Online ISSN : 2249-4626
A Print ISSN : 0975-5896
| DOI: 10.17406/GJSFR

GLOBAL JOURNAL

OF SCIENCE FRONTIER RESEARCH: A

Physics and Space Science

& United States

—
piscovery

BeAmARATIAREL

P

Diffusion Waves in Stars Special Theory of Relativity
Ey— Highlights

Cosmological Model in Gravity Expansion of the Phenomenology

Discovering Thoughts, Inventing Future

VOLUME 18 ISSUE 1 VERSION 1.0

© 2001-2018 by Global Journal of Science Frontier Research, USA




&

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
PHYSICS & SPACE SCIENCE




GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
PHYSICS & SPACE SCIENCE

VOLUME 18 ISSUE 1 (VER. 1.0)

OPEN ASSOCIATION OF RESEARCH SOCIETY



© Global Journal of Science
Frontier Research. 2018.

All rights reserved.

This is a special issue published in version 1.0
of “Global Journal of Science Frontier
Research.” By Global Journals Inc.

All articles are open access articles distributed
under “Global Journal of Science Frontier
Research”

Reading License, which permits restricted use.
Entire contents are copyright by of “Global
Journal of Science Frontier Research” unless
otherwise noted on specific articles.

No part of this publication may be reproduced
or transmitted in any form or by any means,
electronic or mechanical, including
photocopy, recording, or any information
storage and retrieval system, without written
permission.

The opinions and statements made in this
book are those of the authors concerned.
Ultraculture has not verified and neither

confirms nor denies any of the foregoing and
no warranty or fitness is implied.

Engage with the contents herein at your own
risk.

The use of this journal, and the terms and
conditions for our providing information, is
governed by our Disclaimer, Terms and
Conditions and Privacy Policy given on our

website http://gl obaljourna s.us'terms-and-condition/
menu-id-

By referring / using / reading / any type of
association / referencing this journal, this
signifies and you acknowledge that you have
read them and that you accept and will be
bound by the terms thereof.

All information, journals, this journal,
activities undertaken, materials, services and
our website, terms and conditions, privacy
policy, and this journal is subject to change
anytime without any prior notice.

Incorporation No.: 0423089
License No.: 42125/022010/1186
Registration No.: 430374
Import-Export Code: 1109007027
Employer ldentification Number (EIN):
USA Tax ID: 98-0673427

Global Journals Inc.

(A Delaware USA Incorporation with “Good Standing ”’; Reg. Number: 0423089)
Sponsors:Open Association of Research Society
Open Scientific Standards

Publisher s Headguarters office

Global Journals® Headquarters
945th Concord Streets,
Framingham Massachusetts Pin: 01701,

United States of America
USA Toll Free: +001-888-839-7392
USA Toll Free Fax; +001-888-839-7392

Offset Typesetting

Global Journals Incorporated
2nd, Lansdowne, Lansdowne Rd., Croydon-Surrey,
Pin: CR9 2ER, United Kingdom

Packaging & Continental Dispatching

Global JournasPvt Ltd
E-3130 Sudama Nagar, Near Gopur Sguare,
Indore, M.P., Pin:452009, India

Find a correspondence nodal officer near you

To find nodal officer of your country, please
email us at local@globaljournals.org

eContacts

Press Inquiries: press@globaljournals.org

Investor Inquiries: investors@globaljournals.org
Technical Support: technology@globaljournals.org
Media & Releases: media@globaljournals.org

Pricing (Excluding Air Parcel Charges):

Yearly Subscription (Personal & Institutional)
250 USD (B/W) & 350 USD (Color)



EDITORIAL BOARD

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH

Dr. John Korstad Dr. Mazeyar Parvinzadeh Gashti

Ph.D., M.S. at California State University Ph.D, M.Sc., B.Sc. Science and Research Branch of Islamic
Professor of Biology Azad University, Tehran, Iran
Department of Biology Oral Roberts University Department of Chemistry & Biochemistry

University of Bern, Bern, Switzerland

Dr. Rafael Gutiérrez Aguilar Dr. Eugene A. Permyakov
Ph.D., M.Sc., B.Sc., Psychology (Physiological). National Institute for Biological Instrumentation
Autonomous University of Mexico. Russian Academy of Sciences, Director, Pushchino State

Institute of Natural Science, Department of Biomedical
Engineering, Ph.D., in Biophysics

Moscow Institute of Physics and Technology, Russia

Andreas Maletzky Prof. Dr. Zhang Lifei

Zoologist, University of Salzburg, Department of Dean, School of Earth and Space Sciences
Ecology and Evolution HellbrunnerstraG3e, Salzburg Ph.D., Peking University
Austria, Universitat Salzburg, Austria Beijing, China
Tuncel M. Yegulalp Prof. Jordi Sort
Professor of Mining, Emeritus ICREA Researcher Professor
Earth & Environmental Engineering Faculty, School or Institute of Sciences
Henry Krumb School of Mines, Columbia University Ph.D., in Materials Science, Autonomous University
Director, New York Mining and Mineral of Barcelona, Spain

Resources Research Institute, USA

Nora Fung-yee TAM Dr. Matheos Santamouris

DPhil Prof. Department of Physics
University of York, UK Ph.D., on Energy Physics
Department of Biology and Chemistry Physics Department
MPhil (Chinese University of Hong Kong) University of Patras, Greece
Prof. Philippe Dubois Dr. Bingsuo Zou
Ph.D. in Sciences Ph.D. in Photochemistry and
Scientific director of NCC-L, Luxembourg Photophysics of Condensed Matter
Full professor, Department of Chemistry, Jilin University,

University of Mons UMONS, Belgium Director of Micro- and Nano- technology Center



Dr. Gayle Calverley Dr. Linda Gao

Ph.D. in Applied Physics University of Loughborough, Ph.D. in Analytical Chemistry,
UK Texas Tech University, Lubbock,
Associate Professor of Chemistry,

University of Mary Hardin-Baylor

Dr. Richard B Coffin Dr. Indranil Sen Gupta

Ph.D., in Chemical Oceanography Ph.D., Mathematics, Texas A & M University
Department of Physical and Environmental Department of Mathematics, North Dakota State
Texas A&M University, USA University, North Dakota, USA
Prof. Ulrich A. Glasmacher Dr. Alicia Esther Ares
Institute of Earth Sciences, University Heidelberg, Ph.D. in Science and Technology,
Germany, Director of the Steinbeis Transfer Center, University of General San Martin, Argentina
TERRA-Explore State University of Misiones, US
Dr. Fabiana Barbi Dr. Lev V. Eppelbaum
B.Sc., M.Sc., Ph.D., Environment, and Society, Ph.D. Institute of Geophysics,
State University of Campinas, Brazil Georgian Academy of Sciences, Thbilisi
Center for Environmental Studies and Research Assistant Professor Dept Geophys & Planetary Science,
State University of Campinas, Brazil Tel Aviv University Israel
Dr. Yiping Li Dr. A. Heidari
Ph.D. in Molecular Genetics, Ph.D., D.Sc
Shanghai Institute of Biochemistry, Faculty of Chemistry
The Academy of Sciences of China, Senior Vice Director, California South University (CSU), United States

UAB Center for Metabolic Bone Disease

Dr. Maria Gullo Dr. Qiang Wu

Ph.D., Food Science, and Technology Ph.D. University of Technology, Sydney
University of Catania Department of Machematics, Physics and Electrical
Department of Agricultural and Food Sciences Engineering
University of Modena and Reggio Emilia, Italy Northumbria University

Dr. Bingyun Li Dr. Giuseppe A Provenzano
Ph.D. Fellow, TAES Irrigation and Water Management, Soil Science, Water
Guest Researcher, NIOSH, CDC, Morgantown, WV Science Hydraulic Engineering
Institute of Nano and Biotechnologies Dept. of Agtricultural and Forest Sciences

West Virginia University, US Universita di Palermo, Italy



Dr. Sahraoui Chaieb Dr. Arshak Poghossian

Ph.D. Physics and Chemical Physics Ph.D. Solid-State Physics

M.S. Theoretical Physics Leningrad Electrotechnical Institute, Russia

B.S. Physics, Ficole Normale Supérieure, Paris Institute of Nano and Biotechnologies

Associate Professor, Bioscience Aachen University of Applied Sciences, Germany

King Abdullah University of Science and Technology

Ph.D. Julius-Maximilians University Wiirzburg, Germany Associate Professor and Range Nutritionist
Associate professor Ph.D. Edinburgh University - Animal Nutrition
Department of Condensed Matter Physics and Advanced M.S. Aberdeen University - Animal Nutrition
Technologies Babes-Bolyai University, Romania B.A. University of Dublin- Zoology.

Dr. Mauro Lenzi Dr. Fotini Labropulu
Ph.D. Mathematics - Luther College
Biological Science, University of Regina, Ph.D., M.Sc. in Mathematics
Pisa University, Italy B.A. (Honours) in Mathematics
Lagoon Ecology and Aquaculture Laboratory University of Windsor
Orbetello Pesca Lagunare Company Web: luthercollege.edu/Default.aspx

Dr. Mihaly Mezei Dr. Miguel Angel Arifio
Associate Professor Professor of Decision Sciences
Department of Structural and Chemical Biology IESE Business School
Mount Sinai School of Medical Center Barcelona, Spain (Universidad de Navarra)
Ph.D., Etvs Lornd University, New York University, Ph.D. in Mathematics, University of Barcelona, Spain

United State

Dr. Wen-Yih Sun Dr. Della Ata

Professor of Earth and Atmospheric Sciences BS in Biological Sciences
Purdue University, Director, National Center for MA in Regional Economics, Hospital Pharmacy
Typhoon and Flooding, United State Pharmacy Technician Educator
Dr. Shengbing Deng Dr. Claudio Cuevas
Departamento de Ingenierfa Matematica, Department of Mathematics
Universidad de Chile. Universidade Federal de Pernambuco
Facultad de Ciencias Fisicas y Matematicas. Recife PE
Blanco Encalada 2120, piso 4. Brazil

Casilla 170-3. Cotreo 3. - Santiago, Chile



Dr. Yap Yee Jiun Dr. Eman M. Gouda

B.Sc.(Manchester), Ph.D.(Brunel), M.Inst.P.(UK) Biochemistry Department,
Institute of Mathematical Sciences, Faculty of Veterinary Medicine,
University of Malaya, Cairo University,
Kuala Lumpur, Malaysia Giza, Egypt

Dr. Latifa Oubedda Dr. Bing-Fang Hwang
National School of Applied Sciences, Ph.D., in Environmental and Occupational Epidemiology,
University Ibn Zohr, Agadir, Morocco Professor, Department of Occupational Safety
Lotissement Elkhier N°66, Bettana Salé Maroc and Health, China Medical University, Taiwan

Dr. Hai-Linh Tran Dr. Baziotis loannis

Ph.D. in Biological Engineering Ph.D. in Petrology-Geochemistry-Mineralogy
Department of Biological Engineering Lipson, Athens, Greece

College of Engineering, Inha University, Incheon, Korea

Angelo Basile Dr. Vishnu Narayan Mishra

Professor B.Sc.(Gold Medalist), M.Sc. (Double Gold Medalist), Ph.D.
Institute of Membrane Technology (ITM) (L.IT. Rootkee)
Italian National, Research Council (CNR), Italy

Dr. Yaping Ren Dr. Xianghong Qi

School of Statistics and Mathematics University of Tennessee
Yunnan University of Finance and Economics Oak Ridge National Laboratory
Kunming 650221, China Center for Molecular Biophysics

Oak Ridge National Laboratory
Knoxville, TN 37922, United States

Dr. Gerard G. Dumancas Dr. Vladimir Burtman

Postdoctoral Research Fellow, Research Scientist
Arthritis and Clinical Immunology Research Program, The University of Utah, Geophysics, Frederick Albert
Oklahoma Medical Research Foundation Sutton Building, 115 S 1460 E Room 383
Oklahoma City, OK, United States Salt Lake City, UT 84112, US
Dr. Bondage Devanand Dhondiram Dr. Yaping Ren
Ph.D. School of Statistics and Mathematics
No. 8, Alley 2, Lane 9, Hongdao station, Yunnan University of Finance and Economics

Xizhi district, New Taipei city 221, Taiwan (ROC) Kunming 650221, China



CONTENTS OF THE ISSUE

Vi.
Vii.
Viil.

Copyright Notice
Editorial Board Members
Chief Author and Dean
Contents of the Issue

Experimental and Theoretical Expansion of the Phenomenology of
Thermoelectricity. 7-8

Derivation of Three Model Dynamics in the Special Theory of Relativity. 9-18
Regular Exact Models with Vanishing Anisotropy Generated using Van Der
Waals Equation of State. 79-30

Mende Transformations in the Concept of Scalar-Vector Potential. 37-38
Kantowski-Sachs Bulk Viscous String Cosmological Model in f(R, T) Gravity
with Time Varying Deceleration Parameter. 39-46

Chemical in Homogeneities, Electric Currents, and Diffusion Waves in
Stars. 47-53

Fellows

Auxiliary Memberships

Process of Submission of Research Paper
Preferred Author Guidelines

Index



§K% GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
PHYSICS AND SPACE SCIENCE

Volume 18 Issue 1 Version 1.0 Year 2018

Type: Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Global Journals In

.
S TN
2, '
1\ |

Experimental and  Theoretical  Expansion of  the

Phenomenology of Thermoelectricity
By Stanislav Vladimirovich Ordin

Abstract- Investigations of thermoelectric effects in macro-objects obtained by traditional
thermoelectric technology have already led several decades ago to the understanding that the
thermoelectric figure of merit (the Joffe parameter) can not exceed a certain limit. Therefore, the
research cycle, the most significant results of which are presented in this paper, was focused on
the study of objects developed using microelectronics technology. As was confirmed in the first
part of this work, the practical limit of the thermoelectric figure of merit is macroscopic, and is not
the maximum of the efficiency of thermoelectric conversion on micro- and nano-objects on the
basis of local thermo-EMFs found in them. To determine the optimum parameters of
thermoelectric devices on the basis of local effects, their experimental study was carried out.
Also, to take into account local effects in the first order, and not in the form of minor corrections,
it was required, as was shown in the previous article, to expand their linear phenomenology, the
first part of which is presented in this article.

Keywords: local effects, sharply inhomogeneous media, thermoelectricity, p-n junction, gauss
resonance, three-component linear phenomenology.
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Experimental and Theoretical Expansion of the
Phenomenology of Thermoelectricity

Republication

Stanislav Vladimirovich Ordin

Abstract- Investigations of thermoelectric effects in macro-
objects obtained by traditional thermoelectric technology have
already led several decades ago to the understanding that the
thermoelectric figure of merit (the Joffe parameter) can not
exceed a certain limit. Therefore, the research cycle, the most
significant results of which are presented in this paper, was
focused on the study of objects developed using
microelectronics technology. As was confirmed in the first part
of this work, the practical limit of the thermoelectric figure of
merit is macroscopic, and is not the maximum of the efficiency
of thermoelectric conversion on micro- and nano-objects on
the basis of local thermo-EMFs found in them. To determine
the optimum parameters of thermoelectric devices on the
basis of local effects, their experimental study was carried out.
Also, to take into account local effects in the first order, and
not in the form of minor corrections, it was required, as was
shown in the previous article, to expand their linear
phenomenology, the first part of which is presented in this
article.

Keywords: local effects, sharply inhomogeneous media,
thermoelectricity, p-n junction, gauss resonance, three-
component linear phenomenology.

I. INTRODUCTION

he symmetry of the exposure on the p-n junction of
the luminous flux and the heat flow is

fundamentally different.

For the photoelectric effect, because of the
small of the photon momentum, one can confine
ourselves to a nonpolar and even isotropic
consideration of the effect of light on the p-n junction
and, as a consequence, a parametric description of the
effect on its characteristics. That is why for the photo-
effect within the framework of the linear E-N
phenomenology we allow a parametric approach.

For the heat flow, its polar, object-changing
effect determines the parameters of the EMF of the
Macroscopic response. In the longitudinal
thermoelectric effect, the polarity of the heat flow
determines the polarity of the EMF (for electrons and
holes - different), in the transverse thermoelectric effect,
the polarity of the heat flow determines the polarity of the
EMF similarly, and the orientation of the heat flux relative
to the symmetry axes of the crystal or the artificial object
affects the magnitude of the EMF.

Author: loffe Institute, Russian Academy of Sciences, St. Petersburg,
Russia. e-mail: stas_ordin@mail.ru

Therefore, the Parametric Supplement to the
theory of p-n junction allows, albeit roughly, but
quantitatively, to describe the photo-effect - in the first
approximation, the current-voltage bias. Whereas a
similar parametric approach for thermoelectric effects
gives only the correct sign of thermo-EMF, and their
values tend to infinity at arbitrarily small displacement
currents of the p-n junction. But since estimates of the
magnitude of the current above the potential barrier on
the basis of the Richardson formula gave negligible
currents, then these 'infinite" EMFs were neglected,
assuming their output power to be immeasurable -
below the Nainquist noise.

However, experiments on p-n junctions have
shown that the values of thermoelectric currents, even at
small temperature drop at the p-n junction, are much
higher than the Richardson estimates. A rigorous
ballistic model of the motion of electrons over a potential
barrier showed that the Richardson formula itself,
historically constructed to describe the arc current
between carbon electrodes at 3000 degrees, is
applicable only to the diffuse approximation for large
temperature differences and lowers the current value by
orders of magnitude for small temperature drop. Thus,
both from experiments and from theory it follows that for
small temperature differences at the p-n junction we
have not infinite but giant EMF and completely
measurable currents much higher than thermal noise.

Thus, for the heat flow in the sharply
inhomogeneous media, there is no basis for neglecting
the additional force: to the E-N phenomenology of the
temperature force or to the thermoelectric E-T
phenomenology of the concentration force. And to build
a non-linear description of processes corresponding to
effects on a micro- and nano-scale, one must begin with
a strict definition of the zero and first approximations, i.e.
with linear phenomenology, which includes both electric,
thermal and concentration forces.

Earlier attempts to combine the phenomenology
of macroscopic thermoelectricity with the description of
contact phenomena were carried out formally, without a
general phenomenological approach. The formal
transfer of particular models of potential barriers, as will
be shown below, did not give a complete self-consistent
description and led to contradictions of its individual
fragments.

© 2018 Global Journals
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Located on the neighboring chapters of the
monographs on the physics of semiconductors and
semiconductor devices of the theory of thermoelectricity
[11 and contact phenomena [2] could not not be
crossed in any way (could not fail to intersect), since
Ideally (and in theory!) the thermoelectric device has two
contacts of materials with different types of conductivity
(Figure 1a).

a

v

Figure 1: a - The thermoelement and its and equivalent
circuit

b

gp vacim

@ vacuum

Figure 1: b —The location of the vacuum level (and the
forbidden band edge in semiconductors) relative to the
level of the chemical potential p.

