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Wave Theory of the Expansion Phase

of

Magnetospheric Substorms (Transmission —Line Hodel) Il
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Dynamical development of substorm

at synchronous orbit

Mox  F- o’ H A
(®: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° - 3p°.

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 8413 UT, MAR. 31, 1875
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Recently there have been accumulated a %oz)oing low (Sakushima
evidence of Ducted Propagation of medium-— (Moshll‘s here. Several import-
and Kagoshima)-latitude whistlers in the magneto pement of wave normal
ant evidences are from, (1) In-situ(rocket) m?asur (3) Multi-stationed
directions, (2) Field-analysis direction findings,

i n the ISIS
- in whistlers O
goniometer direction findings and (4) Echo-trai
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od problem 1in
In this report we discuss the most poorly :ﬁiiZ:oMD DECAY) "
the whistler Propagation, i.e.; the "LIFE TIME(FO carried out follow-
B ERDUCTS I o e i whistler observation has been 50m every hour,and
ing the synoptic routine schedule; two minutes from
hence

; time scale

mena with
'We cannot have any information on the pheno
less than lhour,

. —ana-
"R —time-whistler
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r
lyser (Rrwa)w

istlers with
/Which can measure the occurrence r‘j"tenglihw:ill enable us
dispersion in every 5 secl/2, in a real time. This - esugtden . We
o study tne details of the whistler occurrence Ch,ar s of low-latitude
i1l report the 1ife time,or formation and decay time
W

i R hiri.
histlerg based on the RTWA data obtained at Mos
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.
-[rum

Dispersion (sec.%)

Number

Figure ,

ey data.
An Example of the Real-Time-Whistler-Analyser data

) inutes and
The lower panel; Total occurrence rate in every 5 minu
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. ispersion
Occurrence rate of whistlers with dispe
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in every S sec / .
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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 middle atmosphere. This follows the previous talk (2) of
the same title at the meeting last year. The algorithm is similar to the one
used quite recently 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/t’o is manipulated and solved (Lindzen
?nd*mng-l9ﬂh Aso et al., 1982). The advantage of the new version is that
1% bears no apparent singularities corresponding to f°- cosZe term in the
Laplace tidal equation, which may jeopardize numerical calculation for some
regimes. The practical problem, however, stems from the size of matrices to
be treated in the numerical procedure which is 16 times larger than the first
One and may sometimes become crucial from the point of available computational
Tesources,

Comprehensive numerical tests have been carried out, amongst which is a
hemispherie modeling as an alternative and expedient way relative to the full
Spherical model, and comparison with solutions of the Wilkes equation based on
the classical tidal theory is made for no wind regime. Fig. 1 compares the
diurnal tidal fields excited by the conventional (1, -2) forcing calculated by
(2) 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
:Z:TE Erid spacing with latitude, agreement between (a) and (b) is satis:.[‘ac—

elow about 110 km where assumptions pertinent to these calculations
Temain valid, and favors the legitimacy of the present computational code.

(a) Hemispheric
numerical model
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(b) Classical cal-

culation
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Fig. 1. Diurnal tidal fields for velocities and temperature

excited by the (1, -2) first negative mode. Results are valid below
about 110 km.
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! Three dimensional ionospheric currents and fields generated by

the atmospheric global circuit current
g T TH ﬁ?\f;
.
( & K «=H ]
We study three dimensional ionospheric currents and fields generated
by the atmospheric global circuit currents, using the distribution of the air-earth

currents as a lower boundary condition of the ionosphere. The air-earth currents

are obtained taking the geomagnetic and orographic effects into account under
the assumption of the ionosphere with infinite conductivity. Three dimensional
jonospheric currents by thunderstorm sources are calculated considering conductivity
distribution in the ionosphere and configuration of magnetic field line. Calculated
potential difference in the ionosphere j.s 55 V and the horizontal electric field

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

our model is adequate. Horizontal 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 altitude near the equator

because of the anisotropy and nonuniformity of conductivity.
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I—5 Cross field instability of mid-latitude sporadic-E layers

EEF%Q'E(“, S. V. Venkateswaran'Z)
(1)}'3@%;}127&?5533{ #‘%Fﬁﬁmiﬁﬁ' . (2) Atmospheric Sci. Dept., UCLA
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Lm0 Time Variations of the Sodium Layer

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 date obtained
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 latitude (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 light 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 sodium density s given in Fig. 3. Each of the profiles 1is obtained by hourly integrated data
and is shown by the solid Tine. The nocturnally averaged profiles are also shown for reference by the
Tight dotted 1ines. Also shown in the upper panel is the trend of the hourly values of column contents.
It is pointed out the pronounced feature in this example is the descent of the portion of the density en-
hancement at 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 e
wavemotion having a vertical wavelength of !
14-20 km and a period of roughly 12 hr.
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I—-35 Numerical Solutions of Coupled Equations for Acoustic-Gravity Waves

in the Upper Thermosphere

Weikfod
RPEEXE - HEHEE MR

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 in contrast to a homogeneous multilayer anal-
ysis. A propagation matrix is assumed to be in a form of polynomial function
of height within a subslab. To derive a complete set of special solutions
with good linear-independence, a technique is applied, which has been devel-
oped for the study of electromagnetic waves. From the height profiles of
resultant wave fields and their kinetic energy denmsity, it is shown that
the wave energy is partially trapped within the region between 200 and 400
km height. The trapped region becomes a wave-guide. The resultant wave
fields are described as a scrambling of four characteristic waves. The
profile of the resultant wave fields explicitly shows that the wave-guide
is 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.

Vp+600M/S

600

BE L ]
0 - dor 19837
R R Edk A A 6813

Y SO - T L1

o F o
o a o
o o o

ALTITUDE, KM

"
o
L

130.

r T J
BOMIN [0 i 10"

- T
3OMIN‘°¢ 10 10"
r
20MIN 10"

= full wave solution

--- WKB solution

FIELD STRENGTH

99 —



1—36

EE T M /< 5K h o0 3R ) BY JEE o0 FE A & (=R
2E #E BR 34& T &
(RBAFBERREFR L 7 —)

BENASTCRELORMEEM L ABHEENFEL TS choREhREEAATELCERNZRLLLTNS
EEhTvna, BHFEREENEHERZHLECOT, S OBHOEBECEESMCT B0, BRAEBXEHMRR

RELTHENCYS ab—2a VEFSON—DOAWRFBRTH 3, FHFXTWR 1 chmon d andMatsu

shita (1975, J. Geophys. Res., 80, pp2939-2850) DIT - R BUEETEZ Z TS,
BEOLORNOEHEBOHEAMCSATER Yab—Yay - 20— FEMRTIEZANL LTS, B- 11—
BlE LT oWEBEEEGT 34 —os®ficiAlorentz s Joul e RTHESNZBMSHBLARATBED
THAERLALOTES, 2EFE20"° BEL 30 km{tific® LrpRREARRABRICED, 2RO HEIC2hT
BRARMAEEAES AL L UBECEBL TV {BFIAN B, cogEhOEHERBUIrSESBETRIORERLTH
CEBRBHLTN 3. —5. PHMBREALTENNEREL 2 -HHEROTHTIEHE DREREMMRRES LIS
ERAN B,
B-1 t—osBAKL-THESMATBHERCHRLE IATBEOEIS

B (a) — (f) RPREOMAMENS405, 805, 1204, 1605

BIU240HORMHBT 5. FBER 25" HBIWR LA,

B0 LA 0.0 R . e Ty e |

LT T B Fet e e BTl T T T T T T T T T T T
0 10 20 30 40 S0 6O 70 10 20 30 40O SO 60 70 80 0 40 S0 60 70 80 90

80 90 ] 40 L]
COLATITUDE IDEG) COLATITUDE (DEG) COLAT ITUBE IDEG)
a b c
TEMPERATURE I[K) TEMPERRTURE (K)
TIME=160 min TIME=200 min
i ' y ! 1 g Sl ] ! 1 L 1 ! 1 1
240 - 240 b 240 I
220 I 220 [ 220 {
200 [ 200 L 200 ~ L
180 | 160 HWV'I’]_:T\ o
160 - - 160 L 160 — £
40 LU ES] - 140 === ol -
120 I 120_-‘,,3-1_{;9 f- 120 -5 .
= e ;
80~ I 2 3 =2 r
|- s0- F -

