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Equatorial VLF emissions observed by Ariel sateilites

M.Hayvakawa, .Hasegawa
( Research Institute of Atmospherics,WNagoyva Univarsity)

K+ Bullough
( Dept. of Physics, University <f Shaffield,UK)

A:R.L. Tatnall
{ Bept. of Physics, University of York, UK )

Summary

The eguatorial VIF emissicis as chsarved by tha Ariel 3
and 4 satellites hava been found to be wall esplained by assunins
thunderstorm genexation. They are localised in loneituds to the
centres of thumdsrstomn occurrence and they show a wimdlar seasamal
dependance to that of thunderstomss. The charactar of the enissions
is impulsive ad the dchserved mesn/minimm and pask mean ratios
mmﬂym.ﬂwﬂﬂmmﬂﬂmm
can be attributed to D reglen absorption and propasation $n ha
ionosphare and lower mametosphere, Horizental latitudinal gradients
asgociated with the equaterial ancmaly  appear to erhance tha
probability of chzerving emizsions,in which tha anomaly acts as a
ot ajdad Quet to quide waves in the whisparing gallary type of
mode. The spectrnun of the emisslons is compakible with a sub-iono~
spheric source and D vegion absorption if tha source has a spectrm
similar to that of a lightning discharga. In additicn,the impulse
data counter on Arlel 4 has demonatrated ths impartant contriluticn
of asphorics to equatorial anmtasions. Ray tracing ueing readiagtic
electron density profliles has confirmad the importanca of the
latitndinal gradlents and tha equatorial anamaly. Thare appear €0
be aplification or storage of a amall percentage of the emissions
and the lattor has heen shoun 0 be feasible by ray tracing in a
sultable madel.

Enargy calculations have shown that it is unlikely that
ﬂmnﬂﬂ:ﬁtﬂnnaﬂﬂﬂﬁrm;aﬂaﬂumlym&ﬂmld@em
flux,although particla measurenents are too limited to prove con-
clusively ona way or tha other,
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A raviow is given of beth experimental and theoratical aspects of cohsreat nanlingar affacts in the
whigtler-mode interacticns in the magnetosphere. Amang various nonlinear wave-wave and wave-particle
{ntaractiens in the magnetosphera, the vhiatler-mode interaction appears to be one of the most exciting
phenomena which have besn obsexved in space plasmas but not in laboratory plasmas. The present raview
may ba far from complete since much of the rosearch, both theoretical and experimental, is still in

progrags. Given the limications of time and space, the present article will attespt to cover tha
following subjacte:

(1} A briecf history of the atudy of VLF triggcred emissions in the magnetaaphore.

(2) Recent results of the artificial VLF vave injection experiments with stress on the observed
amission characteristica which nood to be explained by theoretical work Including effects of
power-line harmonie radlation on the ohserved triggored eémissions.

{3) Honlinear behavier of rosonant particles in a monochromatic or quasi-monochroematicwhistler wave
—meem--= Bagic concepta of tha nonlinear interaction in the whistler mode.

(41 Theory of nonlinsay intecastion of quasi-sonochramatic whistler wvave in homogenscus and

trnhotogensoils plasmas.

{5y Computer simulations relevant to tha nonlinear whislter-mode intaractions.

{6} Some suggastions for future work.
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Like 1n any other branch of physics, energetics represents one of the fundamental
aspects of the magnetospheric physics. People have lang been concerned with anergetics
of the earth's magnetosphere along with their efforts to understand its dynamics. In
the earth's case solar wind s the uncontested sotrce of energy and the transfar rate
to the magnetosphere has been assessed in terms of the reconnection model (e.g., Siscoe

and Crooker, 1974: Axford, 1976: Atkinson, 1978). Interest in the magnetospharic
energetics has grown further as in-situ observations of planetary magnetospharas othep

than the earth's have become reality. It has besn recognized that 1n Jupiter's case
planetary rotation might passibly compare with solar wind 2s the energy source and re-
lative importance of these two sources has been contempiated {e.g., Kennel and Coroniti,
1975). Discovery that large quantity of energetic electrons is ejected from the Jovian
magnatosphere has added {fnterest in the driving agent of this huge magnetosphare.

