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In this work, the spectra of two fiber-optic Fabry-Perot sensors in parallel and series connection
were studied. The spectrum of the parallel structure is a simple superposition of the two sensors’
spectrum, and that of the series structure can be regarded as the interference occurring in two
Fabry-Perot sensors successively. The sensors” optical path difference can be obtained and
separated by using the theoretical formula to fit the normalized spectrum of parallel or series
structure, which showed that two or more Fabry-Perot sensors can be simultaneously
demodulated by the spectrum fitting method.
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Abstract

An intensity modulated fiber-optic carbon monoxide (CO) sensor by integrating in-situ
solvothermal-growth Ag/Co-MOF sensing film is fabricated and evaluated. The Michelson
interference sensing structure is composed of single-mode fiber (SMF), enlarged taper, thin-core
fiber (TCF), and Ag film as the reflector. Ag/Co-MOF was coated on the cladding of the TCF as
the sensing material, and the enlarged taper is located between TCF and SMF as the coupler. The
structure, morphology, compositions and thermal stability of the Ag/Co-MOF sensing film were
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission
electron microscopy (TEM), X-ray photoelectron spectroscopy (XPS), thermogravimetric
analysis (TGA), ete. The sensitivity of the sensor is 0.04515 dB/ppm, and the fitting parameter of
the CO concentration 1s 0.99876. In addition, the sensor has the advantages of good selectivity,
good signal and temperature stability, and it has potential application in trace CO detection.
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The propagation of electrostatic dust-ion-acoustic nonlinear periodic waves is investigated in
dusty plasma wherein electrons follow Kaniadakis distribution. The Korteweg-de Vries (KdV)
and modified Korteweg-de Vries (mKdV) equations are derived by employing reductive
perturbation method and their cnoidal wave solutions are analysed. The effect of relevant
parameters (viz., K -deformed parameter x and dust concentration ) on the dynamics of cnoidal
structures is discussed. Further it is found that amplitude of compressive cnoidal waves increases
with increasing values of B , while reverse effect is observed in case of rarefactive cnoidal
structures with rising values of i . Also x -deformed parameter x bears no effect on cnoidal
waves associated with KdV equation, whereas x -deformed parameter x significantly affects the
cnordal waves associated with mKdV equation.
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Abstract

In the present work, the scheme of optical guiding of the Hermite-Gaussian laser beam and the
generation of second-harmonic 2 o radiation ( © being the frequency of incident beam) is
presented in plasma having the preformed collisional plasma channel in which density variation
i1s parabolic. The nonlinear coupling of excited electron plasma wave with the carrier or incident



beam results in the production of second harmonics of the latter. The method of moments is used
for finding the coupled differential equations for the beam diameter to study the dynamics of the
Hermite-Gaussian laser beam in plasma under the effect of the collisional parabolic channel. For
numencal simulations, the Runge-Kutta fourth-order numerical method 1s used. Standard
perturbation theory gives the equation for excitation of electron plasma wave which further acts
as the source term for the second harmonic generation. The numerical results show that the
preformed plasma channel has a significant effect on the guiding as well as on the 2 @ generation
of the Hermite-Gaussian laser beam in plasma.
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Abstract

In this paper, the dynamical behaviors of a delayed predator—prey model (PPM) with nonlinear
harvesting efforts by using imprecise biological parameters are studied. A method is proposed to
handle these imprecise parameters by using a parametric form of interval numbers. The proposed
PPM is presented with Crowley-Martin type of predation and Michaelis-Menten type prey
harvesting. The existence of various equilibrium points and the stability of the system at these
equilibrium points are investigated. Analytical study reveals that the delay model exhibits a
stable limit eyele oscillation. Computer simulations are carried out to illustrate the main
analytical findings.
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Abstract

