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I "3 Measurements of stratospheric aerosols by two-colour lidar

Y.Iwasaka, A.Mita and K.Isono (Nagoya University, Water Research Institute)

Many atmospheric Tidar experiments have previously reported single wavelength results. We
will present here the backscattered 1ight of stratospheric aerosol measured by two-colour lidar.

Most previous lidar observation of stratospheri- aerosols were based on an analysis of the
back scattered single wave lidar only, and, as such, were quiet lTimitted in info-mation content.
Therefore, little progress has been mada from such studies toward inferring aerosol size distributions.
We constracted the two-colour lidar at Nagoya University for the purpese of studing the size
and density distribution of atmospheric aerosols. The analytical method to determine the size
distribution using the two-colour lidar was previously discussed (Isono and Iwasaka, 1974). The

cahracteristics of our lidar are listed in table 1.

Table 1
Transmitter Laser wavelength 0.694  m(Ruby)
1.06 m(YAG{
Out put energy 1.5d/pulse (Ruby)
0.25J/pulse (YAG)
Pulse duration 20nsec (Ruby, YAG)
Maximum pulse repetion rate 0.2/sec
Telescope 40 mm /
Beam divergence 1 mrad
Receiver Telescope 40 cm / (Newton)
Field of view 1 mrad
Filter bandwidth 10A (Ruby)
50A (YAG)
Photomuitiplier R649(Ruby)
R314(YAG)
Display A scape

Range gated threshold discriminator and digital counter (10 channel)
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Height Profiles of OH Meinel and O2 Atmospheric

Band Emissions in the Airglow

T .Watanabe(Tokyo Kyoiku Univ.)
?.0gawa(Univ. Of Tokyo)
M.Nakamura(Tokyo Kyoiku Univ.)

The height profiles of OH Meinel and 02 Atmospheric band airglow
have been measured with rocket-borne near infrared photometers at
Uchinoura(31°N), Japan. The observations were carried out in September
1969, August 1971 and January 1975.

It was found that the height of maximal emission rate is consider-
ably stable at 91 km for OH Meinel and 94 km for O, Atmospheric band,

although their half-emission thickness has changed considerably from
one observation to another.
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I _I I DIURNAL VARIATIONS OF AIRGLOW EMISSIONS AND DYNAMICS

K. Fukuyama
B oL F (RKE)

An attempt was made to examine the relationship of the diurnal
variations of the 5577 A, Na and OH-band airglow emissions with the upper
atmospheric dynamics. A structure function ana;ysis was made to find
predominant periods of the variations of the emission intensities, using
hourly data of the emission rates obtained from the ground-based observations
at low and middle latitude stations in the northern hemisphere.

The results have revealed the presence of a prevailing semidiurnal
variation in the 5577 A emission at middle latitudes. Amplitude (Fig. 1)
and phase (Fig. 2] of this semidiurnal oscillation were computed from the
monthly mean diurnal variations by the method of least square. Character-
istics of the seasonal variations in both amplitude and phase are extremely
in good agreement with those of the solar semidiurnal tidal wind in the
meteor region. This suggests that the solar semidiurnal tide may be the
main cause for the diurnal variation of the 5577 A emission at middle
latitudes.

The diurnal variations of the Na and OH-band emissions as well as
that of the 5577 A emission are discussed in relation to the dynamical

characteristics of the solar tidal waves around the base of the tharmosphere;
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]}‘24 Interpretation of IS Radar Echoes from the Lower Ionosphere
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This report examines the factors involved in the interpretation of IS radar
echoes from the lower ionosphere by means of a least-mean-squares fitting of

theoretical autocorrelation functions (ACFs) to the experimental ACFs.

The parameters that influence the IS spectra or ACFs are ion temperature (Ti),
temperature ratio (Te/Ti)’ ijon-neutral collision frequency (vin) and the relative

concentration and masses of the different ion species. Below 120 km, there is

+
2

molecular ions have almost equal concentrations, we have assumed that a single

i + . . s
little O and the molecular ions O, and not dominate. Since it is known that the
ion species of m,=31 amu exist in the lower ionosphere. As the ion-neutral
Collision frequency increases rapidly at lower altitudes, it seems possible to

2754 Te/Ti = 1. Thus the remaining unknowns to be determined are T, and v, .

First, the spectra and ACFs for collision-dominated plasmas are numerically
Oobtaineqd according to Tanenbaum's (1968) two-fluid model and the effects of vary-
thg Ti and Vip UPon the spectra and ACFs are examined. Then the procedure for
fitting, in a least-mean-squares sense, the experimental ACFs to the theoretical
ones is described. When the best fit is achieved the parameters T, and v, ~are
determined ang in this way implicitly measured. The fitting procedure is applied

to a model of the daytime lower ionosphere. It is shown that T, and v, deduced

are nearly coincident with those of the model ionosphere; the difference is 2-3%

at the most.



