r(:?

L ’ ~ Online ISSN : 2249-4626
* 5: AL ﬁ §  PintISSN: 09755896
v-‘(m 3 AL ';.‘r.“.él“ J ‘L‘ A8 S ‘-,.f’\ % I :10.17406/GJSFR

GLOBAL JOURNAL

OF SCIENCE FRONTIER RESEARCH: A

PNYslEs and Space Saence

Forced Heat Exchange Quenching Silver Probe
} Highlights {
Separate Anions and Cations Mechanisms of the Threshold Space

Discovering Thoughts, Inventing Future

VOLUME 20 ISSUE 9 VERSION 1.0

© 2001-2020 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 20 ISSUE 9 (VER. 1.0)

OPEN ASSOCIATION OF RESEARCH SOCIETY



Global Journals Inc.

© Global Journal of Science (A Delaware USA Incorporation with “Good Standing”; Reg. Number: 0423089)

Frontier Research. 2020 Sponsors: Open Association of Research Society
' ' Open Scientific Standards

All rights reserved.

This is a special issue published in version 1.0 Publzsher S Headquarters Oﬁce
of “Global Journal of Science Frontier

Research.” By Global Journals Inc. Global Journals® Headquarters
All articles are open access articles distributed 945th Concord Streets,
HIEEE IR L Ience FOner Framingham Massachusetts Pin: 01701,
United States of America

Reading License, which permits restricted use.

Entire contents are copyright by of “Global USA Toll Free: +001-888-839-7392
Journal of Science Frontier Research” unless USA Toll Free Fax: +001-888-839-7392
otherwise noted on specific articles.
No part of this publication may be reproduced Oﬁfset Typesetting
or transmitted in any form or by any means,
electronic or mechanical, including Global Journals Incorporated
photocopy, recording, or any information
storage and retrieval system, without written 21'1d, Lansdowne, Lansdowne Rd: CI'O}’dOl’l- SU.ITCy,
permission. Pin: CR9 2ER, United Kingdom
The opinions and statements made in this
book are those of the authors concerned. Packaging & Continel’ltal Dispatching
Ultraculture has not verified and neither
confirms nor denies any of the foregoing and
no warranty or fitness is implied. GIObal J Oumals PVt Ltd
o ' E-3130 Sudama Nagar, Near Gopur Square,
Engage with the contents herein at your own . .
risk. Indore, M.P., Pin:452009, India

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:/globaljournals.us/terms-and-condition/ TO find nOdaI Officer Of yOUI' Country, please
L email us at local@globaljournals.org

Find a correspondence nodal officer near you

By referring / using / reading / any type of eContacts
association / referencing this journal, this

signifies and you acknowledge that you have
read them and that you accept and will be iripae: 4
o by he terms thereof Press Inqui ries: pre:vs@globaljourna{s. org
Investor Inquiries: investors@globaljournals.org
All information, journals, this journal, H . .
activities undertaken, materials, services and TeCh_mcaI Support' technology@globaljournals.org
our website, terms and conditions, privacy Media & Releases: media@globaljournals.org

policy, and this journal is subject to change
anytime without any prior notice.

Incorporation No.: 0423089 Pricing (Excluding Air Parcel Charges):
License No.: 42125/022010/1186
Registration No.: 430374

Import-Export Code: 1109007027 L] . .
Employer Identification, Number (EIN): Yearly Subscription (Personal & Institutional)

USA Tax ID: 98-0673427 250 USD (B/W) & 350 USD (Color)




EDITORIAL BOARD

GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH

Dr. John Korstad Dr. Alicia Esther Ares

Ph.D., M.S. at Michigan University, Professor of Biology, Ph.D. in Science and Technology, University of General
Department of Biology Oral Roberts University, San Martin, Argentina State University of Misiones,
United States United States

Dr. Sahraoui Chaieb Tuncel M. Yegulalp
Ph.D. Physics and Chemical Physics, M.S. Theoretical Professor of Mining, Emeritus, Earth & Environmental
Physics, B.S. Physics, cole Normale Suprieure, Paris, Engineering, Henry Krumb School of Mines, Columbia
Associate Professor, Bioscience, King Abdullah University Director, New York Mining and Mineral,
University of Science and Technology United States Resources Research Institute, United States

Andreas Maletzky Dr. Gerard G. Dumancas

Zoologist University of Salzburg, Department of Ecology Postdoctoral Research Fellow, Arthritis and Clinical

and Evolution Hellbrunnerstra3e Salzburg Austria, Immunology Research Program, Oklahoma Medical
Universitat Salzburg, Austria Research Foundation Oklahoma City, OK United States

Dr. Mazeyar Parvinzadeh Gashti Dr. Indranil Sen Gupta
Ph.D., M.Sc., B.Sc. Science and Research Branch of Ph.D., Mathematics, Texas A & M University, Department
Islamic Azad University, Tehran, Iran Department of of Mathematics, North Dakota State University, North
Chemistry & Biochemistry, University of Bern, Bern, Dakota, United States
Switzetland

Dr. Richard B Coffin Dr. A. Heidari

Ph.D., in Chemical Oceanography, Department of Ph.D., D.Sc, Faculty of Chemistry, California South
Physical and Environmental, Texas A&M University University (CSU), United States

United States

Dr. Xianghong Qi

Dr. Viadimir Burtman

University of Tennessee, Oak Ridge National Laboratory, Research Scientist, The University of Utah, Geophysics
Center for Molecular Biophysics, Oak Ridge National Frederick Albert Sutton Building 115 S 1460 E Room 383,
Laboratory, Knoxville, TN 37922, United States Salt Lake City, UT 84112, United States

Dr. Shyny Koshy Dr. Gayle Calverley

Ph.D. in Cell and Molecular Biology, Kent State Ph.D. in Applied Physics, University of Loughborough,

University, United States United Kingdom



Dr. Bingyun Li Dr. Baziotis loannis

Ph.D. Fellow, IAES, Guest Researcher, NIOSH, CDC, Ph.D. in Petrology-Geochemistry-Mineralogy Lipson,
Morgantown, WV Institute of Nano and Biotechnologies Athens, Greece

West Vitginia University, United States

Dr. Matheos Santamouris Dr. Vyacheslav Abramov

Prof. Department of Physics, Ph.D., on Energy Physics, Ph.D in Mathematics, BA, M.Sc, Monash University,
Physics Department, University of Patras, Greece Australia

Dr. Fedor F. Mende Dr. Moustafa Mohamed Saleh Abbassy
Ph.D. in Applied Physics, B. Verkin Institute for Low Ph.D., B.Sc, M.Sc in Pesticides Chemistry, Department of
Temperature Physics and Engineering of the National Environmental Studies, Institute of Graduate Studies &
Academy of Sciences of Ukraine Research (IGSR), Alexandria University, Egypt

Dr. Yaping Ren Dr. Yilun Shang
School of Statistics and Mathematics, Yunnan University Ph.d in Applied Mathematics, Shanghai Jiao Tong
of Finance and Economics, Kunming 650221, China University, China
Dr. T. David A. Forbes Dr. Bing-Fang Hwang
Associate Professor and Range Nutritionist Ph.D. Department of Occupational, Safety and Health, College of
Edinburgh University - Animal Nutrition, M.S. Aberdeen Public Health, China Medical University, Taiwan Ph.D., in
University - Animal Nutrition B.A. University of Dublin- Environmental and Occupational Epidemiology,
Zoology Department of Epidemiology, Johns Hopkins University,
USA Taiwan
Dr. Moaed Almeselmani Dr. Giuseppe A Provenzano

Ph.D in Plant Physiology, Molecular Biology, Irrigation and Water Management, Soil Science, Water
Biotechnology and Biochemistry, M. Sc. in Plant Science Hydraulic Engineering , Dept. of Agricultural and
Physiology, Damascus University, Syria Forest Sciences Universita di Palermo, Italy

Dr. Eman M. Gouda Dr. Claudio Cuevas
Biochemistry Department, Faculty of Veterinary Department of Mathematics, Universidade Federal de
Medicine, Cairo University, Giza, Egypt Pernambuco, Recife PE, Brazil

Dr. Arshak Poghossian Dr. Qiang Wu

Ph.D. Solid-State Physics, Leningrad Electrotechnical Ph.D. University of Technology, Sydney, Department of
Institute, Russia Institute of Nano and Biotechnologies Mathematics, Physics and Electrical Engineering,

Aachen University of Applied Sciences, Germany Northumbria University



Dr. Lev V. Eppelbaum Dr. Linda Gao

Ph.D. Institute of Geophysics, Georgian Academy of Ph.D. in Analytical Chemistry, Texas Tech University,
Sciences, Thilisi Assistant Professor Dept Geophys & Lubbock, Associate Professor of Chemistry, University of
Planetary Science, Tel Aviv University Israel Mary Hardin-Baylor, United States

Prof. Jordi Sort Angelo Basile
ICREA Researcher Professor, Faculty, School or Professor, Institute of Membrane Technology (I'TM) Italian
Institute of Sciences, Ph.D., in Materials Science National Research Council (CNR) Italy

Autonomous, University of Barcelona Spain

Dr. Eugene A. Permyakov Dr. Bingsuo Zou

Institute for Biological Instrumentation Russian Academy Ph.D. in Photochemistry and Photophysics of Condensed
of Sciences, Director Pushchino State Institute of Natural Matter, Department of Chemistry, Jilin University, Director
Science, Department of Biomedical Engineering, Ph.D., of Micro- and Nano- technology Center, China

in Biophysics Moscow Institute of Physics and

Technology, Russia

Prof. Dr. Zhang Lifei Dr. Bondage Devanand Dhondiram

Dean, School of Earth and Space Sciences, Ph.D., Peking Ph.D. No. 8, Alley 2, Lane 9, Hongdao station, Xizhi

University, Beijing, China district, New Taipei city 221, Taiwan (ROC)

Dr. Hai-Linh Tran Dr. Latifa Oubedda
Ph.D. in Biological Engineering, Department of National School of Applied Sciences, University Ibn Zohr,
Biological Engineering, College of Engineering, Inha Agadir, Morocco, Lotissement Elkhier N66, Bettana Sal
University, Incheon, Korea Marocco
B.Sc.(Manchester), Ph.D.(Brunel), M.Inst.P.(UK) Ph.D. Julius-Maximilians, Associate professor, Department
Institute of Mathematical Sciences, University of Malaya, of Condensed Matter Physics and Advanced Technologies,
Kuala Lumpur, Malaysia Department of Condensed Matter Physics and Advanced

Technologies, University Wrzburg, Germany

Dr. Shengbing Deng Dr. Maria Gullo

Departamento de Ingeniera Matemtica, Universidad de Ph.D., Food Science and Technology Department of
Chile. Facultad de Ciencias Fsicas y Matemticas. Blanco Agricultural and Food Sciences, University of Modena and
Encalada 2120, Piso 4., Chile Reggio Emilia, Italy



Dr. Fabiana Barbi Prof. Ulrich A. Glasmacher

B.Sc., M.Sc., Ph.D., Environment, and Society, State Institute of Earth Sciences, Director of the Steinbeis
University of Campinas, Brazil Center for Environmental Transfer Center, TERRA-Explore, University Heidelberg,
Studies and Research, State University of Campinas, Germany
Brazil
Dr. Yiping Li Prof. Philippe Dubois

Ph.D. in Molecular Genetics, Shanghai Institute of Ph.D. in Sciences, Scientific director of NCC-L,
Biochemistry, The Academy of Sciences of China Senior Luxembourg, Full professor, University of Mons UMONS
Vice Director, UAB Center for Metabolic Bone Disease Belgium

Nora Fung-yee TAM Dr. Rafael Gutirrez Aguilar
DPhil University of York, UK, Department of Biology Ph.D., M.Sc., B.Sc., Psychology (Physiological), National
and Chemistry, MPhil (Chinese University of Autonomous, University of Mexico
Hong Kong)

Dr. Sarad Kumar Mishra Ashish Kumar Singh
Ph.D in Biotechnology, M.Sc in Biotechnology, B.Sc in Applied Science, Bharati Vidyapeeth's College of
Botany, Zoology and Chemistry, Gorakhpur University, Engineering, New Delhi, India
India
Dr. Ferit Gurbuz Dr. Maria Kuman

Ph.D., M.SC, B.S. in Mathematics, Faculty of Education, Ph.D, Holistic Research Institute, Department of Physics
Department of Mathematics Education, Hakkari 30000, and Space, United States

Turkey



CONTENTS OF THE ISSUE

N o ook

Vi.
Vii.
Viil.

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

The Concept of Access and the Mechanisms of the Threshold Space in Arab
Traditional Built Environment: The Case of Najd, Saudi Arabia. 7-18
Charged Particle in a Flat Box with Static Electromagnetic field and Landau's
Levels. 19-28

Unusual Phenomenon of Forced Heat Exchange taking Place During
Quenching Silver Probe in Cold Electrolyte. 29-38

A New Way to Separate Anions and Cations. 39-42

An Intelligent Cosmos: Philosophy of Science. 43-44

New Types of the Electrostatic Generators. 45-50

Spectroscopic Studies on Ti**-Doped Na,O-Pbo-Al,O,-B,0,-Sio, Glasses.
51-59

Assimilation of Cu by the Chromium Resistant Bacterium Arthrobacter
Globiformis 151b in the Presence of Ca in Growth Media. 61-64

Fellows

Auxiliary Memberships
Preferred Author Guidelines
Index



\VZ GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: A
PHYSICS AND SPACE SCIENCE

Volume 20 Issue 9 Version 1.0 Year 2020

Type : Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Global Journals In

sssenee
’\" 4’.%
£ g
B £
2\ H
3 g

The Concept of Access and the Mechanisms of the Threshold
Space in Arab Traditional Built Environment: The Case of

Najd, Saudi Arabia
By Mohammed Mashary Alnaim

Abstract- Contemporary built environments experience a vast number of factors due to
globalization, which effected and influenced how the built form is generated and used. The
relationship between the urban and the building levels is a crucial aspect that needs a thorough
investigation to understand how these two levels can integrate and complement the built
environment's overall identity. This paper examines the concept of access and its location within
the urban fabric and how an access influenced the formation of physical and nonphysical
threshold spaces to overcome the number of socio-cultural issues. Space Syntax convex map
and justified access graphs were used to understand the connectivity, density, and integration of
the access and the threshold space in relation to the overall built form.

Keywords: access, threshold, urban fabric, traditional architecture, najd, saudi arabia.
GJSFR-A Classification: FOR Code: 249999

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Strictly as per the compliance and regulations of:

© 2020. Mohammed Mashary Alnaim. This is a research/review paper, distributed under the terms of the Creative Commons
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.



The Concept of Access and the Mechanisms of
the Threshold Space in Arab Traditional Built
Environment: The Case of Najd, Saudi Arabia

Mohammed Mashary Alnaim

Abstract- Contemporary built environments experience a vast
number of factors due to globalization, which effected and
influenced how the built form is generated and used. The
relationship between the urban and the building levels is a
crucial aspect that needs a thorough investigation to
understand how these two levels can integrate and
complement the built environment's overall identity. This paper
examines the concept of access and its location within the
urban fabric and how an access influenced the formation of
physical and nonphysical threshold spaces to overcome the
number of socio-cultural issues. Space Syntax convex map
and justified access graphs were used to understand the
connectivity, density, and integration of the access and the
threshold space in relation to the overall built form.

Keywords: access, threshold, urban fabric, traditional

architecture, najd, saudi arabia.
[ INTRODUCTION

he access (house entrance) in the traditional Najdi
Tbuilt environment influenced and shares some of

the urban principles, which brings the argument
that the hierarchical order of spaces found at the urban
level continued inside the house. The objective here is to
focus on understanding how the access to a building
(house) is an element that increased the connectivity of
and integration between the spatial and physical order
and worked as a transitional element/space between the
outside and inside spaces. Five settlements were
chosen for this study Old Riyadh, Alkhabra, Ad-Diriya,
Ushaiger, and Sudus to examine how the concept of
access influenced the generation of physical and
nonphysical mechanisms in the inner threshold space of
the traditional building .

In the traditional Najdi buildings, the access
(entrance) has a transitional dual meaning (Alnaim,
2020). The perceived meanings are related and depend
on how users approach the access itself either from the
outside (external street) or from the inside domains
(inside the house). The first meaning relates to how the
family of the house perceives the entrance from the

" The five cases gone through variant processes of filtration, such as
availability of raw data, existing literature, were the case can be visited
for site observation, etc.

Author: Department of Architectural Engineering, Faculty of College of
Engineering, University of Hail, Hail, Saudi Arabia.
e-mail: moha.alnaim@gmail.com

inside. They consider the access here as a semi-private
element that provides access to the outside realm. The
second meaning of the entrance is related to the access
it provides from the outside where the community
perceives it as a private element. By identifying these
two transitional meanings in the traditional buildings,
certain questions of concern to this study arise: to what
degree does the entrance of the building form a
relationship with its surrounding forces? How does this
relationship affect the access’ placement and the
arrangement of the building’s internal spaces? And how
do multiple adjacent accesses in the same area relate to
each other and influence one another?

Henri Lefebvre elaborates further on this notion
when he argues that a group of places and their
elements have a center. The center may be approached
from any side and reached from any angle, hence,
perceiving a place from a particular side or a particular
angle means you occupy a place and discover
everything that occurs within the place from that chosen
vantage point (Lefebvre, 1991). The “center” in
Lefebvre’s argument is similar to the access element in
this study, which means that the transitional dual
meanings in the access are related to each other and
those dual meanings are generated based on how
people perceive the element from the spaces they
occupy.

Therefore, the concept of access as a spatial
order organizer is analyzed in two phases. The first
phase is to identify the different types of entrances in
relation to their street types in the traditional Najdi built
environment. The second phase is to examine accesses
and adjacent entries to understand how the access
functions in the public and private domain. The intent of
these two phases is to help identify how the access may
generate transitional dual meanings and how the
entrance as an element/space increases the
organization of the spatial and physical order in the
public and private domains so later we have the ability
to understand how the threshold space is generated.

