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I-15 FIRST SPACECRAFT OBSERVATION OF THE ALIGNED HELIOSPHERE
WITH THE MOST FLATTENED NEUTRAL SHEET

Takao Saito*, Kiyohumi Yumoto*, Kunio Hirao**,
Koichiro Oyama***, and Tomoko Nakagawa¥*
(*Tohoku Univ., Sendai, **Tokai Univ., Hiratsuka, ***ISAS, Tokyo)

INTRODUCTION Results obtained from the Sakigake/IMF observation until its closest
approach to comet Halley were already published in more than 20 papers. The purpose of
the present paper is to advocate an importance of the observed disappearance of the

27-day recurrence of the solar wind after the closest approach.

OBSERVATION Sakigake observed a disappearance of 27-day recurrence of the sector

polarity in April-May 1986, when the heliographic latitude of the sub-Sakigake point on

the sun was highest.

DISCUSSION Disappearance of the sector structure has ever been observed by Pioneer 11
in the last excursion phase of the heliosphere. However, the heliospheric neutral
sheet is deduced to be much more flattened now than ever, because of the two reasons:
(1) The warped sheet is affected by a flattening mechanism at ~5AU, while not affected
at < 1au, (2) Pioneer 11 was at ¢ ~16°, while Sakigake was at ¢ ~8°. Small discrepancies
among the Sakigake data with the Stanford neutral line data and the Toyokawa IPS data

are reasonably explained. The basic model of the heliosphere with the flattened sheet
is proposed.

CONCLUSION The observed result agrees well with the feature expected previously from
the two-hemisphere model on solar cycle variation of the heliosphere as shown in Fig. 1.
It is concluded that Sakigake is carrying out the first observation of the heliosphere
with the most flattened neutral sheet within the history of the past spacecraft

observations. The observation of the typically aligned heliosphere is advocated to be

important to study : _
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We discuss large-scale properties of interplanetary disturbance relevant to the ssc
of 0826 UT, March 22, 1979 (CDAW-6; McPherron and Manka, 1985). Solar wind speeds from
IPS measurements of 3C144 at Toyokawa (TYKW) and at UCSD are plotted in Fig. 1 with
spacecraft observations of the flow speed (ISEE-3 and IMP-8). On March 22, the solar
wind of 465 km/s with enhanced density fluctuations was detected by IPS observation of
3C144 at about 07 UT on March 22. This indicates that the interplanetary disturbance
relevant to the first CDAW-6 event arrived at the line-of-sight of 3Cc144 1-7 hours
before the ssc.

A phenomenological model of the interplanetary disturbance in question is determined
on the basis of IPS and spacecraft observations through the comparison between
theoretically predicted flow speeds and the observed flow speeds (Watanabe et al.,
1986). We assume that the solar source of the interplanetary disturbance was the
M7/1B solar flare (NO7°E05°) which took place at 1654 UT, March 19, 1979 after
Tsurutani et al., (1984). The predicted time variation of the observed flow speed by
IPS of 3C144 is given in Fig. 2 by a solid curve using the model for the plasma speed
within the region of enhanced density fluctuations;

Vp(L,B,R) =300(R/0.1)7%7 cos (L+30°) cos (B-10°) +420 (km/s)

where R is the heliocentric distance in AU (20.1), and (L,B) are the longitude and the
latitude relative to the earth respectively. The predicted time variation of the flow
speed at ISEE-3 is also shown in Fig. 2 by a broken curve. The flow speeds obtained
by IPS of 3cC144 during March 23-24 were markedly lower than those observed at ISEE-3 in
the same interval. To explain the quick reduction of the observed flow speed, it is
necessary to assume that the radial thickness of the shell of enhanced density fluc-
tuations was narrower than 0.1 AU near the earth's orbit and that the level of density
fluctuations behind the shell is 20% of the ambient level.

The approximate geometry of the interplanetary disturbance at 0826 UT, March 22
)(:,ssc) is shown in Pig. 3. The shell of enhanced density fluctuations is represented
TY shading. According to magnetic field observations at ISEE-3 (Zwickl et al., 1983;
og:rutani et al., 1984), high-level fluctuations of the magnetic field strength were
obs::ved in the shocked plasma, and the magnetic field with very small fluctuations was
e cgved in the shock driver with lower proton temperatures (Zwickl et al., 1983). It
int :cl:ded that the degree of turbulent state was higher in the shocked plasma than
is abe s ockodriver in this case. The azimuthal angle of the shock normal at the earth

ut -10°, which is positive measured clockwise from the anti-solar direction.

;“l:ghe:'ron, R. L., and R. H. Manka, J. Geophys. Res., 90, 1175-1190, 1985.
7 ir“ ani, B, T. et al., Geophys. Res. Lett., 11, 339-342, 1984.

wickl, R, D, et al., in Solar Wind Five, NASA SP-2280, pp. 711-717, 1983.
Watanabe, T, et al., Geophys. Res. Lett., in press, 1986.
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MAPPING HIGH-LATITUDE IONOSPHERIC ELECTRIC FIELD AND CURRENT PATTERNS FROM
COMBINED MAGNETOMETER AND RADAR OBSERVATIONS

A.D. Richmond!»2 and Y. Kamide2

lHigh Altitude Observatory, National Center for Atmospheric Research, Boulder,

CO 80307, U.S.A.
2Kyoto Sangyo University, Kyoto 603,

We have developed a new technique for map-
ping instantaneous high-latitude patterns of i-
onospheric electric fields and currents, field-
aligned currents, and magnetic perturbations
using simultaneous data from magnetometer
chains, backscatter radars, and (potentially)
satellites. The maps are particularly inter-
esting for examining the evolution of iono-
spheric electrodynamic features during sub-
storms and other events. This paper describes
the technique used and presents some examples.

Figure 1 outlines the principles of our
algorithm. The purpose is to find a set of
coefficients aj which, when multiplied by the
prespecified basis functions and summed, repro-
duces well the observations. A single set of
coefficients applies to all electrodynamic pa-—
rameters simultaneously.

The basis functions for the electric po-—
tential ¢ are orthogonal mathematical func-
tions created specially for this purpose, that
are oscillatory in latitude at high latitudes,
but are damped at low latitudes to reflect the
fact that the strongest electric fields are
expected to occur at high latitudes. The con-
ductance model, which in principle can be based
on information available from a variety of mea-
surement techniques, helps determine the basis
functions for the horizontal ionospheric cur-
rent 1. The field-aligned current J; is the
divergence of I, and the ground magnetic varia-

tions B are calculated from the three-dimension-
al current system.

