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Editorial

Our Papers

The problem of the propagation of a
radio wave from a source over a lossy Earth
is a classic problem, dating back at least to
the work of Sommerfeld in 1909. As Tapan
Sarkar, Walid Dyab, Mohammad Abdallah,
Magdalena Salazar-Palma, M. V. S. N.
Prasad, Silvio Barbin, and Sio Weng Ting
demonstrate in their paper, this classic problem
is of considerable current importance. This
is because it provides new and significant
insight into the science of electromagnetic propagation for
cellular communications systems. The paper begins with a
review of the history of'this problem. Several controversies
surrounding the existence and nature of various types of
surfaces waves are explored in detail. The basic questions of
what constitutes a surface wave, and under what conditions
a surface wave is associated with such propagation, are
addressed. The controversies surrounding such surface
waves are resolved. This includes showing that the source
of an error in Sommerfeld’s 1909 paper was not due to a
sign error, as often claimed, but was rather due to a more-
subtle mathematical issue. Ina companion paper, the authors
have shown that the electromagnetic fields associated with
propagation in a cellular-communications cell decay over
most of the cell with distance at a rate of 30 dB per decade,
followed by a fringe region where the rate of decay is 40 dB
perdecade. This paper derives the fields that are responsible
forthis fading. Among otherresults, itis shown that the fields
produced by a two-dimensional source, or by a line source,
over an imperfectly conducting ground produce the initial
fading rate. It is further shown that fields in the form of a
Norton surface wave contribute only in the fringe region of
the cell. A variety of experimental data related to the decay
rate of fields over imperfectly conducting mediais cited and
examined in detail, and shown to support the theoretical
conclusions. This includes classic experiments done in the
1930s specifically to investigate surface waves, as well as
modern experiments with cellular communication systems.
This leads to a clear and accurate physical representation
of the fields associated with such systems. One of the most
interesting consequences of this representation is that the
basic propagation path losses for such systems are insensitive
to the details of the propagation environment: a macro
model is sufficient to accurately provide the basic path
losses. This paper is important reading for anyone with an
interest in either the classical problem of propagation over
an imperfectly conducting medium, or in the propagation
associated with modern cellular communication systems.

Fundamental physics says that everything else
being equal, the larger the baseline of a radio telescope,
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the higher its resolution. Achieving baselines
larger than an appreciable fraction of the Earth’s
diameter requires putting part of the radio
telescope in space. The invited paper by N. S.
Kardashev, Y. Y. Kovalev, and K. I. Kellermann
describes RadioAstron, an Earth-space radio
interferometer with an effective baseline that
is more than a factor of 10 larger than what
is possible on Earth. The paper begins with a
review of the factors affecting the resolution of
. radio telescopes, and some comparisons with
optical telescopes. This is followed by a brief
introduction toradio interferometry. The use of independent
oscillators located at the elements of an interferometer,
along with remote recording of the data, are explained.
These techniques remove two of the limitations to the
baselines of very-long-baseline interferometry. Two earlier
space-based long-baseline interferometers are reviewed.
The development and specifications of RadioAstron are
then reviewed. This instrument consists of a 10 m dish in
space that works with a variety of Earth-based dishes in
many different countries to provide a number of different
observing opportunities. The spacecraft was launched in
July 2011. The space dish is in a highly elliptical orbit,
providing a baseline of as much as 350,000 km. The
system operates in four bands, from 330 MHz to 22 GHz.
The details of the hardware and the data system are given.
The scientific goals of the project are reviewed, and early
results are summarized. This paper provides a very nice
review of space-based radio telescopes and RadioAstron.
It also contains good resources for those seeking additional
information.

This paper is one of the invited Reviews of Radio
Science from Commission J. The assistance of Ondrej
Santolik and members of Commission J in bringing us this
paper are gratefully acknowledged.

Our Other Contributions

Thanks to Kristian Schlegel, we again have two book
reviews in thisissue. One is from a Young Scientist, and both
cover books that the reviewers found to be quite valuable.

There are several calls for papers for important
conferences for radio scientists in this issue. As readers
may have noticed from the previous issue, we are now
running the complete calls for papers as provided by the
conferences. This should provide more information for our
readers. We also have a report on a COSPAR session on
“Global and Regional Representation of lonospheric Peak
Parameters for Space Weather Applications.” The summary




provided of the results should be of interest to anyone using
ionospheric models.

This being the December issue, our usual updated
material on the organization of URSI and key contact people
within the Union is included.

Best Wishes

This issue should reach the URSI community around
the middle of December. My very best wishes to all of our
readers for most joyous holidays, and for a very happy,

healthy, safe, and prosperous New Year!

In Memoriam

V0LADIMIR FiALA
1938 - 2012

Vladimir Fiala, an internationally
recognized space-plasma physicist, a former
Chair of URSI Commission H (Waves in
Plasmas), and a former President of the Czech
National Committee of URSI, passed away on
September 8, 2012, after a courageous fight
against cancer.

Dr. Fiala graduated from the Department
of Mathematics and Physics of the Charles
University in Praguein 1961. After doing post-
graduate studies in the Lebedev Institute of
Physics in Moscow with Alexander Gurevich,
he received his PhD in space-plasma physics
from the Geophysical Institute of the Czechoslovak
Academy of Sciences in 1967. From 1967 to 1970, he
worked in the Groupe de Recherches Ionospheriques/
CNRS in France with L. R. O. Storey, and then returned
to Prague to work in the Geophysical Institute. He also
lectured on space physics at Charles University. Inaddition,
for several years he worked in France, Russia, and the
United States in various space-research laboratories on
long-term fellowships. In 1994, he received a Fulbright
Research Award to work at the University of Minnesota.
For the rest of his life, he then worked in the Department
of Space Physics, Institute of Atmospheric Physics of the
Academy of Sciences of the Czech Republic.

Vladimir Fiala was elected Vice Chair of URSI
Commission H at the 1993 Kyoto General Assembly. He
became Chair of that Commission at the 1996 Lille General
Assembly. From 1999 until 2008, he worked as the President
of the Czech National Committee of URSI. The research
interests of Vladimir Fiala were in theoretical space plasma
physics, especially antenna-plasma interaction, propagation
and excitation of plasma waves, and wave scattering by
ionospheric irregularities. He significantly contributed

to our understanding of the physics of probes
and antennas in space plasmas. He researched
and explained the behavior of magnetic and
electric antennas in the context of planning or
of data analysis for the FR-1 (France/NASA),
Aktivnyi (USSR), CLUSTER (ESA), and
OEDIPUS-C (Canada) missions. Dr. Fiala also
took up and advanced the study of the probe-
antenna response to waves propagating close to
plasma resonances. These included the oblique
resonance occurring in anisotropic plasmas in
the whistler mode, and the Langmuir-wave
resonance in a drifting isotropic plasma.

Vladimir Fiala was a keen proponent of international
groups for working-level collaboration, as was evidenced
by his organizational work in URSI. He championed and
organized international group studies on diverse aspects
of waves in space plasmas. A NATO Linkage Grant that
he initiated led to the birth of the Resonance Cone Club
consortium involving Russia, the Czech Republic, France,
and Canada, which is just one example among many of his
commitment to international scientific cooperation.

Dr. Fiala was a talented scientist, and he loved his
work. He had a gift for sharing his enthusiasm with younger
colleagues, whom he was always ready to help to do good
scientific work. His deep voice and his sense of humor
impressed all those who had the privilege of working with
him. Discussions with him were open, thoughtful, pleasant,
and inspiring. He will be sorely missed.

Edited by O. Santolik (Institute of Atmospheric
Physics in Prague, Czech Republic; e-mail: os@ufa.cas.
cz), Chair of URSI Commission H, with significant help
from L. R. O. Storey and H. G. James
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Physics of Propagation
in a Cellular Wireless
Communication Environment

Tapan K. Sarkar

W. Dyab, M. N. Abdallah
M. Salazar-Palma
M. V.S.N. Prasad

S. Barbin, S. Weng Ting

Abstract

The objective of this paper is to illustrate from
a physics standpoint the nature of the fields that carry
energy from a transmitter to a receiver located over an
imperfectly conducting Earth. In an accompanying paper
[1], it was shown from both the theoretical (developed
from the classical Sommerfeld attenuation function) and
experimental points of view that the fields inside a cellular-
communication cell decay as 30 dB per decade, following
a slow fading region. The 30 dB per decade region is
followed by a region (in the fringe area) where the rate
of decay is 40 dB per decade. This means that the fields
decay as l/ ,ol'5 (where p is the radial distance between
the transmitter and the receiver) and 1/ p2 , respectively,
inside a cell. The first goal is to illustrate that Sommerfeld
hadno errorinsign in his classic 1909 paper. However, while
computing his asymptotic development of the branch-cut
integral, Sommerfeld did not notice that beside the space
wave, this contains the surface wave with a negative sign,
which would cancel the residue of the pole. In other words,
no surface wave can be generated froma pole thatis a part of
the original Sommerfeld solution for radiation from adipole
operating over an imperfectly conducting ground. Other
type of waves, e.g., Norton’s surface wave and a radiation
field that decays as 1 ,01'5 , are part of the ground wave.
They canbe derived from the same Sommerfeld attenuation
function, but using different types of approximations. As
already mentioned, Norton’s surface wave and the radiation
field (decaying as 1/ ,01'5 )are a part of the solution. These
points were illustrated in an accompanying paper [1]:
here, we focus on the physics of these waves. We also
explain what the mathematical characteristics of a surface
wave are, as there is a lot of confusion in the usage of the
same word for different types of waves. The goal of this

paper is hence to develop an understanding of the physics
associated with radiating fields that decay with a rate of
30 dB per decade with distance, and with an emphasis on
the following phenomena:

1. Toillustrate that radiation fields emanating from a two-
dimensional source and associated with the launching
of a true surface wave are responsible for producing a
field that decays as 30 dB per decade. This type of field
can also be generated from a line source located over
an imperfectly conducting ground.

2. Toillustrate that radiation fields in the form of Norton’s
surface wave contribute only in the fringe areas of the
cells, where the fields decay as 40 dB per decade.

3. To illustrate that the error in Sommerfeld’s classical
paper of 1909 had nothing to do with an error in sign.
He did not consider the effect of the occurrence of a
pole near the saddle point in his asymptotic expansion.
In other words, the poles were not located on the proper
Riemann sheet. The popular belief that he made an error
in sign in his paper is indeed a myth!

4. To illustrate that the electromagnetic field produced
in a cellular communication system (where the dipole
constituting the base-station antenna is placed ata given
height over the imperfectly conducting surface of the
Earth) is due to an infinite set of images starting at the
location of the image of the first point of the transmitting
antenna and extending to negative infinity, resulting in
aline source. This will be illustrated by both theoretical
and experimental data. This further illustrates that ray
tracing is not the appropriate tool to use in predicting
the fields near the ground.

Tapan K. Sarkar, Walid Dyab, and Mohammad N. Abdal-
lah are with the Department of Electrical Engineering and
Computer Science, Syracuse University, Syracuse, New York
13244-1240, USA; e-mail: tksarkar@syr.edu; http://Ics.syr.
edu/faculty/sarkar/; Magdalena Salazar-Palma is with the
Dept. of Signal Theory & Communications, Universidad
Carlos 111 de Madrid, Avenidade la Universidad, 30, 28911
Leganés, Madrid, Spain; e-mail: salazar@tsc.uc3m.es; M.
V. S. N. Prasad is with the National Physical Laboratory,
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Dr.K.S. Krishnan Road, New Delhi-110012, India; e-mail:
mvsnprasad@gmail.com; Silvio Barbin is with the Depar-
tamento de Engenharia de Telecomunicagdes e Controle
Escola Politécnica da Universidade de Sdo Paulo, Sao
Paulo, Brazil; e-mail: barbin@usp.br; Sio Weng Ting is with
the Department of Electrical Engineering and Computer
Science, University of Macau, Av. Padre Tomas Pereira,
Taipa, Macau, China (CIE); e-mail: tonyting@umac.mo.




5. Finally,toillustrate thatall the experimental data
indeed clearly show that the path-loss exponent
in a cellular environment is three (at moderate
distances from the transmitting antenna) or
four (at larger distances), in spite of buildings
and trees being present in the measurements.
Hence, one of the surprising conclusions is that
one can get by with macro modeling, and micro
modeling of the environment is overkill!

1. Discussion of the
Early History

As presented by Wait [2] and Collin [3], in the
19th century — after the initial work of Hertz [4] and
Heaviside [5], and exemplified by Lodge [6] and followed
through by Tesla [7], Popov [8], Bose [9], and others —
researchers had irrefutable evidence of the correctness
of Maxwell’s equations, and the ability to generate and
radiate electromagnetic waves. However, it was Marconi
[10] who translated all these principles into reality, by
transmitting electromagnetic waves over long distances. It
was Marconi who proved to the scientific community that
besides the line-of-sight communication, other modes of
communication were possible. The conjecture at that time
was that perhaps the transmission over such large distances
took place through the surface wave, introduced earlier by
Lord Rayleigh [11].

According to Schelkunoff [11], it was Lord Rayleigh
who discovered that in a semi-infinite elastic medium, a
source of finite dimensions excites two kinds of waves: 1)
space waves that spread in all directions, and 2) surface
waves that spread only along the boundary. If the medium is
non-dissipative, it follows from the principle of conservation
of energy that at large distances from the source, the energy
density in a space wave varies inversely as the square of
the distance from the source. In a surface wave, it varies
inversely as the distance. This implies that the fields of a
space wave vary as the inverse of the distance, while those
of a surface wave should vary as the inverse of the square
root of the distance. Surface waves seemed to be attached
to the boundary of the solid, and tended to follow it, even
if it was curved.

Inthe time of Marconi’s famous experiments, and prior
to the discovery of the Kennelly-Heaviside reflecting layer,
there was much speculation about the possible existence
of similar kinds of electromagnetic waves. It was already
known that electric waves had atendency to cling to parallel
wires (Lecher wires, as they are called), and could thus be
guided around corners. Did the surface of the Earth have
a similar tendency to capture some of the energy from an
antenna and guide it into the shadow region, thus explaining
Marconi’s success? That was the question!

This created a great interest in the study of surface
waves. For completeness, in the Appendix, we define the

terminology of the various waves that we use in this paper.
The guiding of a plane electromagnetic wave along the flat
interface separating air and the imperfectly conducting
ground seems to have been first investigated by Cohn
[12], and shortly thereafter by Uller [13]. Zenneck [14, 15]
recognized the bearing of this research on the propagation
of radio waves, and showed that the field equations admit
a solution that can be interpreted as a surface wave guided
by a plane interface separating any two media.

As further stated by Schelkunoff, according to
Zenneck [15],

...there are waves which emanate from a transmitter
placed in a homogenous insulating material and energy
isradiated in straight lines, radially from the transmitter.
Consequently, the energy varies as l/ p2 ( p = distance
from the source) and the amplitudes of the electric and
magnetic field strengths vary as 1/ p , which are termed
as space waves. A different kind of wave is obtained
for an antenna located at the Earth’s surface. The wave
emanated into the air by an antenna at the Earth’s surface
may be conceived as consisting of two parts, one of
which is of the nature of a space wave and the other
of a surface wave. In the former, the energy oc 1 p2 ,
the amplitude therefore varies as oc 1/p ; in the latter,
the energy oc —, and therefore the amplitude oc 1/ \/;
The fact that iff the latter there is a decrease in energy
as the distance increases in contrast to a wave following
a wire — and in addition to and entirely aside from such
absorption as occurs — is explained by the fact that the
energy is spreading itself out over in ever-increasing
circles as the wave propagates. This much is relevant
to the classical distinction between space and surface
waves. Therefore, initially Zenneck and Sommerfeld
accepted Rayleigh’s definition of a surface wave as far
asthe mostsignificant physical properties are concerned.
However, later they have made an unfortunate slip in
their analysis which subsequently confused the issue
[11]. The controversy thus arose from the following
statement of Zenneck [ 15]: While at short distances from
the transmitter, the waves are almost entirely of the nature
of space waves, as the distance increases the surface
component becomes more and more predominant, as its
amplitude decreases more slowly than that of the space
component. That is the nature of the wave constantly
approaches that of a surface wave. When the distance
becomes very great, the surface wave may again give
way to the space wave, as the former is more rapidly
absorbed. Itis questionable, however whether this effect
is of practical importance.

The above-quoted conclusion of Zenneck’s is based
onthe original formulas obtained by Sommerfeld. However,
it was found later both from theory and experiment that
the surface-wave term was missing from the final solution
initially proposed by Sommerfeld.
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Wait [2] also stated that the idea that a Zenneck type
of wave could be employed to investigate the propagation
of fields over the Earth was pointed out both by Zenneck
himself, and his colleague, Hack [16]. In 1907, Zenneck
[14, 15] showed that a plane interface between two semi-
infinite media, such as the ground and the air, could support
an electromagnetic wave that is exponentially attenuated in
the direction of propagation along the surface, and vertically
upwards and downwards from the interface. Zenneck
showed that Maxwell’s equations did provide a solution
for a wave or an inhomogeneous plane wave that was
attached to the interface between the air and the underlying
medium, and could propagate over great distances with a
small amount of attenuation [15]. Zenneck did not show
that an antenna could generate such a wave, but because
this “surface wave” seemed to be a plausible explanation
of the propagation of radio waves to great distances, it was
accepted. A Zenneck wave is an inhomogeneous plane
wave, because the field decays (exponentially in this case)
over the wavefront with an increase in the distance from
the surface. A wave propagating along the x direction
with a phase velocity greater than the speed of light has
a magnetic-field distribution in air given by the real part
of the corresponding phasor quantity, multiplied by e Jot |
where @ stands for the angular frequency corresponding
to the frequency of operation, t stands for the time variable,
and j is the imaginary unit. In a phasor notation, this term
is suppressed, as H, = Ae7Ye™, where y=a+ jp
The phasor components of the electric fields are given

by g, :_A‘L#Jgﬁyefux and Ey = AL u [l:;yyefux
Here, & stands?st the dielectric constant of Vdé&farn, (X,y,z)
are the Cartesian coordinates of the observation point, and
A is a constant. This wave decays exponentially with the
complex propagation constant U along the X direction, and
also decays exponentially along the y direction, with the
propagation constant, y . Typically, these types of waves
have a phase constant in vacuum that increases as the
wavelength decreases, while the rate of evanescence is small
andindependent ofthe frequency[11]. As mentioned before,
the characteristics of various waves are summarized in the
Appendix. The Zenneck wave is not a true surface wave
according to our use of Schelkunoff’s characterization, as
explained in the next section.

In 1909, Sommerfeld [17, 18] undertook a detailed
analysis of the radiation from an infinitesimal vertical
Hertzian dipole over an imperfectly conducting infinite
ground medium, to complete the demonstration of the
surface-wave component of the total field. Sommerfeld
obtained the phasor for the potential from a dipole located
in air (medium 1, with a propagation constant k;) and
radiating overa ground plane having a complex permittivity
& (medium 2, with a propagation constant k, = klx/g ), as

m, - P{exp(—jklRl)
Ry
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+T Jo(2p) [ K242 =k —k 222 -k,

027 —k2 | ko222 —k2 K2\ 2% —ky2

exp| —JA%2 =k (z+2') |AdA (1)
7k (27 |02

for Rel./4? —k12’2] >0 . Here, ki=aw’uys,, and
k22 =’ 00€ » where 1y is the permeability of vacuum.
Furthermore,

| dz
" o, <2>
p=(x=X) +(y-y) . 3)

R Z\/P2+(Z_Z')2 g )

R, :\/p2+(Z+Z')2 .

where A is the variable of integration; (X', y’,2") is
the location of the dipole, placed vertically with respect to
the Earth’s surface; and | dz is the dipole moment of the
elementary current.

As part of his solution, Sommerfeld illustrated that
a surface-wave contribution arose from the pole of the
integ ie, from tion for A of the equation
kzzw;lz —k? +k?J2%* —k,2 =0), and other radiated
waves evolved from the branch-cut contributions related
to the two branch points located at k; and k,. It was
recognized from the onset by Sommerfeld that his total
solution of Equation (1) could be interpreted as a bundle of
plane waves reflected and refracted from the surface of the
Earth at various angles of incidence. The surface integrals
were extended over the plane Earth and over small spheres
that excluded the singularities occurring at the source and
at the point of observation. The mathematical details are
available in [1]. Sommerfeld’s approach was based on
a deformation of the path of integration in the complex
A plane, as shown in Figure la. The denominator for
the expressli(on of the fields has branch poiﬂfﬁzat A =1k
and A==k,, and poles at Ap =+t——=--—=_. The
correspondinzg Riemann surface hag four sb‘kpztsfdi@%nly one




Figure la. The closed contour of integration as imple-
mented by Sommerfeld in the lower complex A plane.

of'these are the necessary conditions for the convergence of
the integral at infinity fulfilled. According to Sommerfeld,
the path of integration can be resolved on this sheet into
three parts. The first part is a loop from infinity about the
branch point A = k; the second part is a similar loop about
A=K, , and the third part can be any small circle about
the pole A = Ap , as seen in Figure 1a. The contributions of
the 1oogs about the branch points give the dominant terms

at €' and &, which can be identified as the space
waves. The resuﬁle at the pole has a variation of the form
ﬂ , which had all the hallmarks of a true surface wave,
bufRota Zenneck wave. (We will discuss the properties of a
surface wave in the next section. However, suffice it to say
that it is a slow wave for a lossless dielectric medium and
there is practically no loss in the direction of propagation.
The fields in the transverse directions are evanescent, and
as the frequency increases, the wave is confined close to
the surface. However, it is not a Zenneck wave, as it is a
slow wave.) Here, R is the distance between the source and
the observation (field) point. The mathematical subtleties
that differentiate a surface wave from a Zenneck wave are
explained in the next section.

Sommerfeld thus obtained results thatlent considerable
credence to Marconi’s view that the electromagnetic wave
was guided along the surface. As Collin noted in [3], as
early as 1902, Kennelly [19] and Heaviside [20] predicted
the existence of an ionized layer at a considerable height
above the surface of the Earth. It was thought that such
a layer could possibly reflect the electromagnetic waves
back to the Earth. This was experimentally verified by
Brett and Tuve in 1926 [21]. No serious challenge to the
surface-wave mechanism for long-distance propagation
thus occurred until a decade later, when Weyl published a
paper on the same subject. Weyl obtained a solution very
similar to that found by Sommerfeld [17], but without the
surface-wave term [23]. Weyl [23] obtained an asymptotic
series representing the diffracted field by applying amethod
of steepest descent. Weyl’s solution also reduces to a form
that can be interpreted as the superposition of a space and

ir
Figure 1b. The actual location of the pole in the
lower complex A plane.
i
3 A
p x k

Figure 1c. The contribution of the pole generating
the surface wave is excluded when the branch-cut
contour is chosen vertically (Kahan and Eckart
[22], Bafios [6, pp. 55]).

a surface wave, but the Weyl surface wave is not identical
to that of Sommerfeld [17] and Zenneck [15].

In 1926, Sommerfeld returned to the same problem.
That time, he solved it [22] using a different approach, and
confirmed the correctness of Weyl’s solution [23]. With a
better understanding of the ionospheric mode of propagation,
the concept of the surface wave being the important factor
for long-distance propagation lost favor. It is the presence
of the Kennelly-Heaviside layer of the ionosphere that
is responsible for the long-distance propagation of the
long-wavelength fields. In 1930, Van der Pol and Niessen
published a new solution to the old Sommerfeld problem,
using yet another method of solution [24]. Again, the
results of Weyl and the later results of Sommerfeld were
confirmed. This was followed by another paper of Van der
Pol on the same problem [25]. Each independent solution
of the old Sommerfeld problem agreed with Sommerfeld’s
1909 solution, except for the surface-wave term.

In the 1930s, Norton undertook the task of reducing

the formulas of Van der Pol and Niessen to practical form
for the radio engineer [26-28]. As a part of this undertaking,
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he apparently believed that he had found a sign error in
Sommerfeld’s 1909 paper. In 1935, Norton published a
short paper in which he asserted that Sommerfeld had made
an error in sign in one of Sommerfeld’s formulas [28].
Unfortunately, Norton did not provide any specific details
as to which of Sommerfeld’s expressions had the sign error,
or what had gone wrong in Sommerfeld’s analysis. In 1937,
Niessen published a paper in which Niessen also claimed
that Sommerfeld had made a sign error in Sommerfeld’s
1909 paper [29]. According to Niessen, the sign error
came about because Sommerfeld did not take the value
of the argument of the square root of a complex number
using the convention that this should always be taken to
be between 0 and 27 .

Charles Burrows of the Bell Laboratories [30, 31]
carefully measured the field strength at 150 MHz for a
distance ranging from 1 m to 2000 m over a deep, calm
lake near Seneca, in upper New York. He showed that
his measured results did not support a surface wave. His
experimental results were conformed with the Weyl-Norton
theory, namely that in the far field, a surface-wave type
phenomenon is not observed. Burrows further concluded
that these results, along with the experiments, proved that
simple antennas do not generate a Sommerfeld surface
wave [31].

In addition, Wise [32] published a paper that showed
that a vertical dipole does not generate a surface wave that
at great distances behaves like Zenneck’s plane wave or a
surface wave. A contemporary theoretical investigation by
S. O. Rice [33] led to the same conclusion.

In spite of the apparent closure of the analytical
debate, the controversies would not die. The late Kenneth
Norton, an eminent radio engineer in the USA, exchanged
numerous letters with Sommerfeld on this topic. An example
is a letter [34] from Sommerfeld to Norton, which was
written while the former was on holiday in the Austrian
Tyrol. Sommerfeld never agreed that an error or miscue
had ever been made. Two later letters from Norton [35,
36] indicated his views on the separation of surface waves
and space waves. Sommerfeld acknowledged Norton’s
communications, and suggested he compare his results with
those of Van der Pol and Niessen [24]. Of course, there is a
consistency here, because Norton [26-28] based his papers
on the results of Van der Pol and Niessen [2]!

As stated by Wait [2], the confusion was also caused
when, in 1926, Sommerfeld [22] published a paper where
Sommerfeld revisited his old paper of 1909, and changed
the sign of the argument of the complex error function
without any proper explanations. Subsequently, there have
been many speculations that in the 1909 paper, Sommerfeld
had an error in the sign, which he corrected in the 1926
paper. Since Weyl’s method seemed mathematically simpler,
Weyl’s result was favored by public opinion in numerous
papers by other authors. Finally, in 1935, Sommerfeld
himself conceded that the surface wave had no reality.

e Radio Science Bulletin No 343 (December 2012)

However, he never admitted to an error in the sign in his
1909 paper! Referring to F. Noether [37], he attributed this
to an inaccuracy in the evaluation of his general solution.
According to Noether’s explanation, the pole is so close to
one of the branch cuts that the integration method used by
Sommerfeld was possibly not sufficiently reliable.

As Bafnos pointed out, Stratton [38, p. 585]
summarized the above (confused) situation by saying that
from the point of view of practical applications, the result
of Sommerfeld and the charts of Rolf [39] based on them
were not reliable when the electric displacement current in
the conducting medium was appreciable, for example, at
high frequencies. According to Brekhovskikh [40, p. 270]
the question of the existence of Sommerfeld’s surface wave
was first properly clarified by Ott [41], who combined the
methods of Weyl and Sommerfeld, and devised a method
of effective saddle-point integration when there exists a
first-order pole in the vicinity of the saddle point. In effect,
Ott was thus able to re-derive Sommerfeld’s results of 1926
in a more-efficient manner [42].

Bafios [42] further stated that despite Ott’s valuable
contribution on the question of the existence or nonexistence
of Sommerfeld’s electromagnetic surface wave, this topic
continued to be debated in the literature. In 1947, Epstein
[43]published apaperin which he disqualified Sommerfeld’s
original formulation of the problem by proposing a new
contour of integration excluding the pole, which was shown
to be in error by Bouwkamp [44]. Kahan and Eckart [45,
46] next published a series of papers. They got their acts
right in the latter papers, where they claimed, according to
Bouwkamp [44], to accept Sommerfeld’s original solution,
and pointed out that Sommerfeld’s evaluation of the integral
around the branch cut was in error. They stressed that the
correct evaluation would have yielded an expression that
contains the surface wave with negative sign, so that the
real result would have coincided with Weyl’s result, the
negative surface-wave term being cancelled by the positive
term due to the residue of the pole of the integrand. This
will happen because the true location of the poles was not
as shown by Sommerfeld in Figure 1a, but more like the
situation in Figure 1b. When the saddle path of integration
is changed from Figure 1b to that of Figure 1c, the pole
will thus again come into the picture. This explanation and
clarification of the controversy was similar to that of Wise
[32] and Rice [33], who showed that the existence of a
surface wave is not a part of the total solution.

In summary, the correct location of the surface-wave
poleisillustrated in Figure 1b. When the branch-cut integral
is evaluated along the vertical lines as shown in Figure 1c,
the integral over the cut must thus consequently contain
the surface wave with an opposite sign. In other words, the
surface-wave pole is not located in the appropriate sheet.
This is also what was shown in Bafios [42, p. 55], similar
to Figure 1c. It turns out that when the contribution from
the pole is included in the solution, there appears to be a
discrepancy in the sign as outlined in Sommerfeld’s 1909




paper. This can also be seen from the branch-cut integrals,
as illustrated in a companion paper [1]: the saddle path
never crosses the pole, and therefore their contribution is
not relevant. This sentiment — that nothing was wrong with
a sign in Sommerfeld’s paper — was echoed by Collin [3]
and Karawas [47]. However, the error in sign is not the
issue. The important point is that the surface-wave pole is
onthe wrong Riemann sheet, and should not come into play.

However, the most succinct and clear explanation is
availablein Schelkunoff’s book [48], which, interestingly is
notreferenced inany of the papers. In his book, Schelkunoff
[48,p.430] categorically states “that the denominator of the
term inside the brackets in equation (1) can have no roots,
the integrals can have no poles, and there are no surface
waves. This conclusion is contrary to that reached by early
writers on the subject.”

Schelkunoff then proves his point by substituting the
solution forkt]?(e pole into the equation. When we substitute
Ap == 122 into the equation

N
K [g\/,ﬁ k442 —kzz}
=ky2 2% =k k24 A2 =k,

=0

for the pole, it then becomes clear that

ko223 — k2 +k 228 k)2

— o2k k2ot 20,

There thus does not appear to be any surface wave in
the final solution, a conclusion that everybody agrees with,
and which Schelkunoffpointed outabout 70 years ago [48]!

Next, we will observe what the mathematical
properties of a classical surface wave are, so as to eliminate
the confusion associated with the use of this word, and the
turmoil it caused when Sommerfeld introduced the term
surface wave in his solution. In addition, the difference
between a classical surface wave and a Zenneck wave will
also be illustrated.
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2. What is a Surface Wave?

As explained by Barlow and Cullen [49], a surface
wave is a wave that propagates without radiating energy
along an interface between two different media. If both
media have finite losses, the energy directed along the
interface will be required to supply the losses in the media.
This does not invalidate the description of the surface wave
if radiation is construed to mean that energy is absorbed
from the wave independently of the media supporting it. The
surface-wave phenomenon arises primarily from its unique
nonradiating characteristic. This enables high-frequency
energy to be transferred intact from one point to another,
except in so far as demands are made upon that energy to
compensate for the losses in the two media. This definition
agrees with the concept of Rayleigh, as we discussed in the
previous section. However, the next statement of Barlow
and Cullen [49] stated that the three distinctive forms of
the surface wave, namely,

1. the Zenneck or inhomogeneous plane wave supported
by a flat surface,

2. the radial cylindrical wave also supported by a flat
surface, and

3. the Goubau[56,57] oraxial cylindrical wave associated
with a transversely cylindrical surface,

represent basically one and the same phenomenon from
their field distribution. This can cause some anxiety, as
we will soon see.

Inaddition, Barlow etal. pointed out that Sommerfeld’s
theory for ground-wave propagation over a flat Earth also
introduced a so-called surface wave. Sommerfeld divided
the ground wave into two components, which he respectively
called a “space wave” and a “surface wave.” The surface-
wave component is represented by one of the terms in the
analysis of the total field, and its particular feature is that it
needs to predominate near the Earth’s surface. Both parts
are required to satisfy Maxwell’s equations. At long ranges,
according to Sommerfeld, the surface-wave part varies
inversely as the square of the distance, which is identical
to the Norton surface wave. In similar circumstances, a true
surface wave, radiated from a vertical line source over a
horizontal surface, would be expected to decay exponentially
with range, owing to losses. At the same time, it would be
expected to fall in amplitude inversely as the square root of
the range, due to the expanding wavefront. In Sommerfeld’s
original 1909 paper, a surface wave of this type appeared
in the expression of the total field, which was later shown
not to exist.

In addition, Wait [52] also provided a clarification
between the terms surface waves and ground waves, which
are the fields observed at the interface. According to Wait,
“A surface wave is one that propagates along an interface
between two different media without radiation; such
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radiation being construed to mean energy converted from
the surface wave field to some other form,” according to
the definitions of Barlow and Cullen [49] and Cullen [53].

The ground wave is characterized per the IEEE
definition [50, 51]: “A radio wave that is propagated over
the Earth and is ordinarily affected by the presence of
the ground and troposphere. The ground wave includes
all components of a radio wave over the Earth except
ionospheric and tropospheric waves.”

The situation is particularly confused since in the
IEEE test procedures, the surface-wave component of the
ground wave was completely different from the definition
used by Barlow and Cullen [49]. Wait [52] tried to clarify
this state of confusion by adopting a model that would
encompass all forms of waves that can propagate over an
interface. This was carried out by expressing the total field
from a vertical electric dipole at a height, h, radiating over
anair-Earth interface. The vertical electric field at a vertical
height, z, and a horizontal distance, o , could be written in
the following form, consisting of three terms:

E=E, +E, +E;,

where E, is the field that would be computed on the
basis of geometrical optics. E, and Eg are the surface
waves, which are entirely different in character from one
another. If the phase angle of the surface impedance is less
than 45° [42], it was shown that Eg was not present. Ey
could then be identified as a correction to the geometrical-
opticsfield, E, . Asymptotically, Ey, variesas ,o_2 ,whereas
E, varies as p . In many high-frequency applications,
E, is thus dominant. However, at shorter distances and/or
lower frequencies, when the asymptotic form for E is not
valid, it turns out that E,) may be very important, and that
it should be called a Norton surface wave [26, 27], rather
than just referring to it as a surface wave.

When the phase angle of the surface impedance
becomes greater than 45°, the contribution, Eg , isfinite. In
many cases, it dominates E, and_Eb . For example, it may
beshown that [54] E variesas p /2 forapurely inductive
boundary. The contribution Eg, which is not present for
a homogenous conducting half-space, is really a trapped
surface wave, since the energy is confined to regions near
the interface. It is suggested that this component of the total
field be described as the Barlow surface wave. Itis of interest
to note that at least formally, Eg has the form of a Zenneck
wave for the case of a homogenous Earth. As discussed
in [49], it is not excited by a physically realizable source.

From these various interpretations of the term surface
wave, itis very easy to get confused. We hence take recourse
to Schelkunoff [11], as he clarified the situation from a
mathematical perspective, and presented the definition of
whatasurfacewave is in the true classical sense of Rayleigh.
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Schelkunoff[11] pointed out that these same words, surface
wave, convey different meanings to different individuals.
According to Schelkunoff, the preliminary list of different
surface waves, compiled by Dr. James R. Wait, the then
chair of a working group of URSI, mentioned 11 types of
surface waves in the light of propagation of plane waves
in two semi-infinite, nonmagnetic, non-dissipative media,
separated by a plane boundary. These 11 types of surface
waves consist of

1. Zenneck Surface Wave (at the interface of two half-
spaces having different dielectric constants),

2. Sommerfeld Surface Wave (a dipole over a conducting
half-space),

3. Norton Surface Wave (a dipole over a conducting half-
space),

4. Sommerfeld Axial Surface Wave (an imperfectly
conducting cylindrical wire),

5. Goubau Axial Surface Wave (a dielectric-coated wire),

6. Plane Trapped Surface Wave (a dielectric-coated
plane conductor, corrugated surface, or other inductive
boundaries),

7. Cylindrical Trapped Surface Wave (the same as above
in cylindrical form),

8. Plane Quasi-Trapped Surface Wave (a stratified
conductor when the surface impedance has both a
resistive and inductive component),

9. Cylindrical Quasi-Trapped Surface Wave (the same as
above in cylindrical form),

10. Azimuthal Surface Wave (on dielectric-coated and
corrugated cylinders and spheres, for propagation in
the azimuthal direction),

11. Composite Axial-Azimuthal Surface Wave (the same as
above when propagation has a component in both the
axial and azimuthal directions).

As a group these wave types have no important
physical properties incommon. Calling these wave types by
the same name, even with qualifying adjectives, encourages
one to assume that the most significant physical properties
of one wave type are shared by other wave types and can
cause serious misunderstandings [11].

As Schelkunoff explained [11], when a wave is
incident at an air-dielectric boundary, then there can be
partial transmission and partial reflection, in the form of
radiation, from the boundary. However, ifthe wave contains
a component the magnetic field of which is parallel to the
boundary and the wave is incident at a Brewster’s angle,
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then the wave will be totally transmitted to the dielectric. If
there is a reflected wave, it will be horizontally polarized,
as the Brewster’s angle applies only to vertically polarized
waves. The Brewster’s angle is thus associated with the
zeros of the reflection coefficient (zeros of the numerator
of the term placed inside brackets in Equation (1)). If the
medium is slightly lossy, then again there will be minimal
reflection from the boundary. In this case, the wave is not
tied to the boundary. The Brewster’s angle is independent of
the frequency and so is the exponential rate of attenuation
of'this wave with the increasing distance from the interface,
which is small. The phase constant in vacuum increases
with the decrease in the wavelength for this wave. If the
dielectric medium has a finite conductivity, then there
may be an attenuation at right angles to the direction of
propagation. The wave is also a fast wave, and essentially
passes through the dielectric medium without seeing it. The
first four of the eleven wave types listed above belong to
this class, and are therefore not true surface waves in the
classical sense [11] of Lord Rayleigh.

However, when a wave is incident at a boundary from
a denser to a rarer medium (which is not our problem of
interest), then there will be total internal reflection if the
incident wave is incident at an angle equal to or greater
than the critical angle of the medium. The wave may even
get trapped in the denser dielectric medium and may never
come out, except providing an evanescent field to the rarer
medium. The wave in this case is a slow wave, and the
evanescent fields in the rarer medium will be concentrated
near the interface as the frequency increases. The attenuation
in the vertical direction away from the interface in the
rarer medium will also be frequency dependent, and as
the frequency increases, the wave will be confined to
the interface. Such a situation occurs for the poles of the
reflection coefficient (zeros of the denominator of the term
placed inside the brackets in Equation (1)). Inthis case, even
when the incident field goes to zero, the amplitude of the
surface waves does not decrease. Typically, these waves
do not have a decay along the direction of propagation,
in contrast to a Zenneck wave. However, if the dielectric
medium is lossy, there may be an anomalous velocity of
propagation towards the interface [11]. Physically, these
types of trapped waves may be stirred up by the incident
field. According to Schelkunoff, waves of types 5-11 listed
above satisfy the characteristics of a true surface wave in
the classical sense introduced by Lord Rayleigh. Note that
as mentioned before, the Zenneck wave is not a true surface
wave in the classical sense [11].

In Sommerfeld’s expression for the potential in
medium 1, the reflection coefficient is represented by the
term inside the brackets in Equation (1). The expression
for the reflection coefficient for the air-dielectric boundary
has two poles and two zeros. The poles and zeros have the
same magnitude, but they are distributed on four different
Riemann sheets of Equation (1). Since we have seen that the
Sommerfeld denominator in Equation (1) hasno pole onthe
proper Riemann sheet, no true surface wave can arise in this
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situation that we are analyzing. According to Schelkunoff,
a dipole radiating above an interface between two media
thus does not produce any true surface wave as defined
by Lord Rayleigh. Moreover, the term Norton “surface
wave” [50, 51] is not related to any of the surface waves
discussed so far. This wave was defined as the difference
between the exact field of a dipole above an imperfect
ground and the field calculated by the rules of geometrical
optics, as explained in the Appendix. This is exactly the
same definition used in the IEEE Standard Definitions
of Terms for Radio Wave Propagation [50]. This Norton
“surface wave” does not even satisfy Maxwell’s equations.
There is also the term ground wave, which is also defined
in the IEEE Standard Definitions of Terms for Radio Wave
Propagation [50]. It is the total wave (the space wave plus
the surface wave) that would have existed in the proximity
of the ground if the Kennelly-Heaviside layer was absent
[50]. Schelkunoff further clarified the situation by stating
that a wave reflected from the ionosphere is defined as the
sky wave. In the primary service area for all broadcasting
stations operating in the low- and medium-frequency
ranges, the sky wave is very weak, and the ground wave
is important. This ground wave is somehow related to the
Norton surface wave but is not identical to it. The Norton
surface wave vanishes for a perfectly conducting ground
when the ground wave is the strongest. This ground wave
has also been confused with the Zenneck wave, or sometimes
with a true surface wave [15].

Booker and Clemmow [58], in interpreting the
Sommerfeld theory of propagation over a flat Earth in the
presence of finite losses, invoked the aid of a Zenneck wave.
They particularly discussed the two-dimensional case of a
horizontal line source above the Earth. In doing this, they
showed thatahypothetical Zenneck wave —when diffracted
under a vertical plane screen the lower edge of which
coincided with the image in the Earth of the line source,
and extending to +o in the other direction, as shown in
Figure 2 — made equivalent provision for the effect of the

Source

/

s idiﬂ'racted fields
+

an edge current

Figure 2. An illustration of how diffraction of a Zenneck
wave generates the desired radiation fields at the interface.
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Earth losses. In Figure 2, the field in the upper half-space
is generated by the sum of the fields produced by a line
source located at the image point of the original source,
and the diffracted waves generated by a Zenneck wave
incident on a screen without the presence of the Earth, as
also shown in Figure 2. Booker and Clemmow [58] were
very careful to point out that this was merely a convenient
physical interpretation, and that it did not mean that a
Zenneck wave actually existed above the Earth’s surface.
However, it nevertheless appears that there has been some
misunderstanding that can no doubt be attributed to the use
of the term surface wave for two different things.

In a companion paper [1], it was shown that the fields
in the intermediate region of a cell in a cellular wireless
communication system have a slope of 30 dB per decade,
and that indeed this result can be obtained from a particular
treatment for the Sommerfeld attenuation function. Our
objective is to see what types of sources generate such
fields, which have a decay of 1/ pl‘5 with distance. The
other unique feature that we are going to point out is that
all measurements do show such a characteristic of the fields
inside the cell, without any exception. As we have already
mentioned, atrue surface wave does not produce such types
of fields. The question is thus, what type of waves behaves
in this peculiar fashion?

3. Burrows Experimental Data
First lllustrated the
Propagation Path Loss of 30
dB per Decade in Intermediate
Regions

To verify Sommerfeld’s prediction about the surface
wave in the solution of the fields over an imperfect ground,
Burrows was the first to carry out an experiment. Seneca
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Figure 3. The propagation path loss of 30 dB per
decade, followed by 40 dB per decade for the
radiation fields, in the measurements of Burrows
over Seneca Lake ([30, Figure 3; 46, Figure 6]).
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Figure 4. An empirical model of macrocell propaga-
tion at 900 MHz. The dots are measurements taken in a
suburban area, whereas the solid line represents a best-fit
empirical model (reproduced by permission from Simon
R. Saunders, “Advances in Mobile Propagation Predic-
tion Methods,” in Kyohei Fujimoto (ed.), Mobile Antenna
Systems Handbook, Third Edition, Norwood, MA, Artech
House, 2008, Chapter 3; ©2008 by Artech House, Inc.).

Lake in New York State was chosen by Burrows for these
experiments, because of its great depth [30]. Burrows first
experimentally attempted to decide the question of the
existence of Sommerfeld waves around 1933. Awavelength
of two meters (150 MHz) was chosen as the frequency of
operation. In this experiment, the receiver was located near
the stern of a small motor boat, which towed a rowboat
containing the transmitter. The antennas were loaded vertical
quarter-wave doublets, which were respectively connected
to the receiver and transmitter at the antennas’ mid-points
by short two-wire transmission lines. The distance between
the transmitting and receiving antennas was measured by
means of an auxiliary line. Curve (1) of Figure 3 plots the
inverse distance field that would result from propagation
over a plane Earth of infinite conductivity. It would result in
afield-strength decay of 20 dB per decade (the field will be
the vector addition of two spherical waves: the direct line-
of-sight wave from the source, and the direct line-of-sight
from its image; both of these decay with a rate of 1/R).
Curve (2) in the same figure is a plot of the received field
strength according to Weyl and Norton. This curve also
coincided with Burrows experimental data, which are not
overlaid on this plot. It is seen that in the intermediary
region of this plot, the fields decayed as 30 dB per decade,
whereas for the far field, the decay was 40 dB per decade,
aswould be expected from the Norton surface wave. Curves
3 and 4 were generated based on the original Sommerfeld
formulation of 1909, and they did not display the right
slopes for the measured data.

