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I —I? Diurnal vVariation of NO and N in the thermosphere

¥Yutaka Kondo and Toshihiro Ogawa
Geophysics Research Laboratory, University of Tokyo

The diurnal wvariation of odd nitrogen in the thermosphere is lnvEEtlgated
in detail by using the phﬂtg¢hemical-aiffusive model. Introducing the N{ D}
quenching caeffinient by O k -ﬂ 6~-1.0x10 =12 cm 8 -1 below 110 km, the quantum
yzeld of H{ (3} prﬂduutlnn in thg reactions energetically capable of producing
H(’D} such as NO® + e + N + O, N2 + 0+ NOot + N, and the dissociation of n,
by photoabsorption of solar EUV and photoelectron impact, is determined to
be around 0.9 by comparing calculated and meagured daytime NO prfiles below
110 km. Above 140 km k_ about 1.0x10°12 em?s™l ig recommended to be consistent
with WI {5200 E] dayglow measurement.

H0o density goes through large diurnal wvariation above 100 km caused by
the diurnal variations of the thermospheric temperature, daytime density of
107 cm“3 decreasing to % lﬂE cm."3 at night around 110 km if the thermopause
temperature T, is €900 K after sunset. Highly temperature dependent reactian
yidsy + 0, *+ NO + O, which contributes to the production of NO and loss of N 4g)
. is the key reaction which controlls the nighttime NO concentration. Small
concentration of NO measured in the early morning by rockets can be attributed
to the lowered temperature during night.

Nighttime H{qu profile is alsc very sensitive to the thermospheric
temperature change. Hidnight ¥ density at 120 km could vary by more than
two orders of magnitude with the change of T_ by about 200 K. Daytime W density
does not depend so greatly on T, and it reaches maximum of 2*5310 em -3
130 km. The measurement of N density by Feldman Takacs{l1974}) is in agreement
with our caleculated profile which assumed T_ at the of the observations and

k. of #uﬁxlﬂ_lz :m35-1 above 130 km based on the laboratory experiment.
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1—23 Middle Atmospheric Studies Using Jicamarca I8 Radar Deta (Il

8. Fukao,; 5. Kato, T. Aso, T. Tsuca, S. Yekei~,

R. M. Harper? and K. 2. Gerden .

l. EKyoto University, 2. Arcécibe Orservatory,
3. Rice University.

The Jicamarca IS radar antenna consists of two superimposed sguare arrays;
for the present measurements, one antenna is phased to point to the vertical direc-
tion, while the other is off-vertical by an angle of 3.6°.

The echo power in the vertical antenna is always stronger than that in the
off-vertical antenna throughout the stratospheric heights(Fig.l): the difference
becomes more than 10 dB at the height of about 20 km. This seems to suggest that
a thin turbulent layer 1s responsible for the Scattering. The thickness of the
layer is tentatively estimated to be about ten meters, which is much thinner than
that of the scattering volume (w4 km).

The echo powers in both antennas vary over a range of almost 10 dB with a
period of 5-15 min and the enhanced power is generally associated with a wider
autocorrelation time. This feature was already observed at the mesospheric heights
and interpreted to imply that stronger turbulence occurs in thinner lavers{e.q.,
Rastogi and Bowhill, 1975).

The spectral analysis with the maximum entropy method (MEM) will be discuszed

shortly.
AR N7 Riin Md:ld
sl L - n!—
i 4 e
i : f'u. f’ : {"35
T Y <
= e % 4 el N
= b b
et 70 :_,:.:;_'.'1‘- o :'".;-::::l 1
dQ 2 L
L= -
: “ T ’ L
= e T
- R, 8 7 ’“ ﬁﬁh??ﬁ* &
3 P
it . Vo L i
t] %] 150 0 o s
Power (dB)

Fig.l Average power profile obtained with the 50-MH=z
Jicamarca IS radar.
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ihsg Ion Drag and Air Drag in the Upper Atmosphere

H. Maeda (Kyoto University)

It has first been pointed out by Kohl (1963) that the ion drift in the F raegion
of the ionosphere caused by electric fields that were communicated from the E region
is somewhat different from that calculated by the formula E x B / B? because of the
momentum exchange between ions and neutrals. The effect of momentum exchange between
ions and neutrals is usually called ion drag (effect of ions on air motion) or aip
drag (effect of air on ilon motion}. After that, a number of workers have considered
this problem in some detail. It seems, howevar, that the effect of these drags on
the motions of ion and neutral gases is not yet fully understood. The purpose of this

paper is to express more clearly the effect at different altitudes in the upper atmos-
phere.

