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65 years of meteor radar research at Adelaide
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Over 65 years of radar research using meteor radar at Adelaide Universiistialia is very briefly reviewed.

1 Early days operated at 27 MHz and used a 240 W continuous wave

) ] o d(CW) approach. Robertson submitted his PhD thesis on
Radio studies of meteors began at Adelaide in 1949, an Reflection of radio waves from meteor trails. with

like many radio and r_adar based research efforts of tharapplications to the measurement of upper atmosphere
era, grew out of wartime radar research. Lenard Huxleywinds,’ in August 1953. Graham Elford followed late in

arrived at Adelaide University from the University of 1954 with his thesis on the investigation of winds in the
Birmingham in 1948 to take the Elder Chair of Physics, upper atmosphere. Robertson and Elford (1953)
and began revitalizing the Department, and establishing Fublished the first

number of research areas (Crompton, 2b0FRe was
supported in this by the new Vice Chancellor, A.P. Rowe.
Both Rowe and Huxley had been at the
Telecommunications Research Establishment (TRE)
during the Second World War. Rowe had been Chief
Superintendent, and Huxley had established and heade
the radar training school for both civilian and service
personnel in the TRE. In another interesting connection
to wartime research, Adelaide graduate Sir Mark
Oliphant had drawn Huxley’s attention to the
advertisement for the position (Blake, 2(0710)

One of the new research areas to be initiated in physicss
was radar meteor astronomy, and Huxley asked Graha
Elford to pursue this topic. After the first measurements [ 1/
of upper atmosphere winds inferred by the drift of meteor S
trails were reported by Manning et al. (1950) at Stanford, )
the Adelaide effort was broadened out to include theF'9u'€1~the Upper Atmosphere Group 1962. Back row: R.
. Roper, J. Welshy, C. Nilsson, A. Bastian, B. Stone. Front row:
study of the upper atmosphere. This became Graharrbr. E. Murray, Miss J. Allister, Miss M. Chapman, Dr. G.
Elford’s main research area. In 1950, two Honors Elford.
students, Des Liddy and Alan Weiss, joined the group,
followed by PhD student David Robertson at the
beginning in 1951. Robertson had previously worked
with Oliphant at Birmingham, and brought considerable
technical expertise to the group (Blake, 2610)

observations of upper atmosphere winds using the meteor
technique after those of Manning et al. (1950). In March
1955, this version of the Adelaide Meteor wind radar was
decommissioned.

Robertson was an amateur radio ham, and it was hisB
personal 500W transmitter located at his home at Mount
Lofty, together with receivers in Adelaide, Burra and
Kulpara, that was used to make the first observations o
meteor trails by the group in 1951. Subsequently, he
developed the Adelaide meteor wind radar together W|thIn December 1956, Carl Nilsson, a very recent BSc

Elford and Liddy, the basic design concepts of which graduate, took the equipment to Mawson Base and

continued to be used at Adelaide until the ido’s, operated it there during the International Geophysical
and which were also used later for the meteor radar at P 9 phy

Atlanta by Bob Roper (Roper, 1984). This system year. Murray analyzed the data for his PhD thesis.

eginning in early 1954, with funding from the
Australian Antarctic Division, effort was directed to the
fdevelopment of a new radar to measure upper atmosphere
winds in the Antarctic. The new pulsed radar system for
this work (seeFigure 2) was developed by Eric Murray.

The work on meteor astronomy continued along with the

I http://adb.anu.edu.au/biography/huxley-sir-leonard-george- ~ upper atmosphere winds work. Nilsson later completed a
holden-516/text22851 PhD on meteor orbits which used some of the Mawson

® https://physsci.adelaide.edu.au/about/physics/history/documentyadar data. With support in the form of radar equipment
s/physics-in-adelaide-the-1950s.pdf
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provided by Sir Bernard Lovell at the University of Figure4 and Figure6) continued using this radar until
Manchester, Alan Weiss set up an independent radathe mid1970’s, although it was run in campaign mode
system to study meteor showers. This work formed partafter 1972. Work at the St Kilda field site ceased in the
of his PhD thesis, which he submitted in May 1954. He mid-1970’s and was relocated to the nearby Buckland
published his work on the distribution of the orbits of Park field site.

sporadic meteors in Weiss (1957).

