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=1 Polar Cusp Structure observed by Greenland Rocket Experiment

M. EJIRI, K. Uchida, J. K. Olesen and F. Primdahl
NIPR NIPR TUD DSRI

In August 1976, two identically instrumented sounding rockets were launched
from Danish Meteorological Institute Rocket Range at Sgndre Strgmfjord, Greenland
(Geographic latitude = 67.02°, Geomag. Lat. 75°). Plasma density irregularities
related to the phenolena "Slant E Condition" were observed in the E-region and
reported in the previous meeting.

Though the electron temperature probe onboard CUSP II rocket was not operated,
an electron temperature has been deduced from an antenna impedance value of the
impedance probe. It is found that extremely high temperature regions exist in the
polar cusp ionosphere, which closely associated with the enhancements in electron
density.

On the other hand, scalar and vector magnetic fields were measured simultaneous-
ly by the proton precession magnetometer and the fluxgate magnetometer. In the
upleg E-region the shift of 60 nT indicates an east-flowing Hall current of about
290 mA/m which coinsides well with the value of about 270 mA/m calculated from the
Hall conductivity of 6 s and the northward directed E-field of about 45 mV/m mea-
sured by the DC E-field probe. BY-variations indicates the down-going sheet currents
between 200 and 215 sec and from 250 to %270 sec. Up-going currents exist from 215
to 250 sec (%150 mA/m) and from 290 to 300 sec, which coinside with the enhancements
in electron density and temperature.

POLAR CUSP STRUCTURE OBSERVED BY THE SOUNDING ROCKET: CUSP IT.
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s The Mean Electromotive Force Generated by Random Hydromagnetic

Waves in a Collisionless Plasma and Auroral Particle Acceleration

Tomikazu Namikawa, Hiromitsu Hamabata and Yasusi Hosoya
Department of Physics, Osaka City University

The mean electromotive force generated by random hydromagnetic waves is calculated
by using Fourier analysis methods for the cases of an incompressible Hall plasma and a
compressible plasma with finite B. It is shown that in the case of a Hall plasma the
a-effect can exist in the interaction between two waves which propagate in opposite
directions and have different phase velocities and several new B-terms are produced by
the Hall effect, while in the case of a compressible plasma the a-effect can exist only
in the interaction between the Alfvén mode and the fast or slow magnetoacoustic
modes. The results are discussed in the context of the substorms in the Earth’s
magnetosphere.

Fig. 1 illustrates schematically the auroral particle acceleration and the arc field
aligned currents by the a-effect electromotive force. Our theory is consistent with
the following characteristics of observations of accelerated electrons (Whalen & Daly
1979) which are inconsistent with acceleration by quasi-static electric field, e.qg.
double layer (Wanger et al. 1980).

(1) Field-aligned electron enhancements are not monoenergetic but occur over a large

energy range (0.5 - 60 Kev).

(2) The large field-aligned enhancements occured at time when the energetic electron

intensifies were changing rapidly. These regions were found to coincide with edges

of auroral forms.

(3) Only small field-aligned enhancements were detected in the center of the intence

precipitation region (auroral arcs).

The characteristic (1) is explained by the field-aligned electric field which exists
in the arc and outside the arc. The characteristics (2) and (3) are explained by the
fact that the field-aligned acceleration is perturbed by random waves in the arc, but

not in the edges or outside the arc because there are no random waves.

.
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- northern -

lent - -
region *

REFERENCES

Namikawa, T. & Hamabata, H.(1982). The mean electromotive force generated by random

Alfven waves in a collisionless plasma, J. Plasma Phys. (in press).



Radler Effect in a Collisionless Plasma and Field-Aligned
Currents in the Magnetotail

Tomikazu Namikawa and Hiromitsu Hamabata (Dep. Phys., Osaka City Univ.)

and S. Matsushita (High Altitude Observatory, NCAR, Boulder, Colorado)

The mean electromotive force perpendicular to the mean current (Rd@dler effect) by
random hydromagnetic waves in a collisionless plasma is derived. The results are

applied to the field-aligned currents in the Earth’s magnetotail. It is shown that the

Radler effect electric field is large enough to give the observed value of the field-
aligned currents and can be identified as a possible source for the field-aligned
currents.

A shear flow can be approximated by a local solid body rotation, the Rgdler—effect
electric field by random HM waves in a rotating plasma are calculated supposing

statistically homogeneous and isotropic spectrum tensor of random velocity field.

E--4L_axVxB
2 ’
Vi
where I, = - 2{”_§é§L dk < 0 and E(k) is the energy spectrum function. The order of
magnitude of E and the field-aligned current j, driven by E are 3 x 10”8 volt/m ang

153 % 10'5 A/m2 near ionosphere which is larger than the observed value of 10”6 A/m2
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[=9 The Mean Electromotive Force Generated by Random Alfvén Waves
in a Collisionless Non-Uniform Plasma and Field-Aligned Currents

Hiromitsu Hamabata, Tomikazu Namikawa and Yasusi Hosoya
Department of Physics, Osaka City University

The mean electromotive force produced by random hydromagnetic waves in a collision-
less plasma is investigated taking into account non-uniformities in the mean magnetic
field, fluid velocity and plasma density. It is shown that the mean electromotive
force associated with gradients in mean quantities and the helicity spectrum function
of the random velocity field exists and has a component parallel to the mean magnetic
field which is associated with field-aligned gradients in mean quantities and density
gradients parallel to the mean flow. The results are discussed in the context of the
field-aligned currents in the Earth’s magnetosphere.

