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Work the rocks! Decode the pings!
Aug 11-12 and Dec 12-13, 2025

Contribute to science as we strive to uncover the secrets of meteor scatter (MS) propagation

Join hundreds of operators on 6 m (50.260 MHz) and 10 m (28.145 MHz) MSK144 during the August Perseid and December Geminid
meteor showers

Two-Way (transmit/receive) and Monitor (receive only) stations are needed
Sending reception reports to PSKReporter is important to the success of these events. See the Software Setup section for details

- Enter the MSQP Competition - Who makes the most QSOs or generates the most reception reports? See the MSQP Operating
Guidelines and Rules and KO4GLN's poster describing the event.




Outline

Where do meteors come from and what are their characteristics?
When are meteors visible (audible) and why?

Which frequencies are best to use?

What are the different types of meteor scatter signals?

Examples of MSK144 signals

What can we learn about meteor scattering physics from MSQP
data?

What are some tools for predicting and monitoring meteor activity?

Suggs NNANT



Meteors provide the free electrons to scatter a
radio signal

As the meteoroid enters the atmosphere
at high speed (19 70 km/s) it ionizes the
oxygen and nitrogen molecules generating
lons and free electrons which scatter the
RF over the horizon (also makes light)

https://www.areg.org.au/
archives/210418
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SOME TERMINOLOGY

Meteoroidsc bits in space

Consist of small pieces (grain of sand, particle of dust)
of mostly cometary (90%) or asteroidal (10%) material

Showermeteoroids associated with comet and
asteroid orbits

Sporadiameteoroids associated mostly with comet
families

Meteorsc bits burning up in the atmosphere
Visible light from a meteor comes mostly from the
lonization of the atmosphere

Meteorites¢ hit the ground

=l Interplanetary Dust

g Collected in the
stratosphers.

10 micrometars

http://cdn.sci
Suggs NN4NT news.com/images/2019/05/image_72
20-AtacamaDesertMeteorite.jpg






Leonid video and forward scatter audio

Intensified video camerd,eonidsl999 from southern New Mexico. Audio from receiver tuned to distant analog TV video carrier

Suggs NN4NT 7



Jupiter's Orbit Mars's Orbit Earth's Orbit _
Eta Aquarids - May

——————

s

" Saturn's Orbit

Uranus's Orbit

Neptune's Orbit

Orionids - October

Pluto's Orbit



https://www.meteorshowers.org/

Meteors are more prevalent in the morning and during meteor
showers

Diurnal variatiory like bugs on a windshield
ACar (Earth) going 30 km/s around the sun
ABugs (meteoroids) going up to 40 km/s around the sun, some-baad
Almpact speed is vector sum of thesenany hit windshield, only really fast ones hit rear window

There are fewer sporadic meteors in the spring; 288 annual variation
Sporadic meteors are there all the time from all over the sky {sDrt
5dzNAYy 3 YSGS2N aK2 6 SNA X

There are relatively more large meteors

They all come from a common point called the radiant

Name Peak Date Approx.
Meteors/hr

Quadrantids Jan. 3 120
Eta Aquariids May 6 60

Arietids Jun. 9 (daytime) 45
Perseids Aug. 11-13 90
Orionids Oct. 20-23 20
Geminids Dec. 12-13 120




" Earth’s Mot.ion Through Space -~

Earth’s
forward motionp>




Sporadic sources are not isotropic

..........

SOU0A2Yy 2 FApéxl NI KQa

Sunrise sky view

Meteoroid Flux as a function of direction as observed by Canadian Meteor Orbit Radar.
Observational biases have been taken into account and results have been weighted by a
constant limiting kinetic energy. Coordinate system is Eegtiitered ecliptic.

Suggs NNANT 11
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Sporadic sources are not isotropic

SANBOFA2Y 2F 9 NI KQa

Sunset sky view

Meteoroid Flux as a function of direction as observed by Canadian Meteor Orbit Radar.
Observational biases have been taken into account and results have been weighted by a
constant limiting kinetic energy. Coordinate system is Eegtiitered ecliptic.

Suggs NNANT 12
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Digital TV pilot tone counts show diurnal
variation

25-JUN-24c.txt

From MSFC ARC NN4SA
DTV channel 3, 60.3085 USB
Several transmitters in range
Icom R8500

Dipole at 6ft

Suggs count software

N

=
E
=]
S
= 2
=)
@
2
@
=

Sunset sSunrise



For maximum signal the meteor must lie tangent to an ellipsoid
with the transmitter and receiver at the foci

AThis geometry favors certain path directions as the shower radiant moves across the sky
ACKS @Fad YI22NAGeée 2F YSUS2NAR R2y QU aldaArate
AOverdensdl N} Af &4 GONAY(1tS¢€ 6AGK UAYS YR R2y Qi K

/ &

X RX
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Return Power Is a strong function of wavelength

Important point is that the signal strength goes as the cube of the
wavelength, |, and the square of the electron line density, g

64r®  (RiR,) (R + R)(1 — SIII2 ¢ 0082 B)

~  PrGrGr)iq? sin? vy
= 5 X 10~ 32______“_____“_
(BaR2)(Ry + Ro)(1 — Sin® ¢ cos? 3) watts

You want to use the longest wavelength (lowest frequency) possible.
If you get into HF bands, lonospheric effects can dominate so lower
VHF (40717 100 MHz) is best. From McKinley, 1961 eq. 9 -3.

