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Research FocusResearch Focus
Western Meteor group Western Meteor group focussesfocusses on answering basic questions about on answering basic questions about 
the the origin and evolutionorigin and evolution of small bodies in the solar system.of small bodies in the solar system.
Research program heavily Research program heavily obsevrationalobsevrational, with some theory (orbital , with some theory (orbital 
dynamics, entry dynamics, entry modellingmodelling, atmospheric propagation of meteor , atmospheric propagation of meteor 
shocks)shocks)
These include:These include:

1.1. Origin of meteoroids (comets/ asteroids /interstellar and what Origin of meteoroids (comets/ asteroids /interstellar and what 
proportion of each?)proportion of each?)

2.2. Origin of meteorites (asteroid belt mostly, but where specificalOrigin of meteorites (asteroid belt mostly, but where specifically?)ly?)
3.3. Physical structure of meteoroids (bulk density/Physical structure of meteoroids (bulk density/dustballsdustballs –– what does what does 

this say about their origin?)this say about their origin?)
4.4. Flux and interaction of larger meteoroids at Earth (meteorites, Flux and interaction of larger meteoroids at Earth (meteorites, 

breakup in the atmosphere). Like lowbreakup in the atmosphere). Like low--cost samplecost sample--return missions.return missions.
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Observational TechniquesObservational Techniques
Radar ObservationsRadar Observations

Sporadic/shower activity Sporadic/shower activity –– flux, mass distribution, orbitsflux, mass distribution, orbits
MultiMulti--frequency characterization of biases (initial radius)frequency characterization of biases (initial radius)
Observations of fireballs (head echoes and body echoes)Observations of fireballs (head echoes and body echoes)

AllAll--Sky CamerasSky Cameras
Sporadic/shower activity Sporadic/shower activity –– flux, mass distribution, orbitsflux, mass distribution, orbits
Fireball detection/measurementsFireball detection/measurements

Infrasound ObservationsInfrasound Observations
Global measurements of airwaves from large fireballsGlobal measurements of airwaves from large fireballs
Local observations of smaller eventsLocal observations of smaller events
Characterize energy/shock Characterize energy/shock behaviourbehaviour of individual large events (meteorite of individual large events (meteorite 
producers)producers)
Use close range observations to refine weak shock theoryUse close range observations to refine weak shock theory

US US DoD/DoEDoD/DoE SpaceSpace--based sensorsbased sensors
Trajectory, orbits and energies for very large fireballsTrajectory, orbits and energies for very large fireballs
Provides context for meteorite falls (St. Robert, Provides context for meteorite falls (St. Robert, TagishTagish Lake, Park Forest)Lake, Park Forest)



Radar Radar –– The Canadian Meteor Orbit The Canadian Meteor Orbit 
Radar (CMOR)Radar (CMOR)

Three frequency radar operating at 17.45 MHz, Three frequency radar operating at 17.45 MHz, 
29.85 MHz and 38.15 MHz29.85 MHz and 38.15 MHz
Fully automated data collection and analysisFully automated data collection and analysis
All three systems collect single station meteor All three systems collect single station meteor 
echo dataecho data
The 29.85 MHz system also has two outlying The 29.85 MHz system also has two outlying 
stations which permits orbits for individual stations which permits orbits for individual 
meteoroids to be measuredmeteoroids to be measured

4.1 million unique orbits measured to date4.1 million unique orbits measured to date



Frequencies .………………17.45, 29.85 & 38.15 MHz
Peak power ………………. 6kW
P.R.F. .………….….……... 532pps
Sampling rate …………...... 50ksps
Range increment  ………….3kms
Bandwidth .……………….. 28kHz
Pulse length .……………… 75µs
Remote link Freq………….450 MHz

Magnitude limit ……………+8
Minimal Detectable Mass….10-5 g
(velocity dependent)
Minimal Detectable
Meteoroid Size……………..0.1 mm
Height range ………………. 70-120 km
Range interval…….….……..70-250 km
Effective Instantaneous Atmospheric
Collecting Area……………..~100 - 300 km2



