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Meteor trail Echoes Observed with Indian MST Radar




. 150
Time Sequence

] 150
Time Sequence

A
©
T
©
o
T
n
=
c
8
‘g
=
i
=
ES
o
]
P
o
w
o
]
wn
0
0
il
O
w
‘i
|
=
A
0
D
s
(]
=




Ssgnal-to-Moise Rabo W= Spectral Width on Meteor
Shower dav (lop mest panel) andd Non-Meteor Shower
daya (haotiom peneds )

Mean Doppler Fregoemnoy Ve Specihral Width on Blsteor
Shower day (bop most pansl) and MNoo-bisfeor Shower
davs fheothom el

Spectral Width (Hz)

kean Doppler Frequency

Sigmal-lo-Moise Fatio (d8)

Spectral Wiklth (Hz)










Height (km)

=)
[ }

—_ —_
= [
[ ) L)

T T

—_
o
>

oo
L]

——CIRA-86

—_—
(@]
L]

—_—
]
L ]

Height (km)

—5
L)

80

gg ——afterd hrs

—after 3 hrs
—after2hrs
—after 1 hr ]
Temporaral SNR = -3 dB

T I T
0 5 10 15 20 25 30 35 40 45 o0

Electron Density 1e10



I I\flleanI Hé)urlly rellte
—— after 6 hrs
— — after 5 hrs
—— after 4 hrs
after 3 hrs
—— after 2 hrs

—o— after 1 hr

Height (km)
o
O

Temporaral SNR = -3dB

80 100 120 140 160 180 200




Height (km)

—_
o
>

=)
[ }

—_
~D
[ ]

—_
=
[ )

T

oo
L]

——CIRA-86

Height (km)

—_—
(S, ]
L]

—_—
]
Lo ]

—_
—s
L]

—afterd hrs
—after 3 hrs
—after2 hrs
w —after1hr |
80 Temporaral SNR = -3 dB

0 5 10 15 20 25 30 35 40 45 50
Electron Density 1e10




_—
£
-
S—
et
=
=
)
I

1

—
—
o

N

o

Temporaral SNR = -3 dB
Temp Average for 6 hrs
Height SNR = (-3)-(15) dB

Electron Density During Meteor Shower
—CIRA 86

5 10 15 20 25 30 35 40
Electron Density 110







1 Indian Institute of Geomagnetism, Plot#5, Sec-18, Kalamboli Highway,
Panvel, Navi Mumbai, India — 410 218
2 National MST Radar Facility, PB No 123, Tirupati, AP, India
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MST radar Raw data obtained during Lightning

ST RADAR DATA HEADER™*

OPERATION MODE: Doppler Bram Swinging
DATE - 2EAEN04
Time IIRRRY
Baud lenigth: 1

Adantive Refrange: 10
Adantive Bef Level: 100%
MNoofRangebing 165
Mo.of FFT Points - 612
Na.of coherentintens - 8
Mo.of ncoherentintegs: 1

Inter Pulse Period 2460
Fulze YWidth 1

Code Flag CUNCODED
Mo.of heams 3

Beam position D ZEMITH_Y
Srantycle 9
Receiver attn 0 db
Data type T RAN DATA
Mo.of ohsenwindows 1
Window start il
Window! lenoth 165
Commentcode 0 0

Read File Mame  26MY2004.11
ReadFile Size  241996.54 KB
ESF -

B oot it s e
B vt e s
O WY
""‘Wﬂ’*"‘*'““'“ﬁ‘wmw‘(ﬁr‘
AJJMM‘:W.W#MMH*:#WM«
*W-W'*W“*““FH‘WMMT'*I .LH»'MM-%
e U W e
PR W.Mﬂ_.l'_‘“"“'
\Hmmw.ﬁmﬂdﬂ.ﬂwml I,u"""h-i-.}ﬁ
wmmw-mwm-.wmm‘ﬂ%:
. Hr*ﬂ*-"'\'\i-"1-ﬂ.W'A'M*LI,\\*_.*‘WwM-M.M
S N

. Muwmm,wwm,w‘h,rmv#m-m

“"*"*"*“"*-'M"M'-MMHW-'-*‘“*

R i f""ﬁl'*lw"‘"' TR ST
n.udmh-wa.wfﬁ'iﬂwwuqﬁ&ﬂﬁnhw

‘-HNHW\"MMwMim,l*W#m

i ~wmv“m.wwmﬂmum‘mwﬂ.»
. "‘*'“"W'“'Mwﬁn‘;'u,-,wm.uwﬁ

\-H\“""ﬂ""l-r.lﬂup‘ H .M&.ﬁ_ i
by I ! ::‘:“
W‘l‘#ﬂk"\%‘”‘i‘hﬂrﬂ i,
I‘m‘”\\uﬂ-“"ﬁw‘ “wﬁwﬁl‘ﬁul"“*‘v !

