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High Energy K X-Ray Satellites

Zewdu Alamineh Fetene

Abstract- This study focus on High Energy K X-ray satellites
which are a particular category of characteristic X-ray. They
are emitted when an atom that has undergone multiple
ionization de excites. Simultaneous single ionization in the K-
shell and multiple ionization in the L-shell gives rise to K, X-ray
satellites. These can be studied only by high energy resolution
instruments  like crystal  spectrometry.  Experimental
investigations were carried out in this field by several workers
using photon, electron, and ion excitation modes. The
theoretical models to predict their energies and intensities
were developed. And also this work can show a clear
discrepancy between theoretical and experimental results in
the case of satellites formation from different shells. In case of
experimental instrumentation, WDXRF is the most accurate for
determining the energy and intensity of X-ray satellites. The
basic source of data was literature done by different scholars.

Keywords: x-ray satellites, spectrometers, energy ratio,
intensity ratio.

[. [NTRODUCTION

-ray spectroscopy has developed over the years in
to a powerful analytical tool with applications in a

wide range of fields like elemental analysis, study
of chemical structure, X-ray astronomy, plasma physics
etc. All aspects of X-ray spectra should be understood
in the finest detail possible to achieve maximum
accuracy in such analytical studies. Investigation of X-
ray satellites helps to further our understanding of inner
shell ionization. Basically this is happen when an atom
ionized simultaneously in different shells de-excites, X-
ray satellites are produced. The K, X-ray satellites or
non-diagram lines were first observed by electron
bombardment by Siegbahn and Stenstrom'. Wentzel?
was the first to interpret these lines as arising from multi-
ionized atoms having one or more L-shell vacancies in
addition to one K-shell vacancy. The absence of L-shell
electrons reduces the screening of the nuclear potential
felt by the remaining electrons and increases their
binding energies. K X-rays emitted due to transitions of
electrons from such states will be at higher energies
than the normal diagram line KL° and such lines are
called Ka satellite lines. Depending on the number of
L-shell vacancies in addition to a single K-shell vacancy,
these satellites are designated as K,L'(K,L)
K, L* (K LL), K.L® (K,LLL), ..., K L"(K,LLL......nL)
(where n Is the number of L vacancies). When n = 0, it
represents the normal diagram line Kal® (i.e. Kyia).
Similarly Kg satellites can be designated as KgL?,
KpL?2....KgL".

Author: Debre Tabor University, Department of Physical Science,
Ethiopia. e-mail: alamineh.zewdu36@gmail.com

It was widely believed that K, X-ray satellites or
non-diagram lines found in electron excitation do not
appear in fluorescent excitation®. However, later
experimental work showed that this was not true* °.
Further it was also concluded from measurements of
charge states of ions formed following photo-ionization,
that two or more electrons could be ejected with
considerable probability, when one photon is absorbed®.
In the early days for the measurement of the K, X-ray
satellites, photographic technique was used but
subsequently crystal spectrometers in combination with
continuous flow proportional counters were being used.

Several theoretical formalisms’ are available for
computing the energy shift of KaL® from the diagram
line KaL®: (a) Non-relativistic Hartee-Fock calculations,
(b) simple analytical model of Burch et al ® (c¢) modified
version of Burch, including relativistic effects, (d) self-
consistent field calculations of Bhattacharya et al °. In
addition to these there is a semi-empirical formula
proposed by Torok™ for the prediction of these energy
shifts, later discussed under theoretical models in detail.

Generally, these paper states the production of
K X-ray satellites, the correlation between experimental
and theoretical results of energy shifts for different Z-
values, and the dependence on mode of excitation,
chemical effects and Zsystematics of relative intensity
and energy shifts where the experimental results from
different literature have been considered.

[I.  EXPERIMENTAL DETAILS

Based on the fact that, when a beam of X-rays
is directed on to a sample, secondary fluorescent X-rays
are emitted at a series of wavelengths characteristic of
the element wunder investigation. The individual
components of the fluorescent X-radiation are separated
by means of an analyzing crystal, which diffracts them at
different angles according to their wavelengths. Each
wavelength refers to a different X-ray, the energy and
intensity of which can be measured by means of a
suitable detector placed in the appropriate position. The
basic facilities needed for such investigation are, X-ray
wavelength dispersive crystal spectrometer. The crystal
is so oriented as to reflect only one wavelength at a
given angle. By slowly rotating the crystal at one half the
angular speed of the detector, the various wavelengths
from the parallel beam of target X-rays are reflected, one
by one, as the crystal makes the appropriate angle for
each wavelength. The intensity at each wavelength can
then be measured with a suitable detector.

© 2015 Global Journals Inc. (US)
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a) Description of Crystal Spectrometer

This system consists of a plane crystal, a
continuous flow type proportional counter with a thin (1
micron) polypropylene window and an X-ray generator
with a suitable X-ray tube (Rh X-ray tube in the present
case). The system has a built-in provision to change the
crystal by operating an external switch without disturbing
the optimum conditions. Basically X-rays from the tube,
incident on the target, produce characteristic X-rays of
the target, which are made to fall on the plane crystal.
The diffracted rays from the crystal are detected by the
continuous flow type proportional counter maintained at
a constant pressure (1atmos) .

The radiation detector and the analyzing crystal
are mounted on a high precision goniometer which is an
instrument used to rotate both X-ray tube and the
detector from 0° to 148° (20) under a microprocessor
control. The goniometer is driven by a stepping motor
and it is possible to scan its full angular range, in either
direction. The goniometer is normally made to scan from
a lower angle to a higher angle. The fast bi-directional
facility available enables the goniometer to be used for
specific measurement at predetermined angles. In the
present experiment, in order to have correct peak
identification by way of angular accuracy, the
goniometer is set to proceed always in the same
direction to approach the selected angle. The
goniometer has the facility of scanning the spectrum in
20 steps of 0.01° to 1° with a required predetermined
time setting at each position'.

The crystal attenuator unit carries nine such
terminals each related to an attenuator for a particular
type of analyzing crystal, a mains connector and an
earth connection. X-rays are attenuated by air, and for
this reason, spectrometry is normally performed in a low
vacuum. The vacuum system is designed to maintain a
vacuum in the sample and crystal chambers while
measurements are being made. The system consists of
a vacuum pump, the air lock, the sample chamber, the
crystal chamber, the air filter and three valves. The air-
lock provides the means of transferring the sample to be
analyzed from the loading position in the air lock to the
sample turret without disturbing the vacuum. It is also
provided with several interlocking and safety features to
prevent faulty operation. The sample turret switch is a
four position rotary with one position corresponding to
each of the four samples. When the switch is set to a
selected position, the sample turret will be rotated by its
motor until the sample of interest is in the analyzing
position.

During experimental investigations the following
should be considered: Self-Absorption in the Sample: -

To correct for such an absorption', the following
expression is used:

I=1Io(u,t)” (1—eHob)

Where 1o = corrected intensity, | = observed intensity,
L = Mass Absorption Coefficient of the target materials
for the X-rays under study and t = thickness of the
sample (gm/cm?)

(:u-p)compound = ) M/{'(:up){'
i
where, W, is the fractional weight age and (i,); is the Mass
Absorption Coefficient of the constituent elements;

b) Crystal Reflectivity

The reflectivity of the crystal depends upon the
wavelength of the X-rays under analysis. This correction
is carried out assuming that the reflectivity is
proportional to the cube of the wavelength™. The
correction for reflection is small, so the net correction is
still smaller; Window Absorption: - This correction is
carried out employing the basic relation for absorption

Io = le #et

I is the observed intensity, u, is the Mass Absorption
Coefficient of the window material, t is the thickness of
the window (gm/cm?); Efficiency of the Detector:-
Because of the differences in the energies of X-ray lines
there may be differences in the quantum counting
efficiency of the counter for these energies. This
efficiency is wusually determined by estimating the
absorption in the gas of the counter.

[11. Di1sCuUSSION: THEORETICAL
COMPUTATIONS BASED ON SOME MODELS

a) Satellite Energies

Deustch™ has computed the energy shift of
K.L' satellite relative to K,L° diagram line using four
theoretical models for the elements in the Z range 10-32.
The salient features of these four models and Semi-
empirical Formula of Torok et al'® are presented briefly
as; HF- the Non-Relativistic Hartee—Fock Calculations:-
In this model intermediate coupling scheme is adopted
and only single configurations are employed. As the
contribution of 2S5 spectator hole to the satellite
spectrum was experimentally determined 8, 16 to be
negligible for the z range under consideration only 2p
spectator hole configurations were considered. The
energies for initial and final configurations were
computed using MCHF,; programme developed by
Froese . The satellite energy shift was calculated from
the following equation:

AE, = [EQAS~122P Yy —E@P D] -[EQAS ) —E@P™Y)],

where E(nl) and E(nln'l") were taken as the total energy
of the nl and nin'l’ Configurations respectively as

© 2015 Global Journals Inc. (US)

obtained from the programmed; B-S - the Simple
Analytical Model of Burch :- In this model the effective



charge of the long lived 2p spectator vacancy is
uniformly smeared over the 2p shell. This charged shell
is the source of a perturbing electrostatic potential which
shifts the inner levels of the atom none uniformly

causing the energy shifts of the satellite line relative to
the spectator less case of the diagram line. According to
Burch et al ® a vacancy the 2p shell produces a
perturbing potential,

Vop(r) = 7=t — 4mr~t ‘ pzp(r’)(.‘"\"2 —rr')dr’,

(where an integral tendes from r— o) where using hydrogen like wave functions,

pp(r) =2, (1)  rexp(=Zer)

After integration and normalization (by checking using
Ze
VZp(x) = (_
X
Where x = Zer/a, The binding energy shifts are given by
AK = 1s|V,p|1s
AL = 2p|V2p||2p

AM = 3p|Vzp|3p

v _ —4mp above V,,(r) equation will have)

1
) [1 - 2—4€'x(x3 +6x? + 18x + 24)|,

The removal of the 2p electron increases the
binding energy of each of the levels. The un shifted and
shifted K X-ray energies are indicated, making no
distinction between K, and K,. We use the sudden
approximation in which the transition energies are
defined as difference in binding energies. From these
the K,L' energy shift can be calculated as follows:

AK, L' = AK — AL, so this model yields for the shift,
AK, L' = 1.66Ze

Where Z, is the effective charge'” given by Z,=
Z —a., Where o is the Slater '® screening constant which
is taken as 4.15 for all Z; B-HF- Model :- This is a
modified version of the previous model of Burch,
developed by Deustch™ where relativistic effects were
included and Z dependent screening constant obtained
from HF calculations was used in place of the constant
value of 4.15; SCF- Self Consistent Field model:- This
model developed by Bhattaracharya et al® further
improved version of Burch’s model where analytic self-
consistent field wave functions were employed in place
of the screened hydrogenic functions used in all the
previous models. Relativistic effects were included in

this model; S-E- Semi — Empirical Formula of Torok et al:

- This semi-empirical formula based on graphical
systematic developed with an experimental data base
obtained by different authors by different modes of
excitation. It gives the shift as

AE (K, L") = 1530(Z — 6.828,

Where 6.828 is the screening constant taken in
place of 4.15, which Torok et a/'® claim resulted in better
agreement with experimental values.

Experimental energy shifts of KL satellites and
the calculated values after A(K,L) = 1.66Z;, = 1.66
(Z — 4.15)% have a significant difference. Here Z, = (Z-
4.15) is the effective charge at the L shell determined from the
Slater screening rules with i spectator holes one has to
multiply this A value by i, shows the equation

superimposed on the experimental values. At seven
vacancies the agreement with the experiments is quite
good. For better agreement other Z dependent effective
charges were used by several authors obtaining much
better agreement for single vacancy shift. These
investigators did not report the application of their
results for more vacancies.

From a systematic of the K, L' satellites and from
a single spectator hole, we obtained another similar
equation, again for equally spaced satellites,

A(K, L) = 1.530(Z — 6.828)

The following simple empirical calculation (with
an imposed effective Z) of the energy shift for the case
of i spectator L vacancies was obtained:-

AE(K,LY) = i x 1.530[Z + 0.5(i — 1) — 6.828]

Wherei,=1,2,3,...7

In the other cases, employing the simple
analytical model of Burch et a® described above, KglL'
satellite energy shifts can be computed from,

DKgL' = AK — AM.

From that model, for hydrogen like wave
functions, this turns out to be

AKgL' = 4.38Ze, (A Shifts in the binding energies)

© 2015 Global Journals Inc. (US)
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Using this relation these satellite energy shifts
are computed for Z range 19-25 taking the Slater’'s

screening constant ¢ = 4.15 in the relation Ze=Z-c
and also taking ¢ = 6.828 as suggested by Torok et a/*®.

Table 1 : Theoretical K L' energy shifts' 2°

Y4 H.F B.HF. B-S Bh SE.
10 52 8.6 9.7 56 4.8

11 6.7 104 114 7.3 6.4

12 8.2 121 13.0 9.0 7.9

13 9.5 13.8 14.7 10.7 94

14 10.8 155 16.4 125 11.0
15 121 17.2 18.0 14.2 125
16 134 18.8 19.7 15.9 14.0
17 14.6 20.5 21.3 17.6 15.6
18 15.8 221 230 194 17.1
19 17.3 238 24.7 211 18.6
20 18.3 254 26.3 22.8 20.2
21 204 27.0 28.0 245 217
22 22.0 28.7 29.8 26.3 232
23 235 30.3 313 28.0 24.7
24 251 31.9 33.0 29.7 26.3
25 264 335 34.6 314 27.8

Table 2 : Theoretical KgL' energy shifts® ™

Atomic number Ze=Z—4.15 AKpL? Ze=7—6.828 AKgpL?
19 14.85 65.0 12.172 53.3
20 15.85 69.4 13.172 57.7
21 16.85 73.8 14.172 62.1
22 17.85 78.2 15.172 66.4
23 18.85 82.6 16.172 70.8
24 19.85 86.9 17.172 75.2
25 20.85 91.3 18.172 79.6

b) Satellite Relative Intensities

According to the Wentzel-Druyvesteyn theory®,
there exists a possibility for not only one, but two or
more photoelectrons being emitted from the atom in X-
ray excitation. The resulting anomalous multihole states
produce satellites while the normal single inner-hole
states produce the diagram line. The Richtmeyer®
theory suggests that in the anomalous states, which
produce satellites, the outer electrons of the atom are
excited but are still bound to the atom. No explanation is
provided in these theories as to how the anomalous
states arise. Nevertheless, it is common to both the
theories that some sort of an anomalous state, which

© 2015 Global Journals Inc. (US)

corresponds to an anomalous configuration of mainly
the outer electrons, is responsible for a satellite line.
These anomalous states can be termed as “Valence-
Electron-Configuration” (VEC) states®. The assumption
is that the formation of an inner hole occurs so quickly
that the rapid change in the Coulomb field experienced
by electrons, other than the photoelectron, gives rise to
the anomalous configuration. The change in the
Hamiltonian, attributable to the production of an inner
vacancy or hole, is regarded as a Sudden
approximation.

In the Sudden approximation, W(nl), the relative

probability for anomalous or VEC states, which are the



initial states of the satellites, corresponding to an
anomalous configuration of electrons originally in the nl
shell, is given by

[1-P(nl)]

W =—pan

P(nl) is the probability that the electrons in shell nl stay
in their orbits (keep their quantum numbers n, |, m;, m,)
during the excitation:
) Zp
P(nl) = U Rm(r)R}ﬂ(r)rzdrl
1]

Where, P is the number of electrons in the shell.
R, (n and R',, (r) are the radial functions of the ground
and the excitation state spin orbitals, respectively. The
intensity ratio of the KaL" satellite group and the K,
line is given by

IK, " f,
‘JKRI,Z )FO

in which f, is the oscillator strength of transitions
between the normal states and f; is the mean oscillator
strength of transition between anomalous states which
correspond to excitation or ionization of L-shell
electrons and L, L, and L, shell electrons,
simultaneously. The oscillator strength f, is assumed to
change slightly when the outer electrons become
excited or ionized. In the case of excited states the
excitation probability can be calculated in accordance
with the Sudden approximation, if

[W(2s) + W(2s)W(2p)] + Z—pr(Zp)

T, 1t
—Wls 1

Where W,, is the energy of the normal single
hole state, W, ;v is the energy of the anomalous state

Zn[wmn"!*

with an extra n’l' and 1, is the time of transit of the
ejected photoelectron past the n'l" shell.

According to Carlson and Krause®, the
probability of the simultaneous ionization of L and K
shells should be constant in photo ionization process
and comparable with sudden approximation probability,
i

(EKL - EK)[— < 0.‘”1/2]’1’

Here t is the time of transit of the K
photoelectron past L-shell. Ex; and Ej are the excitation
energies of the KL and K X-ray states, respectively. It
can be shown that the time t in the validity criterion
corresponds to an excitation energy of the incoming X-
rays which is more than two times the threshold energy
E.. Based on the sudden approximation principle and
assuming the Neon core and neglecting exchange
effects Aberg® has calculated “aL; intensity ratio for low
Z elements up to Z = 20. E

c) Dependence on Mode of Excitation

No appreciable changes were observed in the
energy shifts of the satellites with variation in the mode
of excitation. But it was shown that relative intensity of
the x-ray satellites does depend on the mode of
excitation. Compared to photon excitation slightly higher
relative intensity was reported by electron excitation in
the elements Ti, V, Cr, and Mn (Table 3). Even in the ion
mode of excitations a dependence on charge state and
modes of the projectile was observed by Watson et a/**.

d) Projectile Dependence of Energy Shifts

The satellite energy shifts of Ti, V, Cr, and Mn
between the projectiles photon and electron excitation
related with other five theoretical models are listed in
Table 3.

Table 3 : The property of energy shift for two modes of excitation® 2°

Energy shift | Energy shift
Elements Z by  photon | by electron

excitation excitation HF BS B-HF | SCF SE
Ti 22 25.3t1.0 28.7£0.2 22.0 29.6 28.7 26.3 23.2
\% 23 26.2+1.0 28.3+0.2 235 313 30.3 28.0 24.7
Cr 24 27.9£1.0 29.6+0.2 251 33.0 319 29.7 26.3
Mn 25 29.6t£1.0 31.4+0.2 26.4 34.6 335 314 27.8

Here the energy shifts K,L' excitation by e) Projectile Dependence of Intensity Ratio

electron and photon is in agreement which means the
energy shift of the satellite is independent of mode of
excitation or projectiles. Among the theoretical
estimation BS and B-HF values are called overestimated
the shifts while HF is underestimated. And also SE is
slightly underestimated. The excellent agreement with
the analytic SCF calculations of Bhattacharya et a/l°.

Kawatsura® investigated projectile dependence
and also chemical effects on X-ray satellites using pe

and BeO targets. In the case of inner shell ionization for
the Be atom is described by the direct coulomb

excitation for light ion bombardment. For the BeO target,
the spectra became more complicated. Both K, diagram
and K,? hyper satellite lines became broader and shift to

© 2015 Global Journals Inc. (US)
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lower energy and then new satellite lines appear in
higher energy side of each main peak. The ratio of
intensities for low energy components of the satellite
groups to those of high energy components increase
with increasing projectile Z 27. In the case of the KL.?and
KL® satellite groups, the peaks under consideration are

composed of lines from a number of different terms and
one would expect preferential population to have a
much smaller net effect. Difference in relative intensity
ratio of KL' obtained by photon and electron excitation
modes was reported.

