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— Field-Aligned Particle Acceleration due to Io-Induced Drift Alfvén Waves

T. Tamao {Geophys. Res, Lab., Univ, of Tokyo, Tokyo, 113}

A possibility of coherent acceleration of energetic partfcles due to the field-aligned electric
potential difference associated with the lo-induced standing shear Alfvén wakes 1s discussed. Haking
use of the energy balance equation within Io's flux tube, which contains the dowmward Poynting flux,
reflected upward energy flux of the Alfvén waves, the rate of energy production resuiting from decele-
ratfon of trapped energetic particles, and the downward kinetic eneray flux of the accelerated ener-
getic particie precipitation, we have estimated a magnitude of the ficld-aligned potential difference
between Jupiter's {onosphere and the Io {lo's magnetopausae). We obtain the potential difference to
be 0.18 ¢, and tha accelerated electron energy flux at the tonospheric level, wergsfmzse:, where
bn 1s the primary induced potentfal across the lo diameter due to 1ts relative orbital motion in the
Jupiter's magnetosphere.

lo-related energetics
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] —19 Reconsideracion of steady ficld-alipned slsctric field and HM drifr-aAlfvén wvave

H. Murata
Departeent of Physics, Hyogo College of Medicine, Nishinomiye, 663, Japan

A forepation of steady fleld-aligned eleciromorive force hda been dissussed last spring using two

mddels; ane iz *elastic string model', and the second is *field-line resonance modalt. After the spring

meeting, Prof. Inous {Kyoto Sangye University) pointed out that the idea of the formation of steady

field-aligned electric fleld is the same one') that he presanted at Chapmsn Memorial Symp. on Magnets-

spheric Motions, 1873, He also discussed that the fleld-line resonance theory is not necessarily

2}

relevant to cause localized geomsgnetlc pulsations (Pe 4 and 5) in the sagnetasphere™ .

The purpose of the present paper is to present once agzin the idea of steady fleld-aligned electric

fleld given by two authors, separately, and also to discuss HM drift-Alfvdn wave 25 a2 simple model of

the geomagnetic pulzation.

Steady fleld-aligned electric field In the magnetosphera (not including the icnosphere} the

electric conductivity along & magnetic line of forca sz extrepely higher than in the perpandicuiar

directions, so that the slectric field tends to be normal to & local magnetic field-line, E-B=0,

whére FoE +E,, EIBn+Bl, and E, and Bl ars wave electric and magnetic fields, respectively. After

L]

Inous’s model, E, B =0, E,D,#0, B, '8 50, Enf'fﬁu, and E;//8,. Then Bon - €, -B,/8,. E is 2 DC

electric field parallel to B,. On the other hand, the steady field-aligned elactromotive farce

(or ponderomotive force) dicussed by Morats 1s given by ulxﬂl where E

1+ VX B =0, Then v X B,

= E;-B,/B . This cuf must balance with the electric fleld E,, that is, E = - E;-B/B, . (axcept At

double layer, if the double layer is forsed slong a local magnetic ficld-lime).

M drife-AlFvdn wave We consider a finite B (m,/m.< 8 << 1} collisional plasmd £1ab to approximate

a magnetic shell (whers geomagnetic pulsation is trapped) in the ionosphere-magnetasphere system,

A nearly homogencous magnecic field B, in the z direction, and electron and ilon densities nﬂ[ﬂ

varying in the x direction are assumed. The plasma iz described by the two-fluid equatlons.

The electron and ion temperaturcs are assumed comstant. ¥%e neglect slectron incrtlis, electron Larmor

radius, pérpendicular resistlvity (V. << ), and ion ootfon in the z direction. The equilibrium

i

motions are given by diamagnetie drift velocitids, yﬂj = (krijjﬂn] E':"ﬂuﬂdﬂﬂﬂﬂ § (] =e ,iond.

e

assume that Ey» - T4 « 3/3e(A, j%)s vhere & La electrostatic potentisl and is veotor potential,

At

and the perturbed quantltes have standing oscillations along the 2 direction such as

(

Wea

1}

v

¢ 3 (x}
A A, (x) a
i;)’ ( if ) sin k. z ot 5y -ut) i and (ﬂluéii)“ (n:;s:gx] ) cos k.2 n“i}’y t)

way foraslily obtain steady electric field E = - (M 'ﬁ.]-]”r . whera v = canter-of-mass velocity.
References
Inous,Y., Hydromagnetic waves in the Earth's mapnetosphere and thelr telation to the poler substorms,
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2}
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Nonlinear Behaviour of Resonant Particies by ULF-Haves in the Magnetosphere

1. Tamao {Geophys. Res. Lab., Univ. of Tokyo, Tokyo, 113, Japan}

Konlinear behaviour of the dri1ft resonant particles under the ULF electromagnetic fields in the

magnetosphere §s examined. for the localized mode of ULF-oscillations, such as the Alfvén (drift

Alfyén} and the diamagnetic {on drift waves which accompany the associated fleld-aligned electric

field and current, there are two nonlinear effects on the behaviour of the drift resonant particles.

