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Introduction

AAstronomy come rain or shine, day or night!

ADetect meteors by means of means of radio scatter

ARequires Antenna, Software Defined Radio Dongle, PC or Laptop
ALow cost (E56E60 not including computer!) —
ADetails in the Sky At Night Magazine

AEverything you need here including article:

A https://www.britastro.org/radio/downloads.htm|

What if | was to tell you that there was a type of astronomy that you could do at
Fyed GAYS 2F RFeé& 2N YAIKIGZ YR GKIFIG sl ay
dream right, but meteor scatter detection is cheap and easy to get in to.

' dadzYAy3d 82dz2Q@S 320 | O02YLIzi SNJ 2NJ I LIG 2
of the equipment needed for 50 or 60 quid.

2 KAf Al ¢SQtft GF1S | €221 4 a2yYy$sS 2F GKS
RSGSOGA2Yy X R2yQlG fSiG GKFG Ldzi @2dz 2FFo
GF LIS YSIFadz2NB @2dzQ@S 320G GKS aiAitta ySSR

| first came across the idea in a series of articles in the Sky at Night magazine. The
information you need to get going is available from the British Astronomical
{20ASGeQa 9S00 aAiGST AyOfdzRAYy3a | R2gyf 2t
kit you need can be obtained from B&Q and Amazon.



Basic Premise

AMeteoroids enter the
atmosphere at high speed

z» Meteoroid «

AAt heights between 120km anc
80km the bow shock heats anc
ionises the air creating the
glowing trail we see visually

AElectrons in the ionised meteol
trail can reflect radio signals

Transmitter Meteorite .

The basic premise of meteor scatter detection is fairly simple.

Meteoroids are small particles of space rock or metal that enter the atmosphere.

The meteoroids are usually no bigger than a grain of sand, but they can travel at
aLISSRa 2F dzlJ 42 wmMcnInannYLK® ¢KIGQa Tl ad
I 62dzi F2dzNJ YAy dziSax odzi &2dzQR Sy R dzLJ LIN.
At heights between 120km and 80km up in the atmosphere, the meteoroid slams

in to the air molecules and compresses them. Just like pumping up a bicycle tyre,

the compression heats the air. The enormous kinetic energy of the meteoroid

converts to heat which ionises the air molecules, splitting electrons away from

their parent atoms creating an electrically charged plasma.

The negatively charged electrons are attracted back towards the positively charged
ions. In order to recombine in to neutral molecules, the electrons have to get rid of

their excess energy in the form of photons of light. This light it what we see as the

A3t 26Ay3 YSGS2NI GNFXAf 2N gakz22dAy3a aidl NE
in bolts of lightning; the electrical charge from the cloud heats and ionises the air,
creating a bright flash as the electrons recombine with the positive ions.

Whilst the electrons are free from their parent atoms, they are free to move about

in the hot plasma. This mobility enables them to reflect incoming radio waves just

like a mirror, and this reflectivity is what we exploit to detect meteors.



Back Scatter Forward Scatter
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There are two modes for detecting meteors using radio scatter.

The first is back scatter. This is undertaken using a conventional RADAR setup. A
radio signal is transmitted in to the sky by the RADAR transmitter. When a meteor
enters the zone covered by the transmitter, the signal is scattered in all directions

by the meteor. A small amount of the original signal ends up back at the

transmitter, which also functions as a receiver. When the returning signal is

detected we know there is a meteor. This signal reflection is diffuseagine

shining a torch at a wall covered in matt padrthe light is scattered in all

directions.

The second mode is forward scatter. This is undertaken using a transmitter at one
location, and a receiver at a second location some distance away. The signal

reflection is specularimagine shining atorchatamirrqd y G KA & OF aS &2
that the incoming beam is reflected in a single direction by the mirror.

In order for forward scatter to detect meteors effectively, we need to block the

signal coming directly from the transmitter, and only receive it when it is reflected

from the ionised meteor. Conveniently, this can be achieved by locating the

transmitter far enough away that it is hidden behind the curve of the Earth, but

Ot 2aS Sy2dzaK GKFG 020K GKS GNIyaYAddSNI
high in the atmosphere.



