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Electric Field and Wind Motion at the Magnetic thator

Susumu Kato

Ionosphere Research Laboratory,
Kyoto University, Uji, Kyoto.

Abstract.

The vertical electric field due to charge separation
is calculated for horizontal wind motion periodic with
height and latitude under magnetically equatorial conditions.
It is found that the charge separation is Tairly strongly
damped even at the magnetié equator in the presence of the
curved lines of force of geomagnetic field B. Thus,
(W x go)—field at the equator where W is the wind velocity
directly contributes to drive the eguatorial electro-jet;
the driving electric field is not curl-free. The wind

shear mechanism to produce ionization irregularities is
still effective at the equator with lower efficiency than

in mid-latitudes. Certain observation is consistent with

the present conclusion.
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I_.7 A Numerical Study of Polar Ionospheric Currents

g M (EKXE) G- (FHKEX)

Numerical calculations are carried out
for the ionospheric currents in the polar re-'
gion, by taking the effects of ionospheric and
solar winds into account, and by using realis-
tic models. It is found that:

1. The ionospheric wind dynamo seems to be

more ineffective in producing polar geomagne-
tic variations than the solar wind dynamo.

2. Although the relative importance of the
Hall (JH) and Pedersen (JP) currents depend on
the ratio of the corresponding conductivities,
the total J
total J.

P
3. In the case of the solar wind dynamo,

H is a few times larger than the

the secondary polarization field produced by

a non-uniform distribution of ionospheric
conductivity is much larger than the primary
field, so that its influences on the magnetos-

phere seem to be important.
4. In the case of the ionospheric wind dy-
namo, however, these two fields are of the same

order of magnitude, as has already been pointec
out.

5. The current density caused by Sg-winds
corresponds to that by an applied field of
* 0.1 coulomb charges.

For the next step of study, it is sugges-
ted that more realistic distributions of con-
ductivity and electric field (or field-aligned
currents) should be employed, and that an ele-
ctric coupling between the ionosphere and the

magnetosphere should be considered.
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Effects of an electric field cn the dynamical behavior of the
ionosphere and its application to the storm time disturbance

of the F-layer
T. Tanaka and K. Hirao

Institute of Space and Aeronautical Science,

University of Tokyo, Tokyo, Japan

Abstract

The effect of an eastward electric field on the ionosphere is examined. kquations
of motion for ions and neutral gas coupled with ion continuity equations and heat
conduction equations are solved as a time dependent problem. Then the results of
the calculation are compared with observed results obtained by Evans during a magnetic
storm. It is proposed that the anomalous evening increase of Nsz. which occurs
during a severe geomagnetic storm, can be explained by the effect of an eastward

electric field. By arguing detailed structures of the anomalous evening increase

of N F2 we show that an eastward electric field of the order 5-8 mv/m can be
m

responsible for this phenomenon.
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I":BS) Structure and time variations of the Jovian ionosphere

T.Tanaka and K.Hirao

Institute of Space and Aeronautical Science,

University of Tokyo, Tokyo, Japan

Abstract

The problem of ionospheric formation in the Jovian upper atmosphere is
examined. By adopting a plausible atmospheric mcdel simultaneous time dependent
solutions are obtained for ions H,", H ™, H', HB' and % H™. It is shosn that
both radiative and three body association of H to HZ are important for the
determination of the structure of the Jovian ionosphere. In the daytime, the

maximum electron density is found to be about 105 cm-3 and diurnal variations

with large-amplitude can exist in the Jovian ionysphere.
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Characteristics of Magnetosonic Waves in Layered Plasmas with

Different B—-Ratios

T, Tamao (GRL, Univ. of Tokyo)
Abstract

We study characteristics of hydromagnetic waves in layered medium with different

B-values, where ‘Bis the ratio of plasma pressure to magnetic pressure. In
Particular, we emphasize differences of two magnetosonic modes, the fast and slow
modes. It is assumed that the direction of the ambient magnetic field 19 parallel
©0 the plane of B-discontinuity.

In the first part, we consider transmissior of magnetosonic waves through /3—

1 inui vtion coeffi-
dlecontimuity, that is, smplitude and phase of the reflection and refraction coettd

5 . part,
S18DtE £or Phe both incident modes are quantitatively discussed. In the BESuR. B

: . a ama (a
Characterigticg of eigen-modes of the fast and slow modes in the 3-layerec< plasma

hot p s 3 - Their norua-
Plasma is sangwiched from both sides by cold plasmss) are studied.

