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Editor’s Comments

W. Ross Stone

Special Issue on the URSI-JRSM
2019 Student Paper Competition

This issue contains the three top prize-winning papers
from the Student Paper Competition held as part of
the 2019 URSI Japan Radio Science Meeting (URSI-JRSM
2019). The conference was held atthe University of Electro-
Communications (UEC), Tokyo, Japan, on September 5-6,
2019. The guest editors for this section of this issue were
Satoshi Yagitani and Shinichiro Ohnuki, respectively the
General Chair and the Technical Program Chair for URSI-
JRSM 2019. Their efforts are greatly appreciated. They
have provided a separate introduction to the special issue.

Observations of plasma waves in the Earth’s
ionosphere have to be made in an environment that has
highradiation levels and a very wide range of temperatures.
This presents significant challenges to the electronics
used for such observations. The paper by Yuya Tokunaga,
Mitsunori Ozaki, Satoshi Yagitani, Hiroki Koji, Daisuke
Yonetoku, Takahiro Zushi, and Hirotsugu Kojima describes
the design and implementation of anew application-specific
integrated circuit (ASIC) waveformreceiver tailored to meet
these challenges. The paper describes how a conventional
receiver circuit was modified to harden it against the space
radiation levels and to provide compensation for the wide
temperature variations. The paper is interesting not only
for the quite useful design that was obtained, but also for
the insight into how that design was developed.

Wireless power-transfer systems are used to couple
power to and charge a variety of appliances and electronic
devices. The paper by Nur Syafiera Azreen Norodin and
Masashi Hotta considers a specific category of such systems,
based on the use of coupled spiral resonators on the power
source and the device receiving the power. Such resonator-
coupled wireless power transfer systems have significant
advantages, but quickly lose power-transfer efficiency if
there is an angular misalignment between the resonators.
The authors showed that adding an appropriate amount of

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

axial displacement to the receiving unit can compensate
for the losses due to such misalignments.

The paper by Takuya Miyashita, Hiroyo Ohya,
Fuminori Tsuchiya, Asuka Hirai, Mitsunori Ozaki, Kazuo
Shiokawa, Yoshizumi Miyoshi, Nozomu Nishitani, Mariko
Teramoto, Martin Connors, Simon G. Shepherd, Yoshiya
Kasahara, Atsushi Kumamoto, Masafumi Shoji, Iku
Shinohara, Hiroyuki Nakata, and Toshiaki Takano reports
the first observational evidence of ULF modulation of
VLF/LF radio-frequency waves propagating through the
D region of the ionosphere. Oscillations in intensities and
phases of the signals from three transmitters in the US
were observed at a location in Canada during a substorm
in June 2017. Correlation of the observations with results
from the SuperDARN HF radars suggested that energetic
electron precipitation over two of the US-Canada paths
was modulated by the ULF waves. The paper provides
an in-depth analysis of the results and explores possible
mechanisms for their cause.

Our Other Contributions

Inthe Book Review column, George Trichopoulos has
provided us with a review of a book on the life of Elizabeth
Alexander. She was a scientist and educator who lived
and worked in India, Singapore, Malaysia, New Zealand,
Australia, and Nigeria prior to and during the second World
War. The review was written by Niru Nahar, who also
provides her own personal observations on the social and
political background of the book.

Tayfun Akgul supplies us with some timely
perspectives on life in the pandemic in his Et Cetera column.

Randy Haupt and Amy Shockley take a look at the
roles ethics and reprioritization play in our lives in their
Ethically Speaking column. They raise some issues that
are certainly appropriate to think about in these times of
coronavirus.
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In Giuseppe Pelosi’s Historical Corner, Antonio
Savini provides a fascinating look at the historical
development of what is usually called the Seebeck Effect.
This is thermoelectricity, in which a temperature difference
across a circuit composed of two different metals (or other
materials) produces an electric current. As the author points
out, the effect was actually first observed by Alessandro
Volta. I think you’ll particularly enjoy the quotations from
the original literature in the article.

Ozgiir Ergiil’s Solution Box column has considered
the computational challenges of nano-optical structures
in several previous columns. In the column in this issue,
Gokhan Karaova, Tuna Atmaz, and Ozgiir Ergiil look at
nano-optical diodes. These are computationally designed
using a grid of nano-particles and keeping or removing
particles until the desired operating properties are obtained.
Doing this for a design that involved a highly nonlinear
structure such as adiode presented interesting computational
challenges.

Inhis Telecommunications Health and Safety column,
Jim Lin examines some strange reports that tried to link
the coronavirus to 5G telecommunications. He also looks
at some of the other possible health concerns related to
5G technology.

e Radio Science Bulletin No 372 (March 2020)

Hedy Lamarr is well known as an actress. What is
perhaps less well know is that she and a show-business
musician, George Antheil, invented and patented the concept
of frequency-hopping spread spectrum communications.
Karl-Arne Markstrom tells the story of this in Asta Pellinen
Wannberg’s Women in Radio Science column.

URSI XXXIVth GASS

The URSIXXXIVth General Assembly and Scientific
Symposium will be held August 28 - September 4, 2021, at
the Sapienza Faculty of Engineering, Sapienza University,
Rome, Italy. The deadline for paper submission is January
31, 2021. Further details can be found at www.URSI2021.
org.

I hope this finds you healthy and safe, and coping

well with the coronavirus pandemic. My best wishes that
you and your loved ones remain so.
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Introduction to the URSI-JRSM 2019
Student Paper Competition Special Issue

This special issue is a collection of papers by university
students who successfully applied for the Student
Paper Competition organized atthe 2019 URSI Japan Radio
Science Meeting (URSI-JRSM 2019). The conference was
held at the University of Electro-Communications (UEC),
Tokyo, Japan, on September 5-6, 2019 (http://www.ursi.
jp/jrsm2019/).

The URSI Japan Radio Science Meeting (URSI-
JRSM) is the URSI conference organized by the Japan
National Committee of URSI (JNC-URSI). The URSI-
JRSM provides aregional scientific forum forradio scientists
and engineers in Japan and the Asian region. The objective
of the meeting is to review current research trends, present
new discoveries, and make plans for future research and
special projects in all areas of radio science. A particular
emphasis is placed on enhancing the visibility of URSI in
the Asian countries and encouraging young scientists to
contribute to various URSI activities.

The first URSI-JRSM was successfully held in
Tokyo, Japan, in September 2014. A one-day program was
organized with keynote lectures and invited talks, including
the topics covered by URSI Commissions A through K.
The second URSI-JRSM was also held in Tokyo, Japan,
September 3 and 4, 2015.The conference was successful,

with 132 participants, and 74 papers (14 oral and 60 poster)
being presented. The Student Paper Competition (SPC)
was organized and the papers by the three SPC finalists,
awarded the first, second, and third prizes, were published
in the “Special Issue of the URSI-JRSM 2015 Student
Paper Competition” in the March 2016 issue of the Radio
Science Bulletin.

The 2019 URSI-Japan Radio Science Meeting (URSI-
JRSM 2019) is the third URSI-JRSM. It had a scientific
program consisting of keynote and invited lectures by
outstanding scientists, and oral and poster sessions for
contributed papers. This conference was sponsored by the
Institute of Electronics, Information and Communication
Engineers (IEICE), and technically supported by URSI. It
was held in cooperation with the Science Council of Japan,
Japan Geoscience Union, Society of Atmospheric Electricity
of Japan, the Astronomical Society of Japan, the Institute of
Electrical Engineers of Japan, the Laser Society of Japan, and
the Remote Sensing Society of Japan. The subject areas of
URSI-JRSM 2019 werebroad, covering URSI Commissions
A through K. Sessions consisted of a keynote lecture, ten
invited lectures from the ten URSI Commissions, as well
as 75 oral and 78 poster presentations. Part of the topics in
the oral sessions treated the history and perspective of radio
science research in Japan at this year’s opportunity of the

Figure 1. The URSI-JRSM 2019 SPC finalists (I-r) Prof. Satoshi Yagi-
tani, URSI-JRSM 2019 General Chair; Mr. Yuya Tokunaga, SPC First
Prize winner; Ms. Nur Syafiera Azreen Norodin, SPC Second Prize win-
ner; Mr. Takuya Miyashita, SPC Third Prize winner; Prof. Shinichiro
Ohnuki, URSI-JRSM 2019 Technical Program Committee Chair.

10
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centennial anniversary of URSI. Atotal 0f232 scientists and
engineers attended from three countries. A technical tour
was organized for participants to explore the University of
Electro-Communications (UEC) Communication Museum,
where they got a better understanding of the history and
development of radio science and technology through the
exhibition of historical equipment and documents related
to education and research at UEC.

The Student Paper Competition (SPC) was again
organized in URSI-JRSM 2019 for full-time university
students ina degree program, and was financially supported
by URSI. A total of seven students applied for the SPC
program. On the first day of the conference, September 5,
2019, the URSI-JRSM 2019 Technical Program Committee
selected three SPC finalists based on the applicants’ full-
length papers and poster presentations. All of the three SPC
finalists subsequently orally presented their papers at the SPC
special session held on the second day of the conference,
September 6,2019. After careful consideration, the URSI-
JRSM 2019 Technical Program Committee decided on the
following ranking:

» FirstPrize: Yuya Tokunaga, Kanazawa University, Japan

* Second Prize: Nur Syafiera Azreen Norodin, Yamaguchi
University, Japan

e Third Prize: Takuya Miyashita, Chiba University, Japan

These three winners received prizes (certificates and
prize money) at the SPC Award Ceremony held during the
URSI-JRSM 2019 Closing Ceremony on the second day
of the conference. All the three SPC finalists are shown
in Figure 1.

The following three papers by the SPC finalists appear
in this special issue of the Radio Science Bulletin:

e Radio Science Bulletin No 372 (March 2020)

1. “ASIC Waveform Receiver with Improved
Environmental Tolerance for Probing Space Plasma
Waves in Environments with High Radiation and Wide
Temperature Variation”

Yuya Tokunaga, Mitsunori Ozaki, Satoshi Yagitani,
Hiroki Koji, Daisuke Yonetoku, Takahiro Zushi, and
Hirotsugu Kojima

2. “Performance Improvement of Resonator-Coupled Type
Wireless Power Transfer System Using Dual-Spiral
Resonator with Angular Misalignments”

Nur Syafiera Azreen Norodin and Masashi Hotta

3. “ULF Modulation of Energetic Electron Precipitation
Observed by VLF/LF Radio Propagation”
Takuya Miyashita, Hiroyo Ohya, Fuminori Tsuchiya,
Asuka Hirai, Mitsunori Ozaki, Kazuo Shiokawa,
Yoshizumi Miyoshi, Nozomu Nishitani, Mariko
Teramoto, Martin Connors, Simon G. Shepherd, Yoshiya
Kasahara, Atsushi Kumamoto, Masafumi Shoji, Iku
Shinohara, Hiroyuki Nakata, and Toshiaki Takano
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Abstract

Plasma-wave observations are conducted under
conditions of high radiation and wide temperature variation.
The electrical characteristics of plasma-wave instruments
should therefore be insensitive to these environmental
factors. We have developed a new application-specific
integrated circuit (ASIC) waveform receiver with a rad-
hard [radiation-hardened] amplifier and a temperature-
compensation circuit. The environmental tolerance of
the conventional ASIC receiver is unsuitable for probing
plasma waves in the range 1 Hz to 10 kHz in harsh
space environments. Its weak radiation tolerance under
350 krad results in radiation-induced degradation in noise
performance, such that weak plasma waves are lost in the
noise floor. With an ambient temperature change of —40°
Cto +100° C, the gain response of the conventional ASIC
receiver varies by more than +£1.0 dB, preventing accurate
measurement of plasma waves around the cutoff frequency
of 10 kHz. Our new ASIC receiver operates at a total dose
rate of 350 krad without degradation in noise performance.
Moreover, the temperature dependence of the gain response
from —60° C to +100° C dramatically improved by +0.05
dB due to the addition of a compensation circuit. Our new
ASICreceiver can contribute to the measurement of plasma
waves in challenging environmental conditions to further
the understanding of magnetospheric dynamics.
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1. Introduction

The Earth’s radiation belts consist of relativistic
particles trapped by geomagnetic fields [1].
Bombardment by high-energy relativistic particles affects
the electrical systems within satellites (e.g., GPS) [2].
Plasma-wave observations are important for understanding
the relationship between plasma waves and radiation-belt
formation. Multipoint plasma-wave observations have been
conducted using multi-satellites (e.g., Cluster [3], THEMIS
[4],and MMS [5]). However, the spatial resolution of multi-
satellite observations is too low for plasma-wave probing
due to the insufficient number of satellites for the plasma
wavelength. Poor spatial resolution could be improved
by launching more satellites at lower cost. Application-
specific integrated circuit (ASIC) technology has been
applied to plasma-wave observations (e.g., dc [6] and ac
[7-9] magnetic-field observations), providing dramatic
reductions in mass, volume, and power.

This study deals with a plasma waveform receiver
[10-12] connected to electromagnetic sensors (e.g., search-
coil magnetometers [13] and wire-probe antennas [14]),
and high-sensitivity preamplifiers. Fukuhara et al. [11]
previously described an ASIC-based plasma waveform
receiver. However, the output dynamic range, radiation
tolerance, and temperature dependence of conventional
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Figure 1. The schematic block diagrams of the conventional (a) and new (b) ASIC receivers.

ASIC receivers are inadequate for plasma-wave
observations. Theserequire aflat gainresponse from 1 Hzto
10kHz with sharp cutoff characteristics and a wide dynamic
range of 2.6 Vpp (approximately 80% of the 3.3 V supply
voltage). The gainresponse of aconventional ASICreceiver
is not flat, having a large ripple of 2.0 dB generated by the
sharp cutoff of a sixth-order Chebyshev filter. The narrow
output dynamic range of a conventional ASIC receiver is
45% of'its 3.3 V supply voltage. The gain response of the
conventional ASICreceiver can be smoothed by redesigning
the transfer function, but without buffering to expand its
dynamic range, the amplifier cannot output waveforms of
amplitude greater than 45% of the 3.3 V supply voltage.
Hence, the conventional ASIC receiver cannot deliver
the required electrical performance. Furthermore, the
ASIC receiver must be able to operate within harsh space
environments to accurately capture plasma waves.

Ozaki et al. [9] developed an ASIC preamplifier for
plasma-wave observations that could tolerate the extreme
environments of space. Our target for environmental
tolerance is almost identical to that of Ozaki et al. [9],
to use the new ASIC receiver connected to a search-coil
magnetometer via the ASIC preamplifier for probing plasma
waves. We performed a radiation test for an experimental
ASIC receiver. The SS520-3 sounding rocket used the
experimental ASIC receiver. The SS520-3 sounding rocket
will launch to detect in situ wave-particle interactions
causing the ion outflow phenomena at the cusp. The
observation targets are electric fields in the VLF range below
10 kHz. In this study, the receiver was used to estimate the
radiation tolerance of a conventional ASIC receiver, which
is discussed in Section 4. The noise performance of the
experimental receiver was degraded following radiation
tests with 350 krad total dose rate. From the radiation
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test results, the radiation tolerance of the conventional
ASIC receiver was found to be inadequate. Testing the
conventional ASIC receiver across the temperature range
—40°C to +100°C, we confirmed it to have a large
temperature-dependent gain response of over +1.0 dB.

To improve the electrical performance and
environmental tolerance ofthe conventional ASIC receiver,
in this study we redesigned its transfer function and
replaced the conventional amplifier with a new operational
amplifier (OPA). We designed the new operational amplifier
to be approximately twice the size of the conventional
amplifier to improve its radiation tolerance, and we added
a temperature-compensation circuit [9] to minimize
temperature dependence.

Our new ASIC receiver achieved a flat gain response
with a ripple of 0.8 dB or less, and a wide dynamic range
of 2.7 Vpp: 82% of the 3.3 V supply voltage. The receiver
demonstrated aradiation tolerance of 350 krad or more, and
a gain response with an ultra-low temperature dependence
of 0.05 dB or less.

2. ASIC Receiver

The schematic circuit diagrams of the conventional
and new ASIC receivers are shown in Figure 1. In each
design, stage (i) is a differential low-pass filter (LPF) to
remove common-mode noise and to limit the bandwidth.
Stage (ii) is amain amplifier to adjust the system gain. Stage
(iii) is asixth-order Chebyshev low-pass switched-capacitor
filter (SCF) to prevent aliasing. The cutoff frequency of
the switched-capacitor filter can be controlled by its clock
frequency. In this study, we applied a | MHz clock signal
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Figure 2. The layouts of the conventional (a) and new (b) ASIC receivers.

of 3.3 Vpp to the switched-capacitor filter to tune the
cutoff frequency to 10 kHz. The final stage (iv) is a low-
pass filter to reduce ringing from the switched-capacitor
filter clock. Stages (i) and (iv) of the conventional ASIC
receiver are Gm-C low-pass filters, based on operational
transconductance amplifiers (OTAs). We replaced the
Gm-C filters with active low-pass filters based on the
new operational amplifier to improve the ASIC receiver’s
dynamic range. The existing operational transconductance
amplifier, without output buffering, had a narrow dynamic
range. Our new amplifier was two times larger than the
conventional amplifier to reduce its radiation absorbed
dose, which is discussed in Section 4.

As plasma waves propagate in three-dimensional
space, plasma-wave measurements demand a three-axis
electromagnetic sensor. The size of a three-channel ASIC
receiver is limited to a bare die size of 5 mm x 5 mm.
Figure 2 shows the layouts of the conventional and new
ASIC receivers. Both green areas of stages (i) in Figure 2
show the metal-insulator-metal capacitors. The capacitor
area of new stage (i) was smaller than the conventional are
because of changing the cutoff frequencies from 170 kHz to
300 kHz. The size of the new ASIC receiver was 0.57 mm
x 3.30 mm, which was close to that of the conventional
ASIC receiver and within the acceptable range. Power
consumption figures for the conventional and new ASIC
receivers were 20 mW and 25 mW, respectively. The 5 mW
increase was due to the addition of the new amplifiers and
a temperature-compensation circuit. The conventional
ASIC receiver had a temperature-compensation circuit
different from that of the new receiver. However, the
conventional switched-capacitor filter was supplied not
by the compensation circuit but by an external resistance,
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which was not sufficient for supplying reference currents
corresponding to ambient temperature.

3. Electrical Characteristics of
ASIC Receiver

The ASIC receiver required a flat gain response
between 1 Hz and 10 kHz, with a sharp cutoff at 10 kHz,
and a low pass-band ripple of 1.0 dB or less, to capture
plasma waves without aliasing. Figure 3 shows the gain
response of the conventional and new ASIC receivers. Both
simulations in Figure 3 were performed with a Tanner EDA
circuitsimulator [ 15]. Inthe gain simulations, we calculated
both gains using the harmonic ratio between output and input
waveforms when inputting a 100 Hz clock waveform. For
each receiver, the gain response of the switched-capacitor
filter clock was simulated using transient rather than ac
analysis. Both sets of results were plotted from 100 Hz
to 100 kHz to reduce the memory required for the circuit
simulations. The conventional ASIC receiver exhibited
significant pass-band ripple of2.0 dB. The measurements in
Figure 3adisplayed a 2.5 dB difference between calculated
and simulated values due to the output impedance of the
conventional amplifier [11]. The large ripple could cause
the conventional ASIC receiver’s output to saturate. The
new ASIC receiver displayed flat gain characteristics up to
the cutoff frequency of 10 kHz, with a low ripple of 0.8 dB,
as shown in Figure 3b.