A procedure based on the theory of optimal
linear estimation 1is used to fit the coeffici-

stallstical

model - ¢ &,
statistieat
dar —— = . modet
~ I3 E;x(Er el
eatallite > 5 \ 1S. radae
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data ftted Oued Iau‘h conductances data
Figure 1

ents gy to the data. We used 121 coefficlents
in the results shown here. In principle a wide
variety of data can be included to help fill in
the pattern in areas where little or no data
are available. We intend to do this as a future
development .

Figure 2 shows an example of how the algo-
rithm can be used to examine the temporal vari-
ations of high-latitude convection and currents.
Four times were selected during a disturbed
period in January 1984 (the GISMOS canpaign)
to illustrate the patterns during the main and
recovery phases of two substorms. Although the
familiar two-cell convection pattern is a con-
sistent feature, the shapes, strengths, and
orientations of these cells vary. It remains
to be tested how well the fitting algorithm can
reproduce the actual electrodynamic features in
regions where data are lacking.

+500}-

-+609)|

o 2 a6/o/?6 12 14 16
[JAN.

ELECTRIC
POTENTIAL

MAGNETIC
POTENTIAL

12
18 06

OOMLT

Figure 2



I-22
D E — 2 TERHI = 3 7= 9 X TR 0D RS U0 /R mE R

HOo B, ## ERX (HEXx®), J. L. Burch, J. D. ¥inningham (SRI),
N.C.Maynard (AFGL), B.G.Ledley, J.Thieman (GSFC)

BRAGEREOBTWBMO N X T H3ET,
DE—2XBMALLAMSB, B, 14 F

VI PRECHBREDTE Y (5 ESH) 1000 (52 S
. CTOILMBOTHMELFIFY T b
AEOHMOE W !5, AMHBER 2B, (a0 O //—"/\'\w‘,,l’\w‘_,_
29;;03@&79Xvﬁ&0ﬂ9-v -1000 5%
z— 3 rdbhoTEE. : ~
Ve (M/S) /ﬁ/\‘“‘ q‘"“»,__,-—' 1°
IR, ARINAREBTNF L OMN i ]
;ﬁ;%ﬁ%smtﬂ'%ttisﬁata,,i 1000 | ——t -2500
DTF—SDEMIcETR P s Tt A~
mﬂgﬁimb\rfgﬁjt;‘#ggg;i;z a8y inh 0 V‘N’V\-\,ﬂ"’ .
EORBIBRRRAT ko T BE S 5. Ry 1"
B, EROXEz2 08 H@ A7 O INF- E
By A AN Lk DR L 12D L v/t AT °
R AN S s e n o T &, 2500 . -100
V00 RE, EMES z, Ve iMsS) O
<atrmaozx73§(;ﬁm§kﬂ;ﬁ ( F e ]
oREORATRE (RAEEL), Loa -0 '
=T =k ¥y TORRNMS 5 bR . i 0
VDB Iz, By v BIEDOF M AT agyinm —
Erﬁﬁkbtson—ava.womﬁ 100 \ . -1000
&mmbs"'- Edm&n2o0y — b & i ]
PTRNI D27 Rz, £iE, EME Ey (MV/M) -0 —
rgmﬂwﬂamwamxgu.:oﬁtm o 2500
ﬂgsz&aakarbrnanxrﬁ% e
FLREORRADT S+ RH T 52 s — 0
LRE&RW., 2, gammon 7R !
!;:Na‘. &Y Sregion 1LALMETHS . ik p— i
S, ThET, cheD2opRBMN oA 280 299 323 354 ass aze
R RmgonARSRCEMSN. Fs  wm g e s o
R WD H ; ILAT (DEG) -56.4 -65. -73. 73 -62. -48.
B?m&%awn&i??%%?éﬁi?
TI-¥ v wTORRMIMBK LD L T L
DELT, 9X7RELBAT W3 DHIE
tAYTH 3. HERTCBEBMZIAhAETF~yooH. AB, E, VvV, X,
ThELBBEH, BB, «F o FY T hEEEET.
BIDBOMBER o wT b@ms L, AB, EOBHAIR, DE—20£TH5E% X #,
:hi?l:&agnrhg,gggggfgm EMEx2Y®HELEEFER, VOSBRI, TXT
Dﬂﬂﬁ@lf&—ytm&u%ﬁa_ FOHMEEEICL>TWS,




[-23 REGTON -1 BIRKELAMD FhZ.
e B
2 pg | TreT R
(%j(;i’;‘ﬁz?) WAR 15 1380 _(North Pole)

A?—ﬁj‘% NACTSAT A %‘Tﬁ'} A7 mg‘ ) I=
%ff.%t?yﬁ}ﬁ R SFES =R E ?;{
kE e, Re;m 1 Birkeland R %
o BEFY Y F47F < 35 33000 FiBk
2 -TLRIER

° }‘(i2$§ B}»ke&lmf @ffﬁ‘,;: 1z X >9 io

J= y%:&% g : 1 3)4/_17,})3&!?&;:’;: € )}y\k;: Dusk

~
@

8
8
8
3

i

g
E

HAR 15 1980 (South Pole)

ek 33 MBYBRE + Regin 1 2R 1w
7 L --—-—"’f\\\\,,—-\\‘/r"-“-____.__§i‘
;7]; 401z Aawn-olush J;;a--fg)ﬁ);i{ N
/ D -——————4’/ﬁ\\Q\‘,____~___\\///f\\\_____§§
7% T Ay )Z{:g;; /?ej«‘ﬂu 4+ Repima _/\M\/Q
4 ¢ A\
* INp B0, 2ehm g E T
N))iqﬁ@bv):}@ﬁfwl/@dﬁln 1j3se < M
I+, 82<o 7 J@”gz 1?»('}«%»»33&, — ~—_ [ —2
/Q‘j»‘c'n 1+ k%ma v JRsta4, N

’ f‘: [; 2y UM FRMAZ N 8T (4 79

W 2 Mau® 18,19, po IBa)<I,

[Byl<1, Ba3-4 wT )iz F32y
Mhyz B0 ez whpy cap BRI
(25w Dy Tomrs, 1996) 953
Reion 44 Repin 3 i 2074
’Ié.\q g.%‘é 39,

- BPH Al M ’53?53;: P'gmz L 24

V't RREPE Borketand B In 4B
Ja 125 3% yaa,

BBENS CURRENT INTO IONOSPHERE
CURRENT ANAY FROH SONOSPHERE

— 23—




I-24

RO MBI oM iEEE (2D
— FB2AEEHRIISE T OB 22ER —

RHERE (KB AFHEER)

MAGSATORHRBALRERBBT -2 2AVWTRBIRBROMHBBEVAANR. TR CHEME
hBaRT—ARIPNVERDODIE, ARIPMIVEBOBFREIZIBRINZ VIR ENAL Mo iz,
NRI—OHRHERYEDLDFAADEI L, THOBRABBORENBERBIABM IS A oE KA E (B)
TH2LBbh3s. RBRHIBRVRAORBEN. AL _HEKEDY C Hasegawa and Sato(1980) ok YEHh
2 (1) ATCHRFUKI LT 2L, REWCORRRENVBEOARI PV ERET I LI &Y YORE
BBORT— AR P AR EZLEIN, ZUTEMNERBFEMRLIERT S 52212 (1) Ko ¥YoRAN
EBRTHIOPMAICLEMNE (BTIEBA) Fo. BLREAN = XALAXERTHERB HMBHR
DARINNVEBEIOIBABMISATOARARI M VERET S L DbHIRD. WIB. (1) Rk, AD
(BEAWESS X<@a#) LHH (RBIRBAMNEAE) OMO—RO T WE—L ART = L AWHEDS.

