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Interplanetary Hydrogen and Helium Glow : Pioneer 10 Observation Results

Suzuki,K., Geophys. Research Lab., Univ. of Tokyo
D.L.Judge, R.W.Carlson, A.L.Morse, Dep.Physics, Univ. of Southern california

The Pioneer 10 deep-space proue carring an ultraviolet photometer was
launched on March 2,1972. The uv instrument is a two channel photometer
designed to mezsure the interplanetary and Jovian hydrogen and helium glow
at AN1216A and A584A, respectively. The photometer has been measuring
the resonance scattering of the solar H and He lines along the ecliptic
plane from 1 AU to 5-AU. The present dxta on the Ly-X radiation indicate
that the maximum intensity occurs near the ecliptic plane and that
the intensity is symmetric with respect to the plane. These results are
in agreement with privious 0GO5 Ly-(X measurements.* We have compared
the present data with several model calculations of the neutral wind to

evaluate the parameters ofthe interplanetary neutral medium.
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| = 7 Jupiter Magnetosphere III
— Jupiter Magnetospheric Configuration

H. Oya
Upper Atmosphere and Space Research Laboratory,
Tohoku University

The Jovian magnetospheric configuration proposed at previous meeting(l) has been
investigated from the theoretical base with the Pioneer-10 data. The plasma in the
magnetosphere is distributed in a disk form, due to a high centrifugal force, with

density
Ny= N exp {(-1/ /2%4x? ) (Gm, M/KT) )

where z is the distance from equatorial plane, r is the radial distance ;KT/GmiM is
the equatorial scale hight. The plasma is flowing into the radial direction.

The magnetic field in this region is expanded in radial direction following 1l/r
relationship; this configuration is also affected by the plasma flow. The distribution
of high energetic particles (E > 3MeV) that have been detected by Pioneer-10 in the
equatorial disk can be explaned as a result of this magnetic field configuration.
Origin of the accelleration of these energetic particles is attributed to the electric
field in the turbulent state of the magnetosphere.

The interaction of the solar wind with the plasma flow reveals two remarkable
features; the first is the case at front where the variation of the solar wind is
largely shift the balancing point,and the second is the case at tail where the solar
wind effect makes additive effect on the plasma flow.

SOLAR WIND

«~—

SOLAR WIND

PLASMA SHEET

- //
- ‘—\’/
SOLAR WIND FLOW

T /

= 7

MERIDIONAL CROSS-SECTION OF CROSS-SECTION OF THE JUPITER
THE JUPITER MAGNETOSPHERE MAGNETOSPHERE AT ECLIPTIC PLANE

1) Oya, H., Jupiter Magnetosphere-I, 54th Meeting of Japanese Society on Geomagnetism
and Geoelectricity, pp. 3.



| - 8 Observation of Jupiter Decameter Waves (I)

H. Oya, A. Morioka and M. Kondo
Upper Atmosphere and Space Research Laboratory,
Tohoku University

The Jovian decameter waves are generated at the polar ionosphere of the planet
in the form of the electrostatic electron cyclotron harmonic waves (ESCHW) at the
source region. This ESCHW waves are converted into the electromagnetic waves in the
processes through the Jovian ionosphere and the magnetosphere,

The origin of the turbulence that generates the ESCHW is largely related to the
interaction of the magnetosphere with the solar wind and the satellites. The
decameter waves thus contain informations relating to the turbulent ionosphere and
the agencies that produce the turbulence; and also the decameter waves include the
informations on the magnetospheric configurations.

The projects for the observation of the Jovian decameter waves are made as has
been given in table 1. The J-1-C project has been planned to establish the pointing
of the decameter sources using the interferometry technique.

The dipole antenna system has been made as given in Figure 1. These are used to
measure the phase path difference through the receiving system given in Figure 2.

The receiving system employed parametric amplifiers using saturable core-transformer.
By sweeping phase differences, this interferometer system can sweep all the sky area
anfzgs able to identify the decametric source for the intensity larger than

19 Watt/mzﬂz in frequency range from 18MH, to 24MH, .

Table 1
Year Projects Contents
1974 J-1-B 10MH , 15MH_, 22MH_, 25MH,
1975 J-1-C High gain, Pointing
1976 J-2 pPolarization, 22-30MH, Wide
1977 J-3 km-range Base line
1978 J-4 500~1000km range Base line

.*‘ /—\ #1113 IF Autoratid
l —!- \ ey e Ametife ?HIS s
l i #2011 13 IF Manual
K @R Anp o2 L 1 Frs Y
g 73
l] B o8 gl
x:: [l J #4) L 3:d TF 1 [Automtic
I o S T PO o 5
'\-/ \;_/’ W
Local j Local [] Phase C.
49__4om — Osc-1 Osc.4 Sweeper

Figure 1
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MICROPULSATIONS AND THE PLASMAPAUSE (1)

H. Kikuchi

New York University

ABSTRACT

Irregularities and instabilities associated with
the plasmapause and their role in geomagnetic micropul-
sations are discussed, based upon satellite and ground
observations and an inference from the theory and labo-
ratory experiments of an inhomogeneous plasma together
with a combined drift and surface wave concept. The
importance and role of the plasmapause and associated
plasma irregularities may be twofold, as a possible
source mechanism for short-period micropulsations and
as a hydromagnetic waveguide. Further close correlation
between plasmapause-associated irregularities, the pro-
ton ring current and short-period micropulsations indi-

cates the possibility of a combined effect of universal

and cyclotron instabilities.
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In the first part, we give theoretical guides for simulating the coupled magneto-
sphere—ionosphere system in terms of electrical circuits. The magnetosphere—ionosphere
system is divided into three domains: the ionosphere, the outer magnetosphere where a
process such as magnetic field line reconnection can take place, and the intervening
medium which we term the passive magnetosphere. It is shown that the passive magneto-
sphere is well-represented by transmission lines for signals travelling both along(%4)
and across (¥ 2) the magnetic field, and that generally the ionosphere simply acts as a
passive medium through which the magnetospheric generator drives a Pedersen current via
upward and downward field-aligned currents. On the other hand, it is shown when the
ionospheric density is locally enhanced (or decreased), the ionosphere is activated and
bears a local generator across the enhanced (decreased) part which can drive a pair of

field-aligned currents up into the magnetosphere(%3).