Figure 4 shows the input-output characteristics of the
conventional and new ASIC receivers. The conventional
ASIC receiver had a narrow output dynamic range of
1.5 Vpp, which was 45% of the 3.3 V supply voltage.
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Figure 3. The measured (red solid lines), calculated
(black dashed lines), and simulated (blue solid lines)
gain-response results for the conventional (top) and
new (bottom) ASIC receivers.

To improve this, we designed the new ASIC receiver to
use operational amplifiers, increasing the dynamic range
by 80% to 2.7 Vpp. Figure 5 shows the measured output
waveforms for the conventional and new ASIC receivers
fora 1kHz0.25 Vpp sine-wave input. The narrow dynamic
range of the conventional ASIC receiver caused the output
to saturate, but the new ASIC receiver sufficiently amplified
the sine waves. The output voltage of the ideal operational
transconductance amplifier and operational amplifier are
given by [16]

2.0

el
n

—&— Conventional

== New

oy
o

o
tn

Output voltage (V)
& o
w (=]

-1.0

-0.15 -0.10 -0.05

Vinp _Vovl <VOTA <Vpower _V0v2 > ()

V0v3 < VOPA < Vpower _V0v4 > (2)

where Vi, is the positive input voltage of the operational
transconductance amplifier; Vi, Voo, Voyz» and Vgyu
are the CMOS overdrive voltages; Vora is the output
voltage; Viyoyer isthe ASICreceiver powersupply voltage;
and Vgpp is the operational amplifier output voltage. In
both ASIC receivers, Viny, Voyi» Vova» Vovz» Vova» and
Vpower are approximately 1.65 V, 0.1 V, 0.2V, 0.2 V,
0.4V, and 3.3 V, respectively. The input voltage, Vi, ,
was set at the common voltage of the conventional ASIC
receiver to consist of the fourth stage (iv) based on the
single-ended operational transconductance amplifier from
Figure 1a. The voltages Vora and Vgpp in Equations (1)
and (2) ranged from 1.55 V to 3.1 V and from 0.2 V to
2.9 V, respectively. An ideal output dynamic range for
the operational transconductance amplifier was 1.55 Vpp,
which was 4.82 dB lower than that of the operational
amplifier. Moreover, as shown in Figure 1a, the operational
transconductance amplifier needed a voltage follower due
to its high output impedance of 300 kQ, which could
otherwise couple to stray capacitance and pick up noise.
From Equation (2), the ideal output dynamic range of the
new ASIC receiver was 2.7 Vpp, which was the same as the
measurement shown in Figure 4. The low output impedance
of the operational amplifier was 10 kQ for driving the
large output buffer current of 320 pA. We measured total
harmonic distortion (THD) by inputting 5 kHz sine waves
of 0.12 Vpp and 0.09 Vpp into the ASIC receivers, under
which input conditions both receivers could output a
1.0 Vpp sine wave. Both ASIC receivers displayed total
harmonic distortion degradation at 5 kHz due to the presence
of ripple at 10 kHz, which was the second harmonic of a

0.00 0.05 0.10 0.15

Input voltage (V)

Figure 4. The input-output characteristics of the conventional (black line) and new

(red line) ASIC receivers.
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Figure 5. The output waveforms at 1 kHz for the con-
ventional (blackline) and new (red line) ASIC receivers.

distorted 5 kHz sine wave. The total harmonic distortion
of the conventional and new ASIC receivers was 20 dB
and 42 dB, respectively. The measured slew rates of the
conventional and new ASIC receivers were 0.01 V/usec
and 0.03 V/usec, respectively.

AsshowninFigure 1a, the conventional ASICreceiver
includes several capacitors between signal and ground
lines. We assumed charging and discharging of these to
be responsible for the slow slew rate. When outputting a
1.0 Vpp sine wave, both receivers put out waveforms below
3.18 kHz and 9.55 kHz without the slew-rate limitation.
The new ASIC receiver displayed reduced total harmonic
distortion at 5 kHz due to the suppression of ripple between
2.0 dB and 0.8 dB and an improved slew rate. Figure 6
shows the output noise of both receivers. We evaluated their
noise performance using output noise rather than equivalent
input noise due to the switched-capacitor filters being the
dominant noise source. Low output noise is preferable for
probing weak plasma waves. The new receiver offered
improved output-noise performance between 1 Hz and

Im
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Frequency (Hz)

Figure 6. The output noise of the conventional (black line)
and new (red line) ASIC receivers.

10 kHz. In particular, its output noise at | Hz was 10 dB
lower than that of the conventional ASIC receiver. The
voltage noise spectral density of CMOS is described as
per [17]

e = |—rt L 8 L 3)
2C,WLE T 3 g,

where K; is the flicker noise coefficient, C,, is the gate
capacitance per unit area, W and L are the gate width and
length, f is the frequency, k is the Boltzmann constant,
T is the absolute temperature, and ¢, is the CMOS
transconductance. The firstand second terms in Equation (3)
dominate in the frequency range of flicker noise from 1 Hz
to 1 kHz and thermal noise over 1 kHz, respectively. Flicker
noise is reduced by increasing the gate dimensions, WL
WL . the resulting amplifier design had a larger surface
area and lower output noise than the original.

Figure 7. The radiation test setups for the conventional and new ASIC receivers.
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4. Radiation Tolerance

In space environments, plasma-wave instruments
are exposed to high-energy particles of several hundred
MeV [18]. The effects of radiation on the ASIC receiver
degrade its noise characteristics. To design a rad-hard
amplifier for the new ASIC receiver, we evaluated the
relationship between amplifier surface area and radiation
absorbed dose using a particle and heavy ion transport code
system (PHITS) radiation simulator [ 19]. Radiation affects
amplifiers by entering their gate oxide films (SiO,) [20].
In the radiation simulation models, we used SiO, plates to
model the two amplifier designs. Both simulation models
had the same surface area as the CMOS area of the two
amplifiers. The first model was 0.5 mm x 0.5 mm, and
the second was 0.7 mm x 0.7 mm. The thickness of both
models was assumed to be 10 nm. A pencil beam was used
as a gamma radiation source.

From the simulation results, the total dose rate for the
model with 0.7 mm x 0.7 mm surface area was approximately
0.5 times lower than that ofthe model with 0.5 mm x 0.5 mm
surface area. The surface area ratio of 0.5 mm x 0.5 mm
to 0.7 mm x 0.7 mm is approximately 0.5, which was the
same ratio as the total dose rate between both simulation
models. The total dose rate depends on the surface area of
the SiO, plate: Increasing the SiO, surface area decreases
the amplifier’s total dose rate. The amplifier in the new
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ASIC receiver was designed to be approximately twice as
large as that of the conventional ASIC receiver to provide
improved radiation tolerance.

To evaluate the conventional receiver’s radiation
tolerance, the experimental ASIC receiver was exposed to
gamma ray from cobalt-60 at the Radioisotope Research
Center, Tokyo Institute of Technology. Figure 7 shows
the radiation test setup for the new ASIC receiver and the
experimental receiver. The switched-capacitor filter of
the experimental ASIC receiver was similar to that of the
conventional ASIC receiver. The noise of the switched-
capacitor filter was dominant in both ASIC receivers.

Figure 8 shows the pre- and post-radiation output
noise levels for the experimental receiver and new ASIC
receivers. Both ASIC receivers were exposed to total
dose rates of up to 350 krad. As shown in Figure 8a, the
experimental receiver’s output noise was degraded between
2.5 Hz and 1 kHz following the radiation tests. Output
noise degradation was 4.0 dB at 2.5 Hz. The radiation
test results can be described by the CMOS voltage noise
density Equation (3). The degradation in output noise
below 1 kHz in the conventional ASIC receiver was
possibly due to the gate capacitance per unit area, Cy,
in Equation (3) having decreased by 0.4 times its pre-rad
value as a result of charged particles from the gamma ray
becoming trapped in the gate-oxide films. Conversely, we
theorized that the output noise of the new ASIC receiver
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Figure 9. The simulated (a, ¢) and measured (b, d) temperature-dependence results for the conventional

(top) and new (bottom) ASIC receivers.

was unchanged by the radiation tests due to the increased
recombination rate of the larger amplifier. Gamma rays
cause the transconductance, g, , in Equation (3) of both
ASIC receivers to decrease, generating interface states. A
decreasein g, leadstodegraded outputnoise performance.
However, in both receivers, output noise over 1 kHz was
not affected by gamma rays. We selected a process (TSMC
0.25 um CMOS) with a thinner gate-oxide film for both
ASIC receivers to prevent generation of interface states.
As shown in Figure 8, the conventional ASIC receiver was
unable to tolerate radiation of 350 krad and over, while
the new ASIC receiver showed no degradation of output
noise performance following the radiation test. The new
amplifier design with a CMOS surface area twice as large
as that of the conventional amplifier effectively decreased
the radiation absorbed dose and improved the radiation
tolerance of the conventional ASIC receiver.

5. Stability in Thermal Variation

The gain response of the ASIC receiver was affected
by ambient temperature variation, making measured plasma-
wave amplitudes ambiguous. A constant gain with no
temperature dependence was hence required. To evaluate the
temperature dependence of both ASIC receivers, a Tanner
EDA circuit simulator [15] was used. Figure 9 shows the
temperature dependencerelativetoa +25° Creference point
for the gain responses of both ASIC receivers. It should be
noted that the range of the vertical axis for both receivers is
different in Figure 9. The fluctuation for the new receiver
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was much smaller. As shown in the simulation results in
Figure 9a, the conventional ASIC’s temperature dependence
was high due to the 2.0 dB pass-band ripple and the CMOS
threshold voltage variation based on ambient temperature.

As shown in Figure 3, redesigning the switched-
capacitor filter transfer function reduced the ripple from
2.0 dB to 0.8 dB. When the pass-band ripple in Figure 3
was shifted by a change in ambient temperature, the
temperature dependence of the conventional ASIC receiver
was greater than that of the new ASIC receiver. Reference
currents should correspond to a threshold voltage variation
of approximately £10% from +25°C to —60°C and to
+100° C. Abiasresistance of 32 kQ provided thereference
currents of the conventional ASIC receiver.

We performed temperature simulations from —60° C
to +100° Cto evaluate the temperature-induced variation in
the reference currents supplied by the bias-resistance and
temperature-compensation circuit. From those simulations,
the calculated rate of variation of the reference current
from standard temperature at +25° C was approximately
+6% across the temperature range. We designed a
temperature-compensation circuit without external bias
resistance to supply reference currents depending on
ambient temperatures [9]. The rate of variation of the
reference current from the temperature-compensation circuit
increased by approximately £30% across the temperature
range. Reference-current variation of +30% across the
range —60°C to +100°C corresponded with a 10%
variation in threshold voltage due to ambient temperature.

e Radio Science Bulletin No 372 (March 2020)



(a) Genventional

Conven\tional

Thermostatic chamber
(ETAC FL420N)

Figure 10a. The temperature test setup for the
conventional ASIC receiver.

Comparing the simulation results in Figures 9a and 9c, the
temperature dependence of the new ASIC receiver with the
temperature-compensation circuit improved significantly
from +15.0 dB to £3.0 dB.

Figure 10 shows the temperature test setup for the
conventional and new ASIC receivers. The temperature
tests for the conventional and new ASIC receivers were
conducted in ETAC FL420N (Kusumoto Chemicals, Ltd.)
thermostatic chambers at Kanazawa University and MC-
712 (ESPEC Corp.) at the National Institute of Technology,
Ishikawa College, respectively. As per the temperature test
results in Figures 9b and 9d, the temperature dependence
of the new ASIC receiver drastically decreased to +0.05
dB compared to the conventional ASIC receiver due to
suppression of the pass-band ripple and compensation
for temperature-induced variation in CMOS threshold
voltage. These temperature test results indicated that the
compensation circuit effectively reduced temperature
dependence, minimizing the impact of wide temperature
variations in space environments on the gain response of
the new ASIC receiver.

6. Conclusion

We developed arad-hard amplifier and atemperature-
compensation circuit to improve the environmental
tolerance of a conventional ASIC receiver. By replacing
Gm-C filters with active low-pass filters, the new ASIC
receiver’s dynamic range expanded significantly from
1.5 Vpp to 2.7 Vpp, which was over 80% of the 3.3 V
supply voltage. Because of this wide dynamic range and
flat gain response from 1 Hz to 10 kHz with low pass-band
ripple, thenew ASIC receiver probes plasma waves without
saturation. Based on the environmental test results, our
new ASIC receiver demonstrated radiation tolerance of
350 krad or more and ultra-low temperature dependence
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Thermostatic chamber
(MC-712)

Figure 10b. The temperature test setup for the new
ASIC receiver.

of £0.05 dB variation in gain response in the range —60°
Cto +100°C.

The vibration and vacuum tests assuming the SS520-
3 sounding rocket experiment were conducted to evaluate
the robustness of the experimental ASIC receiver. The
difference between the experimental receiver and the new
ASIC receiver was the amplifiers comprising the switched-
capacitor filter. During both the tests, the experimental
receiver operated efficiently without any breakdowns.
We consider the new ASIC receiver and the experimental
receiver to be equally robust. Plasma waves have nonlinear
temporal characteristics that are the key to understanding
magnetospheric dynamics. Plasma-wave amplitude and
phase information detected by the Arase (ERG) satellite
[21, 22] contributed to the observation of the relationship
between chorus waves and the auroral phenomena [23,
24]. The waveform receiver connected to the search-coil
magnetometer of the Arase satellite covered the frequency
range from 1 Hz to 20 kHz [22]. The new ASIC receiver
operates over the same frequency range as the waveform
receiver by inputting a2 MHz clock. With its wide dynamic
range and high environmental tolerance, our new ASIC
receiver is therefore eminently suitable for obtaining
accurate plasma-wave observations in high radiation
environments and across wide temperature variations. The
new ASIC receiver will contribute toward understanding the
formation of radiation belts in harsh space environments.
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Abstract

The power transmission efficiency of a resonator-
coupled wireless power transfer (RC-WPT) system with
some angular misalignments is examined in this paper.
In addition to conventional single-spiral resonators, the
dual-spiral resonators which we have proposed are used
in the RC-WPT system. It was confirmed that the power
transmission efficiency of the RC-WPT system decreased
with the increment of angular misalignments. However, it
was shown that the decayed power transmission efficiency
due to the angular misalignments could be recovered
by adding the appropriate axial displacements between
transmitting (Tx) and receiving (Rx) units.

Figure 1a. A conventional single-spiral resonator
with 10.0 mm-pitch winding.
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1. Introduction

Wireless power transfer (WPT) systems have become
widely employed due to their free access to the

power supply. The most popular wireless power transfer
system at this time is the electromagnetic-induction type,
such as the Qi system used to charge mobile phones.
However, that system requires careful positioning and is
restricted to short-distance power transmission use. On
the contrary, the resonator-coupled type of wireless power
transfer (RC-WPT) system [1] has tremendous potential
for the layout-free electric power supply for some electric
appliances and/or [oT systems in the near future, due to its
superiority of efficient power transmission for the middle-
range distances [2-4].

Conventional Single-Spiral

Edgewise

S LT

Figure 1b. A dual-spiral resonator with 5.0 mm-pitch
winding.
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Figure 2. The schematic of the setup of the RC-WPT system.

In order to obtain good performance of an RC-WPT
system, two types of spiral resonators have been used
throughout this research, making a comparison between
them. Up to now, the conventional single-spiral resonators,
as shown in Figure 1a, were used for our RC-WPT system.
Inaddition, torealize a widely applicable RC-WPT system,
we have proposed the dual-spiral resonators presented in
Figure 1b. These can avoid the influence of lossy objects
that exist throughout the power transmission path [1, 5].

However, even if the RC-WPT system is used,
the decay of transmission power caused by angular
misalignments between transmitting (Tx) and receiving
(Rx) units is inevitable. In this paper, the decay of the
power transmission efficiency for the RC-WPT system
with angular misalignments was investigated in detail. A
way was found to recover that performance degradation
by choosing appropriate positioning of the receiving units.

2. Configuration Setup
of RC-WPT System

The schematic setup of our RC-WPT system is shown
inFigure 1. Eachtransmitting and receiving unit consisted of
aspiral resonator and a loop coil [6]. The loop coils worked
as the power suppliers and receivers of this system, while
the spiral resonators electromagnetically coupled between
the transmitting and receiving units [3,4]. Here, the distance
between the spiral resonator and the loop coil was set as a
[cm], and the distance between the spiral resonators was
d [em], which are also shown in Figure 2.

The loop coil was fabricated on Styrofoam boards
using 1.0 mm diameter Cu wire with a loop diameter of
17.5 cm. The ends of the loop coils in the transmitting and
receiving units were connected to ports 1 and 2 of vector
network analyzer (VNA), respectively. For the initial
position, the spiral resonators were facing each other with
opposite winding directions, and their center axes coincided

e Radio Science Bulletin No 372 (March 2020)

including the loop coils when the whole system was observed
from the transmitting to the receiving unit [6, 7].

For the resonators in this paper, we used two types of
spiral resonators: single-spiral and dual-spiral resonators.
The single-spiral resonator was fabricated on Styrofoam
boards with a thickness of 1.0 cm, with the 1.0 cm winding
pitched spiral-shaped Cu wire, the diameter of which was
1.0 mm, as presented in Figure la. The whole diameter
of the conventional single-spiral resonator, D;, was
37.6 cm. For these conditions, the resonator frequency
of that single-spiral resonator was just 10.0 MHz. This
single-spiral resonator was a kind of spiral coil, so that
it formed a strong magnetic field. This structure was of a
planar type, so it would be a compact system towards the
transmission direction.

Concerned with the resonator, we used dual-spiral
resonators that were a combination of the conventional
single-spiral and the edgewise-spiral resonators, as shown
in Figure 1b. The dual-spiral resonators were fabricated
by using polyethylene (PE) substrates with a thickness of
2.0mmonwhicha5.0 mm-pitched spiral-shape groove was
drawn, and the 1.0 mm diameter Cu wire was embedded
along there. The reason why the dual-spiral resonators
were investigated was because it has been clarified that
by using dual-spiral resonators, the power transmission
efficiency of the RC-WPT system was made insensitive
to lossy objects existing on the power transmission path,
compared to an RC-WPT system with the conventional
single-spiral resonators [1].

The dual-spiral resonators had two resonant points,
since they were a combination of two different types of
resonators, as mentioned above [5]. As can be seen in
Figure 3, we call the resonant mode at the lower frequency
Mode 1, and the other resonant mode Mode 2, respectively.
In this study, we set the resonant frequency of Mode 1 as
10.0 MHz. For these conditions, the structural parameters
of the dual-spiral resonator shown in Figure 2b were
D, =24.1cm, Dy =38.6cm, and X =5.0 cm. Here, the
resonant frequency of Mode 2 was 12.9 MHz.
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Mode 1
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3. Measurement of Power
Transmission Efficiency for
RC-WPT System

3.1 Unloaded Q of Dual-Spiral
Resonator

At first, to investigate the properties of the single-
spiral and dual-spiral resonators, the unloaded Q values,
Q> which are proportional to the inverse of the losses
dissipated in the resonator for Mode 1 and Mode 2 of the
dual-spiral resonator as a function of the distance between
the loop coil and resonator, a, are presented in Figure 4.