One is the phase buaching concentratfon of the trappad particles due to thefr perturbed arbits, and
the other 1% field-aligned acceleration of some rasonant particles with relatively small pitch angles

who feel the dc potential difference of the wave along field 1ines. In the L-shell coordinate

referring to the dipole magnetic field, the kinetic formulation to describe such nonlinear behaviours
of the resomant particles is given.
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Recant wave analyses of Pold~4 magnetic pulsations confirm that large-amplitude
comprasgional H#-waves in tha magnetosheath maximumize near the subsolar point and
propagate into the magnetosphere. Peld pulsations observad on the ground tend to be
composaed of a few fregquency components, as saen in Flg.2 of the previous paper of this
geries on the digital dynamic spectrograms of the DPe avents similtanecusly ahservadfat
the Circum-Morthern Pacific Stations. Hence, a parametric excitation of an Alfven
ave by & large-amplitude magnetosonic pump wave is considered to he a more pogsible
genexation mechaniam of Pe3 pulsations in the magnetosnhere.

Wa analyzed the parametric excitation of the nlfuén wavn{ﬁn,qa} and other magneto-
sonic uava{ﬂga,uhfs} by the magnecosonic pumn wn?atﬁi?,ﬂiﬂg. The pump wave abgerwved
frequently in the magnetosheath propagates obliquely to the background magnetic fiald
in the magnatosphera, The cother magnaetasonic wava{ﬁg',ﬂifsl ocours spantaneously as
a4 component Of the BN noises near the plasmapause and the detached plasma region.

The equatorial extent of the excited Alfven wave has to bhe restricted, because thﬁ
gﬂf“ifs] wave is locally restricted. Therafore, the frequencies of the Alfven
waves excited by non-monochromatic pump waves are filtered out in the magnetosphera.

We emplovad tha thesretical model for one- fluid with onform, unbounded, ideally

conducting and compressible plasma. The resonance conditiens are chosen such as,
E? = 1;5 + ¥ ana e e et i TP The pump magnetosonic wave is assumed to be

strong enough, so as to ba given as a constant.
The major results of this analysis are summarized as follows;
{1} In both cases of the standing{lﬂiflﬂlﬂifi] and praﬁagnting{IBIflﬁ 0, IB) J= 0)pumps,
the growth rates ara lnversely proportional to the feratio(g~n /M } and the threshold
povwer intensitles are propotional to the g-ratio in thg ngqnetfgphfrei 5.5 i
{2) In both cases we can obtaln }nrger grawth ratas Erfm:f;ﬁ *lﬂul /e ﬂsﬁuﬂ'ﬂlﬂ =107}
of parametric avcitation of Alfvenusve by the fast magnetosonic pump wave in the mag-
netoschere for IB"'Az,fpg mlﬂ-z. whare the gain factor Elf is shown in Fig.l against the
angle ©, ~4(ki,B) of the pump wave. .
{3} The region where the parametric excitation of the Alfven wave occurs in localized
a2t the resconance point, L.8.. :?Ajr] }tlﬂ-z?slfrwn.ﬂdng for Pel range magnetic pulsation.
The nonlinear resonance theory that Pl range HM-waves are paramatrically excited
by the magnetosonic pump wave is concluded to be the more poassible than the linear
resonance theory.
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1 — 3b

Statistical study of the large amplitude low frequency wave observed in

fore-shock region

Yukio Watanabe [(ISAS)
Toshio Terasawa {ISAS)
We have invetigated the possibility that the low frequency waves in the

fare-shock region are generated locally by ion beams of bow shock origin.

Comparing the observed frequency analyzed by MEM and FFT with that frequency
calculated by 2 simple model, we attempted to comfirm above hypothesis
semistatiscally.

We used Imp 6 data, August 1969 and September 1965 and selected the intervals
of the wave observations during which solar wind velocity did not change more
than 15 km/s from on¢ hour before the interval to one hour after it.

Solar wind density and proton temperature did not change so much as to affect

our model calculation.

The procedures are

1. Calculation of bow shock shape and crossing points of field lines to bow
shock.

2. Caleculation of beanm cnergy ( after Paschmann et al. )

3. Calculation of wave frequency by resonance condition and doppler shift
c¢ondition.,

4. Comparison between observations and mode 1

o w3
& :" ‘r
Ruods
0.8 ac "o
2]
- Ay ‘dﬂ'
Eill “é: %o ‘
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g o
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0.1 s .
© o1 03 0.8
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Comparison between observed Calculated beam path projected
frequency and calculated frequency to x-y plane.

for R mode.
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Plasmaspharic Hiss Observed in the Topsaide Ionosphere I

BEEEN. iy, W, RS (LR
T. Ondoh, Y. Nakamura, 8. Watanabe and T. Murakami
Radio Research Laboratories, Tokyo, 184

Thorne et al (1973} have reportad extensivaly on characteristics of ELF hiss called
plasmaspheric hiss using data of the 0G0-5 search coll magnatometer. Tsurutani et al
{1975) have glao discusaed on the inner zone hiss detected from L = 1.1l to L = 2.0
using the search coil magnetometer data of 38 higs events cobserved by the polar-orbitis
low-altitude sateallite, 0GO—6. But, in the abova two papers they have analysed
only wave magnetic flelds of the BLF hias but not wave electric fields of the ELF hiss.

