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Sun Structure Mathematic Physics Models Release Solar 
Lights Emission, Proton Event, Jets, and Cool Atmosphere          

By Yan Ji 
Henan Normal University 

Abstract- Sun structure have research for hundreds years, which were very important for cosmic 
physics and earth science. This paper build 121 balls mathematic physics model, by Newton 
attract force equation. This model deduced out that solar internal parts got outward attract force. 
The internal particles might be accelerated to high speed to form light emission and jets. The 
surface parts got inward attract force, to show cool atmosphere. This model may deduce out and 
explain the sun light emission, flare, prominence, jets, and cool atmosphere phenomena. The 
121 balls model can help research for solar physics, cosmic physics and earth science.   
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Abstract-

 

Sun structure have research for hundreds years, 
which were very important for cosmic physics and earth 
science. This paper build 121 balls mathematic physics 
model, by Newton attract force equation. This model deduced 
out that solar internal parts got outward attract force. The 
internal particles might be accelerated to high speed to form 
light emission and jets. The surface parts got inward attract 
force, to show cool atmosphere. This model may deduce out 
and explain the sun light emission, flare, prominence, jets, and 
cool atmosphere phenomena. The 121 balls model can help 
research for solar physics, cosmic physics and earth science.

  
I.

 

Introduction

 
un science

 

have been taken long time, which 
connected with the almost all kinds of actions of 
earth biology. So the Sun research should be very 

important in cosmic physics, and earth environmental 
science, and biology. The solar structure was still 
unknown, which may be connected with many solar 
phenomena, such as light emission, jet, flare, 
prominence. This paper report a kind of mathematic 
physics model, try to build the solar structure model and 
help to explain some solar phenomena. The model was 
based on rigid balls array, to build attract force 
mathematic physics model (Figure 1).  
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Fig. 1 the 121 balls array mathematic physics 
model to describe the solar structure and explain some 
phenomena of Sun. the ball was all 1kg mass, 1M 
diameter, set as rectangle array. The attract force of 
every ball got from other balls were calculated by 
Newton Attract Force Equation. The F/G values was 
gave by equation [1]F/G = (M1*Mx)/(R1^2)- 
(Mx*M2)/(R2^2). There were 11 ballspicked out to 
display the calculated results. The No. 0 received zero 
attract force. The No.1, 2, 3, 4 balls received outward 
directions attract force, with increasing attract force from 
No.1 to No.4 , while the No. 5 balls received inward 
directions attract force. So the Sun internal parts attract 
force situations as the arrows array figure. Arrow 
direction were the points got the attract force directions, 
length of arrows were for attract force relative intensity. 

The 121 balls rigid array simulate the bodies 
attract force environment. Every ball in model was 1 Kg 
mass and 1 M diameter. The middlelevels 11 balls 
received attract force was calculated respectively by 
Newton Attract Force Equation. The F/G values [F/G = 
(M1*Mx)/(R1^2)-(Mx*M2)/(R2^2)] was gave in Figure 1, 
which show the No.1,2,3,4 balls received outward 
directions attract force, with increasing attract force from 
No.1 to No.4 , while the No. 5 balls received inward 
directions attract force. So from the 121 balls model, it 
can be conclude the internal parts all received attract 
force directions were all outwards, only the surface 
layers received attract force direction inwards. The 
internal parts have accelerated received increased 
attract force from center to sub surface. The 121 balls 
model was aimed todescribe globe bodies internal 
attract force situations, and was tried to be used to 
explain some solar phenomena. 

121 balls model was tried to explain Sun light 
emission. It was known that the accelerated particles 
can be emission synchrotron radiation light [2]. The 
particles, such as H proton and He atom at center parts 
of sun, which received outward directions attract force, 
and the received attract force increased from center to 
subsurface. These mean the particles were accelerated 
from solar center to subsurface, when acceleration was 
high to make the particles to near light speed, and fly 
out of Sun atmosphere to external space, then Sun gave 
light. So the Sun light was from the particles attract force 
accelerate to emission synchrotron radiation light. 

When the internal protons were accelerated by 
the increased outward attract force to fly out sun, the 
proton event [3] happen that observed on earth. The 
proton events were proton fly from Sun to earth. The 121 
balls model might explain the proton events. The 
protons in Sun internal parts accelerated to high speed 
and fly out Sun to earth. The proton events speed 
decided the accelerated length and proton amounts.  

The internal small particles, such as H and He 
were accelerated by outward attract force, fly from 
center to surface through millions kilometers 

acceleration, these particles speed can be or nearby 
light speed, to fly out of sun to form different emission 
and jet, such as sun light, flare, or prominence, which 
decided from the particles speed and amount. There 
were many other huge or small mounts particles in 
internal Sun can be accelerated to high speed and fly 
out of Sun, to form prominence [4], fare [5], and the 
small scale jets (observed and reported by H. Tian [6]) 

From the 121 balls model, the surface parts of 
Sun were received attract force were in ward directions, 
which make the surface attract many external space gas 
atmosphere go into solar surface. The Sun surface 
attract cold atmosphere to mix the hot jets flow, then 
form the inward direction cooling atmosphere 
phenomena. The Sun cool atmosphere was observed 
(reported by H.Peter [7]). The sun surface heat flow 
emissions meet the inward going atmosphere cool 
gases, which form the cooling atmosphere. The 
121balls model might deduce that Sun surface attract 
external gas inward to Sun, to supply Sun for lots of cool 
gases, such as H2. These external gases were attracted 
to go into sun and cooling sun atmosphere.   

In conclusion, 121 balls array attract force 
mathematics physics model show that: Internal parts 
got outward direction attract force, which produce 
outward particles acceleration actions, then to form light 
emission, proton events, small jets, and flare. The 
surface parts got in ward attract force, which attracted 
external gases go inside Sun. This model tries to explain 
the experimental observation phenomena of Sun, such 
as small-scale jets and cool atmosphere. So the 121 
balls model might well explain some phenomena of Sun, 
and will help for cosmic physics and Sun related 
researches. 
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Abstract-
 
Up to the present time a lot of interesting hypotheses 

of Multiverses
 

have been offered. However, their common 
shortcoming is the fact that even in the distant future they will 
not be able to obtain experimental confirmation. They can

 
not 

be refuted either. In other words, they are unverifiable. I.e. they 
are in fact non-existent for us. As opposed to them, the 
hypothesis of the hidden Multiverse considered in the article is 
completely verifiable, because its physical reality can be 
confirmed experimentally already now. This hypothesis is 
based on the principle of physical reality of imaginary numbers 
repeatedly proven by the author, which has allowed 
establishing a number of fundamental errors in the generally 
accepted version of the special relativity theory. Eliminating 
these errors allowed to offer a corrected relativistic formula, 
based on which the hidden Multiverse hypothesis was 
created, named in such a way because all the parallel 
universes included in it are mutually invisible. The reason for 
their invisibility is explained. It is established that such invisible 
universes are dark matter and dark energy. It is shown where 
in the hidden Multiverse the different types of antimatter are 
located. The data obtained by WMAP and Planck spacecrafts 
allowed to determine the parameters and structure of the 
hidden Multiverse, which proved to be a quaternion.

 Keywords:
 

multiverse, dark matter, dark energy, 
imaginary numbers, the special relativity theory.

 
I. Introduction 

n what physical world we live in - it is one of the main 
problems which has always occupied the minds of 
people. What is the organization of the macrocosm 

and the microcosm? Do we live in Monoverse or 
Multiverse? Is this or that hypothesis of the universe 
verified? What is dark matter and dark energy? Where is 
the antimatter located? In fact, there is still no 
recognizable and distinct evidentiary response to these 
and many other questions, like thousands of years ago, 
despite the optimistic statements of some scholars. 

Indeed, the theory of relativity (Einstein, 1920; 
Bohm,1965), which is the basic theory of the 
macrocosm, and quantum physics (Kaku, 2008), which 
is the basic theory of the microcosm, contradict each 
other in every way. And the string theory (Kaku, 2012) 
which was trying to combine them was unable to solve 
the task set. 

A few decades ago, dark matter and dark 
energy (Freeman, McNamara, 2006; Nicolson 2007) 
have been discovered in the macrocosm, which even 
seemed to deny the modern atomic molecular concept 
of a microcosm, as none of the known chemical 
elements were found in dark matter and dark energy. 

 
Aurhor: Research Centre “Telan Electronics”, Kiev, Ukraine. 

e-mail: telan@bk.ru 

Even none of the known subatomic particles. 
And experiments on the Large Hadron Collider, the 
Tevatron collider and other accelerators, aiming at 
resolution of the relevant fundamental issues of physics, 
perhaps, have generated even more questions than 
gave answers. An example of this is unsuccessful

 experiments of MINOS (Adamson, Ashby,
 
Bumgarner, 

2014) and OPERA (Adam, T.,
 

Agafonova, N., 
Aleksandrov, A. et al. 2011).

 
That is why the problem of 

explaining dark
 
matter and dark energy is so important 

in science.
 However, the solution to this problem has been 

found.
 
It is explained further.

 
II.

 
Fundamental Errors of Special 

Relativity Theory
 

Established in the early 20th century, special
 relativity theory (SRT), in contrast to the generally
 accepted in physics throughout its history
 experimentally based approach, uses axiomatic
 approach previously accepted only in

 
mathematics. Out 

of two of its postulates the
 
second (Antonov, 2014a) is 

subjected to most
 

criticism, which is now called the 
principle of the

 
constancy of the speed of light. But in 

the
 
following years as supposedly identical wording

 
it
 became known as the principle of non-exceeding

 
of the 

speed of light, the need for which arose in
 
connection 

with the fact that the creators of SRT
 
did not know how 

to explain some provisions of
 

their theory. And they 
thought they made

 
unnecessary the need an 

explanation of the
 

principle of non-exceeding of the 
speed of light.

  The fact is that according to the formulas
 
of 

relativistic formulas of SRT at hyperlight speeds
 
STO the 

mass, time, and other physical values are
 
measured by 

imaginary numbers discovered 500
 
years ago, whose 

physical meaning over all those
 
years even the most 

outstanding scientists by their
 
own admission were not 

able to explain. But in
 
SRT this problem can not be 

solved at all, because
 
otherwise this theory would not 

have been
 

recognized by the scientific community. 
Therefore, the principle of non-exceeding of the speed 
of

 
light was in fact postulated (as it was nowhere

 proved), which was justified as follows. According
 
to the 

formula of Lorentz-Einstein
 

                                                                         (1) 

 

1
 
In any other science, except for SRT, the use of several different 

formulations of axioms, theorems, postulates, laws is nonaccepted
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where  is the rest mass of the moving body; 
 is relativistic mass of the moving body; 

 is the speed of movement of the physical body; 
 is the speed of light; 

relativistic mass  of a moving body approaching the 
speed of light adopts an infinitely large value, i.e.                 

. Therefore,  it is stated in  SRT that the 
light-speed barrier can not be overcome, as it requires 
an infinitely larger energy. And if it can not be overcome, 
it was concluded that there is nothing behind this 
barrier. And, therefore, it becames no longer necessary 
to explain for this situation the meaning of imaginary 
mass imaginary, time, and other imaginary values.  

However this justification is easily refuted even 
at the mundane level. For example, everyone knows that 
the inability to get into the next room of one’s home, 
breaking the barrier separating them in the form of the 
wall does not mean that this room with all of its content 
behind the wall does not exist and that it is impossible to 
get there otherwise - through the door. The situation is 
similar with many other barriers. 

Thus, a fundamental error of STR (in the form of 
the principle of the speed of light nonexceedance) 
entailed two other fundamental errors (in the form of 
denial of other than ours, universes, as well as the denial 
of the physical reality of imaginary numbers). These 
allegations will be proven further. 

III. The Reasons of Fundamental Errors 
of STR 

But first let us note that, despite the opinion of 
the Nobel Prize winner Albert Einstein that “No single 
idea, which I would be sure that it will stand the test of 
time”, the supporters of STR currently completely ignore 
the criticism to its address. I.e. they believe that SRT 
development is completely finished. Although there are 
quite a lot of noteworthy critical publications (Logunov, 
1987; Galeczki, Marquard, 1997; Arteha, 2003; 
Atsyukovsky, 2003). 

To some extent this is due to the fact that in the 
first half of the 20th century the criticism of SRT was 
often politically engaged. Therefore the supporters of 
SRT acquired some immunity to it. This is explained by 
the peculiarities of the human psyche as well and that 
the people are much more inclined to protest than to 
accept (Le Bon, 1898). Finally, in the words of Winston 
Churchill; "The history written by the victors". And they do 
not need criticism. And SRT is the winning theory 
nowadays. 

Nobel Prize winner Max Planck wrote on this 
subject: "New ideas do win not by heated discussions, 
as a result of which the creators of the new persuade 
their opponents. Old ideas give way to the new in a way 
that the carries of the old are dying, a the new generation 
is brought up in the new ideas, taking them for granted".

 

The existing version of SRT, as it is shown in 
this article, still is not quite perfect and requires some 
correction. Therefore, one can not but agree with the 
author of the concept of 'open society' Karl Raimund 
Popper (Popper, 1972) that "the struggle of opinions in 
scientific theories is inevitable and is a necessary 
prerequisite for the development of science". 

