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First Order Reactant in the Statistical Theory of 
Three- Point Distribution Functions in Dusty 

Fluid MHD Turbulent Flow for Velocity, Magnetic 
Temperature and Concentration in Presence of 

Coriolis Force 
M. A. K. Azad α, M. Mamun Miah σ, Mst. Mumtahinah ρ, Abdul Malek Ѡ & M. Masidur Rahman ¥ 

Abstract- In this paper, an attempt is made to study the three-
point distribution function for simultaneous velocity, magnetic, 
temperature and concentration fields in dusty fluid MHD 
turbulence in presence of coriolis force under going a first 
order reaction. The various properties of constructed 
distribution functions have been sufficiently discussed. In this 
study, the transport equation for three-point distribution 
function under going a first order reaction has been obtained. 
The resulting equation is compared with the first equation of 
BBGKY hierarchy of equations and the closure difficulty is to 
be removed as in the case of ordinary turbulence. 
Keywords: dust particles, coriolis force, magnetic 
temperature, concentration, three-point distribution 
functions, MHD turbulent flow, first order reactant. 

I. Introduction 

t present, two major and distinct areas of 
investigations in non-equilibrium statistical 
mechanics are the kinetic theory of gases and 

statistical theory of fluid mechanics. In molecular kinetic 
theory in physics, a particle's distribution function is a 
function of several variables. Particle distribution 
functions are used in plasma physics to describe wave-
particle interactions and velocity-space instabilities. 
Distribution functions are also used in fluid mechanics, 
statistical mechanics and nuclear physics. Various 
analytical theories in the statistical theory of turbulence 
have been discussed in the past by Hopf (1952) 
Kraichanan  (1959),  Edward (1964) and Herring  (1965). 
 
Author α: Associate Professor, Department of Applied Mathematics, 
University of Rajshahi, Rajshahi-6205, Bangladesh. 
e-mail: azad267@gmail.com 
Author σ: Research Fellow, Department of Applied Mathemtics, 
University of Rajshahi, Rajshahi-6205, Bangladesh,  
e-mail: mamun0954@gmail.com 
Author ρ: Lecturer, Department of Business Administration Ibais 
University, Dhanmondi-16,  Dhaka, Bangladesh. 
e-mail: momotamahmud@yahoo.com 

Author Ѡ: Research Fellow, Department of Applied Mathemtics, 
University of Rajshahi, Rajshahi-6205, Bangladesh.  
e-mail: am.math.1970@gmail.com 
Author ¥: Research Fellow, Department of Applied Mathematics, 
University of Rajshahi, Rajshahi-6205, Bangladesh.   
e-mail: masidur09@gmail.com 

Lundgren (1967) derived a hierarchy of coupled 
equations for multi-point turbulence velocity distribution 
functions, which resemble with BBGKY hierarchy of 
equations of Ta-You (1966) in the kinetic theory of 
gasses.  

Kishore (1978) studied the Distributions 
functions in the statistical theory of MHD turbulence of 
an incompressible fluid. Pope (1979) studied the 
statistical theory of turbulence flames. Pope (1981) 
derived the transport equation for the joint probability 
density function of velocity and scalars in turbulent flow. 
Kollman and Janicka (1982) derived the transport 
equation for the probability density function of a scalar in 
turbulent shear flow and considered a closure model 
based on gradient – flux model. Kishore and Singh 
(1984) derived the transport equation for the bivariate 
joint distribution function of velocity and temperature in 
turbulent flow. Also Kishore and Singh (1985) have been 
derived the transport equation for the joint distribution 
function of velocity, temperature and concentration in 
convective turbulent flow. On a rotating earth the Coriolis 
force acts to change the direction of a moving body to 
the right in the Northern Hemisphere and to the left in 
the Southern Hemisphere. This deflection is not only 
instrumental in the large-scale atmospheric circulation, 
the development of storms, and the sea-breeze 
circulation Also a first-order reaction is defined a 
reaction that proceeds at a rate that depends linearly 
only on one reactant concentration. Later, the following 
some researchers included coriolis force and first order 
reaction rate in their works.  

Dixit and Upadhyay (1989) considered the 
distribution functions in the statistical theory of MHD 
turbulence of an incompressible fluid in the presence of 
the coriolis force. Sarker and Kishore (1991) discussed 
the distribution functions in the statistical theory of 
convective MHD turbulence of an incompressible fluid. 
Also Sarker and Kishore (1999) studied the distribution 
functions in the statistical theory of convective MHD 
turbulence of mixture of a miscible incompressible fluid. 
Sarker and Islam (2002) studied the Distribution 
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functions in the statistical theory of convective MHD 
turbulence of an incompressible fluid in a rotating 
system. In the continuation of the above researcher, 
Azad and Sarker(2003) considered the  decay of MHD 
turbulence before the final period for the case of multi-
point and multi-time in presence of dust particle. Azad 
and Sarker (2004a) discussed statistical theory of 
certain distribution functions in MHD turbulence in a 
rotating system in presence of dust particles. Sarker and 
Azad (2004b) studied the decay of MHD turbulence 
before the final period for the case of multi-point and 
multi-time in a rotating system.  Sarker and Azad(2006), 
Islam and Sarker (2007) studied distribution functions in 
the statistical theory of MHD turbulence for velocity and 
concentration undergoing a first order reaction. Azad 
and Sarker(2008) deliberated the decay of temperature 
fluctuations in homogeneous turbulence before the final 
period for the case of multi- point and multi- time in a 
rotating system and dust particles. Azad and 
Sarker(2009a) had measured the decay of temperature 
fluctuations in MHD turbulence before the final period in 
a rotating system. Azad, M. A. Aziz and Sarker (2009b, 
2009c) studied the first order reactant in Magneto-
hydrodynamic turbulence before the final Period of 
decay with dust particles and rotating System. Aziz et al 
(2009d, 2010c) discussed the first order reactant in 
Magneto- hydrodynamic turbulence before the final 
period of decay for the case of multi-point and multi-
time taking rotating system and dust particles. Aziz et al 
(2010a, 2010b) studied the statistical theory of certain 
Distribution Functions in MHD turbulent flow undergoing 
a first order reaction in presence of dust particles and 
rotating system separately. Azad et al (2011) studied the 
statistical theory of certain distribution Functions in MHD 
turbulent flow for velocity and concentration undergoing 
a first order reaction in a rotating system. Azad et al 
(2012) derived the transport equatoin for the joint 
distribution function of velocity, temperature and 
concentration in convective tubulent flow in presence of 
dust particles. Molla et al (2012) studied the decay of 
temperature fluctuations in homogeneous turbulenc 
before the final period in a rotating system. Bkar Pk. et al 
(2012) studed the First-order reactant in homogeneou 
dusty fluid turbulence prior to the ultimate phase of 
decay for four-point correlation in a rotating system. 
Azad and Mumtahinah(2013) studied the decay of 
temperature fluctuations in dusty fluid homogeneous 
turbulence prior to final period. Bkar Pk. et al 
(2013a,2013b) discussed the first-order reactant in 
homogeneous turbulence prior to the ultimate phase of 
decay for four-point correlation  with dust particle and 
rotating system. Bkar Pk.et al  (2013,2013c, 2013d) 

studied the decay of MHD turbulence before the final 
period for four- point correlation in a rotating system and 
dust particles. Very recent Azad et al (2014a) derived the 
transport equations of three point distribution functions 
in MHD turbulent flow for velocity, magnetic temperature 
and concentration, Azad and Nazmul (2014b) 
considered the transport equations of three point 
distribution functions in MHD turbulent flow for velocity, 
magnetic temperature and concentration in a rotating 
system, Nazmul and Azad (2014) studied the transport 
equations of three-point distribution functions in MHD 
turbulent flow for velocity, magnetic temperature and 
concentration in presence of dust particles. Azad and 
Mumtahinah (2014) further has been studied the 
transport equatoin for the joint distribution functions in 
convective tubulent flow in presence of dust particles 
undergoing a first order reaction.Very recently, Bkar 
Pk.et al (2015) considering the effects of first-order 
reactant on MHD turbulence at four-point correlation. 
Azad et al (2015) derived a transport equation for the 
joint distribution functions of certain variables in 
convective dusty fluid turbulent flow in a rotating system 
under going a first order reaction. Bkar Pk et al (2015), 
Azad et al (2015a, 2015b, 2015c, and 2015d) have done 
their research on MHD turbulent flow considering 1st 
order chemical reaction for three- point distribution 
function. Also Bkar Pk. (2015a) studied 4-point 
correlations of dusty fluid MHD turbulent flow in a 1st 
order reaction. Bkar Pk (2015b) extended the above  
problem consiodering Coriolis force. 

In present paper, the main purpose is to study 
the statistical theory of three-point distribution function 
for simultaneous velocity, magnetic, temperature, 
concentration fields in MHD turbulence in a rotating 
system in presence of dust particles Under going a first 
order reaction. Through out the study, the transport 
equations for evolution of distribution functions have 
been derived and various properties of the distribution 
function have been discussed. The obtained three-point 
transport equation is compared with the first equation of 
BBGKY hierarchy of equations and the closure difficulty 
is to be removed as in the case of ordinary turbulence. 

II. Material and Methods 

Basic Equations 
The equations of motion and continuity for 

viscous incompressible dusty fluid MHD turbulent flow in 
a rotating system with constant reaction rate, the 
diffusion equations for the temperature and 
concentration are given by 
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where 

( )txu ,α , α – component of turbulent velocity, 

( )txh ,α ;    α – component of magnetic field; ( )tx,θ , 

temperature fluctuation; c, concentration of 

contaminants; vα, dust particle velocity; αβm∈ , 

alternating tensor; ,
ρ

KNf =  dimension of frequency; N, 

constant number of density of the dust particle; 

( ) ,ˆˆ
2
1

2
1,ˆ

22
xhPtxw ×Ω++=



ρ total pressure;

( )txP ,ˆ , hydrodynamic pressure; ρ, fluid density; Ω, 

angular velocity of a uniform rotation; ν,   Kinematic 

viscosity; ( ) 14 −= πµσλ , magnetic diffusivity; 
p

T

c
k
ρ

γ = , 

thermal diffusivity; cp, specific heat at constant pressure; 
kT, thermal conductivity; σ,  electrical conductivity; µ, 
magnetic permeability; D, diffusive co-efficient for 
contaminants; R, constant reaction rate. 

The repeated suffices are assumed over the 
values 1, 2 and 3 and unrepeated suffices may take any 
of these values. In the whole process u, h and x are the 
vector quantities. 

The total pressure w which, occurs in equation 
(1) may be eliminated with the help of the equation 
obtained by taking the divergence of equation (1) 
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In a conducting infinite fluid only the particular solution of the Equation (6) is related, so that 
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Hence equation (1) – (4) becomes  

( ) [ ] α
α

β

β

α

α

β

β

α

α
βαβα

β

α ν
π

u
xx

xd
x
h

x
h

x
u

x
u

x
hhuu

xt
u 2

4
1

∇+
−′
′

′∂

′∂
′∂
′∂

−
′∂

′∂
′∂
′∂

∂
∂

−=−
∂
∂

+
∂
∂

∫

                                                             ( )ααααβ vufumm −+Ω∈− 2 ,                                                                     (8) 

                                                        ( ) αβαβα
β

α λ hhuuh
xt

h 2∇=−
∂
∂

+
∂
∂

,                                                              (9) 

                                                                        θγθθ

β
β

2∇=
∂
∂

+
∂
∂

x
u

t
,                                                                     (10) 

                                                          RccD
x
cu

t
c

−∇=
∂
∂

+
∂
∂ 2

β
β ,                                                                 (11) 
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Formulation of the Problem    It has considered that the turbulence and the 
concentration fields are homogeneous, the chemical 
reaction and the local mass transfer have no effect on the velocity field and the reaction rate and the diffusivity 
are constant. It is also considered a large ensemble of 
identical fluids in which each member is an infinite 
incompressible reacting and heat conducting fluid in 
turbulent state. The fluid velocity u, Alfven velocity h, 
temperature θ and concentration c are randomly 
distributed functions of position and time and satisfy 
their field. Different members of ensemble are subjected 
to different initial conditions and the aim is to find out a 
way by which we can determine the ensemble averages 
at the initial time.  Certain microscopic properties of conducting 
fluids such as total energy, total pressure, stress tensor 
which are nothing but ensemble averages at a particular 
time can be determined with the help of the bivariate 
distribution functions (defined as the averaged 
distribution functions with the help of Dirac delta-
functions). The present aim is to construct a joint 
distribution function for its evolution of three-point 
distribution functions in dusty fluid MHD turbulent flow in 

a rotating system under going first order reaction, study 
its properties and derive a transport equation for the 
joint distribution function of velocity, temperature and 
concentration in dusty fluid MHD turbulent flow in a 
rotating system under going a first order reaction. 

Distribution Function in MHD Turbulence and Their 
Properties 

In MHD turbulence, it is considered that the fluid 
velocity u, Alfven velocity h, temperature θ and 
concentration c at each point of the flow field.  
Corresponding to each point of the flow field, there are 
four measurable characteristics represent by the four 
variables by v, g, φ  and ψ and denote the pairs of these 

variables at the points )()2()1( ,,, nxxx −−−−− as
( ),,,, )1()1()1()1( ψφgv ( ),,,, )2()2()2()2( ψφgv --- ( ))()()()( ,,, nnnn gv ψφ  
at a fixed instant of time. 

It is possible that the same pair may be 
occurred more than once; therefore, it simplifies the 
problem by an assumption that the distribution is 
discrete (in the sense that no pairs occur more than 
once). Symbolically we can express the bivariate 
distribution as              

{ ( );,,, )1()1()1()1( ψφgv ( ) ( ) })()()()()2()2()2()2( ,,,;,,, nnnn gvgv ψφψφ −−−−−−

Instead of considering discrete points in the 
flow field, if it is  considered the continuous distribution 
of the variables φ,, gv  and ψ over the entire flow field, 
statistically behavior of the fluid may be described by 
the distribution function ( )ψφ ,,, gvF  which is 
normalized so that 

( ) 1,,, =∫ ψφψφ ddgdvdgvF  

where the integration ranges over all the possible values 
of v, g,φ  and ψ. We shall make use of the same 
normalization condition for the discrete distributions 
also. 

The distribution functions of the above 
quantities can be defined in terms of Dirac delta 
function.             

