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Absiract — The problem being investigated in this paper is that of the response of non-uniform
beam under tensile stress and resting on an elastic foundation. The fourth order partial
differential equation governing the problem is solved when the beam is transverse by mobile
distributed loads. The elastic properties of the beam, the flexible rigidity, and the mass per unit
length are expressed as functions of the spatial variable using Struble’s method. It is observed
that the deflection of non-uniform beam under the action of moving masses is higher than the
deflection of moving force when only the force effects of the moving load are considered. From
the analysis, the response amplitudes of both moving force and moving mass problems
decrease with increasing foundation constant.

Keywords . Distributed Load, Non-uniform, Elastic Foundation, moving Mass.

GJSFR-F Classication : FOR Code.: 010299

ON THE RESPONSE OF A NON-UNIFORM BEAM TRANSVERED BY MOBILE DISTRIBUTED LOADS

Strictly as per the compliance and requlations of :

© 2012. Ogunyebi S. N & Sunday J.This is a research/review paper, distributed under the terms of the Creative Commons
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.



&

slovak) SVTL, Bratislava.
10. Oni, S.T (1996): Response of a non- uniform beam resting on an elastic foundation to several moving

3. Kolousek V. et al (1967): Civil engineering Structures Subjected to Dynamic Loads (in
masses. Abacus Journal of Mathematical Association of Nigeria. Vol.12,Pp 103-120.

epaDE‘r Raal

On the Response of a Non-Uniform Beam
Transvered by Mobile Distributed Loads
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Abstract - The Problem being investigated in this paper is that of the response of non-uniform beam under tensile stress
and resting on an elastic foundation. The fourth order partial differential equation governing the problem is solved when
the beam is transverse by mobile distributed loads. The elastic properties of the beam, the flexible rigidity, and the mass
per unit length are expressed as functions of the spatial variable using Struble’s method. It is observed that the
deflection of non-uniform beam under the action of moving masses is higher than the deflection of moving force when
only the force effects of the moving load are considered. From the analysis, the response amplitudes of both moving
force and moving mass problems decrease with increasing foundation constant.

Keywords : Distributed Load, Non-uniform, Elastic Foundation, moving Mass.

.  INTRODUCTION

Structural engineers usually encountered problem that arises especially when a
beam is being transverse by a moving load. The theory of vibration of structures has
treated some of these problem i.e vibrations of turbines, hulls of shills and bridge girders
of variable dept etc. Beam on elastic foundation subjected to moving masses have
received extensive attention in the literature.

Kolousek et al [3] used normal mode analysis to address the problem of flexible
vibration of non-uniform beam. This was followed by Sadiku and Leipholz [6] who only
studied the dynamics of a uniform beam by considering the inertia effect of a moving
mass and later developed the Green’s function of the associated differential problem
thereby obtained a closed form solution.

In a later development, Oni [10] presented the problem of dynamic analysis of a
non uniform beam to several moving masses under concentrated load. The beam
considered is under tensile stress and by the method of Galarkin, the result is obtained for
the first mode response of the beam. Chau and Seng [8] worked on the static response of
beams on non-linear elastic foundation where the deformed shape of the structure was
represented by a Fourier series, and thereafter, the giving equation is reduced to a set of
second order simultaneous equations using Galarkin’s method. In all the aforementioned
works, the practical cases where the elastic systems are of variable cross section and of
distributed moving loads use not considered.

The paper therefore presents the problem of dynamic response of a non-uniform
beam to moving masses on elastic foundation traversed by mobile distributed load.

Authora . Department of Mathematical Sciences, University of Ado-Ekiti, Ekiti State, Nigeria.
Authore . Department of Mathematical Sciences, Adamawa State University Mubi, Adamawa State, Nigeria.
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[1. DERIVATION AND ASSEMBLY OF THE GOVERNING EQUATION

Consider a moving load A(x,t) of mass M acting on a Bernoulli-Euler beam (Non-
uniform) uniformly loaded and move at a constant velocity ¢ as shown below:

()]

A(x,1)

P

Figure 1. Uniformly distributed load on simply supported beam.

In the structure above, the displacement is governed by the equation

& {EI( 0 FUD) t)}Lam(x)aza(zx’t) N UG T = L0 (% t)[l—A* (U(x,t))}
o o o g

whereU (X,t) is transverse displacement, E is the Young modulus, I (X)is variable
moment of inertia, EI (X)is flexible rigidity,a™, A, is the substantive acceleration operator,
g is the acceleration due to gravity.

For the non-uniform beam such as above, its properties such as moment of inertia
I and the mass per unit length of the beam «,, vary along the span of L of the beam.

The structure under consideration is simply supported and carrying an arbitrary
number of masses M moving with constant velocities.

The Operator A" is defined as

& & & &
A'=——+2¢ +ct——+ct=—
o oot oot ox (2.2)

and the load A(X,t) is given as

0° 0° 62
A, (X,t)=MH(x—ct ——+2C +c2—
(X ( ){g ot? oxot  ox? }

where H (X —ct) is the Heaviside function.

Furthermore, the boundary condition for the dynamical system is taken to be arbitrary
and the initial condition of the motion is

U(xt)=0= %G (x,1) (2.4)

Substituting equations (2.2), (2.3), into (2.1), the governing of motion takes the form

2

;XZ [El(x)u (X, t)]+a (x)—U(x t) - Naa—U () + K (U (x,1)

2 2
+MH (x —ct) 8—2+2c 0
ot OXot

2 & |5 = -
ic y}u(x,t)—MgH(X ct) (2.5)

© 2012 Global Journals Inc. (US)
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Equation 2.5 can be further be simplified to give further simplification yields;

4 3
N [1 Sln—j a—U(x t)+N, (1+S|n—j Cos? ZX 9 —U(x1)
L) ox* L L ox?

,—
1+S|n— Cos?Z2 - N (1+sm—) sin”2 - N, L(;(t)
L L L OX
2 2 21 , 21
(1+S|n j@ U(x) +NU(x, t)+ M —H (x—ct) G—ZU(x—ct)+an U(X’t)+c 0 U(;(’t)
L) ot . ot oxet ox o
mg
= H(x—ct
) (x—ct) (2.6)
where,
El 7 67El 67°El 37°El N K
N, =—% N, = ° N, = ° N, = ON, =— N, =—2 _
! a”, ? a” L : a” P ! a” L ° a”, ° a”, (2.7)

Equation (2.6) is a non-homogenous partial differential equation with variable
coefficients. Clearly, it is seen that the closed from solution does not exists.

[1I.  SOLUTION PROCEDURE

To solve equation (2.6), an approximate solution is sought. Omne of the
approximate methods best suited to solve diverse problems in dynamics of structures is
the Galarkin’s method [7]. This method requires that the solution of equation (2.6) be of
the form

(F) Volume XII Issue III Version I

U =3V, (X, () (3.1)

where X, (X)is chosen such that all the boundary conditions are satisfied. Equation
(3.1) when substituted into equation (2.6) yields;

n

Z{N1(1+Sin%xj Ym(t)Xm'V(x)+N2(1+SinﬂTXj Cos? ”LXY ©X."(x)

m=1

{ [1+S|nTjCo T -N (1+sm—) SlnT—N }Y )X, (x)

Global Journal of Science Frontier Research

+[1+Sin”—LXJYm(t)Xm(x)+NGYm(t)Xm(x)+ M H(x—ct)[Y'm(t)xm(x)+2cY'm(t)xm'(x)+c2Ym(t)xm“(x)ﬂ}
a

(o}

MgH(x ct)=0

o (3.2) a

© 2012 Global Journals Inc. (US)



In order to determineY, (1), it is required that the expression on the left hand side

of equation (3.2) be orthogonal to function X (x). Hence,

m=1

jOL{zn:{Nl[u Sin%x) Y (X, (x) + N2[1+Sinﬁ—|_XJ Cos? ”XY X" ()

[ (1+S|nTjCos 2 - N (1+S|n—) SlnT—N }Y X, (%)

2012

+(1+ Sin”—LX)Y'm(t)Xm(x) FNY, OX, () + 4 (x=ct)[ Y (X, 00 +20%, X, (0 +¢ ™Y, (DX," (X)ﬂ
(04

0

(o]

_Mg - ct)}x (X)dx =0
O(

Since our dynamical system has simple supports at the edgesx =0and x=L, we choose;

X (X) = Sm? (3.3)

Consequently, using (3.4) in (3.3) gives

Z{ } My
m= a’y (3.5)

F) Volume XII Issue III Version I

where
— L
8 =J.(1+S|n—j8|n%8m@dx Hy=Q+Q+Q-Q - Qs +Q;
5 0 L L
: Hc(t)—IH(x ct)sin WX sin K™% 4 H (t)_—jH(x ct)Cos@Sn@d
= L L L
E 2 2L

kX . kmx

g H_(t) = H(x—ct Sln—Sm—dx H. () =|H(x-ct)Sin——dx .
()= j( )Sin="=Sin=" f()l( )sin=" (3.6)
= and
E m‘z* k7x m’z® mzx .. Kzx
2 Q=—m— T Nj (1+S|nTj Sln—Sln—d Q,=— E N _[ (1+smTJ Cos—Sln—S an

m’z 2 TX . MaX . KX m27r2 mzx .. Kzx
Q3=TNJ[1+smTjC05 —Sln—S —d Q=— E J 1+smT Sln—SlnTSan

MzX . KzX My X X
| =N J' Sm—Sm—dx Qs = N6ILsinisin k2= dx
L 0 L L (3.7)

When the integrals (3.6) and (3.7) are evaluated, the result is a series of coupled
differential equations called Galarkin’s equations for n-degree of freedom system governing

© 2012 Global Journals Inc. (US)
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the coefficients of all lower and higher modes of the beam. Thus, restricting ourselves to
the analysis of the first mode response, we setmMm=landn=1in equation (3.5) for
analytical approximation.

Following the method of [9] where Heaviside function is expresses as Fourier cosine
series. Thus, equation (3.5) leads to

4 " 1 2 nzct "
HY ©)+HY @O+, || =1, +——) Cos——1,+C'l t
mZ:1 a m() b m() l|:(|_ 1 nﬂL; L 2 3}(m()

2012

2Cmrx ACMTT & nzct 2CC'mx
I, + Cos .+
[ > ¢ nl ZL‘ L ° L°

ISJY.m (t)

C?m?z? 2C*mir & nzct C’m?z*C" A ct
I, + Cos l, + I, IY (t)=P | Cos—=—-CosA
ey S
M MgL
wherel’;, =—— and P, = mg (3.9)
124 0 24 Oﬂ’m

which is the transformed equation of the dynamical system.

IV.  ANALYTICAL APPROXIMATE SOLUTION
a) Simply Supported Traversed By Moving Force
An approximate model of the system, when the inertia effect of the moving mass is
neglected, is the moving force problem associated with the system. Setting
I, =0, we have

(F) Volume XII Issue III Version I

. A.ct

Y ) + By Yu () =P, [COS i —COS/”tm} (4.1) -
H,
where By _H_a (4.2) f
Subjecting equation (4.2) to Laplace transform defined by g
(a9
()=]e"at (43) =
where S is a Laplace transform. It yields, f
— n CosZ,t —Cospf. .t 1-Cosf_ t nrx =
Un(xut):ZPm ﬂkz Zzﬂmf —E(m)( ﬂ ﬁmf ) % Sin f 5
. m=1 mf k mf ( 4. 4) _:‘
c =
where Z, = mT and E(m) = CosA, G

which is the response to moving force solution of the elastic system at constant velocity.
b) Simply Supported Traversed By Moving Mass 0

For the moving mass solution, we set I', # 0, in this case, the entire solution to the
problem is sought. To this end, a modification of the asymptotic method of Struble[6]
often used for treating weakly homogeneous and non-homogenous non-linear system is
employed. Further arrangement of equation (3.8) yields

© 2012 Global Journals Inc. (US)
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[H +F[ +—ZC nLCtI +C1 ﬂ\'{'m(t)

2Cmr ACmMr & nzct 2CC'mx ,
J{rl[ E l, + 7 nZ:;Cos C I, + o %ﬂYm(t)

C’m*z*  2C’m’z & . nact . C’m*z*CY A,ct
{Hﬁr{ E I+ g ;COS C I+ > I, | Y, ) =P, 3 o

(4.5)

At this juncture, we seek the modified frequency corresponding to the frequency of
the free system due to the presence of moving mass [8].To this end, the solution to
equation (4.5) can be written as

Yo ® =N(m,0)[ At - p(m1) | (46)
where B .t and ¢(m,t) are constants.

Therefore when the mass of the particle is considered, the first approximation to
the homogeneous system is given as

Yo () =D (O[St —p(m.t) ] (4.7)

ﬁjj:{l_%[ﬂmf (%|1+Cu|3j C%(m — 1 )j|} (4.8)

Equation (4.8) is called the modified frequency corresponding to the frequency of
the free system due to the presence of the moving mass. Thus, the entire equation (4.5)
takes the form

where

d? ) Act
dt ) m(t)+ﬁme (t)_H—l|: 0s L S/’i’m:|

a (4.9)
which is a prototype of equation (4.1)and when inverted we have
— n PT. | CosZt—Cosp.t 1-Cospit
Un(xt)=> L —C0S —E(m)w x Sin 2% (4.10)
m=1 Ha ﬁii _Zk ﬁii L

Equation (4.10) is the transverse displacement response to moving mass solution
for simply supported beam on elastic foundation.

V. DISCUSSION OF RESULTS

Resonance condition
It is desirable to inspect closely the response amplitude of the dynamical system.
Following [12], the moving force in equation (4.8) attains a resonance whenever

mnC
IBmf - L (51)
while when
mzC
ﬂjj = T (52)
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gives for the moving mass problem. Re-written equation (4.8) in the form

1 Iy|(1 o ) CPmir?
B = P {ﬁ—m—H—[(EIﬁC |3J—W(2I7 - Ig)}} (5.3)

a mf

which implies

Notes

ﬂmf = %nﬂ-c
Do {1_Ej[(ih"'cjlsj_cﬂmljzr(2|7_|9):|} (5.4)

mf

VL.  CONCLUSION
In view of the condition for resonance established above, it is deduced that for the

same natural frequency, the critical speed for the moving force simply supported beam is
greater than that of the moving mass problem. Thus for the same natural frequency,
resonance is reached earlier in the moving mass system than in the moving force system.

For practical purposes, a one dimensional structures (Beam) are used as

mathematical models in the buildings and bridges construction. Hence appropriate
precaution may now be taken by the structural engineers to forestall the occurrence of
resonance in the structure by integrating the necessary vibration absorber into the model.

10.

11.

12.

13.
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Abstract - In this paper author has established four g-product identities by using elementary method. These identities
are new and not available in the literature of special functions.

Keywords . Generating functions, triple product identities.
[ INTRODUCTION

For |¢| < 1,
(a; @)oo = [ J (1 — ag™) (1.1)
(a5 @)oo = [[(1 = ag™) (1.2)
(a1, a2, a3, ... ax; @)oo = (A1 @)oo (@25 @)oo (35 @)oo--- (ki @)oo (1.3)

Ramanujan [2, p.1(1.2)]has defined general theta function, as
= Zan(n;l)bn(n;l) ;o Jabl < 1, (1.4)

Jacobi’s triple product identity [3,p.35] is given, as
fla,b) = (—a;ab)oo(—b; ab) o (ab; ab) (1.5)

Special cases of Jacobi’s triple products identity are given, as

$q)=Fla.a)= Y 0" = (A% ) (1.6)
ey (6767w

(q) = nZ:O —q’q ) (1.7)

Fea) = fa—) = > (-1 = (g0)= (1.8)

Author : International Scientific Research and Welfare Organization, New Delhi, India. E-mail : mpchaudhary 2000@yahoo.com
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Equation (1.8) is known as Euler’s pentagonal number theorem. Euler’s another well
known identity is as

(:0%) = (=4 D)oo (1.9)
Throughout this paper we use the following representations
(7% 0")0(@%0") o0 (05000 - (05600 = (6", 4", ¢ -+ - 4" 4" oo (1.10)
(7% 0" 0 (0% 0") o0 (0500 - (05600 = (6", " ¢ -+ - 4" 4o (1.11)
(=0 0" oo (=0 0") 0 (050" oo - (€' 0" 0o = (=", =", 4+ ¢"; 0" ) o (1.12)
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Now we can have following g-products identities, as

o0

(0o = [J(1 = ")
n=0
4n)+2 >< H 2(4n+1) +2 >< H 2(4n+2 +2 >< H 4n+3)+2)

o0

H 8n+2 X H 8n+4 X H 8n+6 X H 8n+8

(0% 000 = (0%50%)o0 (0" 6%) oo (0% 0¥ oo (6% %) = (0%, 0" €%, 6% %) oo (1.13)
(0% "o = [0 = a™*%)
n=0
00 ]
— H(l _ q4(3n)+4) H(l 4(3n+1 +4 >< H 4(3n+2) +4>
n=0 n=0

H 12n+4 >< H 12n+8 >< H 12n+12

(7" @)oo = (6% 6D 0o(®; 6" oo (@ 0o = (¢*, ¢, 4% ¢"%) o (1.14)

o0 [e.9]

(q4;q12)oo _ H(l _ q12n+4) _ H(l 2(5n) +4 >< H 12(5n+1 +4>X

n=0 n=0

H 12(5n+2 +4 % H 12(5n+3 +4 % H 12(5n+4 +4)
60n+4 ) x H 60n+16 ) x H 60n+28 ) x H 60n+40 ) x H 60n+52>

<q4;q12>oo — (q4; qGO)OO(qlﬁ;q60)oo(q28;q60)oo(q40; q60)oo<q52; q60)oo

= (q47q167q287q407q52;q60)00 (115)
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Similarly we can compute following as
(0%50")o0 = (@°10")oo(0" 0*) oo (@5 " )oc (1.16)

(6% ¢%)oo = (% )0 (0"% M o (@"%; oo (@ ¥ oo = (¢°, 6%, ¢"%, Y 7Y (1.17)
6 6; q60 ( q60

(4% ") 0 = (€% ™) (4"% ¢®) 0 (6°% ¢°) o0 (€% ¢°) 0o (™ 4™) o
= (¢*, 4", ¢, ¢*, ¢""; ¢") (1.18)
clI. e outline o 1S paper 1S as IolIoOwS. In sections s some recent results obtaine e
R f The outline of thi is as foll I tions 2 t Its obtained by th

author [1], and also some well known results are recorded in [6;7], those are useful to the
rest of the paper. In section 3, we state and prove four g-product identities, which are
new and not recorded in the literature of special functions.

