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Eftects of Brewster Angle on the Energy Conversion
Processes from Electrostalic Plasma %¥aves inlo
Electromagnetic Baves

°M. lizioma and H. Ova (Tohaku Univ.)

Since the snitial studies on the connection of
electrostatic plasma waves and elecroszagnetic waves through
the channel of upper hybrid zode waves ( Oya, 1971 ), cede
conversion processes have been considered to be as one of
the main pracesses to produce electromagnelic waves in Lhe
space plasma and have been investigated theoretieally and
experimentalty, Among thee, many observational cvidences
have been disclosed by PRS ( Plasma Wave Sounder )
experiment anborad the Akebono ( EX0S-D ) satellite im the
equatorial region plassasphere as well as in topside polar
jonosphere being associated wilh the irregularitics of
plasaa density ( Oya ct al., 1990 ). For [urther
understanding of the mode conversijon processes based on the
observation of EXOS-D satellite, sulti-layer wodel of
plasma density distributions to represent the readistic
densily irregularities at the generation regions of
eleciromapgnetic waves have been developed. It has been
found that the zosl e{ficient energy conversion (akes place
in the forz of relfected ordinary mode waves when the
incident angle ol Z-mode waves catch with Brewster angles
for the given plasma irrecgularitics, This condition is one

A11-02 S0 -1 LRFERMC LS
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OPRPEE. TR N (RAARFHFE)

Relalionshlp Between Plasma Wave Phenomena on Board Akebono
Satcllite snd Auroras Observed at Syawn Station, Antarclica

T. Oao, and H. Oya (Tohoku Univ.)

ABSTRACT

Plasma wave phenomena obtained by Akebono saatellite in the polar ionosphere
kave been Studied by comparing  with agroral image data observed  from the
groond. The results of comparison  of the satellite-ground conjunction show the
following: 1) Broad band pleana wave emissions in E*S whistler mode rangearc
ahmost commonly cbserved when Akebono satellite passes through the avroral
region covering entire range of the whistler mods wave and z-mode wave
branch. 2) The inlensc emissions are corrclated with ocaurrence of the  discrese
auoral arcs. 3) Very shon duration of plasma waves are ofien found in the
lower altitude regioo  displaying 2 group of intense dol ype sigratures in the
dynamic spectra. The  dotted cmissions can be understood as the manifestation of
the very short lived emission; the duration time is estimated in the range  from
2D (o 200 msec. Though the origin of this ghoet duration emission is defered for
futurc studies, {t can be inferred that muroral particles are precipitating into the
upper  almasphere forming sericx of groups.
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of the cssential conditions for the clficient energy
conversion from clectroslatic plasmd waves into
electrozignelic waves in the wpace plasma,
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Characteristics of the emission cone angle of AKR

Akira Marloka
Upper Atmosphere and Space Research Lahoratory
Tohoku University, 980 Sendal, Japan

Whan Akebono stsllite passes through the polar region across
the auroral oval, the dynamic specira of AKR show the
characteristics of AKR emission cone. As the sateliile movas Inlo
(goes out from) the oval region, lhe frequency of lowar cut-off of
AKR Increases {decreases) graduslly. From lhis nature, the
characterislics of the emission cone of AKR wara derived.

Figure 1 shows the schemalke illusiration of the AKA dynamic
spectrum. The spectral component marked "W™ shows the weak AKA
which has bolh R-X and L-O mode polarization charactorstics. The
portion marked “I° in the figure shows the Intensa AXR which also has
both R-X and L-O polarizalion. The source reglon of W- and |- AKA
is identified to be the sams one becauss tha lowest frequencles of
both AKR coincida each other. The emisslon conhe angles of W- and
I- AKR were darived from the profile of the lower cut-off frequency
and sateliite position as shown In Figure 2.

From this analyses It s concluded that AKRs are radlated through
two diffarent source mechanisms; ona of them radiates an intense
AKR with the narrow emisslon cone angle of aboul 30 * and the other

A11-04

B EQOVLF ILL3RBELAETAP LT F 1L E—F L IWME
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EXQS-D VLF Antenna Impedance Measuremont
in a wide area
*Kozo Hashimoto (Tokyo Denki Univ.), Twane Kimura (Kyolo Univ.),
Toshimi Okada (Toyama Pref. Unlv.), Aysko Matsuoka (ISAS), aud lsany
Nagano (Kanrzawa Univ.)

The antenna impedance by the VIP gubsyste of the Akebono
VLF ivstrument is mcagured for a lot of orbits. A dalnbase for Lthe
impedance has boeu created. The impedance on various pacameters
aro discussed. Especially it depends so much on e bias vollage
applied to vhe anteona.

HIPNZORWLITHRI NS VLF SENHREZ I3y v 54 8-y
ARy b VEHZEHEIZ VIP(Vector ImPedance measureaent) & PfTIL S
PRIEEMNEEITRTVDL. CORMBIR, 7YF)OEA =¥ AEELT,
MBO7 5 X2 2M ), 74X =T Y FHCRBANREORR
RADREHADLTHRALE L RO L 200D TH L, 2l VIP DTN 5
£ DBANS, T T I HBL ENFROHONILBBIDVWT, A2 ¥~F
AZEBENT A=, RO EDELL Py N=Z e FRL, 41> €~
¥ AOBF T o .

P = R=AERIPRLTIA, VIP CWEILY:T > 7 7 9F R SREUH % 0NEn
B0 BEEI—ROWEGC, FLHORIHEN 22 6DTH D, BIEHS * <
Tagy, BRREA 2k R0 b o, RITAUA9.0MOLLLE 2S5 7283, AL
WA A2 YERBMO L DOIBRANTWE. SORY VIP ONINH 5 400 (Y
ROELNG, TV TTHERYE EA—IGRH S RF) 200 BRI DV TH T
ol AVE—F ALWPNAT A~5, WMPGTA L ENSLBT— ¥
Ne=ZFERL, A V=¥ ARG 4T o1,

ToFFOREA V- F A= xb AV P ET—AlIOMGE O Y
FrHIFEMIRFT IENMNND. FRSRT VT T7OANFRCLET
YFFER(I-AERC,ONTH Y RIS -ARW ,eTY TS
DFIRERTAL, Cald 100pF THL. LH 1) CoDHOHLOE L
ToOFRDENTH/.

Allitude 400~800 kg S000~9000 K
C, 300~350 pF_ 230~250 pF
R, 250~330 kN 300~500 kf}

one radlals a weak AKR with ralher wider emission cone angle of

about 50 ° ( Figwe 3).

5 Flg.1
z Schematic dynamic specirum
3 of AKR abserved acrass
Z the auroral oval,
1}
et e ext

Fig.2 Fig.3

Observed ray passes of AKR, Detived emisslon cona of AKR
Solid linas show inlense at a source reégion.

AKR and broken linas show

woak AKR.
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ELF/VLF Waves and Ion Conics
Observed by the Akebono Satellite
“Tomohisa Hosoda Yoshiya Kasahara Iwane Kimurn
(Dept. of Electr. Eng. 11, Kyoto Univ.)
Toshinori Mukai
(Institute of Space and Astrouautical Science)

Several mechanisms oty the relation between ELP/VLF waves and ion coular
have beew proposed. for exaiwple, the ion vonics are associaled with clectro-
maguetic oxygen cyclolron waves and/or electrostatic lower hybrid waves.
In order L exgmine these theories, we analyzed the datn observed by the
Akobono{ EXOS-D) satellite statistically. We will also discusy on the muner-
ically caleulated dispersion relation of the ELF/VLF waves.
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Direction Finding for VLF/ELF Radio Waves

Based on Bayesian Information Criterion

Mehrez HIRARX Masashi HAYAKAWA

(RNIFIRE. BFIF. BRUEEXY)

ong

Tu lnvestigate the ganorniion and propagution of VLE/ELF radio wavos,
to xtudy thc dynamics of mugnutaplnama, and to approdmata tho tamog-
raphy of onorgy dixtribution within n limited rango of aloctromngnotic
waves At tho ionospherg, tho ground-buyed methed of Wave Distribution
Funection (WDF) is very spponling. This mcthod consists in tho inver-
sion of electromagnetic feld statiaticy observed on tho ground to extimate
tho exit rogian of tho propagntivg wnve by determining tha correspunding
anergy distrihution at tbo jionosphere.

Despite its simplicity and its experimental low cost. the WDF mothed
is yet to be well used and this is mnioly due to the difScultics encountared
at tho inversion level. Mora to tha wall known difficultics of tha general
inversion techniquas, tho presont mothod suflery from & Limitation in tha
obxerved data which leads its uxer to confront a very ill-posed invarso
problaw whore the parnmetor number is much larger than tha obrerva-
tioun, Far a givon modys of propagntion, at tho frequeney w, (hy wave
istribution function 31 related to tha stutistier of the wave finld by

I Siy = //a,l(w.cmﬂ.d)["(u',to.sl?\d)dcmﬂda (n

For a perfect conductive fint ground, ouly two magnctic nud ane clectrie
fAcld coinponeats can be absarved cusbling us to calculnte piag seatistical
data Y, from the monn nuto-, nnd mitan cross- powers S, expresswed below.,
Theo staristical data 1; of n given ehietromagnetie feld are yelated to theo
wnve distribution {unction F, prajected at the ionosphuric basa, through

thy keruel motrix A by
Y = AF ()

Ya(whi=1 ., N=90nud Aix N x K dinesr operntor mintrix aml F
ix N-vector ropresonting the wnvo distribintion function. The ionespheric
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projoction aren conniuts in 1 rectangle partitioned into K = K, x K pixcls,
I’ records tha wave onargy at exch pixal and is tho veclor of unknowns to
bo roconriructed froma tho dntn ¥,

The inversion wax conducted using a mathod of regularization that min-
imizes the functioual

UF)=||Y = AF | +a? [IGF )| 3)

The core problem in this regularization schemo is tho optunal choice
of the regularizing torm which corxixts in adequately choosing both the
tradcofl pararucter o aud the smoothing operator €. Wo proposce bare the
use of Bayesian {nformntion critarion to choose tho smoothing parumeter.

For a given viduo of a, the solutian is ohtained by dariving with respect
to F, the functionnd U in Eq. (3) that gives

Fo=ATA 4+ a7CTC) ' ATY )

This consists in the Inversion of o lincar systarn, To thixond, wo used an L-
U {Lower-Uppor) decompasition algorithm and wo repanted the inversion
for different valuow of a. The optimal solution ix obtnined with the valug
of o that minimires the Dayesing information criterion.

The inversion algoritbm was tested on computer gonarated whistler
critgion resulting from a siugle and two Guaussian-shaped sourco waves.
The reconstruction is mande ut s height of 80 ki on n rogion of 300 %300 kan?
partitioned into 20 x 20 pixcls. Different tests were mudao hy varying the
relstive sourco/raurcax porltion, their shapo and with diffesent swooth-
inug operators C. Tle algorithm is very stable from A uuruerical point of
view and tbo reconstructions oro plansibly nccurata giviag promiiicu to
tho a pron infornation in the rogulurization methads in one hand, and
bringing to tha fare tho neceuxity to tho npplicstion of Buyesian mothods
in the recanzteuction fram limited data in the other hand.

S. Shimakuea, M. Hayakaws. ¢f al, On the Estimation of Wave Encrgy Distribution
of inaguctospheric VLI Eaves a the lonaspheric Base with Ground-Based Multiple
Flectramagnetic Field Componenis. ). Geomag. Geoclnetr. £4.473-500,1992

M. lsyakawa, Direction finding techniques fot magnetanpheric VLF waves: Recemt
achievemncaots, Trends in Grophys, Mes., 1.157.163,1922
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Wave Propagation in the Magnctosphere for f > %)‘“
T. Matsuo angd 1. Kimura (Kkyoto University)

Tlie effect. of electron deusiry gradient and the structure of the gromagnetic
field on VLF wave trapping in depression ducets is evaluated for a frequency
higher than balf the electron cyclotron frequency. It is found Lhat the res-
onance condition will resnlt in a reduction of trapping effect due to density
gradient.
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Propagation Characteristics of Omega Signals Observed by
Akebono in Low Altitude Equatorial Region

Tnkuya Olinae, °Akibiro Hikuma, Yoshiya [Xasabara, Iwane Kimura
(Fac. Eng., Kyoto Univ.), lsamn Nagawo (Fac. Eng., Katizawa Univ.)

A Rpecial campaign was wade by the Akebono satellite for the measurement
of low altitude equatorial region i February 1994, The VLF group planned
to observe Omega signals mtensively fo low altitude equatorial regiou. It
was found that the signals penetrating the lower ionosphere and reaching
Akebono from below, through wave gulde mode propagation from North
Didkota, awai. and Tsushima truisiitters are sharply cutofl at geomagnetie
IsU4tuda of 15 or 20° N apd below. Thix is uat sinply interpreted by the dip
wgle dependence of collision wbsomplion and mode couversion factor through
Lhic Yowee Jonospliere, but will also be duo to a divergeuce factor of ray paths
i low geomngnetic latitudes.
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Lightning and Whistler Waves in the Jovian
Ionosphere and Magnetosphere

°Y.Hobara', K.Nagai®, K.Ohta?, 0.A Molchanov'?, and M.Hayakawa!

! The University of Electro-Communications
2 Chubu University
3 Institute of physics of the Earth (Moscow, Russia)

Lightning activity is a very important electrical process not only on the
Earth, but also on other planets. The propagation characteristics of lightning-
generated whistlers in the Jovian ionosphere and magnetosphere have been in-
vestigated by incans of full-wave numerical computation and two-dimensional
ray-tracing with amplitude information respectively. Previous researchers
mainly paid attention to the dispersion constant D shown as follows,

D = /T [sec VHZ|

where tg is group travel time and f is wave frequency. But, estimating
intensity information is highly required to study the characteristics of the
lightning source, its effect on the Jovian atmosphere (lightning systhesia). the
ionosapheric and imagnetospheric density distribution and type of the propaga-
tion (ducted or nonducted). Jovian electromagnetic environtnent. And those
results could be combined with reexamination of Voyager observation.

We take full-wave numerical computation to investigatc the propagation in
the jovian ionosphere. The three different inodels (one irregular profile derived
by Pioneer Venus measurcment and two rathier smooth profiles from Voynger
measureiuent ) were examined. The ionospheric transmission loss is strougly
dependent on the following factors. 1.Wave frequency: At higher frequencies
the loss become larger. 2.Day-night variation: higher transmission loss at
daytime. 3.Latitudinal dependeuce: Extremely higher loss in lower latitdes
.but at higher latitudes(higher than 60 deg). loss is almost neglegible. And
the presence of an aditiotal layer yields an oscillating frequency dependence
in the tranamission loss.

Ray-tracing technique is in principle a good strategy to study tlie propaga-
tiou ju the maguetospliere. but usually it docsn't consider the amplitude of
the wave field. Here is the first attempt of ray-tracing with all the amplitude
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flelsht and frequency dependences of wave normsl distrlbutions
st the duct exit of s whistler

Yoshikatsu NAKANURA
Consunications Ressearch Lsboratory, Koganel, Tokro, 184

Accordimg to calculetions besed oa the dected propegstion (Flg.1), teo
kinds of seve norast distribatices of s vhistler occar et tho duct exit.
1The oos is en upverd distribution snd the other is s dovavserd
distribotion. Especially. fo the downwerd distribotion st the doct exit,
oo ares vhers seve aorssls sre sisost vertleally dosaserd occurs daus to
the eoffect of tho lonospharic vartiosl gredlont edded {a the propagetion
1o the dwet. Flg.2 shows vave aormef! distribeticas at the duct exit
for 4508 duct end 300% duct, sssumlag the duct axit belght of 150 k¢
(Nekesyre, 1993). 1o cees of 4608 duct, lo the renge of positica
sesssrad fros the duot cooter of -0,0A to 0.84 end Ip cese of 300X
dact, Ia the renge of position of ~0.2A to 0.8A., (A I8 o belf wsidth
of daot), ths eress of vorticelly dowavard sevse corssls occur.
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factors, which consist of focussing and defocussing, polarization. and interac-
tive damping (Landau damping and Cyclotron damping). Related equation
is shown as follows

A= Ao\ [BKpK K,

A, Ag i8 an amplitude of wave field, n,ng is the refractive index, Kpe is the
polarization cocfficient, K is focussing and defocussing coefficient and K, is
the interactive damping coefficient. All thosc factors ave taken into account
in our culculation. We focused on tho observed lightning-generated whistlers
and sct the observation points where Voyager detected them as one of the
initial conditions. Then we estimate the amplitude variation along the ray
trajectories and untill the location of the spacecraft. One of the examples of
estimated wave attenuation is shown in Figure 1. According to this result. we
bave a good agreement between the catimated upper and lower frequency limit
and experimental result. To deduce the Jovian lightning parameters, we will
soon get the Voyager PWS data. And this could be the good prediction for the
forthcoming Galileco mission. Furthermore. this idea is able to apply to any
other planets, and together with estimating thie radiation mechanism, it will
contiibute a lot to understand the plauetaly ioncsphere and maguetospliere
of our solar systcm.
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Figure 1: The frequency variation of total wave attenuation expected at Voy-
ager spacecraft
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Compoting processes of oblique plasma wave instabilitics
° L. Dords de Agua, Y. Omura, H. Malaumots
Radio Atmospheric Science Center, Kyoto University
A L. Brinea
Ceatro de Edectrodinamica, Instituts Superior Téenico, Lisboa, Portugal

A magnetoplasma made up of a background of Lsotropic elecirons and protons
aad a beam of anisotzopic electrons (74 /7y > 1) cag feed different wnstable modes,
Numerical solution of the dispersion equalion reveals in the wavenumber plane,
k= Y4k, a complex topolegy tor several paramcters (growth mte, real freqaency,
and polarization) with isets of obligne growth unconnected to the unstable paralle}
modes. Cormputer simulations with one-dimenxional full particle code (KEMPOL),
lor apecific angles, recover the resulis of linear analysis nnd show competing pro-
cesses among the coexdsting anstable waves. Each jnstability has diffierent temporal
and apatial scales. The mechaniams Involved in Lhe growth and sataration of the
[nsiest Instability do not neccssarily excluda later developments of other instabili-
ties. The correct description of competing lustabilities with different temporal and
spatial scales requires a large number of timesteps and grid points, precloding ad the
moment (he vse of two-dimensional full particle codes,
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Data Analysis of the Low-frequency Electrostatic Noise iu
the Vicinity of the Plasmapause

°H.Liu, K.Hayashi
Dcpartment of Easth and Planctary Physics, Untversily of Tokyo

S.Kokubun
Solar Tervestrial Enviroment Laboratory, Nagoya University

It is well known that various plasma waves in Lhe ELF range occur
around the polar region by satellite observations. We will present here a
general survey of the Akebono(EXQS-D) scarch-coil wave measurincols
for the vicinity of the plasmapause encounters from 1939 1o 1991, We
found the low-frequency clectrostatic noises observed in the altitude of
scveral thousand kilometers around magnetic Intitudes of 60° The noise
phenomenon is observed specially in (he down and dusk sectors of the
Jocal time. A clear dependence on the magnetic activity has not been
found.
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lution of the electric and magnetic field energles of waves propagating obliquely
(6 = 35°) to the nmbient. magnetic fiddd.
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On the Structure of Ducts for LF Whistler-
mode Signals as Deduced from Multi-stationed
Keasurements in the Magnetic Conjugate Arca
at Low Latitudes

Iwata, A.(E.C.1.P., Nagoys Univ.}, Y. Tanaka
and K. Rishino(STEL, Kagoya Univ.)

¥histler-node signals transmitted from a Decca
station(Blel, L=1.54, fc=B3.725kHz) were measured sipultane-
ously at three observation points in the magnetic conjugate
area of the transmitter:the conjugate point about 40kp
eastward from Birdsville, Birdsville and Morney about 200kn
eastward from the conjugate point. The below table indicates
a summary result fron the simultancous observation carried
out for July 15-September 18, 1991. The whistler-mode
signals were sipultaneously detected at Birdsville and the
conjugate point. whose characteristics were almost similar
in occurrence tinme, intensity, pelarization and Doppler
shift. This may suggest the duct dimension of several tems
kilometers. Yhen the signals were intense enough, the
vhistler-mode signals could be fdentified even at Hormey,
which pay imply a sheet-like duct structure extended in the
longitudinal dimension. .

Also, direction finding results and 3-dipensional ray
tracing results will be presented.
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Genoration model of whistler-triggered hiss in
outer plasmaspherc

T. Ondoh
Laboratory for Radio Science, Commmications Reacarch
Laboratory, Tokyo, 184

Whistler triggered hiss was observed by DE-1 at geomagnatic
latitude from 2.7°N(1937:40 UT, lav. lst. 52.2°, L = 2,67
0645 MLT, Alt 10840 ko) to 0.8°N(1940:00 UT, Iav. lat. 51.6°
L = 2,59, 0646 MLT, 10407 km) on May 11, 1990 (Kp = 3+) in
outer plasuasphere(Ondch and Makamura, 1993).

The whistler triggered hiss appeared at frequencies from
about 14 kHz to a few kHz for sbout 2 poconds after the
vhistler trace. So, the whistler triggered hiss 1o not a
superposition of whistler echoes which appcar at frequencien
below about 3 kHz, When non-ducted whistlers are scattored
by plasma irregulsrities near the ecquatorial plasmapause
(Horwitz et al., 1986), scattered whiater waves have large
wave normal angleas to the geomagnetic field lines near the
regonance cone for frequancies above the lower hybrid

fregq ¥ The scattercd whistler waves with
larga wave normal angles have large electric field
components parallel to the wave wvectors. In the above
period, the DE-1 crossed cbliquely the equatorial geomagno-
tic field lines in thc outer plasmanphere.

The satellite motion produces a Doppler shift in the
clectrostatic wave components, reaulting in a spectrum
broadening for the scattered monducted whistler-mode waves
(Bell et al., 1983). The spectrum broadening at whistler
frequencies will continue during a whistler passage through
the region of equatorisl plasma irregularities.

The Doppler shifted spectruzm broadening is egtimated at
83 Hz for fy= 45 kiiz, £,= 201 kHa( N « 500/cmd), 0 « 75°,

4

Table: Circle Indicates a sioultaneous detection with the
sinilar characteristics, triangle differeat features, cross
no detection, and for no observation.

Date 40km east | Birdsville Morney
JuL 17

18

SEP 08

ololojolojo|olo[0]0j0]0j0]0}|0
ololololo|lololojo|b[0}|0}|0j0O|O

olo|lx|plp|b| x| x| x]O] x{b

n = 50 and satellite volocity of 5 kn/s at 2.5 earth's
radii wvhere O is the wave normal angle to the gecmagnetic
ficld line, and n the vhistler code rofractive index.

The vhistler waves of short vavelength quasi-electrostatic
uode cxhibit the opectrum broadening of about 100 Hzx for
froquencios above the LHR froquency of about 1 kHz for tho
above paramoters. This is ccusintent with the wvhistler
triggored hiss observed above a few kHz.

Nonlinoar whistler spectrun broadening is caused by
oscillations of azbicnt electrons trapped in potential woll
of oblique vhistler wave alectric fields with large vave
norcal angles to the gocmagnotic field (Draganov and
Taranenko, 1991). The conlivear VLF opectrunm broadening
is given by the oscillation frequency of trapped electrons
and is proporticnal to the square root of tho whistler
wave intonsity. The apectrum broadening is estimated at
14 He for whistler wave intensity of 3 oV/m and the same
parameters as the previous scattering calculation.

Tho nonlinear spoctrun broadening decreoases with frequency
oince tho whistler wave intensity decrcascs with fraquancy.
This may oxplain tho uppor limit frequency of the whistler
triggered hiea. The Landau rcsonant interacticn of
vhistler waves with azbiont thermal clactrons acts
centinuounly in a limited intoraction region near the
equatorial outer plasmasphara, As the whistler propagateo
toward the ionoophore from the limited equatorial interact-
ion region, the Landau interaction becomen inactive due to
congidorable parameter changeo. Howevor, the Doppler
shifted spectrum broadoning of scattered clectrostatic
whintlor wavas produced by the satellitc motion is about
ten timos larger than the nonlinear spectrum broadening of
obliquo whiotlers. Thorefore, tho formor process seems
to explain the whistler triggercd hiss observed by the DE-1.
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STABILITY OF INTERMEDJATE MHD SHOCK WAVES

Tohru Hada

Department of Applied Physics, Faculty of Engincering
Kyushu University at Ropponmatsu
Ropponmatsu, Fukuoka 810 Japan

e-mail: hado@re.kyushu-w.ac,jp
tel: 092-771-4161 ©xt.282; fax: 092-731-8745

The evolutionary condilions in the dissipative magactohy-
drodynamic (MHD) system arc discussed, apd the resulis are
applied to arguc stability of MHD intermediate shock waves.
When dissipalive wave mades are incluoded, arbitrary perturba-
tions given o the shock can be expressed as a superposition of
outgoing wave modes from the shock: thus, inlermediate shocks
are cvolulionary in dissipalive MHD. The matching conditions
of incoming and outgoing wave modes at Ihe shock give an un-
der-detcrmined set of cquations, which defines a unique solu-
tion when the minimum dissipation principle is imposed.

Hada. T., Geophys. Res. Leit., in press, 1994.
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Three-Dimensional Computer Expariments on
the Measurement of a dengse Plasma Layer
near Reontry Vehlele using Radio Wave Emission
° Mnxayn YAMANE  Ildeyuls USUT  HMiroshi MATSUMOTO
Radio Atmorpheric Sience Center, Kyoto University.

To study the rlecirooagnetic environracat ia the siciidty of a reentry veliicle, we
hiave becn perfonning computer cxpenments using our Lhree-dimensional dectro-
magnetic particla code (KEMPQO-3D).

In order o avold the signal blackout during the reentry phasc it Iy necessary
10 understaad the charactensticn of m dense plaxma Jayer created near the reentry
vehicle qoantitalively. So far, fuld dynamicy roaly:i« has been earried oat for the
estimale of the charactenstion of the plasma layer. Practically we also need o
develop methody of direct measurcinent of the plasma Inyer which can be ntilized
on board of the reentry vehicle. Buwever probe measurernent is impossible becanse
of heat which ean melt its material.

Ax A new method, we propose Lo wie high frequency radio wavea emitied from a
point source oo the vehicle surface. which cuables us to examine the charazterie
ey of the dense plasma Jayer such as the deasity, the thickness, and the locaton
Gom the vehicle surface. In order Lo tat this method. we pedormed 3D computer
cxperimenta

Ja the present paper, we will introduce (he methods for the study of the charac-
tesistics of dense plasma layer by wsing tbe radio wave emission. We will also show
some of the resully obisined in the computer experiments.

Gal, HBOT-2—F (KEMPO) LRAVIBTMERIZ 2 0. IPEAFIIREE
A7TrITINBOEBRAEMKFLTVE,

TRAT R KB ZAT LR, RN IR T SERRC L IERE
NRRIZ ot KEO—HRTH S, BERTSIXYOMNTEB, 777279
FEIL, SOTIXTRIZLY, iMoo RES ALK, KY, #EchEL
b, ABRERAEENILTHE, COWRB. FLA-FF—730RBLIIARIT
MOTLC MBLILLFHROBANECCETNES L5, Lot T, BRAR

BHRADEREFILTTY I 2270 ORLEEIOLBYTFMT L LRABRRRY
BIRORATU 2T LTLRAITRTH S,

FDLHKIE, IVMRADIIRETINEN 7/ FXAHMOURLME L LLR
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FEHEIZEALE, /0. IOHEOE LRI LD, IXATHNALAE -
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FOTENRF =D/ IAIITONMYEL AL LR ENS,
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Computer Experiments for Interactions of
Inhomogeneous Plasma and HF electromagnetic
waves on Ionospheric Heating Experiments

°Hiroko UEDA!, Yoshiharu OMURA" and Hiroshi MATSUMOQTO! X
V Chiba University, * RASC, Kyoto University @1 SHNAEREF L

\Ve examine direct conversion (DC) process of O-L mode pump wave —#. BRBICEIIIRL4 LA r—LOTFRTE IS (ORI L
into upper hybrid (UH) waves by pre-existing deusity irregularities dur- § @& 3HTW3 X, SNERGIH L TERAMIZR Y 7BEOHEEERE
ing ionospheric heating experiments by means of electromagnetic parti- OFRY—PFEFI T I Xvh%k O-L - FOK TEMNERTIH
cle simulations. It has been suggested that the UH modes involve various &4 UH &A@ EH3 &vi 7 D4 X, DC (Direct Conversion) 2%%
wave processes exciting stimulated electromagnetic emissions (SEE) on REhTW 5!,
the ionospheric F-region. The fleld aligned density irregularity has been & CEREIRETIL, SEE £ BIR VS DI+ 34880 UH EHDC LS
congidered to play a key role in DC process. We investigate conditions X > TETVT 32 Y0 ¢ TRMBNATRRE BT L HNRREREAVT
for the process of the UH waves excitation. BT, B EREROEFVETRY, DCERT LS, FEL

B—2 N EBY B lc RHFEHDRE L AR LAERBI VYO THIEE

TMBEBLANX-ORAETRELBETITRNMARRT F2, JheE BItHLTHDIERT S O-L E-FEBIUFUH €~
3R, 7REREARFOBMBENLTORERF:cnITIIAS FENZHEBEEAL VI ENTED, SN HITRKANHLEEA
NTVWIRROATIRIRGTA £ v» SEE (Stimulated Electromagnetic EEANRIME LEOIIMITTE S L 2 BRNWEFHIZLFBERVEY
Emission) & FRIN S EMBH AN & h TV 3. BUM(Broad Upshified % 513,

Maximum) % ¥ SEE OB LB, K 7AEMIRHAEFE 1) S. N. Autani, ot al.. Geophys. Res. Lett.. 18, 22835, 1991.
D40t 0 BEBOSHEEHTHEVBEIOINE NS,

SHIEDSG, SEE IRBRAR (UH) EPRST S HRBIBEEMILD

BERIhBEFROATVE,

3. BAORDBRALLOWHCBRICK N CEWINE, T, RA4DT A—T TR
AL TESNARNBRENRRAMOTT L L LTRIBI ZLHTL IERANRRD
QFI-FEeRRLTML,

27, 2 XRORASMI BV TEABRREM 277 7 X7 2 A HAREMBRET S
Hit. BLUIRRORAERE BV A ESRREAVTT7 2 A% 2 4 HARCRBIL
FTLHLEETRELL, RRBIUBA~Y } 40ERIE, SABRRICAL -2 A02A
AT A LI > TRBREEFC >22. (81 95 HURRUTSL LR EFLE
SEINRILMAROE Y -7 782 ZHEAVE, 2, 72 XvRFORN BV
LROMLEE (OCM) 82 VERIENRIHE (ASM) n=A) DL ELATLL, LD
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Deveiopment and Applications of
the Boundary-Fitted Electromagnetic Particle Code

Mesaki OKADA!, Yoshihara OMURA?, Hiroshi MATSUMOTO?

and Masaki EJIRI!
1: National Institute of Polar Rescarch
2: Radio Atmospheric Science Center, Kyoto University

abstrect

We have developed o new algocitbom for a boaodary-Bited clectromagaetic particle code o
take into account mare realistic shape of & spacccralt for the spacoorafl-plasims intersction.
‘Triacgular mah i used for tho diseretization of the edectsic Scld and the magpetic Beld. Two
algorithns for calculating tho current density from the particle position and the vebocity bave
beea formulated.

Firmt, we formulato the ¢ ) azd the throo-di ! aclirne of the now
code. The eentral difference scheme s adopled for the di of time. We can
fatruduce arbitral shape of & spacoctafl aa & model by utilizing the triangular sk system
for the spatial grid. Vector rotatious of tha eloetric and the magnstic Selds are discretized by
applyicg Stokes' theorem to each trlanguias cirment (See Figure 1). We abo formulate two
kinds of tho current ealculstion metbods. Ooe is 1be charge comservation method (CCM),
which rigoroqdy eocserves the charge o each triszgular elemsent. The other is the area
sharing metbod (ASM). We adopled ASM 1o be code becanse of its simplicity.

Tte twodixecsional bousdary-Atied electeotuagnetic particks code hes been programmed
acd has been d the pert We beve pesformed o serics of tost runs with 84x84
grids and compared with the resalts of the ortbogosal grid code, KEMPO. First, the CFL
condition bes boen chocked for tho light waw propagation in the vacuum. The coregy

ion sad Poimaa’s loa solver have boen ovaluated with a tost particle. Fioally,
we performed o tost simulaticn with 4090 plasma particles. We confinmed the total coregy
bas satiafaciorily conserved during the 1024 eimulation stepa.

We will discuas the applications of (be boundary-Bited electremagnctic particle code to
the spacecraf mission sceh e3 o Solar Probe and SPU (Space Flyer Usit).

AIRRSCAVLROIMANAZE T I RELE, 2TRREAFFERNT 2 X1
ARRHLLIEPEREL S NLE HLV, BAR—-ENLERIIZBRELT

RREIZL > TFAINSHNAR— LORRBILAVT AR ET o IR, RROK
SUEREAVABA L NSAROMRAIO NS EFRETRY,

BWT, I RARDEPABRANTF 2—F ¢REL, HRFBEITTo7, X2=F TR
MU, TRBXBS VRRARORRHIEE LTI ASM ¢V, 27, 72 X
RFAFELEVARPTHORBMNEIMHIS 2 U CPLAFERBLE, X, #2} ]
FeuAP ARCERL, DRSS UDBBHITRCROLNEZ ECREL, a6,
@B ENT 2 XvRF EAVEMRBLREL, 77 X*ROEMORAER TR,
HRAXOWEERE LT, 72 XTRTFORENMANESEDRILL,

ZRATH, SOEERARLBRTF I~V £V —2—7 07 HBV*12 SPU(Space Fiyes
Uolt) 2 LOEBNFHTRARBLTT LLBAdTAN OV TORREFS ) FIT
»2,

5 1: Durrctiration of the ¥ u ], ccapozmat.
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T. K. Nakamura

Institute of Space and Astronautical Science, 3-1-1
Yoshinodai, Sagamihara, Kanagawa 229, Japan
Email : tadas@gtl.isas.ac.jp

A method called “splitting” Is used in numerical simulations
to study behavior of minor population of particles. In this method
the mass and charge of a super-pariicle are changed with
keeping the charge-mass ratio (9/m; g: charge, m: mass) con-
stant. For example, when one wish to examine the time evolu-
tion of a low density beam, say 5% density of the background,
he/she assigns the same number of super particles to both
beam and background particles. if he/she sets the charge and
mass ol the beam super-particle to 1720 of the background su-
per particle, the beam super-particles can represent 5% popu-
lation of the background. Here it is assumed that the moticn of a
super particle is not mcodified by changing the super particle
charge and mass as long as the charge-mass ratio is kept
constant.,

This assumption Is true when the super particles are ac-
celerated by coherent fields, however, no more valid for
stochastic acceleration fike In thermarization process. In the
limit of the thermal equillibrium, for instance, the particle distri-
bution is a Maxwellian (o< exp|-3mv® /kg T]; kg: Boitzman con-
stant, T: temperature), which is different lor different mass ol
super particles. Therelore, splitting method may give inaccurate
resufts when applied to thermalization problems.

To demonstrate this, we perform a simple one dimensional
electrostatic particle simulation with periodic boundary condi-
tien. We simulate classical two stream electron instability where
ions are treated as immobile background. Two groups of super-
particles are used in one run, both of them have the same
charge-mass ratio. We set mass and charge ol a particle in cne
group (“split" particles) to 1/32 of those in another group
{background particles), but other parameters (initial velocity,
temperature, etc.) are the same. Therelore the time evolution ol
both groups must be the same il the splitting method can give a
correct result.

The lollowing figure shows the velocity spread
(<(>- <v>)*>; <..> means average) ol the particles in two
groups. We see that the thermalizalion process is guite differ-
ent.

0.004
° *Split® Particles
@ 0.003
@
2 0.002
8 Background
;3 0.001 Particles
0.000 & — 4
0 200 400

Time (1/wpe)
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Thermosphere-Ionosphere Coupling Model (1)

H. Shinagawa
(Solar-Terrestrial Environment Laboratory,
Nagoya University)

The ionosphere and the thermosphere are strongly coupled
both dynamically and energetically. Various theoretical
models of the ionosphere-thermosphere system have been
constructed during the last decade, and significant progress
has been made in our understanding of ionosphere-
thermosphere coupling processes. However, improvement is
still necessary to realistically simulate the coupling processes.
Outstanding issues and the future of theoretical modeling of
ionosphere-thermosphere coupling are discussed.
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Numerical Simulation of the Thermospheric Dynamics
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° H Pyjiwarm ', S.Maeda *, H. Fukunishi ',
T.]. Fuller~Rowell *, D.S. Evana *

1) Department of Astrophysics and Geophysics, Tohokn University
2) Kyoto University of Art and Design  3) NOAA/SEL

We have revised the solar heating code in the 2—dimensional
model for the use of a newly developing 3-dimensional code. The
advanced solar heating code includes the effects of EUV and UV
absorption by O, Oz, N: and Os. Using this code in the 2—dimensionl
model, we calculate temperature, wind and composition under the
conditions of solar minimum and maximum. Furthermore, we will
discuss the properties of gravity wave propagation under these
canditions.
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The Dispersion Relation for lonospheric/Thermospheric Gravity Waves
by the MU Radar Observations
°M. Sato' S. Fukao' W. L. Olive T. Takami'

T. Tauda' M. Yamamoto!
! RASC, Kyoto University ? Boston University

om %l

By observing simultanecusly in multiple beams with the MU radar, we have
been able to track the passage of gravity waves and measure their propagation

characteristics. We investigate the dispersion relation for these waves, and -

make o comparison between this and lonasonde Observations!). We will
discuss these data in comparison with theoretical dispersion based on gravity
wave theory.

MU V—¥—TRSY-LFRIENC L n, BRE F FRRT-HEOB¥E
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Simultaneous Observations of lonospheric E/F-Reglon
Irregularities with the MU Radar

M. Yamamoto, and S. Fukao
(Radio Atmospheric Science Center, Kyoto University)

Recent studies of mid-latitude ionospheric field-aligned irregularities
(FAI) have revealed that both E- and F-region FAI show large dynamic
structure, which seem to be attributed to the modulation of the iono-
sphere due to atmospheric gravity waves, In this study, we have utilized
the MU radar to conduet simultaneous multibeam observations of iono-
spheric E- and F-region irregularities in July 14-17, and 21-22, 1994.
We steered the antenna beam in five directions for each region with the
range resolutions of 600 m (E-region) and 4.8 km (F-region). During
four nights of experiments, F-tegion FAI echoes were detected in two
nights of July 14-15, and 21-22. E-region FAI echoes were detected in
all nights, while they were less active in the nights when F-region echoes
were not obtained. It was also found that each event of F-region echo
appearance was for 2-3 hours, which corresponds to the pericd when
E-region FAI were enhanced.
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1. Morgan, M, G. and Tedd, B. L., The dispersion of traveling ionospheric
distubances, J. Geophys. Res..88,10253-10258,1983

2. I 8, &5 92 [E] SGEPSS R FHisk, 1992
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Study of Quasi-Perlodic Structure of Fieid-Aligned
Irregularities In the E-Region Observed with the MU Radar

°M. Hayashi, M. Yamamoto, and S. Fukao
Radio Atomospheric Sience Center Kyoto University

We have studied quaai-periodic radar backscatter from field-aligned
irregularities In the E-region based on the multibeam and interfer-
ometry observations with the MU radar. They have shown that the
appearance of the echoes during the postsunset pericd is intermit-
tent with periods of a few to 10 min, and that they propagate toward
the radar. This is why these echoes are called “quasi-periodic (QP)”
type. Now, two models are proposcd for QP echoes by R.F.Woodman
et al (1091) and R.T.Tounoda et al (1594). Both models show that
the QP echo patterns are due to sporadic 5 layers modulated in al-
titude by atomospheric gravity waves. In this study, we analyzed
mean Doppler velocities and spectral widths of QP echoes as well as
their echo powers in order to investigate the quasi-periodic structure
in more detail and clarify its mechanism of generation by comparing
their characteristics with the proposed models.

1. L=

Ra, MUV—-F=¢AlLTHBRERE E fIRRBNRA LV ¥a2 )
5 4 (FAI : Field-Aligned Irregularities) OS5 % 7% > T 2 A, £OER, FAI
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Turbulence and movement of sporadic E irregularities
observed with the MU radar

°T. Ogawal, M, Yamamoto?, and S. Fukao?
({Commun. Res. Lab., {Radlo Atmos. Sci. Ctr., Kyoto Univ.)

Mid-latitude E region field-aligned irregularities (FAI) in summer
were continuously observed on June 17-19, 1989 by the MU radar pro-
vided with five narrow beams in order to investigate spatial and tem-
poral behaviors of the 3.2-m scale FAL Using Doppler spectrum, mean
Doppler velocity, and echo intensity data that were obtained with a
range resolution of 600 or 150 m and a time resolution of about 20 s,
we present some new features of the plasma turbulence and irregularity
movement pertinent to two types of echoes: “continuous” and “quasi-
periodic” echoes. Their characteristics are summarized as follows:

Continuous echoes

(1) Continuous echaes were observed at night and in the momning.
They appeared at 90-100 km altitudes and had a SNR less than 15 dB.

(2) Apparent movements of the echoing patches (patterns) were east-
ward with speeds of 95-140 m s~".

(3) Echo intensities and mean Doppler velocities were modulated with
periods of 5-20 min, suggesting an important role of gravity waves to
the modulation.

(4) Mean Doppler velocities were within £50 m s~! corresponding to
an apparent east-west electric ficld component of 2.5 mV/m (~ dynamo
field). They were toward the radar between 2000 and 0200 LT, but away
from the radar between 0300 and 0830 LT.

(5) Some enhanced echoes were located within the region where the
mean Doppler velocities tend to be close to zero. On several occasions
there was velocity shear across the enhanced-echo region.

GIRALE-HIC DU, BB KERRT S t b k.

HEDL I 2BRMEa—DEEIcoVTR, 22007 A0BIATH
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SRARITHEHE 2 ISR SARBAEK X » THEEERA N AN
EFEELTVE. 2200 FAD) S, RF.Woodman et ol (1991) KX 5T
HBAhibon, MEPEXHI7 4> 2 ERVA km BROBEERNE X
3, BHROFRBHRC LD ZANI27 4> 2 ERCBANE FGFC L IBH
PTEJILLILOTHS. b3 1 D2DEFA, RT.Tsunoda et al (1994)
KX->tliBah, 2R97 47 2 ERYNBOFABAMCREVLINT
m BORMEFE R}, PEBRICL>TQP a—HFELHLLTLE.
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tORREFE > D THET S,

2. BRR

HEZCRFYLOAASY —LARNOMAHRICEII L, a3 =9 —iCD
LT, Ta-JEMBEME L IL—F—RKBETIL St BbRroTLE, ¥
HY > 7o2-HBicovTH, 1MBORYE TR AMrLORHEEED
TPt 2a—-Av—H¥RXtESRECHOLTERAYREET SRRYSL
Hoh, 222 AN OLTIR, T3 =-AT—DEABICM BRI EHL
LT roht. xa—WMONMBEA RO W SWAN=x 2 —OERA
F-yRGRICEIY, FH ¥ 72—, 22 At EDOBIBLT
BE—RHAER->TLE, 6K, TP » 7O —HMOALH VT 1 B4R
BREORHOUERFIEE/P 2 VL ORHPI L, BHEERE OO M
BOItFbdoAk, A, ZRICTRBES, = a—FURIBIME L bICL—
F=DoBEDPEAZ~v R bhAHR, £ CHRIHERPER TS F »
72 —BEYHEIEETT b FDo A,
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DEFACRRFALS O MBEHSS. 2A, 2a-HEHANRDOF» 79—
BEOREILOVTR, UbboEFACPLTIRALATLE L,

(6) Doppler spectra were almost symmetrical abeut mean Doppler ve-
locities and had spectral widths narrower than 100 m s~!. These chat-
acteristics are similar to those of type 2 echoes due to the gradient drift
instability in the equatorial and auroral £ regions.

Quasi-periodic (QP) echoes

(7) QP echoes were observed at 95125 km altitudes and only at night.

(8) Most of the QP echoes had periods of 5~15 min and consisted of
many striated discrete echoing regions that moved toward the radar
with range rates of 30-100 m s~'. The QP echoes observed during
0310-0400 LT on June 18 had periods of 20-30 min and range rates
of 10-15 m s~'. Sometimes the echoing regions moved away from the
radar,

(9) QP echoing regions usually moved westward at 60-180 m s™!
whereas some moved eastward at 70-110 m 5~!. With increasing west-
ward speed of the QP echoing region, the period becomes shorter and
the echoing region moves toward the radar faster.

(10) Echo intensities and mean Doppler velocities were modulated with
periods of 5-20 min (same as item 3).

(11) Mean Doppler velocities were mostly within £100 m s~! and some-
times reached 200 m s~ for a short interval in limited regions. Signs of
the velocities were very changeable in both space and time, and were
unpredictable, were unrelated to the movement of the echoing region.

(12) Some enhanced echoes were located within the region where the
mean Doppler velocities tend to be close to zero. On several occasions
there was velocity shear across the enhanced-echo region. These char-
acteristics are similar to item 5.

(13) Doppler spectral widths were between 60 and 150 m s~! and some-
times reached 200 m s~!. The widths were variable in time and space.
Very narrow spectral widths of 20 m s=! occasionally appeared within
a localized region.

(14) Structured QP echoing regions have spatial scale-lengths of 150
m (the minimum range resolution used) or less.

These results are compared with previous radar observations of mid-
latitude £ region FAT and recent theories of a generation mechanism of
echoes.
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The conjugate observation by the MU radar and the Freja satellite
was made at two nights between April 26 and April 28 in 1994. The
purpose of this observation is to clarify the relationship between the
mid-latitude electric field fluctuations observed by satellites and the
other ionospheric phenomena cbserved by radars.

The mid-latitude electric field fluctuations were found by the
DE-2 satellite observation. They mainly appear at nighttime and
between 25 and 40 degrees invariant latitude. Its simultaneous ap-
pearance at conjugale points in both hemisphere indicates that these
fluctuations occurs throughout the geomagnetic field line. This char-
acteristic is confirmed by the Freja satellite observation of the same
type of electric field fluctuations over 1300 km altitude which is
higher than the DE-2 satellite orbit. In order to see the background
condition of the appearance of these electric field fluctuations, the
MU radar and the Freja satellite simultaneously observed the elec-
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Modeling Study of Equatorial Ionosphere
T. Maruyama (Commun. Res. Lab.)

In the ioncspheric F region at the equatorial latitudes, the strength of zonal
clectric fields in the evening hours is tightly connected with generation of
equatorial spread F and plasma bubbles. Many researchers discuss the elec.
tric fields and dynamics of the ionosphere based on the electric fields derived
from the time derivative of virtual height of the F layer (dA’F/dt). This pa-
per reinvestigates the accuracy of the zonal electric field derived by the above
method. Model calculation of ion concentration in the lonesphere shows that
heights of the bottomside of the F layer significantly change due to the ef-
fect of trans-equatorial thermospberic wind, which has been considered to
be negligible.

1K

TUE FARORVERDIET& LT, LFHLRBMOLLENROMBIZ,
TREMEBRIBRETH S, BRMR. FHLEMOXRAVTS F JIROTH
YRRLABITHEROBIIEHRNS, FTTRMICHOTIE, BN
KETHIEHIL. HELEAIOBRPICL S EXB FY7 Fizk-TRENIE
RS (RAETIh, MERICSITEPHUBEZCREEIHTIS, &
ORIZZ ST, Z{OBRENTEBRALN (4147 V5 THSHS
W FOMNME (dh'F/dt) r 5 HETRERALTL S [Batista et al., 1990;
Hanumath et al, 1994).

ABEBREAMIZBEO TR, IRHROTRIINAETH Y. BOSIIK
€T SUTIIC R4 & WIBH 3 E B (evening enbancement) DN —RHTH S,
S OBYIC. Rayleigh-Taylor RU ExB RAREIC L » T 75 X2AT NI
BENROTMUBE (VXS Vv F F: ESF) 2¥Rh 3, EHi2, boT
ESF REDEN-BXIC L ST ER~Z LBz, FREKEKBBOMMDL
%1F > 1= [Maruyame, 1988], € = T2, BBEL T Jlcamarcad IS V=0
iR & Fortaleza TO AN F/At SRR LA VL. £hENORIYL
TESF RARROFMRENLTIEMIZHB AL Vdt, Fortaleza OHILER

tron density profile and electric field, respectively, on the same geo-
magnetic field line at the night of May 18 in 1993. The observation
of the MU radar was in the standard mode for the ionospheric ob-
servation, which observe 4 directions of ionosphere.

Another set of conjugate observation was made in April 19%4.
In this observation, the MU radar observed ionosphere in a special
mode, in which 8 directions of ionosphere are observed simultane-
ously. The beam directions are north, south, east and west with two
zenith angle, 10 and 30 degrees. The 512 usec single pulse is used and
its observation altitude is between 150 and 660 km. It can observe
the electron density structure of the region whose diameter is 440 km
at 380 km altitude. At the night of April 28, the F-region ionosphere
had horizental gradient of the plasma density in east-west direction.
Tonograms which were taken at the MU radar site show spread-F
echoes when the horizontal gradient existed. Same type of horizon-
tal gradient were also observed in the conjugate observation in May
1993 at the footpoint of the electric field fluctuation. These horizon-
tal gradient of the plasma density in the F-region could cause the
electric field fluctuations through plasma instabilities such as Perkins
instability or ExB instability.

{2 Jicamarca KHXTRKASLRRELT L. BRPLETRHIKRSET
S EnTENUD o, RCT.ANF/AUNSRIBENET S - LICRRALR
L,

SETERShLRATIE. ANROFNTMEIE (h'F) ~OERIE
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(HHERPSLREHA) OXUNBUTILNC 27T,
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Characteristics of the Quiet-time F Region Electric Fields
at Mid-latitudes

° T, Takami' W. L. Oliver? 8. Fukao!
! RASC Kyoto University 2 Boston University

We have examined the quiet-time behaviors of the F region electric fields
at middle latitudes, using the average P region perpendicular plasma drifts
obtained with the Arecibo, Shigaraki MU and St. Santin radars. The F
region electric fields are significantly related to conjugate effecta.
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Simultaneous Observations of Nas layers with a Lidar
and Es layers with an lonosonde (I)

M. ABO*, C. NAGASAWA®, K. IGARASHI** and M. NAGAYAMA ™
*“Tokyo Metropolitan University
*+*Communications Research Laboratory

Abstract : Sporadic sodium (Nas) layers are frequently observed with
a lidar in the mesopause region over Tokyo, We observed the Nas
layers with the lidar and the sporadic E (Es) layers with the specific
ionosonde located at CRL{Kokubun}i) simultaneously. We could find
good correlation between the Nas layer above about 95km beight and
the Es layer, and no good correlation between the Nas layer below
about 95km height and the Es layer. They may suggest that the
mechanism of the Nas occurreace varies with the height regioa.

BLDEE RLARI/F—BRIZIY, BRIBECRDHENQRELLY
LENTALANRIFL 9 7 Na (Nas) RO BWTRARERET
BILERGLA, B, NasBOREMEOBRRALIARSI 74 9 &
E (Bs) BOFRRALAC—KLTHY, NRORARENRKL 2.
SHIINsE LEsFORPE R EFI Iz, A=AV DM
ROOBLELRMBENO/2 /7Y PORSRANE fFo ., 2208
OEHERLIBOATHEVY, LOMREREGT S,
EIRSHRE 94 7 -BRMEIAk (AET) 2BVWTHBBLELSD
B, BESAREL000THibh, 412/ /Y PIIL3RMIZ. T16H
10t h - BER (NF4) CARISTNBTCFHLATVE 4D LN
LSSMM. AEIMBI.S~3knlct D fisr:, FIKEEI219944:6]]
rH8KIHTHREFbAL,

Figlk 24 ¥ 122 519944:7J15-6 HDONa BB 245 & i
T BHRAAORROZILL L DRTTA 2oL BRTHE, 238

ALET3E, WO Arecibo T L 3RO L, AROMAMA (F) C£LC
SWBIIITBL ¢, - TAOAROND £ HO Arecbo DRBIBAMT S
sbichd,

Arccibo-BEMU KALA 3 v — ¥ - BABEAKO>VLTONGH
ik, A% MU-St. Santin 4> Arecibo-St. Santin CoLWTH Rbh (R1),
Ve, t Vy, OBRBHCRPL12 ) AFICH - 2HBESB NS, BFTR,
Arecibo, f8% MU, St. Santin @ Vg, t Va, KRO K SEUIBADRYE
ER(2). OBRAE ELIKBREAAL AV,

B1 Sv—F—om RS
MR (BNtR) | ARy
Arecibo 18°N (45°8) 30 °N
B3 MU 35°N (17°8) 26 °N
St. Santin 45°N (35°S) 43 °N
Arocibo Summer Areclbo Winter
] 80
N \/\ “
e W B PR
! <[\
e ve 24 T a1 ve a4
MU Summer MU Winter
[ [
5, i a v
9 A, P \ N VAW § ~ S
£ a0 I N
-4 -40
-“o e 12 18 2 [} 6 12 18 24
Local Time -
B1 Arecibo(.k) tB% MU(T) THAE LA ARIERHEARN D

H(E)- %4 (H) K213 Ve, (R RU Vo (20) 0FHERD

LOIRMICNAHRBEL TV 3DW DS, Fig.2l S D DONas DB
E=2MEED vy THRK (1tBs) OISR {LEFRT. 230 HDNasid
Bs MMM A VAT, 01RO NasitNIB T EEsORIEMR S hizvs,
Fig.3iCNas LEsO R R {LE 5T, 23WYIDNasI298knid HizhH D, Es
LREBBERRIODD, BRORTIIEs L MRHAEV, 01BN ED
Nasi295kmBFICRELTHY, Esk HBOLMBMIER 6 Lz v, Nag
OR/EBRIZXDEsL OHRIRBEZ EPENasHDRENAIBEIZL Y
REZEIBFENG,

TIHE (O )
° 1

0 1000
Be Dunstiyion-3)

Fig.1 Sequence of Na density profiles of the sporadic Na (Nas) layers
observed on 5-6 July 1994.
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Fig.2 Temporal variation of the Na Fig.3 Temporal variation of the
density at the peak of Nas layers and height of the peak of Nas layers
the top frequency of Bs layers, aad the height of Es layers.



A21-11 HABRABORTER - RTFEBH
—— R EARDHE ——
pMUR—AB2, G. Balley3. WiREBH4,
ARR4 (VhEMPBRVATRG. 2 PHELARA.