In each resonator, as the distance a is short, the
value of unloaded Q becomes small. Here, the unloaded
Q indicates the inverse of the loss for the resonator itself,
which was isolated from the rest of the circuit. When the
distance between the spiral resonator and the loop coil is
too close, it might be affected by the interference effects
from the loop coil.

Figure 3. Two resonance points
of the dual-spiral resonator.

Mode 2
12.9MHz

From these results, the Q, of the single-spiral
resonator increased as the distance a became larger. It
converged to the maximum value of 810 when the distance
awas longer than 15.0 cm. The Q, for Mode 1 increased as
the distance a became larger. It converged to the maximum
value of around 700 when the distance a was larger than
15.0 cm. To the contrary, the Q, for Mode 2 showed almost
the same characteristics when the distance a was shorter
than 9.0 cm. However, it decreased when the distance a
was larger than 9.0 cm, and could not be measured after
the distance a was larger than 12.0 cm. The reason why this
phenomenon for Mode 2 occurred has not yet been resolved.
It could be made clear with the detailed inspection of the
modal analysis for Mode 2.

3.2 Power Transmission Efficiency
of RC-WPT System Without
Some Misalignments

To evaluate the transmission efficiency of the RC-
WPT system, we first found the sets of distances a and d

Figure 4. The measured

unloaded Q.
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Figure 5. The results for the transmission efficiency of the

fabricated RC-WPT system.

that satisfied the matching condition [7]. By choosing the
set ofa and d under the matching condition, after some fine
adjustment of the distance d was carried out, the maximum
power transmission efficiency could be measured. The
measured results are shown in Figure 5.

From the experimental results, acomparison between
the characteristics of the transmission efficiencies indicated
that the transmission efficiency of the wireless power transfer
systemusing Mode 1 of the dual-spiral resonator was larger
than that ofthe system using the single-spiral and Mode 2 of
the dual-spiral resonators. In addition, the RC-WPT system
with the dual-spiral resonators had a wider transmittable
range of d than that of the single-spiral resonator.

The system matching conditions for the RC-WPT
system with the dual-spiral and the single-spiral resonators
were different. Furthermore, the dual-spiral and the single-
spiral resonators were kinds of coil type resonators, and
the dual-spiral resonator more tightly confined the electric
field to itself compared with the single-spiral resonator, as

mentioned in Section 2. The near field of the dual-spiral
resonator where the magnetic field dominantly performed
would thus differ from that of the single-spiral resonator.
At this time, the authors assume that these differences are
the reasons why the transmission efficiency ofthe RC-WPT
system with the dual-spiral resonators presented better
performance than the system with single-spiral resonators.

3.3 Power Transmission Efficiency
of RC-WPT System with Some
Misalignments

To examine these circumstances, the structure
of the RC-WPT system with angular misalignment
was constructed, as shown in Figure 6a. The angular
misalignment, & [°], was defined by the angle between the
loop coil’s surface in the transmitting unit and the spiral
resonator’s surface in the receiving unit [6]. The receiving
unit was rotated by € on the transversely center axis of
the spiral resonator in the receiving unit. In addition, when

[ Resonators

_Single- or Dual-Spiral Shape

PR Mt = L S ' i
['I'x Loop Coil, ! / . /f_
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Figure 6a. A top view of the RC-WPT system with angular misalignments

but no axial displacement, ¢ =0 cm.
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and axial displacements.

the spiral coils were observed from transmitting unit to
receiving unit, the winding direction of the spiral resonator
in the transmitting and receiving units was opposite to each
other. The axial displacement between the transmitting
and receiving units was set to be ¢ [cm]. At first, Figure 6a
shows the case for ¢ =0 cm.

As can be seen in Figure 6b, as the decay of power
transmission efficiency due to the angular misalignments
was investigated, to measure the characteristics of
transmission efficiency against angular misalignments in
the range of 0°< 8 <60°, the receiving unit was moved
towards the reference line by the distance C.

Based on the system matching conditions described
in [3], to get the maximum power transmission efficiency
ofthe RC-WPT system the appropriate power transmission
distance d should be chosen for the distance between the
loop coil and spiral resonator a.

Figure 7 shows the power transmission efficiency of
the RC-WPT system as a function of angular misalignments

with the hollowed blue squares, o, for Mode 1 and the
hollowed green circles, o, forMode 2, when a = 7.0 cm and
d = 61.5 cm. However, the hollowed red triangles, A, for
the single-spiral resonators presented the power transmission
efficiency as a function of angular misalignments when
a=7.0cm and d =58.0 cm. The difference of d against
the same a is due to the difference of matching conditions
of each system since the type of resonators used were not
the same. In this paper, we have presented the results of
power transmission efficiency of RC-WPT system when
a =7 cmonly. The results for other combinations of a and
d were also examined, and it was confirmed that they had
almost the same tendency and/or characteristics.

From the results in Figure 7, the power transmission
efficiency of the RC-WPT system with Mode 1 was larger
than the Mode 2 and single-spiral resonator cases. As
the angular misalignments were increased, the power
transmission efficiency of the RC-WPT system decayed
in each case. It seemed that these decay of the power
transmission efficiency of RC-WPT system was caused
by the decrease of the overlapping rate between modal

=f—(Single-Spiral) Without Axial Displacement, c=0cm

A (Single-Spiral) With Optimum Axial Displacement

——8 8 o

100

= 808 s S
1 —a
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£ 60 |- —
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Figure 7. The recovered power transmission efficiency for the RC-WPT
system with angular misalignment obtained by choosing the optimum
axial displacement where a =7.0 cm.
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profiles of the resonators in the transmitting and receiving
units due to the tilted receiving unit.

Here, the decay of the power transmission efficiency
caused by the angular misalignments could be recovered
by adding an appropriate axial displacement. The power
transmission efficiency was measured in the case that
the receiving units with angular misalignments 6 = 20°
(presented in Figure 8a) and for 6 =60° (presented in
Figure 8b) were shifted by a different axial displacement,
. Here, the hollowed orange circles, © show the axial
displacement where the maximum transmission efficiency
was obtained. The recovered power transmission efficiencies
of the RC-WPT system for choosing the optimum axial
displacement against each angular misalignment are also
shown in Figure 7 with solid blue squares, m, for Mode 1;
with solid green circles, e, for Mode 2 of the dual-spiral
resonator; and the solid red triangles, A , for the single-spiral
resonator. As can be seen in Figure 7, the recovery rate for
the RC-WPT system with single-spiral resonators was much
larger than that with the dual-spiral resonators. However, the
power transmission efficiency for the RC-WPT systemusing
Mode 1 of the dual-spiral resonators with a tilted receiving
unit was higher than that of the single-spiral resonator. It
is obvious that the proposed method for the improvement
of the performance of the RC-WPT system with a tilted
receiving unit would be effective for the wireless power
transfer system with a wide variety of shapes of resonators.
Inaddition, judging comprehensively from these results, the
performance against the misalignment between transmitting
and receiving units of the RC-WPT system with Mode 1
of the dual-spiral resonators is relatively better than the
system with single-spiral resonators.

One of authors has presented the result that the
transmission efficiency of the butt-joint between optical
waveguides through an air gap and between single-mode
and multi-mode waveguides greatly depends on the
overlapping rate of their modal profile [8, 9]. From these
results, the authors assume that by adding the appropriate
axial displacement to the tilted receiving unit of the RC-
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Figure 8b. The relationship between the transmission
efficiency and the axial displacement in the case of
angular misalignments, 6 = 60°.

WPT system, the rate of overlapping area between the modal
profiles of the transmitting and receiving spiral resonators
would become large, so that the decayed power transmission
efficiency of the RC-WPT system could be recovered. To
confirm these assumptions, we should investigate the modal
shape of the spiral resonators in more detail by using an
electromagnetic simulator.

4. Conclusions

The power transmission efficiency of the RC-WPT
system with angular misalignments of Mode 1 was larger
than that of the single-spiral and Mode 2 systems. In the
case of no axial displacement, ¢ =0 cm, as the angular
misalignments were increased, the power transmission
efficiency ofthe RC-WPT system was decreased. However,
we have experimentally shown that by adding appropriate
axial displacement to the tilted receiving unit, the decay
of the transmission efficiency of the RC-WPT system due
to angular misalignment can be recovered. The recovery
rate for Mode 1 is also much larger than that of the single-
spiral and Mode 2 cases. As future research work, the
modal properties of the Mode 1 and Mode 2 cases should
be investigated in more detail.
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Abstract

We investigated the modulation of D-region signatures
due to ultra-low-frequency (ULF) waves using very-low-
frequency/low-frequency (VLF/LF) radio propagation.
Three transmitters from the United States (NLK, NDK,
and WWVB)werereceived at Athabasca (ATHA), Canada.
We observed oscillations in intensities and phases on the
NDK-ATHA and WWVB-ATHA paths with a period
of 3 to 4 minutes, associated with ULF waves during a
substormat 05:25-05:45UT on4 June, 2017. This is the first
observational report showing clear VLF/LF oscillations in
the ULF range. The ground-based H-component magnetic-
field variations and Doppler velocity observed by the
SuperDARN HF radars showed the same periodic changes
asseeninthe VLF/LF oscillations, suggesting that energetic
electron precipitation (EEP) over the WWVB-ATHA and
NDK-ATHA paths was modulated by the ULF waves. Based
on ground-based magnetic-field data, we concluded that the
ULF wave corresponded to the Pi2 pulsations associated
with the substorm, because the propagation direction of
the wave was westward (66.4 km/s) from the pre-midnight
sector, the magnetic variations at low latitudes were in-
phase over wide longitudes, and the magnetic variations at
ATHA slightly preceded those atlow latitudes. Arising-tone
chorus emission was observed in the frequency range of
5 kHz to 6 kHz at ATHA during the VLF/LF oscillations.
Pitch-angle diffusion by the whistler-mode chorus wave
is one possible mechanism accounting for the energetic
electron precipitation.

1. Introduction

Energetic electron precipitation (EEP; >100keV)
from radiation belts to the lower ionosphere during
substorms has been studied since the 1960s using very-
low-frequency (VLF; 3 kHzto 30 kHz)/low-frequency (LF;
30kHzto 300 kHz) radio waves and riometers (e.g., [1, 2]).
Later, the effects of the D-region ionosphere on energetic
electron precipitation were also studied via balloon-borne
measurements of Bremsstrahlung X-rays[3]and incoherent
scatter radar [4]. VLF/LF radio waves are most sensitive to
the ionization of the D-region ionosphere, which is caused
by energetic electron precipitation with energies typically
>100 keV [5, 6]. During substorms, the intensity and phase
of the VLF/LF waves largely vary at night, by ~30 dB and
~75°, respectively [7]. The low-latitude limit of particle
precipitation is L ~ 4.0 [8].

Several studies have reported ionospheric modulations
due to ultra-low-frequency (ULF) Pc5 modulation (period
of'150st0600s)[9, 10]. Pc5 modulation has been observed
by GPS total electron content (TEC), high-frequency (HF)
Doppler sounders, and SuperDARN HF radars [3, 11, 12].
Modification in the D-region ionosphere due to energetic
electron precipitation has been reported based on riometer
data and X-ray observations [10, 13]. Energetic electron
precipitations associated with Pi2 pulsations (period of 40 s
to 150s)havealsobeenreported [ 14]. Auroral precipitations
and energetic particle fluxes near the equator in the nightside
magnetosphere have been reported to occur due to Pi2

Figure 1. The location of the VLF/LF transmitters (black trian-
gles), VLF/LF receiver (pink star), ground magnetometers (green
diamonds), induction magnetometers (yellow diamonds), and
SuperDARN HF radars (blue circles). The blue curves indicate

the L-values.
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Figure 2. The periodic oscillations in intensities and phase of the VLF/LF transmitter
signals in North America during the substorm of June 4, 2017: (a) NDK-ATHA inten-
sity, (b) NDK-ATHA phase, (c) WWVB-ATHA intensity, (d) WWVB-ATHA phase, (e)
NLK-ATHA intensity, (f) solar wind speed, (g) solar wind dynamic pressure, (h) AE

index, and (i) SYM-H index.

modulation [15]. Precipitation of low-energy electrons
(<300eV) was reported when a Pi2 pulsation with short
periods ( < 40 s) occurred [16].

Some candidate mechanisms have been proposed
to account for ULF modulation of energetic electron
precipitation. The periodic change in local magnetic field
strength modulates the growth rate of whistler-mode
chorus waves, and the associated rate of electron pitch
angle scattering [17]. The electrons show variation in the
strength of pitch-angle diffusion with the same period as
that of the ULF pulsations. The amount of loss-cone filling
is modulated, and precipitation can vary periodically.
Electromagnetic ion cyclotron (EMIC) waves represent
another candidate plasma wave that can cause pitch-angle
scattering of energetic electron precipitation [18-20]. As
ULF modulation of electromagnetic ion cyclotron waves
has been reported [21], an electromagnetic ion cyclotron
wave could modulate the energetic electron precipitation
associated with ULF waves. An adiabatic effect has been
proposed to explain ULF wave modulation [3]. The ULF
wave affects the magnetic field configuration and size of the
loss cone, leading to modulation of the energetic electron
flux inside the loss cone without pitch-angle scattering.
However, the mechanism underlying ULF modulation of
energetic electron precipitations is not well understood.

VLF/LF transmitter signals provide a useful probe

for monitoring the precipitation of energetic electrons with
an energy of >100 keV. However, ULF modulation of
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energetic electron precipitation using VLF/LF transmitter
signals has not been reported to date. In this paper, we
provide the first report on ULF modulation of energetic
electron precipitations using VLF/LF transmitter signals.

2. Observations

Figure 1 shows the location of the VLF/LF
transmitters and receiver used in this study. The black
triangle, pink star, green diamond, yellow diamond, and
blue circle indicate the location of the transmitters, receiver,
fluxgate magnetometers, induction magnetometers, and
SuperDARN HF radars, respectively. The three transmitters
were NDK (frequency: 25.2 kHz, 46.37°N, 261.47°E,
L =3.0); WWVB(60.0kHz,40.67°N,254.95°E, L =2.3
); and NLK (24.8 kHz, 48.20°N, 238.08°E, L =2.9).
One receiver at Athabasca (ATHA), Canada (54.6°N,
246.7°E, L =4.3) was used. The receiver observed the
intensity and phase of transmitter signals with a time
resolution of 0.1 s. The intensity of the received radio
signals was averaged over 30 s to improve the signal-to-
noise ratio. The propagation distances of the NDK-ATHA,
WWVB-ATHA, and NLK-ATHA paths were 1,386.8 km,
1,665.5 km, and 929.7 km, respectively. We used ground-
based magnetometer data from ATHA and Lethbridge
(LETH), Canada, which are operated by the THEMIS
(Time History of Events and Macroscale Interactions during
Substorms) ground-based observatory (GBO) [22, 23].
We used fluxgate magnetometers from Priddis (ROTH),

31




NDK-ATHA intensity

(a)

[dB]

log{Fower)

(b)

Period(min)
O W m

5:00 5:20 7 5:40 6:00

NDK-ATHA phase
T e e

()

log(Power)

(d)

Period(min)

WWVB-ATHA intensity

log{Pawer)

_—
=
Period(min)

o B

(9)
=20

OF :
&

5:00 5:20 yr 5:40 6:00

Figure 3. (a) The waveform of the NDK-ATHA intensity, (b) wavelet spectrum of (a), (¢c) waveform of the NDK-
ATHA phase, (d) wavelet spectrum of (c), (e¢) waveform of the WWVB-ATHA intensity, (f) wavelet spectrum
of (e), (g) waveform of the WWVB-ATHA phase, and (h) wavelet spectrum of (g) at 5:00-6:00 UT on June 4,
2017. The red curves in Figures 3b, 3d, 3f, and 3h indicate the COI.

which is operated by AUTUMN (Athabasca University
THEMIS UCLA Magnetometer Network); Saint-Felicien
(STFL), operated by AUTUMNX (Athabasca University
THEMIS UCLA Magnetometer Network eXtension);
Harris (HRIS), operated by the Falcon magnetometer
project; Glyndon (GLYN), operated by McMAC (Mid-
continent Magnetoseismic Chain); Victoria (VIC), operated
by NRCan (Natural Resources Canada); and Colville
National Forest outside of Newport (NEW), operated by
the USGS (US Geological Survey). We used induction
magnetometer data from ATHA, operated by the PWING
(study of dynamical variation of Particles and Waves in
the INner magnetosphere using Ground-based network
observations) project and with a sampling frequency of
64 Hz[24]. Induction magnetometers at Pinawa (PINA) and
Ministik Lake (MSTK), operated by CARISMA (Canadian
Array for Realtime Investigations of Magnetic Activity)
were also used to confirm the spatial extent of Pcl waves
[25]. The sampling frequency of the CARISMA data used
in this study was 20 Hz. The SuperDARN is a network of
HF radars located in the high- and mid-latitude regions of
both hemispheres [26]. We used three radars to investigate
the F-region ionosphere over the VLF/LF propagation
paths, which were Christmas Valley East (CVE), Christmas
Valley West (CVW), and the Fort Hays West (FHW) radars.
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3. Results

A small substorm occurred from 05:25-05:50 UT on
June 4, 2017. The auroral electrojet (AE) index began to
increase from 5:25 UT and reached a maximum of 134 nT
at 5:44 UT. Figure 2 shows periodic oscillations in the
intensity and phase of the VLF/LF transmitter signals
in North America during the substorm, the solar wind
parameters, and geomagnetic indices: (a) NDK-ATHA
intensity, (b) NDK-ATHA phase, (c) WWVB-ATHA
intensity, (d) WWVB-ATHA phase, (¢) NLK-ATHA
intensity, (f) solar wind speed, (g) solar wind dynamic
pressure, (h) AE index, and (i) SYM-H index. The phase
data of the NLK-ATHA path was unavailable. Oscillations
were clearly seen in the NDK-ATHA and WWVB-ATHA
propagation paths (Figures 2a-2d) between 05:25-05:45
UT, but not on the NLK-ATHA path. The clear VLF/LF
oscillations in the ULF range were identified for the first
time with the VLF/LF transmitter signals. The intensity
and phase of the oscillations were 1 dB to 2 dB and 3°
to 20°, respectively. The solar wind speed and dynamic
pressure (Figures 2f and 2g) showed some variations
during the VLF/LF oscillations; however, they did not show
similar periodicity. The oscillation was characterized by a
simultaneous periodic decrease in VLF/LF intensity and
VLF/LF phase advance. These features indicated periodic
D-region ionization.
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Figure 4. (a) The NDK-ATHA intensity, (b) WWVB-ATHA intensity, (c) LOS Doppler
velocity (positive toward the radar) derived from SuperDARN HF radars (CVE), and (d)
backscatter power derived by SuperDARN HF radars (CVE).