This paper presents a multiscale symbolic transfer entropy (MSTE) to extract the features of
gas-hiquid two-phase flow and distinguish flow patterns effectively. The role of the MSTE in
typical chaotic time series is investigated. Then the characteristics of the flow patterns about
three gas-liquid two-phase flows are analyzed from the perspective of causal analysis. The
results show that the MSTE can identify different flow pattems and charactenze the dynamic
characteristics of flow patterns, providing a new method for identifying two-phase flow
accurately. In addition, the MSTE reduces the influence of noise to a certain extent and preserves
the dynamic characteristics based on simplifying the original sequence. Compared with
traditional algorithm, the MSTE has fast caleulation speed and anti-interference characteristics
and can express the essential features well.
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Abstract

In this paper, very efficient, intelligent techniques have been used to solve the fourth-order
nonlinear ordinary differential equations ansing from squeezing unsteady nanofluid flow. The
activation functions used to develop the three models are log-sigmoid, radial basis, and tan-
sigmoid. The neural network of each scheme 1s optimized with the interior point method (IPM)
to find the weights of the networks. The confrontation of the obtained results with the numerical
solutions shows good accuracy of the three schemes. The obtained solutions by utilizing the
neural network technique of our variables field (velocity and temperature) are continuous
contrary to the discrete form obtained by the numerical scheme.
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liquid crystal (LC) and 60CB with dispersion of (L5 wi%% Zn0 nanoparticles. Texmral
determinations of the synthesized compounds are recorded by using SDTECHS POM connected
with a hot stage and camera. differential scanning calorimetry (DSC) is used to measure enthalpy
and transition temperature values. The results show that the dispersion of ZnO in 60CB exhibits
nematic phase as same as the pure 60CH with slightly reduced clearing temperature as expected.
Further characterization is carried out by various spectroscopic techniques like X-ray diffraction
(XRD), scanning electron microscopy (SEM), and ultraviolet visible (UWV-Vis) spectroscopy. To
evaluate and identify the behavior of optical parameters viz optical transmittance (OT),
absorption coefficient (AC), and phase retardation (PR) as a function of temperamure, an image
processing method has been proposed, i.e. illumination enhancement algorithm (IEA) using
MATLAB software. The proposed enhancement algorithm is one of the simplest and efficient
algorithms to evaluate the thermo optical parameters for various electro optical applications. The
results are compared with the body of the data available.

Requires Authentication Accessible August 24, 2021

The process of magnetic flux penetration into superconductors

Taylanov Nizom Abdurazzakovich, Bekmirzaeva Xursand, Urozov Abduxolik Nurmamatovich,
[gamgulova Zilola

Page range: 939-963

More

file:/lIC:IUsers/User/AppData/Roaming/ Telegram Desklopftdataftdid/10.1515_zna-2020-

0123 pdf



DE GRUYTER

I Waturforsch. 2021: aop

Taylanov Nizom Abdurazzakovich*, Bekmirzaeva Xursand, Urozov Abduxolik

Nurmamatovich and Igamgulova Zilola

The process of magnetic flux penetration into

superconductors

hitps: //doi.org) 10,1515 /zna-2020-0123
Received May 2, 2020; accepied February 26, 2021;
published online Awgust 23, 2021

Abstract: In the present paper the magnetic flux pene-
trathon dynamics of type-1l superconduciors in the fux
creep regime is studied by analytically solving the non-
linear diffusion equation for the magnetic flux induction,
assuming that an applied field parallel to the surface of the
sample and using a power-law dependence of the differ-
ential resistivity on the magnetic field induction. An exact
solution of nonlinear diffusion equation for the magnetic
induction Bir, f) is obtained by using a well-known self-
similar technique. We study the problem in the framework
of & macroscopic approach, in which all length scales are
larger than the flux-line spacing; thus, the superconductor
is considered as a uniform medium.

Keywaords: critical state; magnetic flux penetration; non-
linear diffusion.

