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I._ ? G.W. radiated from moving sources

Susumu RKato

Ionoaphere Research Laboratory, Kyoto University

Production of acoustic and gravity waves is discussed for a point source and
a line sourxce; the sources are in a horizontal motion in the upper atmosphere.
For a point source the produced wave has a frequeticy very close to the Brunt
Viisala frequency plus waves characteristic to the source valocity.

Obgervation
of electron density perturbed during the eclipse in 1973 is consistent with the
present calculation.
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I_]ﬂ An Estimate of Semidiurnal Tidal Wind Effects on the S q Current System

% A 1 - &
g x 2

A tentative calculation is made of the irrotational and toroidal currents
which are induced by the semidiurnal tidal (2;2) mode, The integration of
currents and conductivities iz performed along the geomagnetic lines of force
which are virtually equipotential. The conduction current is permitted to
flow in the ragion that extends upwards to considerable heights, while the
dynamo current is confined withisn the region below 160 km.

It is shown that the irrotational part of the dynamo current is comparable
to the toroidal part and that the “thin layer” model should be carefully used
when it is applied to the analysis of the sq variation.
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I- 53 Plasma State in Jovian Magnetosphere

Hiroshi OYA
Upper Atmosphere and Space Research Laboratory
Tohoku University, Katahira, Sendai 980

The plasma state of the Jovian Magnetosphere has been investigated by
s0lving the macroscopic equations for the regions II and III ( see Abstract
P. 28 in 57th meeting of Japanese Society of Ceomagnetism and Geoelectricity ).
The solution indicates that there is a domain with large temperature anisotropy
or the sheet current in the region II, due to the slipping motion of the plasma
Particles with regpect to the planet.

Outward flow of the particles becomes remarkably large, in the equatorial
disk, in the region ITII. A gelf conaistent solution gives a current sheet as
a result of the differential flow of the protons and electrons. This particle
flow makes a spiral structure of the magnetic field in the equatorial disk.
These results are identical with the recent observatione carried out by

Pioneer 19. i r ] | |
e e PHEORY

O OBRSERAVATION Y PioMEER 10

VELOCITY

RADIAL
MAGNETIC FIELD INTENSITY

RELATIVE

t0

RELATIVE

sl I A I i
20 &0 o0

JOVICENTRIC DISTANCE

C
aleulated plasma flow velocity and the relative magnetic field intensity in
the Jovian magnetosphere. The observed magnetic field intansity ( Pionear 10

is also plotted.
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OUTWARD DIFFUSION OF EMERGETIC
PARTICLES FROM THE JOVIAN RADIATION BELT

A. Nishida
Institute of Space and Aesronautical Science
Unfversity of Tokyo, Komaba, Meguro-ku, Tokvo, Japan

gne ‘of the striking features of the Jovian magnetosphere which are revealed by the flyby mission

of Pioneer 10 is the prevalence of energetic particles. Protons and electrons abhove ~1 MeV are Tound

to fi11 tha magnetosphere not only in the inner core where the magnetic field is nearly dipolar but
also in the magnetodisc that extends to the distance of 100 Ry from the center of the nlanet.

Moreover, energetic electrons of apparently Jovian origin are detected in the interplanetary space far
beyond the Jovian magnetopause.

The above obsarvation appears to indicate that energetic particles are leaking out steadily from
the radiation belt of Jupiter. The Teakage means the diffusion outward across the magnetic field, and
it should proceed without an apprectable degradation of the particle energy. This requirvement is not
satisfied by the radial diffusion which results from the violation of the third adiabatic invariant only,
as the conservation of the first two fnvariants fnsures that the particle loses its energy as it is
transported outward. The radial diffusion of that mode has in fact been considerad to operate inward

and it has been invoked as a principal mechanism for the replenishment and energization of particles
comprising the core of the radiation belt.

Hence the outward diffusion concerned
must be the one that results from the viela-
tion of more than one fnvariants. In this
paper we examine the possibility of realiz-
ing the appropriate mode of the outward dif-
fufon by assuming the vielation of both
spcond and third invariants. We shall see that
the diffusion acting at lower altitudes where

{8, grad 8]/B? is small (as compared to that in the equatorial regfon on the same field Tine) can be

quite effective in allowing energetic particles to leak toward the outer magnetosphere with relatively
1ittle loss of energy.

