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

Susumu Kato

Ionosphere Research Laboratory, Kyoto University

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

of electron density perturbed during the eclipse in 1973 is consistent with the
present calculation.
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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 is performed along the geomagnetic lines of force
which are virtually equipotential. The conduction current is permitted to
flow in the region that extends upwards to considerable heights, while the
dynamo current is confined within 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.

—10 -

An Estimate of Semidiurnal Tidal Wind Effects on the Sq Current System
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I‘ 18 Ionospheric Effects of Energetic Electrons
Scattering from the Radiation Belt
(III) Time Dependent Latitude Effect
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1~52 Jupiter Decameter Wave Observations
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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
solving the macroscopic equations for the regions II and III ( see Abstract
P. 28 in 57th meeting of Japanese Society of Geomagnetism 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 respect to the planet.

Outward flow of the particles becomes remarkably large, in the equatorial
disk, in the region III. A self consistent solution gives a current sheet as
a8 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 observations carried out by

Pioneer 10.
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Calculatea Plasma flow velocity and the relative magnetic field intensity in
the Jovian magnetosphere. The observed magnetic field intensity ( Pioneer 10 )

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

A. Nishida
Institute of Space and Aeronautical Science
University of Tokyo, Komaba, Meguro-ku, Tokyo, Japan

One 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 above ~1 MeV are found

to fill the 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 observation appears to indicate that energetic particles are leaking out steadily from
the radiation belt of Jupiter. The leakage means the diffusion outward across the magnetic field, and
it should proceed without an appreciable degradation of the particle energy. This requirement 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 invariants insures that the particle loses its energy as it is
transported outward. The radial diffusion of that mode has in fact been considered 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 viola-
tion of more than one invariants. In this

®

paper we examine the possibility of realiz-

ing the appropriate mode of the outward dif-
fuion by assuming the violation of both

second and third invariants. We shall see that
the diffusion acting at lower altitudes where

[B, grad B]/B? is small (as compared to that in the equatorial region on the same field line) can be
quite effective in allowing energetic particles to leak toward the outer magnetosphere with relatively
little loss of energy.

The Figure schematically illustrates 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 radial, inward diffusion that violates only the third adiabatic invariant.

Energy
is enhanced and the pitch angle is increased toward n/2 as particles diffuse further in.

Then, the
distance is reached where the pitch angle anisotropy becomes strong enough to excite the whistler mode
turbulence, and the resulting pitch angle diffusion brings the mirror point to low altitudes. This is
the step 2. As particles orbit Tow 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 is directed

outward. 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 GLE WHISTLER WAVE BY PARTICLE TRAPPING

T. YAMAMOTO

Geophysics Research Laboratory, University of TOKYO

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

The mechanism responsible for the nonlinear stabilization of a single unstable

whistler wave propagating along an applied magnetic field Bo is assumed to be

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

(Ossakow et al., 1972, 1973; Davidson et al., 1972), the single wave picture can be

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

2N7/L, where N is an integer and L length of a computer grid. In these simulation
experiments it was found that saturation occurs when the magnetic trapping frequency

(for a particle, with charge q and mass m, trapped near the bottom of a magnetic

wave trough) w, = |(qk/m)(V;B/c)|l/2 increase to a value comparable to the linear

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

weak beam-whistler 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 B, driven by a weak electron beam, and showed

that the saturation amplitude of this wave satisfies the relation we ~v 1.4 Yoo

It is the purpose of this paper to study the saturation condition for a single

unstable whistler wave, Propagating along the direction of Bo’ using the method

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

a resonant whistler instability and a weak beam-whistler instability. These are in

substantial agreement with the results of computer simulation experiments and

numerical calculations.
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1-61 SATURATION OF A SINGLE ELECTROSTATIC WAVE
BY PARTICLE TRAPPING (II)