[1. PRELIMINARIES

2012

In [1], following identities are being established

[EY
(IS

(%) = (0.6, 0" )0 (2.1)
CoPw @) 2 (2.2)
q [(¢% ¢") 0]
(%)
o (¢ =40 ) oo (2.3)
(% ¢") = (% 0" (" ¢") o (2.4)

In Ramanujan’s notebook [7, p.107], Chapter IX, Entry 7(iii) is recorded as

8(a) + 6(~0) = 79() (2.

In Ramanujan’s notebook [7, p.198], Chapter X VI, following entries are recorded as

Entry 24(7) :
fla) vl  xl@ [ ¢l

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

fa) o0 a0\ o(-a) 20
where x(q) is given in [7, p.197], Chapter XV I, Entry 22(iv), as
X(@) =[[(@¢*) = @+ )1 +¢*)(1+¢")(1 +¢") and constant (2.7)
Entry 24(ii)
> 2(=q) = ¢*(—q)w(q) =1 —3q+5¢° — 7¢° + 9¢'° — and constant (2.8)
':: Entry 24(éii) :
2 _ @ [ ) _ f=) "
E D=5 =90~ T~ e 29

7. S. Ramanujan; Notebooks (Volume II), Tata Institute of Fundamental Research,

1. M.P. Chaudhary; Development on q-product identities, preprint.

where x(q) is given by (2.7)
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Entry 24(iv) :
(=) = ¢(—q)v* () (2.10)
and
x(@)x(—q) = x(—¢*) (2.11)

where x(g) is given by (2.7)
I11. MAIN RESULTS

In this section, we established following new results with the help of 1 (.) and ¢(.) functions
or in more general language we can say that by using the properties of Jacobi’s triple
product identity as ¢ (.) and ¢(.) functions are its special cases. These results are not
recorded in the literature of special functions

(%000 = 24~ D) 2l(~0: )% + ()2 (3.1)
(=4 6*)oo (@5 oo = (4 6%) o0 (05 —)oo (3.2)

(¢ Doo = (400 (0% 6*)o0 = (0, 0%; ¢*) o (3.3)

(=6 @)oo = (=4 ¢*)0 (0% ¢*) e (3-4)

Proof of (3.1): By substituting, ¢ = —q and ¢ = ¢° respectively in (1.6), we have
O(—=q) = (4 0)% (0 0o 3 0(¢°) = (=¢%¢")2(d" ¢")oo

by substituting the values ¢(—q), #(¢?), and employing (1.6) in (2.5), we get

(0% )ool(—0: )2 + (4:0°)2]) = }l(—qz; 02 (q" 4" s

further using (2.3), and after simplification, we get
1 1
(=% 0" = 2(=0, —4: )% [(—4: ¢*)% + (6: )% )2
which established (3.1)

Proof of (3.2): By substituting, ¢ = —¢ in (1.7) and (1.8) respectively, we have

q):M‘ f(a)

<_q;q2)oo ) = (_q; _q)oo

(=
by substituting the values of f(¢) and ¥ (—q), and employing (1.7) and (1.8), in first and
second part of (2.6), after little simplification, we get

(¢ D)oo _ (=66

(D (0

which can also be written as
(=4 0%)oo (@3 D)oo = (416 ) oo (=@ =)0
which established (3.2)

© 2012 Global Journals Inc. (US)
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Notes

Note: We verified that the result (3.2), can also be proved by taking any other two parts
of (2.6).

Proof of (3.3): By (1.6) and (1.8) respectively, we have

0*(—q) = (6:*)o (% %)% 5 [P(—=0) = (@:9)%
by substituting the values of ¢?(—¢q) and f3(—¢q), and employing (1.7), in first and second
part of (2.8), after little simplification, we get

(@ D)oo = (4 0")0(0%5 0") 0 = (4. 0% 0")
which established (3.3)

Note: If we put ¢ = ¢* in (3.3), then we find (2.4) a result already proved by the author
in [1].

Proof of (3.4): By (1.7) and (1.8) respectively, we have
2. 2
959 )oo
(o) = L) gy = (gl P = (0%
(_(L q )oo
by substituting the values of (—q), f3(¢), f*(—¢*) and employing (1.6), in second and
third part of (2.9), after little simplification, we get

(— ~@)oo = (=4: ¢")oo (@ ¢*)ox
which established (3.4)

Note: We verified that the result (3.4), can also be proved by taking any other two parts
of (2.9).
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New Theorems Involving the Generalized
Mellin-Barnes Type of Contour Integrals
and General Class of Polynomials

Praveen Agarwal “ & Mehar Chand®

Abstract- In the present investigation, First we establish three new theorems, which involves generalized Mellin-Barnes
type of contour integrals and general class of polynomials. Next, we obtain certain new integrals and expansion
formulas by the application of our theorems. By giving suitable values to the parameters, main integral reduces to Fox's
H-function and generalized wright hypergeometric function, etc. Our Main findings provide interesting unification and
extensions of a number of new results.

Keywords . H -function, general class of polynomials, generalized wright hypergeometric function.
[ INTRODUCTION

In 1987, Inayat-Hussain [1, 2] introduced generalization form of Fox’s H-function,

which is popularly known as H-function. Now H-function stands on fairly firm footing
through the research contributions of various authors [1, 2, 3, 9, 10, 14, 15, and 16].

H -function is defined and represented in the following manner [10].

—mn —mn (aJ’aJ;AJ )m '(aj'aj )n+1,p 1 7
s e), (o), 2 MO e (L

where

[Ire, - ol [r(-a +ag)y”
$(&)=—4 = (1.2)
[T{ra-b+ Y [1T@ - é)

j=m+1 j=n+1

It may be noted that the &(5) contains fractional powers of some of the gamma

are positive real

function and mn,p,g are integers such that 1<m<qg1<n<p (a/ )w‘(ﬂ/ )m

numbers and (4,), (5, )m+1qmay take non-integer values, which we assume to be positive

for standardization purpose. (e, )w and (B, )w are complex numbers.
The nature of contour £, sufficient conditions of convergence of defining integral

(1.1) and other details about the H -function can be seen in the papers [9, 10]

Author a. . Department of mathematics, Anand Internation College of Engineering, Jajpur-303012, Indlia.
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The behavior of the H-function for small values of |z| follows easily from a result
given by Rathie [3]:

Hoa [2]=0(1z["); Where

b,
a=min Re{—’},|z|—>0 (1.3)
1<j<m a/

m q n q
Q=181+ Y 165 |-YlaAl- Y |A]>0 0<z|<w
/=1 =1 J=n+1 (14)

J=m+1 J

2012

The following function which follows as special cases of the H-function will be
required in the sequel [10]

— {(a/,a/;/l/ )1,,0‘

7%
p¥q (b/,ﬂ/;B/ )w

= H | -2 (-8,a,4), (1.5)
(0,1),(1—b/,,3/.;5/)w

[Eny
E

The general class of polynomials S "[x] will be defined and represented as
follows [6, p.185, eqn. (7)]:

NS g, (1.6)
St x]= ) LA X" .
e per R R S i

where n,..,n =012..;m,..m, are arbitrary positive integers, the coefficients
A, (n,,/,20) are arbitrary constants, real or complex. S

,

m,

"[x] yields a number of known

polynomials as its special cases. These includes, among other, the Jacobi polynomials, the
Bessel Polynomials, the Lagurre Polynomials, the Brafman Polynomials and several
others [8, p. 158-161].

(F) Volume XII Issue III Version I

% The following formulas [12, p.77, Ens. (3.1), (3.2) & (3.3)] will be required in our
2 investigation.
8 " 2 p-1
S| (ax+—j +c| ox= Jr — fp+i/2)
5 g X 2a(4ab +c)’ I(p+1) (a>0b=0,c+4ab>0Re(p)+1/2>0) (1.7)
; Ti [ax +2j2 +C - ax = Jx Lp+1/2)
: ¢ X° X 2b(4ab+c)”*"* T(p+1)  (a=0b>0,c+4ab>0Re(p)+1/2>0) (1.8)
E © 2 -
S, I[‘%%J (ax+2j vo| ake— T — Hp+1/2) (1.9)
— % X X (4ab +c)? Lo+l (a>0b>0,c+4ab>0Re(p)+1/2>0) \™
- [I. MAIN THEOREMS

In our investigation following result [11, p. 75] is also required.
. a+f-y . . _ > r

If (1-y)"" A(2a2B2r )= ay

(2.1)

© 2012 Global Journals Inc. (US)

0

TLT-69T (L002) (9-6)0€ 1T 1S PRIV [38N [e1303ul 9d4) soureq -
PozZI[RIOUSS B I0J SUOIIPUOD dOUISIXS U() ‘[emIesy -y pue urer -y ‘eydnr O3 0T
T6T-€8T ‘(G86T)‘LTT UIRIN'[ 2.108J ‘srermoud[od oirenger oy £q poyseSsns spermouljod

[euoSoy1Iolq JO §398 IOSNRYUOY OY) I0] UOIOUNJ Surjelouss IeSUIIINW Y ‘“eARISBATISIN'H 9



then

2
Let X stands for (8X+£j +c

First Theorem:

Notes

0 k - mn
[x7,F (aﬁ;7+%;)(j 25[7 —ay =By +%JXj5nf",‘.i'jn'f” [H%X”" }HM [2X Jax
d i=1

B I o mim] I /el k=1, ) 1 (7/)/8,
oatab oy & A L AV (4ab+c)’“"’f[ 1] "
7+
2 r
o B (1/2—/1+r—z ul 51) (a.2:4),, (a.a),.,
Hpﬂ‘qﬂ

(4ab+c) (6.8),,(6,8:8),., (~4+r =X uh.e)

The above result will be converge under the following conditions

1. a>0b20c+4ab>0and w >0820.

. b, 1
1. RelA+d8 min +—>0
1<j<m ﬂ/ 2

iii. |argz|<%§27r, where Q is given by equation (1.4)

1v. —%<(a—ﬁ—;/)<§

Second Theorem:

o 1 o 1 1 o k . |Tma _5
J.FX * 12E[aaﬂ;7+§;xj25(7/—0{:7—ﬂ;7+E;X}S‘nﬁiﬂk |:H)/,X h:|Hp’q |:ZX é:|dX
5 /=1

\/; o [m/m] [ /mel k (_n/)m/, , 1 (7) a,
= —”/4 )’ -
2b(4ab+c)l+1/2 o R /)(Z:;) 1/:!: /,I ' /; (y/) (4ab+c)—f+/l/// (7/+1j X
2 r
— .+ z (1/2_1+r_Zfﬂ'u/‘/"'&;‘])’(a"a‘;/") ’(a/’a/‘)nﬂ‘p
p+1g+1

(4ab+cy’ (6.8,),,(6:5:8),.. (,1+r S ul, 5;1)

The above result will be converge under the following conditions

i. a20b>0c+4ab>0and u >00620,

.. [ b 1
ii. RelA+dmin|—=L||+=>0
1</<m ﬂ/ 2

(2.2)

(2.3)

(2.4)
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iii. |argz|<%Q7z, where Q is given by equation (1.4)

1v. —%<(a—ﬂ—7)<%

Third Theorem:

[ K —mn .
(v L wprodin i r-r-prsdon oo [ (o e[ Jo Notes
0 X /=1
: Vi ewm g (), 1 ()
= /1/4 R r
28(4ab+c)4+1/2 = = /kz;a 1/:!: //| .l (y/) (4ab+0)_f+”/// (}/-'-1] X
2 r
] :
—m,n+1 Z (1 / 2—A+r- Z/’:1 ,u///.,é'ﬂ),(a/ ,0!/;/4/ )m ’(a/’a/ )/7+1,,U
Hp+1‘q+1

(4ab+c) (6,.8),,6,8:8),,. (~4+r =X ut.e1) (2.5)

The above result will be converge under the following conditions

i. a>0b>0c+4ab>0and u >0620

iii. |argz|<%§2;z, where Q is given by equation (1.4)

(F) Volume XII Issue III Version I

iv. —%<(a—ﬁ—y)<%

Proof :

To prove the first theorem, using the result given by equation (2.2) and express H
-function occurring on the L.H.S. of equation (2.3) in terms of Mellin-Barnes type of
contour integral given by equation (1.1) and the general class of polynomials ;""" [x] in
series form with the help of equation (1.6) and then interchanging the order of
integration and summation we get:

Frontier Research

w [m/m] (ndm] k (—n,)m/

Aty A s O T e )
pIDIN I | R MW»( 1}%/“521 e Jre 6
it ;/—i— L 0

r=0 /=0 /=0 /=1 |

Further using the result (1.7) the above integral becomes

Global Journal of Science

o [m/m]  [nglme] k (—/’I, )m }/ a[

Z Z H i1, An/"// (y/ )/, ( )r x

r=0 /=0 =0 /=1 //' ! (}/ + 1]

2
. r
k

L d(e)7 = M- Elp v %2) (2.7)
2rl 2a(4ab + c)“”z,k:w”///*"‘f”/2 F(/l —r+ Z; wl + &+ 1) .
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Then interpreting with the help of (1.1) and (2.7) provides first integral.

Proceeding on the same parallel lines, theorems second and third given by (2.4)
and (2.5) can be obtained by using the results (1.8) and (1.9) respectively.

Special Cases :
(8.1) If we put A =8,=1 H-function reduces to Fox’s H-function (7, p. 10, Eqn.
(2.1.1)], then the equation (2.3), (2.4) and (2.5) takes the following form.

% 1 1 my, mn -
fXl12'[__1(0!,/3§7+§;X)25(7—0!,7—ﬁ§7+2 jS ” {H%X”}Hp,é (X7 Jax

0

/ o [m/m]  [ng/me] k —/7/- m a,
= = 7412 Z H( ) . AL ) L ) (7/)[ X
2a(dab+c)"" = 1 i g 1) Y (4ab+c)y " L
1 k / 7/+§

B (1/2—/1+r—25_ /,,v//.,5;1),(a.,a/ ).,

m,n+1
p+l1,q+1 L \o (311)
a6+ | (0,,), (-2+r- 2 ml.01)
2 k
J.%X“ﬁ[aﬂwr X) 5(7 ay—ﬂw—;X]SZ‘_;;T{Hy,X”}qu”[z)”]dx
0 /=1
o lnim (ndma e (=11;) 1 7) a
=Lﬁ+1/2 Z H L A‘n/‘/, (y/)// il ( )f X
2b(4ab +c) =0 /=0 =0 =1 /) (4ab+c) " [7/+1j
2),
1/2-2+r=-3" wi,s1)(a.«
m,n+1 4 ( Z ) ( /)1’ (312)

P9 (4ab + c) (b/_,ﬂ/) (,1+r > ul, 51)

¢ 1 1 my,...,m, x -4, m,n -5
j[a+—]X - F[aﬂwz Xjgﬁ[y—a,y—ﬂ;y+§;Xan1,‘.i'nj{H%X "}Hp,ﬁ; [ 20 o
0

/=1

o [m/m] I /me] k —/7/ m
SR S 2 | LD

a2
2a(4ab+c)"" = 1 = a1

1 (7),a y
(4ab +c) " ( 1 j
vt 5

o o |(ve=aer=Xr uhs)(aa),

Y 3.1.3
PRI (4ab+c)’ (b/ﬁ/)m,(—,1+r—2f:1#///,5;1) ( )

The Conditions of validity of (3.1.1), (3.1.2) and (3.1.3) easily follow from those
given in (2.3), (2.4) and (2.5) respectively.

(3.2) By applying the our results given in (2.3), (2.4) and (2.5) to the case of
1
5 \/*} in  which

My s My =231, =Mk =1V, =v,y, =y, A = (-1), we have the following interesting results.

Hermite  polynomials  [4, 5] by setting  g2(x)— x"2H, [

SERERE}
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[x ﬂ1gﬁ(a,ﬂ;ﬁ?XJZE(V—aw—ﬂ;wE;Xj(JfX “) AR
0

n/2

\/_ i[ﬁ/Z] (—/7)2/ (_1 / (y)/ (7/)/ a’ %
2a(4ab+c)y"P == ) (4ab+c)y (y il J
2 r

ﬁm n+1 Z
P (4ab +c)’

=

[n/2] (_

(1/2=2+r-pl.5)(a,a,4) (a9)

(b/’ﬁ/)m’(b/'ﬁ/;

B, )mﬂq (=A+r—pl,5;1)

< 1 _i-1 . 1 . 1 "y nl2
[ X TR @By giX A ey =B+ (:X)

v a

o0
l+1/2 Z

- b(4ab +C)

r=0 /=0

ﬁm,nﬂ Z
7 (aab+ o)

O 3
N\
Q

/7)2/ (_1 /
/1

(1/2=2+r-ul51)(a.a.:4) (a.)

(6,.8,),, (6,88,

(4ab+c) ( 1]
v+ 5

B, )WW (=A+7r—ul,51)

b o L 1 _ . \1/2
+FJX A125(“’@7*5*)25[7—a,7—ﬂ;y+5;xj(yx VUH, | -

)

(r),a

ﬁm,nﬂ Z
o aab+ oy

The Conditions of validity of (3.2.1), (3.2.2) and (3.2.3) easily follow from those

(4ab +o)y ( 1j

+7
Ty

(1/2—l+f _ﬂ/,é‘;‘l),(a/,a/;A/ )m ‘(a/'a/ )'7*1/0]

(b/"B/ )w ’(b/

BB, )m+m (=A+7—ul,5)

given in (2.3), (2.4) and (2.5) respectively.

