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Measurements of Electric Field and Auroral X-Rays

with Antarctic Balloons

Toshio Ocawa , Masahiro Kopama™ , Hirosh1 FUKUNISHI * ',
Toshiro MaTtsuo™* "+ and Takeo YosHINOK* =

Abstract: A plastic balloon of 5000 m® was launched at Syowa Station
(L=61), Antarctica, at 1138 UT on December 12, 1976, and the horizontal
electric field and auroral X-rays (>25keV) were simultaneously measured
for about 10 hours in the stratosphere. During the balloon flight a weak
geomagnetic substorm occurred corresponding to the eastward electrojet in
the afternoon side of the auroral zone, and the electric field increased from
10 mV/m to 40 mV/m. There were good correspondences between the south-
ward electric field and geomagnetic horizontal component and between the
westward electric field and declination. Observed auroral X-rays were homo-
geneous throughout the all sky and of diffuse type The X-rays were enhanced
three times during the substorm. The electric field clearly decreased on the
second X-rays event but there was no clear change on the other two events
There was no special change in the electric field direction during the geo-
magnetic substorm One hour averages of the observed electric field show a
clear Sy? pattern The height-integrated conductivities were calculated from
the observed electric field and the geomagnetic variations at Syowa Station,

getting the values of 1-10 mho The Hall conductivity increased during the
substorm
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Fig 2. Horizontal electric field intensity and direction
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Fig. 5. One hour averages of electric fields and estimated plasma drift in the 1onosphere.



282 NI - NEIE - BF 6 - RREED - FERER CRIMRE

iy
=

ELECTRIC FIELD  —TmV/m
EQUIPOTENTIALS  ------

6 Tﬁi?gkjﬁ:fiﬁ 7‘6 L;) ’—frb{\f/}q’"

Fig 6 Magnetospheric equatonal electric fields and equipotentials

1B EELE 34 mV/m 225 4mV/m O CABIL, ELOFMEND, &, 2V THI
FHr Az 7. Cﬂ%@%%ﬁﬂﬁ?éf%vaU7rwﬁﬁ%%ibf@SKiT
VB O i3 10 BEES L vV O THELE R D LIE TERWA, Sl &b T
DREEIZONT S? WA k< RLT WA, 22, 23 R3S OMAVHE <3 I E
7¢ T3 v, Harang FEEHIZIWIGT 2 & Ehit .

WICRD G SR L REL T, IR OBESERIUMERICRET 5. WBOLH0
REEEF 4z, IMP 1, 2, 3 OBLHIA 53k 72 FAIRFIELD (1968) O£ F L& iv7z &
DT L 61T R T WM > Tk, HEEBOKFERC L B RER Z EY 6.9mV/m
PEELT X6 ORTMER QIR T 5 AESEOFEEIE 0584031 mV/m T
55, TNOOEHOMECHIST AEEEAML SBTRLA FRMREIT 7 A7 Y
7 OfEe REL, FEHICRIT A RBEEROTHERL TS,

51. ERATESLERBEES

MozEeRr and SERLIN (1969), MozER and MANKA (1971), MOZER et al. (1974), MOZER
and LucT (1974) %3 L@tz 35\ TRIRIC L 2 BB OB LT - T, BRISNE
BES\IEOEHBERS THIILE PRL, THOERAVTYT 2 F—L0RER, it
I 250) B — i s B OV TEER L 7.

—+5, Mozer (1971), ATKINSON ef al. (1971), BOSTROM and FagLEsoN (1977) £
L, BB BT 2B L ERBEESERDL LT EDI L RHEBRCEYIL,



No. 63. 1979) EESRICEZEH L4 ~0 5 XEOEH 283

1ML E, 2~ 100km b EOEMEESIHEEICHSCTHIZEALEEL LW
ZrEmRLI. 7, HorpEL (1971) ZRELOHEDOEE L - THEBEKFESIIK
REBEEHORENADZ L LIERH L, Ocawa et al. (1975) NEEDOTIKIT L 2EH A
LIDZ EBEDTT-.