1 s 3
Y €igen-frequencies and damping rates are obtained and illustrated by numerical

£i s1v d in
S general, there is a tendency that the slow mode could easily trapped 1

high ; pove results
B Tegion compared to the fast mode. In the last, we apply the &

to
e bydromagnetio oscillations in the tail magnetosphere.
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1-51 Propagation of the Hydromagnetic Wave of the Alfven Mode

in an Inhomogeneous Plasma

Shigeo Takei N oH B 15
Tohoku University Zekxk BEALE

Propagation of hydromagnetic waves is investigated with special intention of extending the concept
of the Alfven mode, which is indefinitely used so far, into general situations in which a plasma and
its imbedded static magnetic field are nonuniform.

The generalization is performed adopting a natural coordinate system which refers to the static

magnetic field under consideration.

F: 1 istics.
The hydromagnetic wave of the generalized Alfven mode has the following characteris

1) It is characterized by Ey = O and Bu = O.

A . ity,
It can Propagate in and only in the direction of field lines with the local phase velocity

38/at = Va(s), where s is the distance along the field line.

. : same field
It can transport informations from a point to another point, both of which lie on the same fi

: s . . ic to
Line, without destruction of the initial pattern of the informations in a plane perpendicular

the field lipe,

. ; ve
) On tne contrary, the wave amplitude is forced to vary from point to point, according to the wa

€guation.

X @ i shed
2ITe kinds of the modes, both of which belong to the generalized Alfven mode, are distinguishe

according to the polarization, that is,

a) Av-mode (o, Ev, 0), (o0, O, Bw),

b)  Aw-mode (o, o, Bv), (0, Bv, O).

o . ¢ S
€ waves of the Av-mode and of the Aw-mode obey their respective wave equations of differen

forms, so that T3

= 4 g g he wave having a gereral
€Y pPropagate in their respective manners. Then, the wave ha g

polarization propagates in a some what complicated manner.

. ; ibl
6) In general, neither the Av-mode nor the Aw-mode is incompressible. That is, the incompressible

nature of ‘She Aafven mode: 1n, 6 riniforsl cade 1a Hot: conserved through the generalization.

~
7) If the standing oscillation is considered, the eigen period of the generalized Alfven mode, Tn',

Se
W L4 ds
or In" does not generally coincide with the value Tn® = —— f Tala)

n+1 J, Vp(s)
8) The eigen period Tn" or ™", is not simple harmonic. This characteristic is pronounced for lower
modes (n = 0, 1, 2, 3).

9) There exsist some cases that the exact solutions are easily obtained if the distribution of the

mass density comes under an appropriate category which includes the physically plausible one.
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1—61 PHOTOEMISSION EFFECTS ON THE RF IMPEDANCE MEASUREMENTS IN THE
MAGNETOSPHERE OBSERVED BY REXS SATELLITE

* %
H. oyz:, . ASOT and M. EJIRI ( X% AU WA 51/}’1/;:433’3:)
* EMAE LT ¥ RERF TBMEST
The electron density measurements have been carried out using a sophisticated
impedance measuring system (modified gyro-plasma probe for the PCM telemetry system
employed by REXS) on board of REXS satellite. In the magnetosphere, the electron density
due to photoemissions from the satellite and metalic probe surfaces effect on the
impedance measurements in the region where the electron number density is less than
103/cc. This photoemission effect was confirmed by an abrupt change of the probe-sheath
impedance when the satellite passed through the solar ecliptic lines due to the earth.
The sheath impedance is dimished to very small values pertaining to a deep negative-
probe potential due to cut-off of the electron photoemission; the cut-off of the lower
hydrid resonance detection and VLF electric field intensity are also correlated to this
potential excursion.
These results indicate that the electron density measurement should be carefully
planned to avoid this photoemission effect in the very teneous plasma regions, and that
the satellite or probe potential is largely controlled by the photoemission effects.

e o o

5 : § ki o
ECLIPTIC BOUNDARY f ECLIPTIC BOUNDZRY
(4500 km) (6300 km)

Figure An example of the impedance measuremen_c;the sheath impedance

changes abruptly at the ecliptic boundary,
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1—78 Relationship between Proton Auroras, ULF emissions (IPDP)

and Cosmic Noise Absorption in the Evening Hours

Hiroshi Fukunishi (Geophysical Institute, University of Tokyo)