Figure 3 showed (a) the waveform ofthe NDK-ATHA
intensity, (b) the wavelet spectrum of (a), (c) the waveform
of the NDK-ATHA phase, (d) the wavelet spectrum of (¢),
(e) the waveform of the WWVB-ATHA intensity, (f) the
wavelet spectrum of (e), (g) the waveform of the WWVB-
ATHA phase, and (h) the wavelet spectrum of (g) between
5:00-6:00 UT. The red curves in Figures 3b, 3d, 3f, and
3h indicated the cone of influence (COI). The VLF/LF
perturbations had a significant periodic component around
3 minutes to 4 minutes (broken red circles) for both paths
between 05:25-05:45 UT.

Figure 4 shows (a) the NDK-ATHA intensity, (b)
WWYVB-ATHA intensity, (c) line-of-sight (LOS) Doppler
velocity (positive toward theradar) derived from beam 15 of
the SuperDARN HF radars (CVE), and (d) the backscatter
power derived from beam 15 of the SuperDARN HF radars
(CVE). The VLF/LF intensity decreased just before the
Doppler velocity increased up to 60 m/s. The variations in
Doppler velocity corresponded to periodic oscillations in
the ionospheric electric field (periods of 3 to 4 minutes).
Figure 5 shows the Doppler velocities against the radar
beams from the CVE, CVW, and FHW radars near the
VLF/LF paths at 05:35 UT, when the VLF/LF amplitude
showed a local minimum. Positive and negative Doppler
velocities were observed over the WWVB-ATHA path
during the VLF/LF oscillations, which corresponded to
changes in the ionospheric electric field.
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4. Discussion

The most important issue to address in the present
study is why the VLF/LF waves in the subauroral latitude
region ( L =3 to4)oscillated with a period of 3 to 4 minutes
during the small substorm. Figure 6 shows the H-component
ofthe ground-based magnetic-field variations ( ABy, )atthe
same latitudes as the VLF/LF paths at L =3 to 4. The bias
components were subtracted from the observed magnetic
field. From the top to the bottom panels, the magnetic data
are shown from west to east in Figure 1. The local time
at these stations at 05:35 UT ranged from 21:21 (VIC) to
26:04 (STJ), from west to east. The closest magnetometer
to the WWVB-ATHA path was LETH, in the third panel.
All of the magnetic data showed oscillations with a period
of 3 to 4 minutes, which was the same as that of the VLF/
LF waves. The ABy pulsations at STJ (the bottom panel)
were earlier (by 75 s) than those at VIC (the top panel), as
shown by the two vertical dashed lines. The phase velocity
was 66.4 km/s westward from midnight to dusk, based on
the time difference in ABy variations. The amplitude of
the ABy variations was largest at 5 nT near the VLF/LF
paths (LETH, GLYN, and HRIS) in the pre-midnight sector,
and was small (2 nT) away from the VLF/LF paths. The
azimuthal wavenumber (m-number) was calculated to be
-1.23, -0.45, -2.23 ;and —1.45 for the magnetometers
of VIC-NEW, NEW-LETH, GLYN-HRIS, and VLDR-
STFL, respectively [27]. The westward propagation of the
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Figure 5. The Doppler velocities as a function of the radar beams from the
CVE, CVW, and FHW radars near the VLF/LF paths during the VLF/LF
oscillations at 05:35 UT on June 4, 2017.

ULF wave from midnight to dusk is not consistent with
the drivers of the ULF in the dayside magnetopause, and
suggests that this ULF wave constitutes Pi2 pulsations
associated with the onset of a magnetospheric substorm
from the nightside.

Figure 7 compares (a) the ABy pulsations between
ATHA and low-latitude sites (L =1 to 2) in the wide
longitudes, and (b) shows alocation map. The red diamond,
green diamond, and blue diamond markers indicate the
locations of magnetometers that recorded negative-bay,

positive-bay, and unclear periodic oscillations, respectively.
All ABy had pulsations with similar periods (3 to 4
minutes). The measured AB at low latitudes were in-
phase, and the ABy pulsations at ATHA slightly preceded
those at the low-latitude stations. These magnetic data are
consistent with the substorm as Pi2 (period of 40 to 150 s)
signatures [28], because the propagation direction of the
wave was westward (66.4 km/s) from midnight to dusk
[29], ABy pulsationsatlow latitudes in the wide longitudes
were in-phase, and the amplitude of the ABy, pulsations in
the pre-midnight sector was largest in the wide longitudes
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Figure 6. The H-component magnetic data from which the background
levels were subtracted (ABy ), observed by ground-based magnetometers
at the same latitudes with the VLF/LF paths (L =3 —4). The west-side
to east-side magnetic data are shown from the top to the bottom panels

(Figure 1).
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[30-32]. If the origin is the solar wind dynamic pressure,
the propagation direction should be eastward in the pre-
midnight sector, which is opposite to these observations
[33]. We thus conclude that the ULF oscillation shown in
this study is the Pi2 pulsation associated with the observed
substorm.

Some mechanisms have been proposed to account
for the ULF modulation of energetic electron precipitation,
as described in Section 1. Here, we discuss possible
origins of the ULF modulation of the energetic electron
precipitation during 05:25-05:45 UT. One possibility is the
electromagnetic ion-cyclotron waves, which are excited
near the magnetic equator by anisotropic ring current
ions injected from the plasma sheet [34]. Electromagnetic
ion cyclotron waves propagate along the magnetic field
line to the Earth’s surface, and are observed by ground
magnetometers as Pc1 pulsations [35]. Correlations between
Pcl and energetic electron precipitations observed by VLF/
LF transmitter signals [36, 37], and Pc1 and cosmic noise
absorption (CNA) by a riometer [38] have been reported.
We checked the appearance of Pcl pulsations near the
NDK-ATHA and WWVB-ATHA propagation paths by using
induction magnetometers at ATHA, PINA, and MSTK.
No Pcl pulsation was found during 05:25-05:45 UT, and
only bursts of broadband ELF waves associated with the
substorm were observed. The electromagnetic ion cyclotron
wave can thus be ruled out as a candidate source of the
energetic electron precipitation modulations associated
with ULF waves presented here. The other possible source
was the lower-band chorus waves, which could cause
pitch-angle scattering of both diffuse/pulsating auroral
electrons [39-43] and more energetic electrons [44,4].
Energetic electron precipitations due to the chorus wave
have been observed by VLF/LF transmitter signals [45]
and riometers [46]. Figure 8 shows a dynamic spectrum in

e Radio Science Bulletin No 372 (March 2020)

(b)

NpaaNy
W "'“—\.——_x — :-."f _‘fr.'
Wi Nog | SIG(18.1°N,294°)
3 - :J’—-' A=
R : TUC{32.2%249“}¥
-

>
Qi e
ki o S

HON(21;32N,202°)

S i

Figure 7b. The location map for Figure 7a. All of the
ABy had the same pulsations, with periods of 3 to
4 minutes.

the VLF range observed at ATHA at 05:35 UT. The natural
electromagnetic waves in the dynamic spectrum were
observed by a loop antenna, similar to the antenna used
in Syowa Station in Antarctica [47]. Rising-tone chorus
emissions were found in the frequency range of 4.5 kHz
to 6.5 kHz during the energetic electron precipitation. The
typical duration, frequency bandwidth, and repetition period
of the rising-tone emissions were 0.5 s, 1.0 kHz, and 0.5 s,
respectively, similar to lower-band whistler-mode chorus
waves [48,49]. Using Tsyganenko 2001 and 2004 magnetic
field models [50, 51], half of the electron gyrofrequency
at the magnetic equator, the magnetic footprint of which
is just above ATHA, was estimated to be ~4 kHz. If the
observed rising-tone emissions were the lower band chorus
waves excited at the magnetic equator, the source region
was at a lower L-shell than ATHA, where half of the
electron gyrofrequency was just above 6.5 kHz and the
chorus waves propagated obliquely to the field line and
reached the outer L-shell. Such an obliquely propagating
whistler-mode wave could cause resonant electron pitch-
angle scattering and precipitation of energetic electrons into
the atmosphere [52]. On the other hand, considering the
first-order cyclotron resonance condition, resonant energy
greater than 100 keV can be achieved in the high latitude
region [4]. Previous studies suggested the importance
of whistler mode waves propagating along the magnetic
field line under the presence of plasma ducts [44]. The
plasma wave experiment onboard the Arase spacecraft
[53-55] showed that the plasmapause locationwas L = 5.4

(MLT =4, 6:52 UT). The source region of the rising-tone
waves was well inside the plasmasphere. The excitation of
the rising-tone waves inside the plasmasphere is another
issue that remains to be investigated.

The periods of the VLF/LF oscillations were similar
to those of the Doppler velocities derived from beam 15 of
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the SuperDARN CVE radars, as seen in Figure 4. When
the VLF/LF intensities decreased, the Doppler velocities
became positive (toward the radar). If energetic electron
precipitation occurs, the conductivity will increase and the
VLEF/LF intensity will decrease. This conductivity variation
due to energetic electron precipitation may cause the
Doppler velocity oscillation observed by the SuperDARN
radar through polarization of the electric field. However,
it is difficult to discuss the direction of this polarization
electric field for the present event because we do not know
the direction of the background ionospheric current. The
other possible reason for the observed Doppler velocity
oscillation is direct variation of the ionospheric electric
field due to ULF pulsations [57, 58].

5. Conclusions

We have shown oscillations of VLF/LF transmitter
signals (WWVB and NDK) observed at ATHA, Canada
(L =4.3), as signatures of energetic electron precipitation
associated with Pi2 during a substorm at 05:25-05:45UT on
June4,2017. Thisisthefirstreport of clear energetic electron
precipitations modulated with Pi2 magnetic pulsation in the
D-region ionosphere based on VLF/LF transmitter signals.
Our conclusions can be summarized as follows:

1. The periods of the VLF/LF oscillations were 3 to 4
minutes based on wavelet analysis. The oscillation
was characterized by a simultaneous periodic VLF/LF
intensity decrease and VLF/LF phase advance. These
features indicated periodic D-region ionization.

2. Thesolarwind speed and dynamic pressure did not show
periodicity similar to the observed VLF/LF oscillations.

3. The Doppler velocity derived by the SuperDARN HF
radars (the CVE radars) showed similar variation to the
VLF/LF oscillations. Positive and negative Doppler
velocities were seen over the WWVB-ATHA path
during the VLF/LF oscillations, which corresponded
to changes in the ionospheric electric field.
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Figure8.The dynamicspec-
trum of rising-tone chorus
observed at ATHA during
the VLF/LF oscillations at
05:35 UT on June 4, 2017.

Log(Power)

4. Theground-based ABy, atthesamelatitudesasthe VLF/

LF paths showed oscillations in the same periods as the
VLEF/LF oscillations over a wide longitude. The ABy
pulsations at the east-most site were earlier (by 75 s)
than those at the west-most site, indicating propagation
ofthe ULF waves witha longitudinal speed 0f 66.4 km/s
from midnight to the dusk sector. The amplitude of the
ABy pulsations at the same longitudes as the VLF/LF
paths in the pre-midnight sector was largest at 5 nT,
and decreased at stations more remote from the VLF/
LF paths.

5. The ABy pulsations at low latitudes in the wide
longitudes had the same periods as the VLF/LF
oscillations, and were in-phase inall four magnetometers.
The ABy; pulsations at ATHA slightly preceded those
at the low-latitude stations. We concluded that the ULF
oscillation shown in this study corresponded to the Pi2
pulsation associated with the observed substorm.

6. Rising-tone waves with a time scale of ~1 s were
observed at ATHA in the frequency range of 5 kHz
to 6 kHz during the VLF/LF oscillations. The
characteristics of the rising-tone waves were similar to
those of the whistler-mode chorus waves. Pitch-angle
diffusion by chorus wave-particle interaction was
one possible mechanism accounting for the energetic
electron precipitation presented in this paper.
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Rocks, Radio and Radar: The Extraordinary Scientific,
Social and Military Life of Elizabeth Alexander by Mary
Harris, Singapore, World Scientific Publishing Co., 2019,
ISBN 978-1-78634-664-3 (hardcover), ISBN 978-1-78634-
666-7 (electronic).

This memoir of pioneering scientist and educator
Frances Elizabeth Somerville Alexander is an
excellent example of not only STEM research, but
also interdisciplinary research in geology, physics, and
electromagnetics. In the recent New Zealand government
declassified World War II documents, Elizabeth was
described as the world’s first radio astronomer by the
then director, Wayne Orchiston, of the Carter observatory
in Wellington. Her life work straddled four continents
in colonial England, including the countries of India,
Singapore, Malaysia, New Zealand, Australia, and Nigeria.
She was one of those forgotten world wartime revolutionary
scientists thathad to be resurfaced by her well-wishers rather
than her colleagues or the respective engineering societies.

The author of the memoir is Elizabeth’s daughter,
who is an accomplished scientist. Dr. Mary Harris has done
exquisitely detailed work in collecting and describing the
socio-economic, cultural, political, and military history
of the era based on Elizabeth’s personal diary, scientific
articles, unclassified government records, archived
materials in government organizations, museums, and
personal knowledge. I also believe that one of the major
contributions of Elizabeth and Norman scientists is their
overwhelming involvement in building and rebuilding
the STEM educational institutions both in Singapore and
Malaysia.

The book describes the detailed scientific work of
Alexander, such as radio direction finding, Norfolk effect,
and geological map of Singapore, etc. However, the book
provides an amazing roadmap of the science and scientific
laboratory activities and power struggle of the countries
during the first and second world wars. It is also a window
into the accomplished scientist lifestyle in colonial England,
as well. Even though the scientists belonged to the middle
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class in England, they had very lavish and respectful social
status in the colonies, such as India, Singapore, and Nigeria,
etc. Working women or not, while living in Singapore, the
English women didn’t need to burden themselves with
taking care of their children or household work. It was all
taken care of by the servants and Ayahs. It is an account
of English, Australian, and New Zealand scientists that
were the privileged under colonialism. Job opportunity
was endless for English scientists as long as they wanted
to leave England. The book is also a good read on some
relevant historical aspects of colonial England, such as
the opium trade, indigo farming, etc., which economically
benefited England and oppressed the natives. It provides
a detailed description of the beginning of commercial
intercontinental flights that included frequent overnight
stops, and boat travel and other transportation of the time.

Alexander did have miserable war-time living as
a single mother of three in New Zealand for three years,
when she had to leave everything behind in Singapore,
and her husband became a prisoner of war in Singapore.
Those three years were also one of her most productive
times as a professional. I believe that shows her strength
and resilience the most as a woman scientist.

Even 100 years after Elizabeth was born, women in
STEM research are still a minority. Unfortunately, even
in the 21st century, they still have to go extra miles to
survive and be recognized in the field. This book again
proves that throughout history, life is different for women
in any society if they belong to the privileged class. As a
privileged class, opportunities for women were available
for them to be successful. Overall, this is a very interesting
book for not only scientists or historians, but for all readers
that are interested in that era’s lifestyle.

Niru K. Nahar

ElectroScience Laboratory

Dept. of Electrical and Computer Engineering
The Ohio State University

1330 Kinnear Rd, Columbus, OH 43212
E-mail: nahar.2@osu.edu
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1. Introduction

The design and analysis of nano-optical structures
involving nanoparticles has been discussed
several times in previous issues of this column, e.g., see
SOLBOX-08 [1] and SOLBOX-16 [2] for nano-optical
couplers,and SOLBOX-13[3] fornano-arrays. Givena grid
of nanoparticles, the general aim is to reach a configuration
by keeping/deleting nanoparticles such that the final
structure operates as desired. In the case of nano-optical
couplers, the designed configurations provide efficient
transmission of electromagnetic waves through sharp bends
and corners, while they also allow for diverse transmission
options at junctions. Despite their geometric simplicity,
such couplers can hence enable the construction of complex
nano-optical networks. In the case of nano-arrays, similar
nanoparticle configurations are used for beam shaping,
particularly to obtain directional radiation from isotropic
sources. On the other hand, in all these cases easy-to-define
geometrical properties and design specifications turn out to
be remarkably challenging computational problems. Using
surface integral equations, the numbers of unknowns can
be maintained at reasonable levels; however, large numbers
of possible configurations make it impossible to test each
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candidate design to find the best design. For this reason,
anin-house implementation of genetic algorithms was used
in [1-3] to limit the number of simulations, while reaching
satisfactory results. It was shown that successful coupler
and array designs can be obtained via several thousands
(instead of billions) of trials per optimization.

Combining a full-wave solver with genetic algorithms
or similar heuristic optimization techniques is a well-known
practice in computational electromagnetics, which leads
to powerful tools for designing electromagnetic structures
and systems. Freedom of choosing the cost function
provides diverse design options to achieve unprecedented
abilities in terms of scattering, radiation, reflection, and
transmission. This is particularly important in the context
of metallic nano-optical structures, where the plasmonic
properties of metals result in surprisingly powerful and
often unpredictable responses, leading to enhanced
electromagnetic transmission and focusing. These responses
are generally difficult to control and manipulate, making
design procedures much more crucial in comparison to other
sub-areas. In this issue of Solution Box (SOLBOX-19),
the optimization mechanism used in [1-3] was employed
to design challenging structures, namely nano-optical
diodes, that had unidirectional transmission properties.
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Figure 1. A generalillustration of the inputs and
outputs for the diode design problem. The diode
was located between two nanowire segments
that were not directly connected to each other.

This time, each optimization trial was a combination of
two simultaneous full-wave simulations, which may be
difficult to handle without using a heuristic algorithm. In
addition to successful designs, numerical examples were
shown to demonstrate sensitive characteristics of the
designs. It should be emphasized that such unidirectional
structures (via completely other approaches) were topics
of much intensive research [4-8], as they may enable logic
operations to build nano-optical circuits.

As for all problems considered so far in this column,
alternative solutions to the presented design problems are
welcome. Interested readers can send their solutions and
results, as well as comments to share their experiences in
computational electromagnetics. In addition to competitive
simulations of the previous problems, readers can also
submit their own interesting problems and sample solutions.
This can be done to demonstrate either the effectiveness or
the ineffectiveness of a method applied to a set of problems.
Eventually, these experiences will be beneficial forall ofus.

2. Problem SOLBOX-19

In SOLBOX-19, we considered steady-state
electromagnetic transmission along pairs of Ag nanowires
located in vacuum. Each nanowire had a 120 nm x 120 nm
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square cross section, while the surface-to-surface distance
between the nanowires of a pair was set to 140 nm.
The excitation was always a pair of Hertzian dipoles
symmetrically located 200 nm away from the tips of the
nanowire. In all simulations presented here, the frequency
was fixed at 250 THz, whereas the constructed systems
could operate in wide frequency bands of the optical
regime. At 250 THz, the complex relative permittivity of
Agis —60.8+14.31, where i represents the imaginary unit.
With this property, Ag nanowires are known to demonstrate
excellent performance in transmitting electromagnetic
power. The general optimization problem, which is simply
illustrated in Figure 1, can be described as follows. Given
two segments of nanowire pairs that are not physically
connected (in the examples, a 660 nm gap exists between
the tips), design a structure located between them thathas a
diode-like behavior to provide aunidirectional transmission
ability. Specifically, the overall system should transmit the
signal when it is excited from one side (the “on” state for
Output 1), while it should not transmit (or poorly transmit,
as much as possible) when it is excited from the other side
(the “off” state for Output 2). For the examples presented
below, each nanowire segment was assumed to have a
length of 5 pm, so that an overall structure involving two
segments and the designed component (diode) was slightly
longer than 10 pm.