FFERIC T 28E, TANAKA et al. (19772, b) 73 2 HOTFHRE AT 3RTLESG &
HEL, F—oZ7 97 Ab—210Eb7-T, BHOKFE - FEEMATICEEHDZ &
RVH L 7.

ZOE3ZL TR IDHEBRESOBIANG, ATEE (HEPPNER, 1972 ; GURNETT,
1972), u 4 . + (MozeRr and FAHLESON, 1970 ; POTTER, 1970), »X1) v7 2 E#EE (WESCOTT
et al., 1969; HAERENDEL, 1972) k08 IS I — % — (DOUPNIK et al., 1972; BREKKE
etal., 1974) r & biz, BHEEHENOEN TR TH LI ENTR SN, BTFI0
HETHRNDHROINEIRHTEHDOTH 5.

52. YTRL—LIZEEZES5EY

4 ZhoN5 X312, ZOBRF 14r—198 UT 12, BRI ORI ZE L 2007
D—HDFFNH TR b~ LR 572, [ERTEEL 72 B 5 0 & B TEE L 74
BEZL L SHIEL T2, Lt TEN S OBBR L, BEHOMKIIRERT 2E
BERBERDIOTEI 572D EZEZBND. L dIi—F, K2 28\ TEllsh -8
DI HORHEZEBEE BIUE, Y7 2 b~ 20BRICHEL TRIIDEEN D - 72 £ 138D
nig\. 138205 —15 K 0053 UT (A0S S 2IREAR SN S5, Zhnivs
A b — L DOFMBFIZREE DR E 5 0IE DL A by, 19840 55, 218 10 43,
238 00 7 UT B GRREZ O FHOENR BN B, FRESNDEZATIILHhE
LTEDLDTHRAELSRHED VI, BHOFANMEEL TWAI Eiibnd. 20k
SIEBOME N, BRTBRND L L, S? FHROBBIZHEDLDTHHMD, L
o T, TR =228 b BHOEIEL LT, BEOBRINAE L7 0 &
KHThHad ZDZEE, Y72 —L0RERHB2 5 ETANABETHL. —fiz4
~ 0 7HORMRBITIL, RTARNIRABORBESREEIMEESN TS, Limdis
TIZTRVWHLZZESIZ, Y72 b — 2Bl BB ORI B KEL b Thd L
Wi ZEiE, ZOW, BMRENOBESY, FOFMITEI L, BokS X038 7o
ST THD RSN,

Mozer (1971) WML DOH T X b — 2B OBAR(L L 2 BHELEF L 2RE L. X



284 INNRHE - /NEIERL - RBP4 + IR SR - LR (P Rk

DIRECTION
SOUTH  NORTH

INTERPLANETARY

ELECTRIC FIELD MAGNETIC FIELD

e ———
INITIAL
PHASE

S Ad

WESTWARD

EXPLOSIVE
PHASE

MAGNETOSPHERIC
COMPONENTS

SOUTHWARD

GROUND
MAGNETO-

METER
or T}

L l |

! 2 3 4

RELATIVE TIME, Hours

B4 7 Mozer (1971) \z X 2 MILEY 7' 2 b — LD EFT L
Fig. 7. Isolated substorm model by MOZER (1971)

TizFENERT. T Jhud, REMZEHBEE S M A& C8k LT L Rl%IZ, BRE
CHEAEZESSRET S, COWEAEFERICL ST, RHOKRTSE Y 7 X< 33bIkmx i
ExB v )7 eifEZd. ZOFY 7 PATRRECBWHCR, T7 2 b — 20854
PHEZ B, ZOR, TEHBICEE I NCHEAS BHIZ L - TERIATE O R — VRN,
TR S TTEAHREES Tr—07 Y2, PERA, F—LEREL THND. Z
DL EORIGDKFEESNBITHENSI LD THSH. HADFBEDHT X+ — 4l
HHOF — 0TI S EAE Y =, MIWIRT D, 7 A —LDBE Y OFIHE
X OEENFHN S 2 21X TANAKA eral. (19770) 12 b T 5. ZOHEOEINE 17w
UT [{ETHh BN, BRaOHHT BEF205—151K305 UT THohbh, ZOERAMED
BRIV 7 AL — 2D E ) OBINCHBEINICEND L5’ 22, F/, 77X —4
FRT R X B R e d T & TANAKA ef al (1977b) DFE LR L THS Lol
7, M20BHOHFAEEhO TRAEL (R Eh 0zl TW20T, BdD
HAXELLCEHRMETEEY, Y7 A= 3RRITEHOELTH 2 L HW 72 DI EE
CBELTHAD SHROBINC L - THELADRITFILZ b,