IV. Correction of The Fundamental 
Errors of STR 

a) Evidence of physical reality of the imaginary numbers 
Since mathematics is a universal language of 

science, then in relation to physical problems (for 
example, to refute the principle of speed of light non-
exceedance) it is quite unnecessary to prove the reality 
of imaginary numbers by physical means - such as it 
was done in experiments of MINOS and OPERA. 
Therefore, the author has used the analysis of oscillating 
processes in linear electric circuits for this purpose, as a 
result of which he has proved that: 

• Resonance in fact does exist not in the real 
frequencies, as it is stated in all textbooks on the 
theory of linear electric circuits, but in complex 
frequencies (Antonov, 2010a; 2015a; 2016a). This 
proves that the complex frequencies of resonant 
vibrations are physically real. Consequently, 
physically real are other complex (in particular, 
imaginary) numbers as well. 

• Oscillatory transient phenomena (including shock 
waves) exist at physically real complex frequencies 
(Antonov, 2010b; 2016a). Therefore, naturally 
occurring shock fluctuations - the tsunami, the 
sound of church bells, the tuning fork, musical 
instruments and even the swings swinging after the 
parents push - prove the physical reality of complex 
and imaginary numbers as well. 

• Finally, the physical reality of imaginary numbers is 
most simply and convincingly proven by Ohm's law 
(Antonov, 2015b; 2015c; 2016a; 2016b) in the 
interpretation of Charles Proteus Steinmetz 
(Steinmetz, 2010), as the imaginary electric 
resistance of induction coils and capacitors is 
measured by existing devices3

.
 

The specified studies can be repeated and
 

verified in any radio-electronic or electrotechnical
 

laboratory. So they, in contrast to
 

the OPERA and 
MINOS experiments,

 
absolutely, are quite reliable and

 

conclusive.
 

 
 
 

2 Under the dominant influence of SRT 
3 Likewise, i.e. as a result of the use of devices the people have 
ascertained the real physical existence of radioactivity and the 
magnetic field, infra- and ultrasound, atoms and molecules, dark 
matter and dark energy, and many other physical entities, not 
perceived by our sensory organs  
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b) The refutation of the principle of nonexceeding the 
speed of light, a proof of the existence of the 
Multiverse 

Since the physical reality of imaginary numbers 
is proved, in the corrected version of STR it is now 
necessary to do what its creators could not do - to 
abandon the principle of non-exceeding of the speed of 
light and to explain the physical meaning of imaginary 
mass, imaginary time, and other imaginary physical 
values that appear in the relativistic formulas on hyper-
light speeds.  

And this is explanation is the following (Antonov, 
2014b). Since, when   the relativistic mass  in the 
formula (1) becomes imaginary and the physical reality 
of imaginary numbers have just been proven, the 
corresponding material objects - such as tachyons 
(Tanaka, 1960; Feinberg, 1967) are not in our universe, 
but somewhere else. And we shall call this other place 
the tachyonic universe to be definite. Moreover, in view 
of the condition   the tachyonic universe is behind 
the event horizon and therefore is invisible from our 
universe. And our universe we shall call the tardyonic 
universe (by the name of elementary particles traveling 
at sub-light speeds). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Graphs of functions  and  

Then it is quite permissible to assume that in 
tachyonic universe act the same physical, chemical, 
biological and other laws as in our universe and that it 
has its own inhabitants having high intelligence. And this 
tachyonic universe is the inertial reference system 
according to the first postulate of SRT. 

However, the formula (1) does not comply with 
this assumption as at the intervals of the argument 
variation   and   the character of variation of the 
value  is different. In our tardyonic universe, when 
the argument  increases the relativistic mass  
increases, and in  tachyon universe when the argument  
increases the relativistic mass  decreases. Therefore, 
the Lorentz-Einstein formula should be corrected as 
follows (Antonov, 2011; 2012a; 20121b) 

 (2) 

where 

   

is “floor” function (its graph is

 

shown in 
the Fig. 1a) of the argument

  

;

 
   

its own local  for each universe speed  (its

 

graph is shown in

 

the Fig. 1b), that can only take

 

values 
in the range of 

   

;

 
 

is the speed, measured from our tardyonic

 

universe, 
which we shall call tardyonic velocity for

 

this reason.

 

Other relativistic formula of SRT can be

 

corrected in a similar manner.

 

Thus, it clearly appears from the above

 

mentioned

 

that we do not live in Monoverse, but

 

in 
Multiverse.

 

V.

 

The Structure of the

 

Hidden

 

Multiverse

 

As follows from the formula (2) this Multiverse

 

may include (and later it is shown that are

 

included) 
more than two universes, i.e. the value q

 

can take 
meanings and larger units, which

 

corresponds to larger 
number of universes in the

 

hidden Multiverse. In this 
case, the value 

  

will

 

correspond to tardyonic 
Antiuniverse (since

 

), the value 

  

will 
correspond to tachyon

 

Antiuniverse (since 

  

), the 
value 

  

will

 

correspond to the other tardyonic 
universe (since

  

), the value 

  

will correspond 
to another

 

tachyon universe (since 

 

),  etc. And 
these

 

parallel universes, called in such a way because,

 

despite their immensity, they never intersect with

 

each 
other, form (see Fig. 2) a structure in the

 

form of a 
helically-formed ring.
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Fig. 2: Estimated structure of the hidden

 

Multiverse, 
corresponding to the principle of the

 

physical reality of 
complex numbers

 

And as in the Multiverse under review the

 

different parallel universes, for the reasons

 

explained 
above are mutually invisible, then it can

 

be called 
hidden.

 

If the value q

 

in the formula (2) is to be

 

considered an independent variable, then it can be

 

stated that different parallel universes of the

 

hidden 
Multiverse are in different dimensions. And

 

floating in the 
multidimensional space, parallel

 

universes in some 
places sometimes or even at all times touch each other, 
and even sink in each other a little, forming certain 
transition zones (Antonov,2016c) which are referred to in 
the fiction as portals or stellar gates (shown in the Fig. 2 
with single double-headed arrows). On Earth, these are 
the so-called anomalous zones. And they have nothing 
in common with the transitions in the form of so-called 
wormholes, referred to in the general relativity theory.

 
VI.

 

Explanation of the Phenomenon of 
Dark Matter

 

and Dark Energy

 
Any hypothesis of the Multiverse is unfinished, if 

it does not explain the phenomenon of dark matter and 
dark energy. But to explain this phenomenon certainly 
within the hypothesis of Monoverse corresponding to 
the current erroneous version of STR, despite intensive 
research, until now in no way can be managed.

 

And the reason for that is obviously in the wrong 
formulation of the problem.

 

As Albert Einstein wrote: “Insanity: doing the 
same thing over and over again and expecting different 
results”.

 

The same opinion was held by Confucius: “The 
hardest thing of all is to find a black cat in a dark room, 
especially if there is no cat”.

 

If you change the formulation of the problem 
and seek an explanation of the phenomenon of dark 
matter and dark energy within the concept of the hidden 
multiverse, it is not necessary to look for it -

 

it is obvious 
(Antonov, 2015d; 2015e; 2015f; 2015g; 2015h; 2015j; 
2016d; 2016e):

 

•

 

Dark matter and dark energy are the rest, except 
ours, invisible universes of the hidden Multiverse;

 

•

 

At the same time dark matter are the adjacent to our 
universe invisible universes of the hidden Multiverse

 

•

 

Dark energy are the rest except our and the universe 
and the universes forming dark matter, invisible 
universes of the hidden Multiverse;

 

•

 

It is impossible to determine the chemical 
composition of the content of dark matter and dark 
energy because this content is located outside of 
our universe.

 

Of course, the proposed option of the 
phenomenon of dark matter and dark energy explaining 
is very unusual. But Sir Isaac Newton wrote: "No great 
discovery was done without a bold assumption".

 
VII.

 

Antiuniverses

 

Discovery

 
After creation of the big bang theory, as the 

result of which not only matter but also antimatter would 
have to be formed in equal amounts, the physicists have 
wondered -

 

where that antimatter is located (Alfvén, 
1966; Frazer, 2004). And at present it is no less a 
mystery than the phenomenon of dark matter and dark 
energy. Many outstanding physicists -

 

Arthur Schuster, 
Paul Dirac, Rolf Landua, Walter Ehlert, Andrei Sakharov 
and others tried to solve this puzzle, but their research 
was mainly focused on the

 

creation of anti-particles 
using the Large Hadron Collider and other accelerators.

 

However, the attempts to solve the problem of 
detection of antimatter in the microcosm, although after 
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the big bang it had to exist in the macrocosm in the form 
of galaxies and even universes, do not look quite logical. 
Even the impression is created that in modern physics 



 
the scientists compared with the entire previous history 
of its development have kept for

 

themselves almost the 
only way of its perception -

 

by using increasingly large 
colliders.

 

But this is not so, as evidenced by the fact

 

that 
antimatter is already discovered

 

(Antonov,

 

2015d; 2015e; 
2015f; 2015g; 2015h; 2015j; 2016d;

 

2016e). As shown 
above, in the hidden Multiverse,

 

there are two pairs of 
matter and antimatter (it is

 

shown below that in fact 
there are even four pairs

 

of them). And they exist in the 
hidden Multiverse,

 

precisely because there are several 
matters and

 

antimatters. And this is specifically due to 
the

 

above-mentioned interlace (see Fig. 2) of matter

 

and 
antimatter both the tardyonic, and the

 

tachyonic -

 

that 
their annihilation is for sure

 

excluded.

 

VIII.

 

Correction of the

 

Hidden

 

Multiverse Hypothesis

 

According to

 

the

 

Data of WMAP

 

and

 

Planck

 

Spacecrafts

 
The data received by WMAP (Hinshaw,

 

Larson, 
Komatsu et al., 2012) and Planck (Adam,

 

Ade, Aghanim 
et al., 2015) spacecrafts allow to

 

substantially 
supplement our knowledge on the

 

hidden Multiverse. 
According to the data obtained

 

by these crafts the total 
mass-energy of the whole

 

universe (in fact of the hidden 
Multiverse) consists

 

by 4.9% from the ordinary 
(baryonic) matter (the

 

previous estimate of WMAP -

 
4,6%), by 26.8%

 

from dark matter (according to the data 
of WMAP

 

-

 

22.4%) and by 68.3% from dark energy

 
(according to the data of WMAP -

 

73%). Therefore

 

it can 
be concluded as following:

 
•

 

According to WMAP data the hidden

 

Multiverse 
contains 100%/ 4,6%=

 

21,7

 

universes or according 
to the later

 

Planck data contains 100%/ 4,9%=

 

20,4

 
universes.

 
•

 

According to WMAP data the dark

 

matter contains 
22,4%/ 4,6%=

 

4,9

 

universes or according to Planck 
data

 

contains 26,8%/ 4,9%=

 

5,5

 

universes.

 
•

 

According to WMAP data the dark

 

energy contains 
73,0%/ 4,6%=

 

15,9

 

universes or according to Planck 
data

 

contains 68,3%/ 4,9%=

 

13,9

 

universes.

 
As can be seen, these results do not

 
correspond to the structural scheme shown in the

 

Fig. 2. 
Therefore, they require adequate

 

explanation and a 
structural scheme in the Fig. 2

 

needs corresponding 
corrections.

 
A non-integer number of universes, of

 

course, 
can be attributed to the measurement

 

error.

 
The most important difference is the

 

number of 
neighboring to the tardyonic universes

 

tachyonic 
universes (corresponding to dark

 

matter) which is not 
equal to two, but to five or

 

six. And this difference can 
be explained by the

 

fact that the hidden Multiverse does 
not

 

correspond to the principle of the physical reality

 

of 

complex numbers as we previously thought, but

 

to the 
principle of the physical reality of

 

quaternions, i.e. 
hypercomplex numbers (Kantor,

 

Solodovnikov,1989), 
containing three imaginary

 

units i1

 

,i2

 

,i3

 

, that are related 
to each other like

 (3a)

 

  

(3b)

 

   

(3c)

 
Therefore, the Lorentz-Einstein formula

 

applied 
to the quaternion structure of the hidden

 

Multiverse

 

appears in the form

 
 

 

                                                                                     

(4)

 

 
 
 
 
 
 
 
 
 

Fig. 3: The six-dimensional space of the hidden 
Multiverse 

where we use the notation similar to notations in the 
formula (2). Other relativistic formulas of SRT can be 
corrected in a similar manner. 

Therefore, the structure of the multidimensional 
space in which there are parallel universes of such 
hidden Multiverse is determined by three independent 
variables q , r and s. Therefore, the space of the hidden 
Multiverse (excluding the time) is six-dimensional (see 
Fig. 3): the three coordinates x, y and z, are the 

measurements within each universe, and the other three 
coordinates q, r and are the measurements that define 
the mutual spatial position of parallel universes to each 
other.  

Thus, as seen in Fig. 4, not all tardyonic 

universes have a full set of six neighboring tachyonic 
universes and anti-verses: some tardyonic universes 
have five neighboring tachyonic universe and anti-
verses. So the question arises - what is located beyond 
the edges of the hidden Multiverse, corresponding to 
absent neighboring tachyonic universes and / or 
antiuniversse. And the most plausible answer to this 

question is the statetement that there are other hidden 
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Multiverses (inaccessible to our observations, not only 
by electromagnetic but also by gravitational 
manifestations), which together form Supermultiverse. It 
is possible even that such Supermultiverses form yet 
larger structures. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4

 

:

 

The most probable structure of

 

the hidden 
Multiverse, corresponding

 

to the principles of physical 
reality of

 

quaternions

 

In the structural scheme shown in the Fig.