[I. THE OPERATIONAL ASPECTS OF THE
ACCESS
The three street types (public, semi-

public/private, and private) identified in the hierarchal

© 2020 Global Journals
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order of spaces control the formation of access at the
building level according to three factors: street width,
street location, and the kinds of activities conducted on
the street. While these three factors influence the access
form and location (in a building). The core concepts
found in the hierarchal order of spaces and its street
types still govern ‘access’ as an element. The process
identified in the hierarchal order of spaces (Alnaim,

2020), is essential to ensure that where and how the
access occurs is not interfering with the spatial order
that the settlement established for itself. To better
understand how the entrances of various buildings
operate under different circumstances, a further analysis
has been conducted to examine the different access
types, keeping in mind the different street types and
outside forces that affect access (Figure 1).

Street Width

Case (A)
Public Street
(10 meters - 7 meters)

Case (B)
Semi-Public/Private Pathway
(5 meters - 3 meters)

Private Road
(3 meters or less)

More Privacy

!

Figure 1: Street types and their classification in the traditional Najdi built environment. Source: Author

We identified three access types while
examining how an access operates on different street
types. The differences here are only related to how they
open and close (related to doors for the family or the
public), while their functionality is similar (Figure 2). In
street type (A), the street is public and wide, which
makes the access appear to have fewer restrictions on
its placement and operation. This is because opposite
buildings (houses) have enough distance between the
buildings to disengage with each other. This makes
direct visual access to internal spaces not much of a
concemn. Also, buildings located on this type of street
usually have more than one entrance, a public entrance
for a small shop or majlis space and another private
entrance for the family.

© 2020 Global Journals

In type (B), the street is semi-private, which
makes the access appear more restricted in its
placement and operation due to the proximity and
compactness of buildings facing each other. In this
street type, most of the buildings have only one access
entrance and rarely is another access for a building
found. The study discovered that the building access
here has two regulatory mechanisms. The first
mechanism is that two or more entrances should not
face each other as this action interferes with the privacy
of internal spaces of the different buildings. The second
mechanism is the allowance that if the spatial order
does not support the first mechanism, two entrances
may face each other. However, in the second
mechanism, setbacks and internal thresholds (dehreez)



were generated to overcome the privacy issue and
these setbacks and internal thresholds were meant to
decrease the direct visual access of the external domain
to the internal private spaces. This action always
depended on the agreement of the buildings’ owners
and most of the time the owners developed architectural
solutions on site to overcome these circums-
tances(Akbar, 1981).

In type (C), the street is private, which makes
the access appear highly restricted and have a similar
regulatory process mechanism found in street type (B).
However, the difference here is that the entrances in
private pathways never face each other in any way. This
is because the path in this street type is very narrow
(less than 3 meters, around 9 ft) and buildings form one
cluster of houses accessed by this street. This type of
street is a private zone, and in many cases occupied by
close families. Social agreement among neighbors is
more present in this street type. Although most residents
in this street type act as one big family, they still
maintain a high level of privacy.

According to several interviews conducted
between 2016 and 2018, access as an element seems
to not only be used to separate public and private
domains, but it is also used as a social gathering
element and as a wayfinding 2. Local people use the
outside space in front of the house to meet and have a
quick chat about their daily life. One conclusion that
arose from interview discussions: this outdoor space is
partially controlled by the house owner and is used as a
social gathering space that does not require him to use
the majlis (guest space) located inside the house °.
Also, the setback of the entrances supported this social
activity where several building owners in the same area
can use their outside spaces near their access without
worrying about affecting the privacy of their neighbors.

As a result of this key insight, the study found
that the regulation of the locations of the dwelling
entrances by inhabitants is significant for the spatial
order as it established the relationship between the
spatial aspect and the physical form. This core principle,
in fact, developed to support the social structure of the
community and serves mainly to support the middle
social class(family related at the private neighborhood).
Inhabitants developed these simple solutions to control
the visual corridors between neighbors and was a result
of the people’s participation in the decision-making
process to achieve social agreement.

2 The way finding tool here is used an implicate meaning that changes
depending on how inhabitants use the door and to whom it serves
(men/guest door or private family door).

3 Interviews with the local people of Alkhabra, Ushaiger, and Sudus
between 2016 and 2018.
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THE CONCEPT OF ACCESS AND THE MECHANISMS OF THE THRESHOLD SPACE IN ARAB TRADITIONAL BUILT ENVIRONMENT:
THE CASE OF NAJD, SAUDI ARABIA

Enough Space
To Break Visibility

View From
Entrance

Type (C)

More Restricted Visibility

Type (A)
" (Ushaiger)

_ Type (A)
(Alkhabra)

Type (B)
(Old Riyadh) -

Type (C)

T C
(Sudus) - ype (C)

(Ad-Diriya)

Figure 2: Different street spacing and how width controls openings in each street type. Source: Author

[1I. PHASE ONE: THE LOCATION OF THE
ACCESS

To examine how inhabitants placed their
entrances to control outside spaces, the possible
locations of access in the five cases must be identified
(Figure 3). The organization of the analysis is based on
the type of street and at which settlement the street is
located. The objective here is to identify the access’
placement in the building, so later it is possible to
understand how the entrance as a space/element
increased the linkage and organization of the spatial
and physical order in the public and private
domains(Alnaim, 2020).

Referring to (Figure 3) the access placement in
the traditional Najdi buildings supports the study’s
earlier analysis: that most entrances do not face each
other unless they are on a street that has the
appropriate width. In Sudus, for instance, one extended
clan occupied the entire settlement. However, the
access placements still seem not to face one another,
even though the surrounding residents might be related
family members (Figure 3(E)). The argument here is that

© 2020 Global Journals

the regulatory process mechanism of defining the
access location does not consider the close relationship
between neighbors. This is because the process itself
limits the ability of individuals to interfere with it, which
makes related social groups or individuals have the
same process. This is important as it makes the
operational aspect of access maintain the required
privacy regardless of any familial relationship among the
affected parties, which led to a shared and similar
access generative process across the five cases.

In the case when the house has only one
entrance, the entrance functions as a private family
entrance and to accommodate guests (men). This type
of use mostly appears in buildings that are small to
medium in size and located in private areas (hellas)
(Figure 3(A1, D1 & E1)). In an interview with the
Ushaiger local people in 2017, interview participants
described how they accommodated  guests*.
They described that they mostly perceived the house
entrance as a private element. However, to indicate
when guests can use the private entrance, the owner

4 Focus group interview with Ushaiger local people on 1/7/2017



leaves the door open, signifying that guest are welcome.
By keeping the doorway open, the owner nonverbally
communicated with the community and granted them
permission to access the house and directly enter the
majlis (guest space) through the staggered entrance
hallway. This act was essential and was understood by

the local community to limit irrational behavior among
neighbors to achieve the required privacy for the house
(Figure 4). In this way, access is limited not only by the
access’ placement, but the access is also controlled by
the socio-cultural needs that influenced its formation
and its different usage.

Cell Study Location

(1) Semi-Private / Cul-de-sac

(2) Semi-Private/Public Streets | (3) Zoomed in Access Pattern

Old Riyadh
(A)

Alkhabra
(B)

Ad-Diriya
©

Ushaiger
(D)

Sudus
(E)

Figure 3: Examining the entrance location in the traditional Najdi buildings. Source: Author

In the case when the house has two entrances,
one of them is for the family (private) and functions as a
service entrance, while the other entrance is for men
(majlis or shop). The difference here is that the building
location can form a secondary entrance dedicated for
guest use. This is because houses of this type are
usually located near local mosques, semi-public
spaces, or may even be located near the center of the
settlement (settlement core) (Figure 3 (A3, B2)). This
house type, for the most part, is related to people with
high social status or someone who is the eldest in an
extended clan that has their majlis open all day for
visitors®.  This is why the secondary entrance is
generated to support the high volume of social activity
while also guarding the family’s privacy.

° Interview with Ushaiger local people on 1/7/2017 and Alkhabraon
1/1/2018
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1
Ushaiger

AlKhabra

Ad-Diriya -

Sudus

old Riyadh

Figure 4: The entrance location within the traditional Najdi built environment. Source: (1,2 & 3) by ADA, Author

Al-Nowassair states that people that have more
than one access usually leave the guest door open after
prayer or when they are accepting visitors. He asserts
that this type of behavior “Suggest[s] a spontaneous
and informal action, where it signifies welcoming and
generosity from the owner” (Al-Nowaiser, 1999). This
kind of behavior also occurs in the Gulf regions and
other regions of Saudi Arabia (see Abu-Ghazzeh, 1994;
Al-Zubaidi, 2007; Alajmi, 2009; Jomah, 1992)°. This is
similar to the Ushaiger locals’ interviews in 2017, were
they described the same social behavior.

By leaving the door open, the owner of the
house is using the door as an element to communicate
“non-verbally/implicitly” with the community to invite
them to visit. This social behavior usually occurs on a
daily basis before and after the daily five prayers, family
meetings, etc. Usually the visitor states the name of the
owner loudly and then enters the guest space because
they know from the open door that the family has taken
steps to maintain its privacy. The owner usually answers
Hayak (please come inside, you are welcome)’.

This study argues that there are limits to this
behavioral action when the family and guests share the
same access. It is for this reason that settlement
inhabitants perceive the second entrance as having a
higher social status, enabling people with a second
entrance to accommodate certain social obligations.
That is not to say that buildings with one entry could not
have this kind of behavioral action, but as discussed, it
developed to accommodate normal daily social
activities within the neighborhood, which already has
other outdoor alternatives for social gatherings. This is
why it is important that entrances not face each other in
private zones in order to facilitate this limited behavior.

The difference between the two types of access
is controlled by the location and the particular socio-
cultural needs of different social groups. The fact that
the second access is generated to accommodate the
high volume of guests explains why the one entrance

6 Similar conclusion reached when the researcher interviewed local
peoplethat experienced the traditional era across the five cases
between 2016 and 2018.

" Interview with Ali Alshuabion 1/1/2018, Saleh Al-Hathloul 1/2/2018
and with local people from Ushaiger on 2017.

© 2020 Global Journals

access type is the most repetitive pattern seen in the
traditional Najdi built environment as the majority of local
people do not accommodate guests on a daily basis.
Instead, they gather in the outdoor spaces (e.g.,
Al-Meshraq) located in their neighborhoods 8. This also
encouraged people of high social status to live in
houses near public streets to satisfy their economic and
social activities while also maintaining the privacy of
their families and adjacent neighbors.

IV. PHASE TwO: THE INFLUENCE OF THE

ACCESS LOCATION ON THE SPATIAL ORDER

The above-mentioned analysis highlights how
socio-cultural needs might control certain access
formations. By using the Space Syntax justified access
graph technique, two graphs are developed to represent
two different patterns generated by using the two types
of access (Figure 5)°. This analysis aims to observe
access placement, how the outside personal space
formed, and the influence of adjacent access to
understand the level of control that the access imposes
on the street.

Pattern One, relies on building size and location
which affect how the access operates. While this type of
access is located within private zones, any secondary
entrance intended to segregate public and private
usage is more restricted. This is because the private
pathway is already controlled by the surrounding
residents who can identify any stranger in the area
(Figure 5(A1)). Also, the people using the pathway are
almost always the inhabitants of the neighborhood. The
process of generating entrance setbacks is essential to
preventing doors from facing each other under certain
circumstances. This ensures that the outside personal
space is not shared as it affects how each building
access is used (Figure 5(A2))".

8 The Al-Meshraq is an outside bench, and inhabitants developed it to
accommodate their socio-cultural needs within the traditional Najdi
built environment.

® Usingjustified access graphing analysis enables the study to employ
an analytical comparative approach to not only identify the similarities
and differences of architectural elements, but also to understand the
social behavior and meanings behind these different layouts.

© A conclusion reached by conducting a number of focus group
interviews from the five cases between 2016 and 2018.



While this pattern mostly appears in narrow
semi-private and private pathways and buildings are
very compacted, increasing the number of access
points for each building can affect the privacy and
arrangement of the entrances in those buildings. This
means sharing occurs between the outside personal
space that each access creates for itself with other
building accesses, which, in turn, affects the spatial
order of the pathway. It could also affect the
organization of internal spaces. Not that this action is
unseen while examining this pattern, but it is not
common, and if it did occur, there must have been an
agreement among neighbors to find solutions to prevent
any visual corridors. This is because the access in this
pattern does not affect the building itself, but it does
affect adjacent buildings which makes the arrangement
of the entrances and how those entrances are used by
the inhabitants critical to ensure that the spatial order of
their shared pathway is preserved. We observed a level
of flexibility in this pattern which gives a group of people
the ability to interpret the regulatory process mechanism
of access to fit and adjust to their specific conditions.

Pattern Two, relies on the street type and
surrounding activities which affect how the access
operates. The size of buildings in this type of street are
usually medium to large in size, which makes secondary
access a viable option, supported by the width of the
street (Figure 5(B1))"". The study typically observed the
generation of this pattern in public streets and semi-
public passageways that may contain public buildings
(e.g., mosque and market). This means that there is a
possibility of travelers and strangers, along with local
people from different areas passing through this type of
street daily. The importance of implementing a
secondary access here is that it is oriented for the
family, and has a main access for guests (Figure 5
(B2)). This is because the building’s owner here cannot
control the street activity, which makes the generation of
a secondary entrance a way to overcome the public
activities that occur in the street. This is different from
the other pattern, where people in their private areas
control who accesses their space. In that sense, the
importance of the secondary access in this street type is
to increase the privacy level of the building that is
located on a public street by dedicating one access for
family use.

" Worth mentioning here is that wealthy people usually liveon public
streets,so it makes sense to see medium to large sized buildings in
these spaces. This social class generally wants to be near commercial
spaces in the settlement. That is not to say that wealthy people do not
live in private zones, but more individual wealthy figures are located
near public zones to sustain their economic activities(see Al-
Hussayen, 1996; Al-Nowaiser, 1999; Alajmi, 2009). Also, an interview
conducted with the local community of Alkhabra, Ushaiger in Saudi
Arabia between 2016 and 2018 described the same phenomenon
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Figure 5: The justified access graph identifies two patterns for two access types in the traditional Najdi buildings.
Source: Author

This study identified three core concepts related
to the regulatory process mechanism of access. First,
the physical element (the main doorway) serves as a
medium to implicitly communicate with the community

© 2020 Global Journals

about the owner’s social status and how much privacy
the door signifies to outsiders. Second, the access
functions as an element to maintain an optimum
distance between neighbors by developing the concept



of the door’s setback. Third, the access controls the
level of privacy and activity of the street. Therefore, it is
not surprising to use gender segregation as a
fundamental organizing device for the access. Although
it is evident in the traditional settlements that the
concept of access produces different patterns for
different socio-economic classes and areas, the
regulatory process mechanism of the access itself

, Entrance
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_-Outside Personal Space (with a seatback)

|

//
h p. Outside Circulation Space O
o«

remained constant across the five cases (Figure 6). The
hidden mechanism of the process that controls access
maintains privacy for its owner and ensures that his
outside space is preserved to practice quick social
activities, as well as extending the hierarchical order of
spaces seen at the urban level to the inner parts of the
house.

I
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Figure 6: Different types of access formation found in traditional Najdi buildings. Source: Author

V.  THE PHYSICAL AND NONPHYSICAL
MECHANISMS OF THE THRESHOLD

In Saudi Arabia and, specifically, in the
traditional Najdi environment there is a complex
relationship between the generosity and hospitality of
families and each family’s need for privacy. The need to
balance between those two social necessities is a
natural consideration seen already in previous studies
relatedto the traditional Najdi built form(Al-Nowaiser,
1978; Hakim, 1986a, 1986b, 1990, 1997a; Al-Turabi,
1991; Al-Mohannadi, 2019). In this sense, this study
sees the door access (the door as an element) as one
of the most important architectural elements that strikes
a balance between the owner’s privacy, guests visiting,
and outside surrounding activities. The entrance, as
noted, can have different placements, can have different
sizes, and can even have different quantities (typically
one or two) to assure the privacy for its users while also
supporting their social needs and obligations(Al-But'hie,
1996; Alnaim, 1998, 2015)

Observing the placement of the access
(doorway), this study discovered two internal elements
that appeared constantly near the building access.
These elements are “staggered inner access,” and
“partitioning walls.” Briefly, both elements are coexisting
elements and depend on each other (Figure 7). This is
because privacy is an important religious and social
need in such a cultural context (Hakim, 1997b). The
distinction between the desirable action and the actual
level of privacy have influenced settlement inhabitants to
develop and generate internal architectural elements
that accommodate the different social engagements
inside the house. This, in fact, goes along with an earlier

study’sargument that the spatial organization of the
house accommodates two domains simultaneously
(Alnaim, 2020).

The two type of access that this study identified
in the previous discussion play an important role in how
and when the entrance elements generate. As each
access type has different functionalities under different
circumstances, the elements here function in different
ways to support those needs. The importance, however,
is to assure the family that no visual contact from the
outside to the inside exists and to create a layer of depth
between internal private spaces and the actual access
of the building. In this sense, the two elements influence
the generation of an internal threshold (dehreez). This
threshold is located between the building access and
the internal private spaces, which makes these two
elements only appear near the building access.
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Figure 7: How physical barriers appear near the threshold space, (left) old Riyadh, (right) Alkhabra. Source: Author

The thresholds inside a building are agued and
considered a continuous principle that maintains the
hierarchical order of internal spaces and defines the
level of privacy between the family and guest parts and
among internal family spaces. The cultural settings that
generated internal relationships among the spatial and
physical forms supports this continuous process. A link
to this idea is related to Habraken’s view when he
argues that the process of making of spatial and
physical forms expresses two meanings that are
understood through practice and collective forces
(social production), and its material expression
(construction know-how) (Habraken, 2000). In this
sense, Najdi people understood their needs at the urban
level and as a result formed the urban threshold. They
then logically continued to apply the same principle to
organize the internal spatial order of their buildings. This
led inhabitants to adopt some of the same core
concepts seen at the urban level within their buildings,
albeit duly modified and reproduced to fit the settings of
their buildings.