Similarly to the nanostructures considered in
SOLBOX-8, SOLBOX-13, and SOLBOX-16, we
considered grids of nano-cubes to design the desired diode
components, while other options could be considered
depending on the desired performance (in terms of on-
off sensitivity, size, complexity, etc.) and application.
Considering nano-cubes, the optimization problem could be
described in more detail as follows: Given an 11 x 11 grid
ofnano-cubes (excluding those coinciding with nanowires),
find which nano-cubes should be extracted or kept in order
to obtain the best diode performance. Each nano-cube had
120 nm % 120 nm % 120 nm dimensions, while the surface-
to-surface distance between them was fixed at 10 nm. The
grid hence surrounded the tips of the nanowires from both
two segments and filled the gap between them, but still
without any physical contact (see examples below). To
evaluate the performance of the candidate diode designs,
alternative cost functions can be defined and used, again
depending on the application. In any case, we were looking
for both quantitative and qualitative data to demonstrate
the effectiveness (or ineffectiveness) of the final designs.

3. Solution to Problem
SOLBOX-19

3.1 Solution Summary

Solver type (e.g., Noncommercial, commercial):
Noncommercial research-based code developed at
CEMMETU, Ankara, Turkey
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Figure 2. The results of an optimization to obtain uni-
directional transmission characteristics. The designed
diode structure consisted of 70 nano-cubes.

Solution core algorithm or method: Frequency-domain
MLFMA + genetic algorithms

Programming language or environment (if applicable):
MATLAB +MEX

Computer properties and resources used: 2.5 GHz Intel
Xeon E5-2680v3 processors (using 32 cores)

Total time required to produce the results shown (categories:
<1sec, <10 sec, <1min, <10 min, <1 hour, <10 hours,
< 1day, <10 days, > 10 days): < 10 days per optimization,
<1 minute per problem, <10 minutes for the problem in
Figures 6 and Figure 7.

3.2 Short Description of the
Numerical Solutions

The optimization problems described in SOLBOX-19
were considered and solved by using the mechanism
presented in SOLBOX-08. In summary, the mechanism
was an efficient combination of genetic algorithms and
the Multilevel Fast Multipole algorithm (MLFMA) [9].
The in-house implementation of genetic algorithms
involved improved operations such as success-based
mutations and family elitism [10], while it was combined
with MLFMA via dynamic accuracy control [11]. Using
pools of 40 individuals, each optimization was carried
out for a maximum of 200 generations, leading to total
of 8000x2=16,000 simulations by MLFMA or its
approximate form. The MLFMA solver was particularly
designed for efficient analysis of plasmonic structures
[12]. The main formulation was selected as the modified
combined tangential formulation (MCTF) that provided
both accurate and efficient solutions of homogeneous
plasmonic objects [13]. The MCTF was discretized by using
the conventional Rao-Wilton-Glisson (RWG) functions
on triangular domains [14]. Using 4/10 triangles, where
A is the wavelength in vacuum, the number of unknowns
was smaller than 20,000 for an optimization problem
involving two nanowire segments. It should be noted that
an extraction of a nano-cube corresponded to the deletion
of the related rows and columns (corresponding to the
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Figure 3. The results of an optimization to obtain uni-
directional transmission characteristics. The designed
diode structure consisted of 76 nano-cubes.

RWG functions located on the extracted nano-cube) in
the impedance matrix. For the large problem shown in the
last example below (see Figures 6 and 7), the number of
unknowns was approximately 70,000. MLFMA solutions
were further accelerated via an inner-outer scheme [15],
where approximate forms of MLFMA were used for
preconditioning.

In the examples presented below, the success of a
diode was defined based on the transmission characteristics
in the “on” and “off” states. For this purpose, 900 nm X
900 nm output frames were defined at a 120 nm distance
from the nanowire tips. A diode was then considered to be
successful if (1) the overall output power was higher for the
“on” state in comparison to the “off” state, (2) the power
distribution at the output varied significantly for the “on”
state, and (3) the power distribution at the output was uniform
as much as possible for the “off”” state. Depending on the
application, only (1) could be used, while constraints (2) and
(3) could be useful to avoid faults and misinterpretation of
signals when the designed diode was used in more complex
scenarios. For the visualization of the results, the absolute
value of the complex power density was sampled in the
output frames, as well as at various locations in the vicinities
of the structures. Considering MLFMA simulations and
near-zone power computations, any numerical result was
estimated to have a maximum 1% error.

3.3 Results

Figures 2 and 3 present the results obtained from
two different optimization trials. In each case, the power
density was plotted in the output frames and in the diode
region for both the “on” and “off” states. In addition, the
corresponding power distributions are shown for the overall
structure (again for both states). Snapshots of the diode
region demonstrated complex interactions between the kept
nano-cubes and nanowires. As was evident from the output
and overall plots, the designed diodes involving 70 and 76
nano-cubes, respectively, provided quite unidirectional
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Figure 4. The results of an optimization to obtain
unidirectional transmission characteristics. Vertical-
line asymmetry was enforced in the diode design. The
structure consisted of 61 nano-cubes.

operations. Considering the diode in Figure 2, the mean/
maximum power density values were —8.56 dB/-5.20 dB
for the “off” state, while they were —4.26 dB/4.17 dB for
the “on” state. Considering the diode in Figure 3, these
values were —13.0 dB/-9.41 dB and —7.31 dB/1.20 dB,
respectively, for the “off”” and “on” states. Considering the
peak power values, the on-off margins were hence 9.37 dB
(for the diode in Figure 2) and 10.61 dB (for the diode in
Figure 3). Visually, the results in Figure 2 and Figure 3
showed that both diodes provided non-detectable outputs
in “off” states, while beam-like outputs were achieved in
“on” states when using [—5,10]dB dynamic range.

Althoughnotconsidered here, a detailed examination
of the designed diodes showed that they achieved
unidirectional operation thanks to their vertical-line
asymmetry. Horizontal-line asymmetry was already
expected before optimization trials (otherwise, the whole
structure and its response would be perfectly bidirectional),
whereas vertical-line asymmetry seemed to also be favored
when genetic algorithms reach successful design candidates.
To check this, another optimization was carried out by
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Figure 5. The power density distributions when the diode
structure shown in Figure 3 consisted of nano-prisms
instead of the original nano-cubes.

enforcing vertical-line symmetry, leading to the results
depicted in Figure 4. In this figure, plots for the best design
atthe end ofthe optimization are shown, while we observed
quite bidirectional operation with almostidentical responses
in the “on” and “off” states. Vertical-line asymmetry hence
seemed to be crucial to obtain a unidirectional response
from a diode.

While the diode designs such as shown in Figure 2
and Figure 3 provided quite successful performance in
terms of unidirectional operation, they seemed to be
sensitive to some geometrical properties. These were in fact
commonly observed in similar coupler and array designs
that involved metallic nanoparticles at optical frequencies
[1-3]. Structures were generally robust against location and
orientation errors, whereas geometries of nanoparticles often
have large impacts on the performance of the designs. This
must be considered carefully, especially if a design is to be
fabricated, and fabrication errors tend to make significant
variations in nanoparticle geometries. If possible, this type
of uncertainty should be included the design stage, i.e.,
when the optimal structure is being found.
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Figure 6. A nano-optical system involving nanowire segments and
two couplers, as well as a diode to improve the transmission.
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Figure 7. The power density distributions for the system in Figure 6 with (right) and without
(left) the designed diode. When there was no diode, the related nanowire segments were directly

connected to each other.

To demonstrate the effect of particle shape on the
performance of a diode, we reconsidered the design in
Figure 3, while the nano-cubes were replaced by nano-
prisms with triangular cross sections. Investigating the
results in Figure 5, particularly in comparison to those
in Figure 3, we observed that the design completely lost
its diode-like operation when the particle geometry was
changed. Specifically, relatively high transmission was
observed in both “on” and “off” states, with 4.17 dB and
3.61 dB peak power density values, respectively, at the
corresponding outputs.

Finally, we present the results when a designed diode
wasused to improve the function of a larger system. Figure 6
presents the overall structure involving multiple nanowire
segments connected via two couplers. The coupler designs
were taken from [16], and with the given configurations,
they provided efficient transmission to Frame 3. The diode
(component) was used to improve the transmission on
the input side. Specifically, it was designed to maximize/
minimize the power transmission in the forward/backward
direction, without considering any uniformity at its outputs.
Figure 7 depicts the power density distributions with and
without the diode. When the diode was not used, the reflected
waves from the first coupler (as the coupler was not perfect)
traveled back towards the input tips and radiated into
vacuum. However, using the diode waves passing through
the diode were trapped between the diode and the coupler,
eventually leading to a more efficient overall transmission
through the coupler. Considering the output frame (Frame
3 in Figure 6), the maximum power density was increased
from —2.23 dB to 4.21 dB simply by integrating the diode
into the system. It was remarkable that the diode was used
between two unconnected nanowire segments, while it
provided better results than the case when there was no
discontinuity and the segments were directly connected.

e Radio Science Bulletin No 372 (March 2020)

4. References

1.A. Altmokluand O. Ergiil, “SOLBOX-08,” Radio Science
Bulletin, 362, September 2017, pp. 97-101.

2. A. Altinoklu and O. Ergiil, “SOLBOX-16,” Radio Sci-
ence Bulletin, 369, June 2019, pp. 22-27.

3.A.Altmokluand O. Ergiil, “SOLBOX-13,” Radio Science
Bulletin, 367, September 2018, pp. 26-31.

4.R. M. Dickson and L. A. Lyon, “Unidirectional Plasmon
Propagation in Metallic Nanowires,” J. Phys. Chem.,
104, 26, 2000, pp. 6095-6098.

5.Z.Li, S. Zhang, N. J. Halas, P. Nordlander, and H. Xu,
“Coherent Modulation of Propagating Plasmons in
Silver-Nanowire-Based Structures,” Small, 7, 5, 2011,
pp- 593-596.

6.H. Wei, Z. Wang, X. Tian, M. Kéll, and H. Xu, “Cascaded
Logic Gates in Nanophotonic Plasmon Networks,” Nat.
Comm., 2, 387, 2011.

7. H. Wei, Z. Li, X. Tian, Z. Wang, F. Cong, N. Liu, S.
Zhang, P. Nordlander, N. J. Halas, and H. Xu, “Quantum
Dot-Based Local Field Imaging Reveals Plasmon-Based
Interferometric Logic in Silver Nanowire Networks,”
Nano Lett., 11, 2, February 2011, pp. 471-475.

8.J. Xu, X. Zhuang, P. Guo, W. Huang, W. Hu, Q. Zhang,
Q. Wan, X. Zhu, Z. Yang, L. Tong, X. Duan, and A.
Pan, “Asymmetric Light Propagation in Composition-
Graded Semiconductor Nanowires,” Sci. Rep., 2, 820,
November 2012.

47




9. O. Ergiil and L. Giirel, The Multilevel Fast Multipole
Algorithm (MLFMA) for Solving Large-Scale Com-
putational Electromagnetics Problems, New York,
Wiley-IEEE, 2014.

10.C. Onol and O. Ergiil, “Optimizations of Patch Antenna
Arrays Using Genetic Algorithms Supported by the
Multilevel Fast Multipole Algorithm,” Radioengineer-
ing, 23, 4, December 2014, pp. 1005-1014.

11. C. Onol, B. Karaosmanoglu, and O. Ergiil, “Efficient
and Accurate Electromagnetic Optimizations Based on
Approximate Forms of the Multilevel Fast Multipole
Algorithm,” IEEE Antennas Wireless Propag. Lett., 15,
April 2016, pp. 1113-1115.

12.B.Karaosmanoglu, A. Yilmaz, U. M. Giir, and O. Ergil,
“Solutions of Plasmonic Structures Using the Multi-
level Fast Multipole Algorithm,” Int. J. RF Microwave
Comput.-Aided. Eng., 26, 4, May 2016, pp. 335-341.

48

13. B. Karaosmanoglu, A. Y1lmaz, and O. Ergiil, “Accurate
and Efficient Analysis of Plasmonic Structures Using
Surface Integral Equations,” IEEE Trans. Antennas
Propag., 65, 6, June 2017, pp. 3049-3057.

14. S. M. Rao, D. R. Wilton, and A. W. Glisson, “Electro-
magnetic Scattering by Surfaces of Arbitrary Shape,”
IEEE Trans. Antennas Propag., 30, 3, May 1982, pp.
409-418.

15.C.Onol, A. Ugiincii, and O. Ergiil, “Efficient Multilayer
Iterative Solutions of Electromagnetic Problems Using
Approximate Forms of the Multilevel Fast Multipole
Algorithm,” IEEE Antennas Wireless Propag. Lett., 16,
2017, pp. 3253-3256.

16. G. Karaova, U. Tahan, T. Atmaz, and O. Ergiil, “De-
sign and Optimization of Nano-Optical Couplers for
Controlling Transmission Between Electrically Isolated
Nanowires,” in Proc. Fifth International EMC Confer-
ence, 2019.

e Radio Science Bulletin No 372 (March 2020)



Commission E
(Electromagnetic Environment and Interference)

Announcement of a Commission E corner in the
Radio Science Bulletin

Commission E announces a corner in the Radio Science Bulletin (RSB) showcasing latest
research, news, updates and announcements from different geographical regions. Concise
reports, editorially in line with the RSB and subsequent to a review process, would appear in this
corner. The details along with an approximate length (maximum) is provided below.

e Updates on activities and latest developments from different geographical regions: Up to
2 paragraphs

e Short report or concise article on recent research and development (novel ideas,
implementation, results) — 1 page including figures and plot

e Activities supporting the URSI flagship conferences, collaborations, Commission E
promotion-related information — 1 page

The scope of URSI Commission-E includes (but is not restricted to) the following topics:
e Terrestrial and planetary noise of natural origin, seismic associated electromagnetic fields

e Man-made electromagnetic environment

e The composite noise environment

e The effects of noise on system performance

e The effects of natural and intentional emissions on equipment performance

e The scientific basis of noise and interference control, electromagnetic compatibility

e Spectrum management

Contributions can be sent to the following members:

Articles on recent research and development - Kaushal Buch (kdbuch(@gmrt.ncra.tifr.res.in)

Updates from different geographical regions - Virginie Deniau (virginie.deniau@ifsttar.fr)

Conferences, collaborations, Comm-E related - Frank Gronwald (frank.gronwald@uni-

siegen.de)
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Ethically Speaking
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Reprioritization

AboutZS years ago, my good friend Timand I decided to
cross-country ski to a cabin in the Colorado mountain
backcountry. The cabin was located at about 3500 m above
sea level, and was far from any roads. Tim was in charge
of the United States “hot shot” crew that fought forest
fires in Colorado, so he spent a lot of time outdoors in the
wilderness, and was skilled at survival. [ had just retired as
the US Air Force Academy Nordic ski coach, and had gone
through survival training a number of years earlier. The sun
was shining and the snow was deep when we started out.
We had a great time skiing and snowshoeing. We spent
two days away from civilization, during which time the
top priorities were to have fun, enjoy the outdoors, and get
some challenging exercise. Worries such as our daughters
will someday become teenagers were long forgotten.

On our last day, we woke up and went outside. Oh
no! There were thick clouds on the horizon and the weather
was changing fast. We scrambled to pack our things, strap
into our skis, and took off down the mountain. The sun
was brightly shining when we began, but the storm moved
faster than us, and in a matter of minutes, we could no
longer see each other in the whiteout. Our trip went from a
fun experience to one of sheer terror, and taxed our Nordic
skiing and survival skills. Over the course of a couple of
minutes, our priorities abruptly changed. We no longer
cared about exercise or the scenery, and instead focused
on getting back to civilization and containing our panic.
The storm effectively disrupted our plans and imposed new
priorities. I’ll spare you all of the details (although Tim did
complete a 360° spinout over a small cliff before getting
buried in a snow bank), but the story ends with us finding
my car and stopping at our favorite pizza restaurant for a
good, hearty meal before getting home.

50

Evaluating your bandwidth and then prioritizing
your competing tasks in alignment with your ethics works
most of the time. Start the week by evaluating tasks for the
upcoming week, and through effective prioritization and
capacity planning, define the timeline to get everything done.
However, what happens if you become ill, or if your boss
assigns you a new urgent project, or if a family member or
friend needs help that requires a significant amount of your
time? We do not live in a static world. It is ever-changing
and evolving, and you can experience events that disrupt
your plans, which requires yet one more skill in effective
prioritization: reprioritization. Just think about how your
priorities changed as the COVID-19 virus spread. We were
unprepared and panic took over.

New information, opportunities, and trials intrude
into our plans before we have fully processed the existing
information and completed the current opportunities and
challenges at hand. Adapting our tactics and evolving our
schedule to accommodate changes provides a way to get
through both mundane and challenging events. Taking a
fluid approach to prioritization sounds overwhelming, and
at times it can be. However, the fittest or best prepared are
able to adapt to disruptions, and ultimately, to succeed.

Reprioritization requires the same ethics-based
methodology used for prioritization. Simply evaluate how
new tasks and events fit into the importance-urgency matrix,
as well as how they compare to the previously identified
items. Aligning your actions with your moral compass will
then provide you the tools needed to discuss how you have
reprioritized your time and efforts with stakeholders. Those
impacted may be disappointed; however, as long as the
decision aligns with the right allocation of your bandwidth,
you can effectively manage any fallout by discussing your
decision process.
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Reprioritization requires a shift in mindset. Avoid
getting upset or frustrated by new tasks and the need to de-
prioritize previously prioritized items. Instead, approach the
new challenges with curiosity. Curiosity leads to knowledge
about the disruptor that in turn leads to effective decision
making. An openness to change and a logical approach
to reprioritization counters the disruptor’s solicitation
of an emotional response. Harnessing that emotional
response, and instead learning about the disruptor and its
overall impact, can often be empowering. However, also
understanding what lies within your control and what lies
beyond your control helps to reevaluate priorities.

In 1991, the IEEE AP-S Symposium was in Ontario,
Canada.  had my plane tickets, registration, and hotel. The
day before I was to leave, a water pipe in our house burst
and flooded our first floor. I wisely cancelled my trip and
paper presentation, even though I was looking forward to
the event. While the trip had been fully planned and had
clear professional benefits, it was still within my control
and I was empowered to decide whether I would attend.
The water pipe was out of my control. While getting upset
would be anunderstandable response, instead accepting the
disruptive event, its impact, and the fact that it required my
immediate and full attention was necessary in effectively
reprioritizing my time for that week.

Learning about new items as they arise, evaluating
what is in your control, and constantly reprioritizing in
alignment with your moral compass will empower you
to fully optimize your capacity within your bandwidth.
This approach to all aspects of your life will allow you to
achieve the work-life balance you desire, and will allow
you to take advantage of new opportunities as they arise.
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It will also make you better prepared for challenges that
arise, such as the current COVID-19 pandemic. People
and organizations were forced to reprioritize public health
above all else. How did you and your organizations react
to this disruptor? You are likely able to identify those who
sought information, accepted the impact of the situation,
and made defendable decisions, versus those who became
overwhelmed with the need to adjust.