E = ulin + uquB + u;ﬁ X (6 x §) + Bl?yqy + ququ
+ BB x (Vx0) + Yﬁ//p + Yzﬁ(ﬁﬁ)o + vilue. (1)

The order of magnitude of the field aligned potential difference by iVB term is
sevelal kv. The order of magnitude of the field-aligned currents driven by the first

term in (1), taking the electron number density n = 10 Cm_3 and the electron velocity

2 cm/s, is 1.6 x lo‘sA/m2 near the ionosphere which is larger than the observed

Ve = 10
field-aligned current density of 2.5 x 1078 A/m2 (Iijima & Potemra 1978) . The currents
driven by the electromotive force given by (1) may explain the region 1 and 2 field-
aligned currents and the currents perpendicular to the magnetic field as illustrated

in Fig. 1.

Fig. 1 N Harang Discontinuity
~
REFERENCES
Namikawa, T. & Hamabata, H. (1982). The mean electromotive force generated by random

’
Alfven waves in a collisionless plasma under a non-uniform mean magnetic field,

J. Plasma Phys. (in press.)



[—10 Field-aligned E.M.F. and potential double layers
H. Murata
Department of Physics, Hyogo College of Medicine, Nishinomiya, 663.
We assume that there are two groups of particles present in the double layer, namely ambient ions
and ambient electrons including beam ions and beam electrons, respectively. The center-of-mass velocity
for each particles must satisfy the equation for continuity of mass and the momentum transport equation;
8n /3t + V-(nyv) =Q-R , 1
nama[ava/at + (va°V)vu] +Qmyv, + V("aTu) = na(eal} + euvuXB - m.e * Pu) x (2)
where index a(=e or i) denotes electrons or ions, Q:ionizations per unit volume and time, R:recombi-

nations per unit volume and time, T:temperature in energy units, Pa:force per particle of species «, due

to collisions with other particles, g:acceleration of gravity, e;= -e, = e:proton charge.
nig=in’e + b where Ny, 1 number density of ambient a particles and N,y 18 of beam a particles.
The mean velocity of a particles is Vg = MiaVioa * BopVopd /My, » (3)
where va.a is velocity of ambient a particles and Vob is of beam a particles. We assume that
Y =V E B=08 =T _
T R ,E=E+E , B+B, , T, =T, + T, and P Pu«pul , (@)

where — shows steady component and suffix 1 is small perturbed quantity. Then we have

cal

= o = n 3 3 = n o < = 3
nigs oy R (Y €, (where € = n /0  <<1), ny =Ny, (beam a particles are steady),

v, = @V, n.v, n_=v, v, V.. i i = = (s
\ G (nctavo.a + "ub"ab) /na"vm+ eavab// (Vaal 0 for ambient o particles), and Vi vual(eu«l) ) )

Using (1) - (5) under a cartesian coordinate system (the z axis is taken along a line of force)

we obtain the following relations for steady state;

X BI]I - 'éTaa/az + F ) »

an terms: Taaaﬁaa/az = ’Taa(eaEI + e [vyay cay ~ )
= - - — . = ) - 3T ,/3z + F .
other temms: (T, - ma:avah//z) an /92 = nopleEr * ey Va1 X P1ly ob’ abs) 7

. . i to coherent ambient plasma oscj
where [Vaal X BI]//is steady field-aligned electromotive force due I 0>c1llati0

s . : = .7 =0 and Yo'y, = 0 ar S
(for example, HM standing oscillation along a field Hne) o (W, g2 Wng = € and VLV, = 0 are assumeq,

nT. =N T ¥ T and F

n ) .
(o N+ § oa oa ’ IEPIeSent all other terms. We also obtain
ab ab aa,b/

W@ET) = ne, 0y XB) -

Qi

for the case of Ey = 0, (‘_IQJ_'V);,—(!_L= 0, Fumag_,_ = 0, and Fapa.Lz 0.

From the Poisson eq. eodf,/dz = e(;ia # gy ~iflee = Fcb) ’ )
with (6) and (7), we have
=2 =2 = " z _ -
(1/2350[51 (z) - E¢~(0)] = P(z) - P(0) - !o (nie[Vial X 3111 = nee[veal X Blltl)dz

= i e
- fo (niFi// + neFe”)dz , (ni# ng) (10)
— - ety eSienE =2 2 i e i 2

where P(z) = ("iTi + neTe) - (mieinibvib// + meeenebvcb”) . (11)
We may choose the altitude h=h°('\' 1 RE) such that z=0 at the lower edge of the double layer.

-5 2

From observed field-aligned currents in the auroral zone, J " ﬁ-ebeVeb v 1077 A/mT. The energy of

-3 -
].  On the other hand, n = (1 - 50)

precipitating electrons is about 10 keV. Then Feb v 5 X 10S [m
- * —
X 10° [m 3] after Calvert [1981], for example. We may estimate €, tO be 0.5 - 0.01.

*Calvert, W., The auroral plasma cavity, Geophys. Res. Lett., 8, 919-921, 1981.
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Wave Theory of the Expansion Phase of Magnetospheric Substorms
(Transmission-Line Model)
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|—12 Frozen-in Disc Wind in the Jovian Magnetosphere
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| =13 Joule heating by corotation enforcement current (revised) Y.Watanabe (ISAS)
A.Nishida (ISAS)

In the previous intuitive calculations (see proceeding of the spring (69th) meeting, page
4,1981,Tokyo) , transport of the angular momentum is not directly related to the Alfven wave
excitation. The reflection at the ionosphere and the transit time of Alfven wave
propagation were not considered, though the former effect has been shown to be important.
However, the heating rate would peak still around the latitude of 73°-75° in the ionosphere,
because this peak was due to the plasma density gradient in the magnetodisc and radial
displacement of the plasma therein. Greater heating would occur again during compression
than during expansion, because the difference of these two cases is due to the ratio of the
final to the initial radial distance of the field line. The motion of the plasma is
previously treated as that of a frozen-in plasma in separate magnetic flux tube. Therefore
calculation of a plasma motion in a typical magnetic flux tube will be sufficient for
estimate of a typical local heating rate and also overall heating rate.

