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Equatorial VLF emissions observed by Ariel satellites

M.Hayakawa, M.Hasegawa
( Research Institute of Atmospherics,Nagoya University)

K. Bullough
( Dept. of Physics, University cZ Sheffield,UK)

A.R.L.Tatnall
( Dept. of Physics, University of York, UK )

Summary

The equatorial VLF emnissicns as observed by the Ariel 3
and 4 satellites have been found to be well explained by assuning
thunderstorm generation. They are localised in longitude to the
centres of thunderstom occurrence and they show a similar seasanal
dependence to that of thunderstomms. The character of the emissicns
is impulsive and the cbserved mean/minimm and peak/mean ratios
are consequently high. Many of the dxaractéristim of the emissicns
can be atﬁributed to D regicn absorpticn and propagaticn in the
ionosphere and lower magnetosphere. Horizental latitudinal gradients
associated with the equatorial ancmaly appear to enhance the
probability of observing emissions,in which the anamaly acts as a
cne sided duct to guide waves in the whispering gallery type of
mode. The spectrum of the emissicns is campatible with a sub-iono—
spheric source and D regicn absorpticn if the source has a spectnum
similar to that of a lightning discharge. In addition,the impulse
data counter on Ariel 4 has demonstrated the important contributicn
of spherics to equatorial emissions. Ray tracing using realistic
electron density profiles has confirmmed the importance of the
latitudinal gradients and the equatorial anamaly. There appear to
be amplification or storage of a small percentage of the emissians
and the latter has been shown to be feasible by ray tracing in a
suitable model.

Energy calculations have shown that it is unlikely that
thunderstorm emissions are the only source of the lckeV electran
flux,although particle measurements are tco limited to prove con—

clusively one way or the other.
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A review is given of both experimental and theoretical aspects of coherent nonlinear effects in the
whistler-mode interactions in the magnetosphere. Among various nonlinear wave-wave and wave-particle
interactions in the magnetosphere, the whistler-mode interaction appears to be one of the most exciting
phenomena which have been observed in space plasmas but not in laboratory plasmas. The present review
may be far from complete since much of the research, both theoretical and experimental, is still in
progress. Given the limitations of time and space, the present article will attempt to cover the
following subjects:

(1) A brief history of the study of VLF triggered emissions in the magnetosphere.

(2) Recent results of the artificial VLF wave injection experiments with stress on the observed
emission characteristics which need to be explained by theoretical work including effects of
power-line harmonic radiation on the observed triggered emissions.

(3) Nonlinear behavior of resonant particles in a monochromatic or quasi-monochromaticwhistler wave
-------- basic concepts of the nonlinear interaction in the whistler mode.

(4) Theory of nonlinear interaction of quasi-monochromatic whistler wave in homogeneous and
inhomogeneous plasmas.

(5) Computer simulations relevant to the nonlinear whislter-mode interactions.

(6) Some suggestions for future work.
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Like in any other branch of physics, energetics represents one of the fundamental
aspects of the magnetospheric physics. People have long been concerned with energetics
of the earth's magnetosphere along with their efforts to understand its dynamics. In
the earth's case solar wind is the uncontested source of energy and the transfer 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 magnetospheric
energetics has grown further as in-situ observations of planetary magnetospheres other
than the earth's have become reality. It has been recognized that in Jupiter's case
planetary rotation might possibly compare with solar wind as the energy source and re-
lative importance of these two sources has been contemplated (e.g., Kennel and Coroniti,
1975). Discovery that large quantity of energetic electrons is ejected from the Jovian
magnetosphere has added interest in the driving agent of this huge magnetosphere.

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

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

table.
i
L, Supply Process For Earth's magnetosphere For Jupiter's magnetosphere
! Poynting Flux ‘ (= Wpp * wER)
Reconnection 4 x 10} W 4 x 1013 ¢
Erosion < 9 x 100y
SW into Plasma Sheet +0 (1019 W)
SW into Polar Cusp < 3x10° W
Centrifugal Acceleration 107 W < 1012 W (101% W ?)
Io's Dynamo ——— . 10:2
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]8A—130P SIMULATION STUDIES OF IONOSPHERIC ELECTRIC FIELDS AND CURRENTS IN
RELATION TO FIELD-ALIGNED CURRENTS: 4. VARIABILITY OF SUBSTORMS

Y. KAMIDE
Kyoto Sangyo University, Kita-ku, Kyoto 603
and

S. MATSUSHITA
High Altitude Observatory of NCAR, Boulder, Colorado 80307, U.S.A.

We continue to examine in a quantitative detail the link of field-aligned currents
with electric fields and currents in the ionosphere. As described in our talks at the
Spring Meeting, our goal of this series of numerical simulations is to understand @ow
the basic assumptions lead to the main observed features of the ionospheric elgctrlc
fields and currents, the field-aligned currents, and ground magnetic perturbations, and
how it is possible to isolate certain aspects of the entire system under study so as to

" reproduce particular phenomena during both quiet and substorm periods. We concgntrate
the discussion on the following three main questions: 1. How are the field-aligned
currents connected to the ionospheric currents, in particular, to the auroral electro-
Jjets? 2. To what extent can the distribution of the field-aligned currents reproduce
the electric field pattern observed by recent new techniques? 3. How the ionospheric
currents and the equivalent ionospheric currents different or similar?