Table 4 : The property of intensity ratio related with two modes of excitation* 28

Element Inte;nsi_ty ratio by photon Inte_nsi_ty ratio by electron
excitation excitation

K 2.61+0.13 3.90+0.2

Ca 2.31+0.12 3.36+0.17

Sc 1.80+£0.09 2.78+0.13

Ti 1.66+0.08 2.20+0.11

| 1.54+0.08 1.80+0.09

Cr 1.3610.07 1.37+0.07

Mn 1.07+0.05 1.10£0.05

From the Table 4, intensity observed by photon
excitation is less than electron excitation. But we see
that the difference goes on decrease as Z increase.
These shows relative intensity of K X-ray satellite is

found to be dependent on the mode of excitation being
higher for electron than photon excitation. Watson et a/?°
studied how K,L" relative intensity varies with different
projectiles in Al, Cl and K.

Table 5 : Relative K, X-ray satellite intensity for Al, Cl, and K using 1.7MeV/amu?®

Target Projectile | No. of L shell vacancy
0 1 2 3 4 5 6 7
H 0.858 0142 | _ B B B B B
Al He 0.664 0285 | 0051 | _ _ _ _ _
c 0.068 0.215 0.366 0.239 0.090 0.023 _ _
0.045 0128 | 0312 |0293 |0.168 |0053 |_ _
He 0.680 0.320 _ _ _ _ _ -
Cl C 0.053 0229 | 0363 |0256 |0.094 |0005 |_ _
0.028 0133 | 0304 |0316 |0.170 |0049 | _ _
He 0.765 0235 | _ _ _ _ _ _
K C 0.074 0.307 0.353 0.208 0.058 _ _ _
0.045 0.185 0.316 0.271 0.142 0.042 _ _

They have shown that, X-ray satellite intensity
(Table 5) depends on targets, projectiles, and number of
L shell vacancies. Intensity under He projectile decrease
as a number of vacancy increase; while directly
correlated with atomic number. In the case of C and O
projectile the value of intensity is not consistent when Z
increases.

© 2015 Global Journals Inc. (US)

)  Chemical Effects

The influence of chemical bond® on the energy
shifts and the relative intensities of X-ray satellites is an
interesting aspect of the study of these satellites. The
relative intensities are particularly more susceptible to
the chemical environment than the energy shifts. In
some previous studies® it was shown that the satellite



relative intensities are higher in compound than in the
elements.

A noticeable chemical effect was observed in
the case fluorine K. Ram Narayana et a/''. When K,L'
relative intensity was measured in five fluorine
compounds, on anomalous redaction of this relative
intensity was observed in the case of potassium fluoride
and strontium fluoride. This is attracted to phenomena
called resonance electron transfer.

It can be seen that K,L' line relative intensity
with respect to that of K, diagram line is very much lower
in the case of KF and SrF, compared to other
compounds. This anomalously low value of the relative
intensity was observed in these compounds in the study
of Watson et al*' by ion excitation. The anomalous
decrease in intensity of this satellite line in these
compounds is explained as being due to the ‘resonance
electron transfer phenomena’ proposed by Watson.

In these phenomena electrons will be
transferred from the outer np level of neighboring metal
ion to the 2p level of fluorine ions which have been
excited to 1s™ 2p™' states by the impact of photons. In
the ground state, 2p level of the fluorine atom is
confined to a narrow valance band. Impact of photons
causes simultaneous ionization of 1s and 2p orbital’s
and these results in an increase in the 2p binding
energy. Thus the 2p level of the fluorine atom is brought
from the valance band to a level in close proximity with
the outer np levels of the metal ion. When the energy
difference between the outer levels of the metal ions and
the excited level of 2p vacancy of the fluorine ion in a
fluorine compound becomes small enough, electron
transfer from the metal ion to the ligand fluorine atom
can take place thus filling up the 2p vacancy in the
fluorine atom. In such a situation the spectator vacancy,
necessary for the emission of a satellite line, disappear
and consequently a diagram line is emitted in its place.
This results in reduction in the intensity of the satellite
line and enhancement of the intensity of the diagram
line, thus giving a lower K, L' relative intensity ratio.

g) Z Systematics < Z Dependence of Relative
intensities

Sattar et al®measured energies and relative
intensities of K3 and K, X-ray satellites of sulphur and
some sulphides by photon excitation. He compiled the
experimental values of other elements in the Z range 11-
17 and plotted K,,/K,; intensity ratio as a function of Z. It
can be seen that as Z increases from 11, Kui/Kas
intensity ratio first decreases up to Z=14 and then
increases sharply as it approaches Z=18. Therefore it
was hypothesized that this ratio increases as the inert
gas i.e., stable configuration is reached. To confirm this
there was a need to measure this intensity ratio in Ne
(Z=10) and Ar (Z=18).

h) Z Dependence of Energy Shift

Raju et al"® supplemented their data with those
reported by other authors on K, hyper satellite energy
shift relative to the K, diagram line in the Z range 12-30
and studied the variation of this with respect to Z. They
found the relationship to be linear. They obtained from
the plot of this A(E) versus Z, the following empirical
relationship

AE(K!) = —3.0+10.048Z

They also analyzed variation energy shift of KyL'
satellite relative to Kg diagram line as a function of Z and
found the relationship to be linear. They compared these
values with the theoretical values calculated using the
formula of Burch et al &,

AE(KgL') = 18.541 + 2.304(Z — 6.828)

Where, o is Slater's screening constant for L
shell originally taken to be 4.15; the shift thus calculated
was much lower than the experimental values. Using'™
c =6.828, in the computation of this energy shift
resulted in much improvement in agreement with
theoretical values, but still the energy shift is
overestimated.

IV. CONCLUSIONS

WDXRF spectrometry is a crucial instrument for
determining the energy shift and intensity of x-ray
satellites because the instrument have eight different
analyzing crystals and also other basic components like
collimators. Due to this instrument the production of a
satellites have been registered for a single-vacancy
states existing in the shells is called X-ray satellites by
critical consideration of self- absorption in the sample,
crystal reflectivity, window absorption and efficiency of
the detector.

From the basic theoretical investigations, the
energy shift calculated by SCF approach was in better
agreement with energy shift by electron excitation. From
different mode of excitation; the energy shift by photon
was less than by electron excitation for the same
element. And also the relative intensities were
particularly more susceptible to the chemical
environment than the energy shift.

Generally, a review of the literature on X-ray
satellites shows that, so far the research on these
aspects is carried out on elements up to the atomic
number 32. Beyond this as the wavelength of the
satellites become smaller and smaller, crystals of
matching 2d are to be used; this poses a challenge.
Also, very few studies are found in literature on L X-ray
satellites and hyper satellites. These studies can be
extended to cover them. Because a number of
synchrotron facilities are being developed throughout
the world; using these tunable hard X-ray sources,

© 2015 Global Journals Inc. (US)
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energy dependence of these processes can be studied
more efficiently. Finally, | believe that all these studies
help to improve further knowledge on inner shell
ionization processes.
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3-Point Distribution Functions in the Statistical
Theory in MHD Turbulent flow for Velocity,
Magnetic Temperature and Concentration under
going a First Order Reaction

M. A. K. Azad % Abdul Malek ° & M. A. Bkar Pk °

Abstract- In this paper, an attempt is made to study the three-
point distribution function for simultaneous velocity, magnetic
temperature and concentration fields in MHD turbulence under
going a first order reaction. The various properties of
constructed distribution functions have been discussed.
Through out the study, the transport equation for three-point
distribution functions in MHD turbulent flow under going a first
order reaction has been obtained. The obtained 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: magnetic temperature, concentration, three-
point distribution functions, MHD turbulent flow, first order
reactant.

I. [NTRODUCTION

n 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. In the past Hopf (1952), Kraichanan
(1959), Edward (1964) and Herring (1965) have been
discussed various analytical theories in the statistical
theory of turbulence. Lundgren (1967, 1969) 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.
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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.

In the next, 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.

In the continuation, the following some
researchers included first order reaction in their works.
In many cases, they also considered Coriolis force and
dust particles in their works. 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 et
al (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
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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. 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. Molla et al
(2013) derived the Transport equation for the joint
distribution functions of velocity, temperature and
concentration in convective turbulent flow in presence of
coriolis force. 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. 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 et al (2015a) studied 4-point correlations of dusty
fluid MHD turbulent flow in a 1% order reaction. Most of
the above researchers have done their research for two
point distribution functions in the statistical theory in
MHD turbulence.

But in this paper, we have tried to do this
research for three-point distribution functions in the
statistical theory in MHD turbulence in a first order
reaction. In this 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 under going a
first order reaction. Through out the study, the transport
equations for evolution of distribution functions have
been derived. Various properties of the distribution
function have been discussed for solving the problem.
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.

1. FORMULATION OF THE PROBLEM

The equations of motion and continuity for
viscous incompressible MHD turbulent flow constant
reaction rate, the diffusion equations for the temperature
and concentration are given by

' ou, ' oh '
ot ox, 4z 0%, 7~ OX,; O, Xy OX, |X'—X
oh, o )
+—(hau -u,h ):JN h @)
B a''p a
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where p =fluid density, v= Kinematic viscosity,
ua(X,t):a — component of turbulent velocity, /1=(47r,u0')_1, magnetic diffusivity, » = ke thermal
h,(Xt)=a - f ic fiel
“( ) a component. o magnetic . eld diffusivity; c,= specific heat at constant pressure, kr
G(X,t): temperature fluctuation, c=concentration of — _yqrmg) conductivity, o =electrical conductivity,
contaminants, P()A(,t)z hydrodynamic  pressure, up=magnetic permeability, D=diffusive co-efficient for
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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.

Here, we have 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. 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 6 and concentration ¢ 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 distribution
functions (defined as the averaged distribution functions
with the help of Dirac delta-functions). The present aim
is to construct distribution function for its evolution of
three-point distribution functions in MHD turbulent flow

{ (\—,(1) ,g®, 40y ® ) (\—,(2) G2,4?

Instead of considering discrete points in the
flow field, if it is considered the continuous distribution

of the variables V,J,¢ and y over the entire flow field,
statistically behavior of the fluid may be described by
the distribution  function F(\7,§,¢,1//) which s
normalized so that

[ F(v.3.4,p)avdgdgdy =1

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

in a first order reaction, study its properties and derive a
transport equation for the 3-point distribution functions
of velocity, magnetic temperature and concentration in
MHD turbulent flow in a first order reaction.

[1I.  DistriBUTION FuNncTION IN MHD
TURBULENCE AND THEIR PROPERTIES

In MHD turbulence, it is considered that the fluid
velocity v, Alfven velocity h, temperature 6 and
concentration ¢ 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, ¢ and y denote the pairs of these

variables at the points
(v®,g® 40,y ®) [1@ g@ 4@ 4, @)

(\7(”) g™, gm ,y/(”)) 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

(2)) ______ (\—,(n)’g(n) i) ,l//(")) !

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

The one-point distribution function
F® (v(l), g®,p® ™ ) defined SO that
RO (V(l) ,g®,40 0 )dv(l) dg®dg®dly® is the

probability that the fluid velocity, Alfven velocity,
temperature and concentration at a time t are in the

element dv" about V", dg"" about g, d¢® about ¢®
and dy about w" respectively and is given by

FO (Va) ,g®, 49 @ ): < 5(u(1) _V® )5(h‘1) _g® )5(3(1) _ 40 )5(C(1> _ ,/,(1)) ) 6)

where & is the Dirac delta-function defined as j5(U—\7)d\7 = {0

Two-point distribution function is given by

1 athepoint U=V
elsewhere

F02) <5(u(1) 05— g {o® - g (et~ 0 lu@ v @ h@ — g@) 5l0@ - 6@ ple@ - @ ) ) )

and three point distribution function is given by

{29 - < 5(u(1) _y® )5(h(1) _g® )5(9&) —g® )5((:(1) —y® )5(u(2) e )5(h(2) _ g(2))
x 5(9(2) _ 4@ )5((3(2) _y®@ )5(u(3) e )5(h‘3) _g® )5(9(3) e )5(0(3) _ ,/,(3)) ) ®)

© 2015 Global Journals Inc. (US)

Global ]()urnal of Science Frontier Research (A ) Volume XV Issue II Version I H Year 2015



Global Journal of Science Frontier Research (A) Volume XV Issue II Version I H Year 2015

Similarly, we can define an infinite numbers of
multi-point distribution functions F,"234, F, (12345 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,

[FOav®dg®dgDdy ® =1
[F2av@dg@dg@dy @ = RO |
[F29aPdg@dgOdy © = 2

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

[ FOd® - <5(h<1> _g® )5(9@) g )5(C(1) _ w(l)) ),

[ F®dg® - < 5(u(1) @ )5(9(1) e )5((:(1) _ z//(l)) ),
[ F®dg® - < 5(u<1> _\y® )5(h<1) —g® )5((;(1) _ l//(l)) ), and

I FiAdy =<5(u(

2l -
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.,
lim
12

‘;(a) _)i(l)‘ o F =FYF®@ and similarly,

lim

F3(1,2,3)

X9 - x®| > o0 =FFO et

c) Co-incidence Properties

lim

o blo® - 4 ple®

l/,(l))(;(h(z) _ g(z))5(9(2) e )5(C(2) _ '//(2)) )

When two points coincide in the flow field, the
components at these points should be obviously the
same that is F, "2 must be zero.

Thus g(z) — g(l)’ ¢ = g®
w? =@ but F,12 must also have the property.

v =y®, and

IF(LZ)dV(Z)dg(Z)d¢(2)dl// (l)

and hence it follows that

‘y(Z) N ;(1)‘ S [ B = RO 5(\,(2) _ V(l))g(g(z) _g® )5(¢(2) — g )5(V,(2) _ ,/,(1))

Similarly,

lim

‘2(3) _)i<2)‘ S0 [ R :,:2(12)5(\,(3)_\,(1))5(9(3)_

d) Symmetric Conditions

e) Incompressibility Conditions

aFn(l,Z,———n)

(N7 (N AR () —
v, /dvt’dht’ =0
o

(1)

IV. CONTINUITY EQU/\TION 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

© 2015 Global Journals Inc. (US)

g® )5(¢<3) —g® )5(,/,(3) —y

<1)) etc.

= F (1’2' _____ S,——r ,———n)

n

.

M gvgh ™ =
a0 =0

(if)
convective MHD turbulent flow and are obtained directly

by using divu =0
Taking ensemble average of equation (5), we get

ou O O E®i®4q® 4D,
:<ax,(11)>:< ax(l)u J'F dv®dgPdgWdy P )




) u® [ RO OdgOdgOdy® ) 1)f U0 Y RO Ydv®dg®dgOdy @

OX (1)
OO @ dq® 4O F 0 gy @ gy gy D
a(l)jv FPdv@dgPdg®dy @ jmvadv dg@dgPdy )
and similarly,
_I (1) g(l)dv(l)dg(l)d¢(1)dy/(l) (10)

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

5(u<2) Ry )5(h(2) _g®@ )5(9(2> _4®@ )5(0(2) _ V,(z))

and if we take the ensemble average, we obtain

o=( 5(u(2) —v® )5(h(2) _g® )5(9@) — 4@ )5(0(2) e )au_él) )

x®
_ % ( 5(u(2)_V(2>)5(h<2>_9(2))5(9(2)_¢(2))5(C(2)_,/,(2))ug> )

:%[ J{ u(1)5( M v(l))g( g(l))é(e(l) _ ¢(1))5(c(1) —!//(l))
sz

« 5(u(2) @ )5(h(2) _g® )5(9(2) _g®@ )5(C(2) _ W(Z)) )v@dg@dg®dy @ |

a (1) _[V(l)F(J"Z)dv(l)dg(l)d(é(l)dl//(l) (11)
and similarly,
a (1) J‘g(l)lz 1.2 dV(l)dg(l)d¢(l)dl//(l) (12)
The Nth — order continuity equations are
1,2,——,N
0= = (1) J'V(l) |:( )dv(l)dg (1)d¢(1)dl// 1) (13)
and
5 (1) I g(1) (L2, N) gv® dg (1)d¢(1)dl//(1) (14)

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

0 (V(r)F(Lz ............ TN av0dgOdg Oy )
o

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

= (S) J'V(s)F(Lz ...... ISy N)dv(s)dg(s)d(ﬁ(s)dl//(s) (1 5)

distribution function as
&)
D @ @ gy @ 4D o, @w\_; Mg\ _
vVOFPav®dgPdgPdy @ ——(uf V=( —%- )=o0 (16)
1 J. 1 1
X () ox¥ ax
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and all the properties of the distribution function the distribution function with time. This, in fact, is done

obtained in section (4) can also be verified. by making use of the definitions of the constructed
distribution functions, differentiating them partially with

V. EQUATIONS FOR EVOLUTION OF ONE - respect the right-hand side of the equation so obtained
PoiNT DisTrRIBUTION FUNCTION F™: and lastly replacing the time derivative of u,h,@ and c

from the equations (1) - (4).

We shall make use of equations (1) - (4) 10 Differentiating equation (6) with respect to time we get

convert these into a set of equations for the variation of

oRY _ ( ® _\® )5( _g® )5(9(1) g )5((;(1) —y/(l’) )
ot
—( 5(h(1> _g® )5(9@ g )5(C<1) e ) gt 5(u<1) _V(1>) )
5( @ _ (1))5( o _ (1))5( @ _ (1)) ( ® _g(1>) )
+{ 5(u(1) @ )5(h(1) _g® )5(C(1) _y® ) gt 5(9(1) _ ¢(1)) )

+{ 5(U(1) @ )5(h(1> _g® )5(9&) g ) gt 5(0(1) _ !//(1’) )
u®
~ (=6(h® —g@)s(p® —g® sl —,, @) — 0 sfu® -v®) )

+<_5(u(1)_v(1))5(3(1)_¢(1))5(C(1)_l//(1))6h() 8 5(h(1) g(l))>

ot 69(1)
+(=5u® — v Js(h® — g Js(c® — @) %(1) (M% slo® - )
ac® o
((1) (1))5( W _ (1))5( W _ (1)) T 5(0(1>_l/,<1))> (17)
Using equations (1) to (4) in the equation (17), we get
%1(1) ((1) ® )5( ® _ 40 )5(0(1) (1)){ ((1) ® h(l’h(ﬁl))
10 ppou®aup) oy o 200 Jx—C 5L —\0)

7a@) ' od a@ o o ] e

+<_5(u(1)_\,(1))5(g<1)_ p9)s(c® -y @) - o (h(l)uu) ug})h,gl)) £ av2h® )

Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

8 % 5(h(1>_g(1)) )+ <_5(u<1)_V(1>)5(h(1)_g(1))5(c(1) (1)){ uf ax;) 200 )

(o4
H xa;(l) slo® -p®) )+ <5(u(1)_V(l))g(h(l)_g(l))g(g(l)_¢(1)>{_ug)% +DV2c-Rel)

y Wam 5(C<1> _ y,a)) )
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= 5[h® - g® Js(p® — p® Js(c® - ,/,(1))5‘;((1: (‘11)}11) a\il) slu® —v®))
) a

h(l) h(l)

(ol o lo® 42 e - Tl )

1) pyd 1) sh®
ou® ouj _6h§,) ohy
ox) 6x,(11) oxy) ox

+{ 5(hD - g )s(p® — g Jo(c @) 1.0 [

4z ax(l)

& 0 5( ® V(1>)>

e

(ol g lo -4 ble? - ool )

a

+{ S(u® v (@ — g0 )s(c® —py ) ';(:(Ll’)(ﬂl) - j‘ . 5(h® - g®) )

ouPhg 5
oxy  ogl

5(h(1) —g®) )

e 5(u<1) @ )5(9(1) g )5(C(1> _y® )X

+(—5(u(1>—v(1))5(9(1)—¢(1))5(c‘1) (l))x AVZh® aga 5(h(1> g(l))>

o

o g )

N (—5(u(1) o) )5(h(1) _g® )5((:(1) _ W(l))x w260 2 Z (0(1) ¢(1)) >

+ 5(u(1)—v(1))5(h(1)—g<1))5(9<1)—¢(1>)xu(ﬁl> Zi% 61//% 5((:‘1)—;//(1)))
5

( ® _\® )5( ® _g® )5(9(1) _(;5(1))X DV 2c® av/% 5(C(1) _‘//(1))>

+< 6(u(1) e )d(h(l) _g® )5(9(1) _¢(1))>< Rc® aW%g(c(l) —1//(1)) > (18)

We may simplify various terms in the above the properties of the distribution function and the
equation as that they can be expressed in terms of one  continuity equation in terms distribution function.
point and two point distribution functions with the help of  Equation (18) becomes

oF® V(l)aFl‘)+g<1)( ag(l’+ v R 4 I T

v@ v og? a9
éxg) 6x,g2) 6x22) ax((f)

JFL2 k@ av@dg @ dg @y @

© 2015 Global Journals Inc. (US)

Global Journal of Science Frontier Research (A ) Volume XV Issue II Version I ﬂ



Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

lim o2

Y [V ay@dg@dg@dy @

v L2 _ @ ax(z)ﬁx 2)

0 lim o? @ E 02 4,2 Ay @ 442 o, (2)
.0 D@ j 07 F 2 avi@dg P dg D dy
9a" (2 _, 5D Xz X

lim
QLW (DD d 4D d,, (2
+y— —j(/ﬁ Fyr“dvi9dg'“dg'“dy
(h) (2) Ay, (2)
0P (2, @) X5 X

8 lim 02 @ 12 4@ dq@ s @y @ w_2o
WJ‘/’ F-“avi©dg'“dg*“dy” — Ry
X5 O oy

0 _
v @ 30 % e "

+D

@

This is the transport equation for evolution of one —point distribution function Fl(l) under going a first order
chemical reaction in MHD turbulent flow.

