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The Temperature Dependence of Gravitation for the Metallic
Balls - Measured with a Torsion Balance Scale

By C. Y. Lo

Abstract- We use a torsion balance scale to measure the attraction between two large lead balls
and two smaller brass balls, connected with an up-side down T bar that is hung with a string. The
vertical part of the T bar is attached with a mirror that reflects a laser beam to provide a light spot
that shows how much the T bar has turned. It is observed that the gravitational forces between
the lead balls and the brass balls are reduced when the temperature of the lead balls increased.
Thus, this experiment shows clearly the existence of a repulsive gravitational force that increases
as the temperature of the lead balls increase. This supports that the charge-mass interaction is
the reason that the theories of Galileo, Newton, and Einstein failed to explain the Anomaly of the
Space-Probes and flybys, and the fact that not all the neutral subjects necessarily fall with the
same acceleration. In other words, the Newtonian law of gravitation is only approximately valid.
Thus, the attempts such as J. Luo (¥'18)'s to obtain an accurate gravitational coupling constant
with just improved skill are futile. The physical picture of Galileo, Newton, and Einstein on
gravitation needs to be improved.

Keywords: repulsive gravitation; invalidity of E = mc?.
GJSFR-F Classification: MSC 2010: 13C12
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The Temperature Dependence of Gravitation
for the Metallic Balls - Measured with a
Torsion Balance Scale

C.Y. Lo

Abstract- We use a torsion balance scale to measure the attraction between two large lead balls and two smaller brass
balls, connected with an up-side down T bar that is hung with a string. The vertical part of the T bar is attached with a
mirror that reflects a laser beam to provide a light spot that shows how much the T bar has turned. It is observed that
the gravitational forces between the lead balls and the brass balls are reduced when the temperature of the lead balls
increased. Thus, this experiment shows clearly the existence of a repulsive gravitational force that increases as the
temperature of the lead balls increase. This supports that the charge-mass interaction is the reason that the theories of
Galileo, Newton, and Einstein failed to explain the Anomaly of the Space-Probes and flybys, and the fact that not all the
neutral subjects necessarily fall with the same acceleration. In other words, the Newtonian law of gravitation is only
approximately valid. Thus, the attempts such as J. Luo (¥'48)'s to obtain an accurate gravitational coupling constant
with just improved skill are futile. The physical picture of Galileo, Newton, and Einstein on gravitation needs to be
improved.

Keywords: repulsive gravitation; invalidity of E = mc?.

[.  INTRODUCTION

Gravitation is the first force in nature discovered by mankind. Due to the
limitation of our knowledge, gravitation was thought of as a force between masses only.
Galileo was the first to show experimentally that the gravitational acceleration on a
piece of neutral matter is independent of its mass. However, in Einstein’s time. it was
discovered from special relativity that mass and energy can be related. Therefore the
relation between gravitation and energy must be investigated. Einstein [1] claimed that
E = mc® is generally valid and thus an increment of energy on matter must have led to
an increment of its weight.

Experimentally, in contrast to Einstein’s claim, it is known that a charged metal
ball has reduced weight [2], and a charged capacitor has reduced weight [3] and a piece
of heated-up metal also has reduced weight [4, 5]. Theoretically, we also derived that
the weight reduction is due to the existence of a repulsive force toward mass [4].
However, the skeptics, believing in the relation E = mc?, are not convinced. Although it
is apparent that part of the mass has converted to energy in the atomic bomb, the
proof for the conversion of a single type of energy to mass has never been proven. In
fact, Einstein [6] tried very hard from 1905 to 1909 to show this, but failed. Moreover,
it is found that the gravitational acceleration of a neutral object is not necessarily the
same [7].
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One might argue that the photonic energy can be converted into mass [8].
Moreover, such a conversion is supported by the fact that the 7, meson can decay into
two photons. However, since the addition of electromagnetic energies is still an
electromagnetic energy, the electromagnetic energy, which has a traceless
electromagnetic energy-stress tensor cannot be converted into a mass, which has a non-
zero trace energy-stress tensor. Moreover, the formula E = mc? is also inconsistent with
the Einstein equation, because it implies that the traceless electromagnetic energy-stress
tensor cannot affect the Ricci curvature R, but the mass can [9]. This conflict is resolved
because the photonic energy must include gravitational energy [10. 11].

Some argued that the weight reduction of a charged metal could be due to
electric effects, but the static electric effect can only increase the weight; and that the
weight reduction of a charged capacitor could be due to the leaked out electricity, but
the charged capacitor is in a metal box. Moreover, metals such as gold has nothing to

lose.
Recently an experiment on the temperature dependence of gravitation was done

by Li Hua-Wang [12] inside a large vacuum can in China. Although it confirms the
dependence of the gravitational force, the oscillating of the two brass balls make an
elaborated theoretical explanation necessary. Here, we present a verification conducted
in the air. Moreover, this verification is direct and thus there is no room for doubt (see
Appendix A).

Prof. A. Napier attempted to measure the change of gravitation due to
temperature increment. However, owing to the external interference for the passing of a
subway near by, the data of the periodic changes is not reliable. Thus, this paper on the
existence of gravitation reduction is published first. An accurate reduction due to
temperature increase will be published in the future.

[I.  THE APPARATUS OF LI AND MEASUREMENTS

The inner radius of Li’s can is 1.8 meter and an inner height of 1.8 meters as
show in Figure 1.

Figure 1: The big vacuum can that contains the torsion balance scale (courtsey of Mr.
Li)
This can has two windows. The round one is for observations inside the can, and

the meter next to it is the vacuum meter connected to a powerful vacuum pump. The
rectangle window is for the in and out of a light beam.

© 2017 Global Journals Inc. (US)
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Notes

This setup can isolate influences such as air movements. Moreover, the can is
located in a insolated chamber inside a cave, and thus effectively also eliminates the
outside vibrations and temperature changes. To control the temperature of the
chamber, the chamber is isolated and equipped with an air heater and a powerful air
cooler.

In comparison, our equipment is a bare torsion balance scale, but the large lead
balls are placed in a carrying bar with the length of the T bar that connects the two
brass balls. The carrying bar can be rotated around the mirror to adjust the distance
between that large lead ball and the smaller brass ball. An advantage of a bare torsion
balance scale is that the oscillation of the brass balls can be controlled easier.

To avoid the influence of out-side disturbances; the experiment was conducted in
an isolated room that does not have the interference of air flows. It is fortunate that our
method of experiment can resist the interference of a subway passing near by.

a) The Torsion Balance Scale

We also use the torsion balance scale as Li except that the distance of the two
brass balls is extended from 30 cm to 40 cm. The forces between brass balls and lead
balls are measured with a torsion balance scale as follows:

Figure 2: The torsion balance scale Figure 3: Details of the distances

1. The small brass ball has a mass m = 0.575kg and the large lead ball has a mass M
= 1.5kg.

2. The two brass balls are connected with a bar of 2d = 0.40 meter, and suspended

from the middle in a horizon orientation by a fine wire (“torsion balance”) as shown

in Fig. 2 and Fig. 3.

A mirror E is attached to the bar to reflect a light beam shined in the mirror.

4. A white board is placed at distance L. = 10.3 meter from the mirror as shown in
Figure 3.

5. A light spot is shown in the board at a distance S from the middle (the moving
distance of the light spot).

6. The distance between the center of the brass ball and the lead ball is r = 10 c¢m as
shown in Figure 3.

7. The natural period of the torsion balance is T.

b

Then, according to Newtonian approximate theory, the gravitational force is F =
m*mdS/T?L. Thus, the torsion balance can be very sensitive since the sensitivity will

© 2017 Global Journals Inc. (US)
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increase with the distance L. Then, the Newtonian coupling constant would be G =
mr’dS/MT?L. However, since Newtonian theory is only approximately valid, this
formula is not useful to deal with the repulsive gravitation.

Although the period T could increase as the temperature increases, it is difficult
to measure an accurate T due to external interferences. Besides the small difference
could be mistakenly considered as due to experimental errors.”’ Thus, we decided to do
the experiment in two ways. First, we prove directly the existence of a reduction of
gravitation due the increment of temperature of the lead balls. Second, we used the
traditional method to see the differences between the periods between before and after
the lead balls are heated. However, the latter is not accurate enough to be conclusive.

b) Experimental Steps

So, a new way must be found the verify the gravitational reduction due to
temperature increase. Our method is to find a balance point between gravitation and
the torsion force first. Then, we show that the gravitational force is reduced when the
lead balls are heated-up. The steps are as follows:

A) Determine the balance position

1) Take away the lead balls from the scale and leave the two brass balls in the T
bar.

2) Adjust the torsion to the minimum.

3) Reduce the oscillation of the light spot at the screen to the minimum to about
15 cm.

B) Measuring the gravitational force in the room temperature.

4) Place the large lead balls inside thermal containers on the carrying bar, which
is in a perpendicular position to the T bar.

5) Turn the carrying bar so that the lead balls are in a close position with the
brass balls. Then, fix the position of the carrying bar in this angle. Adjust the
torsion such that the brass balls barely touch the lead balls. Thus, the
gravitational force is in an almost balance position with the torsion force.

C) Measuring the gravitational force after the lead balls are heated-up in boiling water,
which is about 97°C.

6) Take the lead balls away from the scale and heat them up in boiling water.
After about 20 minutes, put the lead balls back to the thermal containers.
Then place them in the previous positions.

7) Then one would find the brass balls cannot be in touch positions with the
lead balls. This shows that the gravitational force has been reduced because
the temperature of the lead balls has increased. These successful operations
were repeated five times.

Thus, the experiment shows the temperature dependence of that gravitational
force that would reduce the gravitational forces between the brass and the lead balls as
temperature increases. The merit of this experiment is that it shows the temperature
reduces the gravitational force directly even the temperature increment is small.”
Another merit of this method that it is not influenced by the normal air movements.

