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Wave Theory of the Expansion Phase of

Magnetospheric Subs torms (Transmission—Line Model) 1
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Dynamical development of substorm

at synchronous orbit

M & % & M OF
(% :8 K% )

Dynamical development of substorm and its associated phenomena is studied
at synchronous orbit by using magnetic field data obtained with three satellites
SMS-1, -2, and ATS-6. The satellites are located with a longitudinal separation
about 20° degrees with one another. The extension of the longitudinal separa-
tion amounts about 40° for the three satellites. Therefore, the substorm and

its related phenomena are examined in detail in longitude.

The results are as follows;
1).  The substorm develops with the speed of about 50 - 250 Km/ sec, which
corresponds to the drift velocity of energetic particles injected into
the synchronous orbit with substorm activity.

2). The Pi 2 magnetic pulsations appear almost simultaneously at the three
satellites.

3). The longitudinal extension of substorm related field-aligned current
amounts about 20° - 3q9°.

One of typical examples indicating the dynamical development of substorm
is illustrated in Fig. 1. The substorm begins at 0413 UT at the SMS - 1
satellite locating near midnight sector and takes place with two minutes
later at the SMS - 2 satellite near dusk sector. THis substorm event shows

only one onset and not a multiple onsets.

SUBSTORM EVENT AT B413 UT, MAR. 31, 1975
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Present work aims at developing the second version computational code for
linear calculations of global scale atmospheric waves such as tides and plane-
tary waves in the migdie atmosphere.  This follows the previous talk (2) of
the same title at the meeting last year. The algorithm is similar to the one
usedquitexecenUy by Forbes(1982a,b) and solves four coupled partial differen-
tial equations for velocity and temperature perturbations of steady waves in a
rotating atmosphere with latitudinal temperature gradient and associated mean
Zonal flow,  This contrasts with the first version in which single partial
differential equation for the quantity pl/e0 is manipulated and solved {(Lindzen
and Hong, 1974; Aso et al., 1982). The advantage of the new version is that
it bears no apparent singularities corresponding to £%- cos®6 term in the
Laplace tidal equation, which may jeopardize numerical calculation for some
Tegimes.  mpe practical problem, however, stems from the size of matrices to
be treateq in the numerical procedure which is 16 times larger than the first
°ne and may sometimes become crucial from the point of available computational
Tesources,

Comprehensive numerical tests have been carried out, amongst which is a
ispherh:modeling as an alternative and expedient way relative to the full
qﬁmricalnmdel, and comparison with solutions of the Wilkes equation based on
the classical tidal theory is made for no wind regime. Fig. 1 compares the
diurnay tidal fields excited by the conventional (1, -2) forcing calculated by
(a) the hemispheric modeling with spongy layer above about 110 km, and (b) the
classica) theory; vertical grid size is 1 km for both cases. In (a), the
UPPer boundary condition assumes solutions asymptote to diffusion dominated
Values, ang latitudinal grid size is temporarily set to be 10°. In spite of
bacing with latitude, agreement between (a) and (b) is satisfac-
out 110 km where assumptions pertinent to these calculations
» and favors the legitimacy of the present computational code.

hem

foarse griq g
tory velow ab
Temain valid

Ma
(a) Hemispheric
T .
<! £ 2 numerical model
p £
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e il
C R ke o e e
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(b) Classical cal-
g1 i 2 .. Culation
» ' = .0 -
g E .,. § .0
R il H H
td A 1 ®
/!
o= it ] ! . e
vontiea, " pen fruce Trnenes T am ot anst® e toriag s vone e
Fi . 2 . P
¥1g. 1. Diurnal tidal fields for velocities and temperature

excited by the (1, -2) first negative mode. Results are valid below
about 110 Im.
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Three dimensional ionospheric currents and fields generated by
the atmospheric global circuit current
e FEE naE A
—_
( = K -2 )

We srudy three dimensional ionospheric currents and fields generated
by the atmospheric global circuit currents, using the distribution of the air-earch
currents as a lower boundary condition of the jionosphere. The air-earth currents
are obtained raking the geomagnetic and orographic effects into account under
the assumption of the ionosphere with infinite conductivity. Three dimensional
ionospheric currents by chunderstorm sources are calculated considering conductivity
distribuction in the ionosphere aad configuration of magneric field line. Calculated
potencial difference in the ionosphere is 55 V and the horizontal electric field

is too weak to affect the ionosphere and magnetosphere significantly, at least

our model 1s adequate. Hoxizontal currents are distributed not uniformly but
preferably in the dayside hemisphere and especially in the equatorial region.
Vertical currents and fields do not simply decrease with alcitude near the equator

because of the anisotropy and nonuniformity of conductivity.
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I—60 Time Variations of the Sodium Laver

Observed in Northern Japan

Fumihiko Tomita and Hiroshi Kamiyama
Upper Atmosphere and Space Research Laboratory, Faculty of Science, Tohoku University

The seasonal variation in the monthly abundance of the atmospheric sodium derived from data obtainad
at Mt. Zao Observatory (38°N) for the period from September, 1980 to December, 1982 is shown in Fig. 1.
Our result of the winter maximum observed at 38°N seems to be of a plateau type which is similar to that
at a lower Tatitude (23°S) rather than at higher latitudes (44°N, 51°N) . The monthly profiles of the
density are shown in Fig. 2. In this figure, monthly profiles are drawn by the solid lines, and the an-
nually averaged profiles are also shown by the 1ight dotted lines for reference. The hatched region
where the density is enhanced lowers gradually from July to November and then turns to appear in the up-
per part of the layer in next February. The peak altitude shows apparently the seasonal variation with
the amplitude of about 4.5 km. This characteristic seasonal change 1in the profile of the sodium layer
is thought to be closely connected with the annual variation of the atmospheric composition involved in
the sodium chemistry in the altitude region concerned. .

