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I-~7 SEASONAL VARTATION IN THE RESPONSE
OF POLAR CAP CURRENT SYSTEMS TO THE IMF

Kivoshi Maezawa
Institute of Space and Aeronautical Science
Unfversity of Tokyo

There have been reported several polar cap current systems the intensity of which is controlled
Yy the IMF {interplanetary magnetic field) direction and {ntensity. Among these, the zonal current
investigated by Svalgaard 15 mainly <coentroliedby the azfmuthal component of the IMF, so-called Eﬂ

current system (which seems to disappear when the magnetosphere is really guiet) 1s controlled by

the southward component of the IMF, and the antisunward current recently analyzed by Iwasaki {1971}
and Maezawa {1976) 15 controiled by the northward component of the IMF. A11 these current systems
ara raportedly stronger in intensity on the sunlit hemisphere. Hawever, there has been no detaijed
analysis of difference in the response of polar cap current systems to various IMF components, for
different seasons. In particular, 1ittle has been known on the existence, in winter, of the anti-
sumward current system induced by the northward IMF,

In order to clarify these pofnts, seasonal variation in the relative intensity of each current
system is analyzed through regression analysis of about five years' IMF and polar cap magnetic data.
We find that the antisumward current does exist in winter when the IMF northward component 15 suf=-
fieciently large; the data derived for a prolonged period (~1 day) of strongly northward IMF shows
that the polar cap current pattern during that interval closely resembles the typical antisumward
current system deduced from summer data, We also show that the magnitude of the antisunward current
and the zonal current decréases in winter by a factor of five or more, while the magnitude of the
SE current decreases only by a factor of two. This clearly shows that the antfsumward current system
is different in nature from the SE current system.

The reason why the Sﬁ current does not show but a moderate seasonal variation is yet to be
known, It is suggested that the Sg current is contributed to a large extent by the effect of night-
side field-alfgned currents, whose intensity s mainly controlled by the particle precipitation to

the night-side auroral zone.
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Proparties of storm-time magnetospheric VLF emissions
as deduced from the Ariel 3 satellite and ground-based
observations

M.Hayvakawa
{Research Institute of Atmospherics,Nagoya University}

K,.Bullough and T.R.Kaiser
(Dept.of Physics,University of Sheffield,England)

The characteristics of VLF emissions during the two magnetic storms
on 5~7 June and 19-21 September,1967 are investigated based on the Ariel
3 satellite data and ground observation at a low-latitude station of
Moshiri. Puring the study of the June event,the satellite lay in the
dawn~dusk plans. Scon after the onset of the sStorm main phase there appear-—
ed VLF emissions on the morning side of the magnetosphere on the ground
as well as on the satellite,but the emissions were at a very low level in
the evening. It was not until the recovery phasc that we could recognize
the stationary occurrence of intense emissions in the avening. Further-
more,it iz found that the chorus-type morning emissions are cbserved
outside the plasmapause,while the narrow~-banded hiss-type evening emissions
lay within the plasmasphere. It is shown that cyclotron instability of
Zing current electrons can,on the whole,account for the many properties

of the storm~time emissions, Similarly,we discuss the characteristics
of the September event.
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The advent of sclentific satellites has made an invaluable contirbution
to the clarification of the substorm physics. The basic advantage that satel-
lites have on ground-based observers 1ies in the closer access to the dynamical
magnetotail regions where the substorm energy is stored and liberated. Substorm
features observed 1n the magnetotail, however, 1is dependent on the observing
site and 1t i5 quite essential to classify the data aceording to the coordinates
of satellites, the distance from the earth in particular. In this paper it is
shown that substorm observatians in the magnei?utaﬂ can be organized systema-
tically by adopting the onset times of the low-latitude positive bay and the
low-latitude pi2 burst as a basic time mark that sfgnifies the beginning of
the substorm expansion phase. Interestingly substorm phases defined in this
way do not always agree with that defined by auroral observations, suggesting

that auroral phenomena are subject to additional processes that operate at
lower altitudes.
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1-60 RECOVERY RATE OF THE EQUATORIAL RING CURRENT

