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Computer Simulation on Nonlinear Interaction between Monochromatic
Whistler Mode Wave and Particles

Method and Simulation Results
by

* * %
Hiroshi Matsumoto and Yutaka Yasuda
* Ionosphere Research Laboratory, Kyoto University
** Dept. Electrical Engineering, Kyoto University, ( now KDD Co.)

1. SUMMARY

This paper deals with our recent computational study on whistler mode (WM)

nonlinear wave-particle interactionsl'2’3'4. Extensive simulations were carried

out on nonlinear self-consistent interaction between a large amplitude monochromatic
WM wave and resonant hot electrons.

A method of computer simulation as well as a model is presented first.
Some simulation results on large amplitude oscillation of monochromatic WM wave
will then be given. The present simulation corresponds to a case treated
theoretically by Palmadesso and Schmidts.

2. MODEL, METHOD AND PARAMETERS

The present simulation deals with WM waves propagating parallel to an external
magnetic field in a homogeneous electron plasma. The plasma is assumed to be
composed of two components, i.e., cold background and hot resonant beamy electrons,
the distribution function of which is given by

c & me m(q‘— VB)2
Ry r V) =y vy exP{‘ R ZeT,, j

(1)
A method of computation adopted in the present simulation is the Morse & Nielson

PIC difference method which solves directly Maxwell's equations and equations of
motion of all particles.

3. RESULTS

Results will be given in a talk with regard to time evolution of (1) wave
amplitude, (2) wave instantaneous frequency, (3) wave number spectra, (4) velocity
distribution function of hot electrons, (5) phase trapping and phase bunching,
and (6) energy exchange in the system, etc..
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2. Y. Yasuda, H. Matsumoto and I. Kimura, Symposium at Shirakaba on Electromagnetic
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VLF Triggered Emissions and Nonlinear Whistler Mode Wave-Particle Interaction

Comparison with Computer Simulations

Hiroshi Matsumoto and Yutaka Yasuda
Ionosphere Research Laboratory and Dept. Electrical Eng., Kyoto University

SUMMARY

According to results of our computer simulations, a large amplitude WM mono-
chromatic wave grows up to a higher level than its initial amplitude after initial
damping and subsequent amplitude oscillation, being accompanied by a frequency
variation, when the wave interacts with relatively high pitch angle resonant
electrons with a large temperature anisotropy such that Ty > T,

At the same time, the distribution function of the resonant electrons is also
drastically changed through the interaction. Though these are the results for a
homogeneous plasma, they seem to include some essential nonlinear features of
generation mechanism of VLF triggered emissions in the magnetosphere.

From a viewpoint of the triggered emissions by a monochtomatic artificial WM
wave, our simulation results may be regarded in the following two ways.

One view point is to consider that the triggered emission is nothing but an
evolved state of the original triggering monochromatic wave itself. As seen in
the simulation results, the wave amplitude first decreases for while and thereafter
begins to grow up to a considerable level. At the same time, the frequency of the
wave also varies through the interaction with particles. Such characteristics
coincide with those of the triggered emissions observed in the magnetosphere.

Thus we can consider that the triggering wave is changed in both amplitude and
frequency through nonlinear and self-consistent interaction with resonant electrons
and resultant modified wave field itself may be observed as "triggered emissions"
on the ground. As one of the facts that support such an idea is the experimental
reuslt by Likhter et. al. [JETP Lett., 14, 465, 1971]. According to their report,
the wave amplitude begins to oscillate in amplitude with a certain time lag from
the wave front. At corresponding instances, the frequency begins to fluctuate.

The other view point is to consider the wave-particle interaction process

in our computer simulations as a particle modulator which produces phase organized
resonant electrons with fairy distorted velocity distribution function. The
modulated distribution function becomes favatable to a new WM instability which
generates "triggered emissions" in other place(s) along the propagation path along

B . Such an idea was once adopted before by Sudan and Ott [ J. Geophys. Res., 76,

4463, 1971). However, they postulated an oversimplified distribution function
for the modulated particles in both phase and velocity spaces. As seen in the

simulation results, the distribution function has rather complicated shape after
the interaction.

Therefore, a more rigorous treatment should be made upon this
problem.

It is, however, necessary to improve our simulation code in order that it can
handle an inhomogeneous plasma, if much more discussion on the generation mechanism

of triggered emissions is desired [e.g., Helliwell and Crystal, J. Geophys. Res.,
78, 7357, 1973].



Nonlinear Interaction between Low Pitch Electron Beam and Monochromatic

Whistler Wave in the Magnetosphere

In Relation to Satellite Active Experiments

by

Hiroshi Matsumoto: Ionosphere Research Laboratory, Kyoto University
Yutaka Yasuda: Dept. Electrical Engineering, Kyoto University
( now KDD Co.)

INTRODUCTION

A computer simulation is made on a case in which a low-pitch electron beam
interacts nonlinearly with a large amplitude whistler mode wave.