VI.  EQuATIiON FOR TwoO-PoINT DisTRIBUTION FUNCTION F,"*

Differentiating equation (7) with respect to time, we get,

5F§ °_ % { 5lu® —v®)s(h® — g®)s(o® — g® slc® — @ plu® —v@)
5(h(2) g?@ )5(9@ el )5( (2)) )

(h(l) (1))5(9(1) e )5(0(1> (1))5(u‘2) e )5(h(2) _g® )5(9(2> _ ¢(2))
5(C(2) —y®@ ) % 5(u(1) _ V(l)) b+ ( 5(u‘1’ Rye )5(9(1) e )5(C(1) _ ,/,(1))
5(u(2) e )5(h(2) _ 9(2))5(9(2) _ ¢(2))5(C(2) _y® ) % 5(h(1) _ g(l)) )
(s ( M _\® )5(h‘1) ® )5(0(1) _y® )5(u(2> RYe) )5(h(2) _g® )5(6(2) _ ¢(2))
(0(2) (2)) (9(1) _ ¢(1)) b+ ( 5(u(1) Rye )5(h(1’ _g® )5(9(1) _ ¢(1))
slu® @ )5(h<2) g®@ )5(9(2) e )5( @ _,® )% 5(C(1) _ V/(l)) )
+ 5( @ _ @ )5(h(1> g® )5(9(1) 4O )5((:(1) ® )5(h(2) _g® )5(9‘2) _ ¢(2))
5(C(2> (2)) ( @ _V(z)) )+ 5(u(1) _y® )5(h(1) _ g(l))g(g(l) _ ¢<1))
5(0(1) _y® )5(u(2) e )5(9(2) el )5((:(2) _y®@ ) % 5(h(2) _g® ) )
+{ 5(u @ _,® )5(h(1> _g® )5(9(1) _4® )5(0(1) _y® )5(u(2) _y® )5(h(2) _g®@ )

5(C(2) _y® )ﬁ 5(9(2) _ ¢<2)) b 5(u ® _ O )5(h(1) _g® )5(9(1) _ ¢(1))
ot

( ® _,, )5( @ _,@ )5( @ _g@ )5(9(2) e ) % 5(0(2> _y® )>
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(h(l) ® )5(9(1) e )5( ® _,® )5(u<2) _y@ )5(h(2> _g® )5(9(2) _ ¢(2))

5(c<2) &) )5‘({; ) %5@ @ _ V(l)) )

+(—5(u(1) _y® )5(9(1) _p® )5(0(1) e )5(u(2) e )5(h(2) e )5(9(2) . ¢(2))

§(c(2) _y® )%a%g(h(l) _ g(l)) >
g

- 5(u<1) _y® )5(h<1) _g® )5(C(1> e )5(u<2) e )5(h(2> e )5(6;(2) _ ¢(2))

@ @)Y o ®_ @
5((:2_!//2 - W5<91_¢1)>

( ®_ o )5(h(1) ® )5(9(1) _g® )5(u(2) @ )5(h(2) —g®@ )5(9(2) _ ¢(2>)

+{-s
@ - (2))50 5(0(1) —p®))
-

Qq

ot op®
N 5( ® v<1))5(h<1) g(l))a(e(l’ ¢(1))5(C(1)_,/,(1>)5(h<2) 9(2))5(9<2) ¢(2))

(c(2) (2)) ou® ava‘z) 5(u(2)_v(2))>

+ 5( ® V(l))é'( ® g(l))5(9(1) g )5((:(1) _ W(l))g(u(z) _\,(2))5(9(2) _¢(2))

5(c@ - (z))agt)aj(z) 5(h® —g@))

+ <_5(u(1) _\y® )5(h(1) _g® )5(0(1) _g® )5((:(1) _y® )5(u(2) e )5(h(2) _g® )

5(0(2) _y®@ )%iz)w%&(e(z) _ ¢(2)) )

+ <_5(u(1) _y® )5(h(1) _g® )5(9(1) _ 4 )5(c(1) _y® )§(u(2) @ )5(h(2) B g(z))

5(,9(2) e )%8%5(0(2) _W(Z)) >
74

>,

Using equations (1) to (4) we get,

5':2(: 2 sh® —g@ )@ — g0 Jslc® @ s(u@ —v@ s @ Jsp@ — @)

® ay® ® snh®
5(c® @) -2 _(u6 oW h(1>h(1>) 1.0 [ 1 duy U ohy oy
@ 1z ox@ )t ox® ax(1> oW ax(l)

X _?X _ +VV2u((21) }xié'(u(l) —V(l)) >

X"~ X v
H=olu® —v® Js(p® —g® Jslc® )y @ u@ _v@ Js(1@ _g@ 5@ _4@)
6@ - @) - x® G hPuf —uPn ) avznd xS ag® ool -g®))

(- 5( M _ )5(h(1 g )6(c(1’ l//(l))g(ua)_v(z)b(h(z)_g(2>)5(9(2)_¢(2>)5(C<2)_,/,(2))
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{ a0 Z";) + V200 Ix a;(l) 5(9(1) - ¢(1)) )+ (-5(u(1) _v(l))g(h(l) _g® )5(9(” _ g0 )5(u(2) _V(z))

(h(Z) g(z))5(9(2) $@ P(c@ - (2)){ ® 50;) - Dv2c® _ Rel }W%5(C(l)—vf(l))>

(-olu® v b g b ¢ e - 1%(2 -9l 9@ ble -y )

(2) 2 .,
(-0 (@ _p@n@)- L0 [ MDA oD P o
ax(ﬂz) a 4z ox? ax,%z) ox@ aX(ﬁz) ox? |)—("_

% 5(u<2) @) )
[24

i <—5(u‘1) _y® )§(h‘1) _g® )5(9(1) — O )5(0(1) _y® )6(u‘2) _y® )5(9(2) B ¢(2))

0
(C<2> (2)){ ~ (2) (h(2>u(2> uiz)héz))+ﬂvzh§2) b e 5(h‘2) _g(2>) )
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5(c® -y @ )-u@ 53 W20 1x : ;(2) 5@ -¢@))

+(-5(u 5( @ _\® )5(h(1) _q® )5(9(1) e )5(C(1) _y® )5(u(2) @ )5(h(2’ _ g<2))

ac' 0
(9(2) ¢(2)){ u@ L o7 +Dv 262 _ Rel? }Xﬁl//(z’ 5(0(2)_y,(2))>

(h‘l) (1))5(9(1) ¢(1))5(C(1)—1//(1))5( &) V(2))5(h(2> (2))5(9(2>_ ¢(2))

auPuf 5
OX (1) 8V(1)

(h(l) (1))5(9(1) ¢(1))5(C(1) (1))5(u(2)_V(z))(;(h(z)_g(z))g(gm_ ¢<2))

ohPh o
oxg vy

+{ 5(h(1) _g® )5(3(1) e )5((:(1) e )5(u(2) e )5(h(2) _g® )5(3@ _ ¢(2))

oul ouf oh® ohy . dx" o
[24 [24
1 ) A0 0y gr o A@
ox oax?  ox§ ax? X" - x| ovd
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+{ 5(u(1) V@ )5(g<1> e )5(C(1) _ l//(l))5(u(2) V@ )5(h(2) _ g(2>)5(9<2) _ ¢(2))

ohPu® 5
5((:(2) _l/,(z)) axg)ﬁ ag(l) 5(h(1) _ g(l)) >

(- 5(u(1) ) )5(9(1) e )5(0(3 —y® )5(u‘2) Rye) )5(h(2) _g®@ )5(9&) — 4@ )

auPng o
5(C(2> _,/,(2))>< 8>g§1)ﬂ 0 5(h(1) _g(l))>
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as that they can be expressed in terms of one point and
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VII.  EQUATIONS FOR THREE-POINT DISTRIBUTION FUNCTION F,"*?

Due to get the transport equation for three- point distribution function F %% (v, g,¢,) in MHD turbulent
flow in a 1% order chemical reaction, again we differentiating equation (8) with respect to time, we get
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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 1% term in the above equation is simplified as follows
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Similarly, 5™, 8" and 10" terms of right hand-side of equation (22) can be simplified as follows;
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8" term,

and 10" term
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é Similarly, 13", 17, 20" and 22" terms of right hand-side of equation (22) can be simplified as follows;
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Similarly, 25", 29" 32" and 34" terms of right hand-side of equation (67) can be simplified as follows;
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Adding equations (33) to (36), we get
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Similarly, 2™ 6" 14" 18" 26" and 30" terms of right hand-side of equation (67) can be simplified as follows;
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Fourth term can be reduced as
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Similarly, 7" 9" 11" 16" 199 21" 239 28" 315t 339 and 35" terms of right hand-side of equation (67)
can be simplified as follows;
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We reduce the third term of right hand side of equation (22),
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Similarly, 27" term,
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VIII.  RESULTS AND DISCUSSIONS distribution function F{"2? (v, g, é,) in MHD turbulent

Substituting the results (23) — (61) in equation ~ f1OW in afirst order reaction as

(22) we get the transport equation for three- point
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Continuing this way, we can derive the

; , 2,34
equations for evolution of F4(1’2’3’4), |:5(L 345) and so

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

123
oF;

(V02 @ 0 o 9

JF 9 =0 (62)

If R=0,i.e the reaction rate is absent, the
transport equation for three- point distribution function in
MHD turbulent flow in a first order reaction (62)
becomes to Azad et al (2014a).

If we drop the viscous, magnetic and thermal
diffusive and concentration terms from the three point
evolution equation (62), we have

)Fs(l2’3)+[ gg)( 69&1) av((zl) \ P
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B @
ot X
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The existence of the term

)(av_é)

a

1 1)
a9, N oV,
@ @
ava aga
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 xV , x® and x© .

(

1
FY 1w 2 o

— @ 1

s @
ot m X

where wlvzzy/‘véz)—vél)‘ 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 F,"? as F," F,@. But it will
be possible if there is no interaction or correlation
between two particles. If we decompose F,"? as
F02 = (1+€)FOF®@
and
|:3(12‘3) — (1 +e )2 |:1(1) |:1(2) |:1<3)

Also

|:4(12‘3‘4) — (1 + e )3 |:1(1) [:1(2) |:1(3) |:1(4)

where € is the correlation coefficient between the
particles. If there is no correlation between the particles,
e 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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The Real Universe
By Edwin Zong

Abstract- The findings of strong gravitational lensing by Sgr A* indicate gravitation power/energy
exist in the center of our milky way, though it is invisible. The presence of energy equal presence
of mass (M= E/C2, C2 is constant). However, current perception of particles can be massless
e.g. gauge bosons, the photon and the gluon (1) which create a centerpiece of confusion when
we come to study dark matter and origin of universe. In this paper, the author will explain why all
particles possess mass which is supported partially by 2013 Nobel Prize in Physics- the Higgs
mechanism, which gives mass to fundamental particles. The big bang is the greatest event
happened in the universe; it is unthinkable that such event left no trace in space; we must be
blindfolded by something. In this paper, the author will point out what to look for so that we won't
miss out on the Universe greatest party.

Keywords: particles, dark matters, black hole, gamma ray, big bang, origin of universe, time,
space, odds, numerous bangs, endless cycles.

GJSFR-A Classification : FOR Code: 020109

THEREALUNIVERSE

Strictly as per the compliance and requlations of :

© 2015. Edwin Zong. This is a research/review paper, distributed under the terms of the Creative Commons Attribution-
Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial use,
distribution, and reproduction in any medium, provided the original work is properly cited.



The Real Universe

Edwin Zong

Abstract-The findings of strong gravitational lensing by Sgr A*
indicate gravitation power/energy exist in the center of our
milky way, though it is invisible. The presence of energy equal
presence of mass (M= E/C?, C2is constant). However, current
perception of particles can be massless e.g. gauge bosons,
the photon and the gluon (1) which create a centerpiece of
confusion when we come to study dark matter and origin of
universe. In this paper, the author will explain why all particles
possess mass which is supported partially by 2013 Nobel
Prize in Physics- the Higgs mechanism, which gives mass to
fundamental particles. The big bang is the greatest event
happened in the universe; it is unthinkable that such event left
no trace in space; we must be blindfolded by something. In
this paper, the author will point out what to look for so that we
won’t miss out on the Universe greatest party. Few will argue
our matters (whether visible or invisible) are all made from
particles. Many doubt that electromagnetic radiation or
particles follow same laws of basic physics. Those doubts
directly lead to a set of principles that land us in a fantasy
world of uncertainty. However, the correct understanding of
fundamental particles is the key for understanding big bang
(2). In this paper, the author will pave a clear road map for
how to study our fundamental particles, particular Gamma
Ray. Furthermore, the author will explain the reasons that dark
matter/black hole is made from gamma ray nucleo synthesis!
The author also will explain the reasons that our current
background cosmic ray/gamma ray originated directly from
big bang (for most part)! The master of infrared/fire power set
human apart from animals and land us on top of the world.
The master of the gamma-ray will undoubtedly land us on top
of the universe. The Physics will unite all science branches.
The particle physics will lead artificial intelligence to its terminal
end in the universe civilization of all kind.

Keywords: particles, dark matters, black hole, gamma
ray, big bang, origin of universe, time, space, odds,
numerous bangs, endless cycles.

[. INTRODUCTION

I matters (include fundamental particles)
Aintrinsically possess positional energy/power and

kinetic energy/power. For better understanding,
the author here describes all positional energy as
orbiting energy. The usual term of gravity means earth’s
gravity affects objects that are positioned on earth, but it
really means that positioned objects are orbiting around
earth. The single orbiting energy/power unifies matter
and particles, because particles possess orbiting power
when they are coupled. Those orbiting energy of
particles are same as gravity, which should be scaled in
gravity term. Furthermore, the gravity affects particles in
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same way as does to their heavier mass brothers, even
though the effects on heavier matter are negligible. It's
that reason, any study of particle must be in a lab
environment of 0GOK (Zero Gravity Zero Kelvin). The
study of particles behavior in a non-0GOK environment
is invalid(3). The exception is to generate new patrticle in
a contaminated lab environment.0GOK is beyond human
reach, but it will not stop us from understanding those
little creatures. The author can assure you, when they
are coupled, all particles orbit in a circular way, as it
appears for any orbiting celestial body. When particles
are liberated from their orbits, they will fly out in a
straight way in a void space. The flying path of liberated
particle can be bent. The particle will be affected by
gravity if foreign particle or mass exist, exemplified as
gravitational lens phenomenon, that refers to a
distribution of matter (such as a cluster of galaxies)
between a distant source and an observer, that is
capable of bending the light from the source, as it
travels towards the observer. That is one of the direct
evidence that light particle possesses mass. The gravity
only exists among masses whether big or negligible
small.

The light particles can be absorbed as well, it
can be absorbed by inorganic and organic material. The
liberated particles advance in a wave way, a straight
direction in a void space. We often describe them as
electromagnetic radiation or ray. We often know maters
better, because many of them are visible to our naked
eyes, e.g. soccer. When matter breaks down to an
invisible level, many panic. Some create principle of
uncertainty for those invisible devils, but the author
assures you, invisible particles follow same laws of
physics and mathematics odds of random. Many bizarre
behaviors of observed particles are resulted from
contaminated labs (non-zero gravity, non-absolute zero
temperature).

The conservative of energy dictates that
liberated particles possess greater kinetic energy when
they leave their orbit. The orbiting energy they once
possess now fuels their kinetic energy. The destiny of
liberated particles is to reunite other particles. The
reunion will eventually lead to recapture its positional
energy/power. The fate of particle closely mirrors our
universe visible matters. The destiny of cosmos objects
is destruction/big bang, every destruction/big bang
breeds new born of cosmos objects/construction. The
universe is in an endless cycle of matters/energy, where
universe law applies both visible and invisible matters.
There is no mystery in universe. Other than gravity
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profiling, we also need to know the intrinsic temperature
of particle. Particle physics are the cutting edge of all
science, but its focus should be on profiling particles in
a correct way-quantifying its G and K.

[I.  BiG BANG, y-RAY, DARK MATTER, BLACK
HoLE

The universe is a complete and enclosed
system, because there is nothing existing outside
universe which may interferes universe matters/energy.
The conservation of mass and energy perfectly apply
universe as a unit. We can safely say that universe
energy and mass are constant. The universe is never a
boring place, there are many events happening in the
universe, but nothing is more significant than a big
bang. First, few will argue the big bang gives out the
greatest kinetic energy. The question is where the big
blast of kinetic energy goes today? The kinetic energy
cannot disappear without trace. Second, the big bang
spits out matters which carry tremendous energy, where
are those high energy matters today? Again, the matters
cannot disappear without a trace.

Admittedly, much of a big bang’s kinetic energy
transforms into positional energy (conservation of
energy) after the big bang. This is directly evidenced by
numerous stars, planets etc. All those positional energy
possessed by today’s celestial mass originated from the
big bang’s kinetic energy; however, it is not a complete
story here. There are numerous circulating celestial
mass which carry tremendous kinetic energy besides
their positional energy. Furthermore, there come cosmic
rays! Those cosmic rays scatter with no pairing; they are
free standing loners. The cosmic rays carry little
positional energy but tremendous kinetic energy. Among
them, the Gamma Ray is most significant kinetic energy
form existing in the universe. The big bang Energy can
be safely construed as pure kinetic energy (those kinetic
energy is transformed from positional energy possessed
in pre-big bang Mass). Now we can put all the pieces of
puzzle together, it solves a very simple question in a
simple equation.

Ebigbang= Ek + Ep

The Ek is the sum of kinetic energy presents in
the current universe. Ep is the sum of positional energy
presents in the current universe.