Kiyoshi Maezawa
Institute of Space and Aercnautical Science
University of Tokyo

Recovery rate of the equatorfal ring current is fnvestigated using about 10 years' data of
the Dg¢ index {Sugiura and Poros) and solar wind plasma parameters. Ring current intensity is
obtained by correcting the Det index for the effect of the Chapman-Ferraro current flowing on
the magnetopause by the formula

D§t=ﬂﬁt-kfﬁ+ﬂ

where P 1s the observed solar wind pressure, and C 1s the gqufet day external field, which is a
sum of the effects of the ring current and the Chapman-Ferraro current on quiet days. When we
adopt an empirical value for the proportionality constant k, time variatfons in DBy thus derived
can be thought to represent time varfations in the ring current fntensity, being free from

the effect of the changing solar wind pressure.

Recovery rate of the ring current is then obtained through the relation
d
E“gt"I'“EEt

where 1 15 the energy injection rate to the ring current, and the recovery {or decay) is
expressed by the term o Df¢, where exponential decay has been assumed. This relation implies
Fhat if we fix the injection vate, the decay {or recovery ) rate « can be derived by plotting
DBt versus Dgt and measuring the slape of the distribution. This is done in this paper under
the assumption that the injection rate is proportignal to BoY?, whaye Bz 15 the N-5 component
of the interplanetary magnetic field, and ¥V the solar wind velocity.

We found that the decay constant a is about 0.06/hr, i.e., the characteristic decay time
of ring current 1s about 15 hr. This value is about twice as long as the time derived by
Burton et al. (1975), who examined several individual magnetic stoyms, The discrepancy is

attributed to an inappropriate value of C used by Burton et al., in which quiet time ring
current has been totally neglectad.
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—ﬁB A Test 07 12 Fleom~ Loser troceas

for the Terresiricl Kilometric Redistion (IT)

3higeo Tokel (Geonhys.Inst.,Tohoku iniv.)

in the present study we show on outline of theoretienl considerstions on
the terrestriul kilometrie rodiztion 2nd sronosze 2 model in which the plazma
lagser process takea =2n immortant role in vroduecing hi~h frecueney +dio wavesn,

The recent radio wave experiments on the luner~orbiting satellite RAE-?
(Alexsnier and Katlser,l476) have showm that the terrestrisl Yilometirie radintion
orizinztes slso 1in thae dayside mnznetoshpere at =zeoccentric diastsnece of 8 Re or
mare, &s well =za in the nizhtside auroral recion. In addition, when the succesive
bursts of the rodiation are obaerved, the sources seem to be apvloximately
clisned along 2 feomacnetic field line.

This brizhtnes: distribution could not be internreted by » simnle madel
in which the observed kilometria redi+tion is brousht by reflection or refraction
=t thet region, since tiie RAE-2 obgervetions were mi'de ot the fixed freauency of
250 kHz which grectly exceedes the local plasmu frequency (a 20kHz) at that
Vieinity. Then it is required to suppose en alternstive model in which the
terrestriul ilometrie redistion cen be excited also in the for distant magneto-
auhere.

The usuul wave-particle intersctions in linear resime are, however, not
relevant to thisg cose, since exiremely large fluxez of super-relativiestic
pArticles ere required to produce the high level of powers in the observed
emisglons. 4ind also the so-ezalled decay instability is forbiddened for this
mode of woaves. On the contruary, high frequency radio waves enn be amplified
oY low-enersy plosmr beam if the relevant electrostatic wave turbulence is
present (Palm-desso et 21,1476).