53. BHESREEE
FECTHR L B e, B cBRASeREEL (M4 2ACTERBER R



No. 63. 19793 BEESIRIC L2 BIE L+ — o S X 8 O8N 285

HELHHETH2ILMNTES., ~RIC2RITOBRFREALIREL - EREETIS, B
FEHORA —65.61° 2, WTOFEEROMENERBERONED 1/2 105
DETHE, RATEIND.
Jo=1.213E + 1.10225y} =
Jy=—1.102,E,+ 3,E,
CIT e Iy BENENHEAERSLIOCHEHBEZOERTHS. In 2 BERLENFXIZD
WTHRSr L7 Pedersen 35 LU Hall BRZ8E TH 5. B, BIEEE, BALELO®
frzxh i mV/m, mho 0 nT (=p) THEEE, FA5OMIIROBGEH D 5.
H=—1.103Ey+3,Eg
D=—1.2121EN—-1.1022EE} (2)
CIT Ey, Ep 3ENENLHERLIOEAEOES TH . X Q) ¥ AVTEASh
BBLBGOT—smb 31 & 2 2HETHIENTED., ZOBELN8ITRT.
B8 T 17Hr 154, 21 K404y, 2385004y UTEEiz 51 & 3 3D E 70 5 7278, =
NHEBCTROBHOMEMNNEL, FHNAZEL TS EIAIZHEY L, HEOBEETH
. RS, 19K 3545 UT FED 21 & 3 AREIIkKEV0L, EEALoHTh

N
o

MHOD
- N W
o o o

o

- A
P

&~ U D
o o o

HEIGHT-INTEGRATED CONDUCTIVITIES

{
MHO

nN)
(=]

w
o

o
T

(=1
-
=
-]

LAY

At
ot ot N M g, JUEE O ' ST SR «MLV\/\/\/M« ME'

13 14 i 6 07 8 03 20 21 22 23 24
DEC 12, 1976 ut
8 SRTHEELLES L BRLHOMMEE L) LT L, BSMATSENE 5
% Pedersen {=ifF, ¥, 13 Hall {2
Fig 8. Heght-integrated conductivities calculated from the balloon-measured electric field
and geomagnetic variations at Syowa Station. 3,- Pedersen conductivity; 3y Hall
conductivity.



286 NI - NEESL - P - FARIRES - FE R (R Rk

Bz L b D TEMTE S\, B ED LI ARG, 21k D 3aehkeLTL-10
mho OEICHB. F7 A b~ LB 2o 21 31 LV KRELS D

BREKKE et al (1974) (3 IS L — % —DEH»H 2 & X wskdr-  Fhiz Ihid,
BIEEIIE S, & 2L OHINEE2 THE, Y7 AP —aBZiz X 8 3 k0TS &
KEx{70D FHAOKEDL I LR UBANCDH B, BRERKE ef al. (1974)13 5 b2, HEEE
OHETHIOER (Jy) b0 H S I\CEns 22, EhFmEOTER (J) & D
L, OB HFHOBFR B2 RINELCHRHIEABELNRCEREL TWaD. D2 L
1z ou~T KaMIDE and BREKKE (1975) (%, 4 —w o747 - LAl & FREROERIZ0
5T, WMAHBIZH S —HOEBRIFET D LT, Ple EHHTRIITIIERTE %
e L. HADHEZE, BRIEAFAOERIIOWCTOMERALWOT, 2O
RINL EELSERT DI LXTER.