Last summer, my wife and I met Tim and his wife in
Leadville, Colorado (population 2,762 at 3,094 m above
sea level). We went for pizza at an eclectic restaurant, and
reminisced about our great times together, including our ski
trip. Tim was diagnosed with colon cancer in 1998, after
we had both moved away from the community in which we
became friends. We stayed in touch, and he is now cancer
free, having even climbed up Mt. Kilimanjaro a few years
ago. I remember that devastating news about his cancer
diagnosis and his fight to survive. Tim has a strong moral
compass and successfully reprioritized his life.

As we were strolling through downtown Leadville,
my phone rang. It was my doctor. My colon-cancer test was
positive. Now what? I was happy to have my wife, Tim,
and his wife present when I got the news. I did not let that
news ruin our time together — a higher priority right then.
However, I started doing research immediately afterwards.
How do I reprioritize my life now? I’ve been diabetic for
38 years: do I have the bandwidth to handle this new news?
I knew that I must maintain my moral compass as [ made
plans to deal with an important disruptive priority that had
suddenly appeared. Fortunately, there is a happy ending:
the test was a false positive! No need to reprioritize — or
is there?
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Foreword

Thisissue presents a paper by Antonio Savini, Emeritus
Professor at the University of Pavia, Italy, and Chair of the
History activity Committee of the IEEE Italy Section. The
paper originated at the time that was getting close to the
anniversary of the discovery of thermoelectricity, credited
to Thomas Johan Seebeck, Estonian scientist,in 1821. What
is less widely known is that such credit is incorrect, since it
has been recently proven that thermoelectricity was indeed
first observed and reported by Alessandro Volta in 1787

Historical Corner Column

Giuseppe Pelosi

Department of Information Engineering
University of Florence

Via di S. Marta, 3, 50139 Florence, ltaly
E-mail: giuseppe.pelosi@unifi.it

[1] (based on previous investigations in Italian, dating to
2005). In this paper, Antonio Savini makes this point for
the benefit of our wide community.
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The Early Experiments of Alessandro
Volta and the Seebeck Effect

Antonio Savini
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Abstract

The early history of thermoelectricity is briefly reviewed,
starting from the pioneering observations made by
Alessandro Volta up to the work of Thomas J. Seebeck,
to whom the effect of electric current generated by the
difference of temperature in a metal chain is attributed.
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1. Pioneering Observations
Made by Alessandro Volta on
Thermoelectricity

Stimulated by the booklet “De Viribus electricitatis in
motu muscolari commentarius” by L. Galvani (1791),
presented to him by B. Carminati, Professor of Anatomy at
the University of Pavia, in 1792 Alessandro Volta started
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Figure 1a. Luigi Galvani  Figure 1b. Alessandro Volta
[Bologna, Italy, September [Como, Italy, February 18,1745
9, 1737 — Bologna, Italy, De- — Como, Italy, March 5, 1827].

cember 4, 1798].

to investigate the so-called “animal electricity” using
metallic arcs and frogs (Figure 1). He gradually came to
the realization that the source of electricity was not in frogs
(animal electricity) but in metals (metallic electricity),
whereas frogs were merely “animal electrometers.” He
described his studies in many papers, and finally in a
letter addressed to Anton Mario Vassalli, Professor at the
University of Torino, on February 10, 1794 (Nuova Memoria
sull’elettricita animale del Sig. Don Alessandro Volta) [1]:

“Che pensa Ella della pretesa Elettricita Animale?
Per me sono convinto da un pezzo che tutta 1’azione
procede originariamente dai metalli combacianti un
corpo umido qualunque, o ’acqua stessa; in virtu del
quale combaciamento viene spinto avanti il fluido
elettrico in esso corpo umido od acqua dai metalli
medesimi, da quale piu da quale meno (piu di tutti dal
Zinco, meno quasi di tutti dall’ Argento); onde indotta
una comunicazione non interrotta di acconci conduttori
¢ tratto esso fluido in un continuo giro....”

“What do You think of the supposed Animal Electricity?
I'have been long convinced that all action is originated
by metals in contact with any wet body or water itself;
thanks to this contact the electric fluid is pushed forward
to the wet body or water by metals themselves, more
by some of them, less by others (more than others
by Zinc, less than almost all others by Silver); then,
having established a non-interrupted contact of suitable
conductors, such a fluid is induced to a continuous
circulation....” (translation from the original Italian)

As aresult of a number of experiments using various
material with differences at their ends (internal structure,
thermal treatment, heat), in the same letter he described,
as a side effect observed, what we can define as the first
experiment of thermoelectricity:
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Figure 1c. Frog’s legs used as a galvanoscope
by both Galvani and Volta.

“...Fatto dunque un arco diun grosso filo di ferro, crudo
edelastico, provavaseintingendo i suoi due capine’due
bicchieri d’acqua in cui pescava unarana puntualmente
e di fresco preparata,...mi riuscisse di farla convellere
e saltare....

...Or dunque trovato, con saggiarne molti, uno di tali
archi di ferro, che non facesse nullaneppur da principio,
ed altre volte aspettato che fosse indebolita la rana, e
resa non piu eccitabile da uno di quegli altri valevoli
sulle prime a commuoverla (il che succede ben presto),
tuffavanell’acquabollente un capo dital arco per qualche
mezzo minuto, indi trattato fuori e senza dargli tempo
di raffreddarsi, ritornava all’esperienza sopra i due
bicchieri di acqua fresca: ed ecco che la rana a bagno si
convelleva; e cio anche due, tre, quattro volte ripetendo
la prova; finché raffreddata per tali immersioni piu o
meno durevoli e ripetute...ritornava codesto arco inetto
del tutto ad eccitare le convulsioni dell’animale....”

“...So, taken an arc of a thick iron wire, coarse and
flexible, I tried to put its two ends into two glasses of
water where two parts ofa frog recently and conveniently
prepared were immersed in order to observe contractions
and jumping of the frog....

...After many e trials I took one of such iron arcs that
had not reacted since the beginning and in other time
after waiting that the frog became weak and no more
sensitive to other arcs that first had been able to affect
it (which soon happened), I immersed one end of the
arc into boiling water for some half a minute then
after removing it from there without letting it to cool
down, [ repeated the experiment with the two glasses of
cold water; suddenly the frog started contracting; this
happened two, three, four times until the arc, returned
cold after repeated immersions, became unable of
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Figure 2a. Johan Wilhelm Rit-
ter [Samitz, Poland, December
16,1776 — Munich, Germany,
January 23, 1810].

exciting the animal’s contractions...” (translation from
the original Italian)

As Voltahimselfpointed out, the thermoelectric effect
can be observed in an arc made of a single metal provided
the material has some inhomogeneities between the ends.
The effect is more pronounced if one uses a bimetallic arc.

It can be remarked that Volta just detected the
phenomenon by rough instruments (frog, his own
tongue), and did not perform detailed measurements of
the phenomenon.

In all his investigations, Alessandro Volta was
guided by the feeling that metals are motors of electricity.
Throughout all the 1780s, he made experiments with
conductors of different species, being convinced that an
electromotive force (tension) originated from the contact of
different conductors. Eventually in 1800, he communicated
the invention of the artificial electric organ (the electric
battery or pile): for the first time, a generator of continuous
flux of electric charges was available.

Soon afterthe invention, scientists everywhere started
to build and use batteries in order to investigate the effects
of electric current. Johann W. Ritter, a German physicist,
was among them. In 1801, he too observed thermoelectric
currents (Figure 2).

2. Seebeck’s Experiments

In 1820, Hans C. Oersted (Figure 2), when lecturing in
electricity and magnetism at the University of Copenhagen,
demonstrated the magnetic effect of electric current: a
current flowing in a wire was able to deviate a magnetic
needle placed nearby.
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Figure 2b. Hans Christian Oer-
sted (Rudkoebing, Denmark,
August 4, 1777 — Copenhagen,
Denmark, March 9, 1851).

Figure 2c. Thomas Johann
Seebeck [Tallinn, Estonia,
April 9, 1770 — Berlin, Ger-
many, December 10, 1831]

Attracted by Oersted’s discovery, Thomas Johann
Seebeck (Figure 2), an Estonian scientist and a member
of the Berlin Academy, when studying magnetism on
Earth, performed various experiments. In one of these, he
connected two pieces of different metals in a circuit with
a winding, over which he placed a magnetic needle. After
heating one of the metals, he observed the deflection of
the magnetic needle [2]:

12. Eine Wismuthscheibe wurde mit den beiden Enden
einer Kupferspirale in Beruhnung gebracht, unter die
geschlossen Kette eine Kalte unt auf dieselbe eine uber
Lampe erwarmte Kupferscheibe gelegt. Es erfolge
sopleich einer Declination, und dazu eine viel lebhaftere
als bei den fruheren Versuchen. Die Magnetnodel
innerhalb der Spirale machte eine Bewegung von 50°
bis 60° und blieb bei 17° stehen,....

12. A bismuth disk was placed in contact with the ends
ofacopperwinding and a copper disk was located under
the closed chain; the copper disk was warmed over a
lamp. A sudden deviation of the magnetic needle was
observed, much more remarkable than the previous
times. The needle within the winding rotated from
50° to 60° and remained at 17°....(translation from the
original German)

In 1821, he reported this experiment to the Berlin
Academy:

Aus meinen Untersuchungen uber den Magnetismus
der galvanischen Ketten in den Abhandlungen der
Konigl. Akademie von 1820-1821 S.289-346 hatte sich
ergeben, dafs die Intensitact des Magnetismus dieser
ketten in geradem Verhaltnifs zu der Energie der durch
den feuchten Leiter begrundeten chemischen Action
stehe,....
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From my research on the magnetism of the galvanic
chainsinthe Proceedings ofthe Royal Academy of 1820-
1821 p. 289-346 it has been concluded that the intensity
of magnetism of these chains is in direct relation with
the energy of the wet conductor based on the chemical
action....(translation from the original German)

Seebeck emphasized the connection between heat and
magnetism, a sort of thermos-magnetism. Actually, now
one knows that the difference of temperature of the two
metals produces an electromotive force that is responsible
for the circulation of electric current, and eventually for
the deviation of the magnetic needle.

In 1823, Oested himselfreported Seebeck’s discovery,
and proposed to call it “thermoelectricity” [3]:

M. Seebeck, member de 1’Académie de Berlin, a
découvert q’on peut établir un circuit électrique dans le
metaux sans ’interposition d’aucun liquid. On établit
le courant dans le circuit en troblant 1’¢quilibre de
temperature. L’appareil pour faire voir cette action est
fort simple: on peut le composer de deux arcs de métaux
differences, par exemple, de cuivre et de bismuth soudes
ensemble aux deux bouts, en sort qu’ils fassent en tout
un circle....

Pour étanblir le courant, on chauffe I’anneau a 1’un des
deux endroits ou se touchent le deux metaux....

On ne peut découvrir ces courans électiques que par
I’auguille aimantee, sur laquelle ils exercent une
influence treés sensible il foudra sans doute desormais
distinguer cette nouvelle classe de circuit électiques
par une dénomination significative, et comme telle je
propose 1’expression de «circuits thermo-¢lectriques
ou peut-etre «thermélectriques»: en meme temps ou
pourrait distinguer le circuit galvanique par le nom
circuit hydro-électrique ....”

Mr. Seebeck, a member of the Berlin Academy, has
discovered that an electrical circuit can be established
in materials without the interposition of any liquid.
We establish the current in the circuit by adjusting
the temperature equilibrium. The device to show this
action is very simple: it can be composed of two arcs
of different metals, for example, copper and bismuth
welded together at the two ends, so that they make a
whole circle....

To generate the current, we heat the ring in one of the
two places where the two metals touch....

We can only discover these electric currents by the
magnetic needle, over which they exert a very sensitive
influence. It will undoubtedly be clear from now on
to distinguish this new class of electric circuits by a
significant denomination, and as such I propose the
expression of «thermo-electric circuits» or perhaps
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«thermelectrics»: atthe same time one could distinguish
the galvanic circuit by the «name hydro-electric
circuity....

The discovery of thermoelectricity is normally
attributed to T. J. Seebeck, while the original and
fundamental observation made by Alessandro Volta is
forgotten. However, in recent times the International
Thermoelectric Academy recognized Alessandro Volta as
the early discoverer of the thermoelectric effect [4]. As
evidence of this, in 2005 a memorial plaque was therefore
dedicated in Como, the birth place of Alessandro Volta.

3. Conclusion

In 2021, we will celebrate the two-hundredth
anniversary of Seebeck’s discovery. In this respect, it
is necessary to remark that after him, investigations on
thermoelectricity have not stopped and, in particular, in
1834 Jean-Charles A. Peltier, a French scientist, described
the reverse effect, i.e. the cooling of a junction as electric
current flows through it.

Even in recent times, scientists and technologists
are studying new materials, including nano-engineered
materials, in order to check the possibility of generating
small voltages thanks to small differences in temperature,
and also in the microscopic world [5, 6]. Harnessing wasted
heat in the inorganic as well in the organic world is the main
purpose of these investigations in progress.
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The Covid-19 Pandemic and 5G Cellular
Telecommunication Systems

Recently, there were several odd or unusual reports
coming out of the UK about linking the coronavirus
disease (COVID-19) pandemic to the rollout of 5G
communication systems [1]. It sounded rather bizarre;
even as a conspiracy theory, it did not make sense! While
both 5G and COVID-19 are global phenomena happening
at around the same time, it boggles the mind how the two
got entangled. On second thought, it is not as shocking as
it may seem upon first encounter!

By now (as I write this in early May 2020), the
coronavirus has been established as a global pandemic with
rapidly increasing case counts and fatalities worldwide [2].
The impact and interruptions of computer “viruses” on
private citizen, commerce, corporation, and government
operations and common lives have been widely publicized
and recognized for quite some time, now. They have been
slowly embedded into the public consciousness as an
undesirable hi-tech affliction still in search of an effective
remedy. Moreover, foracouple of yearsifnotlonger, various
groups have been broadcasting and escalating politicized
or overblown concerns about 5G security challenges and
threats.

Aside from the array of socio-technical issues
surrounding the 5G cellular mobile network and technology,
the palpable politicization of 5G has caused bewilderment
and consternation inits deployment. Ithas certainly impacted
the pace with which investment decisions are being made:
namely, to engage5G as a hare or tortoise.

The onset of coronavirus COVID-19, a complex and
devastating global pandemic, on top of a public already
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jittery about computer viruses and 5G wireless cellular
technology perhaps conjures up horrors in some people’s
minds of being attacked by pandemic viruses or malevolent
cells, even the type associated with 5G cell phones. The
scriptis notneoteric. Scapegoating has been a cultural norm
in some quarters for no less than 2000 years.

The factis thatthere isno link between the COVID-19
virus and 5G cell-phone technology or 5G communication
base-station towers. These are totally different constructs:
they are not even close. None of the conspiracy theories
that try to link 5G and the coronavirus scientifically make
any sense. The electromagnetic radiation from 5G devices
and systems is not carrying the COVID-19 virus or any
other microbial virus into which humans can come into
contact, nor can infect anyone.

Proponents of 5G mobile technology hail 5G as a
faster and more secure technology than its predecessors,
3G and 4G systems, which incidentally are not necessarily
entirely secure, either. They can be just as vulnerable to
attempts such as real-time location tracking and surveillance
practices. However, there are 5G security concerns and
issues that can be somewhat more complicated. A central
vulnerability or key threat is that it may allow spying
on users: not new, either. Nevertheless, this is a system
architecture and technology or regulatory issue, but not a
biological or health effect matter or challenge.

5G cellularmobile technology is a telecommunication
platform that is multifaceted in radio-frequency (RF)
engagement and varied in operational scope and
performance. Itincludes an extremely wide range of multiple
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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 millimeter-
wave region. The frequency ranges have often been further
divided into low-band 5G, mid-band 5G, and high-band
5G. Low-band 5G begins at about 400 MHz and often uses
existing or previous 3G or 4G frequencies or newly opened
frequencies to operate, which, for example, may overlap with
the current 4G band. The mid-band 5G especially includes
the frequencies around 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 and multiple-output (MIMO),
using 64 to 256 antennas at short distances, and offering
performance up to 10 times that ofthe 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 anticipated performance bandwidth of 20 GHz
obviously isnot 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. For biological 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 biological tissues.

In 2011, the World Health Organization’s (WHO’s)
International Agency for Research on Cancer (IARC)
classified exposure to RF radiation as a possible carcinogen
tohumans. The IARC had then evaluated available scientific
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—
anon-malignant tumor of Schwann-cell-sheathed auditory
nerves on the side of the brain) among heavy or long-term
users of cellular mobile telephones are sufficiently strong
to support a classification of being possibly cancer causing
in humans for exposure to RF radiation [3, 4].

The classification of RF radiation as possibly
carcinogenic to humans is third on the IARC groupings
of carcinogenic risk to humans. The highest category is
Group 1, which is reserved for agents that are found to
be carcinogenic to humans. It is followed by Group 2A:
probably carcinogenic to humans; 2B: possibly carcinogenic
to humans; then Group 3: not classifiable as to its
carcinogenicity to humans; and lastly, Group 4: probably
not carcinogenic to humans.

Recently, the National Toxicology Program (NTP) of
the US National Institute of Environmental Health Science
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(NIEHS) reported observations of two types of cancers in
laboratory rats given life-long exposure to RF radiation used
for2G and 3G wireless cellular mobile telephone operations
[5]. This was the largest health effect study ever undertaken
by NIEHS/NTP. It concluded, among other observations,
that there was statistically significant and “clear evidence”
thatthe RF radiation had led to the development of malignant
schwannoma (a rare form of tumor) in the heart of male
rats. Further, there was “equivocal evidence” for the same
schwannoma risk among female rats. NTP also noted that
there were unusual patterns of cardiomyopathy, or damage to
hearttissue, in both RF-exposed male and female rats when
compared with concurrent control animals. In addition,
based on statistical significance, the pathology findings
showed indications of “some evidence” for RF-dependent
carcinogenic activity in the brain of male rats, specifically
glioma. However, the findings for female rats were deemed
as providing only “equivocal evidence” for malignant
gliomas when compared with concurrent controls [6, 7].

Note that the NTP uses five categories of evidence for
carcinogenic activity to classify the strength of evidence
observed in their reports: “clear evidence” and “some
evidence” for positive findings; “equivocal evidence” for
uncertain results; “no evidence” for no observable effects;
and “inadequate study” for results that cannot be evaluated
because of major experimental flaws.

Shortly after the NTP report, the Cesare Maltoni
Cancer Research Center at the Ramazzini Institute
in Bologna, Italy, published the final results from its
comprehensive study on carcinogenicity in rats exposed
(either lifelong or prenatal until death) to 2G/3G, 1800 MHz
RF radiation [8]. 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 roughly 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 significant increase in the rate of
schwannomas in the hearts of male rats was detected for the
highest RF exposure. Furthermore, an increase in the rate
ofheart Schwann cell hyperplasia was observed in exposed
male and female rats at the highest RF exposure, although
this was not statistically significant. An increase in the rate
of gliomas was observed in exposed female rats at the
highest exposure level, but it was not deemed statistically
significant[9]. Itis important to note that the recent NTPand
Ramazzini RF exposure studies presented similar findings
in heart schwannomas and brain gliomas. Two relatively
well-conducted RF exposure studies employing the same
strain of rats thus showed consistent results in significantly
increased cancer risks.

