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l. [MPORTANCE OF Two PHASE FLuiD FLows

For many years, engineers and scientists have been interested in
gas — solid particle flows which arise in many industrial applications.

a) Heat Transter [26]

In many engineering problems, we come across dusty fluid flows which involve
body forces such as buoyant force. Practical application of these flows may be found in
heat exchangers, utilizing liquid metal or liquid sodium coolants in the area of thermal
instability in the study of heat transfer. A few applications include Gas cooling systems
and hydro cyclones.

b) Cement Process Industry [37]

In cement factories, powdered fine cement is taken to silo by pneumatic conveying
which means mixing of fine cement particles with air,. The cement dust air is transported
through pipe lines to storage bins and the air is devoid of fine particles in a cyclone
separator followed by electrostatic precipitators.

c) Steel Manufacturing Industry/40]
Finely ground iron ore is mixed with water to make a suspension, and then piped
down to the desired location, separated at the port and shipped.
d) Fluidized Bed/37]
e (Coal gasification for power generation.
e Reduction of gasoline from petroleum traction.

e Bed slag drier cement for treatment of special grade cement used for constructing
bridges.
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e)

?)

Magneto hydrodynamic generators (MHG)/26]

Solid particles in form of ash or soot are suspended in the conducting fluid as a
result of the corrosion during the combustion processes in MHD generators.

Bio Fluids[40/
Examples of dust — laden immiscible fluids separated by an interface occur in

the locomotion of micro organisms, where the heating of long slender flagella or fields
of hair like cilia propel the organisms through the surrounding fluid.

I1. BAsSIC ASSUMPTIONS IN TWO PHASE FLuiD FLows

In order to formulate the fundamental equations of motion of the two-phase
fluid flows [40] in a reasonably simple manner and to bring out the essential features
certain basic assumptions are made. They are as follows:

The fluid is an incompressible Newtonian fluid.

Dust particles are assumed to be spherical in shape, all having the same radius and
mass, and are undeformable.

The bulk concentration (i.e., concentration by volume) of the dust is very small so
that the net effect of the dust on the fluid particles is equivalent to an extra force KN

-

(q;-q ) [1] per unit volume, where a( X, t) is the velocity vector of the fluid,

ap( X , 1) is the velocity vector of the dust particles. N, the number density of the

dust particles, i.e., the number of dust particles per unit volume of the mixture and K,
the Stokes drag constant which is 6 7 g a for spherical particles of radius a, g being
the coefficient of viscosity of the clean fluid and it is also assumed that the Reynolds
number of the relative motion of the dust and the fluid is small compared with unity.

The effect of the dust enters through the two parameters- f, the mass concentration
parameter and 7, the relaxation time parameter of the dust particles. 7 is a measure
of time for the dust to adjust to changes in the fluid velocity. The former describes
how much dust is present and the latter is determined by the size of the individual
particles. Making the dust fine decreases 7, and making it coarse increases 7, in a

manner proportional to the surface area of the particles.
The density of the material in the dust particles ( p;) is high compared with the fluid

density ( p ) so that the mass concentration (ﬁJ is small.

P1

The buoyancy force on the particles is neglected since (ﬁJ is small and so the fluid-
P1

phase supplies the entire pressure.

For sufficiently small particles, the velocity of sedimentation is small compared to the
characteristic velocity and can be neglected.

Three dimensional parameters can be constructed out of the quantities defining the
flow and the dust: the Reynolds number R, the mass concentration of dust f and
another one involving the relaxation 7 .

The distortion of the flow around the dust particles is neglected.

The particle will in general have a different temperature than that of the surrounding
fluid, and therefore there will be temperature defects. Because of these temperature

© 2012 Global Journals Inc. (US)
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defects, there will be heat transfer between the two phases. The heat transfer from a
ppcs(Tp B T)

T

particle to the fluid has the form , where p,= N,m , N, is the

number [40] density , m is the mass of each particle , p, 1s the partial
density of the dust particles i.e., mass of particle phase per unit volume of
mixture of the two phases, C, is the specific heat of the solid particles, ¢, is the

3 C
specific heat at constant pressure for the fluid, 7, = (E) P{_SJ 7 is the thermal
Cc

p

Cc
equilibration  time, Pr = (,uka: Prandtl number, k is the thermal

conductivity of the fluid, T is the fluid temperature, T  is the temperature of the

p

a2
dust and 7 = [éj (pp ] . Consequently the heat transfer from the fluid to the

U
dust will be negative of the heat transfer from the dust to the fluid.

[1I.  Basic GOVERNING EQUATIONS [36, 38, 39, 40]

Equation of continuity for the fluid
div q=0 =0 (4.1)

Equation of conservation of momentum for the fluid:

8% - - - - -
Yo, a—?+(q .gradjq :_Vp"‘HVZQ"‘KNo(QD_ qj (4.2)

The conservation of Energy equation for the fluid:

oT oT oT
+u +V

ot o o,
pc, X Yy | _ o KaT +8 KaT +8 K&T
oT o X O X oy oy oz oz
+ W ——
oz
+8p+u8p+vap+wap+¢
ot O X oy oz
L PoCy (T,-7) (4.3)
Tr

Where ¢ represents the viscous dissipation function given by
ou)’ ov) (ow)
p= 29| — | +|—| + | —
0X oy 0z
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The Continuity equation for the particle phase

Notes

ON . -
——+div| N =0 .

S

"~ The conservation of momentum equation for the particle phase
[ .
oq,
ot

No m +(9.V)q, |=KN,(q-q,) (4.6)

The conservation of energy for particle phase

(4.7)

e Ty oy o, ] 2o (r,-7)
Plot Pox Poay Poz

T

These independent equations are to be solved for unknowns

(F) Volume XII Issue IX Version I

N

qg=(u,v,w), qu(up’Vp’Wp)’N' p’T’Tp )

When volume fraction of particle phase is taken into account, the equations of
conservation of momentum for the fluids and dust take the form:

Frontier Research

8 6_> - - - - -

p -9+ (0.v]d - -0 -vp+avia |+ KN, d,-d) (49
g 6qp - z 2 - -

g Nom| — +(q.V)q, |=¢(-Vp+4V-d,)+KN,(q-q,) (4.9)

IV. BOUNDARY CONDITIONS[1 ,26, 37, 40]

The fundamental equations stated above are to be solved under appropriate
B boundary conditions to determine the flow fields of the fluid and dust particles. In
general, the boundary conditions are as follows:

© 2012 Global Journals Inc. (US)
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a) The boundary conditions on the fluid phase
1. There will be no mass transfer at the solid boundary.
2. The fluid velocity vanishes at the solid boundary.
3. The fluid velocity must approach the free stream value as y approaches infinity.
(For large distance)
4. The temperature of the fluid at the plate is that of the plate.
5. The temperature of the fluid must approach free stream value as y approaches
infinity.
b) The boundary conditions on the dust particles
1. The dust particles may slip at the boundary and the boundary conditions are to be
taken from ambient conditions.
2. The particle phase temperatures must approach their free stream values as y
approaches infinity.

\Y RESEARCH APPROACHES

The importance of two phase particulate flows has led to the development of
several multiphase theories. These theories are based mainly on either the Lagrangian
approach or Eulerian approach. In Lagrangian approach the fluid treats as a
continuum while the particle phase is governed by the kinetic theory. Motivated by
the advantages of Eulerian approach establishing mathematical models for various
types of flows augurs well and their utility in carrying out research studies,
Picart et al[24] suggested Eulerian model as the tracking approach in evaluating the
dispersion coefficients analytically from basic principles. Eulerian approach is thus
and is also expected to provide valuable information for further advances of the
tracking  approach which is very far from being fully developed[32]. K-
e-lunate” model is used for prediction of Turbulence fields. This model is supplemented
with algebraic relations deduced from a second-order closure scheme. Then, the
dispersion of discrete particles transported by the turbulence fields predicted above is
computed. Modelling of the discrete particle dispersion is based on an FEulerian
approach. The (monodispersed) particles are considered as a continuous field for which a
transport equation is written. The transport equation contains a dispersion tensor which
is computed in the framework of the (slightly extended) Tchen theory, assuming a
two- parameter family of Lagrangian correlation functions for the fluid particles.
Modifications can be included to account for crossing-trajectory effects.

VI.  MATHEMATICAL [NVESTIGATIONS

Saffman[1] carried out pioneering work on the stability of a laminar flow of a dusty
gas by introducing relaxation parameter. By describing the motion of a gas carrying
small dust particles, he derived the equations satisfied by small disturbances of a
steady laminar flow. He also discussed the effect of the dust, and described by two
parameters; the concentration of dust and a relaxation time T which measures the rate at
which the velocity of a dust particle adjusts to changes in the gas velocity and depends
upon the size of the individual particles.

Marble[2] made a comparative study of experimental and theoretical results on gas
and particle temperature in a rocket nozzle and pointed out the accuracy of predicted
results of particle lag in rocket nozzles. Investigations into the dynamics of two phase
flow received a strong impetus from concern with the losses of solid rocket motor
performance associated with substantial mass fractions of solid particles in the
exhaust.
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Investigations on heat transfer by natural convection of two phase fluids in non-
porous media have been made by Sukomel, Tsvetkov, and Kerimov[3]. Also the authors
discussed the natural convection of a dusty fluid in an infinite rectangular channel with
differentially heated vertical walls and adiabatic horizontal walls and solved by using the
central and second upwind differencing methods. Its seems that the heat transfer rate
decreases with an increase of mass concentration of dust particles, but it increases with an
increase of the Rayleigh number.

Baral [4] studied the problem of the flow of a conducting dusty gas occupying a
semi infinite space in the presence of a transverse magnetic field.

Rao [5] studied the unsteady flow of a dusty viscous liquid in a channel and a
pipe under the influence of a pressure gradient varying in magnitude but not in
direction also discussed the unsteady flow of a dusty viscous liquid through a
circular cylinder.

Healy and Young [6] have investigated various aspects of hydrodynamic and hydro
magnetic two phase flows in a non - rotating system. Pai[7] has discussed the
fundamental equations of a mixture of a gas with solid particles and Rudinger [§]

studied the effective drag coefficient for gas — particle flow in shock tubes.

Healy [9] investigated various aspects of hydro dynamic and hydro magnetic
two phase flows in a non rotating system . Reddy [ 10 | discussed the flow of a
dusty viscous liquid through rectangular channel, and also investigated the effect of
the presence of the dust particles on fluid particles and plotted it graphically.

Soundalgekar [11,12] addressed free convection effects in dissipative dusty
medium. Dube and Sharma [ 13 | discussed in their note on the flow of a dusty
viscous liquid in a channel bounded by two parallel flat plates under the
influence of a constant pressure gradient.

Datta and Jana [14] studied the effects of rotation in the dusty fluid flows in
a channel. Gupta and Sharma [15] investigated the unsteady flow of a dusty viscous fluid
through long confocal elliptical ducts when the axial pressure gradient is an arbitrary
function of time in the presence of transverse magnetic field.

Soundalgekar [16] gave the closed form solution to the Stokes problem. He solved it
by considering a vertical infinite plate, by taking into account the free-convection effects
but neglecting viscous dissipative heat. The plate was assumed to be isothermal and the
effects of heating or cooling of the plate on the flow were considered.

Soundalgekar, Bhat and Mohiuddin[17] discussed  the analysis of free

convection effects on Stoke’s problem for a vertical plate in dissipative fluid using
Finite difference method. Venkataraman and kannan [36] analyzed the flow pattern
for dusty fluid too.The flow past an infinite vertical isothermal plate started impulsively
in its own plane in a viscous incompressible fluid has been considered on taking into
account the viscous dissipative heat. The coupled non-linear equations governing the flow
are solved by finite-difference method. The velocity and temperature field have been
shown graphically for G {greater-than or less-than} 0 (G, the Grashof number, G > 0,
cooling of the plate by the free convection currents, G < 0, heating of the plate by the free
convection currents) and the numerical values of the skin-friction and the rate of heat
transfer are entered in tables. The effects of G and E (the Eckert number) on the flow
field are also discussed.

The two-dimensional flow of a dusty fluid induced by sinusoidal wavy motion of
an infinite wavy wall for low Reynolds numbers was discussed by Nag [18].

© 2012 Global Journals Inc. (US)
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21. Palaniswamy, V.I. and Purushotham, C.M. (1984). “On the internal gravity waves in

a shear flow of a dusty gas”, J. Math. Phy. Sci., 18(S): 89-99.

Verma and Sarangi [19] discussed the unsteady flow of a dusty gas between two
plates with roughness along their length by Fourier series method by considering the
roughness to be small in comparison with the average distance between the plates.

Mitra.P [20] obtained an exact solution for the flow of an incompressible viscous
dusty gas induced by two infinitely extended parallel plates when the lower plate is
oscillating harmonically and the upper one is at rest in a rotating frame of reference. The
velocity distributions for the dusty gas, dust particles and the clean gas for different
values of the rotation parameter omega are represented graphically. It is found that with
the increase in omega, the velocities of the dusty gas, dust particles, and the clean gas
along the axis of x are decreased.

Palaniswamy and Purushotham [21] considered in the absence of dissipative
processes the effect of fine dust on the internal gravity waves in the parallel shear flow of
a Boussinesq fluid and have shown that the addition of dust particles results in a
considerable reduction in the wave energy. The linear stability of plane parallel shear
flows of a stably stratified incompressible fluid laden with uniformly distributed fine dust

particles is studied. It is shown that the Miles criterion for stability, the Rayleigh—Synge

criterion for instability, and Howard’s semicircle theorem can be extended under the
assumptions that the mass concentration is very small and that the relaxation time of the
dust particles is very much less than the time scale characterizing the basic flow. The
effect of fine dust is found to increase the region of instability. In addition, a semi ellipse

criterion for instability has been given as an improvement over Howard’s semicircle
criterion.
The study reported by Jha [22] concerns the flow pattern set up in an electrically

conducting dusty visco — elastic fluid of Maxwell type contained in the annular space
between two concentric circular cylinders when the flow is induced by the transient axial
motion of the cylinders under the combined influence of a constant pressure gradient and
a uniform radial magnetic field strength fixed relative to the fluid.The response of the
flow to the interaction between elastic, viscous and electromagnetic forces and to the
interplay between the dust and fluid particles has been determined and the data are
presented graphically. It is found that the presence of dust has negligible influence on skin
friction drag at the inner cylinder, while the magnetic field increases it.

Debnath and Ghosh [23] investigated hydro magnetic Stokes flow in a rotating
fluid with suspended small particles.

An initial investigation is made of the motion of an incompressible, viscous
conducting fluid is made. The fluid is embedded with small spherical particles bounded
by an infinite rigid non-conducting plate. Both the plate and the fluid are in a state of
rotation with constant angular velocity about an axis normal to the plate. The flow is
generated in the fluid-particle system is due to non-torsional oscillations of a given
frequency superimposed on the plate in the presence of a transverse magnetic field. The
operational method is used to derive exact solutions for the fluid and the particle
velocities, and the wall shear stress. The small and the large time behaviour of the
solutions is discussed. The ultimate steady-state solutions and the structure of the
associated boundary layers are determined with physical implications. When the time is
small, rotation and magnetic field affect the motion of the fluid relatively earlier than
that of the particles. The motion for large time is through inertial oscillations of
frequency equal to twice the angular velocity of rotation. The ultimate boundary layers
are established through inertial oscillations. The shear stress at the plate is calculated for
all values of the frequency parameter. The behaviour of the shear stress is discussed. The
exact solutions for the velocity of fluid and the wall shear stress are evaluated numerically
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for the case of an impulsively moved plate. It is found that the drag and the lateral stress
on the plate fluctuate during the non-equilibrium process of relaxation if the rotation is
large. The present analysis is very general in the sense that many known results in
various configurations are found to follow as special cases. The problem of unsteady
laminar flow of a conducting dusty gas in a channel = bounded by two parallel plates in
the presence of a transverse magnetic field when the flow takes place due to sudden
application of a pressure gradient which is any function of time has been considered by
Rukmangadachari [25].

While studying oscillating free convection over two dimensional body in dusty
fluid, Ramamurthy [26] showed that steady state heat transfer is always from wall to fluid
and discussed the effect of Prandtl number on heat transfer of the dusty medium.

Sinclair and Jackson [27] investigated the Gas — Particle flow in a vertical

pipe with particle — particle interactions.A theory for the fully-developed flow of gas and
particles in a vertical pipe is presented. The relationship between gas pressure gradient
and the flow rates of the two phases is predicted over the range of cocurrent and
countercurrent flows. Velocity profiles and radial concentration profiles are also given. The
model accounts for marked segregation of gas and particles in the radial direction.

Stoke’s problem for free convection effects over two dimensional bodies in
dusty fluid has been discussed by Ramamurthy [28].

Alichamkha[29], Ram and Takhar [30] studied to analyze fluid particle
interaction mechanism in various types of flows. Dalal [31] investigated on heat

transfer by natural convection of two phase fluids in non — porous medium.

Eulerian approach is thus and is also expected to provide valuable information for
further advances of the tracking approach which is very far from being fully developed by
Gouebet and Berlemont [32] .

Eulerian and Lagrangian methods are used for finding the behaviour of dust
particles in turbulent flows

Debnath and Ghosh [33] also discussed the unsteady hydro magnetic flows of a
dusty visco-elastic fluid between two moving plates. All the above investigations were

carried out by the authors in a fluid system having non—rotational frame of reference. On
the other hand the simultaneous influence of rotation and external magnetic field on
electrically conducting two-phase fluid systems seems to be dynamically important and
physically useful.

Kannan [34] analyzed the relative velocities of fluid and dust particles depending
upon the concentration parameter while discussing unsteady flow of a dusty viscous fluid
through circular cylinder.

Kannan and Ramamurthy [35] applied perturbation technique to obtain inner and
outer solutions for the problem of induced dusty flow due to normal oscillation of the
wavy wall and have shown an interested application of their result to mechanical
engineering for the possibility of fluid transportation without external pressure.

Venkataraman and Kannan [36] discussed the the two phase fluid flow on an
infinite vertical plate with viscous incompressible and dissipative heat. They discussed the
effects of fluid flow for various values of Grashof and Eckert numbers. Also they observed
that skin friction values increased in dusty fluid, heat transfer rate decreased for increase
in mass concentration. For higher values of t, particles never allowed the reverse flow.

Ghosh.S and GhoshA.K [38] studied to analyze fluid — particle interaction
mechanism in various types of flows.
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Notes

An initial value investigation is made of the motion of an incompressible, viscous,
conducting fluid with embedded small inert spherical particles bounded by an infinite
rigid non-conducting plate. The unsteady flow is supposed to generate from rest in the
fluid-particle system due to velocity tooth pulses being imposed on the plate in presence
of a transverse magnetic field. It is assumed that no external electric field is acting on the
system and the magnetic Reynolds number is very small. The operational method is used
to obtain exact solutions for the fluid and the particle velocities and the shear stress at
the plate. Quantitative analysis of the results is made to disclose the simultaneous effects
of the magnetic field and the particles on the fluid velocity and the wall shear stress.

Kannan.K and Venkataraman.V [39] analyzed  the viscous dusty fluid
between two harmonically oscillating plates when a body force is applied at time
t = 0 in the direction of the motion of the plates. It is inferred that growth of
velocity of both the phases is rapid in the early stages but soon it tends to
follow a steady pattern. When there is no body force, reverse type of flow
occurs initially which shoots up rapidly to follow an oscillatory pattern.

Kannan.K and Venkataraman.V[41] analytically studied the heat transfer rate
and free convection in an infinite and porous medium. They discussed velocity and
temperature fields by using Rayleigh number. They extend the results up to second order
mean in both fields. It is observed that, because of relaxation time of dust, the second
order mean flow occurred.