Burrows experimental data thus illustrates that in
the intermediate region of his plots, the fields displayed a
decay of 30 dB per decade. In conclusion, the wave having a
decay of 30 dB per octave cannot be due to a surface wave.
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4. Other Supporting Data

In [59, Figure 2.2.14] it was also illustrated that the
path-loss exponent in urban propagation is about three,
leading to a decay of the fields of 30 dB per decade with
distance from the antenna. This figure was been generated
from Okumura’s experimental data [59]. Figure 4, reprinted
from [60], showed that the path-loss slope in a macrocell
environment at 900 MHz was 30 dB per decade, exactly for
the distances from 100 mto 2 km, as shown by the theoretical
predictions and accurate numerical computations carried
out in [1]. Figure 5, for a picocell environment (indoors),
reprinted from [60], showed that the path-loss exponent
was almost 30 dB per decade for distances up to 20 m
from the base station, which is the effective cell radius of
an in-building picocell. Beyond that, the slope changed to
40 dB per decade, as expected from the theoretical analysis
[1]. We therefore observed that independent measurements
that were reported in the literature support the statement
that the fields inside a cell decay as 1/ ,01‘5 . These fields
cannot therefore be generated cither by a space wave or a
true surface wave.

5. Experimental Data from
Suburban Environments at
900 MHz

The objective of this section is to present further
experimental data for two different cellular scenarios:
suburban and coastal environments. Experimental data
for the path loss as a function of distance are available for
various stations operating in a dense urban environment at
frequencies of 1800 MHz [61] and 900 MHz [62, 63] as
illustrated in [1]. They all displayed a path-loss exponent
of three in the intermediate region, without any exception.

Figure 5. A prediction from an Ericsson in-building
path-loss mode (reproduced by permission from Simon
R. Saunders, “Advances in Mobile Propagation Predic-

tion Methods,” in Kyohei Fujimoto (ed.), Mobile Antenna
Systems Handbook, Third Edition, Norwood, MA, Artech
House, 2008, Chapter 3; ©2008 by Artech House, Inc.).
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Figure 6. The variation of the path-loss exponent with
distance for the AURNIAL9 base station (900 MHz).

It was also shown in [1] that the ground parameters did not
have any marked influence on the propagation-path loss in
this intermediate region.

Experimental data from a suburban environment
are now presented to further illustrate that the path-loss
exponentinsideacellis three, and four in the fringe regions,
the latter following the dictums of an asymptotic form of
a Norton surface wave.

Experimental data from suburban environments at
900 MHz are now described. The experiment was carried
out with the help of Aircom International Limited, a UK
company based in India. The transmitting power of all
the base stations used in this study was 40 dBm, and
the transmitting antenna gain was 8 dBi for all the base
stations. The gain of the receiving antenna was 0 dB,
and the height from the ground was 1.5 m. The receiver
was standard Nokia equipment used as a drive-in tool for
measuring the field strengths. The position of the mobile
was determined from a GPS receiver. This information,
with the coordinates of the base station, was utilized to
deduce the distance traveled by the mobile from the base
station. The signal-strength information, recorded in dBm,
was converted into path-loss values utilizing the gains of
the antennas. The data were recorded with 512 samples in
one second on a laptop computer. The number of samples
collected for each site varied from 1x10° to 2x10° . The
measured rms (root-mean-squared) error was around 1.5 dB.
The data were averaged over a range of 404 . Here, A4
stands for the wavelength of operation.

Figure 6 shows the variation of the path-loss exponent
from the base station AURNIA 19. This station was located
in an industrial area in the city of Aurangabad, in the
Maharashtra state of western India. The transmitter height
was 50 m from the ground. In Figure 6, we observed the
path-loss exponent as a function of distance. The path-loss
exponent was e)ﬁ)ected to start at three at approximately
a distance of *HxHrx _ 4x50x1.5 =900 m, [69] as the
operating frequenc§7 was 900 'MHz. This region started
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Figure 7. The variation of the path-loss exponent with
distance for the PAJMSU17 base station (900 MHz).

where the slow-fading region ended, as illustrated in [69].
After some distance, the path-loss exponent gradually
increased to four in the far-field region. Here, Hyy and
Hgy represent the heights of the transmitting and the
receiving antennas over the ground. The experimental data
confirmed the theoretical predictions.

Finally, in Figure 4 we observed the decay of the field
strength for the base station PAIMSU17, which was located
inthe Panjim suburbanregion of the sea port of Goa, located
in the western region of India. The transmitter height was
again 50 m from the ground, and the transmitter power
was 40 dBm. From Figure 7, it was seen that the path-loss
exponent also started at 3.0 from a distance of 900 m, as
predicted by theory [69], and then increased to 4.0.

It may be concluded that within the range of the cell,
after the slow fading is over [69], the path-loss exponent
starts at three, and then in the fringe areas, increases to
four, irrespective of the environment. It also was illustrated
in [1] that these predictions could be arrived at using the
Sommerfeld attenuation function. The question now is, what
type of wave has a decay of 30 dB per decade?

6. In Search of a Wave that
Decays as 30 dB per Decade,
Equivalent to a Path-Loss
Exponent of Three

In an accompanying paper [1], we observed not only
fromatheoretical point of view butalso from an experimental
view point that the path-loss change in cellular wireless
communication is 30 dB per decade, and this gives rise to
a path-loss exponent of three. The question now is, what
are the physics behind such a wave, and also, what type of
waves propagates with such a characteristic? Whathas been
clearis thatneither the Zenneck wave nor the Norton surface
wave produces a 30 dB-per-decade decay of the fields with
distance. Depending on which of Sommerfeld’s papers one
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chooses to look at, a wave with a decay of 30 dB per decade
is nonexistent. However, in the far field, the Norton surface
wave indeed has a path-loss exponent of four.

Barlow and Cullen [49, 53, 55], and Booker and
Clemmow [58], introduced the true surface wave. They
demonstrated that not only does this type of surface wave
not generateradiative fields, butalso these slow-wave fields
are orthogonal to the fields that are responsible for radiation.
However, associated with these true surface waves is an
additional field component: a radiation field that meets our
criteria. The question is therefore, which waves do follow
a 30 dB-per-decade decay? These are of particular interest
in a cellular wireless communication system.

Cullen [53] showed that when a wave is launched by
a horizontal slot situated over a corrugated or a dielectric
coated guiding surface it can be shown that in addition to
the surface wave there is a radiation field and that field
decays asymptotically as 1/ R!> He furtherillustrated that
Booker and Clemmow [58] gave an elegant interpretation
of'the Sommerfeld theory of radiowave propagation over a
flat Earth. It is interesting to examine the present problem
from their viewpoint, as shown in Figure 2. Consider a slot
located at (0, h) above an imperfectly conducting ground
radiating into space. The total scattered field then consists
of a field component, E;, produced by the same slot over
a perfectly conducting surface, plus a “correction field,”
E,, resulting from diffracting a characteristic Zenneck
wave under a screen extending upwards to infinity from
(0, —h) ,thelocation ofthe image line ofthe source, as shown
in Figure 2. This correction field involves an integration
over the “aperture” extending from minus infinity to —h,
as shown in Figure 2. It is complicated by the fact that the
integrand contains a factor that has the form of the Zenneck
wave, and so tends exponentially to infinity at the lower
limit of integration. This difficulty is avoided by regarding
the correction field as the Zenneck wave seen directly,
E,, minus the field, Ej, obtained by diffracting the
Zenneck wave over a screen extending downwards from
minus h to minus infinity. This is depicted in Figure 2. This
integral is obviously convergent, and can be expressed in
terms of Fresnel integrals. The field E; then takes the form
of a radiation field for which the leading term varies as
1/ JR . Near the surface, the leading term of E; exactly
cancels the leading term of E; . The remaining terms give a
field varyingas 1 (kR)S/2 ,together with the Zenneck wave
itself. However, in calculating the field near the surface,
there is a slight disadvantage in splitting up the integral
into separate parts, as Booker and Clemmow [58] did. This
is because this leads to two separate asymptotic series the
leading terms of which cancel, so that an extra term must
be taken in each to get a given degree of approximation in
the final result. However, the only fundamental difference
is that Booker and Clemmow [58] expressed the fields
from the source in terms of an infinite spectrum of Fourier
components in a vertical plane, whilst Cullen [53] chose a
horizontal plane. This choice has advantages in considering
the launching of surface waves, for they enter into the
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analysis in a way that provides an intuitive explanation
of their presence in the final field. Macfarlane [64] made
calculations of Zenneck-wave excitation due to a chopped
surface-wave excitation by this method. His result for a
highly reactive loaded surface is exactly equivalent to that
given in [49].

According to Macfarlane [64],

From the behavior of the surface wave field at large
distances from the surface, it is clear that a surface wave
cannot exist as a complete field all by itself, just like a
waveguide mode in a perfectly conducting waveguide.
Hence, the surface wave is a pseudo-mode and nota pure
one. The surface wave field is an incoming progressive
wave, whereas the field at large distances from the surface
must be an outgoing progressive wave. Therefore, there
must always be a radiation field associated with the
surface-wave field.

This radiation field is orthogonal to the surface-wave
field. The only exception could be if the fields were produced
by an aperture of infinite extent: then, the radiation field
would not be present. It has been shown that this radiation
field decays as 1/ R , and provides a decay of 30 dB per
decade. It thus has a path-loss exponent factor of three. It
is this radiation field that resembles fields emanating from
a two-dimensional structure that has the mathematical
decay rate of 1/R1'5 .

Furthermore, Hill and Wait [65] pointed out that for
a finite vertical aperture over a homogenous conducting
flat ground, the fields are similar to the Zenneck wave near
the aperture, but resemble the usual ground wave at large
distances. According to them, the electric field at large
distances decays from the source as p_3/2 , where p
is the horizontal distance from the aperture. This occurs
when there is a cancellation of the direct and reflected
rays at grazing incidence. This is in contrast to the typical
exponential decay of the Zenneck wave.

Tai [66] and Clemmow [67] have shown when
analyzing radiation from a line source over a grounded

| \PrimarySOurce

h
h
An infinite collection of
Secondary sources
-00

Figure 8. Equivalent image sources that gener-
ate the desired radiation fields at the interface.
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dielectric slab that the radiation fields from such a source
decay as 30 dB per decade with distance.

The results of Booker and Clemmow [58], Barlow
and Cullen [49], Cullen [53], Hill and Wait [65], Tai [66],
and Clemmow [67] thus indicate that a radiation field from
atwo-dimensional source asymptotically decays as R3/2.
This gives rise to a path-loss exponent of three, and a decay
of the fields of 30 dB per decade, which is what we are
interested in. In short, in cellular wireless communication,
the fields that carry the energy behave as the radiation fields
from a two-dimensional source.

It is important to note what Tai [66] pointed out:

...that for certain angles of incidence and for certain
parameters of the ground the saddle-point path may
intersect the second branch cut and this will provide a
field which also has a three-halves power dependence
on distance but also has an exponential damping factor.

7. A Physical Representation of
the Fields Associated
with Cellular Wireless
Communication Systems

Van der Pol [68] pointed out that the results of
Sommerfeld and Weyl were, as a rule, not very transparent,
on account of the fact that the approximations or
developments used were more of a mathematical nature.
This lead Van der Pol to recast the same problem without
any approximation whatsoever, which lead to a solution
in the form of a simple space integral that allows a direct
physical interpretation. The integration extends over the
part of space occupied by the second medium below the
geometrical image. This scenario is seen in Figure 8, which
is similar to Figure 2, in many respects. It is shown that the
field in the first medium where the dipole is located — apart
from the direct radiation from an elementary dipole — can
be described as due to a secondary wave originating in the
integration space extending from its image from —h to —oo
. In other words, the image of a source over an imperfect
ground consists of a line source starting from its image and
continuing to —oo , as shown in Figure 8. The amplitude of
the wave from the image is determined by the amplitude of
the primary wave. It can be considered to spread from the
geometrical image of the point source, with the propagation
constant and absorption of the second medium. The higher
the conductivity of this second medium, the more the primary
wave is concentrated near the image of the point source,
until, for infinite conductivity, it is wholly concentrated at
the image itself.

This result — that the fields produced by a dipole over
an imperfect ground plane are due to the direct contribution
from the source, plus the effect of the ground represented
by an equivalent image that consists of a line source that
extends from —h to —oo [18, p. 250] — has been used by
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Figure 9. An elongated image of the sun over
a rippled lake (http://fineartamerica.com/fea-
tured/alexandria-bay-sunset-steve-ohlsen.html).

other researchers. In fact, the same physical picture was
available in Booker and Clemmow [58, p. 19, Figure 3b].
Sommerfeld also wrote a similar expression [18, p. 250,
Equation (10d)]. The detailed derivation was available
in Van der Pol’s work [68]. One obtains the following
expression for the Hertz potential due to a normalized
point source located at a height z, , when the observation
point is located at Z"

eXp(_jklR]) exp(—jkle)
1z ¥ +
R Ry

2 jk
—i—exp[—a(za +1y)]
2

{=2,+2,+&x0 exp(_jklm)
T

2
1

exp(ag)ds  (5)

$=2,+1,

Range extension due to height gain

where

and

=t I+ L.
a b

As stated by Van der Pol, the third term in Equation (5)
canbe interpreted as a wave spreading from the geometrical
image of the point source, while all points of the second
medium below the level of the geometrical image apparently
send secondary waves to the observer. When & >> 1, the
distance from an arbitrary point in the second medium to
the observer, as given in the exponent of the third term,
contains zmultiplied by ¢, 1.e., to the observer, the vertical
part of the distance below the image of the point source is
multiplied by ¢ . The wave originating from the image will
therefore be observed as vertically elongated, like the very
vertically elongated image of the sun over a wind-rippled
lake, as shown in Figure 9 [68].

According to Hill and Wait [65, p. 974] a finite
vertical aperture over a dielectric half-space — resembling
the fields from the image of the dipole over a ground —
indeed generates a field that has a path-loss exponent of
30 dB per decade. We now demonstrate this mathematical
representation using the example of Figure 10.

Consider a rainy night, when the ground is wet,
representing a partially reflective surface. Try then to observe
how the city lights are stretched along the ground by waves
propagating over the surface. Compare such a view as shown
in Figure 10 to the situation as described by Van der Pol in
Equation (5). Imagine that the existence of the green traffic
lightis the information to be transmitted by the source. Now,
notice how a wet ground helps to transfer the information
to a point where there is no line-of-sight path. In fact, in
cellular systems, the ground is always an imperfect reflecting

Surface wave continuous
propagation after a big obstruction

=

-
-

Figure 10. Waves on wet ground due to the partial reflectivity of the surface. The figure gives
an impression of the physical propagation mechanism to be expected in cellular environments
at frequencies where a wet Earth represents a complex impedance surface.
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surface, and the way light propagates in Figure 10 is what
we should expect as a propagation mechanism in a cellular
system. In other words, the transmitting antennas (usually
tilted down toward the ground) excite aradiating field in the
cell. In the intermediate region, this behaves as a radiating
field fromaline source, and in the far-field region, it behaves
as a Norton surface wave. This wave then represents one of
the main dominant means by which the base-station antenna
communicates with the mobile device. This mechanism of
propagation is shown in Figures 8-10. The stretching of the
lights in Figures 9 and 10 hence essentially represents the
image of the primary source. Again, it is important to note
that what we are observing in Figure 10 is not a surface
wave as in the true classical sense of Schelkunoff, but the
radiated fields associated with a surface wave.

Figures 9 and 10 give us physical insight into how
waves propagate in mobile communications. They thus
illustrate why smart antennas and beamforming have not
been very successful in cellular communications until now,
despite all of the research efforts done in those fields. If the
real scenario of propagation is something similar to what
we see in Figures 8-10, then we should change our outlook
of the implementation of multiple antennas and adaptive
arrays in cellular systems. The important point is that the
effect of the ground plays a dominant role. This equivalent
line source, formed from the images, generates a field in
the air that decays as 30 dB per decade. As observed in [1],
this decay of the fields at 30 dB per decade with distance is
generated in the intermediate region, approximately where
the slow-fading re%iﬁn e|_r|1ds. This is approximately at a
distance of about = TX_RX [69] from the base-station
antenna. Here, Hpy and H rx Tepresent the heights of the
transmitting and the receiving antennas over the ground,
and A is the wavelength of operation.

Conventionally, in wireless communications textbooks
(such as [70]), this problem of propagation modeling is
tackled first by explaining the two-ray model over a flat
perfectly conducting Earth. In the two-ray model — the
incident and the reflected ray — the reflection coefficient is
taken to be —1, and @ (the angle of incidence) is always
7/2 (i.e., a perfectly reflecting Earth is considered).
However, the two-ray model illustrates that the intermediate
path loss is 20 dB per decade instead of 30 dB per decade,
as we have presented. After explaining the two-ray model,
empirical models are usually presented, such as the well-
known Okumura-Hata model [60]. Although empirical
models have been extensively applied with good results,
they suffer from some disadvantages. The main disadvantage
is that empirical models provide no physical insight into
the mechanism by which propagation occurs. In addition,
these models are limited to the specific environments
and parameters used in the measurements. To find more
satisfactory models, researchers usually follow one of
two paths: They either choose more sophisticated physical
models — which encounter other propagation mechanisms,
such as diffraction, scattering, and ray tracing [60] — or
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they delve into statistical modeling [70]. We quote a very
interesting conclusion from [60]:

Although the plane Earth model has a path loss exponent
closetothat observed in actual measurements (i.e.,4), the
simple physical situation it describes is rarely applicable
in practice. The mobile is always almost operated (at
least in macrocells) in situations where it does not have
a line-of-sight path to either the base station or to the
ground reflection point, so the two-ray situation on which
the plane Earth model relies is hardly ever applicable.
To find amore satisfactory physical propagation model,
we examine diffraction as a potential mechanism.

Instead of examining diffraction as a potential
mechanism or going to statistical modeling, the work
presented in this paper gives a rigorous mathematical
solution based on the exact Sommerfeld formulation of the
two-ray model, but with an imperfectly reflecting Earth taken
into consideration. This approach directly implies that the
physical model of propagation in the cellular environment
described above is the radiation field associated with a line
source. Namely, the power decreases with the distance
from the transmitter tower by 30 dB per decade for most
of the practical area of a typical cell. The multipath fading
and shadowing due to buildings and large obstacles then
appear as small variations around the main 30 dB-per-
decade slope line, as seen in the measured data. Almost
none of the physical models — such as the dielectric canyon
model, the flat edge model, and sophisticated ray-tracing
models [60] — take fields produced by a line source into
consideration. Actually, itis easy to illustrate the difference
between the “two-ray perfectly reflecting Earth” model
(used conventionally) and the “imperfectly reflecting Earth”
model. In the companion paper [1], the mechanism of
propagation was illustrated using a diffraction model, and,
alternately, using an infinite line of sources, generated by
the imperfectly conducting ground, representing the image
due to the original source, as illustrated here.

In summary, the ray theory can never predict a decay
ofthefieldsas l/ R'S The analysis of Vander Pol presented
here provides a physical picture of how the wave, which is
not a surface wave, propagates over an imperfect ground
from the base-station antenna to the mobile device. In short,
besides the direct ray from the source, there are the fields
from a line source, generated by the image of the original
source over the imperfectly conducting ground, which can
be easily visualized in Figures 9 and 10.

8. Conclusion

The objective of this paper was to illustrate that the
propagation path loss in the intermediate region of a cell in
a cellular communication system is three, which leads to a
path loss of 30 dB per decade. This type of field resembles
that of a radiation field associated with a two-dimensional
source. These statements can be derived from the classical
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Sommerfeld attenuation function, using different types of
approximations. Finally, we have illustrated the physical
mechanism of wave propagation, which provides a path-
loss exponent of 30 dB per decade.

9. Appendix: Definitions
of the Various Waves
Used in this Paper

In this appendix, we present the definitions for the
various waves that we have used in this paper. Our definitions
are slightly different from [50], and are included here for
completeness.

Diffracted wave: An electromagnetic wave that has
been modified by an obstacle or spatial inhomogeneity in
the medium by means other than reflection or refraction.

Ground wave: From a source in the vicinity of a flat
Earth. A wave that would exist in space in the absence of
the ionosphere. Note: A ground wave near the surface of
the Earth can be identified with a Norton surface wave for
a grazing angle of incidence, or when both the transmitter
and the receiver are located near the Earth’s surface.

Inhomogeneous plane wave: A wave for which the
planes of constant magnitude and planes of constant phase
are not parallel.

Lateral wave: A wave guided along the interface
between two media. For sufficiently large distances from the
source, the field decays as the square of the distance. This
wave is present when a wave is incident from a denser to
ararer medium, undergoing total internal reflection. In this
case, it displays the Goos-Hanchen effect of a lateral shift
in the reflected wave. (We have not used this wave in the
paper, but some researchers define the Norton surface wave
as a form of lateral wave. This is not valid in our opinion,
as a lateral wave is generated when fields are incident from
a rarer to a denser medium and the phenomenon of total
internal reflection occurs, and the Goos-Hanchen effect of
a lateral shift in the reflected wave is observed. The Norton
surface wave does not display the Goos-Hanchen effect,
which is the hallmark of a lateral wave.)

Norton surface wave: A propagating electromagnetic
wave on the surface of the Earth, when both the transmitters
and the receivers are close to the ground. Asymptotically,
this wave decays as the square of the distance.

Sky wave: Aradio wave propagated obliquely toward,
and returned from, the ionosphere. Note: This wave has
sometimes been called anionospheric wave, butthat termis
intended to connote internal waves in ionospheric plasmas.

Surface wave: A wave guided by a boundary of two

dissimilar media that has a phase velocity smaller than the
velocity of light. Its field perpendicular to the direction
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of propagation is evanescent in nature. As the frequency
increases, the wave is more confined to the interface. There
are no radiative fields associated with a surface wave.

Zenneck wave: This is a wave that is a solution of
Maxwell’s equations, and that decays exponentially, both in
the transverse plane and along the direction of propagation.
It has a phase velocity faster than the speed of light, and the
propagation constants of this wave are generally not highly
dependent on frequency. In addition, a cylindrical Zenneck
surface wave decays as 1/ JR . According to Schelkunoff,
this is strictly not a true surface wave.
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RadioAstron: An Earth-Space
Radio Interferometer with a
350,000 km Baseline

N.S. Kardashev
Y.Y. Kovalev
K.I. Kellermann

Abstract

RadioAstronis a Russian space-based radio telescope
with a ten-meter dish, in a highly elliptical orbit with an
eight-to-nine-day period. RadioAstron works together
with Earth-based radio telescopes to give interferometer
baselines extending up to 350,000 km, more than an order of
magnitude improvement over what is possible from Earth-
based very-long-baseline interferometry. Operating in four
frequency bands corresponding to wavelengths of 1.3 cm,
6 cm, 18 cm, and 92 cm, the corresponding resolutions are
7, 35, 100, and 500 microarcseconds, respectively, in the
four wavelength bands.

1. Resolution of
Radio Telescopes

The first observations of cosmic radio emission in
the 1930s by Karl Jansky [1-3], using a Bruce array only
a few wavelengths across at a 15 m wavelength, had an
angular resolution of a few tens of degrees. Later in the
decade, Grote Reber [4] used a 32 ft parabolic dish at 2 m
wavelength to improve the resolution to about 4°. The
resolution of any instrument is limited by diffraction to an
angle, @, of the order of the wavelength of observation
divided by the dimensions of the instrument. Because of
this and the fact that radio wavelengths are longer than light
waves by a factor of ~ 10°, for many years it was thought
that the resolution of radio telescopes would always be
limited compared with that of optical telescopes.

However, for several reasons, it turns out that the
reverse is true. First, due to their longer wavelength, it is
much easier to build large diffraction-limited telescopes at
radio wavelengths than at optical wavelengths, since the
required mechanical tolerances are greatly relaxed at radio
wavelengths. Second, at optical wavelengths, the path-length

fluctuations in the Earth’s troposphere limit the resolution
of optical observations by “seeing” to angles of the order
of an arcsecond. Recent developments in adaptive optics
using nearby stars or laser signals as a reference at infrared
wavelengths are able to obtain resolutions somewhat better
than 0.1 arcsec. The same is true for optical telescopes
operating from space, such as the Hubble Space Telescope.
However, at radio wavelengths, tropospheric path-length
fluctuations are only comparable with the wavelength, and
can easily be calibrated from observations of reference
sources. For these reasons, the history of radio astronomy
has been one of ever improving the angular resolution
through a series of innovative technical developments.

The largest fully steerable radio telescopes are those
in Effelesberg, Germany, and in Green Bank, West Virginia
in the USA, each with an effective diameter of 100 m.
Variations in mechanical tolerances due to wind, temperature
variations across the structures, and the effects of gravity
as the structures are moved limit operation to wavelengths
as short as about 1 cm. This gives an angular resolution of
about 30 arcsec.

2. Radio Interferometry

Unlike light waves, radio signals from one part of the
telescope can be amplified, split, and compared coherently
with signals from other parts of the instrument. Starting in
the 1940s, radio astronomers began to use widely spaced
interferometers of modest-size parabolic-antenna elements
to giveresolutions determined by the interferometer spacing,
and not by the dimensions of the individual antennas. Since
each interferometer pair measures one Fourier component of
the brightness distribution of the radio source, observations
with multiple element arrays are used to reconstruct the
two-dimensional radio-source structures [5]. In the typical
radio interferometer or array, a common local-oscillator
signal is sent to each of the distant elements, where itis used
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to convert the received RF signal to a lower intermediate
frequency (IF). This is then sent to a common point, where
it is correlated with the signals from the other antennas.
One of the most powerful radio telescopes of this type is
the recently upgraded Karl G. Jansky Very Large Array
(VLA), located in central New Mexico. With twenty-seven
antenna elements, each of 25 m diameter, the resolution of
the VLA at 1 cm wavelength in its largest configuration is
about 0.1 arcsec, comparable to that of the Hubble Space
Telescope (see Figure 1).

Although in principle the dimensions of radio
interferometers can be extended without limit, practical
considerations of routing the local-oscillator transmission
and broadband IF transmission lines have limited
conventional interferometers and arrays to dimensions of
the order of a few tens of kilometers. It is also possible
to use radio links to distribute the IF and local-oscillator
signals within amulti-element array, but the bandwidths are
limited by available spectrum allocations. More recently, the
global fiber optic network has become an effective means
of joining antennas spaced hundreds and even thousands of
miles apart. However, unless subsidized, the cost required
to transmit IF bandwidths of hundreds of megahertz large
data rates are prohibitively expensive.

3. Independent-Oscillator
Remote-Recording Interferometry

To avoid these complexities, radio astronomers
routinely implement very-long-baseline interferometers
(VLBI) using independent local oscillators, stabilized
by hydrogen maser or other atomic frequency standards
[6]. Until a few years ago, the data were recorded on
magnetic tape, at data rates up to 256 Mbps. However, the
often unreliable and logistically difficult tapes have now
been replaced with conventional computer disc drives.
Compatible independent-oscillator disc-recording VLBI
systems are now in routine use in the US, Europe, Asia,
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Figure 1. The Karl G. Jansky
Very Large Array (VLA), located
in central New Mexico, includes

twenty-seven 25 m antennas,

operating from a few hundred MHz
to 50 GHz. Each antenna moves on
railroad tracts along three arms to
cover configurations ranging from
1 km to 36 km. The angular resolu-
tion at the shortest wavelength
and in the largest configuration
is 0.04 arcsec, about that of the
Hubble Space Telescope.

and Australia. Separate networks of antennas in the US,
Europe, Russia, and East Asia routinely operate with
nominal recording rates up to 512 Mpbs to 1024 Mbps, and
prototype systems are being tested at 2 Gbps and 4 Gbps
recording rates.

4. Space VLBI:
TDRSS and HALCA

Interferometer baselines for these Earth-based
antennas are of course limited to some fraction of the
Earth’s diameter. Higher angular resolution can only be
obtained by placing one end of the radio interferometer in
space. In 1986, a team of scientists from the US, Japan,
and Australia used an antenna onboard the NASA Tracking
and Data Relay Satellite at 2.3 GHz and 15 GHz, together
with ground-based antennas of the NASA Deep Space
Tracking Network, to demonstrate the feasibility of radio
interferometry using an orbiting spacecraft, with projected
interferometer baselines up to two Earth diameters [7]. In
1997, Japanese radio astronomers placed an 8 m diameter
antenna aboard the HALCA (Highly Advanced Laboratory
for Communications and Astronomy) spacecraftin low Earth
orbit. Unfortunately, the 22 GHz (1.3 cm) radiometer failed
on launch, so that observations with the remaining 5 GHz
(6 cm) and 1.6 GHz (18 cm) systems had a resolution only
comparable to thatachieved with conventional ground-based
systems, operating at shorter wavelengths [8].

5. RadioAstron:
Development and Specifications

OnJuly 18,1981, Roald Sagdeev, then Director of the
Soviet Cosmic Research Institute in Moscow, authorized
the development of the Spectrum-R space interferometer
mission, also known as RadioAstron [9]. RadioAstron was
to be one of three missions, the others being Spectrum-
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Figure 2. A schematic diagram of the RadioAstron Space Radio Observatory, showing the location of the navigator
service bus, the hydrogen maser frequency standards, the high-gain communications antenna (HGCA), and other
subsystems. The solar panels are oriented orthogonally to the diagram.

X-Gamma and Spectrum-UV, to operate at X/y-ray and
ultraviolet wavelengths, respectively. However, the
challenging technical goals of the three missions, combined
with the political and economic difficulties following the
fall of the Soviet Union, resulted in lengthy delays in the

Frequency | Ts o o
(GHz) (K) | (parcsec) | (mJy)
0.33 200 530 46
1.66 45 100 5
4.6 130 35 6
22 77 7 20

Table 1. The main characteristics of the
four RadioAstron frequency bands.
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completion of RadioAstron. It was later transferred to the
Astro Space Center (ASC) of the P. N. Lebedev Physical
Institute of the Russian Academy of Science. Spectrum-X-
Gammaand Spectrum-UV are currently under construction:
the launch of the former is planned for 2014. The locations
of the major substructures are illustrated by the schematic
diagram of'the spacecraft shown in Figure 2. The assembled
dish structure is shown in Figure 3, as seen by the visit of
the RadioAstron International Steering Committee in 2008.

After 30 years of development of this ambitious
space VLBI project by scientists and engineers at the ASC,
the 3660 kg RadioAstron spacecraft was finally launched
from the Baikonour Cosmodrome on July 18, 2011. A day
later, it was placed in a highly elliptical orbit, extending
out beyond 300,000 km, with an eight-to ten-day period.
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The 10-m space RadioAstron radio telescope was
fabricated from 27 carbon-fiber panels. Ithasan F/D ratio
of 0.43. RadioAstron is equipped with feeds and receivers
for four frequency bands, as shown in Table 1. In this table,
column one is frequency band; column two is the typical
system temperature, Ts; column three is the maximum
resolution in microarcseconds; and column four gives the
rms noise in a typical coherence time of five minutes, when
joined with the NRAO 100-m radio telescope in Green
Bank, West Virginia, USA. The front side of the unfurled
dish structure is seen in Figure 4. Figure 5 shows the dish
with the 27 panels folded and ready to be placed in the
rocket. Figure 6 shows the folded antenna installed in the
Zenit rocket. Figure 7 conveys an artist’s impression of
the RadioAstron spacecraft in orbit, with the antenna and
solar panels unfurled.

The RadioAstron mission has enjoyed widespread
international participation. The space radio telescope, the
spacecraft bus, and the instrumentation were designed and

Figure 4. The Space Radio Telescope with the
petals unfurled in the Lavochkin laboratory.
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Figure 3. The 10 m space ra-
dio telescope as seen by the
RadioAstron International
Steering Committee during
their visit to the Lavochkin
Association construction
facility, in October 2008.

developed by the Astro Space Center; the Moscow S. A.
Lavoshkin Federal Research and Production Association
Industries; and the Russian Space Agency, Roscosmos.
The specialized radio-interferometry instrumentation
was developed at the Astro Space Center. The low-noise
amplifier for the 330 MHz (92 cm) radiometer was built

Figure 5. The 10 m RadioAstron dish,
shown with the 27 petals folded and
ready for launch in the Zenit rocket.
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by the NCRA in India, and the 1.6 GHz (18 cm) receiver
was manufactured by CSIRO in Australia. A5 GHz (6 cm)
receiver was constructed in the Netherlands, on behalf of
a consortium of European radio observatories. The 6 cm
low-noise amplifier was provided by the MPIfR in Germany.
The European Space Agency conducted thermal tests of
the antenna panels in their vacuum chamber located in the
Netherlands. The 22 GHz (1.3 ¢m) receiver was initially
designed and builtby the Helsinki Technical University. Due
to the delays in the RadioAstron launch, both the original
5 GHz and 22 GHz receivers were considered to have
exceeded their shelflife, and were replaced by newer units
builtby Russian industry. To obtain enhanced sensitivity and
cover a wide frequency range, from 18 GHz to 25 GHz, the
22 GHzsystemuses low-noise HEMT amplifiers constructed
by the US National Radio Astronomy Observatory. These
are the same amplifier types as used for IF amplifiers in the
WMAP spacecraft, used to map the cosmic-ray anisotropies.
Each RadioAstronreceiver operates in two (USB and LSB)

Figure 7. An artist’s conception
of the RadioAstron spacecraft.
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Figure 6. RadioAstron sitting on
the Zenit rocket at the Baikonur
launch site, ready for launch.
The insert shows the imbedded
plaque, displaying the interna-
tional nature of RadioAstron.

16-MHz-wide channels (4 MHz wide at 330 MHz), in each
of two orthogonal circular polarizations.

After conversion to baseband, each 16 MHz
intermediate-frequency signal is digitized using one-bit
Nyquist sampling, and the 128 Mbps digital data stream is
sent to the ground over a 15 GHz link. On the ground, the
128 Mbps data are recorded on RadioAstron Data Recorder
discs [10]. The data are then played back and sent over
fiber to Moscow, or to the Max-Planck-Institute in Bonn,
Germany, where they are correlated with data recorded
at various ground radio telescopes throughout Russia,
Ukraine, Europe, China, the United States, Japan, Australia,
South Africa, and India. Correlation of the incoming data
streams is performed in Moscow using a high-performance
computer cluster. This runs a specialized RadioAstron
software correlator, developed by the ASC team [10] and

in Germany, using a modified version of the standard DiFX
software correlator [11].

The RadioAstron spacecraft is equipped with two
hydrogen masers, manufactured by the Russian company
Vremya-Ch. The masers are used to stabilize the onboard
local-oscillator system, by generating a 5 MHz reference
signal used to control a frequency synthesizer that
provides the independent stable local-oscillator signal. As
a backup — in case of failure of the masers — a closed-loop
system operates at 7.2/8.4 GHz, which can synchronize
the RadioAstron local oscillator with an oscillator at the
ground tracking station.

Ground-tracking support is currently provided using
the 22 m antenna located at the radio observatory near
Puschino, outside of Moscow. Since the spacecraft is not
always visible from Puschino, an additional tracking station
isunder development at the US National Radio Astronomy
Observatory in Green Bank, as well as one in South Africa.
The South African tracking station will provide critical
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tracking support when the spacecraft is near perigee in the
southern hemisphere. These external tracking stations will
use the same instrumentation as at Puschino, thus insuring
the uniformity of the data to facilitate the correlation. The
precise orbit determination needed for radio interferometry
is made utilizing five different methods: conventional
radio-delay and Doppler measurements, laser ranging,
optical observations of the spacecraft sky position, and
VLBI tracking.

Data recorded simultaneously at the various tracking
stations on the Earth and from RadioAstron are being used
to reconstruct crude but extremely high-resolution images
of celestial radio sources. Because of the very elliptical
orbit of RadioAstron, the resolution of the Earth-space
interferometer is essentially one dimensional. Precession
of the orbit resulting from gravitational perturbations
by the moon will give some degree of two-dimensional
coverage, although changes in the radio source’s structure
during this period will make the detailed interpretation of
the interferometer data more difficult.

6. RadioAstron Scientific Goals

Probable targets of Radioastron studies include
pulsars, blazars, and cosmic masers. Previous ground-based
VLBI observations of blazars suggested the presence of
structure on angular scales as small as 50 microarcsec [12].
These expected small-scale structures are supported by
observations of the radio spectra and rapid time variability.

Figure 8. The first fringes found by the space-VLB
interferometer RadioAstron. Shown is the inter-
ference signal from the quasar 0212+735 on an

8,100 km projected baseline between RadioAstron
and the 100 m MPIfR radio telescope near Ef-

felsherg, Germany, observed on November 15, 2012.
The wavelength of the observations was 18 cm. The
plot shows the fringe amplitude as a function of

the residual delay and the residual fringe rate in a

single 16 MHz-wide channel.
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Of particular interest are the so called blazars, which
are quasars the relativistic outflow of which is directed
toward the Earth. Because of the enhancement of the radio
synchrotron emission that is beamed along the direction of
motion due to relativistic boosting, the apparent brightness
of’blazars can appear to be boosted by factors of thousands.
Since the radio-emitting plasma is thought to be moving at
nearly the speed of light along the line of sight, the radiating
source is also nearly keeping up with its own radiation,
giving the appearance of faster-than-light motion. The high-
resolution observations made possible with RadioAstron
will allow unprecedented detailed observations of blazars,
reaching an order-of-magnitude closer to the super massive
black holes thought to lie at the base of the relativistic jets.

Clouds of hydroxyl (OH) ions and H,O molecular
gasare also found in the regions surrounding highly evolved
stars, as well as inregions where new stars are being formed.
Excited by ultraviolet radiation from the associated star,
these clouds can act as cosmic masers, giving intense,
rapidly variable radio emissions from very small regions.

Pulsar radio emission is formed within the highly
organized strong magnetic fields surrounding rapidly
rotating neutron starts. The pulsar radiation comes from
such small regions that they will remain unresolved, even
by RadioAstron. However, the RadioAstron observations,
especially at the longer wavelengths, will study the very-
small-scale structures in the intervening intergalactic
medium that scatter the radiation, resulting in apparent
angular dimensions greater than the intrinsic values.

Interferometer baselines between RadioAstron and
ground-based radio telescopes have an angular resolution
more than an order-of-magnitude better than used in any
previous astronomical observation. Specifically, at22 GHz,
the longest baselines are more than 2x 10° wavelengths,
giving an angular resolution of only 7x 1078 arcsec to
study the radio emission from quasars and cosmic masers.
Early science observations have been in progress since
February, 2012. Starting inmid-2013, access to RadioAstron
and the supporting ground facilities will be open to peer-
reviewed proposals from any scientist, independent of their
institutional or national affiliation.

7. Early Results

Following the launch of the spacecraft in July 2011,
the first four months in orbit were spent in checking and
calibration of the various mechanical and electronic
components, and in calibrating the pointing of the antenna
using the moon and other strong cosmic radio sources.
These observations confirmed the performance of the
four radiometers, each of which had a measured system
temperature close to the design value.

Small uncertainties in the position and motion of the
spacecraft at any time result in corresponding uncertainties
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in the interferometer fringe rate, and in the path-length
delay between the RadioAstron and the ground antennas.
A series of fringe-finding observations at each of the four
observing frequencies was begun in November 2011 to
verify the performance in each of the four frequency bands,
and to determine the corresponding residual fringe rate and
delay for a variety of cosmic sources. Since RadioAstron
will observe primarily in a previously unexplored range of
angular resolution, the early fringe-finding observations
were mostly made using strong sources, with projected
interferometer spacings that were comparable with previous
Earth-based observations having sufficient fringe amplitude
for detection with RadioAstron.

These observations resulted in the successful detection
of fringes in all four RadioAstron frequency bands. In three
ofthem—corresponding to wavelengths of 18 cm, 6 cm, and
1.3 cm — first fringes were found on a quasar. The 0.3 GHz
band was successfully tested using a bright pulsar on a
very long projected baseline. The detection of interference
fringes is illustrated in Figure 8. This shows the observed
fringe amplitude as a function of the residual fringe rate
and delay, compared with the values corresponding to the
space-to-ground interferometer baseline calculated from
the spacecraft’s orbital parameters.

Regular scientific observations with RadioAstron
are organized by three international RadioAstron early-
science-program working groups being coordinated by
the Astro Space Center. They have been underway since
February 2012, with 0.3 GHz and 1.6 GHz observations
of pulsars; 1.6 GHz observations of OH masers; 22 GHz
observations H,O masers; as well as 1.6 GHz, 5 GHz, and
22 GHz observations of quasars. By mid-2012, important
results were achieved by all the groups. There was quasar
detection up to a projected interferometer baseline of
92,000 km (7.2 Earth diameters), pulsar detection at up to
220,000 km (about 20 Earth diameters), and water maser
detection at 1.3 cm just over one Earth diameter.

8. Acknowledgments and
Additional Information

The ambitious RadioAstron program owes its success
to the dedicated scientists and engineers at the Astro
Space Center and Lavochkin Association, many of whom
have worked for decades to bring the mission to fruition.
It success is also due to the international observatories
(Kvazar network, Russia; Evpatoria, Ukraine; Effelsberg,
MPIfR, Germany; Medicina and Noto, Italy; Yebes, Spain;
Westerbork, the Netherlands; other EVN telescopes;
Arecibo and GBT, USA; Usuda, Japan; LBA telescopes
and Tidbinbilla, Australia; etc.) and colleagues who have
supported the development and early operations. This paper
used material from the RadioAstron user handbook (http://
www.asc.rssi.ru/ radioastron/documents/rauh/en/rauh.pdf)
and the RadioAstron Newsletter (http://www.asc.rssi.ru/

28

radioastron/news/news.html). More-detailed information
on RadioAstron can be found on the RadioAstron Web site,
http://www.radioastron.ru. The National Radio Astronomy
Observatory isa facility of the National Science Foundation,
operated under a cooperative agreement by Associated
Universities, Inc. Y. Y. K. was supported in part by the
Dynasty Foundation.

9. References

1. Karl G. Jansky, “Directional Studies of Atmospherics at High
Frequencies,” Proceedings of the Institute of Radio Engineers,
20, 12, December, 1932, pp. 1920-1932.

2. Karl G. Jansky, “Electrical Disturbances Apparently of
Extraterrestrial Origin,” Proceedings of the Institute of Radio
Engineers, 21, 10, October, 1933, pp. 1387-1398.

3. Karl G. Jansky, “A Note on the Source of Interstellar Interfer-
ence,” Proceedings of the Institute of Radio Engineers, 23, 10,
October, 1935, pp. 1158-1163.

4. G. Reber, “Cosmic Static,” Proceedings of the IRE, 28, 2,
February 1940, pp. 68-70.

5. A.R. Thompson, J. M Moran, and G. W. Swenson Jr., Inter-
ferometry and Synthesis in Radio Astronomy, New York, John
Wiley & Sons, Inc., 2001.

6. L. I. Matveenko, N. S. Kardashev, and G. B. Sholomitskii,
“Large Base-Line Radio Interferometers,” Soviet Radiophys-
ics, 8, 4, August, 1965, pp. 461-463.

7. G. S. Levy, R. P. Linfield, J. S. Ulvestad, C. D. Edwards, J.
F. Jordan, S. J. Di Nardo, C. S. Christensen, R. A. Preston,
L. J. Skjerve, L. R. Stavert, B. F. Burke, A. R. Whitney, R.
J. Cappallo, A. E. E. Rogers, K. B. Blaney, M. J. Maher, C.
H. Ottenhoff, D. L. Jauncey, W. L. Peters, T. Nishimura, T.
Hayashi, T. Takano, T. Yamada, H. Hirabayashi, M. Morimoto,
M. Inoue, T. Shiomi, N. Kawaguchi, and H. Kunimori, “Very
Long Baseline Interferometric Observations Made with an
Orbiting Radio Telescope,” Science, 234, 4773, October 1986,
pp. 187-189.