More recently, an Advisory Group for IARC has
recommended including re-evaluation of carcinogenicity
of human exposure to RF radiation, with high priority, in
their Monograph series [10].
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As mentioned above, the 5G frequency domain
is divided into low, mid, and high bands. The operating
frequencies at low and mid bands can overlap with the
current4Gband at 6 GHz or below. The biological effects of
RF radiations at these lower-frequency bands are thus likely
to be comparable to 2G, 3G or 4G. However, the scenarios
of high band 5G, especially for 24 GHz to 60 GHz in the
mm-wave region for high-capacity, short-range wireless
data communications, are relatively recent new arrivals,
and pose considerable challenge to health-risk assessment.

There is a paucity of data on permittivity and
coupling such as reflection, transmission, and induced
energy deposition in biological tissues in the mm-wave
frequency band.

In principle, at mm-wave frequencies, the induced
fields and energy deposition in biological medium can
be determined in much the same manner as for RF if the
permittivity of the relevant biological tissues at these
frequencies is known. Although there were some earlier
extrapolations based on Debye formulas and using complex
dielectric permittivity of the skin at lower frequencies,
some measurements for skin within the mm-wave range are
available for humans [11] and rodents [12]. Note that skin
tissue is not homogeneous but consists of multiple layers
of stratum corneum, epidermis, and dermis. Moreover, it
is differentiated according to body location: for example,
forearm and palm skins have thin and thick stratum corneum,
respectively.

It has been shown that the mm-wave permittivity of
differentskin layers may be described by the Debye equation
withasinglerelaxation time [ 13]. Measured data for human
skininthe frequency range of 37 GHz to 74 GHz showed that
the measured results tended to be lower compared to earlier
extrapolations. More importantly, at mm-wave frequencies,
the permittivity of skin is governed by cutaneous free water
content. Available information for 30 GHz to 90 GHz thus
indicates that the behavior of relative permittivity follows
that of the lower RF frequencies. Specifically, the real and
imaginary parts of permittivity for skin decrease from 20
to 6 and 20 to 12, respectively.

The power reflection coefficients for frequencies from
37 GHz to 74 GHz decreased from 60% to 45% and 40%
to 20% for skin on the forearm and palm, respectively.
The power transmission coefficient for skin on the forearm
showed anincrease from 55% to 65%, respectively, between
30 GHz and 90 GHz. It is noteworthy that a thick stratum
corneum in the palm causes an increase in transmission
because of the layer-matching phenomenon at higher
mm-wave frequencies. The penetration depth of a plane
wave field decreases from 0.8 mm to 0.4 mm and 1.2 mm
to 0.7 mm for skin on the forearm and palm, respectively,
between 30 GHz and 90 GHz. Induced energy deposition
increases with mm-W frequency. 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 [14].
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Studies on mm-wave interactions aimed both toward
biological effects and medical applications began nearly
50 years ago, most notably in the former Soviet Union. A
comprehensive review of research on biological effects of
mm-waves from the former Soviet Union showed that at
intensities of 100 W/m? or less, mm-wave can affect cell
growth and proliferation, enzyme activity, genetic status,
function of excitable membranes, peripheral receptors, and
other biological systems [15].

A recently published review 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 [16]. The review was
based on published data from scientific papers written in
English available through the end of 2018 using 6 GHz to
100 GHz as the RF source. 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
both in subjects and end points investigated. Biological
effects were observed to occur both in vivo and in vitro
for different 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 200 W/m?, did not seem to cause
any greater responses.) For example, in the 53 in vitro
studies involving primary cells (n=24) or cell lines (
n=29), approximately 70% of the primary cell studies
and 40% of the cell line investigations showed effects 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 unclear in a
large fraction of these studies.

While many of these investigations with mm-
wave exposures reported biological responses, there is
inconsistency in the dependence of biological effects and
mm-wave intensity used for exposure. The number of
reported in vitro and in vivo laboratory investigations were
also modest and diverse, considering the wide 5G mm-
wave frequency domain. The jury on biological effects or
health impact is still out on 5G. Moreover, there is a lack of
ongoing controlled laboratory investigations. Simply put,
the existing scientific data is inadequate for any reliable
assessment or conclusion with confidence.
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KIT- Karlsruhe March 16-19, 2021
Coordinators: T. Zwick, M. Younis

COMPRESSIVE SENSING AS APPLIED TO
ELECTROMAGNETICS

UNITN, Riva del Garda, March 22-26
Coordinators: A. Massa, G. Oliveri

LEAKY WAVES AND PERIODIC
STRUCTURES FOR ANTENNA
APPLICATIONS,

La Sapienza, Rome April 26-30 2021
Coordinator: F. Frezza

ADVANCED MATHEMATICS FOR
ANTENNA ANALYSIS,

UNIZG Dubrovnik, 17-21 May
Coordinators: Z. Sipus, S. Maci

CHARACTERISTIC MODES: THEORY AND
APPLICATIONS,

CTU, Prague 24-28 May,

Coordinators: M. Ferrando, P Hazdra

COMPACT ANTENNAS FOR SENSOR
SYSTEMS, UPC - Barcelona, May 31-June
4, Coordinators : L. Jofre, A. Skrivervik

MOBILE RADIO PROPAGATION FOR 5G
AND BEYOND

UNIBO, Cesenatico, June 7-11
Coordinators: , V. Degli Esposti,

C. Oestges,T. Kiirner

ANTENNA MEASUREMENTS,
UPM-MVG, Madrid, 14-18 June
Coordinators: M. Sierra, L. Foged

TERAHERTZ ANTENNA AND IMAGING
SYSTEMS TuDelft - Delft, 21-25 June,
Coordinators : A. Neto, N. Llombart . L.
Jofre,

MILLIMETER WAVE ANTENNAS,
UR1 - Rennes, 28 June - 2 July
Coordinator: O. Lafond

Exploiting Symmetries in Artificial Materials
for Antenna Applications

La Sorbonne, Paris, 13-16 September

G Valerio, E Martini, O Quevedo

ADVANCED COMPUTATIONAL EM,
POLITO, Torino, 20-24 September
Coordinators: F. Andriulli, G. Vecchi

ANTENNA SYNTHESIS,
UNINA, Capri, 11-15 October
Coordinator: A. Capozzoli

ACTIVE ANTENNAS
ESA-ESTEC , Nordwijk , 4-8 October
Coordinator: G. Toso, P. Angeletti

DISRUPTIVE ANTENNAS BASED ON
EMERGING TECHNOLOGIES FOR NOVEL
SATELLITE TELECOMMUNICATION
SCHEME (REVOLVE)

TAS, Rennes, November 15-19
Coordinators: M. Ettorre, H. Legay
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Women in Radio Science

Introduction by the Associate
Editor

My engineering colleague, Karl-Arne Markstrom
of the Swedish URSI committee, and I want to present an
80-year-old innovation for a very relevant application of
today, made by two persons outside of the radio-science
community. One of them can definitively be presented in
“Women in Radio Science.”

Some inventions have been made well ahead of their
time and by the “wrong” people. Frequency-hopping spread
spectrum is a very good example of this. Hedy Lamarr
and George Antheil were professionals in show business,
but they both had intellectual capacity, knowledge, and
experiences that enabled them to think outside the box in
order to be able to contribute to solve the problem of secret
communications. Their still quite mechanical method, which
is described below by Karl-Arne, required some advances
in technology development in order to fulfill its potential
in relation to Wi-Fi and Bluetooth applications of today.

Hedy Lamarr (Figure 1) was the artist’s name of
Hedwig Kiesler, born in Vienna in 1914. From when she
wasayoung girl, she wanted to be an actress. She succeeded
in her goal, becoming a famous movie star in Europe.
Thanks to the #metoo movement, we recently have come
to understand that young women are very vulnerable in
the film industry. In the 1930s, a marriage hopefully gave
some protection against such abuse. When she was very
young, Hedy married FritzMandl, arich arms manufacturer
in Austria. While participating as a companion in Mandl’s
business meetings, she got a good insight into military
technology.

Inthelate 1930s, Hedy moved to Hollywood, since her
Jewish background made her life insecure in Europe. Both
her professional and private life was spectacular in a way
that we today would not react so much to. Hedy was also
interested in science and technological development, which
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did not fit so well with the 1940s image of a female movie
star, who was expected to concentrate on being attractive.

George Antheil was born in 1900 in an industrial
district of Trenton, New Jersey. He was a vivid child and
loved to play piano. He was very talented and became
a popular concert pianist, composer, and author, active
in Berlin, Paris, and Hollywood. He composed both
symphonies and film music. The experiments for his most
famous composition, “Ballet Mécanique,” to synchronize
many self-playing pianos gave him useful experience for
the coming innovation.

Hedy Lamarr and George Antheil were not the most
obvious inventors. They were both famous for something
else: being hard-working people and having a good
chemistry between them. Hedy was especially concerned
about what was happening in her former homeland after

Figure 1. A photograph of Hedy Lamarr
for the film, The Heavenly Body.
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Hitler’s takeover. From her time with arms dealer Mandl,
she knew how torpedoes worked, and George had experience
about the synchronization problem. When the need for
secret communications became an urgent issue, Hedy and
George started to brainstorm on how to solve the problem.

Theirapproach could bedescribed as multidisciplinary,
due to their different competences. They employed both
a university professor in Electrical Engineering from
Caltech, and the attorney firm of Lyon and Lyon, which
specialized in patents, to produce a very competent patent
for the “Secret Communication System” [1]. At the same
time, they probably stepped into somebody else’s territory.

Walters [1] referred to an event during the war where
a commanding officer in the US Navy rejected the use of
the patent and caricatures it when he learned who was
behind it. To the contrary, some ten years later, when the
US Navy contracted the design of a secure sonobuoy system

from the Hoffman Corporation, a copy of the patent was
provided. The person in charge at Hoffman assumed that
“it was existing secret technology devised by some clever
electrical engineer working under a Navy contract” [1].

Hedy passed away in the year 2000, and George in
1959, both unfortunately before the time when the full
potential of their innovation could be realized. In 2014,
they were inducted into the National Invertors Hall of
Fame, which honors the people responsible for the great
technological advances that make human, social, and
economic progress possible.

Reference

1. R. Walters, Spread Spectrum: Hedy Lamarr and the
Mobile Phone, www.robsbookshop.com, 2014.

The Invention by Hedy Lamarr and
George Antheil of Frequency-Hopping
Spread-Spectrum Secret Communications

Karl-Arne Markstrom

AFRY Digital Solutions AB
SE-169 99 Stockholm, Sweden
E-mail: karl-arne.markstrom@afry.com

Already before WW1, the general principles of using
frequency agility to avoid detection and jamming had
been proposed and actually used on a small scale. However,
the limitations of the radio transmitters and receivers of the
day made it impractical to implement systems that rapidly
changed frequencies on a larger scale.

Remote-controlled flying bombs, torpedoes, and
other unmanned craft were a common discussion topic in
military circles during the pre-WW?2 years, and some radical
thinkers predicted their use in a coming war. However,
a common concern was the relative ease of jamming or
sending false remote-control signals to such weapons, which
made the “Powers That Be” somewhat skeptical about their
introduction and use. It was in this context that the invention
by Lamarr and Antheil can be seen. When their application
forUS Patent 2,292,387, “Secret Communication System,”
was filed in June 1941, war had been raging in Europe for
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almost two years, and many saw it as only a matter of time
before the United States was to be drawn into the conflict
in one way or another.

Hedy Lamarr had befriended Howard Hughes,
famous aviator and film mogul, who had a keen interest
in technology and introduced her to commonly discussed
matters of the day. It is very likely that she became part of
discussions about “secret weapons,” and she decided to
make a contribution.

Here enters the musical — more specifically, pianist
— background of George Antheil. The self-playing piano
was an early example of a “programmable mechanism,”
somewhat in line with the punch-card-programmable
Jacquard loom, and in a broader context, the Babbage
“Analytical Engine.” Punch cards had also been used for
decades for accounting and tabulating-machine purposes.
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They applied the principle behind the sequential generation
of piano notes froma punched tape to the similar problem of
generating and receiving radio frequencies in a pattern that
was generated by hole patterns. In the proposed system, the
number of frequencies in the table was 88, coincidentally
the number of keys on a piano. This made it possible to
transmit information that in their proposed system was
encoded as audio tones of different frequencies, which in turn
were sent and received using seemingly randomly selected
carrier frequencies. A major problem in such a system was
time synchronization. It is essential that the sequences at
each end of the circuit accurately match each other for the
whole duration of the mission. If the sequences start to
drift apart, the transmissions soon become impossible to
decode. In the system described in their patent application,
the problem was addressed using a synchronization pulse
between the transmitter and receiver at the start of the
mission, and by then having accurately controlled speeds
of the tape mechanisms at both ends of the circuit.

Unfortunately, the “state-of-the-art” of radio and
electronics technology in 1941 did not make large-scale
implementations of such systems practical, especially
considering the reliability problems of vacuum-tube
technologies on small and fast-moving platforms. It
took until the introduction of solid-state technologies
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some 20 years later before their innovation could be
implemented on a practical scale, starting with secure
military communications. The abilities in counter-fading
and narrow-band interference later made frequency-
hopping spread spectrum (FHSS) one of the essential
parts of high-capacity wireless data-transfer systems.
Reliable synchronization was ultimately achieved by
extracting the receiver’s clock frequency and phase from
the received data patterns.

The principles behind FHSS are remarkably
unchanged from the 1941 invention, but it is the means
and methods of their implementation that have changed.
Current large-scale implementations include the Bluetooth
and Wi-Fisignaling protocols, where frequency hopping is
used to mitigate external and inter-system interference, and
to avoid steady-state fading issues. The signaling scheme
used in Wi-Fi(the original IEEE 802.11 specification) relies
on dividing the spectrum in up to 14 overlapping channels
in the 2400 MHz ISM band, spaced by 5 MHz, and to use a
pseudo-random hop pattern to select the frequency to use at
each instant. Use of forward error-correction (FEC) codes
to detect and correct errors, and also retransmission of data
(ARQ) that has been corrupted on another frequency that
is not interfered with, makes the system quite resistant to
narrow-band interference. A similar scheme is used in the
Bluetooth standard.
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IEEE RADIO 2019

The 2019 edition of the international conference, IEEE
Radio and Antenna Days of the Indian Ocean (IEEE
RADIO 2019), was hosted in Reunion Island for the second
time. This seventh edition of the conference was held from
September 23 t0 26,2019, at the Lux Resort & Hotel, Saint-
Gilles Les Bain. The conference was managed by the Radio
Society (Mauritius) and financially sponsored by the [IEEE
Antennas and Propagation Society (AP-S). Région Réunion
financially supported the conference, and the Union Radio
Scientifique Internationale (URSI) provided technical co-
sponsorship. The Local Organizing Committee consisted of
researchers from Centrale Supélec, France, the University
of Mauritius, and the University of Reunion Island.

IEEE RADIO 2019 was attended by participants
from about twenty different countries (Figure 1). The
conference featured a tutorial on the design of radio amateur
networks, followed by presentations of radio amateur
activities in Mauritius and Reunion Island. Projects related
to humanitarian activities were discussed during a special
session organized by the IEEE Special Interest Group on
Humanitarian Technology (SIGHT) Indian Ocean. Two
workshops, open to all the participants of the conference,
were organized in conjunction with the conference. The
first workshop addressed measurements and simulations
for industrial applications and development of standards.
The second workshop was dedicated to the CARERC
(Cartographie Electromagnétique par Réseaux de Capteurs)
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project that was undertaken by colleagues at the University
of Reunion Island during past years. The regular sessions
covered topics such antenna design, bioelectromagnetics,
devices and circuits, wireless communication, and tracking
systems. Three internationally recognized scientists
delivered invited talks during the conference.

The oral presentations of students and young scientists
were evaluated by a jury. A shield and a cash prize of 300
Euros were awarded to the best young scientist less than
36 years old. The presenters of the First, Second, and Third
Best Student Papers were awarded shields and cash prizes
of 300 Euros, 200 Euros, and 100 Euros, respectively
(Figure 2). The AP-S sponsored Industrial Engineering
Paper Award, consisting of a shield and a cash prize of 300
Euros, was presented to the author of the paper presenting
the most innovative and significant contribution in terms
of practical industrial engineering related to the fields of
antennas, electromagnetics, and propagation.

Following the COVID-19 outbreak, the organizing
committee decided to cancel the 2020 edition of the RADIO
international conference.

Vikass Monebhurrun
General Chair, IEEE RADIO 2019
E-mail: vikass.monebhurrun@centralesupelec.fr
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Figure 2. The recipients of the awards presented on Thursday, September 26, 2019.
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URSI Accounts 2019

Introduction by the URSI
Secretary General

URSI traditionally gets its income from the Member
Committees contributing in line with their “unit of
contribution” and in line with their impact in Council.
Over the past few years, efforts have also been made to
explore possible new resources from meetings through the
creation of yearly URSI Flagship meetings. These Flagship
meetings constitute, in a three-year cycle, the URSI General
Assembly and Scientific Symposium (GASS), the Atlantic
Radio Science Conference (AT-RASC) and the Asia-Pacific
Radio Science Conference (AP-RASC). This has been very
successful from a scientific point of view and encouraging
from a financial point of view. The current worldwide travel
restrictions in view of the COVID-19 pandemic will force
URSI, justas other organizations, to re-consider the concept
used for these meetings and conferences. Once considered
as “to remain forever”, these scientific 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, have now disappeared
and have to be re-invented in a “corona-proof” concept.

URSI will need to be creative in setting up initiatives
and further increase its efforts to stimulate and encourage
interaction, collaboration and networking across different
disciplines in the field of radio science. It can rely on
some other initiatives already taken in the past, such as
the establishment of the Individual Membership and a new
publication, the URSI Radio Science Letters, which already
successfully took off in its first year of operation. However,
these initiatives 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 current
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pandemic illustrates, this should be handled with great
care and cautiousness, to not compromise the long-term
future of URSL

As you may realize from the balance shown below,
there seems to be a substantial increase in the assets of
URSI comparing 2019 with the previous years. However,
this is only the result of the fact that in the accounts the
value booked is the value at the moment of purchase, not
the market value. During 2019, some old investments were
sold and reinvested, resulting in the fact that now in the
accounts, the value of these assets has been actualized.
The market value of all of the URSI investments is always
included in this overview to clarify this situation, and from
this overview in market value one realizes that the new
initiatives taken have consumed some part of the URSI
investments.