As for the nocturnal variation, an example showing characteristic variation in the vertical profile
of the sodjum density is given in Fig. 3. Each of the profiles 1is obtained by hourly integrated data
and s shown by the solid 1ine. The nocturnally averaged profiles are also shown for reference by the
Tight dotted 1ipes. Also shown in the upper panel is the trend of the hourly values of column contents.

It is pointed oyt the pronounced feature in this example is the descent of the portion of the density en-.

hancement 3t the rate of 1-3 km hr_} accompanying with the increase of the column content. In this fig-
Ure, thedifference between the hourly profiles and the nocturnally averaged profile seems to be larger at
the Tower part of the layer than at the higher part, and the downward phase progression can also be seen.
A further analysis of the data suggests a .
wavemotion having a vertical wavelength of !
14-20 km and a period of roughly 12 hr.
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B35 Numerical Sclutions of Coupled Equations for Acoustic—Gravity Waves

in the Upper Thermosphere

R X R
RPAELKE - HEMBE R

A comprehensive study has been made in order to clarify the propagation
of large—-scale acoustic—-gravity waves In the upper thermosphere. A full wave
calculation is developed for the waves in an inhomogeneous and viscous atmos-—
phere approximated by a number of horizontal subslabs. In the derivation of
linearized wave equations, the height derivatives of ambient atmospheric pa-
rameters are taken into account im contrast to a homogeneous multilayer anal-
ysis. A propagation matrix is assumed to be in a form of polynomial function
of helght within a subslab. To derive a complete set of special solutions
with good linear-independence, a technique 1s applied, which has been devel-
oped for the study of electromagnetic waves. From the height profiles of
resultant wave fields and their kinetic energy density, it is shown that
the wave energy is partially trapped within the region between 200 and 400
ko height. The trapped region becomes a wave-guide. The resultant wave
flelds are described as a scrambling of four characteristic waves. The
profile of the resultant wave fields explicitly shows that the wave-guide
1s supported by the two regions of strong coupling: one is caused by the

coupling between the gravity waves near the thermospheric base and the

other is attributed to the coupling between the gravity and viscosity
waves in the upper part of the thermosphere. The discrepancy between the

WKB and full wave solutions is not negligible for the wave of interest.
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Observations from the ISEE satellite have recently revealed interesting electrostatic bursts
which are apparently hook-induced emissions stimulated by the combined action of a coherent whistler-
mode wave and a sfmulcaneously observed electron beam with an energy range of the order of 1 keV
[Reinleftner et al., 1982). 1In order to seeck a plavsible generation mechanism and jnterpret this
nonlinear phenomenon, a computer simulation study was carried out. The code 2-1/2D Electromagnetic
Particle Code (EM2 code) following nonlinear motions of more than a half million particles in the
128 x 128 grid space under the self-consistent fields. The results show an interesting two—beam
Jjetting due to a trapping and subsequent detrapping process, yielding a strong electrostatic emission
with k vector parallel to the external magnetic field. The nonlinear evolutjons of the wave spectra
and of particle distribution functions and their phase-space behavior are discussed in connection
with the observed ES bursts.
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Computer gjmulations are performed to investigate beam plasma physics in SEPAC {Obayashi, 1981),
which plans to carry out active and interactive experiments fn the Earth's upper atmagphere and
magnetosphere using a high power electron gun on board the Space Shuttle. Using a two-dimensjonal
electromagnetic particle simulation code(EM2) developed at Kyoto {Matsumoto and Omura, 1983], we study
the following two problems. Omne is the divergence and propagation of the electron beam through the
ambient magneto-active plasma, and the other is the plasma wave excitation by the electron beam.

Firstly, we apply the EM2 code to a one-dimensional model where the x-axis Is taken perpendicular
to the static magnetic field, We find a etrong excitacion of a slow extrsordinary wave (Z mode) around
the electron beam and a propagatfon of a pulse-like ordinary wave which 1s excited as an {mpulse
response to the onset of the beam injectjon.

Secondly, we apply the EM2 code to a two—dimensinal model where the x-y plane is taken 3in a
transverse plane to the static magnetic field (z-axis). Detalled behavior of the beam as well as the
background cold plasma js studied. The electron beam having a cylindrical shape s locally injected
in the x-y plane with a drift veloeity V,. The electron beam initjally expands in the x-y plane
owing to an electrostatic field produced by the excess electron charge of the beam, and subsequently
oscillates with a frequency of the slow extraordfnary wave (Z mode) which are excited around the beam.
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Plasma heatings associated with high enmergy parcicle precipitations were observed by KYOKKO
satellite (EX0S-A) when it passed through the South Atlantic Anomaly (Brazilian Anomaly) [Oyama et
al., 1982]. Computer sjmulations sre performed to confirm the possible plasma heating by high energy
particleg quatitatively and to study the wave-particle interactions {nvolved in dt. Using the
electromagnetic particle simulation code developed at Kyoto [Macsumoto and Omura, 1983], we first
Study excitatjons of plasma waves Jn the presence of high energy electrong with two-dimensional
electromgneuc models where electromagnetic waves a8 well as electrostatic waves with various wave
normal angles are possibly excited. Electroscatic plasma oscfllacions along the geomagnecic field
(Lagmuir Oscillations) are found to be the domfnant waves to be excited, which 3s consistent with the
observation data showing excitatins of waves near the local plasma frequency (1-3 MHz) in accordance
¥ith an fncrease of the particle flux.

Secondaly, one—dfmensinal electromagnetic ejmulations are performed with two different models,
f.e., a perjodic model and a reeycle model {Terada, 1983]. In the perjodic model the simple perjodic
boundary condicion 1s used and the total energy in the gystem is conserved. Although the Lagmuir wave is
excited by the high energy electrong, sufficient plasma heatings which correspond to the observations
4re not found fn the periodfc models. On the other hand, the recycle model allows erergy inputs ifato
the system through replacement of several randomly selected hot electrons in the system with fresh new
electrong a¢ each tipe step. Although the same perjodic boundary condition is used as in the perjodic
model, the recycle model is a quasi-open gystem which corresponds to the situacion where high energy
Particles pags through the interaction region giving energy to the local plasma via excitation of che
local Lagmiir oscillatfons. In the recycle model strong wave excications and subsequent nonlinear
dampjngs of the wave are found to rake place as well as effjcient plaswa heatings which correspond to

the getelljre observations.