Therefore, it is quite natural that the
macroscopic thermoelectric power of the material itself
was tied to the dependence of the contact potential
difference on temperature:

A¢(Thot) - A(D(Tt:ool) = Uc (Thot) - Uc (Tcool)

© 2018 Global Journals

(Figure 1b). This attempt led Peltier to the
erroneous conclusion about the contact nature of the
heat of Peltier he had discovered at the contact. And
this erroneous representation, contrary to the principles
of symmetry, [3] is included in many of the letters on
thermoelectricity, although it has long been corrected [4,
5, 6].

In the framework of this erroneous conception,
the attempt to take into account the concentration
effects in thermoelectricity was reduced to the
speculative application of correction: using a he
‘chemical" potential and the "observable" electric force
Fy [3]. With the help of artificially introduced terms, in
fact, the EMF of the p-n junction was not painted at a
drop on it, but the difference between the EMF of hot
and cold p-n junctions whose plates have the same
temperature. In the framework of this approach, the
equation for the flux of concentration simply "fitted" into
the modified equation for an electric current with
noncanonical coefficients a:

1 .
Je :LEE'FE+E'LEE(!)'FN tag Fr=ag R +ag R (1)

But we will not be distracted by the analysis of
the nonstrict, non-canonical and boundedly applicable
equation (1). Moreover, this equation was not used
anywhere, except in a simplified and internally
contradictory theory. And in macroscopic thermoelectric
devices, the p-n junction was simply interfering, and its
effect on both contacts (Figure 1) was leveled by a
specially developed ohmic contact technology.

In the theory of the p-n junction, as was noted in
the first part of this work [7], the small diffuse effects of
Seebeck and Peltier and, corresponding to them, a
small cross-sectional kinetic coefficient, were rightly
dropped from consideration. And in practice, electronic
devices based on p-n junctions also used ohmic
contact, leveling the action of the opposing barrier layer.

As was shown in the first part, the analysis of
non-canonical coefficients requires strict consideration
of the conditions for their measurement and! their use is
associated with a violation of a number of principles that
are strictly applicable only to canonical coefficients. And
the extension of the linear phenomenology of
thermoelectricity proposed in this paper, the analysis of
local effects essentially simplifies and makes more
rigorous.

II.  MATERIALS AND METHODS

Samples used to study the appearing on the
contacts, in particular in p-n junctions of local thermo-
EMFs, the technology of their manufacture and various
methods for their measurement, as well as the results of
experiments and the first, trial attempts to explain them,
described earlier in the cycle noted in the first part of the
work, are reflected also in the reviews [8. 9].



EXPERIMENTAL AND THEORETICAL EXPANSION OF THE PHENOMENOLOGY OF THERMOELECTRICITY

I1I.  REsuLTs

a) Result of previous experiments.

The conclusion from this cycle of studies,
qualitatively confirmed by microscopic analysis, is
shown in Figure 2

Experiments have shown that the local thermo-
EMF corresponds to a maximum in the dimensional
dependence of the thermoelectric power a shown in

Figure 2. At the maximum, the volt-watt sensitivity is 3-4
orders of magnitude higher than for the Seebeck
macroscopic thermoelectric effect. The experimentally
observed thermo currents exceeding in the region of the
maximum of the size dependence of the estimate based
on Richardson's formula by two orders of magnitude
were explained within the framework of the ballistic
model [10].

| 1 I
1 VIK @ 1
virtual T real T
100 mV/IK | |
Tunneling Local Scattering -
10 mVIK |- dissipation
Thermo-EMF
1 mVIK | |
100 mkV/IK | Seebeck =
d, nm
10 mkV/IK | ! | |
1 10 100 1000 10000

Figure 2: Model (Planck) thermoelectric power dependence on the thickness of the potential barrier

b) Resonance studies of local thermo-EMFs

In  this paper, we present only those
experimental results that relate to the resonance
recorded on local thermo-EMF. Resonance is registered

in the figures shown in Figure 3 detectors developed on
the basis of longitudinal local thermo-EMFs. When
continuous irradiation was applied to the detector,
thermo-EMFfs, antiphase photo-EMFs were registered.

Figure 3: Scheme of generation of the longitudinal thermo-EMF at the p-n junction and its measurement (on the left)
and the prototype of the detector under investigation (right)

The frequency dependence of the amplitude of
the alternating signal generated by local thermo-EMF at
the high-frequency edge of the frequency characteristic

of the photoelectric effect for a given p-n junction

(without an absorbing metal coating) is observed as a

hump resonance (Figure 4).

© 2018 Global Journals
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When the p-n junction is shifted by a direct
current, it is possible to achieve complete compensation
of the DC voltage due to the local thermo-EMF by the
antiphase voltage of the external current source. In this
case, the amplitude of local thermo-EMF at low

wl L r- T
e U, ml
‘Jx" u-.x:";.\é = su mkA
Al sk !
. =
of - -
L) s
- — - "_____.- H."/
0 --—-“":_,.-, J
A Sh
=== f.Hz
L L 1 u 1 L L 1 L
fa 61 130 610 1900 G100 19000 14 61 19 610 1900 6100 19000

Figure 4: Dependence of the frequency response of local thermo-EMF on the bias current  through the p-n junction

frequencies passes through zero (Figure 4a), and with a
further increase in current increases in antiphase (Figure
4b). With a displacement current determined for a
particular p-n junction configuration, the resonance is
manifested in the classical form (Figure 5).

Global Journal of Science Frontier Research (A) Volume XVIII Issue I Version I E Year 2018

The shape of the resonance is close to the
(Gauss) (one-dimensional)  distribution

normal

probability density P, butl of the logarithm of
frequency

X%
B

| U™ =47.2056
B=15118 < o+ 1.0690
' X, =7.3456=In(f )= a

U=U maXe_o's(

@
x=In(f)
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Figure 5: The resonance of the local thermo-EMF measured in the p-n junction, measured at two powers of the
modulated heat flow and the corresponding Gaussian distribution

Since any of the velocity components of
electrons in thermal motion is normally distributed, the
shape of the resonance directly indicates its statistical
nature. In this case, the dependence on the logarithm of
the frequency is more general, more corresponding to
an unlimited frequency range than the dependence
simply on the frequency, which describes well the
narrow frequency resonances. Correction of Gaussian
distribution is beyond the scope of this paper.



On the other hand, the very occurrence of any
resonance is determined by the dependence on the
frequency of the phase shift between the flow
(displacement) and the driving force. In the simplest
electrical resonance, the phase shift is given by reactive
elements. In the resonance of local thermo-EMF in the
p-n junction, in addition to its reactive electrical
parameters, it is necessary to take into account the
phase shifts of the electric and thermal forces, the
integral effect of which forms the electron flux.

IV. DISCUSSION

And so, for large concentration gradients in
thermoelectric phenomenology, it is necessary to use a
three-component linear thermoelectric E-N-T
phenomenology rather than the traditional system of two
coupled equations of generalized thermodynamic forces
and flows. That is, it is necessary to use the system
extended to three equations, which in the one-
dimensional case has the following form:

‘]E:LEE'FE+LEN'FN+LET'FT
Jy=Lev Fe+tLw Fv+tLa Ky @
Jp=Llg Fe+Lg Fy+ly R

In the extended system of equations (3), in
addition to the direct effects that are traditionally taken
into account in thermoelectricity: the drift current -
Lee -Fe > o-E andthe heat flux- L F - (x+K')-AT,
the diffusion flux- Ly, -Fy = D-AT, which has long
been "allowed" in the theory of the p-n junction, but so
far "forbidden" in the thermoelectric theory, is strictly
taken into account. Additional effects-terms of the
equations, crosswise with the diffusion flux are also
taken into account.

Moreover, as an additional direct coefficient,
each additional cross-ratio corresponds to effects

already known from other sections of physics, but not
fully taken into account or not considered in
thermoelectricity (and p-n junction theory).

In addition to the cross thermoelectric current
L, -F, > a-0-AT, two additional flows are taken

into account in the system of equations (3). An electro-
diffusion current Lgy -Fy = R-AN is taken into

account, which, in the theory of the p-n junction, must
be taken into account, but, as shown above, strictly
speaking, was not taken into account. And we took into
account the Sorud-Duffur thermo diffusion current
Ly - Fy = ©-AN | which was only remembered in the
physics of semiconductor devices when studying the
degradation of p-n junctions, but was not taken into
account in its work.

It is to these three equations (2) for the
conducting medium (as shown in the first part, after
subtracting the phonon and plasma parts - is discarded
K"), one can apply the Onsager symmetry principle,
which, in the first approximation, reduces the number of
independent coefficients for an ideal medium to 6: up to
three direct and three cross.

In principle, it is possible to reduce the number
of independent coefficients, since all 3 direct (diagonal)
drift coefficients are interrelated - they are determined by
the mutual friction of the respective streams about each
other.

Using an analysis of fluctuations of independent
forces in a freely suspended sample similar to that
described in the previous article, we obtain from the
system of equations (3) the following system of
equalities:

O:LEE'FE+LEN'FN+LET'FT\
O:LEN'FE+LNN'FN+LNT'FT
O=L, F+L; FR+Ls K

P

Vo
—

~
=

The system of three equations (4), in addition to the trivial solution: Fz =0, Fy, =0, F =0, as well as

~ ( LZET L = 2LenLer b + L?EN Lot ) =
+ ( LiIT LEE - 2LEN LET LNT + L?EN LTI' ) =

+ ( LilT LEE o 2LEN LET LNT + LfET LNN )

In this case, we find that the cross-correlation
coefficients for three thermodynamic forces, similar to
those considered in the first part of special cases with
two forces, are associated only with a pair of

N

LEE (Lf\lT o LNN LTI' )
LNN (LZET N LEE LTI' )

= Ly (LZEN — Lee b )

J

'

—
)]

-~

corresponding direct coefficients, but they have an
additional  factor corresponding to the forces
considered:

© 2018 Global Journals
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LiEN = CIiEN e Lo LiET = CIiET

In expressions (6), the factors C', as in two-
component phenology, are determined by the "hidden"
parameters, which give a degeneracy for direct
coefficients. It should be noted that the more general
consideration of the three-component phenomenology

EN
1 -1
2 +1
3 -1
4 +1

C'and in the three-component case one simply
determines the sign in the expressions for the cross-
correlation coefficients, but the signs are "resolved" only
in a combination shown in the matrix (7), which is in
strict accordance with the Onsager symmetry principle
and for two-component phenomenology (analogous
solutions can be obtained for the Casimir principle of
symmetry, but they are not thermo-electric).

The first four solutions providing a conditionally-

single-phase balance of three forces correspond to real
pair-cross coefficients with factors C' = +1. In this case,

i Cix
5 -£+iﬂ
4 4

6 147
4 4

7 -1+i£
4

1.7

8 il S
4 4

9 17
4 4

10 197
44

11 17
4 4

12 197
44
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revealed the interdependence of the "allowed" cofactors
C', which was missed when considering the partial
two-component phenomenology. The first 4 solutions
(i - the solution number) for the factors C'.

ET NT
-1 +1
-1 -1 (7)
+1 -1
+1 +1

the counter-phase nature of the sum of the cross-terms
in the equations of system (4) to the direct term is
ensured so that the cross members themselves can
only be either in phase with each other or in antiphase.
But, unlike the two-component cases, when the
"hidden" parameters give only a sign depending on the
type of charge carriers, for the three-component
phenomenology for pair-cross-correlation coefficients,
we have 8 additional solutions for "allowed" complex

factors whose absolute magnitudes are equal 1/\/5 .

Cir Clyr
_l+i£ _1+i£
4 4 4 4
1.7 147
4 4 4 4
1.7 147
4 4 4 4
1.7 1,7 ®)
4 4 4 4
17 5 47
4 4 8 8
A 5.7
4 4 8 8
£+i£ 1+|£

4 4
1,37 17
4 4 4 4



Arg[Cli"N]
T— ArcTan[\ﬁ]
—ArcTan[\ﬁ]
T— ArcTan[\ﬁ]
—ArcTan[\ﬁ]

-1 + ArcTan[\/ﬂ

O© O 39 O U1 =~

10 ArcTan[\/ﬂ

11 -+ ArcTan[\/ﬂ
12 ArcTan[\/ﬂ

The "allowed" combinations of complex factors
obtained from the vanishing of the fluctuation currents in
the one-dimensional case (or in the isotropic case, for
collinear thermodynamic forces) can be useful only for
estimating the noise level in measurements on a
constant heat flux.

But they directly point out that under certain
'hidden" parameters conditions can be realized when
the contributions from cross effects are shifted in time
on the phase concerning the contribution of the direct
effect in the equations for the fluxes (4). In this case,
when the alternating heat flux is applied to the p-n
junction, the resulting relationships give, without loss-
damping, the dependence of the magnitude of the local
thermo-EMF on the phases of these contributions.

It was checked that the shift of the resonance
frequency to the low-frequency or high-frequency region
requires connection of a capacitance or inductance by
several orders of magnitude larger than the
corresponding values typical for the p-n junction and
measuring circuits.

Thus, it was shown that it is the phase shift of
the contributions of different thermodynamic forces to
the total fluxes that determines how with zeroing of the
signal at low frequencies, so the resonance itself, and
the resulting expressions (6) allow to make not only
qualitative conclusions, but also to carry out quantitative
calculations.

V. CONCLUSION

The local thermo-EMFs detected at the contacts
were investigated in p-n junctions based on silicon,
which is a contact with highly reproducible properties. In
the frequency dependences of local thermo-EMF,
Gauss resonance was recorded, which directly
indicated the balance / imbalance of the phase of
contributions from various thermodynamic forces to the
signal.

The expansion of the phenomenology of
thermoelectricity necessary to take into account the
concentration force in the first, linear approximation
gave a description of the dependence of the total fluxes

Arg[C ,(,T]
m— ArcTan[\/ﬂ

—ArcTan[\/ﬂ

Arg[C gT]
m— ArcTan[\/ﬂ
m— ArcTan[\/ﬂ

—ArcTan[\ﬁ ] —ArcTan[\/ﬂ
—ArcTan[\ﬁ ] T — ArcTan[\/ﬂ 9)
-7 + ArcTan[\ﬁ] —ArcTan[‘/??]
-+ ArcTan[ﬁ] m— ArcTan[‘/??]

ArcTan[\/ﬂ
ArcTan[\/ﬂ

on the phase balances / imbalances of contributions on
direct and cross effects.

The obtained results already qualitatively allow
to optimize micro- and nano-devices in terms of their
efficiency, which is essential both for thermoelectric
conversion and for any other elements of
microelectronics.

The solutions of the extended system of
equations (2) for non-zero flows needed for quantitative
calculations of the efficiency of micro- and nano-devices
will be presented in the next article.

ArcTan[\/ﬂ

-+ ArcTan[\/ﬂ
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Derivation of Three Model Dynamics in the
Special Theory of Relativity

Karol Szostek * & Roman Szostek °

Absiract- The article presents our innovative method of
deriving dynamics in the Special Theory of Relativity. This
method enables to derive infinitely dynamics in relativistic
mechanics. We have shown three examples of these
derivations. In this way, we have shown that the dynamics
known today as the dynamics of Special Theory of Relativity is
only one of infinitely possible. There is also no reason to treat
this relativistic dynamics as exceptional, either for experimental
or theoretical reasons. Therefore, determination of which
possible dynamics of relativistic mechanics is a correct model
of reality remains an open problem of physics.

Keywords: dynamics of bodies, special theory of
relativity.

L. [NTRODUCTION

inematics deals with the movement of bodies
Kwithout taking their physical characteristics into

account. The basic concepts of kinematics are:
time, location, transformation, speed and acceleration.

Dynamics deals with the movement of material
bodies under the action of forces. The basic concepts of
dynamics are: mass of inertia, force, momentum and
kinetic energy.

Kinematics and dynamics are resulting in
mechanics. In the article we deal with relativistic
mechanics, i.e. the Special Theory of Relativity, which
unlike classical mechanics, also applies to high-speed.

Currently, only one dynamics of the Special
Theory of Relativity is known. In the article we presented
the author’'s method of deriving numerous dynamics for
this theory. Relativistic dynamics is derived based on the
relativistic kinematics and one additional assumption,
which allows the concept of mass, momentum and
kinetic energy to be introduced into the theory.

II. KINEMATIC ASSUMPTIONS OF THE SPECIAL
THEORY OF RELATIVITY

The kinematics of the Special Theory of
Relativity is based on the following assumptions:

a) Allinertial systems are equivalent

This assumption means that there is no such a
physical phenomenon, which distinguishes the inertial
system. In a particular case, it means that there is no

Author o: Rzeszow University of Technology, Department of Fluid
Mechanics and Aerodynamics, Rzeszow, Poland.

e-mail: kszostek@prz.edu.pl

Author o: Rzeszow University of Technology, Department of Quantitative
Methods, Rzeszow, Poland. e-mail: rszostek@prz.edu.pl!

such phenomenon for which the absolute rest is needed
to explain. Mathematically, it results from this
assumption that time transformation and position
coordinate between any two inertial systems has an
identical form, depending only on the relative velocity of
these inertial systems.

b) Velocity of light ¢ in vacuum is the same in every
direction and in each inertial system.

c) Transformation of time and position coordinates
between the inertial systems is linear.

These assumptions are often written in other
equivalent forms.

Based on mentioned assumptions, it is possible
to derive Lorentz transformation on which the Special
Theory of Relativity is based. There are many different
derivation ways of this transformation. Two derivations
are presented in monograph [3].

Markings adopted in Figure 1. wil be
convenient for our needs. Inertial systems move along
their x-axis. The velocity v, is a velocity of U, system
measured by the observer from U, system. The velocity
Vi IS a velocity of U, system measured by the observer
from U, system. In the Special Theory of Relativity
occurs that vy = —vyp.

000, .,
0 1 2 B
t1 %t Vip U,
0 1 2 ]

Fig. 1: Relative movement of inertial systems U, and U,
(Vorr = Vi)

Lorentz transformation from U, to U, system has
a form of:

1 V.
t = (t, +—2Lx) (1)
T
X = 1 (V,,,t, +X,) )
TR A N 2
NS
Y1 =Yo, 4 =2 3
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Lorentz transformation from U, to U, system has a form  kinematics. We will derive them out of transformation
of: (1)-(3).
The known pattern STR is a formula for

t, = 1 = (t,+ V1/22 X,) (4)  summing parallel speeds, which has the form
V1=, /e ©
1 vy, = Varo tVon -
V,,,V.
X = m(vllztl +X) (5) 1+ 73’(2:22’1
V-~ WMy2
Y, = Vi, z,=2 6) The body is inert in U; system and performs a

momentary acceleration to U, system, then its speed will
Transformation (1)-(38) and (4)-(6) includes change inthe U, and U, system. The v, speed remains

complete information on the relativistic kinematics. unchanged. To determine the relationship between
N ) » - speed changes vy, and vy, we will determine the
[1I. SELECTED PROPERTIES OF RELATIVISTIC differentials from formula (7)
KINEMATICS

In order to derive dynamics we will need two
formulas from kinematics, i.e. (11) and (15) from

Vi ¥ Vop Vg ioVonn Vg
l+(V V. )/02 1+ CZ (V3/2 +V2/1) C2
vy, = d3/2 2 v, = 2 avs,, 8)
V3 2 1+ Va2V
CZ
2
1_ V2/1
2
_ C
dv3/l - 2 dv3/2 (9)

V3/2V2/1
[1+2
c

If U, system is U, system then it is necessary to replace index 3 with 2. We will receive
vy = AV, Vi =V, =0, dvy, =dy,, (10)
On this basis, the formula (9) takes a form of

dV2/2I.