VI. THE FORMATION OF THE THRESHOLD
SPACE

A threshold at the building level takes the shape
of a transitional space located near the building’s
access to separate the semi-private space inside the
house (majlis) and the most private spaces (family
courtyard and rooms) (Figure 8). This space is mostly
used as a buffer zone, essentially restricted from any
uses other than facilitating a transition between two
domains inside the house™. In this way, this transitional
zone (threshold) is a space generated by the Najdi local
people to separate their private internal spaces from
their semi-private spaces (majlis space).

2 In rare cases, it is found that the threshold space may
have “Dakka,” which is an element similar to the function of Al-
Meshraq in external spaces. Dakka in this situation is used as a bench
near the door and inside the house to have a quick meeting that does
not necessarily require the use of the majlis.

© 2020 Global Journals

Majlis (Guest Room)




Semi-Private Zone
(Outside Personal Space,
Guest Room, Etc.)

Private Inner Spaces
(Courtyard, rooms)

Threshold
(Semi-Private Transitional Space)

Figure 8: The nature of the threshold space in the traditional Najdi buildings. Developed from(Lawrence 1990: 89)

In fact, one may observe several cultures
making use of some type of transitional device to
maintain privacy. Ying-Keung Chan describes privacy in
the Chinese culture as not an issue in Chinese society.
In China, people prefer recognition from their follow
clansmen and neighbors for their achievement, which
makes them more exposed to the outside. However, he
notes that privacy is still a concept that exists, but it is
different from how other cultures view privacy. Chan
argues that privacy within the context of his study is
related to the regulation of personal information among
individuals, which creates a number of private zones
within a closed boundary (e.g., the house). He
describes this behavior as performed “to regulate the
permeability of interpersonal boundaries,” or to regulate
“‘the nature of the relationship between oneself and the
other party in interaction" (Chan, 2000).

In a different context, Rodrick Lawrence
examines the public collective and private spaces in the
traditional urban housing of Switzerland. He notes that
there is a connection between gender and an emphasis
on privacy needs, which touches upon the physical
boundaries of the concept. Lawrence argues that one
may observe this phenomenon when a collective space
is formed as a physical barrier for use as a transitional
circulation space to “realign” and “redefine” the private
realm from the public realm (Lawrence, 1990).

Accordingly, the generation of an internal
threshold (transitional zone) within the cultural context of
the traditional Najdi built environment creates a privacy
balance between different internal spaces. Therefore,
this threshold space occurred in two different ways: (1)
by the establishment of physical barriers that explicitly
limit public access to private spaces by using

partitioning walls, and (2) by introducing staggered
access to effectively create a threshold space to stop
any visual contact to inner spaces of the house
(Figure 9).
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Figure 9: Threshold as a spatial organizer for house entry. Source: Author

There are more physical and non-physical
internal thresholds found in the traditional Najdi houses
that control the transition between different parts of the
house. In some cases, there is a separation of the back
of the house from the courtyard by another internal
transitional space. It is less important than the main
threshold (the dehreez near the access). Sometimes
these spaces disappear, especially if the house is small
and the back of the house shrinks to a small space
underneath the staircase. In general, the existence of
these thresholds is important in identifying the
boundaries between the family and service spaces and
it distinguishes between what inhabitants considered
“‘clean” spaces from “dirty” spaces. In many cases the
threshold is represented by a door or by an arch or
beam to say to the user (usually a family member) “you
are entering a different space” (Figure 10).

In fact, the deepest spaces in the spatial order
of internal spaces are the family rooms, the main living
space of the family. Doors directly connect the family
rooms to the courtyard. Inhabitants considered the
courtyard a transitional zone for family members and
this transitional zone (courtyard) is protected from
outside visual contact by the main entrance hallway
(threshold). The relationship between the family rooms
and the courtyard differ by day and night because family
rooms served as multipurpose spaces. In the daytime
the family opened the doors of the rooms, and they
functioned as spatial defining zones, while in the
nighttime the family closed the doors and the rooms
functioned as restricted spaces because the rooms
were used as private sleeping spaces by family
members. Inhabitants achieved this dynamic use of
space by developing hidden meanings for different
thresholds, which enabled the local inhabitants to
maximize the use of their domestic spaces.
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Figure 10: Threshold location inside the traditional Najdi buildings. Floor Plan from Alkhabra. Source: Author

The concept of the internal threshold stemmed
from the holistic process of the integrative spatial and
physical order which guided the local people to
implement the same process at all levels in the built
environment. We should view the concept of the
threshold as a continuous process used by local
inhabitants to create a homogenous built environment.
In that sense, the integrative order evolves at each level
(urban, building, and architectural element) to protect
the main cultural principles in the Najdi built
environment, helping the local people find ways to
integrate the urban, building, and architectural element
in the right places.

THE LOCATION OF THE INTERNAL
THRESHOLD SPACES

VIIL.

The researcher examined several buildings
across the five cases to identify the location of the
threshold spaces. In (Figure 11) the Space Syntax
Convex map and justified Access Graph techniques are
used to understand the following: the location of the two
elements (staggered inner access and partitioning walls)
in the house (Figure 11 (2)); the type of spaces in the
threshold space as represented by a Convex map
(Figure 11 (3)), and how the hierarchical order of internal
spaces is organized by having the threshold space

inside the house as shown by the Justified Access
Graph (Figure 11 (4))".

By examining the threshold locations, the
researcher discovered that the space appears in
different shapes and forms. However, the difference is
limited to the physical appearance as all the various
formation aspects of the space are associated with how
the access functioned, where it was placed and how it
was accessed'. It is also possible to say that a
threshold’s formation is associated with how the internal
spaces that are located near the threshold are placed
and arranged.

The Location of the Guest Space and the Formation of
the Threshold Space

Staggered access and partitioning walls are
physical elements associated with building access and
this study argues that they influence the organization of
the spatial order of internal spaces and vice versa. They
significantly influence the formation of the threshold

¥ A convex mapcontains a number of convex spaces, each space
abstracted to a shape (node).The shapes are connected in order to
abstractly represent the permeability of a convex map (Hillier et al.,
1993). In a graph, a convex map is represented by a node and lines
linking the different nodes represent permeability (Klargvist, 1993).

' Double thresholds can be foundin Alkhabra in rare situations; this is
related to how inner adjacent spaces are positioned and to what
extent they have visibility to the private domain spaces which
requiredan alternative approach.
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space and what shape it takes. This is because internal
spaces that are located near the threshold, as well as
how people access these spaces, such as the majlis
space, influence the location and formation of the
threshold space inside the house.

Susan Kent identified three factors — gender,
age, and function — which influence how social needs
interact spatially in domestic spaces. These factors
influence the formation of portioning spaces that take
place differently in various cultures. She argues that
each of these factors may play a role in shaping the
organization of domestic space (Kent, 1991). To
elaborate on Kent's argument, the discussion turns to
an example from the Ushaiger settlement. Referring to
(Figure 11 (D)), while entering the house we are in the
threshold space, and the majlis in this example is on the
first floor. The guest space placement on the first floor
led to placing the staircase near the door to prevent
guests from going deep inside the house. Knowing that
the semi-private space majlis (guest space) is in an
isolated area on the first floor did not affect the
placement of the threshold space. It also did not affect
the existence of its associated two elements (staggered
access and partitioning walls).

Guests, in this case, will not go deep inside the
house; rather, they will go directly to the first floor. Even
so, the two elements still appeared to ensure the
preservation of a layer of depth between the semi-
private spaces and the private spaces. This is similar to
what Kent argues. In the Ushaiger example, gender and
functional factors played significant roles in the
placement of the threshold space to accommodate the
majlis space, which in turn, influenced the organization
of the spatial order of internal spaces (e.g., staircase
being next to the access).

If the majlis is placed on the ground floor
(usually it is in most cases) and near the door access
(Figure 11 (E)), the two physical elements constantly
appeared in similar manners. The only difference found
in those elements is the way they formed inside the
house to prevent visibility and maintain the desired level
of privacy while accommodating guests. This means
that whichever interpretation process led to generate the
threshold space’s formation, the two physical elements
are always present in the threshold space to separate
the semi-private spaces from the private spaces.

The location of the majlis is usually on the
ground floor. It is for this reason that the devices of the
threshold space developed to protect the inner family
spaces from any visual contact. However, when the
settlements became crowded and the houses divided
into smaller ones, inhabitants sometimes moved the
majlis spaces to the upper floor while keeping the
threshold devices as mentioned above. This study
observed in the traditional settlements that guest spaces
are more flexible and inhabitants sometimes modified
and moved guest spaces to upper floors, but the
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devices (threshold spaces and their elements) govern
and organize internal spaces, therefore their existence is
constant. This is because they work as the main tools
for the integrative spatial and physical order to generate
a similar and understandable built environment.

The Type of Spaces Near the Threshold Space

The types of internal spaces located within or
near the threshold space are examined using the Space
Syntax Convex map technique. The goal here is to
understand why specific spaces are located only in the
threshold space and not in any other internal spaces
inside the house. The Convex map helps to explain and
identify how the threshold space and its associated
physical elements function to link or segregate different
internal spaces.

Referring to (Figure 11), the Convex maps have
shown that internal spaces that are associated with the
threshold are mostly semi-private spaces, while private
spaces are deeper and separated from the threshold
space by the courtyard element (Figure 11 (3)). This
supports earlier arguments that the threshold space was
mostly empty and functioned as a transitional space
between the main access of the house and the most
active private spaces. The threshold space, then, is
meant to generate another layer of depth to reach the
most private spaces. Justified access graphs in which
the majlis is always located in the threshold space
support this argument. In order to go deeper inside the
house the threshold is the first space that must be
accessed, then the courtyard is accessed, and only
then, a private room may be reached (Figure 11 (4)). In
this way, the importance of the threshold space is not
limited to being a space that serves semi-private spaces
inside the house and to accommodate two domains, but
it also serves as a space that creates a layer of depth in
the spatial order inside the building’s internal spaces.

For example, hospitality in Saudi Arabia is
essentially a religious and social norm which is also
based on deeply shared social values'™. The main door
and entrance in the traditional house is highly important
and is used as a communication tool, communicating
ideas such as: how welcome the guests are, how
private the home is, and the wealth of the home owner
(Al-Hathloul, 2016). Therefore, how local people of Najd
had their doors open during the daytime is mentioned
earlier as a way to communicate that guests are
welcome (Al-Soliman, 1991; Alnaim, 1998, 2006).The
implicit mechanism that links how welcome the guests
are with the privacy of the home is important to
understand as it helps to better understand the

'® Guest hospitality in Islam is a worthy practice for the sincere Muslim,
and clear evidence of the strength of his faith, and these ideas have
been pointed out by the teachings of the Prophet Mohammed (peace
be upon him), who urges us to honor the guest(Al- Bukhari and
Muslim, Book 1, Hadith 308).



organizational aspect of the spatial order of the internal
spaces in the traditional Najdi house.

Having the main door open requires creative
solutions by local people to control the privacy of the
internal family spaces from external exposure. The
staggered access and the partitioning walls are
generative elements mainly developed to enable people
to connect with the outside domain without exposing
their private internal spaces. Therefore, inhabitants

developed the threshold space (transitional zone) to
accommodate different needs (e.g., the two domains
inside the house), while at the same time isolate private
spaces from outside visual contact. The researcher
noticed a pattern across the settlements in how local
inhabitants generated solutions to serve their main
socio-cultural needs by utilizing similar devices and
principles (threshold) at different levels (urban and
building) to control different spaces’ connectivity.

Cell Study Location

e (2) A Elements

(4) Justified Access
10

Old
Riyadh
(A)

Alkhabra
(B)

Ad-Diriya
<)

Ushaiger
(D)

Sudus

(B)

Figure 11: Examining the threshold space location in the traditional Najdi buildings. Source: Author

THE DYNAMIC MECHANISM OF THE
THRESHOLD SPACE

VIIL

By combining the three phases of analysis —
access elements, convex map space relationships, and
the justified access graph analysis — now it is possible to
say that the threshold space and its physical elements
mostly control the semi-private spaces that are located
inside the house and near the building access. This is
because having the semi-private spaces near the door
access is a religious and social obligation to
accommodate guests. This obligation is honored by
having the threshold’s physical elements decrease the
level of interference with private internal spaces while

inhabitants make use of the semi-private spaces.
Therefore, the local people of Najd found a way to
support these two needs by generating the internal
threshold space and supporting it with physical
elements that control the territorial structure of different
spaces inside the house, as well as using the threshold
space’s placement to create a layer of depth for the
house’s spatial order.

Although the physical rendering of the threshold
may change from one house to another, the principle
remained the same across the five cases. Also, the fact
that there is a continuous pattern that links the urban
fabric with buildings, suggests that the spatial and
physical order work in parallel to increase the territorial
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control between two different types of spaces: internal
(building) and external (urban fabric) (Figure 12). This is
achieved in two ways: first, the threshold space’s
existence influences to what degree the building is
connected with outside spaces; second, the threshold’s
existence decreases the level of direct visual contact
with the inside of the house which made the integration

between the spatial areas (urban fabric) and the
physical form possible. Having these two applications,
the threshold space then has the necessary
requirements to support a semi-private space majlis
(guest space) inside the building and connect it with
outside spaces by having the main door of the house
open in the daytime.
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Figure 12: Different formations of the threshold space in the traditional Najdi building. Prototype house from old
Riyad, Alkhabra, and Ushaiger. Source: Author

IX. CONCLUSION AND RECOMMENDATION

After understanding the regulatory process
mechanism of access, and how two types of entrances
were generated to support the social, political, and
economic life of its inhabitants, several elements
appeared in the internal spaces and near the building
access. This study argues that the generation of these
elements effectively increases the level of privacy
among adjacent entrances. This enabled a deeper
understanding of the access regulatory process
mechanism, as well as the access’ internal elements
(e.g., threshold space) to understand how they
influenced the organization of internal spaces in
buildings in the Najd settlements to support the two
domains inside the building.

The function of the access and its location
within the settlement played a major role in when and
how to apply the threshold space and its physical
elements. The threshold space, however, is persistent in
its existence even though some of the elements might
not appear in some cases. No matter how big or small a
house, a threshold space exists with different formations
based on the placement of the elements and the access
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provided to other nearby internal spaces. The
significance of such a space is to ensure the satisfaction
of the socio-cultural needs of a household while also
giving local people the ability to transit from one space
to another without interfering with the privacy of others.

Examining the influence of the threshold space
on the spatial order of internal spaces was critical to
understanding the basic logic behind how inhabitants
structured the circulation flow inside the traditional Najdi
house. This helped to further examine the spatial order
of internal spaces and how they relate to one another. In
the following section, the focus is on how the traditional
courtyard functioned as a space that connects different
parts of the house and enhances the spatial order of
internal spaces. The objective is to investigate the
courtyard’s explicit functional role as well as its implicit
social roles and meanings.

Future studies can use this paper's findings and
extend the concept of access and its relationship to the
threshold space in the urban structure and the internal
spaces of the building structure. We argue that the
threshold is used as a controlling point to differentiate
between the variety of spaces founded in the built
environment and used to create a kind of hierarchy to



how users might experience those variable spaces in
the public or private domain. This perspective, we
believe, account expanding upon to truly discover the
hidden meanings and the operational processes that
the built environments established for themselves at the
urban and building structure.
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Charged Particle in a Flat Box with Static
Electromagnetic field and Landau's Levels

Gustavo V. Lopez * & Jorge A. Lizarraga °

Absiracl- We study the quantization of the motion of a charged particle without spin inside a flat box under a static
electromagnetic field. Contrary to Landau's solution with constant magnetic field transverse to the box, we found a non
separable variables solution for the wave function, and this fact remains when static electric field is added. However, the
Landau's Levels appear in all cases.

Keywords: landau's levels, quantun hall effect.

I.  INTRODUCTION

Landau’ solution [1] of a charged particle in a flat surface with magnetic field has become of great importance
in understanding integer hall effect [2—6], fractional Hall effect [6-9], and topological insulators [10-16]. This
last elements promise to become essential for future nanotechnology devices [17-19]. Due to this considerable
application of the Landau’s levels, it is worth to re-study this problem and its variations with an static electric
field. In this paper, we show that there exists a non separable solution for this type of quantum problems,
but having the same Landau’s levels. In our cases, instead of having a flat surface, we consider to have a flat
box with lengths L, L,, and L, such that L, < Ly, Ly

[I. ANALYTICAL APPROACH FOR THE CASE B = (0, 0, B)

Let us consider a charged particle “q” with mass “m” in a flat box with a constant magnetic field orthogonal
to the flat surface, B = (0,0, B), as shown in the next figure.