By neglecting all terms unnecessary for the present purposge, the eguations of
motion for neutral and ion gases are given by
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a e
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Neutral: %% + %u{ﬁ—ﬁl = =200 4 G i ievieeeeieeiesiiaaas (1)

Suppose that all the parameters included in these equations are proportional to exp
wt+d) and that Wivertical wind velocity) = 0, we have a simultaneous egquation and
the following solution:
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The calculated results are illustrated and discussed in comparison with those obtained
by previous workers.

NOTEt 8 =1 (for U}, 2 (for V), 3 (for u), 4 {(for v}, 5 (for w)

nautral wind comp. ion drift components
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I-48 ADEABATIC HOTION OF CHARGED PARTICLES
IN THE MAGNETOSPHERE

M. Ejiri*, R. A. Hoffman, and P. H. Smith
GSFC/RASA, Greenbelt, Md., U. 5. A.
*[SAS, Univ. of Tokvo, Tokyo, Japan

The characteristic enhancements of ring current particles with energies of about 1 to 100
keV, associated with magnetospheric substorms, were observed by Explorer 45 ($*-A) arcund the
Plasmapause fn the afternoon to midnight region, and showed the characteristic structure called
a “nose" in the proton spectrograms. Recently the magnetospheric storm or substorm associated
charged particle enhancements {both electrons and jons) in the mid-night to morning side regiaon
have been also revealed.

To interprete these particle enhancements, we Spaculate the particle saurces in the tail
regfon which start to move towards the sarth due to an enhancement or modification in the convecs
tion electric field, The simultancous differential equations are deduced to present an adfabatic
motion of these particles in the equatorial magngtosphere, under a recently prapased convection
electric field and a dipole magnetic field.

Approximate equations of a bounce period, a second adiabatic fnvariant and a bounce-avarage
azimuth veiocity are given with inaccuracies less than about 1077 for a1l pitch angles. The com-
Plete set of flow patterns of 90° pitch angle particles §s also presentad by menas of stagnation
1ines ‘through which radfal drifts andfor azimuth drifts change their directions.

We assume the following conditions;
1. the geomagnetic field is a dipole ffeld, its axis being perpendicular to the equatorfal plane,

amnd a fleld line 1s ap equipotential,
2. changes in £ and E'are very slow, and the particle motfon can be represented as a motion of

Tts guiding center,
3. the particle motion is adfabatic, i.e. first and second adiabati¢ invariants (g and &) are
conseryvad :

4. thera are no local energization and loss processes.

The examples of particle tracings including off -30° pitch angle particles in the magneto-
sphere give a pasic concept to explain the newly injected particle populations in the magnato-
Sphere (see the following presentations).



I-44 THE CONVECTION ELECTRIC FIELD IN THE MAGNETOSPHERE:
PLASHMAPAUSE POSITION AND PARTICLE PENETRATLON

M. Ejiri*, R. A. Hoffman, and P. H., Smith
GSFC/NASA, Greenbelt, Md., U. S. A.
*ISAS. Univ. of Tokyo, Tokyo, Japan

There have been a number of observations of charged particles in the magnetosphere related
to magnetospheric substorms. It has been recagnized that the convection electric field plays an
important role in the motion of those particles by Taylor and Haones, Nishida, Kavanagh et al,
Mcllwain, Gurnett and Frank, Heikkila, and Smith and Hoffman.

Charged particle flow patterns in the magnetosphere, on the other hand, were first analyzed
{ntensively by Chen, assuming a constant dawn-dusk electric field and a dipole magnetic field.
Subsequently, the observed plasmapause and plasma trough locations by Ogo 4, Ogo 5, and Ariel 3
have bgen interpreted, introducing a time dependency of the electric field strength as a func-
tion of Kp {interplanetary magnetic activity index} by Chen and Grebowsky, Grebowsky et al, Chen
at al. Kivelson also studied the dependency of Xp on the uniform electric field strength.

