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

by

* ¥ %
Hiraoshi Matsumoto and Yutaka Yasuda

* Tonosphere Research Laboratory, Kyoto University
** Dept. Electrical Engineering, Kyoto University, { now KDD Co.)

1. SUMMARY

This paper deals with our receant computational study on whistler mode (WM}
nonlinear wave=particle interantiunsl'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 Palmadessoc and schmidtﬁ.

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 givan by

2
my mi{v, = V.)
_ n L H B
ER{“H PV ) = CH v, axp{- E—HE- ir:T“ 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 eguations of
motion of all particles,

3. RESULTS

Results will be given in 4 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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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 Ty

At the same time, the digtribution 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 wWM
wave, our sinmulation results may be regarded in the following two ways.

One view point is to consider that the triggered emission is nothing but an
evolved astate 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 emigsions 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., 16,
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, bowever, necessary to improve our simulation code in orxder that it can
handle an inhomogeneous plasma, if much more discussion on the generation mechaniam

of triggered emissions iz desired {e.g., Helliwell and Crystal, J. Geophys. Res.,
78, 7357, 1973].
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Nonlinear Interaction between Low Pitch Electron Beam and Monochromatic
Whistler Wave in the Magnetosphere

In Relation to Satellite Active Experiments

by

Hireshi Matsumoto: Ionosphere Research Laboratory, Kvoto 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
magnatosphere.

[L.H, Matsumoto, K. Hashimoto and I. ¥imura, J. Geomsg. Geoelectr.
SIMULATION RESULTS 26, 365, 1974.1 ' : ,

1 takes

In a case of low-pitch resonant electrons, a transverse phase bunching
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 &

{phage relative to wave magnetic field vector) space. Corresponding changes

of the wave amplitude and frequeney are depicted in Pig.2. Figure 3 shows phase
traces of typical twelve resonant elactrons in this case. A transverse phase
bunching is clearly cbserved around t =~ 3 Tys
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Computer Simulation on Electromagnetic Plasma Waves in a Relativistic Plasma

(I}

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 noxr by theoretical studies. It is, howewver, 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

purpnaaliz

We will present a method of the computer simulation as well as some results
of test runnings of the present simulation dode. 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.

Pigure 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 80 selected as

8 8

£4 =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. Nagova Univ. (1573-1974), 1l1ll, 1974.
2 N. Kakimoto, Computer Simulation on Relativistic Plasma Waves {in Japanese),
Bachelor Thesis, Kyoto University , 1875.

O(TH) i
-15 J '
| | |
R S
OF ﬂ"&'{h"ﬁ“ 1 !‘ L
- |
e e e = -
V2 Hh5 0 15
—r '1.".!.
We/d=10.0 2 P
5 74 U=08 L
| .. L Relu e o - E
1) A — Ch |
\ B we
_ g Fﬁ.z



1-26 NLBlsstmessry #4500 AEFHIZE AN o 7 F

G+, R AREL, BlaXy , ZA4H (FEARE )

B, e REF B L > L o3RI D5 BEH0RARE R<Bhns =507
>FFvdkag L, PRERBT -3 T - FLI -4t bk thL $3 K
FHs .3 VLBIpm&zoe Loy, ¢ 4%, VIBIofAS Ko ELF
FHLAR At 38 i d AFh vG 223 s v GBese 1 BB £ %
K<, BREUr B keBlmhtolden, 3@k VLBLoy Besglt v B2 2 54
N7 0w JEE F28vdT- § Rkdpa 70, LTS,

S EReB G\ n ARR BT B B ERERLE 2T - L2~ 4, A LT
ErR MG T4 AWNRBATL 5D LERKOKY 5 DEK N> 1 205 o lhthin
ZAvrBEAnZHAy , oy BB e Hybws ko ke 3 30 niga
3EE AT K AN An r 2 W7 R s k.

Weo Jl-7 e L3 BB BURIAEmP /s KT BT 21 708%7
2aVL DI ERvptEdatnt o3,

o AEERIREA 0

KEoFBEER B /6~ go” (o 1/200° ) T4y, Rk ol 58 B4 o & 2P (= )
3 AEZEMoSrted Faiev 55, (o llnpBrgreonhnfRe®.n 2170
BEHE VLBIo 1§ 00617 vous $ohs ( wARENE a0 Sdofchofs B s k5
Bi1o3, #4852 S/N 22 t 4B VLBT 3 But ABE W FUITE 5,
T TR 3.

