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The UK meteor radar project

Introduction

The UK Meteor Radar System is a citizen science project supported by the Radio Society
of Great Britain (RSGB) and the British Astronomical Association (BAA). It came about as
a result of the shared interests of the Radio and Astronomy communities in meteors and
other radio reflecting phenomena in the ionosphere, space weather. The first phase of the
project was to establish a beacon transmitter to illuminate a region above the UK. The
beacon, call sign GB3MBA, is located at the Sherwood Observatory of the Mansfield and
Sutton Astronomical Society. Ref [1]. Meteors burn up due to friction as they enter the
earths' atmosphere, at an altitude of 80 to 120km, creating ionisation reflective to radio as
they do so. The beacon, which has been operational since May 2022, illuminates a region
with a diameter of more than 400km at this altitude. Reflections, echoes, from meteor
trails, can be received at up to 1200km from the beacon using simple inexpensive
equipment. A “Quick Start” guide to receiving meteor echoes can be found in Ref [2].

The second phase of the project has been
to establish a network of receivers to detect
and record these echoes forming a bi-static
radar system.

The receivers stream their data to the
project server which provides a public-
facing display of all the operational
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@ that is detected by the radar and shown on
the live displays. The best time of day to
Fig 1 look is from 00:00 to 12:00 GMT each day,
as the region in which the beacon
transmitter is located, faces towards the Earths' direction of travel as it orbits the sun and
thus collides with the most meteoric material. Typically, echoes are seen at a rate of two of
more per minute in the region covered by the receiver network. Most echoes are from tiny
grains of material but even these briefly produce ionisation that is seen by the radar. These
appear as bright, near horizontal traces on a waterfall display. There are guidelines on

how to use and interpret the live display at Ref [4].

Echoes from these small meteoroids can be highly directional and are linearly polarised,
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despite the illuminating radiation being circularly polarised. This results in some of the
echoes going unseen from some receiver locations, despite all their antennas beaming
into the common volume above the radar beacon.

In addition to providing the live display, the server can record data with a greater
bandwidth and dynamic range than can be shown on the live display. These data contain
precise timing information so that observations from different receivers in the network can
be correlated in time, correcting for the various temporal latencies in the system. These
data are available to download from the project web site Ref [5]. The next phase of the
project is to develop software tools, initially using the recorded data, to recognise, count
and classify the echoes captured by the system. We hope that others who are interested in
meteors and the ionosphere will use the data to develop these tools and to share their
experiences with the group.

Some initial guidance on classifying meteor echoes can be found in Ref [6].

Radio Echoes from Meteors
It is convenient to display radio echoes from meteors on a waterfall display see Fig 2.

The strength of the echo is represented by
R, 2 1BOBE brightness. Time “flows” down the waterfall
so the earliest time is at the bottom. The
horizontal scale is frequency in Hz, centred
on the transmitter frequency of 50.408MHz.
The frequency of the echo is of interest as
the echo of the beacons' transmitted
frequency is Doppler shifted due to the
motion of the meteor.

Norman Lockyer Observatory 261912024 13:2052

With receivers at multiple locations, there is
the potential to triangulate the meteor
location and trajectory using this property.
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Fig 3
The length of this “rod-like” structure is fairly short, perhaps for small meteoroids between

a half a wavelength or just a few wavelengths at the 6m wavelength of the UK meteor
radar.

This ionised column (plasma) behaves like a metal rod flying across the sky, decelerating
due to friction with the atmosphere as it does so. The echoes from this rapidly moving rod-
like structure are very short-lived and exhibit rapidly-changing Doppler shift creating a near
horizontal line on the waterfall display. We call these “Head Echoes”. At the 6m wavelength
of the radar system “head echoes” can be directional and linearly polarised and thus will
go unseen from some locations, due to their directional and linearly-polarised nature. Also
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cross polarisation with a receive antenna gives rise to substantial attenuation of the signal
adding to the apparent directionality of the echo. However, echoes from larger meteorites
may be less directional and so be seen by multiple receivers creating the possibility of
triangulation. Establishing how often we see echoes from a sufficient range of directions
to provide the geometry necessary for triangulation is a key early objective for the tools
under development. Other objectives for the tools include meteor counts, classification by
head echo strength, Doppler spread and duration. See Ref [ 6 ].