 

4 the 
multiple portals between the neighboring

 

universes are 
shown with single bidirectional

 

arrows (for bilateral 
portals) corresponding to the

 

formula 3a, or single 
unilateral arrows (for

 

unidirectional portals) 
corresponding to the

 

formulas (3b) and (3c). And 
unidirectional portals

 

are obviously more dangerous for 
researchers,

 

because you can not go back through 
them. In

 

general, as a result of law of communicating

 

vessels the parameters of habitat in fore-portal

 

and 
over-portal areas are almost identical, the visit

 

of 
neighboring universes through the portals

 

can be fairly 
safe occupation (as far as unknown can be safe).

 

Thus, the assumption made in the article on the 
correspondence of the dark matter and dark energy to 
the invisible parallel universes of the hidden multiverse 
meets the criterion of "Occam's Razor." That is why, 
because it explains everything, it is quite possible. And 
the meaningfulness of this scientific result is 

characterized by the saying of the famous American 
astrophysicist Professor Michio Kaku (Kaku, 2006): "Of 
course, a whole bunch of

 

Nobel Prizes awaits the 
discerning scientists who will be able to unravel the 
mysteries of dark energy and dark matter".

 

IX.

 

Verifiability of

 

Hidden

 

Multiverse

 

Hypothesis

 

The outlined hypothesis of the hidden 
quaternionic Multiverse

 

as opposed to other hypotheses 
of the Multiverses (Deutch, 1998, 2012; Steinhardt, 
Turok, 2007; Vilenkin, 2007; Kaku, 2008; Weinberg, 
2008; Carr, 2009; Greene, 2010, 2011; Lucash, 
Mikheyeva, 2010; Tegmark, 2015) is verifiable, since:

 

•

 

Experimental proof of

 

its physical reality is the 
existence of dark matter and dark energy.

 

•

 

The proof of its physical reality is also all those 
experiments on the Large Hadron Collider and other 
accelerators, as a result of which there was a mass 
defect. This result is explained by the tachyons 
formation and consequently the existence of 
tachyonic universes and anti-verses.

 

•

 

Its indisputable experimental evidence will be the 
detection of portals and visiting of the neighboring 
universes

 

through them (if we are allowed to do so 
by their inhabitants).

 

X.

 

Conclusion

 

Consequently, the existing version of SRT 
applies only to our tardyonic universe, and the corrected 
version of SRT -

 

to all the hidden Multiverse. And in this 
is adjusted SRT the principle of non-exceeding of the 
speed of light turned out to be unnecessary.

 

The proposed in the article corrected version of 
STR allowed to create a hidden Multiverse hypothesis, 
which is verifiable, and which explains the phenomenon 
of dark matter and dark energy. And practical discovery 
of the hidden Multiverse and establishing contacts with 
existing in them civilizations (Antonov, 2015k) by their 
consequences for our human civilization will 
considerably surpass the results of the discovery of 
America by Columbus.

 

XI.
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Abstract- The helicity of stable single, double, and triple helical 
iodine chains inside singe-walled boron nitride nanotubes is 
studied using the calculation of the systematic interaction 
energy. The results indicate that the optimal helical radius 
increases linearly with the radius of the tube. Hence, there is a 
constant distance between the I-chain and the tube’s wall. The 
optimal helical angle depends on the inter-chain interaction. It 
is affected, however, by the tube’s confinement effect: a small 
opt(φ) can be induced by large inter-chain for the same tube 
or a large tube for the same chain structure. The helicity

 

of the 
encapsulated I-chains is insensitive to the tube’s chirality but 
depends strongly on the tube diameter.

 

Keywords:

 

peapod, nanotube, iodine chain.

 

I.

 

Introduction

 

he synthesis and characterization of new one-
dimensional (1-D) crystal structures with novel 
properties are common research areas in the 

worldwide scientific community [1, 2]. It is clear that the 
unique hollow structure of macromolecules like 
nanotubes and zeolite molecules provides an ideal 
opportunity to create new and well-defined 1-D 
molecular/atomic structures [3, 4]. Various peapod 
structures that use nanotube packing of molecules or 
atoms have been studied in both experiments and 
theory [5-9]. For example, single-walled carbon 
nanotube (SWCNT) hosts can greatly enhance the 
thermal stability of encapsulated C60

 

molecules 
compared with their bulk structures [10]. Upon high 
temperature annealing, the decomposed ferrocene 
molecules inside SWCNTs can produce another interior 
tube, which represents a new route for material design 
[7, 11]. Theoretical studies indicate that the distance 
between host and guest molecules is responsible for the 
stability and electronic hybrid properties of the peapod 
system [12-14]. Moreover, different achiral and chiral 
phases, such as the 1-D linear chain, the 2-D zigzag 
phase, and the 3-D helical phase of encapsulated guest 
molecules have been observed in SWCNTs with 
different distributions of tube diameters [15-19]. 
Similarly, studies of atomic crystals formed inside 

nanotubes have also attracted considerable attention 
due to their novel electronic and structural properties 
[20-24]. Atomic chain structures, which are absent in its 
bulk phase, can be fabricated in the 1-D confined 
channel of macromolecules. Studies such as the growth 
of linear carbon chains inside nanotube/iodine chains 
inside AlPO4 molecules have been performed in both 
experiment and theory [25-29]. Recent experimental 
progress is encouraging. A novel double helical chain 
organized using iodine atoms (the so-called helical I-
chain) has been produced inside SWCNTs [30]. 
Theoretical analysis indicates that the charge transfer 
from the tube to the I-chain is responsible for its stability. 
The study also indicates that the observed different 
periodicities of I-chains are induced by the different 
chirality of the tubes. Another experimental study shows 
that single, double and triple helical I-chain structures 
can be stable inside SWCNTs when the diameter 
matches a certain size [31]. For a diameter larger than 
1.45 nm, the chain structure decomposes and 
crystalizes into the bulk phase, which indicates there is a 
critical size of the hollow nanospace for a stable 
formation of I-chains. Undoubtedly, these studies open 
a pathway for the exploration and design of new material 
structures within confining 1-D nanospace. 

Similar to the structure of CNTs, boron nitride 
nanotubes (BNTs) are also rolled up using a hexagonal 
sheet, but they are constructed by alternating boron and 
nitrogen atoms. BNTs exhibit some superior properties 
compared to CNT, such as much higher chemical and 
thermodynamic stability [32, 33]. Due to their unique 
hollow structure, BNTs can also be used as the host 
molecule to prepare a hybrid peapod by filling it with 
various guest molecules. A theoretical study indicates 
that BNTs are more suitable to prepare peapod systems 
than CNTs with the same chiral index. This is because 
much energy can be gained upon encapsulation [34]. 
Ab-initio calculation shows that the doped C60 molecule 
with a potassium atom inside BNTs can induce a 
significantly higher density of electronic states at the 
Fermi level than any of the currently available C60 
crystals can. This makes the BNT-peapod structure a 
promising material to study superconducting properties 
in fullerene-based materials [35]. High-resolution 
transmission electron microscopy (HRTEM) images 
show that the encapsulated C60 molecules inside single-
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walled boron-nitride nanotubes (SWBNTs) also exhibit 
ordered phases similar to the C60@SWCNT peapod 
systems. However, there are different stacking 
configurations for the same tube diameter [36]. The 
strikingly different properties of BNTs compared to CNTs 
offers great promise for applications in future molecular 
electronic devices. From the studies mentioned above, 
we know that novel single, double, and triple helical I-
chains can be produced inside SWCNTs with a certain 
size of diameter. However, no theoretical or 
experimental study of a helical I-chain inside BNTs has 
been reported up to now. We also study how the tube 
diameter and chirality affect the stability of encapsulated 
I-chains. Thus, this detailed analysis of stable structures 
of encapsulated helical I-chains inside SWBNTs may 
open new insights and further possibilities for 
applications. 

In the present work, the single, double, and 
triple helical I-chains were constructed inside different 
SWBNTs. This study focuses on the helicity (including 
the helical radius and helical angle) of stable helical I-
chains inside SWBNTs for different diameters and 
chirality. We use the Lanner-Jones 12-6 potential 
function to describe the systematic van der Waals 
interaction. The results show that the optimal helical 
radius, opt(r), of encapsulated helical I-chains increases 
linearly with the tube radius (RT), which produces a 
constant gap (~3.7-3.9 Å) between the I-chain and the 
tube wall. The optimal helical angle, opt(φ), cannot be 
determined for a single helical I-chain due to the lack of 
inter-chain interaction. For the investigated double and 
triple helical I-chains, a small opt(φ) can be induced 
using large inter-chain for the same tube or a large tube 
for the same chain structure. The comparative analysis 
indicates that the helicity of a stable helical I-chain is 
insensitive to tube chirality, but it depends on the tube 
diameter. This study aims to better understand the 
competing mechanism of chain/tube interaction and 
inter-chain interaction on the helicity of stable helical I-
chains inside SWBNTs. 

II. Model and Simulation Method 
For the simulation of the I-chain@SWBNTs peapod 
system, we position the tube in a Cartesian coordinate 
system with its center of mass as the origin O. As shown 
in Fig.1, the tube’s long axis coincides with the OZ-axis 
with its length exceeding 1200 Å. This is long enough for 
the longest helical I-chain (~1100 Å) we use in this 
study. Thus, the systematic edge effect can be ignored. 
In the O-XY projection plane, two circles with the radius 
RT and r correspond to the cross section of SWBNT 
and the growth trajectory of the chain structures, 
respectively. The black, red, and purple solid points 
stand for the iodine atoms of single, double, and triple 
helical chains, respectively. Because the coordinates of 
a single helical chain coincide with the coordinates of 

the first chain structure of double and triple helical 
chains, the atoms of single helical chains are shown 
with mixed colors. For a given helical radius r, the initial 
coordinates for the chain structures can be defined as (r 
cosφ0, r sinφ0, 0) with the initial helical angle φ0=(n-1)

 2π/m. Here, parameter m
 
=1, 2, and 3 stand for the type 

of helical chain, and the parameter n (which ranges from 
1 to m) stands for the nth chain. For a given φ, the total 
number of atoms in a single chain structure can be 
obtained using N=2π/φ

 

with N
 

being an integer. The 
length of a complete periodic structure is determined by 

L=N(d2-(2r sin(φ/2)) 2)1/2

 

with the bonding length (d) of

 the I-chains set as 2.9 Å, based on Refs. 30. Thus, the 
spatial positions of arbitrary iodine atoms in each chain 
structure are defined using the coordinates         

                      (r cos(φ0+kφ), r sin(φ0+kφ), k(d2-(2r sin(φ/2))2)1/2-
L/2)

 

with the parameter k
 

=0, 1, 2, 3, … (N
 

-1). Due to 

the square root d2-(2r sin(φ/2)) 2

 

of the z
 

coordinate 
should be equal to or larger than zero, the maximum 
value of φ

 

for the fixed r
 

and d
 

of

 

a helical chain is 
given by equation (1).

               0≤φ≤2 arcsin(d/2r)           
 

               (1)

 Similar to the fullerene peapod system, a 
systematic interaction such as the interaction between 
the I-chains and tubes (referred to as chain/BNT 
interaction) as well as the internal interaction between 
two I-chains (referred to as inter-chain interaction)

 
are 

due to the van der Waals interaction given by the 
Lennard-Jones 12-6 potential. The total interaction 
energy V(RT, r, φ)

 
of the single, double, and triple 

helical I-chain peapod system, with a given RT, r,
 
and 

φ, can be obtained using the nanotube
 
field potential 

given by equations (2-4).
 

( ) ( )
1

1Si ngl e
, ,T

N N
V R r v

τ λ

τ λϕ ρ ρ= −∑∑  
(2)
 

( ) ( )

( ) ( )
1

2 1 2

1Doubl e

2 1 2

, ,T
N N

N N N N

V R r v

v v
τ λ

τ λ λ λ

τ λ

τ λ λ λ

ϕ ρ ρ

ρ ρ ρ ρ

= −

+ − + −

∑∑

∑∑ ∑∑
 

(3)

 

( ) ( )

( ) ( )

( ) ( )

( )

1

2 3

1 2 1 3

2 3

1Tr i pl e

2 3

1 2 1 3

2 3

, ,

+

T
N N

N N N N

N N N N

N N

V R r v

v v

v v

v

τ λ

τ λ τ λ

λ λ λ λ

λ λ

τ λ

τ λ τ λ

λ λ λ λ

λ λ

ϕ ρ ρ

ρ ρ ρ ρ

ρ ρ ρ ρ

ρ ρ

= −

+ − + −

+ − −

+ −

∑∑

∑∑ ∑∑

∑∑ ∑∑

∑∑

    

(4)
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         V(RT, r, φ)atom= V(RT, r, φ)/mN.         (5)                           

The Lennard-Jones 12-6 potential used in the 
calculation is given in equation (6). 

             v(r)=DIJ(-2(RIJ/r)6+(RIJ/r)12)           (6)                               

The potential parameters for the van der Waals 
distance RIJ and energy DIJ are listed in Table I [37]. 
This interaction potential has been used, widely and 
successfully, to study different interacting peapod 
systems [38-40]. 