Figure 1: Electric charged in a at box with magnetic field

For a non relativistic charged particle, the Hamiltonian of the system (units CGS) is

(p— qA/c)?
2m

H = ) (1)
where p is the generalized linear momentum, A is the magnetic potential such that B = V x A, and “c” is the
speed of light. We can choose the Landau’s gauge to have the vector potential of the form A = (—By,0,0).
Therefore, the Hamiltonian has the following form

(o +aBy/c)® Py P @)
2m 2m = 2m’

H =
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To quantize the system, we need to solve the Schrédinger’s equation [20]

ot 2m 2m * 2m

andY {@z +aBy/c)® | Dy p} v, (3)
where U = U(x,t) is the wave function, /i is the Plank’s constant divided by 27, p; are the momentum
operators such that [z;, p;] = ihd;j. Now, the argument used by Landau is that due to commutation relation
[P H ] = 0, between the operators p, and the Hamiltonian H (implying that p, is a constant of motion), it
is possible to replace this component of the momentum by Ak, , having a solution for the eigenvalue problem
of separable variable type, fi(t)f2(z)f3(y)f1(z). However, we will see that this type of commutation does
not imply necessarily separability of the solution. Since the Hamiltonian H does not depend explicitly on
time, the proposition

U(x,t) = e PVP(x) (4)

reduces the equation to an eigenvalue problem

H® = E®. (5)
Then, this equation is written as
1 2qB R ¢*B? 9 py g
— —— YD d =FEo. 6
{Qm( + YPa + 2 Y +2m+2m (6)

The variable “z” is separable through the proposition

O(x) = ¢(z,y)e ", k. € R, (7)
resulting the following equation
1 2B . ¢*B? ]32
{2m (pm et Ty A5 =B, (8)
where E’ is
h2k?
F=p-2 9)

om

That is, the resulting partial differential equation is of the form

1 20% _ 20Bh 06 , By
2m{ h8x2 ' c Vot ¢}_2may2_E¢' (10)

This equation does not admit a separable variable solution (¢(z,y) = f(z)g(y)) as Landau’ solution is, but

we can use Fourier transformation [21] on the variable “x”,

bk, ) = Flg] = %2? /% e (. y)d, (11)

to solve this equation. Applying Fourier transformation to this equation, knowing its property F[0¢/0z] =
(—ik)¢, we get the ordinary differential equation

B2 d2¢ m W2 T,
—%@ + iy (y yO) ¢—E¢, (12)
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where w, is the cyclotron frequency

qB
. = — 13
we =" (13a)
and yo is the displacement parameter
he
= —k. 13b
Yo 4B (13b)

This equation is just the quantum harmonic oscillator in the “y” direction displaced by a amount yg. So, the
solution is

A mMwe

(bn(kvy) = n(f)» §= A (y - yO)v T/)n(f) = An€_§2Hn(£)7 (14)

being H,,(¢) the Hermit polynomials, and A, is a constant of normalization, An= (mw./7h)'/*/v/27n!. and
E] = hw.(n+1/2). (15)

n

Now, the solution in the real space ¢, (z,y) is gotten by using the inverse Fourier transformation,

o) = 7 fontho)) = —= [ e ([ e ) (10

Making the change of variable o = /muw./h(y — hck/qB), and knowing that the Fourier transformation of
the harmonic oscillator solution is another harmonic oscillator solution, we get

—qB iz, < qB z )
(2,y) = 2 —i%2 T 17
u(i) = ey, (DL )

This is indeed the non separable solution of (8). Therefore, the normalized eigenfunctions of the eigenvalue
problem (5) are (ignoring the sign)

VqB (4 B
B, g (x,1) = — Y12 —ilGRay—hoz)y (H) (18a)
’ (chFLwc)l/4 me? hw,
and
1. h2k?
En ., = hw = = 18b
b = Bl 5) (18)

These eigenvalues represent just the Landau’s levels , but its solution (18a) is totally different to that given
by Landau since it is of non separable type. Note that there is not displacement at all in the harmonic
oscillation solution. Now, assuming a periodicity in the z-direction, ®,, i, (x,t) = @y k. (¢, y, 2 + L, 1), the
usual condition k,L, = 27n/, n’ € Z makes the eigenvalues to be written as and the general solution of
Schrodinger’s equation (3) can be written as

n?2n?

" (19)

En,n’ = hwc(n + 1/2) +

We must observed that this quantum numbers correspond to the degree of freedom in the “y (n)” and
“z(n’)” directions. The quantization conditions of the magnetic flux appears rather naturally since by asking
periodicity in the y direction ¥(x,t) = ¥(x,y + Ly, 2,t), this one must be satisfied for any = € [0, L,]. So, in

particular for x = L,. Thus, it follows from the phase term that
BL,L
c

where BL, L, is the magnetic flux crossing the surface with area L,L,, and fic/q is the so called quantum
flux [22]. Then, equation (18a) is

(I)nn/j (X; t) = ie_i( Liwgy e 22:/ Z)ll}n (m> : (21)
(mczhwc)l/4 vVme2hw,
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The degeneration of the eigenvalues (19) comes from the degree of freedom in “x” and can be obtained by
making use the following quasi-classical argument: given the energy of the harmonic oscillator E, = fiw.(n +
1/2), we know the the maximum displacement of the particle (classically) is given by Ty = £1/2E,/mw?2,

and since the periodicity in the variable ‘y” mentioned before is valid for any “x” value, we must have that
the maximum value of the quantum number “j” must be

Aj— 1BLy gBL, [2h(n+1/2)

(22)

Tmax =
whe whe mwe

and this represents the degeneration, D(n), we have in the system

D(n) = LqBLy\/m] . (23)

mec2hw,

where [¢] means the integer part of the number £. Therefore, the general solution (absorbing the sign in the
constants) is

D(n) - 1/4 ) .

27]—] h 71-( 2mj zy— 2nn’ Z) . En,n’ t h 271']
U(x, 1) = A Ty o ) i (24
=33 Conn | 1p () ¢ e, (L (ZL)a), e

n,’n j=0

where the constants Cp,,,/; must satisfy that )

; |C,mrj\2 = 1. The Landau’s levels E, ,/ are given by
expression (19).

’
n,n.,

III.  ANALYTICAL APPROACH FOR THE CASE B L E

This case is illustrated on the next figure,

Figure 2: Electric charged in a flat box with magnetic and electric fields

where the magnetic and electric constant fields are given by B = (0,0, B) and E = (0,&,0). We select
Landau’s gauge for the magnetic field such that the vector and scalar potentials are A = (—By,0,0) and
¢ = —€y. Then, our Hamiltonian is [23-25]

;- LA)
H= T + qo(x,) (25)
and the Schrodinger’s equation,
ov A
h— = HU 26
ot ’ (26)
is written as
ov 1 qB \* P2 p?
h— =< — | P + — = =50 — qgEyW 27
ih— {2 (p+ y) +to o+ a€y (27)

© 2020 Global Journals



Using the definition p; = —ihd/0x; and the commutation relation [z, p;] = ¢hd;k, the above expression is
written as the following partial differential equation

ov h? 0%V gBROY  ¢*B? h? 0%w h? 020
e L) dlihided 2 TE N IE eyw. 2
ot 9m 922 mec Oz + 2mc? 2m Oy  2m 022 4€y (28)

Taking the Fourier transformation with respect the x-variable, W(k,y,z,t) = Fo[¥(x,t)], the resulting
expression is

i = o= T e (29)

oU  [h2k2 thk q232 o] - B2 9% h? 92U
S + ¢ y

By proposing a solution of the form

U(k,yz,t) = e BY/ITR2(k y) (30)
and after some rearrangements, the resulting equation for ® is

—— + 1mw 2(y —yo)?*® = E'®, (31)

where w, is the cyclotron frequency (13a), and we have made the definitions

hce mc2€
—k 4+ — 32
Yo = 4B ¢B? (32)
and
K2 k2 h2k‘2 1 mcE
E —E— - —(hk 2,
2m 2m + Qm( + B ) (33)

“ 9

This equation is again the quantum harmonic oscillator on the variable with a cyclotron frequency w,

and displaced by a quantity yo. Therefore, the solution (14) is

MW,

(i) = (/50— ) (34

and
E!, = hw.(n+1/2). (35)

Thus, the solution in the Fourier space is

2 —i ikyz mw
\Il(k,y,z,t) =e En,kzt/h+ k- n( hc(y—yo)) (36)

with the energies I, i, given by

En k. = hwe(n+1/2)+ mZ - — = —k. (37)
The solution in the space-time is obtained by applying the inverse Fourier transformation,

U,k (%,1) = .7-'[ k. (k,y, z,t)] = / efixk\ilnvkz(k,y,z,t)dk, (38)

V2T
which after a proper change of variable and rearrangement, we get the normalized function (ignoring the
sign)

B ) B
U,k (x,t) = V4B e~ iPn k2 (%1) n(q( Cit >’

(meho) Ve "B )
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where the phase ¢, i, (x,t) has been defined as

K2 k2 2827 ¢ B Et 2
bunc ) = [+ 1/2) 4 P2 - TN L e B2 (o= T (5= 22E) o)

2m 2B2 hc B qB2

[1%))

asking for the periodicity with respect the variable “z”, U, . (x,t) = U, k. (2,y,2 + L., t), it follows that
k.L. = 2mn' where n’ is an integer number , and the above phase is now written as

(41)

222/2 202 2 / B 2
b ) = [l +1/2) + 200 OS] 42, B () (et

mIz 232 |n L. he B B2
Note from this expression that the term e~**(5%) contains the element ei%my, and by assuming the periodic
condition ¥(x,t) = U(x,y + Ly, z,t), will imply that ¥(x,t) will be periodic with respect the variable “y”,

for any “x” at any time “t.” In particular, this will be true for x = L,. This bring about the quantization of

the magnetic flux of the form
BL,L .
c

obtaining the same expression as (20), and this phase is now depending of the quantum number “j”

2mn’ 2mj 215 [mc€ c€
i (X, 1) = ennit/h— - —tyl . 43
where e,y is the energy associated to the system,
92 h2 202
e = Hwe(n +1/2) + 2 4 1€ (44)

mLZ ' T 2B

In this way, from these relations and the expression (39) we have a family of solutions { U,/ (X, %) }n.nr jez
of the Schrodinger equation (27),

2mj ho\Y? i (x,t) h 2mj c&t
W (%, ) = L.L, (mw) € T\ \IL L, (@=5) ) (45)

Now, by the same arguments we did in the previous case, the degeneration of the systems would be given by
(23), and the general solution would be of the form

D(n)
V(1) =Y > Con Vs, 1) (46)
n,n’ j=0

IV.  ANALYTICAL APPROACH FOR THE CASE B|| E

The following figure shows this case.

Figure 3: Electric charged in a flat box with parallel electric and magnetic fields
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The fields are of the form B = (0, B,0) and E = (0,&,0). The scalar and vector potentials are chosen as
A = (Bz,0,0) and ¢ = —Ey. The Shrodinger equation is for this case as

00 [ (o —gBz/c)* | By P
h—=J{ =" 4+ 9 4 = v 47
! ot { 2m + 2m + 2m 9cy ’ (47)

which defines the following partial differential equation

OV R 9°U  ¢Bh:OV  ¢°B? B2 92U B2 920
e =7y = g L 00 T eyl 48
ot om 922 ' me Oz | 2mc 2m Oy?  2m 022 “y (48)

Proposing a solution of the form ¥(x,t) = e *#*/"®(x), we get the following eigenvalue problem

B2 90 ¢Bhz9® @B , R 96 12 9%0
“om a2 Tl 5 D ——— — ——— — Y. 49
2m Ox? e or  2mc? i 2m Oy?2  2m 022 €y (49)

E® =

Applying the Fourier transformation over the x-variable, ®(k,y, z) = F,[®(x)], the following equation arises
after some rearrangements

(hk +qBz/c)? . h% 8%¢  h% 9%d .

Eb=-""10 5 T Eyd 50
2m 2m 022 2m Oy ey= (50)
which can be written as
R oed 1 os W2 020 .
S A & L7 geyd, 1
S + 2mw4(z+zo) om 052 qa€y (51a)

where w, is the cyclotron frequency (13a), and z has been defined as

h
iy

= .5~ (51b)

20

This equation admits a variable separable approach since by the proposition é(k,y,z) = f(k,2)g(y), the
following equations are bringing about

h? d? 1
“om (TJ; + gmwi(z+20)° = B f (52a)
and
h? d%g
“omaye ~ 9Eve =B, (52b)

where E = EMW + E®) | The solutions of these equations are, of course, the quantum harmonic oscillator and
the quantum bouncer, which are given by

Fulky2) = Ape €PH,(€), €=z +20), BN =hw(n+1/2). (53a)
h
and
Ai(€ — & - -
gn’ (y) = Ma 5 = y/la Er(LQ) = _qglan (53b)

where A, = (mw./mh)'/*/v/27nl, | = (h2/(=2mqg&))'/3, Ai(—E,) = 0, and Ad'(€) is the differentiation of
the Airy function. In this way, we have

mwe

(i)n;n’(ka Y, Z) = Ay’ n( A (Z + ZO)) A@(l_l(y - yn’))’ En,n’ = hwc(” + 1/2) - qun'v (54)

© 2020 Global Journals

(A) Volume

Research

Frontier

Global Journal of Science



Volume

(A)

Research

Frontier

Global Journal of Science

where we have defined a, as a,, = 1/|Ai'(—1"1y,/)|. Now, the inverse Fourier transformation will affect
only the quantum harmonic oscillator function ¥,, through the k-dependence on the parameter zp, and the
resulting expression is

anqB 4B qBzx o1
Dy (%) = —m——e' e Y, | o= | Ai(I7 (Y — yr))- 55
(%) \/mc2hwce v (\/m02mc> {7 = ) (55)

Now, asking for the periodicity condition of the above solution with respect the z-variable, ¥(x,t) =

U(z,y,z + L,,t), the periodicity must satisfy for any x-values, and in particular for x = L,. Thus it
follows the quantization expression for the magnetic flux

2oz _onj,  jeZ. (56)

Using the same arguments shown above for the degeneration of the system, we have the same expression (23)
for the degeneration of the system and the function (55) is given by (normalized)

o Jom (RN e (TR (2w P
Pt (%) = ane L,L, (mwc> ¢ mwe \ Ly Ly ©) A7 = 3). 7

Then, we have obtained a family of solution of the Schrédinger equation (48),

\I/n,n’ (X, t) = €_iE"'"/t/h(I)nn’j (X)7 (58>

where the energies E, ,,/ are given by the expression (54). The general solution of (48) can be written as

D(n)
. . 21y
U(x,t) = Z Z C;’n,e—zEn,n/t/heliLmL’z Gy (2, 9), (59)
n,n’ j=0
with the condition -, . |C} |> = 1, and where it has been defined the functions @, ,/ as

| 27j hO\Y4 | h mj
'&n,n’ (.’E, y) = Qp/ IiZy (mwc> lpn< mw, (Iigy> ZL’) Ai (l_l(y - yn’)) (60)

a) Same system but with new magnetic gauge

Let us consider the magnetic gauge given such that the vector potential is of the form A = (0,0, —Bz), and
the potential is the same ¢ = —Ey. Passing directly to the eigenvalue problem for the Schrodinger equation
when we select the wave function of the form W(x,t) = e *#Y/"®(x), the resulting equation is

K2 920 B2 920 K2 90 qBh 0%  ¢’B?
0 0 0 4Bh 0% | g 720 — gEyd = E. (61)

2m 0x2  2m Oy?  2m 022 “me T8z T ome

Taking the Fourier transformation with respect the z-variable, ®(z,y,k) = F.[®(x)], and making some
rearrangements, it follows that

h2 92

1 qB K2 92
2m Ox2 + %(

2A A~ A
- — - —— — = FEo. 2
ik ¢ m) 2m Oy? 9y (62)

This equation admits a variable separable solution of the form @(x, y, k) = ¢1(k, x)d2(y), where the functions
¢1 and ¢ satisfy the equations

W2 &2y (hk — 1Pa)?

1
o da? o ¢ = EWgy (63)
and
K2 92
“2m a;f — q€y¢2 = B¢, (64)
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where E = E(W + E®)| The solution of these equations are

binlk,z) = n(€) = Ape S 2H,(€), €= m;;c(x—mo), EW = hwe(n +1/2) (65)
and
2 1/3
b (9) = awr A =) 1= () D = —aEm (66)

where w, is the cyclotron frequency (13a), zg is the displacement zg = hck/qB, a, = 1/|Ai'(I" y,)| is a
constant, and A,, the constant associated to the quantum harmonic oscillator solution. The inverse Fourier
transformation affect only the function ¢, and we have

— B - gB B
o) =7 ot = e e (). o0

(Y]

The periodic condition on the variable “x”, U(x,t) = U(z + L,,y, z,t), for any value of the other variables,
implies that this will happen in particular for the value of z = L,. So, we get the quantization of the magnetic
flux (BL,L,),

qBL, L,

= 2nj i€ Z. 68
he 7, J € (68)

Thus, we have a family of solutions {¥,,,/;(x,?)} of the Sherddinger equation of the form
W (5,8) = Bt (x), (69)

or (normalized and ignoring the sign)

W5 (%, 1) = 2mj b\ —i( Byt f T Ez 72y [_h (27] Ai(l7Y( ). (70)
nn/ % ) = Gy L,L, \ mw, € o " mwe \ Ly Ly =) Y= Un))-

By the same arguments about the degenerationn of the systems, the general solution is just a combination
of all of these,

U(x,t) = Z Annljefi(E”v"’%+Liﬁsz m)vnn/j(y, 2), (71)

n,n’

where the condition Zn’n, |Apnj|? = 1 must be satisfied, and the function vy, ; is given by

_ 2wy ho\ Y h 2wy 1
Unn (Y 2) = L.L, (mwc) W V mwe \ Ly L, 2| AT~ wa): (72)

V. CONCLUSIONS AND COMMENTS

We have studied the quantization of a charged particle in a flat box and under constants magnetic and
electric fields for several cases and have shown that a full separation of variable solution is not admitted in
these cases (contrary to Landau’s solution in one of these cases). This situation arises since the commutation
of a component of the generalized linear momentum operator with the Hamiltonian of the system does not
imply necessarily that a variable separation of its associated variable must exist in the Schrodinger equation.
However, using the Fourier transformation, we were be able to find the full solution of the problems. As
expected, Landau’s level appears in all these cases, and a characteristic phase which help us to find the
quantization of the magnetic flux in a natural way. We consider that the approach given here maybe very
useful to understand quantum Hall effect and related phenomena.
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Unusual Phenomenon of Forced Heat Exchange
taking Place during Quenching Silver Probe in
Cold Electrolyte

Nikolai |. Kobasko

Abstract- 1t is shown in the paper that forced heat transfer
exchange during quenching silver probes in cold electrolytes
is explained by periodical replacement of short film boiling
process by shock boiling. The frequency of such process is
very high that increases cardinally heat transfer exchange. This
phenomenon doesn't fit contemporary theory concerning
nucleate boiling processes and needs further careful
investigations. The reason for existing periodical process is a
double boundary electrical layer where are acting increased
electrical forces during quenching in electrolytes. In contrast of
quenching steel, silver generates higher heat flux density
during quenching; however full film boiling cannot be
developed due to presence of high electrical forces in a
double electrical layer caused by increased electrical
conductivity of silver. The discovered phenomenon can be
used in the practice in the future after its careful investigation
to force heat transfer exchange by external electrical forces to
eliminate any film boiling process during batch quenching.
Keywords: unusual phenomenon, film and shock boiling
replacement; frequency; forced heat transfer exchange;,
future benefits.