AMAEKAE, SALRMINEAXIUGERSLAR)

ORf s,
RPM+s,
1227 4=l X%,

Electron Temperature and Density at Equatorial-Anomaly
Latitudes: Modelling Studies and Hinotori Satellite
Observations

Y. Z.Su', K. 1. Oyama', G. J. Bailey?, T. Takahashi?, S. Watanabe! and
H. Oya?®

1The Institute of Space and Astronautical Science, 3-1-1 Yoshinodal,
Sagamihara, Kanagawa 229, JAPAN

3The School of Mathematics and Statistics, Applied Mathematies Section,
The University of Sheffield, The Hicks Building, Sheffield 83 7RH, V. K.

3Tohoku University, Sendai, JAPAN

‘Hokkaido Institute of Information Technology, Ebetsu, Hokknido 069,
JAPAN

It is well known that the low latitudinal ioncsphere is characterized by the
equatorial anomaly. The effects of equatsrial anomaly I the behavior of
F2 peak electron density and total electron content have been studied us-
ing experimental observations and modelling techniques. In the most of the
previous modelling studies of the equatorial anomaly, the energy balance
equations for ions and electron has not been used in the caleulation. Thus
the coupling between the electron density and temperature cannot be inves-
tigated in a self-consistent way.

Recently, A low and mid- latitudes plasmasphere-icnosphere model has been

A21-12  Swdy of E-region neutral wind

with EISCAT radar observations

*Satonori NOZAWA, Yohsuke KAMIDE, Ryoichi FUITI
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and
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E-region neutral wind is a key parameter for understanding the
lynamic processes in the auroral E-region. Since the density of neutral
particles is much larger than that of lon particles, neutral paricles can
strongly influence on lon particles through collisions. Several studies on
E-region neutral wind have been already made by using EISCAT Common
Program (CP) data (c.g., Williams and Vixdl 1989, Kunitake and Shlegel 19
91, V‘uﬂ: and Williams 1993, Brekke et al. 1994, and Nozawa and Brekke 1
994). Most of these works studied mainly characteristics of the quiet-time
neutral wind in terms of tidal oscillatons and the mean wind. Kunitake and
Shlegel (1991) and Nozawa and Brekke (1994) studied characteristics of
disturbed-time neutral wind and presented that the neutral winds above 109
anp;how significant enhancements during disturbed period defined by Kp

These previous works have used datasets mainly to analyse the tidal
ossilations as well as the mean component of the neutral wind, and did not
pay much attention to charactensucs of the neutral wind for shoﬂer duration
(a few hours). This paper presents characteristics of shorter period neutral
wind at disturbed ﬁmes del'md by magnetic field disurbances observed a1
Tromsg, in a relation to other pt:‘ysxcal parameters such as ionospheric
currents, conductances and electric

We have analyzed twenty-one CP-1 data scts and magnetometer data at
Tromsg obtained from November 1988 till December 1991, From the CP-1
dawa sets, about 140 data sets each having about 30 minutes ~ 2 hours

developed by Sheffield Group. In the model coupled time-dependent equa-
tions of continaity, momentum and energy balance for § ions and electrons
are solved. In the present study, the coupling between electron tempera-
ture and density at equatorial anomaly latitudes is investigated using the
Sheffield University Plasmasphere-lonosphere Model (SUPIM). The mode!
results carried out are for December solstice at solar maximom.

The model results at 600km between 25°S to 25°N latitudes are compared
with the electron temperature and density observed by Hinotori satellite.
The model values show that the observed features that the electron density
is higher in summer hemisphere and temperature is higher in the winter
hemiaphere, is principally caused by the summer-to-winter component of the
meridional wind. Closer agreement between the the modelled and observed
values of the density and temperature Is obtained when the meridional wind,
as given by the HWM®80 model, reduces the summer-to-winter component
and shift the phase of the daytime polarward component toward afternoon
sector in northern hemisphere and morning sector in southern hemisphere.
The model calculations show that the altitude variations of the vertical ExB
drift velocity play an important role in the development of the ionespheric
equatorial anomaly. in order to reproduce the observations, the altitude
variations of the drift velocity should be taken into account in the model
caleulation.

The altitude distributiona (from 150 to 2000 km) of the electron temperature
and density are Investigated using the values from the model. It is found
that, The elecron temperature also show the anomaly latitudinal and alti-
tude distributions at low Jatitudes due to the equatrorial anomaly in electron
density. The north-south asymmestries of the electron temperature and den-
sity at equatorial Jatitudes vary with altitude. Higher temperature (density)
can appear in opposite hemisphere at different altitude ranges. The mod-
elled altitude variations can generally reproduced the local time and seasonal
variations of the electron temperature and density observed by incoherent
scatter radars at Shigaraki (MU radar), Arecibo and Jicamarca.

duration are picked up and divided into three categories such as Quiet time,
Eastward current tinte (AH > 0 and AE,;,, > 0) and Westward electrojet
current time (AH < 0 and AB ;i < 0).

Figure 1 shows eastward neutral wind velocities and ionospheric currents at
109 km which are averaged for their duration as a function of Universal time
(Local time = Universal time + lhour). In general, the direction of neutral
wind is eastward during westward current time (16UT ~ 04UT) and
westward during eas! current time (10UT ~ 16UT).
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Figure 1
Eastward neutral wind (Uy) and
ionospheric current (Jy) at 109 km
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DERIVATION OF ELECTRON SPECTRA

A21-13 DERIVED FROM EISCAT CP DATA AT AN SC

‘R Fujii, S Nozawa, M Sato, N Mafuura, A Brekke,* C Hall,*
and T L Hansen®

STEL Nogoya Universliy  *The Aworal Obseratory, Universlyy of Tromsa

A previeus conparison study between clectron energy spectra caleulaled,
through CARD, from electron density profiles obtained frora the EISCAT
Common Program One {CP 1) and thase obtained simuttaneously from in-
siws observations by DMSP satellites at the top of the ionasphere has shown
that CARD grovides quantiladvely realistic spectra, As an application of
CARD, changes of specira associated with an SC is studied, which have
shown significant hardening of precipitating electroas with energies higher
then 20 keV when the SC occurred.

It was rather seldom that 8 well-identified SC (listed in the Solas-
Geophysical Data issued by National Geophysical Dats Cenicr. Boulder)
occurred during EISCAT CP-1 operalions and few dalz sets are available
during 1987-1992,

An 8C ocaurred at 0821 UT (<10 MLT) on June 12, 1990 when the
geomagnetic condition had been continuously quiet since 04 UT. The H-
component of the magnetic field started to increase at 0821 UT and reached
a maximum (AH~+100 nT) at 0823 UT, and then decreased (AH~-200 nT),
while the Z-component of the magnetic ficld first decreased (AZ~-30 nT)
and then increased {(AZ-+80 nT). The major disturbances in the H- and Z-
components, associated with the SC, were confined during 0820-0825 UT,
although the disturbances In the D-component appeared 10 continue until
about 0900 UT.

Feasibility Study of
Plasmaspheric Helium Qbservation
by S-520-19 Rocket Measurement

A21-14
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[.Yoshikawa! M.Nakamural K.Yamashin2 11Kunieda?
MHiraham! Y.Satod T.Yamanaki2 Y Takinwsé K Keda2

LDcpacument of Earth and Planctary Physics, University of Tokya
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3.Instinuce of Space and A stronswtical Setence

4 University of Gakuglinm

Mecasurcment of intensity and spalial variation of
Extreme Ultra Violet (XUV) cmission lines in the carth's
shadow represents an important, perhaps unique,
observation for determining (he global distributions of
ncutral particles and ions in the plasmasphere. A larpe
number of rocket experiments have been conduocted (o
observe XUV lince intensily in the carth’s shadow for
several ycars. Our inieresi hias been centered on an
iniense cruission fealure atlribuled o singly-ionized
helium resonance line at 304 A,
$-520-19 Rocket will be launched al the beginning of
Februacy 1995. We are planning to abserve this line
intensity witli the instrument (Hetium EMission scanner,
HEM). HEM consists of a Spherical Mo/Si Multilayer
Mirror of 6em diameter and 30cm focus distanee and a
MCP(Micro Channel Plaic) with mulii anode and an Al/C
filicr. The filler js necded ta climinate compeling signals
al S84A from atomic helivm, 834A from singly-ionized
oxygen, 1216A from atomic hydrogen and visible rays.

Shown in Figure la are five successive clectron density profiles obtained
by EISCAT al 0810-0815 UT, 0815-0820 UT, 0820-0825 UT, 0825-0830
UT and 0830-0835 UT. The spectra ablained from these electron density
profiles, through CARD, are also displayed in Figure 15, As is obviously
seen in Figure 1a, the electron densities at altitudes lower Lhan 100 km high,
were suddenly enhanced at 0820-0825 UT aad then went back 1o the pre-
SC background level. The spectrum at 0820-0825 UT is denoted by the
thickest line. In lower energy range below 15 keV these spectrn appear o be
simifar wilheut any particular changes associated with the SC, while in
higher energy range above 20 keV the fluxes at 0820-0825 UT =are
significantly (2-8 umes) larger than those at the other four time intervals.
This roay suggest that the SC wes a cause of the bardening of the energy of
the precipilating electrons associated with the magnetic compression.
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Fig. 1: a) Sucoessive electron densily profiles st 0810-0815 UT, 0815-0820 UT, 0820~
0825 UT, 0825-0830 UT and 0815-0840 UT, and b) thelc specira obtalnod by CARD.

The cxpecied iniensity of the 304A radiation (100
photons sec-1 em-2 column -1y is given by l=gf n dl in
Rayleighs, where n is number density of He+, | is line of
sight direction, g is a constant which depends on resonant
scatiering wave leagth.

In this paper, we present the motivation of the study and
discuss feasibility of determiniog the global disuibution
of Hct ions in the nightside plasmasphere.

Fig.l1 {(configuralion of HEM)
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[4P-Bx EFFECTS ON LOT-LATITUDE [OXOSPAERIC ELECTRIC F1ELDS

A21-P53

I. lyecori, . Takeda, A. Saito. T. Araki.
T. Hashicoto and Y. Tanaka
(Paculty of Science, Kyoto University)

The IWP-Bx effects having statistical confidence greater
than 99% were detected in the lov-latitude (Ls1.25) ion-drift
data obtained by the WU radar for the period froas 1987 to 1993
(total about 200 days). It was found that the 1MF-Bx cozpenent
sost strongly correlates with the north-scuth cosponent of the
electric field on the night-side. For core positive (i.e., sua
vard) I¥F-Bx, the electric field is sore southvard/dovavard in
the northern hemisphere. 1t is shown that this 1WF-Bx depend-
ence holds for both positive and negative 14F-By polarity
indicating that this dependence is not the 14P-By effect. The
1§F-Bz also has significant correlation in limited local tize
20ne8.
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UT and Day—to—Day variation of the Geomagnetic Sq Field in 1964
M. Takeda (Faculty of Science, Kyoto University)

Equivalent Sq custent system at each UT on every day in 1964 is estimated
by the method of Takeda (1984) with the extension to the asymimnetrical case.
UT variations are obtained by the average throughout every for each UT, and
day—to—day variation s studied by the same method as in the previous
presentations.

ME CAERRKIRSL - RESANLLMNS - IFEK) ORNTR. A
BAS q WO ITRE A<D OIC108F128 10 ARIIZ>WT, Takeda (1984 D
HEERBIZOWTHNELBS IR U L RIEMITIC X D ITIBI SIS oF
SREAERY. COUR{RUEBEMLLARLE. SER, HROKRKTEL
S4E IR L TITY. ITELOBEEREE 1 ¥ ALLLOHI>WTORaX
LER<L, BIFFXINEE TLL<ENTSD . TRLICOWTR, &8 -
TRl W AR FHBERDTEAGFICEONMEARLE, TR, FHX
26 A OISR BB AL UTS- G RRAE R HIE < 25— F, UT20- 2280
BUFROBAMMTITARL . LPRICHLEN>—>ORRATRENSS
ENbihofe, TOMIERFIBEWRETR L —DRIEWRAR L OUTSIHIRE
i, NERE LERAORL IELEOROTR TS, EHBNELIE
BRABROTHICLEAT DL LENEAOREER(TITWS, &1, ZARLED
fbib. BIEIE RMICEA &ML LT, 245X TOADBHBEGOBOSE
RWHD., RICRDAEA - BUTELPA O MBOERE LTH~L, EAEL
ZOWT DH R P RENTIBR D,
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Table 1. CORRELATION COEFFICIENTS VITH 1¥F

Es (EQUATORTARD/DOTNTARD) e (EASTVARD)

T W B B BZ BX BY B2

0-2 100 .821 -.284 .00  -.075 .098 .91
-4 92 .08 .48 .170  -.018 .276 -.045
46 80 .059 .062 -.099  -.159 .I51 -.368
6-8 119 .iz% .080 .082  -.092 .172 -.019
8-10 114 .64 .009 .214  -.126 .120 -.129
10-12 108 .04 -.016 .408  -.090 -.070 -.103
12-14 117 .097 -.139 .038  -.007 -.173 -.089
14-16 104 .027 .07 -.070  -.002 .001 .074
16-18 121 ,363 -.150 .217  -.107 .207 -.364
18-20 127 .353 -.208 .108  -.215 .123 -.226
20-22 115 .262 256 .144  -.064 -.025 .054
22-24 100 .32 -.241 -.125  -.152 .105 .208

Table I. Single linear-correlation coefficients betveen the
ionospheric electric field cosponents Bs and Ee and the
1UP-Bx, By and Bz components. The correlation coefficients
vith gore than 95% correlation probability are underlined.
The averages of the absolute value of the correlation
coefficients for all loca] tice zones are slso shown.
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Fig. 1 UT variation of the external equivalent Sq current system in June 1964.
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Faraday Cup ard Langauir Probe installed on the S-310-23
Yuzo VATANABE (1SAS]

A21-P35

Characteristics of the Faraday Cup (FC) and the Langzuir Probe
(LP) on the S-310-23 launched froa Andoya in Norway are presented.
Ke,Te and energy distribution are observed by the LP from 95 ko to
apex in the auroral ionosphere. Ni. and Ni. are measured by the FC
froa 50 to 95 ko where the neutral particles and Ni. are increased
and Ne decrease in nunober.
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IONOSPHERIC TOMOGRAPHY
CAMPAIGN IN JAPAN
(1)simulation and case study with real data

°M. Kunitakel, K. Ohtakal, H. Ishibashil, T. Maruyamal,
A. Moricka2, and S. Watanabed
1. Communications Research lab., 2. Tohokun University
3. Hokkaido Information Institute of Technology

A21-P56

The first jonospheric tomography campaign in Japan was conducted
by using 3 NNSS receiving stations (Wakkanai [Geographic lat. 45.40°N,
long.141.68°E}, Sendai[38.25°N,140.85°E], and Kokubunji[35.70°N,
139.48°E]) from May to July in 1892 by Communications Research Lab-
oratory in cooperation with National Institute of Polar Rescarch and
Tohoku University. The second campaign was from February to June
in 1993. We have maintained four stations since setting another receiver
at Ebetsu[43.09°N,141.56°E] in November of 1993.(Fig. 1)

The reconstruction of two dimensional electron density distribu-
tioon requires inversion techniques. As there are some limitations in
ionospheric tomography (no horizontal ray path, limited number of re-
ceiving stations, finite receiving apertures ete.), the reconstruction is
in the eategory of ill-posed inversion problem. Generally, the regu-
larization technique is effective in solving ill-posed inversion problems.
We applied Modified Truncated Singular Value Decomposition [MTS
VD] method to ionospheric tomography. Some a priori conditions can
be incorporated into the calculation in this method.

Our simulations(reconstruction from TEC simulated from models)
showed that the method could reconstruct model structures rather well
(Fig. 2(a) and {b)).

After the experience of the simulations, MTSVD algorithm was ap-
Plied to reconstruct the structure from the TEC observations(Fig.3) on
May 2, 1984. An unusual ionospheric structure in a magnetically dis-
turbed condition was reconstructed (Fig.4).

Acknowledgements  One of the authors (M. Kunitake) thanks Prof.
M. Hayakawa for his suggestion about regularization technique. M. K.
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Nonperiodic irregularities in the mid-latitude
ionosphere detected by NNSS satellites
°Hiromitsy Ishibashi, Kazuhiro Ohtaka,
Manabu Kunitake, Munetoshi Tokumaru, and Takashi Maruyama
Hiraiso Solar Terrestrial Research Center, Commun. Res. Lab,
360! Isozaki, Nakaminato, Ibaraki 311-12. JAPAN

’

Traveling ionospheric disturbances (TID's), well-known
phenomena in mid-latitudes, have been cbseved by various methods
including ionosondes, HF Doppler measurements, total electron content
measurements by Fareday rotation, and in situ measurements of electron
density[Yeh and Liu, 1974; Francis, 1975; Hunsucker, 1982). There are
two catcgories of TID's, large-scale and medium-scale. Large-scale
TID'’s are characterized by higher speeds(400-1000m/s) and longer
periods (0.5-3hours) with wavelengths exceeding 1000km.
Medium-scale TID's, on the other hand, are characterized by Jower
speeds(100 and 250m/s) and shorter perlods(lSmin-lhour) with
wavelengths of several hundred km.

Differential Doppler measurements of signals from NNSS satellites
are also vsed for study of TID's[Evans e/ al., 1983; Ogawa et al., 1987).
Medium-scale TID's have been frequently cbserved in the differential
Doppler signals with the quasi-periodic perturbations. On the other hand,
some records also show isolated perturbations that are clearly not of a
periodic nature. It is of much intcrest to know whether this class of
iregularities differs significantly from the periodic type. The main
purpose of this presentation is thus to provide a study of the occurrence
and characteristics of nonperiodic irregularities.
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GENERAL FEATURES OF ELECTRON TEMPERATURE AT HIGH
LATITUDE

Koh-ichiro Oyama(institute of Space And Astronautical
Science), Takumi Abe(Aoyama Gakuin University)

Huge amount of electron temperature data up to the
heights of ~8000 km Is being accumulated by a Japanese
satellite "AKEBONGQ". Since its launch in 1989, the data
is being retrieved from four tracking stations (
Kagoshima, Esrange, Prince Albert and Showa Station)
and the observation covers all latitudes up to 75 degree,
longitudes and local time. In this paper we describe a
general features of the height profiles of electron
temperature at high latitudes. Morphology of the T, in
the low/mid latitudes was discussed (Oyama et al.,
1994a; Oyama and Abe, 1994b). Electron temperature is
obtained by the second harmonic method (Abe et al, 1990)
by using two planar electrodes. The second harmonic
method applies a small signal to the probe bias and pick
up the second harmonic current from the probe current
which is distorted due to the nonlinearity of the sheath
resistance. The second harmonic current gives the
second derivative of the curve. The electrodes are
located at the ends of two solar cell paddles. The two
probes are orthogonal and therefore one can study
anisotropy of the energy distribution function (or
electron temperature) if it is needed. Four second
harmonic curves which are obtained during both
increasing and decreasing biases In a second for each
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B.A. Whalen, AW. Yau (Herzberg Institute of Astrophysics)

Observations of Transverse Ion Energization
by the EXOS-D satellite
S. Watanabe (Hokkaido Institute of Information Technology)
T. Abe (Aoyama Gakuin University)
E. Sagawa (Communication Research Laboratory)
B.A. Whalen, A.W. Yau (Herzberg Institute of Astrophysics)

The Suprathermal lon Mass Spectrometer (SMS) an the EXOS-D satellite
observed the thermal and suprathermal ion distributions in and near
the Transverse lon Energization (TIE) region. the thermal {on energy
distributions we estimated the parallel and perpendicular ion velocities to
the local magnetic field line, densities and temperatures for major and
miner ion specics around the TIE region. We present here the TIE and the
related phenomena cbserved by the other instruments, the electric field,
the magneticfield, the high energy ion and electron, the plasma density and
temperature and the waves, on the EXOS-D satellite. The TIE occurs
frequently in the low energy range (< 20eV) and ncar the dayside cusp or
auroral regions over ~2,000km altitudes and the latitudinal range is less
than 100km. In this region, all ions (major and minor species) are energized
to approximately the same energy perpendicular to the local magnetic field
lines and expand outward along the magnetic ficld lines forming conic
distributions. The TIE region is, therefore, identified by the occurrence of
conic with 90 degrees conic angle. We investigated the phenomena around
the 90 conic region. The results indicate that the TIE occurs in the
shear region between eastward and westward convections associated with
auroral region, where the very low frequency waves are observed. In the
dayside the light ions (H' and He’) flow along the mf:fnedc field line in
the equatorward region of the TIE with 90 degrees conic angle. The flow
seems the classical polar wind. However, all ions including the O° ion
(major specie) flow in the poleward region of the TIE with 90 degrees
conic angle.

electrodes are transmitted to the ground every four
seconds. In order to study the height profile of T, we
averaged electron temperatures which are calculated in
the height range of (h-125)km and (h+125)km, where h is
the height at which we would like to plot T,. We studied
Te profiles thus obtained from the Invariant latitudes of
S4 degrees to the polar region with respect to local time
and season. The height gradient of T, shows maximum
around the midlatitude trough. In the latitudes lower
than trough, Te shows a normal diurnal varlation, whilst
Ta at night is higher than T, at daytime beyond the trough,
which might suggest that the electron temperature in the
polar region is controlled not by sunlight but by
precipitation of charged particles. More details will be
discussed in this paper.

References

1. Oyama, K.-l., T. Abe, Y. Sakaide, 1. Kutiev, T. Okuzawa
and Y. Choi, Electron Temperature Distribution in the
Plasmasphere, Proceedings of the 18th ISTS, May,
1994,

2. Abe, T., K.-l. Oyama, S. Watanabe, T. Okuzawa and K.
Schlegel, Measurement of temperature and velocity
distribution of thermal electrons by AKEBONO, J.
Geomag. Geoelectr., 42, 537, 1991.

3.Oyama, K.-I. and T. Abe, Electron temperature at high
latitude (INVITED), presented to 1994 COSPAR in
Hamburg, also will appear in Adv. Space Res.

4. Oyama, K.-l., T. Abe, Y. Sakalde, I. Kutiev, T. Okuzawa
and Y. Choi, Feature of electron temperature of the
innerplasma sphere, presented to 1994 COSPAR in
Hamburg, also will appear in Adv. Space Res.

ShiE AN —A w
1 YRRV (SMS) | o -—
CISLEGOEY | e
6. BAEEEEET § °f ST
ansisazsrmn § o K3
14 7 MRAEIRIZR o :
HARTWE. REH T VT S UL S
#122000km BB L ET,
1 A4 12100km b © ————r —
FoL#)THd. = § o s
DI EEHEIE g ol ke, ]
ENHItrl) I or - :
BIELHTH, i il
T&rngmmn |- S N N
FESRIC NS URK i ] o D P
BEANERBLTVS, P s b T
EXOS.DRAIC @ & -
NLROMBABREIZE | oo -
ZECHREARLE L o ,
LSBT mAGE §f o .
AL, FTIEVLE § of—s S
R
womEsnL, 11 e e TR el
IKRT L) Rt « ©
A @gR>y-a § o -
ROEHTO DAL [
BhEstaonst | o
R A
e e -
CEERRLTVE. i P S SR S
B1. EXOS-D/SMSIZ Lo THIR BN 44 FY 7 bR,
ga ExBAE (b) mﬁ@-}mmu-mm (c) BHMIHTEDOHe MEE
d) BHAKBOOH



A22-03 Multiple structure of polar arc
obseved from Akebono (EXOS-D) satcllile

T.Obara,T.Mukai, H. Hayakawa, K. Tsuruda, A, Nishida (1 SAS)
H. Fukenishl and T.Sakanoi (Toboku Univ.)

Akebono observations revealed that the polar arcs
somatimas split into multiple precipitation regions,
forming multipfe arcs. Spacing of the multiple arcs
is in a rango from 30km to 100km. showing a strong
dapendence on hardness of electron precipitation.

A small-scale electrodynamics of gqultiple polar arcs
has been studied. Results indicate that the dowrmard
fiald aligned current existed batween intense upward
current regions (arcs).
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A22-04
Band-like lack of ions around 10 keV observed
by the Akebono and the GEOTAIL satel-

lites

H. Shiraj, K. Maczawa, M. Fujimoto (Dept. Physics, Nagoya
Univ., Chikusa, Nagoya 464-01 JAPAN)

T. Mukai, (Institute of Space and Astronautical Science, Yoshin-
odai, Sagamihara, Kanagawa 229, JAPAN)

N. Kaya (Kobe Univ., Nada, Kobe, 657, JAPARN)

A band.like (almast monoenergetic) lack of ions around 10keV,
which we call "ion Jack band”, has been observed by two satellites
of Akebono sad GEOTAIL. The ion lack band observed by the
Akcbono satellite at the altitude of about 5,000 to 10,000 km
is identified as a sharp and deep deat at about 10 keV in the
ion spectra which cortinues over the latitudinal widih of sevesal
degroes or more. It is observed in the diffuse auroral region and
mostly on the dawn side. Soch a characteristic lack of jons that
continues almost at a constant cnergy has never been reported
before Akebono. Recently, the GEQTAIL satellite also observed a
similar feature in the energy spectra of ions whilc it was surveying
the prenoon scclor at aboul § (0 9 R& azound (he geomagnetic
equalor. In Lhis paper, the band-like lack of jons observed by the
two satellites is studied in detail. Comparing the ion lack bands
observed by the two satellites, we reasonably conclude that both
are the same phenomena. We also made simulations of jon drift
motions to undcrstand the formation of the ion lack band. The
formation is explained in terms of the open/closed character of
the drift orbil which depends on the ion encrgy. The pasition of
the ion lack band is understood by this explanation.
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Figure 1. The LEP data obtained on Janvary 26, 1994 by
the GEOTAIL satellite. Energy-time diagrams of electrons (Lop
panel) and ions (bottom three panels) are skown. The ion lack
band has been obsirved for the interval of about 1:20 UT to 2:57
UT, and is seen as a while band around 10 keV in the ion pancls.
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Mapping of Diffuse-Discrete Aouroral Boundary
to the Magnetosphere
and its Dependence on Geomagnetic Activity

K. Asai, H. Shirai, K. Maczawa a Univ.),
T. Mukai N. Kaya(Kob(:{l:‘ng?z.) )

We examin the latitudinal position of the diffuse-discrete
auroral boundary and the quatorward diffuse auroral boundary from
LEP (low-energy-particle) data of EXOS-D satellite. The results
are averaged for diffcrent MLT and Kp bins, and projected onto the
magnetospheric equator using Tsyganenko's magnetic field model.

. It is found that the equatorial position of the two boundaries
depend on Kp, but the latitudinal width of the diffuse aurora does

not depend much on Kp.
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A22-06
Evaluation of the anomalous cross-field diffusion
in the magnetosphere: cause of the triple structure of
nightside field-aligned currents
*T. YAMAMOTO' and M. Ozax1?
1: Department of Earth and Planetary Physics, University of Tokyo
2: Institute of Industrial Science, University of Tokyo

Yamamoto and Ozaki (NIPR Sympo; 1993) have proposed that a pair
of the region 1 and region 2 field-aligned currents (FACs) can be gen-
erated as a result of natural distortion of the hot plasma torus due to
the solar wind convection. Using the two dimensional numerical sim-
ulations, they have also shown that the pattern of the paired region 1
and region 2 FAC is medified by the effect of anomalous cross-field dif-
fusion of the plasma particles, namely the appearance of the triple FAC
structure (i.e., upward FAC zone intervened between two downward
FAC zones) in the midnight sector, which agrees with the observations
[fijima and Potemra, 1978]. Figure (right) shows an example of the
computer produced FAC pattern on the ionospheric plane. (Dashed and
solid equicontours are for the upward and downward FAC densities, re-
spectively.) In the present paper, we evaluate the anomalous cross-field
diffusion in the magnetosphere and show that the diffusion coefficient
averaged over the flux tube can be comparable with the Bohm diffusion
rate, at least in the active period.

The recent satellite observations have shown that the auroral flux
tube is filled with the low-frequency electric and/or magnetic noise.
On the basis of DE 1 measurements, Gurnett et al. [1984] found that
the electromagnetic noise has a power spectral density [PSD) increasing
toward lower frequencies (down to 1.78 Hz), and that the ncise always
occurs in regions of auroral electron precipitation/field-aligned currents.
More recent measurements of even lower frequency (down to 0.05 Hz)
electric fields from the Viking satellite [Lundin et al., 1980) showed
that the PSD peaks around 0.5 Hz and it reaches 10* (mV/m)*/Hz.
A similar PSD has also been obtained by the low-altitude (~ 850 km)

AmoaOvd O L BEUERIEE- S TR TIAT TR B &0 T H
BTN don 5 KU ek T TIBAYES . EKpOfiihtkE
BT Ol IMEMBEER > TV Do i, EXLHER
ALHIRB EOMEFEL, DewnfU TR { Dk ITIRIEL BN S
o1, Biodvs KpiadRH IR oI 10,

—%. BEGRER~ORRLIIEE, SRBII KOs & bicetk
HHSRENCH D NI TEOEHIZ I WA BIRAISASHILKp
YapbrtRloh, BT KpAvIaL SRIIIMLT =5 $/(398 7 h T
@flizi SATRA 5. NIONT,
Injection Bourdary & OHAR SRS X THELIS,

Ve
ﬂ )
RN

mkf! \L_"/

KPw 3

\

RN

N

e

A
v

K'P=2/ /:\ Kb 4 %R
Wl D
N L

Figure 1: Projection of diffuse-discrete auroral boundary(A) and
cquatorward diffuse suroral boundary(B) to the magnetospheric equator

satellite measurements [Chmyrev et al., 1985; Dubinin et ol., 1985, 1988]
From these observations, we can postulate that the low-frequency noise
prevailing in the auroral flux tube is characterized by the PSD peaked
at ~ 0.5 Hz, large amplitudes of 1-10 mV/m both in the azimuthal and
radial electric fields, and perpendicular scale lengths greater than the
cyclotron radius of the plasmasheet ions,

As a theoretical model, for sufficiently slowly varying electric fields
6E, the anomalous cross-field diffusion coefficient D is given by D =
2r, <6E*> /B} [Spitzer, 1860], where 7, is the self-correlation time of
the fluctuating fields. Since the-thermal velocity of the plasmasheet ions
is smaller than the Alfven velocity, which may be the propagation speed
of the auroral noise, 7, must be of the order of f~! ~ 2 sec. Taking
6E ~ 5 mV/m and By £ 300 nT (at relatively high altitudes), the ion
diffusion coefficient in the presence of the auroral noise is estimated
as D 2 L1 x 10° m?/s. On the other hand, the Bohm diffusion rate
for 8 keV ions is given by kT/16eBy ~ 1.25 x 10°m3/s. Considering
the larger cross sectional area of a flux tube at higher altitude, we can
strongly suggest that the ion diffusion coefficient averaged over the flux
tube volume can be comparable with the Bohm rate. (Due to shorter
correlation time for the electrons, the electron diffusion is insignificant.)
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‘Convection dynamo’ theory of geomagnetic storms and
subatorms: Energy transfor processes involved in
the magnetoespheric convection

Nakagawa Akinan

Facidty of Science and Technology, Ryukoku University,
Seta, Otu 520-21, Japan

1. The importance of the Hall term [n magnetohydrodynamic
modeling of the magnotospheric convection

Mangnotohydrodynamic (MHD) models of the magnetospheric convection
are usually givea in terms of MHD cqustion and Frozon-1n Condition
(FIC). Howaver, it i3 not neccssarily correct to amploy FIC along with
MHD eq. even in its fluid treatment; to keep consistency with MHD
eq., wae should employ Generalized Ohm's Law (GOL), which at least
includes the Hall termn. Regarding the magnoelosphoene convection, we
show the following three statomenls nro mutually equivalent:

i) enorgy transzfer by clectric curronts is gssantial;
i) porticle dufls other than £ x B-drift cannot b ignored;
iii) MHD eguation and Frozen-In Condition (FIC) nre inconsistent even
for ita fluid modeling.

[t is waoll-catablished that FIC is inappropnate either when the conduc-
tivity Lorm cannot be ignored near magnelic noutral points becauza of
null magnetic field or when there exiat potontial differences along mag-
notic lines of (orce. What we arc angaged in ia the third sitnatien in
which the validity of FIC ia evacuated.

Alfvén (1977, 1981) bas claimed that in understanding various
mAcToscOpic procesees occurred in cosmic plosmas critical is tha con-
copt of energy transfer by electric currents. Tho conductivity term can
be ugually ignored in eollisionlers, magnotized plasma; instead, 1t is the
Hall term of GOL that is involved in anergy transfar by olectric currents.

A22-08
PPB (Polaor Patrel Balloon) X#UAELBIIILIA - 7A
A7y FREEMIEANZRAY—RTRTROEAROKFHT

OFi R, BB i, BABR. REBZ (LEAF) | LWAS,
ENFE Il (ERW) . BEIFES (WXSTER) . hS—2 GERE) .
W EIRE, Al (FE®) . hEIEIL (A5)

Pulsation Phenomena of Energatic Precipitation Particle
Poduced from PPB (Polar Potrol Balloon) X-Ray Obsorva-
tion and Ground-Based Obsorvat{ons at Syowa Station and
in [celand

oM. Shimobayashi, Y. Hirasims, IL Suzuki, Il. Murakami(Rikkyo
Univ), M. Yamsgishi, N. Satoe(NIPR), M. Nishino(Nagoya
Univ, STEL), 1. Yamazaki(CRL), T. Yusagami, M Namiki (ISAS),
M. Kodama (IPCR)

The wuroral X-ray observation with PPB was perforzed by the
34th Japancse Antsrctic Rescarch Expedition. X-rsy counting rates
por one sceond vere obtained at real time near Syowa Station
Ground-based observation data, =ygnetogram, CNA, EIF, ULF, VLF,
and leaging Riosmater dats, were avaylnble at Syowa Station and in
levland. Sinultuneous pulsatfons of 5 see, 30 see, and 6 min
periods ahout ¥-ray counting rates und ground-bosed data of VLF
and ULF were obsarved. Corralstions batwaen auroral X-rays and
M} wnvos aro analyzed ond dfscussed.

1963F 1 AICMEEN3 4 KMICEYPPB (Polar Patrol
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Wa show thal the Hall term of GOL isindispensable for the description of
macroscopic phenomens in a collisionless, magnatized plasma in which
enargy transfor by currents is essenlinl. Theso remnarks are appropriate
not only for the magnetospheric convection discussed above, but also
for other problems, for example, thoso of the heating of tho solar upper
atmosphere (coronal heating) or tho necoloralion of the solar wind.

2. ‘Convectlon dynamo’ theory of geomagnotic storms and sub-
storms: Energy trunafer processesa Involvod in the magneto-
sphorio convectlon

A thoory is presented that both geomagnelic storma and substorms
ocevr ag anorgy tranafer processes necogsarily arising from the iono-
epheric response to the magnetospheric convection. What is required
here 13 the recognition to the role played by the jonosphere as an en-
oryry load Lo the magnetospheric convection and tho viewpoint oa the
magnetospheric convection that it is a process that inevitably involves
energy tranafer from the magnetasphere into the ionosphere. Energy
gupplied by the aolar wind and circylating around the magnatospheric-
ionospheric coupling system once experiences the form of tho thermal
energy of magnotospheric particles. Curront circuits in the magneto-
spheric tail, which are maintained by magnefopause dynamo on the tail
magnetopause, transfer the kinetic energy of the solar wind’s bulk mo-
tion into the thermal energy of magnotospheric pinsmas. In the outer
magnotospheare, the thermal energy of magnotoapheric plasma is fur-
thar converted into tho elcctromagnetic cnergy by means of convection
dynamo powored by the magnatospharic conveclion, Magnetic storms
and substormas are energy transfor processes msintained by current
circuits in the magnetospheric-ionespheric coupling systom, in which
the oleclromagnetic energy arising in the magnetosphere in the form
of transverse currents is liberated into the jonosphere aa Joule dissi-
potion, A elassificalion iz givep of geomngnelic disturbances into two
Categories based on the form of current circuils in the outar magneto-
sphere in which convection dynamo operutea. The theory described here
does not require ng a direct cause of substorm onsots nightside mergings
of geomagnetic force lines.

hole, PPRBHF—PRBIIARCGOS/NOAAILL-THbA,
30 BDBMANRETHEM, BUEBHETOF—FIRiBL) 7T 4
ATITbIL, 5EN1000—1500UTTI2) PORIMNKETXS
DILHHMAH ST, KSHRAMEE KMV SN, MiudwT
HALEEMF - LTSRS CNA-ELF-ULF + VLF « Izaging
Rioceter Data XELRTWVS. i, JLHEEREKGAFENT A X
51 KdHusafol) ETjomesTOZ AW EHA7T—Y LS TWS,
XWoHRKEZASE, H10&LBRORTHLNISDLESL. 1310UT
DML ETHMB (LD NF — BB D2 TS, R2TREhZL
502, 1209UT. 121 4UT. 121 S5UTHETEI>TWS
A—n I XP—2 P TR, PSRBT AULE, Tjornes THV
LEAKIMLTY 2, ZNODMBENRLLRFTLBIAF—RFRT
LEMEDRTME L H~D, $i, BOEWET A 252 FD Tjornes
TP Imaging Riometer (2 X B TRFONNIMOMMELMNBLNT
BORTHROBBNDTAF I v ) AHARTY S,

B 2. Pulsation aventsBYmX
8. VLF, ULF orflI%

[41. X#®. VLF. ULFoO®RE
2, (0930~1600UT)



A22-P60

Daytime ficld-aligned current system during
vanishingly small IMF condition

‘M. Watanabe, T. lijima, and M. Nakagawa
(Deparuncent of Earth and Planctary Physics, Graduate School
of Scicnce, University of Tokyo)

T. A. Potcmra, S. Ohtani, and P. T. Newell
(The Johns Hopkins University Applied Physics Laboratory)

It is well-known that the geomagnelic activity is
controlled by the imerplanclary magnetic ficld (IMF). Dunng
Bz<0 period, the efficiency of encrgy transfer from the solar
wind to the magneiosphere is extremely enhanced, resulling in
many brilliant phenomena, such as awrora breakup. On the
other hand. during Bz»0 period. there oceurs another type of
encrgy trapsfer which enhances the polar cap activity, such as
sun-aligned arc. IMF By component also controls the
magnctosphere; for example, midday ficld-aligned cusrent
system is perfecly govemed by IMF By. The IMF control of
thc magnetosphere is well interpreted in terms of the
reconnection between the interplanetary and the geomagnetic
ficld. Thus, i1 is believed that the energy transfer from the
solar wind to the magnetosphere is minimized when By=8:=0
bccanse the reconnection rate becomes minimum in this
configuration. The main purpose of this papcer is 10 investigate
such magnclospheric ground state, or bascline magnetosphere,

For this study, we picked up four events of prolonged
geomagnetic quicscence which satisfy the following condition:

(0<Pr<s15 Byl 1S (2Q)Kkp=0
Using the magnetic field data from MAGSAT and DMSP-F7
satellites, the cnergetic particle (30 > keV) data obtained by
TIROS-N, NOAA-6, and NOAA-10 salcllites, and the low-
encrgy (< 30 keV) precipitating particle dala acquired with
DMSP F6 and F7 spacecrafts, we have investigaled Lhe spalia)
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Electron and lon Field—Aligned Acceleration Evenls
In the Inner—CF’S Region Observed by the Akebono Satellite
°1 Saland . H Fukunishi ', T. Mukal 7, M. Haynkawa ©, A Matsuoka

Depa.rh'm:nl of Astrophyzics and Geophysics, Tohoku Unlverstly
" Insthtuta of Space and Astronautlcal Scienco

We have analyzed clectron and ion ficld-aligned acceleration
events in the inncr-CPS rcgion using particle, magoetic field and
clectcic ficld data obtained by the Akebono satellite during the
period from November 1989 10 March 1990. We sclected 20 orbits
in which pzralle] potential drops cstimated from clectron and jon
peak encrgics were small ( ~ 50-500V). In the dawn secor, it is
cvident thal the cquatorward bowndary of Lhe acccleration region
coincides with the poleward boundary of the region showing a
bund-like lack of ~ 10 keV ions. This suggests that the aceeleration
cvent occurs in the open trajectory region of jons. In the dusk sector,
high—energy (>10keV) ring curremt ions appear cquatorward of the
aceeleration region. In both 1he sectors, ULF waves often occur in
the cquatorward of the ficld-aligned aceeleration region.
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distribution pattern of plasma domains and ficld-aligncd
currents. The important results are summarized as follows:

(a) From the encrgetic particle data, we determined (1)
trapping boundary (TB) which is defined by the flux drop-off
of > 30 keV electrons with pitch angle 90°, which gives us a
good mcasure of open/close boundary (e.g. McDiarmid e al.,
J. Geophys. Res., 77. 1103-1108, 1972); (2) circum polar
isotropic energatic ion (30-80 keV) region, which is indicative
of strong pitch anglc diffusion and acceleration due to the
nonadiabatic motion in the current shect (e.g. Lyons ct al., J.
Geophys. Res.. 92, 6147-6151. 1987). The dayside isolropic
encrgetic ion (IE1) region is located polewasd of the trapping
boundary, whereas the main body of night side IEI region is
confined within the trapping boundary: this suggests the
differcnt sources of 1EI berween daytime and nighttime scclor.
(b) From the precipitating low-energy parlicle data, we
determined three characteristic plasma domains: (1) inner
plasma sheet (JP) which occurs at cquatorwardmost pant of
precipitation region and is filled with hot (> 1keV) ions, (2)
cusp which is characterized by high flux of magnctosheath
particles, and (3) boundary plasma region (BPR) which occurs
poleward of the TP and exhibits cleft/mantle-like precipitation.
The TB defined above resides near BPR/IP boundary both on
daytime and nighutime hours, therefore, the dayside BPR secms
10 be identical 10 the {EI region.

(c) Daytime ficld-aligned current sysicm shows classic pallern,
that is, from the lowest latitnde, Region 2, Region 1, and “cusp
region” current for both prenoon and postnoon scctor.
However, its inlensity is fairly small (= 200 nT) and further
weakens toward dawn and dusk sector. In contrast to the Bz <
0 case, the region 1 and "cusp region™ current arc batanced in
intensity and occurs within BPR/IEI region, which indicates
that the two current systems are coupled in the magnetosplicre.
We will propose a model of coupling mechanism in the talk.
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Field-Aligned Currents and Jonospheric
Conductivities in the Poleward Boundary Region of

the Nightside Auroral Oval
° T. Nagaisuma ', 1L Fukunlshl ' | T. Mukal ', TI, Hoyakawa *,
A Matsuoka ’
' Department of Astrophysics and Geoghysies, Faculty of Science,
Tohoku University
? Institute of Space and Astronautical Sclence

We have studied ficld-aligned currents associaled with Allven waves In
the pofeward boundary region of the nightside anroral oval. To confimm
the origin of the ficld-aligend currents in 1his region, field-aligned
aurrent dessities caleylated from magnetic field were compared with
those calculated from clectric ficld apd L, lonosphenc conductivilics
were cslimalcd from particle dala usiog an cmpirical cqualion proposed
by Robinson ct aL[1987). [t is found that ficld-aligned cument densities
derived from I r and clectric ficld arc much larger than those decived
from magnetic ficld. This resull suggests that Alfven waves arc a
dominant source of ficld-aligned currents in this region.
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Substorms during northward IMF
*Mariko Sata!, Y. Kamide', J.D. Craven? and L.A. Frank®
! Solar-Terrestrial Environmenl Laboratory, Nagoya University
2 Geophysical Institute and Dept. of Phywics, University of Alasla
3Dept. of Phyvics and Astronomy, Uziversiry of lowa

A substorm can be recognized as manifestation of two physical pro-
cesses that occur in solar wind /magnetosphere fionosphere coupling: the
“directly driven” process and the “loading-unloading”™ process. An im-
portanl jssue is (o understand how the two processes couple. It is quite
irnportant Lo examine substorms which oceur when the IMF is directed
northward, because magnetospheric convection relating to the directly
driven process is expected (0 be minimal under such conditions. This
paper utilizes aurora imagery {rom DE 1 and ground-based magnetome-
ter data {rom some 40 high-latitude stations to discuss northward-IMF
substorms.
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A22-P64  Behavior of the Shear Alfven Waves
Under the Comparable Condition of the Alfven
Wave Conductance and Ionospheric Conductivities.

A. Yoshikawa', M. ltonaga?, and T. Kitamura®
'Department of Physics, Computation Center, and
Department of Earth and Planetary Sciences, Kyushu University

The control of field aligned structure of the shear Alfven waves by the
change of reflection coefficient have been discussed. The shear Alfven
waves cary the divergent efectric field to the ionosphere and reflect back to
the magnetosphere. Usually, the increasing of Pedersen conductivity
means the decreasing of ionospheric divergent electric field by the connec-
tion of filed aligned current with the ionospheric divergent current, How-
ever, in the case of insulator like jonosphere ( X, < £, ), our simulation
results show that the increasing of Pedersen conductivity accompanies the
increasing of the jonospheric divergent electric filed relative to the mag-
netospheric ome. Then, in the case of conductor fike ionosphere (5,> E, ),
the increasing of Pedersen conductivity leads the ionospheric divergent
electric field to decreasing. Under the comparable condition of the Alfven
wave conductance and [onospheric conductivities, the Alfven wave has
very complicated wave form and spatial phase structure even in a straight
and homogeneous field line. We concentrate our discussion on this transi-
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Modeling the Evolution of lon Conics along the Field Line
B Wiyake(CRL), T.Mukai(1SAS). and N.Kaya(Eobe Univ.)

¥e obtained the altitude variation of ion conics with the pitch
angle near $0°  from Exos-D cbservation. Assiming that all the
icn conics are created at the pitch angle of $0° and sove upward
conserving adiabatic invariant, we calculate the variation of icn
coaics with altitude. This calculation shows a clear difference
[ros the observation of altitude variation of ion conics.

Exos-DIBRLEP® 3 EFMNRB T — s ORI 6, 14 ¥a=7220%
ER(EOUFIFN L 2o TAL (HOER) . Hi. BAREOEFR
T, €2 ¥M80° AViI=» 2R ([ANEL) REBDIZBITEa=
IADEEBRERT 6 NTRRIRVY, SNW' EV 2= 7 ) AOBRTE
¢x7atl (EnEL) . MRRAENETT, B r+MEL o3
72 ANFEARELHRLTAL (BOERM) . QARE, 1) ¥r+n
PhEVIZ 72 A0R (HRHAM) 90" AV a2 ADENKAL
GOTYES, 2) 40° -60° DI = 2 XATIRY — 2 HTBT10,000 kaklF
KHDZENFRINSIFTRUIIELI0, 000 kadA F IR E Y- 2150
LTwey, D2ATHEERLZS, 035, 1) idfvia=y 2 xHt
HARL2-E T3 ERVITELN, HMEIAFTH 0, TheFr 2w
ETAENERBVWRETINETLELD, 2) O¥— 250,000 knit
FERATLEI ZLOJWLDIERARGEY, ShizHL, BROL
RIS ARMITARNL Y L BWESITAS, Hi, B5ED
ND40-50° RUSO-60" NI=7 72 AN ATERA000 kn$ 10,000 ko
ERADLTADE. 1) BLU2) HRBWENI LB R
RTR., HEENERIENBNCBHIZEFMEL, PTECORRRASH
. MUERIRFICAINEART S,

tion condition.

60-30" Conce

30~ 60" Concy

40-50" Cones

Setsatasat
§4 89 RO

£3-%0" Congy

$30-00° Congs

40-30" Concs

The right side shoss 2 siople oodel for altitude varation of

ion conics under the assucption of upward sotion of conics conserving adizbatic invariant.

Fig.) Altitude variation of ion conics at three ranges of pitch angle obtained froo Exos-

D observations (left side).



Az
10819 00K) F#&

F—0O0SFA4F=Z v PR

Auroral Dynamics

oral: A22-09~17
poster: A22-P66~P72

s 2 (BKRSTEWD
AHF 5 GEREDH



A22-09 BREBRICEITS
7 — o SHE L BARRE L OBFECY)

B F(ARE . ARRE (AR . EMIEX (BAMREED |
AHR (KBAE . J).AShavin(NASA/GSFC), J.D.Craven(T3 X0 K),
LA Frank(T{17,X), J.D.Winningham(SRI)

Quantitative Relationship Between Auroral Luminosity and
Tonospheric Conductance in the Polar Region (IV)

M. Ishii (CRL), T. lyemori (Kyoto Univ.), M. Sugiura (Tokai Univ.),
K. Kimura (Kyoto Univ.), J.A. Slavin (NASA/GSFC), J.D. Craven (Univ. of Alaska),
LA Frank (Univ. of lows), J.D.Wicningham(SRI)

We ztiempt to cbtain the relation b the polar ionospheric conductance on the
aightside and the suroral luminosity deduced from DE satellite cbservations. The
swroral luminosity, 1123w, i3 obtained from the DE-1 FUV images, and the
ionospheric Pedersen conductance, Ip, is éeduced from the ratio between the magnetic
and electric field perturbations observed by DE-2. The following results have been
obtained: (1) With respect to the energies of precipitating clectrons the §)33w-Zp
relation shows a clear tendency. That is, Xp increases with increasing encrgy of
precipitating particles for the same valse of 1)23y. This result is consistent with the
charactoristic energy dependence of [)23y and Zp suggested by Rees ct ol [1988),
namely, when the characteristic energy is greater than about 2 keV, both 1773 and Xp
decreases with incyeasing characteristic encrgy and the 1123y~Xp relation becomes
insensitive to the characteristic energy. For charasteristic encrgics less than about 2
keV, 1123\ decreases but Zp increases with increasing characteristic energy of
precipitating electrons. Thus the 1)23y~Zp relation is sensitive (o the clectron energy.
(2) The I323w-Zp relation shows a systematic invariant latitude dependence in many
cases. That is, the peak of 1123y is located ot 8 latitude higher than that of Zp in most
cases; but this relation is reversed in some spocial cases.
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An iwplication of magnotic stress change associated with
substors dipolarization

Takezi lijisa (Graduate School of Science, The Univ. of
Tokyo)

1 have detersined substorm-associated change of sagnetic
stress in the near-equatorial, near-Earth magnetotail, using
the AMPTE CCE voctor magnotic ficld exporiseat. It ic nowly
confiraed that earthward-directed sagnotic tangential stress
in the plassa sheet often exhibits an increase on and after
the dipolarization onset, suggesting an expansion of earth-
vard piassa flow region toward higher Z.
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Further Evidence for the Coexistence of Two Systems
in the Equipolential Patterns During Substorms

Y. Kamide,! 2cd B. A. Emeny?

Yeoln-Temestrial Eavirosmeat Laborstory, Napoys Usiversiny, Tovckawa 240 lsgas
5igh Aldustmde Obaervasory. Natsonal Cester for Atmospbens Research. Bosider, COB07. U S A

I thdr recent paper, Kamide ctal. {1994) bave shown that nwo physically
differeal systems cocxist in the global convection panem duriog magnetespheric
substorms. The changes in the coaveelion pattern dusing substorms indicate Lhet
the large-scale potemial distribution i3 indeed a nwo-ccll mode, representing the
imporapce of dawn-duxk electric ficlds in 1he inlerplanclary medinm. However,
tbe high potenlial cell in the pight-moming sector has rwo peaks, one in the
midaight sector and the other in the late moming hours, corresponding to Lhe
substorm cxpansion and lhe convection cohancement, respectively. For a
schemadic illustration of the coexistenee of the two systems, see Figure 1.

Kamida ¢t al, [1994) have dedaced the instantzneous paticrns of
ionospheric electric (iclds and corents at high tatitudes by combinlng satclite
and mdar measercments of the ionospheric drifl velocily, along with ground-
bised magnctomeler obscrvations  For thar purpose, an apdated version of the
ansimitative mapping of the icaospheric eleciodyoamics techoigue has beea
uulized.

The prescot paper gives further cvidence indicating that Figure } is fairly
soondly based. Wc aticmpt 10 obtain 4 scrics of “subtrclion™ diagrams be(ween
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The Substorm—Aszociated
Low—Latitude Aurors
— Unusvnl Substorm Onset at L=2.5-4 =
Siickava, KV L Yueota!, N Kishitanl'. P.7.NeweliZ, C-1.Keng®
T A K Owmead, A Hatsuoka®, and Il Bayakawa!
\STE Lab..Nagoya Univ.. 2AFL. Jchas Hopking Unfv.. SAoysmgakuin Univ.. *[SAS

A red-colcred lew=lathtide aurora ves dbserved at Rlkubetsu. Japan o My
10 192 diring the pain phase of & great gecmagetic stora  The lrora
apoearad in the porthern sy of Bilubetsy 2-sinutes after 3 sitbstom aisel,
which s defined by a Pi2 magnetic puisation cbservid at low-latitede statiers.
Dring the aurora sppearance, particle data chserved by the DEF satellites
shov a drastic enhancesent of precipitating electrons for vhole XeV-Toke?
creryy range at latitudes of 50607 MLAT (L2 6~0. The enermy flux of elec-
tros reacts wp W 10101 (eV/ca?/s/sc).  Froe electron tesperature reasured by
Ur EXS-D satellite, the region of =2 54 correspords to jist outside the
plasma trogh (passibly, Jjust outsjde the plasmpause). Froa these results, ve
wrlad tnt Ce sulstorsassociated low-latitude arorz is qused by unusual
sistors et which takes plece at & very per point to the Barth (L2 5+
diring the min phase of peamgnetic stormss.
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apy potential pattera and the “baseliae™ cquipotential patiern. assoraing that the
global two-cz!l distibution changes oaly slowly whrrras the substorm expansion
pattern changes rmpidly.
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HF. I. Schematic disgram showing \wo pairs of the clectric poteyliat

cells, represcoting the effects of cohanced plasma conveetion 2ad of the

;:bs;gg-n cxpaasion. The high potenlial arcan combining the wo effects is
tc
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710 stellite (a) at 1 hour before Uhe appearznce of 0 aurara and () arits
the eppearence of aurcea, an May 10, 1952,
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Conjugecy of Geomagnetic Fleld Variations
at the Onset of Auroral Substorms

"HASHIMOTO Kumiko' and SATO Natsuo'
Kyushu Univ., 'NIPR

The purpose cn this study is to examine the conjugste signatures of
dynamics of auroral disturbances which are expected to be influenced by
losospheric conductivity at conjugate bemisphere. We used fuxgate
magnetometer data at 3 stations in Iceland and 2 stations ko Aatarctica, and
all-sky camera data mostly observed at Syowa and Asuka. Using these data,
we analyzed the relation between dynamics of aurora and magoetic ficld
variations &t conjugate stations. The differeaces of onset time of auroral
substorms at conjugate statioas are also examined,
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Corrected Two-dimensional Dynamics

of All-sky TV images

°K.Hayashi, STEP Polar Network group
Department of Earth and Planetary Physics, University of Tokyo

We know that auroral displays in the sky tell us so much
about magnetospheric processes in their forms and dy-
namic patterns that are frequently complained too much.
Characteristics in the patterns and their dynamics have
been studied and described with terms; oval, folding, surge,
expansion, omega, drift, propagation, stream, pulsations
so on. They are literally characteristics of auroral bore-
alis but are not well understood in the physical meanings
except small part of them; e.g. a part of "drift” can be
ascribed to drift motion of ambient plasma in the magne-
tosphere caused by large scale electric field.

