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[-10 JUPITER MAGNETOSPRERE - II

Hiroshi ﬁya Upper Atmoaphere and Space Research laberatory,

Tohoku University, Katahira, Sendai 980

The Jovian magnetospheric structure haz an unique configuration dve to the hgh speed rotation
of the planets. A principal effect of the rotating magnetic field is the plasma instabilities, from
the hydrostatic standpoint, im & region outside of a boundary at 5.6 RJ. The stability, for this
case, is reproduced by plasma flow. The flow is associsted with & current sheet that reveala & large
deformation on the magnetospheric configuration. 4 most possible structure 1a, therefore, character-
1zed by the disk form in the outer magnetuaphgre{1}, The rotating plasma is slmo characterized by
turbulent flow of the plasma, The turbulent state produces local electric field that takes the plasma
out of the co-rotation state. The resultant electric field along the magnetic fleld accelerates the
plasma into a high eneérgy range; the particles are accelerated up to 10 MeV in & region within a

sized of 10 Ry, assuming that 1 % of v x B field affects on the plagma as the results of the turbu~

lence,

These results ave consiatent with recent reports provided by the Pioncer 10 dnta{E}.

1) Qya, H.y Jupiter mapgnetosphere - I, Shth Meatlng of Japanese Soclety on Ceomagnetism and
Jeoelectricity, P.P. 3,

2) Simpson, J. A., D. Hemilton, G. Lentz, R. B. Mekibben, A. Mogro~Campero, M. Perkins, K. R.
Pyle, and A. J. Tuzzolinon, Protons and electrons accelerated in Jupiter's magnetic field
=== A prelipinary report on resultes from the University of Chicage experiment on Pioneer 10,

Science, 183, 306, Jan. 25 1974,



I - 11 MODE CONVERSION OF THE ELECTROMAGNETIC WAVES

IN JOVIAN MAGNETOSPHERE

H. Oya, M. Yamazski®, and I. Nagano""
Upper Atmosphere and Space Research laboratory,
Tohoku University, Katshira, Sendai = 980

Energy transmission of the electromagnetic wave, that 1z obtalned as the result of the plesma
wave conversion into the électromagnetic wave, has been calculated for the case of the gradually
varying plasma structure. The structure has been approximated by a model that consists of homo-
geneous multilayers ( see Fig. 1 ). The variation of the electric field snd magnetic fileld
intensities has been obtained caleulating the four components vector, for each layer, thai re-
presents the four waves § 1,e,, the down-going X - mode and O - mode waves, and the up-going
X = mode and O - mode wavea, reapectively ( see Fig. 1 ).

The results indicate that X - mode weve energy 1s effectively converted into the escape mode,
i.e. 0 = mode, For the casé where the wsve normal direction is located close to the magnetilc field.
in the Jovian plasmasphere, the conversion rate Ry, ( the energy conversion rate [rom X fo O mode )
i8 larger than 10 % for the wave that has an inecident angle in o rapge with %" width centered at
the sngle parallel to the magnetic field direction ( mee Fig. 2 ). The resull gives a confirmution
on the theory of Jovian decameter wave origin, that is, ihe electrostatic cyclolron harmonic wave

¢an be converted with sufficient enérgy inte the electromagnelic wave.

'I'I'Ird;"l gt
¥ gl ".
Tt 'E ".-f ‘?"
5
2, oo
Tra
L -l ;i
farer T
Fig. 1 Multilayer Hodel

2 Fnergy Conversion Rate
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I — 26 Magnetotall Boundary Motions Associated
with Substorms

Ok
By Bt

Motions of the distant-magnetotail boundary at X=-30~-60 R,
obgservad by Explorer 33 and 35 are examined to investigate the
possible dependence on the north-south component of the inter~
planetary magnetic field and on the occ¢urrence of magnetospheric
substorms. It is found that the magnetotail boundary often moves
outward when the interplanetary magnetic field turns southward
and that it moves inward 0~ 1 hour after the substorm expansion
onset. <Conmbined with the fact that the magnetic fiald magnitude
in the magnetotail increases when the interplanetary magnetic
field is southward, the above results confirm that the fotal flux
in the magnetotail increases at the time of the southward inter-
planetary field. It is noted, however, that such boundary motlons
do not seem to change the radius of the magnetotail significantly.
it seems that the cross-sectional area of the magnetotail is kept
nearly constant and an increase in the tail magnetic flux é&iweetly

leads to an increase in the tail magnetic field strength.
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I - 1}3 TIME-VARIATION IN LOW-LATITUDE GEOMAGNETIC BAYS ASSQCIATED WITH

DEVELOPMENT OF THREE-DIMENSIONAL SUBSTORM CURRENT SYSTEM
K. Kawasaki*, N, Fukushima* and Y. Kamide**

AGeophysics Research Lab., University of Tokyo, **Geophysical Institute,
University of Alaska
Fairbanks, AK 99701 U.5.A.

