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Editor’s Comments

W. Ross Stone
Stoneware Limited
840 Armada Terrace
San Diego, CA 92106, USA
Tel: +1-619 222 1915, Fax: +1-619 222 1606
E-mail: r.stone@ieee.org

Special Section on 2020 URSI 
ITNC Young Scientist Papers

This issue contains the winner of the 2020 URSI Italian 
National Committee (ITNC) Young Scientist Best 

Paper Award “Roberto Sorrentino,” and two Young Scientist 
papers that received Honorable Mention. These awards 
were presented at the annual meeting of the URSI Italian 
National Committee that was held virtually on November 
27, 2020. A report on the meeting and an introduction to 
the special section is provided by Carlo Carobbi, Giuliano 
Manara, Giuseppe Mazzarella, and Giuseppe Schettini, 
who served as Guest Editors for this special section. Their 
eff orts are gratefully acknowledged.

 The paper by Jorge A. Tobon V. describes the development 
and testing of a prototype for a system that uses microwave 
imaging to monitor a brain stroke after its onset. The system 
used a helmet-like array of antennas, a switching system to 
connect the antennas to a signal-processing system, and the 
signal-processing system including the imaging software. 
The elements and operation of the system are described 
in detail. Considerable eff ort was expended in developing 
three-dimensional phantoms that would adequately simulate 
the human head and a hemorrhagic stroke environment. 
The experimental results validated the system’s operation 
with diff erent targets and positions.

 Electromagnetic propagation in two-dimensional materials 
with thicknesses of the order of sub-nanometers is the topic 
of the paper by Nicola Currelia, Alessandro Fanti, Giuseppe 
Mazzarella, and Ilka Kriegel. Such materials have become 
of signifi cant importance in a variety of device applications. 
This paper provides a very comprehensive overview of the 
various types of two-dimensional materials of importance 
for such applications, including a very extensive set of 
references to the literature on them. Optical propagation 
in such materials is then reviewed in depth, including 
in multilayer confi gurations. Nonlinear optics in two-

dimensional materials is covered. Part of the importance 
of this paper is the comprehensive review and coverage 
of the literature it provides on the topic, along with well-
written explanations of the basic physics that should be 
understandable by those who are not experts in the fi eld.

 Andrea Michel and Rajesh Kumar Singh have pro-
vided a paper that looks at using Yagi-like structures to 
create a wearable UHF-RFID antenna integrated into a 
glove, along with a compact UHF-RFID reader. The paper 
begins with a review of other “smart glove” designs, and 
explains the use of a power-transfer parameter to estimate 
the performance of a smart-glove reader antenna in terms 
of tag detection and reading range. A variety of Yagi-like 
structures, involving diff erent combinations and numbers 
of directors and refl ectors, was examined in an eff ort to 
optimize performance. The Specifi c Absorption Rate (SAR) 
was also calculated for the various designs. The results of 
the study showed that the power-transfer effi  ciency could 
be used to estimate the overall performance of such designs, 
and provided insight into the comparative performance of 
the various designs examined.

Our Other Contributions

 Valerian Tatarskii was a wonderful person, and one of 
the founders of the theory of wave propagation in random 
media. Valery Zavorotny has provided us with a fascinat-
ing paper describing Prof. Tatarskii’s life, career, and the 
development of much of his fi eld of radio science. I urge 
you to read it, both as an interesting biography and as a 
history of the development of the theory of wave propaga-
tion in random media. The extensive list of references in 
this paper is of particular value.

 Nosherwan Shoaib has taken over as Chair of the 
URSI Early Career Representative Committee, and therefore 
also as the ECR Associate Editor for the Radio Science 
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Bulletin. He has provided us with a report on the Young 
Scientist and Student Paper Competition activities at the 
2021 URSI GASS.

 We have very sadly lost several well-loved and 
respected members of our radio science community. In 
Memoria recognizing François Lefeuvre, Gentei Sato, Oleg 
A. Tretyakov, and Theodoros D. Tsiboukis appear in this 
issue.

 Harvey Liszt has provided us with a report on the 
activities of IUCAF (the Scientifi c Committee on Frequency 
Allocations for Radio Astronomy and Space Science). This 
is an important inter-Union committee that studies and 
coordinates the requirements of radio-frequency spectrum 
allocations for passive radio sciences.

 In his Telecommunications Health and Safety column, 
James Lin looks at the implications of 5G telecommunica-
tions technology and science for current and needed updates 
to health and safety regulations. This is obviously an area 
where ongoing eff orts are needed.

 In her Women in Radio Science column, Asta Pel-
linen Wannberg brings us a very interesting article by Dr. 
Rashmi Joshi, a female radio scientist from India. Dr. Joshi 
shares her experiences and feelings growing up and pursu-
ing a career in science in India as a working mother in a 
traditional societal environment where the path she chose 
was anything but traditional. The sharing of her views and 
what she has learned along the way are greatly appreciated.

Important Deadlines Are Coming!

As the world is starting to emerge from the pandemic, 
conferences are starting to return to face-to-face formats. 
There are several important conferences for which calls 
for papers appear in this issue. In particular, the URSI 
Commissions are organizing the topics for sessions at the 
XXXVth General Assembly and Scientifi c Symposium to 
be held August 19-26, 2023, in Sapporo, Japan. If you have 
a topic you would like to see included, please contact the 
chair of the appropriate Commission now. The deadline 
for paper submissions is January 25, 2023, at www.ursi-
gass2023.jp.

The 16th Edition Part II of the James Clerk Maxwell Foundation Newsletter is available for 
downloading at https://clerkmaxwellfoundation.org/Newsletter_2022_Spring.pdf. The issue 

contains the second part of an “Homage to Heinrich Hertz” by D. O. Forfar, Trustee of the Foundation.

Maxwell Foundation Newsletter
 Available
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The annual meeting of the URSI Italian National 
Committee (ITNC) was held virtually on November 

27, 2020, through a virtual platform provided by the GARR 
Consortium (Italian Network for Instruction and Research) 
of Rome, Italy. The event was held online since participation 
in-person was not allowed due to the Covid-19 pandemic.

The 2020 Italian URSI Meeting

The URSI ITNC meeting was co-organized with the 
Italian Society of Electromagnetics (SIEm), in parallel 
with the XXIII Riunione Nazionale di Elettromagnetismo 
(RiNEm – Italian National Meeting on Electromagnetics) 
on November 27, 2020. It was attended by several Italian 
researchers working in universities and research institutes.

The meeting off ered a joint URSI-SIEm plenary 
session, and an URSI special session with three tutorials, 
exemplifying scientifi c activities in the framework of three 
specifi c URSI Commissions. As a fi rst presentation in the 
URSI Special Session, the Italian Young Scientist Giulia 
Sacco, winner of the 2020 URSI GASS Student Paper 
Competition, was invited to give a speech about her awarded 
paper. Moreover, another URSI session was organized as 
the fi nal of the 2020 URSI ITNC Young Scientist Best 
Paper Award, since this year named after Prof. Roberto 
Sorrentino, who passed away in March 2020. The fi nal 
session was centered on the presentations of the selected 
three best papers submitted to the 2020 URSI ITNC Scientist 
Young Best Paper Award.

The URSI special session consisted of four 
presentations, three of which were contributed by URSI 
Scientifi c Commissions. It was chaired by Prof. Carlo 
Carobbi (University of Florence), President of the Italian 
URSI Committee. Prof. Carobbi briefl y illustrated URSI 
activities in Italy and worldwide as an introduction to 
the session. The fi rst presentation was given by Giulia 
Sacco, titled “An FMCW Radar for Localization and Vital 
Signs Measurement for Diff erent Chest Orientations.” In 
particular, she underlined that in realistic confi gurations 
for ambient assisted-living (AAL) applications, it is 
important to continuously and non-invasively measure 
the vital signals of a patient. Thanks to the ability to 
remotely retrieve the respiratory and heart rates, radars 
represent an optimal solution for this kind of application. 
However, during the normal daily activity, the orientation 
of the thorax towards the antenna is usually unknown, 
and it is necessary to investigate the radar performance in 
these conditions. More specifi cally, a 5.8 GHz frequency-
modulated continuous wave (FMCW) radar, with ad-hoc 
designed wideband and low-sidelobe-level series-fed patch 

antennas, was used to measure vital signals. Measurements 
were performed in a common offi  ce environment on fi ve 
volunteers having their front, left, back, and right sides 
facing the antenna. The signals collected by the radar were 
compared with those measured by a respiratory belt and a 
photoplethysmograph, used as references for the respiratory 
and heart rate, respectively. The data obtained from the fi ve 
volunteers were statistically analyzed. Results revealed 
that independently of the orientation, the radar was able to 
measure the respiratory and heart rates with high accuracy.

A contribution from Commission E (Electromagnetic 
Noise and Interference), titled “The Threat of Radiated 
Intentional Electromagnetic Interference (IEMI): 
Deterministic and Statistical Prediction Models for Field 
Coupling to Cables and Systems,” was then presented by 
Prof. Giordano Spadacini (Dipartimento di Elettronica, 
Informazione e Bioingegneria, Politecnico di Milano, 
Italy). In the presentation, it was observed that the newest 
technologies are pushing modern society towards an 
unprecedented dependence upon electronics. In this 
context, the protection of circuits and systems against 
intentional electromagnetic interference (IEMI) is gaining 
increasing interest. According to standard IEC 61000-2-
13, IEMI exploits “intentional malicious generation of 
electromagnetic energy, introducing noise or signals into 
electric and electronic systems, thus disrupting, confusing 
or damaging these systems for terrorist or criminal 
purposes.” As a special case, radiated IEMI attacks are 
based on the generation of electromagnetic fi elds with 
peak E-fi elds exceeding hundreds of V/m, made possible 
by high-power electromagnetic (HPEM) technology. For 
instance, intentional HPEM fi elds may encompass both 
narrowband waveforms having any center frequency in the 
GHz range, and ultra-wideband waveforms characterized 
by any spectral content typically above 300 MHz. After 
a review of the typical electromagnetic environments, the 
tutorial tackled the problem of modeling fi elds coupling 
to cables and systems. Many inherent uncertainties in the 
problem (such as the actual spectral content of the fi eld, the 
direction of incidence and polarization, etc.) suggest the use 
of deterministic (e.g., worst-case analysis) and statistical 
approaches, or a combination of both, for the description 
of susceptibility eff ects.

The second tutorial was a contribution from 
Commission D (Electronics and Photonics). The title of 
the presentation was “Thermal Eff ects on Supermodes in 
Yb-Doped Multicore Fibers for High-Power Lasers.” The 
tutorial was given by Prof. Federica Poli (Dipartimento 
di Ingegneria e Architettura, Università di Parma, Parma, 
Italy). High-power lasers, based on large-mode-area Yb-
doped fi bers, are becoming more and more important for 

Introduction to the Italian Special Section: 
The URSI Italian National Meeting 2020
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many applications. The excess heat generated during the 
amplifi cation process, combined with the thermo-optic 
eff ect, is responsible for an unwanted change in the fi ber’s 
refractive-index profi le and, consequently, in the higher-
order mode propagation in fi bers that should operate in the 
single-mode regime. Multi-core fi bers, with more than one 
Yb-doped core, represent a possible solution to overcome 
the fi ber laser’s output power limits caused by the thermo-
optic instabilities. In particular, the impact of the thermally 
induced refractive-index change on the supermodes guided 
in Yb-doped multi-core fi bers was analyzed through a 
fi nite-element-based solver with an embedded thermal 
model. Useful design guidelines for the choice of the core 
number and the core separation in the fi ber’s cross section 
were provided for diff erent heating conditions.

The third tutorial was a contribution from Commission 
H, Waves in Plasmas (Including Space and Laboratory 
Plasmas). The title of the presentation was “RF Heating 
and Diagnostic Systems in Magnetic Confi nement Plasma 
Devices for Fusion Power.” It was given by Dr. Lorenzo 
Figini (Istituto per la Scienza e Tecnologia dei Plasmi - CNR, 
Milano, Italy). High-performance scenarios in magnetic-
confi nement plasma devices typically have a core plasma 
temperature of the order of tens of keV, which is in the 
range of plasma parameters required for fusion reactions 
to occur. In tokamaks, ohmic heating alone is not adequate 
to raise the temperature to suffi  ciently high values, since 
the plasma resistivity drops as the temperature increases. 
To overcome this limitation, diff erent auxiliary plasma-
heating techniques have been developed, based on either 
the injection of intense beams of neutral particles or the 
coupling of RF waves resonantly absorbed by the plasma. 
Each method has its own advantages and drawbacks. In 
this work the distinctive features of the various techniques 
based on RF waves were reviewed. A greater focus was put 
on electron cyclotron (EC) waves, which will play a major 
role in providing heating power to the next generation of 
fusion devices. In particular, the peculiarities that make 
EC waves attractive not only for heating, but also for the 
control of magneto-hydrodynamic instabilities, as well as 
their use as a diagnostic tool, were analyzed. Finally, it was 
observed that the burning plasma of future fusion reactors 
will also pose new challenges, demanding innovative 
designs for their RF-based heating systems.

The fi nal session of the 2020 URSI ITNC Young 
Scientist Best Paper Award, named since this year, after 
Prof. Roberto Sorrentino, was chaired by Prof. Giuliano 
Manara (University of Pisa). Three fi nalists presented 
their papers. The judging committee was composed of Dr. 
Pietro Bolli (URSI Commission J), Dr. Lorenzo Crocco 
(URSI Commission K), and Prof. Matteo Pastorino (URSI 
Commission B).

The 2020 URSI ITNC Young Scientist Best Paper 
Award “Roberto Sorrentino” was assigned to Dr. Jorge 
Alberto Tobon Vasquez (Politecnico di Torino) for the 
paper, “A 3-D Microwave Imaging System for Brain 
Stroke Follow-Up: Experimental Testing.” Honorary 
mentions were delivered to the other two fi nalists: Dr. 
Nicola Curreli for the paper, “Quadratic Gain of Optical 
Parametric Amplifi cation in Artifi cial Crystals of WS2,” 
and Dr. Andrea Michel for the paper, “On the Use of 
Power Transfer Effi  ciency to Analyze the Performance 
of a 3D-Printed Wearable UHF RFID Antenna for Smart 
Gloves.” The URSI award and the honorary mentions were 
announced during the Joint URSI-SIEm Award Ceremony.

All the participants in the Italian URSI National 
Meeting 2020 and XXIII RiNEm appreciated the variety 
of the scientifi c topics presented, the relevant technical 
applications, and the distinctive features of URSI, namely, its 
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Abstract

This work describes a prototype of a novel imaging 
device and presents the experimental testing of it. The 
proposed prototype uses microwave-imaging technology 
to monitor a brain stroke after its onset, exploiting the 
diff erent dielectric properties of human tissues. This device 
complements well-assessed MRI (Magnetic Resonance 
Imaging) and CT (Computerized Tomography), and could 
give clinicians fast and extra information in the decision-
making stages. The system includes a helmet-like array 
of antennas, a switching system to connect the antennas 
to signal processing, the signal processing itself, and the 
imaging algorithm. The complete functioning prototype 
reconstructs the position and size of a target – representing 
the stroke – in a three-dimensional human-like head phantom 
that considers the proper tissue properties. 

In this work, diff erent sizes and positions of targets 
demonstrated the prototype’s functioning. Although the 
system had low complexity, the available information 
guaranteed a good reconstructed image of the scenario. 

1. Int roduction

Accurate and fast diagnosis would improve brain-stroke 
treatment in the fi rst stages. A rapid, accurate, and 

monitored therapy could reduce the fi ve million deaths 
each year, and permanent damage in surviving patients [1].

Clinicians can follow the evolution of a fi rst-stage 
patient through images of the brain or other related 
parameters. On the image side, the available technologies 
(Magnetic Resonance Imaging (MRI) or X-ray-based 
Computerized Tomography (CT)) provide high-resolution 
images of a patient’s situation, with some drawbacks if we 
consider the fi rst-stage constraints. These well-assessed 
technologies can be costly and not widely available (e.g., 

MRI), use ionizing radiation (CT), or require patient 
preparation and data-processing time. The proposed 
microwave-imaging (MWI) technique covers the cases 
where other techniques would not be available (such as 
bedside monitoring), or where the patient has yet to arrive 
at the hospital (as in an ambulance), while giving fast and 
continuous information on stroke evolution. It can also 
be a complementary imaging source while waiting for a 
high-resolution scan.

Microwave technology has been the core of several 
devices addressing brain-stroke diagnosis or monitoring 
developed in recent years [2-4]. There are two diff erent 
approaches: a quantitative image of the brain [2], and 
the classifi cation between stroke types (without imaging, 
directly processing the measured data) [3]. The fi rst case 
requires longer computational times and a high-complexity 
system, while the second approach requires a large dataset of 
previously measured data. Recently, a quantitative imaging 
device was presented in [4], where a two-dimensional 
approach permitted the device to have lower complexity.

In this work, we present a low-complexity device 
designed to for brain-stroke monitoring [5] and its 
experimental testing. In previous work, the system was 
compared to a digital twin model while tested experimentally 
with a plastic target. Here, we go a step further towards 
validating the prototype in a more realistic case, considering 
a target that mimics a hemorrhagic stroke. The stroke 
monitoring goal leads to imaging a localized and “small” 
variation region. The proposed device creates a three-
dimensional image zone of the brain aff ected by the stroke. 
The localized nature of the problem keeps complexity and 
processing time low. The system collects data as a scattering 
matrix of the complete system at two diff erent instants. Each 
moment is related to a diff erent stroke evolution. Antennas 
sense information related to stroke-size variation, and the 
system processes it through a fast linearized algorithm in 
a diff erential approach. The algorithm’s linearization is 
possible thanks to the Born approximation [6, 7].
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2. Mic rowave-Imaging Technique 
System Description

The implemented prototype, pictured in Figure 1, 
is comprised of four main sections: microwave sensors 
(antennas on the head), a switching matrix (connecting 
antennas to the signal source and receivers), the signal 
generation/acquisition system, and the control and 
data processing unit (where the imaging algorithm is 
implemented). Each section is explained in the following 
paragraphs.

2.1 Anten na Helmet
A rigorous method determined the number and 

position of the antennas around the head [7]. The proposed 
distribution aimed to obtain enough information from 
the available antennas while keeping the system’s low 
complexity. The mentioned method also sets the system’s 
operating frequency, trading-off  between resolution (higher 
frequencies) and penetration (lower frequencies) in the 
scenario that considers a human head with layered dielectric 
properties. The selected frequency was 1 GHz.

The antennas were built in 24 blocks placed in contact 
with the head’s surface (Figure 2). Each block was made of 
a fl exible dielectric material containing a monopole printed 
antenna (Figure 2). The fl exible material was a graphite 
powder and urethane rubber mix. The rubber was fl exible 
and adaptable, and the graphite increased the permittivity. 
These characteristics made the material a good choice for 
a matching medium. The matching medium increased the 
signal penetration in the head, reducing the discontinuity 

Figure 1. The complete prototype system: Control 
computer, vector network analyzer, switching matrix, 
and antenna helmet. 

Figure 2c. The printed monopole 
inside the brick.Figure 2a. Details of the helmet-phantom 

subsystem.

Figure 2b. The brick antenna.
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found by the signal that went to and from the antenna. 
The matching medium’s dielectric properties were chosen 
in combination with the operating frequency, and were 
obtained through the proportions in the rubber-graphite 
mixture. The graphite presence also increased conductivity, 
but to levels comparable to other matching materials used in 
existing devices. Figure 3 depicts the dielectric properties 
of the mixture measured with the Keysight 85070D 
dielectric probe. The solid matching material had practical 
advantages compared to a liquid, which is the usual choice 
in this application.

The complete array was conformal to the head’s 
shape, and was kept in place by a helmet made using 
three-dimensional printed technology (Figure 2). The 
antenna material system’s modeling and design were made 
via full-wave electromagnetic software [8]. The complete 
prototype, and the interactions between the antennas, were 
also modeled through the same tool.

2.2 Generation , Acquisition, and 
Routing of Signals

A standard vector network analyzer (VNA) 
generated and received all the signals (Keysight N5227A, 
10 MHz to 67 GHz). The power was set to 0 dBm, and 
the intermediate frequency (IF) fi lter was set to 10 Hz to 
reduce the measurement noise. Coaxial cables connected 
the vector network analyzer to the two ports of the 
switching matrix. The 2 × 24 switching matrix, made of 
high-isolation electromechanical coaxial switches, linked 
each of the 24 antennas to one of the vector network 
analyzer ports at diff erent instants in time. Semi-rigid 
coaxial cable maximized the isolation and minimized 
the insertion losses in the connections between each of 
the routing-matrix stages. The implementation required 
all of the internal paths (going from each vector network 
analyzer port to the antennas) to have the same electrical 
length, avoiding diff erent phase-shifting or attenuations for 

each channel [9]. Each antenna could work as a transmitter 
and a receiver. When one antenna was transmitting, the 
remaining 23 were receiving in sequence, thus obtaining 
a 24 × 24 scattering matrix describing the complete 
system. A fi nal device implementation could substitute the 
vector network analyzer and switching matrix for ad hoc 
subsystems with, for example, off -the-shelf devices (due 
to their high availability and low cost in the microwave 
range of frequencies).

2.3 Imaging Algorithm

A personal computer (the laptop in Figure 1) was 
the control and processing center. Here, we focus on the 
processing part. The control tasks (that included switching 
command, vector network analyzer data acquisition, and 
storage) were essential for the functioning of the prototype 
but were not of central interest from the microwave-imaging-
technique point of view.

A diff erential approach was a proper choice, as the 
application here was to monitor the stroke’s time evolution 
[7, 9]). We will call S  the diff erence between scattering 
matrices collected at two separate instants, each one 
representing a diff erent stroke situation. As the stroke 
evolves, S  changes, containing the information that will 
be our input data. The output will be a three-dimensional 
image of the variation of the dielectric contrast inside the 
brain being studied. This diff erential dielectric contrast, 
 , is defi ned as the ratio between the permittivity variation 

between two instants and the permittivity of the background 
at the reference instant ( b  ). It is important to note 
that permittivity is in general a complex number, and that 
the reference instant could be related to the time where the 
diagnosis is fi rst made.

The localized nature of the contrast variation permits 
us to take advantage of the Born approximation [10]. The 
relationship between S  and   becomes

Figure 3. The measured dielectric properties of the 
rubber and graphite-rubber mixture.

Figure 4. The measured characteristics of the liquids 
used in the phantom.
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    , =p qS I  r r   (1)

where I is a linear compact integral operator, with kernel 
   b b, ,b m p m qj A E r r E r r , where mr  are the points 

in the imaging domain, D ; pr  and qr  are the positions 
of the transmitting and receiving antennas; and A  is a 
“normalizing” constant related to the power applied at the 
antenna ports. = 2 f   is the angular frequency, j  is the 
imaginary unit, and the symbol   denotes the dot product 
between vectors bE , the background fi eld in the unperturbed 
(or reference) scenario, which is the fi eld radiated inside 
the imaging domain by each element of the array. To 
assemble our linear operator, we calculated the background 
fi elds, bE , using three-dimensional vectorial Finite-
Element Method (FEM) full-wave simulation software. All 
the helmet and head geometry were modeled numerically 
in the mentioned software.

The inversion of Equation (1) was performed via 
the reliable and well-assessed truncated singular-value 
decomposition (TSVD) scheme [10]. We hence obtained 
the unknown diff erential contrast
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where , ,u v  are the results of a singular-value de-
composition applied to the discretized operator I. The 
truncation index, tL , is the regularization parameter to 
avoid the ill-poss- edness of the inverse operator, and it 
was selected as a trade-off  between accuracy and stability.

3. Experimental Testing

The previous sectio n described the implemented 
prototype and the design steps. In this section, we will 
present the experimental validation, starting from the 
phantom description.

A phantom is an object that mimics a body part’s 
characteristics, permitting the device’s testing before 
clinical-trial availability or in early-stage development. 
The total control of the region under test gives a high 
versatility during the testing, increasing the number of test 
cases. In this activity, we centered the interest in a human-
head phantom. A three-dimensional-printed container with 
a human head shape was fi lled with a liquid mimicking the 
brain tissues’ average characteristics. This average brain 
liquid was a mix of Triton x-100 (nonionic surfactant), 
water, and table salt. The phantom is pictured in Figure 2, 
while the characteristics of the liquid as a function of 
frequency are plotted in Figure 4. The targets used resembled 
a hemorrhagic stroke in size and characteristics. The 
dielectric properties were obtaining through another Triton 
x-100, water, and salt mixture that mimicked blood. The 
target container was a thin latex fi lm in two diff erent sizes, 
as depicted in Figure 5. At the working frequency (1 GHz), 
the blood-mimicking liquid characteristics were 63.41r   
and = 1.75 S/m, while for the average brain-mimicking 
liquid they were = 42.37r  and = 0.77 S/m. These 
values were measured in a wider frequency range using 
the dielectric probe Keysight 85070D already mentioned 
in the antenna section. The design of the phantom design 
and the recipes for the liquids are available in [11].

The measurements comprised two steps. In the 
fi rst step, we measured our prototype-phantom system’s 
scattering matrix with no target inside. We then put the target 
inside and took the second scattering-matrix measurement. 
The liquid nature of the phantom facilitated the insertion 
of the target. The transparency of the liquids and the head 
container permitted external confi rmation that the position 
was the desired position. Some uncertainties in position 
were due to the viscosity and the diff erence in density 
between the two liquids involved (the blood-mimicking 
and brain-mimicking liquids), as the target tended to fl oat 
and move. However, these uncertainties in the placement 
did not diminish system reliability. Each measured set 
was a complete 24 × 24 scattering matrix. The diff erence 
between the two situations was the input for the truncated 
singular-value decomposition algorithm.

Figure 5. The blood-like targets considered. The left target is referred to in the text as the 
Big target. The right image is referred to as the Small target. 
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The fi rst case tested corresponded to a blood target 
called “Big” in the following (on the left in Figure 5). This 
target’s size is presented here in two diff erent positions. The 
results are depicted in Figures 6 and 7. The reader can fi nd a 
picture of the experimental confi guration and the normalized 
reconstructed target images in three diff erent cuts for all 

the cases. Each cut is in one of the Cartesian planes that 
passed by the located target. A good and focalized target 
was reconstructed in both cases by the truncated singular-
value decomposition. The size was also in agreement with 
the actual inserted object.

Figure 6. The reconstruction of the big target in Position 1: A photo of the 
real position and the three main planes centered at the reconstructed target.

Figure 7. The reconstruction of the big target in Position 2: A photo of the real 
position and the three main planes centered at the reconstructed tarFigure 8. The 
reconstruction of the small target: A photo of the real position and the three main 
planes centered at the reconstructed target.
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A smaller and more challenging blood target (called 
“Small” in the following, on the right in Figure 5) was 
reconstructed in Figure 8. In this case, the reconstruction 
seemed more aff ected by artifacts, but a well-defi ned target 
was still present. This case was considered more challenging 
because the reduced target size meant a lower perturbation 
of the fi eld perceived by the antennas (while the contrast 
was the same as in the previous cases), which could be 
aff ected by noise or system inaccuracies. However, the 
good reconstruction confi rmed that the system could also 
detect small intrusions.