S0, we will report characteristics of ELY hiss observad by ISIS satellites using
VLF/ELF electric field data received at Xashima station, Japan during Nov. 1973 to
Feb. 1977. Then wa will compara the present result obtained from ISIS electric
field data with those from the search coil magnetometar data of O0GO-5 and 0GO-6.

Teurgtani et al (1975) have reported that ninety-two percent of the ELF hisa ayvents
occurred during geomagnatically activa intervals, especially the storm recovery phase,
and also that the ELF hiss signals are absent over the geomagnetic equator.

We have datected 220 pagssag of the ELF hiss out of 230 18IS passes yaod. ELF hisses
wera observed for 133 passes (63 1) in the quiat i:ariad and for 82 passes (37 %) in
the disturbed period, Wa have 1l passes of the ELF hiss absence aver the goomagnetic
oquator out of 220 ISTIS passas. Thus, there are soma differences between the hiss
electric field- and the hiss magnetic fleld-results.

The following figure is a typical example of the ELE hiss obgerved at L = 1.14 in
Jeomagnetic low latitude during tha storm main phase by ISIS-1.
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[ — 48 Propagation of vhistlers in the Lowar Magnetosphere
HAERETIRZBIT Ak A 9D EE

¥. Nakamura, T. Ondoh, 8. Watanaba and T. Murakami (RRL)
PR, DTN, B, LA (GESH

We have conducted directicon-finding measuremants of whistlara at Okinawa (geomaq. lat.
15.2°H) since 1979. Preliminary rasults of the whistler direction finding measure-
mants asupport the ducted propagation of low-latitude whistlers obsexved at Okinawa.
The whistlars at Okinawa occur mainly at times of deep £,F; valley in the early local
marning. The field-aligned irregularities,AN/N becomas large in the early local
morning in low latitudes since the amblent plasma density is the loweat in that time

of all tha day. The enhancenant factor of irregularities,aN/N along the IGRF line

for the ducted whistler propagation is at most 0.6, which is smaller than AN/N exceeding
1.0 along the centered dipole field line in low latitudes.

In fact, Ondoh at al(1979) have pointed cut that most night-time whistlers occur
Simultanecusly with weak sporadic-E ionizations at Okinawa. In addition to the above
resulta, we have recantly found whistlars observed above the low-latitude ilonosphare
for L leass than i.2,using the ISIS VLF Jdata racaived at Kashima, Japan.

The whistlers obsarved at low latitudes for I less than 1.2 seem to be affirmative

evidenca for the ducted propagation of low=latitude whistlers.
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Evidence of the conversion of the electrostatic plasma waves {nto
elactromagnetic waves detected by dikfken (EXOS-B) Satellite

Hiroshi Oya and Akira Morioka
XE £ . & 5 2
Tohoku University

On the data detected by HPW of Jikiken (EX05-B}, there are many cases of the observation evidences
that are indicating the spectra which can anly be {nterpreted fn terms of the conversion processes of
the electrostatic plasma waves into the electromagnetic waves that are consistent with the eriginally
proposed processes (Oya, 1971} and the application of the theary to the generation mechanism of the
cantinuum radfation {Jones, 1976). The generatfon of the electrostatic waves are enhanced both at
(n+1 jz]fc and the upper hybrid frequency ... A feature of the conversion for the case observed at
fUHﬂzlm-‘E;zjf: (see Figure1) 1s consistent with the previously disclosed avidence {Kurth et al., 1979) but
the evidences are indicated more clearly due to fine structures on the EX0S-B spectra obtained by the
high frequency resolution for wide band range. The conversion of the hybrid mode waves are confirmed
to be taking place towards Z-mode waves. These I-mode waves are again converted to the L-0 made to
escape into the outer space {see Figure 2). We consider that these are very significant evidences
which indicate that the conversion processes are one of the most important orfgin of the radlio waves
in the planetary plasma.

EE! Brepce

JﬂﬂES, nbi Matura, 260, &86, 1976.
Kurth, W, $., J. D. Craven, L. A. Frane and D. A. Gurnett, J. Geophys. Res., 84, 4145, 1979,
Oya, H., Radfe Sci., 6., 1131, 1971.
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i — bl Origin and Polarization of the Auroral Kilometric Radiation

AKRDERBEFR-F1)E~23 v

Hiroshi Oya
X B R

Tohoku University

The observation results of the aurarai kflometric radfo waves by Mkiken (Figure 1} that were
detected under the conditions that carves out the AKR spectra by the local plasma near at the satelfite
have indicated that AKR's are propagating with the form of the Z-mode and the L-0 mode waves.

The results is consistent with the prapesal of AKR theory (Benson, 1975) that is develapad based on
the conversion mechanism {Ova, 1971, 1974),

It is disclosed that the contradictory conclusians of R-X mode for AKR that have been resulted by
the previous observations are only the consequence of the assumption of the direct gemeration of the
R-X mode waves that can also be replaced by the Z-mode to L-0 mode waves conversion processes.