In order to reduce the equation to mathematically tractable form, we assume following
simplification ;(1) O-th order magnetic field is straight and constant, (2) azimuthal
velocity is independent of radial distance r, (3) all quantities are independent of
azimuthal angle ,and (4) there is no vertical motion, i.e. V_=0. (1) and (2) are new basic
assumptions. Basic equations are =

2
2. B 2 2. V. B:* 3 aw , 4nL aw = =
d 2 3°E d°e Q dE _ - D27 3E e v, aw " =0 z=RL)
dt; T 5,2 (0<z<RL) bl a2 R dt DA Y I z-O(_ - Laz 2 3t/ Lonospiere }

dg ; dr .
( £: displacement of a field line which has only ¢ component ; w= E? = rAQ; Vp=- ac PPimass density;

Nm: height integrated mass density in the disc;L:height integrated conductivity;Rimeen radial distance)

We have also examined the existence of the parallel potential gap Vpara near the
ionosphere after Lyons[1981].and Knight[1973]. If the current density parallel to the field
112e Jpai?zexceeds a critical current density which is the maximum current density
en (T,/2mm,) (T,: temperature of the ionospheric ion) carried by the ionospheric ion, the
paralicl electric %ield should exist 1in order to close the circuit and precipitate Sge 2
electrons.to the ionosphere. This maximum curpent densityais estimated to be 1-2x10 ~ A/m
for T,=10" K and the ionospheric ion density n~ of 5-10x10" [Fjeldbo et al.,1976.; Atreya
and Danahue, 1976] This current density may be somewhat overestimated. The current Jpara is
approximated by 3(sin6Jg), /RJSin836(8: colatitude)  ,where J, is given by our model
calculation to be 0.5%10 A/m?, and can exceed the critical gensity, if the J, changes
more than 200 titics within the latitudinal extent of 1°. This would be possgble » though
critical , at the lower latitude edge of current system for the expansion , and at the pole
for the compression.

R= -0.0 Left : Motion of a field line (plasma)
------ R= -0.3 in the ionosphere (upper panel) and in the
“T=° A= -0.7 disc (lowerpanel). R presents the ionospheric
- -~ R= -0.8 reflection coefficient. Curves represent the
rr i RmzE0ag normalized angular velocity difference from the
w5 == REEEl0 corotational velocity for different R's.
T & R -0.0
[ S e sitn
e o === Re -0
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|—19 Dynamic Spectral Studies of Pc 3-5 Pulsations
Observed Near L=6-7

A4 EYE  ITRAY trAT R R4
(A&tugf, diA) (Rttd®) (4Ee48) (RBFR)  (£FHK)

Dynamic spectra of magnetic pulsations observed at the geosynchronous orbit
by ATS-6 satellite and ground stations, Syowa(L=6), Mizuho(L=7) and Husafell
(conjugate station of Syowa) are examined by using AR (auto-regression) method.
It is revealed that Pc 3 to 5 magnetic pulsations show dominant spectral trends
throughout the daylight hours, which exhibit a harmonic relation. These harmonic
spectral trends are identified almost at the the same frequencies both at the
satellite and the ground. Each spectral trend corresponding to the period of Pc
5, Pc 4 and Pc 3 exhibit the oscillations of fundamental, second, third and more
the higher harmonic modes, respectively. The spectra of Pc 3 contain two and
more harmonic modes extending to the sixth mode. This fact is strongly support-
ed with the examination of phase relation of each waves observed at the conju-
gate ground stations. The harmonic trends are clearly seen in the east-west and
north-south component of the magnetic field in space and at the ground, respec-
tively.

These observed facts suggest that the magnetic pulsations in the period range
from Pc 3 to Pc 5 are considered to be harmonic modes of standing oscillations
of shear Alfven wave along the resonant field line.
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[—34 Universal Time Variation of 6300 A Auroral Emissions

J.H. Meek (GRL Univ. of Tokyo) and G.G. Shepherd (York Univ. Toronto)

I1S1S-2 6300 R data were analysed for the quiet period Dec. 9-13, 1975. The maximum emission
intensity "auroral oval" fits a circle of approx. 15 latitude degrees, offset from the 250 km
altitude position of the geomagnetic axis by 4 to 5° towards 0lh to 02h local geomagnetic time.

A table of intensities (x 10 R) for each geomagnetic hour around the auroral circie, for each
pass (approx, every 1h 52m UT) shows a clear daily universal time pattern. Before noon UT the
peak intensity ridge has a single maximum (12-16h LGT). As the geomagnetic axis starts tilting
towards the sun, the peak splits into two which migrate around the circle reaching 9h and 20h LGT
at about 18-20h UT. The geomagnetic axis is then starting to tilt away from the sun and the
intensity generally decreases.