1 Introduction

Theoretical investigations of the magnetic flux penetra-
tlon dynamics into superconductors in various regimes
with various current - voltage characteristics is one of the
key problems of electrodynamics of superconductors. The
mathematical problem of theoretical study ofthe dynamics
of evolution and penetration of magnetic flux intothe sam-
ple in the viscous flux flow regime can be formulated on the
basis of a nonlinear diffusion-like equation [1] for the mag-
netic field induction in & superconductor. The dynamics
of space-time evolution of the magnetic flux penetration
into type-1l superconductors, where the flux lines are par-
allel to the surface of the sample for the viscous fux Aow
regime with a nonlinear relationship between the field and

*Comesponding asthor: Taylamov Mizom Abdurazzakovich, Jizzax
State Pedagogical Institube, jizzax, Uzbekistan,

E-mail: taylamovi@yandes.ra

Bekmirzaeva Xwrsamd, Urozov Abduxolik Nurmamatewich and
Igamgulova filola, Jizzax State Pedagogical institute, |izzax,
Uzbekistan

current density in type [l superconductors, has been stud-
ied by many authors [2-4). The magnetic fux penetration
problem for the particular case, where the flux flow resis-
tiwity is independent of the magnetic field was theosetically
studied in [2]. & similar problem has been considesed in |3
for the semi-infinite sample in parallel geometry.

The magnetic flux penetration into the superconduc-
for sample, where the flux lines are perpendicolar to the
surface of the sample is described by & non-local non-
linear diffusion equation. This problem has been exactly
solved by Briksin and Dorogovstey [4) for the case thin film
geometry in the fux flow regime of type-Il superconduc-
fors. In the present paper the dynamics of the magnetic
flux penetration in the fux creep regime of type-1l supes-
conductors is studied. The nonlinear diffusion equation
for the magnetic Aux induction is solved. It is assumed
that & field is applied parallel to the surface of the sam-
ple. An exact solution of nonlinear diffusion equation for
the magnetic induction Bir, £) is obtained by using a well-
known self-similar technique [2]. We study the problem in
the framework of a macmscopic approach, in which all
length scales are larger than the flux-line spacing; thus,
the superconductor is considered as an uniform medium.

2 Formulation of the problem

Bean 5] has proposed the critical state model which is
successfully used to describe magnetic properties of type 11
superconductors. According to this model, the distribution
of the magnetic flux density B and the transport current
density | inside a superconductor is given by a solution of
the equation

moth = ‘”T"? i)

When the penetrated magnetic ux changes with time,
an electric field Eir, t) is generated inside the sample
according to Faraday's law

=

= 1dB
TotE = —EE [2}

The electric field Efr, £ induced by the moving vor-
tices is related to the magmetic fux induction Bir, £) by the
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following relation .

E=-B 3

In general, the dynamics of magnetic flux penetration
process is determined by many external and internal fac-
tors, as the sweep rate of the external magnetic field, the
type of voltage - current characteristics, the critical current
density and its magnetic field and tempesature derivatives,
the profile temperature and surface cooling conditions, the
zample geometry and pinning properties of the considered
sample. Many results on this problem, have been obtained
in the flux fow regime, where voltage current—current
characteristics of superconductor is described by linear
dependence uf]'{E] at sufficiently large values of electric
field [5]. The nonlinear part of the curve J(E) in the region
of weak electric fields is associated with flux creep. In
the flux creep regime the magnitude of flux penetration
profile strongly depends on variation of external parame-
ters, in particular, on the magnetic field sweep rate. The
current-voliage characteristics of type-11 conventional as
well as high-T, superconductors in the fux creep regime
is & highly nonlinear due to thermally activated magnetic
flux motion. Thermally activated flux motion or flux creep
problem in superconductor samples with various geome-
tries and conditions has been recently extensively studied
in [(see [3]). According to Kim- Anderson model |&] the
velocity of the thermally activated flux motion can be
presented as

¥ =W, Exp (—%) 14)
B

Here v, Is the velocity of the thermally activated fAux
motion at zerotemperature T=0, [is the activation energy
due to vortex pinning, which depends on temperature T,
magnetic field induction B and cument density j; U(j) =
U{j. B. T). For the simple case it can be presented as [¢]

uij) =1, (1-11), (5)

L3

where [fy = the characteristic scale of the activation energy
andj = j;{ﬁiisthe critical current density. In the fux creep
state the effective activation energy U grows logarithmi-
cally [2) with decreasing current density as

0ij) = U, In (J‘f-) , (6)
i

where the exponent ndepends upon the flux creep regime.

