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Meteors

Meteors ~ Fun Facts
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Meteors ~ Fun Facts (well, estimates)

= Trillions of tiny meteors enter Earth’s atmosphere each day

CONCORDIA Collection

= Dust grains: Asteroid/comet debris e
= Mass107to10!g ;
= Equal mass distribution of each particle size
= Diameter 2 um—2 mm

= Roughly 300 million fit in a soup can

= Speedrange11-72kms™

= Estimated 100 to 1000 tons enter Earth’s atmosphere each day
= Estimated 5000 tons fall to Earth each year

Credit: © Cécile Engrand/Jean Duprat
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Concepts

Meteor Trail
Reflection Concepts
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Concepts

e When meteor enters the atmosphere, it collides with air
molecules and atoms

= Kinetic energy converts to heat
= Vaporizes surface atoms — ablation

v
v

v

<<

Ablated atoms are ionized
Long, thin trail, or column, of positive ions and free electrons, typically
50 km long ="

=
Paraboloid shaped trail :
85 —105 km altitude range
Speed range 11 - 72 km s7!

1/6/2023



Concepts
& parice
i Ra d io Wave direction of travel 1 Incident radio wave
Interaction :

=  Positive ions have
relatively high mass
and do not interact
with radio waves

° L) L|ghter free Neutral air molecules
g . * Positive ions 2 reflected or scattered radio wave
£ electrons readily - Eiirans
5 interact at radio
§ frequenCieS https://sites.google.com/site/radioastronomydm/observations/meteors
5

Concepts
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e Radio Wave Scattering & Reflection

= Radio wavefront penetrates ionized trail
and is scattered coherently

v In-phase

V' Re-radiation i |
= Electron density so great that radio wavefront gt

cannot penetrate the trail but is reflected —— s

v Specular reflection ftR -

Angle of incidence = Angle of reflection
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Concepts

e Electron density in the trail far higher than surrounding
ionosphere
= Range from 101° to 10 electrons m~! (Note linear density)
= Radio waves more easily interact with higher density trails
= Different scattering mechanism at HF than VHF
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Concepts

e Meteor Trail Reflection (Echo)

F H u
e 105 KM e ,:::::f:’{:‘:gﬁg:[[‘.?!f-‘.?[.ﬁfé'_'

Plane of propagation includes Transmitter TX, meteor trail and Receiver RX and
usually is tilted. Incident and reflection angle @ at Trail Axis are the same
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Concepts

e Bj-Static Radar
= Transmitter & Receiver at fixed locations
= Tx and Rx separated by some distance

e Transmitters: Time-Frequency Stations

= WWV

v" Near Fort Collins, Colorado

v 3801 km east (107° True) from Anchorage
= WWVH

v" Near Kekaha, Kauai, Hawaii
v 4414 km south (194° True) from Anchorage

10
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Conce tS Re Presumed
p - _,.1/ ANC: We,r / Reflection Areas™.

e ey
M
R e ﬁh >

Over-Water Path
4414 km :194° T
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Considerations

Considerations for
Observations at HF

2"
f:#/’;{/

12
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Considerations

e Non-Line-of-Sight Propagation Path

Multi-hop (multi-mode) propagation

Virtual transmitters Tx’

= Propagation path must be suitable for reflection conditions
Generally, path also must be present from Tx to Rx

lonosphere

" RX
pistance 0
™ =~ 4000 kM

'”ﬁ% Earth’s surface

13
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Considerations

e Propagation may use ionosphere F- or E-regions or
combination

* Elevation angles depend on | /15 for 1- and 2-hop

= Number of hops (mode) modes up to 350 km height
. . o Upto 34° for 4-hop
" Height of ionosphere modes up to 350 km height
lonosphere

[ A
Earth’s surface W Vlmfal ,
¢ @ i

14
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Considerations

e QObserver’s Location:
= Daily, Seasonal, Yearly & Long-Term Variations

Daily Seasonal

Meteors
overtaking PM

Earth

Orbital path
\out of page [

O] e SUN

Earth’s motion
around Sun

15
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Considerations

e Propagation:
= For HF bi-static radar with large distance separation between
transmitter & receiver
v Propagation condition vary due to solar activity

Sunspot cycle
v/ Normal variations due to daily and seasonal changes in ionosphere
*  Gray line (solar terminator)

16
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Instrumentation

Instrumentation
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Instrumentation ~ Block Diagram

8-element Log Periodic
Dipole Array 18-32 MHz

]

Rotor

RF (HF) \

Argo Software
—_—
8-P RF (HF 6-P _‘
AM | | BPort (HF) POrt B e linein
Multi- Audio
BSF | | :
Coupler Mixer
R-8600 or f
—  R-75 Receivers
\ 7 o— / UPS
Rotor Terminal 13.5 Vdc GpsNtp-Pi
Controller Server Power Supply NTP Server LAN WAN

Common Equipment
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Instrumentation ~ Antenna