=—2= 11
212 1—(V2,1/C)2 (11)

Relation (11) is related to the change of body velocity seen in the inertial system U,, in which the body is
located (dv,,), and the change of velocity seen from another inertial system U, (dv,;). This is the first necessary
formula from STR kinematics.

Determine the differentials from time transformation (1)
1
dt, = -
L= (v, /)

If the body is motionless with regard to U, system, then we get for its coordinates

V.
(dt, + égl dx,) (12)

o, _
dt,
Based on time transformation (12) we receive

© 2018 Global Journals



dt _ 1

V2/1 dXZ

@ _

=0
dt,
- N

+
- (v, /07 ¢ d

On this basis we receive the formula for time
dilatation of motionless body with regard to U, system

d—)(2=O = dt, =
dt,

This is the second necessary formula from STR
kinematics.

1-(V,, /c)?-dt, (15)

IV. DYNAMICS IN THE SPECIAL THEORY OF
RELATIVITY

All dissertations will be conducted only for one-
dimensional model, i.e. all analyzed vector values will be
parallel to x-axis. Each derived dynamic can easily be
generalized into three-dimensional cases.

In order to derive dynamics in the Special
Theory of Relativity, it is necessary to adopt an
additional assumption, which allows the concept of
mass, Kinetic energy and momentum to be introduced
into the theory. Depending on the assumption, different
dynamics of bodies are received.

The mass of inertia body resting in inertial frame
of reference is determined by m, (rest mass). The mass
of inertia body mass U,, as seen from U, system, is
determined by m,; (relativistic mass). It is worth to note
that the relativistic mass in this case is an inertia mass
that occurs in the Newton’'s second law, rather than
mass occurring in the formula for momentum, as
assumed in the Special Theory of Relativity. In this way,
we have adopted a different definition of relativistic
mass, than adopted in the Special Theory of Relativity.
Such a definition of the relativistic mass is more
convenient in deriving dynamics.

For force, momentum, and kinetic energy,
definitions identical as in classical mechanics apply.

The body of m, mass is in U, system. It is
affected by force F,, that causes acceleration of
dv,,/dt,. Therefore, for the observer from U, system, the
Newton’s second law takes a form of

dEZ/l - I:2/1 dX2/1

M)y -8y Oy = mm

where:

- dE,, is a change of kinetic energy of the body in
inertial system U,, measured by the observer from
the inertial system U,.

a) STR dynamics with constant force (STR/F)

In this section, a model of dynamics of bodies
based on the assumption that the force accelerating of
the body (parallel to x-axis) is the same for an observer

dt, J1-(v,,/c)?

dv2/ 2

16
Y (16)

=My -3y, =M

2/2

For the observer from U, system, mass of the
same body is m,,. For this observer, the force F,; acts
on the body, causing acceleration of dv,,/dt;. Therefore,
for the observer from U, the Newton’s second law takes
the form of

2/1

dt,

For the observer from U, system, the change of
this body momentum can be recorded in the following
forms

=My -8y, = mm (17)

2/l

dv.
dp,), =F,)p-dt, =my -3y, - dt, = n'bfdtz =M, - dv,,

2

(18)

For the observer from U, system, the change of
this body momentum can be recorded in the following
forms
dp,, =F,,-dt, =m,,-a,,-dt =m,,

2/1

(19)

d'ill dt = mzu

1

where:

- dp,p is a change of body momentum with rest mass
my in the inertial system U, measured by the
observer from the same inertial system U,,

- dpyy is a change of body momentum in the inertial
system U,, measured by the observer from the
same inertial system U;.

Kinetic energy of the body is equal of the work
into its acceleration. For the observer from U, system,
the change of kinetic energy of this body is as follows

s g,

2/1 2/1 dV2/1

Y200y, , = m,,, 2L (20)

dt, dt,

from every inertial system will be derived
indication F).

=My, -V,

(hence

i. The relativistic mass in STR/F
In the model STR/F we assume, that

Fzsl = I:2/2 (21)
Having introduced (16) and (17), we obtain
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M, d;’z L= dgiz’z (22)
On the base (11) and (15), we have
av,,,
e, av,, 1-(v,,/c)’ 29

dt, (v, /0) -,

Hence, we obtain a formula for relativistic mass
of the body that is located in the system U, and is seen

1
dszll = sz/l -av,,, = m){

The body momentum is a sum of increases in
its momentum, when the body is accelerated from the
inertial system U, (the body has velocity 0) to the inertial
system U, (the body has velocity v), i.e.

Va1

F 3
Py, =MC J. 302

_— 26
0 (Cz_vzzll) 29

dv2/1

From the work [1] (formula 72, p. 167) it is
possible to read out, that

j dx
(a2 _ X2)3/2

B X
a*Ja?—x2’

After applying the integral (27) to (26) we
receive the formula for the body momentum in U,
system and measured by the observer from U, system
in a form of

az0

(@7)

F 2/1

This formula is identical to the formula for
momentum known from the Special Theory of Relativity,

1
dE2F/1 = sz/l “Vou- dV2/1 = "B{

The kinetic energy of body is a sum of
increases in its kinetic energy, when the body is
accelerated from the inertial system U, (the body has
velocity 0) to the inertial system U, (the body has
velocity vyy), i.e.

Va1

E2F/1 = ”sz _[

V.
2/1 d
0 2/1

3/2 (31)

© 2018 Global Journals

1-(v,,/0)*

V. 1
P = ”bCS— =MV, —— (28)
CZ\/CZ _V22/1 \/1_ (V2/1/C)2

1~ (V[ 0)?

from the system U,, when assumption (21) is satisfied,
as below

3/2
F _ 1
e "‘)L—(vm/cf}

ii. The Momentum in STR/F
The body of rest mass m, is associated with the
system U,. To determine the momentum of the body
relative to the system U, we substitute (24) to (19)

dv, (25)

3/2

3/2
dv,,, = mc’
2/1 2 2
} (C"—Vvo)

for the same reasons as in the case of momentum. This
is because the dynamics known from the Special Theory
of Relativity is derived from the assumption (21). It was
adopted unconsciously, because it was considered as
necessary. The awareness of this assumption allows to
its change and derives other dynamics.

As already mentioned above, the definition of
relativistic mass adopted by us is different from the
definition adopted in the Special Theory of Relativity. In
our case, the relativistic mass is the one, which occurs
in the Newton’s second law (17). In this particular case,
it is expressed in terms of dependency (24). In the
Special Theory of Relativity, the relativistic mass is the
one, which occurs in the formula (28) per momentum.

iii. The momentum in STR/F for small velocities
For small velocity v,, <<c momentum (28)
comes down to the momentum from classical
mechanics, because

F
Vo, ®0 = Py MV,

iv. The kinetic energy in STR/F
We will determine the formula for kinetic energy.
To the formula (20), we introduce the dependence for
the relativistic mass (24)

(29)

V2/l

av.
2 2 2/1
(c-vy,

3/2
} V2/1dV2/1 = ”503 (30)

)3/2

From the work [1] (formula 74, p. 167) it is
possible to read out, that

I xdx 1 -
(az _ X2)3/2 - \/az _ X2 ( )

After applying the integral (32) to (31) we
receive the formula for the kinetic energy of the body in




U, system and measured by the observer from U, system in a form of

Va1
1
F 3 3
B, =mc

This formula is identical to the formula for kinetic
energy known from the Special Theory of Relativity, for
the same reasons as in the case of momentum (28).

The kinetic energy (33) can be represented in
other forms

EZFM=m)021—,/1—(v2,1/c)2 .1+,/1—(v2,1/c)2
V1= (%1 /0)2  14+1-(v,,/c)?
(34)
VA 2
EZF/l rrb 2/1 - - (35)

v. The kinetic energy in STR/F for small velocities
For small velocity v,;, << ¢ kinetic energy (35)
comes down to the kinetic energy from classical
mechanics, because

MVay 2 _ My,
2 1+1 2

V=0 = B~ (36)
vi. The Force in STR/F

Due to the assumption (21) value measurement
of the same force by two different observers is identical.

b) STR dynamics with constant force to its operation
time (STR/F/At)

In this section, a model of dynamics of bodies
based on the assumption that the force that accelerates
of the body (parallel to x-axis) divided by the time of
operation of this force is the same for an observer from

F/At

The body momentum is a sum of increases in
its momentum, when the body is accelerated from the
inertial system U, (the body has velocity 0) to the inertial
system U, (the body has velocity v,,), i.e.

Van
F /At 4
Py =MC j‘ﬁ
o (€ =y,
From the work [1] (formula 54, p. 160) it is
possible to read out, that

(42)

F /At

| =rn)c -
NCE = %2, Jei-vi, ¢

2
1
F /At dV
2/1 rnZ/ 2/1 — rrb|:1_(V2/1/C)2:|

X 1, (c+x)

P21

=mc* +
M {Zcz(cz—xz) 4¢?

(c=x)

|

_E :%CZ;_%CZ

\1=(v,,,/c)?
every inertial system will be derived (hence indication
F/Ab).

i. The relativistic mass in STR/F/At
In the model STR/F/At we assume, that

(33)

I:ZIjl/At — I:2/2 (37)
dt,  dt,
Having introduced (16) and (17), we obtain
dv,, 1 dv,, 1
F//lm 211 _ 202+ (38)
dt, dt,  ° dt, o,
On the base (11) and (15), we have
dV2/1
dv 1-(v,,,/c)?
mZF//lAt 22/1 ( 2/1 2) . (39)
d? " (L (v, /)l

Hence, we obtain a formula for relativistic mass
of the body that is located in the system U, and is seen
from the system U,, when assumption (37) is satisfied,
as below

F /At

My (40)

1 |
I PR

ii. The Momentum in STR/F/ At
The body of rest mass mj is associated with the
system U,. To determine the momentum of the body
relative to the system U, we substitute (40) to (19)

> av,,, (41)

C -
- (c*-v;,)?

dax X
a’—x%)? 2a’(a’

|a+ X|

|a x| #0

X

- X ) 4a°
(43)

After applying the integral (43) to (42) we
receive the formula for the body momentum in U,
system and measured by the observer from U, system
in a form of

Va1

CV2/l

1 (c+v
=%{a&—w PE N CEAYM)

(44)
(c=V,,)

2/1) 4
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C

1 1 CcC+V. 2vy )
pg/llAt =MV, 7 T In( ZIIJ (45)
2 1_(V2/1/C) C—Vyp
iii. The momentum in STR/F/At for small velocities
For small velocity v,; momentum (45) comes down to the momentum from classical mechanics, because
1 1, ((@+v,, /0)"% ]
/
pz':/1AI =MV 2 +—In 2 /vy, (46)
2(1_(V2/1/C) ) 4 (1_V2/1/C) o
c/Vapn l
1
1 1 (“ / j
C/V
Flat 211
=myV. +=1In (47)
p2/1 rrb 2/1 2(1—(V2/1/C)2) 4 1 cl/vyy
1—
cl/v,,
On this basis, for small values v,;~0 we receive
1 1 e 1 1
V,, 20 = pMamv,,|=+=Inl—||=mv,,|=+=InE)|=myv (48)
201 Pop = My, > a2 M e MyVa 1 572 MyVa 1

iv. The kinetic energy in STR/F/At

We will determine the formula for kinetic energy. To the formula (20), we introduce the dependence for the

relativistic mass (40)

F /At F /At _
dE2/1 =My V- dV2/1 = ”b{

The kinetic energy of body is a sum of increases
in its kinetic energy, when the body is accelerated from
the inertial system U, (the body has velocity 0) to the
inertial system U, (the body has velocity v,), i.e.

Va1
V.
EF/At — rTbC4 2/1 dV
/ 2/1
o '([ (CZ _V22/1)2

From the work [1] (formula 58, p. 160) it is
possible to read out, that

(50)

1- (v, /)’

2
V.
4
} V), @V, = met 24— av, (49)

(c’- V22/1)2

J- xax 1
(aZ _ XZ)Z - 2(a2 _ XZ)

(51)

After applying the integral (51) do (50) we
receive the formula for the kinetic energy of the body in
U, system and measured by the observer from U,
system in a form of

F /At
E2/1 =mC

2
Frat _ MC 1
E2/1 =

. 1 |V2/1 m)C4 1 ~ n.bc4i (52)
2(c? - x)|, 2 (2-V%) 2 ¢
2 2
rTbC — rrbVZ/l 1 (53)

2 1-(%, o)

The formula for kinetic energy (53) was derived
from the work [2], due to the fact that the author
adopted a different assumption than the one on which
the dynamics known from the Special Theory of
Relativity was based.
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v. The kinetic energy in STR/F/At for small velocities

For small velocity v, kinetic energy (53) comes
down to the kinetic energy from classical mechanics,
because

~ MYz 1 MYz
2 1 2

v, =0 = Ej" (54)




vi. The Force in STR/F/At

Body with rest mass m, is related to U, system.
It is affected by force that causes acceleration. For the
observer from this system, the acceleration force has in
accordance with (16) the following value

dV2/2

Fz/z =m, dt
2

(55)

For the observer from U, system, acceleration
force has in accordance with (17) the following value

EF/at o OV,

o =My dtl

If we will divide parties’ equation (56) by (55),
then on the basis of (11) and (15) we will receive

(56)

Fz'jllm _ szlllAI % dv, _ szlllAt (L— (v, /C)z)s/z
2/1
Fo2 m dy dv,, m

(57)

On the basis of (40) we obtain a relation
between measurements of the same force by two
different observers

EF/at _ 1

21— —2 I:2/2
1-(v,, /)

(58)

The lowest value of force is measured by the
observer from the inertial system in which the body is
located.

c) STR dynamics with constant mass (STR/m)

In this section, a model of dynamics of bodies
based on the assumption that body weight is the same
for an observer from each inertial reference system will
be derived (hence indication m).

i. The relativistic mass in STR/m
In the model STR/m we assume, that

my), = m,

Therefore, for the observer from inertial system
U,, the body mass in U, system is the same as the rest
mass.

ii. The Momentum in STR/m
The body of rest mass m, is associated with the
system U,. To determine the momentum of the body
relative to the system U, we substitute (59) to (19)

(59)

dpg‘u = mzn}l LAV, = myav, (60)

The body momentum is a sum of increases in
its momentum, when the body is accelerated from the
inertial system U, (the body has velocity 0) to the inertial
system U, (the body has velocity v.), i.e.

Va1

Py =My IdVZIl =MV, (61)
0

In this relativistic dynamics the momentum is
expressed with the same equation as in classical
mechanics.

iii. The kinetic energy in STR/m

We will determine the formula for kinetic energy.
To the formula (20), we introduce the dependence for
the relativistic mass (59)

dEZH;l = nEmll “Vop- C|V2/1 = ”sz/lde

The kinetic energy of body is a sum of
increases in its kinetic energy, when the body is
accelerated from the inertial system U, (the body has
velocity 0) to the inertial system U, (the body has
velocity v,y), i.e.

62)

Vo1

2
V.
Ezn)l =M .[VZIldVZM = ¥z, (63)
0 2
In this relativistic dynamics the kinetic energy is
expressed with the same equation as in classical

mechanics.

iv. The force in STR/m

Body with rest mass my is related to U, system.
It is affected by force that causes acceleration. For the
observer from this system, the acceleration force has in
accordance with (16) the following value

dv2 /12
dt,

For the observer from U, system, acceleration
force has in accordance with (17) the following value

I:2/2 =m (64)

dv dv.
EM —mn 21 _ 21 65
2/1 rTIZ/l dt1 rTb dtl ( )
If we will divide parties’ equation (65) by (64),
then on the basis of (11) and (15) we will receive
Fm
B % Mo (v, 10907 9
I:2/2 dtl d\/2/2
ie.
Fzr?l =(1- (V2/1/C)2)3/2 ’ I:2/2 (67)

The highest value of force is measured by the
observer from the inertial system in which the body is
located.

v. Discussion on the STR/m Dynamics
Obtaining a relativistic dynamics, in which there
is no relativistic mass, and equations for kinetic energy
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and momentum are identical as in classical mechanics
can be surprising, because in relativistic mechanics it is
believed that the accelerated body can achieve
maximum speed c. However, this dynamics is formally
correct.
If the body velocity v, reaches ¢ value, then
according to (67)
FZTl (l 1 )3/2

5, =0 (68)

In the inertial system U,, in which the body is
located, can be affected by acceleration force F,, of
any, but finite value. However, from a perspective of the
inertial system U,;, towards which the body has c
velocity, the same force is zero. This means that from a
perspective of U, system, it is not possible to perform
work on the body, which will increase its kinetic energy
indefinitely. From the relation (63) it results that the
kinetic energy, that a body with mass m, and velocity ¢
has, a value has

(69)

gn, - mC
max 2

V. THE GENERAL FORM OF DYNAMICS

In article [5], other dynamics of STR were
derived. Based on all these examples, can see that
assumption for relativistic dynamics is as follows:

a
(any O30
/1
dt,

dV;/ 2
dty

abeR

=m (70)

On the basis of (11) and (15) we receive

Va1 Va1
{x _ {3 _
E2/1 J.dEZIl I

{} V2/1
X
EfY =mc® |

According to presented examples, based on formulas (16), (17) and (1

in dynamics {x} is expressed by the following formula

{X} _
Vo - dV2/1 -

2 (¢°

vz
{a; b} de/1 a- (Vzlllc)z)a (71)
1
dty (L= (v, /©))"" -ty
We are adopt markings
{}={a,b} A X:a+geR (72)

Now on the basis of (71) the relativistic mass of
body in U, system, seen from U, system, when an
assumption is fulfilled (70), is expressed in dynamics {x}
by the following formula

}X

1
OG
: ”"L—(vz,l/c)z

Each such relativistic mass defines a different
relativistic dynamics.

According to presented examples, based on
formulas (19) and (73), the momentum in dynamics {x}
is expressed by the following formula

< Va1 y Va1 Ny Va1 1 x
ot ey~ oo |

(73)

1
{x} _ 2x
P2 =MC I v

According to presented examples, based on
formulas (20) and (73), the kinetic energy in dynamics
{x} is expressed by the following formula

Va1 1 X
m, {—} V,,,0v,, (76)
! 1- (v, /o) | 40
V2/1
Y 77
vy i

1), (1

5), the relation between forces

03 av, 03 dv,
{x} {x}
N = = TUL (1 (v, [0)")" (78)
F,, m, av,, av,, 1 m
dt, 1=V /€)* (1= (v,,,/C) -t
On the basis of (73) we receive
1 " 1 2
o —— | -, /0¥ = ————— | - 79
2/1 |:1_(V2/1/C)2:| ( ( 2/1 ) ) |:l_(V2/1/C)2:| 2/2 ( )

© 2018 Global Journals



VI.  SUMMARY OF DYNAMICS

In Figure 2 were compared momentums from
derived relativistic dynamics.
pz/lllTb [10° mVs]

STR/F/At

fx2§i

2 8 3
Vo1 [10° m/s]
Fig. 2: Module of the momentum in dynamics:
STR/m (x=0), STR/F (x=3/2) and STR/ F/At (x=2).

