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Rocket Observations of Electron Density and Temperature

Profiles in the Auroral Ionosphere

Tadahiko Ocawa*, Hirotaka Mori* and Shigeru MivAzaki*

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 10%/cm® was observed in the E-region
when a rocket penetrated aurora. The electron temperature in the E-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.

BE: 1976 Fic THO v 7 o F2SRERZEMS S BE Sh, BEEOFHRR &R
DA—r SHEROETFEELETFREDEE 7 r 7 » A A2GHA I, BEOD
BFEET v 7 > M VIZKBREACKEL W —HREDBEFEE L EHERE
L 5ElERBMIHEEL, ryry b F—rSHEEFEELEBT E BB
—5)X105/cm3 =& L. E AmoEMOETFRE LS L% 100km T 500K,
120km T 900K, ®E DU » 3 EEiER T L 1000K & 700K TH 7z #
FEoERL, +—rsHBERRC 100km FEMICEBESFEL TW5I L 2R
LTV 5.

1970-1976 £z b =B OBRFEE T v 7 » A VR BA LT, REA]OKES
Y7 A b — sl EcEElXh b CNA (30 MHz cosmic noise absorption) &
AH (GOESKERDEBHE) Ofirs, HE 90km & 105km OBEFEE L
TET HIERA B .
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Ur 5 LD B BRI RAE D 0 CHE =2 A F R FIC L » THRICTHE
HERE 2500 < Mt X s (REEs, 1963; Kamivama, 1966). ZD#5R, HTHESL EB LI
NAEFHIPWINT S, W ETEAA, 721 E BOo==2 =B L, FHEFEND
mes Y (cosmic noise absorption: CNA) <2 Ml SRR S O AL (dH) IS
L. ZOLOGERET - 2T 0 EBAKH TR Z - TV 2558502 E ST HER]
THZ LB T, LIehi- T, =y oy NS 2EENEE, BHEEORT 2 EERN
IR 2 te D MBI FETHS.

1970-1973 4Eic% < D vy b AIRFIIEHA B TS S, HERET TORTFHEET =7
+ 4 & (HIRASAWA et al., 1970; Mivazaki, 1974, 1975) <R FET & A — = 7 DR
(NAGATA et al., 1975), SDIZ A —r FHIC 5 BTEEO TNRAE (OGAwA et
al., 1975,1976) 7\FFge X hte. 1976 481w & o, FEMMAEHINT, HEC6HOERT
HBET =7 1B h, BEEEOU » 56LE LB FEEOBRILOVWTHLBEE
BMER DTS Ie 5 fc. & 2 Tl 1976 Fin il S ek R A 4% & Hiz, 1970-
1976 EFOBEFHET » 7 7 A A% B & RENC 20 ORT. ZEO LzonwTix,
Loz CNA Ho vk A Vv b r oy BTl SR cE T HIEOBRIfHRiIzD
WTHGRTT 5.

28| w' ®

WEMTr =7, LCHER 3mm £& 200mm OAF v VARKEH L. Fr—7
DHENETEEFEE - BELX L2 EMCNET DD, Fre—F 3 ETH I A
Wi Uadd T EZETIIERMA RN 7 5 2% B 5 302 B L7 (Ovama and Hirao, 1976).
Loy, MEH AU T e — 72 2 RKTOBHL, | AIBHFDOS v/ Io7 7R
=7 (LP &MH) & LTRAVWETEE - REXRDS. Mo 1Ky 6V OBEREE
ZEIIL, e =7 A GE TRy EkillEd 2 (B FER 7 » — 7 EP LWEFR).
CCTHHAZRILER A2 -0 LTI, ZOBRTFRIET »— 7 ABOEFEEIC
O3 250T, LP lilEslifEb bl l - CHlif LEBETEEDOELE TR Y » (1L
HRDDHZENTES.
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LP e — 72 4#HE 04V O=ZMEEEY HIIML, v 27327 7—7fFErLE
FEELEEZRDD. RO IWEL 25V OEEEEZHML, EFEEOTHARS
ZEET S (Ffl, 1979). FEBORER2HECERE L BRECT Hz, AER
L 32 B BICIER 1T » e,