This process seouns hopeful, but, Pslmodesso et al confined themselves to
consider the linear atzge of the instability, since they srrived at 2 conclusion
that the loez] “vVe-growih ia wesck and so that the high gain would be yielded
only in the course of field-aligned propagation in large distances. In the
clagms lrgap fracess, however, the wave-growth devendes nonlinearly on the
intensiiy of vostulrted turbulences (Lin et 21,1973), Then there is o room

left to exumine further for gppliecstisns of the Plran: laser process to the
fetusl esurthts magnetoaphere.
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1I-14 Effect of Vei in the momentum équations

H. Maeda (Kvota University)

In studying the motion of ion gas in the ionosphere, the effect of Vei 18
usually neglected. This is due to the reason that the coefficient of momentum
transfer between electrons and ions (8437 in the E region is very small as com-
pared with that of ions and neutrals {Ein], and the drift velocities of elect-
rons and ions are almost the same in the F region. However, in réegions hetween

E and F the effect of Vaqy May not be negligible. To make clear this point, the

following momentum equations are so0lved simultaneocusliy:

Pods © -Epnﬂxvﬂ = B (- v ) - Hnﬂiv,_- Vo)
in{ ~ V) =05 (v - v )+ n;e (E + v;x B)

0 = - 9aple~ v ) = Ba7 (V.= v, ) - n,e (E + v x B)

The result is compared with the previous result obtained by neglecting the vgy

Table The ratio Hiefﬂin at different altitudes.

100 120 140 160 208 240 280 km

5.E<6 7.E-5 Z.E-4 5.E-4 2.E-3 4,E-3 5§.E-3

Feferences:

Maeda, H., Neutral winds and ion drifts in the polar ionosphere caused by
convection electric fields - 1 J. atmos. terr. Phys. 38, 197
(1976,

Maeda, H. Neutral winds and ion drifts in the polar ionosphere caused by
convection electric fields - 2 J. atmos. terr. Phys. (1977).
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=16 Electric field production by the dynamo

Susumu Kato and T. Tsuda
_Innnsphere Research Laboratory, Kyoto University, Kyoto, Japan

In the Ionosphere Dynamo the vertical electric current is egsential for the
production of electric field. The precise process of the productiaon is understood
only by considering fully the vertical structure of the ionosphera. It is found
that the field-aligned current resulting from non-uniform wind velocity along the
filed lines plays an important role, and the ground enhances the vertical field
in middle atmosphere without any effect on the ionosphere electric field.

For conductivity with a fairly realistic vertical distribution and east-west wind
with a vertiecal wavelength of 20 km the set-up electric field amounts to approximately
20% of the dynamo field in the ionosphere whilst the vertical field is much enhanced
between the ground and the ionosphere, The enhancement depends on the earth's
conductivity. The present simple plane atmosphere model and the straight geomagnetic

field line model could élucidate a basic process of alactric field production by the
tidal dynamo.
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]1—41 Dynamo Action of the Anisotropic Turbulence

Hidehumi Watanabe

Faculty of Science, University of Hokkaido

As a process of geodynameo a hydromagnetic o{(~dynamo modal has been invesatigated. From these

investigations it has bean shown that the ofi0-dynamo can well interpret behavioral tield intensity and its
reversals | of the geomagnetic field as suggested by paleomagnetic observations.
The of~effect of core turbulence has baen dervived, however, based on a simple( nearly homogeneous and

isotropie) turbulence model. 1o the earth's core fluld dynamics is governed by rotation and the magqutic field.
Then even if Cotiolis and Lorentz farces creats the helicity and of-effect of turbulence, they certainly destroy
the isoiropy assumed in derivation of the Of-effect. The anisoiropic turbulence gives rise to other mean
alectromotive forces such as {lx J { Ridler, 1969) which might dominate the of-effect. In this paper dynamo

actions of the turbalence which is highly anisotropic under the influence of Coriolis and Lorentz forces,

are axamined.

The turbulence is taken to be driven by a random bhody force which is nearly homogenecus, isotropic
and mirror-aymmetric. Then without the effacts of rotation and the magnetic field the turbulence also has
the same symmetric property and produces no meaan electromotive force effective for dynamo action.