- Back scatter has been used for scientific meteor research since the 1950s. A major
advantage of back scatter is that by modulating (pulsing) the outgoing beam, we
can time the returning radar pulses and calculate the distance from the transmitter
to the meteor. We can also measure the Doppler shift of the returning radio
frequencies to calculate the speed of the meteor and combine the two pieces of
information to determine the direction of travel of the meteor.

- There are some disadvantages for us amateur astronomers thofiggtly only a
small amount of the diffusely scattered radio energy is returned to the receiver, so
you need a relatively large dish to pick it up. Secondly the cost of the equipment is
likely to be quite higk L. K+ @Sy Qi aSSy Fyeé | YIFGSdzNI YSi
but some people have built doppler rain radars which use the same principles, and
these cost several thousand pounds at least. Bearing in mind that rain showers
tend to be very large and meteors trails relatively small, | doubt it is practical for an
amateur to build a transmitter powerful enough and a receiver sensitive enough to
I OGdzl tt& 62N] FT2N YSGS2NI RSGSOGA2y® CAY
whatever frequency you are going to use.

- 52y Qi 0SS RAaOCHundid SE&tBr dée2tibriiaSidh simpler
proposition. Assuming we can find a suitable transmitter (and we certainly can in
the UK), we only need a relatively simple receiver setup. The advantage is that a
f20 Y2NB aAirdaylrt Aa ao0OFGdSNBR @Al &L Od
RAAKI YR aAYyO0OS 6SQNB y20 GNIyavYAlGGAyS3
either. The downside is that we can only detect doppler frequency shifts of the
incoming signal, but not distance to the meteor itself. This in turn means we
OFyy2i RSGUSNNAYS GKS (GN¥XOl 2F GKS YSGS?2
very interesting scientific analysis.

-LOQa Ffa2 g2NIOK o0SENAY3I Ay YAYR GKFG K
YR NBOSAOGSNI KA (G2 0S NARIKG G2 LAO| dzL
going to detect a proportion of meteors passing through the area of interest. More
on this later.

- Forward scatter has actually been used by radio Hams for many years as a trick to
(briefly) bounce radio transmissions much further than would ordinarily be
possible, and indeed the early days of amateur meteor detecting used Ham radio
receivers at the detectors. These days we have simpler and cheaper options as
pSQfft asSSo

- Finally, note that for both setups shown above, there is a specular reflection and a
diffuse reflection component L Q@S 2yt & akK2gy 2yS Ay SI O
what we are aiming to detect, but both processes occur in each case.



Forward Scatter Transmitters

AAt the average meteor height of 100km, the
radio horizon is a circle of 1,150km radius.

ATherefore, the transmitter and receiver
should be no more than 2,300km apart in
order for an overlapping area of sky to be
visible from both transmitter and receiver.

ATypically VHF Analogue TV stations were
used for forward scatter detection, but most
have migrated to digital broadcast which
cannot be used.

- So for our forward scatter detection setup to work, we need a suitable transmitter:

- It should be transmitting continuously on a frequency that we are able to detect.

- It needs to be far enough away that it is over the horizon and not directly
detectable by our receiver. At sea level the horizon is 4.7km away, but if the
transmitter (or receiver) is at an elevation of only 30m, the horizon is 19.6km
away. Many transmitters are much taller than 30m and deliberately located on top
of hills so they can be detected over the widest possible area. On top of this one
fta2 ySSRa (2 02y aAiRSNI lgiavi@watsK @iNBn®@ NB F N
up over the horizon in the same way as light does, so it would be reasonable to
assume a minimum distance of several hundreds of km between transmitter and
receiver to avoid direct detection.

- The transmitter also needs to be near enough that both the transmitter and
NEOSAGSNI Oy &asSsSé¢ GKS arysS LI GOK 27F aj
from the receiver straight over the physical horizon and extend it until it reaches
100km above sea level, the average height of meteors, the line will be 1,150km
long. Therefore the radio horizon at 100km altitude is a circle of radius 1,150km
(again not allowing for refraction). The same is true for the transmitter, and
therefore any transmitter and receiver which are less than 2,300km apart will be
able to see the same patch of sky.