So 10m should be preferable to 6m.

Suggs NN4NT 15



Forward Scatter Geometry

Suggs NN4NT 16



Signal duration Is proportional to square of
the wavelength

D is the electron diffusion coefficient in m2/sec

CNRBY daSiS2N)J {OASYyOS IyR 9y3aIAYSSNAyYy3I<£S



Dependence of strength and duration for various amateur
MSK144 frequencies

Frequency MHz Rel strength Rel StrdB  Rel duration
144.15 0.04 -13.7 0.12

50.26 1.00 0.0 1.00
28.145 5.69 7.6 3.19

Scattered power is proportional to the wavelength 1/frequency

Signal duration is proportional to wavelength

Suggs NNANT 18



Two Types of Meteor Tralils

Underdense Overdense
1 Weak echoes { Strong echoes
9 Short-lived (<1 second) 1 Long-lived (many seconds)
f Electron density is so low that individual 1 Electrons act in concert like a metal tube
dondét inter actl Scatteringgeametty shouldivespecular but

el ectrons
1 Scattering geometry must be specular

upper

Amplitude
Amplitude

at mospheric winds

Diagram from P. Brown, Univ. of Western Ontaric
Suggs NNANT Ti me
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QSO sample i KKOU and NNANT 2025 Perseids on 10m

1:18:30

13.21

T Freg

110815
110815

—2 12.7
-1 14.2
0 14.2

T-29 — 11:13:15

Band Activity

Message

1504 &
1505 &
1505 &

HN4NT EEOU
HN4NT EEOU
NHN4NT EEOU
OoTC -
1508 & HNN4WT EEOU

— 11:18:15 UOTC -
1511 & HN4NT EEOU
1511 & HN4NT EEOU

EM48 MO-TL
EM48 MO-TL
EM48 MO-TL
10m - M5K144
R+04

10m - M5K144

T2

T2

110815
1149

111000
111030
1111040
111130
111200
111230
111300
1113215
111330
111603
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1500
1500
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1500
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1500
1500
1500
6.3 1511
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HNN4NT EEOU
EKOU WHN4NT
HNH4NT
HNH4NT
HNH4NT
HNH4NT
HNH4NT
HNH4NT
HH4NT
HNN4NT EEOU
EKOU WHN4NT
CQ HH4NWT
EKOU WHN4NT
EKOU WHN4NT
EKOU WHN4NT
EKOU WHN4NT
HNN4NT EEOU

-02

R+04

RRT3

EM&4

RRT3
RRT3
RRT3
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MSK144
2000 baud MSK, 2.5 kHz BW

Local station from NN4SA  72msec12s bit messages, 144 bit packets

approximately 208 packets/cycle

251214 133745 wav - M5K144 Signal Amplitude Over Time
— Avg amplitude (500-2000 Hz)
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Pair of 10m underdense meteors during
Perseids

250812 095015 .wav - M5K144 Signal Amplitude Over Time
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Underdense 6m meteor during Geminids

251214 035600.wav - M5K144 Signal Amplitude Over Time
— Avg amplitude (500-2000 Hz)
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Another 6m underdense meteor during

Geminids 2025

251214 041700.wav - M5K144 Signal Amplitude Over Time

BOD00 1 aug amplitude (500-2000 Hz)
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Underdense meteor on 2m during Perseids

250813 041000.wav - M5K144 Signal Amplitude Over Time
— Avg amplitude (500-2000 Hz)
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Likely overdense meteor on 10m during
Perseids

250812 113400.wav - M5K144 Signal Amplitude Over Time
20000 —— Avg amplitude {500-2000 Hz)
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Possible overdense on 6m during Perseids

250812 120245 wav - M5K144 Signal Amplitude Over Time
— Avg amplitude (500-2000 Hz)

60000

50000

40000

30000

Amplitude

20000

10000

0

]
Time (5)

NOFW WG2Z +00 FN20

CQ KB1HY FN31 ﬁ‘%
40.332864, -74.445801 S
41.874533, -73.022761




Meteor Scatter Ellipsoids for Huntsville AL to M5K144 Stations - 0 deg Radiant El

| T T = =
v —— Footprint of specular ellipsoid

Greenis 10m
Blue is 6m
Magenta is 2m

Cyan is aircraft scatter




Digital TV pilot tone counts show diurnal variation

25-JUN-24c.txt

From MSFC ARC NN4SA
DTV channel 3, 60.3085 USB
Icom R8500

Dipole at 6ft

Suggs count software
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Geminids radiant moves almost through zenith in north AL