A clear cutoff evidence (Gurnett and Green, 1978; Benson and Calvert, 1976} of AKR spactra at the local
elactran cyclotron fréquency can be intérpreted in terms of the refraction of the 7-mode waves that
makes the total reflection within a few percent of the change of the magnetic field intensity due to
the spacial dependency of the magnetic fleld. The LH polarization detected by Vayager spacecrafis
{Kaiser et al., 1978) that had been concluded to be R-X mode waves at the source depends also on the
assumptfon of the assumed distribution and mechanises of the sources. The results of the polarization
measurements are also consistent with the Z.mode to L-0t mode conversion processes when we consider the
detail procedure of the conversion mechanism.
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Quantitative Study on the Substorm-Associated VLF Fhase Anomaly end the
Pracipltating Energetie Eleetrons

Takashi KIKICHI and David S. EVANS
Space Pnvironment Ieboratory, NOAA/ERL, 325 Broadway,
Boulder, Colorado 80303, U.8.A.

Significant phase anomalles were cbaerved on the trans-auroral VLF cignels, OMEGA ALIRA
(13.6 xHz), OER (16.0 kHz) and OMECA BORTH DAKOTA {13.6 ki{z) received at Inubo, Japan
during the eubstorm events on Novesber 13, 1979. Detsiled comparisons are made with the
geomagnetic bays and the quantitative relstions are obtalined with the precipitating
enwrgetic alectrons with B> 30, 2100 and 5300 kev detacted onboard TIROS-N and FOAA-6
satellitea, Tt 15 derived from the simultatieity of the onset and the oimilarity in the
time behavior of the VLF phase anomalies and the geomagnetic bays (Figure 1) that the
divect injeotion of the energetic elactrons took place in the afterncon to davn sectors
of the aurorsl zone. The exeellent guantitativa corrslation is cbtained between the

lagarythm of the electron flux (P) end the megnitude of the phase munomaly on the IMEGA
ALDRA (ad) ap follova:

log ¥ = 0.31 4 + 3.34 : E> 30 kev ,
log T e 0,16 2¢ + 2,02 T E > 100 kev,
Log F = 0.085 ad + 1,62 ¢ B3 300 kev,

From the local time characterictice of the quantitative relation, it 15 deduced that the
alectron with £ 3 300 kev 1ig the main source for the VLF phase anomaly.

Geomagnetic H-~Componant

13 14 15 16 17 18 19 uT
November 13, 1972

VLF Phoze Advance
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=70 ISEE OBSERVATIONS OF ERERGETIC PARTICLES IN THE

MASNETOSPHERE: THEIR STRUCTURE AND DYNAMICS

- 3 X
Y. Kﬂmide*and D, J. Williams

T#%E K@

1HUﬁAJ$pauE Environment Laboratory (R43)
Boulder, Colorado 80303, U.8.A.

The earth's magnetosphere is endowed with a wide energy range of plasmas,
Whose comprehensive measurements in terms of the distpibution and dynamical
behaviocur should provide us with valuable information as to the origin of thase
particles and their energization processes.

An extensive gtudy on the vadiation balt and the ring current in the magna-
tosphere is being conducted at the NOAA Space Environment Laboratory on the
bagsis of ISEE 1 plasma data from the medium-energy particle experiment (MEPE)
along with magnetometer data. It is one of the major objectives of the current
study to identify acceleration and loss mechanisme for the particle population
in the inner magnetosphere (L €15 Ry) through which both quiet-time and storm-
time ring current is to be formed.

The HEPE 1g designed to measure electrons and ions with energies over 24
to 2000 keV with good energy resolution and high time and angular resolution.
For example, a three-dimensicnal sampling of 192 points can ba made over thea
unit sphera every 36 sec. Each of the 192 samples contain lé~channel ion and
electron spectra over the entipre epnaprgy range.

The study is in progress in terms of the following three main topics:
Distribution of quiet-time radiation belt.

Buring the interval from the launch to the end of 1978, we have chosen
fifty-four orbits which occurred near the egquatorial plane under quiet condi~
tions in terms of availabla geomagnetia indices. The data base covers the
Whole Zi-hyr local time quite uniformiy so that it is possible to construct the

Particle flux distribution for differvent energies and pitch angles and for

elactrons and ionsa; separately.
2.

L.

Behaviour of the ring current during storm main phases.

During some major storms (like Septembar 29, 1978), there occuvrred
fortultous orbits in the sense that ISEE tvaversed from evening to morning
dides of the inner magnetosphere when a magnetic storm was in prograss, Data

from such orbits can be used to axamine the detailed structure of an asymmetric
grovwth of the storm-
3.

time ring current.

Substorm signatures of tail plasmas.