 

 

  
  

 

 

  

                

 

 

 
Fig. 1 : Image of the constructed model in a Cartesian coordinate system. Parameters r and φ correspond to the 

helical radius and helical angle of the I-chain for a given tube radius RT. The atoms of the single, double, and triple 
helical chains are colored as black, red, and purple, respectively

 

Type I-I I-N I-B 
DIJ

 
0.339

 
0.153

 
0.247

 

RIJ
 

4.50
 

4.08
 

4.292
 

III.
 
Results and Discussions 

Two equations are addressed in this section. 
One is the optimal helicity (including opt(r) and opt(φ))

 

of encapsulated single, double and triple helical chains 
inside different SWBNTs. The other is the mechanism of 

the influence of the tube’s confinement effect (or chain-
BNT interaction: including the diameter and chirality) 
and the inter-chain interaction on the helicity of a stable 
helical chain. Firstly, we select the minimum (10, 10) 
armchair tube as an example to determine the opt(r) 
and opt(φ) of the encapsulated three constructed 
helical chains by calculating the systematic interaction 
energies (Vatom). In Fig.2 we can see that the opt(r) 
values that correspond to the minimum value of Vatom 
for single, double, and triple helical chains. They are 3.1 
Å, 3.0 Å and 3.1 Å, respectively. The similar opt(r) 
obtained here lead to a similar distance (~3.8 Å-3.9 Å) 
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The parameters τ and λ (λ1, λ2, and λ3)
correspond to the atoms of BNT and the helical I-chain, 
respectively. Here, ρi and Ni (i=τ and λ) index the 
coordinates and the number of corresponding atoms. 
Since the total number of atoms in a single chain 
structure depends on the variable parameter φ, the 
monatomic interaction energy, V(RT, r, φ)atom, which
gives the average interaction energy for a single iodine 
atom, can be calculated for a simple analysis using 
equation (5).

The helical I-chains only stabilize for a radius 
smaller than 7.25 Å when filled into the CNTs -

according to a previous study [31]. BNTs that include 
three armchair tubes and sixteen achiral tubes with 
ranging from 6.905 Å to 8.435 Å are selected for the 
study. This radius distribution range is slightly larger 
than for CNTs due to a larger confinement effect 
produced by the BNTs [39]. Detailed structural 
information of the BNTs is listed in Table II. The 
calculation is performed as described in the following 
steps. For a fixed tube with a given , the r of the 
helical I-chain changes from 1.5 Å to with the step 
size Δr =0.1 Å. The φ begins at 1° and increases with a 
step size Δφ=1° to the maximum defined in Equation 
(1). For each increase of r or φ, a complete period of 
the helical chain (with m =1, 2 and 3 corresponding to 
the single, double and triple helical chains, respectively) 
is obtained with the calculation. Then, the systematical 

RT 

RT 
RT 

Table 1: The L-J 12-6 potential parameters for I-I, I-N, 
and I-B used in this study

interaction energies V(RT, r, φ)atom for the constructed 
single, double, and triple helical chain peapod systems 
can be obtained using the equations (2-4), and 
combining equations (5-6). Thus, opt(r) and opt(φ), 
which correspond to the most stable helical chain for a 
given RT, can be determined using the obtained 
minimum interaction energy.



between the tube’s wall and the helical chain, which is in 
good agreement with the reported experimental results 
[30, 31]. Similarly, the Vatom-φ curves of three 
constructed helical chains are presented in Fig.3. It can 
be seen that the Vatom of a single helical chain is 
generally invariant with the increased φ, which means 
there is an insensitive dependency between them. For 
the presented results of double and triple helical chains, 
the Vatom exhibits a generally invariant and decreased 
tendency with φ for the low and high angle region. The 
obtained opt(φ) values, which correspond to the 
minimum value of Vatom of double and triple helical 
chains are  50° and 40°, respectively. The       of a 
single helical chain only considers the chain/BNT 

interaction, while the Vatom of the double and triple 
helical structures considers both the chain/BNT 
interaction and the inter-chain interaction. Consequently, 
the exhibited different Vatom-φ behavior of the single 
helical structure from the double and triple helical chains 
must be due to the absence of inter-chain interaction. In 
particular, opt(φ) can be determined only for the case 
where inter-chain interaction is considered for the chain 
structures parameter m ≥ 2. However, the results above 
only show the importance of inter-chain interaction to 
determine opt(φ). No direct evidence is confirmed for 
whether the tube’s confinement effect can affect opt(φ) 
or not. A more detailed discussion of this open question 
is below. 

 

Fig. 2:  Systematic interaction energies (Vatom) as a function of helical radius (r) for the select armchair (10, 10) 
tube. The square, circular, and triangular solid points correspond to the Vatom  of single, double and triple helical 

chains, respectively
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Vatom



 

Fig.
 
3:

 
Systematic interaction energies (Vatom) as a function of the helical angle (φ) for the select armchair (10, 10) 

tube with the corresponding opt(r) is fixed. The square, circular, and triangular solid points correspond to the Vatom
 

of single, double, and triple helical chains, respectively
 

All calculated results, including opt(r), the 
distance between iodine

 
chains and tube’s wall (space), 

and opt(φ) are listed in Table II. For an intuitive analysis, 
the opt(r)-RT

 

and space-RT, and opt(φ)-RT are 
presented in Fig.4 and Fig.5, respectively. Moreover, 
some optimal double and triple helical chains are shown 
in Fig.7 and Fig.8. We can see that the opt(r) of single 
helical chain increases linearly from 3.1 Å to 4.6 Å as RT 
increases from 6.905 Å to 8.435 Å. Similarly, opt(r) of 
double and triple helical chains increases linearly from 
3.0 Å to 4.6 Å, and from 3.1 Å

 

to 4.7 Å, respectively, for 
the same interval of RT like the single helical chain (see 
Fig.7 and Fig.8). The obtained identical increasing 
tendency of opt(r) for the single helical structure as the 
studied double and triple helical chains (considering the

 

different interactions between them) indicates that opt(r) 
mainly depends on the tube’s confinement effect. The 
tube’s confinement effect is associated with the tube 
diameter and chirality. It can be seen that some small 
platforms, which correspond to the

 

same opt(r) for a 
similar RT but different chirality, are visible in Fig.4. This 
indicates that opt(r) is insensitive to the tube’s chirality 
but strongly depends on the tube diameter. Additionally, 
a similar distance (~3.7 Å to 3.9 Å)

 

between the chain 
structure and tube’s wall is obtained for these three 
helical chains, which is consistent with reported 
experimental results [30, 31]. The small fluctuations for 
the obtained distance (~3.7 Å to 3.9 Å) here are caused 
by the calculation accuracy of Δr=0.1 Å. A more uniform 
space should be produced by using a smaller value for 

Δr such as 0.01 Å or 0.001 Å. It is, however, impractical 
because the calculation is complex and expensive.

 

Since opt(φ) can not be determined for a single 
helical chain structure due to the absence of inter-chain 
interaction, we only show the opt(φ)-

 
RT

 
curves for 

double and triple helical chains - see Fig.5. It can be 
seen that the double helical chain exhibits a larger 
opt(φ) than the triple helical chain when they

 
were filled 

into the same tubes. Additionally, the obtained opt(φ) 
decreases, in general, from 50° to 35°, and from 40° to 
32° for the double and triple helical chain, respectively 
(see Fig.7 and Fig.8). The obtained different opt(φ), but

 

identical variation tendency as RT
 
for the double and 

triple chains, can be interpreted as follows. For the 
same tube, similar opt(r) values are obtained for the 
double and triple helical chains. However, a larger inter-
chain interaction, due to a smaller inter-chain distance, 
can be produced for the triple helical chain than by 
encapsulating the double helical chain. Thus, the large 
inter-chain interaction can induce a small opt(φ). On the 
other hand, for the same chain structure with different 
tubes, the decreased value of opt(φ) as the increased 

 shows that a large tube with a small confinement 
effect can induce a small helical angle. More 
specifically, opt(φ) shows an inverse proportional 
relationship with the inter-chain interaction for the same 
tubes. However, a direct proportional relationship 
between opt(φ) and the tube’s confinement effect is 
observed for the same chain structures. Similarly, some 
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small platforms, i.e. the same opt(φ) for similar     but 
different chirality, are also shown in Fig.5. This indicates 
that opt(φ) is insensitive to the tube’s chirality, but it 
depends on the tube diameter. A similar conclusion has 
been reported for the case of encapsulated C60 
molecules inside carbon nanotubes, where the stable 
orientation mainly depends on the tube diameter [41]. 
The periodic length L of the obtained optimal helical 
structures is shown in Fig.6. The periodic length L of 
double and triple helical chains decreases generally with 

increasing RT

 

(see Fig.7 and Fig.8). This can be 
interpreted as the expression L=N(d2-(2rsin(φ/2)) 2)1/2

 

where the period L
 
obeys an inverse relationship with 

the variables φ
 
and r

 
for the invariable d. Thus, the 

competing relationship of an increasing r 
and 

decreasing φ causes the L to decrease with RT. In 

comparison, the L of the triple helical chain is larger than 
the double helical chain for the same RT /similar opt(r). 
This is because a smaller opt(φ) is obtained for the triple 
helical chain. 

 

Fig. 4 : Values for opt(r) and the distance between the I-chains and tube wall for three studied helical chains, as a 
function of the tube radius RT  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5:  The opt(φ) values for double (squares) and triple (circles) helical chains, as a function of the tube radius RT. 
The linear fits are shown as a guide for the eye
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RT 



 

Fig. 6 : The length of the periodic length unit L for optimal double (squares) and triple (circles) helical chains, as a 
function of the tube radius RT

 

Fig. 7:  Illustration of some optimal double helical chains as shown in Fig.4 and Fig.5. The tube’s chiral index (n, m) 
and opt(r)_opt(φ) are labeled at the top and bottom, respectively 

 

Fig. 8:  Similar illustrations as in Fig.7 but for the triple helical chain 
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Table II. Detailed structural properties of 
SWBNTs and the calculated results in this study. 
Columns I and II show the tube’s chirality and radius, 
respectively. Columns III and IV show the optimal helical 

radius and space for a single helical chain, respectively. 
Columns V-VII and VIII-X show the optimal helical radius, 
the space, the optimal helical angle of double and triple 
helical chains, respectively. 

(n,m)

 

RT /Å

 

Single Helix

 

Double Helix

 

Triple Helix

 

Opt(r)/Å

 

Space/Å

 

Opt(r)/Å

 

Space/Å

 

Opt(φ)/

 

° Opt(r)/Å

 

Space/Å

 

Opt(φ)/

 

° 
(10,10)

 
6.905

 
3.1

 
3.805

 
3.0

 
3.905

 
50

 
3.1

 
3.805

 
40

 

(9,11)
 

6.915
 

3.1
 

3.815
 

3.0
 

3.915
 

50
 

3.1
 

3.815
 

40
 

(8,12)
 

6.95
 

3.1
 

3.85
 

3.1
 

3.85
 

49
 

3.1
 

3.85
 

40
 

(10,11)
 

7.25
 

3.4
 

3.85
 

3.5
 

3.75
 

45
 

3.4
 

3.85
 

39
 

(9,12)
 

7.275
 

3.4
 

3.875
 

3.5
 

3.775
 

45
 

3.4
 

3.875
 

39
 

(8,13)
 

7.32
 

3.5
 

3.82
 

3.5
 

3.82
 

45
 

3.5
 

3.82
 

39
 

(11,11)
 

7.595
 

3.8
 

3.795
 

3.7
 

3.895
 

43
 

3.8
 

3.795
 

37
 

(10,12)
 

7.605
 

3.8
 

3.805
 

3.7
 

3.905
 

43
 

3.8
 

3.805
 

37
 

(9,13)
 

7.635
 

3.8
 

3.835
 

3.7
 

3.935
 

43
 

3.8
 

3.835
 

37
 

(8,14)
 

7.69
 

3.9
 

3.79
 

3.9
 

3.79
 

40
 

3.9
 

3.79
 

37
 

(11,12)
 

7.94
 

4.1
 

3.84
 

4.1
 

3.84
 

39
 

4.1
 

3.84
 

36
 

(10,13)
 

7.96
 

4.1
 

3.86
 

4.1
 

3.86
 

39
 

4.1
 

3.86
 

36
 

(9,14)
 

8.00
 

4.2
 

3.8
 

4.2
 

3.8
 

38
 

4.2
 

3.8
 

35
 

(8,15)
 

8.06
 

4.3
 

3.76
 

4.2
 

3.86
 

38
 

4.2
 

3.86
 

35
 

(12,12)
 

8.285
 

4.5
 

3.785
 

4.5
 

3.785
 

36
 

4.4
 

3.885
 

34
 

(11,13)
 

8.295
 

4.5
 

3.795
 

4.6
 

3.695
 

35
 

4.5
 

3.795
 

33
 

(10,14)
 

8.325
 

4.5
 

3.825
 

4.6
 

3.725
 

35
 

4.5
 

3.825
 

33
 

(9,15)
 

8.37
 

4.6
 

3.77
 

4.6
 

3.77
 

35
 

4.5
 

3.87
 

33
 

(8,16)
 

8.435
 

4.6
 

3.835
 

4.6
 

3.835
 

35
 

4.7
 

3.735
 

32
 

IV.