Venkataraman.V and Kannan.K[42] has analyzed the two phase fluid flow in the
existence of Magnetic field. They evaluated the numerical values of exact solution. Also
found the reversal particle flow occurred only when the Eckert number is eight. Also in
the presence of magnetic field, increase in mass concentration causes increase in fluid
velocity and skin friction values decreases only when the rotation parameter values are
decreased.
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Abstract- We have studied the behaviour of a radiating star when the interior expanding, shearing fluid particles are
traveling in geodesic motion. A systematic approach enables us to write the junction condition as a Riccati equation. In
this article we obtained two new solutions in terms of elementary functions with assuming a separation of variables and
also have discussed the physical significance of these solutions.

Keywords : Radliating star, Vaidya exterior equation, Einstein's field equations, Exact solutions, Variable
separation.

. INTRODUCTION

The interior space-time of the collapsing radiating star should match to the
exterior space-time described by the Vaidya solution in 1951. To obtain realistic analytic
solutions, different authors constructed different models. De Oliviera et al (1985)
proposed a radiating model of an initial interior static configuration leading to slow
gravitational collapse. Herrera et al (2004) proposed a relativistic radiating model with a
vanishing Weyl-tensor, in a first order approximation, without solving the junction
condition exactly. Then Maharaja and Govender (2005) & Herrera et al (2006) solved the
relevant junction condition exactly, and generated classes of solutions in terms of
elementary functions which contain the Friedmann dust solution as special case. The first
exact solution, with nonzero shear was obtained by Naidu et al (2006) in 2006,
considering geodesic motion of fluid particles; later in 2008, Rajah and Maharaja (2008)
obtained two classes of nonsingular solutions by assuming that the gravitational function
Y(r,t) is a separable function and solving a Riccati equation. Recently S.

Thirukanesh and Maharaj (2010) demonstrate and obtained exact solutions
systematically without assuming separable forms and not fixing the temporal evolution of
the model. We further extended it and obtained two new solutions by assuming that the
gravitational potential ¥{¢, r) and B (r, ¢) is a separable function.

II. THE MODEL

In general relativity, the form for the interior space time of a spherically
symmetric collapsing star with nonzero shear when the fluid trajectories are geodesies is
given by the line metric.

Author a : The College of Arts and Sciences (CAAS), IUBAT-International University of Business Agriculture and Technology, Dhaka,
Bangladesh. E-mail : abu.helal@iubat.edu

Author o : Department of ETE, Southeast University, Dhaka, Bangladesh. E-mail : mkchowdhury@seu.ac.bd

Author p : Department of CSE, Northern University Bangladesh, Dhaka, Bangladesh. E-mail . mrc.firoj@gmail.com

Author @ . Department of Mathematics, University of Chittagong, Chitlagong, Bangladesh. E-mail . ashraf.islam_mathcu@yahoo.com

© 2012 Global Journals Inc. (US)

Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I ﬂ Year 2012



4

Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I H Year 2012

ds? = —dt? + B%dr? + Y?(d6? + sin?0d¢?)

(1)

Here B and Y are functions of both the temporal coordinate t and radial coordinate

r. The fluid four — velocity vector u is given by u® = §¢ which is comoving. For the line
element (1), the four acceleration 72 , the expansion scalar @ , and the magnitude of the
shear scalar are given by

¢ =0 (2a)
O=2+27 (2b)
=35G8 20)

respectively, and dots denote the differentiation with respect to ¢. The energy momentum
tensor for the interior matter distribution is described by

(3)

where p is the isotropic pressure, p is the energy density of the fluid, Ta» is the
stress tensor, and g, is the heat flux vector. The stress tensor has the from

1
- ghab)

Tab = (p + ,0) UgUp + PYab + Tap + qalUp + qalUq

Ty = (B — P ) (ngmy,

(4)

Where P, is the radial pressure, and P, is the tangential pressure and n is a unit

radial vector given by n2= (31) s& . The isotropic pressure is given by

(5)

In terms of the radial pressure and the tangential pressure, for the line element (1)
and matter distribution (3) the Einstein field equations becomes

1
P =< (pr+2p)

_BY 1 ¥R 1oyt v Y (6a)
p_ZBY+Y2+Y2 B2(2Y+Y2 ZBY)

2¥  y? 1 1y’
b=y v wtey (62)
— (B BY ¥y, 1 " BY 6c
b= (B+BY+Y)+32(Y BY) ( )

(64)

where the heat flux ¢ = (o, q, 0, o) is radially directed and primes denote the
differentiation with respect to r. These equation describe the gravitational interactions of
a shearing matter distribution with heat flux and anisotropic pressure for particles
travelling along geodesics from (6a) — (6d), we observe that if the gravitational potentials
B(t, r) and y (¢, r) are specified, then the expressions for the matter variables p, p,, p,
and g follow by simple substitution.
The vaidya exterior space-time of radiating star is given by

2m(v)

ds* =—(1- ) dv* — 2dvdR + R? (d6? + sin?6 d ¢?)

(7)

where m(v) denoted the mass of the fluid as measured by an observer at infinity.
The matching of the interior space-time (1) with the exterior spacetime (7) generates the
set if junction conditions on the hyper surface ¥ given by
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2m dRy\1
dt=(1-=+270 2dv (8a)

Y(Ry,t) = Ry(v) (8D)

m)y = [2 (1 +Y2— Z—z)] (8¢)
b

(P): = (gB):x (8d)

The nonvanishing of the radial pressure at the boundary X is reflected in equation
(8d). Equation (8d) is an additional constraint which has to be satisfied together with the
system of equations (6a)- 6d). On substituting (65) and (6d) in (8d) we obtain

2 .
2rV +72 -S4 2yy - Z vy 1=0 9)

which has to satisfied on £. Equation (9) governs the gravitational behaviour of
the radiating anisotropic star with nonzero shear and no acceleration. As equation (9) is
highly nonlinear, it is difficult to solve without some simplifying assumption. This
equation comprises two unknown functions B(¢, r) and Y(¢, 1).

1. ExacTt SOLUTIONS

For convenience rewrite equation (9) in the form of the Riccati equation in the
gravitational potential B as follows

(10)

B=|7+ + +7 B85

Y? 1], v Y
2Yy' ©2yy’

Equation (10) was analyzed by Nogueira and Chan (2004) who obtained
approximate solutions using numerical techniques. To describe properly the physical
features of a radiating relativistic star exact solutions are necessary, preferably written in
terms of elementary functions. An exact solution was found by Naidu et al (2006), which
was singular at the stellar centre.

The Riccati equation (10), which has to be satisfied on the stellar boundary ¥, is
highly nonlinear and difficult to solve. In 2008, Rajah and Maharaj obtained solutions by
assuming that the gravitational potential Y{¢, r) is a separable function and specifying
the temporal evolution of the model. Later in 2010, Thirukanesh and Maharaj,
demonstrate that it is possible to find another exact solutions systematically without
assuming separable forms for ¥{¢, r) and not fixing the temporal evolution of the model a
priori by introduce the transformation

B=2zy’' (11)
Then equation (10) becomes
.1
Z=5[Fz? -1] (12)
where set F=2vV+v2+1

Observe that equation (12) becomes a separable equation in Z and ¢, and therefore
integrable, let 7' be a constant or a function of r only. In other word, (12) is integrable as
long as F is independent of t.
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For F =1 S. Thirukanesh and S. D. Maharaj obtained the solution

ds? = i i 2
1+£(r) exp 3[R (Nt+R (r)]1/3/R
1
’ 112
—d¢? +§ [RIHRzl/ dr? +
1 [R1t+R2] /3
1) expl IR OE+R /3
1
[R,t + R,]"/3(d62 + sin? 6 dp?) (13)
For R, = R%2, R, = aR’/> the line element (13) reduces to
ds? =
—dt? + s
( oo \
L £r) expl SRR (T3
1
(t +a)*/3{R” dr? + R2(d6? + sin® 0 dg?) | (14)

1
1-f(r) exp 3[R (ME+R; (1] /3/R1

Which is the first category of the Rajah and Maharaja (2008) models for an
anisotropic radiating star with shear. They match the line element (14) with the Naidu et
al solution

2
4 ) 1+1(r) exp[3t1/3/r]
ds? = —dt? +t /3R’

— L @+ R2(d6? + sin? 6 dp?)
1-£(r) eXP[3t1/3/r]

(15)

Again for F = 1 + R*/(r) Thirukanesh & Maharaj found the line element

2

R?+1/R
1+g(r) (Ryt+R)V L /R

2
JRi* [1 g Ry t+R TR

For R, = R, R, = aR which is reduces to equation

= —dt? + [Rit + Ry]? + [R, (1)t + Ry ()] (d0? + sin> 60 dg?)  (16)

2
1+h(r)[t+a] VRZ+1/R
1-h(r)[t+a] VRZ+1/R

ds? = —dt? + (t + a)? §R2+1 dr* + R?(d6? + sin® Hdd)z)} (17)

IV. NEW SOLUTIONS

Now we obtained solutions by assuming that the gravitational potential ¥ (%, r)

and B(t, r) is a separable function and specifying the temporal evolution of the model
Equation (9). Choose,

Y=R(t)A(t) And B=R(t)C(r)

Now from equation (9) we have
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RZOA%(r)  2RMOAMRMBDA M)
ROCH  ROCH

2R(A(). R(A(r) + R2(t)A2(r) —

_ 2R@CERMOAMRDA () A% () 1

+1=0 = 2R(R() +R2(t) =

R2(t)C?(r)

Case-1
For ¥ = 0, then we have

R(t) = (a+bt)73and A(r) =+ [ C(r)dr'+d
Therefore we have,
B=(a+bt)’5C(r) and Y= (a+bt)’BAM)
Then we can calculate the metric (1) is

ds? = —dt? + (a + bt)"/3[C2(r)dr? + A2(r)(d6? + sin26 d®?)]

Where A(r) =[] C(r)dr'+d

Coem 2oV W)

Here the expansion scalar © is non zero and if time(Z) is increase this will be
decrease. Again pressure is zero but density is nonzero i.e. the universe is gaseous.

Now we draw a graph (using MATLAB) for the scale factor

R(®) = (a + bt)*/3

a20,b>D

‘open univefse

R(t)

Figure 1 - 'This solution shows the universe is either open or closed.

Case-2
For v #0 we have

A(r)
N
“B=(a+yt)C(r) and Y = (a+ yt)A(r)

Rt)=a+yt and C(r)=

Therefore the metric (1) can be written as

ds? = —dt? + (a + y£)?[C2(r)dr? + A2(r)(d6? + sin? 6 dD?)]
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Where A(r) is the function of 7 only.

—-0- —0- —0- __3r
And ¢=0; P=0; p=0; 6=

which is not a collapse solution.

Consider, A=r. Then, C(r) =

y2r2+1

Therefore the metric (1) becomes

ds? = —dt® + (1 +yt)? [( iy (6% + sin®6 do?)|
For
R = (x +yt), A(r) =r and C(r) = \/ﬁ gives

B = (x +yt) and Y = (< +yt)r

1

Therefore we have,

_ Y
0 _3(°<+yt)
1 6
=—_72 322_— 3
@ty T T et
_ Y
P=la+y?

Here the expansion scalar © and density are non zero and both will be decrease if
time is increase. Pressure is also non zero.

V. CONCLUSION

For the first case, the above solutions indicates that the space is very diluted as P
= 0. So we may consider the solution for dust, the density and the expansion scalar @
decreases when ¢ is increases and tends to zero when ¢ — ©@ The density decreases rapidly
than the expansion scalar ©. This solution shows the universe is either open or closed. So
the solutions are physically realistic.

For case-2 we see that for 3(y%r?+1) > 7y? +

both pressure p and density p

yt)z
decreases when 7 and ¢ increases. Also it is clear that the density p decreases rapidly than
the expansion scalar ©@. The form of the solution is Robertson Walker type solution for
open universe. The pressure decreases slowly when both r and ¢ increases but does not
tends to zero when both r and ¢ tends to infinity. The solution is physically realistic.
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[.  INTRODUCTION

Established terminologies, notations and theorems in set theory and propositional logic
[1] are assumed. Let V be a finite nonempty set. Its cardinality (or, size) is denoted by |V| :
By 2" we mean the power set of V, or the set of all subsets (including the empty set ¢) of V. By
2" we mean the set of all nonempty subsets of V; that is, 2¥ = 2V - {o}.

Let E denote a family of nonempty subsets of V. If Ux.e X =V, we say E fillsout V. A
hypergraph [2] on V is a pair (or, couple) H = (V, E) where V is a nonempty finite set and E is a
family of nonempty subsets of V that fills out V. The set V is called the vertex set of H and each
member of E is called a hyperedge of H. If no hyperedge in H equals all of V then we call H
non-trivial. If the members of E are all distinct (that is, no two members coincide as subsets of
V; or, E € 27) then H is simple. If no member of E is a subset (proper or otherwise) of another,
then H is a Sperner hypergraph. Some authors (instances: [2] and [3]) take Sperner hypergraphs
to be simple and vice versa but there is a distinction [4] between the two: Sperner hypergraphs
are necessarily simple but simple hypergraphs need not be Sperner. See 1.1 that follows. All
hypergraphs in this article are simple unless there are unambiguous indications to the contrary.
1.1: Example. Let H = (V, E) where V = {1, 2, 3, 4, 5}, E = {Xj, X, X3} with X; = {2, 3}, Xy =
{2} and X3={1, 3, 4, 5}. H is simple because X, X, and X3 are all distinct as subsets of V. But
H is not Sperner because the hyperedge X, is a subset of the hyperedge X;.
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Author o : Department of Mathematics, SASTRA University, Thanjavur, Tamilnadu State, India. E-mail : claudebergedr@gmail.com

© 2012 Global Journals Inc. (US)

Global Journal of Science Frontier Research (F) Volume XII Issue IX Version I E Year 2012



Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I E Year 2012

[I. TrRIM HYPERGRAPHS
Let H=(V, E). A hyperedge X in H is called redundant in H (or, redundant in E) if there
exists S € E — {X} such that S covers X; that is, X SUy.sY. For such an X, its redundancy
number (rX) in H is defined as rX = | S|, provided no subset of E with cardinality less than rX
covers X; that is, if T ¢ E— {X}and | T | < rX then T does not cover X.

If H = (V, E) has no redundant hyperedges then we call E a minimal hyperedge cover for
H and we call H a trim hypergraph.

If X is redundant in H with redundancy number rX then we write Xred(rX)H or
Xred(rX)E or, if rX does not matter, just XredH or XredE. Evidently the redundancy number of
a hyperedge depends on the hypergraph in which the hyperedge figures, and a redundant
hyperedge in H has a unique redundancy number in H. The redundancy property of X in H

could disappear if H is altered.

2.1: Example. V={1,2,3,4,5,6,7,8} X1 ={1,3}, X2={2, 3,4}, Xs={4, 5, 6}, X4={7, 8}
and Xs = {6, 8}. Let E = {X |j = 1 through 5} and H = (V, E). Then Xs is redundant in H and
has rXs = 2 because:

(@) S ={Xs, X4} € E - {Xs} covers Xs and

(b) no subset of E — {Xs} with size less than 2 covers Xs.

2.2: Proposition. InH=(V,E),forr=1, 2, ..., we let Red(r)H = {X € E: Xred(r)H}. Then we
have: H = (V, E) is Sperner if and only if Red(1)H = ¢.

Proof. Suppose Red(1)H # ¢. Then given X € Red(1)H, X c Y for some Y € E — {X}, whence

H is not Sperner. Conversely, assume H is not Sperner. Then X c Y for some X, Y € E such

that X #Y. This means {YY} covers X, and so X € Red(1)H.

2.3: Proposition. A trim hypergraph is necessarily Sperner.

Proof. If His not Sperner then Red(1)H # ¢ by 2.2 and so H is not trim.

2.4: Example. The converse of 2.3 is not true. LetH = (V, E) where V ={1, 2,3,4,5,6, 7, 8},
X1={1,3} Xo=1{2, 3,4}, X3={4,5,6}, Xs= {7, 8 and Xs = {6, 8} and E = {X; |j =1
through 5}. H is Sperner, for no hyperedge in H contains another. But H has a redundant edge —

namely Xs, because E — {Xs} covers Xs.

© 2012 Global Journals Inc. (US)
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Let H=(V, E). For a vertex x €V, the number of hyperedges that contain x is defined to

be the degree of x in H, and this number is denoted by dx(H) or dx. Evidently dx(H) > 1 for each

X eV.

2.5: Proposition. A hyperedge X is redundant in H if and only if no vertex of X is of degree 1.

Proof. (=) Let H = (V, E). Suppose somey € X has dy = 1. Then no subset of E — {X} can

Notcs

cover X because X is the only hyperedge containing y. Hence X is not redundant in H.

o~

(«<=) Let X € E be given, say X = {Xy, . . ., X}, and suppose no vertex in X is of degree S
1. By hypothesis, to each x; € X there exists Y; € Ewith Y; #X and Xi € Y;. SOX C Uj=11+ =
Yi, whence X is redundant in H.

We call H = (V, E) a partitioned hypergraph (PHG) if its hyperedges form a partition of
V —meaning, V = X; U...uUXcand X; N X;= ¢ fori#j. APHG is necessarily Sperner, though

not conversely. The following proposition is straightforward.

2.6: Proposition. If H=(V, E) is a PHG, then H is trim.
Let H = (V, E). The omission of at least one hyperedge from while retaining the vertex
set V is called a rarefaction of H. Suppose T is a nonempty subset of E such that:
(@) T has no redundant hyperedges and
(b) T fills out V.

(F) Volume XII Issue IX Version I

Let T(H) = (V, T). Then we call T(H) a trim form of H.

2.7: Proposition. Let H = (V, E). Then there exists a trim form of H by rarefaction of H.

Proof. Let E = {Xy, ..., Xk} so that | E| =k. The following is a rarefaction process leading to a
trim form of H — if H is not trim in the first place.

Step 1: Begin by taking R (V) =g and T = E.

Input X;. LetY1= Uiy Xjand A = X1 — Y. Then A; = o< Ejred (H).

(For, A1= ¢ =>X; €Y which means E — {X;} covers X;. Conversely, X;redH means E — {X;}

Global Journal of Science Frontier Research

covers Xi.)
Update R (V) and T as follows:
If A; =g, thenletR (V) « R (V) U{X;}and T « E— R (V). |

Step j (2<j <k): Input Xj. Let Yj= ui4Xiand A;j=X;-Y;.

© 2012 Global Journals Inc. (US)
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If Aj = ¢, (which means X is redundant in T) then R (V) « R (V) u{Xj}and T <« E—-R (V).

Repeat the above procedure till all the k hyperedges have been input and tested for redundancy in
the rarefied form of H at the point of input. At the end of the kth iteration, T(H) = (V, T) is a
trim form of H. This is because even if k—1edges are redundant, the last input then cannot be so.

2.8: Example. V={1,2,3,4,5,6,7,8,9,10} X;={1, 2}, Xo= {2, 3, 4}, X3= {3, 5, 6}, X4 =
{4,7, 8}, Xs={6, 8}, X¢= {3} and X7={9, 10}. E={X;:i=1through 7} and H = (V, E). We Notcs
aim to obtain a trim form of H.

Initia: R (V) =9 & T=E.

Step 1: Input: X3. Y1=U21 Xi={2,3,4,5,6,7,8,9, 10} and A;=X; — Y1={1} # o.

So Xy isnotredundantin H. Update: R (V)= & Ti=E={X;,..., X7} Hi=H.

Step 2:Input: Xz, Y2= Uiz Xi =V and A= Xz — Y= ¢. So Xzis redundant in H.

Update: R (V) = {Xo} & T> = {X1, X3, Xa, X5, Xo, X7}. Ha=(V, To).