The time required to complete the measurements and 
reconstruction was in line with continuous monitoring. 
The total scan took around four minutes for each of the 
diff erential measurements, but it could be optimized in a 
non-prototypal solution. The linearized operator’s kernel 
was calculated offl  ine, while the data processing by the 
truncated singular-value decomposition took less than 
one second.

4. Conclusions and Perspectives

Here we have described and  experimentally tested 
a three-dimensional imaging system for brain-stroke 
monitoring. The device’s design guarantees the adequate 
quantity of information needed to reconstruct the position 
and size of an unknown target located inside the brain. 
The experimental validation we presented here involved 
a simplifi ed but realistic head phantom with a target 
representing a hemorrhagic stroke. The results presented 
validated the system’s behavior with diff erent targets 
and positions. The next steps in the research comprise 
the microwave-imaging technique system’s testing with 

more-complex phantoms (considering more tissue layers), 
and an exhaustive measurement campaign with targets of 
diff erent sizes and characteristics (such as the ischemic 
type of stroke).
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Abstract

Recently, a lot of eff ort has been dedicated to developing 
next-generation optoelectronic devices based on two-
dimensional materials, thanks to their unique optical 
properties that are signifi cantly diff erent from those of their 
bulk counterparts. In order to implement high-performance 
nanoscale optical devices, an in-depth study of how linear 
and nonlinear propagation occurs in two-dimensional 
materials is required. We focus here on the theory behind the 
propagation of electromagnetic waves in two-dimensional 
materials, as well as emerging applications in the fi elds of 
electronics, optics, and sensors that are summarized and 
discussed in the paper. 

1. Int roduction

Over the last 15 years, the study of two-dimensional 
(2D) materials has rapidly progressed in a variety 

of scientifi c and engineering subfi elds [1, 2]. Compared 
to their conventional bulk counterparts, two-dimensional 
materials exhibit electronic confi nement eff ects within 
two dimensions because their thickness is of the order 
of sub-nanometers [3-5]. The types of two-dimensional 
materials available have been continuously growing, 
including insulators, semiconductors, and a plethora of 
metals and semimetals [6-22]. Their tunable optical and 
electronic properties [23-25] and their easy integration 
allow improving the performance of optoelectronic de-
vices thanks to their photo response [26-32], as well as 

 Figure 1. A sketch of several two-dimensional materials. From top to bottom: 
phosphorene, InSe, 2MoS , h-BN, and graphene. 
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in data-communications, telecommunications [33], and 
energy-storage applications [34]. In fact, the properties of 
two-dimensional materials are determined by their structural 
features, in which dimensionality plays a fundamental role 
[35, 36]. When approaching the two-dimensional nature of 
crystals – defi ned as an infi nite crystalline in-plane periodic 
structure with atomic thickness – novel peculiar proper-
ties arise [37]. In addition to their unique electronic and 
optical properties, these materials show high mechanical 
strength and fl exibility [38]. Quantum confi nement in the 
direction perpendicular to two-dimensional crystal’s planes 
promotes a longer mean free path of electrons, excitons, 
phonons, and ballistic in-plane transport without scattering 
or diff usion [35, 39, 40]. Moreover, the two-dimensional 
geometry is compatible with the design and implementa-
tion of optical devices fi nding applications in electronics, 
optics, and many other fi elds [41]. For these reasons, in 
this article we focus on the theoretical and experimental 
research of linear and nonlinear optical propagation and 
eff ects caused by diff erent electromagnetic external stimuli 
in two-dimensional materials.

2. Ele ctronic and Optical 
Properties of Two-Dimensional 

Materials

Since the discovery of graphene [42], new materials 
have been added to the family of two-dimensional materials 
at an increasing pace. Among them, the most interesting 
are hexagonal boron nitride (h-BN) [35, 43, 44], transition-
metal dichalcogenides (TMDs, such as 2MoS , 2MoSe , 

2WS , 2WSe ) [44, 45], silicene [46, 47], germanene [48], 
stanene [49], phosphorene [50-52], borophene [53, 54], 
just to cite a few. All of these materials cover the entire 
spectrum of electrical conductivity, from (semi)metals 
(e.g., graphene and borophene) and semiconductors (e.g., 
TMDs) to insulators (e.g., h-BN) (Figure 1).

2.1 Graphene

 Graphene is a two-dimensional crystal formed by 
carbon atoms arranged in a hexagonal honeycomb lattice. 
The electronic structure of graphene can be derived through 
a tight-binding model, in which Dirac cones are found at 
the corners of the Brillouin zone (Figure 2a) [53, 56]. In 
the proximity of these points, charge carriers obey a linear 
dispersion relation:

 = FE v p ,  (1)

where E  and p  are the energy and the momentum measured 
with respect to the Dirac points, 6 1= 10  msFv   is the 
Fermi velocity, while the plus and minus signs refer to the 
conduction and valence bands, respectively [56]. The bands 
with conical dispersion intersect at the Fermi energy, thus 
making graphene a semimetal. As a result, an additional 
chiral symmetry exists, fi xing a parallel or anti-parallel 
pseudospin to the directions of motion of the carriers [56, 
57]. This contributes to peculiar eff ects on the electronic 
and optical properties of graphene. For example, for 
undoped samples at 0 K , the universal optical conductivity 
of graphene – which links the surface-current density, J , 
to the electric fi eld, E  ( = J E ) – is independent of any 
material parameter: 
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where e  is the electron’s charge and   is the reduced 
Planck’s constant. The transmission for a single-layer 
graphene is thus given as [57-60]
 

Figure 2a. The electronic energy dispersion of graphene 
throughout the whole region of the Brillouin zone. Figure 2b. The dispersion around the K point: on the 

left, the intraband transition of the electron, while on 
the right, the interband transition of the electron, which 
occurs if > 2 FE . 
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 2= (1 0.5 ) 1 97.7%T     , (3)

where    2
0 0 0= 4 = 1/137e c c      is the fi ne-

structure constant [58, 60]. Notably, the optical absorption 
depends only on the fi ne-structure constant, and is given by 

1 2.3%A T    , considering that for a monolayer 
the refl ection contribution ( R ) is less than 0.1%  (Figure 3) 
[60]. On the other hand, doping has a strong eff ect on 
optical properties [57, 61], because of the so-called Pauli 
blocking [57]. In fact, Pauli blocking ensures that photons 
with energy (  ) less than 2 FE  (where FE  is the Fermi 
energy) cannot be absorbed (Figure 2b ) [56-58, 62].

 The conical dispersion of low-energy carriers in 
graphene is very diff erent from other materials’ parabolic 
dispersion [55, 56]. For example, bi-layer graphene presents 
parabolic dispersion at the Fermi energy, and a small 
bandgap of up to 250 meV  that can be opened with an 
electric fi eld [58, 63, 64]. In the case of multiple-layer 

structures (such as bi-layer or few-layer graphene), it is 
possible to consider an optically equivalent superposition 
of almost non-interacting single-layer graphene fl akes in 
which each layer can be seen as a two-dimensional electron 
gas with little perturbation from the adjacent layer [65]. 
For few-layer graphene, the contribution of the refl ection 
becomes more prominent, refl ecting 2%  of the incident 
light for ten-layer crystals [65].

 Frequency-independent absorption of graphene 
along with extremely high carrier mobility has attracted 
the interest of the scientifi c community. In fact, graphene 
has rapidly established itself as a building block for op-
toelectronic applications, with a strong focus on various 
photodetection platforms. The versatility of this material 
enables its application in areas including ultra-fast and 
ultra-sensitive detection of light in the broadband spectral 
region between the ultraviolet and infrared frequency 
ranges [66, 67]. These detectors can be integrated with 
other photonic components based on the same material, 
as well as with other two-dimensional materials, such as 
transition metal dichalcogenides, silicon photonic, and 
electronic technologies [68]. Furthermore, in a single layer 
of graphene [69], the interband transition photoelectrons 
are modulated by a driving voltage over a wide band in 
order to obtain an optical modulator with a bandwidth in 
the near-infrared region of over 1 GHz [66, 70-75]. Another 
interesting research direction is graphene’s use in fl exible 
electronic devices, such as touch screens [58], electronic 
paper, organic photovoltaic cells [76] and organic light-
emitting diodes [77], thanks to its fl exibility as well as its 
low surface resistance and high transmittance.

2.2 Transition Metal Dichalchogenide 
M onolayers

The interesting properties of graphene have led to the 
discovery and study of other two-dimensional crystals and 
heterostructures thereof, showing exciting optical properties 
that diff er from their bulk counterparts. Transition-metal 
dichalcogenides (TMDs) are probably the second-most-

Figure 4b. The 1T 2MoS  crystal structure.

Figure 3. A schematic diagram of the in-
tensity of white light transmitted through 
graphene and bilayer graphene. The dashed-
line scan profi le shows the intensity between 
layers.

Figure 4a. The 2H crystal structure.
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studied two-dimensional material class after graphene. They 
are a family of materials with 2MX  chemical formula, 
where M is a transition metal and X is a chalcogen such 
as S, Se, or Te [45, 55]. The TMDs’ atomic and electronic 
structure consists of a layer of M atoms inserted between 
two atomic layers of X atoms, with a hexagonal unit cell 
having 3hD  symmetry and a thickness of 0.7 nm  [45, 
78-80]. Within the TMDs, it is possible to fi nd metallic (e.g., 

2VS  and 2NbS ), semiconducting (e.g., 2MoS  and 2WS )
, or insulating (e.g., 2HfS ) materials [45, 80]. The TMD 
crystals show diff erent polyforms [45, 80]. Typical crystal 
structures include trigonal prismatic 1H (2H for multilayer), 
1T, and 1T  (i.e., distorted-1T) phases [37, 41, 81], as shown 
in Figure 4. The most stable crystalline confi guration is the 
2H-stacking (also known as AB-stacking) [45, 55, 82]. In 
particular, semiconducting 2H TMDs show peculiar optical 
and electronic properties, fundamentally diff erent from their 
three-dimensional bulk counterparts. For example, 2MoS  
[78, 79, 83], 2MoSe  [55, 84], 2WS , and 2WSe  [85] undergo 
a crossover from indirect to direct gap when going from 
bi-layer to monolayer form. In the case of 2MoS , bulk 
crystals have an indirect bandgap of the order of 1.29 eV, 
while in its two-dimensional form, 2MoS  presents a direct 
bandgap [57, 83] of 1.9 eV  around the K points of the 
Brillouin zone. This leads to pronounced luminescence 
enhancement [78].

2.3 Other Two-Dimensional 
Materials

Similarly, layere d post-transition metal chalcogenides 
of group-III, such as GaS, GaSe, SnS, 2SnS , and InSe, 
are also being explored due to their high mobilities, 
large photo responses, and in-plane anisotropy [82, 86]. 
They present diff erent polytypes that vary with respect to 
their layer-stacking confi guration, namely, the group-IV 
monochalcogenides (e.g., SnS and GeSe) [87] or the 1T 
dichalcogenides (e.g., 2SnS ) [82]. Moreover, there is also 
the family of two-dimensional transition metal carbides, 
nitrides, and carbonitrides, which are known as MXenes 
with the following chemical formulas: 2M X , 3 2M X , and 

4 3M X , where M is an early transition metal and X is a 
carbon or a nitrogen atom [88]. They exhibit interesting 
mechanical properties as well as good thermal and electrical 
conductivity [82]. 

In addition, wide-bandgap two-dimensional materials 
play a key role in device implementation. For example, 
thanks to its inert nature, insulating characteristics, and 
ultra-fl at structure, hexagonal boron nitride (h-BN) acts 
as a substrate or sacrifi cial layer for high-mobility two-
dimensional crystal-based devices [89]. 

 Other wide-bandgap materials, including 
transition metal oxides (TMO: e.g., 2MoO  with 2H-phase, 

2MnO  with 1T-phase, and 3á-MoO ) and chromium 
oxide (i.e., 2 3Cr O ), known for its multiferroic properties 
[90], exhibit hyperbolic optical behavior [82, 91]. Other 
examples of layered materials include elementary two-

dimensional materials, such as phosphorus allotropes (e.g., 
black and blue phosphorus) [51], silicene [92], germanene 
[93], tellurene [94], gallenene [95], antimonene [96], and 
borophene [97], which range from metallic to semiconductor 
as well as topological insulators (for example, 2 3Bi Se  and 

2 3Sb Se ), known for their topologically protected and spin-
momentum-locked electronic transport [82, 98].

3. Optical Propagation in Two-
Dimensional Materials

In this s ection, the electromagnetic surface wave [99] 
that propagates in a direction parallel to the two-dimensional 
material layer, as well as the transmission and refl ection of 
electromagnetic waves by a periodic structure consisting 
of N layers, will be investigated.

3.1 The Electromagnetic Surface 
Wave in Two-Dimensional 

Material s

An electromagnetic surface wave is a field 
confi guration essentially confi ned in a small region close to 
the interface between two dielectric media, and propagating 
in the direction along the interface itself [100-106]. Here, 
we consider only plane interfaces and choose a Cartesian 
reference frame with the z  axis normal to the interface 
(Figure 5). In order to model the linear optical description 
of single-layer crystals, two possible approaches can be 
followed. The fi rst approach consists of treating a two-
dimensional material as a real two-dimensional layer, 
which imposes a discontinuity on the in-plane magnetic 
fi eld: = ( )H E    . Here, subscripts   and   denote 
in-plane and out-of-plane fi eld components, respectively, 
and ( )   refers to the complex optical conductivity. 
In this case, the system is intrinsically anisotropic with 
both null out-of-plane surface susceptibility (  ) and 
conductivity ( ) [107-111]. A second approach consists 
of treating the two-dimensional material as an equivalent 
three-dimensional layer having an out-of-plane dielectric 
constant of the bulk crystal, and an in-plane dielectric 
constant. In the case of graphene, the in-plane dielectric 
constant is given by [112]

 
0

( )( ) = 1G
G

i
t

  


 ,  (4)

with   being the optical angular frequency and = 0.34Gt
nm being the thickness of the graphene mono-layer [113]. 
Previous works numerically verifi ed that the two approaches 
lead to indistinguishable results [114-116]. For this reason, 
the fi rst approach was analyzed in this review. However, it 
is worth noting that the out-of-plane optical constants of 
two-dimensional materials have proven to be experimentally 
elusive, and the established models that make use of an 
exclusively in-plane surface current are not suffi  cient to 
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correctly describe a two-dimensional crystal [117]. By 
our convention, the surface wave propagates in the x  
direction and the fi eld decays in the z  direction. The basic 
principle behind the phenomenon of the surface waves is 
the solution of Maxwell’s equations at the interface. From 
this, it is possible to obtain the result that surface waves 
are excited by external incident electromagnetic waves 
[100, 106, 118]. Surface plasmon polaritons (SPPs) are a 
particular type of electromagnetic surface wave traveling 
along a metal-dielectric or metal-air interface in the infrared 
or visible-frequency range. The physical characteristics of 
surface plasmon polaritons in metals are determined by 
their intrinsic properties and the geometry of the material. 
The thickness plays a very important role in the physical 
propagation of surface plasmon polaritons. In fact, more 
recently it has been found that two-dimensional materials 
inserted at the interface between dielectrics support surface 
plasmon polaritons thanks to the strongly confi ned electric 
fi eld as the thickness approaches the atomic level and light 
is being confi ned to dimensions two to three orders of 
magnitude smaller than that of the free-space wavelength 
[119]. The polarization of the incident waves determines 
the polarization of surface waves. It is therefore possible to 
fi nd transverse-magnetic (TM) and transverse-electric (TE) 
surface waves, determining the components of the fi eld for 
each surface wave. In the TM surface wave, the incident 
fi eld has a component of a magnetic fi eld perpendicular 
to the incidence plane (Figure 5a), while in the TE surface 
wave, the incident fi eld has a component of an electric fi eld 
perpendicular to the incidence plane (Figure 5b).

3.1.1 Field Confi guration at 
TM Surface Wave

For a TM surface wave, xE , zE , yH  fi eld  components 
are considered, and it is assumed that the two-dimensional 
material is surrounded by two dielectric media, 1 and 2, 
as shown in Figure 5a. The TM surface wave propagates 
on the surface of the two-dimensional material in the x  
direction with wave vector in the direction of propagation 
( q qx ). In medium 1, the electromagnetic fi elds of the 
TM surface wave are given by [100]

 (1) 1
1= ziqx

xE E e e  ,

 (1) (1)

1
=z x

iqE E


,  (5)

 (1) (1)0 1

1
=y x

i
H E

 


 ,

while in medium 2,

 (2) 2
2= ziqx

xE E e e ,

 (2) (2)

2
=z x

iqE E


 , (6)

 (2) (2)0 1

2
=y x

i
H E

 


,

 where ( )i
xE , ( )i

zE , and ( )i
yH  are the electric fi elds in the 

x , y , and z  directions, respectively; iE  is the amplitude 
of the electric fi eld in the x  direction for the ith medium 
( 1,2i  ); 0  and 1  are the dielectric constants of the 
vacuum and the medium, respectively; and i  is the decay 
constant of the fi elds inside the ith medium, given by

 2 2 2=i iq c   .  (7)

The magnetic and the electric fi elds are related by the 
following relations: 

 ( ) ( )

0
=i i

x y
i

iE H z
 

 ,  (8)

Figure 5b. A TE surface wave in two-dimensional ma-
terials. The two-dimensional material is shown as the 
orange color with negligible thickness.

Figure 5a. A TM surface wave in two-dimensional ma-
terials. The two-dimensional material is shown as the 
orange color with negligible thickness.
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 ( ) ( )
0= / ( )i i

z i yE q H  ,  (9)

which can be derived from Maxwell’s equations [100]. Due 
to the presence of surface currents that fl ow on the two-
dimensional material, the magnetic-fi eld components are not 
continuous. The boundary conditions of the electromagnetic 
wave on the surface of the two-dimensional material are 
therefore given by
 

 (1) (2)=x xE E ,    (10)

 (1) (2) =y yH H J  ,    (11)

where (2)= ( ) xJ E   is the surface current on the two-
dimensional material, and ( )   is the complex optical 
conductivity of the two-dimensional material. Since a two-
dimensional material presents a negligible thickness when 
compared to the wavelength in the materials, J  appears 
only in the boundary conditions.

In the case of graphene, there are two contributions to 
( )  , corresponding to two possible optical scatterings or 

excitations of electrons by photons. These are the intraband 
transition (within the same conduction band) and the 
interband transition (from valence to conduction band), as 
shown in Figure 2b. The real and imaginary parts of ( )   
are related by the closed formula for the complex optical 
conductivity, given by the following equation [108, 112]:

  ( ) Re{ } Im{ } =D E Ei        (12)

  04
= FE

i
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,

where Bk T  is the product of the Boltzmann constant, Bk
and the temperature, T . The fi rst term in Equation (12), 

D , is the intraband conductivity (or Drude conductivity) 
[120-122], while the second and the third terms correspond 
to the real part and the imaginary part of interband 
conductivity ( E ), respectively [121-123]. The spectral 

width ( ) is a parameter that describes the scattering rate 
with phonons due to the impurities and depends on the 
Fermi level  ( FE ) as

 2= F Fev E  ,  (13)

 where 6= 10Fv m/s is the Fermi velocity of graphene and 
4 2= 10  cm /Vs  is the mobility for ideal graphene [120]. 

For simplicity, it is possible to consider the limiting case 
for 0T   [120-125]: 

 0
=0

4
( ) | = F
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E

i
i


 
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 (14)
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,

where 1( )x  is the Heaviside step function. For < 2 FE , 
the intraband transition is dominant and the optical transition 
of the electron with 0q   is possible due to the additional 
scattering of an electron by an impurity or a phonon, 
which might modify the momentum of the electron. On 
the other hand, the interband transition from the valence 
to conduction band is dominant for > 2 FE  [122]. 
For a two-dimensional electron gas system (e.g., GaAs/
AlGaAs quantum-well structure), the optical conductivity 
is described by [123, 126]

 
2

2 =
( )Dgas
nei

m i


 
,  (15)

where n , m , and   are the density, eff ective mass, 
and scattering rate of the two-dimensional electron gas 
system. The dispersion of a TM surface wave is obtained 
by substituting Equations (5) and (6) into the boundary 
conditions Equations (10) and (11). In addition, the 
following equation is a requirement to have a TM surface 
wave in the two-dimensional material [120, 121, 123, 127]: 

 1 2

1 2 0

( ) = 0i   
  

  ,  (16)

where i , ( 1, 2i  ) is the dielectric constant of the ith 
medium that surrounds the two-dimensional material. 
Consider that > 0i  and > 0i . In order to satisfy 
Equation (16), the imaginary part of ( )   should be 
positive ( Im{ ( )} > 0  ). This requirement is satisfi ed by 
the conventional two-dimensional electron gas system, 
since    2 2 2

2Im = > 0Dgas ne m      
 [123], and 

in the case of graphene,  Im ( ) > 0   for < 1.667 FE
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By solving Equation (16), it is possible to derive the 
dispersion relation of the TM surface wave for graphene. 
If 2 FE   (with = 0.64 FE eV ), it is obtained that 

( ) ( )D     and   can be ignored, since it gives 
only the spectral broadening of the TM surface wave. When 
the velocity of light can be considered to be much larger 
than the group velocity of the surface plasmon, spv , and 
thus q c , resulting in  1 2= = q   in Equation (7). 
This condition is called the non-retarded regime [105, 120, 
128]. By substituting D  in Equations (14) to (16) and 
solving for  , a square-root dependence ( q  ) of the 
dispersion relation is obtained [105, 120, 128, 129]: 

 
 

2

0 1 2

1= FE e q


  
.  (17)

The aforementioned relation can be also obtained for a 
conventional two-dimensional electron gas by substitut-
ing Equation (15) into Equation (16) and solving for 
fi nding that q   dependence is a characteristic of 
surface plasmon polaritons in two-dimensional materials 
[105, 120, 124, 128]. Considering graphene as a medium, 
the long-wavelength plasmon dispersion can be calculated 
by looking for zeros of the dynamical dielectric function 
( ( , ) = 0g q  ) [124, 128].

3.1.2 Field Confi guration at TE 
Surface Wave

For a TE surface w ave (Figure 5b), the field 
components are yE , xH , zH . In medium 1, the 
electromagnetic fi elds of the TE surface wave are given by

 (1) 1
1= ziqx

xH H e e  ,

 (1) (1)

1
=z x

iqH H


,  (18)

 (1) (1)0
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i
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,

and in medium 2,
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 (2) (2)

2
=z x

iqH H

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
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where 0  is the permeability of the vacuum. Similarly for 
the TM surface wave, the magnetic and the electric fi elds 
are related by the following relations: 
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EiH

z




,  (20)

  ( ) ( )
0=i i

z yH q E ,  (21)

and, by using the boundary conditions of the electromagnetic 
fi eld at the surface = 0z , which are related to the case of 
the TM surface wave given in Equations (10) and (11),

  (1) (2)=y yE E ,  (22)

 (1) (2) =x xH H J  ,  (23)

at = 0z , where (2)= ( ) yJ E   and assuming that the 
two dielectric media are vacuum ( 1 2= = 1  ), thus 

 22
1 2= = q c     , the following equation is 

obtained [123, 130]:

 0( )
2 = 0

i  


 .  (24)

The concepts of surface-plasmon dispersion and 
the non-retarded regime [120, 128] were introduced in 
Equations (16) and Equation (17). For small q , the non-
retarded approximation cannot be used because the group 
velocity of the surface plasmon ( spv ) is comparable to the 
velocity of light. This case is the so-called retarded regime 
[128], in which the dispersion of the surface plasmon is linear 
( q  ). From Equation (7) and solving Equation (16) 
(supposing that 1 2= =   ) for the retarded regime the 
following is obtained: 

 c q


 .  (25)

For a conventional two-dimensional electron gas 
system,  2Im > 0Dgas , as given by Equation (15) [123]. 
The TE surface wave hence cannot be supported by a normal 
bulk metal or any other common material found in nature, 
since > 0 , and Equation (25) requires   Im < 0  [101, 
123]. However, it is possible to obtain artifi cial materials 
that possess a negative permeability (e.g., metamaterials 
[131], generally not easy to fabricate, and two-dimensional 
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materials [132]). For example, in the case of graphene, 
 Im ( ) < 0   for < 2 FE . This unusual property has 

enabled graphene to have a TE surface wave, although a TE 
surface wave in doped graphene occurs only for a narrow 
frequency range of 1.667 < < 2F FE E  [101, 121, 123, 
133]. Similarly, in [134], a single-layer h-BN crystal was 
predicted to support a TE non-radiating surface mode in 
the visible spectrum.

3.2 The Optical Absorption, 
Refl ection, and Transmission 
Spectra in Two-Dimensional 

Materials

To de scribe the optical spectra of the electromagnetic 
wave incident on a two-dimensional material, Maxwell’s 
equations with boundary conditions were fi rst evaluated, 
considering the two-dimensional material between two 
dielectric media. Subsequently, using the transfer-matrix 
method, optical spectra were obtained in the case of a two-
dimensional material within a multilayer of dielectric media.

3.2.1 Two-Dimensional Material 
Between Two Dielectric Media

The probabilities for absorption, refl ectio n, and 
transmission of an electromagnetic wave penetrating two-
dimensional materials can be obtained by solving Maxwell’s 
equations for an electromagnetic wave with boundary 
conditions. A two-dimensional material having a negligible 
thickness is placed between two dielectric media, as shown 
in Figure 6. It is modeled as a conducting interface with a 
conductivity   between two dielectric media with dielectric 
constants 1  and 2 . Considering the TM polarization 
of the electromagnetic wave, as shown in Figure 6, it is 
possible to obtain two boundary conditions for the electric 
fi eld, ( )iE , and the magnetic fi eld, ( )iH  ( = 1,2i ), as 
follows: 

 (1) (1) (2)cos cos = cosE E E     , (26)

 (2) (1) (1) (2)= cosH H H E         , (27)

where the +(-) index indicates the bottom- (top-) going 
waves according to Figure 6,   is the incident and refl ection 
angle, and   is the refraction angle. The E  and H  fi elds 
are related to each other in terms of the electromagnetic 
wave impedance for each medium: 

 377= =    ( = 1,2)i
i

i i

E
Z i

H 
 , (28)

where the constant 377   is the impedance of vacuum

( 0 0 0=Z   ). The quantities  ,  , and iZ  are related 
by Snell’s law ( 2 1sin = sinZ Z  ). Solving Equations (26) 
to (28), the refl ection ( R ), transmission (T ), and absorption 
( A ) probabilities of the electromagnetic wave are obtained 
as follows: 
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where the values of R , T , and A  are real quantities and 
are denoted in terms of percentages (0% to 100%).