In Figure 3 were compared kinetic energies
from derived relativistic dynamics.

Eg/llrrb [1017 /kg]

Vo [10% mis]

Fig. 3: Kinetic energies in dynamics:
STR/m (x=0), STR/F (x=3/2) and STR/ F/At (x=2).

VII.  FINAL CONCLUSIONS

The article presents our author’'s method of
deriving dynamics in the Special Theory of Relativity.
Three examples of such deriving were shown.

Derivation of dynamics is based on two
formulas applicable in the kinematics of STR, i.e. (11)
and (15). In order to derive the dynamics of STR, it is
necessary to adopt an additional assumption in

kinematics, which allows the concept of mass, kinetic
energy and momentum to be introduced into the theory.

The dynamics of STR/F is nowadays recognized
as the dynamics of the Special Relativity Theory. It is
based on the assumption that each force parallel to x-
axis has the same value for the observer from each
inertial frame of reference. However, other dynamics are
possible in accordance with the kinematics of the
Special Theory of Relativity. In order to derive them, it is
necessary to base on a different assumption.

Decision which from all possible dynamics of
the Special Theory of Relativity is a correct model of real
processes, should be one of the most important tasks of
future physics. A calorimeter can be useful for
verification of different dynamics. This device can
measure the amount of heat released when stopping
particles to high speed. On this basis, it is possible to
determine graphs of the kinetic energy of accelerated
particles as a function of their velocity, analogous to
those presented in Figure 3. On this basis, it is possible
to indicate the dynamics in which the kinetic energy of
particles is compatible with experiments.

The fact that as a part of the Special Theory of
Relativity, numerous dynamics can be derived greatly
undermines the authenticity of the formula E = mc?
According to our research, on the basis of relativistic
mechanics, it is impossible to derive a formula
expressing the internal energy of matter [4]. All
derivations of this formula are wrong. The relation
between mass and energy (E = mc?) can be introduced
into the STR as an independent assumption, but it does
not result from Lorentz transformation, nor from the
assumption (21) on which the dynamics of STR is
based. But then there is a need to experimentally show
what exactly is the form of such a dependency (e.g. why
not E = mc?2) and experimentally investigate whether
sometimes the form of such a dependency does not
depend on the type of matter that this formula regards.

The presented method of dynamism derivation
can also be used in other theory of body kinematics. In
the monograph [3] we have used it to derive four
dynamics in the Special Theory of Ether.
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Regular Exact Models with Vanishing Anisotropy
Generated using Van Der Waals
Equation of State

Jefta M. Sunzu * & Kasongo A. Mahali °

Abstract- In this paper, new exact models for Einstein field
equations are generated using a Van der Waals equation of
state. We consider anisotropic stellar objects with no
electromagnetic field distribution. Our models contain previous
results as a special case. Models generalized in our
performance include a familiar uncharged Einstein model with
no pressure anisotropy. It is interesting that our models
indicate that when matter variables vanish, gravitational
potentials remain constant. This condition agrees with
Minkowski spacetime. The physical features of our models
show that the gravitational potentials and matter variables are
well behaved. We also compute relativistic stellar masses and
radii consistent with the stars PSR J1614-2230, Vela X-1, 4U
1538-52, LMC X-4, SMC X-4, Cen X-3, Her X-1, SAX J1808.4-
3658 and EXO 1785-248.

Keywords: einstein field equations; vanishing anisotropy;
neutral stellar objects; relativistic masses, van der waals
equation of state.

I. INTRODUCTION

odels for gravitating spheres in general relativity
are generated by utilizing the Einstein-Maxwell

system of equations. In doing so some
conditions may be imposed for physical acceptability.
The Einstein Maxwell field equations are equations
generated by equating the energy momentum tensor
and the Einstein tensor involving gravitating stellar
bodies with or without electric field distribution. In
relativistic models, matter distribution can either be
isotropic or anisotropic as Chaisi and Maharaj [1] in their
work assumed that the matter distribution is isotropic so
that the radial pressure is the same as the transverse
pressure. A strong case can be made to study matter
distributions which are anisotropic in which the radial
component of the pressure is not the same as the
transverse pressure.

The electric field is one of the ingredient that
can be included in some of the relativistic models for
charged stellar spheres. Charged models include the
performance by Chattopadhyay et al [2], Maharaj and
Thirukkanesh [3], Ivanov [4], Mehta et al [5], Murad and
Fatema [6], Pant and Negi [7], Malaver [8],
Thirukkanesh and Maharaj [9] and Maharaj and
Komathiraj [10]. Mafa Takisa and Maharaj [11] obtained
charged compact objects with anisotropic pressures in
a core envelope setting.

Author a ;. School of Mathematical sciences, University of Dodoma, P.
O. Box 338, Dodoma, Tanzania. e-mail: jefta@aims.ac.za

Bijalwan [12] indicated that the mass of a stellar
star with electric field present is maximized with all
degree of suitability. It was investigated the maximum
mass of charged star to be 1:512Me with linear
dimension 14:964 km. Maurya and Gupta [13]
generated exact solutions for the Einstein's field
equations for fluid spheres with pressure anisotropy. On
the other hand, Mak and Harko [14] showed that strong
magnetic fields could result into pressure anisotropy
within stellar objects. Gupta and Maurya [15] found that
the presence of electric field have effect on the
gravitational collapse due to Colombian repulsive force
and the pressure gradient. Neutral stellar models include
results generated by Maharaj and Komathiraj [10],
Sunzu [16] and Pant et al [17].

Relativistic models with linear equation of state
have been found in the past. These include models
performed by Esculpi and Aloma [18], Sharma and
Maharaj [19], and Zdunik [20]. Aktas and Yilmaz [21]
found linear models for Einstein field equations for
spherical symmetric space-time via conformal motions.
Sharma and Maharaj [22] found new exact models with
linear equation of state by assuming a particular mass
function. Maharaj and Chaisi [23] generated new
models with linear barotropic equation of state. Kalam et
al [24] proposed a relativistic model for strange quark
stars within the framework of MIT bag model. Mak and
Harko [14] presented exact anisotropic models
consistent to stellar objects with a quark matter.
Thirukkanesh and Maharaj [25] on physical grounds
imposed a barotropic equation of state for the existence
of strange matter. Exact anisotropic models for a
charged relativistic spheres with linear equation of state
were found by Maharaj and Mafa Takisa [26], Kileba
Matondo and Maharaj [27], Maharaj et al [28] and
Sunzu et al [29,30] and Sunzu and Danford [31]. Yilmaz
and Baysal [32] investigated that quark stars are being
formed during the collapsing of the core of a massive
star after supernova explosion.

There are several anisotropic models generated
using a quadratic equations of state for charged stellar
spheres. These include the work by Maharaj and Mafa
Takisa [33], Feroze and Siddiqui [34], Thirukkanesh and
Maharaj [25] and Malaver [35]. Relativistic stellar
models with polytropic equation of state were performed
by Herrera and Barreto [36] and Dev and Gleiser [37]. It
is often indicated that polytropes describe low or high
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pressure regimes especially for white dwarfs and
neutron stars. Shibata [38] determined secular stability
against a quasi-radial oscillation for rigidly rotating
stellar objects. Lai and Xu [39] indicated that a
theoretical polytropic quark star model could be tested
by observations. Thirukkanesh and Ragel [40] indicated
that a polytropic model is more stiffer than the
conventional bag model. This is regarded more
essential for modeling stars with realistic matter such as
ideal gas, photon gas, degenerated Fermi gas and in
particular quark matter. Other papers with polytropic
equation of state include the work performed by Nilsson
and Uggla [41], Spaans and Silk [42] and Mafa Takisa
and Maharaj [43].

Relativistic stellar models with Van der Waals
equations of state include models by Lobo [44], and
Malaver [45, 46]. Thirukkanesh and Ragel [47] used Van
der waals equation to generated compact anisotropic
stellar models. Most of the anisotropic models with Van
der waals equation have anisotropy always present and
can not regain isotropic models. This is not physical. On
the other hand, many of charged treatments in this
direction have the electric field always present and can
not regain neutral models. This is also not realistic.
Uncharged anisotropic  models  with  vanishing
anisotropy using Van der waals equation of state are
necessary.

ds® =

—e2/ (g% 1 2 dr2 42 (d62 + sin20de?)

The objective of this paper is to find new
uncharged anisotropic models with vanishing anisotropy
using Van der waals equation of state. In order to
achieve this objective we arrange this paper in the
following manner: In Sec. 2, we give the Einstein-
Maxwell field equations for a neutral matter with
anisotropic pressures. In Sect.3, we transform the field
equations according to Durgapal and Bannerji [48]. In
Sect. 4, we formulate the general differential equation
governing the model. In Sect. 5, we generate solutions
for nonsingular model | with Van derWaals equation of
state. The model in this section generalizes earlier
Einstein neutral model and obeys the phenomenon of
Minkowski space-times. In Sect. 6, we find solutions for
nonsingular model Il with Van der Waals equation of
state. In Sect. 7, we perform the physical analysis to
indicate that the gravitational potentials and matter
variables in our models are well behaved. We also
generate relativistic stellar masses consistent with
observations in this section. In Sect. 8 we give the
conclusion.

[I.  THE ANISOTROPIC MODEL
We generate neutral anisotropic star models in

a spacetime that is static and spherically symmetry. The
line element in standard form is given by

(1)

where v(r)and A(r) are functions for gravitational potentials. The Schwarzschild [49] line element describing the

exterior space time is given as

20 oM\ !
ds? = — <1 - r> dt? + <1 - r) dr? +r* (df° + sin*0d¢?) ,

where M represents the total mass. The energy
momentum tensor for neutral anisotropic matter is given
by

Tij - diag(_p7p7‘)pt7pt)7 (3)

where the energy density 2, the radial pressure pr and
the tangential pressure p:;, are variables measured
relative to a vector u. The vector u® is comoving, unit
and timelike.

According to Krasinski [50], the Einstein-
Maxwell field equations for a neutral matter with
anisotropic pressures can be written in the form

1 _ 2N _
ﬁ(lfe 2>\)+T€ 2= P, (4a)
1 _ 200 _
-5 (1-e) + e = (@)
NN
672)\ (l/// + V’2 _ V//\/ + 7 _ r) = pq. (40)
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Where primes in the system (4) stand for differentiation
with respect to the radial coordinate r. The mass
contained within the neutral sphere is given by

1 T
m(r) = 2/0 w?pdw.

We use the Van der Waals equation of state
relating the radial pressure and the energy density for
the stellar object which is given as

2 Bp
=« —_—
Pr p-+ T+p 6)

It is important to note that Eq. (6) becomes
quadratic when Y= 0. ltis in linear form when a=7 = 0.

)

[1I. TRANSFORMATION OF THE FIELD
EQUATIONS
In order to obtain the exact solutions for the

Einstein field equations, we transform the system (4) to
an equivalent form by introducing independent variable



x and new metric functions y and Z. These are defined as

z=Cr?,

Z(z) = e 2

621/(1")

"), A%y (z) = , (7)

In the above A and C are arbitrary real constants. From Eq. (7) the line element (1) becomes

ds* = —A%y*(x)dt* + (1)4Cd:r; +G Z (d6® + sin® 0dg?) . (8)
Then the mass function (5) becomes
M(x / Vwpdw. ®)
40 2
The transformed  Einstein-Maxwell  field The metric function (12) is convenient to be

equations (4) with Van der Waals equation of state can
be written as

p = (122 _2z)c (10a)
x b
2 Bp

- n , (10b)
p AR
e = prtA, (10c)

y —Z (10d)
A = |daZ= + +2x Z+ C.

Y Y T

In the above, A= pt—pr. The system (10) above
consists of six variables (p;Pr,pt, Z,y, A) in four
equations. The system can be solved if we specify any
two variables. We have specified the following variables:

A = Agz+ A1£E2 + AQ.CL‘3, (11
1—ax™

= — 12

Y 1+ ban’ 12

where a, b, Ay, A1, Ao, m and n are arbitrary real
constants.

used in modeling the stellar objects due to the fact that
it is continuous, regular and finite. Similar choice of
measure of anisotropy and metric function was made by
Sunzu et al [29] in a model with electric field and a linear
equation of state. However our model contain no electric
field and we are using Van der waals equation of state.
This choice of metric function and measure of
anisotropy allows us to regain stellar models generated
by Sunzu [16]. When the variable A= 0, we generate the
isotropic model. The condition of isotropic pressure is
satisfied when A, = A, = A, =0.

[V. THE GENERAL DIFFERENTIAL EQUATION
FOR THE MODEL

In this section we formulate the master
differential equation governing our models. The
differential equation is generated by using the measure
of anisotropy and the metric function in Eqg. (11) and Eq.
(12) respectively. Substituting these equations into Eq.
(10d) we have

54 |TN@ —aP@) — (1 —aa™) A +ba)’) ) (2 =) Rla) (13)
2 (1+ ba) (R(z) + Q) GO
where for convenience we have set

N(z) = (L+bz") [dab(n® —m?+m —n) 2™
o (2 — ) & — 40 o — )]

P(z) = [8ab* (n® —nm) 2™ "1 — 8abnma™ "1 — 8b*n?2x* 1]

Q(x) = 2ab(n—m)z™" —2amz™ — 2bnz",

R(z) = (1—az™)(1+0b2").

We observe that Eq.

(13) is in general a nonlinear differential equation in the potential Z which when

integrated we obtain the function Z. We can therefore expressions for the matter variables. The general exact

solution for Eq. (13) does not exist. However, we can find
(13) by specifying the values for the constants. By doing so

the exact solution for the nonlinear differential equation
the nonlinear differential equation (13) can be linear and

hence tractable. The choice for the constants should be made carefully so that the resulting model is physically well
behaved and possible to regain other previous exact models.
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V.  SOLUTION FOR NONSINGULAR MODEL | WITH VAN DER WAALS EQUATION OF STATE

In this section we use Van der waals equations of state to generate a nonsingular model for specific values
of constants. Settingm = 1,n = 1,a = 0 and b = 0 we generate the first class of exact solutions for the differential
equation (13) with metric function y = 1. Doing so Eqg. (13) becomes

Solving Eg. (14) we obtain

become

2v

2

Pbr

b

A

ds®
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VA N A()SU + A1x2 + A2x3

1
x C x

GA().TQ + 3A1.T3 + 2A2$4 + 62Ck + 6C

Then the mass function (9) becomes

—A%dt? +

6C ’

A?,
6C
x (61401‘ + 3A1:L‘2 + 2142{[33 + GC]C) +6C"

—5A01‘ — gAliL‘2 — 3A21‘3 — 3Ck‘,

2
« <5A0x + gAlxz + 3A02° + BC’k)

,8 (5140{[) + %A1£E2 + 31421’3 + 30]6‘)
11—~ (5A0$ + %A1$2 4+ 34523 + 3C’k)

)

2
« <5A0:L‘ + gAl:L‘Q + 3A2.§E3 + 3Ck>

,8 (5140{[) + %Allz + 3A2£L’3 + 30]6‘)
1— v (5A0z + LA122 + 3A223 + 3Ck)

—i—AOm + A1$2 + A2x3,

Aoz + A1$2 + A2$3.

3
xr2

4C"2

The line element for the exact model in the system (16) becomes

6dz2

2
; <2A0x + Arz® + §A2x3 - 2Ck> :

4o [z (6Aoz + 3A122 + 24223 + 6Ck) + 6C]

+ (d6? + sin0dg?)

(14)

(15)

where k is a constant of integration. Therefore the gravitational potentials and matter variables in system (10)

(16a)

(16b)

(16c¢)

(16d)

(16€)

(16f)

For isotropic pressure (A= 0), we have A, = A, = A, = 0. The gravitational potentials and matter variables in

B the system (16) becomes
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(19a)

(19D)



36Ck (19d)
= = 3Ck)? — =
pr=pe = aBCR) -0 Ay
The mass function (17) becomes
3
M(z) = 228, (20)
2C2
with the line element
daz? T
ds? = A2 + ———— + = (6 + sin0d¢?) . @1
s T e Ge ) o W sint0de)
The line element (21) can be presented as
2\ 7 22
ds? = — A%t + <1 - W) dr? + 12 (d6° + sin0dg?) , 22)
where I'? = —& and k <0. The line element (21) becomes a well known neutral isotropic Einstein model. This
shows that our model contains other previous models as a special case. Taking k= 0 and A= 0 we have
62V:A2762>\:Lp:Ova:pt:OaM:O' (23)

We see that the matter variables vanish and the gravitational potentials are constant. This agrees with

Minkowski space-times.

VI. SOLUTION FOR NONSINGULAR MODEL [I wiTH VAN DER WAALS EQUATION OF STATE

We consider different values for the parameters m, n, a and b given in Eq. (13). We find other exact solutions
when the metric function y is not constant. We choose m = 1,n =1, a #0 and b = 0. The metric function (12)

becomes
y=1—ax,

and the differential equation (13) becomes

- 1—ax [1’ (Aol’ + A1LE2 + AQ(L‘S) — C] (1—azx)
Z <x : ) z |

1 — 3ax) Cz (1 — 3ax)

Solving Eg. (25) we obtain

1 2 1 1
+ <55 + gax + ﬁa2x2 — Ha3x3> Asz — a®C

B Cka’z
(1-— Bax)g

Hence the gravitational potentials and matter variables become

¥ = A2(1—ax)?,

(24)

(26)

(27a)
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3 3 1
- <— — —azx + a2332> Ajazx

1 2 1 1
+ < + —ax + —a2m2 a3m3> Asx — a®C

55 ' 55 11
-1
_ Cka’z
(1—3a$)% ’
1 6 23 2o\ . o
= (22 A
& (1= 3az) [( 5 5ax+3ax> 0a
S ar -2 = A
<4o+40x gUT T gar )
3 1 Loy 30 54 27 4,
(55 BT Tt Tt

Ca3k( — 5aa:)]
(1 —3ax)3

« ; —§—§ax+3a2x
a3 (1 — 3ax) 5 5

9 3 25 21
— < + —ar — —a?r? + =a3 3> Aja

40 40 8 8"
30
a3a3

55 55 11 11

C’a3k( - 5(1:5)])2 _ Bp
(1 —3ax)3 L—9p’

1 6 23 .o
al—=————|—-=— —azx+3az
a3 (1 — 3ax) 5 5

2
7+ =

7
4,4
11

9 3 25 21
— ( + —ax — —a’z? + a3 3) Aia

40 40 8 8"
<55 + 55&:5—1— a’z” — 170

Ca3k( —5aa:)])2_ Bp
(1 —3azx)3 L=p

+Apx + A1w2 + Agxg,

Aoz + A1332 + A2$3.