T T T T T T
[ I‘O 20 30 40 SO0 60
COLATITUDE IDEG)

d

70

Qo o

TR S s pra T T
10 20 30 wo S0 &0 70

s
0 80 30

T
30 40 S0 60
COLATITUDE 1DEGH

80 % 0 10 20
COLATITUDE IDEG)

e f

—100—



4507 A-0%xTvy Lo /17}"4%f;9v{:4%?@
THEEIL (HFF ;77-—/31_3:3/;5/@7)

Jo N
gﬂ'g '}@ ’Emilfﬂ_tﬁi—— 7

m zm@‘-@%ﬁi(«n Y2 ofBrduz .z offfke sl
SRR 27 = #fpﬂ@;{:g;wz—;v vr CTAIBETEL B, A glﬂr/m]
peB. U— L7 5 3pRLs By AFETIS 9 69 2 BAL. My 75—
wteuatck.mms and Himes, 1970 7@ =03 REMERY 7-7 Lo "k
Testud , JQ'TZ 1973 Frameps, (478 ete ] ’\‘rﬁﬁ\ AE’f’?*;/{Z 1000 E 7,
b ORREB A1t 3 ABEF 2 2 i3§_3u—vuwf RN 9 By 73
Hi P ﬁ%ﬁqjﬁiﬁqefjmzﬂ - k=2 = ﬁﬁ;i%ﬁr@g%,hﬂ%t
HF}7717‘1;1/$_E/L1H3 tarl8s E. ABGLI preliminay 0 % 2T
W3, Prancis 17 2 0 BEB|ERI~F3T7 TR GAEATYIAL by de5 B & om
ﬂﬁa}ﬁﬂ%t? W3, 2UCeEBI B 27 i Ee3BEEeR
2Y7RY 9 T2 7= —pr—9=FF IR Tud. A- ng‘ﬁfp‘bayiﬁﬁiz-/;isc
«75»7}\ b o2 I-aﬁas ENTDA = BHER AR LU 0 300 mbec

'Ez‘fT 3 HR p~w7° 5 — f’ AR Lo SBRBE,
zﬁoaﬂqr\ﬁ Mu?a\ L 3T
=210 2% :L}ﬂ(ﬂr}y}%; ;r\iq&,a

us,

/ 2/2 RE__(121

Z
5,
F

ngw—u .*kuu..- ’h.._ ba A lq?q 4 ZH 2[8

101 -



defdZE—1. TT2EECTE . ALy
Fud 5= EFH Y THS

£ 7T1 378 0 De om 03 3leastiwie

‘-I

1—38 e A ] = M AT SV T b

sgtEsicn B & HE Fo 75 —oit@yrks (Ens, .o
C i, TEMEERE (200~4 0 0Kn) ©, MPEXSEMATE
RUEBHLTVAT L 2EKT S,

c OEOKREHE, TORMOREE (10~6045) OHiC.
D LR L KRN THB S L EABNT R, LibL. £
oMM ASKENEHTS 5 LIET 5 wicid, 20 60T _ »
Do (FBER ©x (HE) oEIAT, L A6 T HHE o ) : :
#775 SHRHARIC B S AR 1 AU TE AL, i

z 5L EEBOEEEFEHT AL, BESL, JIY 2D L 3 —i3 it
¥5—10 0Kn O=Fsipisss . BHRAHIE ST & 1% T BIH {1 W o s me
M5 (BsHEIT., BEESWEBHEET, My L., 198 241 [ i R
1 A oEMzEgEL 7 (B1) . . )

FHEH BT, max;mwmmmwm FTkiw A UP‘“‘ *”‘J“"f* vwmf‘?\z K
BL (B12) | Lo finEs BRE LTLT, £k, CoHO S ”U St ____ \T‘
EBOBco2 3L TV “BuEuE” OMAIEINSC i
et ] z

|

£

57:‘
|

RiroEsEuL
(1) @0, r270y hT5e, M3DL3CEE, HL
CEABOG DB L5 THB, 1, WElEs ol
BIHMEHRSS, D& Yo" TLADME, K ¥ I FOBRS

HELTOB B EEA NG, 20T, o2 ¥ 390 FOERD |L
HERIEL . BafRo— B (E4) 20T, 20sEIH ,\L-

=

‘\d/,, & S wf/ "{-wm«wf'mw

r
I W e
l J\{V“ o rd"'\\fﬂuf\
CHIESETH (B3) L5cLTHAv 2 ¥ 59 v FOREZRE |
TaL, OB 0+202— FLOREERES,
(2) 1 0~3 030 fiis, 12 &AL ERINCIEE (&~

U 7X5E) B OEEL T B, s, H100~200 4
—rLOBETHE,

5z

LT, K, TN C AT B AL T T VN f‘ﬂ““ v ‘*’/\’\ﬁ mf‘\"
5% LHEBTE L, 2 ORLEHI Lo T, SROFIR : 'l 7 Qw “’”"VN““"\W I"‘\.nﬂl'

WCERZTNLE G, ‘
Jf* /‘\“l, ‘\/L\kwm-,\%,.‘g“ﬂn‘

IO61°11°2861 “¥ERECo%1E “TW WL 6 T

| "1
Tr——— = h 3
11438 11719 . N e
YAYE LENGTH (rn) F
L LT “ AL ONE LENCIH kAL HiKNle 250 CS(H/S)= BOO LZ(KH)= 100
__ 3 WAVE LENGTH (KM)
= - oo 100 &0 40
£y o = et
'f‘" : et z & .
z. = » = al s
5 = S i o
2 A 5 = : :
& = o =i g oo g
£ e 0 i
g 2 A 2 ié,f e s
? = i ot e g
= =3 e Y ~r B 0 nss e
. 3 ToAal =
H -~ H = Sa
:ll “r L8] 1. n. 1w : = : ////—_-_———__\\\“E
. EEL iRV " ) e ' X "'
KX 181 (Rpe1) KX 2 1B-1 (KH-1) . [
E44 i icBest-fit : - 4 oo ‘o 0.0 12.0 15,0 0.0
ﬂﬁ fit Et*h}}ﬂfllﬂ]ﬁ&n KX #10-% (Hh-1)

—102—

|
|
|
d



1—39 EAEETIR ORw TS5 -7 MNIZEREB
S EEMEATNISFIERDBEN

o Ef P (BRsE)

\

1. 2AAE b ESLCHFLEBROF v 7537 PARBPUEICC FRET
4+ 2 &2 oW T E Omhwﬁ’é—ﬁ‘é}btu')z)é@'@%@?&@f&T%r:,\_:%iﬁ
cEEFL—_RC2EEL AN E S, BEFBREHFBRENELT TR T 265
HMSESFErL—2x4 L. FMEAMRAEKHSES LI EETNIOBETFEKREEL 22

AHIBA L T2 o 48 F IR ﬂu_—:u\‘rt;téﬁ“}‘u?.nﬁi&?i(_&u’(nt<%$T% & HNEFHRE &

Y
8

ATHED . B mh‘l’;’\cf)??’u—%b\kiéﬂ’(b\%)Teiith?i‘c'r::r—azvzf@%,
!&-‘('ﬂ%%‘fg KELhTHrarEL SN & iT..ﬁﬁﬁ’(I'@l.&"ﬁ‘xi‘ﬁlT%L\:tﬂ)
— R EAD LB THIBEOREMEL S TREOSALAL TS 3 TEEEANEL &

WA Do
2. BIATHIE WFBE _RDHEB/ELIXMDELBALTFHEZEERAT 2 & .
MEOPRE gt BR R IRTARKIE OMORAFRSIRDL Sh (R RS2l A

2 2
_ ~V D =4 X h —7
£, = foh (1 wft PR (ho_h])b) > A =1 (ﬁ?)
2 -
L < b /\j(h"—h') — (h,—2w)? ST, DEEWERE, £, FEIE
fo—Zn ORAEHK. MEEBBTROBE.

h U BRABEFTESOEE*EDLLTVWE, CORDEHEMBR TP LT T o

of (Km)
Feb,19.1981 o

. ﬁa =10 Hn2
_:‘. BPM 4 PARABOLIC ": - 80 Ka
{* D=2228km -
& \ | . |-
S

AHz =IO T

6Hz ] 400

300

2Hz ey -—_;;:_,.3!—!&...—.;‘\.-—;-.,4 \.m.

|—1! i S { ) 200 G ot

500 600 ST 0

Fig.2 i F b L — 2 @l (B & T &) 100 a0
S« D=1000 Km@D L A ELHITHEB T 2 & B i \ L
=1l

BOFETEREIRTAEIDND, EMOFEERERTR 2. T SO oI e
HELALETEHO N D, (NP DEM) ZOBFD pig) ANSEERREKTEER
L,EBVWTE Y 75— 7 b &stEy 5 &Fie.