KMA-1832
8-Element
18 — 32 MHz Design
Height AGL: 13 m
Horizontal Polarization
Reter Controlled

19
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Instrumentation ~ Receivers

| w| " e |

\ ) SEL scan|
\}

X 11:32
PR FI3 bSTAR CALL CH

1295.300.000 *35

wpd 64.54 sl 1
OPE GENTER Gis_ 2

Icom R-8600 Wideband Receiver
10 kHz ~ 3000 MHz

20
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Instrumentation ~ Accessories

e Accessories & Infrastructure

= DC power supplies (primarily 13.5 Vdc with battery backup)
= Network Time Protocol Server (GpsNtp-Pi)
= Rotor controller with terminal server

= Uninterruptible Power System (UPS) o
= 8-port receiver multicoupler
* Analog audio mixer o STETET T
= LAN/WAN -

yherPoe!

21
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Instrumentation ~ Computer

Lenovo M725s SFF

¢ LINE IN Audio (Stereo)

* EIA-232 Serial Ports

e 3.5” HDD

* 2.5”SSD (PCle NVMe M.2) *
* M.2 PCle SSD

* Proven hardware reliability
* Windows 10 Pro x64

* Good to—-18 °C

22
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Processed (viewed) about

Instrumentation ~ Software 43 000 images from 2020

Argo Software ~ Real-Time Narrowband Horizontal Waterfall

Time and date
when image ends

Spurious signal of
unknown origin

Time-stamps
1 min intervals

Long duration meteor trail J
reflection with bifurcations

QRSS Viewer by 12PHD
Frequency scale

980 to 1020 Hz Shown

15.001 000 MHz LSB
demodulated to 1000 Hz

Short duration meteor trail reflections

23
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Observations

Observations
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Observations

e All Observations Discussed Here are from a Comprehensive
Study of > 40 000 Argo Images from 2020

25
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Observations

e Audio

1 second or less bursts of tone

Tone enhancements

Streams sound like low-speed CW demodulated at 1000 Hz and
are melodic

Short tone bursts with Doppler frequency shift have a bell or
multiple bells sound or sound like a wind chime

26
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Observations

Meteors
overtaking PM

Earth

Midnight % Noon sl Sun
Meteors v Meteors
swept up by swept up by
Earth’s gravV‘V/‘ AM \\ VWrth’s gravity

around Sun

Earth’s motion
e Detection Times & Rates ‘

Most detections between 4:00 am and 9:00 am local time
Favorable propagation window < 3 hours

Generally before sunrise at Anchorage

A few detections outside morning time frame but may be
anomalous

27
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Observations

e Detection Times & Rates

Reflection events recognized during all months but not every day
June 2020 produced a few records while January and October
produced many records

Low detection rate in some months probably due to unfavorable
propagation conditions

Number of detected echoes decreased as propagation improved
with the morning ionosphere development

28
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Observations

e Spectra & Durations

WWV/WWVH 15 MHz monitored almost continuously in 2020
v Cannot differentiate between WWV & WWVH

v" One image includes 25 MHz (WWV only)

Argo spectra usually shows direct path as well as echo path
reception

Echoes generally 10 to 20 dB above background

Short-duration & Long-duration echoes

29
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Observations

e Doppler Frequency

t5to+ 10 Hz
Exceptions but + 20 Hz limited by Argo setup
Doppler shifts often favor one polarity over the other

May infer meteor radiant direction or direction with respect to
transmitter & receiver TR
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Observations

e Short-duration echoes appear as ticks or blips on Argo
waterfalls

Probably correspond to Underdense Trails
Short-duration vast majority of echoes detected
Fraction to a few seconds (Argo cannot resolve)
Streams lasting up to 2 hours

7 _ » !
e o g 2 s
» §o

106 minute stream of
short-duration echoes

1/6/2023
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Observations

+* Long-duration echoes
= Probably correspond to Overdense Trails
= Horizontal features or stripes or striations
= Last longer than fraction of a minute
= Some last up to 7 minutes

7 mihute echo§
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Observations

e Striations
= Most long-duration echoes are striated

= Possible causes:
v’ High-altitude wind shear

v' Interference between reflected radio waves
from different parts of the trail

v" Multiple trails produced by a meteor group
v' Meteor fragmentation

1/6/2023
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Short-duration echoes between 1830 and 1842 on 1 January 2020 at 15 MHz. Several
long-duration echoes also are visible starting about 1836:30, including three individual
streaks and one striated echo. These all may be related. The slanted line at 1833 is a
spurious signal drifting through the spectra. Bright horizontal line is direct path.

Observations

Setup  Mode  Speed Palette  Capture  FTPUpload  Log  About
18:42:59 UTC 1/1/2020 Reeve Observatory
FET OFF MM FullBar -

15 MHz

. -
.- . S ECEEEE

34
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Observations

Setup  Mode  Speed Capture FIP Uplosd _Log
9 UTC 1/2/2020

P Speed Paiette
U 1/2/2020

Composite spectra of two 12-minute periods from 1618 to 1642 on 2 January 2020 at 15 MHz. Numerous short-
duration echoes are apparent. A long-duration echo lasting about 4 min can be seen at 1630 (middle of image) with
positive bifurcation. Many long-duration echoes detected at Anchorage show the bulbous beginning and striated
tail as seen here. Others simply show striations as in the echo at 1622 in the middle of the left-half of this image.

