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Electronic, Optical and Magnetic Properties of Molybdenum Disulfide
Monolayer in the Presence of Point Defects Using first Principles
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Abstract

This study investigates the defects of molybdenum disulfide substitutions based on first principles. The
first principle-based computational method based on density functional theory (DFT) studies the elec-

ol fad

ks

Ol Ll 39 7SI g (32 (pmoitee (po2

v

AY48 Sl /A Fo ylack/a38a Jlos



tronic structure of atoms, molecules and solids and is an accurate and intelligent method for substituting
multiparticle problems. The supercell considered in this structure consists of 36 atoms and a generalized
gradient approximation is used for the exchange-correlation potential. Intrinsic molybdenum disulfide
has a direct band gap with an energy of 1.82 eV. Defects in this structure lead to significant changes in the
electronic and magnetic properties of the material. The results show that the removal of one molybdenum
atom or the removal of one molybdenum atom with two sulfur atoms leads to a change in the spin states
and magnetization of the material. In addition, the removal of one or two sulfur atoms results in a band
gap energy lower than its intrinsic. By removing a sulfur atom, the first imaginary part of the dielectric
function occurs around the band gap energy. Removal of two sulfur atoms or one molybdenum atom with
one sulfur atom also causes the band gap to be indirect. The study of structural defects can provide new
opportunities for approaches to the growth and synthesis of nanomaterials.

Keywords: Dielectric function, Transmission spectrum, Magnetic, Molybdenum disulfide, Defect.
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Abstract

Using quantum systems, properties or phenomena are particular ways to measure a physical quantity.
Quantum sensors are eligible to reach sensitivities that are not justifiable due to the usual physics laws.
This level of sensitivity is only accessible by the quantum mechanic world and its inspiring features such
as the possibility for simultaneous atoms presence at the two different energy bands. Magnetometers
based on superconductive quantum interference systems or atomic clocks are historic examples of quan-
tum sensors. Recently, quantum sensing has become a separate branch of progressing investigations in
quantum science and technology, which points to spin qubits, trapped ions, and flux qubits. According to
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the high sensitivity and accuracy of the quantum sensors, it can open many new opportunities in the realm
of applicable physic and other scientific fields. In this study, we present an introduction to basic principles,

concepts, and applications of quantum sensors.

Keywords: Quantum measurement, Qunatum sensor, Quantum technology.
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Raman F1/optical pump
Tk ” = Raman F2/optical pump/imaging
L

Initial cloud
YRbF=1,m=0

Fringes
in final cloud

A/a

PBS

Retroreflecting :
irror =

F = 2 population map
by absorption imaging
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Implementation Qubit(s) Measured Typical Initalization Readout Type®*
. quantity(ies) frequency .
Neutral atoms
Atomic vapor Atomic spin Magnetie field, DC-10GHz Optical Optical 1111
Rotation,
Time/Frequency
Cold clouds Atomic spin Magnetic field, DC-10GHz Optical Optical 1M1
Acceleration,
Time/Frequency
Trapped ion(s)
Long-lived Time/Frequency THz Optical Optical 1I-111
clectronic state  Rotation Optical Optical i
Vibrational mode Electric field, Force MHz Optical Optical 1T
Rydberg atoms
_ Rydberg states  Electric field DC, GHz Optical Optical -1
Solid state spins (ensembles)
NMR sensors Nuclear spins Magnetic field DC Thermal Pick-up coil II
NV* center cnsembles  Electron spins  Magnetic field, DC-GHz Optical Optical 1
Electric field,
Temperature,
Pressure, Rotation
Solid state spins (single spins)
P donor in Si Electron spin Magnetic field DC-GHz Thermal Electrical II
Semiconductor Electron spin  Magnetic field, DC-GHz  Electrical, Optical Electrical, Optical I-II
quantum dots Electric field
Single NV* centor Electron spin Magnetic field, DC-GHz Optical Optical 11
Electric field,
Temperature,
Pressure, Rotation
Superconducting circuits
SQUID* Supercurrent Magnetic field DC-10GHz Thermal Electrical I-11
Flux qubit Circulating Magnetic field DC-10GHz Thermal Electrical 11
currents
Charge qubit Charge Electric field DC-10GHz Thermal Electrical 11
cigenstates
Elementary particles
Muon Muonic spin Magnetic field DC Radioactive decay Radioactive decay 11
Neutron Nuclear spin Magnetic field, DC Bragg scattering  Bragg scattering 11
Phonon density,
Gravity
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New Metaheuristic Algorithms
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a Mahboobe Ghasemi/ Khorasan Institute of Higher Education/ m.ghasemi@khorasan.ac.ir