The simulation results may predict a behavior of artificially ejected electron
beam from a satellite for active wave-particle interaction experiments as those
planned in GEOS satellite, when they encounter a large amplitude WM wave in the
magnetosphere.

[1.H. Matsumoto, K. Hashimoto and I. Kimura, J. Geomag. Geoelectr.,
SIMULATION RESULTS 26, 365, 1974.]

b
In a case of low-pitch resonant electrons, a transverse phase bunching~ takes
place even though these resonant electrons do not suffer from phase trapping.

Figure 1 shows an evolution of velocity distribution function in v, , v, and &

(phase relative to wave magnetic field vector) space. Corresponding changes

of the wave amplitude and frequency are depicted in Fig.2. Figure 3 shows phase
traces of typical twelve resonant electrons in this case. A transverse phase
bunching is clearly observed around t = 3 TH’

A

; wave instantaneous frequency

YAl




Computer Simulation on Electromagnetic Plasma Waves in a Relativistic Plasma

(1)

Hiroshi Matsumoto and Naoto Kakimoto

Ionosphere Research Laboratory, Kyoto University

In certain astrophysical circumstances, wave-particle interactions in a
ultra-relativistic plasma such as in the Crab Nebula becomes important.

Investigations on plasma waves in relativistic plasmas can hardly be performed
by laboratory experiments nor by theoretical studies. It is, however, possible

to make a kind of experiment even for such an extreme case if we use a computer

plasma. Simulation code for relativistic plasmas have been developed for this
purposel’.2

We will present a method of the computer simulation as well as some results
of test runnings of the present simulation code. The test runnings were made for
two cases; one is to treat plasma waves in a cold streaming plasma with relativistic

streaming velocity, while the other in a plasma with relativistically high tempera-
ture.

Figure 1 is a dispersion curve for the former case in which a dispersion
relation obtained by the present simulation code is indicated by an open circle.
Figure 2 shows a process of relaxation of temperature anisotropy by a whislter
instability. Plasma temperatures for this case are so selected as

8 8

Ty = 2 x 10° °K, T, =6 x 10 °K

REFERENCES
1. H. Matsumoto, Whistler Mode Waves in a super High Temperature Plasma, Annual
Rev. Inst. Plasma Phys. Nagoya Univ. (1973-1974), 111, 1974.

2 N. Kakimoto, Computer Simulation on Relativistic Plasma Waves (in Japanese) ,
Bachelor Thesis, Kyoto University , 1975.
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JUPITER MAGNETOSPHERE TIII

Hiroshi OYA

(Upper Atmosphere and Space Research Laboratory,
Tohoku University, Katahira, Sendai 980)

A macroscopic equation for theplasma balance around the rotating planet
has been investigated. The fundamental equations are:

; TRl Gf.M
ﬁiz'.vx‘?;e.& e(E +V.xB) - ¥p.- —LP (1)
d 3773 IRy J J 2
where j=e for the electron and j=i for the ion;
- -l_ - K -
and VE:e(Ni—Ne)/Eb «++----.(2) and rotB=e(N;V,-N_V.) (3)

where ﬁ ,V:| m], e, ﬁ, ﬁ, Pj' G, Mp and r are particle density, particle speed
partlcle mass, electron charge unit, electric field, pervaded magnetic field,
particle pressure, gravity constant, the planetary total mass and the distance
between the planetary center and the discussing point, respectively. Considering
the rotation of the plasma, the particle velocity can be rewritten as

- 44 4
=Qsr+V_ . (4)
Vy =TV

-' .
where‘fiis the rotational vector and V si is the slipping velocity of the particles.
There are three reglons of the plasma states around the planets.

[Region 1] Vs=0 and VP = (- Qf M /r {35? (5) Ny=N

That is, the core structure of the plasma is formed as a result of the dominated

gravity effect where the pressure gradient makes a balance state between the gravity
force.

[kegion 11] Turbulent Plasma Region, (1/10)rf€l < v, < 10r{2, 1In this region
the plasma is subjected to a turbulent state where the electrlc field and

the magnetic field fluctuations are produced due to the result V —V and Ni=N
[Reglon IIT] Disk Plasma Region v, /rqrl

- A = 4
: = & (Ff./m.) el(V.XxB.) -VP. (6)
AV SV Vg EJ(f’J/ 5) elVyaBg) -Ve,

» - . .
This region is characterized by a strong plasma flow V_;and the magnetic field
is largely distorted by

B 7 7 (7)
= rot B +{ Nivsi—NeVs )

-4
rot B e

d

Existence of these three regions may be important for all types of the SRR
Plasma structure.



PLASMA FLOWS IN THE EARTH'S MAGNETOSPHERE
TAIL REGION II

Hiroshi OYA
( Upper Atmosphere and Space Research
Laboratory, TohokuUniversity, Katahira,
Sendai, 980 )

The distribution of the outer magnetosphere is thought to be corresponding
to the Region II ( see the paper, Jovian Magnetosphere III (this issue)) of the
planetary plasma structure. The case of the earth's magnetosphere is, however.,
largely distorted due to the solar wind effects and due to relative?fslow rate
of the rotation and also relatively weak magnetic field intensity.