= BS(en/B- 4/dt(Q/6,)-(Vp, X Vn) + b/nB2 + Q/w | +n/B2 (4V,/dt X Vn) - b+2/B21,- VB) a1,
L. Q@ = VXV, (1)

LAL. BRMIBBRRSARBELTVWILEALHIBAN (F3 A2 —F. BEAEBKAF) 0SS5 A2k
ARBELVWIRAIS. RLTVYOREBEALELTWAIIBAREHBOLRF—3MFEMBE S FT VEVWEDT
53. SEARFEMD KExplorer3BR I VPE T EBBFT—2 (5BHM) £ AWT. HIRICHBMHEVER
(2RI TOZHORMENA . ERELEVWEAYCEDOINACSATS L Z R Y. BEXhELZHsr B
MEEILMBEIBYERTERNC L, X, REEMHL TS XATOEEZBHORBEAIRNM TRV LY
SERMEENL2 N, BMECLOMBECOTESLEELTRAT 3Ltk YVARNBBIIOWTOD
BAODERD I L AR LB ELS.

TARRTETHORC LY., Brd RLHEBREHFO S S ATy — FEIERICEANHRL . 8K
E2BOOBEEFAA2y, AROBUBABERAAM VW TLERAS, ZUNEESELTHY. BHMHICED
RIVARRYY o TWBLT 2L, O LRENIRADP RV AS VI LEREIKL, (1) RiRITS
VPORSAMATEZVILERLTWSE, Ehl. BERNDORRI bV (HABRAENSHBED AR b
VEBIBR?) iic. RBRABORARY R (VPO AR MV EVEEBIHRRKR?) 23 LHENH .
?a?‘trsysanenko-UsmanovkJ:%ﬁﬁtﬂﬁﬁ-’ﬁ?lb&mb‘f&ﬂl@ﬁ’fﬁ’éﬂ"f’:ﬁ%&%ﬁm?(b
*lorer3WHF -2 D ARy FUEHKERERLVERT 3.

NOV. 25, 1966 (DAY=329) E'XF’. 33 SH ol
X My U N
S
L
T ’“Aﬁ
S R Tl
- :
w1 by J
% night-gide I——ll
< | P.S. \M: i
""‘V"‘VL day-sidp
e e 0

18
“6-9. -1, b (5. 1.-6. 4.3 23 [
. 8. 1.2) t6. . -6.0.2. 8 €13, 2. -

Explorer33 L 2 MBHUNT—20—8




1-25

Particle Acceleration and Field-aligned Currents

¥ ok « sl oo

Tamao, T.and Miura, A. ( Geophys. Res. Lab., Univ. of Tokyo )

We shall present critical discussions on origins and carriers of field-aligned
currents { FAC's ) that are connecting the magnetospheric current to the ionosphere in
some limiting cases. As FAC is the relative bulk motion between electrons and ions
along a magnetic field line, we generally need to solve a field-aligned dynamical
problem under the accelerating parallel electric field for its determination. In other
words, we must look for the maintenance mechanism of the accelerating electric field. A
solenoidal current condition requires,

divjy =-div(jje) (1)
where & is the local unit vector along the field line. The positive divergence of the
perpendicular dynamo current in the magnetosphere means the accumulation of negative

space charges that may be discharged along a field line as the upward FAC. The
followings are critical points to be distinguished :

(i)  There is no constraint effectively in moving of sufficient numbers of cold electrons
( their thermal speed is less than the Alfvén speed ) along a field line so as to neutralize
the produced space charges by the dynamo current. In such a case, the FAC intensity at
the foot of the field line can be determined by making use of eq.(1) without solving the
parallel dynamics, if the spatial distribution of the perpendicular currents are given. A
typical example is the case of the localized shear Alivén wave accompanying FAC's,
which are connected to the perpendicular electric field through the wave conductance,

Zy =11y Vp, and given as j" = +Z,divE; with the associated parallel electric field,
E|/EL = (ck l/mpe)2 (kD) A1+ (cky Icope)2 ). (2)

(2) In another limiting case where the amount of energetic electrons is not negligible
in comparison with the cold electrons, a significant potential difference along a field line is
supported by some mechanisms such as the magnetic mirror effect, anomalous resistivity,
and double layers. Thus, the acceralated electrons, which have transited from one end to
the other of the field line, are carriers of FAC's that is proportional to the FA-potential
difference and is expresed as

j" = tenvg th [e(®;-Pp) el 3)
(3) As to the perpendicular dynamo currents for the space charge production in the
magnetosphere, we have the following classification :
a) the eddy part due to the inertia and viscous currents
“div (Jinertia + Jvisc) =13 +veV +divvg -v;sV ;2 1(pQe/B), (4)

where Qp = &rot vg is the flow vorticity and vg is the electric field driit motion.

b} the finite pressure part due to the grad-B and curvature currents

div(jg + Ic) =B26&(VBxVpy) + [(py - P)| )B2VvB + By Pl (€xKe)  (5)
with K= &Véis the field line curvature vector.

The vorticity equation derived by the substitution of (3) - (5) into (1) means that
introduction of FAC's connecting to the ionospheric current is the dissipation process for
the vorticity while the dynamo currents, i.e., the viscous, grad-B, and curvature drift
currents, are the vorticity sources. The inertia current can't support the FAC because the
vortix is constant along a stream line in a stady state.