The one-point distribution function 
( ))1()1()1()1()1(

1 ,,, ψφgvF , defined so that  

( ) )1()1()1()1()1()1()1()1()1(
1 ,,, ψφψφ dddgdvgvF  is the probability 

that the fluid velocity, Alfven velocity, temperature and 
concentration at a time t are in the element dv(1) about 

v(1), dg(1) about g(1), d )1(φ  about )1(φ and dψ(1) about ψ(1)  
respectively and is given by  
 

                               ( ) ( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()1()1()1()1()1(
1 ,,, ψδφθδδδψφ −−−−= cghvugvF                                 (12) 

where δ is the Dirac delta-function defined as  

( ) {∫ =− 1
0vdvuδ   

 vupoint   at the
elsewhere

=
 

Two-point distribution function is given by 

                         ( ) ( ) ( ) ( ) ( ) ( ))2()2()2()2()1()1()1()1()1()1()1()1()2,1(
2 ghvucghvuF −−−−−−= δδψδφθδδδ ( ) ( ))2()2()2()2( ψδφθδ −− c        (13) 

 and three point distribution function is given by            

( ) ( ) ( ) ( ) ( ) ( ))2()2()2()2()1()1()1()1()1()1()1()1()3,2,1(
3 ghvucghvuF −−−−−−= δδψδφθδδδ

                                       ( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2( ψδφθδδδψδφθδ −−−−−−× cghvuc                      (14)
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Similarly, we can define an infinite numbers of 
multi-point distribution functions F4

(1,2,3,4), F5
(1,2,3,4,5) and so 

on. The following properties of the constructed 
distribution functions can be deduced from the above 
definitions: 

a) Reduction Properties     
Integration with respect to pair of variables at 

one-point lowers the order of distribution function by 
one. For example, 

∫ =1)1()1()1()1()1(
1 ψφ dddgdvF  , 

∫ = )1(
1

)2()2()2()2()2,1(
2 FdddgdvF ψφ , 

∫ = )2,1(
2

)3()3()3()3()3,2,1(
3 FdddgdvF ψφ  

And so on. Also the integration with respect to any one of the variables, reduces the number of Delta-
functions from the distribution function by one as  

( ) ( ) ( ))1()1()1()1()1()1()1()1(
1 ψδφθδδ −−−=∫ cghdvF  ,  

( ) ( ) ( ))1()1()1()1()1()1()1()1(
1 ψδφθδδ −−−=∫ cvudgF  , 

( ) ( ) ( ))1()1()1()1()1()1()1()1(
1 ψδδδφ −−−=∫ cghvudF , 

 and 

( ) ( ) ( ) ( ) ( ))2()2()1()1()1()1()1()1()1()1()2()2,1(
2 ghcghvudvF −−−−−=∫ δψδφθδδδ

( ) ( ))2()2()2()2( ψδφθδ −− c

b) Separation Properties 
If two points are far apart from each other in the flow field, the pairs of variables at these points are 

statistically independent of each other i.e., 
                                                          

 

and similarly, 

                                                                

etc.  

c) Co-incidence Properties 
When two points coincide in the flow field, the components at these points should be obviously the same 

that is F2
(1,2) must be zero.  

Thus ,)1()2( vv =   ,)1()2( gg =   )1()2( φφ =  and )1()2( ψψ = , but F2
(1,2) must also have the property.           

∫ = )1(
1

)2()2()2()2()2,1(
2 FdddgdvF ψφ  

and hence it follows that 

                                     

 
 

Similarly,

 
                               

 

    etc.
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( A
)         

  lim 

    ∞→− )1()2( xx              )2(
1

)1(
1

)2,1(
2 FFF =

                       lim

            ∞→− )2()3( xx              )3(
1

)2,1(
2

)3,2,1(
3 FFF =

      lim

∞→− )1()2( xx      ( ) ( ) ( ) ( ))1()2()1()2()1()2()1()2()1(
1

)2,1(
2 ψψδφφδδδ −−−−=∫ ggvvFF

∞→− )2()3( xx ( ) ( ) ( ) ( ))1()3()1()3()1()3()1()3()2,1(
2

)3,2,1(
3 ψψδφφδδδ −−−−=∫ ggvvFF

lim



d) Symmetric Conditions 

),,,2,1(),,,2,1( nrs
n

nsr
n FF −−−−−−−−−−−−−−−−−−−−−− = . 

e) Incompressibility Conditions 

          (i)   ∫ =
∂

∂ −−−

0)()()(
)(

),2,1(
rrr

r

n
n hdvdv

x
F

α
α

 

          (ii)   ∫ =
∂

∂ −−−

0)()()(
)(

),2,1(
rrr

r

n
n hdvdh

x
F

α
α

 

Continuity Equation in Terms of Distribution Functions 
The continuity equations can be easily expressed in terms of distribution functions. An infinite number of 

continuity equations can be derived for the convective MHD turbulent flow and are obtained directly by using div
0=u  

Taking ensemble average of equation (5), we get 

∫∂
∂

=
∂
∂

= )1()1()1()1()1(
1

)1(
)1()1(

)1(
0 ψφα

αα

α dddgdvFu
xx

u  

∫∂
∂

= )1()1()1()1()1(
1

)1(
)1( ψφα

α
dddgdvFu

x
 

)1()1()1()1()1(
1

)1(
)1( ψφα

α
dddgdvFu

x ∫∂
∂

=
 

 

)1()1()1()1()1(
1

)1(
)1( ψφα

α
dddgdvFv

x ∫∂
∂

=  

                                                               )1()1()1()1()1(
)1(

)1(
1 ψφα
α

dddgdvv
x
F
∂

∂
= ∫                                                          (15) 

and similarly,           

                                                             )1()1()1()1()1(
)1(

)1(
10 ψφα
α

dddgdvg
x
F
∂
∂

= ∫                                                               (16) 

Equation (15) and (16) are the first order continuity equations in which only one point distribution function is involved. 
For second-order continuity equations, if we multiply the continuity equation by 

( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2( ψδφθδδδ −−−− cghvu  

 and if we take the ensemble average, we obtain 

( ) ( ) ( ) ( ) )1(

)1(
)2()2()2()2()2()2()2()2(

α

αψδφθδδδ
x
ucghvuo
∂
∂

−−−−=
    

( ) ( ) ( ) ( ) )1()2()2()2()2()2()2()2()2(
)1( α

α
ψδφθδδδ ucghvu

x
−−−−

∂
∂

=

[ ( ) ( ) ( ) ( )∫ −−−−
∂
∂

= )1()1()1()1()1()1()1()1()1(
)1( ψδφθδδδα

α
cghvuu

x
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( ) ( ) ( ) ( ) ])1()1()1()1()2()2()2()2()2()2()2()2( ψφψδφθδδδ dddgdvcghvu −−−−×

                                                                       ∫∂
∂

= )1()1()1()1()2,1(
2

)1(
)1( ψφα

α
dddgdvFv

x
                                                      (17)

and similarly, 

                                                                ∫∂
∂

= )1()1()1()1()2,1(
2

)1(
)1( ψφα

α
dddgdvFg

x
o                                                       (18) 

The Nth – order continuity equations are 

                                                   
)1()1()1()1(),,2,1()1(

)1( ψφα
α

dddgdvFv
x

o N
N∫ −−−

∂

∂
=                                             (19) 

and 

∫
∂

∂
= )1()1()1()1(),,.........2,1()1(

)1(
ψφα

α

dddgdvFg
x

o N
N (20) 

The continuity equations are symmetric in their arguments i.e. 

                     ( ) )()()()(),.....,,.....2,1()(
)(

)()()()()..;,.........2,1()(
)(

ssssNsr
N

s
s

rrrrNr
N

r
r dddgdvFv

x
dddgdvFv

x
ψφψφ α

α
α

α
∫∂

∂
=

∂
∂

                   (21) 

Since the divergence property is an important property and it is easily verified by the use of the property of 
distribution function as 

                                o
x
u

u
x

dddgdvFv
x

=
∂

∂
=

∂

∂

∂

∂
∫ )1(

)1(
)1(

)1(
)1()1()1()1()1(

1
)1(

)1(
α

α
α

α
α

α

ψφ                 (22) 

and all the properties of the distribution function obtained in section (4) can also be verified. 

Equations for evolution of one –point distribution function )1(
1F  

It shall make use of equations (8) - (11) to convert these into a set of equations for the variation of the 
distribution function with time. This, in fact, is done by making use of the definitions of the constructed distribution 
functions, differentiating them partially with respect to time, making some suitable operations on the right-hand side 
of the equation so obtained and lastly replacing the time derivative of θ,,hu  and c from the equations (8) - (11). 
Differentiating equation (12) with respect to time and using equation (8) - (11), we get, 

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(
)1(

1 ψδφθδδδ −−−−
∂
∂

=
∂

∂
cghvu

tt
F

 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) )1()1()1()1()1()1()1()1(

)1()1()1()1()1()1()1()1(

gh
t

cvu

vu
t

cgh

−
∂
∂

−−−+

−
∂
∂

−−−=

δψδφθδδ

δψδφθδδ
 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(

)1()1()1()1()1()1()1()1(

ψδφθδδδ

φθδψδδδ

−
∂
∂

−−−+

−
∂
∂

−−−+

c
t

ghvu

t
cghvu

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( vu

vt
ucgh −

∂

∂
∂

∂
−−−−= δψδφθδδ

First Order Reactant in the Statistical Theory of Three- Point Distribution Functions in Dusty Fluid MHD
Turbulent Flow for Velocity, Magnetic Temperature and Concentration in Presence of Coriolis Force

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
I   

Is
s u
e 

  
  
er

sio
n 

I
V

I
Y
ea

r
20

16

© 2016    Global Journals Inc.  (US)

7

  
 

( A
)



( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( gh

gt
hcvu −

∂

∂
∂

∂
−−−−+ δψδφθδδ  

( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( φθδ

φ
θψδδδ −

∂
∂

∂
∂

−−−−+
t

cghvu  

                          ( ) ( ) ( ) ( ))1()1(
)1(

)1(
)1()1()1()1()1()1( ψδ

ψ
φθδδδ −

∂

∂
∂

∂
−−−−+ c

t
cghvu                  (23) 

Using equations (8) to (11) in the equation (23), we get 

( ) ( ) ( ){ ( ))1()1()1()1(
)1(

)1()1()1()1()1()1(
)1(

1
βαβα

β
ψδφθδδ hhuu

x
cgh

t
F

−
∂
∂

−−−−−=
∂

∂

[ ]

( ) } ( ))1()1(
)1(

)1()1(

)1()1(2
)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1( 2
4
1

vu
v

vuf

uu
xx

xd
x

h

x
h

x

u

x
u

x
mm

−
∂

∂
×−+

Ω∈−∇+
−′
′

∂

∂

∂

∂
−

∂

∂

∂

∂

∂

∂
− ∫

δ

ν
π

α
αα

ααβα
α

β

β

α

α

β

β

α

α  

( ) ( ) ( ){ ( ) })1(2)1()1()1()1(
)1(

)1()1()1()1()1()1(
αβαβα

β
λψδφθδδ hhuuh

x
cvu ∇+−

∂
∂

−−−−−+

( ) ( ) ( ) ( ){ })1(2
)1(

)1(
)1()1()1()1()1()1()1()1()1(

)1( θγθψδδδδ
β

β
α

∇+
∂
∂

−−−−−+−
∂
∂

×
x

ucghvugh
g

 

( ) ( ) ( ) ( ){ }12
)1(

)1(
)1()1()1()1()1()1()1()1()1(

)1(
RccD

x
cughvu −∇+
∂

∂
−−−−−+−

∂

∂
×

β
βφθδδδφθδ

φ

 

( ))1()1(
)1( ψδ

ψ
−

∂
∂

× c
 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx

uu
cgh −

∂
∂

∂

∂
−−−= δψδφθδδ

αβ

βα

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx
hh

cgh −
∂
∂

∂

∂
−−−−+ δψδφθδδ

αβ

βα

( ) ( ) ( ) [ ])1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(
)1()1()1()1()1()1(

4
1

α

β

β

α

α

β

β

α

απ
ψδφθδδ

x

h

x
h

x

u

x
u

x
cgh

∂

∂

∂
∂

−
∂

∂

∂
∂

∂
∂

−−−+ ∫

( )

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1(

)1()1(
)1(

vu
v

ucgh

vu
vxx

xd

−
∂
∂

∇×−−−−+

−
∂
∂

−′
′

×

δνψδφθδδ

δ

α
α

α

 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( 2 vu
v

ucgh mm −
∂
∂

Ω∈×−−−+ δψδφθδδ
α

ααβ
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( ) ( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1()1( vu
v

vufcgh −
∂
∂

−×−−−−+ δψδφθδδ
α

αα

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( gh

gx

uh
cvu −

∂
∂

∂

∂
×−−−+ δψδφθδδ

αβ

βα  

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( gh

gx

hu
cvu −

∂
∂

∂

∂
×−−−−+ δψδφθδδ

αβ

βα  

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( gh
g

hcvu −
∂
∂

∇×−−−−+ δλψδφθδδ
α

α  

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( φθδ

φ
θψδδδ
β

β −
∂
∂

∂
∂

×−−−+
x

ucghvu

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( φθδ
φ

θγψδδδ −
∂
∂

∇×−−−−+ cghvu

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( ψδ

ψ
φθδδδ

β
β −

∂

∂

∂

∂
×−−−+ c

x
cughvu  

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( ψδ
ψ

φθδδδ −
∂

∂
∇×−−−−+ ccDghvu  

                              ( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( ψδ
ψ

φθδδδ −
∂

∂
×−−−+ cRcghvu    (24) 

Various terms in the above equation can be simplified as that they may be expressed in terms of one point 
and two point distribution functions. 
The 1st term in the above equation is simplified as follows: 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx

uu
cgh −

∂
∂

∂

∂
−−− δψδφθδδ

αβ

βα  

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( vu

vx
ucghu −

∂
∂

∂
∂

−−−= δψδφθδδ
αβ

α
β

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( vu

xx
ucghu −

∂
∂

∂
∂

−−−−= δψδφθδδ
ββ

α
β

 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( vu
x

cghu −
∂
∂

−−−−= δψδφθδδ
β

β ;(since 1)1(

)1(
=

∂
∂

α

α

v
u )       

                                                                                                                                                                       

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( vu
x

ucgh −
∂
∂

−−−−= δψδφθδδ
β

β                       (25)

      
Similarly, 7th, 10th and 12th terms of right hand-side of equation (24) can be simplified as follows;  

7th term 

                                        ( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( gh

gx

uh
cvu −

∂
∂

∂

∂
−−− δψδφθδδ

αβ

βα   (26) 

10th term,  
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( A
)



( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( φθδ

φ
θψδδδ
β

β −
∂
∂

∂
∂

−−−
x

ucghvu                            

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( φθδψδδδ
β

β −
∂
∂

−−−−=
x

ucghvu                                               (27) 

and 12th term 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1(
)1()1()1()1()1()1()1( ψδ

ψ
φθδδδ

β
β −

∂
∂

∂
∂

−−− c
x
cughvu

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( ψδφθδδδ
β

β −
∂
∂

−−−−= c
x

ughvu     (28) 

Adding these equations from (25) to (28), we get 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( vu
x

ucgh −
∂
∂

−−−− δψδφθδδ
β

β

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( gh
x

ucvu −
∂
∂

−−−−+ δψδφθδδ
β

β
 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( φθδψδδδ
β

β −
∂
∂

−−−−+
x

ucghvu

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( ψδφθδδδ
β

β −
∂
∂

−−−−+ c
x

ughvu

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()1(
)1( ψδφθδδδβ

β
−−−−−

∂
∂

−= cghvuu
x

 

)1(
1

)1(
)1( Fv

x β
β∂

∂
−=  [Applying the properties of distribution function] 

                                                                    )1(

)1(
1)1(

β
β x

F
v

∂

∂
−=                                  (29) 

Similarly second and eighth terms on the right hand-side of the equation (24) can be simplified as 

( ) ( ) ( ) ( ))1()1(
)1()1(

)1()1(
)1()1()1()1()1()1( vu

vx

hh
cgh −

∂
∂

∂

∂
−−−− δψδφθδδ

αβ

βα  

                                                                            )1(
1)1()1(

)1(
)1( F

xv
g

g
βα

α
β

∂

∂

∂

∂
−=                          (30) 

and 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1(
)1()1()1()1()1()1( gh

gx

hu
cvu −

∂
∂

∂

∂
−−−− δψδφθδδ

αβ

βα  

                                                                      )1(
1)1()1(

)1(
)1( F

xg
v

g
βα

α
β

∂

∂

∂

∂
−=                             (31) 
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4th term can be reduced as     

( ) ( ) ( ) ( )〉−
∂

∂
−−−∇− )1()1(

)1(
)1()1()1()1()1()1()1(2 vu

v
cghu δψδφθδδν

α
α

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1()1(2
)1(

ψδφθδδδν α
α

−−−−∇
∂

∂
−= cghvuu

v
 

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1()1(
)1()1(

2

)1(
ψδφθδδδν α

ββα

−−−−
∂∂

∂

∂

∂
−= cghvuu

xxv
 

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1()2(
)2()2(

2

)1(

lim

)1()2(
ψδφθδδδν α

ββα

−−−−
∂∂

∂

→
∂

∂
−= cghvuu

xx
xx

v
 

( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2()2(
)2()2(

2

)1(

lim

)1()2(
ψδφθδδδν α

ββα

−−−−
∂∂

∂

→
∂

∂
−= ∫ cghvuu

xx
xx

v
 

( ) ( ) ( ) ( ) 〉−−−−× )2()2()2()2()1()1()1()1()1()1()1()1( ψφψδφθδδδ dddgdvcghvu
 

                                   
)2()2()2()2()2,1(

2
)2(

)2()2(

2

)1(

lim

)1()2(
ψφν α

ββα

dddgdvFv
xx

xx
v ∫

∂∂

∂

→
∂

∂
−=   (32)

 

9th, 11th

 

and 13th

 

terms of the right hand side of equation (24)

 

9th

 

term,

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( gh
g

hcvu −
∂
∂

∇−−−− δλψδφθδδ
α

α

 

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(
)1(

)1(2 ψδφθδδδλ
α

α −−−−
∂
∂

∇−= cghvu
g

h

 

                                        

)2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφλ α

ββα
dddgdvFg

xx
xx

g ∫∂∂
∂

→
∂
∂

−=    (33)

 

 

11th

 

term,

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( φθδ
φ

θγψδδδ −
∂
∂

∇−−−− cghvu        

                                                                                                    

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1(2 φθδ
φ

ψδδδθγ −
∂
∂

−−−∇−= cghvu     (34)

 

13th

 

term,

 

( ) ( ) ( ) ( ))1()1(
)1(

)1(2)1()1()1()1()1()1( ψδ
ψ

φθδδδ −
∂
∂

∇−−−− ccDghvu

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1(2 φθδ
φ

ψδδδ −
∂
∂

−−−∇−= cghvucD
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( A
)



                                    )2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫∂∂

∂

→
∂
∂

−=    (35) 

We reduce the 3rd term of right hand side of equation (24), we get 

( ) ( ) ( ) [ ] ( ))1()1(
)1()1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(
)1()1()1()1()1()1(

4
1 vu

vxx
xd

x
h

x
h

x
u

x
u

x
cgh −

∂
∂

−′
′

∂

∂

∂
∂

−
∂

∂

∂
∂

∂
∂

−−− ∫ δ
π

ψδφθδδ
αα

β

β

α

α

β

β

α

α

 

[ ( )( )  1
4
1 )2()2()2()2()2()2,1(

2)2(

)2(

)2(

)2(

)2(

)2(

)2(

)2(

)1()2()1()1( ψφ
π α

β

β

α

α

β

β

α

αα

dddgdvdxF
x
g

x
g

x
v

x
v

xxxv ∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ∫  (36) 

5th and 6th terms of right hand side of equation (24) 

( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1( 2 vu
v

ucgh mm −
∂
∂

Ω∈×−−− δψδφθδδ
α

ααβ  

[ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1(
)1(

)1(2 ψδφθδδδ
α

ααβ −−−−
∂

∂
Ω∈= cghvu

v
umm  

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()1(
)1(

2 ψδφθδδδα
α

αβ −−−−
∂

∂
Ω∈= cghvuu

v
mm  

( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(
)1(

)1(
2 ψδφθδδδ

α

α
αβ −−−−

∂

∂
Ω∈= cghvu

v
u

mm
 

                                                                        )1(
12 Fmm Ω∈= αβ       (37)         

and ( ) ( ) ( ) ( ) ( ))1()1(
)1(

)1()1()1()1()1()1()1()1( vu
v

vufcgh −
∂

∂
−−−−− δψδφθδδ

α
αα

( ) [ ( ) ( ) ( ) ( ) ])1()1()1()1()1()1()1()1(
)1(

)1()1( ψδφθδδδ
α

αα −−−−
∂
∂

−−= cghvu
v

vuf

( ) ( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1(
)1(

)1()1( ψδφθδδδ
α

αα −−−−
∂

∂
−−= cghvu

v
vuf        

                                          

( ) )1(
1)1(

)1()1( F
v

vuf
α

αα
∂

∂
−−=

 

      

 

     (38)

 

and the last term,

 

                                ( ) ( ) ( ) ( ) ( )
( )

( )1
11

1)1()1(
)1(

)1()1()1()1()1()1()1( FRcRcghvu
ψ

ψψδ
ψ

φθδδδ
∂
∂

=−
∂
∂

×−−−

 

       (39)

 

Substituting the results (25) to (39) in equation (24) we get the transport equation for one point distribution 
function in MHD turbulent flow in a rotating system in presence of dust particles under going a first order reaction as

 

( ) [ ( )
)1()2()1()1()1(

)1(
1

)1(

)1(

)1(

)1(
)1(

)1(

)1(
1)1(

)1(
1 1

4
1

xxxvx
F

g
v

v
gg

x
Fv

t
F

−∂
∂

∂
∂

−
∂
∂

∂
∂

+
∂
∂

+
∂
∂

+
∂

∂
∫

ααβα

α

α

α
β

β
β π

( ) )2()2()2()2()2()2,1(
2)2(

)2(

)2(

)2(

)2(

)2(

)2(

)2(
ψφ

α

β

β

α

α

β

β

α dddgdvdxF
x

g

x

g
x

v

x

v
∂

∂

∂

∂
−

∂

∂

∂

∂
×
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)2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφν α

ββα
dddgdvFv

xx
xx

v ∫
∂∂

∂

→
∂

∂
+  

)2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφλ α

ββα

dddgdvFg
xx

xx
g ∫

∂∂

∂

→
∂

∂
+  

)2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφφ

φ
γ

ββ
dddgdvF

xx
xx

∫∂∂
∂

→
∂
∂

+  

)2()2()2()2()2,1(
2

)2(
)2()2(

2

)1(

lim

)1()2(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫∂∂

∂

→
∂
∂

+
 

+ ( ) ( )
( )

( ) 02 1
11

1)1(
1)1(

)1()1()1(
1 =

∂

∂
−

∂

∂
−+Ω∈ FRF

v
vufFmm

ψ
ψ

α
αααβ

                                        

Equations for two-point distribution function )2,1(
2F  

Differentiating equation (13) with respect to time, we get, 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ))2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1(
)2,1(

2

ψδφθδδ

δψδφθδδδ

−−−

−−−−−
∂
∂

=
∂

∂

cgh

vucghvu
tt

F
 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))1()1()2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
t

cghvu

cvuvu
t

c

ghvucgh

−
∂
∂

−−−−

−−−+−
∂
∂

−

−−−−−−=

δψδφθδδδ

ψδφθδδδψδ

φθδδδψδφθδδ  

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

φθδδδφθδψδ

φθδδδψδδδ

−−−+−
∂
∂

−

−−−−−−+

ghvu
t

c

ghvucghvu
 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2()1()1(

)1()1()1()1()1()1()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

)2()2()2()2()2()2()2()2()1()1(

)1()1()1()1()1()1()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

)1()1()2()2()2()2()2()2()2()2(

ψδφθδδδψδ

φθδδδφθδψδ

δδψδφθδδδ

δψδφθδδψδ

φθδδδδψδ

φθδδψδφθδδδ

ψδψδφθδδδ

−
∂
∂

−−−−

−−−+−
∂
∂

−

−−−−−−+

−
∂
∂

−−−−

−−−+−
∂
∂

−

−−−−−−+

−
∂
∂

−−−−

c
t

ghvuc

ghvu
t

c

ghvucghvu

gh
t

cvuc

ghvuvu
t

c

ghcghvu

c
t

cghvu

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

vu
vt

uc

ghvucgh

−
∂
∂

∂
∂

−

−−−−−−−=

δψδ

φθδδδψδφθδδ
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( A
)



( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
gt

hc

ghvucvu

−
∂
∂

∂
∂

−

−−−−−−−+

δψδ

φθδδδψδφθδδ
 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

φθδ
φ

θψδ

φθδδδψδδδ

−
∂
∂

∂
∂

−

−−−−−−−+

t
c

ghvucghvu
 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(

)2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

)2()2(
)2(

)2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

)1()1(
)1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
gt

hc

vucghvu

vu
vt

uc

ghcghvu

c
t

cc

ghvughvu

−
∂
∂

∂
∂

−

−−−−−−−+

−
∂
∂

∂
∂

−

−−−−−−−+

−
∂
∂

∂
∂

−

−−−−−−−+

δψδ

φθδδψδφθδδδ

δψδ

φθδδψδφθδδδ

ψδ
ψ

ψδ

φθδδδφθδδδ

( ) ( ) ( ) ( ) ( ) ( )
( ) ( )

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(

)2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

)2()2(
)2(

)2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδ

δδψδφθδδδ

φθδ
φ

θψδ

δδψδφθδδδ

−
∂
∂

∂
∂

−

−−−−−−−+

−
∂
∂

∂
∂

−

−−−−−−−+

c
t

c

ghvucghvu

t
c

ghvucghvu
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Various terms in the above equation can be simplified as that they may be expressed in terms of one point, 
two- point and three-point distribution functions. 
The 1st term in the above equation is simplified as follows: 
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terms of right hand-side of equation (41) can be simplified as follows;
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( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) .)1()1(

)1(
)1()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1(

ψδψδφθδ

δδφθδδδ

β
β −
∂
∂

×−−

−−−−−−=

c
x

uc

ghvughvu
                        

(45)
 

Adding these equations from (42) to (45), we get 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(

)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

vu
x

uc

ghvucgh

−
∂
∂

×−

−−−−−−−

δψδ

φθδδδψδφθδδ

β
β

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(

)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
x

uc

ghvucvu

−
∂
∂

×−

−−−−−−−+

δψδ

φθδδδψδφθδδ

β
β

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(

)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

φθδψδ

φθδδδψδδδ

β
β −
∂
∂

×−

−−−−−−−+

x
uc

ghvucghvu

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(

)1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

ψδψδ

φθδδδφθδδδ

β
β −
∂
∂

×−

−−−−−−−+

c
x

uc

ghvughvu
 

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ))2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1()1(
)1(

ψδφθδδ

δψδφθδδδβ
β

−−−

−−−−−−
∂
∂

−=

cgh

vucghvuu
x

 

)2,1(
2

)1(
)1( Fv

x β
β∂
∂

−=     [Applying the properties of distribution functions]

 

                                                                       )1(

)2,1(
2)1(

β
β x

Fv
∂
∂

−=                     (46)
 

Similarly, 15th, 21st, 24th
 

and 26th
 

terms of right hand-side of equation (41) can be simplified as follows; 
15th

 
term,

 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))2()2(
)2()2(

)2()2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

uu
c

ghcghvu

−
∂
∂

∂

∂
×−

−−−−−−

δψδ

φθδδψδφθδδδ

αβ

βα

 

                      

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))2()2(
)2(

)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
x

uc

ghcghvu

−
∂
∂

×−

−−−−−−−=

δψδ

φθδδψδφθδδδ

β
β

  
(47)

 

21st
 
term,

 
 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2()2(

)2()2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

uh
c

vucghvu

−
∂
∂

∂

∂
×−

−−−−−−

δψδ

φθδδψδφθδδδ

αβ

βα
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( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

gh
x

uc

vucghvu

−
∂
∂

×−

−−−−−−−=

δψδ

φθδδψδφθδδδ

β
β

  (48) 

24th term, 

                                            

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θψδ

δδψδφθδδδ

β
β −

∂
∂

∂
∂

×−

−−−−−−

x
uc

ghvucghvu
 (49) 

                          

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

φθδψδ

δδψδφθδδδ

β
β −

∂
∂

×−

−−−−−−−=

x
uc

ghvucghvu

and 26th  term, 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδ

δδψδφθδδδ

β
β −

∂
∂

∂
∂

×−

−−−−−−

c
x
cu

ghvucghvu
 

                            

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

ψδφθδ

δδψδφθδδδ

β
β −

∂
∂

×−

−−−−−−−=

c
x

u

ghvucghvu
  (50) 

Adding these equations from (46) to (49), we get 

              

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ))2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1()2(
)2(

ψδφθδδ

δψδφθδδδβ
β

−−−

−−−−−
∂
∂

−

cgh

vucghvuu
x  

                                                                    
)2(

)2,1(
2)2(

β
β x

Fv
∂
∂

−=                                                (51) 

Similarly, the terms 2nd, 8th, 16th and 22nd of right hand-side of equation (41) can be simplified as follows; 
2nd  term,  

        

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1()1(

)1()1(

)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

vu
vx

hh
c

ghvucgh

−
∂
∂

∂

∂
×−

−−−−−−−

δψδ

φθδδδψδφθδδ

αβ

βα
 

                                                                  = - )1(
βg )1(

)1(

α

α

v
g
∂
∂

)1(

)2,1(
2

βx
F
∂
∂

                                      (52) 

8th term, 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1()1(

)1()1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
gx

hu
c

ghvucvu

−
∂
∂

∂

∂
×−

−−−−−−−

δψδ

φθδδδψδφθδδ

αβ

βα
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                                                                       = - )1(
βg )1(

)1(

α

α

g
v
∂
∂

                                       (53) 

16th term, 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2()2(

)2()2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

hh
c

ghcghvu

−
∂
∂

∂

∂
×−

−−−−−−−

δψδ

φθδδψδφθδδδ

αβ

βα  

                                                              = - )2(
βg )2(

)2(

α

α

v
g
∂
∂

)2(

)2,1(
2

βx
F
∂
∂

     (54) 

and 22nd  term, 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))2()2(
)2()2(

)2()2(
)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

hu
c

vucghvu

−
∂
∂

∂

∂
×−

−−−−−−−

δψδ

φθδδψδφθδδδ

αβ

βα
 

= - )2(
βg )2(

)2(

α

α

g
v
∂
∂

)2(

)2,1(
2

βx

F

∂

∂
. 

