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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?



Meteors provide the free electrons to scatter a 
radio signal

As the meteoroid enters the atmosphere 
at high speed (10 ς 70 km/s) it ionizes the 
oxygen and nitrogen molecules generating 
ions and free electrons which scatter the 
RF over the horizon (also makes light)
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https://www.areg.org.au/

archives/210418

NASA MEO/A. Moorhead



SOME TERMINOLOGY

Meteoroids ς bits in space
Consist of small pieces (grain of sand, particle of dust) 
of mostly cometary (90%) or asteroidal (10%) material

Shower meteoroids associated with comet and 
asteroid orbits

Sporadic meteoroids associated mostly with comet 
families

Meteors ς bits burning up in the atmosphere
Visible light from a meteor comes mostly from the 
ionization of the atmosphere

Meteorites ς hit the ground

http://cdn.sci-

news.com/images/2019/05/image_72

20-Atacama-Desert-Meteorite.jpg
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Perseids 2025

From Global Meteor Network camera

at NASA MSFCôs Automated Lunar

and Meteor Observatory (ALAMO)

79 meteors in 3 nights

Image from Bill Cooke/NASA Meteoroid 

Environment Office



Leonid video and forward scatter audio

Intensified video camera, Leonids 1999 from southern New Mexico. Audio from receiver tuned to distant analog TV video carrier.
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Comet Halley particles are responsible for 2 meteor showers every year

Orionids - October

Eta Aquarids - May
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https://www.meteorshowers.org/ 

https://www.meteorshowers.org/


Meteors are more prevalent in the morning and during meteor 
showers
Diurnal variation ς like bugs on a windshield

ÅCar (Earth) going 30 km/s around the sun

ÅBugs (meteoroids) going up to 40 km/s around the sun, some head-on

ÅImpact speed is vector sum of these ς many hit windshield, only really fast ones hit rear window

There are fewer sporadic meteors in the spring,  +/- 20% annual variation

Sporadic meteors are there all the time from all over the sky (sort-of)

5ǳǊƛƴƎ ƳŜǘŜƻǊ ǎƘƻǿŜǊǎΧ  

 There are relatively more large meteors

 They all come from a common point called the radiant

9

Name Peak Date Approx. 

Meteors/hr

Speed

Quadrantids Jan. 3 120 43 km/s

Eta Aquariids May 6 60 66

Arietids Jun. 9 (daytime) 45 41

Perseids Aug. 11-13 90 60

Orionids Oct. 20-23 20 67

Geminids Dec. 12-13 120 36



Done! The updated image now shows meteors 

striking Earthôs leading edge ð the right side ð to 

reinforce the concept visually. Itôs a powerful way to 

connect the metaphor: just like bugs splatter on the 

front of a moving car, meteors hit the forward-facing 

side of Earth as it travels through space.

If youôd like to turn this into a full educational slide or 

add explanatory labels, I can help with that 

too.   

Generated by CoPilot AI



Sporadic sources are not isotropic

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 Earth-centered ecliptic.

Sun

5ƛǊŜŎǘƛƻƴ ƻŦ 9ŀǊǘƘΩǎ Ƴƻǘƛƻƴ - Apex

AntihelionHelion

North Toroidal

North Apex

South Apex

Sunrise sky view

Suggs NN4NT 11



Sporadic sources are not isotropic

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 Earth-centered ecliptic.