All-sky TV camera based on high sensitive imaging de-
vices provide us neatly to capture real time images of au-
roral display, although pattern in the low elevation angle
is highly distorted and usually in black and white. All-sky
TV network of the STEP polar network was planned to
capture auroral dynamics in the oval scale by chaining the
image field of recorded video data. Practically we have to
make use portion of images in the low clevation angle to
achieve global coverage because the number of our camera
sites is limited. In our simple data processing a fixed alti-
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tude with the maximum luminosity near the lower border,
typically 110 km, is assumed for locating auroral position
in the two-dimensional picture of all-sky image.

Since intensity of each pixel of data is height- integration
of a solid angle in a selected direction the spatial resolution
of auroral location is heavily degraded in the low elevation
angle. But assuming that the maximum luminosity at 100
km is mapped along the magnetic lines of force as a func-
tion of altitude we can estimate the luminosity near 110
km of selected lines of forces as follows. We can remove
the contribution from the higher altitude along a selected
line of sight by mean of weighted integration of auroral lu-
minosity along a reduced integral path at 110 kmn mapped
along magnetic lines of force from a selected line of sight.

Starting from boundary data at a low elevation angle we
complete the integral conversion except near the magnetic
zenith. The up-mapping function can be determined by
cross-correlation analysis. Further improvement for the
more reliable correction is expected when color or multiple
of monochrome image data are available.
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Recognltion of Auroral TV Images Using Neural Networks

Thishlko Abo®, Tulmuhi Matsumato®, Urban Drindstrim™, and Aks Stern”
* Dept. Elnctrieal Eng., Kyoto Unlveraity, Kyolo 606-01, Japan
=" Swedish lnstl(uta of Space Physlon, 5-98( 28, Klruna, Sweden

High Lim= resolutioa auroral TV Imaging In lcceuk_lz:nn makon it pomible to look
cltmely Ioto rapidly chnanging auroral sructures. b {oevitably glves enormous
amaunt of image dala. To clamily and sdd some Libels of keywords Lo each image for
sesrching the fmage database thus created, computerivad recognition and clasifica-
von of imagos ia required which can substitute for expert surora physiciat. Here, soma
achemes for the clasaification of band-like and diffuse surors by using molti-layer new-
il network are studied and peneralization ability for particular network configuration
is presented.
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Observations of the Formation of two Auroral Arc Systems in
the Premiduight Sector: A Caso Study From Viking and
DMSP Measurements

°N. Nishitan (STELab, Nageya Univ.)
H.B. Vo, J.S. Murphree, and R.D. Elphinstone (Univ. of Calgary)
P.T. Newell apd S. Ohtani (JHU/APL)

F. Rich (Pbillips Lab., Geophysics Dir.)

A case study of Vikiog UV images of the midnight auroral oval just
after the peak of the geomanetic activity is donc to illustrate the for-
mation of the two arc systans. Shortly after the first brightening which
occurred in the poleward boundary, n Jarge scsle latitudinal splitting of
the ire was observed (o form two are gtructures withig a time span of &
few moinules, as shown in Figure 1. Discrete, almost periodically spiced
vortex-like features were obuerved in the two are system which could
be interpreted as manifestations of the Kelvin-Helmhbolz instability on
small-seale shear layers. Eastward motion of auroral forms in the cgua-
tonvard arc was seen while features in the poleward are svstem moved
west, The speed of motion of both forins wns 1.6 ¥an/s aod 1.2 km/s
respectively. The presence of the velocity shewr between the poleward
and equatorward are aysteny sngprsts the possibility tlat the splitting

was caused by the large-senle velocity-shear instability.

The latitudinal distribntion of fiell-aligted currents and aurornd

particles from a DMSP-F7 pass during this tira~ places the equalor-

nud32®00.aln

-0 K 1) o0

B ANOAT-IBEUFT Ta—XT 4704 — 0T RN,

Lo Ry FT=2 12013 “Faoture-based" 2 THER DWW 3. 2009 4
TOEREBSIIIRE LT2XTFPTR I ZPMERMANS S LADEND,
HAWGURONL, KA FYILnt—05 QL BIHROAME,. HEHR
DHBHA. SRR TV LUINERAD 7T 7 ¥ MISERX XODI S B85 6
DEBRT L. BHBRT -2 254 72-AMELA22=v }C, HYL22=Y
FHROPBE b D3BARY LU= 2AVA, Sa=FARZ FOVT DT
L LT "PlaNet"@M&)vs, 0 Y25 4y 2RUTANN DR E a2y VA
WBNS A= 3 e FROMDSERPEEIC L DED D,

19914E 1L ~ 121 DT A XD 7 ¥« AF LA BT 5 W2 B ¢ Rv, 72
BIUFPL Ta—X547th¥ns2, BH10MRPS22200% 7 FEIND, F
PR, FALRAEANBATALEI2 =y }, HHBLTRE LLETVIY L4
IZX DB E MR, SORRBIIEGE 2\ LEDSRE, BWT = H—HDA
LowTHERYERBTH T hIiz2vT 100 % OEEFHISHhlt, BR
DEEARYL LTRYZ G0 RRUL, THHTHL ) DREINTRTH A o+ —
USRS NSRTH ) UAMNCHTET S £HER=2-F MR 7 FOFEATR
TIREELONDG, 4 RIIA/ ATV RK (my) 2 LY HRERBNT—D T D
BRECEAFTEN LA TH(FRLTHS,

BELIM |I) RE R AA, M0, EALAELRH: 74222 F-1-05 X7 L RN
EWR YT 74— MRET, 24F-RD-11, Vol.ITT-D-1L, No.1,ppb9-7B(1993). (2| Aso, T., T.
Ogawa, apd M. Abe Application of back-propagalion neurs] computiag for the short-1erm
prediction af solar faron, J. Orcrnag. Geoeloctf., 46(1994), io prams. (3) Miyats, Y.: A
usat's gulde to PlaNet Vernlon 5.0, A (ool for conMructing, runping snd looking joto » PDP
Network(199)).

(Mps | - S AN 7 ARANT H 0 AB))

ward arc at the interface region between mormingside region 1 and 2
current systcm and an overlap rcgioﬁ of structured and unstruciured
particle precipitation, The polewrd arc system is matched with a re-
gion of structured particle precipitalion on the poleward boundary of
the downward current shecl.

The ground magnetic field during that period showed the presence
of castward and westward electojets. The boundary of eastward and
westwarg electrojet (Harang discontinuity) was located around two arc
system. The IMF was almost constantly southward for sbout 1 hour
bedore this cvent. The AMPTE/CCE satellite was located in the pre-
midnight sector at the radial distanee of 5.5 Re at that time. Tt showed
no outstanding substorm signature during the fortatijon of two arc sys-
terps. On the basis of these dnta sels, the characteristics of this eveat
is discussed.

TWO ARC FORMATION

\

DMSP-F7 pass

Figure 1. Sehemetic view of the two are formation event.
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Study of Giobal Aurora Dynamics
by Computer Graphic Animation

E. Kaneda and L Shinobars
Dept. Earth and Planct. Phys., Univ. of Tokyo

For investigations of global arom dynamics, we newly Introduced methed of computer
graphic animalioa tased upoa morphing. [t ix applied 1o successive AKEBONO UV-
aurora jrmages in nomuslized potar-plot format.  [n morphing comspooding paints
berwrcen wo original images arc deliberately selecizd 1o avoid nnwillol bzwsed effects to
resultant animation.  Severer checks are yoquind Lo conclusions of Lhis amalyucal research
in sualidical coatext than 10 those of ordinary rescarch.
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Demonstratsve Laboratory Auloral Didplay Device
S. Hinan). Y. Suzuki (Dsaka City Univ.)

Y. Kamide (STE Lab. Ragoya Univ.)

Abstract.
A laboratory ausroral display device was made lo
demonsirate properties of auroral {llomination. The
detai) of the device is presented.
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Relationshlp between Profon Auroras and Torch Structures

°® Y. Takahashi', H. Fukunishi', T. Mukaj®

1. Faculry of Science, Tohoku University
2. Institue of Space and Astronautical Science

Using the all-sky image data of proion auroras (Hf emissions) obtained
with 2 mulucolor all-sky imaging system a¢ Syowa sulion, we have
investigaled the relationship between proton auroras and casiward moving
1orch {Q2 band) siructures which are sometimes seen in the midmight and
moming sectors. We feund 11 events of torch siructures on 9 nights duning
the interval of May 1992 10 Seplember 1992 These events can be clussificd
into 3 types: Type It Proton auroras and torch struclures arc enhanced in
almost the same region. Type 2: Proton auroras are meinly enhanced n the
region between torches (2 bands) und pardally overlap the westside Lorch.
Type 3: Proton auroras show no changes in brighiness and shape when
torches move castward. Itis found thal Type | events are observed before
2h MLT while Type 2 events after 3h MLT. Type 3 evenis age scen only ob
magnctically quict days.
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Fig. 1 Schemalic figurc indicating the relalionship between prolon aurorax {huiched
region) and (orch structures {(Q bands). (a) Typc |: The prolon aurora region nlmost
coinsides with Lhe (orch structure. (b) Type 2: The proton aurora xhows enhancement in
a region beiween 1he lorches wilth an overlap ia the enstward porlion of Ue (oech
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Magnetospheric particle simulation
in a large mugnetic siorm :
Production of a 'low Iatitude' aurora

°H. Miysoka and M. Ejiri
(National Institute of Polar Research)

The previous analysis of DMSP salcllite dala has revealed that a
‘low lalitude’ aurora appeared on October 21, 1989 was produced by
the enhanced low encrgy (10¢V-1keV) electrons precipitating al Lhe
equalorward boundary of aurora! oval which had ¢xpanded extremely
lower latitude during the main phase of a large magnetic storm
Miyaoka el al., 1993). The next puzzle 10 be explained was what
kind of physical processcs conlributed to this selective low energy
electron precipitations at the cquatorward boundary of aurorat oval
To examine a promising sccnario shown in Fig.l for this extra-
ordinary intcnse 630nm-dominant aurora, a magnetospheric pariicle
simulation was applicd to the stoem/substorm event with an improved
encrgetic particle tracing code including;

- multipi¢ particle cnergies,

- multiple paricle pitch angles,

- lime varying convection electric fields,

- cold plasma distibution (plasmasphere).
The dynamical behavior of cnergetic electrons and ions has been
successfully simulated in a realistic storm/substorm ¢lectric field
model estimated from solar wind and geomagnetic parameters .

Main outcome of the simulation are;

(1) a frool of injecled electrons reached around at L=2 in the inner
magnetasphere from pre-midnight to dawnside as a storm progresscd,
(2) a loca) injection from a substorm currenl disruption was possible
to cause the localized ausoral breakup in the pre-midnight sector,

(3) strong piich angle anisotropy was found in the vicinity of a
boundary region belween the injected particles and the plasmasphere.
The wave-particle interaction causcd by Lhis anisotropy is considered
as the most primary mechanism for the massive and selective
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Conjugancy of dynamic behovior of CNA
assocfinoted with auroral substorms

Yuiti Fujita(l) Risao Yomagisht(2)
Aklra Yukimatu(2) Natsuo Sato(2)
Tokao Yoshino{1)
1 The University of Electro-Communications
2 National Institute of Polar Research

The: shapes ond motion of CNA(Cosmic Noise
Absorptionj)can be obtained by Imaging riometers.
The conjugacy of CNA phecnomena associated with
auroral substorms arc analyzed using the data
of imaging riometers observed at Syowa In Antarctica
and Tjornes {n Iceland from MAY 1992 to APR 1893.
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precipitation of low cnergy electrons in the Tow latilude' aurora on
Oct 21, 1989.

Miyaoka et al., JEAPS Joint Mecting. 141-02. 1993

Convection E-ficld Enhancement
due 10 Prolonged Large IMF-B2

(Con(inuous Plasma [njccu'on)

(CiS Ianer Boundary Approaches to L~ 2)

t

(Additional Substorm Injection)

[Mixiug of High Encrgy Electrons & Cold Plasma
at CPS Fronl (Oval Equatorward Boundary)

(UHR/ESCH Waves Excitation)

(Pitch Angle/Encrgy Sealtering of E<IkeV Elcctrons)

Q.ow Encrgy Electron Pmcipi(alion)

Excitation of 630nm-Dominant Aurora

Fig.1 A scenario for ‘tow latitude' avrora production
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A41-01 Structure of the Polar Cap

and Magnetosphere
Depending on the IMF Orientation

Taisuki Ogino
Solar-Terrestrial Environment Laboratory,

Nagoya University

Orjentation of the interplanctary magnetic field (1MF)
is considered to have an important effect on structure of
the polar cap and the magnetosphere. The polar cap,
namely the open field region shrinks for northward IMF
and expands for southward IMF. It shows a remarkable
dawn-dusk asymmetry for dawnward or duskward IMF.
Moreover the plasma shect is inclined in the tail cross see-
tion and a plasma flow across the noon-midnight meridian
generates in the magnetotail. We have studied the char-
actenstic features and the causes of the asymmetry from
a 3-dimensional global MED simulation of interaction be-
tween the solar wind and the earth’s magnetosphere.

As the IMF rotates from northward (8 =90°), dawn-
ward (180°) to southward (270°), the merging region moves
from the magnctopause behind the cusp, northern dawn
magnetopause to subsolar point in the northern bemi-
sphere. The plasma sheet rises on the dawa side and de-

Computer Simulation of Ring Current
Proton Nose Formation

A41-02

M. Ejiri (NTPR), N. Takamura®, F. Tohyamsa (Tokai Unilv.)
and H. Miyacka (NIPR)

The carly observations by Explorer 45 revealed the characteristic
E-t specrum of cnergetic ions, called as “nosc structures™.  Ejin
(1978) cxplained some of those characteristics thongh he used a
single particle simulation. We have developed a computer
simulation code which caleutates a differcntial encrgy flux vs energy
along particlc trajectories, and re-examined the observed
characteristics for both ions and clectrons.

Here we summarize the previous study of the nosc
characteristics. A typical spectrogram of 90° electrons and ions in
the dusk side mapnctosphere is shown in Fig. 1, which gives pertinent
features of the events: (1) nose structure begins at lower L values
with flux increase in the energy range 15-25 keV: (2) the flux
increase spreads to both higher and lower encergies at larger L values;
(3) nose struclure always extends into the plasmapause; (4) for
particles with cnergics less than 20-30 kcV the large pitch angle
particles are dclected at lower L value positions than the small pitch
angle particles; the difference in position increases with time; (5)
there is a large rapid flux increase in the 1- 1o 50-keV electrons at
Jarger radial distances than the nose structure apd a simultancous
inerease of 1-10 2-keV ions.

By examining the successive nosc structures, the following
features emerge: (1) when a nose cvent ap in the outbound orbit,
a mose structure will usually appear in the inbound orbit also; (2)
nose edge encrgics at carlier local times are higher than thosc al later
local times at Jater universal times.

The basic simulation scheme is identica! to those of the paricle
injection model which was presented al the previous JEAPS Joint
Meeting (Ejiri, 1994). But, this time, wc have made a version-up of
the simuladon code which gives a parlicle differential encrgy flux
(partictes/cm?-s-su-keV) vs encrgy for a given pitch angle at the

scends on the dusk side from the equator for dawnward and
northward IMF. The plasma shect is rather thick and the
dawnward convection generates in the northern lobe due
to decrease of the magnetic pressure in the region of high
latitude tail reconnection. For the sake of existence of IMF
By companent the reconnected field lines axe open. that is,
the one edge is connected with the earth’s ionosphere how-
ever the other edge extends to the interplanctary space.

The plasma sheet still rises on the dawn side and de-
scends on the dusk side from the equator for dawnward and
southward IMF, however it becomes thin by the enhanced
lobe magnetic pressure. The dawnward and equatorward
convection again generates in the northern lobe duc to the
added magnetic flux in the northern dusk hemisphere. The
near-carth neutral line is formed at x=-15Re and a strong
earthward flew generates on the earth side of the neuntral
line. Aad a helical plasmoid is cjected down the tail.

The existence of a IMF By component looks like making
the tail configuration unstable. That is, the magretic field
highly fluctuates and the plasma pressure casily separates
several lumps. Moreover, a stropg IMF By compouncat cre-
ates a rcmarkable dawn-dusk asymmetry in the polar cap
and magnetotail. That is, the dawnward flow in the north-
ern lobe is intensified for dawnward IMF', which enhances
the transport of the plasma source and the magnetic flux
from frank magnctopause to thie central plasma sheet. On
the contrary a duskward flow appears in the southern lobe.

specified position (L value and MLT) and time (UT) in the equatorial
magnetosphere,
Onc cxample of the

results is shown in Fig.2 _. 19 SRb e 218 2
for an cncrgy distribution © 2 (0| g ims 1. wAB INCHRYE WAL
function of a proton 55 o
differential cnergy flox Sy 3H AL |

wig L=

=

with a pitch angle of 45°.
The nose with its cdge
energy of about 30 keV
is first appeared at
{_=3.5. The upper and
ower energy boundaries - y !

are incrsgsing and U7 0%, 0% oy
decreasing respectively,
with the jincrease of L
value. At larger L value
(L=5 for example) the
lower energy band (its
energy being around 0.6
keV) is appeared. Other
charactcristics which can

Fig.1 lon and clectron energy specirograms
for Explorer 45 orbit. The grey
shading is a measure of the flux
(pnxdclu/an’-s-snkc\’) after Ejiri et
al (1980).

Flux Profile
ML.T=18H T=15H «

be explained by this ' ]
simulation are also ]:l\ \
presented, 10t —-HE,

¥ it
Ejiri, M., JGR, 83, 4798- & I
4810, 1978 5 o i
Ejiri ct al, JGR. 85, 653- = H
663, 1980 £ ]
Ejiri et al, JEAPS Joint ! i
Meceting, J41-10, 1994 | H
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Fig2 Proton differenbial energy flux
distributions at L=3.5, 4.5 and 3.0 for
the event of Feb. 13, 1972 (15 UT).
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Dependence of the Magnetopause Kelvin-Helnholtz Instabillty
on the Orientatlon of the Magnetosheath Magnetic Fleld

Akira Miura (Dept. of Earth and Planetary Physlcs, Univ. of Tokyo)

By taking account of an observed fact that the unperturbed
nagnetosheath nagnetic fleld rotates across the magnetopause and
becoves a northvard oagnstle field in the magnetoaphere, the
dependence of the magnetopause K-H Instability on the orientatlon
of the ssgnetosheath nagnetic ficld has been Inveatlgated by a
1-D HHD alaulatlon. Slaulation results shov that the growth
rate of the K-8 instabllity and the thickness of the velocity
boundary layer, generated by the X-B Instability, Inslde the
nagnetopause, are larger vhen the magnetosheath Bz is northward.
Relevance of the simulstion results to observations sili be
dlacussed.
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The Bootstrap Method for the Minimum Variance
Errors

T. Higuchi (Institute of Statistical Mathematics)
H. Kawano (IGPP, UCLA, USA)

The minimum variance analysis technique is a useful tool
in space physics. However the statistical errors appearin,
in this method is difficult to estimate accurately because o
the complicated form of the eigenvalue decomposition. To
deal with this problem, we apply the bootstrap method to
the estimation of the statistical errors in the minimum vari-
ance direction and the average component in the minimum
variance direction, and show that this method accurately

estimate the errors.

Minimum Variance Analysis(MVA)[6] 2. Space Physics
Data SRz BV THEICAV b WBRTEETH LD, £
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Development of Electrostatic Analyzers
Onboard Mars Mission PLANET-B (2)
*[t5 Yasuo', Machida Shinobu!, Saito Yoshifumi?, Hayakawa Hajime?,
Mukai Toshifumi?, and Miyake Wataru?
1. Kyoto Univ. 2, ISAS 3. CRL

We have developed new type clectrastatic energy analyzers for Mass
miegion PLANET-B, nnd it is in the final stage of sensor designing.
In order to investigate the Martian plasma environment, PLANET-
B will carry two electrostatic analyzers: Electron Spectrum Analyzer
(ESA) ond lon Spectrum Analyzer (ISA). With these instruments we
shall méasure accurate threedimensional phase space density of low-
enrgy charged particles over the energy-per-charge range of saveral
V/Q up to ~20 keV/Q for both ESA and ISA. Thus, the instruments
are required to have high performance with regard 1o energy resolutian,
angular resolution of incident particles and time resolution. To satisfy
all those demands, however, is difficult becanse there are constraints of
the instrumental resourecs, in particular volume and weight budget is
quite rustricted.

To optimize the instriumental capabdility under given constraints, we
employ toraidal top-hat electrostatic analyzers since a toroidal Lop-hat
analyzzr is superior to a spherical one by virtue of a large g-factor,
focusing condition, energy-angle response, weight cte. [n addition a
top-bat analyzer has intrinsically 27 radian field of view, and can sweep
4w steradian solid-angle in a half spin of the spacecraft. Using numer-
ical ray-tracing methods, we have surveyed the insirumental response
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Response of the earth’s magnetosphere
due to variatlon of the solar wind velocity

K. Sakakibara T. Ogino
( Solar Terrestnisl Environment Laboratory , Nagoya Universily )

<Abstrace>

We bave studicd the response of the eanth’s magnetospherc by using
3-dimentional MHD model, when the solar wind increase or decrease.
locrease of the solar wind velocity impinges the dayside magnetopause
and intensifies the aiergy flux in the midnight region of polar cap,

1. LI
EREANOELOREN L 5L LTXBRO 7 7 X~ oR B HE
THHERILATWS, BREMBE (1 MF) 2{t o THRH Mz
TRARKBREBD Y 7 X @EDOREHT S MRS KMAOR G2, 73t
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28] (MHD) ~Sab—va (2 XD EAN,

2, Y2aL—LavEFIL
Yial—vnEFADREHAR., KEASHIEXBE, 246 Y &
WG, AERChINE ZMIEL L, BAKEZ&IZEY, MHDSTRNX &rodificd
Yosp=frog Hr& JIVNCYBSAYERAMME & LT, Q0RXGOR,
XBOR DY Iab—Ya PRIV TIMFEAKXE B, =0n,
TI K7L 30 0kn/sDKRBEL L 8ONMIK L. 7T X~elight
1. BARIZMA, W% 4 B 0la/siz B LEBEIZONT, ThENIMF
DRYENB =6, OnTELGERETTHL T 20,

AoaY A X2AX=AY=0Z=0.6R.EL, SMAT vy V0T

of the toroidal top-hat analyzers, and have found the preferable de-
signs far ESA and ISA. Moreover, the same design for 1SA is employed
for the el-ctron expesiment of sounding rocket S-520-21 which will be
launched on Novernber, 1994,

In this paper, we will present instrumental response obtained by nu-
merica] caloulations for BSA snd ISA including their optimum designs,
and akso report on the resylts of the calibrotion experiments for S-520-
21 sonnding rocket.
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A41-P35 The Dependence of Magnetospheric

Currents on the Dipole Tilt Angle

° KUSAKA Riraku!, HIIMA Takesi',
POTEMRAJ.AZ ZANETTI],L.J2,
asd OHTAN! Shin-Ichi?
1. Department of Earth and Planctary Physics, Graduate
School of Science, 'The University of Tokyo
2. Applied Physics Laboratary, Tlie Johns lHopkins
University

We have determined characteristics of near-earth near
cquatorial magnetospheric currents from L =4.5 - 8.5RE

using the AMPTE/CCE vector magnetic field data dur-
ing years of 1984 - 1988. We have already reported
them that were obtained in both geomagnctically quiet
periods (JAL] <1000T) and active periods{JAL| >100nT)
when the dipole tilt angle 7' was in medium range (i.e.
12° < T < 24°). The main purpose of our present study
i5 to determinc magnetospheric currents during periods of
small dipole tilt angle (0° < T < 12°) and compare them
to the previous results. Characteristics determined here
include the following: (1) Neutral sheet changes its posi-
tion by dipole tilt angles, dramatically on the pightside

Adl-P36  [B0ED] &> THREE L

BRICH I 2T X
Down-going Thermal Plasma In the Polar Cap Reglon
Measured by Akebono Satelllte

O 0. "
Shigeaki Watanabe!, Eiich Sagawal, Jwoo lwamolo!, Brian A. Whaleg?,

Andrew W. Yau?, Toshifuumi Mukaid, Hajime Hayakawa)
1: Communicanons Research Loborarory, Tolya, Japan
2: Hertberg lnsnnue of Astrophysies. N. R. C. C. Otawa. Canada
3: Instine of spoce and Auronavtical Scierce, Sagamiharaski, Japan
Abstract

Precipitating suprathermal (E > 25 ¢V) mass per unit charge M/Q =2
(He++) jons are normally near or below the detection threshold of  the
Suprathcrma) ion Mass Spectromcler (SMS) an the Akebono spacecrafL
However, at times large Muxcs are observed near the  polar cusp when the
Inierplanciary Magnetic Field (IMF) has n lurge southward component. We
presenl comparisons belween the [IMP-8 IMF  observations and the
Akcbono Low Energy Particle (LEP) detector, Electric Ficld Detector (EFD)
end SMS which suggest that the IMF  dircction controls the degree 1o
which solar wind alpha particles  penctmie the magnetosphere. It is also
shown that suprthermal  He++ ion precipilalion appears over a much
wider latitudinal region  than keV ions and at times covers a substantial
fraction of the polar cap. Thesc observations are interpreted in lerms of
time-of-flight  dispersion  4ssociaicd with the combined affects of
convection and low ficld  alignad velocilics of ihe Hed+ jons.

AKBBEREDANA A > DESANLEXOS—DIITEL MM A+ %
BB SMSIIL o TIFI L. ARRILRARN A > 402 fu—n
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DT I OMUTNUET ey, K. LDl SL-»—Hcitln
CHWDICT = S HOREFT B, TNEABHRIE 45, KREAT LIk

and scarcely on the dayside. [is vertical change is up to
~ 0.5Rx on the nightside and is at most ~ 0.2RE on the
dayside. (2)Equatorial currents of radial and azimuthal
components flowing between z = —0.5RE and z = 0.0RE
have nearly the same intensities during both ranges of
smal and medium dipole tilt angle. This suggests that
the equatorial current is thicker than ~ {RE. (3)Plasma
pressure distribution inferred from 7 X B has shown the
existence of two peaks. One is localed near 2100MLT in
both quiet and aclive geomagnetic conditions. The other
is on the dayside, located ~ 1200MLT in quiet periods and
~ 0900MLT in active periods. Two pressure peaks persist
during both ranges of small and medivn dipole tilt angle.

AV MBI DI, LEPOBIALF—-ZIIMNA 4 LA
WBT 5. MI94 34 ORME 6 IBRERE 7 L ¥ TRIIMRS,
EEORRRR—B T2V EHEN,

LaL, —aemilen DX 3 L ¥ ~BS R/ 7 — > it
*HIERT FVREDR LWIRT/HAY — VIR, Kbt & 2B BHNEBL,
PFEEEARIE L S TR ECIREA BV,
AMLTAH 2B838. AXTRRAIAT ED LT,
2EAMECERAE (1MF I Bz<0) OFIRGEVHLIREIHH MG
EARIEH 1 AN

X.olleew DBBLEFDAY -V IHDI s =2 LRNRHBTEX T A
F=L7 PLTOBEN LI, ATLOEI) LREBVGRLVIBENS
Z)é

FOIRMILA2 P AR CRIEL TV BB (KA F 2 RL TV,

EX0S-D SMS He++ 1990 1spbs  DATE031%0s 183349 &
1|415rp_'—‘w| T ~——— T V;j

CNERCY(aV)

ol
Ut o811 1518
uLT 11,83

IMLAT 848 B4 S & B2l.&6 79 IR
ALT &9372 §624 01 $503 9 RI-PAY

1540
1.8

I
1528 1534
16.93



A41-P37 [Hii¥o]) RDMTHll&hic
B S BNHBEN T OISR (20 2)

‘HE W 3K B L GR RR IR | Bt BRI
8 (BEEN) . @H K€ (FID . IR SR (S

Stroclural Yarlatdons of Radiallon Bells
Associaled with Magnelic Storms Observed by
RDM aboard AKEBONO (EX0S-D) (2)
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A41-P38 A Pair of Slow Shocks =& %
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(Monte Carlo Simulation)
°BHE EH. FR @k LK)

Stochastic Acceleration Process
at
A Pair of Slow Shocks
(using Monte Carlo Simulation)
ON.Shimada and T.Terasawa (U. of Tokyo)

We showed that a slow shock is capable to accelersle particles
10 relatively high cnergy through stochastic acceleration process
(at the last SGEPSS spring meeting). These results are now
extended 0 the case of a pair of slow shocks as scen in
reconnection region (Fig.1), which is found more effeclive in
accelerating  particles than a single slow shock.

BIEl?) SGEPSS 12T, single slow shock 2 X o> TRF I EEH
CHIAREBIAAF~ I TNRENZ ENRENS, (BER LD
Tr72xBEYBIONTFH inject AP, €0 O REORFEOR
BeHo AT HEORE), J9MEBLABKT IDIL, 48 hHD
Y3alb=%a % reconncclion region KKRON S 2 % slow shock
pair B LE (Fig.l) o BIENI GHFH 61 TI2H 3 A slow shock pair
FRELAIZIL. MBOHTIZAL 2N, LG single shock E8WT
ROBASHECHINILVERTFHIBLIAX 22T, NRIAI S
bdtador (~LROT A7z VER®3 08) ., (0L, LEROMHS
FERRAZEATHY, HARLYER LABRRORGBVWEY S a2L-Y
IYOFEHEHI6. RFMMVERIIBIIIEROBEBFTRTCHSC
LARENRTVS,  Shock angle DARALBERETATVWILD (~
85%), MM R —BERVWTEATE ), SRECAZILADIFIAV¥ -

n
=

2w

o Sed T

n!é S

™

o~ ]

- d

— e

i $

h -

o2 2

g3 £

+ w «

. N Cé

p I T

J ' s

: iy 2 3

£ - *

i e ¢

; 1 o

Rl A '°3§ 3

Q ) ‘Qézé
go) A ":ﬁg%
o ag
oS B

2 o3 §
=3 @
2 : %
‘N =

-

a -3

sgég

osag

i H

nsge

o~
§i}

XNT1d

w42, BFD pitch angle NATIRE{ gyro-phase angle iz b &HF
TIHRELo2TWE,

-3 lml-ND.N-ID.B!-M.N-O&)'IO

Enjv (UP.F) = 1.0, factay = 1.0, ume (romatzed) = 02.0

N
e,

2|

~
o
3
-«

Y4

ab

Fig.1 Shock angle ¥ = 85°, ¥2 ~ 2° @ ¥ % slow shock pair
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A Study of the Magnetic Reconnection Process
with the 2% Dimensional Electromagnetic Hybrid
Code Simulation
°J. Nakabayashi S. Machida
Dept. of Geophyics, Kyoto Univ.

A plasma acceleration mechanism at the substorm onset near the Earth
magnetotail was studied. In current MED models of reconection pro-
cess assume a very compact diffusion region and two pair of slow mode
shocks which extend from the diffusion region. Parlicles are accelerated
toward downstream of shocks.

In the plasmasheet, magnetic field strength is so weak that the Lar-
mor radius of ions reach several hundred kilometers. This value may be
large compare to the diffusion region, heuce kinetic effects of ions may
become important. And the y component of magnetic field frequently
observed in plasmoids may be formed by kinetic effects in the reconnec-
tion process.

To analyze those processes , we carried out a 24 dimensional hybrid
code simulation. We added Dawn-to-Dusk electric field to a equilbrium
state of the plasmasheet sclution and assumed anomalous resistivity in

a developped current sheet. We will report time evolutions of our sim-
ulation, in particular, concerning a connection between diffusion region
and slow mode shocks, as well as generation mechanism of B, compo-
nent.
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BHAOKERELTWS L BbhH S Plasmoid Tid. BBD y R2 XA
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A41-05 Geotail Observations of Reconnection [Zvents
al the Dayside Magnetopause

© . Nakamuen. T. Terasswa. JI Matsai, H Kawano, M. limlar (Univeraity of
Tokvo). M Fujimeto (Nagera Unrversing, T. Mukad, Y. Sowo. T Yamamoto, K.

Tsuruda, A. Nisluda (ISAS), S. Kokubwt (STEL, Nageya University), S Machida
(Kyolo Unuversity)

The first reconncction nodel of (he magnetosphere was proposed by Dungey 1n 1961
In his suggestion, the Eanth's dipole muagnetic field 1oconnedts with the magnetic field in
the solar wind both 10 1the dayside and the nightsids of Ihe magnetaspheic where the
magnclic fiedds are 1 antisparalle) directions Later Levy ot al (3964] studied the
magnctopanse reconnectiou theorctically i detanl. In their study, oaly a small porhon of
the incident magnciic Mix in the solr wiad is recoanceed A rotalional discontnuity
(RD) is resulied from Lhe roconnection al the magnciopause and ihe reconnecied ficld
{incs arc iransporied in nortlVsouthward direction with the solnr wind due 1o the J = A
force whete J is (he surface current at the magnetopause.

i carly obaervnifonal swudics, 1he moment data of the plasma instnmenis were usod
10 chock the reconnection theory. Paschmann ¢t Al studied the magnetopause
reconnectfon region with ISEE satcllites (1979] and shovwed Tha the plasma flow

velocily is in good agreement with e opected values {rom the theory. lc.
r =1 .thl/:_p where 1), = F,/B,. £, is he ngenlial component of the clecine ficld.

and B, is thc normal comp (of the magnetic field (o 1h¢ magnelopause, Laicr (he ion
disiibuhon funciion gbserved by ISER and AMPTE satettiies have becn studied which
also suggest the reconnection at the dayside magneiopsuse |c.g.. Cowly, 1982, Fusclier
et al, 1991)

The Geotail spacecrall was launched for the siudy in the G region of the
magnctosphere sn 1992 It has already made mspnciopause skimming soveral Gimes
Especially the dayside mapnetopause observation on 23-26 January, 1994 was the first
opportunily (hal the low energy panicle data of LEP was available, In this paper. we
report e signature of the dayside wagnctopanse crossings observed by Geolal durning
(tus cvent, focusdng on the disteibugion funclion observed by LEP.

We use Lhe low cnergy particle data (LEP) | whe magnenc fickd data (MG and 1he
electrie ficld daix (EFD) on board 1he Geolail spacceraN in this sudy. The spacecraf
New along the cxpocted magnciopause and Il was ingide the magnctopause uniil 0326UT
and moved outward Lo the magnetosheath. It reumed bazk into Lthe magneiosphere at
0335UT. This Is the first magnetopause crossing evenl on (his datc (hercaflcr avent
number 1), The sccond mognetopause crossing evenl (hercafler event number 2)
occurred a1 0632 until 0650UT. The Geolail spacecrafl moved from the magnciosheath
into thc mapnctosphere. and taicr moved back (o the magnelosheath. The compression

A41-06 RETI/xFE-XTRMIhLDI-FRTiyda>
OBFEBIUMS T4 72397 XORR
AKD B BB B AN B MIF 82 @K 100 B o A0 iEi
A. T. Y. Lai* D. J. Wiliams*
I2IRAL THEATK PHWOKHAK HABHH
ZAPL, The Johns Hopkins University
Nelractive Indices nud Poynting Flux of Chorus Emissions
Observed by GEOTAIL at the Dayside Magoctopause
°S. Yagitani!, I. Nagawo!, T. Skiozaki, M. Tsutawi?, K. Hashimoto?,
1. Matsumota!, B. Kojimat, A. T. Y. Lui®. aad D. J. Williams*
VKanazawa University, 2Kyoto Sangyo University, Y Tokyo Denki University,
{MASC, Kyoto Univerdty, *APL, The Johns Jlopking University

Five electromagnetic camponenls observed by the Wave Form Capture {\WFC) ouboard
GEOTAIL nic correctly calibmiced by using n self-calibration finction of the Plasnin Wave
(astrmment {'W1), In particular, plasmna slieath impedanca of (wa types ¢f dextsic dijolr
an(eanas, wire anlenna And probe antenna, con be correctly drtrrmined Lo give tefiactve
indiers. k-vector ditections, and Poyuting flux of electtomaynrtic waves such as cliarmy
amixsiuns observal dadng GEOTAIL dayride magnetopaace skitmsuing. The 8.7sec oliners
vations by the WFC yecciver teveals Mine variation of «och paramcters for ench cleent of
(ha chorua cinissionk, We will discurs mnjuly refractive indicos nid Poynting Aux of the cho
rus cmissions, ax well as their propagation chnmctaristics nlong the dayside maguetopnuse,
comparing 1hose with cuctgelic (>H kcV) clection drta obtaived by the Eoagetic Prrtide
rod fon Composition imatrumeat (EPIC).

B~ 7+ R=L{T8WT, CEOTAILEBL LI SBO—-22x iy n v ¥
BHRXhTe s, RGO 72 X< RAMEIRER (PW) OETHEZZES (\WEC)
¥HVB YL, ST -2 XAYN 2SS b XUFBR IS D 10Hz~4XHz DS
HYSHWEY. BTHBMIbRsTAM/ING,

PWI R & £ CBIROMBH(EREFT SN, WO HhDREDS TR £
VAEAT A9 FL—2 0 YN TVE, SOMMEMVE L. ABRY D
X2V —ZOYEOEMIKDRHHBARRT v FFD [ Y =Xy XEBEITRD
sorMT2S, THICYXD, WFCHERBIKAT SRNORHAMRLID, a—
2AXiyin VOBRAR, k=<2 FARIURA v Z 4 2777y 7 ARBRCE
ETEEHNUMEE RS,

012, 199344 H 30 BICBM2 it Nisimg tone DF A F 8 v 7 A< 2 AR
F.EA K20, B1ofRIERS S Rising tone 0, 590~G00Hz DN 1A T
SN H LUCRKOKRE, BITHL LUKk A OWIRAE L 0 k8 ORI
e, BRI, £ OXREE GEIQ) '8 14 E— RISk -2 Te D, WHE (W)
LOkRoTWd, Shil, a—22RENOTIXvAMBRIIULS {70 by
RELO7— 2 ¢MOUTERHCHRL LR 22 == FORFER L] E~RLT

and Ihe expansion of (he davade magnefosphere caused 1he telative motion of the
spacectafl 18 the magnetopause. On both cvents. we observed the signalure of the
reconneztion at the magnciopause, bul in (his report we just conccnlrale on the second
event 1n which (he phenomena 15 more clearly scen

Figurc | shows the plasma and magnetic ficld data (rom 0620 to 0700UT An ion
distnbution funcuon cut in the equatorial planc at B6SLUT 1s shoun in the nght top
panel The plasma jei is flowing In the duskward direclion. The right boliotn pancl
shows the fon phase space density in the plance shiown by the broken ling in (he right top
pancl. We sec 2 ion compongnis in (s plot, ic.. the cold componeni is the sheath
plastma flowing dusk-tailward and the hol component with a low encrgy cut off al 3keV
1s the lcakage jons onginated from Ibe magnctaspheric plasma. The level of the lower
energy cut off of I leakage 10ns 1ncreascs as 1he spaceerafl moves outward (not shonn
here) and these cvents arc most consisienily interpreted in terms of the veleaity filte
effect
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{Leh mncl) IoE entative  region 1d§:Lﬁmhom MSH: Magncloshaath, ASP:
Magnd LBL: low lautadc boundary layer. and the region where the plasma
jas are o nud (shaded area with obliquc’ lincs)  Second and (hrd pancls. Oguni
directional clection and ion Enctgy-Time diagram Batom three panels: magnetic field
magni(ude, aamuthal angle {(ph) and clevabon angle {thcta) in SM comdinate (Ri
op wncl) contour plot of (be phasc space density in the oqu.a(oml plane a1 06351
(Right boitom pancl) phasc space density in the planc shown in the droken linc in the
right (op pancl, I count leve) 1s indicated with the broken line.
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Study on the Sporadic Emisslons of
Electron Cyclotron Harmouic Waves
using Plasma Particle Data of GEOTAIL
° I USUT' ). Keizumi' I( Matsnmoto' L. A. Frank? T. Mukaf®
W, JU Paterson®  §. Macldda® Y. Saite® M. llimbara®  T. Yamamolo?
S. Kokubun® K. Tsnruda® T, Okadd]
1) RASC. Kvoto Unlversity  2) The Unlversity of lowa
) 1ISAS  4) Kyoto University  5) University of Tokyo
6) STE Laboratory, Nxgoyn University  7) Toynma Prefectura) University

We had reported sporadic cmissions of the Electton Cyclotror Harmonic Waves
(ECH) obscrved with the Plasma Wave lustrument (PWT) onboeard GEOTATL space-
craft in skimming the day<ddc magoetopause. The cmissions are characterized by
(1) a strong magaclic companent, (2) existence of emission in the base bad Lelow
the gyroirequency, (3) multiple gyrobarmonics band« up lo mueh aove Lhe plasma
trequency, (4) high intensily of the order of -100 dB{V/mVTI3), and (5) sporadic
and intermittent occurrence (1 or 2 minutes duralion). In prder (o understand the
generation mechanism of the sporudic ECH emission, we have heen performing cor-
relation siudies using the field and plasma particle ilnts obtained with GEOTAIL. In
the preseat paper, we will focus on the plasma particle data and report the nauits of
corrctation stady between the PW1 wave data and the CPI particle daca. The LEP
datn are plso utilized for this study. According to Uic analyses, we will also disruxs
possible soarves for the sporadic ECH cmissions and wuggest a modd lor compaicer
simalation which enables us (o stndy the physical process of the wave generalion.

Zh1CK GEOTAIL WA M~ 7 3 I K—ZX¥ROISURL b > A,
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Structure of Sheath-Lobe Boundary of the Dislant Tail

K.Tsuruda, H.Hayakawa, A.Malsuoka, T.Yamamoto{ISAS), M.Nakanum,
K.Hayashi{(U. Tokyo), T.Okada(Toyama Pref. Univ.) and S. Kokubun{STE Lab)

Geolail crossed the lobe-sheath boundary more than 10 times at a distanec of aboul
-70 Re in 24 bours from 16,00 UT, August 16,1993, Charcteristic vanation of
By from ncgalive to positive was obscrved for almost all crossings. This By
variation is inlerpreded in 1erms of the inflation of tail structurc associaled with Lhe
passagce of plasmoid
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GEOTAIL Observations of the Broadband Electrostatic
‘Waves in the Magnetosheath Region
° H. Matsumoto! S. Horiyama® H. Kojima! M. Tsutsui® R. R Anderson?
T. Mukni* L. A. Frank® S. Machida® Y. Saito' M. Hirahara®
K. L. Ack ? W.R P 3 T. Y. ¢ 5. Kokubun?
1. RASC, Kyoto Univ. 2. Kystosangyo Univ. 3. The Univ. of Jowa 4. ISAS
5. Kyoto Univ. 6. Univ. of Tekyo 7. STE Lab., Nagoya Univ.

The magnetosheath is one of regions where the intense broadband electrostatic
waves are commonly chserved. From the frequency domain cbservations using Sweep
Frequency Analyzer (SFA) and Multi-Channel Analyzer (MCA) onboard GEQTAIL
spacecraft, we found that observed spectra of the broadband electrostatic waves in
the magnetosheath are classified into 2 different types of emissions. We termed them
Type 1 and Type II emissions, respectively. The spectra of the Type I emissions are
similar to those observed in the PSBL region and their uppermost frequencies is
less than a few kHz. On the other hand, in the Type II emissions, we find voids of
spectra in the lower frequency part (lexs than a few hundreds Hz) of emissions.

Further, we successfully observed their wave forms using our Wave Form Capture
{WFC) receiver. Our wave form observaticns showed that wave forms of these two
emissions are completely different.

In the present paper, we will introduce our results of wave form observations,
and discuss the difference of generation mechanism of two emissions based on the
correlation studies with Plasma and Magnetic Beld measurement.
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Electrostatic Ion Wave Bursts Detected
by GEOTAIL in the Magnetosphere.
° Minoru TSUTSUI' Hirotsugy KOJIMA? Gregory K. Crawford®
Hiroshi MATSUMOTO? Isamu NAGANO*
1)Institute for Computer Scieucies, Kyoto Saugyo University
2)Radio Atmospheric Science Center, Kyoto University
3)Applied Electromagnetics and Optics Laboratory, SRI International
4)Department of Electrical and Computer Engineering, Kanazawa
University

The wave property of Elect ic Noise at frequencies above the proton plasma
freqeucy bas been examined by using WaveForm Captare (WFC) data observed by
GEOTAIL. Properties of the similar noise which had been observed by I1SEE-3 was
analyzed in detadl!, in which the frequecy extent of the ncise was regarded as the
Doppler effect due to a relative velocity between the plasma flow and ISEE-3 un-
der a hypothesis of omnidirectionally propagatiug ion acoustic waves. However, the
present study hos shown tbat the frequency extent is causzed by a crowd of short
bursts witk various frequecies (see Fig. 1). The wave mode of the bursty neise is
regarged as the ion acoustic wave because the same bursty waveforms were observed
in the lon Foreshock region in the Inter Planetary shock.
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1. H. Ma et al., El atic solitary waves (ESW) in the magnetotail -
BEN Wave Formms -, in press, Geophys. Res. Leti., 1994.

2. Y. Omura et al., Computer simulations of electrostatic solitary waves in the
magnetotail: A nonlinear model of broadband electrostatic noise, in press, Geo-
phys. Res. Lett., 1994.
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Nonlinear Electrostatic Solitary Waves
Generated by Weak Electron Beam Instability
°Y.Cwmura T. Miyake B. Matsumota and H. Kejims
Radio Atmospheric Seicnce Center, Kyoto University.

By performing one-dimensional electrostatic particle simnlations, we
found that a relatively weak electron beam traveling along the static
magnetic Geld can gencrate Electrostatic Solitary Waves (ESW) as ob-
scrved by GEOTAIL spacecraft in the magnetatail [Matsumoto, ct al.,
1994),

The two-stream instability with electron beams with small thermal
velocities requires relatively high beam densities for formation of ESW
(Owmura et al., 1994]. A weaker electron beam causes excitation of a
coherent Langmuir wave with its saturation due to nonlinear electron
beara trepping and subsequent quagi-linear diffusion by Langmuir waves
with sinaller phase velocities. However, when onc of the clectron beams
bas a large thermal velocity compargble to the drift velocity of the
other cleciron beam, which forms & bump-on-tail velocity distribution
function, the nonlinear saturation of the coherent Lagmuir wave leads
to formation of ESW rather than the quasi-linear diffusion.

We found even a very weak electron beam with a few percents of the
total electron density, can give rise to the ESW. The thermal velocity of
the electron beam must be much smaller than the drift velocity, while
the thermat velocity of the majority electrons must be large realizing a
bump-on-lai) distribution function 83 the total electron population.
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Characteristics of Plasma Waves {n the Magnetotail
by the GEOTAIL Plasma Wave Observation
° H.Hamada' HXojima' K.Murata' HMatsamote! Greg Crawlord®
T.Yamamoto? S.Iokubun?! T.Iyemori!
1LRASC,Kyoto Univ. 2ISAS 3.STE Lab.Nagoya Univ. 4.Kyoto Univ.

The lower cutofl freqaency of the Continuum Radiation obtalned with the SFA
{Sweep Frequency Analyzer) onboard GEOTAIL spacecralt b equivalent to Lhe Jocal
electron plasma frequency. This frequency ptavides us the local plasma denslly,
which enabla us to infer which region of the magnetotall GEOTAIL is located.

In Jane 1993, GEOTAIL was located 200R¢ dotvnsiream away from the carth
and al the ceater of the magnetospbere. So it 1s thought thal GEOTAIL was in
Lhe magnetosphere. However, it somelimes observed high density events which is
expected in Lhe magnetoshealh, Some of those evenls accur cotresponding to the
increase of Kp index and the intensily of the magnelic field.

In the present paper, we will report the detall of the data analysis concerning
thse evenls. Based on the statisiical analysis of the local plasma density, we will
also discuss the dynamics of the magnetotail.
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Plasma dynamics In the distanc (ait lobe

Y. Matsuna', T. Mukal’, T. Yamamolo', Y. Safto!,
A. Nishida', S. Kokubun?, S. Machida®
' ISAS, !STE lab., Nagoya Unjv.. * Kyoto Unlv.

Based on GCOTAIL obserations of magnetic fields and plasma velocity
momens In the distant tail lobe (-200R¢ S X $ -100Rp), we have found
oul a rcfation beeween the {on denslty (1) and the parallel component
of the ian bulk veloclty (Vg ) :

vy e<logn . )
We have also found that the denshty In the tobe, at times, decreases
according to expresslon (1) for ~30 min pror to the ¢ncounier of a
plasmold. These relations A 1 and 1y seems (o be assoclated with the
variatons in GSM-z component ol ) .

SFEREMT -7 FIBLEBN LTI I vOIBELH~<LC kL, BIWIKOR
RUEHVUTRRTHS, I 7IXEA FORBLNI LI, RUOIKRTIL
ORADS CARSIMBTHLE. YBRA4VBIODEAEDL
-200R, s X S -100R; NERTGEOTAI LOLEPLMGF ¥ -5 xfivT
BIAME £{7>/:. LEPOT—10I5TURKAT v DEXE~S ¥ + 7~
YL (QBICAILLOUENCLEX L/ (L2 BE) | /A4 RECHMLTILE
BLFHTLARD & BILGT RV ERFUTMITLAL

@2, n vy bofME U7t LI2(OTHE, SheSTIG K

vy = logn (1)
ARESTENGML, B4, KBFORRBU—TDOTIX BT (1) XD
BUENRNL>TWVE S ELSEMLIZRARLAL

@I OBLRLIKRATH, 442 0B rBRALEILTVL, CORMKG6
(1) RNBFMEI X 5Tvd, CERLAAMIATI X XA FOOARE LT
S.LULY. GEOTAILMARMIO-FUBELLATTIXXA FERN
LIZRGIEH, 72X T4 FRZANSTIOHLILERDAY X OAMINLTV DT
LERGAINS, COBXORPUTHHLIL S ILEL FORXABED LD
JOAMAGUE L 2Tvid, 12 oMy a1 ERIRBHURILLTT.
SRSOMMRE CRABHMRLERBAAO ST BORA L HUNT 5,
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Possible Source and Transporct of Taiiward Cald Dense lon
Flows Observed by GEOTAIL in the Distant Twril Lobe

°A.Hirabara ', TMukai?, T.Yamamoto 2, M.Nakamura !, S.Machida 3,
Y.Saito ?, T.Terasawa ', A Nishida 2, and S.Kokubun *

1. Departmant of Larth and Planatdry Physics, Faculty of Solance,
tha University of Tokyo, liongo T-3-1, Bukyo-ku, Toxyo 313, Japan

2. Inaxitule pf Spaca and Astrenautical Science

3. Iastitute of Geophyaica, Facolty of Science, Fyoto University

€. Selsr Terrestris! Envirormenlt Laboravory, Nagoys University

‘The GBOTAIL satellite ohserved tailward Cold Dense lan Flows (CDIFs)
frequently in the distant tail labe regions. Density, temperiture, and fow speed
of the GDIFs are 0.01-2/¢m?, 20-300¢V/q, and 100-500km/see, respectively, and
they gradually increase as (he spacecralt approaches to the mugoctopause. The
density and Bow speed of the CDIFs become higher also as (he observation point
is {urther away from the Earth, and panticularly the dengity Is comparable with or
aften bigher than the density of the plasma sheet [Zwick! et al., 1984; Yamamoto
ot al., 1994], 1t is difficult to interpret all of the high-density (~1/cm®) CDIFs in
the distant lobe as the ivnospheric wos though low-density cald ion bears in the
near-earth (ail lobe are thought to be of the ionospheric origin [Eastman et al.,
1984; Mukai et al., 19%4).

Through the crossing of the magnetopause, the features on cnrrgy spectra
smoothly change 15 those of the solar wind and there are no significant differences
between the characterisitics of tho solar wind and thase of the CDIFs with respect,
to the plusron pararacters. These results suggest that most of the CDIF populis-
tion may be of the sotar wind arigin. However, in several pereents of the whole
observations of the CDIFs, st has bevn also confirmed that the CDIFs are consti
tuted by mulliple components which are regarded as low-cnergy H¥, high-enmgy
O*, and somctimes intermedjate-energy Het because their velocities both paraltel
and perpendicular W the magnetic field are similar on the assurmption that the
CDIF's consist of these 1on species. Their flow speeds are nearly the same with ~20
percents orror. Frank et 8l J1977) have also reported similar events (ion density:
~1-10/em?) obscrved near the Earth (~35Re). Tbe clear multi-component signa-
tures cap be tcen Also just jnside the magnetopause, but not in the magnetosheath.
Tbese results imply that not only the salar wind plasmas bt also the ibnaspheric
plasmas may contribute to the CDIF population. A case of the CDIFs near the
magnetapause is shown jn Figure 1. As evident from \he magnetic ficld data, the
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regions of 1725 and 1919-2022 UT are identified a5 tbe magnotosheath. In the
lobe, two-component CDIFs can be scen clearly.

A possible scenario of the CDIF formaljons {s that the solar wind penctrates
actoss the mognetopause and/or through the cusp, sometimes jnteracting with
small-speed ionospheric plasmas (UFI or polar wind), and finully flows tailward
in the lobe. In this picture, the lobe plasmas must be convected townrd the inper
marnetosphere and injected into the plasma sheet [Eastman ct al,, 1888), being
necclerated in the plasma sheet baundary layer [Hirahara et al., 1994). Herc we
estimate electric Go)d drift by analgsis of velocity component perpeadicular o
the magnelic ficld angd discuss the source regions and \ransport processes of the
CDIFs in order to diagnosc (e global convection model. fn addition, the behavior
of the O* ions near the magnetopause is also Important to determine the injection
region of the CDIFs. Since in the regions where the plasmas of the solar wind
origin penctrate into the magnetosphere and aceclerate the ionospheric ons, the
velocities of them are not necessarily equal and wave activity may be high because
of wtwo-stream instability, we caleulate time constant necessary to compensale the
velocity differences and compare it with the data of the CDIFs.
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Figure | Magnitude and directions of the maguelic field and Energy-time di-
agrams of electrons and ioas. lon specira are measured simultaneously by two
sensors of different evergy ramges and acceplance angles; LEP-EAG and LEP-S\V.
In the magnetosheath, since energy mode of EA is changed from wide-enetgy range
(32eV/q-40keV fq) to high-energy range (5-43keV/q). the data obtaned by the S\W
sensor should be referred.
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Study of Plasma Sheet Boundary Layer {PSBL)
through GEOTAIL observation

*A. leda, S. Machida (Kyolo Univ.), T. Mukai, Y. Sailo,
T. Yamamoto, A. Nishida (1SAS), M. Hirahara,
T. Tetasawa (Univ. Tokyo), and 5. Kokubun (STEL)

We study the structure of Plasma Sheet Boundary Layer (PSBL) through
analisys of LEP and MGF data from the GEOTAIL spacecraft. We will report
inferred charactetistics of PSBL, by showing various key | lers plotied as
a functon of plasma 8 for ions. We found that the region with £ = 1 as a critical

peint.