It has long been Known that the horizental disturbance force
of a low-latitude bay disturbance at the earth's surface exhibits
a clackwise rotation in the forencon sector of the earth, and 2

counterclockwise totatiom in the afternoon sector during the course
of a substorm {c.f., Hatakeyama, 1938). On the ather hand, recent
obhservations and calculations suggest that the ground magnetic
signature of a substorm can be ascribed tc 2 threc-dimensional
magnetospheric current system which closes in the polar ionosphere

along the auroral eoval. In this report, it is shown that when time-
variation is included in a model three-dimensional current system
consisting of dipole field-aligned sheet currents, auroral electro-

jets and a partial ring current, the senses of the rotations of
the hsrizontal force of the low-latitude bay disturbance are

qualitatively predicted. It is assumed that as the substorm current
grows, the longitudinal extent of the field-aligned sheet currents

also expands. The effects of rotation of the three-dimensional
current system relative to ground stations during the course of a

substorm dre also included,
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This paper presents the design of two-colar [l-ﬂﬁgm and ﬂ.EEﬂgm}
for the measurement of aerosol particles and the change of size distribution
of growing droplets condensed on them in the troposphere and stratosphere.
The table 1 gives the characteristics of lidar of Water Research Institute,
Nagoya University. Table 2 gives a result of calculation of relative
contribution of
back-scatterad power

Table 1 by scatteres of each
Characteristics of Lidar System sfze range jndicated
of Hater Research Institute, Nagoya Univ. in the table to the
Tra:smitter total back scattered
aser Ruby and YAG power. As is seen
Havalength 0.684ym and l.ﬁgum in the table, the
Output W/pulse (single pulse}, 20ns 0.634m 1ight is more
Telescope 10¢m & sensitive to praticles
Beam divergence 0.5 mrad in the 0.1-0.4um size
HE¢:1?Ef range whereas the 1.06
elescope 4E-nm)5 . 1ight is sensitive to
Filter bandwidth sA (Ruby), 10A (YAG) particles in the
Photomultiplier RCA C-31000F, RCA C-70007A largest size range.

Therefare, for instance,
when aeroso) particles
in the sfze range of 0.1 - 0.4ym glow in size, received power of E.Egﬁﬁﬂm
Tncreases more than that of 1.06xm. The method of determination of the
size distribution of aerosal particles will be discussed.

Table 2
Relative contribution of back-scattered power by particles
of three size range to the total received power (per cent}

Havelength 0,96 1.08
5ize range y]_m } '?Lm /ﬂm
0.10- 0.40 48 28
0,40~ 0.75 43 40

nl ?5"' lnuu E 32
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| E}() Excitation of acoustic gravity wave in the upper atmosphere

5. Rato

Ionosphere Research Laboratory, Kyoto Univ. and High Altitude Observatory.NCAR,
Bounlder, Colorado

It is suspected that the acoustic gravity wave can be excited by super sonic
motion of aurora arc, moon shadow during ellipse and day-night terminater in the

upper atmosphere. I intend to check theoretical basis for these problems using a

simple model to find rigorous results. It is found that a line source moving with

super sonic speed can excite those wave trains (not impulse) whose phase velocity
equals that of the source. Another finding is that when the source moves with
velocity smaller than a ecritical velocity (ahout 0.9 of sonic speed) a gravity wave
can be excited which is pecudliar te the dispersion of gravity wave.
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n m gammas normalized
g 1 o =30515 ~-10000 —10000
g 1 1 =~ 2101 ~ 688 - $53
h 1 1 5695 1865 1872
g 2 0 - 1454 - 476 -~ 470
g 2 1 2785 912 864
h 2 1 - 1831 ~ 600 - 626
g 2 2 1546 507 494
b2 2 348 114 118
g 3 0 1199 393 373
g 3 1 = 1908 = 625 = 702
h 3 i - 379 - 124 - 144
g 3 2 1378 452 422
h 1 2 133 44 22
g 3 3 948 31 297
h 3 3 - T2 - 24 - 3
g 4 0 975 320 114
g 4 1 1137 373 355
h 4 1 156 31 55
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]I — 33 Low Temperature Characteristics of Magmetic
Coarcive Force of Lunar Materials