AERBRADISFrF-FillcTFnst -7 KaVvLBIBBIyELS h3bs, T24-
PoaFd 24 70 B FEEUEMEXN TS AT 2 023, IR TFTHL-IMoE
Wi P 5208 6abh&E VLBI 22743 3FH At 8 AHNT3 2ctvaTheed3,
g iEhe Lt<iy 3 eRers, Cr | EARL, (4 LMLt g0 MzoE
et 300 b o Rl e BE L FFsaene 138 6B o ARENESs n ABFE
piised o s TR 535 Qi erf , e f< fndtete 5385
VLBLZEREF 24 ~ Y hnH s PBays—pbtresr7 e | 2HBu3 e 349nd
ﬁﬁl‘f}'ﬁf}u ﬁifiz’:fﬁﬁ%f-'ﬁfﬁd#m VLBI ZA Fhot .{ﬂfﬂj;&ﬁ?a LEST A S
ETSWEE valkviTs o wvwsut N3

&
Tg / T
.'r-r
- f
EEE!I?E' EX-T- 5% FA0O E e =
whd -1 @ -] _coretator [°
[+ 1% £T7 o670 _ ACCUMULATOR
T Y [aromic Jnr W
6 . . 0SC ONLINE
bl 0.048Y b6 COMPUTER
. CLOCK
¥ 1k VLBI o £ ke MAG ‘bm'
TAPE
FI1G.1 FIG.2



I1-27 Observation 51 J-upiter Decametar Yhuycs W)
T-1-B cr3gh %
AF vB. LH R KB %,
FILKT AL

I, A REERA: 1OHI1 K1 w3 By usfwd -8 2F02 - J5RailHg
o BBk B8] ARSI B T2 BB ys Fiwg Aty v
BHTERuBALE Yy, WMt s 1748 082V vcaRba Fbr -y R
$3 0 ~t v iy k&,

2, T=1-BEIB>A Tu Fo77Fh BERE T HTFa it £¢.7-1~Be
BgT3 AABRUBT o BB rHlg L hE, BES LA TFao N BF Rl HaF g
fEﬂHHzﬂthTuFf&rufﬁ;{ Foh po delide Wy ba g sgiiely » ¢ v i,

3. BRUBE /9745 10808 s VMM I Rk, ATEHE B v Wadw o
BB R, L s Tl 24.220MHe, 23,508 MMy, 20,00 MHa, ;7. 945 HHZa 4R T
H)PABRSWHs T 53, B2 BS54 -BETG, BHERIMRE <AL
L2w Er B PR vt T hesbicAle ) a B uPRy W3, Bustugzve

VAR~ v ) 24BAEaBRLE D, FETor - 7 HaRiTw £ 23 Bde
BEAMRL 2 5) F2Mga 3y SAMBCE L 2 03 2 bRy 5 R

4, %ﬁ'&mﬂiﬁﬂ_ TRFe) 3= AIRYE v LS HtHrhlq:t.IahHgJ 2.8
CEvATHE s st w SR Bk ARBEARAE BN Lo T PLLTRRIR
PrRY AT t A g Pra-dmpath 2815 7 <. 2 > £ 7 4 - BIRAL FrrioTep 2
ZMHza FRE s = s R & Pre-Anp. |58 Jocakd Osiiiisfent w2 XM G 3 4 s
) kHs L Uy BMa ML ALI L et 3 2@ ey @ END

1

pirt
‘rrnﬂ’-"i)

5

FLUX DENSITY (wM® uY)

3 Hafll, 527000 WAL 1Y

FREQUENCY ~ MH,

1@ T-1-6 Threshold &
FEFor-73% A T " 15¢ Mix,
Pre-Amp I — Main ﬂ,ﬂp -I Pet.,

ﬁ'i E} {ﬂ O f tal Jse.d
IR ETERE L FL ) | {Phase %J_ ' !_EI I_
Fui 24T & o @ '!I][' ’[ Comp. i 4 \ d

LPF
N-Aisided | {’, _
Countar




I-28 RS S1 ]

5k A
( #1x F&31%)