The Figure schematically illusirates the sequence of events that would lead to the leakage of
energetic particles from the Jovian magnetosphere. First (step 1), particles are introduced into the
radiation belt by the radfal, inward diffusion that violates only the third adiabatic invariant. Energy
is ephanced and the pitch angle is increased toward o2 as particles diffuse further in. Then, the
distance is reached where the pitch angle anisctropy becomes strong enough to excite the whistler mode
turbulence, and the vesulting pitch angle diffusion brings the mirror point to low altitudes. This is
the step 2. As particles orbit low altitudes during the bounce motion they are subjected to the dif-
fusion process that violates both second and third invariants. This step 3 diffusion flux {s directed

ogutward. This diffusion process allows energized particles to escape to outer magnetic shells without
significant loss of energy.
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SATURATION OF A ST JLE WHISTLER WAVE BY PARTICLE TRAPPING

T.  YAMALOTO

Gaophynics Research Laboratory, University of TORYD

In the present paper we consider whistlexr instabilities in a collisionless
magnetized plasma in which an unstable mode can be regarded as a single wave.

The mechanism responaible for the nonlinear stabilization of a aingle unstable

whistler wave propagating along an applied maganetic field Bﬂ is asasumed to be

particle trapping as for a single electrostatic wave. In soms computer experiments

(Ossakow et al., 1972, 1873; Davidson et al,, 1972), the single wave picture can be

expected to apply, because the wavenumber k of an unstable mode is quantized, k =

2Nn/L, where N is an integer and L length of a computer grid, In these simulaticn

experiments 4t was found that Baturation oceurs vhen the magnatic trappiang frequency

{for a particle, with charge q and masa m, trapped near the bottom of a magnetie

wave trough) .E£ = ;qufm)fﬁ;lfn}ilfz increase to a value comparable to the Linear

growth rate. The other case in which the single wave approximation is wvalid, is a

weak beam-whiatler instability, Yamamoto {1975, a, b) solved numerically the scaled

equation describing the nonlinear development of a single unstable whistler wave,

propagating along the direction of Bu’ driven by a weak electron beam, and showed

that the saturation amplitude of this wave satisfies the relation E; LT Y Ygo

It is the purpose of this paper to study the saturation condition for a single
unstable whistler wave, propagating along the direction of B, using thae method

developed in the previous paper. The saturation level is explicitly estimated for

a resonant whistler inatabllity and a weak beam-whistler {nstability. These are io

substantial agreement with the results of computer simulation experiments and

numerical calculations,
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I'ﬁl SATURATION OF A SINGLE ELECTROSTATIC HAavE
oY PARTICLE ‘TRAFPIHG (II)

T. YAHANOTO
Geophyaics Research ILaboratory, University of Tokyo

He shall attempt to study the nonlinear stabilization of electrostatic
instabilizies in a eollisionless plasma in which an unstable wave ia nearly
sinudoidal., Our method for determining the saturation amplitude of & single
unstable wave is formally similar to that of Manheimer (1971)., But, we obtafn
& nonlinear diapersion relation by integratipg directly the linearized Vlasov
equation for a small-amplitude test wave with the same frequency and wavenumber
a8 the main large-amplitude wave. To evaluate the dispersion relation we
calculate putérically the prebability P(T fv} that an electron of wvelocity v is
trapped at saturation, Then, we determine the saturation amplitudes, at which
the dispersion equations have real solutions, for a regonant instability and a
nonresonant (weak beam-plasma) fnstability. We also calculate from the nonlinear

dispersion relation a frequency shift for a reasopant instability, which is in

good agreement with the results of the previous works (Manheimer, 1971; Manheimer
and Flynn, 1971; Morales and 0'Mell, 1972).
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COCLITAR IETERACTION OF A FLASMA WITH AW ELECTROI! BEAM (ID)

T, YAMANDTO

Geopiyaics Reséarch Laboratory, University of TOKYO

The nonlinear development of & plasmae-beam aystem immersed in a statie
magnetic field Eﬂ is investigated. The beam eleccrons are assumed to be
streaming parallel to the direction of Eﬂ and have a spread in the perpen~
dicular component of the wvelocity. We restrict our consideration to the
P instabilities which result in growing whistler waves aligned in a direction
parallel to that of Eﬂ. Scaled equations deseribing the time evolution of

these instabilities are derived under the assumptions that the beam density
ig small and that the resulting whistler wave is nearly sinuscidal. The
perturbation of the perpendicular component of the electron velocity during
the interaction can be excluded from the equation detarming the wave dynamice,
and then these scaled equations can be reduced to the simplar ones amenshle
to oumerical solution which depends analytically on all the basic parameters
of the problem. This solution shows that the amplitude of an uastable
whistler wave first inecreases at the linear growth rate until the electrons
are trapped and then, after overshooting, it approaches a steady state.