The data for 5577 K and 3914 R from the same satellite have different characteristics and
do not fit an auroral circle. Their emissions occur more poleward in the night sector and more

o
equatorward on the dawn side. Generally the intensity of 6300 A is about a sixth of that of
5577 A.
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Latitudinal Variation of Chorus Frequency Observed in the Polar

Topside Ionosphere
BEEBA. PRy, IDOMREB. 1 EFIX  (BRFHRA)

T. Ondoh, Y. Nakamura, S. Watanabe and T. Murakami (RRL)

Latitudinal variations of chorus frequency observed in the polar topside ionosphere
have been analysed by using 20 ISIS passes of VLF data received at Syowa station,
Antarctica for 1976 to 1980. The ISIS VLF passes used contain relatively long
extent of chorus appearance in latitude. Some choruses started from narrow-band
hiss as Koon(1981) pointed out, but other choruses occur independently from the hiss.

The chorus frequency observed on the dayside (08 - 12 Magnetic Local Time) decreases
with latitude at invariant latitudes from 55° to 65° as well as that at mid-latitudes.

In the dayside polar ionosphere, the chorus frequency decreases very gradually with
latitude. Apparently it is rather steady with latitude in geomagnetically quiet
conditions of Kpgg 2.

However, the chorus frequency increases sometimes with latitude at invariant latitude
above about 60° on the dayside (06 - 13 MLT) .

The chorus frequency observed on the nightside (01 - 04 MLT) has almost no change

with latitude at invariant latitudes above 60° and it is independent of the geomagnetic

activity. kitz
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| =62 The Japanese Balloon Campaign at Andgya and Stamsund in March 1982

H. Yamagishi, T. Ono and H. Fukunishi
National Institute of Polar Research

This campaign has been established by the National Institute of Polar Research
as a cooperative project between NIPR and the Royal Norwegian Council for Scientific
and Industrial Research, Space Activity Division. The purpose of this campaign is
to study;

(1) Spatial relationship between auroral particle precipitation and associated
change in ionospheric electric field.

(2) spatial and temporal relationships between occurrence of auroral hiss emissions
and auroral activity.

(3) Relationship between spatial distribution change of Omega signal intensity and
auroral activity.

(4) Relationship between spectral change of power line radiation (PLR) and auroral
activity.

(5) Relationship between occurrence of chorus emissions and X-ray microbursts.

Two balloons (B,.-1N and B,.-3N) are scheduled to be launched from Stamsund
(67°30'N, 13°30'E) iﬁsthe perio&sof March 18-31, 1982. At this time of the year,
these balloons ‘are expected to drift eastward with speed of 60 - 90km/h. The flight
termination is time-controled by the preset §imer before Finland-USSR border. The
volume of each scientific balloon is 13,700m~. The total weight and length of
B,s-1N are 170kg and 83m, while those of B,_.-3N are 108kg and 78m, respectively.

Tﬁg flight train configuration of the B -lﬁ balloon is illustrated in Fig, 1 ',
The campaign is carried out in coobgration with following ground observation
stations.
(1) ELF/VLF
Dr. J. A. Holtet of University of
Oslo operates the ELF/VLF receivers (- Total;fetahs:\1 2049
at Andgya Rocket Range and Ny- Galivoni Vi SR envaa
Aalesund, Svalbard. e s
(2) Magnetometer, riometer, all-sky
camera and ionosonde. Standard record-

fias Inlet

ings of magnetomater, riometer, all- Degas vole

sky camera and ionosonde from four l—“'*-
Swedish stations, Abisko, Kiruna, Presiuresatlen (600ms)

Lycksele and Uppsala, are provided by ™ ", 5

Dr. S. Westerlund of Kiruna Geophysi=

cal Institute, Standard recordings

of the same kind of instruments

installed at Tréms8 are provided by

Dr. O. Harang of Trbms3 Auroral Pressure Switch (850mb) _ i

Observatory. All-sky camera data in sttt ol |

Finland are supplied by Dr. R. e | [ el sty

Pelliben of Finnish Meteorological £

Institute,
(3) STARE/sABRg : Nylon String (0,031kg/m) -

Electric field data from the VHF

doppler radars STARE/SABRE are provided

by Dr. E. Nielsen of Max-Plank- VLF Wire Antenna

Institut fiir Aeronomie.

Spinning Mator (3%g)

Parachute (7kg)

- Cutter {0.%g)

Radar Reflecter (0,75kg)

~ = OC Electric Tield Antenna
X-rav Sensor Hole =

Gandola (Payload) -
(75kg?) — TM Antenna

VLF core Loop Antenna o = WLF Pre-Ano Box

VLF Wire Antenna
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I1—4 Magnetic Properties of Ordered FeNi Metals in Meteorites

Takesi NAGATA and Minoru FUNAKI

National Institute of Polar Research, Tokyo

The ordered FeNi crystals (tetrataenite) can be formed from the disordered Fe:Ni=1:1 fcc crystals
(ordinary taenite) by their irradiation by neutrons at about 320°C (Néel et al 1964). In nature, however,
a number of meteorites containing a considerable amount of tetrataenite grains have been recently dis—
covered (e.g. Clarke and Scott 1980). These tetrataenite phases in meteorites might have been formed
during an extremely long time, probably affected by the cosmic-ray irradiation in the extra-terrestrial
space.

Since the magnetocrystalline anisotropy energy (E) ol‘éetrataenite is very large, being expressed as
E=K1sin29+K25in48’+. .., and K1=3.2x10° and Kp=2.3x10 ergs/cm3, wherelis the angle between the
magnetization and the [100] direction, the magnetic coercive force (Hc) of tetrataenite should be exremely
large (~103 Oe).

It seems that those meteorites, in which the Ni-content in metallic phase_is relatively large, such as
L- and LL~chondrites, contain more or less the tetrataenite phase. Followings are such examples.