Recently, based on the observed electric field data (Heppner) and the shape of the plasma-
paiise, Volland and Stern proposed the following electric field model as

o = ARYsing and E = - A%p

with y = 2. Maynard and Chen used this model to interprete the isolated cold plasma regions
observed by Explorer 45. Then, Chen and Grebowsky, and Stern tried to explain the ensrgetic
particle enhancements fn the evening hours observed by the same satellite, but Cowley still
used the uniform electric field to interprete the proton nose structures.

On the other hand, McIlwain proposed his own electric field model £3(1972} and E3H(1973)
including a corotation field in order to explain the observed particie data of ATS-5 associated
with weak substorms. Konradi et al followed Mcilwain's model and showed that the substorm asso-
ciated particles abserved by Explorer 45 came from along or beyond the injection boundary propos
ed by McIlwain and Mauk.

Here wa examined the observed plasmapause positions, and energetic particle penetration dis
tance and their eneray, pitch angle, and local time dependences to determine the convection elec
tric field, and criticize the above mentfoned various models. The conclusion of our study is
that the convection electric field at disturbed condition has an exponent of ¥ nearly equal to
2.4, Yarious characteristics of the shape of plasmapause and energetic particle penetration
into the plasmapause are also discussed.
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PENETRATION OF ENERGETIC PARTICLES ASSOCIATED
WITH MAGNETOSPHERIC SUBSTORMS

M. Ejiri*, R. A. Hoffman, and P. H. Smith

GS5FC/NASA, Greenbeit, Md., U. 5. A.
*1545, Univ. of Tokyo, Tokyo, Japan

Smith and Hoffman abserved with Explorer 45 ($7-A) the storm-time ring carrent proton en-

hancements and found 1n the 90° pitch angle proton spectrograms the characteristic ‘nose’ struc-
tures fnside the plasmapause. They concluded that those particles came to the lower L-value
region from the plasma sheet or tail regions under convection, corotation, and magnetic gradient
and curvature drifts.

We examined the nose structures in more detail and their characteristics are:

observable inside the plasmapause and in the MLT range from afternoon to midnight,
mid-energy protons appear in the lowest L position,
when the nose appears in the outbound orbit, most nose events show the nose structure in

the inbound, tog,
change in nose edge positions and shapes of successive outbound, inbound, and next orbit,
change in nose energy: nose edge eneray of outbound i5 higher than that of inbound {in other
Wards, nose edge energy in the early local time is higher than that in the later tocal time

at later universal time,
difference due to pitch angles and their changes; as for the particles with energies less

than 20-30 keV the large pitch angle particles are detected in the lower L-value positions
than the small pitch angle partizles. The difference in position increases with time.
Between these edges, there s an abnormal pitch angle anisotropy.

We succeeded top interpret the above mentioned all characteristics of nose structures by

adiabatic charged particie motions in the magnetosphere with Volland-Stern electric field model.
Tha caleylation predicts particle penetrht1nns at all local times and examined by observed
moraing side particle enhancements of both electrons and protons. whose energy spectrums are
also presented and discussed,
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1—55 Polarization Measurement of the Jovian Decameter Waves

7&@%"&% BE, Ak B, MARYER (F ALK - 387

Development of a system for the observation of the Stokes parameters of the Jovian

decameter waves has been started. The crossed three elements Yagi antenna {see Figure
1} is uzed for the main detector. The signals corrected by two orthogonally croassed
elements are mixed to make the right handed circular component (R} and the left hand
eircular component {L) as has been given in Fiqure 2. The detected gignals are arranged
in the electronic system as has been given in Figure 3. The cbtained valueq,IR, ReLy Iy
are intensities and ¢ is the phase; all these are known as the Stokes parameters.

These Stokes parameters give that the informations on the relations bhetween
the wave normal and the Jovian magnetic field at the source position, as well as the
informations on the emission mechanism of the decameter waves. If the decameter waves
are resulted from the converaion of the electrostatic electron cyclotron harmonic waves,
into the electromagnetic waves,the data may indicate that the emissions from the main

source consiat of the right handed circularly polarized waves.

Figure 1.

Figure 2.