3.2.2 Multilayer Confi guration

The confi guration described in the previous section 
can be generalized to a multilayer confi guration in whi ch 
two-dimensional and standard dielectric slabs alternate. 
This structure can be modeled using the formalism of the 

Figure 6. A two-dimensional material is placed be-
tween two dielectric media with dielectric constants 

1  and 2 . The thickness of the two-dimensional 
material is neglected. The incident EM wave comes 
at an angle   in medium 1 (top) and is transmitted 
at an angle   in medium 2 (bottom).
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equivalent chain of transmission lines [135], and then 
analyzed using the wave-amplitude transmission matrix 
(WATM) [136]. The latter is very eff ective when, as in our 
case, we are mainly interested in an input-output description 
of the structure. It has already been used in the present 
context [137-139]. Assuming N  two-dimensional materials 
inside a multilayer dielectric media, spaced apart from 
each other by a distance =z d , the wave-amplitude 
transmission matrix method [140] relates the electromagnetic 
fi elds at all interfaces in a multi-layered system. For 
simplicity, a system with two two-dimensional material 
layers placed between three dielectric slabs (media 1, 2, 
and 3 with dielectric constants 1 , 2 , and 3 , respectively) 
can be assumed as a fi rst approximation (Figure 7). The 
incident electromagnetic wave with TM polarization comes 
from medium 1 with angle 1  and it propagates through 
medium 2 with angle 2  and medium 3 with angle 3 . 
By adopting the polarization TM of the incident 
electromagnetic wave between two dielectric media 
( 0 < <z d ), the electromagnetic fi elds are related to each 
other through the boundary conditions obtained from 
Maxwell’s equations. It is therefore possible to defi ne the 
boundary conditions of the monolayer interface of the 
electric fi eld, ( )iE , and of the magnetic fi eld, ( )iH , 
( = 1,2i ), as follows: 

 (1) (2)=x xE E ,  (30)

 (2) (1) (2)=y y xH H E  .  (31)

Considering a thickness of the two-dimensional material 
suffi  ciently small compared to the wavelength of the incident 
light ( d  ), the electric and magnetic fi elds in medium 
1 can be described as follows: 
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


 
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, (33)

and for medium 2, 
      

 (2) (2)(2) (2) (2) 2 2
0 0

( ) = ( ) ( ) = i z i z
x x x x xE z E z E z E e E e 

      
  
   (34)

 (2) (2)(2) 0 1 2 2
0 02

( ) = i z i z
y x xH z E e E e  




 
   

, (35)

where ( )i
xE  is the amplitude of the electric fi eld along the x  

axis inside medium i , i  is the dielectric constant of the  ith 
medium,   is the angular frequency of the electromagnetic 
wave, and ik  is the wave vector in the z  direction, which 
is defi ned as

 2= cosi i ik   


,  (36)

where   is the wavelength of the electromagnetic wave. 
The amplitudes of the electric fi eld of the electromagnetic 
wave are ( )

0
i

xE   and ( )
0
i

xE   going to the z  direction. The 
refl ected wave at the second interface with medium 3 inside 
the medium 2 is described by (2)

0xE  . The relationship between 
yH  and xE  comes from the following equation: 

 ( ) ( )
0=i i

y i xH i E dz   .  (37)

The corresponding angle of propagation of the 
electromagnetic wave inside each dielectric medium, 
measured from the z  axis, is i  ( = 1,2i ). Quantities i  
and i  between two dielectric media are related by Snell’s 
law ( 1 1 2 2sin = sin    ). Using Equations (30) through 
(35), solving for 

0xE   and 
0xE   explicitly at the boundary, 

it is possible to write the following matrix: 

        
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(38)

where 

 
1 11=
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                                          (40)

Figure 7. The wave propagation through three me-
dia and two diff erent two-dimensional materials.
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Equation (39) describes the electromagnetic waves in 
medium i  as a function of the electromagnetic waves in 
medium 1i   at the fi rst boundary, where i  and i  are

 
0

= i
i

i
G

 
  ,  (41)

 1

1
= i i

i
i i

 
 




 .

Equation (40) describes the propagation of the wave through 
the medium 1i  , where d  is the length of the medium 

1i  .

The total refl ection ( total ) and transmission ( total ) 
coeffi  cients are

 

(1) (3)
0 0

(1)
0

=
0

x x
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E E
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, (42)
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E
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where  ,  ,  , and   are the components of the total 
matrix (Equation (38)), resulting in 

 2= totalR  ,  (44)

 23 1

1 3

cos
=

cos totalT
 


 

,

 = 1 Re{ } Re{ }A R T  ,

where R , T , and A  are refl ection, transmission, and 
absorption probabilities of the electromagnetic wave, 
respectively. In the case of the absence of a two-dimensional 
material at the interface, = 0i  can be set in the matching 
matrix of the corresponding interface.

 With this theoretical background, it is possible to 
optimize the design of optical devices (e.g., optical ab-
sorbers). For example, considering a device consisting of 
N two-dimensional materials and respective media, the 

number and position of the absorption peaks can be tuned 
a priori, thus providing the theoretical basis for the study 
and design of the device and its application.

3.3 Nonlinear Optics in Two-
Dimensional Materials

In the previous section, we discussed optical 
propagation in a two-dimensional material. We have dealt 
with the problem of a linear dielectric medium impinged 
 upon by an electromagnetic wave. In this context, a linear 
dielectric medium was characterized by a linear relation 
between the polarization density ( P ) and the electric fi eld 
( E ) [141]:

   P = 0 i E , (45)

where 0  is the permittivity of free space and ÷  is the 
electric susceptibility of the medium. The relationship 
between P  and E  expressed by Equation (45) describes 
the conventional linear optical eff ects, such as refraction 
and absorption, and occurs when E  is small. However, it 
becomes nonlinear when E  acquires values comparable 
to interatomic electric fields, which are typically 

5 8 -110 10  Vm . Since externally applied optical electric 
fi elds are typically small in comparison with characteristic 
interatomic or crystalline fi elds, even when focused laser 
light is used, the nonlinearity is usually weak. A nonlinear 
anisotropic dielectric medium is characterized by a tensor 
relation that can be expanded in a Taylor series [141]: 
    

 
(2) (3)

0= ...i ij j j k j k lijk ijkl
j jk jkl

P E E E E E E   
 
   
 
 
  

  (46)

where , , , = 1,2,3i j k l  and the coeffi  cients ij , (2)
ijk , 

and (3)
ijkl  represent the tensor components of the nth-order 

nonlinearity. These coeffi  cients are characteristic constants 
of the medium, and may be originated by microscopic or 
macroscopic phenomena. In particular, the (2)÷  coeffi  cient 
of the second term in Equation (46) gives rise to a 
second-order nonlinearity (three-wave mixing), including 
second-harmonic generation (SHG), sum- and diff erence-
frequency generation (SFG, DFG), and optical parametric 
interaction (optical parametric amplifi cation, OPA, and 
optical parametric oscillation,  OPO). Third-order nonlinear 
eff ects, which usually arise from the susceptibility of 
third-order nonlinear optics ( (3)÷ ), include third-harmonic 
generation (THG), four-wave mixing (FWM), intensity-
dependent refractive index changes (optical Kerr eff ect 
and saturable absorption, SA), and two-photon excitation 
fl uorescence (TPEF). The higher-order coeffi  cients ( ( )n÷ ) 
represent the susceptibility of higher-order nonlinear optics, 
namely the higher-order multiphoton scattering/absorption/
luminescence and the high-harmonic generation (HHG). 
Since the interaction intensity of nonlinear processes usually 
decreases with n  [142, 143], the eff ects of nonlinear higher-
order eff ects (including HHG) have very low intensity, 
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therefore typically ( ) 0n÷   for > 3n . In the case of bulk 
crystals, the generation of nonlinear eff ects occurs when the 
phase-matching condition is satisfi ed in order to maximize 
the intensity of the nonlinear optical signal. According 
to quantum mechanics, the phase-matching condition is 
satisfi ed when the photon’s momentum and energy are 
simultaneously conserved before and after the nonlinear 
process [143]. For this reason, the path of the incident light 
and the orientation of the crystal must be carefully designed 
in order to optimize the nonlinear eff ects [144]. However, in 
the case of a medium with reduced thickness – comparable 
to the sub-wavelength range and shorter than the coherence 
length – the phase-matching condition is easily achieved. 
This allows for obtaining strong nonlinear eff ects [144]. 
Nonlinear optical properties of single-layer and few-layer 
atomic crystals have been recently investigated [145]. The 
theory of Bloembergen and Pershan [146] for the light 
waves at the boundary of nonlinear media can be extended 
to a nonlinear two-dimensional crystal placed between 
linear bulk media. In this case, the two-dimensional crystal 
is treated as a zero-thickness interface, i.e., a real two-
dimensional system [145]. The crystalline structure of the 
material strongly infl uences nonlinear processes. In fact, 
thanks to the high values of the tensors (2)÷  and (3)÷ some 
materials show an anisotropic nonlinear response [147] 
even if the linear optical response is isotropic. This allows 
characterizing the orientation of the crystal with very high 
sensitivity [142, 143].

Since the susceptibility, (2)÷ , is a third-rank tensor of 
even parity under inversion, (2)÷  vanishes for media with 
inversion symmetry. Namely, in centrosymmetric media that 
have inversion symmetry, the properties of the medium are 
not altered by the transformation  r r  [141]; the P E  
function must have odd symmetry so that the reversal of 
E  results in the reversal of P  without any other change:

 P = 0 (2) 2 (3) 3   ÷E ÷ E ÷ E  (47)

 
(2) 2 (3) 3

0= ( ) ( ) ( ) =        ÷ E ÷ E ÷ E P .

In order to verify the latter, the second-order nonlinear sus-
ceptibility coeffi  cient must be zero ( (2) = 0÷ ). In contrast, 
odd-order nonlinearity (i.e., (3)÷ ) is allowed in any material, 
regardless of whether the material is centrosymmetric, such 
as third-harmonic generation and four-wave mixing [143].

Given a plane wave of amplitude ( )E   traveling in 
a nonlinear medium (in this case, a non-centrosymmetric 
two-dimensional material) in the direction of its q  vector 
(Figure 8), a polarization is generated at the second-
harmonic frequency as follows: 

 (2) 2 2
0 0(2 ) = ( ) = 2 ( )effP E d E      , (48)

where effd  is the eff ective nonlinear optical coeffi  cient, 
which depends on (2) .

If the slowly varying envelope approximation is 
applied [148],

 
2

2
( , ) ( , )E z E zk

zz
  


 , (49)

and assuming negligible losses, the wave equation at 2  
is

 2

2

( , 2 ) = ( , ) i qz
eff

E z i d E z e
z n c

   



, (50)

where = (2 ) 2 ( )q q q   . Considering the low conversion 
effi  ciency assumption ( (2 ) ( )E E  ), which is a valid 
condition when the conversion to the second harmonic is 
not signifi cant, the amplitude, ( )E  , remains constant over 
the thickness of the nonlinear medium, t . By using the 
boundary condition (2 , = 0) = 0E z , we hence get
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(51)

In terms of the optical intensity, 
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2 sin 2
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effd t qt
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
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 
  

  
     (52)

The intensity (2 )I   is maximized for the phase-matched 
condition = 0q . Equation (52) shows that (2 , ) = 0I t  
when (2) = 0effd   for media presenting inversion 
symmetry. For example, the natural vertical stacking of 

Figure 8. A diagram of second-harmonic generation 
with perfect phase matching.
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the most commonly used transition metal dichalcogenide 
semiconductors, TMDS (2H polytype), is constituted by 
monoatomic layers rotated by 180° with respect to their 
next neighbors, forming the so-called AB stack [149]. As 
a direct consequence, the inversion symmetry is present 
for even layers ( (2) = 0 ), preventing the observation of 
any second-order nonlinear process [?]. However, TMDS 
can be reduced to nanometric thickness ( 1 nmt  ) due to 
the weak van der Waals interlayer forces, showing a non-
centrosymmetric structure ( (2) 0  ) in their monolayer 
form. In this case, the medium is usually presented without 
any phase factor ( = 0q ) due to the atomically thin nature 
[151, 152], and hence

 2

2
(2 ) = ( )eff

iE d E t
n c

  . (53)

However, the crystal structure is very important for symmetry 
reasons, and it is possible to fi nd bulk crystals of TMDS 
possessing a (2) 0  . For example, in [152] the authors 
probe the SHG generated from the noncentrosymmetric 
3R  crystal phase of 2MoS . Instead, Trovatello et al. [148] 
showed that artifi cial crystals with vertically stacked 2WS  
monolayers, with interlayer 0  crystal angle alignment, 
forming the so-called AA stack [149], preserved the broken 
inversion symmetry ( (2) 0  ), as shown in Figure 9a. In 
both cases, if no strong interactions are assumed between 
the layers and each layer is treated as optically independent, 
it is possible to model the individual electric fi eld from 
any layer as

 ( 1) ( 1) /2( , 2 ) i q N t N tE N e e      , (54)

where N  is the number of the layers and ( 1N  ) results 
due to the indexing of the crystal, i.e., the top-most layer 
is 1, so the subsequent intensity is normalized to 1, and t  
is the crystal thickness. To account for the re-absorption 
of the second-harmonic light, it is introduced an exponential 
loss factor,  . This is the attenuation factor at the second-
harmonic energy extracted from the single-layer linear-
absorption spectrum (i.e., = 1 = t

absI e   ). It is possible 
to write the total SH light from N  layers as

 
2

( 1) ( 1) /2

=1
( , 2 )

N
i q M t M t

M
I N e e       . (55)

From Equation (55), it is clear that the intensity scales 
quadratically with N  in the case of a non-centrosymmetric 
crystal of N  layers. This has been observed experimentally, 
performing a proof-of-principle demonstration. As shown 
in Figure (9b), three layers of manually AA stacked 

2WS , sitting on top of a h-BN fl ake, were identifi ed by 
photoluminescence characterization, demonstrating that 
artifi cial stacking of AA aligned 2WS  monolayers provides 
a route for quadratic scaling of the effi  ciency with the layers’ 
numbers (Figure 9c).

4. Conclusion

Two-dimensional materials offer compelling 
perspectives fo r implementing devices with new capabilities 
over those based on conventional materials. In non-
interacting two-dimensional material layers, the transfer-
matrix method can be used to obtain their refl ectance, 
transmittance, and absorbance spectra. In this way, 

Figure 9 a) (upper left) Schematics of a natural centrosymmetric AB structure with an inter-
layer twist angle of 180° ( (2) 0  ) and an artifi cial non-centrosymmetric AA confi guration 
with 0° twist angle ( (2) 0  ). b) (lower left) A sketch of the 2WS  AA stack sample. c) (right) 
The photoluminescence spectra as a function of the number of layers (data from [148]).
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photonic-band structures for periodical two-dimensional 
material layers can be studied in a simple way. Another 
key feature of two-dimensional nonlinear materials is 
their non-centrosymmetry, which can be easily realized in 
two-dimensional materials. For example, 2WS  becomes 
non-centrosymmetric when its bulk counterpart is thinned 
into a monolayer. These properties demonstrate that these 
eff ects greatly improve performance in two-dimensional-
material-based devices. It is hence of great importance 
to pursue appropriate two-dimensional crystals without 
thickness limitations, which can provide more opportunities 
to obtain high-performance optoelectronic devices. All this 
research paves the way for optical devices ranging from 
sensors to modulators to isolators, serving as a versatile tool 
for studying optical properties in two-dimensional materials.
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Abstract

Novel Yagi-like antenna structures were  investigated 
here to design a UHF-RFID wearable antenna. The textile 
antennas were designed to be integrated into a smart glove, 
together with a compact UHF-RFID reader. Parasitic 
elements, acting as either a refl ector or directors, were 
included to focus the fi eld out of the operator’s hand, thereby 
limiting the radiation toward undesired directions. To predict 
and compare the performance of the proposed near-fi eld 
antennas, the power-transfer effi  ciency was numerically 
computed as a function of the reader-tag distance.

1. Introduction

The connection of humans with machines has become 
one of the most relevant topics in current and future 

scientifi c research. The aim of Internet of Things (IoT) 
applications is to connect things to the Internet and to 
provide access from anywhere. The use of radio-frequency 
identifi cation (RFID) technology helps in connecting and 
identifying objects or people through tagging. RFID is 
often seen as a requirement for the IoT [1]. An RFID reader 
communicates with the tags or tagged objects using radio 
waves. In previous years, RFID technology has attracted 
interest in wearable applications such as warehouse and 
inventory environments. For example, in warehouses, 
human operators use an RFID reader to detect tagged objects 
and to collect information. A wearable, portable RFID 
reader helps the user to reduce his/her eff ort compared to 
a situation where the human holds the reader in one of his/
her hands every time during the tasks. This might cause 
an uncomfortable situation, because users have only one 
hand to perform their own tasks. The user’s hand would 
be free for doing other tasks if an RFID reader could be 
in a wearable form, such as reader integrated into a hand 
glove: the so-called smart glove.

By integrating the RFID reader into a smart glove, the 
human will not face any inconvenience due to the presence 
of the reader. As an example, in [2] a low-frequency RFID 
reader and a specifi c antenna were integrated into a cloth. 
The RFID reader was integrated into small housing with 
a belt clip. The glove antenna was connected to the reader 
with a wire, and the reading range was limited by the 
length of the wire. Another solution was reported in [3], 
facing the same problem because of the wired connection 
between glove antenna and the reader. In [4], a miniature 
RFID reader, power supply, and wireless unit were 
integrated into surgical gloves and bracelets. There were 
various other solutions of RFID smart gloves previously 
reported in the low-frequency (LF), high-frequency (HF), 
and ultra-high-frequency (UHF) RFID bands for various 
applications, such as gesture or activity recognition [5, 6], 
activity tracking in car manufacturing [7], rehabilitation 
[8], medical [9, 10], etc. 

 In [11], a compact wearable RFID reader was inte-
grated into a glove to help workers in warehouses. Reading 
distances from 0.8 cm to 3.5 cm, depending on the tag type, 
were obtained. An evaluation to increase the support to 
humans in factory environments using a smart glove was 
done in [12]. Smart gloves with an effi  cient reader antenna 
are more popular, especially in the UHF RFID band, where 
the reader and the antenna are both placed close to the 
human body [13, 14]. In this structure, there are several 
challenges that arise in realizing wearable antennas while 
maintaining the expected performance. This is because the 
performance of the wearable antennas is aff ected by the 
dielectric properties of the human body. Wearable anten-
nas must be highly immune and robust to the presence of 
the human body. Their performance must not be aff ected 
when they are in proximity to the human body. Numerical 
analysis is therefore necessary to evaluate human-body 
proximity and to optimize the antenna’s performance in 
the operating frequency band.
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Specifi cally, a UHF-RFID smart glove is needed to 
detect tags or tagged objects that are close to the human hand, 
and to avoid the detection of tagged objects positioned at a 
farther distance (false positives). For the given requirements, 
especially in warehouses, an RFID smart glove needs 
to allow for the detection of tagged objects placed at a 
distance up to 30 cm to 40 cm from the human hand. Given 
the typical size of an antenna integrated into a glove, the 
far-fi eld region starts beyond 70 cm to 80 cm, and this 
means that the tagged objects and glove-reader antennas 
are in the near-fi eld region of each other, as schematically 
represented in Figure 1a. In such an operating scenario, the 
conventional far-fi eld antenna parameters, such as radiation 
pattern, radiation effi  ciency, and antenna gain, cannot be 
considered as eff ective fi gures of merit [14-17]. In some 
papers, the electric- and magnetic-fi eld distributions were 
considered as key performance parameters to optimize the 
near-fi eld antenna. However, they are not directly related 
to the characteristics of the tag’s antenna, which can be of 
diff erent shapes and sizes. For these reasons, new parameters 
have been proposed, such as the power-transfer effi  ciency 
(PTE). As demonstrated in [18], the power-transfer 
effi  ciency is a good candidate for qualitatively predicting 
the RSSI (received signal-strength indicator) distribution, 
and then the overall system performance. The power-transfer 
effi  ciency can be estimated by means of numerical tools, 
and it depends on antenna shapes of the reader and tag, as 
well as on the surrounding environment.

An effi  cient reader antenna, integrated into a smart 
glove, can provide identifi cation of tagged objects within 
the detection area (within 30 cm to 40 cm) with relatively 
low power. In such compact solutions, a small battery is 
attached to provide power to the reader antenna. An effi  cient 
antenna would thus be a suitable candidate to save battery 
power, and it can be used for long hours. Reader antennas 
integrated into smart gloves are typically designed either 
around the wrist (Figure 1b), or on the back of a hand 
(Figure 1c). The reader antennas presented in [19-21] 
were made around the wrist, as a bracelet. These antennas 
consisted of loops or segmented solenoids. Loop and 
solenoid antennas excite a uniform and strong magnetic 
fi eld along the axis of the solenoid/loop, and radiate bi-
directionally (with a symmetric fi eld distribution), as shown 
in Figure 2. When these antennas are used as bracelet 
antennas, there is a consequent waste of energy along the 
human arm, because the detection area is near the hand’s 
palm or along the hand’s fi ngers.

On the other hand, antennas integrated on the back 
of a hand’s palm [22, 23] are advantageous over solenoid 
or loop antennas integrated around the wrist, because the 
latter obstruct the fi eld more compared to those designed 
on the back of a hand’s palm. A specifi c antenna layout 
could be a better candidate to limit fi eld radiation toward 
the human arm. Among others, Yagi-Uda antennas are 
eff ective in directing fi elds along a particular direction. A 
compact quasi-Yagi antenna for a portable RFID reader 

Figure 1c.  Possible positions 
of UHF-RFID reader anten-
nas designed for smart gloves 
on the hand’s palm.

Figure 1a. A schematic represen-
tation of the operating scenario.

Figure 1b. Possible positions 
of UHF-RFID reader anten-
nas designed for smart gloves 
around the wrist.

Figure 2a. A schematic representation of the fi eld 
distributions: a solenoid or loop radiates a bi-
directional fi eld.

Figure 2b. A schematic representation of the fi eld 
distributions: Yagi-like structures radiate more 
in one direction and less in other directions
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could be a valuable candidate for UHF near-fi eld RFID 
applications [24-28]. An approach for combining loop and 
dipole antennas into a Yagi-like structure was presented in 
[26]. A dual-band version operating for UHF-RFID and 
2.4 GHz applications was also described in [27, 28].

In this paper, the power-transfer effi  ciency parameter 
is considered to qualitatively estimate the performance of 
a smart glove reader antenna in terms of tag detection and 
reading range. Diff erent layouts of compact and wearable 
quasi-Yagi structures for a UHF-RFID portable reader 
were investigated. The power-transfer effi  ciency was 
estimated for a set of quasi-Yagi structures (with one or 
two directors, with one refl ector, with one refl ector and 
one director, and with one refl ector and two directors). 
In Section 2, a quasi-Yagi antenna is described, while in 
Section 3, a detailed analysis of the power-transfer effi  ciency 
is discussed. Preliminary results are also presented in 
Section 3. Conclusions are drawn in Section 4.

2. Smart Glove Reader Antennas

Typically, a Yagi-Uda antenna consists of a single 
driven element (a dipole or a folded dipole), a refl ector, 
and one or more directors. Since the application focuses 
only on detecting tagged objects close to the human hand 
(inside the antenna’s near-fi eld region) – so as to avoid the 
detection of tags placed beyond the target’s region – a 
modifi ed layout must be designed to maximize the fi elds 
in the proximity of the smart glove, and to limit the radiation 
in the far fi eld. In Figure 3a, a folded dipole is illustrated 
derived from a straight dipole to make current in-phase on 
the periphery of the folded arms. The antenna was designed 
for 868 MHz (the European UHF-RFID band). The total 
length of one arm of the rhombus-shaped folded dipole 
was 8.26 cm ( 1 2 3 4l l l l   ), which was close to a quarter 
wavelength at the design frequency ( 0 4 8.63  cm at 
866 MHz). The antenna was simulated with full-wave 
electromagnetic-fi eld-simulation software. The surface 

current fl owed in one direction (in-phase current) along the 
folded dipole, as shown in Figure 3b. It generated a uniform 
magnetic fi eld distributed above the open-loop section, with 
a maximum fi eld at the center of the loop. Here, the folded 
dipole can be treated as a magnetic open loop.

 Furthermore, to increase the fi eld along the hand’s 
fi ngers, a Yagi-like structure was adopted by adding one 
parasitic element to the rhombus-shaped folded dipole, as 
shown in Figure 4a. The director element was meandered 
to keep the size of the structure as compact as possible. 
An equivalent human-hand model was considered in the 
numerical analysis (Figure 5), so the lengths of the driven 
and parasitic elements of the antenna were optimized by 
considering the electrical properties of the human body. 
The thicknesses and electrical properties of the multilayer 
planar human hand model are given in Table 1.

A photo of the fabricated prototype is depicted in 
Figure 4b. A photo of a glove-integrated antenna worn on a 
hand is shown in Figure 4c. Antennas for smart gloves were 
made of conductive threads or by plating a non-conductive 
fabric with metal or alloy. Here, stretchable fabric was used 
as a dielectric material, and metallic parts were made on this 
fabric. The plain conductive fabric had a fi nite resistivity of 
0.6 Ω/sq. This allowed for better stability of the antenna’s 
parameters. The antenna was fed through a coaxial balun, 

Figure 3. (a) A folded dipole (as a magnetic open loop) as a driving element for a quasi-Yagi antenna 
geometry; (b) the surface-current distribution; dimensions: 1l  3.3 cm, 2l  3.5 cm, 3l  0.35 cm, 

4l  1.05 cm, g  0.2 cm, 1g  0.2 cm, t  0.3 cm.

Table 1. Thicknesses and electrical properties of 
the multilayer planar human hand model.

Tissue 
Layer

Thickness 
(mm)

Conductivity 
@ 866 MHz 

(S/m)

Dielectric 
Constant @ 

866 MHz
Skin 2 mm 0.85 41
Fat 2 mm 0.05 5.46
Muscle 2 mm 0.93 55
Bone 10 mm 0.14 12.5



The Radio Science Bulletin No 377 (June 2021) 41

as shown in Figure 4d. Snap buttons were attached to the 
antenna instead of soldering. Soldering is not possible 
for such fabrics. Both simulated and measured refl ection 
coeffi  cients are plotted in Figure 6, when the antenna was 
integrated into the glove, with and without the presence of 
the human hand. Quite good agreement between simulation 
and measurement results was obtained. A small shift in the 

resonance toward lower frequencies was due to the presence 
of the human hand. The measured impedance bandwidth of 
the fabricated antenna was larger compared to that obtained 
with the full-wave analysis because of the sheet resistance 
of the conductive material. This made the antenna suitable 
for RFID applications at ETSI (865 MHz to 868 MHz) and 
FCC (902 MHz to 928 MHz) bands. In [26], the eff ect of 
bending on the antenna performance was also discussed. 
Indeed, the textile antenna may be subjected to bending 
due to hand movement, which leads to a variation of the 
antenna’s layout (e.g., the distance between elements may 
become larger), and thus to new antenna performance. 
However, thanks to the mechanical elasticity of the textile 
conductive fabric, a negligible variation in terms of input 
impedance could be observed while moving the hand from 
“closed” to “open.” 

