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MU Radar observations of the Dynamics of
Meso- and Medium-Scale Precipitation Systems

Genya Kotani!), Manabu D.Yamanaka!), Shoichiro Fukao®,Toru Sato?),
Mamoru Yamamoto!), Toshitaka Tsuda!), and Susumu Kato!)
(VRadio Atmospheric Science Center, Kyoto Univ., 2Dept. of Electr. Eng., Kyoto Univ.)

Meso- and medium-scale (horizontal scale ; 102 ~ 10%km) precipitation systems play principal roles
in the troposphere over Japan during the Baiu season, which have been studied by micro-wave radar and
satellite observations. Here we show a case study on dynamical structures of the meso- and medium-scale
systems by the MU radar. A medium-scale cyclone passed just over the MU radar, and descent of the front
was observed also in the echo power data. Strong upward flows and then strong showers with mesoscale

structures were detected near the cyclone center.
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Spatial Uniformity of Vertical Velocity Variations Obtained from
Velocity-Azimuth—Display And Vertical Incidence Observations by MU Radar.

Shoichiro Fukao, Manabu D.Yamanaka, Osamu Aruga, Hajime Nakamural),
Tositaka Tsuda, Mamoru Yamamoto, Takuji Nakamura, and Susumu Kato
(Radio Atmospheric Science Center, Kyoto University, Uji, Kyoto 611, Japan
DJapan Meteorological Agency, Chiyoda-ku, Tokyo 100, Japan)

. .The spatial uniformity of the vertjcal wind was examined by comparing the observation at the vertical
incidence with that of the velocity-azimuth-display (VAD) method, while a cold front passed by the MU
radar. General coincidence of the two observations is fairly good with correlation coefficients of more than 0.8
within the observed VAD radius of 1-4 km, but there is a significant difference between them. The difference
becomes larger in regions with higher stratification than in more disturbed regions such as above the front,
which may be due to 5 contamination by horizontal wind along inclined potential temperature surfaces lesg
than 1°,. along which the horizontal wind blows and contaminates the vertical wind. A comparison is also
made with a numerieal model of the Japan Meteorological Agency.
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Characteristics of RASS echoes detected by the MU radar

T. Adachi!, T. Tsuda?!, Y. Masuda?,
T. Nakamura!, M. yamamoto!, S. Kato?, S. Fukao!
1: Radio Atmospheric Science Center, Kyoto Univ. 2: Communication Research Laboratory

In the last several years we have been working on temperature monitoring in the troposphere with RASS, which
consists of a high-power acoustic transmitter and the MU radar. We have observed focusing effects of RASS echoes
using 4 receiver channels of the MU radar on Nov 14, 1989. We have found that the intensity and spot size of
RASS echoes depend on both receiving antenna locations and observation altitudes.
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THREE-ANTENNA POST-STATISTIC STEERING USING THE MU RADAR

R. D. Palmer, R. F. Woodman!, S. Fukao, T. Tsuda, and S. Kato
Radio Atmospheric Science Center, Kyoto University
1Jicamarca Radio Observatory, Lima, Peru

In the case of Radar Interferometry (RI), a certain beam direction is often desired to be synthesized.
One such technique is Postset Beam Steering (PBS) [Rottger and Ierkic, 1985). This technique synthesizes
the beam by introducing a phase shift on the signal itself. Post-Statistic Steering (PSS) [Kudeki and Wood-
man, 1930] improved this technique by introducing the phase shift on the signal statistics rather than the
signal itself, thus, reducing computation and storage. These techniques were limited to only one-dimensional
steering. This paper extends PSS to the case of three antennas and two-dimensional steering.

The three-antenna interferometer is considered in a standard x, y, z coordinate system, with x, y, and z
pointing in the east, north and vertical directions, respectively. In PSS, the synthesized signal is obtained
by a linear combination of the three received signal statistics. After a standard statistical derivation, the
spectra of the synthesized beam was found to be

Bye = (P11 + B + D33) + 2Re[®12e7* ™ P1-P2)]
+2Re[@meikn~(nt —D3)] + 2RB[‘I’ueik“'(Dﬁ‘Da)], o

where D is the position vector of antenna i, ®;; is the cross-spectra between antenna i and j, and n is a
pointing vector in the direction of the desired synthesized beam, which is function of the desired azimuth and
zenith angles. Therefore, three-antenna PSS consists of, 1) finding all combinations of spectral functions of
the three antennas, 2) choosing the desired azimuth and zenith angle, and 3) simply using (1) to synthesize
the appropriate spectra.

A radar interferometer experiment was conducted on October 24, 1989, 21:00-24:00 local time using the
MU radar located in Shigaraki, Japan (34.85°N, 136.10°E). A 30 min average of Doppler spectra (processed
by a rectangular window periodogram) was obtained for all combinations of antennas. These spectra were
used to find the PSS synthesized spectra shown in Fig. 1 at 9.0 km. As one can see, the Doppler velocities
shift in a manner which one would expect from these synthesized azimuth angles (i.e. velocities reverse sign
for azimuth angles 180° apart). From this data, the wind velocity vector was calculated and found to be
pointing at approximately 55.5°, which is in approximate agreement with normal beam-swinging estimates.
Fig. 2 shows the synthesized spectra at transverse and longitudinal directions to the wind velocity vector.
The spectra at 145.5° and 325.5° are orthogonal to the wind vector, and can be seen to have approximately
no Doppler shift. In contrast, the spectra, which are longitudinal to the wind, at 55.5° and 235.5° show the
symmetric and nonzero Doppler shift which one would expect. This capability of first finding the wind vector
and then calculating the transverse and longitudinal spectra illustrates the usefulness of three-antenna PSS.
The convenience of baselines in orthogonal directions aligned to the wind, to infer information on aspect
sensitivity parameters like width and tilt, is discussed and illustrated in Kudeki et al. [1990].

Kudeki, E. and R. Woodman, Radio Sci., in press, 1990.

Kudeki, E., F. Siiriicii and R. Woodman, Radio Sci., in press, 1990.

Rottger, J. and H. Ierkic, Radio Sci., 20(6), 1461-1480, 1985.
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Temporal and Spatial Variability of the Middle Atmospheric
Turbulence Observed by the MU Radar

Naoki Ao, Shoichiro Fukao, Manabu D. Yamanaka, Mamoru Yamamoto,
Takuji Nakamura, Toshitaka Tsuda, and Susumu Kato
(Radio Atmospheric Science Center, Kyoto University)

The eddy diffusivity due to atmospheric turbulence (spatial scale < 102m) is computed from the echo
power spectral width observed by the MU radar every month since 1986. Layered turbulence considered
to be generated by gravity-wave breaking frequently appears in the lower stratosphere and the mesosphere.
The eddy diffusivity increaces with height below the tropopause jet stream, and decreaces in the lower
stratosphere. It becomes larger in the mesosphere, and gradually increaces with height. The maxima are
observed near the tropopause in winter, and in the mesosphere in summer.
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Seasonal Variation of Gavity Wave Activity in the Middle Atmosphere
Observed with the MU Radar (II)
Yasuhiro Murayama, Toshitaka Tsuda, Takuji Nakamura, Mamoru Yamamoto,

Susumu Kato, Shoichiro Fukao
(Radio Atmospheric Science Center, Kyoto University)

We have determined seasonal variations of radial wind velocity variance and wave-induced
momentum flux from the mesospheric observations continued for three years with the MU radar.
Observed characteristics of gravity waves agree farely well with theoretical predictions, which
leads a further support to the parameterization of mechanical drag used in GCM’s.
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Observations of Saturated Gravity Waves in
the Middle Atmosphere

T. Tsdua, Y. Murayama, T. Nakamura, M. Yamamoto,
S. Kato, S. Fukao, and M. D. Yamanaka
(Radio Atmospheric Science Center, Kyoto University)

It is generally accepted that gravity waves play an important role in transporting momentum
and energy from lower atmosphere to the mesosphere and maintaining the general circulation in the
middle atmosphere. Vertical profiles of fluctuating components of temperature and wind velocity
observed in the middle atmosphere normally reveal wave structures with dominant vertical scales
ranging from a few kilometers to over 10 km depending the observation altitudes. It is generally
thought that these fluctuations are due to a random superposition of atmospheric gravity waves,
which can best be expressed in terms of spectra. It has been found that at sufficiently short vertical
wavelengths the spectral slope and amplitude are usually more or less invariant versus geographic
location and season. Such invariance suggests that the fluctuations are saturated in this wavelength
range. Asschematically illustrated in the figure Dewan and Good [J. Geophys. Res., 1986] and Smith
et al. [J. Aimos. Sci., 1987] predicted an asymptotic spectral slope of -3, and spectral amplitudes
determined by the background Brunt-Viisild frequency at sufficiently large vertical wavenumbers,
while it is assumed that the small wavenumber range is not saturated. In this paper we summarize
comparisons between the model spectrum and observed spectra of wind velocity and temperature
fluctuations obtained by the MU radar, rocketsonde and radiosonde in various altitude regions [Fritts
et al, J. Atmos. Sci., 1988; Tsuda et al., J. Atmos. Sci., 1989; Tsuda et al., Radio Sci., 1990).
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1073, . 1 N
E E — [)
8 4 F Froypy(m) = Tﬁg’m’ (3)
> 1075 3 1 N
3 r
& r (Ns: the background Brunt-Viisild frequency)
107®

AR IR (g: acceleration of gravity)
10°10%4103102 .. |
WAVENUMBER (C/M) (To: background temperature)
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Numerical modelling of tide and planetary-scale waves
in the middle to upper atmosphere

T. Aso & K. Matsuo

Kyoto University

Numerical modellings of solar atmsopheric tide have been extended from linearized, steady
regime to the time evolution of tides which delineates transient structures caused by the unsteedi-
ness of background atmosphere. This might give some clues to quantitatively interpret observed

variability of tidal oscillation which might partly be due to the evolution of global-scale migrating
tides.
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INTERPRETATION OF MESOSPHERIC RADIAL WIND FLUCTUATIONS OBSERVED

WITH THE MU RADAR BY GRAVITY WAVE SPECTRAL MODEL

Y. Muraoka (Hyogo College of Medicine), T. Sugiyama (Kyoto University)

S. Fukao, M. Yamamoto, M. D. Yamanaka, T. Tsuda, T. Nakamura, and S. Kato (RASC, Kyoto Univ)

Spectral analysis is made for mesospheric radial wind velocities measured on September 5-9, 1988 with
the MU radar at Shigaraki (34.9°N, 136.1°E). Under rather quiet wind condition in the mesosphere,
one significant feature exhibited by the frequency spectra for the vertical winds is a pronounced peak
at a frequency a little lower than the Brunt-Viis#li frequency. Other features include the relatively
flat response from the inertial frequency to the peak frequency and the rapid fall-off in power spectral
density at frequencies higher than the peak. The frequency spectra for the oblique winds have an
approximate f™* spectral slope with a weak peak near the same frequency as in the vertical winds. We
discuss these features in comparison with results obtained from a full wave analysis of a gravity wave
spectral model. As a result, we propose that the mesoscale wind fluctuations observed in the
mesosphere can be basically interpreted as due to gravity waves alone.
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COMPARATIVE RADAR OBSERVATIONS OF THE HORIZONTAL
PROPAGATION OF THE MESOSPHERIC GRAVITY WAVES IN
SUMMER-WINTER AND IN NORTHERN-SOUTHERN HEMISPHERES.

Takuji Nakamura, Toshitaka Tsuda, Yuji Tawara,
Yasuhiro Murayama, Mamoru Yamamoto, Susumu Kato
(Radio Atmospheric Science Center, Kyoto University)

We observed mesospheric winds by the MU radar (35°N), Japan and Adelaide PR radar (35°S), Australia for
about 20 days in June 1987.

) R:om the vertical profiles of zonal, meridional and vertical wind components, we have estimated propagation
direction of the dominant gravity waves (Fig. 1). The MU radar observation have shown that most of waves
Propagated in the northeastward direction in summer (June), while propagation directions were centered around
south-southeast in winter (October). Propagation derived from momentum flux induced by shorter period gravity
waves was the same direction as those mentioned above in summer, but northwestward direction in winter.

Adelaide’s winter data also show different propagation direction of the gravity waves between two different
frequency regions (Vincent and Fritts, 1987).

MU v—2—ic X 3 RIEE@AITIY, 1986 45~1989 204 A 4~5 B DHEEHE ( GRATMAP/MAC )
EROEENROERBE CRERY AER A7 br, BHET T » 2 AEOSHEILEBIFL, € 0B
ﬁu¢¥ﬁEQMﬁ52%b#mLz%t,%@u,MUu-y—101%6$1mﬁodgmﬁoﬁw‘&
U 1987 2.6 A 23 AEIDEAL & b i Adelaide(35°S,139°E) DR L — ¥ — CHEBHIICT & - = 1987 °
ﬁsﬂomamoﬁw&mﬁL‘ﬁﬁ&oﬁ&ﬁﬁoi&*ﬁvok&&ﬁ&okﬁ%%ﬁ%ﬁ%.

B1ik, MUV~ ¥ —iCi i} 3 BHDBE T 0 7 7 £ 5 b3k 6 A (H) & 10 A (&) OEDEDK
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FIZ DU (B) MERS 44> X 5 REAWIE 1 GIL 2k, —F. 10 71 M5 1 RIHR R b &
TIFATHY, MiiciE = olrig @) HERKAEFo b2V, B ED X S KHBERXERTEOR
h#ﬁménk.:oauﬂmﬁﬁo&ﬁoﬁmxa%o#ban&%ﬁﬁﬁﬁiﬁwnwwﬁﬁﬂmka
%o&o#li&ﬁ%ﬁ?‘é. =B MU V¥ -G oBoNEHBT Ty 7 DB LAEAR
PRI 6 A IR0 ERORBE & —5F 5 2, 10 A FLTHE CIEIT EBOME & Bie % o T
“3. BERY Iy s xit, Bl DRARNOERD X h5kH 3 5¢, 10 3L ETBHBRABMAOR
gﬁmoﬁm&%ﬁ PHLTLE: bicn3, 10 ABBBAET v 7 7 4 A5 b3RDLERSE & EB)
e 772 ABEROEBRAEEMORA & 0k, MEBRHIC X ) ERSE SRR S = Lic X 5 L HRT
e o %i’ V4 Feo19874 ¢ ROBR» 8B T e 7 7 A A TRDEBDBEOERIIETILHEICR > T
ity FIRSO MU v— s~k b g, 10 A0 MU Lb— X —oGRICELL TV 3, Z0BARERD

VERERLD, BT LB 2 ORFIRCE TR,

RE, TFVL FicpoTit, SmB o9 » 2 2B oROAERAES, RAESICX o IcERE©

BEDICHL, LRAMRICE - HRAS = & 205 ; . , h
y - ST rdRENTHD (Vincent and Fritts, 1987,J.-Atmos. Sci.) .
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%% 1 ® Distribution of horizontal phase velocities (closed circles) and group velocities (open circles) of
Fhe gravity waves observed by the MU radar in Jun 1987 (left) and Oct 1986 (right). Each of the waves
is determined with the vertical profile of the winds averaged for 2 hours.
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METEOR WIND OBSERVATIONS BY THE MU RADAR

Masaki Tsutsumi, Takuji Nakamura, Kazumaro Kita, Toshitaka Tsuda,
Mamoru Yamamoto, Susumu Kato
(Radio Atmospheric Science Center, Kyoto University)

MU radar observations of Mesosphere and Lower Thermosphere (60-90km) are limited to the daytime because
of low electron density at night. By using meteor echoes, which are more uniformly distributed throughout a day,
we can continue observations of mesospheric wind fields, which enable us to detect atmospheric tides and planetary
waves, We have tried meteor wind observations with the MU radar for several times, and compared them with
nomal MST radar observations using turbulence echoes and the Kyoto Meteor Radar results in 1983-1985. Meteor
wind observations by the MU radar can produce a similar hight-time resolusion as Meteor radar (2hoursx4km).

Furthermore, we report some improvements on the transmitting antenna design and the realtime data taking
software.

MU v—¥—TiiBza—%@RAIFdCrickd, HBOSH, RUGERLERE (70-100km) OWHE
AR BR M, PHERSOHEEB3 L aTE 3, 4EIX, FICHFHERROBRAICHR TR . TORA
REBEL, T bHABOTBICOVTR~S,

MU v — & —iC X 3 FRHIE THRBE OSSR (60~90km) Tid, FHITKEXIC L Y BREL LB FOELIA
KXIMOTLREA L LARRETAS 2o, BRI BFHSRMICRRONDG, cokd, XHE
HEoBREBEL 33, KEEYEKe 774 % ) BEOBBCEBE R, LI dT, HExa—2iF
T1EF@LoNZED, MU L—¥-CHERSEEL S  tit, ELFARA=— Foflhh» - A LR
DRBMOBRER L RHAT 2 e HvE B,

BB nAHERL, 1ZERBRHICT A - AELH#ELE — FCOBRBCRAEMORBAEMA L — X —
R (1983~85) DM L B L A, TR, SEBA L AFERRTHAEIMA L — X — ¢ FARE O
MRS ARRE (2 B30, 4km BE) 0Bl fThbhiC b 2RAL 2Rk, 1R, KTEYEKER
B3 3oic, 4 BR (96 BH) OMESIAL T > TROABVEORE o7 7 f 2 TH Y, BEOK
ELv— BRI EBELEbDTHE, FEELUOT w77 A A2 BoN TV, &ic, 1 BEAMECIL,
SAEBZRKI 30km @ S 1€ — FEBbNE S w7 fAXFEETH S,

ﬁfﬂﬁiﬁﬁoﬁ& BRI MRAkIL , BT 3 —HICKFT 30T, BTz —HEMP TS, BEA

EET VR FAR— v BEEEL, BAOBAE B Aok, k. MU L— & — QRN — 5 B3
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110] 19
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;1 Vertical Profile of Atmospheric Tides observed with the MU Radar during 14-18 Sep. 1989.
Thin lines are profiles observed with the Kyoto Meteor Radar in the same months of 1983-1985.
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Measurements of the ozone by a multiple-wavelength ozone laser radar

- On the seasonal variation in ozone concentration at various altitudes -

S.Hayashida-Amano, Y. Sasano, H.Nakane, N. Suglmoto, I. Matul and J. Minato

The Natlonal Institute for Environmental Studies

CH

Systematic measurements of the stratospheric ozone layer have been done by a multiple-wavelength ozone
laser radar since August 1988. Seasonal variation in ozone concentration at various altitudes will be
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Simultaneous Observations of Atmospheric Ozone
with a Laser Heterodyne Spectrometer and Ozonesondes

Taguchi, M.', S. Okano', H. Fukunishi!, Y. Sasano?
! Upper Atmosphere and Space Research Laboratory, Tohoku University
2 National Institute for Environmental Studies

Four simultaneous observations of atnospheric ozone were performed with a laser heterodyne spectrometer and

ozonesondes at Sendai from Nov. 28 to Dec. 2,

1989. The altitude profiles of ozone partial pressure obtained by

the laser heterodyne method excellently agreed with those obtained by four ozonesondes. though the laser hetero-
dyne method can reveal only the altitudinal structure lager than 5-6 km because of the broad shape of weighting
functions. The total column densities and their day-to-day variations observed with the laser heterodyne spectro-
meter were also consistent with the ozonesonde data at Sendai and the Dobson spectrophotometer data at Tateno and

Sapporo.
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Figure 1. Comparison of ozone vertical profiles observed with a

laser heterodyne spectrometer and an ozonesonde.

laser heterodyne spectrometer and (b) ozone-
sondes at Sendai and with Dobson spectro-
photometers at Tateno and Sapporo.
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DERIVATION OF TOTAL OZONE AMOUNTS OVER JAPAN FROM NOAA/TOVS DATA
CORRELATION BETWEEN BRIGHTNESS TEMPERATURES AND TOTAL OZONE AMOUNTS OBSERVED
BY THE TUNABLE DIODE LASER HETERODYNE SPECTROMETER(TDLHS) AT SENDAI.

S.Takahashi, H. Kavanura®, S.0kano and H. Fukunishi
Upper Atmosphere and Space Research Laboratory, Geophysical Institute®
Tohoku University

Total ozone amounts over Japan were derived from the TOVS data of NOAA satellites and
the values of total ozone observed by the Tunable Diode Laser Heterodyne Spectrometer
(TDLHS) at Sendai. The nethod is based on the nultiple linear regression between the
brightness tenperatures at §5 channels (1,2,3,8 and 9) of HIRS/2 sensor and the total o-
Zone data observed at Sendai. The RMS error of retrieved total ozone amounts §is 15(DU).
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Fig. 1, Comparison of total ozone amounts obtained
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=0 +3 ¢ (T,-T)) from TOVS(NOAA-10 and -11) and TDLUS meas-
=3 urement at Sendail during October and Novem-
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0&1»-:1-195”;( V=¥ —nsos4 Q87 —%
A-10 _1*1;93’-10- HAD155—5ico0nTNOA
BL. 1oy IMEARES S LEOFHE LY HHRER
G50 515w DA RREE RS & 5. 1B
cnﬁuéi%zﬁaﬁ”'mé WIHEBR, <o
?_”&Eo'«'bmzmﬁirxu. TOBMBIRHIRS
Elms s Y REACHT SHRARMO
o CSFERELTumLC ey snE, BRL
EE;;TD’i‘ V&t:xaxyygm“aqﬁgu_tg;m (a) total ozone (b) HIRS/2 ch.8
CBUBAY  ROEIAOBAFCETFOLAE
TEItlbbhaThna, St icssieT Fle 2. (a)Horizontal distributlon of total ozone

o V.S?"’ME?"/Z‘?"A’&&E LTWSFETH 30 amounts over Japan In Oct.29,1989. Regres-—
M, {ﬂlﬁ‘taﬂahaaoggﬁgla\ B4 o BB IR slon coefficients are derived at Sendal.
2EFor7y yéﬁuﬁ‘lfﬂki‘“fcbﬁfxekd)?\ Note that brightness temperatures from cloud
EOBRERY, regions are also converted to 'spurious’
total ozone amounts. Step in grey scale Is
BEXIK VAMANOUCHI T., 1. (WASHINA and Y. SEO 2800
MEEH No.81,9-15, 1984 (b)Horizontal distribution of brightness

temperatures of HIRS/2 channel 8. This chan-
nel looks mainly earth surface. Coast lines
of Japan are seen in the map.
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RETROREFLECTOR IN-SPACE(RIS) FOR THE ADEOS SATELLITE:
MEASUREMENT OF ATMOSPHERIC TRACE SPECIES BY LASER LONG PATH
ABSORPT ION BETWEEN GROUND-STATION AND SATELLITE .
A. Minato., N. Sugimoto, T. ltabe*, and Y. Sasano
Mational Institute for Environsental Studies, “Comoication Research Lsboratory
A retroreftector (RIS) has been selected as one of the A0 sensors to
be installed on the Japanese polar-orbit satelllite ADEOS, which Is
planned to be launched early In 1995. RIS will be used for measuring
trace species such as 03, C02, CFCs., based on the laser long path
absorption between ground station and the satelllite.

REAMBH FOREFREADO V—F-BEABBRNYELENETIAAEY DY T VI X - (RIS)H
AOEYH -0 LDl UTADEOSITE (1995 £8iTH LI FE) KHREhd. BEZATHEORO V-
V- BRBRRIBHEORES FHUESMHEN. TOTATVRELDSRBEINTNIN,. SEORIS
ABREDOPE L 28D,

RIS BAKMERHNE TOHM—RFOKODO—-H4TIDF¥a—-Ta—-F—- VDY TVLIR—-T
300nm-14 um OHEVWREETCHVWRIHBEFHD. NFR0.5mTH 3. WENHATERNTIEHRED
DRATRENMETIEDKY IV A2 MATEIHDIS—DIBD1 RCHEEANEY IVIH -8
FEICHBLE. Flg. 1 IKRTEXDKRIS OXMIZMETH & V@175 0130 B K I AT TRY #447
Sha,

RIS nis LRGHRABER. V- V-R2AER. F—IRRAEEI>OMREND(Fig.2). V-
V-2 RRTIZ2LEIVSHEAONEI TONELRTERTHIH. ROHOBRILEBBRRTEFECO2 LV —
V—2HWT, AV, CO2 SOBEIHLCFCS SDH S LABREDOWMERITOHETHS. HRNAN
k32, REESHhEV-V-ROMIO® N tRTCRAEH. HIC. 10unHTRYHHIWD VA V-
F—2ANn3BATH. | PRAOHE THARORHOMSNRFL10* FEGEND. 1 BORMEEEIZ2-3
4T, ADEOS FRHTHRANLABTIHERIRADOBEROBS, BHADEY T2 HE—BERETH S,
ADEQOS H#EMHNETHI0T, BETRHANOBEBERIFo L A< 235, HL Y, ERIIBERORMNR
LR SERIS REROYES T ( HE4MH) ORRAOFHRL LTEOTHY R IO L 23,

FReI’rorel’ lector
-in-spa
Satellite mage m\

sen or

Cube-corner Laser for
retroreflector auto-tracking

Direction
of motion

d 1 D}mTrinsmntter
Tracking
system Delector

z Oata processng
system

Fig.1  Concept of the Retroreflector-In-Space
Fig.2 Block diagram of ground station
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Variation of Ozone Concentration in the Winter Arctic SHratosphere

Mo L BX AB) ik B Em AL (L £ Fh)
P Amedieu (CAR O - P, Jonston (D.SIK) « W, A, Matthews (DS IR)D
M.Helten Gkra) *U. Schmidt (KFA D
M. Hayashe (Woter Research Institute, Undy, oF Nagoya)
Y\ Kondo s Y. Ivasaka (Research Institute of Atmospherics , Univ, of N"WY“)
P.Adnediew (€., RS) | PJouston , WA, Matthews (DSIRD
—ABST RAcTn.‘_Hdﬂh /U Sehmidt ( KEFA ) y
Measurement of Ozone  concent rution were made with ECC osone sonde
d““\"? (HEopPs-g Campalgn in winter of /990 ax Kirana (61°87 N_2)° n'e>
Varta tiom of temperature and ozone mixing retlo have gocd corelution ar
490K and S$40 K In potentin] temperature . The other hamd , mall variafion
of ozone "’""'\"9 ratto were observed 7in splie of '/'emperu'/ure variay ren
at 670k (a\.zsk...), 4sOK (= [pkm), and 420 K (= [km)
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STRATOSPHERIC MINOR CONSTITUENTS STUDIES USING CRYOGENIC SAMPLING SYSTEM

. Itohl, H. Honda‘. T. Nakaz-auaz T. Maehidaz, S. Horimotoz, T. Taminagas, R. Yanakia, Y. Hakida"‘,
. Sakaig, M. Teutsumi® and T. Gado

. The Institute of Space and Astronautical Science 4. Radio Isotope Center, Univ. of Tokyo

. Upper Atmosphere and Space Research Laboratory, Tohoku Univ.

. Faculty of Science, Univ. of Tokyo 5. Ocean Research Institute, Univ. of Tokyo
Stratospheric air samples are collected by a balloon-borne cryogenic sampler.
Profiles of HCFC-22, CFC-114 and 0H301 are obtained for the first time using to
the improved sample cylinder treatiments and the low temperature condensation
method in the gas chromatographic analysis. Other CFC's, CHL, COo,, and 1isotope
ratios of 136/72C and 180/1 0 in CO, are also wmeasured. Through the analysis of
the CO, profiles and the difference between stratospheric and tropospheric
concentrations in these five years, a sign of the dynamic air transfer in the
lower stratosphere and through the tropopause has been found.

(VU VR ]

1. B EYIz 25 4FH 7YV /EBEES-TERLEAEARBXARBIC2E L 3, W<
ODREBBODFTET> 2. SHR. R RXIIZBA TR oEAFLLRBONDI-—H U HE DK
THFHERMRBL. ThooORBEALLBYIRESHFT LB LA, N"O b — KM PCHalkCOL |
REZYRYITHED. SRLEMIB AU  THOITFOERELTWLEZIFhIER
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DEVELOPMENT OF A SPECTROSCOPIC SYSTEM FOR NOz,0s

T.Kuno,K.COhsawa, Y.Kondo,Y. |wasaka, A, Ivata,and K.shibazaki
Reseach Institute of Atmospherics, Nagoya University,and kokugakuin University

¥e have 2 plan to measure stratospheric N0z, 0s for a long term at some points by using long path

visible absorption at twilight.On this time,we measured them with the system developed and analyzed

the data by new way.

Tiny errors of wavelength on the measurment which are problem on this system have been calibrated
2 the value of these errors become less than +0.033(na) by using closs correlated method,etc.

That makes us measurring for over 80° in solar zenith angles. And we will improve this system for

Aeasurring 01 by neasurring vavel ength(450-500(rm))

WREDFY Y ORI, SR AUFEBRERIERR LTV S, > T MEE(LEORITEI LT
TERUNO DAY U BT 5 2B 5 5. TMER 4 WM A OWENC BV TN 02 94 > OEMIH
HUOHEE L5y, MmcRAT 3 A HBOMNRRED TSR, SEIZOMEBOREE DL TRRUR
BRELV. QBT - 5 ORFEE POEE~ S

NERRL RMBY 27 40 B0 CHEE %> TOARSRRETAEOWTES OXA Y LY 3 VESOF
BERAUTHRET — 5 e MET 52 £ 1w & »T+0.033mB T EM oo Zhizk > TABREMAS90° BLE
ZRY. ARBANMROR S REEC 588, S/ NENET U TOMBNTIEEE >R, UTEHES

?;‘-Ja\fxtﬁ—»mmmwmto BELVRER (450m—500nm) TORAXERUITSZLITKD
}./O),Nﬁﬁg’él&];ttwib'théo

838329 8;43;
s ‘3-@ g4 (7] ﬁhﬁﬂrbﬂcn spactrum 424, 4-228.7Tma 09709709 08:13:102 24° NOZ absorption specirud 434.4-449.7Tam

+3.00| %)

A

49.7Cnm)

NO2 column = 8.97E+18 (cn-2)
03 colunn o 24.80E¢)8 (cn-2)
-3,00LK) .

(a) BEMORRRE (b) BMEHOREIER
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Nitric Oxide and Ozone Measurements from Mid-latitude to Equator during

INSTAC-I Campaign

Y. Kondo, Y. Iwasaka, A. Iwata
Research Institute of Atmospherics, Nagoya University
- T. Ogawa
Geophysics Research Laboratory, University of Tokyo
Y. Sugimura, and Y. Makino
Meteorological Research Institute
Nitric oxide (NO) and ozone were measured over the west pacific ocean
during an aircraft campaign which took place between 7 and 10 th of
March, 1989. NO was measured by a chemiluminescence detector [Kondo et
al., 1987, 1988] and ozone was measured by an ECC ozonesonde modified
for aircraft observations. The latitude range covered was from 35°N to
5°s, Cruise altitude was about 4.5 km and most of the measurements were
made at this altitude. During takeoff and landing, altitude profiles of

these species were also obtained.,

100 i T T T T T T T
90 = o -
80 |- -
0F % -
60 |- -
>s0} -
- o
o { .
Q. 40 [~ : ® ‘n h
5 § fo ao° ;‘o ° °:° ’ -
=30 e, oA wwaty aR o
LN i R B §80°200
20 I 8% o:.” %JG ’ °$;B o ee °¢o'° ° N
Biany o ‘¢ LT
T N Wrhghnt A
°°° ® 3
0 1 } 1 1 1 i ‘:0 %
40 35 30 25 20 15 10 5 0 -5

LATITUDE(DEG)

1



D12“09 IR Y% M iR T Xk B A B oo M C 1L
N 2 O oo # #

HE oz £t m®K M R
RkxE

Measurements of the atomospheric HC1,N:0 by IR absorption method

Isao MHurata, Naomoto IWwagami, and Toshihiro ogawa

Geophysics Reseach Labolatory, University of Tokyo

The vertical column abundance of atomospheric HCl and N:0 were deduced
fron the solar infrared spectrum at 2926cm~' and 2583cm-',respectively.
The observations were made by using a 50cm telescope and a 1.5m double
Pass monochromater at Hongo,Tokyo. HCl columns of 0.5~ 1.5 x 10'°/cm*

and N.0 coluons of 6.9 x 10'¢/cm? have been found.