Ig
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[“?5 A Teat of the Plasmn Laser Process
for the Terreatri-l Kilometric Rodintions
Shigeo Takei, (Geovhys.Inast.,foholu Urnix)

Terrestrivl kilomerie resdiztion (Gurnett,l1474) oricinmtes in the surorzl sane
2% geocenlric altitudes of the order of 3 #e or less, ond tine vesk nover oi tae
emission amounts up to 10% w2tts, This hi+h level of vower radizted 1. the
frequency renge 50-500 KHz has been the onc most difficult to expl.in thesretienily.

Benaon {(1975) proposed z mechaniosm in which electrostatic wives zre exeited
by the electron best and subse uently converited first inlo (1-X) electrom.rnetic
waves and then into (L-0) msde, wome a8s in the Oya's mechanism of Jovian decomet-
ric rodiction (Ows, 1974).

Fulmudessans ot al (1976) provosed e different mechanism ir whioh tre elactron
boam directly amnlify (L-0) eiectromignetic waves in the presence of the ion wve
turbulence., This mechanism is distinctive in that thres waves coherently interszet
with each other, That is, the electric field of the elantramasnetic wives &M )
pularizes the charge density fluctuations associzfed with ion waves /&, (R, o)
to produce & new elecirostitic fields 84& with cosvonen:s st (K, @. )i 3nd
the oselllation of charges nasagisted with $ne coupled electrostatic weves

SIE (R = fﬂhﬂ-‘n) and s lﬂi* ed) form a current which medistes the troasfer
of enersy vetween SE cnd £, 5 2=t ( £ el ). This vrocess is th-usht
o be g plosms liser firat oronosed by Lin et =1 (1473).

Both of the above-acudied theordes secn - wpeful in explunction of the terrestrivi
kilometrie rudietion. But the Benson's v.per deseribed merely in outline, wtile
Fulm-desso etal assumed hynothetically lsree amimlitude of ion wave turbulence.

in the present study we exzmined the mechanisar ~ronoasd by Bongan (1-T5) “uf
by Prim deaso et #l (2.976), 2nd show tho razalts of excodnstioa an

1} b sic mechuanisms,
2) spectral intensity of the densi.y Iluctustions vossible in tho eﬂrtﬁ:i?nasrhﬁr
3) tacoresicilly expected pewer sné r=distion potiara,
end 4) exnected time-evolution of the evear in the couwrse of the mornetasrcierie
Subgtorn,
Hefer-uces

Bonson, ., Gewrhyas.des.Lett.; 2, 52, 1375,

Surncet:,D.A., J.7ernhys.Res., 79, 4227, 1974,

Lin ATy PoKoKowy ond Juti,Dawaon, Fhys.dev. ,Sect.f, 3, 61+, 1773,

Oy:zyflay Plunet.Scice Sel., 21, 837, 1v74,

Piln:desso,P., [.P.2offey, S.L.0asakow, ~“nl F,¥rn da:aitlag, J.0eanhys.?28,,

81,1702, 1:To.
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ON THE AMPLIPICATION OF VLF HISS

Takashi Yamamoto
Ceophystices Research Laboratory, University of Tokyo

Estimations of VLF hiss intemsity asscciated with auroras have been made by many authors, based on
the asaumption that hiss is generated by inccherent Cerenkov or ecyclotron radiacion from the precipitalng

elaectrons. Jorgensen (1968) calculated the filux of Cerenkov emission arising from electrons with energics
of 1~20 KeV and obtained 4 peak amplitude of 1ﬂ714 Hfmz Hz at 10 KHz by assuming that all radiation is

- a2
ducted unattenusted. Lim and Lasspere obtained a peak intensity of the power of the oxder of 10 13 pm
Hz., However, the computations of Cerenkov radiation taking into account ray path spreading or callisiinal
damping ahow that the incaherent mechanism cannot produce observed power fluxes as high as Iﬂ-lj-lﬂp

Hfm; Hz. Therefore, it has been suggested that VLP hiss 1s genersated by g coherent mechanism rather
than incoherent Cerenkov radiation.

Recently, Maggs (1976} has shown that the observed power fluxes of VLF hias can by accounted for
by convearive beam amplificacion of inecherent Cerenkov whisther radiation by the besm of precipicacing
auroral electrons. It has clearly been demonstrated that the power [lux expected from precipitacing

electrons without beam amplification cannot possibly account for strong VLF hiss. The bean amplification
mechanism was investigated by using the lowest~order WKB wave kinetic equation and linear growth races.