2 New field sites

StKilda
The Mawson meteor radar was very difficult to maintain,
and it was decommissioned in 1959. Effort had shifted to
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Figure3 - The multi-station system in 1958. The receiving
main site at St Kilda had two supplementary receiving sites
about 5 km East and North and the data were sent to the main
station via FM links.

Figure2-The Mawson meteor radar. The first upper
atmosphere wind measurements on the Antarctic Continent
were made using this equipment.

the development of a new dedicated field site at St Kilda,
north of Adelaide, and a new radar, with the transmitter
located in Adelaide, and the main receiving station at St
Kilda was completed in 1958. The arrangement is shown
in Figure3, and one of the remote receiving sites is Figure4—The interferometer used for wind measurements at

shown in Figure5. The Upper Atmosphere Group in the St Kilda field site. Each antenna was a half-wave dipole and
1962 is shown ifFigure 1 the direction cosines of the sky wave were deduced from the

relative phases on the five antennas.

Highlights of the work produced using this radar included

the determination of meteor orbits, measurements of R L .
Basil Briggs joined the Department in 1962. He had been

‘turbul ’ intensit d 1 t ts of . S i
u;;)eur 2?]051;;2; }\]/;irigs l(\)lrilli Seerr‘riorrlr(le(ﬁﬁgzrgzn ig(g 4) a Junior Scientific Officer at the TRE between 1942 and
: ' 1946 before joining the Radio Research Group at the

resulted in the first set of measurements of meteor orbitsC dish Laborat Cambrid h h ked
in the southern hemisphere (2200 in total). Most orbits avendis aboratory, L.ambridge, where he worke

. . from 1946 to 1961. Together with Graham Elford, he
were found to lie close to the plane of the ecliptic. Bob
. developed the large MF/HF radar array at Buckland Park
Roper was the first person to measure upper atmosphere " . .
- . riggs et al.,, 1969). This versatile array was used for
variability at small scales (< 2 km). His measurements o .
. . investigations of the ionosphere, the neutral atmosphere
were interpreted as being related to the turbulent

o - and of meteors observed at both 2 and 6 MHz. Examples
dissipation rate at 93 km, but are more likely due to small . .
: of the latter work include observations of 2 MHz meteor
scale wave motions rather than actual turbulence.

I echoes (Brown, 1976), their height distribution (Olssen-
Nevertheless, they were a valuable contribution to better .
) . . . Steel and Elford, 1987), and the measurements of winds
understanding the dynamics of this region.

Interferometric measurements of the mean wind field (seeusmg 2 MHz meteor trails (Tsutsumi et al., 1999).

Buckland Park
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3 Decline and rebirth of meteor wind following the advent of ST and MST radars. These
radars

powerful radars operating in the lower VHF band were
designed to measure winds using the Doppler technique
in the Stratosphere and Troposphere (ST), and for the
most powerful radars, the Mesosphere (M) as well. By
piggybacking a dedicated data acquisition system onto
these pulsed radars, their narrow beams could be used for
meteor studies. One such system, MEDAC, was
developed at the University of Colorado (e.g., Valentic et
al., 1996) and used with a number of ST radars.