We have found several cases when isolated substorms took place, ISEE was
travelling in the key locus for substorm dynamice in the midnight Sector just
outside the synchronous orbit. Changes in the pitch angle distribution auch as

from isotropic to buttarfly satructures may provide a useful clue to underatand
substorm processes,
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Comparison between wind profiles measured by Doppler radar and rawinsondes

§. Fukaol, T. Satol and 5. Kato?

iDepartment of Electrical Engineering, Kyoto University
2Radio Atmospheric Scfence Center, Kyoto University

Yertical profiles of horjzontal winds at the altitude of 10-30 km were measured by the Doppler
radar at Arecibo (18.35°N, 66.75°M} on 24 days in August and Saptember 1977. 0On comparing these
with horizontal winds measured by routine rawinsondes launched some 80 ¥ east of Arecibo, there

is an excellent agreement in every wind profile. In Fig. 1, all of the radar-deduced zonal winds
are plotted against the rawinsonde-derived wi nds.
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Fig. 1 Comparison of Arecibo radar winds with $an Juan
rawinsonde winds measured on 24 days {n August
and September 1977.
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One of the interesting sspacts 4o the upper atmospheric wind observatione is the identif feation of
quasi-two-day oacillations wbich manifast complicated features of dynemicsl coupling via planatary wAvVaES
in the sarch stoosphare. Many workers foeus on the presence of this oscillation at meteor heights
fe.g.s Mulles,1972: Wassebeuf and Glass, 1973; Glase et al.. 1975; Riogsley at al., 19783 Muller and
Heloon, 19781 Saiby snd Boper, 1980: Msdson et al., 19803 Aco at al., 1980, Craig at al., 1980). at lowar
atmosphere (Petrossiants et sl, 19755 Coy,1979: Xaiser, 1979}. and both {Mullar, 1972: Muller and
Eingeleys 1974). These summarize evidences of westwsrd travelling Rossby waves with wave sumber & 3s
togethes with its arcatic appesrance shove tha nesopause mors predominantly during susmer solatice.

Thia free mode wava has 0o wall-dafined forciogs in contrast with tides or atationary planetary
waves, and eome kind of hydrodynseic instabilities (sae Orlapski, 19763 Plumb. 1980 } or randem
fluctuations in the lowest region can be postulsted as & possible candidate. On the other hand, studies
of vertical propsgatiom of the planetary Romsby waves bas been made by some workexs {e.gs Geisler and
Dlckinson, 19763 Salby,1980),; In the present work, peaetration of quasi~two-day wive forced by sesumed
volwae or topogeaphic forcioge fs calculsted, in which vse is made of the linearized primitive aquations
for the wmodellsd stmosphare with latitude-dependent temperature and associated mean zonal wind (see Aso
at al., 1981).

Pig. 1 {a) and {b} illustrate prelininary resultu of geopotential parturbations with paried 1 day snd

wvevanumber 3 andar {a) no wind regice and {b) solstitial wicd regimes forced by sinusoidal topography.
It is seen that cleay distinction existe batween summer snd winter hemispberic reglona.
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Fig. 1 Contours of geopotential perturbations for (a) no wind and (b) solstitfal wind.
The forcing 1s simpliffed sinusotdal topography w « sin @ {é : colatitude). In (b],
summer hemisphere {s to the left.



1 —7 Z-Pay Oscillation in the ¥ateor Region
Bl A, B RE, BE KB, ME & (KKEKW)

For theee & wears ( 1977 Dec~ ). maeteor wind observations have been carried gut at Kyoto. A large
soplitude wind oscillacion with s prefod of about 2 days hes beon detected fn sommer.,

Fig.l shows spocimen records of long period component ( with a period of lomger than 32 brs ) of
meridionsl wind during Jum 5-17 ic 1980. In tha figure, the I=day oscillatioe is clearly identified on
*8th with slight downward phass progression, Alvitade profiles of amplitude and phase of the 2 day
component fitted to three observation runs are illmscrated in Fig.2. It ic found that amplitudes racge
from 10-30 o/sec and that the nerrhward max, wisd occdrs st sround widnight,

The forcing mechanism of this osacillation 1s «£{11 spoen o question. An interestiog trapeze
lostability { kaown ss the parsmetric instsbility in ather fislde of phyaics ) was proposed by Orlaneki
{1973}, in which tha diurnal changes in  static stability of the tropical boundary layer can excite
gravity wvaves with a period of 2 days., Also Plumb {(1980) suggested the baroclinic iascability in the
susier hemisphere ae s promising mechanism.

We'll susmarire observations of more Jdetailed charscteristics of chia oscillation at the seating.
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METEOR RaDAaR ODOBSERVATIONS /At KYOTOOXID

Toahitaka Tsuda, Takehi¥o Aso, Rei Ito and Susumu Kato
Radio Atmospheric Scienca Center, Kvoto UniverSity

Seasonal var{ation of ths atmospheric tidal wind in the altitude region
from 83 to 18BKm {8 investigatad by use aof meateor radar data observed at Kyoto.
Figure 1 shows an annual variaiton of the semidiurnal tidal wind on a harmonic
dial observed in 1979 and 1988, where phase corresponds to the local time of
northward o eastward maximun wind velocity. Northward component s plotted
bimonthiy accompanied with an idealized curve , while the seasonal mean is
ghown for the wsastward companent. Nota that the coordinate is rotated
anticlockwise by thres hours $or the sastwacd component. The northward wind
vector rotates anticlockwise annualy on an ellipse whose major axis points at
around 4.5 hre Tocal time. During summer months the northward component is
characterized by stable phase and large amplitude. On the other haand, the
awplitude becomss the smallest in winter. Annual varialton of the eastward

Component ganerally agrees with that of the northward component, althaugh fts
Maximum phase fs delayed by three hours.