54. S,» BRZR

MSpL-BEEES 0 LREESfEe 2 L2 V) 7 FELE, FRAO 1085
D7 — % LAt pi, NAGATA and KOKUBUN (1962) 72zl 7z So? e L —&H7 5.
S BOMIZFF—EROBIZH L TECTW A, FEROXLODOEG TREOMEIERE
VO, 52. THELIL DG T AL —LDBETHAH 22, BEIZBEOME,NT S
S 5 7. Shud Harang OFRESE S IRIEN AHEE T, T ORRIE MAYNARD
(1974) OFERE L =T D

5.5. FEETmFY D MEFEEREMAH

WoLF (1975) 13 L=8 1213l 3[E07 AT = vB (F7 A<y — t OREER) ZIX
T, 25O T I Ay — F EBEAFEORC L IICENL 72 HEOHRER T
DTS RABL 7 OB, B61R L IRl TOERBBA DRI T
Ve VAL B L T 5.

5.6. FiHL XRDHEK

3 RO L 2 A Th~N X 910, [ETRBERZT ¥ b 724945 BT, XiR
AV Yy 3T 3rpm OEM T AR L EE Lz LT D Lo T b LEESH
itA—u T XEEN D ET DL, BB ST Th D08, T LTI LD
FARBIIE SN T LIedia T, F—u 7 XEORKIERIIhIz- T LA
Y—#7e diffuse DL DO TH o Bbh s, LnLaREFT - TY, KU L BTN



No. 63. 19797 MESREICABE LT~ 5 X HOEH 287

DIZOREF N DL DFENKENZ LI L HLAATHS.

F—o 7 HETRT & ESOBBRIZOVTE, AccsoN (1969) 2io 4 ., hELHI S F
~u 77 =7 DR TEGNRITHI LRI L. Z OFMEEOBEGRIE % D%, POTTER
and CAHILL (1969), WESCOTT et al. (1969), MASEIDE et al. (1973), MAYNARD et al. (1973)
FIZ L - THEADBHD S AEOREENFEFR SN, —F, Mozer and FAHLESON (1970)
BEG ERTOREENND, +—077 -7 OBR TRENBRERENRIL L -7
EHEL, CHOY etal. (1971) b 2o X kT iR LG, B LN EFBEERIZH S
7y, WAHBEBIRICH HhME, A~ o T REBEELEZ 2D L TEE KA Y D, T
HH, AGGSON (1969) 1%, RATBIZHAL B RKE & BREE 2 4 2[5E O E IR
ELTHEE, A1~ o72RETHBETHFIEREBTERREELHAIY, REBLE
MBS EROBREEED 5 b, BHBIISTAESOEF PRV XS0, Fhic
L DEMET &L TOEERED T 5 LR L7z, MAYNARD et al. (1973) D38Hi+ 2 &
512, F—u7ORTESLEEMABENEAEED &b 5N A3 EKE s ET, %
COBERIEHFE LT D, &2, EREORMED, Pedersen ERZEE, Tk
TFOIXNX—LT7 7y 7R, EHRBEROFEF EEHBCERL TV 5.

Mozer et al. (1973) 1% Fort Churchill s SR X W 71-KFRIC L » CTEB L XE2H
RBAIL 72, ORI, BEORFRTHRICLL - THEISES ML, KFET
DEFIZIEMEBGIBIT2HENEEDONT0% otcZ kil £, BT
BETEIMIXEEOELLIZERRTHS LIH LT 5.

T D#FE TR/ HEFEH TOEM TIL, MOzER efal. (1973) X3z, #—~v3 X
MOZITEMES /IR L A LBIMRIRL, L LABASERCERNH 5 L 5128
2%, UL, 3EDA—o7 XBREEMINL T, BEOEIAL - ZVHELAD
=TT, BOVDO2ECOVTURIE - XV Lw e B b d 7=, Liat,
T, COMRNOERE A — 17 XBOBKREHEL BT 52 23t on Lus,

6. = =
D) THRTHHAL - EEESIEOEREES Th 5.
Q) FROFMEA—07YV =y P RBITHREI 72 —2005 LT, ETEO
EAE FAEDKT 10mV/m 2257 40 mV/m iz #5Hn L 7-.
() VTR —2d3EDF~uF XEOHARHY, 20550 L ELL- 0



288 IR EE » /NEIERL - FRET 35 - AAREBUD - FEHRE GeiRees]

BEBHOBMTIBL 72, BYD2EZOWTIEE - &Y Lo ion bt - 7.