- For example if our transmitter was located in Gibraltar and receiver in Essex, they
would both be able to see the part of the sky where their horizons intersect (like a
Venn diagram), as shown in green. The closer the transmitter and receiver, the
large the area of overlap. Of course meteors may occur anywhere between 120km
YR ynlY F0o2@S aSl tS@gSts a2 NBrffe 6SQ
top and tapers towards the bottom.

- Conversely, any pair that are more than 2,300km apart will not work as they do not
share any part of the visible sky. So roughly speaking, from Essex we need a
transmitter that is located somewhere within the area shown in pink, but far
enough away to not be seen directly.

- Historically VHF Analogue TV stations were perfect for this job. One simply tuned
the receiver to the frequency of a station far enough away and when a meteor
appears, a short burst of reception will occur. Unfortunately pretty much all
European stations have now switched to digital broadcasting, which is not suitable
for our purposes.






Our Chosen Transmitter
AGRAVES RadarDijon, Franceg Satellite Tracking Radar (143.05MHz)

ACW Radar covering 180 Degrees due South

AFour 45 degree sectors in Azimuth, 15 to 40 degree beam in Elevation
A Each has 6 subsectors scanned for 3.2 seconds

A Total coverage every 19.2 seconds

- There are several suitable transmitters within range of Essex, includirigyénes

transmitter and receiver network in Belgium and the VVS beacon also in Belgium,

both of which are operated specifically for meteor detection.

- The one many amateurs use however is the GRAVES space surveillance radar
which is located near Dijon in central France. This is a high powered continuous
g1 @S NI RIFNJ2LISNF¥iSR 6& GKS CNBYOK YAfAl
Earth orbit at altitudes up to 1,000km which pass over French territory.

- LG A& F WoAaluldAOQ NIYRFENI aeadsSy gAlK (K
airfield 36km to the East of Dijon, and the receiver at a disused missile site about
365km due south of the transmitter inland from Marseille. Unlike the US Space
Surveillance System which has multiple detector sites, GRAVES uses a single
detector site providing Doppler and directional information, which when combined
using ingenious computer processing can automatically determine orbital
elements for about 2,000 objects of interest.

- Details of the transmitter are somewhat sketchy as it is a military installation, but
based on the limited public information and empirical evidence it is known that:

- The transmitter sends a single unmodulated Continuous Wave signal on 143.05
MHz, which is conveniently close to the 2m Ham radio band (making receiver and



antenna design much easier due to the wealth of experience available).

- Itis believed the main transmission covers an arc of 180 degrees, centred on due
South, with a beam covering elevations between 15 and 40 degrees above the
horizon.

- The transmitter is divided in to four 45 degree sectors, as can be seen from the
photograph.

- Itis believed that each of the four subsectors is further divided in to six subsectors,
each of which is scanned for 3.2 seconds before moving to the next, so the total
180 degree sweep is scanned every 19.2 seconds. The scanning is achieved using a
phased array radar, i.e. no moving parts are involved. Instead the many elements
of the array each have a phase shifter which causes constructive/destructive
interference with waves from other elements, allowing the beam to be steered
electronically.



Black Helicopter Territory

\J

-2SONB Ay o0fl O] KStAO2LIISNI GSNNRG2NE KSN
patterns, transmission power and frequency are known to change for short periods
from time to time, including of course shutdowns of the system. Generally though
the system operates continuously on the expected frequency.

-9d3d | SNFQa (KS D223tS {GNBSIHI xAS¢s 27F
visitors are not welcome.



GRAVES Scanning Pattern

- Here is a speeded up video representation of the scanning patteanry for the
poor quality, but at least our guy got out alive.
- You can see the four separate beams scanning their sector of the sky.

- The scan[ling pattern does make it slightly challenging to interpret meteor results
Fa 6SQff aSS fFGSNEX aAyOS (GKS NJIRFNJ aa3



GRAVES Visibility From Essex

- This map shows the visibility of GRAVES forward scatter signals from Essex (red pin
near top). You can see the transmitter site as the other red pin in the middle of
France, and the military receiver as the green pin below it (not relevant for our
purposes).