Sun

5ƛǊŜŎǘƛƻƴ ƻŦ 9ŀǊǘƘΩǎ Ƴƻǘƛƻƴ

AntihelionHelion

North Toroidal

North Apex

South Apex

Sunset sky view
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Digital TV pilot tone counts show diurnal 
variation

From MSFC ARC NN4SA

DTV channel 3, 60.3085 USB

Several transmitters in range

Icom R8500

Dipole at 6ft

Suggs count software

Sunset        Sunrise



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

ÅThis geometry favors certain path directions as the shower radiant moves across the sky

Å¢ƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ƳŜǘŜƻǊǎ ŘƻƴΩǘ ǎŀǘƛǎŦȅ ǘƘƛǎ έǎǇŜŎǳƭŀǊέ ŎƻƴŘƛǘƛƻƴ ŀƴŘ ŎŀƴΩǘ ōŜ άƘŜŀǊŘέ

ÅOverdense ǘǊŀƛƭǎ άŎǊƛƴƪƭŜέ ǿƛǘƘ ǘƛƳŜ ŀƴŘ ŘƻƴΩǘ ƘŀǾŜ ǘƻ ǎŀǘƛǎŦȅ ǘƘƛǎ ŎƻƴǎǘǊŀƛƴǘ

TX 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, l, and the square of the electron line density, q

You want to use the longest wavelength (lowest frequency) possible.  

If you get into HF bands, Ionospheric effects can dominate so lower 

VHF (40 ï 100 MHz) is best.   From McKinley, 1961 eq. 9 -3.

So 10m should be preferable to 6m.
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Forward Scatter Geometry

CǊƻƳ άaŜǘŜƻǊ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎέΣ 5Φ²ΦwΦ aŎYƛƴƭŜȅ



Signal duration is proportional to square of 
the wavelength

D is the electron diffusion coefficient in m2/sec

CǊƻƳ άaŜǘŜƻǊ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎέΣ 5Φ²ΦwΦ aŎYƛƴƭŜȅ



Dependence of strength and duration for various amateur 
MSK144 frequencies

Scattered power is proportional to the wavelength3 or 1/frequency3  

Signal duration is proportional to wavelength2
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Frequency MHz Rel strength Rel Str dB 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



Two Types of Meteor Trails

Underdense
¶ Weak echoes

¶ Short-lived (<1 second) 

¶ Electron density is so low that individual 

electrons donôt interact with each other)

¶ Scattering geometry must be specular

Overdense
¶ Strong echoes

¶ Long-lived (many seconds)

¶ Electrons act in concert like a metal tube

¶ Scattering geometry should be specular but 

upper atmospheric winds can ñcrinkle the tubeò

Diagram from P. Brown, Univ. of Western Ontario
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QSO sample ï KK0U and NN4NT 2025 Perseids on 10m



Local station from NN4SA

KQ5U KY4G EM64

KQ5U KY4G R-01

MSK144

2000 baud MSK, 2.5 kHz BW

72 msec 128 bit messages, 144 bit packets

Typically 15 sec T/R cycles,

approximately 208 packets/cycle



Pair of 10m underdense meteors during 
Perseids

CQ K1HTV FM18

CQ K1HTV FM18

West of DC

38.651988, -77.953917



Underdense 6m meteor during Geminids

K5HPT W8DPK 73

EM89  near Columbus OH

39.870848, -83.267503



Another 6m underdense meteor during 
Geminids 2025

K5HPT NO3I EN90

Newcastle PA

40.989418, -80.336151



Underdense meteor on 2m during Perseids

CQ AB5CC EM14 (2x)

South OK

34.054182, -96.387515



Likely overdense meteor on 10m during 
Perseids

W2JC K2DRH -02 (3X)

West of Chicago

41.742381, -90.220016



Possible overdense on 6m during Perseids

N0FW WG2Z +00  FN20

CQ KB1HY FN31

40.332864, -74.445801

41.874533, -73.022761



Green is 10m

Blue is 6m

Magenta is 2m

Cyan is aircraft scatter



Digital TV pilot tone counts show diurnal variation

From MSFC ARC NN4SA

DTV channel 3, 60.3085 USB

Icom R8500

Dipole at 6ft

Suggs count software

Sunset        Sunrise



Geminids radiant moves almost through zenith in north AL

0 UT

8 UT

15 UT



Geminids December 2024 from NN4SA DTV receiver

Radiant rise     Radiant at zenith     Radiant set



ñMeteor-wrongsò

Various other propagation modes can result in MSK144 decodes
Sporadic E ï during Perseids on 6m