Step 3: Input: X3. Y3= Uiz23 Xi={1,2,3,4,6,7,8,9, 10} and Az= X3 - Y3= {5} # ¢.
Update: R (V) = {X2} &T3 = {X1, X3, X4, X5, Xg, X7}. Hz3 = (V, T3).

Step 4: Input: X4. Y4=Uiz24Xi=41,2,3,5,6,8,9,10}and Ay= X4 - Y4={4, 7} # o.
Update: R (V) = {Xo} & T4 = { X1, X5, Xa, X5, Xe, X7}. Ha=(V, Ta).

Step 5: Input: Xs. Ys=Uiz25Xi=Vand As= X5 - Ys5= 0.

Update: R (V) = {Xz, X5} & T5 = {X1, X3, X4, X6, X7}. Hs = (V, Ts).

Step 6: Input: Xs. Ye= Uix256 Xi=V and Ag= X — Y= 0.

Update: R (V) = {Xy, X5, X¢} & To = {X1, X3, X4, X7}. Hs=(V, To).

Step 7: Input: X7. Y7=Uiz2567Xi=4{1,2,3,4,5,6,7,8}and A;=X; - Y;={9, 10}+*0.
Update: R (V) = {Xy, X5, X¢} & T7 = {X1, X3, X4, X7}. H7 = (V, T).

Result: T(H) = (V, T), where T = T; ={Xj, X3, X4, X7}, isa trim form of H = (V, E).

2.9: Example. A given HG can have two or more trim forms. A trim form obtained by the
above rarefaction process is the consequence of the order in which the hyperedges are input. In
this example, two different input orders lead to two different trim forms of the same HG.

Given: H = (V, E), with V = {1, 2, 3, 4} and E = {Xy, Xy, X3, X4}, where X; = {1, 2}, X; = {2,
3}, X3={8,4}and X, ={1, 2, 4}.
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Table 1: Trimming process 1

Initial R (V) =9 & T=E.

Input | T updated Status of the input R (V)

order updated

E: T =T, ={Es, E,, E3, E4} Eired Ty (E1 has no remote | {E1}
vertex in Ty)

E, T=T, :{Ez, Es, E4} E, red T, (E2 has no remote {El, Ez}
vertex in T»)

Es | T=Ts;={Es Eq} Esnot red Ts {Ew E2}
(3= Ezis remote in Tj)

E,4 T=T4 :{Eg, E4} Esnot red Ta {El, Ez}
(1€E4is remote in Ty)

Output: T = T4 ={Es, E4} is a trim form of H.
Table 2: Trimming process 2:
Initial R (V)= & S=E.

Input | S updated Status of the input R (V)

order updated

E. S=8S:={E, Ey, E3, E4} E,red S; (E; has no remote | {E»}
vertex in S)

E4 S=S, :{El, Es, E4} E4 red S, (E4 has no remote {Ez, E4}
vertex in Sy)

E; S= 83 :{El, E3} E.not red in 83 {Ez, E4}
(1 € Ejisremote in S3)

Es S =S,={E;, Es} Esnotredin S, {E, E4}
(3€Eszis remote in Sy)

Output: S =S4 ={E, E3} is a trim form of H.

[1I.  CONCLUDING REMARKS

Trimming a hypergraph is a special case of the set-cover problem [3] which is a classic problem

in computer science. The algorithm we have presented (proposition 2.7) uses basic set theory

and hence works for all simple hypergraphs, irrespective of the differences in the cardinalities of

the hyperedges. The output is an edge cover (which can also be termed set cover) from the set of

hyperedges. Among the several (finitely many) such outputs, at least one is bound to be a

minimal edge cover for the vertex set.
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l. [NTRODUCTION AND PRELIMINARIES

The relation — introduced by M. S. Putcha in [1] and T. Tamura in [2], plays
a crucial role in semilattice decompositions of semigroups. General properties of the
graphs that correspond to these relations were studied by M. S. Putcha in [3] and the
structure of semigroups in which the minimal paths in the graph corresponding to — are
bounded was described by M. Ciri¢ and S. Bogdanovi¢ in [4]. The latter semigroups have
also been studied by S. Bogdanovié¢, M. Ciri¢ and Z. Popovié in [5]. Further, semilattice
decompositions are especially interesting when they are considered for epigroups. A
characterization of the least semilattice congruence on such semigroups was given by M.
S. Putcha in [6], and by L. N. Shevrin (See the survey paper [7]). In [8], Z. Popovié, S.
Bogdanovi¢ and M. Ciri¢ study epigroups admitting a decomposition into a semilattice
of o,-simple semigroups and described them in terms of properties of their idempotents.
In this paper we will give a note on semilattice decompositions of epigroups by using
some relations, ideals on/of S and certain special elements in S.

Now we give precise definitions of the notions used above and the ones that will be
used in the further text. N will be used in the sequel to denote the set of all positive
integers. Let S be a semigroup. For a subset A of S, we define

VA={zeS|(3necN)z" c A}.

A subset A of S is completely semiprime if for any = € S,z? € A implies z € A. If A
is an ideal of S, then it is completely semiprime if and only if v/A C A. The division
relation | and the relation — on S are defined by

1. Putcha M S. Semilattice decompositions of semigroups[J]. Semigroup Forum,
1973, 6: 12-34.

abe 3z,ye S b=rxay, a — b< (3keN) ab”.
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For n € N, n > 2, the relation —"™ on S is defined by

n—1

a—"bs (FreSa—""z—,
and for n = 1, —"=—. In other words, —" is the n-th power of — in the semigroup

of binary relations on S. The transitive closure of — is denoted by —>°. For n € N
and a € S, the sets ¥, (a) and 3(a) are defined by

Yola)={z € Sla—"z}; 3(a)={zxeS|a—>z},
and the equivalence relations o, and ¢ on S are defined by

(a,b) € op & Xp(a) =X,(b);  (a,b) € 0 < X(a) = X(b).
In other words,

S1(a) = VSaS, Tnii(a) = /STe(a)S 2 Tu(a); and B(a) = | ] Sa(a).

neN

As it was proved by M. Ciri¢ and S. Bogdanovié in [4], o is the least semilattice congru-
ence on S and X(a) is the least completely semiprime ideal of S containing a, called the
principal radical of S generated by a. The set 3, (a) is called the n-radical generated by
a. Let A be a nonempty subset of a semigroup S. Then

2(4) < | =)
acA
is the least completely semiprime ideal of S containing A. A semigroup S is o,-simple if
oy coincides with the universal relation on S, and oi-simple semigroups are also called
archimedean semigroups. The set of all idempotents of a semigroup S is denoted by
E(S). If e € E(S5), then

Ge={xeSlxceSNSe, ecaxSNSzx}

is the largest subgroup of S having e as its identity, called the maximal subgroup of S
determined by e, and the set K, is defined by K, = v/G.. An element a of S'is group -
bound if at least one of its powers lies in some subgroup of S. There is exactly one
such subgroup, and its identity is denoted by a*. A semigroup S is called an epigroup if
every element a of S is group-bound. Any epigroup S is partitioned into the subsets K,
called unipotency classes. The idempotent of the unipotency class to which an element
a belongs will be denoted by e, (here e, = a* ). The element @ = (ae,) ! is the inverse
of ae, in the group G.,. This element is called the pseudo-inverse of a. The following
equalities hold:

aa = aa = eq,eqa0 = a,a""e, = a" for some m € N.

We will denote by IC the equivalence relation on an epigroup S corresponding to the
partition of the given epigroup S into its unipotency classes and H, D and J are the
well known Green relations.

For undefined notions and notations we refer to the book [10].

© 2012 Global Journals Inc. (US)
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II.  THE MAIN RESULT

We start this section by recalling some results obtained from the paper [4] by M.
Ciri¢ and S. Bogdanovié, the paper [9] by Z. Popovié¢, S. Bogdanovié¢ and M. Ciric.

Theorem 2.1% Let n € N. Then the following conditions on a semigroup S are
equivalent:

(i) S is a semilattice of o,-simple semigroups;

(ii) every o, —class of S is a subsemigroup;

(iii) for every a € S, ¥, (a) is an ideal of S;

(iv) (Va,b € S) X,(ab) = Xy (a) N X, (b);

(v) (Va,b,ce S)a—"b& b—"c= a—" ¢

(vi) op =—" N(—") "L on S.

Theorem 2.2 Let S be an epigroup and n € N. Then S is a semilattice of

on-simple semigroups if and only if for every a of S,ac,a".

Next we prove some auxiliary lemmas.

Lemma 2.1 Let a be a group-bound element of a semigroup S. Then for every
be S and every n € N, a —" b implies a —™ b. In other words, for every n € N,

Yn(@) C X, (a).

Proof Since a = aaa € SaS, we have SaS C SaS. It follows that
El(a) =S5asS CvSaS C El(a).

Now, by induction we easily verify that X, (a) C X, (a), for every n € N.

Lemma 2.2 Let a be some element of an epigroup S. Then for every b € S and
every n € N,

a—"0b if and only if a* —"b.

In other words, for every n € N,
Yn(@) = Xp(a”).
Proof Since aHa®, then @Da”. This together with Lemma 5 in [4], and the known
fact D = J for any epigroup, D C oy Co9o C--- C o, C ---, we have ao,a®.

Lemma 2.3 Let b be a group-bound element of a semigroup S. Then for every
a € S and every n € N,

a —" b if and only if a —" b.
Proof Let m € N such that 0™ € G, . Consider an arbitrary a € S. Suppose that
a — b. Then b* = uav, for some u,v € S, k € N, and thus

Bk — (BbB)k = Bkbkgk = Bkuavgk € Sas.

Hence we obtain a —> b.

© 2012 Global Journals Inc. (US)
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- -k
Conversely suppose that a — b. Then b = wav, for some u,v € S, k € N, and
hence for some m € N

b = HRR = TR = bR (Bb)F = 5 = b Fuautt € Sas.

Thus we get a — b. Therefore, we have proved that our assertion holds for n = 1. By
induction we easily verify that this assertion holds for every n € N.

Ref.

Lemma 2.4 For any epigroup, we have KV D = (— N — 1),

Proof It is easy to verify that £ C (— N —~1), D C (— N —~1). Since the
join K V D is the smallest equivalence containing X and D and (— N — 1) is an
equivalence, it follows that VD C (— N — 1),

Conversely, by virtue of Corollary 3 in [6], (— N —~1)> is the transitive closure
of ~ oD on S, where ~ is the Schwartz’s equivalence (a ~ b if and only if a’ = b’ for
some 7,7 € N). But then as ~C K, we have (— N —~H>® C KV D.

For any ideal I of S, we set

Qn =VI, Qr,., =+/SQ1,52Qr,, n€N.

Now we are prepared for the main result of the paper.

Theorem 2.3 Let S be an epigroup and n € N. Then the following conditions are
equivalent:

(i) S is a semilattice of o,-simple semigroups;

(ii) (Va € S) aoya;

(iii) Every o, —class of S is a subepigoup;

(iv) \/On C on;

(v) VD C oy;

(vi) K C op;

(vii) KV D C op;

(viii) For any ideal I of S, the set Qy, is and ideal.

"T9¢-F6¢ G ‘eL61 ‘wmioq dnoiSiureg
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Proof (i)==(ii) For any element a of S, a’ € G, and a’ = a‘@a, for some i € N.
Then @ — a and ala and if (i) holds, then by (vi) of Theorem 1 it follows aoy,a.

(ii)==(ili) By Lemma 2.3, for every a € S, aonao,a”. Notice that o, is an equiv-
alence relation on S. Again by Theorem 2.1, S is a semilattice of o,,-simple semigroups
and Every o, —class of S is a subsemigroup. This together with the assumption of (ii),
every o,—class of S is a subepigoup, since a subsemgiroup of an epigroup that is closed
under pseudo-inversion is a subepigroup.

(ili)==(iv) Let ay/o,b. Then a™ob™ for some m,n € N. By hypothesis and
Theorem 2.1 we have ac,a™ob"cb. Thus ao,b, which was to be proved.

(iv)=(v) By Lemma 5 in [4] (see the proof of Lemma 2.2) we have D C ¢,, and
thus VD C \/a,,. Therefor (v) holds.

(v)==(vi) It is known that in epigroup KX C v'H C v/D. So (vi) holds.

(vi)==(vii) By (vi) we have KV D C g, since D C o, always holds and these
relation are all equivalence relations on S.

© 2012 Global Journals Inc. (US)
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(vii)==-(viii) Notice that a(}CV D)a* holds such that ac,a* by assumption, hence
S is a semilattice of o,-simple semigroups by Theorem 2.2 and thus, —"=— which
implies 3, (a) = ¥X(a). Hence for any nonempty subset A of S,

Su(A4) = | Bala) = | S(a) = 5(4)

acA ac€A

is the smallest completely semiprime ideal of S containing A. Let I be an ideal of S and
a € I. Then

SaS C I,Zl(@) - QIlv"'azn(a) - an

and thus X, (1) = X(I) € Qr,. On the other hand, for any b € @y, , that is,
a—T] —> ... —> Tp_1 —>b,

where a € I,z; € Qr,,,1 <i <n,i e N. It follows that b € ¥,,(a) and thus Q;, C X(I).

(viii)==(i) For any a € S, Let I = S'aS'. Obviously I is an ideal of S. Then
by the hypothesis of (viii), together with Lemma 1 in [4] and Theorem 2.1, ¥, (a) is an
ideal. Again by Theorem 2.1, S is a semilattice of o,-simple semigroups.

Remark Notice that in the proof ((vii)==-(viii)) of Theorem 2.3, a(KVD)a* always
holds such that acpa” by assumption and hence o, is a semilattice congruence on S.
Therefor by Lemma 2.4, KV D = (— N — 1) C ¢, prevails, since (— N — 1)
is the smallest semilattice congruence on S.
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Generalized I-convergent Difference
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M. Aiyub

Abstract - In this article we introduce the sequence space cé( F,A"™) and ggo (F, A" for the sequence of F = (fk) and
given some inclusion relations.

Keywords and phrases : Ideal, filter, sequence of moaduli,difference sequence space, I-convergent sequence
space

I.  INTRODUCTION AND PRELIMINARIES

Let w, £, co be the set of all sequences of complex numbers, the linear spaces of bounded, conver-
gent and null sequences x = (z)) with complex terms, respectively, normed by

|#loe = sup |z, whereK € N=1,2,3......
k

The idea of difference sequence spaces was introduced by H. Kizmaz [10]. In 1981 , Kizmaz defined
the sequence spaces as follow;

loo(A) = {2 = (2) €Ew: (Axy) € {x},
c(A) ={z = (a) € w: (Azxy) € c},

co(A) ={x = (z) € w: (Azyk) € ¢},
where
Az = (z}, — xp41) and Az = (x3),
These are Banach space with the norm
[zlla = lz1] + | Ao
Later Colak and Et [2] defined the sequence spaces:
loo(A") ={x = (z1) € w: (A™mp) € Lo},

c(A") ={x = (zx) € w: (A"zy) € ¢},

Author . Department of Mathematics, University of Bahrain, P.O. Box-32038, Kingdom of Bahrain. E-mail : maiyub2002@yahoo.com
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co(A™) ={z = (zx) € w: (A"z) € o},

where n € N, A% = (z3), Az = (x), — Tpy1), Az = (A"zy) = (A" 1oy — A" Loy q)
and so that

and so that these are Banach space with the norm R f
&

n
lzlla =D il + | A" o.

=1

The idea of modulus was defined by Nakano [15] in 1953. A function f : [0,00) — [0, 00) is
called a modulus if

(4)
(i)
)

(iii

(t) =01if and only if ¢t = 0,

f
f+w) < f(t)+ f(u), for all t,u >0,

f is increasing and

(iv) f is continuous from the right at 0.

Let X be a sequence spaces.Then the sequence spaces X (f) is defined as
X(f) ={x = (zr) : (f(Jex]) € X3}
for a modulus f. Maddox and Ruckle[14,16]
Kolak[11,12] gave an extension of X (f) by considering a sequence of moduli F' = (fi),that is
X(F) = {z = (xx) : (fu(lzx]) € X}
After then Gaur and Mursaleen[9] defined the following sequence spaces
loo(F, A) = {z = (1) : (Azp) € Loo(F)},
co(F,A) ={x = (z) : (Azy) € co(F)},
for a sequence of moduli F' = (fy).
we defined the following sequence spaces:
(B, A = {o = (21)  (A"a) € loo(F)},
co(FyA™) = {z = (zx) : (A"zy) € co(F)},

6766 (€G6T)¢ “wede( *D0G [IRIN[ ‘SIRNPOUT SARIUO)) ‘OUENEN'H "GT

for a sequence of moduli F = (fi). We will give the necessary and sufficient conditions for the
inclusion relations between X (A™) and Y (F, A™), where X,Y = {, or c¢p. Sequence of moduli
have been studied by C.A.Bektas and R. Colak[l] and many other authours.

The notion of statical convergence was introduced by H.Fast[6]. Later on it was studied by
J.A Fridy [7,8] from the sequence space point view and linked with the summability theory.

The notion of I-convergence is a generalization of the statical convergence. It was studied at
initial stage by Kostyrko, Salat and Wilezynski [13]. Later on it was studied by Salat [19],Salat,
Tripathy and Ziman [20], Demric[3]

© 2012 Global Journals Inc. (US)
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Let N be a non empty set. Then a family of sets I C 2V (power set of N) is said to be an
ideal if T is additive i.e (A,B) € I = (AUB) €T andie A€ I,BC A= B € I. A nonempty
family of sets £(I) C 2% is said to be filter on N if and only if ® ¢ £(I) for A, B € £(I) we have
(AN B) € £(I) and for each A € £(I) and A C B implies B € £(I).

An ideal I C 2% is called non trivial if I # 2V. A non trivial ideal I C 2% is called admissible
if {(x) : ® € N} C I. A non trivial ideal is maximal if there cannot exist any non-trivial ideal
J # I containing I as a subset. For each ideal I, there exist a filter £(I) corresponding to I, i.e
£(I)={K CN:K°e I},where K=N — K.

Definition 1.1. A sequence (zj) € w is said to be I-convergent to a number L if for every
€>0. {k € N:|zy — L| > €} € I.In this case we write I — limxy, = L.

Definition 1.2. A sequence (zj) € w is said to be I-null if L=0. In this case we write
I —limz, =0.

Definition 1.3. A sequence (zj) € w is said to be I-cauchy if for every € > 0, there exist a
number m = m(e) such that {k € N: |z}, — x,,| > €} € I.

Definition 1.4. A sequence (zj) € w is said to be I-bounded if there exist M > 0 such that
{K e N:|zyx| > M}.

We need the following Lemmas.

Lemma 1.5. The condition sup,, fx(f) < co,t > 0 hold if and only if there is a point tg > 0
such that supy, fi(tg) < oo (see [1,9]).

Lemma 1.6. The condition infy fx(¢) > 0 hold if and only if there exist is a point tg > 0
such that infy fi(to) > 0 (see [1,9]).

Lemma 1.7. Let K € £(I) and M C N . If M % I then M N K # I (see [20]).

Lemma 1.8. If I C2N and M C N . If M # I then M N K # I (see [13]).

II.  MAIN RESULTS

In this article we introduce the following classes of sequence spaces.
CL(F,A™) = {(ax) € w: T — lim fy(|A"2y]) = 0} € T,
CL(F,A™) = {(zg) €w: T — sgpfk(|A”xk|) <oo}el
Theorem 2.1. For a sequence F' = fj, of moduli, the following statements are equivalent:
(a) L.(A™) C LL(F,A"),
(b) cG(A") S cf(F,A"),
(¢) supy, fr(t) < oo, (t > 0).
Proof. (a) implies (b) is obvious .