The specifi c absorption rate (SAR) was calculated. 
Here, the European limit on SAR, which is 2 W/kg averaged 
over 10 g of tissue, was considered. The SAR-compliant 
transmission power was calculated to be 27.8 dBm. A reader 
power of 16.5 dBm was used in the measurement, which is 
well below the allowed limit. The received signal-strength 
indicator (RSSI) was measured, and then the reading range 
was calculated along the hand’s fi ngers and along the arm. 
Preliminary results are discussed in the next section.

Figure 4d. A photo of a fabricated coaxial 
balun; dimensions: W  4.8 cm, L  5.5 cm.

Figure 4a. The geometry of a quasi-Yagi layout 
with one director.

Figure 4b. A photo of a quasi-Yagi layout with one 
director.

Figure 4c. A photo of a glove-integrated an-
tenna worn on the hand.

Figure 5. A multilay er model of a human hand: (a) the hand model with the antenna, and (b) the 
multilayer model including skin, fat, muscle, and cortical bone.
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3. Preliminary Results

Typically, a UHF-RFID system’s performance in 
terms of reading range and reading rate is numerically 
estimated by assuming free-space propagation and local 
plane-wave illumination conditions. However, in some 
specifi c applications, these conditions are not satisfi ed, 
and novel propagation models must be developed. Such 
models are then exploited to deduce new system and antenna 
requirements. In the HF band, the power transmission 
from the reader antenna to the tag is basically an inductive 
coupling between loop antennas, and the equivalent circuit 
is represented by two coupled inductors and a mutual 
inductance. At the UHF band, both electric- and magnetic-
energy-density distributions exhibit one or more peaks in the 
tag’s near-fi eld region. At the UHF band, a more-complex 
model is therefore needed, accounting for both electric and 
magnetic coupling [29-36].

Without loss of generality, the overall system can be 
fully characterized and described by means of a two-port 
equivalent network, which takes into account the reader 
and tag antenna characteristics, as well as the propagation 
channel and the presence of the human body (Figure 7). 
Specifi cally, the tag and reader antennas, and the space 
between them, were considered as a linear two-port network. 
The numerical evaluation of the entries of the impedance 
matrix, Z , was performed through the commercial 
numerical tool, CST Microwave Studio®.

A commercial tag layout (LAB-ID UH100) was 
imported into the numerical model, together with the 
proposed antenna. The wireless power-transfer effi  ciency 
between the reader and the tag was thus computed to 
qualitatively estimate the power delivered to the tag’s chip 
when varying the tag position. The power-transfer effi  ciency 
was defi ned as the ratio between the power dissipated in 
the load of the tag’s antenna (chip), TP , and the input 
power accepted by the reader’s antenna, RP :
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where inZ  is the input impedance of the two-port network 
when the latter is connected to LZ . As apparent from 
Equation (1), the power-transfer effi  ciency expression is 
given by the square of the mutual-impedance amplitude 
(proportional to the open-circuit voltage at the tag’s antenna) 
times a coeffi  cient that includes the tag’s loading.

To validate the eff ectiveness of the power-transfer 
effi  ciency for the qualitative estimation of the tag’s detection 
performance of the reader’s antenna, numerical simulations 
were carried out by varying the distance between the tag and 

Figure 6. A comparison between the measured and 
simulated refl ection coeffi  cients.

Figure 7. A schematic representation of a near-fi eld 
UHF-RFID system consisting of a reader antenna and 
a tag antenna connected to the RFID chip.

Figure 8. A comparison between the estimated 
power received by the tag and the measured RSSI 
as a function of the distance from the antenna.
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the reader when the tag was both in front and in back of the 
antenna. Such power-transfer effi  ciency values were used to 
estimate the power received by the tag when the transmitting 
power was set to 20 dBm. This was then compared with the 
RSSI measurements obtained by means of a commercial 
UHF-RFID reader (CAEN RFID Ion, Model R4301P), when 
the reader output power was equal to 20 dBm. Preliminary 
results are shown in Figure 8. Even though the two curves 
were not perfectly overlapped, it could be observed that 
by using the power-transfer effi  ciency parameter, it was 
possible to estimate an asymmetric behavior of the reader 
antenna’s radiated properties, since higher values were 
obtained in front of the hand with respect to the back: this 
was due to the Yagi-like structure.

Diff erent layouts of Yagi-like smart-glove antennas 
have been also compared in terms of power-transfer 
effi  ciency as a function of the distance, by considering 
the same UH100 tag. In Figure 9, the simulated powers 
received by the tag when the transmitted power was set to 
20 dBm are shown as a function of the distance in the front 
and rear directions. Four versions of the wearable antenna 
were considered, as shown in Figure 9:

•  Antenna with only one director version (red solid line)

•  Antenna with only refl ector (black dotted line)

•  Antenna with refl ector and one director (blue dashed 
line)

•  Antenna with refl ector and two directors (magenta solid 
line with markers)

From this simulated analysis, some considerations 
can be drawn, predicting the real measured performance 
in terms of RSSI. First, the antenna version with only one 
director seemed to perform slightly worse than the other 
solutions. Indeed, by fi xing one distance in the front or rear 
direction, the power received by the UH100 tag was lower 
than that achieved with the other reader-antenna layouts. 
The reading range was thus expected to be lower, since the 
UHF-RFID tag was activated when the received power 
was higher than the RFID chip’s sensitivity, which was 
typically of the order of 23 dBm (this depends on the 

specifi c RFID chip mounted on the RFID tag). On the other 
hand, the antenna with a refl ector in place of a single director 
was more eff ective in increasing the reading range of a few 
centimeters. Moreover, the refl ector allowed for a lower 
reading range toward the rear direction, thus limiting the 
exposure of the human arm to the radiated electromagnetic 
fi elds. A slight improvement could be obtained by including 
both refl ector and one director. In this case, a slight increase 
of the reading range was obtained in the front direction 
when both refl ector and one director were contemporarily 
used. Given the overall available space on the back of the 
hand, a second director is not useful since it doesn’t 
signifi cantly impact the antenna’s performance.

3. Conclusion

Typical parameters, such as radiation pattern, gain, or 
directivity, can not be used to estimate the reading range of 
UHF-RFID antennas for near-fi eld applications, since the 
reader and tag antennas are not in the far-fi eld region with 
respect to each other. Eff orts are consequently being made 
to fi nd new key parameters useful to predict the antenna’s 
performance by means of numerical analysis. Among others, 
the power-transfer effi  ciency (PTE) represents an interesting 
parameter for taking into account during the design process 
in order to qualitatively estimate the fi nal RFID system’s 
performance. In this paper, various wearable Yagi-like 
reader-antenna layouts were presented and compared 
in terms of power-transfer effi  ciency, demonstrating the 
eff ectiveness of such a parameter for near-fi eld antennas.
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Abstract

Prof. Valerian Tatarskii is recognized in the fi eld of 
radio science as one of the founders of the theory of wave 
propagation in random media. His outstanding seminal 
works made a global impact on studies of propagation and 
scattering of electromagnetic and acoustic waves in the 
atmosphere and the ocean. His papers and books remain 
a source of wisdom for scores of researchers in this fi eld 
around the world. In this article, we pay special tribute to 
his exceptional career and contributions to science.

1. Introduction

Recently, in October of 2019, we celebrated Prof. 
Valerian Tatarskii’s 90th birthday [1]. Unfortunately, 

on April 19, 2020, with deep sadness we learned about his 
passing in his home in Boulder, Colorado. V. I. Tatarskii 
received worldwide recognition as the founder of a new 
scientifi c direction, the theory of wave propagation in 
random media. The methods developed by him made 
it possible to solve a wide range of practical problems 
related to propagation and scattering of electromagnetic, 
sound, and seismic waves in the atmosphere, ionosphere, 
interplanetary and interstellar plasmas, the ocean, and the 
interior of the Earth. Prof. Tatarskii’s innovative research 
was acknowledged as the authoritative and most widely 
referenced work in this fi eld, making a global impact 
on physical science. He was one of the founders of the 
international journal Waves in Random Media which, 
together with Prof. Akira Ishimaru, laid the foundation for 
the current direction of this fi eld. In this article, the main 
milestones of Prof. Tatarskii’s life and scientifi c activities 
will be outlined, including the important publications and 
results.

2. Early Years of V. I. Tatarskii’s 
Life

Valerian Tatarskii was born on October 13, 1929, in 
Kharkov, USSR, now Kharkiv, Ukraine. His father was 
an engineer who took part in the construction of various 
industrial facilities across the country in the years following 
the Russian Revolution. Valerian started school in Kharkov, but 

in1941 he and the Tatarskii family had to evacuate to the 
Siberian city of Krasnoyarsk, following the German Nazi 
invasion of the USSR. After the war, Valerian graduated 
from high school in Krasnoyarsk with a gold medal (the 
equivalent of valedictorian). In 1947, he was admitted to the 
Physics Department at Moscow State University (MSU).

3. V. I. Tatarskii’s Education

While studying in the Physics Department at MSU 
(1947-1952), V. I. Tatarskii became interested by the 
problem of sound propagation in a turbulent atmosphere. 
Prof. V. A. Krasil’nikov, noticing the talented student’s 
interest in scientifi c work, suggested that Valerian make 
this the basis of his master’s thesis. It would be appropriate 
to mention here that V. A. Krasil’nikov was one of the fi rst 

Figure 1. Prof. Valerian Ill’ich Tatarskii in 2009.
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Soviet scientists to study the phenomenon of light- and 
sound-wave propagation in the turbulent atmosphere. V. 
A. Krasil’nikov was the fi rst to use the Geometrical Optics 
approximation in the interpretation of his experimental data 
on propagation of waves in random media [2-6]. Valerian 
Tatarskii, as his student, easily absorbed this new knowledge 
from his teacher. By the time of graduation, he successfully 
defended his thesis, which in turn became the basis of his 
fi rst scientifi c publications [7, 8]. This set the direction for 
much of Tatarskii’s subsequent research.

4. Beginning of the Scientifi c 
Career

In 1953, after graduating from MSU, Valerian Tatarskii 
joined the Laboratory for Turbulence Research at the 
Geophysical Institute of the USSR Academy of Sciences. 
There, under the leadership of A. M. Obukhov, V. I. Tatarskii 
continued to study the propagation and scattering of sound 
waves in a turbulent atmosphere. He later generalized this 
problem to the propagation of electromagnetic waves, which 
soon became his main scientifi c endeavor.

Here, it would be useful to briefl y describe the state 
of this problem as it existed at that time. Early studies of 
light- and sound-wave propagation in random media in the 
Soviet Union were performed by V. A. Krasil’nikov and his 
colleagues. They used the Geometrical Optics approximation 
to explain their experimental data. This approximation 
works reasonably well when considering the propagation 
of waves in random media with characteristic scales that 
are much larger than the wavelength of the propagating 
waves and for relatively short paths [2-6]. In this case, 
wave scattering at large angles (let alone in the opposite 
direction) is extremely small. The medium that infl uences 
the forward propagation is therefore concentrated between 
the source and the observer points, along the geometrical-
optics rays. This approach soon became very appealing, 
and was widely used for the interpretation of experiments 
performed over relatively short paths (see, e.g., [7-12] 
and elsewhere). Although decent agreement was observed 
between theoretical and experimental data for phase and 
angle-of-arrival fl uctuations, there was no such agreement 
with respect to amplitude fl uctuations.

 In the 1940s and 1950s, Prof. Obukhov published 
two papers [14, 15], in which he applied the method of 
smooth perturbations to account for the diff raction eff ects 
in electromagnetic and acoustic wave propagation in a 
turbulent atmosphere. This method was independently 
developed by Prof. S. M. Rytov before WWII to describe 
the diff raction of light by ultrasound waves, and is today 
known as the Rytov approximation [16]. V. I. Tatarskii fi rst 
met S. M. Rytov in 1955, and Rytov proved to be a signifi -
cant and benefi cial infl uence on Tatarskii’s development 
as a scientist. The advances achieved by A. M. Obukhov 
and S. M. Rytov served as a starting point for Valerian 
Tatarskii to extend the analysis of wave propagation in 

random media beyond the Geometrical Optics approxi-
mation [17, 18]. Using Obukhov’s spectral description of 
atmospheric turbulence and putting to wide use Rytov’s 
method of smooth perturbations to allow for diff raction in 
the propagation of acoustic and light waves in a turbulent 
medium, he successfully solved a wide range of new, 
important, and practical problems. These results laid the 
basis for his PhD dissertation in 1957, and his fi rst book, 
published in 1959 in Russian under the title The Theory 
of Fluctuation Phenomena Upon Wave Propagation in a 
Turbulent Atmosphere. In 1961, it was published abroad 
in English as Wave Propagation in a Turbulent Medium 
[19].

 Continuing his work at the Institute of Atmospheric 
Physics – which split in 1956 from the Geophysical Institute 
– V. I. Tatarskii went on to explore more diffi  cult problems 
of wave propagation in random media, and used increas-
ingly powerful mathematical methods for their solution. 
V. I. Tatarskii recognized that applying methods developed 
in quantum fi eld theory allowed him to go beyond the 
limits of the perturbation methods, and to obtain solutions 
applicable for a medium with strong fl uctuations of the 
dielectric constant [20-22]. These developments became a 
valuable part of his DSci dissertation, which he defended 
in 1964, and for his second book, Wave Propagation in a 
Turbulent Atmosphere, published in 1967 [23]. This book 
also included other important results obtained by him at 
the IAP since the publication of his fi rst book [19].

5. At the Frontier of Statistical 
Wave Propagation Theory

 Both Geometrical Optics and Rytov’s method of 
smooth perturbations are based on fi rst-order perturbation 
theory. This limits their applicability to the regime of weak 
intensity fl uctuations. However, electromagnetic waves 
can experience strong scintillations even in a medium 
with weak inhomogeneities of the dielectric constant, if 
it propagates over long enough paths. V. I. Tatarskii well 
understood the limitations of perturbation methods, and 
sought theories that would allow him to transcend the dif-
fi culty in describing the regime of strong scintillations. In 
the 1960s, he devoted signifi cant eff orts to constructing 
several such theories [24-26].

 It should be mentioned that other researchers at that 
time were preoccupied with the same problem [27-30]. 
Strong and saturated scintillations in received radio signals 
had been already discussed for quite a long time in radio-
astronomical and ionospheric studies. For the description of 
such scintillations, the model of a thin random phase screen 
was used with varied success. There were attempts made 
to employ this model for an extended random medium by 
replacing it with a equivalent phase screen. More successful 
was a numerical scheme in which the medium was replaced 
with a large number of phase screens. A similar approach, 
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with some assumptions about the correlation between the 
scattered fi eld and fl uctuations of the medium, led L. A. 
Chernov to the local method of small perturbations, which 
allowed him to obtain closed equations for fi eld statistical 
moments [27].

 Around that time, V. I. Tatarskii realized that this 
approach was equivalent to describing this phenomenon 
by means of Leontovich’s parabolic equation [31]. Com-
bining this with a Markov process for the description of 
the random media, i.e., assuming that inhomogeneities 
were delta-correlated along the nominal propagation path, 
he proposed a very elegant method for the derivation of 
equations for the mean fi eld and the second-order coher-
ence function. He was also able to derive equations of the 
Einstein-Fokker-Planck type for the characteristic func-
tional of the wave fi eld, and equations for higher statistical 
moments [26, 32, 33]. What is important is that all of these 
equations are applicable for the full range of wave intensity 
fl uctuations, from weak to strong. In the following years, 
these equations were studied analytically and numerically 
by scientists across the world for atmospheric and oceanic 
applications. This was the beginning of a new and important 
line of research.

 In 1970, when V. I. Tatarskii was invited to publish 
an English edition of his book [23], he augmented it with 
new material from several papers [26, 32, 33]. These 
changes had to do with the propagation of short waves in 
a medium with random inhomogeneities approximated 
by a Markov random process. This book was published in 
English in 1971 under the title The Eff ects of the Turbulent 
Atmosphere on Wave Propagation [34]. It soon gained 
great popularity among specialists worldwide and became 
one of the classics in its fi eld. It fi rmly established Prof. 
Tatarskii as one of the foremost experts in the fi eld of wave 
propagation and scattering in random media. Domestic and 
foreign researchers recognized the important role of his 
books in their mastering of this very complex discipline. 
For example, the two-volume monograph by A. D. “Bud” 
Wheelon [35, 36] is preceded by the words, “These volumes 
are dedicated to Valerian Tatarskii who taught us all.”

In all of these years, despite being a theoretician, 
he was also interested in experimental studies of light 
propagation through atmospheric turbulence. Tatarskii’s 
involvement in experimental research helped him better 
understand the specifi cs and limitations of sensors, and 
to more accurately formulate a theoretical description of 
the wave propagation phenomena. Many of Tatarskii’s 
theoretical predictions were validated by experiments 
conducted at the Obukhov Institute of Atmospheric 
Physics. In particular, he collaborated closely with Dr. A. 
S. Gurvich in studying the statistical characteristics of light 
and sound aff ected by turbulence, and later investigated 
laser-beam propagation in a turbulent atmosphere [37-39]. 
He participated directly in measurements and in planning 
measurements of statistical characteristics of signals 
propagating in a turbulent atmosphere and their subsequent 

interpretation. Valerian Tatarskii also established a very 
productive collaboration with Dr. V. I. Klyatskin, with whom 
he developed the above-mentioned Markov approximation 
for wave propagation in random media [32, 33, 40]. These 
studies were covered in a review [41].

Deriving the equations for statistical moments of the 
propagating wave was a very important step, but to solve 
those equations was no less of an important task. The 
equations for the fi rst two moments, the mean fi eld and 
the mutual coherence function, can be solved in a general 
form for various cases of medium statistics. However, 
the fourth moment, which is used to describe intensity 
fl uctuations, does not have a full analytical solution for all 
scattering regimes. Nevertheless, researchers began to look 
for asymptotic solutions of these diff erential equations at 
a regime of saturated scintillations [42, 43].

I was a graduate student when I met Prof. Tatarskii at 
the Institute of Atmospheric Physics in 1970, when I asked 
V. I. Tatarskii to be my master’s advisor. This request was 
granted, and since then my life and work became closely 
involved with Prof. Tatarskii. Soon after graduating from the 
Gorky State University, I joined the group of scientists at the 
IAP led by V. I. Tatarskii who worked on wave propagation 
in a turbulent atmosphere. To address the problem of 
calculating moments in the regime of strong scintillations, 
we decided to pursue an approach similar to that of quantum 
fi eld theory, namely, Feynmann path integrals, or functional 
integrals, which represent a formal solution to both the 
Helmholtz and the parabolic equations [33]. Using that 
approach, we managed to evaluate the asymptotic behavior 
of the statistical moments of the nth order in a regime of 
strong scintillations [44]. That result became a basis of my 
PhD dissertation, which I completed under the supervision 
of Prof. Tatarskii. The same asymptotic result for higher 
statistical moments was obtained by I. G. Yakushkin, using 
the method of Green’s functions [45], and by R. Dashen, 
using the Feynmann path-integral method [46]. Various 
aspects of using the Feynmann path-integral method for 
studying the statistics of scintillations were covered in V. 
I. Tatarskii’s series of review papers [47-49].

6. Diversity of Research Interests

The scientifi c interests of V. I. Tatarskii in the 
1970s and 1980s included not only the problem of strong 
fl uctuations of wave parameters in a turbulent medium, 
but also other important problems of wave-propagation 
theory and related application topics. He was interested in 
studying the propagation of partially coherent light beams 
in a turbulent atmosphere [50]. V. I. Tatarskii with A. 
Vinogradov and Yu. Kravtsov discovered the enhancement 
eff ect of backscattering by bodies placed in a medium 
with random inhomogeneities [51]. The problem of wave 
propagation through absorbing one-dimensional random 
media was considered by him in [52], where the fl uctuations 
of the dielectric permittivity were described by three distinct 
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random processes. He took part in developing the multiple 
forward-scattering method that makes it possible to remove 
the restrictions imposed by the parabolic-equation method 
in the Markov approximation, namely, that the angles of 
forward scattering should be small [53, 54]. V. I. Tatarskii 
obtained modified equations for arbitrary statistical 
moments of waves propagating in random media in which 
structure parameters exhibit intermittency [55].

V. I. Tatarskii always had the surprising ability, on 
the one hand, to fearlessly use analytical methods from 
quantum fi eld theory and, on the other hand, to fi nd simple 
qualitative illustrations for applied methods and with their 
help to lucidly explain the results obtained using simple 
examples understood even by a lay person. The outstanding 
pedagogical talent of V. I. Tatarskii fully came to life in the 
second volume of the book (written together with S. M. 
Rytov and Yu. A. Kravtsov), The Introduction to Statistical 
Radiophysics. Random Fields, issued in the USSR in 1987 
[56]. When translated into English and edited in four 
volumes under the title Principles of Statistical Radiophysics 
[57], the book enjoyed worldwide popularity among 
physicists in very diff erent fi elds. It remains important up 
to the present day.

The range of scientifi c interests of V. I. Tatarskii 
was unusually wide. Besides classical problems of wave 
propagation in inhomogeneous media, Tatarskii’s interests 
extended beyond this well-established fi eld of physics, 
showing his diverse choice of research topics. He published 
signifi cant results in the fi eld of adaptive optics [58, 59], 
quantum mechanics [60], mathematical and statistical 
physics [61, 63], the theory of turbulence [62], and quantum 
statistical optics [65, 66].

7. V. I. Tatarskii as a Leader and 
Mentor

V. I. Tatarskii was not a purely armchair scientist. He 
proved to be a talented organizer and leader of scientifi c 
research. The teams headed by him have always had an 
atmosphere of enthusiastic scientifi c research. From 1978 
to 1990, V. I. Tatarskii headed the laboratory, and then the 
department, at the Institute of Atmospheric Physics at the 
USSR Academy of Sciences. In 1990, he was invited to 
head a department at the Astro Space Center, newly created 
by the academician N. S. Kardashev at the P. N. Lebedev 
Physical Institute at the USSR Academy of Sciences (FIAN).

Figure 2. Participants of the meeting in Tallinn (Estonia), September 1988: (fi rst row) Yu. A. Kravtsov, M. S. 
Tatarskaya, V. I. Tatarskii, U. Mullamaa, A. Ishimaru, Mrs. Lang, A. Orekhova, Mrs. Renelde Flatte, V. V. 
Varadan, S. Flatte, A. S. Gurvich; (second row) V. V. Vorob’ev, V. I. Shishov, M. Nieto-Vesperinas, R. Hill, R. 
Lang, I. Besieris, Y. Kuga; (third row) Yu. N. Barabanenkov, I. G. Yakushkin, A. I. Saichev, V. Freilikher, V. L. 
Brekhovskikh, E. Bakhar, Mrs. Bakhar, L. Tsang, K. C. Yeh, V. I. Klyatskin; (fourth row) I. G. Granberg, C. 
Rino, G. Brown, V. U. Zavorotny, V. E. Ostashev, J. C. Dainty, V. N. Sekistov.
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V. I. Tatarskii’s students highly appreciated him as 
a remarkable tutor and mentor for whom their successes 
and failures were also his successes and failures. He was 
always engaged in the discussion of the problems he stated 
and helped in their solution. At the same time, he taught 
his students to be independent, and demanded that they 
bring the quality of their scientifi c work to world standards. 
Among the former students and followers of V. I. Tatarskii, 
there were many who continued their successful research 
activities in various fi elds of physics and mentored their 
own students.

8. The International Cooperation

In September 1988 in Tallinn (Estonia), V. I. Tatarskii, 
together with Prof. Akira Ishimaru from Washington State 
University, organized a meeting regarding the problems of 
propagation and scattering of electromagnetic waves in 
randomly inhomogeneous media. Its organization was the 
result of great interest among the international scientifi c 
community regarding this problem. This conference was 
the fi rst of its kind held in the USSR. About three dozen 
foreign scientists who held leading positions in the global 
scientifi c community in this fi eld received an invitation to 
participate. One of the consequences of this event was a 
decision to create a new international journal called Waves 
in Random Media. Four years later, a similar conference 
(“Wave Propagation in Random Media (Scintillation)”) 
was held in Seattle at the University of Washington, under 
the chairmanship of V. I. Tatarskii and A. Ishimaru. It was 
attended by over two hundred speakers from 13 countries, 
including 30 scientists from the former Soviet Union. The 
invited talks presented at the conference were later published 
as a separate book [48]. The Scintillation Conference was 
a success, and it deepened cooperation and exchange of 
ideas among scientists working on the problems of wave 
propagation in random media. It promoted interdisciplinary 
approaches to solving problems of statistical optics, radio 
science, and acoustics.

9. Moving to the USA

In the early 1990s, V. I. Tatarskii was invited to the 
Laboratory of Wave Propagation of the National Oceanic 
and Atmospheric Administration (Boulder, Colorado), USA 
by its director, Dr. S. F. Cliff ord. He worked there until he 
retired from NOAA in 2006. Afterwards, he carried out 
research work at the company Radio-Hydro-Physics, LLC. 
This period of Tatarskii’s life in Boulder was exceptionally 
productive. First, he continued working in his traditional 
fi elds of research: wave scattering and propagation in 
random media, and the theory of turbulence. He published 
several works on these topics (see, e.g., [67-73]). At the 
same time, his scientifi c interests began to encompass 
problems occurring in the theory of radio wave scattering 
by a rough sea surface. He obtained and published some 
important results, applying both analytical [74-81] and 
numerical methods [82-85] for solving those problems.

10. V. I. Tatarskii’s Public 
Activities and Recognitions

The scientifi c and public activities of V. I. Tatarskii 
included his duties as a member of the Editorial Board 
of the Journal of Soviet Physics, Uspekhi (1985-1996), 
Vice Editor-in-Chief of the international journal Waves in 
Random Media (1991-1998), and a member of the editorial 
board of the international Journal of Electromagnetic 
Waves and Applications (2001-2008). V. I. Tatarskii was a 
corresponding member of the Russian Academy of Sciences 
(since 1976), an honorary member of the Optical Society 
of America (since 1994), and a member of the National 
Academy of Engineering, USA (since 1994).