(3.3) By applying the our results given in (2.3), (2.4) and (2.5) to the case of

Lagurre polynomials 4,
my,...m.=tn,...n =mk=1v,=v,y,
results.

rol_n

:y'An/‘/, :(

5] by setting

n+a'

e

()

—m,n

Hog [zx ]d

X
2\ y

n+lp :|

—m,n

Hoy [zX ]d

Hﬂ[1 [x*
2\ y

ﬁ+1p]
s

-mn

X/l
2y

S2(x) > L9x]  in

, we have the following interesting

j (y wr-pre }ga[quﬁ;”;[zxa]dx

(Us)

-n), (n+a 1 .
/! n )(a'+1), (4ab+c)" [7+1j

(3.2.2)
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(1/2—/1+r—y/,5;1),(a/.,a/;A/ )m ,(a/,a/ )Mp

—m,n+1 Z
H +1,9+ - <
o [(4ab+c)"

(6.8),,(6.8:8 )mﬂ‘q,(—/1+r—y/,5;1) (3.3.1)
o0 1 1 a —u —mn _
E‘)'_2 -2 F(aﬂ}/—i—z)(j F(}/—a,}/_ﬂ17+§,X)LE7)[yX :|Hp,q|:ZX 5:'01)(
LRI (e 1 ) (A
2b(dab+c)y P =5 N n o )(a'+), (dab+c) ( 1)
7+§
ﬁm‘nﬂ Z (1/2—/1-1—/’—#/,5;1),(3/‘,0{/;/4/ )Tﬂ '(a/"a/ )nﬂ,p
pHlg+l| ————
(4ab+e) | (,8,), (6,88, (~A+r-u.51) (33.2)

z[[a+£2j)("2F1(a,ﬂ;;ur%;)(]25(7—a,7—ﬂ;y+%;)()ﬂn“)[y)(”}ﬁ;ﬂf:[z)("]dx
NS = [0/2] n+a' 1 vy 7). &
N v e

n)(a'+1), (4ab+c)y"* (y 1)

(1/2=2+r-ulN)(a.a;4) (a.a)
(bf’ﬂ/ )1,m ’(b/’ﬂ/‘;Bf' >m+1,q ,(—/1+f—,u/,5;1)

—m,n+1 Z
H g+l |
P 1{(4&@ +cy
(3.3.3)
The Conditions of validity of (3.3.1), (3.3.2) and (3.3.3) easily follow from those
given in (2.3), (2.4) and (2.5) respectively.
(3.4) If we putn=pm=1g=g+1b6=0p=1a =1-a,b, =1-b,, then the H-function
reduces to generalized wright hypergeometric function [17] ie.

ﬁ]fm{ (1 a,a A) ) ] p_q|:(a a'A)

(01)( _b/’ﬂ/’B/ 1g (b ﬁ B)
the following form.

2 a 1 Lo lemem YTy x| & [Tax-
Jx 1zﬁ(a,ﬁ:HE;Xj25(7—a,y—ﬁ;7+§:X}%ii';n’/{H%X ”’]p%f’a[ZX " Ja
i=1

0 =

i ] the equations (2.3), (2.4) and (2.5) takes

Jz o ngm) (ngmd k(=) ) 1 (7),a
== —HA ) -
28(4ab+c)4+1/2 ~ ; /}(Z:;) 1/:!: /,I i, (y/) (4ab+c)—r+,u,/, (7/+1j X
2 r
(1/2_/1+f_Zf:1”/‘//"5;1)'(a/'0‘/3’4/)w‘p -z
R0 aab o)
p+1¥ g+ (b/,ﬁ/;B/ )10/ y(_j,+r—Z:j;y/.//,é‘;‘]) (4ab+0)5 (341)

© k —
jlz)( -t F(aﬁ7+ Xj F[y—a,y—ﬂ;y%;)(}fn”j‘f_“ﬁ {H%X”’}pwq[zx‘;]dx
0

/=1
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(V2-a+r=-X  whisi)a.aiA),
(b/,,ﬁ/;B/,)m,(—l+f—2f:1y///,,5;1) '(4ab+c)5

pﬂl/lqﬂ

(3.4.2)

f b - L 1 my....m, s - - -
j(a+7])( * 12/—'1(0:,/3;7+§;XJ2/-_1(7—0:,7—[3:7+§;X}9”11-_‘;kk {Hy,)( ”/}py/q [zX J]dx
0

/=1

Jz o lnym] ngm) k(=) ) 1 (r) a,
- Nt S| ) L
23(4ab+c)’“1/2 == //(Z::O ]/:!: //| nl; (y/) (48b+0)_r+ﬂ/// (}/—’_1) X
2 r
_ (1/2—/1+f—Z;ﬂ///v531)’(a/’“/?’4/)1p -z
pﬂl//qﬂ o s 3.4.3
(b/"ﬁ/;B/)m‘(_/1+r_2f=1ﬂ"//’5;1) abe) ( o )

The Conditions of validity of (3.4.1), (3.4.2) and (3.4.3) easily follow from those
given in (2.3), (2.4) and (2.5) respectively.

(3.5) If we put @ =y, in the main theorem, the value of a, in (2.1) comes out to be

equal to E’l and the result (2.3), (2.4) and (2.5) gives the following interesting integral.
r

TX’H F (a,ﬁ;a + l;X}Sﬁﬁ,ﬂ {ﬁ%)(_ﬂ/ }ﬁf; [ZXJ]C/X
=1

0

N

Jr w /] wﬁu « (-n, ) 1 (), (B),

" 2a(4ab+c) T A /Z‘ = 1:[ /; WY (4ab+c)y " (a+1j ,lX
i 5 (1/2—/1+f—Zfﬂy,/,,éﬂ),(a,,a/;/l/ )m,(a/,a/)mp 3.1
p+1g+1 —5 b
@ab+el'| (0,8), (6,88, ,(—/1 -y y,/,,,5;1)
* k —m.,n
I%X LR (a,ﬂ;a + %;X)Sg’fffnfk {H yX }Hp'q [ 2 Jax
0 /=1
Jz o lnym) (ngm k(=) ) 1 (@) (B)
- Nr ///4 RY I I
2b(4ab+c)ﬂ.+1/2 ~ Azo /,(Z::O 1/:1[ //| N, (y/) (4ab+c)—f+,u/// (a+1) r’X
2)
. 1/2-A+r- ﬁ wlolla,a A ) la.«a
Z;:;H z ( Z/J )( ANy /)m ( / /)n+1,p (352)

4ab +c)’ . K -
- ,/77, i 'm+‘qv A+l = j=1 5
( "1 (6.8, (6,88, (~2+r=3 wh.6)
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T K —m,n o
J [‘9 * %J XTTLF (a,ﬂ;a + %;X anf”,‘.f‘."ni"k {H%X “ }Hp,’q [2x* i
0 /=1

N (@),

" (4ab+c) T & ped H 2 (4ab +c) " (a+1j ﬂx
2) "
Notes —m.n+1 z (1 [2=A+r~ Z; #/'//"5;1)’(8/'“/;’4/ )m ,(a/.,a/ )/7+1,p
+Hg+ | T
o (4ab+0)b (b/"B/)wn’(b/’ﬁ/;B/)m+1q’(_14_[_211:”///'5;1) (353)

The conditions of validity of (3.5.1), (3.5.2) and (3.5.3) easily follow from those
given in (2.3), (2.4) and (2.5) respectively.

(3.6) If we put f=a+) and a=—f (fis non-negative integer) in (3.5.1), (3.5.2)
and (3.5.3), we have: 2

[ (o xysmm | [Tyx» |Fm 2+ ]ox
frenyseo i

_ \/7 £ n/m] (n/mel k (— ) 1 (_f)r

k

—mn+1 Z (1/2—],+f—Z:;,U///,é‘;‘]),(a/,0,’/.;/4/ )1,n'(a/’a/ )nﬂ‘p

pHlg+l | ——— 361
(4ab+0)§ (b/"B/ )1,m’(b/’ﬁ/;5/ )mﬂq'(_i+f_2f:1/u//f’5;1) ( )

T%X* (1-x) g {f[ y,X“’}ﬁZ‘; [ 2 ok
/=1

1

B

o [m/m] [ng/m]l k (=N —f
\/; H y/) 1 ( ),X

- 2b(4ab + C‘)/HV2 =0 /=0 /kzo e /_ ! (48[9 + C)—H;/,h rl

o B (1/2—ﬂ+r—z u ,/,51)( a;A), (a.e),

o ; 3.6.2
(4ab+0) (b/’ﬁ/) ( ﬂ )m+1q (—ﬂ+f—2f:1/«llv//,5;1) ( )

K

[l 2 t-nysy o (Lo i o ]en
0

/=1

(—/7,) / 1 (_f)
’77///4 ) /; r
il (y/) (4ab + C)—ruz,/, 7l x

_ \/; o [m/m]  [n/me] k

—m,n+1 Z (1/2—1+f—Zf:1/l/-//,5;1),(3/,0.’/;/4/ )1‘/7 ’(a/"a/' )n+1,p
( (b/’ﬁ/ )1‘/77 Y(b/"ﬁ/;B/ )m+1,q ’(_i e 2’21/”///’5;1)

The conditions of validity of (3.6.1), (3.6.2) and (3.6.3) easily follow from those
given in (2.3), (2.4) and (2.5) respectively.

(3.6.3)
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Abstract - This paper considers a class of dual to product-cum-dual to ratio estimators for estimating finite population
mean of the study variate using auxiliary variate. The bias and mean square error of the proposed estimator have been
obtained. The asymptotically optimum estimator (AOE) in the class has also been identified along with its approximate
bias and mean square error. Theoretical and empirical studies have been done to demonstrate the superiority of the
proposed estimators over the other estimators.
Keywords : Finite population mean, Auxiliary variate; Dual to product-cum-dual to ratio estimator;, Mean
square error, Efficiency.
[. INTRODUCTION

It is well established in sample surveys that auxiliary information is often used to
improve the precision of estimators of population parameters. The use of auxiliary
information at the estimation stage appears to have started with the work of Cochran

(1940). He developed the ratio estimator to estimate the population mean or total of the
study variate y by using supplementary information on an auxiliary variate X, positively

correlated with y. The ratio estimator is most effective when the relationship between
study variate y and auxiliary variate X is linear through the origin and the mean square
error of Yy is proportional to X. When the auxiliary variate X is negatively correlated

with the study variate Y, Robson (1957) proposed the product estimator of the
population mean or total. In fact, for the better utilization of a given auxiliary
information on an auxiliary variate X, Murthy (1964) has suggested the use of

e ratio estimator y, if, pC, /C, >1/2,
e product estimator ¥, if, pC, /s C,<-12,
e unbiased estimator y if, -1/2<pC, /C, <1/2,

where C,, C, and p are coefficient of variation of y, coefficient of variation of X
and correlation coefficient between y and X respectively.
Consider a finite population U = (u;,U,,...,uy ) of size N units. Let ¥ and X denote

the study and auxiliary variates respectively. A sample of size n (n < N) is drawn using
simple random sampling without replacement (SRSWOR) scheme to estimate the

Author o Department of Mathematics, North Eastern Regional Institute of Science and Technology, Nirjuli-791109, Arunachal Pradesh,
India. Mobile No. +97 9863658799, E-mail : sanjibchyO7@gmail.com

Authoro : Department of Mathematics, North Eastern Regional Institute of Science and Technology, Nirjuli-791109, Arunachal Pradesh,
India. Mobile No. +97 9436068610, E-mail : bksinghnerist@gmail.com

© 2012 Global Journals Inc. (US)

2012

N
(6]

Frontier Research ( F) Volume XII Issue III Version I

Global Journal of Science



N
population mean V:(]/ N)Z:yi of the study variate y . Let the sample mean (X,y) be

i=1
the unbiased estimator of X,Y based on N observations.

The usual ratio and product estimators for Y are Vg =7()?/7) and Y, =7(7/ X )
respectively,

where Vz(ﬂn)znl:yi and Yz(l/n)iZl:Xi.

Consider a transformation X =(1+9)X-0gx, i=12,..,N, where g=n/(N-

2012

Then X =(1+g) X —gx is an unbiased estimator for X and the correlation of (¥,X ) is

negative.

Using the transformation of X, , Srivenkataramana (1980) obtained dual to ratio

N
H

estimator as ¥, :7(7*/ X ) and Bandyopadhyay (1980) obtained dual to product
estimator as Y, = 7()?/7*).
In this paper, we have proposed a class of dual to product-cum-dual to ratio

estimator for estimating population mean Y . Numerical illustrations are given in support
of the present study.

II. THE PROPOSED CLASS OF ESTIMATOR

For estimating population mean Y , we have proposed a class of dual to product-
cum-dual to ratio estimator as

wefdEeof ]

where o is a suitably chosen scalar.

(F) Volume XII Issue III Version I

To obtain the bias and mean square error (MSE) of ¥, to the first degree of
approximation, we write

& =(y-Y)/Y and & =(x-X)/X,

such that

Global Journal of Science Frontier Research

E(eo) = E(e1) =0, E(eé) = flcj,
E(e)=f,C?, E(eeg)=f,CC?

where f, =(I/n-1/N) C=pC,/C, and

2 o2 [g? 2 o2/g2 _ 2 _ 1 < ,__2 o 1 N __2
B c=s?/¥°, C2=82/X?, p=5,/S.S,, S Y(x=X) sj=r=2 > (y-Y) and
i=1 i=

i=1

© 2012 Global Journals Inc. (US)
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Expressing y.. in terms of 's, we obtain

Von =Y (L4 &) [ (1-ge) " +(1-)(1- e, )}
We now assume that |ge1|<1, so that we may expand (1- gel)_1 as a series in

powers of ge, . Expanding, multiplying out and retaining terms of e's to the second
degree, we obtain

Vor-Y =Y{e+9(22-1)(g +68)+ag’e} (3)

Taking expectation on both the sides of equation (3) and using the results of
equation (2) we get the bias of V.. as

B(Vr) = f,.YC 9 {(22-1)C +ag} (4)

The Bias, B(V;R) in (4) is ‘zero’ if @ =C/(2C+g).
Thus, the estimator Yp; with = C/ (2C+9) is almost unbiased.

Squaring both the sides of equation (3), taking expectation of the second- degree
terms of order n™ and using the results of (2), we obtain the MSE of Y as

M (T )= £72[C2 +9(2a-1){g(2a-1)+2¢)C/] (5)
which is minimized when
o =(1-C/g)/2=ay, (say) (6)

Substituting the value of @ from equation (6) in equation (1) yields the
‘asymptotically optimum estimator’ (AOE) as

1 1 X 1 _\X
Vo -y [1-=C | > +|1+=C | =
=g ek

Thus, the resulting bias and MSE of ¥, respectively are given as

B(Va )= fﬁcf(gz—zcz—gc)/z (7)

and
M (Vo) = fY2C} (1-p°) ®
Equation (8) shows that mean squared error of Y, is same as the MSE of the

linear regression estimator Vieg. =Y +D,, ()? —7) , Where b, is the sample regression
coefficient of ¥ on X.
From equation (7), we note that the bias, B(V;gpt') is ‘zero’ if either g =2C, or g=-C .

Remark 2.1

For a =0, the estimator Ypz in (1) boils down to the dual to ratio estimator y, ,

proposed by Srivenkataramana (1980). The bias and MSE of Y: can be obtained by
putting @ =0 in (4) and (5) respectively as

B(Yx)=-Y1.9CC;

© 2012 Global Journals Inc. (US)
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and
M (7z)= f1\72{05+gcj(g—2c)} (9)

Remark 2.2

For a =1, the estimator Yp; in (1) boils down to the dual to product estimator

7;, proposed by Bandyopadhyay (1980). The bias and MSE of 7; can be obtained by
putting @ =1 in (4) and (5) respectively as

. B(Y;)=f.YC/g(g+C)

S and

01

M (¥;)=fY*{C;+gC:(g+2C)] (10)

0o

[T1. EFFICIENCY COMPARISONS
a) Comparison of y:,

In this section, firstly, we compare MSE of traditional estimators y , Yz and Yp
with MSE of proposed estimator Vo -
The MSE of sample mean y under SRSWOR sampling scheme is given by

M (y)=fY?*CZ. (11)
From equations (5) and (11), it is found that the proposed estimator y;  is better
than y if —(2a-1){2C+g(2a-1)}>0
This condition holds if
either 1/2>¢ and 1/2-C/g<a,or Y2<a and 1/2-C/g>a

Therefore, the range of o under which the proposed estimator Y., is more
efficient than ¥ is [min{1/2, (Y2-C/g)}, max{y2, (1/2-C/g)}].

To compare the usual ratio estimator A and product estimator Y, » we write the
MSEs of Y, and Y, up to the first degree of approximation respectively as
M (V)= fY?{C}+C}(1-2C)} (12)

and

M (¥,)=fY?{C;+C}(1+2C)} (13)

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

From equations (5) and (12), we note that the proposed estimator Y, has smaller

MSE than that of the usual ratio estimator Y if {l+ g (Za —1)} {1— g (2a —l) — ZC} >0
This condition holds if '

W cither (1-1g9)/2>aand (1+1/g)/2-C/g<a , or (1-1/g)/2<a and (1+Yg9)/2-C/g>a .
Therefore, the range of o under which the proposed estimator Y., is better than

ois [min{1-Vo)/2, (1+19)/2-C/g}, max{(1-Va)/2. (1+Vg)/2-C/g]]

© 2012 Global Journals Inc. (US)
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Further, we note from equations (5) and (13) that the estimator Ypg will dominate

over usual product estimator Y, if {1— g (2a —1)} {1+ g (Za —1) + ZC} >0.
This condition holds if either

(1+Yg)/2>a and (1-1/g)/2-C/g<a ,or (1+1/g)/2<a and (1-1g)/2-C/g>a .

Therefore, the range of a under which the proposed estimator Vg, is better than
Y, is [min{(1+1/9)/2, (1-Vg)/2-C/g}, max{(1+Vg)/2, (1-1g)/2-C/g}]

Secondly, we compare the MSE of the proposed estimator with the MSE of dual to
ratio estimator.

From equations (5) and (9), it is found that the proposed estimator Yp; will
dominate over Srivenkataramana (1980) estimator V if Oc{g (1—a)—C} >0.
This condition holds if
either 0> and (1-C/g)<a, or 0<a and (1-C/g)>a
Therefore, the range of @ under which the proposed estimator V., is more
efficient than dual to ratio estimator Y is {min(O, 1—C/9), max(O, 1—C/g)}.
Lastly, we compare MSE of the proposed estimator Yy, with those of dual to
product estimator 7; of Bandyopadhyay (1980).
We note from equations (5) and (10) that M (Vp) >M (VSR) if (1-a)(C+ga)>0.
This condition holds if
either 1>¢ and —-C/g<a ,or 1<a and -C/g>a .
Therefore, the range of @ under which the proposed estimator Vg, is more
efficient than dual to product estimator y, is {min(—C/g, 1), max(-C/g, 1)}

Thus, it seems from the above results that the proposed estimator V., may be
made better than other estimators by making a suitable choice of the values of «.

b) Comparison of AOE’ of y;%
From equations (8)-(13), it is found that the ‘AOE’

© 2012 Global Journals Inc. (US)
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Notes

/able 3 . Percentage relative efficiency of different estimators with respect to y .

Population y Yr A A A Ver or Vor
1 100.00 226.76 i 120.73 i 305.25
2 100.00 T i T 124.34 133.26
3 100.00 T 167.59 i 115.73 187.10
4 100.00 T T 591.38 i 877.54
) 100.00 T i 612.44 i 614.34
6 100.00 212.82 T 117.95 T 384.02

T Relative efficiency less than 100%.