The solar wind effect depress the slipping velocity Vs in the day side region
and particles make corotational movements; while the slipping speed is enhanced
in the tail region. The plasma structure is then devided as given in the
Figure; see again the paper, Jovian Magnetosphere III, for the classification of

the region. The plasma flow detected by VLF wave phenomena is interpreted by
this mechanism.

SOLAR WIND
.________’—

REGION I

REGION I

—29—
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Nonlinear Interaction of a Plasma with anElectron Beam (I)

T. Yamamoto

Geophysics Research Lab,, Univ, of Tokyo

The nonlinear behavior of a plasma-beam system immersed in a

magnetic field B, is investigated. The beam electrons are assumed

to have helica],/érajectories coaxial with Bo .We restrict our
consideration to the p instabilities which result in growing
whistler waves aligned in a direction parallel to that of Boe
Scaled equations for the evolution of this instability are
derived under the assumptions that the beam density is small and
the whistler wave is nearly sinusoidal,These equations can be
solved numerically if only one parameter is given,The numerical
solution shows that th9ﬁmplitude of an unstable whistler wave
stops growing and begins to oscillate about ghean value when the
beam electrons are trapped. Also,the nonlinear frequency shift of
the wave igs calculated and it shows an oscillatory variation in

time associated with the amplitude oscillation.



MICROPULSATIONS AND THE PLASMAPAUSE (II)
H. KIKUCHI

Nihon University, College of Science & Technology, Tokyo and
Nagoya University, Institute of Plasma Physics, Nagoya, Japan

ABSTRACT

Based upon observations from a series of 0GO satellites and
ground measurements, the properties and structure of plasmapause-
associated irregularities and the ring current are summarized in
the following terms in relation to geomagnetic pulsations: (1)
spatial structure and maintenance; (2) temporal fluctuations and
instabilities; (3) scale-size and shape; (4) field-aligned extent;

(5) longitudinal extent; (6) magnetic activity; (7) solar cycle;

(8) relative locations between plasmapause-associated irregularities,

the proton ring current and Pc 1 propagation paths; (9) band-limited
periodic structure; (10) occasional appearance of falling tones
(right-hand polarization) superimposed on periodic rising tones (left-
hand polarization); (11) increase in Pc 1 signal frequency in the predawn
sector; (12) decrease in Pc 1 signal frequency in the afternoon—dusk
sector.

It is shown that plasmapause-associated irregularities are well
correlated in space and time with the proton ring current and Pc 1
micropulsations during the post-storm recovery. This indicates that the
importance and role of the plasmapause and associated plasma irregularities
may be twofold, as a possible source mechanism for short-period micro-
pulsations and as a hydromagnetic waveguide.

With these results in mind, presented is an ideal but plausible model
of Pc 1 generation as an active Fabry-Perot resonator, which represents
the possibility of a combined effect of universal and cyclotron instabilities
and which appears to explain the observations of Pc 1 micropulsations

described in (8) to (12).



SHOCKS, SOLITONS AND PLASMAPAUSE

H. Kikuchi, Nikon University, College of Science & Technology, Tokyo and
Nagoya University, Institute of Plasma Physics, Nagoya, Japan.

ABSTRACT

When the convective flow in the magnetosphere is impinging towards the Earth,
electrostatic shocks are thought to be formed, thereby causing the plasmapause,
originally on the nightside near the geomagnetic equator. These discontinuities
are linked to the dayside as well 2s polewards, forming the global plasmasphere

with the aid of the Earth’s corotational flow controlled geomagnetically.

In the present paper, we are primarily interested in formation of the nightside
plasmapause for which an ideal but plausible model is presented, thus making a

mathematical treatment possible.

Starting with the fluid equations in a cold ion plasma, the Boltzmann equation
with a collision term in a hot election plasma and the Poisson equation, the
model is described in terms of the Korteweg-de Vries' and Burgers? equation

2, Y, 2% %
5t t Vox * % - Faxa -

Relative importance of nonlinear, dispersive and dissipative terms defines three
kinds of shock profiles. When the dissipation is large compared with the
dispersion, i.e. for u*> 4ac (c= shock velocity), an ordinary monotonic shock
is formed in a stationary state and corresponds to the prestorm profile of the
plasmapause. With increasing shock velocity, the shock front or the plasmapause
is steepened, practically being displaced towards the Earth during the main
phase of a storm. With increasing dispersion, the transition from a monotonic
to an oscillatory structure of the shock takes place at p? = 4ac, practically
following the effect of steepening of the shock front. For higher dispersion
or lower dissipation, i.e. u? < 4ac, the shock possesses distinet structure behind
the shock or the plasmapause which occurs during the post-storm recovery?*

The so-called plasmapause-associated irregularities or ducts may be a manifes-
tation of this oscillating structure with predominant dispersion. With decreasing
dissipation, the first waves of this structure behind the shock tend to solitons
but with oscillating tail. In this case, the first solitons may form the double
or multiple plasmapause which can be observed occasionally in the recovery

phase of a storm?'*

Along this line, the theory is elaborated to include a quasi-stationary state on
the basis of the quasi-particle concept and appears to be in good agreement
with plasma observations from the OGO-3 satellite.