Passive Magnetosphere «— d —

r[luter Magnetosphmel
Lo
| lonosphere |
o

a °—W—|}—o
d/=p 84,
8¢, = E,d( §=pcoso + 8=y sing)/ =p
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8l = E,( §=peosd + §=ysing)
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g 2
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The outer magnetosphere is studied as giving rise to field line reconnection.
The reconnection process is reviewed from a standpoint of drift currents, and it is
concluded that it is the curvature current counteracting the neutral sheet current
which promotes the reconnection process. In practice, reconnection must take place
in a finite domain on a plane perpendicular to the magnetic field, and because of this
finiteness, space charges carried by the curvature current accumulate on both
boundaries of the reconnection region. It is then argued that a conductive layer
such as the ionesphere at the foot of field lines neutralizes these space charges via
field-aligned currents in the course of the reconnection process (2} 4) . With this
argument, the dayside reconnection@ﬂz) and the tailside reconnection(1Z ) as the
causal mechanisms for magnetospheric substorms and auroral breakup are described, with

special emphasis on solar wind control of the dayside reconnection and the ionospheric
control

of the tailside reconnection(ig3)-
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IRREGULAR STRUCTURE OF THERMAL ION PLASMA
CORRELATED WITH ELF ELECTRIC FIELDS
OBSERVED FROM 0GO-4 AND -6
NEAR THE LIGHT ION TROUGH

H. Kikuchi, H. A. Taylor, Jr, and A. R. Deshmukh
NASA Goddard Space Flight Center

ABSTRACT

Direct measurements of latitudinal distributions of thermal
ion plasma in the topside ionosphere from 0GO-4 have revealed a
distinct variability in ion composition and concentration. Pole-
ward of the light ion trough, the variability appears to be pro-
nounced, exhibiting structured, patchy regions of rapid plasma
fluctuations. 0GO-6 ion spectrometer data further support this
evidence of plasma irregularities and suggest a correlation with
VLF-ELF electric fields near the trough zone. Among the results
from a broad-band detector (20 Hz-1 MHz) and two narrow-band re-
ceivers at 200 kHz and 500 kHz on 0GO-6 the 200 kHz signal level
correlates better than the 500 kHz level with the ion data, and
the broad-band intensity best correlates with the fine structure
irregularities. A closer correlation of ion and ELF rather than
VLF data is indicated by a new finding of continuous, intense
banded ELF emissions below 1 kHz in a band (0.02-15 kHz) of sona-
grams, suggesting that in some cases rapid thermal plasma fluctu-
ations are related to ELF electric fields or emissions observed
well below the VLF lower hybrid resonances. An interpretation is
presented, based upon the size of the small-scale plasma irregu-
larities, possible ELF radiations related to soft and/or hard
electron precipitation and a theory of Eerenkov radiation in an

ion plasma.
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‘ = 2 2 PLASMA FLOWS IN THE ERTH'S MAGNETOSPHERE

H. Oya
Upper Atmosphere and Space Research
Laboratory,
Tohoku University, Katahira, Sendai 980
Existence of the high speed plasma flow (1
loo km/sec to 300 km/sec in the outer magnetosphere is recent topic of the studies

with the velocity range from

on the magnetospheric plasma. An interpretation of the high speed plasma flow
near the plasma-pause at the dawn side has been proposed. When the solar wind
includes an enhanced south component of the magnetic field, the magnetospheric
tail region, in a position further than 10Re.is subjected to the entrance of the
solar wind into the plasma sheet. There are electric fields in regions close to
the tail cusp due to the perpendicular component of the plasma flow with respect
to the magnetic field. This electric field is transported into the polar cusp
area where the plasma particles make drift motion (see Figure 1l). As the result
of this drift motion plasma particles are injected down into the area located very
close to the plasmapause.

Disruption of the plasma flow with interaction of the magnetic field irreg-
ularity can be a source of the plasma turbulence where the strong electrostatic

electron cyclotron harmonic waves are generatEd-

Tail Cusp

Drifting Flow

Polar Cusp

N

Oya, H., Plasma flow hypothesis in the magnetosphere relating to frequency
shift of electrostatic plasma waves, Submitted to JGR (1974).

Sheath Flow

Figure 1.
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A SIMPLIFIED MECHANISM FOR FIELD-ALIGNED CURRENTS

FROM THE IONOSPHERE

Koji KAWASAKI and Naoshi FUKUSHIMA
Geophysics Research Laboratory, University of Tokyo

In a previous report, it was shown through a simple model that
field-aligned electric currents are generated at the boundaries of
the auroral oval in the presence of the Sg electric field. An exact
calculation for field lines extending to infinity was made for the
case in which the auroral oval itself was taken to be a boundary
without latitudinal width delineating regions of constant but dif-
ferinc conductivities, the polar cap and the middle latitudes; the
case for finite width was discussed but no analytical results were
presented.

In this report, we extend the model taking into account the
finite width of the oval, and also consider the situation in which
the field lines at the equatorward boundary are closed, i.e., con-
nected to the opposite hemisphere. Because the field lines are
closed, a charge buildup occurs in the equatorward boundaries of
the auroral ovals. Results are described which show that the pri-
mary currents together with the secondary Hall and Pedersen currents
produced by the excess charge at the equatorward boundary and the
field-aligned currents combine to produce a rather complex equiva-

lent current system.
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Antarctic Substorm Events observed by Sounding Rockets (1)

Ionization of the Lower Ionosphere by Auroral Electrons

T. Nagata, T, Hirasawa, M. Takizawa and T. Tohmatsu

National Institute of Polar Research University of Tokyo

The electron density (N) distribution within an auroral arc was observed on a sounding rocket which
penetrates into the auroral arc. The electron density in the E-region is anomalously enhanced, becoming
(2~ 5) x 105 ele/cm3, only within the moving auroral arc, whose N2*4278°A auroral luminosity is (1 ~ 2,5)
KR. The electron density of the D-region beneath the lower boundary of the auroral arc (75 ~ 98km in
altitude) also is considerably enhanced, amounting to (2~ 5) x 10% ele/cm> (See Fig, 1-b). Fig. 1-a shows
the relative geometry between the ascending

rocket and the moving auroral arc.

The observed E-region electron density can {
be theoretically interpreted as due to the direct Height
ionization by precipitating auroral electrons, 1301
whose energy spectrum f(E) is approximated by
f(E)dE ¢ Fgexp(-E/Eg) with Eg = 2kV.

nop
The relation between the electron density and the

Q . . 100
N>"4278 A auroral luminosity (I4,7g) can be 2 — .'.
reasonably explained by considering the simul- s / ::::et -
taneous effects of ionization and excitation by the eof e 0
electron flux represented by 2ok
Fo=9x 109 ele/cm2/sec per I4a78 = 1KR. T R
The electron density in the D-region is very 30 40 S0 60 70 80

i 1 Horizontal distance Km

likely due to the aurorally associated
Bremsstrahlung X-rays ionization. Four other
data of the N-profile measurement by sounding rockets which passed nearby auroras but did not penetrate
into them show that N in the D-region only is systematically enhanced depending on the polar substorm
magnitude represented by the intensity of negative auroral electrojet and CNA, but N in the E-region did
not show any systematic increase (See Fig. 2). The enhancement of the D-region electron density can be
qualitatively interpreted as due to the auroral Bremsstrahlung X-rays coming nearby auroras. However,
the quantitative estimate of N in the D-region based on the existing theories (Rees 1964, Kamiyama 1970)
does not seem to be fully sufficient to explain the

observed strong ionization of the D-region. ”"ah'
m
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Similarity Between Global Auroral Deformations in DAPP Photographs and Small Scale
Deformetions Observed by a TV Camera

Takasi Oguti

Geophysics Research Laboratory, University of Tokyo

A striking resemblance has been found between the global pattern of an S-shaped structure in the
dusk sector seen in a DAPP photograph (west-ward travelling surge) and a small-scale S-pattern observed
by a highly sensitive TV camera. A remarkable similarity has also been found between flame-like
structures of small-scale aurora and that of global scale.