The expression (6] gives a quite realistic description for

activation barriers in a wide range of temperatures and

magnetic fields. Taking into account Egs. (3) and (%) the
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phenomenological relation E{j) may be chosen in the

power-law form
E=yB- (i) . n
k

where n = &.&i’ is a function of temperature T, magnetic
field H and depends on the pinning regimes of super-
conductors. In such case an analytical solution of the
nonlinear creep equation can be constructed by choos-
ing the critical current dependence on the magnefic feld.
Many models have been for the functional form of j,(B).
For the critical current we adopt the power-law madel [3],
which can be applied over a relatively wide magnetic field
range except in the high field region near the upper critical

field .

TE) = o (%) : (8)
where f,. and B, are the characteristic values of the cur-
rent density and magnetic feld induction, respectively; y
is the dimensionless pinning parameter, usually 0 <y < 1.
[f we assume y = 0, the above model reduces to the
Bean- London model [5). This model is applicable to the
cuewhereitanberegnrd.ed approzcimately field indepen-
dent. Another possible decay law would be exponential,
which hasoften been used to take into account its decrease
with the magnetic fiald

jiB) = i m(—%) . (9)

where j, and B, are the phenomenaological parameters
related to the pinning ability: the smaller B, the maore
drastic, is the decrease of the critical cument with feld.
The numerical methods have been applied to resolve the
flux diffusion equation, employing the exponential critical
state model. Mext, based on the power law and expo-
nential models, we shall study the distribution of the
magnefic induction, current density and magnetization of
superconductors.

3 Basic equations

‘We formulate the general equation governing the dynam-
irs of the magnetic field induction in a superconductor
sample. We study the evolution of the magnetic pene-
tration process in simple geometry — a superconducting
semi-infinitive sample x > 0. We assume that the external
magnefic field induction E= {0,0,.8,) is parallel to the
z-md&“henﬂtemgn&tl.cﬁeldMll':ﬂleﬂu.tdensiry-ﬁ!r.t}
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is applied in the direction of the z-axds, the transport cur-
tent jir, t) and the electric field E = (0, E,, 0) are induced
inside the slab along the y-axis. For this geometry, the spa-
tial and temporal evolufion of magnetic feld induction
Bir.1) is described by the following nonlinear diffusion
equation in the generalized dimensionless form [2|

dh_d
dr ~ dt

db

A=l ﬂ.&
w41
(3

i (10}

where we have introduced the dimensionless varables

b=B/By, t=t/ty, j= jfly. € = Efty}y, and parameters
X = E;;ﬂx. By = pyjsrrgr. The diffusion Eq. (10) can be
integrated analyfically subject to appropriate initial and
boundary conditions in the center of the sample and on
the sample's edges. We consider the case when the mag-
netic field applied to zample increases with ime according

o a power law with the exponent of @ = 0

B0, £] = byt". 1)
where by is the constant parameter. The boundary condi-
tiom (11) is eguivalent to a linear increase of the magnetic
field with time, which corresponds fo a real experimen-
tal situation. As can be easily seen that the case @ =0
describes a constant applied magnetic field at the surface
of the sample, while the case o = 1 comesponds to linearly
increasing applied field, respectively [3). The other bound-
ary condition follows from the continuity of the flux at the
free boundary x = x,,

bix,. 0) =0, 1z
where x, is the dimensionless position of the front of
the magnetic feld. The flux conservation condition for
the magnetic field induction can be formulated in the
following integral form

[b'.'x.mdx= L (13)

[t should be noted that the nonlinear diffusion Eq. (10,
completed by the boundary conditions {11)-(13) for mag-
netic indoction, totally determines the problem of the
space-time distribution of the magnetic flux penetration
into superconductor sample in the flux creep regime with
a power-law dependence of differential resistivity on the
magnetic field induction. Solution of this equation gives
a complete description of the time and space evolution of
the magnetic fux in & sample.