The occurrence of the geomagnetic micropulsation IPDP event, which is thought to be generated by the
ion cyclotron instability (Heacock, 1967; Fukunishi, 1969; Saito, 1969; Gulye'mi et al., 1970; Gendrin,
1970), was accompanied by the appearance of proton aurora and the large enhancement of cosmic noise
absorption. These relationship can be interpreted as a signature of proton precipitation into the atmosphere
caused by ion cyclotron waves. However, the close relationship between proton auroras and IPDP events is
not observed in all local-time region. Proton auroras are steadily present from the evening to the morning
region, whereas the occurrences of IPDP events concentrate to the early evening region. Moreover, proton
auroras are not accompanied by the increase in cosmic noise absorptions, when IPDP events are absent.
Using the calculation result of Eather and Burrows (1966) corrected by Eather (1967), it was estimated that

the flux of 10-kev protons for the excitation

of 100 R Hp emission is 6 x 10 /em“sec 600 \_,4\‘('“/ \/\g’ \J < ,\/
and the cosmic noise absorption induced 100 - o 3 2

by this flux is only 0.01 dB at 27.6 MHz. 0
1
Therefore, it is natural that proton auroras 100 }
600
are not usually accompanied by the enhance- N

nt of cosmic noise absorptions if the
'"e Hz IPDP
proton auroras are excited by low energy 05
(~10 kev) protons. However, a large

increase in CNA (0.5 - 1.0 dB at 30 MHz)

during the IPDP event must be explained 03
by an increase in the electron density in

the ionosphere due to the ionization of

[ A““.ﬁd;':

01
precipitating protons, because of the
absence of electron auroras. This
r - dB
suggests that the energy of protons gene 0

rating IPDP events is fairly high. Assum- |:
-1

. —comp.
ing the initial energy of precipitating SYOWG r’_\_—‘ﬁ H-comp
6 —

protons to be 100 kev, the flux of 3 x 10
/cmzsec ster is estimated to be suffici-

~ - ’
ent for 1 dB CNA increase at 27.6 MHz. Tixie ; 200

The concentration of IPDP occurrences to

the early evening region can be interpreted I

by a coupling between plasmasphere bulge 13 14 15 UT 16

and westward-drifting protons.
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-4 STRUCTURAL CHANGE OF THE MAGNETOTAIL AT THE ONSET OF
SUBSTORM EXPANSION PHASES

A. Nishida and N. Nagayama

(Institute of Space and Aeronautical Science, University of Tokyo.)

It is now generally agreed that the expansion of the substorm represents the
earthward collapse of the tail field lines that are extended further during the
growth phase. It is yet to be found, however, how the transition from the growth
phase to the expansive phase takes place and how the mechanism of the particle
acceleration starts to operate.

As a step to clarify the above, we are conducting a synoptic examinaticn of
the behaviour of the magnetotail during the substorm over the distance of 8 to 80
R combining the magnetometeter data of Explorer 28, 33, 34, 35 and 0GO 5. The
ogset time of the expansion phase is determined by low-latitude, nightside magne-
tograms by reading the onset time of the low-latitude positive bay. Relatively
1solated substorms during moderately disturbed intervals constitute the majority
of the data set.

The result of the analysis indicates that the magnetotail can be divided into
(at least) three regions by its behaviour at the expansion phase. (GSM coordinate
System will be used in the following.)

(1) pow-latitude, between the radial distance of 8 ~ 10 R.. In this region the
increase in B_ is seen with the expansion onset on thé ground. B_ either
increases sliéhtly or changes little. The field magnitude B incréases.

(2) Log—latitude, ¢ 20 R.. 1In this region the decrease in B_ is seen to start
slightly (v~ 10 minutés) before the expansion onset on thé& ground. Then B
reaches the southward range at or soon after (v 10 minutes) the expandion
onset, and remains southward for 30 minutes to 1 hour. The magnitude of the
southward B_ at the maximum can reach ~ 10 gammas. B_ is either irregular
or slightly“increasing. %

(3) Lobe region, 8 ~ 80 R.. In this region the expansion onset corresponds to
the start of the incréase in B_ and the decrease in B_. The field magnitude
B decreases. % x

Notably, the above features (1) through (3) are reccgnized both in the dawn
and dusk parts of the tail; the LT dependence is slight, if present at all. The
feature (2) when combined with (1) gives strong indication that a neutral line is
formed somewhere between 10 to 20 RE at the onset of the expansion phase.