—*0

Yo is more efficient than the other existing estimators ¥, Vz,Vp, Vs and Vp. Since
_ ety 11— &
M (¥)-M (75") ===Y¥?p’C] >0
17z a-cy >0
n

Y

Y

M (V:)-M (7o)

M (7,)-M (y;;pt-);%?zq (1+C)* >0

)

M (7 )-M (7:;“‘-)=$Y‘2C5(C—g)2 >0

Y

M (7;)-M (i) =2 7°C? (C+g) >0

Hence, we conclude that the proposed class of estimator .Yy, is more efficient
than other estimators in case of its optimality
Now we state the following theorem

Theorem 1

To the first degree of approximation, the proposed strategy Y., under optimality
condition (6) is always more efficient than M (Y), M(Yz), M(V,), M (7;) , M (7;) and
equally efficient to M (Vreg.) :

V. NUMERICAL ILLUSTRATIONS

To examine the merits of the constructed estimator over its competitors
numerically, we consider six sets of population data. The sources of the population, the

nature of the variates y and x and the values of the various parameters are listed in
Table 1.

To reflect the gain in the efficiency of the proposed estimator Vo, Over the

estimators Y, Yr, Yp, Y= and 7;, the effective ranges of o along with its optimum

values are presented in Table 2 with respect to the population data sets.
To observe the relative performance of different estimators, we have computed the

percentage relative efficiency of different estimators of Y with respect to usual unbiased

estimator Y and this is presented in Table 3.

© 2012 Global Journals Inc. (US)
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V. CONCLUSION

We have proposed an estimator of the combination of dual to product and dual to
ratio estimators as in equation (1) and obtained ‘AOE’ for the proposed estimator.
Theoretically, we have demonstrated that proposed estimator is always more efficient
than other estimators Y, Yr, Yp, Yz and Yr under the effective ranges of a and its
optimum values.

In addition, we support these theoretical results numerically using the data sets as
shown in Table 1.
Table 2 provides the wide ranges of & along with its optimum values for which

the proposed estimator y.. or y-* is more efficient than all other estimators considered

in this paper as far as the mean squared error criterion is considered. It is also observed
from Table 2 that there is a scope for choosing @ to obtain better estimators than y, Vi,
Ve, Vi and Vp.

Table 3 exhibits that there is a considerable gain in efficiency by using proposed

estimator Yor or Yo over the estimators ¥, Vg, Ve, Vg and V.. This shows that even

if the scalar a deviates from its optimum value (aom.

yield better estimates than y, Vg, Vs, Y, and V.. Thus, it is preferred to use the

. — —xopt. .
proposed class of estimators Yp; or Yoo in practice.
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Absiract - The object of this paper is to discuss an application to certain products containing the H-function of several
complex variables in boundary value problems. The results established in this paper are general nature & hence
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.  INTRODUCTION

Boundary value problem with Fox’s H-function, M-series & multivariable H-function
were studied by many authors, Churchill, R.V.[1], Mohammed, T.[3], Shrivastava, H.M.
(6], Sharma, M.[4] etc.

Further, an integral involving Fox’s H-function & heat conduction and on

simultaneous operational calculus involving a product of Fox’s H-function and the
multivariable were studied by Bajpai [7], Chourasia [9] respectively.

This paper deals the problem of determining a function 6(x,t), representing the
temperature in a non-homogeneous bar with ends at x = * in which the thermal

conductivity is proportional to (1 — x*) and if the lateral surface of the bar is insulated, it
satisfies the partial differential equation of heat conduction Churchill [ 1],

89 { 2 89}
(A-X")—
8t OX OX (1)

Y

where b is a constant, provided thermal coefficient is constant. The boundary
conditions of the problem are that both ends of a bar at

x=x%1 (2)
are also insulated because the conductivity vanishes there and the initial conditions
0 (x,0) =1f(x); -1ixj1, (3)

II.  RESULT REQUIRED
(i) The finite integral

boundary value problem in heat conduction, Vij. Par. Anu. Pat., 29(4), (1986), 225-230.

New York (1942).
3. Mohammed, T. The function of several complex variables and the solution of a

! 1 2(>L—1|3"l F Ap | 1 2.\d
j_l(—x) o (0 oFy | g sBA=X)

1. Churchill, R.V. Fourier series and boundary value problems, McGraw-Hill Book Co.,

Author : Department of Mathemetics C.R.M. Jat P.G. College, Hisar — India.
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where Re OL+k—Fj +i_21 o, _S(i)
B j

coefficients AV, ¢ (Vv',s'>0) are arbitrary constants, real or complex.

(ii) Orthogonality property of the associated Legendre polynomials
2(m+1)!
(2n+1)(n—m)! ™

[ Propr@d-

where 9, is the Kroneckar delta defined by
0,if n =k
nk |1 ifn=k
Solution of (1):-

Assuming the following

f0)=(1-x*)*" JF [A:B:BL-x*)]

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

(epsEp) o' 2 k
_ 1
}Pll\/lQl[Mz(l X“)+]

M(1-x2)¥

m,n
H
p.q

Y

SU (M, (1-x2)H (f[ 2. (1-x2)" J
i=1
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>%|Re(u) Li'=1,..m,j=1,.,u® 5 >0,k >0,

1 1.
k,>0,larg (z, )|<E T |arg M |<ET n,T >0,u" is an arbitrary positive integer, the
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The solution of the problem (4) can be written as
0 m _b ,
0(x,t) = Nz_o A P (x) e PN (8)
If t'=01in (8), then by virtue of (7)
f0)=(1-x*)"" JF, [AL:B:BL-x*)"]

Notes (ey.Ep) o
PP 2 k"
:|P1MQ1[M2(1_X )" ]

H™' M(L1=x2)
g | ME=X%) (fq-Fy)

2012

SU (M, (L-x?)H []L[ 2.(1-x?)" J
i=1

w
!

=N2 Ay Py (), 9)

Equation (7) is valid since f(x) is continuous in the closed interval —1<X<1 and
has a piecewise continuous derivative there, the Legendre series (9) associated with f(x)
converges uniformly to f(x) in —1+ e< x<1l- e, 0 <e<l.

Now multiplying both sides of (9) by Ptl (x) and integrating from — 1 to +1 with
respect to x, we find

1
J, Q=" R [AGBBA—x*)]

Ep)

(e a' y
" } M, (L-x2)¥ ]

H™" | M(1=x2)k M
P Vg |nMal

S:,'(Ml(l—xz))H{ﬁ zi(l—xz)Gi}Pvu(x) dx
i=1

-3 A, [ PP (x)dx, (10)

Now using (4) and the orthogonal property of Legendre polynomials, (5) and (6), we get
3 2 v+ 1) (v — p)!
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b

With the help of (8) and (9) the solution of the problem (1) is obtained in the form

01
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(2v+1)(v—p)!

O(x,t)=mn2""
(v+u)!F(1—;ivj

2

D& e A (A) BT PE(D) M 6(gs)
bN(N-+1)t p N s
Gzl 20e (B1); - (Bg), t!s! fo s!s'l

(@) (@) M3 (V) A, M5
C () (bg)s T(@'S™HL)

""’Zr (12)

fooo d¥

where Re a+kF—j'+Z csi# >%|Re(w)|,j:1,...,m;c5i,k,k",Ti >0,
i1

0]
I 6]

larg z, |<%Tin,i =1,...1,a>0,P<Q,|M, [<LP, <Q,|B|<LargM |<%T'n,T' > 0.

Special Cases :-
(1) Putting A=A, u? =1v® =BY DY =DV +1vi=1,..r in (12), we obtain

2"t 2v+1)(v-p)

(v+u)!F( —l;i\zlj

0(x,t)=

e PN (A ) (A Bt
=0 (B)),-(By),

m
=2
G=l ss's

a0
2
N

(Us)



ZsrZ,

, (13)
Notes valid under the same conditions as derivable from (12).
(2) Letting r = 2 in (13), we have S
g @2v+D(v—p)!
R (Rt
[TRNRY
v+u)!l-"=x—
(v ( 2 2)
z”‘: Z“’: gy (A () B PLIED M2, ) (V) s AyeM] E
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valid under the same conditions as derivable from (12).

(4)
()

Letting K,a',V'>0 in (4), we have a known result given in ([8], eq.(1.3), p.227).
Also taking K,a',v'—0 in (12), we get a result given in ( [8], eq. (2.1), p.228).
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Absiract - We study the hypersurface-homogeneous cosmological model in presence of perfect fluid within the
framework of Barber’'s [1982, GRG, 14, 117] second self-creation theory of gravitation. We have shown that the field
equations are solvable for any arbitrary cosmic scale function and then obtained exact solutions for two values of a
specific parameter. While doing so, we have used the general equation of state 0 = Mp where m (0<mx<lisa
constant. We also discussed the physical aspects of the models of the universe.

Keywords : Hypersuriace-homogeneous. Perfect fluid. Barber's self-creation theory.

. INTRODUCTION

In recent years, there has been a considerable interest in alternative theories of

gravitation. Brans-Dicke (1961) theory develops Mach’s principle in a relativistic
framework by assuming interaction of inertial masses of fundamental particles with some
cosmic scalar field coupled with the large scale distribution of matter in motion. Brans-
Dicke theory is a scalar-tensor theory of gravitation in which the tensor field is identified
with the space-time of Riemannian geometry and scalar field is alien to geometry. This
theory does not allow the scalar field to interact with fundamental principles and
photons. However, Barber (1982) has modified scalar-tensor Brans-Dicke theory to
develop a continuous creation of matter in the large scale structure of the universe. As a
result, two self-creation theories are proposed by Barber (1982) in which the mass of the
universe is seem to be created out of self-contained gravitational, scalar and matter field.

Brans (1987) has pointed out that Barber’s first theory is in disagreement with

experiment as well as inconsistent, in general. Hence Barber’s first theory is not accepted
because this theory violets the equivalence principle.

The second theory retains the attractive features of the first theory and overcomes
previous objections. These modified theories create the universe out of self-contained

gravitational and matter fields. In Barber’s second self-creation theory, the gravitational
coupling of the Einstein field equations is allowed to be a variable scalar on the space-

time manifold. Barber’s second theory is a modification of general relativity to include
continuous creation and is within observational limits, thus it modifies general relativity
to become a variable G-theory. In this theory the scalar field does not directly gravitate,
but simply divides the matter tensor, with the scalar acting as a reciprocal gravitational
constant. The scalar field is postulated to couple to the trace of the energy-momentum
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tensor. Moreover, the most significant feature of self-creation is that it is as consistent
with cosmological constraints in the distant supernovae data, the Cosmic microwave
Background anisotropies and primordial nucleo-synthesis, as the standard paradigm.
Unlike that model, however, it does not require the addition of the undiscovered physics
of Inflation, dark non-baryonic matter or dark energy. Nevertheless, it does demand an
exotic equation of state, which requires the presence of false vacuum energy at a

moderate density determined by the FEinstein’s field equations. The consistency of

Barber’s second theory motivates us to study cosmological model in this theory.
Astronomical observations of the large-scale distribution of galaxies in the universe
show that the distribution of matter can be satisfactorily described by a perfect fluid.

Many authors have studied the Barber’s self-creation theory of gravitation to produce
mass creation in presence of perfect fluid satisfying the equation of state in the context of
different space times. Pimentel (1985) and Soleng (1987) have discussed FRW models by
using a power law relation between the expansion factor of the universe and the scalar
field. Singh (1984), Reddy (1987) and Reddy et al (1987) have studied Bianchi type
space-times solutions in Barber’s second theory of gravitation while Reddy and

Venkateswarlu (1989) presented Bianchi type —VI, cosmological model in Barber’s second
self-creation theory of gravitation. Shanti and Rao (1991) studied Bianchi type II and III
space-times in this theory, both in vacuum as well as in presence of stiff fluid. Ram and
Singh (1998) have discussed the spatially homogeneous and isotropic Robertson-Walker

and Bianchi type-II models of the universe in Barber’s self-creation theory in presence of
perfect fluid by using gamma law equation of state. Pradhan and Pandey (2002), Pradhan
and Vishwakarma (2002), Panigrahi and Sahu (2004), Vishwakarma and Narlikar (2005),
Sahu and Mohanty (2006), Singh and Kumar (2007), Singh et al (2008) , Venkateswarlu
et al. (2008), Reddy and Naidu (2008) and Katore et al (2010), are some of the authors

who have studied various aspects of different cosmological models in Barber’s second self-
creation theory. In recent years, Verma and Shri Ram (2010) studied Hypersurface-
homogeneous bulk viscous fluid space-times with time-dependent cosmological term and
Shri Ram and Verma (2010) have discussed bulk viscous fluid hypersurface-homogeneous
cosmological models with time varying G and 4.

Motivated by these works, in this paper, we have investigated hypersurface-
homogeneous cosmological model in presence of perfect fluid within the framework of
Barber’s second self-creation theory of gravitation. We first show that the field equations
are solvable for any arbitrary cosmic scale function and then we obtain exact solutions for
two values of a specific parameter. While doing so, we have used the general equation of
state  P=mMp where m (0<mM<1) is a constant. We also discuss the physical aspects
of the models of the universe. This paper is organized as follows: The metric and field
equations are considered in Sect. 2. In Section 3, solutions of Barber’s field equations are

obtained while the models are considered in Sect. 3.1 and 3.2. Some concluding remarks
are given in Sect. 4.

[I.  THE METRIC AND FIELD EQUATIONS

Stewart and Ellis (1968) have obtained general solutions of Einstein's field
equations for a perfect fluid distribution satisfying a barotropic equation of state for the
Hypersurface-homogeneous space time given by the metric

ds? = dt® — A%(t)dx? — B2(t) [ dy? + f,2 (y)dz? (1)
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where f, (y)=siny, Y, sinh yrespectively when A =1, 0, -1.

Hajj-Boutros (1985) developed a method to build exact solutions of field equations
in case of the metric (1) in presence of perfect fluid and obtained exact solutions of the
field equations which add to the rare solutions not satisfying the barotropic equation of
state. Recently Verma and Shri Ram (2010b) obtained some hypersurface-homogeneous
bulk viscous fluid cosmological models with time-dependent cosmological term. Very
recently Shri Ram and Verma (2010) presented bulk viscous fluid hypersurface-
homogeneous cosmological models with time varying G and /A term. The energy-
momentum tensor in presence of perfect fluid has the form

Ty = (p+P)uju; —pg; (2)
together with the relation

gjuiul =1 (3)

and perfect fluid obeys the equation of state
p=mp (4)
where m ( 0<m<1) is a constant. Here p is the pressure in the fluid and p is
the energy density of the fluid and U' is the four velocity vector defined by u'=¢ A'{ ,
where 7 = 1, 2, 3, 4. We use the co-ordinate to be co-moving so that U' = (0,0,00).

For a universe field with perfect fluid, from (2) one finds

1 2 3 4
Ty =Ty =Ty =-p, Ty=p and T=p—3p. (5)
The field equation in Barber’s second self-creation theory of gravitation are
1 -1
Rij -5 Rgjj = —8mp " Tj (6)
and the scalar field equation is defined by
Q0 = 8—n/1T
3 (7)
where Rij is the Ricci tensor and R is the scalar curvature. ¢ = go;:: is the

invariant d’Alembertian and 7is the trace of the energy-momentum tensor that describes

all non-gravitational and non-scalar field theory. Barber scalar field ¢ is a function of ¢
due to the nature of space-time which plays the role analogous to the reciprocal of

Newtonian gravitational constant i. e. ¢ =— . 1 is a coupling constant to be determined

from the experiment |/1| i 10" . In the limit as 1 — 0, this theory approaches the
standard general relativity theory in every respect.

In a commoving coordinate system the Barber’s field equations (6) and (7) for the
metric (1) with the help of (5) take the form

.o
2§+%+§ = —8rp'p

L ’ (8)
A B AB 1

—+—+— = —-8rp " p

A B AB (9)
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é + E + E = —8r -1 p
A" B AB Y ©)
.. -
2 AB + 82 + K2 = 87[(0_1/)
AB  B° B , (10)
A _B 87 A
g+ o(-+2-) = —=(p-3p) (11)
A B 3 Notes
where A is a coupling constant to be determined from experiments

2012

( M‘ <10, 1=0 ) and Gy = ¢ 1. Equation (11) is the scalar field cosmological
equation. Here overhead dots (.) indicate the differentiation with respect to ¢ The energy

conservation  equation of  general relativity T;'} =0 takes the form

A _B
p+(p+ p)(K+ZE]:O (12)

For the line element (1), we define the following physical and geometrical
parameters, to be used in solving the Barber’s field equations. The average scale factor
(9), Volume scale factor (1), expansion scalar (@) and shear scalar (0 ) are

(F) Volume XII Issue III Version I

1

S =(AB?)? (13)
B V =53 = AB? (14)
- PRV Ea P L (15)
2 A B
: o _1fA_BY
g and 3lA B (16)
:: The generalized mean Hubble parameter H is given by
= 1
- A :

where H, =— H,=—=H
1 A 2 B 3.

An important observational quantity is the deceleration parameter ¢ which is

H defined as
=W

2 (18)

q
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The sign of ¢ indicates whether the model inflates or not. The positive sign
corresponds to the standard decelerating model whereas the negative sign indicates
inflation.