(b) implies (c). Let ci(A™) C cl(F, A™). Suppose that (c) is not true. Then by Lemma (1.5)

sup fx(t) = oo, for all t >0,
k

© 2012 Global Journals Inc. (US)
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and therefore there is a sequence (k;) of positive integers such that

1
fk(;) >, foreach ¢=1,23.... (1)

Define x = (xx) as follow

{ Lif k=k;i=1,2,3....;
T =

6 otherwise. N
I T : . otes
Then x € cy(A™) but by (1), x ¢ lo, (F, A™) which contradicts (b). Hence (c¢) must hold.

(c) implies (a). Let (c) be satisfied and x € ¢L_(F, A™). If we suppose that = ¢ ¢/_(F, A™) then
sup fi(|A"zy|) = oo for A"z € L1
k

If we take t = |A™z| then sup, fx(t) = oo which contradicts (c).
Hence ¢Z_(A™) C (L (F,A"™).

Theorem 2.2. For a sequence F' = fj, is a sequence of moduli, the following statements are
equivalent:

(a) c§(F.A™) S cf(A"),
)

Proof. (a) implies (b) is obvious.
(b) implies (c). Let c(F,A™) C ¢ (A™). Suppose that (c) is not true. Then by Lemma (1.6)

inf fi(t) =0, (t>0)
and therefore there is a sequence (k;) of positive integers such that
2 ] - )
fr, (17) < H for each i=1,2,3......

Define z = () as follow

i k=k =123
=1 0 otherwise.

By (2) = € c}(F,A") but x ¢ ¢ (A™) which contradicts (b). Hence (c) must hold.
(c) implies (a). Let (c) be satisfied and x € c}(F, A") that is

I =lim fi.(|A"2]) = 0.

Suppose that © ¢ ¢ (A™). Then for some number ¢, > 0 and positive integer ky we have
PP 0 p g
|A™zy| < € for k > k. Therefore fi(eg) > fr(|A™xz|) for k > ko and hence liin fr(€0) > 0, which

contradicts our assumption that = ¢ cf (A™).
Thus ¢} (F, A") C cl(A™).
Theorem 2.3.The inclusion ¢ (F, A™) C ¢l (A™) holds if and only if

liin Jr(t) =00 for t>0. (3)

© 2012 Global Journals Inc. (US)



Proof. Let ¢I_(F,A™) C cl(A™) such that limy f(t) = co for ¢t > 0 doesn’t hold. Then
there is a number ¢; > 0 and a sequence (k;) of positive integer such that

fr, (to) < M < oc. (4)

define the sequence x = (z) by

oo [t i k=i = 1,230
=1 0 otherwise.

Notes

Thus x € (L (F,A™) by (4). But x ¢ c{(A"), so that (3) must hold.If ¢ (F,A™) C cl(A").
Conversely, let (3) hold. If x € ¢Z_(F, A™)then fiy(|A"z|) < M < oo, for k = 1,2,3.......Suppose
that © ¢ cJ(A™). Then for some number ¢, > 0 and positive integer ko we have |A"z;| < €y for

k > ko. Therefore fx(eo) > fr(|JA"zx|) < M for k > ko, which contradicts(3). Hence x € c(A™).

Theorem 2.4. The inclusion ¢ (A™) C ¢l (F, A") holds if and only if

lilgn fe(t) =0, fort>0. (5)

Proof. Suppose that ¢ (A™) C cf(F,A™) but (5) doesn’t hold,

Then
liin fr(to) =1+#0, for some tg > 0 (6).

Define the sequence x = (zy,) by
= n+k—-v-—1
St
v=0

for k=1,2,3,.... Then = ¢ c}(F, A™) by (6). Hence (5) must hold.
conversely, let x € ¢1_ (A™) and suppose that (5) holds.
Then|A"z,| < M < oo for K = 1,2,3.... There for fr(|A"zg]) < fru(M) for k = 1,2,3..... and
limy, fr.(JA"zg]) < limy fr.(M) = 0 by (5). Hence z € ¢} (F, A™)
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Abstract - A priori estimates of the differences of solutions of non-local and local problems for heat equations are
established. Using them prove continuous dependence of solutions of nonlocal problems as nonlocal boundary
conditions pass into local ones.

Keywords  a priori estimates, continuous dependence, nonlocal boundary conditions pass into local
condiitions.

I.  INTRODUCTION

Let a rod of length | is placed to a continuum with h(t) temperature (Fig. 1) and
it enters into a continuum in « point. The temperature u,(xt) into the rod is satisfied
the following equation

o, —a(x,t)%: f(xt), (1)

an initial condition
U, (%,0) = @, (%), (2)
one of the boundary condition in the point x=0

u, (0,t)=0 or wzo (3)

A boundary value problem in the theory of the heat condition with

nonclassical boundary condition, Th., Vychisl., Mat., Fiz., 4:6, (1964), p. 1006 — 1024.

and one of the non-local condition on the segment (a,l)

ua(l,tl):ua(a,t) _ h(t) (4)

|
L uEnde=ho o
l-a
Each problem (1) — (4) for each 0<a<I is well-posed according to Hadamard, i.e.
it has a solution for each 0<a<I|, the solution is unique, the solution depends
continuously on f, ¢, and h. Such problems were investigated in works of Kamynin [7],

7. N. I. Kamynin;
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Tonkin-Moiseyev [6], Kartynnik [8], Benouar-Yurchuk [1], Benouar-Bouziani [2|, Gasimov
[4], Yurchuk [11] ect. (see [12] and referred to the literature).
When a rod has been removing from the continuum, i. e. whena —1,

problems (1) — (4) take the form of

%—a(x,t) Ej;j = f(x1), ()
u (x,0) =g, (x), (6)

4 (0,t)=0 or%=0, (7)
u (1,t)=ht) or w = h(t). (8)

These problems are also well-posed according to Hadamard. They are easier than
problems (1) — (4) and they have been researched by the number of authors. The
solutions of such problems describe a temperature into a rod when the end of the rod
contacts a continuum with h(t) temperature. The importance of the investigation of
problems (1) — (4) has been pointed out by Samarskii [9] since these problems are
encountered in plasma physic. In fact, the solutions u (xt) of problems (1) — (4) may be

described by the temperature in graphite rod which is placed in continuum of atomic
reactor. When atomic reactor has been stopping, graphite rod is removed from continuum

of the reactor. To know a behavior of a temperature u, (x,t) when o —1| is important for
fire safety.
In this paper a priori estimates for the difference u,(xt)-u (xt) are established.

Using these estimates prove that
if a—>1, ¢, >0 then u, »u. Therefore, there establish a new important property

that a solution of mixed problems (1)-(4) with non-local conditions continuously change as
non-local conditions pass into local ones. As mention, this property has an applied
importance.

[I.  PROBLEMS WITH INTEGRAL BOUNDARY CONDITIONS
In this section we give a priori estimates and show that u, -»u when u, is satisfied
integral condition from (4) and u (I,t) =h(t).
Theorem 1. Let the coefficient a(x,t) in (1) and (5) is a continuous differentiable function
on G=[0I]x[0,T] O<a <a(xt)<a,
feL,(G), heW;(0.T), o,.¢ eW,(0l), ¢,(0)=¢ (0)=0 or  ¢,(0=¢/(0) depending on

|
conditions from (3), ¢, (0) = h(0), li_[(pa(x)dx= h(0).
—_ a %
Then there exist constant ¢>0 independent of u,,u and such | that

-

ou, oy

ot ot

du, %y
ot ox?

2
] dxdt +
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ou, ou
oX  OX

0<t<T

+sup.[{ —u (X2

2
:ldx <

h(0) - & II U, (x,0)dx

2 (9)

2
ol (=0 (] dx+ +

SC“;

2
Ret 1 fauxn), ) 1!
+j[h(t)——j + h(t)—miul(x,t)dx dt
. . . . . ou_(0,t)
The proof of inequality (9) is given in [1] when u, (0,t)=0 and in [2] when “a—xzo.
From inequality (9) follows
Theorem 2. Let the conditions of theorem 1 be satisfied. If
|
limflof (-0, (9| dx=0, (10)
0
then
LT 2 2 2 2
Iim{”(l— )l%—ai oY, o4 ]dxdt+
at |39 a ot ok ok

(11)
u, oy

+&Jpj|:(l

0<t<T

2
+|u, —u, @dx} =0.

Ii.l[ul (x,t)dx—u, (1,t)| =0,
—a?

Proof. Since

|imilju,(x,t)dx-h(t)
l—a

a—l

=lim
a—l

_ Iim| 1 .I[aUI (x,t))dx_au, (1,1

. (xt) ,
lim—— j x—h'(t) e -

asl|] —

:O,

)

=lim
a—l

a—l

lim i_Iful (x,0)dx—h(0)
l—a

ILJI'U, (x,0)dx—-u,(1,0)|=0
—a

then from (9) using (10) follows (11). To complete the proof show that for each
function ¢, eW;(0,1) satisfying the conditions ¢ (0)=0 or ¢/(0)=0 and ¢ (I)=h(0) there
exist the functions ¢, eW,;(0,1) such that there hold the relations

9,(0)=0 or ¢/,(0)=0 and li'jwa<x)dx= h(0). (12)
|

If ¢,(0)=0 that these functions should be the following

9.00=0 (x)+—(h(o y j 9 (x)dxj,

2. N. E. Benouar and A. Bouziani; Probléeme mixte avec conditions inteégrales pour une
classe d’equation parabolique, C. R. A. S, Paris, 321, Série I, (1995), p. 1177 — 1182

and if ¢ (0)=0 such functions should be

lzg%(mo o (x)dx].
+lo+a 4

0. (=0 () +
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I11. PROBLEMS WITH SECOND NONLOCAL CONDITION

In the rectangle G =(0,1)x(0,T) consider the set of mixed problems with nonlocal conditions:

1 ou, o%

k) & v =f(xt), O<ac<l, (13)
u, (x0)= 0, (x), u,(0t)=0, %ﬁ“(“'t):ha), (14)
and two mixed problems with local conditions:
1 vy %y,
a(x,t)E e Fx), (15)
Uy (X,0) =, (X), U, (0,t)=0, uy(l,t)=h(t), (16)
1 oy oy _
a(xt) ot ¢ fxt), (17)
u(x0)=p (), y(0t)=0, a“'a(x"t) =ht). (18)

Suppose that the coefficient a(xt) in equations (13), (15), (17) is a continuous and
continuous differentiable function and

aza(xt)2a>0, fel(G), heW,(0T), ¢, 0.0 W, (O1), ¢,(0)=0(0)=¢ (0)=0,

0,()=h(0). o (1)=h(O) %ﬁ““‘%h@.

It’s known that under these assumptions there exist unique solutions of local
equations to (15), (16) and (17), (18) and these solutions have almost everywhere onG
first-order derivative with respect to xand second-order derivative with respect to t. When
smoothness of data of the problem increases the smoothness of the solution will increase.

In works [3], [4] the solution existence and uniqueness of set of problems (13), (14)
are proved for each O<a<l|. It's obtained as follows. Initially in problems (13), (14)
replace the unknown functions by the formula

u, (x,t) =V, (x,t) + xh(t), (19)

For new functions v, (xt) there obtain for each 0<a <l the problem

1 ov, 0%, _ _ X
D) ot e = f(xt)= f(xt) ah(t), (20)

v, (L) = v, () _
| —o -

v, (%,0) = ¢, (X) = ¢, (X) - xn(0), V,(0,t) =0, 0. (21)

and there establish a priori estimate

sup ‘I[\ya OOV (%, t)dx + H‘Vu (x) (%j dxdt <
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< c“wu(x)@i(x)dmﬂwa(x) f 2(x,t)dxdtJ, (22)

where constant C is independent of v, and

1, 0<x<a
Y, =91-x

l—, a<x<l.
—a

Using a priori estimates (22) prove the existence and uniqueness of problem (20),
(21) and therefore of problems (13), (14) for eachO<o <I.
Then establish a priori estimates of the differences u, —u, andu, -u,. Denote by

u(xt) one of the solutions u,of problems (15), (16) or by u of problems (17), (18). A new
function w(x,t) is introduced as follows

W, =u—ua+x[h(t)—w] (23)

l—a
This function is the solution of the problem

ou(l,t) adu(a,t)

1ow, oW, X[y ot ot
aa ox ah(t) |- ' (24)
W, (%,0) = 0—0, — x[w— h(O)] (25)
-a
w, (0,t) =0, M:Q (26)

| —a

where ¢(x) — one of the functiong,(x) or ¢ (x) depending on designation of the

function u. Therefore there holds a similar (22) a priori estimate for w,
! X ow (x,t) Y
sup .[wa(x)wj (x,t)dx+”\pa (x)(“—’j dxdt <
0<t<T § 0% OX

M_h(o ) dx+ (27)
-

< 20[ [, 00000 -0, (0] dx+ [y, (0%
i ou(l,t) au(a,t)|’

TI

i N at
+ h'(t) -
M‘”“ 2" —a

dxdt |.

This inequality should be valid if the inequality v (x)>1-x is applied for left-hand side
and for the inequality v, (x)<1 is applied for right-hand side. One of the solution u, or u,

of problems (15), (16) or (17), (18) accordingly is substituted in resulting inequality after
those estimates instead of u(xt). As a result there obtain a priori estimates
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au0 _

supj(l x)|u d dt <

0<t<T

)=

—C{I 0000~ 0, (0 tx+ [ w

o ouy (ot
oh “"‘ oh(0) — ¢ (o)

ot
dt )
| —o ‘ N | Notes

8u| 3

sup I(I X)|u, —u dxdt <

0<t<T

< C{”(pl (X —(pa(x)|2dx+][

oy (Lt) oy (a,t)

ot A _he)l |dt+
| —a

-X)|—=-

2

ult-u(at) ht) + (29)
l-—a

2

+

o ()-9 (a)_
-

From these priori estimates follows the next continuous dependence of the solutions of
problem (13), (14) on parametera.

Theorem 3. If
|
lim j |9, (%) — @ (X)[* dx =0, (30)
then

auo

01

u|dx+“(l—)

nm[supja - dx dt]_ (31)
00| ost<T
Proof. Since for the solutions of problem (15), (16) there hold the relations

T T 2
lim [ uy (e )t =0, |iij
a»OO a»OO at

dx=0 and lime,(a)=0, then from (30) using (28) follows

(31). To complete the proof show that for any function ¢,eW;(0,T) satisfying the
conditions ¢,(0)=0 and ¢,()=h(0) there exist the functions ¢, eW;(0,T) such that

9,(0)=0, Mzh@) and (30) is wvalid. TIt's clear that it's wvalid for
-

ah(0) — ¢, (@)

9, (X) :(Po(x)_X[ |
-

Theorem 4. If

j. Thus theorem 3 is proved.

lim {lo, () -, (x| dx=0, (32)
then

|dx+”(l—x)

i zdxdt}:o. (33)

lim
a—l 0<t<T

© 2012 Global Journals Inc. (US)
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Proof. Since for solutions of problems (17), (18) there hold the relations

2

. , |ow (1Y) oy (a,t)
lim| YWED-U @8 ol | ot | A _h) =0

aﬁlo —Q —Q

and Iimwzh(mthat from (32) wusing (29) follows (33). To complete the

o—l -

investigation show that for any function¢, eW,(0,T) satisfying the conditionse (0)=0,

¢.(1) = h(0) there exist the functions ¢, eW2(0,T) such that ¢,(0)=0, M=h(0) and
-

(32) is valid. These functions can be the following

0.(9) =0, (x) - X(M‘ h(0 j
-

Theorem4 is proved.
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M. Ashaque Meah®, Md. Fazlul Karim°, M. Johurul Alam®, M. Shah Noor ® & Partho Protim Sadhu*

Absiract - The 26 December 2004 Indonesian tsunami was the third known global tsunami and reached every distant
corner of the globe. An effort has been made here to evaluate the effect of this distant tsunami in a limited area model
domain. The effect of distant tsunami has been simulated through an open boundary condition in a Cartesian
coordinate shallow water linear model. The open boundary condition is applied to simulate the tsunami propagation
when it is assumed that the tsunami is generated far away from the region of interest. The computational domain covers
the region so that the 26 December 2004 Indonesian tsunami source is well within the model domain. First, the initial
disturbance of the tsunami source are examined along the western open boundary of the model domain and then the
boundary condition is formulated and adjusted in such a manner that the effects of tsunami due to the source along the
coasts are same as the effects due to the formulated boundary condition. The response of the open boundary condition
is investigated along the coastal region of Peninsular Malaysia and southern Thailand. The results are compared with
the data available in the website and a very reasonable agreement is observed.

Keywords . Shallow water equations; Open boundary condition, Distant tsunami; Tsunami source, Damping
amplitude, Indonesian tsunarmi 2004.

[.  INTRODUCTION

A tsunami is a natural coastal hazard generated in the deep ocean by vertical
displacement of ocean water column and propagates across the ocean from the point of
generation to the coast. It is usually a shallow water wave. A wave is characterized as a
shallow water wave when the ratio between the water depth and its wavelength gets very

small (2 / L < 0.05). Tsunami has a very large wavelength and the speed is directly
proportional to the depth of water. So it propagates in deep ocean at a very high speed
with a limited loss of energy since the rate at which a tsunami wave loses its energy is
inversely proportional to its wavelength. Thus the effect of a tsunami source along a
particular region far away from the source position may be significant if the waves move
through deep ocean.
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The response of the 2004 Indonesian tsunami wave reached every distant corner of
the globe (Kowalik et al., 2005). The first known global tsunami that associated with the
Krakatau Volcano explosion of 27 August 1883 (Murty, 1977) was generated in the same
region where the 2004 earthquake occurred. The second known global tsunami was the
Chilean tsunami of May 22, 1960 and tsunami waves observed at many far-field sites were
very strong (Berkman and Symons, 1964). The 2004 Indonesian tsunami, resulting from a
strong under sea earthquake that occurred off the coast of Sumatra of Indonesia, was the
third known global tsunami and it was clearly recorded by a large number of tide gauges
throughout the world ocean, including tide gauges located in the North Pacific and North
Atlantic (Rabinovich et al., 2006). The distant effect of this tsunami was noticed as far as
Struisbaai in South Africa, some 8,500 km away from the source zone, where a 1.5 m high
surge was recorded about 16 hours after the earthquake. The tsunami also reached
Antarctica where oscillations of up to 1 m were recorded with disturbances lasting a
couple of days (Indian Ocean Tsunami at Syowa Station, Antarctica, 2007). Some of the
tsunami’s energy escaped into the Pacific Ocean, where it produced small but measurable
tsunamis along the western coasts of North and South America, typically around 20 to 40
cm (NOAA, 2005). Mid-ocean ridges played a major role as wave guides that transferred
the tsunami energy to distant regions outside the source area in the Indian Ocean
(Kowalik et al., 2005; Titov et al., 2005).

The effect of a tsunami source along a particular region far away from the source
position may be significant if the waves move through deep ocean. Since the response of
the 2004 Indonesian tsunami reached every distant corner of the globe, it is necessary to
estimate the response along a particular region of interest due to a source located far away
from that region. This may be done through a global model that contains both the source
and the region of interest. However a global model is very expensive in terms of both
computer storage and CPU time and is not suitable for real time simulation. In
hydrodynamical computations problem arises when the theoretical model applies to an
infinite or semi-infinite region. In this case, where the original domain of the problem
under investigation is infinite or very large, open boundaries may be used. An open
boundary is an artificial boundary of a computational domain through which propagation
of waves or flow should pass in order to leave the computational domain without giving
rise to spurious reflection (Joolen et. al. 2003). The main purpose of using the open
boundaries is to allow waves and disturbances originating within the model domain to
leave the domain without affecting the interior solution.