In earlier presentations (I-50, 51, and 52 at the Spring Meeting, Tokyo), we have
demonstratedthat it is possible to deduce the essential features of the observed e}e-
ctric field and current pattern by using the observed distribution of the fielq-allgned
currents as 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 substorms by taking synthetically into account our current knowledge of charact-
eristics of day-night asymmetry and auroral enhancements of the ionospheric conductivity
and changes in the location and intensity of the field-aligned currents. It is assumed

that several parameters are changed to the realistic degree over those for the 'typical'
substorm model. :

_The possible effects of these parameters in producing the observed complexity of the
field and current distribution are studied with the following main results: (1) By
changing the ratio between the intensities of the field-aligned currents in the poleward
half and in the equatorward half of the auroral belt, it is possible to reproduce a. the
reversal of the electric field direction near the midnight auroral belt, b. an intense
northward electric field in the evening sector, c. the intense eastward auroral electro-
Jet, and d. the appearance of the eastward current in the morning auroral belt. (2)
Shift of one pair of the field-aligned current system relative to the other system can
be shown to be the main cause of complicated longitudinal extent of the eastward and
westward electrojets and 6f the spatial structure of the Harang discontinuity. (3) The
effect of the variable Hall-to-Pedersen conductivity ratio seems minor in that it does
Aot change drastically the electric field pattern in high latitudes, but it only controls
the intensity of the electrojets. (4) The eastward electrojet in the evening sector is
produced even when the ionospheric conductivity is very low, implying that the electric
iigég s responsible for the production of the eastward electrojet in evening high lati-

ELECTR’?{:."TENT'AL IONOSPHERIC CURRENT VECTORS

Figure 1. Distribution of electric
case in which the polewar
intensities are assumed t

potential and ionospheric current vectors for the

d-half and equatorward-half field-aligned current
o be equal.
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is poorly known.

SIMULTANEOUS OBSERVATIONS OF THE AURORAL ELECTROJET AND ENERGETIC
PARTICLE FLUXES IN THE MORNING SECTOR - A PRELIMINARY REPORT

G. Rostoker and Y. Kamide
Department of Physics, University of Alberta
Edmonton, Alberta, Canada T6G 2J1

and

J.D. Winningham
Center for Space Sciences, University of Texas at Dallas
Richardson, Texas 75080 U.S.A.

While it is well known that the auroral electrojets exist by virtue of the
presence of a high conductivity channel created by the precipitation of energetic
particles, the distribution of these particles across the width of the electrojets

In recent years, the study of meridian line magnetometer data in

conjunction with polar orbiting satellite data has afforded an opportunity to study
the structure of the precipitating particle fluxes in the framework of the electrojet.
In this paper, magnetic field data from the Alberta meridian line of magnetometers

are utilized to define the boundaries and latitudinal structure of the auroral

electrojet in the morning sector along the subtrack of the Isis 2 polar orbiting

satellite.

We correlate the energetic electron and proton fluxes measured over the

energy range 5<E<13,000 eV by the soft particle spectrometer (SPS) aboard Isis 2
with the electrojet structure in the morning hours, and find that the latitudinal

distribution of the electron fluxes is, in general characterized by the following
four elements:

A:

A region of trapped energetic electrons below the equatorward boundary of the

westward auroral electrojet,

A region of precipitating energetic electrons in the equatorward portion of

the westward electrojet. This particle population consists of a hot Maxwellian

superposed on a spectrum which has a power law distribution.

A region featuring energetic electrons which have a power law distribution

in the poleward portion of the westward electrojet.