8. H. Hirabayashi, H. Hirosawa, H. Kobayashi, Y. Murata, P. G.
Edwards, E. B. Fomalont, K. Fujisawa, T. Ichikawa, T. Kii, J.
E. J. Lovell, G. A. Moellenbrock, R. Okayasu, M. Inoue, N.
Kawaguchi, S. Kameno, K. M. Shibata, Y. Asaki, T. Bushimata,
S. Enome, S. Horiuchi, T. Miyaji, T. Umemoto, V. Migenes,
K. Wajima, J. Nakajima, M. Morimoto, J. Ellis, D. L. Meier,,
D. W. Murphy, R. A. Preston, J. G. Smith, S. J. Tingay, D.
L. Traub, R. D. Wietfeldt, J. M. Benson, M. J. Claussen, C.
Flatters, J. D. Romney, J. S. Ulvestad, L. R. D’ Addario, G. L.
Langston, A. H. Minter, B. R. Carlson, P. E. Dewdney, D. L.
Jauncey, J. E. Reynolds, A. R. Taylor, and P. M. McCulloch,
“Overview and Initial Results of the Very Long Baseline
Interferometry Space Observatory Programme,” Science, 281,
5384, September, 1998, pp. 461-463.

9. N. S. Kardashev, “Radioastron — A Radio Telescope Much
Greater than the Earth,” Experimental Astronomy, 7, 4, De-
cember, 1997, pp. 329-343.

10.K. Belousov, A. Chuprikov, A. Chibisov, O. Dronova, I. Guirin,
and S. Likhachev, “VLBI data Record/Playback Systems and
Correlators for the Radioastron Project,” Proceedings of the
8th European VLBI Network Symposium, September 2006,
pp. 462-465.

e Radio Science Bulletin No 343 (December 2012)



11.A. T. Deller, S. J. Tingay, M. Bailes, and C. West, “DiFX: A
Software Correlator for Very Long Baseline Interferometry
Using Multiprocessor Computing Environments,” Publications
of the Astronomical Society of the Pacific, 119, 853, March
2007, pp. 318-336.

12.Y.Y.Kovalev, K. I. Kellermann, M. L. Lister, D. C. Homan, R.
C. Vermeulen, M. H. Cohen, E. Ros, M. Kadler, A. P. Lobanov,
J.A. Zensus, N. S. Kardashev, L. I. Gurvits, M. F. Aller, and H.
D. Aller, “Sub-Milliarcsecond Imaging of Quasars and Active
Galactic Nuclei. I'V. Fine-Scale Structure,” The Astronomical
Journal, 130, 6, December, 2005, pp. 2473-2505.

The International Council for Science
Pledges Support for
Scientists in the I’ Aquila Case

The International Council for Science (ICSU), as
representative of the global scientific community, expresses
its strong concern regarding the case of the six scientists
who have been found guilty of manslaughter and sentenced
to six-year prison terms because of their role in providing
scientific advice prior to the earthquake in L’Aquila, Italy,
in 2009.

While ICSU is not privy to all the information that was
available to the prosecutors, it appears that these scientists
are being penalized essentially for using their experience
and knowledge to provide evidence for decision-making.
In the field of natural hazard risk, such scientific evidence
has its limitations. The timing and strength of earthquakes
cannot be accurately predicted. Nevertheless, science can,
and does, make important contributions to hazard response
strategies. In the case of L’Aquila, six scientists accepted
their responsibility to society to try and support decision-
making in a situation of inherent uncertainty. That these
scientists should be condemned to prison for so doing is
a gross injustice.
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The L’ Aquila earthquake was a tragic event in which
more than 300 people died and ICSU endorses the need
to determine whether these lives might have been saved
if the public authorities had reacted differently before the
event. The role of scientific advice in the decision-making
processes prior to the earthquake is a legitimate area of
enquiry. We all need to learn the lessons from the past to
be better prepared for the future. In the meantime, blaming
scientists and scientific advice for the deaths that occurred
in L’Aquila is a grave error that will, unfortunately, make
many scientists reluctant to accept public advisory roles.

We call on the responsible authorities to take urgent
and decisive steps to correct this error and ensure due
justice for Franco Barberi, Enzo Boschi, Giuli Selvaggi,
Gian Michele Calvi, Mauro Dolce and Claudio Eva.

[The above material is taken from an ICSU press release
dated October 25, 2012.]
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Book Reviews for Radioscientists

[Editor’s note: The Young Scientists who received an award at the 2011 Istanbul URSI GASS were asked to review their
favorite textbook, even if it was a classic book. This is in contrast to our usual reviews, where we try to have new books
reviewed. The reviews in this issue are from Young Scientists.]

RF Microelectronics
By by Behzad Razavi, Upper Saddle River, NJ, Prentice Hall, 1998; ISBN: 0-13-887571-5 [new edition: 2011]

RF and microwave wireless communications have
become popular and been part of modern life: applications
include radios, cellular systems, and satellite systems.
RF engineering has become important and critical in the
wireless industry, which basically can be divided into system
design and hardware development. RF engineers should
have knowledge and technical skills in both fields. This
book presents the basic concepts of RF architecture and
circuit design. It can be regarded as an advanced textbook
for microelectronics and analog circuits, as most of the
presented concepts can be realized by various technologies,
such as CMOS and MMIC. This book demonstrates the
methods forimplementing wireless systems through circuit
design. [tdetails core components of RF systems, including
transceivers and amplifiers, which are essential to RF
circuits. Hence, this is an extremely useful book for RF folk.

Thisbook canbedividedinto three parts: 1) background
and basics of wireless and RF design (Chapters 1-2);
2) overview of communication systems, including
modulation and multiple-access techniques (Chapters 3-4);
3) RF systems and components (Chapters 5-9). Although
communication systems may be learned by a different path,
the author of this book provides readers a good way to be
familiar with the design process, and to verify the accuracy of
the RF design by referring to the theory of communications.
Readers can thus understand how the theory and formulation
are implemented by the RF integrated circuit.

Chapter 1, “Introduction to RF and Wireless
Technology,” describes multiple disciplines used in
RF design such that an RF system is an integration of
communication theory, system architecture, and IC design.
An“RF design hexagon” shows the tradeoffs among design
parameters in order to meet specified targets. Since the same
concept can be applied to many applications, experience
is usually a key to making the decision in engineering to
balance performance, cost, and scheduling of products.

Chapter 2, “Basic Concepts in RF Design,” describes
the nonlinearity and time variability of the components
themselves, and then migrates to interference among
components. Many effects of nonlinearities, such as
harmonics, desensitization, and intermodulation, are key
factors in determining and debugging the accuracy of
outputs. Inter-symbol interference in a linear system results
in signal distortion due to insufficient bandwidth; Nyquist
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signaling is then introduced to reduce that impact. After
briefly reviewing random processes, noise and dynamic
range are explained. It is shown how these two terms
provide a straight way for evaluating the performance of
the system and of circuit designs.

Chapter 3, “Modulation and Detection,” presents
the work performed by the RF transceiver, as a bridge
between RF and baseband. The pros and cons of analog
and digital modulations are emphasized, which reflects
on the merits and limitations in the design of RF circuits.
Each of these can provide unique signal quality, spectral
efficiency, and power efficiency. Optimum detection, and
why non-coherent detection is adopted in many RF systems,
are well introduced.

Chapter 4, “Multiple Access Techniques and Wireless
Standards,” describes how to build communications between
multiple transceivers, and what rules to follow in various
wireless systems. Definitions of general behaviors and
phenomena in mobile RF communications are given first.
Thedifference between TDD and FDD is explained. FDMA,
TDMA, and different types of CDMA are then introduced.
This is followed by 2G and 3G cellular systems, where
power control and diversity are briefly reviewed.

Chapter 5, “Transceiver Architectures,” explains
the criteria for selecting transceivers, such as bandwidth,
in-band loss, IP3, noise, sensitivity, and dynamic range.
Various receiver and transmitter architectures are reviewed.
The superiority of popularly used heterodyne receivers,
and the design concerns of spectrum image and IF issues,
are analyzed in great detail. Image-rejection techniques are
included, as well. Homodyne receivers are compared here.
Transmitters bridging baseband, RF, and the antenna are
then explained. The duplexer and switch in the RF front
end, used to separate the transmitted and received signals,
sometimes yield losses that cannot be compensated for in
the system. This chapter is concluded with some examples
of actual products used in FM and GSM radios.

Chapter 6, “Low-Noise Amplifiers and Mixers,”
presents their implementations using bipolar and CMOS
technologies, which are suitable for VLSI. The low-noise
amplifier’s performance is governed not only by the image-
rejection filterand mixer, butis also limited by the impedance
matching for the antenna. The noise behavior, power gain,

e Radio Science Bulletin No 343 (December 2012)



and stability are priority design parameters of the low-noise
amplifier. Similarly, the noise figure, conversion gain, and
port-to-port isolation are considerations in both single- and
double-balanced mixers. To further understand mixers,
qualitative and quantitative analyses can be performed.

Chapter 7, “Oscillators,” starts by explaining their
functions, then showing the concepts of how they work and
how to build them, and finally generating desired output
waveforms. Topologies of LC oscillators and voltage-
controlled oscillators are presented next. The feedback
circuit, frequency stability, Q factor, and phase noise are
fundamental to constructing oscillators. The behavior of
the phase noise and its impact on communications are
investigated, and a tradeoffis always present between noise
and power dissipation. Examples ofanegative-Gm oscillator
and an interpolative oscillator are given. Methods to generate
quadrature and single-sideband signals are discussed; these
are often applied in the design of transceivers.

Chapter 8, “Frequency Synthesizers,” shows how to
generate specific signals for a transceiver, which usually
requires a phase-locked loop (PLL) and a programmable
frequency doubler/divider. In addition to the phase
noise generated at different stages, phase detection, loop
bandwidth, fractional spurs, and lock-time have to be
seriously considered in order to obtain very accurate
frequencies. Several PLL and synthesizer architectures are
presented and well explained. The approaches of analog and
digital synthesis are also reviewed. This chapter ends with
the topologies of numerous frequency dividers (prescalers),
designed for monolithic implementations.

Chapter 9, “Power Amplifiers,” gives an overview
of linear and nonlinear power amplifier designs, and what
determines the wireless applications for which they are good.
Matching networks with different configurations between
the power amplifier and the load, such as the antenna, can
fatally affect the performance of the power amplifier’s
efficiency. Characteristics of popular power amplifiers,
includingclasses A, B, C, E, and F, are introduced and clearly
explained. Linearization techniques, such as feed-forward,
feedback, EER, and LINC, specified for some classes of
amplifiers, can be utilized to obtain higher efficiency with
extracost. Some design examples are given for RF amplifiers
at the end of this book.

This book does not use many equations to analyze RF
microelectronics. Instead, it tries to use simple descriptions
to help readers easily understand the core concepts of each
component, and to know what parameters and limitations
are critical to the design. Typical design examples are given
in each chapter, and many useful references are listed at the
end of each chapter for further study. It is a good textbook
and reference, not only for college and graduate students,
but also for people in industry, and those who want to learn
more about RF.

Reviewed by

Yu-Jiun Ren

Nokia Corp.

San Diego, CA, USA
E-mail: yjren03@gmail.com

Principles of Modern Radar
edited by M. A. Richards, J. A. Sheer, and W. A. Holm, Raleigh, NC, SciTech Publishing,
2010, 960 pp.; ISBN 9781891121524,

This is an ambitious book, covering the whole field
of radar systems through 900 pages, with plenty of figures,
references, and exercises for practicing and clarifying the
concepts. The chapters are written by different authors, thus
providing a multi-perspective view of the different areas,
which is nice for system description. This is also a modern
book, with a strong accent on digital signal processing.

Generally speaking, the book is based on a typical
system approach. It starts from high-level user-oriented
descriptions, and progressively goes into details, avoiding
equations as much as possible. This is indeed an efficient
approach for system-level understanding. The drawback is
that the core principles are not always obvious, being stated
and explained in the middle of the description.

The participation of significant actors in the modern
radar community, either in the redaction or in the reviewing
and editing of the book, ensures that most aspects of radar
systems are effectively dealt with. Topics range from
phenomenology to a detailed description of subsystems
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— transmitters, receivers, exciters, antennas — and from
radar signal processing to radar systems, with a wealth
of examples (although obviously mostly based on US
systems). A standard drawback of books with multiple
authors is not always avoided here: cross-referencing is
not strong enough, each author making use of his or her
own set of basic references, rather than referring to those
of coauthors. The reader is very seldom referred to another
chapter, whereas many overlaps between chapters do exist—
which would be fine, if they were properly cross-referenced!
Obviously, a radar beginner should not be required to get
several introductory books of 900 pages.

The index is an important tool for such a huge
reference book (few readers will read from the first chapter
to the last, as this reviewer did — and enjoyed doing!).
However, this is not always the case. For example, looking
for ambiguity removal, which is at the core of many radar
systems’ data exploitation and waveform management, is
not obvious. This topic could eventually be found in the
Doppler-processing Chapter.
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Despite the huge overall dimensions of the book,
there are still some remaining blind spots:

» Target imaging is badly missing in the chapter dealing
with RCS, where targetimages are shown and described —
including such artifacts as air-intake multipath —without
any description of the underlying imaging principle.
Radar holography could be explained in a paragraph,
which would also have well-complemented the SAR
imaging chapter.

*  Clutter characteristics are not very detailed (curiously
enough for this team of authors from Georgia Tech,
which have arenowned expertise in thatarea), especially
concerning surface-clutter spectra (ground and sea),
and the effects of multipath and shadowing. Similarly,
airborne clutter distribution and its characteristics, and
associated target extraction, are not very well covered.

» Polarizationis mentioned in a very cursory way, without
any detailed physical description to help the reader
to understand the use (weather radar) and limitations
(for target classification). Basic physical phenomena,
signal decomposition, and essential clutter and target
characteristics should be provided in such a detailed
introductory course.

Considering the applicability of using this book as a
textbook in universities and training schools, the answer
is largely positive — and this will indeed be the preferred
textbook of this reviewer for the years to come. The
explanations from high level to details, the vast corpus
of references, the high readability of the text, the fine
balance between intuitive description and precise analytical
formulations, are very significant assets for that use.
However, some ofthe critical areas that are known as chronic
weak points for students are not perfectly covered here:

Adetailed physical explanation of the importantissue
of Doppler, as a phase shift from pulse to pulse, would
have been appreciated in Chapter 1, since it is difficult to
grasp for students and essential in signal processing. The
definition of radar cross section (Chapter 2) should mention
the isotropic diffraction assumption, not always easy to
grasp for students. there is a very abrupt introduction of
synchronous detection (Chapter 3), and I and Q channels.
This issue, often poorly understood by students, should be
very clearly described (perhaps in an appendix, since it is
not specific to radar applications).

The paragraph on basic reflection physics (Chapter 6)
should also roughly describe the available modeling
techniques, from Rayleigh to asymptotic methods, to help
the reader in grasping the underlying physics: diffraction,
creeping waves, resonance, etc. In this paragraph, the
description of polarization effects is also very limited. There
isnodescription of circular compared to linear polarization,
the effects on drops, edges, surface waves, etc. In Chapter 15,
the key notion of integration gain is not clearly defined:
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is it the gain in signal-to-noise ratio, or the gain required
for a certain detection quality (Py, Py, ) level? This is
essential for a good understanding of power budgets, and
difficult to grasp for beginners. Moreover, if it is indeed
defined as signal-to-noise ratio improvement, coherent and
non-coherent integration are strictly equivalent: summing
N independent samples improves the signal-to-noise ratio
by a factor of N, whatever the underlying distribution. In
Chapter 15, the description of detection issues on Gaussian
probabilities is very misleading, since in practice, the
quantities submitted to threshold are positive quantities!
Why not use the correct probabilities and curves, as in the
following chapter? The whole detailed discussion with exact
numerical values is pointless, since radar never detects
without some kind of envelope detection.

In Chapter 17, rather than the autoregressive model,
which has specificities making it touchy to use by beginners,
itwould have been useful to mention here Capon or MVDR
spectral analysis, which can be used very easily, and can
generally be used preferably to the standard DFT!

Chapter 18, on radar measurement (range, angle,
etc.) is essentially an accumulation of non-demonstrated
formulas, roughly equivalent for different specific cases.
For such a book dealing with principles, it would be more
useful to give demonstrations of the basic principles and
formulas. This is especially true for the very frustrating
description of monopulse. There is no ex lanati02n of the
necessity of A channel (maximization of TZ(9)| ), or of
the equivalence between phase and amplitude monopulse,
or of the underlying phenomenology: alignment along
the wavefront. The same is true for the multiple-targets
situation, where only a very specific example is given, rather
than a general view. This chapter clearly does not address
the same objectives as the rest of the book. This specific
aspect of monopulse, also addressed in a very cursory way
in Chapter 9 on antennas, though certainly important for
the students and for many engineers, is definitely a weak
point in this book.

In Chapter 20, it should be clearly mentioned — and
emphasized — that RCS is proportional to the square of the
ambiguity function|A(t, fq )| , meaning that the sidelobe
requirements are in terms of |A|2 : there is a very frequent
confusion looming there.

Conversely, some approaches will certainly be
appreciated by beginners, and some experts. In Chapter 2,
anice example of system analysis is given for the influence
of antenna beam squint on power budget: lengthy, but
efficient. The clear description of data cubes in Chapter 8
is welcome here, and will certainly prove useful for many
students. Chapters 11, 13, and 14 include very well designed
high-level descriptions of signal-processing matters: the
clarity of these chapters is certainly a strong point of this
book. In Chapter 16, a careful use of baseline examples is a
nice way to help the beginner in grasping the importance of
false alarms. Mentioning clutter-fill pulses, in Chapter 17,
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is certainly helpful for many beginners. It is also a good
idea to mention pulse-pair processing, basic in many
weather radars.

Avery nice feature of this book is also the presence
of a whole range of problems at the end of each chapter,
with varying degrees of difficulty. This is obviously the
best way to check the correct understanding of the main
issues, and will be a valuable help for the reader — and for
the teachers alike.

Overall, this is the best available book I know
for starting to learn and design modern radar systems. It is
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very carefully edited, with a diversity of approaches (high
and low level), and detailed discussions and problems. The
general objective of providing a comprehensive textbook of
choice for modern students and engineers is achieved, even
though a few specific improvements can still be identified
for future editions.

Reviewed by
Frangois Le Chevalier
Delft University of Technology and

Thales Air Operations
E-mail: francois.lechevalier@fr.thalesgroup.com
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Conferences

COSPAR 2012 GENERAL ASSEMBLY

Mysore, India, 14 - 22 July 2012

The 39th Scientific Assembly of the Committee on
Space Research (COSPAR) has been held at the Infosys
Campus, Global Education Centre-2 (GEC-2) in Mysore,
Karnataka India onJuly 14-22,2012. The Scientific Program
on behalf of international community was coordinated by
Prof. U.R. Rao (India).

The organized Scientific Events covered the topics
related to eight Scientific Commissions of present
COSPAR Scientific Structure and joint sessions between
Commissions, as well. Atthe same time, six tutorial lectures
and four general and public lectures were given.

Report on activities since the 38" COSPAR Scientific
Assembly has been presented (Council39 2.1). Current
membership of National Scientific Institutions is 46.
International Scientific Unionsis 13. Associated Supporters
8 and Associates 7964. Membership changes since 2010:
two new adhering national scientific institution members
are Korean Astronomy and Space Science Institute and
University Putra Malaysia and three new Associated
Supporters are China Academy of Launch Vesicle
Technology (CALT), China Academy of Space Technology
(CAST) and Orbital Sciences Corporation (USA). The
number of Associates represents a significant jump of
approximately 1353 (20%) over the figure presented at
the Bremen Assembly. Personal contact with new potential
associated supporters were derived.

During this this Assembly 3489 abstracts were
submitted (2615 number of authors, abstracts rejected 63,
abstracts withdrawn 118, number of core program scientific
events 115). Finally with the papers submitted in the last
momentis 3504 and only less than half of them were selected
to be posters. The number of papers is slightly less than in
Bremen (4488) and Montreal (3780).

Over 1500 pre-registered participants. Financial
support per person has been givenup to 496 applicants, while
in 2010 it was 548. Number of grants awarded was 238,
197 in 2010, 163 in 2008, and 139 in 2006. Total funding
per participant was 131.525 Eur plus plane tickets while
in Bremen it was 141 EUR. 84 exhibitors. 78 press. 1000
attendance for public lectures. 73 countries were represented.

Publications Committee (Council39 13.1)stress that:
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Space Research Today with its publications 3 times a year
is serving its purpose well for the communications between
COSPAR members, COSPAR journal Advances in Space
Research impact factor is increasing steady and now has
higher than ever before impact factor — 1.178. During last
4 years 791 papers has been published in regular issues and
212 special issues including COSPAR Colloquia. Project
under consideration: A new “Short Communications”
category with faster turnaround (Council 39 13.1).

Capacity building

4 workshops12+15 Brazil (Council39 4.1), India
(Council39 4.2), Argentina (Council39 4.3), South
Africa (Council39 4.4). Fellowship program successful
now become permanent. Capacity Building Fellowship
program was established by the Bureau in March 2008.
A total of about 20 fellowships have been attributed, half
of them since 2010.Collaborative agreement signed with
WMO Space program.

Outreach

UNESCO Paris, January 2010 in closure of the
IYA: “Ocean and our climate seen from space”, Paris,
April 2012. The Bureau has decided that COSPAR would
organize similar events spanning all COSPAR disciplines,
in non-Assembly years. But they will not be continued on
a regular basis, but rather organized in favorable contexts
such as that offered by the IYA.

COSPAR organized, co-sponsored, or represented at
numerous meetings as, COSPAR Symposium on Planetary
protection and Space Exploration, at the STS of COPUOS
in Austria, Workshop “International Earth-based Research
program as a Stepping Stone for Global Space Exploration
in USA, Symposium on new Technologies for Future
Space Astronomy Missions in South Africa, IRSI/COSPAR
Workshop on The International Reference Ionosphere in
South Africa and COSPAR Colloquium on Protecting the
Earth and Planetary Protection Policy in Austria. COSPAR
co-sponsored 12 meetings and 19 meetings with COSPAR
participation.
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Followinga proposal discussed in Bremen to organize
z new series of meetings in countries with new or medium
sized space program, after consultation the results has been
presented in March 2011. “Planetary Systems of our Sun
and other stars and the Future of Space Astronomy was
selected for the first Symposium. Proposals from Poland,
Thailand and expressed interest from Spain and Malaysia.
Bangkok 2013 has been selected.

Concerning the Secretariat a new officer Dr. (Ms.)
Venence Journe has been appointed.

Financial reports (documents Council39 2A.1 and
document Council39 3A.2) including draft budgets for
2013 and 2014 have been approved by Council with
requirement of taking into account changes agreed during
the meeting or resulting from the financial transactions of
this meeting and Execution of the 2010 and 2011 budgets,
as well. Audit report on the 2011 Financial Statement was
received onJanuary 26,2012 (Council39 3B.1)attesting the
correctness and truthfulness forthe year2011. Revenues and
Expenditures show loss of 58 821 loss. It was recommended
that the Bureau endorses the first draft of the budget as a
reasonable approach to the financial affairs for this year.
The Finance Committee notices that the new initiatives
appearing for the first time in the budget of 2012 and 2013
i.e. the support to the PPP Website, and the preparation for
the first COSPAR Symposium in a non-Assembly years,
these reserves are in excess of the amount that would be
sufficient to provide a healthy reserve to weather difficult
financial periods. Therefore, the Finance Committee
suggests the Bureau to consider additional initiatives or
more generous arrangements for the new Symposia or future
Assemblies, for instance by providing more financial aid
to needy participant. Finally the COSPAR Council agrees
that the Bureau be authorized to set the amounts of national
contributions for 2014 and 2015, there being no Council
meeting in 2013.

COSPAR 2014 — Moscow (Council39 5.1) with its
draft draft budget for next 40" COSPAR meeting which
income to be received is 896 600 Eur. Two propositions
for 2016 were presented: Turkey (Istanbul) and Italy (final

decision made just before the meeting — Rome). According
to ballot COSPAR 2016 will be in Turkey. Voices 43:13.
Submitted proposals for 2018 — Australia, 2020 — Mexico.

Revision of COSPAR by-laws has been presented;
explanatory notes (Council39_6.1), Terms of reference of
the Working Group on the revision of COSPAR By-Laws
(Council39 6.4) and correspondence with Executive
Board of ICSU about finally approved proposed revision
(Council39 6.5).

Reports from business meetings of every commissions
(A,B,C,D,E,F,G,PCB, PE, PPP, PRBEM, PSB1, PSD1,
PSW) have been approved (Council39 15.XX).

Special recommendations from panels on Radiation
Belt Environment Modelling (Council39 14.1) and on
Space Weather (Council39 14.2) have been presented.

113 proposals for COSPAR Assembly in Moscow
are presented: 12 in C (including IRI) and 3 in SW Space
Weather).

Traditionally, in the frame of COSPAR Meeting two
short courses (Meta-materials and Applications and MIMO
Propagation Channels) were provided.

COSPAR Interdisciplinary Lectures:

- The New Face of the Moon

- The Very Early Universe

- Dynamics of the Global Sun from Interior to Outer
Atmosphere

- Origin and Signatures of Life

- The Gamma-ray Universe through Fermi

- Long-term Aerosol and Cloud Observations from Space
for Climate Studies

COSPAR Working Group: Future of Space
Astronomy Report - A Space Astronomy Global Road Map
for the Next Decades

COSPAR Public Lecture : Exoplanets

REPORT ON C4.1 “GLOBAL AND REGIONAL
REPRESENTATION OF IONOSPHERIC PEAK PARAMETERS

FOR SPACE WEATHER APPLICATIONS
Mysore, India, 14 - 22 July 2012

The session on “Global and Regional Representation
of Tonospheric Peak parameters for Space Weather
Applications” was held during the 39th COSPAR Scientific
Assembly, which took place in Mysore, India, from July
14 to 22, 2012. It was organized by the COSPAR/URSI
Working Group on the International Reference lonosphere,
and was held on Sunday and Monday of the conference
week. The session was divided into six subsections, entitled

e Radio Science Bulletin No 343 (December 2012)

“Topside and TEC in IRL,” “F Peak Modeling,” “Variation
During Ionospheric Storms,” “Representing Solar Minimum
Conditions,” “Improving IRI,” and “New Inputs for IRL.”
[IRIisthe International Reference Ionosphere.] The session
was well attended (40-60). It consisted of 27 talks and two
posters, with presenters from Austria, Czech Republic,
India, Iran, Italy, Japan, Poland, Russia, South Africa,
Uganda, Ukraine, and USA. A business meeting of the IRI
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Working Group was held on the day after the session, and
was attended by 18 participants.

Topside and TEC

Work continues on the Vary-Chap model for the
topside electron-density profile. Latest results were
presented by Reinisch et al. (University of Massachusetts,
Lowell, USA), based on ISIS topside-sounder data. Several
papers presented comparisons of IRI-TEC predictions with
GPS-TEC measurements from the Indian subcontinent.
Of special interest were the comparative studies in the
equatorial anomaly region. These found good agreement,
with the exception of the sunrise time period (Surat station:
Karia et al., S V National Institute of Technology; Palehua
station: Devi et al., Mar Thoma College, Kerala). A study
with Korean GPS-TEC data showed that the winter anomaly
appears in the GPS TEC only during the solar-maximum
period, in contrast to the IRI estimations in which it shows
upregardless ofthe solaractivity. Kakinami etal. (Hokkaido
University, Japan) constructed empirical models of the
topside electron density and temperature measurements by
the DEMETER satellite. However, they also pointed out
that DEMETER densities were systematically lower and
temperatures higher than measurements by other satellites,
and also than IRI predictions. They recommended using
relative variations, instead of absolute values. Truhlik et
al. (Institute of Atmospheric Physics, Czech Republic)
discussed ways to improve the current IRI ion-composition
and electron-temperature models in the topside ionosphere,
based on newer data and with special regard to low solar
activity and to the extension to the plasmasphere.

F Peak Parameters

Ratovsky et al. (Institute of Solar-Terrestrial Physics,
Irkutsk, Russia) presented local empirical models for
the peak parameters foF2 and hmF2, based on validated
ionogram data recorded by Digisondes in Norilsk, Irkutsk,
and Hainan (China). Nagatsuma et al. (National Institute
of Information and Communications Technology, Japan)
described the status and data of the NICT network of
ionosondes (Wakkanai; Kokubunji; Yamagawa; Okinawa;
and the South-East Asia Low-Latitude IOnospheric
Network, SEALION). These data, extending from low to
middle latitudes with amulti-year datarecord, are a valuable
data source for improvements of the F peak models for
IRI. Ionospheric behavior during the storm-recovery phase
was discussed by Buresova et al. (Institute of Atmospheric
Physics, Czech Republic). This was compared with the
predictions by IRI and other models, pointing to significant
deficiencies, particularly for the peak height, hmF2.
McKinnell etal. (South Africa National Space Agency, South
Africa) reported on the continued efforts by her group on the
planned inclusion of their neural-network models for the F
peak parameters in IRI. COSMIC and GPS data were used
by Irina Zakharenkova (IZMIRAN, Kaliningrad, Russia)
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to study the global variations of the F peak parameters and
the plasmaspheric electron content, with special emphasis
on time periods and regions where shortcomings of the IRI
model are found. The performance of the IRI model during
the recent highly unusual solar minimum was discussed in
several presentations during this session. Araujo-Pradere
et al. (University of Colorado, USA; presented by Fuller-
Rowell) showed that IRI overestimated the F peak density
and height, as well as the TEC, during this very low and
extended minimum. Bilitza etal. (George Mason University,
USA) presented comparisons with ionosonde and C/NOFS
measurements, and investigated the possible causes and
remedies for the overestimation by IRI.

General

The IRI Working Group submitted a proposal for a
session during the 2014 COSPAR General Assembly in
Moscow, Russia, entitled “Improved Representation of
the Ionosphere in Real-Time and Retrospective Mode.”
The 2013 IRI Workshop will be held at the University of
Warmia and Mazury in Olzstyn, Poland, from June 24 to
28. The Main Organizer is Andrzej Krankowski, and the
special topic will be GNSS inputs for IRI. Selected papers
from the 2009 IRI Workshop in Kagoshima, Japan, have
been published in two dedicated issues of Earth, Planets,
and Space. Papers from the 2010 IRI session during the
COSPAR General Assembly in Bremen, Germany, will
soon be published in a special issue of Advances in Space
Research. Another special IRI issue of ASR with papers
from the 2011 IRI Workshop in Hermnaus, South Africa,
is now in the reviewing stage.

The IRI business meeting on July 17 was attended
by 15 Participants. Several improvements to the IRI model
were discussed, based on the presentations at this meeting
and prior workshops. A primary focus was the height of
the F peak, hmF2, which in IRI is represented through its
relationship to the propagation factor M(3000)F2. New
models were proposed by Altadill et al. (Ebro, Spain) and
by Gulyaevaetal. (IZMIRAN, Russia), and will be included
as new options in the next version of IRI-2012. It was also
found that the current hmF2-M(3000)F2 model predicted
unrealistically low values during the extreme 2008/2009
solar minimum, because data for such conditions were
not available when the model was developed. Efforts are
underway to improve the model for very low solar activities.
It was also pointed out that ITU and HF users of IRI are
still very interested in a representation of not only hmF2 but
also M(3000)F2, because it can be directly applied to some
of their applications. John Bosco Habarulema (Uganda)
was proposed and accepted as a new member for the IRI
Working Group. He has worked extensively on TEC- and
IRI-related research, and was one of the organizers of the
2011 IRI Workshop in Hermanus. He was co-Editor of the
ASR issue with papers from the Hermanus meeting. His
main field of interest is in improving the predictability of
TEC using neural networks under all conditions, and as
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this is of increasing interest to the IRI group, will bring this
expertise to the group. There are no plans for a dedicated
issue with papers from this meeting. Papers can be either
submitted as standard ASR papers or can be considered for
our next special issue, which is planned for the papers from
the 2013 IRI Workshop. This workshop will be held at the

University of Warmia and Mazury in Olsztyn, Poland, from
June 24 to 28,2013 (MSO: Andrzej Krankowski). The IRI
homepage is at http://IRI.gsfc.nasa.gov/.

Dieter Bilitza
E-mail: dieter.bilitza-1(@nasa.gov

Rabio 2012

Wolmar, Flic en Flac, Mauritius, 24 - 27 September 2012

Honourable Tassarajen Pillay Chedembrum, Minister
of Information and Communication Technology, officially
opened the inaugural Radio and Antenna Days of the Indian
Ocean (RADIO 2012) that was held at the Sugar Beach
Resort, Wolmar, Flic en Flac, from 24" to 27" September
2012. The organizing committee of this international
conference consists of researchers from the University of
Mauritius and University of Technology, Mauritius, and
is chaired by Prof. Vikass Monebhurrun from SUPELEC
(Ecole Supérieure d’Electricité), France.

RADIO is the first of a series of conferences that will
be organized in the Indian Ocean region. For this first edition,
RADIO 2012 brought together about 70 international
experts from 17 countries namely Belgium, Canada, China,
Finland, France, Germany, India, Malaysia, Mauritius,
Reunion Island, Russia, Singapore, South Africa, South
Korea, Sweden, United Kingdom and USA. The conference
featured several sessions on state-of-the-art research
themes including antenna design, wireless applications
and metamaterials as well as two full day workshops. One
workshop was dedicated to radio astronomy, afield in which
Mauritius has recently gained international recognition by
forming part of the consortium which will be hosting the
Square Kilometre Array (SKA), one of the world’s largest
radio telescope and one of the biggest scientific projects
ever. Another workshop was devoted to the growing issue
of human exposure to electromagnetic fields from base
station antennas and mobile phones.

Keynote speeches were delivered by Prof. S.
Ananthakrishan from Pune University, India, Dr. M. Gaylard
from Hart RAO Observatory, South Africa and Prof. M.
Tentzeris, from Georgia Tech, USA. Prof. S. Ananthakrishan
discussed about the importance of experimental skill
development among science students. He indicated that a
major problem faced by science faculty in India at post-
graduate level is the near absence of conceptual abilities
in students. Dr. M. Gaylard provided an overview of the
SKA radio telescope project, highlighting that this project
provides a new science and developmental opportunity for
African countries and neighbouring islands of the Indian
Ocean. Prof. M. Tentzeris introduced nanotechnology and
inkjet-printed flexible electronics and sensors fabricated on
paper, plastic and other polymer substrates as a sustainable
ultra-low-cost solution for low-power applications.
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The first day of the conference was essentially
dedicated to discussions on antenna design and wireless
applications. There were several contributions by students
onnovel antenna designs for wideband and ultra-wide band
applications. During the second day, the discussions were
focused on wireless power transfer and material modeling.
The pros and cons of both inductive and capacitive power
transfer methods were discussed. The session on material
modeling covered ferromagnetic materials as well as
metamaterials. A short poster session was also organized
during the afternoon coffee break.

The workshop on radio astronomy organized during
the third day provided a platform for presentations about
some already built as well as future radio telescopes from
around the world: Arecibo Radio Telescope in Puerto
Rico, Giant Metrewave Radio Telescope (GMRT) in India,
Chinese Spectral Radioheliograph (CSRH), Five-hundred-
meter Aperture Spherical radio Telescope (FAST) in China
and Square Kilometre Array (SKA). The major groups in
this workshop came from China and India. The Chinese
scientists described the new radio solar spectroheliograph
array being set up in Inner Mangolia, about 400 kms north
of Beijing and the Chinese Mega-science project, the Giant
500 m aperture single dish radio telescope being set up in
Guizhou province in China. It will be the largest single
dish radio telescope in the world. The Indian scientists and
engineers described their well-established GMRT and its
upgrade plans. Currently, GMRT is one of the most sensitive
low frequency (< 1500 MHz) radio telescopes in the world.
It was stated that its upgrade will make it a very competitive
instrument at least till SKA Phase I is completed. The Ooty
Radio Telescope working at 327 MHz since 1970’s has also
been fully refurbished and has a new and powerful digital
backend. South African scientists and engineers described
their plan to set up a new pan African Very-Long-Baseline
Interferometry (VLBI) network including aradio dishin the
Island of Mauritius. The group from the Mauritius Radio
Telescope (MRT) operating at 150 MHz will participate in
the South African VLBl activity and also become partners in
the VLBI project. There was an invited talk on the Galactic
continuum Transit survey using the Arecibo L-band Feed
Array (ALFA), which will cover 13000 square degree
of the sky. This will be a major observational astronomy
contribution for imaging the polarized radiation from the
Milky Way.
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The workshop on human exposure to electromagnetic
fields organized during the last day of the conference
consisted of presentations about some recent biological
studies and discussions on the means to evaluate compliance
of both local and whole body exposure with regard to
current limits. A first study from India showed that the 10
GHz field has an injurious effect on the fertility potential
of male exposed rats. Another study from the same country
showed that chronic, intermittent amplitude modulated RF
(73.5 MHz) exposure to the peripubertal rat increases the
emotional component of phasic pain over a basal eaualgesic
state, while late response to tonic pain decreased. The case
ofanaccidental exposure to high-levels of RF radiation (85-
100 MHz) during work on a transmission mast in Finland
was reported. The results of an international survey of
mobile phone users’ knowledge of specific absorption rate
(SAR) were presented. They show that there is generally a
low level of concern about possible health risks from using
mobile phones and widespread misunderstanding of SAR.
Case studies from India where the government is currently

developing RF exposure limits and standards were presented.
Since all marketed mobile phones are expected to be SAR
compliant (e.g. less than 2 W/kg in Europe), the meaning
and display of the relative SAR values of mobile phones
measured in laboratory conditions were debated since they
do not reflect the real life exposure scenarii.

Before the closing ceremony of the conference,
prizes and certificates were awarded to young scientists
and students. Three young scientists benefited from
partial financial support from Union Radio Scientifique
Internationale (URSI) to attend RADIO 2012. First and
second best paper prizes were awarded to two students.

Following the success of RADIO 2012 and numerous
requests from foreign delegates, the local organizing
committee is considering the organization of the next edition
of the conference again in Mauritius in 2014.

Vikass MONEBHURRUN
General Chair, RADIO Conference

COSPAR 2014

Moscow, Russia, 2 - 10 August 2014

Topics

Approximately 120 meetings covering the fields of COSPAR

Scientific Commissions (SC) and Panels:

- SC A: The Earth’s Surface, Meteorology and Climate

- SC B: The Earth-Moon System, Planets, and Small
Bodies of the Solar System

- SC C: The Upper Atmospheres of the Earth and Planets
Including Reference Atmospheres

- SC D: Space Plasmas in the Solar System, Including
Planetary Magnetospheres

- SC E: Research in Astrophysics from Space

- SCF: Life Sciences as Related to Space

- SC G: Materials Sciences in Space

- SC H: Fundamental Physics in Space

- Panel on Satellite Dynamics (PSD)

- Panel on Scientific Ballooning (PSB)

- Panel on Potentially Environmentally Detrimental
Activities in Space (PEDAS)

- Panel on Radiation Belt Environment Modelling
(PRBEM)

- Panel on Space Weather (PSW)

- Panel on Planetary Protection (PPP)

- Panel on Capacity Building (PCB)

- Panel on Education (PE)

- Panel on Exploration (PEX)

- Special events: interdisciplinary lectures, round table,
etc.
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Scientific Program Chair

Prof. M.I. Panasyuk, Moscow State University

Abstract Deadline

Mid-February 2014 : Selected papers published in Advances
in Space Research, a fully refereed journal with no deadlines
open to all submissions in relevant fields

Contact

COSPAR Secretariat, c/o CNES
2 place Maurice Quentin
75039 Paris Cedex 01, France
Tel: +33 14476 75 10
Fax: +33 144 76 74 37
cospar@cosparhgq.cnes.fr
http://www.cospar-assembly.org
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An up-to-date version of this conference calendar, with links
to various conference web sites can be found at http://www.
ursi.org/en/events.asp

January 2013

MECON-2013 -Mobile Communication and Embedded
System International Conference

Noida, India, 17-18 January 2013

Contact: Dr. (Mrs.) Balvinder Shukla, Acting Vice
Chancellor, AUUP & Director General, ASET, Amity
University Uttar Pradesh, Noida - 201 303, INDIA, Phone:
+91 120-4392672, Fax: +91 120-439232

March 2013

META’13 - Fourth International Conference on
Metamaterials, Photonic Crystals and Plasmonics
Sharjah, Dubai, UAE, 19-22 March 2013

Contact: Said ZOUHDI, Professor, Paris-Sud University,
Head of International Relations (Polytech Paris-Sud), Fax:
+331694199 58 (Polytech), E-mail said.zouhdi@supelec.fr
http://metaconferences.org/ocs/index.php/META13/
META13

AES 2013 - Second Advanced Eletromagnetics
Symposium

Sharjah, Dubai, UAE, 19-22 March 2013

Contact: Said ZOUHDI, Professor, Paris-Sud University,
Head of International Relations (Polytech Paris-Sud), Fax:
+331694199 58 (Polytech), E-mail said.zouhdi@supelec.fr
http://mysymposia.org/index.php/AES13/AES13

April 2013

EUCAP 2013 - The Seventh European Conference on
Antennas and Propagation

Gothenburg, Sweden, 8-12 April 2013

Contact: Eucap2013@realize-events.de, Jennifer at +49-
89-660799-420 and registration@eucap2013.org
http://www.eucap2013.org/

URSI-F-TS - URSI Commission F Triennial Open
Symposium on Radiowave Propagation and Remote
Sensing

Ottawa, ON, Canada, 30 April - 3 May 2013

Contact: Radio Propagation: Dr R.J. BULTITUDE,
Communications Research Centre, Satellite Comm. & Radio
Propagation, 3701 Carling Avenue, Ottawa, ON K2H-8S2,
Canada, E-mail : robert_bultitude@ursi-f-ts.com ; Remote
Sensing: Brian_Brisco@ursi-f-ts.com
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May 2013

EMTS 2013 - URSI Commission B International
Symposium on Electromagnetic Theory

Hiroshima, Japan, 20-23 May 2013

Contact: Prof. G. Manara, Dept. of Information Engineering,
University of Pisa, Italy, E-mail g.manara@jiet.unipi.it,
Website : http://ursi-emts2013.org

June 2013

RAST 2013 - New ways of Accessing Space for the
Benefit of Society

Istanbul, Turkey, 12-14 June 2013

Contact : RAST2013 Secretariat, Turkish Air Force
Academy (Hava Harp Okulu), Yesilyurt, Istanbul, Turkey,
Fax : +90 212 6628551, E-mail : rast2013(@rast.org.tr,
http://www.rast.org.tr

July 2013

IconSpace 2013 - 2013 International Conference on
Space and Communication

Malacca, Malaysia, 1-3 July 2013

Contact: iconspace@ukm.my
http://www.ukm.my/iconspace2011/

Beacon Satellite Meeting

Bath, Uk, 8-12 July 2013

Contact: Ms. Patrica Doherty, Boston University School
of Management, 595 Commonwealth Avenue, Boston, MA
02215, USA, E-mail : pdoherty@bu.edu, Website : http://
www.bc.edu/research/isr/ibss.html

August 2013

HF 13- The Tenth Nordic HF Conference HF 13 with
Longwave Symposium LW 13

Faro, Sweden (Baltic Sea), 12-14 August 2013

Contact: Carl-Henrik Walde, HF 13 chair, info@walde.se
http://www.nordichf.org/index.htm?index2.htm&?2

ISRSSP201 - Third International Symposium on Radio
Systems and Space Plasma

Sofia, Bulgaria, 28-30 August 2013

Contact: IICREST c¢/o B. Shishkov (ICTRS 2013 Event);
P.O. Box 104; 1618 Sofia; Bulgaria, E-mail: bshishkov@
math.bas.bg

http://www.isrssp.org/
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September 2013

EMC Europe 2013 Brugge

Brugge, Belgium, 02-06 September 2013

Contact: Davy Pissoort, Head FMEC, Zeedijk 101, B8400
Oostende, Belgium, Fax: +32 59 56 90 01, E-mail: davy.
pissoort@khbo.be, http://www.emceurope2013.eu

AP-RASC 2013 - AsiaPacific Radio Science Conference
Tapei, China SRS, 3-7 September 2013

Contact: Prof. K. Kobayashi, Chair, AP-RASC International
Advisory Board, Fax: +886 2 23632090, E-mail: ctshih@
tl.ntu.edu.tw, Website : http://aprasc13.ntu.tw

ICEAA-APWC-EMS conferences

Torino, Italy, 9-13 September 2013

Contacts: Prof. W.A. Davis, EMS Chair wadavis@vt.edu
and Prof. Y. Koyama, EMS Vice-Chair koyama@nict.go.jp,
http://www.iceaa.net

October 2013

Microwave Signatures 2013 - Specialist Symposium on
Microwave Remote Sensing of the Earth, Oceans, and
Atmosphere

Espoo (Helsinki), Finland, 28-31 October 2013

Contact: Prof. Martti Hallikainen, Aalto University, School
of Electrical Engineering, Department of Radio Science
and Engineering, E-mail: info.frs2013@ursi.fi
http://frs2013.ursi.fi/
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January 2014

VERSIM-6 - Sixth VERSIM Workshop

Dunedin, New Zealand, 20-23 January 2014

Contact: Prof Craig J. Rodger, Department of Physics,
University of Otago, PO Box 56, Dunedin 9016, NEW
ZEALAND, Fax: +64 3 479 0964, E-mail: crodger@
physics.otago.ac.nz

August 2014

COSPAR2014 (“COSMOS”) -40th Scientific Assembly
of the Committee on Space Research (COSPAR) and
Associated Events

Moscow, Russia, 2 - 10 August 2014

Contact: COSPAR Secretariat, c/o CNES, 2 place Maurice
Quentin, 75039 Paris Cedex 01, France, Tel: +33 1 44 76
75 10, Fax: +33 1 44 76 74 37, cospar(@cosparhg.cnes.fr
http://www.cospar-assembly.org/

September 2014

EMC Europe 2014

Gothenburg, Sweden, 1-4 September 2014

Contacts: Symposium Chair: jan.carlsson@sp.se, Technical
Program Chair: peterst@foi.se
http://www.emceurope2014.org/

URSI cannot be held responsible for any errors contained
in this list of meetings
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International Geophysical
Calendar 2013
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This Calendar continues the series begun for the IGY
years 1957-58, and is issued annually to recommend dates
for solar and geophysical observations, which cannot be
carried out continuously. Thus, the amount of observational
data in existence tends to be larger on Calendar days. The
recommendations on data reduction and especially the flow
of data to World Data Centers (WDCs) in many instances
emphasize Calendar days. The Calendar is prepared by
the International Space Environment Service (ISES)
with the advice of spokesmen for the various scientific
disciplines. For some programs, greater detail concerning
recommendations appears from time to time published in
IAGA News, IUGG Chronicle, URSI Information Bulletin
and other scientific journals or newsletters.