Imamura et al. (1988) developed a shallow water model to simulate far field or
distant tsunami where they used the finite difference method with the leap-frog scheme.
Cho and Yoon (1998) improved the model of Imamura et al. (1988). The limitation of the
models developed by Imamura et al. (1988) and Cho and Yoon (1998) is that the models
should be used to the case of constant water depth with a uniform finite difference grid.
Yoon (2002) again improved the model of Imamura et al. (1988) over a slowly varying
topography. But as the model of Yoon (2002) has a large number of hidden grids the
model is not suitable to calculate the tsunami propagation in deep sea (Cho et al., 2007).

Tidal oscillation in a limited area model domain may be generated through an open
boundary (Johns et al. 1985, Roy 1995). A sinusoidal wave is allowed to propagate
towards the model domain through an open boundary by using appropriate amplitude,
phase and time period of the wave. The response of this type of boundary condition at
every grid point is also sinusoidal. By adjusting the amplitude and phase it is possible to
generate a representative tidal oscillation of specific time period in the model domain.
Similarly, in computing the effect of distant tsunami source in a limited area model

© 2012 Global Journals Inc. (US)
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surrounding the region of interest, a boundary condition may be incorporated along the
open boundary, which is facing the tsunami source. From our literature survey it is found
that not many works have been carried out on formulating appropriate open boundary
conditions that may be imposed to compute tsunami response due to distant source in a
limited area model domain.

Roy et al. (2006) developed a Cartesian co-ordinate non-linear shallow water
model to formulate an open boundary condition to investigate the effect of distant
tsunami along the coastal belt of Peninsular Malaysia and southern Thailand associated
with Indonesian tsunami of 2004. The convective terms in the shallow water equations are
insignificant and their effect is negligible in tsunami propagation in deep sea. However,
the convective terms are weakly significant for the wave height near the coast. Thus a
linear model can be applied for tsunami propagation in the deep sea, on the other hand,
non-linear model should be applied to compute run-up or water level near the coast. The
advantage of a linear model is that it needs less computer memory and computation time
since the convective terms are excluded in the model; see for instance Zahibo et al.
(2006). From the above discussion it should be conclude that it is better to use linear
model instead of non-linear model for any hydrodynamical computations in deep sea.
Since the west open boundary of our model domain is in the deep sea we are more
interested to develop a linear model.

In this study, we describe the formulation of an open boundary condition for
computing the effect of a distant tsunami in a Cartesian co-ordinate shallow water linear
model. A linear Cartesian coordinate shallow water model has been developed to compute
tsunami along the west coast of Peninsular Malaysia and Thailand associated with
Indonesian tsunami of 2004. The analysis area of this model is a rectangular region

approximately between 2° N, 14° N and 101.5° E, 91° E. First, the response of the
tsunami source associated with the 2004 Indonesian tsunami is investigated along the
west open boundary of the model domain. The 2004 tsunami source is incorporated as an
initial condition during the computation. The linear shallow water equation with
boundary conditions is applied to compute the maximum amplitudes and time series of
water levels along the western open boundary. On the basis of the time series and
amplitude, the open boundary condition is formulated for the western open boundary by
a proper choice of the values for the amplitude, phase, period and the scale factor and at
the same time the tsunami source near Sumatra is removed. The formulated boundary
condition is imposed as an effect of tsunami source to compute the distant tsunami in
absence of any tsunami source in the model domain.

[I.  GOVERNING EQUATIONS AND BOUNDARY CONDITIONS

The shallow water equations, which describe the inviscid flow of a thin layer of
fluid in two dimensions, are a commonly accepted governing approximation for tsunami
propagation in the deep ocean as well as in near-shore regions including inundation
(Aizinger and Dawson, 2002). The depth averaged shallow water equations in Cartesian
co-ordinates and the boundary conditions of this model are as follows:

A system of rectangular Cartesian coordinates is used in which the origin, O, is in
the undisturbed sea surface (MSL), x-axis directed towards the west and y-axis directed
towards the north and zaxis is directed vertically upwards. We consider the displaced

position of the free surface as z=¢(X,y,t)and the sea floor as z = — & (x, y) so that the

total depth of the fluid layer is ¢ +h. Taking into account that the characteristic
wavelength exceeds the water depth, neglecting the convective terms and using the
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parameterization of the bottom stress via the depth averaged velocity components, due to
Karim (2006), the linear shallow water equations are:

o, 0 0 B
e + &[(§+h)u] +5[(§+h)v] =0 (1)
u o, a_g_Cfu(uervz)y2 2)
ot - gax ¢+h

2 Y%
@4_ f = —g%_w (3)

u
ot oy S+h

For numerical treatment it is convenient to express the Egs. (2) & (3) in the flux

form by using the Eq. (1).
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o, ou  ov

atx Ty 0 (4)
1/2
o0 5 o C U(u2+v2)
= _fy=-— h)—= — )
ot Y 9c )ax ¢ +h ®)
5 ci(u? ,\V2
W td ——gc+n e - V()

ot oy ¢+h
where, (U, V) = (£ + h) (u, v)

In the bottom stress terms of (5) & (6), u and v have been replaced by U and V in
order to solve the equations in a semi-implicit manner.

In addition to the fulfillment of the surface and bottom conditions, appropriate
conditions have to be satisfied along the boundaries of the model area for all time.
Theoretically the only boundary condition needed in the vertically integrated system is
that the normal component of the vertically integrated velocity vanishes at the coast and
this may be expressed as ucosa +vsina =0, for all t >0, where a denotes the inclination
of the outward directed normal to xaxis. It follows that z = 0 along j-directed
boundaries and v = 0 along the x-directed boundaries.

At the open-sea boundaries the waves and disturbance are allowed, generated
within the model domain, to leave the domain without affecting the interior solution.
Thus the normal component of velocity cannot vanish and so a radiation type of
boundary is generally used. Following Heaps (1973), the following radiation type of
condition may be used in our model:

%
ucosa+vsina:—(%) 2(, for all t>0. Note that the velocity structure in a

9c

Jor

shallow water wave is described by w= , where wis the horizontal particle velocity.
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Other than the coastal boundary of the domain the boundaries are considered as
straight lines along the open sea. Thus there lie three open sea boundaries (Fig. 1).
Commonly used radiation type of boundary conditions for the open sea boundaries, due to
Johns et al. (1981), are:

u-(g/h)¥?¢ =0 at the west open boundary (7)
v+(g/h)Y?¢ =0 at the south open boundary (8)
v—(g/h)¥?¢ =0 at the north open boundary (9)

The coastal belts of the main land and islands are the closed boundaries where the
normal components of the current are taken as zero.

I11. NUMERICAL DISCRETISATION

The governing shallow water equations and the boundary conditions are
discretised by finite difference (forward in time and central in space) and are solved by a
conditionally stable semi-implicit method using a staggered grid system which is similar
to Arakawa C system (Arakawa and Lamb, 1977). Let there are M gridlines parallel to y-
axis and /V gridlines parallel to the x-axis so that the total number of grid points are M x

N. We define the grid points (x,y,) in the domain by

X = (i —DAX, i=12,3,...,M (10)

y, =(j-DAy, j=12,3,...,N (11)
The sequence of discrete time instants is given by
t = k At, k=123,... (12)

Discretisation in time can be performed with either explicit or implicit schemes.
An explicit scheme uses numerical values from current time steps only in the advanced
time step computations. In an implicit scheme values from current time steps and from
the advanced time step are used in advanced time step computations. Here we use the
semi-implicit scheme to descretise the equation. The indexing of the horizontal
coordinates is (7, /) and the time steps are indexed by the superscript k. For the purpose
of discretisation the following notations are used.

For any dependent variable y(X,y,t), let us consider:
x(% Yi» t) = Zikj

1
2

X

k k Tk
(li+1j + Zi—lj) =Xij

1 K x 7
E(ﬂ(i it Xij-1) = X

Xy

1 K K K K
Z(anj + Xt t Xijert Xij-) = X

The discretised form of continuity equation (4) is
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gik.”— Qwik' + (giilj +h+1j )uikm _(gililj * h*“ )uik’lj + (13)

At 2AX
(é/ikm + h j+1)vikj+1 _(é/ikj—l + h j—1)vikj—l -0
2Ay -

from which we compute §ikj+l for i=2,4,6,...,M-2 and j=3,5,7,...,N=-2

The boundary condition (7) is discretised as
1
ull\(ll1j_(g/hM1j)1/2§(§||\(/|+—12j+§l\|jl+j1):0 (14)

from which we compute é’h'jfjl for j=1,3,5,7,..., N

The boundary condition (8) is discretised as
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1 (15)
vl + (Q/hiz)llza(gikfl"‘ &gt )= 0
from which we compute é’ikfl for i=2,4,6,8,..., M =2
The boundary condition (9) is discretised as
1 16
Viva— (g/h N—1)1/2§(§ik|\1+_12 It )= 0 10)
from which we compute ¢St for i=2,4,6,8,...,M -2
The discretised form of linear xmomentum equation (5) is
) —xy 2 1/2
+ + + C:f uik'Jrl( uik' +(Vik' ) J
uit-ul TR Siai —Siai J ( J) J (17)

At ') 2 AX 1
¢~ *h

from which we compute uikj+1 for i=3,5,7,...,M-1 and j=3,5,7,..., N-2. Note
that in the last term uik;“l is in advanced time level and this ensures a semi-implicit nature
of the numerical method.

Similarly, the discretised form of linear y-momentum equation (6) is

—xy 2 5 1/2
k+1 k k
VR K y gt _ pked Ci Vi [(uij ) + (Vij) j
R T 1 : (13)
k+1
y et hj

from which we compute \/ikj+1 for i=2,4,6,...,M-2 and j=2,4,6,...,N-1. As

before, in the last term \/ikj+1 is in advanced time level and this ensures a semi-implicit

kj+1’ uikj+l’ Vikj+l
components in the x and y directions respectively at the advanced time level.

The model domain is a rectangular region approximately between 2° N, 14° N and

nature of the numerical method. Here (; are the water elevations, velocity
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91° E, 101.5° E, which includes the tsunami source region associated with 2004 Indonesian
tsunami (Fig.1). The origin of the Cartesian coordinate system is at O (3.125° N, 101.5°
E), the x-axis is directed towards west at an angle 15° (anticlockwise) with the latitude

line through O and the jy-axis is directed towards north inclined at an angle 15°
(anticlockwise) with the longitude line through O. The grid size of the rectangular mesh is
given by Ax = Ay = 4 km and number of grids in x-direction and j-direction are
respectively M = 230 and N = 319 so that there are 73370 grid points in the

computational domain. The time step A ¢ is taken as 10 seconds and this satisfies the CFL
criterion and thus ensures the stability of the numerical scheme. Following Kowalik et al.
(2005), the value of the friction coefficient C, is taken as 0.0033 through out the model
area. The bathymetries for the model area are collected from the Admiralty bathymetric
charts.

IV.  TSuNAMI SOURCE GENERATION AND INITIAL CONDITION

Accurate initial conditions are required to obtain reasonable results from numerical
simulation of tsunami. The generation of an earthquake tsunami source depends
essentially on the pattern and dynamics of motions in the earthquake source zone and on
the initial seafloor movements. The magnitude of the earthquake gives a relationship

among the three parameters — length, width and dislocation. The generation mechanism
of the 2004 Indonesian tsunami was mainly a static sea floor uplift caused by an abrupt
slip at the India/Burma plate interface. A detailed description of the estimation of the
extent of earthquake rupture along with the maximum uplift and subsidence of the
seabed has been reported in Kowalik et al. (2005) and this estimation was based on
Okada (1985). From the deformation contour, it is seen that the estimated uplift and
subsidence zone is between 92° E to 97°E and 2°N to 10°N with a maximum uplift of 507
cm at the west and maximum subsidence of 474 cm at the east. Following Kowalik et al.
(2005) the disturbance in the form of rise and fall of sea surface is assigned as the initial
condition in the model with a maximum rise of 5 m to maximum fall of 4.75 m to
generate the response along the western open boundary. The initial sea surface elevations
are taken as zero everywhere except in the part of the source zone which is activated at
the initial time. Also the initial x and y components of velocity are taken as zero
throughout the model area.

V.  OPEN BoOuNDARY CONDITION

The wave propagation from the tsunami source has been investigated along the
western open boundary of the model domain. The amplitudes of tsunami wave along the
western open boundary have been computed to estimate the amplitude of the boundary
condition to be formulated. For generating tidal oscillation in a limited area model
through a boundary, the radiation type of boundary condition along with a sinusoidal
term, containing amplitude, period and phase is needed (Johns et al. 1985, Roy 1995).
The amplitude of this sinusoidal term remains constant with respect to time. But in case
of tsunami propagation through a particular point in the sea, the time series is also
oscillatory but with damping amplitude. On the basis of time series data and amplitude
of the tsunami wave due to the source, the formulated open boundary condition (due to
Roy et al., 2006) that represents the effect of distant tsunami is given by

u—(g/h)Y?¢ =-2(g/h)"?e"Vasin(22t /T +¢) at the west open boundary (19)
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where a is the amplitude, 7' is the period, ¢ is the phase of the wave and s is the scale
factor used for damping the amplitude of the wave with respect to time. In Eq. (19), the
following conditions are imposed:

s=0 for t<T
and s>0 for t>T.

Through this condition we are allowing one wave, with full amplitude, to enter into
the domain through the open boundary before damping of the amplitude begins.

Based on the amplitudes obtained through the source of Indonesian tsunami 2004,
the assigned amplitudes (a) in (19) are adjusted so that the response in model domain is
similar to that associated with the source of Indonesian tsunami 2004. By trial and error

method, the values of phase (@), period (7°) and the scale factor in Eq. (19) have also been

adjusted and these are ¢ = 0, 77= 0.5 hr and s = 0.01. The formulation of the open
boundary condition is such that in absence of the source its response in the domain is
similar to that of the original source of the Indonesian tsunami of 2004.

Figure 2 shows the time series of sea surface fluctuation at a particular grid point
at the western open boundary of the model domain, where solid line indicates the
computed amplitudes due to the tsunami source and dotted line indicates the amplitudes
that are imposed as the boundary condition. Both the time series are found to be almost
identical, which means that the boundary condition (19) is capable of generating time
series which is similar to that generated by the source.

VI. DISTANT TsUNAMI COMPUTATION THROUGH THE OPEN BOUNDARY CONDITION

We first simulate the 2004 Indonesian tsunami propagation along the west open
boundary of the model domain. The simulated data are then applied to formulate the
boundary condition. The effects of the formulated open boundary condition are then
investigated along the west coast of Thailand and Peninsular Malaysia in absence of the
tsunami source. Wave propagation from the boundary is computed and the water levels
along the coastal belts of the west coast of Thailand and Penang Island are estimated.

The propagation of tsunami wave due to the imposed boundary condition from the
open boundary and the arrival time at the coast have been studied. T'sunami travel time
is an important parameter in the tsunami prediction and warning. We consider the 0.1 m
sea level rise as the arrival of tsunami. Figure 3 shows the contour plot of time, in
minutes, for attaining +0.1 m sea level rise at each grid point in the model domain. It is
seen that after imposition of the boundary condition at the west open boundary of the
model domain, the disturbance propagates gradually towards the coast (Fig. 3). The
arrival time of the wave at Phuket is approximately 110 min and the same at Penang is
approximately 240 min. If we use the tsunami source, within the model domain, in our
linear model the arrival time of tsunami from the source at Phuket and Penang islands
are 95 min and 230 min respectively (Fig. 4). In the present study we compute the
response of the open boundary condition imposed at the west boundary, which is away
from the source zone of the Indonesian tsunami 2004. This is why the computed arrival
time due to the boundary condition is delayed by up to 10 to 15 min. This time difference
can be estimated by measuring the total distance of the open boundary from the coast
and its travel time. Thus the corrected time related to the tsunami source at Sumatra
should be 10 to 15 min earlier than the present computed time.

Figure 5 depicts the maximum water level contours, along the coast from Penang
Island to Phuket. The surge amplitude is increasing from south to north; the maximum
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water level at Penang Island is from 1.5 m to 3.5 m, whereas at Phuket region it is 3.5 m
to 7.5 m. The surge amplitude is increasing very fast near the shoreline everywhere. The
computed water levels indicate that the north coast of Penang Island is vulnerable for
stronger surges. Similarly the north-west part of Phuket is at risk of highest surge due to
the source at Sumatra. The times of attaining maximum elevations along these regions
due to the formulated boundary condition are also computed and it is found that this
time at each location is approximately 10 to 15 min later than the time of attaining 40.1
m.

The computed time histories of water surface fluctuations at different locations of
the coastal belt of Phuket and Penang Island are stored at an interval of 30 seconds and
are shown in Figures 6 and 7 respectively. Figure 6 depicts the time series of water levels
for the Phuket region in south west Thailand. At the east coast of Phuket, the maximum
water level is 4.4 m and the minimum is - 4.0 m and the water level continues to oscillate
for a long time (Fig. 6a). It is important to note that at approximately 1.6 hrs after
imposition of boundary condition, instead of increasing, the water level starts decreasing

as the response to the boundary condition and reaches a minimum level of — 4.0 m. Then
the water level increases continuously to reach a level of 4.4 m (1™ crest) at 2.2 hrs before
going down again. At the south-west coast of Phuket the time series begins with a

depression of — 6.0 m and the maximum water level reaches up to 7.4 m and the
oscillation continues with low amplitudes (Fig. 6b).

Figure 7 shows the time series of water levels at two locations at the north and
south coasts of Penang Island in Malaysia. At north coast the maximum elevation is
approximately 4.5 m (Fig. 7a). At approximately 3.75 hrs after imposition of boundary
condition, the water level starts decreasing as the response to the boundary condition and

reaches a minimum level of —1.6 m. Then the water level increases continuously to reach
a level of 3.6 m (1" crest) at 4 hrs 30 min before going down again. The water level
oscillates and this oscillation continues for several hours. At the south coast the

maximum elevation is approximately 2 m and the minimum is — 2.5 m (Fig. 7b).

We have seen in previous section that the time series of sea surface fluctuation at
each coastal location begins with the sea level fall (withdrawal of water from the coast)
instead of rise of water as the response of imposed boundary condition (Figs. 6, 7). The
sinusoidal boundary condition is imposed at the boundary so that the phase is from
trough to crest. Thus from the boundary the first wave propagates so that the trough is
in front of the crest. To investigate this initial withdrawal we change the phase of the
imposed boundary condition. Relative to the west coast of Malaysia and Thailand, the
phase of the imposed boundary condition on open boundary is in the form of trough to
crest. To identify whether this phase of the boundary condition is responsible for initial
withdrawal of water from the coastal belt, an investigation is undertaken by a boundary
condition of same intensity, but with the reverse phase, that is, from crest to trough.
Figure 8 depicts the time series of water levels at the same locations as in Fig. 6b of
Phuket and Fig. 7b of Penang Island associated with the reversed boundary condition.
This figure shows that, at each location, the tsunami surge is not preceded by withdrawal
of water from the coast. Similar results are found along the other coastal belts of Phuket
and Penang (not shown). Thus, the initial withdrawal of water from the coasts depends
upon the nature of the phase of the imposed boundary condition.

The computed arrival time of wave generated by imposed boundary condition is
compared with the data available in USGS website (Tab. 1). According to USGS report
the tsunami waves reached at Phuket within two hours time after the earthquake and the
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arrival time of tsunami at Penang is between 3 hr 30 min and 4 hours. It is mentioned
that the formulated boundary condition is imposed on the open boundary of the model
which is far from the tsunami source. Thus the corrected arrival time related to the
tsunami source at Sumatra is obtained by shifting 10 to 15 min earlier than the computed
arrival times of wave of imposed boundary condition. Therefore the computed time of
attaining maximum surge due to the original tsunami source is 100 min and 230 min for
Phuket and Penang respectively. Thus the computed time is almost identical with the
website data.