Fourth term can be reduced as 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( )〉−

∂

∂
∇×−

−−−−−−−

)1()1(
)1(

)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

vu
v

uc

ghvucgh

δνψδ

φθδδδψδφθδδ

α
α

[ ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1()1(2
)1(

ψδφθδδδ

ψδφθδδδν α
α

−−−−

−−−−∇
∂

∂
−=

cghvu

cghvuu
v

[ ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1()1(
)1()1(

2

)1(

ψδφθδδδ

ψδφθδδδν α
ββα

−−−−

−−−−
∂∂

∂

∂

∂
−=

cghvu

cghvuu
xxv                

[ ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ])2()2()2()2()2()2()2()2()1()1(

)1()1()1()1()1()1()3(
)3()3(

2

)1(

lim

)1()3(

ψδφθδδδψδ

φθδδδν α
ββα

−−−−−

−−−
∂∂

∂

→
∂

∂
−=

cghvuc

ghvuu
xx

xx
v

 

( ) ( ) ( ))3()3()3()3()3()3()3(
)3()3(

2

)1(

lim

)1()3(
φθδδδν α

ββα

−−−
∂∂
∂

→
∂
∂

−= ∫ ghvuu
xx

xx
v
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( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) )3()3()3()3()1()1()1()1()1()1(

)1()1()2()2()2()2()2()2()2()2()3()3(

ψφψδφθδδ

δψδφθδδδψδ

dddgdvcgh

vucghvuc

−−−

−−−−−−

 

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφν α

ββα
dddgdvFv

xx
xx

v ∫
∂∂

∂

→
∂

∂
−=    (56) 

Similarly,  9th,  11th, 13th, 18th, 23rd, 25th and 27th terms of right hand-side of equation (41) can be simplified as follows; 
9th term, 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ))1()1(
)1(

)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

gh
g

hc

ghvucvu

−
∂

∂
∇×−

−−−−−−−

δλψδ

φθδδδψδφθδδ

α
α

 

                               

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφλ α

ββα

dddgdvFg
xx

xx
g ∫

∂∂

∂

→
∂

∂
−=    (57)

 

11th term, 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(
)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

φθδ
φ

θγψδ

φθδδδψδδδ

−
∂

∂
∇×−

−−−−−−−

c

ghvucghvu
 

                              

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφφ

φ
γ

ββ

dddgdvF
xx

xx
∫

∂∂

∂

→
∂

∂
−=    (58)

 

13th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))1()1(

)1(
)1(2)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

ψδ
ψ

ψδ

φθδδδφθδδδ

−
∂

∂
∇×−

−−−−−−−

ccDc

ghvughvu
 

                           

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)1(

lim

)1()3(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫

∂∂

∂

→
∂

∂
−=    (59)

 

18th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2(2)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

vu
v

uc

ghcghvu

−
∂

∂
∇×−

−−−−−−−

δνψδ

φθδδψδφθδδδ

α
α

 

                                   

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφν α

ββα

dddgdvFv
xx

xx
v ∫

∂∂

∂

→
∂

∂
−=    (60)

 

 

23rd

 

term, 
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gh
g

hc

vucghvu

−
∂

∂
∇×−

−−−−−−−

δλψδ

φθδδψδφθδδδ

α
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3

)3(
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2

)2(

lim

)2()3(
ψφλ α

ββα
dddgdvFg

xx
xx

g ∫∂∂
∂

→
∂
∂

−=     (61) 

 25th   term,  

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2(2)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θγψδ

δδψδφθδδδ

−
∂
∂

∇×−

−−−−−−−

c

ghvucghvu
 

                                        

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφφ

φ
γ

ββ

dddgdvF
xx

xx
∫∂∂

∂

→
∂
∂

−=    (62) 

27th   term,  

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ))2()2(

)2(
)2(2)2()2(

)2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδ

δδψδφθδδδ

−
∂
∂

∇×−

−−−−−−−

ccD

ghvucghvu
 

                               

)3()3()3()3()3,2,1(
3

)3(
)3()3(

2

)2(

lim

)2()3(
ψφψ

ψ ββ
dddgdvF

xx
xx

D ∫∂∂
∂

→
∂
∂

−=       (63) 

 
We reduce the third term of right - hand side of equation (41),

 

( ) ( ) ( ) ( ) ( ) ( )

( ) [ ] ( ))1()1(
)1()1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(

)1(
)2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

4
1 vu
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x

h

x
h

x

u

x
u

x
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ghvucgh

−
∂
∂
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∂

∂

∂
∂
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∂

∂

∂
∂

∂
∂
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π
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β
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α

α

β

β

α
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1
4
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π α

β

β

α

α

β

β

α
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x

g

x
g

x

v

x
v

xxxv
×

∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ∫

 

                (64)

 

Similarly, term 17th, 
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)2()2(
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∂
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∂
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α
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x
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x
v

x
v

xxxv
×

∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ∫   (65)

 

5th

 

and 6th

 

terms of right hand side of equation (41), we get 

 

5th

 

term,
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and 6th term, 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ))1()1(

)1(
)1()1()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1(

vu
v

vufc

ghvucgh

−
∂

∂
−×−

−−−−−−−

δψδ

φθδδδψδφθδδ

α
αα

( ) [ ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )])2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1(
)1(

)1()1(

ψδφθδδδ

ψδφθδδδ
α

αα

−−−−

−−−−
∂

∂
−−=

cghvu

cghvu
v

vuf  

( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ))2()2()2()2()2()2()2()2(

)1()1()1()1()1()1()1()1(
)1(

)1()1(

ψδφθδδδ

ψδφθδδδ
α

αα

−−−−

−−−−
∂

∂
−−=

cghvu

cghvu
v

vuf
 

                                                ( ) )2,1(
2)1(

)1()1( F
v

vuf
α

αα
∂
∂

−−= (                               

 

(67)

 

Similarly, 19th

 

and 20th

 

terms of right hand side of equation (41),

 

19th

 

term,
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                                                                     = )2,1(
22 Fmm Ω∈ αβ                                    

 

(68)

 

and 20th  term,
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14th and 28th terms of equation (41) 
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And 28th term 
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∂
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Substituting the results (42) – (71) in equation (41) we get the transport equation for two point distribution 

function ),,,()2,1(
2 ψφgvF in MHD turbulent flow in a rotating system in presence of dust particles as 
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)1(
)1(
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∂
∂
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∂
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∂
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4 )2,1(

2Fmm Ω∈+ αβ [ ( ) ( ) ] )2,1(
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)1()1( F
v
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Equations for three-point distribution function )3.2,1(
3F : 

Differentiating equation (14) with respect to time, we get
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  Using equations (8) to (11), we get from the above equation
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Various terms in the above equation can be simplified as that they may be expressed in terms of one-, two-, 
three- and four - point distribution functions. 
The 1st term in the above equation is simplified as follows 
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Similarly, 7th, 10th and 12th terms of right hand-side of equation (73) can be simplified as follows;  
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Adding these equations from (74) to (77), we get 
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Similarly, 15th, 21st, 24th

 
and 26th

 
terms of right hand-side of equation (73) can be simplified as follows;
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Adding equations (79) to (82), we get
 

( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1()2(
)2(

ψδφθδδδψδφθδ

δδψδφθδδδβ
β

−−−−−−

−−−−−−
∂
∂

−

cghvuc

ghvucghvuu
x

 

                                                                         
)2(

)3,2,1(
3)2(

β
β x

F
v

∂

∂
−=                     (83)

 

Similarly, 29th, 35th, 38th

 
and 40th

 
terms of right hand-side of equation (73) can be simplified as follows;

 

29th

 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))3()3(
)2()3(

)3()3(
)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

uu
cghc

ghvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδψδ

φθδδδψδφθδδδ

αβ

βα

 

= ( ) ( ) ( ) ( ) ( ) ( ))2()2()3()3()1()1()1()1()1()1()1()1( ghvucghvu −−−−−−− δδψδφθδδδ
            

( ) ( ) ( ) ( ) ( ) ( ))3()3(
)3(

)3()3()3()3()3()3()3()2()2()2()2( vu
x

ucghc −
∂
∂

×−−−−− δψδφθδδψδφθδ
β

β      (84)

 

35th

 

term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3()3(
)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

uh
cvuc

ghvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−

δψδφθδδψδ

φθδδδψδφθδδδ

αβ

βα

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
x

ucvuc

ghvucghvu

−
∂

∂
×−−−−

−−−−−−−−=

δψδφθδδψδ

φθδδδψδφθδδδ

β
β

 

(85)

 

38th

 

term,
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( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θ
ψδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

∂
∂

×−−−−

−−−−−−−

x
ucghvuc

ghvucghvu

 

                            

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδψδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

×−−−−

−−−−−−−−=

x
ucghvuc

ghvucghvu
                           (86) 

and 40th  term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

φθδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

∂
∂

×−−−−

−−−−−−−

c
x
cughvuc

ghvucghvu

 

                                

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3()3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδφθδδδψδ

φθδδδψδφθδδδ

β
β −

∂
∂

×−−−−

−−−−−−−−=

c
x

ughvuc

ghvucghvu
 (87) 

Adding equations (84) to (87), we get 

( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1()3(
)3(

ψδφθδδδψδφθδ

δδψδφθδδδβ
β

−−−−−−

−−−−−−−
∂

∂
−

cghvuc

ghvucghvuu
x

                                                                                  = - )3(
βv

)3(

)3,2,1(
3

βx

F

∂

∂
                          (88) 

      Similarly ,  2 nd, 8th, 16th,   22nd, 30th  and   36th terms of right hand-side of equation (73) can be simplified as follows;  
2nd term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1()1(

)1()1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

vu
vx

hh
cghvu

cghvucgh

−
∂
∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

βα  

                                                                      = - )1(
βg )1(

)1(

α

α

v
g
∂

∂
)1(

)3,2,1(
3

βx

F

∂

∂
                         (89) 

 8th term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(

)1()1(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

gh
gx

hu
cghvu

cghvucvu

−
∂

∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδδψδφθδδ

αβ

βα  

                                                                       = - )1(
βg )1(

)1(

α

α

g
v
∂

∂
)1(

)3,2,1(
3

βx
F
∂

∂
     (90) 

16th term, 
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( A
)



( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))2()2(
)2()2(

)2()2(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

hh
cghvu

cghcghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδψδφθδδδ

αβ

βα
 

                                                                         = - )2(
βg )2(

)2(

α

α

v
g
∂

∂
)2(

)3,2,1(
3

βx
F
∂

∂
                                      (91) 

 22nd term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2()2(

)2()2(
)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

hu
cghvu

cvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδδ

ψδφθδδψδφθδδδ

αβ

βα

 

                                                                       
= - )2(

βg )2(

)2(

α

α

g
v
∂

∂
)2(

)3,2,1(
3

βx

F

∂

∂
     (92)

 

30th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3()3(

)3()3(
)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
vx

hh
cghc

ghvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδψδ

φθδδδψδφθδδδ

αβ

βα

 

                                                                          = - )3(
βg )3(

)3(

α

α

v
g
∂

∂
)3(

)3,2,1(
3

βx

F

∂

∂
                      (93)

 

and 36th
 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ))3()3(
)3()3(

)3()3(
)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
gx

hu
cvuc

ghvucghvu

−
∂
∂

∂

∂
×−−−−

−−−−−−−−

δψδφθδδψδ

φθδδδψδφθδδδ

αβ

βα

 

                                                                     

= - )3(
βg )3(

)3(

α

α

g
v
∂

∂
)3(

)3,2,1(
3

βx

F

∂

∂
              

 

(94)

 

4th

 

term can be reduced as

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

vu
v

ucghvu

cghvucgh

−
∂
∂

∇×−−−−

−−−−−−−−

δνψδφθδδδ

ψδφθδδδψδφθδδ

α
α

 

[ ( ) ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ])3()3()3()3()3()3()3()3()2()2()2()2(

)2()2()2()2()1()1()1()1()1()1()1()1()1(2
)1(

ψδφθδδδψδφθδ

δδψδφθδδδν α
α

−−−−−−

−−−−−−∇
∂
∂

−=

cghvuc

ghvucghvuu
v
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[ ( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ) ])3()3()3()3()3()3()3()3()2()2()2()2()2()2(

)2()2()1()1()1()1()1()1()1()1()1(
)1()1(

2

)1(

ψδφθδδδψδφθδδ

δψδφθδδδν α
ββα

−−−−−−−

−−−−−
∂∂
∂

∂
∂

−=

cghvucgh

vucghvuu
xxv

[ ( ) ( ) ( ) ( ))1()1()1()1()1()1()1()1()4(
)4()4(

2

)1(

lim

)1()4(
ψδφθδδδν α

ββα
−−−−

∂∂

∂

→
∂

∂
−= cghvuu

xx
xx

v

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ])3()3()3()3()3()3()3()3()2()2()2()2()2()2()2()2( ψδφθδδδψδφθδδδ −−−−−−−− cghvucghvu             