l. INTRODUCTION

he author of the paper was dealing a long time
with testing of different kinds of water salts

solutions using spherical silver probe 20 mm in
diameter. The silver probe was used to evaluate critical
heat flux densities of water at different temperatures [1].
However, it was impossible to evaluate critical heat flux
densities of water salt solution (electrolytes) using
standard silver probe 20 mm in diameter because
developed film boiling during quenching was completely
absent. Nobody could explain such strange behavior of
silver probe during its quenching in cold electrolytes.
The matter is that thermal conductivity of silver at 100°C
is equal to 392 W/mK while thermal conductivity of steel
is equal to 17.5 W/mK. It means that silver probe,
according to law of Fourier, can generate during
quenching 22 times larger heat flux density as
compared with the steel. In this case developed film
boiling must be presented. It was not present at all
during testing of silver probe in cold electrolytes. Later
scientists switched from silver standard probes to
Inconel 600 probe 12.5 mm in diameter [2 - 5] and

Author: PhD, Fellow of ASM International, Intensive Technologies Ltd.,
Kyiv, Ukraine and IQ Technologies Inc., Ohio, United States.
e-mail: nkobasko@gmail.com

started to use Liscic probe 50 mm in diameter [6, 7] for
testing liquid media. A huge amount of experiments
were carried out with water salt solutions using standard
cylindrical probe 12.5 mm and Liscic probe 50 mm in
diameter. Typical temperature cooling curves versus
time for cylindrical probe 50 mm in diameter are
illustrated in Fig. 1 [8]. As seen from Fig. 1, surface
temperature of probe drops quickly almost to boiling
point of a liquid that coincides very well with the
accurate experiments of French [9]. After that surface
temperature of probe maintains relatively a long time at
the level of saturation temperature of a liquid until
nucleate boiling is finished. Such behavior of surface
temperature is called self — regulated thermal process
[10, 11]. There is an equation for its duration evaluation.
According to authors [12], the heat transfer coefficient
(HTC) decreases with decreasing core temperature of
the probe during nucleate boiling process. These two
main characteristics of the transient nucleate boiling
process were taken into account when considering
quenching silver probes in water salt solutions of the
same concentration. Transient nucleate boiling analysis,
observed during cooling steel probes and silver probes
of different sizes, allows understanding the nature of
forced heat transfer exchange during quenching silver
probes in different kinds of electrolytes.
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Fig. 1: Temperature curves versus time during
quenching 50 mm in diameter cylindrical stainless probe
in 14 % water solution of NaCl at 23°C received by
experiment [8]
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However, the problem concerning unusual
behavior of silver probe during its quenching in
electrolytes is not easy to solve. Currently, the Inconel
600 probe is used to get core cooling curves and core
cooling rates during quenching of the probe. It has only
one thermocouple located at its center. Authors [13]
criticized the Inconel 600 probe and recommended
using Liscic probe 50 mm in diameter with accurately
instrumented through probe section three
thermocouples. To solve the mentioned problem on
unusual behavior of silver spherical probe during
quenching in electrolytes, the author of the paper
analyzes accurate experimental data obtained during
testing electrolytes by silver spherical probe 20 mm,
steel cylindrical probe 12 mm, and cylindrical probe 50
mm in diameter. Based on analyzing experimental data,
one can came to conclusion that unusual behavior of
silver probe during quenching in cold electrolytes is
explained by periodical changing of film boiling by
shock boiling that replace each other with the high
frequency. Also, in the paper the contemporary theory
on nucleate boiling process is considered to formulate
ones again the boundary condition used for temperature
field calculation during quenching when transient
nucleate boiling takes place.

[I.  HEAT TRANSFER COEFFICIENTS
EVALUATION

The standard probe for evaluating the cooling
capacity of quenchants is discussed in [2]. Test
methods based on ASTM Standards D6200-01, D6482-
99, and D6649-00 for determining the cooling
characteristics of quenchants are widely used in
practice [2, 3]. The chemical composition of Inconel 600
is: 72 % nickel; 14-17 % chromium; 6-10 % iron; 0.15 %
carbon; 0.5 % copper; and 0.5 % silicon. The diameter
of the probe is 12.5 mm and its length is 60 mm. Probe
details and its general assembly is provided in Ref.. [2].

Fig. 2 illustrates the spherical silver probe used
for study unstable film boiling process [14]. The 20-mm-
diameter spherical silver probe was prepared by casting
the probe from the molten silver with a type K chromel-
alumel thermocouple inserted through a 1.5-mm
stainless steel sheath, with the thermocouple tip
precisely located at the geometric center before casting.
After casting, the silver surface was properly ground.
The spherical shape of the probe was selected to
ensure a uniform heat transfer.

To evaluate heat transfer coefficients and the
heat flux density via solving inverse problem, the Liscic
probe may be used [6, 7]. This is the most accurate
commercially available probe, obtaining the most
accurate experimental data. Some experimental results
are provided in [13].

The Liscic probe is an excellent tool for
investigation of the self-regulated thermal process
reported in Ref. [6, 7].

© 2020 Global Journals
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Fig. 2: The spherical silver probe used for testing of
quenchants [14].

It was accepted by heat treating community that
during quenching of silver probe in liquid media core
temperature of the spherical probe always is equal to its
surface temperature because thermal conductivity of
silver is 400 W/mK and effective heat transfer coefficient
(HTC) is not too high that all together always provides Bi
< 0.2. However, the condition Bi < 0.2 is not satisfied if
consider real heat transfer coefficients (HTCs) instead of
effective HTCs [12]. During quenching of silver probe
essential temperature difference appears between core
and surface temperatures. If so, the problem appears
during solving inverse problem in evaluating correct
values of HTCs. Probably, CFD modeling could help
here. Currently, such computations are performed
using CFD (computational fluid dynamics) methods
mostly for plain convection, but unfortunately, it cannot
be applied effectively yet to boiling processes, which are
the main modes of heat transfer during quenching. That
is why the regular thermal condition theory of Kondrat'ev
was used for approximate evaluation of HTCs during
boiling [14]. Also, accurate experimental data of author
[15] were used which are shown in Fig. 3. Based on
these data and thermal properties of silver and AlSI 304
steel (see Table 1 — Tasble 3), HTCs were evaluated
which are provided in Table 4.
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Fig. 3: Cooling rate curves at the center of spherical probe 20 mm diameter obtained during testing different

quenchants [15]:

1, 2, 3 are water solutions of NaCl with concentration 5%, 15%, 20% at a temperature 20°C; 4 is

20% water solution NaCl at a temperature 60°C; 5 is 50% water solution of HNO; at a temperature (96°C); 6, 7 is
water at temperatures 20°C and 98°C; 8 is industrial oil at a temperature 50°C.

Table 1: Thermal conductivity of austenitre versus temperature

T.°C 100 200 300 400 500 600 700 800 900
W
A,— 17.5 18 19.6 21 23 24.8 26.3 27.8 29.3
mK
- W
A,— 17.5 17.75 18.55 19.25 20.25 21.15 21.90 22.65 23.4
mK
Note 2_, is the mean value for the range between 100°C and the stated temperature.
Table 2: Thermal conductivity of copper and silver versus temperature
Temperature. °C 0 100 200 400 600 800 900
Copper l,% 393.1 384.9 380 365 353.5 340.8 333
Siver, 5 W 4105 392 372 362 3745 - -
mK
Table 3: Thermal diffusivity of austenitre versus temperature
T.°C 100 200 300 400 500 600 700 800 900
a-lOG,mZ /s 4.55 4.63 4.70 4.95 5.34 5.65 5.83 6.19 6.55
a-10°,m?/s| 455 4.59 4.625 4.75 4.95 5.10 5.19 5.37 5.55
Note @ is the mean value for the range between 100°C and the stated temperature.
According to regular thermal conditions theory, Knowing Kondratev number Kn, the

cooling

number Kn (see Eq. (1)) [14]:

Kn=

vK

a(T-T,)

rate is directly proportional to Kondrat'ev

(1

generalized Biot number Bi, was found using Eq. (2).

Kn =

Bi,

(Bi,? +14378i, +1) "

@
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Since the generalized Biot number is designed as
_aygS

AV
the heat transfer coefficient was evaluated using Eq. (4)

Bi, 3)

ABi, V
=20

KS

Results of calculations are provided in Table 4.

Table 4. Heat transfer coefficients taking place during quenching of silver and steel probes in water salt solutions

Probe , concentration

Material and temperature

HTC at 600°C

HTC at 500°C

HTC at
400°C

HTC at
300°C

Spherical probe 20 mm in
diameter cooled in 5%
water solution of NaCl at
20°C

Silver

23380

41170

59800

78500

Spherical probe 20 mm in
diameter cooled in 15%
water solution of NaCl at

20°C

Silver

39380

66000

90650

100300

Spherical probe 20 mm in
diameter cooled in 20%
water solution of NaCl at

20°C

Silver

18460

23000

27400

89400

Cylindrical probe 50 mm in
diameter cooled in 1%
water solution of UCON E
at 23°C

Stainless steel

4770

4590

2870

2600

Cylindrical probe 50 mm in
diameter cooled in 14 %
water solution of NaCl at

23°C

Stainless steel

3550

2930

2326

1440

Cylindrical probe 12 mmin
diameter cooled in 6%
water solution of Na,CO; at
20°C

Stainless steel

121430 -

8890

As seen from Table 4, HTCs related to steel
probes 12 and 50 mm in diameters are in good
agreement with the existing theory of transient nucleate
boiling processes taking place during quenching in
electrolytes. Namely, the HTCs during nucleate boiling
process follow the temperature gradients which were
established during quenching of steel probes 12 mm
and 50 mm (see Fig. 4). As known [16, 17], «,,, o q°.

Since for smaller steel probe temperature gradient is
larger (see Fig. 4), heat flux density released by it is
larger too. It means that average HTC during nucleate
boiling is larger for smaller probe. For steel probe 12
mm in diameter at a core temperature 600°C, HTC is
equal to 12180 W/m?K while for steel probe 50 mm in
diameter HTC is equal to 3550 W/?K. When core
temperature in steel probe decreases, HTC decreases
too (see Table 4). In contrast to obtained data, with
decreasing core temperature of silver probe, the HTC
increases almost three times. That can be true for
developed film boiling process when it passes to
transition boiling where HTC is significantly larger.
However, HTCs are so large that they cannot belong to
film boiling process. Such huge HTCs can be generated
only by developed nucleate boiling process. In fact, it

© 2020 Global Journals
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Fig. 4. Temperature fields during quenching of cylindrical probes 20 mm (a) and 40 mm (b) in water salt solution of
elevated concentration.

To find out what happens during quenching of
silver probe in cold electrolytes and guess what in
reality the unusual forced heat transfer exchange is, let's
consider one more time the achievements of nucleate
boiling processes theory.

[1I. CONTEMPORARY THEORY OF NUCLEATE

BOILING PROCESSES

As known, during quenching of metals they are
heated and then immersed into a cold liquid, usually
open quench tanks. At the time of immersion, boundary
liquid boiling layer is formed. The boundary liquid layer
is heated to the saturation temperature, and at the same
time the part’'s surface is intensively cooled. Then the
liquid at the boundary layer starts to boil and a certain
heat flux density is reached that depends on the shape
and sizes of the part and thermal conductivity of a
material.

Depending on the initial heat flux density, film
boiling can take place or can be absent.

It is important to find out the effect of vapor
bubble behavior. As known, vapor bubble growth rate is
determined as [16]:

W'’ =d,f 6)

Experiments have not revealed the effect of heat
flux density, which was changed by 4 or 5 times, on

average value of W" [16].

The average vapor bubble growth rate W" is
essentially affected by pressure

It is of great practical interest to know the effect
of aqueous salt solution concentrations on inner
characteristics of nucleate boiling process.

Results of experiments, dealing with boiling
solutions of NaCl and Na,CO, at normal pressure, are
presented in Table 5.

Table 5: Effect of concentration on boiling inner characteristics [16 ]

Substance d, mm f,Us W’ mmy/s
Water 2.5 62 155
25% NaCl solution 2.4 64.5 155
29% Na,CO, solution 2.4 65 156

As one can see from Table 5, for high-
concentration solutions of NaCl and Na,CQO,, their vapor
bubble growth rates are the same and are equal to W"
of water. It means that concentration affects HTC during
nucleate boiling process via Prandtl number Pr. It was
shown that for different materials the vapor bubble
growth rates are almost the same (see Table 6).
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Table 6: Effect of heated surface material upon bubble release diameter and release frequency of vapor
bubblers [16].

, , Average value
Material d,,mm f.lls W, mms g mm fils W, mm/s
Permanite 2.5 61 153
Brass 2.3 67 157 2.5 62 155
Copper 2.8 56 157

As follows from Table 6, inner characteristics of
boiling process do not depend on sort of material. It
means that for silver and steel inner characteristics of
boiling process are similar.

Overheating in the boundary layer is higher
when greater is heat flux density. When liquid
overheating AT =T, -T, increases, the number of
nucleating centers also increases. Number n of
nucleating centers increases by direct proportion to the
cube of temperature difference:

n~AT?® (6)
At the same time, it is well-known that heat flux

density at nucleate boiling in average is also
proportional to the cube of temperature difference

g~ AT ™)
[t means that
0 = = const ®)
n
When heat flux density (Q increases,

overheating AT =T, -T, of boundary layer also
increases and new nucleating centers are activated.

Average characteristics d,, f and W" are quite
stable with respect to change of heat flux density. The
most stable of them is average vapor bubble growth
rate.

As known, a[W

m’K
boilingas « = q/AT [16, 17].

The above mentioned HTC is used at the
computation of temperature fields during steel
quenching.

Tolubinsky proposed the generalized equation
for calculation of the heat transfer coefficient at nucleate
boiling process which has the following form [16]:

0.7 a 0.2
£l—2 -5 (LJ (—j ©)
AN 9(p —p") rp'w v

© 2020 Global Journals

j is considered during

Where Nu=% |2 is Nusselt number; the ratio
AN 9(p - p")
9 isproportional to bubble release diameter.
Va(p -p"

From Eq. (9) follows that
. " 05 0.2 0.7
a:75,{M} (Ej [ *1 ] q* (10
o v) (rp'w

a=cq®’ (10a)
Where

. " 0.5 0.2 0.7
C:75/{M} (Ej ( _ 1 j
o % r p'w'

A well known handbook [17] provides equation
(11) to be used for heat exchange design of
technological processes:

or

Nu = 0082K,°*.K *".pro® (1)

q

Here
—g . ' 1 0'5,
Nu=-ro; 5=[a/9(p—p)] :
k. . SP (T TR, s>
T g T vl
pral,
| :Cpap'TS
X r-pn

From Eq. (11), one can get the same result

a=cq®’ (11a)

This fact is used for analyzing our calculated
data. Thus, different authors came to conclusion that
heat transfer during nucleate boiling depends on heat
flux density value and is proportional to g®”.



IV. NEw HEAT EXCHANGE PHENOMENON
TAKING PLACE DURING QUENCHING OF
SILVER PROBES

According to statistical physics, free electrons in
metal in heated area are under pressure P which is
calculated as [18]:

P =nkT (12)

Here n is a number of electrons in one sm? of

metal; k is the Boltzmann constant which is equal to
k =1.3806488 (13) x102* [K] [18].

During immersion of heated to high temperature
metallic probe into electrolyte, a double electrical layer is
formed on the boundary liquid — metal which looks like it
is shown in Fig. 5 [19 -21]. It happens due to movement
of electrons from heated area to cold area. Maximum
electrical forcers take place when electrolyte is at an
optimal concentration.

CleloRBICICIoN)

Fig. 5: A double electrical layer formed during immersion
of heated probe into cold electrolyte [21].

A huge electrical force appears between
surface of metal and electrolyte during quenching in
electrolytes of optimal concentration. When quenching
probe in cold electrolyte, cooling process can proceed
by two ways as it is shown in Fig. 6 [20, 21].

During immersion of the heated probe into cold
liquid, there are no bubbles on the metallic surface at all.
At this time, cold liquid is heated to the boiling point of
a liquid, and the surface temperature of the probe drops
rapidly close to the saturation temperature T,. During
this extremely short period of time, heat transfer looks
like a convection process. Any form and size of probe
can be considered during this extremely short time as a
semi — infinity plate which is intensively cooled. Cooling
curves for different shapes and sizes are almost the
same if film boiling is completely absent. Experiments of
French support such behavior of cooling curves. When
the liquid is overheated, shock boiling starts, and
thousands of small bubbles appear, becoming larger

with time. Simultaneously, a temperature gradient is
established at the surface of the probe. From this
moment of time, two different processes may be
developed. The full film boiling is established when the
initial heat flux density Ginis larger than the first critical
heat flux density qcrl, ie Uin -~ Yer1. Nucleate boiling
process occurs immediately after shock boiling when

Gin < Yorapoo- 03,

Convection, T,< T,

d

Shock boiling, T >T;

m

Nucleate boiling Film boiling
9in< ert Ui > Yert

l J

Nucleate boiling
q:‘n < qcr2

l

Convection, Ty <T,

Convection, T <T,

Fig. 6: Two possible boiling processes that may occur
during quenching, depending on critical heat flux
densities [22].

During steel quenching in cold electrolytes of
optimal concentration fiim boiling is absent because
initial heat flux density is below its critical value g [22].
However, during quenching of silver probes in
electrolytes, initial heat flux density is so huge that it is
always larger than the critical value Uqi. It is true
because thermal conductivity of silver is almost 20 times
larger as compared with steel. At room temperature
thermal conductivity of silver is 400 W/mK while for
stainless steel it is only 14 W/mK. During quenching of
silver probes in electrolytes electrical forces try to resist
film boiling process establishment. Due to their
presence, the high heat transfer coefficients (HTCs) can
be generated by such a way. When film boiling
appears, electrical forces move charged liquid layer to
metal surface. The shock boiling starts immediately that
creates the new film boiling layer which is a reason for
periodical process. And such the periodical cooling
process looks like:

film boiling ™ shock boiling. =  film boiling =
shock boiling = fim boiing — shock boiling

Oscillating with the high frequency, shock boiling
process generates the high HTCs.
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This is a new physical process which can be
very useful for practice because such physical process
can be governed by external electrical forces to increase
essentially HTCs. Especially, it is very important for
direct quenching after forging of steel to receive super
strengthened materials of high ductility and high wear
resistance.