On the other hand maximum water level surrounding Penang is 1.5 - 3.5 m and
the same for Phuket is 3.5 — 7.0 m computed by the formulated boundary condition. In
USGS website it is reported that wave height reached 7 to 11 m surrounding Phuket and

due to Roy et al. (2006) the wave height reached 2.0 — 3.5 m surrounding Penang. From
table 1 and the above discussion it is clear that computed tsunami arrival time and
maximum water levels along the island boundaries of Penang and Phuket agree well with
the observed data or data available in the USGS website.

VII.  CONCLUSION

A two-dimensional linear model has been developed to formulate an appropriate
boundary condition. The response of the 26 December 2004 Indonesian tsunami is
computed at the west open boundary of the model domain. Then by the amplitudes of
tsunami wave with the adjusted values of phase, period and scale factor of the boundary
condition the appropriate boundary condition is formulated to compute the distant
tsunami along the coastal boundary of west coast Peninsular Malaysia and southern
Thailand. It is observed that the response of the formulated boundary condition in
absence of the source is similar to that of the original source of the Indonesian tsunami of
2004. The computed water levels along the coastal belts of Penang and Phuket are found
to be quite reasonable and consistent with the water level data. The arrival time of
tsunami due to the boundary condition is little bit later than the arrival time of tsunami
due to the source because the boundary condition is away from the source zone of the
Indonesian tsunami 2004. It is found that the initial withdrawal of water from a coastal
belt depends upon the phase of the boundary condition. Thus the computed results
obtained by the formulated boundary condition are in good agreement with the observed
data. Since this model is computationally efficient in comparison with a nonlinear model,
authors believe that in real time operational distant tsunami forecast programs in a
particular coastal region this open boundary technique is practically applicable.

Table 1 : Computed and observed / USGS tsunami propagation time and water levels for
Penang and Phuket

Location Computed water level (m)| Observed/ USGS
Propagation Penang 230 < 24()
time (min)
Phuket 100 <120
Max. water level | surrounding Penang 1.5-3.5 20-=35
(m) surrounding Phuket 35-7.0 7-11
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Figure 1 - Model Domain including the coastal geometry and the epicenter of the 2004
earthquake (Courtesy: Roy et al., 2006).
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NUMERICAL SIMULATION OF THE EFFECT OF DISTANT TSUNAMI ALONG THE COAST OF PENINSULAR MALAYSIA AND
SOUTHERN THAILAND THROUGH AN OPEN BOUNDARY CONDITION IN A LINEAR MODEL
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Figure 2 - Time series of sea surface fluctuation at the western open boundary
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Figure 3 : Tsunami propagation time in minutes towards Phuket and Penang due to the
formulated open boundary condition
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Figure 4 : Tsunami propagation time in minutes towards Phuket and Penang due to the
2004 Indonesian tsunami source

96.5°E 98.5°E 100.5°E
aeN | VA Vi 9°N

"N

Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I E Year 2012

5N _ ; 5°N
96.5°E 98.5°E 100.5°E

Figure 5 - Contour of maximum elevation associated with the formulated boundary
condition around the west coast of Thailand and Malaysia
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Figure ¢ : Time series of computed elevation at two coastal locations of Phuket Island
associated with the formulated boundary condition: (a) East Phuket, (b) South-west
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Figure 7 Time series of computed elevation at two coastal locations of Penang Island
associated with the formulated boundary condition: (a) Batu Ferringi, (b) South coast [
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Figure § - Same as Figure 6b and 7b, except that the phase of the boundary condition has
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l. [NTRODUCTION

A Riemannian manifold with constant sectional curvature C' is known as real-space-form

and its curvature tensor is given by

RX,Y)Z = C{g(Y,2)X — g(X,Z)Y}.

A Sasakian manifold (M, ¢,&,n, g) is said to be a Sasakian-space-form [1], if all the ¢-
sectional curvatures K(X A ¢X) are equal to a constant C', where K (X A ¢X) denotes the
sectional curvature of the section spanned by the unit vector field X orthogonal to ¢ and ¢.X.

In such a case, the Riemannian curvature tensor of M is given by,
R(X,Y)Z = (C+3)/4{g(Y,2)X —g(X,Z)Y}
+ (O = 1)/4{g(X,02)¢Y — g(Y,6Z)pX + 29(X, ¢V )pZ}
+ (C=1)/4n(Xn(2)Y —n(Y)n(2)X
+ g(X, Zm(Y)E — g(Y. Z)n(X)€}. (1.1)

As a natural generalization of these manifolds, P. Alegre, D. E. Blair and A. Carriazo [1]

Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I H Year 2012

[2] introduced the notion of generalized Sasakian-space-form . It is defined as almost contact
metric manifold with Riemannian curvature tensor satisfying an equation similar to (1.1), in

which the constant quantities (C'+3)/4 and (C'—1)/4 are replaced by differentiable functions,
ie.,

1. Alfonso Carriazo, David. E. Blair and Pablo Alegre, proceedings of the Ninth
International Workshop on Differential Geometry, 9 (2005), 31-39.
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RX,)Y)Z = f[i{g(Y,Z2)X —g(X,Z)Y}
+ fA9(X,02)0Y — g(Y,02)p X + 29(X, ¢Y)dZ}
+ fa{n(XOn(2)Y —n(Y)n(2)X

+ (X, Z)n(Y)E —g(Y, Z)n(X)¢},

for any vector fields X,Y, Z on M.

Generalized Sasakian-space-forms and Sasakian-space-forms have been studied by several
authors, viz., [1], [3], [4], [6], [10]. The notion of local symmetry of a Riemannian manifold has
been weakened by many authors in several ways to a different extent. As a weaker version of
local symmetric, T.Takahashi [11] introduced the notion of locally ¢-symmetry on a Sasakian
manifold. Generalizing the notion of ¢-symmetry, U.C.De and co-authors [9] introduced the
notion of ¢-recurrent Sasakian manifold. Further ¢-recurrent Kenmotsu manifold, ¢-recurrent
LP-Sasakian manifold, concircular ¢-recurrent LP-Sasakian manifold, pseudo-projectively ¢-
recurrent Kenmotsu manifold were studied by U.C. De and co-authors and Venkatesha and
C.S. Bagewadi in their papers [7], [12], [13].

In the present paper we have studied ¢-recurrent generalized Sasakian-space-form and
proved that a ¢-recurrent generalized Sasakian-space-form is an 7-Einstein manifold and a
locally ¢-recurrent generalized Sasakian-space-form is a manifold of constant curvature. Fur-
ther it is shown that if a ¢-recurrent generalized Sasakian-space-form has a non zero constant

sectional curvature, then it reduces to a locally ¢-symmertic manifold.

1. PRELIMINARIES

An odd-dimensional Riemannian manifold (M, g) is called an almost contact manifold if
there exists on M, a (1, 1) tensor field ¢, a vector field £ (called the structure vector field) and

a 1-form 7 such that
¢*(X) = =X +n(X)g, (&) =1, (2.1)
g(¢X7 ng) = g(Xa Y) - U(X)U(Y)a (2'2)

for any vector fields X,Y on M.

In particular, in an almost contact metric manifold we also have

o& =0, nog¢=0. (2.3)

© 2012 Global Journals Inc. (US)
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(Vx§) = X = n(X)§, (2.4)
(Vxn)(Y) = g(X,Y) = n(X)n(Y). (2.5)

Given an almost contact metric manifold (M, ¢, &, n,g), we say that M is an generalized

Sasakian-space-form, if there exists three functions fi, fo and f3 on M such that

N otes RX,Y)Z = f{g(Y,2)X —g(X,Z)Y}
+ K{9(X,02)0Y — g(Y,62)6X +2g(X, Y02}
+ fsn(X)n(2)Y —n(Y)n(Z2)X

+ 9(X, Z)n(YV)§ — g(Y, Z)n(X)E}, (2.

[\]
D

)

for any vector fields X,Y, Z on M, where R denotes the curvature tensor of M. This kind of
manifold appears as a natural generalization of the well-known Sasakian-space-forms M (C),
which can be obtained as particular cases of generalized Sasakian-space-forms by taking f; =
(C+3)/4 and fy = f3 = (C —1)/4. Further in a (2n + 1)-dimensional generalized Sasakian-

space-form, we have [2]

QX = @2nfi+3f— )X — (3fs+ (20— D fs)n(X)E, (2.7)
S(XY) = (@nfi+3f— f)g(X.Y) = Bfa + 2n— Dfon(Xn(Y),  (2.8)
ro= 2n(2n+ 1)f + 6nfs — Anfs, (2.9)

RXY)E = (fi— fo)ln(¥)X —n(X)Y], (2.10)
REX)Y = (fi - fo)lg(X,Y)E - n(Y)X], (2.11)
WRX,Y)Z) = (fi — f2)(g(Y, Z)n(X) — g(X. Z)n(Y)), (2.12)
S(X.6) = 2n(fi — fon(X), (2.13)
(VwR)(X,Y)E = (dh(W) — dfs(W)){n(¥)X — n(X)Y}) (2.14)

+ (A= LHgY, W)X —g(X, W)Y} — R(X, Y)W
Definition 2.1. A generalized Sasakian - space - form is said to be locally ¢-symmetric if
P*(VwR)(X,Y)Z) = 0. (2.15)
Definition 2.2. A generalized Sasakian-space-form is said to be ¢-recurrent if there exist a

non zero 1-form A such that

© 2012 Global Journals Inc. (US)
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»*((VwR)(X,Y)Z) = AW)R(X,Y)Z, (2.16)

for any arbitrary vector field X, Y, Z and W.

[1I. @-RECURRENT GENERALIZED SASAKIAN - SPACE - FORMS

Two vector fields X and Y are said to be co-directional, if X = fY where f is a non-zero

scalar. i.e., Notes
9(X,2) = fg(Y, 2), (3.1)

for all X.
Now from (2.1) and (2.16), we have

(VwR)(X,Y)Z = n((VwR)(X,Y)Z)§ — AW)R(X,Y)Z. (3.2)
From (3.2) and the Bianchi identity we get
AWN(R(X,Y)Z) + A(X)n(R(Y,W)Z) + AY)n(R(W, X)Z) = 0. (3.3)
By virtue of (2.12) we obtain from (3.3) that
(f1 = [)AW){g(Y, Z)n(X) — g(X, Z)n(Y )} + AX{g(W, Z)n(Y) (3.4)
—g(Y, Z)yn(W)} + AY ){g(X, Z)n(W) — g(W, Z)n(X)}] = 0.
Putting Y = Z = ¢; in (3.4) and taking summation over i, 1 < i < 2n + 1, we get
2n(f1 — f3)[AW)n(X) — A(X)n(W)] = 0.
If (f, — f3) # 0, then
AW)n(X) = AX)n(W), (3.5)
for all vector fields X,W.
Replacing X by € in (3.5), we get
(3.6) A(W) = n(p)n(W),

where A(X) = g(X, p) and p is the vector field associated to the 1-form A. From (3.1) and

(3.6) we can state the following:

Theorem 3.1. In a ¢-recurrent generalized Sasakian-space-form, the characteristic vector
field & and the vector field p associated to the 1-form A are co-directional and the 1-form A is
given by (3.6), provided f; — f3 # 0.

© 2012 Global Journals Inc. (US)
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Let us consider a ¢-recurrent generalized Sasakian space form. Then from (3.2) we have,

(VwR)(X,Y)Z = n((VwR)(X,Y)Z)§ = AW)R(X,Y)Z,

from which it follows that

—9(VwR)(X,Y)Z,U) + n(Vw R)(X,Y) Z)n(U) = AW)g(R(X,Y)Z,U). (3.7

Let {e;},i =1,2,...,2n 4+ 1 be an orthonormal basis of the tangent space at any point of the

space form. Then putting X = U = ¢;, in (3.7) and taking summation over 7, 1 <i < 2n+ 1,

we get
(3.8) = (Vw9)(Y, Z) = AW)S(Y, Z).

Replacing Z by £ in (3.8) we get,

(VwS)(Y, &) = —AW)S(Y,£). (3.9)
Now we have
(VwS)(Y, ) = VwS(Y, &) = S(VwY, &) = S(Y, Vw§). (3.10)
Using (2.4), (2.5) and (2.13) in (3.10), we get
(VwS)(Y,€) = 2n(f1 — f3)g(Y, W) = S(Y,W). (3.11)
Now using (3.11) in (3.10), we obtain
S, W) =2n(fi = fs)g(Y, W) + A(W)S(Y, ). (3.12)
Using (2.13) and (3.6) in (3.12), we get
S, W) = 2n(fy = f3)g(Y, W) + 2n(fy = fa)n(p)n(W)n(Y). (3.13)

This leads to the following theorem:

Theorem 3.2. A ¢-recurrent generalized Sasakian-space-form is an n-Finstein manifold pro-

vided fl - f3 7£ 0.
From (2.14), we have

(VwR)(X,Y)E = (dfr(W) = dfs(W)){n(Y)X —n(X)Y}

+ (h = f){g(Y, W)X —g(X, W)Y} — R(X, Y)W

© 2012 Global Journals Inc. (US)
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By virtue of (2.12), it follows from (2.14) that
n(VwR)(X,Y)¢ = 0.
In view of (3.14) and (3.2), we obtain
AW)R(X,Y)E = —(VwR)(X,Y)E.
By using (2.14) in (3.15), we get
— (dfi(W) = dfs(W)){n(Y)X — n(X)Y'}

—(fi = sV, W)X —g(X, W)Y} + R(X, Y)W = A(W)R(X,Y)E.

Hence if X and Y are orthogonal to ¢, then we get from (2.10) that
R(X,Y)¢ =0.
Thus we obtain
RX. Y)W = (fi— fs){g(Y, W)X —g(X, W)Y},

for all X,Y, W.
This leads to the following theorem:

(3.14)
(3.15)

Notes

(3.16)

(3.17)

Theorem 3.3. A locally ¢p-recurrent generalized Sasakian-space-formis a manifold of constant

curvature.

Again let us suppose that a generalized Sasakain-space-form is ¢-recurrent. Then from (3.2)

and (2.14), it follows that

(VwR)(X,Y)Z = [=(dfs(W) = dfs(W){g(X, Z)n(Y) — (Y, Z)n(X)}

— (fi= HBHgY,W)g(X, Z) — g(X, W)g(Y, Z)}

— g(R(X, Y)W, Z)]¢ = AW)R(X,Y)Z.

From (3.18) it follows that

(3.18)

@*(VwR)(X,Y)Z = AW)R(X,Y)Z — AW)(fr = fs{g(Y. Z)n(X) — g(X, Z)n(Y)}, (3.19)

which yields
*(VwR)(X,Y)Z = AW)R(X,Y)Z.

© 2012 Global Journals Inc. (US)
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Hence we state the following:
Theorem 3.4. A generalized Sasakian-space-form satisfying the relation (3.18) is ¢p-recurrent

provided that X and Y are orthogonal to &.

Next, we suppose that in a ¢-recurrent generalized Sasakian-space-form the sectional cur-

vature of a plane m C T,M defined by
(m) = g(R(X,Y)Y, X),
is a non zero constant K, where X, Y is any orthonormal basis of 7. Then we have
9((V2R)(X, Y)Y, X) = 0. (3.20)
By virtue of (3.20) and (3.2) we obtain
g(VZzR)(X, Y)Y, On(X) = A(Z)g(R(X, Y)Y, X). (3.21)

Since in a ¢-recurrent generalized Sasakian-space-form, the relation (3.18) holds good. Using

(3.18) in (3.21) we get
(= (df1(Z) = dfs(2)){g(X, Y )n(Y) — g(Y,Y)n(X)}
—A(Z)n(R(X,Y)Y)In(X) = A(Z)g(R(X, Y)Y, X). (3.22)
If X and Y are orthogonal to ¢,
— A(Z)(X)(R(X,Y)Y) = KA(Z). (3.23)
Putting Z = ¢ in (3.23) we obtain
n(p)n(X)n(R(X,Y)Y) + K] = 0.
Which implies that
n(p) = 0. (3.24)
Hence by (3.6) we obtain from (2.16) that
¢*(VwR)(X,Y)Z) = 0. (3.25)

This leads to the following theorem:

Theorem 3.5. If a ¢-recurrent generalized Sasakian -space-form has a non-zero constant
sectional curvature, then it reduces to a locally ¢-symmetric manifold provided that X and Y

are orthogonal to &.

© 2012 Global Journals Inc. (US)
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I.  INTRODUCTION

Generalized Gaussian hypergeometric function of one variable is defined by

P ai, s, - ,a4 3 . :i (al)k(%)k"'((lA)kzk
by by, bp = (01)k(bo)r - -~ (bp)ik!
N (@) (a,)2
aa) 3 Gli=1 — ((an))i?"
AFp z | =aFp z | = Z ((((bw (1)
(bs) () k=0 \\BIIR
where the parameters by, by, -+ ,bg are neither zero nor negative integers and A, B are

non-negative integers.