Plasmia Sheet (2. Plasma Sheet Boundary Layer (PSBL) . B UF Central
Plasma Sheet (CPS) £ ¥R Y, PSBL #5 CPSKAS > £ 73 X7 ORRH
HEBIZIY A — kLA beam R0 5 isolropic KIENWRAAERILLTITFCY
FambhTwd.

GEOTAIL i ZBROLx & A ¥~ 10 F1NE (LEP) RURG I NE (MGF)
ABMALAEI94E1 108261 A20B80ARNDF- 3 AT Plasma
Sheet DAR &AL, TORKIKY., GEOTAILBAR R 6ABFRAKN0R,
AROMEDo L, ABEAFDOA-FHUTHALAEI S, pf=141E7T
SIXTORBRRURSOUMKACLIZ AR Mok (@] (a),(b)(c)).

ZONMBROBET &= k. PSBL TRREUAXRATHY, CPSTR 7Y
ATHERNTHIENIZLETHE, LALTSIXTOANLURO L
TAEMALE, flowiR. SO 1 THEHIBLEATHY. <1 TREHBS
QLM LWIEILS (@1 (d)). >T. PSBLECPSORFES =]
TEBRTSELEEBERLEW,
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Evatuation and calibration of the electric ficld data
measured by EFD-P aaboard the GEQTAIL satellite

A Matsuoka, K Tsuruda, H Hayakawa, T Yamamolo, T Mukal, Y Saito (ISAS)
M Nakamura (Univ. of Tokyo), T Okada (Toyama Prefectural Univ.)
S Machida (Kyoto Unuv.) and S Kokubun (STE Lab)

Deouble probe techaique has been used as a standard mathod of direct electric field
measurement by the satellites. The effect of the phots electron shemh around the
satellite body makes the measurement difficult in the tenuous plasma of the density
below 10/cm>. The eleciric field data measured by EFD-P cnboard the GEOTAIL
satellite are, however, possibly available even in the distant magnetotail after proper
comrection. We are now developing the method to calibrate the EFD-P dala by
comparing them with the momenium dats obuained by LEP-EA.
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BEvaluation of the Eleciric Ficld Mcasurements Performed by EFD-B
onboard GEOTAIL or e o et i
H. Hayakawa, K. Tsuruda, A, Matsuoka, T. Yamamoto, T. Mukai, '
and Y. Saito(ISAS)
M. Nakamura(Univ. of Tokyo), T. Okada(Toyama Pref. Univ.)
S. Kokubun(STE Lab., Nagoya Univ.), S, Machida(K yoto Univ.)
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Electric fic)d direction de(crmined by the Boomemng technique ofien show
rapid chinge duc (0 (he change of refurn beam direcdon. Results of the cvaluation
of this rapid direction change will be dicussed Boomerng lechnique is capecied
lo d=termine magnetic ficld sirength when both T, and T_ data arc avaimble.
Cslibrations of the MOF data will be attempted by companng Tg dats derived
from Dooinerang techutique. Lvaluation of ihe cleciric fic)d data derived from
Boomerang data and calibricd MGF dala will be discussed..

BT~ AT VELMOTHURE BRI LRT L 512, Ll
LITE D Ve & BIAE LT T L2 1 8 0185 f T2 5B e 3o
I BBU )OI LR . SOHNOEEREHTIE ] 0 BRFOMB i
EMoTHNEERAWNE bR, <hboONANARIR S F5k BI1. 9341012301 KEENLRNE=ADT G R
LTUEBErOMEE, JO-7HEOT -y RULTDE— 22 b7~ TAH. Y- LOfTHILMILINT 4 51000,

7 RBT- 2 DMAE DY EOIRKIZ L DTV BET B,

0 T ATFHERECOHRINT  ET_ORTHAY, BETR
WNMIENRZETAIZRSGIIREMETEDREIRNHE NS, SO
T2 LB IHOTOF 7= % £ RIORD LN RBHBE7— ¥
ERWDEBMAFEDT— S L2 RTBIWIZL 5T, BT - 708
EEHAIMERMLTVE, CHOHYERLIRLT— 2 ORIEL T,
TORBIRSATOFF— M HINDT— 7 LB T~ L 2w
TRYT =20 % T 5. Tu—TUCRT7—-7  -BB7— %0
PRI B ARNB T — » OB L TTOBBR T — S OREDORY

A41-P42 BOW SHOCKL®IcBT2 f
GEOTAIL-LEPHIH
B B FIR WS BT XE (XA
kIR, O R CRES) 2 & CEDYAILAEP F— 4
A A (FEHEF) . (AR & (STEBK) . & CEOTAILAGE 7-— A

Upstream Events of the Earth’s Bow Shock. 20:30 20:50

OT. Sugiyama, Y.Terasava, B Xawano@niv. of Tokyo),
T.Mukai, Y. 52010 (}SAS) and GEOTAILALEP lean,
T. Y1aam0t0 (ISAS), §. Kolubun {STEIab) and CEOTAILMOF Lean

The Data fres Llov Energy Particle (LEP) inslrument shos zany
retorn particles frea the Baw Stack. The encrgy dispersion sear the
foresbock region was cbserwved at 30, Jume 159%¢ (Figure 1). The
intensity af diffase jons obzerved at radial INF directlioa decrease
wilh distance from the sudtslar paint. Ye will present  yome
upslrean cveants,

GEOTAILRAIZDE=IV¥~RTMME (LEP) 22 >TH
HEN/ARD Bow Shock 206 EREAKILL A o4 Y AF SEAN o
FINTVB L ADIBEDIEY, KownwTHE+2, sEsf T Tl 20 0 20 40
GEOTAILHER, UIfd, 480 LYY ENTh2BWELT GSE - X
By, SAEALI A TDAG VHP MWL 7=, Wizmtrate 44
>~ (oreshock kmmwmmmnr;xw»-v—mu,w 1 HTH
Be D OIAMBEMESIER L. FHE dillese 54 72055 R
bo /o 9% 2RUZEHMOLUUIRENIBIL /2B . IWE B cadia) T
Bollltd e RUFA:H YROUMBEIRLIET S, W EERBEL DS
S subsodar point A HR LI DITIRL LoTwi,

B) (k) T 19944 6H NBEHNLAAL D Bt [, LI
FANY M (5~40 keV) DDUMZEE R T R/ L 28T
DREZRTET (B9 7 b ROBIEDDRBZHE) o

B2 (F) : k2 dispersion MM E st & 2 ORI,

B DI OB, S forcshoek boundary (20 kc¥)

B EmoUm. M fikotra,



A41-P43
ELF waves in the up-stream of the

Earth’s bowshock

°K.Hayaghi, H.Matsui
Department of Earth and Planctary Physics, University of Tokyo
T.Yamamato, K.Tsuruda
Institute of Apace and Astronautical Scieuce
S.Kokubun
Solar-Terrestrial Environnicutal Laboratory, Nagoya Universily

In a frequency range between 3 Hz and 50 Mz are shown varictics of
speciral and propagation characteristics of planina waves observed by
the scarch coll magnetometer on board the GEOTAIL for the special
periods when the satellite was in the up-stream of the bow-shiock. We
can determine polarization and orientation of propagation direction for
ench plane waves giveo a3 Fourier components from wave-forin data
detected by tri-axind sensors. Electric field data delected by a single
component(PANTY) of the two double probes is used bere 1o detenuine
seusc of propagation direction because there are diGeultics in the dala
of Lhe other(WANT) component on the signal ta noise ratio and on
the dynamic range being close to the least significant bit of data in the
above frequency range.

Speetral shapes of ELF waves in the up-stream segion of Lhe bow-
shock are catcgorized into the following 3 types ns scen in f-t display.
LCBr/l: Low frequuency (fe<8Hz) continuous band lasting abour 10
minutes with right-handed or left-banded polarization.

MCDBr: Intermediate continuous band( 8Hz<fc<40 Hz) with right-
banded polarization and with enhancement and cut off at the low fre-
quency border. There is a type baving similarily to the right-havded
band waves lasting more than a few (ens minntes in the magnetosheath.
DGSr: Intermediale and high frequency emission with right-banded
polarization and with discrete impnlsive structure lasting ooe minute

A41-P44 The occurrence of ELEF waves

in the magnetotail and in the
magnetosheath : GEOTAIL observation

°H.Matsui, I{.Hayashi
Departinent of Earth aund Planetwy Physics, University of Tokyo
T.Yamamoto, K. Tsuruds
[nstitule of Space and Astronaulienl Scieuce
5.Kokubun
Solar Terrestrial Environment Laboratory, Nagoya Universily

Occurrence of ELF(3~50|Hz]) waves observed by GEOTATL MGF
scarch coil magnetometer 3s investigated statistically with focus ou po-
luarization in \be magnetotail and in the magnctosheath. The period of
the data set used here is 17 months from Sep. 1992 to Feb. 1994. Fig-
ure shows the oceurrence frequency of the waves deduced from power
spectral densily for -100<x<-10(Re] region in modified GSM cocordi-
nate system. Whaves are widely observed iu Llic outer region beyond
20{Re] from the center of Lhie magnetotail and less frequently obscrved
iu the low {z| region, and they correspond to the magnetosheath and the
pazina sheet region, vespectively. Tlie occurrence frequency of waves in
thie magnetotail lobe is much smaller than one in the plasma sheet re-
gion. The wmagnctatail (lobe) and the magnetosheath is bounded ctearly
in the near carlh region and the cstimated (ail mdius is about 20[Re].
But the boundary becomes less clear beyond L00(Re] from the cartb ju
reference of wave charactenistics, and the magnetotail and the magen-
tosheath seem to e mixed.

The waves are discriminated between right-hand polarized waves and
linearly-polarized waves, Tn the magnetosheath, both types of waves
are more frequently observed in the near carih region than in the dis-
tant tailward regton, whereas quasi-linearty polarized wuves a1e more
dependent on the distance from the carth than right-hand polarized

or less, which looks like group of thin vertical bars. There arc sub-
categories in the spectral feature of long bars, short bars and thick
bass.

Summary lor the 1wo orbil periods

|August 04-11, 1993, in the morniug side) Aug. 04; just iu the up-
streani of shock crossiugs LCBr's are found. Aug. 05;Intense DGSr's
appear just in the upstream and followiug a few howrs. Two LCBr's
arc registered. Aug. 06: plenty of DGSr's are abscrved and their en-
hanceinents are weakly correlated with LCB! below 4 Hz. Aug. 07;
DGSr and LCBy/! just in the up-stycam of several titnes of shock cross-
wgs. MCBr's are relatively high in the frequercy and jutense. Aug. 03;
mostly in the up-stream and DGSr almost steadily lasis occasionally
ju association” with LCBr/l. Aug. 09; ouly brief time in the up-streani
DGSr shaped eniissions in high frequency are observed in the in the
magnclosheath.

(Februacy 18-27, in the afternoou side] Feb. 18.19; weak DGSr of shart
bars oceasionally assoclated with LCBr/). Feb.20; DGSr's and MCBr.
Fe.2); Unusually intense and frequent MCBr's.Feb. 22;frequent shock
crossiugs and LCDBr’s are observed up to 10 Hz probably due to intense
total magnetic Gcld ry much as 15 uT in the up-stream. Feb, 23, 24;
LCBr's in high frequency.
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wrves. Dependency in the radial direction also exists for Lncarly polar-
ized waves. The linenrly polarized waves are mare frequently obscrved
as e distaoce {romn the center of the maguctotall becomes larger. This
fact suggests that the source of the linearly polarized waves are in the
Low shock region or that there ure plasma flows for geuerating waves
from the bow shock region.

We can classify spacecraft positions joto the magnetoshesth, Lhe
plasina sheet region und the tail lobe with density infonnation from
EFD single probe data and magnetic Geld cariation informatiou frons
MGT fluxgae magnetometer data. The occurrence of waves will be
shown more precisely for each region.

occurrence frequency(-100<x<-10 all pol.}
L

M >50%

m 10 to 50%
B5to 10%
M <5%

O no data

Figure. The occurrence frequency of the waves for Lhe near earth reglon
(-100<x<-10[R¢c]). The data are shown for cach 5x5fRe} bins.
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Propagation Characteristics af Chorws Emissions Observed by GEOTAIL
al The Dayride Maguctapanse
*1. Nagano'. S. Yagitaui, T, Shiozaki', M. Tsuisul?, K. Bashimola®.

. Matsnmoto®. H. Kojimal, A. T, Y. Luid, amd D. J. Williams®
IKanazawa University, 7Kyolo Savgyo University, $Tokyo Denkl Universiiy,
‘NASC, Kyoto University, *APL, The Johna Hopkine University

The GEOTALL lpncrcnll \ line obaerval many chorus emisslons at Ihe skimming of 1he
dayside magnctopawse. Mot of (he chonu eniissions obiered mere rising tones and sirve
(rdess. whfle somctimes hookt and few didinct (alling (oues mxisted. Five dectromaguctic
wnvelomms peqnited by the Wave Form Caplure (WEC) on the Plaxma Weve Inutranent
(PWT) onbhimard GEOTAIL. are nued 1o enlenlate k vectom for enck of the chorus eunwsions
The k weetors for » typical faltlng (onc nre confined withla 20° off the gan\y{rnic ﬂr’-M
Jine, while Ilose for lypical rising tones and heoks linve hroader angular disiributions u—glh
respect to the gromaguetic field tise. We will prescal n delnsled paalysis of propagntion
chamnelaristion for thie chorus catissions observed along the duyslde niagnetopnusc, compar-
ing It with energetic eloctrons (> keV) during (e WFC obwenmtions, ohwerved by the
Energetic Uatticle and Jou Compaonition issteument (EPIC) anbowmd GEOTAIL.
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Dayside and nightside observations of the low-
latitude boundary layer

M. Fujimoto (Dept. Phys,, Nagoya Univ,, Chikusa, Nagoya 464-
01)

A. Nishida, T. Mukai, Y. Saito, T. Yamamoto (ISAS)

T. Teragawa, M. Nakamura, H. Kawano, M. Hirahara (Depl.
Earth and Planetary Physics, Univ. of Tokyo)

S. Machida (Depl. Geophys., Kyoto Univ.)

S. Kokubun (STEL)

Because of its importance, inlense observational studics of the
low-lalitude boundary laycr (LLBL) have been donc lo under-
stand its struclure and dynamics. Tho studies so far, however,
have been made only in the dayside porlion of it, since the dala
have been provided by the near-carth orbiting salelliles. Because
the Geolail has its apogece far down in Lhe tail, we are able to anal-
ysc Lhe data obtained jn the nightside LLBL. In addition, as ils
orbil is designed so as Lo skim along Lhe average magenlopausc,
delailed analysis of the dayside LLBL is also possible. [n this
paper, laking Lhese advantages, lwo datascls of the LLBL arc
studied. Onc is obtaincd on the duskside flank at X ~ =301g.
The tcgion Lhere is found to consist of two layers, the outer BL
wlicl is shcath-like, and the inner Bl,, sandwiched belween the
outer and Lhe plasma shect. [n contrast to the outer, the inner BL
is almast stagnant and is filled with bi-directional electrons with
eneegies < 100 eV. The plasma sheet jons are also detected in this
region. Reconncction between the outer BL and the plasma sheet
ficld lines is a possible mechanism for its formation. A repott on
the delailed analysis of the olher dataset from the morning-side
LLBL will also be given.
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Sirucwore of Distant Tai) Magnetopause : GEOTAILL Observations

T. Yamamoto, T. Mukai, Y. Saito, A. Nishida (ISAS) .
S. Mnchida (Kyoto Univ.), T. Terasawa, M, Hirahara (Univ. Tokyo)
S. Kokubun (STE Lab., Nagoya Univ.)

The magnctopavse structores in the distant magnelotail arc discussed by
using GEOTAIL magnetic field and plasma data, with a focus upon ptasma/
momcntum ansfer across the boudary. The magnetopausc oficn shows
langential discontinuites, but this is not always Ihc case. We often sec hol
plasma sheet paricles which direcity face with the magneiosheath plasmas,
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Identification of the magnetopause based on GEOTAIL data

T.Ohkubo T.Yamamoto T.Mukai Y.Sailo (JSAS)
S.Kokubun (STE Lab..Nagoya Univ.) S.Machida (Kyoto Univ.)

GEOTAILL satellite has been making obscrvalions in the distant
magnetotail since Seplember 1992, and gives us a comprehensive data
set with high time resolution,

We investigaled what criterion we should use for the identification
of the magnelopausc boundary in the magnetotai) by GEOTAIL daia.
Then. we study shape of magnetopause in the magnelotail .
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Right-handed ion/ion resonant instability in the

plasma sheet boundary layer:
GEOTAIL observation in the distant tail.

H. Kawano, °M. Fujimoto, T. Mukai, T. Terasawa, T. Sugiyama,
T. Yamemoto, Y. Saito, 5. Machida, S. Kokubun, and A. Nishida

Geotail has beep observing magnetic waves with periods of 9 -
405 in the magnetotail. Preliminary analysis of the waves with 3-3
magnetic field data shows that the waves tend L be propagating
parallel 1o the ambient magnetic field and 1o have a right-handed
polarity. Tsurufani and Smith |GRL, 1984, p331| and Tsurutani
¢t ol [JGR, 1985, p12159) identified similar waves in the data
of ISEE 3, and suggested that the waves were caused by tailward
streaming ion beams in the plasma sheet boundary layer (PSBL)
through the right-handed ion/ion resonant instability. However this
interpretation was not necessarily decisive since the properties of
the beam ions were deduced from the data of the high energy par-
ticles, not directly taken from those of the low energy iops.

An excellent example of the right-handed ion/ion resonant in-
stability is observed on October 8, 1993, when Geolail was in the
distant tail of Xgsue = —142R¢. Preceding and following a passage
of a plasmeid, magnetic noises having o right-hand circular polar-
ity with the frequencies around the proton cyclotron frequency are
Jetected. Especially, the event after the passage lasted for more
than 10 min., ang the ion plasme in this boundary layer was com-
posed of a tailward streaming cold dense plasma and a warm tail-

BAPBRES (X~200Re) TER & h -

A41-P50 WU current sheet MRS

OBy, FNEE (AXN) | GHIIA. ABEY (FEHM) .
BB (AXR) . MEP/ -,
WHRRA (FEH) . RAE (STER) . BMGFT -7

Observation of the thin current sheet
in the distant magnetotail (X~200Re)

Oy, Stanobare. T Ternuawe (Univ. of Tokyo). T Makai, Y. Saits (ISAS). S. Machids (Uaiv. of

Kyoto). LEP group, T Yamamoto (ISAS) S. Kokubun (STE ab.), and MGF poip

GEOTAIL satelitc ofen observed 2 fast ransiton berween the narth and
south lobe in the distang magnetotdl. We seleet such current sheet
transition events and estimaic thickness of the current shect.

94F4RIC GEOTAIL TRUIBIEN 5F) 200 Re OB N TEHAMRIED

curreal sheel &XRH L/, SOWMMTU, MALIAIC currant sheet € HAY] o
T. WD tobo » 5D lobo . I, (EHrSBAEDBBITENLISLLS
WMans, KPRTUE, TOL S & corconl sheol &8> TR MO tobe
~TBENMOID L SRMHEHUML. coront shoat DR ADHUTE
curront shael ORREDVTARVEERT TS,

BRI, 044 18RSI NI curront shool ¢rossing DEUAFHTH 5,
16:20 A 516:31 (ZHUTERNIED loba 5 BRID lobe ABU ., 16:32 25
16:07 (22 TIGUHE D SHD lobo ARENRH>TELFMTHD, Ens T4
B0 panal BLEPTMSNAETS AR Vy 4R LTH 5 iz Z FROAN
AUBBIERTSS, CAICLDIE curent shoot DEZTBHINe THD,

T 2 HO panol 1214 onorgy chonnal £ 48, 93 oV O clockon O plich
BRHERT, 1 BB D crossing IZHHET 3MBH T U olociron OE NS AR
A0 bi-stroaming HYRRIE AT BV, alecion @ curvaturo curcent
¢ross-lail curronet ADEENTIREATLB, BiRTU. S5 elocton
HAHE & currant shoot B2 ORI DV TIMB E KL U HFTTH 2,

ward beam coming presumably from the plssma sheet, drifting at
1000 km/s relative to the former along the feld line. We bave used
this distribution as a source function for a linear Viasov analysis,
and confirmed that the geveration mechanism of the waves can well
be explained in terms of the resonant interaction with the beam.

Statistical analysis of the waves is also under way 1o survey the
nature of the waves in more detail. So far we have visually identified
more than 100 wave events having periods of 9 - 40 s in the 3-
s magnetic Aeld data of Geotail. Spatial distributicn of the wave
events, distribution of wave periods, propagation directions, and
rotational polaities are surveyed and presented at the mecting. We
are also interested in whether or where we can find waves associated
with earthward-streaming ion beams.

18 Apr., 1994 GEOTAIL/MGF-LEP
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A Possible Tail Current
Disruption Event in the
Middle-Distance Magnetotail:
GEOTAIL Observation

OFREk’, WERX', PR, WRN, FHEX',
PHIEA', ATER, WAEA®, RERHR, HAME', HELHL’
"WKE, '$EE, '&XE, ‘WKE, 'WIKXHE, ‘EXSTEMH

OF. Tersawa’®, Y. Saito’, T. Mukni®, K. Mocawa®, M. Hirahan', M. Nalomura',
S. Machica', T. Yamamoto®, T. Nagal®, S. Kokubun®, and A, Nishida®
'DEPP, U. Tokyo, "ISAS, Depr Phys, NagoyaU., ‘Dept. Geophys. Kyoto U.,
Dept. Earth and Planes. Sci., Tokyo Inst Tech.,, *STEL, NagoyaU

A41-P51

On January 14, 1994 GEOTAIL was in the middle-distance magnetotail
around (X,Y,Z)=(-96, 49, -4) Re in the GSM coordinate, where we
observed a tailward-to-earthward ion flow reversal at 1450 UT within the
plasma sheet (Fig. 1aand b). We can intespret this ion flow reversal in
terms of the passage of an X-type reconnection region retreating tailward.
A unique feature of this X region encounter is the observation of counter-
streaming ions (<40 keV/q) and electrons (< sevezal keV):

InFig. Ic, the difference

dVx = (Vx,ion) - (Vx, ele),
is shown. Between 1445 and 1447 UT, (Vx, ion)<0 (tailward) and
(Vx,ele)>0 (carthward) so that dVx<0. After the ion flow reversal (to
carthward) the electrons flowed tailward between 1452 and 1457 UT so that
dVx became positive. The behaviers of the ions and clectrons were normal
and there was no significant difference in their bulk velocitics for the whole
period of the same day (14-20 UT when the plasma and magnetic field data
were available) except the above intervals. 'We interpret these velocity
differences between ions and electrons in terms of a field aligned current
generation process expected to occur at the dawnward edge of the tail current

disruption event.

A41-P52 piER#I=H13S Continuum

Radiation O¥id

HARK, &FF B, AXS B!, R2ELRT,
7k 30, NG 153, PWI team
1 8RAT, 2 ROk, 3 NAHEN

Characteristics of Unusual Continuum Radiation
in the Magnetotail

9Y. Kakehil, L Nagacol, S. Yagitani], K. Hashimoto?, H. Matsamotod,
H. Kojimad, PWI team
1 Kanazawa Univ., 2 Tokyo Denki Univ., 3 RASC, Kyoto Univ.

Abstract

Continnum Radiation (CR) with two distinct band structures was
observed in the tall lobe region by the Sweep Frequency Analizer (SFA)
onboard GEOTAIL. A auap shot of the f-t diagram taken by the Wave
Form Capture (\WFC) reveals a possibility that the lower band emissions
ofthe CR is g d by mode ion fram (o + })th electroa
cyciotron harmonic waves. In order to confirm this, we solve a hot
plasma dispersion equation using particle data obsrrved simultaseously
with the CR.

Continuum Radiation(CR) i, SO, SIk0RAFIIHICR
£ReiS, aNEACRRT INBETHS tLbhTLE, CRODNER
222+ ARMRAN T 500Hs~100kHs BLEICKH Y, ADROMTFEE
EE37 9 X~RERE Y WOOIRND escaping K. TLEDEVAR
B trapped EBK 2 b1 8, trapped RBOTRRRAR ELOMARD 7>
XeQEBERTEVDhTLS,

GEOTAIL 55112, 1903/1/26 KRS 6 SOR: MU ABAMBRBD 0 —F
ERALTHD 12401310UT] KB TT I X v — b, 7OXwi~ IR
57/ (PSBL) ¥ R0 - A, @1 RS IREE (SFA) KX ->TlMs ok
MAOREMEZ22 + 2 THE, Trapped CR & 1~4kHsz t 6~20kHz D 2>
OAREAY FRBER>TLIZ L ¥RL S, = hit 1~4kHAs t 6~20kHs
ORBOVERPRE SFMHEERRL TV, 2L, I~kHs ORBOR
Kk, 400Hz DEMAORBHOMX L AM»> 5, B2 ik, ABHRZES
(WFC) K& > TR NA BTBMOURDILF L 7 72X b ATHS,
ROTOXERT 7>+ H¥HRBB L FHRL->AHERT, 24, QLM
KRENE nfpRBFF4 20 b o YVAIRBE LD n SHRARERT, B,
B2iticlond 400Hs omuﬂ!&. t2fyoMicd L¥R0 8,
R2D1.5~2.4kHs KE¥ 3 ~~%= 7 2 BBORMHO ZANFI44 20 b0
AR (nfy) DEICHEZ L2 b, Shb¥ (n+ §)fpiERRICHNTEC

" ~ Vxi - Vxe

N 1 [

Jan. 14, 1994

Fig. la (top): Magnitude of the magnetic field IBL. The interval when [Bl<8-
10 nT indicated that GEOTAIL was in the plasma sheet.

Fig. 1b(middle): X component of the ion bulk velocity.

Fig. 1c(bottom): Difference in the X components of ion and electron bulk
velocities, dVx. Owing to the statistical fluctuation, difference with
dVxi<300 km/s is not statistically significant (hatched). A valley (~
1446 UT) and a peak (~1452-53 UT), both pointed by arrows,
showed existence of ficld aligned currents..

ERes, Rk, (n+ })/yRBNE 7 X RRROE CRCEE L
i‘?bnthbtb. B2072X<QNRE# L2 1.5~18kH: THE LV
GEOTALL BAKBRZATL IRt Y TOERKY I LbORRICHD
TRt RET oK+ cavid, AL FORAR2 nARDXD
Wigd, WRUGCRRT I L RHEELY, ARFEADT Y X it—X
OHNTRAA RARE L DEIRZ 6 (1)[2). 400Hs OF fyici8XF S RME
L5~24kHs KRS ~r—%= 5 2 BAORDRDTAHCHE LRMTL S,
R RICPBS CROLMD A FETUDOAY FORERFRES &
ERThe, B20 (n+ ) yDAEREFEMARBO o — 7 FURK 28
S CROBELARRRADRERIC R > TOHSTHEFROVLELAS, b L,
(n+ 1) /oMLY CR OREZICE > T8 EFhiX, PSBL KLY
ROroMARCE— FRRINS D2 XLFBOTLILEBLLNS,
N+ HIOBREFNMENEN, 4TV —LPRWTV—LHIFELT
LI EHFBL[Y, CORR, 4d Y, MFOREANEBBLERY } 7
IXTURNEBRAELRIFDH S, ARRAR CIt, QML AN FOF—-2¢M
LIS LR LS THFOMEDGIMERRZL, *y } 79 X< DY MR
¢ME . CROBEAREBTOREDEEICOVTRMHT STFEZTHS,
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GEOTAIL observation of Narrowband Electrostatic Noisc

(NEN) in the plasmasheet boundary layer
© Satoshi Chikuba ', Hiroshi Matumoto !, R. Il Anderson 2, Yosliharu Omura 1,
Hirotugu Kojima *, Isama Nagano 3, Toshifumi Mutai ¢, L. A, Frank %,
Shinobu Mnachida %, Yoshifumi Saito ¢ \W.R. Paterson 2,
Tatunde Yamamoto {,Susumu Kokubun ¢
())Ratlio Atmospheric Scienee Center, Kyolo University. (2) Univ. of 10WA
(3) Uaiv. of Kanazawn (4) [SAS (5) Uinv. of Kyote
(0) STE Lab, Uaiv. of Nagoya

In the plasmashect cegion, 86 called Narrowband Efcctrostatic Noise (NEN), as well
nx BEN, has been ofien observed wille 1he Plasma Wave lnsirament (PW1) onbaard
GEOTAIL spaceerafli. The characteristes of NEN ace differeut fron: those of HEN
and arc chamecterized as {oflows. (1) nrcrow bands approximately from 20lz 10
2k1{z, (2) sinusoidnl wave form, (3) dependance on spin , and (4) dependenice of the
centeral frequency on the local jon plasmia frequency. Taking it into account 1hat
ather cold fon Leam or two 1ypes al jon fow whese energies are differant from cack
ether is detcetedd when NEN is obsecved, lon aconstic instability aml its associntel
wave can be respapsidle for the NEN generation, In the present paper, we will
introduce the chiaracteristics of NEN obscrved with GEOTAIL cin the plasmnsbicel
aud discuss its generation mechanism in tenns of ion acoustic Instability.

fex, GEOTAIL PWl leam TR AT, 72X w2 — VHNTC bI 5 EHR
HEE (BEN) CHLTONRE[T>T YL, WFC K X S BEBMITICL Y DEN 1L
R34 SBOEB (ESWV) THEZ t¥bhd), AL L EDRES =X L 6 BGK
= FIXIOMBLIS S EAFLH Y5258, EASHEQNIC, BEN®
SN L& BT BEN & 1A% o BRI L b > BRI B 2 B SR 6T O B[ & hC s

A42-02

@A (FHED ek RHED EHE GO THREL (IOAE)
FRBK CRATE) TGHERIL (s
WAGEA (FE81) E5HE (BASTES)

[dentification of Sfow-Mode Shocks in the Earth's Magnelotail
© Y. Saito (JSAS) T. Mukai (ISAS) S. Machida (Kyoto Univ.)
M. Himhara (Univ. of Tokyo) T. Terasawa (Univ. of Tokyo)

A. Nishida (ISAS) T. Yamamolo (ISAS) and S. Kokubun (STE Lab.)
We have identified slow-mode shocks between plasma sheet and lobe at The
mid-1il to the distant-tail regions by using three-dimensional magneric ficld
data and three-dimeasional plasma data including density, velocily. wm-
perature, and heat Nux of both ions and elecirons observed by GEOTAIL
salcllite. At the upstecam side of the slow-mode shocks, leakage of the elec-
tron heat (lux is observed, and a( the downsireamn side of the shocks, flat-lop
distribution funclions of eleclsons are observed. We have found
backstreaming ions al (he upstream side of Uxe slow-mode shacks, which
may be important in understanding the dissipaGon mechanism of Lhe slow-
shocks in collisionless plasma. We have also found acceleration of cold ions
belween the upstream and te downstream of Ihe slow-mode shocks which
may reflect Ihe kinetic siucture of the stow-made shock.
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A42-03 Plasma Sheet Current Structure in
Magnetotail: Doubly Humped Eleetric Current Sheet

° M. Hoshino, T. Yamamoto, T. Mukai, A. Nishida (ISAS), S.
Kokubun (Nagoya Univ, STEL) and GEOTAIL ‘Team

We discuss the structure of plasma sheet in the distant magne(olail
observed by the GEOTAIL satellite. By taking an ensemble
average of the magnetic field data in the magnctotail, we obtain
that the statistical structure of the plastma sheet can be expressed
as a doubly humped current shect, which is quite different from
the standard Harris-rype currept sheet. We also shorly discuss
a possible model to explain the formation of the doubly humped
current sheet.

The earth's magnetotail is confined to an approximately
cylindrical volume due to the interaction between e solar wind
and the earth’s magnetic field, and the region of weak field and
bot plasma which is known as the plasma sheet s formed in the
equatorial plane. Such a plasma sheet used to be approximated
by the Harnis solution, which is known as an equilibrium solulion
in the Vlasov description. By looking at individual neutral
sheet crossing of magnetic field data observed by satellites,
however, one can find that the plasma sheet structure is
complicated and is not simply described by the Harris-type
soluton. Main reason may be atiributed 1o the irregular, flapping
motion of the magnetolail probably excited by the external,
furbulent solar wind pressure. The irregular, flapping motion
makes Lthe measurements of magnelic field structure complicate.
However, if we could take an cnsemble average of the neutral
sheet crossing events, peculiar structures can be smeared out,
and the statistical plasma shect structure would be obtained.

A49-04  SSUBEBLT 35 b B 1K SR SN S
WML | BRI WA, FTRRY (FUH)
@5 £ (BASTES , WA B IR

Ramnotosphoric Convection in tho Distant Tail

A. Nishida, T. Mukai, T. Yamaoto, Y. Saito {1SAS),
S. Kokubun (STE lad), S. Machido (Kyolo Univ.)

Profile of magnetospheric convection in Lhe distanl tail at x-T-’IS Lo
200 Ro is studicd wilh Lhe combined MG and LEP data of Gaol.a)! s/c
for quict {Kp= 0 to 2) and moderately dislurbed (Xp= 3 10 5) Limes.

GCeotai |l B7F— JOoHRYSMEIC X >T, BARARIZERS
HUOBBERNS Mo Uz, £ K p it MwWTHERIE (18441
HE2TKp=00w0 208) LIWEROESRE (1 B icbiosT
Kp=3%hwL hnB) 249733, L3XL 2N LKL DE>THRD
RBFRML. IMPOB y KD BFEROTFRN—RIIRE=NT WM
%NS, MBF— 2 AR HonEfIx=—TSRe»5—-200
RoORWEBTHS, IIXIDF-FLLTHLEPIED L 2P{nE
— AV MAERIWS,

0, PR OEHITFICOWT, BAMOHRUED x 18N L BB 2 )85
2709 pLELOTHS, B—&RILE M3 -HNROBIRGZ O¥IN]
IZXNRT S, 95 Re Tk [IERXBIMOIERD E Fih] 200 oRe
(38%) THRETDIHOKHULT. | S0RoTREOREMNIERK PN
(12%) 2. distant neutral 1inem{UfM,
BLOWEBICBGT. 95Rek 1 50ReDYTHIZ LI hd D, EE,
1 SOReizHt MK (OIS BNROL K FEOHN) LA=ZR
R (M E@BHIRORERIBDENL) ORRICEST, v (open)
Ui roconnectl i oRIZE>2THLTWAMERIDT
LTS, .

MINTIR. QSICRAL EMERLR. i 5 ol (B xizk o
TRIL) 2L DHHFTPEDO R, HWALDOUER - JTHURFE, RN oy 2 ili
NILS . SIS0 Y MIE Dy IBYDIKTHE. FZOOTRTS.

Using magnelic field data during the GEOTAIL salellite covered
the plasma sheet region, we make the histogram of frequency of
occurrence distributions of the magnetic field. Since we may
assume that the satellite can cover cqually the plasma sheet
regions by takining into account of many different types of the
neutral sheet ¢rossing events, the events numnber of the occurrence
distribution of B, should be proportional to the region size as a
function of B,. If the plasma sheet could be approximated by
the Harris-lype structure, the occurrence frequency should be
almost equally distributed, except for the lobe region with about
10 nT. However, we can clearly abserve two peaks of frequency
both in the weak magnetic field regime and i the strong magrietic
field regire, which correspond respectively to the neutral sheet
region and the lobe region. We can conclude that the dismribution
having two peaks of the occurrence frequency suggests a doubly
humped electric current sheet.
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The effect of heavy ions on the slow
shocks in the geomagnetotail

£ Nakpzura®,
Departacnt of Physics, Ragoya University, Rogoya, Japan

. Fujisoto and K Yaczawa

The cffcet of heavy fons on the slow sheck. which 1s
accoepany the

geomagnetolail, is iavestigated vsing one-dizensional hybrid

considered o reconncclion in the
code simulation (ion particle, charge neutralizing masslcss
the slow shock
has an ion cyclotron save train in its downsircas region in
accordance with the Wo-fivid
hovever. §s not observed by the spooccrafl excursions in lhe

clectron (luid). Then all ions arc protons,

theory. This wave train
gorcagneto(nil, Then we include Oxygen loas in the lobe
population with the deasity fraction as small as 2X of the
total. This results as follovs: (1) An Alfvenic precursor 1s
induced upstrean of the slow shock by the kinctic effect of
Oxygen ion and propagates ahead of Lhe slow shock. (2) This
M (venic precursor changes the state of lhe incident fons
ard disrupls the ion cyclotron wave train A parezelric

Ad2-06 VIalb—TarvhroBbhis/oIXEA
FOX—-DF T7ANVHRT— 7 LORBOTRENE-—

WRH (&R K), EBWIL, FREEX, @HFIR (FUF)

Characteristics of the Plasmoid Shape Obtained
from MHD Simulation

K. Maczawaf, A. Nishida2, Y. Saito2 and T. Mukai2
1Nagoyzx University 2ISAS

Characteristics of plasma flows initiated by a sudden enhancement
of reconnection in a tail neulral sheet arc studicd by means of MHD
simuladon. It is found that, depending on the beia valoe of the plasma,
the resultant plasmoid takes a characteristic shape thal has a dip at the
cqualor on Lhe lcading edge of the plasmoid. The formation of this
dip is discussed on the basis of the propagation charzcteristics of the
various MHD wave modes. Possibility of comparisons with the
GEOTAILL observation is discussed,

MHDY I 2Vb—YavIik hgliz@vni, 74 r5 X
A FORLPHBBEE, VYV F I VHROTF—F LTS
AUMEPFETTILDOT, &) —HEOYHAMEXLEET S,
DWR T TR ICRPITORGE L, =a—- 50y — D
hTAILTWERRE AL LIFTY 222 v 3 v 28T &,
FANVDEFIVICH B LI LTI XEAL KMELENE, CD
TIXEAFDER T I 2L —2 3 VTS, TS
Dk, TIXEAL FORMODEE., MAP (22— 5N —
POXBE) KAZAELONEDEMIC LA XIS,
TFEICFDORIDIUHE TS X T FOME Y ME DA LR

sumvey of Uns heavy fon effect is also rade. These resulls
sugmest that the cffect of heavy ioas is ooe of the pwsgible
rechanisas shich explain Uk discremancy between (vg-fuid

theory and thic observations.
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Estimatton of Tail Reconnoctlon Polnts by AKR Onsets
and Plasmold Entries observed with GEOTAIL spacecraft
Tukeshi MURATA  Hirotsugu KOJIMA  Hiroshi MATSUMOTO
Teuguocba NAGA]  Totsundo YAMAMOTO and Roger ANDERSON
{1) Radio Atmospheric Science Center, Kyoto University,
(2) Earth and Plagetary Science, Tokyo Institute of Technology,
(3) The lastilute of Space and Astronautical Scicnee

{4) Department of Physics and Astronomy, The University of lowa

Plasmcids and AKR (Aurcral Kilometric Radiation) emissions detected by GEO-
TAIL are studied in conjunction to substorm caset. The observed plasmoids are
assumed to be released at the near earth reconnection point and are ejected tail-
ward at the onset of the magnetic substorms. The mognetospheric substorm onset is
aormally identified by a sudden enban t of energetic particle flux on the geasyn-
chronous orbit. We compared the substorm onset with AKR power flux measured
by GEOTAIL Plasma Wave Instrument. During the p: t time of substorm,
AKR power flux Is often not zero but remains at low level. However the AKR power
flux jumps ap to & substantially high level at the time of substorm onset. Exami-
nation of the AKR activities revealed that the time of the sudden enbancement of
the AKR power flux (AKR onset time) turns cut to be consistent with the time of
the energetic particle flux enbancement oa the geosyachronous orbit. This indicates
that the AKR i ity enh can be another good of the subst
caset. GEOTAIL often detects single or multiple plasmoids with a certain time
delay after the substorm onset. Knowing thie time of the substorn onset and these
of the leading and trailing edges of the plasmaid, we could estimate the location of
the earthside and tailside edges of the plasmoid at the time of the plasmoid release
associated with the substorm onset: This earthside location is so-called a near earth
X-point. For the estimation, however, we need to estimate the traveling epeed of the
plasmoid, which is more or lesa related to the Alfven velocity on the passage of the
plasmoid. To this end, we used a value of the local Alven velocity in the vicinity
of the spacecrafl. As a result of 9 event studies, the location of the earthside of the
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CHURRLE, FTIRA, MAEH (B58X) ,NRDE (PEBX)
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Velocity Dispersion at the Leading Edge of Plasmoid

©T. Uta, K. Maczawa, M. Fujimoto (Nagoya Univ.), T. Doke (Waseda
Univ.), B. Wilken(MPAc), T.Terasawa (Univ. Tckyo),
Y. Saito and T. Mukai (ISAS)

We report the results of velocity dispersion analysis of energetic
particles observed at the leading edge of plasmoids by using Low
Energy Particle (LEP) and High Energy Panicle (HEP)
measurements on board the Geotail spacecraft. Assuming only a
time of flight effect, the source location is estimated from a
theoretical fitting to the observed velocity dispersion. Fig.3 is an
example of a successful fitting. However, a simple time of flight
effect does not give a reasonable source location for most cases. It
is suspected that the spatial structure of the plasmoid is equally
important for making the observed dispersion,

CEOTAILFR S BREN TV IEL IV X —N TS (LEP)
LRBIANVF-RTFENE HEP) OF——EAWCTTFXES
FERBF DN TFDVelocity dispersiontiz oW TR, HFD
tize of flightdZMiz X HdispersiondtEFHLDLELT, W
DHhDA4 RV P IZOWTsource regionk KD THh i, Time of
flighticXk Y REETA 360 Fig. 1THS, Shid, 1994E1H11
BiZLEP (<44 KeV) i L o TS R o7 3 L Bb B4 Ry
FPDEXTATTTLTHE, (GCM-X -90.7 Re, GM-Y 15.7 Re,
GM-Z -1.8 Re) 16:00fi 77 X4 FicBT 5HN015:54 UT

plasmoid edge is distributed around = = =35 [Rejin the GSM coordiuates. These
values show that the location of the plasmoid release is deeper down the tail than
those estimated in previous studies. Tke size of the plasmoid are 10 ~ 50 [Re] in
the z direction, The size does not depend on the GEOTAIL location indicating that
the propagation velocity of the plasmeid does not vary significantly in the deep tail
in the plavina sheet.

0 Flasmold Butry Time after AXR Onsct
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g 20 °g : {
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Fig. (o) Relation betworn the location where the GEQTAIL eaccunters plasmoids in the
plasma sheet and the time of flight of the plasmnoids. Circle tmasks are the time differences
medbyAKRoMoh‘wvdbylkcGerILlpmﬁ The slope of each solid kne

is desived from which is calcul ﬁumthelBIudphmﬁ!quaq
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[Re} down the tail
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Plasmoid on Average

Y. Kazama', T. K. Nakamural, T. Nagai 2,
K. Amano!, T. Yamamoto!, and S. Kokubun?

(1) Institute of Space and Astronautical Science, 3-1-1
Yoshinodai, Sagamihara, Kanagawa 229, lapan
(2) Dept. of Earth and Planelary Sciences, Tokyo Institute

of Technology
(3) Solar-Terrestrial Environment Laboratory, Nagoya
University

A naw fitting method has been developed and applied to
the plasmold observation by the GEOTAIL satellite. This
method, which we call "soft fitting method®, Is regarded as one
kind of least square method, and it can determine both the
fitting function and fiting parameters at the same time.

Ten Bz bipolar structures observed right after substorm
onsets [Nagal et al. 1994] are plotted in Figure (a) as an
axample. In each event, the time t = 0 is the substorm onset
time. By adjusting the scaling parameters with our method, we
can rescale these events as shown in Figure (b). Averaging ol
these data gives the most probable picture of plasmoid Bz

bipolar structure, which is plotted In Figura (c).

Reference: Nogai, T., K. Takahashi, H. K , T. Y to, S. Kokub
and A. Nishida, Initial Geotail survey of magnetic substorm signatures in
the magnetotail, Geophys .Res. Lest. in press, 1994.
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Magnetic Field Structure of Plasmoid Observed with
GEOTAIL -1

T. Nagai (Tokyo Int. Tech.), K. Takahashi (STE Lab.)
H. Kawano (Univ. of Tokyo), T. Yamamoto (ISAS),
T. Mukai (ISAS), S. Kokubun (STE Lab), A. Nishida (ISAS)

For plasmoid events (tailward plasma flows associated with
substorms) in the magnetotail X < -50 Re, Bz often shows a
bipolar structure (70 %). A half of the events have strong and
regular By deflection. The core structure is not common (20
% of the bipolar Bz events) and it is associated with the strong
By deflection. The estimated tailward velocity of plasmoids is
approximately 560 km/s and the estimated location of their
generation is around -33 Re.

colEYR, BEAMBRBICELTY T b—LllHE-THELDND
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The ;n.fer.lgc magnetic field variation
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Study on By- Fields In Plasmolds 5 s :::._E.Mﬂ_

® 8. Machida (Kyoto Univ.), T. Mukai, Y. Shito, -
T. Yamamolo, A. Nishida (ISAS),

M. Hirahara, T. Terasawa (Tokyo Univ.), g ;:g: _Mﬂm i A ;

K. Maczawa (Nagoya Univ.), and S. Kokubun (STE Lab.)

Non-zcro dawn-to-dusk ( or dusk-to-dawn ) magnetic ficld By can be £nen o — i
frequently observed with the magnetometer onboard the GEOTAIL. At AR 7 L e D e
times, the intensity of the By field reaches the value of the Bx component LR . 1
in the lobe region. Through analyses of the Low Energy Particle (LEP) and
magnetometer (MGF) data for numbers of plasmoid cvents, we found that € nov et = Ay Tt
the intensity of By takes its makimum in the region where the plasma beta UKL i - s s oW - Fl e
B is nearly equal 1o unity. It was also found that the energy density of the & g BT adadiss A
By, i.c., By, has a positive corrclation with the dynamic pressurc of the 10 e . . e
tailward plasma flow mpav,”. In this study, we propose a method to predict 10 oy — AA A
the intensity of By field from the observed values of n, v, and p. TR — A SOy

o &
5 SLB00
75T FETI, LHLE, RBISKSSNESAORS By 49 -

Wans, {075 XeA FRRKIIYIF SCEOTAILFRD TS X7

FERPHWO T~ 5 M LR, T5X70<~Hl p (=F5x B 194420 138 BB TS XES FIZBT3
ROMIINK—RE/BBOTINY—BE) OiN] EUSFRHE O KWZBI By BROLRNF—RE Byl
TRAUMOBY bR S bd -1, 3510, By R0 xiN¥~ ®) By 220Xk ¥ —BEROHEEM

®E By, BRABFAOT 5 XTHOBE mav,? LEONMOSIT  (QERHEIOTRDEmaY?

SUY L. pIcBIT A R, B () ERULERBEIZEIWAEBYY (75 XTORTINF—RBEP,LBPOTXL¥—BE P,
K Offidt, 8 () IRLETS X7 N¥-EBX P, LBRIBOXTX ©pt
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A Cause for Core Fields in Plasmoids ! ] *

N

. Mukai, T. Yamamoto, M. Hoshino, Y. Saito, A. Nishida (all a1 ISAS) “
S. Machida (Kyoco Univ.), T. Terasawa, M. Hirshara (U, Tokyo)
. Nagai (Tokyo Inst. Tech.), §. Kokubun (STE Lsb.) A -

The near-casth reconnection model of magretospheric substorms predicts s | LI | P L[ T T
that a plasmoid is formed at substorm onset due to magnetic reconnection in the
near-carth tail and subsequently propagate downtail ot high speeds. The expected
signature of the plasimoid is o north-to-south bipolar variation of the magnetic field gy
that contains hot, fast tailward flowing plasma. The magnetic bipolar (Bz) variation is often
sccompanied by variations in the Bx and By components as well, While the Bx variation is + 1
usually interpreted as a measure of the distance from the neutral sheet, the generation N
process(es) of the By variation has not fully been understood.  Ameng several paerns of
the By variations, we discuss a possibie mechanism for generation of intense core fields.

The magnetic field variations in a plasmoid, at times, show the existence of an en-
haneed field intensity (core field) perpendicular to the bipolar component, as skown in Fig.
1. A clear bipolsr varistion in the Bz component is scen duting the time period of 1252- va
1303 UT, in which the By component shows an enhancement pecked at the iming of the
sign change in the Bz bipolar varistion. (In this case the enhancement is 3o intense o3 to
exceed the magnetic field Intensity in the lobe after 1345 UT.) In the intense core field
region, the tota! pressure increases, and the {on distribution function shows perpendicul.
heating. The plasma bulk velocily shows a gradual increase with time tn the tailward direc- 18 i
tion (Vx ncgaiive). This trend is common in many plasmoids, suggesting that the plasmoid A
is pushed for the tailward propagation by a piston-like driving force. ltis also noted that the
plasmas prios to the encounter of the plasmeid are stagnant or flowing earthward. These
signatures suggest that the enhzncement (core ficld) of the magnetic field is generated by the
compression as a result of the interaction of the fast taifward flow with the stagnant piasma.
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Magnetotail configuration change during Janvary 25, '93 storm

R Nakamura, S. Kokubun, Y. Kamide (STEUNagoya Univ.)
T. Yamamoto, K. Tsuruda. A. Matsuoka (ISAS)
L.A. Frank, W. R. Patcrson (Univ. lowa)
1DA Swdy Tcam

Using extensive ground-bascd magnetc ficd daia 15d data obuined by GEOTAIL we
have examined dynymical chaage of the 1l duning 2 storm which staned oa Jamuxry 25,
1993. GEOTAIL was al X = -90 RE ncar the center of the il. Groond based magneuc
ficld data arc uscd (0 ideutify substorm and slorm limings as well as the distribution of the
aspcyated current systams. The magnese ficld magmitude 3t GEOTAIL increased wp 1o 35
aT doring Uk iaitial phase. During ibe mun phase, dunog which several sabsiorms 1ok
place. GEOTAIL cotoved ficquently ito the magnaosheath-bke region. By performing
mimpyum vanaaee apalyris we cxamined (he norma) angle ¢o the boundarics. 1t is shown
thai the conmbutien of Lhe tolar wind dynamic pressurc, and therefore (e effect of (lanng,
becomes importani only for the later magnciosheath cotrics. We discuss possible
cvolotion of the magnetotail strucnue relaied to Lhe slormy/substors disnubances.

Horizonul component of the high-latiude magnetograms, GEOTAIL magncic (dd daa
of Januzry 23 1993 arc shown 1o Figurc 2. The begunaing of (he main pbasc of a storm
started around 1100 UT afier compresuon. Aftar the neuinl sheet crossing st (8)0 UT
GEOTAIL anlercd 1010 bonbara lobe with stromg ficld (17 ~ 20 oT). 1n the awroral ronc,
weak scgauve bay saned {iom 0530 UT md onset of swomg woosward dectrojet
enbancament of ~ 500 nT ok plaze from 1220 UT. GEOTAIL obucrved plisnaid
xi gmature (rom ~ 1540 UT and (rom 1330 UT, and ! ficld deareased. During the period of
he sub n( clecuojel end GEOTAIL observed scveral catnes 10to & very
demse plagma and disturbed fiedd region such ay around 1500 UT. 1530 UT, 1850~1903
UT. and 1930~1950 UT. which ae 1dentificd ax magpetosbeath cones as indicaled 1o the

figure

We examuned (he possible direction of the boupdary during the magnatosheath crosang
by performing o munumum vanance analysis. Figure 2 shows the obtaned normal vectors
of the boundary. 11 cxo b¢ secn that the bousdary thal was crossed before 1500 UT was
pexrly 2ligned 10 e N-Z planc, bot U boundoy allerwards nignificandy changed it
ditecuon. This systermatic change in the boundary dircclion may suggest (he accumutaton
of the flux of the wil. and Werelore the importanes of the dynmamuc pressure dunng dus
penod We further discuss the poasible evoluion of the magoetowl configuraton during
(he 310 period

Ad2-14 BERIENT OB RBIR G 0 — 7 B E
B2y @, RWRS, PH5L (BAKSTEH
AR A, M —. @R, WNEL (FHHD
Bk ¢ (HRKRASTEH—)

Structures of The Distant Mapnetotail During Magnetic Stomis

Kokobun, S.. Y. Kamidc, and R. Nakamura (STEL Nsgoya University)
T. Yamamoto, K. Tsuruda, T. Mukai, and A. Nishida (ISAS)
H. Matsumoto (RASC, Kyolo University)

On be basis of GEOTAIL magnetic ficld observation duning the (irsl onc

year period, the average profile of the magnetic ficld suenglh in the distant
tail lobs is confinned 10 approsimately fit to the power law, B(X) = 125 %
IX{**" (X £ ~130 Ry), derived from the 1SEE 3 obscrvation [Slevin ct al
1983). Tho lobe magnctic fickd in(ensity is usually in the range of 7 - 1O
aT in the distanee beyond 150 R, However, we occasionally observed large
ficld magnitudes of moro than 20 nT in (he distant (ail lobe From the scan
of daily plots of GEQTAIL data we scleced intervals whien total inlensitios
of magnetic ficld in the magnetotail were Jarger than 20 nT, These cvents
accurred during periods of cohmeed magnetic acuvily. The largest fteld
magnitude was observed a1 a position of Xy, = -184 R on March 9, 1993,
when o moderale magnetic storm was in progress,

Figuro | shows GEOTAIL and IMP-8 magneiic ficld dawa obtained on
Marsch 8-, 1993, A sudden change of sbeath magncetic field was observed
with GEOTAIL a( 2208.10 UT al a distance of Xg,,, =-183.9R . During the
intcrval chawn in Figure 1 GEOTAIL was located al a posiion of 29 R,
from (he nomipal conter of the magnetotadl ( Yg,, =14.1-200, Z_,,,=26.3-
19.5). A scncs of enirics of GEOTAIL inio the (a1l Iobe were observed in
wiervals of 0112-28, 0147-0210, 0406-15, 0439-52 and 0548.0705 Tho
fargest value of the lobe magnetic filed, 53.0 nT, was obscrved a1 012103
UT during the first lobo cntry.