A rtegion of low energy electrons featuring localized regions of intense

fluxes, and having the character of the boundary plasma sheet in the evening

sector but

The development

acceleration of

regions towards

lying poleward of the westward electrojet in the morning sector.
of these regions of electrons is discussed in the context of the
boundary plasma sheet material as it drifts from the dawn and dusk

the center of the magnetotail under the influence of the east-west

component of the magnetospheric electric field.
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irregular data both in the electron and ion mode.
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19A-152 Meteor radar observations at Kyoto University (III)

Aso, T., T. Tsuda, Y. Takashima, R, Ito and S. Kato
Ionosphere Research Laboratory, Kyoto University, Uji 611

Meteor ra?ar observations at Kyoto-University have been coéntinued at Shigaraki,
Shiga (34°51'N, 136°6'E) since December, 1977. For the summer period covering the
URSI/IAGA Copperative Tidal Observation Proaram campaign periods (June 1-4 g July 27
-August 9), almost continuous run has been carried out, . -

Meteor echoes of more than 103 per day are analyzed to infer wind fields, steady
and tidal components, of the lower thermosphere by the least-square fitting method
proposed by Groves (1959). An illustration of the NS winds for two periods in June
are shown in Fig. 1. June 21 - 23 and 26 - 28 show predominant semidiurnal winds at
all heights, which is the case for most of the meteor wind observations, The phaSe;
northward maximum around 0600 LT, shows a slight increase with height, indicating up-

ward propagation of wave energy, and a vertical wavelength greater than 200 km, con-
sistent with the presence of a fundamental (2,2) mode. On June 7-10, thé diurnal e
wind. dominates., This might have a link to disturbed conditions on a global Scale.

5 f
The monthly averages of the phase o - o o

diurnal and semidiurnal components are ABE 7,250 - ©.100 JUNE 2123, 28-20
3~k
shown in Fig. 2, In this the observed ' [ \\\‘—’ — - o]
3 2 53-08 km ©s-
phases are plotted on an idealized — .

v
f csdzles
Z i

pattern taken from observations at 50=- > ; . . %

53°N by Muller (1966), The agreement R

is rather good in December, March and

July, but differs considerably in April

0308 €3-08km
and May. The diurnal component shows i sy S é;)/f_§\h_——q—:2§h
large scatter, which is in contrast to gt e 2

O ocalme on® u 0 0 Y %
the result of Muller who shows the NS LOCAL TR (he)
and EW components both maximizing at Fig. 1
around 1400 LT, Further results and NS oS A Saata
00 N: November
. 3 . s TR = O SP: Spring (March Ape. May)
discussions will be given at the ase APR A . SU: Summer Gene Tl Aug
sembly. MAY:
o9 03
MAR N "QWJUL
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A semidiurnal tide in the meridional wind at F region heights
at low latitudes

R, M, Harper

Ionosphere Research Laboratory, Kyoto University

Arecibo data for equinox conditions at solar cycle minimum are presented which
show the existence of an.important semidiurnal meridional wind oscillation at F region
heights at low latitudes,

The inferred structure of the semidiurnal tide is in

recasonable agreement with theoretical predictions based on in situ EUV and ion drag

forcing and tidal energy propagating upward from the lower atmosphere,
midnight descent of the F layer that is observed at low latitudes is shown to be

the result of the semidiurnal winds. The height varying semidiurnal winds cause

4 -1

gradients in the vertical ion velocity which reach 2x10 = sec ~» Thus the
semidiurnal winds not only have important effects on the F layer height, but

also on the layer shape and peak density,
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20A_I65 REMARKS ON THE PROPERTY OF FROZEN-IN MAGNETIC PHENOMENA

S. Shibuya

Department of Physics, Faculty of Science, Yamagata University

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

The state of frozen-in magnetic field which plays a fundamental role for
cosmic physics is distinguished from a magneto-hydrodynamic state and
holds good even in the low-density collisionless plasma when some condi-
tions are satisfied.

The concept of frozen-in lines of force is usually established in
MHD because there we can always observe the MHD waves which contain the
frozen-in condition. Lately, however, the use of the concepts frozen-
in magnetic field lines and field-line reconection has been criticized
especially in a low-density collisionless plasma (e.g., Alfvén-Falthammar,
1971; Heikkila,1973; Alfvén.1975,1976) from a particle position.

Since frozen-in magnetic phenomena have various aspects, there have
been many definitions and exact definitions have not yet settled.

So first of all we classify their definitions into three groups from
different angles. Then the nonlinear term uxB (involving the prod-
uct of two variables) is investigated.

Dualistic discription which define the magnetic plasma by a particle con=-
cept or a field concept before we give a vessel cannot extract the proper-
ty of frozen-in magnetic phenomena, because a physical discription of the
system is defined only after the caracteristic length is given.

As frozen-in magnetic field is not a mixture of charged particles and a
magnetic field, but makes a phase. Therefore pure additional linea-
rized theory is inadequate to specify the frozen-in phenomena.