_|_

11

)

2) A0a2

) s

2> A0a2

) 4.

27b)

(27c)

(27d)

(27¢)

27f)



The mass function (9) becomes

3
x2? 1 7 3
M _ 17 2222\ A2
(@) a3 (1 — 3ax) C2 [(5 10a$+ O ) o
3 3 23 5, 3 44
R = A
< 80 T80t R0 16" " )l
1 1 L 99 2 33 44
g a2 A
* <110 0™ 10" Tt Tt )
14 1
— 50 Ck(1- 3aac)3] : (28)
The line element for the model in the system (27) becomes
2 1
ds? = —A*(1—az)® - Cd® [(5 - 5aaj) Aga’x

3 3
— <—40 — —ax + a2x2) Ajax

1 2 I 59 1 334 3
el il _ = Aox —
+<55+55ax+11ax Ha:v ox —a’C
Cka’x - dx? x
- - + = (d6* + sin*0de?) . (29)
(1—3az)s| 42C C

Settinga <0, o= 0and v = 0in the system (27)
we regain the exact model given by Sunzu [16].

For isotropic pressure (A= 0) we have A, = A,
= A, = 0, and the gravitational potentials and matter
variables in (27) become

e = A?(1- a:L')2 , (30a)
1 — 3az)5
o = (173 (30b)
kx + (1 — 3ax)3
p = _CkB=5az) (300)
(1 —3ax)3
(Ck (3-— 5aac)>2
Pr=pt = Q| ———— 5
(1 —3ax)3
B BCk (3 — bax) 300)

(1-— ?)cwl:)g —vCk (3 — 5ax)'
The mass function (28) becomes
z3k

20z (1-— 3a:1;)%

M () : (31)

with the line element
(1-— 3a:):)% dz?

ds? = —A%(1 — ax)*dt®> + 3
4xC [lm +(1- 3am)§}

+ (d6? + sin®0de?) (32)

Taking k = 0 and A= 0 we have

=AY (1—az)%e?=1,p=0,p, = pr=0, M= 0.(33)

We see that the matter variables vanish and the
gravitational potentials are constant at the centre. This
condition agrees with Minkowski space-times.

VII. DiscussION

In this section, we indicate that the exact
solutions for the field equations given in the system (27)
of Sect. (6) are well behaved. The gravitating potentials
and the matter variables obtained are finite, regular and
continuous. We see that isotropic results are contained
in our nonsingular models as a special case. This is
possible when the measure of anisotropy A = 0, the
case when parameters A,, A, and A, are set to zero. Of
interest is to indicate that the physical analysis is
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possible. We do this by generating graphical plots for
the gravitational potentials, matter variables using the
model in the system (27) and mass function (28) in Sect.
(6). Python programming language was used to
generate these plots for the particular choices a = -3:3,
A=10, =05 a=0:187= 01, C= 1.0, k= 03,
Ag=-1.5, A1 =-0.6 and As = 1:0. The graphical plots
generated are for the potential €2” (Fig.1), potential e**
(Fig. 2), energy density P (Fig. 3), radial pressure Pr
(Fig. 4), tangential pressure Pt (Fig. 5), measure of
anisotropy A (Fig. 6) and the mass M (Fig. 7). All figures
are plotted against the radial coordinate r. These
quantities are regular and well behaved in the stellar
interior.

The potentials in Fig.(1) and Fig. (2) are
increasing functions with radial distance. They are finite,
regular and continuous similar to those in Komathiraj
and Maharaj [52], Sunzu [16] and Sunzu et al [29]. The
energy density p in Fig. (3), the radial pressure prin Fig.
(4) and the tangential pressure Pt in Fig. (5) are
decreasing functions with the radial coordinate. These
profiles are similar to to the one in Kalam et al [24],
Sunzu [16] and Thirukkanesh and Maharaj [25]. We

1.8

observe in Fig. (6) that the measure of anisotropy Ais a
decreasing function from the centre to the region near
the surface. This is similar to the findings in Sunzu et al
[29] and Kalam et al [24]. The mass M in Fig. (7)
increase with radial distance similar to that in Sunzu
[16], Sunzu et al [29] and Malaver [45, 46].

We also generate relativistic stellar masses
using the transformations Ag = AgR%, Ay = AR?,
Ay = A3R?, C = CR? and @ = aR?. We are using
the mass function (28) of Sect. (6) to generate masses
consistent with observations. We generated stellar
masses consistent with the one observed by Demorest
et al [53] for a star PSR J1614-2230, Rawls et al [54] for
stars Vela X-1, 4U 1538-52, LMC X-4, SMC X-4 and Cen
X-3, Abubekerov et al [55] for a star Her X-1, Elebert et
al [56] for a star SAX J1808.4-3658 and Ozel et al [57]
for a star EXO 1785-248. Computation is done by
choosing different values for the constants a, Ao,
Ay and A,. Conveniently, for computation purposes
we have set R = 55.00. Therefore our exact model
produce finite masses consistent with astronomical
objects. The parameters producing these relativistic
masses are indicated in Table (1).

1.7r

1.6r

1.5

& l4r

1.3f

1.21

1.1p

195

Figure 1: The gravitational potential €2 against the radial distance

n n
0.6 0.8 1.0

Figure 2: The gravitational potential e against the radial distance
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Figure 3: Energy density p against the radial distance
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Figure 4: Radial pressure p, against the radial distance
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Figure 5: Tangential pressure p; against the radial distance
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Figure 6: Measure of anisotropy A against the radial distance
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Figure 7: Mass M against the radial distance

Table 1: Particular stellar star masses obtained for various parameter values

a C Ay A Ay k R(Km) M(Mgy) Star References
95 2.0 20 30 19 1.0 9.69 1.97 PSR J1614 — 2230  Demorest et al [53]
95 20 20 13 1.8 1.0 9.56 1.77 Vela X — 1 Rawls et al [54]
99 20 20 13 1.8 1.0 7.866 0.87 4U 1538 — 52 Rawls et al [54]
99 20 11 35 1.8 1.0 8&.301 1.04 LMCX -4 Rawls et al [54]
9.8 20 1.1 35 1.8 1.0 8.831 1.29 SMCX —4 Rawls et al [54]
9.7 20 11 30 18 1.0 9.178 1.49 cen X — 3 Rawls et al [54]
9.7 20 11 20 15 1.0 8.1 0.85 Her X —1 Abubekerov et al [55]
9.7 20 11 20 1.7 1.0 7.951 0.9 SAX J1808.4 — 3658 Elebert et al [56]
96 2.0 1.1 25 1.7 1.0 8.849 1.3 EXO1785 — 248 Ozel et al [57]
VIII. CONCLUSION function showing that P+<< Pr. We have indicated that for
specific conditions our models agree with earlier
We have generated new exact relativistic Einstein isotropic neutral model and Minkowski

models for neutral anisotropic stars using Einstein-
Maxwell field equations. We have used a Van der Waals
equation of state relating the energy density and the
radial pressure. In our new models, the energy density p,
the radial pressure p» and the tangential pressure p; are
finite decreasing functions. The mass M and the
gravitational potentials  e*, e** are increasing
functions, continuous and finite inside the stellar interior.
The measure of anisotropy A is a decreasing negative

© 2018 Global Journals

spacetime. In this paper neutral relativistic models
described are physically reasonable and have
astrophysical significance. We have generated masses
consistent with observations. The masses generated are
those consistent with the star PSR J1614-2230, Vela X-1,
4U 1538-52, LMC X-4, SMC X-4, Cen X-3, Her X-1, SAX
J1808.4-3658 and the star EXO 1785-248. Our models
are significant for studies of relativistic compact neutral
stellar objects in astrophysics. For further research,



these models could be used to study the interior
structures of the stellar objects by considering new
choice of measure of anisotropy, metric functions and
equation of states.
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Mende Transformations in the Concept of
Scalar-Vector Potential

F. F. Mende

Absiract- In the article are obtained the conversions pour on
upon transfer of one inertial reference system (IRS) to another.
In contrast to the conversions of Lorenz the basis of such
conversions are the conversions of Galileo and the
symmetrical laws of induction. In this case the total derivatives,
which consider their convective part, are used. This made
possible to explain the phenomenon of phase aberration of
light and to explain the reasons of the transverse Doppler
effect, who is only apparent effect.

Keywords: laws of induction, electric field, magnetic
field, conversion of galileo, converting lorenz, phase
aberration of light, transverse doppler effect.

[. INTRODUCTION

he special theory of relativity (STR) was developed
by Albert Einstein in 1905. lts basis are the

postulates, one of which (the so-called second
postulate) says, that the speed of set is invariant, i.e., it
does not depend on observation system. This means
that under no circumstances the speed of light cannot
exceed its standard value, which in the vacuum is equal
299792458 = 1,2 m/s (it is rounded 300000 km /s).
Second postulate STR contradicts the common sense,
since the speed is a value relative. Passenger,
edushchiy in the railroad car of train, with respect to the
railroad car is fixed, whereas according to the relation to
the station buildings he moves with the speed of train. In
STR this not thus. If inside the railroad car light beam
moves with the standard speed, then with respect to the
station buildings it moves with the same speed.

From the moment of creation STR were carried
out the numerous experiments, in which the
experimenters attempted to prove the inaccuracy of the
second postulate. For this they used radiation sources,
which moved with respect to the observation system
with the given speed, but, values of the speed of light in
the observation system obtained in such experiments
always proved to be equal to the standard value of the
speed of light [1-9].

Such experiments in the diverse variants were
carried out and outstanding scientific Michaelson, with
the aid of the invented by it interferometer, but also
these experiments also ended by failure.

Michelson interferometer was invented by
American  physicist by Albert Abrakhamom by
Michaelson at the beginning of past century. A number
of important scientific and applied problems was solved

Author: Kharkov, Ukraine. e-mail: fedormende@gmail.com

with the aid of this interferometer, the speed of light was
in particular with the high accuracy measured. However,
in the experiments, carried out by Michaelson, that are
concemed checking second postulate STR, were
significant errors. It completed these errors, then it
attempted to prove that the speed of electromagnetic
(EM) wave is added to the speed of its source, which
would contradict the second postulate.  Michaelson
considered to the end of his life that there is an elastic
medium (ether), in which are extended EM of wave.
Therefore the results of the experiments, which it
conducted together with Morley [10] for the detection of
this medium, were for it large unexpected contingency,
since ether was not discovered. Attempting to improve
experiment, it attempted as the radiation source to use
light of star, but it it here awaited still large failure.
Studies showed that the measured speed of light, does
not depend on the speed of star and is equal to the
previously measured by it standard value.

In the works [11,12] it is shown that for similar
studies the Michelson interferometer is unfit, with which
and were connected its errors. And only after the
invention of interferometer with the mechanical division
of ray became possible the correct checking of the
second postulate of STR [11]. The results of this
checking are represented in the work [12], which they
showed that the speed of light is added to the rate of
radiation source, which corresponds to the conversions
of Galileo, but not to the conversions of Lorenz. But if
this then the conversions of Lorenz are erroneous, then
should be searched for them replacement. To this
question is dedicated the proposed article.

[I.  MENDE TRANSFORMATIONS IN THE
CONCEPT OF SCALAR-VECTOR POTENTIAL

Let us explain for the solution of the problem
presented, what dynamic potentials and fields generate
the moving charges. The first step, demonstrated in the
works [13-15], was made in this direction a way of the
introduction of the symmetrical laws of magnetoelectric
and electromagnetic induction. They are written in the
following form [16-20]:
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IE’dI’z—j%—?dﬂ [[vxBJI
SNCA)
jH'dl':j%ds—j[vXD]dl'
or

, oB
rotE’ = =t rot[v>< B]

(2.2)

oD
rotH'=——-rot|vxD
5 ~rot[vxD]

For the constants fields on these relationships
they take the form:

E'=[V><B]

. (2.3)
H = —[V X D]

In relationships (2.1)-(2.3), which assume the
validity of the Galileo conversions, prime and not prime
values present fields and elements in moving and fixed
IRS respectively.

The relationships (2.1)-(2.3), which present the
laws of induction, do not give information about how
arose fields in initial fixed IRS. They describe only laws
governing the propagation and conversion fields on in
the case of motion with respect to the already existing
fields.

The relationship (2.3) attest to the fact that in the
case of relative motion of frame of references, between
the fields E and H there is a cross coupling, i.e.,
motion in the fields H leads to the appearance fields
on E and vice versa. From these relationships escape
the additional consequences, which were for the first
time examined in the work [13,15, 21].

If the charged rod has a linear charge g, its

electric field E = decreases according to the law

2rer

?, where I isdistance from the central axis of the rod

to the observation point. If we in parallel to the axis of
rod in the field E begin to move with the speed AV
another IRS, then in it will appear the additional
magnetic field AH = gEAV. If we now with respect to
already moving IRS begin to move third frame of
reference with the speed Av, then already due to the
motion in the field AH will appear additive to the

2
electric field AE = ,u&‘E(AV) . This process can be
continued and further, as a result of which can be
obtained the number, which gives the value of the

electric field E;(r) in moving IRS with reaching of the

speed v=nAv, when Av— 0, and N—> 0. In
the final analysis in moving IRS the value of dynamic
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electric field will prove to be more than in the initial and
to be determined by the relationship:

\Y)
gch?L Vv
E'(r,v,)=——==Ech—.

(r.v.) 2rer c
If speech goes about the electric field of the
single charge €, then its electric field will be

determined by the relationship:

Vv
ech—=
C

E’(r’VJ.) =

Arzer?

whereV | - normal component of charge rate to the
vector, which connects the moving charge and
observation point.

Expression for the scalar potential, created by
the moving charge, for this case will be written down as
follows:

ech\%l
(0 (r’vi) = 47[8

_ Vi
. = ¢(r)ch ~ (2.4

where (D(I')- scalar potential of fixed charge. The

potential (/)'(I‘,Vi) can be named scalar-vector, since it
depends not only on the absolute value of charge, but
also on speed and direction of its motion with respect to
the observation point. Maximum value this potential has
in the direction normal to the motion of charge itself.
Moreover, if charge rate changes, which is connected
with its acceleration, then can be calculated the electric
fields, induced by the accelerated charge.

During the motion in the magnetic field, using
the already examined method, we obtain:

H'(v,) = Heh s

where V| - speed normal to the direction of the magnetic

field.The same result can be obtained by another
method.

Let us designate field variables in the fixed
frame of reference without the prime, and in the mobile —
with the prime.In the differential form let us write down
the formulas of the mutual induction of electrical and
magnetic fields on in the mobile frame of reference as
follows:

dH'=¢E'dv ,

dE'=uHdv, .



Or otherwise,

dH’

- —¢F

dVL o) miy (2.7)

de’

— =yH’

dv, HE, (2.8)
where (2.7) it corresponds (2.5), and (2.8) it

corresponds (2.6).
After dividing equations (2.7) and (2.8) on E
and H , we will obtain respectively:

d(H/E) E
dv, °E°

d(E'/E)
dv

L

=HT (2.10)

Differentiating both parts (2.10), we have:

dZ(E’/E)_yd(H’/E) |

d?v, av,

2.11)

After substituting (2.9) in (2.11), we will obtain:

d*(E'/E) E'
— - =/ _ _. 2.12
e HEE (2.12)

The function is the general solution (2.12) of
differential equation

EE = Czch(\%j +Csh (\%j , (2.13)

where ¢ — the speed of light, C, , C, - arbitrary
constants.

Since with V, = O must be madeE'=E
that from (2.13) we will obtain:

C,=1

After substituting (2.14) in (2.13), we finally have
the general solution, into which enters one arbitrary

(2.14)

constant Cl:
E (v A
T Ch(?j”ﬂ"(?j-

AE, =

y —

B,Av,

AE = ByAv,

Selecting C1 =0, we obtain

E = Ech(v—lj.
C

If we apply the obtained results to the
electromagnetic wave and to designate components

fields on parallel speeds IRS as E,, H,, and =
H |, as components normal to it, then conversions

fields on they will be written down [1-3, 9]:

E, =E,,

: v [Z v
E\ =E.chz + TO[Vx Hl]shE,

, (2.15)
H, =H,,

' Vv 1 Vv
HL :HLChE — V_ZO[VXEL]ShE’

Wher920: [ﬂ - impedance of free space,
)

1

Ho&o
(2.2) the Mende transformation.

We derive them in the matrix form [22, 23] and
show that the form of the transformations is determined
by the law of addition of velocities (classical or
relativistic).

Let us examine the totality IRS of such, that IRS

K,moves with the speed AV relative to IRSK, IRS
K,moves with the same speed AV relative to K, etc. If

C= - speed of light. Let us name conversions

the module of the speed AV is small (in compare IRSn
with the speed of light s), then for the transverse
components fields on in IRSK;K,,. . . we have:
E, =E +AvxB,
E, =E, +AvxB,

B,, =B, —AvxE, /c?
B, =B, —AvxE, /c*
(2.16)

Upon transfer to each following IRS of field are
obtained increases in AE and AB

AE=AvxB, AB=-AVxE /c® (17)

where the fields E, and B relate to current IRS.

Directing the Cartesian axis Xalong Av, let us rewrite
(2.17) in the components of the vector

AB, =E,Av/c?. (2.18)
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Relationship (2.18) can be represented in the matrix form

O 0 0 -1 E

O 0 1 0 E,
AU = AU Av U=

0 1/¢?0 1 B

~1/¢0 0 0 B

If one assumes that the speed of system is
summarized for the classical law of addition of

velocities, i.e., the speed of final IRS K'= KN relative

to the initial K is V= NAV, then we will obtain the
matrix system of the differential equations

du (v)
dv

with the matrix of the system Vindependent of the
speed A . The solution of system is expressed as the

matrix exponential curve exp(vA) :

U'=U (V) =exp(VAU, U =U(0), 20

= AU (v), (2.19)

here U - matrix column fields on in the system K, and

!
U - matrix column fields on in the system K'.
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Substituting (2.20) in the system (2.19), we are

!
convinced, what U is actually the solution of the
system (2.19):

dU (v) _d[exp(vA)]

=g U = Aep(vAlU =AU (V)

It remains to find this exponential curve by its
expansion in the series:

1 1 1
exp(va) = E +VA+ oV A+ 3 v3A3+ v A"+
where E - unit matrix with the size 4x 4. For this it is
convenient to write down the matrix A in the unit type
form

0 -« 0 1 0 0
A= , : = : 0= :
alce 0 -10 0 0
Then
A2 —a%lIc? 0 | 2 0 da°lc? |
0 —alc? —a®/c* 0
, [a’lct 0 5 0 -a°/c*
A = =
0 o'/c a’/c® 0
And the elements of matrix exponential curve take the form
2 4
V \Y
_ & _afv v v
O [exp(vA)],, = —c*[exp(VA) ], (c 3@ T EE ]
where | - the unit matrix 2x 2. It is not difficult to see that —052 = 0[4 = —056 = 058 =....= | ; therefore we
finally obtain
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Ichv/c
(ashvic)ic Ichvic

exp(vA) =

chv/c 0
O chv/c cshv/c 0
0 (chv/c)/c chv/ic O

~(shv/c)ico

—cashv/c

0O —cshv/c

0O chv/c

Now we return to (2.20) and substituting there EXp(VA) , we find

E,=Echv/c-cBshv/c,

B, =B,chv/c+(E,/c)shvl/c,

Or in the vector record

, vV Vv Y
EJ_:EJ_Ch E+EVXBJ‘ShE,

v 1 v (2.21)
B, =B,ch ———vxE sh—
LT e lShc

This is Mende transformation (2.15).