Figure7 - The Camelopardalids 2014 Activity Map. The
Figure5-Bob Roper and Carl Nilsson with receiving diamond is the pre-infall radiant, the solid contour is the full
equipment at one of the St Kilda remote receiving sites. width half maximum (further details in Younger et al., 2015a).
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:‘j WEU%Y‘ W Q-f (O\\\L';’”‘)ﬁu)k One issue with this approach is that because most meteor
\) Mﬁ\ﬁﬂ ﬁ/’\d) 0. m \ j\ _‘@\\}-{ Q”Ei _trails occur Iovy in the sky, mos_t metepr trails are detectgd
L . . . . . in the radar sidelobes, and without interferometry, their
: E = ‘yu s actual location is indeterminate. At Adelaide, the main
,\fﬁ beam of the radar was directed at 60°-néhith,
o successfully avoiding this issue (e.g., Cervera and Reid,
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Figure 6 — Six years of upper atmosphere winds measured usinga variation of this approach using an additional receiving
the St Kilda radar. only interferometer together with an MST radar was
pioneered on the MU MST radar in Japan (e.g., Tsutsumi

Decline of meteor wind radars .
The closure of the St Kilda site and the dedicated meteoret al,, 1994). This was followed by the development of a

radar in the mid970’s was typical of a general decline new class of dedicated all-sky meteor radars using an

. interferometric roach and pr ing real-time winds
of radar meteor upper atmosphere wind research arouncp erferometric approach and producing rea N d

in the late early 1990’s (e.g., Holdsworth et al., 2004).
the world, and the measurement of upper atmospherel_ . .
) . . . his development was made possible by the ready
winds became more common by using partial reflection o
availability of cheap powerful computers, and

radars (see e.g., Reid, 2015). But some new meteor radar . .
( 9., kel .) . 3eve|opment of solid state transmitters and better data
were developed in this period. For example, in the early

70, e o VETA s e denclops by e~ SIS, Syers Trose v neve o, gy
Kharkov Institute of Radio Electronics. These formed the P P y P

basis of an extensive network, albeit one with no heightradars used for measuring upper atmosphere winds.
information. This is briefly discussed by Roper (1984). A
new meteor radar was also developed in Kyoto by Aso e
al. (1979), but generally the technique fell from favor The 2f' centrury has seen meteor radar become a
until the hte 1990’s. standard tool for the routine measurement of upper
. . atmospheric winds, with radars developed by ATRAD
Rebirth of meteor wind radars _ achieving detection rates in excess of 30000 meteors per
Increased interest in using meteor tralL_c, for the day. Ongoing wind observations continue to provide
measurements  of upper atmosphere winds cam€yeen insights into the structure and dynamics of the

t4 Recent work
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atmosphere and how the motions of air masses aref the work has been observations both in Australia and
coupled between the upper and lower atmosphereAntarctica over that period, and of continuing innovation.
(Bossert et al., 2015). The ability to measure atmosphericThe group is continuing to exploit the observations for
conditions in the meteor region at higher temporal measurements of temperature, density and scale heights
resolutions has facilitated the studies of mesosphericin the upper atmosphere, and the use of remote GPS-
meteorology, exotic plasma behaviours, and detailedlocked receiving sites. The Adelaide all-sky meteor
astronomical observations. A substantial breakthroughradars have been commercialized, and there are an
has been the implementation of the Fresnel transformincreasing number of meteor radars in China.

technique, which provides high-accuracy meteoroid

speeds, in additon to producing images of radar Acknowledgments

reflectivity along meteor trails (Elford, 2004; Holdsworth

We have relied in part on notes made and conversations
et al., 2007). P

with Graham Elford to form part of the background to
this work. Graham is the authority and any errors are of
course ours.

Astronomy has followed a similar path to atmospheric
observations, as broad surveys of shower activity
(Younger et al.,, 2009) have given way to detailed
investigations of individual showers. Individual showers

have enabled the performance of radar techniques to b@so T., Tsuda T. and Kato S., (1979Meteor radar

References

tested with known populations, further refining observations at Kyoto University Journal of
established practices (Younger et a.l., 2012) The Atrnospheﬂc and Terrestrial Phyﬂﬁ, 41,
unprecedented detection of the Camelopardalids shower 517-525.

of 2014 (Younger et al., 2015b) was the first time that a
new shower had been predicted prior to its first Blake A. (2010).“Physics at Adelaide, the 1950’s — A

occurrence and demonstrated the ability of meteor radar decade of Changie22 pages.