 

Conclusions

 

In summary, this study comprises a simulation 
of encapsulated single, double, and triples helical I-
chains inside SWBNTs with different diameters and 
chirality distributions. We focused on the helicity of 
stable helical I-chains and their formation mechanism 
inside SWBNTs by calculating the interaction energy 
using the van der Waals potential. The results show that 
the optimal helical radius, opt(r), of encapsulated I-
chains increases linearly with the tube radius (RT), which 
produces a constant distance (~3.7-3.9 Å) between the 
I-chain and the tube wall. The optimal helical angle, 
opt(φ), can not be determined for a single helical I-chain 
due to the lack of inter-chain interaction. The opt(φ) for

 

the double helical chain is larger than the value for the 
triple helical chain when they are filled into the same 
tubes. This is because the larger inter-chain interaction 
can induce a smaller opt(φ). The obtained opt(φ) for 
double and triple helical I-chains decreases linearly with 
increasing RT

  

because the large tubes can induce a 
small opt(φ). The comparative analysis indicates that 
the helicity of stable I-chain structures is insensitive to 
the tube’s chirality, but it strongly depends on the tube 
diameter. Additionally, the periodic length L

 

for the triple 
helical chain is larger than for double helical chain for 
the same RT

 

and similar opt(r). This is because a smaller 
opt(φ) is obtained for the triple helical chain. This work 
not only provides images of the structure of 
encapsulated double and triple helical I-chains inside 

SWBNTs, but also reveals the formation mechanism for 
stable helical structures.
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I. Introduction, the Limitations of 
Quantum Mechanics 

s are known, the quantum mechanics established 
by several great scientists, such as Bohr, Born, 
Schrodinger and Heisenberg, etc., in the early 

1900s [1-6] is the foundation of modern science and used 
extensively to study the properties and rules of motion of 
microscopic particles. In the theory the states of 
microscopic particles are often described by a 
Schrodinger equation:  

                   ( )
2

2 ,
2

i V r t
t m
ψ ψ ψ∂

= − ∇ +
∂

 
                (1) 

where 
2 2 / 2m∇

 is the kinetic energy operator, V( r
→

,t) is 
the externally applied potential operator, m is the mass 
of the particles,

 
( , )r tψ
→

 
is a

 
wave function

 
describing the 

states of the

 

particles, r→

 

is the coordinate or position of 
the particle. Equation (1) is a wave equation, if only the 
externally applied potential is known, we can find the 
solutions of the equation[7-9]. However, for all externally 
applied potentials, its solutions are always a linear or 
dispersive wave, for example, at V( r

→
,t) =0, the

 

solution 
is a plane wave as follows:

                     ( ), 'exp[ ( )]r t A i k r tψ ω
→ →

= ⋅ −


                (2)

 
where k

 

is the wavevector of the wave, ω is its 
frequency, and A’ is its amplitude.

 

This solution

 

denotes 
the state of a freely moving microscopic particle with an 
eigenenergy of

  
2

2 2 21 ( ), ( , , )
2 2 x y z x y y
pE p p p p p p
m m

= = + + −∞ < < ∞

 

(3)

 This energy is continuous, this means that the 
probability of the particle to appear at any point in the 
space is a constant,

 

thus the microscopic particle 
cannot be localized, can only

 

propagate freely in a wave 
in total space. Then the particle has nothing about 
corpuscle feature.
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If the free particle is artificially confined in a 
small finite space, such as, a rectangular box of 
dimension a, b and c, then the solution of Eq.(1) is a 
standing wave of

Abstract- The mechanisms of generation of the nonlinear 
interactions in the quantum systems are studied using a 
nonlinear Schrodinger equation, which can describe the states 
and properties of motion of the microscopic particles. The 
investigations show that the interactions arises from the 
interaction between the moved particle and background field. 
the difficulties, limitations and approximations of the quantum 
mechanics and its roots and reasons are first revealed and 
pointed out. The quantum mechanics simplifies and blots out 
the real motions and interactions of the microscopic particles 
including the nonlinear interactions, thus the particles have 
only a wave feature, not corpuscle feature. In view of these 
problems and difficulties we add the nonlinear interaction,

φφ 2b , into the dynamic equation and use again it to

describe the particles. Thus the wave or dispersive effect of 
the particles is suppressed by the nonlinear interactions, thus 
its localization and wave-corpuscle duality are displayed and 
exhibited naturally. Subsequently, we investigate the features
of the particles and find that the nonlinear interactions exist 
always, if and only if the real motions of the particles and 
background fields as well as the interactions between them 
are considered simultaneously. On the basis of analyses of 
dynamics of the electrons and nucleon or lattice (background) 
fields we give two mechanisms of self-interaction and self-
trapping for the generation of nonlinear interactions and 
corresponding representations. Finally we discuss the 
properties of the nonlinear interactions in the two mechanisms 
and obtain the relations between the action and counteraction 
of the two nonlinear interactions of the particles and 
background fields. We find that although the nonlinear 
interaction accepted by the particles and background field can
generate simultaneously in the nonlinear quantum systems, 
the two nonlinear interactions do not completely satisfy the law 
of action and counteraction of the forces in the classical 
mechanics. This shows clearly that the natures of the 
microscopic particles in the nonlinear quantum systems are 
different from those of classical particles, even though the 
microscopic particles have also the corpuscle feature. This 
conclusion is of important and interest to physics and 
nonlinear science.



 

  
 

( ) 31 2, , , sin sin sin iEtn zn x n yx y z t A e
a b c

ππ πψ −    =      
     



 

(4)

 

In such a case, the particle is also dispersed in 
total box, but its eigenenergy is quantized,

 

i.e.,

 

                       
22 22 2
31 2

2 2 22
nn nE

m a b c
π  

= + + 
 



 

,                 (5)

 

thus corresponding momentum is also quantized. This 
means that the wave feature of microscopic particle has 
been not changed in this condition.  

 

If the potential field is further varied, i.e.,
( ), 0V r t ≠ , the solutions of Eq.(1) is still some waves 

with different features[5-12].  This shows clearly that the 
microscopic particles have only a wave feature, not 
corpuscle feature, this is inherent nature of particles in 
the quantum mechanics. However, these features of 
microscopic particles are

 

not only incompatible with de 
Broglie relation of wave-corpuscle duality and Davisson 
and Germer’s experimental result of electron diffraction 
on

 

double seam in 1927[6-8]

 

but also contradictory with 
regard

 

to the traditional

 

concept of particles[7-9]. These 
are just the limitations or difficulties of the quantum 
mechanics. These difficulties result in a duration 
controversy of a century in physics[8-12]

 

, the disputed 
problems were as follows. Is

 

the quantum mechanics 
correct?, How to describe the wave-corpuscle duality of 
microscopic particles? Is the quantum mechanics a 
dynamic or a statistical theory? Does it depict the 
motion of a single particle or a system of particles? Was 
the uncertainty relationship due to the intrinsic features 
of microscopic particles or a result of uncontrollable 
interaction between the measuring instruments and the 
system being measured”, etc...More surprising, the way 
and method solving these problems have not sought up 
to now.

 

Why does the quantum mechanics have these 
limitations? in other word, what are the roots generating 
these limitations of the quantum mechanics?

 

As is 
known, the Hamiltonian operator of the system 
corresponding

 

Eq.(1)

 

in quantum mechanics

 

is

 

represented by

 

              
^
( )H t = 2 2 / 2m∇ +

 

V( r
→

,t)                          (6)

 

Obviously, it consists only of kinetic and 
potential

 

operator of

 

particles; the latter

 

is only 
determined by an externally applied field, and not 
related to the state or wave

 

function of the particle. 
Equation (6) means that all interactions among the 
particles and between the particles and background 
fields, such as the lattices in solid matter, must belong in 
the externally applied potential

 

V( r→ ,t)

 

no matter what 
forms of linear, nonlinear and other complicated 
interactions[13-16]. In other word,

 

when the forms of the 

external potential field V( r→ ,t)

 

are changed successively, 
we find that the dispersion and decaying nature of the 
microscopic particle always

 

persists. This means that 
the external potential field

 

V( r→ ,t)can only change the 
shape of the microscopic particle, such as,

 

its amplitude 
and velocity, but not its wave nature because its

 

natures 
are only determined by the kinetic energy

 

term, 
2^

2 2 / 2 / 2h m P m∇ = , with dispersive effect

 

in Eq.(1). 
Because microscopic particles are always in motion, 
then the dispersion effect always exists, but there is not 
an interaction, which can

 

obstruct and suppress the 
dispersive effect of kinetic energy and make the 
microscopic particles the localization in Eqs.(1) and (6) 
in quantum mechanics,

 

thus the particles have only the 
dispersive or wave feature., not the corpuscle feature. 
These are just the roots resulting in the wave feature, or 
speaking, the reason

 

why the microscopic particles 
have only in quantum mechanics. Therefore, a key 
problem solving the difficulties and limitations

 

of the 
quantum mechanics is to seek for a new interaction 
between the particles, which obstruct and suppress the 
dispersive effect of kinetic energy.

   

II.

 

The

 

Nonlinear

 

Interactions can

 

Suppress the

 

Dispersive

 

Effect

 

and

 

make the

 

Particles

 

the Localization

 

As mentioned above, in order to solve

 

the 
difficulties and limitations of quantum mechanics we 
must seek for an interaction to obstruct and suppress 
the dispersive effect of kinetic energy to make the 
microscopic particles the localization. Thus we must 
make much account of the nonlinear interaction among 
the particles, which could play the above role because it 
can distort and collapse also the wave[9-11], eventually 
can balance and cancel the dispersive

 

effect. Thus the 
nature of the particle could be changed, its feature of 
corpuscle could be displayed[13-18]. In the light of this 
idea we now evaluate and add further the nonlinear 
interaction of 

2b φ φ

 

related to the states of the 
particles into Eq.(1), thus the dynamic equation of 
microscopic particles should be replaced by the 
following nonlinear Schrodinger equation.   

 

    
2

22 ,
2
hih b V r t

t m
φ φ φ φ φ

→∂  = − ∇ ± +  ∂  
,            (7)
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where ( , )r tφ
→

is a wave function representing the states 
of microscopic particles, b is a nonlinear interaction 
coefficient, On account of the nonlinear interaction,

2b φ φ , is considered, then we expect that the particles 
could be localized. For this purpose we now investigate 

a simple example of Eq.(7) at ,V r t
→ 
 
 

= 0. In such a 



  

 
  

                         02
''' =++ φφφφ bi xxt

 

                      (8)

 

where ' 2 / , ' /x x m h t t h= = .

 

We now assume the 
solution of Eq.(8) to be of the form

 

                 )','()','()','( txietxtx θϕφ =

 

                         (9)

 

Inserting Eq. (9) into Eq.(8) we can obtain 

 

         )0(,022
'''' >=−−− bbxtxx ϕϕϕθϕθϕ

 

         (10)

 

                     02 ''''' =++ txxxx ϕθϕϕθ                       

 

(11)

 

If let ),''(),''( tvxtvx ec −=−= ϕϕθθ

 

then 
Equations

 

(10)-(11) become

 

                  

032
'''' =−−− ϕϕθϕθϕ bv xtcxx

 

              (12)

 

                      

02 ''''' =−+ texxxx v ϕθϕϕθ

 

                  (13)

 

If fixing the time t’ and further integrating Eq.(13) 
with respect to x’ we can get

 

                            )'()2( '
2 tAvex =−θϕ                     

 

(14)

 

Now let integral constant A(t’)=0, then we can 
get 2/' ex v=θ . Again substituting it into Eq.(13), and 
further integrating this equation we then yield

  

                               

0

' '
( ) e

d x v t
Q

ϕ

ϕ

ϕ
ϕ

= −∫                    

 

(15)

 

where  4 2 2( ) / 2 ( 2 ) 'e e cQ b v v v cϕ ϕ ϕ= − + − + .

 

When c’=0, ,022 >− ece vvv

 

then 
2

0 0, [( 2 ) / 2 ]e e cv v v bϕ ϕ ϕ= ± = − is the roots of 

( ) 0Q ϕ = except for 0ϕ = . Thus from Eq. (15) we 

obtain the solution of Eq. (10)-(11) is

 

)]''(
2

[sec)','( 00 tvxbhtx e−= ϕϕϕ .

 

Then the solution of nonlinear Schrodinger 
equation in Eq. (8) eventually is of the form

 

( ) ( ) ( )0[ ]0
0 0, sec i mv x x EtA bmx t A h x x vt eφ − −  = − −   

  




 

(16)

 

where
b

Emv
A

2
2/2

0

−
= , v is the velocity of motion of 

the particle, E hω= . The solution in

 

Eq.

 

(16) can be 

also found by the inverse scattering method [13, 14, 18-,22]. 
This solution is completely different from Eq. (2), and 
consists  of

 

a  envelop  and carrier  waves,  the former is

  

0
0 0( , ) sec { [( ) ]}A bmx t A h x x vt

h
ϕ = − − which is

 

a 

bell-type non-topological soliton with an amplitude A0, 

the latter is the 0exp{ [ ( ) ] / }i mv x x Et h− − . This solution 

 

nonlinear Schrodinger equation (8) is a soliton[22-23]. The 
envelop φ(x, t) is a slow varying function and

 

the mass 
centre of the particle, the position of the mass centre is 
just at x0, A0

 

is its amplitude, and its width is given by  

0' 2 /W h mbAπ= . Thus, the size of the particle

 

is 

0 ' 2 /A W h mbπ=

 

and a constant. This shows that the 
particle

 

has exactly a mass centre and determinant size, 
thus the particle

 

localized at x0.