In comparison between the mapgnctic dala from GEOTAIL and JMP-8 we
note that IMF variatens were strikingly similar 1o magneuc variations in the
distanl magnctoshcath as observed with GEOTAIL, although ficld
magnitudes in (he distant magnetosheath were stightly smaller than these of

~tbrowledgments. e thank T. lyemon, K Hayash, K “umoto, H Luche, £ Frus-
Chnistensean for providing pround magnciic ficld data,

il
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Fipore | Honzowal companent of the high-lairade magnetograns, GEOTAIL magneuc field
data of January 25 1993
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Figure 2 The normal veciors of the doundan associated salh catries into the magnclotheath

IMF. {1 is importont lo nofc that both B, components of IMF and sheath
mapactic ficld were southward during certain iniervals beforo the lobe
colries of GEQTAIL,

If Yobe ficld of about 50 nT is cavsed by Ibe compression due to the
external pressure withoul addilional magnelic Nuxes to the average slate, the
radius of (he (ail would be a half of (he average radins, ~12 R, ( the average
lobe ficld 1¢ abowl [0 nT). If a direclional change of the solar wiad causes
the spasecraft entry o whe tail for such 3 comprested magactotail,
deflcetion change is estmated 1o be sbout 8%, Anather posubility is ao
magnctic flux increase not 1o reduce the (aal radivs. As noted above we
obscrved 1hal spacccral entnies were proceded by soutluvard shealhy
magoetic ficlds dunng a growing stagc of ring currenl aclivity. This
suggesis thal the dayside merging of soathward IMF contributes an Increace
of otagoctic Mux in the distant (ail down to aboul -200 R
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Figure 1. Time for GEQTAIL dato is shifled by 34 min tahing snto account
an approxiinale propogation time of IMF elivet to the distant tail
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821‘01 Characteristies of storm (Ime geoaagnol{c varlallons

s {2
obsorved In lov latiuge ( ) Stached fecord of SSC (15976-92) a1 KAX (Dipole finee)

Satorz Tsunceurz  YaldoXa Yagnetic Cbservatary ) Onset R comp !_i_ 1 D coap (E) 2 womp (B2 i ol
60-08 LT AT ll -+ ; ATIERE 5
; A e P
Charactaristics af geomagnetic variatlons associated wlthk SSC s and e | b= St
SI"s cbserved In lov latitudes aro exasined using crc minula sagaetic data N IS o iw o o | Al o e
st Kakloky (1876-1937). Meeasbetsu (1985-1992), Yarorya (1985-1992) and . JETTTTTR l ! e
Chichild{ma (1989-1492), 0012 LY —t " L1 T b ‘| L Stsieieia 3y
1t vag ghovn at tho spring meoting that high occurence frequency (90 X Wl e ﬂ' e S ) i | At
== —1T | ?

or more) of positive {cas(vard) varlatlon In D coepoaenl al SSC s and SI's
for all toca) tlme ranges reporecd al Xakloks from 1928 to 1332 Is reduced
10 60 Lo 70 X {I the dytx aro converled to goosagnetic dipole coordinate
from the rouline abscrvatloa coordinate vhich Is based on local declinatlon

‘_[_-_»:._:._._,,-__ a
’—frﬂ" - = PREYY

Bovover, lbc superposed varlation of SSC 8 and SI°s shoy ancmalcusly I[ AT L,
large, castvard varlatlon In D coeponent in local roming kours (Fig 1)
compared vilh lhose in othar local (Jees. Yarfatioas In D cosponent at By liwapt 6] Monatiy: Y]
$SC's and SI™s arc primarily thought lo b attributed 1o ioncspherie origin
of curtent shich is driven by flold-a)igned source currents connecting high Fig | Superposed var{stions of wave forms of SSC' s onset Ulmes of shich
latiwde lonospbere with ke magnctospbere.  Tho equivalent current systes are devided lo elght groups of local tlme ranges. Tlma span of each
vould tako a form of twin vortices and mighl cause b antl-symmetric varfa- graph {s anc hour and the onsot [& positlonod at 20 minutes after tho
lion sense In D couponenl vlth respect 10 tha poaa-nidalght seridian beglnning of tho curve. Tho length of longitedinal bar at \be left
Effect of the harge devlat{oas In D cosyaneat of SSC' s and St's (n slde of each curve corresponds to (0 al varlation On each curve

the sornlng kaurs causos not positive variation In D component In tke standard deviatlons are desmoted overy § mlautes
suzzation of all the ovents In all local times. In the existing model of
(he equivalent current system of SSG & and SI's there way be no divargence
of curpents In low latltdes It (1l be necessary to (ake jnto account
sooe other offects, suzh as flold-alirad current In Lho magnetosphers
10 cxplaln thls result,
In tho paper, (he characlorlstics of D component varlatlon in the
noming hours w1l be dlscussod Boro dreclsaly and some speculations will be

prasealed.
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We studied geomagnetic pulsations associated with five storm 1535UT 152007 1525UT
sudden comsmencement { SSC*) events observed at equatorial and me
low latitide ground stations as well as st four high-latitude ones
( Svowa, Husafell, Tjornes and Acdey ) from 1992 to 1993. Figure 1 : The power of each sinusord integrated aver 5 min intenal is
Geomagnetic pulsations were obtained as residuls from raw geo- plotted with gray scale.

magnelic data using a piecewise cubic palynominal ( PCP ) filter
which can extract escillating parts more suitably than the clas-
sical Boear filters. Assuming a model composed of cxponentially
dumped sinusoids :

in cach interval using A modified Pisarenko mecihod while sliding

the interval by 15 4.

i Figure ) shows a temporal variation in frequency of the sinu-

=3 AL cos(oin + 64) (n=01,...N-1) soids estimated {or the B component at Teresina { Brezil ) {rom
s 13:12UT 10 15:2SUT ap Aug. 13, 1992. Characteristic frequency

for a5 min ( N = 100 ) interval of the residual duta obtained by components are ¢learly seen around 15:22UT. lo addition, the dom

the PCP 6lter, we estimaled the parameters | damping factors ay
angulsr frequendies wy, initial amplitudes 4, and injtial phases ¢, )

inant frequencies are almost the same {or all stations including four
high-latitude ones in cach SSC events we 2nalyzed.
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lastantaneoes Propagation Xade of SC and Meaning of Onset Time of
Geomagnetic Variations

T. Arakl, S. Fujitani(Xyolo Unjv.), K. Yuaolo, X. Shiokaxa(Nagoya

Ugiv.), D.Orr, D.K.Nilling(Yerk Univ.}, G Rostoker(Univ. Alberta),
H.Lehr(Techa{cal Univ. Braunschwelg), H.Singer(NOA%), $. Tsunomura,
Y. Yamada(Kukioke Geomug. Obs.)

An exceptionally sharp asd large pulse of the H-coapomeni was od-
served In the very beginning part of an geomagnelic sudden commence-
ment on Xarch 24, J991(Figure (). The amplitude was 202nT at Kokioka
(geocag. lat = 25.6°) near ngon while the maximun anplitude of SC e
ver observed there was (24a7. The duration was 60-80 sec. From anal-
ysis of avallable high tire resolulion diglital data we concluded
that thls pulse was causcd by an anomalously strong compression of
the magnetosphere and propagaled from dayside to nlghlside wilth the
coapressiona) HX wave velocity(Araki et a)., 1994).

Flgure 2 shows 4 mln plats of the HA-corponent observed along the
210“meridian chaln near noon snd SARNET in UX in early norning on
the expanded aaplitude scale. Tine delay of Lhe pulse [n the two
cagnetometer chains can be easfly seen by tize difference of tvo bo-
rizontal bars. The delay is 30-40sec which corresgonds to propaga-
tlon velocily of 350-450%m/sec around the lonosphere

If we check carefully the onset time of the pulse. hewever, we
notice that Lhe anset is aleost simaltaneous in Lhe lwe chalns
(around 034):30 UT). Although IL Is difficelt Lo detersine Lhe onsel
Line more precisely, because of the finlte sampling time(Ssec for
SAMNET and { sec for the 2(0°* chain), ambiguity of the onsel tlme is
auch less than the delay tize of Lhe pulse(30-{0sec). This suggesls
{thal there exlists an ' instantancous’ propagation node. ¥e consider
thal = precursor of the pulse is propagated as the zcroth order
electromagnet ie wavegulde omode {n space between Lhe tanosphere and
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Correlation between Pi 3 Magnetic Pulsations and Magnetopause
Molion

H. Matsuoka, K. Takahashi, K. Yamoto, K. Shiokawa,
S. Kokubun (STEL), and T. Yamamolo (ISAS)

Recently we found that Pi 3 maguetic pulsalions in the magoetosphere
are observed in associalion with varialions jn the solar wind dynamic
pressure. In Lhiz paper we corapare magnetopause molion observed by
GEOQTAILL and P3 3 pulsations observed by a magnetomeler network on
the ground and demonsirate thal magnetopause location changes are
correlnted with Pi 3 magnetic field varjalions. The correlation suggesls
that Pi 3 pulsations iu the magnclosphere are driven by changes of
magnelopavse surface correst.

il nF&TI>, BARD P 3 MBARE. XBMBEOZYLIZ
HIELTRELTWB I LERLE. 42, ARBRENIEOZILIZL S
TR R-ZXOFEBE Pi 3 BIRMOMEL W70, L
SRR OEM T~ & L RN 7 % b 3 — T RO OBE T — &
DB 24T o7z FIERIE. MO Pi 3 RIEREDD, <7/ % bl —
XOEEHNE L RGOS bIc L o TE 3R s nTv:d T k%,
Y2 DTH B,

Bl 13, BRlow 73 b R— BB+ A GEOTAIL R & T4
D EOBEZE ¥ R LTwa, GEOTAIL RiSoBW M o,
TIRIYBERIREZ Y 4+ L — 2D Bl h BIYL TvwA S E
Dbdd, FHEMICL T, B Eng SERRMT Pi 3 KIERED AT &

WﬁM\Wﬂ%&mwwb

the earth as suggested by Kikuchi and
Araki{1979) although most of encrgy of
the pulse is transmitted by a {If wave in
and ebove the longsphere.

In general the onsel Lime of a geqzag-
netle varlation should not be considered
as arriving time of front of the wave
producing the variatlon. IL is an io-
sianl when the variation amp) ltude
reaches observable level. Even If the
wavefront arrives, no varialion will
accur If the amplitude Is less than T
threshold level of Lhe detector. ¥e con-
sider that the case described ahove is 2 [ BRV
rare case where thc geomagnelic varfa-
tion occured ajeost siaultaneously with

acrival of the wavefront al al)l obser- o)
ving siles globally distribuled. This N
nlght be due Lo anomalously steep rise ]
of the pulse. :wg
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Spatial Distribution of Pc3 Pulsations
Observed by the Geotail Satellite

1. Tsunckawa, K. Takahasi, K. Yamoyo,
aud M. Kokubun(STEL) T. Yamamoto(ISAS)

We have studied the spatial occurrence pattern of P ¢ 3 magae-
tosonic pulsations observed between September 1992 and September
1993 5n the dayside magnetosphere by the Geolail Satellite. The Pe 3
pulsations were observed most often when the satellite was in the 08-12

local time sector.

CHETOMBIL D P o 3 OIEEH AR EOER LI Mz 08
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WEDIMNT— 7 ML D P ¢ 3AMATFHHET— FTEDL>TWV 265
PHEEEN TN, XBERTIZFORZFIZERRICFUF L. Pc 3
DEFEDEMELL D P ¢ 3 ORAER CoOGEREBI ST 5T
WETHd,

BSTIZRVW 2z, 1 99 2469 B~ 19 9 34 9 BDIT Geotail
HHER A BN O L o7 § YUl DV T OB F— 5 TH3., &
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ENERE LTWVA O HIB LI,

B21-06 FESERERMERRESETD

BAEZR-BIRESERY
FIRE' RRHW JBRE— ChX '"HBY¥MR PRHEER

The Coupled MHD Oscillatlons of Mngnetospheric Cavity and
Fleld-Line with an Anlsotrople Conducting lonosphere
A. Yoshikowa', M. lonagat, and T. Kitamura*
‘Department of Physics,’ Computation Cenler, and
*Depariment of Earth and Planctary Sciences, Kyushu University

The coupling cscillticns behveen the shear Alfven wive and the compressional wave
with a0 apisatropic conduciing ionosphere have boon dicussed. The global compres-
siopal made can exertz e xhear Alfven mode in a wide region of the magretospiese .
The sooopheric divergent current can contred the ficld uligned wave kength of te shear
Alfven waves und the ionospheric owtion) awrent can exchange the energy of
compressoral imede info shear Alfven made or vice versa, |1 roeans thata pew' cosplad
mode have been arised. The sonosphene Hatt and Pedersen conducnvities conol the
efliciency of coupling benveen the shear Alfven mode and the compressional mode.
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B21-07 Global Structure of ULF Waves
Observed in the Polar Region

°y. Tonegswa, Y. Ebihara, N, Iwata
(Tokai University)

K. Hayashi
(University of Tokyo)

In order to investigate generation and propagation mechanisms of ULF
waves, we are using magnetic field data observed at STEP polar network
and Syowa-Iceland conjugate stations, as well as a few ordinary magnetic
observatories. The stations are distributed globally in the polar region, and
they are also composed sub-network with locally dense distribution.

At most of the stations, ULF waves in the Pc 5 frequency range were
observed in the moming side for three successive days of January 1 to 3,
1993. We are going to analyze global and dynamic structures of the wave
characteristics.

Stations Abr. Geographic Geomagnetic
Lat. Long. Lat. Long.

Whitehorse  (WHS) 60.7 224.9 63.2 227.1
Fort St. John (FSJ) 56.2 239.1 62.0 294.9
Lucky Lake [(LCL) 51.0 252.9 59.6 314.1
Parksite (PKS) 52.2 252.8 60.8 313.6
La Ronge (LRG) 55.2 254.6 64.2 315.1
Kiruna (KIR) 67.8 20.4 64.5 103.2
Syowa {SYO) =-69.0 39.6 -66.2 71.8
Sanze (SNA) -70.3 357.7 -60.6 44.4
Narsarsuag  (NAQ) 61.2 314.6 66.7 44.0
GooseBay  (GSB) 53.3 299.6 62.0 23.1
Schefferville (SFV) 54.8 293.1 64.5 14.6
B21-08
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Non-conjugacy of magnetic pulsations asscciated with
regular period pulsating auroras
Natsuo Sato (National Institute of Polar Research)

Regular period pulsating aurors(T~ | Ssec) were cbserved at Husafell in
Iceland by fixed direction photometers. Regular period magnetic pulsations
were also observed associated with the pulsating auroras at 3 stations in
Iceland. However, magnetic pulsations observed at Syowa, conjugate point of
Iceland, showed non-conjugacy, and their period was about 2 times longer
than that in lceland,
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Figure 1. Wave forms observed at global network stations in the polar
region on January 3, 1993. It is shown that the wave activity is dominant in
the local moming at high latitudes.
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B21-09  EXOS-D Satellite Observation
of FAC’s and Associated ULF waves in
the Cusp Region in Response to Field
Variations of IMF By Component

°T, Sakurai and N. Iwata (Tokai University)

We have studied field-aligned currents (FAC's) and associated ULF
waves in the cusp region of the magnetosphere observed by the EXOS-
D satellite and resulting DPY field variations (disturbed polar region
magnetic field variations due to the interplanetary magnetic field (IMF)
By component) observed on the ground, and their relationship to the
IMF variations. .

In this report both individual and statistical studies were carried out.
A statistical study reveals that a weak linear relationship is found to
exsist between the current intensity of the cusp region FAC's, and the
north-south component Bs irrespective to the polarity of the east-west
component By of the IMF’s.

However, several events of the FAC’s with a strong current intensity
showed a clear relationship to the polarity of By of the IMF’s. West-
ward (negative) deflection of By comporent of the IMF’s causes sirong
FAC's. Such an IMF By dependence of the FAC intensity can be clearly
demonstrated. In a case of a small positive By of the IMF's, a pair of
weak FAC’s (upward current in higher latitude side and downward cur-
rent in the lower latitude side) was observed in the cusp region confined
in a narrow region in both of the magnetic local time (arcund 9 - 12
MLT) and of the latitude (77° - 88° Inv. lat).. While in a case of large
negative IMF-By component a pair of strong FAC's and associated ULF
wave enhancement were observed. Flow direction of the FAC’s reverses
to that of the FAC’S in the small pasitive By component. In response to
the large negative excursion of the IMF By component the DPY mag-
netic field variations and enhanced ULF wave activities were observed
on the ground in the cusp region,

In conelusion the DPY field variations can be interpreted 2s the
ground-based magnetic field variations resultant from the ionospheric
Hall currents caused by the FAC's in the magnetosphere when the IMF
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Pc 1-2 Pulsations Observed with the AGO Network in Antarctica

®H. Fukunishi ' , M. Taguchi ', K. Hayashi *,
LJ. Lanzerotti *
1: Faculty of Science, Tahaoku University

2: Facu Sdence, Universil T
3: AT Jl:qu;ell Laborataries v of Tokyo

The first AGO (Automatic Geophysical Observatory) was Deployed at
P2 (geographyic lat., 85.7° S, long., 46.4 ° W ; geomagnetic lat., <70.0°,
long., 18.6 °; altitude, 1860 m) in December 1992. A search coll magne-
tometer which is one of six instruments installed at AGO P2 observed
magnetic pulsations in the frequency range of 0.001 - 1.0 Hz continu-
ously from December 25, 1992 to May 31, 1993. The dynamic spectra
showed occurrences of various kinds of Pc 1-2 pulsations in the frequency
range 0.1 - 1.0 Hz. The features of Pc 1-2 pulsations observed on quiet
and disturbed days are shown.

REN S FIZRUEAKRAREBOMRYERE & HARRT 5 A GO (-
tomatic Geophysical Observatory)DBiSaRHE % 10854EIZEIL. AGO
ERCERUIOWRHEE LTAY =5 FRFD T. J. Rosenberg %Y
—#%—& ¥ % PENGUIn Bt (Polar Experinent Ketwork for Geophysical
Upper Atmosphere_lnvestigations) %I980FFIZR Y — P S 7z, ZOHE
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By component turned to the westward (negative) polarity with a large
deflection. ULF wave activities also enhanced in association with these
DPY field variations. Figure shows an example of the magnetic field
variations observed by the EXOS-D satellite (top two pannels). The
large negative deflection of the Yd(By) component of the magnetic field
indicates the strong FAC's, which occurred in association with a sud-
den westward deflection of IMF By component. The observed horizontal
magnetic field vectors are plotted along the satellite trajectory in the
polar map in the bottom pannel .
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DEPENDENCE OF P12 OCCURRENCE PROBABILITY
ON SOLAR WIND PARAMETERS
TAKAO ITOH (NAGANO TECHNICAL HIGH SCHOOL)

The conditions for the occurrance of the
Pi2 pulsations at Memambetsu (geomagnetic
latitude 34.6°) aro investigated using solar
wind 1-hour value data for the period 1965-
1990. The fonowlnqvtesults are obtained: The
occurrence probability of the P12 pulsations
increases roughly linearly with decreasing Bz
component of the interplanetary magnetic field
{(IMF} for the range of Bz<4nT. It also
increases with increasing solar wind velocity
). This V dependence 1is approximately
expressed to bo proportional to V*, and

bacomes stoeper whon the dipole tilt angle

B21-12 Characters of Pi 2 Pulsations
Observed at Northern Stations of the 210° MM Chain
°H.0sakr, K.Yumoro!, K.5uioKkawa?, Y. TaNAKA?,

(x ) approaches rero. The Pi2 occurrence
probability is higher for the positive By case
of the IMF than for the negative By case when
x 1is negative, and tha situation is reversed
wvhen x 1is positive. The solar wind density
D) increagos the probability, and 1its
dependence is approximately expressed to be
proportional to D°- ?

The depeondence of the Pi2 occurrance
probability on solar wind parameters and the
dipole tilt angle above mentioned has a lot of
similar character to that of AL and an
indices, which are considered to represent the
intonsity of subgtorms. The similality
suggests a close relationship between the
occurrence probability of substorms and the
input rate of the solar wind energy into the

nagnetosphere.

9.02*) to Magadan but increases at Chokurdakh. The D-comuponent
amplitude, on the other hand, increases exponentially frem Guam to

Chokurdakh.
AMPLITUDE RATIO

=~ 1.5 e v
5.LSovovvsv?, G.Krvusas?, E.F.Versupm?®, V.F.Ospme® s :
and 8 1 o Average '
210° MM MacNeTic Onseswation Group T 8
1Solar-Terrestrial Environment Laboratory, Nagoya University, 5 05 5
Toyokawa , Aichi {42, Japan = ! .
*Institute of Cosmophysical Research & Aeronomy (IKFIA), Yakutsk, é 0 R ¢
677891, Russia % o o © :
3Institute of Cosmophysical Research & Radiomrm Propagation < Y'Y S - " -
(IKIR}), Kamchatka, 684034, Russia 8 3 ] g % g 3
In order to clarify the correlation of high- and low-latitude Pi 2 ?c' R NI VORI TUUUU TUTET DRGSR P
pulsations, we bave analyzed 1-z magpetic data from Chokurdakh s .
(® = 64.75*), Magadao (& = 53.70°), and Moshiri (® = 37.76°) sta- 8 1 o Aven ; ]
tions along the 210° magpetic meridian (MM). It is found that the H- o 05 et I
component Pi 2 amplitudes were of almost the same order from Moshiri o) - ’__-'I .
to Magadan, and became 5~10 times larger at Chokurdakh. The D- = 0 '_-'
component amplitudes, on the other hand, increased exponentially from é L - .
Moshiri to Chokurdakh. % 05 .
The data of the lower latitude stations (|8} < 50°) of the 210° MM 2 |
chain also have been analyzed in order to clarify the similarity among o -1 -————§ e‘g 14 3‘—‘3—‘
the low-latitude Pi 2's signatures. It is found that amplitudes of the 9 15 ) X 2 L= = O]
H-component low-latitude Pi 2 pulsations were almost the same and ) 20 40 60
were independent of etic latitude, while D components depended
on magn:: luilud:a::d increased exponentially from low to high MAGNETIC LATITUDE (DEG) B
latitudes. Fig.1. Pi 2’s ratio of amplitudes with respect to Moabu'f ?bsa'ved at
1t is found that these two results were consistent with each other. Asa northern stations (Guam, Chichijima, Kagoshima, Moshiri, Magadan,

result the H-component amplitude is almost the same from Guam (& = and Chekurdakh) of the 210° MM chain.
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A Comparison Between Aurora Modulation and

Equatorial Pi2 Geomagnetic Pulsation
W, EHN, AN (KB
Fifr B8 (%5
O.Watanabe', 0.Saka', T.Kitamura', A.Kadokura®
1) Dcpi. of Earth and Planetary Sci., Kyushu Uniy., Fukuoka.
2} Aurora Data Censer, National Instinute of Polar Research. Tokyo.

Occurrence of low-latitude Pi2 pulsations measured by

fluxgale magoetometer at Huancayoe, Peru (dip-equator) and at Kuju,

Japan (L=1.2) is compared with the aurora! images obtained at
Syowa station, Antarctica (L=6.7) during the auroral break-up's in
the pre-midnight sector. The auroral break-up's started in the ficld
of view of Syowa station are picked up in this report. The Pi2
oscillation begins with the increase of H component at the onset of
WTS and continues during the course of WTS. WTS is oflen
followed by North-South oriented anroral arc struetures which may
tum on and off sporadically during the substorm life time. We found
a modulation of these structures may be correlated 1o the equatorial
Pi2 pulsations. We suggest that the equatorial Pi2 pulsation is not
only the signature of the break-up onset but also represcats the HM
processes taking place during coursc of the auroral subsiorm.

B21-14

Equatorial localized phase differences
of Pc4 type pulsations
CERE N ®T e B
AHAZE S

°M. Shinohara, N. Hosen and T.-1. Kitamura
(Dept of Physics, Kyusbu Univ, Fukuoka 812, Japan)

Tho latitadinal phasc stracture of Pcd type ULF wave were studied
statistically in Jow and equatorial latitades, The data used here were
taken from Lthe Brazllian array which consists of five stations, and extends
latitudinally from the dip equator lo 25 degrees south.

The results were suramarized as follow. Ped type pulsations were found
to occur Jo phase at the stations of Lthe arcay og the night side hemisphere.
On the other hand, there were some phase differences of pulsalions be-
tween the dip and off dip stations on the day side hemisphere. The phase
of pulsations on the dip equator delays with respect 1o thal in other re-
gions during daytime (6h to 18h local time). This phausc shift occurs
within a latitudinally narrow regjon, which is several degrees in width.
This behavior is samo as that of Pi2 palsatlons in this region.

RADT =T TR, BUAFTOHTIZHROERTEEO Pi2 &
BZHIOZT AL L SIeV S L, 46, RISOMETE. [
UMD ULF 228 LT - 726

{ERIE. FOAYTIE. Ped i (45~150 ) OHIBZ /2 L <2
JEND, iz WRANIOHI RV, BICANZ bERICENZ b T

c)

Fig.

a) Posigon-time display of aurora on Junc 16, 1986 at Syowa.
b) Aurora luminosity along the westward motion (from A to B).
c) Magnetic oscillation at Huancayo (40-150 sec).

Notlce the good correlation between aurora luminesity and Pi2 !
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A STRONG DAWN/DUSK ASYMMETRY
IN Pc5 PULSATION OCCURRENCE
OBSERVED BY THE DE-1 SATELLITE

°M. Nosé!, T. Iyemori’, M. Sugiura? and J. A. Slavin®

3 Geophysical Institute, Faculty of science, Kyoto University
? Institute of Rescarch and Development, Tokai University
3 Goddard Space Flight Center

Using the magnetic field data obtaired by the DE-1 polar orbiting satellite,
statistical characteristics of transverse PcS pulsations in the inner magneto-
sphere have been examined. It was found that the occurrence distribution has
a strong dawn/dusk asymmetry. The occurrence is most frequent in the region
around 72° iovariant latitude (ILAT) b 0800 and 1000MLT. The distri-
bution shifts to lower ILAT both in the eatly morning and in the afternoon
sectors,

The dependence of the transverse PcS occurrence on solar wind velocity was
also investigated. Results show that the higher the solar wind velocity, the
more frequent the Pc5 occurrence. This fact is consistent with the idea that
the energy source of these Pc5's is in the Kelvin-Helmholte instability on the
magnetopause.

However, if only the solar wind speed controls the occurrence of the Kelvin-
Helmbholts instability, Pc5S would occur most frequently cn both flanks, and the
distribution would be symmmetric with respect to the noon-midnight meridian.
There may be other mechanisms to explain the strong dnwn/dukk asymmetry.
The dependence of the PcS occurrence on the angle between the solar wind
velocity and the IMF in the ecliptic plane was investigated. It was found that

B21'P74 FHE ~ANLEAIFRERIEYEL,
MHDRD X2 ARER

B R (RRARR, AE)
A=l endv? FIRTL ¥~
(T9222a97r4 2IHAR. F47)
The spectral structure of the MHD waves generated by the
Kelvin-Helmholtz instability
Shigeru Fujita
(Meteorological College, Kashiwa, Chiba)
K.-H. Glassmeijer
(Braunschweig University, Germany)

A linear analysis of the Kelvin-Helmholtz instability is performed
by assuming that one of the plasma regimes (magnetospheric side)
separated by a velocity shear layer of zero thickness is spatially
nonuniform and bounded. There are two kinds of the K-J unstable
waves; the surface mode wave and the ducted mode wave. The
surface mode wave is evanescent and the ducted mode wave is not
in the magnetosphere.

As for the surface mode wave, we obtain that the growth rate
varies from 0 at the lower critical flow speed to the maximum, then
becomes reduced when the bulk flow speed increases. There is no
upper critical flow speed beyond which the two-dimensional wave
propagating along the shear flow direction is stable, in contrast
with the case of the Kelvin-Helmholtz instability in semi-infinite
uniform compressible plasmas separated by the velocity shear layer
of zero thickness. We also reveal that the wave generated by the

this angle controls the magnetic local time of PS5 appearance when the solar
wind velocity is small. This depend; may be explained by the low threshold
of Kelvin-Helmbolts instability due to an influence of a quasi-paraliel bow shock,

MLT-ILAT Distribution of transverse Pc5

ILAT (deg.)

Figure 1. MLT-ILAT distribution of cccurrence probability. The probability
is given by the occurrence number of transverse Pc5 divided by the aumber of
orbits in each mesh of one hour of MLT by 2 degrees of ILAT. The numerals
indicated on contour lines represent roughly one half of the probability in per-
centage. The actual probability is at least double the indicated number because
the average duty cycle of the DE-1 magnetometer is less than 50 %. We can see
a strong dawn/dusk asymmetry in the distribution.

Kelvin-Helmholtz instability has a bounded spectrum when the flow
speed is sufficiently large because the growth rate is maximized at
a certain frequency. Therefore, the Kelvin-Helmholtz instability
can determine the frequency of the magnetobydrodynamic waves in
the magnetosphere. The maximum growth rate is enhanced when
there is coupling between the fast magnetosonic wave and the Alfvén
wave, ’

As for the ducted mode wave, the basic character is the same.
This mode has characteristically the lower cutoff frequency. This
mode appears only when the magnetosphere is bounded.
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Coordinated Observatlons of Dayslde Pc 3 Pulsallons with the
Akebono gatellite and the 210 ° Magnetometer Chalp

©M. Gunji ', T. Sakanol ', H. Fukunishi ' , K. Yumoto *
K Shiokawa * , H. Hayakawa *
1 Department of Astrophysics and Geophysics, Tohoku University
2 STEL, Nagoya University
3 Institutc of Space and Astronaulical Science

To study the propagalion paths of daytime Pe 3 pulsations in the
magnelosphere, we bave nnalyzed the magnetic and electric  field daa

obtained by the Akebono satclljte and the 210 ° magnetomeler chain.
The satellite data clearly demonstrated  that  Pc 3 waves exist from (he

outcr magnelosphere to the inner magnetospherc with intensity cnhance—
ments in the dayside cusp scgion.

ULFEHOBERETOZMERPREBELERTIIIHIZNG
BERMIIMA. EEBMOP TORENRIATRTH S, Lrl.
CHETIE, VLGB (L 2 6.6) 2 AUPTE/CCER XIZXD T
WILTRBWHILEZNTE b, BTk WETOMAIIT LAY
TR TN, FITHEABMTO Pc 3 xBoRE - THERE
EMTALBIZ. SHITOMBR LB ELORHRBOBH LK LT,
4mEHE. 19914EBA - 9F oM I 8,000 kn DHBITDOHRE
DEP - WHTF—F L RGOH EBNAIF- 52 HLRT S &T,
HDE— FPEMEHE. WRETESZAS LT, L

B21-P76
FREPR2E. TR T AEFE
FATIvIA
]S (K - H)

Low Eanergy Particle and Field Variations at
L=6.6 During Opset of Low-Latitude Pi2
Pulsations
O.Saka (Dept. Earth & Planet. Sci. Kyushu
Univ.)

The epergetic particle and magoetic field variations
associated with low-latitude Pi2 onset are examiged nat
geosyachronous orbit during PROMIS period (March (3-
June 16, 1986). Ground maguetomeler data from Huancayo
(dip-equator, 7SW) are utilized to monitor the magnetic
pulsations, while the particles (electron, 30-300keV;
proton, 145-560keV) and magoctic fields ja space are
monijtored by geosynchroaous satellites S/C1982-019,
S/C1984-129, S/C1984-037, and GOES-5/6. Pi2 eveats
were selected when the ground starion located in the
afternoon to morning sector (13-06LT). Of 154 Pi2 events
surveyed, 97 (54) events are found w0 occur in the vicinity
of the electron (proton) flux enhancement, and 50 events
are found to have a concurrent onset of the field-aligned
current (FAC) that resembles the traditiogal current-wedge
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medel. Afthough 86% of the Pi2 eveats (432) indicale
either flux or FAC signature, 22 evenls have po such
indications. We discuss taking account of the particle
trajectories in the aightside magaetosphere a probable site
of the panicle injections responsible for the preseat Pi2
onset,
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Pi2 Pulsations Observed in HFD Variations (1)

‘Nakamura,Y.,T.Shibata,and T.Okuzawa(Denki-Tsushin University)

The HF Doppler(HFD) response of the hydromagnetic waves in the
Pi2 range has been studied by correlation analyses of the data of HFD
at Chofu and those of magnetogram from Kakioka Japan.

There are several examples which show excellent correlation in the
power spectra between magnetic Pi2 pulsations and HFD ascillations,
while the phase differences between the two varied from event to event.
This implies that different events have different mechanisms for the
HFD response of the Pi2 pulsations at middle latitudes.

RAKBP i 22REMORHIBEEII P Po AL WIBSRELITL
A E%v (T. Kikuchi, £/8). ¥ LTPEORARBITBY S TwEL
i B,

—FBRECE, TREOBXHERE (HMW) OHF DEEK3I
OBEEBISFT 51T Poole # Sutcllife FNFITL DAL EATWSE.

$ER, 19151 A2 519922 AECKHEMTRETNAHFD
ELDR (2 08) HEOHKSD | Bl (B bEo) & 14
K234T, RAR2 FARGL, k- LY ALHARRLRAELARS
BRI HRIOVWTERET S,

—ELT, 191 E7R13BOBRLEH LK, TORFHRLE2
873, 2%, (a) ThEROABRAT—AR2 A, (b)HE/H
TJ=ZR2 by, (c) AL, (d) TE-LIRATHSI,
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Spatial Variation of the Amplitude and Phase
of Pi 2 Pulsations

OKazue Takahashi
Solar-Terrestrial Environment Laboratory
Nagoya University

Shin-ichi Ohtani and Brian J. Anderson
The Johns Hopkins University Applied Physics Laboratory
US.A,

Previous examination of AMPTE CCE data has resulted
in a number of Pi 2 pulsations showing waveforms identical to
those seen on the ground. In the present study a large amount
of combined magnetic field data from the CCE spacecraft and
the Kakioka ground station for 1984-1987 have been analyzed
to determine the spatial variation of the phase and amplitude of
Pi2 pulsations, We have selected 250 Pi 2 events in the
Kakioka data by imposing conditions including sudden rise in
AE, short-duration Pi 2 spectral enehancement in the Kakioka
H-component, and CCE location Barthward of L = 6.5. Of
these cvents 50 showed a Pi 2 puslation at CCE that is coherent
with the ground signal. 85 % of the high-coherence events
occurred when CCE was on the nightside, confirming our
previous finding that in the magnetosphere Pi 2 pulsations do
not propagate to the dayside. The amplitude and phase of Pi 2
signal at CCE depends on the radial distance of the satellite, as
illustreated in Figure 1. The amplitude appears to have a
minimum near L = 4, and the distribution of the phase also
changes at this distance.
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(a): The spectral density of magnetic field magnitude at CCE
normalized to that of the Kakioka H component at the
frequency of a Pi 2 pulsation seen at Kakioka, as a function of
radial distance of CCE. (b): Same as (a) except that the
relative phase is taken as the variable.
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On the Number of Blocks in 2-D MT
Inversion

Y. Honkura® and Y. Ogawa®
' Tokyo Institute of Technology
2 Geologicel Survey of Canade

In 2-D MT inversion, such as ABIC and Occam inver-
stous, an optinm model is searched for by minimizing he
niisfit between the data and a model with a cettain kind
of smoothiness constraint. In these inversion methods, the
structure is approximated by n mumber of discrete blocks
withoul much consideration on the cffect of the number on
an optimum criterion. llere we try to study this problem
by introducing "AIC” for trade-off Letween the number of
Llocks and tlie other infornation.
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Electrical Conductivity in the Mantle

°M. Matsushima, H. Yamazaki and Y. Honkura
Department of Earth and Planelary Sciences,
Tokyo Institute of Technology

We have examived Lbe electromagnetic response of the
Earth by analyzing long-period goomagnetic varintions, us-
ing daily-mcan data covering 10 years from 59 stations aver
the globc and more tban 20 years from 9 stations. Apply-
ing a remotc relerence method, we have obtained a response
function ife for the Earth. We here determine the electrical
conductivity in the mantle by au inverse method, dividing
the miantle into spherical ghells.
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Fig. 1. Response function and a deteninived clectrical concuctivity pro-
file in the mantle.
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Preliminary report of a conductivity

distribution on the Philippine sea plate

Tkuko FUJI, Hisashi UTADA (ERI,Univ. of Tokyo) and
Kiyohumi YUMOTO (STE lab.,Nagoya Univ.)

B22-03

Voltage measurements using two submarine cables in
Philippine sea enable us to get an overview of conductivity
distribution at the area. Magnetotelluric responses at periods
up to several hours are inverted into 1-D conductivity models
averaged over wide areas.
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Conductivity structure beneath the
Tsushima Basin of the Japan Sea (I)
©Takeo Ichikita, Hisashi UTADA ,Wataru KANDA (ER],
Univ, of Tokyo) and Nobuhiro Isezaki (Faculty of

Science, Chiba Univ.)

We carried out sea floor MT experiment in the
Tsushima Basin of the Japan Sea in September 1992. Three
ocean bottom electromagnetometers (OBEMs) were deployed
in the experiment and natural electric and magnetic field
variation at geomagnetic disturbance was recorded. Sampling
interval was 10 seconds, so we estimated impedance tensors
and geomagnetic transfer functions for the pericd range of 100
to 7680 seconds. Induction arrows and principal axes of the
impedance tensors apparently show two-dimensionality of the
conductivity structure whose strike direction is NE-SW. But
these parameters are probably influenced by 3-D
electromagnetic effect because the studied area is surrounded
by the Korean Peninsula, the Tsushima strait and Japanese
Islands. The observed induction arrows point to the direction
clearly different from that of the arrows estimated by
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Toh(1992) from thin-sheet approximation. Nevertheless we
think it is meaningful to estimate 2-D conductivity structure
first as a initial model in order to construct a final 3-D
conductivity model around this region. Figure shows optimum
2-D model we estimated. This model suggests that conductivity
of upper crust is higher than 0.01S/m and that the depth to the
mantle conductor, if it exists, cannot be smaller than §0km
which was estimated as 160km by 1-D inversion. It is
important that conductive region whose conductivity is 0.2 S/m
is needed in the lower crust on back arc side. This feature
possibly relates to the depth of subducting Philippine Sea Plate.
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Prolisl Reasita of Tvo-Discasicasl laversioa of
822°05 llllﬂlﬂ:::lllc I:ll of tho Norlh-caslorn Part of

lko Jspan Arc

Noriak! Esvskas| (GERD, HIED), Yolio Pujinawa (JIED)
T.B. ASCH (GERD), Slajl Tekesugl (GERD)

Threo magnototolicric (NT) Lransocts bave boon obtslned In Lho contrsl Toboku
districl of Lbo north cestern Japen, vhore Lhe Pacific plata subducts beacald Lhe
Carsslan plalo. Broadbasd magnotolollaric scuzdiog date(0.00308 ~ 3,000s poriod)
vcro collecled oa 19ad fros somc 12 slles o cach Lranscet of aboat 140 ia leaglh
rennlag spproximatoly cssi-svost. Each Lrensecl sboul 30 Xa sperl. Mossaremonls
al Lvo sltes on oach Lransecl spaccd sbout 10 ke sperl wero conducled slaulte-
noosely for Lhe sake of resolo-refereaco dats snalysis. Bvery sito vas earofully
chosen o 23 lo svold cullural nolses ss fsr s3 possidle.

Teosgh lspedanco= and tippar siriXos siov warladle distributlons both In space
asd requency suggosting coaplor fosluros for Lho geoolecirical structure in Lhe
regloa, ve sssuscd s (vo-discasicnsl slrcclere running roughly porthesculh.  Bolb
strilo-parsilol scd sirile dlcalar is of Lbe MT apparcal raslativity
aod ghaso dzla of Lko broadbaad were sabjecled to the Rapld Raelsxslica laverslea Lo
cbteis an approxlasio tvo-dlacnsions! smoolb georosisiivity model for tho aouldore-
soal lrassoct. This Lraasscl was choson as tho first one Lo be resdercd to (bo tvo-
[} foasl anslysis b 1L sceas Lo bavo s sluplor siraclure ascag tko Lhroe
Lrsaseels fros s goologies] polal of wies aad fros the onc~dlssaslaas) Bostiek
tayoralon results. -

fo sro golng to conducl suppleacatlary MT moasurcsenls at snother 14 polnts
aloag Lhe norilhorzsost transcct to asko the spacing of Lbo observaticas denser in
1904, Sliallar weasurcacats ¢lll bo sado for ko older tro transecls la 1998 aad
.
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Enhancement in the horizontal intensity of the geomagnetic sub-storm
locally ebserved in Misasa, Tottori Prefecture

Jun'ichiro Miyakoshi(Inst.Earth Science, Tottori Univ.)

Enhancement in the horizontal intensity of the geomagnetic.sub-storm, 40~-50 %
higher for the case of Y component especially, was cbserved using the fhux-gate
magnetometer In Misasa, which is close (o the epicenter of ihe eanthquake of
Ma6.3 occurred on October 31, 1983,

The enbancement was quite localized character, that is, it was not observed in
TOT and in SKQ ( see Fig.t) and also as for the frequency characteristic, it was
not cleasly seen in the geomagnetic pulsation.
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Three-dimensional Thin Sheet Model Study of . the
InductionVectors Observed in the vicinity of Japan

OH. 'Toh (ORT) and S, Fujiwara (GSI)

In our previous study, we compared the induclion vectors
observed around Japan with those calculated by McKindy ct al's
(1985) thin sheet algorithm (Fig. 1), which yiclded significant
differences belween the observed and estimated induciion
vectors, This implics that distribution of the observed induction
vectors can not be explained by simply incorporating the occan/
continent distribution in the vicinity of Japan. McKirdy ct al’s
thin sheet algorithm is based on the Fredholm integral cquation
of the second kind and hence requires very time-consuming
cvaluation of Green's tensors. However, once the Green's
coefficicnls are cvaluated, they are valid for any conduclance
distributions within the thin sheet provided (he period and the
onc-dimensional conductivily siructure beneath the top thin
sheet are fixed. Hence, we decided 1o scarch the oplimaized
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GEOMAGNETIC VARIATION MEASUREMENTS
IN SOUTHERN PART OP THE NORTHERN HONSHU
Masahiro SETO and Yasup KITAMURA
{Toboku Institute of Technology)

In pouthern part of the Northern Honshu
temporary measurements of the variations of
geomagnetic three componentg have been

carried oul duri{ng more than ten years.

In order to make clear the characteristlics
of the geomagnetic varjations in the ares,
the induction arrows of the measurement
points were calculated.

The diatribution of the induction arrows
Bhowa several interesting characteristics.
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conductance disiribution within the thin sheet which explained
the observed induction veciors well. As a resull, conduclance
anomnlies were found at the nocthern tip of (he Jzu-Bonin arc
and off Kyushu Districl.

Fig. 1 3D thin shecl estimalces of the gcomagnelic transfer
function far the period of 32 min around Japan.
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The conductivity anomalies in the westem part
of the Beppu-Shimabara graben

Shun Handa (College of Liberal Asts, Saga Univ.)

The MT and GDS(Geomagnetic Depth Sounding) observations have been made in the
eastem area of the Beppu-Shimabara graben in the central Kyustu, Jepan. The induction
vectors obtained at the periods shorter than about 3 minites indicate that znomalous
cuments flow possibly along the Matuyama-Imari tectonic line nmning in the east-west
firecti
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Tempora! varlation of subsurface hydrothermat system
assoclated with the volcanic activity In Unzen volcano

—self-potential end ground resistivity —
Takeghi HASHIMOTO and Yoshikazu TANAKA (Fac.Sdl. Kyoto Univ.)

Wo have been conduciing self-potential observaticn on Unzen volcano since
1891, In the provious papers™@ we have roported a large posiiive SP ancmaly
near the lava dome and Its growth preceeding the first exdrusion of the lava. After
1992, the SP near the dome continued 10 Incroass, whereas the SP in the west of
the dome chowed gradual decrease. The decrease amounts to -600mV per two
yoass. Since November of 1893, the trend of SP change roverted from decrease
0 increase. Al the same time we cbserved SP Increase In the southwest of the
doma, too (see figure.1). In this period tho pesitive SP anomaly around the lava
dome was Intensified. This tact suggests that the hydrothermal upflow under the
dome was enhanced or the area of the upflow was enlarged. The
spatial distribution of hydrothermal upflow and its temporal variation will be discussed
with the results of repeated measurementis of the ground resistivity and those of
e SP profile along Kunimi-Myoken-Nia line.
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On seismic resistivity changes recorded at
Abratsubo, central Japan

Hisashi UTADA , Toshio YOSHINO (Univ. Tokyo) and
Takesi YUKUTAKE (Kyushu Univ.)

Earth’s resistivity variation has been continuously
recorded in a vault of Abratsubo Crustal Deformation
Observatory, Earthquake Research Institute, University of
Tokyo, since 1968. It is well known that the record usually
shows a tidal variation, and sometimes shows coseismic
resistivity changes even to very distant large earthquakes.
These changes are so far explained as reflecting the strain
sensitivity of partially saturated rock’s resistivity. Moreover,
Yamazaki (1980) and Yamazaki(1983) reported that 30
coseismic events of total 60 events recorded were
accompanied by unusual preseismic variations.

By using the recent 10 years' record obtained pantially
by a digital recorder, we attempted to investigate more details
on the nature of the seismic resistivity changes. New
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Time variation of apparent resistivity
— on the geoclectric field around Numaz —
Hiromi Takayama (Meteorological Research Institute)

We have observed geoclectric variations by making use of telegraphic
facilities of the NTT (the Nippon Telegreph end Telephone Company)
since 198S. Location of obscrvation points arc shown in Fig.l. The
observed geoelectric varlations are very stable over a long time. Tme
variations of apparent resistivity and phasc were investigated. Bveryday
256-data, which were sampled cvery minute from 0000 to 0415, were
used. Geomagrnetic variations used were data ot the Kakioka Magnetic
Observatory. Multiple regression model was fitted to geoelectric and
geomagnetic variations in time domain. Parameters were estimated by the
method of least squares and model order was determined to minimize the
AIC. Apparcnt resistivity and phase were obtained by Fourier-
transforming paramcters of the estimated model. Geoclectric variations
observed around Numazs include astificial noises, for example leakage
cusrents from railways using direct current power and industrial electric
fecilitics. Then, estimates of apprent resistivity and phase vary widely,
Dispersions of cstimates for ITO-SUZ (13.7km, N275°E) are
comparatively small. By criteria that partial and multiple cohcrencics
between geoelectric and geomagnetic variations were both larger than 0.4,
coherency between geomagnetic two components was smaller than 0.6
and errors of apparent resistivity and phase were factor of 2 and 10°,
respectively, good estimates were sclected. The result is shown in Fig.2.
Obscrvations were missed in intervals of October 5 to November 18,
1988 and February 20, 1992 to October 1, 1993. Means of apparcat
resistivity for 32, 64 and 128 minutes are 2730, 3550 and 4160 Q-'m,

respectively.

implications so far obtained are as follows:

(1) Coseismic resistivity change starts at an arrival of S-wave.
Its polarity shows no correlation to the source mechanism of
an earthquake, but shows a seasonal variation; i.e., resistivity
increases in summer and decreases in winter.

(2) Unusual gradual variation (with duration of several
hours-a few days) does not always precede an earthquake, but
is usually accompanied by a bad weather, instrumental
trouble, etc.. No precursor has been found in the ten years'
record excluding these effects.

(3) There is a seasonal variation in the Earth's resistivity with
minimum and maximum in October and April, respectively.

These results strongly suggest a significant effect of
water in the ground, but not of mechanical strain, on the
observed resistivity changes.

In the present paper we are going to present a model to
account for the cause of seasonal variations of the resistivity
and the polarity of coseismic change at the same time. In this
model the temperature dependence of the pore water is
supposed to be the major cause for the observed phenomena.
The model remains, however, at a stage of qualitative
evaluation. To reveal the physical mechanism of the changes
needs further effort.

Fig.1

Location map of
observation points. 36
Circles are repeater
stations of the NTT

and square is the
Kakioka Magnetic
Observatory.

50 KN

1885 1966 1867 1566 1989 1890 1991 1992 1993

Fig.2 Time variation of apparent resistivity for TO-SUZ.



B22-13 Electromagnctic ficld variations associated with pore
water motion in the focal region

Olga Mazhaeva (NIED), Yukio Fujinawa (NIED),
Oleg Molchanov (UEC)

We consider the role of pore water in the process of
clectronagnetic field generation taking into consideration that
crustal rocks in the region of active faults under real conditions
are commonly wet . An estimation is made for the case when the
pore fluid conductance is large in comparison to that of the rocks
and when thie fluid is incompressible. Two appoaches are taken:

a) The motion of fluid inside a dilatant region might be
described by magnetohydrodynamic equations, Influence of
gcomagnetic field on the highly conductive underground water
flow can lead to magnetic field variations. The
magnetohydrodynamic model of one dimentional narrow
conductive layer, orginaly proposed by Draganov e al. (GRL,
1991, 18,1127-1130) will be extended to the case of two or three
dimentional time dependent fluid motion. If the rate of void pore
volume increas via dilatancy is slower than the velocity of water
penetration into the dilatant region the low-frequency
fuctuations of the water motion over the large space of the
carthquake preparatory zone, are seemed to be efficient
clectromagnctic generators.
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Geomagnetic Changes in the North-Eastern Izu Region since
the occurrence of the earthquake swarm in May-June, 1993,

N.Oshiman(D.P.R.L,Kyoto Univ.), Y.Sasai(E.R.L,Univ.Tokyo),
Y.Ishikawa(E.R.L,Univ.Tokyo), and Y.Honkura{Tokyo Inst. of Tech.)
We have observed the total intensity of the geomagnetic field in the north.
castern part of Isu peninsula with using a dense k of prot agnetomelers
since the sea-floor eruption in 1989.
Afice the occurrence of the carthquake swarm in May-June, 1993, the to-
tal intensity at | geomagnetic sites (ABD,OSK,YKW SWG,YOB)

starled to increase coinsiding with the anomalous changes in the crustal movements
in the inland of the peninsula.
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b) The clectric potentials are induced in the
neighbourhood of rocks through which electrolytic fluids are
moving during earthquake preparatory processes in the focal
zone. It leads to an electric potential anomaly and produces a
magnetic field near the earthquake preparation region. Influence
of the geomagnetic field on the focal electric current flow and
resultant low-frequency electromagnetic field variations will be
estimated using magnelodynamic equations based on models of
mechanical fracturing processes.
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VOLCANOMAGNETIC EFFECT
DUE TO AN INTRUSIVE EVENT
IN THE 1986 ERUPTION OF 1ZU-OSHIMA VOLCANO
Yoichi SASAI (Earthq. Res. Inst., Univ. Tokyo)

Magnetic changes at the time of the Phase I1 activity during the 1986
eruption of Izu-Oshima Volcano are reexamined. SASAI et al, (1990)
attributed the magnetic changes to piezomagnetic eflect due to stresses
caused by magma intrusion. Modeling algorithm for tensile faulting was
revised by SASAI (1991). However, the revised formula fails to interpret
the observations with a single dyke model. The model is updated to
consist of three different dykes, two of which are those associated with
the fissure eruption, while the remainder represents an intrusive dyke
beneath the southeastern side of the island. The model explains the
data very well, which strongly supports the occurrence of an intrusive
event at the final stage of the 1986 eruption.
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Rooxamination of the geomagnetic changes concerned with the 1933
south-wast off Holdaldo Earthquako
Satoshl FUJIWARA (Gecgraphical Survey Institue)

The Geographical Survey Institnte carried out the first order peomagnetic survey in
south-west Hokkaido to detect geomagnetic phenomena associated with the 1993
carthquake. The sutbor reexamined the geomagnetic changes before and after the
carthquake. The results show the possibility that the conductivity and intensity of
geomagnctic field of the aftershock region changed in connection with the carthquake.
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EINBRHEHORIBEHREZ > TRV, LELIARPEADORN
BrRREERNREL, YL LLELT, 2BEAMOF M &k
EEFCHIGOLEBISNS, CORBMABREL, BECBIS
BRI (M RHEH) oRBEIE L (KB B,

SASAI et al. (1990) ## FUT k&1 3—AOMBRE(LL, 4
IBARHIPIVRAMRKLICOERRLE, 2O0RI1 2L
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Minimua Norm Inversion of
Aarocagnetic Ancmalies in Tanma Area

T. Nakatsuka (Geo).Surv.Japan)

An improved mothod of magnctization intensity mapping is proposed
to interpret magnetic anomliss in terzs of subsurfacs structurs,
vhere the side affcet of source bodies surrcunding the observation
area is taken into consideration. Tho undordetsrmined problem can
bo solved by CG mothed, and the asymptotic iteration glves minimum
Buclidean nort solution.  This scheme was applied to acromagnetic
data in Tamna area to discuss tectonic implicatiom

Silva and Hohmann (1884) % Okuma et ), (1894) oL S=ER{L3EM
TV IDFRCENTIL, NIKOSAHD Y — A OB EMMEIZ R S
S enthh), ARDY-2ouBEREECOhEBIAKYEY S0l
EEMRLE. GRAYV—2xXET3E, BU—KARKXOFREMEHAER
ZEiRdN, oML, S Jackson (1572) P A (1933) &
LoT, TNoREHASROMBL L TRBTHATEY), 5vFz2D—
BT ERCTRAKD ) WLDNBN L IENBERERNDZ &

MTED, BRICE, /A= FEN[ Lo g
EALBEI—REPTFZ RS = ~
ERELWY, XQRREOE)IZX| o
5T “PRIC BBEV" WEMER I
BB LATE, DIEEO DRI L 3]
VI NVARNORAS R D, /E i
SoFEE, EXVEARFCHA L
UT, V—AMEREEN S ItaEL | £ E)
EBEC L ARERAEEOGs S | § é N
z ENHSE AL,
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Magnetic Anomaly and Magnetization
Structure in a Seismically Active Area
in Northern Miyagi Prefecture

°F. Ohtani and Y. Honkura
Department of Earth and Planclary Scienexs,
Tokyo Institule of Technology

We examine a wagnetization slructure in a seismically
active area it northerm Miyagi Prefecture, usiug a 3-D in-
verse method. A model is obtained <o a3 to niinimize ABIC
(Akaike's Bayesian Informnation Criterion). Our structure
moadel implies 2 normal fnult which extends in the east-west
direction.