(a) YM-74160 (LL~) chondrite NRM of YM-74160 contains a magnetically extremely hard component,
as shown in Fig. 1. The average chemical composition of metallic grains in this chondrite is given by
Fe:Ni:Co0=50.1:48.0:2.1 in wt%, and its
main Curie point is 560°C. The initial
bulk coercive force (Hc) at 20°C is He=

255 Oe, but it becomes only 8 Oe. after YM-74160 AF-DEMAGNETIZATION
heating up to 940°C. This means that the . .ud‘emu/g 2y “BBM
tetrataenite changes to the ordinary taenite €0 "

by the heating, because the K{-value of the

ordered taenite of Fe:Ni=1:1 is about 5x103 40 10

ergs/cm3.

(b) St. Séverin (LLg) chondrite 1200 i :

NRM of this chondrite also is very hard,
the residual NRM after AF-demagnetizing 6
to 1000 Oe peak being about a half of the 40 16
original NRM. The composition of metal 20 4
phase in this chondrite is given by (tetra-
taenite):(ordinary taenite):(kamacite)= 40 2
50.8:9.5:39.9 in wt% (Danon et al 1979),
and its first-run thermomagnetic curves H
indicate that the metal phase consists of 80 0 1000 2000
high-Ni taenite (tetra- or ordinary) of De/ieak
550°C in Curie point (56 wt% Ni), kamacite
(5.2 wt% Ni) and low=Ni (<30 wt% Ni)
taenite. After heating up to 850°C, (Fig. 1)
however, the metal phase changes to the
kamacite plus the ordinary taenite of continuous spectrum of Ni-content ranging from 30 to 55 wt% Ni. This
suggests that fine grains of tetrataenite combine with the low=-Ni taenite matrix to form the ordinary taenite
phase of intermediate Ni-contents by the heating procedure. The initial coercive force Hc=500 Oe indicates
that the major parts of metal in the initial composition are tetrataenites.

(c) ALHA-77260 (L3) chondrite =~ NRM of this chondrite also contains a magnetically very hard com-
ponent which can not be AF-demagnetized even by H=2000 Oe peak. The metal phases in this chondrite
are classified into 3 groups; namely, tetrataenite of about 50 wt% Ni, ordinary taenite of about 35 wt% Ni
and kamacite of 3-5 wt% Ni. The observed thermomagnetic curves also show that the ferromagnetic phase
comprises the above-mentioned compositions.

In concluding, the very stable NRM often found in meteorites is due to the remanent magnetization of
tetrataenite phase. Possible acquisition mechanisms for the tetrataenite NRM will be a significant problem
in the paleomagnetic study of meteorites.

References:

Néel et al (1964) J. Appl. Phys., 35, 73-76.
Clarke R.S. Jr. and Scott E.R.D. (1980) Amer. Miner., 65, 624-630.
Danon J. et al (1979)  Nature, 281, 469-471,
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Table 1. He isotopic data of diamcndsl)

SAMPLE Hot blank (2050°C) DIAMOND o

Name Weight 3te fhe 3e ‘e 311‘:/;“(;,1,_-
(q) (107 3eesTr/g) (10-7ccsTr/g) (10" 3ccsTR/g) (107 7cesTP/g) ae=%

-8 0.2115 0.22 0.11 1.91 1.50 ¢+ 0.02 1.27
§2-A 0.1473 0.2% 0.15 2.18 0.99 + 0.01 2.2
3 0.1828 2.4 0.12 89.7 =+ 3.4 0.38 + 0.004 236 19
H 0.3299 1.0 0.08 0.17 + 0.007 1.1 : 0.01 1.50 = 0.06
&2 0.3124 6.2 0.11 < 1.3 21.2 + 0.2 < 0.06
3 0.3324 1.3 0.14 2.94 ¢ 0.24 58.8 * 0.6 0.05 + 0.004
#4 0.3466 0.8 0.15 0.59 ¢ 0.04 14.7 :0.1 0.04 + 0.003
£5 0.2976 0.8 0.18 2.38 : 0.95 4.76 + 0.05 0.50 = 0.2

1) Data are for 2050°C fractions;
4

900°C fractions are negligibly small.
2) Calculated from
3

He-hot blank assuming 3He/‘He = 1.4 x 10-6.
3) Errors in “He and ‘He indicate a standard deviation in the peak heights for a single

3

analysis and those in “He/'le are calculated from those values. The “lle peak height

determination is reproducible within about 10%.
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Abstract

Variations of the ionospheric virtual heights during the severe scintillation evencs(l)
are investigated using h'F data at five ionosonde stations and HF doppler measurements at
Kokubunji. From these observations, a common feature is found to all cases in the variations
of virtual heights, despite the case dependent quantitative diff;rences in the appearance
of each event. This feature can be recognized as the two step response of the ionosphere
associated with the events. In this construction, increases and subsequent decreases of
virtual heights are found to occur in the first step, simultaneously at five stations.
Variations of HF doppler represent a characteristic feature of step-like increases at the
apex of h'F in the first step. On the contrary, virtual heights increase again in the
second step with apparent time dispersions that progress from north to south. The trace
of HF doppler shows some splittingsin the second step. From these examinations, it is

concluded that the second step is responsible for the plasma instabilities which cause

the severe scintillation events, while the first step is no longer unstable and corresponds

to the enhancement of equatorial anomalies which takes place prior to the severe scintillation

events. A plausible mechanism is proposed as the cause of the two step response and
resulting plasma instabilities.
Reference (1) Tanaka, T., Severe ionospheric disturbances caused by the sudden response

of evening subequatorial ionospheres to geomagnetic storms, J. Geophys.