Abstract

The complexity of mathematical models, exponential growth of the solution time for many methods, lack
of access to gradient information and optimal local convergence are some of the problems that optimal
classical algorithms face in solving complex problems. In order to eliminate these drawbacks, metaheuris-
tic algorithms are widely used to solve complex and multivariate problems. Choosing the best and most
suitable algorithm is difficult due to their high diversity. In previous studies, some of these methods have
been summarized, but due to overpublicize of these methods in recent years, there is no specific article to
describe and compare all of these methods. In this paper, the most important metaheuristic optimization
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algorithms are introduced from 2012 till now. In separate sections for each algorithm, the history, source
of inspiration, objective function and number of its setting parameters are stated. These algorithms are
then categorized and compared using several theories. Due to the type of application of each algorithm
in engineering problems, it is not possible to introduce a single algorithm as the best methodology, but
the Gray Wolf Optimization (GWO) algorithm is one of the algorithms with a high number of citations

in recent years.

Keywords: Optimization, Metaheuristic algorithms, Evolution, Particle swarm optimization.
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Abstract
Energy crisis and environmental pollution are two important factors that have caused the operators and
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researchers to prioritize the reduction of energy consumption in transportation and especially in urban
railway systems. Speed profile optimization could be effective in decreasing energy consumption. The use
of energy storage systems (ESSs) can also help to increase energy efficiency by recovering regenerative
braking energy. In this paper, the above two measures were used simultaneously. First, the total energy
consumption and stationary energy storage capacity was determined for a network consisting of trains
with normal speed. Then the amount of energy and ESS size required for trains with optimal speed pro-
files were calculated. It was shown that by using the optimum speed profiles, while achieving a significant
increase in energy saving, the required ESS capacity is also reduced compared to the normal speed profile.
By using the practical results extracted from line 1 of Mashhad urban railway, the real network simula-
tion was performed. The simulation results showed a significant reduction in the total input energy and
ESS capacity associated with the optimal speed profile mode, which can also lead to lower ESS costs.

Keywords: energy saving, urban railway, regenerative braking energy, optimal speed profile, stationary energy

storage system, super capacitor.
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Abstract

At present, the major problem with transformer fault detection using the FRA is that all analysis methods
are highly complex in terms of algorithms and computations that are not easily used by the exploiter. Un-
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like the DGA method, which has developed good soft-wares to interpret the results of its measurements,
the FRA method lacks this possibility due to its fledgling. Therefore, it is necessary to develop accurate, us-
er-friendly and reliable software for this purpose. In this paper, graphical software is developed in MAT-
LAB environment to enable transformer operation engineer to monitor the transformer condition with-
out performing complex calculations. For this purpose, first the necessary experiments are performed on
different transformers (in healthy and different fault conditions) and then by past well-known methods,
the type and severity of fault are determined. In addition to the previous methods, a new method based
on the combination of probabilistic neural network and numerical indices for the detection of fault type
is proposed. Also, a new criterion for detecting fault occurrence based on CC index (for case where trans-
former healthy condition measurement results are not available) is proposed. Finally, the performance of
previous methods and proposed methods is evaluated and evaluated.

Keywords:Transformer, Frequency Response Analysis (FRA), Graphical Software, Condition Monitoring,

Winding Faults
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Deformation of the Core Sheets DCS
Euclidean Distance ED
Complex Distance CD
Standard Deviation SD
Integral of Difference 1D
Integral of Absolute difference 1A
Standardized Difference Area SDA
Absolute Sum of Logarithmic Error ASLE
Root Mean Square Error RMSE
Maximum of difference MAX
Correlation Coefficient cC
Normalized Correlation Coefficient NCCor p
Sum Squared Error SSE
Sum Squared Ratio Error SSRE
Sum Squared Max-Min Ratio Error SSMMRE
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Modern Electronic Controllers in Car Cylinder Valves
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Abstract

One of the ways to minimize fuel consumption in automobiles is to use cylinder-controlled valves. Traditional me-
chanical and hydraulic systems cannot achieve a fast time adaptation between the engine and the instantaneous posi-
tion of the vehicle. With the separate control of each valve in the cylinder, it is possible to fully adjust the timing be-
tween the valves and instantaneous movement of the car. Sensor controllers usually have either a technical problem or
are not economically viable. So the research of car companies is moving towards replacing the sensorless approach, to
avoid overwhelming computation on the one hand, and to be more flexible against interference, on the other. Modern
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valves that work with electromagnetic force are known as electromagnetic valves. They are composed of two coiled
inductors with a ferromagnetic core facing each other. This coiled ferromagnetic core creates an electrical-mechanical
resonance system that provides the ground for the valves to move in the cylinder. In this article, the electronic control-
ler part of the electromagnetic valve is analyzed, designed, and tested.

Keywords: Electromagnetic valve, ferromagnetic core, modern electronic controller, electrical - mechanical resonance
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