As 2 process to produce the neutral line, the following may be suggested as a
p0551b11%tY- During the substorm the convection in the magnetotail mav be +he
SUperrosition of the two modes of the flow. The first is the anti-ecarthward flow
associlated with the deformation of the magnetotail to a more extended form, and
the second is the earthward flow under the conventional dawn-to-dusk electric field.
If the first dominates the second in the distant tail while the opposite is the case
2 Ehe near tail, the rarefaction is caused in the intermediate region and the mag-
netic neutral line could be produced.
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II —19 MECHANISMS OF ION CYCLOTRON ECHO GENERATION OBSERVED BY ALOUETTE II
SATELLITE (Rep.2)

Hiroshi ova (X & )

SHXEIYE

This is the second report on the production mechanism of the proton cyclotron

echo(l) that is produced by the nonlinear interaction of electrostatic cyclotron
harmonic waves. A mechanism to produce the proton cyclotron echo has been inter-
preted(z) as a result of the nonlinear wave particle interaction processes includ-

ing the waves as i) weak damping mode of electron cyclotron harmonic waves (El-Wave-
1), ii) short life mode of electron cyclotron harmonic waves (El-wave-2) and iii)
ion acoustic waves.

Further investigation shows that the production of the repeated ion acoustic
waves are caused by the ion velocity modulation due to a large negative excursion
of the antenna potential that is originated by the impressed RF pulse; the production
of the ion waves is originally interpreted by a wave-wave interaction mechanism
pertaining to the El-wave-1l and El-wave-2 waves coupling. The echo formation process
is given, then, as follows.

i) The short life mode of electrostatic electron cyclotron harmonic waves

(El-wave-2) is generated by the impressed RF pulse. The El-wave-2 wave is

damped making velocity modulation on the electrons that move in the magnetic

field direction. -

ii) The ion velocity distribution is modulated in a region surrounding the

antenna due to the negative excursion of the antenna potential.

iii) The ions that are subjected to the velocity modulation encounter in a

small region after the period 27/Qi. This encounter produces the ion acoustic

waves, where S; is the ion (proton) cyclotron angular freguency-.

iv) An encounter of the electric wave packet with the electrons that are

subjected to the modulation by El-wave-2 makes a nonlinear wave-particle

interaction that causes a nonlinear wave scattering of the El-wave-l wave.
The porduced El-wave-1 wave can be observed as the echo of the RF pulse that is re-

produced after the transmission of the original RF pulse being delayed by the period
of 2n /801

1) Matsuura, N and R. Nishizaki, Proton cyclotron Echoes in the Topside Ionosphere,
J. Geophys. Res. 74, 5169, 1969

2) Oya, H., 50th Meeting of Japanese Society on Geomagnetism and Geoelectricity, p.33.
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II ‘20 Origin of the Jupiter Decameter Wave Emission

Hiroshi ova ( X ¥~ ’E )
FEIAF 15D

The conversion mechanism from the plasma waves to the electromagnetic waves has
been presented (Oya, 5lst meeting of Japanese Society on Geomagnetism and Geoelec-
tricity, p. 27) applying the conversion mechanisms in the slightly inhomogeneous
media (Oya, Radio Science, 1131-1141 (1971)). The next query for this conversion
process is subject to energy exchange from the ) mode to the O mode electromagnetic
waves. This energy exchange has been calculated for a case where two layers of the
plasma contact making a sharp boundary.

The results indicate that a large rate (= 10'1«v 10_2) of the energy can be
converted into the O mode waves when the magnetic field direction is nearly perpen-
dicular to the boundary. This large conversion rate is allowed only for a narrow
cone of the wave incident angle centered at the normal direction of the boundary.
This result~showsthat present theory can give a good interpretation on the observed
evidence on the polarity and power of the Jovian decameter waves.
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II "28 FORMATION OF A MAGNETIC SPINEL BY HEATING HEMATITE IN AIR AND WATER
VAPOR
H.P.Johnson, R.T.Merrill and H.Kinoshita Univ. Washington
Abstract

The generally accepted assumption that hematite ig crystallographically stable
against heating in air to moderate temperature (300°C) is shown to be incorrect
when small amount of water vapor are present in the sample. A metastable magnetic
spinel with a 595+10°C Curie temperature is formed when either hematite or goethite
is heated at 10°C/minute in air or oxygen with water vapor present. The possibility
that the magnetic spinel 1is either magnetite or a form of maghemite is discussed - °

with the evidence b€ing inconclusive.
Importance

! ‘It is no longer safe to conclude that hematite is stable against moderate heating
in air or oxygen if water is present.
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II _49 The Spatial Structure of the Interplanetary

Magnetic Variations

@A Btk s2g
KT B R b A 78
In the Spring Meeting, we reported principal statistical charactgristics of 3

fransverse oscillations in the interplanetary magnetic field. The main purpose Ol
this report concerns the spatial structure of the variations and its dependence ngn
solar wind conditions. Again, the results presented here are based on the data o ; 4
tained by Explorers 33 and 35. We used field measurements taken at 81.8 second.nllde
vals, plasma measurements at one hour intervals. The three components of the fie
were resolved in the conventional solar equatorial coordinate system.