The time evolution of the ampiirude does not show an oscillation with a

constant period; this results from che phase mixing enhanced by the spread

in perpendicular velocities of the beam electrons.
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Obaervations of low=frequency hydromagnetic waves (Pc 5) in the
magnetosphere

Kokubun, S.; M. G. Kivelson, R. L. McPherron and €. T. Russell
Inst. of Geophysica, Univ. of Calif, Los Angeles

Twenty-two months of 0G0 5 fluxgate magnetometer data in the vears
1968~1269 have been scaunad for the occurrence of Pe § waves. Suech waves
were observed on 18 orbits inside the magnetosphere in the region of L = § = 13
and at magretic latitude of 10" & 30°, Close correlations between magnetospherie
waves and Pec 5 pulsations on the ground were found for 13 orbit data. Fifceen
orbit data were obtained in the morning séctor of the magnetosphere between 3 and
11 houra in loeczl time. Moot of Pe 5 waves in the morning were left handed,
elipically polarized with respect to the ambient field. The principal axis of
waves was found to be directed nearly perpendicular to the ambient field and
close to the azimurhal direction.

The examipation of ground Pe 5 pulsations at a conjugate pailr of station
Great Whale River and Byrd Station indicates that the Pe 5§ wave is interpretad
to be an 0dd mode in term of the simple string analogy of field line resonance.
The radial location, local time of occurrence and polarization of the obserwved
wavea in the magnatosphere are in agreement with expectations based on ground
observatfons. The fact that the waves were observed well imside the pagneto-
Sphere suggests that 1f the waves are generated by the Kelvim=Halmholtz

instability at the magnetopause, then field line resonances must play a role
in eatablishing the observed wave amplitudes.
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Hodulations of partiecle fluxes agsociated with Pc 5 waves

* & *

Eokubun, S., M. G. Kivelson, 8. L. HhPhgfrau: G+ T. Russell
*
and H. I. West, Jr. *

* Inat. of CGeophysica, Univ. af Calif., Los Angeles
** Lawrence Livemore Lab,, Undv, of Calif.

Particle flux variations associated with low-Erequency hydromagnetic
waves were examined wsing 0G0 5 data, obtained with Lockheed ion mass
apectrometar, LLL elactron and proton spectrometers, UCLA energetic electron
gpectrometers and fluxgate magnetometer, It was Ffound that quasi pariodic
perturbations in the thermal ifon flux (B < 600 e¥) apnd eneargetic electron
(E > 50 KeV) and proton (E > 120 ¥aV) fluxes were very often assoclated with
the occurrence of Pe 5 waves in the reglon of L = 6 4 11, Amplitudes of
perturbations in fon density, inferred from che assumption that the ambient
cold plasma is at rest, often attained to 10 = 100 inna!cma. The ion

densicy variations were found to be 90° out of phase with the magnetic

perturbations. It is eoncluded that these large perturbation inferred fon

density are not real density perturbations, but are flux variations induced
by hydromagnetic waves. Thus the 90° phase difference beotwesn thermal
particle flux and magnetic field varfation indicates that the Poynting Flux
of Pc 5 wave along the amhient fisld ia approximately zerc in time average:
this confirmg Pe 5 waves are standing wave along the field line.

Flux modulations in energetic electrons and protons are more complicated

as compared with those in thermal iona. Tha phase of variations oftan found

to depend on energy of particles. The notabla feature is thac proton modula=~
tions are larger In the morning while electron modulation are larger in the
afternoon. This fact supgests that drift wotions of energetic particles are

important role to eatablish standing oscillation of field lines.
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MODELING OF 04 2,6 MICROMETER BAND RADIANCE IN THE MESOSPHERE