The purpose of this paper is to develop some consequences resulting from Maggs' model that have

not been considered in his paper. WHe fivst examine the variacion of temporal and spatial growch rate
with altitude. Even if the velocity apace distribution of the bedm does nat vary with alcitude, the

varfation of cold plasma density causes a large change in the groweh rate. If the alcitude of the bean
generation point, where the electrons are supposed to be  accelerated downward by = kilovole patentcial
drop along the geomagnetic field lines,is much higher than the observation point, the variation of beam

veloeity distribution with altitude camnot be neglected. The beam distribation functions ac any point
along the geomagnetic field line can be determined from Lionville's thecrem and the cangservacion of the

firat adiabatic moment,provided that the beam is unaltered by wave particle interactions. The effects
af transformation of the beam on the Iinear growth rate are also considered.

Nawkt, wa consider an altitude dependence of power flux levels of VLF hiss predicted by convective
beam amplification. It is shown that power fluxes at lower altitude might not rise te as high levels

as observed because of ameller growth rates and shorter length of raya contribucing power. It is also
suggested that nonlinear processes play an important rale in determining the levels and spectral shapes

of VLF hiss power EFlux at much higher altitude, {f the altitude of the beam generation point 1is high
enough.
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Magnetic Classification of the Yamato Meteorites

T. Nagata and N. Sugiura
{ Nat'l Inst. Polar Res. ) ( Geophys. Inst. Univ. Tokyo )

14 Yamato=meteorites have been magnetically examinad. These meteorites are one
Iron, one enstatite chondrite (E), 7 nlivl??:-brnnzita chondrites ( H), one olivine=hypersthene
chondrite { L, }, one carbonaceous chondrite and 3 achondrites. Up to the present time, the basic

magnetic properties of the stone meteorites were measurad for ona of E, 4 of H; 7 of L and 36 of

C. { Stacey etal. 1961, Larson etal. 1974, Sugiuraand Nagata 1975). Therefore, the new
data of Yamato meteorites have doubled the existing data of the magnetic proparties of the enstatite

chendrites and tha ordinary chondrites and have newly added ihe magnetic property data of achondrites.
It seoms thus thata preliminary statistical classification of various stone meteorites has become
possible on the basis of their magnetic properties.

Fig. 1 shows an example of results of such statistical examinations. In the figure,
.3
Is represents the gpecific intensity of saturation magnetization of ferramagnetic metals and @ denotes
the magnetic transition temperature of the main ferromagnetic phase in the cocling thermomagnetic curve.

As olearly shown in the figure, each group of plots for E, H, L, € and aC {achoodrite } is well
Separated [rom one another. The chemical and petrological meanings of this diagram are as follows:

() As established in the Urey=Craig-Mason diagram for the chondrites, the meatallic iron abundance

decreases in the successive order of E->H-»L+LL~C. The I -values in the figure represent this
Characteristic, f.e. Is(B)D>Ig(H) DI (L) >1g{C)

&
(b ) ® for H and L groups represents the > <ol phace transition temperature of kamacites, and

ol
@ fox f represents either Curie point or the 3 -» oL phase transition temperatura of low Ni kamacite.
L3
Thus G (E) > @*(H, L),
{e } The achondrites contain, in general; a very little amount of metal, in which Ni content is very
small. Thus Ig(aC )& Iz (L) and (H) = 770%C. '

o ¥
(a) @ of C represent Curie point of magnetites and/or substituted magnetites. Thus @ =
540 ~ 570%C, '

@ii

800 ==
aC ':E.C r . @E-lﬂ. Diagram for the stone meteorites
- "I:- - B E @ﬁ 1 Magnetio Transition Temperature
700 ——-—-r-[:;_ . ...-t! A Iy ¢+ Saturation Magnetization
\ Lt E & A
S\ A
K, 4 A
8O0 =< H
o
pe
8500

0 20 20 _emujgm'S



Takesi Napata, R. M. Fisher

Metallographic and Magneiic Properties of a Yamato Iron Meteorite - Yamato-75=105

and Naoji Sugiura

Nat. Inst, of Polar Res. U. 5. Steal Co. Res., Lab, Takyo Univ.