This method also resists the influence of a passing subway near by. Moreover,
since the electromagnetic force is not involved, the existence of repulsive gravitational
force seems to be the only possibility.

© 2017 Global Journals Inc. (US)
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[11. CONCLUSIONS AND DISCUSSIONS

Now, it is clear that the attractive gravitational force reduces as the temperature
increases. However, while the experiment confirms the temperature dependence of the
gravitational force, it did not provide a numerical value for such changes. Nevertheless,
it confirms the existence of a repulsive gravitational force. For the numerical value of
such a repulsive gravitational force, whose existence can be derived from the static
Einstein equation [13], is complicated and thus requires to design a new experiment. For
the related theoretical consideration (see the Appendix A).

In the experiment of Li [12], the temperature of everything is changed
simultaneously, and thus the temperature effects on the brass balls and the hanging
string must be considered although they are neglegible. In our approach, only the
temperature of the lead balls has been changed.

However, the experiments on the weight reductions of charged metal ball and the
charged capacitor, had not been completely trusted because of the involvement of other
forces [3, 4, 14]. The weight reductions of the heated-up metals were mistaken as a
reduction of mass [4, 5]. (The pendulum experiments would show that mass does not
change [7].) From this experiment, the existence of repulsive gravitation is no longer
questionable although the details of such a repulsion force due to heat is not yet clear.
To explain this, one must understand the charge-mass interaction [4, 15].

Thus, the American Physical Society (APS) should have recognized that they are
lacking behind in the field of gravitation. However, in the April 2015 APS Meeting, the
top executive still does not know that there are three experiments that support the
existence of repulsive gravitation and invalidity of E = mc* [14] because Eric J.
Weinberg, the editor of the Physical Review D has not accepted them. Because of
inadequacy in mathematics and physics, it never occurred to him that the gravitation is
actually a combination of effects [4] (see Appendix A).

Moreover, the 2016 award of APS Medal for Exceptional Achievement in
Research was awarded to E. Witten, without the necessary supports of any experiment
[16]. Apparently, the APS Awarding Committee does not know that just as Yau [17],
Witten [18] has made serious mathematical and physical errors on general relativity
[19]. Thus, it is clear that APS has a problem on her competence in mathematics and
physics of gravitation [14].

At the beginning of this research, we could not find a physicist who is willing to
do the experiments that would show Einstein wrong. This is so because the physical
community generally but incorrectly believed that Einstein could not be wrong in
classical theory!! It turns out, however, many experiments that are, in fact, against
FEinstein’s predictions have been done because those who did such experiments did not
know their actually physical meaning [4, 16]. Moreover, we must be grateful to the US
Department of Defense, who allows the publication of the experimental results done
under their contracts [20].

Many theorists, just as Einstein, have a blind faith on E = mc’ [3, 4] because of
the atomic bomb. ¥ Another problem is that they do not understand pure mathematics,
and non-linear mathematics in particular [9, 14]. According to Dr. Daniel Kulp,
Editorial Director of APS, no editor of APS has a background in pure mathematics. In
fact, there are incorrect papers on general relativity published in the Proceeding of the
Royal Society A, Classical and Quantum Gravity, General Relativity and Gravitation,
and the Annals of Physics, in addition to the Physical Review. They all are at best
speculations without rigorous theoretical or experimental supports. These problems in

© 2017 Global Journals Inc. (US)
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gravitation have been pointed out and our APS CEO Kate Kirby has promised to deal
with these issues in this year (see Appendix B).

These journals accepted that the Einstein equation has dynamic solutions because
they have mistaken that linearization of the FEinstein equation would produce
approximate solution for the Einstein equation even for the dynamic case [21]. Due to
such confusion, the claim of Christodoulou and Klainerman [22] was incorrectly accepted
[23]. Thus, the announcement of the 1993 Nobel Committee for Physics [24] contains
invalid statements [25].

Newton’s inverse-square law of gravitation is the oldest mathematical description
of a fundamental interaction. Experimental tests of gravity’s distance-dependence define
a frontier between our understanding of gravity and many proposed forms of new
physics. The invited talk of Charles Hagedorn [26] by APS surveys the past, present,
and near-future of the experimental field, with substantial emphasis on precision sub-
millimeter laboratory experiments. However, Hagedorn also did not know that the
measured weight of testing matter actually depends on its temperature [3, 4]. Although
Faller [27] is aware that error budgets in the measurements of the Newtonian coupling
constant are fundamentally flawed because one cannot make allowances for error sources
that have not been thought of. However, he also did not know that the current
measurements to obtain the Big G could not be accurate due to ignorance on the
influence of heat to weight [3, 4].

In conclusion, a common error in gravitational measurement is that many failed
to see that the gravitational effect is not a single effect as many believed, but is a
combined effects of at least three factors, i.e. 1) the mass-mass attractive interaction, 2)
the charge-mass repulsive interaction,” and 3) the current-mass attractive interaction.
Thus, the measurement of gravitation is still in its infancy.

For instance, believing in that the most accurate G can be obtained by current
method of measurements alone, J. Luo (¥12) hopes to be able to obtain the most
accurate G soon [28]. However, such efforts are futile because of the temperature
dependency, but he can direct his efforts to measure the temperature dependence of
gravitation. However, to verify this gravitational force reduction is due to the charge-
mass interaction, more experiments are needed to see the nature of such gravitational
force reduction.

Based on the notion that gravity is always attractive, a popular speculation on
gravitation is the existence of black holes. Now, since it is proven that there exists
repulsive gravitation, naturally the notion of black holes is questionable. Moreover,
because the Einstein equation is not valid for the dynamic case [14] there is actually no
theoretical basis for the existence of black holes.”
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Appendix A: Some Theoretical Considerations Related to the Repulsive Gravitation

The first theoretical existence of the repulsive gravitation actually comes from a
solution of the static Einstein equation for a charged particle Q, the Reissner-Nordstrom
metric [29] as follows:
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2M g2 oM g2’
d52=[1—7+(:—2Jdt2—(1—T+(:—2J ar® ~r?de? (A1)
(with ¢ = 1) where q and M are the charge and mass of a particle, and r is the radial
distance (in terms of the Euclidean-like structure [30]) from the particle center. In
metric (Al), the gravitational components generated by electricity have not only a very
different radial coordinate dependence but also a different sign that makes it a new
repulsive gravity in general relativity.

However, owing to the belief that the electric energy had a mass equivalence,
theorists including Einstein, consider the mass A/ would include the electric energy, i.e.,

M = m(z,) + ¢/, (A2)

where m(T,) is the mass of the particle and q*/r, is the electric energy of the particle
outside the radius r, of the particle. Thus, in the net effect, there would be no repulsive
gravitation since

10 2M  g° q%, 1 1 1)1
Sl ¢ [N S YY) R B el —-3)|=>0. A3
Zar( r +r2j ( r)r2 m(fo) + (ro r) 2 (A3)

Nevertheless, Tsipenyuk & Andreev [13] observed a weight reduction of a
charged metal ball.

Thus, the existence of repulsive gravitation is confirmed by experiments. This
mistake in (A2) [31] is due to that the effect of the electric energy has been incorrectly
counted twice in the Reissner-Nordstrom metric.

a) The Charge-Mass Repulsive Force and Unification

Another problem for the existence of the repulsive gravitation in the Reissner-
Nordstrom metric is that it makes clear that general relativity is incomplete. To show
the static repulsive effect of a charged particle, one needs to consider only g, in metric
(A1). According to Einstein [8], the equation of motion is

o ¢ _
ds ds

d2x#
ds? "

u
aff

0, where Tap = (0,9, +0 39,5 —0,0,5)9"" 12 (A4)

and ds’=g,,dx'dx’. Consider the static case. (One need not worry whether the gauge is
physically valid because the gauge affects only the second order approximation of g, ,
[32].) The force on a test particle P with mass m at r is

M ~ . .
(—m—2+ m—— where T 1is a unit vector (A5)

in the first order approximation because g"* = -1. Thus, the second term is a repulsive
force.
If the particles are at rest, then the force generated by p acting on the charged
particle @ would be
M g2

(mr_z_mF)f where f is a unit vector (A6)
b

because the action and reaction forces are equal and in the opposite directions. However,
for the motion of the charged particle with mass M, if one calculates the metric
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according to the particle P of mass m, only the first term is obtained. Thus, the geodesic
equation is inadequate for the equation of motion.

Thus, it is necessary to have a repulsive force with the coupling ¢’ to the charged
particle @) in a gravitational field generated by masses. It thus follows that, force (A6)
to particle ¢ is beyond current theoretical framework of gravitation -+
electromagnetism. Lo, Goldstein, & Napier [33] predicted that general relativity leads to
a realization of the inadequacy of general relativity, just as electricity and magnetism
lead to the exposition of their shortcomings.

The charge-mass repulsive force mg’/7 for two point-like particles is inversely
proportional to the cube power (instead of the square) of the distances between the two
particles. This would mean that such a repulsive force is much weaker faster than
gravity at long distance, although it would be much stronger at very small distance.
Moreover, this force is proportional to the square of the charge q, and thus is
independent of the charge sign. Such characteristics would make [34] a concentration of
charged particles would increase such repulsion.

The repulsive force in (Al) comes from the electric energy [31]. An immediate
question would be whether such a charge-mass repulsive force mq’/#’ is subjected to
electromagnetic screening. It is conjectured that this force, being independent of a
charge sign, would not be subjected to such a screening although it should be according
to general relativity. From the viewpoint of physics, this force can be considered as a
result of a field created by the mass m and the field interacts with the q>. Thus such a
field is independent of the electromagnetic field.

b) Extension of Einstein’s Equivalence Principle and the Five-Dimensional Relativity

If we consider the coupling with ¢, this naturally leads to a five dimensional
space. Kaluza [35] proposed a five-dimensional general relativity, and his cylindrical
condition reduced the five variables to four. This maintains the equation of motion as
being a geodesic equation, and this theory reproduces the Einstein equation and the
Maxwell equation if the “extra”’ metric elements are considered as constant or negligible.
Subsequently, Einstein and Pauli [36] wrote a paper to continue the work of Kaluza.
However, their five-dimensional relativity does not have the coupling with the square of
a charge since the “extra”’ metric elements are neglected. This theory also cannot
account for the radiation reaction force because the cylindrical condition is imposed [33].