[1I. SOLUTION OF THE FIELD EQUATIONS

Recently, Shri Ram and Verma (2010) have investigated the hypersurface-
homogeneous cosmological models with time varying G and A term in the presence of
bulk viscous fluid. They showed that the field equations are solvable for any arbitrary
cosmic scale function. We follow the same approach to find exact solutions of the field

equations.
From (8) and (9), we obtain

B A B? AB K

B A B? AB B? e
which on integration, yields
~B?A+ ABB=—K|Adt +¢ (20)
where ¢, is an arbitrary constant.
We can write (20) in the form
d 2 A 2
—(B°)—-2—B° = F(t), 21
” (B%) A (t) (21)
K
where F (t) = —ZKI Adt +¢; (22)
The linear differential equation (22) has the general solution given by
2 _ 2| (F()

where ¢, is an integration constant. It is clear that the solution of Barber’s field
equations reduces to integration of (23) if A(¢) is known as a explicit function of time. We
now obtain a particular solution of the field equations for a simple choice of the function
A(t). we choose

n
A=t (24)
where 7 is a real number.
Integrating (23), we obtain
Kt 142 2
BZZ +C1t+n+C2tn 25
n2_1 (25)
Without loss of generality, we take C; =C, =0. The solution (25) becomes
Kt?
B°=—-— , n=il
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Hence the geometry of the universe in Barber’s second self-creation theory for the
hypersurface-homogeneous space-time corresponding to the solution (24) and (26) takes

the form

Kt?

ds® =dt® —t*"dx* — —
n“ -1

[ay? + 1,2 (y)az? ]

(27)

We also consider the usual barotropic equation of state relating the perfect fluid

pressure p to energy density P i.e. Equation (4).
Using (24), (26) and (4) in (12), we obtain the explicit form of the physical
quantities p and p as

and

p = mC?,t—(m+1)(n+2)

p = C3t—(m+1)(n+2)

(29)

(28)

From (11) and (4), we obtain the solution for scalar field ¢(t) in Barber’s second
self-creation theory is given by

3.1 Model I:

¢(t) — C4t2—(m+2)(n+2)

(30)

For K = 1, the hypersurface-homogeneous cosmological model in (27) reduces to

t2

ds? = dt? — t*"dx? ——[dy2 +sin? ydz?

n® -1

This model is well defined for N> =1>0 .
For the model (31), the physical and geometrical parameters are given by

_(n+2)
Tt
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Notes
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_n+ 2 (36)
3t

H

The deceleration parameter g is given by
qo1on
2+n

(37)

For model (31), we observed that the spatial volume increases with time when
(n+2) >0 and it becomes infinite for large value of £ At ¢ = 0, all the physical
parameters p,0,0 are infinite and the spatial volume is zero. Therefore, the cosmological
model starts evolving with a big-bang at ¢ = 0. Also the physical parameters decreases as
time increases and tend to zero for large time. Since g=\/1§[:+_;) the anisotropy in the
universe is maintained throughout. The deceleration parameter ¢ is positive for
—2<n<-1. In this case, the model (31) represents a decelerating universe. When n {1 ,
the value of deceleration parameter ¢ is negative and thus (31) corresponds to an

inflationary model of the universe.

3.2 Model 1T
For K = -1, the metric (27) of our solution can be written in the form
2
t .
ds? = t” ~1”'a” - [ dy? +sinh? ydz? | (39
— n )

For the model (38), the expansion scalar @, shear scalar ¢ and the generalized
mean Hubble's parameter have the expressions given by (32), (33) and (36) respectively.
The spatial volume V and the deceleration parameter ¢ are given by the following
expressions

tn+2
VA
1-n? (39)
1-n
- 40
k 2+n (40)

I

where n is not less than -2. The deceleration parameter q is positive since
—1<n<1. The model decelerates because of the fact that the deceleration parameter is
positive constant. The cosmological model (38) starts with a big-bang at ¢ = 0. The
physical behaviors of this model are same as of the model (31).

IV. CONCLUSION

In this paper, we have obtained hypersurface-homogeneous cosmological model in
presence of perfect fluid within the frame work of Barber’s second self-creation theory.

The cosmic fluid satisfies the barotropic equation of state. It is shown that Barber’s field
equations for hypersurface-homogeneous cosmological model are solvable for any arbitrary

© 2012 Global Journals Inc. (US)
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cosmic scale function. Two classes of exact solutions of Barbers field equations are
presented for A = 1 and A = -1 which represent expanding, shearing, non-rotating,
decelerating / accelerating models of the universe. In present models of the universe the
anisotropy is maintained throughout. It is also observed that the Barber scalar field @
increases when ¢ increases.
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An Oscillatory Free Convective Flow Through

Porous Medium in a Rotating Vertical Porous
Channel

K.D.Singh® & Alphonsa Mathew®

Abstract - A theoretical analysis of the effects of permeability and the injection/suction on an oscillatory free convective
flow of a viscous incompressible fluid through a highly porous medium bounded between two infinite vertical porous
plates is presented. The entire system rotates about the axis normal to the planes of the plates with uniform angular

velocity Q. For small and large rotations the dependence of the steady and unsteady resultant velocities and their
phase differences on various parameters are discussed in detail.

Keywords : Oscillatory, rotating, porous channel, Porous medium, Free convection.
[. INTRODUCTION

Free convection flows in a rotating porous medium are of great interest in a
number of industrial applications such as fiber and granular insulation, geothermal
systems etc. Buoyancy is also of importance in an environment where difference of
temperatures can give rise to complicated flow patterns. In recent years, the problems of
free convection have attracted the attention of a large number of scholars due to its
diverse applications.

The flow of fluids through highly porous medium bounded by vertical porous
plates find numerous engineering and geophysical applications, viz. in the fields of
agricultural engineering to study the underground water resources, in petroleum
technology to study the movement of natural gas, oil and water through the oil
channels/reservoirs[1,2,10]. A series of investigations have been made by different scholars
where the porous medium is either bounded by horizontal, vertical surfaces or parallel
porous plates. Raptis [8] analyzed the unsteady flow through a porous medium bounded
by an infinite porous plate subjected to a constant suction and variable temperature.
Raptis and Perdikis [9] further studied the problem of free convective flow through a
porous medium bounded by a vertical porous plate with constant suction when the free
stream velocity oscillates in time about a constant mean value.

Apart from the above two dimensional studies a number of three dimensional flows
through porous medium have also been studied. Singh et al [16] analyzed the effects of
periodic permeability on the three dimensional flow through highly porous medium
bounded by an infinite porous surface. Singh et al [15] also investigated the effect of
permeability variation on the heat transfer and three dimensional flow through a highly
porous medium bounded by an infinite porous plate with constant suction. Singh and
Verma [13] studied further the flow of a viscous incompressible fluid through porous
medium when the free stream velocity oscillates in time about a non-zero constant mean.
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In the recent years a number of studies have appeared in the literature involving
rotation to a greater or lesser extent viz. Vidyanidhu and Nigam [19], Gupta [4], Jana
and Datta [5], Singh [11,17]. Injection/suction effects have also been studied extensively
for horizontal porous plate in rotating frame of references by Ganapathy [3], Mazumder
[7], Mazumder et al [6], Soundalgekar and Pop [18], Singh [12] for different physical
situation. The flows of fluids through porous medium bounded by rotating porous
channels find many industrial applications particularly in the fields of centrifugation,
filtration and purification processes. In view of these applications Singh and Sharma [14]
studied the effect of the permeability of the porous medium on the three dimensional
Couette flow and heat transfer. In the present paper an attempt has been made to study
the effects of the permeability of the porous medium and injection/suction through the
porous parallel vertical plates on the free convective flow through a highly porous
medium. The entire system rotates about an axis perpendicular to the planes of the
plates.

[I. MATHEMATICAL ANALYSIS

Consider an oscillatory free convective flow of a viscous incompressible fluid
through a highly porous medium bounded between two infinite vertical porous plates
distance d apart. A constant injection velocity, wj, is applied at the stationary plate
z* =0 and the same constant suction velocity, w,, is applied at the plate z* =d, which is

oscillating in its own plane with a velocity U*(¢*) about a non-zero constant mean

velocity U,. The origin is assumed to be at the platez” =0 and the channel is oriented

vertically upward along the X -axis. The channel rotates as a rigid body with uniform

angular velocity Q * about the z'-axis. Since the plates are infinite in extent, all the
physical quantities except the pressure, depend only on z* and ¢* Denoting the velocity

components uz* v* w¥in the x* y* z* directions, respectively and temperature by T |

the flow in the rotating system is governed by the following equations:

w, =0, (1)
U, +w,u, =—p. /p+ou, +2QV +gB(T -T,)-vu /K", (2)
Vi +WoV, =—p, /[ p+ov, —2Q°u" —ov /K’ (3)
* * k *
Tt +W0Tz = Tzz? (4)
PC,

where v is the kinematic viscosity, ¢ is the time, p is the density and p is the
modified pressure, T  is the temperature, C, is the specific heat at constant pressure, Kis
the thermal conductivity, gis the acceleration due to gravity, £ the coefficient of volume
expansion and K is the permeability of the medium.

The boundary conditions for the problem are

*

u=v =0, T =T,+&(,-T,)cosot” at 7z =0,

u=U(t)=U/(l+ccos 't), v =0 T =T,, at 7z =d (5)
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Notes

where @ is the frequency of oscillations and ¢ is a very small positive constant.

By introducing the following non-dimensional quantities
n=2z1d, t=ot", u=u/U,, v=v /U, Q=Qd°/v

the rotation parameter,

o=0'd’/v the frequency parameter, A=W,d/v the injection/suction parameter,

T -T Gr M the Grashof

K =K"/d? the permeability parameter, §=—%,

T, - T, U,w.
number, Pr="—%  the Prandtl number  and suppressing the stars
(2) to (4) become

o, + A4, =0, + U, +Gri*0-2i0(q-U)-(q-U)/K,

@0, + 20, =%0

m

where g=U+Iiv.

“* the equations

—~

~

SN—
(9]
w

The boundary conditions (5) can also be written in complex notations as

q=0, 0:1+§(e“+e‘“) at =0,

q:U(t):1+g(e“+e’“), 0=0 at n=1.

(8)

In order to solve the system of equations (6) and (7) subject to the boundary

conditions (8), we assume,

q(m.t)= qo(n)+£{q1(77)6“ +q,(n)e™},
0(n.t)=6,(n)+ { 6,(n)e" +6,(n)e™} .

(9)

(10)

Substituting (9) and (10) mto (6) and (7) and comparing the harmonic and non-

harmonic terms, we get

2, = (12 40 = (17 +-) - Gr20,.
q; — Aq, —(m® +i)q =—(m? +i)—Gr126’
1 1 K 1 K 1

" 14 1 1
as — Aq, —(n? +E)q2 =—(n? +E)—Grﬁ.292 ,

0, —Prio, =0,
0, —Pri6, -Prwi6, =0,
0, —Prif, +Prwif, =0,
where 12 =i2Q, m? =i(2Q + w) and n* =i(2Q-w).

The corresponding transformed boundary conditions reduce to

(13)

(14)
(15)

(16)
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0,=90,=0,=0, 6,=6,=60,=1 at n=0,

0, =0, =0, =1,

(17)
0,=6,=0,=0 at n=L1.

The solutions of equations (11) to (16) under the boundary conditions (17) are

m _ am _ _ 2 i ’
(e™ —e™)[my (m, —A) = (m"+- )]

© 2012 Global Journals Inc. (US)

qo(7)=1+ Be™ + B,e™ + Ae*™" | (18)
ql(ﬂ) =1+B,e™ +B,e"" + Ae™ + Ae™ | (19)
o Q2(77):1+ B.e™ +Bse" + Ae™ + Ae™ (20)
- e P _ g 2Pr
0, (1) =W ) (21)
54 m;+myn _ m,+myn
E 6,(n) =~ > em : (22)
— et —e?
g
z em3+m477 _em4+m377
° O, =——— > (23)
- e™ —eM
g where
5 o _Pra+\Pr 2 +diwPr _PrA=Pr? 2+ diwPr
v 1 2 ) 2 2 )
ji m _Pr/1+\/Pr2/12—4ia)Pr . _Pr/l—\/Prz/iz—4ia>Pr
: 3 2 ’ 4 2 )
5 x+\//12+4(|2+1) /1—\//12+4(|2+1)
; nl = K y n2 = K ,
o 2 2
é /1+\//12+4(m2+1) /1—\//12+4(m2+1)
£ - K n, = K"
2 2
; /1+\//12+4(n2+1) /1—\/12+4(n2+1)
E Ns = K ) Ng = K )
£ 2 2
=}
= A - —-Grx? A = —-Gra’e™
L ) Ly T om o 1
< (1—e*™)[A* Pr(Pr-1)—(I° +E)] (e™ —e™)[m,(m, - 1) - (m* +E)]
Gri%e™ —Gri%e™
A, = A, =

mg _ Amy _ _ 2 i ’
(6™ —em)Im, (m, — )= (n"+_ )]

Notes



Notes

A - Gra‘e™ —. B, _{
(e™ —e™)[my(m, — 2) - (n® +E)]

enz +A1(en2 _e/lPr)i|
Y

e —e"

BZ :|:enl +A1(e”1 _eAPr):|’ 83 :_|:en4 +A2(en4 _emz)+A3(en4 _eml):|’

en2 —en1 en4 _en3

[e™ — A (e™ —e™)— A (e™ —e™) |
B, = :{ oM _)enaAS( ) » Bs :_|:

e™ +(e™ —e™)+ A (e™ —emB)}
Y

g —g'

o™ —A, ™ —e")-A(e™ —e™) ]
e’ —e" '

B, =

[II.  RESULTS AND DISCUSSION

Now for the resultant velocities and the shear stresses of the steady and unsteady
flow, we write

Uy (7)+ iV, (17) = 0o (17) and (24)

u1(77)+ iV1(77)= (:11(77)eit + 012(77)64t . (25)

The solution (18) corresponds to the steady part which gives u, as the primary and
v, as the secondary velocity components. The amplitude and the phase difference due to
these primary and secondary velocities for the steady flow are given by

R, = (U2 +V? : ¢, =tan*(v, /U, ) (26)

The resultant velocity R, for the steady part is presented in Fig.1.a, b for small
and large values of rotations respectively of the vertical porous channel. The two values

of the Prandtl number Pr as 0.7 and 7.0 are chosen to represent air and water
respectively. In Fig.l.a, b the curve I corresponds to the flow through an ordinary

medium. It is very clear from Fig.1.a that R, increases with the Grashof number Gr, the
rotation of the channel Q, suction velocity A, and the permeability parameter K. In
the case of Prandtl number Pr, R, is increasing near the oscillating plate.

Similarly for large rotations €2 shown in Fig 1.b., the amplitude R, increases
with Gr, the free convection currents, and the permeability parameter K and R,also
oscillates with the increase of the rotation Q of the channel. It is interesting to note that
increase of Prandtl number Pr leads to an increase of R, near the oscillating plate, but
to a decrease near the stationary plate. However, the effects of 4, the suction/injection at
the plates are reversed i.e. the amplitude R, increases near the stationary plate and
decreases thereafter.

The phase difference ¢, for the steady flow is shown graphically in Fig 2.a, b for

small and large rotations respectively. Fig.2.a shows that the phase angle ¢, is decreasing
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near the oscillating plate with the increase of Gr or Pr or 4 andQ, but increases with
the permeability parameter K. Similarly for large rotations Q shown in Fig 2.b.; the
phase difference decreases with rotation Q and Prandtl number Pr. But the increase of
permeability parameter K, Grashof number GI and the suction/injection at the plates

A leads to an increase ofd,. The amplitude and the phase difference of shear stresses

at the stationary plate (1 =0) for the steady flow can be obtained as,

Tor = ./z'ozx + z'gy , and Por = tanfl(roy /rox), (27)
where, 7, +ir, = (aq/an)”:o =n,B, +n,B, + 1PrA. (28)

Here 7, and 7, are, respectively, the shear stresses at the stationary plate due to

[0)4
the primary and secondary velocity components. The numerical values of the amplitude
Tor of the steady shear stress and the phase difference of the shear stresses at the

stationary plate (7 =0) for the

Pr Gr Q A K 7o Bo;
0.7 5

5 2 o0 3.717 1.351
0.7 5

5 2 1 3.44 1.765
7.0 5

5 2 1 2.498 0.967
0.7 10

5 2 1 5.461 -1.042
0.7 5

10 2 1 4.372 1.314
0.7 5

5 3 1 3.304 -1.269
0.7 5

5 2 2 3.575 -1.363
0.7 5

25 2 o0 6.607 1.029
0.7 5

25 2 1 6.581 1.02
7.0 5

25 2 1 6.389 0.873
0.7 10

25 2 1 6.902 1.154
0.7 5

50 2 1 9.392 0.922
0.7 5

25 3 1 6.313 1.07
7.0 5

25 2 2 6.594 1.024

Table 1:Values of t,, and @,, forvariousPr,Gr, Q, 4, and K.

steady flow are presented in Table -1. The permeability parameter K | the Grashof
number Gr, and the rotation parameter Q lead to an increase of 7, for both the cases

© 2012 Global Journals Inc. (US)
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of small or large rotations. It is also observed that 7, decreases with Pr and A for small
and large rotations. Similarly the values ford, , the steady phase difference, increases

with the suction parameter 4 and the permeability parameter K for both the cases of
small or large rotations. But the effect is reverse in the case of Prandtl number Pr. The

increase of Q leads to an increase in ¢, for small rotations. But the effect will be reverse

in the case of large rotations.
The solutions (19) and (20) together give the unsteady part of the flow. The

unsteady primary and secondary velocity components u,(f])and V](n), respectively, for
the fluctuating flow can be obtained as

u;(7,t) = {Real ,(n)+ Real g, ()jcost - {imq, ()~ Img, (p)}sint (29)

Vl(ﬂ,t)= {Re al q1(77)_ Real QZ(U)}Sint t {ImQ1(77)+ |sz(f7)}COSt , (30)

The resultant velocity or amplitude and the phase difference of the unsteady flow
are given by

R, :\/ulz "'V12 , :tanil(vllul) (31)

For the unsteady part, the resultant velocity or the amplitude R, are presented in

Fig.3.a, b. for the two cases of rotation Q small and large. In Fig.3.a, b the curve I
corresponds to the flow through an ordinary medium. It is observed from figure 3.a, for
small rotations €2 that R, increases with Prandtl number Pr, free convection current
Gr, the suction/injection parameter A and permeability parameter K, but decreases
with the rotation parameter Q and the frequency of oscillations @. Fig. 3.b, for large
rotations Q clearly shows that the amplitude R, increases with all the parameter Gr,Pr,

A ,K , o except that with the rotation parameter ), R, decreases near the oscillating

plates.
The phase difference ¢ for the unsteady part is shown in Figure 4. a, b. In

Fig.4.a, b the curve I corresponds to the flow through an ordinary medium. Figure 4.a for
small rotations Q shows that the phase difference ¢ increases with the Prandtl number
Pr and the frequency of oscillations @, but decreases with the Grashof number Gr, the
suction parameter A, the permeability parameter K. And, with the faster rotation of the
channel Q, ¢ increases near the stationary plate. It is also evident from Figure 4.5 that

increase of Pr, or Gr, or Aor K leads to a decrease in ¢ but the increase of the rotation

parameter Q, frequency of oscillations @ both lead to an increase in ¢, .
For the unsteady part of the flow, the amplitude and the phase difference of shear
stresses at the stationary plate (7=0) can be obtained as

7, +iry, =(0u,/on), o +i(ov,/on), (32)

n=0

Tlr = \[ lex + ley ) ¢1r = tan - (le /Tlx) (29>

The amplitude 7, of the unsteady shear stress are shown graphically in Figure

which gives

5.a, b respectively for small and large rotations. Fig.5.a, b the curve I corresponds to the
flow through an ordinary medium. It is interesting to note that the shear stress increases
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sharply for small oscillations of the frequency and thereafter decreases abruptly for larger
frequency of oscillations. This figure shows clearly that the shear stress 7, increases with

increasingGr, orA, orQ. However, the effects of Prandtl number Pr and the
permeability parameter K are reversed. For larger rotation (2 the variations of shear
stress 7, are presented in Figure 5. b. This figure shows that the amplitude 7, increases

with the free convection current Gr, the Prandtl number Prthe suction parameter A, the
rotation parameter € and permeability parameter K .