Sometimes the meteor will pass through a region with a pre-existing raised level of
ionisation caused by other phenomena including solar / cosmic radiation and wind shear.
Prior to the arrival of a meteor the electron density of such regions may not be sufficient to
support radio reflection but the additional material ablated from the meteor and free
electrons from its trail can result in the regions' electron density rising to a level that
becomes reflective to radio. This situation may exist for some time. We call echoes from
these regions “Tail Echoes”. They have little Doppler shift as the reflecting ionisation
remains relatively static in the atmosphere. Any small Doppler shift is due to the winds in
the region, a property that can then be used to measure the speed and direction of those
movements in the atmosphere. Tail echoes are often spectrally spread as the reflecting
mode can be scatter rather than specular. Sometimes there are multiple tail echoes with
different Doppler shifts due to complex wind patterns. We can note that winds of order 50 —
100 metres/sec may exist in the upper mesosphere.

Tail echoes can last much longer
than “Head Echoes” as the regions'
electron density is being “topped up”
by solar or cosmic radiation or by
friction due to wind shear. They
disappear when the rate of electron
re-combination exceeds the rate at
which new ionisation is formed.
These longer lasting tail echoes are
sometimes used to extend radio
Bosd Echo range at VHF, a propagation mode
known as meteor scatter.

Tail Echo

Fig 4 shows a “classic” meteor echo
Fig 4 with a “Head Echo”, the near

horizontal line at the bottom which
shows the rapidly changing Doppler shift as the reflection path length changes and the
meteor decelerates. Head echoes usually last for just a few 10s of milliseconds rather like
the very brief shooting stars we sometime see on a clear night.

Also shown in Fig 4 is a “Tail Echo”. These can last much longer and have little Doppler
shift.

We do not always see both kinds of echo. Sometimes the “Head echo” goes unseen due
to its' directional and polarised nature, while the corresponding “Tail echo” may be seen by
several of the receivers in the network.
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Norman Lockyer Obs 1671112025 85157 Nr. Armagh 10 64 RH 1671112025 85157 Blairgowrie I086HO 1671112025 85157
50°41'N, 3" 13'W 54°17'N, 6°33' W 56°36'N, 3" 22'W

Jodrell Bank 1083uf 1671112025 85157 RYE FOREIGN JOO00IX 161112025 85156 Nr Andover IO91FF 1671112025 85157
537 14'N, 27 18'W 50°58'N, 0°42'E 51714'N, 1°34'W

Fig 5

The UK meteor Radar project provides a live display of echoes from all the operational
receivers in the network. See Fig 5. This can be viewed live at Ref [3]. This screenshot
only shows head echoes, fairly typical for small meteors probably no bigger than grains of
sand. The near vertical, curving traces are aircraft echoes and the vertical trace on
precisely 50.408MHz is a direct signal from the beacon. The Jodrell Bank receiver, being
just 75km from the beacon transmitter, sees a strong direct signal and many aircraft
reflections. For more information on using the live display see Ref [4].
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NW Hampshire H Pol 267512025 91240 NW Hampshire V Pol 261512025 9-12:40
517 14'N, 1° 34 W 51 14'N, 1° 34'W

Fig 6

Figure 6 lllustrates the linearly polarised nature of head echoes. The left hand image is
from a receiver using a horizontally polarised antenna, the right hand image is from a co-
sited receiver with a vertically polarised antenna, illustrating the linearly polarised nature of
head echoes. The illuminating radiation from the beacon is Right Hand Circular polarised .

Exotic Echoes

We sometimes see some very strange shaped echoes on the waterfall displays at [ 3 ]. We
describe these as “Exotic” echoes. They appear to result from a combination of
phenomena in the ionosphere in addition to the passage of a meteor. Pre-existing levels of
ionisation caused by solar and cosmic radiation along with wind shear at the region
through which the meteor passes are likely factors. It may also be that the presence of
these exotic echoes is indicative of the type of material of which the meteor is composed.
The UK Meteor Radar has potential to research these areas.

Figure 7 shows an example of a first “exotic” echo seen only by Armagh and Blairgowrie
followed by with a second event seen by all six receivers.
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Norman Lockyer Obs 2141112025 10:07:45 Nr. Armagh 10 64 RH 211112025 10:07:45 Blairgowrie 1086HO 211172025 10:07:45
50°41'N, 3" 13W 54°17'N, 6° 33 W 56°36'N, 3° 22'W

Jodrell Bank 1083uf 211172025 10:07:46 RYE FOREIGN JOO0O0IX 211172025 10:07:45 Nr Andover IO91FF 2/ 1142025 100745

53°14'N, 2° 18'W 50°58' N, 0° 42°'E 51°14'N, 1° 34W

Fig 7

The presence of a “head echo” at the start of the second event, seen only at the Andover
and Armagh receivers, strongly indicates that the event is associated with the passage of a
meteor.