As is analogized from CGL theory, frozen-in state is useful in a col-
lisionless plasma when the scale length for the spacial change is very
large compared with all characteristic lengths (such as the gyration radii
and the Debye lengths) and when the time scale for the temporal change is
very ]qrge compared with the characteristic times (such as the gyration
periods and the inverse plasma frequency). Therefore it is necessary

to distinguish between MHD state and frozen-in magnetic state.
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Atomic oxygen concentration in the mesosphere inferred from
positive ion composition data
K. S. ZALPURI and T. OGAWA

Geophysics Research Laboratory, University of Tokyo, Bunkyo-ku, Tokyo 113, Japan

An attempt has been made to derive the atomic oxygen density from the positive ion
composition data by considering the continuity equation for 0; ions. The importance of

various chemical reactions contributing to the production and loss of 0; and their possible

values of reaction rates to be chosen within the range suggested from laboratory measure-

ments by various workers are discussed. For atomic oxygen density, it has been found that

above 82 km the derived values are in good agreement with those directly observed, while

below this altitude our values show an 1ncrea§ing trend with value at 75 km as high as by a

factor of 5.
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Iai\_II31 Measurement of the Ion Component of the Incoherent Scatter Spectrum

over the 65-95 km Region at Arecibo (II)

B A f (% £32), R. M. Harper (EXI )

; The 430-MHz radar at Arecibo has been used to measure the ion component of the
incoherent scatter spectrum over the 65-95 km region. This paper presents the pre-.
i;?;nary analysis of the observed spectra for the fall equinox and a winter period in

. The mesospheric measurements, using the 430-MHz radar at Arecibo, were taken
Wth a 13-baud Barker coded pulse with a baud length of 4 psec, corresponding to a
height resolution of 600 m.

: Since the theoretical consideration has shown that the ion component of the
incoherent scatter spectrum in the mesosphere has an approximate Lorentz shape, the
observed spectra were fitted with Lorentz-shape functions in non-linear least square
Sense. 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 spectrum, the horizontal components of
the wind system were calculated. The results show a predominately diurnal‘component
(the S; ; mode) above 80 km, and a strong prevailing E-W wind with an amplitude of
~v80 m/sec near 70 km altitude. (Fig. 1).

The observed spectral width and relative power of the ion component were com-
pared With the predictions from incoherent scatter theory of the mesosphere. The
comparison shows good agreement except below 75 km, where the observed widths tepd to
broaden Probably due to smearing of the short period wind variability and smoothing
in the data processing. |

Using the estimated width

and pOWEI.' of the spectrum, an Eastward Wind
ﬁtFempt is made to derive the Arecibo (18°N,67°W) 8 Dec. 1977
eight and time variations of 95—z

the quasi-electron density and
other paremeters (negative ion
density, mean mass of the ions,
etc.) in the p region.
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i 74136 Yo 74450 Ym 750%2 Y 74097 Unit
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I, [3.7x107 [5.0x10™% |55 x 1077 |8.05 x 107° | enw/gm.
En |55 15 93 13 8
Epe (320 = 320 210 Oe
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I 9A‘II47 Natural Remanent Magnetization of Fusion Crust of Stony Meteorites

(ECIB 2 IS8R0 8535884 )
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 their surface through the fusion crust into the apparent undisturbed
interior.

In 3 achondrites, the dark coloured fusion crust is much more strongly magnetized in comparison with
the uniform NRM of the interior. Fig. 1 shows an example of

v o . . g YAMATO - 74450

variations in the intensity and direction of residual NRM after .
scraping off the fusion crust down to 4. in depth from the sur-
face. ; £ 01199M

From experimental results of this kind, distributions of the m
intensity and direction of the fusion crust NRM as well as those

of the interior NRM can be estimated. The intensity of fusion
crust NRM thus derived generally decreases inward from the

8 (%10 Semulsample
surface down to 0.3 ~0.8 mm in depth. The interior NRM is,

in the contrast, uniform with respect to both intensity and direc-

tion. Experimental results show that the direction of NRM in

the fusion crust is approximately uniform but it is generally

different by angle g from the direction of uniform interior

NRM INTENSITY
»

NRM. In the following table, the surface intensity of fusion
crust NRM, the intensity of interior NRM and & between the

two NRM directions are summarized.

Sample Fusion Crust NRM Interior NRM @

Yamato-( 1) ( Howardite ) 1.6 x 1074 emu/gm 6.1
Yamato-74450 ( Eucrite ) 1.5 x 1074 4 1.2 x 1076 . 45

Yamato-75032 ( Diogenite ) 4ia = erk W 4.9 x 10°6 2 L

102 s/ 130°

The intense fusion crust NRM can be interpreted as the thermoremanent magnetization in the geomagne-

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

crust NRM may suggest that no serious rotation of meteorites took place during their cooling process in the
earth's atmosphere.
The fusion crust NRM of two ordinary chondrites can not be clearly distinguished from their interior
NRM, probably because the latter is competitively strong as the former.
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