This paper reviews our knowledge on the magnetospheric energetics taking advantage
of improved estimates of bas{ic parameters that have been obtained by more recent observa-
tions. Although Mercury has also heen found to possess a magnetosphere, present coverage
s limited to magnetospheres of earth and Jupiter for which we have some 1dea about the
energy consumption rate {nside the magnetosphere. Energy input to the Mecurial magneto-
sphere by the reconnection process has been estfmated by Siscoe et al. {1975).

Estimated values of various energy supply rates are summarized in the accompanying
table.

supply Process For £arth's magnetosphere | For dupiter's magnetosphere
. Poynting Flux {= HHE + HER]

Reconnection 4 x 10t W 4 1013 4

Erosion < 9 x 100 Y

SW 1nto Plasma Sheet +0 (101 W)

SH into Polar Cusp + 3 =x10% W

Centrifugal Acceleration 107 W < 1012 4 {1014 4 )

Jo's Dynamo { 1032 ¢
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‘IBA—Iaﬂp SIMULATION STUDIEE OF IONOSPHERIC ELECTRIC FIELDS AND CURRENTS IN
: RELATION TO FIELD-ALIGNED CURRENTS: 4. VARIABILITY OF SUBSTORMS

Y. EKAMIDE
Eyoto Sangyo Univeraity, Kita-ku, Eyoto 803

and
8. MATSUSHITA
High Altitude Ohservatory of NCAR, Boulder, Colorado 80307, U.S.A.

¥e continue to examine in a quantitative detall the link of field-aligned currents
with electric fields and curreats in the ilonosphere. aAs deseribed in our talks at the
Spring Heeting, our goal of this series of numericsl simylations is to understand how
the hagle assumptions lead to the main observed features of the ionospheric electric
fields and currents, the field-aligned currents, and ground magnetic perturbations, and
how 1t 1s possible to isolate certain aspacts of the entire system under study s0 as Lo
reproduce particular phemomena during both guiet znd substorm periods., We concentrate
the diacusgion on the followlng three main questionz: 1. How are the field-aligaed
currents conmected to the iomospherice currents, in particular, to the auroral alectro-
Jets? 2. To what extent ean the diatribution of the field-alignad currents reproduce
the electric field pattern obsarved by recent new techniques? 3. How the lonospheric
currents and the equivalent Lonospherie currents different or similar?

In earlier presentations (I-50, 61, and §2 at the Spring Meeting, Tokyo), we have
demongtratedthat it is possible to deduce the essential features of the observed ele-
ctric field and current pattern by ueing the observed distribution of the field-aligned
eurrentd ag the boundary condition. In the present paper, we simulate the variability
of the ionospheric fields and currents which is to vary considerably during magneto-
spheric substorme by taking syathetically into account our current knowledge of charact-
eristics of day-night asymmetry and auroral enhancements of the jonospheric conductivity

and changes in the location snd intensity of the fiald-aligned currents. It is nﬂEHMEﬂ{
:ﬂzztgggﬁralagarnmnters are changed to the realistic degree over those for the 'typleal

The poasible effects of th ity of the
field and current di €88 parameters in producing the observed complexity

atribution are atudied with the following maip results: (1) By
changing the ratio between the intensities of the Iield—aliggad eurronts in the poleward
half and 1is the equatorward half of the surorsal belt, it is posaible to reproduce a. the
revarsal of the electric field direction near the midnight suroral belt, b. an intense
nnrthrasddalactric field in the evening sector, ¢. the intense eastward auroral eleetro=
gﬁ:ita:t a. the appearance of the eastward current in the morning auroral belt. (2)

n{hpair of the field-aligned current gystem relative to the other system can

be ﬂhﬂﬂg to be the main cause of complicated longitudinal extent of the eastward and
w:stwnr electrajets and o6f the spatial structure of the Harang discontinuity. (3) The
e EEGE of the variable Hall-to-Pedersen ¢onductivity ratio seems mincr in that it does
ﬂﬁt < 3HEEiﬂrﬂﬂtiﬂ111r the electriec field pattern in high latitudes, but it only conirols
the intensity of the electrojets, (4) The eastward electrolet in the evening sector is
produced even when the fonospheric conductivity is very low, impiying that the electric
:ag;g is responsible for the production of the enastward electrojet in evening high lati-