In 1990, for their scientifi c achievements, V I Tatarskii 
and his colleagues (A. S. Gurvich, V. I. Shishov, S. M. Rytov, 
V. I. Klyatskin, Yu. A. Kravtsov, and, posthumously, L. A. 
Chernov ) were awarded the State Prize of the USSR “for 
the study of the basic laws of wave propagation through 
turbulent media.” That same year, he received a prestigious 
award from the Optical Society of America, the Max 
Born Medal, “for his outstanding seminal contributions 
to the theory of wave propagation through random media, 
particularly optical propagation through atmospheric 
turbulence, as well as for his fundamental contributions 
to the fi elds of statistical and quantum optics.”

11. He Will be Remembered

In the memories of people who knew V. I. Tatarskii, 
he was known to be surprisingly modest, gentle, and a 
deeply intelligent person. Although scientifi c creativity 
was his main passion, he found time for a variety of 
hobbies. He loved listening to classical music; was an avid 
tourist, spending summer holidays kayaking with family 
and friends; and enjoyed skiing in the winter. He deeply 
cared for his wife, son, and grandchildren. All his friends 
and colleagues will remember Prof. V. I. Tatarskii as a 
remarkable scientist, mentor, and person. He will remain 
in the hearts of all who were fortunate enough to work and 
interact with him.
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For the details on applications for the Young Scientist Award (YSA) and the Student Paper Competition (SPC), please 
visit the URSI GASS 2023 website. 
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Et Cetera

Tayfun Akgül
Istanbul Technical University
Dept. of Electronics and Communications Engineering
Telecommunications Division
80626 Maslak Istanbul, Turkey
Tel: +90 212 285 3605; Fax: +90 212 285 3565
E-mail: tayfunakgul@itu.edu.tr.
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National Radio Science Meeting 

January 10-13, 2023  
University of Colorado at Boulder 

Meeting website: www.nrsmboulder.org 
USNC-URSI website: www.usnc-ursi.org 

 
This open scientific meeting is sponsored by the U.S. National Committee (USNC) for the International Union of 
Radio Science (URSI). More information about USNC-URSI is available at www.usnc-ursi.org. Through technical 
co-sponsorship of the meeting by the IEEE Antennas and Propagation Society, authors will have their choice of 
submitting one-page abstracts that are not posted in IEEE Xplore, or two-page summaries that may be archived in 
IEEE Xplore. At least one author is required to register for each presented abstract or summary. While USNC-URSI 
encourages in-person attendance for all presenters, a hybrid meeting is planned to allow for authors to present 
remotely and for all attendees to participate fully in the conference. Papers must be presented for their corresponding 
summaries to be included in the proceedings and submitted to IEEE Xplore. Abstracts or summaries on any topic 
in the interest area of a Commission are welcome. Contact the appropriate USNC-URSI Commission Chair listed 
below or visit the meeting website for further information. 

USNC-URSI Chair: Michael Newkirk, Michael.Newkirk@jhuapl.edu 
USNC-URSI Secretary: Jamesina Simpson, Jamesina.Simpson@utah.edu 

PLENARY SPEAKERS 
Patricia Doherty, Boston College, URSI Vice-President & Women in Radio Science (WIRS) Invited Speaker 

John Mather, NASA, Senior Project Scientist for the James Webb Space Telescope 

ABSTRACT AND SUMMARY SUBMISSION 
Abstract and summary preparation and submission instructions are found at the conference website, 
www.nrsmboulder.org. Authors may submit to special sessions in addition to the general topics listed below. A list 
of special sessions will be available on the conference website. Abstracts or summaries must be submitted by Friday, 
September 16, 2022. If you have any questions on abstract/summary submission or the technical program, please 
direct them to the USNC-URSI Secretary. Abstracts must have a minimum of 250 words and summaries are limited 
to two pages. Note that registration is required to present accepted papers and attend any session of the meeting.  
 

ERNEST K. SMITH USNC-URSI STUDENT PAPER COMPETITION 
Prizes will be awarded to three student papers. Awards will be made for First Prize in the amount of $1000, Second 
Prize $750, and Third Prize $500. The deadline for submission of full papers is the same as the regular submission 
deadline. Please see www.nrsmboulder.org for additional information, or contact the Student Paper Chair, Prof. 
Erdem Topsakal, Dept. of ECE, Virginia Commonwealth University, etopsakal@vcu.edu. Student papers will be 
presented at a separate session and awards will be presented during the conference. Student Paper Competition 
participants will have the option of submitting their papers for publication in a special section of the journal Radio 
Science. 
 
 Abstract / Summary Submissions and 

Student Paper Competition Submissions 
are due by 

September 16, 2022 
Please visit www.nrsmboulder.org  

Questions? 
For questions concerning conference logistics, 

please contact Christina Patarino at: 
Phone: (303) 492-5151 

E-mail: nrsmboulder@colorado.edu 
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It is with great sorrow that we, his friends 
and colleagues, announce the passing 

of François Lefeuvre on March 14, 2022.

 Since his very fi rst research position at 
the Ionospheric Research Group (GRI) 
in Saint-Maur des Fossés in 1969, to the 
position of Past President of URSI [2011-
2014], François was constantly interested in 
the physics and analysis of waves in space 
plasmas. Throughout his scientifi c life, he 
published numerous high-level scientifi c 
publications and actively collaborated 
with scientists from many scientific 
centers all around the world. He was the 
principal investigator and co-investigator 
on numerous space projects, including probes or scientifi c 
satellites in various regions of our magnetosphere. As 
director of LPCE from 1994 to 2002, he actively contributed 
to the fame of this institute at international level.

François served extensively in URSI for 21 years. 
His contributions to URSI included multiple leadership 
positions and enduring collaboration projects. In the recent 
history of URSI, he was the only person to have completed 
nearly two full terms as President (2005-2008, 2009-2011), 
and to have been a member of the URSI board for 12 years.

The memory of François Lefeuvre, 
a prominent scientist and a remarkable 
person, will forever remain in the hearts 
of those who were lucky enough to work 
with him.

More can be learned about 
François Lefeuvre’s scientifi c career 
at :  ht tps: / /www.ursi-france.org/
ursi-france/evenements/journees-
scientifi ques/2017/francois-lefeuvre and 
in the paper written in tribute to François 
Lefeuvre published in the Radio Science 
Bulletin No. 360, March 2017, pp 69-74, 
available at https://www.ursi.org/content/
RSB/RSB_360_2017_03.pdf. 

Sebastien Celestin
University of Orleans

France Member of the Institut Universitaire de France 
(IUF) 

LPC2E/CNRS 3A avenue de la Recherche Scientifi que 
45071 Orleans Cedex 2 France

E-mail: sebastien.celestin@cnrs-orleans.fr 

In Memoriam: 
François Lefeuvre
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In Memoriam: 
Gentei Sato

Dr. Gentei Sato (Figure 1) passed 
away peacefully at 4:30 pm, 

January 18, 2022. He was born in 
Miyagi Prefecture, Japan, on March 
15, 1926. He received the BE and PhD 
degrees in Electrical Engineering from 
Tohoku University in 1947 and 1961, 
respectively. 

F rom 1947  to  1955 ,  he 
was a Research Associate of the 
Communications Department of Tohoku 
University, and an Associate Professor 
at Tohoku University in 1956. From 
1957 to 1964, he was the Head of the 
Research Laboratory, Yagi Antenna 
Co., Ltd., Saitama, Japan. From 1964 to 
1992, he was a Professor at the Department of Electric and 
Electronic Engineering, Faculty of Science and Technology, 
Sophia University, Tokyo, Japan, and from 1992, a Professor 
Emeritus at the same university. At his passing he was 
a Representative Director of Antenna Giken Co., Ltd., 
Saitama, Japan, the company he helped to found in 1965.

His main fi elds of interest were terrestrial digital 
TV broadcasting for transmitting antennas (including the 
batwing antenna and the stacked-loop antenna), ultra-
high-speed electronic scanning phased-array antennas 
(Wullenweber antenna), and microwave transmission 
devices (analog and digital phase shifters). He was the 
author of several books: “Antenna Engineering” (Sogo 
Denshi Publishing, 1969); “Antenna Theory and Its 
Application” (Mimatsu Data System, 1991); “Data on 
Ultra High Speed Variable Transmission Devices and Its 
Application” (Sogo Denshi Publishing, 1995); “Modern 
Antenna Engineering” (Sogo Denshi Publishing, 2004); 

“The Tale of the Television Antenna 
Tower” (Tokyo, Ribun, 2005); “The 
Tale of the Antenna Tower” (Tokyo, 
Ribun, 2009, in Japanese). He was the 
recipient of the best paper award of 
the Defense Technology Foundation 
in 1987. He published more than 500 
papers in national and international 
conferences and journals. 

Dr. Sato was a Life Fellow of the 
Institute of Electrical and Electronics 
Engineers; a member of the Institute 
of Electronics, Information and 
Communication Engineers of Japan; 
a member of the Institute of Image 
Information and Television Engineers 

of Japan; and a member of the Institute of Electronic 
Engineers of Japan. 

His hobbies were Chinese poetry (especially, by 
Confucius and Du Fu); glider maneuvering; shooting; 
and photography. He wrote many books on his specialties.

After Prof. Sato and I moved to Sophia University, we 
started to invite prominent people from foreign companies 
and academic societies to give lectures. In particular, I still 
well remember that Prof. Shintaro Uda gave a valuable and 
interesting lecture on the invention of Yagi-Uda antennas. 
In addition, the names of people invited to his company 
(Antenna Giken Co., Ltd., Saitama, Japan) and/or to his 
parents’ house (Miyagi Prefecture, Figure 2) included 
Prof. King, Prof. Wait, Prof. Harrington, Prof. Sarkar, Dr. 
Stone, Prof. Mei, Prof. Tai, Dr. Masters, Prof. Oliner, Dr. 
Licardi, Dr. Saad, Prof. Boerner, Prof. Mittra, Prof. Hall, 
Prof. Kraus, and Dr. Wheeler.

 Prof. Gentei Sato was the head of Yagi Antenna 
Co., Sophia University, and Antenna Giken Co., so we 
worked together in various public and private sectors for 
more than forty years. He was of good character, never got 
angry, and I have nice memories of working with him.

 He is survived by his wife, Mutsuko; two sons, 
Motoyuki and Tomonari; and a daughter, Kazuko.

Haruo Kawakami
Technical Advisor, Kato Electric Industry Co., Ltd.

E-mail: h.kawakami@ieee.org

Figure 1. Dr. Gentei Sato.

Figure 2. The reception room in Dr. Sato’s family 
home in Miyagi Prefecture.
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In Memoriam: 
Oleg Alexandrovich Tretyakov

Oleg Alexandrovich Tretyakov 
(Figure 1),  the Chair of 

Commission B of the URSI National 
Committee of Ukraine since 1993, a 
member of the IEEE, and Professor 
Emeritus of the Department of 
Theoretical Radiophysics, V. N. Karazin 
Kharkiv National University (KhNU), 
Ukraine, passed away on January 25, 
2022, in Istanbul, at the age of 83. He 
died shortly after he was hospitalized 
and diagnosed with lung cancer on 
December 29, 2021.

Oleg A. Tretyakov was born 
on February 4, 1938, in Artyomovsk 
(currently Bakhmut), Ukraine. He 
fi nished secondary school as a gold 
medalist in 1955. He received the MSc and the Candidate 
of Science (PhD equivalent) in Radio Physics, and the 
Doctor of Science (DSc) in Physics and Mathematics from 
the National University of Kharkov, Ukraine, in 1960, 
1964, and 1973, respectively. He became a full Professor 
in the Department of Theoretical Radiophysics in 1975. 
He served as the Chair of the Doctoral Degree Specialized 
Committee from 1976 to 1997. In 1980, he was awarded 
a Diploma of the Supreme Council for the schooling of 
highly-skilled students. He was a devoted member of the 
Department of Theoretical Radiophysics at the KhNU for 25 
years (from 1972 to 1997) as the Head of the Department, 
and for another 22 years as an emeritus faculty. He was on 
leave of absence from 1998 to 2020 to work as a Visiting 
Professor at the Electronics Engineering Department of the 
Gebze Technical University, Turkey.

In Ukraine, 22 candidates (PhD) 
and four doctors of science (DSc), and 
in Turkey, fi ve PhD dissertations were 
defended under the supervision of Prof. 
Tretyakov. As a lecturer, he prepared the 
following lecture courses: Theoretical 
Mechanics, Electrodynamics, Quantum 
Mechanics; Evolutionary Approach 
to Electromagnetics; Fundamentals 
of Nonlinear Electrodynamics; and 
Nonlinear Electrodynamics. His brilliant 
teaching style remains the highest 
standard for all the teachers at the School 
of Radiophysics at KhNU (Figure 2).

As an invited lecturer, Prof. 
Tretyakov visited the Osaka Electro-
Communication University (Osaka, 

1970, 1980, 1992, 1993), Kyushu University (Fukuoka, 
1980, 1993), and Kyoto University (Kyoto, 1992) in Japan; 
the Beijing University of Posts and Telecommunications 
(Beijing, 1985-86) in China (CIE); and the Technical 
University Hamburg-Harburg (Hamburg, 1997-98) in 
Germany. During his second visit to Japan in 1980, he 
obtained the decree of the Emperor of Japan concerning his 
ranking as a Full Professor of the Electro-Communication 
University in Osaka. He authored more than 250 scientifi c 
publications, published mainly in respectable international 
journals. Prof. Tretyakov also authored or co-authored 
two books (1993, 2006), and four monographs and book 
chapters (1989, 1993, 2002, 2021).

He was a co-editor of the International Monograph 
Series on Advanced Electromagnetics with the Science 
House Company Ltd., Tokyo, Japan. From 1995 to 2005, 
he was the Vice Editor-in-Chief, and later editorial board 
member, of the journal Radio Physics and Radio Astronomy, 
Ukraine. Prof. Tretyakov served on numerous technical 
program committees and steering committees of URSI 
and IEEE conferences (EMTS and MMET, respectively, 
and others).

Prof. Tretyakov had experience in solving diff raction 
problems by mathematically rigorous methods, wave 
scattering from rough surfaces, and wave propagation 
in random media, linear and nonlinear phenomena, and 
dynamic chaos in microwave oscillators and amplifi ers. 
He founded the main direction of scientifi c research in the 
fi eld of time-domain electromagnetics in the Theoretical 
Radiophysics Department at the KhNU. The direction 
was based on the Method of Modal Basis, proposed by 
him in the mid-1980s as a solid framework for analysis of 

Figure 1. Oleg A. Tretyakov on 
December 19th, 2016.

Figure 2. Oleg A. Tretyakov in the late 1970s.
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electromagnetic phenomena. The method was based on a 
modal expansion of the fi elds sought directly in the time 
domain, without exploiting any Fourier or other transform. 
As a result, the whole problem was split into two lower-
dimensional problems: the problem in cross-section yielded 
the modal basis, and the problem in the longitudinal direction 
and time yielded the modal amplitudes. This method can 
be successfully applied to the rigorous analysis of transient 
signal propagation, propagation in transient media, and in 
nonlinear media. This approach, being analytical, allows 
obtaining rigorous solutions and deep physical insight into 
transient electromagnetic phenomena. A series of young 
scientists were attracted by this idea and are currently 
advancing the method.

His passion for science was exceptional and he kept 
contributing until the very end. After ending his contract 
with the university, Prof. Tretyakov continued his scientifi c 
work and remained active, devoting his time on his fi nal 
paper, “A Novel Simple Format of Maxwell’s Equations 
in SI Units,” published in IEEE Access in June 2021. The 
paper was an extension of his recently published book 
chapter entitled “Innovative Tools for SI Units in Solving 
Various Problems of Electrodynamics” in the IET book 
Advances in Mathematical Methods for Electromagnetics. 
He was the sole advisor of the project titled “Analytical 
Solution for Radio Frequency Resonance Cavity Thrusters,” 
sponsored by The Scientifi c and Technological Research 

Council of Turkey (TUBITAK) during 2021. His last invited 
conference talk was on “A New Simple Format of Maxwell’s 
Equations in SI Units” at the opening plenary session of 
the 10th International Kharkiv Symposium on Physics and 
Engineering of Microwaves, Millimeter, and Submillimeter 
Waves (MSMW’20) on September 21st, 2020.

However, the life of O. A. Tretyakov was not only 
determined by radiophysics and electrodynamics. He 
loved to have coff ee talks with his colleagues, sharing his 
life experiences, especially from his visits to Japan, from 
the Soviet Union period, and also from his China and the 
United States trips, with his own distinctive and unique 
sense of humor.

Recently, in his 2018 URSI AT-RASC conference 
paper, he honored his latest privileged group of former 
MSc and PhD students – Serkan Aksoy, Fatih Erden, Ozlem 
Akgun, Mehmet Kaya, Emre Eroglu, Ahmet Cosan; A. Yu. 
Butrym, Z. F. Nazirov, M. S. Antyufeyeva, Zheng YU, B. 
A. Kochetov, and M. N. Legenkiy – acknowledging them 
for their meaningful questions and interesting discussions 
during lecturing his course, “Evolutionary Approach 
to Electromagnetics,” and especially for the fruitful 
collaborations afterwards. As students, colleagues, and 
friends, we not only lost a prominent scientist and mentor, but 
also a remarkable person. He was an inspiration and model 
for the several generations he mentored and encouraged 
throughout his career. His intellect, integrity, humor, 
professionalism, and humanity will be greatly missed.

Prof. Tretyakov is survived by his beloved wife 
Tetyana (Figure 3), his children, and grandchildren. His 
burial ceremony took place in Sisli, Istanbul, on January 28, 
2022. He will be deeply missed by the fellows and colleagues 
who were lucky to work, discuss, or communicate with 
him. Expressions of condolence can be directed to me via 
e-mail at ferden@dho.edu.tr, and will be collected and 
handed over to his family.

Fatih Erden
National Defence University, Turkish Naval Academy

Department of Electronics Engineering
Tuzla, Istanbul, Türkiye

E-mail: ferden@dho.edu.tr

Figure 3. Oleg A. Tretyakov and his wife, 
Tetyana Tretyakova, lived in Istanbul from 
1998 to 2022, until he passed away.
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Prof. Theodoros D. Tsiboukis – EM 
scholar, friend and colleague of 

ours and of many others in URSI, IEEE, 
and around the world – passed away on 
April 11, 2021. He was born in Larisa, 
Thessaly, Greece, in 1948. He received 
the Diploma in Electrical and Mechanical 
Engineering from the National Technical 
University of Athens (NTUA), Greece, 
in 1971, and the Doctor Engineering in 
1981 from the Aristotle University of 
Thessaloniki (AUTH), Thessaloniki, 
Greece. From 1981 to 1982, he joined 
the Electrical Engineering Department 
of the University of Southampton, 
England, as a Senior Research Fellow. 
In 1982, he joined the Department of 
Electrical and Computer Engineering (DECE) of AUTH, 
until 2015 when he retired as Professor Emeritus. During his 
tenure at DECE-AUTH, he served in many administrative 
positions, including 1993-1998 as Director of the Division 
of Telecommunications at the DECE, and from 1997-1998 
as Chair of DECE. He was the Founder (1989) and the 
Head of the Applied and Computational Electromagnetics 
(ACEM) Laboratory until 2015. 

Prof. Tsiboukis was a prolifi c scholar, authoring 
or co-authoring 13 books and monographs, two of them 
textbooks on undergraduate electromagnetics (one on 
statics and the other on dynamics), 16 book chapters, 
more than 170 refereed journal papers, and more than 200 
international conference papers. His main research interests 
included computational electromagnetics, antennas, 
microwave engineering, material modeling, micro- and 
nano-electromechanical systems, and energy methods. In 
particular, he focused on electromagnetic fi eld analysis by 
energy methods, computational electromagnetics (FEM, 
vector fi nite elements, MoM, FDTD method, integral 
equations, absorbing boundary conditions, perfectly 
matched layers), dual and variational methods, modern 
antenna systems, metamaterials, graphene, design of 
microwave systems, and design of MEMS/NEMS, 
reconfi gurable devices, electromechanical actuators, and 
tunable composite media. He published in international 
archival publications including those of the IEEE, such 
as the IEEE Transactions on Antennas and Propagation, 
IEEE Transactions on Magnetics, IEEE Transactions on 

Microwave Theory and Techniques, 
Proceeding of the IEEE, and numerous 
others. 

 He served as a reviewer 
on numerous refereed international 
journals and conferences, especially 
those of the IEEE, technical panels, 
editorial boards, and organizing 
committees of conferences, symposia, 
and workshops. He was the Principal 
Investigator (PI) of several research 
projects, and the PhD advisor of 
15 PhD students and a multitude of 
diploma theses. He was a member of 
diverse scientifi c societies (including 
the IEEE), associations, chambers, and 

institutions. He was also the recipient of a plethora of awards 
and distinctions, including the Panhellenic Mathematical 
Society Award, EMC Europe 2004 Best Paper Award, CEM 
2014 Best Paper Award, and others. 

He is survived by his wife Yioula, son Dimitris, 
daughter Natali, grandson Aggelos, brothers Ioannis and 
Athanasios, relatives, friends and colleagues. 

He will be missed greatly by all that he touched, 
collaborated, directed, educated, and mentored for his 
gentle and sincere demeanor, abundant joy and love of life, 
and fundamental and everlasting scholarly contributions 
in electromagnetics and electrical engineering in teaching, 
research, and service. 

May His Memory Be Eternal (ΑιωνίαΤουΗΜνήμη). 

Constantine A. Balanis 
School of Electrical, Computer and Energy Engineering

Arizona State University
Tempe, Arizona, 85287-5706, USA

E-mail: balanis@asu.edu

John N. Sahalos
University of Nicosia, Cyprus and

Aristotle University of Thessaloniki
Thessaloniki, 54124, Greece

E-mail: sahalos@auth.gr

In Memoriam: 
Theodoros D. Tsiboukis
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You are cordially invited to the 2023 IEEE International Symposium on Antennas and Propagation and USNC-URSI Radio Science 
Meeting – AP-S/URSI 2023, from July 23–28, 2023, at the Oregon Convention Center and Hyatt Regency, in Portland, Oregon, 
USA, the City of Roses. This conference is cosponsored by the IEEE Antennas and Propagation Society (AP-S) and the US 
National Committee (USNC) for the International Union of Radio Science (URSI). It is intended to provide an international 
forum for the exchange of information on state-of-the-art research on antennas, propagation, electromagnetic engineering, 
and radio science. The symposium and meeting will include a wide range of technical sessions, invited talks, special sessions, 
student paper and design competitions, short courses, tutorials, exhibits, professional meetings, tours, and networking events.  
All events will be held in person, however there will an option to join some business meetings remotely. 

The paper submission deadline is January 27, 2023. Conference website: https://2023.apsursi.org 
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Telecommunications Health and Safety

James C. Lin
University of Illinois at Chicago
851 South Morgan Street, M/C 154
Chicago, IL 60607-7053 USA
E-mail: lin@uic.edu

Safety Guidelines and 5G
Communication RF Radiation

James C. Lin

University of Illinois at Chicago 
851 S. Morgan St. (M/C 154)

Chicago, IL 60607 USA
E-mail: lin@uic.edu

The health and safety implications of fi fth-generation 
(5G) cellular-communication technology have been 

under scrutiny while the rollout is well underway worldwide. 
Advocates of 5G mobile technology hail 5G as a faster and 
more-secure technology than its predecessor 3G and 4G 
systems. The major enabling infrastructure uses millimeter-
wave (mm-wave) and phased-array technologies to achieve 
line-of-sight directivity, high data rates, and low latency. A 
central vulnerability or security threat is that it may allow 
spying on users. Nevertheless, this is a system architecture 
and technology or regulatory issue, but not a biological or 
health safety matter. 

1. 5G Cellular Mobile Technology

5G cellular mobile technology is a telecommunication 
technology that is multilayered in frequency allocation and 
varied in operational scope and performance. It includes 
an extremely wide range of multiple radio-frequency (RF) 
bands. Its frequency coverage may be roughly separated 
into two ranges: the sub-6 GHz bands, and 24 GHz to 
60 GHz frequencies that reach well into the mm-wave 
region. The frequency ranges have often been further 

divided into low-band 5G, mid-band 5G, and high-band 
5G. Low-band 5G starts at about 400 MHz, and often 
uses existing or previous 3G or 4G frequencies or newly 
opened frequencies to operate: for example, the latter may 
overlap with the existing 4G band. 5G rollout began with 
the mid-band that includes the popular frequencies between 
3 GHz and 4 GHz. However, the primary 5G technological 
advances are associated with the high-band 5G, promising 
performance bandwidths as high as 20 GHz and multiple-
input, multiple-output strategies using 64 to 256 antennas 
at short distances, and off ering performance up to 10 times 
the current 4G networks.

From the perspective of frequency allocation, 5G 
encompasses an enormous range, from 3 GHz to 60 GHz 
and beyond, in one giant skip from 4G. Even with current 
technological advances, the demand and performance 
challenges clearly vary immensely from the low to high 
bands. The performance bandwidth of 20 GHz obviously is 
not viable or supportable at low-band. By design default or 
spectrum necessity, the bandwidth performance will only 
be accomplished by leapfrogging to the high-band 5G. The 
higher 5G mm-wave bands where the wider spectrum is 
accessible primarily at shorter range will lead to massive 
proliferation of many micro-cells, because existing cell 
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towers are unsightly and too big for the urban settings 
where mm-wave phased-arrays will mostly be deployed.
For health safety matters, it is not obvious whether the 
biological responses to high-band 5G radiations would 
be akin to earlier generations or low-band 5G radiations, 
given the distinctive characteristics of mm-wave and its 
interaction with the complex structure and composition of 
pertinent superfi cial biological cells and tissues, such as 
the cornea of the eye and nerve-rich human skin, the large, 
protective organ of the body. 

2. Recent Updates of Safety 
Recommendations

The two most widely promulgated RF safety 
guidelines or standards have recently published revisions 
of their respective 1998 and 2005 versions [1, 2]. The 
updated ICNIRP guidelines and IEEE standards appear to 
cater to industry wishes: they are strongly linked to thermal 
eff ects associated with measurable temperature elevations. 
The updates also seem to have been synchronized to 
accommodate the 5G rollout.

The World Health Organization’s (WHO’s) 
International Agency for Research on Cancer (IARC) 
classifi ed exposure to RF radiation as a possible carcinogen 
to humans in 2011. The IARC had evaluated then-available 
scientifi c studies and concluded that, while evidence was 
incomplete and limited – especially regarding results 
from animal experiments – epidemiological studies of 
humans reported that increased risks for gliomas (a type 
of malignant brain cancer) and acoustic neuromas (or 
acoustic schwannomas, a non-malignant tumor of Schwann-
cell-sheathed auditory nerves on the side of the brain) 
among heavy or long-term users of mobile telephones are 
suffi  ciently strong to support a classifi cation of possibly 
carcinogenic in humans for exposure to RF radiation from 
mobile phones [3, 4].