Examinations of the development processes produciﬁg both of these characteristic patterns, namely
the S and the flame, of various scales, lead to a conclusion that the basic development processes are
the same, independent of the size of these patterns. Another important point is the existence of a
rotational symmetry between the formation of an S-siructure and the formation of a flame-structure,
suggesting that the formation processes of the S and the flame patterns are basically the same.

The similarity between the deformation prccesses of large-scale aurora and those of small-scale
aurora, and the rotational symmetry between the formation processes of an S-structure and those of a
flame-structure, both indicate that the auroral defocrmation is attributable to the general dynamics of
an electron sheet or a cloud of electrons in a magnetic field, regardless of both the specific
ronfiguration and condition of the magnetic field and the plasma distribution around the earth. The
clockwise angular momentum of an electron system in a magnetic field and a beam-associated electric

field Presumably plays an essential role in deformation processes of aurora.

TV Picture 2238 49,0 UT June 25, 1971

Satellite Photograph 12 14 UT Nov. 26, 1971
(Pike and Wahlen)
Fig. 1 the similarity between the auroral pattern of global scale observed by

£
f

(1eft) and that of small scale cbserved by & TV camera. Both of them are

ted S-patterns, which yeild from a splitting of an S-pattern in the middle into
The scale of the pattern in the left panel is about 1000 km and that in the

out 60 km, Note that the left is the northern aurora viewed from above, while
s the southern aurora viewed from below.
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Morphological study of auroral behaviours in the southern polar region

T. Nagata, T. Hirasawa and M., Ayukawa

National Institute of Polar Research

The auroral imagery data from the USAF DAPP Satellite (Fig. 1) have been analyzed for studying the
auroral substorms, in particular, in the southern polar region, in conjunction with various ground-based
data at Syowa Station. The following problems are main interests in the present study :

(1) Configuration of auroral oval during the course of a substorm ;

(2 ) Dependence of the radius of auroral oval on the magnetic disturbance conditions ;
(3 ) Relationships between the position of auroras and the intensity variations of ground-based phenomena
such as magnetic disturbances, VLF-emissions, ULF, CNA etc. observed at Syowa Station.

Preliminary results have indicated the followings :
(1) As schematically illustrated in Fig. 2, the auroral oval changes its shape during the course of polar
substorm ;
(2 ) The position of the night-side auroral oval depends on the magnetic activity, the distance between the
geomagnetic pole and the night-side oval increasing with an increase of Kp - Value ;
(3 ) When the active area of auroras approaches, substorm phenomena observed at Syowa successively
take place in the following systematic order with time, namely (a) VLF-hiss emissions, (b) positive
magnetic disturbances, (c) pc4 (sometimes pc5) pulsations, (d) negative magnetic disturbances,

(e) decreasing CNA and (f) pi-burst pulsations.

1. quiet 420

Pole

2 breakup 12"
og": 18"

oon

3.post-breakup

12
Fig.l DAPP Data £ }18h

ooh

49 Fig.2 Auroral oval
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|-59 CHARACTERISTICS OF ELECTRON DENSITY
AND ELECTRON TEMPERATURE IN THE TOPSIDE IONOSPHERE

Girija Rajaram
Institute of Space and Aeronautical Science
University of Tokyo

A statistical study of electron density (Ne), and electron temperature (Te) in the 2500 + 500 km
region shows marked seasonal variations. Unlike in the F-region, here the Solstitial values exceed
the Equinoctial values of Ne. The feature of an equatorial trough with peaks in Ny at about * 35°
geomagnetic latitude is more pronounced in the Solstices than in Equinoxes with the peak in the local
summer hemisphere being larger. Increased magnetic activity seems to intensify these peaks with a
decrease of Ng in the * 40° region, and an increase beyond this. The response of Te to season and
magnetic activity is not so clear.

Most studies of Ng and To show that a decrease in Ng at the Tow and mid-latitudes is accompanied
by an increase in Tg,and vice versa at higher latitudes. A plot of In Ne against 1/T, for the 0° to
60° geomagnetic latitude range shows that

1. For the Tow latitudes of 0° to 30°, No shows only a slight change (this being an increase in

the Solstices) for an increase in Te.

2. In the 30° to 50° region, N, shows some decrease for an increase in Te-

3. Observations for the 50° to 60° region suggest that Ne decreases sharply for even a small

increase in Te.

It suggests that differing physi-
cal processes govern the relationship &
10
between N, and T, at different lati-
™ 6
tudes. If one assumes a diffusive E% 7
equilibrium relationship of the type 'um 3
< Z
N = No e"/H it is possible that both O 3 \603J§ 00000 MARCH EQUINCX
10 v 00808 SEFT,  EQUIOX
No and the mean ionic mass vary con- ﬁﬂ 6:: \\\\ xxx%x DEC.  SOLSTICE
= ® \AA JUNE TICE
siderably with latitude. Wl PVt AAANAA JUN SOLS
L 1//1"3 - ————————p
2— 3 4 5 6 7
1gL,Ll.LJ,i_LloLJ_LJ,l_LJ,lngbl_LJ e e
5000° 2500° 1667

ELECTRON  TEMPEFRATURE IN ®KELVIN

Relationship between Tn Ng and 1/Te in the
height-range 2500 + 500 km for night-time,
Kp<3
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| - 60 LONGITUDINAL DEPENDENCE OF NIGHT-TIME ELECTRON DENSITY
DISTRIBUTIONS IN THE TOPSIDE IONOSPHERE

Girija Rajaram
Institute of Space and Aeronautical Science
University of Tokyo

It is shown that the latitudinal variation of night-time N, in the Topside Ionosphere with two
pronounced peaks located at around + 35° geomagnetic latitude, has a marked longitudinal dependence.
The No peaks are absent in the ionosphere over the West Zone (approximately corresponding to equato-
rial geomagnetic longitudes 270° to 360°), and are most pronounced in the East Zone (150° to 250°).
The Intermediate Zone (50° to 150°) also shows these Ne peaks. For the same local time electron den-
sities at all heights are larger in the West Zone than in the other two Zones. A seasonal trend is

observed in that the peaks are absent in Equinoctial months and are seen in Solstitial months.

These mid-Tatitude No peaks are observed at all heights above 400 km and are clearly visible
even in the 2800 km observations obtained by the Alouette II satellite. The peaks move in towards
the equator with increasing height, thereby suggesting their location on some definite "anomaly field
line". The effect of magnetic activity is to enhance the magnitude of these peaks relative to the
equatorial Ne value. These features can be explained by the existence of a westward electric field

in the protonosphere at night. At the equatorial regions, such an electric field would cause a down-

ward E x B drift of ionization from the protonosphere, and subsequent diffusion along the field 1ines
would give rise to the observed Ne peaks. The longitudinal inequalities could be explained by the

differing B in the different zones, which would determine both the downward drift and diffusion. It
seems quite reasonable that this E field should intensify during geomagnetic disturbances, and cause

enhanced Ng peaks.