data to be rapidly analysed in response to unusual events

(see also Younger et al., 2016). Bossert K., Fritts D. C., Pautet P. D., Williams B. P.,
Taylor M. J., Kaifler B., Doérnbrack A., Reid I. M.,

New fields of research have been opened, as old Murphy D. J., Spargo A. J. and MacKinnon A. D.

assumptions have given way to a better understanding of (2015).“Momentum flux estimates accompanying

meteor trail plasma. Meteor radar echo durations have multiscale gravity waves over Mount Cook, New

been found to be strongly affected by plasma Zealand, on 13 July 2014 during the DEEPWAVE

neutralization at lower altitudes (Lee et al, 2013; campaigii. Journal of Geophysical Research:

Younger et al., 2014), which allows observation of the Atmospheres, 120, 9323-9337.

chemistry of the D-region of the ionosphere. Inconsistent

temperature estimates can now be explained (Cervera ang99s B. H., Elford W. G., Felgate D. G., Golley M. G.,
Reid, 2000; Holdsworth et al., 2006), and new methods Rossiter D. E. and Smith J. W. (1969uckland
of using meteor radar to measure atmospheric density Park aerial arréy Nature, 223, 1321-1325.

have been developed (Younger et al., 2015a). . .
ped ( 9 ) Brown N. (1976).“Radio echoes from meteor trains at a

Moving forward, the future of meteor radar lies in the radio frequency of 1.98 MHz Journal of
establishment of networks of radars to observe not just Atmospheric and Terrestrial Physics, 38, 83-87.

the conditions above a single site, but the motions of the

atmosphere across large areas. Together with Chinesg rompton R. W. (2007)-"Huxley, S'.r Leo.na.rd George
o Holden (19021988)”. Australian Dictionary of
colleagues, the utility of small meteor radars to

investigate non-specular echoes and some aspects of iluosgtrrzﬁ?rl; Na'\tli?ntrllirllijlnivce:(resr;:re of  Biography,
plasma irregularities has been explored (Li et al., 2013). Y-

Advances in radar sensitivity and echo interpretation arecarvera M. A. and Reid I. M. (1995)Comparison of
allowing meteor radars to also be used to study the lower simultaneous wind measurements using colocated

portion of the ionosphere, including sporadic E layers. VHF meteor radar and MF spaced antenna radar
The use of remote receiving sites, such as those used in systems. Radio Science, 30, 12451261

the St Kilda radar is being reinvestigated using GPS
locking, and is a promising new development for the Cervera M. A. and I. M. Reid (2000):Comparison of

measurement of wind fields over large regions. atmospheric parameters derived from meteor

Astronomical applications will also benefit, as complete observations with CIRA Radio Science., 35,

coverage of the celestial sphere is achieved, with the 833-843.

observations of multiple sites being assimilated into

large-scale virtual observatories. Elford W. G. and Robertson D. S. (1953).
“Measurements of winds in the upper atmosphere

5 Conclusion by means of drifting meteor trails”ll Journal of

Atmospheric and Terrestrial Physics, 4, 271-284.
We have very briefly reported on more than 65 years of

meteor radar research at Adelaide University. A feature



246

Proceedings of the IMC, Egmond, 2016

Elford W. G. (2004). “Radar observations of meteor
trails, and their interpretation using Fresnel
holography: a new tool in meteor sciehce
Atmospheric Chemistry and Physics, 4, 911-921.

Holdsworth D., Elford W., Vincent R., Reid 1.,
Murphy D. and Singer W. (2007).“All-sky

interferometric meteor radar meteoroid speed

estimation using the Fresnel transfdrrAnnales
Geophysicae, 25, 385-398.

Holdsworth D. A., Reid I. M. and Cervera M. A. (2004).
“Buckland Park alkky interferometric meteor
radaf’. Radio science, 39 (5), 12 pages.

Tsutsumi M., Tsuda T., NakamuraT. and Fukao S.

(1994). “Temperature fluctuations near the
mesopause inferred from meteor observations with

the middle and upper atmosphere réaddadio

Science, 29, 599-610.