It is noteworthy that the coveted animal experiments 
were indeed published in 2018. Specifi cally, the National 
Toxicology Program (NTP) of the US National Institute 
of Environmental Health Science (NIEHS) reported 
observations of two types of cancers in laboratory rats 
exposed, life long, to RF radiation used for 2G and 3G 
mobile telephone operations [5]. It was the largest health-
eff ect study ever undertaken by NIEHS/NTP. Among 
other observations, it concluded that there was statistically 
signifi cant and clear evidence that the RF radiation had led 
to the development of malignant schwannoma (a rare form 
of tumor) in the heart of male rats whose body temperature 
did not exceed 1°C. Further, there was also evidence for 
the same schwannoma risk among female rats. NTP also 
noted that there were unusual patterns of cardiomyopathy, 
or damage to heart tissue, in both RF-exposed male and 
female rats when compared with concurrent control 
animals. In addition, based on statistical signifi cance, the 
pathology fi ndings showed indications of some evidence 

for RF-dependent carcinogenic activity in the brain of male 
rats, specifi cally glioma. However, the fi ndings for female 
rats were deemed as providing only equivocal evidence for 
malignant gliomas when compared with concurrent controls.

Furthermore, shortly after the NTP report, the 
Cesare Maltoni Cancer Research Center at the Ramazzini 
Institute in Bologna, Italy, published the results from its 
comprehensive study on carcinogenicity in rats exposed 
(either lifelong or prenatal until death) to 3G, 1800 MHz 
RF radiation [6]. The study involved whole-body exposure 
of male and female rats under plane-wave equivalent or 
far-zone exposure conditions. The authors estimated that 
the whole-body SARs were 0.001 W/kg, 0.03 W/kg, and 
0.1 W/kg during exposures of 19 h/day for approximately 
two years. A statistically signifi cant increase in the rate 
of schwannomas in the hearts of male rats was detected 
for whole-body 0.1 W/kg RF exposure. It is important to 
note that the NTP and Ramazzini RF exposure studies 
presented similar fi ndings in heart schwannomas and brain 
gliomas. Two relatively well-conducted RF exposure studies 
employing the same strain of rats thus showed consistent 
results in signifi cantly increased cancer risks. 

While recognizing that the two afore-mentioned 
studies used large numbers of animals, best laboratory 
practice, and animals exposed for the entirety of their 
lives, the recent updates preferred to quibble with alleged 
“chance diff erences” between treatment conditions and 
the fact that the measured animal body core temperature 
changes reached 1°C. In doing so, it may have overlooked 
the absurdity of inferring a 1°C body core temperature rise 
as being carcinogenic. Furthermore, it totally ignored the 
implications of RF agents or have chosen to sidestep them 
through such pretexts as that the evidence or fi ndings did 
not provide credible indication of adverse eff ects caused 
by chronic RF exposures.

3. High Band 5G mm-Waves

For high-band 5G, the distinctive characteristics of 
mm-wave and its interaction with the complex function 
and structure of relevant biological tissues associated with 
the cornea of the eye and the large protective organ of the 
skin are of special concern.

The human skin tissue is about 2 mm in thickness. It 
is not homogeneous, but consists of three major layers of 
stratum corneum, epidermis, and dermis. It has a total mass 
of about 3 kg, and covers nearly the entire body surface 
(about 21.85 m ). It is diff erentiated according to its location 
on the body, and it can vary in thickness depending on 
what part of the body it is covering. On the back, it may be 
greater than 2.0 mm thick, and on the eyelids, it can be less 
than 0.35 mm thick. The skin is also an important sensory 
organ, endowed with nerve endings that are sensitive to 
touch, pain, and warmth. Anatomically, it is the largest 
organ of the human body. Its various constituent cells and 
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tissues help to keep microbes out, hold body fl uids in, and 
prevent dehydration.

The power refl ection coeffi  cients of the skin for mm-
wave decreases from 60% to 20% as frequency increases, 
while the power transmission coeffi  cient increases from 
50% to 65%. The penetration depth, where the power 
deposition is reduced by an exponential factor ( 2e ) of a 
planar mm-wavefront, decreases from 1.2 mm to 
0.4 mm for skin, and the induced energy deposition increases 
with mm-wave frequency [7]. However, at the highest 
frequencies the energy deposition in the deeper regions 
inside the skin is lower, because of the reduced penetration 
depth at these frequencies [8].

 Studies on mm-wave interactions aimed both 
toward biological eff ects and medical applications began 
nearly 50 years ago, most notably in Russia or the former 
Soviet Union. A comprehensive review of research on 
biological eff ects of mm-wave from some the earlier studies 
showed that at incident power densities of 2100 W/m  or 
less, mm-wave can aff ect cell growth and proliferation, 
enzyme activity, genetic status, function of excitable 
membranes, peripheral receptors, and other biological 
systems [9]. However, a common concern has been the 
lack of clarity in reported experimental protocols, rigor in 
statistical analysis, inadequate in-situ dosimetry, absence 
of sham-exposure and temperature controls, as well as 
paucity of reported details. 

 A recent paper provided an updated summary of 
results published from Russia since 1997, including a few 
related studies from elsewhere [10]. The review focused 
on experimental fi ndings of mm-wave eff ects at subcellular 
and cellular levels, including cell proliferation and gene 
expression. It also contained eff ects on excitable tissues 
and immune systems, and responses on the eyes and skin. 
It concluded that available data showed incident mm-wave 
power densities below 2100 W/m does not produce any 
harmful eff ect on eyes, but exposures at higher levels may 
result in adverse eff ects that dependent on the frequency 
and duration of exposure. Likewise, studies have shown 
absence of genotoxic eff ects in skin cells or changes in gene 
expression for low-power exposures without signifi cant 
temperature elevations. However, the results on proliferative 
eff ects for cells of diff erent types are contentious. 

 Furthermore, while some recent studies did 
not show non-thermal changes in electrical activity and 
structure of excitable cells, the rate of mm-wave power 
deposition was noted to play a signifi cant role in eliciting 
the electrical response of nerve cells. Millimeter waves 
have been reported to produce systemic eff ects in humans 
and animals that involve hypoalgesia and endogenous 
opioids, and can aff ect the behavior of the immune and 
nervous systems around 2100 W/m . There are suggestions 
that systemic responses are initiated by stimulation of free 
nerve endings in the skin, followed by modulation of central 
neural activity resulting in biological eff ects.

Recently, several reviews were published based 
mostly on data from papers written in English [11-13]. A 
2019 review [11] included 45 in-vivo studies conducted 
using laboratory animals and other biological preparations, 
and 53 in-vitro studies involving primary cells and cultured 
cell lines. The review was based on published papers through 
the end of 2018 using 6 GHz to 100 GHz as the RF source 
frequency. However, because fewer studies were reported at 
30 GHz or below and at frequencies higher than 90 GHz, the 
review mainly covered published studies conducted in the 
mm-wave frequency range from about 30 GHz to 65 GHz.

This industry-supported review noted that aside from 
the wide frequency ranges, the studies were diverse in 
both subject matter and end points investigated. Biological 
eff ects were observed to occur both in-vivo and in-vitro 
for diff erent biological endpoints studied. Indeed, the 
percentage of positive responses at non-thermal levels in 
most frequency groups was as high as 70%. (Higher mm-
wave intensities, up to 2200 W/m , did not seem to cause 
any greater responses.) For example, in the 53 in-vitro 
studies involving primary cells ( 24n  ) or cell lines (

29n  ), approximately 70% of the primary cell studies 
and 40% of the cell-line investigations showed eff ects that 
were related to mm-wave exposure. However, the protocol 
applied for control of biological-target or culture-medium 
temperature during mm-wave exposure was uncertain in a 
large fraction of these studies. 

 An overview of the total published scientifi c literature 
on the possible eff ects of mm-waves on skin and skin cells 
in 2020 counted only 99 experimental studies [12]. Many of 
these were focused on thermal stress and pathophysiology 
associated with exposure to high power densities. 

 More recently, a review from the Australian Gov-
ernment included 107 experimental studies (91 in-vitro, 
15 in-vivo, and one human) that investigated various bio-
logical eff ects of mm waves, including genotoxicity, cell 
proliferation, gene expression, cell signaling, membrane 
function, and other eff ects [13]. It asserted that the review 
of experimental studies provided no confi rmed evidence 
that low-level mm waves were associated with biological 
eff ects relevant to human health. It suggested that many of 
the studies reporting eff ects came from the same research 
groups and the results have not been independently repro-
duced. Most of the studies employed low-quality methods 
of exposure assessment and control, so the possibility of 
experimental artifact could not be excluded. Furthermore, 
many of the eff ects reported may have been related to 
heating from high power deposition so the assertion of a 
low-level eff ect is questionable in many of the studies.

 To date, there was no reported epidemiological study 
that investigated mm waves and their potential health ef-
fects.

While there are about 100 published laboratory 
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investigations of all types, the reported biological responses 
were thus inconsistency in the association between 
biological eff ects and mm-wave exposure. Indeed, the 
types of reported laboratory investigations were small, 
limited, and diverse, considering the wide 5G mm-wave 
frequency domain. The jury on biological eff ect or health 
impact is still out on 5G mm waves. Moreover, there is a 
lack of ongoing controlled laboratory investigations. To 
help improve the situation, new laboratory investigations 
should provide experimental designs with statistical validity 
that support methods, procedures, and protocols amenable 
to independent replication, and must include quantitative 
exposure, dosimetry, and temperature determination and 
control. 

4. Anomalies in Recently Updated 
Safety Recommendations

The recently updated safety guidelines and standard 
make recommendations to purportedly protect against 
established adverse health eff ects in humans resulting 
from exposure to electromagnetic fi elds in the frequency 
range between 6 GHz to 300 GHz. In fact, these are 
recommendations for short-term exposures of 6 min to 
30 min, based on limiting whole-body temperatures from 
rising above 1°C or tissue temperatures to 5°C (Table 1). 

If the responsible entities believe what appears to be 
their position concerning experimental results from rats 
from NIEHS/NTP that a whole-body temperature rise of 
1°C is carcinogenic, then the safety factors of 10 for the 
public or 50 for workers would be marginal and practically 
meaningless from the perspective of “safety” protection 
(more so above 6 GHz). 

It is noteworthy that the average power density 
thresholds under controlled laboratory conditions for 

microwave auditory eff ect in human subjects with normal 
hearing for 10 μs to 32 μs pulses are about 214 kW/m  in 
the near fi eld of 1250 MHz to 3000 MHz [8]. In other words, 
the 214 kW/m  per pulse peak power density generates a 
barely audible sound level of 0 dB. To generate sound 
at 60 dB, or the audible level for normal conversation, 
requires 1000-fold higher power density per pulse. To 
generate a tissue-injuring level of sound at 120 dB would 
take another 1000-fold increase in required peak power 
density, or 214 GW/m  per pulse. Such a high-power 
microwave pulse-generated acoustic pressure wave can be 
initiated in the brain and then reverberate inside the head 
to potentially, if not surely, cause serious injury of white 
and grey brain matters along with other neural elements 
[6]. Yet the corresponding theoretical temperature elevation 
would be about 1°C, which would be “safe” by current 
protection guidelines. Of course, the clinical implications 
are uncertain at present, and would demand future study 
for clarifi cation.

As shown in Table 1 for mm waves, the reference 
local tissue temperature rise in the head, torso, and limbs of 
humans is 5°C. This level of temperature rise would bring 
the tissue temperature from a normal value of 37°C to a 
hyperthermic 42°C. A 42°C tissue temperature is known to 
be cytotoxic with exponential cell-killing capacities. It is 
used as the basis for clinical cancer therapy in hyperthermia 
treatment for cancer protocols [14-16]. The recently updated 
safety recommendations provide a reduction factor of 
10 for the public’s “safety” and a “safety factor” of two 
in the case of workers. The effi  cacy of these updated 
safety recommendations is borderline, and the updated 
recommendations are meaningless from the perspective 
of “safety” protection. 

In summary, the safety recommendation updates 
were based primarily on limiting the tissue-heating 
potentials of RF radiation to elevate body temperatures. 
There are signifi cant anomalies in the recently updated 
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safety recommendations. However, aside from the above-
mentioned anomalies, the existing scientifi c data is too 
limited, especially at mm wavelengths, for any reliable 
assessment or conclusion with any certainty. Some 
of the updated safety recommendations are marginal, 
questionable, and lack scientifi c justifi cation from the 
perspective of “safety” protection. 
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Women in Radio Science

Asta Pellinen-Wannberg
Umeå University, Department of Physics and
Swedish Institute of Space Physics 
S-90187 Umeå, Sweden 
Tel: +46 90 786 7492 
E-mail: asta.pellinen-wannberg@umu.se

Looking back on my nine years of professional career, I 
am much satisfi ed to have touched manifold verticals. 

From working with the Indian government to working 
in the private sector, from delving into research and into 
academics, it has been a diverse experience. Currently, I am 
associated with a foreign MNC (multi-national corporation) 
that has been established in India for a couple of decades. 
In this article, I wish to share my experience and various 
challenges at diff erent stages of my career.

Introduction by Associate Editor

This time I am happy to introduce a young female 
scientist from India. I met Dr. Rashmi Joshi on one of my 
last conferences before retirement, the 14th Spacecraft 
Charging Technology Conference at ESTEC in Noordwijk, 
Netherlands, in April 2016. This turned out to be Rashmi’s 
fi rst conference visit abroad. My colleague, Dr. Carol 
Norberg, and I had attended the conference to present our 
papers and learn about the latest advances within the areas of 
expertise of the other participants in preparation for teaching 
graduate school classes about the space environment around 
Earth. We were impressed by young Rashmi, who gave a 
very well prepared talk about spacecraft-charging research 
in India. She also presented several posters about solar 
panels and arc fl ashes. 

 When we asked Rashmi about the conference dinner, 
she was skeptical because it would be late, and the bus did 
not pass her hotel. She had promised to call back home to 
India every evening after arriving at the hotel. When Carol 
and I promised to be her bodyguards and escort her to the 
hotel in the evening, her husband was happy to trust us. We 
had together a very nice dinner in a cozy restaurant. Indeed, 
the entrance to Rashmi’s hotel was a little bit secluded and 
dark.

 Read Rashmi’s moving story about her multiple life 
cycles already at a young age. She also gives her wise 
refl ections about girls’ conditions for education and later 
career opportunities in a traditional Indian household.

Working Mother from India:  
Redefi ning Traditions

Rashmi Shah (maiden name: Joshi)

Quest Global India Private Limited
Bengaluru, India

E-mail: rashmi.joshi.2189@gmail.com

From Childhood Until Doctoral 
Degree

My parents migrated from a mountainous Himalayan 
region (Pithoragarh) towards the other end of India 
(Jamnagar – Gujarat) to set up a good income and nurture 
posterity in the best possible way. My father had always 
taken calculated risks in his life, which directly or indirectly 
have positively aff ected the upbringing of my siblings and 
myself. Thanks to my parents, I could follow a conventional 
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roadmap for my studies. After completing my graduation 
and post-graduation in Instrumentation and Control 
Engineering, I had an opportunity to work with the Institute 
for Plasma Research as a Junior Research Fellow. To be 
truthful, in India, the post-graduate students who opt for 
research studies receive way less compensation compared 
to those who pursue their careers in the corporate sectors. 
Here, I thank my PhD supervisor, Dr.-Ing Suryakant B. 
Gupta, for guiding me through the dilemma of pursuing a 
PhD or continuing my career in the corporate sector. 

Finally choosing the former, I delved into it and 
also got fruitful results. I could publish my work in IEEE 
Transactions and had a chance to visit the European Space 
Agency (ESA) at Noordwijk, The Netherlands, for one of the 
conferences on space research. It was my fi rst international 
trip, and I was the only Indian attendee in the conference. 
As even my supervisor could not attend it, I grabbed the 
opportunity to represent my team in the forum. Yes, we were 
the only team in India who was involved in space-plasma 
interaction experiments, which was one of the crucial 
sessions in the conference. I received recognition in my 
society for receiving a doctorate degree at the age of 29. I 
was the fi rst one in my family to complete a PhD so young.

I received my doctoral degree from Nirma University 
and Institute for Plasma Research in 2018. This was based 
on a thesis titled “Diagnostics of ESDs on Satellite Solar 
Panels.”

I was involved in a diverse project that had a physicist, 
a mechanical engineer, and myself working towards the 
same goal. Each one had their own area for contributions, 
where I was responsible for development of the data-
acquisition software and analyzing captured electrostatic-
discharge (ESD) events occurring on satellite solar-panel 
coupons under simulated geo-synchronous-Earth-orbit 
(GEO) and low-Earth-orbit (LEO) environments. The 
project was sponsored by the Indian Space Research 
Organization (ISRO) to identify the root cause for reportedly 
observed failures in various satellite components operating 
at higher voltages. The space environment is unfavorable for 
high-power-generating satellites. On-orbit measurements 
claimed the presence of low-density plasma in low Earth 
orbit and dense electron clouds in geo-synchronous 
Earth orbit. These are responsible for charging satellite 
components at diff erent potentials based on their surface 
material properties. The proximity between two surfaces 
charged at diff erent potentials results in an ESD or arc. An 
arc is defi ned as a rapid displacement of charge, either by a 
punch-through eff ect, fl ashover propagation, or release of 
a blow-off  current between surfaces and the surrounding 
environment (nanosecond to microsecond). The resultant 
ESD may trigger a secondary arc that can destroy the solar-
panel circuit and severely damage the substrate. There was 
therefore a need to test the performance of these solar arrays 
in a ground-simulation facility. 

Solar-panel coupons obtained from ISRO were 
exposed to an adverse space environment that was artifi cially 
created inside the vacuum chamber in a laboratory to 
obtain arcs for analysis. Various electrical and optical 
arc parameters were measured using a dedicated real-
time controller and a LabVIEW environment. Complete 
automation and easy data manipulation based on various 
diagnostics techniques were developed in-house. Primary 
data acquisition consisted of capturing the discharge current 
that was in the range of microseconds and the voltage 
waveform that triggered other data-acquisition sequences. 
Diagnostics of high-voltage and current signals generated 
during arc (discharge) may provide details about some 
arc-mitigation techniques as a desired outcome of the 
research. Various arc properties such as the arc velocity, 
neutralization velocity, and surface fl ashover were derived 
from these signals. 

Apart from this, automated ESD location-predictor 
software was developed during my PhD research. This 
algorithm can predict the arc-current waveform at diff erent 
locations on the solar coupon. These predicted waveforms 
showed good agreement with those experimentally obtained. 
A database consisting of such waveforms can be used to 
identify the location of the discharge (arc) on any two-
dimensional surface. The technique used for predicting 
the arc-current waveform was developed using LabVIEW 
VISION during my PhD research.

Balancing Offi  ce Work and
Baby at Home

After submitting my thesis, I joined Bombardier 
Transportation India Private Limited as a Control Software 
Engineer. In India, the balance between offi  ce work and 
home responsibilities is not easy for a woman. Although 
we have a high percentage of female students in STEM, 
moving ahead and make a career in this is not common. 
Most females prefer to be homemakers after marriage or 
after having a child. There is also a general understanding 
in the society that men are the primary earning members 
in the household, and it is okay for a woman to stay at 
home and be completely involved in social and family 
responsibilities. This is the main reason that women do not 
explore their strengths in the professional world.

I am in my early 30s and a mother of a 2.5-year-old 
(Figure 1). I belong to a traditional Indian family, where 
three or more generations stay under the same roof, and it 
is a woman’s accountability to satisfy the emotional needs 
of everyone in the family. As quoted by someone, “One 
woman, many roles” truly applies here. At times, playing 
the roles of a wife, mother, daughter, and daughter-in-law, 
women tend to forget about their own desires. From going 
through childbirth to being the primary parent for the child’s 
basic needs, women shoulder major responsibilities. All 
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of these exist during the most productive years of one’s 
life span. In my case, I could continue my pregnancy only 
until the 29th gestation week and gave birth to Pihu (my 
daughter), who was just 900 grams back then. It was the 
most diffi  cult phase of our life, and we were clueless on 
methods for her upbringing. 

At that point in time, I could understand that although 
God puts us with diffi  cult situations, He also ensures that 
we are courageous enough to overcome them. I experienced 
that a mother is strongest when it comes to her child. It 
was not easy for me to take care of my daughter after an 
emergency C-section. However, I was fortunate enough 
to have extensive support from my mother-in-law (which 
continues!). After spending six weeks in NICU, we could 
bring our daughter home and soon after, the world was hit 
by the global pandemic coronavirus. 

We have been working from home since March 2020 
(soon to be two year). This gave me a chance to witness 
the day-to-day growth of my daughter more closely than 
many working mothers. With God’s grace, Pihu, my tiny 
preemie, is blossoming into a beautiful fl ower. 

Message

I feel that for all the women around the world it has 
never been easy to be fi nancially independent. Only a good 
education and career helps us to achieve this. Here, fi nancial 
independence is not the fi nal goal; however, it is the major 
milestone in becoming emotionally independent. We cannot 
choose the family we are born into; however, we need to 
wisely choose a life partner and the family we are getting 
married into. A good and supportive husband is often not 
by luck. Indeed, a woman’s husband can be her strength 
or can work towards rusting her talents. Women need to 
be outspoken about the diffi  culties they face at home and 
encourage men to share them. In many cases, men are not 
asked to share household responsibilities even by their 
mothers during their teen-hood, due to which they are not 
capable of understanding the diffi  culties faced by their 
working wife. Parents need to analyze their methods for 
raising their children without any gender discrimination. 

On the other hand, girls/women should start 
identifying their strengths and work on them. Working in an 
offi  ce makes no diff erence in incorporating values or being 
attached to your children. Indeed, working mothers signify 
power and wisdom, especially towards their daughters. In 
my case, although as a working wife and mother I can spare 
less time for my husband and daughter, I always prefer it to 
be quality time. Somewhere, I feel that I am demonstrating 
for my daughter the importance of achieving life goals, 
being fi nancially as well as emotionally independent. 

Figure 1. Rashmi with her daughter, Pihu.
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ICEAA Topics                APWC Topics

• Adaptive and 
reconfigurable antennas

• Complex media
• Electromagnetic 

applications to 
biomedicine

• Electromagnetic 
applications to 
nanotechnology

• Electromagnetic 
education

• Electromagnetic 
measurements

• Electromagnetic modeling 
of devices and circuits

• Electromagnetic 
packaging

• Electromagnetic 
properties of materials

• Electromagnetic theory
• EMC/EMI/EMP
• Finite methods
• Frequency selective 

surfaces
• High power 

electromagnetics
• Integral equation and 

hybrid methods
• Intentional EMI
• Inverse scattering and 

remote sensing
• Metamaterials and 

metasurfaces
• Microwave antennas, 

components and devices
• Optoelectronics and 

photonics
• Phased and adaptive 

arrays
• Plasma and plasma-wave 

interactions
• Printed and conformal 

antennas
• Radar cross section and 

asymptotic techniques
• Radar imaging
• Radio astronomy 

(including SKA)
• Random and nonlinear 

electromagnetics
• Reflector antennas
• Technologies for mm and 

sub-mm waves

• Active antennas
• AI in 

electromagnetic 
applications

• Antennas and 
arrays for security 
systems

• Channel modeling
• Channel sounding 

techniques for MIMO 
systems

• Cognitive radio
• Communication 

satellite antennas
• DOA estimation
• EMC in 

communication 
systems

• Emergency 
communication 
technologies

• Indoor and urban 
propagation

• Low-profile 
wideband antennas

• MIMO systems
• Mobile networks
• Multi-band and UWB 

antennas and 
systems

• OFDM and multi-
carrier systems

• Propagation models
• RFID technologies
• Signal processing 

antennas and 
arrays

• Small mobile device 
antennas

• Smart antennas and 
arrays

• Space-time coding
• Vehicular antennas
• Wireless 

communications
• Wireless mesh 

networks
• Wireless power 

transmission and 
harvesting

• Wireless security
• Wireless sensor 

networks

CALL  FOR  PAPERS

Cape Town, South Africa, 
September 5-9, 2022
FORMAT  >  Hybrid. A hybrid virtual plus 
in-person format will be followed.

ICEAA 2022
International 
Conference on 
Electromagnetics 
in Advanced 
Applications

IEEE APWC 2022
IEEE-APS Topical 
Conference on 
Antennas and 
Propagation in Wireless 
Communications

The 23rd edition of the ICEAA and 11th edition of the IEEE APWC will take place jointly on 5-9 
September 2022 in Cape Town, South Africa. A hybrid virtual plus in-person format will be 
followed to accommodate pandemic uncertainties. The conferences are technically 
sponsored by the Politecnico di Torino and by Stellenbosch University. The conferences 
consist of invited and contributed papers, and share a common organization, registration 
fee, submission site, workshops and short courses, banquet, and social events. Papers may 
be submitted to the IEEE Xplore Digital Library.

www.iceaa-offshore.org

Inquiries

Deadlines (2022)

Information for Authors

Authors must submit an extended abstract or a 
summary paper electronically by March 20, 2022. 
Authors of accepted contributions must submit the 
executed copyright form and registration electron-
ically by June 1, 2022. Each registered author may 
present up to two papers, with the second paper 
incurring an additional fee. All papers must be pre-
sented by one of the authors. Please refer to the 
website for submission instructions and further 
details.

Prof. Roberto D. Graglia
Chair of Organizing Committee
DET - Politecnico di Torino
Torino, ITALY
roberto.graglia@polito.it

Prof. Piergiorgio L. E. Uslenghi
Chair of Scientific Committee
ECE - University of Illinois at Chicago 
Chicago, Illinois, USA
uslenghi@uic.edu

Prof. Matthys M. Botha
Chair of Local Organizing Committee
DEEE – Stellenbosch University 
Stellenbosch, SOUTH AFRICA
mmbotha@sun.ac.za

Paper or extended abstract submission March 20
Notification of acceptance May 10
Presenter registration June 1
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Early Career Representative Column

Nosherwan Shoaib
Research Institute for Microwave and Millimeter-Wave 
Studies (RIMMS)
School of Electrical Engineering and Computer Science 
(SEECS)
National University of Sciences and Technology (NUST)
H-12, Islamabad, Pakistan
E-mail: nosherwan.shoaib@seecs.edu.pk

 It can be said with no doubt that the COVID-19 pandemic 
has disrupted in-person conference activities worldwide. 

Similarly to 2020, the year 2021 was a challenging year, 
with COVID-19 measures across the globe posing severe 
restrictions on people moving around and meeting in person. 
In this context, the URSI General Assembly and Scientifi c 
Symposium (GASS) 2021 was conducted in hybrid mode. 
The Young Scientist (YS) Awards were also granted and 
the Student Paper Competition (SPC) was held. In this 
ECR column we feature two short reports on the Young 
Scientist Awards and the Student Paper Competition. These 
reports were kindly provided by the Young Scientist Panel, 
consisting of Phil Wilkinson (Chair), Peter van Daele, Stefan 
J. Wijnholds, and Inge Lievens; and Sembiam R. Rengarajan 
(Chair of the Student Paper Competition), respectively.