(4) Inthe low latitude boundary layer, there are the sunward component of the grad-B
and the tailward curvature due to the Chapman-Ferraro current whereas the gas pressure
increases radially outward. From such situation we may expect the negative charge
production ( upward FAC ) in the afternoon and the positive charges in the morning.
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Latitudinal structures of discrete arcs are modelled as a consequence of
the quasi-steady magnetosphere-ionosphere coupling involving viscous
interaction between sunward and anti-sunward plasma flows in the
magnetosphere, The quasi-steady state in the magnetosphere and ionosphere
coupling is described by current conservation in both the magnetosphere and
ionosphere, and the current-potential relation assuming adiabatic electron
motion along field lines. The upward and downward field-aligned currents are
assumed to be stably maintained by vorticity-induced space charges in the
region of plasma flow reversal, where divergence of the magnetospheric
electric field E;L is negative and positive, respectively. A specific
relation between the dc field-aligned current density Jy and the
magnetospheric electric field By, is derived as J, = Zgcdiv Epy where the
effective conductance Zjhc arising from the anomalous viscosity is introduced.
Sufficiently large potential drops to accelerate auroral electrons are shown
to appear along the auroral field-lines originating from the flow reversal
region with div E;J_< 0. It is shown that the latitudinal structure of a
discrete arc is primarily determined by the magnetospheric potential structure
and the characteristic width is on the order of 10 km at the ionospheric
altitude. The multiple inverted V structure is modelled as a result of a
superposition of the outer potential structure (width » 100 km) and the inner
potential structure (width £ 10 km) in the magnetosphere. The upward and
downward field-aligned currents are produced from vorticity-induced space

charges associated with the inner potential structure.
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Faraday cup which was installed in SAKIGAKE is continuing the measurement of solar

wind for about eighteen months, since it was launched on the 8th of January 1985. Here
we would like to report power spectrum of solar wind parameters which was analyzed by
means of MEM(maximum entropy method). The data gap is one of the problems in this power
spectrum analysis. The data gaps were filled by taking the linear interpolation between
two points. This linear interpolation can be applied to solar wind velocity, but not
to ion density, because density does not change linearly but roughly exponentially.
Power spectrum of the solar wind velocity is shown in Fig. 1. Its main peak |is
located at about 0.037 cycle/day, that is,nearly a period of 27 days, and decreases to
lower frequency after Feb. 1986. We have also calculated the power spectrum of solar
wind density and temperature in the same way. Density spectrum is similar to velocity's
one , but it has peaks around the higher harmonics (for instance 13.5 and 9.0 days). On
the other hand, the temperature spectrum has not conspicuous peaks, but it has a weak

peak after Feb. 1986, even when the other two parameters have not eminent peaks.

Fenlmoré et al.(J.Geophys.Res..83.N0.A9,4353-4357,1978) presented the power
spectrum of the solar wind speed. The peak around a period of 13.5 days is higher than
the peak around the 27.0 day's period. This result 1is different from ours.

In order to find out the geomagnetic relationship with solar wind, spectrum of the

geomagnetic index, KP. was analyzed in the same way. Behavior of Kp index is similar to

that of solar wind density rather than velocity. This might be quite reasonable when we

think that P=‘!2-Npmp\)53 is mainly dominated by N,.

To study the relationship between power spectrum, sun, and heliomagnetosphere is

our future program.
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Fig. 1 . Sample : KH68-4-18. 3He—flux is plotted against the age
of the core. 3
2 . Sample DSDP Leg 73-site 522. He-flux is plotted against
the age of the core. Data with arrows indicate a maximum value.
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NUMERICAL SIMULATION OF THE THERMOSPHERIC DISTURBANCES WITH COUPLED DYNAMICS

AND COMPOSITION DURING AURORAL ACTIVITY

The zonal averaged dynamical and compositional
change in the thermosphere in response to
auroral activity was simulated. The simulation
was done for a period of the Global Thermo-
spheric Mapping Study project.
. Thg time variation of auroral activity
is given in terms of the estimated hemispheric
power input due to particle precipitations.
The Total Energy Detector which is being
flown on board the TIROS/NOAA satellites
monitors the energy flow into the high latitude
atmosphere carried by precipitating particles
(ions and electrons) within the energy range
300 eV to 20000 evV. A technique has been
developed by D. Evans which uses the energy
flux observations made during a single pass
to estimate the total amount of particle
energy going into the atmosphere over an
entire auroral hemisphere. These estimates
of hemispheric power input play the role
of an activity index replacing the traditional
magnetic activity indices.

> of the particle energy deposited into
{;he ionosphere in the form of ion production
1S recovered by the processes such as ion-
electron recombination going into heating
the neutral gasses. The major heat source
for ‘the neutral atmospheric disturbances
1s, however, from the resistive heating due
to Joule dissipation of ionospheric electric
Currents. Aall the parameters such as Joule

ALTITUDE AT 60 OEG = 335, - 456. KM

7w it F u)) T ﬁdlu‘kowcll,m.p. Evans?’

Y NoAA , &) Ynive Cofleye Lomdon

and particle heat inputs have been used as
the driving inputs to a time dependent calcula-
tion of the thermospheric response to the
auroral activity.

Ionization and oconductivities were inferred
from the statistical model which was constructed
by using the data base of TIROS/NOAA particle
observations. The statistical patterns are
ordered by the estimated hemispheric power
input. The analytic model of the ionospheric
convection electric field which was developed
by J. Foster and J. Holt from the ion-drift
measurements by the Millstone Hill radar
was used. The electric field is also ordered
by the same particle power input. The numerical

thermospheric model of T. Fuller-Rowell (1984)
was used to simulate the changes observed
in temperature, wind and composition (0,0,
MN2) .

The major conclusions are as follows: the

auroral heat inputs strongly intensify the
thermospheric temperature throughout the
region above 200 km; although the mixing

ratio of atomic oxygen decreases above the
heating region because of upwelling of the
molecular-rich air, the number density of
atomic oxygen largely increases. It has been
found that the simulated exospheric temperature
is in good agreement with the exospheric
temperature observed by the Millstone Hill
radar (provided by W. Oliver)

T. 3. Fulln—Rowell , J. Guophys. Res. , 8F , P297/, 178%.
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I-41 Z-mode Observations with the DE-1 Satellite
K. Hashimoto*, W. Calvert**, and R. Huff**
*Tokyo Denki Univ., **Univ. of Iowa

The Plasma Wave Instrument (PWI)! on Dynamics Explorer-1 can measure both
polarizations and propagation directions. These measurements are obtained
from the correlation between two of three sensor signals, chosen from among
(1) a 200m tip-to-tip rotating long-wire antenna perpendicular to the spin-
axis (Ex), (2) a 9m tip-to-tip tubular antenna parallel to the spin-axis (Ez),
and (3) a loop antenna méasuring the wave magnetic field component parallel to
the long-wire antenna (Bx). Depending upon the pair of sensors used, one can
measure the polarization (right—handed or left—handed) from Ex and Ez, the
propagation direction (up or down) from Bx and Ez, and a combination of these
two (right-up/left—-down or right-down/left-up) from Bx and Ex. Wave arrival
directions can sometimes be measured using the Ex and Ez configuration.2 Such
obgervations, including simultaneous spectrogram and polarization results, are
being surveyed for Z-mode emissions.