MME, BRQEBOMFBIEBRIZE 1) 3 QENIBIBC L > T b ik
HARF AW (Fig. 1) o, 2KTX4A 77 L+ AOTHTERD
BREDA v =L a v fHhkok, TR, - HEAEO YR
BoffEdRBa s, SRR, IOFRERAS, ThdB,. 7YX
LeFAEMOT IR LB TIEBOBRKDA v<—Ya % ABIC
BMEEZRUTRA S,

CITRTY XLDEE AR L R 3N, HFRKIFERF R B
EHIC, EFOHMEES A, SHEXALTIMAS O PILNE BT
CRETIICHIRLU LA, LAL. F—I0HOADAER A
BIRAF RGO e Mo oD 0, KBS M D R Lot ABIC o
BT b YR ELA, 2618, ZOHEEHARIERAD A —
=20y, 2012 ABIC DEARNMILB T AL RM

AR (EK) 12813340 K- @aREN SR TZBRR
BORFCCOFELBBALE. £, REOFO LB 2G6rauch
(187 OFETRAY, TODRERELEISHIONT, BRCH
ERLBRESOOTEN S DT hE, EROBDY — A% KB LLELE
BV IOFETRALE. YORBEARIIC, BEHEM» (1978 K
LBUEERATRL LDICTET. ZOKMNS,

O BEEA. By
BROBETFTL T
LB DI EA)
FrRroffics
BTaze,

@ FARERTI, ¥
odeM L FHEfT
#irWE OB TN
Y, ERThER
I BOEREN
BERRULTWSL
EABhdIE,

® BiewRETIZ, &
RERENPRBC
S IHEEH D
Zk

RYMNBEHNS. o

AL DORRIZ, Ogava

et al, (1804) =& 3

HABSIBEPARAR (

1890) & SR NB%

DERHBR L BEHT

55,

R, STV XA HEX IBIEECET OVMAc oL TR, WK
FZL LT LRAETOHN—Y v YBHEREBELL,

Fig. 212 ADIC 2B o 2 2D F 274, CoOMBERE X
ErHTMEERE A SHAEHGOUNBIWFEI L, LALE
Frooud . BEMTLE LA L L, LRHAE LRAALTHLBEED L
SRAZS, chil, WEFBIOEEHHOSHEMEILHRBICH L TR
—THhITEID 53 TH3 5.

(nT)
fig 1 Conter map of the total intensity anamary. The
model is obtained inside of the solid liwe.
Dupth
0.49 km

1.14 km
fig. 2 The obtained model which minimizes ABIC.
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Ext{natioo of xhallov waxnetlstlon [ntepsity arpund the Azems Yolcano
¥. ¥aXjno, T. Nakatseks bnad §. Okoma (Geological Survey of Japas)

Ye observad local magrotic snomslles nrouad the Asasa Yolcano. In 1982,
The helghl of observatlon vas highiy vacladle because of steep terrsin.
frox the equlvalent sourcelanoasly) distribution on the grouvad. we used
horaonlc fonction aad roconstructed Lho maghetle amoxalies at a coasiant
heledt sbove the Eround. Asd from the =ame equlvslent source. we made
reduction to the pole whlch removes anomaly asymsotry caused by Lhe
jnclined Esrth’s magnetic flald snd locotes paomalles nbove the
causative bedien. Thls reduction te the pole vas used to obtaln
estimates of the aballow{deptd 300w pagnetization slth bandy Inverae
technlgues.

BBXUCEWTHRIR> TRARLRAYIZ I~ LH»TRLALEANT
— A BIEMEILL>THREATNINT, SheRFrixbtRIIKS
WITRENET LRSS T, YBEORIMEO/ARELT. AQNRR
(1/2x) - o/ (ePeytex?)! ) MV THRLEENHY - 24 R2. FEMIBLYH
AL THBENAY~RLADLE:, —K. NENY -2 LRDILEROBE
BUSHARRGHRTE. MEMELNATES.

20 ALRENY—-2rANTERNEELGRAKATIZLOLTLS,
NEBXZ200mOBEENEHNL., YH%HHB2300mOBEALIAXL.
B/ —2¢RUS A Y —2CHAUL, tNBECEARLENRIQALHBL L
STROL. MONLBLARATOLBMAKUNUBBAEHRET S L AT
25, Hapatn{1940) DEFHNMBMFLERLEURL TRGROAG RV Lx s,
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An Estimation of Piczomagoetic Effect Varying with
Curic Depth Isotherm Using BEM-Surface integral

S.Sakanaka, N.Oshiman and N.Sumitomo (DPRI)

The BEM-swifzce intcgral method has an advantaye in estmating the
piczomagnetic cffed on arbitrarly shaped clastic bodies subjected to
arbitrary distribulion of stresses. We found that previous results applying 1o
the so—called Yukutake model were a litle dislorted duc o a minor program
mistake of Lhis method, According to recaleulation by revised progmum, the
striking change of magnetie ficlds varying with Curic depth isotherm is
found as shown in Figure 1. Results are also compared with the results of
Oshiman(1990) Suzuki and Oshiman(1990) ctc. I which the classical
magnetic dipotc method is uscd.

B EM— & B3 ki L A RADF AL, ERDOERERT
BRI, FROCNSHBEZEI L LEIOE L/ BIAY
R (EHBEAPR) LRBELEILENTELHTH D, WiA
(& Mogi medel(1957) D " RXKFGRTH 5 Yukulake model(1967)
ICCOHEEZER LI, 2 ) —SREXKFITE L &
Y /B XA MR E—REULC R b T3
MIRZL e UL, Fa ) -SBEE LT85, 5l
DHARFIZ X > THZBEN TS Oshiman(1990) > Suzuki
and Oshiman(1990) MR EDREHRE{ RoniTn2 &t
P L, 4@, Fo 5 LD TERALEOT. BiRD
BREZETS . BHEEAT, £a2 Y —SHEORVWLED
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HUBZS (LD, Yukutake and Tachinaka(1967) 4> Oshiman(1990) &
DEIPNET N7, LHLL RANO® | HANK0°T DOfF
OHEPE O TILE I L, BA2EBEORNNHE, Zh
. MEHEIc LB 2 EX 5N %, BEM (BREEY)
Itk TEHEIASNEESRDE . BITRIZL 3B AR E
NENBBIHBTHE, WHE, BEMOFERERMILL R
FLTH, WETOYZ/EHAHRIZ L SBH4LD HE KRS 12
BRKLSEBIFBEMOEIKRE( L >TLE S,

A, BU Yukuake model T, F o Y —SETEL
LB OFAFURIBVE, GROLHETRD L
Oshiman(1990) 4> Suzuki and Oshiman(1990) DL & 2L Mt
SRTe BLIZFa U —MBELEAZ B 15D NETEKIE
DO otoy ) ¥ ~HETORBENETRT, XHiZMH
BLORAD0 ‘D EEFDKFEILm &K Z VIZIRHH9 0°
DEOBETMERSTH S, 7id. Yukulake model TH Y Y
E—DRXIZL Okm, FEILSkm, PIPBIHKEIX]L 0 MPa,

BMMBYLOW XX 3.0 X 1 0 Scrov/ee, Jnf —BYLER 1. 0

x 1 0 OemZdyn, BikER1.0%x 1 0 egs, R7V K 0.2
5% JHL i,

magnetic changa(nT)

[ 3 10 15 20 25
Figure 1 Curle dogpth lsothermn(km)
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EMSPACOM: ElectroMagnetic Study of the Pacific
Asthenospheric Conductor and Occanic Mass-transport - Part [
Magnetotelturic Results

OG. S. Heinson(Flinders Univ.), H. Toh(ORI), A. Whitc
{Flinders Univ.) and J. Scgawa(ORI)

EMSPACOM project was conducted from July 1o Novemberin
1993 to probe the electrical conductivily structure of the old
(125 Ma) Pacific Plate and to detect motionally induced
electromagnetic signals. Seven instruments (three OBE's and
four OBM's) were deployed on the seafloor 500 km off
Tohoku District, Japan. The deployment sites were chosen (o
lic just below the satellite tracks of TOPEX/POSEIDON as well
as 1o distributc at each vertex of an equilateral iriangle with a
280 km side. McKirdy et al.'s 3D thin sheet algorithm had also
been udilized to determine the abservation framework, which
yiclded small latecal conductance contrasts around this arca.
Scafloor EM ficlds were sampled every minute with resalutions
0.05 mV/km and 0.1 nT and resulting data lengths range from
30 days to 125 days.

The triangular distribution of the sites allowed us three
methods to probe the electrical conductivity structure of lhe
Pacific Platc, namely, Magnetatellurics (MT) and Horizontal
and Vertical Gradient Sounding (HGS and VGS) using
simultaneous land magnetic data collccicd at Mizusawa. Asa

B22-P03 K sy O YRS RN D53 A0

BN W (ELme) - % W (BORHERED

Geomagnete transfer furictions of the horlzontal fleld (n Japan
Saloshl FUIWARA (Geographical Survay Institute) and
Hiroaki TOH(Ocean Ressarch Instiiute, Univ. Tokyo)

The Geographleal Suney lostitute is conducting Ihe first order geomagnaic survey in
Japan.  We eafeulated Lhe geomagnclic transfer funcuons of the horizontal ficld at cach

siation. These transfer funcuons mean ge ctd fous horizontal field.

- bl

NiMBETHELTOAEMO—4BARRL D CAZRIILRHILIE
HEAKOFETHE Lize SEHIE U7 — P &M TRFERS MO KB A
WYrERp, SREADAE LTHR CGREFRBRENNR) £0bTEh,
MDOAFEIERBE UL GRUE T EDHBAERIDRMATERDI,

H—- 128 4 FDOMBROKFRADORBREZHRALEBZLTRS P
BrUics MEFSORTEMONEIL, HEKIORTELABEEIZE TN
30T, R MOKESEZOREDHPOYRADBRRIKMEFMUTHLI &
ZiRU. BE (ET) 2EEY. gBRADRKEELE (. £ IO
LT INENEBRUIF NPTV E27T,

DARATRESUZTNL &1 28k TSR BUIEAPFOOT, 4T
MIOBOEBEMHERL VL, SHIZIISIEILEZ 3 DS EFAZM, KR
1ILE-T20 AROBAER 2511, M- 1 ORAAL HHOLEFEWNH I
WAL - 21I0RY, BAASHRPSHND D E1L L - THRES SEE X
RIEZZEZELRPIEDOREBBEHGFETIZELHIohBDTIERM L
Zebs, LinL, IO TRUAHBOMGHIEROL 5312 38T 3 WHN
bEEE, MTORREILRERBEMERS S ENBA NS,

resull, this arca was found 16 have a very thick and resistive
oceanic lithosphere (Fig. 1), which qualitatively coincides will
the age of the scafloor. Detailed comparison of the three
results will be further discussed.,

Fig. ) {D conductivity structures of the Pacific plalc al sites
JS1,183 and JS4 derived by the observed VGS cstimaices.
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Geomagnetic Changes on Aso Volcano, 1994
Facufty of sclence, Kyoto University
Yoshikazu TANAKA, Takeshl HASHIMOTO and Hideharu MASUDA

Geomagnetic observations have been performed with proton
precession magnetometers near the crater of Aso volcano. Recent
volcanic activity was seen In 1989 to 1980. Although the activity
was calm In 1991, small-scale eruptions arised on December, 1892.
Feature of the volcanomagnetic changes were revealed through
those events and we can possibleto know the thermal state beneath
the crater with the geomagnetic changes. Althaugh no eruption of
Aso-nakadake has beentook place and a water pool has been formed
In the crater since 1993, the geomagnetic changes showed
occurrences of thermal ejection (calm eruption) on January and
June, 1994. Simllar event was seen on Feb.-Mar. 1992. Such calm
eruptions wiil be discussed with thermal magnetic model.

#HF SREBPEXOOEHT. 7o b VA ERWTIEES
LBH ORI AT - T3, REOFBROK X71 KL BB
198 94E~9 0fEICH S, £OH, 199 1EOBRER
T. 199241 2 HiREh BAOL. MRBORKEREEL K,
CHhOOBERERITT 5 XNEMERUT. #EXOAT TO/ML
DHROBELIY ohicE s, HREFATIE. BBADHBISK
DR FRERINTHIMORBEBTES LS I BR
T3, 199241 2 HOEREIE. FEPEIIRAES. X0

BIRBZEDRBUCH D0, HRAXMELSHDE, 199441
AL6AIZAORE (BPIIEK) £LALANTES, BUD
BRI19924E2~3HicdbHrohD, MIMTIE1 99 44HE
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IR spectra of Al,0, particles and a sev production cethod of Al:0s
particles
C.Kalto, S. Klgura, K. Kanel, N, Shiba, Y. Sait0*’ . C. Koike”
Rltsuaclkan Univ. Kusatsu,Shiga,525
Kyoto Institute of Technology. Eyoto, 606"
%yoto Pharmeceutical Univ. Kyoto,607*
abstract

IR spectra of three kinds of 7-Alumina particles were measured. Two
samples showed very broad peak at 13sm which corresponds to 1-Al:0,
peak. 71-A1:0, particles produced by a new production method due to the
oxidation of Al particles in smoke showed a lot of absorption peaks.
Some peaks correspornd to unidentified infrared emission features
observed astronomical cbjects. The experimental details for the
production method of 71-Al,0, have been introduced.

ARBRABEOH AN S BV BT ILWIZALORFTHS, FIIFI
2WT, ROTANA b, AYTA b, ACRAFTIIZOLPANS DL
EFURMMURAT S, THIFRACFIVOBRICEBEXH>TARTS (ft
SEBRGRA) . LAXST, RAERER7AITORBEBENTHS.,
BEALOY VA I MI—F Y Ca KT bOBRRWESN, 147
17070—7RA/BHICELDI Y V1 > OMARMRRIYBABRICHIFS 0
PRUMFEL TS I ENRINA, —HNBADLIx I F—D BRI
ALL05. NE:S10.9Fe, 0.0 LA U ABBLTWH I ERRENL, TOXD
EPHVEFRBEZEHTHIC LMD STRTORABRICET I REN
FRRAEINTHEN, 96, HFLVLALOKMFOMANEEFORABRBL
U2 OHETHO RALOLKTFDARY ML ERRERRICOVTET.
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MHD Dynamo in a Rotating Spherical Shell
A. Kageyama, K. Watanabe and T. Sato

Theory and Computer Simulation Center
National Institute for Fusion Science

We performed a computer simulation of a magnetohydrodynamic
(MHD) dynamo in a rapidly rotating spherical shell. Extensive param-
eter runs are carricd out with different resistivities. It is found that the
total magnetic energy can be more than ten times larger than the total
kinetic energy of convection motion in some cases. Basic characteristics
of the convection motion are drastically changed when the magnetic
energy Ey becomes larger than the total kinetic energy Ex. When
Es < Ey, the convection motion is laminar and its structure is almost
the same as that of the neutral convection. While when Ey > Eg, the
convection motion becomes turbulent. It is also found that the magneic
field perpendicular to the rotation axis is expelled from the columnar
convection cells. On the other hand, the magnetic ficld parallel to the
rotatoin axis is confined in columnar convection cells which rotate in
the opposite direction of the spherical shell (anti-cyclonic columns).

R4 RO LT MHD FRALSH - RNETH( 3 aL—
Yava-FERRBLLE, Z03—- FLAWT, BETEKT 2 RRE
BHIZALADSh - BRAKD Y4 FERBLEL (AL, FEIIR
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BIUAHERNFBBPERBREBATIZLILL> TS
2 (GREREE) ALD, (K& X100~500A) O=MkDWT
FOXARZ FAERRELA, MIEAAL v FIALOLKT
ETHI-HTHREE, KBriclOLTHERELE, B2
ARWFh b13umitiiiz- 7o0— R ¥—7 &RL. QAT
[ARAY— S OREMAN S b1-AL0, LEAETER, —
#. BHEQUETH S 2ALDIR13u mitiEOE— 2 BT
BIRTIIKRE<OBENY—-I &RLE, TNRED
BLOLORTTRFURTIDARI LAFILRGND
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B41-03 On the linear stability of a*w-dynamo

for various inner core size
°Kiyotaka HINATA and Yozo HAMANO
Dept. of Earth and Planelary Physics, Univ. Tokyo

Introduction

Quter core, in which geomagnetism is generated by dynamo action, is
getting thinner as the inner core grows. In case of Mercury, even though its
outer core must be very thin compared with that of the earth, it has own
magnetic field as strong as some hundred nT at ita surface. This implies that
even if the outer core is thin, it can work as dynamo under some condition.
Now we have a question ™ To what extent can the outer core act as a dynamo
under physically reasonable condition 7" So we first infer and compilo the
influence of the inner core sise on the linear stability of a%w- dynamo in a
spherical ghell

Method and Model

We congider an axisymmetric a?w-dynamo in a spherical shell (r = r; to
1) represented by the following equations,

QWA = R.,GB+ /1A, (1)
OB = (R.b+RaG2)A+0.8, (2

where A and B are scalar function of poloidal and toroidal magnetic field;
8,8,8,, and A, denote linear operators representing a-effect, w-effect, a-
effect, and diffusion; R, and R, are magnetic Reynolds numbers for a-effect
and w-effect, respectively. We take the conductivity of the inner core same
as that of the outer core, and mantle is taken as an insulator.

By golving egs. (1),(2) as eigenvalue problem, the marginal stability curves

for the a%w-dynamo are obtained for each thickness of the shell(Fig.1). We
take a-effect and w-effect distribution as follows.
Wl1:w(r,0) = sin(mp(r))P}(cosd)/eind (&)
All: a(r,8) = sin(mp(r))PP(cost) @
All: a(r,8) = sin(mp(r))P(cosf) 5)
where plr) = (r =n)/(re - 1)
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CML Model for Geomeagnetic Polarity Reversals
Masayuki Scki (The Graduate Schoo! of Science and Technology,
Kobe University), Keisuke Ito (Faculty of Science, Kobe University)

We showed that the geomagnetic polarily reversal intervals have a power-law
distsibution and presented 8 sintple model in which the geodynanto is assumed to be &
system of magnetic spins and is b a cyitical phase-transition state. Wo Lried to revise
the model to bo more realistic and cbialned the power exponent n agreement with the
obrscrved value, which Is -1.5. The revised model Is a Coupled Map Lattice  (CML)
model. A QML is a dynamical system with discreto €me, discrete space, and contiruous
state. In the present moded, clementary dynzmos evolve sulonemously sccording to the
Lorenz map obtalned from Rikitako dynanto dynamics. We examined the behavior of
the systems and the disteibution of polasity roversal lntervals with various values of
parameters, We socceeded in getting some conditions for seis of the panameters undes
which the power expoceat Is acas -1.5.

Seki and 10(1993) IZBVVT, R4 IXBBKPEMBOBIEL I MAREFHIE
SEBRAONBIZLERL, SOLHPLBRT{ FENRRPRRBIZSH D EHE
L. ThERHT 2 BNASIGDOEFAEREL. SOEPVIEBORAKE
RODBRELIEGDTH DT, BEILDREFOHBASHHBKD 7 — 7 1
ASTHIDRHL., RADEPAROSELY, EROCREVBVWESH 12,

BARBUNOEPVIZBEOFRERNI AR TREL TV LB, ¥l
BHEIRDISPERARTHE, BODEPACRARRLBRAL DL
RUT, BRALHLCEFBT LBV, SEDEFACREFS4%
DRIWERBBE LRFFA+ELBAOLS4FIPAESR:, ZOLY
72°€ 7 A% Coupled Map Latiice & 23, Coupled Msp Lantico (OML) IXB$22:h o+ R

Figuro 1: Marginal stability curves for model M2 for dipole family. The
pumbers 0.0 to 0.8 at the curves denote the ratio of inner radii. Solid line,
dotted line, and dash-dotted line represent primary stationary mode, primary
oscillatory mode, and secondary stationary mode, respectively.

Wa denote the model with W11 and A1l as M1, and the model with W11
and A3l as M2.

Results and Discussion

Fig.1 shows the marginal stability curves for model M2, When the dynamo
I8 close to a®-dynamo(R2 > R.,), stationary solution is primary for any shell-
thickness, and the marginal stability curves for both dipole and quadrupoie
families are almost the same. This feature is common to M1 and M2.

On the other hand, for R? < R, (close to aw-dynamo), primary mode
is oscillatory, except for the case of small inner core radius(n; S 0.3) of M2.
This is interesting because the sun whose dynamo region ls thought to be
thin, has oscillatory magnetic field, while the earth which has the thick outer
core fundamentally have stationary magnetic field.

For both cases of a’-dynamo and aw-dynamo, the critical magnetic
Reynolds numbers become greater as the shell becomes thinner. This is
quite natural considering that the effect of diffusion relatively increases as
the thinning of the shell. This implies that as the thickness of dynamo re-
gion (a convecting layer of fiuid conductor) of a planet becomes thinner as
time, the dynamo comes to require more and more enexrgy supply.

DERDIz0I-Kascko (1983) 12 L > THAS A 6 DTH D, REMIZR, #
FORBME-N)DOBEHE L. Rikhake dynamo DR HiMap% BEELIZ LD
YRR FAFI2AELTEAL (Bh) , $HEEM & LTidlsing
Model: I BRBAL V26 NESL S S NERALL. BREBVTFS 4
FEORBONamtF i, HEFAOES Lo . RFF 1 FEDRBESET
BED. SXamOT. |5|<l boXam| DL Bizits=-SEL, ENUFTIR
BBpTS=—Sk Ll SOpRADIINF—E EFIRMAL FIZHIST S,
BFREFHETLISBE, AVRRELE, RYIZEFOMpDNATG A —F —a
oo, bo. p ARATROBRRER<T:, BEMEDGESHEOYERE D
VEO—AT 38T X —F — 2ol MapD s A —F —bTHBEZ LMD L,
ZOIBHIEMpORBOBLVBIFORESI S PO—AFBNG A =5 -k
EAEEEE Ltk o T, “HERONLBEROLDIETFIILNTEZT
totbiors (BR) o 3T/, HERROR S IZoVWTRBWIIERSFOffla gk
QITTITENTAL, SO Lit, HESATOVIRFHRIGENRERE
BorBicid, RBEMNLHREEMALRALEBE, HEFRL) CRFS4T
EOURPLEMABEOCRIH IR LEBEFLTWILERLTVD,

L pa

Seld, M. and K o, L Geomag, Geoelecir., 45, 79-89, 1993,

SFRE. AXYWBRFLRE 43, No9, 689-697, 1988,
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Geomagnetic 30 -yr Variation and Constraints to the Core-Mantle
Coupling Mechanism

Y. Yokoyama (Univ. Industrial Technology)

Geomagnetic 30-yr variation, which is observed in the Gauss coefficients
8" 8, and k', is a quasi-periodic variation with amplirude of 20 - 30 nT.
The components g,' and h,m like a directional oscillation, which the
mean pole variation of the rotation alsc has. This implies that the
core-mantle coupling has an equatorial torque, and the torque is 200 times
lar.:}er than the axial torque. The other feature is that the coefficients g,'
and A, invent their phases near at 1940. Those two features should be
constraints of the possible core-mantle coupling mechanisms.

1 R
BRI R E LRI IXGOERRY & 30ER RV H . RHOEH I
BREER LI, Hovr VA I owToOMRBI L %2 -

w3,
BOETIGOERR LIERR L S {HRERIILTVE I E
DPhhoTAaR, TCTIR, BREDIEERNICOVWTEDHREH
6T S ERK, BREEEDLHERTI o Lck Y, FETRE
Ll v P VEABRBCOWTERTS,

2. EET 0N

BBRSGOERMIL 7 ARED g g, RU b)) RACHIRE RS
b, BEA F — A A2SAFRENHBINEH CH L. RIBIE
BEA#20~30nTBETHS, 72, 20 oKL RS
&' & h' DERITHENEEFHOHREO L S ITERS (Fig. 1).

3. HRREIIRZIRD & MIBAR) L DR
=75, WEREMEERYIC I0ERRIH 0. EHBEFMMET 2

BIYZHAERR) & RTAL 1 BAE T 2 PHEBBORGHET 3,
S0 LORYEEMDONREL o R EHK g’ & b OUREL QT
ZEBREHRIEBLTVA S EMtbS Fig.1). CHZEL
D, B-v 2 FURAREERE DAL AT PR OMIC T
BAC ool Etbh s, LA b, J0EZBNCML Tkl
BEADOF V2 BRSO BL 220016 BHLOND.

Wiz, BHEBHE X O ABBOEDOV -2 2R T LEHD
ARBMIMOEHIICIREE R LTwa i@ T, ZoRK
SCIRETE TR IR v,

4, v FVESRB~ DS

LBDE LRI LHKRERST PV 4D S L RBHERES TR
HETRATMBLEFALND, - T. BEOHGRBLLTRE
PEEE2I2982 05, S OBRBIOVTItE 5RBOBFID W,
S8, BRAOEHATL LB THRERS P V2 2BEATI L
By M VBSEFLMCREONABRELS ),

Fig. 1. 30-yr variations in the mean pole and tesseral components of the Gauss
coefficients. Both of the paths show remarkable resembalnce, though the Gauss
cocfTicients have phase change near a1 1940,
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Development of 2 Versatile Deep-sca Vector Magnetomeler
Riromi Fujimoco, Kensaku Tamaki, Keizo Sayanagi, ®Toshiya Fujiwara
(Occan Research Institute, University of Tokyo)

A deep-sta vector magnelometer with a gyroscope has been developed
for submarine and sca surface gcomagnelic measurements. The system
measures 3-componcent magnenc field, pitch and roll angles, presswre, and
lemperature cvery 0.5 or 1 sec with AC or baitery power supply. 1thas
successfully measured the seafloor gecomagnetic ficld around the Kane
wansfom fault on board 2 submersible “Shinkaj 65007 in July 1994,

1. FREM

BATHSDL T2 NETRBLAIESDAELTLIGR
1LEy, BILBRHOBA LI A DGR ETED LY RIEL 4
IRAIWOND LI KR o TR (1L, Seama, 1992) . E£OY
R, mEkoBPmerRECliRT s LIt VSRR OET
EHIHET I ERD D, COL ) LIBBAIRSNNEL., i
FoXLbFEn BELBTORYI S L EBHET M3
WA AR L o

BEBHIWT L RBHTHET 2 LIC, N0 TERIN
BYH L, BIEEOBALO KRB EREDOZE1 00 0mhl
RIeH3 EEManTE Y, Tolbillkic R 3 RATET IR
MOIFERMALTRET ALV S EICEFOMANH L, 0% )
BleTHET I, BETmAREL e XTI EAZS /N

KEFPRES (23°30'N~25°00'N) O
B AR &R ERE
CHtKigL - EBARE ONABIE - HAKE NIGER)
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Geomagnetic Anomaly and Magnetic Struclure of the
Mid-Atlantic Ridge Between 23°30°N and 25°00°'N
Ol'oshi)ra Fujlwara, Hiromi Fujimoto (Ocean Res. Inst., Univ. of Tokyo),
and Toshio Furuia (Kawasaki Geol. Eng. Co. L1d.)

We have conducted geomagnetic measurements and studied magnetic
smucture of the Mid- Adantic Ridge berwecn 23°30°N and 25°00'N over the
last 7- 8 Ma. Wc obiained a geomagnetic anomaly map shown in the figure.
We can identify variations of amplitudes of gcomagnetic anomalies along the
ridge axis, offscts of geomagneie lincations at boundaries of ndge
segmenis, and vanations of the offscls in geologlzal time. Magnetized
intensily and contrast in this area arc smaller than these in other ares of the
Mid-Atlantic Ridge.

ASETH BB ERN L v 7 — Ok (LADWES O
0f &I T2 S Fh] 2k AAWPEPIBHTTIE (A
A, B RF2TEY) MFubhr. FO#EIIEVTRY
RE OB LG EEBRA PR L o WY1 v b5~
A7 4 — ABRIND & £ oLl (23°30N~25°00N) TH 5,
A KIETHDI Y L LI« P+ 5 e YF—20 T ELHM
THoid, WHEINIHMEA, S B 100 ~ 140 km 3 TOH
AACBIATEY, BI1~8Ma D LIMER COET & HIRT 5
TEMTAR,

HTHEANE EE S D L E Ol BRIIBE B RA LML
ABIEIZED, BULIBEORE b EETRA S,

—R L REEOUMOBRAM LN TVL DT, A4RE, Nt
TR LAY 2 04, HIGRIEMDRIEL X 5 ¥ AT AR,
WA TLADWE 50 0] KL DHEREBAIND 6 ET,
LA o&E3mpmante Lo iza s & £ RLTICMIR L2

2. ERoBY

AR, RUNEEe o3R8 NITHD. 6500
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M. D= ERE L. 2MBye® 2 E ) ISiRRT 5. 0.5 BN
OUAREA) SEINOUSITHTE L, RELTEORS LA
L - LTREAE V- LA BEREATy 2w T, SR
DVTRNRIT A LEYNH D, SOUSIL, KQJELIOED
BLUREE Yy —oNHMEHE3s R TclE LAY KE
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00) EXIREAG TECFH) S X2 REFPRIBHBEME (B
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ﬁmmbneandMngnmeAnomnl{nla‘mmon Formation in the Enderby
an Ocean

Basin, South
“Yoshifumi Nogi (Meteorological Res. Inst.), Nobukazu Seama (Faculty of Science,
Chiba University), Nobuhiro Lsczaki (Foculty of Scicece, Chiba University),
Yoichi Fukuda (Beppu Geophysical Research Laboratory, Kyoto Uaiversity)

Fracture zone and magnetic ancmaly lincation trends in the Enderby
Basin, Southem Indian Ocess, were detenmined using vector data of the
geomagncetic field as well as sea surfece and satellitc gravity anomalies. A
change in fracture zooe trend occurred arcund line A in Figure 1 between
30PE aod 80°E. In the southeen part of line A, off Aaterctic coast, fracture
roce trends raage between NW-SE and NNW.SSE and magnetic anomaly

lincation trends, indicating Mesozoic sequence magnetic anomaly linsations, 58S

are almest pespendicular to fracture zons trends. In coatrast, approximately
NNE-SSW f{racture zone trends dominase in the gorthern portion asd go
strikes due to magnetic polasity change is cbserved. These suggest that initial
break up occurred with NW-SE and NNW-SSE direction, which is almost
perpendicular to Antarctic coat line, snd the seafloor spreading direct

change to NNB-SSW direction. &rSs

W42 FRDT2 F=2 Z¢MRTELHD0XHELRRAL Y
HEZIT. BAEL H SRV TRERRIDRFEAEET > T3,
HAEITIHONLRBIORFOT— I BIUTORFEREOL L
12, BERHBIUCGNEOBROTEHAREMEAL, = T8
BEENDT9 2 F ¥ — /- VL HBARTRRAOLH LRI L Lo

T Y- RN LPDMNE L DLline ATRENTWB s

Elid. COBRDT I 2 Fx—/— DR EIZARKY & LE)TMesomoic A
NUBARBRAZB T3, Tl Licca2 HiETI2, BRARTARY
DREIR PG LD/ Thid, Line AL ) ILONNESSWORMN 79 2 F
Y-S HEERREANAEIIBR SR ATHRBLRLTWE, Shonls
Rz, BROFEAB L UBEERN. WEOBRRINIZIZEZTEHTH D
NW-SE HNNW-SSEDHETEE 0. TR, BELE KD HEINNE-SSWHH
BIICBRELASLEFRRLTVE,

ABRTIE, ShOEDHBIZEIWLELYTU—BRBLIUAL 7 FiItOBEY
ABREOVWTHRET S,

HT. 7925 4= /- ORADKENES S, HEXRRO 10: E A 8°E
[ Rg 1 Recture pones and magnetic anomaly Eneations in e Southem tndian Ocen. Dashed end salid Enes show
Linn AL DHITIE, 75 2F ¥ — /'~ V1INW-SED HNNW-SSENDR previously identified fracturs zones and magnetic anoenaly tincations (Cande et al., 1989). Staded and thick sofid

BOBEERL., Line AL DETIZ, IZIZINNESSWN 79 7 F ¥ — tines indicate fracture rnes and nuagnetic anomaly Eneations determined from vector geomagnetic sramaly fickd
V= DREMUBRL TV E, LinnAL hNOHURARBRARO L data o3 weil os cea Rafaoe and sasdlic gravity anomaties. Bathymetry congour is based on ETOPOS.
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Magnetic Anomaly of the Northern
South China Sea

°Y.Nakasa(l). T.Tanaka(2), K.Sayanagi(3), H.Kinoshita(1). and
Japan-China South China Sea Expedition Scientlfic Party
(1)Earthquake Research Institute, University of Tokyo
(2)Faculty of Scieace, Chiba University
(3)Ocecan Rescarch Institute, University of Tokyo

Marine geophysical observations by the R/V Shi Yan
I, South China Sea Institute of Oceanology in
Guangzhou, China on the northern margin of the South
China Sea were carried out in the early summer of
1993. The objective of this scientlfic cruise is to clarify
the fine features in the seismic structure and magnetic
characteristics in the transient boundary between
continental and abyssal basin. We obtained single-
channel seismic reflection, airgun-OBS refraction, total
and three component magnetic, and gravity data. Only
geomagnetic measurements had been carried out on
the northeastern part of the South China Sea Basin by
the Marine Monitoring Ship No.73, State Oceanography
Administration, China in this June of 1994, The area
surveyed by the R/V SHI YAN II and No.73 is shown
in the figure.

Total and three component geomagnetic data
indicate clearly identical magnetic lineations in the
northern sub-basin in which seismic data suggest that
it is underlain by oceanic crust. The magnetic anomaly
of chron 11 (32 Ma) is identified in the northerm end
of survey area of the present study. The new profiles
obtained so far allow us to speculate a continuous
spreading with slightly different rates over the whole
northern South China Sea oceanic basin. One of the
mode]l profiles is compatible with the observed data
for 22 to 30 mm/yr of the half spreading rate.

"y

Magnetic lineations along
track lines by the R/V SHI
YAN Il and the Marine
Menltoring Ship No.73. .
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Jurassic to Mid-Cretaceous Apparent Polar Wander Path of the
Pacific plate

°Desiderius C. P. MASALU and Kensaku TAMAKI
Ocean Rescarch Institute, Universily of Takyo

Apparent polar wander paths (APWP) are one of the
primary (ools of paleomagnetic research. However, many major
oceanic plates including the Pacific plate have poorly or partially
defined APWP. For the Pacific plate, the younger part of the
APWP from about 88 Ma to present is well constrained.
Palcopoles for Pacific seamounts cluster in the north Atlantic
ocean along the Greenwich Meridian from about 80° N to 50° N.
The cluster trend westward to about 300°E between 50° and 60°N,
giving the APWP a characterislic ‘hook’ shape. Despite much
work by numerous investigators, the older part (pre 88 Ma) of the
Pacific APWP until now remains elusive. However, many
investigators believe that, going back in tme the Pacific APWP
turns northward. We have atlempled lo investigale the older
part of the Pacific APWP from seamount paleomagnetism
approach. We studled paleomagnetism of ten seamounts from
the Joban seamounis chain, northwest Pacific and other threc
seamounts from the western Pacific. We also compiled and
analyzed paleomagnetic resulls of published retiable Pacific
seamounts that are considered to be of Jurassic to Early-
Cretaceous age. Carefu] examination of compiled paleomagnetic
results with those obtained in our study enabled us to distinguish
two cluster groups of different age for Jurassic to Early-Cretaceous
seamounts, based on the variation of thelr northward drift
amounts. The oldest group which is probably Jurassic in age, has

mean pole at 74.4°N / 2782°E (ugg = 16.7° and 7.9%), and for the
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A large-volume, magnetically shiclded room for rock magnetic studies

Kodama, K.(Dept. of Geology, Kochi Univ.) and
Takeuchi, T.(DepL of Earth & Planet Sci.. Nagoya Univ.)

A high-performance, (wo-layer magnetically shiclded room has been
constructed in the palcomagnetic laboratory of Kochi University. The
malcrial used is 0.5 mm thick, non-oricnted elecromagnetic stecl sheets
(JIS 50A290). The shiclded volume is 38 m’® with dimensions of 6.5 x 3.1 x
1.95 m, in which all the Jaboratory equipmeast including SQUTD
magactometer, thenmal and AF demagnetizers, and computers can ba
stored, The inicrior magnetic field strength ranges from 40 nT 1o 100 nT,
which is equivalent to a shielding (aclor greater thun 500.

HEoBA - THBEHRAOBLIS —I)b EL—ALZHELZ. &
D=V B —4L. AF7.1x37x25m. WT6.5x3.1 x1,95mdD
2MBH T, EAMEEHBIEG L SR BINTVD, e
HRANOPIBENAREIL. IWIZTHF 0.8 x).95 mDM A IBA D
QEERTE 10T TIRERSINTW S, A@METIL. R
FROUME. NERBTE -4 DRR, RHEOHMEF - DX
B EEPLICERE.

1. %8

L RBMISIE. A M7 F =7 DRI BEN - ARHBOE (K
ATSZELE. CORBEMOLIERK Y-V RIV— L 0ORER
BRI TISHEAECE VLN, B4 BFICERBYTOBERBIIHEL .,
RHDOVIODEF N EBEL TR OHERBEHII LR, B
W OEF W ETURMBESOH290 (J1S 50A2001%) ZEBETHT &
WZU7e. TOMEL. 0.5 0e(hiE IR R YIBKOBEER R (B
11,000) 8%, =) EIV—LDEMEL TOMMEAISEMY)
DTTHH. BLLHERDEXELEL, 2.5x I m. BFE0.Smmd

second group, probably Early-Cretaceous in age, is at 59.3°N /
289.4°F (ag5 = 12.9° and 11.9°). We suggest that the two poles
obtained here, delincate the extension of the known older part of
the Pacific APWP for Jurassic to Mid-Cretaceous (Fig. 1). The
extended parl of the Pacific APWP suggests that the Pacific plate
drifted southward in Jurassic to Early-Cretaceous time, which is
alsa suggested by the analyses of variation of northward drift of
studied seamounts.

Pacific Polar Wander Path
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Natural RemanentMagnetizationand MagneticAnisotropy in a Shear Zone
Mutsumi NAKAI (The Graduate University for Advanced Studies, Natural
Institute of Polar Research)

Natural remanent magnetization(NRM) and magnetic anisotropy of
metamorphicrocks in a shear zone were measured using a vibsationsample
magnetometer (VSM). These rocks were taken from Rundvigshetta,
Litizow-Holm Bay, East Antarctica. NRMs of rocks near the shear zone are
very scattered. On the other hand, NRMs in the shear zone are shown in
parallelwith the directicnof the shear zone. Thereforel inferred that NRMs
in the shear zone were influencedby movementof the fault.

WHERER, VayYERIABRRIZATH TSI 2y VR LY
ik, RABREMERITTBD, APRICHA LEEER. bo
EHLERENBVLEVDNBY 2y YENLBROIN BH—2 2
Auy  (RE3TOIE, HH69°54°S) IhSBMRENABOTHB. B
RIEMOBEEHSRMIE 760 - 830° C, 7 - 8 x 103 Pa (Motoyoshi ez
al1989) & ¥Y5ZaSq4 MAICBLTEYD. TREMMOER
X 520Ma EEHEENTYWS  (Shirishieral, 1994).

AHARITHDEWAREBR, ¥ODE—NRBARETHS. LK
EREN S BRORSHHBAS L ERDORML VN, Y522
74 MOBOIL, BRMIZIZ. BREMEFICARBRLICE>T
REICHHRLTWSEBEZ NS, FARICLBLEHRE LB
ENRENSHDE, EHIZEDF2V—HOLATINNE A
LTo, FEDOLDONRMIZERZ. LICEARLTVWSEHFAGN
5, 18> T. NRMOTZERME AR EOMEORI LRI~
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B41-12 IDENTIFICATION OF GREIGITE
AND PYRRHOTITE IN FINE SEDIMENTS BY
A ROCK-MAGNETIC METHOD (I1I)

°M.Torii, K. Fukuma (Div. Earth Planet., Kyoto Univ.)
and

Q. Lee (Inst. Earth Sci., Academia Sinica,
Taiwan)

C-S.Homg, T

Rock-magnetism of unconsolidated sediments are now
intensively studied to reveal the origin of depositional
materials and their pathway, and global and/or local
environmental changes. Although most of sediments
carry iron oxides as dominant magnetic minerals, minor
constituents such as iron sulfides are playing important
role in syn- or post depositional environmental changes
of the sedimentary basin.

Horng et al. (1992 a, b) have reported occurrence of
greigite (FeS), pymhotite (Fe;S,), and magnetite (Fe,0)
from the onland marine sections of Plio-Pleistocene age
around Tainan City, southern Taiwan. Greigite is found
in clay layers, pyrrhotite in silty layers, and magnetite in
sandy layers, respectively. They determined the mineral
kinds with an X-ray diffractometry for each horizons.
We have been applying various reck-magnetic methods
to those samples bearing greigite, pyrrhotite, or magnetite.
This is to evaluate effectiveness of the rock-magnetic
methods (non-destructive and bulk sample method) in
estimating mineral kinds, grain size and abundance.

This time, we mainly report thermal instability of

ABERF2 ) —SUTORETCEBRINEFASNS,

BEDH R IMAABINONICEBEONFRAC L > TNRMA
BEINTOWALWZLENMBICLTEY, SEORTFRANRS
WEIZIX. NRMIZFNIZES 2 27BN S 5. ZONFRAD
NRMADQEBOH SR, BHAHROKIIDOFI o 25AH
HTEs, BIARKEE LTI, DNGHRRO R HEAMSIE R
THDRED S THIM. VWA BORE D Kmax/K minDFIIE
MEVBDT, NRMDF 2y JOERE L TEATIORAL W,
o EHONRMOBEHIIZ ERERIZTSDORADERDF Ly
71213, ARAHRLE (SIRM) OREERENHNTH D, £/~
SIRMPRET] (Ho) DREEDHM. AMSE D KmaxKminD b K
E<HRELPT V., Che3D0RSEEFEFICRIESTIE/REL
T. EHPBHRICEDI LTV AR KORLSERERS D, &
ICSIRMPHDR 51, FBESIONRMOF 2 v 2 ICHYTHS
{Nakaieral, 1993),

W BR=0 ZA 9 5 DUAWH. BLUTOEINEEIZDN
T lem¢DED 27 E36[EAWT. FONRM &GRS Btz &L
SHRARFBEWELF 2y 7 L. GANBOREETIE. RIS
HEnBINRARENARON. NRMOKMD, II5D&EMBN, T
DBROETIE. RENICLEHEFNHAFTH D, CAKFOR
FIZEBRH>TUOETHNTVS, BERREARONTSICRE
VUFRAOERE ST THBLEMS, 203, HBRoTrOF1
MEIZES T, Vot AHRBLANRMEZODENANEE50TSH
A5, =%, CAMBOPTIE. NRMOF BB ANBOBEHE
%L, BAMRFERBLANE <3, BANRSENNE
<30I, BRGEOEMIBOBRIZEIEEOEREANEE
DleHELAbNSD, TONRMOKEMN, REORILOREE S,
I RO FDAPWPELUY 2 v YR LBHEOMBROBESE b
ﬂfxb.' Mo, HAMHBOLHE~RTII NS, NRMDO KN
—HEIZESIRRIIDONTIX. TANBBRROREEHETIZ
L LRSUBTH S TRHENIEN,

greigite and pyrrhotite bearing samples. The test sample
was first given IRM at 1 T and then demagnetized at
80°C. The IRM was subsequently measured and again
IRM was given and measured. Next the sample was
thermally demagnetized at 100°C and measured, and so
on. Four test samples were processed until 400°C at 20°C
increment. The other set of samples were magnetized
with ARM instead of IRM and thermally demagnetized
in the same manner. By comparing the magnetization of
thermally demagnetized at the particular temperature
with that given after the demagnetization, we can estimate
thermal (thermo-chemical) decomposition and artificial
growth of magnetic minerals for each test sample. It is,
however, theoretically impossible to discriminate the
deoomposmon from growth. If the production of magnetic
minerals is negligibly small, we can easily estimate purely
unblocked component by this procedure. Unfortunately,
greigite is found to be thermally very unstable and most
of IRM(ARM) is easily destroyed by the thermal
decomposition above 200°C. We found that the thermal
decomposition more effectively destroys magnetization
for the case of greigite.
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Remanent magnetization records from lake sediments at Kitaura
Makoto OKADA, Kazuo AMANO, Y oshiaki KIKUCHI (Ibaraki Univ.),
Chizu ITOTA and Yukio HAGIWARA (Nihon Univ.)

Four lake sedement cores were taken from Kitaura using a air-
hydrauric piston coring system with 4 meter length sampling tube
braught by Nihon Univ. Sediments of these cores mainty consist of
detrital mud intercalating many shell beds and invisible seviral
volcanic ash layers. Paleomagnetic measurements have been done
onthe lastcore (KT04) sofar. Progressive demagnetization resulls
show that the KT04 core has relatively stable remanence, although
the intensities are not so strong (about SE-6 kAYm) . The NRM
intensity record shows a trend of increasing 1o the bottom, however,
the magnetic susceptibility shows almost constant value. This may
indicates that the NRM trend has been refrected by the decreasing
geomagnetic field intensity during the last two thousand years.

AF7/81 185561 4 BICHDT RARILBC BV TES R
WOIPI Y IET o2, IPUITRRBBROAEY D%E - K
ERXEZ R IP5— U 7R am) EREXFOEERIRBON
BM—-FCMRETIT, B 4 XORRMYERMT D EHHEE,
TRV R SRY S ZDEDOTAROHSH K, IPOEIRE
BWFNE20% BRI TRUL, L. MBHERFTICLLIOM
PEE<R5N. RURBMOBENTHICRESNE, LKL, Th
A ORISR ENRADEDHMIZTERSNED o2,

B41-14
T4 AT ¥ P Bl 28R ED
EHESTAL IS & B R oA
IiHE. FIRFE (MK - B), EhHX Gk - B)
AROORHG (R - HEEF)

Paleomagnetic Correlation of Pliocene Lava Sequence in Northern
Iceland
°0.Hiroi', M.Kono', H.Tanaka?, T.Koyaguchi®
(1.Dept. of Earth and Planetary Sciences, Tokyo Institute of Tech.)
(2.Dcpt. of Earth and Planctary Physics, Univ. of Tokyo)
(3.Earthquake Research Institute, Untv. of Tukyo)

Palcomagnetic measurcments were made for the lava sequences in
the northern Iceland in order to establish the magnetostratigraphy of
Pliocene. The samples are collected from two lava sequences of a lava
plateau, which are composed of 90, 77 lava flows, respectively. The two
lava sequences show different VGP variations even during the same plat-
ity period, suggesting that the lava sequences resulted from separated
volcanisms.
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Paleomagnetic study of Cretaceous rocks
from Xichang, southwestern Sichuan, China

°Masato TAMAI', Yo-ichiro OTOFUN', Yu Yan LIU®,
and Lian Zhong LU?
1 Feculty of Science, Kobe University
2 China University of Geosciences

The Lower Cretaccous Feitianshan Formation and the Upper
Cretacecus Xisoba Formation are distributed in the western part of the
Yangtze block. We sampled red sandstones of these formations from
both limbs of Dadeli syncline around Xichang city.

All the samples have the characteristic paleomagnctic directions
with unblocking temperature of about 680°C. Progressive unfolding
reveals that the magnetization was ascquired at the begining of the
folding which oocured during Palcogens. The mean direction at 70%
unfolding level is D=65°, 1246.8"(@9s=3.6"), comesponding to a
paleopole at 842°N, 185.0°E (Ass=34°). This palcomagnetic pole
falls near the Cretaceous pole positions reported from the Yangtze block.

We conclude that this region has behaved as a part of the Yangtze
block since Paleogene.

B41-16 Relative motion between East Asia
and Europe: Palesmagnetic evidence

®Yo-ichiro OTOFUJI", Takaaki MATSUDA?,
and P.S. ZIMIN®

1) Dept. of Earth and Planetary Sciences, Kobe University, Japan

2) Dept of Geotogy, Himejl Institute of Technology, Japan

3) Russian Science Academy, Pacific Oceanographical Institute,
Viadivostok, Russia

Disagreement of paleomagretic pole positions between
East Asia and Eurasia is detected for a period between
Jurassic to Eocene (Fig. 1). Paleomagnetic poles from the
Jurassic to Eocene is constructed for East Asia on the basis of
the previously reported data and the newly obtained ones
from the Sikhote Alin,

A Cretaceous pole for East Asia is calculated from the
paleomagnetic poles of the Sikhote Alin, Inner Mongolia,
Outer Mongolia, North China and South China. It falls near
233.5°E, 83.3°N, and occupies the easterly position of the
European Cretaceous pole of 154°E, 72°N. The easterly
position of paleopoles of East Asia is also observed in the
Jurassic and the Eocene times. These facts indicate that the
disagreement of paleomagnetic pole positions has lasted until
the Eocene time.

The discrepancy of the pole positions between East Asia
and Europe invokes that East Asia and Europe are subjected

fHPNAHESIERTISGATOABRNS T, HHsA
BEZRBLA. ChonRHi2. T HEF42 D Feitianshan
formation & 83 5 A D Xioba formationDHRBHETH 5,
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Fig2 Equal arca projections of site mean directions.
(a) In-situ. (b) At 70% unfolding.
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to fairly large relative motion. This relative motion is
described as either clockwise rotation of Europe without
latitudinal movement and/or northward movement of the
East Asia. We conclude that Eurasian continent extending
from Europe to east Asia does not behave as a rigid continent
during the Tertiary.

Y. (A) Paleogene

¥ (B) Cretaccous

Fig. 1 Paleomagnetic poles (with
nsxoda%dchdaof 95% confidence) of
the East Asia (Dotted) and Europe (striped)
for three periods: (A) Paleogese, (B)
Cretaceous and (C) Jurassic,




geomagnetic ficld may have been so unstable that an excursion
or a short reversal occurred regionally and sporadically over
the earth.
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Duration and age of a geomagnetic excursion found in the
Osaka Group marine clay

Masayuki Hyodo and Kaori O. Takatsugi

(Dept. of Earth and Planctary Sciences, Kobe University) m Mult
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Duplicate records of a geomagnetic excursion during the - M7

late Matuyama Chron were obtained from sediment samples B Mus Brunhes / Mawyama
gathered at Takatsuki and lzumi sites in Kinki district = Mas ¢
- M ...

(Takatsugi and Hyodo, 1991). The excursion was found just
above the volcanic ash known as the Azuki Tuff, in a marine
clay layer of the Osaka Group. Assuming the same
sedimentation rates as those from the radiocarbon dating of the
Holocene marine clay. the duration of the excursion is
estimated as about 240 years, ranging from 200 to 500 years
when considering fluctuations in the sedimentation rate. The
excursion occurred about 0.85 Ma, a recently revised age for
the Azuki Tuff. The Kamikatsura excursion previously
reported around this period from the Osaka Group data, is
estimated to be a few ten thousands years older than the
presently discussed excursion, based on the correlations of
changes in the sea level recorded in the sediments of the Osaka
Group and the oxygen isotope record of deep-sea cores(Fig.1).
These two excursions in Japan, and short normal events
reported in the Southern Ocean, North America, and China
suggest that during the period from 0.84 to 0.87 Ma, the
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Relative paleointensity by the suspension method from deep-sea

sediments
Koji FUKUMA! end Tekaharu SATO?
IKyoto Univ. 2Niigata Univ.

We enalysed s relative paleointensity record obtained by using the
suspension method from calcareous ooze in equatorial western Pacific
(Yoshida, 1984). Although relative paleointensity data from sediments have
recently accumnulated, its relisble method is still a subject of debate. The
suspension method gives not only s reliable measure of concentration of
magnetic material but also the distribution of grain size. The estimated grain
size is in single-domain region, concordant to the results by TEM
observation. The normalized NRMs show quite similar patterns between
different normalization parameters. The suspension method will be a

promising approach in relative palecintensity studies.
Bl SRMHSOSHBBRIARAKDT— 7 HBRENTWDN.
FEOMEEICOVWTRRLHARNSDS. SH. YAV Y3 vk
ZRWTROSN- SR KA BB DI (Yoshida, 1984)D5
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Fig.1 Correlations of the oxygen isotope stage numbers (indicated by the
numbers next ta the isotope curve) [Shackleian et al., 1990] and the marine
clay numbers found in the Osaka Group. The venical extent of the black
rectangles indicaic the relative thickness of cach marine clay found in the
core OD-| [Yoshikawa et al., 1987]. The age scale (Ma) corresponding to
:!nc oxygen isotope and clay samples is indicated on the left-hand side of the
igure.
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C21-01
On the unsolved problems of the Solar activity

Grant Kocharov (STE lab. Nagoya Univ.)

The problem of deep and prolonged solar minima
has been discussed based on the fillowing experimental
data.

1.High precision measurements of cosmogenic iso-
topes in natural archives (tree rings,ice cores,sea sedi-
ments,corals etc.)

2.Annual growth of tree rings for the trees from dif-
ferent places of the Northern Hemisphere

3.Available observational data on time veriation of
sunspot numbers, solar irradiate and semidiameter,flare
activity

Main unsolved problems of the solar and solar-terrestrial
phenomena have been formulated.

C21-02
Radial Gradients of the Galactic and Anomalous Cosmic
Reys Observed from 1978 to 1993

©Z. Fujii!, and F.B. McDonald?

1Solar-Terrestrial Environment Laboratory, Nagoya University
2Institute for Physical Science and Technology, University of
Maryland

The contemporary model of the long term modulation of
galactic cosmic rays are divided into two distinct classes, 1)
stcady-state model with a drift , and 2) non-drift model with
time-dependent diffusion coefficients. The radial density
gradients of the galactic cosmic rays are one of the fundamental
paramecters that characterize panticle transport processes in the
heliosphere and which can be used to evaluate the modulation
models. In this study, we investigate the radial density gradients
of 120-230 MeV H* and 180-460 MeV/n He** from IMP 8,
Voyager 2 and Pioneer 10 near the ecliptic plane out to
heliocentric distances of ~60 AU for the time period of 1978 to
1993. This 16 year interval covers successive solar minima and
maxima of different solar magnetic polarities. To examine the
radial dependence and its solar cycle changes, the gradients are
analyzed, using the functional form, dJ/Jdr=G(r/rg)®, where o
and G, are constant for a particular time, r is the heliocentric
distance and rg = 1 AU. The values of o and G, are
determined numerically on a yearly basis. It is found that «
changes in the range of -0.2~0.6 for H* and -0.6~0 for He**,
going from solar minimum (maximum cosmic ray intensity) to
solar maximum of the 11-year solar cycle. We also repont the

Figure illustrates one of unsolved problems : why
during Maunder minimum Cosmic rays were modu-
lated by the Sun and why 11-year cycle is less pro-
nounced than 22y cycle?
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gradients of the anomalous cosmic ray helium and oxygen.