One may ask what the physical meaning of the fifth dimension is. Many theorists
claimed that those high dimensions are curl up. Their position [33] is that the physical
meaning of the fifth dimension is not yet very clear, except some physical meaning is
given in the equation, dx’/dt = q/Mc’K where M and q are respectively the mass and
charge of a test particle, and K is a constant. This equation relates the fifth variable x°
to =

The fifth dimension is assumed [33] as part of the physical reality, and the metric
signature is (4, —, —, —, —). We shall denote the fifth axis as the w-axis (w stands for

“wunderbar”, in memorial of Kaluza), and thus the coordinates are (t, w, x, y, z). Our
approach is to find out the full meaning of the w-axis as our understanding gets deeper.

For a static case, we have the forces on the charged particle ) in the £ -direction

_mM Mc? agy, det det PP m_qz~_ 1 ¢

PP 2 dpdrdre and  p° 7P KZMc? g~ (ATa)
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and

k
q dx 9xs 1 09ss 1 09ss
[ e ————=0, | - =— ATb
k85 McZ dz where k8555 5 ok 2 oxk ( )

in the (-r)direction. The meaning of (A7b) is the energy momentum conservation. It is
interesting that the same force would come from a different type of metric element
depending on the test particle used. Thus,

mMc?
Ot =1—2—m ) and Uss =—— K2+ (A8)
pCZ P constant.

In other words, g;; is a repulsive potential. Because g;, depends on M, it is a
function of local property, and this is different from the metric element g, , that depends
on a distant source of mass m.

On the other hand, because gj; is independent of q, (Fg;;/dp)/M depends only on
the distant source m. Thus, this force, though acting on a charged particle, would
penetrate electromagnetic screening. From the above, it is possible that a charge-mass
repulsive potential would exist for a metric based on the mass A/ of the charged particle
). However, because P is neutral, there is no charge-mass repulsion force on P.

That the repulsive gravitational potential to charge can be generated from a
mass, would explain the fact that a charged capacitor can also have the repulsive force
[34], but such a force is absent from the current four-dimensional theory. This is why
many theorists would not accept the existence of the repulsive gravitation. They are so
involved in current theoretical consideration that they forget that physics is based on
experiments.

¢) The Charge-Mass Interaction and the Question of Weight
It is found that a charge may generate a gravitational static field that repulses a
mass [3]. Since the discovery and the prediction are based on general relativity,

Einstein’s theory would have another important confirmation to be verified [13]. Thus,
there is a new neutral charge-mass interaction that is beyond electromagnetism and

gravitation, and thus Einstein’s unification is a necessity [31].

In general relativity, there is no field that couples with the square of a charge.
Moreover, since this new force is independent of the charge sign, it should not be
subjected to electromagnetic screening although general relativity would imply that any
electromagnetic interaction does. Nevertheless, such a coupling exists in the five-
dimensional relativity of Lo, Goldstein and Napier [33]. In addition, their theory would
support that such a neutral force is not subjected to electromagnetic screening. It thus
follows that the existence of this static neutral repulsive force can be tested by weighing
a capacitor to see whether its weight is reduced after being charged [3]. The existence of
such a force on a capacitor was first verified by Liu [3] although such weight reduction
has been found much earlier [37].

Thus, it is found that a weight reduction of a neutral object is not due to a
reduction of mass, but a neutral repulsive force, which was unknown to Galileo,
Newton, and Einstein [7].

If the electric energy leads to a repulsive force toward a mass, according to
general relativity, the magnetic energy would lead to an attractive force from a current
toward a mass [38]. The existence of such a current-mass attractive force has been
verified by Martin Tajmar and Clovis de Matos [39] from the European Space Agency.
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They found that a spinning ring of superconducting material increases its weight much
more than expected. Thus, they incorrectly believed that general relativity had been
proven wrong. However, according to quantum theory, spinning superconductors should
produce a weak magnetic field. Thus, they are also measuring the interaction between
an electric current and the earth.

The existence of the current-mass attractive force would solve a puzzle, i.e., why
a charged capacitor exhibits the charge-mass repulsive force since a charged capacitor
has no additional electric charges? In a normal situation, the charge-mass repulsive force
would be cancelled by other forms of the current-mass force as (Galileo, Newton and
FEinstein implicitly assumed. This general force is related to the static charge-mass
repulsive force in a way similar to the Lorentz force is related to the Coulomb force.
One may ask what is the formula for the current-mass force? However, unlike the static
charge-mass repulsive force, which can be derived from general relativity, this general
force would be beyond general relativity since a current-mass interaction would involve
the acceleration of a charge, this force would be time-dependent and generates
electromagnetic radiation. Moreover, when the radiation is involved, the radiation
reaction force and the variable of the fifth dimension must be considered [33].

Thus, we are not ready to derive the current-mass interaction yet. Nevertheless,
we may assume that, for a charged capacitor, the resulting force is the interaction of net
macroscopic charges with the mass [34].

d) Weight Reduction by Heat

This current-mass interaction also explains a phenomenon, which is also reported
by Liu [3, 4] that it takes time for a capacitor to recover its weight after being
discharged. A discharged capacitor needs time to dissipate the heat generated by
discharging. Then, the motion of its charges would recover to normal.

Thus, it should be expected that the heated-up metals would reduce their weight.
It is conjectured that the heat would additionally convert some orbital electrons to
random motion, but the increased mass due to heat energy is negligible as Einstein [1]
pointed out. If this explanation of weight reduction is valid, then a metal would reduce
its weight as the temperature increases. This should be further tested such that the
physics can be understood in depth.

Moreover, since a heated-up metal is a solid, one can in principle test its mass by
acceleration. (Another way to do this is to compare the periods of a pendulum before
and after the metal is heated.) One can also verify the existence of the repulsive
gravitation by measuring the reduction of attractive gravitation with a torsion balance
scale after the metal is heated. Note, however, that the reduction of gravitation by heat
also depends on the metal [4].

Appendix B: An Open letter to Kate Kirby, CEO of American Physical Society
Dear Dr. Kate Kirby:

It was a pleasure to meet you in the APS Meeting at New Orleans, LA in March 16,
2017. It is remarkable that you promise to improve the mathematics of the APS
editors and related problems in gravitation. As shown in my report ”American
Physical Society and Errors in Gravitation” to the APS March meeting, there are
ten major problems and errors in gravitation. I admire your exceptional ability to
lead and have the courage to deal with problems and errors in gravitation of over
100 years old. I do not know where such a strength of your comes from, I guess that
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MC? (1946), Ideas and Opinions, p. 337 (Crown, New York, 1982).

1. Einstein, ‘'E

this must come from years of your experience in leadership. Here, I would like to
introduce myself related to gravitation since I am the one who discovers and raises
the problems to APS. This information would help you to understand where my
strength comes from.

I earned my undergraduate degree in physics. However, I was very unsatisfied on the
mathematical education for physicists because it essentially makes physicists in the
dark when a problem related to pure mathematics appears. I believe that this
problem must be fixed since I am interested theoretical physics. A current problem
of most physicists is that they are not aware this problem could be serious as shown
by the American Society in the area of gravitation which I pointed out in my article
presented to the APS Business Meeting, 2017. Since this is not a problem of
American physicists alone, it is a world wide problem. (For example, none of the
books in general relativity, except Einstein’s own [1], gives the correct assertion to
Einstein’s equivalence principle. The reason is that, for instance, Editor of Physical
Review D, Eric J. Weinberg as well as W. Pauli ¥ did not understand the
mathematics related to this principle [2].) Consequently, almost all the physicists of
world make the similar mistakes in gravitation without knowing their errors. This
would, of course, involve the 1993 Nobel Committee [3]; and surprisingly also the
Fields Medal committee for mathematics [4]. It should be noted that the errors of
the Fields Medal Committee is not in mathematics, but they deepen the errors
because they do not understand physics and thus used the wrong conclusion of the
physicists as their starting assumption. For instance, the misleading positive mass
theorem of Schoen and Yau [5] had prevented the progress of general relativity for
at least 13 years. ?

Luckily, I had my opportunity to learn pure mathematics from the start in Canada
before I went to MIT. I was exceptionally fortunate to have my pure mathematical
training under Professor I. Halperin for my degree in mathematics. Professor
Halperin is a Fellow of the Canadian Royal Society (CRSF), who got his degree
from the worldly famous mathematician John von Neumann. Because of my rigorous
training and my very careful nature, I have never made any mistakes in my
published work in mathematics. Moreover, I have been known to correct obscure
errors of pure mathematicians all over the world, and calculation errors of well-
known physicists in MIT and Harvard. These corrected calculation results have been
published in the Physical Review [6, 7] because the ability of the APS editors in
applied mathematics is generally pretty good. Then, I was known for being an
applied mathematician with exceptional ability who is better than anybody in long
calculations. However, the exception did occur because the ability in pure
mathematics of APS editors such as Eric J. Weinberg is very poor, he even failed to
understand Einstein’s equivalence principle [2]. When I realized that this is not an
individual problem of APS alone but a general problem of physics, I started to
publish my papers in other journals.