3 DLESICW D, MTlE. fy=1 (14+0.0184in Af

oL 1 i = =P H
(2mt,/6) +0.01Sin(2mt,78) £ L T4 0. L@ ] B0k Sl e

BREIEURLD WO L —2A&2RL., TEER nRet B
EWITHES LEEOS FEMHEETLTVD, 0 5%&%
ETHND0E EBEAEmAE o b L A8 FAEIR L . ]owerriiy _
o TENB DT A WTED D e F 1. LeDIE o TTw
B OEBRAE NS AICIIFLIE.2 LR+ ¢ (ES ke s

,-upnerrny
ER ML — R E M DEHEMEE bR —HEFTo =-'- \/\ \\

[

gz gy , « . I U : Hwer n3y
2 X 1) R%in, WHME OO LR OEN, HHEH -: m‘*t min
WML E, w18y, 1982, 2) =%H1M,“cF BFHoOoRE
B L RIPHFIZ o TVHRE v T3 — RS, B3 B, Flg.3 R B OES (L) &
1982, 3} ALMIHE, M B F v T T — b L — X OFHE M $RREBMUBOETOER (T)
WRIOHRE » 75 — g s, B2 &, pp. 21~25, 1981,
— 103 —



1—40 RZEZNR RT3 F BER KRS

¥m| B BREE
(% A K )
$%5, FREMAZ 0 KAENHERE LT BB, 44 > 0 BRNx
PHKGEI 20T 2 REAN KB x w7, ACEEEH L KN 2FEEEY 2
3. ATvoBSRToRERAY Lzery Ky 7 e ABELRINE, KICHB iR
Ry LT, Mk, BB s wA A SR TERINNT VS, ADoFATE, 7
I RIEEORER, Y RFREBaRE M EVESLTUD Y ERLEY AR
&, PRETID cBERTORERGEEINT £ - J ¥ FEAT, DITEIBSLIHN S FRET
NT* - IRBIELTANT: 0 TEE T2, o
BA>0F3, A4 REEBHBEIE AR TR IMD,
(e UD (R B+ ikl -G 148 1216 ] a1
Mo o R [(R-G-rod - 40T 11,
SIT, WA A HEBE, W PERE 0EN T R IL, U (Ua=lwal) & 777 20 Y JREC
BB (A5G 4T v T3), wiBABARRE, REEFN 9 Lo R, ki
BEEX 60 HREH, GeTiERRBES 0B =Bk 2EEA @ oRKBEEMME
METIB, 1y, ld, %uCrn, HOKBHA 6, BEEA@MOFMN I M ILTHY, §y
Y1 0K BBk, FBo $EEMB KT,  (DRT, 7°7 VIR &R,
Lo XS0 (hi=0) ¥ 41, Hooke® mﬁ%ih@%ﬁ)’% !a:f)'a =X\ E)li%@g s
R, &r, B BRI (WMo~ BHL) (3, Whitehead ¥x Beer” n iR1B T3
spatial Yesomﬁ:ﬁ%?%. FEINVERIE, W AR 7 ] v B (2 252 3A
(R1=0), ni/nio o fRIBAERE S D THEHERDHD X X THD.
RERATSER 0 —BlY LT, M1, n/e oXBRIMkEIE:, TERZEE0
BB® 5/e. {52 B8 v L7 F 4 (GRFHRBLE Nl /15751, & w ALABZE $0ih0)-¢(5/3)),
SO BOBEANGA Ao Y X HHRYBRAL, WM/ /ANECZ 03, ®
1, ﬁﬁi\‘a‘bgaﬁﬁhi=h{ﬂh; OTWET LT\ 2-250km,%=300ms",0-180°, Upgoing Gravity Waves

450

2. 2OENSEHEADIS 1>, BERHIBMALT 0 L
TBIE quasi- evanescent £ — I (RE<Ike]), % Hx Y B bio 8
AOLOW nterml 2- 1 vE2 58, SHSE—F o o o
Blefere, BBy 7o oRET, Bk, Bk fo 2
B sRLz0a, SRyLz, 2 2BSMER © o B
BRAND R L, BRI K 570 D FREFBE ] 8
BoMRREBIOR v 9 kL (8121, Sttydal®) ¥, o SRS
RES R SC-HLzndrwas. ] ' ROE
RET> TR, RS 2. ' i0°
e x5
1) 40,8 DM@ HESA TR BRI, 1, (952), & [
2) Heoke, W.H.; J.Geophys. Res., 15 , PP 5535, (1970). - i
3) Whitehead, T.D. ; J. Geophys.Rea., €, FP.238 ., (1971). r . b
4) Beer, T. ; Planel. Space Sci., 2L, PP 297, (1973). 10 20 50 100
5 Setty, C.5.GK., AB. Gupla, and 0.P Nagpal ; J. Atinos. Tevr. peried . min
Phys., 35, PP 1351, (14T3). @ 1

— 104




L4 AAT T4 9 7EYHF Fo 777 - 558

BAMRE W@ E, BA &
( #pv A% =33 )
WE HF Fv 19 -§do 5885 haBAlv v 2 EiTh by 29- v Ik 05"
-0, o HyutElzhts T BHe9rF eI b, Lol, ChSoF- 90% = 17, 83
), FewF - 7 b @b T ol HsTFao%baL 0 L 15 = txo, e’

S

G b KI3LTar s THEL 24 2o hh, 1722505003 /0312
HF kw299 - 3- 79+ %389 bz 12821, ~h, 0B %o BMRBRHRDT 7% 7

Enpdd c BB emia L2 vh 2 vl dho o122l

Bl efdral, mdled o) 3 Tod$miolt4vB0t, HEL VT
(Nanew) Y U, REL 124 h L Nk S (Spreeel ) BT I B 8 0% W (Wid)
viefidha,. tofe = 20 bAMKAFIT, o/ 3L Lo BEHUiN L3R YE 4,
fBhdh, b2, 5 WR A obAF LD 21259, FFs B4 ro 8128 LT .-
BITY 2 RHE G L3 okm BN 84T 0 BARARM DE 0L ATy HF by 92
2w b 094 rnEs R, FEs oL AL /5AEEAY LT,

BER, D2 144 9=, VWSRIIRE0TTYNY h i hoZ 2 hyi@ie
Brhy, AgrdsidFerf4h, £=@A325b05591c, VRIE (RE-FiEs) o
hE Bz, R ST (REs—FEg)oR2< Whiznrh T h#F 1R, L5595,

@ N - Appe (b) W= Typpe () S - Aupe

——r—

% JTEQRFBOHF kw19 - gk 0B LG4,
( E#13 §MHy, FSHE5MH3)

© 100

@l. KiT\o"?