SEREGRD

The altitude distribution of ozone 9.6 micrometer band radiance in the

H.¥amamoto (Rikkyo University)
Takac Tohmatsu (University of Taokyo)

megosphere and upper stratosphere was theoretically ealculated, by solving the

radiative transfer equation which involves the coupling terms of about 3000 rotational

lines of the V4 band. Four types of the excitation mechanisms were considered: (i)

the thermal (translatiom to vibration) excitation by atmospheric molecules,; (ii) the
tha resonance fluorescence of the earth's albedo, (iii) the resonance fluorescence of
solar radiation and (iv) the chemical excitation ( O,+0+M= 0,% 4M), It was founad that
the thermal excitation is the strongest source below the 70 km level, but the chemical

; . excitation manifasgts

" UFIG.LT OUDNE 9.6 MICROMETER BAMD T T 0T above 70km. The calcula-

CRAND SOURCE FUNCTION

ted radiance is fairly in

—_— Im-.
SOLAR ! ‘ ‘5\.\" THERMAL, {T-%7) agreement to the observed
‘g 80 ?;éc C f" B .i balow 70 km. However, the
St ¥ ’ H‘
- gofF- S ,j: praedicted radiance is much
# -FEARIH'S
L" i'.ll' ALBETY) weaker than the cbserved
rer _"’F B Ry in the upper mesosphera.
o ' .
& -t : #J!'" EYCTTATTON The discrepancy between
bt P o (DHREE-BOOY) the observed and calcula-
Ep o -
108 109 1910 ted radiances can be as-
PHOTONS/CM2 /850 /STERAD,/GOD ¢ribed to either the auroc-
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708
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I E L o ST |

ral effect or the unusual
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]_I_ 40 Fervomagnetism and Superparamagnetism of Apollo Lunar Materials

Takesi NAGATA
Natienal Institute of Polar Research

The coercive force {He) of Apello lunar materials inereases with s decreass of tamperature from room
temperature to the liquid helium one. The apparent value (for Hex = 0} of saturation remanence { ip)
alzo increases with a decrease of temperature. Fig. 1 shows a correlation between Ha {4.2%¢ ) /He (295%K)
and Ig(4.2°K) / 13 (295°K ).  An approximate linear relation between the two ratiss is ocbserved in Fig. 13
nameily

IR {4.29) / 15 (295°K) == He(4.29K) / He(295°K) . (1)

The increase of He with a dacrease of temperature may be attributable to the effective coercive force
of an assemblage of superparamagnetically fine ferromagnetic particles (Bean and Livingston 195%) re-
presented by

i
He(T) = 2K [1 - s5(KLy'T] | (2)

where K = anisotropy constant, Js = spontaneous magnetization, v = average volume of fine particles
and the experimental time is taken as 1l'.'!4' 824. Then; with the aid of the Harromagnetic granulometry™
tachnique (Weil 1949}, the particle size distribution of fine metallie particles is estimated for typical lusar
samples,

The saturation magnetization { Is) also increases with a decrease of temperature, Fig, 2 showsa

dependence of I5(4.2°K) / 15 (2959K ) upon In(4.2%9%) / 1p (295°K ). The relationship between the two
ratios is approximately represented by

[a (429K} / 1 (295%)) %" o 15(4.2%K) / 1 (295%K) (3)

The increase of Is is a result of the blocking af fine metallic particles at the low temperature.
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Hﬂ ?] GEOMAGNETIC DEPTH SOUNDING AND MAGHETOTELLURIC RESULTS FROM A SEISHICALLY

ACTIVE REGION NORTHEAST OF QUEBEC CITY

Y. Honkara, R.B. Kurtz and E.R. Hiblett

Division of Geomagnetism, Earth Physice Branch, Dept. Energy, Mines & Resources, Canadsa

Observations of variations of geomagnetic and telluric fields were made at four
stations in a seismfcally active region northeast of Quebec City. The observed
records were analysed by making use of the tranafer function and the impedance
tensor methods. Transfer functions are influenced by several factors including the
conducting St. Lawrence River, lateral variations in crustal conductivity and: the
conduction of electric currents which probably arise through induction in the ocean.
Anomalous vettical fislds due to electric currents induced by the vertical field
seem to be ohaserved, although their amplitude 18 small.

Conductive channglling of electric currents and lateral variations in
conductivity are also evident from cbaervatiens of the telluric f£ielda. It is
found that electric currents induced by the vertical magnetic field exist and their
flow pattern is similar in this area to that of curvents which ave ipduced by the
horizontal f£ield. It is concluded that the present result suppoxis a8 model put

forvard by Kurtz (1973) which shows a fatrly high conductivity for the cruat in the
Frecambrian Shield.