Norman Lockyer Obs 31512025 64820 Nr. Armagh 10 64 RH 31572025 6:49:20 Blairgowrie I086HO 31572025 6:49:20
50° 41N, 3" 13'W 54° 17N, 6° 33'W

NW Hampshire H Pol 31512005 6:48:20 NW Hampshire V Pol 31572025 6:49:20
S1°14'N, 1" 34 W 51°14'N, 1° 34'W

Not In Service

Fig 8

Figure 8 shows a radio reflecting event that would probably be described as “Sporadic E”
propagation (Es). See Ref [7]. This reflection was observed to last for nearly two minutes.
Es can occur when solar radiation causes a region of the ionosphere to become
sufficiently ionised to be reflective to radio i.e. when the electron density reaches a
sufficiently high level. The presence of a meteor head echo at the start of this event
indicates that it may have been triggered by the passage of a meteor. The brightness of
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the echoes at the two NW Hampshire receivers, one with a horizontally polarised antenna
the other with a vertically polarised antenna suggests that the head echo, if linearly
polarised, is equally cross polarised with H and V i.e. at approximately 45 degrees. Tail
echoes seldom exhibit linear polarisation. It would be interesting to establish whether the
Tail echoes were Left Hand Circularly polarised as would be expected if the reflections
were truly specular, a term often used to describe meteor echoes.

Another kind of echo the system sees is aurora See Fig 9.

Norman LocKyer Ubs 201212025 140803 NI Armagl o4 211212025 14:00:03
50°41'N, 3" 13 W 54" 1T'N, 6" 33'W

Jodrell Bank 1083uf 211212025 1409:03 RYE FOREIGN JOO00IX 211212025 14:09:02 Nr Andover I091FF 211212025 140903
53°14'N,2°18'W 50°58' N, 0° 42°'E 51°14'N, 1°34'W

Fig 9

Auroral reflections are highly scattered and spectrally spread. If seen by just one receiver
such an image would be dismissed as wide band interference but when seen by multiple
receivers many hundreds of kilometres apart this is unlikely. What is perhaps surprising in
Fig 9 is how localised the reflection appears to be, suggesting in this example that the
centre of the reflection is in the NE of England or SE of Scotland.

Results so Far.

The UK Meteor Radar system provides a new view into the ionosphere in general and into
meteors in particular. Together with tools, yet to be developed there is potential for new
research into meteors, space weather and the ionosphere. Once these tools have been
developed using recorded data there is the potential to use them to analyse the live data
and produce a range of information from basic meteor counts, to recording statistics such
as brightness, duration, Doppler shifts etc. The total reflected energy from meteor head
echoes might provide an indication of the mass of meteoric material arriving into the
ionosphere. The total reflected energy from tail echoes might provide some insight into the
amount of ionisation created. We also hope to establish whether larger echoes from
meteorites (that will reach the ground) are sufficiently omni-directional that they can be
detected from multiple locations. With suitable reflection geometry the ambition of
triangulating the location, trajectory, radiant and potential landing location of meteorites
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may be possible. This is already being done using camera networks such as Fripon (Ref
[11]). However, the advantage of a radio-based system is that it has the potential to work
by day and night and in all weather conditions.

Terminology

| have used the term Head echoes for the very brief echoes we see with rapidly changing
Doppler shift. Conventionally these are described as “under-dense echoes”. The term
over-dense echo is conventionally used to describe what | have called “Tail Echoes”.
Density in both cases referring to electron density. The best indication we see of electron
density is the brightness of the echo. The recorded data has sufficient brightness
resolution and dynamic range that weare able to observe that the Head (under-dense)
echo has a greater peak brightness, indicating greater electron density, than the Tail (over-
dens) echo. For that reason, | avoid the conventional terminology.

Head echoes, particularly from smaller meteoroids, are highly directional and linearly
polarised despite the illuminating radiation from the radar transmitter being circularly
polarised. This casts some doubt on the use of the term specular (mirror-like)
conventionally used to describe meteor echoes. A mirror does not transform circular
polarisation to linear polarisation. A mirror would however reverse right-hand circular
polarisation to left hand circular polarisation.

The same word specular is conventionally used in connection with tail echoes. But these
often exhibit spectrally spread, a characteristic associated with scatter rather than mirror
like reflection so | have avoided describing meteor echoes as specular.

Recorded data

During the Meteor showers of November and December 2025 a large body of data has
been recorded and is available to download from Ref [5]. This comprises full bandwidth
data including precision timing from all six receivers in the network. The data format is
described at Ref [10]. It is hoped that these data will be used to study space weather and
develop the means to triangulate meteor trajectories.
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