T. YAMANOTO

Geophysics Research Laboratory, University of Tokyo

We shall attempt to study the nonlinear stabilization of electrostatic
instabilities in a collisionless plasma in which an unstable wave is nearly
sinusoidal. Our method for determining the saturation amplitude of a single
unstable wave is formally similar to that of Manheimer (1971). But, we obtain
a nonlinear dispersion relation by integrating directly the linearized Vlasov
equation for a small-amplitude test wave with the same frequency and wavenumber
as the main large-amplitude wave. To evaluate the dispersion relation we
calculate numerically the probability P(T|v) that an electron of velocity v is
trapped at saturation. Then, we determine the saturation amplitudes, at which
the dispersion equations have real solutions, for a resonant instability and a

nonresonant (weak beam-plasma) instability. We also calculate from the nonlinear

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

8ood agreement with the results of the previous works (Manheimer, 1971; Manheimer

and Flynn, 1971; Morales and O'Neil, 1972).
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1—62 LOULIJ:AR INTERACTION OF A PLASMA WITH AN ELECTRON BEAM (II)

T, YAMAMOTO

Geophiysics Research Laboratory, University of TOKYO

The nonlinear development of a plasma-beam system immersed in a static
magnetic field ?o is investigated. The beam electrons are assumed to be
streaming parallel to the direction of B_ and have a spread in the perpen-
dicular component of the velocity. We restrict our consideration to the
P instabilities which result in growing whistler waves aligned in a direction
parallel to that of ?o' Scaled equations describing the time evolution of
these instabilities are derived under the assumptions that the beam density
is small and that the resulting whistler wave is nearly sinusoidal. The
perturbation of the perpendicular component of the electron velocity during
the interaction can be excluded from the equation determing the wave dynamics,
and then these scaled equations can be reduced to the simpler ones amenable
to numerical solution which depends analytically on all the basic parameters
of the problem. This solution shows that the amplitude of an unstable
whistler wave first increases at the linear growth rate until the electrons
are trapped and then, after overshooting, it approaches a steady state.

The time evolution of the amplitude does not show an oscillation with a
constant period; this results from the phase mixing enhanced by the spread

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

Kokubun, S., M. G. Kivelson, R. L. McPherron and C. T. Russell
Inst. of Geophysics, Univ. of Calif. Los Angeles

Twenty-two months of 0G0 5 fluxgate magnetometer data in the years
1968-1969 have been scanned for the occurrence of Pc 5 waves. Such waves
were observed on 18 orbits inside the magnetosphere in the region of L = 6 - 13
and at magnetic latitude of 10° ~ 30°. Close correlations between magnetospheric
waves and Pc 5 pulsations on the ground were found for 13 orbit data. Fifteen
orbit data were obtained in the morning sector of the magnetosphere between 3 and
11 hours in local time. Most of Pc 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 azimuthal direction.

The examination of ground Pc 5 pulsations at a conjugate pair of station
Great Whale River and Byrd Station indicates that the Pc 5 wave is interpreted
to be an odd mode in term of the simple string analogy of field line resonance.
The radial location, local time of occurrence and polarization of the observed
waves in the magnetosphere are in agreement with expectations based on ground
observations. The fact that the waves were observed well inside the magneto-
sphere suggests that if the waves are generated by the Kelvin-Helmholtz
instability at the magnetopause, then field line resonances must play a role

in establishing the observed wave amplitudes.
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Modulations of particle fluxes associated with Pc 5 waves

* * * *

Kokubun, S., M. G. Kivelson, R. L. McPherron, C. T. Russell
*%

and H. I. West, Jr.

* Inst. of Geophysics, Univ. of Calif., Los Angeles
** Lawrence Livemore Lab., Univ. of Calif.