Fig.l: Twenty-six day averages of 120-230 MeV H* from IMP
8, Yoyager 2 and Pioneer 10 for 1978 to 1992,

Fig.2: Anomalous oxygen observed by Voyager 2 and Pioneer
10 for1978 to 1992,
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Cosmic-Ray Excess Flux from Heliomagnetotail
K. Fujimoto, K. Nagashima and *R.M. Jacklyn
Cosmic-Ray Section, Sclar-Terrestrial Environment Laboratory
Nagoya University, Nagoya 464-01, Japan
“Antartic Division, Department of Science and Technology,
Kingston, Tasmania, 7150, Australia

It was suggested by Kovar and Dessler (1967) that a cosmic-ray
excess flux might be expected from the heliomagnetotail. The present
authors have found its evidence in the cosmic-ray sidereal daily vari-
ation in comparatively low energy region {(~ 10°GeV). The direction
(ar=6 b; & < 0°) of the flux seems coincident with the tail direc-
tion (arp=5.9 h; &rp=-20°) opposite to the proper motion of the
solar system, but does not coincide with the direction (azg=4.8~7.2
b; 876=15° ~ 17°) opposite to the relative motion of the system to
the neutral gas because of the difference in the sign of the declina-
tion. The flux is confined in a cone with a half opening angle of ~66°
obtained on the assumption that & = &rp, and shows the maximum
on the nearest Earth’s orbit to the tail on the winter solstice and the
minimum on the summer solstice. The flux in high energy region can-
not be observed directly owing to the coexistence with the galactic
anisotropy from a=0 h, but can be identified with the 6h-component
of the observed sidereal diurnal harmonic vector. Its energy spectrum
shows the maximum near 10°GeV and tends to zero near 10°GeV.
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Observation of ancmalous cosmic reys by GEOTAIL saellis
T.Tekashima, T.Doke, J.Kdaxcki, T.Haywshi, K.Isumi, NHasebe A, M.Fujti B, MKobayashi B,

¥ Mishima B, T.Yenagimacki C, ANk €, HMurkami€, KMunakaia D, CKsioD,
KNagatsE, S.Yansgisa F, T.Kchno O, ANishida H

Advinced Res. Center for Sci. & Eng. Waseda Univ., Faculty of General Education Ekime
Uaiv. A, Dept. of Phys. Ehime Univ. B, Dept of Phiys. Rikkyo Univ. €, Dept. of Phys. Shizobu
Univ. D, Facxity of Eng. Tamsgawa Univ, B, Dept. of Easth Scl. Poarski Univ. F, RIKENG, ISASH

New observation of low energy cosmic ray pasticles by the HI and Mls instnuments
onboard tho GEOTAIL satcllite orbiting 1 AUshows a skable enh of |
cosmic tays (ACR) N, O and Neo in the period of September 1992 - April 1994 beforo
sppoarching to the solar minimun in the sclar cycle 22. Tho ACRs N, O, Ne ficxes incress
stocply at low enagy region, tut C flunc ,of which first ionization potential(FIP) is lower than
that of N, O snd Ne, §s flat af that. [| suggesis that mosi of the clement with high FIP are neutral
particles in very local § 1lar mediun{VLISM) and significs that most of cbon endsulfir
with middle FIP aro fonized in VLISM.
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‘Two Hemisphere Observations of
the Solar and Sidereal Dally Varfations in Cosmic Ray Intensity

K Monaksta, S, Yasue, S. Mo, N. Kitswada (Shiasho Uaiv.)
Z Pujli, K. Pujimoto, S. Sakakibara (STE lab)

1 EHumble, K B Featon, AG.Fenton (Univ. of Tasmanis)

M. L Duldig (Australian Azterctic Div.)

The solar and sidereal daily variations in cosmic ray intensity will
be analyzed by using data from a pair of two-hemisphere-nctworks
of multj-directional muon detectors on surfacc (Hobart in Tasmania
and Nagoya in Japan) and underground (Liapootah in Tasmania and
Matsushiro in Japan). In this report, we amalyze two year data
sccumulated since the beginning of operation on December 1991,

Using data from multi-dircctional cbservations underground in
both hemispheres, we test the porth-south sidercal asymmetry
which has been so far reported from long-term observations at
Matsushiro and Sakashita in northern hemisphere. We analyze also
data from two-hemisphere-network of surface muon obscrvations
covering lower energy region and test the encrgy dependence of
sidereal daily variation.

By using data from two-hemisphere-network of surface muca
observations, we investigate the average features of the solar diurnal
and scmi-diumal variations. The preliminary results showed a clear
existence of north-south asymmetric diumal variation as well as
symmetric variation. The north-south asymmetric diumal variation
is consistent with that expected from the scmi-diurnal anisotropy
which produces the observed semi-diurnal variation.
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PRAZIF £0 #— BILFEHR SR —8
Univ of New Hampshire M.A.Shea . D.F.Smart

STE-laboratory, Nagoya Univ. T.Koi,Y.Muraki,M.Sato,5,Sakakibara
Faculty of Engeneering Chubu Univ. S.Shibata

The Institute of Physical and Chemical Research K.Takahashi

Univ of New Hampshire M.A.Shes . D.F.Smart

We have calculated attenuation of the solar neutron in the Atmo-
sphere using Monte Carle method. And we also calculated the propa-
gation of neutron decay particle along the interplanetary magnetic field
following the Fokker-Planck equation.

1990425 B 24 HO7 V7 E ) KBPETHSU. HIE% Lfko
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(Deburnner 1993)
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Fig.1 Harmonic dials of the solar(SO), sidereal(SI) and anti-sidereal
(AS) diurnal variations observed by the vertical tclcscopes at
Liapootah({LST-V) and Matsushiro(MST-V).
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Fig2 Average solar diurnal and semi-diumal variations observed by
Hobart muon telescope.
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{Ng and Wong 1979)

z : the arc length along IP mageatic field

v : the particle speed

#: the cosine of pitch angle v, /v

F : the particle distribution function

S, : the p-flux

Q : the gouce funclion of neutron decay products

¢ : the Fokker-Planck coefficient for pitch-angle scattering
L : the forcusing length of the field
EEWTREAThOMHERERCOVWTRLIR®ERT S,
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Solar wind velocily measurcrents in the acceleration region
by interplanctary scintillation

Y. Tokumaru (CRL/Yakkanai). T.Kondo (CRL/Kasthica). 0. \Mori,
and T.Tenoka (CRL/licadquaters)

The solar sjnd velocity in the rodial range of 10-30 Rs is estinuted
fror interplanclary scintillalion measuresents al 2 and 8GHz using 8
large radiolelescopr atl Kashiza, Derived velocities indicate clesrly
(hal the solar vind is drived significantly betveen 10 and 30 Rs. Our
IPS data taken in 1990-93 sugrest thet the high-speed wind develops al
high latitude wilh decrcasing solar activily. It is also demonstraled
that our IPS eeasurcacals are in good greesenl with sulti-station (PS
eeasurenents using EISCAT.
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Characteristics of the Solar Wind Plasma Close to the Sun
Using Interplanetary Scintillation Observations
°Y. Yamauchi, II. Misawa, M, Kojima
Solar Tervestrial Environment Laboraiory, Nagoya Univeraty, Japan
. Mori, T. Tavaka, T. Kondo, M. Tokumaru
Communicalion Rescarch Laboralory, Japan
P.K. Manoharan

Tala Insiitelc of Fundamental Rescarch, Irdia

.We carried out IPS obscrvalions at microwave frequencies using the
26-m antenna al Kashima doring September and October in 1992 and
1993. The coverage of the obscrvalions was in the distance range be-
Lween 4 and 64 solar radii.

In this study, from these obscrvations, solar wind velocity, anisotropy,
innet scale size and power low index of solar wind turbulenee were in-
ferred. For this analysis, we applicd model filting method that is useful
Lo measute the solar wind paramcters.
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C21-09 A Fermi Acceleration Event

at an Interplanetary Shock Wave
on Feb. 21,1994

GEOTAIL Observation
OLREK', WBHIX', MILAAT IBLEPF— A
filiRE°, B. Wiken' ,JKEEGI* 12 PHEPF — 4
WAEAT, BSE (IDMOFF— 4,
EEMELT, KksE
WK, (R, CAKE, ‘MPAE, PEINK, ‘HKSTEM,
THIRR
O Rrasrwra’, Y. Saito”, T Muksi’, end the LEPteam
K Macuawa'. B, Wilken', K. Nagata', md the HEP 1eam
T Yamamoto®, S. Kokubun®, and the MGF am
T. Nagal' sod A_ Nishida*
!DEPP, U. okyo, 'ISAS, !Depl Phys, Nagoya U., ‘MPAE,
' Dept. Phye, Trmagawa U., ‘STEL. Nagoya U,
*Dept. Earth and Phaec Sei., Tokyo [mt Tech.,

On Febroary 21 1994, GEOTAIL was in the upstream region of the
carth's bow shock around (X.Y, Z)&SE=(-27, +61, -2) Re, where we
observed a passage of a faidly swong inlcrplanctary shock a1 0903 UT.
Several hour before the shock passsge, gradual increases of the flux Jevel
were observed both for ions (>~30 keV; HEP/LD, Fig. 1b) and ¢lectrons in
all the observed encrgy ranges.(several tens of cV ~ 40 keV; LEP/EAE, Fig.
Ic). Thesc gradual changes were quite consistent with what we expect from
the mode) of the st order Fermi acceleration process working around Lhe
shock front.  One of the remarkable Leature of this event is an absence of
suprathcrmal ions in the upstream region of the shock front above the
background level (<30 keV/q LEP/EAL before 0903 UT, Fig, 13). We find
that this absence is explicable by invokiog the cficet of the de Hoffman-
Teller (ATH) frame transformation;  Since the GEOTAILL 'ram’ velecity
roward the shock front is >~2000 km/s in the dTH frame, a)l thermal o
suprathcrmal ions staying upstream of the shock front arc boosted ug to the
energics >~ 30 keV in (he GEOTAIL obscrvers' rame.
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MINIMUM ENTROPY / ENERGY PRODUCTION RATE
PRINCIPLE IN THE WAVE-SHOCK SYSTEM

Tohru Hada

Department of Applied Physics, Faculty of Engineering
Kyushu University at Ropponmatsu
Ropponmatsv, Fukuoka 810 Japan

e-mail: hada@re kyushu-u.ac.jp
tel: 092-771-4161 ext.282; fax: 092-731-8745

The characlerization of physical states by extremum prop-
entics is not only vseful physically and mathematically, but also
appealing from the viewpoint of fundamental understanding of
the states. Many physical laws can be formulated as extremnm
principles.

Minimum entropy production rate principle, proposed by
Onsager, Prigogine. and others, is known to characterize sys-
tems near thermodynamical equilibium. For systems other
than those, on the other hand, the principle appears to accupy a
status intermediate between that of a conjecture and that of a
deduction.

In this study we consider a system in which an MHD shock
wave interacts with an upstream wave with infinitesimal ampli-
tude. This system is ideal for exploring the applicability of 1he
minimom entropy production and the minimum energy dissi-
pation rate principles to the driven, nonlinear dynamical states.
The cxact energy dissipation and enlropy production rates arc
calculated, and are compared with the production rates ex-
pected from the extrermum principles.
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Fig. 1a (lop): Counting rates of the suprathermal ieas (LEP/EAD, Before 0503 UT, no
inwerplanctyry-shock rekued fons were observed in Lhe encrgy range below ~30 keVA.
lons obsarbed bafore 0540 UT, arcund 0720 UT, and 0815 UT were those rypically
found in the bow shock upstream region.

Fig. 1%{middle): Counting rates of Lhe encrgelic protons of > 35 keV (HEF/LD),

Fig. le(boiom): Counting rates of she suprathermal ~ energetic clcctrons (LEP/EAE).
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ANTIPODAL NESTS OF SOLAR FLARES AS A CAUSE
OF M-TYPE GEOMAGNETIC STORM

Takao SAITO ', YMORI ', YMATSUURA ', Y.KOZUKA ' & M. KOJIMA'
1. Tulhaku3-6-29, Taihabu~Ku, Sendaf 982-02 (Tohokn Unlv. Srudent & Em. Frof.)
2 Miyagi Edocatlomay Colfege, Sendal 980, I STBL, Nagoya Unlv., Toyokawa.

The so-called solar mysterions regions and geomagnetic mysterious
disturbances were explained in lemms of the wiple—dipole model. O amalysis
of various solar phenomema verified that the model is genena), becuse a
systanatic distribution of these pbenomena have appeared commonly in cvery
sunspol declining-minimum phase.
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Rotation of the Large-Scale Solar Magnetic Field
and Its Influence on the Interplanetary
Magnetic Field

*Yukio Kozukn', Masayoshi Kojima!, and Tokno Saito’

! Solas-Terrestrial Environment Laboratory, Nagoya University
?Tohoku Unicersity

The interplanelary magnetic field (IMF) shows a characteristic recur-
renee polarity pattern duting solar cycle. The recurrence period of the
IMF polanity is usually aboul 27 days, whilc the period of aboul 28
1o 29 days sometimes appears. Such a chiuge of the petiod is caused
by the cvolution of the large-scale solar magnetic ficld. [u this study,
characteristics of tha rotalion of the large-scale solar magnelic field are
investigated by using & spherical harmounic analysis. The result is com-
pared with the recurrence pattern of Lhe IMF polarity.

We used the pholospheric magnelic ficld data mcasured by the Stan-
ford magoetograph for sunspot ¢ycle 21 and the data measured by the
Kitt Peak magnctograph for cycle 22, Spherical expansions of the mmag-
netic field data for coch Carrington rotation number were carried oul
during the interval from 1976 lo 1993. Carrington longitudes of the
hotizontal magnetic axes were calculated from sphertcal harmonic co-
cffcients. Rotation periods of each harmonic component of the solar
magnetic ficld were oblained from the change of the Carrington longi-
tudces.

Figure 1 shows the long-term variation of the rotation periods of the
hotizontal dipole (n=1, m=1) and (he quadrupole (n—2, m=2) compo-
nents during the interval from 1976 to 1993, The IMF polarity expressed
in 27-day recurrence pattern is also shown in the figure. The: result of
this analysis clearly shows that the rotation period of (he horizontal
dipole component is nhout 28 Lo 29 doys in the rising phase and about

27 days in Lhe declining phase for cycle 21, while the quadrupole com-
ponenl keeps a nearly constant rotation period of 27 to 28 days all over
the cyde. On the other hand, the quadrupol: component rather than
the horizontal dipole component shows a characteristic variation during
cycle 22, The rolation period of the quadrupole component suddenly
changes from nbout 28 days to 27 days ncar Lho sunspol maximum of
cycle 22, The result suggests that the distribution of Lthe solar mag-
netic ficld is expressed by a combination of the patterns with different
m-pumber with their own rotation periods.

The IMF polarity shows a 28-day recurrence ia the rising phase of
both cycles and pear lhe maximum of cycle 22. The changes of the
recurrence petiod of the IMF polanity correspond 1o those of the 1olation
periods of the horizonlal dipole and the quadrupole components. 1L iy
concluded thal the rolations of these lower harmonic components of the
solar magnetic fiedd affect the vanation of Lhe recurrence period of the
IMF.
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Interplanetary Hagnetic Field Coning from
Active Regions on the Sun

Tomoko Nakagawa (Tchoku Institite of Technology)

Interplanetary magnetic fields which originate from active
regions on the Sun were investigated by using Sakigake
solar wind data to see if they have special features that
would refrect magnetic structures in the source regions.

All the solar wind data obtained by Sakigake at 1 AU from
the Sun during the period from January to July, 1993 were
traced back to the Sun sccording to their solar wind speeds
by agsuming a simple model in which solar wind plasss was
linearly accelerated within 3 solar radii. Ten cases out of
162 solar wind observations were mapped back onto one of
NOAA active regions which appeared within 5 degrees in
latitude. Many of thea showed following features in magnetic
field that are common with planar magnetic structures:
highly variable magnetic field (4 cases). small component Bn
of magnetic field in minioun variance direction (5 cases).
large inclination of the magnetic field vectors to the
ecliptic plane (6 cases). and magnetic field which was
significantly out of Archimedean spiral direction (4 cases).
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Origin of Low-speed Solar Wind Observed with Ulysses

*H. Watanabe, Y. Kozuka, and M. Kojima (STE Lab.,
Nagoya Univ.)

Since launch on Qctober 6 in 1990, Ulysses had been observing a number
of solar wind streamers near the ecliptic plane till February 1992 when it
encountered Jupiter. Ulysses cbserved corotating high density streamers
in the late 1991 at 4-5 AU. A comparison of the time variation of proton
density and flow speed suggests that these high density regiona were not
caused by any transient phecomena such a3 CMEs, but by interaction
between low and high speed streamers We mapped all data back onto
the source surface along an Archimedian spiral with an assumption of
constant speed flow, and then found that the high density flows were
emanated from around the carrington longitude of 150 and 330 degrees
on an equator. Magnetic neutral line on the source surface, which had
quite stable structure during this period, pass through these regions.
We can find giant active regions(GARs) at each regions on YOHKOH
SXT images. It is possible that these GARs caused slow wind streamer
in the interplanetaly space.
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Comparison of IMF at Venus and Earth Orbits
K. Marubashi (Communications Res

Correlation between solar wind magnetic fields (MF) at 0.72 AU and 1.0
AU has been examined by using the data sets from the Pionser Venus
orbiter and from Earth-orbiting spacecraft for selected intervals from
December 1978 to May 1982. The long-term variations are found to be
dominated by sector structures, mosty by two sectors, and exhibit good
correlations between IMFs at Venus and Earth orbits. The cross-corelation
coefficients are generally higher than the auto-correlation coelficients of
MFs cbserved at Venus and Earth orbits. On the other hand, short-term
variaticns at Venus and Earth exhibit generally poor correlations. Good
correlations are found for wef-defined structures of both transient and
corotating origins. The rather poor correlations in the background streams
indicate that the sclar wind magnetic fiekds are still changing between
Venus and Earth under strong influence of solar wind dynamics. Figureis a
plot of 24-hour average of Bx component indicating a persistent two-sector
structure. The periods of recurrence in the two curves are different
because the angufar velodity of orbital motion of Venus is about 0.6° /day
larger than that of Earth.
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Studies of Three-Dimensional magnetic structure of
the Outer Heliosphere

Satoshi Nozawa and Haruichi Washimi

Three-dimensional MHD analysis of the outer heliosphere is discussed.
It is shown in our previous study that the torcidal magnetic field in the
heliosheath plays a dominant role when the solar rotation effect is taken
into account. In our previous study, when the interstellar gas flow and
interstellar magnetic field are perpendicular to the solar rotation axis,
we find the polar-plasma flow channel and the equatorial disk-like den-
sity enhancement. In the present study, we will discuss the fine struc-
tures in the density and the magnetic field of the outer heliosphere about
(1) the interstellar maguetic field direction is paralie] to the interstellar
gas flow, (2) the interstellar magnetic field direction is perpendicular to
the interstellar gas flow and parallel to the solar rotation axis and (3) the
interstellar magnetic field direction is perpendicular to the interstellar

gas flow and the solar rotation axis.
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APPLICABILITY OF TITIUS-BODE'S LAW TO
SATELLITE'S SYSTEMS OF SOLAR PLANETS

HACHIRO TAKAHASHI and NAOHIRO YAHAG!
Iwate University, Morioka, Japan

it is well-known that Titius-Bode's (T-B) law
gives approximately distances between Sun and a
planet around the sun except for Neptune and
Pluto. However, its physical meaning no. theory
have not yet been postulated, because of unfit-
ness of the law to Neptune and Pluto. Neverthe-
less a fact that T-B law is satisfied for all
planets nearer to the sun than Neptune may be
undeniable, telling us that T-B law must be true
at least for planets up to Uranus in the light
of such a fact. From such a point of view, here
we oresent theoretically that T-B law is ecuiva-
lent to a result from Newtonian mechanics and,
besides, T-B law may keep in itself an applica-
bility of it to satellite’'s systems of sclar
planeots.

Trecating this matter as two body problem, the
following equation may be deduced from Newtonian

mechanics: a_=&(ﬁ'z'tﬂ£) L
e v2
-2
==/\of%L (1)
Ao=2t2 | Mop M =i
where@ is the mean distance of a planet from the
sun, Mg the solar mass, mp the mass of the plan-
et,U, the orbital velocity of the planet when
passing through the major axis of its orbital
ellipse, G and C the gravitational constant and
light velocity in space respectively. It finds
from simple calculation that T-B law is equiv-
alent numerically to Eq.{1l) for all planets up
to Uranus from Mercury.
1t may be concluded in the light of the above
result that the satellite's systems of planets
around the sun may also obey the similar equa-
tion to Bq.(1). The details of such an equation
will be given in this study and discussed in
coparison with the results obtained for planets
around the sun.
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Influencing Factors on the Shape and Size of the
Post-Terminator Magnetopause

0§, M. Petrinec and K. Takahashi
Solar-Terrestrial Environment laboratory

Nagoya University

C. T. Russell
Institute of Geophysics and Planetary Physics, University of
California, Los Angeles, Califomia, U. S. A.

The influence of downtail distance, solar wind dynamic
pressure, and the z-component of the IMF on the position and
shape of the post-terminator magnctospheric boundary is
examined. Magnetotail lobe pressure values (magnetic) are
calculated from 360 orbits of ISEE-2 for which plasma data
are available to determine when the spacecraft was in the lobe
of the magnetotail. Calculations of the solar wind pressure
components (dynamic, thermal, and magnetic) arc made from
simultaneous IMP-8 measurements. Flare angles of the
magnetotail boundary are then calculated, utilizing the concept
of perpendicular pressure balance between the magnetotail
Iobes and the solar wind. The flare angle of the magnetotail is
found to increase for southward IMF, but changes for
northward IMF are of much smaller magnitude, indicating
that the magnetotail size only increases significantly for
southward IMF. The flaring angle has been integrated to
determine the average shape and size of the magnetotail,
matching the boundary to the average dayside magnetopause
shape at the terminator. The magnetotail shape and size is thus

C22-02
Reconnection #
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Reconnection or Diffusion
Takasl OGUT]

The magnetic field recongection Is mot as clearly defined as
the magpetic field diffusion. Hovever, phenomenclogical dif-
ference betveen the reconnection and the diffusion appears to be
such that a field linc coamection betveen the solar wind and the
pagnetosphere occurs only on the localized “reconnection line”
if the reconnection is operative, whilst it occurs on tbe vhole
pagactopause if the diffusion is the major process. The iacrease
in tbe penetration rate of tke solar vind By cposponeat in the
eagnetosphere vith increase in the -X distance suggests that the
diffusion is the major process for opening the magnetospheric
nagnetic fiux te the solar viad.

ARREBZMEDHERBIBITSRLEXOLHTARD—D
ELTXKRBANRY ERAMOBIN LD Reconnection AL AL
5NTWS, LAL Beconmncction AYES > TWA T LOERNMLITH
iREI—->36 0T /s\r, Reconnection DEMEINTVELDIZSL
TRREMTH->T. ENHIVTHO DiffusioaCEMTESZLOT
»35.

Nagnetic Reyaolds Number®d X/ CHIRICRBEI N SDilfusion &
i% 2T Reconnection DEMILT L OWAITAV,. LAL., —RKE
bATWIRAISBADE. P LORGANICIE, KXMARLEUHR
MEDBIS (BHIR) DK, VWb DHReconnection Line TSN,

determined as a function of the solar wind condition. This tail
model is used to examine several sudden impulse events, and
comparisons of the tail magnetic flux content are made for
events which trigger substorms and for those that do not.

FhAOB AWM RECI2Frozen-ia DEAEINRINTRAHBDOL
EFRARBISLHVENIBRATHIILIRARENS, —F. Dif-
fusionTid, KA LBAME DRPDOELIL, Z>0TIKEAIITSX
EERAMOLITOLRI 2 THHEFRXLNSE, SOZHDHANDE
WEBHSLS, BANKRATSARBARORHOHS Y. SLAMOM
BrORBEAY > TEDEIRERTREDIERRABI LI LT,
HEBICREB 6B > TWIDOIEERATRS,
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SOR/ICIZ, Alfvendi ) IBEIRI B CAIEEDstressizMAA S h, ¥
HRBICRT IR THE, Thabdd, HERIAXBRD B,RYI]
0NRYK. XRRAXEFS00k/seck LT, 8L¥ 50R:eTHAR
DHBERATIRTTHY. chlikiz, BAMICRAETIARAD
B,EANWMARABRDB,D—HAREN—ZHICEH 13T THS,

—%. GLBEMRRIGLETODIMusion HRABERDELEN
THHLETHIL, XBARPORIAEDOEEONECIIHALE IR
T3129T,. BIAWADB, NI - XOERE L OIATICKEL 2
2T, RROCABAD B, 0l I RTVTHD,
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DEHCEDLIOIRBTHOUDOL D> THLLANGATVWSRTIR
2w, x==-20~-33Re CiIAIABOABNB, 12XRBADB,
N1 3%ME (Fairfield, 1979) THH. =-2 1 0Re TRRNEB
DB, RABRNB, LIZIESL { %25 T (Nishida ct al, 1994) . X
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Intrusion of the IMF into the Magnetosphere
Nobuo Matuura

(Solar-Terrestrial Environment Laboratory, Nagoya University)

Msgjor factor controling the solar wind-magnetosphere interaction is  the
ion kinetic pressure of the solar wind. On the other hand, electrons in the
solar wind contribute with their thermal pressure to a small amount increase
in the solar wind pressure against the earth's magnetic field pressure. It is
pointed out here that magnetization current around arising
from spatial gradient in magnetic moment of the soler wind electrons should
be taken into consideration. The magnetization current around magnetopause
yields magnetic field inside the magnetosphere with the direction parallel to
the IMF and with magnitude depending on 4 value of the solar wind
electrons.

ABEA - BREEEAAIIBWT, AREAA 2 OFREHI R
LRBLABRTE Y., BFORMENIZA X OBBMEA DTS
oftnthRzE523, ABRBTFEREATIBAE—XY D
SR DV ILEARHITLE, TZTRESRLEY,

ARERTOMMEREY ) ORTRE—R Y M2, BATELD

ﬂ&. :
M=— (n/B) - (mv2/2B) B=— (p/B2) B, . . (1)
SoT. o AT, m RRTFIHR. BRUBIEZ I MFORME
ROz by, vEUp BRTFORIBERURNEND IMFIC
BAREATHE, BFORNELIR. 13 0RELRERY, X
BEMICERT, KEhD, BREEELTWLILHBIALLSD
T. 0/Bii—E. £, BHLOBFORAC—AY FR—ETHS
b, M==MBLRbOTTZ LHMTED, XL, M= (p/B2)

C22-04 Field-aligned current and

plasma for northward IMF

°M. NAKAGAWA, T. HJIMA
Graduate School of Science, The University of Tokyo

Precipitating plasma regimes comprise inner plasma
sheet (IPS)(pile up of hot ions = 5-10keV) encircling the
magopetic pole at equatorward side, and boundary plasma
regime (BPR)(ions = 3-7keV) that develops poleward of
IPS and across the polar cap, up to magnetic pole. We
found no signature of intrusion (or bifurcation) of IPS
into the polar cap. Accelerated electrons appear occasion-
ally in the void space of BPR at very high latitudes. By
using locally morroring energetic electrons (>>30keV, PA
90°), we confirmed thet IPS is on closed magnetic field
lines and BPR is on open magnetic field lines. Corre-
sponding to BPR on. open magnetic field lines, energetic
isotropic protons (~30-80keV, j(90°)~;j(0°)) occur mostly
on the dayside. This is indicative of that window through

which magnetosheath energetic particles directly enter ex-

THd, 2T, WHREPHD~0DE XiFn— 0B LUmvZ—0
LHRD, BAMBRATIE, AMIZED LS Tn—0 &23
DT, BRE—A Y POBMALHEL. ROMaxwel DA TED
SNIRHEMBNEL S,

VXH = J+VXM+dD/dt, ... Q@

ARBR-B#REAEAAL., ERXeSTIRHIL, JRERX(AZ
12 & 3 Chapman —FerreroBH T H Y . HAW 2 HIIBEBATD
3, BiLR/itoA . I MFiIzEFL. SERITAB KA
2K 38PIE, IMFORHMERY, TOREEL, QADOATH
b, ARBR B3, BF 77 X7 HITEAT S,

ZNEIBRAH=XAIL LD I MFORTBEAORAR, BXE
DD IMF B 7. 3X7/{ifd I MF &7, BRSO
¥— hBHOMEDO IMF By##F. IMF B,0itkE&4—
RKVDOEBENDOLEANY SORTERERAT IO, HadIe,

ists on the dayside and is very wide in latitude. These
magnetosheath energetic particles were originally magne-
tospherically trapped particles and leaked out the magne-
tosheath. Region 1 and NBZ (poleward of Region 1) field-
aligned currents also occur on dayside open magnetic field
lines corresponding to BPR. While on the nightside, ener-
getic isotropic protons exist on closed magnetic field lines
corresponding to IPS. This demands the distinctive pro-
cesses that cause current sheet acceleration, isotropization
and pile up of hot ions on nightside closed magnetic field
lines. Plasma convection that regulates characteristics of
particles and currents is suggested to include the so-called
lobe-cell (e.g. just rearrangement of open magnetic flux)
mostly on the dayside, along with the reclosure-cell on the

nightside.
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North-South Asymmetry of Magnetic Variations
during the initial phase of Magpetic Storms

K. Yumoto, H. Matsuoka, K. Shiohwa, Y. Tanaka (STE Lab., Nagoya
Univ.) and 210 ®* MM Magpetic Observation Group

In order to investigate the dynamical features of the solar wind - mag-
netosphere interactions during the STEP (1990-1997), STEL/Nagoya
Univ. is conducting coordinated magnetic observations along the 210°
magnetic meridian from high latitudes, through middle and low lat-
itudes, to the equatorial region, in cooperation with 27 institutes in
Japan, Australia, USA, Papua New Guinea, Indonesia, Russia, Philip-
pine, and Taiwan. Using the magnetic field data we have found that
magnetic field variation during the initial phase of magnetic storms
exhibits north-south asymmetries. These asymmetrics cannot be ex-
plained by using the magnetopause surface curreat model for a sym-
metric solar wind flow. We will present the observations and possible
interpretation of the observations.
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A Statistical Study of Geomagnetic
Storms
N. Yokoyama and Y. Kamide {STE Laboratory, Nagoya University)

We conducted a superposed epoch analysis of geomagnetic storms
using Dst and AE indices as well as solar wind parameters, The purpose
of this study is to find out the statistical characteristics of storms.

For the period from 1983 to 1991, we identified 204 storms. In these
samples, the number of intense storms where Dst < —100 nT is 44, the
number of medium storms where =100 € Dst € =50 nT is 113, and
the number of the other weak storms is 137.

It is found that more intense storms have longer time scales from
the normalized time shown in three right figures. This implies that the
injection rate of plasma particles from the magnetotail is independent
of the storm intensity.
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Diumal Variation of Geomagnetic Activity
M.Sakai and K.Maezava
(Department of Physics, Nagoya Univ.)

Analysis is made of the diurnal variation of
geomagnetic activity (as represented by the am index)
to investigate the existence of contributions from the
McIntosh effect. On the basis of 20 years’ data from
1966 to 1985, we confirm that the diurnal variation has
a phase consistent with the McIntosh effect. This
supports the view that the McIntosh effect is a
significant contributor to geomagnetic activity.
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H. Nakai, Ibaraki High School, Ibaraki, Osaka
Y. Kamide, S8.T.E. Labor., Nagoya Univ., Toyokawa

An attempt is made to modify Tsyganenko’s [1987]
model to represent the magnetic (fields in the
near-Earth magnetotail before and after the expan-
sion phase of substorms. The model is modified to
fit to the typical magnetic field values at four
reference points; two in the neutral sheet region
and the other two in the tail lobe. It is pre-
dicted that the radial gradient of the current
intensity becomes steeper at X5-13 Rz during the
expansion phase of substorms, resulting in the

decrease (increase) of the current intensity in

the region X<-13 Rz (X>-13 Re}.
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BHETH I, FAIFARHAYN., TRV RBAROBREEN
Fhiij L, Nakal and Kamlde [19942) OB RLABONBRERR
TWwd, 5% HABRIZOBEOBRSNFBAPHAIRUAOR
B(ARAEARHIBRTROBME) &> THREThBIEREL
PBAOERT. RBMRTIHLEEIAHERVWRAEWELE N,

Hakai, H., and Y. EKamide, A node)l of the large-
scale distribution of the neutral sheet cur-
rent and its substorm-associated changes, J.
Geophys. Res., 99, 23656, 199%4a.

Nakai, H., and Y. Eanmide, Magnetic field changes
at the neutral sheet associated with substorm
expansion onset: A model prediction and obser-
vations, J. Geophys. Res. submitted, 1994b.
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tolerstellar Matler £ffects on the Auoral Activities
S. Hinael, S. Hiono. Y. Suzuki (Osaka City Univ.)
Absiract: (bt is presented Lhatl the carlh's magneto-
spherfc activities are conlrolled by 2 long lerm
variation of the dens)ity of the intersteilar matier.
!t 1s shovn Lhat the Iniruded interstellar matler
could become fast ocuirals evaporated by lhe sun
penctrating into the earth’s sagnetosphere.
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A Study on Geomagnetic Quict Days
Taking into Account of Dst Index and Ap Index

Y.Watanabe, T.Kamei
{Faculty of Science, Kyoto University)

Curtent geomagnelic quict days sclected by Kp index are at the
tate of 5 days a month. Decause of this rate, 5 quiet days are not
necessarily quiet. So we use Dst index and Ap index as critenia for
selecting out of 5 quict days and show Dst indux may allow us to use
as a good criterion. Our result shows that the yearly average values
in some stalions can be improved by as much as 10oT by applying
this criterion of Dst index during geomagnetic disturbed penods.
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Minami, §.. Eifects of the intersicliar neuteal vind
for the structure of the heliasphere, Norxe and
Chaox In Space and in the Laboralocy.Pleoum fub.
Jnc., in press. 1994,

Hiono., §. el zl.. An (nteraction of hislorical
records of aurorae and helioesphere In China
during the })1ith and 12Lh Centuries Al.: Possible
indications of accretionof Interscliar medium?
Proc. NIPR Syep/ 4nt. Heteorides. 5. 327. 1992.

Hiono. S. ¢l al.. Origin of microgpherules in
Paieozolc-Hesozoic., Pysics Res., B7S. 435, 1993.

Parker., E. N., The penctratiop of interplanetary
dust grains by Lhe solar vind. Ap/ }., 139, 85§,
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Simutation Study on Re-formations
of Collisianless Parallel Shocks

1. Shimazu!, S. Machida', and M. Tanaka?

' Department of Guophysies, Kyoto University, Japan
? National Insiitule for Fusion Science, Japan

A camprtes sinrilation of the interaction betwven the solar wind
and the planetary ivnospheric plasma is carried out by using the one-
dinensional macro-seale particle code. Clear boundarie. corrcsponding
to a collisionless parallel shock and an ionopause are formed.

"The right-hand polirized clectromagnetic waves are generated by the
interaction belween the solar wind and leakage jons froni the ionosphere.
The solar wing ions are trapped magnetically by the waves and decel-
crated in the wave region, while: the cicetrons are heated. The density
creases in this region in accordance with the deceleratinn of the solar
wind. The growth and steepening of these waves develop into the shack.

Temporal re-formations of the parallel shock are also obtained. After
the magnetic trapping Ume fiap = 2(kup,, b/ Bo)™!/% ~ 16/wai, the
growth of the waves saturates, and the trapped particles, waves and
shock are blown to the downstream by Uie incoming fresh solar wind.
Therefore, the shock front is once destroyed apparently.

The re-formation cycle obtained in our simulation is 7, frm ~ 30/we;-
This time scale is equal (o the erossing time of the solar wind across the
shoek region. After the trapped particles are blown to the downstream,
the interaction between the Juakage ions and the fresh solar wind gen-
crates the right-hand polarized waves, and the growth and sieepening
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A Case Study of Transient Event Motion in the
Magnetosphere and in the Ionosphere

G. 1. Korotova
Izmiran, Troitsk, Russia

O0D.G. Sibeck
The Johns Hopkins University Applicd Physics Laboratory
U.S. Al

K. Takahashi
Solar-Terrestrial Environment Laboratory
Nagoya Unijversity

Wec present a casc study of Lhe magnctospheric and
ionospheric responsc lo a scrics of quasi-periodic (7-8 min)
soJar wind dynamic pressurc and Interplanclary magnelic field
(IMF) sirength variations generaled at the bow shock. During
a period of duskward and anlisunward IMF orienialion, Lthe
magnclosphcric and ionospheric obscrvations indicate transicnt
cvents moving dawnward and duskward away irom a poinl of
origin at or aftcr Jocal noon, In contrast, during & subsequemnt
period of dawnward and antisunward IMF oricnlation, lhe
observations indicale events moving dawnward and duskward
away from a point of origin near 0900 LT. Wc consider
explanations in lerms of pressure pulsc driven ripplets on the
magnetopausc or dircclly driven bursis of anfiparallcl
merging. Finally, we nolce thal the quasi-periodic solar wind
variations drovc widcspread oscillations with similar periods
in high-latitude ground magnctograms and initinicd resonant
oscillalions with lesscr periods at siations on closed field lincs.

of these waves develop into the sliock again. Thus, the shock front is
re-formed.

The jonopause is not diffused s6 much and maintained steadily. 'The
leakage ions elearly separate from the jonospheric ions al the ionopause.
Although the leakage ions are originally diffused thermally from the
ionosphere, the number of the leakage iors oscillates around constant
value with a period of 7 form, and is maintained nearly constant. Tlc
number of the leakage ions always tends W increase owing lo the thermal
diffusion. However, when the shock collapses, the lcakage jons are also
blown to the downstream. The number of the thermaily diffused ions
and that of the blown-down ions almoest balanec.
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Figure: Time stacked profiles of the wave mzgnetic field decomposed
according o the helicity of the waves.
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Spotting FTEs:An Interactive Poster

°D. G. Sibeck
The Johns Hopkins University Applied Physics Laboratory
U.S.A.

K. Takahashi
Solar-Tcrrestrinl Environment Laboratory
Nagoya University

Magnetometers in the vicinity of the dayside magnetopause
commonly observe transient (~1 min) variations in the
magnetic field strength and orientation. According to the
original dcfinition, thosc events marked by isolated bipolar
magnetic field signatures normal to the nominal magnetopause,
a magnetic field strength increase, and a rotation of the
magnetic field away from magnetospheric and magnetoshecath
orientation can be identified as flux transfer events (FTEs).
Such events were found to occur predominantly for southward
IMF orientations [Berchem and Russell, 1984], leading to an
interpretation in terms of patchy, sporadic magnctic merging
on the dayside magnctopause. Other studies dropped the
requirements for isolated signatures, magnetic ficld strength
increases, bipolar signatures normal to the magnetopause, and
rotations away from the magnetosheath and magnetospheric
magnetic field orientations, but still obtained results indicating
that the events tend to occur for a southward
interplanctary/magnetosheath magnetic ficld orientation [e.g.,
Rijnbeek et al., 1984; Southwood ct al., 1986]. Studies which
relained the requirement for magnetic field strength increases
and bipolar signatures normal to the magnetopause failed to

demonstrate that events with periods greater than 1.5 min tend
to occur during intervals of southward IMF orientation [e.g.,
Kawano et al., 1992; Borodkova et al., 1994]. In this poster,
we review proposed identification criteria, offer the viewer an
opportunity to examine the original IRM data for him or
herself, compare his or her efforts with those of previously
reporied studies, and independendently determine event
occurrence pattemns.
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Collision of Comet Shoemaker-Levy 9
with Jupiter
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Optleal Observation of Jovian Disk
During Collslons of Comel Shoemaker-Levy 9

°M.Hayashi®, M.Taguchi ', Y Takahashi', T.Nagatsuma ', H.Yamanaka' ,
K.Cross!

1. Facwlty of Science, Tohoku University
2. Sendai Astronomical Observatory

Oplical observalions of collisions of comet Shocmaker-Levy 9 with Jupiter
were made with a Schridt-Cassegrain lelescope of 280 mm diameterand
cooled CCD camera from July 15 through 21, 1994 at MiZao. Images of
the Jovian disk were taken al five different wavelenglhs of 890nm (methane
band), 750nm (coatioum), 734nm (emission line of OH), 712nm (¢ontinum)
and 557.7nm (emission linc of oxygen). Dark spots due 1o the collisions
were observed at background continum of 750 nm, however, no signilicant
change was seen in the other wavelengths.

19944675178 5223 12 T Shocmaker-Levy 35 9 MR A AR
KHR L. RABIOWABRKFIIBZ DT 2RHT 210z,
FEY R LEHFA KIZ L 2RBHIIORBET 7. 8, 78
1580 218 I T, EIZTR G LI RS Sk #3473 i o £ 5

{(B¥1010m. 38°07'08"N. 140723’57°E) lIBWTH -, il
ICER L& O 280mm,. FIODYaIy b - hL LXK
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Extreme Enhancements of Jovian Decamcier Wave Radintion During
Juvian Magnetosphere Passage and Jupiter Crashing of S-L9 Comet

H. Oys, A. Morioka, M. [ijima, T. Ono, 2od H. Murao
{Tohoku University)

ABSTRACT

Obscrvation cesults of Shoemaker-Leavy 9 comels  passage through Lhe
Jovian decameter wave radiations had taken place afler the entering of the traln
of fragments of the comets Inlo Lhe Jovian magnctosphere. The total emission
powcr increased 1o the lovel approximmtely 100 (imes latger Wban the regular
maximum of the cmissions duc to Lhe lo satellite effeas. Remarkable
enhzncements of Jovian decameter wave radiations had also been observed after
the {mpact of Gt fragmenl; Lhe results show that Lhe emissions were caused by
serival of shock waves In Jovian polar regions. The high level emissions of the
Jovian dacamelcr wave radinlions have continucd even afler the crashes of the all
prominent fragments. It is infcrred that a lagge veolume of plasma have been
loaded o the Jovian magnclosphere belng associaled with the passages of the
comelary fragments through e Jovian magnciosphere being sugounded by the
plasma cloud.
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X-RAY OBSERVATION OF THE JOVIAN
IMPACTS OF COMET SHOEMAKER-LEVY9

K . Terada(1), H. Negoro(2), K. Hayashida(2), S. Kitamoto(2),
H. Tsunemi(2), H. Oya(3), T. Ono(3), A. Morioka(d),
Y. Tawara(5), T. Mukai(6), M. Hoshino(6), and T.Terasawa(7)

(1) Dept. of Earth & Plasetary Sci, Hivoshima University

(2) Dept. of Earth & Space Scl, Osaka University

(3) Dept. of astronomy & Geophysics, Tohoku University

{4) Upper Atmos, & Space Sci. Laboratory, Tohoku University
(5) Dept of Phiysics, Nagoya University

(6) Instituts of Space and Astronautical Science

(7) Dept. of Earth & Planetary Physics, University of Tokyo

An ASCA observation of the Jovian impact of the comet Shoemaker—
Levy 9 is reported. Three impacts of H, L and R were observed and two i
mpacts of B and G were observed within 60 min after their impacts.
No significant flaring of X-ray emission was observed. Upper limit X~
ray fluxes of 90 % confidence level, averaged 5 minutes just after the
fmpacts, were 3.7 X 10 """ erg sec "'em ~*, 42 X 10°'* erg sec !
em-! and 22 X 10"'*erg sec~' cm ~* for the impacts of H, L and
R, respectively, in the encrgy range between 0.5 and 10 keV. However,
a hint of X-ray enhancement around Jupiter from July17 to July 19 was
detected with about 2~ 6 X 10~'* esgsec ~' cm ~* in the energy
range between 0.5 and 10 keV (Figure 1 and 2).
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OBSERVATIONS OF JOVIAN DECAMETRIC RADIATION
IN THE SL9 IMPACT PERIOD

Koitiro Meeda
Hyogo College of Medicine

Noritaka Tokimasa and Takehiko Kuroda
Nishi-Harima Astronomical Observatory

We made observations of Jovian decametric
radiation at Nishi-Harima Astronomical Observatory
during the Shoemaker-Levy © comet (SL8) impact
period. For reliable identification of Jovian
emission we made observations with a phase-switched
interferometer, a polarimeter, and two radiometers.
In addition, the dynamic spectrum observations were
also made in the frequency range 16-38 MHz. The
nominal observation time for each day was from 0800
to 1300 UT (1500-2200 JST). The observing
frequencies were often changed to avoid man-made
interference. Typical observing frequencies of the
polarimeter and interferometer were 21.87, 21.9,

22.0, and 22.2 MHz, and those of the radiometers
were 21.87, 21.9, 23.3, 24.0, 24.4, 25.0, 25.3,
25.5 MHz.

Jupiter-like radio emissions were detected in
the following two perlods.

1. July 17, 0750-0840 UT

This radio noise storm occurred in the Io-B
region of the CML-lo phase plane. All the radio
bursts in this storm were polarized in the right-
hand circular sense. Two arc-like drifting
structures were seen in the dynamic sSpectrum
record. The characteristics of this storm are not
ouch different from those of the normal lo-B storm.
It 18 not clear whether therc was any cffect of the
SL9 jmpact on this nojse storm.

1S9

~11°55°06"

141038 164)0m108
Figure 1 A X-ray image around Jupiter region accumulated on July 17,
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Figure 2 One day sversged light curve by tke SIS and GIS, I the energy range from

0.5 to 10 keV. The photons {n 3 arcrin diameter erourd the Jovian pesition are
sccumulated and an estimated background has beea suntracted

2. July 18, 0857-0707 UT

This radio noise storm occurred in the non-Io-A
region of the CML-Io phase plane. The radiation was
polarized in the 1left-hand circular sense,
differing from the normal non-Io-A emission. This
radio storm was also observed by the Comet-
Inpact Team of Beijing Astronomical Observatory
Just during the same period.

This radio storm took place about 40 min prior
to the impact time of fragment G of SL9. There is
some possibility that the radio storm was excited
by the fragment G of SL9. One of the possibilities
is that fragment G excited the decametric radiation
by crossing the magnetic field lines connected to
the Jovian (maybe southern) polar regions. A
further analysis will be required to confirm the
observational result, and to discuss the possible
é?tesaction between fragment G and Jovian magnetic

eld.



C22-14 HiRASICLD

SLIOKEHREEHOARELERBAHEE
s (EMRRAER) . RO X (RERETR)

HIRAS' Obsarvalions of Jupiter During the SLS-Jupiter Collision
Tetsuro XONDO and Takeshi ISDBE {Communications Rassarch Laboratory)

Daily observations of Jovian radio emissions at freguencies {rom 25 WHz
10 2500 Wz using the HIRAS (Hiraiso RAdio Spectiograph) wore carfied
oul during the patiod of the comst Shoemoker-Levy § (S19) and Jupiter
collision (July 17-22, 1934). We had s chence to cbservo 8 impacts of
tha fragments (C. D, 6. X. N RV ond ¥). Ro emission has been observed
associated with an icpact within the HiRAS' datection sensitivitias,
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Kilometer Radiation Survey by GEOTAIL/SFA
in the Perlod of Shoemaker-Levy 9 and Jupiter Impact
*Yasumasa Kasaba!, Mirolsugu Kojima', 1lirashi Matsumoto®, Saoshi Chikuba',
Junko Koizumi!, Isamu Nagauo?, Kozo Hashimolo', Takeshi Murata!,
Hiroaki Namada?, Thketosh Migake', Saloko Horiyama’
(1)Radio Aumesplieric Science Center, Kyoto Upiv. (2)Ubiv. of Kanxzawa
(3)Tokyo Denki Univ.

In the period of Shocmaker-Levy 9 and Jupiler impact, we made the kilometer
radiation survey by GEOTAIL/SFA.

GEOTAIL/SFA has tho deteclion ability of very weak radic emission from 5.6211x
to 800k 1z Plasina frequency in solar wind Is over 20¢Hz araund Earth, and bright
AKR emission came {rom Earth in 100-500k 01 ia this period, 56 we made Lhe sarvey
in the feequency range of 30-100%17z, 500-800kITz. But we could not detect the
encliancement of Jovian radiation below 800kHz.

17 SL9 comet had plenty of lonlzed gas, charged particle had been fnjecled to Javian
magnetosphere and radic waves may be enchanoed in this period. SLO may have
small amount of jonized gax, It Iy nol coatradict lo observation In other {requency.

At Uho same time, we cxccoted the Lilometer radiation *all sky survey'. It is how
on analysls. We will Also repart about 1bis resule.

Lxit, 199457 /117 B~22 BD Shoemaker-Levy SRR - X L0 EWREYL= 11\
C. GEOTAIL/SFA(Sweep Freqency Analyzer) ¥V CRB R Y ATER O+ o
S MBF—<A 2Tk, HEATOMACTRR, SONBUNCOAETED
MAMBELCO R,
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Did the approach and crash of the comet Shoemaker-Levy 9
to Jupiter bring any effects to the amount of high energy
electrons in the Jovian magnetosphere?

°H. Misawa, H. Watanabe, and K. Maruyama
(STE Lab., Nagoya Univ.)

We made a series of observations for Jovian decimetric radiations
(DIM) to investigate effects of the approach and crash of the comet
Shoemaker-Levy 9 to Jupiter on the amount of high energy electrons
in the Jovian magnetosphere. The observations had been made since
early July for about a month using a 327 MHz radio-telescope of STE
Lab. Absolute radio fluxes of the DIM were derived by comparison of
the flux leve! of a known radio sousrce (1424-118(B1950)). The analysis
indicate that there had been no particular systematic change in the DIM
fluxes between before and after the crash. The result suggests that dusts
and/or high energy particles which were expected to be supplied by the
comet itsell and the crash were not so much as to change the total
amount of high energy electrons.

1. FF : Shoemaker-Levy 9 SEOAR~O®HRIL, XLFAROEMIZ
FNUIRBRAICKEUHBER L, £ORBIBRFO—NBL TR
ERBALKERNLOTHH>LPEHBEINTNS, Tid. COBEICE
BABANOEBEPHRIL, ARRIAMICXO LS NERERIZLETS
55, 50 MHz {$50 58 GHe O 57 & A — PABOKB LY (DIM)
3. XEBRAEOBI RN F-BFOY 2o bn s/ BERICEDRETS
3RFMoNTVS, STEHTREASROINKZICHEYZODIM D
HEREURTIHT, BROABNOEL - HROSTFREND Y
A OB, BIRXNF-RFOHRBRBILIARBAEOLIEN
RTIWERDLI, XBRTIE. EONNUOBARVEREHRET S,

2. QNEE : DIM RAMICiE, £X STE AR RAMKRO 327 MHz
TETRE (FBOTEH 2000 m?, B/MREEEE 0.7 Jy (=Watt/m?/Hz)
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Observation of Jovian Decameter Tave Emission in the period of the
Collisfon of Cozet Shoenaker-Levy 9 to Jupiter
with Radlo Interferczeter Network System

H. Rurao, . Oya. A Norioka, 7.0mo and N Iizica
(Tohoku University)

ABSTRACT

The collisions of the fragments of Cozet Sheomaker Levy § with Jupiter
have been observed in decameter wavelength using tvo frequencies radio
IoterTercaeter systea which had been already established at Tohoku
University. Intense decaceter wave emissions from Jupiter had been
observed during period fron July 14 during period long after thke last
collison of the frageent SL-9. Intense radio enisslons have also been
observed about 30 sinute after the collision of Fragueat-G. It is
concluded thatthe enmigsons were emitted fronJupiter.
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Fig.1 Daily Jovian DIM flux at 327 MHz during Jul.10 - Aug.5.
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Especial S-bursis
relaled to the Magegnetosphere
Passages of Fragments ol
Shoemaker-Levy9 Comet
T. Nurakani, 8. Oys, A. Borioka, T. Ono, K. lizina
(Tohoku Unlversity)

Generation of

ABSTRACT

In the periods of the fragoents of S$-L9 covet collisions with
Jopiter. extrenely large enhancegent of Jovian decaseter wave had
taken place. There were also extremely large and frequent enbance-
eeats of ghort duration emlsslon like S-burst before impact of the
fragoeats. These extrece enhancesent of emissions were caused by
the dust-plassa Interaction with Jovian magnetic field which made
current gystens vith Jovian polor region ionosphere.
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Distribution of humidity and sercsol oa the tropaspherc in spring

S.A. Xeon. Y. Iwaszka. T.Shibata, T.0jio. T.Saknj, H.Adachi
(STEL. Nagoya University)

humidity and wind directicn, wind speed on the Tropospheric was
neasured with Lidar snd with Rewinsonde. Wind direction and wind
speed are mportant environmental parameter in humid verlation
which stand on inhomogeneous and hopogeneous state.
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Observation of Methane Production Rate
from Rice Paddy
*SANO,T., KITA K., FUIIWARAM,, MURATA,I. and OGAWA,T.
(University of Tokyo,Faculty of Science)

We have been trying to calculste methane production tale from rice paddy. We
observed the concentration of methano with a instrument making use of He-Ne
laser, and found a gradient of coocentration which was larger 3t lceward point
and near the surlace. The resulls were fitted in the model obwined (rom solving
simplified diffusion equation analytically, Lo find how much methanc were provided
from the field.
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C41-03 Ground Surface Measurements
of Nitrogen Oxide and Ozone in New Zealand

Rosalina 1, M.Koike 2, Y.Konde 2, W.A.Malihews 3
(L:LAPAN Indonesia, 2:STEL Nagoya Univ., 3:NIWA New Zealand)

Ground based measuremenis of NO, NO2, and ozone were made at
Lauder (45.08, 169.7E) In New Zealand between August 1986 and
December 1987. NO concenirations were measured by using
chemiluminescence technique. NO2 molecules were converted to NO by
using photolytic converter, and then measured by NO detector.
Measurements were made for 24 hours a day and continuous data were
cbtained except the some periods when instrumental had trouble. Lauder is
free from the sirong enthropogenic emissions of NOx and ozore. 1t Is about
40 km from Alexandra whose population is about S000.

Wind speed and directlon dala were also obtained every one hour. In this
paper, diumal variations of NOx and ozone are presented for calm and
windy conditions.

A range of ozone variation is generally between 5 and 30 ppbv. That of
NOx is generally 100 and 3000 pptv. These results agoin suggest that
Louder is not affected strangly by anthropogenic emissions.

A monthly avemge diurnal variation of NOx and ozone is calculated for
each menth. A monthly average is chiculated for two condltion; wind speed
is less than | m/scc and wind speed is greater than 5 m/s. As a result,

1. Both NOx and ozone genesnlly have small diumnal variations when wind
speed is grater than § m/fsec.

2. NOx is systematically larger during the night than during the day when
wind speed Is less than ) m/sec.

3. Ozone is systematically larger during the day than during the night when
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Measurements of Reactive Nitrogen during the
PEM-West-B

Y. Kondo, M. Koike, H. Nakajima, S. Kawakami, and M.
leda (Solar Terrestrial Environ. Lab., Nagoya Univ).

The NASA Pacific Exploratory Mission-B was cenducted using DC-
8 aircraft from Februrary to March 1994. One of the major aims of
the mission is to Investigate the budget of trace gases important for
the aimospheric chemistry over the western Pacific Ocean. STEL
group has made measurements of NO and Noy on board the

alrcarft. The outline of the misdsion and some of the results are
presented.

1. PEM-West-B MUENLINER

NASADDC-8{8% Al vr /283 | BB DBEKFiE AR L ZOMR RN
) PEM-West-A (Pacific Exploratory Mission-West) (219915 D812 Rt
dNhl, —HPEKEILORDIAREND LI CGMIIIKE
DOKEEEMITTOHDRGEMBAILDILELORTVE, &
LCoOBMRRBE L SAEE DRSS, LE»H DGR ROMK
LBAILLIEBTHD, i 2EHENHLRNMETHSPEM-Wesi-B
Ron L) LMW RGRIZEA LoD, ERLEXTEFARD
MM egmLi,

wind speed is less than | m/sec.