Contiguous Relation is defined as follows: [E. D. p.51(10), Andrews p.363(9.16), H.T. F.
I p.103(32)]

b 1, b ; , b+ 1
((Z—b) 2F1|:a7c ’ Z:| :a2F1|:a+ Z:| _b2F1[a C+ . Z:| (2)

) C ) ;
Recurrence relation of gamma function is defined as follows:
['(z+1)=2T(z) (3)

Legendre duplication formula is defined,as

VA T(22) = 2370 P(2) T ( " %) )
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1 20-D (%) T2
r(3)=vi- ®)
_ 27D (8) D(%)

Bailey summation theorem [Prud, p.491(7.3.7.8)]is as follows:

7 { a,l—a ; 1] T T NZANG )
241 9| T cta ctl—a\ =~ oc— cta ctl—a
¢ ;2] T(H) () 2071 T(4f9) T(H9)
.  MAIN SUMMATION THEOREMS
Theorem-1:
a, —a—11 ;1
2F1 |: c : 5

VA T(e) [—122760@ +355460° + 71610 + 230" — 33a” |

2c+11 F(c—g-‘rl) F(c+a2+12)

—a® + 122880¢ — 175560ac + 5820a%¢c + 3960ac + 180a*c + 140288¢% — 70356ac?
+ F(c—a—H) F(c+a+12) +
2 2

—4218a%c? + 396a3¢? + 18a*c? 4+ 57600¢® — 10560ac® — 960a?c® + 10880¢* — 528ac?
+ c—a+1 ct+a+12 +
[(=55) T(<55)

—48a2%c* 4+ 960c® + 32¢°

F( c—g+1 ) P( c+a2+12)

n 4(15120 — 15510a + 405a* + 330a® 4 15a* + 27024c — 11902ac — 719a*c + 66a3c) n

D(45%) D(<5H)

4(3a'c + 15200¢ — 2640ac® — 240ac? + 3680c® — 176ac® — 16ac® + 400c¢* + 16¢°)
+ c—a ct+a+11
P54 T(5=)

(8)
Theorem-2:

a, —a—12 ;1
2F1{ c )

_ VAL [—245640a + 9600242 + 8301a® — 769a* — 6945

9c+12 F(cfg+1> F(c+a2+12)

—a® + 245760¢ — 376304ac + 40100a%c + 7246a3¢c + 84a*c — 6a°c + 2805762
+ F c—a+1 F ct+a+12 +
(=55) T(=%5=)

N —163376ac? — 376a%c¢? + 1104a3c? + 24a*c® + 115200¢® — 27776ac® — 1184a°c3 + 32a3c3+

F( C*%‘Fl ) F( c+a2+12)

© 2012 Global Journals Inc. (US)
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+2176004 — 1840ac* — 80a2c* 4+ 1920¢® — 32ac® + 6406+

F( c—g—i—l ) F( c+a2+12 )

665280 — 690744a + 14030a2 + 19587a® + 1211a* — 3a® — ab + 1249536¢ — 588880ac
+ p(u) P(M) +
2

2

N —44500a%¢ + 5426a3c + 444a*c + 6a°c + 776896¢% — 156688ac? — 19384a°c? + 48a3c? N

P(55%) D(=5)

Notes N 24a*c?® + 222720¢® — 14464ac® — 2336a%c® — 32a3c3 + 32320¢* — 80ac* — 80a2c4+

D(5%) D(<5552)

2304¢° 4 32ac® + 64c5

L(5%) D(<5)

Theorem-3:

VT T(c) | —2948400a + 117860402 + 123942a® — 129784
- 2c+13 x P(c—g—l—l) F(c+a2+14) +

n —1638a® — 42a® + 2949120¢ — 4789512ac + 547218a2c + 125489ac 4+ 1869a*c — 273a5c+

F(c—;—l—l) F(c+a2+14)
—Tab¢c 4+ 3612672¢% — 2332512ac® — 9072ac? + 26208a3c? + 1008a*c? + 1662976c3+

F( cngrl ) F( c+a2+14)

N —479024ac® — 27384a2%¢® + 1456a%c® + 56a*c® + 376320¢* — 43680ac* — 3360@264+

F( c—g—i—l ) F( c+a2+14)

44800¢° — 1456ac® — 112ac® + 2688c° + 64c7+

F( cf;Jrl ) F( c+a2+14)

—2(—665280 + 7528564 — 74246a% — 18135a% — 275a* + 39a® + af — 1249536¢)
+ c—a ct+a+13 +
I'(5%) T(<5=2)

2

N —2(691392ac + 4512a%c — 7488ac — 288a'c — 776896¢ + 207376ac? + 11896a>c?) N

D(5%) D(=5)

. —2(—624a3c® — 24a*c? — 222720¢% + 24960ac® + 1920ac® — 32320c¢* + 1040ac?) n

D(45%) D(=5)

—2(80a2c* — 2304¢° — 6406)] (10

L(45%) D(<52)

Theorem-4:

© 2012 Global Journals Inc. (US)
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VT T(e) | —5897520a + 285622842 + 68104a® — 392254
- 20+14 F(C_(;—H) F(c+a2+14) +

n —2225a° — 3a® + a” + 5898240c — 10079808ac + 1788240a%c + 186120ac — 6280@40+

F( cfg+1 ) F( c+a2+14)

N —648a°c — 8alc + 7225344¢% — 5180672ac? + 245040a%¢% + 53080a3c? + 720a*c? — 24a°c? N

F( cf;+1 ) F( c+a2+14>

+332595203 — 1143840ac® — 16400ac® + 4320ac® + 80a*c® + 752640c¢* — 1176()0ac4+

F( chQLJrl ) F( c+a2+14)

N —4560a%c* + 80a’c* + 89600¢° — 5184ac® — 192a%c® + 53765 — 64ac’ + 128c7+

F( cngrl ) F( c+a2+14)

. 17297280 — 19716432a + 1898236a* + 5870964 + 11665a* — 2143a® — 101a’® — a7+

D(45%) D(<52)

. 33818496¢ — 19565024ac — 242880a’c + 293240a3c + 15560a'c — 24a’c — 8a6c+

D(45%) D(<52)

N 22698368¢% — 6656608ac? — 479040a%c? + 34280a3c? + 2400a*c? 4 24a°c? + 734451263+

L(45%) D(<52)

N —977440ac® — 103760a°c® + 160a3c® + 80a*c® 4+ 1285760¢* — 57120ac* — 792Oa204+

D(45%) D(<52)

—80a3c* + 124544¢° — 192ac® — 192a%c® + 6272¢5 + 64ac® + 12807] (11)

P(55%) D(=52)

Theorem-5:

VT D(e) | —82570320a + 4053121242 + 1372620a°
- 2c+15 X F(C—g—&-l) F(c+a2+16) +

n —697871a* — 50040a° — 62a° + 60a” + a® + 82575360c — 147571200ac + 27457920a2c+

F( C*S‘Fl ) F( c+a2+16)

+3460800a3c — 136640a*c — 20160a°c — 448a°c + 107053056¢* — 82606080ac? .

F( cfc2b+1 ) F( c+a2+16)

+4212928a202 + 1188000a3c* + 21600a*c* — 1440a°c* — 32a5¢* + 5378867203+

F( cfc2b+1 ) F( c+a2+16)

—20832000ac® — 380800a2%c?® + 134400a3c® + 4480a*c?® + 13862912¢* — 2625600ac?
+ F(C*(Z‘Fl) P(c+a+16) +
2

2

© 2012 Global Journals Inc. (US)
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_1_—139040&204 + 4800a3c* 4 160a’c 4 2007040¢° — 161280ac® — 10752a%c® + 164864c6+

F( cf;+l ) F( c+a2+16 )

—3840ac® — 256a%c¢5 + 7168¢" + 128¢8

F( cf%+1 ) F( c+a2+16 )

N —16(—2162160 + 2633820a — 422912a* — 56175a® + 2065a* + 315a° + 7ab — 4227312¢) N

F(ﬂ) F(c+a+15)

2 2

Notes

—16(2745900ac — 122940a%c — 37425a3c — 685a'c + 45a°c + a®c — 2837296¢?)
+ c—a ct+a+15 +
(%) I'(=5=)

n —16(1001700ac? + 19530a%c* — 6300ac® — 210a*c* — 918064¢* + 165300ac?) i

L(5%) D(=52)

—16(8770ac® — 300a®c® — 10ac® — 160720c* + 12600ac* + 840a%c* — 15568¢°)
+ c—a ct+a+15 +
[(s5%) D(=5=)

—16(360ac® + 24a%c® — 784¢5 — 1607)]

F(ﬂ) F(c+a+15)

2 2

[11.  DERIVATIONS OF THE SUMMATION THEOREMS(1) TO (5)

Proof of theorem-1:

putting b = —a — 11,2 = % in known result (2),we get
a, —a-—11 ;1
(2CL+ 11) 2F1 |: c , §:|
- a+1l, —a—-11 ; 1 +(a+6)oF a, —a—10 ;1
= a ol c ) a 211 c .9

Now using Bailey theorem, we get

LHS—a Y7L

2c+10

D(55) T(5%)

N 1202a%c + 252a3c + 6a*c + T080¢? — 5948ac? — 216a%c? + 12a3¢? + 3840¢> — 672ac3+

D(H5) T(5%)

—32a2c? + 624c¢* — 16ac* + 32¢°

D(57) T(55%)

—8304a — 3790a% + 5067a® + 551a* — 3a® — a® — 3152ac — 14484a2c + 1202a3c+

F( c—g—l) F( c+a2+12)

© 2012 Global Journals Inc. (US)

—8304 — 3790a + 5067a% + 551a% — 3a* — a® — 3152¢ — 14484acjL

(2}
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N 252a*c + 6a°c + 7080ac? — 5948a°c? — 216a3c¢? + 12a*c® + 3840ac® — 672&263+

F( C_g_l ) F( c+a2+12)

—32a3¢3 + 624ac* — 16a2c* + 32ac®

F( C_Z_l ) F( c+a2+12)

V1 I(c) « —1226a + 3406a* + 553a® + 2a40— a’ —_{— 12288¢ — 16156ac + 482&20+
9¢c+10 T(£52H0) T (o) Notes
n 228a3c + 6a*c + 12800c? — 5480ac? — 252a%c? + 12a3c? + 4480c% — 608ac® — 32@203+
F(c+a2+10> I“(C—g-{-l)
640c* — 16ac* + 32¢°
F(c+a2+10) F(c—g—H)
n 30240 — 27516a — 1984a* + 527a® + a® + 54048¢ — 18604ac — 2758a*c + 12ac + 6a4c+

L(5%) D(=5H)

(a+11)

30400 — 612a2c? — 12a3c% + 78603 — 32ac® — 32a2c3 + 800¢* + 16ac* + 32¢°
+ c—a—1 cta+12
L(=5—) T'(=55=)

_ /mT(c) |—16608a — 7580a + 10134a® + 1102a* — 6a® — 2a® — 6304ac — 28968a2c+

X
2o D(=5T0) T(52)

L 2404a°c + 504a’*c + 12a°c + 14160ac? — 11896a%c? — 432a3c? + 24a*c? + 7680ac? n

D(H57) T(55%)

. —1344a%c® — 64ac® + 1248ac* — 32a2c* + 64ac® i

D(=57) T(55%)

n —1320a + 28370a% + 29771a® — 664a* — 802a° — 58a° — a” — 31384ac — 38334@20+

F( c—g—‘rl ) F( c+a2+12)

26665a3¢c + 3395a*c 4+ 15a°c — 5a°c — 5abe + 6080ac? — 46256a2c? + 2382a°c?
+ c—a+1 ct+a+12 +
L(=5=) T(<5==)

N 696a*c? 4+ 180a°c? + 19320ac® — 11620a’c® — 520a3¢3 + 20a*c® + 6480ac4jL

F( 0762L+1 ) F( c+a2+12)

—928a2¢* — 48a3¢t + T84ac® — 16a%c® + 32ac®

F( C*%‘Fl ) F( c+a2+12)

VA D(e) | —1349040a + 117116a® + 12009243 + 15239a* + 485a® — 19645 — o
c+11 x cta+12 c—a+1 +
2 [(=5==) D(=55)

L 1351680c — 1654016ac — 248766ac + 28535ac + 6505a’c + 345a°c + 5alc + 1543168¢> n

F( c+a2+12) F( C*gﬁ’l )

© 2012 Global Journals Inc. (US)



—499428ac? — 140854a’c? — 6462a>c? + 294a*c® + 18a°c? + 633600 — 20280ac?
+ cta+12 c—a+1 +
[(F5=2) T(=5)

N —20060a’c® — 1400a3c® — 20a*c® + 119680¢* + 9472ac* — 656a%c* — 48(1364+

F( c—g-{-l ) F( c+a2+12)

n 665280 — 544872a — 98680a” + 7626a> + 2198a* + 126a° + 2a°® + 1189056¢ — 301192acjL

D(5%) D(<54)

Notes N —97884a2c — 5252a3¢c + 156a*c + 12a°c + 6688002 — 8720ac® — 19784a%c% — 1488a302+

F( c—g—f—l ) F( c+a2+12 )

N —24a*c? + 1619202 + 14016ac® — 768a2c® — 64a>c® + 17600¢* 4+ 1952ac¢* + 32a20"‘+

F( c—g-{-l ) F( c+a2+12)

E Year 2012

704¢® 4 64ac®

F( c—g—l ) P( c+a2+12 )

/7 T(c) 665280 — 561480a — 106260a® + 17760a> + 3300a* + 120a° + 11890560_'_

X
20+11 F(%) F(c+a2+11)

—307496ac — 126852a%c — 2848a3c + 660a’c 4+ 24a°c — 668800¢? + 5440ac® — 31680a?c?
+ F(u) F(M) +
2

2

n —1920a3c? + 161920¢® + 21696ac® — 2112a2¢® — 128a3¢3 + 17600¢* + 3200ac4+

P(5%) D(=5H)

+704¢° 4+ 128ac®

c—a cta +
D(e5) T(=5)

n —1350360a + 145486a* + 149863a® + 14575a* — 317a® — 77a% — 2a” + 13516806+

F( c—g-‘,—l ) F( c+a2+12)

—1685400ac — 287100ac 4+ 55200a3c + 9900a’c + 360a°c 4+ 1543168¢? — 493340ac?
+ F(c—a-i—l) F<c+a+12) +
2

2

N —187110a2c? — 4080ac? + 990a64c? + 36a°c? + 6336003 — 960ac® — 31680a%c® — 1920433

F( c—;—‘rl ) P( c+a2+12 )

_l_

n +119680¢* + 15952act — 1584a%c64 — 96a3c! + 10560¢° + 1920ac® + 352¢66 + 64act

F( c—g+1 ) F( c+a2+12)

On simplification , we get

Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I

a, —a—11 ;1
2 F1 [ c )
NZB N —122760a + 35546a% 4 7161a® + 23a* — 33a® |
- 2c+11 F(C*g+1) F(c+a2+12) +

© 2012 Global Journals Inc. (US)



n —a® + 122880c — 175560ac + 5820a*c + 3960a’c 4 180a'c + 140288¢* — 70356ac? L

F( C*%‘Fl ) F( c+a2+12)

N —4218a%c? + 396a3¢? + 18a*c? 4+ 57600¢® — 10560ac® — 960a’c® + 10880¢* — 528ac4+

F( c—c2l+l ) F( c+a2+12 )

—48a2c* + 960¢° + 32¢5

F( c—62b+1 ) F( c+a2+12 )

N 4(15120 — 15510a + 405a2 + 330a® + 15a* + 27024c — 11902ac — 719a%c + 66a’c + 3a'c) Notes

P(5%) D(<5H)

N 4(15200¢% — 2640ac® — 240a%c? + 3680c® — 176ac® — 16a>c® + 400c¢* + 16¢°)

L(45%) D(<5H)

which proves the theorem -1.

Proof of theorems 2-5: On the similar lines of proof of theorem-1, we can prove other

theorems 2-5.
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in nature, and hence encompass several cases of interest.
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l. [NTRODUCTION

Nair [11] introduced the Pathway fractional integral operator which is defined in
the following manner

X

~n
R =x[ " )} 1 g (1)

where f(x) € L (a,b), n € C, Re(n) > 0, a >0 and pathway parameter o < 1.

Mathai [7] introduced the pathway model and further studied by Mathai and

Haubold ([8], [9]). For real scalar o, the pathway model for scalar random variables is
denoted by following probability density function (p.d.f.)W.

B
f(x)=c|x [ [1-al-a)|x[P1F, (1.2)

where y > 0,6>0,> 0,{1-a(1-a)| X |6}>O,y>0,— ®0 < X < o , Cis the normalizing

constant and a is known as pathway parameter. The normalizing constant, for real a, is
as follows:

Y
o Yo B
15[8(1 )] F(8+1 oc+1j

c== —

© ol

Author a o . Departrment of Mathematics, University of Rajasthan, Jaijpur-302055, Rajasthan, India. E-mail : drvblc@yahoo.com

a<l (1.3)
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¥
L ola(l- OL)]SF(BJ 1
= 1-a for —%>O, a>1, (1.4)

R G
o) l-a o

Y

_18(ap)°

gl

It is a finite range density with {1-a(1-a) |x [° >0, for a < 1, and (1.2) remains in

for a— 1. (1.5)

< the extended generalized type — 1 beta family. For o < 1, the pathway density in (1.2)

includes the extended type — 1 beta density, the triangular density, the uniform density
and many other p.d.f.

We have, for o > 1,
B
f)=cix[[d+ae-1)|x 1=, (1.6)

where a0 >1,8>0, f >0, — 00 <X < oo, which is extended generalized type — 2 beta
model for real x. It includes the type — 2 beta density, the F-density, the student —t
density, the Cauchy density and many more. The pathway parameter d< 1 has only been
considered here. For o — 1, (1.2) and (1.6) take the exponential form, since

n
lim c|x|' ™ [1-a(l—a)| x P ]F
a—>1

o
=limc|x [ [1+a(o.—1) x ]2
a—1

)
=c|x" ter @ (1.7)

This includes generalized Gamma-, the Weibull-, the Chi-square, the Laplace-, the
Maxwell-Boltzmann and other related density.

Global Journal of Science Frontier Research (F ) Volume XII Issue IX Version I ﬂ Year 2012

n an

1-a)t 2- -t

For a—1 ,{1—8(—(1)} “ e X U, the operator (1.1) reduces to the well
B X

known Laplace integral transform of f with parameter an
X

PMDfx=x"[ e X f(t)dt
(P ) _fo (t)

© 2012 Global Journals Inc. (US)
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_x"L (anj (1.8)
X

For o = 0, a = 1, then replacing n by n—1 in (1.1) the integral operator reduces to
Riemann-Liouville fraction integral operator.
Sharma [13] introduced the generalized M-series as follows

M (Z) Z ..(a ) ZK
k=0 (b) -(bc)k T(a'k+B)’

Ref.

—y, (K) (1.9)

where z,0',p' € C,Re(a') > 0, Vzif p <o, |z|<a'®, for other details see [13].

The following series representation of H-function [12] will be required

N o v g
: D x(©(1
HM. N{Z (epEp)}: ( =, (1.10
P,Q (fQ FQ) hzzl VZ:;) V!Eh 7 )
e —1-v
where £ =—"———and (h=1,...,N)
E,

and

M N
[Tt + Fja)g rd-e -Eg)

j=1
18)=—3
[] ra-f,-Fg H I(e +EE, )

=M+1 j=N+1

jh

=y,(8) (1.11)

for convergence condition and other details see ([4] and [13]).
For the sake of brevity

13. Sharma, Manoj and Jain, Renu, A note on a generalized M-series as a special function
of fractional calculus, Fract. Cal. Appl. Anal., 12(4) (2009), 449-452.

N P M Q

TZE—ZE+ZF—Z. (1.12)
i= i=N+1 i= i=M+1
n q m

sz%—Za+ZQ—Zﬁ (113)
i=1 i=n+1 i= i=m+1
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[I. MAIN RESULTS
Theorem 1. Let n,0 €C, Re() > 0,Re(8) > 0, Re(l+1ij>0, Re(p)>0,a<lLbeR,
-

b'
1 1 .
J>O Re ®+BBJ >O,|argc|<§Tln,|argb|<§T2n,B >0,

f
ceR, Re[co+8|:

J

=

Tl,T2>0,p < G,|d|<oua"B* >0,j=1,..,Q;j'=1,

Then

o'p'
Péf’“){t“"l M [P IHE N{ct8

(ap,ap)}
(BB
(ep,Ep)
(foFg)

m, n+1 b xP (1—@+5‘§+5*kﬁ),(ap,0tp)
p+l,g+1 a(l— OL)B (bquq)’(“”_&ﬁB*k—iﬁj
1-a

(ep, EP)}Hm N pth

dk X‘r|+co—[3*k F(l-i'nj
1-a HM N|: CX

[a(1-a)] P Q| [a(l-a)]°

"682-L€2 ‘(600%)
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Proof. Making use of (1.9), (1.10) and (1.1) and appealing to a known result [11],
we arrive at the desired result (2.1).

Theorem 2. Let 1,7,8,B,T,. T, >0, Re(n)>0,Re(y)>0,Re(w)> 0, Re(1+1ij > max.
i 04
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where Eg ,, (D) s the generalized Mittag-Leffler function (see [14],[15]). °

Proof. The result in (2.2) can be derived from Theorem 1 by takingm =1 =n,p=1, q = .
85

2, b1 =0,,=0, b2 =1-0,p, =0, =1-yand o, =1. We have the required result.
Theorem 3. Let 1,7,veC,8>0,a<1p<c,|d|<a'*,Re(n)>0,ceR, Re(y+V)>0,

f
n i 1 * .
R# 1+— |>0,Re y+6— |>0,|Jargc|<=T,n, T, >0, >0,)=1,...,Q.

Then

o) [ T L oas )" M,N t)°
plr @ M, d@ 3,0 HY c@

(F) Volume XII Issue IX Version I

(ep.Ep)

dk Xn+v+y—[3*k F(l-l— n j s
—y.(K) 1-a M.N CX (ep-Ep)
Wl [a(l— (x)]y+V7B*k 2y+V+1’|—B*k P,.Q [Za(l_ a)]5 (fQ,FQ)
2
LV, X (yhv-8Eprk,2) ' (2.3)

43-2 (1— (X)Z (v+1,1),[1+v+y—8<‘,—[3*k+ %,2}
—Q

Global Journal of Science Frontier Research

Here oV qdenotes the generalized Wright hypergeometric function ([14],[15]).