000 013 026 03% 051 064 077 050 102
Time (Secands)

«W.meMWﬂ,Nﬂ,pM‘.wwa
R stk ot W A 4o

ﬁmvm,wmu.lphw " W.,,Mw
l,-m\uwﬂﬁ,'wpdwwwdhﬁrww‘
- 'wﬂ*nmmwml'rnﬁwﬁ#ﬁlk‘fw%

\m-mw.-uwm,l-.i.-'ﬂw.*r‘l 'qua.-r-
.mmh**wmm\"\"b
Y
- M-M"WWMWﬁmllﬁl it
T
_ wawmmm'w.ﬁwwdbw\.mﬁu

hm«w-m-a'f\\ht\.'m#ﬂwwmwn

— WMH.HJ#M ,W.q'n.wm'.
B it gy A M
g mr et b
roapravorsssatae g B L W et

I T
W .Jf'mww“.mw‘mlfmbn

0oo 013 026 038 051 064 07 050
Time [ Seconds)




Lightning Occurence Rate from Indian MST radar

26th May 2004
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Lightning Observation Using Indian MST radar on 26th May 2004 at 20:11:52 LT hrs
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Lightning Echo Amplitude Characteristics
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Phase and Amplitude records corresponding to the Lightning

49-52 Range bins
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Phase and Amplitude records corresponding to the Lightning

53-56 Range bins
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Phase and Amplitude records corresponding to the
Lightning

450 S00

10.05 km

[u]
o 8 %2%%0“

1DID

i)

an%%j 4 DU,.“-J\ p— __.-'_-'_u'l-_'l-:l L o &
BDIEI 35|E|

o o
E‘ onl @ olﬂ%?@‘j DDO&. DT:\DO a
150 200 250 3IIIEI 400 450
Mo. of FFT ponts x 2e-3 seconds




—— _.__.._m_oomq 7

wn

v
E
@
c
|
=
£
=L

-5

e e e S
e e e e e e e e I e e e e e Tt T LT

OO OOOOOOOo o Ho O Do OO OO S e D D S O o O o0
B e T e -

[T ]
-
[—]
[T ]
-
(L, ]
— | oo
o
[
[—]

395 400 405
No. of FFT points X 2 ms




Some of the Characteristics of Lightning as observed
with the MST radar

There were at least three types of echoes observed with the following
characteristics

»There was always a small increase in the sferics followed by a transient
raise of intense sferics almost at all the ranges

»>Echoes well separated in range transiently raising in power only at their
respective ranges

»There was a well-defined echo traversing down in range with decreasing
intensity with time and range.

»The jumps in phase progress indicate that the echo center changes rapidly
with the development of lightning channels

Perhaps these echoes differ because of the type they belong to such as
intera-cloud, cloud-cloud and cloud-ground. However, further investigation to
be made with the help of careful collection of raw data for these kinds of
events to understand these echoes in a better manner.
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MLT winds , waves, and Its periods




MLT winds

m Local Time Vs Zonal Wind
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»Local Time Vs Meridional Wind
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Height Vs Zonal Wind
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Height Vs Meridional Wind
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Zonal Wind during Sep and Dec 2001 representing
Equinox and Winter

onal Velocity (m/s
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wind Variance
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Zonal wind Vs Meridional Wind
Variance
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Gravi
ty wave periods found with

Zonal wind

Tidal W
ave Ampli
plitudes in Zonal Wind
component
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Relative Occurrence of Gravity
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Results

Intense radiant of Geominid meteor shower transit over north of
Gadanki between 0200-0500 LT.

There are about ~20 underdense meteors per cubic kilometer
volume per second.

tidal winds with the amplitudes ranging between £20 ms with a
large vertical wavelength of about 40 km are revealed.

Periodicities are about 1.06, 2.37, 3.96 and 6.78 hours.

The histogram plotted using the table 1 &2 illustrates that gravity
wave period below 3 hrs are common In both in zonal and
meridional directions, the secondary peaks occur at 6.5-7.0 hrs
and 4.0-45 hrs in the zonal and meridional directions
respectively.
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= Short period Gravity waves (< 1 hr), Mean Wind Vs
Power Spectral Densities, and Direction of Mean

Wind.




PSD Vs Mean Wind
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Short Period waves found with

Zonal and Meridional Direction
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PSD Vs Frequency at 92.5 km

of]

10
Frequency (Hz)




Results

m The Spectral power density slope with
the frequency is equal to -1.61965
which is nearly equal to -5/3.

m The short period gravity waves are
found in the range of 30-50 minutes.

m The 15 min mean wind show the wind Is
mostly southward and turn to eastward
as the night weans below 97 km.

m It rotates from North to East between 97
and 107 km.
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Trails Tangential to the
Beam

Trails Randomly Oriented
Within the Pulse Volume

 E-region FAI
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