The Calendar provides links to many international
programs, giving an opportunity for scientists to become
involved with data monitoring and research efforts.
International scientists are encouraged to contact the
key people and join the worldwide community effort to
understand the Sun-Earth environment.

The definitions of the designated days remain as
described on previous Calendars. Universal Time (UT) is
the standard time for all world days. Regular Geophysical
Days (RGD) are each Wednesday. Regular World Days
(RWD) are three consecutive days each month (always
Tuesday, Wednesday and Thursday near the middle of the
month). Priority Regular World Days (PRWD) are the RWD
which fall on Wednesdays. Quarterly World Days (QWD)
are one day each quarter and are the PRWD which fall in the
World Geophysical Intervals (WGI). The WGI are fourteen
consecutive days in each season, beginning on Monday of
the selected month, and normally shift from year to year. In
2013 the WGI are February, May, August, and November.
The 2013 FINAL Calendar is available in PDF format.

2013 Solar Eclipses:

The year 2013 has one annular and one hybrid eclipse.

a. 10 May 2013, annular solar eclipse, magnitude 0.954,
maximum duration 06m03s, in Australia (Western
Australia, Northern Territory, northern Queensland),
Papua New Guinea’s eastern tip, Solomon Islands,
Pacific Ocean, Kiribati (5m44s of annularity); partial
phases visible throughout Australia, in the northern
island of New Zealand and the western half of its South
Island, in most of Indonesia, southern Philippines,
Papua New Guinea, in Fiji, Tuvalu, American Samoa,
Cook Islands, French Polynesia, U.S. (Hawaii; 44%
in Honolulu)

b. 3 November 2013, total solar eclipse with annularity
at its beginning, magnitude 1.016, maximum duration
01m40s, eclipse visible in the Atlantic Ocean, with
partial phases visible at sunrise throughout eastern North
America (U.S. east of Ohio to Georgia; Canada from
Quebecto the east); Bermuda, South America (southern
Columbia, eastern Venezuela, Guyana, Suriname,
northeastern Brazil), Europe (Spain, Portugal, Greece),
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all of Africa except Cape Town region; and at sunset
in the middle-East (western Turkey, Syria, Iraq, Saudi
Arabia, Israel, Yemen, Gulf States). (Totality: Atlantic
Ocean through Gabon, Congo, Democratic Republic
o the Congo, Uganda, Kenya); annularity: Ethiopia,
ending at sunset in western Somalia)

Information from Jay M. Pasachoff, Williams College
(Williamstown, Massachusetts), Chair, International
Astronomical Union’s Working Group on Eclipses, based
on information and maps provided by Fred Espenak and
Xavier Jubier.

Eclipse References:

- FredEspenak, Fifty Year Canon of Solar Eclipses: 1986-
2035, NASA Reference Publication 1178 Revised, July
1987.

- Leon Golub and Jay M. Pasachoff, The Solar Corona,
Cambridge University Press, 1998.

- Jay M. Pasachoff and Alex Filippenko, The Cosmos:
Astronomy in the New Millennium, Brooks/Cole
Publishers, 2002, 2004 and 2006.

- Leon Golub and Jay M. Pasachoff,Nearest Star: The
Exciting Science of Our Sun, Harvard University Press,
2001.

- Jay M. Pasachoff, The Complete Idiot’s Guide to the
Sun, Alpha Books, 2003.

2013 Meteor Showers

(Selected from data compiled by Alastair McBeath for

the International Meteor Organization Shower Calendar.):

a. Meteor outbursts are unusual showers (often of short
duration) from the crossing of relatively recent comet
ejecta. Dates are for the year 2013: June 11, 08:28 UT,
v-Delphinids

b. Annual meteor showers liable to have geophysical
effects: Dates (based on UT in year 2013) are:

- Dec28-Jan 12, peak Jan 03 13h25m, Quadrantids (QUA)

- Apr 16-Apr 25, peak Apr 22 11h40m, Lyrids (LYR)

- Apr 19-May 28, peak May 06 01h15m, n-Aquariids
(ETA)

- May 22-Jul 02, peak Jun 07 12h, Daytime Arietids (Ari)

- May 20-Jul 05, peak Jun 09 11h, Daytime {-Perseids
(Zeta Per)

- Jun 05-Jul 17, peak Jun 28 10h, Daytime B-Taurids
(Beta Tau)

- Jul12-Aug?23, peak Jul 30, Southern 3-Aquariids (SDA)

- Jul17-Aug24,peak Aug 12 18h15mto20h45m, Perseids
(PER)

- Sep 09-Oct 09, peak Sep 27 11h, Daytime Sextantids
(Sex)

- Oct 02-Nov 07, peak Oct 21, Orionids (ORI)

- Nov 06-Nov 30, peak Nov 17 15h55m, Leonids (LEO)

- Dec07-Dec 17, peak Dec 13 13h15m - Dec 14 10h30m,
Geminids (GEM)

- Dec 17-Dec 26, peak Dec 22 14h15m, Ursids (URS)

c. Annual meteor showers which may have geophysical
effects: Dates (based on UT in year 2013) are:

- Apr15-Apr28, peak April 23 16h45m,n-Puppids(PPU)
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- Jun 22-Jul 02, peak June 27 09h15m, June Bootids
(JBO)

- Aug?28-Sep 05, peak Sep 1 01h35m, a-Aurigids (AUR)

- Sep05-Sep21,peak Sep 9 14h50m - 15h30m, September
e-Perseids(SPE)

- Oct 06-Oct 10, peak Oct 8 17h25m, Draconids (DRA)

- Nov 15-Nov 25, peak Nov21 16h15m, a-Monocerotids
(AMO)

Meteor Shower Websites:

- Shower activity near-real time reports -- International
Meteor Organization

- Meteor shower activity forecast from your own location
-- Meteor Shower Flux Estimator

- Shower names and data -- IAU Meteor Data Center

- Announcements and reports of meteor outbursts -- AU
Minor Planet Center

- Shower outburstactivity forecast -- Institut de Mecanique
celeste et de calcul des ephemerides

References:
Peter Jenniskens, Meteor showers and their parent comets.
Cambridge University Press, 2006, 790 pp.

Real Time Space Weather and Earth Effects

The occurrence of unusual solar or geophysical conditions
is announced or forecast by ISES through various types of
geophysical “Alerts” (which are widely distributed via the
internet on a current schedule). Stratospheric warmings
(STRATWARM) were also designated for many years. The
meteorological telecommunications network coordinated
by the World Meteorological Organization (WMO) carries
these worldwide Alerts once daily soon after 0400 UT.
For definitions of Alerts see ISES URSIgram Codes. For
many years Retrospective World Intervals were selected
and announced by MONSEE (Monitoring of the Sun-Earth
Environment) and elsewhere to provide additional analyzed
data for particular events studied in the ICSU Scientific
Committee on Solar-Terrestrial Physics (SCOSTEP)
programs.

RECOMMENDED SCIENTIFIC PROGRAMS
(FINAL EDITION)

(The following material was reviewed in 2012 by spokesmen
of IAU,IAGA, WMO and URSI as suitable for coordinated
geophysical programs in 2013.)

Airglow and Aurora Phenomena

Airglow and auroral observatories operate with their
full capacity around the New Moon periods. However,
for progress in understanding the mechanism of many
phenomena, such as low latitude aurora, the coordinated
use of all available techniques, optical and radio, from the
ground and in space is required. Thus, for the airglow and
aurora 7-day periods on the Calendar, ionosonde, incoherent
scatter, special satellite or balloon observations, etc., are
especially encouraged. Periods of approximately one weeks’
duration centered on the New Moon are proposed for high
resolution of ionospheric, auroral and magnetospheric
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observations at high latitudes during northern winter.

Atmospheric Electricity

Non-continuous measurements and data reduction for
continuous measurements of atmospheric electric current
density, field, conductivities, space charges, ion number
densities, ionosphere potentials, condensation nuclei,
etc.; both at ground as well as with radiosondes, aircraft,
rockets; should be done with first priority on the RGD each
Wednesday, beginning on 2 January 2013 at 0000 UT, 09
January at 0600 UT, 16 January at 1200 UT, 23 January at
1800 UT, etc. (beginning hour shifts six hours each week,
but is always on Wednesday). Minimum program is at the
same time on PRWD beginning with 16 January at 1200
UT. Data reduction for continuous measurements should
be extended, if possible, to cover at least the full RGD
including, in addition, at least 6 hours prior to indicated
beginning time. Measurements prohibited by bad weather
should be done 24 hours later. Results on sferics and ELF
are wanted with first priority for the same hours, short-
period measurements centered around minutes 35-50 of the
hours indicated. Priority Weeks are the weeks that contain
a PRWD; minimum priority weeks are the ones with a
QWD. The World Data Centre for Atmospheric Electricity, 7
Karbysheva, St. Petersburg 194018, USSR, is the collection
point for data and information on measurements.

Geomagnetic Phenomena

Ithasalways been aleading principle for geomagnetic
observatories that operations should be as continuous as
possible and the great majority of stations undertake the
same program without regard to the Calendar.

Stations equipped for making magnetic observations,
but which cannot carry out such observations and reductions
on a continuous schedule are encouraged to carry out such
work at least on RWD (and during times of MAGSTORM
Alert).

Ionospheric Phenomena

Special attention is continuing on particular events
that cannot be forecast in advance with reasonable certainty.
These will be identified by Retrospective World Intervals.
The importance of obtaining full observational coverage is
therefore stressed even if it is only possible to analyze the
detailed data for the chosen events. In the case of vertical
incidence sounding, the need to obtain quarter-hourly
ionograms at as many stations as possible is particularly
stressed and takes priority over recommendation (a) below
when both are not practical.

For the vertical incidence (VI) sounding program, the
summary recommendations are:

a) All stations should make soundings on the hour and
every quarter hour;

b) OnRWDs, ionogram soundings should be made at least
every quarter hour and preferably every five minutes or
more frequently, particularly at high latitudes;
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c. All stations are encouraged to make f-plots on RWDs;

f-plots should be made for high latitude stations, and for
so-called “representative” stations at lower latitudes for
all days (i.e., including RWDs and WGIs) (Continuous
records of ionospheric parameters are acceptable in
place of f-plots at temperate and low latitude stations);
Copies of all ionogram scaled parameters, in digital
form if possible, be sent to WDCs;

Stations in the eclipse zone and its conjugate area
should take continuous observations on solar eclipse
days and special observations on adjacent days. See
also recommendations under Airglow and Aurora
Phenomena.

Forthe 2013 incoherent scatter observation program,

every effort should be made to obtain measurements at least
on the Incoherent Scatter Coordinated Observation Days,
and intensive series should be attempted whenever possible
in WGIs, on Dark Moon Geophysical Days (DMGD) or
the Airglow and Aurora Periods. The need for collateral VI
observations with not more than quarter-hourly spacing at
least during all observation periods is stressed.

Special programs include:
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Sudden Stratospheric Warming (StratWarm):
Dynamics, electrodynamics, temperature and electron
density in the lower and upper thermosphere and
ionosphere during asudden stratospheric warming event.
Key objectives are: to extend studies of stratospheric
warming effects to the lower and upper thermosphere and
investigate coupling with the ionosphere, to document
variations in multiple thermospheric and ionospheric
parameters inresponse to different stratospheric sudden
warming events, to capture and document ionospheric
response to stratospheric sudden warmings during the
rising solar activity, to measure electric field, neutral
wind, electron and ion temperatures and electron density
in the ionosphere and lower and upper thermosphere
before and during sudden stratospheric warming, to
compare variations in ionospheric and thermospheric
parameters observed during SSW to average wintertime
behavior of ionosphere and thermosphere, to compare
variations in temperatures and winds to mesospheric
response as given by MF and meteor radars and lidars,
to examine mechanisms responsible for variations in
lower and upper thermospheric dynamics, temperatures,
electric field, and ionospheric electron density and
investigate to what degree they can be related to sudden
stratospheric warming

Background condition: The observations need to be made
before and during the sudden stratospheric warming. A
10-day campaign is requested.

Primary parameters to measure: LTCS mode - electron
and ion temperatures from lowest possible altitudes
throughout the F region, zonal and meridional
components of the neutral wind in the lower
thermosphere (95-140km), ExB drift, F-region
meridional wind. Temporal resolution can be sacrificed
and data integration period increased in order to obtain

data at lower altitudes.

Need for simultaneous data: The idea is to measure
how variations in temperatures, electric field and winds
associated with sudden stratospheric warming change
with latitude and altitude and relate to variations in
electron density.

Principle investigator: Larisa P. Goncharenko, lpg@
haystack.mit.edu, MIT Haystack Observatory, Westford,
MA 01886, USA. Larisa is responsible for issuing the
alert. She anticipates a few days’ notice.
Co-investigators: Jorge Chau (Jicamarca Radio
Observatory, Peru), Hanli Liu (NCAR, USA), Peter
Hoffmann (Institute for Atmospheric Physics, Germany).
E-region E field: Latitudinal variation of the vertical
electric field in the E region

Key objectives: Tomeasure the vertical and geomagnetic
zonal ion drifts in the E and F regions, to study the
height variation of the E-region electric field and its
relationship to the F-region electric field

Background Conditions: Ideally two days each during
geomagnetically quiet and active periods.

Primary Parameters to Measure: Vertical profiles
of vertical ion drifts and geomagnetic zonal ion
drift primarily during daytime. No beam swinging
unless necessary to obtain the two components in the
geomagnetic zonal plane. For single feed, swing in the
geomagnetic zonal plane if possible.

Secondary Parameters to Measure: Electron density,
electron and ion temperatures.

Principle Investigator: Qihou Zhou, zhoug@muohio.
edu, Tel: +1-513-529-0743 Electrical and Computer
Engineering Dept., Miami University, Oxford, OH
45056, USA. Qihou will coordinate the observations
and discuss with each ISR site to ensure that optimal
modes will be used.

Synoptic: Experiments are intended to emphasize
wide coverage of the F region, with some augmented
coverage of the topside or E region to fill in areas of
the data bases that have relatively little data
Contacts: Jan Sojka, janjsojka@usu.edu; Mary
McCready, mary.mccready(@sri.com

AOQO -- Arecibo Observatory

JRO -- Jicamarca Radio Observatory.

Special programs: Mary McCready, Center for
Geospace Studies, SRI International, 333 Ravenswood
Avenue, Menlo Park, CA 94025, USA; tel:+1-650-859-
5084; Fax:+1-650-322-2318; email: mary.mccready (@
sri.com, chair of URSI ISWG Commission G. See the
2013 Incoherent Scatter Coordinated Observation Days
(URSI-ISWG) webpage for complete 2013 definitions.
For the ionospheric drift or wind measurement by the
various radio techniques, observations are recommended
to be concentrated on the weeks including RWDs.
For travelling ionosphere disturbances, propose
special periods for coordinated measurements of gravity
waves induced by magnetospheric activity, probably on
selected PRWDs and RWDs.

For the ionospheric absorption program half-hourly
observations are made at least on all RWDs and
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half-hourly tabulations sent to WDCs. Observations
should be continuous on solar eclipse days for stations
in the eclipse zone and in its conjugate area. Special
efforts should be made to obtain daily absorption
measurements at temperate latitude stations during the
period of Absorption Winter Anomaly, particularly on
days of abnormally high or abnormally low absorption
(approximately October-March, Northern Hemisphere;
April-September, Southern Hemisphere).

- For back-scatter and forward scatter programs,
observations should be made and analyzed at least on
all RWDs.

- For synoptic observations of mesospheric (D region)
electron densities, several groups have agreed on using
the RGD for the hours around noon.

- For ELF noise measurements of earth-ionosphere cavity
resonances any special effort should be concentrated
during WGls.

It is recommended that more intensive observations
in all programs be considered on days of unusual meteor
activity.

Meteorology

Particular efforts should be made to carry out an
intensified program on the RGD -- each Wednesday, UT. A
desirable goal would be the scheduling of meteorological
rocketsondes, ozone sondes and radiometer sondes on these
days, together with maximum-altitude rawinsonde ascents
at both 0000 and 1200 UT.

During WGI and STRATWARM Alert Intervals,
intensified programs are also desirable, preferably by the
implementation of RGD-type programs (see above) on
Mondays and Fridays, as well as on Wednesdays.

Global Atmosphere Watch (GAW)

The World Meteorological Organization (WMO)
Global Atmosphere Watch (GAW) integrates many
monitoring and research activities involving measurement
of atmospheric composition, and serves as an early
warning system to detect further changes in atmospheric
concentrations of greenhouse gases, changes in the ozone
layerand in the long range transport of pollutants, including
acidity and toxicity of rain as well as of atmospheric burden
of aerosols (dirt and dust particles). Contact WMO, 7 bis
avenue de la Paix, P.O. Box 2300, CH-1211 Geneva 2,
Switzerland or wmo@wmo.int.

Solar Phenomena

Observatories making specialized studies of solar
phenomena, particularly using new or complex techniques,
such that continuous observation or reporting is impractical,
are requested to make special efforts to provide to WDCs
data for solar eclipse days, RWDs and during PROTON/
FLARE ALERTS. The attention of those recording solar
noise spectra, solar magnetic fields and doing specialized
optical studiesis particularly drawn to this recommendation.
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Climate and Weather of the Sun-Earth System

(CAWSES) 11
Program within the SCOSTEP (Scientific Committee
on Solar-Terrestrial Physics): 2009-2013. Aim is to
significantly enhance our understanding of the space
environment and its impacts on life and society. The
main functions of CAWSES are to help coordinate
international activities in observations, modeling, and
applications crucial to achieving this understanding,
to involve scientists in both developed and developing
countries, and to provide educational opportunities for
students ofall levels. Contactis Prof. Marianna Shepherd
(mshepher@yorku.ca), SCOSTEP Scientific Secretary.
Co-chairs are Joseph M. Davila (GSFC/NASA, USA)
and Toshitaka Tsuda (RISH/Kyoto University, Japan).

Program theme groups and theme group leaders are:

- Taskl: What is the solar influence on climate?
Annika Seppili (Finland), Katja Mathes (Germany)

- Task2:Howwill geospacerespondtoachanging climate?
Dan Marsh (USA), Jan Lastovicka (Czech Republic)

- Task3: How does short-term solar variability affect the
geospace environment?
Joseph Borovsky (USA), Kazunary Shibata (Japan)

- Task4: What s the geospace response to variable inputs
from the lower atmosphere
Jens Oberheide (USA), Kazuo Shiokawa (Japan)

- Capacity building
Nat Gopalswamy, Franz-Josef Liibken, Marianna
Shepherd

- Informatics and eScience
Peter Fox, Barbara Thompson, Kozyra

See the CAWSES II website for more information.

ILWS (International Living With a Star) International
effort to stimulate, strengthen, and coordinate space
research to understand the governing processes of the
connected Sun-Earth System as an integrated entity.
Contact info@ilwsonline.org

ISWI (International Space Weather Initiative) aprogram
of international cooperation to advance space weather
science by a combination of instrument deployment,
analysis and interpretation of space weather data from
the deployed instruments in conjunction with space
data, and communicate the results to the public and
students. ISWT1 is a follow-up activity to the successful
IHY 2007, but focusing exclusively on space weather.
The goal of the ISWI is to develop the scientific insight
necessary to understand the science, and to reconstruct
and forecast near-Earth space weather. This includes
instrumentation, data analysis, modeling, education,
training, and public outreach. Contact J. Davila at
Joseph.M.Davila@nasa.gov

Space Research, Interplanetary Phenomena, Cosmic
Rays, Aeronomy.
Experimenters should take into account that
observational efforts in other disciplines tend to be
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intensified on the days marked on the Calendar, and
schedule balloon and rocket experiments accordingly
if there are no other geophysical reasons for choice. In
particularitis desirable to make rocket measurements of
ionospheric characteristics on the same day at as many
locations as possible; where feasible, experimenters
should endeavor to launch rockets to monitor at least
normal conditions on the Quarterly World Days (QWDs)
or on RWDs, since these are also days when there will
be maximum support from ground observations. Also,
special efforts should be made to assure recording of
telemetry on QWDs and Airglow and Aurora Periods
of experiments on satellites and of experiments on
spacecraft in orbit around the Sun.

Meteor showers

Of particular interest are both predicted and
unexpected showers from the encounter with recent dust
ejecta of comets (meteor outbursts). The period of activity,
level of activity, and magnitude distributions need to be
determined in order to provide ground truth for comet
dust ejection and meteoroid stream dynamics models.
Individual orbits of meteoroids can also provide insight
into the ejection circumstances. Ifanew (1-2 hour duration)
shower is observed due to the crossing of the 1-revolution
dust trail of a (yet unknown) Earth threatening long-period
comet, observers should pay particular attention to a correct
determination ofthe radiant and time of peak activity in order
to facilitate predictions of future encounters. Observations
of meteor outbursts should be reported to the I.A.U. Minor
Planet Center (mpc@cfa.harvard.edu) and International
Meteor Organization (visual@imo.net). The activity curve,
mean orbit, and particle size distribution of minor annual
showers need to be characterised in order to understand
their relationship to the dormant comets among near-Earth
objects. Annual shower observations should be reported to
national meteor organizations, or directly to the International
Meteor Organization. Meteoroid orbits are collected by the
IAU Meteor Data Center.
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The International Space Environment Service (ISES)
is a permanent scientific service of the International Union
of Radio Science (URSI), with the participation of the
International Astronomical Union and the International
Union of Geodesy and Geophysics. ISES adheres to the
Federation of Astronomical and Geophysical Data Analysis
Services (FAGS), now a part of the new World Data System
(WDS), of the International Council of Scientific Unions
(ICSU). ISES coordinates the international aspects of the
world days program and rapid data interchange.

This Calendar for 2013 has been drawn up by R. A.
D. Fiori and H.E. Coffey, of the ISES Steering Committee,
in association with spokesmen for the various scientific
disciplines in SCOSTEP, IAGA and URSI and other
ICSU organizations. Similar Calendars are issued annually
beginning with the IGY, 1957-58, and are published in
various widely available scientific publications. PDF
versions of the past calendars are available online.

Published for the International Council of Scientific
Unions and with financial assistance of UNESCO for
many years.

Copiesareavailable uponrequest to ISES Director, Dr.
Terry Onsager, NOA A Space Weather Prediction Center, 325
Broadway, Boulder, CO, 80305, USA, telephone +1-303-
497-5713,FAX+1-303-497-3645, e-mail Terry.Onsager@
noaa.gov, or ISES Secretary for World Days, Dr. Robyn
Fiori, Geomagnetic Laboratory, Natural Resources Canada,
2617 Anderson Road, Ottawa, Ontario, Canada, K1A 0E7,
telephone +1-613-837-5137, FAX+1-613-824-9803, e-mail
rfiori@NRCan.gc.ca. Beginning with the 2008 Calendar,
all calendars are available only in digital form.

The website for the International Geophysical
Calendar, including recent versions, can be found here.
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CALL FOR PAPERS

%5 ICEAA - IEEE APWC - EMS

Istituln Superione Mario Boella

September 9 - 13,2013 Torino, Italy

http://www.iceaa.net

ICEAA 2013 IEEE APWC 2013
International Conference on IEEE-APS Topical Conference on
Electromagnetics in Advanced Applications Antennas and Propagation in Wireless Communications

The fifteenth edition of the International Conference on Electromagnetics in Advanced Applications (ICEAA 2013) is supported by
the Politecnico di Torino, by the Istituto Superiore Mario Boella and by the Torino Wireless Foundation, with the principal technical
cosponsorship of the IEEE Antennas and Propagation Society and the technical cosponsorship of the International Union of Radio
Science (URSI). It is coupled to the third edition of the /EEE-APS Topical Conference on Antennas and Propagation in Wireless
Communications (APWC 2013), and to the first edition of the Electromagnetic Metrology Symposium (EMS 2013) organized by
Commission A of URSI in cooperation with ICEAA (see separate CFP). The three conferences consist of invited and contributed
papers, and share a common organization, registration fee, submission site, workshops and short courses, banquet, and social events.
The proceedings of the conferences will be published on IEEE Xplore.

Suggested Topics for ICEAA Suggested Topics for APWC

Adaptive antennas Active antennas

Complex media Antennas and arrays for security systems
Electromagnetic applications to biomedicine Channel modeling

Electromagnetic applications to nanotechnology Channel sounding techniques for MIMO systems
Electromagnetic education Cognitive radio

Electromagnetic measurements Communication satellite antennas
Electromagnetic modeling of devices and circuits DOA estimation

Electromagnetic packaging EMC in communication systems
Electromagnetic properties of materials Emergency communication technologies
Electromagnetic theory Indoor and urban propagation
EMC/EMI/EMP Low-profile wideband antennas

Finite methods MIMO systems

Frequency selective surfaces 3.5G and 4G mobile networks

Integral equation and hybrid methods Multi-band and UWB antennas
Intentional EMI OFDM and multi-carrier systems
Inverse scattering and remote sensing Propagation over rough terrain
Metamaterials Propagation through forested areas
Optoelectronics and photonics RFID technologies

Phased and adaptive arrays Signal processing antennas and arrays
Plasma and plasma-wave interactions Small mobile device antennas

Printed and conformal antennas Smart antennas and arrays

Radar cross section and asymptotic techniques Space-time coding

Radar imaging Vehicular antennas

Random and nonlinear electromagnetics Wireless mesh networks

Reflector antennas Wireless security

Technologies for mm and sub-mm waves Wireless sensor networks

Information for Authors

Authors must submit a full-page abstract electronically by March 1, 2013. Authors of accepted contributions must submit the full paper, executed
copyright form and registration electronically by June 7, 2013. Instructions are found on the website. Each registered author may present no more
than two papers. All papers must be presented by one of the authors. Please refer to the website for details.

Deadlines Abstract submission March 1, 2013
Notification of acceptance April 12,2013
Full paper and presenter registration June 7, 2013

Inquiries Prof. Roberto D. Graglia Prof. Piergiorgio L. E. Uslenghi
Chair of Organizing Committee Chair of Scientific Committee
Dipartimento di Elettronica Department of ECE (MC 154)
Politecnico di Torino University of Illinois at Chicago
Corso Duca degli Abruzzi, 24 851 South Morgan Street
10129 Torino, ITALY Chicago, Illinois 60607-7053, USA
roberto.graglia@polito.it uslenghi@uic.edu

e Radio Science Bulletin No 343 (December 2012)




Electromagnetic Metrology Symposium

Organized by Commission A of the International Union of Radio Science

In coordination with the International Conference on Electromagnetics in Advanced Applications
(ICEAA 2013) and the IEEE Topical Conference on Antennas and Propagation in Wireless
Communications (IEEE APWC 2013)

September 9 — 13, 2013 Torino, Italy

This first Electromagnetic Metrology Symposium (EMS 2013) is organized by Commission A of the International Union
of Radio Science (URSI) in coordination with the ICEAA and IEEE APWC Conferences. The three conferences will be
held concurrently at the Torino Incontra Conference Center in Torino, Italy from Monday, September 9 through Friday,
September 13, 2013. The three conferences share a common organization, registration fee, submission site, welcoming
reception, coffee and lunch breaks, banquet, and social program. Detailed information is found on the conferences website:
http://www.iceaa.net/ . EMS 2013 will consist of invited and contributed papers, workshops and short courses, and business
sessions.

Suggested Topics for EMS

Metrology, measurements and standards in all areas of radio science, including:
Microwave to submillimeter measurements/standards
Quantum metrology and fundamental concepts

Time and frequency

EMC and EM pollution

Noise

Materials

Bioeffects and medical applications

Antennas

EM field metrology

Impulse radar

Planar structures and microstrip circuits
Interconnects and packaging

Information for Authors

Authors must submit a full-page abstract electronically by March 1, 2013. Authors of accepted contributions must
register electronically by June 7, 2013. Instructions can be found on the website. Each registered author may present
no more than two papers. All papers must be presented by one of the authors. Authors who want their paper to be
published on IEEE Xplore should follow the instructions on the website. Selected authors of EMS will be invited to
submit a full-length paper for possible publication in the URSI Radio Science Bulletin.

Deadlines Abstract submission March 1, 2013
Notification of acceptance April 12,2013
Presenter registration June 7, 2013
EMS Contacts Prof. William A. Davis, EMS Chair wadavis@vt.edu

Prof. Yasuhiro Koyama, EMS Vice-Chair koyama@nict.go.jp

Inquiries Prof. Roberto D. Graglia, Chair of Organizing Committee roberto.graglia@polito.it
Prof. Piergiorgio L. E. Uslenghi, Chair of Scientific Committee uslenghi@uic.edu
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2013 Asia-Pacific Radio Science Conference

Howard International House, Taipei, Taiwan, September 3-7, 2013

), C, 1

>

Website: http://aprasc13.ntu.edu.tw

The “Asia-Pacific Radio Science Conference” (AP-RASC) is the Asia-Pacific regional URSI conference held
between the URSI General Assemblies and Scientific Symposia. The objective of the AP-RASC is to review
Sty current research trends, present new discoveries, and make plans for future research and special projects in all
ot areas of radio science, especially where international cooperation is desirable, and a particular emphasis is
et placed on promoting various research activities in the Asia-Pacific area.

Important Dates

o Electromagnetic Metrology Submission Deadline of One-Page Abstracts:
¢ Fields and Waves oy
. o : . Acceptance Motification:
* Radio Communication and Signal Processing Systems April 30, 2013
o Electronics and Photonics k
Committees

& Electromagnetic Environment and Interference
e Wave Propagation and Remote Sensing
« lonospheric Radio and Propagation

Honorary Conference Chair
Phil Wilkinson, President of URSI, Australia

General Chair
Lou-Chuang Lee, National Central Univ., Taiwan

o Waves in Plasmas
o Radio Astronomy

o Electromagnetics in Biology and Medicine General Co-Chairs

Shyue-Ching Lu, Chunghwa Telecom. Co., Taiwan
Young Scientist Programs Ruey-Beei Wu, National Taiwan Univ., Taiwan
As in the URSI General Assemblies and Scientific Symposia, Infernational Advisory Commitiee
the following two programs are planned for young scientists: Co-Chairs:

o Student Paper Competition (SPC) Kazuya Kobayashi, Chuo Univ., Japan

« Young Scientist Award (YSA) Lou-Chuang Lee, National Central Univ., Taiwan
Details on the Programs and the Application Guidelines are International Organizing Committee

posted on the Conference website. Co-Chairs:

S ial | Lou-Chuang Lee, National Central Univ., Taiwan
Kazuya Kobayashi, Chuo Univ., Japan

o AP-RASC’13 Special Issue will be published in “Radio

Steering Commitiee
Chair:
Lou-Chuang Lee, National Central Univ., Taiwan

Science”.
¢ AP-RASC'13 Special Issue for Student Paper

Competition will be published in “URSI Radio Science . :
Organizing Committee

Bulletin”. z
Co-Chairs:
Sponsored by Lou-Chuang Lee, National Central Univ., Taiwan
International Union of Radio Science (URSI) Shyue-Ching Lu, Chunghwa Telecom. Co,, Taiwan
Mational Taiwan University Ruey-Beei Wu, National Taiwan Univ., Taiwan

- - Technical Program Commiittee
In Cooperation with Co-Chairs:

National Science Council
Academia Sinica

Bureau of Foreign Trade, MOEA e .
The Institute of Electrical and Electronics Engineers, Inc(IEEE)  '0ung Scientist Program Committes

Hung-Chun Chang, National Taiwan Univ., Taiwan
Yen-Hsyang Chu, National Central Univ., Taiwan

Co-Chairs:
Secretariat Yen-Hsyang Chu, National Central Univ., Taiwan
E-mail; ctshih@tl.ntu.edu.tw Ping-Cheng Yeh, National Taiwan Univ., Taiwan
Tel: +886-2-23628136 Ext. 49 Secretary
Fax: +886-2-23632090 Tzong-Lin Wu, National Taiwan Univ., Taiwan
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CALL FOR PAPERS
URSI COMMISSION F TRIENNIAL

OPEN SYMPOSIUM

RADIOWAVE PROPAGATION
& REMOTE SENSING

Ottawa, Canada
April 30-May 3, 2013

(Ottawa Convention Centre)

Solicited and unsolicited papers will be presented in an equal number of
sessions on Radiowave Propagation and on Remote Sensing, including:

Passive and Active Microwave Remote Sensing
Atmospheric, Ocean and Land Sensing
Propagation and Scattering in Random Media
Earth-Space Propagation
Fixed Link Terrestrial Propagation
Radio Propagation Pertinent to Personal,
Indoor and Mobile, Communications, including
Military Com. & Sensor Networks
Dynamic and Physical Modelling of Radio Links

Submission: Oct 1, 2012-March 1, 2013

One page abstracts can be submitted
at www.URSI-F-TS.com

l Notification of acceptance within two weeks following abstract submission

. \
\I' _

. Abstracts will be available for downloading 1 week prior to symposium
“ Five page manuscripts can optionally be submitted for refereeing and possible
archiving with IEEE Xplore up until two weeks following the symposium

Plenary and expert presentations, poster sessions, a visit to a
local laboratory, and many networking opportunities.

Joint Sessions with IEEE RadarCon 2013 are under discussion.

Radio_Propagation@ursi-f-ts.com
Remote_Sensing@ursi-f-ts.com

Check out some of Ottawa'’s attractions including the Canadian Tulip Festival at http://www.ottawatourism.ca/spring/
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JOURNEES SCIENTIFIQUES

L’ELECTROMAGNETISME, 150-11

UNE SCIENCE EN PLEINE ACTION !

LES 26 ET 27 MARS 2013,

CNAM, 292 RUE SAINT-MARTIN, PARIS 3™, FRANCE

Les Journées Scientifiques 2013 d”URSI-France, placées sous le
haut patronage de 1'Académie des sciences, auront pour théme

« L’¢lectromagnétisme, 150-1: une science en pleine action ».
Ces journées se tiendront au Conservatoire national des arts et
métiers (Cnam) a Paris les 26 et 27 mars 2013. La date limite de
soumission est le 25 janvier 2013.

L’¢lectromagnétisme, qui sera mis a I’honneur en 2014 pour les
150 ans de la publication du mémoire de James Clerk Maxwell,
est une science en pleine vitalité dont la fécondité est attestée par
la démonstration théorique et expérimentale récente de nouveaux
concepts. S'appuyant sur l'outil mathématique autant que sur la
puissance de l'ordinateur, la résolution des équations de Maxwell
dans des milieux microscopiques ou macroscopiques souvent
complexes offre des perspectives de développements
scientifiques aussi bien qu'applicatifs trés prometteurs pour le
futur.

L'instrumentation, les  télécommunications, I'observation
spatiale, 1'énergie voire la santé constituent quelques exemples
parmi les domaines scientifiques ou économiques bénéficiant
largement de ces avancées dans le domaine des radiosciences et
de ’optique.

Dans ce contexte favorable, les journées scientifiques 2013
d'URSI-France feront le point et apporteront un éclairage sur
quelques thémes d'actualité en ¢électromagnétisme, parmi
lesquels :

- Les rayonnements électromagnétiques et les
interactions avec la matiére ;

- La propagation des ondes électromagnétiques dans les
milieux inhomogénes et les plasmas ;

- La montée en fréquence : des térahertz a I’optique ;

- La télédétection de la Terre et de I'univers en mode
passif ;

- Les matériaux périodiques et pseudopériodiques et
leurs applications en micro-ondes et en optique ;

- La modélisation électromagnétique de systémes
complexes ;

- L'impact de la propagation des ondes sur la ressource
spectrale ;

- L’enseignement de I’électromagnétisme.

' Le 27 octobre 1864, James Clerk Maxwell adressait a la Royal
Society un mémoire de 54 pages intitulé « A Dynamical Theory of
the Electromagnetic Field » a la fois dense et d'une grande clarté.
Il présentera ce papier et ses équations devant la Royal Society 6
semaines plus tard, le 8 décembre.

ra

!
fQ-..‘_rl INSTITUT DE FRANCE

'.j.‘& ,J;‘ | Académie des sciences

Z
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The "Scientific Days" of URSI-France 2013, placed under the
high patronage of the french Academy of sciences, will this year
be organized around the theme: "Electromagnetism, 150-1: a
science in full motion". These scientific days will be hosted by
the "Conservatoire national des arts et métiers (Cnam)" in Paris
on March 26-27, 2013. The submission deadline is on January
25,2013.

Electromagnetism, which will be honoured in 2014 at the
occasion of the publication of his famous book by James Clerk
Maxwell, is a very lively science, whose fruitfulness is
ascertained by the recent theoretical and experimental
demonstration of new concepts. Based on the mathematical tool
as well as on the power of today's computers, the resolution of
Maxwell's equations in often complex microscopic or
macroscopic media offers important perspectives of scientific
and applied developments that are quite promising for the future.

Measuring instruments, telecommunications, space observation,
energy, even health, do constitute some examples among the
various scientific or economic areas broadly profiting by this
progress in the field of radiosciences and of optics.

In this favorable context, the Scientific Days 2013 of URSI-
France will update and provide a synthetic view on some topical
subjects in electromagnetism, among which:

- Electromagnetic radiations and their interactions with
matter;

- Propagation of eectromagnetic waves in inhomogeneous
media and plasmas;

- The frequency rise: from terahertz to optics;

- Teledetection of the Earth and the Universe in passive
mode;

- Periodic and pseudoperiodic materials and applications
in microwaves and optics;

- Electromagnetic modeling of complex systems and
media;

- Impact of wave propagation phenomena on the spectral
resource;

- Education of electromagnetism.

le cham

' On October 27, 1864, James Clerk Maxwell sent to the Royal
Society a 54 pages book entitled « A Dynamical Theory of the
Electromagnetic Field », which was both very dense and of a great
clarity. He presented this document and its equations in front of
the Royal Society 6 weeks later, on December 8.
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List of URSI Officials

Note: an alphabetical index of names with coordinates and page references is given on pages 61-76.

Honorary President

Prof. J. Van Bladel (Belgium)

Board of Officers

President : Dr. P. Wilkinson (Australia)
Past President :  Prof. F. Lefeuvre (France)
Vice-Presidents : Prof. S. Ananthakrishnan (India)

Prof. M. Ando (Japan)

Prof. P. Cannon (U.K.)

Dr. P.L.E. Uslenghi (U.S.A.)
Secretary General: Prof. P. Lagasse (Belgium)

URSI Secretariat

Secretary General: Prof. P. Lagasse

Assistant S.G. :  Prof. P. Van Dacle

Dr. W.R. Stone (Publications)
Ms. 1. Heleu

Ms. 1. Lievens

Secretary :

Standing Committees

Standing Publications Committee
Chair : Dr. W.R. Stone (U.S.A.)