F-layer propagation ï 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 6m Orionids from NN4SA

K5HPT W4HP R+03

EM75 North of Chattanooga

148 km distance from MSFC

35.178479, -85.187124



PSK Reporter 6m spots for NN4SA 
Geminids 14 Dec 2025



Pinjockey.net QSO coordination



Virgo software calculates the optimal geometry
swan.ms is a similar web-based tool

Suggs NN4NT
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Orionids 21 October 2025

fireballs.ndc.nasa.gov

The radar meteor sky from the Canadian Meteor Orbit Radar

https://aquarid.physics.uwo.ca/research/radar/cmor_basics.html



Current and Future Work
Å Nina Tormann (see her poster) is looking at Tun (duration) vs 

wavelength
Å Need to look at Pr, signal strength vs wavelength
Å Need to look at Tun and Pr for different showers which are different 

speed, ablation altitude (echo ceiling height), and electron diffusion 
time

Å There may be interesting signatures for other propagation modes

Ablation Height vs Speed

GEM PER

Graphic courtesy of 

Bill Cooke/NASA/MEO

Plot is data from over 2 million 

meteors observed by 

Global Meteor Network 

cameras 



Summary

ÅThe ionization trail from a grain-of-sand sized 
meteor ablating in the atmosphere can have the 
radar cross section of a battleship

ÅYou can use meteor scatter any time but it is easier 
during meteor showers and during the morning 
hours

ÅMore sporadic meteors are visible around sunrise
ÅMeteor showers have higher rates of large 

meteoroids

ÅCertain path azimuths are favored due to the 
specular reflection constraint and radiant location

ÅData collected during the MSQP can provide tests 
for some fundamental meteor scatter questions
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Links and Additional Resources

https://fireballs.ndc.nasa.gov

http://pingjockeys.net  

CMOR https://aquarid.physics.uwo.ca/research/radar/cmor_basics.html 

International Meteor Organization radio observation info 

http://www.imo.net/radio/index.html

Meteor Science and Engineering by D. W. R. McKinley ς 1961 
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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


Backup
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The author and the guy who took the Lyrid meteor picture from ISS, Dr. Don Pettit



Constraining the ellipses with radiant elevation 
and meteor altitude

Looking along the major axis of the ellipsoid

0 deg elevation 45 deg elevation

ground

100 km



NN4NT 10m during Geminids F layer 
propagation dispersion?

W8VYM KJ6DQR DM13    

California



Aircraft scatter 6m during Geminids

K5YT W4HP EM75

North of Chattanooga

35.178479, -85.187124



Underdense 10m meteor during 
Geminids 2025 from NN4SA

Canôt hear it

CQ NX7U FM20



Likely 6m overdense during Geminids from 
NN4SA

KQ4SY WA4CQG RR73

EM72 Auburn AL

32.609054, -85.531654



Mass and Density 

Distributions

of Meteoroids



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

Sporadic source speeds are highest from the apex direction



Underdense echo

Diagram from P. Brown, Univ. of Western Ontario, Canadian Meteor Orbit Radar
Suggs NN4NT
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Overdense echo

Diagram from P. Brown, Univ. of Western Ontario, Canadian Meteor Orbit Radar
Suggs NN4NT

52



Perseids August 2024



Perseids radiant location



The pilot tone of a digital TV signal 
provides a continuous wave signal

From Spectrum Tour: US Digital TV (551 MHz)

https://www.youtube.com/watch?v=OscnPDhxWEg



VBAS Meteor Radar Receiver System

PC

Radio

Monitor

Audio out to PC soundcard

line-in



Meteors

Audio Frequency

T
im

e





Digital TV Channel 3 Transmitters within range of Huntsville



Icom R-8500 receiver used at VBAS due to proximity of strong UHF TV stations