4 ;MHZ 0 1I.U 2.'0 ;.U '1..ﬂ MHz
Fo Es Feis — Fbls
Rl 2, FoEsaf@ X4, N W SE A3, RELFEaXiryddb
HF boog?g - ~>7Fﬂiﬁjﬂ.$‘a S,W, NE w7 FAEa
(19229 ¢ A) pIE . ([92256A)

—105—




s - Hit dbectron, ¥ Cold dlecron 43y 14 % B AN

TR Mo AN A 5 —iBhHA 0 BABF ARV

sia (Wiﬁﬁ?%ﬁ) 2

BB 0 BIHR S 5 K< 0 BB 62287 % 01 27T ffaﬁ“ﬁ;h b CGL HHe.
Chasr—Grolberser —Lowr (194€) 1452  4¥. 7HBT — % — ¥4 Kb@bfc‘,‘ mﬁﬁﬁa
G X NIRRT C A A1 29 12T UNT Ale, RO ton cyclolrm B AN 1
Luwer hybreil BB - H h B AR, COL BMEGH T H 2 v T 31 VY. I A7
4%:&51&,6\;%@%%5!;%1 b NTd . elytron BB #EFHLN
&0\ . Ca LA BANTRT H 4 . :

Wl BAT  C&LABRBLN K7 —ENTH AABR . checlron aBERA Moy
1 A7 — bbeln 300 AB R ERT L) g Tz > © £ HRE 1<
0t ABBEL 14, 8802 R -FRL L1, B15. E-RATIE PUtzca L
HAREMBL1: 1~ 0 KB BRI ¢ biMotirellinn IHERE > £ Vo2 MG &
PREL T4 R 7 — o AR 5B 2 o 1 20 . AT 0 Ko feal Jlux aNTFHEL
10 LIz 00 87 0 1R o BT =R Y 5 MREAL T 1 21/ R 7 —i8 o 0B
A, Mt o Plfit) o R AR AL TN A D £ 1Lt Ft7 7K
RRE L. fit tloctoon b ol oloction 91D E L . loctron 0 BRBAIEL Fi:
. cold sloction o Btz i f A 25— RbAR Akl 1) 5BV 52 p i ERR L1 .
@ﬂﬂf;@_ cold cloction & hot oboctron ABIEL 701 D e 119 2 L Id . AeG gl
DERBSNT 1B Ly 2 h ba 7. pot becdron o7 EIRRL ZHIE «FREI= 2L T
Do BN S ) GRE 1Y 0 T H o L1 P o

ARG o OB BUWGALE. PAF 2 £91-14 5.

wl:%%fﬁmle[a,mle + /acmlé"]/,

\-
\’
~

I
by = Y o/
(f-f'uz )12 0/

ﬁfg&&rﬁe [E. 4RoGhE—K o FTH ) . FRAHEIKE R T Loy Ve, 12e
4est T . Ml oL
B L) & At slectron » /gh N bi —Maxwellean & bi—Lor
2ERNA N LR 2 117 W.@?ﬁ. Ko 19 tiga wifs Wz .
() eloction o SBAIN V12, id A 7 —Bontorid 30 > 7 BBHT 5486 £ B 3.
@) cold sbockyon XBAEAY > p1:-4 Y . Rz >a BRI HBH 5 M. B R v
LMARBIR 1 Btttk CHL  o ,
@) ébﬁ%;’gw. idk%{%ﬁl:?)}v AL 2R R
H . cold electlron, af5HwSANHBITDH . 3
@) 4ot sloctron ~ zﬁ%@%ﬁm' bie Loranitan TRNINLA 0Nt 1 R 7 — Bty
o BRI

— 106 |




I1—43 ISIS-1o9fF&EdRAvvrrAKRDO

Roay Trace
A& R, RE MR, =€ B (FiKE)

(B ) Jameo, H.G. (1980013, ISIS-195 - Jindk > v T, 282 - F & R~ Xamode
IBZE L £k T Ray Traw X 4772 \* Seurce EXd1vh. LEL, X9 Ray Path 3.
Source L AL S NAMMBERI<KBRIA(RL), —> oFIF&RWBL E,

KRB T, KBzt e - F 2L~ Omode tfEEL, BIUVT - J 2 v T Ray
Trace $47 2 v, ¥ 9F8 % <X > v T Conversion ‘H\e:or‘a» 9 BA &, Direct & BaZKK
& o theory 1= > v T £ % 9 7 REHE & HEBURSY L > 2 FRHE.

($2R) L~ 0 mode 8RE LEHA. 2R EARRE, X9 Source 8 SR
R 1z Zmode #" polar cap, cavity wall, & v cavity ¥ 9ER #RJF & enhancement €Ris
(A2)1R&, TL-0 mode I= conversion L £ £ rtAABLRERCHAIS  x 4"
HEETvHB o —F . R - X mode 2RE LEHE, 2 9% # 9 Ray Path £ &3 Direct/s
theory # BRI T3 & 5 AMF = KoM oRBRE eBEIRABRELT, 2ox#s L
R“X'm.uc[?— l&%fiiﬂéo

(Fxw) ISIS=1 v 2 ARRRR-X

mode TEAH LT v B30 v3A<, LTLAHL-O ®1) 7000

mode £m L, Zmode ¥ L THAE LT #H#S5 mode Tinea: W &

conversion Lk Ltor® AL $MAh, 292 mode fp;t‘f")d"“ o
—A amod€

ALTITUDE (km)

HU L—0 mode = %1% 343 » h W3 conversion poi'rﬁ b Pt
(W=WpE 542 L1z, irregularity 44, & A
source region emhancement PEE BB E B L
T ABITROMEA R T
(HAXRK )
Benson, R.F and W. Carvert
Geophye. Rao. Left. 6,479, 1979

James, H. G.
J" G’e‘of’}“}d RDA 336'1, |c180 50 60 70
mc,r,oﬁ“‘w‘ LATITUDE (=) A
pe]

h {km) i

9 L-0 mode Ray Trace

s (x 10°km) (@3) CovtyPa Bk o
14 enhancement 4828

=2 &3 L-0mede A0
124 canversiom

Source Reglon

32 14 6 18 20
UT (MIN)
a

| : e & t—’u
5507 07 105 105 106 Ng fem3)
1S15-1 orbit
(@ 2] Bemson RF,and w Carvert (19793
FETHRRLIAE GulTyTaEF 9 T TR S

enhancement (x 10 km)

=it~




75 = (75 ) /)'axﬁ?(ﬂ KR)
13, 1o 3o act.u;t;«ﬁ\;ﬁ'a't bt 3L
BEANLETA L LoY, 2R3 T aB0s
-BREIE F & 2 BEEIN S ﬂﬁém\:: TRT =
k. o AKRa G o B IT -7
1.3 o ppkn SR AL S <L <
), 2YuRRE LR 5T,

%1 B3 AK R o 3 <-777 »72

b, Lo @7 FRRN S RHRINTEE
2 BARENEAR TS, - 775 v R A

RI3L bt R RIBEAEF LT 032
LABRL AT HD, Lafkzt-) 7DV
712'4?0‘7'\“%[1@ ff*ﬁﬂﬂlé, ?i % w 74 a
Tl (~p3f) s s Tt Bk
WZwatvh el F-p 543000
E-AKRoIIogp BRI S BE
EREEEN 3o s BEFEASF Lo 7

350
PEAK FREQUENCY
ss00] 10
PEAK FLUX
R
g £ 3001
T I
5000+ i
5
w > }
=] i L3
= a250
[ o | w !
EISSOO E |
q
6000+ L
200 L e e e T [ T [ 1 186
0 4 12 16 20 24
TIME — SEC
Z13

AKRo 7747 3
—  EXC5-BoBRREER <713 3 %

POWER FLUX — W/mZHz

v ] X e P/J?b?ﬂ;‘i C:(?\/:'t}/
5

AN
AE 98 K% B
gLk - TR
EBAABILE € 7 back-ground 235 0" B
L’(\‘%: \CE ﬁ\p?(LZ\‘ %"

5. A3 o0 BB SRBH G =70V )

~
~

At F) 7 EA N EEBEENC e
;‘l TU s FEE~EELZ vaEFI L
z, Vo m&ﬁﬁﬁ‘{i%m&% FNA KR
AT BAE LTTIUF T 5 hB e =53,
%zf’]!- 13 A A= f&%%é’%‘ffﬁ/j/g
n=nh*eiRELEE2a \/M%g/;% ‘
mﬂ‘ﬁﬁjéquﬂ Ko VERAE L3 b
37 b 5 LIPERE - ’g’?}ﬁtf\iﬁ\m 3.
PRV KIEHASE <), BRREE
= 357/3%5”\') t R2A<CT3, taiE
3, i3 R = bt D > T plasaa aw:‘T7 -
HKE»EC, WEKe EF e BAREs A
ZN)EERSL, XUl KAKRay 1
T2 JARBERAL T v 3 e rp—éfﬁnga
P F 3.