A pronounced difference in the width of the plasmatrough 1is also noticed in the West Zone.
While the poleward and equatorward cliffs of the trough differ by only 30° in the Intermediate Zone,
this difference is as much as 50° in the West Zone. The West Zone also exhibits considerable struc-
ture in the trough with several well-defined spikes in the minimum. The region of high Te corre-

sponding to the plasmatrough shows similar variations in width between the different zones.
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REFLECTION MECHANISM OF ELF-LF WAVES IN THE LOWER IONOSPHERE

Dw ex (Axity) hHEWR(TER)

Abstract---- The mechanism of reflection of VLF and ELF radio waves in the anisotropic

Iower ionosphere whose conductivity parameter varies exponentially with height is discussed.
Superposing the Gaussian-shaped perturbation on the unperturbed profile,we study ityeffect
on the reflection coefficients for various locations of the perturbations. Then the results

on the levels where reflection takes place are compared with those for the isotropic iono-
sphere.

80



|1-85 Magnelepause i 7 9 E L F emssicn

nag o ¥
&K KE
0 ¢ 5 2 S ek o0 megnelemelo~ 12 £ Y FEAUS 4R /0 42 2\ b i khe 37 28R 922 45
XTI s P EPFIAL Y 15y EYFITILEFRY VBT -F o T
BT a7 s raz 220 RET 3 .

29 AR » R (& g ﬂzit'd/)izrt' A & & ouler~ 72‘@1/7(_—74(7.;/,/&,“5 rRwzZz £ EAINR 2\
29 F <= 'hluﬁ)uicrmﬁw gt d Hr BNFHR: WAL 70 < NANEHI~N A W
ABB\: Him K@ e »BLIFA L EGTo L2 BFcHat T LAL T L.
> /)491.35(( 7 @mssiot: o w2 AR T RAL U A 2l AN (’-5%L wioe GRe b
Z0 v,

PH BTG - £ ) LR FRT. Mugnehpase ¢ B0 1z LT dugredeahatk b bagidlespho
RTTHRA R I T8y 2 s> o FERSBEN Lok Tre & & Liilude (=R E v A D 2
RIP2. UTr 298Xt BF L7 f k.

W Maprelesphre 9 ¢ BAE M3 T 25 > i3 Dignetpaise £y 271 Y= A - AR v R
w1z J?‘f/nm-“ prese 12 AN Z M 2 T S uswz & P/'lS/}/AP(U:‘Xm e AL T BRI N3 =il
AL N2 WERNCwell T F <K e » (HETmgn3T-5X90772 I8
crer e @M plamedphn FT 5 T8uzer ix Pleama aphone Hr £ AN T M A 2D & Therni
c'f‘:./vxgﬁfb\ﬁﬂ'\‘(\'/.%a?:: T AgEr L <. -
@ Topredekoatd F T BIM x> T Syieif Wraarhe 2 BIEEHE 1o < BAH . A 2 @

L T hgrckypkoe T T 13 Tgnckpouse A b sk R ot T & ARz T 2y ¥2° e

GiZb M3 WL Kk frol FRETHE K s BREH 2 - T4 > e b XTI RET

2L v o L NL A LTS % R agnelesplle %) 2 Mgkl €7 22 T

i TR L e AFWE o,

G .
ml-jr\\ﬁs';(ﬂﬂf'\, F oy Iy s 57
A sfek
B migne f pause
e 18 Jan.1969
A
B

81



1-8 6 MORPHOLOGIES OF LOW-LATITUDE AND AURORAL VLF 'HISS'

D m & % ™ B 1243 e T T o
Reles (Y«n\/l)ix\n(it:q

Abstract--- Low-latitude VLF hiss has been considered to be the consequence of the earth-iono-
sphere waveguide mode propagation of auroral hiss since the work of Jorgensen(1966). In this
paper,however,we show that the features of low-latitude VLF hiss are significantly different
from those of auroral hiss and then the low-latitude hiss is essentially different from the
auroral hiss by using the extensive comparison of their morphologies. The study of low-latitude
hiss has yielded that there are two types in low-latitude hiss,one is not associated with
magnetic storms(quiet-time hiss) and the other closely correlated with magnetic storms(storm-
time hiss). Further,the storm-time low-latitude hiss can be divided into evening and morning

hiss and the difference between them seems to be closely related to the asymmetric structure of
the plasmasphere.

Reference (1) Hayakawa,Tanaka and Ohtsu: Morphology of low-latitude and auroral VLF 'hiss®,
J.Atmos.Terr.Phys. in press(1974).

82



=87 Aniel—3 1= 8 3 VL F ek oSl s 3 & %

K7 4=

e B RFEER M
/7 ¢ 7F5ARsBEFELERARAACHERAT 2 2d=-5 05 ¥) %a |
Anigl — 3 2 & 3 VL F RueoBRERII Rt Tk s usBRETRTYNE B (%o
e M- 1874 20 bo LB EZRE 238 09THs: > o) es 3hbn< hn
é La L, 71470 FosZEeBattigxy HiMedr@nidesro@iT -~
I3t t 2 h1H s §F FTRFITN TG T X9 G5e »v1aREIE (G
I A SRV
AL g E A & T OF
2?;'\?{&&3‘23"/:5“[, f:ﬁﬁé%’lBi*
Hz w7473 1479 9>

\

AAR ) pluws poaen 2128, Y« ERRYF 4R
w3 v3zER ot ABAEN (3.2, 2.6, s6.0k
oy EBe R Er@I T2t - i MArELaNaED
A~y 1AL, Te a7 362 8@y R eRAL AT 53 5012 v T3 4w
AN EE R 2 vk Ny FoMRAFT R L N,
I, AAB (03 ~0% MLT) TIHEY v~wo R 5588 3k TV 3,
2., 7THMR (1 ~20MLT) TIEER ¥ c3BAAZWL 3. 2 kil 22
5‘4\){5\' va vt oL ow 3,
3. 338 snaie F,ﬁpu. PUIE: b A B N = O A o -1 R4 Raconry rl?cw- SR B
73,
oI RBE 2 mid - fatiteds Aevgdh & 9 3EE X N3 lema passs afefd (W
F S Lx2.0 &), 78T =28 1‘.,%4_,_(”5 ¢
s~ e S h 1 30 R SAEBTFT % T e plaema pouer A \aL) A=tk
328 ZT b3 3 oal~0R )R LA z“ltirag #o=E TR ), (.0 FLE -
Gas~ 15 xR EUH ), FEERGRE PIMABARI s LA aH 0 23
3 % % 3BT I”EW“ pedas  » v‘:]?};‘&c\?i?ik( T i Bk wEYy
ET e T v R T LRIy, TA 29 L0y 3 REe PIFUMAFGUHCRD <«
AL LA, €% 4y - n o B4 et HL B Fz Nty 3 4wy
73%% s BEAHAITT HCF Y 32288 Y R3, 4 L 292y
§~%‘ﬁ'_/’*‘£@p"%'{n&-@‘fi‘“777'}5"{/ f}M/h\ﬂ\ fMMJL nﬂ‘i.‘%'ﬁ%f/&""f‘&fﬁﬁ
PEAUN FR BB Kz F o 4 FHAT T AN T b pEYERLE R o O K F g
u’*\v‘zﬂfhd’\ 3, mH % CaBBE YD1 xv sy T  Iadiiigzo 1T
VAR IO | tieha s me) e 3 A w3 T4 2 0oL iRl KA
s v AT T T AHETHREFI, Yo N1 BE baREY vy
Tgrowth nele AR 2 ¢ B2 s «TEFC R, Y