My first break though in gravitation is my paper [8], ” Einstein’s Radiation Formula
and Modifications to the Finstein Fquation ” published in 1995 in Astrophysics
Journal, when Nobel Laureate, S. Chandrasekhar was the editor-in-chief. Based on
this, I subsequently show that there is no dynamic solution for the Einstein equation
[9]. For this, I was questioned by Professor P. Morrison of MIT for a month. Then
he went to Princeton University to question J. H. Taylor on his justification for his
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calculation on gravitational radiation. When Taylor admits that he was unable to
justify their calculation as expected, Morrison advised me to write a book on this
issue [10]. However, I feel that we must solve also related problems. One reason is
that many physicists had claimed that they have dynamic solutions for the Einstein
equation. I went through all such claims and find they are due to various
mathematical mistakes or errors in physics [11]. What surprised me is that some
errors such as those from Misner, Thorne and Wheeler ¥ are in the undergraduate
level of calculus [2]. What is more strange is that these three gentlemen used
Einstein’s abandoned 1911 invalid assumption of equivalence of acceleration to
gravitation [12] ¥ and Pauli’s misinterpretation as the references of Einstein’s
equivalence principle, but they ignored Einstein’s 1916 paper and his book, both of
which stated Einstein’s equivalence principle clearly.

It is even more surprising that the 2016 Award of APS Medal for Exceptional
Achievement in Research was given to E. Witten, whose errors in mathematics is
well-known because he does not understand even Einstein’s equivalence principle.”
Moreover, this award of achievements in mathematical physics actually has no
support from the experiments [13]. Since the award committee consists of the
mathematical talents of APS, it is clear that APS has big trouble in mathematics.

The second break though on gravitation is my discovery of the repulsive gravitation
[14] that Einstein rejected because he incorrectly believed in E= mc® as generally
valid. ¥ An unexpected problem was that no experimental physicists was willing to
try any experiment that would show that Einstein was wrong in classical physics.
Fortunately, such experiments have been done with the support of the US Defense
Department although these experiments have been interpreted wrong [15, 16]. Thus,
a new revolution of physics has born. More important, Einstein’s claim of unification
between gravitation and electromagnetism has been proven correct [15, 16].

Unfortunately, the APS executives were not aware of these new developments
mainly because the Editor of Physical Review D, Eric. J. Weinberg is incompetent
in mathematics as well as in recent developments in physics. For instance, the
Einstein equation and the formula E = mc® are not consistent.” In fact, I have
pointed out these in my 2015 paper [17]. It seems to be necessary to have a statistics
on the wrong papers that APS published each year.

I have promised you to keep the errors of APS on gravitation private and to wait for
sometime such that APS can respond properly. However, more than a month have
been passed and I have not heard anything from you. Moreover, I am going to
participate in a conference in gravitational wave in Korea in May 22-26. This means
that some errors of APS in gravitation must be known to the world.

For your perusal, the draft of my speech is attached herewith. Any comments and
suggestions that you may have will be appreciated. Thank you.

Now, it should be clear that it is not easy to correct the errors in gravitation of APS
and the world. I considered myself very fortunate that I have discovered these
problems. I hope that you are just as fortunate enough that you can solve these
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5. A. L. Dmitriev, E. M. Nikushchenko, and V. S. Snegov, Influence of the

Temperature of a Body on its Weight, Measurement Techniques, Vol. 46, No. 2,

115-120 (2003).

issues for the APS. If you have any questions, I shall be happy to answer them. I am
looking forward to hearing from you.

Sincerely yours,

C.Y. Lo
c.c.:
e Laura Greene, 2017 President; email: kroberts@magnet.fsu.edu
e James Hollenhorst, 2017 Treasurer
e Daniel Kleppner, Speaker of the Council; email: kleppner@mit.edu
e Pierre Meystre, Editor in Chief; email: pmeystre@Qaps.org.
e Matthew Salter, Publisher; email: Matthew Salter] @MSalt69

FEndnotes:

1. W. Pauli and Eric J. Weinberg cannot tell the difference between the existence of a

local Minkowski space at a point and the existence of local Minkowski space in a
very small neighborhood.

Schoen and Yau [5] assumed the metric is asymptotically flat without realizing that
this would exclude all the dynamic solutions since the Einstein equation implies that
all the dynamic solutions are unbounded.

. The 1911 assumption of Einstein has been proven incorrect by observation.
. Witten made the same mistakes as Schoen and Yau [5]. They both were awarded

the Fields Medal in 1982 and 1990 because the mathematicians do not understand
physics.

. There exist at least three types of experiments that shows E = mc’ is not valid.

They are: 1) the weight reduction of a charged metal ball; 2) the weight reduction of a
charged capacitor; 3) the weight reduction of a piece of heated-up metal.

. The mass and the electromagnetic energy have very different effects according to the

Einstein equation.
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Endnotes:

1)

Dmitriev, Nikushchenko & Snegov [4] has mistaken that the weight reduction is due
to a reduction of mass.

The period T of our torsion balance is about 91.2 seconds. It is difficult to see the
small changes for T after the lead balls have been heated-up.

The merit of Li’s experiment is that the temperature can be changed continuously.
However, we can also do this by heating the lead balls directly.

One should not expect that a theorist understands what he proposed fully. Einstein
is also not an exception.

Since the charge mass interaction is absent form current quantum mechanics,
quantum mechanic is not a complete theory just as Einstein claimed.

A popular error in general relativity is the belief that general relativity has
superseded Newtonian gravity. This is not true since the Einstein equation has no
two-body solution whereas Newtonian gravity does [40].
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Abstract- In this paper we obtained a canonical local basis {J;} ,i = 1, 2, 3 of vector bundle V on the Standard Cliffordian
Kahler Manifold (R®,V). The paths of semispray on the Standard Cliffordian Kéhler Manifold are in fact the solutions
of Euler-Lagrange equations.

I. [NTRODUCTION

Modern differential geometry explains explicitly the dynamics of Lagrangians. So,
we say that if M is an m — dimensional configuration manifold and L:TM - R is a
regular Lagrangian function, then there is a unique vector field ¢ on TM such that
dynamics equations is given by:

Where @; indicates the symplectic form and E; is the energy associated to L.
The triple (TM, ®;,§) is called Lagrangian system on the tangent bundle TM.

In literature, there are a lot of studies about Lagrangian mechanics, formalisms,
systems and equations [1,2,3] and there in. There are real, complex, paracomplex and
other analogues. It is possible to produce different analogues in different spaces. Finding
new dynamics equations is both a new expansion and contribution to science to explain
physical events.

Quaternions were invented by Sir William Rowan Hamilton as an extension to
the complex number. Hamilton's defining relation is most succinctly written as:

i2=jt=k*=lijk=-1 - (2)

If it is compared to the calculus of vectors, quaternions have slipped into the
realm of obscurity.

They do however still find use in the computation of rotations. A lot of physical
laws in classical, relativistic, and quantum mechanics can be written pleasantly by
means of quaternions. Some physicists hope they will find deeper understanding of the
universe by restating basic principles in terms of quaternion algebra. It is well-known
that quaternions are useful for representing rotations in both quantum and classical
mechanics [4]. Cliffordian manifold is a quaternion manifold. The above properties yield
also for Cliffordian manifold.
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[I.  PRELIMINARIES
Throughout this paper, all mathematical objects and mappings are assumed to
be smooth, i.e. infinitely differentiable and Einstein convention of summarizing is

adopted. F(M), X (M) and A'(M) denote the set of functions on M, the set of vector
fields on M and the set of 1-forms on M, respectively.

a) Theorem
Let f be differentiable ¢, are 1-form,then [5]:

o d(f¢) =df\p + fdd
o d(PAY) = dPpNY — pAdY
b) Definition (Kronecker's delta)
Kronecker’s delta denote by § and defined as follows [6,7]:

(1 i=j
]_ )
6i_{0; e

¢) Cliffordian Kdhler Manifolds

Here, we recalled the main concepts and structures given in [8,9]. Let M be a real
smooth manifold of dimension m. Suppose that there is a 6-dimensional vector bundle V
consisting of F;(i =1,2,...,6) tensors of type(l,1) over M. Such a local basis
{F,,F,,...,Fs} is called a canonical local basis of the bundle V in neighborhood U of M.
Then V is called an almost Cliffordian structure in M. The pair (M,V) is named an
almost Cliffordian manifold with V. Hence, an almost Cliffordian manifold M is of
dimension m = 8n. If there exists on (M,V) a global basis {F;, F;, ..., Fg},then (M,V) is
said to be an almost Cliffordian manifold; the basis {F;, F;, ..., Fg} is called a global basis
for V.

An almost Cliffordian connection on the almost Cliffordian manifold(M,V) is a
linear connection Von M which preserves by parallel transport the vector bundle V.
This means that if @ is a cross-section (local-global) of the bundle V ,then Vy® is also a
cross-section (local-global, respectively) of V , X being an arbitrary vector field of M.
If for any canonical basis {J1,/,, ...,J¢} of V in a coordinate neighborhood, the identities

gU:X,J;Y)=gX,V), VX,Y EX(M), i=12,...6 - (3)

Hold, the triple (M, g,V) is named an almost Cliffordian Hermitian manifold or
metric Cliffordian denoting by V an almost Cliffordian structure V and by g a
Riemannian metric and by (g,V) an almost Cliffordian metric structure.