The phase difference ¢, of the unsteady shear stress is shown graphically in
Figure 6.a, b respectively for small and large rotations. It is interesting to note from these
figures that ¢, goes on increasing with increasing frequency of oscillations for both small

and large rotations. The phase difference ¢, decreases for both small and large rotations

with the increase of Grashof number Grand suction parameter A. However for small
rotations (2, ¢, increases for all values of frequency of oscillations and for large rotations

¢, decreases very near the oscillating plate. The effects of Prandtl number Prand the

permeability parameterK, lead to an increase in ¢, every where for large or small
rotations.
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Abstract - In the present paper, we obtain three new finite integral formulas. These formulas involve the product of a
general class of polynomials and the generalized Meliin- Barnes type of contour integrals. Mainly we are using series

representation of the H -function given by Agarwal [14 ], Agarwal and Jain [13 ]. These integral formulas are unified in
nature and act as the key formulas from which we can obtain as their special cases. By giving suitable values to the
parameters, our main integral formulas are reduces to the Fox H-function, the G-function and generalized wright
hypergeometric function.

Keywords : H -function, general class of polynomial, generalized wright hypergeometric function.

. INTRODUCTION

In 1987, Inayat-Hussain [1,2] was introduced generalization form of Fox’s H-
function, which is popularly known as H-function. Now H-function stands on fairly firm
footing through the research contributions of various authors [1-3, 9- 10, 13-15].

H -function is defined and represented in the following manner [10].

—mn —mn (al’aJ;AJ) ’(aj’aj) 1 -
Hoq [Z] =Hpq |z " "= P LZ§¢(‘:)d§
(bj'ﬁ.;Bi )1,m ’(bj’ﬁj)mﬂ‘q 27” (Z * O)

(1.1)

where

[Tre - Aol [ri-a +ag

TTi-b + 52 [, - )
j=m+1 j=n+1 (12)

It may be noted that the ¢(&) contains fractional powers of some of the gamma
function and m,n,p,q are integers such that 1<m<g2l<n<p (Otj )1p’(ﬁj )lq are positive real

numbers and (A) (8) ,may take non-integer values, which we assume to be positive

m+1,

for standardization purpose. (;), ~and (p;) ~are complex numbers.
, 1q

The nature of contourL, sufficient conditions of convergence of defining integral
(1.1) and other details about the H-function can be seen in the papers [9, 10]. The

behavior of the H-function for small values of 12| follows easily from a result given by
Rathie [3]:
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Hoa [2] = of1zf) Where

b,
a= mmRe( J|z|—>0
a;

1<j<m

(1.3)
= ZIB|+Z|b I—ila A |- Z|A|>o 0<zl<o

j=m+1 j=1 j=n+l (14)

The following function which follows as special cases of the H-function will be
required in the sequel [10]

= B (aj,aj;Aj)Lp . (1 a al,A])
pl//q b B yZ =Hp,q+1 -7 1 b
(0.8, 0115, s
E The general class of polynomials §™™[x] will be defined and represented as
follows [6, p.185, eqn. (7)]:
; [n/m1 [n/m] ¢ (—
fj S::lnmr [X]: Z ( n')mili Aw |,X|i
i """ ' 1,=0 =0 =1 |i! o (]_6)
o where n,,..,n,=0,12,..;m,.m,  are arbitrary positive integers, the coefficients
= A, (0,1, 20) are arbitrary constants, real or complex. Sy [x] yields a number of known
>’< polynomials as its special cases. These includes, among other, the Jacobi polynomials, the
£ DBessel Polynomials, the Lagurre Polynomials, the Brafman Polynomials and several
< others [8, p. 158-161].
o The following formulas [11, p.77, Egs. (3.1), (3.2) & (3.3)] will be required in our
~  investigation.
é o 2 -l
f j (ax+9j +C dx = Jz T [(p+1/2)
s ° X 2a(4ab+c)’ I'(p+1) (a>0;b>0;c+4ab>0;Re(p)+1/2>0) (1.7)
S Y (0% [P ST
1% Zb(aab+c)" T(p+1) (a=0;b>0;c+4ab>0;Re(p)+1/2>0) (1.8)

2 -p-1
(a+£zj [ax+EJ +C dx = Jz 7 [(p+1/2)
X X (4ab+c)"™ T(p+1) (a>0;b>0;c+4a >mRe(p)+1/2>0) (1.9)

I

Oy 8

[I.  MAIN INTEGRALS

Global Journal of Science

First Integral

Jz [ny/m] [n/m] r (_ni)miIi A (yi)l.

- 2a(4ab+c)"? ,=0 i ia ! (4ab+C)V'li
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—mns1 z (1/2_u_Zirzlvili'W;l)'(aj’aJ"Aj) (@,0)nap

p+1,q+1 —w (2]_)
(4ab+c) (bj,p’j )Lm,(bj,,gj,Bj)mﬂ,q,( =y vkw; 1)
The above result will be converge under the following conditions
i. a>0b>0;c+4ab>0and v,,W are positive integers.
.. b 1], 1
N ii. Relu+wmin +—>0
otes = gy )| 2
1 . .
iii. |argzl< SHT where # is given by equation (1.4)
Second Integral
o 2 -u-1 v 2 -V . 2 -w
J.i{( j C} Saa Y, {(ax+9) +c} ]prq [z{(ax+9j +c} }dx
x| o) e, X X
n/m] r —N. I
Jr m] - tngmd e (=) A (v;)
2b(4ab+c)”*“2 i A S "I (4ab + )"
s s we—u=X vk (8@ A) (@),
H p+Lo+l | > (22)

(4ab+c)” (bj B )l,m by, By, Bj)m+1,q’( Z LVikow; 1)

The above result will be converge under the following conditions

i. a>=0;b>0;c+4ab>0and v,,w are positive integers.

.. (b | 1
1. Relu+wmin|— ||+=>0
1<j<m ﬂj 2

1 o .
iii. largzl<Z 447, where s given by equation (1.4)

Third Integral

V4 (r/m] [n/md v (—np) iI.
Jx Z H( n)” A, (y)

B (4ab+c)™? & & 1) ' (4ab+c)"
—m,n+1 7 (1/2_u_z =1 'I' ) (aj'ai’Ai) '(aj'aj)“ﬂvp
p+1,g+1

(ab+0)” (bi'ﬂj)m'(bi’ﬂi'BJ)mﬂvQ’( 2w )

The above result will be converge under the following conditions

i. a>0;b>0;c+4a >@and v;,w are positive integers.

.. (b 1
ii. Reju+wmin| = |[+=>0
1<j<m ﬂj 2
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1 . .
iii. largzl< 547 , where 44 is given by equation (1.4)

Proof : To prove the first integral, we express H-function occurring on the L.H.S. of

equation (2.1) in terms of Mellin-Barnes type of contour integral given by equation (1.1)
and the general class of polynomials §"~™[x] in series form with the help of equation

(1.6) and then interchanging the order of integration and summation, we get:

'
—u-y il -we-1

[w/m]  [n/m] r (_n‘)m.l. 1 - w bV 5
2oz =i ) Z_ﬂiﬂé) ﬂ[aHFj +c} dx pz°dé (2.4)
S Further using the result (1.7) the above integral becomes
Jr Zm:ﬂ [nf,] ACI N (v,)" 1 g(5){ (1/2+U+Z . II+w§)} , 5d§
E 2a(4ab+c)u+l/2 I,=0 =0 i= i! (4ab+C)" 27Z'| { (1+u+z +W§)}1 (4ab+C)W
1 Vit
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(2.5)
Then interpreting with the help of (1.1) and (2.5) provides first integral.

The proof of second and third integral can be developing on the lines similar to
those given with first integral with the help of the result (1.8) and (1.9) respectively.

(3.1) If we put A =B, =1 H - function reduces to Fox's H-function [7, p. 10, Eqn.
(2.1.1)], then the equation (2.1), (2.2) and (2.3) takes the following form.

H(ax+ j }S“ '''''''' 'J” {Hyu {(ax+bj2+c}VI]HE';[Z{(&X+§J2+C}w]dx

_ N (y/m] n./m] ¢ (—ni)mili . (yi)ll -— ; (1/2—u—z Lviliw 1) (a.,a.) "
W dab+c)t P (dab+c)” (b, ﬁi)l,q’( Yy Wl)

(3.1.1)

]
o

I
o

I
N

1

()" , (1/2—u—zr1v,ll wl) (aj.a;),
I Hm+2tql+l w "
b T G0 (), (cu- B o)

|1II'

NS n/m] [n/m] r (—”i) .

1

JIj
o
JIj
o
Il
[N

- ) 1)
e R 1 o R e e

B \/; tn/m1 [n/m] r (_ni )mili R (yi )l. . ; (1/ 2-u —Z 1V|I| W, l) (aj N3 )1 )
- (4ab+c)"? I,=0 i ia 1! S (4ab+c)* Pt (4ab+c)* (bj’ﬂj) ’(_U—Zr vy, )
1q

1II’

(3.1.3)
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Notes

The Conditions of validity of (3.1.1), (3.1.2) and (3.1.3) easily follow from those
given in (2.1), (2.2) and (2.3).
(3.2) By applying the results given in (2.1), (2.2) and (2.3) to the case of Hermite

polynomials 4, 5] by setting SZ(x) > x"?H, {%} in which
X

My, M =2,0,.,0, =0 =Ly, =V, Y, =y,A | =(-1)', we have the following interesting results.

o] e Tl T e

(1/2-u —vl,w;l),(aj o, A )l,n ,(aj a, )Myp
(bi B )1,m '<bj BB, )Mq (—u-vl,w;1)
(3.2.1)

o] T T sl o] o o

(1/2-u-vl,w1),(a;,a;, A )l,n (3.2 )n+l,p
(b;.5;),,,(b;. 8., )m+1,q J(~u—vl,w;1)
(3.2.2)

I(H%J{@H%fﬂ“[v{wsﬂc}TH{;Jﬂwf+c}”]ﬁr{z{(ax+sf+c}W]dx

(1/2_U_VI’W;1)'(a"a"AJ)1n’(ai'ai)n+1p
(bj,ﬂj) (b ,;,B )Mq (-u—vl,w;1)
(3.2.3)
The Conditions of validity of (3.2.1), (3.2.2) and (3.2.3) easily follow from those
given in (2.1), (2.2) and (2.3).
(3.3) By applying the our results given in (2.1), (2.2) and (2.3) to the case of

" Da(dab+c) T £ (4ab+c)" " (4ab+c)”

S z( .y (y) —[ :

~ 2b(4ab+c)" 2 (4ab+c)" " (4ab+c)”

\/_ [n/2] 2| (y)' —m,n+1 z
H p+lo+l | >
IZ -1’ X

ZI P
" (4ab )T £ Z p o (ab+c)” " (4ab+c)"

Jz (y) _{ z

Lagurre polynomials [4, 5] by setting S7(x) > LY[x] in which

MM =500, 0 =Nr =Ly, =V,y, =y, A | :(n;ajﬁ, we have the following interesting
|

et o] sl o] oo

Jr (o), £n+aj( 0]

T 2a(dab+o) & 11\ n J(a+1) (4ab+c)”

(1/2-“ _VI,W;l)l(aj’ai ! Ai )1,n '(aj’aj )n+1p:|

(b, )1,m (b, B;, Bj)m+1_q J(-u—vl,w;1) (3.3.1)

ﬁm,ml VA
P Gab +c)”
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et o e

e

" 2b(4ab+ )" & n J(a+1) (4ab+c)”

—m,n+1 | YA (1/2_U_VI’W;1)'(a-’a"Aj)1,n’(aj'aj)ml,p
P (dab+ )" (bj,ﬂj) .(b;.3,.B )M (~u-vl,w1)

(3.3.2) Rt

2012
O gy 8
VY

[ob]

+
><N| o
N—

ot o] e

NG wm(—nz.[nwj( )

T@abro) & 1 n J(a+1) (4ab+c)”

~
!

(1/2-u-vl,w1),(a;,a;, A )l,n (3. )Mp
(3.3.3)

(bj 'ﬁj )1,m '(bj'ﬂj’Bi )m+1,q ,(—U _VI’W;l)

ﬁm,ml Z
P (4ab+ o)

The Conditions of validity of (3.3.1), (3.3.2) and (3.3.3) easily follow from those
given in (2.1), (2.2) and (2.3).

(F) Volume XII Issue III Version I

(83.4) If we putA =B, =L, =p,=1, in (1.1) then the H-function reduces to the
—mn (a 11 1,n (a )n+l p (aj ’1)1,,3 .
general type of G-function [12] i.e.Hpq|z =G|z , S0 using same
(b,22),,,.(6,,2) (b;.2)
1m m+1,q 1q
= assumptions in the equations (2.1), (2.2) and (2. 3) then they takes the following form.
E - b 2 -u-1 . r . b 2 -wW
B j ax+—| +c Spn nr' ax+ Gy ax+ +C dx
8 0 X i-1 X
Jr ny/m] [n/m] r (_ I)ml A1 (yi)l - ; (1/2—U—Zi: Vili,W,l),(a.,l)
2a(4ab+c)“*”2 ;=0 =0 i<l Ii! ! (4ab+C)VI priat (4ab+c)w (bj’l)l,q ,(—U z 1VII| Wl)

(3.4.1)

Global Journal of Science

(9761) Lgg d ‘67 ‘UoSULI9A) "PROY "1RN 001J ‘Uonounj-r) oyl u() gy ‘Il ‘gl

)" e z (1/2-u_2“_|| )(a'*l)

" (dab o) T (404" () (<u- 2 v )

|1II

O (3.4.2)

I
o

Il
o

Il
[:N

1
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16. Wright, E.M., (1935a), The asymptotic expansion of the generalized hypergeometric
function. J. London Math. Soc. 10. 286-293

Jz

[ny/m] [n/m] r (_

)

§7 )II

m,n+1

(4ab+c)'™? ,=0 =0 i

m;l; A1i )

, (1/2

-u _Zirzlvili

,W;l),(aj,l)lyp

(4ab+c)h P (4ab+c)” (b, ’1)1,q , (—u =y vkw; 1)

(3.4.3)

The Conditions of validity of (3.4.1), (3.4.2) and (3.4.3) easily follow from those
given in (2.1), (2.2) and (2.3).

(3.5) If we putn=pm=Lg=q+Lb =04 =La; =1-a;,b, =1-b,

reduces to

(1_ai’aj;AJ')

function

—1,p
H p.q+1 |:Z

(o,1),(1b,,ﬂ,i';:])1j_ pw{

n (1.1) then the H-

generalized  wright hypergeometric  function [16] i.e.
(aj’“j;Ai)Lp : . : .
:—z |, using same assumptions in the equations
(bi'ﬂj;Bj )Lq

(2.1), (2.2) and (2.3) then they takes the following form.

oot ]

oty

My, My
Snl ----- n

n/m] r (_

B (1/

§7 )li

Il
o

1

n)
I

LA

(dab+cy PV et (

11
o

1

-u-1 v
T b b 2 r b 2 i
a+— aXx+—| +cC G My My Jaxe—~ | +c
l( sz X) } o {Hy{( XJ } }
I L L e (v,)
- (4ab+c)“*“2 =0 =t Ga |1 i (4ab+c)V"' pr¥ gn

aj’“J;AJ)Lp {( b
—zq| ax+—

bj’ﬁi;Bi)Lq X

2-u —z::lvili,w;l),(aj

by, 5;: B; )Lq ,(—u -2k

(1r2-u-3 vl
(bj 'ﬁi : Bi )1,q ’(_u _Zir:lvili'

i,w;l),(aj,aj;

Jof I

A )l,p_
.,w;l) ' (4ab+c)”

A )1,p . z

z

(3.5.1)

w) " (4ab+c)”

(3.5.3)

The Conditions of validity of (3.5.1), (3.5.2) and (3.5.3) easily follow from those
given in (2.1), (2.2) and (2.3).
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Absiract - The main object of this paper is to obtain integral transformation using certain product of multivariable H-
function with a general class of polynomials. The result established in this paper are of general nature and hence
encompass several cases of interest.

Keywords : H-function, Lauricella function and M-series.

.  INTRODUCTION

Integrals with Fox’s H-function, M-series and multi variable H-function were
studied by many authors. We have the following series representation of the H-function

by Skibirki [4]

m,n (a.e.) m = ]_) 7"s
H PP ’
P { } Nzl SZ:(:) f NI o(n,) (1)
where
m n
¢(ns)=g I(b —f ”S)H r-a +emn)
q p -1
[T ra-b, +fn) [ I'(a, —en,)
i=m+1 i=n+1
and
b, *S
n, = f
N

The following results of Srivastava and Daoust [1, eq.(1.2), p.15], Slater [2, p.79,
eq. (2.5.27) and Chaurasia [3, p.194, eq. (2.3)] respectively also required in our
investigations:

(a)
VM M®:00( o) nteen® y T (mypl;..

o :N5aNOLL | B )€ O b1 0):2 T

Indag. Math. 31 (1969), 449-457.
2. Slater, L.J. Generalized hypergeometric functions, Cambridge University Press (1966).

1. Srivastava, H.M. and Daoust, Martha, C. Certain generalized Neuman expansion
associated with the Kampé de Fériet function, Ned. Akad. Wet. Proc. Ser. A — 72
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[(m®):pO; —
[(¢9): 2O [@+L1L[ A+1,1)];

Zyy Zg,— X1, (1—x)t)

) ﬂ (aj)nyj
S P
n=0 (05+1)n (,B+1)nH (ﬂj)n,u,—

01

MM ay #1707 et H(M):p T
3 M'..;M . [(ay+nyu)n KI(C (S;p] (m(s)):p(s)];z' Z. o
NN\ LB, 11 ):¢ e ST T Tt ((9) 10, 17

m+d m+b-1

a,0, >
2 2 . -
4F3 a+b,m,d ,4Y(1 y)

(m+d-1),
—mky ,
ko (a+h),

where m, is given by

- - c K
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The result (5) is a generalization of a result of Chaurasia [2, p.194, eq. (2.3)]. Proof

process used is the same.
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Proof of main result
_ h h
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(ap -ep ) o U
i |\/| 2]S [T ]and integrating it with respect to x

from 0 to 1. Evaluating the right hand side thus obtained by interchanging the order of
integration and summations (which is justified due to the absolute convergence of the
integral involved in the process) and then integrating the inner integral with the help of
the following result [5, eq. 2.2, p.131]
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Abstract - In this study, microwave drying behaviour of shrimp was investigated. The drying study showed that the
times taken for drying of shrimp from the initial moisture contents of 3.103% (d.b.) to final moisture content of around
0.01% (d.b.) were 11.75, 7, 4.75 and 4 min in 200, 300, 400 and 500W, respectively. The drying data were fitted to 7
thin-layer drying models. The performances of these models were compared using the determination of coefficient (R?),
reduced chi-square (x?) and root mean square error (RMSE) between the observed and predicted moisture ratios. The
results showed that Midilli model was found to satisfactorily describe the microwave drying curves of shrimp. The
activation energy for moisture diffusion was found to be 12.834W/g.