0%

Y Evening side morning side (G kHz
2
52 L ?‘53" 228 i T a;m: 15 PR 3031320 w
/100 decrease e 1.
100 decrease
11,0007 10

10 -1,0007%

's
5
1 1 1 1
(0] 73 28 ' L 2 3 a4
2 3 4 5 1 10 10 10 10
10 10 10 10



I'~ 88

SATELLITE AND GROUND STUDY OF MAGNETOSPHERIC VLF HISS ASSOCIATED WITH
MAGNETIC STORMS

% — ‘{ I ¢ =
‘-3—“’\ Ea ) \'D‘}\ wA 71L§’\=Dn(7;1: ~;_’“\’>>F1)

Abstract---- The purpose of this paper is to make clear the characteristics of magneto-
spheric VLF hiss during storm times. The study is based on the VLF observations on board
the Ariel 3 satellite as well as on the ground during the severe magnetic storm of 25-26
May 1967 and the moderately severe storm of 5-6 June 1967. Soon after the onset of main
phase,there appeared the VLF hiss in the morning sector of the magnetosphere(''morning hiss')
on the satellite as well as ground record,while the hiss is not observed in the evening
sector. It was not until during the recovery phase that we could recognize the stationary
occurrence of strong VLF hiss in the evening side of the magnetosphere ("'evening hiss').

The importance features of the morning and evening hiss are described and some discussions

concerning their generation mechanism by the ring current particles are given.
References,

(1) Satellite and ground study of magnetospheric VLF hiss associated with the severe
magnetic storm on 25-26 May 1967, accepted for publication in J.Geophys.Res.

84



Bt g s VLF M5 58/E o 8EAH - 1

B

-89 % &

2iRt® mr4n
BIRA G P
Alowezte 23 J ISISHTE 2 888) o £ VLF B 7°— 7 (foHa~ 30kH2)ERKE L LA T
- 770DREP T, b 4x v 7 it aBBEE KM PIE © AN | Minimun Reading 1985 (R 1%
PEEM R v R e 0 V) A L 2. BB el LT £ — kAR L &
o BF R T3 A BREIFI00 Ha, Lz, Gokhiz, Rokla, 16.0kHR, 260kHz A BIREE A
v Fireortds. ety ) L2iB e VLF 7 -7 Gfff8 o — 1R a WLF EBHE—B TE 3 =
L 1223, D 4 BT A2 2% 24k 3.

HMo<isown nizBeBi07 3 ¢ ,

1. PCSERR T G IEAE A =27~ (8% ) 2 /6~ 20kHz 1] 2 YLF € R o active 12 LIED B BT
KU, £\ 7 kw2 BB CTFBLIBACRLIGL NG 5T, /0kHz
AT o VLF 2 %p bt 2 19 1F 12885 v 2 12 0,

2. BREMITE T 3 € BB 100 ~2000 kmTFAH L t. 7= 7 F 1o L (F L 1E17¢kH2 2 A
TIEE "N 28 Y. BREKT -9 0 sbatho8Brhooe L2 A RT3, =2
I7ERHZTE B 1z A = 28T QLR e IREVEER 1300040 0 2 M) AR B4 < #EEI2 M
3.0 <kt E 50 17200 kH Ko F 5w 2 5 - - F oMLz AL ED
LB b 3

[}

85



1-90 K-9M-46 B or, k1= & 3 7°7R'< KRB 'EBR (T)
mA 2k BN 8% - KT IR
k@) EBAEK 7K ()
¢ KRBT F
ITE'8% - |1974% 98158 2085405 LT

e

%E)ﬁ)fi 1 333 km

PWPQ %%Iﬁﬂ @ Xf@'P Eledron Q clo‘t'ron Hal’mow&'cs W.&ue I=F 3
JE 267 skdy- SR By R o« R®Y - $ 3 FH R (E M o FER
DEI - 4 - KB FHBIFM 2 R

3 7°5 'z FEro KERIE o ZER.

RF Efz7°p-7"

AF BfE7°P-7
S-ILF Xy 22

/)%l‘%")(y Sa
4

=

LF & 752K
I

s RER R i m-_f:}__-_ :;\; E R : i
B S : i_;_'l_\:f?f:’,\;//' N Rev
W8 VLF B3, sss o dggr T (L] T
BREFD hzome s T LT LT - 2l
EIE3ECF S, RN AT /‘,’\L 2MH 5 EER (R
e = N L [REAN N
B 1 TMHG o -3 a3, SEEEEEE R T T
=R H T T /1]
] J -)F =1 ,}—‘i ] ;rx 2HHz
: o e 1 e o B I R SEEWILE
YO e
= 5 = - i ] %
ENES=S==c: NN
e
P X

86



1-91 BB KA L0 NBEHAL B B A5 TE 9 B &8
—% - B IBHLI - I3 B =

FARRE &S 4 E
BHRY1PR B0 EKD LEBARM
(BB ERTE L A7 i MR L T\ B A ™) L\ A RiER Y SEs L 486U - RElB LT A
ﬁu@mztm,h\ BRICEITD A HENDN T ORREREFOF01< 8 3 § o b
HHVIRIER NELI I 3L on CWAHRIRE CERRS 197 50428 0 v 2 f4e
BENU A H b TN HRKIRHAL, KAsr5mEb v, BERT 5w
Py 3 FRASABERE L BAMAEEE BN c X3 K2 BAKD ) kBB LE LN,
ARG NI TREI L Qe BMABRNE=15 6 ERIF 2L £A4EL \,’(\‘3,
o2 o Lot Yk 4 A\ & Tield- Anjs\s-Mﬁ\\od tCvossed: Loop- tethed 1315, 55
" ﬁ AVTBIE Ut NEB) B AR 83 0GR B Y0 Ty B, (aa%}mu; \qqmamm)
CETREZEN VAl
Ao L 23R -HR H2IFL F@WT A3 C A LB ICEAIREE I- 49 bR T H3
y 4%, 2 DIaEpNHAL BEAD rsRe e L8 T aﬁ%@zz EL3. F\BETY
3y BE Wé khuT, BEAE <4 P3RET 13

gl (e
g B i% ) b bR
L Hy = ‘ZHL{(Cw-b-)((osumb) =) yest. s\mp\ o *M ; l I

te Hy = 2Ha{-(sinp + €05 - 059) - y (ost. Coﬁi)) ® | ']-_WT
N ™

S tg 2.2 H (' 5‘“1’) @ l R 4
IXNtHEow dE-T RUWIEAA Sl L‘L .
3 Lii

/ g‘:ﬁ!‘ YA L, B4E3sr ve oSk l i ;g o
T A3 AW ERL L b & | it ;.*—
(! b ) 0 Kiay

' (B3 3= %2350
A8 5 4, Ha Ea o @ISR B R S ;ff? Vj:‘*‘ﬂm?"“
- Ho t B 2 NIOW AGT £ | : & ¥
20 ¢ (A0 B AR I LT L
(O Lo=-x+39)1d D3 13 D. Dadbibre, «adey £
L BB E A5 T 3N 4G 3, LR
154 b ’ NSO i

b tad (Prh) Y b; Fomt - /kS\wp —M
L- SM-‘{ e CDSM) _‘(d Swb /- S'V‘i’}/osuosx'}’ i ﬁnu
CT% 3o 2o G bi1d HyE; = Medt = aiagb | T, 1N @
H)’/EerzQ‘cjd‘ = W "\)e’l 3. (k: wAEH 4 (5L ) ;
(i) = HHR
las] il v