Rotation and the magnetic fiald are regarded as only the sources of producing the anisotropy and mirror=
asymmatry in the siructure of turbulence.

It has been lfound that both of the ratation and magnetic field cause the originally isotrapie turbulence
to become anisotropic ane. In fact the intanasity of the turbulent motion parallel to the rotation axis{ or

the line of force) becomes larger than that of the perpendicular componentis by a factor of VZ.

The mean electromotive force of the anisotropic turbulence is evaluated seperately

to inolate the affects of rotation and tha magmetic field. [ can be seen that the o{-effect has

the same order of magnitude as that of the {}x J term. This maeans that in the highly rotating systems
both of the -effect and £} x I term are effective for the dynamo action. However, if we take a not
unreasonable supposition that the turbulent intensity varies on a longth scale shortey than that on
which the mean field varies, the of{-effoct may be more significant than the flz J term even in the

highly rotating systems. The magnetle fiald results in only the effect of producing the magnetic helicity in
the structure of turbulence. It is noted that the magnetic helicity is already retained in derivation of the
o/~effect. Then even in the case of the atrong magnetic field,the exprossion of the of-effect derived on a
nearly isotropic turbulence model, may not be seriously affacted,

Thene considerations lesd the author to a conclusion that the cili~dynamo model may be appropriate,

to the firat approximation, even in the case of the anisotropic turbulence.
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H-59 Metallographic and Magnetic Proparties of Two Yamato Iron Meteorites and

a Yamato Stony Iron Meteorite (.1{;!:1 e AETRL B BARTRE ﬁ.@&?ﬂ) fiu*lzﬁﬁﬁ'Hi}

Takesi Nagata , R.M. Fisher , and N. Sugiura
Nat'lInst. Polar Res., U.S. Steel Res. Lab. Univ. Tokyo

Among a Iarge aumber collection of Yamato meteorites, Yamato-75-031 { 60.2g in weight } isan
octabedrite, Yamato-75-105 (18.5gm ) a Ni~poor ataxite, and Yamato-74-044(51.8g) is a pallasite.
T he chemical compositions of their metallic phases are representad by

Sample Si Ni Co P Ti s Al {(wt9)
T4=044 1.3 10.6 0.35 0.1 0.01 0.1 0.5

75-031 0.06 15.3 0.76 1.0 0.01 0.025 0.06
75=105 0.35 5.65 0,52 1.0 8.12 0.1 0.25

{1}  Yamato-74-044

This sample appears to consist of & fusion of several different kinds of Fe=Ni
with a silicate phase, Very roughly, the kamacite phase contains shout 5% Ni, the taenite about
20% and the plessite about 15% . The silicate containg rouvghly 30% Mg, 30% Si and 10% Fe.

The magnetic characteristics ave represented by Iy = 124 emu/g, @* oty =760°C and @* o
= 615°C which represents only 6.5% Nikamacite as the major ferromagnetic phase.

{ii} Yamato-75-031 Optical and SE M miorographs have indicated that phosphide grains, ( Fe, Ni L P,

are surrounded by 5% Ni kamacite matrix in many parts and  Ni-rich kamacite phases also are present
in other parts. These microstructures suggest a slight veheating sffect.

The Magnetic parameters, Ig = 114emu/gm, @:‘.#_ 707~ T62°C, @?ﬂ_mgh 548°C

indicate that Ni content {n the kamacite phase ranges from 5 to 15wt® , but 95% of the ferromagne—

tic phase iz represented by 5% Ni kamacite. The considerably law value of Iy suggests a presence
of taenite phase also,

{iit) Yamato-75-105

The ablation zone {2 mm thick } of this sample consists of small recrystallized
grains of kamacite surrounding pools of oxide. EMS analysis has shown that the oxides filling the black
lines are iron-nickel phosphide oxide particles which resulted from meling of ( FeNi B P particles