Keywords : microwave arying,; shrimp, modeling.

. INTRODUCTION

Drying is probably the oldest and the most important method of food preservation
practiced by humans. This process improves the food stability, since it reduces
considerably the water and microbiological activity of the material and minimizes
physical and chemical changes during its storage.

Dried shrimp is one of the most important exported marine products in many
countries such as Thailand, China, Malaysia and United States. Most of the studies on
drying kinetics of shrimp have focused on convective, superheated steam and heat-pump
drying methods [1-8]. There is no available report regarding the effectiveness of
intermittent microwave drying of shrimp compared to conventional drying techniques.
One of the most important aspects of drying technology is the modeling of the drying
process. Drying is a complex thermal process in which unsteady heat and moisture
transfer occur simultaneously. From an engineering point of view, it is important to
develop a better understanding of the controlling parameters of this complex process.
Mathematical models of the drying processes are used for designing new or improving
existing drying systems or even for the control of the drying process. Therefore, the
objective of this work was to evaluate a suitable drying model for describing the
microwave drying process of shrimp.

[I. MATERIALS AND METHOD

The shrimp samples used in this study were obtained from a local fish market,
Tehran, Iran during the summer season of 2010. The selected samples were cleaned with
tap water to make samples free from dust and foreign materials. In order to preserve its
original quality, they were stored in a refrigerator at 4 flC until drying experiments. The
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average initial moisture contents of the shrimp samples were found to be 3.103% (d.b.), as
determined by using convective oven at at 103ffil ° C for 4h [3].

The drying was done in a microwave dryer developed for this purpose. The
schematic of the experimental microwave drying set-up is given in Fig. 1. The dryer
consists of a microwave oven M945, Samsung Electronics Ins, a variable speed fan and a

digital balance. The dimensions of the microwave cavity were 327x370%207 mm.

The microwave oven was operated by a control terminal which could control both
microwave power level and emission time. The microwave oven was operated by a control
terminal which could control both microwave power level and emission time. In order to
weigh the samples without taking them out of the oven, a weighing system was integrated
to the oven. A digital balance (GF-600, A & D, Japan) which has a sensitivity of 0.01 g
and a plastic disc was mounted to the bottom of the microwave oven. The disc was
rotated at 5 rpm on a ball bearing shaft driven by an electrical motor. The presence of
the rotating disc was necessary to obtain homogeneous drying and to decrease the level of
the reflected microwaves on to the magnetrons. The oven has ventilation holes on the top
as well as on the bottom. Air velocity was kept at a constant value of 1 m/s with an
accuracy of fi0.1 m/s measured with a Vane Probe anemometer AM- 4202 Lutron flowed
perpendicular to the bed. Drying experiments were carried out with 200, 300, 400 and 500
W microwave power levels to investigate the effects of microwave power on drying of
shrimp. Samples (46 ffi 0.5 g) were placed in a single layer on a rotating glass plate in the
oven. Moisture loss of the samples was recorded by means of the balance at 15 s intervals
until no discernible weight change was observed. Rotating was stopped by pulling back
the driving disc when recording the weight data.

1} Circulating Fan ﬂ 2 = PR
S| —

[_\\\ B / ]

o] [

Plate WL
)
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_ (! — X
I —— onas o JB@”‘
ﬂ Air — Motor
Inlet % L= ]
. —— “‘Iiua_d
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Fig. 7 - Schematic illustration of the microwave drying set-up

The moisture content of drying sample at time t can be transformed to be
moisture ratio (MR):
MR = e~ Me 1)
B MO - Me
where M,, M, and M, are moisture content at any time of drying (kg water/kg dry
matter), initial moisture content (kg water/kg dry matter) and equilibrium moisture
content (kg water/kg dry matter), respectively.
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The moisture ratio was simplified to Mt/MO instead of Eq. (1) by some
investigators [9-11] due to the continuous fluctuation of the relative humidity of the
drying air during microwave drying process.

Table 7: Mathematical models given by various authors for drying curves

Model name Model Refe
Lewis MR=exp(-kt) [16]
Henderson and Pabis ~ MR=a exp(-kt) [17]
Page MR=exp(-kt") [18]
Wang and Singh MR =1 + bt + at [19]
Parabolic MR =c + bt + at [20] N
Logarithmic MR=a exp(-kt) + b [11] 3
Midilli MR=a exp(-kt")+ bt [21] B

where, k is the drying constant and a, b, n are equation constants.

The drying data obtained were fitted to seven thin-layer drying models detailed in
Table 1 using the nonlinear least squares regression analysis. Statistical analyses of the
experimental data were performed by using the software SPSS 17.0. The coefficient of
determination (R?) is one of the primary criteria for selecting the best model to define the

E
(2}

drying curves. In addition to R’ reduced chi-square (X*) and root mean square error
(RMSE) are used to determine the quality of the fit. These parameters can be calculated
as follows:

2
_ Z?]:l(MR pre ,i _MRexp ,i)

(F) Volume XII Issue III Version I

RZ=1 2
Z%\Izl(MRpre ,i_MRexp ,i)2 ( )
N 2
2 i=1(MRpre,i - MRexp ,i) (3)
X N-—z
N
N (MRppe; = MRegp )"\’
=1 pre,i exp,i =
RMSE = | = 4) =
( 5 Ol
where MR, ; is experimental moisture ratio; MR ,,; is predicted moisture ratio; N =
is number of observations; z is number of constants. The best model describing the drying 2
characteristics of samples was chosen as the one with the highest coefficient of 2
determination, the least reduced chi square, root mean square error and mean relative
percent error [12-15]. g
1.0 3
08 5
2 06 7 ~
S I 3
o I O
3 047
]
=
02 +
|
0.0

0 2 4 6 8 10 12
Drying time(min)
Fig 2 - Moisture ratio versus drying time of shrimp at different microwave powers
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[TI. RESULTS AND DISCUSSION

The changes in moisture ratio with drying time of shrimp samples in microwave
drying are presented in Fig. 2. According to the results in Fig. 2, the drying microwave
power a significant effect on the moisture content of the shrimp samples as expected. The
results showed that drying time decreased greatly when drying temperature increased.
The drying time required to reach the final moisture content of samples were 11.75, 7,
4.75 and 4 min at the microwave powers of 200, 300, 400 and 500W, respectively. The
results indicates that mass transfer within the sample was more rapid during higher

microwave power heating because more heat was generated within the sample creating a Not es

Model no P (W)  Model constants R2 X 2 RMSE
500 k=0.7917 0.7454 0.0471  0.2105
Lewis 400 k=0.5803 0.8447 0.0265  0.1586
300 k=0.4531 0.7816  0.0351  0.1840
200 k=0.2019 0.8508  0.0203  0.1409
500 a= 2.254, k=1.0873 0.8297 0.1599  0.3756
Henderson 400 a= 1.7673, k=0.7556 0.9118 0.0549 0.2224
and Pabis 300 a= 2.1411, k=0.6133 0.8614 0.1053  0.3131
200 a= 1.6307, k=0.2636 0.9188 0.0295  0.1682
500 k=0.203, n=2.077 0.999 0.0002 0.0123
400 k=0.182,n=1.847 0.999 0.0001 0.0109
Page 300 k=0.092, n=1.865 0.998 0.0003 0.0158
200 k=0.033, n=1.804 0.999  0.0001  0.0116
500 a=0.0002, b= - 0.2704 0.9759 0.0034  0.0552
Wang  and 400 a=0.0068, b= - 0.2521 0.9834 0.0021  0.0437
Singh 300 a= 0.0035, b= - 0.1772 0.9847 0.0019  0.0422
200 a= 0.0003, b=- 0.0913 0.9869 0.0014  0.0369
500 a= 0.019, b= - 0.3636, c= 1.0962 0.9861 0.0021  0.0419
400 a= 0.0185, b= - 0.321, c= 1.084 0.9917 0.0011  0.0310
Parabolic 300 a= 0.0091, b= - 0.2252, c= 1.086 0.9927  0.0009  0.0291
200 a= 0.0022, b= - 0.1185, c= 1.081 0.9945 0.0006  0.0239
500 k= 0.115, a=3.125, b= - 2.033 0.985 0.0022 0.0429
400 k= 0.141, a=2.284, b= - 1.204 0.991  0.0013  0.0329
Logarithmic 300 k= 0.101, a= 2.239, b= - 1.156 0.992  0.0011  0.0314
200 k= 0.044, a=2.711, b=- 1.632 0.997 0.0007 0.0250
500 k= 0.207, a= 1.008, b= -0.012, n=1.944  0.999  0.00006 0.0067
Midilli 400 k= 0.187, a= 1.007, b=-0.011, n=1.718  0.999  0.00003  0.0053
300 k= 0.095, a= 1.002, b= -0.01, n=1.718 0.999  0.00011 0.0096
200 k= 0.038, a= 1.008, b= -0.006, n=1.657  0.999  0.00005 0.0066

large vapor pressure difference between the centre and the surface of the product due to
characteristic microwave volumetric heating.

The statistical results from models are summarised in Tables 2. The best model
describing the thin-layer drying characteristics of shrimp was chosen as the one with the
highest R* values and the lowest X* and RMSE values. The R? for Henderson and Pabis,
Logarithmic, Wang and Singh, Page, and Midilli models were all above 0.99, and that for
Lewis model was lower, but still above 0.745. The statistical parameter estimations
showed that R? X° and RMSE values were ranged from 0.7454 to 0.9999, 0.00003 to
0.1599, and 0.0053 to 0.3756, respectively. Of all the models tested, the Midilli model

gives the highest value of R2 and the lowest values of X* and RMSE. Fig. 3 compares
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experimental data with those predicted with the Midilli model for shrimp samples at 200,
300, 400 and 500W. The prediction using the model showed MR values banded along the
straight line, which showed the suitability of these models in describing drying
characteristics of shrimp.

10 1

Predicted moisture ratio

00 ey
0.0 0.2 0.4 0.6 0.8 1.0
Experimental moisture ratio
Fig 3 . Experimental versus predicted moisture ratio (MR) values for shrimp drying

It was determined that the value of k increased with the increase in the microwave
power. This data indicates that with increase in microwave power drying curve becomes
steeper indicating faster drying of the product. A similar trend was observed by Ozkan et
al. [22] for spinach; Sharma and Prasad [20] for garlic cloves.

In this study, as the temperature is not measurable variable in the standard
microwave oven used for drying process, the Arrhenius equation was used in a modified
form to illustrate the relationship between the kinetic rate constant and the ratio of the
microwave output power to sample amount instead of the temperature for calculation of
the activation energy. After evaluation of the data, the dependence of the kinetic rate
constant on the ratio of microwave output power to sample amount was represented with
an exponential equation (6) derived by Ozbek and Dadali [23]:

k = koexp (_E;'m) (6)

where k is the drying rate constant obtained by using Midilli model (1/min), k, is
the pre-exponential constant (1/min), E, is the activation energy (W/g), P is the
microwave output power (W) and m is the mass of raw sample (g). The values of k
versus m/P shown in Fig. 4 accurately fit to Eq. (6) with coefficient of determination (R”)

of 0.9869. Then, k, and E, values were estimated as 0.722 (1/min) and 12.834W /g.

0.25 T

o
N
|

0157 k = 0.7226¢12-8%m/P
R? = 0.9869

o
[N
|

0.05 -

Drying rate constant, k, (1/min)

oy
0.05 0.1 0.15 0.2 0.25
m/P (g/W)
Fig 4 : The relationship between the values of drying rate constant versus sample amount/power
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IvV.  CONCLUSION

The drying kinetics of shrimp was investigated in a microwave dryer as a single

layer at the drying microwave powers of 200, 300, 400 and 500 W. Based on non-linear
regression analysis, the Midilli model was considered adequate to describe the thin-layer
drying behavior of shrimp. The drying rate constant increased with increasing microwave
power and it followed an Arrhenius relationship. The activation energy for moisture
diffusion was found to be 12.834W/g.
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K. R. Prasad®, N. V. V. S. Suryanarayana®, & P. Murali®

Absiract - We consider the third order boundary value problem associated with the differential equation on time scales

3 2
vS = fltyyty), tE [t 0% (ts)]
on time scales satisfying the conditions

y(t1) = y1, y(t2) = ya2, y(o’(ts)) = ta.
We establish the solution of the three point boundary value problem on time scales on [¢, , ¢*(¢,)] by matching solutions
on (¢, t,] with solutions on [¢,, R*(¢,)].
Keywords and phrases . Time scales, boundary value problem, dynamical equation, matching rmethods.
[. INTRODUCTION

In this paper we consider, the existence and uniqueness of solutions of the three
point boundary value problems associated with the differential equation on time scales

yAN () = F(ty(), v (1), 92 (1)) (1.1)

With
y(t1) = y1, y(t2) = y2, y(o>(ts)) = ys (1.2)

where f € C,, [[t, , o’(t;)]x R? , R] and we assume through out that solutions of
initial value problems associated with (1.1) exist, are unique and extend through out a
fixed interval of R. A monotonicity restriction on f assumes that the two point boundary

value problem for (1.1) satisfying any one of

y(t) = g1, y(t2) = yo. Y2 (t2) =m (1.3)
y(t1) =y, y(t2) = yo. y™ (t2) =m (1.4)
y(t2) = y2, ¥y (t2) = m, y(a®(t3)) = y3 (1.5)

or
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y(ta) = yo, y™ (t2) = m, y(o®(t3)) = 3 (1.6)

have at most one solution and with added hypothesis, a unique solution of the three point
boundary value problem (1.1), (1.2) is constructed by using differential inequalities. This
is acheived by matching solutions of the boundary value problem (1.1), (1.3) with
solutions of (1.1), (1.5) or solutions of the boundary value problem (1.1), (1.4) with
solutions of (1.1), (1.6).

The technique of matching solutions was discussed by Bailey, Shamphine and
Waltman [2] to obtain solutions of two-point boundary value problems for the second
order equation by matching solutions of initial value problems. Later, many authors like
Barr and Sherman [4], Barr and Miletta [3], Das and Lalli [8], Henderson [10, 11],
Henderson and Taunton [13], Lakshmikantham and Murty [16], Moorti and Garner [17],
Rao, Murty and Rao [18] have used this technique and obtained solutions three point
bound-ary value problems by matching solutions of two two-point boundary value
problems for ordinary differential equations. Henderson and Prasad [12] and
Eggensperger, Kaufmann and Kasmatov [9] obtained solutions of three point boundary
value problems using matching methods for boundary value problems on time scales.

In this paper, we are concerned with the existence and uniqueness of solutions of
three point boundary value problems for a differential equation on time scales using
differential inequalities. We state some basic definitions of time scales for ready reference.

Definition 1.1. A nonempty closed subset of R is called a time scale. It is denoted by T.
By an interval we mean the intersection of the given interval with a time scale. For t <
supT and r > inf T, define the forward jump operator, 0 and backward jump operator, p,
respectively, by

o(t)=inf{seT:s>t} €T,
p(r)=sup{seT:s<r}eT,

for all t, r € T. If o(t) = t, t is said to be right dense,(otherwise t is said to be right
scattered) and if p (r) = r, r is said to be left dense, (otherwise r is said to be left
scattered).

Definition 1.2. For x : T — R and t € T (if t = supT, assume t is not left scattered),
define the delta derivative of z (t), denoted by z “(t), to be the number(when it exists),

with the property that, for any € > 0, there is a neighborhood U of t such that
| [#(a(t)) —a(s)] =22 ()0 (t) —s] [< €| o(t) = s |,
for all s € U.
If z is delta differentiable for every t € T; we say that z : T — R is delta differentiable

on T.

Definition 1.3. If the time scale T has a maximal element which is also left scattered, that
point is called a degenerate point. Any subset of non- degenerate points of T is denoted

by T".

Definition 1.4. A function z : T — R is right dense continuous (rd- continuous) if it is
continuous at every right dense point t € T and its left hand limit exists at each left
dense point t € T.
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Notes

The forward jump operator o : T — R is right dense continuous and more generally if x :
T — R is continuous, then z(o) : T — R is right dense continuous. moreover, we say

that f is delta differentiable on T* provided f°(t) exists for all t € T": The function f* : T*
— R is then called the delta derivative of f on T".

Definition 1.5. A function F : T*¥ —R is called an antiderivative of f: T*¥ — R provided
F(t) = f(t) holds for all t € T*: We then define the integral of f by

/ F(s)As = F(t) — Fla).

Definition 1.6. The point t, is a generalized zero of the function y(t) if either y(t,) = 0 or
y(to)y(o(ty)) < 0.

Theorem 1.1. Mean value theorem: if y : T — R is continuous and y(t) has generalized
zeros at a and b, then there exists p € [a, b] such that y* has a generalized zero at p.

Proof. We refer to Bohner and Eloe [5].

[1. DIFFERENTIAL INEQUALITIES

In this section, we develop the theory of differential inequalities on time scales
associated with the second order differential equation

Y™ (1) = F(ty(t).y> (1) (21)
For this, we need the following set.

Definition 2.1. Let y € C* ;[[t,, o°(,)], R]. We say that a point t, € (t,, o°(t,)) is in the set
Q if y(t,) < 0 and y* has a generalized zero at t,.

Lemma 2.1. Assume that y € C? [[t,, ¢2(t,)], R] and y has a generalized zero at t, and

suppose that y**(t,) < 0 whenever t, € Q. If y(t,) # 0 on [t;,, ¢°(t,)), then y* has a
generalized zero at t, if and only if y has a generalized zero at t,.