Res., 86, 11335, 1981.
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I—40 THREE DIMENSIONAL RAY TRACING OF AKR

Hiroshi OYA, and Wataru MIYAKE (X% &, =% &)
(Geophysical Institute, Tohoku University) ( ¢33t X - £% )
The propagation characteristics of the auroral kilometric radiation has been

investigated using the technique of the three-dimensional ray tracing technique based
on the theory of the AKR origin of the mode conversion from Z-mode waves to the L-O
mode waves. The results of the computer analyses indicate the feature of the direction

distribution of AKR from the sources located along the magnetic field corresponding to
the magnetic local times selected every 2 hours.

The ray direction is almost directed to the pole side shaded by the plasmapause
(see Figure 1). Therefore, the case where AKR is detected near the point L=5 at the

magnetic equator by Jikiken (EXOS-B) is essentially not the result of the direct
propagation of the AKR waves but is thought to be caused by the duct propagation.

The corresponding sources of AKR observed during early 10 days of the observation
period of Voyager spacecrafts are also identified to be located in the evening side
(21 MLT); the results then shows us that the LH waves detected by Voyager space-
craft are taking the L-O mode at the point of the reflection of the original waves

at f=fp, where f and fp are the wave frequency and the plasma frequency, respectively.

Figure 1.

Suni
Example of the ;

three dimensional ;
analyses of the AKR Linear:Conversion
ray tracing displayed '
in the plan (top),

the elevation (Bottom)
and the side view Source M.L.T.21:00
(right). The AKR waves

from the sources

around 21 MLT are

observable from

Voyager spacecrafts
during the first 10
days of the obser-

vations.
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—45 SOME TRAPPED PARTICLE PHENOMENA

by J. P. Matthews
RMREBERTHEIR € 2—,

HBRKFETHEH

We discuss some effects which have been experimentally observed in space plasmas

and which may be interpreted in terms of particle trapping by whistler mode waves.

Using simulation data and an approximate analytic model a new interpretation of the

Quiet Band Phenomenon is presented which does not agree with the theory of Cornilleau-

Wehrlin and Gendrin (1979). We point out that the latter theory does not specifically

consider the phase space dependence of the interaction.

We apply our analytic results to derive an expected frequency width of hiss bands

which are sometimes triggered by coherent signals, and extend the discussion to Power

Line Harmonic and Magnetospheric Line Radiation effects.
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I—46 A THEORY OF PARTICLE TRAPPING BY WHISTLER MODE WAVES IN THE GEOMAGNETIC FIELD

by J. P. Matthews, Y. Omura and H. Matsumoto
RBREBEREETFR €~ 2 —

Using the same formalism as for electron capture in synchrotron accelerators, we
develope an analytic theory to investigate how a coherent whistler mode signal affects
the energetic electron distribution at L = 4 near the equator when feadback effects are
unimportant. If the interaction is considered in phase space, the important role of
gradients in the incident electron flux with respect to parallel velocity becomes ap-
pParent. For positive gradients there is a decrease in the number of particles near the

frequency of the coherent signal, and for negative gradients, an increase. We compare

our results to those obtained by computer simulation.
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‘ A. model calc.ulation of the cosmic ray Forbush decrease is performed on the basis of the

élfﬁslon-convectmn model. The main purpose is to evaluate the magnitude of the precursory
;x:::z:;:n ‘z:c-;‘pecf;tledwh :;(:m t: model wht.ere the co?mic ray particles are swept away by traveling
e th:t stc;llar w?nd speed is raised and/or the diffusion coefficient is
o B d(; .ratu.) of the .pr.ecursory increase to the main decrease is less
i e B gn? 1f.fu'510n coef£.'1c1ent is larger than 3 x 1021 sz/s at 1 AU and
e s e :}u wind d-1sturbance is less than “~1000 km/s. Existence of a small
P s S magmtfude does not seem to contradict the observations of the
e e precursory increase can be 2 20% of the main decrease when the speed of
1s 32000 km/s, however, and August 4, 1972 event seems to represent such a case.

Time profiles of the cosmic ray
> 0,
101k :V 284’ density at 1 AU derived from the
» -20% 3 & 2 :
D i diffusion-convection equation.

100 _;,,,/\ Shown on the top is the assumed
shape of the perturbation in the

99 solar-wind velocity and the
______ diffusion coefficient as secen at
el 1 AU. [fy: increase in the solar
g7. ——b-05 wind velocity, fp: change in the
""" b-15 diffusion coefficient, Vp:
Vo = 400 knv/s

COSMIC RAY DENSITY AT 1 AU (%)

96} Vg = 800 km/s unperturbed solar wind speed,

D4 '13.16x102‘cm’/s
1
0 1 2 :'3 :;, 1 coefficient, Vg: shock speed)

TIME
FROM START OF THE SHOCK (10%s)

Dlrl’: unnerturbed diffusion

£ fo=-80 % — A\

- 60

w 40

5 fv=20 %

[+

o

z

> 0.1 [

[

b

< b | Comparison of i

3 /9;.,./ A 3.1610% 05 mP. n of the amplitude of the cosmic-ray

u 4./ B 1.00-10% density decrease at 1 AU caused by a model shock with

A b4 10** 05 :
oos ®,” (C) C 3.16:10% 15 the ampltiude of its precursory increase. A wide
04 “ 1 10 range of parameters is surveyed.
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Observed Counting Rate
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8 fold (4m2x8) ~1x103c/hr
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TABLE 1. Specification for the Lidar