1}'25 Middle Atmospheric Studies Using Jicamarca IS Radar Data (1)

¥ @ & 1% 70 R O, o ®KOE

e

T 2 4 _ 4
1t a Eb l, R.M. Harper2 and W.E. Gordon3
19E <3 133
2 Arecibo Observatory, NAIC, 3 Rice University

I. A Japan-US-joint project was started to analyze IS radar echoes from middle
atmospheric heights which were observed at Jicamarca, Peru (12 °S, 77 °W).

II. The Jicamarca IS radar operates at 50 MHz, and has an antenna with a collect-
ing area of 8.4 x 104 m2. It consists of two superimposed square arrays of 9216
half-wave (3 m) dipoles; each antenna provides a beam about 1.06° wide at half
power width. For the present measurements, one antenna is phased to point to
zenith, while the other is off-zenith by an angle of 3.6°.

IIT. CW pulses of 24 usec width at 1 MW peak power are transmitted on both the
antennas at an interpulse period of 866 usec. The receivers are nearly matched
to the pulse width and the output is sampled in the in-phase and quadrature
channels at the 20 altitudes for each antenna. These samples are digitized, and
averaged (digitally filtered) over many successively transmitted pulses.

Since the signal fading rate is observed to be about 1 sec at the stratospheric
heights, the digital filtering is done for 0.4 sec. This process yields a sample
every 0.4 sec, which is used to calculate the complex autocorrelation function.
Sixteen time delays are calculated, giving a maximum time delay of 6.5 sec.

This gives a frequency resolution of about 0.07 Hz and a folding frequency of 2.25
Hz. The height resolution is limited by the pulse width and the receiver band-
width to about 4 km.

IV. Some preliminary results will be presented to discuss on the echo power, the
spectral width, the doppler velocity of the medium and the power spectra of the

deduced vertical and zonal meridional wind velocities.
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OBSERVATION OF JOVIAN DECAMETER WAVES USING 40M BASELINE

1-43

INTERFEROMETER

Hiroshi OYA, Akira MORIOKA, Minoru KONDO, and Tetsuro KONDO
(Upper Atmosphere and Space Research Laboratory, and Institue of Geophysics,
Tohoku University, Sendai 980 )

Jovian decameter waves are observed using an interferometer with 40 m base-
line that consists of antennas (see Figure 1) arrayed for the detection of the direct-
ional angle with respect to the east-west baseline and the north-south base-line. The
detection of the direction angle has been carried out using swept-phase circuit that
provides the sweep of the beam direction.

Observation has been started on Dec. 6,
1975; a series of data is obtained indicating
that the decameter waves are emitted from
Jupiter. In gpigure 2, the plot of the
observed direction angles are indicated
versus the local time Eor the case of Dec.6,
1975. The evidence that the decameter waves
are arriving from Jupiter is confirmed by

the coincidence between the Jupiter trajectory

and the plot of the emissions.

DEC. 6 1975

4 ELEVATION ANGLE—DEG.
Figure 2 5% 20 ' 1810
I L A I
Jupiter trajec- Sk, e ran
Figure 1. EMISSION EMISSION
tory and plots 0044 =l —seT |
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and the north-south baseline 00307
direction angle -
of the interferometer system.
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ON THE FORMATION OF ELECTROSTATIC SHOCK WAVES ASSOCIATED
WITH AURORAL ELECTRON PRECIPITATION*
Takashi YAMAMOTO
Geophysics Research Laboratory, University of Tokyo

We have shown that electrostatic shock solutions can exist under the
conditions which prevail in the high-latitude plasma sheet. The plasma
sheet electrons are energized by the shock potential and are assumed to
cause the highly structured auroral arcs. The most feasible shock models
in our analyses include the plasma sheet hot ions and ambient cold ioms,
an upward field-aligned current carried by the plasma sheet electrons in
the loss cone, the secondary and backscattered electrons produced by the
accelerated beam electrons, and the cold ionospheric ions. The shocks
have been assumed to be located at 2500-km altitude and the distributions
of secondary and backscattered electrons have been computed according to
Evan's model. The resulting total electron flux has a spectral character-
istic remarkably similar to an actual auroral electron flux, measured by
Frank and Ackerson (1971). In our models, the upward field-aligned current
is mainly carried by the accelerated primary electrons, but the plasma sheet
ions make negligible contribution to the field-aligned current because most
of them are reflected by the shock potential or the magnetic mirror effect.