The matter that carries kinetic energy can be
considered “visible”, because we have a way to detect
them directly, e.g. its body temperature. The
temperature is a good example of kinetic energy. The
other good example of kinetic energy is orbiting planets.
The speed prevents them from falling into their orbiting
mass. Many objects possess kinetic energy also
possess significant positional energy e.g. sun. The sun
carries kinetic energy and it has gravity (a form of
positional energy). Many objects possess kinetic
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energy, but own little or none positional energy. Luckily,
they possess kinetic energy, so we can detect them.
Those creatures perfectly meet the needs of the big
bang explosion. Among all those creatures, we can
clearly see nothing is more qualified than Liberated
Gamma Ray/Particles to fit into this role. The liberated
Gamma Ray/Particles stand for free from orbiting (e.g.
Radioactive decay).

What confuses many scientists today are
objects that possess positional energy but little kinetic
energy. Some of those objects that possess positional
energy also possess kinetic energy e.g. sun. Those are
considered visible and detectable. What about objects
possessing positional energy but have little or no kinetic
energy? Furthermore, when their positional energy
powerful enough, they will absorb kinetic energy of any
kind, pure or partial. They will have no lights reflex at all.
If those objects present right in front of us, we can touch
them but not able to see them. While we touch those
objects, we will most likely be absorbed into them and
dissembled to particles. If they present far away, beyond
our physical reach, the objects could be a nightmare for
scientists. The author agrees that dark matter is a
perfect name for them. They are matters but invisible.

The big explosion/big bang is the most extreme
event happening here and there in the universe. It
experiences moment of silent/quiet followed by a
gigantic explosion (positional energy transforms into
kinetic energy in energy term for a blast). Nothing is
more qualified than dark matter to be a pre-bang mass
which meets the requirement for feeding a big bang.

The black hole is made of dark matters. The so-
called dark/black simply means invisible to human eyes.
Invisible doesn’t equal to non-existing. Dark matters emit
little lights, their temperature are very low as they are
evidenced by their presence in the center of Milky Way.
A black hole of 45 x 1022 kg (about the mass of the
Moon) would be in equilibrium at 2.7 kelvin, absorbing
as much radiation as it emits (4). For comparison, at the
core of our sun, the temperature can reach more than
27 million degrees F (15 million degrees C). The sun
only holds our solar system together, but the black hole
holds our milky way together. Our milky way is said to
have 100 billion stars. It is undoubtedly to say, our black
hole possesses enormous amount of gravitation power,
which means enormous amounts of mass. The black
hole is no mystery. The gravitation power is part of
positional power. However, the recent observations of
the star S14 (S0-16) circulates the center of our milky
way indicate that our black hole radius is no more than
6.25 light-hours. The only widely hypothesized type of
object that can contain 4.1 million solar masses in a
volume of that small size is a black hole. (5)

The black hole of Milky Way is incredible cold
comparing to our solar center (4). So, given such low
kinetic energy/low temperature in the black hole of Milky



Way, which form does its energy exist? According to
conservation of energy, it must be in its positional
energy. The author can therefore assure you that dark
matters/black hole possesses enormous amounts of
orbiting energy/positional energy, which is directly
evidenced by Milky Way staying together. Without black
hole, any galaxy will scatter away.

The life span of galaxy is lot longer than our
solar system, which dictates our milky way’s black hole
cannot emit too much energy/mass out too fast or
outpace its absorbing new mass/energy, while it needs
to be continued to be fed by outside masses/energy.
The gigantic level of black hole gravity ensures its longer
life in two ways. One, few lights escape its gravity grip.
Two, tremendous amount of celestial mass are
continuously pulled in. Our sun, on other hand, it sheds
tremendous amounts of energy/mass continuously, but
it is not fed by outside masses at any significant level.
The sun has much shorter life span vs. black hole. The
mass’s make up of sun is different from black hole as
well.

Dark matters and black holes are no magic vs.
their visible cousins. The denser element means heavier
element. What is heavier? It means greater gravitation
power. Few will argue dark matters are compactly
packed creatures. The real question is where they get
such striking energy/gravitation power from? According
to conservation of energy, energy cannot be created or
destroyed. Their gravitation energy must come from
their kinetic energy they once owned.

Who owns highest kinetic energy in the
universe? The liberated particles own highest kinetic
energy directly from a big bang! Now we can put final
piece of puzzle in its place. Without seeing its
happening, the author can assure you two things. 1. The
dark matter/black hole is compacted (non-liberated or
orbit-binding) gamma ray/particles nucleo synthesis! 2.
The dark matter/black hole/non-liberated Gamma Ray
are those original Gamma Ray/Particles directly come
from big bang! The compacted or non-liberated gamma
ray particles exist in dark matter of black hole is
understandable, because tremendous numbers of y-
ray/particles are gathering in various dense areas
(space is not vacuumed during pre or post big bang.
The free standing y-ray will be coupled or orbited among
each other where they gather. The mass of orbit-binding
gamma ray acquired tremendous positional power from
such gathering. Those density induced y-ray
gathering/concentration  triggers massive gamma
ray/particles nucleo synthesis! Which is termed as dark
matters/black hole. The free standing or non-orbiting y-
ray will continue to fly in a straight line (almost pure
kinetic energy with little positional energy) until it meets
its mate or potential coupling partner. As a matter of
fact, the free standing loner y-ray still exists in a
tremendous amount in today’s space- it is called cosmic
ray!

Furthermore, our current cosmos Gamma ray
(not all of them) is indeed from a big bang! It is partially
supported by fact that the energies of gamma rays from
astronomical sources range to over 10 TeV. That energy
is far too large to result from radioactive decay. (6) some
cosmos gamma ray are from pulsar and black hole
though. However, gamma-ray pulsars and rare
occurrence of gamma ray burst from black hole are very
rare events in the universe. It is evidenced by recent
observation: there have been only about one hundred
gamma-ray pulsars identified out of about 1800 known
pulsars (7)(8). Base on observation, the sources of most
GRBs are billions of light years away from Earth,
implying that the explosions are both extremely
energetic (a typical burst releases as much energy in a
few seconds as the Sun will in its entire 10-billion-year
lifetime) and extremely rare (a few per galaxy per million
years).(9) Given the facts that the universe space is
infinite big and it is full of diffuse gamma radiation, it can
be reasoned that the pulsars and black holes are not
sufficient  source for such extensive universe
background gamma radiation. Secondly, the radioactive
decay is not a right candidate power house for cosmos
y-ray background either. The only option left here is a
big bang. The big bang provides most of those cosmos
y-ray today. The remaining cosmos y-ray is provided by
big bang indirectly. The issue remaining here is that
some of those cosmos y-ray might not come from the
big bang which created our galaxy, some of those
cosmos y-ray may come from foreign big bangs if it can
stay single/free long enough and it can escape being
captured by cosmos mass/energy along its way.

The minute part of cosmos y-ray may even
come from alien artificial intelligence. The author here
can assure you black matter/black hole are made from
gamma ray nucleosynthesis that are originated directly
from big bang. The gigantic gravitation power which
black hole possesses today directly comes from a big
bang! There will be no other appropriate candidate
source powerful enough to fuel black hole such energy
at that astonishing level. It is evidenced by galaxy’s
black hole. In the universe space, there is no single
isolated structure that is bigger than a galaxy. All
galaxies are hold together by its black hole. All galaxies
descend from a big bang directly, so does its black
hole. As a matter of fact, all galaxies are made from
gamma ray of some kind as well.

Secondly, gamma ray nucleo synthesis existing
in black matter/black hole remain domicile which
presents little kinetic power, however, the continue
feeding of new celestial mass may trigger some of its
gamma ray particles to be liberated from their orbiting
position and fly out with tremendous kinetic power,
which is evidenced by gamma ray burst from a black
hole. It is supported by NASA SWIFT project’s findings
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of gamma ray burst (GRB) that is directly related to a
black hole.

a) Dark Matter and Big Bang

The dark Matter is Matter that possesses little
kinetic energy/power, so that it is hard to be detected by
conventional detectors, e.g. telescope. The dark energy
is positional energy, not kinetic energy. The kinetic
energy is readily detected by our conventional
detectors. However, there is a consensus that our
universe dark matter makes up about 27% and 68% of
the Universe is dark energy. What 68% tells us? It tells
us that more than half of energy is still in Gamma Ray.
27% mass is in Gamma Ray nucleo synthesis of some
kind! The dark energy is carried by Dark matters. The
dark is no mystery. The author here will crack the nut for
you. 68% of the universe energy is dark energy; it is so
significant sources of energy that cannot be supplied by
any other sources but a big bang itself! The greatest
kinetic energy deprived from a big blast turned into
positional energy shortly after explosion. The author’s
point is supported by Big Bang nucleo synthesis- The
first nuclei were formed about three minutes after the Big
Bang! Nucleo synthesis is the process that creates new
atomic nuclei from pre-existing nucleons, primarily
protons and neutrons. The newly formed new atomic
nuclei are perfect example of pure kinetic energy
captured into positional energy/orbiting energy! The Big
Bang Nucleo synthesis not only provides food for baby
galaxies’ visible matters but also breeds dark matters
that hold galaxies visible matter together!

The positional energy possessed by dark
matters apparently is necessary for galaxies to form and
stay together; otherwise, all matters/energy will scatter
all over places without having a chance to grow into
anything significant in its size. Therefore, the “visible
matters” which have chances to form must “follow” dark
matters formation which occurs first, not vice versa. The
author’'s view is supported by the dark ages of the
universe — an era of darkness that existed before the
first stars and galaxies ever appear. Many consider this
dark age of the universe is mystery, the author think it is
the most rational process in nature’s evolution
development.

The dark Matter forms first immediately after a
big bang. The greatest kinetic energy starts to turn into
positional energy during this period of time/
nucleosynthesis. Once positional energy establishes,
matters starts to gather and circulate around dark
matter. The dark matter merges as well, the greater dark
matter, the greater mass can be collected around the
dark matter. This is the model of baby galaxy’s birth
process.

As the author described earlier, the big bang
does not occur in a vacuum space. The existing cosmos
mass/cosmos ray will interact with a big bang’s
ray/Gamma ray, the interaction facilitate “post bang”
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kinetic energy transform into positional energy. The “so
called” dark matter possesses so little kinetic energy for
us to detect, the dark matter mustbe something unusual
to our earthlings. Most materials which we are grown up
with are matters that possess both kinetic energy and
positional energy, though pure kinetic energy is very
common to us, e.g. solar lights.

The pure positional energy, on the other hand,
is not common on earth. However, it is not mystery and
it is not dangerous if it is on a small scale. The author
applaud European Particle accelerator, and assure the
rest of us that black hole created in a human lab will not
swallow earth! It is the game of quantity, a drop of water
is not going to drown a giant elephant! The black hole is
nothing but a compacted Gamma Ray nucleo synthesis.
The author will address it over and over in this paper,
because Gamma Ray Particles are the only suitable
candidate for possessing greatest power in a very small
package. As human, we are well aware of high power
Gamma Ray during Gamma Ray Burst, however, the
author can reasonable assure you if we pair liberated
Gamma Ray/Particle together, its mighty kinetic energy
will transform into mighty positional energy(y ray
nucleosynthesis), a perfect candidate for dark
matter/black hole.

The universe energy is constant and it exists in
two forms. Since we human have tools readily detect
kinetic energy in distance, we know gamma ray is the
matter possessing the most powerful kinetic energy in a
very small package. We also know that a great bang is
the most powerful explosion in universe. So gamma ray
matches big blast! Now, since the positional energy is
not readily to be detected. However, we know that the
energy is constant. The greatest positional energy must
come from the greatest kinetic energy! What will be the
matter possessing most positional energy? The only
rationale answer for this is Gamma Ray nucleo
synthesis!

According to our recent cosmos findings, we
know that there are black hole and dark matters which
hold our visible mass together. The black hole/dark
matters are regions/masses which possess most
powerful positional energy in the universe. The author
here safely say that black hole/dark matter is made from
‘non-liberated” gamma ray nucleosynthesis for most
part. Since gamma ray particles are so small, it is very
understandable that black hole doesn’t take much
space! The author’s description is supported by recent
discovery of Milky Way Black hole whose radius is no
more than 6.25 light-hours! 6.25 light hours are plenty
room for its dark matter holding something together that
is sized 100,000-120,000 light-years in diameter which
contains 100-400 billion stars, aka milky way, a home
for human sapiens.



b) Gamma Ray and Big Bang

It is the big bang that kicks off Gamma Ray first.
The diffuse cosmic back ground Gamma Ray is not
originated during the period of Big Bang’s nucleo
synthesis (also known as primordial nucleo synthesis).
The nucleo synthesis does happen, the process
requires kinetic energy to be transformed into positional
energy after particles start to mingle and gather around
the dense regions. The mingle means when particles
start to pair/orbit from each other that result in the
orbiting power/energy. According to conservation of
energy, the new orbiting power must come from
somewhere other than from nothing. The only source is
its kinetic energy. The evolution of a big bang simply
means that some of its greatest kinetic energy starts to
be captured into its form of orbiting energy/gravity
power during its cooling off stage, when galaxies start to
be created. The destiny of big bang is another big bang.
The gravity power will eventually collect enough mass
and creates another new pre-big bang black hole. The
pre-big bang black hole is so enormous that it will dwarf
our Milky Way’s black hole as a drop of water vs. ocean.
The enormous orbiting power that a black hole/dark
matter possesses will eventually be released and
transformed into kinetic energy, which presents itself in
a spectacular gamma bomb show/big bang explosion,
which will dwarf gamma ray burst (GRB) as a 3 watts
light bulb vs. the center of sun.

We can reasonably believe that the pre-Big
Bang Mass must contain mostly positional energy rather
than kinetic energy, because soon it will kick off as an
explosion. Accordingly, the explosion must be in a form
of mostly kinetic energy, rather than in a form of
positional energy. Before and during explosion, there is
no logical reason to think that the universe space of any
moment must be complete vacant. Here are the
reasons. 1. The collection/preparation stage of pre-Big
Bang Mass only requires a quantifiable amount of
mass/energy to trigger a big blast. There is no reason
and need to stripe the space to a total void. (2)2. The big
bang is not the only event happening in the universe at
any moment. There is mass that is constant exchanging
from region to region regardless of status of a particular
region. There are numerous big bangs. The various
regions of universe are at different stage of mass/energy
evolution process. Therefore, it further reduces
possibilities of striping a space to a complete void even
for a region that is ripened for a big blast.

My description of universe big blast is indirectly
supported by general belief that primordial stage of
clustering and merging exists. If the space were total
void, the blast will send homogeneous Gamma
Ray/Particles in a perfect sphere shape; there would be
no area of density difference which is the key inducer for
clustering and merging. The author reasons that non-
void space which provides the density difference. Those
density differences continue to exist before and during a

big blast. Those density differences are necessity to
induce clustering and merging which lead to dark
matters, black holes and galaxies. Furthermore, those
density differences spread out in space follow the
mathematic rule of random. If the space were total void,
it would have gradual changing appearance of cosmic
ray spread in a sphere shape. Without those random
existing of cosmos mass before and during big blast,
we would not be here, neither is our Milky Way.

c) Gamma Ray and US

Gamma Ray is a good stuff. Gamma rays,
electromagnetic radiation of an extremely high
frequency / high energy photons, are produced by a
number of astronomical processes in which very high-
energy electrons are produced, that in turn cause
secondary gamma rays via bremsstrahlung, inverse
Compton scattering and synchrotron radiation. Gamma
rays typically have frequencies above 10 exahertz (or
>1019 Hz), and therefore have energies above 100 keV
and wavelengths less than 10 picometers, which is less
than the diameter of an atom. They can also be
produced by the decay of atomic nuclei known as
gamma decay. Gamma Ray also can be produced in
our nuclear reaction etc.

There are 4 stages of utilizing energy in our
human history. The First Stage is horse power stage.
The humans mostly use animal power to supplement
man’s power. The second stage is Molecular Power
stage. The humans mostly utilize fire power by burning
fuels. The third stage is Nuclear Power stage. The
humans mostly harvest energy from sub-atom nucleus.
The fourth stage will be sub-nucleus Particle Power
stage. The author applaud European Organization for
Nuclear Research (CERN)’s effort to crackdown the sub-
nucleus particles. The Large Hadron Collider (LHC), the
world’s largest and most powerful particle collider is the
first step for humans entering the Era of Particle Power.
The danger comes when particle power fall into a wrong
hand. To protect our way of living and beloved human
civilization, the international task to prevent particle
power proliferation soon must be in its place!

Comparing to pure kinetic energy, the pure
positional energy is always hard to be detected in
cosmos. The Kinetic energy comes to us, while
positional energy sits there. When this happens, the
cosmos Gamma Ray serves perfect tool for us to notice
the existence of positional energy/gravitation. The
author’'s point is supported by phenomenon as
gravitation lens. Furthermore, we shall be able to
quantify the positional energy/gravitation by measuring
gravitation lens effects carefully. The calculation will
provide us not only the gravitation power but also the
actual mass that invisible object possesses.

The earthlings are only one step from Gamma
Ray communication. The Gamma Ray is much more
powerful source that we can use to communicate cross
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vast cosmos distance. Humans are restricted by our
physical forms which stop us from traveling in space.
However, the electronic form of human in Gamma Ray
will easily overcome the barriers that physical form of
human face today.

Gamma Ray weapon will be the ultimate
weapon dwarfing our current nuclear weapon systems
as a catfish vs. Tyrannosaurus rex. Imagine that the GPS
locate a target; Gamma Ray will evaporate it like mini
big bang that hit a home run! The characteristic of
gamma ray weapon is to leave no messy blood with a
potential of recycling enemy’s physical body and their
weaponry. The nuclear weapon is more readily a source
for y ray nucleo synthesis. The era of y particle warfare
will become energy recycle enterprise. Not only the
superior civilization send out cyber generals and solders
(electronic form of human fighters) but also evaporate
enemy and their arsenals into dark matter, take them
home and sell them to a local utility company. The
recycle of enemy energy is not a new concept. The very
first war of human civilization involved capturing enemy
soldiers and sold them to slave market to recycle their
man power. In the era of particle power, enemy’s sub-
atom particle energy will be captured and recycled. The
fight will eventually become bloodless and painless.

If there is any intelligent life exists outside earth,
the Gamma Ray in space will be the main target to
study. Gamma Ray is the most powerful energy carrier
which is capable to travel the vastest distance. When the
cosmos Gamma Rays reach us, some of them may
carry information, or some Gamma Rays are alien life in
their electronic form. Our human race is only one step
below the ultimate level of terminal end of artificial
intelligence. If there is superior alien life that exists
somewhere in the universe, the only hope that they have
to travel among galaxies or escape a big bang is to
store their information in the gamma ray. The gamma
ray is the most powerful ray available in the universe.
Comparing to other types of ray, the Gamma ray might
last longer and reach further. However, the artificial
Gamma Ray with information may never escape a big
bang. It is, though, worth our effort to collect cosmos
Gamma Ray and look for clues that may mean
something other than existing as a form of pure energy
unit.

In a speed of light, all mass will break down into
particles. The dream of human carrier reaching speed of
light is just fantasy(2). The human becomes unique and
distinguish because of his/her personal memory and
emotion that is associated with such memory. Those
distinguished memories are nothing but an electronic
form that is developed in our brain cells at first place.
Once we are able to upload and pack such electronic
memory/emotion into a light form, we will be able to
travel in a speed of light.