Appears a regular question; therefore they are
differed from the appropriate conversions fields on in the
classical electrodynamics, indeed in it with the low
speeds AV occur initial relationships (2.16) and (2.17).
The fact is that according to the relativistic law of
addition of velocities, are added not speeds, but
rapidities  (https://ru.wikipedia.org/wiki/  Bricrpora).
According to definition the rapidity is introduced as

f=c arthX . (2.22)
C

Precisely, if the rapidity of the systems K1 and

K, K, and K;, K; and K,, etc., they are

distinguished to A @, then rapidity the rapidity IRS

K'=K, relativeto K is @ =NAG . With the low

speeds A@ = AV. Therefore formula (2.17) it is
possible to write down so

AE=AOxB,, AB=-AOxE /C’

\Y
where 0 = Hv. System (2.19) taking into account the

additivity of rapidity, but not speed, it is substituted by
the system of equations

E,=Echv/c+cBshv/c,
B,=Bchv/c—(E,/c)shv/c

Thus, all computations will be analogous given
above, only with the difference that in the expressions
instead of the speeds will figure rapidity. In particular
formulas (2.21) take the form

r_ 0 0 0
EJ_—EJ_Ch E+EBXBJ‘ShE’
A I | 0
BJ_—BJ_Ch E—%GXElShE,
or
, 0 v 0
EL:ELCh E+EVXBL§1E’
o 1 g 7
B’J_:BJ_Ch E—%VXELShE,
Since
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6_ 1
¢ [1-th*(9/c)

That substitution (2.22) in (2.23) leads to the
well-known conversions fields on

E| = !

L_\/1—v2/cz
1 1 '

BB =—— | B ——=VvxE

' \/1—v2/c2( e Lj

with the small relative conversion rates (2.21) and (2.24)
differ, beginning from the terms of the expansion of the

order V2 / Cz.

We show how to use therelationships (2.2) it is
possible to explain the phenomenon of phase
aberration, which did not have within the framework
existing classical electrodynamics of explanations. We
will consider that there are components of the plane

wave Hz, EX, which is extended in the direction y

ch

(E, +vxB))

(2.24)

and primed system moves in the direction of the axis X
with the speed VX. Then components fields on in the

prime coordinate system in accordance with
relationships (2.2) they will be written down:
’ —
Ex - Ex’
V.
r_ x
E, =H,sh-2,

H!=HchYx.
Cc

Thus, is a heterogeneous wave, which has in
the direction of propagation the component E\', .
Let us write down the summary field E" in moving IRS:

1
E :[( E )’ +(E;)2T ~Echt. @

If the vector H' is as before orthogonal the
axis 'Y, then the vector E’ is now inclined toward it to

the angle &, determined by the relationship:

vV V
sh—=—.
c C

This is phase aberration. Specifically, to this
angle to be necessary to incline telescope in the
direction of the motion of the Earth around the sun in
order to observe stars, which are located in the zenith.

12

a (2.26)
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6 _ th(d/c)
¢ Ji-th*(0/c)

The Pointing vector is now also directed no
longer along the axis Y, but being located in the plane

XY, it is inclined toward the axis Y to the angle,
determined by relationships (2.26). However, the relation

of the absolute values of the vectors E’, H'’ in both
systems they remained identical. However, the absolute
value of the very vector of Pointing increased. Thus,
even transverse motion of inertial system with respect to
the direction of propagation of wave increases its
energy in the moving system. This phenomenon is
understandable from a physical point of view. It is
possible to give an example with the rain drops. When
they fall vertically, then is energy in them one. But in the
inertial system, which is moved normal to the vector of
their of speed, to this speed the velocity vector of inertial
system is added. In this case the absolute value of the
speed of drops in the inertial system will be equal to
square root of the sum of the squares of the speeds
indicated. The same result gives to us relationship
(2.25).

Is not difficult to show that, if we the polarization
of electromagnetic wave change ourselves, then result
will remain before. Conversions with respect to the
vectors E, H are completely symmetrical, only
difference will be the fact that to now comes out the
wave, which has to appear addition in the direction of

propagation in the component H\', .

Such waves have in the direction of its
propagation additional of the vector of electrical or
magnetic field, and in this they are similar E, H of the
waves, which are extended in the waveguides. In this
case appears the uncommon wave, whose phase front
is inclined toward the Pointing vector to the angle,
determined by relationship (2.26). In fact obtained wave
is the superposition of plane wave with the phase speed

C=,|—— and additional wave of plane wave with the
infinite phase speed orthogonal to the direction of
propagation.

Let us examine one additional case, when the
direction of the speed of the moving system coincides
with the direction of propagation of electromagnetic

wave. We will consider that there are components of the
plane wave E,, H,, and also component of the
speed ivy. Taking into account that in this case is

fulfilled the relationship E, =+Z H,, we obtain:



' V, V. VvV
E, =E Ch—y—sh—yjz Exexp£+—y :
c C C

' V, Vv, VvV
H, =H, ch—y—sh—yJ:Hzexp ¥
C C C

l.e. amplitudes fields on exponentially they diminish or
they grow depending on direction of motion.

The wave of the strength of an electrical (or
magnetic) field of the type satisfies wave equation

E(t,y) = Eysin(ot —ky).
2

where k=—". wave number.

A

Upon transfer into the inertial system, which
moves with the speed iVy, is observed Doppler

frequency shift.

The transverse Doppler effect, who long ago is
discussed sufficiently, until now, did not find its
confident experimental confirmation. For observing the
star from moving IRS it is necessary to incline telescope
on the motion of motion to the angle, determined by
relationship (2.26). But in this case the star, observed
with the aid of the telescope in the zenith, will be in
actuality located several behind the visible position with
respect to the direction of motion. Its angular
displacement from the visible position in this case will be
determined by relationship (2.26). But this means that
this star with respect to the observer has radial it sped,
determined by the relationship

V, =vSina.

Since for the low values of the angles

. \Y
Sha=a, and & = E Doppler frequency shift will
compose

V2

Ay =W .
dL 0

C2

(2.27)

This result numerically coincides with results
SR, but it is fundamentally different from it results in that
the SR deemed that the transverse Doppler effect,
defined by (2.27) actually exists, where as in this case it
is only an apparent effect.

The wave of the strength of an electrical (or
magnetic) field of the type satisfies wave equation

E(t’ y) = EoSin(a)t - ky) :

2
where k=—_ wave number.

A

Upon transfer into the inertial system, which
moves with the speed ivy, is observed Doppler
frequency shift.

The transverse Doppler effect, who long ago is
discussed sufficiently, until now, did not find its
confident experimental confirmation. For observing the
star from moving IRS it is necessary to incline telescope
on the motion of motion to the angle, determined by
relationship (2.26). But in this case the star, observed
with the aid of the telescope in the zenith, will be in
actuality located several behind the visible position with
respect to the direction of motion. Its angular
displacement from the visible position in this case will be
determined by relationship (2.26). But this means that
this star with respect to the observer has radial it sped,
determined by the relationship

V, =Vsina.

Since for the low values of the angles

. \'
SNa =, and & = E Doppler frequency shift will
compose
V2
_2.

ay, =Q,
dl 0
C

(2.27)

This result numerically coincides with results
SR, but it is fundamentally different from it results in that
the SR deemed that the transverse Doppler effect,
defined by (2.27) actually exists, where as in this case it
is only an apparent effect.

[1I.  CONCLUSION

In the article, field transformations are obtained
in the transition from one ISO to another. In contrast to

the Lorentz transformations, the basis of such
transformations are Galileo transformations and
symmetric induction laws. In this case, complete

derivatives that take into account their convective part
are used. This made it possible to explain the
phenomenon of phase aberration of light and to find out
the causes of the transverse Doppler effect, which is
only an apparent effect.
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Kantowski—Sachs Bulk Viscous String
Cosmological Model in (R, T) Gravity with Time
Varying Deceleration Parameter

P.P. Khade * A. P. Wasnik ° & S. P. Kandalkar °

Abstract- We propose a specially homogeneous and
anisotropic Kantowski-Sachs string cosmological model with
bulk viscosity in the framework of f(R, T)gravity by
considering two cases (i) the special form and (i) linearly
varying deceleration parameter. To obtain a deterministic
solution of the field equation we have been used some
physical plausible condition. In this theory, cosmological
model is presented in both cases. Also some important
features of the models, thus obtained, have been discussed.

Keywords: f(R, T)gravity, bulk viscous fluid, cosmic

string, deceleration parameter.

I.  INTRODUCTION

n the light of the recent discovery of the accelerated

expansion of the universe [1-3]. However, final

satisfactory explanation about physical mechanism
and driving force of accelerated expansion of the
universe is yet to achieve as human mind has not
achieved perfection. It is known that a point of universe
is filled with dark energy. It has been addressed by
various slow rolling scalar fields. It is supposed that the
dark energy is responsible for producing sufficient
acceleration in the late time of evolution of the universe.
Thus, it is much more essential to study the fundamental
nature of the dark energy and several approaches have
been made to understand it. The cosmological constant
is assumed to be the simplest candidate of dark energy.
It is the classical correction made to Einstein’s field
equation by adding cosmological constant to the field
equations. The introduction of cosmological constant to
Einstein’s field equation is the most efficient way of
generating accelerated expansion, but it faces serious
problems like fine tuning and cosmic coincidence
problem in cosmology [4, 5]. Quintessence [6],
phantom [7], k-essence [8], tachyons [9], and
Chaplygin gas [10] are the other representative of dark
energy. However, there is no direct detection of such
exotic fluids. Dark energy can be explored in several
ways, and modifying the geometric part of the Einstein-
Hilbert action [11] is treated as the most efficient
possible way. Based on its modifications, several

Author o Vidyabharati Mahavidylaya, Amravati.
e-mail: pramodmathsO4@gmail.com

Author o: Bhartiya Mahavidyalaya, Amravati.

Author p: Government Institute of Science, Nagpur.

alternative theories of gravity came into existence.
Modified theories of gravity are attracting more and
more attention of cosmologists because of the fact that
these theories may serve as the possible candidates for
explaining the late time acceleration of the universe.
Some of the modified theories of gravity are (T), (R), (G),
and (R, T) gravity. These models are proposed to
explore the dark energy and other cosmological
problems. Sharif and Azeem [12] discussed the
Cosmological evolution for dark energy models in (T)
gravity. Jamil et al. [13] have studied the stability of the
interactive models of the dark energy, matter, and
radiation for a FRW model in (T) gravity. Generalized
second law of thermodynamics in (T) gravity with
entropy corrections has been studied by Bamba et al.
[14]. Recently, Harko et al. [15] developed another

modified gravity known as f(R, T) gravity. In this

theory, the gravitational Lagrangian is given by an
arbitrary function of the Ricci scalar R and of the trace of
T of the stress energy tensor. In this paper, we
concentrate on (R, T) gravity, with fbeing in this case a
function of both R and T, manifesting a coupling
between matter and geometry. Before going into the

details of (R, T) gravity, The field equations of f(R, T)
gravity obtained from the action

s= 2 ([f(RT)+L N=gd'x ()
167

where f(R, T)is an arbitrary function of the Ricci

scalarR, T is the stress energy tensor 'I'ij of matter
and L, is the matter Lagrangian density, are given by

1
R, —Egin=87zTij +2f(T)T, +[2pf (T)+ £(T)]g;.
2

Studies of cosmic strings and bulk viscosity are
crucial as they play an important role in structure
formation of the early stages of evolution of the universe.
Cosmic strings are one dimensional topological defects,
which may be formed during symmetry breaking phase
transition in the early universe along with other defects
like domain walls and monopoles. Bulk viscosity driven
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inflation is primarily due to the negative effective
pressure which may overcome the pressure due to the
usual gravity of matter distribution in the universe and
provides an impetus for rapid expansion of the universe.
Hence construction of bulk viscous string cosmological
models have received considerable attention of
research workers in the field. Many authors have
investigated the astrophysical and cosmological
implications of the (R, T) gravity [16—-19]. Jamil et al. [20]
have reconstructed some cosmological models for
some specific forms of (R, T) in this modified gravity.
Shamir et al. [21] obtained exact solution of anisotropic
Bianchi type | and type V cosmological models whereas
Chaubey and Shukla [22] have obtained a newclass of
Bianchi cosmological models using special law of
variation of parameter. Using a decoupled form of (R,
T), thatis, (R, T) = (R) + (T) for Bianchi type V universe,
Ahmed and Pradhan [23] have studied the energy
conditions of perfect fluid cosmological models and
Yadav [24] obtained some string solutions. Pawar and
Solanke [25] have studied cosmological model filled
with perfect fluid source in (R, T) gravity. Pawar and
Agrawal [26] have obtained the solutions of dark energy
cosmological model in the framework of the (R, T)
theory of gravity. Recently Pawar et al. [27] have
explored two fluid cosmological models in (R, T) theory.
Mishra and Sahoo [28] solved the field equations of
Bianchi type-Vlh cosmological model in presence of
perfect fluid in f (R,T) gravity. Sahoo and Mishra [29]
studied Kaluza—Klein dark energy model in form of wet
dark fluid in this theory. Reddy et al. [30] presented
Kantowski-Sachs bulk viscous string model in (R, T)
theory. Recently, Naidu et al. [31], Kiran and Reddy
[32], and Reddy et al. [33] discussed the Bianchi type-V,
Bianchi type-lll, Kaluza-Klein space time with cosmic
strings, and bulk viscosity in f(R, T) gravity, respectively.
Caroll et al.[34], Nojiri and Odintsov [35-37] and Chiba
et al.[38] are some of the authors who have investigated
several aspects of f (R) gravity. Recently, Adhav [39] has
obtained Bianchi type-I cosmological model in f (R, T)
gravity. Reddy et al.[40, 41] have discussed Bianchi
type-Ill and Kaluza-Klein cosmological models in 7 (R, T)
gravity while Reddy and Shantikumar [42] studied some
anisotropic cosmological models and Bianchi type-lll
dark energy model, respectively, in f (R, T ) gravity.
Subsequently Kiran and Reddy [43] established the
non-existence of Bianchi type-lll bulk viscous string
cosmological model in f (R, T ) gravity. Recently, Naidu et
al. [44] presented Bianchi type-V bulk viscous string
model in f (R, T ) gravity while Reddy et al. [45] have
obtained the same in Saez-Ballester theory. We
describe some important features of the (R) gravity. The
recent motivation for studying (R) gravity came from the
necessity to explain the apparent late-time accelerating
expansion of the universe. Detailed reviews on (R)
gravity can be found in [46-49]. Thermodynamic
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aspects of (R) gravity have been investigated in the
works of [50, 51].

Inspired by the above investigation and
discussion, in this paper we investigate the role of
variable deceleration parameter in Kantowski-Sachs

space time with bulk viscous string and f(R, T)
gravity. The plan of this paper is as follows: In sec. 2, we
derive the field equations of f(R, T) gravity in

Kantowski-Sach space-time when the matter source is
bulk viscous fluid with on dimensional cosmic strings. In
Section 3, we find the solution of the field equations and
the model. Some physical and kinematical properties of
the model are discussed in section 4. Concluding
remarks are presented in section 5.

[I.  METRIC AND FIELD EQUATIONS

The Spatially homogeneous and anisotropic
Kantowski-Sachs space-time in the form

ds? = dt? — A%dr2 - B?(d6? +sin?0dg?), (3

where A and B are the cosmic time t only.

The energy momentum tensor for a bulk
viscous fluid containing one dimensional cosmic string
is considered as

T, = (P"‘B)Uiuj _Bgij — A% X;, (4)

p=p-3H, (5)

where p is the rest energy density of the system, 3&H
is usually known as bulk viscous pressure, H is Hubble’s
parameter, p is the pressure and A is the string tension
density. Also u' = 5}1 is the four velocity vector, which
satisfies

g;u'u; =—-x'x; =1, u'x=0 6)

Here, we also consider p, T), A as functions
of cosmic time t only.

Now, by adopting commoving coordinates the
field equations (2) of f(R, T)gravity for the metric (3),

with the help of egs. (4)-(6), for the particular choice of
the function

f(T)=uT (7)
where s constant, can be written as

E
B

B> 1 -—
?+?: p(87z+3/1)—/1(87z+3,u)—/1p

)

2—+



A B AB -
A2 2 (87 +3u)— A - 9
At ap - PET3u)-wi-up @

AB B> 1 —

2P L - p@r+3u)-uh (10

where an overhead dot indicates differentiation with
respect tot.

Spatial volume and the scale factor for the
metric (3) are respectively, defined by

V = AB? (11)

a=(aB?)2 (12)

The physical quantities which play a significant
role in the discussion of cosmological models are
expansion scalar @ the mean anisotropy parameter A,
and shear scalar o> which are defined as

g-3H-39 2,28
A B

2
3&=i(%‘j JAH =H —H,i=123 (4

i=1

(13)

Gzzéaijaij =3A12—H2 (15)

where H is the mean Hubble parameter.
[1I. SOLUTIONS OF THE FIELD EQUATIONS

The field equations (8)-(10) reduce to the

following two independent equations:

A B B AB 1

S i — —(8r+2u) 16

A B B?* AB B? ( IU) 1o
A B B AB 1 -
ZJFE_?_E_?:p(8”+2'u)+p(8ﬂ+2/u) (7

Here there are two equations involving five
unknowns. Since the field equations are highly nonlinear
for the complete determinacy, we need extra conditions
among the variables. We consider these conditions in
the form case (i) and case (ii) as defined below
(i) The scalar expansion @ in the model is proportional

to the shear scalar o-?which yields
A=B"

where m# 1 is a constant, takes care of anisotropy of
the space-time (Collins et al. [52])

(18)

(i) The combined effect of the proper pressure and the
bulk viscous pressure for barotropic fluid can be
written as

p=p-3H=(5-7)p, 0<s,<L p=gp (19)

where &;and y are constants.

Case (i)
The case (i) consists of (i), (i) and special form
of deceleration parameter [53]

B

1+a”

g=-1+ (20)
where S > QOis a constant and a is a scale factor of the

metric.