"8IE4A LD, WAkEBF YL NKNAAIZ WAz 2926cn [FIEDRIS 4 > % A w
BWT, 50coM¥EM + 1.5y T LN REIF T, B1ix#@shi2as B4 BAT
BIFRSGAHLAWAFKRAREI LB M 2 tiz7aw PLELDTH B, =iz Ik iF
fi-<Tsn. HC1,CH.,C2He,N20,00,0C5% B BRI ~X2~35<. REEHHEAT
BLE SEHIR D5 BHCLEN20 22 W BAIV—-RZRAEB N Edbbdo i,
THHaAS LR2RDEERELBE T 5. N0 RHEBMEOBRELWE T, B

HCliz p B T C10xD reservoire LT HE TEREFOV —R2HB 35L& T w5 D
BTy, pAEBCoROELBRE S W, = BT O L CDORBEI20ppbiz 40 %5 F
EL RiiBicdwlRkREH TI0OBRHK 56.9 x 10'¢/cp?2 DA S LBHEBELNTSE
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Problems on the Estimation of Temperature and llumidity in the Formation of Proton lydrates

T.SUGIYAMA (Kyoto Univ.) and

Y.MURAOKA (llyogo Colledge of Medicine)

The proton hydrates in the mesopause must bring to us the fine in site information of the
important mesospheric conditions such as the temperature and the humidity, if we obtain the model
to investigate Lhe observations. With the use of the laboratory data which is aveilable up to the
T-Lh order hydrations, the estimated temperature and humidity are tend to be hot and wet in the
case of the low order hydrations and cool and dry in the case of the.higher order hydrations.
One of the reasons of the model dis“crepancy may lie in the terminal cut off due to the lack of the
laboratory data. We will discuss the problems to model the proton hydrate in the mesosphere.

$18 Proton llydrate ( I*(H:0)n ; LT PH)
DI 2 ) 7 BB FHREIC BT 5 SRRIEDEX
1, b LA ETNEF O LN TEDY
Gy B TERLIHBOTo-7L%bLNTH
5, 8561, BEREBOEBROMKE L THORREL&EI%
fForfeeh, P HERIEOBRE, BIEORREE~A 70
7527 —ERMBEAREOLEFI LS,
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x
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ROCKET OBSERVATION OF THE OH (9,6) BAND AND 0 1.27 ia NIGHTGLOW

I.Naito, H.Yamamoto, H.Sekiguchi, F.Abiko, Y.Hisada and T.Makino
Departaent of Physics, Rikkyo University

Alutitude profiles of the eaission intensity of the OH (9.6) band and
0z infrared atmosphéric (0-0) band In the night airglow were observed
siaultaneously with cryogenic filter radiometer on board the rocket
$310-20 flown from Uchinoura ( 31°N) on Jan.28,1990. The data are now
being analyzed, and being compared with the data obtained in the before
rocket observation (Feb.1,1986).
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Observations of Equatorial Airglov at Haleakala

S. Okano, M. Taguchi. K. Shiokawa, and H. Fukunishi
Upper Atoosphere and Space Research Laboratory, Tohoku University

4 preliminary Observation of equatorial airglov will be performed at Mt. Haleakala (20.8° N, 156.5° W.
elevation 3080n) in Maui Island, Havaii in February 1990. The optical instrument to be employed images
the sky with a wide angle (150° FOV) optical systen, which contains a Nikkor 8om £/2.8 fish eye lens as

an objective, onto a 2-D photon imaging head whose phosphor output is refocused to a CCD image sensor.
¥hen a Fabry-Perot etalon of 80mm CA is inserted into the portion of the optical system where light

bean is almost parallel,
removed,
experiment is to observe:

will be presented.
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(MWhbWBTSX 2Ny 7)) RWBBLTWBE I &M
Hhr->T&NK ( e.g. Mendillo and Tyler, 19883;
Sipler et al., 1981) o
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the instrument vorks as a Doppler Imaging System, and when the etalon is
it turns to a wide angle monochromatic camera for very lowlight level.

The purpose of this

(1) 2-D pattern of the equatorial airglow and its variatiom. and (2) 2-D
distribution of wvind and temperature in the equatorial thermosphere.

The results of the observations

B EXH

Mendillo, M., and A. Tyler, Geometry of depleted
plasma regions in the equatorial ionosphere,
J. Geophys. Res., 88, 5778-5782, 19883.

Sipler, D.P.. M.A. Biondi, and R.D. Hake, Jr.,
Studies of the motion of equatorial 630.0nm
airglov depletions, Planet. Space Sci., 28,
1267-1272, 1981.
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Fig. 1 Viewing circle at 300 kn altitude with FOV
of zenith angle of 80 ° from Haleakala.
Geographic and geomagnetic coordinates are
indicated.
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NIGHTGLOW OBSERVATION AT WATUKOSEK, INDONESIA (II)

SHIBASAKI K., OGAWA T.,IWAGAMI N., and Agus=Suripto

Kokugakuin Univ.

Tokyo Univ.

LAPAN

We present the observation results obtained for three nights from September 26

through September 29, 1989 at Watukosek balloon observatory, Indonesia.

Wave-1like

structures moving eastward were recognized in the 0I630.9nm nightglow data durig

this period.
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set of absorption cells, which enables us to measure D/H ratios when it
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DEVELOPMENT OF A VUV SPECTROMETER EQUIPPED WITH
ABSORPTION CELLS FOR D/H RATIO MEASUREHMENT ( I )

D
B

T.Kawahara, S.0kano, H.Fukunishi
Upper Atnosphere and Space Research Laboratory, Tohoku University

We are developing an engeneering model of VUV spectrometer equipped with a

is
plied to the Venusian upper atmosphere. It was confirmed that HLya 1line fron

capillary lamp is absorbed by heating a filament within the cell containing
gas. However, the level of observed absorption vas much smaller than the
pected values calcuiated for various pressure levels of He gas and tenper-
ures of the filament.
To improve this small efficiency, new cells are being developed ; the whole

dy is made of pyrex with Teflon coating instead of stainless steel with Teflon
ating.

RE. VBB AAEHEEHEHIEL TH T TTTIT -
T oREENSFAEABR, KK, BAREXE®R P Fa— g

AV E AL, HLya (121.588nm), D T——~- Tt ThmTmT '—,—-—"' aua-Peu Level
a $ (121.566nn) D9 RBUEZITVWEO = T absorption
ﬁkb?%&&&ﬂiﬁilﬁkﬁ#!oo/ntt%&ﬁ-: e e e e —e e e e
& 5 3 bDTH B,

HeW 2 2 HUALABRR o W I

TH 37 435 2 v b iBEBYT S &

74 3 A Y P ADODEHRERLEDREF

T 5, RHPAXADHRUDDLya i

VD EE 3 Ellya OB MR

D BROY KPR &, DLlya DA

5, Bl #HIcDaH 2ZH LU L £ 0T

EDLyae B4, HBRB|R &N B & ci ;

é ;l]‘;r_ ; tg 4{% :,, 2-; ji g % lﬁz’ ;:;(;;‘é ;tpgﬁj-qla Fig.1 Obserbed absorption level of HlLya enlsslofns
itk b, HLya 8 & DLya B2 X8 L T for Hz gas pressure of 1, 5, and 10 Torr. Fillament
W4 3 &safg&in 3, teaperature is 1800°C.

iAo RIILya @BHHBR L+ VIEE

THRIR & h 3 & & EHRL LM (Fig. 1)

Bhr>BonntBRRNBR EALRDHF |<———-—:ou ——>i
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B (Table 1) whh~<bhbubh/hadowEn Tungsten fllament
BLA. CcoBABLELT vrrbrd
)7¢5‘ﬂ/b'tWﬁEEﬁLf'ﬁ¥b’ + @

N oRBicBRBRYASFICEHESICED $ cg MgFz window Teflon coated

K bHbh 3

) VB o F7a vya—-F 4 v IS DOE Y /—

B -V EFABALARFN. BRTHFER

2 TL %53 v;soal off

& DB . iﬁi‘énf;Hlﬁggb\;D

gﬁﬁﬁ‘iﬁﬁl.fl.iﬁf.’.b& ‘5 60 w absorption uell
DREEBL. BRRBE LY 3L 5 H Ele.1 Sketeh of me g

B 28EL KREHEDTWS,

RERR, HHAECHLEFTAHLWTE LR Pressure  yooox 12008  1400K  1600K 180K
YV A B4 Ly 7 ARMAE ABKR (Torr)
?:’bgﬁﬁ‘4§zj:;;;$5i§ 10-* 1 0.95  0.38  1.26-4  1.84-19
TrarugipiasEesenme L N on ww e
bzékﬁ(“g'z )o VARBER 1 0.98 0.23 5.73-14 0 0
gﬁ'{’;f%\.f“”’"’*m‘ - 10 0.93  9.01-3 13542 0 )

Table | Expected transnittance of HlLya 1line
through absorption cell ( cell length = 10ca ) for
various He gas prossures and tungsten filanent,
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GEOMAGNETIC VARIATION MEASUREMENTS IN CENTRAL

SOUTHERN PART OF THE NORTHERN HONSHU OF JAPAN

Masahiro SETO and Yasuo KITAMURA
(Tohoku Institute of Technology)

In the Northern Honshu

of Japan.

variations have been carried out by many

areas where measuremeat 3Jis not yet
characteristics of geomagnetic
measurements of the geomagnetic

Northen Honshu (38° N=39°N)

Anomalous behaviours of the induction arrows were found out

WikAFEEBwWI. MTHHAZ ZHHBBEAZR

conducted.

variations
variations

and obtained the distribution of
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However,
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induction arrows.

are

In order to wmake clear

in such areas, we Dbegan

in central southern part

in several places.
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VARIATIONS OF SPONTANEOUS POTENTIAL ON THE OUTCROPPING THE MARINE CLAY
Kunihiro RYOK]!
Niwadani High School

EW component of spontaneous potential (SP) is continuously observed at the area out
-cropping wmarine clay of the Osaka group . This marine clay 1includes pyrrhotite ,
pyrite or other sulphide minerals . As oxidation-reduction phenomena are expected
activily 1in these area , the varjation of SP is higher than other areas . The
variation of SP {s noticed yearly periodic changing . That phase is lagging behind
the nmininum atnospheric temperature about 85 days . The author Is thinking that no

relations between the precipitation and the variation of SP exist on long periodic
changing from out of phase.
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ANALYSIS OF THE EARTH-POTENTIAL DATA WITH BAYTAP-G
on the role of the Z-component of the geomagnetic field as associated data

Mituko Ozima”, Toshio MoriZ), Hiromi Takayamaa)

1) Kakioka Magnetic Observatory
2) Matsushiro Seismological Observatory
3) Meteorological Research Institute

The gecelectric observation which had been started in March, 1985 at Mito
(Fig.1) has been almost terminated in August, 1989. With the use of BAYTAP-G, we
have re-analyzed the hourly mean values of those earth-potential data throughout
the interval of observation of about four and a half years. The hourly mean values
of the three (X, Y, 2) components of the geomagnetic field at Kakioka were used
as associated data for which induced electric field was calculated. We found
that our previous report was incorrect and that the use of the 2-component as the
third associated data does always improve the separation of the induced component
as far as our data are concerned (Fig.2). 1If we use the geoelectric data obtained
at BSOBS as the third associated data instead of Z-component, the separation of
the induced component was further improved.

1985 € 3 AH 2B L 2ok A NTT B E 1988 F AW Z KB OIEHERR
mssessmmufaﬁgmmamﬁw BEBRRDPELS 2 SMME NS 3 &%
(B 1E) i, 1980 &€ 7 B IsI- BELRY, ZHhUMELTS >k
HTO %, 8 Az KSH-NTO B HIWF & h % EdPEALR 2MMErELTASR
CERAODBERT LR o 4 £¥ RO LEAOEEFRBEE 2 @K
RBBhrF—9rr350L T BAVTAP- RURE X, Y BB Z 2% H
CERVTRHHELRSL, NS5 X—% W3k, I MAEBABVR LB
PERGEDTHBB L L. 178 H THW ABIC @M /A& 3. %R,

fﬁtbtﬁﬁmiﬂ!ﬁﬁﬁﬂﬂlﬁﬁl:fi’:‘ﬂ%im ILHEADOKDODYVIL JHA T X 2B L i
B ox, Y2 ®BA % F—yRUDIT B BRERGHSH ~ 2 5 L (BSNBS) % F
RUBcenrzumrmmL 2 BurmERBHLEAL 3 &, BER

36

3s

ABIC [EHM/pE LB & Mo H -k

W— “s :57%:{'{ ”. ' Hieasenay respenss ot I 81 KEM-MTO e

VRN
b

03

\

o
-

°
Y

.vs

138 139

e
-

Amplilves  Fagler (avikm) 7 eT

o SOKM
ey

140 141

Fig .1 1nes e 107 088 ? wes
Observation networks for the

geoelectric field with a long Fig.2 Freguency response coefficient of 2-
electrode span. component of the geomagnetic field.




D21-04

REIMAXN 70 b RO ORRBE
BESHMRKEBEM I OEARE

ENEGE - HHEE - PEES - EAHEE
HOK i HE
Development of a new Self-contained Deep-Towed Proton Magnetometer System
and Preliminary Result of the Deep-Towed Observation of Magnetic Anomaly M9

KEIZO SAYANAGI, ATSUSHI OSHIDA, MASAO NAKANISHI, AND KENSAKU TAMAKI
Ocean Research Institute, University of Tokyo, Japan

We developed a deep-towed proton magnetometer system which uses a proton magnetometer with the internal
digital memory. The purpose of this paper is to present the ORI-DTP I (Ocean Research Institute Deep Tow
Proton-magnetometer I) which is the first system in our laboratory and to report the result of the survey over
Anomaly M9 to the east of the Izu-Ogasawara trench. The system is quite simple in operation and low in the
production cost. About 5700 magnetic data can be gathered at a shallower depth than 6500 m by using the system.
Results of the survey show that magnetic field intensities in the deep sea water and at the sea surface have a 20 km
wavelength and amplitudes of 380 nT and 170 nT respectively, with a substantial difference between them.
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Fig. 1 Profiles of magnetic total field intensities obtained by
the deep-towed and surface-towed proton magnetometers.
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VECTOR ANOMALIES OF THE GEOMAGNETIC FIELD MEASURED BY STCM BETWEEN ANTARCTICA AND AFRICA

Yoshifumi NoGI!), Nobukazu SEAMA2?, Nobuhiro ISEZAKI3?, Minoro FUNAKI4), Katsutada KAMINUMA®
1)Meteorological Research Institute

2)Division of Environmental Science, Graduate School of Science and Technology, Kobe University
3)Faculty of Science, Kobe University 4)National Institute of Polar Research

The three components of the geomagnetic field were obtained between Antarctica and Africa across
the Enderby Basin and the Southwestern Indian Ridge during the 30th Japanese Antarctic Research
Expedition. The directions of the geomagnetic anomaly lineations were determined by wusing the
anamaly vectors of the geomagnetic field. Five regions were characterized by the wavelength of the
8eomagnetic anomaly and the directions of magnetic lineations, in addition to fracture zones. Our
‘I':g‘i‘!tsnf:sse“ that it is possible to provide new constraints for the evolution of the Southwestern

an ge
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Electric Field Measurement at/around Auroral Arc by BB-12 Sounding Rocket

H. Hayakawa, Y.-I. Kohno, A. Matsuoka, and K. Tsuruda
The Institute of Space and Astronautical Science

To investigate the break up time auroral phenomena up to 1000 km, a sounding rocket will be launched from
Poker Flat (Alaska) in February 1990 collaborating with U.S. group (UC Berkeley). For the comparison of the
electric field obtained by the double probe method and by the ion boomerang method, this rocket carries the both
type electric field detectors. The electric field detector using ion boomerang method (EFD-B) is essentially the
same as that of S-520-12 which will be launched from Andoyg(Norway) also in February 1990. The preliminary

result obtained by the EFD-B will be reported.
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Initial Resx_xlts of Low Energy Plasma Instrunent aboard S$-520-12

Rocket Launched from Andoya,

S. Machida(#). M.

(%)

(%%) Faculty of Science,

Norway

Hirahara(##%), Y. Saito (#*#), T.Mukal (¥%)

Institute of Space and Astronautical Science

Kyoto University

A

. generic sumnary of recent §-520-12 rocket low energy plasma experiment is given.
ua
quadrispherica) electrostatic energy analyzer, magnetic energy analyzer and nev type

ion n
488 energy spectrometer vere fablicated and boarded.

The signals from these sensors

we
Thre Processed by common electronic unit and telemetered down to the ground station.
e
Tocket vas launched fron Andoya Rocket Range into a typlcal morning-side pulsating

aurora.
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Observations of lon Energy Spectra and Compositions in the Dawnside Auroras
with $-520-12 Rocket Launched from Andoya in Norway

IIIRAHARA Masafumi, MUKAI Toshifumi, MACHIDA Shiobu, SAITO Yoshifuami

#1 ¥2 L ¥ %l
¥] Departnent of Geophysics, Facully of Science, Kyoto University
#2 The institute of Space and Astronautical Science

e plan to observe the ion energy spectra and composillions at ~300kn-altitudes in the ionosphere with $-520-
12 rocket launched from Andoya in Norway. Although there have been only a linited number of reports concerning
the ion measurements 1in the dawnside diffuse (pulsating) auroras, the observations are important for under-
standing of particle precipitation mechanisms, the loss processes (e.g. charge exchange). We will describe the

characterisics of the onboard lon Energy-Mass Spectroaeter (IEMS) and report on the prelininary results of this
rocket observations.
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S-520-12 OBSERVATION OF
ELECTRON FLUXES IN A PULSATING AURORA

Y.SAITO(%) S.MACHIDA(#%) M.HIRAHARA(#) T.MUKAI(%%)

(%¥) Faculty of Science,Kyoto University
(+%) Institute of Space and Astronautical Science

Tvo complementary instruments, a 90°-spherical electrostatic analyzer(ESA) and a
magnatic analyzer(MGA) wers carriod by the rocket $-520-12 in order to study the
Source and pechanisws of electron precipitation producing pulsating auroras. We can
obtain electron energy and pitch angle distributions with ESA 1n which energy is
scanned frow 10sv to 16kev in 32 steps. On the other hand, MGA measures precipitating
olectran flux“. at four fixed energy channels simultaneouly and separately with
208s6c time resolution. In this paper we will report praeliminary results obtained by
these two instrunonts.
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HEMISPHERICALLY ASYMMETRIC FIELD-ALIGNED CURRENT SYSTEMS IN THE HIGH-LATITUDE PRENGON REGIONS
H. Fukunishi '
Upper Atmosphere and Space Research Laboratory, Tohoku University

The relationships between fleld-aligned currents and particle precititation in the high-latitude prenoon
region have been studied using DMSP F? particle and magnetic field data obtaind from 680 passes in the period

of December 1-31, 1985.

It has been found that in the northern hemisphere for By > 0, downward region 1 fleld

-aligned currents flow along the field lines of the cusp region determined from the particle data, while

traditional "

cusp” field-aligned currents flow along the field lines which lie poleward of the cusp region.
This current pattern reverses symmetrically In the southern prenoon region and also for By < 0.

These results

suggest that the main driving source of dayside FAC's are located on the dayside and nightside magnetopause.
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Fig. 1. Electron and ion precipitation regions and FAC's observed by DMSP-F7 on December 18, 1985.
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Source Reglions of Auroral Arcs Inferred from
the DMSP F6 and F7 Particle Datas
K. Shiokava, H,Fukunishi

Upper Atmospere and Space Research Laboratory, Tohoku Universlity

To
investigate the source regions of discrete auroral arcs in the magnetosphere, wve analyze particle and

iurm inage data obtained fron the DUSP-F6 and -F7 satellites.

. 6300 %

The intensity of auroral emissions for 8§77

fluxes of a’;f! 51'2(1?0) are calculated fron the observed accelerated downvard electron fluxes to show that the
sities andpt:: pitating electrons are sufficient for the formation of auroral arcs. Then. the electron den-
fitting the roal energies of these electron fluxes in the magnetospheric source regions are estimated by

diatribuno,,:cf,;l:m“ Maxvellian distribution function to the observed elctron energy spectra.
agnetospheric electron densities and thermal energies for magnetic quiet and active pe-
tained by selecting 514 and 551 electron precipitation events, respectively.
Pheric source regions of auroral arcs are made based on these distribution maps.
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i Polar plots of the electron densities of auroral arcs in the magnetospheric source
regions for (a) active period (Dec. 12-14, 1985) and (b) quiet period (Dec. 7-9, 1985).

These values are

inferred by fitting the accelerated Maxwellian distribution functions to the downward electron energy spect-

ra obtained by the DMSP-F6 and ~P7 satellites.
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PATTERNS OF ELECTRON AND ION PRECIPITATION IN THE NORTHERN
AND SOUTHERN POLAR CAPS FOR NORTHWARD IMF CONDITIONS

O. A. Troshichev and T. Obara
Institute of Space and Astronautical Science

The data from the particle detector on the DMSP F6 and F7 spacecrafts were
used to study the patterns of electron and ion precipitations in both polar caps
when the IMF was northward. Over 100 dawn-dusk passes in the pole region were
examined for 15 days period from April to August 1985. The determination of the
auroral oval boundaries was carried out first. The equatorial part of the oval
is commonly characterized by the electron measurements as a region of continuous
and hard electron precipitation with an average electron energy higher than 500
eV. In the poleward part of the oval the precipitated electrons with energies
lower than 500 eV and of a burst type are usual. However the bursts of
precipitation of hard electrons (with energies up to 10 keV) are often seen in
the same region. The precipitation of hard electrons of simular energies occurs
also in the polar cap causing the sun-aligned aurora arcs when the IMF is
northward. Owing to this nature of the electron precipitation the identification
of the oval poleward boundary proves to be very difficult when only the electron
measurements are used. As a result a diverse points of view have been put
forward on shape and size of polar cap for the northward IMF.

In this sludy we propose to take the poleward border of hard ion
precipitation (0.2<Ei<10 keV) as an appropriate boundary of the auroral oval.
The data of DMSP satelliles show that Lhe continuous fluxes of these ions with
the ions number fluxes higher than 10%(cm.2sler.sec)-! are observed as a rule in
the auroral oval. The sharp decrease of the ion precipitation occurs just on the
poleward boundary of soft (Ee<500 eV) electron precipitation when this boundary
can be clearly seen. The increase of the ion precipitation occurs also above
sun-aligned arcs in the polar cap, but its intensity here is much lesser than in
the auroral oval. The ratio of electron energy flux to the ion energy flux is
equal to 1 - 10 in the auroral oval and 20-100 for sun-aligned arcs. This
feature of the ion precipitation gives a criterion for identification of the
poleward boundary of auroral oval. Using this criterion several patterns of
electron precipitation in the polar cap typical for the nortward IMF can be
noted. They are follows: )

-symmetrical patterns where the electron precipitations in both, northern
and southern, polar caps are localized along the oval morning and evening
boundaries,

-symmetrical patterns where the electron precipitations in both caps spread
from morning (or evening) side toward to pole,

-symmetrical patterns where spikes of electron precipitation fill both
polar caps, : -

-asymmetrical patterns where electron precipitations occur on the opposite
sides of the noon-midnight meridian in the northern and southern polar caps,

-asymmetrical patterns where the electron precipitation occurs only in one
polar cap whereas the opposite cap remains almost quiet.
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ACTIVITIES OF POLAR CAP AURORAS OBSERVED BY AKEBONO

Kaneda, E.,!) 7. Yamamoto!), K. Hayashil), B. Fujiiz)’ A. Kadokura?), M. Ejiri2)?,

K. Makita3)

, and T. Ogut:i4

1) GRL, Univ. of Tokyo, 2) Natl. Inst. Polar Res.,

3) Facl. of Eng., Takushoku Univ.,

Res. Inst. Atmosph., Nagoya Univ.

From space imaging of aurora it has bee reported that there are two kinds of the
polar cap arcs; the one is the fairly stable long-lived arc, such as the sun-aligned
arc observed by the ISIS-2 satellite and the trans-polar arc part in ’theta’-aurora
configuration by the DE-1, the other is the changable arc observed by the VIKING. UV
imaging by the AKEBONO has observed the differnt type of auroral features in polar

cap, the diffuse aurora covering uniformly wide regions.

Including trans-polar arc

formation on the boundary of this diffuse aurora, processes of chages in polar cap
aurora have been revealed by the imager on AKEBONO with high time-rate snap-shot, 8

second interval in the maximum rate.
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T.Obara,T.Mukai,H.Hayakawa,S.Machida, A.Matsuoka, Y.Kohno,
K.Tsuruda,A.Nishida(ISAS),N.Kaya(Kobe Univ.) and
T.Okada(Nagoya Univ.)

Electric field and aurorasl particles have
been measured by the Akebono(EX0S-D) satellite
in the polar cap region. A lot of precipitation
spikes have been observed on its dawn side or its
dusk side. A distinct electron precipitation
region was seen at the edge, which séparated a

so~called "web" region and a “"slot" region.
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Simulteneous electric field observation showed
that a simple pattern of the convection existed in
the polar cap region; nawmely, an anti-sunward
convection has been seen in the "web" region, while
a sunward convection has been observed in "slot"
region.
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Latitudinal Structure of the Dayside Cusp Observed from AKEBONO (EX0S-D)

T. Mukai, A. Matsuoka, H. Hayakawa, K. Tsuruda. and A. Nishida (ISAS)
N. Kaya (Kobe Univ.), W. Miyake (CRL), and T. Okada (RIA., Nagoya Univ.)

Detailed latitudinal structure of particles and fields In the dayside cusp is discussed,
based on the LEP and EFD observations onboard the BX0S-D satellite, The particle signature
in the cusp is characterized by precipitation of intense low-energy (~ 100 eV) electrons
gggo anied by keV-range ions which often show energy versus latitudinal dispersion, while

ectric field exhibits a turbulent feature on the general trend of antisunward convec-
tion. It is notable that a few discrete patterns in the ion precipitation, one showing a
typical energy dispersion and others shoving non-dispersion, are often observed even in a
noon-aidnight pass. In such cases the fluxes of precigitating fons are generally higher in
the low-latitude portion than at higher latitudes. These observed features cannot be inter-
preted in terns of a hitherto-believed simple mechaniss for the magnetosheath plasma precip-
Itation Into the ionosphere through the polar cusp. and requires a nev concept.
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Electric field sturucture in the cusp region observed from EXO0S-D
A.Matsuoka', T.Mukai', H.Bayakawa', K.Tsuruda', Y.Kohno!,

T.0kada?, N.Kaya®, H.Fukunishi?
'1SAS, 2RIA, Nagoya Univ. 2 Kobe Univ. *Tohoku Univ.

In the data of EPD (electric field detector) on board EX0S-D. oscilating

electric field 1is wuseally obserbed in the cusp region. There are tvwo
possibilities to explain this phenomenon. One is MHD waves assosiated with
the dayside reconnection. The other is the electrostatic turbulence localy

generated by the charged particle precipitation in the cusp region.
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IDENTIFICATION OF THE CHARGE CARRIERS OF FIELD-ALIGNED CURRENTS BY THE AKEBONO SATELLITE

Y. Takahashi', H. Fukusishi', B. FuJil2, T. Mukai®
1: Upper Atmosphere and Space Research Laboratory, Tohoku Unlversity
2: Kational lnstitute of Polar Research
3: Institute of Space and Astronautical Sclence

High time resolution data of magnetlic fields and low energy particles obtalned from by the MGF and LEP
experiments on the Akebono satellite were analyzed for the identification of current carriers. The LEP
Reasures electrons and fons in the energy ranges of 5 eV — 24 keV and 6 eV/q - 30 keV/q, respectlively, over
the whole pich angle range at time Intervals of 2 sec. From these data, pitch angle distrlbutions are
calculated as a function of energy. Then, downward and upward field-allgned currents were calculcated by
integrating the estimated distribution functions within selected energy ranges. The main charge carrlers
for Region 1, Begion 2 and cusp field-aligned currents are discussed based on these data.
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Fig. 1. Exaaple of Region 1 and Region 2 field-allgned currents observed in the evening side

by the Akebono satellite,
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VARIATIONS OF THERMAL ELECTRON ENERGY DISTRIBUTIONS
IN THE FIELD-ALIGNED CURRENT REGION

Takumi ABE', Koh-ichiro OYAMAZ, Hiroshi FUKUNISHI3,
Ryoichi FUJII?4, and Takashi OKUZAWA!
1Denki Tsushin Univ. 2ISAS 3'l‘ohoku Univ. 4NIPR

The thermal electron detector onboard the Akebono satellite has observed
characteristic features of thermal electron energy distributions in the field-aligned
current region. Electron temperature in the upward current region is higher (AT,=
1000 ~ 2000K) than that in the ambient region, while the temperature in the downward
current region slightly decreases (A& Tg=-500~ -1500K). These variations of the energy

distribution seem to be more structured in latitudinal direction, and denpending on
the altitude.
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Hinor Light Ions Heasured by Akebono

S.Watanabe ,E.Sagawa, I.Iwamoto [Comnunicatlons Research Laboratoriy]
B.A.Whalen [Canada NRC Herzberg Institute of Astrophysics)

Abstract

Radio waves with right-hand polarization of extremely low frequency (ELF),
emitted by l1ightning strokes, can penetrate the lonosphere into the lower
level of the magnetosphere . The right-hand polarized waves change to
left-hand polarized waves (loncyclotron waves) at the crossover frequency
in the nulticosponent and inhomogeneous plasea. Upward and transequatorial
( downward ) deuteron whistlers caused by the minor lonic component of

the lonospheric and magnetospheric thersal plasma, principally deuteron
(density ratio of deuteron to proton perhaps ~ 10-* ) and a small aamount
of He++ ,were found from ISIS VLF data. Usually we cannot observe the
large flux of thermal. H/Q=2 lons ,however,the large flux of down going H/Q
=2 lons, measured in the density ratlo to H+ as ~ 10-' ,appeared in the
8eomagnetical calm period at the low altitude (~ 1000 Ka ) cusp region.