2.52.5λλ

2.52.5λλ

2.02.0λλ

2.02.0λλ

φθ

Main Site Receiving Antenna LayoutMain Site Receiving Antenna Layout



R

t1 t0
t2

Main Radar Site

Remote Rx Site #1

Remote Rx Site #2

Meteor Trail Trajectory

8 km

6 km

t2

t1

t0



• Calibration of radar through 
two station EO observations

• Time synchronization and 
spatial calibration allow 
redundant checks on radar 
measured quantities:
– Range accuracy (~300 m)
– Interferometry (<0.2 degs)
– Velocity (~5-10% error 

depending on geometry)
– Radiant direction (1-2 degrees 

typical measurement error)
• Ultimately relate EO mass 

scale to radar scale



Sporadic meteor activity
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Movie of individual radiants
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Total of 67 Draconid Orbits measured 
during outburst 
from 11 UT – 18:30 UT, Oct 8, 2005



AllAll--Sky CamerasSky Cameras
Five video systems (allFive video systems (all--sky) with sentinel sky) with sentinel 
detection unitsdetection units
All connected by highAll connected by high--speed internetspeed internet
Locations:Locations:

UWO (UWO (testbedtestbed ––ongoing)ongoing)
Elginfield Elginfield 
Radar site Radar site 
McMaster University McMaster University 
Collingwood (RASC Toronto Center Collingwood (RASC Toronto Center 
Observatory)Observatory)
RoboskyRobosky (Orangeville)(Orangeville)
High resolution CCD camera (Elginfield)High resolution CCD camera (Elginfield)

Sensitivity ~ Sensitivity ~ --2 for meteor events at 30 2 for meteor events at 30 
fpsfps
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InfrasoundInfrasound
Low frequency sound Low frequency sound 
waveswaves

Below the range of Below the range of 
human hearing (<20 Hz)human hearing (<20 Hz)
Above the atmospheric Above the atmospheric 
BruntBrunt--VaisalaVaisala frequency frequency 
(>0.017 Hz)(>0.017 Hz)

Signals may be Signals may be 
detectable for detectable for 
thousands of thousands of 
kilometerskilometers

Low attenuation at low Low attenuation at low 
acoustic frequenciesacoustic frequencies

Wind



Sources of InfrasoundSources of Infrasound

Natural sources:Natural sources:
MeteorsMeteors
Ocean Waves Ocean Waves 
Volcanic eruptions, earthquakesVolcanic eruptions, earthquakes
Weather Weather –– Thunder, tornadoesThunder, tornadoes
AuroraAurora

Man made activities:Man made activities:
Nuclear/chemical explosionsNuclear/chemical explosions
Spacecraft ReSpacecraft Re--EntryEntry
Airplanes, trains, industrial noiseAirplanes, trains, industrial noise

Missile launchesMissile launches



Global Infrasound Meteoroid Global Infrasound Meteoroid 
ObservationsObservations

Global network of Global network of 
microbarometermicrobarometer arrays arrays 
monitoring ~0.01 monitoring ~0.01 –– 10 Hz 10 Hz 
for explosive sources.for explosive sources.
CTBTO IMS NetworkCTBTO IMS Network
Equally proficient at Equally proficient at 
recording long range (1000’s recording long range (1000’s 
km) infrasound from km) infrasound from 
meteors/bolides.meteors/bolides.
Kinetic energy estimates Kinetic energy estimates 
from these signals provide from these signals provide 
constraints as to their sizeconstraints as to their size

Edwards et al. (2005/2006)

Currently 37 out of 60 stations have been Currently 37 out of 60 stations have been 
completed to date, 10 more are currently completed to date, 10 more are currently 
under construction.under construction.

Edwards et al. (2005/2006)
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How Infrasound is MeasuredHow Infrasound is Measured

Top View



Meteor InfrasoundMeteor Infrasound

Infrasound provides Infrasound provides 
meteor shock angle of meteor shock angle of 
arrival and azimutharrival and azimuth
Comparison with Comparison with 
radar/optical data radar/optical data 
establishes point on establishes point on 
trajectory where shock trajectory where shock 
emanatesemanates
Allows energy Allows energy 
measurements/shock measurements/shock 
characterizationcharacterization



## EventEvent TimeTime ArrivalArrival DurationDuration ∆∆pp Frequency Frequency 
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UTCUTC UTCUTC UTCUTC (Sec.)(Sec.) (Pa)(Pa) (Hz)(Hz)

0060221300602213 08:49:25 08:49:25 08:53:33.8 08:53:33.8 3 3 –– 4   4   0.2120.212 3.373.37

2006030220060302 06:28:1406:28:14 06:41:54.506:41:54.5 3 3 –– 44 0.1070.107 1.681.68

2006030520060305 05:15:3705:15:37 05:21:27.805:21:27.8 8 8 –– 9 9 0.1560.156 6.706.70