Elevation and Azimuth vs Time for Target Object
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Meesar Count

Geminids December 2024 from NN4SA DTV receiver

08 DEC 24c b y 10.DEC 24c txt 11.0EC 24c tar

Messar Count

© 09-DEC-24c.txt © 10-DEC-24c.txt © 11-DEC-24c.txt

13.0EC 24c tat 14.06C 24c ter - 15.DEC J4c bt

Meteer Count
Metssr Count

© 13-DEC-2c.txt © 14-DEC-24c.txt @ 15-DEC-24c.txt

17.DEC 24c 18.0EC 24c txt 19-DEC 24c
&

X ¥

Meoser Count
I

© 17-DEC-24c.txt (D\18-DEC-24c.txt © 19-DEC-24c.txt

Radiant rise Radiant at zenith Radiant set

Meazer Count

12.DEC 24c b

© 12-DEC-24c.txt

16.DEC 24c et

© 16-DEC-24c.txt

20 DEC 24c a2

© 20-DEC-24c.txt




N Met-wrmoaongs o

Various other propagation modes can result in MSK144 decodes
Sporadic E T during Perseids on 6m
F-layer propagation i during Geminids on 10m
Tropospheric ducting
Aircraft scatter (examples next)

Rejection of these modes are why we are initially focusing on underdense
meteors for MSQP



Aircraft scatter em Orionids from NN4SA

251022 115115 wav - MSK144 Signal Amplitude Over Time

140000 — Ayvg amplitude (500-2000 Hz)
120000
100000

BOO0O0

e0000

Amplitude

40000

20000

0

g
Time {s)

K5HPT W4HP R+03

EM75 North of Chattanooga
148 km distance from MSFC R
35.178479, -85.187124 s um




PSK Reporter 6m spots for NN4SA
_Geminids 14 Dec 2025 _

On|[6m v |, show| signals +|[sent by v |[ the callsign ~| | NN4SA Iusing [MSK144  ~|over the last| 1 hour v |[ Gol ) Display options Permalink

Monitoring NN4SA (last heard 4 mins ago). Automatic refresh in 5 minutes. 10 reception reports for NN4SA are shown as times (show logbook).
There are 340 active MSK144 monitors: 340 on 6m, 26 on 2m, 12 on 10m, 7 on 40m, 5 on 80m,

,10on 60m, 1 15m, 1 on 4m. Show all on all bands. Legend
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Pinjockey.net QSO coordination
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KK@U thanks Jim. No joy with Andy

114438 -6 1.6 1515 & ++++H+ WSTRL 73
NNANT, nothing this end, hv stopped calling (KA2UQW Andy NI FN2@xh )
WA2FZW - GM John, my noise is bad this morning in your direction {WUSX Jim AL EM&4ro )

NMNANT -& to +1 here now
114688 @ 4.6 1497 & CQ WUSX EM&4 - GM Jim - Would answer but wvery noisy your direction today
I had to work one a while back with the rotator stuck at 278 degrees - At least it wasn't in some super dumb direction
yea too true Murphy is a dick
CQ Stopped - 6&2

(NNANT Rob AL EM&4pr )

U.5.A. {(XE2YWH/2M/6M Jose xx DL92ag )

(KKBU Jim MO EM48to )

(K2DRH Bobtwo IL EN4lvr )
(WAZFZW/6M/2M John NJ FN2@tp )

N8AN RR understand (K2DRH Bobtwo IL EN4lvr )
K2DRH - It wuit because it was during a contest! (WAZFZW/E6M/2M John NJ FN2etp )

NNANT, switched to calling u 2nd
EA2ZFZW nwvwe did really figure out why 2M quit during our contest QS0 - workked fine later

Tnx again Hasan {WAZFZW/6M/2M John NJ FN28tp )

114115 12 18.1 1495 & CQ WAZFZW FN2@
K2DRH: I went to CSVHF many years ago when it was in Cedar Rapids, but I don't travel much any more. I don't trust my eyesight.