P8

ALTITUDE——km
1

0.4 06 o8
NORMALIZED DRIFT VELOCITY

=19

1

Z

—108—




I—45

Fio EBRMEES - hu, -
D3e2-Y-%-FVv0L Fg$rRE st
= 100kHz~ 1MHz o FlREA4ABRE - B A 33
BEE 705 22 T HBI- TSISHSE = 5 5B
Rihznwi. cEx2oBBT4 Y, 2o
BIER 705 2 2388 = 227 » 34650 £ -
o3k 3 = c+ 88 e 785 Z w3,

@ Whittler b3 = § & min (5, 5
(#-05 e2)
&L’-‘.a 5:

@ZE- K
$2 5,

2o BBRR 707 22 h, EF9
22 -0F7BTFE2 - r - LR
FRIBEFRo LERHpWINEL L &
o3 s, 2055 0T -FRi=zHywz
FA-D5H3 =53 BB THEGEEL
nwel), E-CREABE > 2R
EZ28- PR HI o Whistler -3 408
T-PERoobz B2 ®BE LT3
tor® Lo k3,

4B, BREA S 1 Seuth Rl
(KE) c®fd3RE 1L k3 A -0D5

< Somr

®L-0&-V3g

P B Bl 705 22 TR o R £
BBk FRBIRE £ BB A3 BN Tk —

BR #

( B sear i )
BEF-9sMwI1SISHKE«T-D357
- FERBBDLE LR oKB ) kL
SN =BIREST = 2 B & Tk
2T=0 {mﬁ%, (i)—ﬁ,’f.: T-D357-7
o &R (BE 1400 ~3000%) 227 - 7 = Ffe
LESEE nbRiARBIRE LR mpo 1t
3z, MXo @AM 277 2T RERe |
Bed3 0F-PRo R e BRR L h 3= v
, rBRY s e, Bo B1 82, South Rle
Apr P e fBLEMATH34, BN
3B, 2 BYE (00km £ FL-Z LEHTE 0 Sost
point #~ - ath = A3 [1"31"30 & o>
= T3040 TRVt 2 BREFBIRE
eRradsh (R26), t929-4(%/ »
stmn, O-PE+BAT k23 (B3
m4es) . REse- - T, B3BEY
B2 UNewrExnwi BHREY, ~od-D
57 -9 rHe L EBEA ARRE £ B4R
2R 2 35869 = £ - b BT h L
Zuwiz-er3Bih3. 20frn2
BoSRe ez, TEHEFRL 37
. REBIRIER s 72 BT 3,

L-0 Mode Waves
1g—d!

<108 -
N Isis-2 “’I T _—
Rev. 28979 £ ] ¥
Jul. 5, 1977 el H- i o
3 != .
E =—' ﬁﬂ.{a{.‘_ 12
Z ! : )
g i o
10| R
S H =- 16
i \ pER
I~ f R Al 1005 0] L ST S
sl \ FREQUENCY (MHz)
Arc J\/\'\/\ i (* 3 @)
South Pole Station : UTL 17:30  17:35 175:400 161:445
nv.Lat. 70.3  82.1 78. :
(R1&D MLT 13:35 16:10  22:13  23:33
(%28

—109—

DELAY TIME (msec)



I—46

VLFY-Y—% &

EU B BEBEBR N KB A LAKL

' K B % AT

WIS E 05V | F Y4 — R3@8H<
BRSBERE  <BRRGZ « LD
REREN Attenation Band o
AANZRABER S BV BRETBEDE

iﬁgﬁzﬁm BT S ogx NER

BOW (1970 > 3Y—5— 0 Alen-

Wation Bandz¥# A, 474>
7°0k2) oY o O BT Y Attenualion
Band omnsinggawk > 3 ) LR
EROK o ¥ LT, #6EVLF Y~y —
'QLJZIAﬁﬁgav—ﬂ»m“iq Zt
EE X IN oHorita and JTames (19
82 ) KEHo£ZT KDL H5RN
AMIBULEY X - 21\ 3H %
NVE o IRy, B3
KERo#I & mm At <E .

G, - o Attemuwalion Bard,
ISR F<L , ESCHp II w23 2>
BRBLE IBFHNOER EH 2 N,V —8
— 0 dynamic apecta DV B 7B
By, zrev Lo IN 70/ 12
NILgTELINBBNS  BRER¥EZTHD
YRR, B a3 BE¥ DgB XY D,

TMEE 1as1E78 148, ISIS
- P2ERBBERNT RiGAZ \NBES, £
BLEVLFY -t —p, BREn 5ER
LEMIZ'HD - BAIFCTFAHGEDY -7
- R PDITFAIM B . 2B BA . LA
A B2 D « VR ISROE =
0B a
* Horita R.E. an< James H.G.,JGR 9147

(1982)

* Watanabe S.,0Ondoh T.,Nakamura Y. and
Murakami T.,Antarct. Rec.,159 (1979)

2000 —
° 1981 195DAY ]
I ' P
1500— X‘ L -
= u 1
L L . @ (5] @ .
S e © |
E - (] 11 =]
<1000+ |
l" -
1 | i ) | | i I
1623110 uT 1624:00 1624:40

G6.6 IHLAT 68.5 G9.9

-64.2 GMLAT - G6.6 - G68.6

1829 MLT

1819 1809

=i10=




I—47 I G RF# 1B LHAREs Y LF
B 3T A Ray Tracing
AN o # ok 2 W Ty, A JH — B eheadE W é)B
( 5% %)

BAB 772 < Fov LFER Ryvosiy (Nfne T, 10hailiho 774 - &0 55
N v bR EIGRFETATEMT 2B - (R (YFnBHE) B 1.

S

LRGN T2. L onBwd, EFERBIFN (pE)
TLEIRMT %A, I NYa R bakGE . EAS A

5

fi: \%éﬁ’ﬂﬂﬁi’_ﬁm‘d“r
ETLREMHE (L)

o

/ L
Fe7
Lo\ (o0 BBIs B3 EGT% - B EFHe 70 (BEGE LT YEFEE 0
Lo)
5—.
3 7
:

(TRRINTEY, Bl 777 k2 F- 2ot XtBE oL BT oh bt flomie
BEIND 05T DHA. Tihbmylaingda FENETFEmIiT, Yok t:hd
ROt ot o s Bt 2, Lo LEn K s 12T DEETFALQRAN R D 2
), o Vrglocig Ko BB 0% 3 5. S ik mytaig o) | 2T 9 7855 o f SH 3R
AEETmce [ T TRITES T TG 74 T- LBHE 7o CITHAIEZ 3 o 5]
RT3, 1TGRELRC -G Foraid odtdEre3. K7 L)l
REBRT YR (kI )5 LR 5T - (2.

PlzvpEEF L tCL T FILEMAYI Ako- OndohE FIL T TEEER 1) s R

LAYBN R LJE (T hat ot o kEfn TR iFiied-ta kK
RIY), BL ok, 828, ZATEASBEID (10 b 3000 ko) O AR B0 £ 20 5 R0
hi. ALEF o B FE K vl A K, 8BE 2 0180 | 152 5.

LTI AG R, SR T ORI F ek O V) RET CRF LT T e
L e b s 30 B AL b bk ¢5- 7R Fel, $af-7m>F
RAZoL, B b oo ARE, HAFLF2 3. mytuig ¢yt Fib oS rT 7
FoRRt gL, {ak LRABAM A LFT - 75, LokolicaT IT
f>bad oS8 T3 L4 )fp iR L3. injiiliédt, PEZ
GCLEFLY ad o FHMALA 1o A1, 30w ERMAG A v LG o AEHITH
MR, L o T ER o RECE VBE, 8 Mo KB 5 & o eI IS
AR, wyTracing £ LB 1T T2 53/ . :
ILhAD. &

HEB o Y ERFI 7 74 17 - L B o
AL NEE GO G F T D E
7T IGR F#hn vHe 11 2.7 3L
v T, F - 42895 Akye ~Ondoh g 5
VTR TR > 1 G R Fiha iy
BRAL T 3. TUh T wylwig a2
TurRTaBAERIIT - 774 > F
rSafllB T T Y o s EAR K 0o
> v 3,

AT IFE7TR-X a3 2 =39
P =) yay e o ?;T:g 3T
[Findz i3 2.3k > 3.