In the morning side of the auroral region,a large flux of H/Q=2 lons was
observed as principally thermal plasma without flow during a

8eomagnetic stors at relatively high altitude (~ 10000 Ke). These cases
Seem to be caused by He++ froa the solar wind. In these case, then , the
density of M/Q=2 ions which make up the deuteren whistler nmay also depend

on Het++ from the solar vind.

Follovwing Figure shows down going H/Q=2 lons observzczi:;lpolar cusp. Left
and right pannels mean dowd and upgoing ions ,respe y.
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AKEBONO Observations of High Frequency Modulation in Electron and Ion Fluxes
E. Sagawa (CRL), T. Mukai (ISAS), N. Kaya (Kobe U.)

Instrumentation for measuring the high speed modulation of electron/ion flux is included as a part of
the LEP experiment package on board the AKEBONO satellite. This experiment is intended to observe
modulations of the ion/electron flux associated with the atrong local wave-particle interactions expected to
occur in the auroral acceleration region. This type of experiment has been conducted only once by the AMPTE
UK satellite with little cases when it observed clear signature of the flux modulation. Since the start of the
AKEBONO opezation on Apr. 1989, so far, we have also not found a clear evidence of the modulation of the
clectron/ion flux associated with the plasma wave activities, although the instrumentation works fine.
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Autocorrelation function obtained with HPS (Left) and LAC (Right) instrument. Horisontal axes are the

lag time, and full width (128 ch) corresponds to 0.128 and 8.3 ms for HPS and LAC, respectively. Note a single
peak at 7 = 0.
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PARAMETARIZATION FOR VELOCITY DISTRIBUTION OF
UP-FLOWING 1ONS OBSERVED BY AKEBONO

W.MIYAKE, T.MUKAI , N.KAYA and E.SAGAWA
( CRL , ISAS , Kobe Univ. , CRL )

L",:P(L"“ Energy Particle) instrument on board AKEBONO satellite has often observed Up-
Flowing lons, such as conics and beams, in the polar magnetosphere. Ocasinally, ion conics
and beans quickly change into each other, and a kind of mixed velocity distributions are
found. Ve parametarize the velocity distributions of these ions in order to make
:lla:l;itative analysis of UF! events and to make clear the acceleration and/or heating

echanism.
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CHARACTERISTICS OF ION CONICS OBSERVED BY AKEBONO SATELLITE

N. Kaya, T. Mukal and LEP team
(Kobe Univ.) (ISAS)

Ion conics were observed iIn a region from midnight to 3:00 MLT on July 24. The ion
conics have very interesting characteristics, one of which is a nass dispersion: H* are
detected in the region of the high latitude, He* in the middle, and O* in the low latitude,
respectively. Furthermore, the peaks of the fon fluxes change pitch angle distributions from
900 to upward with decrease In latitude. We carried out the test particle simulation using a
g:gié.of dipole magnetic field in order to investigate the dispersions of the mass and pitch
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Fig. 1 Mass dispersion by time-of-arrival effect
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Pulse-like distortion of the electric field observed on AKEBONO satellite

Koichiro Tsuruda, Hajime Hayakawa, Yuuichi Kohno, and Ayako Matsuoka
The Institute of Space and Astronautical Science
and
Toshimi Okada
Research Institute of Atmospherics,Nagoya University

The double probe electric field data obseved on the AKEBONO satellite sometimes show pulse-like distortion
when the probe is nearly parallel to the ambient geomagnetic field. This distortion is interpreted in terms of
the motion of photoelectron cloud around the probes. The observed distortion is consistent with the theoretical
expectation at least qualitatively.
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Dispersion Relation of Electrostatic Noise Observed with ISEE-3 in
the Deep Tail Boundary Layer

M. Tsutsur', R. J. STRANGEwWAY?, B. T. TSURUTANE, J. L. PHILIPS*, E. W. GREENSTADT®,
M. ASHOUR-ABDALLA?, H. MartsumoTo?!
1. RADIO ATMOSPHERIC SCIENCE CENTER, KYoT0o UNIVERSITY, UJI, KYOTO 611, JAPAN
2. INSTITUTE OF GEOPHYSICS AND PLANETARY PHYSICS, UNIVERSITY OF CALIFORNIA AT LOS ANGELES,
Los ANGELES, CALIFORNIA, U. S. A.
3. JET PROPULSION LABORATORY, CALIFORNIA INSTITUTE OF TECHNOLOGY, PASADENA, CALIFORNIA,
U. S. A.
4. Los ALaMos NATIONAL LABORATORY, LOos ALaMOs, NEw MExIco, U. S. A.
5. TRW SPACE AND TECHNOLOGY GROUP, REDONDO BEACH, CALIFORNIA, U. S. A,

The first measurement of wave-particle interac- plasma relative to ISEE-3. The resultant disper-

tions in the deep geomagnetic tail has been con- sion relation (w — % diagram) of the wave is shown
ducted by ISEE-3 spacecraft!). According to the in Figure 1. In the figure the maximum and mini-
paper, the most striking result is intense pure elec- mum ion acoustic speeds, 76 and 48 km/sec, which
trostatic signal with f > Q, (. is the electron cy- are obtained from the plasma temperature, are
clotron frequency) observed in a distant region over given by two slope lines, respectively. From the co-
180 earth radii where is characterized by the pres- incidence among their values and the derived plots
ence of low plasma flow speeds and bi-directional in the figure, we can identify the mode of observed
electron distribution. As for the electrostatic noise, electrostatic noise as ion acoustic waves.
Scarf et al.! expect two modes of wave: one is the
(n + 1/2)Q, electron cyclotron harmonic modes,
and another is Doppler shifted ion acoustic waves.
So far, however, the mode of the wave has not been
identified explicitly.

In this study, we have re-examined some char-
acteristics of wave behavior using a different type
of display format for sixteen channel electric field
data. The new format (a dynamic spectra) clearly
exhibits a series of banded spectra of the noise, al-
though each noise is impulsive having a duration
probably less than the maximum resolution (0.5
sec) of wave data sampling period. The dynamic
spectra also shows that the frequency variation of
the banded noise is unlikely correlated with the cy-
clotron frequency variation whereas it is well cor- L
related with that of the plasma frequency. The Wavenumber ( 1/10°m )
present analysis has brought that the bandwidth
of the noise spectra changes linearly with the peak
frequency of the noise. Using the detailed wave F.igure 1: De"i‘fef“ w —’f diagﬂ’m'. Two slops are the

e . . maximum and minimum ion acoustic speeds obtained
characteristics and electron data in addition to a from plasma parameter.
speculation of Doppler broadening of the gener-
ated noise, here we propose a method of estimating
wavelength of the generated electrostatic noise.

The analysis has provndec! us ?. r?sult that the Scarf, F. L et al., ISEE-3 wave measurements in the dis-
wavelength of the electrostatic noise is about three tant geomagnetic tail and boundary layer, Geophys. Res.
times length of the Debye length of the flowing Lett., 11, 335, 1984.

Frequency ( Hz )
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A STUDY OF PLASMA ENVIRONMENT AROUND A LARGE SPACECRAFT
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Computer Experiments on the Current-Voltage Characteristics of
a High Potential Tethered Satellite

Hideyuki USUI

Hiroshi MATSUMOTO

Yoshiharu OMURA

Radio Atmospheric Science Center, Kyoto University.

By perfoming computer experiments using a 2 dimensional full electromagnetic particle code, we studied
the current-voltage characteristics of the tethered satellite in the SETS experiment. We have one conductive
body representing a high potential satellite due to the V x B effect in a simulation plane. It collects the
surrounding electrons but accumulates no charges since they are assumed to be emitted as an electron beam
from the orbiter located far from the satellite. We discuss whether the theory of Langmuir probe and the
current-voltage characteristics for a single space vehicle can be applied to the nonlinear case such as the
SETS in which the potential energy of the satellite is extremely high compared with the electron thermal

energy.
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{1] P.M.Banks and P.Byers, 'SETS Development Phase
Proposal’.

[2) B3+ fh. 5% 82~85 [(] SGEPPS , BAINTHR

[3] Beard, D. B., and F. 8. Johnson, Ionospheric Lim-
itation on Attainable Satellite Potential, J. Geo-
phys. Res., 66, 4113, 1961.

(4] Linson, L. M., Currnt-Voltage Characteristics of an
Electron-Emitting Satellite in the Ionosphere, J. Geo-
phys. Res., 74, 2368, 1969.

Fig.1: Contour maps of the number density for electorn and fon. The low density region
has a shape elongated along By due to the electron collection by the high potential satellite.
We need to adjust the electron flux injection at the open-boundaries in the z direction to be
proportional to the amount of the electron collection by the body in the simulation.
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Computer Experiments on Interactions between Spacecraft and Fast Plasma Flow
in Geomagnetic Tail Region

Masaki OKADA Hiroshi MATSUMOTO Yoshiharu OMURA
Radio Atmospheric Science Center, Kyoto University

We have performed 2D computer experiments to analyze an interaction between a fast plasma flow
and spacecraft in the geomagnetic tail region. We use the two-dimensional electromagnetic particle code
(KEMPO2) with an internal boundary of the spacecraft moving in a high-§ plasma permeated by the geo-
magnetic field. The plasma flow is given in the z direction. If the flow velocity Vy of the high-# plasma is
larger than the ion thermal velocity V;, the wake, a depleted density region, is formed behind the spacecraft.
The ratio of electron temerature to jon temperature plays an important role on the particle dynamics in the
wake region. We performed the computer experiments changing the parameter T, /T;. A high density region
of ions bounded by a bow-like shock is formed behind the spacecraft. It is clearly different from the wake
sturcture. Thus plasma waves play very important role on the shock and /or wake formation. We will present
the effects of these shock waves and particle heating on the in-situ observation.
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Energy transfer from Electromagnetic Waves to an Electrostatic Oscillation in
' a Nonuniform Plasma

Satoshi YAGITANI- Isamu NAGANO" Yoshiharu OMURA™ Hiroshi MATSUMOTO""
*Kanazawa University **Radio Atmospheric Science Center, Kyoto University

The computer experiments by using a particle code (KEMPO) have revealed that in a nonuniform plasma electro-
magnetic waves parallel to the static magnetic field excite an electrostatic oscillation through a nonlinear process,
where electrons accelerated by nonlinear Lorentz force excite plasma oscillation. If the frequency of the plasma
oscillation resonates with the frequency of the nonlinear Lorentz force at a certain point in the nonuniform plasma,
the amplitude of the oscillation grows and reaches a saturation at the point. We will discuss the growth and
saturation of the electrostatic oscillation and subsequent heating of the electrons in the nonuniform plasma.

Fxit, HF = — F (KEMPO) # UAMRRRBIC KD, FHR S I X< hoRREROBTEFToT0 3,

ShiICkd ., FAEEROBERVEROMMETS S Full Wave iEd Y CHRRL & L2 E#@CH - AFERBER
PIVRTIXHMTFORESHODREY U»EWHERICFLIFELEROCHET I TR 35, BiED
RBECIX, TOIFFMEREO—M L LT, THRSIXvhicBRMiE— FXUBBET 3o LIck I RET S
FERFED o —L v Y NHBHBI—AICPLTTIXERI LY F v X ¥BI L, XELHERNEBDHEREx 2, £
DRERTOADOEHBE TS I X< FOBEIFHMICERTIRFICOLTRELEA,

— KO Fa— FItpuTa—A PARFI7IXICHBNARTFEESRLER L, ABRE (xHM) &
FRICBBREIMERTIBEEBRD, COEFARPLT, HRBECT Y {av—vav e X7 L0ENSDA
HUARBES Y Y XvhoARBRBICHLTERY P XUVERYOERORBIFLE— FIS2h, LE—
Fido 257 achelMEn, RE—Fiitoz L A7 LA0R~AERT LS 2BEEEET S, cotL ¥,
Le—FoRBALY LECIR, RE—-FOERE—-FtLE-FOT ARy - FIRX D) RETIIER
Foo—Lyyhs, BREOHERO 2B OXxFACHTLIERNEI 43, TOoNTFRRY, AXR 1T 2-2
DbLETIR, PI—ATTIX=EBIELYF 2B L, KELHRWEYHLSIZECT, tot oL V¥
v2DFEH% Figl Kw~kX4 T 77 4THRY, BE— FOO 3FTEAROEEHI S I X BHDOIL v &
—HFT3X30BEIT, LI RIET S,
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kA —) OBMBILLr LTRDOLAVOXFig2 33, Rt diczkar—EkL T A, HIE
MiIc#ET 3 LfafMmLTL3, Shit, v/ vRAECHYyFeoe—F 4 THHBFBOTHEFEBROR
VBTSN~ LITLE D, TOBRBTFEEIRLT I LRI 7IXRERVEIEL, Figl I/RLA
LY/ F v REEMRRIN A 2LbTHIEEXLND,
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Fig.1 Resonance condition for electrostatic oscillation  Fig.2 Time history of the total energy in the z-direction
due to the nonlinear Lorentz force
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Computer Experiment of Particle Beam Injection in Nonuniform Plasmas

Hiroshi FURUKAWA Hiroshi MATSUMOTO Yoshiharu OMURA
Radio Atmospheric Science Center, Kyoto University

We have studied the dynamics of particle beams injected into nonuniform plasmas by using a 2-D full
electromagnetic particle code. In the present model the ambient plasma has linear density gradient along
the external uniform field line. We inject an electron, ion (or neutral plasma) beam locally along the field
line. The system is isolated along the magnetic field, and periodic across the field. We present the nonlinear
dynamics of the beam in the nonuniform plasma as well as associated waves characteristics.

77Xv‘PTQﬂ¥B—A‘ 4y e—208 80, EROEFALICAT, MFE—L b v E—btE
ﬁ;;;;t?;;;;v, BRiE OHEEFRIR, BB ALAEBEICOLT
. LY Dﬁ
k. LBLihbosi, %ﬁgi—fv&;&;ﬂ_ﬁi"&g o BFOME, KBTS, BEOEE b OFROT)
bLCRERMLTbhA boTbs, T, ER. TE X~ ¥—h ORI S BEE/ER

ﬁ;ﬁﬂﬂﬁxvﬁ\ H&rFafgickoik, 72 o E—LHTFH, MFTHBBE LA A THIRB0
= ?ﬁﬁhxﬁ—&%ﬁt v SORY—EHREN ¥ — & ORI DBV
BRC2OTERA o v 3 (UFT) BB (A 1Y
ECEW ® VLF , AKR %) c @2 RIET B2 05 5. EH—REFOBRE L KB L 22 LEF 2T 5. ToK
FFROBMIL, SRAMBN Fa— FEAOT. Ry B AFYEFUF O S I X v — 2 2BAT IR
—7’7“*‘:9‘16%%99&!?8-.&\ Axve—a, Effe, ShicouvTvRMENAS.
s b':'t*&e—-b (ﬂ.?.k e y) DHXLF I 2 2% ATFRERBENSESAIE TR L LA Wingleed Ill,fil
FNEBOEENTORTaE L ABAG IR LN, O ETOLOTHE,
EFA% (Figl) ioifkF., SOVRFAICE
CIABEBR xHEL L, BROTIX vk xBEc  SEXR

W&ﬁ&@ﬁ’&%i‘ » —
.y g (BBioAn) Bt —H L L

MICoLCRESERE L. x Hilco {1] Winglee, R. M. et al., Particle acceleration and waw

W TR GRS ORI R SR A B emissions associated with the formation of auroral cav
UCcHHKRELT
i;kﬁ::.h:' TOLxF A, % #Ebga;;i_ &, ilt;;ssand enhancements, J. Geophys. Res., 93, 14561
Ny YE-LE = -
7999 2R RBIRCEAT S, 24, v—al

tffoTus, D% ET, GEEMICRTRO S AEA  [2] Winglee, R. M., and P. L. Pritchett, The plasma ex

vironment during particle beam injection into spac
plasmas, J. Geophys. Res., 92, 7689, 1987
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Fig. 1: The 2-D model of computer experiment.
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A MODEL OF BROAD-BAND AURORAL HISS

B gh SSBIEFE-S OSSRt

T. ONDCH Office for Space Science, Communications Research Laboratory
Tokyo, 184

MRRMERTEZELLISSRRP LD BRTF—IN3 4 TARDLROL. EH#RF—aStxnikE
SHELAE- VGRS 50100eV—40ke VOBFF—FN28 0NZRPLRORBEVNTRANX—18D
Inverted-VERTEFOREMEFMELIZ. THRKEEEARUBRSIBHBE] 0 — 2 2850FF
Emonf.ﬂ&ﬂ&&ﬁﬁ?ﬁé:&~&Uﬂﬂﬁ$§ﬁ§?67—82&Rbk6mh$&ﬁﬁr56$
FIEALTABFRI—HKLTWE., —HEABURERIBOBESPO6 S - 758 LK. XTORET
FEHF12-00BKMWHHTHY . LE22OFHBLBFALHICRE->TWE, HbHA—o5 ¥ REHES
ETRITHTFLA— DS A2 ERBABETRIIRTRFLIE. F0IRM¥— BRTRA—SFEML
TWEFIH>TL. L LTERLBLOTHELADNRS.

F—O0F RIBERT > 7 itm WHV=vulvT§£éhbt#ishT¥Q.v i &htic
PALBRTE—LDNEETHE, FARXFE—F (f » £y >> £, fycos0 >> £) DFxlLray
Hats. LRABEM £ g e2p/2508, ¥HO. B BBFOPHIAF—THE. TEIIE-1L 18150
TF—ohbELLBTHENT L RETHRBEFVEAWT. TEXRE7O0RL 7 THOBIRICH-TH
BETHHELLCLRAZRTHS. REORUWAHBRIEREOEROTHNFRICHEET S, BV EER
BANIERERORVWURT . EWEARBRSIIESEDL SESESE CTHEWARIC O » TRESH & Tkl
BHd, Inverted-—VBFDHIINX—KRF40keVEITETEE, 1 2kHZUUBORMI®
E3200kmBITT. 2kHzUUTORMI6 400k mUTOLWARTRERNE S Ltbds, X
ARNMEEN3Re T, 1 KHZUBOBITOWTHA RFE—FORBHFRILLV, - TRy
E->T2ReITOHRT. THRIEHOETRA#K kHz 2R -0 25, BTRFICI-TH
E3NnprBbhd, Goroett Z(1983)id. DE-1THMERLfunne 1B —uSeRFLEMEicED
BLRAT. EDRETHREENL.7 —1.9 ReTHIZEE. LA FL— Yy 7DRHAPLRLTED . 9
DWEEFF/ LA, EROBEBHICEALT. Nages(1976, 7803, B—T AN X—RFE— 248, Hane
B<OMETEB/TSIL—L Y FEVLFEXORNBRAEZRELL. Zo'FATIH, ;< £ %
HALTEBERTLLPEOA—OS AHRETELWV, RLAROBBABTIIA — 9575 X2 EREE
BL. £,> £, L%Z-TH). Mages DBEADEV. SBROTETHE. .,;l
A polar map of the occurrence rates for broad-band auroral hiss is
qualitatively similar to one of the occurrence locations of inverted-V
electrons; especially for the low-latitude boundary and 10-22 hour geo- i
magnetic local-time symmetric meridian. Generation model of the broad-

band auroral hiss is discussed in terms of whistler-mode Cherenkov
radiation from inverted-V electrons in polar magnetosphere,

Inviat 77 deg




612-15 WHISTLER-TRIGGERED VLF EMISSIONS IN THE ELECTRON SLOT AND
INNER RADIATION BELT, AS OBSERVED AT MOSHIRI (L=1.6)

Masashi HAYAKAWA

Research Institute of Atmospherics, Nagoya University,
Toyokawa, Aichi, 442, Japan

The gyroresonance interaction between whistler-mode waves and energetic electrons is an important
process in the magnetosphere. Its consequences are the linear wave amplification and generation of
new VLF emissions, and also the wave-induced pitch angle scattering of magnetospheric particles
and the associated particle precipitation into the lower ionosphere.

Lightning-generated whistlers are recently found to induce the particle precipitation, but much
remains to be learned about the contribution to the loss of radiation belt electrons of magnetospheric
waves of differgnt origins such as hiss, chorus, whistlers, VLF transmitter signals, power line
harmonic radiations, etc. So, in order to investigate the role of lightning-generated whistlers in
the magnetospheric wave-particle interaction process and in the removal of energetic electrons from
the radiation belts, we have studied the general characteristics of VLF emissions which are triggered
from 1ightning-generated whistlers as the wave consequence of strong nonlinear gyroresonance inter-
action, The presence of such whistler-triggered VLF emissions has long been known from the beginning
of whistler studies, but no reports have been published on the statistical features of those whistler-
triggered VLF emissions based on the ground-based VLF data.

. The morphelogical characteristics of whistler-triggered VLF emissions including diurnal,seasonal
variations, kp dependence, latitudinal distribution and spectral shape, have been investigated based
on the VLF 'data obtained at Meers o (L=1.6) in Japan during a ten year span (1976-1985). The following
results have emerged:

(1) There does not seem to exist a clear tendency of whistler-triggered emissions to occur at a
particular }

: ecal time,
g; Equinoctial maximum in occurrence probability is recognized.
(4)

The occurrence i i
probability seems to increase with Kp index.
Izgig:‘)’""‘gﬂcﬁ L shell isyloca]ized in two regions; one is L=2.1bt? :)3.4 (the electron slot
and the other i =1.6 (the inner radiation belt). .
(5) gn:histlgr-trgiggergs giggﬁna?g“gﬂataltgrszed by a quasi-constazﬁ ;requency intial component
3 subsequent drastic f ncy drift mainly with df/dt=10-20 kHz/s.

Ihese Characteristics are satisfzgggf-ﬂz interpreted in terms of the GYRORESONANCE INTERACTION
rg;::ll]e:n LIGHTN‘ING'GENERATED‘wHIsTLERS and anérgetic electrons, with special reference to the previous

s of lightning-induced particle precipitation.
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On the effect of plasnapause for the propagation in the range of V¥LF vaves

Katsuni HATTORI, Kiyohiko ISHIKAYA and Masashi HAYAKALA
Research lnstitute of Atnospherics, Nagoya tniv., Toyokava

The region around plasnapause is known to be abundant in plasna waves.
Actually, various vaves in VLF/ELF range are observed and generated there.
“e have Lvo purposes in this study. One is the contribution of the plasna-
pause [or ray focussing in vhistler-node vaves for efficient vave-particle
inleractions, and the other is the accessibility of different waves to lowu-

altitude satellites or onto the ground. The study is based on the ray-
tracing conputations.

zszﬁa_pa;y7/(«41'0:‘*@/'a}dlzb‘ii‘i(""b"(élzt:{tﬁd)‘fv'f?&ﬁbzb‘&éﬁtb'(hé, 75 X
TEEFABMEBEAT IS AR -XiEGTR. SBOVLFEBKBRE<RLEL TW 3, # %
H, Y5 A*BATR 753 X*BELFELA VLFER FHrS>SLei- XDEELIHWT
. VLI = -5 R®[./2 (half-gyrofrequency) VL FRHN:* S B LiTEs 75X <
d'?—XGi‘.VLFiﬁiﬁl@ﬁi’ﬂiﬁ&:b"fiml:ﬁbfki‘&ﬁ?@’&#—i6ﬁ&b‘§5k&ﬁ‘én6. %
T AR CRBAVILIFAPDORESIVEREHTE S AR~ XOH S %ray tracing co
nputation® Al W T H 8§ 3,

RYOWMS M A (norpalized frequency f/f.) . 0.0~1 0D HHTHDODMREUBL TS
SA=wiHl— XDinner edge X Couter edged LGB EsdLlEL T WS, S~ B
DWW UM S W 02 (initial vave nornal direction) . OB~ Orest B XH T B, =
ik, 73X R-AXo@a@op e (strong gradient) LB WH A (veak gradient) @ 23
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On the estimation of the lonospheric exit-regions of magnetospheric

VLP waves obgerved at

ME+£2

L2 5K
'FRAT

_nExg',

geonagnetic conjugate point

K.Nishino®
! Dept. of Electrical Eng., Chiba Univ.
Nagoya Univ.

M.Hayakava

Shimakura}
Inst. of Atmospherics,

S

¢ Res.

Y.Nenoto

entropy method, the
Alpha system are

at the geomagnetic conjugate point

, espesially

By using of least squares method and maximum

nagnetospheric VLF waves radlated from
And temporal changes of the scale and location of exit-reglons are reported

propagation mechanism of VLF wvaves in magnetosphere, it is important to
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CONJUGACY OF VISIBLE AURORA
T. Nagaoka, N.Sato, K. Hsezaws, K. Uchide, 0. Seka
(Yemageta,Univ.) (NIPR) (Yemagata,Univ.) (NIPR) - (Kyushyu,Univ)

Simylteneous asuroral observation were carried out at the Syows
-Hueetell conjugate pair of stetions(L=6.1) Iin the period of
eeptember, 1988. In this paper,we ochow oeome inltlal results on the
geomagnetic conjugacy of wvieible aeurores obeerved by 55778 secanning
photometers, all-sky cemeras ond ail-sky TV cameras in the selected
event otudy of September 10-11 end 12-13,1088.
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SPATIAL DISTRIBUTION OF COSMIC NOISE ABSORPTION WITHIN AURORAS

YAMAGISHI Hisao! TAMURA Kouichi?

KIKUCHI Takashi3 HAKURA Yuk102

1;National Inst. Polar Res. 2:Saitama Univ. 3:Communication Res. Lab. Hiraiso

sl’a_tial distribution of auroral intensity and auroral absorption was compared in various types of
auroral display by using multi narrow beam riometer and optical instrurents at Syowa Station, Ant-

arctica.

As an intensity ratio between the both phenomena is closely related to a characteristic

energy of precipitating electrons, it can be used to diagonose auroral electron spectrum in diff-
erent part of auroral structure. As an example, it was found from this comparison that the energy
spectrum became harder in the central part of a westward travelling surge.
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Fig.l Meridian-time displays of auroral luminosity
at 557.7 nm_ (top panel), Cosmic noise absorption (
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A DYNAMICAL EFFECT OF AURORAL ACTIVITY ON THE MESOSPHERIC SODIUM LAYER (1)

S.Maeda A.Nomura
(OSAKA COLLEGE) (SHINSHU UNIV.)

bisturbances of the mesospheric sodium layer during auroral activities have been observed at
Syowa Station in 1985. A dynamical model of the high-latitude thermosphere is presented to interpret

the effect of auroral activity on the sodium layer in terms of the vertical wind of the neutral gas
excited hy the Joule heating of the ionospheric currents.
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Auroral phenomena in the polar cap )

(oM1)

ITA Hisao YAMAGISHI, C.-1.MENG, K.LASSEN, and E.F-CHRISTENSEN
kazuo MAKITA,

U
(TAKUSHOKU Univ.) (NIPR) (APL/ JHU)
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Characteristics of sun-aligned arcs and transpolar aurora were exm""edt:: ::::‘:ns
ground and satellite data.lt is found two different sun-aligned arcs ||r| " =
sector. One of them develops froz the night side oval am.i observed durm:
recovery phase of substorm. This arc is very stable ard its average elec l.'m
energy is about lkeV.The source of this arc would be the plasma sheet regnont .
Another kind of arc develops from the morning side and'observed under the ::aesme
Period and/or northward INF condition.The source of this arc would be the day

boundary layer electron.

TV =YSYFOLy bnTYEBwTRBEh A — |
U F-9%0Lk K-5- %49 THRIERASN
IRBHRF -0 50, HAeRsh03% sun-al
igned arc Rur BB RS0 3  theta aurora I
20T, i&m%%—‘-‘P&UAIﬁE(D#— oO5ER - A
%m?%'-attmﬁﬁwa%%&ﬁ%fa.

(1) Sun-aligneg arc LB MDplasna sheetiBfF &
2NN 3Y (T0bONs%, coF-mSi substo
° . 23,1088
'@ Drecovery phase RA-RAPBREN~BET S
mﬁmﬁbsﬁibhﬁh7—aﬁ&%fong%*
HRFOI I~ 1 keviiin s (B1) .

(2) B@o boundary tayer electrn iR ® D &
Zbhz sun-a

lignd arc b R3h 3, coA-o5U
w&ﬁi&nmam&taaﬁan‘ I M F ot XS
‘Dmﬁtﬁanmﬁﬁtzzﬁat%iana, BA5 T3 AM

BFOxza4- 4, keVATTH . 0EBHRT -
7XRUADT RERY (@ay

(3) BHHEC RS 0% theta aurora WA B <
POoEYN TS 5, AELTVWAAHBFOT RN
~Q@HkeVEET Yy, F-RARTRS hBdiscret

carc CAUEHTE sz L eRLTWS (H3) .

Cn6®#~nsmmﬁ%%mm‘ssmmﬁoxw¢
MAHORRE VD2 3BMEwS 200 b REEHAXT
W EBEETS S,




G31-05 Modification of the pulsating auroral activity

associated with energetic electron injections

R. Nakamura!, T. Yamamoto!, S. Kokubun!, T. Oguti?, and D.N. Baker?
!G.R.L., Univ. of Tokyo. 2Univ. of Nagoya. 3GSFC, NASA.

Abstract

It has been suggested that pulsating and/or diffuse aurora is caused by an enhance-
ment of the precipitating electron flux of a few to several tens of keV through the pitch
angle scattering [Johnstone,1983 and references therein]. On the other hand, Oguti[1981)
found that the shape of the pulsating patches corresponds to the cold plasma irregularities
in the equatorial source region, which moves predominantly due to £ x B drift. These
results leads to the idea that the energetic electron injection into inner magnetosphere
would be closely related to the pulsating auroral activity. In this study, temporal and
spatial relationships between the flux enhancements of the energetic electrons observed
at synchronous orbit, and the pulsating auroral activities are compared, by analyzing
the all-sky TV data of auroras and energetic electron flux data obtained at the satellites
1982-019 and 1984-129.

We compare 30 keV ~ 300 keV electron flux enhancements with the pulsating auroral
activities observed at a local time later than the expansion region, but earlier than the
satellite foot point. From the energy dispersion observed at the satellite, drift trajectory of
the energetic electrons are calculated for the characteristic sequences of the flux events: the
start time of the flux enhancement, the maximum time, and the recovery time. Pulsating
auroral characteristics at the expected arrival times of the back-traced particles to the
conjugate region of the auroral observatory is analyzed. These observations are related
to the substorm activities inferred from geomagnetic disturbances and expansion auroral
activities.

It is found that at the arrival times of the particles, pulsating auroral region extends
southward and/or the intensity of the aurora changes. Further, temporal scale of the
pulsating auroral activity is found to be about the time scale of the flux enhancement in
the 30 keV ~ 65 keV observed at the dawn sector.

These results indicate that the observed energetic electrons could be injected from the
expansion region and drifted eastward to encounter the satellite and that the passage of
the injected electron blobs causes to modifies the ambient pulsating auroral activity. The
response of the pulsating aurora to the encounter of the energetic electrons are discussed

in terms of modification of the precipitating flux level and that of the ambient electric
field.