References

g):ma, K., T. Mukal and XYOKKO Team, private communication, 1982.
tsumoto, R., and Y. Omura, Electromagnetic Particle Sjmulation and its Application to Space Plasmas,
Computer $imulations of Space Plagmas —~—-Selected Lectures at First ISSS—-——-—-— , ed. by
Terad R. Matsumoto aud T. Sato, D. Reidel/Terra Pub., 1983.
2, N. Computer Simulation Study of Plasma Heatings observed at Brazdilian Anomaly, graduation
thesis, Kobe University/Kyoto Universt ty, 1983.

i = Xl =X

Time = 0.0 Time = 20.5 Time =41.0 Tima =61.4 Time =81.9

Figure |  Phage diagrams in X-V, plane of the periodic model.

CE] T

Time = 0.0 Time = 20.5 Time = 41.0 Time = 61.4 Time = 81.9

Figore 2 Phase djagrams jn X-V, plane of cthe recycle model.

—116—




I-53

2 815 (n+Y% ) Wee BB B 0 1BEHIF B

(OISR « TMEBBEE S o 129

T 213 Kennel aoﬂumoa) IS DS T
WETNTZ O LR - QLEFB & (n+V2) (ke
BEDITIBL IR, 0l IR
TFEFEILCEH T 21218, w3 BF
Was. BE. BRI NITHEL CITL
R REREF OGRS . (VR wdRT F
FRTHV L THHBMAITE Ve 0@ a5
RO3. 1Y BT AT R < Td3d D,
BRABEOCEHELS ¢ 7. BEAR
BBVTE CRAA AL WD @ (nrYa ke
BB (BEofT ) B3I made ITFR H L. (on
mode TR . ¢ v D) ERNTSIQT X%,

PR AR . yclotron REGHR
HKE w-ku = nc¥)we TH 2. R
HEBFRC CTRBINE - BB 12880 h K
T 1R TE 2 Viasev plasma A 351 BL
MITRINZCA &) 1ITTRONRIMEEIN 2T
e Y oTBE . (nv2)Wee TR BT PR
CRBEEL LT, TaddH ITRGEEAR:

1 :,‘Eﬁwﬁl\anday&- Cyc,lo'tYm ﬁﬁf?ﬁ]ﬁ@’]
3. ®E 2 BWMBR Y TG REER .
AEBRAR 7 § RAT®IT. — B
NBTED. TN, —Pr 3. BYa
PERE - RIRIENY 038 2w
IR - BB 0 EEB EFT O plasmen kingbics
EELINEONRD — 4T FFR modes
I BEZHRIIEFER BRI U r . B2
BRSO RT3 a8 O(EDNaiE
PR 43 BER . (MIER &I
5185 0 (Ao kB 5188 = BEE -
IIMER., I OBERIND. (2B
BEELRIIEA TREFC ( TERTEI A N T
5 W, FF 73 Povkolab & Chang (1972) o 2
TTATINEBZR T, - a RIS HEEREE L
Z0NTE V. )

M. plasmonFo 0 B E FIBIFFT(HEIF) %
Ko, 2wz s ) TonE - BEREE0IER
BEZRPENEIA AP S

doaF (BLH

W 2BRnBEaTMNRZRe " THBR’
("BTHA{FR'=@- 0 w.kxFHFI € 1
SERT) 0B, Inv2) kR o lFHD
RRERER/H., — BBETE € (0 kb
WEAEIRTE . 2 AR RIBTR ( Wi
TGAETY) 8153 3 2 Ba R ER
SAcRRmE AR T TNEFR R
IR Tk veter Y L TE A AT, —
OxlLlcus @A Popwwfm WEDI-H H"LF;'_
(ntVa) ke CIEHHBREIIHBL @D
B3, ~HEEPrE. {a&>THES
Eh3sgud ERBTHmD . o B enogy
13T TR T A BRI ND.

U R, nty2)eeR IR G 34
T, —H ) loss cone BE ML (DBE
BRE(THT) . () anQﬁ.q%

SBLEa T3 ( Wrenan &ak , w79 5

Gogh o aﬂ,n?ad; Kurth gt al, 1479 5

Olsen , sl ) o S H B . OUNITEFKE

TRE AFEBB L LA T iR

B LERR o enorgyiBrrd . WWAIE

WE T (R S) IR =TED

BiEE 3 1t (Vo) kI GAETH B o engy

B s,

ARSI . (nts) R O
B HE®NFHE WB|T I 5D, AW
WG BRI -3 =Y T HE
Lk v, BGLRIZe . BIRORBLEE
- fon k185 ( B3 T8 BRE CRIFER 0
#3350 1850 3 3 (@BmER ). BT AT
M2 BRLRZoRE . 1o AGHEInN

I WUT T A TF Ve

 Kemd a2 T.GR. T, 6136 (970

 Dorkolab & Chang  phip. Tluida 15 383 (m92)
Wrenn it ol Notuve, 279, 512 (197)
Gough kol Nafure , 299 SIS Li999)

C Kurile gl J.G.?., 84 4145 (M")‘])

. Olsen J.6R, 26, 235 (jag1)