Pioneev 10 a *fab 2 d, RKEXB AR v oG s8¢, PR s T-05 sL2
t*ﬁilﬂ.”ﬁ'fﬁmmﬂiﬂdit '!_’ijaﬂ"{"-%l_{-’kﬁ- F:‘ﬂhecrf{?ﬂgbmﬁ-«[
FURRLIR o palindiary ngnd « b hul, KETHEI F A DAL TR
I O AR QRIS W €5 i & & = A IS S S P SR S G-I 1 I ‘q’if‘&t“ b —~> Bi-lx
l':L gﬁiul:«m&uw_,.:t] A./&—V(_amiﬂ_a- AL g ¢ fl= ey Ty },M‘Lm};u.»dmﬂ.

tve 3 3E 0L 2T, KB AL IRB e g;r%ﬁmmahmm as 1) ELidas
4*1'1{: fil"ihul’f. C B ] s T 4 e o lempradne ma 2 B o s 5
ﬂjﬁ”f‘#‘*‘ﬁ“!&"f'}i?} w, F TUY a A were~ My il&la ™ Xhr
o L5} 3 ve p )Tl Binlw I v M?z:,}.wé’-fe. 2% 3 . Pieveer 1113 10
Sa AY 4k PARAT T al? 2 fov eV Heer /e ha®dl f2mcn, (S
bawd , UT L w 570 o= & Vo5, ) 5;}]’4Tu;£mﬂ_1 AL 2y P 7R 'f;ﬂ‘
Lo v F2FEPEE v eI Aoy fcThw £, $Pi%gnAing 3¢ B, 1: 1%

B A

I FIPRBREIC R 35 % A b i 03 wi3% S4wtt—4 wtr T s 8547 ¢ 3k
N R RA =Ry AN EEpAR A w Ty HEF T4 a7 0T 4 Y L pY

§ %07 pondickl /it seb, .

Shamd 4 7= 5 YANG L3 w3
('f]—:j.wﬂt‘-— fﬂﬂi‘f}

WP <3 Tl Ew Fyoaih il

i'ff“'i‘r-i;r I A
T4 a fLox 0~ foi 5

. X - A
'1"3-“-'1-:-"-{"14‘1‘{5"""“'I"“rra‘-ilt*
Ll AT T

»roa T iK1

RS A

:Eli‘.‘uqfﬁ i L T e b S I TR Sy A

((.cobrm) 7113 T2 gy s TR
- ! '*.I-' ﬂ'—'JI}é }ﬁ.ﬁ’zr
) ﬁ_ﬁ A 1
| \\
: : T.."""n. oot T~ T
r 1-.,‘ i} Te_
i xh.t
o e
= -r—-'FI-& §~
S
Iﬂ .[,tu.r —
B 12
I+
Y ________.._; 11“,-; -
} -_:_ ¥ i ‘ 4 i
fﬂi fl}q' {Gﬁ L vy Looo
‘{)}Efi{mﬂlj T‘HLTE ( EF-}



1-29

JUPITER MAGNETOSPHERE III

Hiroshi OYA

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

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

. G,
j‘.ﬁ-ﬁ.:s..ﬂ e{E -1-#1'1:] - Up.= _]EF (1)
R B 3 3 3 :.'E

where j=a for the electron and j=i for the ion:

and 1ﬁ=e{ui—HE}fﬁh caasssass{3) and rnfﬁﬁeiﬂiﬁiiﬂﬂﬂéi (3)

whe:aiﬁ ‘ﬁj’ mj, e, E, ﬁ. Pj’ G, HP and r are particle density, particle speed
particle mags, 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

"'r.?; P " {4)

- |
where ;1 iz the rotational vector and ‘I;FB} is the slipping velccity of the particles.
There are three regions of the plasma states around the planets.
2 -
[Region 11 V=0 and OB = (-4f M /x° + Jt}sfr; (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.

[Reginn II] Purbulent Plasma Region, {L/10)r&l £ vV, < 10r £}, In this region
the plasma is subjected to a turbulent state where the ElﬂctrﬁF,iiEId and

the magnetic field fluctuations are produced due to the result vi=vé and Hi=HE.
Eﬁﬂqiﬂn ITT] Diak Plasma ion vﬁf:qﬂl

-l e R |
= & (F/m, P, 6
AV,7 Voym & (fy/mg) eVpBy —vr, (6)

- | - 1
This region is characterized by a strong plasma f£low vh=and the magnetic field
g largely distorted by

=l -l

-l -
rot By = rot B +( Hivsi-ue“se] {7}

Existence of thege three regions may be important for all types of the caelegtial
Plagma structure.