References

Johnstone A.D., The mechanism of pulsating aurora, Ann. Geophys., 1, 397, 1983.
Oguti, T., TV observations of auroral arcs, in A. G. U., Geophys. Monograph Ser. 85, 31, 1981.
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GRAPHIC REPRESENTATION OF LATITUDINAL STRUCTURE OF AURORAL ELECTROJET
BY USING EISCAT MAGHETOMETER CROSS DATA

T. Araki (Kyoto Univ.), K. Schlegel (Max-Planck Inst. for Aeronomy)
H. Luhr (Technical University of Braunschweig)

Two properties of ground magnetic fields shown by Araki et al. (1983) that the night time level of a
quiet day provides a reasonable base value of the ground magnetic field observed in the auroral zone and
that the normalized Z-cosponent of the magnetic field Rz = Bz/SQRT(Bx#%2+Bz%#2) gives a good measure of
latitudinal location of the auroral electrojet current are effectively used to represent graphycally
latitudinal structure of the auroral slectrojet current. Exaoples of the graphic representation are
given by using one day data from the EISCAT Magnetometer Cross for July 28-29, 1987, when both of the
eastward and westward slectrojets developed well in the afternoen and early morning, respectively.
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* Araki, 1., K. Schlegel and H. Luhr, Goomagnetic effects of the Hall and Pedersen current flowing in the
auroral fonosphere, J. Geophys. Res., 94, 17185-17199, 1989.
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The magnetic variation of SC in high latitudes is mainly produced by polar-origin

disturbance field DP, which

DPmi, and SC-associated pulsation Psc.
fields 1in the polar ionosphere are obtained
sec data.
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LOW-LATITUDE AURORA DURING THE GREAT MAGNETIC STORM OF OCTOBER 1989

K. Yumotol

1: The Research Institute of Atmospherics, Nagoya University,

442, Japan.

. H. Mlyaokaz, Y. Tanakal, T. Hirasawa

2, and K. Takahashi3

Toyokawa

2: The National Polar Research Institute, Itabashi, Tokyo 173, Japan.

3: The
Maryland 20767, U.S.A.

At about 1236 UT aon October 19,
a large solar flare began near the
central meridian. The flare was
to be the largest category of area and
brightness, 4B. A Storm Sudden Commence-
ment (ssc) occurred at ~ @917 UT on October
26 earlfer than forecast, indicating a
much faster than usual enhanced solar wind
stream. The golar wind velocity is esti-
T;::d to be as great as 2,006 Km/sec. On
=@th, from about 1708-1964 UT the geosyn-
chronous satellites moved into the inter-
Planetary space as the solar wind pressure
compressed the magnetopause inside the
geostationary orbits.
During the magnetic storm on October
Enetic positive bays with §H 2138 nT

1989
Sun's
reported

20 ma

::sn:::df' Which are the largest category
at ~13385t$tudes (L£1.6), were observed
Obs » ~1609, and ~1844 UT at Moshiri
Lggy ROy Qs 4421, 4= 142160, L =
f;rtL;aQN:‘OVa University, in Japan.  Un-
Another g (! ¥as cloudy in Hokkaido.
at ~ o843 yy e idden Impulse) appeared
storm devey on October 21, and magnetic
tion °Ped with a rapid intensifica-
* Treached a minipunm (§H) of about -
P A B
T
100
1989 OCT.21 H
I
our 2h 4 n 6n 8 h

Magnetic variation at Mashirt
event of October 1989,

Johns Hopkins University Applied

10n

(LL=1.656) during the

Physics Laboratory, Laurel,

396 nT at Moshiri during 11 hr on October
21. puring the magnetic storm two posi-
tive bays with £ 150 nT magnitude occurred
at ~1136 and ~1408 UT.

A homogeneous dark red aurora appear-
ed in the north-eastern region at Moshirl
at ~20818 J.S.T (~1118 UT). The sudden
prightening occurred at 1136 UT, i.e., at
the same time of onsets of magnetic posi-
tive bay and Pi 2 pulsation observed at
Moshiri. The color became glowing red like
a forest fire, while the several columns
of ray structure were detected along the
line of force during the brightening. The
coler of the ray structure with lifetime
of a few 108 sec was rather white. The
enhancements of 6308 A and 5577 A emission
lines‘ were also measured to concurrently
appear at the onset ttme of the magnetic
substorm by a scanning photometer. The
brightest regions of 63088 and 5577 X emis-
sions were located around ~15° and ~8° in
elevation.

These observations suggest that an
electron acceleration process similar to
that at high latitudes, occurs even in the
deep magnetosphere (L% 2).

24n

Wn |

18 n Y.

low-latitude aurora

e eamendty



G31-09 Akebono {24 % HIPAS-VLF #[F%EER (5 2 )

ARE SR A Wong? RS IUAES AH XK' B B WHARULRES
IS AT 2UCLA 3R AEEI ‘@IRAT SHHERKA

HIPAS-VLF joint experments by Akebono Satellite (2)

1 Kimura! A. Wong' T. Okada® M. Yamamoto! K. Ishida! I. Nagano* and K. Hashimoto®
'Kyoto Univ. 2UCLA 3Nagoya Univ. ‘Kanazawa Univ. and 5Tokyo Denki Univ.

After the first campaign of HIPAS/AKEBONO-VLF joint experiment, the second campaign was carried
out in the period from November 26 to December 3, 1989. In this second campaign, the 2.5 kHz VLF signal
associated with the HIPAS HF transmission modulated by this VLF frequency was detected by Akebono
around 0551 UT on November 28. The E and B field strengths of the signal were 15 gV/m and 0.25 pT
respectively. At the same time the signal was also observed on the ground with an intensity of 1.3 pT. k and
Poynting vector were determined by the PFX subsystem of Akebono/VLF. It turns out that these vectors
were both nearly along the geomagnetic field line and were pointing upwards.
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DV 2.5kHz DIESARIBE A, 11/28, 11/29 HiC
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Wave Normal and Poynting Vectors of Omega Signals Observed by AKEBONO Satellite
Masayuki YAMAMOTO! Yoshihiko ITO! Iwane KIMURA! Isamu NAGANO? Akebono VLF team

1. Kyoto Univ,

2. Kanazawa Univ.

Important characteristic quantities of VLF wave phenomena, i.e. k vectors and Poynting vectors,
can be determined by two components of the E field and three components of the B field observed
by Akebono satellite. In order to confirm our capability of determining these quantities, the observed

data of Omega si

gnals transmitted from Australia were used. It was found that Poynting vectors are

always making an angle less than 20° with the geomagnetic field line.
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Heating Processes of the Plasmasphere Observed by ESCH wave
Detected by PWS onboard the EXOS-D Satellite

Hiroshi Oya, Kaori Kobayashi, and Akira Morioka
Geophysical Institute, Tohoku University

ABSTRACT

By PWS onboard the EXOS-D satellite ESCH wave emissions between (n+1/2)f. and
(n+1)f- with broad band nature suggesting large enhancement of the temperature
anisotropy ( T.> 5T, ,where T.iand Trindicate the perpendicular and parallel
temperature with respect to the magnetic field ), have been observed through out the
whole range of the plasmasphere. The enhancement of ESCH waves were observed in the
recovery phase of large magnetic storms that occurred on March 13,1989 and November
17,1989. The phenomena is then understood as the processes of the heat conduction
from the outside of the plasmasphere that takes place in the form of injection of
free energy to enhance Ti, coinciding with recovery phase of the extremely large
magnetic storm.
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Whistler Mode Emission Syammetrically Excited
around The Magnetic Equator
Observation results — PwS onboard the EX0S-D
M.Kikuchi,H.0ya,A.Horioka,K.Kobayashi,M.[izima
Geophysical lnstitute, Tohoku Univ.

Enhanced whistler mode waves with relatively narrow band nature have been
found around the magnetic equator; the emission frequency changes depending on
the observed magnetic latitude showing peak frequency near the range from 0.7fc
to fc where fc is the electron cyclotron frequency. The occurrence frequency
decrease 0.05fc at. #50° of magnetic latitude jthese frequency changes are
showing the Greek capital letter /A centered around the magnetic equator. The
origin of this phenomena is identified as being controlled by the angle between
direction of the antenas and the local magnetic field vector, because the
attitude of the EXOS-D satellite is controlled always to make the satellite axis
coinciding with the given direction (solar direction).

Sources of these whistler mode waves are associated with plasma wave
enhancements at the magnetic equator though there may be sometimes mixed

components from the polar region or from atmospheric arigin at the earth's
surface.
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ELECTOSTATIC COMPONENT OF AKR IN THE SOURCE REGION

A.Morioka, H.Oya and K.Kobayashi
Faculty of Science, Tohoku University

In the source region of AKR, natural plasma wave observation by
PWS (Plasma Waves and Sounder Experiment) onboard EXOS-D satellite
identified the intence AKR emissions which show the electlostatic
nature. This evidence supports that the AKR is originally generated
in the form of the electrostatic mode.
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Mode Conversion Processes from UHR Mode Waves to L-O Mode
Electromagnetic Waves Observed by the Akebono ( EXO0S-D )
Satellite in the Inner Magnetosphere

M, Iizima and H. Oya
Tohoku Univ.

1. Introduction

The mode conversion processes from electrostatic plasma waves to
electromagnetic waves have been considered as one of the main processes to
produce non-thermal electromagnetic waves in the space plasma after the initial
proposal by Oya ( 1971, 74 ). UHR emissions which cover a frequency range from
£c to fyyp for the case §, «f., from £, to £ yyg for the case Fp > fec are
always detected by the PWS experiments on board the Akebono ( EXOS-D )
satellite. The direct evidences of the conversion processes from these UHR
mode waves to electromagnetic waves have been primary reported by Oya et al. (
1990 ) in the region of turbulent distribution of plasma in the plasmaspherc as
well as the plasmaspheric boundary and the topside polar ionosphere. In this
paper, we make numerical studies on these mode conversion processes.

2. Observation results

Associated with the highly turbulent region of the density distribution,
electromagnetic waves are efficiently radiated from the UHR turbulent regions in
the plasmasphere. 1In Fig. 1 and 2, an example of a cross section of the. dynamic
spectrum and the plasma frequency deduced from the UHR frequency for this case
are given. At the source, there exist very intense UHR mode waves with the
intensity from 2x 1013 to 10-12 ( vzlm2 Hz) which are corresponding to the
saturation level of the NPW receiver. We can also identify the mode conversion
Points in this observation result. ( indicated by arrows in Fig.1 and 2 ) where
the wave frequency coincides with the local plasma frequency. The intensity of
the propagating electromagnetic waves, after being converted into 2
electromagnetic waves, are consistently interpreted when applying 1/r< law for
distance r from the conversion point ( see broken line in Fig. 1. ).

3. Conclusion

The spectra of plasma waves detected by NPW onboard EX0S-D satellite show
clear evidences that UHR mode waves can be converted to L-O mode electromagnetic
Wwaves. From the UHR wave turbulence at the equatorial region of inner
Plasmasphere, electromagnetic waves can be efficiently generated through the
adjacent density irreguralities. The energy conversion rates are estimated to
be in a range from 0.1 to 3 %. The source ?ower of the radiated electromagnetic
waves have intensities in a range from 10 8¢t010'7 w/m? Hz near the
conversion point.
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Simulation of Comneting Process of the UHR Mode and Whistlexr Mode Waves

and Comparison of the Results with the EXOS-D Satellite Data

Tomohiko Watanabe and Hiroshi Oya
Geophysical Institute, Tohoku Univ.

Introduction

In auroral precipitation regions, the wave-particle interaction through the
inverse Landau type resonance 1s considered to be important concerned with
generations of plasma waves and particle accelerations. We have studied the
hbeam instabilities of upper hybrid resonance ( UHR ) mode and whistler mode
waves associated with electron beams by means of particle simulations. It
has been found, using 1-1/2D electromagnetic particle code, that i) the dominant
mode wave is the electrostatic whistler mode wave in the case of (L > wp , but
the UHR mode wave becomes significant in the case of N1 <wp , and that ii) the
obliquely propagating UHR mode waves excited under the condition of N < w
accelerate the ambient electrons in the direction of the wave normal vector.

The suitching phenomena of the dominant wave from the whistler mode to the
UHR mode emissions has been detected by the PHS observation onboard the EXO0S-D
satellite ( see Figure 1 ). Analyses this phenomena, concerned with the
above simulation results, have been made. We have performed the 2-1/2D
electrostatic simulation to investigate the competition betweén the UHR mode
waves with various wave normal angles in relatively dense plasma (uJP a2fL ).

Comparison wWwith Obserxvational Results

In Fiqgure 1 the dynamic spectrum of the PWS system onboard EX0S-D
satellite, observed from 06:48:07 to 07:22:07 UT on April 14, 1989 is shown.
The spectra show that dominant wave is switched from the impulsive whistler mode
vwaves to the UHR mode emissions at 07:02:23 UT. At the same time, the
electron plasma frequency, measured by the electron cyclotron and UHR
frequencies ( £_. and fu )}, rapidly increased from 135 to 225 kHz beyond the f_
frequency, as shown in igure 2. This is consistent to the result i) of the
previous simulation.

Two Dimensional Case

In the two dimensional simulation, we have used the finite wide beam model
and the condition of inversion-symmetry boundary. In Figure 3, the
electrostatic potentials are plotted with contour lines at t = 100 and 300 gy,
The wave normal vector of the excited UHR mode wave is in parallel to the
external magnetic field in early times, but, after a time passage, the vector
has the oblique angle (~ 20°) at t = 300wy, This result indicates the
possibility of the generation of the UHR mode wave with oblique wave normal
angles due to beam instability in the case of Q(w‘, . :

Conclusion

The observed competing process of the UHR mode and vhistler mode waves
indicate the good agreement with the results of particle simulations. Using
2-1/2D electrostatic code, the growth of the UHR mode wave with the oblique wave
normal angle has been confirmed. This result 1is expected to be

observationally investigated as origin of the acceleration of the ambient
Time : 100 Time : 300

electrons by these mode of emissions.

EXOS-D PWS Dynamlc Spectrum 89.4.14
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Observations of Equatorial ELF Waves with AKEBONO
S. Kokubun, M. Takami and K. Hayashi (Univ, Tokyo),
H. Fukunishi (Tohoku Univ.), I. Kimura (Kyoto Univ.)

Triaxial search coﬁ measurements of ELF waves in the frequency range below
50 Hz have, for the first time, been made with the polar orbiting satellite,
EX0S-D [AKEBONO], in the deep plasmasphere. A survey of realtime telemetry
data received at Kogoshima Space Center for the period of March - October,
1989 reveals the existence of variety of plasma waves in the frequency range
around ion gyrofrequencies near the equatorial region of the plasmashere. It
Ts confirmed that electromagnetic noises with a multiple band-structure, as
Similar to those reported previously, are present mostly above the local
helium gyrofrequency,fHe+. in the region of L values of 1.7 - 2.5, Multi-
band ELF emissions are common in the daytime and are observed at 49 out of 393
orbits examined here. Another type of electromagnetic ELF waves with a broad-
band spectrum are also observed in the frequency range above the helium
gyrofrequency at 10 paths, For both waves spectra extend above the local
Proton gyrofrequency, but no absorption of waves is observed at the local
Proten gyrofrequency. Spectral cut-of f for these two types of waves is clearly
observed above the local helium gyrofrequency,f = (1.3 -1.5)¥fy .+, in the
elctric field component. On the other hand, several spectral bands also
appear between the helium and oxgen gyrofrequencies 1in magnetic field
components of multi-band emissions. Magnetic field intensity is largest in
the field-aligned component for these two types of waves. Polarization is
almost 1inear in the plane perpendicular to the ambient magnetic field. In
most cases the wave intensities are found to be largest around the magnetic
equator. We also identified waves with the dominant electric field component

In two distinct bands below and above the helium gyrofrequency in the evening

sector during quiet times.
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Characteristics of VLF/ELF Waves in the Auroral Region
Observed by AKEBONO Satellite

Akira SAWADA, Shuichi YAJIMA, Yoshiya KASAHARA, Masayuki YAMAMOTO, Iwane KIMURA
(Dept. of Electr. Eng. II, Kyoto Univ.)
and Ianji HAYASHI
(GRL, Univ. of Tokyo)

Broadband electromagnetic noise of low-frequency (< 100Hz) is frequently observed by VLF instruments
on board AKEBONO satellite. It is mainly observed at low altitudes up to 3,000 km in a range of geomagnetic

latitude from GO° to 80°. The electric (F) and magnetic field (B) intensities of the phenomena decrease with
increasing frequency. The refractive index deduced from the ratio of B to E decreases with increasing
frequency and with increasing altitude. These characteristics of the low-frequency noise are consistent with

the results of DE-1 observation.
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1) Kimura et al,, J. Geomag. Geoelectr., 1990 (to be
published).
2) Gurnett et al., J. Geophys. Res., 89, 8971, 1984,

. )Akebono VLF=MCA PA B90311-02
2

ur 0803 -] 0619
ALT(km) 7808 8851 8752
MLT 19.2 19.2 19.3 . .
MLAT 8.6 17.2 27.3 3.7 03.8

Fig. 1 f -t diagram obtained by MCA.

o) Akebono VLF — ELF PA 890408-06
80 ” -

ur - 2218 2217 2219 1 2223 2225
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Fig. 2 Detailed f — ¢t diagram of low-frequency noise
obtained by ELF.
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SI-ASSOCIATED MAGNETOSPHERIC OSCILLATIONS
DURING THE GRFAT MAGNETIC STORM OF FEBRUARY 1986

K. Takahashi‘, K. Yumotoz, and T. Watanabe?
1: The Johns Hopkins University Applied Physics lLaboratory, Laurel,
Maryland 28787, U.S.A.
2: The Research Institute of Atmospherics, Nagoya University, Toyokawa,

Aichi 442, Japan.

geomagnetic

The largest storm in found that the si-associated surface wave
recent decades began with a sudden commen=- was exclited in the dawn-sjide magneto-
cement at 13:12 UT on February 6, 1986, spheric boundary around L = 6, and that
developed slowly over the next two days, characteristic wave and decay lengths were
and, with a rapid intensification late on about 11 Rg and 4 Rg, respectively. The
February 8, reached a minimum Dg¢ of =312 magnetic energy of the oscillations at
nT during the first hour of February 9. lower latitudes (E~28°, L = 1.1) was
The magnetosphere was strangly compressed about a few % of those at higher latitudes
several times during the storm. These (69°, 7.8). This ratio is consistent with

compressions excited ssc- and si-assocliat-

that expected for the transmission of
ed ULF oscillations in the magnetosphere. surface wave at the magnetopause.
The Psi oscillation with 6.6 mHz, exclted On the other hand, magnetic compres-
at 17:48 UT on February 9, 1986, predomi- sional oscillation with ~68 nT peak-to~
nantly appeared in the dawn sector. peak amplitude observed at AMPTE CCE (L =
_ Report here is a study of the trans- 3.6) -had nearly in-phase relation with
mission of geosynchronous magnetopause- three-time magnetopause crossings at the
crossing oscillations during the si dis- GOES 6 geosynchronous orbit. Wave forms
turbance on February 9, 1986. The study of the compressional oscillation in space
involves measurements of the fluctuations at ~8h MLT were coherent with those of

inside the magnetosphere on the AMPTE CCE

fnduction magnetograms at low latitudes at

Spacecraft near the equator, at the geo- ~@3h and ~18h MLT. These facts suggest a
synchronous satellites, and on the ground possibility that a magnetospheric cavity
aio Vozld-widely separated stations of $ = resonance was also stimulated by the dis-
21%-699, From the latitudinal profile of turbance of multiple magnetopause Cross-

magnetic wvariations on the ground, it is

ings at geosynchronous orbit.
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The main purpose of my present paper is to discuss the models of substorm-associated field-aligned
current systems. I use various characteristics of field-aligned currents that have been determined by the
magnetic field experiment with the AMPTE/CCE satellite.

ALHiEAMPTE, / CCE (L=~4-9Re) EGOESS5, 6 (L =86.6Re)
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PLASMA TRANSFER ACROSS THE MAGNETOPAUSE
IN A FORM OF A SMALL-SCALE PLAMOID

T. Oguti

Res. Inst. of Atmospherics, Nagoya Univ.

Highly turbulent sheath plasmas suggest occurrences of small-scale plasmoids, some non-
magnetized and some other with an O-type magnetic field, within the magnetosheath. o
small-scale plasmoids easily penetrate the magnetopause into a certain depth inside the
magnetosphere. These small-scale plasmoids could be a source of low-latitude boundary

layer as well as field-aligned currents in the cusp region.
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GENERATION MECHANISM OF THE REGION 1 CURRENT ON THE PLASMA
SHEET BOUNDARY SURFACE

A. Nishida
Institute of Space and Astronautical Science

Ve discuss the origin of the night-time Region 1 current that flows on the
surface of the plasma sheet. Since field-aligned currents are carried mostly by
electrons, this Region 1 current is supposed to be connected to divergence of
the electron drift current in the tail. Quantitatively, however, intensity of
the electron drift current is orders of magnitude weaker than intensity of the
Region 1 current. A possible way to solve this puzzle is to give up the under-
lying assumption of the steady state.

Region 1 DM IREHIL. Polar cap EEVAWTC, BTk TIE, 28TIHE
FEIICHENT VWS, Region 1BIHITWANCHFEL, 5L - V- FOBRRECEST
ATV S (Ohtani et al., 1988) . S K= - v— b &BAMAHEII0pen field lines
TRRWAL. XKEBRADEGEICK DBEIE 2 ORUSHICETHEAT I LIRTERN.
/2. 53X - ¥— Filow latitude boundary layer & FBIEDSEEERLTEY.
FOHDFENIE, BE. HABEETERABAETHIHID., KBRMSDviscous-
like forcelX T Z & TIX R A TWirW & BibZiThidi S,

#HHIDRegion 1EHADOLAZREBHIE. 5= - ¥— FHOEHBER/IESHE
WKHEDS R U 7 B, HEEICH> TI# XS4 v ofihviaich & SWTHSH T
5. WilRegion 1B DERBYEEE & IVF I B720ICk. T hSDRBBH Ddivergencet
EDEDICUTRET HH-EEBEURTNIER S WA, TOBICHBLRITMERD R
VDR, RBHEBEHRIZEL UTEFICX>THRIERZDICH LT, REBDBHEE XL L
TCAAVICES>TEBIENRD WS Z L CHB. LiEHN-T, B LT—ET230TCkR
e AV LETOHENER £ IIKED UEAB S,

Region 1OMNEHBRBHREEIL. MM D15-20 ReDTF L= - ¥~ FMERBICBWT
100° A/m? DA —H—-THY, 1008/ n® \@TD22H$HS (Ohtani et al., 1088; F
rank et al., 1981), Region 1BHDEFA IR BEDEWBEIHD2THL, 2
TIRHBREANNL/S THEIHSH., RREHEBHEOBELI0°~1071° Mo® CHd. 2
LT, BREBHOETFOEHKY 7 FANLAEHIE, 1071 A/ n® BETUIMVN.
BFOBBRY T MK TEENIBHIEZhI VW IHTAZ L, 100 A/ o BE
THAN. ZOBHITHEPOTHEISH UTHHRO T, BEONMLRE THHORS
BRegion 1EH L FETDITZDIEELV. ZD&S, FS5L7 ¥~ MEREICE SRe

gion 1EHDBHFEZT DD TAKRVHETSH S, BUBENERTHI LW EEOR
DM LBHEEA S, BRTESIRKREEN, '
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STRUCTURE OF FIELD-ALIGNED CURRENTS IN THE NEAR-EARTH MAGNETOTAIL - 2

Tsugunobu Nagai
Kazue Takahashi

As signatures of field-aligned currents
for substorms, synchronous spacecraft (in the
northern hemisphere) almost always observe
negative perturbations in the azimuthal (D)
component in the post-midnight sector. These
D perturbations start at an onset of the
ixgansion phase and they continue during the
p:ogiz:;l ig which local dipolarization is in
be produ. dhese negative D perturbations can
tem | ced by the single current sheet sys-

Currents flowing earthward) above the

ggzgi:rfh‘;' tThGY can also be produced by the
et current
spacecraft . nt system sandwitching the

A study using a single spacecraft
W US to determine the structure of
The Aot o rcR unambiguously.
Tracer g éfive Magnetospheric Particle
(AMPTE/CoR) o ro/Charge Composition Explorer
apogee of § Satellite has an orbit with an
When GOES 5’8 Re with an inclination of 4.8 .
observatiop and GOES 6 provide magnetic field
Provide 8 at synchronous orbit, CCE can
vations ?agnetic field and particle obser-
qQuently aSYond Synchronous orbit. CCE fre-
the plasm:pr°aches to the outer boundary of
Figures?eet in such cases.

cannot allg
the Ccurrent

S Or GOES 6 observed negative D
ert

ghan;::attznst selected. Then, initial
examined. n he D component at CCE were
above the all cases both GOES and CCE were
observed poiigétorial Plane. CCE frequently
the D pertyrp ive D bPerturbations and then

Presents ations became negative. Figure 2
one Iepresentative case. The posi-

tive D vVariation
flux region(tp, Was seen in low particle

and the negatie Plasma sheet boundary region)

1:thet l::ase line level. However,
at CCE become t +15
nT near midnight for some case:. ms?;:eh ll:'r;e D
values cannot be thought to be the base line
level. Furthermore, there are cases in which
the D value near the tail lobe is lower than
the D value inside the plasma sheet. There-

the positive p change cannot be attri-

currents flowing earthwarg below CCE, but
above GOES. Figure 3 presents the most
probable configuration of the major field-
aligned currents in the post-midnight plasma

sheet for the intérval of the local dipola-
rization.

(Meteorological Research Institute)
(The Johns Hopkins University Applied Physics Laboratory)
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INFLUENCES OF SOLAR WIND PARAMETERS ON
THE TAIL-LOBE MAGNETIC FIELD
H. Nakai'’, Y. Kamide*, and C. T. Russell®
Y Teshima High School, *’Kyoto Sangyou University, * Institute of Geophysics and
Planetary Physics, University of California at Los Angeles

The size and magnetic field strength of the increasing auroral electrojet activity. The
tail lobe at the downstream distance of 10 to expansion is particularly evident at both flanks
22.6 R: are examined statistically by utilizing of the magnetotail, while the lobe region seems
data from the magnetometer on board ISEE 1. In not to expand near the aberrated X axis.
order to distinguish the tail lobe from the Ve also examined how the lobe field strength,
plasma sheet, we introduce a simple criterion B., is controlled by the dynamic pressure, Pp,
that proton fluxes with 8-200 keV are less than | and static pressure, Ps, of the solar wind, and
1x10%/cm® -str-sec. by the IMF dawn-dusk electric field, B;V. The

The probability that the satellite encounters | influence of the AL .index is also examined.
the lobe region is mapped on the Y -DZ plane, Searching through data for 1978 and 1979, T71
vhere Y’ is measured relative to the aberrated X | hourly records were found.
axis , and DZ is the distance from the neutral Using a power function of geocentric
sheet [Gosling et al., 1986]. Figure 1 indicates |distance, R(R:), the lobe field strength is
that the lobe region expands in association with | represented as

Bo(nT)=(1.03+0.14)%10Q® R~ 2020. 05

.sq ; According to this, the lobe field strength is
- Hul 1 normalized at R=20 Re, i.e., B.*=(R/20)" *° B..
wH] W, ] It is shown that the lobe field strength
3 ] =y ; depends principally on Py, Ps, and B:V. Figure 2
o of L ERTIHE | i f - shows one example of the dependence: the
@ K| T dependence of the lobe field strength on Po.
. L—[-,LI - ¥ Multiple regression analyses were carried cut to
O o “H o estimate the relative importance of each
.......... b i~ H= C parameter.
5 10 [} * o -‘s -10 18
¥ (Re)
60}
- {
10] s
MHiEs =l — ] “r
DZl- l. :.:‘: ‘.q&:!j h. T 1 | ll.';o-
@ [ - 3 A :n [] - {al) /}/{
L N} 1 1
ol ] 1 ] 1 20F
[ 1 1]
BarErH SRR
28 S \IEJ e ; S > E— -8 -10 -3
Y (Re)
Oo20: 20403 FI40-602 EJe0-803 3801002 ° ' 2 ? : s ¢
Po (Wveat) o

Fig. 1 (a) The probability that ISEE-1 is in the
tail lobe with AL<S0 nT. (b) Same as (a) but
for -AL2200 nT.

Fig.2 The dependence of the normalized lobe
field strength on the solar wind dynamic
pressure.
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MAPPING ANALYSIS OF EARTH’S MAGNETOSPHERIC PHENOMENA
SIMULATED BY THE 3-DIMENSIONAL GLOBAL MHD MODEL

Tatsuki Ogino

Research Institute of Atmospherics, Nagoya University

We have developed a high-resolution three-dimensional global magnetohydrodynamic (MHD)
simulation model of the interaction between the solar wind and the earth’s magnetosphere. With the
code, we solved the MHD and Maxwell’s equations as an initial value problem by using a modified
leap-frog scheme in order to study earth’s magnetospheric phenomena in the boundary layers, plasma
sheet and polar cap depending on the z-component of interplanetary magnetic field (IMF).

In Pigures 1 and 2 are shown quasi-steady state magnetospheric configurations for the interaction
of the solar wind with the earth’s magnetosphere for southward IMF (Bz = -5nT) and northward
IMF (Be = 5nT), where the grid number of (Nz, Ny, Nz) = (202,82,82) and the grid spacing of
(Az, Ay, Az) = (0.25Re,0.3Re,0.3Re) were nsed. The parameters of upstream uniform solar wind
were the number density of 5/cc, velocity of 300km/s and temperature of 2 x 10°°K. The mag-
netic field and plasma flow are shown by curved arrows, on the other hand the plasma pressure and
density by contours, Characteristic features of the earth’s magnetosphere such as the bow shock,
magnetopause, cusp and plasma sheet are clearly recognized in the figures and also a sunward mag-
netospheric convection around the earth are seen in the magnetotail near the equator. The position
of the dayside magnetopause is determined by the solar wind dynamic pressure while the thickness
of the bOunda,:y depends on the IMF Bz-component. The boundary thickness is greater for north-
:::ngli ::can sout.hward IMF although the magnetopause becomes irregular for -southward IMF

Onnection, as is seen on the vortex patiern of plasma flow near the flank magnetopause.
}Vloteover, We have tried a mapping analysis of the local time and radial distance between the polar
lonosphere and the equator along magnetic field lines, which clearly demonstrates the field distortion

d i i
ue to field aligned currents of magnetospheric convections.
Bzoa-gaT t-m-: B820=5nT t=56m
\
\
e \

S

SN
S

SN
SRR

o

=

25Ro] =
Y24Ro Y Y 24Rp
Fig.1. Quasi-steady state magnetospheric Fig.2. Quasi-steasy state magnetospheric
configuration of the earth’s magnetosphere for configuration of the earth’s magnetosphere for

southward IMF (Bz = -5nT). northward IMF (Bz = 5nT).



G32-1 3 Line-Tying Effect on the Kelvin-Helmholtz Instability
Akira Miura* and J. R.Kan**

* Geophysics Research Laboratory, University of Tokyo
** Geophysical Institute, University of Alaska

The Kelvin-Helmholtz (K-H) instability is important in understanding a variety of
phenomena involving sheared plasma flow in space plasmas. The importance of the K-H instability
in the viscous interaction at the magnetopause (Dungey, 1955) has recently been emphasized
(Miura, 1987). The vortex pattern often seen in association with auroral arcs is a visual evidence of
the K-H instability occuring in the space plasma.