In fact, a clear anti-correlation is found between NOx and ozone when wind
speed is Jess than 1 mysec (Figure 1).

These observed resuits can be explained in the following way. During the
night, a noctumal inversion layer is generally formed. If wind is calm, NOx
concentration in this boundary layer becomes large because of the emissions
of NOx from microbial processes in soiles. On the cther hand, ozone
conceniration in this layer becomes small because of surface desiraction of
ozone. During the day, this inversion layer disappears and air near the
ground surface Is generally mixed with free tropospheric air, Therelore,
NOx is larger and ozone is smaller during the night when wind is calm.
When wind is somewhat strong, air near the ground surface is ot gencrally
trapped in the inversion layer and mixed with free tropospheric air.
Therefcre, only a small diumal variation is found.

These results are considered to suggest the typical diumal variation of
ground surface NOx and ozone in the area which is free from the
anthropogenic emissions of NOx and ozone.
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Figure 1 : Monihly average diumnal varintion of NOx and ozone a1 Lauder.
Only the data when wind specd less than | m/sec is used for this

averaging.
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Measurements of NO
and NO in PEM-West(B)

°H. Nakajima, Y. Kondo, M. Koike,
S. Kawakami, and M. Ieda
(STE Laboratory, f\lagoya University)

C41-05

Relationship between total reactive nitrogen (NO,) and O3 have
been measured in a number of airborne and ground-based observations
[e.g., Hibler et al, 1992, Trainer et al, 1993, Murphy et al., 1993].
There are several sources of tropespheric NO,, i.e., transport from
the stratosphere, lightning, subsonic aircraft emissions, and transport
from surface. On the other hand, O3 is transported from the strato-
sphere and produced photochemically in the troposphere. CHyq. NOy,
and CO ete. are important precursors for this photochemical produc-
tion. However, further studies are required in order to estimate O3
production quantitatively.

In NASA Pacific Exploratory Mission-West(B) (PEM-West(B)),
we have made intensive observations of NO,, NO, and O3 in addition
to several O3 precursors (CO, CHy, NMHC, etc.) over western Pacific
region on board the NASA DC-8 aircraft. 19 flighta were conducted
from NASA ARC, Hawaii, Guam, Hong Kong, Yokota, and Anchorage
during February and March in 1994.

Figure 1 shows an example of measured NO, and NO mixing ra-
tios in addition to flight altitude for a flight from Hong Kong (Mission
11). Although high correlation is seen between NO, and NO mixing
ratios in every flight altitude, i.e., in high {(* = 8 k), middle (h = 4.5
km), and low (A = 0.1 ~ 2 km) troposphere, the ratioc NO, /NO are
different in each altitude. There is a region where extremely high NO,
mixing ratios are observed (T =06:30~06:50 UT). In this region. no
significant increase in NO mixing ratios are seen. This fact suggests
that these high NO, arc emitted long before and most of NO, had
been oxidized into HNO3 and/or PAN.

Result of several flights are also presented in the meeting.

1-
C41-06 A FRVTREBBA/ 7/ TRA

it f2, BEES. NRE (ERX B)
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Ozonesonde Measurements in Indonesia

KITA, Kazuyuki, FUJIVARA, M., OGAVA, T. (Univ. Tokyo)
Ninong Kozala and Slapat Saraspriya (LAPAN. Indonesia)

Ye have started the observation of altitude profiles and
total amount of ozone using ozonsondes and a Brever
spectrometer at Vatukosek (75 112E), Indonesia. The observed
tropospheric total ozone shows two paximups in a8 year. In
Hay and June, the ozone in the upper troposphere is
increased. [n September and October, the ozone in the lower
troposphere is increased.

bhbho7v-7TlR, BRLDBRRBHISL L, FX2T J99
B Vatukosek (7° S 112° E) T, A/ o/ v FItLBd* /R
ESRGOMEEZIT>TEIH, BEsE] 1 AL DA 2ROERAN%E
BARELURIBRIZ 7Y = — DIz L B34/ v 2RofiwE LG L T
W3, BMiE, ZhE TRAUADIZEA FECAFT J7HFRERIC
K354/ 58D Clivatorogical 5T -7 %25 &THDH,
QBONEHFABRFAURARIIHTIA /L OEBEOHRPALR
BOF - IRFICHELEBRNT - s X-RELTHIA TS,

AL#R (TOMS, SAGE) OF-72MIELTOSUREN
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Figure 1. Measured mixing ratios of NO,(+) and NO(x) in addition
to flight altitudes (broken line). Scale of NO should be divided by 20.
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Balloon Heasurements on Ozone and Aerosol in 1993 at Indonesia
J¥. Iwasaka, M. Hayashi, M. Watanabe (STEL/WU),
Y. Ishizaka (IHAS/NU), S. Kalcka, S. Saraspriya (LAPAN)

Keasurements on stratospherlc aerosols and ozona (n Nov.
and Dec., 1993 at Indonesla suggested that Pinatubo
disturbance on stratospheric aerosols was clear and possibly
ozone loss processes were partially disturbed through
heterogeneous reaction.

+ -
BUBL suammiz. znssnmornossopsesst
BYU. SARLERGOLE DOTERTRNESY  OERATHY
REABI7AJIOERITHDSD. 199 1FXKSRLAYFY
HAUAKTRE LAXROZMBITOYNE. RIMAELEEC
AELTLS,

COLIRIEDD. FALTTORY—REHRELAFYS
DMRICIZAVRCHRERS,

SXPEMFEXAABCR. 15 KXLTOLAPANERR
T. 1993&EDV11ANS1 2AKDIITLA YRR 7D ML
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Ground-based spectroscopic measurement of HC1 at Tokyo

" 1830 Murata, Haomoto Iwagaml, and Toshiblro Ogava
{(Graduate School of Science, Unfverslty of Tokyo)

Yertical column densitles of atsospheric HC] were
observed using solsr Infrared absorption technlques at
Hongo, Tokyo. The so)ar spectra sere taken by using a
1.5 n double-pass grating monochromator vith vavenuaber
resolutlon of 0,09 cn™', and the messurements were
carrled out fron Aprl) 1939 to August 1931, HCI vertleal
column densitles vere observed 1o be (7.88 + 2.29) x
16'* c¢n"? and these are obvlously larger than the values
observed in rural area at ald-latitudes. Such a large
value fnplys that there are many HCl nolecules In the
urban polluted alr.

19895E4A L D 1531FFOAZ T, WMAEB++ 2 EBYL
THABEN AL LD AADORCIBEABEEEEZNHL
UBEBRL. 5o 7 2@HBTFHAIABEDOLLELE LD
T. HEOINRIEIL3000ca ' TO.0%ca 'RETH 30

HOIRBM RIS DreservoirTH D EL L THRBHEIEAH T
M, HBALSWITRERP S o8 M L TREL, X
ABRYRO—2¢ LTREFOREAO~-2¢ b »T WS,
GPRETORMUME LTR, EBHRT 5 2 10" cw*BE
(Rinsland et. af.. 1991 ; Zander et. al., 1987] TH 5 &,
REOVUBER T (7,86 + 2.29) x 10'* ea”? t®¥HASEK
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Decrease of Stratospheric NO2 caused by Pinatubo Aerosols
°K.Tsukui! ,H.Nakajima' , M.Koike?,Y.Kondo',
0.Uchino?,T.Nagai? .and T.Fujimoto?
! Solar Temrestrial Environment Laboratory,Nagoya University.
2 Meseorological Research Laboratory

Following the Pinatubo volcanic aerosols, significantly decreased in
NO2 column amount were cbserved at Moshiri,Japan (44°N,142°E).

This result suggests that the reaction on the surface of
sulfuric acrosols converts NOX to HNO3 efficiently via the reaction

N20s + H20 — 2HNO3.
<i2CHI>
E, RBEX7o0/VROLCOTH—RIE,
N20s5 + H20 — 2HNO3 (¢)]

A, HREIINOXEHNOUCRRT DI LB ORI > TE T
5. ORI 7 O/ VP OHSOHI0N B AT 2 b b AMBRHE
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22759 FOXTR/ARIZBVWT AR, 7T—s L ZNOXR
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Lidar Observation of Mt. Pinatubo
Stratospheric Aerosols in Fukuoka

M.Yasul (Kyushu Unlversity), H.Nonaka, K.Shiraishi,
K.Susuau, ¥.Kakura, N.Pujivara (Fukucka University)

Violent eruption of Nt.Pinatubo in aid june 1581 injected a
large asount of volcanic gases into the stratosphere and caused
a serfous perturbation on the stratospheric aerosels for a long
pericd. The values of integrated backscattering coefficient (1.
B.C.) settled down to background level about three years after
the eruption (Pig.1). The height of the center of gravity of
backscattering coeffictent had approached the altitudes of a few

kilozeter above tropopause gradually as tise passes (Fig.2).
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Observations of stratospheric ozone with an infrared
laser heterodyne spectrometer in Alaska

°M. Taguchi, S. Okano, N. Shigematsu, H. Fukunishi
(Faculty of Science, Tohokn University)

Observations of the stratospheric ozons layer were made with a tunsble diode
laser heterodyne spectrometer in Alasks in February through March, 1994. Cbserved
vestical profiles of ozore mixing ratio show a slight day~to-day varlation In the lower
sintosphere. From comparison with vertical profiles of acroso) obtalned by lidar
meassrements and horizontal distributions of total ozone amounts obisined by
METEOR-VTOMS, ihe variatioa of ozone in (he lower stratosphere alould be
attributed to a dynamical effect.

LERBIBBICEIIAL Y/ Y EHORBEUSMzT S DiIc. ML
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C41-12
Ozone Depletion in the Low Stratosphere
Observed at Syowa Station in 1992

Y-J).Zhao! and Y.Kondo?

('Institute of Atmospheric Physics., CAS, China
2Solar-Terrestrial Environ. Lab., Nagoya Univ., Japan)

Changes in ozone (O3) over Antarctica have been studied using
ozone sonde data obtained at Syowa station (69°S) from 1986
to 1992. The vaniations of Oj3 values at 20, 30, 50, 70, 100 and
150 hPa in 1992 have been compared with those in the years
from 1986 to 1991. It has been found that the Oj decrease in
1992 tock place significantly in the altitude lower than 18km,
which was not detected at Syowa station previously. The
decrease of O in 1992 also started earlier than previous years.
O3 mixing ratio at 70 and 100 hPa reached nearly to zero in
October of 1992 and experienced larger losses in July and
August than previous years, for example, as shown in the
figure below. Ozone at 150 hPa was also at the lowest level
during same periods as above, although it did not reach close to
zero in October. The minimum value of total O3 during
springtime was less then 150DU coincident with the O3
depletion at 70, 100 and 150 hPa. The features of O3 reduction
have been analyzed and compared with that observed at
McMurdo station (78°S).
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Lldar Obscrvatlon of Stratasphoric Aorosols in Svarbard
W.Pulivara, K.Shiralsi (Dpt. Applied Phys.., Fukucka Univ.)
Y. Ivasaka, T.Shibata, M.Hayashi, W.Nagatanl

{STE Lab. Nagoya Unlv.)
X. Xondoh {Aerological Observatory)

Abstract: L{dar obsorvaton of acroscls In the stratosphere over
Svarbard, Norway has beon mado since this Japuary. Most of the
peak values of scattering ratlo obsorved frow =id January to early
March }lo around 1.4 at helghis botveen 1S and L5 ka. which shows
the volcani¢ aerosol load after the Pinatubo cruption. Yery strong
scattering Yayar. PSC s, 2ppe2rcd on 28 February vith high
depolarization rate in the holght range of lov tcaperature. Tho
nechan{se of the PSC formation (s discusscd froa the dlfferences
between the peak hefghts of scatiering ratio and those of
deplarization rale

1. RUBI

JtEETR, REEOL YV v r—pRYERSERRART ST VN
N, FreRklEz 7 e/ voRITRLEZNIPS C (BREHEE) ok
Bic & -, WHBEHMLRBROEFEARIC LS+ VY ARG
INWPBEMTFHENL, BAR, ILBEBRRSHOT—2F 457 - ~4
X EDHNBAZ 2 bENDT, ILRBARPOx 7o VAL S L
BIT, TI92DDT 70V 7 XM BSNJATHW) L/ Vg o ADAN
=B (19K 1278 Rr—Y—bv—F—HUATHEEL, 7527
12199112805, /194 REE AL S, XESOWUH
ERG L, ST, /9 x4 TR OUBRER 7o/ AT, P
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Lidar Measurement on Mesospheric Metallic Atoms Layers

C. NAGASAWA and M. ABD
Tokyo Metcapolitan University

Abstract : Wc observed the sodlom layer with a dye laser and the
potassivm Jayer with a Thisapphire Jaser simultancously. Feature of
1he polassium vertical profiles is similar to that of the sodium layers,
however the density of the potassivm is aboul ten times less than that
of the sodinm. We (ry to observe other metallic species such as iron
with tbe Tiixapphire Izser and xodiom temperaturc with a narrow-band
dye laser.
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profile measured by the Tirsapphire
laser.
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The Development of Methane and Non-methane bydrocarbons
Measuring Method Using two FIDs

KITA K., FUJIWARAM., SANO,T., TOUJIMA,Y. and
OGAWA,T.(Vniv.Tekyo)

We have developed a methane and non-methane hydrocarbons measur-
ing method using two FIDs (Flame lonization Detector). One FID measures
only the concentration of methane using a catalizer which oxidates non-
methane hydrocarbons, and the other measures total hydrocarbons. Thus
we can get the mixing ratio of methane and non-methane hydrecarbons re-
spectively.
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Satellite Measurement of Tropospheric
Ozone with infrared spectrometer

°T. Imamura and T. Ogawa (Univ. of Tokyo)

Global observation is desired for the tropospheric ozone
to reveal its global distribution. We present a feasibility
study for the satellite measurement of the tropospheric
ozone with an infrared spectrometer. IMG, which is
part of the ADEOS satellite, will measure the upwelling
radiation from the atmosphere. The densities of the tro-
pospheric and stratospheric ozone will be derived from
the spectrum using inversion method.
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The development of the airborne
NO, detection system
Y. Kondo M. Koike H. Nukajitua
(STE Lab. Nagoyn univ.)

°M. lxdn

lustrwment on board aircraft for the imeasuriuent of nitrogen diox-
ide (NOq) in the troposphere is being devopal. NOy is converted
to NO using UV photolysis system, and subsegnently NO is detected
with a chemilmninescence detector.In order to get high conversion
ellicency, wetal halide lanp wan sclectad for the UV sonree of the
NO; system. Improvement of the instrument is presentad.
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Aircraft Measurements of Total Reactive
Nitrogen and Ozone over the Western Pacific in
Late Autumn and Late Winter

M.Koike, Y.Kondo, S.Kawakami, M.leda, H.Nakajima
(Solar Terrestrial Environment Loaboratory, Nagoya University)

Measurements of total reactive nitrogen (NOy) and ozone were made on
board the Cessna aircrafi at south and north of Japan in February and
November 1993, respectively. Vertical profites of NOy and ozone

at [atitudes of 38N and 40N obtained on November 3 are similar to each
other and show significant enhancement at altitudes below 2 km. The wind
data suggests that these enhancements are probably due to the influence of
Asian continent. Similar enhancement of NOy was also observed on
February 13. Frequent and large scale outflows of the continental airmass
from Asian continent are considered to have a significant impact to the
chemical environment over the westemn Pacific. Correlations between NOy
and ozone are also presented.
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Comparisons of the Observations
of NO, and O,Using Visible Spectrometers
* Akane Kawaguchi !, Yutaka Kondo! Makcto Koike !
Hideaki Nakajima! W.A.Matthews?
1) STE Laboratory 2) NIWA

Gromﬁ-hwdobsuvaﬁomofNO,me, using visible
spectrometers have been made at Moshiri,Rikubeta and Kiso. We have made
a comparison of NO, and the O; column amounts between Moshiri and
Rikubew. We have also compared O, column amounts with those of
Dobson spectrometers at Sapporo and Tsukuba. The results of these
intercomparisons are presented.
<@isHic>
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Balloon-bome Stratospheric Aerosol Measurements
using Optical Particle Counter

°T. Sugita * Y.Kondo - M. Koike - H. Nakajima (Nagoya Univ., STELab.)

T.Deshler (Univ. of Wyaming, U.S.A.) R. Imasa (NTRE)

Stratospheric aerosols were measured using optical particle counter on boxrd balloons
Launched from Alse-sur-I'Adour (44°N) in antumn of 1992 and 1993, 1t is shown that
acrosol concentration with radii larger than 0.25um observed In 1993 is about 3 times
less than that of 1992. We have also calibrated this counter using 8 paticle generator with
10 sizes of sndend panticics (mel.6), and these reults agree well with theoretical
calculations.
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A PLAN TO MEASURE ATMOSPHERIC BrO
IBAGANI, ¥ (U TOKYO)

Atoospheric BrO colusn is planed to be measured by ground-
based uv absorption spectroscopy. The Doppler detectlon
technlque developed for the OH moasurement is appllicable
to pick up absorption future ef each rotational llne of
the X*M-A*1 (0,0) band.
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W.A, Matthews (NIWA)

S. Asiati, J. Soegijo, A. Budiyono (LAPAN)

Spectroscopic Observations of Stratospheric
NO, and O3 in Indonesia

Y. Kondo, M. Koike (STEL., Nagoya Univ.),
W.A. Matthews (NIWA)
S. Asiati, J. Soegijo, and A. Budiyono (LAPAN)

A visible spectrometer system was installed at Ciater Observatory
of LAPAN near Bandung, Indonesia In August 1994, it is aimed lo
measure column amounts of NO, and ozone at sunrise and sunset

on daily basis. The intitial observations indicate that this site is
suited for stratospheric NO, measurements, free from serious

tropospheric pollution. The measurements have been carried out
in cooperation with LAPAN since August. The data obtained during
the Installation are presentsd.
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Observations of Stratospheric Ozone by
Balloon-borme Optical Sensors
— Observational Results at Sanriku and Splisbergen in 1984 —
M ouabayasm S. Okano M.Taguchl, H.Fukunishi (Faculty of Sclence, Tchoku

Univi H.Gemand! (Alired-Wegener-hnstitute for Polar and Marine
Research T Yamagaml (nstitute of Space and Astronautical Science)

Measurements of ozone in the upper stratosphere are important to
understand the ozone photochemical processes and the dependence of
stratospheric ozone on solar activity. Recently, light-weight high-~altitude
batloons, which can reach an altitude of over 40 km, have been devel-
oped. We have doveloped a balloon—-bome optical sensor (BOS), which
is a UV filter radiometer in the Hartley band, for applying it 1o ﬂxesc
high-altitude balloons. Observations were carried out at
Center on héJ 29 and 30, 1994 and at Spitsbergen on July 23 and 27
1994. Vettical profiles of ozone concentration were derived from the
measured UV irradiance profiles.
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Observations of Ozone In the Upper Stratosphere
at Spitzbergen (79 °  N) with a Ballocn—~bome Optical Sensor

S.0kano ' , M.Oksbayashi * , M.Taguchi ' , H.Fokunishi ' ,
H.Gemand * |, and T.Yamsgami *
1 Facully of Science, Tohoku University, 2 Alfred Wegener Institute,
3 Institute of Space and Astronsutical Science

Mmo!mchmenmmmmmuﬂym
Spitzbergen (79 ° N) with an optical ozone seaser oo board a BT-5 (5000m * )
balloca in July 19%4. Attained altitude was 43.0km cn July 23 and 43.7km on July 27.
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Inter comparison of the humidity observations with a Raman lidar and with
a meteorological sonde
T. Shibata, M. Hayashi, Y. Iwasaka, M. Watanabe, T. Sakai, S. Kwon,
H. Adachi (STEL, Nagoya University)

Inter comparison of water vapor abservations between with a Raman
lidar and with a meteorological sonde was made. Humidity profiles taken
by each equipment show very good coincidence, probing the validity of the
new lidar observation method.
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The estimation of the ateospheric temperature profile
vith a Raman lidar

Y. Ivasaka, T.Sibata, M. Hayashi, T.0jio, S.Kwon, T.Sakai,
H. Adachi, W.Yatanabe, Y.Okuhara(STEL, Nagoya University)

The' atomospheric temperature profile is estimated with a
Raman lidar. For measurement of the middle stratosphere and
the mesosphere, Rayleigh scattering is used, and for that of
the troposphere and the stratosphere, Ny and 0; Raman
scattering used.
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Lidar Measurements in Arctic ( 1993/1994Winter : Alaska )
OH.Adachi, Y.Iwasaka, T.Shibata, M.Hayashi, T.Ojio, T.Sakai
(STELab,Nagoya Univ.),
M. Fujiwara(Faculty of Sci.Fukuoka Univ.), H.Nakane(National
Institute for Environmental Study),K.Kondoh({Aerological
Observatory)

Stratospheric layer at 22km on 19, FEB was observed by lidar
measurements at Fairbanks, Alaska in 1993/1994 winter, and similar
layer at 22km on 14, FEB was observed at Toyokawa . These suggest
that the air mass move ffom Japan to Alaska.
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Observation of mesospheric ozone density by S-310-22 rocket

H.Yasasoto,X.Yajlima,H.Sekiguchl and T.Makino
Departaent of Phnlcn, Rilkkyo University

The aititude profile of the mesospheric ozone density vas
peasured by a rocket-borne radicaeter at Andoys, Forway (69N)
on Feb.16, 1994. MNaln purpose of the rocket oxperiment is to
investigate the effoct of the osone disturbance by the thermo-
spheric NO transported to the lower ataosphere In winter seascn.
Prelininsry result shows that the czone density beiow 70 km was
fover by a tTactor 3-4 than the other resuls.
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Nighttime variations of 01557.7am airglow observed by
a Multicolor All—sky Imaging System at Zao
T.Tsubaki ', S.0kano ', Y.Takahshi ', YNithara *,
TAbe ', HFukunishi ', YXiyama *

1:; Fanudly of Sxence, Tohoku University
2 Faculty of Science, Niigala University

C41-P22

Since November 1993, we have been carring out  observations of
night airglow with a MulticolorAll— Sky Imaging System (MAIS) at Zao
observatory. We have examined the nigthme variations of 01557.7um
emission and found that the intensity vanation pattem drastically
changes between April and May., We have also examined wave—like
structures seen in 0I557.7nm cmission. The event on May 6, 1994
showed a clear northeastward mobion with a veloaty of 36.4m/s.
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Alrglov observation at Mt  Haleakalai{n Maul {sland,
Hawali

°Y. Kilyana(Nifgata Unlv.),
Y. Xlta, N,lvagan}, T.0gava(Tokye Univ.)

Ye presont alrglov obscrvatlion resulls obtained at
Mt.Ha)oakara of Maui {sland, Hawal{, In the F-
reglon oqualor{al anoraly zoae. durlng the nights
from 14 to 28 Februsry and ¢ 1o {8 Novembor 1993.
Our obsorvallon vero mado usjing a all-sky rapid-
scanning photometor. W& geasured [03)630.0nx, or
alternately [01)557.7nm, OR(7-2)band and back-
ground simultaneously. {n Fedruary 21, 630.0nm
enbenced to (308 from SSY dlrection and also XNE
{n thoe flrst half of vhe nlght. then the band of
630.0nx woak intenslty vas formod from ¥N¥ to ESE.
In tho later half of (he night sky, tho cnhansed
630.0na w3s shown the zawo direction in the night
sky. Tho {ntensily roachod to 370R and dwvcreasod
aflar as the each travelled to scuthern and north-
ern sky. In Yovesber 10. 8§30.0 ne onhanced to 2502
and the situation vas lhe same {n Pobreary torm
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Two-dimensional distributions of lower thermospheric
winds and temperatures obtained frem O! 557.7nm
doppler imaging observations

°Y. Niihara, S. Okano, and H. Fukunishi
(Faculty of science, Tohoku Univ.)

We have derived 2-dimensional distributions of lower thermospheric
winds from FPDIS data of Ol 557.7nm airglow at Zao cbservatory
(140.56°E, 38.09°N) on February 19, 1994. The neutral wind direction was
north-west (0 east and speed was several ens meters per second. We are also
developing algarithm to derive neutral temperatures from FPDIS data
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Bstlpation of Geocoronal Hydrogen Lymana Optical Depth
for the 5-520-19 Rocket Data Analysis

° N.¥atanabe. T.Xavahara, S.Okano, H.PFukunishi
Faculty of Sclience,Tohoku Unlversity

We are construcling a hydrogen Lyman & photometer on board the
$-520-19 rocket for observing the distributions of hot hydrogen atoms around
the Earth The density distributions are derived from the observed intensity
distributions of HLy & emission by considering the scattering processes.To
evaluate a contribution of multiple scattesing to the observed HLy @ intensity,
we have calculated the optical depth of hydrogen grocorona along the
photometer viewing direction.
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Observation of geocoronal hydrogen Lyman a emlsslon using
LAP on board the S520-18 racket
°T. Kawahara, M. Walanabe, S. Okano, T. Abce, H. Fukumshi
Faculty of Science, Tohoku University

The rightside geocoronal Lyman a emission will be obsenved using
a Lyman Alpha Photometer (LAP) on board the S$520-19 rocker The
photometer consists of a hydrogen absorption cell, a Lyman a filter. and a
photomuliiplier. The intensity and the width of the hydrogen Lyman a
emission will be measured by changing the oplical depth of ihe celt ot four
steps (3~ 0, 3, 6, 12). This tcchnique will be applied for the firsl ume to
rocket observation.

JEERIBAS M K PIZ T Dk RELF RO ZOIPLE K & Tz
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ko4& L5 Lyman Alpha Photometer(LAPYIZIE. 4B 4 358
P TE T ARBREAMHZA TR, B OKKLymana &
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EITe> TV D, LAPI G AR RAS 110mmd MeF L ¥ X0k — i (T
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A Rocket Obsenation of Aurorzl Green Line
and Nitrogen Emissions

* T.Imai . S.Okano. H. Fukunighi

Department of Astrophysics and Geopbysics, Toboku University

The chraclenistic auroral green Jipe O(' S)-O('D) at 557.7nm was
first observed over a hundred years ago by Angsuirbm. However, the
processes governing the production of O('S) are siitl not well understood.
Wc are going o mcasure O1(557.7nm), N,* ING(427.8nm) and
N,VK(342.5nm) cmissions with a Mulli-channel Aurora Pholomcter
(MAP) on board 1he S-520-21 Rockel 1o be launched into suronl ares
from Andeya Rockel Range. The proceduscs to determine the paramelers
relating to the produclion and lass of O('S) in aurora using the observed
data will be discussed.
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Marion, D.C. and J.D. Purcell, 1965: Obscrvation of the extreme
ultraviolet radiation in the night sky using an atomic hydrogen
Milter, Planet. Space. Sci. 9, 455-458

Winter, T.C. and T.A. Chubb, 1967: The determination of (he profile
of the night sky hydrogen Lyman alpha emission line, J. Geophys.

Res. 72, 44054414
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Development of a nculrl gas mass spectrometer
NRfowa KTwrods HHayakawa
S.Abe K Kurita (ISAS)

We ero devetoping the Time-of-flight(TOF)neutral gas mass spectrometer to make direct
meascrements of the composition, temperature and wind velocity of planctary upper
atomazphere., It uses relations between Time-of-Right of lontzed particles to the detector
plane and their locations on is to subtract the reactive species due to reactions with the
wall of the instrument, Moded calculations were made to easmine feasibility of the
method and optimem design of the instrument.

RRRUBRO ENAKDOEMATNLEE OB ERAFE X &+ PiEY
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Monte Carlo Simulation of Martian Oxygen Corona
01130.4 nm Emission— I .

° KShinozaki, S Oksao, H.Fskuaishi
Facully of Science, Tohoku University

In order to investigate the interaction processes between the solar
wind and the Martian upper atmosphere, we bhave developed a
3-dimentional Monte Cerlo Complete Frequency Redistribution
(MCOCFR) code which simulates multiple scattering of solar 1304 nm
photons. The spatial distribution of OI130.4 nm cmission obtained by
this MCCFR code is compared with the intensity profile of oxygen
corona cbserved by Mariner S/UVS. :
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FLTEARTRRUBLUBHETNESR, TE/F A 0EEBNWT
REJAFEROAMAHELOSRRAFAKAROBEAB/TLERDII LK
&Y. PRUABAEM I~ FERRLE. BlRE yFALDKE
AVWTHRAWLXBERRZ0F 011304 o AAROBEABTH 3,
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Flgaze ). Skt Inteasity of Marthe ON30.4 am embsion fr SMS (
Sun~ Mars- Sateliite ) angle of SO degrees. @ is the azimuth angle of the line
of sight from the SMS plaae. Solid lines show (he Monte Cuarlo calculation
results for azimuth sngles of every 30 degrecs. Dashed line represents the
average value of 01130.4 am cmission measuzed by the Mariner S/UVS.
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A Nomerical Simulation of the Martian Upper Amosphere
= 3, Calcolation of (he Heat Budget -

* M.Kubo, H.Fujiwara, H.Fukunishi
(Department of Astrophysics and Geophysics of Tohoku University)

The Martian atmosphere is well known to be very sensitive to a variety
of dust distribution and propagation of atmospheric waves. Our final goal
is to predict these effects on the thermal structure of the Martian upper
atmosphere. First of all, using a 2~dimensional model, we have derived a
steady-state of the Martian thermosphere without including the effects of
dust and gmvity wave.

The present model includes the radiative, photochemical and dynamical
processes (EUV/UV heating, CO : Infrared Cooling, and so on) and we
use a finite difference method.
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LY i’?’ TRE &—0B! - @54 912 - S. W. B. Rorijono? - H. Wiryosumario*

(L XX - @GP 2 %A - BH  3: BPPT, Indonesia  4: LAPAN, Indonesia)
Dry and Rainy Seagson Campaigns by Boundary Layer Radar
in Equntona} Indonesia (2)
°Ii, Hashiguchi', T. Teuda', T. Adachi!, M. Tsutsumi', T. Shimomai!,
N. Yoshino!, M, D. Y:mmnak:al 5. Fukao!, A. Waumabc,

S. W. B, Marijonod, and Il. Wirycsumarto®
(L. RASC, Kyoto Univ. 2. Fukushima Univ. 3. BPPT 4. LAPAN)

The Boundary Layer Radar (BLR) has been in continyous successful
operalion at Serpong, Indonesia since November 1502. We conducted
intcnslve observations in dry nnd rainy scosons im order to study dif-
ferences of the behavior between dry and wet atmosphere in tropics.

Fpr~—CERBR FRCF+v<—rBiTO53 1 BICHRHEL -
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The dry and rainy season campaigns were success- 3

fully conducted on 8-15 October 1993 and 15-22

b

-

February 1994, respectively. Over 50 radiasondes

werc launched every 3 Liours from the radar sile.
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Turbulence Structures Observed using Multiple Receiver
Frequency Domain Interferometry on the MU Radar.
°W.0.J. Brown, S. Fukao, and M. Yamamoto
(Radio Atmospheric Scicnce Center, Kyoto University, Uji. Kyoto 611)

VHF mdars are useful tools for sludylng dynamics and turbulence in the
atmosphere. ‘There are a number of techniques that are applied Lo VAF
radass Lo make these studics and one recenlly developed technique is known
as Frequency Domain Interferometry (FDI). This technique can provide more
precise measurernents of the range and thickness of turbulent layers Lhan are
pormally possible (eg: Kudeki and Stilf, 1987 and Palmer ef al., 1990].

The MV radar operated by the Radio Atmospheric Scence Ceuter of
Kyoto University at Slbgaraki, Japan [Fukao et af., 1990), can carry out
FDI experiments. Recent modifications now coable it to perform FD! using
multiple recciving antennss. Multiple recelving anlennas are useful because
they can provide high regolution wind three-dimensional measurements and
now with FDI, high resolution measurements of the molion, orientation, and
spatial scale of turbulence Jo the vertical and lionzontal planes can be made.

Examples of the preliminary analysis of a multiple receives FDI experi-
ment carricd ot at on May 30 this year appear In Bgure 1. The top panel
shows backscatter power as a function of allitude and time. The middlc panel
shows backscatter coherence g the frequency of the radar is shifked slightly
in tho FDI experimeat. Righ levels of coberenco (dark shading) indicate the
presence of stattering layers significantly thinner than the radar sampling
volume {150 metres). Low Jovels of coherence (light shading) indicate that
any scattering is more distributed and that there are not simple thin scat-
tering Jaycrs. The botwom pancl shows hourly mean profiles of tho castward
{solid lines) and northward (dashed lines) winds.

[n this example, most of tbe Intense scatter appears to originate from thick
turbulent layers. The thin )ayers above 10 kmn scatter fairly weakly, although
later in the experiment, Lhere i3 some stronger scatter from thin layers. It is
useful Lo consider motion when examiniog FD] thickness measurements (eg:
Broum and Fraser, 1924}, and in this experiment, the thin scaltering laycrs
mainly appear when the wind is to the north-cast. During other experiments,
olher relationships betweon the wind and Lhin Iayers can be seen.
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Fig. 1: Signal Power, FDI coberence, and hourly mean wind profiles, (the
vertica) line indicates xcro, successive profiles are offset by 40ms=!).
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These and other observations of the oricnialion, aspect sensitivity, mo-
tion, and spatial scalez of turbulence in the atmosphere [rony Lhe mulliple
receiver FDI experiments wil) be discussed further in the presentation.
Acknowledgements: \WOJB supported by Japan Socicty for the Promotion of Science.
Raoforonces

Brown, W.0Q.)., and G.J. Frascr, Temporal, Spatial, and Frequency Domain Inter-
ferometry Observations on MF Radars, Iladio Scl., snbmitied, 1994,

Fukao, S., T, Sato, T. Tsuda, M. Yamamolo, M.D. Yamanaka, and S. Kalo, The
MU radar: new capabililics and system calibrations, Radio Sd., 23, 477-485, 1990,
Kudeki,E..and G..SUtt, Frequency domain interfcrometry: A high resolulion radar
technique for studies of almaspheric turbalence, Geophys. Rex Lett.,14,198-201,1987.

Palmer, LD, ILF.Woodman,S, Fukao M. F.Laren M. Yamamoto, T. Tsuda,and S.Kate,
Feequency domain lnlclfuomelry abservations of Ttopo/Sualosphcric seatlering
Iayern using the MU radar: descriptian and fimt resulis, GRUL, 17, 2180.2192, 1990,



C42-03
MU L—4 05 ~ 248 25 4] A
7% 075 LOMR
°f R, WA &, BB @, BH 8, Wb X%, 25 A5
(RBXP BRTRMARL> ¥ -)

Development of Data Taking Program for
“MU Rader Real Time Data Processing System”
°T. Muro, M. Yamamoto, T. Tsuda, T. Noakamura,

M. D. Yamanaka, and S. Fukao
(Radio Atmospheric Science Center, Kyoto University)

“MU Radar Real Time Data Processing System”™ was installed to reveal
detailed structure of the middle and apper atmosphere, We have developed
new programs to control the system. They consist of four parts: ‘observa-
tion program’ to apecify observation parameters and start observations, ‘data
taking program’ to acquire data from the radar hardware, ‘tape control pro-
gram’ to transfer data from hard diske to EXABYTE (8mm) tapes and ‘quick
look program"® to check data quality dusing observations. With the new pro-
grams [t Is possible to abtaln up to eight times the quantity of data as that
could be recorded with the previous data collection system. Also they en-
able us to conduct simultaneous multibeam-lnterferometry observations with
continuoas time series.
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Application of Wavelet Analysis to Three-Week
MU Radar and Radiosonde Observations
°T. Shimomai, M. D. Yamanaka and S. Fukao
(Radio Atmospheric Science Center, Kyoto University)

The orthonormal wavelet analysls is applied to very high resolu-
tion temperature profiles observed by radiosondes for three weeks in
June-July 1991. The results are compared with the results for three-
dimensional wind velocities observed with the MU radar. The results
suggest that components with vertical wavelength of about 2 km are
varying in corespondence with tropopause height, and that shorter com-
ponents have their maximum values at higher altitudes.
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Clhnracteristics of Atmospheric Waves Observed with
a Radlosonde Campalgn in Indonesia
*Toshilaka Tsuda', Atsushi Shimizu!,
Nurzaman Adikusumah?
(*RASC, Kyolo Univ. 2LAPAN, Indonesia)

We conducted an observation campaign of the cquatorial aumosphere dy-
namics over Indonesia by means of radicsondes during Nov. 10, 1992 and
Apr. 10, 1993, at LAPAN in Bandung. GMS-4 satclbile data were also
employed to study cloud convection aclivity in the equatorial region.

Kelvin waves, with periods of 10 to 20 days, were domipnautly observed
in (he lower stratosphere, and a2 20-day Kclvio wave was mainly confined
bear the tropopausce about 1 7km altitude. We further found modification of
the tropopadse structure and the time serica of maximum cloud-Lop height
around Bandung correaponded well to the temperature structura cffected by
Kelvin wnves.
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MU-radar Observation of Mean Wind Influcnce an the Anisotropy of
lnternsl Gravity Waves in the Middle Atmosphere

N.M.Gavrilov”, S.Pukao, T.Nakamura, M.D.Yamanaka and M.Yamamoto,
(Madio Atmospheric Selance Center, Kyola Univorsity)
° On leave from Atmes. Phys, Dept., Salul Fatersburg Unjversily, Riasia

When internal gravity waves (IGTV) propagate In the atmasphere, e varisnce
of horizontal velodity perturbations 52 depends on azimuth . I tha wave process
Is lsotroplc, i.e. rumbers and energies of IG1Vs propagaling in aay dircclion are
the same, one has to anlidpate the circle shape of Lhe curve o7(p) in horizontal
plane, But if the wave proces Is not teolrople, 07 (y) looks like tited oval (see
[Bbel et oL, 1987; Gavrilow oL ol, 194]). Tho tlt angle gives the azimuth of the
predominant direction of IGW propagation, and the ratic of the rmajor oval axis
to the minor ane is the charncteristic of IGW anfsotropy.

As IGWVs o the middle almosphere slrongly interact with mean wind, one
shonld anticipate a connection bhetween the distribution of 0?(;p) 10d mean wind.
Stady of the connection bas been made using MU-radar data, Wiad fuctoations
observed doring a given day are fllered inta Lhree frequeacy domalns. The first
Includes mean vale plug 24-, 12-, 8- and 8-haar tida) harmooics and Is considered
as mean wind for the day. The sccond domaln contains medinm frequency IGWs
baving perlods from 0.5 hr up 1o 6 hr, The tlded part lncdudes periutbations wilh
periods leas than 0.6 hr. Observations with MU radar simuhancously in § points
of the tky give passibility o obtain value and a2imath of mean wind ns well as
the distribution of a?(y).

Examples of IGW iolensity ovals alang wilh the mean wind ase shown la
Figure for mediom and high frequency IGW components. Tha thick lines in Flg.
show Lbe direction and value of the mean wind. One ean see clockwise rotation of
mexn wind with the fncrease In altitade. Also one can see corresponding clockwise
rotation of IGW Intensity ovals tilt (see Fig.).

So, resalls of observations with MU radar slhow connection belween predomi-
oant directions of IGWs propagalion and mean wind. The reason of (4at show)d be
interaction between waves and mean wind, which may modify the [GIV intensity
dlong (he mean wind direction and so influence Lk shape of 0¥ () distribaticn.
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718, 1983
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An Estimation of Gravity-Wave Momentum and Energy Fluxes
from the Middle Atmosphere to the Upper Atmosphere: Part II1
Manabu D. Yamanaka (RASC, Kyoto U.)

Yamanaka & Fukno's (1994) model of the gravity-wave momentum and
energy fluxes through the middl phere is ded by incduding
seasonal and meridional variations. An equatorial maximum of wave en-

ergy in the lower stratosphere and a winter maximum of dominant vertical
ber in the phere are suggested,

5 1 48 (1991 SEBK) - 115 2 €0 (1902 SEHR) ©if, PEEAK DO &GN 2 C5id
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2x z N I/ m
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A Study on Vertical Propagation Characteristics of
Upper Stratospheric Internal Gravity Waves

Y.Mackawa!, S.l-‘ukuo’. M.Yamamoto?, M.D.Yamanaka?, T.Tsuda?,
and R.LF.Woodman®,

1: Osaka Electro-Commun.Univ.. 2: RASC Kyoto University

3: Jicamarca Radio Observatory

We have been analyzing the upper stratospheric internal grav-
ity waves observed by the Jicamarca VHF radar in Peru in Sept.
and Oct. 1990. This experiment is the first attempt for the long
term observations with high time and altitude resolution of the
recently upgraded Jicamarca radar systems. It is found that the
waves with periods of less than 1 h have a fairly continuous phase in
heights. These waves have almost same frequency component from
the lower stratosphere to the mesosphere, suggesling the presence of
the same wave modes. The he:fht profiles of the wave amplitudes
are nearly ;Pversely proportional to the square root of atmospheric
density: p"%, and the energy of the waves is not very much dissi-
pated in the upper stratosphere.

Our previous analysis has revealed that the amplitude profiles
normalized by the constant energy level of the oscillations at each
height () indicate a distinct node {local minimum) around 30
ang 60 km heights. Note that this vertical structure may
correspond to standing waves with vertical wavelength of 60 km,
and the boundary condition where the vertical oscillation must be
diminished on the ground may be satisfied. However, it is not easy
to resolve the vertical scale component with Avn60 km by a spectral
analysis, since this scale is similar to the entire observational height
range from 20 to 80 km. In this case, a predominant vertical scale
component is inferred by the least-squares fit of sinusoids for the
individual height profiles, that is, the sinusoids with vertical
wavelength from 20 to 100 km are successively fitted to each nor-
malized height profile, and the average ratio of residual to ampli-
tude is estimated for the fitted sinusoids. As a result, the ratio is
found to be minimized around the vertical wavelength (As) of 60 km.

thS. 2y CRENMEARG EETSERTELSOC, MRFEHK
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3. (3) o TRAIDR) tPPHOLIPREAMIRLEEH, BRI NEY
SULONEARY (BEVRKFRR<2 FAky, SOREXMOE LISt
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IROFHL R T~ 2RNERNBPET - HREOVLEFNAMHTHEN,
NEREOEIZ hARNE (R couT, THREEh~ERRTR
FRILRREARFRAR S (Ogino et al., 19M) D LT, sh~ LI3RAMET
Rt 1~2 B oA S Y (Hirota, 1084), shimE-C R EMREERITH
Wk 3T (Teuda et al., 1904n). &8 NIEKFEMBICBA XY K (= D)
OFBMFIL S, BARMT L MIRTH S (Fukao et al., 1094). - CHHE
BogRESmIZ ()DL IKBROLCREZINY, NOREE LESE
13 - SRIEEPHIL YRR E W S (Nakamura et al., 1903 DRI X EDEIBIB D).
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2LFEARCRAYE WA AE DR 22 Y /hE { (Tsuda et al., 1994b), M
L Eo@ARRUOH LT TORMcHS L FHINS.

Figure 1 shows complex power spectra of the normalized verti-
cal wind velocity which indicate upward and downward propagating
components with vertical scale of 60 km, respectively. ese spece
tra have been calculated using time series of cosine and sine coelfi-
cients of the sinusoidal function fitted to each height profile with
vertical wavelength of 60 km. The upward propagating component
(thick line) is, as a whole, larger than downward propagating com-
ponent (dashed line) on Sept. 28, 1990. This feature is also found
on Sept. 27 and Oct, 2, 1990. Thus, the observed standing wave-
Iike structure of vertical profiles seems to be formed by the internal
gravity waves which may be generated near the ground and subject
to reflection at the upper mesosphere (Hines, 1960), corresponding
to "ducted modes” composed of up and downward propagating
waves between the ground and the upper mesosphere.
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Fig.1 Complex power spectra of upward (thick line) and downward (dashed line)
propagating component with vertical scale of 60 km observed on Sept. 28, 1550,
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*“Tonkuji Nakamura, Masaki Tsutsum;, Toshitakn Tsuda,

Mnamoru Yamamoto, Shoichiro Fukao (RASC, Kyoto Upiv.)

We have developed an cxternal interferometer, a new metcor obgervailon
system, altached to the MU radar. This system consists of external anlennas,
reccivers and detecters, and a data taking subsystem, and is designed lo
observe meteor echoes during the miscellanipous observation modes of the
MU radar in order to extend the total gbservation period of the meteor
height (80-100km). We have installed alt the hardware and started to record
meteor echioes. The system design and preliminary resulls are introduced in
this paper.
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°Masaki Tsutsumi, Takuji Nakamura, Toshitaka Tsuda,
Shoichiro Fukao
{RASC, Kyoto Univ.)

Wo studied charactenstics of bolli wind velocity and temperature fuctu-
ations due to 3 two day wave near (he mesopause by means of meteor echo
measurcments with the MU (middle and upper atmospherc) radar in Shi-
garakl, Japan (35°N, 136°E) and a mcteor wind radar pear Jakarin, Indope-
gin (6°S, 107°E). A two day wave was conspicuously enhanccd on July 12-19,
1993 at both Shigaraki and Jokacta. Temperature and norlliward wind were
in-pliase in Shigaraki, and tliey became antl-phase in Jakarin. Tha pliase 1a
of the fluctualions between the two siles snggested thiat this wave propaga
westward with a zonal wavenuuiber of thiree. [n Jakarta two day wave in bolh
wiad and temperature ficlds showed clear enhancements during the periods
correyponding to summer montbs in eaclh hemispbere, especially in January
1993. Phases ol temperature preceded those for northward wind by 180-225°
when enhanced two day wave was seen in northward contponent, indicating
their anti-phase relation in the southern hemisphere. These results sirongly
support that the two day wave near the mesopause can Ie interpreted as the
(3, 0) mode of a Rossby-gravity wave with xonal wavennber of three.
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Simultaneous observations of mesospheric gravity
waves with the MU radar and sodium lidar

*S. P. Namboothiri!, T. Tsuda!, M. Tsutsumi’, T. Nekamura®,

C. Nagasawa?, M. Abo?
(1: RASC, Kyoto Univ. 2: Tokyo Metropolitaa Univ.)

Abstract

Simultaneous mesospheric cbservations have been carried cut using the MU
radar at Shigaraki (34.9°N, 130.1°E) and the sodlum lidar at Tokyo, Hachlofi
(35.6°N, 130.4°E). A new method bs introduced in order to check the gravity
waves at both the jccations, The study utilizes 7 hours of the data collected
an the night of December 15-16, 1993, Using hodograph analysis, dominant
gravity waves and their characteristics have been extracted. Bmploying the
gravity wave dispersion and polatisation relations, the wave induced neutral
density perturbations are calculated and compared with the corresponding
density perturbations derived from the sodlum density messurements by the
sodlum lidar. Tho results suggees that the radar and the lidar see the same
gravity waves at both ths locations.

Introduction

Radars and lidars play an important role in the atudy of dynamics of the
middle atmosphere. The neutral atmospheric density perturbations are one
of the parameters to investigate gravity waves in the middle atmosphere. In
this paper we mads an attempt to check the gravity wave events at the MU
radar and sodium lidar sites by observing the wave induced neutral density
perturbations.

Results

Hodograph analysis is very successful in the determinaticn of tho gravity
wave paramcters as well as the propagation directions. We conducted the
kodograph analysis with the data collected with the MU radar, Ths analysis
shows the dominance of monochromatic gravity waves in the perlod of obeer-
vatlon. A statistical estimate of the gravity wave parameters indicated that
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Oscillatory Behavior of Pokar Flat Summertime
Echoes Associated with Noctilucent Cloud
Formation
°T. Sugiyama!, Y. Muraoka?, H. Sogawa® and S. Fukao'
("Radlo Atmospheric Science Center, Kyoto University,
2Hyogo College of Medicine, *Faculty of Science, Kyoto University)

We analyzed polar mesospheric summertime echoes observed with
Pokar Flat redar in 1984, and found that strong echoes occured mainly
with a period of 5 days. We consider that the periodic formation of the
echoes is associated with the oscillatory formation of noctilucent clouds
with heavy proton hydrates as their origin. Also we simulated formation
of noctilucent clouds in a wide variety of the hymidity conditions. The
results show that a bifurcation of cloud formation between steady and
oscillation occurs in accordance with an increase of water vapor in the

mesosphere.
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the wave propagated with a vertical wavelongth of 16 km, intrinsic period of
9 br and horisontal wavelongth of 1750 km.

Usling tho gravity wavo parameters, the neutral density perturbations for
the MU radar eite is determined and compared with the corresponding den-
eity perturbations cbtained with the sodium lidar messurements. Figure 1
shows the density perturbations cbserved simultaneously with the MU radar
and sodivm lidar. Comparison of the profiles is very encouraging, the am-
plitudes and phase patterns show considerable resamblance. A maximum
density perturbation of of 7% Is observed for both the measurements. The
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Fig. 1. Simultancous measurements of wave induced atmospheric density
. perturbations with the MU radar (solld lino) and sodium lidar (duhed line).

Concluding Remarks

The present study utilizing the dala collected with the MU radar and sodium
lidar reveals s powerful method to interpret the gravity wave cvents observed
simultancously at different locations. From the results it can be concluded
that the radar and lldar seo the manifestations of the same gravity waves at
both the locationa. .
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Middle Atmosphere Observation with MF radar a1 Yamagawa

* K. Igarashi' god I. Nishimata®
1: Communications Research Laboratory (CRL)
2: Yamagawn Rudio Observatory, CRL

MF radar was build in Yamagawa Radio Observatory of CRL (geographic:
31.20° N, 130.62° B; geomagnetic: 20.4° N, 1983°%). This MF radar can
make wind measurements over the 60 - 100 km height region during the
day, and the ~ 78 ~ 100 km height regicn at night with time resolutions of
a few minutes and iteighl resolutions of a few kilomelers, MF radar system
is unique and usuful system for studying the fundamental propestics of the
upper atmosphere, including vertical structure of winds in the mesosphere
and lower thermosphere; turbulent and sable layer characteristics;
umosphanc planciary, tidal, gravity wave charscteristics; investigalion of

g mechanism of MF es; studies of encrgy and momentum
within the upper stmospherc; atmospheric wave generalicn, propagation
and dissipation, and 50 on. Yamagawa MF radar specifications ase shown
in Table 1. Figure | shows the antenna ccafigunation. The transmitting
antenna are two pairs of single wire dipoles which are supported with four
concrele poles of 30 m high. Theee receiving antenna pairs of crossed
dipoles are arranged at the comer of triangle and 15 m bigh above the
ground. This MF radat will be operated continucusly from Scpiember, 1994,
We present preliminary observation results from Yamagawa MF radar.

Acknowledgments: We wish to appreciate Prof. R. A. Vincent of Adehide
University for suppon in the MF radar system construction ot Yamagawa.
The authors would like to thank Drx Tsuda and Nakamura of RASC of
Kyoto University for their help and valuable comments to this project.
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Study on the excitation of atmospheric gravity
waves associated with substorm
*A.Fujihiro, T.Shibata
{Univ. of Electro-Communications)

The most likely eandidates for the excitati of phertic gravity waves
{AGW) and of jated ling i heric disturk (TID) seem to be the
Lorents force and Joule heating in thc aumml ionasphere. A model caleulstion is
performed here, by which the spectrum structure of the anticipsted AGW may be
amesyed.
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Table 1. Yamagawa MF radar sysiem specificalions

Peak Envelope Power 50 kW RMS

Operating Frequency 1.955 MHz

Half Power Pulse Width (adjustable) 15 - SO 1S (30 uS 1yp.)
Pulse Power Pulse Widih (sdjusiable) 5-30uS{15 uSlyp.)
Half Power Bandwidih 30 kHz 1yp. {60 kHz max)
Numbes of Heights pec Sample 1-40

Pulsc Repetition Frequency 20,40, 80 Hz

Integrations (Tx pulses) per Sample Point 4,8,16,32

Samples per Dala Se1 128, 256, 512

Figure 1. MF radar cnienna configuration at Yamogawa

SCT. DDt 49 ~HORPRA L= =T, DDt = 8/0t40-O THY,
P RAZDORBEER . p (2ED. v 2R, CI2HN, 1 RIEARK, g RRHMAKTH
5, B2, DHZOHREGRBHSIRIGR ShARPPBEBRLE L LL, B
pBLIUEN p . BLREABRIHIT, ThPh. p=ps+p1, p=po+m
13, IAFRARRRELTVINT, R v RAPETNLNTHE, LR
106 £ (1)~(3) RiBI Fourier RBEB/LTTLHB L, p,,p1,0D Fourier
BRAT IR HBRANZI NS (1)

o's, 08, 2e,
] +TUT+A8’ +5e, =P, (4)

I A=5Zy B=5St (5) THY. BRI AT <k aelt
o = [P1u/Po,Pra/Po, Ve, bty Vi)'

ST, BEOIEIA Fourier R L. LAt RERER%KTE, I, vp
Brunt — Vaisala R)ER. v, 12 acoustic cutol BEM. r.p, 22 TR TRM, K.
RAESHEEELTVS, P. RERLSLIC, ABRRBEBELTVENT
*oREIERT 5.

AL, AW/ A= L LTHEDOH (py) LEE L. #REMALT )RR
Foutier RT3 L XOBREMIPLN L,

Puoagy _ _ Fpwass )
Po a4+ 3+ AY -

IIT, 0,87k, ETTO 2, p HAGEBERTHY, P, IRERBIZHT S
BRACTHL, BEN. WLHEND> T, —TRE Vo TAMLTVEHA - V-
A (B(e— Vol }5(5)8(=)) THABBEHIBE  BUTUR Py, o0 py & $w—ale) &
25, ChEAVT, 2P, MLV PV —RIHTIMGp S ROBZ, TOREXNA
LRSTBI LY, REUPHFADI 4 =2 T IR L RON,

L
e = [  #ole sy =2y

HEOKEIL LY, BROBE VDT 7/ \Bm#m> 1,1 >m>me,m< m®
ZE2DBEIO2VT, TRPAMIRHONS, ST my=wpfuwalt AGW Dz
HEDKRR AR EBFRCERELA6DOTHS,

BHIR ;
[1] KATO,S., T.KAWAKAMI,and D.St.JOUN, J. Atmos. Terr. PAys.38, 581,177



C42-15

EISCATHIC & S4B BRI BT S
ASBHEDBEEE
iR fRIE), 56HE ' K.Schlegel?
(‘B8 kS, ' MPAE)

Vertical Profile of AGW Activities in the Auroral Xonosphere
Observed with EISCAT
°Yasuo Sakaide!,Takashi Shibata®,Kristian Schlegel?
(*Univ. of Electro-Communications,?MPAE)

The vertical profile of atmaspherie gravity wave (AGW) activities for the 100~250
km altitude range in the daytime has been investigated by making use of the ion tem-
perature data provided by Tromss measurements in the EISCAT CP1 experiment.
Ia order to investigate the fuctusticn properties quantitatively, we have carried
cut the spectrum analysis on the fractional varistions of messured ion tampersture
(dTi/Tio). The wave power profile va height has been studied by integrating the
power lp_ectnl density in each altitude.
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