Since each J;(i = 1,2, ...,6) is almost Hermitian structure with respect to g, setting
(X, Y)=9(X,Y), i=12,..,6 - (4)

For any vector fields and Y, we see that ®; are 6 local 2-forms.
If the Levi-Civita connection V= VY on (M, g,V) preserves the vector bundle V by
parallel transport, then (M, g,V) is called a Cliffordian Kdhler manifold, and an almost



Notes

Cliffordian structure ®; of M is called a Cliffordian Kdhler structure. A Clifford Kdhler
manifold is Riemannian manifold (M®", g). For example, we say that R®" is the simplest
example of Clifford Kdhler manifold. Suppose that let {xX;, X,+iX2n+i» X3n+i» Xan+ir Xsn+ir
define by

Xen+i»X7n+i} »i =1,mn be a real coordinate system on R®®. Then we

{ a a a a a a a a
0x;" 0xnyi’ 0%on+i” 0x3n4i OXan4i 0xspti’ OXenti OX7n+i

} and {dx;, dx, 1, dXop i) AX3n 415 AXan i)

dXsyii AXensir AX7n4;} be mnatural bases over R of the tangent space T(R®") and
the cotangent space T*(R®") of R®" , respectively.
By structures J; , /3 , /3, the following expressions are obtained

o R il v b el o R
) 0x; _axn+i /2 0x; _ax2n+i /5 0x; _ax3n+i

)= )
]2 axn—H’ B ax4n+i ]3 axn+i B axSn—H’

N———
I
g
T Q
S
w
/-~
Q
R
+ Q)
S
S
N————
I
Q
=
+ Q—)
N
S

0 d 0
d ) T J2 (a
Xi+an Xi+2n Xi+4n

——
Il

0 0 0 0 0
)= ) ) -
0%;15n 0%;13n 0%; 150 0%Xi17n 0%; 150 0%X;4n

_ d ( d ) d ( d )_ d
_ax7n+i J2 0Xen+i 0X3n 4 S5 0Xen +i _ax2n+i

d )_ d ( d )_ d ( 0 )_ d
h 0X7n 4 B 0Xen i )2 0X7p 4i _ax5n+i Js 0X7n 4 B 0X 4 4i

[11. LAGRANGIAN MECHANICS

In this section, we obtain Euler-Lagrange equations for quantum and classical
mechanics by means of a canonical local basis {J1,J2,/3} of V on the standard Cliffordian

Kdhler manifold (R®",V).

First:
d /0L dL d JL dL d dL JL
at axi axn_H' at axn_H' axi at ax2n+l~ aX4_n+l'
a(aL >+ oL _0 (aL ) oL _ a(aL ) JL _0
0t \Ox3n4i/  0Xspy "0t \0Xynyi/  OXpny Ot \OXsny)  Oxzny
d ( oL ) oL _0 ] ( JdL ) oL _0
at ax6n+i ax7n+i ‘ot ax7n+i ax6n+i '
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Second:

6<6L)+ oL —0 6<6L) oL — 0 6( oL ) 6L_O

0t \ox;) ~ 0xpnyi Ot \OXpy)  OXgnyy  0t\OXpny)  Ox;

6( oL )+ oL _0 6( daL )+ daL _0 6( dL ) dL _0

0t \Oxan+i/  0Xpyy Tt \0x3n1i/  OXeny T 0t \Oxsuyi/  Oxypay '

0 ( oL ) oL d [ OL oL

(L) ooy, o,

0t \0xen+i/  0X3p+ 0t \0x7,4i/  O0Xsyy Notes

Thirdly, let J3 take a local basis component on the standard Cliffordian Kdhler

manifold (R®",V) and {X; Xn4iX2n+i» X3n+i» Xan+i Xsn+ir Xentis Xmaid 1= 1,1 be its
coordinate functions.
Let semispray be the vector field ¢ determined by:

f — Xli + Xn+i d + X2n+i d + X3n+i d + X4—n+i

0x; 0Xpti 0X2n+i 0X3n+i 0X4n+i
0Xs5n +i 0%Xen +i 0%X7n +i

Where
I — 5 n+i — o 2n+i — o 3n+i _ o in+i _ o
Xt =5, X" =40, X = Xonti X = X3nti, X = Xgn+i
Sn+i — bn+i — . n+i —
X = Xspti, X = Xenti X = X7n+i-

This equation (6) can be written concise manner

f — 2720 Xan+i L N (7)

0Xan +i

And the dot indicates the derivative with respect to time t. The vector field defined by

V]3 :]3(5) — Xi d _Xn+iL _X2n+iL _X3n+ii +X4n+i

0%X3n +i 0Xs5n+i 0Xen +i 0x; 0%X7n +i
4 oxon+i 0 4 yen+i 0 _ y7n4i_0 N (8)
0xn4i 0%xn 4 0% 4n 4

Is called Liouville vector field on the standard Cliffordian Kédhler manifold (R%",V).
The maps given by T, P: R®" — R such that:

T_l (.2+.2 +.2 +.2 +.2 +.2 +.2 +.2 )
- zml Xi Xn+i Xon+i X3n+i Xan+i X5n+i Xen+i XTn+i

s T =

N =

7
-2 _
mizxanﬂ' , P=mgh

a=0

Are called the kinetic energy and the potential energy of the system, respectively.

Here m;, g and h stand for mass of a mechanical system having m particles, the gravity
acceleration and distance to the origin of a mechanical system on the standard

Cliffordian Kdhler manifold (R®", V), respectively.

© 2017 Global Journals Inc. (US)
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Then L: R®" — R is a map that satisfies the conditions:

i) L =T — P is a Lagrangian function.

ii) the function given by E£3 =V,(L) — L, is energy function.
The operator i;, induced by J3 and given by:

r

i]30)(X1,X2, ""XT) =Zw(X1,...,]3Xi,...,XT) 4 (9)
i=1

Is said to be vertical derivation, where w € A"R8",X; € X (R®"). The vertical
differentiation d;, is defined by:
dj, = [i]3'd] = ij,d — dij, - (10)

Where d is the usual exterior derivation. For J3, the closed Cliffordian Kdhler

form is the closed 2-form given by CD{3 = —dd;,L such that

d d d
dj, = dx; - 1 = ——— Ay — X + da s
/3 ax3n+i i ax5n+i n+i ax6n+i 2n+i o, 3n+i ax7n+i 4n+i
+ d + g d g d
X i X — X ,
axn+i Sn+i ax2n+z 6n+i ax4n+i Tn+i
Defined by operator
d]3 : T(M) b A1R8n RN (11)
Then
D)3 oL dx; Adx; + oL dx; Adx, 4 + oL dx; \d +
=- X; X Xi Xy ai X; X .
" 0% 0x3nti Y0 0xsny 0 00X 0Xen4i 2nti
L dx;\d 0°L dx; \d 0°L dx;\d 22 dx: \d
axjaxi x-'] X3n+i axjax7n+i .X", X4n+i axjaxn+i ‘x_'] X5n+i axjax2n+i .X:] Xen+i
+ oL dx; \d oL d Ndx; + oL d Nd +
A A5 N\AX7py — T AXp 4 \AX; X NdXo L
0% 024y 0 0xyy 0%z L 0%y Oxspyy
oL d Nd + oL d Ad oL d Nd
—  dx,  AdXyy i+ ————dx, NdXay s — —————dx, NdXs 1
0%y j0Xgny; M T ax, dxg I g By A
oL d Ad oL d Nd + oL d Nd
oA AXpjN\AXsp g — o AXp o \AXgp 4 Yo s NAXr
0% 1) 0% 4 i s 0%Xn4j0Xon 4 i ot 0%y 4 0%Xan 4 I Tt
oL d Adx; + oL d Ad + oL d Nd
— Xy ANAX; + —————dXpp i NdXy g + ———————d Xy A Xy
0%onsj0%zngi 0 g O%kspar T Xy 0engr
Y L e A 0L o ad
————dxon i Ndx3py — = dXpny i NdX gy — 5 dXp, i NdX5, 4 —
0%2n+j0%; e e 0X2n 47 0X7n 4 ] et 0X2n 47 0%Xn 4 ) st

© 2017 Global Journals Inc. (US)

7

Global ]()LII'I’]&I of Science Frontier Research (F) Volume XVII Issue IV Version I E Year 201



Global Journal of Science Frontier Research (F) Volume XVII Issue IV Version I E Year 2017

0%L d%L d%L

0Xap+j0%on+i Deznj AdXen i + 0Xom+j0Xan i any X7 = de3n+j Adxi +
deg Ndx, 4 + o°L dx3p4iNdXop 4 + —62L dx3n4iNdX3n4 —
0%X3n4;0%xsnri T G Oy T AT Qg dx oA
Lda@ Ndxg 1 _(’)Z—de iNdxs, i — —E)ZL dxz,iNdxena; +
0X3p+j0X7p+i " e 0x3p4 0% 4 e ok 0304 0X2n + st ontt
Lda@ NAdX7, 40 —de Ndx; + oL AXgpniNdxy i +
0X33+j 0Xan+i " i 0X 447 0X3n 4 e l 0X4n1j0X5p 1 nty i
‘92—de4 NdXpy4i +62—de NdxX3,4i o dXgnsi NdXan i —
ax4n+j 0Xgn4i n+tj 2n+i ax4n+j dx; An+j 3n+i ax4n+j 0%X7mri 4An+j An+i
0L 92%L 92L
AX4n1jNdX5p 4+ — AX g4 NdX g1 AX4n1jNdX7p 4 —

- B —
ax4n+j axZn+i ax‘l-n+j ax‘l-n+i

9% 9% 9%

ax‘l-n+j axn+i

—————dxs5,; \dx; + dxs,iNdx, 4 + dxs, i Ndxy, 1 +
0Xsn4j0x3ny 0 OXsnyjO0xspyp 0 0Xsnyj0Xengr T
—OZL d Ad —OZL d Ad —azL d Ad
XoniiNAdX3p1; — XeniiNAdXyp i — XopyiNdXgy 1 —
ax5n+j axi Sn+j 3n+i ax5n+j ax7n+i 5n+j dn+i axSn—i—j axnﬂ_ S5n+j 5n+i
oL d Nd + o°L d Nd —OZL d Ndx; +
Ao A.. @Xsn+jN\AXen4i T o - AXs5p4; NAX7544 — Xon+j NAX;
axSn—i—jaxZn—i-i e e a-XSn+jax4n+i " e ax6n—i—jaxBn—i-i e L
—62L d Nd + oL d Nd + o°L d Nd
Xen+iNAXy 1 + =———————dXg+; NdXyp 1 + —————dXg i NAX3 1 —
0X6n+j 0X5n 4 ot e 0X6n+j 0Xen +i ot antt 0X6n+j0X; on+ S
o°L d Nd o°L d Nd o°L d Nd +
ax6n+j 0%t Xon+j N\AX4n 4 ax6n+j 92, 1; Xon+j NAX5p 4 ax6n+j OXomer Xen+j NAXegn 4+
o°L d Nd o°L d Ndx; + o°L d Nd +
—————dXen i NdX7p s — = dx7, 4 \dx; X7naiNAXy 4
ax6n+jax4n+i n e ax7n+jax3n+i " l ax7n+jax5n+i " e
oL d Nd + o°L d Nd o°L d Ad
ax7n+j ax6n+i x7n+j Xan+i ax7n+j axi x7n+j X3n+i a.X'7n+j ax'7n+l~ x7n+j Xan-+i
9L 9%L 9%L