2006040520060405 03:03:2703:03:27 03:10:01.603:10:01.6 4 4 –– 5 5 0.1660.166 5.295.29

2006041920060419 04:21:2804:21:28 04:27:17.904:27:17.9 ~1~1 0.0610.061 3.443.44

20060419b20060419b 07:05:5707:05:57 07:10:34.807:10:34.8 ~0.5~0.5 0.1370.137 9.289.28

2006080520060805 08:38:5008:38:50 08:46:00.008:46:00.0 4545 0.6500.650 0.6580.658

2006090120060901 06:44:4906:44:49 06:48:19.706:48:19.7 1515 0.0960.096 2.612.61

2006102120061021 03:42:0703:42:07 03:56:05.003:56:05.0 3030 0.0440.044 1.221.22

2006110120061101 06:46:1206:46:12 06:55:00.706:55:00.7 1010 0.0370.037 0.9580.958

2006110420061104 03:29:3003:29:30 03:35:25.003:35:25.0 ~0.5~0.5 0.0840.084 5.695.69

2006112120061121 10:45:4610:45:46 10:54:22.510:54:22.5 2020 0.0280.028 0.9200.920

2006122320061223 06:27:2606:27:26 06:37:33.506:37:33.5 3232 0.0580.058 1.731.73

2007010220070102 10:42:0310:42:03 10:51:42.710:51:42.7 ~3~3 0.0410.041 1.201.20

2007012520070125 10:02:0510:02:05 10:08:42.210:08:42.2 55 0.0360.036 0.8290.829

2007012920070129 00:49:5100:49:51 00:55:27.000:55:27.0 1.51.5 0.3160.316 2.152.15

2007042120070421 09:21:0109:21:01 09:31:38.609:31:38.6 1.51.5 0.0150.015 1.551.55

2007051120070511 07:41:1407:41:14 07:48:34.707:48:34.7 ~3.5 ~3.5 –– 4 4 0.0120.012 1.421.42



Infrasonic Mass & Luminous EfficiencyInfrasonic Mass & Luminous Efficiency

Meteor Velocity (km/s)
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Asteroidal Orbits Cometary Orbits

Given meteor’s trajectory & velocity Given meteor’s trajectory & velocity Forward model to fit Forward model to fit ∆∆P & Period. P & Period. 
Using this “Infrasonic mass” we compute the integral luminous efUsing this “Infrasonic mass” we compute the integral luminous efficiency.ficiency.



Satellite Sensors Satellite Sensors -- IRIR
Scanning arrays of IR sensors Scanning arrays of IR sensors 

cover entire Earth several times per minutecover entire Earth several times per minute
limited photometry of bright eventslimited photometry of bright events

IR is positional indicator IR is positional indicator 
may also provide velocity and atmospheric trajectorymay also provide velocity and atmospheric trajectory
sensors tend to detect dust cloud via reflected sensors tend to detect dust cloud via reflected 
sunlightsunlight

IR detections: 639 Aug, 1972 IR detections: 639 Aug, 1972 –– Dec, 2000 Dec, 2000 
100+ have both IR and optical information100+ have both IR and optical information





Satellite Sensors Satellite Sensors -- OpticalOptical
Broadband unfiltered Silicon, peak Broadband unfiltered Silicon, peak 
sensitivity at 9000 nmsensitivity at 9000 nm
“Stare” continuously at large portion “Stare” continuously at large portion 
of Earthof Earth

Photometry of Photometry of bolidebolide detonations, detonations, 
no positionsno positions

Effective limiting magnitude ~(Effective limiting magnitude ~(--17.5 17.5 
MMvv))

Most sensitive to transient flashes Most sensitive to transient flashes 
If brightness builds too slowly If brightness builds too slowly 
(>0.5 second), sensitivity (>0.5 second), sensitivity 
diminishesdiminishes

Used for timing and energy for Used for timing and energy for 
events, particularly meteorite events, particularly meteorite 
producing fireballsproducing fireballs



TagishTagish Lake Meteorite : January 18, 2000  Lake Meteorite : January 18, 2000  
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SummarySummary

Wide variety of meteor projects underway with Wide variety of meteor projects underway with 
the Western Meteor Groupthe Western Meteor Group
One thrust of observational meteor research One thrust of observational meteor research 
work at Western involves fusion of different work at Western involves fusion of different 
observational techniques and comparison with observational techniques and comparison with 
theory.theory.
Many opportunities for students!Many opportunities for students!

Thanks for your attentionThanks for your attention
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