The only intelligent alien life that is superior to
our human are the ones who master the Gamma Ray.
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The alien gamma rays wander in space, with hope to
reach the receptors. They would not be able to complete
their travel unless they find particular receiving receptors
which allow them to down load. The colonization of
cosmos will start in a form of Gamma Ray first, not a
“May Flower” wooden boat. This sounds like a fiction,
but it is science at its ultimate level.

Other than for the potential of information
storage, The Gamma Ray engine will be an ultimate
power horse for inter stars/inter galaxies travel due to y
ray/fuels that are readily available in space.

The Gamma Ray will be an excellent detector
for invisible mass. It is high energy, which travels fast
and far, it will detect any positional energy nearby on its
route due to the gravity lensing effects, or the bend of
light. The Gamma Ray radar detector will be the ultimate
detector available in the universe. There will be no
stealth plane, or dark matters that can escape from its
detection.

d) What We are Made From

It has been said that we are made from star
dust. This is not a quite correct answer. It is the
inorganic matters that are made from star dust.

In about three minutes, The Big Bang
nucleosynthesis produced most of the helium, lithium,
and deuterium in the Universe, and perhaps some of the
beryllium and boron.(0IDU)The heavier elements are
produced in stars through the process of nuclear fusion
(I9see stellar nucleo synthesis for details. Isotopes such
as lithium-6, as well as some beryllium and boron are
produced in space through cosmic ray spallation.(4This
occurs when a high-energy proton strikes an atomic
nucleus, causing large numbers of nucleons to be
ejected. Elements heavier than iron are produced in
supernovae through the r-process and in AGB stars
through the s-process, both of which involve the capture
of neutrons by atomic nuclei.(y Elements such as lead
formed largely through the radioactive decay of heavier
elements.(6) Those elements exemplify what is called
atom evolution.

The Organic Matters branch off from inorganic
matters. The process requires light energy. The light
energy could come from solar or earth itself. The most
popular photosynthesis requires green chlorophyll
pigments. In plants, these proteins are held inside
organelles called chloroplasts, which are most abundant
in leaf cells, while in bacteria they are embedded in the
plasma membrane. The first photosynthetic organisms
probably evolved early in the evolutionary history of life
and most likely used reducing agents such as hydrogen
or hydrogen sulfide as sources of electrons, rather than
water.(7) Cyanobacteria appeared later, and the excess
oxygen they produced contributed to the oxygen
catastrophe, ) which rendered the evolution of complex
life possible.



The Organic Matters are mass possessing both
kinetic energy and positional energy. To become alive
and grow, the living beings require additional matter that
possesses almost pure form of kinetic energy -light
energy. However, the light energy is no alien to us.
Neither is dark matter! Dark matter is just opposite from
light energy, which possess positional energy mostly
with very minimum kinetic energy. It is evidenced by
universe  background temperature. If there is
temperature, there is kinetic energy.

Light has mass; it is evidenced by gaining
slightly weight after photosynthesis. The current model
of photosynthesis is perfect example that nature set up
for us. When we enter the era of y particle power, we will
be able to utilize y ray for photosynthesis.

e) Time and Space

Time is just a record of history that describes an
evolution in process or movement in matter; if you were
to stop time, you would see a snapshot or momentary
freeze picture of matter physics -- a halted progress in
matter/energy. The speed of matter/mass or their
evolution can never stop; therefore, time will never stop.
There is no disappearance of matter/mass/energy; there
is only transformation of the engaging or dissembling
with external or internal mass/energy.(2) The Universe
Mass and Energy are in an endless cycles, accordingly,
time has no beginning and no ending.

Space is just a void where matters float. The
Space is not a mass. The space and time can never be
bent.

) Mathematic Odds and Déja Vu

Since the universe matters are all made of same
particles, whether they are gods particles or ghost
particles, there is no mystery or magic force in our
universe. It is all about odds in the universe where math
comes to play. From the most primitive particles to the
most sophisticated chemical structures, matter will
never vanish. It just exists in different forms by pure
0dds.(2)Given the infinite size of the universe, the
probabilities are most likely infinite as well: “anything is
possible.” Therefore, at any moment, if you take a
snapshot, you can always find materials/particles of
same physical character at different places in other
parts of universe simultaneously, which gives people a
sensation of déja vu. Similarly, when you look into a
large crowd, | am sure some déja vu is going to play
right in front of your eyes -- two faces will appear to be
identical.(2)Two Identical person does not mean they are
same person. Similarly, if you look deep in the universe,
you might find another “you”, the childhood memory,
however, could be different.

g) Unify All Science Branches and Philosophy

The study of universe will eventually lead to
great reunion of all science branches and philosophy as
organic intelligence heads to its terminal stage.

[11. RESULTS ANALYSIS

The wuniverse is a complete and enclosed
system, because there is nothing existing outside
universe which may interferes universe matters/energy.
The conservation of mass and energy perfectly apply
universe as a unit. We can safely say that universe
energy and mass are constant.

Ebigbang= Ek + Ep

The Ek is the sum of kinetic energy presents in
the current universe. Ep is the sum of positional energy
presents in the current universe.

The big bang is a greatest event happened in
the universe; it is an almost pure kinetic energy show.
Soon after a big blast, some of its kinetic energy starts
to transfer itself to the positional energy (y ray
nucleosynthesis). Some vy ray nucleosynthesis trapped
at subatomic stage and evolves into dark matter
(significant positional energy, little kinetic energy). Some
y ray nucleosynthesis goes on to form galaxies and us.
Some y ray remains free standing status and becomes
cosmos background ray.

The cosmos background ray may have
diversified sources, due to supernova. It may also have
organic intelligence originating, though the artificial
gamma ray would be very little to none at its scale vs. a
great bang or a supernova.

IV. DISCUSSION

In this theoretical study, the author paved a
road to disclose our universe mysteries by mapping its
energy evolution. Under dictations of the law of classic
physics, the author reasons what dark matter/black hole
is made of- y ray nucleosynthesis. Furthermore, the
author describes the mode of mass evolution in our
universe by analyzing its energy composition. In
consideration of infinite size of the universe, the author
postulates numerous big bangs exist in our universe
with endless mass/energy cycles. (2)
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Statistical Theory for Three-Point Distribution
Functions of Certain Variables in MHD Turbulent
Flow in Existence of Coriolis Force in a First
Order Reaction

M. A. K. Azad ¢ Abdul Malek °& M. Abu Bkar Pk ?

Abstract- In this paper, the three-point distribution functions for
simultaneous  velocity, = magnetic, temperature  and
concentration fields in MHD turbulent flow in presence of
coriolis force under going a first order reaction have been
studied. The various properties of constructed distribution
functions have been discussed. From beginning to end of the
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: coriolis  force, magnetic temperature,
concentration, three-point distribution functions, MHD
turbulent flow, first order reactant.

[. INTRODUCTION

:)article's distribution function is a function of
several variables. It has to make use of in plasma

physics to describe wave-particle interactions and
velocity-space instabilities. It is also used in fluid
mechanics, statistical mechanics and nuclear physics. A
distribution function may be specialized with respect to
a particular set of dimensions. It may attribute non-
isotropic temperatures, in which each term in the
exponent is divided by a different temperature. In the
past, numerous researchers like as Hopf (1952)
Kraichanan (1959), Edward (1964) and Herring (1965),
Lundgren (1967, 1969) had done their work on the
statistical theory of turbulence.

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
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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. 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.
Afterward, the following some researchers had 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
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 (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. Azad and Sarker(2008)
studied 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.
Chemical reaction is usually occurred in a fluid. It is
stated that first-order reaction is defined as a reaction
that proceeds at a rate that depends linearly only on one
reactant concentration Very recent, the following some
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researchers had included first order reaction rate in their
own works 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 et al (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
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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 (2015a)
studied the 4-point correlations of dusty fluid MHD
turbulent flow in a 1% order reaction. Most of the above
researchers have done their research for two point
distribution functions in the statistical theory in MHD
turbulence.

But in this paper, we have tried to do this
research for three-point distribution functions in the
statistical theory in MHD turbulence in a first order
reaction in presence of 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 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.

[ FORMULATION OF THE PROBLEM

The equations of motion and continuity for
viscous incompressible MHD turbulent flow in a rotating
system with constant reaction rate, the diffusion
equations for the temperature and concentration are
given by



. ou, ov, oh
with —%*=—%=—%=0,
OX, OX, OX,
where

u,(x,t), a — component of turbulent velocity;

h,(xt), @ — component of magnetic field; Q(X,t),

temperature  fluctuation; ¢,  concentration  of
contaminants; €m,s , alternating tensor;
vv(>2,t)=7 +1‘ﬁ‘2 +Lla .« total  pressure;
P 2 2

P(%t), hydrodynamic pressure; p, fluid density;Q,
angular velocity of a uniform rotation; v, Kinematic

viscosity; 4 = (4zuc)™ , magnetic diffusivity; , - Kr_,
PCy
2
Viw= —a—(uauﬂ - hahﬂ): -
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thermal diffusivity; c,, specific heat at constant pressure;
k;, thermal conductivity; o, electrical conductivity; u,
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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Certain microscopic properties of conducting

fluids such as total energy, total pressure, stress tensor
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DISTRIBUTION FUNCTION IN MHD
TURBULENCE AND THEIR PROPERTIES

[T1.

which are nothing but ensemble averages at a particular

time can be determined with the help of the distribution

functions (defined as the averaged distribution functions

with the help of Dirac delta-functions). The present aim
is to construct a 3-point distribution functions in MHD

turbulent flow in a rotating system under going a first
study its properties and derive a
transport equation for the joint distribution function of

order reaction,

velocity, temperature and concentration in MHD

turbulent flow in a rotating system under going a first

order reaction.

In MHD turbulence, it is considered that the fluid
velocity u, Alfven velocity h, temperature 6 and
concentration ¢ 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, ¢ and y denote the pairs of these

variables at the points x® %2

(\7(1), g®, g0y ® ) (\7(2), g?, 4@,y )
at a fixed instant of time.
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It is possible that the same pair may be once). Symbolicaly we can express the bivariate
occurred more than once; therefore, it simplifies the  distribution as
problem by an assumption that the distribution is
discrete (in the sense that no pairs occur more than

S0 g0 40 ,0) [G@ g@ 42 @) _ GO 5 40,0
{2,962} 72,926 ) @, g™, ") }

Instead of considering discrete points in the The distribution functions of the above
flow field, if it is considered the continuous distribution  quantities can be defined in terms of Dirac delta

of the variables V, T, ¢ and w over the entire flow field, ~ function.

statistically behavior of the fluid may be described by The one-point distribution function
~ the distribution functon F(V,3,4,) which s FOM®,g®, 40,y ®), defined SO that
i normalized so that Fl(l)(v(l),g(l),¢(1)’W(l)b/(l)dg(l)d¢(1)dl//(l) is the probability
; I F(\‘/, g,¢,l//)d\7dgd¢d(/, =1 that the fluid velocity, Alfven velocity, temperature and

concentration at a time t are in the element dvtV about

where the integration ranges over all the possible values 1 dg" about g, d¢(1) about ¢(1) and d,/,(l) about
of v, g,¢ and y . We shall make use of the same 1)

normalization condition for the discrete distributions v
also.

respectively and is given by

RO (Va), g0, 4@ ): < 5(u(1) _V® )5(h‘1) _g® )5(3(1) _ 40 )5(C(1) _ ,/,(1)) ) (12)

where ¢ is the Dirac delta-function defined as
—  \4o _ J1 atthepoint U=V
J.é‘(u - V)dV - {0 elsewhere
Two-point distribution function is given by

F02 _ <5(u(1) O 5{H0 — g (g — g0 (e @ s(u® @ |s{® - @) 5[0 -2 lc@ -y @) ) (13)

and three point distribution function is given by
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Similarly, we can define an infinite numbers of a) Reduction Properties
multi-point distribution functions F,"234 F (12345 gnd so Integration with respect to pair of variables at

on. The following properties of the constructed one-point lowers the order of distribution function by
distribution functions can be deduced from the above one. For example,
definitions:

[FOv®dgDdgBy® =1,

[F2a0@dg@dgddy @ = RO
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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

[ FOav® - <5(h(1> _g® )5(9(1) e )5(C<1) _ y,(l)) ),

[ F®dg® - < 5(u @ _\® )5(9(1) g )5((:(1) _ V/(l)) ),
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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.,

lim

‘)7(2) BN X(l)‘ N |:(1 2) _ I:(l)F(z)
and similarly,
lim
‘2(3) - i(z)‘ ) F3(1‘2'3) = F2(1,2) Fl(3) etc.

lim
‘2(2) - i(l)‘ — o
Similarly,

lim

c) Co-incidence Properties

When two points coincide in the flow field, the
components at these points should be obviously the
same that is F,"? must be zero.

Thus V(z) =v®¥, g®=g% 4@ =49 and
w® =@ but F,'? must also have the property.

[F2a0v@dg@dg@dy @ = B

and hence it follows that

[ FE2 RO 5(\,(2) 0 )5(g(2) _g® )5(¢<2) _gW )5(,/,(2) _ l//(l))

‘2(3) —>X(2)‘ | ,:3(1,2,3):,:2(1,2)5(\,(3)_V(l))5(9<3)_g(l))5(¢(3>_¢(1))5(w(3)_,/,(1)) etc.

d) Symmetric Conditions

e) Incompressibility Conditions

aFn(l,Z,———n)

(NN AR () —
v, ‘dvt’dh'’ =0
xn

()
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

ou U [EOQNOdg@ds@dy @
- :<a<1> [FPavPdgPdgVdy @ ) =

aFn(l,Z,***n)

Mgvgn ™ =
S Od® =0

(if)

convective MHD turbulent flow directly by using div
u=0
Taking ensemble average of equation (5), we get

(U [FOdvOdgDdgVdy® )

ax®
0 0
=55 (U9 ) RO YavPaghg¥ay© = [ vORPadgUagPd
OXg X
6F
and similarly, Equation (15) and (16) are the first order
oE® continuity equations in which only one point distribution
—f 1(1) 9P av®dgdgPdy @ (16) function is involved.

For second-order continuity equations, if we

multiply the continuity equation by
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5(u<2) V@ )5(h<2) _g® )5(9(2) _ 4@ )5((:(2) _ 1/1(2))

and if we take the ensemble average, we obtain

o= §(u(2) _\y®@ )5(h(2) _g® )5(9(2) 4@ )5((:(2) @ )6U_((,1) >

ox
_ ‘3(1) ( @ _ (2))5( @ _g® )5(9(2) e )5((;(2) _y® )Jgtl) )
8x
_ % [ [( ué})é(u‘l)—v(l))a(h‘l)—g(l))5(9(1>—¢(1))§(c(1)—y/(l))

x 5(u(2) Ry )5(h(2> _ 9(2))5(9(2) —4® )5((;(2) (2)) Yav@dg@dgVdy® |

X (1) — o |V Pav@dgPdgdy @ (17)
and similarly,
" ox (1) — ] 99 FPavldgVdgBdy @ (18)
The Nth — order continuity equations are
o= ax(l) J'V(l) |:(12 N)dv(l)dg (1)d¢(1)d¢//(1) o)
and
ax(l) I g{ @) F L2, N) gy @ dg (1)d¢(1)d1//(1) 20)

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

a (V(r)F(lz """"""" dv(r dg r)d¢(r)d (r)) IVgS)F(lz """" IS dv(s)dg(s)d¢(s)d!//(s) (21)
5Xg) OX (5)
Since the divergence property is an important property and it is easily verified by the use of the property of
distribution function as
@)
W E® 4O gy ® gsO 0 ;@ \_s Mo \_
8x(gl) IV F, 7 av™dg* d¢ dl// 8x(1)< us > < axél) > 0 (22)

and all the properties of the distribution function by making use of the definitions of the constructed
obtained in section (4) can also be verified. distribution functions, differentiating equation (12)

E ) E O partially with respect to time, making some suitable
V. QUATIONS FOR EVOLUTION OF UNE - operations on the right-hand side of the equation so

PoiNnT DisTrRIBUTION FUNCTION F obtained and lastly replacing the time derivative of
u,h,# and c from the equations (8) - (11),

we get,

Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

It shall make use of equations (8) - (11) to
H convert these into a set of equations for the variation of
the distribution function with time. This, in fact, is done

3';{1) jt (5[ —vO J5(® - g® J5{o® - g Js(c — ) )
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= 5(h(1) )5(9(1 1))5(0(3 1))%5@(1) _v(l)) )+{ 5(u(1)_v(1))5(9(1) —¢(l))5(c(l)—y/(l))gé(h(l)—g(l)) )
H 5(u<1> _y® )(5(h(1) _g® )5((;(1) _y ) % 5(9(1) _ ¢(1>) )+{ 5(u(1) Y )g(hm _g® )5(9&) _ g0 ) % 5(C(1> _V,u))>

:<_5(h(1)_g(l))é‘(g(l)_¢(1))5(C(1)_W(1))&:9ti 6\/% Su® —v®))

+<—5(u ® _,® )5(9(1) _p® )5(0(1) _y® ) % ag% 5(h(1) _g® ) >

+ (—5(u W _y® )5(h(1) _g® )5(0(1) _y® ) %t(l) (M% 5(9@) g0 ) )

+<—5(u(1) —v® )5(h(1) O )5(g(1) ¢(1)) ‘;i) a% 5(c(l) —l//(l)) )

%1‘1) :<_5(h(1) — g®)s{p® - g }s{c® - (1)){ ( Oy h(l)h(l))

1 u® auf)  on® ohi . ax
- a(1) : v . o ] VAU =2 € Ol a(1) olu® )
Ar Ox, OX' OXy'  OXp' OXg |x | oV,

(=5 (U —v® Js(p® - g0 |5{c® _p O} - o7 (h(l)u(l) u(1>h(1))+ v |}

S @ (ha) g(l))> <5(u<1)_V(1>)5(h(1)_g(1))5(c(1) (1)){ u(l) + w200 )

o ) A - e k)

—( 50— g® s(p® - g0 (e -y ®) a“a(:(‘;)»(f)‘l ) %5@ O _y®))

R ER Y SR}

® _ 40 )s(p0 _ 405w _, o)1 0 oul auy  on® ohp) S A )
+( 5(h1 _91)5(91 _¢1)5(c1 _Wl’4zzaxg)I [ o _@X(ﬂl) o0 ]><|)_('_i| 0 5(u1 —v1)>

(-6 (ha) g<1))§(,9<1) ¢1))5( )va u® avag ) (u(1>_v(1))>

+{ 5(h(1> _ g(1>)5(9(1> _g® )5(C(1) e )X 2 € Ot % 5(u(1> _V<1)) )

[24
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+{ 5(u<1) e )5(6,(1) _g® )5(C(1> _

e 5(u<1) ) )5(9(1) g )5(C(1> _

e o -
5(u @ _\® )5(h(1) _
o -
oo -

N <_5(u ® _y® )5(h(1> g

g® )5((3(1)

Various terms in the above equation can be
simplified with the help of the properties of distribution
functions and continuity equation as that they may be

g® )5(C(1> —y

g® )5(9 W _y

+( 5(u @ _\,® )5(h(1) _g® )5(9 W _ 40 )X Rc®

(l) (l)
o ) oh; F]

ax(l) ) 5(h(1) _ g(l)) )
o

ORO
(1))X ou,, hﬂ o
@ ag®

5(h(1) _ g(1>) )

y® ) aveh® 895 5(h® - g®) )

a

o60®
(1)) up D 30 5(9(1)_¢<1))>

G
(1)) w2002 _ o 5(9(1)_¢(1))>

ac® o
(1)) 2)6 g ) ()5(c<1>_y,(1))>

(1))5(9(1)_¢(1))X Dv2c® % 5(C(1)_y,(1))>

oy

aw% 5(0(1) _ V/(l)) )

distribution functions. So after simplifying the equation
(24), we get the transport equation for one point
distribution function in MHD turbulent flow in a rotating
system under going a first order reaction as

