electronics m\py

Editorial
Applications of Electromagnetic Waves: Present
and Future

Reza K. Amineh

Department of Electrical and Computer Engineering, New York Institute of Technology,
New York, NY 10023, USA; rkhalaja@nyit.edu

check for
Received: 5 May 2020; Accepted: 11 May 2020; Published: 15 May 2020 updates

1. Introduction

Electromagnetic (EM) waves carry energy through propagation in space. This radiation associates
with entangled electric and magnetic fields which must exist simultaneously. Although all EM waves
travel at the speed of light in vacuum, i.e., 3 x 108 m/s, they cover a wide range of frequencies called
the EM spectrum. The various portions of the EM spectrum are referred to by various names based on
their different attributes in the emission, transmission, and absorption of the corresponding waves,
and also based on their different practical applications. There are no certain boundaries separating
these various portions and the ranges tend to overlap. Overall, the EM spectrum, from the lowest to the
highest frequency (longest to shortest wavelength) contains the following waves: radio frequency (RF),
microwaves, millimeter waves, terahertz, infrared, visible light, ultraviolet, X-rays, and gamma rays.

In general, the applications of EM waves significantly depend on their corresponding frequency
(wavelength). Harnessing the capabilities of EM waves has led to great impacts on various fields
such as wireless communication (e.g., see [1]), industrial sensing/imaging (e.g., see [2,3]), biomedical
sensing/imaging (e.g., see [4,5]) and treatment (e.g., see [6]), remote sensing (e.g., see [7]), radar
(e.g., see [8]), security screening (e.g., see [9]), wireless power transfer (e.g., see [10]), and so on.

2. The Present Issue

This Special Issue consists of sixteen papers covering a broad range of topics related to the
applications of EM waves, from the design of filters and antennas for wireless communications to
biomedical imaging and sensing and beyond. The contents of these papers are briefly introduced here.

Regarding imaging efforts with EM waves, in [11] a compact and cost-effective three-dimensional
(3D) microwave imaging system is proposed based on a fast and robust holographic technique.
Unlike the previous 3D holographic imaging techniques which are based on wideband data collection,
here, narrow-band microwave data are employed along with an array of receiver antennas. To achieve
a low cost and compact size, off-the-shelf components have been employed to build a data acquisition
system replacing the costly and bulky vector network analyzers (VNAs). In [12], the feasibility study
of a microwave imaging technique is studied based on the Huygens principle for bone lesion detection.
An artificial multilayered bone phantom comprised of cortical bone and bone marrow layers has been
constructed and the imaging has been implemented based on the measurements in the frequency range
of 1-3 GHz. In [13], a non-invasive and repeatable blood glucose monitoring technique is proposed at
microwave frequencies by eliminating the leaky modes through the use of surface EM waves from
a curved Goubau line. In [14], reverse time migration (RTM) technique is employed to process the
permafrost ground penetration radar (GPR) data of the Tibetan highway. The RTM profiles clearly
reflect the internal fine structure of permafrost and the thawing state.

Regarding high frequency component design, in [15] the design of a fifth order bandpass
waveguide filter with Chebyshev response is proposed, which operates in the X-band at a center
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frequency of 10 GHz. The structure is based on complementary split ring resonators (CSRRs) and
reduces the overall physical length by 31% while enhancing the bandwidth up to 37.5% compared to the
conventional designs. In [16], an ultra-wideband bandpass filter (UWB-BPF) with a notch band and a
wide upper stopband is proposed. Two pairs of half-wavelength high-impedance line resonators tightly
and strongly coupled to the input/output lines are used to provide the wideband responses. In [17],
an ultra-broadband terahertz bilayer graphene-based absorption structure is proposed which has high
absorption and independence of polarization property. It has two stacking graphene layers sandwiched
by an Au cylinders array, backed by a metallic ground plane. The structure shows a bandwidth of
7.1 THz with the absorption exceeding 80%. In [18], a technique is proposed to enhance the bandwidth
and gain of an endfire radiating open-ended waveguide using a thin slow-wave surface plasmon
structure. Mounted on the E-plane of the stated waveguide, a thin corrugated slow-wave structure
has been used in conjunction with a waveguide transition to generate an endfire electromagnetic
beam. For the proposed structure, an impedance bandwidth from 8 to 18 GHz has been achieved
along with a gain enhancement from 7 to 14.8 dBi. In [19], single-ended and balanced bandpass
filters are proposed for multi-channel applications. The proposed U-shaped stepped impedance
resonator (USIR) can achieve size miniaturization. Moreover, by using the source-load coupling
scheme, two transmission zeros (TZs) are respectively generated at the lower and upper sides of the
passbands, which is useful for improvement of the selectivity performance. In addition, spurlines
are introduced at the input and output ports to produce another TZ to further enhance the stopband
performance. In [20], first applications of metamaterials to microwave antennas are reviewed over
the past decade. Then, the manufacturing of microwave antennas using graphene-containing carbon
composite materials has been developed and prototypes of dipole and horn antennas made from such
materials have been created and studied.

Among another set of diverse applications, in [21] a novel methodology is proposed for material
identification based on the use of a microwave sensor array with the elements of the array resonating at
various frequencies within a wide range and applying machine learning algorithms on the collected data.
The performance of the proposed methodology is tested via the use of easily available materials such
as woods, cardboards, and plastics. In [22], the Fourier series expansion method (FSEM) is employed
to calculate the complex propagation constants of plasma structures consisting of infinitely long,
silver nanorod arrays in the range of 180-1900 nm, and the characteristics of the complex propagation
constant are analyzed in depth. In [23], a technical analysis of LED arrays used in monochrome computer
printers is presented along with their contribution to unintentional EM emanations. Analyses are based
on realistic type sizes and distribution of glyphs. Usable pictures are reconstructed from intercepted
RF emanations. In [24], the analysis of levels of EM disturbances from different types of electronic
devices is studied. Obtained results are connected with possibilities of existence of sensitive emissions
correlating with processed data. The devices of a given type are measured in similar conditions.
In [25], an energy verification method for the nozzle of the SC200 proton therapy facility is proposed
to ensure safe redundancy of treatment. In [26], electrical characteristic analysis and corresponding
experimental tests on gold bonding wire are presented. Firstly, according to EIA (Electronic Industries
Association)/JEDEC97 standards, this paper establishes the electromagnetic structure model of gold
bonding wire. The parameters, including flat length ratio, diameter, span, and bonding height,
are analyzed. In addition, the influence of three kinds of loops of bonding wire is discussed in relation
to the S parameters.

3. Future

While some applications of EM waves, such as communication systems and radar, can be
considered more traditional, others, such as biomedical imaging and treatment, wireless power transfer,
and security screening, are more recent and rapidly growing. This is in part due to the introduction of
new concepts such as metamaterials (e.g., see [27]), holographic processing (e.g., see [28]), wireless
power transfer methods, radio-frequency identification (RFID) (e.g., see [29]), and so on, which has
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resonated well with the rapid and significant progress in the field of RF electronics, leading to new
commercial products. For instance, for biomedical imaging, microwave imaging systems have been
developed and have recently been commercialized (e.g., see [30,31]). As the implementation cost of
the EM systems reduces due to the emergence of cost-effective hardware components, it is expected
that such systems will grow significantly in the near future and their applications will be expanded in
various unexplored directions.
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