-~ n oA N o B

— 17—



Loes JIKIKEN T8R0T h 28 3 £~ 4 A2 < 4 >
Ry v 3 0 3032/ T 48 5 4F A
EHex, i B URAR
(TEK, miEaPr)
T ALCE3TITIAMBR (NPW-A/S) 3. HR e HER T M EZN 2L 547
IS A - LS 3BMBEETERH T IDITELT C LTIHRLEIAZEL T 3, T onrs KB
HEBEtAIVET - IRBLEEHLARELELRZ L HE o5 -9 8> 13l B
LTHRBEIAIOD A2 - FEFBARNLRETIIOTT- IREBHBEB LRI L. BB
TEIOBEEEEYET-IRBELoEE LIVRB LA, 22 Tu®2 N S ASE k3
RIE-ALTIBMBRINIISITIAEN »BEEZIN2F Lo ®Mish S8 S AR
LEEMBEERIT> 0 TERN I xHE o, UE AL 182 ) AU EBERMAY 57 T
CEFEAEELTIUIZALLIRABI L EAAD ST, BEL I I 8- T B o088
FIXTIYHD T - LTERTHB 2 TN B,
BICE-LieX3Bmome
CEZDAoB3IC - L EEE (CBEY LS T RRInBAMERBIN
BIC-4/mEBrS LI RT3 38 5 Kwackima ' 512 5, 2
(Type A.B.D.LE) 1 h56RT7 55 REREUM>BRLE < &0
z

=

NPW)IZE 3 PR 7
SR T A Ty 3,
T BRREH

(¥

I

(9B2F1R) T3 AT 0 Tpe o A A G MUBBETHRBPTh T 0 3, o‘z);'u'trﬂw
DPYFIH LR - L e LT HIELET E) R L v L TMAE L T 0 e U e N i o
VBT h 3o AE Xt HEHE v L v 58 L 20 3. L. NS2F 7T A o 0 H 5 .
) Kc\washima.smTypo_Bllt5lC ferwB @B Ccoiz. 35 &3 w3 _15‘4.9_")' % o A
AT to oS DI H TE3.
@) Type DLEo® 33 (ne3)5%, (S=lehe) o BBy d 2°5 2 24°- 7T o 3
£I3. AT IR - o B THMMTKR 3B AL o KB T 5 3,
@IS -2 094 @ 7 5. Kivashima 5 & ﬁ@liﬁlil\%'laiﬁ&<200kHi ~ oo kHe ) B
FBrioMMBAABAC K. BEAo AR I BIC - 4 o DA RE 4L 4 3 3,
Sh RN 3,
i T hEE® ok R S48 E F R
Kawashima 2 DBICI 3 Type A I Jue R F C U EFE R v T 50 HBAES 58 Y. Tpped
E 5 BY T5e 25 B oM BE T 5. TypeD.E IEZEE - 900 3 F 0 ACER o B\ :5
G2 BHE nL 5303 (ed)s, o0 RBETE>BRTH3I. 5@ o BBAH S L-value 0
OB (195L£2S) TR RS BB FE OLEAT € > ABRSY &, T.
OS5 BEZOHHAMEIT "Sugzfee H30 1@ nboe-5e 294 F N > T 2>,

<IN T ER SRR A

\

@) e & '2L:g'co,“)df«ﬁ.lﬁl:’,ﬁ’,ﬂ'L_i | “ Roy 337
~-4C
—;—ﬁg&&:«od‘.’ﬁ.t#n%iﬁ?Sn . ‘LM
D15 DERCER Sone 0 B4 F Ny & ] o #hane ‘*"”“ ‘**“"“
Flgiﬁﬁl.. Some &y ﬂguna")iﬁﬁ 2] fe o bt L 3faric - T(e
. g I Y ,
REE A B b3 3. l—wﬂ*j M“l \ .
_ y oy o
(4) i‘&ce L ﬁm& k4 '150 o TS H’;ELKB&E\ g '\I'l K v W al‘h) }\‘Aﬁ »,\,ww"
~ AR ran/
e, 2883 3, 3 Do
(5)2.'9“ ‘afLeZmﬁfb*éE%'gﬂ'\?” g'::-IOOI
Sp £ 5oy A F XL F o2 O S VO S T T T T T T S N
X AR T H 3. o ! 2 3
FLEQUENL T v M2

) Kawashima eral., J. Geomag. Gesclecte. 1981

)—-—)

118~




I—54

LTSa—FKF*EM2a—FKXABVLFYUHS—F. .33 ¥gv

RBAFERBERHER ¢~ ¥ —
nix &
REAFHIEB KR
AHER

A slaulation study of VLF triggered emjssions has been carried out in order to investigate
quantitative changes of the velocity distribution function of resonant electrons caused by a combined
action of nonlinear phase-trapping and geomagnetic inhomogeunejty. It is a counter—part of the
analytic ctheory proposed by Roux and Pellat (1978). The result basically supports their theory which
15 based on a simplified assumption and gives detajled information of more complicated behavior of
both trapped and untrapped partjcles. It 3s pointed out that the contribution by electrons which are
trapped in the midst of the whistler wave train is as important as that by electrons trapped at the
vave-front. It §s further revealed that deformatfon of the velocity distribution function Is caused
not only by trapped electrons but also by untrapped electrons perturbed by a whistler triggering wave.
An interpretation of the well-known pulse length dependence of rising or falling tone characterictes
of triggered emissions 18 given by the sfmulation resulc.

There are three main categorjes in theories of VLF triggered emissijons: (1) : Feedback oscillator
theory which {s based on the phase bunching current in a feedback oscillator system locating in the
inhomogeneous geomagnetic field (e.g., Helliwell and Inan, 1982), This theory is not based on a
concept of nonlinear phase trapping of resonant electrons by the triggering wave. (2) : Nonlimear
resonant current theory based on the nonlinear phase trapping of resonant electrons in the fn-
homoganeous geomagnetic field (e.g., Nunn, 1974, 1983, Omura and Matsumocto, 1982). This theory does
not require the phase detrapping of resonant electrons In jts mechanism. (3) : Distribution deforma-
tion theory based on both the nonlinear phase trapping and subsequent phase detrapping of resonant
electrons fn the inhomogeneous geomagnetic field (e.g, Roux and Pellat, 1978; Melrose et al., 1983).