Ax7n4jNdXsp i — Ax7n4j NdXgp +i AX7n 4 NAX7y 4

_— + _—
0X7n 4 0% 4 0X7n4j 0Xon 4 0%X7n4j 0Xan +i

Let & be the second order differential equation by given Eq(1) and defined by Eq(6) and

o = x0T i it g i O gy L R
i =—X'—F—0;dx; X; AdX, i — —dx;
e 0% 0x3np; ' 0Oxgpy ) 0% 0xspy 0% Oxsnsi
i 9°L J 2n+i 9°L i 9°L J 3n+i 9°L

X' ——— 8/ dxgp; — X" ———dx; + X 8 dxzni — X dx; —

0% 0Xgp 4 0% 0Xgn 1 dx; 0x; 0x; 0x;

J
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X o°L &) dxyy i + X4 L dx; ¢ o°L 8 dxs, . + X0t L dx;
i n+i [ n—+i
ax] a-x7n+l ' ax] a-x7n+l 7 ax]a n+i ' ax] a-xn+i 7
L 8 dxg,; + X6t 2 dx; + Xt 2 8 dxyyy; — X7 L dx; —
[ n—+i n—i
axj axZn+i ' axjaxZnﬂ ax] axél-n+L ' axjaxél-nﬂ' ]
9°L , 9°L 2L
i +j i n+i n+j
Xmi—— — §"Vdx; + X dx,4; +X 6, . dx
n+i i n+j n+i n+i
axn+j ax?»n+i axn+j ax3n+l axn+j axSn+l
0°L 0°L , ’L
n+i d n+i n+j 2n+i
.xn+j' + X 6Tl+i dx2n+i - X dxn+j +
0%y 1j 0Xs5p 4 0%y 1) 0X6n +i 0%y 1j0X6n +i
2 2 92L
i +j 3n+i n+i n+j
xnti 5 dxs s — X dx,, — X 85 dxg, i +
n+i 3n+i n+j n+i Yt4n+i
0%y 4 0X; 0%y, 1 0%; 0% 1) 0X7p 4
d°L d°L . 9°L
An+i d n+i n+j S5n+i
xn—i—j - X —5n+i dx5n+i +X dxn+j
axn+j ax7n+i axn+j axn+i axn+j ax4n+l
9% , - 9% - 9%L ,
xn+ S dxgn i + XOMH dx,,; + X" S dxgy i —
+ 6n+i n+ + n+i
0% 4jO0xony; " 0% 4j0Xon 4 / 0% 4j0%Xgny; "
9°L 9°L : 9°L
i i 2n+j i
X7+ dx, — Xt 5" dx, + X dxyp4i +
Ji 2n+i i 2n+j
axn+j ax4n+i axZn+j ax3n+i axZn+j ax3n+i
. 9%L anti . 9%L . 9%L )
Xt 5 dxy g — X dxgnij + X ————— 5, oy, —
2n+ n+i 2n+ 2n+ 2n+i
0Xon+4j0Xspy; “ 0%+ 05 4 ’ 0Xon4j0xenyi
d°L 9°L , 9°L
j i 2n+j 3n+i
X dXon 4 + X 5" dxg, — X dxoyp4i —
j 2n+i 3n+i 2n+j
0%X2n +j 0X6n +i 0%X2n 4 0%; 0%X2n 4 0%;
; a°L 2n+j dn+i a%L It a2L 2n+j
x2nti ____— — 5 g 4 xAnt dxo. . — X2nti S dxe. .
0% 40 X770 4 Znti i 0%2n4j0%X7n 4 ant) 0%2n 40 %Xy 4 Znti St
; a%L Inti %L 2n+j 6n+i %L
+ Xonti dxypy; — XM ————— 5"V dxg, 4 + XOMH dx,, . +
0x2p4j0%p 4 2nt) O%Xgp1j0x2n 4 2NH on+i 020 4j0%2n 1 ntj
, 9%L . : 9%L , 9%L .
2n+i 52n+] dx — x7n+i d — x3n+i 53n+] dx: +
2n+i n+i Xon+j 3n+i Xi
0Xon4j0%gny; " 0%X2n+j 0Xan +; ’ 0X3n4j0%X3n4; "
9°L d°L : d°L
i 3n+i 3n+j n+i
X ity + X3 ——— 53, — X dxzns; +

0%X314j 0X3p 4 0X3n 4 0X5n 4

0%X3n 4 0Xs5p 4

9L . 9°L 0L .
i 3n+tj 2n+i 3n+i 3n+j
Xx3nH 8 dxynsi — X dxs, i +X 8 dxg, 4
3n+ 2n+i 3n+j 3n+ 3n+i
0x3n4j0Xenyi = 0X3n4j 0Xen +; Ox3p4;0x; "™
9%L 9L , 9%L
] ] 3n+j An+i
—x3n+ dxgp, i — X3t 8 dxyn s + X dxg,.; —
3n+ 4n+i 3n+
0x3n+; 0x; / 0x3n4j0x7p4; " 0304 0X7n 4 /
. 9%L . . 9%L . 9%L .
3n+i 3n+j Sn+i 3n+i 3ntj
X —a P 53Tl+l' den_H' + X P 3 dx3Tl+j - X P 3 53Tl+i dx6n+l' +
X3n+j 0Xn +i X3n+j0Xn4i X3n+j0Xon+i
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. 9%L . 9%L : . 9%L
3n+ n+i
Xt dxg, X — 5"y X dxg, L —
3n+ n+i 3n+
0X3n4;0Xon 4 g 0x374j 0Xgn 4y "0 0X3n4j 0Xan +i g
, 9%L . . 9%L . 9%L
in+ 4An+j dn+ 4n+j
X n lW(S‘l'n'i‘l’ dxl +X1de4n+] +X n lﬁé\‘ln"‘l dxn+l
Xan+jO0X3n+i X4n+j0X3n+i X4n+jO0Xs5p+i
: 9%L . 9%L . 9%L
dntj 2n+i
Xt —  — dxy,y XM ——— 5"V dxy . — X —dxy . +
-j 4n+ 2n+i 4n+
0%X4n 40X 4 0Xgn+jO0Xenei 0%X4n+j OXen +i /
d%L : 9°L d°L
dnti__ T 7 gdntj _y3n+i___ _yAn+i M cAndy
Xan+j 0Xi Xan+j 0Xi Xan+j OX7n+i
: 9%L . 0% . 9%L
4n+j Sn+i
X — g, — XM ——— 5" dxe, + X ———dXyyy; —
4n+ Sn+i 4n+
0X4p4j 0X7n 4 g 0X4n4+j0Xpqy 0X454j 0%Xp 4 g
: 9°L Ani - 9%L 9%L .
i in+
xdnti____ T g¢ntg. g xonti__ T gy oy xAnti__ 7 gt
An+ 6n+i 4in+ An+ n+i
0Xan+j0Xonqy 0 0X47 4 0%; g 0X4n4+j0Xany; 0
9°L 9%L . 9°L
i i 5n+j i
X7 dx4, =Xt 5"y, + X ————dxc, . +
+j Sn4i H7i Sn+tj
ax4n+j ax4n+i axSn+j a-XBn+i ax5n+j ax3n+i
, 9°L Bt . 9°L 9%L .
i 5n+j
xonti____ T §mHgn _xnti__ T gy XM~ 8 dx
ax5n+j ax5n+i smt s ax5n+j ax5n+i o axSn+j ax6n+i SmH ankt
9°L 9°L . 9°L
i j Sn+j 3n+i
Xxen+ ——dX5py; + xont 52" dxznei — X dxs
0X5n4j 0Xgn +i " 0xXs5,4j0x; st e 0xXs5n4j0x; Y
, 9%L , . 9%L 9%L :
5n+j An+i Sn+i 5Sn+j
Xt 5"V dx, s+ X ———dX5p i — X —— 4 dx
Sn+ An+i 5n+ Sn+ 5n+i
0x5p4j0X7n4; T 0X5p+70X75 4 / 0x5p4j 0%y "
. 0%L . 9%L . 9%L
5n+j 6n+i
X e, — XM ———— 82" dxg s + X ———dxs,y; +
J 5n+ én+i 5n+
axSn+j axn+i a-x5n+j ax2n+i n axSn+j axZn+i /
, 9%L , . 9%L 9%L :
5n+ Sn+j Tn+ 6n+i bn+j
R P o LA P T A P o U L
X5n+j 0X4n+i Xsn+j 0X4n+i Xon+j 0X3n+i
d%L 9%L : 9°L
] j 6n+j n+i
+Xl—dx6n+-+X6n+‘—6 cdx, . —X dXgn.i +
j 6n+i *tn+i 6n+j
0%Xen+70X35 4 0Xgn+j 0X5p 4 0Xgn+j 0X5p 4
. 9%L onti . a%L . 9%L :
6n+j
xénti__ = 7 gntg. o xn+i_ T " gy oy xbnti__ 7 g6t
0Xen+j 0Xen +i onti T2 0%Xen+j 0Xen +i ot 0Xen+; 0x; onoti TEInH
- 0%L . 9%L : . 9%L
6n+ An+i
— X3 dxg, s — X ————— 8" dxgy s + X —————dxg s —
6n+ An+i 6n+
0Xen+;0x; ! 0Xen+j0X7ny; 0Xen+j 0X7n 4 !
o 9%L . - 9%L . 9%L :
6n+ 5n+i 6n+i 6n+j
Xont 5" dxe, X —————dxg, i — X — 6., AXenai
0%Xen-+j 0%Xn 4 Gnott TRk 0%Xen+j 0%Xn 4 ot 0%Xen+j0%on +i onti TonH
, 9%L . 9%L : . 9%L