~11l—



1—48 abk—LrfFeRf Yy RI—FE—F»saFz
R/ N — X o FEKRME
% "%? i % B BM'HY;JJIYKJ{, S.N. Sarma
GREE) (! Ganhats )

LB %, fEfEE—F e 9@%ﬁﬁff’f¢7§ﬁﬁﬂﬁﬁf\“ﬁmn ( HHI DA TS
), Space rfmma FoFLa fﬁ?ﬂﬁ%mm]fﬁ?#ﬂ%r T U A TR IR
SWEHEE-> TR e FER cew d) 23582 T p =,

Z 3 P
0) fFBH —> FREK
M.Nambu and P shukla Fenken  of af., Pﬁfu’m Blc s 2)

( Ph?a- Reo. A, =498 (/979))
b A ERE —> My Ar—

(T- Plasia P/‘f' 22, 483 (%) Croonit? of al) J.G-R. 52, do2P(52)
O M4 BH > TR T ,
(Phjo. Rev. 234, 3272 (1)) H. Fuo,';fyanm et ol (£ fe /chfgséeo{)
d) MyAe— —> ﬁ?ﬂ“ﬂ@ ??PE)‘JM)?I:‘:}’ (J/?{af/:, /‘fg];%re 225, 44 (%52)
.

Z?ﬁ? i%a KA wzZz—F—Fo bieay wistz. 2 3589 TFILF — oyt

ol 47 qéﬁ < 3 A | —s %}%ﬁ%gwh?ﬁ
;ﬁ%ﬁﬁ"‘ e i F(5] 0 TF LF —

= Fh, snkH L THL l)i—"&"ﬁd‘i’:“ =’ Ry Zo— o THF L F'— % 5 4 o p\ 7'977(“
TR LT TFL F —Frk bz A. }‘*{f@}:‘éaﬁﬁ v LTI KRS RS —SF o
47D by, 75 TFKbo 2B Fos A I S L AR ERE
&b%r%ﬁﬂ, <o ?—fﬁgﬁ%’dﬁﬁfjﬁf‘h 73\, _ﬁﬁb\“o 2 ﬁ‘fﬁ »— =¥ 7T
T wZs— o BiEs WAl < BAREK 7R K2 R iﬂﬁ_—;qléu :quqzﬁ,iq
Y IR WwhiT o A

E3Y HAfyz7—E—"
5,;% i A8 (kx—wt
wfy, > ’W—_fﬁg kx—wt )
;%\)(
) i i
|
f\

—[1128—




ISEE%&T&MGHK779-47?=¢2thﬁx—3f
mﬁﬁu‘-‘/i.:.t/-‘.‘/. >

HABAYEREBWHFRE = 5 —
mnix #&. ABER
HBAFREAB_&=E
KH &%

Observations from the ISEE satellite have recently revealed interesting electrostatic bursts
which are apparently hook-induced emissions stimilated by the combined action of a coherent whistler-
mode wave and a simultaneously observed electron beam with an energy range of the order of 1 keV
[Refnleitner et al., 1982]. In order to seek a plausible generation mechanism and interpret 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
jetting due to a trapping and subsequent detrapping process, yielding a strong electrostatic emission
with k vector parallel to the external magnetic field. The nonlinear evolutions 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 simulations are performed to investigate beam plasma physics in SEPAC [Obayashi, 1981],

which plans to carry out active and interactive experiments in the Earth's upper atmosphere and
magnetosphere using a high power electron gun on board the Space Shuttle.

electromagnetic particle simulation code(EM2) developed at Kyoto [Matsumoto and Omura, 1983], we study

the following two problems.

Using a two-dimensional

One 18 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.

to the static magnetic field.

Firstly, we apply the EM2 code to a one-dimensional model where the x-axis is taken perpendicular
We find a strong excitation of a slow extraordinary wave (Z mode) around

the electron beam and a propagation of a pulse-like ordinary wave which is excited as an impulse
response to the onset of the beam injection.

transverse plane to the static magnetic field (z-axis).

background cold plasma is studied.
in the x-y plane with a drift velocity V,.

Secondly, we apply the EM2 code to a two-dimensinal model where the x-y plane is taken in a

Detailed behavior of the beam as well as the

The electron beam having a cylindrical shape is locally injected
The electron beam initially 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 extraordinary wave (Z mode) which are excited around the beam.
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Plasma heatings associated with high energy particle precipitations were observed by KYOKKO
satellite (EX0S-A) when it passed through the South Atlantic Anomaly (Brazilian Anomaly) [Oyama et
al., 1982]. Computer simulations are performed to confirm the possible plasma heating by high energy
Particles quatitatively and to study the wave-particle interactions dinvolved in 3Jt. Using the
electromagnetic particle simulation code developed at Kyoto [Matsumoto and Omura, 1983], we first
study excitations of plasma waves in the presence of high energy electrons with two-dimensional
electromagnetic models where electromagnetic waves as well as electrostatic waves with various wave
normal angles are possibly excited. Electrostatic plasma oscillations along the geomagnetic field
(Lagmuir Oscillations) are found to be the dominant waves to be excited, which Is consistent with the
observation data showing excitatins of waves near the local plasma frequency (1-3 MHz) in accordance
With an increase of the particle flux.

Secondaly, one-dimensinal electromagnetic simulations are performed with two different models,
i.e., a periodic model and a recycle model [Terada, 1983]. 1In the periodic model the simple periodic
b°““d“Y condition is used and the total energy in the system is conserved. Although the Lagmuir wave is
excited by the high energy electrons, sufficient plasma heatings which correspond to the observations
are not found in the perjodic models. On the other hand, the recycle model allows energy Iinputs into
the systen through replacement of several randomly selected hot electrons in the system wi th fresh new
€lectrong at each time step. Although the same periodic boundary condition is used as in the periodic
model, the recycle model is a quasi-open system which corresponds to the situation where high energy
Particles pags through the interaction region giving energy to the local plasma via excitation of the
local Lagmiir oscillations. In the recycle model strong wave excitations and subsequent nonlinear
dﬂlﬁ‘pjngs of the wave are found to take place as well as efficient plasma heatings which correspond to

the setelljte observations.
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Figure 1  Phage diagrams in X-V, plane of the periodic model.
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Figure 2 Phase diagrams in X-V, plane of the recycle model.
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A simulation study of VLF triggered emissions 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 inhomogeneity. It is a counter-part of the
analytic theory proposed by Roux and Pellat (1978). The result basically supports their theory which
is based on a simplified assumption and gives detajled information of more complicated behavior of
both trapped and untrapped particles. It is 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
wave-front. It is further revealed that deformation of the velocity distribution function is caused
not only by trapped electrons but also by untrapped electrons perturbed by a whistler triggering wave.
An Jnterpretation of the well-known pulse length dependence of rising or falling tone characterictcs
of triggered emissions is given by the simulation result.

There are three main categories in theories of VLF triggered emissions: (1) : Feedback oscillator
theory which is 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) : Nonlinear
resonant current theory based on the nonlinear phase trapping of resonant electrons in the in-
homogeneous geomagnetic field (e.g., Nunn, 1974, 1983, Omura and Matsumoto, 1982). This theory does
not require the phase detrapping of resonant electrons in its mechanism. (3) : Distribution deforma-
tion theory based on both the nonlinear phase trapping and subsequent phase detrapping of resonant
electrons in 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 a strong modification of the velocity distribution function of
resonant electrons is created by a combined action of nonlinear phase trapping and inhomogeneity of
the geomagnetic field due to the difference of phase space orbits between trapped and untrapped
electrons. As a result of this orbital difference, either a beam or a hole is formed in the distribu-
tion function in the vicinity of the resonant velocity after the triggering wave releases these
electrons at the tail end. In order to evaluate the resultant deformed distribution function at a
detrapping point analytically, they had to make a simple assumption of Roux and Pellat.