A Yamato iren metoorite, Yamato-73-1053, is examined chemically, metallographically and
magnatically, has revealed that the major elements of tha metal base of this iron meteorite are 5,65%
Ni, 1.0% P and 0.529 Co, in additionto Fe ecclpying the most parts. From the ~hemical com-

position and the microsiructure, this iron meteorite can be classifiod as a reheated hexahedrite, i.2.

a Ni-poor ataxite., An "“ablation zone" about 2mm in thick-
ness on the MNat surface indicates an extensive reheating on

entry into the earth's atmosphere although traces of the orig-
inal single=grystal featyres remain.
Within the matrix of kamacite ( 95% Fe and 5% Ni)

compoaition, Fe-Ni phosphide ( schribarsite; 75% Fe, 10%
MNi and 15% FP') grains are enveloped by high~P kamacite of
ol -phase (91 % Fe, T9 Ni and 2% P ). Thase structires

suggest that this meteorite specimen was reheated to abave
1000°C. The acioulay grain structure of the kamacite matrix

indicates a rapid coocling rate after the reheating. Both
metallographic and magnetic analyses have consistently ra-
vealed the above mentfoned conclusion,

NRM of this iron meteorite is very stable against the

AF-demagnetization with respect to both the intensity and the
direction. The chserved NRM iz mostly atiributabla to
TREM acquired on entry into the earth's atmosphere.

YAMATO ~75~IRON

RIS

Hex = 5.85k0e.

MAGNE TIZATION

TEMPERATURE

Thermomagnetic curve of Yamato
=73=10%, showing an irreversible
{ 95% Fe, 5% Ni ) kamacite phase
and a revergible {( 91 % Fe, 7%
Ni and 2% P ) high~-P kemacite
phasa.
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Table 1. ¥BM Pelarity of Heorthern Kyushiu Cenozoic Rocks

Saga Hime=Shima Kunizaki Oita
Upper Uppex
(1) (2) Pleisteo. N Pleisto. N
Pleisto. BS N N Andesite Volcanics
Volcanics BS N N
Lower
Pleisto. R
Andesite
Uppex
Plin, Bdh N N Plio. O(N)
Basalt HBda 8 N Andesgite
B3 O(R) O(R)
" B3 R R
" B3 N N
g% g E ‘Note* for Saga Rocks
i Blb O(R} - O(R {1) This satudy,
" B2b O(N} DN {2} Creear & Tapir, 1970,
B2a O{R) N Geophys. J. R, astr. Soc., 20,127
Bla (N} 0Oi{N)
Bl4 oM} O{R)
” Bl () Q(R)
" Blb Very Weak
Bla R R
Bla N M
Upper
Miocens 5 R R
Samali~
toids

Andesite TA R O{R}
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{m.y.)
Hole-core~sectian
230-8-2 tuff 1.07 43~ 45
{volcanic conglomarate) 1.08
291-5-CR basalt 0.538 42430
0.538
291A-~3~-CC basalt 42 %50
292~41=2 basalt 0.366 49.5 + 3.0 374 40
0.386
£93-21-2 gabbro (42) 44 w46
294-7-1 alkali basalt 48.98 + 2.0 56 v 60
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H"‘ﬁz Resistivity Changes as a Precursor of Earthquake

T. RIKITAKE Faculty of Bcience, Tokyo Institute of Technology
Y. YAMAZAKT FEarthquake Research Institute, University of Tokyo

Twenty-one resistivity changes forerunning an earthquake

a8 obsarved by the Yamazaki resistivity variometer are analyzed.

On the basis of a Weibull distribution analysis applied to

the observed data, it is made elear that a characteristic
parameter of the distribution of precursor time takes on an

almost the same value as that for a group of short-term pre-
cursoxs such as deformation of land, tilt and strain, and
underground water. No correlation between earthquake magnitude and pre-
cursor time ig also found for both the groups. It is surmised that
the resistivity precursors as well as the others cited in the above
may be caused by preliminary failure immediately prior to the main

rupture in the earth's erust.

15—

Histograms for short-term precursors,
The hatched columns are for the resis-
l l tivity precursors, and the blank ones
the land deformation, tilt and strain,
| and underground water precursors.
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