(23)
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09y L(2) _, 4@ X)X

lim

o ) o

()
2 5O
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(2)6)((2) I

(2) 2y, (2)
6xﬂ axﬂ

1. 0 1
_av§>[ anl P [x® x| )

F2(1,2) dX(Z) dV(Z) dg (2) d¢(2) dy (2

[VOELD @ dg@ dg@dy @

expressed in terms of one point and two point
oF® W 8F1 o 89%) av%) )8F1(11) d
at oxy) vy ogd 7 ox
v® P 5g@ 9P
axg) ax? axg) ax?
lim a2
Y0 (2) 2 (2)
ov,, 2(2) _))_((1) 6xﬁ axﬁ
lim 2
Y o

o | 0P A @ dg@ap@dy 2

@Dy dg@dg@dy @

[y OFfFAav@dg @ dg@dy



0

F® =0 (24)
oy

+ 2 ms QALY — Ry

@

) - ] definitions of the constructed distribution functions,
V. EQUATIONS FOR TwO-POINT making some suitable operations on the right-hand side

DisTRIBUTION FUNCTION F,"? of the equation so obtained and lastly replacing the time
derivative of u,h,8 and c from the equations (8) - (11),

Due to derive the transport equation of two- we get,

point distribution function Fz(l’z)differentiating equation
(13) partially with respect to time, making use of the

5':2(: i (h<1) (1))5(9(1) ¢(1))5( @ _ (1))(;(u(2)_V(2>)5(h(2)_9(2))5(9(2>_¢(2))

ou® au)  on® ohy)
a a
x P ox§ axl

((2> y @) - (1)( @y h(1>h<1>) i@jy [

X = d_”
x-x
(- 5(u(1) _y® )5(9(1) e )5(0(1> —y® )5(u(2) _\v® )5(h(2) _g® )5(9(2> _ ¢(2))

0
5(0(2) (2)){ P (h(l’ @ ufj)hf,l)) + Av2h® }X@dha)_ga)”

a

n <_5(u(1) _y@ )5(h(1) _g¥ )5((;(1) —y® )5(u(2) _y@ )(5(h(2) _g® )5(‘9(2) _ g )5((:(2) B '//(2))

o ‘29(1 200 Ix % 569 —g9) )+ (6{u® — v Jo(n® - g )s(a® - g0 s{u@ —vi2)

0
+ WUl -2, Quud }x@v—g)é‘(u(l) —v(l))>

5@w_gmk@m_¢wb@m wx m6i3+DvgJ Re® }

) _%Hg@m_wm)>

oy

+<—§(u(1 _y® )E(h(l 1)5( o) 1))5( )5(h(2>_g(2))5(9(2)_ ¢(2))5(C(2)—V/(2))

2 2 —
au(z) 8u( ) ahéz) ah'(g) dx”
X 6x;2’ ox? ox? %" X/

{_ 0 (u(z) @ h(z)h(z)) 1 0 I

6x(ﬂz) “ 47 ox? X

2.2 2 0 2 2
+ W2l - 2€,, Qui? }xmé(u()—v()))
a

i <—5(u(1) _y® )5(h(1) _g® )5(9(1) —g® )5(0(1) _y )5(u(2) _y®@ )5(9(2) B ¢(2))
(C(z) (2)){ ax(z) (h(z) () uf)hg)) + AV?h® } aga(z) 6(h(2) g(z’) >
" <—§(u(l) _y® )S(h(l) _g® )5(9(1) e )5(0(1) —y )5(u(2) @ )5(h(2) 3 g(z))

@
5(c? -y @)y 26’(2) 26(2) }X—a;(z) 50 -g®))

4 (—5(u(1) O )5(h(1) _g® )5(9(1) _ g )5((:(1) _y® )S(u(z’ e )5(h(2) B g(z))
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After simplifying the various terms in equation flow in a rotating system in a first order chemical
(26), we get the transport equation for two -point reaction

distribution function F2(1,2) (v, 9,0,) in MHD turbulent

1
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] - N distribution functions, differentiating equation
VI EQUATIONS FOR THREE-POINT 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

DisTtriBUTION FUuNCTION F"*Y

It shall make use of equations (8) - (11) to  y h,@ and c from the equations (8) - (11),
convert these into a set of equations for the variation of | o get

the distribution function with time. This, in fact, is done
by making use of the definitions of the constructed
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P oxD oy®

gy g0

5(u(3) _V(3))5(h(3) _ 9(3))5(9(3) _ ¢(3))X Dv2c ﬁ 5((;(3) _ ,/,(3)) >

N 5(u(1) _\y® )é(h(l) _g® )5(g(1) 40 )5(0(1) _y® )5(u(2) _\@ )5(*‘(2) _g® )5(9(2) _ ¢(2))

5(u(3) _0 )5(h(3) _g® )5(9(3) e )X R % 5(0(3) _ W(a)) > (27)

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 1% term in the above equation is simplified as follows



o _ (1) ® ® o _,,0 @ _y@ (2 _ (2) (2) _ 42 @ _,, 02
( 5lh® — g hlo® ~ 4@ ble® —y plu? —v}s(n® — g@ (o™ ~ 52 ol —?)

5(u<3) _\V® )5(h‘3’ —g® )5(9(3) o )5(0(3) _y® )X aL;(D(l)(ﬁl) 85(1) 5(u(1) _ V(l)) )

- <u},1) 5(h(1) _g® )5(9(1) e )5((;(1) —y® )§(u(2) V@ )§(h(2) _g® )5(9(2) _ 4@ )5(C(2) _ W&))

5(u® —v@)s(h® — g@)s(6® — g )s(c® — @) Zigi 65(1) Su® —vo) )

= <_ u® 5(h(1) _g® )5(9@) o) )5((;(1) e )5(u(2) Rye) )5(h(2’ _g® )5(9@ e )5((:(2) _ !//(2))

5(u(3) _y® )5(h‘3) _g® )5(9@ o )5(0(3) _y® )X Zt‘g aa(l) §(u<1) _v<1)) )i (since 232))

=(—5(h(1) _ga))(;(@(l) _ ¢(1>)5(C(1> _,/,(1))5(“(2) _V(2))5(h @ _g@ )5( @ 2))5( )

0

3 _\y©® 3) ®3) 3) _ 43 ©) @ @ @ _y0

5(” -V )§(h -9 )5(0 -¢ )5(0 4 )Xuﬂ X ,(31) 5(“ -V )>
Similarly, 6", 9" and 11" terms of right hand-side of equation (27) can be simplified as follows;

(o vl g bl —y O v bl - p{o g2 -

=1)

9" term,

5(u(3)_V(3))5(h(3)_g(3))(5(0(3)_¢(3))5(c(3)_W(3))Xug) az” 5(9(1)_ ¢(1))>

And 11" term

Adding these equations from (28) to (31), we get

© 2015 Global Jour

nals

Inc

~
e

(Us)

Global ]()urnal of Science Frontier Research (A ) Volume XV Issue II Version I E Year 2015



Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

5(9(2> _g® )5(0(2) _y® )d(u(a _\® )5(h‘3) _g® )5(9(3) g0 )5(c(3) _y® ) )

= —ax%vg) F3(1'2'3) [Applying the properties of distribution functions] (32)
B
Similarly, 14™ 19" 22" and 24" terms of right hand-side of equation (27) can be simplified as follows;
<5(u(” 0 )5(h(1) _g® )5(9(1) _ g0 )5(C(1) _y )5(h(2> _g® )5(9(2) _g0 )é(cm _y )
1 v 50 ~ g s{p g e -y 9 a“éi;‘:)g) 6\22)5(“(2) )}
- <_ 5(u(1) Y )5(h(1) _g® )5(9(1) _ g0 )5(0(1) 0 )5(h(2) _g®@ )5(9(2) _ ¢(2))
5@ -y )5(u(3) _0 )5(h(3) _g® )5(9(3) g )§(C<3) y9) u? &(E;}) olu® - V(z)) ) (33)
19" term,
( 5(u(1) -v(l))a(h(” _ g(l))(;(@(l) _g0 )g(c(l) _y0 )5(u‘2) _V(Z))(;(g(z) _ g )5((:(2) _ ,/,<2>)
nou? 5
5(u(3) e )5(h<3) g )5(9@ _ g0 )5(C(3) e )X gxf;f _ 5(h(2) _ g(Z)) > (34)
N 22" term,

( 5(u(1> VO )5(h(1) _gW )5(9(1) g0 )5((:(1) _y® )5(u(2) e )5(h(2) —g® )5((:(2) _ V,(Z))

5(u(3) —v@s(H® - g@ oo - ¢(3))5(C(3) BC)N u@ Zi;; ﬁ 50 - 4@))

© 2015 Global Journals Inc. (US)



And 24" term,

Adding equations (33) to (36), we get

e < u@( ((1) V(l))g( @ g<1))5( (1))5(0(3_,/,<1))§(u<2>_V<2>)5(h(2)_g(2))
(6(2>_ el )5(0(2 (2))5( 3) V(3))5(h(3) g<3))5(g(3) ¢(3))5(C<3) (3))>

1,2,3

_ o OFY
B (2)
axﬁ

Similarly, 27", 32", 35" and 37" terms of right hand-side of equation (27) can be simplified as follows;

<5(u(1)_\,(1))5(h(1) )5( W _ 4 )5(0(1 )5(u(2)_\,(2))5(h(2)_g(z))(;(@m_ ¢(2))

(C(z 2 )s(h(?’ )5(9(3) e )§(c(3) _ W(s))x auéi)(;(; ! 9 5(u(3) _V(3)) )
B

P

- <_ 5(u(1) _\y® )5(h(1> _g® )5(9(1) g0 )5(0(1) W )5(u(3) e )5(h(2) _ g(Z))
5(9(2) _g® )5(C(2) _y® )5(h(3) _g® )5( e )5( e ))X uf . 5( ; 5(u(3) _ V(s)) >

32" term,
5(u(1) e )S(h(l) _q® )5(9(1) ) )5((:(1) ® )5( )5( @ _g@ )5( )
o o P2 o)
- (_5(u(1) _\0 )5(h(1) _gW )5(9(1) _ g0 )5((:(1) O )5(u(2) _ V(z))g(h(z) _ 9(2))5(9(2) _ ¢(2))
5(0(2) _ V,(Z))(;(u(s) _ V<3))5(9(3) _ g )5((:(3) e ))X u_° 5(h g(s)) >
ox§
35" term,
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( -vl))a( _ g )5( )5(C<1) V,())(;(u(z)_V(2>)5(h(2)_g<2>)5(9(2)_¢(2))
5@~y @ @ v 5{h® — @ (@ @ @ )06 & 5(9<3)_¢(3))>

ﬁa 04

_ <_5(u(1) Ry )5(h(1) _g¥ )5(9(1) g0 )5(C(1) _yW )5( @ _\ )5(h(2) _g® )5(9@ _ ¢(2))

5@~y @ u® v h - g e -9« uf) %5(0@ ~49)) (40)
and 37" term, ’

<5(u(1)_v(1))5(h(1)_ (1))5(9(1)_ (1))5(6(1)_ (1))5(u(2) V(Z))5( @ 9(2))5(9(2)_ ¢(2))
5@~y @ s{u® v s{n _ g s(p — 4@ )y ® o 0 5(0(3)_V,(3))>

XU
F ox oD oy®

- <_5(u(1) _\O )5(h(1) g )5(9@) g0 )5(0(1) _y® )5(u<2) _\? )5(“( ) _g®@ )5(0@) _ ¢(2))

5(0(2) @ )5(u(3) ) )5(h(3) _g® )5(9@) e )X o) %‘;’ 5(C(3) _ w‘3)) > @)
Adding equations (38) to (41), we get
_ axa}f) <u . 5(u @ _\,® )5(h ®_g® )5(9 W _ 40 )5(C(1) _y® )5(u 2 _\,® )5(h(2) _g® )
5(9(2) _4® )5(0(2) (2) )5( ® _\® )5(h(3) g® )5(9@ 4® )5( @ _,® )
=-v9 i (42)

Similarly, 27, 7" 151" 20™ 28" and 33" terms of right hand-side of equation (27) can be simplified as follows;

(—5(h(” _g¥ )5(9(1> _ g )5(C(1> _y )(;(U(Z) _\@ )5(h‘2) _g® )5(9&) g )5(0(2) _ W(Z))

o{u® v o - g s(a® - g0 bl 9 )¢ ahax(g/’) a\i” olu® —v‘”))
i a

1 1,2,3)
o 095 OFg (43)
Y

7" term,

Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

15" term,



20" term,

28" term,

and 33 term,

(_5(u(1) _\ )5(h‘“ _g¥ )5(9(1) _ g )5(0(1) e )5(h(2) _g® )5(9(2) _ g )5((:(2) _y@ )

5(u(3) _\® )5(h(3) _g® )5(9(3) _ g )5((:(3) _y® )X 8*22)2()};}2) a\iz) 5(u(2) _y@ ) )

@ 6g(2) aF(123)
T v @

(_5(u(1) _y0 )5(h(1) _g® )5(9(1) _gW )5(0(1) _yW )5(u(2) _\@ )5(9(2) e )5(0(2) _ V/(Z))

510 v o — g (o - 4@ e -y 5“22)2‘22) LZ) 5(h<2)_g(2))>

P agl

123
@ 8Véz) an( )
B a9 ((12) 6x22)

<_§(u(1) o )5(h‘” _g¥ )5(9(1) _ g0 )5((:(1) _y® )5(u<2) _y@ )5(h(2) _g® )5(9(2) _ ¢(2>)
5(C<2) o )5(h(3) _g® )5(0(3) _ g )5(.:(3) e )X anhy’ @ 5(u<3) _V(3>) )

® A0

Xy OV,
1,2,3
®) og) 8F3( )
av®

(- §(u(” Y )(5(h(1) _g® )5(9(1) _ g )5(0(1) y )5(u(2) @ )(5(h(2) _g® )5(9(2) _g@ )

5@ -y @l v 5l -0 e -y O )« _aua{);;}f) ag%&(h“) -g¥ )>

1,2,3)
3) vy oF;
A ag® 6x(ﬂs)

Fourth term can be reduced as

<_5(h(1) gV )5(9@ _ g0 )5(c(1) e )5(u(2) @ )5(h(2) e )5(9(2) _ g )5(C(2) _ W(z))

5(u(3)_v(3))5(h(3) _g<3))5(9<3)_¢<3))5(C(3)_,/,(3))wvzug) % 5(u(1) _v(l))

a

;)<v2 uo 5(u(1) O )5( &) g(l))é'(‘ga) ¢1))5(C(1 )5( @ VZ))(;( @ g(Z)

{1
o

5(9(2 _g@ )5(C(2 2))5( ® Vs))(;(h@) g )5( _ g )5((3(3) (3))”

0 < ] 5{u v {0 - g0 g - g e -y 0 @ yi2)

s ax( >ax

5(h<2) _ g(Z))5(0<2) _ ¢<2))5(C(2) _y® )5(u<3) ) )5(h(3) _ g(z))5(9(3) _ ¢(3))5(C(3> —w“’) )
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o ava(l) <@ _ " <@ 6x(4?;x(4) <“34)[ olu® —v®n® - g Jlo® — sl — @)
x(4) _, 5(@) X oXp

5(u(2)_V(Z))g(h@)_g<2))5(9(2)_¢(2))5(C(2>_V,(2>)§(u<3>_v(3))5(h(3)_9(3))5(9(3>_¢(3))5(C<3>_,/,(3))]>
=_V% lim o’ <I WSO v |s(h - g s{a® g0 |s(c® _, )

oV 9 (4) 2y (4)
D@ oo

5( @ _ 3))5( ®_g® )5(9(3 3))(5(0(3)_(//(3))5(u(2)_v(2))(5(h(2)_g(z))g(g(Z)_ ¢(2))

(0(2) (2))5( @ v(l))d(h(l) (1))5(9@ _¢(1))5(C(1) —y/(“)dv(4)dg‘4)d¢‘4)dz//“‘) )

lim 2
0 0
- — [V E239 @y gy @
NG (4) ) 1) 0%y

(49)

Similarly, 8" ,10™ ,12" 17" 21t 239 25" 30" ,34™ 36" and 38" terms of right hand-side of equation (27) can be
simplified as follows;

(_5(u(1)_v(1))5(9(1)_¢(1))5(C< )5( \,(2))5( )5(9@) I )g(c(z)_‘/,(z))

5(u(3) _\0 )5(h(3) _g® )5(9(3) e )5((:(3) e )X v ﬁ 5(h(1> _ g(l)) >

a

- g OF 02390y @dig g dy (50)
ol '
10" term,
(_5(u(1> _ V(l))g(h(l) _ g<1))5(c(1) —y® )5(u<2) _ V(Z))g(h(z) _g® )5(0(2) _ 4 )5(0(2> _ ,/,<2))
( ©) 3))5(h(3 )5(9(3)_ ¢(3))§(C(3) y® ) « 200 : ;(1) ((1>_ ¢(1))>
0 lim o 1) E 0239 3,4 4g @ dg@ gy @
=y jqﬁ F,oo>Ydvi®dg Y dg' Y dy (51)
o0 @ o
12" term,
+<_5(u(1) )5(h<1) g(l))(g(g(l) 4 )5( @ v())5(h(2)—g<2))5(9‘2)—¢(2))5(c<2)—1//(2))
5(u(3) _\O )5(h(3> _g® )5(9(3) _ ¢(3))5(C<3) _ l//(3))>< Dv2c® % 5(0(1) _ t//(l’) )
5 0 lim o2 jx//(“)Ff'z'&“)dv(“)dg(“)d #dy (52)
oty ) o0
17" term,
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21 term,

23 term,

25" term,

318 term,

34™ term,

<_5(u(1) _y0 )5(h(1) gV )5(9(1) _ g0 )5(0(1) e )5(h(2) _g® )5(9(2) _ g )5(0(2) _y® )

S0 v 0 - g g - 5 5{e -y oy (; 5@ -2y

I lim 8* [V 12306y g DDy 9
- (2 (4) 5y (4) J v
No* o(8) _, (2) X" 0X;s

a

0 lim 52
00?4 _ (2 oxPoxf)

[ 9@ &239 @ dg® dg W dy @

(_5(u(1) _\0 )5(h(1> _g® )5(9(1) — g0 )5((;(1) _y® )5(u(2) _\@ )5(h(2) _g® )5(0(2) - W(2))

0
5(u(3)_V<3))5(h(3)_g(3))5(0(3)_¢(s))5(()_l/, ) 720 7 5(9(2)_¢(2))>
0 lim 0? @) £ 1234 g, @ gg @ g @ gy @
__ FE23 0 av® dg@dg®d
e (@) (@) P J# g dgTdy

(- 5(u(1) Y )5(h(1) —g® )5(9(1) 40 )5((:(1) _y® )5(u(2) _\@ )5(h(2) _g® )5(9(2) _ ¢<2))

5(u(3) O )5(h(3) _g® )5(9(3) e )5((:(3) _y® )X DV2c? ﬁ 5(0(2) _ W(Z)) >

0 lim 02 8) = (L2,3.4) 4 (4) 4 (4) 4 4 (4 4
-0 [y @F £239 4y dg (@ dg gy,
(2) _(4) _(2) axf,;”ax};‘)

<_5(u(1) Ry )5(h(1) _g¥ )5(9(1) g0 )5(0(1) W )5(u(2> _\® )5(h(2) _g® )5(9(2) _ ¢(2))