Z-mode emissions are commonly observed in the frequency range from just
above the plasma frequency cut—-off of whistler-mode hiss (fp) to the cyclotron
frequency (fy), within the regions where fp < fy. Also observed are the
Z-mode emission seemingly associated with the ordinary-mode (left-handed) au-
roral kilometric radiation, just below fy and near auroral field lines. In
these cases the Z-mode waves are right-handed and upgoing. Although the
Z-mode emissions near fy may be »generated by a mechanism related to the cyclo-
tron resonance, it seems unlikely that the Z-mode emissions sometimes observed
near the plgsma frequency at less than 10 kHz are generated in this way.
References:

1. s. D. Shawhan et al., Space Sci. Instr., 5, 535, 1981.
2. W. Calvert, Geophys. Res. Lett., 12, 381, 198S.
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Nb=e1ectron density at a base level
Q =Eogxp(-Z/H)+EHe+exp(-Z/HH)+EH+exp(—Z/lGH)
, Z=(R—Rb)Rb/R

Rb=base level measured from the center
of the earth

EO+’€He+ and 5H+ are respectively
the relative composition of oxygen,
helium and hydrogen at a base level

F =latitudinal modulat%on factor
=1+dexp(-{(0 -60)/81°]

a =enhancement factor of a duct

B =half invariant latitudinal width of
a duct

O¢=invariant latitude of the center of
a duct
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DIRECTION FINDING IN THE OFF-EQUATORIAL REGION OF THE MAGNETOSPHERE
AND INVERSE RAY TRACING OF HALF-GYROFREQUENCY VLF EMISSIONS

gEL%’ mEnet sa & 2miE+"?
Hiroyasu MUTO Toshimi OKADA Shin SHIMAKURA Masashi HAYAKAVWA
P ERALERBRA ‘ tHL oo gome T 4 g
Research lnsti'tuf.e= of Atmospherics, Nagoya University _ Chiba University
1. AN

BRABMFLECTD Half-gyrofrequency VLF emissions @ direction finding (77 I §&E) M.
BLENRCEISZ OF—FRBESOTIHTbh """ ZTOHR. ZDEHIE oblique resonance angle
(H#mA) KHEBWEY vave norual angle TREULU TWV S Quasi-electrostatic whistler
modelf (MPBE) THI3T &Rk, ChO>ORBIFRLEHESE., WAWE. a3a—0LF -7
5ATE, +HRBERFU (B ORa-2%) ERODOKRY P TTXIEDDSRDI 2K
RTIXITOPREBFRXEHLIIRERBERERU k2

BRE®D off-equatorial region W HBY 3T h > DH D wvave normalF B ¥ WDOF(wave dis-
tribution function) DWW W. LELAHE. HOREMABMFBAFEG TS 3 & 2HEY
ZTLBHEILEOLDE ZTOHROKOBABANTOEMETA NS C &ENHR HORE R
BROL2UBLEPEATIORED THET H 3.

2 . GE data

EHRTE 197T7TE9AI19B L 108 1I2HBD 2 Ble W THEBGENS] THiMTh 2 HSBBSEIU
RUOF—-ILBESTWVT. off-equator I B 3 VLF emissions @ wvave normal AM@ & VOF @
RERT - k.

HBig. BRCAVEAHEDODANI PALEFRY. S53BETEORAFEHEHRELT. LDODNYFET
ONXIYFDOR->-TLVWEIBIEPFIL LIS COXF+ Y TRAZEFHUIREHAKR TOY v+ A OFAER

D 1/2 €5 3 3.
23 .

bx BV E A vk B0 o OB B E
t | , . ;

. 10 '20 k] <0 “ﬂ;.
B 1° A spectrogram of-the September 19, 1977, event. The

datellite attitude parameters are 1148:13 UT, L = 10.00,
MLT = 34.04°. The local electron gyrofrequency and gap
frequency are 3.490 kHz and 1.32 kHz, respectively.

DFUBXKIYIOE—iEKL3 VOF analysis EALTIF- k. TOFR BRISZHEL

B, 6 (BebhEtORTA)I W 0,0 REVETZRHHBLTL S, —FH. BRIEFHIFL
HARE 0 & 0+4s EDBHHISTHB20APREABTBLTOLIENNR DY, HENGFHEGDH
Bgntusalﬂ‘&l:mﬁ'zmm%%t‘?bl"Cé’Cfo"h BARCIBE->-TEMT I WIS ERBER
RWZ o 3.

$hoETl. RMREIEASOABEMAV T VOF analysis 21T o T & kb, AHR T Rk
“ 3 ray tracing & @B & » 5. gy RoMEELAVT. AWK FT S ambiguity 2®RDY

BW R,

- lnverse Ray Tracin % D i i

ChETOHRED. off-equator TH Pl ¥ h 3 Half-gyrofrequency VLF emissions & ®
AFKAGTRELLOON, ERULUTERLRDDTHILEFTAS>h 3 oH. off-equator To DF
data 2 MF—F & LT. 3KXTD backward @ ray tracing APHRME@ET T FEGMTO
REEBFHONMEBT RROBRAOXBRBERE LLET 3.

UXM] (1) Hayakava et af., J.Geophys.Res. 89, P.2811, 1984.
(2) Ohmi and Hayakawa, J.Plasma Phys., in press, 1986.
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PRELIMINARY REPORT OF JAPAN-AUSTRALIA MAGNETIC CONJUGATE OBSERVATIONS

K. Yumoto, T. Saito, Y. Tanaka, and K. J. W. Lynn

(1: Onagawa Mag.Obs., Tohoku Univ., 2: Res.Inst.Atmos., Nagoya Univ., 3: Elect.Res.Lab.,DRCS)

our understanding of hydromagnetic wave generation and propagation mechanisms
in the magnetosphere has greatly increased over the last few years. Statistical
studies show that the period of low-latitude Pc3 magnetic pulsations is strongly
correlated with the magnitude of the IMF while the occurrence rate depends
on the oriehtation of the IMF. It is generally accepted that dayside Pc3 pul-
sation energy at low latitudes is associated mainly with upstream source waves
in the earth's foreshock. [cf. Wolfe et al., 1985; Yumoto et al., 1985, J.G.R.].