 

According to the soliton 
theory

 

[22-23], the bell-type soliton in Eq.(16) can move 
freely over a

 

macroscopic distances in a uniform velocity 
v

 

in space-time retaining its form, energy, momentum 
and other quasi-particle properties. Just so, the vector 
r
→

or x

 

has definitively physical significance, and 
denotes exactly the positions of the particle

 

at time t. 

Then, the wave-function  ( , )r tφ
→

or φ(x, t) can represent 
exactly the states of the particle

 

at the position r
→

 

or x

 

and time t. These features are consistent with the 
concept of particles. Thus the feature of corpuscle of the 
particle

 

is displayed clearly and outright.
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case, in the one-dimensional case, the equation (7) at 
V(x,t)= 0 becomes as

is shown in Fig.1(a) Therefore, the particle described by 



 

(a)

 

(b)

 
 

 

Fig. 1:

 

The solution in Eq. (8) and its features

 

we

 

now re-write the solution Eq. (16) as the following 
form

 

    ( ) ( ){ } ( )'
0[ ' ']' 2

0
2, 2 sec 2 ' ' e civ x x v t

ex t k h k x x v t e
b

φ
− − = − − 

 

    (17)

 

where 23/2k/b1/2= A0,

 

b
vvvA ece

2
22

0
−

= ,

 

ve

 

is the group 

velocity of the electron, vc

 

is the phase speed of the 
carrier wave. For a certain system, ve

 

and vc

 

are 
determinant and do not change with time. From the 
above results we see clearly that the particle is

 

a soliton. 
According to the soliton theory[22-23], the soliton

 

has 
determinant mass, momentum and energy,  which can 
be

 

represented by

 

[14,22-23]

 

2

0' 2 2sN dx Aφ
∞

−∞
= =∫

 

( ) constvNvAdxip esexx ===−−= ∫
∞

∞− 0
*
''

* 22'φφφφ

 

       2
0

42
' 2

1'
2
1

esolx vMEdxE +=



 −= ∫

∞

∞−
φφ   

 

(18)

 

in such a case, where 022 ANM ssol ==

 

is

 

just 
effective mass of

 

the

 

particle,

 

which is a constant. 
Obviously, the energy, mass and momentum of the 
particle

 

cannot be dispersed in its motion. This 
manifests again that the particle

 

represented by ( , )r tφ
→

or φ(x,t)

 

in the system

 

has a particle feature. This means 
that the nonlinear interaction,

2b φ φ , related to the wave 
function of

 

the particle

 

balance and suppress really the 
dispersion effect of the kinetic term in Eq. (1) to make 
the particle

 

to be eventually

 

localized[13-14,22-26].

 

However, the envelope of the solution in 
Eq.(16),or (17) is a solitary wave. It has a certain 
wavevector and frequency as shown in Fig. 1(b), and 
can propagate in space-time, which is accompanied

 

with the carrier wave. The feature of propagation 
depends only on the concrete nature of

 

the particle. 
Figure 1(b) shows the width of the frequency spectrum 

of the envelope φ(x,t), the frequency spectrum has a 
localized structure around the carrier frequency ω0. 
Thus, the particle

 

has exactly a wave-corpuscle

 

duality[13-14,22-26], which is first obtained. The Equation 
(16) or (17) and Figure 1a are just a most beautiful and 
perfect representation of wave-corpuscle duality of the 
particle. This consists also of de Broglie relation of 
wave-corpuscle duality and

 

Davisson and Germer’s

 

experimental result of electron diffraction on

 

double 
seam in 1927[6-8].

 

From the above investigations we see clearly 
that the nonlinear interactions result in the localization 
and wave-corpuscle duality of the microscopic particles, 
which are completely different from those of the 
quantum mechanics, thus this could solve the 
difficulties, problems and disputations existed in the 
quantum mechanics. In this theoretical framework the 
states and properties of microscopic particles are 
described by the nonlinear Schrodinger equation(7), 
instead of the linear Schrodinger equation (1). Therefore, 
when the nonlinear interactions are introduced in the 
quantum mechanics, not only the quantum mechanics 
but also the natures of microscopic particles are 
considerably changed. 
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III. The Mechanism of Generation of
Nonlinear Interaction of

Microscopic Particles in the
Quantum Systems

At present, a key problem is how does the 
above interaction generate? or speaking, what is the 
mechanism of generation of the nonlinear interaction? 
Why does the quantum mechanics consider not this 
interaction? For replying these problems we return to 
look at the method solving the questions of quantum 
mechanics, especially in the atoms and molecules of 
many electrons and complicated solids, using linear 
Schrodinger equation (1). As known, we, in general, use 
an averagely external applied potential V( r

→
,t) to replace 

all real interactions among the particles or between the 
particles and background fields including the nonlinear 
interactions through applying average field 
approximation, free electron approximation, Born-



 
 

    
  
  

  

 

 

 

 

Oppenheimer approximation, Hartree-Fock approxima-

 

tion and Thomas-Fermi approximation, and so on

 

[6-8,13-

16]. The essences of these approximations are to freeze 
or blot or simplify the real

 

motions of background fields 
or lattices in solids and of nuclei in atoms and 
molecules. Thus

 

the quantum mechanics

 

simplify the 
motions of microscopic particles, the Schrodinger 
equation include not truthfully all practical interactions 
among the particles and between the particles and 
background fields or nuclei, then the

 

nonlinear 
interactions of particles are also blotted

 

and neglected. 
Thus the microscopic particles have only the wave 

feature. For example, the Coulomb potential of V( r
→

)=-

e2/ r
→

, which was used in the calculation of the states of 
the electron in hydrogen atom using Eq.(1), is just an 
average potential, in which the origin of coordinate is 
fitted at the nucleon, then the nucleon was thought to be 
static,  thus the inherent motion of the nucleon is 
completely frozen and rubbed. Obviously, this is not 
reasonable and appropriate to practical case. In fact, 
the nucleon is always in harmonic vibration around its 
equilibrium position. The motion of the nucleon result 
necessarily in change of distance

 

between the electron 
and nucleon, thus the Coulomb potential is 
correspondingly varied, i.e., the Coulomb potential 
relates closely to the positions of the nucleon, then the 
natures of the electron are also changed. We now 
assume that the displacement of the nucleon leaving the 
equilibrium position is u , thus the Coulomb potential 
between the electron and nucleon should now be the 

form of 2( , ) /( )V r u e r u
→ → → →

= − + , instead of               V( r
→

)   =-e2/ r→. 

 

2

1 1 1 1 1 1(1 ....) ..... ( ) ....
(1 / )

u u d u
r u r u r r r r r r dr r

= = − + = − + = + +
+ +

,

 

(19)

 

then the motion equation of the electron in hydrogen 
atom should be of the form  

 

         

2 2
2

2
h eih u

t m r
φ φ φ χφ∂
= − ∇ − −

∂   （20）

 

We here use ),( trφ

 

to represent the state of 
the electron due to its

 

difference from those denoted by 

Eq.(1). Where 
2

2
2

1( )d ee
dr r r

χ = − = denotes a coupling 

coefficient between the electron and nucleon, in 
essence, is the Coulomb force between them, m is 
mass of the electron. Obviously, the change of

 

the 
Coulomb force result in the variations of state of both 
the electron and the nucleon. Thus the nucleon is now in 
the forced vibration, instead of harmonic vibration.   On 
account of the change of the Coulomb force relates 
closely to both the distance between them and the 
density of the electrons, then the Coulomb force 
accepted by the nucleon are different, when the electron 

is in different positions. Thus the vibration of the nucleon 
are changed under a action of Coulomb force arising 
from the gradient

 

fluctuation of distribution or density of 
the electron. In such a case it is easy to obtain that the 
vibration of the nucleon should satisfy the equation:

  

2 2 2
22 2 2

0 02 2 2( ) , ( 1, 2,3)
i i

u uM v a i
t x x

α χ φ∂ ∂ ∂
− = =

∂ ∂ ∂
（21）

 

in continuity approximation, where M is mass of the 
nucleon, 0a

 

is the Bohr radius,

 

α

 

is a

 

fraction.

 

Equation 
(21) shows that the Coulomb force accepted by the 

nucleon is represented by 
22

2
0 2( ) ( , )

i

a r t
x

α χ φ
→∂

∂

 

in its

 

motion process. From (21)

 

we can obtain

  

          

 

2
20

2 2
0( )

au
M v v

χ φ= −
−           

 

 

(22)

 

Inserting Eq.(22) into Eq.(20) we obtain the 
equation of motion of the electron to be

 

            
2 2

22

2
ei b

t m r
φ φ φ φ φ∂
= − ∇ − −

∂


          

  

(23)

 

This is a concrete representation of the 
nonlinear Schrodinger equation of

 

Eq.

 

（23）in the 
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Since 

hydrogen atom, where 
2 2 2

0
2 2

0( )
ab

M v v
α χ

=
−

is

 

the nonlinear 

coupling coefficient or interaction energy between the 
electron and nucleon in the system and is proportional 
to the square of Coulomb force and inversely 
proportional to kinetic energy of the nucleon.

From the above investigation we know that if 
and if only we consider seriously and completely real 
motions and interactions of the electron and nucleon in 
hydrogen atom, then the nonlinear interaction of the 
electron, φφ 2b , will occur certainly, thus the motion of 

the electron satisfies the nonlinear Schrodinger equation 
(7) or (23), instead of linear Schrodinger equation (1). In 
such a case, the electron is no longer a wave, and is 
localized, has a wave-corpuscle duality.   Obviously, the 
coupling interaction in the hydrogen atom is the 
Coulomb force between the electron and nucleon, which 
exists permanently, thus the nonlinear interaction,

φφ 2b ,  in Eq.(23) also exists always. Therefore, the 
motion of the electron in the hydrogen atom should be 
depicted by the nonlinear Schrodinger equation (23), 
instead of linear Schrodinger equation (1).

The generation of nonlinear interaction 
mentioned above in the hydrogen atom is referred to as 
the self-interaction mechanism. Naturally, it can 
generalize into other atoms and molecules of many 
electrons and some solid matter. The general form of 



  
  

 

 

  

 

this mechanism can be represented by the following 
equations of motion and interactions of particles. The 

motion

 

of studied particle, which is denoted by ( , )r tφ
→

 

, 
can be depicted by  

 

     

2
2 ( , )

2
hih V r t F

t m
φ φ φ χφ

→∂
= − ∇ + −

∂   （24）

 

The motion of the background field or nuclei is 
represented by 

 

     

2 2 2
22

02 2 2( ) , ( 1, 2,3)
i i

F FM v i
t x x

χ φ∂ ∂ ∂
− = =

∂ ∂ ∂

 

（25）

 

where

 

F is the wave vector of the background field 
(phonon) or nuclei, χ

 

is a coupling coefficient between 
them. The relation between the two motion modes is

  

                         

2
2 2

0( )
F

M v v
χ φ=
−                       （26）

 

Thus the nonlinear Schrodinger equation of the 
studied particle can be obtained as follows 

 

     
2

22 ( , )
2
hih V r t b

t m
φ φ φ φ φ

→∂
= − ∇ + −

∂
        (27)

 

where 
2

2 2
0( )

b
M v v

χ
=

−
. 

 

In fact, the nonlinear interaction of the particles, 
φφ 2b ,

 

can be also generated by another mechanism 
in solid, condensed matter, polymer and 
macromolecules, in which the interaction between the 
particle and background field, such as, the lattice field, 
results in the deformation of the latter, which provides a 
potential well for the particle and makes

 

it localization. 
Therefore, we refer to it as self-trapping mechanism. In 
the mechanism the microscopic particles are possibly 
the electron or exciton or polaron, its interactions with 
the background field may be the electron-

 

phonon 
coupling, or dipole-dipole interaction, and so on. The 
dynamical

 

equations of the electron (or, exciton or 
polaron) and vibration of the background field or lattice 
in this model can be often represented, respectively, by

  

  

2
2 ( , )

2 i

h Fih V r t
t m x
φ φ φ χφ

→∂ ∂
= − ∇ + −

∂ ∂    （28）

 

and

  

    
2 2

22
02 2( )

i i

F FM v
t x x

χ φ∂ ∂ ∂
− =

∂ ∂ ∂

 

,                 (29)

 

where φ

 

is

 

the

 

wave function of state of the electron,

 

F 
is the characteristic quantity of vibration of the

 

background field

 

(or phonon). The coupling between the 
two modes of motion is caused by the deformation of 
the background field through the electron-

 

phonon 

coupling, or dipole-dipole interaction. The equation (28) 
describes the influences of change of the background 
field arising from

 

its deformation on the states of the 
electrons. Equation (29)

 

indicates the changes of 
vibration of the background field with velocity 0v

 

under

 

the influence of the distribution or density of the 
electrons. Where χ

 

is

 

the

 

coupling coefficient between 
them

 

and represents the change of interaction energy 
between the electron and background field due to an 
unit variation of the field. From Eq.(29) we can obtain

  

            

2
2 2

0( )i

F
x M v v

χ φ∂
=

∂ −         （30）

 

Inserting (30) into Eq.(28)

 

yields the nonlinear 

Schrodinger equation (7), where

 

2

2 2
0( )

b
M v v

χ
=

−

 

is a

 

nonlinear coupling coefficient. The

 

equation

 

(7)

 

is just 
the

 

nonlinear Schrodinger equation

 

of the

 

electron in the 
system in the case, where

 

the nonlinear interaction
2b φ φ

 

is formed by the electron-phonon or dipole-
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dipole interactions between the motion of electron (or 
exciton or polaron) and vibration of background field in 
virtue of mechanism of self-trapping or self-
condensation. Thus the electron(or exciton or polaron) is 
localized and has a wave-corpuscle duality. In such a 
case these particles satisfy no longer the quantum 
mechanics, but are described by the nonlinear 
Schrodinger equation (7).