In this case, we have discussed the solution of
the field equations by considering the extra conditions
as above.

a
The Hubble parameter H is defined asH =—

and from (20) we obtained a

H :gzq(l+ a’ﬂ) (1)

where @, is a constant of integration.
Integrating (21) and using the initial conditions
a=0 at t = Owe have found

a= (ef’ﬂ/’t - 1T; (22)

The scale factor of metric (3) is defined as

a=(nB?) (23)

With the help of (18), (22)and (23), we have found

3m

A= (ef’ﬂﬁt - 1)% (24)

3

B= (e —1)seim (25)

Using (24) and (25), the metric (3) can be written as
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6m

ds® = dt? - (€' — 1)z dr 2 - (62 — 1ozl (d6? + sin® 6 dgf?)

6

From (16), with the help of (24)-(25) we obtain the string tension density A as

1 (m-1)me*"
(87 +2u) (eaﬂﬁt —1)

3a’ 4 3

e M=) AT pem)

M“ﬂl(

_ 3(m+1)
M= p2+m)

From (17), with the help of (19) and (25), we obtained the rest energy density p as

1 me®”"
(87 +2u)e, —y +1) | (€ -1)

{(mﬂ)/{u A

(26)
Rt m, 6" } 1
4 _ (27)
Wt _ 1)} (eaﬂﬂt - 1) (eaﬂﬂt _ 1) ﬂ(;—m)
st J . 3m? — 2m-1)e*” } 1 (28)
& -1)) " @rmle” - | (g i

From (19), with the help of (28), we have obtained the total pressureﬁ, proper pressure Pand the

coefficient of bulk viscosity & as follows:

P (87 + ?io)(;j/ z y+1) (g}lﬂe‘aftl) :(m " l)ﬁ(“ A (eale;ﬁt_ 1)} 3((?1;2){2%;‘1)—831 : ) (ealﬂt _11)5(26%) =

" (8r+ 2#;(?90 —y+1) (ergfiaftl) :(m 1P (“ 2 (efﬂaiﬁt— 1)) ’ 3((21%12;}%?? ) e _11)ﬂ(fm) o
e e i L e e e e el
e physical properis of the model are oo _(6+dmeam] oafe

given below, which have crucial role in the discussion of
cosmological models are the spatial volume V, scalar
expansion @, The Hubble's parameter H, shear scalar
o? and mean anisotropy parameter A, for the model
(26) the above quantities are given by

3

V= (ef’ﬂﬂt - 1)5

_ 9a,e"

H - 3ae™
(e -1
6+ 4m+2m?

3A — Al

A= oy
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rmf (-

In this model we observed that at initial epoch
the values of energy density 2, proper pressure P,
total pressure P, coefficient of bulk viscosity &, and
Hubble prarmaeter H are very high and these quantities
gradually decreases with the evolution of time; and as
t—>mo, p,p, p, &, H —0. Spatial volume increases
with the evolution of time; that is t —= o0, V — o0,
when t = 0 spatial volume vanishes and the expansion
scalar is infinite. Which shows that the universe starts
evolving with zero volume. The scale factor vanishes at
t = 0and hence the model has a point singularity at the
initial epoch. As t increases, the scale factor and the
spatial volume increases but the expansion scalar

decreases. Anisotropy parameter is constant which
shows that model is model remains anisotropic



throughout the evolution of the universe. It is noted that  that, we obtain, inflationary models. In this model as t
bulk viscosity in the universe decreases with time so increases string tension density A increases slowly.

Case (i)
The case (ii) consists of (i), (i) and special form of deceleration parameter [54]
=—kt+n-1
From (37) we have Akarsu and Dereli [54]:
= ,exp #arctanh &
S - 2ck \n? —2ck
1
and = JKe(nt+Cy)n for k=0 n>0
k,e™ for k=0 n=0

for k>0 n=>0

where K, K,, K;, C;, C,,C;are constants of integration. The last two values ofa give the constant deceleration
parameter. So we neglect these values of aas (= constant is studied by earlier researcher. Thus we focus on

the first value of scale factor.
The scale factor acan also be expressed as follows for n>1 ¢, =0

o]

o dite]

With the help of (18), (23) and (39) we have obtained

_8m_ om kt
A=K (2zrm) exp ———arctanh] — -1
Kyferm p_n(2+ m) (n j

B= k1(273) exp Larctan h(ﬁ—lj
| n(2+m) n

From (16), with the help of (41), we found the string tension density as

1 1
= [kt + k12 + k13]
(87 +2u) | (2n- kt) 6 12 kt
_12(m-1) 3 3(m+1)
e ke =Tme2) T mr) Y T me2)

From (17), with the help of (19) and (42), we found the rest energy density p :

(42)

© 2018 Global Journals

Global Journal of Science Frontier Research (A) Volume XVIII Issue I Version I E Year 2018



Global Journal of Science Frontier Research (A) Volume XVIII Issue I Version I E Year 2018

_ 1 Az
- (87 +2u)e, —y +1) (2n -kt )t

where K, = 3(1nr1n +32rrr1n+ 21)i

7kt + ko, + ko] -

6 12 kt
k,(zrm) eXp{n(erm) arctan h(n - ﬂ

From (19), with the help of (43), we obtained the total pressure?), proper pressure P and the coefficient of

bulk viscosity & as follows:

" (50_7)

p= [kt+k12+k14]

(87 +2u)e, — 7 +1) (2n kt)

(87 +2u)e, — 7 +1) (2n kt)

__ rt(2n-k) 4k,
1887+ 2u)g, — 7 +1) | (2n—kt)’t?

b) Some Physical Properties of the Model

Some physical properties of the model are
given below, which have significant role in the
discussion of cosmological models are the spatial

volume V, scalar expansion @, The Hubble's parameter
H, shear scalar o®and mean anisotropy parameter A,
the above quantities are given by

V= k1 exp{ arctan h(% - ﬂ (47)

18
= 48
t(2n—kt) )

6
-2 49
t(2n—kt) “

6+ 4m-+ 2m?

HANCIT “
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[kt + ko, + ko] -

7kt + ko, + ko] -

1
6 12 kt )
K, (2+m) exp{ arctan h( - ﬂ
n(2+m) n
! (45)
c 12 kt
K, (2+m) exp{ arctan h( - ﬂ
n(2+m) n
L (46)
kl(z6 ) eX Larctan h(kt— j
P n(2+m) n
,  (6+4m+2m? )2 9a, e®”"
o° = 7 - > (51)
3(2 + m) (eaﬂﬁt - 1)

In this model the energy density £, proper
P, total pressure P, coefficient of bulk

viscosity &, and Hubble prarmaeter H gradually
decrease with the evolution of time. Spatial volume
increases with evolution of time, after that it also
diverges. Anisotropy parameter is constant so the model
is anisotropic model throughout the evolution of the
universe. In this model cosmic string decreases as t
increases.

pressure

[V. CONCLUDING REMARKS

In this paper we have studied the Kantowski-
Sachs bulk viscous string cosmological model in

f(R,T)theory of gravity with variable deceleration

parameters. According the choice of deceleration
parameter (20) and (37) we have presented two



cosmological models. The observations of both the
models are as follows:

It is observed that in the first case the model has
point singularity at the initial epoch. In the second
case there is no point type singularity.

In both the model as t — o« then p,p, p, £, H >0
In both cases the mean anisotropy parameter
A, # Othe model do not approach isotropy and it
is time independent in which gives the indication
that the anisotropy in expansion rates is maintained
throughout the cosmic evolution.

In the first model The spatial volume is zero at t =0
and the expansion scalar is infinite, which suggest
that the universe starts evolving with zero volume at
t =0, i.e. we have big bang scenario.

We observed that the type of time variations of
deceleration parameter considered here affect the
nonexistence of cosmic string in this model. Hence
the consideration of variable deceleration parameter
contribute towards the existence of cosmic strings
in the theory of Kantowski-Sachs space time.
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Chemical in Homogeneities, Electric Currents,
and Diffusion Waves in Stars

Vadim URPIN

Absitract- The stars of the middle main sequence often have
spot-like chemical structures at their surfaces. We consider
diffusion caused by electric currents and argue that such
current-driven diffusion can form chemical in homogeneities in
plasma. Diffusion was considered using partial momentum
equations derived by the Chapman-Enskog method. We argue
that diffusion caused by electric cumrents can substantially
change the surface chemistry of stars and form spotted
chemical structures even in a relatively weak magnetic field.
The considered mechanism can be responsible for a
formation of element spots in Hg-Mn and Ap-stars. Diffusion in
the presence of electric currents can be accompanied by
propagation of a particular type of magneto hydrodynamic
modes in which only the impurity number density oscillate.
Such modes exist if the magnetic pressure is much greater
than the gas pressure and can be the reason of variations of
the abundance peculiarities in stars.

Keywords: stars: magnetic fields - stars: abundances -
Stars: chemically peculiar- stars: Spots.

. INTRODUCTION

he stars of the middle main sequence often have
Trelatively quiescent surface layers, and the

abundance peculiarities can develop in their
atmospheres since, in general, there are physical
processes that lead to evolution of atmospheric
chemistry during the main sequence lifetime. Chemical
composition can evolve in the atmospheres of such
stars, for example, because of loss of heavy ions
caused by gravitational settling. Also, the atmosphere
can acquires ions driven upwards by radiative
acceleration due to the radiative energy flux (see
Michaud 1970, Michaud et. al. 1976, Vauclair et al. 1979,
Alecian & Stift 2006). Many stars with peculiar chemical
abundances show line-profile variations caused by
element spots on their surface (see, e.g., Pyper 1969,
Khokhlova 1985, Silvester et al. 2012). The exact
reasons of inhomogeneous surface distributions on
stars are unknown. It was thought that chemical spots
can only occur in the presence of a strong organized
magnetic field. Indeed, some stars exhibit the presence
of such magnetic fields. For example, Ap stars show
variations of both spectral lines and magnetic field
strength that can be caused by rotation of chemical and
magnetic spots. Often such stars have the strongest
concentration of heavy elements around the magnetic
poles (see, e.g., Havnes 1975). A reconstruction of the

Author: A. F. loffe Institute of Physics and Technology, 194021 St.
Petersburg, Russia. e-mail: vadim.urpin@uv.es

stellar magnetic geometry from observations is a very
complex problem for decade. The magnetic Doppler
imaging code developed by Piskunov & Kochukhov
(2002) makes it possible to derive the magnetic map of
a star self-consistently with the distribution of chemical
elements. The reconstructions show that the magnetic
and chemical maps can be extremely complex
(Kochukhov et al. 2004a). For instance, Kochukhov et al.
(2004b) have found that almost all elements (except,
may be, Li and O) of the Ap-star HR 3831 do not follow
the symmetry of the dipolar magnetic field but are
distributed in a rather complex manner. The calculated
distributions demonstrate the complexity of diffusion in
Ap-stars and discard a point of view that diffusion leads
to a formation of the chemical spots symmetric with
respect to the londitudinal magnetic field (Kochukhov
2004). Likely, chemical distributions are affected by a
number of poorly understood phenomena in the surface
layers of stars.

Often, a formation of the chemical spots is
related to anisotropic diffusion in a strong magnetic
field. Indeed, the magnetic field of Ap-stars (~10°~10*G)
can magnetize electrons in plasma that, generally, leads
to anisotropic transport. Anisotropy of diffusion in a
magnetized plasma is characterized by the the Hall
parameter, e = WpeTe, Wherewp, = €B/m.cis the
gyrofrequency of electrons and Te is their relaxation
time; B is the magnetic field. If the base
ground plasma is presumably hydrogen, then
Te= 3y/Me(kpT)*?/4\/2me*n A (see, e.g., Spitzer
1998) where n.and T'are the number density of electrons
and their temperature, A is the Coulomb logarithm. Atz
> 1, the rates of diffusion along and across the
magnetic field become different. The condition Z, > 1
yields the following estimate of the magnetic field that
magnetizes plasma

B > Be =21x 103A107’L15T473/2 G, (1)

where A1o= A/10, ny5 =n/10" and Ty=T/10% .
Some Ap-stars that exhibit spot-like chemical structures
have a sufficiently strong magnetic field that satisfies
this condition. Note, however, that the magnetic field (1)
magnetizes only electrons and, as a result, its effect on
diffusion of heavy ions is relatively weak. Perhaps, a
much stronger field that magnetizes protons is required
in order to produce strong chemical in homogeneities in
stars. In this case, one requires y > 1 where
yzeBTp/mpC is the Hall parameter for protons and
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7, = 3/M, (kpT)*?/4/2me*n A is the relaxation
time for protons (see, e.g., Spitzer 1998). The condition
Yy > 1 yields

B> Bp = 105n15T4_3/2A10 G. 2

Such field is substantially stronger than the field
detected at the surface of Ap-stars.

In recent years, the discovery of chemical
inhomogeneities in the so-called Hg-Mn stars has rised
additional doubts regarding the magnetic origin of these
inhomogeneities. The aspect of inhomogeneous
distribution of some chemical elements over the surface
of HgMn stars was discussed first by Hubrig & Mathys
(1995). In contrast to Ap-stars, no strong large-scale
madnetic field of kG order has ever been detected in
HgMn stars. For instance, Wade et al. (2004) find no
longitudinal field above 50 G in the brightest Hg-Mn star
aAnd  with  distributed  inhomogeneously chemical
elements. The authors also establish an upper limit of
the global field at = 300 G that is obviously not sufficient
to magnetize plasma. Weak magnetic fields in the
atmospheres of Hg-Mn stars have been detected also
by a number of authors (see, e.g., Hubrig & Castelli
2001, Hubrig et al. 2006, Makaganiuk et al. 2011, 2012).
In a recent study by Hubrig et al. (2012), the previous
measuments of the magnetic field have been re-
analysed and the presence of a weak longitudinal
magnetic field up to 60-80 G has been revealed in
several HgMn stars. On the other hand, magnetic fields
up to a few hundred Gauss have been detected in
several HgMn stars (see, e.g., Mathys & Hubrig 1995).
Measurements by Hubrig at al. (2010) reveal a
longitudinal magnetic field of the order of a few hundred
Gauss in the spotted star AR Aur. The complex
interrelations  between the magnetic field and the
chemical structures clearly indicate how incomplete is
our understanding of diffusion in stars.

In this paper, we consider one more diffusion
process that can be responsible for a formation of
chemical inhomogeneities in stars. This process is
relevant to electric currents and well studied in a
laboratory plasma (see, e.g., Vekshtein et al. 1975) but
have not been considered in detail in stellar conditions.
By making use of a simple model, we show in this paper
that interaction of the electric currents with different sorts
of ions leads to their diffusion in the direction
perpendicular to both the electric current and magnetic
field. This type of diffusion can alter the surface
chemical distributions even if the magnetic field is
substantially weaker than B,.

[I.  Basic EQUATIONS

Consider a cylindrical plasma configuration with
the magnetic field parallel to the axis z, B = B(s)eé;
(s,9,2) and (€, €,,€, ) are cylindrical coordinates
and the corresponding unit vectors. The electric current
in such configuration is

© 2018 Global Journals

Jo = —(c/4m)(dB/ds). 3)

We suppose that J,—0 at large s and, hence,
B — By=const at s— oco. Note that B(s)can not be
arbitrary function of s because, generally, the magnetic
configurations can be unstable for some dependences
B(s) (see, e.g., Tayler 1973, Bonanno & Urpin 2008a,b).
The characteristic timescale of this instability is usually
of the order of the time taken for an Alvén wave to travel
around the star that is much shorter than the diffision
timescale. Therefore, a formation of chemical structures
in such magnetic configurations is impossible. Note
that, in some cases, the considered configuration can
mimic real magnetic fields with a high accuracy. This is
valid, for example, for the magnetic field near the
magnetic pole where the fild lines are very close to a
cylindrical geometry (see, e.g., Urpin & Van Riper 1993).

We assume that plasma is fully ionized and
consists of electrons e, protons p, and a small
admixture of heavy ions /. The number density of
species / is small and does not influence the dynamics
of plasma. Therefore, these ions can be treated as trace
particles interacting only with a background hydrogen
plasma. The hydrostatic equilibrium in such plasma is
given by

- 1- o
~Vp+F+ -3 x B=0, (4)
C

where P is the gas pressure, Pis the density, and ﬁ is
an external force acting on plasma. Since the
baseground plasma is hydrogen and fully ionized,
p~ 2nkpgT where kp is the Boltzmann constant. In
stellar conditions, F' is usually the sum of two forces,
F=F,+ F,q where F, = pg is the gravily
force and F,.,, is caused by radiative acceleration due
to the radiative energy flux from, the interigr. We assume
that the both external forces Fg and F,,q actinthe
vertical direction. Then, the z-component of Eq. (4)
determines the vertical distribution of a background
plasma and reads Op/0z=F,. The s-component of
these equation describes the transverse structure of a
magnetic atmosphere. For the sake of simplicity, we
consider the case T=const and neglect the contribution
of thermodiffusion. Integrating the scomponent of Eq.
(4), we obtain

n:no(l—l—ﬁo_l—ﬁ_l), ()

where 8= 8mpo/B?; (po, no, Ty, o are the values of
(p,TL,T, /8) ats — 00

The partial momentum equations in fully ionized
multi component plasma have been considered by a
number of authores (see, e.g., Urpin 1981). This study
deals mainly with the hydrogen-helium plasma.
However, the derived equations can be applied for
hydrogen plasma with a small admixture of any other
ions if their number density is small. If the mean
hydrodynamic velocity of plasma is zero and only small



diffusive velocities are non-vanishing,
momentum equation for the species / reads

the partial

—Vp;+Z;en; (E + — X B>+ Rie—i-Rip—i-E =0,
C
(6)

where Z; is the charge number of the species ’é,pj; and n;
are its partial pressure and number density, E is the
electric field in plasma, and V; is the diffusion velocity.
Since diffusive velocities are usually very small, we
neglect the terms proportional (Vi - V)V; in the
momentum equation (6). The force F; is the external
force on species ¢; in stellar conditions, F} is the sum
of gravitational and radiative forces. The forces [
and R;y are caused by the interaction of ions ¢ with
electrons and protons, respectively. Note that forces
R;,. and R,y are internal, but the sum of internal
forces over all plasma components is zero in
accordance with Newton’s third law. If n; is_small
compared to the number density of protons, R;. is
given by

Ri. = —(Z%n;/n)R. )

where R, is the force acting on_the electron gas (see,
e.g., Urpin 1981). Since n; << n, R, is determined mainly
by scattering of electrons on protons but scattering on
ions ¢ gives a_small contribution to .. Therefore, we
can use for R. the expression for hydrogen plasma
calculated by Braginskii (1965). In_our model of
isothermal plasma, the expression for R, reads

—

R, = —Oé||ﬂ'|| - U+ Oé/\gX U, 8

where 1 = —f/en is the current velocity of electrons;
b= B/B; the subscripts ||, L, and A denote the
parallel, perpendicular, and the so called Hall
components of the corresponding vector; &, & and s
are the coefficients calculated by Braginskii (1965).
Taking into account Eq.(3), we have

U = (c¢/4men)(dB/ds)e,. 9)

Since B L i inour model, we have 1| = 0.
In this paper, we consider diffusion only in a relatively
weak magnetic field that does not magnetize electrons,
T, K 1. Substituting Eq.(8) into Eqg.(7) and using
coefficients v and s calculated by Braginskii (1965)
with the accuracy in linear terms in Z, we obtain

Rie@: Z’?nl <O51%u>7 Ries —Z3n1(021x%u)

Te Te
(10)

If T =const, the fricton force R;, s
proportjonal to the relative velocity of ions i and protons.
Like R. (see Eq.(8)), this force also has a tensor
character and, generally, depends on the magnetic field.