Input Current (A)
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[ 10°9-10"%
S o
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§ 4
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E 25 ( weep Mode
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1 EF8EHR7Te~—7EF) L5v73.77r~7 (LP) ~OHIME
EDEA Ly~ VA, Fr—T~OEEHRAEBIL EP ©XfL T
104 A, LP 1o LT 2X107%A (ERERE) & 4X1070 A (BERKEE)
Thb.
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 1X10~* A for EP and 2X 1075 A (low-
sensitivity) and 4X1078% A (high-sensitivity) for LP.
1 HE1TKREK (1976) =7 » FMRERAFET
Table. 1 List of sounding rockets at Syowa Station (JARE-17, 1976)
) Launching time M?xinzjum Tonospheric condition ) "
Rocket altitude " Remar
(45° EMT) CNA* AH** (deg.)
(km) (dB) (7,) Ionogram
S-310JA- 1| 12:45, Feb. 13 216 0.2 0 quiet daytime 55
S-210JA-20 | 02:40, June 25 118 0.3 —150 E; in aurora —
21| 03:23, July 26 116 0.2 —20 E; in aurora —
=22 | 02:20, Jan. 26 119 quiet weak E; | daytime 87
23| 07:31, Sep. 13 121 quiet weak E; | daytime 86
24| 02:54, Aug. 17 118 0.4 —180 E; near aurora —
-25| 03:01, Sep. 1 125 quiet E; near aurora —

ES

CNA: 30 MHz cosmic noise absorption
A4H : Horizontal geomagnetic disturbance
# y : Solar zenith angle

sk
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21 S-310JA-1 OFERZPRT. Oz LP B0 THEMOIES D&
ey hOAY YD MBI 540 THS. ETHEE N2 110km Ll T (8—10)
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ik 100 km LL ET S-310JA-2 OB FREMNEMERESBLE—HK LTS, AX—-2AR
Fvve b Ve 35 1-1.5V Thotedy, HEHIESRD PWL DX R=—LT VT
FIZ A3V BEIMERAE Ve X3V ZEmMLTwd. SRk sy b OEMARAL
12D THD. .

S-210JA-22 DR % X 3 1wRT. E o N, i3 2x10¢/ecm® < T, 13 100km <
500K, 120km T 800K THo7z. 7Skm 58D Ne D5 BZULAE D XD 60-80
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=140 -
<y o “ex  S-310JA-1 i
[ -eq,
120 ¥ X 1245LT -1120
S i | 5 Feb.13,1976 A
i o ce Azimuth 315° 100
100F XX X x -
00 N ° Se | %/l'/l —j
B [E U | [ 1
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800 A é ! :'; L1 Electron 1‘04 A 1'05
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2 S310JA-1 5 v 73 .77 r—7 CHEINICEBOBTHE - I}
e AR—ART vy LT R T 40
Fig. 2. Daytime electron density, temperature and space potential profiles
observed by Langmuir probe aboard S-310JA4-1.
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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. 4. Daytime electron density and temperature profiles observed by S-210JA4-23.
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Fig. 5. Nighttime electron density and temperature profiles during disturbed
condition observed by S-210JA-20 (CNA=0.3dB and 4H=—150
7) and S§-210J4-21 (CNA=0.2dB and dH=—-207).
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Fig. 6. Nighttime electron density and temperature profiles observed
by S-210JA-25.
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keV BF7 5,720 EREMELTWIER, $0&2AHEDHREBEFRILESI T
V. FREE:D 100-115km RSN 5 Ne DI eyr o FORBOFEETHD. Vi IX
1.5£02V Thoteny, HikT 5o S-210 Bl e i, FIZDWTH I DEICH D - 7.

413 S-210JA-23 0iEHRE T, E KT N.=5x10¢cm3, T, ¥ 100km < 800K,
120km < 900K TH- 7.

3.2. FEOL «£SEBEOTOT7 AL

X 51 S-210JA-20 & -21 oiERE %2R 3. JA-20 13 discrete Jrod, JA-21 1% diffuse
DA—r SHEERITLICDOT, EBT N OMMARShS. T Ur 5FLEIR JA-20
(dH=—-1507, CNA=0.3dB) oJ»' JA-21 (4H=—-20y, CNA=0.2dB) X b &>
ST DT Ne DBAMOKE < 5> To b, T ABICHE S W= 31 % —BF 7
59 7% (ESH) & Ne 7r7 A A EDOFEBERICOWTIE, SEANDLEN D S.
T, 135 L T APEAZR LTk Y, 100km T 1000K, 120 km T 800-900 K <%
o

S-210JA-25 DfERZ K6 IRT. my o PREEC -2 S I HEELKLY, 4H &
CNA IRV HoT. vy oy MIF—r JOJAIRERITLIOT, KSIKABK
72 E BTD N, OIMIBEBIhisd ot T 1XEmELRc)g4 L, 110km < 800K,
125km T 600-700 K TH-7. ZOfEIX JA-20 & -21 DFFERICHTEV. WIihiz
LCHEMD Te (LS & RITHEMT 55, KED U iR oA s Abh S, &’
o U x5 ELERZIx 100 km T ICBRAFET B O LRI h 5.