REFERENCES

1. Korteweg, D.J. and Vries, G., Phil. Mag. 39, (1895), p. 442.

2. Burgers, J.M., Proc. Acad. Sci. Amsterdam 43, (1940), p. 2.

3. Kikuchi, H., Nature Phys. Sci., 229, (1971), p- 79.

4. Kikuchi, H. and Taylor, H.A., J. Geophys. Res., 77, (1972), p. 131.



I _40 Magnetohydrodynamic Waves in the Magnetosphere

H. Fukunishi

National Institute of Polar Research and Bell Laboratories

Topside electron density data obtained during the hours ~-2100-2400 LT from the ionosphere sounder
on the ISIS-2 Satellite are used to give indications of possible latitude gradients in the magnetospheric
plasma density distributions. Studies are made of the amplitude and polarization cHaracteristics of
magnetohydrodynamic waves that occur in the frequency range ~~10-30 mHz at L~3.2 to L~4.4 during
time intervals of ISIS-2 passes. It is found that reversals in the sense of wave polarization occur in the
vicinity of latitudes where L-shell gradients are observed in the electron density distributions. The
results of this study give strong support for the importance of magnetosphere plasma density gradients and

the plasmapause in coupling ULF driving energy sources to locally-resonant magnetospheric field lines.
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1-47 PLASMA SHEET BEHAVIOUR DURING SUBSTORMS
(I) ATS-5 OBSERVATIONS AT 6.6 Re

K. Fujii and A. Nishida (ISAS, University of Tokyo)

Behaviour of the plasma sheet around its earthward edge during substorms is ex-—
amined by using high resolution (every 2.6 sec) measurements of proton and elec-
tron fluxes by ATS-5. In the injection region near midnight the flux increase at
the expansion-phase onset tends to lag behind the onset of the low-latitude posi-
tive bay by several minutes. Depending upon the case, before the above increase
(1) the flux stays at a constant level, (2) it gradually increases for some tens
of minutes, or (3) it briefly drops to a low level. Difference in the position
of the satellite relative to the earthward edge and to the high-latitude boundary
of the plasma sheet is suggested as a cause of the above difference in flux varia-
tions during the growth phase.

These three types of observations are exemplified in Figures 1, 2 and 3. The
energy ranges of detectors are 0.7 - 1.9 kev (EA), 1.8 - 5.4 kev (EB), 5.9 -
17.8 kev (EC), 17.4 - 53 kev (ED), > 5 kev (PA), > 15 kev (PB), and > 38 kev (PC),

where E and P denote electron and proton detectors. The suggested picture is the
following.

ally inward.

During the growth phase the inner edge of the plasma sheet moves gradu-
If the boundary is located beyond, but close enough to the synchro-
nous orbit it would reach the satellite and cause gradual increase in flux (i.e.
case 2). But if the boundary is too far away, it would not reach the satellite
until the onset of the expansion phase when the neutral line is formed in the near
tail region and strong earthward surge of plasma is initiated (i.e. case T TE
the satellite ig already engulfed in the plasma sheet before the substorm starts,
the plasma sheet thinning cause the flux to drop (i.e. case 3); the satellite was

about 10° apove the geomagnetic equator when the observation is made.
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T-48 PLASMA SHEET BEHAVIOUR DURING SUBSTORMS

(IO ) 0GO-5 AND IMP-F OBSERVATIONS
AT 8 TO 35 Re

A. Nishida and N. Nagayama
(ISAS, University of Tokyo)

In previous papers we have shown that the explosive release of energy that characterizes the
expansion phase of substorms originates from the reconnection in the magnetotail. Preceding to
the expansion phase, the magnetotail is in an increasingly strained state with the cross-tail
current intensified and the tail cross-section reduced (Nishida and Nagayama, J. Geophys. Res.,
78, 3782, 1973; Maezawa, J. Geophys. Res., 80, in press, 1975). The expansion phase starts when
the intensified cross-tail current suddenly disappears from the near-tail region and the magnetic
X-type neutral line is formed at R ~ 15 Re. The key question faced is why and at what moment

near-earth portion of the cross-tail current suddenly disappears.