(at~1000°C) during the reheating process. The grains of (75%Fe, 10% Ni, 15% P ) ere sur-
rounded by an eaveloping phase of {914 Fa, 7% Ni, 2% P ) within the Jow Ni kamacite matrix

(95% Fe, 5% Ni)., These results suggest thet the whole sample was reheated to the melting point of
( PeNi hE, namely about 1000°C,

The magnetic parameters, suchas Ig = 190 emu/gm, Curie points @1 = 770°C, @2 = 360°C,

and phase transition temperatures @'& = 785°C  and @:-_, o= 661 ®C are in consistent with the
metallographic structures,
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H_ﬁﬁ The Hysterosis of Piezo-magnetization of rocks

(2R o RELE)

Takesi NAGATA
National Institute of Polar Research

The magnetization changes of natural rocks caused by applieatiotns of mochanical stresses in various
different modes have been reasonably well understood through experimental demonstrationz and theoxetical

interpretations. Summariziog these sxparimental and theoretical results, it has been concluded that the
plezomagnetic charactaristics of the magnetic susceptibility and the stable TR M are attributable to a

rotational change of the magnetic easy axes owing to an applied mechanical stress. On the other hand, the
siress effect on IRM of magnetites and various igneous rocks have been experimentally studied in detail.

It has been pointed out by Nagata and Carleton (1969 ) that all these exparimental results are uniquely atiri-
butable to the effect of mechanical stress upon the movement of E“n"'_gﬁms,_in walls .

However, there are still several unsolved problems in regard to the piezo-magnetization of rocks.
One of the unsolved problems is the hysteresis of piezomaguetization , as shown in Fig. 1, where a change
of magnetization by increasing a uniaxial compression (P} in the presence of a magnetic tield (H),
J{H+P#), achangs of magnetization by decreasing compression {(Pt) from P in H, J{H+P+P¢ ).

and the magnetization change, J {H+P4+PoP't), caused by a reincreasing comprassion P' after a com-
pletion rof J{H+P + P} downto P' =0 in H are illastrated.

The ohserved fact that J{H + P + Po ) » J(H,) has been well quantitatively interpreted by the
Nagata-Carleton theory, but the hysteresis loop consisting of the J (HeP+P§) and J(H+ P +PoP'})
curves ( i,e. the hysteresis of plezomagnetization } ecan be explained by naither the 90° domnin wall theory

nor the aris-rotztion theory. PExperimontal data on this piezomagnatization hysteresis have shown farther

that
J(H+P+Po...P+PoPi¢ )= J(HtP+PoF' ¢ ) 3 I(H+P+P' ) = J{ H+ P+ Po... P+ PoP+Pi}),

It is theoretioally demonstrated that these
sbserved characteristics of the piezomagneti-

J(H-P:RP'1)

zation hysteresis can be gttributed to a {inite W
limited number of 90° domain walls. In the

theory, a basic condition to rosult in the piezo- J (H*P*P‘ f}
magnetization hysteresais phenomenon is a theo-
retical request that the total volume of magnetic

domsins, ‘in which the effects of H and P are

25

parallel and consequantly cooperative, should be
diminished more than that of other kinds of domains,
i which the P=effect is antiparallel to the H

—affect. Theoretical results thus obtained ars at
least qualitatively satisfactory in comparison with

experimental data.
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11-68 Measurements of Snow Water Equivalent by Cosmic Ray Neutron Technique

M. Kodama, S. Kawasaki, K. Nakai, and M. Wada

Institute of Physical and Chemical Research

The accurate information on the water equivalent value of snowpack at remote
locations 1s highly required, particularly in the fields of water resources develop-
ment and continuous river stage forecasts during the spring melt season. Some exist-

ing techniques developed so far for this purpose, based on the use of natural gamma

radiations or radiocactive isotopes, involve some inevitable or unfavorable defects,
The feasibility of absorption characteristics of cosmic ray neutrons in water faoy
jetermination of snowpack water equivalent has been tested since 1974, Measurements
of cosmic ray neutron fluxes using the BF3 neutron counter, with different designed
noderatoTs, have been made under the variable depth of water,

in order to determine
+he intensity-depth curve as a function of neutren energy,

Results obtained at sea level and mountain site observations of snowpack asing the
{gY-sized counter, which have been performed covering three winter seasons, indicate
¢hat the determination of snaw water equivalent is possible with about three percent
arror every several hours for the snowpack greater than 100 Centimeter water equi-
yalent.