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

Prof. Peter Van Dale
Secretary General of URSI
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BALANCE SHEET: 31 DECEMBER 2019
EURO
ASSETS
Installations, Machines & Equipment

Dollars

BNP Paribas (USD) 118.98
BNP paribas (CAD) 0.00

Euros
Banque Degroof 0.00
BNP Paribas zichtrekening 127,791.04
BNP Paribas spaarrekening 692.87
BNP Paribas portefeuillerekening (001-02) 117,415.44
BNP Paribas portefeuillerekening (001-84) 0,57
Paypal 691.32

Investments
DPAM Bonds EMU (formerly Demeter Sicav Shares) 0.00
Rorento Units 0.00
DPAM MML MON (formerly Aqua Sicav) 0.00
Bonds 1.068,197.46

673 Rorento units on behalf of van der Pol Fund 11,833.55

Petty Cash
Total Assets

Less Creditors
IUCAF 36,783.12
ISES 5,053.53

Balthasar van der Pol Medal Fund
Basu Medal Fund
Paid Remuneration

NET TOTAL OF URSI ASSETS

The net URSI Assets are represented by: EURO
Closure of Secretariat
Provision for Closure of Secretariat

Scientific Activities Fund
Scientific Activities in 2019 60,000.00
Routine Meetings in 2019 20,000.00
Publications/Website in 2019 40,000.00
Young Scientists in 2019 0.00
Administration Fund in 2019 105,000.00
1.C.S.U./L.S.C. Dues in 2019 6,000.00
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EURO

1,316.91

118.98

246,591.24

1.068,197.46
1.080,031.01
208.39

1,328,266.53

(41,836.65)
(11,833.55)
(4,216.35)
7,522.80

1.277.902.78

EURO

120,000.00

231,000.00




Flagship Meetings

GASS 2017 - Montreal

GASS 2020 - Rome

AT-RASC - Gran Canaria (2021)
AP-RASC - Sydney (2022)

Total allocated URSI Assets
Unallocated Reserve Fund

0.00
180,000.00
60,000.00
10,000.00

601,000.00
676,902.78

Statement of Income and expenditure for the year ended 31 December 2019
I. INCOME

Contributions from National Members (year -1)
Contributions from National Members (year)
Contributions from National Members (year +1)
Income General Assembly 2017/2020

Income AT-RASC 2015/2018

Income AP-RASC 2019

Support Conf Organization - ECIO

Support Conf. Organization - BSS

Support Conf Organization - Benelux Forum
Sales of Publications, Royalties

Bank Interest

Other Income

Total Income

II. EXPENDITURE
A1) Scientific Activities

General Assembly 2014/2017

Mid Term Meetings 2015

AT-RASC

AP-RASC

Support Conf. Organization

Scientific Meetings: Symposia/Colloquia
Representation at Scientific Meetings
Other

A2) Routine Meetings

Bureau/Executive committee
Other

A3) Publications

B) Other Activities

Contribution to ICSU/L.S.C. (2019)
Contribution to other ICSU bodies/I.S.C. bodies

C) Administrative Expenses
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Salaries, Related Charges

General Office Expenses

Travel and representation
Insurances/Communication/Gifts

Office Equipment

Accountancy/Audit Fees

Bank Charges/Taxes

Depreciation

Loss on Investments (realised/unrealised)

Total Expenditure:

21,563.50
189,725.00
24,725.00
1500.00
0.00

0.00
1500.00
1000.00
2100.00
0.00

0.00
753.800.62

8,870.92
0.00
6,759.66
51,797.23
9,611.79
25,300.00
3,012.28
0.00

39,431.58
0.00

3,897.00
2,000.00

116,567.31
2,096.23
3,971.52
7,649.34

0.00
8,410.66
81,377.26
1,316.92
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1.277.902.78

995.914.12

105,351.88

39.431.58

33,641.84

5,897.00

221,349.24

405.671.54



Excess of Expenditure over Income 590,242.58

Currency translation diff. (USD => EURO) - Bank Accounts (1,669.26)
Currency translation diff. (USD => EURO) - Investments 0.00
Currency translation diff. (USD => EURO) - Others 0.00
Accumulated Balance at 1 January 2019 689,329.46
1.277.902.78
Rates of exchange
January 1, 2019 1 USD =0.8737 EUR
December 31,2019 1 USD =0.8915 EUR 1 CAD =0.6849 EUR

Balthasar van der Pol Fund

652 Robeco Global (formerly Rorento Shares) : market value on December 31

(Aquisition Value: USD 14,175.00/EUR 11,833,55) 37,457.40
Book Value on December 31, 2019/2018/2017/2016 11,833.55

Market Value of investments on December 31, 2019-2014

DPAM EMU (formerly Demeter Sicav Shares) 0.00
Robeco Global (formerly Rorento Units) (1) 0.00
DPAM MML MON (formerly Aqua-Sicav) 0.00
Bonds 1.068,197.46

1.068.197.46
Book Value on December 31, 2019/2018/2017/2016/2015/2014 1.080,031.01

(1) Including the 652 Rorento Shares of v d Pol Fund

APPENDIX : Detail of Income and Expenditure

I. INCOME
Other Income
Young scientist support (Japan) 0.00
Income bonds 753,800.62
Other 0.00
753,800.62
II. EXPENDITURE
General Assembly 2017/2020
Organisation 8,870.92
Vanderpol Medal 0.00
Basu Award 0.00
President’s Award 0.00
Young scientists 0.00
Expenses officials 0.00
Support Commissions 0.00
8,870.92
AT-RASC
Organisation 6,759.66
Young Scientists 0.00
Expenses Officials 0.00
Support Commissions 0.00
6,759.66
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AP-RASC
Organisation
Young Scientists
Expenses Officials
Support Commissions

Support Conference Organization
ECOC
Benelux Forum

Routine Meetings
Board Meeting

Symposia/Colloquia/Working Groups
Commission A
Commission B
Commission C
Commission D
Commission E
Commission F
Commission G
Commission H
Commission J
Commission K
Central Fund
Central Fund (Student Award MC)

Contribution to other ICSU bodies
IUCAF

Publications
Publications/Website

11,387.52

0.00

15,076.11

25,333.60
51,797.23

7,893.04
1,718.75
9,611.79

39,431.58
39,431.58

0.00
13,300.00
0.00
0.00
0.00
0.00
5,000.00
0.00
3,000.00
0.00
0.00
4,000.00
25,300.00

2,000.00
2,000.00
33,641.84

33,641.84
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Ei(AP 2021

Call for Papers

15 European Conference
on Antennas and Propagation

2021

Diisseldorf, Germany
March 22-26, 2021

THE CONFERENCE

EUCAP is Europe's largest and most significant antennas and
propagation conference attracting more than 1400 participants
from academia and industry, and more than 50 industrial
exhibitors, from all over the world. It is a great forum for exchange
of new technical-scientific achievements, for demonstrating state-
of-the-art technology, and for establishing and strengthening
professional networks.

The 2021 host country Germany has a strong antennas and
propagation community both in academia and industry. Moreover,
antennas and propagation play a central role in.the current
transition of Germany's strong automotive industry towards
digitally connected cars and autonomous driving. Finally, many
cellular operators and telecommunications equipment vendors
have large branches and even headquarters in the host city
Disseldorf and the Rhine-Ruhr-Area, leading the development of
5G. Therefore, EUCAP 2021 will be a unique place to strengthen the
link between the scientific antennas and propagation community
and the automotive as well as the 5G industry.

INFORMATION FOR AUTHORS

Authors are invited to submit papers online with a minimum
length of two and a maximum length of five A4 pages. The paper
must contain enough information for the Technical Programme
Committee and reviewers to assess the quality of the work in a
single acceptance/ rejection review process. It will be possible to
revise accepted papers in line with the reviewers’ comments.

Organized by Spupported by

* ¥ %
E VMP

L ¢

e Radio Science Bulletin No 372 (March 2020)

EuMA IEEE I=1
The Institution of
o e 4 — Engineering and Technalogy

e

Submit your paper online at www.eucap2021.org no later than
16 October 2020. The submission requires an EDAS® account,
which is free.

Presented papers will be included in IEEE Xplore, if the authors
choose this option during the submission process. Compliance
to the IEEE format is mandatory in this case.

IET AND EuMA

Authors can apply for publication in a special issue of either
Microwaves, Antennas & Propagation (IET) or International
Journal of Microwave and Wireless Technologies (EuUMA) during
the submission process.

IMPORTANT DATES

16 October 2020
22 December 2020
5 February 2021

FIRM DEADLINE

For EuCAP 2021, there will be no extension of the paper
submission deadline; late or updated submissions will not be
accommodated after the deadline.

Deadline
Notification
Revised paper

www.eucap2021.org
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URSI Conference Calendar

Adetailed list of meetings is available on the URSI website
at http://www.ursi.org/events.php

March 2020

URSI-France Workshop : Future Networks: 5G and
beyond

Palaiseau, France, 11-13 March 2020

Contact: Prof. Alain Sibille, Telecom Paris, E-mail :

alain.sibille@telecom-paris.fr

http://ursi-france.telecom-paristech.fr/evenements/
journees-scientifiques/2020/2020-en.html

The 2020 e-Workshop on Instrumentation and
Calibration in Radio Astronomy

will be held “virtually” on 26 March 2020

This will be an e-Workshop hosted at two sites (Stellenbosch,
South Africa and Eindhoven, Netherlands), connected via
video link. The aim ofthe workshop is to have a cost-effective
way to give students the opportunity to present their work
and make connections with an international audience.
Contact: Dr. Jacki Gilmore, E-mail : ackivdm(@sun.ac.za

July 2020

2020 APS-URSI

2020 IEEE AP-S Symposium on Antennas and
Propagation and CNC/USNC-URSI joint meeting
virtually held on 5-10 July 2020

Contact: General Chair: Ahmed Kishk, E-mail: ahmed.
kishk@concordia.ca; General Co-Chairs: Lot Shafai, lot.
shafai@umanitoba.ca , David G. Michelson, davem(@ece.
ubc.ca, Yahia M. M. Antar, antar-y@rmc.ca
https://2020apsursi.org/

August 2020

ICEAA - IEEE APWC 2020

The twenty-second edition of the International
Conference on Electromagnetics in Advanced
Applications

Honolulu, Hawaii, USA, originally 10-14 August 2020, is
being postponed

Contact: Mrs. Manuela Trinchero SELENE Srl - Eventi e
Congressi, Via Medici 23 10143 Torino, Italy, Tel: +39-
011-7499601, Fax: +39-011-7499576, E-mail: iceaa@
seleneweb.com or iceaa20@iceaa.polito.it ; Scientific
Secretariat: Prof. Guido Lombardi, Politecnico di Torino,
E-mail: iceaa20@iceaa-offshore.org
https://www.iceaa-offshore.org/j3
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URSI GASS 2020

virtually held on 28 August — 4 September 2021

Contact: URSI Secretariat, Ghent University — INTEC,
Technologiepark-Zwijnaarde 126, B-9052 Gent, Belgium,
E-mail gass@ursi.org, Website: http://www.ursi2021.org,
http://www.ursi.org/young_scientists.php#tab-section3
(link to all the Young Scientist abstracts and presentations)
http://www.ursi.org/student_paper _competitions.php (link
tothe GASS 2020 Student Paper Competition with abstracts

and list of finalists)

September 2020

URSI 2020 Spain

35th National Symposium of URSI in Spain

Malaga, Spain, 2-4 September 2020

Contact : https://www.conftool.net/ursi2020/index.php?p
age=browseSessions&print=export

NRSC2020 - 37th National Radio Science Conference
Annual meeting of the Egyptian URSI Committee
Cairo, Egypt, 8 - 10 September 2020

Contact: Prof. Rowayda A. Sadek, Secretary, URSI- Egypt
National Radio Science Committee, Faculty of Computers
and Information Technology, Helwan University, Helwan,
Egypt, E-mail: Rowayda_sadek@yahoo.com , Rowayda
sadek@fci.helwan.edu.eg

https://nrsc2020.guc.edu.eg

6th A.P. Mitra Memorial Lecture

Online annual lecture event to remember Dr. A.P. Mitra
New Delhi, India, 16 September 2020

Contact: Dr. Amitava Sengupta, E-mail : senguptaS3@
yahoo.com, Website: https://indianradio.webex.com/
indianradio/j.php?MTID=m177dbc74a693dbcfdf5910a
28221e7b9

Kleinheubacher Tagung 2020

Annual meeting German URSI committee

Miltenberg, Germany, 28 - 30 September 2020

Contact: Prof. Dr. Madhu Chandra, Chair of High-Frequency
Engineering and Electromagnetic Theory, Faculty of
Electrical Engineering and Information Technology,
Chemnitz University of Technology, E-Mail: kht2020(@
etit.tu-chemnitz.de, http://www.kh2020.de

Metamaterials 2020

Fourteenth International Congress on Artificial
Materials for Novel Wave Phenomena

New York, NY, USA, 28 September — 3 October 2020 (in
an online format)

Contact : E-mail: contact@metamorphose-vi.org
https://congress.metamorphose-vi.org/index.php/8-

general-information/1 -metamaterials-20161
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November 2020

9th VERSIM workshop

Kyoto, Japan, 21-25 November 2020

Contact: Prof. Y. Omura, http://pcwave.rish.kyoto-u.ac.jp/
versim/

December 2020

ECOC 2020

European Conference on Optical Communications
Brussels, Belgium, 6-10 December 2020

Contact: Prof. P. Van Daele, E-mail: E-mail: info@
ecoc2020.org, Website : https://ecoc02020.org/

January 2021

USNC-URSI NRSM 2021

USNC-URSI National Radio Science Meeting

Virtual meeting on 4-9 January 2021

Contact: Dr. Sembiam R. Rengarajan, Department of ECE,
California State University, Northridge, CA 91330-8346,
USA, Fax: 818-677-7062, E-mail: srengarajan@csun.ed u;
Logistics: Christina Patarino, E-mail: christina.patarino@
colorado.edu, Fax: 303-492-5959, Website: https://www.

nrsmboulder.org/

EuMW 2021

European Microwave Week 2020

Utrecht, the Netherlands, 10-15 January 2021

Contact: E-mail: headquarters@eumwa.org, https://www.
eumweek.com/

ISAP 2021

International Symposium on Antennas and Propagation
Osaka, Japan, 25-28 January 2021

Contact : Prof. Hiroyuki Arai: General Chair of ISAP 2020
Yokohama National University, Japan, ap_ac-isap2020@
mail.ieice.org, Website: http://isap2020.org/

COSPAR 2021

43rd Scientific Assembly of the Committee on Space
Research (COSPAR) and Associated Events

Sydney, Australia, 28 January — 4 February 2021
Contact : COSPAR Secretariat, 2 place Maurice Quentin,
75039 Paris Cedex 01, France, Tel: +33 1 44 76 75 10,
Fax: +33 144 76 74 37, E-malil: cospar(@cosparhg.cnes.fr
http://www.cospar2021.org March
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March 2021

EuCAP 2021

15th European Conference on Antennas and Propagation
Dusseldorf, Germany, 22 - 26 March 2021

Contact : Thomas Kiirner, info@eucap2021.org, Website:
https://www.eucap.org/conference/news-23092019

August 2021

URSI GASS 2021

Rome, Italy, August 28 -September 4, 2021

Contact: URSI Secretariat, Ghent University — INTEC,
Technologiepark-Zwijnaarde 126, B-9052 Gent, Belgium,
E-mail gass@ursi.org, Website: http://www.ursi2021.org/

October 2021

ISAP 2021

International Symposium on Antennas and Propagation
Taipei, Taiwan, 19-22 October 2021

Contact : http://www.isap2021.org/

May 2022

AT-RASC 2022

Third URSI Atlantic Radio Science Conference

Gran Canaria, Spain, 30 May - 4 June 2022

Contact: Prof. Peter Van Daele, URSI Secretariat, Ghent
University — INTEC, Technologiepark-Zwijnaarde 126,
B-9052 Gent, Belgium, E-mail: peter.vandaele@ugent.be
http://www.at-rasc.com

August 2022

AP-RASC 2022

Asia-Pacific Radio Science Conference 2022

Sydney, Australia, 21-25 August 2022

Contact: URSI Secretariat, Ghent University — INTEC,
Technologiepark-Zwijnaarde 126, B-9052 Gent, Belgium,

E-mail: info@ursi.org
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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
scientific papers, correspondence items (short technical
notes, letters to the editor, reports on meetings, and reviews),
and general and administrative information issued by the
URSI Secretariat. Scientific papers may be invited (such
as papers in the Reviews of Radio Science series, from the
Commissions of URSI) or contributed. Papers may include
original contributions, but should preferably also be of a
sufficiently tutorial or review nature to be of interest to a
wide range of radio scientists. The Radio Science Bulletin
is indexed and abstracted by INSPEC.

Scientific papers are subjected to peer review.
The content should be original and should not duplicate
information or material that has been previously published
(if use is made of previously published material, this must
be identified to the Editor at the time of submission).
Submission of amanuscript constitutes an implicit statement
by the author(s) that it has not been submitted, accepted for
publication, published, or copyrighted elsewhere, unless
stated differently by the author(s) at time of submission.
Accepted material will not be returned unless requested by
the author(s) at time of submission.

Submissions

Material submitted for publication in the scientific
section of the Bulletin should be addressed to the Editor,
whereas administrative material is handled directly with the
Secretariat. Submission in electronic format according to
the instructions below is preferred. There are typically no
page charges for contributions following the guidelines.
No free reprints are provided.

Style and Format

There areno set limits on the length of papers, but they
typically range from three to 15 published pages including
figures. The official languages of URSI are French and
English: contributions in either language are acceptable.
No specific style for the manuscript is required as the final
layout of the material is done by the URSI Secretariat.
Manuscripts should generally be prepared in one column
for printing on one side of the paper, with as little use
of automatic formatting features of word processors as
possible. A complete style guide for the Reviews of Radio
Science can be downloaded from http://www.ips.gov.au/
IPSHosted/NCRS/reviews/. The style instructions in this
can be followed for all other Bulletin contributions, as well.
The name, affiliation, address, telephone and fax numbers,
and e-mail address for all authors must be included with
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All papers accepted for publication are subject to
editing to provide uniformity of style and clarity of language.
The publication schedule does not usually permit providing
galleys to the author.

Figure captions should be on a separate page in proper
style; see the above guide or any issue for examples. All
lettering on figures must be of sufficient size to be at least 9
ptin size after reduction to column width. Each illustration
should be identified on the back or at the bottom of the sheet
with the figure number and name of author(s). If possible,
the figures should also be provided in electronic format. TIF
is preferred, although other formats are possible as well:
please contact the Editor. Electronic versions of figures
must be of sufficient resolution to permit good quality in
print. As a rough guideline, when sized to column width,
line art should have a minimum resolution 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 T X can be
accepted in some circumstances: please contact the Editor
before submitting. Apaper copy of all electronic submissions
must be mailed to the Editor, including originals of all figures.
Please do not include figures in the same file as the text of
a contribution. Electronic files can be send to the Editor
in three ways: (1) By sending a floppy diskette or CD-R;
(2) By attachment to an e-mail message to the Editor (the
maximum size for attachments after MIME encoding is
about 7 MB); (3) By e-mailing the Editor instructions for
downloading the material from an ftp site.

Review Process

The review process usually requires about three
months. Authors may be asked to modify the manuscript
if it is not accepted in its original form. The elapsed time
between receipt of a manuscript and publication is usually
less than twelve months.

Copyright

Submission of a contribution to the Radio Science
Bulletin will be interpreted as assignment and release of
copyright and any and all other rights to the Radio Science
Press, acting as agent and trustee for URSI. Submission for
publication implicitly indicates the author(s) agreement with
such assignment, and certification that publication will not
violate any other copyrights or other rights associated with
the submitted material.
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Become An Individual Member of
URSI

The URSI Board of Officers 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 radio
scientists and to establish their better connection with the URSI Board of Officers, Scientific 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 first step into the URSI community and provides:

Access to the proceedings of URSI Flagship Conferences via the Web site
Notifications of new editions of URSI publications.

In addition, URSI Senior Members and URSI Fellows benefit 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.

Apage 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 certificate at an URSI Flagship meeting.

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