From the Japan-Australia simul&neous magnetic observation during 1982-1984,
low-latitude Pc3 pulsations are found to have complex polarization character-
istics. We recently proposed a possible model to interpret the polarizations
as follows: The compressional Pc3 source waves propagating from the outer
magnetosphere can excite a standing field- line oscillation near L+~ 2.0,
and further arrive at the lower-latitude ionosphere. Rotational Hall and Pedersen
eddy ionospheric currents are expected to be induced by the standing oscillation
and the inductive electric field of the compressional wave, respectively.
If these current strengths change periodically in time and the current patterns
move azimuthally, produce magnetic variations on the ground show suitable,
elliptical polarizations similar to the observations. However, despite the
improved understanding of hydromagnetic wave phenomena at lower latitude, we

still have not specifically identified the mechanisms which transfer wave energy
to low and equatorial latitude.

In order to stimulate both our theoretical and experimental research in
this area, we are now carrying out the Japan-Australia magnetic conjugate observ-

ations at Asahikawa (L~ 1.55) in Japan, and Birdsville, ie., the conjugate
point of Asahikawa, Dalby (L ~ 1.55), and

~ . . . e, o
Adelaide (L~ 2.1) in Australia during . . ‘Mgfsahlikawla .
July 20 - September 16, 1986 as shown in £ - 30°
Figure 1. The Dalby and Birdsville pulsation w M‘“
data will be used to examine azimuthal § i m%d}i&“g#{"“
movements of the ionospheric current pattern. 8 | 0|'~' =
The Adelaide site is 1located at the same ﬁ Q O IR .
meridian of the conjugate points, and at g "9-:1'" . oeen i ve
the foot point of the standing field-line g -.{ ) atins
oscillations near 45° magnetic latitude. In % J ﬁ'ﬁi e |
the present discourse, preliminary results 3} 3:"7,&,; ‘.f, soofy
of low-latitude Pc3 and Pi2 pulsations, egq., 2B et - S o]
occurrence characterisitcs, will be represent- g ru's .
ed. We are planning to carry out the Japan- {‘,’ . =30°
Australia multiple conjugate observations at ( 4:%*«,.
yamakawa (L~1.18), Asahikawa in Japan, at _t
parwin (L~ 1.18), Birdsville in Australia,and, .
if possible, dip equator in the next year.

1800 210° 240°
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AMOUNT OF CLOCKWISE ROTATION OF SOUTHWEST JAPAN INFERRED FROM

AN APPARENT POLAR WANDER PATH FROM SOUTHWEST JAPAN SIRCE 100 Ma

W % — ME  HH
G 7P K-58) EBck-x)

Paleomagnetic measurements have been carried out on the '
welded tuff ranging in age between 58 Ma and 116 Ma from
Yamaguchi and Go river areas in central part of Southwest Japan.
The new results are used together with those of younger igneous
rocks published previously to define a late Mesozoic-Cehozoic -
apparent polar wandering path (APWP) for Southwest Japan. In
comparison with the APWP of Eurasia, clockwise rotation of 56? .:l;
4° about the local pivot at 134°E, 35°N is required for
Southwest Japan to reconsile its APWP to that of Eurasia. . The
clockwise rotation occurs in only one phase between 20 Ma and 10
Ma. Southwest Japan is also rotated more than 40 degrees with
respect to Korean Peninsula. The large clockwise rotation of
Southwest Japan implies that Southwest Japan is rotated by an-
opening of the southern part of the Japan Sea, which widens
northeast ward (fan shape onening). The tectonic feature of
Southwest Japan and Japan Sea is analogous to that of
Corso-Sardinia and Ligurian Sea in the Mediterranean, indicating
that the fan shape opening is a result of the rifting of the

continental sliver at continental rim.
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NO mixing ratio (ppbv)
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Yyear change in aerosol content was influenced by volcanic eruption of

Mt. E1 Chichon (spring 1982, Mexico) and variations of s;tr‘atospheric
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spring 1983 even though the effect of the volcanic erdption was hlore
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Kyoto meteor radar has been almost continuously working for several years collecting a large
amount of data relative to meteor height dynamics. Among various atmospheric waves delineated from
the data, we are interested in waves with a period of about two days in the mesosphere. The wave may
be a free mode of the atmospheric wave which is excited below but reach the thermosphere, wherein

possibly producing a dynamo action. However, details remains unknown as yet.

It is now found that the period varies, increasing from 2.2 days in early summer to 2.0 days in

early fall. In some summer as in 1985 the activity remains very low. A comparative study by Kyoto

meteor radar and Adelaide partial reflection radar suggests that the wave amplitude is much larger in
the southern hemisphere than in the northern hemisphere while the phase is fairly consistent with that
of an antisymmetric Hough mode. Generally, waves with a few day period seem to contaminate daily wind
observations of the mesosphere.
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m—-—e65 Reflection and scaltering of VHF radio wave
in the troposphere and lower stratosphere

Toshitaka Tsuda, Toru Sato, Shoichiro Fukao and Susumu Kato

Radio Atmospheric Science Center, Kyoto University, Kyoto, Uji 611, Japan

By wusing the fast beanm steerability of the MU radar, we have studied the
characteristics of the aspect sensitivity of the VHF backscattered echo power in the
tropospl_\ere and lower stratosphere. The tropopause clearly divides the altitude
range into regions with and without large aspect sensitivity. In the stratosphere,
large aspect sensitivity occurs in the entire altitude region,. and is clearly
correlated with the echo power received in the vertical direction. From
investigation of the Doppler spectra, it is found that the aspect sensitivity of the
echo power is correlated with the zenith angle dependence of the spectral width as
shown in Fig. 1. Fairly large aspect sensitive echoes are also received from
Intense scattering layers In the troposphere, although their time-height variation
Is large. DBecause of the large aspect sensitivity of the stratospheric echo power,
the effective zenith angle of the antenna beam is smaller than the bore sight angle.
50 that the horizontal wind velocity can not be estimated correctly from the radial
wind velocity measurements done at small zenith angles. .

Fig. 1 Zenith angle dependence of P. (a circle) and 3 dB spectral width (a sq.ua"f)
gf the Doppler spectra averaged over 30 min., where 1 is the zenith angle thg
egree. ~Note that the vartical axis for the spectral width is plotted Iin

veverse direction. (a)-(e) correspond to stratospheric echoes, and (f) to @
tropospheric echo.