Nighttime Daytime
Laser Wavelength 589 nm 589 nm
Line width 0.0l nm 0.01 nm
Beam width 0.5 mrad 0.5mrad
Receiver
Area 0.19 m? 0.07 m?
Field of view 10 mrad 1.0~ 0.7 wrad
Band width 1.0 nm 0.1 nm
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; Ak ol o 2
2RAR! BELXY FRAE aDIiE™
* 6 B K15 K BFFATR 7/ Bl A AR
o TUHKIS AR
ok [B) 2 R ROAPR FY
Iwasaka, Y. ( Nagoya Univ. Water Res. Inst.), Fujiwara, M. ( Kyushu Univ. Fac. of Sci.),
Hirasawa, T. ( Nat. Inst. Polar Res. ), and Fukunishi, H. ( Nat. Inst. Polar Res. )

Here we should like to show the laser radar system which is being prepared for use during
the "Middle Atmosphere Program (1982-1985)" at Showa Station (Antarctica), and discussion about
the monitoring methods of H2 density and atmospheric temperature profiles in the polar middle

atmosphere,

The main characteristics of laser radar which is palanned to be used at Showa Station to

monitor the polar

Table 1 Characteristics of laser radar middle atmosphere

Laser Luby; 69%.3 nm, 347.2 nm during the "MAP"

Laser pulse power 1.0 J/pulse ( 694.3 nm), 0.25 J/pulse (347.2 nm) ar)e listed in Table
Pulse repetition rate 1 Hz 1!

Reveiving telescope 50 cm ¢ The shematic diagram
Data display A scope and photoncounter (100 channels and 2 series) showing the Nz density

and atmospheric temperature

profiles detection method
Fig. 1, Schematic diagram of the monitoring
N of N2 and T profiles using the Ramen Scattering
2
effect of N, molecules
/ —9’_“2 density Profilel ﬁLAir density profile 2
347.2 nm 347.2nm } is presented in Fig. 1.
+
l Hydrostatic Detail discussion is given
N nm relation
at the meeting.
Atmospheric ¢ Vertical change of
temperature scale height

Reference
1) Iwasaka, Y., Fujiwara, M., Hirasawa, T. and Fukunishi, H., Laser radar monitoring of the polar

middle atmosphere, Mem. Nat. Inst. Polar Res., Special Issue 19, 178 - 187.
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References
Ivaseka, Y. and Hayashida, S. 1981 The effect of volcanic eruption of St. Helens on the

polarization properties of stratospheric aerosols, J. Met. Soc. Japan, 59, 611 - 61k,

Ivasaka, Y. » Fujivara, M., Hirasawa, T. and Fukunishi, H. 1981 Laser radar monitoring of
the polar middle atmosphere, Memoires of National Institute of Polar Research
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A joint synchronous experiment between Kyoto University group at Jicamarca, Peru (12.0°s, 76.9 W)
and the Max-Planck Institute at Arecibo, Puerto Rico (18.10°N. 66.B°H) was carried out on 19 -21
November, 1981. During the corresponding period 19 Novemver - 3 December, many other stations of
meteor, incoherent scatter and partial reflection drift radars also cooperated in the world-wide
campaign according to the recommendation given by the ICMUA-IAGA Working Group on Atmospheric Tides.

At Jicamarca, three daytime (0600 - 1800) runs for the stratosphere (15-30 km, 7 altitudes) and
the mesosphere (60-90 km, 13 altitudes) were successfully performed. In the experiment, two beams,
i.e., vertical and oblique (3.44° westward) were simultancously employed using two orthogonal NE and NW
arrays, respectively. Pulse width and associated sampling interval were 25 ps and 2.5 km,
respectively, with interpulse period of 1 msec. The sine and cosine outputs of each receiver were
coherently integrated for 144 pulses to give maximum resolvable line-of-sight velocity of 10.4 m/sec.
1f we use 512 integrated samples for further spectrum analyses, the Nyquist period will be about 2.5

min.

Contour plot in Figure 1 shows hourly value of zonal wind variations with daytime mean subtracted
and averaged over three consecutive days.

Hatched area designates eastward wind with contour level of
5 m/sec.

Presumably, equatorial planetary wave modes of period less than several days together with
diurnal and semidiurnal tidal oscillations might be taken into account to delineate the present result.
However, if we confine ourselves to tidal components, the result does not seem to be largely
inconsistent with published numerical models of tides under equinoctial conditions.

Figure 2 likewise shows the short period component of vertical velocity on 19 November. In this
example, wind speeds are bandpass-filtered for 6 - 20 min periods. It is seen that rms amplitude
becomes larger at some regions both in time and altitude, which might possibly be related to observed
wind shears of averaged zonal wind. Also it is inferred (not shown here) that apparent phase velocity
of this component is sometimes in the opposite direction with background zonal wind maximum below the
relevant region.

More detailed discussions will be given at the meeting.

ZONAL WIND WIND FLUCTUATION
JICAMARCA 18 - 21 NOV 1981

JICAMARCA 19 NOV 1981 6 - 20 HIN
90 e bt At
i
_ 0+ _ 80
£ 4 g
w -
5 J 2
< 704 a & 10
B A 52 A//-
= : ey
CONTODR LEVEL § 5 m/aec CONTOUR LEVEL ; 0.2 m/sec
” . Te T T - s 60 6 R 12 s 18
LOCAL TIME (HOUR) LOCAL TIME (HOUR)
Fig. 1 Fig. 2
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Linear response of the rotating earth atmosphere to tidal and other forcings has been calculated
by many workers in relation to the penetration of tide and planetary waves in the middle and upper
atmosphere. Among them is the work of Lindzen and Hong (1974) who calculated tidal behaviors in the
atmosphere with latitudinal temperature gradient and associated mean zonal wind. Based on this, we
redid numerical modelings of semidiurnal tides by solving partial differential equation for py/P, after
algebraic manipulation of fundamental equations by the symbolic computation software REDUCE (Aso et
al., 1981). Also, Lindzen et al. (1982) examined the stationary wave response to changes in the basic
distribution of wind and temperature using similar codes.