PLASMA FLOWS IN THE EARTH'S MAGNETOSPHERE
TATIL REGION IT

Hiroshi ova
{ 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 tha paper, Jovian Magnetosphere III (this issie)) 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 relativﬂarsluwrrate
of the rotation and also relatively weak magnetic field intensity.

The solar wind effect depress +he 8lipping valocity E; in the day side regiocn
and particles make coratational movements; while the slipping speed iz enhancad
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

—-—-._h-

- - REGION 1Ii
REGION I
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Nonlinear Intersction of & Flaama with anElectron Beam (1)

Ts Yamamdto

Geophysics Rasearch Lab,, Univ, of Tokye

Tha nonlineay behavier of a plasma-beam system ismarsed in a
magratic field Bo is investigated, The beam electrons are assumed

to have huli.nu:l,hajmmiuu coaxisl with B. ,¥e restricet our
consideration to the p instebilities whioh result in growing
whistlar waves aligned in & direction parallel to that of Boa

Soaled equationa for the evolution of this instability are
derivad under the asaunptions that the beam demaity is spall and
the whiatler wave 1ia nearly ainwsoidal,Thase equations ¢an be
solved numerically 4if only ones paramster is glven,The mumerical
solution showa +that thgénpuma of an unstables whistler wave
stopa growing and begins to cscillate abhout ahenn value when the
bean electrons are trapped. Also,the noniinear frequenay shift of
the wave ife caleulated and it shows an oscillatory variation in
tima associated with the amplitude cacillation.



MICROPULSATIONS AND THE PLASMAPAUSE (II)
H. KIKUCHI

Hihon University, College of Science & Technology, Taekya and
Nagoya University, Institute of Plasma Phyaics, Nagoya, Japan

ABSTRACT

Based upon observations from a series of 0G0 satellites and
ground measurements, the propertiea and structure of plasmapause-
assoclated Irregularities and the ring current are summarized in
the following terms in relation to geomagnetic pulsatioms: (1)
apatial structure and maintenance: (2) temparal fluctuations and
Instabilicies; (3) acale-size and shape; (4) field-aligned extent;

(5) longitudinal extent; (6} magnetic activity; (7) solar cyecle;

(8) relative locations between plasmapause-associated irregularities,

the proton risng current and Pe 1 praopagation paths; (9) band-limited
periodic struecture; {10) occasional appearance of falling tones
(right-hand polarization) superimposed on periodic rising tones (lefi-
hand polarization); (11) increasse in Pe 1 sfgnal frequency In the. predawn
sector; (12) decrease in P¢ 1 signal frequency in the afterncon-dusk
gector.

It 13 shown that plasmapause-associated Lrregularities are well
correlarted in space and time with the proton ring current and Pe 1
micropulsations during the post-storm recovery. This indfcates that the
importance and role of the plasmapause and associated plasma frregularities
may be twofold, 25 a possible source mechaniam for ahort-period micro-
bulsations and as a hydromagnetic wavegulde.

With these results in mipnd, presented is an {deal but plausible model
of Pe 1 generation as sn active Fabry-Perot resonator, vhich represants
the possibility of a combined effect of universal and cyclotron instabilities
and which appears to explain che observaticns of Pe 1 micropulsations

deseribed 1n (8) to {12).
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SHOCKS, SOLITONS AND PLASMAPAUSE

H. Kikuchi, Nion 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,
clectrastatic shocks are thought to be formed, thereby causing the plasmapause,
otiginally on the nightside near the geomagnetic equator. These discontinuities
are linked to the dayside ns well 2s polewands, forming the global plasmasphere
with the aid of the Earth's corotational flow controlled geomagneticaily.

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 fluld eguations in a cold lon plasma, the Boltzmann equation
with @ collision term in 2 bot election plasma and the Poisson equation, the
madel is described in terms of the Korteweg-de Viies' and Burgers®equation

oot oo

Relative importance of nonlinear, dispersive and dissipative terms defines threa
inds of shock profiles, Whon the dissipation is large compared with the
dispersion, i.e. for q?> 4ae {e= shock velocity], an ordinary monotonic shock
is formed in a stationary state and cotresponds o the prestorm profile of the
plasmapause, With increasing shock velocity, the shock front or the plasmapause
is steepened, practically being displaced towards the Barth 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 u? = 4ac, practically
following the effect of steepening of the shock front. For higher dispersion
ar lower dissipation, i.e. u? < 4ae, the shock possesses dislinet structure behind
the shock o the plasmapause which ocours duting the post-storm recovery?