ELF.'f:THln: r:.n'rﬂn'rr.m... IONOSPHERIC CURRENT VECTORS

dagd t A'E

Figure 1. Distribution of electric pokential and ionospheric gurromt vestors for the

case 1n vhich the poleward-half aad equatorward-half field-gligned ecurrent
intensities are assumed to be equat.
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i8P-138P S8IMULTANEOUS OBSERVATIONS OF THE AURORAL ELECTROJET AND ENERGETIC
PARTICLE PLUXES IN THE MORNING SECTOR - A PRELIMINARY REPORT

G. Roatoker and ¥, Kapide
Departmant of Physiecs, Univeraity of Alberta
Edmooton, Alberta, Canada T6&6C 231

agnd

JaD. Wionlaoghanm
Canter for fpace Scisncas, University of Texas at Dallas
Bichardaon, Taxas 75080 U.S.4.

While 1t 18 wall known chat the guroral elactrojets exist by virtue of the
prasence of & high conductivity changel éreated by the precipitation of enargetis
particles, the distribution of theae particles across the width of the aleccrojats
is poerly known. 1In racent yedrs, the study of meridian line magnatometaer dats in
eonjunction with polar orbiting satellite data has afforded asn opportunity to atudy
the strtcture of tha pracipitating particle fluxes in the framework of the elgctrojet
In this paper, magneric fileld data from the Alberts meridian line of magnoctomatevs
Are uytilized to define tha boundaries and latitudinal strueture of the asuroral
electrojet in the moraing sector along the subtrack of the Isis 2 polar orbiting
satellite. Wa correlate the enargeatic alactron 4and proton fluxes pedsurad over the
amargy range J<E<13,000 eV by the soft particle apactrometer (SPS) aboard Ieis 2
victh the electrajet structure {n the marning hours, and find that the latitudinal

distriburfon af the electron fluxes 18, fo genaeral characterized by the following
four elemantg:

A:' A reglan of trapped encergetic elactrona below the equatorward boundary of the

Westward gureral alectrojar,
A region of precipitating energotic alectroos io the equatorward portion of
thea wastward electrofat. This partiecle population consisntyg of A hot Maxwellian

B

superpoded on A apecttus which hze a power law disteibution.
= A reglon featuxring energetic elactrons which have & povar law disctribution
in the polaward portfon of the westward electroiat.
A raglon of low enargy alectrons faaturing localized regions of intenae
fluxes, and having the charscter of the boundary plasms sheet in the evening
sector but lying polaward &f the westward alectrofjet in the meroing sector,
The devalopment of these reglond of alsctrana 4{a discussad in tha contexe of the
acceleration of boundary plasma sheat materisl a& it drifts from tha dawn and dusk

reglons towards the cencer of the magnetotail under the influence of the aast-west
component of the magnatospheric alectris fiald,
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IgA—I52 Meteor radar cbservations at Kyoto University {XII)

AB0,; Tay Ta Tsuda, Y. Takasgshisa, R, Ito and 5. Kato
Ionasphere Rescarch Laboratory, Kyoto Univerxsity, Ui &11

Mateor ::adu- obsarvations at Hyﬂtn University have baen céntinugd at Shigarakdi,
ghiga (34" EI*H, 1315“1&'3] since Docember, 1977, Fox the supar period covering the
URSY/ TAGA Copperative Tidal Chaervation Progaranm canpai?n periods {Juna 1-4 g July 27
~Auguat 9}, almost continuous run has been caxriad out,.

Metaor echoes of mora than 10° por day are analyzed to infor wind fields, Stoady
and tidal components, of the lower thermosphere by the least«square fitting method
proposed by Groves (1959), An illustration of tha NS winds for two pariods in June
are shown in Fig. 1. June 21 « 23 and 26 « 28 show predominant semidinrnal winds at
all heights, which is the case for most of the meteor wind cbservations, The Phaﬂq;
northward mascimum arcund 0400 LT, shows a slight incraase with haight, indinatj,ng Up-~

ward propagation of wave energy, and a vertical wavelength greater than 200 km, cona
slgtent with the presence of a fundamental (2,2) mode. on June 7-10, thé diurnal -

wind dominates, This might have a link ta disturbed conditions on a global scala,