In the talk, the following items 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
Distribution 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

BRR B M. SRR, NERAB. FT_EFISE (RIRGATR
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-latitude 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 the 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 (EX0S-B)

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

In space plasma simulation chamber, the
around the lower hybrid frequency (fLH) have

plasma waves with fregquencies
been observed being modulated with
the cleary decided gap frequency (see Figure 1). 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 equipment. 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 (MBKR). The propsed mechanism for generation of MBKR is related to

the conversion of the electrostatic plasma waves around fUHR that is converted
through the moving media with the LH frequency. The media is subject to the
oscillation with the LH wave, the original frequency f is therefore modulated
by the LH frequency at the moment of the conversion as

f=(n+l/2)fc + meH.

Wit 4] =
h the condition £ yHR (n+l/2)f ..

Though these processes observed in space plasma simulation chamber and the
MBKR are different each other, the processes remain in a category of the
frequency modulation of the natural origin that is very new items in the field
Of the plasma wave studies.

Fuhr=2.9MHz P=1.3x10%Torr

o
o

== Figure 1.
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INERTIA-GRAVITY WAVES OBSERVED BY THE ARECIBO RADAR

2 = * *
Yasuyuki T-LAEKA‘-IA:, Shoichiro FUKAO *. Tor o 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
*%% Instituto Geofisico del Peru,
Sector Educacion, Lima 100, Peru

High resolution wind observations of the upper troposphere and
lower 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 ofll-Z
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 meridional winds were altert_latealy
observed at an interval of about one hour. In this paper, attention 18
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 oscillatior‘is 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 1s
about 2 km, The direction of the wind associated with thgse
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. A

These waves disappear near 20 km where the mean zonal.flow is
sheared westward with altitude., This phenomenon is discussed in terms
of wave absorption at a critical level. It is concluded that the waves
propagate westward with the horizontal phase velocity of about 20 ms :
The intrinsic wave period and the horizontal wavelength at chegways
generated altitude are inferred to be 20-30 hours and'~2000 k:‘r:é
respectively, from the relationship that the Dopplef‘§hlftei 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. .

In addition, each observation showed the presenceé of ar-wthlir
type of oscillations with somewhat longer vertical \~.'aveleng'51_ls R t.i
lower stratosphere. Assuming for these oscillations the same 1ntr1ns;-_
periods and horizontal scales as the above‘me“tioned WEStwaZre
propagating waves, the observed periods and vertical 5tr1_lctu1‘f:-'§ e
well described in terms of eastward propagating waves. e ev11i_
suggests the coexistence of the eastward and westward traveliigh
inertia-gravity waves excited by similar energy sourcese.
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Large increases of stratospheric aerosol particles caused by the eruption of
Mexican volcano El Chichon in early April 1982 were observed by a Yag lidar system
operated at the wavelengths F = 1.06 um routinely and at S = 0.53 pym intermittently
over Fukuoka (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 parts:
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 13.5 to 28.5 km fluctuated appreciably
until August, but after September increésed :hntil January associated with small
fluctuations. The optical depth at the .wave'length 0.55 um was approximately
Proportional to the above values and attlained about 0.3 in January.

The descending velocity of the upper layer peak is about 1 km/month or less and
hence it jig 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 significantly increased after November, judging from
€omparison of lidar data at West Germany with ours and from NASA aircraft lidar
Sounding, The increased meridional diffusion would coincide with period of
Considerable descending of the upper layer peak towards altitude 20 km.

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

Charactor recently advocated by Hofmann and Rosen.

s
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1—74 Experimental Analysis of Time Structure in Laser-induced Aerosol
Formation from Gaseous CS2-molecu1'3
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FEBTI X LDT|Z TR o TA 2 a BBt BmEEe (|, BAH:-FEBSOLLA
L xhima gl r (R - B2 B= ol ) BBy 400°c 2RBLE. BT4F PP
T F 4" as<10° T CEe =0 34 A+ afR1ARZ1 3 ABRKICTHZE 4D L?_’=~
(%81 BUrA ta>2, et BHreH 203 LBHAZ21A L ( / Rock Unit)
tBz, HBEASE BT AID @A T . = o R GBRBE P TR T
TR S ABEEFEE C2 T & D 0TOFUJI & MATSUDA (1983) 2 2FEELE T D E -
EBAE =, 30Ma~ FEF 3 27 Polar Wander (313 & L " 73 © ~» £ (Irving, 1979)efRE L 2
KXo Fllz R 1= 1 W 25~35 e a F A LT 7 Rock Unit h 2 Me3faThe 3, DB
it nF19 AL Bor | 217 2B WE9 (ML ¥t 3. SR b E SRock Units 20 5 o fE 8 &
OTOFUJT & MATSUDA (1983) o B2 o 3 Rock Units #3T & Rock Units #3 o 6B (>« 2 F % g
#NT= (See Table 1.). DP=8&0.7°. T=444°, dgs=73° ¢ 78> E. = W cmwma AT
oHa X (= £1°t B3 HBERTE Y o BRERETre2e, £ MBS IUE. o
AHanERET IR RE, WKL 0 414 b a F9 Ao D=5+ I=503°,cw=2l>
2 h, B, 3oMa A S GIL dCHH S, ﬁrﬁﬁj—‘ﬁ:{_mé/’omﬂ&lﬁ, 2| Ha Wi 2TH
2 THZI3. BRY SSNMmAY, 65 HntReT 724t Bh=z k23 (Toril,
1979; BHE,1982), = A== &S FIUAYTEY A S ERAE A Had ) By AW =