An important characteristic of the terrestrial magnetosphere, wherein the K-H instability
occurs, is that the magnetic field lines are bounded by the conducting ionosphere at each end. The
purpose of this paper is to report results of a three-dimensional linear analysis of the MHD K-H
instability in the magnetosphere-ionosphere coupling system including the "line-tying" effect of the
conducting ionosphere. Here, the "line-tying" means that the magnetic field line is tied to the
ionosphere. When the ionospheric conductivity is infinite, the ends of the field lines are frozen in
the ionosphere. When the ionospheric conductivity is finite, the magnetic field lines can slip relative
to the ionosphere.

A discontinuous velocity shear is assumed for an incompressible flow perpendicular to the
magnetic field (Figure 1). When k&f V. /V < 1t/2, where 2V,, V A» 21, and k_ are, respectively, the
velocity jump, the Alfvén speed, the 1elcﬁine length, and tlle wave number in the flow direction,
only the fundamental mode is unstable and its growth rate is inversely proportional to the
ionospheric Pedersen conductivity X_as X_—e (Figure 2). When k! V1/V A> T/2, higher
harmonic modes are also destabilized dnd the line-tying effect has a sta ilizing influence on all
unstable modes.

For the large conductivity limit, we found that the total pressure perturbation
(dp+ l—‘o_l B(0B, ) vanishes. The MHD 2p«enurbation in this limit is, therefore, considered to be a

._)

slow mode in the infinite-B (f ~ Csz/V A oo, CS being the sound speed) limit.The Alfvén wave

component and hence the field-aligned current are not included in the present K-H instability,
because we have assumed a velocity shear layer of zero thickness and hence only evanescent
normal mode was to be retained in the solution. Since the field-aligned current is important as a
carrier of the stress in the magnetosphere-ionosphere coupling system, we need to take into account
the finite thickness of the velocity shear layer, which will allow the presence of the Alfvén
component in future studies. Furthermore, the Hall current, which is neglected in the present
simplified analysis, should be included in the ionospheric boundary condition.

X 18 L e e —
A w t Va/V, =100 —— 1/(kyv') 4
§ i l&l =100 = ....... &l 1
- ®z ool
V, ] £l
2 . B0= Boz a
44— <
0.5
>y £
i
Vo (x) E
—b o L s i
€ 0.0
—————— V; S o2 10°1 109 10 102
> ) HoVaZp
Fig. 2. Normalized growth rate 'yl(kyV 1) (solid line)
and normalized wave number k ! (dotted line) asa

function of the normalized ionospheric Pedersen
Fig. 1. A coordinate system and a flow configuration conductivity pOVAI:p .
used in the present analysis.
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A PARTICLE SIMULATION OF AURORAL OMEGA BANDS
AND TORCH-LIKE STRUCTURES

Takashi Yamamoto!, K. Makita2 and C.-I. Meng3

1: Geophys. Res. Lab., University of Tokyo, 2: Takushoku University
3: Applied Physics Laboratory, The Johns Hopkins University

The mechanism for omega bands and torch
structures as observed on the poleward boundary of
the diffuse aurora in the moming sector is clarified
by a two dimensional particle simulation for the
perpendicular motion of a magnetospheric plasma
to the geomagnetic field. This type of diffuse
aurora is caused by precipitation of energetic
e!ect.rons with energies more than a few keV. In the
fn.nulation model, such auroral electrons are
initially distributed over a longitudinally extending
z?ne. A hot (less energetic) plasma covers the
filﬁus.e auroral zone. (The hot plasma zone may be
identified with the central plasmasheet). The
poleward (outward from the earth) boundary of the
hot p.lasma zone is at a higher latitude than that of
:: ﬁse auroral zone, The temporal evolution of

S¢ auroral pattern, as displayed in photo-
graphs from the satellites, can be visualized by
following the cluster of the energetic electrons.
W.hen the poleward boundary of the hot plasma is
f.shghtly disturbed by the Kelvin-Helmholtz
instability, electric dipoles are growing on the
boundary due to charge separation induced by
magnetic drifts. As a regult of spatial modulation of
the energetic electrons by growing dipoles, omega
bands or torch structures are created on the
poleward boundary of the diffuse aurora. A

remarkable finding is the temporal evolution of
omega bands into torches. The omega bands and
torches produced in the simulation are quite similar
in shape to those of DMSP auroral images. The
magnetospheric (or ionospheric) potential distribu-
tion obtained in the simulation is consistent with
observed distribution of ionospheric electric fields
and field-aligned currents in events of
torches/omega bands. Notably, a dipole of the
magnetospheric potential is responsible for an east-
west oriented pair of upward and downward field-
aligned currents.

Fig.1 Current system associated with torches/omega bands.

upward
fTield-aol ignad
current

\\\ dowrward

Tivld=al igned
currant ' °

Jperdarson

pPlasmashest

Fig2 Numerically simulated omega bands (left) and torch structures (right). The abscissa is for
the longitudinal distance (0 < x < 1536 km) on the ionosphere. The ordinate is latitudinal.
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Magnetosheath turbulence and flux transfer events:

An objection to the FTE momentum transport model

HHE. X888 — (RXE)

Tadas K. Nakamura and Shin-ichi Ohtani
Geophysics Reserch Laboratory, Univ. of Tokyo

It has been shown that the magnetosheath turbulence prevents small-
: scale "frozen-in" momentum transport from the solar wind to the
magnetosphere. An estimation based on satellite observations shows that
perturbations, which can be mapped through the magnetosheath, must have a
scale larger than the order of one earth radius. This result asserts
that flux transfer events (FTEs) cannot carry momentum directly from the
solar wind into the magnetosphere. We present a alternative vision for
the small-scale momentum transport is presented, which is: 1)momentum is
once depositted in the magnetosheath through the dynamical plasma
interaction; 2)then the momentum is transported into the magnetosphere

through frozen-in magnetic field lines.

Flux Transfor Events (FTE) 39 7 A FR—XTCREEZNMMEVIAIYavyoEgERL
HEAbNTWD, CRLETOEATRIBKREBBEBEORIDOIIRATAVITISw IR
HEBA P ABAET T2 TnWT.,. TAMABROENEBEHMABLERLIATY
o L2LEME 272 MR-—XOAMOY IR —ATRIAKRRBMBUNEINTS
n., chd FIEDHEBB@REREYITLAEENEIALGNDI, COREMBRAvITSY
VKEBLEBREOKRKEZID., 1A 007—7—8BLIDELOEVWVERIERBChH
HRAXOMBLZI2BBABORGEZH225THd., HOMGE L EHBHRER
WENRRPAIR VB (YT - FA7RV#) B3, Y—ADHLRBBOB TR
FPHNIRVBOEFEE EHEAENELWY, CTTREOHFE - ERERELTD. 25
WMREEEREOR 7T —VOEMNBREBZATBTHICLEMURT —F -T2 AF 4 A —
yavizdoTRT. COERIZ. KBROEDRS FIEOFEBB > THEMAE
REENDILWOIREDA AV OBEERYET I, BROFRATH FIEOR7—- N 0E
HRIZTIXATOFHBOZEEER (AEHRBIcLdb2W., RLRAEEEREFERALRY)
I2d D . ABME»I VA Yy —RARHERY—AROT7O—%2 D, ThOHEBS
DABXbLiIZE 2> THABICEERIbDOER b3,
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OVERALL GEOMETRY OF THE PLANAR MAGNETIC STRUCTURES IN THE SOLAR WIND

Tomoko Nakagawa
Institute of Space and Astronautical Science

A planar magnetic structure is a distinctive solar wind phenomenon in which the mag-
netic field vectors are nearly parallel to a fixed plane for several hours. Three models of
overall geometry of PMS are investigated; (a) magnetic ton%ues, (b) la.rie;amplitude waves
and (c) closed loops of field lines. The magnetic tongue model is rejected because continuous
extension of tongues is expected to be associated with flux enhancements on the sun, which
is not observed. The model of the large-amplitude wave is not supported since the Alfvénic
correlation between solar wind velocity and magnetic field is found to be low in PMS events

observed by Sakigake and ISEE-3. PMS events are sometimes observed recurrently at the
same heliospheric longitude in successive rotations of the sun, while inclinations of the Planes

to which field vectors in PMS events are parallel are not conserved

IBOmIRIGE (Planar magnetic structure ;
ngﬂif‘mféstim iI2k->T 0.8-1.0AUTHRENI-
BIBETH S PUSHRORBUBIZ. Al - SEEHIERICE
{LIZBATWERD S, EEFEichAD H5FmICETL
BHLWSFHER D, i

OIS AT AHMDBOTRE LT, KOLDR

EFAHEZIOND : (a)XF%O)‘)-—X*)‘—-‘?::XL)('["(*
TRALT s WEBCHE B B MZEMNC5| & Hi S h 72158,
() ABENrSUID X hE »-7'#;0)@5&3;@@2&@
(AN E - FAFRM & OBIELEY S > 7 UK % RN
+5, KIREOWHBORE. D5 H, EFIV(Q@IIMK
BMZEMIC TRIWA ) BAOBRE NPT RINTH S50, PH
S HEIREY IR N2 (RO ARREE LICIZEVBD T S
vy ZAMERT EOBREIRSIEWT 6 RHX
hs, )
A, EFNAGL), DB LELEIFARS D, #
BRI KBEUREELOME LRI T 5, /. A
iz A EPUSIZDOWT ., HBORID ¥y om&E
ML TWAZEIEDODWTLERT 5,

(a)

(b) @

1. REEEL L RBELE OME
PHS 2i(b) DI —TROBBHE DR AR BIF, DM
BERREL L BB R L & ORIcIZ— A2 BIGRITREV 2 R
B A, EFNEIEEWTIIRBRILA D LEROHE
ILAavicit. Av=2Ab//up (u, pIHEME,
TIATEE) LWwHBRMMFRh S, HT
NI PENRY VIS99 FRIBOMEICE>THRES,
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SOLAR WIND SPEED and DIVERGENCE of
the CORONAL MAGNETIC FIELD: Update

Kazuyuki Hakamada (Chubu University)

The photospheric magnetic fields and magnetic neutral lines on the source surface of 2.5 solar radii wer‘e relative!y
steady during CR1748-CR1752 in 1984. Then it is possible to estimate average distributions of the photospheric magneflc
fields and the solar wind speeds (SWS) on the source surface during this time intervals by the superposed epoch analysis.
The distribution of the SWS on the source surface is constructed by projection procedures along the interplanetary
magnetic field from the P-point assuming that the SWS is constant during a transit time from the sun to = 1 AU. The
distribution of the SWS is then projected onto the photosphere along magnetic field lines in the corona computed by the
Potential model of the coronal magnetic field. Locations of source regions of the solar winds on the photosphere are thus
estimated, Intensity ratios between radial components of the magnetic fields on the source surface and. the ones on the
Photosphere on the same fiel lines are compared with the SWS as shown in Figure 1. Notice that the ratios are multipled
by 100 and clagsified into eight groups by the SWS with 50 km/s intervals in this figure. It is found that the ratio b?comes
larger from lower-speed group to higher-speed group. It means that the high speed wind blows out along magnetic field

lines whoge divergence is low in the corona.
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CN ERUPTING STREAMS

Takashi “atanabe

Res. Inst., Atmospherics, Macoya Univ,

Hewlsh and Bravo (1986)
tions, erupting strcams

proposed that,

S TREAMIZELES S 22

on the basis of their IPS observa-
from low- or mid-latitude coronal holes are principal

sources of interplanetary disturbances and that flares and disappearing fila-

ments may be related to erupting streams as perlpheral events.

However,

their

deductions are not always consistent with those from other data sets for several

faportant events.

biased eastward by considerable amounts, several tens of degrees.

ing effect will makec the solar-source identification difficult task.

Hewish and Bravo (1986)i2. HMEMEBELOFMEE LT, 30+ :—AHHBTKRHT 3. Blok
BEH (erupting strean) EH|L. XB7L 797454 ¥ MERREIBELBERCREHBEL
CEEFRBLTVS, blLINMEHTHAE, REMTHBRBEOHRPTFRICOVWT., bR bR
NOKBREBRENS, £CTICTR, BoDRRREN >4 3 >DAY “erupting strean”

Lo2WTHORIRF — 2 & DL EIT\ . erupting strean (RO FRAMNERETI & 43,

W1978%F8A25-31E @ Erupting Stream

Hewish et al. (1985) OERL A, ¥ Fr—r s YHEEOHHRTH Sg-nap (GR) ¢k 2
L8268 528 I T TRBO KO EICH W YIFv-yanERTHREMNR SN B @) ECCHS
2) 2 Sun-Earth Line O HAlICh L EFFOBELEZME Lo LA L Watanabe et al., (1986) i
LBBEF— 7 ORITICL 2 BEMBIAOHBRRIROL S CHIELBEEI > T3, COREMEB
AoRBid, sABBCKBEPRFECRELALXB 7+ 54y MR TSI LHBFRREH D,

W19785E9H 23H—28H D Erupting Stream

oz, 1978FIF 256807651853 UT ICRELAMABMECHTCIZb0THS, CORER
BEOBRES bR, BESIC L B & Sun-Earth Line OHENCH 5o LH L. Sun-Earth Line OF
MichHrs6 > ODATKEOKMBAFT—sickd &, RUICIBALABRIOL S e, BESE LMY
HIBELH D LI NREOREMBELOFESM AR h, COoORBMBE ORFIX. 19785
A 23810850043 UTIC KB PEHEER (N35WSS) ICRELAIB7Z7L7TH3EBbh 3,

W1979F 44 23-2861®D Erupting Stream

coBSbAETIAMBICKBORANC ., g-value OBVWFAKAHRALTED., RO & 3 4
erupting stream OFEMNRENT VW SB. L L. ESDE S erupting strean OPLHRITSH -
7= Helios 1 BT, BB RN TN TR VDI~ erupting strean DFEHEDH [
W2, Helios 2 & ISEE 8 iICRMTRBEWEBRB A BRI S LT B, Watanabe and Schwenn (19
89) ORELAREBWRIOHEREBRICRY. CORBEMBTEOLHAL L TR, A28 KB
PRFFH/HETRELAKBY « 5 4 7 L OHBHBHEXL SN 50

" EEH”

LED3I>DBEICB VT, Hewish et al. DB EN -7 g-nap LB REHBHOL
BReEELTHACE > TR HEESEHS HhicBHoh, HAIF—sO0MDBVHEBRCHS
DOMBSENEET S LN B3, -7, REMEMGREOEHIZ>WT, HIC erupting
strean B2 DX BAT ILARMERFVEBbh 3,

BEXH
Hewish., A.., and S. Bravo. Solar Phys., 106, 185, 1986.

Hewigh, A., S. J. Tappin, and G. R. Gapper, Nature, 814, 187,
Hatanabe, T.. and R. Schwenn, Space Sci. Rev., S$1, 147, 1989.
fatanabe. T.. K. Kakinuma, and M. Kojima. Adv. Space Res.. 6. No.6., 331, 1986.

1985.

Centrolds of these erupting streams have been found to be
Such a blas-

5 AUG 1978
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WHEN IS THE EARTH HEATED IN A CYCLE OF SUNSPOT ACTIVITY?

Masayoshi Kojima
The Research Institute of Atmospherics, Nagoya University

We studied yearly variation of temperature anomaly of the earth in relation
to sunspot activity. 21 increases of the temperature are found during 100
years from 1880. 11 of them occurred at declining phase of the sunspot activity
and 7‘increases coincide with the sunspot maximum. Only 3 events are found at
2:"'::21“3 phase. Therefore it seems that the earth is heated twice in one cycle
megnets 3““5901_‘- activity. This is very similar to the yearly variation of geo-

ic activity which also increases at the sunspot maximum and the declining
phase. We will discuss the temperature increase at the descending phase in
relation to solar wind structure.

1880 & 0 10EMORROIBFEN & ARRAEHORELATEL, <O 100FEME AHAOKB LR -2 M
Y. tonm| LB AREBORD M, TN ARERBAMICY: S, KO O3HOLMNER LRI —HLTHY,
i;ﬂl:; :271:-?:‘)::2gﬁttmﬂﬁﬁ“ﬁﬂmﬁxéﬁwﬂhmmt6J’.'5t::ﬁ.;t %, —7X. R.J.Thoapson (Solar Phys.
“”‘m&r:sce%‘- APHREAAELL | & 72 5 EMO B ARBAEDOMMEE AR AREREAM & RDMI HEAE
51978% ¥ T o pgny RLE. Z0 Thowsson OMH L i BAEMOFEI ABOFLLEBATECRL L, 199264
BOHAL ) 5 aa;ﬁ?iﬁnkﬁamu”‘E“'m*ﬁ"*'5“9-“’« ARMEBEAMIC 51 5 A8 LR, KRR
SRAERBE, Eh L:w“éﬂ‘ REEBROM B 5 ABLROFAE NI B LBHD 5. ORDMBY
“Dﬁwmam&,ﬂ:w AR PLERERET, DS RMKER B L IS BMEN EfID > TREL TV S,
&, gﬁ%uawﬁ%?ﬁw‘ BAMOENBIAE BV, MR, 2800MH z ORRBHRMEOEALY S BT D
"’ﬂﬁwmmﬁw:?mﬁ‘ BAMBRBR LV EHNANE, T BABEMKOMONE LA L. XRS5
Thas, X, ﬂmﬁygub&‘mﬁkab" @t T, ABLRRHUM S DITARBREA S h TV WA, HBKED
BB R 50 LHI SECTHORRK, AMEMKVBOAB LROLREHMS S LHA BT LHTEE. 18
(ERERGEE kxcnirs T KRZ7V7—-HEFon 3, BEEDKRLEO7 L 7 —RERRBEAHRICRBLLY
B © 6 o g\mm) o oT\ AR7v7—HTR, ABLROFHAL L TRR+ITH 5, firlc, HBRAS
2, *ﬁﬁiﬂ&m; f")mlmmmcﬂanwmm, KRERK DI &, R BN A B R O8I
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Simulation of solar wind disturbances by TVD scheme
T. Tanaka (Com. Res. Lab.)

In recent years, many high-resolution schemes for hyperbolic equation systems are developed in
the area of numerical hydrodynamics. These schemes are the generalization of upwind schemes such
as Godunov, Van Leer, Osher and Roe schemes to the higher order of accuracy, and successfully
applied to the compressional Euler equation. Many upwind schemes are based on the eigen value
analysis of Rieman problem. More accurate schemes can be developed as higher order extensions of
first order upwind schemes, adopting the concept of TVD. By using these kinds of schemes such as
Lax-Wendroff TVD, MUSCL TVD and ENO schemes, sharp capturing of discontinuities is achieved without
any oscillations.

For principle, above schemes can be also applicable to MHD equations, which are mathematically
hyperbolic equations. It is the purpose of this paper to solve MHD equations for steady and
non-steady solar wind problems, using high-resolution shock capturing schemes. For the simulation
of solar wind problems, discontinuity capturing is essentially important because many kinds of
shocks and discontinuities can propagate in non-steady solar wind. Another merit of high-resulution
schemes when applied to solar wind problems is to avoid some difficulties come from the
non-uniformity of the system. In many problems of geophysics and space physics, treating regions
include strong inhomogeneities. The solar wind problem is an example of these situation, in which
the wind structure must be calculated in the stratified solar atmosphere as 0-th order structure. As
the result of numerical diffusion effects acting on this O-th order structure, large numerical
errors appear in the solution near the solar surface and sometimes these errors make it hard to
continue stable computaion. The reduction of numerical diffusions using high-resolution schemes is
also effective to avoid above difficulties.

Basic equations for the present calculations are two-dimensional MHD equations written in a
spherical coordinate system. Assuming that the solar atmosphere acts as a single fluid with no
dissipation, they can be written as follows:

2b 2 ____..l ;;_ i = etc
5-t-+5_§(§rm)+rsin6 a?l(ﬂﬁsmen) 0 m

where the independent variables are time t, general coordinates &§ and 7. The general coordinates
£(r) and 7 ( 8) are introduced in order to gather mesh points near the solar surface. The time t and
the radius r are normalized by to=ra/vo and re, with ra solar radius, vo=(RTo)'"? , To arbitrary
normalization temperature and R gas constant. 8 is the colatitude. Dependent variables are b, m, n,
Br, Bgand T, where b=p r/ § r %, , m=bu, n=bv, Br=rBro/ § r 7y, B=rBo/ § » 7, and T temperature, with
o density, u radial verocity, v meridional velocity, Bro radial component of magnetic tield and Beo
meridional component. o, u, Vv, Bro, Boo and T are normalized by p o, Vo, Vo, Bo, Bo and To
respectively. In these equations constants are B, 7 and Kk, with 8=y p oRTo/Bo® & cMps B
magnetic permeability, 7 the polytropic index, k=toMG/voro®, M solar mass, G universal gravitational
constant.
The numerical scheme used in the present calculations is the third order MuscL type Roe scheme.

The time integrations are calculated by using numerical fluxes as

Un ™ =lUs, sP- At/ A & (Fivi2 3 "-Fioiz. M- At/ A 7 (G s+12"-G1, 5127 )
where Ui, ;" are dependent variables at mesh point i,J and at time step n. Neglecting suffix §, the
numerical flux for £ -direction is writen as

Fi+1.251/2(Fr+FL~Risi2 | A 112|Riviz ' (Ur-UL)) 3)
where function F is determined by equation (1) and dependent variables for suffixes R and L are
calculated by MUSCL procedure using Van Leer's differentiable limitter. These procedures are
similar for # -direction. Because the equation system is not written in a complete conservation
form, some approximations are required for the calculation of numerical fluxes, namely dependent
variables outside the differential operators are evaluated from those with suffix i for mesh point }
and from those with suffix i+l for mesh point i+l, in the calcultion of Fr and FL. Matrix R consists
of eigen vectors of Jacobian matrix, and diagonal matrix A consists of eigen values of Jacobian
matrix, which are writen for £ -direction as

A 20, £ rm/b, £ (m/bC:' ™), . & c(/b2Ca’ ™) W

Cr, Ca=1/2(Co+C,+C2t({Co+Ci+C2)=~4CaC1)' ™)

Co=7 T, C1=B+=/ B b, Ca=Bg*/ B b.
For the evaluation of Jacobian matrix at i+1/2, some averaging procedure must be introduced to
determine Ui+i= from Uz and UL. It is desired that this procedure satisfies the Roe condition.
However, these averaging procedure is not known for MHD equations. Thus similar form to the case of
fluid dynamics is approximately used.
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A Simulation Study of the Solar Wind Including the Solar Rotation Effect

H Washini (Research Institute of Atmospherics, Nagoya University, Honohara, Toyokawa 442)

T Sekurai (National Astronomical Observatory, Mitaka, Tokyo 181)
An axisymmetric solar wind structure including the solarrotation effect Is studied by the
g::hod of MHD computersimulation., For the case of the radlal magnetic fieldconflguratlon,

caseoi’lmtli;lauon result is fairly wellcoincident with the steady-state solutlon. For the

ratio

small,

e dipole magnetic field configuration, theproperties of the solution depend on the
'°§ thegas pressure to the magnetic pressure (g-ratio) in themodel. If the g-ratlo is

clearly definedstagnation region appears in the wind, in which the flowspeed is

Very small and the azimuthal magnetic fleld isvery weak because of the corotatlon of the

gigsﬂﬂi g the g-ratio is greater than 1, the stagnation region 1s not clearly defined In
solution. .
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SUBSTORM-TYPE DE IN A COMETARY MAGNETOSPHERE AND DE-TYPE SUBSTORM IN THE EARTH’S HAGNETOSPHERE

GENERATED ON AUGUST 13/14, 1989 BY A SOLAR FLARE

T. Saito, Y. Kozuka, H. Matsuoka and T. Oki

Geophysical Institute, Tohoku Univ., Sendai 880
Three active comets appeared successively in 1989 and displayed outstanding disturbances of
their plasma tails. A flare occurred on 12th of August and gave rise to a plasmoid in the
plaspa tail of comet Brorsen-Metcalf. A series of photographs showed that the plasnoid noved
tailvards with the speed of about 220ka/s. This phenomenon was considered to show a pagnetic
reconnection of the tail field lines 1like the geotail reconnection at the time of substorm.
The phenomenon was followed by an outstanding substora activity about half a day in the

earth’s magnetosphere. Hence, these phenonmena

vere concluded to show a rare case that one

solar flare gave rise to both substorm-type DE in a cometary nagnetosphere and DE-type

substorn in the earth’s magnetosphere.
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DISTURBANCES OF THREE COMETARY MAGNETOSPHERES AS EXPLAINED BY AN MHD SIHULATION

Y. Kozuka, T. Saito and T. Oki
Geophysical Institute, Tohoku Univ., Sendai 980

Outstanding disturbances of the plasma tails were observed in 1989 for the three conets;
Brorsen-Metcalf, Okazaki-Levy-Rudenko and Aarseth-Brewington. Time variations of the tails
vere obtained from the photographs provided by many astronomers. An HHD sinoulation was
carried out being based on a change of velocity and direction of the solar wind flow. The
sinulation agreed quite well with the observation. Solar flares were identified as the source
of these disturbances.
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sidereal anisotropy of high energy (10"».10'z eV) cosmic
rays observed at deep underground

S. Mori, S. Yasue, S. Sagisaka, K. Munakata M. Ich:!.nose
(Faculty of Science) (Faculty of Liberal Arts)
Shinshu University, Matsumoto 390, Japan

The observed results of sidereal anisotropies of high energy cosmic rays
(10"+10'* eV) are presented from the Matsushiro underground station (220 mwe
depth). Based on ours and other observations, it is obtained that (1) the
observed amplitudes in these energy regions shows significant energy )
dependence, while little differences in the observed phases and (2) the
observed amplitudes are larger (about two times) for the telescopes pointing
towards the equatorial plane than those for the vertical telescopes. This
observed fact strongly suggests that the north-south asymmetric term may
certainly exists in the anisotropy in space and is needed to be determined
for its three-dimensional structure.

S ERBARLRCETTHESEUR (200X ARFEYORE) ToRH
(1984-1989) 2.0 it. HOMTFZTHBRYFT - 22$4IRKLT, 2R
R EOBABEO T ANF —HBLEROTHEBERODWTARRS,

B W # i AN ¥ — (nedian primary energy) &. BEHREH
BEEr#HCTH 3. BV RUFAREALEXRTHS. RARUVERR
MBEHFHEBERICEIIBEEE2S> 2 THd. BZARTFABRHFRIIVWE
HHF SR BCEIIEEXLIPATVWS. BHFRHAIPR2ISE. 2Xx080
MiciHEBE22HNXR 6h B

T2, TMoORFELCHILESTHO 2RSS (N-S synaetric tern)
LR dtIER A 2K D (N-S asyometric tern) RXYVBBOT&E, 0B
ABSETIRbREh, RashrboTesrasxn 10107 RFKN 10
HMBETETOERANBIN2E#53. CORVRURNMREBNRFEDEST
Wb EbLboTHEYN, Bt 3XRARUEAIIXRLBER2SF 2% 4
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Energy dependence of observed amplitudes

The observed amplitudes are plotted as functions

™ 5~ of median primary energy from Matsushiro and various
10 10 stations shown in the figure. The solid line gives
the data from the vertical telescopes and the dotted

' MEDIAN PRIMARY ENERGY (EV) line the data from the equatorially pointing tele-

scopes. Significant difference can be clearly seen
in two lines, suggesting the existence of the north-
south asymmetric term in the anisotropy.
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SIDEREAL DAILY VARIATION OP HIGH ENERGY COSMIC RAY MUONS
( ~10'%eV ) OBSERVED WITH KAHIOKANDE II DETECTOR

H.Shisada, K.Munakata, S.Nori Y. Oyasa and KAMIOKANDE group
Pac. Sci. Shinshu Univ. KEK

We have analyzed the sidereal daily variation of high energy cosmic ray
nuons observed with KANIOKANDE II detector. Each muon event is classified

into 3 groups of East, Vertical and West according to its incident
direction. Por each group, the gsidereal, solar and anti-sidereal variations
are obtained for full two years from Jan. 1887 to Dec. 1888. The origin

of these variations is examined on the basis of the directional observation
method.

HAZLUBET (2700mwe) CTRAUXAELIa—F> AIXYIMROBRBEWEM
FiL, ~10eVHBHBRRYZEEWRFELW N5, mMiTMEMIZ1 98748181
BAr519884£12HA31HETCO2HEMT, AN P KIBHWLIE500FARbT
B33 (24BMORAMAMRHTIEMEAIE > HF vy oa%it~0. 13%). [ R
1988#9 (H900FI X2 b) %, AMWey (SO), HEAR (SI), HEBB (
AS) DA2AMMTAMARHLEREERT. BHBIa-—FrOAHEEIE->
T W(E), XE(V), B (W) o3 FBMEIZIFY, THEDMAMI (WT) WKL T
3. HORBRBZ1IBMBOARHIZHTIHT, 4HMATOREBOFTEBRMIZA
EEhTvas ELMEBO MYV A — LRVOEBHIBETILEHIDHI L RBbh 3.
CREDPMELXMA I, MERKRCTLTUATORERIT 5. ¥3, [1] Bs5hi:
RYES, XitaRAoeswRhickabonsE, (E) otk (V) 28AT (

W) XOMBLTWRZTRIER S B, (2] HERBIEIABBRSEOEBER
EERLTVWIOTR2VEY, FHARRFERINT VR T TDH S, [3] ABEMHD
BREASNEL, RHUOBARTUMASELKRBUZATVWEIREE, BROAKE
BEESALE (KWHTEHH, HWO. 05%) NAMELIRTTHS. hb60
AEBYOBBRARIATV ISPV IRHBL, EEHRSIBEOBOBRAMREL K
LTH<FETH 3.

1988

i [ [

mﬂbwml

H

& ali

Hl

T EE

L}

Fig 1. Solar(S0), sidereal(SI) and
anti-sidereal (AS) variations derived
from East(E), Vertical (V) and West(W)
directional observations in 1888.
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Cosmic-Ray Sidereal Daily Variation of Galactic Origin to Be
Observed with Existing Underground Muon Telescopes

K. Fujimoto, I. Morishita® and K. Nagashima
Cosmic-Ray Research Laboratory, Faculty of Science,
Nagoya University, Nagoya 464, Japan
* Department of Physics, Asahi University,
Hozumi-cho, Motosu-gun 501-02, Japan

Modulation of galactic cosmic-ray anisotropy in the heliomagnetosphere has
been theoretically studied by Nagashima et al.,, and sidereal daily variations of
galactic origin observable at the Earth’s orbit have been obtained. These varia-
tions, however, contain only the influence of the heliospheric modulation and does
not contain the influences of cosmic-ray’s geomagnetic deflection and nuclear in-
teraction with the terrestrial material and also the geometrical configuration of
muon telescope. In the present paper, we take into account these neglected influ-
ences and obtain the sidereal daily variations to be compared with those observed

with specific telescopes at some specified underground stations.
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PALEOMAGNETISH OF THE CRETACEOUS SORACHI AND EZ0 GROUPS IN CENTRAL HOKKAIDO

Kodama, K, Y. Iida, and H. Maeda
Department of Geology, Kochi University
A magnetostratigraphic study was carried out on the upper part of Sorachi Group
(Barrepian-Aptian) and the lower Ezo Group (Cenomanian-Turonian) along Syuparo river in
Yubari area in central Hokkaido, where 62 different stratigraphic levels were sampled in
total. Prelininary results suggest that the silicious sediments of the Sorachi @Group
oxhibit sastward deflection in declination, while, in contrast, the blackish mudstone of

the Ezo Group show westward deflection over 40 degrees.