Members : Prof. P. Cannon (U.K.)
Prof. P. Favennec (France)
Prof. P. Lagasse (Belgium)
Prof. S.C. Reising (USA)
Dr. P. Wilkinson (Australia)
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Standing Committee on Young Scientists

Chair : Prof. K. Schlegel (Germany)

Members : Mr. J. Hamelin (France)
Prof. E.V. Jull (Canada)
Prof. P. Van Daele (Belgium)

Long Range Planning Committee

Chair : Prof. Y. Omura (Japan)

Members : Prof. S. Ananthakrishnan (India)
Dr. P. Banerjee (India)
Prof. M. Chandra (Germany)
Prof. C. Christopoulos (U.K.)
Prof. G. D’Inzeo (Italy)
Prof. F. Kaertner (U.S.A.)
Prof. P. Lagasse (Belgium) (ex officio)
Prof. K.J. Langenberg (Germany)
Prof. F. Lefeuvre (France)
Prof. H. Matsumoto (Japan)
Prof. T. Ohira (Japan)
Prof. K. Schlegel (Germany)
Dr. W.R. Stone (U.S.A.)
Dr. P. Wilkinson (Australia)

URSI ad hoc groups

Advisory Panel on Future General Assemblies

Members :  Prof. P. Lagasse (Belgium)
Prof. F. Lefeuvre (France)
Prof. H. Serbest (Turkey)
Dr. W.R. Stone (U.S.A.)
Prof. P.L.E. Uslenghi (U.S.A.)
Prof. P. Van Daele (Belgium)

Scientific Programme XXXIth General Assembly

Coordinator : Prof. H. Serbest (Turkey)
Associate Coordinator : Dr. Y. Yan (China CIE)
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Commission A : Electromagnetic Metrology

Chair : Dr. W.A. Davis (U.S.A.)
Vice-Chair : Prof. Y. Koyama (Japan)
Official Members :
Australia : Prof. M.E. Tobar
Austria :
Belgium : Prof. E. Van Lil
Brazil : Prof. L. Alencar
Bulgaria : Prof. A. Lazarov
Canada : Dr. L. Shafai
China CIE (Beijing) : Dr. M. Liu

China SRS (Taipei) : Prof. D.C. Chang

Czech Rep.: Dr. J. Roztocil
Egypt : Prof. M. Fahmy
Finland : Dr. A. Manninen
France : Dr. C. Zerrouki
Germany : Dr. O.T. Schrader
Greece : Prof. G.A. Kyriacou
Hungary : Prof. M. Kenderessy
India : Dr. A. Sengupta
Ireland : Prof. P. Murphy
Israel : Dr. J. Halevy-Politch
Italy : Dr. P. Tavella

Japan : Prof. M. Musha
Netherlands :

New Zealand : Dr. T.R. Armstrong

Nigeria : Dr. T.C. Chineke
Norway : Dr. H.A. Froystein
Peru : Ing. M. Mayorga Montoya
Poland : Prof. A. Karwoski
Portugal : Prof. N.B. Carvalho
Russia : Dr. V.N. Zhogun

Saudi Arabia : Dr. A. Al-Rajehi
Slovakia : Prof. I. Kneppo

South Africa : Mr. R.E. Dressler
South Korea : Dr. J.H. Kim

Spain : Prof. E. Martin Rodriguez

Sweden : Dr. J. Johansson
Switzerland :

Turkey : Dr. F. Ustiiner
Ukraine :

United Kingdom : Prof. L.R. Arnaut

U.S.A. : Prof. C.L. Holloway

Observers :
Argentina: Ing. H.F. Mazza
Chile : Prof. F. Noel
Denmark:
Iraq:
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Commission B : Fields and Waves

Chair : Prof. G. Manara (Italy)
Vice-Chair : Prof. A. Sihvola (Finland)
Official Members :
Australia : Prof. P. Smith
Austria : Dr. H. Arthaber
Belgium : Prof. H. Rogier
Brazil : Prof. E. Costa
Bulgaria : Prof. E. Ferdinandov
Canada : Dr. M. Clénet
China CIE (Beijing) : Dr. D. Su
China SRS (Taipei) : Prof. H.C. Chang
Czech Rep. : Prof. Z. Skvor
Egypt : Prof. H.M. El-Hennawy
Finland : Prof. A. Sihvola
France : Dr. A. Priou
Germany : Prof. Dr. U. van Rienen
Greece : Prof. T. Tsiboukis
Hungary : Dr. Gy. Veszely
India : Dr. D. Guha
Ireland : Prof. V.F. Fusco
Israel : Prof. R. Kastner
Italy : Prof. G. Manara
Japan : Prof. H. Shirai
Netherlands : Prof. Dr. A. Yarovoy
New Zealand : Dr. R. Vaughan
Nigeria : Dr. A.B. Rabiu
Norway : Prof. U. Osterberg
Peru : Dr. M. Yarlequé Medena
Poland : Prof. M. Mrozowski
Portugal : Prof. A.M. Barbosa
Russia : Dr. A.P. Kurochkin
Saudi Arabia :
Slovakia : Prof. L. Sumichrast
South Africa : Prof. A.R. Clark
South Korea : Prof. S. Nam
Spain : Dr. M. Martinez Burdalo
Sweden : Prof. A. Karlsson
Switzerland : Prof. J. Perruisseau-Carrier
Turkey : Dr. I. Aksun
Ukraine : Prof. O.A. Tretyakov
United Kingdom : Dr. C. Mias
U.S.A. : Prof. S. Rengarajan

Observers :
Argentina: Prof. V. Trainotti
Chile : Prof. B. Jacard
Denmark: Prof. O. Breinbjerg
Iraq:

53



Commission C : Radiocommunication

Systems and Signal Processing

Chair : Prof. M. Luise (Italy)
Vice-Chair : Prof. S. Salous (U.K.)
Official Members :
Australia : Prof. A.J. Parfitt
Austria : Prof. O. Koudelka
Belgium : Prof. L. Vandendorpe
Brazil : Prof. M. Alencar
Bulgaria : Prof. B. Shishkov
Canada : Prof. F. Gagnon
China CIE (Beijing) : Dr. R. Tao
China SRS (Taipei) : Dr. Y-K Tu
Czech Rep. : Prof. D. Biolek
Egypt : Prof. S.E. El-Khamy
Finland : Prof. R. Wichman
France : Dr. J. Palicot
Germany : Prof. Dr. J. Gotze
Greece : Prof. N. Kalouptsidis
Hungary : Dr. L. Nagy
India : Dr. T.V.C. Sarma
Ireland : Dr. M. O’Droma
Israel : Dr. S. Litsyn
Italy : Prof. M. Luise
Japan : Prof. M. Morikura
Netherlands : Dr. Ir. M.J. Bentum
New Zealand : Dr. P.T. Gough
Nigeria : Prof. M. Onuu
Norway : Prof. B. Forssell
Peru : Ing. D. Chavez Muiloz
Poland : Prof. K. Wesolowski
Portugal : Prof. Dr. A. Rodrigues
Russia : Dr. A.B. Shmelev
Saudi Arabia :
Slovakia : Prof. P. Farkas
South Africa : Dr. D.D. Mashao
South Korea :
Spain : Prof. M. Sierra Perez
Sweden : Mr. K.A. Markstrom
Switzerland : Prof. M. Rubinstein
Turkey : Dr. E. Panayirci
Ukraine : Prof. V.V. Danilov
United Kingdom : Prof. S. Salous
U.S.A. : Dr. A. Zaghloul

Observers :
Argentina: Prof. A. Quijano
Chile : Dr. R. Feick
Denmark :
Iraq:

54

Commission D : Electronics and Photonics

Chair : Dr. S. Tedjini (France)
Vice-Chair : Prof. G. Steinmeyer (Germany)
Official Members :

Australia : Prof. A. Parker
Austria : Prof. W. Bosch

Belgium : Prof. P. Van Dacle
Brazil : Prof. H.J. Kalinowski
Bulgaria : Prof. M. Nenchev
Canada : Dr. C. Caloz

China CIE (Beijing) : Dr. H. Guo
China SRS (Taipei) : Prof. Y.-K. Su
Czech Rep. : Prof. O. Wilfert
Egypt : Prof. M. Saad

Finland : Prof. H. Lipsanen
France : Dr. C. Tetelin

Germany : Prof. Dr. H. Klar
Greece : Dr. Em. Kriezis
Hungary : Prof. V. Szekely

India :

Ireland : Prof. T. Brazil

Israel : Prof. Y. Nemirovsky

Italy : Prof. S. Selleri

Japan : Prof. T. Nagatsuma
Netherlands : Ir. F.L.M. Van Den Bogaart
New Zealand : Dr. M.K. Andrews
Nigeria :

Norway : Prof. A. Ronnekleiv
Peru : Mr. P. Paz Retuerto

Poland : Prof. A. Napieralski
Portugal : Prof. L. Sousa

Russia : Prof. V. Kuznetsov
Saudi Arabia :

Slovakia : Dr. J. Novak

South Africa : Prof. B.M. Lacquet
South Korea :

Spain : Dr. I. Molina Fernandez
Sweden : Prof. A. Rydberg
Switzerland : Dr. C. Dehollain
Turkey : Dr. H. Kulah

Ukraine : Prof. V.G. Litovchenko
United Kingdom : Dr. M. Cryan
U.S.A. : Prof. J.T. Bernhard

Observers :

Argentina: Dr. M. Garavaglia
Chile :

Denmark :

Iraq:

e Radio Science Bulletin No 343 (December 2012)



Commission E : Electromagnetic Environ- Commission F : Wave Propagation and

ment and Interference Remote Sensing

Chair : Dr. A.P.J. Van Deursen (the Netherlands) Chair : Dr. R.H. Lang (U.S.A.)
Vice-Chair : Dr. D. Giri (U.S.A.) Vice-Chair : Dr. S. Paloscia (Italy)
Official Members : Official Members :

Australia : Dr. J. O’Sullivan
Austria :

Belgium : Prof. G. Vandenbosch
Brazil : Prof. J-P Raulin

Bulgaria : Prof. E. Nickolov
Canada : Prof. B. Kordi

China CIE (Beijing) : Dr. Y. Wen
China SRS (Taipei) : Dr. K.-H. Lin
Czech Rep. : Dr. M. Svoboda
Egypt : Prof. M. El-Hadidi
Finland : Dr. A. Viljanen

France : Prof. F. Paladian
Germany : Dr. F. Sabath

Greece : Prof. C. Capsalis
Hungary : Dr. G. Varju

India : Dr. R. Kumar Choudhary
Ireland : Dr. K. Mc Carthy

Israel : Mr. O. Hartal

Italy : Prof. F. Canavero

Japan : Prof. O. Wada
Netherlands : Dr. A.P.J. Van Deursen
New Zealand : Prof. R.L. Dowden
Nigeria :

Norway : Dr. J. Tjelta

Peru : Dr. C.V. Velasquez-Lopez
Poland : Prof. P. Slobodzian
Portugal : Eng. J.P. Borrego
Russia : Prof. V.I. Larkina

Saudi Arabia :

Slovakia : Prof. V. Smiesko

South Africa : Prof. H.C. Reader
South Korea :

Spain : Dr. J.D. Gallego Pujol
Sweden : Dr. M. Béckstrom
Switzerland : Mr. F. Rachidi
Turkey : Dr. S. Demir

Ukraine : Prof. N.T. Cherpak
United Kingdom : Dr. M. Fullekrug
U.S.A. : Prof. E.G. Farr

Observers :

Argentina: Eng. O.M. Beunza
Chile :

Denmark : Prof. O. Breinbjerg
Iraq:

e Radio Science Bulletin No 343 (December 2012)

Australia : Ms. C. Wilson

Austria : Dr. M. Schénhuber

Belgium : Prof. P. Sobieski

Brazil : Prof. M.S. de Assis

Bulgaria : Prof. D. Radev

Canada : Dr. C. Amaya

China CIE (Beijing) : Prof. Q. S. Dong
China SRS (Taipei) : Prof. K. S. Chen
Czech Rep. : Assoc. Prof. S. Zvanovec
Egypt : Prof. M.A. Abuldahab
Finland : Prof. M.T. Hallikainen
France : Dr. M. Dechambre

Germany : Prof. Dr. M. Chandra
Greece : Prof. D.P. Chrissoulidis
Hungary : Dr. R. Seller

India : Prof. A. Maitra

Ireland : Dr. C. Brennan

Israel : Prof. A. Cohen

Italy : Dr. P. Pampaloni

Japan : Prof. Y. Mackawa
Netherlands : Prof. L.P. Lighthart
New Zealand : Dr. E.M. Poulter
Nigeria : Dr. [.A. Adimula

Norway : Dr. J. F. Hjelmstad

Peru : Dr. M.F. Sarango

Poland : Dr. K. Kulpa

Portugal : Prof. Dr. J.C. da silva Neves
Russia : Dr. A.A. Chukhlantsev

Saudi Arabia : Dr. A. Al-Rajehi
Slovakia : Dr. V. Stofanik

South Africa : Prof. M.R. Inggs

South Korea :

Spain : Prof. J. Margineda Puigpelat
Sweden : Dr. J.F. Johansson
Switzerland : Mr. D. Vergeres

Turkey : Dr. S. Gezici

Ukraine : Prof. G.P. Kulemin

United Kingdom : Dr. D. Bebbington
U.S.A. : Prof. V. Chandrasekar

Observers :
Argentina: Dr. D.A. Gagliardini
Chile : Mr. R. Aguilera
Denmark : Prof. N. Skou
Iraq:

55



Commission G : Ionospheric Radio and Commission H : Waves in Plasmas
Propagation

Chair : Prof. J.D. Mathews (U.S.A.) Chair : Dr. O. Santolik (Czech Republic)
Vice-Chair : Prof. I. Stanislawska (Poland) Vice-Chair : Prof. M.M. Oppenheim (U.S.A.)
Official Members : Official Members :

Australia : Dr. P. Wilkinson
Austria : Prof. K.M. Torkar
Belgium : Mr. R. Warnant

Brazil : Dr. 1.S. Batista

Bulgaria : Dr. N. Kilifarska
Canada : Prof. P.T. Jayachandran
China CIE (Beijing) : Dr. Z. Zhao
China SRS (Taipei) : Prof. Y.H. Chu
Czech Rep. : Dr. J. Boska

Egypt : Prof. K. Awadallah
Finland : Dr. P. Aikio

France : Dr. F. Pitout

Germany : Dr. M. Forster

Greece : Prof. J. Kanellopoulos
Hungary : Dr. P. Bencze

India : Prof. A. Bhattacharya
Ireland : Prof. M.C. Sexton

Israel : Dr. Z. Houminer

Italy : Dr. B. Zolesi

Japan : Prof. M. Yamamoto
Netherlands : Dr. R.P. Cerdeira
New Zealand : Prof. W.J. Baggaley
Nigeria : Dr. V.U. Chukwuma
Norway : Prof. A. Brekke

Peru : Dr. J.L. Chau

Poland : Dr. I. Stanislawska
Portugal : Cap. T.E. Bolas

Russia : Prof. Yu. Ya. Ruzhin
Saudi Arabia : Dr. A. Al-Rajehi
Slovakia : Dr. R. Kudela

South Africa : Dr. E. Mravlag
South Korea :

Spain : Prof. J.L. Pijoan Vidal
Sweden : Dr. G. Wannberg
Switzerland :

Turkey : Dr. F. Arikan

Ukraine : Prof. Y.M. Yampolsky
United Kingdom : Prof. F. Honary
U.S.A.:Dr. F. Lind

Observers :

Argentina: Prof. S.M. Radicella
Chile : Dr. A. Foppiano
Denmark : Prof. P. Hoeg

Iraq:

Australia : Assoc. Prof. C. Waters
Austria : Prof. H. Rucker

Belgium : Dr. V. Pierrard

Brazil : Dr. J.A. Bittencourt
Bulgaria : Prof. I. Zhelyazkov
Canada : Prof. P.T. Jayachandran
China CIE (Beijing) : Dr. J. Cao
China SRS (Taipei) : Prof. L. C. Lee
Czech Rep. : Assoc. Prof. O. Santolik
Egypt : Prof. A. El-Sherbini
Finland : Prof. K. Mursula

France : Dr. C. Mazelle

Germany : Apl. Prof. Dr. G. Mann
Greece : Prof. J.L. Vomvoridis
Hungary : Prof. C. Ferencz

India : Dr. N. Chakrabarti

Ireland : Prof. M.C. Sexton

Israel : Prof. M. Mond

Italy : Dr. D. Farina

Japan : Prof. Y. Omura

Netherlands :

New Zealand : Dr. C.J. Rodger
Nigeria :

Norway : Prof. J. Trulsen

Peru : Dr. WR. Guevara Day
Poland : Prof. A. Wernik

Portugal : Prof. M.E. Manso
Russia : Dr. Y.V. Chugunov

Saudi Arabia :

Slovakia :

South Africa : Prof. A.R.W. Hughes
South Korea :

Spain : Prof. M. Sancho Ruiz
Sweden : Prof. B. Thidé
Switzerland :

Turkey : Dr. I. Unal

Ukraine : Prof. A.G. Zagorodniy
United Kingdom : Prof. M.W. Dunlop
U.S.A. : Prof. V. Pasko

Observers :

Argentina: Prof. A. Giraldez
Chile : Prof. L. Gomberoff
Denmark : Prof. J.J. Rasmussen
Iraq:

e Radio Science Bulletin No 343 (December 2012)



Commission J : Radio Astronomy

Chair : Prof. J.L.Jonas (South Africa)
Vice-Chair : Prof. W. Baan (the Netherlands)
Official Members :
Australia :
Austria : Prof. H. Rucker
Belgium : Dr. F. Clette
Brazil : Prof. P. Kaufmann
Bulgaria : Prof. P. Velinov
Canada : Dr. S. Claude
China CIE (Beijing) : Dr Y. Yan
China SRS (Taipei) : Prof. T-P Ho
Czech Rep. : Dr. K. Jiricka
Egypt : Prof. S. El-Ramly
Finland : Dr. M. Tornikoski
France : Mr. A. Deschamps
Germany : Dr. A. Kraus
Greece : Prof. J.H. Seiradakis
Hungary : Prof. I. Fejes
India : Prof. P. Janardhan
Ireland : Prof. A. Murphy
Israel : Dr. N. Brosch
Italy : Dr. R. Ambrosini
Japan : Prof. K. Fujisawa
Netherlands : Prof. A. Van Ardenne
New Zealand : Prof. S. Gulyaev
Nigeria : Dr. F.B. Sigalo
Norway : Prof. P. Lilje
Peru : Dr. J. Heraud
Poland : Prof. K. Otmianowska - Mazur
Portugal : Prof. L. Cupido
Russia : Dr. LI. Zinchenko
Saudi Arabia : Dr. A. Al-Rajehi
Slovakia :
South Africa : Prof. J.L. Jonas
South Korea : Dr. S-T Han
Spain : Dr. C.M. Gutierrez de la Cruz
Sweden : Dr. M. Lindqvist
Switzerland :
Turkey : Prof. F.F. Ozeren
Ukraine : Prof. A.A. Konovalenko
United Kingdom : Prof. R. Davis
U.S.A. : Prof. R. Bradley

Observers :
Argentina : Dr. E. Bajaja
Chile : Prof. H. Alvarez
Denmark : Prof. J. Knude
Iraq:

e Radio Science Bulletin No 343 (December 2012)

Commission K : Electromagnetics in Biology
& Medicine

Chair : Dr. M. Taki (Japan)
Vice-Chair : Prof. J. Wiart (France)
Official Members :
Australia :
Austria : Prof. N. Leitgeb
Belgium : Prof. A.I. Franchois
Brazil : Prof. J.R. Cardoso
Bulgaria : Prof. A. Slavova-Popivanova
Canada : Prof. M. Okoniewski
China CIE (Beijing) : Dr. J. Tian
China SRS (Taipei) : Prof. J-S Lee
Czech Rep. : Prof. J. Vrba
Egypt : Prof. E. Hashish
Finland : Prof. R. [lmoniemi
France : Dr. A. Perrin
Germany :
Greece : Prof. N.K. Uzunoglu
Hungary : Dr. L.D. Szabo
India : Prof. R. Mathur
Ireland : Dr. M. Ammann
Israel : Prof. R. Korenstein
Italy : Prof. P. Bernardi
Japan : Prof. Y. Jimbo
Netherlands : Prof. A.P.M. Zwamborn
New Zealand :
Nigeria :
Norway : Prof. B.A.J. Angelsen
Peru : Ing. L. Vilcahuaman Cajacuri
Poland : Prof. A. Krawczyk
Portugal : Prof. P. Clemente
Russia : Dr. O.V. Betskiy
Saudi Arabia :
Slovakia : Prof. I. Frollo
South Africa : Prof. P.J. Cilliers
South Korea : Prof. Y.M. Gimm
Spain : Prof. J.L. Sebastian Franco
Sweden : Prof. Y. Hamnerius
Switzerland : Prof. N. Kuster
Turkey : Dr. A. Koksal
Ukraine : Prof. Y. O. Zozulya
United Kingdom : Dr. M.P. Robinson
U.S.A. : Prof. E. Topsakal

Observers :
Argentina : Prof. V.H. Padula-Pintos
Chile :
Denmark : Prof. J. B. Andersen
Iraq:

57



Working Groups 2011-2014

D.1 RFID Technologies and Privacy of data
Chair : Dr. S. Tedjini (France)
Vice-Chair : Dr. G. Marrocco (Italy)

E.1. Terrestrial and Planetary Electromagnetic Noise
Environment

Co-Chairs : Y. Hobara (Japan), K. Hattori (Japan), A.P.
Nickolaenko (Ukraine), C. Price (Israel),

E.2. Intentional Electromagnetic Interference
Co-Chairs : M. Bickstrom (Sweden) and W. Radasky
(U.S.A);

E.3. High Power Electromagnetics
Co-Chairs:R.L. Gardner (U.S.A.) and F. Sabath (Germany)

E.4. Lightning Discharges and Related Phenomena
Chair: S. Yoshida (Japan), Co-Chair: Dr. V. Rakov (U.S.A.)

E.5.Interaction with, and Protection of, Complex Electronic
Systems

Co-Chairs : J-P. Parmentier (France);
(Germany) and H. Reader (South Africa)

F. Gronwald

E.6. Spectrum Management
Chair: T. Tjelta (Norway); Co-Chair : R. Struzak (Poland)

E.7. Geo-Electromagnetic Disturbances and Their Effects
on Technological Systems
Chair : A. Viljanen (Finland);

E.8. Electromagnetic Compatibility and Security in Wired
an Wireless Communication Systems
Co-Chairs : J. Gavan (Israel) and A. Zeddam (France);

F.1. Education and Training in Remote Sensing and
Related Aspects of Propagation/Next-generation radar
remote sensing

Chair: M. Chandra (Germany), Co-Chairs: J. Isnard
(France), W. Keydel, E. Schweicher (Belgium)

G.1. Tonosonde Network Advisory Group (INAG)
Chair : I. Galkin (USA), Vice-Chair : to be nominated
INAG Editor : P. Wilkinson (Australia);

G.2. Studies of the Ionosphere Using Beacon Satellites
Chair (Honorary) : R. Leitinger (Austria)

Vice-Chairs : P. Doherty (U.S.A.),P.V.S. Rama Rao (India)
and M. Hernandez-Pajares (Spain)

G.3 Incoherent Scatter
Chair : M. McCready (USA), Vice-Chair: TBD

G4. Equatorial and Low-Latitude Aeronmy
Chair : TBD

58

Joint Working Groups

EGH. Seismo Electromagnetics (Lithosphere-Atmosphere-
Ionosphere Coupling)

Co-Chair for Commission E : M. Hayakawa (Japan)
Co-Chair for Commission G : S. Pulinets (Russia)
Co-Chair for Commission H : M. Parrot (France)

FG. Atmospheric Remote Sensing using Satellite
Navigation Systems

Co-Chairs for Commission F : B. Arbesser-Rastburg (the
Netherlands)

Co-Chair for Comm. G : C. Mitchell (United Kingdom)

GF. Middle Atmosphere
Co-Chair for Comm. F : C.H. Liu (China, SRS)
Co-Chair for Comm. G : TBD

GH. Active Experiments in Plasmas
Co-Chair for Comm. G : K. Groves (USA)
Co-Chair for Commission H : B. Thidé (Sweden)

Inter-Commission Data Committee
Interim Chair: Dr. P. Wilkinson (Australia)

Inter-Commission Working Group on Natural and Human
Induced Hazards and Disasters
Co-Chair for Commission E : W.A. Radasky (U.S.A.)

Inter-Commission Working Group on Solar Power Satellites
Chair : Prof. H. Matsumoto (Japan)

Co-Chair for Commission E : Z. Kawasaki (Japan) and J.
Gavan (Israel)

Co-Chair for Commission H : K. Hashimoto (Japan)
Co-Chair for Commission G : K. Schlegel (Germany)
Inter-Commission Working Group on Radio Science
Services

Co-Chair for Commission E : T. Tjelta (Norway)
Co-Chair for IUCAF : Dr. W. Van Driel (France)(ex officio)

HEJ. Computer Simulations in Space Plasmas

Co-Chair for Commission H : Y. Omura (Japan) and B.
Lembege (France)

Co-Chair for Commission J: K. Shibata (Japan)

Inter-Union Working Groups

URSI/TAGA VLF/ELF Remote Sensing of the lonospheric
and Magnetosphere (VERSIM)

Co-Chair for IAGA Commissions 2 and 3 : C.J. Rodger
(New Zealand)

Co-Chair for URSI Commissions H : J. Lichtenberger
(Hungary)

Co-Chair for URSI Commission G : TBD

URSI/COSPAR on International Reference Ionosphere (IRI)
Chair : L-A McKinnel (South Africa)

Vice-Chair for URSI : S. Watanabe (Japan)

Vice-Chair for COSPAR : V. Truhlik (Czech Republic)
Secretary: D. Bilitza (U.S.A.)

e Radio Science Bulletin No 343 (December 2012)



AUSTRALIA  President :
Secretary :
AUSTRIA President :
BELGIUM President :
Secretary :
BRAZIL President :
Secretary
BULGARIA President :
Secretary :
CANADA President
Secretary :
CHINA (CIE)  President :
Secretary :
CHINA (SRS)  President :
Secretary
CZECH REP. President :
Secretary :
EGYPT President
Secretary :
FINLAND President :
Secretary :
FRANCE President :
Secretary
GERMANY President :
Secretary :
GREECE President
Secretary:
HUNGARY President :
Secretary :
INDIA President :
Secretary
IRELAND President :
Secretary :
ISRAEL President
Secretary :
ITALY President :
Secretary :
JAPAN President :
Secretary
NETHERLANDSPresident :

e Radio Science Bulletin No 343 (December 2012)

Secretary :

Prof. A.J. Parfitt
Ms. M. O’Brien
Prof. H. Rucker
Prof. M. Van Lil
Prof. G. Vandenbosch
Prof. M.S. Assis

: Prof. M.T.M. Rocco Giraldi

Prof. B. Shishov
Prof. M. Nenchev

: Dr. F. Prato

Dr. A.D. Gray
Dr. J. Wu

Mr. R-H Lin
Prof. L-C Lee

: Prof. K-S Chen

Prof. M. Mazanek
Assoc. Prof. O. Fiser

: Prof. S.E. El-Khamy

Prof. E.M. Saad
Prof. A. Sihvola
Dr. H. Wallén
Prof. F. De Fornel

: Prof. A. Sibille

Prof. W. Mathis
Dr. E. Bogenfeld

: Prof. N.K. Uzunoglu

Dr. T. Samaras

Prof. L. Zombory

Dr. L. Nagy

Prof. A. Bhattacharyya

: Dr. A. Moitra

Dr. M. O’Droma
Dr. C. Downing

: Prof. E. Heyman

Prof. R. Kastner
Prof. R. Sorrentino
Dr. P. Tavella

Prof. K. Kobayashi

: Prof. S. Yagitani

Prof. A. Van Ardenne
Dr. Ir. M.J. Bentum

NEW ZEALAND

NIGERIA

NORWAY

PERU

POLAND

PORTUGAL

RUSSIA

SAUDI ARABIA

SLOVAKIA

SOUTH AFRICA

SOUTH KOREA

SPAIN

SWEDEN

SWITZERLAND
TURKEY

UKRAINE

UNITED KINGDOM

US.A.

President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary:
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
Secretary :
President :
President :
Secretary:
President :
: Dr. O.M. Kuzmak

Secretary

President :
Secretary :
: Prof. S.C. Reising

President

Secretary :

Associate Member Committees

ARGENTINA

CHILE
DENMARK
IRAQ :

President :
Secretary :
President :
President :
President :

Prof. N.R. Thomson
Dr. P. Behrens

Prof. M.O. Ajewole
Dr. V.U. Chukwuma
Prof. J. Trulsen

Ms. Brynildsen

Dr. R. Woodman
Ing. D. Chavez Munoz
Prof. J. Modelski
Dr. A. Witczak

Eng. M.L. Mendes
Ms. H.P. Prazeres
Dr. Yu. V. Gulyaev
Dr. G.I. Chukhray
Dr. MLI. Suwaiyel
Mr. M. Al-Badrani
Prof. L. Sumichrast
Dr. Z. Krajcuskova
Dr. L-A McKinnell
Ms. L. Ngwenya
Prof. S. Nam

Prof. S.O. Park
Prof. F. Ares-Pena

Prof. J. Rodriguez-Gonzales

Prof. G. Kristensson
Mr. C.-H. Walde
Prof. F. Rachidi

Dr. A. Altintas

Dr. B. Saka

Prof. A.N. Pogorily

Dr. C.C. Constantinou
Dr. Ian Glover

Prof. D. Jackson

Mr. N.A. Dominguez
Ing. A. Garbini

Prof. J. May

Prof. P. Hoeg

Dr. Eng. S.B. Sadkhan

59




REPRESENTATIVES IN SCIENTIFIC ORGANISATIONS

COSPAR (Committee on Space Research) :
Dr. Z. Klos (Poland)

ICG (International Committee on Global Navigation
Satellite Systems)
Prof. B. Arbesser-Rastburg (the Netherlands)

ICSU (International Council of Scientific Unions) :
Dr. P. Wilkinson (Australia)
Prof. F. Lefeuvre (France)

ICSU World Data System
Dr. D. Bilitza (U.S.A.)

IGBP (International Geosphere-Biosphere Programme)
Dr. P. Bauer (France)

ISES (International Space Environment Service) :
Dr. D. Boteler (Canada)(Director)

Dr. R. Pirjola (Finland, Com. E)

Prof. 1. Stanislawska (Poland, Com. G)

IUCAF (Scientific Committee on Frequency Allocations
for Radio Astronomy and Space Science) :
Dr. M. Ohishi (Chairman, Japan)

Prof. S. Ananthakrishnan (India, Com J)
Dr. W.A. Baan (ex officio)

Prof. I. Haggstrom (U.S.A., Com. G)
Prof. S.C. Reising (U.S.A, Com. F)

Dr. A.T. Tzioumis (Australia, Com. J)
Dr. W. Van Driel (France, Com. J)

IUGG/TAGA (International Union of Geodesy and
Geophysics/International Association of Geomagnetism
and Aeronomy)

Dr. P. Wilkinson (Australia)

SCAR (Scientific Committee on Antarctic Research) :
Dr. M. Clilverd (U.K.)

SCOR (Scientific Committee on Oceanic Research) :
Dr. R.H. Lang (U.S.A))

SCOSTEP (Scientific Committee on Solar-Terrestrial
Physics):
Dr. L-A McKinnel (South Africa)

WHO EMF (World Health Organisation - Electromagnetic
Field Programme)
Prof. B. Veyret (France)

EDITORS OF URSI PUBLICATIONS

Radio Science Bulletin
Editor-in-Chief : Prof. P. Lagasse
Editor : Dr. W. R. Stone
Senior Associate Editors:
Prof. J. Volakis
Associate Editor for Abstracts:
Prof. P.A. Watson
Associate Editor for Book Reviews:
Prof. K. Schlegel
Editorial Advisory Board : Prof. F. Lefeuvre
Associate Editors:
Dr. P. Banerjee, Mr. Y. Koyama (Com. A)
Prof. G. Manara, Dr. A. Sihvola (Com. B)
Prof. M. Luise, Prof. S. Salous (Com. C)

60

Dr. P-N Favennec (Com. D)

Dr. David Giri (Com. E)

Dr. S. Paloscia, Dr. R. Lang (Com. F)
Prof. 1. Stanislawska (Com. G)

Prof. M.M. Oppenheim (Com. H)

Dr. J. Baars (Com. J)

Dr. E. Topsakal (Com. K)

Review of Radio Science (ceased publication in 2002)
Editor : Dr. W. R. Stone

Records of URSI General Assemblies
Editor : Secretary General

e Radio Science Bulletin No 343 (December 2012)



ABULDAHAB, Prof. M. A., Faculty of Engineering and
Technology, ArabAcademy for Science & Technology ,P.O.Box
2033 Al-Horria, Heliopolis, Cairo, EGYPT, Tel. +2022 379273
95, Fax +2022 379273 95, E-mail mdahab@aast.edu  (55)

ADIMULA, Dr. I.A., Physics Department, University
of Ilorin, Ilorin, NIGERIA, Tel. 234 802
629 2655, E-mail iaadimula@hotmail.com (55)

AGUILERA, Mr. R., Centro de Estudios Espaciales,
Universidad de Chile, Casilla 411-3, SANTIAGO 3,
CHILE, Tel. +56 2-556 8382, Fax +56 2-844 1003 (55)

AIKIO, Dr. A., Dept. of Physical Sciences, University of Oulu,
PO Box 3000, FI-90014 OULU,FINLAND, Tel. +358 8 5531
363, Fax +358 8 5531 287, E-mail Anita.Aikio@oulu.fi (56)

AJEWOLE, Prof. Oludare, Department of Physics, Federal
University of Technology, Pmb 704, 340001 Akure,
NIGERIA, Tel. 234 803 455 0871,E-mail oludare.ajewole@
futa.edu.ng, oludareajewole61@yahoo.com (59)

AKSUN, Prof. I., College of Engineering, Koc
University, Rumelifeneri Yolu, 34450 Sariyer
Istanbul, TURKEY, Tel. +90 212 338 1539, Fax +90
212 338 1548, E-mail iaksun@ku.edu.tr (53)

AL-BADRANI, Mr. M., Director, Directorate of International
Cooperation, KACST, P.O Box 6086, RIYADH 11442, SAUDI
ARABIA, Tel. +966 1481 3384, Fax +966 1481 3441, E-mail
int_coop@kacst.edu.sa, mbadrani@kacst.edu.sa (59)

AL-RAJEHI, Dr.A., Astronomy and Geophysics Research Institute,
KingAbdulaziz City for Science & Technology, P. O. Box 6086,
RIYADH 11442, SAUDIARABIA, Tel. +966 1 481 3535, Fax
+966 14813526, E-mail arrajehi@kacst.edu.sa (53,55,56,57

ALENCAR, Prof. M.S. de, Centro de Ciencias e Tecnologia,
Departamento de Engenharia Eletrica, Universidade Federal de
Campina Grande, Av. Aprigio Veloso 882, Bodocongo, 58109-
970 Campina Grande, BP, BRASIL, Tel. + 55 83 3310 1122,
E-mail malencar@ufcg.edu.br, malencar@iecom.org.br (54)

ALENCAR, Prof. Luiz, Pontificia Universidade Catolica do Rio
de Janeiro, Centro Técnico-Cientifico, Centro de Estudos em
Telecommunicagoes, CETUC-PUC/Rio, Rua Marqués de S.
Vicente 225, Gavea, 22453-900 Rio de Janeiro, BRAZIL,
Tel. +55 21 31141618, E-mail semello@cetuc.puc-rio.br,
lamello@inmetro.gov.br, larsmello@gmail.com (53)

ALTINTAS, Prof. A., Dept. of Electr. & Electronics Eng. ,
Bilkent University, Faculty of Engineering, 06533 Bilkent
ANKARA, TURKEY, Tel. +90 312 290 1489, Fax +90
312 266 4192, E-mail altintas@ee.bilkent.edu.tr (59)

ALVAREZ, Prof. H., Departamento de Astronomia, Universidad de
Chile, Casilla 36-D, SANTIAGO 16, CHILE, Tel. +56 2-229
4002,Fax+562-2294101, E-mailhalvarez@das.uchile.cl (57)

AMAYA, Dr. A, Radiopropagation Research, Communications
Research Centre Canada, 3701 Carling Avenue, K2B
5C7 Ottawa, CANADA, Tel. +1 613 9982197, Fax +1
613 990 6339, E-mail cesar.amaya@crc.gc.ca (55)

AMBROSINI, Dr. R., Institute of Radioastronomy,
INAF, Via Gobetti 101, 40129 BOLOGNA,
ITALY, E-mail r.ambrosini@ira.inaf.it (57)

AMMANN, Dr. M., School of Electronic & Communications
Engineering, Dublin Institute of Technology, Kevin
Street, DUBLIN 8, IRELAND, Tel. +353 1 4024905, Fax
+353 1 4024690, E-mail max.ammann@dit.ie 57)

ANANTHAKRISHNAN, Prof. S., Electronic Science
Department, Pune University, Ganeshkhind, PUNE
411007, INDIA, Tel. +91 20 2569 9841, Fax +91 20
6521 4552, E-mail subra.anan@gmail.com (52,60)

e Radio Science Bulletin No 343 (December 2012)

ANDERSEN, Prof. J. Bach, Aalborg University, Inst. of Electronic
Systems, Center for Personal Communication, Niels
Jernes Vej 12, DK-9220 AALBORG EAST,DENMARK,
Tel. +4598314213, Fax , E-mail jba@es.aau.dk 57

ANDO, Prof. M., Dept. of Electrical & Electronic Eng., Graduate
School of Science and Engineering, Tokyo Institute of
Technology , S3-19, 2-12-1 O-okayama, Meguro, TOKYO
152-8552, JAPAN, Tel. +81 3 5734-2563, Fax +81 3
5734-2901, E-mail mando@antenna.ee.titech.ac.jp  (52)

ANDREWS, Dr. M.K., Industrial Research Limited, P.O. Box 31-
310,LOWERHUTT,NEW ZEALAND, Tel. +64 4-569-0223,
Fax +64 4-569-0754, E-mail m.andrews@irl.crinz  (54)

ANGELSEN, Prof. B.A.J., Department of Circulation and Medical
Imaging, NTNU, N-7487 TRONDHEIM, NORWAY, Tel.
+47 91 320934, E-mail bjorn.angelsen@ntnu.no 57)

ARBESSER-RASTBURG, Dr. B., ESA-ESTEC,
TOS-EEP, Postbus 299, 2200 AG NOORDWIIK,
NETHERLANDS, Tel. +31 71 565 4541, Fax +31 71 565
4999, E-mail bertram.arbesser-rastburg@esa.int  (58,60)

ARES-PENA, Prof. F., Dpto. Fisica Aplicada, Facultad de
Fisica, Universidad de Santiago de Compostela, 15782
Santiago de Compostela,SPAIN, Tel. +34 8818 140 16,
Fax +34 8818 140 72, E-mail francisco.ares@usc.es  (59)

ARIKAN, Dr. F., Faculty of Engineering, Haceteppe University,
Beytepe, Ankara, TURKEY, Tel. +312 297 7095, Fax
+312 299 2125, E-mail arikan@haceteppe.edu.tr (56)

ARMSTRONG, Dr. T.R., Measurement Standards laboratory,
Industrial Research Limited, P.O. Box 31-310, Lower
Hutt, NEW ZEALAND, Tel. +64 4 931 3199, Fax
+64 4 931 3194, E-mail tarmstrong@irl.cri.nz (53)

ARNAUT, Prof. L.R., Communication Technologies Group,
National Physical Laboratory, Hampton Road, Teddington,
TWI110LW, UNITED KINGDOM, Tel.+44 20 8943 6676, Fax
+44 20 8943 7176, E-mail luk.arnaut@googlemail.com(53)

ARTHABER, Dr. H., Institute of Electrodynamics, Microwave
and Circuit Engineering, Vienna University of Technology,
Gusshausstrasse 25/354, 1040 Vienna, AUSTRIA,
Tel. +43 1 58801 35 420, Fax +43 1 58801 935
420, E-mail holger.arthaber@tuwien.ac.at (53)

ASSIS, Prof M.S., Rua Coelho Neto, 17 Ap.301, Laranjeiras,
22231-110 Rio de Janeiro, Brazil, Tel. +55 21 255
29487, E-mail msassis@openlink.com.br (55,59)

AWADALLAH, Prof. K., Faculty of Engineering,
Menufia University, Menufia, EGYPT,
E-mail awadalla@hotmail.com (56)

BAAN, Prof. W.A., Netherlands Foundation for Research, in
Astronomy - Westerbork Observatory, P.O. Box 2, NL-7990AA
DWINGELOO,NETHERLANDS, Tel. +31521-595773/100,
Fax +31 521-595 101, E-mail baan@astron.nl (57,60)

BAARS, Dr. JJW.M., Mm-Astronomy, Max Planck Institute for
Radio Astronomy, Auf dem Hiigel 69, 53121 Bonn, Germany,
Tel. +49-228-525303, Fax , E-mail jacobbaars@arcor.de (60)

BACKSTROM, Dr. M., Saab Aeronautics, 581 88
LINKOPING, SWEDEN, Tel. +46 734 18 15 12, Fax +46
13 18 55 20, E-mail mats.backstrom@saabgroup.com (58)

BAGGALEY, Prof. W.J., Department of Physics and Astronomy,
University of Canterbury, Private Bag, CHRISTCHURCH
1, NEW ZEALAND, Tel. +64 3-364-2558, Fax +64 3-364-
2469, E-mail jack.baggaley@canterbury.ac.nz (55, 56)

61




BAJAJA, Dr. E., Inst. Arg. de Radioastronomia, CC. No 5, 1894
VILLAELISA, B.A., ARGENTINA, Tel. +54221-4254909,
Fax+54221-4824903, E-mail bajaja@irma.iar.unlp.edu.ar (57)

BANERJEE, Dr. P., National Physical Laboratory, Dr. K.S.
Krishnan Marg, NEW DELHI 110 012, INDIA, Tel.
+91 11 45608391 / 45609240, Fax +91 11 25841506,
E-mail pbanerjee@mail.nplindia.ernet.in (52,60)

BARBOSA, Prof. A.M., Instituto Superior Técnico, Instituto
de Telecomunicagdes, Avenida Rovisco Pais n°1, 1049-001
LISBOA CODEX,PORTUGAL, Tel. +351 21 841 8482, Fax
+351 21 841 8472, E-mail afonso.barbosa@lx.it.pt  (53)

BATISTA, Dr. 1.S., INPE - Instituto Nacional de Pesquisas
Espaciais, Av. dos Astronautas 1758, Jd. da Granja,
12227-010 Sao José dos Campos, SP, BRAZIL, Tel.
+55 12 39456000, E-mail inez@dae.inpe.br (56)

BAUER, Dr. P, 17, Route des Bardis, F-31320 Rebigue,
FRANCE, E-mail pierre.bauer3@orange.fr (60)

BEBBINGTON, Dr. D., School of Computer Science & Electronic
Engineering, University of Essex, Wivenhoe Park, Colchester,
CO4 3SQ, UNITED KINGDOM, Tel. +44 120 6872819,
Fax +44 120 6872684, E-mail david@essex.ac.uk  (55)

BEHRENS, Dr. P., The Royal Society of New Zealand, P.O.
Box 598, Wellington 6140, NEW ZEALAND, Tel. +64 4
470 5777, E-mail Paul.Behrens@royalsociety.org.nz  (59)

BENCZE, Prof. P.,, Geof. Kut. Labor, MTA (Hungarian
Academy of Sciences), Csatkai E. u. 6, H-9400
SOPRON, HUNGARY, Tel. +36 99-314291, Fax
+36 99-313267, E-mail bencze@ggki.hu (56)

BENTUM, Dr. Ir. M.J., Fac. of Electrical Eng. Mathematics &
Computer Science, University of Twente, Postbus 217, 7500
AE Enschede, Netherlands, Tel. +31 53 489 2108/3856, Fax
+31 53 489 5640, E-mail m.j.bentum@utwente.nl  (54,59)

BERNARDI, Prof. P., Department of Electronic Engineering,
University La Sapienza, Via Eudossiana 18, 000184
ROME, ITALY, Tel. +390 6-4458 5855, Fax +390
6-474 2647, E-mail bernardi@die.uniromal.it 57

BERNHARD, Prof. J., ECE, University of Illinois at
Urbana-Champaign, 1020 W. Daniel St, Champaign,
IL 61821, USA, Tel. +1 (217) 333 0293, E-mail
jtbernhard@ieee.org, jbernhar@illinois.edu (54)

BETSKIY, Dr. O.V., FIRE, Russian Academy
of Sciences, Vvedenskogo pl. 1, Fryasino, Moscow
Region 141120, RUSSIA, Tel. +7 495 629 33 80,
Fax +7 495 629 3678, E-mail ehf@cplire.ru (57)

BEUNZA,Eng.0.M.,Cnel. RamonL.Falcon 1535, 3rdfloor, Apt.A,
C1407GNDBUENOSAIRES,ARGENTINA, Tel. +54 1-772-
1471,Fax+541147760410,E-mailpostmast@caerce.edu.ar (55)

BHATTACHARYYA, Dr A., Indian Institute of Geomagnetism,
Plot-5; sector-18, Kalamboli Highway, New Panvel
(W), Navi Mumbai, maharastra 410218, India, Tel.
+91 22 2748 4147, Fax +91 22 2748 0762, E-mail
archana.bhattacharyya@gmail.com (56,59)

BILITZA, Dr. D., Space Weather Laboratory, George Mason
University, 1856 Ingleside Terrace Nw, 20010 Washington,
USA, Tel. +1 301 286-0190, Fax +1 301 286-1771, E-mail
dieter.bilitza-1(@nasa.gov, dbilitza@gmu.edu (58,60)

BIOLEK, Prof. D., Brno University of Technology/University
of Defence Brno, Kounicova 65, BRNO 616 00, CZECH
REPUBLIC, Tel. +420 973 442 487, Fax +420 541
149 192, E-mail dalibor.biolek@unob.cz (54)

BITTENCOURT, Dr. J.A., INPE - Instituto Nacional de
Pesquisas Espaciais, Av. dos Astronautas 1758, Jd. da Granja,
12227-010 Sao José dos Camos, S.P, BRAZIL, Tel. +55
12-39456000, E-mail jabittencourt@hotmail.com (56)

BOGENFELD, Dr. E., Deutsche Telekom AG, T-Labs (Research
& Development), Wireless Technologies & Networks,
Deutsche-Telekom-Allee 7, D-64295 DARMSTADT,
GERMANY, Tel. +49 6151 58 35834, Fax +49 391
580216 938, E-mail eckard.bogenfeld@telekom.de  (59)

62

BOLAS, Prof. T.E., LCDR, DITIC, Rua do Arsenal,
1149-001 LISBOA,PORTUGAL, Tel. +351 9177
44 784, E-mail ludovico.bolas@marinha.pt (56)
BORREGO, Eng. J.P., ICP-ANACOM, Centro de Monitorizagao
e Controlo do Espectro do Sul, Alto do Paimao, 2730-216
BARCARENA, PORTUGAL, Tel. +351 21 434 85 00, Fax
+351 21 434 85 90 , E-mail jose.borrego@anacom.pt  (55)
BOSCH, Prof. W., Institute of Microwave and Photonic
Engineering, Graz University of Technology, Inffeldgasse
12, 8010 Graz, AUSTRIA, Tel. +43 316 873 3301, Fax +43
316 873 3302, E-mail wolfgang.boesch@tugraz.at  (54)
BOSKA, Dr. J., Institute of Atmospheric Physics, Academy
of Sciences of Czech Republic, Bocni 11-1401, PRAGUE
4 141 31, CZECH REPUBLIC, Tel. +420 272 016 065,
Fax +420 272 762 528, E-mail boska@ufa.cas.cz (56)
BOTELER, Dr. D.H., Director, ISES, Geomagnetic Laboratory,
7 Observatory Crescent, OTTAWA, ON KI1A 0Y3,
CANADA, Tel. +1 613 837-2035, Fax +1 613 824-
9803, E-mail boteler@geolab.nrcan.gc.ca (60)
BRADLEY, Dr. R., Technology Center, National Radio
Astronomy Observatory, 1180 Boxwood Estate Road, VA
22903 Charlottesville, United States, Tel. +1 434-296-0291,
Fax +1 434-296-0324, E-mail rbradley@nrao.edu (57)
BRAZIL, Prof. T., UCD School of Electrical, Electronic
and Mechanical Engineering, University College Dublin,
DUBLIN, BELFIELD 4, IRELAND, Tel. +353 1 716 1929,
Fax +353 1 283 0921, E-mail Tom.Brazil@ucd.ie (54)
BREINBJERG, Prof. O., OERSTED-DTU, Electromagnetic
Systems, Technical University of Denmark, Oersteds
Plads, Bldg. 348, DK-2800 LYNGBY, DENMARK,
Tel. +45 4525 3814, Fax +45 4593 1634 (53, 55)
BREKKE, Prof. A., Institute for Physics and Technology,
University of Tromso, N-9037 TROMSO, NORWAY,
Tel. +47 77 645167, E-mail asgeir.brekke@uit.no (56)
BRENNAN, Dr. C., School of Electronic Engineering,
Dublin City University, DUBLIN 9, IRELAND, Tel.
+353 1 7007649, E-mail BrennanC@eeng.dcu.ie (55)
BROSCH, Dr. N., Wise Observatory, Tel Aviv University, Chayim
LevanonSt.,RamatAviv,69978 TELAVIV,ISRAEL, Tel.+9723
640-7413,Fax+9723640-8179,E-mailnoah@wise.tau.ac.il (57)
BRYNILDSEN, Ms. , Institute of Theoretical Astrophysics, P.O.
Box 1029 Blindern, N-0315 OSLO, NORWAY, Tel. +47 22
856502, Fax+4722 856505, E-mail nilsbr@astro.uio.no (59)