Particle flux variations associated with low-frequency hydromagnetic
waves were examined using OGO 5 data, obtained with Lockheed ion mass

spectrometer, LLL electron and proton spectrometers, UCLA energetic electron

spectrometers and fluxgate magnetometer. It was found that quasi periodic

perturbations in the thermal ion flux (E < 600 eV) and energetic electron

(E > 50 KeV) and proton (E > 120 KeV) fluxes were very often associated with
the occurrence of Pc 5 waves in the region of L = 6 ~ 11. Amplitudes of
perturbations in ion density, inferred from the assumption that the ambient
cold plasma is at rest, often attained to 10 - 100 ions/cmB. The ion

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

perturbations. It is concluded that these large perturbation inferred ion

density are not real density perturbations, but are flux variations induced

by hydromagnetic waves. Thus the 90° phase difference between thermal

particle flux and magnetic field variation indicates that the Poynting flux
of Pc 5 wave along the ambient field is approximately zero in time average;
this confirms Pc 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 ions. The phase of variations often found

to depend on energy of particles. The notable feature is that proton modula-

tions are larger in the morning while electron modulation are larger in the
afternoon.  This fact suggests that drift motions of energetic particles are

important role to establish standing oscillation of field lines.
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MODELING OF 03 9.6 MICROMETER BAND RADIANCE IN THE MESOSPHERE
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The altitude distribution of ozone 9.6 micrometer band radiance in the
mesosphere and upper stratosphere was theoretically calculated, by solving the
radiative transfer equation which involves the coupling terms of about 3000 rotational
lines of the V3 band. Four types of the excitation mechanisms were considered: (i)
the thermal (translation to vibration) excitation by atmospheric molecules, (ii) the
the resonance fluorescence of the earth's albedo, (iii) the resonance fluorescence of
solar radiation and (iv) the chemical excitation ( 02+O+M= 03* +M). It was found that
the thermal excitation is the strongest source below the 70 km level, but the chemical

| | excitation manifests
"FIG.1 OZONE 9.6 MICROMETER BAND N p " above 70km. The calcula-
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H_ 40 Ferromagnetism and Superparamagnetism of Apollo Lunar Materials

Takesi NAGATA
National Institute of Polar Research

The coercive force (Hc) of Apollo lunar materials increases with a decrease of temperature from room
temperature to the liquid helium one. The apparent value (for Hex = 0) of saturation remanence (1R)
also increases with a decrease of temperature. Fig. 1 shows a correlation between He (4.2°K )/He (295°K)
and IR (4.2°K) / Ik ( 295°K). An approximate linear relation between the two ratios is observed in Fig. 1;
namely

IR (4.2°K) / 15 (295°K) == He (4.2°K) / He (295°K) . (1)

The increase of He with a decrease of temperature may be attributable to the effective coercive force
of an assemblage of superparamagnetically fime ferromagnetic particles (Bean and Livingston 1959) re-

presented by

He(m) = 2K [ -5.5(‘}‘(—3)%] y (2)
where K = anisotropy constant, Js = spontaneous magnetization, v = average volume of fine particles
and the experimental time is taken as 10* sec. Then, with the aid of the "ferromagnetic granulometry"
technique (Weil 1949), the particle size distribution of fine metallic particles is estimated for typical lunar
samples.

The saturation magnetization ( Is) also increases with a decrease of temperature. Fig. 2 shows a
dependence of Ig(4.2°K) / Is (295°K ) upon IR(4.2°k) / IR (295°K ). The relationship between the two

ratios is approximately represented by

[13(4.2°1<)/15(295°K)]2'6 = IR(4.2°K) /15 (295°K) . (3)

The increase of Ig is a result of the blocking of fine metallic particles at the low temperature.
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GEOMAGNETIC DEPTH SOUNDING AND MAGNETOTELLURIC RESULTS FROM A SEISMICALLY

ACTIVE REGION NORTHEAST OF QUEBEC CITY

Y. Honkura, R.D. Kurtz and E.R. Niblett

Division of Geomagnetism, Earth Physics Branch, Dept. Energy, Mines & Resources, Canada

Observations of variations of geomagnetic and telluric fields were made at four
stations in a seismically active region northeast of Quebec City. The observed
records were analysed by making use of the transfer 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 vertical fields due to electric currents induced by the vertical field
seem to be observed, although their amplitude is small.

