf::.O)c', E lie' Ne O)�;fJotJ� J! G h o .  'i t::. t. .i:  '.5 !Llt vi JA-20 

(.dH = - 150 r, CNA=0.3 dB) O)jjtJ; JA-21 (.dH = - 20 r, CNA =0.2 dB) J: 1? t i§67J• 

0 f::. 0) c' Ne O)�:::kfrnf. t :::k � < tee 0 --C I., '  0. fi!u�vcfqjffifvCtfi:tt 2- ht::.r§J= * iv �· -�T 7 

7 'Y !1 7-.  (ESH) C Ne 7
°

P 7 7 1  lv c O)x;j-J:t-Mf*vc"".) l., ,'"( vi, A,;f&�« 0 �\�7J�� 0 .  

Te vir§Jlt c #vci]gxj;-fl;]f r��7:K L --C :J:o 1? ,  100 km c· 1000 K, 120 km c· 800-900 K c·� 

S-210JA-25 O);f,a*� � 6 vc;;:K--;-. P r  ,y r JefilffifvC :;;J- - P '7 vi fftE Lt::.tJ; ,  .dH c 

CNA vi�ffl v "" 1v vc � 0 t::. .  p r  'Y r vi :t- - p :J O)�t{J{U��rr Lt::.O) c·, � 5 vcJ! G tL  

t::. E !ic'O) Ne O):t�;fJIHifmtJlU 2- htceiJ• 0 f::. .  Te vii§6lt c #vci)gxj;- L, 110 km -c- 800 K, 

125 km -c- 600-700 K c· � 0 t::. . .::. 0) mHi JA-20 c -21 0) M* vcJ:�« --c {Lt 1., ,. 1., ,  f tL vc 

L --C t  �isiO) Te vi r�lt c #vc:t�;fJl:J't" 0 iJ;, 15lisi0) t. .i: 5 !Lffifvi�O)f!i�b;J! G h 0 .  15l 

isiO) t. .i:  5 !LffifvC vi 100 km fti'f vc��7J�ittE-t"o t O) c fltJ!U 2- h 0 .  

S-210JA-24 vi -it- f 7-. r - A ffif O)  JS file'� 0 t::.tJ�. fAI G tJ. 0) �Jl� vc J: 0 --C Ne c Te 

O)tJ!U5Evi -c- � tt- n· 0 t::. . 

4. 1 970-1976 :q::O)�mU*a* c �� 

� 7 v i  1976 i:pc� G nt::. p r  'Y 1- l:J1-ffif0) Wit 7
° 

p 7 7 1 1v �  'i c 6bt::. t 0) -c-� 0 .  

J@lisi 0) 7
° 

P 7 y ,1' iv vi CNA c .dH c'J! 0 �l 1? ,  �fflffifO) <b 0) -C  � 0 b\ *�:XffiftJ 

(x) {:&ffn;J! G h o .  15lisiO) t. .i: 5 !Lffif0) Ne vi CNA c .dH tJ�:::k � t., , �f c·' �;fJo L --C t., ,  

0 . S-210JA-20 c -21 vi:t- - P 7 i::p�, JA-25 vi:t- - P 7 0) j}{J{U��rr Lf::. O) c' E Ji 

(J) Ne vilru�O)��vc:::k � < ft- 0 --C 1.t , 0 .  -t"tt-b'tJ,  :t- - P '7 �1f; G -t"�r1itrvifqjffifvc 

E Ji�11t- L Ne ��;fJQ � --1:t o .  i t::.  �iboctJ;�1., , }f c· 100 km J:JrO) Ne <b �;!JU L --C 



22 ,N I L'�,!¥ · �  5.L Jlzk O '8 M'tt rt 

,o2 103 ,o4 

130 
T 1me(45°EMT) C NA l1 H  No Rocket 1 9 76 (dB) (Y) 

120 1 S - 310JA- 1 1 2 45,  Feb 1 3  0 2  0 2 
2. 5- 21 OJA- 2 2  0 2  20 , Jan 26 quiet \ 

1 1 0 3 - 20 02 40, June 25 0 3  - 150 Z=8 ?0) 
4. - 2 1  03. 23 ,  July 26 0 2  - 20 // 

E 
I 

5. - 25 03 01 , Sept. 1 quiet I � I 

--; 100 6. - 23 07 3 1 ,  Sept 1 3  quiet I 

"O CNA. 30 MHz Cosmic Noise AbsorpJ1on , ,-' 
l1H : Horizontal Magnetic D1sturbance1,, ,, 

;::; 9 0  / 

<{ / ____ _, 
/ 

80 , _ _ 
4 

70 5 
3 Syowa Stat i o n  

10 3 104 

Electron Dens, ty (cm-3 ) 

105 

1 1  
1 5 

Day 
N i ght  

, as 

1 3 0  

1 20 

1 1 0 

100 

90 

80  

70 

106 

� 7 1976 1:j::-v;::ntU'.IE�:h k p Jr 'Y 1- 1::��0)�-f-Wfl'.t f J:l 7 7 1 1v 
Fig .  7. Summary of electron density profiles during rocket ascent observed in 1976. 
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