In this paper we intend to reinforce our previous conclusion by the analysis of the plasma
sheet data obtained at R of 8 ~ 25 Re by 0GO-5 (by West et al) and at R of 25 ~ 35 Re by Explorer
34 (by Frank). By identifying the onset of the expansion phase to the onset of the low-latitude
positive bay, we examine the behaviour of the plasma sheet particles during intervals involving
the expansion-phase onset. The principal finding is that the behaviour of the plasma sheet

changes characteristically at the radial distance of R v 15 Re:

Inside R v 15 Re the plasma flux is frequently seen to drop for <30 minutes prior to the
expansion phase onset. The flux increases suddenly at the expansion-phase onset, within v 5

minutes of the ground signature.
Outside R v 15 Re but inside R ~ 25 Re, the increase in the flux lags behind the expansion-

phase onset on the ground, the amount of the delay increasing with distance. At R v 25 Re the

lag amounts to v~ 60 minutes.

At distances greater than 25 Re, the flux drop frequently occurs in< 30 minutes after the

expansion-phase onset. It usually takes more than 60 minutes for the flux to recover.

Present result is schematically illustrated below. Typical observing sites of Explorer

34 and 0GO-5 are also indicated.

0 15 Re 30Re 9 L
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Morphological study of auroral behaviours in the sourthern polar region

T. Nagata, T. Hirasawa and M. Ayukawa

National Institute of Polar Research

The epoch-making and striking observations for auroras have recently been made possible by ISIS-2 and
USAF-DAPP polar-orbiting satellites. The most significant feature of auroras observed by the satellites
is the clear distinction between a fairly uniform belt of diffuse auroral emission and the discrete auroras
which lie along the Feldstein's auroral oval. (Lui and Anger, 1973 ; Pike and Whalen, 1974). The purpose
of this study is the statistical investigation about the development and deformation of the discrete and diffuse
auroral belts according to the geomagnetic agitations and the common features of auroras in the evening and
midnight sector. We have analyzed more than 350 USAF-DAPP Satellite photographs obtained during the
period from May 1 to June 30, 1973 in the southern polar region. The characteristics of the auroras

obtained in the present investigation can be summarized as follows.

1. A fairly clear distinction can be made between the discrete and diffuse auroras. The diffuse
auroras are generally located in the equatorside of the discrete auroras.

2. The discrete auroras are mainly observed in the midnight and evening sides, while the predonimant
region of the diffuse auroras corresponds to the midnight and morning sectors.

3. The discrete auroras are observable in the evening hours even when the magnetic activity is at low
level ( Kp § 1). At the quiet magnetic condition, the evening side auroral oval is maintained by
the discrete auroras. (cf. Fig. 1)

4. The discrete auroral belt in the midnight and evening hours (from 15h to 00h) tends to the circle
shape along the geomagnetic latitude of 71° -72°, as the magnetic disturbances increases.

5. The activity of the diffuse auroras increases with increasing Kp-magnitude. The diffuse auroral
belt is confined within the nightside at the quiet period (Kp € 1 ). As increasing the magnetic
activity, the diffuse auroral belt extends gradually towards the evening sector along the geomagnetic

latitude circle of 680—69°, accompanying the rapid expansion of the belt width. (cf. Fig. 1)

Based on the occurrence tendencies and the locations of the auroras obtained, the configuration and
development of the discrete and diffuse auroral belts in the afternoon sector are schematically illustrated in
Figure 2 for the different
magnetic conditions, @) o3h {0} ooP @ 4
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Morphological study of auroral behaviours in the sourthern polar region

T. Nagata, T. Hirasawa and M. Ayukawa

National Institute of Polar Research

The dynamics of the discrete and diffuse auroral belts are investigated and illustrated in the above figure.
An important uncertainty, however, still remains about the property of the discrete and diffuse auroral belt ;
proton auroras (Eather and Sanford 1966, Fukunishi 1973 ), breakup or post breakup type electron auroras
(Hirasawa and Nagata 1972) or others ? Therefore, a further detail investigation should be needed in

connexion with various groundbased observations. The work are now in progress using the ground data

such as magnetic disturbances, electron and proton auroras, VLF-emissions, ULF, CNA etc. observed at
Syowa Station (geomag lat. 69.6°S, long 77.1°E).
Preliminary results have indicated the followings :
1. The diffuse auroral belt identified by the satellite data consists of two types ; electron and proton
auroras.
2. Electron diffuse auroral belt is mainly observed in the night and morning sectors and sharply

activated in the equator side of the dominant discrete auroras.

3. The most part of the diffuse auroral belt extending from the night towards the evening sector coincide

with the proton auroral belt.
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I _59 ASYMMETRY IN PLASMATROUGH STRUCTURE BETWEEN
EUROPEAN AND AMERICAN SECTORS