(4) BHOFEE, Lo 4 UT ICEEFCH Y, REEE & DICRTEh vIcHE
L T2 UT [CRAEME o7, 20X 5 RBHOEE, BHBIZIRITSH SpH
&< —%T 2.

(5) YT AP—2lbkdle-T, BHOFMIEINOEIUIIh o7z Tibb, W
T AT~ LREZIE S BLOBEGOESEART L0 THS.

(6) WTFEECRITD7 77X )7 MillERD7. Zhid Worr (1975) 03 HE
FERIZES—FKT 5.

(7) WBREHORGEN L SR TCHHM L -EE L DEREZEELHREL, Pedersen,
Hall 28 X 312 1-10mho DE# 87z, ¥ 7 R b — 2821k Hall ZEERAE < 7B,

E F22
SEMIG LT VA= I RETSROBI 2B LIRS BBLAE SRR 0T 4
CESBHLET. 7 BMC3EL UTERBAF AU AR 7 —2F AL %
Fe—ERDIFHTI NI AR F B AR S TR AT 2 v v — 2R L7

%

1

X B

AGGsoN, T. L. (1969) Probe measurements of electric fields in space. Atmospheric Emission,
ed. by B. M. McCorMac and A. OMHOLT. New York, Van Nostrand Reinhold, 305-316.

ATKINSON, W., LunpquisT, S. and FaHLESON, U. (1971): The electric field existing at strato-
spheric elevations as determined by tropospheric and jonospheric boundary conditions. Pure
Appl. Geophys., 84, 46-56.

Barcus, J. R, BrowN, R. R., Karas, R H, Brenstap, K., TREFALL, H , Kopama, M. and
RosenBerG, T. J. (1973): Balloon observations of auroral-zone X-rays in conjugate
regions. J Atmos. Terr. Phys., 35, 497-511.

BostroM, R. and FaHLEsoN, U. (1977): Vertical propagation of time-dependent electric
fields 1n the atmosphere and ionosphere. Electrical Processes in Atmospheres, ed. by H.
DorLezarLek and R REemrer. Darmstadt, Dr. Dietrich Steinkopff, 529-535.

BREKKE, A, DoUPNIK, J. R. and Banks, P. M. (1974): Incoherent scatter measurements of
E region conductivities and currents in the auroral zone. J. Geophys. Res, 79, 3773-3790.

Cuoy, L. W, ArNoLDY, R. L., POTTER, W., KINTNER, P. and Canmnr, L. J., Jr. (1971) Field-
aligned particle current near an auroral arc. J. Geophys. Res., 76, 8279-8298.

DouPNIK, J. R., BANKs, P. M., Baron, M. J., Rivo, C. L. and PETRICEKS, J. (1972)" Direct
measurements of plasma drift velocities at high magnetic latitudes. J. Geophys. Res.,
77, 4268-4271.

Farrierd, D. H. (1968): Average magnetic field configuration of the outer magnetosphere.



No. 63. 19797 BEBSIRIC L2 BE L 4 —u 5 Xgo B 289

J. Geophys. Res., 73, 7329-7338.

GURNETT, D. A. (1972): Electric field and plasma observations in the magnetosphere. Critical
Problems of Magnetospheric Physics, ed. by E. R. DYER. Washington, IUCSTP Secretariat,
c/o National Academy of Sciences, 123—-138.

HAERENDEL, G. (1972): Plasma drifts in the auroral ionosphere derived from barium release.
Earth’s Magnetospheric Processes, ed. by B. M. McCORMAC. Dordrecht, D. Reidel, 246-256
(Astrophys. Space Sci. Lib., Vol. 32).