LRUXIBBEY 2 - NOMBVWOTHRAEAZMBE L8 (Barrenian~Aptian) » 5 GRNAW
T (Conomanian~Turonian) i2E56 24 1 b, RUBWH. XK OBRME L& (Coniacian~
Santonian) 5044 bTY Y TY YT Efiok. MBRRIAEZZAFMRXELZVWE S, AR
1OnBEOMBTHEW, 14 5203 ~5@DOAFERML 2. FERINEDS B, EiX
SBRBROBRIEO>WTEBE T 5,

BMERRLTR. $¥&Y I boMOMLENSfOy FY YT NIEHL, EMTHE45mTO
BRIXRHABRU160° #5600° CORMMIEMEZBLTY (1 F B HYZ HBEERFLE,
TORR. ZAMBOEREMEIHLTII350°CHEDRKMBIEYR. SRMBEOREICR160
TR A0 M TR RN A DR L2 o SO LTTRTDY VT NITA~T REBO
RRBOULBHBETV. 26083902 ORBP S REZ ML 2@ 2. Z h5izk LKirsch
VIO B EI LD RAF & RD, ¥4 b BOPHH A ERE L 2. NRISIEIZ. 250 B OB K EHN
10°*~10°kA/m (semu/cc), BRMHEOREZ10 "'~10 'k A/ mTHb, &
RZARNGOFRARE Y R HNOBRERSE b o0CHL, SREBORFRIFLALHE-R
BEbD,

BREROBILERIE T X Thorpal T. MRERORT LIS CHBEMOBANBWINB T 5, —
B ZAMBR RS HOMMA S D, N-sequenced —BERLTWS L Bbh 35, A0 HAHE
EROBILHG I, ZAME OHigh blockingBEORAY, 5D &ERAEVNHDD, 30°~60
RE. RAB40°~60°TH3, chrMmic., @RMBIZ40°~T 0 EH@ERY,
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MID-TERTIARY ROTATION OF CENTRAL HOKKAIDO INFFERED FROM PALEOMAGNETIC STUDY

Takeuchi. T,

H. Motegi, T.0zawa, and K. Kodama*

Department of Earth Science, Nagoya Univ. % Department of Geology ,Kochi Univ.

Paleomagnetic study was carried out on Mid-Tertiary deposits in Habora,
Yubari and Niikappu areas in central Hokkaido. Reliable directions identified
with stepwise AF and/or Therpal demagnetizations suggest that the Nid-Tertiary
basins had undertaken clockwise rotation prior to 15 Na and, after that,
undertook counter-clockwise rotation about 60 degrees.

hRitBlE. AR -FHEHEOB=ZKEZ
HRiz, TROI MBI WTHBEBERD

HEEfTr>%E
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H.EHERAHW., FxRYFIFr1, SHOER&
DS9Yy 1 b
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EABFV.ZEBE—B , E®P*, Tunyor HUANG*’, Shuhjong TSAO4 , HF i @R
DREFAARMS 2)BFAE 3)EBI X 4)Central Geological Survey, R.0.C.

PALEOMAGNETIC AND GEOCHRONOLOGICAL STUDY ON MIOCENE ROCKS IN NORTHERN TAINAN
Masako MIKI'’,Yo-ichiro OTOFUJI?', Takaaki Mathuda?’,
Tunyow HUANG*',Shuhjong TSAO*’ and Masahide FURUKAWA'®
1)Grad.School Sci.& Technol.,Kobe Univ. 2)Fac.Sci..Kobe Univ.
3)Dept.Geol.,Himeji Institute Technol. 4)Central Geological Survey, R.0.C.

Volcanic rock samples were collected from northern Taiwan for paleomagaetic
study and K-Ar dating. The mean paleomagnetic direction for seven Miocene
volcanic sites was D=5.9°,1=43.8°, @ 05=14.0°. The ages of these rocks were
decided to be 7.91+ 0.45 Ha and 10.1+ 0.62 Ma. The paleomagnetic direction of
D=2.5°,1=53.3" and the age of 1.20+ 0.07 Ma were obtained from an andesite site.
These results indicate that the northern Taiwan has undergone no significant
rotation nor traaslation since 10 Ka.

ABEBOhFROBRERDO D WL R Th demog. AF demag.
RUHEBFAMEHBLTIVWE 2hb60 Mos s wwose MO0
KLWEOUB AP LERBABERU £ R 1 1
BEOTHODLBERERUVEIREERNL . gc-\:’;\a 1
BBERBO XMW (CAILUNG) 38 < I R (i & 1

8 e ——t ¥

NDE—LH¥HY, RHEHOERZFLT W "
3. CoXWHED 1AL LEEE RN
L 2. 1 1
PHEOXRED 2B AL LK - AT E(OOWN) E(DOWH)
FREBL, Th H17.91+0.45 Ha RU Fig.1. Orthogonal projection plots
for progressive demagnetization
10.1+£0.62 Na TH -, ROKWLED experiments. Th demag - thermal de;
magnetization, AF demag.- alternating
FRIZ1.20£0.07 Ha T B » 7, field demagnetization, open(solid) tal)
sysmbols are on the vertical (horizonta
XABRMABRVBBRRHBOKR 7 iane.
BAPLERELNERBLEORHE BB - &
¥TER ¥Ybbo TEOHBIZBWTY KUNGKUAN-VOLCANICS CHILUNG VOLCANO

REBLOSHRERCRELT W &
ERAOKXELRPUBBREBREET S &
EE->THR

PR RLUEOHBBERO AR

KRAMiE,. EHBHF 1 B AXHR M 6 X 963
T PHLEHMEMA=5.9",{RA/=43.8", . © \‘ |
Css=14.0"TH>»%. BIMHBEL2 T B2 L d |
RE-TRAEFMIB X2 LD, ZoF Fig.2. Paleomagnetic directions from
MEEBUCBBEARZ L 55 b b o R cireles. Lefe. site mean divestoomc
CHeARLBoRE T M WA = 2.5, K 700 Wosens volcanics) otar; mean .
f1=53.3° TH > . mean direction for 1.2Ma andesite.
CRLNEBRBRACERBED & R Bowery  homiotmecss a¥e on the upper

i, AW EHMHPI0 Ha LIRE KRS X B
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Paleomagnetic Study of Neogene Basalt from Inner Mongolia

Zhong ZHENG!, Masaru KONO! and Tianyao HAO?
1. Department of Applied Physics, Tokyo Institute of Technology
2. Institute of Geophysics, Acadimia Sinica

Paleomagnetic investigation was carried out on Neogene basalts in Chifeng, Inner Mongolia and Zhangjiakou, Hebei
Province, China. From a total of 62 si tes, a reliable paleomagnetic pole was obtained at 85.2°N, 192.5°E with 95% confidence
cone of Ags=5.1°, which passes both the reversal and fold tests.

HEHOBMRSTHNE Y T ARG NED >OR N3, hoOHRUAER(LOEEETATHLTS
BERERBEOSHBRAIC >V T —MOBREHME LA D, FRSROSMMUABL LTHHETEE 60 TS S0
B, SERTOB/BERR U AL E RO MR RS R FRCRoFHRAENBLEOBLARICIE
DERE» SOEREPETRBAT 3, bRV, L LE404 bh5d VGP 279 b T

RERLMT 27 KE» > B2 0BHE BRI B& (Fig. 1), HiFTRE —HRCECRIFELT
SHAHBEXBORBREY . BXFIBOREOES O BB LHAME, FLShIEARFMILICRES
ACRBIRBUI>THS 5, 2PFRREO—RTH 3. @ & (magnetic pole) ¢ Fisher REHSHARTOED.

WEY T L TIHME 700 kK michr» THBZE RORMES hARBREOFANFR=LL B SR
PLREMBHLTE ) (VM. BRO. #4) . B3 RO —BRosETssTkENS 5o _
Pl 5> DB 50~400 mZO TR E ST > T W chooBHOERNEIRELY S, KM=
S0 REUMSLRBOENRY - 5 BBRFOMBI L ROBBBHROTREBL>THS S0 bo ERLY
Tvo COMBKTR—>DMHIFFS > D 20 @R REOERNBShhL. chooBREFURNTS
HESLTORIES S 4.3~25.3 Ma @ K-Ar E{R 58 BENSZEEITV .

SNTV3 (B 5,1985) o Wi AR OIER 2
ROLHRBHIRD 60 A THT» o T DP 49 A (3R
RO 09 MM, R D 40 M) 5 o 0Bk BAN
REET, TLWHRNESHA,

EHORE R X CEENBAMN CF- . FRE
HOUREBAEZH>REAZUR 2 € > -BAMCRE
Lico REBEML 2 YRSt iRt R 2 MmigREic LT3z
BRI THACEHY » TRL LTV HAFHSOR
HORBEILKZRMIZH-> T aH, thizERE
BRETIREAMILTH 5 0 & ¥ LA,

FEEHIE S S DR IR SIS EMSEROFH %
#H. 3BT R I CAET 3, Ccoctdchon
HHHAL BB VEMIEB BN EBMRBRL TV S, F
BNEEBRFOMIRL > 0 @] iz Fisher .
tAAT 5 E. PEER 85&%3; 8[:]E( A%:ﬁ_zs‘;ﬁ ?: Fig. 1 Equal arca projection of VGPs from a t?tal oif Zﬂ; su:es"::
i@+ s, MBEEORE., RGO+ SHAOBREEMA Jiening, ghangjiakon and Chifeng. Solid(open) circles indicate
THRIEIATE L H S 3. 85.2°N, 192.5°E(Ags=5.1°) & VGPs on the upper(lower) hemisphere.
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HHEXSR BARBARA Keating

T VBB IXOT IV IV EBEICRIT D
ODP119OWmMiBDORKE

ODP LEG119 Shipboard party
(Elk »-B28) (Havaii Univ.)

PALEOMAGNETIC STUDY OF ODP LEG 119
- PRYDZ BAY AND KERGUELLEN PLATEAU -

HIDEO Sakai
(Toyama Univ.)

BARBARA Keating
(Hawaii Univ.)

O0DP LEG119 Shipboard party

During ODP Legll9 we drilled at 8 sites on the Kerguellen Plateau in the southern

Indian ocean and at 5 sites on the Prydz Bay near Antarctica.

The paleomagnetic results

obtained are as follows; the detailed magnetostratigraphy during the last 5 Ma at Hole
7458 which includes the Cobb Mt. event (1.1Ma) and the ever unidentified norma! 2one in
the Gilbert reversed epoch, the intensive susceptibility and the magnetic soft feature
observed in the sediments around K-T boundary of Hole 738C, the paleomagnetism of the
Paleozoic non-marine red sediments drilled at Prydz Bay, the magnetostratigraphy of
Hole T42A which suggests the existence of the ice-sheet at Oligocene (Eocene) age on the

eastern Antarctica.

- ODPEEL19R MBIk, BV H DI IIE R D
B2 FRIMEBIURERBEIIIBECD
SHMAOANIIBATHE ITo k. fiSOER
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IKREOREBEEGEBES 3. W ILIEADEET
5%79&'53&8059*291&%'\‘%&4‘:('&36'97&:.
YAYTRVEE B

BEILBOSIteTTBLXURMDSites 744-
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BEI LTV RVnornal zoned FENRE X h
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hHEBROBR EVRBARFOFERK-T
boundaryR B 2 HMB O @O LM h B L
(Yorm & Banerjee.1987).
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A Palopagnetic Contact Test of a Grenville Diabase Dike and Gmaissic Country Rock:
The Effect of Magnetic Anisotropy and an Anosalous VGP in the Early Cambrianm

Hironobu Hyodo and D.J. Dunlop®

Hiruzen Research Institute, Okayama University of Science,
Geophysical Laboratory, University of Toronto®

A paleomagnetic contact test was carried out on a Cambrian dike (570 % 3 Ma) in the GOremville
Province, Ontario, Canada. The gneissic country rock developed strong magnetic anisotropy dus to its
fabric anisotropy, and the direction of the baked totally reset magnetization recorded‘ in this
country rock is significantly deflected (~30° ) from the TR direction in the chilled sarsin of :hf
dike. The calculated VGP (153° W, 41° N) does not agree with previously reported Cambrian VOP's. t:
direct evidence supports structural stability after the emplacement of the dike. Therefore, the
presence of the anomalous VGP suggests that the dike may have acquired its pagnetization during

largs-scale geomagnetic field excursion.

HFFA s VAMOTL e BUBOREES
&Mk (diabase dike, 57 0+ 3 Ma) DHIHRAY
227 P TRAMEMETE. BEDF—F L EWH
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baked zone) IZ35(} > MAIREEE(LIX, b LDHBOMK
fenFm 6 B (~30° ) FhCiRBREATw
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BERENT S BBREOFELDVENNSY, &
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LA PO Fotlincationp Hilnictid » T# AT
w3, :0*%#&%‘0&%&7&‘&#?)&%75&‘:&
DMEWEATWEZ LERRT S, )
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L&h.«ﬁ.ﬁwfvvewﬁmwbﬁantWP
DRI FEPEOPE—RTEOOHY, 2
AA V7Y TROKLEHEOPE —HT 3 b
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LA dtoT o 0@ ROVIPL EEDD 7 U TROVP
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THERMAL EFFECTS OF INTRUSIVE ROCKS ON THE REMANENT
MANGETIZATION IN HOST ROCKS

Tadashi NISHITANI and So SASAKI
Institute of Mining Geology, Mining College, Akita University

Thermal effects on the remanent magnetization have been examined. The changes of magnetic
properties of a host rock as a function of distance from the contact area between a host rock
and an intrusive rock. Samples were collected at Hokake—jima in Oga Peninsula, in Akita
prefecture. The host rock is a dacite in Daijima formation in early Miocene. The intrusive
rock is a dolerite with 60 cm width. NRM, thermal and alternating field demagnetization,
susceptibility and thermomagnetic analysis were performed. Experiments indicates that thermal
effects on remanent magnetizations in the ambient host rock are about 20 cm provided that the
intrusive rock is 50 cm width.

RrgsRgoBLCREITAOBRE T
AR, REEF-~ 2 BH I BEEHHH . .
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Spatial Dependence of the Declination and Inclination
Inferred from a Model of Geomagnetic Secular Variation

Y. Honkura and M. Matsushima
Department of Applied Physics, Tokyo Institute of Technology

We have shown that the non-zonal magnetic fields can be well represented by standing and
westward drifting fields with their amplitudes fluctuating with a typical time scale of some hun-
dred years. Secular variation data for the zonal magnetic fields are not sufficient to denvc:: such a
fluctuating property, but we attempted to estimate fluctuations even with a data set covering only
two hundred years or so. Then we can estimate the declination and inclination at various loca-
tions on the Earth’s surface. o °

Fig. 1 shows secular variation curves for the declination and inclination at 0°E, 30°E, 60 _E’
90°E, 120°E, and 150°E along 35°N. Contrary to our expectation, characteristic secular varia-
tions are lost-if locations are separated by 60° in longitude. In our model the drifting fields are as
large as the standing fields, but because of incoherent fluctuations such a drifting nature seems to
be obscured. This result implies that sedimentary records should be carefully treated when drifting
properties are to be estimated. .

1t is also interesting to note that the inclination sometimes becomes nearly 0° even at 85 1;
Such an anomalous behavior is not seen globally but can be found only at a gertaxn. ]ongltube
range in the case shown in Fig. 1. This seems to indicate an excursion-like behavior thch‘canb (:
found only at a specific location. Obviously such an excursion-like event is not a realo excursion bu
an apparent one due to incoherent fluctuations of various modes of spherical harmonics. ib

For more detailed discussion, we must apply a decomvolution technique. Then it would be
relevant to sedimentary magnetism. As a final comment we point out that the m?de.l has be;n
used only to demonstrate a possible example of spatial dependence of secular variations 'Ofdtte
declination and inclination with the implication that global secular variation data are required to
derive a reliable field model.
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ANALYSIS OF LONG-CORE PASS-THROUGH REMANENT MAGNETIZATION
BY ABIC METHOD

H.Oda*, H.Shibuya"*

*Department of Geology and Mineralogy, Faculty of Science, Kyoto University
**Department of Earth Sciences, CIAS, University of Osaka Prefecture

The magnetization data measured by long-core pass-through magnetometer represents the
convolution of the magnetizations within a certain range on both sides of each data point and,
therefore is not necessarily the same as the remanent magnetization at the very data point. In order
1o obtain the real remanent magnetization, we have to deconvolute back the measured data. This
process is usually carried out by dividing operation in the frequency space. Unfortunately, dividing
operation, hence deconvolution process, strongly exaggerates the noise contained at the frequency of
small denominator, so it is quite difficult to eliminate the disturbance in measurements. Commonly
low-pass filtering is used for eliminating the disturbance (Dodson et al.,1974). But this method has an
subjectivity in the selection of the cut-off frequency and filter shape. In order to avoid this
uncertainty, we developed an objective method of the deconvolution by matrix calculation with noise
filtering using Bayesian statistics. The objectivity of the noise filter is obtained introducing "Akaike's
Bayesian Information Criterion” (ABIC) proposed by Akaike (1980). We assumed that the
magnetization changes rather continuously. In the Bayesian statistics the smoothness of the data is
represented by a parameter (u). ABIC values are calculated to evaluate the likelihood for several u
values and the u minimizing the ABIC should be selected for the best estimation of the
magnetization. The major advantage of this method is the objectivity of the procedure, namely we
will get the data set of maximum likelihood under only one assumption of their smoothness. The
data analysis was performed on both the artificial and actual data. The best fitted data pattern was
obtained under minimum ABIC value for the artificial sine curved data with random noise. The
natural long-core pass-through remanent magnetization data by the cryogenic magnetometer was
also made deconvolution and yielded stable noise elimination.

oam T8 1a:Sine curved artificial data. 10°7 Ame

Fig. 3a : Natural long-core pass-through data. |
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PALEOMAGNETISM OF A LAKE-BOTTON SEDIMENT CORE FROM CH’I-LIN-15°0
IN CENTRAL TIBET PLATEAU
H. HORINAGA', C. ITOTA', F. MURATA', S. YANAGUCHI?, N. ISEZAKI®, H. GOTO*, K. YASKAWA®
‘The Graduate School of SCience and Technology, Kobe university, 2Teikoku Women's Junior college,
3Faculty of Science, Kobe University, “College of Liberal Arts and Sciences, Kobe University
With an aim to obtain useful information of paleo-environmental change in Tibet Plateau,
three lake-botton sediment cores were collected fron Ch’i-Lin-Ts'o Lake, central Tibet

using a pneumatical piston corer.

Paleonagnetic results from one of then, whose length

was about 3 m, suggested that the sediment is not so magnetically stable, but keeps soze

significant magnetic signal.

Characteristic directions of each specimen were decided

fron the significant magnetic signal. A variation curve of the paleonagnetic direction
was obtained using moving averages of the characteristic directions.
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Magnetic Grain Size of Deep-sea Sediments :
(2) Frequency Dependence of Susceptibility

Toshitsugu YAMAZAKI (Geol. Surv. Japan)

Changes of the amount of super-paramagnetic grains in sediments can be estimated from frequency
dependence of magnetic susceptibility. A study on a pelagic-clay core showed that the frequency
dependence is inversely proportional to the logarithm of the mean magnetic-grain diameter deter-
mined by the suspension method of Yoshida and Katsura. The frequency dependence of pelagic-clay
cores has decreased since at least 3.5Ma, which implies an increase of magnetic grain size since that
time. The Origin of pelagic clay is known to be eolian dust. The increase in eolian grain size caused
by the late Pliocene global climatic change (intensified atmospheric circulation) can explain the in-
crease of magnetic grain size and unstable-to-stable transition of the remanence of pelagic clay.

3% #3161 (pelagic clay) d#i{L(x . late Plio-
cene(3Mamitk) EHIc. FRELH/L(VRMA
B)NOSRELBAANLENLTS. THOVRMD
BREXML TV IO HELPONBRTH S
Sk %Yoshida & Katsurao 4 2~ > a3 > %
AVWITHRELYMONBRAEERISHEL. &
TERELE, $BE. HEEEOHEL L T.
FHRORBBEFLEERAG, YRR T3>
BMELBBRroIERET 3. Z L Tpelagic clay
NHBUELMOHEECOBRICOVWTERT S,

WHRE. inducing fieldo BEK (CtkTF+ 3.
BRAVLSNS1KHZE D BEB T 1 ms2
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FY. AP VIKR(C L - THEB e
T hhi: pelagic claya 7 (@A ;3% ~ ;/‘EIUE:/
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RMEBM R A BRI BRI D D), T
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CSPHTFORIEHIEN L, BRBEKTEES LU
VRMBREEIFENLALtD X RRTESD., ¥
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DHUBREIFEETETHI e NNDONS.
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pelagic clay 7 2 & & I\ N T, 5 Bt 58 /30 0 4 4K
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MAGNETIC SUSCEPTIRILITY OF SEDIHENT CORES RECOVERED FROM THE EAST HARGIN OF
THE JAPAN SEA

Ciiehi Kikawa, Yasato Joshima, Toshistugu Yamazaski
{Geclogical Survey of Japan)

Yagnetic susceptibility measurements were made on sediment cores recovered
from ihe ¢ast margin of the Japan Sea. Results of the measuresents are
classified into seven types(a to g types) an the basis of the depth versus
susceplibility plots. Fig. 1 shows Lypical examples of each type. & 1o ¢ iypes
in Tig. J arc characterized by their relatively high and dramatic changes of
susceéptibility vaiues with depth. To be contrary to this, d to g types show
relativaly icw and less changes. We think this is probably because of the
difference of the sediment materials. Tt should be noted that cores showing @
to ¢ tyfes ave from the area deeper than 2000 seters and ihose of d tc 8 LYFes
arc foom the sres shallower than 2000 aeters. This may indicate that 2000
welers depih is a kind of key depth determining the depcsited materials in the
study ares.
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Paleointensities determined from recent ejecta of Asama and Izu-Oshima volcanoes.

Hideo UCHIMURA  Hidefumi TANAKA

Masaru KONO

Depertment of Applied Physics, Tokyo Institute of Technology

Palecintensity determination by the Coe’s version of the Thelliers’ method was carried out on two pyroclastic flows of
Asama volcano (Kambara p.f.,1783 AD; Kotaki p.f.,~2200 yr BP) and two recent lava flows of Izu-Oshima volcano (1950~

51; 1986). Consistent values were obtained from Kambara p.f. and Oshima 1950-51 lava, while the others’ were rather

scattered. It was observed from some results that monitoring the initial susceptibility does not always detect an alteration

due to heating.

BERROREEEL 3 Lo, SNBRHBUFORRIZER L6
BELHz. KILAFH S HMBFHIPAFLIEET 3B, BbLH
N K& Theliers ZTeH D, BE bW TLL(HIEB & D
T&#o L LIS, 5 Thelliers t: OB P E 1L > TV

% (Walton,1988)c T ORROADEIES 0. RiFO KILMAEH
#1220 T Thelliers # ( Coe’s version ) 2 RAIVHEERH B C &
ERS L, . MBRLTHARN ABRAATTH > o AVEKE
R, BERE® 1950-51 Fig (LRE). 1986 E@/E (KRE).
RO MBI KRR (1783 AD ). /il kB (~2200 yr BP; C
FR) DOXHER (RcTLE) ©5 3.
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Fig. : Results of Thelliers’ experiment (Arai diagram), and the change
of initial susceptibility (normalized by initial measurement).
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Paleointensities during 10,000 ~ 40,000 yBP determined by the Thellier’s method
from essential blocks in pyroclasic flows

Tsunemi TACHIBANA, Akihisa OHTSUKA, Hidefumi TANAKA, and Masaru KONO
Dept. of Applied Physics, Tokyo Institute of Technology

Four palecintensities were determined from pyroclastic flows of Eniwa-dake and Kuttara Velcanoes in Hokkaido, and
Daisen Volcanoes in Tottori. The MC ages and paleointensities determined for these flows are : Eniwa-dake, 13,100~15,000yBP,
34.8uT ; Eniwa-dake, 30,400~31,900yBP, 47.4uT ; Kuttara Volcanoes, ~42,000yBP, 89.0T ; Daisen Volcanoes, 20,000~
21,000yBP, 17.6uT. These results include both high and low paleointensities, and is in conflict with the conclusion of
McElhinny and Senanayake(1982) that palecintensity was relatively small for the period before 10,000 yBP.
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Computer experiments-on the nonlinear response of space plasma
to an intense EM wave

Hiroyuki YASHIRO Hiroshi MATSUMOTO Yoshiharu OMURA
Radio Atmospheric Science Center, Kyoto University

In order to predict possible ionospheric plasma response to the future SPS microwave energy beam,
we have studied nonlinear interactions between intense EM waves and a magnetized plasma by computer
experiments. We use an open boundary model. A steady HF current source is applied at the edge of the
model to transmit an intense EM wave. We will present three main results: (1) Nonlinear ES plasma wave

excitation, (2) Plasma heating due to ES wave damping, and (3) Subharmonic resonance excited by extremely
large amplitude EM wave.
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Fig. 1: K-spectra time evolution of electron plasma wave
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A study of VLF triggered emission with the revised LTS code
-Toshihiro NAKAYANA Yoshiharu OMURA Hiroshi MATSUMOTO
Radio Atmospheric Science Center, Kyoto University

We have studied VLF triggered emissions with the LTS(Long Time Scale) Code. In this code, the
VLF whistler mode wave, treated as a monochromatic wave, propagates parallel to the geomagne:tic
field line and interacts with counterstreaming resonant electrons. We have made a number of revision
to the LTS code. We investigate the mechanism of VLF triggered emission which show a gradual

frequency change. We present the results of the computer simulations which show several features of
VLF triggered emission.
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Electromagnetic Particle Simulations in a Nonuniform Magnetic Field

Yoshiharu Omur Hiroshi MATSUMOTO
Radio Atmospheric Science Center, Kyoto University

We present a simulation technique to apply the one-dimensional electromagnetic particle code
(KEMPOL) to the study of wave-particle interactions in a nonuniform magnetic field. The KEMPO1
is readily modified to incorporate the effect of the nonuniform magnetic field. As an application of
the code, we can study whistler mode wave-particle interaction associated with the VLF triggered

emissions where particle diffusion by electrostatic waves and effects of the nonuniform magnetic field
are important.
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BOBREMD AN S HREICoLCRL S, =
MRERREEEL, BBRIMER 0S5 LRET
3. RUHFORE B, RUToBIC, I —~—%EF
2OLEFORMEME vy KHBTIRICEENS,

vy OB, ’ N N N N L ) X X X
= -2 -20.0
TN B M 2030 0.6 1.3
#oT, BRI, T ORMBS By b X RTHS . . X x10 f
B:OMEMFIERT B L L CEBHER AR Fig. 1: The phase diagram in the z — v, space for
RveotrHs a simulation in a nonuniform magnetic field of the

SDA—-FDFX}Ivp—RE LTI I —RBD mirror configuration.
S, MFU—LA L HRA TV ROMEE LTER

TRITLABEOMTFOMBX A T 77 A L BEEE. TIME = 20
BUS, BEXF Y L v 2r0REFRT, cOFR LD -

YTk, REic b TL X FADLEZ ALY — Bt
BEEhTOE = L BEEEHSEA,

COI—FERVBCLICXD, I F-—-RiBrhicE %9 =) 100
F3#4 » X2 —%— PRI TFEE A O SIESE X
BELTS = L 2MKS, 4 » x5 —— FERBHETF 200 ' '
HEFROMTERBE LCRLTSa— FEALT % 0.00 w
fibhT¥ftuad, LTSa— FClHEREORSE
MERE N T Y X ABGE L 2R A VHORBIH %% so 100
BEAD, Ka— FRESRBOAERIcAS, LT 6! :

Sa—-FERRY, ARMRMMBHBRE TS I 12
AEBHBME L 22 ) — % BB T 55, BEOHK E o W"MMWW
ﬁﬁﬁﬂa)iﬁéﬁkﬁﬁl.fcu. '6'000 60 « 100
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NONLINEAR WAVE-WAVE-PARTICLE INTERACTIONS
INDUCED BY INTENSE ELECTROMAGNETIC WAVE
IN SPACE PLASMA

_Hiroshi MATSUMOTO Yoshitaka HASHINO Yoshiharu OMURA Hisashi HIRATA
Radio Atmospheric Science Center, Kyoto University

In the data of our previous rocket active experiment MINIX, we found that a strong microwave beam
(E = 200V/m) excites both electron cyclotron harmonic waves (ECHW) and Langmuir waves (LW) via
nonlinear wave-wave interactions. An interesting apparent contradiction with the conventional theory features
was revealed in the experimental results. One is that the intensity of the ECHW was higher than that of
the LW. This contradicts with the theoretical prediction that the growth rate of the nonlinear excitation of
the LW is much higher than that of the ECHW in the ionopshere. The other is that spectra of LW are not
“line spectra”,but “broad spectra”. If the excitation of these waves is attributed to the nonlinear parametric
instability of the monochromatic microwave, then the simple theory of three wave coupling predicts the
resultant spectra of the excited waves have a form of line spectra. In the present study, we give a physical
interpretation of the experimental facts with the aid of the computer experiments using our KEMPO code.
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Nonlinear Evolution of Wave Instabilities caused by Ion Beams

Hirotsugu Kojima' Hiroshi Matsumoto!

Yoshiharu Omura! B. T. Tsurutani?

1. Radio Atmospheric Science Center, Kyoto University
2. Jet Propulsion Laboratory, California Institute of Technology

Several 1D computer experiments are performed using the electromagnetic hybrid code. We focus on the
nonlinear evolution of wave instabilities caused by ion beams in the oblique wave propagation. Ion beams with
super Alfvén velocities can excite the magnetosonic waves. Since the magnetosonic waves are compressional,
these excited waves begin to be steepened. We show that the excited waves get to be steepened and that
whistler wave packets are generated at the edge of the steppened waves. These wave packets have the purely
circular polarization. These results of our computer experiments agree well with those of observations in the
foreshock of the earth and near the comet Giacobini-Zinner. In this presentation, we survey the parametric
dependence of the nonlinear evolution of wave instabilities and try to explain the formation mechanism of
the steepened waves associated with whistler wave packets.
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Computer experiments of plasma chaos (II)

Yoshihiko USUI Hiroshi MATSUMOTO Yoshiharu OMURA
Radio Atmospheric Science Center, Kyoto University

Chaos is believed to exist widely in nature. We are interested in the chaotic behavior in space plasmas.
We intend to study chaotic solutions to the set of Maxwell equations with the aid of computer experiments.
First, we checked chaotic behevior in a Pierce diode with several parameters. Pierce diode has a heighly con-
ductive wall in its both sides, which makes it possible to lead to one of the well-known examples of plasma
chaos under some limited condition. [Godfrey,1987] We have conducted an electrostatic fluid simulation,
and obtained similar chaotic solutions as Godfrey’s. However the chaotic behavior we thus have obtained is
not exactly the same as Godfrey’s. The difference between Godfrey’s and ours may owes to the difference
of the difference scheme of method of the simulation and/or initial conditions that are used. We will show
the chaotic properties of the Pierce diode with various parameters by several different diference schemes.