3 0. B-20p- 10 <
] = 6 } [ 0
- hed -~
& 2 ® {2z
(=] =] [=] a
Fai = S 1 =
w - w i
g g ¢ T'E
- Iy - - 1 g
é 6~ é -50 +— 16
0 2 46 810
_ ZENITH ANGLE (deg.)
@ o _;_’ 5 _20 ..... + 0 B
g B g 5 - e) ] 3
{
2 2 & -30 12
= E 5 1’E
Fa] =
wl w )
4 -4pp-"m, 14
= - = T .-a E
= L “%-.p 4 8 ot - . ]
o 5 & &
& -50 ottt O -50 6
0 2 4 6 810 0 2 46 810
ZENITH ANGLE (deg.) ZENITH ANGLE (deg.)
8. 0~ 3-0p—+rr 05
= -20 = wi'E
7] 2B & i
5 g e,
a -30 2 E : -0} g g-n--® E
2 = 7 T 1=
w - 4 w -40% 14
g 40 \‘\ r.".—‘. E E -4
[ed - n” 1 g -
- ——t—t — + B 5 -50 bt +——++6
g5“0246810 0 246 810
ZENITH ANGLE (deg.) ZENITH ANGLE (deg.)

—191—



M U L — % — T ] My = I B
X I RSl - AR JE PR . & — 0D h 2 ozZE Ak

mA®BE - kKHBHR' - FRE—M2 - BHKK? - EHET?2- MBE?
'TRK - L PRK - HBRE

VHFL— ¥ -l THBTLAITI-E-BHLEBEARLLISL Y —HROEH
DIy —NLOMIKFERES (BrageitA) CEBAT 3 EH T sh TS, ke T2a2-HKE
DXBEAKGUHEE2RPT 3 LHREAAFAMHM»SOILII-LT>DVTUEHARFOBBELHZ X & h
TWw3, —fH., L= FROLE->-TH>hSAE--BE - BZEoBET2T >
ALV HSEHORBIFEOIRERDAICEDTETH . COBEFRAKRDreflectivity
HBA3VUERPFRUEHEUFTTSIBBETALNEEILTVS BAEMUL—-FY—-R &
THEBR - ABRETHHNEILA LI I~ OHEELEZASODEFLEMOTREILVTH k.
TOHERLECODLWTHET %

EM1w1 9856 HULHMAIh LI - LrEFIOGETOT 740 2HE
LhrtDTH 2. BLRLAFAOONIZI IO F - IYREBBEFLERLVL—-_HERLTL 3
COHEBLEHF LAV ELIA-BELI->TEYORF LB ELIEETE 3T L ILR 3.
2O EHU. HNEEAAPHNROGELSIBERETCEISZIILETH]RT S, 2 &b,
COMMOMUTRLEETHENTEBRBRL TWE I ENIEFTTEZ, MUL - —23RBMN
PR -BTEHSEIERETCHELERIRIT--TVS32Ehs, HEBRAOHBRL > VWTOR
ERF—98HBoh3b0LMETES Th Ta-BEOEHR LIBLIESDVTD
BEE2MWMABZFETS 3

05-JUN-1985 2100LT

(Az,Ze)=( 0, 0) (Az,Ze)=( 0,10)
[ IS ST T T N T S RTINS N W N S S
i 5 1 B
; 20 - — ’U\’ 20 — —
~N ~N
E - - E A -
- i —_— i
o g I
(&) i | (o] i »
W 10— - Ww 10— -
st I - ] |
i 1] ] i | T T I T T T l T ¥ T i
-40 -20 0 -40 -20 0
POWER (dB) POWER (dB)

B 1 KEAMEIEXRAMLI OEAMOLE —A(F)O T a—-BEDOSETO Y
fh, BHMEIZBEELHEL TS 3, Mhb@BUY/YFOF -4
K » o M E

—192—



m—-67
MUL —% — 12 & %ﬁhla‘%ﬂiﬁ%@ﬁwﬂ

ME ' AN BER'-FR BB kE Feomm GE2 MK EC

'HBAFEIYEME  HEBAFHSIERBEODEELY Y —

MUL—-¥%—%2BAWEdiaEMNH . xﬁcasﬂmawmat#‘t“ﬁi’i‘igi
DHADBRIMTE S, COLERAITI—-—DONT —ANZ b L Q- BB aET
iﬁ{tﬁiﬂﬁlcmﬁ‘t%2905—9&§#O©0t’35"°‘J”‘L’w‘l’puﬁﬁ zhid
B VR LB TR BOBELAT =Sy b ARBEIR BT ENE S L0
#-’ibhk?ﬂﬁ.iﬁoaz:ﬁaﬁo):n—%vxosnruat%%i‘“"%b{génaw
Rllroman e xRARNPEIOII-OANY P ABSEHSEANR BV
T ECANEHYSEMAO A NTVERNARNAS -~V ORRBEE LD
I-THB3rbBFroh 3, AWBECW. 198656894 BOHTE
AMEFMBOTa-OMBILELSDVWTHBYT 3. -2 NXH FPLEOD

BlRzoMBEETIARY P LEOSERETS Y. 35#”2»21«‘.5)?"“
TomME (17H208-18Ka04) TEonaRos@RERE 3T oy
18MOGCHTE P RLETEIMBMNI5AME. TOoORMIMOHBELSE
EMBMUTLUId0LE 2% on 32, -y - 20

72 19865%6H2387"56H29HhY TIFon. MUV
ﬁgégég%ﬁﬁ&ﬁm&%EHNMQﬁﬁmvhtéﬁﬁf%

' Fukao,S., K.Wakasugi, T.Sato. S.Morimoto, T.Tsuda, !- Hirota,

. Kimura and S. Kato,

Direct measurement of air and prec'p'tation
particle motion by very high frequency doppler radar.
. Nature, 316, 712-714, 1985.
2 i I T2 S ﬁt H E 5. k& &6, KAREHSE 2. -
E ORIk E S KA. RREKXNEHKS. p.128, 1981.

SPECTRAL WIDTH (Az,Ze)=t 0, 0)

4-SEP-1985 AVERAGE -
104 101 r
94 [ o] -
—~ 84 o -
E -
- 7 7
% ® *] [({m/s)
o 5 F 37 3.2
= =4 =2 - Rl
] [ s
34 -Jj & 0.0
0 ]
: . . . . 9130 20,00 20300 1 2 3 4
15:30 16:00 16:30 17:00 (¥4 JzocA: N;'Méa 30 19:00 1 "lDTH (m/s)
. - o — ~N Y P (]
1. .93sff_g;s;qEotﬁzﬁubcr%mlﬁﬁmw;zaf}bﬁa)%mg
VERTICAL WIND

4-SEP-1985 AVERAGE

[ A
-
Z {m/s)
w (=
S i e o
-0
=] -s.0
- Rl -e-0
-10.0
17:00 . 18:00 18430 191002 []
LOCAL TIME VELOCITY (m/al

B2, B1L8VWTANY 1~»!ﬁbﬁ#ﬁcgmu\az}m%io:ai&mm%mt&E

—193—



m—68
L—%—gllic k3
RERBFOBRB G ED WO RN
LR O #z. #E BB mE
(ABALEEEEHARE Y 5 —)

HHMAEZHRBL- Y- &L30H2DERVAHEERFOBMBEEIHFTREODVTR
ChETUHBVELTELY. BHEAROMUNGEIRZTODVWIOEFLHELZEDTE
VRERBAFE 2T RO TRET 3.