There are three vital ways of affecting and
governing boiling processes during quenching to
improve radically technological processes aiming
service life increase of steel parts and environment
improvement. They are:

e Adjusting pressure to
martensitic transformation

delay or accelerate

e Creating surface insulating layers to drop initial heat
flux density below its critical value to prevent
completely any film boiling process during
qguenching of steel parts

e Governing boiling process by external electrical
forces to increase HTCs

V. DISCUSSION

From consideration the existing theory of
nucleate boiling processes follows that heat transfer
coefficient during nucleate boiling is calculated as
shown by Eqg. (10 a) and Eg. (11a). Both equations can
be rewritten as

a=cq® q=a(T-T,)

a=ca®(T-T)"

ao.3 _ C(T _ Ts)0-7.
or

a=c*®(T-T)"" (13

Substituting obtained result (13) into third kind
of a boundary condition, we obtain:

10/3
|:§+ /BA (T_TS)10/3:| -0
r=R

(14)

Based on the obtained boundary condition (14),
an analytical solution was received [12] for quenching
steel parts in liquid media that resulted in a well known
characteristic of transient nucleate boiling process
which is written now as:

= Qk. —
b F a (15)

This final result was many times verified by
accurate experiments which coincided very well with the

© 2020 Global Journals

calculated data. It means that above considered theory
of boiling processes is suitable for steel parts quenching
since it was many timers supported by experiments.

However, the theory cannot support the
discussed above the unusual phenomenon on
oscillating and periodical changes of shock and film
boiling processes. In this specific case, the boundary
condition should include the effect of electrical forces
which were not considered yet by physicians. Further
investigating the unusual heat exchange process, one
can expect essential benefits for heat treating industry
and other new technologies development.

VI.  CONCLUSIONS

1. A new forced heat transfer phenomenon is
considered in this paper. lts essence consists in
periodical replacement of film boiling by shock
boiling that considerably increases heat exchange
process during quenching of metal components in
water salt solutions of optimal concentration.

2. The discovered new phenomenon can be governed
by external electrical forces that in the nearest future
will compete with the powerful pumps and
propellers focused on eliminating film boiling
processes.

Nomenclature

Bi Biot number

Generalized Biot number

Kondrat’ev number

Nusselt number

Non smoothness of temperature field
Heat transfer coefficient

R R X

=]
o

Heat transfer coefficient during NB
Thermal diffusivity of solid material
Thermal diffusivity of liquid

oo o

o

Specific heat capacity

Function of convective Biot number
Thermal conductivity of a solid material
Thermal conductivity of liquid

b_@_& l®)

Density of liquid

.

Vapor density

X

Critical radius of growing vapor bubble

=

Latent heat of evaporation i
Cooling rate during quenching
Surface tension

Diameter or thickness

Radius

N 0O O9 <

Time in seconds



K Kondrat'ev size factor in m?

K- Form coefficient

q Heat flux density

Qn  Initial heat flux density W/m?

T, Wall temperaturein °C

'TW Average wall temperature in °C
'|_'V Average volume temperature in °C
o Gravity acceleration

W" Vapor bubble growth rate

\Y Kinematic viscosity
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A New Way to Separate Anions and Cations

F. F. Mende

Abstract-  Electrolysis is cumrently widely used for the
production of various substances, as well as for the isolation
of individual elements from the composition of chemical
compounds, which by electrolysis are decomposed into
anions and cations. For this purpose, electrolysis of aqueous
solutions is used, which makes it possible to carry out such a
separation in a simple way. For this, electrolyzers are used,
where a current is passed through aqueous solutions, while
the anions are grouped near the cathode, and the cations are
near the anode, from where they are taken. The article
congiders a new method for the separation of anions and
cations, which is based on the polarization of electrolytes. This
method differs from the known ones in that it does not require

passing current through the electrolyte, which reduces the

cost of the production process.
Keywords:  electrolysis, electrolyzer,
caustic, chlorine.

. INTRODUCTION

during electrolysis are shown in Fig. 1.

v
|

Anions
+[] @
Na* cu*
OH*
\_“
Cations O
= cL] [noy| |so;

Electrons) ———>

Fig. 1: The processes occurring during electrolysis

In agueous solutions, salts and acids dissociate
into anions and cations [1]. If a current is passed
through such a solution, then the anions will move
towards the cathode, and the cations will move towards
the anode. Anions and cations give their charges to the
corresponding  electrodes, while neutral atoms
accumulate near the cathode, and separate groups of
atoms accumulate near the anode, from where they are
taken for further use.

Author: Ukraine, Kharkov, Victory Avenue, 64, apt. 402.
e-mail: fedormende@gmail.com

Industrial plants using this method are rather
cumbersome (Fig. 2) and require significant energy

consumption for their operation.

anion, cation,

soluble in water are separated into their elements

By electrolysis, salts, acids and other substances
or individual groups. The processes occurring
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Fig. 2: Industrial plants for the production of caustic soda and chlorine

II. METHODS OF PRODUCTION OF CAUSTIC
Soba

At the beginning of the 19th century, the
production of caustic soda (NaOH) was closely
associated with the development of the production of
soda ash. This relationship was due to the fact that the
raw material for the chemical method of producing
NaOH was calcined soda, which was caustified with
milk of lime in the form of a soda solution. At the end of
the 19th century, electrochemical methods began to
rapidly develop for the preparation of NaOH by
electrolysis of aqueous NaCl solutions. In the
electrochemical production method, chlorine is obtained
simultaneously with NaOH, which is widely used in the
industry of heavy organic synthesis and in other
industries, which explains the rapid development of the
electrochemical production of NaOH.

Today, caustic soda is produced either by
electrolysis of a solution of sodium chloride (NaCl) to
form sodium hydroxide and chlorine [2-4], or, less
commonly, using an older method based on the
interaction of a solution of soda ash with hydrated lime.
A large amount of soda ash produced in the world is
used to produce caustic soda.

Consider the process of interaction of a solution
of soda ash with hydrated lime. Caustic soda is
obtained from calcined at a batch or continuous plant.
The process is usually carried out at moderate
temperatures in reactors equipped with agitators. The
caustic soda formation reaction is an exchange reaction
between sodium carbonate and calcium hydroxide:

Na2CO3 + Ca (OH) 2 = CaCO3 + 2NaOH

Calcium carbonate precipitates, and sodium
hydroxide solution is discharged into the collector.

On an industrial scale, sodium hydroxide is
obtained by electrolysis of halite solutions (rock salt
NaCl) with the simultaneous production of hydrogen and
chlorine according to the scheme

2NaCl + 2H20 = H2 + CI2 + 2NaOH

© 2020 Global Journals

When a concentrated sodium chloride solution
is electrolyzed, chlorine and sodium hydroxide are
formed, but they react with each other to form sodium
hypochlorite, which is used as a bleaching agent. This
product, in turn, especially in acidic solutions at elevated
temperatures, is oxidized in the electrolysis chamber to
sodium perchlorate. To avoid these adverse reactions,
electrolysis chlorine should be spatially separated from
sodium hydroxide.

In most industrial plants used to produce
electrolytic caustic soda, this is done using a diaphragm
(diaphragm method) placed near the anode on which
chlorine is formed. There are two types of installations:
with a submerged or non-submerged diaphragm. The
installation chamber with a submerged diaphragm is
completely filled with electrolyte. A saline solution flows
into the anode compartment, where chlorine is released
from it, and a solution of caustic soda fills the cathode
compartment. In an installation with an unloaded sub-
diaphragm, a solution of caustic soda is discharged
from the cathode compartment as it is formed, so that
the chamber is empty. In some installations with an
unloaded diaphragm, steam is introduced into the
empty cathode compartment to facilitate removal of
caustic soda and raise the temperature.

In diaphragm plants, a solution is obtained
containing both caustic soda and salt. Most of the salt
crystallizes when the concentration of caustic soda in
the solution is brought to a standard value of 50%. Such
a “standard” electrolysis solution contains 1% sodium
chloride. The electrolysis product is suitable for many
applications, for example, for the production of soap
and cleaning products. However, the production of
artificial fiber and film requires highly purified caustic
soda containing less than 1% sodium chloride (salt).
The “standard” liquid caustic can be properly cleaned
by crystallization and precipitation.

The membrane method is similar to the
diaphragm method, but the anodic and cathodic spaces
are separated by a cation exchange membrane.
Membrane electrolysis provides the most pure caustic.



Continuous separation of chlorine and caustic
can also be carried out in a mercury cathode installation
(mercury electrolysis). Sodium metal forms an amalgam
with mercury, which is discharged into the second
chamber, where sodium is released and reacts with
water, forming caustic and hydrogen. Although the
concentration and purity of the brine for the mercury
cathode unit are more important than for the diaphragm
unit, the former produces caustic soda suitable for the
production of artificial fiber. Its concentration in the
solution is 50-70%. Higher costs for installing a mercury
cathode are justified by the benefits.

[1I.  POLARIZATION METHOD FOR THE
SEPARATION OF ANIONS AND CATIONS

As already mentioned, the separation of anions
and cations in an electrolytic bath requires passing

currents through the solution, which requires a certain
amount of energy. But there is a method that does not
require such expenses, but this method has not yet
been described in known sources. If, as shown in Fig. 3,
an electric field is applied to the electrolyte, then it is
polarized, while anions will collect on the left side of the
bath, and cations will collect on its right side. The
charged anions and cations discharged through the
openings in the lower part of the bath fall into separate
baths, forming two poles of the battery, which generates
current if the load is connected between these poles.
Upon completion of the cycle of work and a complete
discharge of the lower baths, the components of
electrolysis remain in them.

1

.

5©

Fig. 3: Installation diagram for the separation of anions and cations by polarization

IV. CONCLUSION

Electrolysis is currently widely used for the
production of various substances, as well as for the
isolation of individual elements from the composition of
chemical compounds, which by electrolysis are
decomposed into anions and cations. For this purpose,
electrolysis of aqueous solutions is used, which makes it
possible to carry out such a separation in a simple way.
For this, electrolyzers are used, where a current is
passed through aqueous solutions, while the anions are
grouped near the cathode, and the cations are near the

anode, from where they are taken. The article considers
a new method for the separation of anions and cations,
which is based on the polarization of electrolytes. This
method differs from the known ones in that it does not
require the passage of current through the electrolyte,
which simplifies and reduces the cost of the production
process.
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An Intelligent Cosmos:

Philosophy of Science

Berov G. Lyubomir

Abstract- In this article, | propose a new hypothesis which
offers a novel interpretation of the anthropic principle and
argues against the premise th\at the Universe is “configured”
(via its characteristic constants) specifically so that human life
can exist.

Keywords: anthropic principle, universe, humanity, dark
energy, dark matter, big bang theory, origin of universe
and human life.

Dear reader, what do you think? Could we help the
modern physics a little bit via a peculiar hypothesis that
provides a new explanation of the anthropic principle?

The anthropic principle is used by many world-
renowned physicists to explain some of the fundamental
physical constants of our universe. This principle is the
philosophical premise that any data we collect about the
universe is filtered by the fact that, in order for it to be
observable at all, the universe must have been
compatible with the emergence of conscious and
sapient life that observes it. In other words scientific
observation of the universe would not even be possible
if the laws of the universe had been incompatible with
the development of sapient life. It explains why this
universe has the age and the fundamental physical
constants we observe - for example the gravitational
constant, the charge and mass of the electron, the mass
of the proton and others, necessary to accommodate
conscious life.

In simple words, the anthropic principle is
based on the premise that everything around us is
created only so that we, humans, can exist and create
our messes. Here! Time and time again, man comes
first. | believe that with my new hypothesis, everything
can get a much more meaningful explanation.

So, dear reader, let's start with a brief history of
our universe. According to the Big Bang theory, which is
prevalent among the scientific community, the
expansion of the universe begins with an extremely hot
and dense phase called the Planck era, where all the
mass and energy of the observable universe was
concentrated in a very tiny space. From that moment on,
the universe has expanded, reaching its present state.
Several independent experiments confirm the theoretical
formulations of the Big Bang theory. According to those
experiments, the universe will continue to expand
indefinitely.

The universe is very old, and both the universe
itself, and our perception of it continue to evolve. The
most accurate approximation of the age of the universe,

Author: Engineer, Independent Innovative Ideas Researcher, Smolyan
4700, Bulgaria. e-mail: my_kaly1@mbox.contact.bg

based on observations of relic radiation, is 13.7 billion
years. The universe is constantly changing, and the
state of the universe today is different from any other
state in its history. For example, the number of quasars
and galaxies is changing and the galactic space itself is
expanding.

But what is the universe made of? Its smallest
component is the ordinary matter. The ordinary matter
consists of us and all life on Earth, the planets, the stars,
the galaxies. This matter is approximately 4 percent of
the composition of the universe. Then, about 23 percent
of the universe is the invisible (dark) matter. “Invisible”
means that it does not interact with any form of
radiation, including the electromagnetic radiation. It
does not emit in the electromagnetic spectrum. It does
not reflect either. Simply, the invisible matter does not
interact with the electromagnetic spectrum, which is the
main tool we use to observe matter. So how do we know
dark matter exists? We know this because of its
gravitational effect.In fact, dark matter dominates on a
large scale the gravitational effects in the universe, and
there is clear evidence to prove this. One example is the
speed at which stars orbit galaxies. This speed is too
high, and the reason is that the galaxies are covered by
dark matter. The speed at which galaxies orbit within a
cluster is also too high for the same reason.

The third major ingredient of the universe is the
dark energy which comprises about 73 percent. Its
existence has been confirmed both experimentally and
theoretically. Experimentally, the existence of dark
energy was confirmed through the discovery of the rate
of expansion of the universe. Recent studies confirm
previous results that the properties of dark energy have
not changed over billions of years. Theoretically, the
confirmation of dark energy’s existence is through the
idea that dark energy is best explained by the
“cosmological constant”, proposed first by Einstein,
which is equivalent to the energy of the vacuum.

Dear reader, after these explanations, | believe that we
are ready for my peculiar new hypothesis.

This hypothesis is based on the experimental
confirmation, that we just discussed, that dark energy
has not changed over billions of years. | expand on this
discovery, by proposing the idea that not only dark
energy has remained unchanged during the life of our
universe, but it also existed at the time of the creation of
our universe. And, most importantly, | assume that dark
energy WAS the creative force of our universe. In my
human imagination, dark energy is an intelligent Being
with unimaginably powerful intellectual and creative
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abilities. In my hypothesis, | assume that there are an
infinite number of other dark energies, similar to the one
in our universe, that have created and continue to create
other universes.

And now, let’s focus on our universe. | have no
idea why it was created. | have only great hopes that we,
humans, as beings with some basic intelligence, are
needed by its creative force. And when it comes to the
puzzling values of the physical constants mentioned
above, and, for that matter, all the physical laws that
govern our universe, those are simply inherent to the
intelligent Being (aka the dark energy) that has created
the universe and carries it within itself. As for us,
humans, we have simply adapted to those constants
and laws. And this is the new interpretation of the
famous anthropic principle that | propose.

To expand further, | am convinced that there are
an infinite number of other intelligent beings in our
universe who have come to exist and adapted to live in
conditions very different from ours. Those other
intelligent beings are, therefore, very different from us,
but there is still something that connects us and unites
us with them. The uniting link is the intelligence (albeit in
different degrees of development), and our common
goals, that connect us all with our creative force— the
dark energy in our universe. | think that realizing the
need to connect with the other intelligent beings that are
closest to us is one of the most important priorities we
face.

Dear reader, | am firmly convinced that, even at
this very moment, we are in contact with other intelligent
beings in our universe. However, | believe that this
contact, this relationship, is one-sided — on their part it is
conscious, and on our part, we are yet to realize it. But |
also believe that this realization is about to happen in
the very near future.
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New Types of the Electrostatic Generators

F. F. Mende

Abstract- One of the first electrostatic generators is Calvin's
dropper, which invented the lord Calvin in 1863. This generator
gave the possibility to obtain voltage of up to 20 kV. Further
development of electrostatic generators was the invention of
the electric generator, developed between 1880 - 1883 the
British inventor By James by Whimshurst. This generator gave
the possibility to obtain voltage of up to 100 kV and it is above.
Wide practical use in the accelerating technology obtained de
Graaf's generator. This is the generator of the high voltage,
the operating principle of which is based on the electrization of
that moving dielectric tape. Such generator was developed
American by the physicist By Robert van de Graaf in 1929
for year it made possible to obtain the voltage to 80 kV. In
1931 - 1933 they built the more powerful generators, which

made it possible to reach voltage in 1 MV and 7 MV
respectively.  In the article are described three new
constructions of the electrostatic generators, one of which is
pulse.

Keywords: electrostatic induction, polarization, dropper
of calvin, electrical generator, belt generator.

[ INTRODUCTION
ne of the first electrostatic generators is Calvin's
dropper, which invented the lord Calvin in 1863
[1]. This generator gave the possibility to obtain
voltage of up to 20 kV.

H:0

Fig. 1. Calvin's dropper

Further development of electrostatic generators
was the invention of the electric generator, developed
between 1880 - 1883 the British inventor By James by
Whimshurst  [2]. This generator gave the possibility to
obtain voltage 100 kV and it is above.
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Fig. 2: The electric generator, invented by James by Whimshurst

Wide practical use in the accelerating technology
obtained de Graaf's generator [3].

Fig. 3: Belt generator for the first in Hungary linear
accelerator

This is the generator of the high voltage , the
operating principle of which is based on the electrization
of that moving dielectric tape. The first generator was
developed American by the physicist By Robert van de
Graaf in 1929 for year it made possible to obtain the
voltage to 80 kV . In 1931 - 1933 they built the more
powerful generators, which made it possible to reach
voltage in 1 MV and 7 MV respectively.