It is suggested that these electrostatic shock waves might be
accompanied by potential fluctuations, whose amplitudes are of the order
of 10 eV, in the downstream asymptotic region of the shocks. The existence
of them is likely to be necessary for the formation of shocks, because,
without them, excessive charge separation in the shock region would be
produced by injections of cold ionospheric particles. The feasibility of
our shock models is also demonstrated in terms of "stability" to small

variations in amplitude of the potential fluctuations downstream.

* submitted to Planetary and Space Science
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LARGE SCALE CHARACTERISTICS OF FIELD-ALIGNED
CURRENTS ASSOCTIATED WITH SUBSTORMS

T. Iijima* and T. A. Potemra

(*Univ. of Tokyo, APL/Johns Hopkins Univ.)

Characteristics of field-aligned currents determined from the TRIAD
satellite magnetometer observations are statistically related to the various
phases of substorm activity. The results of this study include the
following: (a) The large-scale regions of field-aligned currents determined
previously by éhe authors (EOS, 56, 435, 1975) persist during all phases of
substorm activity; namely region 1 located near the poleward boundary of the
auroral belt, and region 2 located near the equatorward boundary. (b) In
region 1, during relatively quiet conditions (AL < 100 y) the largest current
densities occur near 1100 MLT and 1300 MLT with average values of ™ 1.5
uamp/mz. During active periods (AL > 100 y), the regions of peak current
intensity shift toward the nightside (the region near 1100 MLT shifts to
~ 0700 MLT and the region near 1300 MLT shifts to ~ 1600 MLT) and the average
current density increases to v 2.2 uamp/mz. (c) Both regions 1 and 2
broaden and move equatorward. (d) The current density in region 1 is statis-
tically larger than the current density in region 2 at all local times except
during the substorm expansion phase and in the midnight to morning local time
sector (the region where the westward electrojet is most active) where the
current density in region 2 exceeds the current density in region 1.  These
characteristics support the suggestion that the field-aligned currents in
region 1 are associated with the outermost part of the magnetosphere which
extends from the dayside magnetopause region to the magnetotail plasma sheet
and comprise a permanent part of the three dimensional field-aligned current
system during all phases of substorm activity. The field-aligned currents
in region 2 which are considerably enhanced during the substorm expansion

phase may be associated with the motions of the plasma sheet boundary.

= H9==




I-70 CHARACTERISTICS OF FLRLD-ALIGNED CURRENTS
AT SOUTHERAN HNIGH LATITUDES RY TRIAD
/}_5,\;( % 7;%/ ﬁ% F g -~ T.-A. Petemra
(7 ) (2222752 X Ry m )

The location, direction, and intensity of field-aligned currents corresponding
to a variety of magnetospheric conditions have been determined from the TRIAD
satellite magnetometer observations in the north and south high latitudes. The
major regions of field-aligned currents determined previously by the authors persist
during a variety of conditions, including all phases of substorm activity: namely
region 1 located near the poleward boundary of the auroral zone and region 2 located
near the equatorward boundary. At a given magnetic local time, the directions of
the field-aligned currents in regions 1 and 2 of the northern auroral zone are the
same as in the respective regions in the southern auroral zone. Therefore, field-
aligned currents appear to flow along the geomagnetic field from the equatorial
plane to conjugate regions in the north and south auroral zones as suggested by
Alfvén in 1939. When projected to the equatorial plane, the boundary between
region 1 and region 2 in the dusk sector coincides with the inner edge of the plasma
sheet. The field-aligned currents in the dusk side of region 2 map to the plasma
sheet, and their direction is consistent with the flow of electrons away from the
plasma sheet into the north and south auroral ionospheres.

When combined with previous studies by the authors, these characteristics
suggest at least two major sources for the large scale field-aligned currents. The
field-aligned currents in region 1 comprise a permanent part of the three dimensional
field-aligned current system during all phases of substorm activity and are associ-
ated with the outermost part of the magnetosphere which extends from the dayside

magnetopause region to the magnetotail plasma sheet.
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Abstract

The occurrence frequency of the tangential discontinuity(TD) was investigated
at thirteen interacting regions (the leading edges) of the solar wind, where
the each averaged value of the total pressure takes very much higher values

ranging from 3 X 10—10

to 12 X 10_10 erg/cc than the non-interacting regions
(the troughs or the high velocity regions, < 2 X 10_10 erg/cc).
The persent result that the degree of the occurrence is considerably
higher in the interacting region than in the non-interacting region was confirmed

to be consistent with our previous result. It was newly found that the occurrence

frequency at the interacting region increases when the strong interaction has occurred.