CALOZ, Dr. C., Pavillon Lassonde, M-6025, Ecole
Polytechnique, 2500, Chemin de Polytechnique, Montréal,
QuébecH3T1J4,CANADA, Tel.+15143404711 ext.3326,Fax
+1514 340 5892, E-mail christophe.caloz@polymtl.ca (54)

CANAVERO, Prof. F.G., Dipartimento di Elettronica,
Politecnico di Torino, Corso Duca Degli Abruzzi, 24,
[-10129 TORINO,ITALY, Tel. +39 011 564-4060, Fax +39
011 564-4099, E-mail flavio.canavero@polito.it (55)

CANNON, Prof. P.S., RF Operating Environments, C4ISR,
QinetiQ, St. Andrews Road, MALVERN WRI14 3PS,
UNITED KINGDOM, Tel. +44 1684 896468, Fax +44
1684 895646, E-mail pcannon@qinetiq.com (52)

CAO, Dr., Space Science Institute, Beihang
University, 37, Xueyuan Road, Haidian District,
100191 Beijing, China, Tel. 86.10.62582644, Fax
86.10.82338856, E-mail jbcao@buaa.edu.cn (56)

CAPSALIS, Prof. C., Division of Information Transmission
Systems and Material Technology, School of Electr. and Comp.
Engineering, National Technical University of Athens, Iroon
Polytechniou9,GR-15773ATHENS,GREECE, Tel.+30210772
3517,Fax+302107722281,E-mail ccaps@central.ntua.gr (55)

e Radio Science Bulletin No 343 (December 2012)



CARDOSO, Prof. J. R., Escola Politecnica, Departamento
de Engenharia de Energia e Automogao Elétrica,
Universidade de Sao Paulo, Av. Professor Luciano
Gualberto, tv. 3, N. 158, Cidade Universitaria, 05508-900
Sao Paulo, SP, BRAZIL, Tel. +55 11 30915415, Fax +55
11 38144013, E-mail jose.cardoso@poli.usp.br (57)

CARVALHO, Prof. , Instituto de Telecomunicacoes,
Universidade de Aveiro, Campus Universitario, 3810-
193 Aveiro, PORTUGAL, Tel. +351 234377900, Fax
+351 234377901, E-mail nbcarvalho@ua.pt (53)

CERDEIRA, Dr. R.P., ESA-ESTEC, TEC-EEP, Postbus 299,
2200 AG NOORDWIJK, NETHERLANDS, Tel. +31 71
565 8658, E-mail roberto.prieto.cerdeira@esa.int (56)

CHAKRABARTI, Dr. N., Saha Institute of Nuclear Physics, 1/AF,
Bidhannagar, Kolkata, 700064, INDIA, Tel. +91 3323375345,
Fax+913323374637,E-mailnikhil.chakrabarti@saha.ac.in (56)

CHANDRA, Prof. DR. M., Chair-holder for Microwave
Engineering and Photonics, Electrical Eng & Information, T.U.
Chemnitz, Reichenhainer Strasse 70, D-09126 CHEMNITZ,
GERMANY, Tel. +4937153133168,Fax+49371531833168,
E-mail madhu.chandra@etit.tu-chemnitz.de (52, 55,58)

CHANDRASEKAR, Prof. V., Engineering B117, Colorado State
University, , Fort Collins, Colorado 80523, USA, Tel. +1
970 491 7981, E-mail chandra@engr.colostate.edu  (55)

CHANG, Prof. D-C, Oriental institute of Technology,
58,Sec.2,Sihchuan Rd.,Pan-Chiao City,Taipei County
22061, TAIWAN, E-mail dcchang@mail.oit.edu.tw  (53)

CHANG, Prof. H-C, Department of Electrical Engineering,
National Taiwan University, No. 1, Roosevelt Road Sec. 4,
TAIPEI 106, CHINA (SRS), Tel. +886-2-2363525 1 ext.51, Fax
+886-2-23638247, E-mail hcchang@cc.ee.ntu.edu.tw  (53)

CHAU, Dr. Jorge L., Jicamarca Radio Observatory, Instituto
Geofisico del Peru, Apartado 13-0207, LIMA 13, PERU,
Tel. +51 1-3172313, Fax +51 1-4344563, E-mail jchau@
jro.igp.gob.pe, jorge.chau@jro.igp.gob.pe (56)

CHAVEZ MUNOZ, Ing. D., Departamento de Ingenieria,
Universidad Catolica del Perti, Grupo de Telecomunicaciones
Rurales , Av.Universitaria 1801, San Miguel, LIMA
32, PERU, Tel. +51-1-626-2452, Fax +51-1-
626-2116, E-mail dchavez@pucp.edu.pe (54,59)

CHEN, Prof. K-S, Center for Space and Remote Sensing
Research, National Central University, No. 300, Jung-
da Road, Jhongli City, TAOYUAN 320, CHINA
(SRS), Tel. +886-3-4227151 ext7617, Fax +886-3-
4273586, E-mail dkschen@csrsr.ncu.edu.tw (55,59)

CHERPAK, Prof. N.T., A. Usikov Institute of Radiophysics
and Electronics, NASU, 12, ac. Proskura Str., KHARKOV
61085, UKRAINE, Tel. +380 57 7203363, Fax +380
57 3152105, E-mail cherpak@ire.kharkov.ua (55)

CHINEKE, Dr. T.C., Department of Physics and Industrial
Physics, Imo State University, Owerri, Imo State, NIGERIA,
Tel. 234 803 722 9905, E-mail chidiezie@yahoo.com (53)

CHOUDHARY, Dr R.K., Space Physics Laboratory, Vikram
Sarabhai Space Center, Thumba, ISRO P.O. , Trivandrum,
Kerla 695 022, INDIA, Tel. +91 471 2562156, Fax
+91 471 2706535, E-mail rajkumar choudhary@
vssc.gov.in, rajkumar.choudhary@gmail.com (55)

CHRISSOULIDIS, Prof. D.P., Division of Telecommunications,
Dept. of Electrical and Computer Eng., Aristotle
University of Thessaloniki, P.O. Box 1562, GR- 54124
THESSALONIKI, GREECE, Tel. +30 231 099 6334, Fax
+30 231 099 6334, E-mail dpchriss@eng.auth.gr (55)

CHRISTOPOULOS, Prof. C., George Green Institute for
Electromagnetics Research, School of EEE, University of
Nottingham, University Park, NOTTINGHAM, NG7 2RD,
UNITED KINGDOM, Tel. +44 115 846 8296, Fax +44
115 951 5616, E-mail christos.christopoulos@nottingham.
ac.uk, kathryn.sanderson@nottingham.ac.uk (52)

e Radio Science Bulletin No 343 (December 2012)

CHU, Prof. Y-H, Secretary General Office, National Central
University, No. 300, Jungda Road, CHUNG-LI, TAOYUAN
320, CHINA (SRS), Tel. +886 3-4227151 ext. 57010, Fax
+886 3-4254842, E-mail yhchu@jupiter.ss.ncu.edu.tw (56)

CHUGUNOYV, Prof. Yu.V,, Institute of Applied Physics, Russian
Academy of Sciences, Ul’yanova Street 46, NIZHNY
NOVGOROD 603600, RUSSIA, Tel. +7 8314 384 232, Fax
+7 8314 362 061, E-mail chugun@appl.sci-nnov.ru  (56)

CHUKHLANTSEY, Dr. A.A., Institute of Radio-engineering
and Electronics, Russian Academy of Sciences, 1
Acad. Vvedensky Sq.,Fryazino, Moscow Region
141190,RUSSIA, E-mail chukhlantsev@ms.ire.rssi.ru  (55)

CHUKHRAY, Dr.G.L, Instituteof Radioengineeringand Electronics
(IRE), Russian Academy of Science, Mokhovaya str. 11,
MOSCOW 125009,RUSSIA, Tel. +7495311 6978, Fax +7495
6293678,E-mailaustralia2(@yandex.ru,gulyaev(@cplire.ru (59)

CHUKWUMA, Dr. V.U., Department of Physics, Olabisi Onabanjo
University , P.O.Box351,AgoIwoye, NIGERIA, Tel. 234 805
5075270, Fax , E-mail victorchukwuma@yahoo.com (56,59)

CILLIERS, Dr. PJ., Hermanus Magnetic Observatory, Physic
Department, Rhodes University, P.O. Box 32, 7200
HERMANUS,SOUTH AFRICA, Tel. +27 28 312 1196,
Fax +27 28 312 2039, E-mail pjcilliers@hmo.ac.za  (57)

CLARK, Prof. A.R., School of Electrical and Information
Eng., University of Witwatersrand, Room CM4-236, 3050
WITS, SOUTH AFRICA, Tel. +27 11 717 7223, Fax +27
11 403 1929, E-mail alanrobertclark@gmail.com (53)

CLAUDE, Dr. S., National Research Council Canada, Herzberg
Institute of Astrophysics, 5071 West SaanichRoad, VICTORIA,
BC VIE 2E7, CANADA, Tel. +1 250 363 0030, Fax +1 250
363 0045, E-mail Stephane.Claude@nrc-cnre.gec.ca  (57)

CLEMENTE, M.D. Pais, Director Servigo Otorrinolaringologia,
Faculdade De Medicina Do Porto, Hospital De Sao
Jodo porto, Porto, Portugal, Tel. +351217212201,
E-mail pais.clemente@mail.telepac.pt (57)

CLENET, Dr. M., Defence Research and Development Canada, ,
3701 Carling Avenue, OTTAWA ONK1A0Z4, CANADA, Tel.
+16139987397, E-mail Michel.Clenet@drdc-rddc.ge.ca (53)

CLETTE,Dr.F.,SIDC-SolarPhysics,Royal ObservatoryofBelgium,
3,avenue Circulaire, 1180 Bruxelles, Belgium, Tel. (322)373-
0233,Fax(322)374-9822, E-mail frederic.clette@oma.be (57)

CLILVERD, Dr. M.A., British Antarctic Survey, High
Cross, Madingley Road, CAMBRIDGE, CB3 O0ET,
UNITED KINGDOM, Tel. +44 1223 221541, Fax
+44 1223 221226, E-mail macl@bas.ac.uk (60)

COHEN, Prof. A., The Institute of Earth Science, The
Hebrew University, Givat-Ram, P.O.B. 9137, 91091
JERUSALEM, ISRAEL, Tel. +972 2-658 6645, Fax
+972 2-662 581, E-mail ariel@vms.huji.ac.il (55)

CONSTANTINOU, Dr. CC, School of Electrical &
Electronic Engineering, University of Birmingham,
Edgbaston, BIRMINGHAM B15 2TT, UNITED
KINGDOM, Tel. +44 121 4144 303, Fax +44 121
4144 291, E-mail C.Constantinou@bham.ac.uk (59)

COSTA, Dr. E., Centro Técnico-Cientifico, Centro de Estudos
em Telecommunicagoes, Pontificia Universidade Catolica
do Rio de Janeiro, CETUC-PUC/Rio, Rua Marqués de Sao
Vicente 225, Gavea, 22453 - 900 Rio de Janeiro,Brazil, Tel.
+552131141618, Fax, E-mail epoc@cetuc.puc-rio.br (53)

CRYAN, Prof. M., Dept. of Electrical and Electronic
Engineering, University of Bristol, Merchant Venturers
Building, Woodland Road, Bristol, BS§ 1UB, UNITED
KINGDOM, Tel. +44 117 9545176, Fax +44 117
9545206, E-mail m.cryan@bristol.ac.uk (54)

CUPIDO, Prof. L., IPFN - Aveiro, Instituto de
Telecomunicagoes - Polo de Aveiro, Campus Universitario
de Santiago, P- 3810-193 AVEIRO, PORTUGAL,
Tel. +351 23 437 02 00, E-mail cupido@ua.pt 57)

63




D ’INZEO,Prof. G.,DIET, University ofRome “LaSapienza”, Via
Eudossiana, 18,1-00184 ROME, ITALY, Tel. +39 064458 5853,
Fax +39 06 4742 647, E-mail dinzeo@die.uniromal.it (52)

DANILOV, Prof. V.V., Radiophysical Department, T.
Shevchenko Kiev National University, 2 Glushkova
avenue, Building 5, KIEV 03127, UKRAINE, Tel.
+380 44 5260551, E-mail danilov@univ.kiev.ua (54)

DAVIS, Dr W.A.,VA Tech, 302 Whittemore Hall - 0111,
Blacksburg, VA 24061, USA, Tel. +1 540-231-6307,
Fax +1 540-231-3362, E-mail wadavis@vt.edu (53)

DAVIS, Prof. R., JBCA, School of Physics and Astronomy,
University of Manchester, Alan Turing Building, Manchester
M139PL,UNITEDKINGDOM, Tel.+44 1612754164, Fax+44
1612754247, E-mail richard.davis@manchester.ac.uk (57)

DEFORNEL,Prof.F.,DirecteurderechercheauCNRS,LPUB/UMR,
6, avenue A. Savary, BP47870, F-21078 DIJON, FRANCE,
Tel.+33380396050,Fax+33 380395956, E-mail ffornel@u-
bourgogne.ft, Frederique.de-Fornel@u-bourgogne.fr  (59)

DECHAMBRE, Dr. M., LATMOS, Quartier des
garennes, 11 boulevard d’Alembert, F-78280
GUYANCOURT, FRANCE, Tel. + 33 1 80 28 50 80,
E-mail monique.dechambre@latmos.ipsl.fr (55)

DEHOLLAIN, Dr. C., EPFL, STI, IMM, LEG, ELB-
Ecublens, Station 11, CH-1015 LAUSANNE,
SWITZERLAND, Tel. +41 21 693 69 71, Fax +41 21
693 36 40, E-mail catherine.dehollain@epfl.ch (54)

DEMIR, Assoc. Prof. S., Department of Electrical and Electronics
Engineering, Faculty of Engineering, Middle East Technical
University, Balgat, Ankara 06531, TURKEY, Tel. +90312210
2354,Fax+903122102304, E-mail simsek@metu.edu.tr (55)

DESCHAMPS, Mr. , LERMA, Obseratoire de Paris, 61 Avenue
de I’Observatoire, F-75014 PARIS, FRANCE, Tel. +33
140 51 52 43, E-mail andre.deschamps@obspm.fr  (57)

DOHERTY, Prof. P., Co-Director/Research Scientist, Institute
for Scientific Research, Boston College, 140 Commonwealth
Avenue, CHESTNUTHILL,MA 02467,USA, Tel.+1 617552
8767,Fax+16175522818,E-mailPatricia.Doherty@bc.edu (58)

DOMINGUEZ,Eng.N.A.,CORCA,,Avenidadel Libertador327,
1638 VICENTELOPEZ, B.A.,,ARGENTINA, Tel. +54 1-772-
1471,Fax+541147760410,E-mailpostmast@caerce.edu.ar (59)

DONG, Mr. Q-S, China Research Institute of Radio
Wave Propagation, Beijing Research Center, PO Box
6301, 102206 BEIJING, CHINA (CIE), Tel. +86 37
3371 2001, E-mail gqsdong22s@sina.com (55)

DOWDEN, Prof. R.L., 16 Carlton Street, Dunedin, North
East Valley 9010, NEW ZEALAND, Tel. +64 3 473
0524 (2000-0900 UT only), Fax +64 3 473 0526 (any
time), E-mail dowdenz@physics.otago.ac.nz (55)

DOWNING, Dr. C., School of Electronic & Communications
Engineering, Dublin Institute of Technology, Kevin
Street, DUBLIN 2, IRELAND, Tel. +353 1 4024578,
Fax +353 1 4024690, E-mail cdowning@dit.ie (59)

DRESSLER, Mr. R.E., National Metrology Institute of
South Africa, , Private Bag X34, , Lynnwood Ridge
0040, SOUTH AFRICA, Tel. +27 12 8414342, Fax
+27 12 8412131, E-mail redressler@nmisa.org (53)

DUNLOP, Prof. M.W., Space Sciences Division, SSTD, Rutherford
Appleton Laboratory, Chilton, Didcot, Oxfordshire, OX11
0QX,UNITED KINGDOM, Tel. +44 123 5445 427, Fax +44
123 5445 848, E-mail malcolm.dunlop@stfc.ac.uk  (56)

ELHADIDY, Prof. M., Faculty of Engineering, Cairo
University, Giza, EGYPT, E-mail hadidi@eun.eg (55)
ELHENNAWY, Prof. H.M., Faculty of Engineering,
Ain Shams University, 1 El-Sarayat Street, Abassio,
Cairo, EGYPT, Tel. +202 2682 1800, Fax +202
26850617, E-mail helhennawy@ieee.org (53)

64

ELKHAMY, Prof. S.E., Dept. of Electrical Engineering,
Alexandria University - Faculty of Engineering, Abou-
Keer Street, ALEXANDRIA 21544, EGYPT, Tel.
+2010-1497360, Fax +203 5971853, E-mail elkhamy@
ieee.org, said.elkhamy@gmail.com (54,59)

ELRAMLY, Prof. S.H., Faculty of Engineering, Ain Shams
University, 25 Badie Khairy Street, HELIOPOLIS,
CAIRO, EGYPT, Tel. +2012 3329404, Fax +202
26850617, E-mail sramlye@netscape.net (57)

ELSHERBINI, Prof. A., Faculty of Engineering,
Cairo University, GIZA,EGYPT, Tel. +2012
3229955, E-mail sherbini@mcit.gov.eg (56)

FAHMY, Prof. Dr. M., Faculty of Engineering,
Assiut University, 71515 Assiut, EGYPT (53)
FARINA, Dr. D., Istituto di Fisica del Plasma ‘Piero
Caldirola’, Dipartimento Energia e Trasporti, Consiglio
Nazionale delle Ricerche, Via Roberto Cozzi 53,
20125 Milano, ITALY, E-mail farina@ifp.cnr.it (56)
FARKAS, Prof. P, Fac. of Electrical Eng. & Information
Technology, Slovak University of Technology, Ilkovicova 3,
BRATISLAVA 812 19, SLOVAKIA, Tel. +421-2-60 29 18
44,Fax +421-2-68 2796 01, E-mail p.farkas@jiece.org  (54)
FARR, Dr. E., Research Dept., Farr Fields, LC, 1801
Count Fleet St Se, NM 87123 Albuquerque,USA, Tel.
+1(505)293-3886, E-mail efarr@farr-research.com  (55)
FAVENNEC, Dr. P.N., 2, impasse Krec’h Liarch, Beg Leguer,
F-22300 LANNION,FRANCE, Tel. +33 6-8155 8392,
E-mail pierre-noel.favennec@wanadoo.fr (52,60)
FEICK, Dr. R., Depto. de Electronica, Universidad Técnica
Federido Santa Maria, Casillo 110 V, VALPARAISO,
CHILE, Tel. +56 32-626 364 ext. 209, Fax +56
32-665 010, E-mail rodolfo.feick@usm.cl (54)
FEJES,Profl.,Moriczzs.u.16/A,SOLYMAR2083, HUNGARY, Tel.
+3627374980,Fax+3627374982,E-mail fejes@gpsnet.hu (57)
FERDINANDOYV, Prof. E., Technical University
of Sofia, 8, Kliment Ohridski Str., 1756
SOFIA, BULGARIA, Tel. +359 2 965 3275 (53)
FERENCZ, Prof. Cs., ELTE Department of Geophysics, Space
Research Group, Pazmany Peter setany 1/A, H-1117
BUDAPEST,HUNGARY, Tel.+36 1209 0555/6652, Fax +36 1
3722927, E-mail spacerg@sas.elte.hu, csaba@sas.clte.hu (56)
FISER, Assoc. Prof. O., Institute of Atmospheric Physics,
Academy of Sciences of the Czech Republic, Bocni II - 1401,
PRAGUE4 141 31, CZECH REPUBLIC, Tel. +420272 016
038, Fax +420272 763 745, E-mail ondrej@ufa.cas.cz  (59)
FOPPIANO, Dr. A., Departamento de Geofisica,
Universidad de Concepcion, Casilla 160-C, Correo 3,
CONCEPCION,CHILE, Tel. +56 41-312 413, Fax +56
41-312 863, E-mail alberto.foppiano@dgeo.udec.cl  (56)
FORSSELL, Prof. B., Department of Electronics and

Telecommunications, NTNU O.S., Bragstads
plass 2, N-7491 TRONDHEIM, NORWAY,
E-mail borje.forssell@iet.ntnu.no (54)

FORSTER, Dr. M., GFZ German Research Centre for Geosciences,
Helmholtz Centre Potsdam, Telegrafenberg, Haus C3,
14473 POTSDAM, GERMANY, Tel. +49 331 288 1776,
Fax +49 331 288 1235, E-mail mfo@gfz-potsdam.de(56)

FRANCHOIS, Prof. A.L, Information Technology (INTEC),
Ghent University, Sint Pietersnieuwstraat 41 , 9000
GHENT, BELGIUM, Tel. +32 9 264 89 37, Fax +32 9
264 99 69, E-mail Ann.Franchois@intec.ugent.be 57)

FROLLO, Prof. I., Institute of Measurement, Slovak
Academy of Sciences, Dubravska Cesta 9, BRATISLAVA
841 04, SLOVAKIA, Tel. +421 2-5477 4033, Fax
+421 2-5477 5943, E-mail frollo@savba.sk (57)

e Radio Science Bulletin No 343 (December 2012)



FROYSTEIN, Dr. H.A., Justervesenet, Festveien 99, N-2007
Kjeller, NORWAY, Tel. +47 64 848484, Fax +47
64 848485, E-mail haf@justervesenet.no (53)

FUJISAWA, Dr K., Yamaguchi University, Yoshida
1677-1, Yamaguchi-city, Yamaguchi 753-8511,
Japan, Tel. +81-83-933-5973, Fax +81-83-933-
5973, E-mail kenta@yamaguchi-u.ac.jp (57)

FULLEKRUG, Dr. M., Dept. of Electronic and Electrical
Engineering, Centre for Space, Atmospheric and Oceanic
Science, University of Bath, 2 East 3.8, Claverton
Down, Bath, BA2 7AY, UNITED KINGDOM, Tel. +44
1225 386053, Fax , E-mail eesmf@bath.ac.uk (55)

FUSCO, Prof. V.F., ECIT Institute, The Queen’s University
of Belfast, Northern Ireland Science Park, Queens Road,
Queen’s Island, BELFAST BT3 9DT, NORTHERN
IRELAND, Tel. +44 28 9097 1700, Fax +44 28 9097
1702, E-mail michelle.mccusker@ecit.qub.ac.uk (53)

GAGLIARDINI, Dr. D.A., Julian Alvarez 1218, 1414
BUENOS AIRES, ARGENTINA, Tel. +54 1-772-1471, Fax
+54 114776 0410, E-mail postmast@caerce.edu.ar (55,57)

GAGNON, Prof. F., Comunity Director, Ecole
de Technologie Supéricure de Montréal, 1100 rue
Notre-Dame Ouest, MONTREAL QC H3C H3C
1K3, CANADA, Tel. +1 514 396 8997, Fax +1 514
396 8684, E-mail francois.gagnon@etsmtl.ca (54)

GALKIN, Mr. I.A., Center For Atmospheric Research,
University Of Massachusetts, 600 SUFFOLK STREET,
LOWELL, MA 01854, USA, Tel. +1 978 934-4912, Fax
+1 978 459-7915, E-mail ivan_galkin@uml.edu (58)

GALLEGO PUJOL, Dr. J.D., Observatorio Astronomico
Nacional, , Apdo 1143, ALCALA DE HENARES,
28800 MADRID, SPAIN, Tel. +34 91 885 5060,
Fax +34 91 885 5062, E-mail gallego@oan.es (55)

GARAVAGLIA, Prof., Departamento De Fisica, Centro De
Investigaciones Opticas, Camino Centenario Y 506, Gonnet,
CC31897 LaPlata,Argentina, Tel. ++ 542214714341, Fax++
542214714341, E-mail garavagliam@ciop.unlp.edu.ar (54)

GARBINI, Ing. A., CORCA, , Avenida del Liberta dor 327, 1638
VICENTELOPEZ,B.A.,,ARGENTINA, Tel.+54 1147721471,
Fax+54 114776 0410, E-mail postmast@caerce.edu.ar (59)

GARDNER, Dr. R.L., 6152 Manchester Park Circle,
ALEXANDRIA, VA 22310-4957, USA, Tel.
+1 703-924-9370, Fax +1 703-313-4179,
E-mail Robert.L.Gardner@verizon.net (58)

GAVAN, Prof.J.,Sami Shamoon College of Engineering, Jabutinsky
84, ASHDOD,ISRAEL, E-mail jacobg@sce.ac.il (58)

GEZICI, Dr. S., Faculty of Engineering, Bilkent, Ankara
06800,TURKEY, Tel. +312 290 3139, Fax +312
266 4192, E-mail gezici@ee.bilkent.edu.tr (55)

GIMM, Prof. Y.M., School of Electronics and Electrical
Engineering, Dankook University, Jukjeon-dong 126, Suji-
gu, YONGIN-SI 448-701,SOUTH KOREA, Tel. +82 2 793
8732, Fax +82 2 793 1150, E-mail gimm@dku.edu  (57)

GIRALDEZ, Prof. A., LIARA, avda. del Libertador
327, 1638 VICENTE LOPEZ, B.A., ARGENTINA,
Tel. +54 1-791-5001, Fax +54 1-776-0410 (56)

GIRI, Adj. Prof. D.V., Dept of ECE, University of new
Mexico, Pro-Tech, 11-C Orchard Court, ALAMO,
CA 94507 1541, USA, Tel. +1 925 552 0510, Fax +1
925 552 0532, E-mail Giri@DVGiri.com (55,60)

GLOVER, Dr. Andrew, Electronic & Electrical Engineering,
University Of Strathclyde, Royal College Building,
204 George Street, G1 1XW Glasgow, United
Kingdom, Tel. +44 141 548 4458, Fax +44 141 552
4968, E-mail ian.glover@eee.strath.ac.uk (59)

e Radio Science Bulletin No 343 (December 2012)

GOMBEROFF, Prof. L., Depto de Fisica - Facultad
de Ciencias, Universidad de Chile, Casilla 653,
SANTIAGO, CHILE, Tel. +56 2-271 2865, Fax +56
2-271 3882, E-mail lgombero@abello.dic.uchile.cl  (56)

GOTZE, Prof. Dr. J., Arbeitsgebiet Datentechnik, Technische
Universitdt Dortmund, Fakultdt ET/IT, Otto-Hahn Strasse 4,
44227 Dortmund, GERMANY, Tel. +49231 7552091, Fax +49
2317557019, E-mail juergen.goetze@uni-dortmund.de (54)

GOUGH, Dr. P.T., Dept. of Electrical and Computer Engineering,
University of Canterbury, Private Bag4800, CHRISTCHURCH
1, NEW ZEALAND, Tel. +64 3 364-2297, Fax +64 3
364-2761, E-mail peter.gough@canterbury.ac.nz (54)

GRAY, Dr. A.D., National Research Council Canada,
Emerging Technologies Division, National Science
Infrastructure Portfolio, Dominion Radio Astrophysical
Observatory, P.O. Box 248, PENTICTON, BC V2A
6J9, CANADA, Tel. +1 250 497 2313, Fax +1 250 497
2355, E-mail Andrew.Gray@nrc-cnrc.gc.ca (59)

GRONWALD, Prof. , Hamburg University Of Technology,
Electromagnetic Theory, Harburger Schloss Str.
20, 21079 Hamburg, Germany, Tel. +49-40-42878-
2177, E-mail gronwald@tu-harburg.de (58)

GROVES, Dr K., US Air Force Research Laboratory, AFRL/
VSBXI, 29 Randolph Road, Hanscom AFB, MA 1731,
USA, E-mail keith.groves@hanscom.af.mil (58)

GUEVARA DAY, Dr. W.R., National Commission on Aerospace
Research and Development (CONIDA), Felipe Villaran
1069, San Isidro, LIMA 27, PERU, Tel. +51 1-4429973,
Fax +51 1-4419081, E-mail walter@conida.gob.pe  (56)

GUHA, Dr D., RMC, Institute of Radiophysics and Electronics,
University of Calcutta, 92 Acharya Prafulla Chandra Road,
Kolkata, WB, 700 009, India, Tel. 033 2481 2263, Fax 033
2351 5828, E-mail debatoshguha@rediffmail.com (53)

GULYAEYV, Prof. S., Auckland University of Technology, Institute
ForRadio Astronomy And Space Research, Private Bag 92006,
1142 Auckland, NEWZEALAND, Tel.+64 99219999 ext 8709,
9541,Fax+6499219973,E-mailsergei.gulyaev@aut.ac.nz (57)

GULYAEV,Dr. Yu. V., Institute of Radioengineeringand Electronics,
Russian Academy of Sciences (IRE RAS), Mokhovoja Street
11, MOSCOW 125009, RUSSIA, Tel. +7 495 629 3591,
Fax +7 495 629 3678, E-mail gulyaev@cplire.ru (59)

GUO, Dr. H., School of Electronics Eng. & Computer Science,
Peking University, , Beijing, 100871,CHINA (CIE), Tel.
+86 10 6275 7035, E-mail hongguo@pku.edu.cn (54)

GUTIERREZ DE LA CRUZ, Dr. C.M., Instituto de
Astrofisica de Canarias, C/ Via Lactea, s/n, 38205 LA
LAGUNA, TENERIFE, SPAIN, E-mail cgc@iac.es  (57)

HAGGSTROM, Prof. 1., EISCAT Scientific Association,
Box 812, S-981 28 KIRUNA,SWEDEN, Tel. +46 9807 87
01, Fax +46 9807 87 09, E-mail ingemar@eiscat.se  (60)
HALEVY-POLITCH, Dr. J., P.O. Box 7205, 31071
HAIFA, ISRAEL, Tel. +972 4-879 4862, Fax +972
4-879 4875, E-mail aeryapo@tx.technion.ac.il (53)
HALLIKAINEN, Prof. M.T., Dept. of Radio Science
and Engineering, Aalto University, P.O. Box 13000,
FI1-00076 AALTO, FINLAND, Tel. +358 9 470
22371, E-mail Martti.Hallikainen@aalto.fi (55)
HAMELIN, Mr. J., Conseciller Scientifique, Centre
d’analyse stratégique (CAS), 18, rue de Martignac,
F-75700 Paris Cedex 07, FRANCE, Tel. +33 1 42 75
60 35, E-mail ursi-france@institut-telecom.fr (52)
HAMNERIUS, Prof. Y., Signals and Systems, Chalmers
University of Technology, 412 96 GOTEBORG,
SWEDEN, Tel. +46 31 772 19 05, Fax +46 31 772
17 48, E-mail yngve.hamnerius@chalmers.se (57)

65




HAN, Dr. S-T, Korea Astronomy & Space Science Institute,
667 Daeduckdae-ro, Yuseong-gu, DAEJEON 305-
340, SOUTH KOREA, Tel. +82 42 865 3283, Fax
+82 42 865 5610, E-mail sthan@kasi.re.kr (57)

HARTAL, Mr. O., RAFAEL, P.O. Box 2250, 31021 HAIFA,
ISRAEL, Tel. +972 4-8792931, Fax +972 4-8795329  (55)

HASHIMOTO, Prof. K., Research Institute for Sustainable
Humanosphere, Kyoto University, Gokasho, Uji, KYOTO
611-0011, JAPAN, Tel. +81 774 383 807, Fax +81
774 383 836, E-mail kozo@rish.kyoto-u.ac.jp (598)

HASHISH, Prof. E., Faculty of Engineering,
Cairo University, CAIRO, EGYPT (57)

HATTORI, Dr. K., Department of Earth Sciences, Faculty
of Science, Chiba University, Yaoi, 1-33, Inage, CHIBA
263-8522, JAPAN, Tel. +81 43 290 28 01, Fax +81 43
290 28 59, E-mail hattori@earth.s.chiba-u.ac.jp (58)

HAYAKAWA, Prof. M., Dept. of Electronic Engineering, The
University of Electro-Communications, 1-5-1 Chofugaoka,
Chofu, TOKYO 182-8585,JAPAN, Tel. +81424-43 5159, Fax
+81424-435783,E-mailhayakawa@whistler.ee.uec.ac.jp (58)

HELEU, Mrs. I., URSI Secretariaat, URSI, c¢/o INTEC, Sint-
Pietersnieuwstraat41,B-9000 GHENT,BELGIUM, Phone: +32
9-264.33.20,Fax:+329-264.42.88, E-mail : info@ursi.org (52)

HERAUD, Dr. J., Instituto de Radioastronomia INRAS-
PUCP, Pontificia Universidad Catolica del Peru, Av.
Universitaria 1801, San Miguel, LIMA 32, PERU, Tel. +51
1 6262000 (ext. 4735), E-mail jheraud@pucp.edu.pe (57)

HERNANDEZ-PAJARES, Dr M., Res. Group Of Astronomy
& Geomatics (gage, Technical University of Catalonia
(gAGE/UPC), Mod. C3 Campus Nord UPC, Jordi Girona
1, 08034 Barcelona, Spain, Tel. +34 93 4016029, Fax
+34 93 4015981, E-mail manuel@mat.upc.es (58)

HEYMAN, Prof. E., The Iby and Aladar Fleischman
Faculty of Engineering, Tel Aviv University, , 69978
TEL AVIV, ISRAEL, Tel. +972 3 6408738/8736/8147,
Fax +972 3 6407221, E-mail heyman@tau.ac.il (59)

HJELMSTAD, Dr. J.Fr.,, Department of Electronics and
Telecommunications, NTNU, O.S. Bragstads plass
2, 7491 TRONDHEIM, NORWAY, Tel. +47 45
249613, Fax , E-mail jens@hjelmstad.no (55)

HO, Prof. T.P.,, Academia Sinica, Institute of Astronomy
and Astrophysics, P.O. Box 23-141, TAPEI 106,
TAIWAN, Tel. +886 2 33652200 x700, Fax +886 2
23677849, E-mail pho@asiaa.sinica.edu.tw (57)

HOBARA, Prof. , Dept. of Communication Eng. and
Informatics, the University Of Electro-communications,
1-5-1, Chofugaoka, 182-858 Chofu, Japan, Tel. +81-
424435154, E-mail hobara@ee.uec.ac.jp (58)

HOLLOWAY, Dr. C., Electromagnetics Division, NIST,
325 Broadway, Boulder, CO, 80305,USA, Tel. +1 (303)
497-6184, E-mail holloway@boulder.nist.gov (53)

HONARY, Prof F., Physics Department, Lancaster University, ,
Lancaster, LA14YB, UNITED KINGDOM, Tel. +44 1524510
402,Fax+441524844037,E-mailf honary@lancaster.ac.uk (56)

HOUMINER, Dr. Z., Asher Space Research Institute,
Technion, Israel Institute of Technology, 32000
HAIFA, ISRAEL, Tel. +972 4-829 3512, Fax +972
4-823 0956, E-mail zwih@tx.technion.ac.il (56)

HOEG, Prof. P., DTU Space, Technical University of Denmark,
National SpacelInstitute, DepartmentforGeodesy, JulianeMaries
Vej 30,2100 Copenhagen, DENMARK, Tel. +45 3532 5702,
E-mail hoeg@space.dtu.dk , per.hoeg@gmail.com (56,59)

HUGHES, Prof. A.R.W., School of Physics, University of KwaZulu-
Natal, 4041 DURBAN, SOUTH AFRICA, Tel. +27 31-260
3158,Fax+2731-2616550, E-mail hughes@ukzn.ac.za (56)

66

ILMONIEMI, Prof., Dept. Biomedical Eng. and Computational
Science, Aalto University, P.O. Box 12200, FI-00067
AALTO, Finland, Tel. +358 50 5562964, Fax +358
9 470 23182, E-mail risto.ilmoniemi@aalto.fi 57

INGGS, Prof. M.R., Dept. of Electrical Engineering, University
of Cape Town, Private Bag, 7701 RONDEBOSCH,
SOUTH AFRICA, Tel. +27 21-650-2799, Fax +27
21-650-3465, E-mail mikings@gmail.com (55)

ISNARD, Dr. J.J., CNFRS, 28, avenue de Breteuil, F-75007
PARIS, FRANCE, Tel. +33 1-45 66 55 99, Fax +33 1
45 66 55 99, E-mail jisnard-isti@club-internet.fr (58)

J ACARD, Prof. B., Depto. de Ingenieria Electrica, Universidad
de Chile, Casilla 412-3, SANTIAGO 3, CHILE, Tel.
+56 2-698 2071 ext. 204, Fax +56 2-695 3881 (53)

JACKSON, Prof. R., Electrical And Computer Engineering,
University Of Houston, n308 Engineering Building 1, TX
77204-4005 Houston, United States, Tel. +1 713-743-4426,
Fax +1 713-743-4444, E-mail djackson@uh.edu (59)

JANARDHAN, Prof. P., Physical Research
Laboratory, Ahmedabad 380009, INDIA, Tel. +91
79 2631 4505, E-mail jerry@prl.res.in (57)

JAYACHANDRAN, Mr. P.T., Department of Physics, University
of New Brunswick, 8 Bailey Drive, P.O. Box 4440,
Fredericton, NB E3B 5A3, CANADA, Tel. +1 506 447
3330, Fax +1 506 453 4583, E-mail jaya@unb.ca  (56)

JIMBO, Prof. Y., Graduate School of Frontier Sciences,
University of Tokyo, 5-1-5 Kashiwanoha, Kashiwa-shi,
CHIBA 277-8563, JAPAN, Tel. +81 4 7136 4648, Fax
+81 4 7136 4649, E-mail jimbo@k.u-tokyo.ac.jp 57

JIRICKA, Dr. K., Astronomical Institute, Academy of
Sciences of the Czech Republic, Fricova 1, ONDREJOV
251 65, CZECH REPUBLIC, Tel. +420 323 620 154,
Fax +420 323 620 110, E-mail jiricka@asu.cas.cz ~ (57)

JOHANSSON, Dr. J., SP, P.O. Box 857, SE-501 15
Boras, SWEDEN, Tel. +46 10 516 55 04, Fax +46
33 12 50 38, E-mail jan .johansson@sp.se (53)

JOHANSSON, Dr. J.F.,, RUAG Space AB, SE-405 15
GOTEBORG, SWEDEN, Tel. +46 31 735 4286, Fax +46
31 735 4000, E-mail joakim.johansson@ruag.com  (55)

JONAS, Prof J., Department of Physics and Electronics,
Rhodes University, PO Box 94, 6140 GRAHAMSTOWN,
SOUTH AFRICA, Tel. +27 46 603 8452, Fax
+27 46 622 5049, E-mail j.jonas@ru.ac.za (57)

JULL, Prof. E.V., Department of Electrical Engineering, University
of British Columbia, 2356 Main Mall, VANCOUVER,
BC V6T 1W5, CANADA, Tel. +1 604-822 3282/2872,
Fax +1 604-822 5949, E-mail jull@ece.ubc.ca (52)

KAERTNER, Prof. F.X., Massachusetts Institute of
Technology, Room 36-351, 77 Massachusetts Avenue,
CAMBRIDGE, MA 02139-4307, USA, Tel. +1 617 452
3616, Fax +1 617253 9611, E-mail kaertner@mit.edu  (52)

KALINOWSKI, Prof. H.J.,Depog-Departamentode Pos Graduagao
e Pesquisa, Universidade Tecnologica Federal do Parana, Av.
Sete de Setembro 3165, REbougas, 80230-901 CURITIBA,
PR, BRAZIL, Tel. +55 41 33104689, Fax +55 41 33104683,
E-mail hjkalin@gmail.com, hjkalin@cpgei.cefetpr.br (54)

KALOUPTSIDIS, Prof. N., Division of Communications and
Signal Processing, Dept. of Informatics, University of
Athens , TYPA Buildings, Panepistimiopolis, GR-15771
ILISSIA, ATHENS, GREECE, Tel. +30 210 727 5304,
Fax +30 210 727 5601, E-mail kalou@di.uoa.gr (54)

e Radio Science Bulletin No 343 (December 2012)



KANELLOPOULOS, Prof. J., Division of Information
Transmission Systems and Material Technology,
School of Electr. & Computer Eng., National Technical
University of Athens, Iroon Polytechniou 9, GR-15773
ATHENS, GREECE, Tel. +30 210 772 3524, Fax +30
210 772 2281, E-mail ikanell@cc.ece.ntua.gr (56)

KARLSSON, Prof. A., Electrical and Information Technology,
Lund University, P.OBox 118, SE-221 00 LUND, SWEDEN,
Tel. +46 222 40 89, E-mail Anders.Karlsson@eit.Ith.se (53)

KARWOWSKI, Prof. A., Silesian University of Technology,
ul. Akademicka 2, 44-100 Gliwice ,POLAND, Tel. +48 32
237 1594, E-mail andrzej.karwowski@gmail.com (53)

KASTNER, Prof. R., Dept. Electrical Eng.-Physical Electronics,
Tel Aviv University , 243 Wolfson Electrical Eng Bldg,
62978 TEL AVIV, ISRAEL, Tel. +972 3-640 7447, Fax
+972 3-642 3508, E-mail kast@eng.tau.ac.il (53,59)

KAUFMANN, Prof. P., CRAAM/CRAAE
(Mackenzie,Inpe,USP,Unicamp), Universidade Presbiteriano
Mackenzie, Rua da Consolacao 896, 1321907 Sao Paulo,
BRAZIL, Tel. +55 11236 8331, Fax +55 11 214 2300, E-mail
kaufmann@craam.mackenzie.br, pierrekau@gmail.com (57)

KAWASAKI, Dr. Z., Dept. of Communications Engineering, Osaka
University, Graduate School of Engineering, Yamada-Oka 2-1,
Suita, OSAKA 565-087, JAPAN, Tel. +81 6 879-7690, Fax
+81 6 879-7774, E-mail Zen@comm.eng.osaka-u.ac.jp (58)

KENDERESSY, Prof. M., Ribary u. 7, H-1022
BUDAPEST, HUNGARY, Tel. +36 1-461-3348 (53)

KEYDEL, Prof. DR. W., , , Mittelfeld 4, 82229
Hechendorf, GERMANY, Tel. +49 (0)8152-980 523, Fax
+49 (0)8152-980 525, E-mail wolfgang@keydel.com (58)

KILIFARSKA, Dr. N., National Institute of Geophysics, Geodesy
and Geography (NIGGG), Bulgarian Academy of Sciences,
Acad. G. Bonchev St., bl. 3, 1113 SOFIA, BULGARIA, Tel.
+3592979 3329, E-mail nkilifarska@geophys.bas.bg  (56)

KIM, Dr. J.H., Electromagnetic Wave Center, Korea Research
Institute of Standards & Science, 267 Gajeong-ro, Yuseong-
gu, DAEJEON 305-340,SOUTH KOREA, Tel. +82 42 868
5170, Fax +82 42 868 5018, E-mail kimjh@kriss.re.kr  (53)

KLAR, Prof. DR. H., Technische Universitaet Berlin, Institut
fuer Mikroeletronik, Sekr. EN4, Einsteinufer 17, D-10587
BERLIN, GERMANY, Tel. +49 30 314-25435, Fax +49
30 314 24597, E-mail klar@mikro.ee.tu-berlin.de (54)

KLOS, Dr. Z., Space Research Center, Polish Academy
of Sciences, ul. Bartycka 18A, 00-716 WARSAW,
POLAND, Tel. +48 22-8511810, +48 39-121273, Fax
+48 22-8511810, E-mail klos@cbk.waw.pl (60)

KNEPPO, Prof. 1., Faculty of Mechanotronics, University of Trencin,
Studentska 2, TRENCIN 911 50 , SLOVAKIA, Tel. +421 32
7400682,Fax+421327400681, E-mailkneppo@tnuni.sk (53)