Now, we have assumed to reformulate and complete the computational codes which, instead of solving
for a single unknown, simultaneous partial differential equations for velocity vector and temperature
perturbations derived from the primitive equation system. This approach has been done to estimate
atmospheric tidal structures for no wind regime by Lindzen (1970), Forbes and Garrett (1976) and
Garrett and Forbes (1978) et al. and later by Forbes and Garrett (1979) and Forbes (1982) for windy
conditions. The present aim is, however, to confirm our former results with those by the new

approach, and eventually do further modelings of various types of planetary-scale waves in the middle

and upper atmosphere. This is intimately related to MU radar program now in progress at Kyoto
University.

The code is now under numerical tests and tentative runs. Figure 1 illustrates comparison of
provisional result for the semidiurnal tidal wind (a) with the former result (b). In this case upper

boundary for the present run is set to be at 60 km to spare computing time in the debugging process
which 1is of course physically unacceptable.

etween
Nevertheless, apparent agreement can be seen >
corresponding altitude intervals,

(b) Fig. 1

(a)
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PB—6 Long Period wave observation by the Kyoto Meteor Radar

with Dual Direction (N/E) Antenna System

Rei Ito, Toshitaka Tsuda, Takehiko Aso and Susumu Kato

Radio Atmospheric Science Center, Kyoto University

The Kyoto Meteor Radar has been operated for four years using the northward
pointing TX and three RX antennas which constitute the Phase Sequenced
Interferometer (PSI). In this observation set-up, most of echoes come from -30°
to 30° of the north. This azimuthal distribution of echoes corresponds to the
beam width of TX and RX antennas which are 5 ele. Yagis. Observed radial wind
velocities are contributed mainly by the meridional wind component and partially
by the zonal one. We can of cource estimate both of the meridional and the zonal
wind components using spatially biased radial wind data, in which meridional wind
is better estimated with small variance while the zonal one is less significant
with large wvariance. Therefore we have confined ourselves mostly to the
meridional component.

In order to investigate the longer period ( > 1 day ) wind field, it is
urged to know the relationship between the meridional and the zonal wind
components with equal significance. The three-RX-antenna system directed to the
east was newly built last summer and dual directional observation has been
carried out since last October. During 3-18 March in 1982, a continuous run was
performed. Antenna direction was switched every 8 hrs alternately between the
north and the east, and now both meridional and zonal wind components can be

obtained with equal accuracy.

At the poster session, newly analyzed data and summaries of long-period wind

components will be exhibited.
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PB—13 Electron Temperature in the Earth's Magnetosphere observed by the EX0S-B
Asymmetric Double Probe

M. EJIRI and H. SAKURAI

National Institute of Polar Research

IEF onboard the EXOS-B satellite has an observational mode of the Langmuir
probe. Since a surface area of the reference electrode is not sufficiently large
(area ratio of reference and probe is 1: 0.15), the current-voltage curve shows
asymmetric double probe characteristics. This experiment is a first attempet to
measure electron density and temperature in the rarefied magnetospheric plasma by
using the Lagnmuir probe whose electrode surface is about 2700 cm?. Though photo-
electron effects in the satellite observation affect the probe currents, which

result in a spin modulation of the amplitude, the following simplified formula is

used to deduce electron density and temperature.

1 - exp (S%ﬁ)
Ip = A,Jeo.K. e

Ay gvda
1% & Sxpio)

where Ip is a collecting electron current, Jeo the electron saturation current
density, K = 0.034, vd the potential difference between a probe and a reference, T
an electron temperature, g an electron charge, «x the Boltzman constant. Al and A:
the surface area of a probe and a reference.

one example of probe current characteristics is illustrated in Fig. 1 which is
obtained at 4:40:40 UT, December 19, 1981, the satellite position being L ~ 2.1, 12:
40 MLT.

An electron density, for example, is about 4 x 10%cm ° and an electron tempera-

ture is about 8800 K.

Electron density and temperature profiles in the magnetosphere will be presented.
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PB—15 Equatorial VLI noises observed by ARIEL satellites
* * % * % %
M.Hayakawa , A.R.L.Tatnall and K.Bullough

* Research Institute of Atmospherics, Nagoya University,Toyokawa
** Dpepartment of Physics, University of York, Emgland
**%x  pepartment of Physics, University of Sheffield, England

Abstract —- Ariel 3 ané 4 satellite VLF cata are used to investigate the characteristics and
generation (propagation) mechanism of equatorial VIF emissions. Equatorial emissions are defined as
VIF noises vhose mean (running mean during -30 sec) intensity exceeds 40 @B above 4.8x107 W m2 gL

in the magnetic latitude range less than 30°. They are found to be localized in longitude to the

centres of thunderstorm occurrence and they show a similar seasonal dependence to that of thunderstorms.

Also the character of the emissions is impulsive and the observed mean/minimum and peak/mean ratios

are consequently high. Hence the equatorial VLF emissions as observed by Ariel satellites have been

found to be well explained by assuming thunderstorm generation. Many of the characteristics can be
attributed to D region absorption and propagation in the jonosphere and lower magnetosphere. Horizon-
tal latitudinal gradients and/or equatorial anamaly of the ionosphere are found to enhance the proba-
bility of cbserving emissions,based on ray tracing calculations.
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