F. C. SCHWERER and Takesi NAGATA

U.5, Steel Co.; Research Lab., Nat. Inst. of Polar Research

In their previous paper {1973a, b}, the authors reported that the magnetic coercive force
(Ha ) of lunar materials, in general, ﬂnnsidarn‘hl;,- inereases with decreasing temperature from
the atmospheric one (about 3009K ) to 4,2°K, In some lunar samples, the increase of H; with
decreasing temperaturs sharply takes place at a cartein low temperature (e.g- at 105K
for  sample 15556 at 80°K for sample T0215), while in other lunar materials, the increase
of H_ ia practically continuous through the whole range of cooling from 300°K to 4.29K
though the rate of Inerease In He becomes larger at lower temperature {e.g. samples 50255
and 65010). Such a considerably large increase of Hy with decreasing temperature (T) has
been interpreted by the authors to be due to the blocking of very fine grains of metallic iron which
behave superparamagnetically at temperatures higher than their blocking temperature.

In several lunar samples {e.g. samples, 15556, 66055, 67455, 70215 and 77017}, however,
1, values appear to decrease with a decrease in T from a certain value below the blecking
temperature, This phenomenon is in an apparent conflict with the proposed hypothesis for the

He increase,

It is now confirmed that the observed decrease of Hs with decreasing T in an extremely low
temperature range is simply a spurious plienomenon which is caused by a tremendous increase of
the paramagmetic susceptibility at the extremely low temperatures, For most lunar rocks,
magnetization I(H} dependent on magnetic field H in a range of a small magnetic field in a hysteresis

M) = Ip(H) + Yo + Yau

curve is given by

where [ (1), ;f a and xs denote respectively ferromagnetic magnetization, and paramagnetic
and supcrparamagretic susceptibilities, With a decrease of T, the superparamagnetic component

{ ?53 1) is transfered io the ferromagnetic one, thus the apparent value of He inereasing and

1§ (H) becoming 1p (H) > Ix(H) with decreasing T, However, ﬁﬂ increages with a decrease of
‘', whence the true value of coercive force (Hgo )} mist be determined by 1{HL )~ /"ﬂaHf =0,

Tha attached figure shows an example of the dependonce of H on T thus obtained. In all lupay
matorials, 110 characterics thus obtained have shown that JHS/ 3T ¢ ¢ throughout the

whole temperature range,
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]I B 34 Magnetic Properties of Lunar Materials of Apollo 17 and Others

(7R BBEARH o)

T. Nagata F,. C. Schwerer
Nat. Inst, Polar Research, U. 5., Steel Co, Res. Lab,

(I} The magnetic properties of six Apollo 17 returned lunar materials have so far been examined,
The main magnetic parametars measured are summarized in the following table,

RE‘EhmpleE { Basalt) { Breccia) (Fines) .
S| 70017-73 70017-75 7021526 | T7017-46 | 7422041 7505313 Unit
Yy 0.69 0,65  0.33 0.44 0,85 12.1 x 104 amu/em/Oe
fﬂ_ 3.9 3.7 3.6 1.1 3.4 3.4 %x10~%emu g:fﬂe
" 0,21 Q,22 0,24 0.30 Q.13 0.22 emu‘,fﬂ-jn
Ip 1.0 1.5 4.4 0.8 - 8,5 emu/gm
H & 10 19 i5 - ¥ Oe.
782 Ti9 - 732 Ti8 796 o0
* None None - 250 None™® None o
Hp¢ TO - - 360 900 s Oe,

Remarks : ?n Initial magnetic susceptibility, é i Paramagnetic susceptibility,
8§ : Saturation magnetization, IR : turation remanent magnetization,
Hp 1 Coercive force, Hpc ¢ Remanence coercive force (all 6 parameters

above at 300°K ), @ : Curiepoint, @ *: 0O{« 7% iransition temperature
of FeNi alloy.

In regard to their magnetic properties also, both #70017 and #70215 are typical lunar mare
basalta, while #77017 is a typical anorthositic clastal rock which contains a considerable amount of
kamacite just as all Apollo 16 anorthositic rocks deo. #74220 is a sample of the famous orange soils,

T ]

containing a particular ferromagnetic component, which has not yet been exactly identified. (* in Table)

(I} Fig. 1 shows a histogram of kamacite contents in the metallic iron phase in vartous lunar materials
returned by Apollo 11 through 17 missions, where the median

breakdown mechanism caused by intense meteoritic impact.