Conductive channelling of electric currents and lateral variations in
conductivity are also evident from observations of the telluric fields. 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 currents which are induced by the
horizontal field. It is concluded that the present result supports a model put

forward by Kurtz (1973) which shows a fairly high conductivity for the crust in the

Precambrian Shield.



]I_72 CHANGES IN MAGNETOTELLURIC FIELDS IN A SEISMICALLY ACTIVE REGION OF EASTERN
CANADA : PRELIMINARY RESULTS OF EARTHQUAKE PREDICTION STUDIES
Y. Honkura, E.R. Niblett and R.D. Kurtz

Division of Geomagnetism, Earth Physics Branch, Dept. Energy, Mines & Resources, Canada

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 seismically active region northeast of Quebec
City, Canada. Significant changes in amplitude and direction of telluric fields
have been observed for variations at a period range 5 to 120 min. A change with a
duration of a year or so seems to be a predominant feature. Superposed on it, a
more rapid change with a duration of a few months is seen in late spring and early
summer. Although the observed changes show a history similar to a premonitory
change as expected from a model of dilatancy 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 survey
area. It is pointed out, however, that the magnetotelluric method provides a
useful means to detect changes in electrical resistivity in the shallow crust.

Thus a possibility to detect resistivity changes associated with shallow earthquakes

is suggested from an experimental aspect.
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]I— 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 been studied in detail with respect to its earthquake source
model (e.g. Hirasawa 1965, Aki 1966 ), associated land deformations (e.g. Tsubokawa et al. 1964, Mogi
et al. 1964, Nakamura et al. 1964) as well as associated local geomagnetic variations (e.g. Fujita 1965).

The source mechanism is represented by a typical elastic rebound model with a thrust fault of about
N10°E in strike, about 60° in dip, about 10°km in length, about 20km in width and about 4rm in displace-
ment discontinuity. The source model can well stand for the observed co-quake land deformation along the
sea coast on land as well as for the sea-bed deformation in the neighbourhood of the epicenter. The average
shear stress along the fault plane is estimated 130 ~150 bars.

The local geomagnetic secular variations during the pre-quake period (i.e. 1954-1961) appear to be in
the opposite sense to the co-quake ones (i.e. 1961-1964 ) : The correlation coefficients between the pre
-quake and co-quake geomagnetic variations for D-, H- and Z-components amount respectively to

I'D =-0.79, Yy =-0.73, Yz =-0.51. The pre-quake and co-quake land deformations along the sea
coast also are in a mutually negative correlation.

Then the pre-quake and co-quake geomagnetic variations could be attributed to the tectonomagnetic effects
caused by an accumulation and a release, respectively, of the shear stress within the epicentral earth's
crust.

Fig. 1(a) shows the pre-quake geomagnetic variation in Z-component, where all observed data of H- and
D- components also are taken into account in order to satisfy as much as possible the conditions that

div (AX, AY, AZ) = 0 and Curl ( AX, AY) = O and that the source of geomagnetic variation is located
beneath the earth's surface.

As a theoretical tectonomagnetic model, the shear stress distribution during the pre-quake period derived
from the source mechanism studies can be adopted to compute the distribution of anomalous changes of mag-
netization of the earth's crust in the

epicentral area.

Fig. 1 (b) shows the distribution of
Z~-component variation caused by the tectono-
magnetic effect, where AZ is given in unit

of B6,Jo with [0 = piezomagnetic coeffi-

cient, 6o = maximum shear stress at the
center of fault line, and Jo = average mag-
netization of the earth's crust.

Assuming then that Fig. 1 (b) can approxi-
mately represent Fig. 1 (a), we get 7
pGoJo =137, As PB=1x 10™* bars™ ”

6o =26 = 260 bars, the average intensity Fig. 1.
of crustal magnetization is to be represented

by a reasonal value, namely J, = 5 x 10-3

emu/cm>.

s k1
139 140°E 139° 1%0° 141°E
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