5(0(2) _y@ )5(h(3) e )5(9(3) e )5((:(3) _y® )X WAl % 5(u(3) _ v(3>) >

a
lim 2
0 0 D F L2394y gg D gD gy,
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(-olu® vl g o - et - @ blu -2 bl - g -4
5(C(2) _y® )§(U(3) _\® )5(9(3) _ ¢(3))5(C(3) _y® )X WO % 5(h(3) _ 9(3)) )

a
0 lim 0? (4 = (1234) 4, (4) 4y @ 4,4 {1,p (D)
(3) WI 9, F, avi¥dg*dg " dy (58)
Mo (@) _, (@) X5 %

36" term,

(_5(u(1) e )5(h(1> _ g(l))g(‘g(l) _ ¢(1))5(C<1) _ z//<1))§(u‘2) _\@ )5(h(2> _g® )5(9@ _ ¢(2))

5(0(2) _y® )5(u(3) e )5(h(3) _ g<3))§(c<3) @2 % oo - ¢<3)) >

0¢
lim 2
-7 a(3) (4? ar J#O LW dgWdg@dy @ )
o¢ )_((4) _(3) ax ax

38" term,

& 5(u(1) _yO )5(h(1) g )5(9(1) _g® )5(0(1) _yW )5(u(2) _y®@ )5(h(2) _g® )a(e(z) _ ¢(2))

5(C(2)_V,(2))5( (3 _ )5(h(3 g,<3))5(9(3)_¢(3))X DV2c®d % 5(C(3)_y,(3))>

P lim 02 D239 4,4 4 @ 4y @) gy @
w® @ ax(4‘)ax(4“)f Ry dviTdg™dg ™ dy (©0

We reduce the third term of right hand side of equation (27),

(h(l) O )5(9(1) $® )5( @ _y, @ )5(u(2) e )5(h(2) _g® )5(9(2) _g®@ )5(C(2) _ u/(z))

) @ 1 ()]
5u® —v® sh® — g® Js{o® —p© sl —py @ pe L 0 [ e ous  on§) ony
17 o@ Lo @ o

ax” 0
X |i"’—i| _av(l) 5(U(1) _v(l)) >
(04

o1 o 1 @ v g agy

= | — _ E 2239 4@ v dg®dePd iy @ 61
20 i) @ ] X o o o o 0 7dg Ty | &)
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16" term,

<5(u ® _y® )5(h W _g® )5(9 W _4® )5(0(1) —_y® )5(h(2> —g® )5(0<2) _g® )5(0(2) @ )

| 5(u @ _y® )5(h @ _g® )5(9(3) O] )5(0(3) —y® )
0 ou@ oup? on® ohiP . dx" o 5@ —v@))
4z ox? oxP ax(z) oxP oxP T X" =X] v
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SN N Ry — v v oglh ogp
PYORER PN ) ‘2(4)_X(2)‘ 6X(ﬁ4) ox® GX’?) ox®

JEL239 4Dy @dg@dg@dy @ |

Similarly, 29" term,

( 5(u ® _yo )5(h W _g® )5(,9 W _ 4O )5(0(1) —y® )5(u<2> _v® )5(h<2) —g® )
5(g(2> —g®@ )5(,:(2) —y @ )5(h<3> _g® )5(9(3) O] )5((:(3) —y® )

®3) (3) —m
1 8 [ au® au  on® onf ] dx o 5(u(3)—v(3))>

L _
ax @) L @ @ x® x@ KX v
o 1 d 1 W vy ag agly

- 1 _ E 1239 4@ qv®dg@ds@ dy @
8\/[(13)[ 47[_[ GXS)( ‘2(4)_2(3)‘ )( 5X(ﬁ4) axgl) aX;;l) ang) ) 4 g ¢ 4 ]

Fifth term of right hand side of equation (27),
( 5(h(1) _g® )5(9 @ _ 40 )5(C(1) —y® )5(u(2) _v® )5(h(2) —g® )5(9(2) _$® )5(C(2) —y @ )

5(u @ _y® )5(h(3> _g® )5(9(3) —4® )5(C<3> —y® )X 2 € s Q@ ﬁ 5(u ® _,® ) )

(22

—( 2 €mup Qmu® %[ sU® —v®)s(h® —g®)s(e® —g® J5(c® —y O )s(u@ —v@)

o

5(h(2) —g® )5(49(2) ) )5((:(2) —y® )5(u @ _y® )5(h(3) —g® )5(9<3) —¢® )5(0(3> —y® ) 1)

2 Cmap O ava(l) ( u@su® v Js(h® — g® 56D — 4O Js(c® —y O Js(u@ _v@)

[24

5(h(2) _g® )5(9(2) e )5((:(2) —y® )5(u @ _y® )5(h(3) _g® )5(9(3) —$® )5((:(3) G )>

=2 €mgp Cm Z:% ( 5(u<1> —yv® )g(h(l) _g® )5(6;(1) —p® )5(C<1> —y® )5(u<z> e )5(h<2> _ g<z>)

o

5(9(2) e )5(0(2> _ ,/,<2))5(u(3> @ )5(h(3) —g® )5(9(@ —p® )5(C(3) _ V,(a)) )
=2 g QF?d

Similarly, 18™and 31" terms of right hand side of equation (27),

<5(u ® _ O )5(h(1> _g® )5(9 O _ 4 )5(0(1) _y® )5(h(2> _g® )5(9(2> _ @ )5(C(2) _y®@ )
5 —v@ B{h® —g@)s{o® — 4@ sc® — @ )2 €y Q® aviff) 5u@ —v@))

1,2,3
=2 €y QFL2d

319 term,

< 5(u @ _\y® )5(h(1) _g® )5(9 ® _ 4 )5((:(1) —y® )5(u(2> _v® )5(h(2> _g® )5(9(2> _g®@ )

5(0(2> _y® )5(h @ _g® )5(9 @ _ 40 )5(C(3) @2 Emay At % Su® —ve@ ) )

1,2,3
=2 € map Q F323)
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13" term of Equation (27)

5(u o _,O )5(h O _ g )5(9(1) _ g0 )5(u 2 _@ )5(h(2) —g®@ )5(g(2) _ 4@ )5(0(2) _y (2>)

5(u ® _y® )5(h(3> _g® )5(9@ 40 )5(C(3) _y® )X Re® W% 5(C<1) _y 0 ) ) (67)

0_0 a2y

av/(l)

26" term of Equation (27)

5(u(1)_v<1))5(h(1) 1)5(9(1) 1))5( l//(l))g(u(z)_v(z))g(h(z)_g(z))g(g(z)_ ¢(2))

§(u(3) O )§(h(3) _g® )5(9(3) _g® )5(0(3) ! )X Rc® - l//a( . 5(0(2) V/(Z)) ) (68)

39" term of Equation (27)

5(u(1) Y )5(h(1) _ g(1>)5(9(1) _ ¢(1))5(C<1) W )5(u(2) _ V(Z))g(h(z) _ g(2))§(9(2) _ ¢(2))

@) _y@ sih® _ g® l5(p® _ 43 @_0 ®
5(u v )5(h g )5(9 ¢ )x Re m5( v )) (69)
_Ry®_0 pa23
VII.  RESULTS distribution function F3(1'2'3) (v, 9,9, ) in MHD turbulent
Substituting the results (28) — (69) in equation flow in a rotating system under going a first order
reaction as

(27) we get the transport equation for three- point
(1.2,3) 1 1
oF; (VO o @ 9 @ 0 IR g(l)( agd vl 0

+
B 1 s 2) B 3 1
ot o@D a@ T 5O v g ox®

] F123)

2 2
@) 9P v 8 Off a9 v )
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Pl a® ag® o v®  og® ax(3)
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Continuing this way, we can derive the VIIL DiscussIONs
equations for evolution of F4(1’2’3'4), I:5(1'2'3'4'5) and so If R=0,.e the reaction rate is absent, the

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

transport equation for three- point distribution function in
MHD turbulent flow (113) becomes

1,2.3) 1 1
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i This was obtained earlier by Azad et al (2014b)
= In the absence of coriolis force, Q,, =0, the transport equation for three- point distribution function in MHD
é turbulent flow (114) becomes

1,2,3
oy AW o @ 0 @3 0 JFE29 4 [ g0 gl vy | o
Vi o Ve oV e st ot o Lo
ot O o X Vg 09, oxg
[ |
2
+g?( 09y Vg \ 0 . @ 098 | vy )0 @23

V@ og® @ T a®  og® o

© 2015 Global Journals Inc. (US)



+v( +—
5@ av?

w0 @)

52
X—
(4) A, (4)

6xﬂ axﬂ

+ A —=
oo, ()

o 4)5)((4) S

+
00, x

52
X —
(4) Ay, (4)
axﬁ axﬁ

Y ) op®
@@ v

82
«—9
(4) ~y,(4)
axﬂ axﬂ

(4

< aga O

+
@ 007 (@

NONN

lim d lim

2 )
L@ v @ e

[V E L2396y dg D gDy @

lim 8 lim

5@ "o NONREE)

(DFE234) 4yl (D5 @y @

lim

O

+
(2 9

[$OF L2390y dg () dg @y @

lim

<@ 0

+
<2 oy ®

[y DFL23D @ dgDag@dy @

0 1
Fom o s

oL

4

0 1 0 1
J

+— _
@ dr x® ‘)—((4)_)—((3)‘

< dx® dv® dg 4) d¢(4) dl//(4) ]

It was obtained earlier by Azad et al (2014a).

Equations (113)-(115) are hierarchies of
coupled equations for multi-point MHD turbulence
velocity distribution  functions, which derived by
Lundgren (1967, 1969) and resemble with BBGKY

) j+

d ( 1 | 0 1
v@ " Azt oxd ‘y(4>_y(2>‘

))

4 (4)
vy
8x24) 6xé4)

4
_agl) a9,
8x24) 6xé4)

) 1,2,3,4)
4

(72)

hierarchy of equations of Ta-You (1966) in the kinetic
theory of gasses.

If we drop the viscous, magnetic and thermal
diffusive and concentration terms from the three point
evolution equation (113), we have

123) O 0
P (W0 @0 0 yeaad [ g2 Q' | Na ) 0
a T o@ G G o0 g oD
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The existence of the term
0P NP @ @ 09 v
( ov®  ag® ot )ad @) ®)
Pt 9z Ny’ 09y Ny’ 09y

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" , x® and x¥ .

oF® 1

m A &)
ot m X

@ _0

Fl(l) _

where /3, :y/‘v((f)—vg)‘ 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 F,'? as F,) F,@. But it will
be possible if there is no interaction or correlation
between two particles. If we decompose F,"? as

F2=(1+e)FF®@

and

F3(1‘2‘3) — (1 +e )2 |:1(W) F1(2) |:1(3)

Also

F4“‘2‘3‘4) _ (1 + e)a F1(1) |:1(2) |:1(3) |:1<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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We can exhibit an analogy of this equation with
the 1 equation in BBGKY hierarchy in the kinetic theory
of gases. The first equation of BBGKY hierarchy is given
Lundgren (1969) as

oWy, OF D

@) gy @
x® v dx*<’ dv

(74)
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= 5) - Expansion Method

for Solving Nonlinear Dynamics of Microtubles -
A New Model

Emad H. M. Zahran * & Mostafa M. A. Khater °

Abstract- In this paper, we employ the ( %,é )-expansion
method to find the exact traveling wave solutions involving
parameters of nonlinear dynamics of microtubulesa New
Model. When these parameters are taken to be special values,
the solitary wave solutions are derived from the exact traveling
wave solutions. It is shown that the proposed method provides
a more powerful mathematical tool for constructing exact
traveling wave solutions for many other nonlinear evolution
equations. ,

Keywords: the ( %,% )- expansion method, nonlinear
dynamics of microtubules, traveling wave solutions;
solitary wave solutions; kink-anti kink shaped.

I. INTRODUCTION

any models in mathematics and physics are
Mdescribed by nonlinear differential equations.

Nowadays, research in physics devotes much
attention to nonlinear partial differential evolution model
equations, appearing in various fields of science,
especially fluid mechanics, solid-state physics, plasma
physics, and nonlinear optics. Large varieties of
physical, chemical, and biological phenomena are
governed by nonlinear partial differential equations. One
of the most exciting advances of nonlinear science and
theoretical physics has been the development of
methods to look for exact solutions of nonlinear partial
differential equations. Exact solutions to nonlinear partial
differential equations play an important role in nonlinear
science, especially in nonlinear physical science since
they can provide much physical information and more
insight into the physical aspects of the problem and thus
lead to further applications. Nonlinear wave phenomena
of dispersion, dissipation, diffusion, reaction and
convection are very important in nonlinear wave
equations. In recent years, quite a few methods for
obtaining explicit traveling and solitary wave solutions of
nonlinear evolution equations have been proposed.
Such methods are tanh - sech method [1]-[3], extended
tanh - method [4]-[6], sine - cosine method [7]-[9],
homogeneous balance method [10, 11], F-expansion

Auhtor o: Department of Mathematical and Physical Engineering,
University of Benha, College of Engineering Shubra, Egypt.

Author o: Department of Mathematics, Faculty of Science, Mansoura
University, 35516 Mansoura, Egypt.

e-mail: mostafa.khater2024@yahoo.com

method [12]-[14], exp-function method [15, 16],

trigonometric function series method [17], ( %)
expansion method [18]-[21], Jacobi elliptic function
method [22]-[25], The ( %’,é )-expansion method
[26]-[28] and so on.

) The objective of this article is to apply. The
(%,é )- expansion method for finding the exact
traveling wave solution of Nonlinear dynamics of
microtubules- a new model which play an important role
in biology and mathematical physics.

The rest of this paper is organized as follows: In
Section 2, we give the description of The ( Q’,l )-
expansion method In Section 3, we use this method to
find the exact solutions of the nonlinear evolution
equations pointed out above. In Section 4, conclusions

are given.
[I.  DESCRIPTION OF METHOD

Before, we describe the main steps of this
method,we need the following remarks [26]-[28]:

Remark 1. If we consider the second order linear ODE:
G'(&) + A\G(&) =, (2.1)

andset ¢ =% =4 thenwe get

¢ =—¢*tup—A P =—dp (22

Remark 2. If A <0, then the general solutions of Eq.(2.1)
has the form :

G(E) =Ar sinh(§V/=X) + Az cosh(6V =) + §. 23)

where A, and A, are arbitrary constants. Consequently,
we have

2 -
¢ )‘20+N2(

where o = A? — A3.

¢* — 2y + A) (2.4)

Remark 3. If A >0, then the general solutions of Eq.(2.1)
has the form:

G(&) = g@ + A1€ + Ao, (2.5)
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and hence

(¢ — 2u). (2.6)

P
A%—2'LLA2
where o = A2 + A2 .

Remark 4. If A = 0, then the general solution of Eq.(2.1)
has the form:

G(¢) = gﬁz + A1€ + Ag, 2.7)
and hence
_ 1 2
W = oy (¢ — 2u1)). (2.8)

Suppose we have the following NLPDEs in the form:

F(u, wg, Uy, Uy, Uzy Uggy -..o.) = 0, (2.9

where F is a polynomial in u(x; y;, z, t) and its
partial derlvat|ves In the following, we give the main
steps of the (& Yes ,G) expansion method [26]-[28]:

Step 1. The traveling wave transformation

u(r,y,2,t) =u(f), E=r+y+z—wt (2.10)
where w is a constant, reduces EQ.(2.9) to an ODE in

the form:

P(u,u’,u ,um,----)zoa (2.11)
where P is a polynomial of (&) and its total derivatives

with respect to &.

Step 2. Assuming that the solution of Eqg.(2.11) can be
expressed by a polynomial in the two variables ¢ and

as follows:
=Y ad + Y b, 212
i=0 i=1
where @; (0,1,2,.....,N) and b; (i =1,2,3,...,N) are

constants to be determined later.

Step 3. Determine the positive integer N in Eq.(2.12) by
using the homogeneous balance between the highest-
order derivatives and the nonlinear terms in Eq.(2.11).

Step 4. Substitute Eq.(2.12) into Eq.(2.11) along with
Eq.(2.2) and Eq.(2.4), the left-hand side Eq.(2.11) can
be converted into a polynomial in ¢ and ¥, in which the
degree of % is not longer than 1. Equating each
coefficients of this polynomial to zero, yields a system of
algebraic equation which can be solved by using the
Maple or Mathematica to get the values of a;,b;,
w, u, A 1, A3 and X where A< 0.

Step 5. Similar to step 4, subsitute EQ.(2.12) into
Eq.(2.11) along with Eq.(2.2) and Eq.(2.6) for A > 0,(or
Eq.(2.2) and Eq.(2.8) for A = 0), we obtain the exact

© 2015 Global Journals Inc. (US)

solutions of Eqg.(2.11) expressed by trigonometric
functions(or by rational functions) respectively.

[T1.

Here, we will apply the (%’,é)-expansion
method described in sec.2 to find the exact traveling
wave solutions and then the solitary wave solutions for
Nonlinear dynamics of microtubules- a new model [29].

The starting point of the present modelling is
the fact that the bonds between dimers within the same
PF are significantly stronger than the soft bonds
between neighbouring (parallel protofilaments) PFs. This
implies that the longitudinal displacements of pertaining
dimers in a single PF should cause the longitudinal
wave propagating along PF. The averaged impact of
soft bonds with collateral PFs is taken to be described
by the nonlinear double-well potential.

The present model assumes only one degree of
freedom per dimer. This is z,, a longitudinal
displacement of a dimer at a position n.

The Hamiltonian for one PF is represented as

APPLICATION

H= Z[z + 2 (g1 — 22)° + V (2a) |, B1)

where dot means the first derivative with respect to time,
is a mass of the dimer and is a harmonic constant
describing the nearest neighbour interaction between
the dimers belonging to the same PF. The first term
represents a kinetic energy of the dimer, the second
one, which we call harmonic energy, is a potential
energy of the chemical interaction between the
neighbouring dimers belonging to the same PF and the
last term is the combined potential

Vi(zn) = —Czp —

1 1
§Azg + -Bz}, C=qE, 3.2

4

where E is the magnitude of the intrinsic electric
field and g represents the excess charge within the
dipole. It is assumed that g > 0 and E > 0. One can
recognize an energy of the dimer in the intrinsic electric
field £ at the site n and the well known double-well
potential with positive parameters A and B that should
be estimated. The Hamiltonian given by before
equations is rather common in physics. The first attempt
to use it in nonlinear dynamics of (microtubules) MTs
was done almost 20 years ago. To be more precise, the
Hamiltonian in [30] would be obtained from before
equations if zn were replaced by Un Hence, we refer to
these two models as u-model and z-model. However,
the meanings of u, in [30] and in the present paper are
completely different. The u-model assumes an angular
degree of freedom, while the coordinate Un is a
projection of the top of the dimer on the direction of PF.
On the other hand, the coordinate #n is a real
displacement of the dimer along x axis. This will be
further elaborated later.