Figure 1. Beasonal var{ation of the semidirnal wind in 1979 and 1980 at an
at titude of 9% ¥m. AW
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[— 18 Thermal excltation of non-migrating tides

p0ik £, Fe Ik
FRARRRE T o 7~

Thermal excitation of diurnal tides ig discussed. The heat source of excitation
is assumed to be localized naar the equator, a aituation which ig based on certain
abservations of stratospheric tides at Jicamarca, Peru. Possible heating processes
would be radiative heating by water vapour and thermal conduction due to turbulent
addies near the ground; thase two processes could be localized because of differences
in topography. sSuch sources tend to generate tidal Hough modes with various zonal
wave numbera both positive and negative. It is found that the resultant parturba-
tions have generally fairly short vertical wavelengths around 10 km. They are almost
Stationary and the perturbad region tends to increase horizontally with height.
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i—2a0 A Mew Approach to Mode Conversion Effects
Ohearved iln a Hid-Latltuda VIF Tranamisalon
¥. Muracka

Department of Physics, Hyogqo Colloge of Medicine

Hode copvarsion effacts are observed axperimentally as both perisdic ampliitude fading and cascaded
vhasa variation of total fiald in parelcular Suring the suprisg trapgition. Since the path lepgth in
the nlght poxtion of the Earth-lonosphere waveguide changsswith time during the transitien, this regular
pariodisiey is convincing svidence thit majer tvo modal components existing in the night portion of tha
wavequide interfere each other. Bacause of the high attenuation of the socond- and higher-srder aodas
in the day portion of the wavequide, it 13 belisved that mods conversion from the firet t6 second mods
takes place at the transition ragion of the waveguide in case of day-to-night propagation.

In order to investigata mode oonversion effscts ewperivgntally obacrved It is necessary o koow
about the position of effective Sismcontinulty in the waveguide at timos of amp)ltude minima at the
eutsat. The position of the terminator can be usually repiaced by a constant line of solar zemith
angle A . It i3 suggested that a reference value of X ecan be derived from the requiremant of the
VLF wavequide mode theory. Using the suonrige model with an Appropriata ﬁ valiae, the seasonal wvari=
ation of mode converslon effacts ware Invastigated as obsarved on the VLE gignal from HLK 18.6 kHz in
Hishinomiya, Japan for tha pericd 1974 - 1877, fTha greatly reliable data on the scecurtence time of

amplitude minima was obtalned through the superposition of each data from solatice +a solatice. Fron
the aeasonal variation of occurrénce tisa, we have reached the following conclusionss

1. The length L of transition raglon ovar tha path is not alvays depondent on the path-torminator
angla X throughout the year. The Increages of the apparent spacing 0, in summer indleates that the
incompiete day-to-night transition of tha lower ionocaphare causes tho effective cxtension of L.

2. For the pericd of autumn to spring squinox, tha quantity arg | B:i' i E":':' } is dependent opn thea
letgth L with an egsentially linear oapger. Rlsge, tho linear rolatfonship may be astablished from ths
requiremant of VIF mode conversion thesry, which woiuld determins tha ainrisa model with the mast
adaquate valua of X .

3. The interference spacing distance nf, 1z found to he reassnably cbtained from the linesr relations
Ehip batween arg | s,“f Vi sﬂ‘} and the length L for an appropriate raferense X value. ‘The valoa of

o
Da; = 2,30 Mo thus obtained Indicates that the night-ting referance height h"™ of the waveguida ig somo-
what higher than 90 ka during wister sondition.
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LION COMPOSITION AND POLAR WIND IN THE POLAR TOPSIDE 1ONOSPHERE

* e ek
E. SAGAMA , J. H. HOFFMAN , acod W. DODSOM
A3 Radio Res. Llabs., *%; U, of Texas at Dallas
Dircct measuroments of lon composition ware aarried out in the topside Lfovogphere by the ISI5~2

ion mass spectrometar (IMS) which 13 a type of the magnetic sector mass spactromerer with dual exit slits.
IKS scana the mams range from 1 to 64 smu. Atomic lons such as §', Ha', N and 0¥ are domtnant at
altitudes of ISI5-2 (~1400 km) and moleculdr fons hava hardly baen foudd, It i¢ & unique feature chac

145 can measure a comporient of tha fon drift vector by utilizing the {on compoasition data aquired

during oae tvevelution of the satallite around {ts apin axis. Error in valocity messursants is not

80 soall that significant data were obtained fn the polar ionoaphera whare the field-sligned plases

flov known as “Polar Wind" often comas up t¢ the velocity over several kilomsters per seeond.