               

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( ) ( ) ( ))2()2()2()2()2()2()3()3()3()3()3()3()3()3(

)4()4()4()4()4()4()4()4()4(
)4()4(

2

)1(

lim

)1()4(

φθδδδψδφθδδδ

ψδφθδδδν α
ββα

−−−−−−−

−−−−
∂∂
∂

→
∂
∂

−= ∫

ghvucghvu

cghvuu
xx

xx
v  

( ) ( ) ( ) ( ) ( ) )4()4()4()4()1()1()1()1()1()1()1()1()2()2( ψφψδφθδδδψδ dddgdvcghvuc −−−−−

 

         
                      

)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)1(

lim

)1()4(
ψφν α

ββα
dddgdvFv

xx
xx

v ∫
∂∂

∂

→
∂

∂
−=   (95)

 

 

     Similarly, 9th
 
,11th

 
,13th

 
,18th

 
,23rd

 
,25th

 
,27th

 
,32nd

 
,37th

 
,39th  and 41st 

 
terms of right hand-side of equation (73) can 

be simplified as follows; 
 

9th

 
term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

gh
g

hcghvu

cghvucvu

−
∂
∂

∇×−−−−

−−−−−−−−

δλψδφθδδδ

ψδφθδδδψδφθδδ

α
α

 

                                         

)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)1(

lim

)1()4(
ψφλ α

ββα
dddgdvFg

xx
xx

g ∫∂∂

∂

→
∂

∂
−=                         (96)

 

11th

 

term,

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

φθδ
φ

θγψδφθδδδ

ψδφθδδδψδδδ

−
∂
∂

∇×−−−−

−−−−−−−−

cghvu

cghvucghvu
 

                              

)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)1(

lim

)1()4(
ψφφ

φ
γ

ββ

dddgdvF
xx

xx
∫

∂∂

∂

→
∂

∂
−=   (97)

 

13th

 

term,          

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))1()1(

)1(
)1(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()2()2()1()1()1()1()1()1(

ψδ
ψ

ψδφθδδδ

ψδφθδδδφθδδδ

−
∂
∂

∇×−−−−

−−−−−−−−+

ccDcghvu

cghvughvu
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( A
)



                                          

)4()4()4()4()4,3,2,1(
4

)4(
)3()4(

2

)1(

lim

)1()4(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫∂∂

∂

→
∂
∂

−=    (98) 

18th term, 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
v

ucghvu

cghcghvu

−
∂
∂

∇×−−−−

−−−−−−−−

δνψδφθδδδ

ψδφθδδψδφθδδδ

α
α

 

                                 

)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)2(

lim

)2()4(
ψφν α

ββα
dddgdvFv

xx
xx

v ∫
∂∂

∂

→
∂

∂
−=   (99) 

23rd term,  

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
g

hcghvu

cvucghvu

−
∂

∂
∇×−−−−

−−−−−−−−

δλψδφθδδδ

ψδφθδδψδφθδδδ

α
α

 

                              
)4()4()4()4()4,3,2,1(

4
)4(

)4()4(

2

)2(

lim

)2()4(
ψφλ α

ββα
dddgdvFg

xx
xx

g ∫
∂∂

∂

→
∂

∂
−=   (100)

 

 
25th

 
term, 

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

φθδ
φ

θγψδφθδδδ

ψδδδψδφθδδδ

−
∂
∂

∇×−−−−

−−−−−−−−

cghvu

cghvucghvu  

                              

)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)2(

lim

)2()4(
ψφφ

φ
γ

ββ

dddgdvF
xx

xx
∫

∂∂

∂

→
∂

∂
−=   (101)

 

27th   term, 

 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))2()2(

)2(
)2(2)3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδ
ψ

ψδφθδδδ

φθδδδψδφθδδδ

−
∂
∂

∇×−−−−

−−−−−−−−

ccDcghvu

ghvucghvu  

                         

)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)2(

lim

)2()4(
ψφψ

ψ ββ

dddgdvF
xx

xx
D ∫

∂∂

∂

→
∂

∂
−=   (102)

 

 

32nd   term,             

 
 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3(2)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

vu
v

ucghc

ghvucghvu

−
∂
∂

∇×−−−−

−−−−−−−−

δνψδφθδδψδ

φθδδδψδφθδδδ

α
α
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)4()4()4()4()4,3,2,1(
4

)4(
)4()4(

2

)3(

lim

)3()4(
ψφν α

ββα
dddgdvFv

xx
xx

v ∫
∂∂

∂

→
∂

∂
−=   (103) 

37th   term,              
 

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ) ( ))3()3(

)3(
)3(2)3()3()3()3()3()3()2()2(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

gh
g

hcvuc

ghvucghvu

−
∂
∂

∇×−−−−

−−−−−−−−

δλψδφθδδψδ
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39th   term,             
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41st term,             
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We reduce the third term of right hand side of equation (73),
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17th term,

 

∫ ∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ]))(1(
4
1[ )4()4()4()4()4()4,3,2,1(

4)4(

)4(

)4(

)4(

)4(

)4(

)4(

)4(

)1()4()1()1( ψφ
π α

β

β

α

α

β

β

α

αα

dddgdvdxF
x
g

x
g

x
v

x
v

xxxv

First Order Reactant in the Statistical Theory of Three- Point Distribution Functions in Dusty Fluid MHD
Turbulent Flow for Velocity, Magnetic Temperature and Concentration in Presence of Coriolis Force

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
I   

Is
s u
e 

  
  
er

sio
n 

I
V

I
Y
ea

r
20

16

© 2016    Global Journals Inc.  (US)

41

  
 

( A
)

( ) ( ) ( ) ( ) ( ) ( ) ( )
( ) ( ) ( ) ( ))3()3()3()3()3()3()3()3(

)2()2()2()2()2()2()1()1()1()1()1()1()1()1(

ψδφθδδδ

ψδφθδδψδφθδδδ

−−−−

−−−−−−−

cghvu

cghcghvu



 [ ] ( ))2()2(
)2()2(

)2(

)2(

)2(

)2(

)2(

)2(

)2(

)2(4
1 vu

vxx
xd

x
h

x
h

x
u

x
u

x
−

∂
∂

′−′′′
′′′

×
∂

∂

∂
∂

−
∂

∂

∂
∂

∂
∂

× ∫ δ
π αα

β

β

α

α

β

β

α

α

 
∫ ∂

∂

∂
∂

−
∂

∂

∂
∂

−∂
∂

∂
∂

= ]))(1(
4
1[ )4()4()4()4()4()4,3,2,1(

4)4(

)4(

)4(

)4(

)4(

)4(

)4(

)4(

)2()4()2()2( ψφ
π α

β

β

α

α

β

β

α

αα

dddgdvdxF
x
g

x
g

x
v

x
v

xxxv

 

 

   

(108)

 

Similarly, 31st

 

term,
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5th

 

and 6th

 

terms

 

of right hand side of equation (73),
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term,
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and 6th
 
term,
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Similarly, 19th, 20th, 33rd
 
and 34th

 
terms of right hand side of equation (73),
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20th term, 
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34th   term,
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14th

 
term of Equation (73)
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28th term of Equation (73) 
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42nd term of Equation (73) 
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III. Results 

Substituting the results (74) – (118) in equation (73) we get the transport equation for three- point distribution 

function ),,,()3,2,1(
3 ψφgvF in MHD turbulent flow in a rotating system in presence of dust particles under going a 

first order reaction as                 
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Continuing this way, we can derive the equations for evolution of )4,3,2,1(
4F , )5,4,3,2,1(

5F  and so on. Logically it 
is possible to have an equation for every Fn (n is an integer) but the system of equations so obtained is not closed. 
Certain approximations will be required thus obtained. 

IV. Discussions 

If R=0,i.e the reaction rate is absent, the transport equation for three- point distribution function in MHD 
turbulent flow (119) becomes 
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which was obtained earlier by Azad et al (2015d) 
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This was obtained earlier by Azad

 

et al (2014b)
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This was obtained earlier by N. M. Islam

 

et al (2014)

 

If the fluid is clean and the system is nonrotating then f=0, mΩ =0 and the reaction rate is absent, R=0, the 
transport equation for three- point distribution function in MHD turbulent flow (119) becomes
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It was obtained earlier by Azad et al (2014a) 
If we drop the viscous, magnetic and thermal diffusive and concentration terms from the three point 

evolution equation (119), we have 
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The existence of the term 
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can be explained on the basis that two characteristics of the flow field are related to each other and describe the 
interaction between the two modes (velocity and magnetic) at  point x(1) , x(2) and x(3) .  

We can exhibit an analogy of this equation with the 1st equation in BBGKY hierarchy in the kinetic theory of 
gases. The first equation of BBGKY hierarchy is given Lundgren (1969) as 
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is the inter molecular potential.

 
Some approximations are required, if we want to close the system of equations for the distribution functions. 

In the case of collection of ionized particles, i.e. in plasma turbulence, it can be provided closure form easily by 
decomposing F2

(1,2)

 as F1
(1) F1

(2). But it will be possible if there is no interaction or correlation between two particles. If 
we decompose F2

(1, 2)

 as 
F2

(1, 2)
 = (1+∈) F1

(1) F1
(2)

 
and 

F3
(1,2,3)

 
= (1+∈)2 F1

(1) F1
(2) F1

(3)

 
Also 

F4
(1,2,3,4)

 
= (1+∈)3 F1

(1) F1
(2) F1

(3) F1
(4)

 
where ∈ is the correlation coefficient between the particles. If there is no correlation between the particles, ∈ will be 
zero and distribution function can be decomposed in usual way. Here we are considering such type of 
approximation only to provide closed from of the equation. 
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Diamagnetism Flame. Faraday Mystery 
Yuri Pivovarenko 

Abstract- Earth’s surface acts the electromagnetic force, which 
distributes charges. Under action this force the positive 
charges are moved up and negative charges – down. 
Especially, this force distributes the electric charges generated 
in flame. For this reason, in the flames generate electric 
currents. So the flames interact with the artificial magnetic 
fields like the typical electric currents. Proposed calculation 
show that the true cause of diamagnetism flame is its 
movement in the geomagnetic field. 
Keywords: flame, magnetic field, flame in the magnetic 
field, and faraday mystery. 

I. Introduction 

It is known that flame is pushed out of magnetic 
field (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1
 
:
 
The flame is pushed out of magnetic field

 
What the nature of diamagnetism flame? –

 Faraday was the first who asked this question (Faraday, 
1847).

 Many researchers have tried to answer this 
question. However, the nature of this phenomenon 
remains unclear (Ueno at al., 1987; Baker at al., 2001; 
Khaldi at al., 2010).

 Faraday answering the question, we were 
based on such facts:

 1.
 

The Earth has daily rotation. Since studied objects 
located on the earth’s surface, they rotate together 
with it.

 2.
 

The Earth has
 

a magnetic field, namely, the 
geomagnetic field.

 3.
 

Magnetic fields push out the wires with electrical 
currents (Kuchling, 1980).

 Based only on these facts, we came to the 
following conclusions:

 
 Author: Shevchenko University. e-mail: y.pivovarenko@gmail.com

 

During the daily rotation of Earth all objects on 
its surface cross the horizontal lines of force of the 
geomagnetic field (Fig. 2). For this reason, all such 
objects, including flames, operates electromagnetic 
nature force (in fact, it is the Lorenz force, FL = q•[v•B]). 

Under action this force, the generated in flame 
positively charged particles move up and negatively 
charged particles – down (Pivovarenko, 2015). 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2
 
:
 
As the Earth has daily rotation all objects on its 

surface cross the horizontal lines of force of the 
geomagnetic field. The appeared electromagnetic force 
distributes the charges located near the earth’s surface. 
Wherein the positively charged particles move up and 
negatively charged –

 
down

 

Need to say separately, this force causes the 
evaporation of positively charged water vapor 
(Krasnogorskaja, 1984; Pivovarenko, 2015), providing 
the positive charge of the upper layers of Earth’s 
atmosphere and negative charge of the earth’s surface 
(Feinman at al., 1961; Pivovarenko, 2015).

 

This force causes the flow of charged particles 
of the flame, which interact with the artificial magnetic 
fields of the wire with an electric current.

 

Here we
 
propose our calculations.

 

II.
 
Results and

 
Discussion

 

The positively and negatively charged particles 
can be formed in many hydrocarbon flames. Because 
the composition of hydrocarbons is very variable, we 
offer our calculations made for methane flame:
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Diamagnetism Flame. Faraday Mystery

CH4 + 2O2 → CO2 + 2H2O → H2CO3 +   
H2O ⇒ 

⇒ HCO3
– + H3O+ (or H+ + H2O) ⇒ … 

(Here we don’t take into account the further 
dissociation of carbonic acid: HCO3

– ⇒ H+ + CO3
2–).

It follows from this equation, of 1M methane (16 
g) can theoretically be formed 1M of HCO3

– with a total 
charge –96484,56 C and 1M of H3O+ with a total charge 
+96484,56 C; 96484,56 C is number of Faraday, F 
(Kuchling, 1980).

Based on our previous calculations 
(Pivovarenko, 2015), the Lorenz force, FL, which acts on 
1M of these charges, is:

FL = ±F •ve • µ0H = 

= ±9,648456•104 A•s•463m•s–1•1,257•10–6

V•s•A–1•m–1•27,06 A•m–1 = ~1519,8 kg•m•s–2

= ~1,52•103 N,

where: ±F (= ±9,648456•104A•s) – the number of 
Faraday,
ve (= 463 m•s–1) – linear speed of earth’s surface at 
equator,
µ0 (= 1,257•10–6 V•s•A–1•m–1) – magnetic constant,

H (= 27,06 A•m–1) – intensity of geomagnetic field at 
equator.

This force distributes the charged particles 
formed in methane flame. For this reason, the negatively 
charged HCO3

–-particles move downward acceleration, 
which is equal to:

a = FL/M (HCO3
–) = 1,52•103 kg•m• 

•s–2/61•10–3 kg = 24918 m•s–2,

where: FL (=1,52•103 N) – Lorenz force acting on the 
equator line,
M (HCO3

–) (= 61•10–3 Kg) – mass 1 mole of HCO3
–.

However, the positively charged H3O+-particles 
move upward acceleration, which is equals to:

a = FL/M (H3O+) =

= 1,52•103 kg•m•s–2/19•10–3 kg =                           

80000 m•s–2,

where: FL (=1,52•103 N) – Lorenz force acting on the 
equator line,
M (H3O+) (= 19•10–3 Kg) – mass 1 mole of H3O+.