Furthermore we attempt to study theoretical analysis. wp= 1.000E+06 Lw 1.000E-03 pg= 1.000E+12 Vo= 112,358
@) .0 2.833000s 8X= L/ 25 wpdl= ).000E-01
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Fig. 2: Chaos atractor in a Pierce diode.(Numerical solu-

tion) Ep : electric field at upstream electrode ; 7, : time
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{1] B. B. Godfrey, Phys. Fluids 30,1553,(1987)
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PARAMETRIC INSTABILITIES OF HYDROMAGNETIC WAVES IN SPACE PLASMAS
by

T. Hada (Kyushu Univ.) and E. Mjdlhus (Univ. of Trédmso)

Due to their large amplitude, hydromagnetic waves in space are subject to
several different nonlinear instabilities, including the modulational
instability in which the wave coupling occurs within the same mode. We
report here an analysis that removes an assumption of 1-spatial dimension,
i.e., all the waves propagate parallel to the field, which has always been
used in the past. Equations considered are shown below. Our result predicts
an unstable coupling between parallel and obligue waves, and "diffusion" of
wave power in the wave vector space.

PREMB P22 EHRED TBRAIMAR - BL T, 2o BRI, 2HRBR A
BT BRBH SN aFIRARL W2 T o P22 WA L4 BEEH R A
g\}&?’@" VRRRD ( AR 13617 N a k3D TH D= iz @ ET 3 tha FiifwsR

AR WA G BB B T B TEB - BRARTAE BT AT WA LT
< BEEBFRRI A | 2EE AT ma ZHRIEIR, 7 L7 MM >Rz Q70
ARG LaTeht w5 NLUR4ATU BAFZTar =3, & 2 aTETHIRiRb" Dokl
CYGIRERIBTI 1 RAOBWLL2HIBEN2 T To LA LRBI=E 3T abRR
B2 BEa RBt 37T H 2 F BT b o

=aR v ek $EE eRERL A TR RBTRE S 3R

'a-q” q 4 —
2+ ¥ %[Clc—}lz-i-zﬁt)gf] -\ +2A) + e x '-%7;":.9- =0 o
A —

%i + VJ_--Q’ =0

NBIHTA T (2), = = = T EBpaBER N 1 F I (2B alBs) | A 13 REpa TR
ABEATID | & GARA D Y0y XBALTR T3 R RA, e, T3 %2 BN AR
BRTB30 (0213 N-0 4B K 430 B 4 HNRNTEF U= BT AT 2 B Eo
Bara k3R, O Be BB Rir - B INTMHERBELZ4TL |, O 31| oM
BRI F U BN a bR N \ OFATAZRLTITHRIE 3 2 =2 hiph e 6
LA BT S T TN Y | S eHEEMT Wo KBMAIRA V2> 2-49- 33333
'&ﬁ‘f—l’é’ﬁ# THN, AT G LA RLIEE 5 2 IR HYo

BB £> 15 a AR FAHRREEA TR B RABRR =M R
B 3RTALY Yo 1 §r 2 FTUWNBBED°7 T2 % oBR'IRMER 7, YIpTAMEMTE
‘;‘::\1 CARBARIB LR = BBRBM T IARB (1 broad TE 2PML TARZ = 4R

(-]
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CONDITION OF CYCLOTRON SUBHARMONIC RESONANCE BETWEEN IONS
AND MAGNETOSONIC WAVES

Mitsuhiro Nambu,Tohru Hada,Toshio Terasawa

(Kyushu University)

(Kyoto University)

We obtain a condition of cyclotron subharmonic resonance between ions and magneto-

sonic waves propagating perpendicular to the background magnetic field,
resonant interaction occurs from the resonance between the ions cyclotron
the magnetic field modulation due to the magnetosonis wave field.
nw=mQ , here w , Q are the magnetosonic wave frequency,

and n,m are integers.
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COHERENCY ANALYSIS OF ULF WAVES OBSERVED AT MULTIPLE STATIONS
IN TOHE VICINITY OF SYOWA

K.Katol, Y.Tonegawal. N.Satoz. 0.Saka3. and K.CUchida2

1Tokai Univ. 2NIPR  3Kyusyu Unlv.

In order to examine propagation characteristics of ULF waves in the ;
auroral regions, cross spectral analyses is done for geomagnetic data ob- |
served at three stations 1in Antarctica and a conjugate station in
Iceland. The stations in Antarctica are Syowa and two unmanned stations
which were installed near Syowa 1n 1988, one on the inland ice field at |
100 km south of Syowa, and the other on the cost at 50 Km west of Syowa.

|
The coherency, phase and polarization characteristics among the stations }
are reported.
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Simultaneous multi-point ULF observation at the low-latitude
stations (Preliminary results)

T.Uwai, F.Fukui, K.Yamaguchi, S.Tsunomura and M.Kuwashima
Kakioka Magnetic Observatory, Kakioka IBARAKI 315-01, Japan

Wave characteristics of ULF phenomena have been studied for more than one hundred years under the name of
magnetic pulsations. Especially, the ULF study has been progressed extensively due to improvement both in observat-
ional techniques and in theoretical works since IMS period(1976-1979) and succeeding vears. However,there are
still unresolved problems in the generation mechanisa of ULF. Especially, the clarification of the ow-latitude
ULF vave characteristics is insufficient comparing with that at the higher latitude one, In the auroral region,
for exanple. Kuwashima et al.(1979) suggested the existence of the ULF demarcation line in the area between L=1.5
and L=1.2 based on the observational results at Memambetsu(HB) and at Chichijima(CBI) as shoun in the figure.

The figure shows the diurnal variation of the Pc3 polarizaion ellips. At M¥B, the polarization is left-handed in
the worning, wvhile it is right-handed in the afternoon. However,the diurnal variation at CBI is different from
that at MMB, suggesting the existence of the demarcation line between the two stations. Recently, Yumoto e: al.(18
87) proposed a mode) for the exisistence of ULF demarcation line in the area of geouagnetic latitude of 227, which
is between MMB(~35°) and CBI(~18°). The study by Kuvashima et al.(1979) vas carried cut based on the analog
recording system. Therefore, much time and much manpower were needed to obtain the results shown in the figure.

Recently, we have developed the new-type ULF observing system which makes digital recording al every
second in the resolution of 0.0InT. Using those systems, simultaneous ULF observation at MMB and CBI have been

carried out since August ,1989. The purpose of the present paper is to present the preliminary results of
that observation.

Kuwashima et al.(1979):Memoirs of the Kakioka Mag. Obs., Vol.18, No.l, 1-28.
Yumoto et al.(1887):Memoirs of Natinal Inst. Polar Res. , Vol.47, 139-147.

Fig.1 Geomagnetic location of Fig.2 Diuranl variation of c3 BI
the low-latitude station polarizaion ellips at M3 and
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MAGNETIC PULSATION,Pi 2
OBSERVED ON THE GROUND AND IN THE MAGNETOSPHERE

Tohru Sakurai
Dept. Engineering, Tokai University

We have studied magnetic pulsation, Pi 2 simultaneously observed on the ground
and at the satellites in the magnetosphere near L =~6. They show an important
property of an inconsistent character as described below. At the ground the
pulsations are observed with an almost similar waveform having nearly identical
period over the widely distributed stations both in latitudes and in longitudes.
While, in the magnetosphere they appear as a rather irregular waveform and a
very localized character in longitudes near L =~6.

We would like to discuss how this apparently longitudinally localized pulsations
near L =~6 give rise to Pi 2 pulsations with almost identical period on the

ground stations in both night and day hemispheres, based on a Pi 2
equivalent ionospheric current.
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MAXIMUM LIKELIHOOD PARAMETER ESTIMATION
OF EQUATORIAL Pi2 PULSATIONS
Masahiro ITONAGA

Computation Center, Kyushu Univ.

Assuming that the observed data of equatorial Pi2 magnetic pulsations

some wave elements

or exponentially damped sinusoids

consist of
in white Gaussian noise. the

exact maximum likelihood estimate of parameters (frequency. damping rate, amplitude,

and initial phase) was calculated.

The estimate implies

that the equatorial Pi2

pulsations include worldwide eigenoscillations.
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PHD :Pisarenko Harmonic Decomposition
A1C :Akaike Information Criterion
MDL : Minimum Description Length
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SPECTRAL ANALYSIS OF Pc 2 OSCILLATIONS OCCURRING
DURING A MAIN PHASE OF GEOMAGNETIC STORM

Y. HIGUCHI, A. HORIKAWA, and S. YANAGI
Dept. of Elect. Eng., Yamagata Univ., Yonezawa, Yamagata-ken, 992

Geomagnetic micropulsations in the Pc 2 frequency band were observed at Yonezawa,
Yamagata-ken, on Oct. 20 and 2|, 1989 during a main phase of geomagnetic storm.
As an example, a dynamic power spectral analysis for the interval .1623-1638UT,Oct.
20, was carried out by the maximum entropy and FFT methods. It 1s suggested that
the possible causes of Pc 2 oscillations are ; (|)energetic O'cyclotron resonant
amplification (2) bounce resonance of westward drifting ring current protons (3)
ionospheric transmission resonance due to a steep upward gradient of Alfvén
velocity.
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FHREFE (RAW) BREA (HALHBHLETD)
J. A. Slavin, L. H. Brace(NASA/GSFC)

LARGE AMPLITUDE PC1 PULSATIONS OBSERVED IN THE IONOSPHERE NEAR THE PLASNAPAUSE

T. Iyemori(Kyoto Univ.), M. Sugiura(Tokai Univ.)
J. A. Slavin, L. H. Brace (NASA/GSFC)

Large amplitude Pcl pulsations were detected in the magnetic field data obtained by the Bynamics
Explorer-2 satellite in the ionosphere. One or wore wave packets appear norpally near the plasma-
pause as determined from the observed electron temperature profile. Some of them accompany a small-
scale field-aligned current pair, the direction of which changes systematically. The geomagnetic
condition and the position of occurrence relative to the plasmapause and the large-scale field-
aligned currents are discussed. Characteristics of the waves such as the amplitude variation and

polarization will be presented and compared with those of the similar events previously found in the
Magsat data.
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Fig.1 (a) An example of the Pcl events observed Fig. 1 (b) Electron density and temperature profile
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Statistical properties of poralization of Pcl geomagnetic pulsations
sinultaneously observed in Iceland and Antarctica.

BAM . R, ERNER. BE)IEL?
'FMARE LN @SR PR HARF RIS

Properties of polarization of Pcl geonmagnetic pulsations obserbed at five stations in Iceland and
Antarctica, from Jan. to Dec., 1885, are reported. Occurence probability of polarizations which are
sane betveen two stations, depends on their latitudes than longitudes.
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Fine structure of polarization and genration mechanism of IPDP

T. KOBAYASHI', S. SHIMAKURA!, M. HAYAKAWA® and N. SATO?
1. Electrical Eng., Chiba Univ., 2. Res, Inst. Atmos., Nagoya Univ., 3. Nat’l Inst. Polar Res.

Generation mechanism of IPDP is discussed on the basis of the fine structure of IPDP polarization of IPDP, the
shape of plasmasphere (plasma-tail) and the trajectory of high energy protons. Rapid change of polarization with
increase of central frequency of IPDP implies that its generation region varies vith tiwe, and that clouds of
protons are continuously injected into plasmasphere. And it is very interesting that there is plasma-tail where
IPDP’s are excited. ’
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EIGENMODE ANALYSIS OF COUPLED HYDROMAGNETIC OSCILI.ATIONS
IN THE DIPOLE MAGNETOSPHERE
S. FUJITA (Kakioka Magnetic Observatory) and V. L. PATEL (Naval Research
Laboratory, Washington, DC 20375)

We performed 2-dimensional eigenmode analysis of the coupled hydromagnetic
oscillations in the dipole magnetosphere. The finite element method was utilized in
numerical calculation of the coupled oscillation equations. The 1ionosphere 1is
assumed a perfect conductor and the magnetopause located at L=10 is a barrier of
electric field of the fast magnetosonic wave. The distribution of the Alfvén speed
1s a realistic one. Preliminary results show that discrete spectrum of the localized
(Alfvén) mode generated by the coupling to the global (fast magnetosonic) mode. The
eigenperiod of the coupled oscillation becomes smaller when m (the azimuthal
wavenumber) becomes -larger. Filed-aligned distribution of the Alfvén eigenmode 1is

wide-spread in comparison to that of the fast magnetosonic one.
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EFFECTS OF IONOSPHERIC NON-UNIFORMITIES ON THE EQUATORIAL PULSATIONS

0.SAKA
DEPARTMENT OF PHYSICS, KYUSHU UNIVERSITY

Equatorial
aaplitude up
magnetometer
Dec. 5. 1985

Pc pulsations,having periods from 30 to 100 sec and

to 1 nT, were studied by waking use of the fluxgate

data obtained at Huancayo, Peru during the period from
to Jan. 5 1986. Diurnal change of polarization parameters
in the horizontal plane were investigated. It is suggested that the
trans-equatorial ionospheric currents flows to neuiralize a spatial
charging associated with ionospheric nonuniform conductivity at local
sunrise and sunset. Those local currents produce the D component on

the ground and make the observed diurnal change of the polarization
parameters.
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Measurements of Electron Density
of the Lower Ionosphere by the MU Radar

Toru Sato®, Iwane Kimura®, Zhang Xunjie**, Ruan Xuegin®*, Shoichiro Fukao®**, and Susumu Kato***
* Faculty of Engineering, Kyoto University, ** Wuhan Institute of Physics, Academia Sinica,
*** Radio Atmospheric Science Center, Kyoto University

We present the first results of the electron densities of the ionospheric E-region of 90 to 160 km height
-measured by the MU radar. We have compared variations of electron density at different heights for a normal
day on September 22, 1987 and the partial eclipse day on September 23, 1987. For the latter, the electron
densities in the whole E-region began to decrease around 1030 JST. The duration was about 3 hours, and
the decrease of electron density was about 20% relative to the normal day.
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RAREa—DBANBL <, BEHRELIC X 3HF DEAREICA NS,

Btz 3 -oBRAD L TohTw 3, SERA IZFGE 90 212 19874 9 A 23 HOMWH AR (b) . £0
~160km OTHARBEFEE S 07 7 { L OMPEER WA (2) OB FELEORM - HETIELHBELALOTD
A, TORDDERICOLTHET S, 5, BRI 10:30 10 O, ¥ 3 ERROIFREL &, HETO

ARZa—-DREICOLTIE, FoickBMF—24  RARBSEIR 30%TH5, Mk, FTHREEoRTEL
HRAOTAZY XLHERE N, BB a—pziciEME AP ABBHORDICED & $IBMI L TEEL TV SRTFH
T¥7F V4 Fe -7 XDBAT S F EROMAIC R D5, IAMFEMOMPRITHILITIZ & & YRFET
REOTOEH, ooy Fo—sobiiz 20%BETHo k.

F-HBALNE EFRCUFTI O -1, SEOEN

a)
REBYLEED 7 — X L RREMBEHICATREL 2 —0
HEEHETIL, BRRYF—20388T, tw3BHIcE
BNHEHEICE>TVE, RoTEOMECEELE R
ST 3 & ritEiod 3 »,RTFICRT LS ool et
MCEHKO DI BRIBONTE Y, BIFOEFELR L Bl
tEXTVHS, O
B1CBONARFEET 07 7 4 A O—PIRRT, i
B 1989 1 A 9-10 BicffbhA, @iz 120T Ay 1 L
HEO7F~2 % 20 FYL L bo°h s, BIREILE i ;
€0 rrTrT T T ;n n.n m‘.\u lz.m u‘n Is.ﬁ T n;n
o ! -1 * nov.22.1987. 0830-1830
180 - -
170: :
: ISO: :
2 s ) ®)
- _ - 10* anax
~ 140 4 %,
3 o - : : 163
o 130 - >
F3 N = N
] i
o u g . N ~= I\ 104, J
1ol ] < . PR —
- n E ® 4 N:m-_d
100} i ® o e
BO— ol 'é"":’s ; B e Ir?:..z;ﬁ:ar."aso-'mo o e
electron donslity (cm™>) 2: Time-height variation of the electron density on

1: Example of the electron density profile at 12LT. a) a normal day of September 22, 1987, and b) partial

Data is averaged for 11:30-12:30 LT of January 9 and 10, eclipse day of September 23, 1987.
1989.




K32-08 1y Ly o 5ottt £ msamtnin g Lta 5 05 ontm

W @, PR ER, BR 8—8, /NI BB2, BM EE.,
(RAERE, 2ERE)

Mid-Latitude E-Region Field-Aligned Irregularities
Observed with the MU Radar

Mamoru Yamamoto!, Toshihaya Nakahara!, Shoichiro Fukao!, Tadahiko Ogawa?,
Toshitaka Tsuda!, and Susumu Kato?
(*RASC, Kyoto Univ., 2Communications Res. Lab.)

Intense E region field-aligned irregularities are observed with the MU radar (34.9°N, 136.1°E) at Shigaraki,
Japan on 24-25 June 1989. Field-aligned echoes appeared in 2130-2330 LT and 0400-1100 LT, which corresp?nd
to the time after the sunset and sunrise in the E region, respectively. The “night-type” echoes appear, mau}ly
above 100 km, intermittently with periods of 5-10 min, while the “morning-type” echoes appear continuously with
a slightly downward phase propagation in 80-100 km. By measuring the time-delay of echo power enhancemen:s
observed in the different beams, the apparent westward phase velocity was estimated to be approximately 120 ms™
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MEASUREMENTS OF WINDS, VERTICAL VELOCITIES,
AND FLOW GRADIENTS
IN THE HIGH-LATITUDE THERMOSPHERE BETWEEN 90 AND 160 KM

M.F.Larsen!?, 1.S.Mikkelsen3 and S.Fukao!

1. Radio Atmospheric Science Center, Kyoto University
2. Dept.of Physics & Astronomy, Clemson University, U.S.A.
3. Geophysical Division, Meteorological Institute, Copenhagen, Denmark

Chemical release wind measurements made near the polar cap/auroral zone boundary have been used
to measure the height profiles of the vorticity and the divergence in the E region. The vertical velocity
and the vertical momentum flux profiles were calculated from those quantities in turn. The results
show that the neutral flow i s characterized by strong vertical coupling. Also, the divergence and
vorticity values are 5-10 times larger than predicted by tidal models, indicating that the observed
winds are likely pseudo-tides generated by the diurnal and semidiurnal periodicities in the high-
latitude forcing,

Chemical release experiments were carried out in Greenland during 1985 and 1987 as part of
NASA’s COPE I and II (Cooperative Observations of Polar Electrodynamics) campaigns. TMA
(trimethyl aluminate) was used as a tracer of the neutral winds between approximately 90 km and
160 km. The geomagnetic conditions were quiet with Kp between 1 + and 3 + . Three trails were
released at the vertices of a triangle with sides of 150-250 km so that the divergence and vorticity
in the flow could be measured, in addition to the wind profiles. The divergence was integrated
over height to produce a profile of the vertical velocity which was combined with the profile of the
horizontal winds to give the vertical momentum flux.

The wind speeds were found to be comparable, although 50% larger, than the magnitudes pre-
dicted by Forbes’ tidal model, but the vorticity and divergence values were 5-10 times larger than
‘would be expected for the (2,2) or (2,4) tidal modes. The implication is that the horizontal scale
associated with the waves is of the order of 1000 km, i.e., comparable to the scale size of the forcing
in the auroral oval.

The profile of the vertical momentum flux was used to calculate the acceleration of the mean flow
as shown in the figures. The calculated values are at least 40 m s~ hr=! which corresponds to an
acceleration of approximately 50% of the magnitude of the flow over a 1 hr period. The conclusion is
that there is a strong vertical coupling between the layers in the high-latitude E region and that the

plasma forcing either strongly affects or actually generates the vertical structure, even during quiet
geomagnetic conditions.
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IMAGES OF A HIGHLY STRUCTURED IGNOSPHERE DURING HE-MODIFICATION

A. Frey (National Institute of Polar Research, Itabashi-ku, Tokyo 173)
P.A. Bermhardt (Plasma Physics Division, NRL, Washington DC, U.S.A.)
L.M. Duncan (Clemscn University, Clemsan, South Carolina, U.S.A.)

High-resolution images of backscattered power were cbtained with the 430 MHz-
Incoherent-Scatter-Radar at the Arecibo Observatory during modification of the
ionosphere by intense HF radiowaves transmitted fram the ground. The power
received by the diagnostic 430 MHz-radar is proportional to the electron
density but inversely proportional to electron temperature increases. The two
effects can be distinguished on the basis of their time-scales with electron
temperature increases responding within seconds of the HF-heater turn-on but
density depletions lasting on the order of tens of minutes after the m“—heat;er
power is turned off. The images are of a previously unseen quality revealing
structures with scales ranging fram 100 km (large density holes) down to 9.35m
(parametrically excited ion acoustic waves) simultanecusly. Images showlng a
canplexity of phenaomena such as stratification, bifurcation, ’
filamentation, heat diffusion, flow reversal and density steps (as commonly
observed in Laser-Plasma-Interactions) will be presented.

ARECIBO HEATING-EXPERIMENT
26. JANUARRY 1987
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On the observation of the lonospheric disturbances in low—and mid—latitudes by using of tweeks

Mihoko Morilzumi# Shin Shimakurat Masashi Hayakawa$$
$Dept. of Electrical Eng., Chiba Univ.
#3Res. Inst. of Atomospherics, Nagoya Univ.

Low- and mid-latitudes are important region to study the atmospheric circulation of the earth.

it is in-

possible to observe the lonospheric of large scale disturbances In low- and mid-latltudes, which is wodurated by

planetary vaves or internal gravity waves.
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Spaced receiver observation of jonospheric scintillations
using ETS-II beacon transmissions(136MHz)

Hiromitsu Ishibashi,Takashi Maruyama,Satoshi Okamoto and Shigeru Tsuchiya
(CRL/Wakkanai Radio Wave Observatory)

lonospheric Scintillations using ETS-II beacon (136MHz) have been observed at two points ,which
are 164m apart along the north-south baseline in Wakkanai Radio Wave Obs. Signal strength is
recorded on an analog magnetic tape and converted to 12 bit digital form with subsequent off-line

processing for further investigation of the spatial and time-dependent structure of the ionospheric
irregularities.
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Fresnel Diffraction by an Ionospheric Lens

TAKASHI MARUYAMA
Wakkanai Radio Wave Obs., Communications Research Lab.

A variation in field intensity of radio waves trans-
mitted from artificial satellites sometimes exhibits a
regular periodic pattern, which is called quasi-periodic
(QP) scintillations to be distinguished from random
scintillations. It is generally believed that the gener-
ation of QP scintillations is due to Fresnel diffraction
by an obstacle on the radio wave propagation path.
The author (SGEPPS meeting, 1988) proposed a hori-
zontal disc shaped obstacle model to explain observed
characteristics of QP scintillations. In that model, it
is essential that the dimension of the obstacle is finite
horizontally as well as vertically in the E; layer. How-
ever, it has not been quite clear that two-dimensional
obstacles produce sufficient amplitudes of field inten-
sity variations. In this paper, we calculate diffraction
patterns assuming a disc shaped obstacle.

The irregularity acting as a concave radio lens is
assumed to be a thin disc at height k. The satellite is
located at a constant elevation angle a. In-phase and
quadrature amplitude components A’ and A" at the
receiver are calculated by the following equations.

A=1-2 /o sin(Py + ¢/2) sin($/2)dS /1A
A =2 /o cos(Py + ¢/2) sin(¢/2)dS /1A

P= —TWX[(X — € cosl cosa)® + (Y — £sind)?] + g'

where the integrals are taken over the lens; I = k/sina;
¢ gives a phase advance introduced by the lens in a
reference plane at the distance I; ) is the wave length;
¢ and 0 are the coordinates fixed to the lens in the
horizontal plane; and X and ¥ are taken southward
and eastward, respectively, in the plane at the receiver
perpendicular to the propagation path.

The vertical distribution of the electron density for
the lens is assumed to be a gaussian shape centered at
the Ej-layer height. Variation in the horizontal plane
is given as

EQ
N=Np GXP(—'ﬁ)

where r is a function of #, which determines the disc
shape as follows, )

r =a + bcosf (e >b>0)

Thus the phase advance for a radio wave of frequency f
(Hz) due to the disc lens with maximum concentration
No (cm™3) and half thickness do (cm) is given by

do
sina

¢ = 0.405 x 10"%\/& exp(_f_:)
where k is the wave number.

Numerical calculations are carried out with geo-
metrical parameters pertinent to the beacon experi-
ment at Wakkanai. A typical example of observed am-
plitude variation is shown in Fig. 1, in which we note
a quite asymmetric pattern. Fig. 2 is a result of the
calculation with parameters adjusted to reproduce the
observation. The abscissa for the model calculation is
scaled to the observation. The horizoutal drift velocity
is estimated to be ~40m/s from the scaling of the ab-
scissa, which is consistent with observations by spaced
receiver experiments.
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MULTI-POINT OBSERVATIONS OF IONOSPHERIC TOTAL ELECTRON CONTENT USING GPS SATELLITES

Tetsuro KONDO, Michlto IMAE, Jun AMAGAl., and Aklhiro KANEKO
(Kashima Space Research Cantar, Communlcations Research Laboratory)

Measurements of the ionospheric total electron content (TEC) were carried out at
Kashima (36.0N.140.7E) and CHICHIJIMA (27.1N,142.2) simultaneously from Nov. 25 to
Dec. 9. 1989 by using radio signals radiated from the GPS satelllites. Multi
directional observations of slant TECs enable us to depict a distributlon of
vertical TEC around the station under the simple ionosphare model. By combining the
data observed at two statlons, It Is possible to infer a vertical TEC distributlion
of much wider area. Some examples of obtalned distributions are demonstrated here.
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Electron Density Irregularities in the Rocket-wake
Yuzo Watanabe
(1S AS)

Abstract : Electron density irregularities in the scale size of 3 m to 300 o
were observed by a fix biased Langouir probe on board the S-310-16 rocket. The
rocket was launched at 22:40:00 on February 1,18988 from Kagoshima Space Center
in Japan. Frequency-analyses of the irregularities have been carried out. The
frequency froa 5 Hz to 500 Hz of the irregularities corresponds to wave length
fron 300 o to 3 » because the rocket speed is 1.5 ko/sec. It is found from the
spectral index of the frequency spectrun that the generation mechanism of the i
irregularities is ezplained by the neutral turbulence theory. When the ;
irregularities have been frequency-analyzed, enhancements have appeared at the i
frequency region over 200 Hz in the frequency spectrum. These increases are |
explained to be due to the irregularities which may be generated at the edge

of the rocket-wake. It is pointed out in this proceeding that the gradient

drift irregularities may be clarified by analyzing the irregularities over 200

Hz. The gradient drift irregularities may be generated when the electric field
coaponent is, in the same direction, parallel to the steep electron density
gradient at the edge of the rocket-wake.
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Data Analysis Method for Multi-station Observation
of Geomagnetic Secular Variation

Shinji Kadokura
(Kakioka Magnetic Observatory)

In order to investigate changes associated with seismic activities, the Geomagnetic Research Group
have been observing geomagnetic total force at 27 stations since 1977. These data should be separated into
global ( or wide-areal ) variations and local ones, which is useful for the investigation. To separate these
variations, the author extended the principal component analysis. Although there is some mathematical
ambiguity, good results were obtained. ’

WERAL EOBBIT~— 512, RIRHZTLE & SBRHRN

L )
BELESATVE, BAMBSTORARE. HERSL e 3 Wq%—%%ﬂm

OPRARICHbh DL, %FR1 >R DOBROBMBIA

ROBRbNB, CoOl LERATEIEMADT -5 0R L#FE e

HERBHESC L0 2 B2 5 2 REAMT 5 LHTAKTS -

3 e L, r.!_k'vlcli‘ﬁ 'A». beeor A A a0y 2
o Iﬂr"\'l" L Tlv IS W WV ST L]

RE. MBEFRMBA 7 v — FCiFbh TV 3 XKEE(LR -
HO7— s MITTIR. BROT(OSEHMT 2 C L HEE KR e
THB, BER. HEOMERMEIC LAE, 53V el

BREEMAROBUNTA(LOELCIZHVT VS, Shid, x Sl W N
BAMFTEERAVE L CHEURRBEND LMFTS 3, ' :
L LS, BRo¥— 5 vid. HilR & Oo—ROBRA @ ~-,\\L, LS ot bl ey m‘,,\,;U,
EPRERABBI oL vwoT, #EROIESBFELARM
FTHEIERCEII W,
) ERE v o -
FEHR, Y- somBEJPA L., LB S WA ERIREHRE
EHMIR L7to REMNBBMEBI >V TRREETFORMEZERE ) by PR |
TEH. RBOXAEAL>— 5 TEALALC S, +HR A I AR A ki
RAiIcis 3 &b -1,
HORBFIERO—BlTH B, AIVALODIE, 1989F1~9 ALH Ry DR
B. £ERMMIROLWHOKRMDO 7 — 9 TH 3, MEIL ]
® BHEPHIL. HEOMESLIIC (MABEOE ). AN RN A AT A A A
@ BERATHMO—RPAKTRD & W IR(LERE.
@ QOHRE., Wik S hAERAMTEESH S, AR wdeeepropiomecivihoclagnplebgres
@ WOERSD E TELRULBDMEALBLL. RELE
bDET o, b (REOHATIHAROSIBRLL) iR [y At
EVWSbDTH B, RDOT v » b (QEDMNE) i <M
ERBERLATES &L S TV, (20T/db) HEL A it
P .




P21-(02 oN THE GEOMAGNETIC SECULAR VARIATIONS BEFORE AND AFTER
: THE GEOMAGNETIC SUDDEN IMPULSE IN 1969
Y. Sano
Dept. of Geophysics, Faculty of Science, Kyoto Univ.

The geomagnetic secular variations, whose characteristic time scales are of the order of one decade, are
discussed in connection with the geomagnetic secular acceleration impulse (often termed "geomagnetic jerk”),
which took place in 1969. The annual mean data from fifty observatories which cover at least the epoch 1950-
1080 were selected and analysed. From the annual mean data we find, in agreement with the previous works
(e.8- Ducruix et al. 1980; Malin and Hodder 1882; LeMouél et al. 1982), that the jerk was observed worldwide
and that the component in which the variations related to the jerk was most clearly seen critically depends on
the location of the observatory; for example, it was most relevant in the east-west component in Japan while at
Guam it was cbserved mainly in the north-south component. Moreover, the jerk was conceived also in Australia,
Antarctica, and South America though with smaller intensity. Nevanlinna(1984) suggested that the jerk was

a phenomenon related to some changes in the large Siberian Z-anomaly, by studying the secular variations.

observed in Europe and Asia during 1955-1976. We examine whether the same source would be inferred from
the changes observed at the stations not included in the Nevanlinna’s work. In addition, we examine whether
these variations can be explained by the changes in the main dipole itself or whether it is of external origin e.g.
whether it is due to the changes in the ring current or in the IMF By-component.