From the above investigations from Eq.(19) to 
Eq.(30) we see that if and if only the real motions of 
these particles and the interactions between them are 
considered, then the nonlinear interactions exist 
certainly in the systems. Thus the motions of the 
microscopic particles should be depicted by the 
nonlinear Schrodinger equation (7), cannot be 
manifested by linear Schrodinger equation (1) or 
quantum mechanics. On account of any physical 
systems including the hydrogen atom are composed of 
many electrons and many bodies, in which the 
interactions among the particles or between the 
particles and background fields exist always, thus the 
nonlinear interactions mentioned above occur 
permanently. Therefore, the nonlinear Schrodinger 
equations are a correct and universal dynamic equation 
for the microscopic particles in all physical systems.  
This is just a new studied result. However, the 
microscopic particles in the atoms and molecules of 
many electrons and bodies and solids should be, in 
general, described by the following nonlinear 
Schrodinger equation:

2
22 ( , )

2
hih V r t b

t m
φ φ φ φ φ

→∂
= − ∇ + −

∂
+A( ),( trφ ) (31)

where A( ),( trφ ) is a function of ),( trφ and represents 
differently complicated interactions related to the wave 



 

  

 

 

 

 

functions including higher order nonlinear interactions, 
such as 

4D φ φ , which is caused by the interactions of 
many electrons or many bodies. Thus we can calculate 
and study correctly and really the states and properties 
of motion of the microscopic particles in atoms, 
molecules, solids, condensed matter, polymers and 
biomolecules, and so on, using Eq.(7) or Eq.(31).

 

IV.

 

The

 

Relation between

 

the

 

Action

 

and

 

Counteraction of the Nonlinear

 

Interaction in

 

Nonlinear

 

Quantum

 

Systems

 

As known, there is a law of the action and 
counteraction for the force in classical mechanics, this 
law shows that the sizes of the acted force and 
counteracted force are equal, but their directions are 
inverse with each other. Is this law for the above 
nonlinear interactions correct? We have the reasons to 
doubt the correctness for the nonlinear interactions 
because the nonlinear interactions occur in microscopic 
or quantum systems and relate to the wave function of 
state of the particles or bodies. This is the reason why 
we here investigate seriously and deeply the relation 
between the action and counteraction of the nonlinear 
interaction.  

 

We first establish and determine this relation 
from Eqs.(7) and (28)-(30) in one-dimensional case. We 
know that at V(x,t)=0 in one-dimensional case, equation 
(7) becomes as Eq.(8), then the state of the particle 
described by Eq.(8) is represented in Eq.(16) or (17). 
Inserting Eq.(16) into Eq.(30) we can obtain

  

0 0
02 2

0

( , ) tanh{ [( ) ]}
( )

A h A bmF x t x x vt
hM v v bm

χ
= − −

−

 

(32)

 

Substituting Eqs.(16) and (32) into Eq.(29) we can get 

 

      

2 2
2 3
02 2( ) 'F FM v CF D F

t x
∂ ∂

− = − +
∂ ∂

 

        (33)

 

where 
2 2 2 3 2 2 3 2
0 0 0

2 2 4

2 ( ) 2 ( ) ( ), 'A M v v bm M v v bmC D
h hχ
− −

= =

 

Equation (33) is just the equation of motion of 
the background field. Obviously, it is also a nonlinear 
equation of the field, its solution is represented by 
Eq.(32), which is also a soliton[13-14,22-23], thus the field 
particle

 

is also localized. Clearly, its localization is 
caused by the nonlinear interaction DF3. This is a very 
interesting result. Thus we can draw a quite important 
conclusion from the investigation of Eqs.(7)-(16) and 
Eqs.(28)-(33) that the nonlinear interactions accepted by 
the particle and the background field in the system 
generate simultaneously through the cross correlation in 

Eq.(30), and the particle and the background field also 
are simultaneously localized under the actions of the 
nonlinear interactions, when the motions of the particle 
and the background field and their interactions are 
simultaneously considered as Eqs.(28)-(29) in the self-
trapping mechanism. The nonlinear interactions 
accepted by the particle and the background field are 
represented by - φφ 2b

 

and +D’F3, respectively, their 
symbols are inverse, but the sizes are different because 
they relate all to themselves wave functions of states 
and have same powers, respectively, as well as φφ 2b

 

has the dimension of energy, but D’F3

 

is the dimension 
of force. This is just the relation between the action and 
counteraction for the nonlinear interactions in the self-
trapping mechanism in nonlinear quantum systems. 
Therefore, this rule is different from the law of the action 
and counteraction for the force in classical mechanics.   

 

We now study the relation between the action 
and counteraction for the nonlinear interactions in the 
self-interaction mechanism in nonlinear quantum 
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systems from Eqs.(7) –(16) and Eqs.(24)-(27) in one-
dimensional case.

Inserting Eq.(16) into Eq.(26) we can obtain 

  0

2
2 0

02 2
0

( , ) sec { [( ) ]}
( )
A A bmF x t h x x vt

M v v h
χ

= − −
−

(34)

  

Substituting Eqs.(16) and (34) into Eq.(25) we can get 

         

2 2
2 2
0 1 12 2( )F FM v C F D F

t x
∂ ∂

− = −
∂ ∂

        (35)

where
2 2 2 2 2 2 2
0 0 0

1 12 2

8 ( ) 1 2( ) ( ),A M v v bm M v v bmC D
h hχ
− −

= =   

Equation (35) is just the equation of motion of 
the background field in this case. Obviously, it is also a 
nonlinear equation of the field particle, its solution is 
represented by Eq.(34), which is also a soliton[13-14,22-23], 
thus the field particle is also localized. Clearly, its 
localization is also caused by the nonlinear interaction 
D1F2. Thus we can draw also a conclusion from the 
above investigations in Eqs.(7)-(16), Eqs.(24)-(27) and 
(34)-(35) that the nonlinear interactions accepted by the 
particle and the background field in the system generate 
simultaneously through the cross correlation in Eq.(26), 
and the particle and the background field particle also 
are simultaneously localized under the actions of the 
nonlinear interactions, when the motions of the particle 
and the background field particle and their interactions 
are simultaneously considered as Eq.(24)-(25) in the 
self-interaction mechanism. The nonlinear interactions 
accepted by the particle and the background field are 
represented by - φφ 2b and -D1F2, respectively, the 
former is the dimension of energy, the latter is the 



  
 

 

 

  

 

 

 

  

dimension of force. As distinct from the above results in 
the self-trapping mechanism, the symbol of the 
nonlinear interactions accepted by the particle is same 
with those of the background field, but their powers are 
also different, the former is three powers, the latter is two 
powers, therefore, their sizes are also different, and the 
localization of the background field particle, which is 
denoted by

 

Eq.(34), is enhanced in the self-interaction 
mechanism.

 

From this investigation of the relation of the 
action and counteraction of the nonlinear interaction we 
know that the interactional particles or bodies or matters 
(background fields) have and can accept 
simultaneously the nonlinear interactions in the nonlinear 
quantum systems, but their nonlinear interactions 
accepted do not completely satisfy the law of action and 
counteraction of the forces in the classical mechanics, 
although the microscopic particles in the nonlinear 
quantum systems have also corpuscle feature. This 
shows clearly that the natures of the particles in the 
nonlinear quantum systems are different from those of 
classical particles. This conclusion is of important 
interest to physics and nonlinear science.

  

V.

 

Conclusion

 

We here

 

first studied and revealed the 
difficulties, limitations and approximations of the 
quantum mechanics and the roots and reasons of these 
difficulties. The reasons

 

of these difficulties and 
problems are that the quantum mechanics simplifies 
and blots out the real motions of the microscopic 
particles and background field particle

 

and interactions 
between them including the nonlinear interactions, and 
use an average fields to replace a much variety

 

of real 
interactions by using various different approximate 
ways,. thus the particles have only a wave feature, not 
corpuscle feature. In view of these problems and 
difficulties we add the nonlinear interaction,

 

φφ 2b

 

into

 

the dynamic equation of the microscopic particles, and 
use a nonlinear Schrodinger equation to depict their 
states of motion. Thus the wave or dispersive effect of 
the microscopic particles

 

is suppressed by the nonlinear 
interactions, its localization and wave-

 

corpuscle duality 
are displayed and exhibited naturally. Subsequently, we 
seek and investigate the mechanism of generation of 
the nonlinear interactions of the particles, and find that 
the nonlinear interactions of the particles exist

 

always, 
when the real motions of the particles and background 
fields and the interactions   between them are 
considered simultaneously. On the basis

 

of analyses of 
dynamics of the electrons and nucleon

 

or lattice 
(background) fields in atoms or lattices

 

we give two 
mechanisms of self-interaction and self-trapping for the 
generation of nonlinear interactions and corresponding 
representations. of their dynamic equations. Finally we 
discuss the properties of the nonlinear interactions in the 
two mechanisms and obtain the relations between the 

action and counteraction of the two nonlinear 
interactions of the particles and background fields. We 
find that although the nonlinear interaction accepted by 
the particles and background field particle

 

can 
generated simultaneously in the nonlinear quantum 
systems, the two nonlinear interactions do not 
completely satisfy the law of action and counteraction of 
the forces in the classical mechanics. This shows clearly 
that the natures of the microscopic particles in the 
nonlinear quantum systems are different from those of 
classical particles, even though the microscopic 
particles have also the corpuscle feature in nonlinear 
quantum systems. This shows clearly that the natures of 
the particles in the nonlinear quantum systems

 

are 
different from those of classical particles. This 
conclusion is of important interest to physics and 
nonlinear science.

  

In the meanwhile, we obtained a correct and 
universal nonlinear Schrodinger equation in Eq.(31), 
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which considers various interactions involving the 
different nonlinear interactions in the atoms and 
molecules of many electrons, solid, condensed matter, 
polymers, biomolecules. Thus we can calculate truthfully 
the natures and properties of the microscopic particles 
in these complicated systems by the nonlinear 
Schrodinger equation, but original quantum mechanics 
is difficult or impossible to describe these systems.

Author would like to acknowledge the Major 
State Basic Research Development Program (973 
program) of China for the financial support (Grant No. 
2007CB936103).
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Abstract- In this paper, we employ the exp (−φ(ξ))-expansion 
method to find the exact traveling wave solutions involving 
parameters of nonlinear evolution equations. 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 exp (-φ (ξ)) -expansion method, the 
generalized zakharov-kuznetsov- benjamin-bona-mahony 
nonlinear evolution equation, traveling wave solutions, 
solitary wave solutions. 

 I.

 

Introduction

 n recent years, due to the wide applications of soliton 
theory in mathematics, physics, chemistry, biology, 
communications, astrophysics and geophysics, etc., 

the search for explicit exact solutions, in particular, 
solitary wave solutions of nonlinear evolution equations 
(NEEs) has played an important role in the soliton 
theory. Various effective methods have been 
developed,. 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 method [12]-[14], exp-function method [15, 

16], trigonometric function series method [17], (  ) -

expansion method [18]-[21], Jacobi elliptic function 
method [22]-[25], the exp (-φ (ξ))-expansion method 
[26]-[28] and so on. The objective of this article is to 
apply the exp (-φ (ξ))-expansion method for finding the 
exact traveling wave solution of the generalized 
Zakharov-kuznetsov- Benjamin-Bona-Mahony nonlinear 
evolution equation system which play an important role 
in mathematical physics.  

The
 
rest of this paper is organized as follows: In 

Section 2,  we give the description of the exp (-φ (ξ)) 
expansion method. In Section 3, we use this method to 
find the exact solutions of the nonlinear evolution 
equations pointed out above. In Section 5, we give the 
physical interpretations of the solutions. In Section 5, 
conclusions are given. 

 
 
 
 

II. Description of Method 

Let us we have the following nonlinear evolution 
equation  

(2.1) 

since, P is a polynomial in 
 

and its partial 
derivatives. In the following, we give the main steps of 
this method. 

 

We use the traveling wave solution in the form 
 

(2.2)
 

where c is a positive constant, to reduce Eq. to the 
following ODE: 

 

(2.3)

 

where

 

P is a polynomial in u (ξ) and its total derivatives. 