1. Young Scientist Awards at the 
URSI GASS 2021

1.1 Background

The Young Scientist (YS) Awards are presented 
at URSI fl agship meetings – these being the General 
Assemblies of URSI, the URSI Atlantic Radio Science 
Conferences (AT-RASC), and the URSI Asia-Pacifi c 
Radio Science Conferences (AP-RASC) – to recognize an 
international group of individuals who have made innovative 
contributions and discoveries in multidiscipline research 
related to the fi elds of URSI.

Young Scientist and Student Paper 
Activities at  URSI GASS 2021

In general, the three URSI fl agship meetings are held 
in a three-year cycle to review current research trends, 
present new discoveries, and make plans for future research 
and special projects in all areas of radio science, especially 
where international cooperation is desirable. Young 
researchers can apply for a Young Scientist Award at any 
of these three URSI fl agship meetings. A Young Scientist 
Award is primarily a recognition of the scientifi c value of 
the work presented in the paper submitted by the young 
researcher. The award links to fi nancial support through 
waiving registration fees, in some cases also providing 
accommodation or even travel support when originating 
from specifi c and selected countries.

To qualify for an award the applicant:

•  must be less than 35 years old on September 1 of the year 
(2021) of the URSI General Assembly and Scientifi c 
Symposium;

•  should have a paper, of which he or she is the principal 
author, submitted and accepted for oral or poster 
presentation at a regular session of the General Assembly 
and Scientifi c Symposium.

Applicants should also be interested in promoting contacts 
between developed and developing countries. Applicants 
from all over the world are welcome, including from regions 
that do not (yet) belong to URSI. All successful applicants 
are expected to participate fully in the scientifi c activities 
of the URSI fl agship meetings.

 Applications are assessed by the URSI Young 
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Scientist Panel, taking into account the national ranking 
of the application and the technical evaluation of the paper 
by the relevant URSI Commission. During the selection 
process, application or granted Young Scientists Awards at 
the occasion of previous URSI fl agship meetings are not 
considered, except in the fi nal stage when a proper balance 
is sought among Commissions and geographical locations.

After the call for the Young Scientist Awards of the 
URSI GASS 2021, 181 applications from 30 countries 
were received through an online application procedure.

1.2 Selection Process

The selection process was carried out in four steps:

1.  The URSI Secretariat checked eligibility (fi rst author, 
age limit, submission of required documents, acceptance 
of paper, etc.). One candidate was removed from the 
list in this step, as the candidate was not eligible.

2.  The Chair, Vice Chair, and ECRs of each of the 10 URSI 
Commissions were asked to rank the applicants who 
submitted a paper in one of the sessions organized in 
their Commission, purely based on the scientifi c merit 
of the work presented in the paper.

3.  In parallel, the Member Committees were asked to rank 
the applicants originating from their country or region 
based on local, practical, technical, or other issues.

4.  The rankings by the Commissions and the Member 
Committees were combined in a score by the Young 
Scientist Panel to come to a fi nal selection, considering 
a proper balance over the 10 URSI Commissions, a 
proper geographical balance, as well as a gender balance. 
During this fi nal step, it was always ensured that the 
selected awardee had a paper of signifi cant technical 
value, and in some specifi c cases the Young Scientist 
Panel also considered the comments provided by the 
reviewers during the reviewing process for all submitted 
papers at the GASS 2021. One candidate had submitted 
two papers, and was scored based on the best-ranked 
paper.

Finally, the Young Scientist Panel submitted a list of 95 
awardees to the URSI Board. After careful consideration, 
the URSI Board approved the proposed selection and all 
awardees were contacted. The deadline for acceptance of 
the Young Scientist Award was set as 15 May 2021. 

1.3 Young Scientist Awardees

Al-Behadili, Hasanain Iraq
Barman, Kheyali  India
Biswas, Sanat K  India
Bonnafont, Thomas France

Capannolo, Luisa USA
Caramazza, Laura Italy
Chakraborty, Rohit India
Chakraborty, Sumanjit India
Chakraborty, Arnab India
Chartier, Alex  USA
Chen, Ke  China
Chen, Rui  Saudi Arabia
Colella, Micol  Italy
D’Agostino, Simona Italy
Dalarsson, Mariana Sweden
Das, Bakul  India
Das, Barnali  India
De, Arijit  India
Deb, Priti  India
Dinleyen, Serhat  Turkey
Dutta, Shweta  USA
Fathnan, Ashif  Indonesia
Faul, Fabian  Germany
Fetescu, Mirela  The Netherlands
Galiffi  , Emanuele  UK
Gao, Yuan  China
Geng, Yangliao  China
Goode, Ian  Canada
Guha, Bijay  India
Hanzelka, M.  Czech Republic
Hsieh, Yikai  Japan
Ištuk, Niko  Ireland
Jana, Debasis  India
Kakoti, Geetashree India
Kalita, Jyotirmoy  India
Kapusuz, Kamil  Belgium
Katsko, Sofi ia  Ukraine
Kishimoto, Seiya  Japan
Kossenas, Konstantinos UK
Kuniyil, Viswanathan India
Labate, Giuseppe  Italy
Lasisi, Shakirudeen UK
Liu, Ming  China
Liu, Xiaokang  Italy
Liu, Zhuoyang  China
Liu, Sen   Japan
Lodi, Matteo Bruno Italy
Ma, Qianli  USA
Martynova, V.  Russian Federation
Mathur, Phalguni  India
Maxim, S.  Russian Federation
Methapettyparambu, J. France
Mishra, Vigyanshu USA
Moss, Vanessa  Australia
Motroni, Andrea  Italy
Mukherjee, Anwesha India
Nanni, Jacopo  Italy
Niotaki, Kyriaki  France
Palazzi, Valentina  Italy
Palmer, Elizabeth  USA
Pavone, Santi Concetto Italy
Pignalberi, Alessio Italy
Plavin, A.  Russian Federation
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Pu, Wei   UK
Rajwade, Kaustubh UK
Raveendran, Athira India
Rodini, Sandra  Italy
Ryabkova, M.  Russian Federation
Said Camilleri, Jeantide Malta
Sao Jose, Artur  France
Shirokov, E.  Russian Federation
Shoaib, Nosherwan Pakistan
Singh, Amit Kumar India
Singh, Kuldeep  India
Sinha, Shipra  India
Slevin, Edward  USA
Surco Espejo, Teddy Brazil
Thomas, Evan G.  USA
Thummaluru, S. Reddy India
Urbani, Michele  Spain
Vakalis, Stavros  USA
Vital, Dieff   USA
Wang, Xuchen  Finland
Wang, Zhaoyang  Switzerland
Xu, Hanyang  China
Yang, Ying  China
Yepes, Cristina  Italy
You, Li   China
Zhang, Hao  China
Zhang, Xingqi  Ireland
Zhang, Xiao-Jia  USA
Zhou, Fuhui  China
Zhou, Yiwen  New Zealand
Zhu, Liang  USA
Zubair, Muhammad Pakistan

1.4 Statistics on Diversity

Table 1 provides an overview of the distribution by 
Commission, indicating the applications received, the 
selected awardees, and the acceptance rate.

To provide an overview of the geographical spread 
of the Young Scientist Awardees, each of them was 
assigned to a region as shown in Table 2. To allow a better 
interpretation, some countries from which a large number of 
Young Scientists originated were listed separately from their 
region (in this case, China (CIE), China (SRS), and India).

Based on the information provided by the applicants, 
the gender balance shown in Table 3 was obtained.

1.5 Follow-Up on Young Scientist 
Selection

The names, as well as pictures, affi  liations and a link 
to the submitted papers, are available on the URSI Web 
site. Starting from the fi rst day of the GASS 2021, an extra 
link was provided to each of the presentations by the Young 
Scientists until the end of the view-on-demand period of the 
pre-recorded presentations. The Young Scientist certifi cates 
were handed over to the Young Scientists at the GASS 2021 
for those who were physically present in Rome, and were 
mailed to those who could not be present.

The applicants received free registration, and if 
they were physically present on site, fi nancial support for 
board and lodging at the General Assembly and Scientifi c 
Symposium. The Young Scientists who were present in 
Rome were also invited to the Young Scientist Party. As 
the GASS 2020 Young Scientists were deprived from any 
fi nancial reward linked to their award, the URSI Board 
decided that if they attended the GASS 2021, the GASS 
2020 Young Scientist Awardees could register as students 
(with reduced fee) and were welcome to join the GASS 
2021 Young Scientist Party.

Commis-
sion Total App. Selected Acc. Rate

A 9 3 33.3%
B 53 27 50.9%
C 9 6 66.7%
D 17 9 52.9%
E 5 4 80.0%
F 27 13 48.1%
G 17 10 58.8%
H 17 9 52.9%
J 9 6 66.7%
K 16 8 50.0%

Total 179 95 53.1%

Table 1. The distribution of Young Scientist awardees 
by Commission

Region Total 
App. Selected Acc. 

Rate
Asia-Pacifi c 10 6 60.0%
China 22 10 45.5%
Europe 64 39 60.9%
India 49 21 42.9%
Middle East 7 5 71.4%
Americas 27 14 51.9%
Total 179 95 53.1%

Table 2. Geographical distribution of  Young Scientist 
awardees

Gender Total 
App. Selected Acc. Rate

Male 120 64 53.3%
Female 59 31 52.5%
Total 179 95 53.1%

Table 3. Gender Balance of  Young Scientist awar-
dees
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1.6 Conclusion

This report provided a summary of the process and 
the outcome of the selection for the GASS 2021 Young 
Scientists. Being aware of the specifi c situation with respect 
to the postponement of the GASS 2020 as a physical 
conference and the fact that GASS 2021 was a hybrid 
meeting, the URSI Board took specifi c measures to try to 
keep the Young Scientists program active, as this is one 
of the pillars and activities within URSI that distinguishes 
us from other scientifi c unions. By providing these awards 
and publicizing this information and these awards through 
the Web site and social media, the URSI Board has the 
intention to keep young researchers interested in URSI 
and to keep the events organized and supported by URSI.

 The Board thanks all the individuals involved in 
this program and selection process, and congratulates all 
Young Scientist Awardees.

2. Student Paper Competition at 
the URSI GASS 2021

George Uslenghi, General Chair of the URSI 
General Assembly in Chicago in 2008, was instrumental in 
motivating URSI to initiate the URSI international Student 
Paper Competition (SPC) and in encouraging the United 
States National Committee for URSI (USNC-URSI) to fund 
the prizes. The Student Paper Competition at the URSI 
General Assembly and Scientifi c Symposium (GASS) 
2021 was once again fi nancially sponsored by the United 
States National Committee (USNC) for URSI. This was 
the eighth international URSI Student Paper Competition 
sponsored by the USNC-URSI: six at URSI GASS and 
two at AT-RASC.

There were 46 eligible applicants for the Student Paper 
Competition. The rules for the Student Paper Competition 
were published on the URSI GASS 2021 Web site, and 
they are repeated here.

The rules for the Student Paper Competition were 
as follows:

•  The fi rst author and presenter must be a full-time 
university student.

• The topic of the paper must be related to the fi eld of 
one of the ten URSI Commissions.

• A full paper, not longer than 10 pages and not shorter 
than four pages in single-column, single-spaced 
format, meeting the requirements of the Student Paper 
Competition paper URSI template, must be submitted 
by January 31, 2021.

• Each student is allowed to submit one paper only for 
the Student Paper Competition.

• The student must also submit either an Extended Abstract 
or a Summary Paper version of the paper at the same 
time the full paper is submitted. 

• Applicants to the 2020 GASS Student Paper Competition 
will not be eligible to participate with the same paper. 

• Submissions should be made through the URSI 
GASS 2021 online paper submission system, with 
the appropriate box (indicating the Student Paper 
Competition) being checked during the paper 
submission.

• The full paper will be evaluated within the competition 
and will not be published to ensure that there are no 
subsequent prior-publication issues for those students 
who wish to submit the work to a journal. This means 
that the ten-page paper will not be included in the 
conference proceedings. Only the shortened version 
will appear in the conference proceedings.

• A paper that is submitted to a journal before submission to 
the student competition is ineligible. However, students 
are encouraged to submit their papers to a journal after 
January 31, 2021.

• A letter from the student’s advisor on university 
letterhead must be uploaded with the full paper. The 
letter must state that the author is enrolled as a full-time 
university student in a degree program. If the paper is 
coauthored, the letter must state that all coauthors played 
only an advisory role. No other students are permitted 
as coauthors.

Commission Chairs or their representatives served 
as the jury in the process of selecting the fi nalists, and 
later in selecting the cash prize winners. Each member 
of the jury recommended three expert reviewers for each 
paper submitted in his or her Commission. Each reviewer 
provided a thorough review of each paper. The criteria used 
by reviewers were the quality, originality, and scientifi c 
merit of the paper. Each reviewer gave an overall score 
between 1 and 5, 5 being the best. The top 18 papers were 
subsequently selected based on the average reviewers’ score 
for each paper. These 18 papers had an average score of 4.25 
or better. The jury then ranked these papers from 1 to 18, 1 
being the best. The jury had access to reviewers’ comments 
and scores. Ten fi nalists were chosen based on the ranking 
of the jury and they were invited to present their papers. 
All the fi nalists were recognized at the awards banquet.

Because of the COVID-19 pandemic, the URSI 
GASS 2021 was organized in hybrid mode, allowing the 
Student Paper Competition fi nalists to present in person or 
virtually. Each fi nalist had 20 minutes for the presentation of 
the paper and fi ve minutes for questions and answers. The 
fi nalist presentations were ranked based on clarity of the 
presentation, adherence to time, accessibility to the broad 
audience of the ten URSI Commissions, and the ability to 
answer questions on the work.
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The top fi ve award winners were:

1.  First Prize ($1500): Edward Slevin, Georgia Institute 
of Technology, Atlanta, GA, USA, “Wideband VLF/
LF Transmission from an Electrically-Small Antenna 
by Means of Time-Varying Non-Reciprocity via High-
Speed Switches” (Commission B).

2. Second Prize ($1250): David Rodriguez, Politecnico di 
Torino, Torino, Italy, “Microwave Brain Imaging System 
Validation via Realistic Experiments” (Commission B).

3.  Third Prize ($1000): Barnali Das, National Centre for 
Radio Astrophysics, TIFR, Pune, India, “Coherent Radio 
Emission from Main Sequence Pulsar: Introducing a 
New Stellar Diagnostic” (Commission J).

4.  Fourth Prize ($750): Sandra Rodini, University of Pisa, 
Pisa, Italy, “A Contactless Measurement of the Surface 
Impedance of a Thin Sheet of Material” (Commission 
D).

5.  Fifth Prize ($500): Clément Henry, Politecnico di Torino, 
Torino, Italy, “On the Solution of the Brain-to-Skull 
Contrast Breakdown with a New Integral Scheme: 
Mathematical Framework and Medical Application 
Scenarios” (Commission B).

The following fi nalists, in alphabetical order, received 
honorable mention:

6.  Miroslav Hanzelka, Institute of Atmospheric Physics, 
Czech Academy of Sciences, Czech Republic, 
“Assessing the Measurability of Perturbations in 
Electron Velocity Distribution Caused by Nonlinear 
Interaction with Chorus Subpackets” (Commission H).

7.  Devojyoti Kansabanik, National Centre for Radio 
Astrophysics, TIFR, Pune, India, “Unraveling the 
Eclipse Mechanism for Black Widow Pulsar J1544+4937 
Using Broad Band Radio Spectrum” (Commission J).

8. Makoto Kitahara, Tokyo Metropolitan University, 
Tokyo, Japan, “Investigation on the Human Body 
Exposure to the Magnetic Fields Owing to Wireless 
Power Transmission System with the Sandwiched 
Structure” (Commission D).

9. Shakirudeen Lasisi, University of Nottingham, 
Nottingham, UK, “On the Inclusion of Thin Sheets 
in the Global Multi-Trace Method” (Commission B).

10. Shipra Sinha, Indian Institute of Geomagnetism, Mumbai, 
India, “Cosmic Noise Absorption Characteristics During 
the Impulse-Induced Supersubstorm of 21st January 
2005” (Commission H).

Several people were thanked for contributing to 
the success of the Student Paper Competition. Inge 
Lievens provided support throughout this process, often 
working in the evenings and weekends. Koyama Yasuhiro, 
Nuno Borges Carvalho, Naoki Shinohara, Kazuya 
Kobayashi, John Volakis, Yves Louet, Amir Zaghloul, 
Apostolo Georgiadis, Arnaud Vena, Asghari Hossein, 
Frank Gronwald, Virginie Deniau, Chaouki Kasmi, V. 
Chandrasekar, Patricia Doherty, Janos Lichtenberger, Jyrki 
Manninen, Richard Bradley, Joe Wiart, and Koichi Ito 
provided valuable services as the jury. Numerous reviewers 
provided expert reviews of all papers. Peter Van Daele, Alain 
Sibille, and Carlo Carobbi helped with the organization 
of the Student Paper Competition. Inge Heleu prepared 
and sent the certifi cates to the awardees. Ana Ferreras and 
James Manning of the National Academies of Sciences, 
Engineering, and Medicine in the United States processed 
the checks for the top fi ve awardees.
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IUCAF Annual Report for 2021

1. Introduction

The Scientifi c Committee on Frequency Allocations 
for Radio Astronomy and Space Science, IUCAF, 

was formed in 1960 by its adhering Scientifi c Unions, 
IAU, URSI, and COSPAR, at the behest of URSI. The 
IUCAF brief is to study and coordinate the requirements 
of radio-frequency spectrum allocations for passive radio 
sciences – radio astronomy, space research, and remote 
sensing – and to make these requirements known to the 
national and international bodies that regulate the use of 
the radio spectrum.

IUCAF operates as an Affiliated Body of the 
International Science Council (https://council.science/
what-we-do/affiliated-bodies/). IUCAF is a Sector 
Member of the International Telecommunication Union’s 
Radiocommunication Sector (ITU-R), with observer status 
at the Space Frequency Coordination Group (SFCG) (see 
https://www.sfcgonline.org/home.aspx). IUCAF is online 
at http://www.iucaf.org.

2. Membership and Member 
Affi  liations with Other Bodies

There was no change in the composition of IUCAF 
during 2021. IUCAF is still seeking a replacement IAU 
committee member for one that resigned in 2018. At the end 
of 2020, the IUCAF membership from the three adhering 
Unions was as shown in Table 1. Additionally, the Counselor 
for ITU-R Study Group 7 (Science Services), Mr. Vadim 
Nozdrin, is an ex-offi  cio member by virtue of his ITU-R 
position, as specifi ed in IUCAF’s Terms of Reference. 
IUCAF also has an informal group of correspondents, in 
order to improve its global geographic representation and 
for consultation on specifi c issues, for instance concerning 
astronomical observations in the optical and infrared 
domains.

IUCAF members also participate in the activities 
of other bodies. Tiplady is a member of CRAF, the 
European Committee on Radio Astronomy Frequencies 
of the European Science Foundation (https://www.craf.
eu/). Zhang is Chair of the Radio Astronomy Frequency 
Committee in the Asia-Pacifi c region (RAFCAP), whose 
members also include Ohishi and Tzioumis (see http://
www.atnf.csiro.au/rafcap/). Tzioumis is Chair of ITU-R 
Working Party 7D (Radio Astronomy). Ohishi, IUCAF’s 
Immediate Past Chair, is the offi  cial liaison between the 
IAU and the ITU, and is the immediate past President of 
IAU Commission F3 (Astrobiology). He is Head of the 
Spectrum Management Offi  ce at the National Astronomical 
Observatory of Japan. Van Driel was until recently the 
Secretary of IAU Commission B4 on Radio Astronomy and 
a member of its Organizing Committee. Liszt is a member 
of the American Astronomical Society’s Committee on 
Light Pollution, Radio Interference and Space Debris, and 
the IAU Executive Committee on WG Dark and Quiet Sky 
Protection, and served on the Steering Committee of the 
IAU Inter-Division Commission C.B4 on Protection of 
Existing and Potential Observatory Sites.

3. IUCAF Terms of Reference 
(Revised 2015)

A revision to the statement of IUCAF’s composition, 
operating practices, and Terms of Reference (TOR), 
originally dating to 1972 when IUCAF was the Inter-Union 
Committee on Allocation of Frequencies, was approved by 
ICSU’s Executive Board in 2015 (http://www.iucaf.org/
IUCAF_Terms_Of_Reference.pdf).

4. International and Regional 
Spectrum Management Meetings 

Attended by IUCAF Members 
During 2020

Radio-frequency spectrum management meetings 
were moved online during 2021. IUCAF participated in 
the international and regional regulatory meetings shown 
in Table 2.

IUCAF submitted three documents containing 
four compatibility studies to these ITU-R Working Party 
meetings:

To WP1A, Document 1A/143 (https://www.itu.
int/md/R19-WP1A-C-0143/en) “Proposed revisions to 
preliminary draft new Report ITU-R SM. [WPT.BEAM.
IMPACTS] – Impact studies and human hazard issues for 
wireless power transmission via radio frequency beam,” 

URSI

Dr. Haiyan Zhang China
Dr. Steven Reising USA
Dr. Ingemar Häggström Sweden
Dr. Anastasios Tzioumis Australia
Dr. Wim van Driel France

IAU
Dr. Harvey Liszt (Chair) USA
Dr. Masatoshi Ohishi Japan
Dr. Adrian Tiplady South Africa

COSPAR Dr. Yasuhiro Murata Japan

Table 1. The IUCAF membership from the three ad-
hering Unions at the end of 2020.
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concerning potential interference from out-of-band 
emissions into the spectrum band 23.6 GHz to 24 GHz 
that is reserved for passive radio science, originating in 
proposed use of an ISM band at 24.1 GHz for wireless 
device charging.

To WP5B, Document 5B/418 (https://www.itu.int/
md/R19-WP5B-C-0418/en) “Proposed update on working 
document towards a preliminary draft new Report ITU-R 
[NON-SAFETY AMS CHARACTERISTICS AND 
SHARING NO STUDIES] related to agenda item 1.10 - 
Technical characteristics, operational scenarios, spectrum 
needs, coexistence, and sharing studies of non-safety 
aeronautical mobile systems in the frequency bands 15.4-
15.7 GHz and 22-22.21 GHz,” detailing interference from 
proposed airborne wireless mesh networks into the adjacent 
bands at 15.35 GHz to 15.4 GHz (reserved for passive 
radio science) and 22.21 GHz to 22.5 GHz (allocated to 
radio astronomy).

To WP5D, Document 5D/788 (https://www.itu.int/
md/R19-WP5D-C-0788/en) “Proposed update on the 
working document towards sharing and compatibility 
studies of HIBS under agenda item 1.4 - Compatibility 
between HIBS and the radio astronomy service operating in 
the frequency band 2 690-2 700 MHz,” detailing interference 
from proposed use of IMT base stations on high-altitude 
platform systems circulating at 20 km altitude.

Members also participated in national spectrum-
management proceedings, working in their capacities as 
spectrum managers at their respective observatories.

5. IUCAF Business Meetings

IUCAF business was discussed by e-mail as matters 
arose during the year 2021. 

6. Finances

 The IUCAF budget is held and managed by URSI. 
Sustaining fi nancial contributions of €5,000, €2,000, and 
€1,000 were gratefully received from IAU, URSI, and 
COSPAR, respectively, for calendar year 2021.

7. The IUCAF Role

 IUCAF is a global forum where spectrum management 
concerns of passive radio science in all ITU-R Regions 
are regularly addressed in a comprehensive manner. The 
group is expert in the underlying science, in the spectrum-
management needs of the science, and in the workings of 
the spectrum-regulatory regime that allocates spectrum 
and makes the rules for radio-spectrum use. IUCAF has 
supported radio astronomy and passive radio science in 
Geneva since its inception in 1960, when the fi rst spectrum 
band was allocated for exclusive use by passive research.

 IUCAF’s 60th birthday was observed in 2020 at the 
Fifth International IUCAF School on Spectrum Manage-
ment in Stellenbosch, South Africa, which was described 
in the 2020 Annual Report. IUCAF’s early history was 
recounted by Dr. Brian Robinson in “Frequency Alloca-
tion: The First Forty Years” (Annual Reviews of Astronomy 
and Astrophysics, 37, 1999, pp. 65-96, available at https://
tinyurl.com/y5vsgb6x).

 The practice of reserving narrow portions of the 
radio-frequency spectrum for radio astronomy expanded 
after 1960, so that bands shared by radio astronomy and 
satellite remote sensing now provide crucial information 
used to improve weather forecasting and to quantify the ef-
fects of climate change. On this basis, IUCAF also provides 
an interface between the radio-astronomy and satellite-
remote-sensing communities via the Space Frequency 
Coordination Group. IUCAF is currently participating in 
the SFCG’s Lunar Martian Spectrum Group that is plan-
ning the use of radio communications on and around the 
Moon, and most especially, in the Shielded Zone of the 
Moon: the volume of space that is shielded from view of 
the Earth and protected for scientifi c use by international 
treaty, in the form of the ITU-R Radio Regulations.

03/01-
03/12

Working Party 5D (IMT=Mobile 
Telecom) ITU-R

04/12-
04/16

Working Party 7D (Radio As-
tronomy) ITU-R

05/10-
05/21

Working Party 5B (Radar and 
airborne mobile) ITU-R

05/20-
05/21

Committee on Radio Frequencies 
– CORF US NAS

05/25-
06/02

Working Party 1A (Spectrum 
engineering) ITU-R

06/07-
06/18 Working Party 5D ITU-R

09/16-
09/23 Working Party 7D ITU-R

10/04-
10/15 Working Party 5D ITU-R

11/03-
11/12 Working Party 1A ITU-R

11/29-
12/10 Working Party 5B ITU-R

Table 2. The international and regional regulatory 
meetings in which IUCAF participated.
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8. Contact with ISC, the IUCAF 
Sponsoring Unions (IAU, URSI, 

COSPAR), and Other International 
Organizations

IUCAF maintains regular contact with its adhering 
Unions and the parent body, ISC. These organizations play 
a strong supporting role for IUCAF, the members of which 
are thereby greatly encouraged.

The major international conference, “Dark and Quiet 
Skies II for Science and Society” (http://research.iac.es/
congreso/quietdarksky2021/), sponsored by the IAU, the 
UN Offi  ce of Outer Space Aff airs, the Government of Spain, 
and the Instituto de Astrofi sica de Canarias, was about to 
occur in person on La Palma during October 3 to 7, 2021, 
when eruption of a volcano on the island (!) forced the 
organizers to move the meeting online at the last minute. 
Over 1000 registrants attended online in numbers of a 
few hundred on each of fi ve days, the last of which was 
largely devoted to radio astronomy. IUCAF members Liszt 
and Ohishi represented radio astronomy on the Scientifi c 
Organizing Committee, and supervised the update of the 
radio-astronomy working group report (https://noirlab.edu/
public/products/techdocs/techdoc051/) that was presented 
on the fi nal day of the recent meeting. The D&QS II meeting 
produced documents for consideration at the 2022 session 
of the Scientifi c and Technical Subcommittee (STSC) of the 
Committee on Peaceful Uses of Outer Space (COPUOS), 
as noted on their website at https://www.unoosa.org/oosa/
en/ourwork/copuos/stsc/2022/index.html.