© 2020 Global Journals

The history of the development of the new types
of electrostatic generators concludes on this also in the
scientific literature other types of such generators are
not described.

[I.  NEegw CONSTRUCTIONS OF THE
ELECTROSTATIC GENERATORS

Oscillator circuit, intended for obtaining the high
voltages, it is represented in Fig. 4.

2 &

Fig. 4: Electrostatic generator with the forced
polarization

In this diagram the forced polarization of water
in the upper capacity is achieved. Polarization is
achieved with the aid of the external source, whose
voltage is applied to the electrodes, located on the ends
of capacity. In this case the water jet, which escapes
from lateral openings, bears on itself the charges, which
it falls into the lower capacities.
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The schematic of pulse electrostatic generator is represented in Fig. 5.

Z
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Fig. 5: Pulse electrostatic the generator

In comparison with the generator with the
forced polarization this generator has two additional
annular electrodes, capacities with the water located
below. The charged drop, flying through these
electrodes, induces in them the charges of opposite
sign. These charges, flowing through the load
resistances, and create on them the appropriate surge
voltage. The form of this voltage depends on the
relationship of the height of electrodes and diameter of
drop. If these sizes are commensurate, then bipolar
pulse will be observed. But if the diameter of drop is
considerably less than the height of electrodes, then will
be observed two short pulses of the different polarity,
spread on the time to the transit time of the drop
through the electrode.

For investigating the new types of generators
was assembled the multifunctional mock-up of dropper,
in which is possible the realization of different regimes.
Depending on the commutation of its different elements
can be assembled the mock-up, both the mock-up of
Calvin's dropper and, etc the modification of generators.
Block diagram of the multifunctional dropper it is shown
in Fig. 6.

Fig. 6: Block diagram of the multifunctional the dropper

Electric generator for the high
voltages was also prepared.
The common form of the mock-up of dropper

and electric generator is shown in Fig. 7.

obtaining
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Fig. 7. The common form of the multifunctional dropper and the electric generator

The maximum voltage, which it could ensure
generator, is approximately 50 kV.

The mock-up of multifunctional  dropper
consists of two separate droppers, each of which has
on two pairs of electrodes, to which can be connected
the electric generator. One of such regimes is
represented in Fig. 4. In this regime on the lateral
electrodes of upper capacity will be supplied voltage
from the electric generator. The electric field of these
electrodes polarizes water in the capacity. The carried

© 2020 Global Journals

out experiments showed that this regime differs little
from the regime Calvin's dropper.

The experiments were further carried out
according to the diagram, represented in Fig. 8.
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[

Fig. 8

In this case the voltage from the electric
generator is connected to two intermediate electrodes,
located between the upper and lower capacity, in that
place, where the water jet already became drops. As
can be seen from Fig. 7, upper capacity is established
on two plastic counters and is reliably isolated from the
platform, on which is installed the dropper. In the
process of conducting the experiment it was explained
that the potential of upper capacity remains constant
and does not change for entire time interval, thus far
upper capacity not to be freed from the water. At the
same time the potential of lower capacity, grows,
reaching 20 KV, and it has direct dependence on the
voltage, supplied from the electric generator of the
appropriate electrodes. From this it is possible to
conclude that the charges, which fall into the lower
capacity, enter not of the upper capacity, but are seized
by the polarized drops waters during their flight between
the electrodes. This is confirmed by that fact that the
process of the electrization of lower capacity
considerably increases, when electric generator in
immediate proximity is located from the electrodes. This
generator is powerful ionizers of atmosphere. The power
of the exposure dose of the gamma — emission of
normal radiation background comprises order 0.010 -
0.020 mR/h. Here are these indications of radiometer.
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But if radiometer was placed directly on the
working electric generator, in as shown in following
photograph, then counter shows radiation dose more
than one hundred times large of standard. This is the
same radiation background, which was observed in the
Chernobyl' zone the month after the explosion of reactor.
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Thus, carried out experiments indicate the the
fact that polarized drops of water they can seize ions
from the atmosphere, which were formed as a result the
action of external radiation background.

[1I. CONCLUSION

One of the first electrostatic generators is
Calvin's dropper, which invented the lord Calvin in 1863.
This generator gave the possibility to obtain voltage of
up to 20 the sqg. Further development of electrostatic
generators was the invention of the electric generator,
razrabotanogo between 1880 - 1883 the British inventor
By James by Whimshurst . This generator gave the
possibility to obtain voltage of up to 100 kV and it is
above.

Wide practical use in the accelerating
technology obtained de Graaf's generator. This is the
generator of the high voltage, the operating principle of
which is based on the electrization of that moving
dielectric tape. This first generator was developed
American by the physicist By Robert van de Graaf in
1929 for year it made possible to obtain a potential
difference to 80 kV In 1931 - 1933 they built the
more powerful generators, which made it possible to
reach voltage in 1 MV and 7 MV respectively.

Both the generators examined provide the
possibility of obtaining the high values of voltage with
the low currents; therefore as the generators of power
they are used be they cannot also for this reason for
practical application they did not have.

The history of the development of the new types
of electrostatic generators concludes on this also in the

© 2020 Global Journals
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scientific literature other types of such generators are
not described.

In the article are examined three new
constructions of the electrostatic generators, one of
which is pulse.
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Spectroscopic Studies on Ti**-Doped Na,O-
Pbo-Al,O,-B,0,;-Sio, Glasses

K. Vijaya Babu *

& V. Madhuri °

Abstract- Na,0-PbO-Al,04-B,04-SiO, glasses doped with
different concentrations of TiO, (ranging from 0 to 0.9 mol %)
in steps of 0.3 mol % is synthesized by melt quenching
method. The samples are characterized by X-ray diffraction
(XRD), the powder XRD pattern of all the prepared samples
confirms the amorphous nature of the glass. Thermal analysis
has been carried out for the prepared glasses, their glass
transition temperature (Tg) and crystallization temperature (T,)
are evaluated using their Differential thermal analysis (DTA)
profiles. Optical absorption and Fourier transform infrared (FT-
IR) spectroscopic techniques have been studied. The UV-Vis
absorption spectra of these glasses exhibit two resolved
bands at about 691 nm and 832 nm due to B, —?A,, and
?B,, — 2By ftransitions of Ti** ions. From the absorption
spectra, the optical band gap and Urbach energies are
evaluated. The FT-IR spectra has been carried out the
existence of conventional and structural units of these
prepared glasses. Various physical parameters and optical
basicity are also evaluated with different concentrations of TiO,
ions.

Keywords: optical absorption, FT-IR, XRD, DTA analysis,
physical parameters.

l. [NTRODUCTION

n recent years glasses are receiving significant

attention due to their unique properties like hardness,

good strength, transparency, excellent corrosion
resistance. Hence much attention has been paid in
research to oxide glasses doped with transition metal
ions due to their technological importance in the
development of tunable solid-state lasers and new
luminescence materials.

Among the oxide glasses, borosilicate glasses
are especially attractive because they have many and
diverse applications. They generally have lower thermal
expansion values, chemical resistance, high dielectric
strength, high softening temperatures than other
commercial glasses. For this reason, they are used as
glassware and also used in industrial piping, bulbs or
hot lamps. Thus, they are having a wide range of
applicability. Recent studies prove that they can also
take a role in the immobilization of nuclear waste to
perform bioactivity [1, 2]. B,O; is considered as a basic
glass former because it has a lower heat of fusion,
cation size, higher bond strength. In general, the high

Author a: Department of Physics, Bapatla College of Arts & Sciences,
Bapatla-522101, A.P, India. e-mail: kamalavijay007 @gmail.com

Author o: Department of Physics, Sri Mattupalli College of Engineering,
Tummalapalem A.P, India.

bond strength of B-O bonds in B,O; leads to the high
field strength of B®*" and make these borates as very
stable glasses. Boron is recognized as it has more than
one stable configuration i.e., boron triangles [BO,]** and
tetrahedrally coordinated [BO,]*" in the glass matrix [3,
4].0n the other hand, silica attracts attention due to its
long infrared cutoff along with higher chemical and
thermal stability as compared to the B,O; containing
glasses [5]. Vitreous SiO, has a higher glass transition
temperature (T,) and softening temperature (T;) due to
higher network connectivity and hence higher amount of
bridging oxygen [6]. Na,O is a common flux, reduces
the dispensation temperature and changes the
properties of glass. On the other hand, PbO addition to
its glass composition ensures an improvement of the
chemical durability and enhances the resistance against
diversification [7]. The presence of Al,O, in the glass
matrix makes the glasses more resistant to attack by
alkali metal ions like Li* and Na™. Al,O4is entering into
the glass network with AlO, structural units that crosslink
the neighboring borate and silicate chains. Al,Oj; is often
used to modify the glass structure, which improves
chemical stability and physical properties. The AI** ions
not only affect thermo-mechanical properties, but also
laser properties. AlLO; mixed borosilicate glasses are
being widely used in industrial applications as sealing
materials, separators in batteries, precession mirror-
blanks for space, microwave cavities, and dental
cement components on the whole, the glass properties
are related to its inter-atomic forces and as well as the
potential of the local structure. Therefore, the addition of
modifier and intermediate oxides can introduce change
in the local structure and as well as the energy band
gap. Variation in optical absorption and its relationship
with structure is one of the important parameters for
glasses.

Borosilicate glasses have been widely used in
many applications such as semiconductor technology,
optical communications and other areas of electronics
[8-10]. The properties of borosilicate glasses include
chemical and thermal resistance in various fields such
as electronic displays, house hold glasses and
optoelectronics, sealing glasses to nuclear waste
immobilization and also as a construction material.
Moreover, these materials have excellent optical clarity,
low electrical conductivity, low thermal expansion
coefficient, good UV transparency and low susceptibility.
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Hence these glasses are used as lenses in high-quality
flash lights and astronomical reflecting telescope [11].

Oxide glasses containing transition metal ions
(TMI) [12, 13] are of interest because of their
applicability in memory switching, electrical threshold,
and optical switching devices, etc.,[14]. The nature of
these glasses is due to the presence of two valence
states of the transition metal ions [12, 13, 15]. By
altering the chemical composition of glass by
incorporating the transition metal (TM) ions into the
network can change its local environment leading to in-
homogeneities in the crystal field around the transition
metal ion. These structural modifications may be well
reflected in the EPR and optical absorption spectra of
the TM ions.

Glasses containing titanium have gained much
importance in recent years due to their possible
applications in non-linear optical devices such as ultra-
fastswitch and power limiter 100 [16, 17]. Titanium oxide
is considered as a nucleating agent of crystallization in
the amorphous materials. However, the presence of
small quantities of TiO, in the glass matrix is observed to
enhance the glass-forming ability and chemical
durability of the glasses [18]. In general, the ions of
titanium exist in the glass network states in Ti** state
and participate in the glass network forming with TiO,,
TiOg and sometimes TiO; (comprising of trigonal bi-
pyramids) structural units [19, 20]. However, there
reports suggesting that these ions may also exist in Ti®*
state in some of the glass networks [16]. The empty or
unfilled d-shells of titanium ions contribute more strongly
to the non-linear polarizabilities. Usually, the d-orbital
contribution to non-linear polarizability is found to be
more for bond lengths less than 2A [17]. The bond
length of Ti-O is estimated to be 1.96 A. Aliterature
survey on the glasses containing TiO, indicates that
these glasses possess a negative non-linear refractive
index that induces a self-focusing radiation beam in the
material; as a result, the devices can be operated at a
smaller input power [21]. Further, the investigation on
the coordinate chemistry of Ti** ions in alkali alumino
borosilicate glass network is of interest in itself because
these ions are expected to influence the physical
properties of the glasses to a large extent. EPR
spectroscopy can be used to determine the ratio of
different valence states in these glass systems [22].
Optical absorption studies of glasses give rise to ligand
field absorption energies, which sensitively reflect the
distortion of the cubic, octahedral, tetrahedral
coordination. The spectroscopic investigation of titanium
bearing glasses taken with a view to understand the site
symmetry of the metal ion, oxidation state and splitting
of energy levels. In the present matrix, four samples of
composition 20Na,0-10PbO-(5-x) Al,O;-40B,0;-25Si0,-
xTiO, with x = 0, 0.3, 0.6 and 0.9 (mol %) were prepared
and their specific spectroscopic properties were
studied. The details of the composition are as follows:

© 2020 Global Journals

20Na,0-10Pb0-5.0 Al,0,-40B,0,-25Si0,
20Na,0-10Pb0-4.7 Al,0,-40B,0,-25Si0,-0.3TiO,
20Na,0-10Pb0-4.4 Al,0,-40B,0,-25Si0,-0.6TiO,
20Na,0-10Pb0-4.1 Al,0,-40B,0,-25Si0,-0.9TiO,
[I. MATERIALS AND METHODS

a) Glass preparation

The glass samples are prepared by
conventional melt quenching method using analar grade
chemicals of Na,O, PbO, AlLO,, B,O, SiO, and TiO, as
starting materials with 99.9% purity. The raw materials
are thoroughly mixed in an agate mortar and the
homogenized mixture was transferred into a silica
crucible. The compositions of the materials are melting
in the air in silica crucibles in an electric furnace at
temperature 1200°C for 20 min until a bubble-free liquid
is formed.At the end of the melting process in order to
obtain homogeneous glass, the melts are poured on
brass mold and subsequently annealed at 400 °C for
8hrs and cooled slowly to release the thermal stress.
The glass matrix obtained is transparent and colorless.
The samples are then ground and optically polished.

b) Measurements

The amorphous nature of the prepared glass
was confirmed by an X-ray powder diffractometer (XRD)
on XRD-6100 SHIMADZU X-Ray diffract meter in the
scanning range of 10-80° (20) using Cu K, radiation
having a wavelength of 1.5406 A at room temperature.
The Optical absorption spectra of glass samples are
recorded using JASCO V-670 UV-vis-Spectro-
photometrein the wavelength region of 200-1200 nm.
The EPR spectra are recorded for all glass samples at
the X-band using JOEL JES-FA200 EPR Spectrometer
with 100 KHz field modulation at room temperature. The
Fourier transform infrared transmission spectra of
different prepared glasses are measured using the KBr
pellet method on SHIMADZU-IR Affinity-1S  FT-IR
spectrophotometer in the region of 4000-400 cm™ wave
number range. The density of the samples was
determined to an accuracy of + 0.001 by standard
Archimedes’ principle by using O-xylene (99.99% pure)
as a buoyant liquid with VIBRA HT density measurement
kit and some other physical parameters are also
evaluated.

[11. RESULTS AND DISCUSSION

a) Physical parameters

Fig. 1 shows the variation of density (d) and
molar volume (V,,) of these glasses as a function of TiO,
content. It is clear from this Fig. 1 that, with increasing
TiO,, density increases and molar volume decreases.
The physical parameters shows that, the variation of
density (d) and calculated average molecular weight,
various physical parameters such as titanium ion



concentration (N;), molar volume (V,,,), mean titanium ion
separation (r) and polaron radius (r,) are evaluated

using conventional formulae and the values obtained
are listed in Table 1.
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Fig. 1: Density and molar volume values with a varied TiO, content inNPABS glasses

Density is an influential property capable of
exploring the changes in the glasses. Density is affected
by the softening/compactness, change in geometrical
configuration, coordination number, cross-link density
and dimensions of interstitial spaces of the glass. Thus,
the addition of any transition metal ions to the glass
leads to a linear or nonlinear variation, i.e., either
increase or decrease in the density with changing
composition [23]. It is clear from this figure that, with

increasingTiO,, density increases and molar volume
decreases with TiO, additions. The sample T, exhibited
a higher density 3.022 than the sample T, of density
2.997 g/cm®. This slight decrease in the density of the
sample T,when compared to the sample T, may be
attributed to the volume expansion due to the formation
of the octahedral TiOg structural unit in the glass
network. This could further be cofirmed through FT -IR
measurements of the glasses [24].

Table 1: Various physical properties of TiO, doped NPABS glass system

Parameters Pure T, T, T,
Density (g/cm?®) 2.960 2.987 2.997 3.022
Molar volume 29.854 29.562 29.440 29.175
lon.Conc (Ni)x10% 0.6112 1.2277 1.858
Inter ionic distance r; (A) 0.2306 0.1725 0.1510
Refractive index ny 1.653 1.654 1.655 1.656
Polaron radius r,, (A) 0.1043 0.0822 0.0715
Optical Basicity 0.4296  0.4298 0.4299 0.4300

b) X-ray diffraction (XRD) studies

The powdered XRD patterns for the prepared
glass samples are presented in Fig. 2. These patterns
confirmed the glassy nature of the samples with broad
peaks at 20 values around 20-40° and are free from any
detectable crystalline phases [25].
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Fig. 2: XRD Spectra of TiO, doped NPABS glasses

c) Fourier transform infrared (FT-IR) spectroscopy

From Fig. 3, the FT-IR spectra of TiO, free glass
show four visible bands. The band at about 466 cm™ is
due to Si-O-Si asymmetric vibration and the small
shoulder at 715 cm™ is attributed to bending vibration of
B-O-B in [BO,] triangles [26, 27] is observed. The main
intense band at 850 -1100 cm™ is due to the combined
stretching vibrations of Si-O-Si and B-O-B network of
tetrahedral structural units [28]. Here the distinguished
feature of glass samples is the shift of the broad band at
967 cm”, indicating that Ti®* exists in octahedral
coordination. A strong absorption band at 1375 cm™ is
attributed to the B-O stretching vibration of [BO;]
triangles (characteristic for BO, group) [29]. With the
addition of AlLO; content, the frequency of the band

% Transmittance

between 850 and 1100 cm™ exhibits a shift to lower
wave number and the width becomes wide by
decreasing Al,O; content. While the frequency of the
band at around 1375 cm™ does not have any changes
with the decreasing AlLO; content. It may be worth
mentioning here that the earlier studies on the IR spectra
of various other glasses containing TiO, indicate the
presence of a vibration band at about 769 cm™ due to
vibrations TiO, groups. Hence, there is a possibility for
the formation of single boron-oxygen-titanium frame
work in the glass network. In addition, the spectrum of T,
glass exhibited a single well-resolved band at 710 cm’
due to B-O-Ti linkages. The summary of the data on the
position of various band head in the TiO, doped NPABS
glasses are presented in Table 2.