W=, EBLL=EZTRL2N S
Table 1. Average Paleomagnetic Directions [ﬁ%j d)a—yﬁg'ﬁaﬂ\mﬂ%ﬁﬂ ) '@
Rock unit age N(n) ] I ass K @Tm@ﬁﬁg\? l1°+ 13 L
Sasahara tuff 28 Ma a(a)  53.9 270 .3 152 o cep GREEIN AL C £ 2| Ha
Kawamoto granodiorite(N) 33,29 6(56) 60.6 52.9 7.1 90.9
Kawamoto granodiorite(R) 1(10) 63.6 43.4 - - l/’(&{‘; =y T=e
Hamada tuff 32 2(23) 83.8 38.3 - -
Kugumo andesite 33 2(19) 47.7 42.6 - -
Hirahara tuff 33 1(12) 46.7 40.4 - -
Okami grancdiorite 33 1(12) 79.2 57.9 -
Arifuku granodiorite 35 2(20) 57.7 46.6 - -
Mean 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, as and k are Fisher statistic parameter.
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SITE DEMAG. DEC. INC, a’s k Max, Min. Ave. Mx/Mn MDF an Grain Rock
LEVEL (Oe) (deg.) (x107* emu) (0e) (x10°% emu) Size(pm)
A01 50 18.7 -54.2 2,7 1.1 1.9 2.4 38
A02 50 111.2  30.5 2.7 11 1.9 2.4 g CLAY
A03 50 340.5 -54.6 2.7 1.1 1.9 2.4 38
B 150 295.5 -4,7 5.4 125.4 225.0 175.0 194.0 1.3 2712 6.9 72.23 15-20 BASALT
C KR 148.9  10.7 3.0 119.3 0.4 0.0 0.2 10.2 23 17.6 0.0 LIME STONE
D 28.1 1.3 12.1  21.6 93 1.9 2.5 8-10 BASALT
B MRM 322.0 -4.4 3.7 117.5 167.0 B3.0 130.4 2.0 20 6.0 54.3 50-100  PILLOW BASALT
F  HRM 2.3 -42.1 47.9 2.9 33.5 2.8 21.9  11.9 320 9.3 5.3 20-50 DIORITE
G 50 318.3 -26.2 2.4 465.3 396.0 29.0 185.0 13.7 22 3.0 174.4 SAND STONE
H 30 358.6 -3.8 8.9 19.5 0.2 0.0 0.1 9.7 185 6.7 0.0 LIME STONE
I NRM 19.1  -B.7 29.7 2.4 72.9 2.4 31.5  14.9 260 3.9 2.8 20-30 PILLOW BASALT
J 120 123.5  46.4 15.3  14.1 148.0 28.0 60.3 5.3 45 1.0 160.5 50-100  OLl-BASALT
K 75 165.4 54.2 13.9 10.7 143.0 43.0 66.8 3.3 17 0.6 199.2 B-12 BASALT
L HEM 344.0 -39.6 7.5 24.8 1051.0 6€82.0 B79.3 1.5 280 20.2 107.4 5-20 BASALT
M NRM 24.1 51.8 18.4 7.1 1958.0 148.0 1003.7 13.2 65 14.6 187.8 10-30 BASALT
H 50 8.7 -31.8 3,5 298.7 192.0 19.0 137.1 10.1 48 1.8 160.3 50-100 MONZONITE
[ 100 65.8 39.6 11.4 28.8 298.8 90.0 156.4 3.3 80 6.6 46.7 4-10 Zeolite-BASALT
P NRM 140.7  -8.2 62.9 1.9  48.6 13.3 28.2 3.7 230 1.1 23.0 2-4 BASALT
Q 90 358.8 -16.1 16.3 8.0 47.4 13.3 32.7 3.6 50 1.2 90.8 10-20 DACITE
R 400 46.7 -42.7 45.0 2.8 47.0 23.3 33.5 2.0 125 1.0 59.5 15-25 DACITE
5 60 337.3 -36.9 6.0 59.8 58.4 37.0 4B.1 1.6 30 1.1 97.5 40-60 Bio-ANDESITE
T  NRM 308.6 =-26.0 ,,, 1.3 1154.0 2.5 205.6 461.6 29 1.8 E DIORITE
u 90 74.8  19.2 20.9 11.2  80.0 11.2 55.7 T4 22 0.3 128.8 BASALT
v 120 326.4  33.7 60.7 1.6 26.6 6.5 17.6 4.1 29 1.8 96.9
W NRM 12.7 =-51.7 22.0 6.4 58.5 13.4 32.1 4.4 127 2.5 67.9
X NRM 38.9 -44.5 42.9 2.4 144.0 72.0 111.8 2.0 45
¥ 90 41,2 12,7 39.1 6.5 46.5 1.4 12.9  33.2 85 10.1 a5 GABBRO
Z  NRM 342.5 2.1 64.9 1.5 145.0 40.0 90.0 3.6 45 ANDESITE
Reference
Chase, C. G., Geol. Soc. Am. Bull., 82, 2087, 1]971
Milson, J. S., Earth Planet. Sci. Lett., 8, 258, 1970 87. 4109, 1982
Malahoff, A., R. H. Feden and H. S. Felming, J. Geophys. Res., ' '
Tarling, D. H., N. Z. Jl. Geol. Geophys., 10, 1235, 1967 115, 1978
James, A. and D. Falvay, Bull. Aust. Soc. Explor. Geophys., 9. '
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Table 7. A compurison of HAM data of some Cretaceous rocks in Yamaguchi and
in Yamaguchi and Shimane Prefectures.
Polarity
Site n il R M v G P .
D(E)* 1(D) K o Loug. (E) Lat. (M)
(Present study)
Kojuku (1876) 5 . e e o SEH
Yamaguchi 27 68.2° 62.4 7 12 171 KE] 1V, O(N)
Hiktml 119700 19 15.2 77.4 5 25 144 57 FIIT, (N)
Shimane
(Previous Yumaguchi data: Domen 1982)
§-3, Mine 21 -5.5 63.2 9 1z [ B! 79 +11T, N
S-4; Ogori 13 B2.3 42,8 12 12 -156 20 v, O(N)
K-3; Shimonoseki
g 13 23.8 48.5 3 a7 -133 69 -111, N
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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 10-5 100 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 10-5 200 oe
5 Nokita 90 13 76.7 55.3 3.2 2.54 x 1073 150 oe
6 Fukaehama 89 17 40.3 78.8 10.5 4.35 x 1076 200 oe
7 shikanoshima - 14 44.8 51.8 3.4 2,59 x 1075 150 oe
8 Shikanoshima = 14 16l 55.8 5.3 1.78 x 1075 150 ce
9 Shikanoshima - 1L 103.5 46.2 3.0 2.82 x 1076 150 oe
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Takesi Nagata

Magnetic Properties and Paleointensity of Allende C; Chondrite

Minoru Funaki

National Institute of Polar Research, Tokyo.

Allende C. chondrite

The Allende Cz 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 al 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~.
FeSj s, magnetite (Fe304) and pentlandite
((Fe, Ni)gSg). 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

(ALLENDE Cal THERMAL DEMAGNETIZATION OF NRM

el

Pig. 1

their Konigisberger-Thellier plots to determine
the paleointensity (F,) are given in Fig. 2.
For these examples, E is about 3 Oe. How-
ever, the acquisition of pTRM increa%es with
an increase in temperature up to 620°C, which
is Curie point of 67wt%Ni taenite. NRMs of
15 other specimens of the Allende also are
examined. Their intensity and direction are
practically uniform, and they are very stable
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against the AF-demagnetization test up to 100
Oe (Fig. 3, Top)., and they are thermally
dcmagr&)ctizcd almost completely by heating up
to 330°C. Fp-valucs thus determined for them
range from 1 to 2
Oe (Fig. 3,
Bottom). As far
as the present
knowledge of rock w0
magnetism is
concerned, there- s
fore, it can be
presumed that the AT B
primordial solar
nebula produced
a steady magnetic .
field of 13 Oe in
the course of

cooling of the :
Allende from ' 1
about 30{}0C I ] s 10 T o

Fig. 3
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P—10 An interpretation on the polarization of Pec 4-5 pulsations near the magnetic equator
H. Murata
Department of Physics, llyogo College of lMedicine, 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 cvents. 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 observed at synchronous altitude in the
afternoon have not yet been identified on the ground [Kokubun, 1981]. Several giant Pc 5, each being
mainly compressional and lasting 1-2 hr, are observed [Hedgecock, 1976], and this phenoﬁggk is
relatively common in the 8-12 R; range near dusk. A depression of the ambient field magnitude always
accompanied the events, suggesting that they are associated with a region of enhanced plasma pressure.

Interpretation  The linearized equation of Faraday's law becomes under infinite conductivity

= . - (E. = ; (1)
B,= ([By + Bj]*VE - (E-V)(B, + By) - (B, + B))(V-E)
where we define the displacement vector E from the equilibrium state, as
%k | )
EAS B

and v) is the perturbed fluid velocity and B, is the perturbed magnetic field. B is the earth's main

1

field and BJ is the ring current magnetic field. We may discuss standing oscillation of odd mode with

E = (ﬁr, 0.E¢) and V.E = 0 using polar coordinates (r,8,9).

ag 13
; T _% .
(Case 1) Compressional waves. Let us consider the region of the magnetic equator, where zz— = 35— = 0
and B, + B, =0, : wog L3 2 3
Dr Ir Then, we have from (1) Bl Er rzar(1- [Bne + BJB}) ey -
Radial oscillation may correspond with compressional wave at the magnetic equator.
(Case 2) Radial mode. The condition of radial mode is B 4= 0 near the magnetic equator, which is re-
written from (1) as
179 i 1 B o s (4)
R [, I—_ =0 .
Cor * Byr)23r(7 %) + (Bpg* Bg) 751 30 (51n0%)
If By + By, = 2 cosB and Byg * Byg= Sind, (4) becomes
2 cosb 3 .2 13 . % (5)
rz aT(r £¢] + = BB(5‘.1110 E¢’] =0 . s
Here, we assume that the colatitudinal distribution of g¢ is given by sin8. Then we have £¢ = sinf/r

near the magnetic equator.

(Case 3) Azimuthal mode. This mode has B, = B

i = 0 near the magnetic equator. From (1) we obtain

16

s p LB 02
Brlo™ 5r Spr(r [Bpg* Bygl)

. 1 3 2 1 3 . 13 2 3
B, = (B = 2 _rsoE L i B . (6)
1 nr* BJr)TE Br(r ‘r) N [BDG+ BJB]r sing seccind 5.) - &y rZar(r (Byp* Jr]J

i 2 — " -
If By + By « sing/r" and Bpe* By = 2 cose/rz, Bjg* 0 is obtained. The condition of B, = 0 becones

Jr
(By,* BJr)%Zg—r(rzgr) + (Bpg* Byg)rireg gs(sind £) = 0 . (7
This equation has the same form of (4). We may have gT [ sine/TB near the magnetic equator.
References  lledgecock, P.C., P.5.5., 24, 921, 1976.
Kokubun, S., "ULF Pulsations in the Magnetosphere', by n.J.sSouthwood, p.17, 1981.
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