Pata used in the curront dnalysis were mainly obratned during the northern sumner period

from Mareh to August fn 1972, Approximavely 1200 orbits of data were adopted to make up CWO

disensional diseributions in magnatie loesl cime - fovarfant lacltuda (MLY~A) apace. This procaduce
provides svarage distributions of the concentration of fons (57, He', N and 07}, vertical drift

veloeicios {|1+ and Ha+} and: thefr Fluxes. The vertical ign valosity which is measurable by THS can

be regarded ax the Eicld-alignad compongnt in the polar lonosphera where negnetic field lines are

sadtly vertical. 1t should be soted that seasonal variations of fonosphers could be {ntroduced inte

the avatago distributiona in MLT-A space bacausa it takes slmoat ona half year for the satellite
to covar whale local timesn,

Hajor roaulea are summarized below,

(1}. Stecp gradicats in the l1ght ifon concentrations woll known as “Light Ion Trowph (LIT)" are foumd

at about A~60° in all lécal cimoa. The LIT wall is steeper in post-midnight sactor snd smoother arouad

noan.  The dusk side buldge characterizing the shape of the oquaterial plassapause could aot £ind 18
counterpare at l400 ki,

i2).
hage g

At A~70° shallow troughs tn 07 and K' concantrations exiat hayond che LIT wall in dusk side. They

¢ldth of about five degraes and the MLT depandenca of the trough latitude coincides with that of

“Hatn Trough” determined atat istieally from AE-C observetfons at slititudes of the lonospherie F-layer.

(3)- Plasma density incresses avousd the polar claft region probably due to the pracipitation of the

low energy pacicles.
(3.

+
Enhancemcent of tha n"' concentration is such noticeable than that of H -
The polar wind velocity at A~T0° vartes From 1.% kin/a around noon to 2.5 km/é in the past-
aldsight sector. It is about 2.0 kn/s in dawn and dusk aldes. The veloeity distribution In MLI-A

upacE segms Eo corrélate with chat of the ﬂ* ion concentration.

(3. Upreard Elux of tha { fon at A~T0* is aboet leﬂ: fcmidan and dhow g Iictle deprassion
around neon and post-midnight locsl times.



L — 40 Preliminary data analysis of an impedance prabe onboard EX0S-BR(I)

Masaki EJIRI

National Institute of Polar Research

Since September, 1978 when EX0S-B({JIKIKEN) was pot into a near equatorial orbit,
2 first attempt of observation of detailed electron density profile in the night-2ide
plasmasphere, and especially around and just outside the plasmapause has been perforaed
with an impedance probe of IEF instrument during August I1 to 22, 1981. The impedance
probe has a capability to measure an elesctron density in a range from about 1 x 10%¢m "

down to 10 cm™ ' with a sampling rate of 2 seconds.

Successive daily changes of electron density profiles were obtained; MLT(wagnetic
local time) at the satellite position around an apogee was just midnight, where the
satellite was crossing the magnetic equator. Irregulslities and/or fluctuations 1if
electron density around and just outside the plasmapause were ofton obserxved with a

high time/spacial resoiution. Similar variations were a2lso observed even inside the

plasmasphere.

Usually those electron density profiles which are obtained with the satellites
¢rossing the plasmapause are interpreted as radial density profiles. llowevesr, in the
case of EX0S-B cbservations, since the satellite is mostly traversing along plasmapsuse
boundary, 1. e. drifting azimuthally around the apogee(0.8 MLT/UT), the obtained den-
g2ity profile is interpreted as a change with a local time or along the plasmapause
boundary surface, a radial change pust of course being taken into account, because it
is obviously difficult to distinguish a temporal change from a spatial one, in a case

of one peint observation of a satellite.

There are several sudden changes in electron density around the plasmapausc bound-

ary, that is, the density changes its value about one order of magnitude within a few
kilo-meters {the satellite velocity around its apogoe being about 1 km/s} or in a few

seconds. The condition that allows an existence of this kind of sharp density gradlent

has not been cleared yet.

A new quantitative theory on the plasmapause formation should be developed to

explain these observational results, which are presented in this talk.
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I— 53 The Interplanetary Electric Field, Cleft Currents, and Plssma Convection in tha Polar
Caps.,

P. M, Banka, T, Araki, J.-P. St. Maurice and J. C. Foatey {Uctah State Univarsity).

The suggastion is made that the pattern of plaama convection in the polar cleft reglon is directly
deternined by the interplanetary electric field (E). Owing to the geometrical properties of the
ragnetosphare, cho esst-west component of E will drive field-aligned currents which comnects to the
fonagphere at points lying e{ther side of moon, while currents ssscciasted with the noreh-south
component of E will comnect to the two polar caps as sheet currents centered on snoon. Humetical
simulations illustrate the important changes in polar cap convection patterns arising from the
influence of rhe IMF E? and B components upon the polarity of che tuwo cleft currant syatems.

This aimplifying hypothesis can m:plalu both the B dependence of the narvew "throara" sod susward

vortex comvectien patterns obaerved in tha dnyaﬂa polar eap snd che dasm-~dusk shift of polar cap
convection related to ﬂ?.

Figure 1 shous calculated electrostatie potntials including the effects of region-l and 2 field
aligoed currents and the IMP associsted cleft curventa. A contouring intarval of 5 kV has been
used. The baac line patrern at the center {B -B = 0) includes only the regfon-1 and 2 currentd.
The patterns along the 8 . axia [H # 0} show results fm.- a sheet eleft current of 4. 221074 with
polaritddctermined by the aign uf B (E is positive to the right, B is positive upwards). The
pattern along the B, miis (B« 0) giw-'!l the results when only the clﬂft votrtex current systes is

H £
presgent with che sama currént (note that antisuowvard comvection {3 present along the noon meridisn for

B, 0. When both current systems share equally the total currant snd have different polayities,
the four patterns at the cornaers results, Equinox sonduetivey conditions are sasumed.

