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On the 20" URSI General Assembly, Lille, 1996, Dr. Donald T. Farley was awarded the Appleton
Prize. The Appleton Prize is awarded, every three years, to distinguished Scientists in the field of
Tonospheric Physics by the Council of the Royal Society on the recommendations of the Board of Officers
of URSI. This Symposium is an occasion to celebrate... because Don Farley is one of us. The citation of
the award reads: “For contributions to the development of the incoherent scatter radar technique and to

" radar studies of ionospheric plasma instabilities”. We could not agree more with the Council’s decision.
The occasion is especially relevant considering that most of his contributions have been associated with
Equatorial Aeronomy.

We will celebrate and at the same time pay homage to Don by recalling the important
contributions he has made to our field. This is not an easy task, considering that we would have to review
close to 40 years of very productive work. In fact his first contribution to our field was his doctoral thesis,
in 1960, where he made the first quantitative study of coupling between the equatorial £ and F regions of
the ionosphere along the almost equipotential magnetic field lines. This work is still often referred to in our
community. It shows how this coupling weakens with decreasing scale size, and has special relevance in
the stabilization of F region equatorial irregularities.

While at Cornell, Bill Gordon had published his famous paper on Incoherent Scatter. Soon after
Don’s graduation, he and John Dougherty publish several theoretical papers on the subject. Ken Bowls had
experimentally proven that the magnitude and spectral shape of the incoherently scattered returns did not
conform to the simple intuitive predictions of Gordon. Don’s theory predicted, using plasma kinetic theory,
the statistical characteristics of the echoes in a very precise and rigorous way.

The importance of the ion dynamics in defining the shape of the spectra had been shown
experimentally by Ken Bowls. This led, in 1960, to the construction of the Jicamarca Incoherent Scatter
Observatory, near Lima, Peru, where the (magnetically induced) ion gyro-resonances could be observed,
and motivated Don to include the effects of the magnetic field in his theory. Don, later on, in 1967
publishes the first detection of this resonance: the proton gyroresonance in exact accordance with the
theory. He had been the theorist at the Jicamarca Observatory since 1961, but his contributions, as we will
see later, were not limited to plasma theory. In fact, he became his Director in 1964. In 1967 he joins
Cornell, where we find him nowadays, but still with a very close connection to Jicamarca and, thus, to
Equatorial Aeronomy. Don Farley has been for many years, and still is, the PI of the National Science
Foundation Cooperative Agreement that supports most of the work at Jicamarca

The power of Incoherent Scatter radars stems from its ability to measure ionic composition and
plasma (electron and ion) temperatures as a remote mass spectrometer. This requires that all physical
process that could affect the shape of the spectrum of the radar echo returns be taken into account. Ton
collision with the neutrals is an important effect in the lower ionosphere. Farley and Dougherty theory is
adjusted to include such an effect. Later, it is realized that the free electrons and ions in the lower F region
are not necessarily at the same temperature, despite the fact that they occupy the same volume. Farley
incorporates in the theory the proper practical formulae that allow the quantitative measurements of both
temperatures, and from their difference the amount of solar radiation energy being dump into them, and
eventually transferred to the neutral gas in the background.

As 1 already mentioned, Farley’s contribution to the incoherent scatter field is not limited to
theoretical considerations. We can claim that most of the incoherent scatter radar techniques in use by the
Jicamarca radar where developed by him, some times in collaboration with his students. Many have been
implemented or are also used in other Incoherent Scatter radars. There are three classical papers in Radio
Science 4, 1969, which are basic reading for any user of Jicamarca: his papers on incoherent scatter power,
Faraday rotation and correlation techniques. These include the mathematical foundations necessary to
invert the measurements into the state parameters of the plasma that the technique allows. The Faraday
technique allows the absolute measurement of electron densities, independent of the radar parameters that
describe the radar characteristics other than the direction of the antenna beam. The correlation techniques
allow the determination of temperatures and composition. They now include the use of multiple pulses at



non-redundant spacing, first suggested by him and which drastically improve the correlation estimation
efficiency. He was also first to suggest the use of Barker codes to improve the altitude resolution of the
measurements without much loss in sensitivity.