-laAy3a gKFEG 6S (y26 lo2dzi GKS GNIXyavYAOGds
of sky illuminated by the radar. The green area represents the lower (80km)
meteor boundary encompassed by the 15 to 40 degree beam elevation. The
yellow area is the same for the upper (120km) meteor boundary.
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*|SS Model Not To Scale!

- You can visualise this as a slice of a half cone volume in the sky between the lower
green and upper yellow areas. Any meteor passing through this volume could
potentially pass through the radar beam and be detected. From our location in
Essex, the entire volume is above our radio horizon. As you go further North in
Europe and the UK, less and less of the volume is visible (remember the Venn
diagram effect from earlier).

- The purple area is where the International Space Station can also be detected by
amateurs, it is much higher at 408km and so can be detected successfully much
further South of the UK.

-¢KAEA AayQi GKS SYGANB ai2NE K2gSOSNMP a$s
that the radio beams from GRAVES also extend to the North of the transmitter site.
CKA& AayQi &dzNLINRAAY3IAZ Fa AGQa LINBilGe K
only sends signals in one direction. It does mean that potentially we can detect
meteors over Northern France and the channel, perhaps making it possible to
correlate visual/video and radio observations.

- It has certainly been possible to detect meteors via GRAVES as far North as
Newcastle and Glasgow, which are well below the radio horizon for the primary
transmission pattern. Atmospheric refraction will also help to extend the detection
range.
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Receiver Antenna

ASimple 3element Yagi

AMade from wood, copper
pipe & electrical parts

ASourced from B&Q: £20 or s@*
to build :

AConnect to receiver using
RG58 500hm Coax Cable (e
from Amazon)

hy a2 y2¢ 6S (y29 oKFEG gSQNB 3I2Ay3a (2 R

move on to the practicalities of doing so.

-1a L aFAR 0S¥2NBz ¢Sttt GIFr1S + oAd 2F |
about it, if you can measure and cut, you can get this little project working.

- The first thing we need is an antenna. The design we will use is a simple 3 element
Yagico  aAOFfte AlGQa GKS &alryS a Fy 2NRAYI
going to be picking up longer wavelength signals.

- Most of the parts you need can be picked up in B&Q for about 20q@i@ dzQ f f
need a 3 metre length of copper pipe from the plumbing section, a few bits of
plastic electrical conduit, trunking and a junction box, a bit of wood and some
screws.

- ¢KS 20KSNJ 0KAy3 @2dz gAft yEPRcahgetitin £ Sy 3
various lengths from Amazon ready made with male BNC connectors, just search
T2NJ dwDpy .b/ [ 2FEALFE /| gfig&échtwheren Y SiNB
@2dzQNB 3I2Ay3 (G2 LiMzi GKS IyadSyyl yR K2¢
to where your computer will be located.

- Coaxial cable is basically a central copper strand, surrounded by an insulator and

then surrounded by an outer copper braid and more insulator. It is commonly used

for TV aerials and the like, but make sure you get RG58 as this has 50 Ohm
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impedance which is necessary for the antenna to work properly.
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Radio Wave Basics (1)

AA radio wave is an electromagnetic wave, the same as visible light,
microwaves, XRays, etc.

Alt consists of an oscillation in the electric field (blue) and a
corresponding oscillation in the magnetic field (red) at right angles to
each other moving through space.

ARadio waves travel at a constant speed in a vacuum, c., the speed of
light (299,792,458 metres per second).

By SuperManu- Own work, CCO

Ly 2NRSNJ (2 dzyRSNRUllIYR K2¢ GKS IyaSyyl
radio wave basics. This will also be useful later when looking at meteor detections,
S0 bear with me.
- Firstly, radio waves are just a form of electromagnetic radiation, the same as visible
light, microwaves, -Rays, etc.
- They consist of a oscillations in the electric and magnetic fields at right angles to
each other moving through space. The electric oscillation creates the magnetic
one, and vice versa so the radio wave propels itself across space of its own accord.
- As you know, light travels at 300 million metres per second in a vacuum, and the
dzadzl £ YFGKSYFGAOKE &aévyoz2t F2NJ GKS &LISSR
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