Numbers/2.27h.

37 IR 3

o ¥ v .
O S 10 IS

P (x10'%rg/cc)

The occurrence numbers of the TD at thirteen IR's (Interacting Regions) plotted as a

function of the averaged total pressure of each IR. The occurrence frequency at the NIR

(Non-Interacting Region) is the averaged number over fifteen NIR's. The two points

resulted from the Explorer 33 data are indicated by '"33' in the figure.
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]1_28 OBLIQUE MHD SHOCK WAVE (FAST MODE) (2 X 3
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H—49 FERROMAGNETISM AND SUPERPARAMAGNETISM OF LUNAR SURFACE
MATERIALS: CHARACTERIZATION OF THE LUNAR CRUST

T. Nagatu® and F.C. Schwerer**

¥ Nat'l Inst. of Polar Res. *¥U.S. Steel Corp. Res. Lab.

It has already been pointed out(Nagata et al., 1973) that the observed initial magnetic susceptibili-
ty (X o) is considerably larger than the ferromagnetic susceptibility which can be theoretically estimated
from the saturation magnetization (Is) for all lunar materials; The excess susceptibility has been atributed
to the superparamagnetic susceptibility of very fine particles of native iron.

The magnetic hysteresis curves of 14 igneous rocks, 4 samples of fines and 18 breccias of Apollo
11-17 lunar surface materials have been measured at various temperatures between 4.2°K and 300°K. The
ratios of coercive force at 4.2 K, Hc(-l..g), to that at 295 K, Hc(295), are plotted against the ratios of
saturation remanent magnetization at 4.2 K, I (4.2), to that at 295 K, I (295), for these lunar samples
in Fig. 1. An approximately linear relationship holds between He(4.2)/Hc(295) and Ig(4.2)/13(295) for a
wide range of the ratio, namely from 1 to 102,

An increase of Ig with a decrease in temperature represents the blocking of fine native iron grains
from their superparamagnetic state to their ferromagnetic one at their respective blocking temperatures
dependent upon their grain volumes. The magnetic granumetory analysis of IR values dependent on tem-
perature(Weil, 1954) results in a grain-size spectrum of the fine native irons in each lunar sample. The

results have shown that very fine native iron grains less than 100A in mean diameter occupy 5 - 90 % of

the total native iron in lunar materials.

The observed increase of He with a decrease of temperature is mostly due to a decrease of the
superparamagnetic component which negatively affects the He determination (e.g. Nagata et al., 1972),
though the coercive force of the blocked component of single-domain fine particles increases with a de-
crease of temperature, as represented by

He (T) = He (T=0) [1 - (T"g)1/2],

where T and Tc denote respectively absolute temperature and the blocking temperature, and He = O for
T2 Tc.

As shown in Fig. 2, Is also increases with a decrease in temperature , and the /relation between
Is(4.2)/1s(295) and IR(4.2)/1R(295) is approximately represented by [1s(4.2)/15(295)]°/2 = 1p(4.2)/IR(295).
The observed increase of Is with a decrease of temperature also can be quantitatively interpreted by a
fact that the superparamagnetically fine particles of native iron are blocked to behave the ferromagnetic
characteristics with a decreasing temperature.

It may thus be concluded that the presence of very fine native iron grains, less than 100 R in mean
diameter, is generally common in all lunar materials. Since such fine native iron grains can be very rarely
found in meteorites(e.g. Nagata et al., 1975), they would be special products in the lunar surface crust.
For instance the observed fact that the 1s(4.2)/Is(295) value amounts to 2.5 - 6.9 for eleven basaltic igne-
ous rocks whereas the ratio is only 1.03 - 1.43 for three anorthositic gobbros, among the examined 14 ig-
neous rocks, may suggest that basaltic rocks near the lunar surface contain much more abundance of the
very fine particles of native iron compared with anorthositic gobbros in the deeper part of the lunar crust.
It seems likely that the most probable mechanism to produce very fine particles of native iron will be an
effect of meteorite impacts which causes the vaporization of both lunar and meteoritic materials and their
redeposit in form of the very fine particles.
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