 

 

Suppose that the solution of ODE (2.3)

 

can be 
expressed by a polynomial in 

 

as follow 

 

(2.4)

 

where 

 

satisfies the ODE in the form   

(2.5)

 

The solutions of ODE (2.5) are:

 

When

 
 
 
 
 

and 

 
 
 
 
 

When
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   —              ,
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√     

 
 (    ))  
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 ( )    (
 √           (

√     

 
 (    ))  

  
) 

   —             ,

(2.6)

(2.7)

 (   )

Step 1. 

(2.1)

Step 2. 



 
 

When

 
 
 
 
 
 

and

 

 
 
 
 
 

Where                        are constants to be determined later. 

 

Substitute Eq. (2.4) along Eq. (2.5) into Eq. (2.3) 
and collecting all the terms of the same power 

              

 

(m = 0,1,2,3 ...) and equating them to 
zero, we obtain a system of algebraic equations, which 
can be solved by Maple or Mathematica to get the 
values of it. 

 

Step 4. Substituting these values and the solutions of 
Eq. (2.5) into Eq. (2.3) we obtain the exact solutions of 
Eq. (2.1). 

 

It is to be noted here that the construction of the 

 

–expansion method is similar to the 
construction of the ( ) - expansion. For better 

understanding of the duality of both methods we cite 
[29]-[31].

 

III.

 

Application

 

Here, we will apply the exp (-φ (ξ))-expansion 
method described in Sec.2 to find the exact traveling 
wave solutions and the solitary wave solutions of the 
generalized Zakharov-kuznetsov- Benjamin-Bona-
Mahony

 

nonlinear evolution equation [32, 33]. We 
consider the generalized Zakharov-kuznetsov- 
Benjamin-Bona-Mahony nonlinear evolution equation.

(3.1)

 

 

Where ( ) are real constants. By using the wave transformation

 

since

  

we get:

 

(3.2)

 

By integration Eq. (3.2) and neglect the constant of integration we obtain:

 

(3.2)

 

Balancing between the highest order derivatives and nonlinear terms appearing in Eq. (3.3)

 
 

So that we use transformation

  

and substituting this transformation into Eq. 

(3.3) we get:

 

(3.2)

 

Balancing between the highest order derivatives and nonlinear terms appearing in Eq. (3.4)

 

 

. So that, by using Eq. (2.4) we get the formal solution of Eq. (3.5)

 

(3.5) 

Substituting Eq. (3.5) and its derivative into Eq. (3.4) and collecting all term with the same power

 

of

 

we

 

get:
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   —       When
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 (    ))  

  
) 

(2.9)

(2.10)

(2.11)

 ( )    (
√          (

√     

 
 (    ))  

  
) (2.12)

          

    (—  ( ))

   (  ( ))
  

 

       (  )   (       )
 

           

    ( )  (     )          
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When

 ( )     (
 

   ( (    ))  
* 

   —                 

(2.8)
Step 3.. 



 

 

(3.6)

 

Solving above system by using maple 16, we get:

 

 

Thus the solution is

 

(3.7)

 

Now, we discuss the following cases:

 

When

 

(3.8)

 

 

and 

(3.9)

 

 

 

When

 

(3.10) 

When

 

(3.11) 

When

 

(3.12) 
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IV.

 

Conclusion

 

The exp (-φ (ξ))-expansion method has been 
applied in this paper to find the exact traveling wave 
solutions and then the solitary wave solutions of the 
generalized Zakharov-kuznetsov- Benjamin-Bona-
Mahony nonlinear evolution equation. 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 the generalized Hirota-Satsuma couple 
KdV system are new and different from those obtained 
in [32,33], and figures show the solitary traveling wave 
solution of the generalized Zakharov-kuznetsov- 
Benjamin-Bona-Mahony nonlinear evolution equation. 
We can conclude that the exp (-φ (ξ))-expansion method 
is a very powerful and efficient technique in finding 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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in a closed manner. In this case, whenever readers purchase that individual research 
paper for reading, maximum 60% of its profit earned as royalty by Global Journals, will 

be credited to his/her bank account. The entire entitled amount will be credited to his/her bank 
account exceeding limit of minimum fixed balance. There is no minimum time limit for collection. The 
FARSS member can decide its price and we can help in making the right decision.

The FARSS member is eligible to join as a paid peer reviewer at Global Journals 
Incorporation (USA) and can get remuneration of 15% of author fees, taken from the 
author of a respective paper. After reviewing 5 or more papers you can request to 
transfer the amount to your bank account.

MEMBER OF ASSOCIATION OF RESEARCH SOCIETY IN SCIENCE (MARSS)

The ' MARSS ' title is accorded to a selected professional after the approval of the 
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The “MARSS” is a dignified ornament which is accorded to a person’s name viz. Dr. 
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professional Counseling Materials such as CV, Resume, Visiting Card and Name Plate etc.

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 
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stream time to time.This may be utilized in your library for the enrichment of 
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The MARSS member can apply for approval, grading and certification of standards of 
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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 
recommendation for final stage of acceptance of publication.

The IBOARS can organize symposium/seminar/conference in their country on behalf of 
Global Journals Incorporation (USA)-OARS (USA). The terms and conditions can be 
discussed separately.

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

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 
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 GlobalJournals.org to have more 
relevant details.

V



 
 

 
 

 
 
 
 
 
 
 
 
 
 

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 
institute to function as Regional/Zonal office on our behalf.
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 
follows recognized standards of practice.

Open Association of Research Society (US)/ Global Journals Incorporation (USA), as 
described in Corporate Statements, are educational, research publishing and 
professional 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 
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.

We shall provide print version of 12 issues of any three journals [as per your requirement] out of our 
38 journals worth $ 2376 USD.                                                   
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 The Fellow can become member of Editorial Board Member after completing 3yrs.
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common challenging situations. This individual has further demonstrated an in–depth 
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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 GlobalJournals.org website. There are 37 Research 
Journal categorized with Six parental Journals GJCST, GJMR, GJRE, GJMBR, GJSFR, 
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) (I) First, register yourself using top right corner of Home page then Login. If you 
are already registered, then login using your username and password. 

      (II) Choose corresponding Journal. 

      (III) 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'" 

• Left Margin: 0.65 
• Right Margin: 0.65 
• Top Margin: 0.75 
• Bottom Margin: 0.75 
• Font type of all text should be Swis 721 Lt BT.  
• Paper Title should be of Font Size 24 with one Column section. 
• Author Name in Font Size of 11 with one column as of Title. 
• Abstract Font size of 9 Bold, “Abstract” word in Italic Bold. 
• Main Text: Font size 10 with justified two columns section 
• Two Column with Equal Column with of 3.38 and Gaping of .2 
• First Character must be three lines Drop capped. 
• Paragraph before Spacing of 1 pt and After of 0 pt. 
• Line Spacing of 1 pt 
• Large Images must be in One Column 
• Numbering of First Main Headings (Heading 1) must be in Roman Letters, Capital Letter, and Font Size of 10. 
• 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. 
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and 
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our 
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments. 

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

4. MANUSCRIPT’S CATEGORY 

Based on potential and nature, the manuscript can be categorized under the following heads: 

Original research paper: Such papers are reports of high-level significant original research work. 

Review papers: These are concise, significant but helpful and decisive topics for young researchers. 

Research articles: These are handled with small investigation and applications 

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT 

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

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

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

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

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

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

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

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

(g) Discussion should cover the implications and consequences, not just recapitulating the results; conclusions should be summarizing. 

(h) Brief Acknowledgements. 

(i) References in the proper form. 

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

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

 Format 

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

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

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

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

Structure 

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

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

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

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

Key Words 

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

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

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

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

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

• One should avoid outdated words. 

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

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

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

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

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

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

 Tables, Figures and Figure Legends 

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

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

 Preparation of Electronic Figures for Publication 

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

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

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

6. AFTER ACCEPTANCE 

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

 6.1 Proof Corrections 

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

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

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

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

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

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

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

 6.3 Author Services 

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

 6.4 Author Material Archive Policy 

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

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 
They are here to evaluate your paper. So, present your Best. 

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

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

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

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 
quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

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

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

 

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

 

 

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

 
this field 

from your supervisor or guide.
 

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:
 

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

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

asking several questions to yourself, like Will I be able to carry our search in this area? Will I find all necessary recourses to accomplish 
the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 
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16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 
confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 
possible that evaluator has already seen it or maybe it is outdated version.  

18. Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 
suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 
target. 

 

20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 
good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 
sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 
word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 
sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 
language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 
changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 
records. 

 

22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 
will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 
an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 

24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 
trouble. 

 

25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 
then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 
mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 
always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 
either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 
and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 
diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 
if study is relevant to science then use of quotes is not preferable.  

                   

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

                   

XVI



 

 

 

 

sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 
Amplification is a billion times of inferior quality than sarcasm. 

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

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 
measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical

 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 
study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

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

 

Key points to remember:  

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

Final Points:  

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

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

 

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

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

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

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

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 
irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 
NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be                    

29.
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Separating a table/chart or figure - impound each figure/table to a single page 
Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 

Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 
lines. It should include the name(s) and address (es) of all authors. 

 
 

 

 

 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 
and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

Insertion a title at the foot of a page with the subsequent text on the next page 
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 
more than one ruling each.  

Reason of the study - theory, overall issue, purpose 
Fundamental goal 
To the point depiction of the research 
Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 
Significant conclusions or questions that track from the research(es)

 
Approach: 

Single section, and succinct

 
As a outline of job done, it is always written in past tense

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 
Center on shortening results - bound background information to a verdict or two, if completely necessary 
What you account in an conceptual must be regular with what you reported in the manuscript 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 

The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

Explain the value (significance) of the study  
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 
Very for a short time explain the tentative propose and how it skilled the declared objectives.

 Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a

 

least of four paragraphs. 

 

 

Abstract: 

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--
must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 
at this point. 

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 
the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to 
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 

 

Materials: 

Explain materials individually only if the study is so complex that it saves liberty this way. 
Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  
Do not take in frequently found. 
If use of a definite type of tools. 
Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

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

 To be succinct, present methods under headings dedicated to specific dealings or groups of measures 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

Resources and methods are not a set of information. 
Skip all descriptive information and surroundings - save it for the argument. 
Leave out information that is immaterial to a third party. 

Results: 

 
 

The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 

Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 
Shape the theory/purpose specifically - do not take a broad view. 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic 
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Do not present the similar data more than once. 
Manuscript should complement any figures or tables, not duplicate the identical information. 
Never confuse figures with tables - there is a difference. 

Approach 
As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report  
If you desire, you may place your figures and tables properly within the text of your results part. 

Figures and tables 
If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 
Despite of position, each figure must be numbered one after the other and complete with subtitle  
In spite of position, each table must be titled, numbered one after the other and complete with heading 
All figure and table must be adequately complete that it could situate on its own, divide from text 

Discussion: 

 

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

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  
You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 
Give details all of your remarks as much as possible, focus on mechanisms. 
Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 
Try to present substitute explanations if sensible alternatives be present. 
One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 
Recommendations for detailed papers will offer supplementary suggestions.

Approach:  

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

Content 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  
In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 
Present a background, such as by describing the question that was addressed by creation an exacting study. 
Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 
Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 

What to stay away from 
Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 
Not at all, take in raw data or intermediate calculations in a research manuscript.                    
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

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

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
You must write each part of the paper wholly on your own. The Peer-reviewers need to identify your own perceptive of the
concepts in your own terms. NEVER extract straight from any foundation, and never rephrase someone else's analysis. 

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

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

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

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

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

Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring

   
                                            

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

XXIII



 

  
  

  

 

 

 

 

 

 
 

  

  
  

  

 

  
  

 

  

  

  

 

 

  

 

  

 

 

  

 

  

  

 

  

 

  

  
  

Index            

A

Acquisition · 10
Aperture · 10
Axioms · 21

D

Dispersive · 9, 31
Diurnal · 1, 3, 5, 6, 7

E

Elliptic · 14, 17, 18
Evacuation · 10

G

Gradient · 1

I

Intrinsic · 30

M

Mortar · 11
Mundane · 21

P

Pestle · 11
Proteus · 22

Q

Quaternions · 25, 26

S

Steinmetz · 22, 28

T

Tachyons · 22, 26

Achiral · 3, 5

C

Chirality · 3, 4, 5, 7, 8, 10

Synchrotron · 2



                 Global Journal of Science Frontier Research

Visit us on the Web at www.GlobalJournals.org | www.JournalofScience.org

or email us at helpdesk@globaljournals.org

save our planet

9 2

70 116 58 698 >72416ISSN 9755896

© 201 by Global Journals© 201 by Global Journals©    Global Journals


	Global Journal of Science Frontier Research: A
	Volume 16 Issue 4 (Ver. 1.0)
	Copyright Policies
	Honourable Board Members
	Contents
	1. Sun Structure Mathematic Physics Models Release Solar Lights Emission, Proton Event, Jets, and Cool Atmosphere
	2. Verifiable Multiverse
	3. Helical Iodine Chains inside Single-Walled Boron Nitride Nanotubes: Finding the Optimal Helical Radius and Helical Angles
	4. The Mechanism of Generation of Nonlinear Interactions of Microscopic Particles and its Properties in Quantum Systems
	5. Solitary Wave Solutions for the Generalized Zakharov-Kuznetsov- Benjamin-Bona-Mahony Nonlinear Evolution Equation
	Fellows
	Auxiliary Memberships
	Process of submission of Research Paper
	Author Guidelines
	Index