Moisture in soil, altitude dependence and barometric Pressure effects on the snoy
water equivalent values estimated from this technique are discussed in the coiirse of
Jevelopment of the method. Several advantages inherent to the Present technique
guperior 1o the other snow gauges are emphasized, that is, excellent potential in

extremely deep snow, long-lived stability in remote operation, and ne radicactive

pazard in handling and maintenance of equipment.

The current stage of development based on the continuous operations at Arimine and

okutadami hydro-electric dams is summarized.



I-69 Anomalous Atmospheric Attenuation of Cosmic Ray Neutrons near the

Earth's Surface

S. Kawasaki, M. Kodama, and M. Wada

Institute of Physical and Chemical Research

The cosmic-ray-produced neutron flux in the lower atmosphere 1is subject to the
environmental conditions, meteorological, geological and topographical. In particular,
production and absorption rates of background neutrons in soil and ocean water make
the altitude dependence of flux complicated near the air-land boundary. In order to
search this term of problem, measurements of the atmospheric slow neutrons have been
carried out, twice over the land and once over the ocean, a5 a function of altitude
from 0 to 3000 feets, A pair of BP-28 neutron counters surrounded by the 2 cm thick
polyethelen tube, with and without Cadmium shield each, were hung out of the
helicopter,

Observation results from all of the flights reveal the existence of an abrupt
change in the attenuation length of neutrons at around 500 meters height. The atte-
nuation length changed from ~140 gcm-z to 70 gcm'2 with decreasing altitude over
the land, whereas from 140 g:m-z to 50 gv.:m"3 over the ocean. Also the neutron flux
obtained over the land was somewhat higher than that over the ocean threughout the
whole altitude range,

The observed anomalous attenuation change is discussed with respect to production

and absorption behaviors of environmental background neutrons near the earth's
surface.
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E"?ﬂ Possibility of Coromal Propagation of Relativistic Solar Protons

M. Kodama, K. Murakami, M. Wada (Inst. Phys. Chem. Res.)

and H. Tanaka (Tokyo Astronomical Observatory)

As for the acceleration of high~¢ner5? electrons during the solar flare, sufficient
evidence has been shown from the observations of the associated radio and X-ray
emissions. These indlude an example of showing that it takes several minutes after the
explosive flare onset to the acceleration of relativistic electrons of a few hundred
KeV. However, few observations but a limited observation of associated gamma rays have
shown directly the acceleration process of high-energy protons in the vicinity of the
sun. No direct evidence has been found in relation to the acceleration of relativistic
protons., It has been deduced only from the ground level enhancement of cosmic rays
(named GLE) observed on the earth.

The explosive flare onset times of the fast-rising events selected from all the
twenty-six GLEs are precisely determined from time profiles of microwave radio
emissions. It is found that the time elapsed from the explosive flare onset to the GLE
onset distributes around an average of twenty minutes with the standard deviation of
three minutes in the case of the fast-rising events, regardless of the longitude of
the parent flare position. Also it is shown that the fast-rising GLEs occurred when an
active sunspot, defined by Area 2000 and Importance 3, appeared in the longitudinal
region 25°W to 55°W from which the direct propagation to the earth is preferable.

Hence, the above extremely small deviation of three minutes may suggest a possibi-
lity of helio-lomgitudinal rapid propagation of GeV protons along the magnetic lines
of force bridging between the parent flare pesition and the sunspot region near the

root of the interplanesary magnetic field comnecting to the earth.
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