We here report a simulation study corresponding to the theory of the third category.
Roux and Pellat (1978) found that s strong modification of the velocity distribution function of
regonant electrons is created by a combined action of nonlinear phase trapping and jnhomogeneity of
the geomagnetic field due to the difference of phase space orbjts between trapped and untrapped
electrons. A8 a result of this orbital difference, ejther a beam or a hole is formed in the distribu=
tion functfon in the vicinity of the resonant velocity afrer the triggering wave releases these
electrong at the tajl end. In order to evaluate the resultant deformed distribution function at a
detrapping pofnt analytically, they had to make a simple assumption of Roux and Pellat.

In the talk, the following jtems are discussed:
(1) Phase Trapping in the Midst of the Wave Train (Side Trapping)

(2) Contribution of Untrapped Electrons Perturbed by the Triggering Wave to the Deformation of
Digstribution Function

(3) Interpretation of Pulse Length Dependence of Triggered Emissions
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High Latitude Limit of Bolar ELF Hiss Observed in Polar Ionosphere
BT WM. PHBBY . KRG, 45 LT (R
T. Ondoh, Y. Nakamura, S. Watanabe and T. Murakami (RRL)

The ELF hiss is generally observed in the auroral zone and in the plasmasphere by
ISIS satellites. The high-lstitude limit of the polar ELF hiss occurs suddenly,
and the polar ELF hiss completely vanishes beyond the high-latitude limit.
In the polar cap region beyond this limit, ISIS satellites have often observed
particular emissions similar to the Festoon type emission which is observed near the
magnetosheath by high-altitude satellites. We have obtained statistically a scatter
diagram between high-latitude limits of the polar ELF hisses and their occurrence
geomagnetic-local-times as shown below,using the Radio and Space Data No.9, ISIS VLF
data received at Syowa station, Antarctica, 1981, RRL. There is no significant
relation between the high latitude limit of polar ELF hiss and geomagnetic activity.
It can be said that the high-latitude limit of polar ELF hiss occurs roughly at
invariant latitudes between 72° and 78° in all geomagnetic local times.  However, it
is seen a weak tendency that the high-latitude limit of polar ELF hiss occurs at
lower latitude in the dawn sector than that in other local-time sector.

Finally we have found some examples of the burst-type increase of VLF hiss intensity
which seem to show really initial part of VLF hisses occurring around th# satellite

using ISIS data received at Syowa station, Antarctica.
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A Comparison of the Multi-Banded Plasma Wave Emissions
Observed in Space Plasma Chamber with the Multi-Banded
Kilometric Radiations (MBKR) Observed by Jikiken (EXOS-B)

Hiroshi OYA, Akira MORIOKA and Wataru MIYAKE,
Geophysical Research Institute, Tohoku University, Sendai 980.

In space plasma simulation chamber, the plasma waves with frequencies
around the lower hybrid frequency (fLH) have been observed being modulated with
the cleary decided gap frequency (see Figure 1l). We have invesitigated this
phenomena with a working hypothesis that the plasma simulation chamber makes
the ion beam with the velocity modulation caused by a oscillator formed by
combination of the electrodes in the plasma source eguipment. The modulated
ion beam with a given frequency o can make Landau type interaction for the
guasi electrostatic waves in a frequency range around fLH generating the
frequency modulated LH emissions with o

In the source of the continuum radiation, there is the multi banded
emissions (MBRR). The propsed mechanism for generation of MBKR is related to

the conversion of the electrostatic plasma waves around f that is converted

through the moving media with the LH freguency. The medigm‘:s subject to the
oscillation with the LH wave, the original frequency f is therefore modulated
by the g frequency at the moment of the conversion as

’ f=(n+l/2)fc + meH'

With the condition EUHR=(D+1/2)fC.

Though these processes observed in space plasma simulation chamber and the
MBRR are different each other, the processes remain in a category of the
freunncy modulation of the natural origin that is very new items in the field
Of the plasma wave studies.
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INERTIA-GRAVITY WAVES OBSERVED BY THE ARECIBO RADAR

*3 *
Yasuyuki MAEKAWA), Shoichiro FUKAO  , Tory,$ATO ,
Susumu KATO and Ronald F. WOODMAN

* Radio Atmospheric Science Center,
Kyoto University, Uji 611, Japan
*% Department of Electrical Engineering,
Kyoto University, Kyoto 606, Japan
**x% Instituto Geofisico del Peru,
Sector Educacion, Lima 100, Peru

High resolution wind observations of the upper troposphere and
lover stratosphere (8-25 km) were performed three times from 1979 to
1981 with the aid of the high-power UHF radar at Arecibo (18.4 N,
66.8 W). These observations were made with a time resolution of_1-2
min, and an altitude resolution of 150 m. The observational periods
were 25-26 June 1979, 10-13 October 1979 and 20-22 March 1981,
respectively, and the =zonal and wmeridional winds were alter?ate}y
observed at an interval of about one hour. In this paper, attentlon 15
focused on the observed wind fluctuations having periods from one to
several days and vertical scales near 5 km.