HEPPNER, J. P. (1972): Electric fields in the magnetosphere. Critical Problems of Magneto-
spheric Physics, ed. by E. R. DYER. Washington, [IUCSTP Secretariat, c/o National Academy
of Sciences, 107-122.

HoppeL, W. A. (1971): Altitude variations in the electrical potential resulting from orographic
features. Pure Appl. Geophys., 84, 57-66.

KaMipE, Y. and BREXKE, A. (1975): Auroral electrojet current density deduced from the
Chatanika radar and from the Alaska meridian chain of magnetic observatories. J. Geophys.
Res., 80, 587-594.

MAsemE, K., HOLTET, J. A., EGELAND, A. and MayNarp, N. C. (1973): Electric field and
fine structure in aurora. J. Atmos. Terr. Phys., 35, 1833-1841.

MayYNARD, N. C. (1974): Electric field measurements across the Harang discontinuity. J.
Geophys. Res., 79, 4620-4631.

MaynNarD, N. C., BAHNSEN, A., CHRISTPHERSEN, P., EGELAND, A. and LunpIN, R. (1973)° An
example of anticorrelation of auroral particles and electric fields. J. Geophys. Res., 78,
3976-3980.

Mozer, F. S. (1971): Origin and effects of electric fields during isolated magnetospheric
substorms. J. Geophys. Res, 76, 7595-7608.

Mozer, F. S. and FAHLESON, U. (1970): Parallel and perpendicular electric fields in an aurora.
Planet. Space Sci., 18, 1563-1571.

Mozer, F. S and Luct, P. (1974): The average auroral zone electric field. J. Geophys.
Res, 79, 1001-1006.

Mozer, F. S. and Manka, R. H. (1971): Magnetospheric electric field properties deduced
from simultaneous balloon flights. J. Geophys. Res., 76, 1697-1712.

Mozer, F. S. and SErLIN, R. (1969): Magnetospheric electric field measurements with
balloons. J. Geophys. Res., 74, 4739-4754.

Mozer, F S, Bocort, F. H. and TsuruTant, B. (1973): Relations between 1onospheric
electric fields and energetic trapped and precipitating electrons. J. Geophys. Res., 78,
630-639.

Mozer, F. S, GonNzaLEz, W. D., Bocortr, F., KELLEY, M. C. and ScHuTZ, S. (1974): High-
latitude electric fields and the three-dimensional interaction between the interplanetary
and terrestrial magnetic fields. J. Geophys. Res., 79, 56-63.

NaGaTa, T. and KOKUBUN, S. ( 1962): An additional geomagnetic daily variation field (Sq?
field) 1n the polar region on geomagnetically quiet day. Rep. Tonos. Space Res. Jpn, 16,
256-274,

OGawa, T., YASUHARA, M. and Huzita, A. (1975): Stratospheric horizontal electric fields over
mountains. J. Atmos. Terr. Phys., 37, 841-844.

PotTER, W. E. (1970): Rocket measurements of auroral electric and magnetic fields. J.



290 AR - NEFL - B - RS - FER—R (R R

Geophys Res., 75, 5415-5431.

PorTER, W. E. and CanwLL, L. J,, Jr. (1969). Electric and magnetic field measurements near
an auroral electrojet. J. Geophys. Res.. 74, 5159-5160.

TANAKA, Y., Ocawa, T and Kopama, M. (1977a) Stratospheric electric fields and currents
measured at Syowa Station, Antarctica-1. The vertical component J. Atmos. Terr. Phys,,
39, 523-529.

TaNAKA, Y., Ocawa, T. and Kopama, M. (1977b) Stratospheric electric fields and currents
measured at Syowa Station, Antarctica-2 The horizontal component J. Atmos Terr.
Phys, 39, 921-925.

WEescotT, E. M., SToLARIK, ] D and HEPPNER, J. P. (1969)  Electric fields in the vicinty of
auroral forms from motions of barium vapor releases J. Geophys Res, 74, 3469-3487.

WoLF, R A. (1975)- Ionosphere-magnetosphere coupling. Space Sc1 Rev., 17, 537-562

(1978% 6 J10H )