If the anions HCO3
– are under vacuum, then for 

1 second to overcome a distance greater than 12 km in 
down direction:

S = at2/2 = 24918 m•s–2•1 s2/2 = 12459 m.

If the H3O+-cations are under vacuum, then for 
1 second to overcome a distance 40 km in up direction:

S = at2/2 = 80000 m•s–2•1 s2/2 = 40000 m.

Thus, the opposite charges form oppositely 
directed streams. At the same time, these form an 
electric current flows in one direction, the upwardly 
directed:

↑ + ↓ ⇒ ↑ + ↑, 

where: ↑ – the current positive charges in up 
direction;

↓ – the current negative charges in down 
direction.

Thus, assuming that 1M of methane (22,4 liters) 
will burn for 5 minutes (300 seconds), we theoretically 
obtain an electric current I directed upwards:

I = 2•96484,56 C/300 s = ~643,2 A.

It is incredibly high current. But, as you know, 
carbonic acid is a weak: its first dissociation constant, 
K1 (20 °С) = [H+][HCO3

–]/[H2CO3] = 2•10–4 M 
(Nekrasov, 1974). Whereas this constant can be 
assumed that 1M of methane will be formed 
~1,415•10–2 M of H+ (or H3O+) and ~1,415•10–2 M of
HCO3

–.

formed of ~2•1,415•10–2 M = ~2,83•10–2 M of charged
particles. Therefore it can be concluded that the 
methane flame could be an electric current:

I = ~2,83•10–2 M •96484,56 C/300 s = ~9,1 A.

In any case, it is also a significant electric 
current. No surprisingly, the current is so strong interacts 
with an external magnetic field. (At the same time, we 
have ignored a significant increase in the dissociation of 
carbonic acid, which occurs with increasing temperature 
(Akolzin, 1988)

It should be noted that the distribution of 
charges in a hydrocarbon flames was probably used 
many years ago. So, the charge distribution in the flame 
of kerosene, C9H20 – C16H34 (Pacak, 1986), was used 
early to produce electric current sufficient for radio 
receivers (Fig. 3).

We know that the action of such a generator to 
explain the distribution of the electrons in the heated 
thermocouple. In our opinion, this explanation is 
incomplete bekause it does not take into account the 
distribution of charges in the flame of kerosene lamp.

In view of the proposed calculations, not also 
surprising that the flame has a spherical shape in space 
(Fig. 4): there is no movement of the flame relative to the 
geomagnetic field. In view of our assumptions, 
diamagnetism flame is not observed in the space. We 
think that it will be confirmed.

Thus, given the constraint K1 (20 °С), it may be 



 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 : Charge distribution in the flame of a kerosene 
lamp can be used to obtain the electric current required 

to function the radio receiver. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4 : It is the flame is in the space 

It must be said that our ideas can also be used 
to explain other phenomena. In particular it is known, 
that pH of the water decreases when it is heated. So, it 
is known that increasing temperature of the water from 
25 to 100 °С, followed by a decrease of the pH from 7.0 
to 6.0 (Nekrasov, 1974). This could mean an increase in 
H+-ion molar concentration 10 times (10–6/10–7

 = 10). If 
the water is heated over an open fire, it can be 
hypothesized that such H+-ions have the flame origin. 
Thus, increase acidity of boiling water caused its 
positive electrization H+-ions generated in the flame. 

III. Conclusion 
Objects on the earth’s surface move together 

with it and cross the horizontal lines of force of the 
geomagnetic field. For this reason, the object of the 
earth’s surface is always acting the force of 
electromagnetic nature. Under action this force the 
positive charges move up and negative charges – 
down. Thus, the flame generated electric currents are 
directed upwards. Therefore, the external magnetic 
fields act on the flames as on the wires with electric 

currents. As a result, the flames pushed out magnetic 
fields. 

Hence, the true cause of diamagnetism flame is 
its movement in the geomagnetic field. 
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Abstract- The radiogenic heat produced from radioactive elements has been investigated in 
some parts of Niger Delta sedimentary basin. The heat production was computed from gamma 
ray logs for three oil producing wells. The major lithology observed in the gamma ray log is 
alternation of sand and shale. The computed value ranges between0.35 to 2.0µWm-3 for well 1, 
0.34 to 1.78µWm-3 for well 2 and 0.24 to 2.0µWm-3 for well 3. The average radiogenic heat 
production ranges between 0.3 to 1.93µWm-3.  It was observed that the heat production within 
the sand lithology ranges from 0.24 to 0.7µWm-3.Whilethe computed value for the shale lithology 
ranges from 0.8 to 2.0 µWm-3. The high radiogenic heat production in shale was as a result of 
high concentration of radioactive elements. The sandstone zone was deficient of radioactive 
elements and this resulted in the low value. The plot of depth against radiogenic heat production 
was scattered and it also showed an increase with depth. The increase was due to high shale 
lithology at greater depth of the Agbada Formation and the shale in the Akata Formation. A linear 
relationship was established for the radiogenic heat production and the product of gamma ray 
and density logs for the study Area. The relationship can be used if gamma ray spectral logs are 
not available.        
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Radiogenic Heat Production from Well Logs in 
Part of Niger Delta Sedimentary Basin, Nigeria  

Emujakporue, Godwin Omokenu 

Abstract- The radiogenic heat produced from radioactive 
elements has been investigated in some parts of Niger Delta 
sedimentary basin. The heat production was computed from 
gamma ray logs for three oil producing wells. The major 
lithology observed in the gamma ray log is alternation of sand 
and shale. The computed value ranges between0.35 to 
2.0µWm-3 for well 1, 0.34 to 1.78µWm-3 for well 2 and 0.24 to 
2.0µWm-3 for well 3. The average radiogenic heat production 
ranges between 0.3 to 1.93µWm-3.  It was observed that the 
heat production within the sand lithology ranges from 0.24 to 
0.7µWm-3.Whilethe computed value for the shale lithology 
ranges from 0.8 to 2.0 µWm-3. The high radiogenic heat 
production in shale was as a result of high concentration of 
radioactive elements. The sandstone zone was deficient of 
radioactive elements and this resulted in the low value. The 
plot of depth against radiogenic heat production was 
scattered and it also showed an increase with depth. The 
increase was due to high shale lithology at greater depth of 
the Agbada Formation and the shale in the Akata Formation. A 
linear relationship was established for the radiogenic heat 
production and the product of gamma ray and density logs for 
the study Area. The relationship can be used if gamma ray 
spectral logs are not available. 
Keywords: radioactive elements, heat production, well 
logs, niger delta, radiogenic heat. 

I. Introduction 

eothermal data have been used widely by 
geoscientists to provide information on 
temperature variations within the earth and 

thermal history of a sedimentary basin. Thermal history 
of a sedimentary basin is very important in the analysis 
of the organic compound maturity. The maturity of 
organic compound can be described as a gradual 
process which involves the release of hydrocarbons 
from buried organic materials (Beards more and Cull, 
2001; Deming, 1994). Of the heat observed flowing out 
through the surface of the Earth about 40% originates 
within the outer crust (Pollack and Chapman, 1977). The 
heat produced by radioactive isotopic decay forms the 
dominant part, but there are also contributions from the 
friction of in traplate strain and plate motions, and heats 
from exothermic, metamorphic, diagenetic and other 
processes (Hamza and Beck, 1972).  

Most heat flow analysis of sedimentary basins 
do not take into account the contribution from 
radioactive  elements.  Heat  generated by the decay  of  
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naturally radioactive elements in the earth’s crust 
contributes significantly toterrestrial heat flow. Therefore 
the amount of heat flow in a basin should be 
constrained with the radiogenic heat production in order 
to provide a better understanding of the total heat 
budget (Biicker and Rybach, 1996).. Heat is generated 
in rocks through the radioactive decay of unstable 
isotopes that release energy in the form of alpha, beta 
and gamma particles, neutrinos and antineutrinos 
through the decay of radioactive elements such as 
uranium (238U), thorium (232Th) and potassium (40K). 
Rocks are transparent to neutrinos and antineutrinos 
such that most of the energy from these particles is lost 
into space. However, the surrounding rocks absorb the 
kinetic energy associated with the other particles which 
is later converted to radiogenic heat (Rybach, 1986).The 
energy released by the decay of the uranium isotope is 
far greater than that released by thorium, which in turn is 
greater than that of potassium. However, the relative 
contributions of each isotope to the total heat generation 
are of the same order of magnitude due to their relative 
abundance in crustal rocks. Radiogenic heat production 
can be estimated from the natural gamma spectrometer 
(NGS) and/or gamma ray logs. The natural gamma 
spectrometer records the total count and frequency 
distribution of gamma rays and uses the data to 
estimate the absolute abundance by mass of each 
gamma-producing element in the rocks. The results are 
generally output as three logs - URAN (ppm uranium), 
THOR (ppm thorium) and POTA (percentage 
potassium). The gamma-ray energy spectrum emitted 
from a rock is the sum of the individual characteristic 
spectra of the radiogenic components.  The objectives 
of this research are to determine the radiogenic heat 
generation in some hydrocarbon exploratory oil wells 
and to establish a relationship between radiogenic heat 
production and the product of gamma ray and density 
logs in part of Niger delta sedimentary basin. 

II. Summary of the Geology of the Niger 
Delta 

The study area is located within the Niger Delta 
sedimentary basin. Figure 1 is a map of the Niger Delta 
showing study area. The Niger Delta is the youngest 
sedimentary basin within the Benue Trough system.  Its 
development began after the Eocene tectonic phase 
(Ekweozor and Daukoru, 1994; Doust and Omatsola, 
1990). Up to 12km of deltaic and shallow marine 
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sediments have been accumulated in the basin. The 
Niger and Benue Rivers is the main supplier of 
sediments.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Map Of Nigeria Showing Niger Delta And Study Area

 

The tertiary section of Niger Delta is divided into 
three Formations (Fig. 2.) representing prograding 
depositional facies that are distinguished based on 
sand – shale ratios (Short and Stauble, 1965). The 
Formations are Benin, Agbada and Akata Formations 
(Ekweozor and Daukoru, 1994;Kulke, 1995).  The Benin 
Formation is the youngest of the Delta sequence. It 
outcrops in Benin, Onitsha and Owerri provinces in 
Niger Delta area. It consists mainly of sand and gravels 
with thickness ranging from 0 - 2100m. The sands and 
sandstones in this Formation are coarse – fine and 
commonly granular in texture and partly unconsolidated. 
Mostly found in the Benin formation are feldspars, 
hemalites, lignite streak and limonite coatings. Very little 
oil has been found in the Benin formation, and the 
formation is generally water bearing. It is the major 
source of portable water in the Delta area (Doust and 
Omatsola, 1990).
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Study Area



 Fig.2 : Stratigraphic setting of Niger Delta showing the three formations of Niger Delta (modified after Doust 
and Omatsola,1990)

The Agbada Formation is the major host of 
Niger Delta hydrocarbon and it consists of alternation of 
sandstones and shale. The deposition of Agbada 
Formation began in Eocene and continues into 
Pleistocene. In the lower portion, shale and sandstone 
beds were deposited in equal proportions. However, the 
upper portion is mostly with only minor shale interbed. 
Its thickness ranges from 300m – 4500m (Short and 
Stauble, 1965). 

The Akata Formation forms the base of the 
transgressive lithologic unit of the Delta complex. It is of 
marine origin and it is made up of thick shale sequence 
(potential source rock), turbidite sand (potential reservoir 
in deep water) and minor amount of clay and silt 
(Avbovbo, 1978). Beginning in the Paleocene and 
through the recent, the Akata Formation was formed 
when terrestrial organic matter and clays were 
transported to deep water areas characterised by low 

energy conditions and oxygen deficiency. The 
approximate range of thickness is from 0 – 6000m and 
the formation crops out subsea in the outer Delta area 
but rarely seen onshore. The formation outlies the entire 
Delta, and is typically overpressured.

III. Materials and Methods 

The quantity of heat generated by radioactive 
elements is a function of the quantities present, their rate 
of decay and the energies of emission. According to 
Beardsome and Cull (2001), the radiogenic heat 
generation A is related to the natural gamma ray 
spectrometer (NGS) as 

             A = 10-3*ρ*(96.7Cu+ 26.3CTh+ 35.0CK)           (1) 

Where,
A     =   Radiogenic heat production (µWm-3)
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Cu   =   Concentration of Uranium in parts per million 
CTh= Concentration of thorium in parts per million 
CK= Concentration of potassium in percentage 
ρ  =  Density in gcm-1 

The applications of equation 1 for the 
computation of heat production in sedimentary basin by 
the decay of radioactive elements depend on the 
availability of spectral gamma ray data. Most time these 
data are not available and therefore an alternative 
formula has to be applied. Rybach (1986) obtained a 
relationship between radiogenic heat production by 
radioactive substances and gamma ray intensity of the 
samples. The relationship was further modified by 
Biicker and Rybach (1996) as 

                          𝐴𝐴 = 0.0158(𝐺𝐺𝐺𝐺 − 0.8)                           (2)                                                                             

Where  

GR = gamma ray value (API) 
The gamma ray reading is related to the 

naturalgamma ray spectral values (Beardsmore and 
Cull, 2001) by the equation  

𝐺𝐺𝐺𝐺 = 𝑋𝑋(𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 + (0.13𝑇𝑇ℎ𝑃𝑃𝑜𝑜𝑃𝑃𝑃𝑃𝑃𝑃) + (0.36𝑈𝑈𝑜𝑜𝑃𝑃𝑈𝑈𝑃𝑃𝑃𝑃𝑃𝑃))    (3)

Where X is proportionality constant (though not 
really constant) and it depends on the distance into the 
rock that the well log tool is able to detect. The distance 
is also a function of the rock density, energy of the 
emissions and the tool type (Serra, 1984).The value of A 
can be related to the gamma ray (GR) value by 
combining equation 1 and 3 as; 

𝐴𝐴 = 0.035𝜌𝜌(𝐺𝐺𝐺𝐺)(𝑌𝑌
𝑋𝑋

) (4) 

Where 

                Y =Potassium + (0.751Thorium + 2.76Uranium)/(Potassium + 0.13Thorium + 0.36Uranium)               (5) 

= Radiogenic factor 

Equation 4 can also be written as 

𝐴𝐴 = 𝐾𝐾𝜌𝜌(𝐺𝐺𝐺𝐺) (6) 

Where 

                                                                 𝐾𝐾 = 0.035 ∗ �𝑌𝑌
𝑋𝑋
�    =   𝐴𝐴/(𝐺𝐺𝐺𝐺 ∗ 𝜌𝜌)                                                                    (7) 

The radioactive heat generation in the 
sedimentary succession was determined from total 
gamma-ray logs available from three wells using 
equation 1. Attempt was also made to determine the 
value of K from available density and gamma ray logs 
for the study Area. The logs were obtained from Agip Oil 
Producing Company, Nigeria. 