S-210JA-24 (3% 7 A+ —ABED BHTH o1y, LD REFIIST Ne & Te
DRPEIXTE Igh -,

4. 1970-1976 FEDBFRIFER & LK

7T 1976 Fiefgbohic vy oy b ERIFO BET R 7 ; (A2 F LD TH .
BED 7r7 » 44k CNA & JH THBE YD, HEHKOL0TH % H, KBXEMA
) ERELRS. WO U r 5ELEED N1z CNA L 4H gk &L HmL T
%. S-210JA-20 & -21 i3+ —r Sk, JA25 13+ —= 50 Ml RIT LD T E B
D Ne ZRIBEOHEICKEL Lo TD. Tiabb, A—r 32XSTHTEF XA
EBEBHEL N 2HWNSE5. Ik ERESAKH Y 100km TFo N bighnL T
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Fig. 7. Summary of electron density profiles during rocket ascent obseived in 1976.
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Fig. 8. Daytime electron density profiles during rocket ascent observed during 1970-

1976. For comparison the averaged midlatitude profile for 60°<y<80° in
the low solar activity is shown by the chainline (MAEDA, 1970).
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WBD, THIEETETO=RAF - A7 PAREL LY, B3 AF¥—BTHNTIHE
MRS BAT DD, BB X AR IhbZ L2 RLTWEEELBA
5.

X 811 1970-1976 FEIZiE LN BRDOr 7 v F FREKDO T e 7 s A A ZEDICLDTH
% (HIRASAWA et al., 1970; Mivazaki, 1974). x 2% 54°<y<64° & 84°<yx<92° /i3l
TRLTHDH, KD FHAE LT ERAAHE BT CNA & 4H pBREWRE
Ne $HEIMLTw5. Fih, KAo—Safis REBEEIE DS [\ o Fig EE O FE O F
B 7 r 7 > AL THDH (MAEDA, 1970), BIS 2 90km LU TFIZEBWTRERIEKD Ne 1%
mW S, REXBEEEARRETHS TH, FCHEE, bR R A ¥ — R TR
LTWBZ R RLTWS. $5\VIBERFEOILFERIGCEET Ne HE > T05HD
2 Livigys (Konpo and Ocawa, 1976).

KO ZRHEOEMD 7 v 7 » A A EDHIH DT (Mivazakl, 1974), CNA & 4H
DREITIGE LTI DD /A= FEHTTCRLTHS. 100km LT Tz hbDfERRK
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Fig. 9. Nighttime electron density profiles during rocket ascent observed during
1971-1976.
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Fig. 10. Relation between AH and 30 MHz CNA levels observed at Syowa
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from Figs. 8 and 9. The straight line represents 10g10Ne=0.27x
+4.35, x being the abscissa.
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Nk —r SHhEYEB LSS (S-210JA-18, 20 & -21), N, iz kXLt ->TW5.
Mivazaki (1975) (3 1971-1973 5£D 7 = 7 » 4 b, Ne DERRIEL D D ED R AME
BIOEDEEEL CNA L OBIGRY FhT EBRFL T\, 2 2 Tl 1970-1976 4D
Fae7 AP WT, CNA har\\wk dH OfE»HEhFh D BHH WL EBD N
PHMTHE L A4 D. KB ERKIDKRLETFTHD ayr o, FEREED CNA & JH
DRt Z 10 IZ/RT. b7 L EHETIE CNA>1dB A5k 4H<—2007
X LT, MEBIIL —y=105x+174() OBFEMA K IZ->Twb., = 2k y=4HLO,
x=CNA fi (dB) TH#%. 4H 13 E BxihsBHoOkEIOAXEE5E%X%. CNA i
13 Ne CEERBEROBEOBIPBETHBA, ThHRKEWEIE D BD N BAkEWE
Erbhn., Likhio TRKERY7A - aRCEENRVBERCHL Z L1, BTET
DERAF =AY P AL T, DB THOREHLI B IDOTHEEELLRS.
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Fig. 12. Electron density at 105 km versus AH compiled from Figs. 8
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4.74, y being the abscissa.
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T x>1dB » & % logyy N.(90 km) =0.27x+4.35 +E¥ 3. Tribb, CNA (3
DETHHCEDDHOTRERY 7 A P — 2BFL, 90km O Ne 232 DS Ik &
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THotc. BENTEEE LML, ®REEEAT2 @\@2BRS e, "2 100 km
W BFEPFILEL T WA S ERRE LD, Chixd—r 32 XLTHETETO= 2L
F =2, TOMEDOHETRIDELIIEHEINITDTHLLEELZONRS.