]1-72 CHANGES IN MAGNETOTELLURIC FIELDS IN A SEISMICALLY ACTIVE REGION OF EASTERN
CAMADA : PRELIMINARY RESULTS OF EARTHNUAKE PREDICTION STUDIES

¥. Honkura, E.R. Wiblett and B.D. Kurtz

Division of Geomagnetiem, Earth Physics Branch, Dept. Energy, Mines & Resources, Carnada

A project aiming at detecting changes in electrical resistivity of crustal rock
by measuring short-period variations of the magnetic and telluric fields has been in
operation since October, 1974 in a selsmically active region northeast of Quabec
City, Canada. =Rigniffcant changes in amplitude and direction of tellurie fialds
have heen observed for variatione at a period range 5 te 120 min. A change with a
duration of a year or so seems to be & predominant feature. Supsrposed on 1, a
more rapid change with a duration of a few months fs geen in late apring and early
summer.  Although the observed changes show a history similar to a premonitory
change as expected from & model of dilataney with fluid diffusion, they are unlikely
to have any bearing on a dilatancy process in the crust since no earthquakes of
magnitude greater than 3 associated with the changes have taken place in the sSuUrvay
ared. 1t is pointed out, howaver, that the magnetotellurie method provides a
ugeful means co detect changes in electrical resiativity in the shallow erust;

Thus a possibility to detect resistivity changes associated with shallow earthquakes

le suggeated from an experimental aspact.
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1I-78 A Tectonomagnetic Model of the Niigata Earthquake in 1964

Takesi NAGATA
National Institute of Polar Research

The Niigata earthquake in 1964 (M = 7.5) has bean studied in detail with rospect to itz earthquake source
model {e.g. Hirasawa 1965, Aki 1966), associated land deformations (e.g. Tsubokawa et al. 1964, Mogi
et al. 1964, Nakemurs ot 2l. 1964) as well as assaciated lacal geomagnetic variations (e.g. Fujita 1965).

The source mechanism is represented by =& typical elastic rebound madel with a thrust fault of about
N10°E in strike, about 60° in dip, about 1ﬂ2km in Jength, about 20km in width and about 4m in displace~
ment discontinuity. The source model can well stand for the obsarved co~quiake land deformation along the
séa ¢coast on land as well as for tha sea-bed deformation in the neighbourhosd of the eplcenter. The average
Shear stress along the fault plane is estimated 130 ~150 haps.

The local geomagnetic secular varfations during the pre-guake period (i.e. 1954-1961) appear to be in
the opposite sense to the co~quake ones {i.e. 1961-1964) ¢ The eorrelation ccefficients between the pre
-fuake and ¢o-quake geomagnetic variations for D-; H~ and Z-components amount raspactivaly to

o =~0.T9; Yg=<0.73, 7Yz =«0.51. The pre~quake and co=quake land deformations along the sea
coast also are in & mutually negative correlstion,

Then the pre-quake and co-quake geomagnetic variations could be atéyibuted to the teclonomagnetic affects
caused by an accumiilation and a release, respectively, of the shear stress within the eépicentral aarth's
erust.

Fig. 1(a) shows the pre-quake geomagnatic variation in 4~-compenent, where all observed data of H- and
D~ components also are taken inte account in grder to satisfy as much as posaible the conditions that

div {AX, &Y, AZ) = 0 apd Curl (AX, AY) = 0 and that the source of geomagnetic variation is located
beneath the earthts surface.

A3 a theoretical tectonomagnetic model, the shear stress distribution during the pre—quake pariod derived

from the source mechanism studies can be adopted to compute the distribution of anomalous changes of mag-
netization of the earth's crust fn the
epicentral areoa.

Fig. 1(b) shows the diatribution of
Z=component variatisn saused by the tectono=-
maguetic effect, where AZ is given in unit
of B6sJdo with P = piezomagnetic coelfi=
clent, &, = maximum shear stress at the
Canter of fault line, and J, = average ma.g-
netization of the earth's arist.

Assuming then that Fig. 1{b) can approxi-
mately vepresent Fig. 1 (a), we get

PBodo = 13F, As Bt x 10" ¥ pars™,
o =26 = 260 bars, the average intensity Fig. 1.
of erustal magnetization is to be represented

by & reasonal value, namely J, = 5x 1 ﬂ"j

amufnm‘j.

~ it M
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