Girija Rajaram
Institute of Space and Aeronautical Science
University of Tokyo

Based on the observations of the Alouette 2 satellite, the plasmatrough shows a difference
in width and structure between the American sector (where the plasmatrough minimum is centred
about 270° geomagnetic longitude) and the European sector (with the plasmatrough minimum around
100° geomagnetic longitude), markedly during geomagnetic storms. During a very disturbed period
in August-September 1966 when 3 large s.c. storms took place, the plasmatrough in the American
sector was very broad, its width at (4 x 10%) el/c.c., occupying a geomagnetic latitude span of
about 45° with the high-latitude edge located at 85° geomagnetic latitude. In contrast the width
of the trough in the European sector was 30°, with the high-latitude edge at 70° geomagnetic lati-
tude. The plasmatrough minimum in the European sector during the course of the storm was around
(3 x 102) el/c.c. and exhibited only a small variability. In the American zone, the plasmatrough
minimum exhibited more variatility with values ranging from 102 el/c.c. to (2 x 10%) el/c.c..
The walls of the plasmatrough in the European sector were relatively straight and steep, but in
the American sector, the trough was broad with prominent spikes occurring within it. The Tlatitude
of the plasmatrough minimum and the low-latitude edge of the plasmatrough however, did not seem to
differ much between the two sectors. Another disturbed interval 24-28 May 1966, also showed the
plasmatrough to be broader and deeper in the American zone than in the European zone. The high-
latitude edge of the plasmatrough in the two zones is asymmetric with respect to the geomagnetic
pole during the disturbance but it appears symmetric about the geographic pole. A study of the
various parameters in relation to the time-history of the storm shows that the plasmatrough mini-
mum has its most equatorward position shortly after maximum Kp activity while its maximum depth
is attained at the same time as peak Kp. The mean width of the plasmatrough however, does not
seem to show a definite dependence on the Kp history.

It is possible that this longitudinal asymmetry in the plasmatrough is associated with the
asymmetric location of the geomagnetic pole with respect to the geographic pole in the two sectors.
It is also likely that there are longitudinal differences in the polar wind intensity arising from

differences in thermal structure between the different sectors.
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RELATION BETWEEN ELECTRIC FIELD AND THREE-DIMENSIONAL CURRENT

SYSTEM WITH FIELD-ALIGNED CURRENT

KOJI KAWASAKI

Geophysics Research Laboratory, University of Tokyo, Tokyo 113

The electric field configuration of the combined SH and secondary charge

fields for the model described in a previous report (Kawasaki and Fukushima,
1975) is investigated. The secondary charges are associated with a "closed"
boundary, taken here to be the equatorward boundary of the auroral oval con-
ductivity discontinuity. Recent satellite measurements (Heppner, 1972) of the

electric field over the polar regions are in reasonable qualitative agreement
with the results of the model. The extra-ionospheric magnetic field distribu-
tion of this model is calculated to facilitate comparison with recent satel-
lite measurements o the geomagnetic field over the polar cap. In addition

the equivalent overhead current, the electric field and extra-ionospheric mag-

netic field distribution for the case of both the poleward and equatorward

boundaries being "open" are considered.
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I"75 Acoustic gravity waves radiated from moving sources in the upper

atmosphere

Kato, S. & Kawakami, T.

Ionosphere Research Laboratory, Kyoto University

It is known that the moving (heat) sources can radiate acoustic gravity wave
in the upper atmosphere. The present work purposes to elucidate . frequency charac-
teristics of the wave which is radiated from a point heat source and a line source,
both moving horizontally in uniform isothermal atmosphere. The main results so far are
as follows:

(1) The radiation takes place with any source velocity, both in subsonic and super-
sonic cases. This is very different from usual Cherenkov emission known in optical
and radio physics.

(23 Thf radiated wave from a point source has a frequency very close to wg, the
Brunt Vaisala frequency which is associated with the resonance of the hydrostatic
atmosphere (wg - wave). However, the wave has other weak component with a frequency
depending on the source velocity (ma - wave) .

(3) The wave from a line source orthogonal to the motion is very different from

a point source in that at each point one detects no wg - wave but w, wave for certain
initial period which increases with the length of the source. It is found that for
the period the two dimensional treatment can give correct result.
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II'_ 5 Trial Production of Plasma Gun for Large Volume Space Chamber

LKk L x ) * % * : *%
T. Okai, M. Tsutsui, S.Yoshikado, H. Matsumoto and 1I. Kimura

* TIonoshere Research Laboratory, Kyoto University
** Dept. Electrical Engineering, Kyoto University

In order to investigate problems of plasma wave phenomena in space by laboratory
experiments, it is necessary to produce quiescent, low temperaturéénd homogeneous plasma
whose conditions are similar to those in the ionosphere and/or magnetosphere.

We have developed plasma guns suitable for a space chamber with large volume at the
Ionosphere Research Laboratory, Kyoto University. Simple enlargement of previous back
diffusion type gun cannot produce a low temperature plasma. Through some trials, a
large scale plasma gun as shown in Fig. 1 was tentatively constructed. Although the
temperature of the produced plasma is generally heigher than that by a previous small
gun, homogené@y of plasma was greatly improved. One example of plasma parameters
obtained by the present new type plasma gun is shown in Fig. 2.

Further improvement will, however, be made on production of lower temperature and
heigher density plasmas.
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IT-17

Suzuki, K. and T.Tohmatsu

Geophysics Research Laboratory, University of Tokyo

An Interptetation of the Rotational Temperature of Airglow OH Emissions

The rotational temperatures of the airglow hydroxyl emissions

arising fram various vibrational transition schemes were obtained

by using spectroscopic data fram various experimental sources.