S Gy # J "w.o:’ r\‘\\\e Sl Yict w ENV P ET) HFH‘a
' - T e
- _; - sﬁ\ﬁ@Wde&Vmposahm of Lew Latihude whisfors

deduced from simuldanceus absevyationat mibk
stetions. T ATP K73, @l K 2F

DHffect of mognehi s forms onduct dor
e Whistloy propagatir . Taa\aey. Sorayejula

R T S
SO NHR BA6R) - 453 SRR D He-Hy )42 vy ®Uotlors and related ghonomena 1458
87 Heliwall Slontovd Owiveysidy,

°
) > i

h 4
&
s
%, .:
I
i} 3 B
T
o™



=82 AREZ B INAY) 29 D AFTR AT (¢ AEER D H (e
=IadEta A XA b ik ——
) b B E LA B
BBEKDIDE AL fé K52 BERAT
(PB) o1z % - MITZELI- S DARBIFER T X MDY, KAy 25 AMMEHIHR L = 52 5T (<Hl
YB3 EMINS, BUEBEGRISINE 32652428 4 7 1hEE F b X Btr b
Field Analysic Method EMBANB RN 5ET 3 BABB L B~ T < BB a2 A &

WIYST - ZATHEER : @ Loop antenna B8 he DIBITEE 1304 & 4745 3 2
‘b"-°°Punt & & Vertico| ont. & ov 4| (5 AARE BB B, ¢~ 357 ¢ 2 T
MR8 LU 4GB AAH L AE BR @ cdl B FRRLE 4 6 F= 3 ~ 6L KN23eh L +8
B BRI S <.
BIBER Y N = - 9 o0 KAy 17 2 A K2 £ H 413 BURAB T B3 n v AR 1| B 03 )
= ey

ZTHY. TR DT C b 3 IR A48 BT ER 0B [FES AR B E U TR T e
| T2 43 6 IBINEFA S

(RI2) BBBV LI FLBIN0T Y74 1 5684 D AeB XN Fos i ot
Hx < Bx 00 00t + 02), Hy =By oo(ust +d3) € A%, 2 T Ran e fbb T Ao T, W Ic Ll

by < VBRI L bhbE, w2k, De, DUARK TH2 . HinE il d DG AL
MABIEZL BN ARELS KL XA-pnt5 T,
Hx CE2 & GBE \ L, ZOMD & LR E HPF 1= 3o ¢ A BITS . HPF £ A2 10 6 55
AR Ed. 3% Hx ¢ BRIk NUTELEBE/T W LPTFEB-RABS & %,
Hx ® Ea = Ax Az, { osd, + Cos (2wt +b,)j

Hx ® Ea(-53) = r\x 5\1/1{ 5|y\(b g;n(zm_._d)x}}

Jox Erw E'i&)ﬁo Ax- Az cosdx -m= (W
Ha v/ : iij M“ 74\;75'\1 --= (2)
@ 1= \T, Hy ZEa, Hel Ha mﬁ]«%ﬁé‘%‘%%fh'g'@" = R
Hy € Ez 49 Hr ¢ Hy 3

B B (osdy --- w B By (D)

3y T2 ——-i(5)

~B, B3 Sindy --- W)

Dd) o' ls Ex &, (w)m(e)b‘a % Eadzrth - £499 RE 12, 3w DD F) IR ﬂé/ e
D@D &) He/ Tz bv 328 13,
(ic 7 129 )

RO S LS AESL T
FRs G k9 S DB s T4 L~ 38280

° =1 2.2, 5% 3813 AMOBIR B4 KD | T3 1993
5kH2 THE 2R 1the

) 03, BRBO Mo D Pogo @5 BT BB 1oz V1T IR

9 B2 13 & P T A LASY 2o3eovn 1949

LT 2 0 TH3. F

& rn_mia\; ’-\\u'

(D) 1a 3 A2 odx  JTEC T 2. W58 /7 BE 13 dmsec
THB Ty 3,

88



1-93 KAy 29 o AHECD 2 5 R AR SR

i) 1) L % CH &

BhAY L Eg T B 12 BRAETAM
B) RAVAINERRic LT R EFRE LA ERRT LI LHERLE>THY XD
ortn b BB E 112 \#&M&%Mﬁﬁ* N b: a=b @ %@%ﬁﬁﬁ%ﬁ’("ﬁ’wﬁiﬁ)k
EREmk T b L BBt AER YATI TH Y ABIE RS DAL hE-TIT =
ANLEB B be W, hidRE0R5E 24 FE\(DMIJ )TE A FVEAR |t
FAD, FELY-C-ANEAMIDNAEND AL B Y 3 tABUBBIEN dEZS
ABVIRI T 4 3 - AEMBLREZHN LAY ILAEABMICIER AL 2T R Re
NEHOEHE D E Ao R4 )L dd Gk TR AY 4 I ni=d B A A0 D L VAR 2416
FNEVA 2 DEF LT A LH et Riral e 33,

cze\va DRME E SR TR T b AEEESS —HeARzE L o v A,

(B32) AAWR A 2o & HRAGE t@%v%wwm%mmﬁm@swmMﬂiﬁ@
BBt trd3) i@ H L BHZ O E BEBANRD Y G~ THAbNDY, T AL ZETTEHED
BRI D% T B u#jﬁzﬂﬂﬂ\t#’i&iﬁé el £ AL ) B o b AEY
S BERT A ». ATMBAZAC €/,v OB EEFPD LIRBL H1EREERIE
Phic 5 BRI {E EF5 U &, L 1= tfwh 7
GBIFEIBE > v A7 "5 )

fo
I tSAEE A-
N hHho— %%Qj‘ﬁ/ﬁ% ]Ei T —h%ﬁ;y% |-—< 2
_— -
2 ~—1'_r\» T .—‘;4 me
§ Tu- /ﬁ. -1 /1\\) i = :F{E
% l fa 0 = const — ®BE T, @k _td_

| Ny {:
= 20 IO A o B
. 'F(z)-J{a).{a-z)dt
Ly

fo)

w\
A
\

=)
i 4 A . HERE REFERNAEE D AT
B3 mmmwnwn*&«ezﬁuﬁw

LK 1. VLF B2 ) iRE- Bt TASY 1de 4 187)
LR 2R BBl fe 1O AW REDDPAPHE BB LASAY
89



1-94 VLFREBR (¥we ) o
KA 2235 - Fg4E »
RS ik £ A WK
*EA T MRA H

BMEETHOVLFRRoOFA 225 - T - FaAHEE. Q. 50877 T 0K
TA-PERNBIS. A -2 3V FONWCAH (22.3kHs, seco kw ) oV LFH
AEAL T4 7R - - FABAYROLBERBR I v, $EXE o LB E T T 3.