Quasi-periodic wind oscillations which showed a descending phase
in time were observed in the altitude range between 16 and 20 km
throughout the observational periods. These oscillations seem tO be
generated near the tropopause level of about 16 km. Amplitude of both
zonal and meridional winds is 2-3 ms ~, and the vertical wavelength 18
about 2 km. The direction of the wind associated with et
oscillations rotates clockwise when traced upward as seen for gravity
waves in the northern hemisphere. These features seem similar to those
of equatorially trapped inertia-gravity waves. :

These waves disappear near 20 km where the mean zonal_flow 1s
sheared westward with altitude. This phenomenon is discussed in terms
of wave absorption at a critical level. It is concluded that the wavgs
propagate westward with the horizontal phase velocity of about 20 ms 5
The 1intrinsic wave period and the horizontal wavelength at the wave
generated altitude are inferred to be 20-30 hours B“d.Nzogo k?é
respectively, from the relationship that the DOPPleF_?”ftel wal
frequency reaches the Coriolis parameter at the critical .eve E
Vertical group velocities estimated from the dispersion equation od
gravity waves closely agree with the ascending rate of the observe
wave packets at each altitude. y

In addition, each observation showed the presence of a?othir
type of oscillations with somewhat longer vertical wavelengtbs s t‘z
lover stratosphere. Assuming for these oscillations the same lntrlnsz_
periods and horizontal scales as the above—mentioned weStwarre
propagating waves, the observed periods and vertical StrPCtur?jeice
well described in terms of eastward propagating wavess This eVLll.n
suggests the coexistence of the eastward and westward travelling
inertia-gravity waves excited by similar energy sources.
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Large increases of stratospheric aerosol particles caused by the eruption of

Mexican volcano El1 Chichon in early April 1982 were observed by a Yag lidar systenm

operated at the wavelengths F = 1.06 um routinely and at S = 0.53 uym intermittently

over Fukucka (33°N), since April 1982.

Most of the observations show high concentrations of aerosols in the altitude range
from 15 to 30 km. The profiles of the increased aerosols were divided into two pa.rts.
upper denser part and lower rarer part connected with intervening aerosol free region

at about 20 km until August. Then the peaks of the two parts were at about 24 and

18 km respectively.

After September the upper peak gradually descended to about 22 km in December.

At the end of January, a broad layer with peak at about 18 km was seen after merging
of two parts. .

The integrated aerosol backscattering _from'é 13.5 to 28.5 km fluctuated appreciably
Until August, but after September increa_:sed :Lmtil January associated with small
fluctuations. The optical depth at the Awavellength 0.55 pym was approximately
Proportional to the above values and attained about 0.3 in January.

The descending velocity of the upper layer peak is about 1 km/month or less and

hence it is estimated that a large part of the particles in the upper part would have

radii less than about 0.5 pm until August. The global distributions of the

Parameters of aerosol size distribution would, however, be non-uniform at the period.

The meridional diffusion of the tracers at the altitude about 24 km seemed to be
Very slow until October, but 5ignlficant:ly increased after November, judging from
Comparison of lidar data at West Germany with ours and from NASA aircraft lidar
sounding. rhe increased meridional diffusion would coincide with period of
considerabie descending of the upper layer peak towards altitude 20 km.

Finnaly the observed ratio of the aerosol backscattering at the wavelengths S and
F are Compared with calculated results taking into considerations of the bi-modal

Charactoy Tecently advocated by Hofmann and Rosen.
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Experimental Analysis of Time Structure in Lascr-iniucol

Formation from Gaseous CSz—molecule

EEXS WA KR YHEw

(5 S BERA)

g en 3 FRE-FHRTFZ LB
TeFgoL1edp. HFEERos FHBLOFLR
EeMlve g, LB T 20 )22
b A STFEINEETHE I Lo, ER
IRELEaAMBETIE. 23 LG R
FmiadzivtRIBEH 5L Fog
TERY . -1, 25 LRI EL
TarreET 3L - $iL 9B R
THI AR curzL- T - LB z7
e Fewael T3 LeF 2R L
l=. AT 20 FHRETH 5 HE

% it 3, 2ﬁ°7k»v!23ﬁ==4?t?~ﬁﬁdmzﬁg
Xo REIEH R K. L R, BE
AN . ROUBITHBM. K 3. 8

BeMIIER e, 1vifino A
FARERBATIF - . FH®K
LA TELS IR

RSt Bt Towdirn Bb v 2
MEBAL Ny -7 - LEBBMT D
ETI P00 ywart L, BALEE T
B2z nifyifMyier 2 9. <
2 X, BT AdEkHIBL 5 T 4D
HEFYEb 2t s,

SCATTERED LIGHT INTENSITY

PGYER SPECTRUM / DB

[ 5 2 3 ‘ s
FREQUENCY 2 10~} nyw)

H3 WFrE45BE2~2F54

oo o o

PREX

ZRNLEAG 0 P o,
2HRRTT VR L
I;ﬁf/?l: L ®@rexr
rRACYH T T
-%F. 290 r wig
5% R
hoh i3+ 5 HE
tzAEEF LK
L R
23, MR Wead,

1$viz-g§1v 3.

B2 v-q7-%

88 #7 v
%mﬁz@& wn B 1R

1 Aerosol

T
? 9

lmll cle

‘9

|3] | iz eiv

i

|
'i[v
|

CLRRELRTION FUNCTION CITi/Clal

100 200

300 400 500

TIME 7/ MINUTE

o
0 1

2 3
TIHE LRC 7 102 HIRUTE

L} s

B4, B 845 R2 X8 RA R &L

— 138 —




Bursting Plenomena Ubserved in Laser-induced Aerosol Formation

from Gaseous 0S,-molecule
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iR 2, BBEICHE BB Y HID0 BB zT . = R yRRAR gt Bt G
TGRS AP IEMEE C 2 T D OTOFUIL & MATSUDA (1983) # 2K LB S DE -