For the study reported here, 22 cases were selected from ~ 6720 hours' daga T
during the period August 22, 1967 to June 10, 1968 when both Explorer 33 and Exp
er 35 are in the_interplanetary space upstream the magnetosphere. In all 22 cases,
03 /Bo< 0.1 and VP1/Bo > 0.6. Therefore these cases are the transverse oscillations.
The directinn of the propagation vector Ik determined by the minimum variance meth-
od is about 10 degrees to the average field vector.

We first compute the cross correlation coefficient y([S,(t), Se(t*‘?t)) for each
component of the magnetic field at two satellites, S, an §2 witha timeé delay at.
We find that the maximum of the correlation curve of the B Scomponent (thereafter
referred to y in this report) is usually higher than tHe peak correlation co-d
efficients of?PR% B - and B -components. Consequently, in the following the depend-
ence of Y, max OB other parafieters will be examined.

To find the spatial extent of the transverse oscillations, we examine wheghei‘ane
Yo is dependent on the spatial separation, D (projected distance on the X- g
)7"8¥ the two satellites. We find that there is a clear dependence of Yﬂ\ oa e
but there are a few exceptional cases. When the soler wind's bulk veloc $was
into account, it was found that the solar wind with & speed, V . > 520 km/sec, was
associated for those exceptions. When we limit attention to th& cases of low s_oi!.al’d
wind velocity, V_ € 520 km/sec, the decrease of y with inreasing D wes notice
beyond U ~ 60 Re?wFurther, we have resolved Dt,intoz%d Bj components, where the
symbols !l and L denote components with respect to the average field vector. The de-
crease in y with Dy is noticeable but the relation to Ds is less clear. This in-
dicates that™8¥e waves propagate along the direction of the masgnetic field.

The y correlates with V well with a relationship of lower Y related to
higher V_*3%%¥nd the higher y, _S%to lower V. . This appeags to indica%géfhat field
fluctuat¥¥ns become unsteadyzgﬁxalternativeiy their scal length perpendicular to the
field line becomes shorter when the solar wind's speed is relatively high. The re-
laticnship of Yomax 0 Vg, is particularly clear when the D is less than 80 Re.

The dependence of y on other parameters of the solar wind such as roton(S
(the ratio of the protofi™8Hermal energy density to magnetic energy density), Egg
tnermal energy d-nsity), E (magnetic energy density), and the Alfvén Spe'?d Va eb i
quite diverse. Phe correla®ion of Y with B is not as good as that with szs u
there is a possible tendency for hifl&¥ y Bt smaller B_ (< 0.5). The Yomax S°F
relates very poorly with Eth’ Em’ and VA.zmax P

Regarding the earth bow shock effect, relationship of y, .. to the position of
the satellite relative to the bow shock has also been searchBd for, since there has_
been an indication that whistler mode waves with group velocity larger than Vé g
vels to the position of the satellite against the solar wind flow, or that waVEs are
generated by particles moving upstream from the bow shock. From our data,.relattgn;
ship of y to bow shock is not clearly recognized. It is therefore unlikely a._
the transt&P¥e oscillations included in this report are due to the processes assggl
ated with the bow shock. Instead, they would be generated preferentially closer
the sun, and are propagating outward with the solar wind to the earth orbits

Finally, we test our data from theoretical viewpoint. Assume & transverse oscli-e
lation, with its front perpendicular to the solar-equatorial component oi: the ave;‘ g
field, propagates away from the sun, ** cwek V , the time at between the times of ob-
servation of the same phase of the wave a¥ tHe two satellites can be expressed by
AL/V_ , where AL is the X-component of the distance between the wave fronts which
pass”the two satellites. Since V and AL are known, one can compute AL/V oD We have
compared this theoretical quantiﬁy with At estimated from correlationaf analysis
for cases withn Votag > 0.5. A4 good agreemeﬁgshas been found.
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