mAEFMERAFA L (13, BT - Faatby, 44 y25-% - Frado
BRENOL (1ot - 7= ) §49IA (1. EER GRS 3me. §TERE<-
FIESR, ANRENTAAS 5 29> 2 - FRIRomrREHEL ARSI 0 & BET
AAFZTH 3.

fRIBYV S divosom, BRAfkGonppi ). EHETT 084
BEAZFT MM H 0 AR € TRE . At 47 D0 Bk L EARE L.V
T77 7 MR EG, £, 2. towi b, (77,4 34 138 £ 774 379
$AM, $9ICHBET - Y0 ABML bh w1650, k4 525~ = - FARBIHE
T3 CRPNIBRIUOELL 5 N0 vHE 13,

Coto ZEREEY (73, =77 TSR EMA 7. BRE T - R
CRUESSHie, bR BEN D, Ford-tlstBards 27—t~ F
KAk F3IBA 103, "{f’éﬁ'ﬁjﬁi@g “FRYKIL R 5- = - KoL X HE &G
T3 e8! ’i_ﬂfiﬁ'i’k@%ﬂfp)g T2 TR ITEE, B, kit s A5~ T _ e
e F -77:5‘%%i‘2 éﬁﬁi{ﬂgz,‘-;,/’_ 5 AT F 5 49 Ef%f?:’faﬂ)ﬂ% .3l fco
KEREG > T h) . BIET - 9083 Niuw, e <iie L foo.

90



I = 9 6 Properties of Low-Latitude Whistler Ducts Deduced from the Rocket and

Ground Observations
15) = $ w x s -
P =, w4 ke, R4 F (22 319
The measurement of wave normal directions of low-latitude sunset whistlers is
carried out by using the crossed loop aerials on board the rocket of K-9M-41. It is found
the features of whistler wave normal directions are quite consistent with the concept o
trapping cone for ducted propagation. In addition,the properties of wave moraa Uidixcc Lol

ionospherically transmitted whistlers lend us further strong support to the ducted propagation

i et ducts
of sunset whistlers. Then we deduce the enhancement factor,scale and structure of suns

i i acin|
by making use of the correlated work between the observed results and theoretical ray tr 8

Studies. nd then they

The obtained enhancement factors are compared with the ground result a

are in good agreement with the result by ground whistler dispersions.

i i low-
-Bgfgggggg_(l) Iwai,Okada and Hayakawa: Rocket measurement of wave normal direction of ;
: 1 ric
latitude sunset whistlers, J.Geophys.Res.(in press). (2) Hayakawa and Iwai:Magnetosphe
stler wave

dUCting of low latitude whistlers as deduced from the rocket measurement of whi (8% W
3 ties =
nermal directions: submitted to J.Atmos.Terr.Phys. (3) Hayakawa and Tanaka, Propert:

i 2 3 jon and magneto-
latitude whistler ducts deduced from a comparison of ground whistler dispersio

Spheric electron density profile, Rep.lIonosph.Space Res.Japan 27.P-213(1973)'
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THE EXCITATION MECHANISM OF co, 4.3 MICROMETER BAND IN THE POLAR AURORA

T% i Takao Tohmatsu

Z
A ; Geophysics Research Laboratory, University of Tokyo
iﬁ;g%%% phy y y y

From the studies of the excitation processes involving the secondary electrons
in the polar aurora, it was found that the nitrogen molecules are consederably excited
vibrationally in the lower thermosphere and the upper mesosphere. The vibrational
nergy is then tranfered resonantly to C0,(001,0) and converted to the infrared
emission of 4.3 micrometer band. Because of the resonant nature of the band

emission, the radiation energy is trapped in the mesosphere.

A new mathematical technique was developed to solve the radiative transfer
equation of the CO2 band in optically thick atmosphere. The calculated results

were compared with the observations in an IBC III aurora.

150

BAND RADIANCE (LOOKING UPWARD) OF C0, 4.3 MICROMETER
RADIATION.

OBSERVED IN IBC III AURORA
Poker Flat, Alaska,March 22
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Il - 3 1 Ionospheric Effects of Energetic Electrons Scattering from
the Radiation Belts

(1) Scattering Processes in the Magnetosphere
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- 3 2 Ionospheric Effects of Energetic Electrons Scattering from

the Radiation Belts

() Tonization in the Lower Ionosphere
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II- A 1 Cherenkov emission of acoustic gravity wave in the upper

atmosphere

S. Kato and T. Kawakami
Ionosphere Research Lahoratorv, Kvoto Universitv

Supersonic motion generates gravitv wave of veryv low freaquencv as well as acoustic
wave. There are two very different cases for subsonic motion. 1If the Mach numher, m,
is as mp < m < 1 where mo is ratio hetween the Brunt-Vaisala frequency and the acoustic
cut-off freauency, onlv gravitv wave of verv low frecuencvy is emitted. However, for m
< my gravity waves of relatively high frequency and also verv low frequency can be
emitted although the definite conclusion for this case needs three-dimensional con-
sideration. It is proved that in supersonic motion, in general, the two-dimensional
approach is relevant for an initial period after the arrival of wave-front. For sub-
sonic cases the approach may contain certain errors. As an application of the present
treatment a supersonic motion of the terminator is considered. The motion can generate
gravity wave with pressure perturbation of a few to few ten percents of the static part.

The treatment is mainly two dimensional but a preliminarv result is also obtained
for three dimensional models.
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fl - 5 5 A Summary Report on the Electrical Conductivity of Apollo Lunar Materials

F.C. SCHWERE and Takesi NAGATA
US Steel Co. Res, Lab. Nat, Inst. Polar Res.

The electrical conductivity of 6 Apollo lunar rocks with Fe2" contents from 4 to 20wt% has been
measured in the temperature range from 20°C to 1000°C., Both DC and low frequency AC (5 Hz)
measurements were made using a three-electrode technique. The six samplds are selected to well represent
typical lunar rocks. They are igneous rocks and breccias of either basaltic or anorthositic composition

as given in the following,

#10048 Basaltic microbreccia : FeO content = 16.3 % (chemical), = 19.8% (magnetic)
# 15058 Blocky basalt ] =20.0 =16.4
#15418 Blocky breccia : = 5.4 = 6.7
# 15555 Coarse grain basalt : =22.5 =17.6
# 68415 Anorthositic gabbro  : = 4.3 = 4.3
# 68815 Anorthositic breccia = 4.8 = 6.3

For all samples studied, the electrical condictivity ( G ) was observed to depend on the furnace atmos—
phere and on prior thermochemical treatment. However, reproducible data could be obtained for specified
sets of conditions, This dependence was most severe for the more porous or cracked samples and was

apparently associated with chemical alteration of samples surface
TEMPERATURE 100 C

regions, @ was lowest for i i mos— i 963 & a3 P
g1 i samples measured in reducing atmos 10 V‘_\_\_‘__‘__ . S 2 LSS
- N
phere (He-H2 mixtures ) and after reduction at high temperatures. ,,,--_\\‘\\\\‘

Apoilo tunor

\ Surtcee Rocky

Furthermore, data obtained under these conditions were very
similar to data obtained during the initial heating, and are con-
sidered to be most representative in pristine lunar samples,
Experimental results under these conditions are shown in Fig. 1.