The monthly averages of the phaie of GOt I o el AL

divrnal and semidiurnal ecompotients ara AAE Y, D% =000

shoewn in Fig. 2 In this the ohserved ' [ T WO
- & w

bf ‘\_"

phasga are plotted on an idealized -

pattern tzken from observations at 50-

53°N by Muller (1966}, The agreement

i£ rather geod in Dacdember, March and

J'Hl_?', but diffars congiderably 4in April E M‘ .
and Mayv, The diurnal component shows E 50 il , SIS

large scatter, whioh is in contrast to et u:nutu‘mi —
the rasult of Muller who shows the NS LOCAL THEE he

and BW components both maximizing at
around 1400 LT, Farther results and

discuasions will be given at the ase /
’ﬂbl?q : . ¥
1IF t
\
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A semidiurnal tide in the sesidional wind at ¥ reglen haighta

at i1ow latitudex

Ionosphere Regesrch Laboratory, Kyoto Cnivorsity

Arecibo datn for sguinox conditions at solar cycle mfnimum sro presanted which

show the existence of an.isporiact scefdiuwrnal meridional wind oscillation at ¥ réglon

hoighta at low latitudas, The inferred structure eof the sesidivraal tids Is in

reasoniable agrecagnt with theoratical pradictions based on in aitu EUV and lod deag

foreing amd tidal energy propagating upward fros tha lower atmosphere, Tho pogt-

midnight descent of tha F layer that is observad at low latitudes 18 shown €68 ba
the remilt of the sepidiurpal winds. Tha beight varying sesfdfurnal winda cpusc

gradignts in the vertical ion velocity which rasch zrm-l' m“i. Thus the

semidiurnal winds not only have fnportant effacts on the F layer height, but
also oni tha layet shape and pesk density,
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20A-16H REMARKS OX THE PROFERTY OF FROZEN-IN MAGNETIC PHENOMENA

5. Shivuya

Departmant of Physics, Faculty of Science; Yamagata Univerasity

The conventional definitions of frozen-in phenomena are reviewed
and the many-sided problems of the dafinitions are discuased from a new
viewpoint which is different from s dualistic standpoint,

The satate of frozen«in magnetic field which plays a fundamental role for
cosmic physics is distinguished from a magneto-hydrodynamic state and

holds good aven in the low-density collisionless plasma when some condi-

tiona are sntisfied,

The concept of frozen-in lines of force is usually established in
MHD bDacausme there we ¢an always ohscrve the MHD waves which contain the
frozen-in condition, Lately, however, thae use of the soncepts frozens~
in magnetic field lines and field=line reconection has been eriticized
espeedally in a low-density collisionless plasma {e.g., Alfvén-Filthammar,
1971; Heikkila,1973; Alfvén,1975,1976) from a particle pesitisn.

Since frozen-in magnetic phenomena have various aspects, there have
beent many definitions and axact definitiona have not yet sattled.
So firat of all we classify their dofinitions into three groups from
different angles, Thenn the nonlinear term UxB {involving the prod=-
uct of two wvariables) 1s investigated.

Dualistic discription which define the magnetic plasms by a particle cone
cept or a fileld concepti before we give a vossel connot extract the proper-
ty of frozomn-in megnetiic phonomena, because & physical discription of the
aystem 1a defined enly after the caracteristic length ia given.

As frozen~in magnetic field 48 not & mixturs of charged particles and a
magnetic field, but makes a phaso. Therofore pure sdditional linea-

rized thoory 4is inadequate to speécify the frazen=in phenomena,

An is snalogized frem CGL theory, frozen-in state is uscful in & col-
ligionleas plasma when tho scale length fTor the spacisl change is very
iarge compared with all characteristic lcngths (such as the gyration radii
and the Debye lengths) and vhen the time scale for €le temporal change 14
very large coampared with the characteristic times (sueh ns ihe gpyration
perigds and the inverae plasma froguency). Therefore it is necessary

to distinguish between MHD state and frozen-in magnetic state.
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I?P-II‘E 0 Atomic oxygen coucentration in the cesosphere inferred from
poaitive ion compasicion daea
K. 5. ZALPORI and T. OGAWA
: Geophysics Research Laboratory, Universicy of Tokyo, Bunkyo=ku, Tokwo 113, Japan
An sttempt has baan sade ta dérive the atomlc ocxygen density from the positive ion
composition data by constdaring the continuity agquation for ﬂ; ions. The importance of
various chemical resctions contributing to the production and lass of u; apd their possible
valuss of resction rates to be chosea within the range suggested from laboratory measuore-
ments by various workers are discussed. For atomic oxygen density, 1t has been found that
above 82 ka tha derived valueg are in good agreement with those directly observed, while

below this altituda ocur voluess show an ,:‘_rmran;ing trend with volus ac 7% km pa Uigh as by a
factor of 5.
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Measurement of the Ion Component of the Incoherant Scatter Spectrum
ovar the 65-95 km Region at Arecibos (II)