QBB E &, 306la~ EEMA F 27 Polar Wander (313 ¢ L b 70 % » £ (Irving, 1979)e fRE L 2 -
Ko Gz R 1= 1 ) 28~35 Han F A EF T Rock Unit M2 M3 aFtH L3, @ &
Unit nFt9 R/ Bor | Z 27 2H WEHML £ 3. SRN & E 5Rock Units 0 5 o A6 & E 4
BTOFUIT & MATSUDA (1983) = %E o 3 Rock Units o 3T & Rock Units #5 2 B (>« 2 F % Bk
T (See Table 1.). D=60.9". T=444°, der=93" ¢+ 74> B. = Wt zm RO FAMD
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2L H B, FoMa AFKAT Ol o E+2, BBAEMAL BRIy, 2| M W 2H
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Hz=o ESLG =2 FEC2 B
Table ). Average Paleomagnetic Directions [ﬁﬁj (i)aﬁﬁaﬁgﬁkmﬁ%?'ﬂﬂ V) H
Rock unit age N(n) b 1 as K ?ﬁ)ﬂ\@&ﬁﬁl? 6l°i\3°'2“2’>2 °
Sasahara tuff 28 Ma 4(44) 53.9 27.1 24.3 15.2 (lll\) §l°0\ @@fm [é- ,|/. ¢ vt 2 HO\
Kawamoto granodiorite(N) 33.29 6(56) 60.6 52.9 7.1 90.9
Kawamoto granediorite(R) 1(10) 63.6 43.4 - - |-"<§:('"—F;ﬁ':7 T=-
Hamada tuff 32 2(23) 83.8 38.3 - -
Kugumo andesite 33 2(19) 47.7 42.6 -
Rirahara tuff 33 1Q12) 46.7 40.4 -
Okami granodiorite 33 1(12) 79.2 57.9 -
Arifuku granodiorite 35 2(20) 57.7 46.6 -
Hean 8 60.9 44 .4 9.3 36.2

N is the number of sites, n is the number of samples. D, T are mean
declination and inclination, ag and k are Fisher statistic parameter.
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201 50 18.7 -54.2 2.7 1.1 1.9 2.4 18
AD2 50 113.2 30.5 2.7 0t 1.9 2.4 a8 CLAY
A03 50 340.5 -54.6 2.7 1.1 1.9 2.4 38
B 150 295.5 -4.7 5.4 125.4 225.0 175.0 154.0 1.3 272 6.9 72.3 15-20 BASALT
c HRM 148.9 10.7 3.0 115.3 0.4 0.0 0.2 10.2 23 17.6 0.0 LIME STONE
o 28.1 1.3 12,1 21.6 33 1.3 2.8 B-10 BASALT
E HRM 322.0 -4.4 3.7 117.5 167.0 83.0 130.4 2.0 20 6.0 54.3 50-100 PILLOW BASALY
F HRM 2.3 ~42.) 47.9 2.9 335 2.4 21.9 11,9 320 9.3 5.3 20-50 D1ORITE
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H kD] 358.6 -3.8 8.9 19.5 0.2 0.0 0.1 9.7 135 6.1 0.0 LIME STONE
1 NRM 15,1 -2.7 23.7 2.4 72.% 2.4 3.8 14.9 260 3.9 2.9 20-30 PILLOW BASALT
3 120 123.5  46.4 15,3 14.) 148.0 28.0 60.3 5.3 45 1.0 160.5 50-100  Ol-BASALT
K 75 165.4  S4.2 13.5 10.7 143.0 43.0 86.8 3.3 17 0.6 199.2 a-12 BASALT
L RRH J44.0 -39.6 7.5 24,8 1051.0 682.0 B15.3 1.5 2B0  20.2 107.4 5-20 BASALT
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T  NRH 108.6 -26.0 ,,, 1.3 1154,0 2.5 205.6 461.6 29 1.8 3.1 DIORITE
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2 NRM 2.5 2.1 64.9 1.5 145.0 40.0 50.0 3.6 45 ANDESITE
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(Presont study)
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Yamaguchi 27 68.2 62.4 7 2 -7 38 v, O(N)
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(Previous Yumsaguchl data: Domen 1982)
S-3, uine 21 -5.5 8y.2 ) 12 L 79 f101, N
§-4; Ogorl 13 2.1 qz.8 12 12 -156 20 1y, O(N)
K-3; Smamonoseki
12 23.8 48.5 3 27 -133 6o -17L, N
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Site Age N Decl. Incl. Qgs Jr Cleaning
(Ma) (°E) (°) (°) (emu/gr) field

1 wakinoura 89 14 7.0 -47.7 9.5 2.59 x 10-4 50 oe
2 Kota 80,89 12 43.5  73.3 7.1 4.42 x 1075 100 oe
3 Kota 80,89 13 84.4 63.4 5.9 5.52 x 1075 150 oce
4 Sakurai 80,89 11 86.6  26.4 5.9 3.48 x 1075 200 oe
5 Nokita 90 13 76.7 55.3 3.2 2.54 x 1073 150 oe
6 Fukachama 89 17 40.3 78.8 10.5 4.35 x 10=6 200 oe
7 Shikanoshima - 14 44.8 51.8 3.4 2.59 x 10-5 150 oe
8 Shikanoshima - 14 76.1 55.8 5.3 1.78 x 1075 150 oe
9 Shikanoshima - 11 103.5 46.2 3.0 2.82 x 10-6 150 oe
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Takesi Nagata

Magnetic Properties and Paleointensity of Allcndc Cs Chondrite

Minoru Funaki

National Institute of Polar Rescarch. Tokyo.

Allende C. chondrite

The Allende C3 chondrite fell on Allende,
Mexico, in 1969, and therefore it has not been
weathered in the earth's atmosphere. The
Allende has a very stable NRM and its paleo-
intensity is roughly estimated as about 1 Oe.
(e.g. Nagata 1979). Opaque minerals in the
Allende consist of Fe-Ni metal. magnetite,
troilite and pentlandite and they form com-
plicated combinations and structures (Haggerty
and McMahon 1979). Recent magnetic studies
of the Allende (Sugiura et a 1979, Wasilewski
et al 1981) have shown corresponding com-
plexities of its magnetic properties and NRM.
It may be necessary therefore to study
magnetic properties and NRM of the Allende in
more detail and exactly.