KNUDE, Dr. J., Astronomical Observatory, University
of Copenhagen, Juliane Maries Vej 30, DK 2100
COPENHAGEN ,DENMARK, Tel. +45 3532 5986,
Fax +45 3532 5989, E-mail indus@astro.ku.dk (57)

KOBAYASHI, Prof. K., Department of Electrical, and
Communication Engineering, Chuo University,
1-13-27 Kasuga, Bunkyo-ku, TOKYO, 112-8551,
JAPAN, Tel. +81 3 3817 1846/69, Fax +81 3 3817
1847, E-mail kazuya@tamacc.chuo-u.ac.jp (59)

KOKSAL, Dr., Electrical And Electronics Engineering, Hacatepe
University, 06800 Ankara, Tirkiye, Tel. 3122977085,
Fax 3122992125, E-mail koksal@hacettepe.edu.tr 57)

KONOVALENKO, Prof. A.A., Institute of Radioastronomy,
NASU, ul. Krasnoznamennaya 4, KHARKOV
61002, UKRAINE, Tel. +380 572-47-1134, Fax +380
572-47-6506, E-mail rian@rian.kharkov.ua (57)

KORDI, Dr. B., Department of Electrical & Computer Engineering,
E1-556, University of Manitoba, 75A Chancellors Circle,

e Radio Science Bulletin No 343 (December 2012)

Winnipeg, MB R3T5V6, CANADA, Tel. +1 204 474 7851,
Fax+1204 2614639, E-mail bkordi@ee.umanitoba.ca (55)
KORENSTEIN, Prof. R., Physiology And Pharmacology,
Tel-Aviv University, Haim Levanon 5000, 69978 Tel
AVIV, ISRAEL, Tel. +972 3640 6042, Fax +972
3640 9113, E-mail korens@post.tau.ac.il (57)
KOUDELKA, Prof. O., Institute of Communication Networks and
Satellite Communications, Graz University of Technology,
Inffeldgasse 12,8010 Graz, AUSTRIA, Tel. +43 316 873 7440,
Fax +43 316 873 7941, E-mail koudelka@tugraz.at  (54)
KOYAMA, Prof.Y., Space-Time Standards Group, New Generation
Network Research Center, National Institute of Information and
Communication Technology (NICT), 4-2-1, Nukuikitamachi,
Koganei, TOKYO 184-8795, JAPAN, Tel. +81 42 327 7557,
Fax +81 42 327 6834, E-mail koyama@nict.go.jp  (53,60)
KRAJCUSKOVA, Dr. Z., Fac. of Electrical Engineering
& Information Technology, Slovak University of
Technology, Ilkovicova 3, BRATISLAVA 812 19,
SLOVAKIA, Tel. +421-2-6029 1137, Fax +421-2-6542
9683, E-mail zuzana.krajcuskova@stuba.sk (59)
KRAUS, Dr. A., Max-Planck-Institut fiir Radioastronomie,
Radioobservatorium Effelsberg, Max-Planck-
strasse 28, D-53902 Bad Munstereifel-Effelsberg,
GERMANY, Tel. +49 2257 301 120, Fax +49
2257 301 105, E-mail akraus@mpifr.de (57)
KRAWCZYK, Prof. A., Military Institute of Hygiene &
Epidemology, 4 Kozielska St., 01-163 Warsaw, POLAND,
Tel. +48 22 8724 282, E-mail ankra.new(@gmail.com (57)
KRIEZIS, Prof. E., Dept. of Electrical and Computer
Engineering, Aristotle University of Thessaloniki, GR-
54124 THESSALONIKI, GREECE, Tel. +30 2310 995920,
Fax +30 2310 996312, E-mail mkriezis@auth.gr (54)
KRISTENSSON, Prof. G., Electrical and Information Technology,
Lund University, P.O.Box 118,221 00 LUND, SWEDEN, Tel.
+464622245 62, E-mail gerhard kristensson@eit.Ith.se (59)
KUDELA, Prof. K., Institute of Experimental Physics,
Slovak Academy of Science, Watsonova 47, KOSICE
043 53, SLOVAKIA, Tel. +421 55-622 4554, Fax +421
55-633 6292, E-mail kkudela@kosice.upjs.sk (56)
KULAH, Assoc. Prof. H., Faculty of Engineering, Middle East
Technical University, Balgat, Ankara 06531, TURKEY,
Tel. +312 210 2345, E-mail kulah@metu.edu.tr (54)
KULEMIN, Prof. G.P., Institute of Radiophysics and Electronics,
NASU, 12, ac. Proskura Str., KHARKOV 61085, UKRAINE,
Tel. +380572-448508, E-mail secretar@ire.kharkov.ua (55)
KULPA, Prof. K. , Warsaw University of Technology, ul.
Nowowiejska 15/19, 00-665 WARSAW, POLAND, Tel.
+48 606 209 225, E-mail kulpa@ise.pw.edu.pl (55)
KUROCHKIN, Dr. A.P., NPO VEGA, Kutuzovsky Prospekt
34, MOSCOW 121170, RUSSIA, Tel. +7 499 249 4308,
Fax +7 499 258 2504, E-mail kurochkin@vega.su  (53)
KUSTER, Prof. N., IT’IS Foundation, Zeughausstralie 43,
CH-8004 ZURICH, SWITZERLAND, Tel. +41 44 245 96
96, Fax +41 44 245 96 99, E-mail nk@itis.ethz.ch  (57)
KUZMAK, Dr. O.M., Institute of Magnetism, NASU,
36-b, Vernadsky Blvd., KIEV 03142,UKRAINE,
Tel. +380 44-4249095, Fax +380 44 4241020,
E-mail kuzmak@imag.kiev.ua (59)
KUZNETSOV, Prof. Yu. V., Theoretical Radio Engineering
Department, State University of Technology,
Volorjkfverjt shosse 4, MOSCOW 125993, RUSSIA,
Tel. +7 499 158 68 39, Fax +7 499 158 68 39, E-mail
kuznetsov@mai-trt.ru, kuznetsov@ieee.org (54)
KYRIACOU, Prof. G.A., Lab. of Microwaves, Dept. of Electrical
and Computer Engineering, Demokritos University of Thrace,
Vas. Sofias 12,67 100 XANTHI, GREECE, Tel. +30 5410795
93, Fax +30 5410 272 64, E-mail gkyriac@ee.duth.gr (53)

67




LACQUET, Prof. B.M., School of Electrical and Information
Engineering, University of Witwatersrand, Private Bag 3,
3050 WITS, SOUTH AFRICA, Tel. +27 11 717 7205, Fax
+27 11 403 1929, E-mail b.lacquet@ee.wits.ac.za (54)

LAGASSE, Prof. P., URSI c¢/o INTEC, Ghent University,
Sint-Pietersnieuwstraat 41, B-9000 GENT,
BELGIUM, Tel. +32 9-264 33 20, Fax +32 9-264
42 88, E-mail lagasse@intec.ugent.be (52,60)

LANG, Dr R.H., Dept of Electrical Eng. & Computer
Science, George Washington University, Phillips Hall,
Washington, DC 20052, USA, Tel. +1 202-994-6199,
Fax +1 202-994-0227, E-mail lang@gwu.edu (55,60)

LANGENBERG, Prof. K.J., Electromagnetic Theory, FB 16,
University of Kassel, Wilhelmshoher Allee 71, D-34121
KASSEL, GERMANY, Tel. +49 561-804 6368, Fax +49
561-804 6489, E-mail langenberg@uni-kassel.de (52)

LARKINA, Prof. V.I., IZMIRAN, Moscow Region, TROITSK,
MOSCOW REGION 142092, RUSSIA, Tel. +7496 7519742,
Fax +7 496 751 0124, E-mail larkina@izmiran.ru (55)

LAZAROV, Prof. A., Bourgas Free University (BFU), , 62
San Stefano Str., BG-8000 BOURGAS, BULGARIA,
Tel. +359 56 900 485, E-mail lazarov@bfu.bg (53)

LEE, Prof. L-C, President Office, National Central University,
No. 300, Jhongda Road, Jhongli City, Taoyuan, CHUNG-L1,
TAOYAN 320,CHINA (SRS), Tel. +886 3422 7151ext. 57000,
Fax +8863 4254842, E-mail loulee@cc.ncu.edu.tw (56,59)

LEE, Prof. J-S, Research Center for Integrative Neuroimaging
and Neuroinformatics, National Yang-Ming University,
No. 155, Sec. 2, Linong Street, Beitou District,
TAPEI 112, TAIWAN, Tel. +886 2 28267134, Fax
+886 2 28224860, E-mail jslee@ym.edu.tw 57

LEFEUVRE, Prof. F., LPCE/CNRS, , 3A, av. de la
Recherche Scientifique, F-45071 ORLEANS CEDEX
2, FRANCE, Tel. +33 2-38-255284, Fax +33 2-38-
631234, E-mail lefeuvre@cnrs-orleans.fr (52,60)

LEITGEB, Prof. N., Institute of Health Care Engineering
with European Notified Body of Medical Devices, Graz
University of Technology, Kopernikusgasse 24/1, 8010
Graz, AUSTRIA, Tel. +43 316 873 7397, Fax +43 316
873 4412, E-mail norbert.leitgeb@tugraz.at (57)

LEITINGER, Prof. R., Institute for Geophysics, Astrophysics
and Meteorology, University of Graz, Universitaetsplatz 5,
A-8010 GRAZ,AUSTRIA, Tel. +43 316 380 5257, Fax +43
3163809825, E-mail reinhart.leitinger@kfunigraz.ac.at (58)

LEMBEGE,Dr.B.,Heppi, LATMOS-UVSQ-IPSL-CNRS, Quartier
Des Garennes, 11 Boulevard D’alembert78280 Guyancourt,
78280 Guyancourt,France, Tel. +331 80 28 50 70, Fax +33 1
80 28 52 97, E-mail bertrand.lembege@latmos.ipsl.fr  (58)

LICHTENBERGER, Dr. Janos, Pazmany Peter Setany 1/a,
H-1111 BUDAPEST, HUNGARY, Tel. +36 1 209 0555
x6654, Fax +36 1 372 2927, E-mail lityi@sas.clte.hu  (58)

LIEVENS, Mrs. 1., URSI, c¢/o INTEC, , Sint-Pietersnieuwstraat
41, B-9000 GENT,BELGIUM, Tel. +32 9-264.33.20, Fax
+32 9-264.42.88, E-mail ingeursi@intec.ugent.be (52)

LIGTHART, Prof. dr. ir. L.P., Director IRCTR, Delft University,
Microwaves Laboratory, Mekelweg 4, NL-2628 CD
DELFT, NETHERLANDS, Tel. +31 15-278 1034, Fax
+31 15-278 4046, E-mail leoligthart@kpnmail.nl (55)

LILJE, Prof. P., Institute of Theoretical Astrophysics, University
of Oslo, P.O. Box 1029 Blindern, N-0315 OSLO, NORWAY,
Tel.+4722 856517, Fax , E-mail per.lilje@astro.uio.no (57)

LIN, Dr. K-H, Dept. of Electrical Engineering, National
Sun Yat-Sen University, 70 Lien Hai Road,
KAOHSIUNG 80424, CHINA SRS, Tel. +886 7 5252000
ext 4165, E-mail khlin@mail.nsysu.edu.tw (55)

LIN, Mr. R-H, Chinese Institute of Electronics, P.O. Box
165, Beijing 100036, CHINA CIE, Tel. +86 10 6827
6577, E-mail lin _runhua@ciecloud.org.cn (59)

68

LIND, Dr. F.D., MIT Haystack Observatory, Route 40,
WESTFORD, MA 01886, USA, Tel. +1 781 -981 - 5570, Fax
+1 781 - 981 - 5766, E-mail flind@haystack.mit.edu  (56)

LINDQVIST, Dr. M., Onsala Space Observatory, Chalmers
University of Technology, SE-439 92 ONSALA,
SWEDEN, Tel. +46 31 772 55 08, Fax +46 31 772 55
90, E-mail Michael.Lindqvist@chalmers.se (56,57)

LIPSANEN, Prof. H., Dept. of Micro and Nanosciences,
Aalto University, P.O. Box 13500, FI-00067 AALTO,
FINLAND, Tel. +358 9 470 23123, Fax +358 9
470 23128, E-mail Harri.Lipsanen@aalto.fi (54)

LITOVCHENKO, Prof. V.G., Institute of Physics of
Semiconductors, NASU, prosp. Nauki 45, KIEV 03039,
UKRAINE, Tel. +380 44-265-6290, Fax +380 44-
265-8342, E-mail mickle@semicond.kiev.ua (54)

LITSYN, Dr. S., Dept. Electrical Eng./Faculty of
Engineering, Tel Aviv University, Ramat-Aviv, 69978
TEL AVIV, ISRAEL, Tel. +972 3-631 4139, Fax
+972 3-642 3508, E-mail litsyn@eng.tau.ac.il (54)

LIU, Prof. C.H., National Central University, No. 300,
Jung-da Rd., CHUNG-LI 320, CHINA (SRS), Tel.
+886 3-4227151 ext. 7000,7001, Fax +886
3-425-4842, E-mail chliu@cc.ncu.edu.tw (58)

LIU, Dr. M., 514th Institute , China Academy of Space
Technology, Zhichun Road, Haidan District, BEIJING
100086, CHINA (CIE), Tel. +86 10 687 44 667, Fax
+86 10 683 78 158, E-mail run_low@sina.com (53)

LUISE, Prof. M., Department of Information Engineering,
University of Pisa, Via Diotisalvi 2, [-56122
PISA, ITALY, Tel. +390 50-569662, Fax +390 50-
568522, E-mail marco.luise@iet.unipi.it (54,60)

MAEKAWA, Prof. Y., Dept. of Telecommunications &
Computer Networks, Osaka Electro-Communication
University, 18-8 Hatsucho, Neyagawa, OSAKA 572-
8530, JAPAN, Tel. +81 72 820 90 47, Fax +81 72 820
90 44, E-mail mackawa@maclab.osakac.ac.jp (55)

MAITRA, Prof A.J.S., Institute of Radio Physics,
University of Calcutta, 92 Acharya Prafulla Chandra
Road, Kolkata, WB, 700009, India, Tel. +91 33
23509115, E-mail animesh.maitra@gmail.com (55)

MANARA, Prof G., Dipartimento di Ingegneria
dell’Informazione, Universita di Pisa, Via G. Caruso 16,
56122 Pisa, Italy, E-mail g.manara@iet.unipi.it  (53,60)

MANN, Appl. Prof. Dr. G., Leibniz Institut fiir Astrophysik
Potsdam (AIP), An der Sternwarte 16, D-14482
POTSDAM, GERMANY, Tel. +49 331 749 9292,
Fax +49 331 749 9352, E-mail gmann@aip.de (56)

MANNINEN, Dr. A., Centre for Metrology and Accreditation,
PO Box 9, Tekniikantie 1, FI-02151 ESPOO,
FINLAND, Tel. +358 10 6054 416, Fax +358 10
6054 498, E-mail antti.Manninen@mikes.fi (53)

MANSO, Prof. M.E., Centro de Fusdo Nuclear do IST, Avenida
Rovisco Pais, 1049 LISBOA CODEX, PORTUGAL, Tel.
+351 21 841 76 96, E-mail emilia@cfn.ist.utl.pt (56)

MARGINEDA PUIGPELAT, Prof. J., Facultad de Quimica -
Dpto. Fisica, Universidad de Murcia, Apdo. 4021, 30071
ESPINARDO, MURCIA, SPAIN, Tel. +34 968 367374,
Fax +34 968 364148, E-mail jmargi@um.es (55)

MARKSTROM, Mr. K.-A., AF Technology AB, SE-169 99
STOCKHOLM, SWEDEN, Tel. +46 10 50540 62, Fax +46 10
50500 10, E-mail karl-arne.markstrom@afconsult.com (54)

MARROCCO, Dr. G., Dipartimento di Informatica Sistemi e
Produzione, University of RomaTor Vergata, Viadel Politecnico,
1,00133Roma,ITALY,E-mailmarrocco@disp.uniroma2.it (58)

e Radio Science Bulletin No 343 (December 2012)



MARTIN RODRIGUEZ, Prof. E., Facultad de Quimica
Dpto. Fisica, Universidad de Murcia Apdo. 4021, 30071
ESPINARDO, MURCIA, SPAIN, Tel. +34 968 367373,
Fax +34 968 364148, E-mail ernesto@um.es (53)

MARTINEZ BURDALO, Dra. M., Dpt. Radiacion
Electromagnetica, Instituto de Fisica Aplicada, Serrano
144, 28006 MADRID, SPAIN, Tel. +34 91 562 5083, Fax
+34 91 562 5083, E-mail mercedes@iec.csic.es (53)

MASHAO, Dr. D.D., SITA: CTO, 7701 Rondebosch,
SOUTH AFRICA, Tel. +27 (012) 482 2484, Fax +27
(012) 367 4917, E-mail daniel.mashao@sita.co.za (54)

MATHEWS, ProfJ.D., Communications and Space Sciences Lab
(CSSL), The Pennsylvania State University, 323A, EE East,
University Park, PA 16802-2707, USA, Tel. +1(814) 777-5875,
Fax +1 814 863 8457, E-mail J]DMathews@psu.edu  (56)

MATHIS, Prof. Dr. W., Institut fiir Theoretische Electrotecnik,
Leibniz Universitdt Hannover, Appelstrasse 9A, D-30167
HANNOVER, GERMANY, Tel. +49 511 762 3201, Fax +49
511 762 3204, E-mail mathis@tet.uni-hannover.de  (59)

MATHUR, Mr. RASHMI, Department of Physiology, All
India Institute of Medical Sciences, Andari Nagar, NEW
DELHI 110 029, INDIA, Tel. +91 11 659 4765, Fax +91
11 686 2663, E-mail mathurashmi@yahoo.co.in (57)

MATSUMOTO, Prof. H., President , Kyoto University,
Yoshida-Honmachi, Sakyo-ku, KYOTO 606-8501,
JAPAN, Tel. +81 75 753 2001, Fax +81 75 753 2091,
E-mail matsumoto@hq.kyoto-u.ac.jp (52,58)

MAY, Prof.J., Depto. de Astronomia, Universidad de Chile, Casilla
36-D, SANTIAGO DE CHILE, CHILE, Tel. +56 2-229 4002,
Fax +56 2-229 4101, E-mail jmay@das.uchile.cl (59)

MAYORGA MONTOYA, Ing. M., Departamento de Ingenieria,
Universidad Catolica del Peru, Seccién Ingenieria de
las Telecomunicaciones, Av.Universitaria 1801, San
Miguel, LIMA32, PERU, Tel. +51-1-626-2452, Fax +51-
1-626-2116, E-mail mayorga.ma@pucp.edu.pe (53)

MAZANEK, Prof. M., Faculty of Electrical Engineering,
Czech Technical University, Technickd 2, PRAGUE 6
166 27, CZECH REPUBLIC, Tel. +420 224 352 282, Fax
+420 233 339 958, E-mail mazanekm@feld.cvut.cz  (59)

MAZELLE, Mr. C., GPPS, CNRS, 9, avenue du Colonel
Roche, F-31400 TOULOUSE CEDEX,FRANCE, Tel. +33
5 61 55 66 50, E-mail christian.mazelle@cesr.fr (56)

MAZZA, Ing. H.F., INTI, CC. 157, 1650 SAN
MARTIN - B.A.,ARGENTINA, Tel. +54
1-753 4064, Fax +54 1-755 2102 (53)

McCARTHY, Dr. K., Dept. of Electrical and Electronic
Engineering, University College Cork, CORK,
IRELAND, Tel. +353 21 490 2214, Fax +353 1 283
0921/830 921 , E-mail K.McCarthy@ucc.ie (55)

McCREADY, Ms. M., The Center for Geospace Studies,
SRI International, 333 Ravenswood Avenue, Menlo
Park, CA 94025, USA, Tel. +1 650 859 5084, Fax +1
650 322 2318, E-mail mary.mccready@sri.com (58)

McKINNELL, Dr. L.A., South African National Space
Agency (SANSA) , Space Science, P.O. Box 32, 7200
HERMANUS, SOUTH AFRICA, Tel. +27 28 312
1196, Fax +27 28 312 2039, E-mail Imckinnell@
sansa.org.za, lmckinnell@hmo.ac.za (58,60)

MENDES, Eng. M.L., ICP-ANACOM, Av. Jos¢ Malhoa 12,
1099-017 LISBOA, PORTUGAL, Tel. +351 21 721 2222,
Fax +351 21 721 1006, E-mail ursi.por@anacom.pt  (59)

MIAS, Dr. C., School of Engineering, University of
Warwick, , COVENTRY CV4 7AL, UNITED
KINGDOM, Tel. +44 2476 522343, Fax +44 2476
418922, E-mail christos.mias@warwick.ac.uk (53)

MITCHELL, Dr. C.N., Electronic and Electrical Engineering,
University of Bath, Clavertown Down , BATH, BA2 7AY,
UNITED KINGDOM, Tel. +44 1225 82 66 10, Fax +44
1225 82 63 05, E-mail c.n.mitchell@bath.ac.uk (58)

e Radio Science Bulletin No 343 (December 2012)

MODELSKI, Prof. J., Institute of Radioelectronics, Warsaw
University of Technology, ul. Nowowiejska 15/19, 00-665
WARSAW, POLAND, Tel. +48 22 825 39 29, Fax +48
22 825 5248, E-mail j.modelski@ire.pw.edu.pl (59)

MOITRA, Dr. A., Indian National Science Academy, Bahadur
Shah Zafar Marg, NEW DELHI, 110 002, INDIA, Tel.
+91 11-322 1931/1950, Fax +91 11-323 5648/1095  (59)

MOLINA FERNANDEZ, Dr. 1., Departamento de Ingenieria de
Communicaciones, E.T.S.I. Telecomunicacion, Universidad
de Malaga, Campus Universitario de Taetinos s/n,
E-29071 MALAGA, SPAIN, Tel. +34 952 13 13 11,
Fax +34 952 13 20 27, E-mail imolina@uma.es (54)

MOND, Prof.M., DeptofElectrical and Computer Eng., Ben Gurion
University, P.O. Box 653, 84105 BEER SHEVA, ISRAEL,
Fax +972 7 6472990, E-mail mond@menix.bgu.ac.il  (56)

MORIKURA, Prof. M., Communications & Computer
Engineering, Graduate School of Informatics, Kyoto
University, Sakyo-ku Yoshida-honmachi, KYOTO 606-
8501, JAPAN, Tel. +81 75 753 5348, Fax +81 75
753 5349, E-mail morikura@i.kyoto-u.ac.jp (54)

MRAVLAG, Dr. E., School of Physics, University of
KwaZula-Natal, King George V Avenue, 4041 DURBAN,
SOUTH AFRICA, Tel. +27 31-260 1280, Fax +27
31-261 6550, E-mail mravlag@ukzn.ac.za (56)

MROZOWSKI, Prof. M., Faculty of Electronics,
Telecommunications and Informatics, Gdansk
University of Technology, ul. Gabriela Narutowicza
11/12, 80-952 Gdansk-Wrzeszcz, POLAND, Tel.
+48 58 347 25 49, E-mail mim@pg.gda.pl (53)

MURPHY, Prof. P., Dept. of Electrical Eng. & Microelectronics,
National University of Ireland, CORK,IRELAND, Tel. +35321
4902214,Fax+353214271698,E-mail P.Murphy@ucc.ie (53)

MURPHY, Prof. A., Dept. of Experimental Physics, National
University of Ireland Maynooth, CO. KILDARE,
IRELAND, Tel. +351 1 6285 222 ext. 209, Fax +351
1 708 3771, E-mail anthony.murphy@nuim.ie 57)

MURSULA, Prof. K., Department of Physical Sciences,
University of Oulu, P.O. Box 3000, FI-90014 OULU,
FINLAND, Tel. +358-8-5531366, Fax +358-8-
5531287, E-mail Kalevi.Mursula@oulu.fi (56)

MUSHA, Dr. M., Institute for Laser Science, University of
Electro-communications, 1-5-1 Chofugaoka, Chofu-shi,
TOKYO 182 8585, JAPAN, Tel. +81 424 435 705, Fax
+81 424 858 960, E-mail musha@ils.uec.ac.jp (53)

NAGATSUMA, Prof. T., Division of Advanced Electronics
and Optical Science, Graduate School of Engineering
Science, Osaka University, 1-3 Machikaneyama, Toyonaka,
Osaka 560-8531, JAPAN, Tel. +81 6 6850 6335, Fax +81 6
6850 6335, E-mail nagatuma@ee.es.osaka-u.ac.jp (54)

NAGY, Dr. L., Department of Broadband Infocommunication
Systems, BME - Budapest University of Technology
and Economics, Goldmann Gyorgy ter 3 , 1111
BUDAPEST, HUNGARY, Tel. +36 1 463 15 59, Fax
+36 1 463 32 89, E-mail nagy@mbht.bme.hu (54,59)

NAM, Prof. S., School of Electrical & Computer Engineering,
Seoul National University, Sillim-dong, Kwanak-gu,
SEOUL 151-742, SOUTH KOREA, Tel. +82 2 880 8412,
Fax +82 2 880 8212, E-mail snam@snu.ac.kr (53)

NAPIERALSKI, Prof. A., University of Lodz, Narutowicza 65, 90-
131 LODZ,POLAND, E-mail napier@dmcs.p.lodz.pl (54)

NEMIROVSKY, Prof. Y., Dept. of Electrical Engineering,
Technion - Israel Institute of Technology, 32000
HATIFA, ISRAEL, Tel. +972 4-829 3450, Fax +972
4-832 3041, E-mail nemirov(@ee.technion.ac.il (54)

69




NENCHEYV, Prof. M., Technical University of Sofia, 8,
Kliment Ohridi Str., 1756 SOFIA, BULGARIA, Tel. +359
32 659 711, E-mail marnenchev@yahoo.com (54,59)
NEVES, Prof. Dr. J.C. da Silva, Instituto de Telecomunicagoes,
Universidade de Aveiro, Campus Universitario, 3810-
193 AVEIRO, PORTUGAL, Tel. +351 23 437 7900,
Fax +351 23 437 7901, E-mail jneves@av.it.pt (55)
NGWENYA, Ms. L., Programme Officer, SA International
Council for Science, Meiring Naude Road Brummeria,
P.O. Box 2600, PRETORIA 0001, SOUTH
AFRICA, E-mail lynn.ngwenya@nrf.ac.za (59)
NICKOLAENKO, Prof. A., Remote Sensing, Inst. for Radio-
Physics and Electronics Nat. Acad. of Sciences of the Ukraine,
12 Acad. Proskura street, KHARKOV 61085, UKRAINE,
Tel. +38 (057) 720 3369, Fax +38 (257) 315 2105, E-mail
sasha@ire.kharkov.ua, sashanickolaenko@gmail.com (58)
NICKOLOV, Prof. E., National Institute of Geophysics, Geodesy
and Geography, Bulgarian Academy of Sciences, Acad. G.
Bonchev St., bl. 3, 1113 SOFIA, BULGARIA, Tel. +359
2 987 4624, E-mail eugene.nickolov(@cu.bas.bg (55)
NOEL, Prof. Fernando, Depto de Astronomia, Universidad de
Chile, Casilla 36-D, SANTIAGO, CHILE, Tel. +56 2-229
4002, Fax +562-229 4101, E-mail fnoel@das.uchile.cl (53)
NOVAK, Dr. J., Institute of Electrical Engineering, Slovak
Academy of Sciences, Dubravska cesta 9, BRATISLAVA
84104, SLOVAKIA, Tel. +421 2-59222761, Fax +421
2-54775816, E-mail jozef.novak@savba.sk (54)

O’BRIEN, Ms. Meaghan, National Committees Officer/
Fasas Secretariat, Australian Academy of Science, lan
Potter House, Gordon Street, Box 783, Acton ACT
2601, AUSTRALIA, Tel. 02 6201 9456, Fax 02 6201
9494, E-mail meaghan.obrien@science.org.au (59)

O’DROMA, Dr. M., Director Telecommunications Research
Centre, Dept. of Electrical & Computer Eng., Electrical
and Computer Eng Dept, University of Limerick,
LIMERICK, IRELAND, Tel. +353-61-202364, Fax
+353-61-338176, E-mail mairtin.odroma@ul.ic  (54,59)

O’SULLIVAN, Dr. J.D., Australian Telescope National
Facility, CSIRO Astronomy and Space Science, PO
Box 76, Epping, NSW 1710, AUSTRALIA, Tel. +612
9372 4604, E-mail john.osullivan@csiro.au (55)

OHIRA, Prof. T., Toyohashi University of Technology (TUT),
Tempaku, Toyohashi City 441-8580, JAPAN, Tel. +81-532-
44-6761, Fax +81-532-44-6757, E-mail ohira@tut.jp  (52)

OHISHI, Dr. M., National Astronomical Observatory of
Japan, 2-21-1, Osawa, Mitaka, Tokyo, 181-8588, Japan,
Tel. +81 422 34 3575, Fax +81422 34 3840, E-mail
iucafchair@iucaf.org, masatoshi.ohishi@nao.ac.jp (60)

OKONIEWSKI, Prof. M., Electrical and Computer Engineering,
ICT 354, University of Calgary, 2500 University Drive
NW, CALGARY, ALBERTA, T2N 1N4,CANADA, Tel.
+1 403 220 6175, E-mail okoniews@ucalgary.ca (57)

OMURA, Prof. Y., Laboratory of Computer Space Science,
Kyoto University - RISH, Gokasho, Uji , KYOTO 611-
0011, JAPAN, Tel. +81 774 38-3811, Fax +81 744 31-
8463, E-mail omura@rish.kyoto-u.ac.jp (52, 56,58)

ONUU, Prof. M., Electronics & Computer Technology Unit,
Department of Physics, University of Calabar, GPO
2772, Calabar, Cross River State, NIGERIA, Tel. 234
803 507 2076, E-mail michaelonuu@yahoo.com (54)

OPPENHEIM, Prof. M., Center for Space Physics, Astronomy
Dept., Boston University, Commonwealth Ave. 725 ,
BOSTON, MA 02215, USA, Tel. +1 617 353 61 39, Fax
+1 617 353 57 04, E-mail meerso@bu.edu (56,60)

70

OTMIANOWSKA-MAZUR, Prof. K., Jagiellonian University
in Krakov, ul. Golebia 24, 31-007 Krakow, POLAND, Tel.
+48 12 425 145735, E-mail otmian@oa.uj.edu.pl 57)

OZEREN, Assist. Prof. F.F., Faculty of Sciences, Erciyes
University, , Kayseri, TURKEY, Tel. +90 352 207
6666 ext 33256, E-mail ozeren@erciyes.edu.tr (57)

OSTERBERG, Prof. U., Department of Electronics and
Telecommunications, NTNU, O.S. Bragstads
plass 2, N-7491 Trondheim, NORWAY (53)

PADULA-PINTOS, Prof. V.H., Director Dept. Coord. R&D,
Instituto Tecnologico de Buenos Aires, Pena 2446, 77 A”, 1125
BUENOS AIRES, ARGENTINA, Tel. +54 1-314 7779 ext.
263, Fax +54 1-314 0270, E-mail vpadula@itba.edu.ar (57)

PALADIAN,Prof.F.,Université BlaisePascal, LASMEA,24,avenue
des Landais, F-63177 Aubiere Cedex, FRANCE, Tel. +334 73
4072 09, E-mail paladian@lasmea.univ-bpclermont.fr (55)

PALICOT, Dr. J., Supélec, Avenue de la Boulaie, CS 47601,
F-35576 Cesson-Sévigné, FRANCE, Tel. +33 2 99
84 45 41, E-mail jacques.palicot@supelec.fr (54)

PALOSCIA, Dr. S., CNR-IFAC, Via Madonna del
Piano, 10, I - 50019 Sesto Fiorentino, FIRENZE,
ITALY, E-mail S.Paloscia@ifac.cnr.it (55,60)

PAMPALONI, Dr. PAOLO, Institute of Applied Physics , IFAC-
CNR, Via Madonna Del Piano 10, 50019 Sesto Fiorentino,
FIRENZE,ITALY, Tel.+390554235205, Fax+39 0554235290
or +39 055 410893, E-mail P.Pampaloni@ifac.cnr.it  (55)

PANAYIRCI, Dr. E., Dept. of Electr. & Electronics Eng.,
Kadir Has University, Faculty of Engineering, Cibali
Merkez Kampusu, 34230-01 CIBALI, ISTANBUL,
TURKEY, Tel. +90 212 533 6532, E-mail eepanay@
khas.edu.tr, eepanay@Princeton.edu (54)

PARFITT, Prof. A.J., Pro Vice Chancellor, Division of ITEE,
University of South Australia, Mawson Centre, MAWSON
LAKES, SA 5095, AUSTRALIA, Tel. +61 8 8302 3310, Fax
+61883023873, E-mail andrew.parfitt@unisa.edu.au (54,59)

PARK, Prof. S-O, EE Department, Korea Advanced Institute
of Science and Technology, 291 Dachak-Ro, Yuseong-gu,
DAEJEON305-701, SOUTH KOREA, Tel. +82 423507414,
Fax +82 42 350 8268, E-mail sopark@ee kaist.ac.kr  (59)

PARKER, Prof. T., Collaborative Nonlinear Electronics
Research Facility, Macquarie University, North Ryde,
NSW 2109, AUSTRALIA, Tel. +61 2 9850 9131, Fax
+61 2 9850 9128, E-mail tonyp@ics.mq.edu.au (54)

PARMENTIER, Dr., ONERA, DEMR (Electromagnetics & Radar
Department), CDE group (Electromagnetic Compatibility &
Detection),BP4025,Avenue EdouardBelin,31055TOULOUSE
Cedex 4, FRANCE, Tel. +33 5 62 25 27 89, Fax +33 5 62
25 25 77, E-mail hipar@onecert.fr, hipar@onera.fr  (58)

PARROT, Dr. M., CNRS/LPCE, , 3A, avenue de la
Recherche Scientifique, F-45071 ORLEANS CEDEX
2, FRANCE, Tel. +33 2-3825 5291, Fax +33 2-3863
1234, E-mail mparrot@cnrs-orleans.fr (58)

PASKO, Prof. V., Electrical Engineering, Penn State University,
211B EE East, 16802 University Park,United States, Tel.
+1 814 865 34 67, Fax , E-mail vpasko@psu.edu (56)

PAZ RETUERTO, Mr. P., Comision Nacional de Investigacion y
Desarrollo Aeroespacial CONIDA, Av. Luis Felipe Villaran
1069, SanIsidro, LIMA27,PERU, Fax+51 1441-9081 (54)

PERRIN, Dr. A., Radiobiology, Ministry For Defence-irba/crssa, 24
AvenueDesMaquis DuGrésivaudan,38700LaTronche, France,
Tel.33(0)4 7663 6879, E-mail aperrin.crssa@gmail.com (57)

PERRUISSEAU-CARRIER, Prof.J., Ecole Polytechnique Fédérale
de Lausanne, EPFL-STI-IEL-GR-JPC, Station 11, CH-1015
LAUSANNE,SWITZERLAND, Tel.+41216937871,Fax+41
216932673, E-mailjulien.perruisseau-carrier@epfl.ch (53)

e Radio Science Bulletin No 343 (December 2012)



PIERRARD, Dr. V., Belgisch Instituut voor Ruimte-
Aéronomie (BIRA), Ringlaan 3, 1180 BRUSSEL,
BELGIUM, Tel. +32 2 3730 418, Fax +32 2 374 84
23, E-mail viviane.pierrard@aeronomie.be (56)

PIJOAN VIDAL, Prof. J.L., Dpto. Comunicaciones y Teoria
de la Senal, Universidad Ramon Llull, Escuela Tecnica
Superior de Ingenieria e Informatica La Salle, 08022
BARCELONA, SPAIN, Tel. +34 93 290 24 00, Fax
+34 93 290 24 70, E-mail joanp@salle.url.edu (56)

PIRJOLA, Ph.D R.J., Finnish Meteorological Institute,
P.O. Box 503 , FI-00101 HELSINKI, FINLAND,
Tel. +358 919 29 46 52, +358-50-5996893, Fax
+358-9-19294604, E-mail risto.pirjola@fmi.fi (60)

PITOUT, Mr. F., Institut de Recherche en Astrophysique
et Planétologie, 9, rue de Colonel Roche, BP 44346,
31028 TOULOUSE Cedex 4, FRANCE, Tel.
+33 5 61 55 66 81, E-mail pitout@cesr.fr (56)

POGORILY, Prof. A.N., Institute of Magnetism, NASU, 36-b,
Vernadsky Blvd., KIEV 03142, UKRAINE, Tel. +380 44
4249095,Fax+380444241020,E-mailapogorily@aol.com (59)

POULTER, Dr. E. M., National Institute of Water and
Atmospheric Research Ltd, NIWA, P.O.Box 14-901, Kilbirnie,
Wellington, NEW ZEALAND, Tel. +64-4-386-0560, Fax
+64-4-386-2153, E-mail m.poulter@niwa.cri.nz (595)

PRATO, Dr. F., Lawson Imaging, Room B5-004, Lawson Health
Research Institute, 268 Grosvenor Str., LONDON, ON
N6A 4V2, CANADA, Tel. +1 519-646-6100x64140, Fax
+1 519-646-6205, E-mail prato@lawsonimaging.ca  (59)

PRAZERES, Eng. H. P, ICP-ANACOM, , Av. Jos¢ Malhoa
12, 1099-017 LISBOA, PORTUGAL, Tel. +351
21 721 2232, Fax +351 21 721 1006, E-mail ursi.
por@anacom.pt, helena.prazeres@anacom.pt (59)

PRICE, Prof C.G., Geophysics and Planetary Sciences,
Tel Aviv University, Levanon Road, 69978 Tel
Aviv, Israel, Tel. +972-36406029, Fax +972-
3-6409282, E-mail cprice@flash.tau.ac.il (58)

PRIOU, Dr. A., LEME, University Paris Ouest Ville d’Avray,
50 rue de Sévres, 92794 Ville d’Avray, FRANCE, Tel. +33
1 40 97 41 00, E-mail alain.priou@u-paris10.fr (53)

PULINETS, Prof. S.A., IZMIRAN, Russian Academy
of Sciences, Troitsk, Moscow Region 142190,
RUSSIA, E-mail pulyal@hotmail.com (58)

QBUIJANO, Prof. A., Calle 48 y 116, 1900 LA PLATA,
A., ARGENTINA, Tel. (54) 21-243 709, Fax 54 21-
250 804, E-mail adrian.quijano@gmail.com (54)

RABIU, Dr. A.B., Department of Physics, Federal University
of TEchnology, Akure,, Ondo State, NIGERIA, Tel. 234
803 070 5787, E-mail tunderabiu@yahoo.com (53)

RACHIDI, Prof F., EPFL-SCI-STI-FR, ELL-138, Station 11,
CH-1015 Lausanne, Switzerland, Tel. +41-21-693 26 20, Fax
+41-21-693 46 62, E-mail Farhad.Rachidi@epfl.ch (55,59)

RADASKY, Dr. W.A., Metatech Corporation, , 358 S. Fairview
Ave., Suite E, Goleta, CA93117,USA, Tel. +1-805-683-5681,
Fax +1-805-683-3023, E-mail Wradasky@aol.com  (58)

RADEV, Prof. D., Ruse University, Angel Kanchev, 8
Studentska str., 7017 RUSE, BULGARIA, Tel.
+359 82 888 673, E-mail dradev@abv.bg (55)

RADICELLA, Prof. S.M., Abdus Salam ICTP, ARPL, Strada
Costiera 11, PO Box 586, 1-34014 TRIESTE, ITALY,
Tel. +390 40 224 0331, Fax +390 40 224 604, E-mail
sandro.radicella@jictp.trieste.it, rsandro@ictp.it (56)

e Radio Science Bulletin No 343 (December 2012)

RAKOV, Prof V., Ece, University of Florida, 553
Engineering Bldg. #33, Gainesville, FL 32611-
6130,USA, Tel. , Fax , E-mail rakov@ece.ufl.edu (58)

RAMARAO, Mr. P.V.S., Space Physics Laboratory, Department
of Physics, Andhra University, VISAKHAPATNAM 530 003,
INDIA, Tel. +91 891 539049, Fax +91 891-555 547  (58)

RASMUSSEN, Prof. J., RISOE, Optics & Fluid Dynamics
Department, P.O. Box 49, DK 4000 ROSKILDE,
DENMARK, Tel. +45 4677 4537, Fax +45 4677
4565, E-mail jens.juul.rasmussen@risoe.dk (56)

RAULIN, Prof. J-P, Escola de Engenharia, Centro de Radio-
Astronomia e Astrofisica Mackenzie - CRAAM, Universidade
Presbiteriana Mackenzie, Rua da Consolagao 896, Consolagao,
01302-907 Sao Paulo, SP,BRAZIL, Tel. +55 1121148724, Fax
+55 1121142300, E-mail raulin@craam.mackenzie.br (55)

READER, Prof. H. Charles, Dept. of Electrical & Electronic
Eng., University of Stellenbosch, Private Bag XI, 7602
Stellenbosch, SOUTHAFRICA, Tel. +2721-808-3623/4478,
Fax +27 21-808-4981, E-mail hcreader@sun.ac.za (55,58)

REISING, Prof S.C., Electrical and Computer Engineering
Department, Colorado State University, 1373 Campus Delivery,
FortCollins,CO80523-1373,USA, Tel.+19704912228,Fax+1
970491 2249, E-mail Steven.Reising@ColoState.edu (52,60)

RENGARAIJAN, Prof. R, Electrical And Computer
Engineering, California State University, 18111
Nordhoff Street, 91330 Northridge, USA, Tel. +1
818 677 3571, E-mail srengarajan@csun.edu (53)

ROBINSON, Dr. M.P., Department of Electronics, University
of York, Heslington, YORK, YO10 5DD, UNITED
KINGDOM, Tel. +44 1904 432 385, Fax +44 1904
433 224, E-mail martin.robinson@york.ac.uk (57)

ROCCO GIRALDI, Prof. M.T.M., Instituto Militar de Engenharia
- IME, , Praca General Tiburcio 80, Urca, 22290-270 Rio de
Janeiro, BRAZIL, Tel.+552138204183,Fax+552196418217,
E-mail mtmrocco@ime.eb.br, mtmrocco@gmail.com (59)

RODGER, Assoc. Prof. C.J., Department of Physics,
University of Otago, Po Box 56, Dunedin 9016, NEW
ZEALAND, Tel. +64 3 479 4120, Fax +64 3-479
0964, E-mail crodger@physics.otago.ac.nz (56,58)

RODRIGUES, Prof. Dr. A., Instituto Superior Técnico,
Instituto de Telecomunigoes, Avenida Rovisco Pais
n°l, 1096 LISBOA CODEX, PORTUGAL, Tel. +351
2 8418484, E-mail antonio.rodrigues@lx.it.pt (54)

RODRIGUEZ-GONZALEZ, Prof. J.A., Dpto. Fisica Aplicada,
Facultad de Fisica, Universidad de Santiago de Compostela,
15782 Santiago de Compostela, SPAIN, Tel. +34 8818 140
30, Fax +34 8818 140 72, E-mail ja.rodriguez@usc.es (59)

ROGIER, Prof. H., Information Technology, Ghent
University, Sint-Pietersnieuwstraat 41, 9000 Ghent,
Belgium, Tel. (329) 264-3343, Fax (329) 264-
9969, E-mail hendrik.rogier@intec.ugent.be (53)

RONNEKLEIV, Prof. Arne, Department of Electronics
and Telecommunications, NTNU, O.S. Bragstads plass
2, N-7491 TRONDHEIM , NORWAY, Tel. +47 73-
594413, E-mail arne.ronnekleiv@iet.ntnu.no (54)

ROZTOCIL, Dr. J., Facukty of Electrical Engineering, Czech
Technical University, Technickd 2, PRAGUE 6 166
27, CZECH REPUBLIC, Tel. +420 224 352 869, Fax
+420 233 339 929, E-mail roztocil@feld.cvut.cz (53)

RUBINSTEIN, Prof., IICT, HEIG-VD, Route de Cheseaux 1,
1401 Yverdon-les-Bains,Switzerland, Tel. 41245576296,
E-mail marcos.rubinstein@heig-vd.ch (54)

RUCKER, Prof. H.O., Space Research Institute,
Schmiedlstrasse 6, A-8042 Graz, AUSTRIA, Tel. +43
316 4120 601, Fax +43 316 4120 390, E-mail helmut.
rucker@oeaw.ac.at, rucker@oeaw.ac.at (56,57,59)