The rotational temperature was found to depend systematically on

the quantum number (v') of the upper vibrational level fram which

the relevant band originates.

It has dual relaxation characteristic

with respect to the degradation of vibrational guantum number, taking
maximal values at v' = 6 and 9, which exceed considerably the atmo-
spheric temperature. It drops off quickly as v' decreases fram 9 to
7, and then fram 6 to 3 after taking the second maximm at v' = 6.
This v'-dependence of the rotational temperature is in favor of the

hypothesis that there are two ways in the excitation of the hydroxyl

airglow: 03

+H=O0H(v £ 9) +0,,

and HOz

+ 0 =0H(v{ 6) +0,. The

present result again implies that the relaxation time of rotations

of OH molecules in the mesosphere is as large as 10 © sec; a value

an order of magnitude larger than that infered in earlier laboratory

wokers.
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We propose a new method by which one can determine the verti-
cal distribution of atmospheric ozone over wider range and more
exactly than by usual methods in terms of the back-scattered
solar UV radiation. The distinctive features of this method are
the use of a proper weight function and the solution by iteration.
From the computer simulation, it has become clear that the
ozone distribution in the region from the mesopause to the trovo-
pause can be determined, the relative error of density on each
altitude beine about ten percent or less and the total content
error below five percent.
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STIMULATED PLASMA WAVES IN THE ROCKET
(K-SM-49) EXPERIMENT

Hiroshi OYA, Akira MORIOKA, Takayuki ONO, and Minoru KONDO
( Upper Atmosphere and Space Research Laboratory, Tohoku University, Sendai )

The same type of experiment as the case of K-9M-41 (See Abstract of Japanese
Society on Geomagnetism and Geo-electricity, P.76, 1973) has been carried out by
K-9M-49 rocket that was launched at 1835 JST on January 17, 1975.

In addition to the phenomena obtained bv the previous experiment, new evidences
are discovered as follows.

i) The plasma density : : : : KM
around the rocket makes
a discontinuity that is 140 = e . 244
pervaded in a wide 0 °
range (see Figure).
This can be interpreted = ° e - 302
in terms of ion sound lo) °
shock waves.
ii) The special insta- 236 - o - 341
bility, near at the ele- O e
ctron cyclotron frequency S
; is excited due to the w < o o 362
contact potential effect 0
of the two antennas o ¢
immersed in the plasma; w - =
we can jnvoke a plasma- E - ol 360
transister effect for L gm.»
an interpretation of - Qe o - 339
this new type of insta-
bility. Oe o
420{o e - 295
O e
E o ° - 235
\ 1 1 1
180 360

SPIN PHASE

Figure Data indicating distribution of larger (@ ) and smaller (O )
electron density value detected in a same sweep interval of the RF
frequency of the impedance probe. The data reveal a widely distributed
discontinuity with respect to the azimuth.
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Project BWI ( Beam-Wave Interaction ) Experiment
by K-9M-51 Sounding Rocket

Hiroshi Matsumoto
Ionosphere Research Laboratory, Kyoto University, Kyoto

1. INTRODUCTION

We have so far performed a series of active rocket experiments with regard

to plasma waves in the ionospherel’2’3.

They aimed at studying nonlinear
wave-wave and wave-particle interaction process in the ionospheric circumstances.
We have a plan to make a further refined active experiment named "BWI"
short for Beam-Wave Interaction, by K-9M-51 Japanese sounding rocket which will

be lauched on Sept. 2 in 1975. In this talk, we present an outline of the

project planning.
2. OBJECTIVES

The aim of the present experiment is to observe wave frequency spectra in
both VLF and HF bands when a slow electron beam (~ 3 eV) is ejected from the
rocket. In a previous K-9M-41 and K-9M-46 rocket experiments, only wave spectra
in the VLF range were observed, by which a new type of discrete emissions around
LHR frequency was found to be excited by an ejected slow electron beam.

However, it seems to be difficult to explain these emission phenomena by a simple
linear theory of beam-wave interaction. Therefore, it becomes necessary to

observe not only spectra of ion waves but also those of electron waves in order to
investigate a possibility of nonlinear generation mechanism of these plasma waves.

The present instrumentation of BWI is improved upon this method of observa-
tion. Blockdiagram and time sequence of the experiment will be given in the
talk.

References

1. Miyatake, S., H. Matsumoto and I. Kimura, Rocket Experiments on Nonlinear Wave-
Wave Interaction in the Ionospheric Plasma, Space Research, XIV, 369-374,
1974.

2. Matsumoto, H., S. Miyatake and I. Kimura, Frequency Spectra of VLF Plasma
Waves Observed by Japanese Ionospheric Sounding Rocket K-9M-41, Rept.
Ionos. Space Res. Japan, 28, 89-109, 1974.