As shown in the figure, the dependence of 3° on FeO content is

sufficiently strong that it makes any dependence on structure of tocae(2s)

lu"'r 6881517)- \

A \\
erarsts) uosal?m\"i
Ly

secondary importance.

D-C ELECTRICAL CONDLCTIVITY (ohmeem)’
S
£}
T

The dependence of & on temperature T can be described 1 N
H AN

L

analytically by ! 1000/t K 3

2 g 5
G(1T)= 3 GO exp(-eD/kr).

3=}

The parameters 6"0(1) and E(l) obtained by a least square fit are presented in the following table,

Sample Test frequency G’O(i) E(i) G';(Z) E(z)
(Hz) (ohm cm-1) (eV) (ohm cm-1) (eV)

10048 5 5.18 x 1072 0.533 5.09 x 1072 0.867
DC 2.66 x 10 0.559 3.50 x 10 0.896

15058 5 6.97 x 10'2 0.624 1.30 x 10" 1.570
DC 2,78 x10" 0.593 1.34 x 100 1.374

15418 5 4.39x1o'Z 0.514 1,355 103" 1.260
DC 9.84 x 10~ 0.971 1.37 x 10 1.509

15555 5 3.18 x 1075 0.420 2,16 x 107 0.993
DC 1.27 x 10 0.604 3.68 x 10 1.040

68415 DC 1.27 x 10° 2.640
68815 5 1.65x 10~ 1.340
be 1.42 x 10~ 1.366
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(1) Yamato — 1969 Meteorites

T. Nagata
Nat. Inst. Polar Res.

and N. Sugiura

Magnetic Properties of YAMATO Meteorites found in Antarctica

Geophysical Inst. Univ. Tokyo

9 fragments of meteorites were found by a JARE 10 field party within a very limited area (10km x 8km)

at a locality about 71°50'S and 36°15 'E in Antarctica in December 1969.

Further, 11 new fragments of

meteorites have been found in almost the same locality by a JARE 14 field party in December 1973.

The magnetic properties as well as chemical, petrographical and other properties of these meteorites

are under detailed studies.

meteorites are summarized with reference to their chemical and petrological characteristics.

In this first report, the magnetic properties of 4 typical Yamato (1969)

The petrolo-

gically identified names and chemical data of these 4 samples are summarized together with their magnetic

properties in the following table.

YAMATO - 1969

A B C=-1 c-3 D

Identification Enstatite Ca-poor Carbonaceous Olivine-bronzite
chondrite achondrite chondrite (Type III) chondrite

Metal Fe 22,18 0.66 0.15 12.69 (%)

Ni 1.86 0.004 1.32 1.52 (%)

Co 0.089 0.003 0.075 0.081 (%)
Oxide FeO 0.48 12.58 27.84 12,02 (%)
Sulfides Fe 7.20 0.85 2.30 3.38 (%) =

S 4.71 0.49 1.32 1.94 (%)
=5
Susceptibility ( )60) 2,141 8.96 477 557 574(x10"2mu/gm)
—
Saturation = 33 0.65 8.1 18 (e i)
magnetization * 'S 5
; 769 780 540 759  (°C)
Curie Temp. ( ® ) 567 542 " '(°C)
NRM (fi= o ©° 3,535 15.4 101 3764 567(x10"2mu/gm)
= sorTs 205 19.0 61 3277 149! M)
i = 200 31 12.3 9.0 574 1801 1¢a)
o - -6 =
IRM (b)) 4.8x107° 2.0x10°%  1.5x10°  1.6x10 5.2 x 1072
(emu/gm/0e?)

As discribed in the above table, the ferromagnetic constituents in A, B and D are mostly Fe or FeNi, while

they are magnetite in C.

All these meteorite samples have a fairly stable NRM, which could be attributed

to TRM acquired either in the terrestrial upper atmosphere or on the ground.
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iI-62 A Summary Report on the Basic Magnetic Properties of Apollo Lunar Materials

Takesi NAGATA and F.C. SCHWERE
Nat. Inst. Polar Res. US Steel Co. Res. Lab,

The basic magnetic properties of 42 samples of Apollo 11 ~v 17 lunar materials have been examined for a
temperature range of 4.2° - 1080°K, These lunar samples consist of 13 igneous rocks, 22 breccias and

7 kinds of fine.

(A) The dominant saturation magnetization (Ig) is (0.1~ 0,2) emu/gm for igneous rocks and (0.6~1,0)
emu/gm for breccias,

(B) The Curie point histogram has the median value at 770°C, but the dispersion toward the lower
temperature is broader in breccias than in igneous rocks, as shown in Fig. 1. It is concluded thus
(a) that the principal ferromagnetic constituent in lunar materials is the native metallic iron containing
small amounts of Ni and Co ; (b) that the content of native iron is 0,05 ~+0.1 wt% in igneous rocks and
0.3 ~0.5wt% in breccias ; and (C) that Ni content in the native iron is higher in breccias than in

igneous rocks.

APOLLO 11-17 LUNAR MATERIALS

(C) Igis roughly proportional to the bulk content of Ni in lunar materials. HISTOGRAM OF CURIE POINT

This result may suggest that the larger content of native iron in breccias is T
IGNEOUS ROCKS 1

BRECCIAS
n=18

mostly due to a mixing of meteoritic iron, However, the observed values

of Ig in a number of samples are larger than the theoretical estimates

based on the mixing hypothesis.

(D) 8of 11 igneous rocks, 2 of 18 breccias and 6 of 7 fine samples contain

OmrONPEBONNG

only almost pure iron (Fe®), and all the other lunar samples also contain a
considerable amount of Fe® together with kamacite (FeNi alloy).
(E) The Ni content of the kamacites in lunar materials mostly ranges

between 3 and 8 wt% , which is in agreement with that of meteorites. Since

meteorites never contain Fe®, a large amount of Fe® in lunar materials

700 750 800°C

cannot be attributed to the meteoritic origin. It is then concluded that the Fige 1 rewvemsmonc
major parts of Fe® in breccias and in some shock-metamorphozed igneous
rocks have been produced by the shock-metanorphic breakdown of fayalite FepSiO4, chromium ulvéspinel
FeCry04 - Fe,TiO, , ilmenite FeTiO3, etc.

(F) The grain size of native iron, estimated from the viscous magnetization and superparamagnetic
characteristics at various temperatures, ranges from several tens of .?\to BOOOA in mean diameter for the
single domain range. The distribution function has the maximum at 100 ~ 200°A in breccias and fines.
There is observed evidence that most igneous rocks contain a considerable amount of multidomain grains
also. The superparamagnetic component causes a reduction of the apparent coercive force at tempera-
tures higher than the blocking temperature.,

(G) The paramagnetic susceptibility | ;{a) of lunar materials at room temperature is almost proportional

emu

to the bulk content of F92+, represented by %‘_( T =300K) = 1.8 x 10~6 (FeO) e Bo / (wte%),

(H) The initial magnetic susceptibility ( %,) is not simply proportional to Ig , but }% /1y ranges
from 5x 104 to 10-2 » depending on the degree of contribution of the superparamagnetic susceptibility

of fine particles,
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