% a4 F(Er®), R M. Harper (BKEL )

The 430-MHz radar at Arecibo has been usad to measure tha ion component of the
incoherent scatter spectrum over tha 65-95 km region. This paper presents the pre-

%é?%nary analysis of the observed spectra for the fall equinox and a winter period in

The mesospharic measureéments, using tha 430-MHz radar at Arvecibo, were taken

with a 13-baud Rarker coded pulse with a baud length of 4 usec, corresponding to a
helght resolution of 600 m.

Since the theoretical corisideration has showtmn that the ion component of the
incoherent scatter spectrum in the mesosphere has an approximate Lorentz shape, the
observed spactra were fitted with Lorentz~ghape functiona in non-linear least gquare

sensa. Thus we can estimate the Doppler shift of the return spectrum, the spectral
width, and the relative power under the spectrum.

From the estimated Doppler shift of the spactrum, the horizontal components of
the wind system wers calculated. The results show a predominately diurnal component
(the 8; 31 mode) above 80 km, and a strong pravailing E-W wind with an amplitude of
~80 m/mec near 70 ¥m altitude. (Pig. 1}.

The observed spectral width and relative power of the lon componant were com=
Pared with the predictiona from incoherant scatter theory of the mesodphere. Th:d €5
camparison shows good agreement except balow 7% km; where the obsgerved widths te
broaden probably due to amparing of the ghort period wind variability and Eﬂlﬂﬂt]:!iﬂg
in the data processing.

Using the estimated width
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19A-1147 Natural Remanent Magnetization of Fusion Crust of Stony Meteorites

(4 Mz BB 8 X BB E)

Takesi NAGATA

National Institute of Polar Research

Natural remanent magnetization (NRM) of 3 Yamato achondrites and 2 Yamato ordinary chondrites is
examined as a function of depth from thelr surface through the fusicn crust into the apparent undisturbed
interior.

In 3 achondrites, the dark coloured fusisn arust is mush more Stroagly magnetized in comparison with
the uniform NEM of the Intarior. Fig. 1 shews an oxample of .
variatioos in the intensity and divestion of rasidual NRM: aftor . YAMATO ~ 7480
qaraping off the fusion erust down to & in depth from the sur<
facé. {14

From experimontal results of this kind, distributisns of the
intensity and directian of the fusion crust NRM as well as those

of the intertor NRM ocan be estimated. The intensity of fusion _/
crust NRM thus derived generally docraasas inwsrd from the
PRLLL R T

surface down to 0.3 ~0,8 mm in depth, The interioy NRM is,
i the contrast, uniform with respect to both intensity and direa-
tlon. Experimental results show that the direction of NRM ine

the fusion crust iz approximately uniform but it is generally
different by angle & from the direction of uniform interisy

nRM. [In the following table, the surface intenaity of fusion
erust NEM, the intengity of interior NRM agd & between the

o S
two NRM direciions are summarized, 0 g e
Fig. 1
Sampls Fusion Crast NRM Interior NRM &
Yamato={ 1} { Howardite ) 1.6 = 1074 emu/gm 6.1 % 10~8 emu/gm 130
Yamato-74450 ( Buerits ) 1.5 x 10, 1.2z 107 . 45
Yamato-75032 ( Disgenite } | 4.3 z 107* 4.9z 1006, | ~0

The intense fusion arust NRM can be interpreted as the thermoramansat magaetization in the geomagne-

tic field on and after the entry into the earth's atmosphere. Then, approximate uniformity of the fusion

erust NRM may suggest that no gerious rotation of meteorites toak place during their cooliag process in the
earth!s atmosphera,

The fuslon erust NRM of two ordinary choadrites cag not be clearly distingulstied from thelr interior
NRM, probably bacause the latter s competitively strong as the former,
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