113838 2 1.8 1542 & KF2Z(Q) WBGEX 73, TU Joe

Tnx Bob
Tnx Hasan

(WA2FZW/6M/2M John NI FN2@tp )
(WA2FZW/6M/2M John NI FN2@tp )

(KA2UOW Andy NJ FN2@xh )

(NBAN/6M/588/5EL Hasan IA EN22xc )

(KF2ZQ Scott NY FN3@hu )

(K2DRH Bobtwo IL EN4lvr )

(WAZFZW/6M/2M John NI FN2@tp )

(WAZFZ



Virgo version 2.21 2014-0

Meteor Sky View
2020-11-23
02:38:34 UTC

Data for location:

EME4pr

Enter your locatar:

o

Sky display
Im w-€E
IE Ticks
I® Labels

Azimuth indicator
Antenna
Meteor trails

Only major
showers




i et .7 10 Orionids 21 October 2025

The radar meteor sky\frqm Ith@ Qangd}an Meteor Orbit Radar
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Current and Future Work

A Nina Tormann (see her poster) is looking at Tun (duration) vs
wavelength

A Need to look at Pr, signal strength vs wavelength

A Need to look at Tun and Pr for different showers which are different
speed, ablation altitude (echo ceiling height), and electron diffusion
time

A There may be interesting signatures for other propagation modes

120— 2044739 GMN meteors

Graphic courtesy of
Bill Cooke/NASA/MEO
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Plot is data from over 2 million
meteors observed by

Global Meteor Network
cameras







 Links and Additional Resources

hitps://fireballs.ndc.nasa.gov
http:/pingjockeys. net LA IO S
CMORaiipsiequarotprysics. e Eicuclem .

Interngmaal Me/A rgmﬁlq@o_observatlomnfo

L J@ww.imo.net/radiofinde =S = .
G WMeteor Science and Englne/erlng by D. W. R. McKa;‘riIQﬁl N -~
D.W.R.McKinley

Suggs NN4NT 40


https://fireballs.ndc.nasa.gov/
http://pingjockeys.net/
https://aquarid.physics.uwo.ca/research/radar/cmor_basics.html
http://www.imo.net/radio/index.html
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The author and the guy who took the Lyrid meteor picture from ISS, Dr. Don Pettit

Suggs NNANT 43



Constraining the ellipses with radiant elevation
and meteor altitude

0 deg elevation 45 deg elevation

Looking along the major axis of the ellipsoid



NNANT 10m during Geminids F layer
propagation dispersion?

251213 000900.wav - MSK144 Signal Amplitude Over Time
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Aircraft scatter 6m during Geminids

251215 111015 wav - M5K144 Signal Amplitude Over Time
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Underdense 10m meteor during
Geminids 2025 from NN4SA

251212 024545 wav - M5K144 Signal Amplitude Over Time
— Avg amplitude (500-2000 Hz)
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Likely 6m overdense during Geminids from
NN4SA

251214 113000.wav - M5K144 Signal Amplitude Over Time
7oaoa — Avg amplitude {500-2000 Hz)
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Mass and Density
Distributions
of Meteoroids
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Graphics by NASA MEO/A. Moorhead



Sporadic source speeds are highest from the apex direction
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Figure 4. Average interplanetary meteoroid speed as calculated by MEM 3 for a
spacecraft that is orbiting the Sun at 1 au but is not near the Earth. Color indicates
the average speed of all meteoroids originating from a particular direction, with
blue areas corresponding to higher speeds and red to lower. The directionality is
plotted in a body-fixed frame, in which the center (0® in azimuth and 0° in altitude)
corresponds to the spacecraft’s direction of motion.

https://fireballs.ndc.nasa.gov/mem/guide/



File Display Measure View Help
50 MHz) (pulse 34771) (gate 42 = 141 km) (amp 12386

(freq 29.8 (power -83.1 dBm)

20070901 11:53:57 UTC 20070901 11:53:58 UTC




File Display

070901 12:17:18 UTC 20070901 12:17:19 UTC




Messer Count

Messer Count

. NA

¥ ¥ ¥

s 8

05 AUG 24¢ tat

© 05-AUG-24c.txt

09-AUG-24¢ tar

© 09-AUG-24c.txt

13AUG 24¢ tat

© 13-AUG-24c.txt

Metser Count

Perseids August 2024

© 06-AUG-24c.txt

10.AUG 24¢ tar

© 10-AUG-24c.txt

14AUG 24 ter

© 14-AUG-24c.txt

07-AUG-24c tat

© 07-AUG-24c.txt

11AUG 24c tar

@ 11-AUG-24c.txt

15AUG 24c tat

© 15-AUG-24c.txt

M
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08 AUG 24c tit

© 08-AUG-24c.txt

12.AUG 24¢ tax

© 12-AUG-24c.txt

16 AUG 24c ta

@ 16-AUG-24c.txt



Perseids radiant location

Elevation and Azimuth vs Time for Target Object
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The pilot tone of a digital TV signal

provides a continuous
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From Spectrum Tour: US Digital TV (551 MHz)
https://www.youtube.com/watch?v=0scnPDhxWEg



VBAS Meteor Radar Receiver System

_ Audio out to PC
Radio line-in




Components  View/Windows  Help
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Icom R-8500 receiver used at VBAS due to proximity of strong UHF TV stations