The so-called plasmapausc-associated irregularities or ducts may be a manifes-
tation of this oscillating structure with predominant dispersion. Wil decreasing

dissipation, tha first waves of this structure behind the ghock tend to solitons
biit with oscillating tail, In this case, the first sofilons may form the double
or multiple plasmapause which can be observed oceasionally in the recavery
phasa of a storm? 4

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

REFERENCES

1. Korteweg, D3, and Vries, G., Phil. Mag. 39, (1895), p. 442

2, Burgers, .M., Proc. Acad, Sci. Amslerdam 43, (1940}, p. 2.

3. Kikuchi, H., Nature Phys. 8ci., 229, (1871), p. 79,

4. Kikuchi, . and Taylor, H.A., J, Geophys. Res., 77, (1872}, p. 131.



I '40 Magnetchydrodynamic Waves in the Magnetosphera

H. Fulkunishi
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 1515-2 Satellite are used to give indications of possible latitude gradients in the magnetospheric
plazma density distributions. Studies are made of the amplitude and polarizetion cHaracteristios of
magnetohydrodynamic waves that occur in the frequency range -~ 10-30 mHz at L~3,2 to L~4.4 during
time intervals of IS1S-2 passes. It is found that reversals in the sense of wave polarization occur in the
vieinity of latitudes where L-sghell gradients are observed in the electron densify distributions. The

results of this study give strong support for the importance of magnetosphere plasma density gradients and
the plasmapause in eoupling ULF driving energy sources to locally~resonant magnetospheric field lines.

DEC. 17, 1971

Topside {~ 1400 km) 0416-0420 UT
electron density profilas (40 — 60 seC )
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1 -47 PLASMA SHEET BEHAVIOUR DURING SUBSTORMS
(1) 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 ia ex-—
amined by using high resolution (every 2.6 sec) mensurements af proton and elec-
tron fluxes by ATS-5. In the injection raegion near midnight the flux fncrease at
the expansion-phase omset 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) 1t gradually increases for soms 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 fn flux varia-
tions during the growth phase.

These three types of cbservations are exemplified in Figurea 1, 2 and 3., The
énergy ranges of detectors are 0.7 - 1.9 kev (BA), 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 demote eléctron and proton detectors. The suggested picture 1s the
following, During the growth phase the imner edge of the plasma sheet moves gradu~
ally ioward. 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 1f the boundary is too far asway, it would not reach the satellite
until the onset of the expansion phase when the neutral line is formed In the near
tail xegion and strong earthward surge of plasma is initiated (f.e. case 1). If
the satellfte is alraady eagulfed in the plasma sheet before the substorm starts,
the plasma aheet thinning cause the flux to drop (i.e. case 3); the satellite was
gbout 10° ahove tha geomagnetic equator when the observation is made.
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(Il ) 0B0-5 AND IMP-F OBSERVATIONS
AT 8 TO 35 Re

A. Nishida and N. Nagayama
(i5AS, University of Tokyo)

In previoys papers we have shown that the explosive release of energy that characterizes the
expangion phase of substorms originates from the reconnection in the magnetotail. Preceding to
the expansion phase, the magnetotall is in an Increasingly strained state with the cross=tail
current intensified and the tail cross=section reduced (Nishida aod Wagayama, J. Geophys. Res.,
18, 3782, 1973; Maezawa, J. Geophys. Res., 80, 1o press, 1973). The expansion phase starts when
the intensified cross-tail current suddenly disappears from the near-tail region and the magnetic
X=type neutral line iz formed at R v 15 Re. The key question faced iz why and at what moment
near-earth portion of the cross-tail current suddenly disappears.

In this paper we intend to reinforce our previcus conclusion by the analysis of the plasma
aheet data obtained at R of 8 A~ 25 Be by 0G0-5 (by Weat et al) and ac R of 25 A 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 intervsls Involving
the expansion-phase omset. The principal finding is that the behaviour of the plasma sheet
changeés characterigtically at the radial distance of R 4 15 Re:

Ingide R4 15 Re the plasma flux is frequently seen to drop £or <30 minutes prior to the

expansion phase onset. The flux increases suddenly at the expansion-phase onset, within % 5
minutes of the ground aignature.