CHECTHERPEOSZHELORFTCUBEBLIIRHON KOS ERELS D
VEBEAERIZ-DHD24BMAPOF— Y 2AVIRBIHFO2BMAOF— Y 2BVHGH
CHHEOMRBUEUVTIRBECBZBLHP»EEILRBRVHOER OV THETEIT>TYWEk. 8. X
VERZBITORLDIEL—FY—ORFLEHN. BRHERHCIIMWHNTENNZEOTF -5 %
LERHAERVHOERATEILRUVBAZELOERFET >k, B RKXEBRTH - 2
BMERBLAREOIRLNRNA S, RERPFBEOBAFILELDVTEHG HFLBHE NS L
FHRVBROVEZAMBTEMNTCEAIEILLET I E b TVREY, LIYMEREFLNE
iTohke MEXTI—URBDPSIOTILVLINBATHZ2DRFPBE—-LEBERTY ST
EREhEEIRLDOAIREETH S, TCTHREOREAEL UTCZERROEBAHREEL
ROoOABREE. HUBOBHEIRUMHBMIOBEL2ZTBLILVATEY - L LBEETIMBLE
ZHMEBEBERDE. B1RBTOHERTH 3. WAL HOBAKLRUBAIME SN 368
HMBMICE Y RSO 3B,

0.4 1 1 ] 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 ] 1 [ i ] 1 L

PROBABILITY

LOCAL TIME

B1. HEAKOBAZILOEFLHABR
—_— L HER, - CHE O &RE, - TS

—194—



m-69

Statistical Errors in the Determination of Winds by the Spaced Antenna
Drift Technique

P.T. May and S. Kato

RASC, Kyoto University.

The Spaced Antenna (SA) technique has been used for the

determination of horizontal winds in the ionosphere for over 30 years,
l?ut Until recently no satisfactory theory for the statistical erzors
n the technique has been developed. Some limited numerical work
has been carrieq out and an unpublished report has given an expressionx
for the error in determining the position of the maxima of cross-correlation
functions, but this is only a part of the problem. A rigorous treatment
©f the errors is difficult and will not be attempted here. However ard
for the errors in the technique can be found using straightforv
and simple arguments. The resultant expression for the error in
determining the position of the maxima in the cross-correlation functions
wil].‘ be shown to be an improvement over the previous theory- In
addition ap expression for the error in finding the value of lag
Such that the auto-correlation function falls to the value of cross-corre
:; Ezuexro lag, which is the second quantity needed for performing t:e

alysis, will also be given. These expressions will be teste
using Numerical simulations and shown to give excellent agreement
over a large range of correlation parameters, such as the fading
time of tphe signal, the record length and the maximum value of quss—
COorrelation. The effect of high frequency noise on the data will
also be described. Finally, an experiment using the large 2vHz ant
8rray located near Adelaide, Australia, in which the theoretical ad.
SXPressions are tested for practical SA experiments will be described.
Again goog agreement is found, but with the theoretical error being
8N overestimate, an effect which is ascribed to the effect of applying
reJjection criteria to the analysis in the real experiment.

exXpressiong

lation

enna
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Wind measurement by MST/ST radars is accompanied by a systematic error due to a finite range
volume effect which works when a thin turbulence layer is simultaneously located in adjacent several
range volumes. The finite range volume effect appears as a false vertical shear of horizontal wind
in a vertical scale on the order of a few hundred meters, even if the ambient wind field is uniform
(Figure 1). The false wind shear sometimes exceeds 40 ms~lkm~! in magnitude or the critical value
to induce the Kelvin~Helmholtz instability. Also the effect leads to a false temporal variation of
the wind measurement, although the wind field does not change at all. The false wind shear with a
magnitude less than 40 ms~lkm~! cannot be discriminated from a true one in the observed data. It
seems hard to indicate directly that the finite range volume effect appears as theoretically
conceived. However, this effect is not a phenomenon that is rarely found but seems to appear quite
frequently in the actual atmosphere, judging from wind velocity and echo intensity data obtained by
the MU radar in Japan.

The present investigation will show that these errors are well explained by a simple numerical
model which is made to simulate an actual observational situation. The observed wind velocity is
more reliable at ranges where the echo intensity is relatively large compared with adjacent ranges.
The small vertical scale wind shear as well as the temporal variation found only at a specific range
should be treated with a great care except when the ambient windfield is weak where the finite range
volume effect is not so important. The finite range volume effect is virtually negligibly small for
weak ambient wind velocity less than approximately 10 ms—! and/or for anteanna beam width less than
one degree (Figure 2).

Figure 1. A schematic diagram showing the v
finite range volume effect. Left: Vertical —
cross section of range volumes illuminated by
the antenna beam of MST/ST radars (encircled !
by thick line). The beam is assumed to be SCATTERING
tilted in a vertical plane parallel to the LAYER Py A
ambient horizontal wind u. 09 is the zenith (»- :j) A
angle of the apex (chain) of the antenna beam c
with one-way half-power width of A8. A thin
horizontal turbulence layer indicated by shade
is assumed to be simultaneously 1located at
range volumes A, B, and C. Right: Height
profile of horizontal wind velocity to be
observed in the case shown on the left. A
false vertical shear of horizontal wind
appears in a height range from A to C. . L —— L~ DOPPLER
u VELOCITY
O :60m thickness Y- 0,036X- 0.018
A :30m thickness Y= 0.032X+ 0.010
-~ ;observed
0.3 r1TTrr 1 T T
>0.2 ] Figure 2 F.
R J . alse shear-velocity ratio A /up (Y) versus beam
T L 4 width A@(X) obtained by the numerical model. The ratio is
EZ - I 4 given by the gradient of the curves of radial-velocity shear
= - $ - versus radial velocity for respective beam widths. The
0.1+ -1 turbulence layer is assumed to be 60 or 30 cm in thickness.
i A ] The linear relatioship between X and Y given for each layer
i o ] thickness is determined by a least-mean-square fitting. The
i i thick vertical bars indicate the observed valus of the MU
0.0 2o Lo o Loyg ol 2s g radar.
0 2 4 6 8

BEAM WIDTH Ae (deg.), X
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