IV.  Result and Discussion 

To obtained accurate value and overall 
understanding of the heat flow in a sedimentary basin 
and the temperature gradient, the amount of heat 
generated by the sediments themselves is an important 
component, which needs to be calculated and 
quantified. Clastic sediments can provide reasonable 
amount of the total heat flow where sediment basins are 
deep. The depth of the gamma ray logs used for this 
work ranges between 1000 to 3000 metres. The depth of 
the density log varies between the depth 1900 – 2700 
metres for wells 1 and 3 respectively while the depth is 
1200 -3000 metres for well 2.The major lithology 
observed in the gamma ray logs are sand, shale and 
sandy shale. The gamma ray value ranges between 20 -
160 API while the density log reading varies between 1.7 
– 2.5g/cm3. 

The heat values were computed for the total 
length of the wells where there is gamma ray readings. 
The plots of the computed radiogenic heat versus depth 
for the three wells are shown in Figures 3-5. The values 

ranges from 0.35 to 2.0 µWm-3for well 1, 0.34 to 
1.78µWm-3 for well 2 and 0.24 to 2.0µWm-3 for well 3. 
The average radiogenic heat production ranges 
between 0.3 to 1.93µWm-3.  Due to the scattered nature 
of the values, it was not possible to fit a trend to the 
plots. This is an indication of the complex variation of the 
radiogenic heat production with depth. The low heat 
generation with value ranging from0.24 to 0.7 µWm-3 is 
due to sand lithology. The maximum heat generation 
occurred in the Shale lithology with values ranging from 
0.8 to 2.0 µWm-3. The high radiogenic heat production in 
shale is expected because of its high concentration of 
radioactive elements. The value in sand lithology also 
corresponds to the low radioactive element associated 
with it. Similarly the low and high radiometric heat 
production observed in the wells can be attributed to the 
alternation of sand and shale lithology in the Agbada 
Formation. 

From equation 5, the value of k was computed 
from the radiogenic heat and the available gamma ray 
and density logs in the corresponding well. The plot of k 
versus well depth is shown in Figures 6-8 for the three 
wells. The value of K ranges from 0.006 to 0.008 with a 
mean value of 0.007 for the three wells. The graphs 
show that the value of K is constant with depth. The 
implication of this constant value is that a plot of the 
radiogenic heat production versus the product of 
gamma ray and density will approximate a straight line 
with a mean gradient of 0.007. Therefore the general 
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equation for radiogenic heat production from gamma 
ray and density logs (equation 6) for the Niger Delta is 
given as 

             A = K (ρx GR)    = 0.007(ρxGR)                                                                                     

The gradient of A versus RHOB x GR is 
dependent only on the relative proportions of the 
radioactive elements in the sediment. The radiogenic 
heat production is high at greater  
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Fig. 3 : Plot of depth versus radiogenic heat production for well 1

Fig. 4 : Plot of depth versus radiogenic heat production for well 2

(8)
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Fig. 5 : Plot of depth versus radiogenic heat production for well 3

Fig. 6 : Plot of depth versus K values for well 1
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Fig. 7 : Plot of depth versus K values for well 2

Fig. 8 : Plot of depth versus K values for well 3
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Depth in the graph. This can be attributed to 
high shale lithology toward the base of the Agbada and 
top of the Akata Formations in the Niger Delta. 

 

Comparison of the computed radiogenic heat 
flow for the study area (part of the Niger Delta) shows 
that the value is consistent with that obtained for other 
basins. For example, the radiogenic heat production 
classification by Ehinola et al., (2005) is equivalent to 
1.688 µWm-3

 

for low generation sediments and greater 
than 3.37 µWm-3 for high generation sediment. Keen and 
Lewis (1982) observed that the heat generation from 
sediments of continental margin of Eastern North 
American ranges between 0.3 µWm-3for limestone to 
1.4-1.8 µWm-3  for shale. According to Zhang (1993), the 
heat generated for Cenozoic and Mesozoic lacustrine 
sediments in Chinese basins ranges from 1.02-3.28 
µWm-3. Furthermore, the radiogenic heat production 
estimated from the concentration of the radioactive 
elements obtained from log data ranges between 0.17 
and 1.90 µWm-3with an average of 0.90 for Chad Basin, 
Nigeria (Ali and Orazulike, 2010). Similarly, Chapman 
and Polack (1975) obtained radiogenic heat production 
ranging from 0.96 to 1.8 µWm-3 for Precambrian site on 
the exposed West African Craton.

 

IV. Conclusion

 

Heat generated as a result of the decay of 
naturally radioactive elements in the earth’s crust 
contributes significantly to terrestrial heat flow. Heat 
production estimated from gamma ray logs in part of 
Niger Delta ranges between 0.24µWm-3

 

and 2.0µWm-3. 
The average radiogenic heat production ranges 
between 0.3 to 1.93µWm-3. The computed radiogenic 
heat production in this study area correlated very well 
with the results from other basin. The relationship 
established for the radiogenic heat production and the 
product of gamma ray and density logs can be used if 
gamma ray spectral logs are not available. Further 
research in radiogenic heat production should be based 
on natural gamma ray spectral.
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Dielectric and Radiative Properties of surface 
Water over the Persian Gulf at L-Band 

Ali Rezaei - Latifi 

Abstract- For microwave remote sensing applications over the 
ocean using radars and radiometers, a precise knowledge of 
dielectric and radiative Properties of surface water is required. 
In present work, spatial and temporal variability of the complex 
permittivity  and refractive index , as well as reflectivity of  
Persian Gulf water for  normal incidence, at L-Band (1.4 GHz), 
which has not been investigated before, is studied by using an 
empirical model. The calculations results indicate a relatively 
significant spatial and   seasonal variability in the dielectric and 
radiative properties of the Gulf due to large variations in 
temperature and salinity of surface water. The mean real 
refractive index n over the Gulf surface water varies from   a 
minimum value of 7.295 in December to a maximum value of 
7.875 in June with annual mean of 7.581. The extinction 
coefficient  k reaches maximum value of 2.036 in June and  
minimum value of 1/303 in January and its annual mean over 
the Persian Gulf is 1.674. 
Keywords: permittivity, refractive index, reflectivity, 
persian gulf, L-band. 

I. Introduction 

nowledge of dielectric properties of water is 
essential for calculating the radiative transfer  
coefficient of microwave radiation that is emitted  

by the ocean surface. Basis for the dielectric properties 
of a medium is its complex relative permittivity. 
Permittivity determines such intrinsic characteristics of 
the medium as skin (and penetration) depth, 
impedance, refractive index, etc. These quantities 
control the attenuation due to absorption and scattering 
and the transmission and reflection of the 
electromagnetic (EM) radiation in the medium. These 
radiative processes affect, in turn, the energy lost in and 
then emitted by the medium (Magdalena and Peter 
2012).The real part of permittivity is known as the 
dielectric constant ε ′ and is a measure of the ability of a 
material to be polarized and store energy. The imaginary 
part ε ′′ is a measure of the ability of the material to 
dissipate stored energy into heat. 

Permittivity models for the permittivity of 
aqueous saline solutions and seawater given by Klien 
and Swift (1997), Stogryn (1971), Ellison et al. (1998), 
Meissner & Wenz (2004) and Blanch & Aguasca (2004) 
were studied.  These models provide the relative 
permittivity and conductivity of seawater at particular 

microwave frequency as a function of the salinity and 
temperature. These models are based upon 
experimental data, performed by respective authors as 
well as the laboratory data others. The experimental 
data were fitted to empirical and theoretical expressions 
for

 

calculation of relative permittivity of seawater for any 
frequency, salinity and temperature value desired. The 
Klien and swift (K&S) model is widely used for seawater 
dielectric coefficients. Comparison of measurement 
results with this

 

model shows that real part is well in 
agreement. However, the experimental loss factor is

 
slightly higher compared with the theoretical model 
(Joshi et al. 2012, Lang et al. 2003).  Comparison 
between  Blanch

 

&

 

Aguasca(B&A)  model with the other 
existing ones, on the other hand, showed  that  B&A 
model is close  to the K& B model  for the real part of 
permittivity and a bit high absolute values for imaginary 
part than the  K&S model.

 

Therefore the B&A model

 
appears to be more accurate than well-known model of 
K&S.

 
The Persian Gulf is an important military, 

economic and political

 

region owing to its oil and gas 
resources and is one of the

 

busiest waterways in the 
world. Countries bordering the Persian

 

Gulf are the 
United Arab Emirates(UAE), Saudi Arabia, Qatar,

 
Bahrain, Kuwait

 

and Iraq on one side and Iran on the 
other

 

side (Fig. 1).The average depth of the Gulf is 36 m. 
Extensive shallow regions, <20m deep, are

 

found along 
the coast of United Arab Emirates, around Bahrain, and 
at the

 

head of the Gulf. Deeper portions, >40m deep, 
are foundalong the Iranian coast continuing into the 
Strait of Hormuz,

 

which has a width of  ~56 km and 
connects the Persian Gulfvia the Gulf of Oman with the 
northern Indian Ocean (Kampf and Sadrinasab 2006). 
The Persian Gulf is one of the most saline water masses 
in world ocean and due to   its shallow nature and sub-
tropical climate both the salinity and temperature  
experiences  dramatic spatial and temporal variations 

     
(Hassanzadeh et al 2011, Hosseinibalam et al. 2011).
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Fig. 1: Bathymetry and map of the Persian Gulf 

In this work, spatial and  seasonal variability of 
the complex permittivity and refractive index of Persian 
Gulf water in the long wavelength end of the microwave 
spectrum (1.4 GHz, L-band), is investigated by using   
empirical model  of  B&A. The salinity and temperature  
data of Persian Gulf water are required in order to 
calculate the relative permittivity and refractive index. 
Unfortunately, field data of salinity and temperature in 
the Persian Gulf are scare and sparse. Thus, we use 
numerical data obtained from our previous work for 
estimation of permittivity. These data are in  a relatively 
good agreement with limited direct measurements in the 
Persian Gulf (Hassanzadeh et al. 2011, Hosseinibalam 
et al. 2011, Hassanzadeh et al. 2012). 

The outline of this paper is as follows. In section 
2 the permittivity model reported by Blanch and 
Aguasca and the formulas required to estimate the 
refractive indexis presented. The results of calculation of 
parts of real and imaginary of permittivity and refractive  
index over the Persian Gulf are analyzed in section 3. 
The last section provides the conclusion. 

II. Materials and Methods 

As mentioned earlier, In order to calculate the 
complex permittivity are required the salinity and 
temperature data. We previously simulated these data 
by using a 3-dimensional numerical model. The model is 
based on hydrostatic versions of the Navier-Stokes 
equations that embrace conservation equations for 
momentum, volume, heat and salt. See our previous 

works for details on how to set up and run the numerical 
model Gulf (Hassanzadeh et al. 2011, Hosseinibalam et 
al. 2011, Hassanzadeh et al. 2012). The Blanch and 
Aguasca (2004) model, which is used to compute the 
complex permittivity together with formulas of refractive 
index are described as follows. 

a) Blanch and  Aguasca model 
The dielectric properties of the liquids described 

by the Debye model (1926). 

         01
ˆ

ωε
σ

τ
εε

εεεε j
jw

j s −
+
−

+=′′−′= ∞
∞         (1-2) 

Where ∞ε is the permittivity at optical 
frequencies,

 sε  
is the static permittivity, τ

 
is the 

relaxation time and σ
 
the ionic conductivity. The value 

of ∞ε is assumed to be constant, independent of salinity 
and temperature (its exact value is not critical in   L-

narrowband, GHZGHZ 5.25.0 ≤≤ν ) and equal to 
4.9. The , sε and τ are both modeled as product of the  
values for distilled water and a term that depends on 
temperature (T) and salinity (S):

 

                       

),().0,(),(

),().0,(),(

STbTST

STaTST ss

ττ

εε

=

=
            

 (2-2)
                                                                             

The conductivity follows an exponential law.
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φσσ −= eSST ).,25(),(                      (3-2)



                      

                                                                        According to the above equations, the seawater 
permittivity is a function of frequency, temperature and 
salinity. Blanch and Aguasca (2004) performed a lot of 
measurements in

 

wide range of values those 

parameters in order to obtain the coefficients of the 
permittivity model. Final results in GHZGHZ 5.25.0 ≤≤ν

 are:
 

                           
35231 10812.310912.110436.338.87)0,( TTTTs

−−− ×+×−×−=ε                                    (4-2)
 

                           
2535 100596.3109073.3101552.11),( SSTSSTa −−− ×+×−×+=                                      (5-2)

 

                         psTTTT 35221 10098.910084.11078.5385.17)0,( −−− ×−×+×−=τ                           (6-2)
 

                           
2534 10625.5103871.2109832.21),( SSSTSTb −−− ×+×−×+=                                       (7-2)

 

                             
35231 1046.31035.21090.1),25( SSSS −−− ×+×−×=σ                                                     (8-2)

 

                        )]109946.6100024.1(106532.1109479.1[ 7642 ∆×+×−−∆×+×∆= −−−− Sφ                    (9-2)

Where 

                                                                                   T−=∆ 25                                                                            (10-2) 

It should be noted that according to equation (1-2) the real and imaginary parts of the relative permittivity are 
as follows: 

                                                             ),(41
),(),(

),( 222 ST
STST

ST s

τυπ
εε

εε
+

−
+=′ ∞

∞

                                                     
(11-2) 
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πυτεε
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+
−

=′′ ∞

                                                 

(12-2)

                                        

b) Complex refractive  index  

The refractive index of a material is the factor 
that relates the phase velocity of electromagnetic 
radiation in that material, relative to its velocity in another 
medium or material. The absolute refractive index is 
relative to the velocity of light in the vacuum. The 
refractive index is a complex value, kjnn −=ˆ .Here the 
real part n is the refractive index indicating the phase 
velocity as above, while the imaginary part k is called the 
extinction coefficient, which indicates the amount of 
absorption loss when the electromagnetic wave 

propagates through the material )1( −=j . 