0%Xen+j 0Xon +; 0Xen+j 0%an +i 0Xen+j 0Xan +i
J J
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921 021 9L

X7n+i m5;§:{ dxl- + Xi mdx7n+j + X7n+i maggiz] dxn+i -
xn+i ﬁd-’cﬁlﬂ' + x7n+i ﬁa?ﬁi{ dXonti — x2n+i ﬁd}hnﬂ +
X7n+i%5;ﬂ{ dXzp 4 — X3 3 62La dX7ny; — X7 v 62;, 8] Ay i
Notes X7n+j O X7n+j O, X7n4j OXnti
2 2 2
X ﬁdﬁ{ Agnsi + X ax7nszaLx2n+i Axmy + X7 ax7nszaLx4n+i St s
. 2
- X7n+L ax7nfj aLx4n+i dx7n+j

Since the closed standard Cliffordian Kdhler form (I)i3 on (R®,V) is the
symplectic structure, it is found

oL _ i oL _ X2n+i oL _ X3n+i a_L +

X3n+i X5y 4 0Xen +i 0x;

EPF=v,(L)-L=X

X4n+i oL + X5n+i oL + X6n+ia—L_ X7n+i—_ L N (12)
0X7n +i 0% i 0%Xon +i 0%Xan +i

And hence

9°L 0L - 0%L - 9%L
2 3
dx; —X”+’—d)cj — Xt dx, — X3t

dEJ® = X' = dx
: 0 s 0% 0%gnri ) 0% 0%,

0% 0x3p 4

. 9%L . 9°L - 9%L - 9%L
+X47’l+l dx] + X5n+l dx} + X6n+L dx} _ X7n+L dx}
0x; 07 4 0X4n+j 0% 4 0x; 0x2n +; 0% 0%X 4 +;

Xn+i azL d X2n+i azL d X3n+i azL d +
0%X2n+j OX5n 4 A 0%X2n+j 0X6n+i " 0x2n +; 0%; "

. 0%L . 9L . 0%L
X4n+1 dx2n+j +X5n+t dx2n+j +X6n+1

dx2n+'
]
6x2n+]- a.X'7n+l'

0%X2n +j 0Xy 4 0X2n+j0X2n 4
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0°%L 0%L 0%L

b Char———; LT dxs, . — X"t dxs, . —
-j 3n+j 3n+j
axZn—H ax4n+i a-xSn—H axSn—H’ axf‘m—kj(’)xSn—H'
, 92L - 9%L . 9%L
in'H dx3n+. —X3n+l—dx , +X4'n+1—dx .+
j 3n+j 3n+j
030 +j 0Xen +i 0x37,4 0X; 0%X314j 0X7n 4
9°L 9°L 9°L
5n+i 6n+i n+i
X o AXapy + X o dixgyy — X S 5 dx3n+j +
X3n+j 0Xn4i X3n+j 0X2n+i X3n+j 0Xan+i |\ otes
Xi azL d Xn+i azL d X2n+i azL d
————dXyp 4 — ———dX4py; — Xanti —
0X4n+70X35 4 e 0X4n+0X5 4 e 0X4n+j0Xen+i e
- 0%L . 9%L . 0%L
X3y A Xy, XSy, 4
J 4n+j 4n+j
0%X 4+ 0%; 0%X4n +j 0X7n 4 0%Xan +j 0%y 4
x6n+i oL AX s —X7n+ide4 ' oL dXs, i —
nwj n+j nTj
ax4n+j ax2n+i ax4n+j ax4n+i a-xSn+j a-x3n+i
. 9°L . 9°L - 0%L
XnH—— gy — X — gy o x3nH dxs, . +
j Sn+j Sn+j
0X5p4+j 0X57 4 0X5n 4 0Xep+i 0X5p470X;
. 9°L . 9°L , 9°L
p G p——— PR’ c L S RN L dx
j 5n+j 5n+j
0X504+j 0X75 4 0X5p 40X 4 05+ 0X2p 4
X7"+"de5 i +Xide6 =X 0*L AXgnyi —
a-XSn+j a-X4n+i ax6n+j ax?m+i a-X6n+j a-XSn+i
. 9°L . 9%L . d%L
Xt dxe,; — X3 ——————dxg, s + X dxe. .. +
-j 6n+j 6n+j
0%X6n+j 0X6n +i 0%X6n -+ 0%; 0Xen+j 0X7n +i
X5n+i 2L dX6 o+ X6n+i 2L dX6 . X7n+i 2L dX6 4+
0X6n+j0%Xn 4 nt OXen+j0%2n+i nt 0Xgn+j0%an+i nt
; a%L ; a°L ; a°L
L dx . _X‘I‘L+l dx . _X2n+l dx —
0X7n+j0X3p 4 ntj X704 0X50 4 ntj X7 4+j0X6n +i ntj
X3n+ide 4 X4n+i 2L dx 4 X5n+i 2L dx o+
0x7n4j0X; ntj 0x7n4+j0% 70 4i i X7 4+j0%p 4 i
X6n+i azL d X7n+i aZL d oL d oL d
A Ao @X7p4j — Ao a. WX7ngj T QX T o AXpyj
0704 0Xon +i 0X7n4j 0X4n 4 0x; 0%n
JdL p oL p oL J JdL p
— 5 OXopyj — X3n4j — Xan+4j — Xsn+j
axZn+j ax3n+j ax4n+j axSn+j
oL p oL p
- Xon+j — X7n+j
0%X6n + 0X7n 4

With the use of Eq.(1), the following expressions can be obtained:
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2
. 0%L

5]dx +X‘—6’dx Xl—5 dx Xl 5jdx
0xj0x3n 4 0x;0x5n +i ni T 0xj0Xgn 4 2ni T jaxi L Sni
X —2t sk, . — X 5/ dx X 8 dxgnss + X' —25— 5] dx
ax]6x7n+l_ i 4n+l axjaxn_H 5n+l 6x]ax2n+,_ 6n+i axjax4n+i i n+i
. 9%L , . 9%L , . 9%L ,
X My x5 e X 5"y,
+ i + n+i + 2n+i
0Xp4j0X3p4; " 0Xp4j0xspyy " 0Xp4j0Xenti
- 9%L . . 0%L , - 9%L .
xnti_— " sy xnti__ T " sty o_xnti_ " st g,
axn+] ax nH I axn+j ax7n+i i et axn+j axn+i mH sk
. 0%L . . 9L ; 0L .
i 2n+j
xnti — 7 sy o xnti_ " g™, o xnti_ " 7 gnd) g,
+ 6n+i + n+i 2 t
axn+j axZn+i e a-xn+j ax4n+i e axZn+j ax3n+i mH
0%L , 9%L .
2n+i 2n+j 2n+i 2n+j
nTj n=ri n+j n+i
9%L , 9%L ,
i 2n+j 2n4+i 2n+j
) G —— ‘dxz, . — X — 0, i AdXgn 1 —
X4y Ox; 2nFE TN 0%gp4j0x7yyy 20T
9%L , 9%L ,
2n+i 2n+j _ y2n+i 2n+j
X axz +'ax Ny 62n+i dx5n+i X axz +.ax2 Ny 62n+i dx6n+i +
n+j n+i n+j n+i
9%L . 0%L ,
i 2n+ i 3n+
X ey Sontt Gt = XM G b+
2n+j dn+i 3n+j 3n+i
9%L . 0%L .
3n+i 3n+j 3n+i 3n+tj
X ax3 +'ax5 N 83n+i dxn+i + X 6x3 +.a.X'6 Ny 63n+i dx2n+i +
n+j n+i n+j n+i
2 2
3n+i a—L53"+f dxzns; — X3+ Lg“ﬂ dX4n s
3n+i n+it 3n+i n+i
0x3,4j0X; 0X3n4j 0X7n 4
0%L . 0%L .
3n4+i__ ~ 7 ¢3ndj _y3n4i___ —  o3ndtj
X ax3 +ax + 63n+[ dx5n+1 X ax3 +ax2 + 63n+i dx67’l+i
n+j n+i n+j n+i
9%L , 9%L
3n+i 3n+j _ yé4n+i 4n+j
+X EI Oy AX7nqi — X 3 3 ' Oppy; dx; +
3n+j 4n+i x4n+] X3n+i
0%L . 9%L .
An+i An+j an+i 4n+j
X ax4 +.ax5 N 64-n+i dxn+i + X 6x4 +'ax6 N 64n+i din_H' +
n+j n+i n+j n+i
9%L , 9%L ,
i 4An+j 4An+i 4An+j
) Gl p——— Ll [P ¢ — 9, i dXs, .
An+i 3n+i An+ 4n+i
0%X 4+ 0%; 0X4n4j0X7n4 "
0%L . 9%L .
An+i 4n+j _ yé4n+i 4n+j
X ax4 +.ax Ny 64n+i den-H' X ax4 +'ax2 Ny 64n+i dx6n+i +
nwj n—ri n+j n+i
9%L . 0%L .
An+i dn+j _y5n+i Sn+j
X 64n+i AxX7n4i =X 65n+i dx; +