Ferromagnetic minerals in the Allende

Opaque minerals in the Allende are
analyzed by the EPMA method. They are
taenite of 67wt¥Ni, troilite/pyrrhotite of FeS~
FeSy 05, magnetite (Fez04) and pentlandite
((Fe, ili)gSB). Thermomagnetic analyses
indicate that the major ferromagnetic
constituent is 67wt% taenite and a small amount
of magnetite. No definite evidence of the
presence of ferromagnetic pyrrhotite and
pentlandite is observable in the thermo-
magnetic curves.

Paleointensity

Examples of thermal demagnetization of
NRM of the Allende are shown in Fig. 1, and

(ALLENODE CS) THERMAL DEMAGNETIZATION OF NRR

Fig. 1

their Koénigisberger-Thellier plots to determine
the paleointensity (Fp) are given in Fig. 2.
For these examples, B is about 3 Qe. How-
ever, the acquisition of pTRM increa%&s with
an increase in temperature up to 620 C, which
js Curie point of 67wt3Ni taenite. NRMs of
15 other specimens of the Allende also are
examined. Their intensity and dircction are
practically uniform, and they are very stable

KOENIGISBERGER-THELLIER DIAGRAMS

ALLEHDE-(G)

Fp = 3.3 Oe

ALLENDE-(H)

T Fo = 2.9 Os

Rosldual NRAM

s o

“Tm‘( ALLENDE-(1)
'-‘.““ Fp = 2.8 Co
Y
| e
e e o et
) “, \'”__.f— ; — 2 ————r v
pT R 130 emaiy
Fig. 2

against the AF-demagnetization test up to 100
Oe (Fig. 3. Top)., and they arc thermally
demag%etizcd almost completely by heating up
to 330°C. Fp-values thus determined for thenm
range from 1 to 2

Oe (Flg. 3, ALLENDE CJ CHONDRITE
Bottom). As far | MISTOGRAM OF 1,(100)/1(0)
as the present

knowledge of rock w0

p ; P SNT
magnetism is

concerned, there- D
fore, it can be
presumed that the s
primordial solar
nebula produced
a steady magnetic s
field of 1~ 3 Oe¢ in
the course of

cooling of the ’
Allende from

about 300°C. T e e e

Fig. 3

Y 0 0 3 ® ar
a00efiiey
HISTOGRAM OF PALEDINTENSITY

LAY
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(1) Allsop, H.L. and D.R. Barrett, Phys. Chem. Earth, 9, 605, 1975.
(2) Kramers,J.D., Earth Planet. Sci. Lett., 42, 58, 1979.
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P—10 An interpretation on the polarization of Pc 4-5 pulsations near the magnetic cquator
Il. Murata
Department of Physics, llyogo College of Medicine, Nishinomiya, 663, Japan

Polarization of Pc 4-5 At the earth synchronous orbit, many observations of Pc 4-5 are done.

These are summed up as follows; azimuthally polarized-transverse waves, which occur predominantly on the
morning side of the magnetosphere, show a good correlation with ground Pc events. Radially polarized
waves dominate in the afternoon and dusk sectors and are less correlated with ground pulsations than
azimuthal waves. Compressional waves such as storm time Pc 5 obscrved at synchronous altitude in the
afternoon have not yet been identified on the ground [Kokubun, 1981). Secveral giant Pc S, each being
mainly compressional and lasting 1-2 hr, are observed (Hedgecock, 1976], and this phen°ﬁ§g% s
relatively common in the 8-12 R

g Tange near dusk. A depression of thc ambient field magnitude always

accompanied the events, suggesting that they are associated with a region of cnhanced plasma pressure.

Interpretation  The linearized equation of Faraday's law becomes under infinite conductivity
= . - (E- - 7. , (1)
Bi= ([By + By)ME - (E-V) (B + 8,) - (8 + B)(VE}
where we define the digplacement vector E from the equilibrium state, as
3k _ (2)
at - V1

and vy is the perturbed fluid velocity and 8, is the perturbed magnetic ficld. By is the earth's main

1 D

field and 8, is the ting current magnetic field. We may discuss standing oscillation of odd mode with

£ = (Er’ 0'€¢) and V.E = 0 using polar coordinates (r,0,4).

3E 3
r o ¢ .
(Case 1) Compressional waves. Let us consider the region of the magnetic equator, where 7= = =g&= = 0
nd B, + B, =0, =g L3 2 . (3)
2 Dr I Then, we have from (1) By= £ rzar(r (Byg *+ BJG]) cy

Radial oscillation may correspond with compressional wave at the magnetic cquator.

(Case 2) Radial mode.

iti i ; i vhich is re-
The condition of radial mode is B] = 0 near the magnctic equator, whic

[
written from (1) as
13 .2 ! 3 ... -0 . (4)
Cor * By 75T ) * (Ppg* Byg) Tiag 35(510¢ey)

If By, * By =2 cost and Byg * By sind, (4) becomes

2 cosb 3 2 ] a . _ (5)

T2 By) ryaglsind ) =0 3
Here, we assume that the colatitudinal distribution of E¢ is given by sin6. Then we have §¢ « sin8/r

near the magnetic equator.

(Case 3) Azimuthal mode. This mode has B

e 10 2
& 2ar(” [Bpg® Byl

It R]er 0 near the magnetic equator. From (1) we obtain

= L a2 + 1 2 R T T N D B ()
B, (BDr+ BJr);é =T Er) (BDB* BJB)r Sing 3g(sind ﬂr) - £, rzar(r [By.* Byy

TE By + Byg sin0/r and B By, =2 cos0/x%, Rio= 0 is obrained. The condition of ¥ = 0 becomes

br
13 2 L . &)
(Ppp* Far) e Brgt Rygdiiag gglsine £ = 0
This equation has the same form of (4). ¥e may have ET « sinO/r3 near the magnetic equator.

Refeeences fledgecock, P.C., P.5.S., 24, 921, 1976.

hokubun, S., "ULF Pulsations in the ‘fagnetospherc"™, by D.J.Soutnwood, p.17, 198}.
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