Cutside R v 15 Ra but inside R~ 25 Re, the increase ia the flux lags behind the expanaion-
phage oneet on the ground, the amount of the delay increasiag with distance. At R+ 25 Re the
lag amowmts to v 60 minutesa.

At distancea 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 illuscrated below. Typieal observing sites of Explorer
34 and 0GO~5 are also indicated.
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Morphological study of auroral behaviours in the sourthera polar region

T. Nagata, T. Hirasawa apd M. Ayukawa
National Institute of Polar Reseazrch

The epoch-making and striking observations for avroras have recently been made possaible by [SIS-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 aurords

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.
period from May 1 to June 30, 1972 in the southera polar region.

We have analyzed more than 350 USAF-DAPP Satellite photographs obtained during the
The characteristics of the suroras

obtained in the present investigation can be summarized as follows,

1a

2.

3.

A fairly clear distinction ¢an be made between the discrate and diffuse suroras. The diffuse
auraras are generally located in the equatorside of the discrete auroras.

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.

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)

The diserete auroral belt in the midnight and evening hours (from 15h to 00h } tends to the aircle
shape along the geomagnetic latitude of 71°-72%, as the magnetic disturbances increases.

The activity of the diffuse auroras increases with increasing Kp=magnitude, The diffuse auroral
belt is confined within the nightside at the quiet peviod ( Kp & 1), As increasing the magnetic
aetivity, the diffuse auroral belt extends gradually towards the evening sector along the geomagnetic

latitude ¢circle of ﬁﬂa—-ﬁ'ﬂ“, accompanying the rapid expansion of the belt width, {ef. Fig. 1)

Based on the sceurrence tendencies and the locations of the auroras obtained, the configuration and
development of the discrete and diffuse auroral belts in the afternson sector are schematicaliy illustrated in
Figure 2 for the different

h hi
magnetic conditions, @l 03n (k) 00 el =
Kpst omlemr—L ] b1  sossssinse—1]
Kp=2 | e = e —1]
Figure 1. The pecurrence Kp=3 P e— 1 steie——1 ]
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P KpE S e | I~ ] PR S|
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Figure 2. Schematic illustration of the configurations and developments of the discrete and
diffuse belts with the inerease of the geomagnetic activity.
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Morphological study of auroral behaviours in the sourthern polar region

T-i H&ﬂ'ﬁtﬂ., T.- Hf.l"ﬂﬁﬂﬁ'i"ﬂ- -ﬂ-l.'l.d. M. Afukﬂ.-wa-
National Institute of Polar Research

The dynamics of the discrete and diffuse auroral belts are investigated and illustrated in the above figure.
An important uncartainty, 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 gfiould be needed in
connexion with various groundbased observations. The work are now in progress using the ground data
such as magnetic disturbanses . elactron and proton auroras, VLF-emizsions, ULF, CNA etc. observed at
Syawa Station (geomag lat, 69.6°S, long 77.1°E ),

Preliminary results have indicated the followings :

T« The diffuse auroral belt identified by the satellite data conaists of two types ; electron and proton

aAuTOras,
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 balt,
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1-59 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. Ouring a very disturbed period
in August-September 1966 when 3 large s.¢. storms took place, the plasmatrough im the American
sector was very broad, its width at {4 = 10%) el/c.e., occupying a gecmagnetic latitude span of
about 45° with the high-latitude edge located at 85° geomagnetic latftude. 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 107) &1/c.c. and exhibited only & small varfability. 1In the American zone, the plasmatrough
minimum exhibited more variab{lity with values ranging from 10° 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 waﬁ broad with prominent spikes occurring within it. The Tatitude
of the plasmatrough minimum and the low-latitude edge of the plasmatrough however, did not seem to
differ much between the two sactors. Another disturbed interval 24-28 May 1966, also showed the
plasmatrough to be broader and deeper in the Amerfcan zone than in the Européan zone. The high-
latitude edge of the plasmatrough in the two zomes is asymmetric with respect to the geomagnetic
pale during the disturbance but it appears symmetric about the geographic poie. 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 Ky 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 1s also 1ikely that there are longitudinal differences in the polar wind intensity arising fTrom

differences in thermal structure between the different sectors.
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RELATION BETWEEN ELECTRIC FIELD AND THREE-DIMEMNSIONAL CURRENT
SYSTEM WITH FIELD-ALIGNED CURRENT