The complex  refractive index  kjnn −=ˆ  and 

complex relative permittivity εεε ′′−′= jˆ  are related 
following relation (John et al.  2008): 

                                       
2ˆˆ n=ε                            (13-2) 

By equating  the real and imaginary parts  we get: 

                                 
22 kn −=′ε                          (14-2) 

                                 nk2=′′ε                              
 
(15-2)

 

These equations can be solved for n and k:
 

              
2

1
2

1 }1])(1{[)( 22
1

2 ++= ′
′′′

ε
εεn               (16-2) 

            
2

1
2

1 }1])(1{[)( 22
1

2 −+= ′
′′′

ε
εεk                 (17-2) 

In addition, for normal incidence, the reflectivity 
is given by  

                              
22

22

)1(
)1(

kn
knr

++
+−

=
                    

(18-2)                                                                                                               

For reflection atangles of incidence other than 
normal incidence, the reflection coefficient depends on 
the polarization of the electric field relative to surface. 

III. Results 

a) Variability of the relative permittivity 

The calculations results indicate a significant 
spatial and temporal variability in the dielectric constant 
ɛʹ and dielectric loss ɛʺ of the Persian Gulf at L-band (1.4 
GHZ) due to large seasonal variations in temperature 
and salinity of surface water. The mean dielectric 
constant attains a minimum and maximum value during 
the summer and winter respectively, and   varies from 
68.18 in June to 71.81 in late January (Fig2 and table 1).  
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The dielectric loss  ɛʺ varies from 73.85 in  January to 
93.44 in June (table 1). Dielectric loss temporal 
variability of Persian Gulf water is stronger than dielectric 
constant and it gets maximum values in  June-August  
and minimum values in months of December-January 
(Fig. 3). The comparison between figures 2 and 3 shows  
that a inverse relationship exists between real and 
imaginary parts of permittivity so that when  one of two 
increases, the other variable decreases, and vice versa. 
In addition,   analyses of obtained results indicate in  L-

band   the dielectric constant of the  Persian Gulf water  
usually decreases with increase in salinity, whereas the 
dielectric loss  of water increases with increase in 
salinity. Conversely,the dielectric constant goes higher 
to lower value and dielectric loss  lower to higher with  
increase in the values of temperature. These results are 
in agreement with previous theoretical and experimental 
researches (Blanch and Aguasca 2004, Joshi et al. 
2012, Gadani et al. 2012).

Fig. 2: Time series of domain-averaged  dielectric constant ε ′ at L-band

Fig. 3: Time series of domain-averaged dielectric loss ε ′′ at L-band



Table 1: Monthly surface  mean of Dielectri constant  ε ′ , dielectric loss ε ′′ ,  real refractive index n,  extinction 
coefficient k, Temperature T and  salinity S of the Persian Gulf

Month ε ′
 

ε ′′
 

n k T S 
December 71.77 74.25 7.306 1.315 19.47 38.83 

January 71.78 73.85 7.295 1.303 19.43 38.65 
February 71.73 76.98 7.377 1.413 21.91 38.61 

March 70.36 81.11 7.493 1.562 24.59 38.82 
April 69.62 84.79 7.601 1.667 27.22 38.91 
May 68.82 88.97 7.729 1.863 30.14 38.97 
June 68.18 93.44 7.875 2.036 32.34 39.51 
July 68.32 93.35 7.873 2.028 31.70 39.84 

August 68.43 92.91 7.859 2.010 31.28 39.91 
September 69.22 88.16 7.707 1.824 28.42 39.65 

October 70.13 82.96 7.549 1.627 24.69 39.33 
November 71.04 78.10 7.410 1.450 22.03 39.09 

 

  
 

  

 

  

 

  

 

 

 

 

 

Fig. 4:

 

Time series of domain-averaged  salinity over the Persian Gulf
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The salinity and temperature of Persian Gulf 
water  significantly change due to  factors such as  
inflow seasonal variations  of low- salinity surface water  
of Indian Ocean (<37)  into the Gulf  through the 
Hormuz Strait, the seasonal changes in the weather and 
the turbulence mixing  processes (figs. 4,5 and table 1). 
Gulf-averaged temperature follows the seasonal cycle of 
incident solar radiation and it attains its minimum and 
maximum values in months of December- January and 
June- August, respectively (Fig. 5).Gulf-averaged 
salinity, on the other hand, attains minimum values 
during January-March and maximum values June-
August each year (Fig. 4). In general, Surface water of 
Persian Gulf is saltier in autumn and early winter than 
spring. In addition, the field and numerical studies 
indicate that salinity over the northeast areas in winter is 
saltier than spring and early summer (Hasanzadeh et al. 
2011, Swift and Bower 2003).  A Main reason  for this  
unusual phenomenon is  inflow increase of low- salinity 

surface water  of Indian Ocean (<37)  into the Gulf  
through the Hormuz Strait over  the  months of  spring 
and summer due to increase in evaporation rate, and  a 
significant reduction of inflow in autumn. The other 
reason is the action of lateral and vertical mixing eddies 
generated by the wind forcing and thermohaline fluxes 
in winter and autumn. during spring and summer, the 
density is strongly stratified and established a vertically 
baroclinic stability in the Gulf, mainly as are sult of the 
strong surface heating. In winter and autumn, together 
with a weakening density contrast, under the influence 
the atmospheric cooling, the turbulence mixing 
processes in the Gulf occur and rapidly deepen the 
surface mixed layer. Since lower layers are saltier than 
surface water, the deepening of the mixed layer leads to 
an increase in the salinity of the surface. Effects of 
precipitation and river run-off on salinity changes are 
negligible on a Gulf-wide scale.



Fig.

 

5:

 

Time series of domain-averaged  temperature over the Persian Gulf

Fig. 6 indicates 

 

spatial distribution of dielectric 
constant in the middle of each season. In winter, spatial 
distribution of dielectric constant is weaker than the 
other seasons

 

due to of lateral and vertical mixing 
eddies generated by the wind and thermohaline forcing. 
In spring and summer, increasing the weather 
temperature the static stability of water increases as a 
result, the lateral stratification is rein

 

forced

 

and  
dielectric constant gradually decreases from Iran coasts 
toward southern shallow regions.

 

In autumn, this regular 
stratification relatively decreases under the action of  
mesoscale eddies that start to form in this season.

 

with 
the exception of  small area in the northern end,

 

both 
Minimum and maximum  dielectric constant with values 
of 68 and 72.2, usually   are find  over  southern shallow 
regions  along the  UAE and Bahrain coasts in summer 
and winter, respectively. This is

 

mainly  due to

 

shallow 
nature and large temperature

 

difference of 16oC 
between summer and winter in these regions.
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Fig. 6: The surface dielectric constant at L-band on (a) January 15, (b) April 15, (c) July 15 and (d) October 15

Spatial variability of dielectric loss at L-band is 
shown in fig. 7. Contrary to dielectric constant, the 
dielectric loss decreases from  southern shallow parts to 
northeast deep regions. Spatial distribution of imaginary 
part of permittivity is to some extent uniform and varies 
about 72-74 over most parts of the Gulf in winter. With 
the exception of small area at the northwest end and
south, almost a  two-layer structure  of dielectric loss is 
formed at most  areas of the Gulf in Spring, with value of 
80-85 within northeast regions and 85-90 over  the other 
places of the Gulf. spatial variability in summer  is 
stronger than  the other seasons so that   loss difference 
between southern and northeast areas reach about 20 
on July 15. Main reasons for this relatively strong 
stratification are significant increase of salinity and 
temperature  over  the shallow regions and  increase of 
low-salinity in flow from Hormuz Strait toward Iran 
coasts(Hasanzadeh et al. 2011, Swift and Bower 2003). 
In autumn, under  the effects of lateral stirring of 
mesoscale eddies and convective deepening of the 
surface mixed layer  the  lateral contrast of dielectric  
lossis weakened and its value  in most areas of  gulf is 
about 82-86.
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Fig. 7: The surface dielectric loss at L-band on (a) January 15, (b) April 15, (c) July 15 and (d) October 15

b) Variability of the refractive  index
The domain-averaged of  real refractive index  n 

over the Gulf surface water varies form  minimum value 
of 7.295 in December to maximum value of 7.875 in 
June (Fig.8 and table 1). The annual mean of basin-
averaged is 7.581 at L-band. The highest rate of  
temporal variation of n is related to the spring months 
and its variability in summer months  is relatively weak. 
Temporal variability of   basin-averaged of imaginary 
refractive index k to a large extent qualitatively is similar 
to its counterpart n and as the real refractive index n, its 
variation rate is faster in spring (Fig. 9). This rapid 
changes in complex permittivity and refractive index in 
spring  mainly related to a temperature increase of more 
than 6°C  from March to June. The imaginary refractive 
index reach maximum value of 2.036 in June and  
minimum value of 1/303 in January and its annual mean 
over the Persian Gulf is 1.674.



  

Fig. 9:

 

Time series of domain-averaged of   the  imaginary  part of complex refractive index   k over the Persian Gulf

 

Figures 10 and 11 show spatial variability of 
parts of real and imaginary refractive index over the Gulf. 
In mid-winter the complex refractive index  of surface 
water is relatively uniform and  its real and imaginary 
parts have values of 7.3 and 1.3 respectively, at most 
areas of the Gulf.In mid-spring, both  real and imaginary  
part of the refractive index from northern deep regions 
toward southern shallow regions increases by 0.5. The 
spatial distribution of real and imaginary of refractive 
index in mid-summer is almost similar to mid-spring but 
they both increase about 0.3-0.5. In autumn, over 
narrow region  along the Iran coast  real refractive index  
is about 7.4 and in other places with the exception 
southern shallow near at theUAE is abut  7.6. In 
addition, at Iranian half of he Gulf theextinction 
coefficient k is about 1.4 and at other regions varies 
from 1.7 to 2.1 in this season.Totally, temporal variability 
the complex refractive index over shallow regions of Gulf 
is more than deep regions.

 
 

  

1

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
V
I   

Is
s u
e 

  
  
er

sio
n 

I
V

I
Y
ea

r
20

16

© 2016    Global Journals Inc.  (US)

73

  
 

( A
)

Dielectric and Radiative Properties of Surface Water  over the Persian Gulf  at L-Band

Fig. 8: Time series of domain-averaged of  the  real part of complex refractive index   n at  the Persian Gulf
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Fig. 10: Spatial distribution  real refractive index of surface water of the Persian Gulf  n at L-band on (a) January 15, 
(b) April 15, (c) July 15 and (d) October 15
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Fig. 11: Spatial distribution  the extinction coefficient of  surface water of the Persian Gulf  k at L-band on (a) January 
15, (b) April 15, (c) July 15 and (d) October 15

Now, with these values of n and k, we can 
calculate the reflectivity of Persian Gulf water for normal 
incidence at L-band by using equation  (18-2).As can be 
seen from Fig.12, the  normal reflectivity  in mid-spring 
varies from 0.823 at the  regions close to UAE coast and 
Bahrain–Qatar shelf to  0.830 in the northwestern end  
close to Arvand Roud. Furthermore, the reflectivity of  
waterwithin the Iranian half of Gulf is slightly more than 
the Southern half close to Arabian countries coasts. 
Figure 13 shows temporal variability of reflectivity mean 
over the Gulf. The reflection coefficient mean  reaches a 
maximum value of 0.828  on January and a minimum 
value of 0.824 on June-August months. In addition, its 
variability during summer months is very weak. 
Relatively high value of reflectivity is as a result of high 
real refractive and low imaginary refractive of the surface 
water over the Gulf.



 

IV.

 

Conclusion

 

Knowledge of the microwave dielectric 
Properties of ocean surface is crucial for the 
measurement of ocean environmental parameters from 
both spaceborne and airborne microwave radiometers 
and to understand the properties of radio wave 
propagation in seawater. Here, at first the complex 
permittivity was calculated by using Blanch and 
Aguasca model. All data   needed for the model were 
provided by using a hydrodynamic 3-D numerical model 
described in our previous papers (Hassanzadeh et al. 
2011, Hosseinibalam et al. 2011, Hassanzadeh et al. 
2012). Then, permittivity results were used to calculate 
imaginary and real parts of the refractive index. Finally, 
these values were employed

 

to estimate reflectivity for 
normal incidence.

 

The calculation results indicate that dielectric  
loss 

 

temporal variability of Persian Gulf water is stronger  
than dielectric constant  and it gets maximum values in  
June-August  and minimum values in months of 

December-January.

 

The mean dielectric constant

 

ɛʹ

 

attains a minimum and maximum value during the  
summer and winter respectively, and   varies from 68.18 
in June  to 71.81  in late January.  The dielectric loss  ɛʺ

 

© 2016    Global Journals Inc.  (US)

76

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
Y
ea

r
20

16
X
V
I   

Is
s u

e 
  
  
er

sio
n 

I
V

I
( A

)
Dielectric and Radiative Properties of Surface Water  over the Persian Gulf  at L-Band

Fig. 12: Spatial variability of reflectivity  of Persian Gulf water for normal incidence at L-band   on April 15

Fig. 13: Time series of domain-averaged   reflectivity over the Persian Gulf

varies from 73.85 in  January to 93.44 in June.  Contrary 
to dielectric constant, the dielectric loss decreases from 
southern shallow parts to northeast deep regions. In 
winter and autumn due  to weak static stability 
conditions  and under  the effects of lateral stirring of 
mesoscale, dielectric properties of Persian Gulf water   
is more uniform than spring and summer. Totally, 
temporal variability the complex refractive index and 
permittivity over shallow regions of Gulf is more than 
deep regions due to large variations of salinity and 
temperature. Thereal refractive index mean over the Gulf 
surface water varies form  minimum value of 7.295 in 
December to maximum value of 7.875 in June  and the 
its  annual mean  is 7.581 at L-band. The imaginary 
refractive index mean  reach maximum value of 2.036 in 
June  and  minimum value of 1/303 in January  with 



 

annual mean value of 1.674.  The normal reflectivity in 
mid-spring varies from 0.823 at regions close to UAE 
coast and Bahrain–Qatar shelf to 0.830 in the 
northwestern end  close to Arvand

 

Roud.
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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 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 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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• 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. 

• 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. 

• 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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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. 

 

 

Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper? 
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science 
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

1. Choosing the topic:
 
In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can 

have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can
 
be done by 

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I 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.

 

 

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

 

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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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.

 

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. 

 

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. 

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, I 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                    

29.
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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. 

 
 

 

 

 

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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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 
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. 

 

 

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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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. 
If 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:  

It 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. 

 

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. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A 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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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 
As forever, 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  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If 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  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure 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.  

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. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 
To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

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. 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get
rejected.  
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CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS INC. (US)

Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading 

solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after 

decision of Paper. This report will be the property of Global Journals Inc. (US).

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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