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Meteor head and trail echoes
X TFAOA RO EBEE(12-72km/s) THEER K
SEICEATEIEICEDEL B TSRV
FOBFDS5, XFAOA RERLED
"I BANY KRTFTSIIICIMWD3msD /L
2L—F—EBHLT Ry T TREORBEE  $O ..

(LESHEl, Ffe, SEBTHHEMALENY .
(B E BEICITS . /////é
o

Meteor trail

Meteoroid O
. \\ \\
oy NN electron
2 \ AN
o o . \ \
LA Positiveion  “Muteor trail echo
W NN
Dense plasma 1) oA
(Meteor head) \“\ Meteor head echo > ﬁ&
\J
\
gg}ig : §§1 St ;Z‘% Conventional meteor radar
5 g%;“fﬁ%’%%%%%‘%%%i%/ e.g. SKIYMET



REPKRE EFBEMARER EEMUL —5 —
Middle and Upper Atmosphere Radar
Monostatic coherent pulse Doppler radar

VHF (46.5 MHz), 1MW peak power, 475 crossed Yagi antennas
Pulse length: 1-500 us, Antenna aperture 8330m*2 (D=103m)

theoretical gain pattern

Z
o
05z
=4
o8
(¢
S
=

5 10 15 20
R 1d| al dl\lﬁnu. from be am L(,H[H, [km]

=S W s =

Observed number of meteors,

normalized by beam area, versus
RCS (Radar Cross Section) and

radial distance from beam centre.
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3,000 - 4,000 meteor head echoes / day
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Middle and Upper Atmosphere Radar

Digital 25 channels

-332 times per second
(3 msec)

-85 ranges every 3ms

*Data rate ~20 GB/hour




o

Range gate

West

20 40 60 80 100

Radar pulse

85° elevation

South

Meteroid velocity (km/s)

o
(o

0 0.05 0.1

Time (S)

Meteoroid \1
trajectory - -

0.15

Transmitter/Receiver

0.2



.
M +
p
& +
. RN R Lt
. . oy i .
+ wet gt +

#
A0

90

Ecliptic Latitude (deg)

P

I
|
20 30 40 50 G0

Geocentric velocity (km/s)

Ecliptic Longitude from Earth apex (deg)

70




Anti-Helion(180°)

Apex Antapex
(90°) (-90°)

Helion(0°)

Sun




H 1% (deg)

18k radiant point on the ecliptic sky

(:: ——————— R m..., . ] -_""-“~::,
R REG R B ‘;;&ﬁ. ...... s
s SECERER SRS, Y SEREH
U AEBRER
T et HIBOERER
CLUERee B
‘ (%l
Ry R BT /
BREGEH ATHOEHER
RALHOHIKEwIEREH
AVAVERERH
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360
T {Z(deg)

D-criterionZz ABUL\IZ iR E 8+ DT =ik (R EEEERER)




Z [AU]

Z [AU]

T T T
2013 Geminids(Dg,<0.1)
Phaethon

| | |
————— 2013 Geminids(Dy,<0.1)
Phaethon

T

I T

T T
2013 Quadrantids(D_.<0.1)

sh

l T T
2013 Quadrantids(D,<0.1)




Comparison of Orbits between MU Radar and Optical Observations

Object Date a e i w [9) D,
T au — © © © —
Phaethon - 121 0.89 222 3221 2652 -
1-radar Dec/14 1.27 0.89 23.6 325.1 2626
1-opt 15:29 122 0.88 235 325.1 2626 0013
2-radar Dec/13 1.20 0.89 241 3258  261.7
2-opt 18:49 1.39 091 232 3258 2617 0.030
3-radar Dec/13 1.21 0.89 22.5 3245 2616
3-opt 16:14 1.26 0.88 2277 3245 2616 0.037

Geminids 2010 130 0899 250 3261 2623 -

MUL—5—REAY RE—RICKBHERERER, HP25HHE—
Orbital determination by Radar and

optical observation is comparable.
Abe et al. (2015) ISTS
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v~20km/s is dominant after de-biased.




Strength of Meteoroids classified by Kb parameter
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Radar Cross Section o Size
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transmitter antenna gain, G, is the receiver antenna gain, 6 is the
azimuth (positive east of north), ¢ is the zenith distance of target, A
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Beginning Height (km)

t where Q is found to depend on mass (m), velocity (v) and “_
' mean free path (mfp) accordmg to Close et al (2007)
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To understand the RCS - magnitude relation, simultaneous

measurement with optical video observation is needed
2ed
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Faint Meteor

An Image containing a faint meteor (stellar sources are masked)

ERHEM | RRKY - RBEAFT BARETT, K==



Faint Meteor

An Image containing a faint meteor (stellar sources are masked)
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- 13FRE TCORERE

- 8-9F K X TDME D FE(400-700nm)

- #®&2; 100-300 events/hr for <12-13 Mag FOV_x ~ 8deg

- 3¢; 20 events/hr for <8-9 Mag
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- 120-170 events/hr for - 13 Mag? eff _FOV ~ 4deg