71




RUZHIN, Prof. Yu. Ya., IZMIRAN, TROITSK, MOSCOW
REGION 142092, RUSSIA, Tel. +7 496 751 0291, Fax
+7 496 751 0124, E-mail ruzhin@izmiran.ru (56)

RYDBERG, Prof. A., Angstrom Laboratory, Uppsala University,
Dept. of Engineering Sciences, P.O. Box 534, SE-751 21
UPPSALA, SWEDEN, Tel. +46 18 471 32 28, Fax +46 18
55 50 95, E-mail anders.rydberg@angstrom.uu.se (54)

SAAD, Prof. E.M., Comm., Electronics and Comp. Eng.
Department, Faculty of Engineering, University of Helwan,
Helwan, Cairo, EGYPT, Tel. +202 5048291, Fax +202
2558294, E-mail elsayedmos@hotmail.com (54,59)

SABATH, Dr. F., Wehrwissenschaftliches Institut fir
Schutztechnologien, ABC-Schutz, GB 300, Humboldstrasse
100, D-29623 MUNSTER, GERMANY, Tel.
+49 (0)5192 136 300, Fax +49 (0)5192 136 355,
E-mail FrankSabath@bundeswehr.org (55, 58)

SADKHAN, Bay , Chairman of IEEE, Iraq section,
University of Babylon, Computer Technology College,
Babylon,Iraq, Tel. 00964 7707119529, Fax 00964
7801884154, E-mail drengsattar@yahoo.com (59)

SAKA, Prof. B., Dept. of Electrical & Electronics Engineering,
Hacettepe University, Faculty of Engineering, 06532
BEYTEPE, ANKARA, TURKEY, Tel. +90 312 297 7045,
Fax+903122992125, E-mail birsen@hacettepe.edu.tr (59)

SALOUS,Prof.S.,SchoolofEngineering, Centre forCommunication
Systems, University of Durham, South Road, DURHAM, DH1
3LE, UNITED KINGDOM, Tel. +44 191 334 2532, Fax +44
191 334 2408, E-mail sana.salous@durham.ac.uk  (54,60)

SAMARAS, Prof. T., Dept. of Physics, Radiocommunications
Lab., Aristotle University of Thessaloniki, GR-54124
THESSALONIKI, GREECE, Tel. +30 2310 998232,
Fax +30 2310 998069, E-mail theosama@auth.gr (59)

SANCHO RUIZ, Prof. M., Dep. Fisica Aplicada III -
Fac. de Fisicas, Universidad Complutense, , 28040
MADRID, SPAIN, Tel. +34 91 394 4388, Fax +34
91 394 5196, E-mail msancho@fis.ucm.es (56)

SANTOLIK, Assoc. Prof. O., Institute of Atmospheric Physics,
Academy of Sciences of the Czech Republic, Bocni I, 1401,
141 31 PRAGUE 4, CZECH REPUBLIC, Tel. +420 267 103
083, Fax +420 272 762 528, E-mail os@ufa.cas.cz  (56)

SARANGO, Dr. Martin F., M Sarango CT, Industrias
Tecnologicas, Av. Javier Prado Este 3040 Piso 4, San
Borja, LIMA 41, PERU, Tel. +51 1-3588700, Fax +51
1-2500969, E-mail ursiperu@msarangoct.com (55)

SARMA, Dr. T.V.C., National Atmospheric Research Laboratory,
P.O. Box 123, SVU PO, TIRUPATI 517 502, INDIA, Tel.
+91 8585 272008/272024, Fax +91 8585 272018/272021,
E-mail tvesarma@narl.gov.in, tvcsarma@gmail.com  (54)

SCHLEGEL, Prof. Kristian, Copernicus Gesellschaft
e.V., , Max-Planck-Str. 13, D-37191 KATLENBURG-
LINDAU, GERMANY, Tel. +49 5556-979451/468,
Fax +49 5556-979240, E-mail kristianschlegel@
web.de, KS-URSI@email.de (52,58,60)

SCHONHUBER, Dr. M., Joanneum Research, , Steyrergasse 17-
19,8010 Graz, AUSTRIA, Tel. +433168762511,Fax+43316
876992511, E-mail Michael.Schoenhuber@joanneum.at (55)

SCHRADER, Dr.T.,Dept. High Frequency and Fields, Physikalisch-
Tecnische Bundesanstalt, Bundesallee 100, D-38116
BRAUNSCHWEIG, GERMANY, Tel. +49 531 592-2200, Fax
+49 531 592-2205, E-mail thorsten.schrader@ptb.de  (53)

SCHWEICHER, Prof. E., 79, rue de Bruxelles, 1480
TUBIZE, BELGIUM, Tel. +32 2 355 0636,
E-mail schweicher.emile@gmail.com (58)

72

SEBASTIAN FRANCO, Prof. J.L., Dpto. Fisica Aplicada III,
Facultad de Ciencias Fisicas, Universidad Complutense
de Madrid, 28040 MADRID, SPAIN, Tel. +34 91-394-
4393, Fax +34 91-394-5196, E-mail jlsf@fis.ucm.es  (57)
SEIRADAKIS, Prof. J.H., Department of Physics,
Section Astrophysics, Astronomy and Mechanics,
Aristotle University of Thessaloniki, GR-54124
THESSALONIKI, GREECE, Tel. +30 2310 998173,
Fax +30 2310 995384, E-mail jhs@astro.auth.gr 57)
SELLER, Dr. R., Department of Broadband Infocommunication
Systems, BME - Budapest University of Technology
and Economics, Goldman Gyorgy ter 3, 1111
BUDAPESt, HUNGARY, Tel. +36 1 463 3687, Fax
+36 1 463 3289, E-mail seller@mht.bme.hu (55)
SELLERI, Prof. S., Dip. di Ingegneria dell’Informazione,
University of Parma, Viale G.P. Usberti 181/A, 43124
Parma, ITALY, E-mail stefano.selleri@unipr.it (54)
SENGUPTA, Dr. A., Time and Frequency Section, National
Physical Lab., Dr. K.S. Krishnan Marg, NEW DELHI,
110 012, INDIA, Tel. +91 11-578 6168, Fax +91 11-
575 2678, E-mail sengupta@csnpl.ren.nic.in (53)
SERBEST, Prof. H., Department of Electrical and Electronics
Engineering, Cukurova University , Faculty of Engineering
and Architecture, Balcali, ADANA, TURKEY, Tel.
+90 322 338 7237, Fax +90 322 338 6326, E-mail
serbest@cu.edu.tr, hamitserbest@gmail.com (52)
SEXTON, Prof. M.C., University College Cork, 6 Brighton Villas,
WesternRoad, CORK,IRELAND, Tel. +353214902893/2210,
Fax +353 21 427 1698, E-mail eleceng@ucc.ie (56)
SHAFAI, Dr. L., Canadian Space Agency, David Florida
Laboratory, 6767 route de I’ Aeroport, ST-HUVERT, QC J3Y
8Y,CANADA, Tel.+16139903204,Fax+16139936103 (53)
SHIBATA, Prof. K., Kwasan Observatory, Kyoto
University, Yamashina, KYOTO 607-8471,
JAPAN, Tel. +81 75-581 1235, Fax +81 75-593
9617, E-mail shibata@kwasan.kyoto-u.ac.jp (58)
SHIRAI, Professor H., Dept. Eece, Chuo University, 1-13-27
Kasuga, Bunkyo-ku, Tokyo 112-8551, Japan, Tel. +81-3-3817-
1863, Fax+81-3-3817-1847, E-mail shirai@m.ieice.org (53)
SHISHKOV, Prof. B.B., Institute of Mathematics & Informatics
, Bulgarian Academy of Sciences, Acad. G. Bonchev Str.,
bl. 8, 1618 SOFIA, BULGARIA, Tel. +359.2.9793858, Fax
+359 2 971 3649, E-mail bshishkov@math.bas.bg  (54,59)
SHMELEYV, Dr. A.B., Radiotechn. Inst. by name of Academic
Mints, OAO, 8 Marta Street, bld. 10, MOSCOW
125083, RUSSIA, Tel. +7 495 614 2841, Fax +7 495
614 0662, E-mail abshmelev@yahoo.com (54)
SIBILLE, Prof A., Dept Comelec, TELECOM ParisTech,
46 rue Barrault , F-75634 Paris Cedex 13, FRANCE,
Tel. +33 01 45 81 70 60, Fax +33 01 45 80 40
36, E-mail alain.sibille@telecom-paristech.fr (59)
SIERRA-PEREZ, Prof., Signals, Systems And
Radiocommunications, Universidad Politecnica
De Madrid, Etsi. De Telecomunicacidon
av. Complutense 30, 28040 Madrid, Spain, Tel.
+34913365873, E-mail manuel.sierra.perez@upm.es  (54)
SIGALO, Dr. F.B., Department of Physics, Rivers State
University of Science and Technology, PMB 5080,
Port Harcourt, Rivers State, NIGERIA, Tel. 234 803
342 7133, E-mail fbsigalo@hotmail.com (57)
SIHVOLA, Prof. A., Dept. Radio Science & Engineering, Aalto
University, PO Box 13000, FI-00067 AALTO, FINLAND, Tel.
+358 947022261, E-mail Ari.Sihvola@aalto.fi  (53,59,60)
SKOU, Prof. N., Electromagnetic Systems, Denmarks
Technical University , Oersted Plads, Building 348,
DK 2800 LYNGBY, DENMARK, Tel. (454) 525-3768,
Fax (454) 593-1654, E-mail ns@space.dtu.dk (55)

e Radio Science Bulletin No 343 (December 2012)



SKVOR, Prof. Z., Faculty of Electrical Engineering, Czech
Technical University, Technicka 2, PRAGUE 6 166
27, CZECH REPUBLIC, Tel. +420 224 352 278, Fax
+420 233 339 958, E-mail skvor@feld.cvut.cz (53)

SLAVOVA POPIVANOVA, Prof. , Mathematical Physics,
Institute Of Mathematics And Informatics, Bulgarian
Academy Of Sciences, Acad.g.bonchev Str., BLS,
1113 Sofia, Bulgaria, Tel. +359 2 979 2841, Fax
+3592 971 3649, E-mail slavova@math.bas.bg (57)

SLOBODZIAN, Prof. P., Wroclaw University of Technology, 27
Wybrzeze Wyspianskiego St, 50-370 Wroclaw, POLAND, Tel.
+48 713204583, E-mail piotr.slobodzian@pwr.wroc.pl (55)

SMIESKO, Prof. V., Fac. of Electrical Eng. & Information
Technology, Slovak University of Technology, Ilkovicova 3,
BRATISLAVA 812 19, SLOVAKIA, Tel. +421 2-60291894,
Fax+4212-65429600, E-mail viktor.smiesko@stuba.sk (55)

SMITH, Prof. P.D., Department of Mathematics, EA7
402, Macquarie University, North Ryde, NSW, 2109,
AUSTRALIA, Tel. +61 2 9850 8944, Fax +61 2
9850 8114, E-mail paul.smith@mgq.edu.au (53)

SOBIESKI, Prof. P., U.C.L. - TELE, Batiment
Stévin, Place du Levant, 2, 1348 LOUVAIN-LA-
NEUVE,BELGIUM, Tel. +32 10-47 23 03, Fax +32
10-47 20 89, E-mail Piotr.Sobieski@uclouvain.be (55)

SOUSA, Prof. L., Instituto Superior Tecnico (Instituto

de Telecmunicagoes), , Avenida Rovisco Pais
N°1l, 1096 LISBOA CODEX,PORTUGAL,
Tel. , Fax , E-mail leonel.sousa@lIx.it.pt (54)

SORRENTINO, Prof. R., Department of Electronic and Information
Eng., University of Perugia, Via Duranti93,1-06125 PERUGIA,
ITALY, Tel. +390 75-585 3658, Fax +390 75-585 3568, E-mail
sorrentino@diei.unipg.it, r.sorrentino@ieee.org (59)

STANISLAWSKA, Dr. 1., Polish Academy of Sciences,
Space Research Centre , ul. Bartycka 18 A,
00-716 WARSAW, POLAND, Tel. +48 22 840 37
66 ext. 380, E-mail stanis@cbk.waw.pl (56,60)

STEINMEYER, prof. G., Max-Born-Institut (MBI), Department
C2, Haus C, 3.7, Max-Born-Strafie 2 A, 12489 BERLIN,
GERMANY, E-mail steinmey@mbi-berlin.de (54)

STOFANIK, Dr. V., Fac. of Electrical Engineering & Information
Technology, Slovak University of Technology, Ilkovicova 3,
BRATISLAVAS81219,SLOVAKIA, Tel. +4212 60291 394, Fax
+4212 65429 683, E-mail vladimir.stofanik@stuba.sk  (55)

STONE, Dr. W.R., 840 Armada Terrace, San Diego,
CA 92106, USA, Tel. +1-619 222 1915, Fax +1-
619 222 1606, E-mail r.stone@cox.net (52,60)

STRUZAK, Dr. R.G., Z21, Instytut Lacznosci Panstwowy
Instytut Badawczy, Ul Swojczycka 38, 51-501 Wroclaw,
POLAND, Tel. +48 515195562, Fax +48 713614474,
E-mail r.struzak@ieee.org, struzak@gmail.com (58)

SU, Prof. Y-K, Office of Academic Affairs, National
Cheng Kung University, No. 1, Ta-Hsueh
Road, TAIWAN 701, CHINA (SRS), Tel. +886-6
2757575ext50109, E-mail yksu@mail.ncku.edu.tw  (54)

SU, Dr. D., , Beijing University of Aeronautics & Astronautics,
XueYuan Road No.37, HaiDian District, Beijing, CHINA
(CIE), Tel. +86 10 8231 7224, E-mail sdl@buaa.edu.cn (53)

SUMICHRAST, Prof. L., Fac. of Electrical Eng.&Information
Technology, Slovak University of Technology,
Ilkovicova 3, BRATISLAVA 812 19, SLOVAKIA,
Tel. +421-2-65423502, Fax +421-2-65420415,
E-mail lubomir.sumichrast@stuba.sk (53,59)

SUWAIYEL, Dr. M.1., Directorate of International Cooperation,
KACST, P.O. Box 6086, RIYADH 11442, SAUDI
ARABIA, Tel. +966 1 488 3555 ext 3490, Fax +966
1 4813441, E-mail int coop@kacst.edu.sa (59)

e Radio Science Bulletin No 343 (December 2012)

SVOBODA, Dr. M., Czech Metrology Institute, Hvozdanska 3,
PRAGUE 4 148 01, CZECH REPUBLIC, Tel. +420271 192
125, Fax+420 272934 560, E-mail msvoboda@cmi.cz (55)

SZABO,Dr.L.D.,National Research Institute, for Radiobiology and
Radiohygiene, PentzK.u.5,H-1221 BUDAPEST,HUNGARY,
Tel. +36 1-1264 160, Fax +36 1-2266 974, E-mail 57)

SZEKELY, Prof. V., Department of Electron Devices, BME -
Budapest University of Technology and Economics, Goldmann
Gy.tér3.,H-1111 BUDAPEST, HUNGARY, Tel. +36 1-463-
2703,Fax+361-463-2973, E-mail szekely@eet.bme.hu (54)

TAKI, Prof. M., Department of Electrical Engineering,
Tokyo Metropolitan University, 1-1 Minami-osawa,
Hachioji, TOKYO 192-0397, JAPAN, Tel. +81 426 77 2763,
Fax +81 426 77 2756, E-mail masao@tmu.ac.jp 57)

TAO, Dr. R., Department of Electronic Engineering, Beijing
Institute of Technology, Beijing, 100081, CHINA (CIE),
Tel. +86 10 6891 4257, E-mail rantao@bit.edu.cn (54)

TAVELLA, Dr. P., INRIM, Strada delle Cacce 91, 10135
TORINO,ITALY, Tel. +39 011 3919235, Fax +39
011 3919259, E-mail tavella@inrim.it (53,59)

TEDJINI, Dr. S., INPG-ESISAR, LCIS, 50, rue B. de
Laffemas, BP 54, F-26902 VALENCE CEDEX 9,
FRANCE, Tel. +33 4 75 75 9420, Fax +33 4 75 43 5642,
E-mail smail.tedjini@]cis.grenoble-inp.fr (54, 58)

TETELIN, Dr. , RFID, CNRFID, 5, Avenue De
Manéou, 13790 Rousset, France, Tel. +33 442 37 09
37, E-mail ctetelin@centrenational-rfid.com (54)

THIDE, Prof. Bo, Angstrom Lab, Uppsala University, P.O.
Box 537, 751 21 UPPSALA, SWEDEN, Tel. +46 18 471
59 14, Fax +46 18 471 59 05, E-mail bt@irfu.se  (56,58)

THOMSON, Dr. N.R., Department of Physics,
University of Otago, P.O. Box 56, DUNEDIN,
NEW ZEALAND, Tel. +64 3-479 7802, Fax +64 3-479
0964 , E-mail n_thomson@physics.otago.ac.nz (59)

TIAN, Professor J., Intelligent Medical Research Center,
Institute Of Automation, Chinese Academy Of Sciences,
Rm. 933, No. 95, Zhongguancun East Rd., Haidian
District, 100190 Beijing, Haidian District, China,
Tel. 86-10-52628760, E-mail tian@ieee.org (57)

TJELTA, Dr. T., Telenor GBDR, Snaroyveien 30,
1331 FORNEBU, NORWAY, Tel. +47 90 786424,
E-mail terje.tjelta@telenor.com (55,58)

TOBAR, Prof. M.E., School of Physics M013, Frequency
Standards and Metrology Research Group, University
of Western Australia, 35 Stirling Highway, CRAWLEY,
WA 6009, AUSTRALIA, Tel. +61 8 6488 3443, Fax +61
8 6488 1235, E-mail mike@physics.uwa.edu.au (53)

TOPSAKAL, Prof. E., Electrical And Computer Engineering,
Mississippi State Universitiy, 405 Simhall Hall,
Hordy Street, MS 39762-9571, Mississippi, United
States, Tel. (+1 662) 325-3669, Fax +1 (662) 325-
2298, E-mail topsakal@ece.msstate.edu (57,60)

TORKAR, Prof. K.M.,, Space Research Institute, Schmiedlstrasse
6, A 8042 Graz,AUSTRIA, Tel. +43 316 4120 531, Fax
+43 316 4120 590, E-mail klaus.torkar@oeaw.ac.at  (56)

TORNIKOSKI, Prof. M., Aalto University, Metséhovi Radio
Observatory, Metsihovintie 114, 02540 KYLMALA,
FINLAND, Tel. +358 9-2564 831, Fax +358 9-2564
531, E-mail Merja.Tornikoski@aalto.fi (57)

TRAINOTTI, Prof. V., Bernardo de Irigoyen 650 2° 10, 1072
BUENOS AIRES, ARGENTINA, Tel. +541 4334 3529,
Fax +541 4709 3210, E-mail vtrainotti@ieee.org (53)

TRETYAKOV, Prof. O.A., Department of Theoretical
Radio Physics, Kharkov National University, Svoboda

73




Sq. 4, Kharkov 61077,UKRAINE, Tel. +380 572-
457163/457257, Fax +380 572-476506, E-mail
Oleg.A.Tretyakov@univer.kharkov.ua (53)
TRUHLIK, Dr. , Department Of Upper Atmosphere,
Institute Of Atmospheric Physics, Acad. Sci. Czech
Rep., Bocni Ii, 1401, 14131 Praha, Czech Republic,
Tel. 00420267103058, E-mail vtr@ufa.cas.cz (58)
TRULSEN, Prof. J., Institute of Theoretical Astrophysics,
University of Oslo, P.O. Box 1029 Blindern, N-0315
OSLO, NORWAY, Tel. +47 22 856540, Fax +47 22
856505, E-mail jan.trulsen@astro.uio.no (56,59)
TSIBOUKIS, Prof. T., Division of Telecommunications, Dept. of
Electrical & ComputerEng.,Aristotle University of Thessaloniki,
GR-54124 THESSALONIKI, GREECE, Tel. +30 23 1099
6323, Fax +30 23 1099 6312, E-mail tsibukis@auth.gr (53)
TU, Dr. Y-K, Chunghwa Telecom Laboratories, , 12, Lane 551,
Min-TsuRoad, Sec. 5, TAOYUAN 326, TATWAN, Tel. +886 3
4244202, Fax +8863 4244208, E-mail yktu@cht.com.tw (54)
TZIOUMIS, Dr. A., CSIRO, Australia Telescope National
Facility, PO Box 76, EPPING, NSW 2121, AUSTRALIA,
Tel. +61 2 9372 4350, Fax +61 2 9372 4310, E-mail
Tasso.Tzioumis@csiro.au, atzioumi@atnf.csiro.au (60)

UNAL, Assist. Prof. 1., Inonii University, 44280
Malatya, TURKEY, Tel. +90 422 377 4210,
E-mail ibrahim.unal@inonu.edu.tr (56)

USLENGHLI, Prof. P.L.E., Dept. of ECE (MC 154), University
of Illinois at Chicago, 851 S. Morgan Street, CHICAGO,
IL 60607-7053, USA, Tel. +1 312 996-6059, Fax
+1 312 996 8664, E-mail uslenghi@uic.edu (52)

USTUNER, Dr. , Director, National Metrology Institute, Tiibitak
Bilgem Uekae, 41400 Kocaeli, Tiirkiye, Tel. +90262 679 5000,
Fax+903126795001, E-mail fatih.ustuner@tubitak.gov.tr (53)

UZUNOGLU, Prof. N.K., Division of Information Transmission
Systems and Material Technology, School of Electrical and
Computer Eng., National Technical University of Athens,
Iroon Polytechniou 9, GR-15773 ATHENS, GREECE, Tel.
+302107722289, Fax , E-mail nuzu@cc.ece.ntua.gr (57,59)

VAN ARDENNE, Prof. Ir. A., ASTRON, Oude
Hogeveensedijk 4, Postbus 2, NL-7990 AA DWINGELOO,
NETHERLANDS, Tel. +31 521 595 134, Fax +31 521 595
101, E-mail Ardenne@astron.nl, brink@astron.nl  (57,59)

VAN BLADEL, Prof. J., G. De Smetlaan 22, B-9831
DEURLE, BELGIUM, Tel. +32 9-282 4488, Fax +32
9-264 4288, E-mail hvanbladel@skynet.be (52)

VAN DAELE, Prof. Dr. P., Dept. of Information Technology
(INTEC),IBBT - Ghent University, Gaston Crommenlaan 8 bus
201,B-9050 GENT,BELGIUM, Tel. +32933149 06, Fax +32
93314899, E-mail peter.vandaele@intec.Ugent.be (52, 54)

VAN DEN BOGAART, Ir. FEL.M., TNO Defence, Security
and Safety, , Postbus 96864, 2509 JG ‘S-GRAVENHAGE,
NETHERLANDS, Tel. +31 70 374 0042, Fax +31 70
374 0653, E-mail frank.vandenbogaart@tno.nl (54)

VAN DEURSEN, Prof. A.P.J., Faculteit Electrotechniek,
Technische Universiteit Eindhoven, POBox 513, NL-5600 MB
EINDHOVEN,NETHERLANDS, Tel. +31402474434/3993,
Fax +31 40245 0735, E-mail A.P.J.v.Deursen@tue.nl  (55)

VAN DRIEL, Dr. W., GEPI, Observatoire de Paris, 5,
Place Jules Janssen, F-92195 MEUDON CEDEX,
FRANCE, Tel. +33 1 4507 7731, Fax +33 1 4507
7709, E-mail wim.vandriel@obspm.fr (58,60)

VAN LIL, Prof. E., DIV. ESAT-TELEMIC, K.U. Leuven,
Kasteelpark Arenberg 10, B-3001 HEVERLEE,

74

BELGIUM, Tel. +32 16-32 1113, Fax +32 16-32 1986,
E-mail Emmanuel.VanLil@esat.kuleuven.be (53,59)
VAN RIENEN, Prof. Dr. U., Fakultit fiir Informatik und
Elektrotechnik, Institut fiir Allgemeine Elektrotechniek,
Universitdt Rostock, Albert-Einstein-Strasse 2, D-18051
Rostock, GERMANY, Tel. +49 381 498 7070 , Fax +49 381
498 7081, E-mail ursula.van-rienen@uni-rostock.de  (53)
VANDENBOSCH, Prof. G.A.E., ESAT, Katholieke Universiteit
Leuven, Kasteelpark Arenberg 10 , 3001 LEUVEN,
BELGIUM, Tel. +32 16 32 11 10, Fax +32 16 32 19 86,
E-mail Guy.Vandenbosch@esat.kuleuven.be (55,59)
VANDENDORPE, Prof. L., UCL, TELE, Batiment Stévin,
Place du Levant, 2, 1348 LOUVAIN-LA-NEUVE,
BELGIUM, Tel. + 32 10-47 23 12, Fax + 32 10-47
20 89, E-mail Vandendorpe@tele.ucl.ac.be (54)
VARJU, Dr. G., Department of Electric Power Engineering,
Budapest University of Technology and Economics, Egry J.
u., H-1111 BUDAPEST, HUNGARY, Tel. +36 1 463 3016,
Fax+36 1463 3600, E-mail varju.gyorgy@vet.bme.hu (55)
VAUGHAN, Prof. R., Engineering Science, Simon Fraser
University, 8888 University Drive, Burnaby, BC V5A 1S6,
CANADA, Tel. +1-7787826889, Fax +001 604 291 4951,
E-mail rvaughan@sfu.ca, rodney vaughan@sfu.ca  (53)
VELASQUEZ-LOPEZ, Dr. C. V., Director General de la
Secretaria de Comunicaciones, Ministerio de TRansportes
y Comunicaciones, Jiron Zorritos N° 1203, LIMA, PERU,
Tel. +51 1 615 7800, E-mail cavaldez@mtc.gob.pe  (55)
VELINOYV, Prof. P., Institute for Space and Solar
Terrestrial Research, Bulgarian Academy of Sciences,
6 Moskovska Str., 1000 SOFIA, BULGARIA, Tel.
+359 2 979 3434, E-mail pvelinov@bas.bg (57)
VERGERES, Mr. D., Chef de section, Office Fédéral de la
Communication, Gestion des fréquences radio, Rue de1’ Avenir
44,2501 BIENNE,SWITZERLAND, Tel.+41323275720,Fax
+41323275777,E-maildaniel.vergeres@bakom.admin.ch (55)
VESZELY, Dr. Gy., Department of Broadband Infocommunication
Systems, BME - Budapest University of Technology and
Economics,,H-1521 BUDAPEST,HUNGARY, Tel.+36 1-463-
3188, Fax+36 1-463-3189, E-mail Veszely@evt.bme.hu (53)
VEYRET, Dr. B., Laboratoire PIOM CNRS / EPHE, Université
de Bordeaux 1, ENSCPB, 16, Av. Pey Berland, F-33607
PESSAC CEDEX,FRANCE, Tel. +33 5 40 00 66 29, Fax
+33 5 40 00 66 29, E-mail b.veyret@icnirp.org (60)
VILCAHUAMAN CAJACURI, Prof. L., Seccion Electricidad
y Electricidad, Pontificia Universidad Catolica del Peru, Av.
Universitaria 1800, San Miguel, LIMA 32,PERU, Tel. +51
1 6262000 (ext. 5030), E-mail lvilcah@pucp.edu.pe  (57)
VILJANEN, Dr. A., Finnish Metereological Institute,
Arctic Research, P.O. Box 503, 00101
HELSINKIFINLAND, Tel. +358 9 1929 4668, Fax
+358 9 1929 4603, E-mail Ari.Viljanen@fmi.fi  (55,58)
VOLAKIS, Prof J.L., Electroscience Lab, The Ohio
State University, 1320 Kinnear Rd., Columbus, OH
43212, USA, Tel. +1 614-292-5846, Fax , E-mail
volakis@ece.osu.edu, volakis.1@osu.edu (60)
VOMVORIDIS, Prof. 1., School of Electrical & Computer Eng.,
National Technical University of Athens, Iroon Polytechniou
9,GR-15773 ATHENS, GREECE, Tel. +30210 7723684, Fax
+30 210 7723513, E-mail vomvor@central.ntua.gr  (56)
VRBA, Prof.J.,EmField (k13117), Czech Technical University In
Prague, Technicka 2, 16627 Prague, Czech Republic, Tel. +420
224352298, Fax+420233339958,E-mailvrba@fel.cvut.cz (57)

V- V ADA, Prof. O., Department of Electrical Engineering,
Graduate School of Engineering, Kyoto University,
Kyoto Daigaku Katsura, Nishikyo-ku, KYOTO 615-

e Radio Science Bulletin No 343 (December 2012)



8510, JAPAN, Tel. +81 75 383 2244, Fax +81 75
383 2245, E-mail wada@kuee.kyoto-u.ac.jp (55)
WALDE,Mr.C.-H.,NordicRadioSociety, Tornviigen7,18352TABY,
SWEDEN, Tel. +46 8 756 61 60, E-mail info@walde.se (59)
WALLEN, Dr. H., Dept. Radio Science and Engineering,
Aalto University, P.O. Box 13000, Otakaari 5
A, FI-00067 AALTO, FINLAND, Tel. +358 9
470 25668, E-mail henrik.wallen@aalto.fi (59)
WANNBERG, Dr., Swedish Institute Of Space Physics,
Box 812, SE98128 Kiruna, Sweden, Tel. +46 98079054,
Fax + 46 98079050, E-mail ugw@irf.se (56)
WARNANT, Mr. R., Department of Geography, Geomatics
- Geodesy and GNSS, Batiment B5a, Allée du 6 adut 17,
4000 LIEGE, BELGIUM, Tel. +32 4 366 90 16, Fax +32
4 366 56 93, E-mail Rene.Warnant@ulg.ac.be (56)
WATANABE, Dr. S., Department of Cosmosciences, Hokkaido
University, , Sapporo 060-0810,JAPAN, Tel.+81 11 706 2757,
Fax+81 117062760, E-mail shw@ep.sci.hokudai.ac.jp (58)
WATERS, Assoc. Prof. C., Centre for Space Physics, School
of Mathematical and Physical Sciences, University of
Newcastle, University Drive, CALLAGHAN NSW 2308,
AUSTRALIA, Tel. +61 2 4921 6907, Fax +61 2 4921
5421, E-mail colin.waters@newcastle.edu.au (56)
WATSON, Prof. P.A., Cairnlea, Littleworth, Winchcombe,
Gloucestershire,GL54 5BT, UNITED KINGDOM,
E-mail peter.watson43@btinternet.com (60)
WEN, Prof. , Emc Lab., Beijing Jiaotong University,
100044 Beijing, China, Tel. 86-10-51688096x808,
E-mail yinghongwen@vip.sina.com (55)
WERNIK, Prof. A.W., Space Research Center, Polish Academy of
Sciences, Ul Bartycka 18 A, 00-716 WARSAW, POLAND,
Tel. +48 508 951 988, E-mail aww@cbk.waw.pl (56)
WESOLOWSKI, Prof. K., Poznan University of Technology,
5 M.Sklodowskiej-Curie Sq, 60-965 Poznan,
POLAND, E-mail wesolows@et.put.poznan.pl (54)
WIART, Dr. J., Orange Labs, 38-40, rue du Général Leclerc,
F-921311ISSY LESMOULINEAUX CEDEX, FRANCE, Tel.
+3314529 5844, E-mail joe.wiart@orange-ftgroup.com (57)
WICHMAN, Prof. R., Dept. of Signal Processing and
Acoustics, Aalto University, PO BOx 13000, FI-00067
AALTO, FINLAND, Tel. +358 9 470 22484, Fax +358
9 452 3614, E-mail Risto.Wichman@aalto.fi (54)
WILFERT, Prof. O., Brno University of Technology, Purkynova
118, BRNO 612 00, CZECH REPUBLIC, Tel. +420 541 149
130,Fax+420541 149 224, E-mail wilfert@feec.vutbr.cz (54)
WILKINSON, Dr. Phil, Dept. of Industry, Tourism and Resources,
IPS Radio and Space Services, P.O. Box 1386, Haymarket,
NSW 1240, AUSTRALIA, Tel. +61 2-9213 8003, Fax +61
2-9213 8060, E-mail p.wilkinson@bom.gov.au (52,56,58,60)
WILSON, Mrs C., Propagation and Spectrum Wireless
Technologies Lab., CSIRO ICT Centre, P.O. Box 76 ,
EPPING, NSW 1710, AUSTRALIA, Tel. +61 29 372 42 64,
Fax +61 29 372 44 90, E-mail carol.wilson@csiro.au  (55)
WITCZAK, Dr. A., Institute of Radioelectronics, Military
University of Technology, Ul. Kaliskiego 2, 00-908
WARSAW, POLAND, Tel. +48 22 683 96 46, Fax +48
22 683 74 61, E-mail andrzej.witczak@wat.edu.pl  (59)
WOODMAN, Dr. R.F., Jicamarca Radio Observatory, Instituto
Geofisico del Peru, Calle Badajoz 169, Urb. Mayorazgo
4ta Etapa, Ate, Apartado 13-0207, LIMA 13, PERU, Tel.
+51-1-3172320, Fax , E-mail ronw@geo.igp.gob.pe  (59)
WU, Dr. Jian, , LEME/CRIRP, P.O. Box 6301,
102206 BEIJING,CHINA (CIE), Tel. +86 10
8072 5510, E-mail jian.wu@263.net (59)

e Radio Science Bulletin No 343 (December 2012)

YAGITANI, Professor S., Faculty of Electrical and
Computer Engineering, Institute of Science & Engineering,
Kanazawa University, Kakuma-machi, Kanazawa 920-
1192, Japan, Tel. +81-76-234-4858, Fax +81-76-234-
4859, E-mail yagitani@is.t.kanazawa-u.ac.jp (59)

YAMAMOTO, Dr M., Research Institute for Sustainable
Humanosphere, Kyoto University, Gokasho, Uji, Kyoto
611-0011, Japan, Tel. +81 774 38 3814, Fax +81 774
31 8463, E-mail yamamoto@rish.kyoto-u.ac.jp (56)

YAMPOLSKY, Prof. Yu. M., Institute of Radioastronomy,
NASU, ul. Krasnoznamennaya 4, KHARKOV 310002,
UKRAINE, Tel. +380 572-44-8579, Fax +380 572-
44-6506, E-mail yampol@rian.kharkov.ua (56)

YAN, Dr. Y., Key Laboratory Of Solar Activity, National
Astronomical Observatories, A20 Datun Road, Chaoyang
District, BEIJING 100012, CHINA (CIE), Tel. +86 10 6485
1674,Fax+86 106486 3314, E-mail yyh@nao.cas.cn (52,57)

YARLEQUE MEDINA, Dr. M., Departamento de Ingenieria,
Pontificia Universidad Catdlica del Pert, Seccion Ingenieria
de las Telecomunicaciones , Av.Universitaria 1801, San
Miguel, LIMA32, PERU, Tel. +51-1-626-2452, Fax
+51-1-626-2116, E-mail myarleq@pucp.edu.pe (53)

YAROVOY, Prof. dr. A., Faculteit Elecktotechniek, Wiskunde en
Informatica, Technische Universiteit Delft, Mekelweg 4,2628
CD DELFT, NETHERLANDS, Tel. +31 15 278 2496, Fax
+31 15 278 4046, E-mail a.yarovoy@ewi.tudelft.nl ~ (53)

YOSHIDA, Mr. S., YOKOWO CO., LTD., 1112 KANOHARA,
TOMIOKA, GUNMA, 370-2495, JAPAN, Tel. +81-274-62-
7133,Fax+81-274-62-7133, E-mail mc@yokowo.co.jp (58)

ZAGHLOUL, Dr. I, Ece, Virginia Tech, 7054 Haycock
Rd, 22043 Falls Church,USA, Tel. +1-703-538-8435,
Fax +1-703-538-8450, E-mail amirz@vt.edu (54)

ZAGORODNIY, Prof. A.G., Institute for Theoretical
Physics, NASU, 14b, Metrologichna street, KIEV
03143, UKRAINE, Tel. +380 44 492 1423, Fax +380
44 526 5998, E-mail azagorodny@bitp.kiev.ua (56)

ZEDDAM, Dr. A., FT R&D, DTD/SFE, 2 avenue Pierre
Marzin, BP 40, F-22307 LANNION CEDEX,FRANCE,
Tel. +33 2-9605 3938, Fax +33 2-9605 3427,
E-mail ahmed.zeddam@orange-ftgroup.com (58)

ZERROUKI, Dr. C., Laboratoire de Physique, 2, rue
Conté, F-75003 PARIS cedex, FRANCE, Tel. +33 1
58 80 84 34, E-mail chouki.zerrouki@cnam.fr (53)

ZHAO, Prof. , School Of Electronic Information, Wuhan
University, 129 Luoyu Road, Wuhan, Hubei, China,
Wuhan, China, Tel. 86-27-68756343, Fax 86-27-
68756343, E-mail dicilab@yahoo.com.cn (56)

ZHELYAZKOV, Prof. 1., Faculty of Physics, Sofia University,
5 James Boucher Blvd., BG-1164 SOFIA, BULGARIA,
Tel. +359 2 816 1641, E-mail izh@phys.uni-sofia.bg  (56)

ZHOGUN, Dr. V.N., VNIIFTRI, Mendeleevo, Moscow
Region, 141570, RUSSIA, Tel. +7 495 744 81 21, Fax
+7 499 720 9334, E-mail zhogun@vniiftri.ru (53)

ZINCHENKO, Dr. , Radio Engineering And Millimeter
Wave Astronomy, Institute Of Applied Physics Of
The Russian Academy Of Sciences, 46 Ulyanov
Str., 603950 Nizhny Novgorod,Russia, Tel. +7
831 4367253, E-mail zin@appl.sci-nnov.ru (57)

ZOLESI, Dr., Roma2, Istituto Nazionale Di Geofisica
E Vulcanologia, Via Di Vigna Murata 605, 00143
Roma, Italy, Tel. +39 06 51860320, Fax +39
06 51860397, E-mail bruno.zolesi@ingv.it (56)

75




ZOMBORY, Prof. L., Department of Broadband
Infocommunication Systems, BME - Budapest University
of Technology and Economics, Goldmann Gy. tér 3., H-1111
BUDAPEST, HUNGARY, Tel. +36 1-463-1559/1824, Fax
+36 1-463-3289, E-mail zombory@mht.bme.hu (59)
ZOZULYA, Prof. Yu.O.,Academy of Medical Sciences of Ukraine,
Inst. of Neurosurgery, Acad. A. Romodanov, 32, Manuilsky
st., KIEV 04050, UKRAINE, Tel. +380 44-213 9573, Fax
+380 44-213 9573, E-mail brain@neuro.kiev.ua (57)

76

ZVANOVEC, Assoc. Prof. S., Faculty of Electrical
Engineering, Czech Technical university, Technicka 2,
Prague 6 16627, Czech Republic, Tel. +420 224 355 966,
Fax +420233 339958, E-mail xzvanove@fel.cvut.cz (55)

ZWAMBORN, Prof. Dr. ir A.PM., TNO Defence, Security
and Safety, Postbus 96864, 2509 JG ‘S-GRAVENHAGE,
NETHERLANDS, Tel. +31 70 374 0033, Fax +31
70 374 0653, E-mail Peter.Zwamborn@tno.nl (57)

e Radio Science Bulletin No 343 (December 2012)



Information for authors

Content

The Radio Science Bulletin is published four times
per year by the Radio Science Press on behalf of URSI,
the International Union of Radio Science. The content
of the Bulletin falls into three categories: peer-reviewed
scientific papers, correspondence items (short technical
notes, letters to the editor, reports on meetings, and reviews),
and general and administrative information issued by the
URSI Secretariat. Scientific papers may be invited (such
as papers in the Reviews of Radio Science series, from the
Commissions of URSI) or contributed. Papers may include
original contributions, but should preferably also be of a
sufficiently tutorial or review nature to be of interest to a
wide range of radio scientists. The Radio Science Bulletin
is indexed and abstracted by INSPEC.

Scientific papers are subjected to peer review.
The content should be original and should not duplicate
information or material that has been previously published
(if use is made of previously published material, this must
be identified to the Editor at the time of submission).
Submission of amanuscript constitutes an implicit statement
by the author(s) that it has not been submitted, accepted for
publication, published, or copyrighted elsewhere, unless
stated differently by the author(s) at time of submission.
Accepted material will not be returned unless requested by
the author(s) at time of submission.

Submissions

Material submitted for publication in the scientific
section of the Bulletin should be addressed to the Editor,
whereas administrative material is handled directly with the
Secretariat. Submission in electronic format according to
the instructions below is preferred. There are typically no
page charges for contributions following the guidelines.
No free reprints are provided.

Style and Format

There areno set limits on the length of papers, but they
typically range from three to 15 published pages including
figures. The official languages of URSI are French and
English: contributions in either language are acceptable.
No specific style for the manuscript is required as the final
layout of the material is done by the URSI Secretariat.
Manuscripts should generally be prepared in one column
for printing on one side of the paper, with as little use
of automatic formatting features of word processors as
possible. A complete style guide for the Reviews of Radio
Science can be downloaded from http://www.ips.gov.au/
IPSHosted/NCRS/reviews/. The style instructions in this
can be followed for all other Bulletin contributions, as well.
The name, affiliation, address, telephone and fax numbers,
and e-mail address for all authors must be included with

e Radio Science Bulletin No 343 (December 2012)

All papers accepted for publication are subject to
editing to provide uniformity of style and clarity of language.
The publication schedule does not usually permit providing
galleys to the author.

Figure captions should be on a separate page in proper
style; see the above guide or any issue for examples. All
lettering on figures must be of sufficient size to be at least 9
ptin size after reduction to column width. Each illustration
should be identified on the back or at the bottom of the sheet
with the figure number and name of author(s). If possible,
the figures should also be provided in electronic format. TIF
is preferred, although other formats are possible as well:
please contact the Editor. Electronic versions of figures
must be of sufficient resolution to permit good quality in
print. As a rough guideline, when sized to column width,
line art should have a minimum resolution 0of 300 dpi; color
photographs should have a minimum resolution of 150 dpi
with a color depth of 24 bits. 72 dpi images intended for
the Web are generally not acceptable. Contact the Editor
for further information.

Electronic Submission

Aversion of Microsoft Word is the preferred format
for submissions. Submissions in versions of T X can be
accepted in some circumstances: please contact the Editor
before submitting. Apaper copy of all electronic submissions
must be mailed to the Editor, including originals of all figures.
Please do not include figures in the same file as the text of
a contribution. Electronic files can be send to the Editor
in three ways: (1) By sending a floppy diskette or CD-R;
(2) By attachment to an e-mail message to the Editor (the
maximum size for attachments after MIME encoding is
about 7 MB); (3) By e-mailing the Editor instructions for
downloading the material from an ftp site.

Review Process

The review process usually requires about three
months. Authors may be asked to modify the manuscript
if it is not accepted in its original form. The elapsed time
between receipt of a manuscript and publication is usually
less than twelve months.

Copyright

Submission of a contribution to the Radio Science
Bulletin will be interpreted as assignment and release of
copyright and any and all other rights to the Radio Science
Press, acting as agent and trustee for URSI. Submission for
publication implicitly indicates the author(s) agreement with
such assignment, and certification that publication will not
violate any other copyrights or other rights associated with
the submitted material.

77




I have not attended the last URSI General Assembly, and I wish to remain/become an URSI
Radioscientist in the 2012-2014 triennium. Subscription to The Radio Science Bulletin is included
in the fee.

(please type or print in BLOCK LETTERS)

Name : Prof./Dr./Mr./Mrs./Ms.

Family Name First Name Middle Initials
Present job title:

Years of professional experience:

Professional affiliation:

I request that all information be sent to my [ Thome [ business address, i.e.:

Company name:

Department:

Street address:

City and postal/zip code:

Province/State: Country:
Phone: ext. Fax:
E-mail:

Areas of interest (Please tick)

N Electromagnetic Metrology [1F  Wave Propagation & Remote Sensing
[IB  Fields and Waves [l Ionospheric Radio and Propagation
[Jc  Radio-Communication Systems & [JH Waves in Plasmas

Signal Processing [17 Radio Astronomy
[ID Electronics and Photonics [k Electromagnetics in Biology &
[l Electromagnetic Environment & Interference Medicine

I would like to order :

[] An electronic version of the RSB downloadable from the URSI web site
(The URSI Board of Officers will consider waiving the fee if a case is made to them in writing.) 40 Euro

Method of payment : VISA / MASTERCARD (we do not accept cheques)

CVC Code: Date : Signed

Please return this signed form to :

The URSI Secretariat
c/o Ghent University / INTEC
Sint-Pietersnieuwstraat 41
B-9000 GHENT, BELGIUM
fax (32) 9-264.42.88

78 e Radio Science Bulletin No 343 (December 2012)