Figura 1.
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i —4 IMPEDANCE-~PROBE EXPERIMENT ON BOARD K-9M-72 ROCKET

Y. Watanaba and T. Obayashi
Institute of Space and Astronauytical Science

An attitude of the rocket is usually datermined by measuring threa componenta of
the geomagnetic field intenaity. A spin-phase of the rocket is generally cbtained
either by detecting a direction of the sun, the moon or some stars, or by obgarving
the horizontal component of the geomagnetic field intensity.

A spin-phase of the probe, an angle between the rocket-axis and the £flight aspact
and a direction of the probe to the geomagnatic fleld line are caleuglated by analyzing
the data of the impedance-probe auch ag, qun { upper hybrid resonance freguency )., £
[ plaama~-rescnance fraquency ), fEER { sheath-resconance frequency } and fHPR{ modified
rlasma-resonance frequenoy ).

[ 11 Spin-phasa of the probe

The sinuscidal acatter of the electron Aenaity during the rocket flight is
genaerated by the spin-modulation affact dua to a baat-phenomenoti between the measuring
period and the rocket spinning-pericd when an angle from the rocket-axis to the flight
direction ( o{) is not aqual to 0" or 180°. Spin-phase of the probe is obtained f£rom
a4 response of the eleactron density when the probe {s aituated in the wake area at the
spinning plane. Spin-phage of the probe ig detarmined as a form of an angle (#) from
the probe-axis to the flight-direction of the rocket which is observed by =& radar
technique. wWhen & ia 0, impadance-probe measure the ambient plasma density. If e is

180" , the loweat value of the electron density at the center of the wake-ragion is
obtained.

[ 21 Aspect of the rocket to the flight-direction

Attitude of the rocket-axis toward the flight-diraction is obtained from a time
variation of the spin-modulated electron density due to the rocket-wake effect. Whan
an angle hetween the rocket-axis and the flight-direction {( o } is 0° or 180", the
spin effect of the salectron density is disappeared. The rocket-wake effact appears
worat when the vehicle iz moving upside~down, at this condition the electron  density
is measured as the lowest valua comparing with an adfoining space. A periodic scattar
of the glectron density bacome large under a condition of d = 90", when the rocket ia
moving horizontally.

[ 31  Angle betwaen tha probe-axis and the gqeomammetic field line (8 )
Angle ( @) 1ia deduced from analysis of £ og which is very much sensitiva to

the geomagneatic aspect. Two branches of fiHPR vary with respect to the geomagnetic
aspect angle { 8 = 0" — 30" },

for £y > %5 1 fapn ™= four ~* fys fapg =0 = 5p
r fy=fp i fupr™ fuma ™ fp (=24}, fMPR =0 — £, (= £, )

A is usually obtained from £ ... when £, 5 £, which sift from 0 Miz to £, frequency
by a condition of 8 1g from 0° o 90°.

A position of the impedance-probs will be datermined in the case of the S=520~4
rocket which is to be launched at 10 : 00 J8T on 3 Septamber 1981, A charactariatic
of an electron-tempsrature-probe in the wake— resion will be examined by the K-9M-72
racket { to be launched at 1) : 00 JST on 13 Pebruary 1982 j.
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B— 25 DISCUSSIONS IN FAVOR OF THE LTE MODEL OF THE FINE STRUCTURE LEVELS
DIEPJ!, I. INTENSITY RATIO OF THE 1304 A TRIPLET AIRGLOW

Toshihiro OGAWA (GRL, Univ. Tokya)

The intensity ratios of the 1304 E triplet airglow of atomic oxyden observed by
Fastie and Crosswhite (1964) are interpreted on the basls of the radfative transfer
formulotion for a model with complete frequency redistribution {n g Volgt line profile
A model for the fine structure levels ﬂ{3FJ} in local thermodynomic equilibrium 1s
favorable to the observed intensity ratlios., as far s a Voigt profile is opplicable.
In view of large cross sections as calculated theoretically by Alllson and Burke
(1969}, the mutual reloxation omong the 3FJ levels should occur rapidly enough to
allow the populotion in the BPS levels to be {n thermodynamic equilibrium with the
ambient neutral gases.

Table 1 1304 A triplet airglow intensity ratio, R = I,(r,)/L1{(r1) + [g(zed],

Altitude thcerved Calculated
Z, km Serve Doppler voigt
180 .52 0.38 0.54
190 0.51 0,38 0,52
200 0.49 0.38 0.51
210 0.45 0.39 0.49
220 0.51 0.39 0.48

Table 2 The intensity ratfo R at the altitude 200 km calculated for various excitd~
tion temperature Ty, fn case of o Doppler profile and {sothermal assumption.

Ty, » K R Ty » K R
600 0.35 2000 0.48
800 0.37 2500 0.50
1000 0.39 3000 0.51
1200 0.42 3500 0.51
1500 0.46 4000 0,52
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