References:

Ducruix, J., Courtillot, V., LeMougél, J.L., Geophys. J.R.Astron. Soc., 61, 73-94, 1980.
Malin, S.R.C., Hodder, B.M., Nature, 208, 726-728, 1982,

LeMougél, J.L., Ducruix, V., Chau, H., Phys. Earth Planet. Inter., 28, 337-350, 1982.
Nevanlinna, H., J. Geophys., 55, 37-40, 1984,
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James E.T. CHANNELL
Dept. Geol., Univ. Florida

J.E.T.CHANNELL (ZuyY#¥x%x)
and

Hirokuni ODA

Dept. Geol., Kyoto Univ.
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Magnetic Property of Plio/Pleistacene Sediments from the Boso Peninsula (2)
Masayuki TORII

FPRE¥EBIIIMTINYN  EHHEHEHEMORBULELEOERIIOWT (2)

REW®WZ

Rock magnetic properties of the Plio/Pleistocene marine sediments from the Boso peninsula were examined to
study possible short geomagnetic reversals in the Matuyama Chron. Samples are classified to the following

three categories from the view point of their response to the thermal demagnetization: (1) stable with
essentially single component, (2) normal component can be erased by the demagnetization above 200°C, (3)

thermal demagnetization is not effective to reveal stable component. Atternating field demagnetization of IRM
indicates some differences among those three categories. Unsuccessful samples show the presence of relatively

higher coercive part than stable samples.
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A PALEOMAGNETIC STUDY OF PINGVINANE AND LUNCKERYGGEN REGIONS IN THE S8R RONDANE MOUNTAINS, EAST ANTARCTICA

M Funaki and K. Tekieda
National Institute of Polar Research Shimane University

A total of 1316 paleomagnetic samples were collected from Pingvinane and Lunckeryggen regions in the Ser Rondane
Mts. by the Japanese Antarctic Research Expedition. The samples of granite and syenite from these regions have been
studied. The results indicated that the Pingvinane grainte and Lunckeryggen syenite from site 3 showed VGP positions
which are essencially consistent with the results of Zjiderveld (1968). However, the VGP positions of Lunckeryggen
syenite of site 4 and granite of site 2 were located at completely different positions from above those positions,
but the VGP position of the Lunckeryggen grainte is consistent with that of Triassic to Jurassic Period of East
Antarctica. These experimental results may suggest that the regions magnetized around late Ordovician and then
remagnetized partially at Mesozoic period, although some descrepancy is remained with geochronology.

1 BLoic

MIXHEBIR (HR) TH-2ABRERAREHREL TOBRD—BL 172, 2L Ser Rondane Mts, DFYS
(Gjelbreen - Nils Larsenfjellet M) DX B4 EEEHRUCIT 7. RSN/ HTRE. gneiss M, granite. pegnatite,
dolerite, Syenite, diorite, tomalite HTH2. HENL. 37HuED 5 37 —3ES 800H /N> K97 SOT{ERRELS, B
ENLOREDYM %2 . BAMEREFERTH S, SEIIPingvinaneiF?dgrani te & LunckeryggenPgrani te & Syenitels
NWT, EDWEERLHET S,

2 Pingvinane &) granit

Pingvinane Kﬁ?ﬁ';tg granite D8RP LBSNAEKHD I b, THOTEE (site 4) b 515 L N7600{BNEEINDN R Mz
BEE< (1070 Ac? k) | REF—BAHTERICHETEZ, LA LBOHEDRE ONRMIE. 107° Anz kel T L BHTH
<. FRTHHRICH L TLRRETH %,

site 4 DEADN R MIZFIHRICH L LBWEET, 10 ol THRLHBE . BELRLAEE5 2 L TS, NRUOTSN
LHNIRA (1) =68.3° B (D) =315.3" ags=4.1° ThH2.

3 Lunckeryggen ¢) Syenite

Lunckeryggen #)23BiR(site 3, 4) Syenite (XKD THEVNRM (1075 An2/kg) 27>, S rd- 28803, &
RTHBROBETH Bz birrbb¥ . L LOLAKEL DYWRET B, USRS L VRMABHIMERTED . KElC
L TRVRMER2ICHBT 2 (50T B fllc. BEESHFHERINTLI S Lol batHiond, Jhbnitihoptt
EHid. AREABEL Curie fid S . GBEMEE ST nagnetite THE LIS NS, X

Site 3, AMFDNRUDF ENILHINB T B W/ N5 TH 25, HBT S LICE D THE THRADBILR IV HIRTE. L
L Site 4l2BWTid. aTOFHBTL/AS V2 LnbL RSN, COHEMIZINBERESE KE S LTLEDbLh 7%, HEMNRM
FEDZ L2 3EEDTHMIL. Site 3DHA1=74.0°, D=327.3", @s=7.0° Site 4TIL1=79.8°, D=2(]l. 3, ags=9.3" '{'})')f:.

Lunkeryggen site 20D granite {3 magnetite2 BHESHL LTEA,. —BRICKE L VRIES £ &, IHRBIONRMO ST &

WTWEY, 0aTDRFHBTHIBREL L 25, LirL Syenite LEENXBEFE 2 DHW, HHHIS L 3 5EEDTGIE
1=39.8%, D=178.9", ags=12. I’ TH 7.

4. %

Lunckeryggen ) granite?DRb/St4E{CIE 400-520ma (RSHGMR. 1989). 2 7:= DHBIRIYERR % 5HI7> dolerite PDAr4®,/Ardd
F4UE 440-450ma (F L. 1987) THB. PingvinaneDgranitek Syenite Site 3 HV@PDMR (Fig. N3, WHEDGHERY
S (Cambro—Ordovician Period) AVGPOME L DBRETHEFICMEL TS, 272 JRANOVGRIIZjiderveld (1968) 5=
B S RORENT EFIHBL . BOBRE LFELL W, EREFMICANSLE Sor Rondane Mts. HSSERDENL
VGPIX, I K72 tsis LictIBEL . FEL%W. Lo LLunckeryggen site 4 ) Syenite LSite 20D granite
DVEPOBIIIIBMIAT E %\, 7275 L LunckeryggenDgrani te) w3 VPONL BRI WITRO=ZZIEIN S ¥ 2. SHALDE —KT S, —
;@gﬁ%ﬁ E LT, HEMRED L BERICHITT SN L Derani tePsyeni te HATHEEL L7z 2 U b;—,%*@?% LR E N R

T&3,

Fig. 1. VGP positions obtained from Pingvinane granite,
Lunckeryggen syenite and ganite and some previous
results of East Antarctica.

A: Pingvinane granite of site 4

B: Lunckeryggen syenite of site 4 —
C: Lunckeryggen syenite of site 3 5 oo iiends BaY 4
D: Lunckeryggen granite of site 2 e god 4

1-9: Cambrian-Ordovician VGPs from East Antarctica 1 \
10~15: Jurassic VGPs from East Antarctica 00°W . C

é 78 BYuiny station

80°E

Vight’a Toylor Valleys
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Ion Inertia Effect on Kelvin-Helmholtz Instability. Part 2.

M. Fujimoto, A. Nishida (ISAS) and T. Terasawa (Kyoto Univ.)

The Kelvin-Helmholtz instability has been considered to occur at vari-
ous locations in space where velocity shear layers are present, and _has been
studied extensively in the MHD or electrostatic limit. Howgvel', In & case
where the width of the shear layer is comparable to the ion inertia lengt}l»
the ion inertia effect cannot be neglected and we should use the two-ﬂufd
plasma equations. In the previous paper, we have studied this effect in
parallel cases with uniform background plasmas, namely,

Bo = Boex, p=po
Vo
Vo(y) = ?tan,h.(y/a)ex

with eigenfunctions of the forms ~ f(y)e(**>=#4), Since the previous ‘stuctlly
has been restricted to subsonic shear layers (Vp < 2C;), we will extend tde
parameter range of study to supersonic cases in the present paper. Study
in the non-uniform background plasma,

Bo = Bo(y)es, p = p(y)

will also be given.
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DECAY PROCESS OF PHASE-MIXED ALFVEN WAVES
BY MEANS OF A HHD SIHULATION

H.Upneki and T.Terasawa
Department of Geophysics, Kyoto University, Kyoto 606, Japan

) It has been well known that a finite-amplitude coherent Alfven wave
18 unstable against decay into a backward-going Alfven wave and a
forward-going sound wave. However, under the restrictive assumption that
the parent wave is a coherent and monochromatic Alfven wave, it seenms
almost impossible to wunderstand the decay process of Alfven waves
observed in the solar wind, since such waves are essentially incoherent
and have a broad-band power spectrum. We have started a simulation study
of the decay process of incoherent phase-mixed Alfven waves by using a
HHD code of higher order accuracy. GQuantitative discussion on the
nonlinear behavior of the system, such as evolution of the wave spectruam
and the heating rate of the background plasma, will be presented.

¢

IAMEORANEYTURFFCD

ABROHMBZME - MABBIE TORRICEWE WR 38) TRER
WO A7z VBBEERZIA VY — RBLZ2URBRERTBIIIRE->TWE
@;L‘(&Eéh'(ﬁ'), XBaFOT 2k, MHDY S alb—>¥aro
FAROWBBREFEIzWh 3L, KB HEZAVWT A FFHROBREALED
HTH6rOBBRAMICLI>TRELE UHEBEAFT V7 YBOBMBIRES
APMEEBOT N7 V@M 2ol WRTwW3, BEZIV 7z Y BRRUA
TREREREISDEABIC LT, B VHHEOBEXZEMIcRAI3RMRERD
DIINF—ZABBROE - xRN FA7xvEHMEBREO. HEORAN
F-REBUTWAT RS 5, Ml FLBE~OEEZMELERMICEI L
$§§ﬁ§ﬁ‘ﬁmﬁm®7w7wi T&2, 2. 142 BHORHEOMR
VRADTSAVOBEERCHBEALL Y »SEABTSXOmMAEELERD, X
YTV YT UTERAFVERLEENE OABRATYIXYHTCOFPNLT = Vil
EBO7ZAVT7z vl lmTscrTs MBARE REMICIIABERD NS -
A0 BEBOMEBR7ZNVIzVvEHOER RIRBBBIZALIVBOFES .2 LD
VHEBOICLEREEROLLLIMEE BRIREWETERMICHRBI S LD
NTwsokcdLT. HEBELEZNLV #HTH 5,

TrvBOBER (k) EROARES "

2. . o By Bz ' M TiME=350

TIME=350 ] . i jo-3| #=0.2
1. /W 0.0 VAWAVAVA / e /\/\l
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Fig.1. Snapshots of the density and wave magnetic field j0-8
(solid line,B,, dashed line,B, and the wave envelop)
i e power spectra in e for densi agnetic fie 1078 = '
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Ion Reflection and Dissipation at Quasi-Parallel Collisionless Shocks

1 Scholer? .
T. Terasawa™ and M. : . ische Physik
1Faculty of Science, Kyoto Univ., 2Max-Planck Institut fiir extraterrestris

. . ; istive elec-
Abstract. Large scale one-dimensional hybrid sxmugatlc?nlsl Lv;:ilh f:it;:: colli-
trons have been performed of a quasi-parallel (6, = 2_0 ) h,]g stream jons with
sionless shock. It is found that backstreaming.r?ﬂected lon,11 1.e.:1;161; bart (o2 Toin)
velocities exceeding the shock ram velocit}{, on.gmate from t k:t:ea.ming ions produce
of the velocity space of the incident distnPutlon. The bac o o with about 1.3V4
very low-frequency magnetosonic waves which propagate ILpsck they steepen up and
(Alfvén speed). As the wave crests convect tow.ard the sho a;:t of the incident ions
the shock reforms itself. During shock reforma..tlon a largtfr i lowed down incident
are reflected. This, in turn, slows the incident ions }iOW_Il- e s and constitute the
particle distribution and the reflected particle dlstr}butlon merge atively stationary
new thermalized downstream distribution. In the interval of i;) I:ring these time in-
shock low-frequency whistler waves stand at the. shock fn?nt.- tion by nonadiabatic
tervals the whistler waves are probably responsible for dxssxfa od by the incoming
compression of the incident ions. The whistler waves arzk d:rso;‘t)y The reapparance is
large amplitude wave crest and reemerge at the new sho :

ide of the incoming
probably due to the nonlinear steepening process at the upstream side o!
wave crest.
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ANALYSIS OF LO¥ LATITUDE AURORA EVENT OBSERVED ON OCT. 21, 1989

H. Miyaoka, K. Yumoto, Y. Tanaka. T. Hirasawa
(NIPR) (RIA/Nagoya Univ.) (NIPR)

He succeeded to make optical observation of the low latitude aurora event which appeared
during a-major magnetic storm on Oct. 21, 1989 at Moshiri Observatory, Hokkaido. The most
prominent feature of this event was that 6300A emission has been dominant with the apparent
peak intensity over 15kR, while the intensities of the other wavelengths stayed almost back-
ground level except the 55774 enhancement corresponding to the discrete auroras within the
63004 red aurora. In this paper, we investigate an origin of this low latitude aurora
phenomena, comparing with SAR arcs in the low / mid latitude regions.

1. ¥

1989%10H21688XU11HA17H0@EH, dtgd
DG ENTIE196 051 1 HUX, A3 0FHEDIKA—©B
SHHBRLE. ReQLEAEBFHBBTHBRNEHT (g 4°
HMAREIA4°) KBVWTI10H21 A0~ 5 HAH1 M
A&k DRPHREBMEL, AERERELA — o 5 OBRICEHL
. COTR, ReoVUF— s ORIFTHRE O L ic{hopgd 7
—5 8%, LOX—-uSRHAROBRICH>VWT, HICSART—2 &
ORBERLIRT LASREHES 3,

2. By

RERB & LT42784, 55774, 63004, 35X UF6683AD 4 K
ZEIBEIET HBEBT 2 b 2 — 5 (608D, /SCAN) (& 3533
BIETWV, 7352 25— rHiNHIc & ZMIBA S KA OET &
ffeTiERLE. R1EBR7» A —soRNER T, BATF
FEICH->At—o3REPOFARORET(LERT. #—92 7
22035 (JST) B& & b B icbreakupl 7245, 4EED 5 56300
ANESIEIZHC, 2042~2105 (JST) o, BIEL ¥ ¥ (8.8KR)
EEATLE»TWA, —F, SSTIARREAEERBRVAIDE
T » o MbreakupEl#, 7R\ (63004) diffused — o ShicEW
discreteik@ 4 ~o0 5 GREOLSIKRL3) XMERDh LB
Blic, BAK#4 KR Denhancement £IZ@R L7z, 18, 4278AB &
U683 EAL < DE 4 — o Sbreakupk b id & A ETALIR
BHohiihoi,

‘3. sy
SEoF—usBROKELEEL B LT, K TIRORAE
RYBBERTH 3.
(1) 6300 ADRLAEIEBICH.
(EEE—27{i1 8§ KRELE)
(2) discrete7—7 (6577 AREk) OFH.
(3) #—o5REDlife tineld 1 BMTY TR F—LED
By, RFHOMAMH CHRMEhLAH=200
n T @positive baylc # — o 5 B —K T 3.
(4) RAGROBHESEIBY (vestvard: EHEED) .

Eft, 6300 ADHXRPLEMBH1 0° OB[ICHD, Rt
BEZ400kmEEETIEA—o 5 HHARIEL46~47°
ftifich LoD EiEEENS,

CH L ERFCHlsha s ~o5HBRDO1HELT
7S AR (Stable Auroral Red) 7—2 ) % %, Rees and

Roble (1975) L3S ART—/7DERLERT S L, SEOH

B2, 6300ADHRKENdninantTHBEWIFHBRIEHS S

oD, LLARRGHIEZCORTHIBEZRICLTWES, 7S
AR7—7Ti1i6300 ADFHNXEERBATL6 KREE, &
BWREI100RDOLATH DL, RAEDHERMIIPYL1O0
BRIEE CHIR bEFMNICglobal TH B = & (storn-related) ,
SAR7—7RBHBANICBRE—RTHOGICESEEEICL
B, FReSERllanit—o SHREKBMIABCHE-TT
#5iCenbanceL 7] SART—2& LTS, WohiETRFICX
Bdiscrete7— 7 DAERESART—~ 7 OHERTIRA B L3R
Lo, LABHRICAEHLEBBMS N, KRSMORRANIE
85 (S 1650 1EH TV 6300 ADREELTHETST
{BERBEEA —2 5] (Tinsley et al, 1986) & L TRERT 3 OHR
HTHE. CHhRBICEMREICTHE-TE2LAROKRIEL—-05
(688677TA, 4278A%FxEHhes3) OEARAFEHERTHL
ADTREL, SSICTOEBEFRIICHY L THETI6300
AXhor—usHRTHD. TObhME Y — 2 & LT, Ring
CurrentB2H OB T A # v RUDBHERTF, H3WHE24¥-
F (~eV) OMTHOEREE LTSS, SEDHE4278A
BEDEHEIIREAER VI Eh S, BREOTEENHEMW, KK
L, discreter — o SHBEREACHELTHE =XV ¥-BF
(~keV) DRAMBMRMCH -z bDEBbis. Mikew, Y
Lt DscenarioliTiy » T & O BHHMICIRIRT 5.

)
v
\

‘\\ Saturation Level

Oct. 21, 1989

8. 8kR

-
63004

yyys /
Ll

97555

63004

Intensity (kR)

$577A

../
4& lff

0
2000

|

2030 2100 2180

Tine (JST)

1. X7+ b2 -9 itk 54— 03 REDLRIRDLEERME(L

BEXB
Rees and Roble(1975): Rev.Geophys. Space Phys.,1§, 201
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The effect of non-uniform media on direct generation theory
of Auroral Kilometric Radiations

Kaori Kobayashi, Hiroshi Oya, Akira Morioka
Geophysical Institute, Tohoku University

ABSTRACT

In the direct generation theory, AKR is considered to be generated directly in
the form of electromagnetic waves through the processes of the relativistic cyclotron
resonance in the acceleration region of the auroral particles. Though the effect of
the plasma inhomogeneity is thought very significant for the direct theory, that is
basically assuming very long wave-length in the source, no consideration has been
made in the original direct theory. We have studied the effects of the plasma
inhomogeneity at the source based on the observation of the EX0S-D (Akebono)
satellite. The results show that the inhomogeneity is very unfavorable to the

direct theory; the results then suggest that the short wave-length generation is
important to the source region.
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Digital Processing Systea of Multi-station Auroral

N. Nishitani, T. T. A.

K.

Oguti, T. Ogino.
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Fatanabe,
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Research Institute of Atmospherics,
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Global network campaign was carried out to observe global dynamic aspects of auroras and
magnetic field variations. All-sky TV cameras were operated at 13 locations and fluxgate and induction
magnetometers at 11 and at 24 sites, respectively. A wide longitudinal coverage in the station distribution
of this campaign was effective for coordination with "AKEBONO" observations.
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SIMULTANEOUS OBSERVATION OF POLAR CAP ARCS BY THE
VOSTOK STATION AND THE DMSP SATELLITE

M.0.Gusev (Inst. Space Phys. Aeron.), 0. A. Troshichev, and T. Obaya (52RI®f)

In order to investigate the particles which produce Lhe polar cap aurora
observed at Lhe Vostok station in Antarctica (Mlong=65, Mlat=-83,5° ) we have
surveyed the particle data obtained by Lhe DMSP satellite in a period from April
to August 1985. Due to the satellite orbit Lhe local time range in which the
data were available was the morning sector.

For all events when the sun-aligned arcs were observed at the Vostok stati
on the simultaneous measurements on almost Lthe same field line by DMSP showed
increased fluxes of the precipitated electrons with energy Ee>200 eV. As a rule
the sun-aligned arcs were not observed at Vostolt if the electron number fluxes
were below some threshold level equal to Je=10%(cm2.ster.sec)-!. The localion of
Lhe electron precipitations more intense than this often coincided with the
regions where the sun-aligned arcs were observed some minutes before or later by
the all-sky camera. In other cases the enhanced electron precipilations were
recorded by satellite along the extension of sun-aligned arc recorded at Vostok.

In two events the satellite crossed the arc system which consisted of Lhe
sun-aligned arc and circle along Lhe latitude according to the Vostok dala.
Analysis of the DMSP electron and fon precipilalion dala has shown that in both
events Lhe latitude-oriented arce were localed ingide Lhe polar cap but not in
the auroral oval. This result confirms Lhe idea put lforward by Troshichev et
al.(1988) that Lhe distribulion of Lthe polar cap arcs displayes thela structure
even il the auroral oval arcs are excluded from the picture and therefore a

theta struclure is a specified form of the distribution of polar arcs unrelated
to auroras in the auroral oval.

INTERPOSITION OF THE AURORAL OVAL. DAYTIME CUSP AND (7-AURORA REGION FOR DIFFERENT
ORIENTATIONS OF THE IMF B,-COMPONENT AND B, > 0.
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Preliminary result of the electric field in the dawnside aurora
measured by S-520-12 rocket launched from Andoya, Norway

Yuh-Ichi Kohno, Hajime Hayakawa, Koh-Ichiroc ¥suruda, Ayako Natsuoka
( The Institute of Space and Astronautical Science )
Nasato Nakamura ( Max Plank Institute )

The preliminary obserbation by EFD ( Electric Field Detector ) onboard §-520-12
rocket is reported on dawnside aurora, especially pulsating aurora. The instrument
is based on Boomerang technigue developed by our group. The purpose of this sxperiment
is to study a global convection electric field which may act as driving force of
auroral patch motion, and to understand fine structure in/around the patches.
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Seasonal variation of the relationships of geomagnetic variations observed at
high latitude conjugate stations

Satoru Tsunomura ( Kakioka Magnetic Observatory )
Natsuo Sato ( National Institute of Polar Research )

Geonagnetic variations with e:ternal origin are affected by the ionospheric effects. By the Pedersen
conductance, geonagnetic variations of external origin are attenuated due to the shielding effect, meanwhile
the Hall conductance nakes geomagnetic variations which are observed on the ground.

The effect of ionospheric shizlding for the amplitudes of pch geomagnetic pulsations observed at Syowa
and lceland conjugate stations are reported by Saito et al.(1989). They showed that the apmplitudes of pcb,
which are observed sinultaneously st both hemispheres, are larger at winter heaisphere than at susmer one
and lrager at dark henisphere than at sunlit one. On the basis of the investigations through the phase
relation analysis of pi2 pulsations observed at conjugate stations In sub-auroral region, Green and Hamilton
(1981) showed that the aassymmetric ionospheric condition makes the larger scattering In the phase relations
than the symmetric one. They mentioned that this feature is due to the shielding effect.

On the other hand, the amplitude ratios of SSC's and SI's observed at Syowa and revkjavik show a slight
paxigun in summer and minimum in winter (Tsunomura,1989). Figure 1 and 2 show two examples of geomagnetic
records at Syowa, husafell, lsafjorder and Tjornes on very qulet geomagnetic condiions. The former corresponds
to the sumeer in the northern hemisphere and the latter the winter. The amplitude of Sq at Syowa are clearly
smaller (larger) In the northern suamer (winter) than those at Iceland.

As shown above, the lonospheric effect on geomagnetic variations in high latitude conjugate stations have
different aspects. Theoretical treatpent to distinguish these two effects of the ionosphere must be made
in the near future. In this paper, the seasonal variations of SSC's and SI's will be checked using high time
resolution geomagnetic records i .cluding low latitude date at Kakioka.

References
Green and hamiliton, JATP, 43, 1133, 1981.
H Safto et al., JGR, 94, 8945, 1989.
S8 Tsunomura, Memn.Kak.Mag.Obs., 23, 7, 1989.
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Sisulation of a storn recovery phase ring current
S. Takahashi, T. Iyeaori, and H. Takeda
Faculty of Science, Kyoto University

We sigulate a ring current of a storm recovery phase by a monochromatic model (energy = 10keV

and pitch angle = 90°*). Ve

use dipole sagnetic field, Volland-Stern type dawn-dusk electric
tield, and corotating electric field. We assume

that recovery of a storm is represented by

the decrease of the dawn-dusk electric field (cross-tail potential drop froam 100kV to 10kV). We
obtain the trap process of particles accompanied with the decrease of dawn-dusk electric field
and the tise variation of the current in the recovery phase. This reseables with seme actual Dst

variations.
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Fig.1 Snap shots of particle (proton. 10keV.,
90°) distributiens in the wuodel atorl-d
Large and seall points represent trappe
and wuntrapped particles.
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Fig.2 Spatial integration of the current of ¢
component, which shous the variation of the
nagnetic field at the center of the earth.
Short dashed, long dashed, and solid lines rep
resent the currents by untrapped, trapped, and
all particles.
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Equatorial Pitch Angle Distributions of Precipitated Electrons and Protons Observed
by OHZORA Satellite at Low Latitude Zones

K. Nagata, T. Kohno®, H. Murakami®°, A, Nakamoto'",
N. Hasebe®, J. Kikuchi®®, and T, Doke®*®

Faculty of Engineering, Tamagawa University
“The Institute of Physical and Chemical Research
**Department of Physics, Rikkyo University
%Faculty of General Education, Ehime University
"SScience and Engineering Research Laboratory, Waseda University

Pitch angle distributions of precipitated electrons (0.18-3.2 MeV) and protons
(0.58-35 MeV) observed by OHZORA satellite at low latitude zone L=1.6-1.8 are shown.
The electron and proton intensities are greatest at pitch angles maximized near 80°,
Equatorial pitch angle distributions are calculated. These calculated equatorial pitch

angle distributions shous the precipitated particles are in the region the drift loss
cone.
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Fig.1 Calculated equatorial picth angle
distribions of precipitated electrons(Q)
and protons (@) at lov latitude zone.
Error bars show the statistical counting

Fig.2. Calculated equatorial pitch angles
versus geographical east longitude, Region
I is the trapping region, region II is the
drift loss cone, and region III is the

errors, bounce loss cone.
40°,
ta) 8'( 5) 3'9 8 1.7¢L<1.8 (o shovn cases in Flg.8(b).(c) and (d))
Le1.67 s ¢ Le1.75
f P '
i °
® i $ ¢
f
(c) RE @ i
Le1.72 . ° Ll g ;
° . t
. $ ?
t ° t ;
} N
4 1 EAST LOKGITUDE
100 20° 30° 40° S0° 10° 20° 30° 40° S0°

EQUATORIAL PITCH ANGLE (DEGREE)



|
|

P21-17

L 17 Mg s AWM DY S FERT 3 B BESTOUHIIS P S {ERFRER
T2t 2TCWA ~~ 0D 86 © R IL AF — TR U RSB ES D SEA

B $f & A, B HE &
BURKFBERARB

MAGNETIC STORM-RELATED ENERGETIC ELECTRONS AND MAGNETOSPHERIC
ELECTRIC FIELDS PENETRATING INTO THE LOW-LATITUDE MAGNETOSPHERE.

Y.TANAKA and M.NISHINO

Research Institute of Atmospherics, Nagoya University

Energetic electrons measured by NOAA-6 satellite are compared with LF whistler-
mode signals transmitted from a Decca station(Biei, L=1.54, £,=85.725 kHz), Japan
and measured in magnetic conjugate area, Australia. The simultancous satellite
measurement of energetic electrons indicated the considerable enhancement of energetic
electron fluxes more than 30 kev in the low L shell region below 2 at the maximum
depression phase of Dst, and the subsequent abundant fluxes of trapped electrons more
than 30 keV on one day and occasionaly two days after the maximum phase. Associated
with magnetic disturbances, the LF whistler-mode signals were intensified. However,
the intensity increase of the signals was not so large at thé maximum phase ,which
may be attributable to an ineffective wave growth caused by a rather isotropic pitch
angle distribution of energetic electrons. The intensity increase was the largest on

one day after the maximum phase, due to the wave growth caused@ by cyclotron resonance -
interactions with trapped electrons. Also, associated with magnetic disturbances,
the frequency of enhanced LF whistler-mode signals shifted, which is caused by the
drift of whistler ducts due to the magnetospheric electric fields penetrating into
the low-latitude magnetosphere. Therefore, the penetration of storm-related energetic
electrons and magnetospheric electric fields into the low L shell region below 2 may

be deduced from ground-based conjugate measurements of resonant waves.
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CNA Phenomena observed at Ny-Alesund(L=16.5) in the Polar Cap Region

M. Nishino} Y. Tanaka% T. Oguti} N. Matsuura} Y. Nakanis&iland
A. Egeland

1. Research Inst. Atmos., Nagoya Univ. 2. University of Oslo

CNA(Cosmic Noise Absorption) observations by means of a multi-beam RIOMETER
started from September, 1989 at Ny-Alesund (geomagnetic latitude, 75.44°N) in the
polar cap region. A sharp variation of CNA was observed at 20:45 UT, December
29, 1989 associated with auroral breakup of the magnetic substorm. The CNA
reglon displayed by 2-D image depicted the movement of fast speed(~1 km/s) from
auroral ionosphere to the polar cap one.
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AURORAL INDUCED DISTURBANCES OF THE MESOSPHERIC
SODIUM LAYER

Akio NOMURA, Yasunori SAITO and Tetsuo KANO
Faculiy of Engineering., Shinshu University

Lidar measurements of the mesospheric sodium layer viere made on 42
nights (383 hours) during the period from March to October, 1985 at Syowa
Station, Antarctica. 1In this presentation, it is shown that the Antarctic
mesospheric sodium layer has been frequently disturbed by auroral activities
and that events of disturbance have been enhanced in the early morning. We
discuss features of this disturbance compared with other data on auroral
activities and suggest its mechanism.
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Ionospheric Disturbances at Mid-latitudes
Observed with the MU Radar

T.TAKAMI!, S.FUKAO!, SXKATO!, T.TSUDA!, T.SATO?, M.YAMAMOTO!, and T.NAKAMURA!
!Radio Atomspheric Science Center, Kyoto Univ. 2Dept. of Electr. Eng. II, Kyoto Univ.

Incoherent scatter observations of the F-region electron density with the MU radar have been made rou-
tinely since September 1986 at monthly intervals. Data gathered over this 3-year period has been analyzed to
yield quantities related to the horizontal propagation characteristics of the ionospheric F-region disturbances.
The disturbances are caused by substorm-generated electric fields or atmospheric waves usually propagating

toward the equator. We can clearly distinguish between these two types of disturbances by measuments in
multiple directions with the MU radar.
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MU Radar Observations of Ion Temperatures in the Ionospheric F Region

Y.YAMAMOTO!, S.FUKAO!, T.TAKAMI, SKATO!, T.TSUDA!,
T.SATO?, M.YAMAMOTO!, and T.NAKAMURA!
1Radio Atomspheric Science Center, Kyoto Univ. 2Dept. of Electr. Eng. II, Kyoto Univ.

Incoherent scatter observations of the F-region electron density with the MU radar have been made
routinely since September 1986 at monthly intervals. Data gathered over this 3-year period has been analyzed
to yield ion temperatures in the ionospheric F-region.
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