His combined expert knowledge of theory and practical techniques has allow him, in collaboration
with his students, to make important contributions in regards to the behavior of densities, composition and
temperatures at the magnetic equator and other latitudes. This is, of course the reason why the incoherent
scatter observatories where created and the reason we have, here at this symposium, an interest in them. We
should also mention one important non-equatorial contribution of his: the measurement of counter-
streaming velocities of the H' and O™ ions along the magnetic field above Arecibo.

But radars are not limited to study incoherently scatter returns. The ionosphere is full of
irregularities and instabilities capable to produce electron density fluctuations and hence very efficient
scatters. In most cases the scattering crossections are so large that one does not require the large power and
antenna sizes required by the former. The equatorial ionosphere is a very interesting example in this regard.
Farley’s name is associated with the two most known types of ionospheric irregularities: £ region
equatorial irregularities, related to the electrojet, and F region ones related with the equatorial Spread F.
He, in collaboration with his students and colleagues, has made important contributions to both, from a
theoretical and experimental point of view. 1

There are two types of irregularities present at the equatorial E-region. They are associated with
two types of instabilities: two-stream and gradient-drift. Don was the first in presenting a proper kinetic
theory that explains the physical mechanism responsible for the first. He did so in a paper in 1963 that
became a Current Content ‘Citation Classic’ in 1981 and won a Dept. of Commerce award. The two-stream
instability is now known as the Farley-Buneman instability (Buneman described the same instability using
a fluid approach). The instability is a true universal type plasma instability that depends only on the local
conditions described in a differential volume of the plasma. It occurs whenever the electron drift velocity
with respect to that of the ions matches the ion acoustic velocity in a way that resembles the growth of an
ocean wave whenever the wind matches the phase velocity of an ocean surface gravity wave. The gradient
drift velocity is also driven by the relative drift of the electrons, but requires the existence of a transverse
background plasma density gradient, since involves the convection of higher (lower) density plasma into
regions of lower (higher) density.

F region equatorial irregularities where first reported by Booker in 1938 using the Huancayo
ionosonde. Because of the “spread” nature of the echo traces it produces in an ionogram the phenomenon is
known as equatorial Spread F. Since the early days of Jicamarca the same irregularities manifested
themselves as very strong echoes in the radar, a nuisance that interfered with the Incoherent Scatter signals.
Farley and colleagues wrote the first paper that made use of this “clutter” to infer properties of this signals
and showed that all of the existing theories at the time (almost 40 years after their discovery) had problems:
they did not conformed with the observed properties.

Again, as in the Incoherent-Scatter case, Don has made important contributions in the
development of sophisticated radar techniques to observe the equatorial ionospheric irregularities. He was
involved, with Mario Ierkic and Bela Fejer, in the development of the “frequency labeled” interferometer
technique. It was first used to identify and track the vertical and transverse motion of “hot spots” in the
instabilities of the £ region. This was the first of the now more powerful imaging techniques, which are
being used for the imaging of both E- and F-region structure of the irregularities.

Using very precise and careful interferometric experiments, in collaboration with Erhan Kudeki
and Dave Hysell, he has measured the extremely high aspect sensitivities of £ and F region irregularities.
In the case of the F region, the aspect sensitivity was found to be of the order of 0.01 degrees! (A difficult
experiment to perform) thereby ruling out some theories.

I have concentrated on his contributions of interest to the Equatorial Aeronomy community, but
Don has been active in other latitudes as well. They can be easily identified by the title on the following
partial list of a selected set of his more than 120 publications. I am sure the Equatorial Aeronomy
community would appreciate to have this list handy. The list should also partially complement the many
omissions made --because of the limitations in time and space-- of other important contributions of his. It
should also give proper credit to his collaborators. For a more complete list, I refer the reader to the
Cornell web pages (http://www.ee.cornell.edu/faculty/Farley/Farley.html or
http://www.jro.igp.gob.pe/farley.html)

Last but not least, Don is not only a good scientist but also a good athlete. Those in the Aeronomy
community that jog or run can get good advice from Don on how to run, regardless of age, the Boston or




the New York Marathon. In fact, one further contribution of his to the Jicamarca Observatory is the

development of the antenna periphery into a nice N* 1200-meter running course. The emphasis here is on
the value of N,
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