Using generalized coordinates zn and mz, The last term represents a viscosity force with?y
and assuming a continuum approximation z,(t)—z (x,t),  being a viscosity coefficient. It is well known that, for a
we straightforwardly obtain the following nonlinear — given wave equation, a traveling wave z (§) is a solution

dynamical equation of motion which depends upon x and ¢ only through a unified
92 922 92 variable {&=kx—wt, where k and w are constants. This
Mmom ~ kl28— —qF — Az + B2? —i—fyat (3.3) allows us to obtain the final dimensionless ordinary

differential equation

o —pu' —u+ud—n=0, (3.4)

where

g met—kPR A e gE
B

Balancing between u” and u? we get (n+2  Case 1. Hyperbolic function solutions (A< 0).
52&;;(”:. ”'Si’l that, we assume the solution of vy () < 0), substituting Eq.(3.5) and its derivative into
q.(3.4) by using (2.4), we get: Eq.(3.4) and using Eq.(2.2) and Eq.(2.4), the left-hand
u=ag+aip(€) + by (€). (3.5) side of Eq.(3.4) becomes a polynomial in ¢ and (&
Setting the coefficients of this polynomial to zero yields a

where ao, a1 and by are constants to be determined  system of algebraic equations in ag, a1, b1, o, 1, i,
later. and A as follows:

There are three cases to be discussed as follows:

2
2aca; +ar® -3 ;;gﬂ; =0, (3.6)
2ab + 3a1 by — )\20_:;1 =0, (3.7)
/{1201}:“2 +tpar—3 ;\IQOUiru -2 (A2 2 M)Q +3a0ar” =0, ©9
2

—3aaip+ pby + 6aparby + 6 ggﬁ;ﬁg =0, (3.9)
b (3.10)

2a a1\ — aj + 3ap’a; — 3 iéaﬂru =0,
b12\ b1322p2 b13)2 3.11
« ( 2)‘204‘# +b1)\>—pa1u—b1+3ao b1+6aoal+,uu+4()\2la+:2)2_)\217_,_“2:07 ( )

242 333
f\gb;—i;\z +parA—ap+ ap® — 3 ?\321_5_22 —2 ()\bglaj_\“gy —n=0. (812)

Solving above system of algebraic equations by the Maple or Mathematica, we get the following results.

+v =90 ap* —3ap?b1? +60ap2+ b2 —o
— _8ag® +2ag, = Vv 0 00L12 0 1 ’
1

3ag? — 1 —p [|—«
A —_ — —_ —_— pu— :t — b pu— b .
a12 , @0 6@17 ai 9’ 1 1

Substituting these solutions into EQ.(3.5), using Eq.(2.2) and Eq.(2.4), we obtain traveling wave solution of
Eqg.(3.3) as follows:

w(e) = =2 + Ax cosh((€) V=X)+Az sinh((§) V=A)
6a1 2 Ay mnh(( ) m)+A2 cosh((f) \/—7)\)-{-%
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by
Ay sinh ((§) V=X) + A cosh ((€) V=) + & | (3.13)

In particular if we set A, = 0, A, > 0 and ¢ = 0 in Eq.(3.13) then we have the solitary solution

u(€) = % + \/gtanh ({\/—_A) + by sech (fx/—_)\) ) (3.14)

but, if we set A, = 0, A, > 0 and = 0in EQ.(3.13) then we have the solitary solution

u () = 6:(5 + O‘%‘ coth (§v/=X) + by esch (E/=X) . (3.15)

Eq.(3.14) Eq.(3.15)

Figure 1 Kink Singular Shaped Soliton solution of Egs.(3.12) and (3.13). When o« = —2, a1 =1, p =3, ap = _71,
b =4, A=, k=5w=6

Case 2. Trigonometric function solutions (A > 0). and 1). Setting the coefficients of this polynomial to zero
When (A > 0), substituting Eq.(3.5) and its vyields a system of algebraic equations in ayg, a1, b1,

derivative into Eq.(3.4) and using Eq.(2.2) andEq.(2.6), «, 1, 1, o and \ as follows:

the left-hand side of Eq.(3.4) becomes a polynomial in ¢

Global Journal of Science Frontier Research (A) Volume XV Issue II Version I E Year 2015

2001 +ar° +3 304 =, (3.16)
2Oébl+3a1251+y%g:0, (3.17)
3
0 — BB 4 pay + 3 IS 2 s ji‘;)Q +3apa,2 =0, (3.18)
. b12 )\
~3aayu+ pby +6agarby — 6 H2E =0, 3.19)
2aai ) — a1 + 3apiay +3%1f’;m2f -0, (3.20)
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P 2 312, 2 342
a <2 —“—)\210_722 + b1>\) — paipr— b1+ 3ag®by — 6 (f\ozl:,l,’,\ig +4 (;210/1!72)2 + Agbi\;ﬂ =0, (3:21)
2 242 333
S + park — ag + ag® +3 5852 2 X o, 3.22)

Solving above system of algebraic equations by the Maple or Mathematica, we get the following results.

+v90ap* — 3ap2b1> — 60 ap2 +bi1>+ o
o 3 - 0 0791 0 1
n=—-8ap” +2ap, 4 = a% )

3ap? — 1 —p —«
A= ——— = — =34/ —, by = b1.
a? > 40 6a1’a1 2 ! !

Substituting these solutions into Eq.(3.5), using Eqg.(2.3) and Eq.(2.5), we obtain traveling wave solution of
Eqg.(3.3) as follows:

_ - [—ax Ay cos((&) \/X)—Az sin((&) \/X)
U (6) ~ 6a; + 2 |:A1 sin((&) ﬁ)-ﬁ-Az COS((@ ﬁ)-ﬁ-%

(8.23)
by
Aj sinh ((f) \/X) + Aj cos ((5) \/X) + &
In particular if we set A, = 0, A, > 0 and ¢ = 0 in Eq.(3.23) then we have the solitary solution
w(€) = 5& % /=52 tanh (§VA) + by sec (VA). (829

but, if we set A, = 0, A; > 0 and p= 0 in Eq.(3.23) then we have the solitary solution

u(§) =g + =22 cot <§\/X) + by csc <§\/X) . (3.25)

-2n

Eq.(3.24) Eq.(3.25)
Figure 2 : Kink Singular Shaped Soliton solution of Egs.(3.14) and (3.15). When aa = -2, a1 =1, p =6,
aw=—-1,0=4,A=2, k=5 w==6
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1
G

Case 3. Rational function solutions (\ = 0). and ¥. Setting the coeficients of this polynomial to zero
When () = 0), substituting Eq.(38.5) and its vyields a system of algebraic equations in ag, a1, b1,

derivative into Eq.(3.4) and using Eq.(2.2) and Eq.(2.8), «, n, u, o and X\ as follows:

the left-hand side of Eq.(3.4) becomes a polynomial in ¢

3 a1by? _
2aa1+a1 +3m—0, (326)
2 b® _ 27
20ébl+3a1 b1+m—0, (3 )
_ abip 2 a0b12 _ b13,U4 — (328)
—2p Axt+ A2 +par+3aga” +3 —2p Ax+A1? 2 (—2HA2+A12)2 =0,
= 2
S —3aa1u+pb1+6aoa1b1—6% =0, (3.29)
= 3ap2a; — aj = 0, (3.30)
92 abyu? _ o 2p aob1?p b3 —
! 2 S aAntALZ paip—by +3ap°b; —6 5 Ast AL 4 (—2,uAg+A12)2 =0, (8.31)
[}
£ ap® — 1 —ag = 0. (3.32)
=
= Solving above system of algebraic equations by the Maple or Mathematica, we get the following results.
. 243 —p? VT pV3 p
= =+ a=—"" q = =, :i—,b:i—\/—6 Ay + 3 A2
S n 9 ' ¢ g =T\ 3 @ 6 ' 3 p Az + 5 Ay
]
£
=
e}
-
=
<=
2
fzq.lj
g
E
i
Y 2
A
H (a)
~ Eq.(3.33)
g Figure 3 : Kink Singular Shaped Soliton solution of Egs.(3.33). When a; = %, p=6,a =3, b =215,

p=-2A1=-1, 4 =1, A= k=5 w==6

Substituting these solutions into Eq.(3.5), using Eq.(2.3) and Eq.(2.6), we obtain traveling wave solution of
Eqg.(3.3) as follows:

—— = +A
w(©) = g+ /7 [reiitn]

N [ by ] (3.33)
BE2+ A6+ Ax|
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e Remark: All the obtained results have been checked
with Maple 16 by putting them back into the original
equation and found correct.

IV. CONCLUSION
The (%’,é) expansion method has been
applied in this paper to find the exact traveling wave
solutions and then the solitary wave solutions of two
nonlinear evolution equations, namely, Nonlinear
dynamics of microtubules - A new model. Let us
compare between our results obtained in the present
article with the well-known results obtained by other
authors using different methods as follows: Our results
of Nonlinear dynamics of microtubules - a new model
and The Kundu- Eckhaus equation are new and different
from those obtained in [29], [30], [31] and fig. 1, 2 and 3
show the solitary traveling wave solution of Nonlinear
dynamics of microtybules - a new model. We can
conclude that the (%,é)—expansion method is is a
very powerful and efficient technique in _nding exact
solutions for wide classes of nonlinear problems and
can be applied to many other nonlinear evolution
equations in mathematical physics. Another possible
merit is that the reliability of the method and the
reduction in the size of computational domain give this
method a wider applicability.
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The following benefitscan be availed by you only for next three years from the date of certification.

MARSS designated members are entitled to avail a 25% discount while publishing
their research papers (of a single author) in Global Journals Inc., if the same is
accepted by our Editorial Board and Peer Reviewers. If you are a main author or co-
author of a group of authors, you will get discount of 10%.

As MARSS, you will be given a renowned, secure and free professional email address
with 30 GB of space e.g. johnhall@globaljournals.org. This will include Webmail, w

Spam Assassin, Email Forwarders,Auto-Responders, Email Delivery Route tracing, etc.
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Once you are designated as MARSS, you may send us a scanned copy of all of your
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academic records, quality of research papers published by you, and some more
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AUXILIARY MEMBERSHIPS

Institutional Fellow of Global Journals Incorporation (USA)-OARS (USA)

Global Journals Incorporation (USA) is accredited by Open Association of Research
Society, U.S.A (OARS) and in turn, affiliates research institutions as “Institutional
Fellow of Open Association of Research Society” (IFOARS).

The “FARSC” is a dignified title which is accorded to a person’s name viz. Dr. John E.
Hall, Ph.D., FARSC or William Walldroff, M.S., FARSC.

The IFOARS institution is entitled to form a Board comprised of one Chairperson and three to five
board members preferably from different streams. The Board will be recognized as “Institutional
Board of Open Association of Research Society”-(IBOARS).

The Institute will be entitled to following benefits:

The IBOARS can initially review research papers of their institute and recommend
them to publish with respective journal of Global Journals. It can also review the
papers of other institutions after obtaining our consent. The second review will be
done by peer reviewer of Global Journals Incorporation  (USA)
The Board is at liberty to appoint a peer reviewer with the approval of chairperson
after consulting us.

The author fees of such paper may be waived off up to 40%.

The Global Journals Incorporation (USA) at its discretion can also refer double blind ——
peer reviewed paper at their end to the board for the verification and to get ‘fafsssa
recommendation for final stage of acceptance of publication. ;

2 The IBOARS can organize symposium/seminar/conference in their counuy uii veiian v
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be
discussed separately.

The Board can also play vital role by exploring and giving valuable suggestions .
regarding the Standards of “Open Association of Research Society, U.S.A (OARS)” so VA
that proper amendment can take place for the benefit of entire research community.\/@/
We shall provide details of particular standard only on receipt of request from the{']

Board.

The board members can also join us as Individual Fellow with 40% discount on total

fees applicable to Individual Fellow. They will be entitled to avail all the benefits as

declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
.1, relevant details.

Journals Rescar
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We shall provide you intimation regarding launching of e-version of journal of your stream time to
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it
can also be helpful for the concerned faculty members.

After nomination of your institution as “Institutional Fellow” and constantly
functioning successfully for one year, we can consider giving recognition to your
ﬁ. meminstitute to function as Regional/Zonal office on our behalf.
“F®The board can also take up the additional allied activities for betterment after our
consultation.

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and - .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.

K'& -0

o Open Association of Research Society (US)/ Global Journals Incorporation (USA), as
...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.

Disbursement of 40% Royalty earned through Global Journals : Researcher = 50%, Peer 1

Reviewer = 37.50%, Institution = 12.50% E.g. Out of 40%, the 20% benefit should be

passed on to researcher, 15 % benefit towards remuneration should be given to a |
reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our
38 journals worth $ 2376 USD.

Other:

The individual Fellow and Associate designations accredited by Open Association of Research
Society (US) credentials signify guarantees following achievements:

> The professional accredited with Fellow honor, is entitled to various benefits viz. name, fame,
honor, regular flow of income, secured bright future, social status etc.
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In addition to above, if one is single author, then entitled to 40% discount on publishing
research paper and can get 10%discount if one is co-author or main author among group of
authors.

The Fellow can organize symposium/seminar/conference on behalf of Global Journals
Incorporation (USA) and he/she can also attend the same organized by other institutes on
behalf of Global Journals.

The Fellow can become member of Editorial Board Member after completing 3yrs.

The Fellow can earn 60% of sales proceeds from the sale of reference/review
books/literature/publishing of research paper.

Fellow can also join as paid peer reviewer and earn 15% remuneration of author charges and
can also get an opportunity to join as member of the Editorial Board of Global Journals
Incorporation (USA)

e This individual has learned the basic methods of applying those concepts and techniques to
common challenging situations. This individual has further demonstrated an in—depth
understanding of the application of suitable techniques to a particular area of research
practice.

Note :

”

Vil

In future, if the board feels the necessity to change any board member, the same can be done with
the consent of the chairperson along with anyone board member without our approval.

In case, the chairperson needs to be replaced then consent of 2/3rd board members are required
and they are also required to jointly pass the resolution copy of which should be sent to us. In such
case, it will be compulsory to obtain our approval before replacement.

In case of “Difference of Opinion [if any]” among the Board members, our decision will be final and
binding to everyone. Z
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PROCESS OF SUBMISSION OF RESEARCH PAPER

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

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

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

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

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

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

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

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

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

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

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

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

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

e  First Character must be three lines Drop capped.

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

e Line Spacing of 1 pt

e large Images must be in One Column

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

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

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

1. GENERAL

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

Scope

The Global Journals Inc. (US) welcome the submission of original paper, review paper, survey article relevant to the all the streams of
Philosophy and knowledge. The Global Journals Inc. (US) is parental platform for Global Journal of Computer Science and Technology,
Researches in Engineering, Medical Research, Science Frontier Research, Human Social Science, Management, and Business organization.
The choice of specific field can be done otherwise as following in Abstracting and Indexing Page on this Website. As the all Global
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Journals Inc. (US) are being abstracted and indexed (in process) by most of the reputed organizations. Topics of only narrow interest will
not be accepted unless they have wider potential or consequences.

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.

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



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

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

4. MANUSCRIPT’S CATEGORY

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

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

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

Authors should very cautiously consider the preparation of papers to ensure that they communicate efficiently. Papers are much more
likely to be accepted, if they are cautiously designed and laid out, contain few or no errors, are summarizing, and be conventional to the
approach and instructions. They will in addition, be published with much less delays than those that require much technical and editorial
correction.
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The Editorial Board reserves the right to make literary corrections and to make suggestions to improve briefness.
It is vital, that authors take care in submitting a manuscript that is written in simple language and adheres to published guidelines.
Format

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

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

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

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

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

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces),
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining
and indexing.

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as
possible about keyword search:
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e One should start brainstorming lists of possible keywords before even begin searching. Think about the most
important concepts related to research work. Ask, "What words would a source have to include to be truly
valuable in research paper?" Then consider synonyms for the important words.

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

e One should avoid outdated words.

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are
bound to improve with experience and time.

Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references.
Acknowledgements: Please make these as concise as possible.

References

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions
will cause delays.

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the
Editorial Board.

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not
being noticeable.

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management
and formatting.

Tables, Figures and Figure Legends

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used.

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers,
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them.

Preparation of Electronic Figures for Publication

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork.
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to
complete and return a color work agreement form before your paper can be published.

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore,
the first 100 characters of any legend should notify the reader, about the key aspects of the figure.

6. AFTER ACCEPTANCE

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the
Global Journals Inc. (US).

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must
therefore be provided for the related author.

Acrobat Reader will be required in order to read this file. This software can be downloaded
(Free of charge) from the following website:

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for
any corrections to be added. Further instructions will be sent with the proof.

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt.

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please
note that the authors are responsible for all statements made in their work, including changes made by the copy editor.

6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print)

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles
cannot be cited in the conventional way.

6.3 Author Services

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article -
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript.

6.4 Author Material Archive Policy

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as
possible.

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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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 | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper.
They are here to evaluate your paper. So, present your Best.

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then
think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and
automatically you will have your answer.

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper
logical. But remember that all points of your outline must be related to the topic you have chosen.

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious.
7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet.

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can
have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model
research paper. From the internet library you can download books. If you have all required books make important reading selecting and
analyzing the specified information. Then put together research paper sketch out.

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth.

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to
not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier.

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

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.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have
several ideas, which will be helpful for your research.

29.Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits.

30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their
descriptions, and page sequence is maintained.

31. Adding unnecessary information: Do not add unnecessary information, like, | have used MS Excel to draw graph. Do not add
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be
sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers.
Amplification is a billion times of inferior quality than sarcasm.

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the
evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't
be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not
necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way
to put onward earth-shaking thoughts. Give a detailed literary review.

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical
remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples.

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

®  Submit all work in its final form.
®  Write your paper in the form, which is presented in the guidelines using the template.
®  Please note the criterion for grading the final paper by peer-reviewers.

Final Points:

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections,
submitted in the order listed, each section to start on a new page.

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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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

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  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.
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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
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

®  Reason of the study - theory, overall issue, purpose

®  Fundamental goal

®  To the point depiction of the research

®  Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results
of any numerical analysis should be reported

e  Significant conclusions or questions that track from the research(es)

Approach:
®  Single section, and succinct
®  Asaoutline 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:

e  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.

e Very for a short time explain the tentative propose and how it skilled the declared objectives.

Approach:

e  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.
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®  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.

e  Shape the theory/purpose specifically - do not take a broad view.

®  Asalways, give awareness to spelling, simplicity and correctness of sentences and phrases.

Procedures (Methods and Materials):

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section.
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic
principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the
whole thing you did, nor is a methods section a set of orders.

Materials:

®  Explain materials individually only if the study is so complex that it saves liberty this way.
®  Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.
® Do not take in frequently found.

e |[f use of a definite type of tools.
®  Materials may be reported in a part section or else they may be recognized along with your measures.
Methods:

®  Report the method (not particulars of each process that engaged the same methodology)

®  Describe the method entirely

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

e  Simplify - details how procedures were completed not how they were exclusively performed on a particular day.

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

e |t is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use
third person passive voice.

e  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.
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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.

e  Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form.
What to stay away from

® Do not discuss or infer your outcome, report surroundings information, or try to explain anything.
L] Not at all, take in raw data or intermediate calculations in a research manuscript.

® 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

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

e |f you desire, you may place your figures and tables properly within the text of your results part.
Figures and tables

e |f you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix
materials, such as raw facts

®  Despite of position, each figure must be numbered one after the other and complete with subtitle
®  |n spite of position, each table must be titled, numbered one after the other and complete with heading

e Allfigure and table must be adequately complete that it could situate on its own, divide from text
Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally  accepted information, if  suitable.  The implication of  result  should be  visibly  described.
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that.

®  Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain."

®  Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work

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

®  Give details all of your remarks as much as possible, focus on mechanisms.

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto 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?

e  Recommendations for detailed papers will offer supplementary suggestions.
Approach:

®  When you refer to information, differentiate data generated by your own studies from available information
®  Submit to work done by specific persons (including you) in past tense.
= Submit to generally acknowledged facts and main beliefs in present tense.
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THE ADMINISTRATION RULES

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.

. 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.

e Do not give permission to anyone else to "PROOFREAD" your manuscript.

®  Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.)
®  To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

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

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

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

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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