EQJI KAWASAKI
Gecphysics Research Laboratory, University of Tokyo, Tokvo 113

The electric field configuration of the combhined EE and secondary charge

fields for the model descxibed in a previous report (Kawasaki and Fukushima,
1975} is investigated. The gecondary charges are associated with a “closed”
boundary, taken here to be the equatorward boundary of the auroral oval con-
ductivity discontinuity. Recent asatellite measurements (Hepprner, 1972} of the

electric field over the polar regqions are in reasonakle qualitative agreement
with the results of the model. The extra-ioncspherie magnetic field distribu-
tion of this model is calculated to facilitate comparison with recent satel-=

lite measurements of 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

Kata, 5. & 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 purpases to elucidate . frequency charac-
terigstics 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.
{2? The radiated wave from a point source has a freguency very close to Bar the
Brunt Vaisala Frequency which is associated with the resonance of the hydrostatic
atmosphere {mg - wave). However, the wave has other weak component with a frequency
depending on the source velocity (w, - 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 Wy = wave but w, wave for certain
initial period which increases with the length of the source. IC ig found that for
the period the two dimensional treatment can give correct result.
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I[' 5 Trial Production of Plasma Gun for Large Volume Space Chamber

T * - EE & ¥
T. Okai, M. Tautsui, S.Yoshikado, H, Matsumoto and I. Kimura

* Ionoshere 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 gquiescent, low temgeraturéﬁnd homegeneous 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 showm in Fig. 1 was tentatively constructed. Although the
temperature of the produced plasma is generally heigher than that by a previous small
gun, hamagané;y of plasma was greatly impraved. One example of plasma parameters
obtained by the present new type plasma gun is shown in Fig. 2.

Further improvement will, howaver, be made on production of lower temperature and
heigher density plasmas.
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Sumuki; K. and T.Tolmatsu

Geophysics Rasearch Labaratory, University of Tokyo

An Interptetation of the Fotational Temperature of Adrglow (H Emissions

The rotational temperatures of the airglow hydroxyl emisgions

arising from variocus vibrational transition schemes were cbtained
by using spectroscopic data from various experimental sources,

The rotational temperature was found to depend systematically on
the quantum mmber (v'} of the upper vibrational level from which
the relevant band criginates. Tt has dual relasation characteristic
with respect to the degradation of vilwational gquantim rmiber, taking
maximal valueg at v' = 6 and 9, which excesd considerably the atmo-
spheric temperatipe, It drops off quickly as v' decreases fram 9 0
7, and then from 6 to 3 after taking the second mastimam 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
airglm:03+H=EH{1.=-£,E}+ﬂ2,a:ﬂm2+n=m[vgﬁ}+n2.. ‘The
Present result again implies that the relavation time of rotations

cfmmlmﬂesmﬂﬂmmspmisaswasm_lm;amlue
an arder of magnitude larger than that infered in sarlier labaratory

wokers.
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The rotational temperature
of QH emisaions obtained
in tha P=branch analysia.
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We propose a mew method by which one can determine the verti-
cal distribution of atmospheric ozone over wider range and more
exactly than by usual methods 4in teéerms of the back-scattered
solar UV radiation. The distinctive features of this methed are

the use of a proper weight function and the solutien by iteration.
From the computer simulation, it has become clear that the

ozone distribution in the region from the mesonause to the tropo-

rause can be determined, the relative error of density on sagch

altitude beine about ten percent or less and the total content

arror below five percent,
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STIMULATED PLASMA WAVES IN THE ROCKET

(K=-9M~45) 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-¢lectricity, P.76, 1973) has been carried out by
E=9M-49 rocket that wag launched at 1835 JST on January 17, 1975.

In addition to the phenomena obtained bv the previous experiment, new evidences

ara discovered as follows.
i) The plasma density

around the rocket makes
a discontinuity that is

pervaded in a wide
range (see Figure).
This can be interpreted
in terms of ion sound
shock waves.

ii] The spacial insta-
bility, near at the ele~

ctron cyclotron frequency
» 18 excited due to the

contact potential effect
of the two antennas
immersed in the plasma:
we can gavoke a plasma-
transister effect for

an interpretation of

this new type of insta-
bility.