The force Rip has an especially simple shape
if A;=m,;/m,>>1(see Urpin 1981) and we consider only
this case. We neglect the influence of the magnetic field
on R;, since this influence becomes important only in
a strong magnetic field > B, Taking into account that
the velocity of the background plasma is zero, V;) =0,
the friction force R?;, can be written as

Ry = (0.42mn; 22 )7)(=V5), (1)

where 7;=3/m; (kpT)*?/4\/2me*n\; 7,/ Z% is the
timescale of ion-proton scattering; we assume that A is
the same for all types of scattering (see, e.g., Urpin
1981).

I11. DIFFUSION VELOCITY
The cylindrical components of Eq.(6) yield

d Vi
—£(7’Lzl€BT> +ZZ€TLZ(ES+ CSO B>+ Ries +Rips: 07
(12)

Vis
Zieni <E<p — —B) + Rieg& +Ripgo = O, (1 3)
C
d
_d_(nZkBT) +Zzeanz+Rzez+Rzpz+Ez: 0. (14)
z

In our simplified magnetic configuration, we
have R, = 0. Eqgs.(12)-(14) depend on cylindrical
components of the electric field, Fs, F,, and I,. These
components can be determined from the momentum
equations for electrons and protons

—

—V(nk:BT)—en<E + 2 E) +R.4F. =0, (15
c

~V(nkgT) +enE — R, + F,=0. (16

In these equations, we neglect coallisions of
electrons and protons with the ions ¢ since these ions
are considered as the test particles and their number
density is assumed to be small. The sum of Egs.(15)
and (16) yield the equation of hydrostatic equilibrium (4).
The difference of Egs.(16) and (15) yields the following
expression fo the electric field

14 = R 1 = =
B+2¢_ _~ (FE —F).
+— (Fp—Fe)

17
2en 7

Taking into account the friction force R, (Eq.
(8)) and the coefficients o} and as, calculated by
Braginskii (1965), we obtain with accuracy in linear
terms in x,

1
ub <0.21@x8),}3¢— 1(0.51m6“>,

2c e - e Te
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1
E.=——(Fp —

2en (18)

F..).

Substituting Egs.(7) and (19) into vertical
component of the momentum equation (15), we obtain
the following expression for the velocity of vertical

diffusion 1 D
‘/; —_D nn;
dz

where D = 2.4c37;/Z?
c? = kgT/m;, and
FO—p 2 R
i m, pz ez

@
nszT z

is the diffusion coefficient,

(19)

(20)

Often, radiative acceleration due to the radiative
energy flux and gravitational settlin% give the main
contribution to the external force F(¥) (Michaud et al.
1976). The diffusion velocity caused by these forces can
be relatively large and, therefore, the vertical diffusion
often is faster than diffusion in the tangential direction
parallel to the surface. As a result, the vertical
distribution of chemical elements reaches a quasi-
steady equilibrium on a relatively short timescale. We will
show, however, that the horizontal diffusion can form
spots faster than the vertical diffusion if the magnetic
field is weak.

The tangential components of the difusion
velocity can be obtained from Egs. (13) and (14). Taking

z

into acount Eqg. (12) for ﬁip , one can transform Egs.
(13)-(14) into

‘/;s - q‘/;cp = A, ‘/;cp + q‘/;s = G) (1)

where

D dp;
A= - Zz z'Es ies | 22
kT 1 + ZienE, + R ) (22)

D eB

G: nlkBT (ZieniE<p+Rie<p), q = 2.4

T;.
Zimic !
(23)
Then, the diffusion velocities in the s- and -
directions are
At iw:@_ (24)
1+ ¢? 1+ ¢?
The parameter g is of the order of wp;7; and is
small even for magnetic fields typical for Ap-stars. Then,
we have for ¢ < 1

Vism A, Vi, =G. (25)

Substituting Egs. (10) and (19) into expressions
(23)-(24) for A and G, we obtain the following
expressions for the diffusion velocities

dInn; dln B

Vie=Vy + Vp, Vi=—D "1 Vy=Dpom (26)
’ ’ ds ds

dB o7

‘/Z.@:DBQOE 27)

V5iis the velocities of ordinary diffusion and Vg is the
diffusion velocity caused by the electric current. The
corresponding diffusion coefficients are

= ZCQT : DB:%(OQlZi —0.71), (28)

me C(Zi — 1), (29)
Dp, =122, ————=.
By \/ m; 4renZ;
where ¢ =kgT'/m; and 3 =B?/(4mnm,,). Egs. (27)-

(28) describe the drift, of ions ¢ under the combined
influence of Vn; and j.

V. DisTRIBUTION OF [oNs CAUSED BY
ELECTRIC CURRENTS

Consider the equilibrium distribution of heavy
ions in our model. In equilibrium, we have Vs = 0 and
Eq.(27) yields

Ddlnni _ D,

din B
ds '

ds

(30)

© 2018 Global Journals

The term on the r.h.s. describes the effect of
electric currents on the distribution of impurities. Note
that this type of diffusion is driven by the electric current
rather than an inhomogeneity of the magnetic field. The
conditionsdB/ds # 0 and J # 0 are equivalent in our
simplified magnetic configuration. Eq. (4) yields

d B dB
—(nkpT) = ———. 31
ds (nksT) 81 ds @
Substituting Eg. (32) into EQ.(81) and
integrating, we obtain
M <£)“ (32)
10 ng/
where
uw=—27;(0.212; — 0.71) (33)

and n;p is the value of n; at s — 00. Denoting the local
abundance of the element 2 as ; :ni/n and taking into
account Eq. (5), we have

v (! ( 1 1)“1
—_— = | — =11 + = —= ) (34)
Yio <no> Bo B



where ’)/i():ni(]/no. Local abundances turn out to be
flexible to the field strength and, particularly, this
concerns ions with large charge numbers. The exponent
(4—1) can reach large negative values for elements with
large Z; and, hence, produce strong abundance
anormalies. For instance, (u—1) is equal 1.16, -0.52,
and -2.04 if Z;=2, 3, and 4, respectively. Note that
(u—1) changes its sign as Z; increases: (u—1) > 0 if
Z;=2but (u— 1) < 0for Z; = 3. Therefore, elements
with Z, = 3 are in deficit (y; < ;0) in the region with a
weak magnetic field (B < By) but, on the contrary, these
elements should be overabundant in the spot where the
magnetic field is stronger than the external field By.

Note that the dependence of the exponent
(1t—1) on Z; can be responsible for the increase in He
abundance in magnetic stars with stellar age. This
increase was first discovered by Bailey et al. (2014) and
is very unexpected within the frame of the standard
theory because radiative levitation of He is very weak
and becomes weaker as the star evolves. However, the
increase in He abundance seems to be rather natural if
one takes into account the current-driven diffusion.
Indeed, observations indicate that the magnetic field
decreases with the stellar age (see, e.g., Bailey et al.
(2014)) because of ohmic dissipation and, hence, a
contrast between the magnetic spots and ambient
plasma becomes weaker. As it follows from Eqg. (34), a
weaker contrast of the magnetic field leads to a higher
local abundance of He in a spot.

It is generally believed that the standard
diffusion smoothes chemical in homogeneities on a
timescale of the order of L?/D where L is the length scale
of a nonuniformity. However, this is not the case for a
chemical distribution given by Eq. (34) which can exist
during a much longer time than NLQ/D. In our model,
distribution (34) is reached due to balance of two
diffusion processes, standard (¢ Vn,) andcurrent-driven
(och/ds) diffusion which push heavy ions in the
opposite directions. As a result, V,,= 0 in the
equilibrium state and this state can be maintained as
long as the electric currents exist. Therefore, the
characteristic lifetime of chemical structures is of the
order of the decay time of electric currents that is
determined by ohmic dissipation and is ~ 47w L?/c?
where o is the electrical conductivity. Decay of the
magnetic field is very slow in stellar conditions and the
decay timescale can be longer than the diffusion
timescale if D > 02/47ra. Under such conditions, the
lifetime of a spot is entirely determined by the ohmic
decay time.

Note tha V= 0in the equilibrium state but the
-component of the diffusion velocity is non-zero. It
turns out that impurities rotate around the magnetic exis
even if equlibrium is reached, Vi, # 0. The direction of
rotation depends on the sign of d B /ds and is opposite to
the electric current. Since electrons move in the same
direction, heavy ions turn out to be carried along

electrons. Different ions move with different velocities
around the axis, and the difference between different
sorts of ions, AV, is of the order of

(P!
dB B
AV~ _ ¢ Mmeab ~3x103— 24 %7
Aren\ m; ds n14L1oA;/2 S
(35)

where By = B/104 G, ny = n/1014cm_3, and
Liy = L/10'. Since different impurities  rotate
around the magbetic axis with different velocities,
periods of such rotation also are different for different
ions. The difference in periods can be estimated as

2rL L2 n14A-1/2
AP = ~ 100210 L ISs.
AV B, y (36)
If the distribution of impurities is non-
axisymmetric then such diffusion in the azimuthal

direction should lead to slow variations in the

abundance peculiarities.

V. DirrFusioN WAVES

In our model of plasma with a cylindrical
symmetry, the continuity equation for ions ¢ reads
On; — lﬁ (sDanZ — sni&@> = 0. (37)
ot  s0s 0s B ds

Together with Egs. (29)-(30), this equation
describes diffusion of ions ¢ in the presence of electric
currents.

Let us assume that plasma is in a diffusion
equilibrium (EqQ. (31)) and, hence, the distribution of
elements in such a basic state is given by Egs.(33)-(35).
Consider the behaviour of small disturbances of the
number density of impurity from this equilibrium by
making use of a linear analysis of Eq. (36). Since the
number density of impurity / is small, its influence on
parameters of the basic state is negligible. For the sake
of simplicity, we assume that small disturbances are
axisymmetric and do no depend on the vertical
coordinate, z. Such disturbances have a shape of
cylindrical waves. Denoting disturbances of the impurity
number density by on; and linearizing Eq. (36), we
obtain the equation governing the evolution of such

small disturbances,
doni 10 <3D66ni — séni%d—3> = 0. (38)

ot sOs 0s B ds

We consider disturbances with the wavelength
shorter than the lengthscale of B. In this case, we can
use the so called local approximation and assume that
disturbances are ocexp(—iks — M) where k is the
wavevector, ks>>>1, and M is the azimuthal wavenumber.
Since the basic state does not depend ont, dn; can be
represented as dn; oxxexp(iwt — iks— iMp)where w
should be calculated from the dispersion equation. We
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consider two particular cases of the compositional
waves, M= 0and M > ks.

Cylindrical waves with M= 0. Substituting dn;
into Eg. (38), we obtain the dispersion equation for
M=0

iw=—wp+iwg, wp=Dk* wp=kDg(dInB/ds).
(39)

This dispersion equation describes cylindrical
waves in which only the number density of impurity
oscillates. The quantity wg characterizes decay of waves
with the characteristic timescaleN(DI<;2)_1 typical for a
standard diffusion. The frequency Wp describes
oscillations of impurities caused by the combined action
of electric current and the Hall effect. Note that the
frequency can be of any sign but wris always positive.
The compositional waves are aperiodic if wr > |wp]|
and  oscillatory if |wg| > wgr. This condition is
equivalent to

2 /2 —1 —1

ca/cs > Z710.217Z; — 0.71| 7 kL, (40)
where Cs is the sound speed, cgszT/mp.
Compositional waves become oscillatory if the field is
strong and the magnetic pressure is substantially
greater than the gas pressure. The frequency of
diffusion waves is higher in the region where the
magnetic field has strong gradients. The order of
magnitude estimate of wr is

Wy ~ k?CA(]_/ZZAZ)(CA/CZ)(ZZ/L),

where [; = ¢;T; is the mean free-path of ions ¢. Note that
different impurities oscillate with different frequences.

Non-axisymmetric waves with M >ks. In this
case, the dispersion equation reads

iw=—wrtiwpy, wp,=(M/s)BDp,(dInB/ds).

(42)

Non-axisymmetric waves rotate around the

cylindric axis with the frequency Wi, and decay slowly on

the diffusion timescale ~ w,}l. The frequency of such

waves is typically higher than that of cylindrical waves.
One can estimate the ratio of these frequencies as

(Wp/wp)MBDpy/Dp)~(1/Aixe) (M/ks). (43)

Since we consider only weak magnetic fields
(x.>>1), the period of non-axisymmetric waves is shorter
for waves with M>A,;z.(ks). The ratio of the diffusion
timescale and period of non-axisymmetric waves is

(wpp/wr) ~ (1/z)(ch/c)(Zi/A)(1/kD)  (44)

and can be large. Hence,
oscillatory.

(41)

these waves can be
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VI.  CONCLUSION

We have considered diffusion of elements
under a combined influence of standard and current-
driven diffusion mechanisms. A diffusion velocity caused
by the electric current can be estimated as

Ve ~ calca/e) (1) Z;A:) (L)L

if the magnetic field is relatively weak and electrons are
not magnetized. Generally, this velocity can be
comparable to velocities caused by other diffusion
mechanisms. The current-driven mechanism can form
chemical inhomogeneities in plasma even if the
magnetic field is weak (~ 10— 100 G) whereas other
diffusion processes require a substantially stronger
magnetic field (see Egs. (1) and (2)). Using Eq. (48), the
velocity of current-driven diffusion can be estimated as

(45)

Vi ~1.1x107%4; 2 B2n 2T * Ay Ly em/s,(46)

where Aio= A /10, B4=B/10" G, and L1p=L/10"cm
The velocity Vg turns out to be sensitive to the
field (0cB?) and, therefore, diffusion in a weak magnetic
field requires a longer time to reach equilibrium
abundances (34).

The current-driven mechanism leads to a drift of
ions in the direction perpendicular to both the magnetic
field and electric current. Therefore, a distribution of
chemical elements in plasma depends essentially on the
geometry of fields and currents. The mechanism
considered can operate both in laboratory plasma and
in various astrophysical bodies where the electric
currents are non-vanishing.

The considered mechanism does not depend
on the nature of electric currents and can operate if the
current is maintained by some mechanism or if it is of
the fossil origin. In the latter case, the decay time of
Ohmic dissipation in the spot must be longer than the
diffusion time scale. If the length scale of the field is L,
the decay time scale is tq~4ma L?/c* where o is the
conductivity. In subphotospheric layers, we can estimate
o~3-10" s7'and t; ~ 107 L3, yrs. The time scale of
diffusion from subphotospheric layers is tBNH/VB
where H is the heigh scale. Using Eqg. (34) and
assuming B~100 G, we obtain tp~3- 10 Hg Ly, yrs
where H8 = H/108 cm. Hence, the current-driven
diffusion is faster than the Ohmic dissipation if Ly > 1
and it can form the observed chemical inhomogeneities.

Like other diffusion processes, the current-
driven diffusion can lead to a formation of chemical
spots if the star has relatively quiescent surface layers.
This condition is fulfilled in various type of stars and,
therefore, the current-driven diffusion can manifest itself
in different astrophysical bodies. For example, this
mechanism can contribute to formation of element spots
in Ap-stars. The magnetic fields have been detected in



many of such spotted stars and, likely, these magnetic
fields are maintained by electric currents located in the
surface layers. Quiescent surface layers may exist in
other types of stars as well, for example, in white dwarfs
and neutron stars. Many neutron stars have strong
magnetic fields and, most likely, topology of these fields
is very complex with spot-like structures at the surface.
As it was shown, such magnetic configurations can be
responsible for the formation of a spotlike element
distribution at the surface. Such chemical structures can
be important, for instance, for the emission spectra,
diffusive nuclear bumning (Brown et al. 2002, Chang &
Bildsten 2004), etc. Evolution of neutron stars is very
complicated, particularly, in binary systems (see, e.g.,
Urpin et al. 1998a,b) and, as a result, a surface
chemistry can be complicated as well. Diffusion
processes may play an important role in this chemistry.

Our study reveals that a particular type of
magnetohydrodynamic waves exist in multicomponent
plasma in the presence of electric currents. These
waves are characterized by oscillations of the impurity
number density and exist only if the magnetic pressure
exceeds essentially the gas pressure. The frequency of
such waves is given by Eq.(39) and turns out to be
relatively small. Note that different impurities oscillate
with  different frequences. Therefore, the local
abandances of different elements can exhibit variations
with the time. The characteristic timescale of these
variations is shorter in plasma with a stronger magnetic
field.
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viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper.

Keywords

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval,
mining, and indexing.

One must be persistent and creative in using keywords. An effective keyword search requires a strategy: planning of a list
of possible keywords and phrases to try.

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search
should be as strategic as possible.

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a
research paper?” Then consider synonyms for the important words.

It may take the discovery of only one important paper to steer in the right keyword direction because, in most databases,
the keywords under which a research paper is abstracted are listed with the paper.

Numerical Methods

Numerical methods used should be transparent and, where appropriate, supported by references.

Abbreviations

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them.
Formulas and equations

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality
image.

Tables, Figures, and Figure Legends

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable
format and not as images. References to these tables (if any) must be mentioned accurately.
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Figures

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it.

PREPARATION OF ELETRONIC FIGURES FOR PUBLICATION

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only.
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi (line drawings). Please give the data
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and
with a TIFF preview, if possible).

For scanned images, the scanning resolution at final image size ought to be as follows to ensure good reproduction: line
art: >650 dpi; halftones (including gel photographs): >350 dpi; figures containing both halftone and line images: >650 dpi.

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the
color fee after acceptance of the paper.

Tirs FOR WRITING A GOOD QUALITY SCIENCE FRONTIER RESEARCH PAPER

Techniques for writing a good quality Science Frontier Research paper:

1. Choosing the topic: In most cases, the topic is selected by the interests of the author, but it can also be suggested by the
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking
several questions of yourself, like "Will | be able to carry out a search in this area? Will | find all necessary resources to
accomplish the search? Will | be able to find all information in this field area?" If the answer to this type of question is
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also,
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So
present your best aspect.

2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of science frontier then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind dafter intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
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Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.

e Use paragraphs to split each significant point (excluding the abstract).

e  Align the primary line of each section.

e  Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

(ol olNe]

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.
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The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

O Briefly explain the study's tentative purpose and how it meets the declared objectives.

Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

O Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

O Resources and methods are not a set of information.
O Skip all descriptive information and surroundings—save it for the argument.
O Leave out information that is immaterial to a third party.
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Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.

Content:

0 Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

0 Inthe manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.

0 Present a background, such as by describing the question that was addressed by creation of an exacting study.

0 Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.

Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and spelling
mistake

Well organized, meaningful
specification, sound
conclusion, logical and
concise explanation, highly

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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