LW AN

k

value of Ni content in kamacite 1% about 5,5 welight per cent. APOLLO 11-17 LUNAR MATERIALS
HISTOGRAM  OF KAMACITE CONTENT
All anorthositic rocks originating in the lugar highlands contain HOMETALLIC RSN (i /sm)
the kamaecite of more than a hall of their metallic composition. ; v : ;
B ' IGNEQUS  ROCKS I
On the other hand, it has been observed by several workers 4 i TR l
J i r !
that almost pure metallic Fe of lunar samples of myg/m=0 ‘in : : : #' :
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i i
ulvidspinels and ilmeaites owing to the meteoritic impact. ; E “I' 15 E 3
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]I — 42 Interactive Programming in the Inverse Method
by Sequential Layering for Magnetotelluric Analysis

By D. Rankin, Dept. of Physica, University of Alberta, Canada
C. Mozeson, Dept. of Mining & Metallurgy, Univ. of Alberta
and 8. Nabetani, Dept. of Phyaics, Hirosaki University, Japan

Modiffeation and improvementa to the NABETANI-RANKIN method of sequential layer addition
for a one-dimensional earth are presented and applied to several representative modeals to demonstrate the
technlique developed for inveralon of magnetotellurie data. The inversion process wasg alded by the use of
computer graphics and fntoractive programming. It was found that there are genoral rules to be followed
for choosing layer parameters and once these methods are learned, the advantage and speed of interactive program-
miing can be utilized, This method is Inherently stable,

The inverse method of sequetial layering devised by Nabetani and Rankin {1969} nocegsitates
returning to the algebraic solution of the set of eguations for n layers,

)q'.n""E- = 1‘1,- + B, 3 -:gf f!’;n'ﬂ'J“‘:ﬂ, f;‘f.r‘!' E:}
ﬁjaﬁp{'.-%.zjj-k @W,{'ﬂ’%‘} :,ﬂ;-,,e.:rf{-ﬂ;ﬂ?) -f-Eﬂ,-"e?ﬁg‘H 2; 2
O Uy expl0; ) -Bresp (83D Y 29y hjieap 6y, ) By exp e )
ﬂﬂeﬁ”fﬁnﬂﬁjf&‘fﬁﬂ f‘gﬂ"i’n:’ =-e:?3 {‘451&.!31,) ,‘gﬂ ;_Ju-ﬂ? (ﬂﬁlﬂ'-r}"ﬁﬂ exs {.;9,.-1,}}# ‘9”,&1}9 tﬁ.ﬂ";.ﬂ#)
with the problem reformulated as follows,
Zlw) = Exfioty lg.y + T /8,
T 2K e Kt Bl K [ (RSRga e OPR) Y = (- Pu) /014 T3)

whete Kn  is called as ketnel funetion,

The rezl process was programmed for interactive computing with Vi, Vs, Vs .. .V;and Ry, R, Rs
« 4« s Ry, the differences between the measured values V, and the various orders of approximation., ~ Starting with
a uniform half-space, layers are added and corrections applied until the residuals for each frequoney estimate are
lesa than some pre-assigned £ < o » Where ¢ is chosen to be less than the scatter in the data.

Present interest in geothermal anomalies has led to renowed interest in the study of the resistivity
structure of the earth and therefore in the magnetotelluric effect.
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]I - 50 CONVERSION OF THE PLASMA WAVES INTO THE ELECTROMAGNETIC WAVES
—— THE CASE OF THE JOVIAN AND EARTH'S MAGNETOSPHERE

Hiroshl Oya Upper Atmosphers gnd Space Remsearch Laboratory,

Toholu University, Katahira, Sendsi 980

Electrostatic electron cycletron harmonic waves can be transformed into the electromagnetic waves

through the inhomogeneous plasma region of the planets. Recent observations' 112

glves a confirmation
on the theory based on this conversion concept. That 18, a narrow banded and flat pattern of the
Jovian decameter wave spectrum cominoides with the OG0 - 5 VLF emiesions that have been interpreted in
terms of the electrostatic electrom cyclotron hermonie wave instabilities,

In the earth's magnetosphere, the 3/2 fc emlasions have been detected in the form of the electro-
magnetic wave that 18 called the postmidnight chorus (3) + This is a different example of the conversion

case where the electrostatic electron cyclotron harmonic waves are changed into the electromagnetic

waves.
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An example of the postmidnight chorus (after Tsurutanl and Smith, 1974)
1) Cordon and Warwick, private communication, 1967

2) Scarf.f, preprint, 1973

3) Taurutani, B.T. and E.J. Smith, Postmidnight chorue: A substorm phenomenon, J. Geophya. Res., 79,
118 = 134 (1974)
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