Pure
TI
—T,

T T
1600 1400 1200

T
1000

T T 1
800 600 400

Wavenumber (cm")

Fig. 3: FT-IR spectra of TiO, doped NPABS glasses
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Table 2: FT-IR spectra f TiO, doped NPABS glass system

Pure T, T, Ty Assignment
453 454 459 463 Asymmetric Vibration of Si-O-Si
714 716 718 720 Bending Vibration of B-O-Bin [BO,] triangles
- - 765 - B-O-Ti groups
- - - 787 TiO, groups
969 976 981 982 Combined Stretching Vibrations of = Si-O-Si and B-O-
B
1380 1383 1385 1385 Stretching Vibrations of [BO,]

d) Differential thermal analysis (DTA)

In the Fig. 4 DTA scans for title glasses doped
with different concentrations of TiO, are presented, all
the traces exhibited typical glass transition with the
inflection point between 527-543 °C due to glass
transition, it is interesting that the glass transition
temperature is increasing with the increase of TiO,
content [30]. In the region, 950-1000 °C, an endothermic

Exo

'
Endo

peak due to crystallization is observed in the trace of all
the glasses [31]. The parameter (T-T,), a measure of
thermal stability of glass against diversification,

increases with the increase of TiO, concentration. Such
trend indicates the decrease of augmented cross-link
density of various structural groups in the network and
closeness of packing.

200 500 H00 T4

1
1000

Temperature (°C)

Fig 4. DTA tracers of TiO, doped NPABS glasses

e) Optical absorption studies

Fig. 5 shows the optical absorption spectra of
the sodium lead alumino borosilicate glass samples with
different amount of TiO, recorded at room temperature
in the wavelength region 600-900 nm, the absorption
edge is observed at 305 nm for the pure glass. It is also
observed that the position of the fundamental
absorption edge and cut-off wavelength shift towards
red as the content of TiO, increases. It appears that a
part of TiO, is responsible for the increase in the
absorption of non-bridging oxygen (NBO) due to which
this shift is obtained [32]. The spectrum of all the
prepared glass samples exhibited two resolved
absorption bands at about 691 nm and 832 nm. The
bands are attributed due to *B,,—°A,, (691 nm) and
“B,,—"B;, (830 nm) transitions of 3d' electron of the Ti**
ions in tetragonal distorted octahedral sites respectively.
Normally, under ordinary conditions of melting, it is
difficult to get Ti*" in glasses as Ti ion tends to achieve

its higher valence state (Ti**). The Ti** ion does not
show any absorption in the visible range of the spectrum
as it has an electronic configuration 3d°. Thus, it can be
concluded that Ti ions in these glasses are present as
Ti** ions [33].
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Fig. 5: Optical absorption spectra of different TiO, doped NPABS glasses

) Band gap and Urbach energy analysis

The optical band gap and Urbach energies are
obtained from their ultraviolet absorption edges. The
optical band gap in the amorphous system is closely
related to the energy gap between valence and
conduction bands[34, 35].In glasses, the conduction
band is influenced by the glass-forming anions; the
cations play an indirect but significant role [34, 36]. The
Urbach energy gives the width of the tails of localized
states within the optical band gap. At the absorption
edge, random internal electric fields will dominate the
broadening of the excitation levels due to lack of long-
range order or presence of defects [34, 37]. The least
AE, i.e. sharp absorption edge, suggests that defects
are minimum facilitating long range order.

The absorption coefficient a (v)
determined near the edge using the formula:

a(v) = (1/d) In (I,/1) = 2.303(A/d) )

where A is the absorbance factor at frequency v and ‘d’
is the thickness of the sample.

The absorption coefficient a. (v)as a function of
the photon energy (hv) for direct and indirect transitions
according to Mott and Davis [38] is given by

a(v) = B(hv-E,)" / hv 2)

can be

where B is the energy-independent constant [72] and
the index takes different values depending on the
mechanism of inter band transitions, i.e.,n = 2andn =
1/2 for allowed direct and indirect transitions.

From Egs 1 and 2 and by plotting (ahv)” and
(ahv)® as a function of photon energy hv, the optical

© 2020 Global Journals

band gaps for indirect and direct transitions can be
estimated respectively. The values of indirect and direct
band gap energy E,, can be obtained by extrapolating
the absorption coefficient to zero absorption in (ahv)?vs
hv and(ahv)"? vs hv plot and is shown in Fig's. 6 and 7.
Plots are also drawn between In(a) and hv (Fig. 8) and
the Urbach energy value (AE) is calculated by taking the
reciprocal of the slopes of linear portion in the lower
photon energy region of the curve as stated with
following relation [40].

a(v) = ao exp (hv/ AE) (3)

The optical band gaps for direct, indirect
transitions and Urbach energies obtained in the present
work are listed in Table 3.
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Table 3: Optical band gap energy (E,) for direct and indirect transitions and Urbach energy of TiO, doped
sodium lead alumino borosilicateglasses

sample Cutoff Energy band gap (Eq,) €V Urbach
d wavelength : :

code (nm) Calculated  Direct  Indirect energy

Pure 305 4.073 4.005 4.003 0.252

T, 310 4.007 3.973 3.971 0.254

T, 313 3.969 3.878 3.842 0.264

T, 317.5 3.912 3.842 3.764 0.269

3+
The optical band gap energies shown in  due to the dipolar-dipolar interaction of Ti ions. The

Table 3, revealed that the optical band for indirect
transition values varies from 4.003 to 3.764 eV and
(ahv)?=0 for direct transitions, whose values vary from
4.005 to 3.842 eV. The optical band gap energies
decrease with the increase of titanium ion concentration.
Also, Urbach energy values increase from 0.252 to
0.269 eV with the increase of titanium ion concentration.

g) Electron paramagnetic resonance (EPR) spectra
EPR spectra of titlle glasses with different
concentrations of TiO, recorded at room temperature
are shown in Fig. 9. In the pure glass no EPR signal was
detected. When Ti®* ions are introducing into the titled
glasses, all the samples exhibit absorption lines. The
EPR spectrum exhibits broad unresolved spectrum due
to Ti** and its g value is 1.9532. The broadness arises

First derivative of Absorption (arb.unts)

resonance signal observed in this spectrum with g =
1.9532 is due to distorted octahedral sites of Ti** ions
with |x y |> ground state. The presence of large
concentration of such ions may distort the glass network
more and induce bonding defects. The near absence of
such signal in the spectra of glass T, indicates the low
concentration of such ions in this glass network. The g-
value a little less than 2.002 is typically due to Ti** ions
and agrees well with the reported values for Ti** [41].
Except for the variation in signal intensity no important
modifications are observed while increasing the dopant
concentrations (Fig. 9). A slight shift in the resonance
signals is also observed when modifying the starting
glass composition.

T
200

(=]

T
400

T 1
600 800

Magnetic Field (mT)

Fig. 9: EPR spectra of TiO, doped NPABS glasses

IV. CONCLUSION

The physical parameters, spectroscopic
properties and FT-IR studies on the network structure of
titted glasses doped with TiO, reveals the following
conclusions:

The XRD pattern confirms the amorphous
structure of the glasses studied. The physical properties
like density, average molecular weight (M), titanium ion
concentration (N;), molar volume (V,,), mean titanium ion
separation (r) and the polaron radius (r,) are evaluated
for the glasses studied in the present work varies linearly

© 2020 Global Journals

with x mol% except for density values. From the DTA
curve, the thermal stability of the glass matrix is
confirmed by the difference between glass transition
and crystallization temperatures. The IR spectral
investigations indicate the Ti** ions exist in octahedral
positions and also form B-O-Ti linkages. The optical
absorption spectra of the present glass system are
attributable to Ti** ions, which contains two broad,
intense bands analyzed on the based on axially
elongated octahedral coordination. The band gap of
glasses varies from 4.005 to 3.842 eV and 4.003 to



3.764 eV (direct and indirect) and 0.252 to 0.269 eV
(Urbach)depending on the chemical nature of
intermediate oxide. Urbach energy values suggest that
defects can increase due to the increase in Urbach
energy with titanium content.
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Assimilation of Cu by the Chromium Resistant
Bacterium Arthrobacter Globiformis 151b in the
Presence of Ca in Growth Media

Alexandre N. Rcheulishvili *, Manana A. Gurielidze °, Etery N. Gintury ® & Lela S. Tugushi ©

Abstract- The process of assimilation of Cu by chromium-
resistant bacteria (Arthrobacter globiformis 151B) and the
influence of high-concentration Ca ions on this process have
been studied in the article. The bacteria are known for their
property to assimilate intensively the hexavalent chromium
[Cr(Vl)] ions from the environment, to convert them into
trivalent form [Cr(lll)] and to accumulate it in cell. This
bacterium is also characterized by the absorption of other
elements from the nutrient medium. The strain of bacteria
under investigation was isolated from basalt samples, taken
from the places highly contaminated by Cr(Vl) in Kazreti
(Georgia). The solutions of the studied elements Cu and of Ca
were introduced simultaneously into the nutrient medium. We
studied the influence of different concentrations of Ca ions
during different period of time of bacteria cultivation (17 h, 24
h, 48h, 96h, 144h) on the process of assimilation of Cu by
bacteria. Ca concentration in food medium made up 100
mkg/ml, 400 mkg/ml and 1600 mkg/ml. The concentration of
Cu in media was 1 mkg/ml.

For determination of the content of Cu in the cell,
after the cultivation of bacteria the precipitation of cells by
centrifuge and the preparation of the obtained bacterial pellet
for the analysis were carried out. The content of metals was
measured by atom-absorption spectrometry.

Keywords: bacteria (arthrobacter globiformis 151b),
biomass, ca, cu, concentration.

I INTRODUCTION

ome metals have toxic and carcinogenic

properties. It is very important to develop the

technologies by means of which it is possible to
remove the toxic metals from the environment. Among
the most prospective methods of remediation of
polluted environment are the biological technologies
based on the use of different microorganisms [1, 2].

The pollution of the environment by the
materials containing Cr(VI) and other toxic elements is
an urgent problem for many countries [3].

The recent researches proved that many of
the well-studied bacterial species, Are not metal
resistant/tolerant. They lose their viability in co-existence
of high concentrations of heavy metals. Thus, it is

Author o p @: Elefter Andronikasvili Institute of Physics, Ivane
Javakhishvili Tbilisi State University, 6, Tamarashvili street, Tbilisi, 0172,
Georgia. e-mail: archeuli@gmail.com
Author —o:  Sergi  Durmishidze Institute of Biochemistry —and
Biotechnology, Agricultural University of Georgia; 240, David Agma-
shenebeli Alley, Thilisi, 0159, Georgia.

reasonable to isolate the bacteria under investigation
directly from soil, mineral strata and water contaminated
by metals [4-8]. At present, the testing of technologies
based on endogenic microorganisms is carried out
intensively in many countries [9-11], providing that
recently the application of biotechnologies is of high
priority in the process of environment reduction in many
countries [12]. The efficiency of biotransformation
depends on the mechanism of bacteria-metal
interaction, thus, for bacteria of any specific species it is
necessary to study preliminarily this mechanism in
detail.

The natural vital medium of bacteria we are
interested in, contains, alongside with the elements
under investigation (Cu) as well the elements
(macroelements) that are widely spread in the nature
(Ca, Na, K, Si, etc.). These elements have an influence
on the growth — evolution of bacteria, including the
process of assimilation of elements by bacteria and the
biochemical process proceeding in bacteria [13,14].

It is interesting to study the influence of Ca on
the process of assimilation and distribution of Cu in
bacteria. Ca ions are important activators of enzymes
inside the cell [13-15]. Calcium is the key intracellular
metabolic regulator. Ca is also important for the
functioning of cell membranes [16]. Ca is involved in life
processes and cause compaction of cell membranes (in
opposite of sodium and potassium ions, which increase
permeability). Copper belongs to the life-essential
metals as it is a part of more than 25 copper-containing
proteins and enzymes, and is implicated in their activity.
The experimental material, obtained as a result of the
proposed investigation, makes it possible to draw a
certain conclusion about the biochemical processes,
taking place in bacteria and about the mechanisms, by
which the assimilation of metals and the conversion of
their compounds are made.

[I.  OBJECTIVES AND METHODS

For the object of investigation we chose the
bacteria of Arthrobcter globiformis 151B. As is known,
the bacteria of Arthrobacter family are aerobic gram-
positive bacteria living in soil. They belong to
Arthrobacteria class, type — Actinomycetales. Among the
reductive bacteria, the interest to the bacteria of this
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family is great as, according to the existing data [17, 18]
they have a high potential of remediation of chromium-
contaminated environment. The Georgian investigators
studied the distribution of Cr(Vl) - resistant
microorganisms in basalt rocks, taken from ecologically
the most contaminated regions of Georgia (Kazreti,
Zestaphony) [19]. The object of investigation is
bacterial strains isolated from Kazreti basalts. This
bacterium intensively absorbs various elements from the
nutrient medium (Zn, Mg, Mn, Cr, etc.) [20, 21].

For studying the influence of Ca on the process
of assimilation of Cu by Arthrobcter globiformis 757B, we
cultivated bacteria in 500 ml Erlenmaier flasks in 100 m/
TSB broth. We additionally introduced Ca solution in the
form of CaCl, into some samples (flasks), thus, the
concentration of Ca, added in the nutrient medium, was
100 mkg/ml, 400 mkg/ml and 1600 mkg/ml.

In five samples, we additionally introduced a
solution of Cu, the final concentration of which in the
nutrient medium was 1 pg/ml. The nutrient medium also
(itself)  contained elements of the following
concentrations: Na-3.5mg/ml, K- 0.6 mg/ml, Ca-25
pug/ml, Cr - 7 pg/ml, Zn - 1 pg/ml. The cultivation of
bacteria proceeded during 17 h, 24 h, 48 h, 96 h and
144 h. After cultivation we carried out the precipitation by
centrifuge (3000 rpm, 10 min., 0°C), we poured out
supernatants and the remained bacterial pellet washed
in sterile distillated water. We dried the obtained

weighted them (the whole masses). From the total
quantity of bacterial pellet we took the amount
necessary for analyses, weighted it (~30 mg) and put it
into test tubes. In order to convert the samples into a
liquid state, we added the concentrated nitric acid (1 ml)
into the test tubes, heated it and after a complete ashing
dissolved it by bidistillate to a certain volume. The
analysis of the obtained samples on the content of
metals was made by atom-absorption spectrometer
(Analyst 800, acetylene—air flame). We studied the
process of assimilation of Cu by bacteria and the
influence of Ca ions of this process.

[1I.

The results of measurement are given in Figs. 1 and 2.
The intensity of Cu uptake process from the
nutrient media is practically similar during the whole
experiment, when the concentration of Ca added in
media is 1600 mkg/ml and 0 mkg/ml. When Ca
concentration in nutrient media is 100 mkg/ml and 400
mkg/ml, the uptake of Cu is sharply increased at the
start of experiment (17 h). During the following period of
experiment (96 h and 144 h) the intensity of Cu uptake is
decreased and the corresponding curves become
similar to the curves that correspond to Ca
concentrations 1600 mkg/ml and 0 mkg/ml.

RESULTS AND DISCUSSION

biomasses by low-temperature lyophilizer [22]  and
250 - - —— 151B
| Fig.1 —@— 151B+Ca 100 mkg/ml
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Fig. 1: The effect of Ca on the process of uptake Cu by bacteria (Arthrobacter
globiformis 151B). T(hours)- The growth time of bacteria. The Ca concentration
in the food medium is 100 mkg/ml, 400 mkg/ml and 1600 mkg/ml.
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Fig. 2: Dependence of the bacterial growth mass M(mg)on time T(hours)
Arthrobacter globiformis151B. The Ca concentration in the food medium is 100
mkg/ml, 400 mkg/ml and 1600 mkg/ml.

The addition of Ca to the medium slows down
the growth of bacteria for the entire period of the
experiment, when the concentration of calcium in the
food medium is 100 pg / ml and 400 pg / ml. When the
concentration of calcium in the food medium is 1.6
mg/ml, the growth of bacteria decreases at the initial
stage of the experiment (17 hours, 24 hours, 48 hours).
In this case, the mass of bacteria is much less than
when calcium is not added to the food environment. At
later stages of the experiment (96 h and 144 h), the
bacterial mass is not less than when calcium is not
added to the food medium. At the next period of
cultivation, the bacterial masses grow and approach the
value that bacteria have, cultivated without adding Ca.

IV. CONCLUSION

As shown by the results of the experiment, the
addition of calcium in the medium does not reduce the
penetration of copper in bacteria. At the initial stage of
the experiment (17 h, 24 h, 48 h), when the
concentration of calcium in the food medium is 100
ug/ml and 400 pg/ml, copper penetration increases
sharply compared to the case, when calcium is not
added to the food medium.

The addition of Ca in the medium slows the
growth of bacteria, at various concentrations of Ca. The
addition of Ca in the food medium leads to a sharp
decrease in the bacterial mass. The exception is when
the Ca concentration in the food medium is 1.6 mg/ml.

Interference is pronounced at the initial stage of
the cultivation of bacteria. In the next cultivation period,

the bacterial masses grow and approach the value that
bacteria have, cultivated without adding Ca.
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g) Suitable statistical data should also be given.
h) All data must have been gathered with attention to numerical detail in the planning stage.

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed.

i)  Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also
be summarized.

j)  There should be brief acknowledgments.

k) There ought to be references in the conventional format. Global Journals recommends APA format.

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow
instructions. They will also be published with much fewer delays than those that require much technical and editorial
correction.

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity.
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FORMAT STRUCTURE

It is necessary that authors take care in submitting a manuscript that is written in simple language and adheres to
published guidelines.

All manuscripts submitted to Global Journals should include:
Title

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with
spaces), names of the authors and co-authors, and the place(s) where the work was carried out.

Author details
The full postal address of any related author(s) must be specified.
Abstract

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon.

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be
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

XXI

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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