4) 19701976 @M I NI FE T v 7 > A A5, BEEIKBRIEBEGENA SR,
MU x SFEUENAREITE Ne T2 2 MM L. WENZOWTR U & 5 FLE
MREVIZE Ne IEMT 22 LWL THA.

) REDF—smb, HETHRMEINS CNA 52\ 4H {fins 90km % 24
2 105km o N, % HEET2RBA L RDdlIc. K&y 72— alf (CNA>1dB »7%
Wit AH<—=2007) 1Tit, SO Ne BRI LHETELILDLEEZBRD.
FI8KRKE 19 RBETH Ne & Te DBPNFE_RIND DT, &= THELCHEL D
T 70-200 km FEEROHEE LEE 7 = 7 > 1 A0 HIEH S h, BRIKEHEOET SR
DIFFREIL S L D EHIFF IS,



No. 65. 1979) w4 o 'EHBITELNBRERBOEFEE - BE 07 110 27

5t 5
BILWREOHRT vy PERORIIC I N S hic FHEEZ L LD ETHH 1T
BERBARBLEO Ry » P EREDOEMICESIEH LET. TR 2 55HP~
F b5 KRR L TR W E BT SERT ORI ER L, 1A T AL
A E=DF = ZuRREL TR WCBEFATMORNBEREERABTCEH LS. »
A LHE Y » = 73 HEKFFHEMER O TR AE L VRESHILDTHD.
Ry oy b ERIIENEBPIZRTIC X - THEI R,

X oY

Hirasawa, T., Nacarta, T., KawacucHl, S. and Hirao, K. (1970): Rocket observations of
electron density of the daytime ionosphere at Syowa Station, Antarctica. Rep. Ionos. Space
Res. Jpn., 24, 237-243,

Kamiyama, H. (1966): Ionization and excitation by precipitating electrons. Rep. Tonos. Space
Res. Jpn., 20, 171-187.

MaEepa, K. (1970): Mid-latitude electron density profile in the low solar activity. J. Geomag.
Geoelectr., 22, 551-557.

Konpo=Y. and Ocawa, T. (1976): Odd nitrogen in the lower thermosphere under auroral
perturbations. J. Geomag. Geoelectr., 28, 253-282.

Mivazaki, S. (1974): Rocket observations of the ionosphere over Syowa Station, Antarctica.
J. Radio Res. Labs., 21, 551-572.

Mivazaki, S. (1975): Relation between lower ionospheric electron density profiles and cosmic
noise absorption during auroral zone disturbances. J. Geomag. Geoelectr., 27, 113-129.

FOLE - PDINEE - S & 1979): err oy VEIOBBEEHESSA<DU ¢ 5ELOBR.
W& R, 65, 36-44.

NaGATA, T., Hirasawa, T., Takizawa, M. and THomaTsU, T. (1975): Antarctic substorm events
observed by sounding rockets, ionization of the D- and FE-regions by auroral electrons.
Planet. Space Sci., 23, 1321-1327.

Ocawa, T., Mori, H. and Mivazaki, S. (1975): Electron density irregularities observed in the
Antarctic auroral E region. J. Radio Res. Labs., 22, 1-21.

Ocawa, T., Mori, H. and Mivazaki, S. (1976): Rocket observations of electron density irre-
gularities in the Antarctic auroral E region. J. Geophys. Res., 81, 4013-4015.

OvamMma, K. and Hirao, K. (1976): Application of a glass-sealed Langmuir probe to ionospheric

study. Rev. Sci. Instrum., 47, 101-107.
REees, M. H. (1963): Auroral ionization and excitation by incident energetic electrons. Planet.

Space Sci., 11, 1209-1218.
(19784 6 A10H % H)