Tsutsumi M., Holdsworth D., Nakamura T. and Reid I.

(1999). “Meteor observations with an MF radar
Earth Planets Space, 51, 691-699.

Valentic T. A., Avery J. P., Avery S. K., Cervera M. A,,

Elford W. G., VincentR.A. and Reidl. M.
(1996).“A comparison of meteor radar systems at
Buckland Park. Radio Science, 31, 1313-1329.

Holdsworth D. A., Morris R. J., Murphy D. J., Reid I. M., Weiss A. A. (1957)“The incidence of meteor particles

Burns G.B. and FrenchW.J.R. (2006).

“Antarctic mesospheric temperature estimation

using the Davis mesosphestratosphere
troposphere radar Journal of Geophysical
Research: Atmospheres, 111(D5), DOI
10.1029/2005JD006589.

Lee C.S., YoungerJ.P., Reidl.M., KimY.H. and
Kim J. H. (2013).“The effect of recombination
and attachment on meteor radar diffusion
coefficient profiles. Journal of Geophysical
Research: Atmospheres, 118(7), 3037-3043.

LiG.,, NingB., HulL., ChuY.H., Reidl.M. and
Dolman B. K. (2012).“A comparison of lower

thermospheric winds derived from range spread

and specular meteor trail echdeslournal of
Geophysical Research: Space Physics, 117(A3),
DOI 10.1029/2011JA016847.

Manning L. A., Villard JrO. G. and Peterson A. M.
(1950).“Meteoric echo study of upper atmosphere
winds’. Proceedings of the IRE, 38, 877-883.

Nilsson C. S. (1964)“A Southern Hemisphere radio
survey of meteor streamsAustralian Journal of
Physics, 17, 205-256.

Olsson-Steel D. and Elford W. G. (1987)The height

Younger J. P.,

Younger J. P.,

Younger J. P.,

upon the earth Australian Journal of Physics, 10,
77-102.

Reid I. M., Vincent R. A.,
Holdsworth D. A. and Murphy D. J. (2009¥A
southern hemisphere survey of meteor shower
radiants and associated stream orbits using single
station radar observaticghdVionthly Notices of the
Royal Astronomical Society, 398, 350-356.

Reid I. M., Vincent R. A. and
Murphy D. J. (2012).“Meteor shower velocity
estimates from single-station meteor radar:
accuracy and precisidnMonthly Notices of the
Royal Astronomical Society, 425, 1473-1478.

Younger J. P., LeeC.S., Reidl.M., VincentR. A,

Kim Y. H. and Murphy D. J. (2014)The effects

of deionization processes on meteor radar
diffusion coefficients below 90 kin Journal of
Geophysical Research:  Atmospheres, 119,
1002710043. D0i:10.1002/2014JD021787.

Reid I. M., Vincent R. A. and
Murphy D. J. (2015a)<A method for estimating
the height of a mesospheric density level using
meteor raddr Geophysical Research Letters, 42,
6106-6111.

distribution of radio meteors: observations at 2 Younger J. P.,, Reidl. M., LiG., NingB. and HuL.

MHz”. Journal of Atmospheric and Terrestrial
Physics, 49, 243-258.

Reid I. M. (2015).“MF and HF radar techniques for

(2015b).  “Observations of the new
Camelopardalids meteor shower using a 38.9 MHz
radar at Mohe, Chirfalcarus, 253, 25-30.

investigating the dynamics and structure of the 50 Younger J. P., Reid |. M. and Murphy D.J. (2016).

to 110 km height region: a reviéwProgress in
Earth and Planetary Science, 2, 1-34.

Roper R. G. (1984)“MWR, Meteor Wind Radars In
International Council of Scientific Unions Middle
Atmosphere HandbooKl3, 124-134 (SEE N85-
17452 08-46).

“Radar Observations of the Volantids Meteor
Shower. In Roggemans A. and Roggemans P.,
editors, Proceedings of the International Meteor
Conference, Egmond, the Netherlands, 2-5 June
2016. Pages 35357.