1/6/2023
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Single 12-min image from 6 January 2020, 1630 to 1642 at 15 MHz. A long-duration
echo with several negative striations is visible at 1635. Other long-duration echoes and

O bS e rvat I O n S several short-duration echoes also are visible.

Palette
:59 UTC 1/6/2020 Reeve Observatory
FFT OFF I

QRSS Viewer by [2PHD

15 MHz

[
3
&
a
g
2 Coprre o 5 . EEEE
&
o 36
QRsa:squc 1/ ljozn Reove Observatory >
M Savelo
15 MHz
[
H
&
a
IS Capture ON
s Two spliced images from 1757 to 1812 on 14 January 2020 at 15 MHz showing at least three long-duration
8 echoes and several short-duration echoes. The center long-duration echo starting around 1806 has at least
~N
seven striations. Almost all echoes in this record have negative frequency shift. 37
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Observations

15 MHz

Six spliced images from 1 February
2020 at 1543 to 1655, 73 min total
duration showing a stream of short-
duration meteor trail reflections at
15 MHz. This spliced Argo image
has been stretched vertically to
emphasize the short-duration
traces left by the reflections. Note
that the reflections have a slight
bias toward positive frequency
shifts. The peak shift is about +6 Hz.
A few striated long-duration
reflections are visible, all with
positive frequency shift. Two
spurious signals drifted through the
spectrum and are seen as steep
slanted lines just left of middle
covering the full 20 Hz frequency
span of the waterfall.
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Observations

tup  Mode  Speed Palette  Capture
UTC 4/4/2020 Reeve Observatory
8 PalyFET OFF I FulBa;

Spectra from 4 April, 1732 to 1745 at 15 MHz. An isolated long-duration meteor trail
reflection with a head echo is visible just before 1737 and includes several striations.
This is one of the longer duration reflections from 2020, lasting about 7 min.

FlPUpload  Log  About

Hz

15 MHz

Capture ON : : =51 S e

39
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Dual frequency record from 1840 to 1853 on 21 December 2020. The carrier frequencies were 15
MHz for the trace at 1000 Hz and 25 MHz for the trace at 990 Hz. The trace at 1013 Hz is spurious.

O b S e rvat i O n S A long-duration echo is seen at 1850 on the 25 MHz trace as are a few short-duration echoes. The
long-duration trace has at least two striations with negative frequency shift and one with a small

4 ArgoV1, build 143
Sctup  Mode  Speed Palette  Capture  FTPUpload  Log  About
-38 UTC 12/21/2020 Reeve Observatory QRSS Viewer by I2PHD

Argo

positive frequency shift lasting almost 3 min.

a
g
£
g 40
Conclusions
v" HF transmissions from the time-frequency stations WWV and WWVH, both about 4000 km away,
can be reflected by meteor trails and detected at Anchorage, Alaska
v" Demodulated audio during meteor activity consisted of short tone bursts or tone enhancements,
some with sound of a bell or wind chime, melodic
v' Long duration bursts had a wavering tone if the Doppler frequency shift was more than a few Hz
v" Doppler shifts of 10 Hz were observed, with some exceptional echoes reaching much higher values
v" When large numbers (streams) of short-duration echoes were being received, they generally
favored one frequency shift polarity
v' Reflections showed an increase of 10 to 20 dB over the background noise level
2 v" Almost all detections occurred between 4:00 am and 9:00 am local solar times, limited more by
& propagation conditions than by number of meteor trails
o
5 v" Short-duration echo streams lasted up to 2 hours
§ v"individual long-duration echoes up to 7 minutes were observed
g 41
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Weblinks & References

Reeve Observatory Homepage: http://www.reeve.com/

Near Real-Time Data: http://www.reeve.com/Meteor/Meteor simple.html

Meteor Trail Reflections:
https://www.reeve.com/Documents/Articles%20Papers/Reeve MeteorRadioObsrv.pdf
https://www.reeve.com/Documents/Articles%20Papers/Reeve SmplHFMeteorTrailReflObsrvdAnc.p

df

Goodman, J., Meteor Burst Communications, The Froehlich/Kent Encyclopedia of
Telecommunications, Vol. 10, 1995

;3 McKinley, D., Meteor Science and Engineering, McGraw-Hill Book Co., 1961

Dg Schanker, J., Meteor Burst Communications, Artech House, 1990
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The End

£

g 43

1/6/2023

22



© 2023 Whitham D. Reeve

Presenter
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owner/operator in the airline and telecommunications industries for more than 40 years and now
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Committee. He has lived in Anchorage, Alaska his entire life. Email contact: whitreeve@gmail.com
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