Proof. Suppose that y has a generalized zero at t, and y(t) # 0 on [t;, 02(t,)). For the
sake of contradiction, we assume that y* has no generalized zero at t,. Since y has
generalized zeros at t, and t,, y* will have a generalized zero at some r € (t,; o2(t,)) such

that y* has no generalized zero in (7, ¢*(t,))NT. From the definition of generalized zero,
we have either y*(r) = 0 or y*(r)y*(o(r)) < 0. If r is right dense, then y*(r) = 0 and if r
is right scattered, then y*(r)y*(o(r)) < 0. Let y*(t) = 0 on (r, o°(t,)] N T. (otherwise use
— y*(t).) Then 0 < frtQ Yy (t)A(t) = y(t,) — y(r) < —y(r) which implies y(r) < 0. Since
y(r) < 0, y* has a generalized zero at r and hence r € ) which implies by hypothesis

thaty®*(r) < 0. However, if r is right dense (i.e. o(7) = 7),then
A
A2 oy~ ()
= 1 —
y= ) tjir(lr)t—T >0

and if r is right scattered (i.e. o(r) > r) then
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Thus, in either case,we have obtained y**(r) > 0, which is a contradiction. Thus, y* has a
generalized zero at t,. A similar argument holds if y* has a generalized zero at t,.

Lemma 2.2. Assume that y € C? [[t,, 0°(t,)],R] and y has a generalized zero at t, and

further suppose that y**(r) < 0 whenever r € Q. If y(t) # 0 on [t,, 6°(t,)) then y* has a
generalized zero at t, if and only if y has a generalized zero t,.

Proof is analogous to the proof of the Lemma 2.1.

Lemma 2.3. If y(t) is any solution of (2.1) such that y has generalized zeros at t, and t,
and if y**(t,) < 0 whenever t, € Q, then y(t) = 0 on [t,, 6°(t,)].

Proof. For the sake of contradiction, we assume that y(t) # 0 on [t;, 6°(t,)]. Since y(t) # 0
at any point in (t,, 0°(t,)), ¥ must have a non zero extremum in (t,, o°(t,)) =) y* has a
generalized zero at some t, € (t,, o(t,)). i.e. either y°(t,) = 0 or y*(t,)y"(o(t,)) < 0. If t, is
right dense, then y*(t) = 0

and

if t, is right scattered, then y*(t,)y*(o(t,)) < 0. Assume with out loss generality that
y*(t) > 0 on (ty, ce(ty)]. Then 0 < [ 2 y*(t)A(t) = y(t,) —y(t,) S—y(t,) which implies
y(t,) < 0. Now y(t,) < 0 and y*(t,) > 0 which implies by hypothesis that y**(t,) < 0. How
ever, if t, is right dense ,then

and if t, is right scattered,then

2(o(to)) — y*(to)
o(ty) — to

2 Yy
y™ (to) =

Hence, a contradiction. Thus, y(t) = 0 on [t,, 6*(t,)].

Consider the boundary value problem
y2 (1) = F(ty(0).y3 (1)
(2.3)
y(t1) =y, y(o®(t2)) = vo

Suppose ®(t) and ¥(t) are two solutions of the above boundary value problem. Write
x(t) = ®(t) - ¥(t). Then
XA (1) = 8 (1) — o)
= f(t.D(t), D2 (1)) — (£, V(1) WA(1))
= F(EX(E) + W (1), X2 (8) + 02 (1) — F(£,W(E), A (1))
= F(t,x(t), x*(t))

Clearly F(t, 0,0) = 0, x (t,) = 0, x (t,) = 0. Thus, we have the following theorem.
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Theorem 2.1. The boundary value problem
y™ (1) = F(t.y(0),5° (1))

y(t) =0, y(o®(t2)) =0

where F(t, 0, 0) = 0 has only the trivial solution if and only if the following boundary
value problem

(2.2)

yA (1) = f(ty(t), > (1)

(2.3)
y(t1) = y1, y(o*(t2)) = o

has a unique solution.
Proof. Suppose (2.2) has only the trivial solution x (t). Then x (t) =0V t € [t,, 0°(t,)]

and hence ®(t) = ¥(t). Conversely, suppose that (2.3) has a unique solution. Then, x (t)
= ®(t) — U(t). Obviously x (t;) = x (t,) = 0 and x**(t) = F(t, x (t), x *(t)) and F (¢, 0,
0) = 0. Hence x (t) is the only solution of (2.2). Thus, the proof of the theorem is
complete.

We now develop the theory of differential inequalities associated with the third order
differential equation. For this, we need the following sets and classes of functions.

Definition 2.2. Let y € C°[[t;, 0°(t;)],R]. We say that a point t, € Q, if y(t,) < 0, y*(t,) >

0 and y** has a generalized zero at t, for some t, € [t,, t,] and t, € Q, if y(t,) > 0, y*(t,) >
0 and y** has a generalized zero at t, for some t, € [t,, 6°(t,)].

Definition 2.3. We say that a function
6, y(t), y7(t), y(t) € Crd[t,, o'(ty)] x R'R]is in the set G, if f{t, y(t), ¥*(t), y™(t))

>0Vt E [t ty), ft, y(t), ¥°(t), ¥**(t)) is non decreasing in y and strictly increasing in y*

and belongs to the set G, if f(t, y(t), ¥°(t), y™(t)) = 0V t € [ty, ’(ty)], ft, y(t), ¥ (t),
y**(t)) is non decreasing in y and strictly increasing in y*

Lemma 2.4. Let y(t) be a solution of (1.1) such that y has generalized zeros at t, and t,
with f(t, 0, 0, 0) = 0. Further suppose that y**(t,) > 0 whenever t, € Q,. If either y* or
y** has a generalized zero at t,, then y(t) = 0 for all t € [t,, t,].

Proof. We first suppose that ¢ has a generalized zero at t,. Then we claim that y** also
has a generalized zero at t,. To the contrary, assume that 4*? has no generalized zero at

t,. With out loss of generality we can assume that y**(t2) < 0. So, 3 a q € [t,, t,) such
that y** has a generalized zero at q and y**(t) <0V t € (g, t,]. Then

v /ttz A (AL = YR (t2) — yB (1) = —yA(t)

which implies y*(t) > 0 V t € (q, t,]. Since y**(t) < 0V t € (q, t,], it follows that y*(t) is
decreasing for t > g and y*(g) is positive. Again 0 < [ ¢ (t)At = y(t2) — y(qa) = —y(q)
which implies y(q) < 0. Thus, y(q) < 0, ¥*(q) > 0 and %** has a generalized zero at g,
which implies q € €2, which implies by hypothesis that 3**(q) > 0
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However, if ¢ is right dense,

v (0(0) —y* (@)
a(q) —q T

Hence, a contradiction.

Thus, y** has a generalized zero at t,. Since y has a generalized zero at t,, y* has a
generalized zero at t,, ¥** has a generalized zero at t, and (t, 0, 0, 0) = 0, it follows that

y(t) =0Vt €[t t,].

Next, we suppose that y*? has a generalized zero at t,. Then it is claimed that y* has a
generalized zero at t,. To the contrary, suppose that y* has no generalized zero at t,.
With out loss of generality we can assume that y*(t,) > 0. Since y has generalized zeros at

t, and t,, it follows from mean value theorem that there exists an r € (t;, t,) such that y*
has a generalized zero at r and y* has no generalized zero in (7, t,). Assume without loss
of generality that y*(t) > 0 forall t € (r, t,). We claim that there exists a p € [r, t,) such

that y**(p) > 0. To the contrary, suppose that y**(p) < 0. Then 0 > [! y** (t)At = y*(t)
—y*(r) = —y*(7) which implies y*(t)<0 V t € (7, t,), which is a contradiction. Hence, the
claim. Now, there exists a g € (p, t,) such that y “* has a generalized zero at g and y**(t)
> 0 forall t € (p, g). Again 0 < [P y*(t)At = y(t,) — y(q) >—y(q).

Thus y(q) < 0, y*(q) > 0 and y** has a generalized zero at q and hence ¢ € Q, which
implies by hypothesis, 4**(q) > 0. However, if q is right dense,

A2y A2 A?
) = tim DTV v
t—p(q) t—q t—plg) 1 —q
and if q is right scattered,
A2 _ A2
2 (g) = ¥ (p(@) vy~ (@)

plq) —q

Hence, a contradiction. Thus 3“has a generalized zero at t,. Since ¥, *, ¥’ has
generalized zeros at t, and f (t, 0, 0, 0) = 0, it follows that y(t) = 0V t € [t,, t,).

Lemma 2.5. Let y(t) be a solution of (1.1) such that y has a generalized zero at t, and t,
with f (t, 0, 0, 0) = 0. Further suppose that y**(t,) > 0 whenever t, € €,. If either y* or
¥ has a generalized zero at t,, then y(t) = 0 for all t € [t,, t,].

Proof. We first suppose that 3* has a generalized zero at t,. Then we claim that y** also
has a generalized zero at t,. To the contrary, assume that 1 has no generalized zero at

t,. With out loss of generality we can assume that y**(t,) > 0. So, 3 a ¢ € [t;, t,) such that
¥ has a generalized zero at q and y**(t) > 0 V t € [t,, q). Then

0< / yA ()AL = 52 (1) — y2 (1) < yA(8)
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which implies y2(t) > 0 V t € [t,, ¢). Since y**(t) > 0 V t € [t,, q), it follows that y*(t) is
decreasing for t < ¢ and y*(t) is positive. Again 0 < I Y2 (t)At = y(q)— y(t,) < y(g) which
implies y(q) > 0. Thus, y(q) > 0, ¥*(q) > 0 and y** has a generalized zero at ¢, which
implies q € €2, which implies by hypothesis that y**(¢) > 0.

However, if ¢ is right dense,

, A2y A2 A2
) = tim D=V @ o v
Notes t—p(q) t—q t—plq) t—q
and if ¢ is right scattered, o
A? _ A2 =
) = @) — v )

p(q) —q

Hence, a contradiction. Thus, ** has a generalized zero at t,. Since y has a generalized
zero at t,, y° has a generalized zero at t,, y°* has a generalized zero at t, and f(t, 0, 0, 0)
= 0, it follows that y(t) = 0 V t € [t,, t,]. Next, we suppose that y** has a generalized zero

at t,. Then it is claimed that 3* has a generalized zero at t,. To the contrary, suppose
that y* has a generalized zero at t,. With out loss of generality we can assume that y*(t,)

> (. Since y has generalized zeros at t, and t,, it follows from mean value theorem that

there exists an r € (t,, t,) such that y* has a generalized zero at r and y* has no
generalized zero in [t,, r). Assume with out loss of generality that y*(t) > 0 forall t 2 [t,,

r). We claim that 3 a p € [t;, r) such that y**(p) < 0. To the contrary, suppose that
y**(p) > 0. Then

(F) Volume XII Issue III Version I

0< /t y A (AL = yA(r) — yA () < —y (1)

S
which implies y*(t) <0V t € [t,,r), which is a contradiction. Hence, the claim. Now, 3a g =
€ [t;, p) such that y** has a generalized zero at q and y**(t) < 0V t € (g, p). Again &

q 3
0< [0t =yla) - ult) < ola).
t1 LE
Thus y(q) > 0, y*(g) > 0 and y** has a generalized zero at ¢ and hence ¢ € €, which ¢
implies by hypothesis that y**(¢) > 0. However, if q is right dense, S
A2y A2 A2 5
v (g) = Tim Y W —y" (@) _ gy, v N
t—o(q) t—q t—o(q) t—q £
and if g is right scattered, f
A2 A? £
o — -
A (q) = ¥ (0(@) —y™ () _ S
o(q) —q

Hence, a contradiction. Thus y“has a generalized zero at t,. Since y, y*, y** has

generalized zeros at t; and f(t, 0, 0, 0) = 0, it follows that y(t) = 0 forall t € [t;, t,]. B

Lemma 2.6. Let y(t) be a solution of (1.1) such that y has a generalized zero at t, and t,
with f (t, 0, 0, 0) = 0. Further suppose that y**(t,) > 0 whenever t, € €,. If either * or
y* has a generalized zero at t,, then y(t) = 0 for all t € [t,, o°(t;)].

© 2012 Global Journals Inc. (US)



Lemma 2.7, Let y(t) € C* J[[t,, t,],R] > y has generalized zeros at t, and t,, y**(t,) > 0 for
some t, € Q, and either y2(t,) < 0 or y**(t,) < 0. Then, 3 a p € [t,, t,) such that y* has a
generalized zero at p and y*(t) < 0 on (p, t,] and y(t) > 0 on [p, t,).

Proof. We first suppose that y**(t,) < 0. Then, there exists a ¢ € [t, t,) such that y** has
a generalized zero at ¢ and y**(t) < 0 V t € (g, t,).We first claim that y*(t) <0V t € [q, t,).

To the contrary, suppose that y*(t) >0V t € [g, t,). Then 0 < [* y*(t)At = y(t,) — y(q)
< — y(q) which implies y(q) < 0. Thus y(q) < 0, ¥*(¢) > 0 and y** has a generalized zero at
q and hence ¢ € 0, implies by hypothesis that y**(¢) > 0.

2012

However, if q is right dense, then

A3 .
q) = lim <0
E y ( tﬂa(q) t— q
and if ¢ is right scattered, then
A? A?
ola)) —
(g = Y (o(a) 4™ (9) _
olq) —q

which is a contradiction.Hence, y*(t) < 0 forall t € [g, t,). therefore there exists a p € [q,
t,) such that y* has a generalized zero at p and y*(t) < 0 forall t € (p, t,] which implies 0
> [y 2(t)At = y(t,)—y(t) > —y(t) which implies y(t) < 0 on [p, t,). A similar argument

holds if y*(t,) < 0.

Lemma 2.8. Let y(t) € C? J[[t,, 6°(t;)],R] > y has generalized zeros at t, and t;, y**(t,) > 0
for some t, € €, and either y*(t,) > 0 or y**(t,) > 0.Then, 3 a p € (t,, 6°(t;)] such that y*

) Volume XII Issue III Version I

~  hasa generalized zero at p and y*(t) < 0 on [t,, p) and y(t) < 0 on (t,, p|.
= Proof. We first suppose that y**(t,) > 0. Then, there exists a ¢ € (t,, 0°(t,)] such that y*
2 has a generalized zero at ¢ and y**(t) > 0 forall t € [t,, ¢). Then it is claimed that y*(t) <
. 0 forall t € (t, g]. For the sake of contradiction, we assume that y*(t) > 0 V t € (t,, ¢.
5 Then 0 < [, y*(t)At = y(q) — y(t,) <y(q) which implies y(g) > 0. Thus y(q) > 0, y*(q) >
j 0 and y** has a generalized zero at q and hence q € €2,, implies by hypothesis that y**(q) >
= 0.
~  However, if q is right dense, then
E A2y, A2
5 t—p(q) t—q
—; and if ¢ is right scattered, then
é AQ . A2

(g = ¥ (p(a) —y™ (9) _ 0.

p(a) —q

N which is a contradiction. Hence, y*(t) < 0 forall t € (t,, g]. Therefore there exists a p € (t,,
q] such that y* has a generalized zero at p and y*(t) < 0 forall t € [t,, p) which implies 0 >
Coyf(t)At =y(t)— y(t,) > y(t) which implies y(t) < 0 on (t,, p]. A similar argument

t2

holds if y*(t,) > 0.
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[II.  MAIN RESULT

In this section we establish existence and uniqueness of solutions (1.1),(1.2). W
first show that there exists at most one solution to (1.1) satisfying one of (1.3) (1. )
,(1.5) or (1.6).

Lemma 3.1. Assume that f € C [[t,, o’(t;,)] XR,,R] and let f € G, f, G,.

Assume that when u, < u,, v, > v, and w, = w,, then f(t, u,, v;,w,) — f(t, uy, vo,w,) >0V
t € [t,, t,).

Also assume that when u, > u,, v, > v, and w, = w,, then f(t, u,, v;,w,)— f(t, u,, vy,w,) >
0Vt € (ty, o’(t,)].

Then for each m € R, 3 at most one solution to (1.1) satisfying one of (1.3) ,(1.4) ,(1.5)
or (1.6).

Proof. The proof of (1. ) (1.4) will be given. Similar argument holds for other boundary
problems. Suppose that ®(t) and ¥(t) are each solutions of the boundary value problem

(1.1),(1.4).
Write x (t) = ®(t) — ¥(t).

Clearly x (t,) = 0, x (t,) = 0 and x ** (t,) = 0.
Hence
(1) = 23 (1) - v (1)
= (8 B(1), B2(1), 82 (8) — f(1, (1), WH(1), ¥4 (1)) > 0.
Now x (t) satisfies the hypothesis of Lemma 2.4.
So, x (t) = 0 or ®(t) = V().
Theorem 3.1. Assume that

(i)  for each m € R, 3 solutions for each of the boundary value problem (1.1) satisfying
one of (1.3) ,(1.4), (1.5) or (1.6).

(i) f€ Gyandif u; < u,, v; > v, and w;, = w,, then f(t, uy, v, wy) — f(t, wy, vy, w,) >
0VteE]t,t,)

(iii) f€ G,and if u; > u,, v, > v, and w, = w,, then f(t, u;, v, wy) — f(t, w,, vy, wy) >
0Vt € (ty, o3(t;)].

Then the boundary value problem (1.1),(1.2) has a unique solution.

Proof. By Lemma 3.1, the solutions of (1.1) satisfying one of (1.3) ,(1.4) ,(1.5) or (1.6),
whenever they exists, are unique. Let ®(t, m) denotes the solution of the boundary value
problem (1.1), (1.4).

Set X (t) = q)(ta ml) - (I)(tv mZ)'
Clearly if m, > m,, x (t,) = 0, x (t,) = 0, and x**(t,) = 0. If t € Q,, then x (t) <0, x*(t)

> 0 and X"*(t) has a generalized zero at t and hence using (i),
XA (1) = (8 B(tma), B(t,m), & (¢, 1))

— F(t, ®(t,ma), P2 (¢, ma), B2 (t,ma)) > 0
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Thus Lemma 2.7 yields x*(t) < 0, t € (p, t,). In particular,
XA(t2> = (I)A(tg,ml) — (I)A(tQ,TrLQ) < 0.

Hence, it follows that ®*(t,, m) is a strictly increasing function of m. A similar reasoning
given above demonstrates that W*(t,, m) is a strictly decreasing function of m, where
U(t, m) is the solution of the boundary value problem (1.1),(1.6).

It now follows from the fact that solutions of (1.1),(1.4) and (1.1),(1.6) are unique and the
ranges of ®*(t,, m) and U*(t,, m) are the set of all reals, that there exists a unique m, €
R such that ®*(t,, m,) = ¥*(t,, m,). Thus y(t) defined by

(t,m), t; <t<ty,
y(t) = 3
W(t,m), tz <t<o(ts),

is a solution of (1.1),(1.2).
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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
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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.
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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.
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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:
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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.
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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 .
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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.
®  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.
®  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.
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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
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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.)
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