The Dark and Quiet Skies meetings were of special 
importance because they formulated recommendations 
outside the usual ITU-R regulatory regime that protects only 
the very small amount of radio spectrum that is formally 
allocated to astronomy and other passive science. The Dark 
and Quiet Skies meetings considered risks to astronomy 
of all kinds across the electromagnetic spectrum, and 
concluded that satellites in low Earth orbit should refrain 
from illuminating radio telescopes and radio-quiet zones 
at all radio frequencies, with specifi c recommendations to 
accomplish this goal.

IUCAF participated remotely in the 2021 URSI 
GASS. The URSI Council requested an updated report 
covering the period since 2017, and it can be accessed 
at https://www.cv.nrao.edu/~hliszt/URSI/IUCAF-
ReportToCouncil_2017-2021.docx.

The IUCAF Chair delivered a presentation on 
spectrum matters.

9. 94 GHz Coordination 
Agreement with the European 

Space Agency (ESA)

Since 2005, NASA JPL has operated the 94.05 GHz 
CloudSat cloud-profi ling radar in the middle of a broad swath 
of spectrum that is allocated to and heavily used by radio 
astronomy. The powerful kW beam of this nadir-pointing 
radar saturates any receiver over which the satellite passes 
during its 16-day repeating orbital cycle, independent of 
the radio-astronomy antenna pointing. More seriously, the 
radar could burn out the radio-astronomy receiver in the 
worst case. A variety of modifi cations to radio-astronomy 
operations and instruments have been made on this account, 
especially for moveable-array antennas that are transported 
in a zenith-pointing orientation with their super-cooled 
electronics operating. The unstable operations of this 
aging satellite have necessitated several last-moment 
accommodations on the part of radio astronomy. 

To forestall this situation when ESA, with participation 
from the Japanese Space Agency, JAXA, launches the 
EarthCare mission in 2023 with an even-higher-power 
94 GHz radar, IUCAF has for many years participated as an 
observer in meetings of the Space Frequency Coordination 
Group (SFCG), where EarthCare and other high-power 
radars were discussed. This 15-year eff ort bore fruit in 
April 2021, when ESA and IUCAF signed a Memorandum 
of Understanding under which the EarthCare radar will 
be silenced when its beam passes close enough to a radio-
astronomy antenna that the radio-astronomy receiver could 
be damaged.

IUCAF is grateful to ESA for agreeing to modify 
the EarthCare radar’s operation, to JAXA for designing 
the radar in such a way that such an accommodation was 
possible, and to NASA, which facilitated coordination by 
providing calculations and other support at SFCG.

The agreement may be accessed at the IUCAF website 
(http://www.iucaf.org/).

10. Outreach, Training, and the 
Sixth International IUCAF School 

on Spectrum Management for 
Radio Astronomy

 IUCAF maintains its World Map of Radio Astronomy 
Sites and Radio Quiet Zones that has been viewed 70,000 
times since its creation in 2008 (see http://tinyurl.com/
yrvszk). IUCAF continued to distribute its exceptionally 
popular IUCAF-logo fi dget-spinner, thanks to a continu-
ing grant from an anonymous donor. IUCAF is in the 
early planning stage for the Sixth International School on 
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Spectrum Management for Radio Astronomy that will occur 
in the Asia Pacifi c Region in 2025. Presentations from the 
Fifth School in Stellenbosch in 2020, and earlier IUCAF 
schools, are available on the IUCAF website (http://www.
iucaf.org/)

11. IUCAF Concerns in 2021 and 
Beyond

Until recently, improved access to spectrum for 
science ran through the radio-frequency spectrum regulatory 
regime, by procuring and protecting allocated spectrum. 
However, the tables have turned. Allocations to science 
are fi xed while the radio spectrum fi lls in with new radio 
communication systems, such as high-power radars onboard 
satellites, collision avoidance radars on cars, 5G mobile 
phones, and broadband WiFi. Radio-spectrum regulators 
authorize satellite mega-constellations in low Earth orbit 
that have turned the dark and quiet night sky into a circus 
of artifi cially-generated radiation. Satellite trails from 
refl ected sunlight are increasingly aff ecting optical/infrared 
astronomy, even from the Hubble Space Telescope that 
currently shows satellite trails in some 8% of its images. 
It was just such considerations, and the inability to raise 
them at ITU-R, which motivated IUCAF involvement in the 
Dark and Quiet Skies meetings. Concerns originating with 
radio communications and radio-spectrum management 
have now spilled over into far wider concerns for the 
health of the environment that radio-spectrum regulators 
are ill-equipped to handle.

Closer to home, succession planning and matters of 
engagement continue to be of concern. Many nations with 
major investments in radio astronomy and strong histories 
of participation are not currently represented by astronomers 
in spectrum management, despite IUCAF prodding. 
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E-mail: hliszt@nrao.edu, iucafchair@iucaf.org



The Radio Science Bulletin No 377 (June 2021) 83

        
 

  
 

 
 
 

INTERNATIONAL SYMPOSIUM ON ELECTROMAGNETIC THEORY (URSI EMTS 2023) 
 

22-26 May 2023, Vancouver, BC, Canada  
 

First Call for Papers 
The International Symposium on Electromagnetic Theory (EMTS 2023) will be held from 22-26 May 2023 at the University of 
British Columbia in Vancouver, BC, Canada. The third largest metropolitan area in Canada, Vancouver is known for its stunning 
natural beauty, cosmopolitan atmosphere, friendly people, and attractions like Stanley Park, English Bay, Granville Island, the 
North Shore mountains, and Whistler. Vancouver International Airport (YVR) is only 20 minutes by car from UBC. 

Organized by Commission B (Fields and Waves) of the International Union of Radio Science (URSI), EMTS 2023 is sponsored 
by the Canadian National Committee of URSI (CNC-URSI) and technically co-sponsored by the IEEE Antennas and Propagation 
Society. Since it was first organized in Montreal in 1953, this is the 24th event in the triennial series of EMTS symposia,  

EMTS 2023 will focus on electromagnetic fields and their applications. The conference will offer plenary talks by distinguished 
speakers, regular oral and poster sessions, a one-day summer school (May 22), and several scientific and industrial tours and 
workshops. A number of Young Scientist Awards that cover the registration fee and accommodation during the conference will 
be offered. In addition, business meetings, receptions, and a conference banquet will be organized. 

Contributions on any aspect within the scope of Commission B are solicited. Some suggested topics are listed below. The authors 
may submit an extended abstract of at least 250 words in length in single-column format not exceeding one page or a two to four-
page summary in IEEE two-column format. Special-session topics will be listed later on the conference website.  All submissions 
will be reviewed by the Commission B Technical Advisory Board. Accepted and presented summaries may be submitted to IEEE 
Xplore while the extended abstracts will not be published in IEEE Xplore. 

 
 

General Chair: Prof. David Michelson, The University of British Columbia, davem@ece.ubc.ca 
Technical Program Chair: Prof. John Volakis, Florida International University, jvolakis@fiu.edu 

Special Sessions Chair: Prof. Lot Shafai, University of Manitoba, lot.shafai@umanitoba.ca 
 

 

• Paper submission site opens: August 15, 2022 
• Deadline for paper submission: December 15, 2022 

Important Dates 
• Notification of acceptance: January 10, 2023 
• Early-bird and author registration ends: March 31, 2023

                   Suggested Topics 
1. Electromagnetic theory 

• Analytical and semi-analytical methods 
• Mathematical methods in electromagnetics 
• Scattering and diffraction 
• Inverse scattering and imaging 
• Propagation and materials in electromagnetics  
• Quantum techniques  
• AI/ML and optimization methods 

2. Computational methods 
• Integral equation methods 
• Partial differential equation methods 
• High-frequency and hybrid methods 
• Fast solvers and high-order methods 
• Time-domain techniques 
• Computational algorithms 
• Nonlinear electromagnetics  

3. Materials and wave-material interaction 
• Metamaterials and metasurfaces 
• New materials for electromagnetics. 
• Plasmonics and nano-electromagnetics 
• Electromagnetic bandgaps and other periodic structures 

• Optical devices 
• EMC and EMI 
• Electromagnetics in biology and medicine 

4. Antennas and propagation 
• Antenna theory 
• Antenna measurements 
• Multi-band and wideband antennas 
• Antenna arrays and MIMO systems 
• Wireless communication systems 
• Guided waves and structures 
• Random media and rough surfaces 
• Millimeter wave/5G propagation 
• Millimeter-wave antennas 
• MIMO for 5G /6G communication 
• Vehicular, marine and automotive RF links 

5. Other topics 
• Wireless data and power transfer  
• Wireless sensors for IoT  
• History of electromagnetics 
• Education in electromagnetics 

www.emts2023.org 
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URSI Accounts 2021
Introduction by the URSI 

Secretary General 

The basis of the income for URSI lies in the 
contributions by the URSI Member Committees, 
contributing in line with their “unit of contribution” and 
in line with their impact in Council. In addition to these 
contributions, and in order to be able to face new challenges, 
explore new possibilities or covering increased costs, 
eff orts have been made to explore possible new resources 
from meetings through the establishment of yearly URSI 
Flagship meetings. These Flagship meetings constitute, 
in a three-year cycle, the URSI General Assembly and 
Scientifi c Symposium (GASS), the Atlantic Radio Science 
Conference (AT-RASC) and the Asia-Pacifi c Radio Science 
Conference (AP-RASC). Besides the indications that this 
will be of a fi nancial benefi t in the future, this has also 
fulfi lled one of the main objectives of URSI, namely serving 
our community. From a scientifi c point of view, these yearly 
Flagship have been a major success and encouraging from 
a fi nancial point of view. 

The COVID-19 pandemic has disrupted the normal 
way of operations for URSI, as has been the case for many 
amongst us on a personal level as well as on a professional 
level. This pandemic, from which we are now gradually 
recovering, has forced us, just as other organizations, to 
re-consider the concept used for our Flagship meetings. 
These scientifi c conferences, being one of the cornerstones 
of URSI activities in bringing researchers, young scientists, 
and experts together in a multidisciplinary way from all 
over the world to interact, discuss and plan future activities, 
had disappeared and were re-invented in a “corona-proof” 
concept. Now that the “in-person” meetings are possible 
again, we have been experiencing the eagerness of people 
and colleagues to come back to these conferences and again, 
share and discuss experiences. The COVID-19 pandemic has 
taught us how much we rely on human contact and personal 
interactions in our professional as well as private lives. 

The pandemic however changed the format in which 
we organize the conferences and how we off er access to 
participants from our community. The hybrid format, used by 
many conferences nowadays, by which both on-site as well 
as online participation is possible, is becoming a standard 
but organizers are still struggling in fi nding the right formula 
for ensuring the proper added value for online participants 
as social activities, poster sessions, interactive sessions, 
Q&A sessions... are more diffi  cult or even impossible 

to implement. Many of these features require dedicated 
software, extra audiovisual equipment, additional staff ... 
and consequently, rapidly increasing costs for organizing 
a conference. This will be a major challenge in trying to 
make our URSI Flagship meetings into profi table events.

All of the initiatives taken over the past few years, 
such as the Flagship meetings, the Radio Science Letters, the 
Young Scientists Programme, the individual membership… 
all contribute to the creation of an URSI community and 
serve our colleagues, scientists, young researchers... but 
consume part of the assets accumulated over many years. 
URSI has indeed accumulated substantial reserves in the 
past, allowing us to invest, but as the recent years and 
events illustrate, this should be handled with great care 
and cautiousness, to not compromise the long-term future 
of URSI.

As you may realize from the balance shown below, 
there seems to be an increase in the income and expenditure 
of URSI comparing to the previous years. However, 
this is only because of the fact that the secretariat now 
also actively supports organizers of URSI-supported 
conferences, besides the URSI Flagship meetings, with 
software and staff  for paper submission and registration. 
This implies that registration for those conferences pass 
through URSI accounts but are immediately transferred 
back to the organizers. This process relates to the new and 
updated way URSI supports conferences and meetings, 
which was decided upon at the 2017 GASS in Montreal 
but gradually implemented, with some delay due to the 
COVID-19 pandemic. It creates an additional workload 
on the URSI Secretariat but has again been proven to be a 
valuable service to our community.

Besides the need to carefully take care of the fi nancial 
aspect in running an organization such as URSI, it is also 
necessary to stress the tremendous amount of voluntary work 
done by all the URSI offi  cers, Commission representatives 
and individuals within the URSI community supporting 
URSI. This commitment of our scientifi c community to 
URSI is crucial in the success of URSI and cannot be 
underestimated. It remains to be said that only thanks to 
this commitment, URSI is still in a fi nancially healthy 
situation and able to perform its main objective: attracting 
researchers, with emphasis on young researchers helping 
them to successfully launch their careers, giving them the 
opportunity to present their work and facilitating their 
participation in a free exchange of scientifi c results in a 
worldwide community of radio scientists.

Prof. Peter Van Daele
Secretary General of URSI
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Balans URSI 2021 2020 2019 2018
ASSETS

Installations, Machines & Equipment 0,00 0,00 2.633,83
Dollars en andere

Fortis - USD rekening 3.000,94 118,98 137,46
Fortis - CAD rekening 0,00 0,00 0,00 64.622,60
Fortis - GBP 34.342,10 0,00 0,00
Fortis - JPY 0,00 0,00 0,00
Paypal USD 15.589,00 0,00 0,00

52.932,04 118,98 64.760,06
Euro’s

Banque Degroof 0,00 0,00 0,00 0,00
Fortis Zichtrekening 241.078,68 46.871,42
Fortis Spaarrekening 692,87 692,87 692,87 692,87
BNP Paribas 001-6726585-02 7,33 32.049,25
BNP PARIBAS 001-8740096-84 0,27 0,57 0,57 0,00
Paypal 1.581,52 691,32 691,32 0,00

243.360,67 79.613,54
Investments

Demeter Sicav Shares/DPAM BL 
EMU

0,00 0,00 0,00 22.681,79

Rorento units/ Robeco GLBL Total 
Return

0,00 0,00 0,00 111.995,67

Aqua Sicav/ DPAM MML MON 0,00 0,00 0,00 63.785,56
Eff ectenportefeuille BNP Paribas 381.000,00

579.463,02
652 Rorento units on behalf of Van 
Der Pol Fund

0,00 11.833,55

591.296,57
Petty Cash 182,96 208,39 208,39 126,49
Total Assets 738.430,49

Less Creditors
IUCAF 42.024,86 34.750,50
ISES 5.053,53 5.053,53
RFI 5.588,11 0,00 0,00 0,00

-52.666,50 -39.804,03
Van der pol medal fund 0,00 -11.833,55
Basu medal fund 0,00 -4.216,35
Paid Remuneration 9.293,94 6.752,90

NET TOTAL OF URSI ASSETS 689.329,46
The net URSI Assets are represented by:

Closure of Secretariat
Provision for closure of secretariat 135.000,00 115.000,00

135.000,00 115.000,00
Scientifi c Activities Fund

Provision for Scientifi c activities 60.000,00 60.000,00
Provision for Routine Meetings 15.000,00 20.000,00
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Provision for publications 40.000,00 40.000,00
Provision for administration 105.000,00 105.000,00
Provision for I.C.S.U / ISC dues 6.000,00 6.000,00

226.000,00 231.000,00
Flagship Meetings

Provision for GASS 120.000,00 120.000,00
Provision for AT-RASC 120.000,00 30.000,00
Provision for AP-RASC 30.000,00 30.000,00

Total allocated URSI assets 631.000,00 526.000,00
Unallocated Reserve Fund 716.274,59 163.329,46

689.329,46

Statement of Income and expendatiture for the year 
ended 31 December

INCOME

Contr. nat. members (year -1) 8.614,00 35.918,00
Contr. nat. members (year) 184.945,22 177.890,30
Contr. nat. members (year +1) 21.900,00 8.510,00
Income general assembly 2014 0,00 0,00 0,00 0,00
Income GASS 104.110,78 0,00 168.100,25
Income AT - RASC 0,00 0,00 0,00 254.405,98
Income AP - RASC 0,00 0,00 0,00 0,00
Support Conf. Org. - general 0,00 0,00 0,00
Support Conf. Org. - ECIO 0,00 0,00 0,00
Support Conf. Org. - BSS 0,00 0,00 0,00
Support Conf. Org. - ECOC 234.250,20 0,00 0,00
Support Conf. Org. - Benelux Fo-
rum

0,00 0,00 0,00

Support Conf. Org. - RFI 0,00 0,00 0,00 0,00
Publications 4.656,55 0,00 0,00
Bank interests 0,00 0,00 0,00 0,00
Other Income 8.053,74 7.432,40

Total Income 566.530,49 652.256,93

EXPENDITURE
A1) Scientifi c Activities 267.596,20 391.797,22

General Assembly 48.102,50 16.789,02
Mid Term Meetings 2015
AT RASC 7.718,29 339.052,60
AP RASC 7.718,29 28.806,01
Support Conference organistation 200.806,54 0,00
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Schientifi c meetings: symposia/col-
loqiua

3.250,58 5.239,93

Represantation at scientifi c meetings 0,00 0,00 1.909,66
Other

A2) Routine Meetings 0,00 285,20
Brueau/Executive committee 0,00 285,20
Other

A3) Publications 52.900,96 34.105,06
B) Other Activities 6.055,00 5.821,00

Contribution to I.C.S.U / I.S.C. 4.055,00 3.821,00
Contribution to other I.C.S.U. 
/I.S.C. bodies

2.000,00 2.000,00

C) Administrative Expenses 177.264,53 128.537,62
Salaries, Related Charges 138.473,68 99.535,91
General offi  ce expenses/administra-
tion

2.286,68 1.693,71

Travel and representation expenses 390,00 5.918,34
Insurances/Communications/Gifts 10.828,54 8.013,33
Offi  ce Equipment
Audit / Accountancy fees 7.624,01 6.170,42
Tax / Legal advice 1.357,85 0,00 0,00
Bank charges 4.868,12 5.888,99
Depreciation 0,00 1.316,92
Loss on Investments (realised/unre-
alised)

11.435,65 0,00 0,00 0,00

Total Expenditure 503.816,69 560.546,10

Excess of Expenditure over Income 62.713,80 -198,53 91.710,83
Currency diff erences -292,63 -7.185,67
Positive Currency diff erences 8.266,49 0,00 8,83 4.392,33
Currency translation diff . (USD=>EURO) - 
Others
Accumulated Ballance at 1 Januari 600.411,97

689.329,46

ADDITIONAL INFORMATION

Rates of exchange
January 1

USD - 0,8243 EUR
CAD - 0,6849 EUR
GBP - 1,1128 EUR
JPY - 0,0079 EUR

December 31
USD - 0,8830 EUR
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CAD - 0,6849 EUR
GBP - 1,1911 EUR
JPY - 0,0077 EUR

Balthasar Van der Pol Fund
652 Robeco Global (formerly Rorento 
Shares):
Market value on December 31 0,00 37.457,40
(Aquisition Value: USD 14.175,00/EUR 
11.833,55)
Book Value on December 31 0,00 11.833,55

Market Value of investments on December 31
DPAM EMU (formerly Demeter Sicav 
Shares)

0,00 0,00 0,00 94.832,10

Robeco Global (formerly Rorento Units)(1) 0,00 0,00 0,00 720.720,00
DPAM MML MON (formerly Aqua-Sicav) 0,00 0,00 0,00 89.156,20
Bonds 0,00 381.000,00

0,00

Book Value on December 31 591.296,57
(1) Including the 652 Rorento Shares of v d Pol 
Fund
APPENDIX
Detail of Income and Expenditure

I. INCOME
Other Income

Other Income - Bonds 8.053,74 7.432,40
8.053,74 7.432,40

II. EXPENDITURE
General Assembly

GASS Organisation 12.991,20 15.025,34
Van der pol Medal 432,25 0,00 0,00 0,00
GASS - Basu Award 417,14 0,00 0,00 0,00
GASS - President’s Award 208,12 0,00 0,00 0,00
GASS - Young Scientists 0,00 0,00 0,00 0,00
GASS - Offi  cials 15.854,98 0,00 0,00 0,00
Support Commissions 18.198,81 236,00 0,00 1.763,68

48.102,50 16.789,02
AT RASC

AT RASC  Organisation 7.718,29 228.957,77
AT RASC Young Scientists 0,00 0,00 0,00 25.930,98
AT RASC Offi  cials 0,00 0,00 0,00 41.744,55
Support Commissions 0,00 0,00 0,00 42.419,30

7.718,29 339.052,60
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AP RASC
AP RASC Organisation 7.718,29 28.806,01
AP RASC Young Scientists 0,00 0,00 0,00 0,00
AP RASC Offi  cials 0,00 0,00 0,00
Support Commissions 0,00 0,00 0,00

7.718,29 28.806,01
Support Conference Organisation

Support Conference Organisation 750,00 0,00 0,00 0,00
Support Conf. Org. - ECOC 200.056,54 0,00
Support Conf. Org. - Benelux Fo-
rum

0,00 416,44 0,00

200.806,54 0,00
Routine Meetings

Routine meetings: board meeting 0,00 285,20
0,00 285,20

Symposia/Colloquia/Working Groups
Meeting support Commission B 0,00 0,00 0,00
Meeting support commission F 0,00 0,00 0,00 0,00
Meeting support commission G 0,00 0,00
Meeting support commission H 0,00 0,00 1.700,00
Meeting Support Commission J 0,00 0,00 0,00
Meeting supp centr fund (Student 
award MC)

3.250,58 3.539,93

3.250,58 5.239,93
Contribution to other ICSU bodies

Contribution to other I.C.S.U. 
/I.S.C. bodies

2.000,00 2.000,00

2.000,00 2.000,00
Publications

Publications / Website 52.900,96 34.105,06
52.900,96 34.105,06
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URSI Conference Calendar

July 2022

COSPAR 2022
44th Scientifi c Assembly of the Committee on Space 
Research (COSPAR) and Associated Events
Athens, Greece, 16-24 July 2022
Contact : GREECE COSPAR 2022 Secretariat, Fax: +30 
2103643511, E-mail: info@cosparathens2022.org , https://
www.cospar-assembly.org/assembly.php  

September 2022

EMC Europe 2022
Gothenburg, Sweden, 5-8 September 2022
Contact : EMC Europe 2022 Secretariat: info@
emceurope2022.org, Conference Chair: Prof. Jan 
Carlsson jan.carlsson@emceurope2022.org, https://www.
emceurope2022.org/ 

ICEAA - IEEE APWC
Cape Town, South Africa, 5-9 Sept 2022
Contact : E-mail: iceaa22@iceaa.polito.it; https://www.
iceaa-off shore.org/

December  2022

URSI - RCRS 2022
IIT, Indore, India 01 - 04 December, 2022
2022 URSI Regional Conference on Radio Science
Contact: Dr Abhirup Datta, Convener, URSI-RCRS 2022, 
E-mail: abhirup.datta@iiti.ac.in, https://sites.google.com/
iiti.ac.in/rcrs2022

August 2023

URSI GASS 2023
XXXVth URSI General Assembly and Scientific 
Symposium 2023
Sapporo, Hokkaido, Japan, 19 - 26 August 2023
Contact: URSI Secretariat, c/o INTEC, Tech Lane Ghent 
Science Park - Campus A, Technologiepark-Zwijnaarde 
126, B-9052 Gent, Belgium, E-mail info@ursi.org   

August 2025

AP-RASC 2025
Asia-Pacifi c Radio Science Conference 2025
Sydney, Australia, August 2025
Contact: Prof. Paul Smith, Macquarie University, Australia, 
E- mail paul.smith@mq.edu.au  

A detailed list of meetings is available on the URSI website 
at http://www.ursi.org/events.php
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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 
scientifi c 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. Scientifi c 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 
suffi  ciently 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 identifi ed to the Editor at the time of submission). 
Submission of a manuscript constitutes an implicit statement 
by the author(s) that it has not been submitted, accepted for 
publication, published, or copyrighted elsewhere, unless 
stated diff erently 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 scientifi c 
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 are no set limits on the length of papers, but they 
typically range from three to 15 published pages including 
fi gures. The offi  cial languages of URSI are French and 
English: contributions in either language are acceptable. 
No specifi c style for the manuscript is required as the fi nal 
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, affi  liation, address, telephone and fax numbers, 
and e-mail address for all authors must be included with 

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 fi gures must be of suffi  cient size to be at least 9 
pt in size after reduction to column width. Each illustration 
should be identifi ed on the back or at the bottom of the sheet 
with the fi gure number and name of author(s). If possible, 
the fi gures should also be provided in electronic format. TIF 
is preferred, although other formats are possible as well: 
please contact the Editor. Electronic versions of fi gures 
must be of suffi  cient resolution to permit good quality in 
print. As a rough guideline, when sized to column width, 
line art should have a minimum resolution of 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

A version of Microsoft Word is the preferred format 
for submissions. Submissions in versions of TEX can be 
accepted in some circumstances: please contact the Editor 
before submitting. A paper copy of all electronic submissions 
must be mailed to the Editor, including originals of all fi gures. 
Please do not include fi gures in the same fi le as the text of 
a contribution. Electronic fi les can be send to the Editor 
in three ways: (1) By sending a fl oppy 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 certifi cation that publication will not 
violate any other copyrights or other rights associated with 
the submitted material.
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Become An Individual Member of
URSI

The URSI Board of Offi  cers is pleased to announce the establishment of categories of individual 
membership of URSI. The purpose of individual membership of URSI is to secure professional recognition 
of individual radioscientists and to establish their better connection with the URSI Board of Offi  cers, 
Scientifi c Commissions, and URSI Member Committees. Three categories of individual membership 
(URSI Corresponding Member, URSI Senior Member and URSI Fellow) have been established.

URSI Corresponding Membership is the fi rst step into the URSI community and provides:
• Access to the proceedings of URSI Flagship Conferences via the Web site
• Notifi cations of new editions of URSI publications.

In addition, URSI Senior Members and URSI Fellows benefi t from the following:

• Reduced registration fees at URSI Flagship Meetings.
• Reduced registration fees at some meetings organized by partnering organizations such as (but 

not limited to) IEEE AP-S and EuCAP.
•  A page charge reduction from 175 USD to 150 USD for papers published in the URSI journal, 

Radio Science Letters.
• An invitation to receive their individual membership certifi cate at an URSI Flagship meeting.

Fellowship is by invitation only; Senior Membership can be by invitation or application. Corresponding 
Membership is a streamlined, instant process. Details, and an online application for URSI Senior 
Membership, are available at http://www.ursi.org/membership.php#tab-sectionA1.