T. W. Abdurazzakavich et al.: Magnetic flux penetration into superconductors =— 3

4 Scaling solution

Mow, we show that the nonlinear diffusion Eq. (10) can
be solved exactly, using well-known scaling metheds [1, 2.
We present the solution of nonlinear diffusion equation for
the magnetic indwction (10) in the following scaling form
Bix.t) = &= fix/tF). (14}
The similarity exponents ¢ and f are of primary physi-
cal importance since the parameter @ represents the rate of
decay of the magnetic induction bix, t), while the param-
eter jf is the rate of spread of the space distribution as
time goes on. Inserting this scaling form into differential
Eq. (1) and comparing powers of t in all terms, we get the
following relationship for the exponents « and f#. Using
the condition of the flux conservation (13) we obtain
a=f=1/{In+rn+1], (15}
which sugpesis the existence of self-similar solutions in the
form
HL” - !J.l'llnl-;n-l-l:lf{z}‘ = ﬂlll'lh-l-;n-l-L]_ “6}
Substituting this scaling solution (16) into the govern-

ing Eq. (10) yields an ordinary differential equation for the
function f{z) in the form

g |dfF, L4 |47 _

dzlf ‘dzl- +2u+rrr+l|irz|:|1 =6 {n
The boundary conditions for the function f{z) now

become

fio =1, [flz, =0

Eq. (17), depending on the initial and the boundary
conditions, describes a scaling-like behavior magnetic fux
front with & time-dependent velocity in the zample. After
further integration and applying the boundary conditions
(18] we get the following solution of the problem

(18}

flz) = fiz,) ll-wrullﬁ'lfﬂ]'m“'. (19)

where

Hrst)
2"-41 1fn !
fiiz) = [ﬂﬂ (_L }
41 I+ a4l
The position of the front z; can now be found by sub-
stituting the solution (19) into the integral condition (13)
and it is given by
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r+l +1
1lrst)
x| (e -
n+l1\2n+m+1 .

It is convenient to write the self-similar solution (18)
In terms of primitive variables as

(na1)/a] Yir#D)
ux.r):bo[l-(xi) ] Y
P

where

by0.t) = b(x, 1)
= g-/inyos1)

41 T R
X nr_‘“(L) )
n+i\2n+yn+1

This solution describes the propagation of the mag-
netic field into the sample, the magnetic induction being
localized in the domain between the surface x = 0 and
the flux front x,,. This solution is positive in the plane
X, > x and is zero outside of it. Note that only the
x> 0and ¢ > 0 quarter of the plane is presented, because
of its physical relevance. The penetrating flux front posi-
tion x = x,,(¢) as a function of time can be described by the

relation
xp = XJ-l[(buyull.

DE GRUYTER

Figure 1: (a) and (b) The distributions of the
normalized Aux density b(x, f) at time ¢t =1,
b fory=12.

Using the last relation the velocity of the magnetic flux
induction can be obtained as the following

v, & Uu‘-nmﬂﬂmrnul- (21)

Let us now consider the most interesting case n = 1.
In this particular case the spatial and temporal evolution
of the magnetic flux induction is totally determined by
the parameters y, « and . As the following analysis we
may derive an evolution equation for the magnetic induc-
tion profile for the case n = 1 and apply the scalings
of the previous section to formulate a similarity solu-
tion for the b(x, f). The time and space evolution of the
self-simulating solution of magnetic field penetration into
a superconductor for n = 1 iIs shown schematically in
Figure 1(a) and (b).

5 Conclusion

Thus, in this paper, we have solved the nonlinear diffu-
sion equation analytically to provide expressions for the
time-space evolution of the magnetic induction for differ-
ent values of exponents n, g and «. For a given parameter
set n, g and « the form of the scaling function f(z) has
been obtained by solving the nonlinear diffusion equation
analytically by a self-similar technique. The spatial and
temporal profiles of magnetic flux penetration in the sam-
ple depends on the set of three independent parameters,
n, q and aup. It is of interest to consider the nonlinear
diffusion equation for the magnetic induction for differ-
ent values of the exponents n, g and aup. The obtained
solution can be experimentally detected as an elementary
one-dimensional structure, for example dentritic branches
or fingering pattems in a varying magnetic field |7].
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