London Math. Soc., 38 (1934), 257-270.

Proof. The result in (2.3) can be established by taking m =1, n =0,p =0, q = -

14. Wright, E.M., The asymptotic expansion of the generalized Bessel function, Proc.

t
2, b,=0, Ble, b2 =—V,B2 =lLo=y+V,b'=1,=2 and replacing t by > after a little

simplification, we have the desired result.
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1.

[11.  SpeciAL CASES

Letting B*—0 in the result (2.1), we get the result recently obtained by Chaurasia
and Ghiya [1] for p, p, and p, — 0.

Making B*,6—0 in the results (2.1) through (2.3), we have the results recently
derived by Chaurasia and Gill in [2].
Giving suitable values to the parameters in the results (2.1) through (2.3), we get the
results recently obtained by Nair in [11].

A large number of simpler corresponding results pertaining to simpler functions can

be obtained easily merely by specializing the parameters in them.

10.

11.

12.

13.

14.

15.

REFERENCES REFERENCES REFERENCIAS

Chaurasia, V.B.L. and Ghiya, Neeti, Pathway fractional integral operator pertaining
to special functions, Global J.Sci., Front. Res., 10(6)(Ver.1.0), (2010), 79-83.
Chaurasia, V.B.L. and Gill,Vinod, Pathway fractional integral operator involving H-
functions (Communicated).

Erdélyi, et al., Higher transcendental functions, Vol.II, McGraw-Hill, New York, 1953.

Fox, C., The G and H-functions as symmetrical Fourier kernels, Trans. Amer.
Math.Soc., 98 (1961), 395-429.

Kilbas, A.A., Saigo, M.and Saxena, R.K., Generalized Mittag-Leffler function and
generalized fractional calculus operators, Integral Transform Special Functions, 15
(2004), 31-49.

Kilbas, A.A., Srivastava, H.M. and Trugille, J.J., Theory and applications of fractional
differential equations, Elsevier, Amsterdams, 2006.

Mathai, A.M., A pathway to matrix variate gamma and normal densities, Linear
Algebra and its Applications,396 (2005), 317-328.

Mathai, A.M. and Haubold, H.J., On generalized distribution and pathways, Phy.
Letters, 372(2008), 2109-2113.

Mathai, A.M. and Haubold, H.J., Pathway models,superstatisties, trellis statistics and
a generalized measure of entropy, Physica, A375 (2007), 110-122.

Mathai, A.M. and Saxena, R.K., The H-function with applications in Statistics and
other Disciplines, Wiley, New York, 1978.

Nair, Seema S., Pathway fractional integration operator, Fract. Cal. Appl. Anal., 12(3)
(2009), 237-259.

Skibinski, P., Some expansion Theorems for the H-function, Ann. Polon. Math., 23
(1970), 125-138.

Sharma, Manoj and Jain, Renu, A note on a generalized M-series as a special function
of fractional calculus, Fract. Cal. Appl. Anal., 12(4) (2009), 449-452.

Wright, E.M., The asymptotic expansion of the generalized Bessel function, Proc.
London Math. Soc., 38 (1934), 257-270.

Wright, E.M., The generalized Bessel function of order greater than one, Quart. J.
Math. Oxford Ser., 11 (1940), 36-48.

© 2012 Global Journals Inc. (US)

Notes



GLOBAL JOURNALS INC. (US) GUIDELINES HANDBOOK 2012

WWW.GLOBALJOURNALS.ORG



FELLOWS

FELLOW OF ASSOCIATION OF RESEARCH SOCIETY IN SCIENCE (FARSS)

'FARSS' title will be awarded to the person after approval of Editor-in-Chief and Editorial Board.
The title 'FARSS" can be added to name in the following manner. eg. Dr. John E. Hall, Ph.D.,
FARSS or William Walldroff Ph. D., M.S., FARSS

Being FARSS is a respectful honor. It authenticates your research activities. After becoming
FARSS, you can use 'FARSS' title as you use your degree in suffix of your name. This will
definitely will enhance and add up your name. You can use it on your Career Counseling
Materials/CV/Resume/Visiting Card/Name Plate etc.

60% Discount will be provided to FARSS members for publishing research papers in Global
Journals Inc., if our Editorial Board and Peer Reviewers accept the paper. For the life time, if you
are author/co-author of any paper bill sent to you will automatically be discounted one by 60%
FARSS will be given a renowned, secure, free professional email address with 100 GB of space
eg.johnhall@globaljournals.org. You will be facilitated with Webmail, SpamAssassin, Email
Forwarders, Auto-Responders, Email Delivery Route tracing, etc.

FARSS member is eligible to become paid peer reviewer at Global Journals Inc. to earn up to
15% of realized author charges taken from author of respective paper. After reviewing 5 or
more papers you can request to transfer the amount to your bank account or to your PayPal
account.

Eg. If we had taken 420 USD from author, we can send 63 USD to your account.

FARSS member can apply for free approval, grading and certification of some of their
Educational and Institutional Degrees from Global Journals Inc. (US) and Open Association of
Research,Society U.S.A.

After you are FARSS. You can send us scanned copy of all of your documents. We will verify,
grade and certify them within a month. It will be based on your academic records, quality of
research papers published by you, and 50 more criteria. This is beneficial for your job interviews
as recruiting organization need not just rely on you for authenticity and your unknown qualities,
you would have authentic ranks of all of your documents. Our scale is unique worldwide.

FARSS member can proceed to get benefits of free research podcasting in Global Research Radio
with their research documents, slides and online movies.

After your publication anywhere in the world, you can upload you research paper with your
recorded voice or you can use our professional RJs to record your paper their voice. We can also
stream your conference videos and display your slides online.

FARSS will be eligible for free application of Standardization of their Researches by Open
Scientific Standards. Standardization is next step and level after publishing in a journal. A team
of research and professional will work with you to take your research to its next level, which is
worldwide open standardization.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .


mailto:eg.johnhall@globaljournals.org�

FARSS is eligible to earn from their researches: While publishing his paper with Global Journals
Inc. (US), FARSS can decide whether he/she would like to publish his/her research in closed
manner. When readers will buy that individual research paper for reading, 80% of its earning by
Global Journals Inc. (US) will be transferred to FARSS member's bank account after certain
threshold balance. There is no time limit for collection. FARSS member can decide its price and
we can help in decision.

MEMBER OF ASSOCIATION OF RESEARCH SOCIETY IN SCIENCE (MARSS)

'MARSS' title will be awarded to the person after approval of Editor-in-Chief and Editorial
Board. The title 'MARSS" can be added to name in the following manner. eg. Dr. John E. Hall,
Ph.D., MARSS or William Walldroff Ph. D., M.S., MARSS

Being MARSS is a respectful honor. It authenticates your research activities. After becoming
MARSS, you can use 'MARSS' title as you use your degree in suffix of your name. This will
definitely will enhance and add up your name. You can use it on your Career Counseling
Materials/CV/Resume/Visiting Card/Name Plate etc.

40% Discount will be provided to MARSS members for publishing research papers in Global
Journals Inc., if our Editorial Board and Peer Reviewers accept the paper. For the life time, if
you are author/co-author of any paper bill sent to you will automatically be discounted one by
60%

MARSS will be given a renowned, secure, free professional email address with 30 GB of space
eg.johnhall@globaljournals.org. You will be facilitated with Webmail, SpamAssassin, Email
Forwarders, Auto-Responders, Email Delivery Route tracing, etc.

MARSS member is eligible to become paid peer reviewer at Global Journals Inc. to earn up to
10% of realized author charges taken from author of respective paper. After reviewing 5 or
more papers you can request to transfer the amount to your bank account or to your PayPal
account.

MARSS member can apply for free approval, grading and certification of some of their
Educational and Institutional Degrees from Global Journals Inc. (US) and Open Association of
Research,Society U.S.A.

MARSS is eligible to earn from their researches: While publishing his paper with Global Journals
Inc. (US), MARSS can decide whether he/she would like to publish his/her research in closed
manner. When readers will buy that individual research paper for reading, 40% of its earning
by Global Journals Inc. (US) will be transferred to MARSS member's bank account after certain
threshold balance. There is no time limit for collection. MARSS member can decide its price and
we can help in decision.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook


mailto:eg.johnhall@globaljournals.org�

AUXILIARY MEMBERSHIPS

ANNUAL MEMBER

e Annual Member will be authorized toreceive e-Journal GISFR for one
year (subscription for one year).

e The member will be allotted free 1 GB Web-space along with subDomain to
contribute and participate in our activities.

e A professional email address will be allotted free 500 MB email space.

PAPER PUBLICATION

e The members can publish paper once. The paper will be sent to two-peer
reviewer. The paper will be published after the acceptance of peer reviewers and
Editorial Board.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



PROCESS OF SUBMISSION OF RESEARCH PAPER

The Area or field of specialization may or may not be of any category as mentioned in
‘Scope of Journal’ menu of the Globallournals.org website. There are 37 Research
Journal categorized with Six parental Journals GJCST, GIMR, GJRE, GJMBR, GISFR,
GJHSS. For Authors should prefer the mentioned categories. There are three widely
used systems UDC, DDC and LCC. The details are available as ‘Knowledge Abstract’ at
Home page. The major advantage of this coding is that, the research work will be
exposed to and shared with all over the world as we are being abstracted and indexed
worldwide.

The paper should be in proper format. The format can be downloaded from first page of
‘Author Guideline’” Menu. The Author is expected to follow the general rules as
mentioned in this menu. The paper should be written in MS-Word Format
(*.DOC,*.DOCX).

The Author can submit the paper either online or offline. The authors should prefer
online submission.Online Submission: There are three ways to submit your paper:

(A) (1) First, register yourself using top right corner of Home page then Login. If you
are already registered, then login using your username and password.

(1) Choose corresponding Journal.
() Click ‘Submit Manuscript’. Fill required information and Upload the paper.

(B) If you are using Internet Explorer, then Direct Submission through Homepage is
also available.

(C) If these two are not conveninet , and then email the paper directly to
dean@globaljournals.org.

Offline Submission: Author can send the typed form of paper by Post. However, online
submission should be preferred.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook



PREFERRED AUTHOR GUIDELINES

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e  Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

e  Font type of all text should be Swis 721 Lt BT.

e  Paper Title should be of Font Size 24 with one Column section.

e Author Name in Font Size of 11 with one column as of Title.

e  Abstract Font size of 9 Bold, “Abstract” word in Italic Bold.

e Main Text: Font size 10 with justified two columns section

e  Two Column with Equal Column with of 3.38 and Gaping of .2

e  First Character must be three lines Drop capped.

e  Paragraph before Spacing of 1 pt and After of O pt.

e Line Spacing of 1 pt

e large Images must be in One Column

e Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10.
e Numbering of Second Main Headings (Heading 2) must be in Alphabets, Italic, and Font Size of 10.

You can use your own standard format also.
Author Guidelines:

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

5. Structure and Format of Manuscript,
6. After Acceptance.

1. GENERAL

Before submitting your research paper, one is advised to go through the details as mentioned in following heads. It will be beneficial,
while peer reviewer justify your paper for publication.

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

2. ETHICAL GUIDELINES
Authors should follow the ethical guidelines as mentioned below for publication of research paper and research activities.

Papers are accepted on strict understanding that the material in whole or in part has not been, nor is being, considered for publication
elsewhere. If the paper once accepted by Global Journals Inc. (US) and Editorial Board, will become the copyright of the Global Journals
Inc. (US).

Authorship: The authors and coauthors should have active contribution to conception design, analysis and interpretation of findings.
They should critically review the contents and drafting of the paper. All should approve the final version of the paper before
submission

The Global Journals Inc. (US) follows the definition of authorship set up by the Global Academy of Research and Development. According
to the Global Academy of R&D authorship, criteria must be based on:

1) Substantial contributions to conception and acquisition of data, analysis and interpretation of the findings.
2) Drafting the paper and revising it critically regarding important academic content.
3) Final approval of the version of the paper to be published.

All authors should have been credited according to their appropriate contribution in research activity and preparing paper. Contributors
who do not match the criteria as authors may be mentioned under Acknowledgement.

Acknowledgements: Contributors to the research other than authors credited should be mentioned under acknowledgement. The
specifications of the source of funding for the research if appropriate can be included. Suppliers of resources may be mentioned along
with address.

Appeal of Decision: The Editorial Board’s decision on publication of the paper is final and cannot be appealed elsewhere.

Permissions: It is the author's responsibility to have prior permission if all or parts of earlier published illustrations are used in this
paper.

Please mention proper reference and appropriate acknowledgements wherever expected.

If all or parts of previously published illustrations are used, permission must be taken from the copyright holder concerned. It is the
author's responsibility to take these in writing.

Approval for reproduction/modification of any information (including figures and tables) published elsewhere must be obtained by the
authors/copyright holders before submission of the manuscript. Contributors (Authors) are responsible for any copyright fee involved.

3. SUBMISSION OF MANUSCRIPTS

Manuscripts should be uploaded via this online submission page. The online submission is most efficient method for submission of
papers, as it enables rapid distribution of manuscripts and consequently speeds up the review procedure. It also enables authors to
know the status of their own manuscripts by emailing us. Complete instructions for submitting a paper is available below.

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,

you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook

VI



To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

Complete support for both authors and co-author is provided.

4. MANUSCRIPT’S CATEGORY

Based on potential and nature, the manuscript can be categorized under the following heads:
Original research paper: Such papers are reports of high-level significant original research work.
Review papers: These are concise, significant but helpful and decisive topics for young researchers.
Research articles: These are handled with small investigation and applications

Research letters: The letters are small and concise comments on previously published matters.

5.STRUCTURE AND FORMAT OF MANUSCRIPT

The recommended size of original research paper is less than seven thousand words, review papers fewer than seven thousands words
also.Preparation of research paper or how to write research paper, are major hurdle, while writing manuscript. The research articles and
research letters should be fewer than three thousand words, the structure original research paper; sometime review paper should be as
follows:

Papers: These are reports of significant research (typically less than 7000 words equivalent, including tables, figures, references), and
comprise:

(a)Title should be relevant and commensurate with the theme of the paper.

(b) A brief Summary, “Abstract” (less than 150 words) containing the major results and conclusions.

(c) Up to ten keywords, that precisely identifies the paper's subject, purpose, and focus.

(d) An Introduction, giving necessary background excluding subheadings; objectives must be clearly declared.

(e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit repetition;
sources of information must be given and numerical methods must be specified by reference, unless non-standard.

(f) Results should be presented concisely, by well-designed tables and/or figures; the same data may not be used in both; suitable
statistical data should be given. All data must be obtained with attention to numerical detail in the planning stage. As reproduced design
has been recognized to be important to experiments for a considerable time, the Editor has decided that any paper that appears not to
have adequate numerical treatments of the data will be returned un-refereed;

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing.
(h) Brief Acknowledgements.
(i) References in the proper form.

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .

Vil



The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

Language: The language of publication is UK English. Authors, for whom English is a second language, must have their manuscript
efficiently edited by an English-speaking person before submission to make sure that, the English is of high excellence. It is preferable,
that manuscripts should be professionally edited.

Standard Usage, Abbreviations, and Units: Spelling and hyphenation should be conventional to The Concise Oxford English Dictionary.
Statistics and measurements should at all times be given in figures, e.g. 16 min, except for when the number begins a sentence. When
the number does not refer to a unit of measurement it should be spelt in full unless, it is 160 or greater.

Abbreviations supposed to be used carefully. The abbreviated name or expression is supposed to be cited in full at first usage, followed
by the conventional abbreviation in parentheses.

Metric SI units are supposed to generally be used excluding where they conflict with current practice or are confusing. For illustration,
1.4 | rather than 1.4 x 10-3 m3, or 4 mm somewhat than 4 x 10-3 m. Chemical formula and solutions must identify the form used, e.g.
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear.

Structure
All manuscripts submitted to Global Journals Inc. (US), ought to include:

Title: The title page must carry an instructive 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) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

Abstract, used in Original Papers and Reviews:
Optimizing Abstract for Search Engines

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most
public part of your paper.

Key Words

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and
Internet resources.

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

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook

VI



e One should start brainstorming lists of possible keywords before even begin 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 research paper?" Then consider synonyms for the important words.

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

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.

Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, 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. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. 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.

© Copyright by Global Journals Inc.(US) | Guidelines Handbook .



Color Charges: It is the rule of the Global Journals Inc. (US) for authors 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.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .

. © Copyright by Global Journals Inc.(US)| Guidelines Handbook


mailto:dean@globaljournals.org

the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. 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.

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

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

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and
always give an evaluator, what he wants.

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it
either in your computer or in paper. This will help you to not to lose any of your important.

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those
diagrams, which are made by your own to improve readability and understandability of your paper.

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but
if study is relevant to science then use of quotes is not preferable.
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be
possible that evaluator has already seen it or maybe it is outdated version.

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that
suits you choose it and proceed further.

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your
target.

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use
language that is simple and straight forward. put together a neat summary.

21. 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 to your topic. You may also maintain your arguments with
records.

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute
will degrade your paper and spoil your work.

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

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in
trouble.

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.

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

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29. Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

34. After 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 to 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 in your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of 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 the 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

Mistakes to evade

Insertion a title at the foot of a page with the subsequent text on the next page
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®  Separating a table/chart or figure - impound each figure/table to a single page
®  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

- Keep on paying attention on the research topic of the paper

- Use paragraphs to split each significant point (excluding for the abstract)

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

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

Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing 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 approach 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. Yet, use comprehensive sentences and do not let go readability for briefness. You can

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

Reason of the study - theory, overall issue, purpose

Fundamental goal

To the point depiction of the research

Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:

Single section, and succinct

As a outline of job done, it is always written in past tense

A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
Center on shortening results - bound background information to a verdict or two, if completely necessary
What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness 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

Introduction:

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction,
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the
protocols here. Following approach can create a valuable beginning:

®  Explain the value (significance) of the study
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.
Very for a short time explain the tentative propose and how it skilled 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 with every section. If you make the four points listed above, you will need a
least of four paragraphs.

®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

®  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, 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 sound written Procedures segment allows a capable scientist to
replacement 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 for the least amount of information that would permit another capable scientist to spare 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 object, mention the specific item describing a way but draw the basic
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principle while stating the situation. The purpose is to text 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:
®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.
e |f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.

Methods:

Report the method (not particulars of each process that engaged the same methodology)

Describe the method entirely

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

Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

If well known procedures were used, account the procedure by name, possibly with reference, and that's all.

Approach:

® |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

®  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

®  Resources and methods are not a set of information.
e  Skip all descriptive information and surroundings - save it for the argument.
®  Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part a 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. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.

Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation an exacting study.

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

®  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.

L] Not at all, take in raw data or intermediate calculations in a research manuscript.
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® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.
®  Never confuse figures with tables - there is a difference.
Approach
®  Asforever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
e  Put figures and tables, appropriately numbered, in order at the end of the report
e If you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables
e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts
®  Despite of position, each figure must be numbered one after the other and complete with subtitle
® |n spite of position, each table must be titled, numbered one after the other and complete with heading
e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a 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 implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable. The implication of result should be  visibly  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 with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  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

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea.
Give details all of your remarks as much as possible, focus on mechanisms.
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
Try to present substitute explanations if sensible alternatives be present.
One 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?
®  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
®  Submit to generally acknowledged facts and main beliefs in present tense.

ADMINISTRATION RULES LISTED BEFORE
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US)

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.
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The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis.

Do not give permission to anyone else to "PROOFREAD" your manuscript.

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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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 INC. (US)

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XIX

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

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

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

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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