3. Matsumoto, H., S. Miyatake and I. Kimura, Rocket Experiment on Spontaneously
and Artificially Stimulated VLF Plasma Waves in the Ionosphere,
J. Geophys. Res., (in press), 1975.
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LEBEX Proposal in the AMPS Project by Space Shuttle

H. Matsumoto: Ionosphere Research Laboratory, Kyoto University
I. Kimura: Dept. Electrical Engineering, Kyoto University
S. Miyatake: University of Electro-Communications, Tokyo

T. Obayashi: ISAS, University of Tokyo

In connection with the AMPS project, the following wave particle interaction
experiment is proposed. This experiment is called LEBEX that stands for Low
Energy Electron Beam Experiments, which is composed of two types of experiments.

One is to observe locally excited VLF and HF plasma waves as a result of an

ejection of a low energy electron beam from a subsatellite. The other is to
observe secondarily excited VLF and HF plasma waves as a result of a transmission

of a large amplitude plasma wave from the subsatellite. The former experiment is
aimed at clarifying a beam-wave interaction in the electrostatic wave mode or
electromagnetic wave mode, and the latter is to clarify the most fundamental
nonlinear three wave process and nonlinear particle heating through the wave-particle
interaction.

The above porposed experiments are based on the preliminary experimental results
obtained by the K-9M-35 and -41 rockets which were launched from Kagoshima Space
Center, Japan. In the K-9M-35 experiment, VLF discrete ndises which may be
of the ion acoustic wave mode, were observed, when an electron plasma wave in the
vicinity of the electron plasma frequency was transmitted in the ionosphere.

In K-9M-41 experiment, another type of discrete noises below the lower thybrid
resonance frequency at the observeing altitude were observed, when a low energy
(~ few eV) electron beam was ejected from the rocket.
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]:[ _87 Natural Remanent Magnetization and Exposure Age of the Yamato Meteorites

Takesi NAGATA and Makoto SHIMA

National Institute of Polar Reserch Institute of Physical and Chemical Research

The cosmic-ray exposure age, the magnetic properties and characteristics of NRM of Yamato meteorite
(a), (b), (c) and (d) have been examined, altogether, because Butler and Cox (1971) have suggested that the
cosmic-ray exposure is capable of converting a soft IRM in meteorites and lunar samples to remanence of a
higher coercive force.

The observed exposure ages are summarized in the table where discrepancies among the average
exposure ages of the four meteorites are significantly large, ranging from 1 .5m.y. to 33m.y., in
comparison with the difference between Ne- and He~ exposure ages of individual meteorites.

To represent NRM characteristics, the original intensity of NRM (In), the remanence intensity after
AF-demagnetizing up to 1000e.rms (In®) and AF-demagnetization field to reduce In to e=! of its initial
value ( ﬁo) are summarized in the table. A good positive correlation between the exposure age and the
coercivity of NRM against the AF-demagnetization is observed in the table. :

It seems thus that the Butler-Cox hypothesis could be supported by the present result.

Yamato Meteorite
(a) " (b) (c) (@) Unit
Elnsta(.itit.e hya;;):::}‘nene Carbonaceous oi::;z:ite
engndrite achondrite chondrite chondrite
(Exposure age)
Ne-age 1.7 31 25 4.3 x10° years
He-age 1.3 35 23 55 x 10" years
(NRM)
In 3535 15.4 3746 567 x1078 emu/gm
In°® 92 23.4 2124 224 x107° emu/gm
Ho 6 240 140 41 Oe.rms,
(Magnetic properties)
Is 48.0 0.19 10.8 32.3 emu/gm
® 769 780 540 759 °c
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Ferromagnetic Component in Lunar Materials

Takesi NAGATA

National Institute of Polar Research

The saturation magnetizations ( Ig) of 39 Apollo lunar
materiais are plotted against their bulk Ni contents which
have been chemically estimated. Except for several lunar
samples whose numbers are indicated in the figure, the plots
are reasonably well gathered about a theoretical linear
relationship between Ig and Ni content derived based on
assumptions that an increase in Ig is due to an increase in
the amount of meteoritic metal which is represented by 6wt%
Ni kamacite.

Those lunar samples, with numbering whose plots are
markedly deviated from the theoretical line have observed
evidence that they contain pure metallic iron grains which
are the products of the subsolidus reduction of Fe-bearing
minerals caused by severe meteoritic impacts.

Both the saturation remanent magnetization ( Ig) and the
coercive force ( Hec ) of lunar materials increases with a
Ratio Iy (4.2K) / IR (300K) are
plotted against ratio Hec (4.2K) / He (300K) for 32 lunar
samples in Fig. 2,

decrease in temperature.

An approximate linear relation holds
between two kinds of ratio for a wide range from 1 to 102.
This result suggests that very fine grains of ferromagnetic
metal in lunar samples behave superparamagnetically at room
temperature but are blocked at the low temperature, and that

the abundance of the very fine grains ranges from almost zero
to 99% of total ferromagnetic metal,
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