Figure
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Project BWI ( Beam-Wave Interaction )} Experiment
by K~9M=5]1 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 ianasphe:el'z‘E* 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 f£rom the
rocket. In a previous K-9M-41l ané K-9M<«46 rocket experiments, only wave spectra
in the VLP range were observed, by which a new type of disecrete 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
cbserve not only spectra of ilon 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.
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LEBEX Propesal in the AMPS Project by Space Shuttle

H. Matsumoto: Tonosphere Research Laboratory, Kyoto University
I. Kimura: Dept. Electrical Engineering, Kyoto University

S. Miyatake: University of Electro-Communications, Tokyo
T. Obayashi: ISAS, Univeraity of Tokyo

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

Cne 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 VILF 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 tranamitted in the ionosphere.

In K-3M-4l experiment, another type of discrete noises below the lower hybrid
résonance fregquency at the observeing altitude were observed, when a low energy
{~ few eV) electron beam was ejected from the rocket.
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H “B? Natural Remanent Magnetization and Exposure Age of the Yamato Meteorites

Takesi NAGATA and Maloto SHIMA
National Institute of Polar Reserch Institute of Physical and Chemical Research

The cosmic-ray exposure age,; the magnatic properties and characteristics of NRM of Yamato metcorite
{a}, (b), {¢) and {d) have been examined, altegether, because Butler and Cox (1971} have suggested that the
cosmic-ray exposure is capable of converting a soft IRM in meteorites and Junar samples to remanence of a
higher coercive force,

The observed exposure ages are summarized in the table where discrepancies among the average
exposure ages ol the four meteorites are significantly large, ranging from 1.5m.y. to 33 m.¥., in
comparison with the difference between Me- and He-exposure ages of fndividual meteorites,

To represent NRM characteristica, the original intensity of NRM { In), the remanence intensity after
AF-demagnetizing up to 100 Qe.rms { In9?) and AF=-demegnetization fiald to reduce In to e~ of {ts initial
value { Ho} are summarized in the table. A good positive correlation betwean the exposure age and the
coereivity of NRM against the AF-demagnetization is observed in the tabla, ’

Tt saems thus that the Butler-Cox hypothesis could be supported by the present result,

Yamato Meteorite
8 b
Enititlta- Eafpzmr Earhf:acanua GIE:!M et
A yYpersthene ~bronzite
chondrite  ondrite chondrite chondrite
(Exposure age)
Ne-age 1.7 31 25 4.3 x 10° years
He=age 1.3 35 23 5.5 x 10° years
{ NRM )
In 3535 15,4 3746 567 %10~ emu/gm
_13“ a2 23 .4 2124 224 x107 emu/gm
Ho 6 240 140 41 Os,.rms,

(Magnetic propertios)

Is 48,0 0.1% 10,8 12,3 emuy/ gm
) 769 780 540 759 oc




11 -88 Ferromagnetic Component in Lunar Materials

Takesi NAGATA
National Institute of Polar Research

The saturation magnetizations ( 15) of 39 Apclls lunar

materiais are plotted against thalr bulk NI contenta whieh : SATLRATGN MAGHE TZATCH Ush VERIIS B COWITENT
have been chamically estimated. Except for several lunar e ,:;'F?u’ah [5 o o

w il S
samples whose numbers are indicated in the figure, the plots Lo 4 L

are reasonably well gathered about a theoretical linear
relationship between Iy and Ni conteot derived based on
assumptions that an inorease in I; is due to an increase in
the amount of meteoritic metal which is rapresanted by 6wt
Ni kamacite.

Those lunar samples, with numbering whosa plots are
markedly deviated from the theoretical line have obsarved
evidenca that they contaln pure metallic iron grains which
are the products of the subsolidus redustion of Fe<bearing
minerals caused by severe meteoritic impacts.

Both the saturation remanent magnetization ( I ) and the
coercive torce { Ho) of lunar materials incrsasas with 4
decrease in temperaturs. Ratis Ip4.2K) /15 (300K) are
plotted against ratio He(4,2K) / He{300K) for 32 lunar
gamples in Fig. 2. An approximate linear relation holds
between two kinds of ratic for a wide range from 1 to 1‘02*

This result suggests that very fine graing of ferrsmagnetic
metal ia lunar samples behave Juperparamagnetically at room
temperature but ave blocked at the low temperature, and that

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