0%X4n+j OXan +i 0X5n+j 0X3n 4
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0°L Sn+j 9°L Sn+j

Xt — 5"y, + X ———§ dxyni +
S5n+i n+i Sn+i 2n+i
axSn—kj axSn—H’ ax5n+j ax6n+i
2 2
5n+ia—L55n+1'dx3 - X5"+"L65n+jdx4 -
Sn+i n+i Sn+i n+i
0x5p 4 0%; 0%X5n 4 0X7n 4
92L : 92L :
i 5n+j Sn+i 5n+j
Xt 5" Vdxe, . — X ——— 6., dXgp4i +
S5n+i S5n+i 5n+i 6n+i
axSn+j axn+i ax5n+j ax2n+i
. 9%L Enti . 9%L . . 9%L .
X+ 50 = X o dxy + X ——————— 5
axSn+j ax4n+i ax6n+j ax3n+i ax6n+j axSn+i
92L : 9%L :
i 6n+j 6n+i 6n+j
+ Xont — 5" Ydx,, . + X —,, dx3,4; -
6n+ 2n+i 6n+ 3n+i
0Xen+jOXen+i 0xen+4j0x; "
9%L : 92L .
i 6n+j 6n+i 6n+j
Xt — 5" Vdxg, s — X — 0, i dXs,4 -
6n+i An+i 6n+ S5n+i
0%Xen+j 0X7n+i 0Xen+j0Xnti 7"
0%L : 0%L :
6n+i 6n+j 6n+i 6n+j
ax Ox . 56n+i dx6n+i + X ax Ox . 66n+i dX7n+i
6n+j 2n+i 6n+j 4n+i
0%L . 0%L :
i 7n+ i n+
P L P PR ¢ 8% S Y (L P PRI
a-x7n+jax3n+i a-x7n+j a-’CSn-H'
92L , 9%L :
i n+j 7n+i n+j
Xt — 5" dxy s + X Og  AX3p4i
Tn+i 2n+i Tn+ 3n+i
0X7n4j 0Xgn i 0X7,4j0x; '
9°L . 92L .
i n+j 7n+i n+j
Xt — 5" Vdxg,y — X 0o 1 AX5pyi —
Tn+i Aran+i 7n+i 5n+i
0%X7n4j OX7n 4 0%X7n 4 0% 4
. 9%L . . 9%L . oL oL
6n+ Tn+i ntj
Xt — 5"V dxe s + X ————— 8" dx s +——dx; +——dx,
6n+ 6n+i Tn+ n+i n+
0x7n4j0X2p 4y 0 0X7n4j0%gny; 0x; ! 0%p 4 !
+—6L d + oL d + oL d + oL d + oL d +
Xon+j X3n+j Xan+j X5n+j Xon+j
a-xZn+j ax3n+j ax4n+j a-755n+j axén+j
oL 4 0
X7n4j =
0X7n+;

If a curve denoted by @ : R = R® is considered to be an integral curve of &, then
we calculate the following equation:

. 0%L . 0% . 0°L . 0%L
_Xz—dxj _Xn+z—dxj _X2n+l—dxj _X3n+l—dxj
axj ax3n+i axn+j ax3n+i axZn+j ax3n+i ax3n+j ax3n+i

. 0%L . 9%L , 0%L
_X4n+lﬁdxj _XSn—Hdej _X6n+zﬁdxj _
x4n+] X3n4i x5n+] X3n+i x6n+] X3n4i
e O0%L . 0%L . 0°L
X7 dx + X —————dx,, + X" A,y +

ax7n+j axBn+i axj axSn—H’ axn+j axSn—H’
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Notes

. d°L : d°L . d°L
Xxent dx, ; + X3+ dx, ;i + X" —dx, . +
0X2n+j 0Xs57 4 " 0X374+7 0Xs57 4. A 0%X4n+0X5p 4 A
, 9%L , 0%L . 0%L
Sn+i dx.. . : +X6Tl+L dx. .. + X7n+l dx. .. +
+ + +
0X5p4+j 0X57 4 A 0Xgn+j 0X5 4 " 0%X7n4+7 0X5p 4 A
2 2 2
i a—de2n+j + Xn+i a—de2n+j + X2n+i oL den+j +
axj aX6n—i—i axn+j a9‘6n+i axZn—i—j ax6n—i—i
. 9%L . 9%L . 9%L
3n+i dx . +X4n+z dx 4 X5n+l dx 4
2n+ 2n+ 2n+
ax3n+jax6n+i " ax4n+j ax6n+i A ax5n+jax6n+i "
L N C S R NS L R N
n n n
0X6n+j OX6n+i ! 0%X7n+j 0X6n +i ’ 0x; 0x; g
. 0°L . 0%L . 0%L
X" ————dxs, . + X2 dxs, ;i + X3 dxs,4; +
axn+j axi 3n+j ax2n+]' axl’ 3n+j aX3n+]' axi 3n+j
2 92 2
X4n+i dx o+ X5n+i—dx .+ X6n+i dx .+
0%X4n +; 0%; e 0554 0X; e 0%X6n -+ 0%; s
n+i ZL d Xi azL d Xn+i azL d
X3n+j — A oo AXgnyj — Xan+j —
0%X7n 4 0%; A 0% 0X77 4 " 0% 1) 0X77 4 e
. 9%L . 9%L , 9%L
2n+i dx4n+j — X3n+t dx4n+j _ X4n+z dx4n+j —
axZn+j ax7n+i a-x':»’n+j a-x7n+i ax4n+j ax7n+i
. d°L . 9°L . d°L
5n+i dx . _X6Tl+l dx . _X7n+1 dx L
dn+ dn+ dn+
0X5n4+0X75 4 A 0%+ 0X77 4 A 0%X7n+0X75 4 A
Xi azL d Xn+i azL d X2n+i azL d
02 0y 4; " 0% 4j 0% 4 " 0%X2n+ 0% i Y
. 9%L . 0L - 0L
X3n+z dx5 ) _X4n+z dx5 ) _X5n+l dx5 o
ax3n+j axn+i i ax4n+jaxn+i i axSn+jaxn+i "
X6n+i azL d X7n+i azL d Xi azL d
oo Ao @Xsnij — S A, MXspyj —A T AXepyj
0Xgn+j0%Xn i " 0X7n 40Xy 4 " 0% 0%z 4 A
. 0%L . 9°L . d°L
Xn+l—dx6 i _X2n+l—dx6 i _X3n+1—dx6 =
0% 4j0Xop +i A 0%+ 0X2p 4 A 030+ 0X2p 4 A
. 9°L . d°L . 9%L
xAn+i dx6 i — xonti dX6 i — x6n+i dx6 4=
0X4n+j0X2n 4 A 0%X5n4j 0X2n 4 e 0%Xen+j 0Xon +i A
Tt aZL dx6 +i +Xl aZL dX7 4 +Xn+i : dX7 +i +
n n n
0%X7n 4 0%Xon 4 g 0%; 0X 47 1 ! 0%y 1) 0X 4 i !
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. 9°L . 0°L . 9°L
X 2 g A X Ty, A X —— g, +
Ji n+j n+j
axZn+j ax4n+i ax3n+j ax4n+i ax4n+j ax4n+i
9L

9%L d%L

. . . L
Xxonti dx7p, 4 + XO6H dx7, 4 + X7 dxy,.; +—dx; +
0x5n+j0Xan +i i 0X6n+j0Xan +i Tt %7040 Xan +i i ox;
aL aL aL aL aL
Xy + ———dXpp s + e dX3ng; F ———dXgp s+ dXsn 4 F
Xy n+j IxXn+j 2n+j Ix3n) 3n+j x4y dn+j Ix5n 5Sn+j N
otes
; 0%6n+j J 0x7n 4 J
Q
5 OI'
; 0%L ; 9%L ; a%L ; a%L i a%L
—[xt + n+i + X2n+1 + X3n+l + X4—n+L—
[ 0xj0%X30 4 0%xp4j0%X30 4 0%x2n+j0X30 4 0%3n40X30 4 0X4m+j0%X3n4i
. 0°L . 0°%L . 0°%L oL
Z + X5n+l # + X6n+L # + X7n+L #] dxj + a_dxj +
L X5n+j0X3n+i Xon+j 0X3n+i X7n+j 0X3n+i X;
— 2 2 2 2 2
‘:5 [XL 0°L +Xn+i 0°L +X2n+i 0°L +X3n+i 0°L +X4-n+i 0°L
4 0% 0X5p 4 0% 40X 4 0%Xon+j 0X5y 4 0x3p+j 0Xs5p 4 0%X4n+j0X5p 4
i 2 2 2
> +X5n+i 0°L + X6n+i 0°L +X7n+i 0°L ]dx i + dx i +
n n
2 0X5n4j 0Xs5n 4 0%Xen+j 0Xs5n 4 0%X7n4j 0X5n 4 T 0xny /
= 2 2 2 2 2
> [Xi 0°L +Xn+i 0°L +X2n+i 0°L +X3n+i 0°L +X4n+i 0°L
~ 0x;0Xgp +; 0% +j 0X6n +i 0X254j 0Xep +i 0%354j 0%Xp +i 0%4n+j 0Xep+i
S5
= . 9%L . 9%L . 9%L oL
£ + X Xt +X7"+‘—]dx2 +i t dxynei +
; ax5n+jax6n+i ax6n+jax6n+i ax7n+jax6n+i i ax2n+j "
B 2 2 2 2 2
g [Xi 0°L n+i 0°L 2n+i 0°L 3n+i 0°L +X4n+i 0°L
S 0x; 0x; 0%y 4j0x; 0Xn 4/ 0X; 0X3p 4/ 0X; 0X4n 4 0X;
1
. 0%L . 0%L - 0%L oL
g +X5n+l— 4 xonti +X7n+l—] dX3n+- + —dX3n+
2 0X55.470X; 0Xgn+j 0X; 0X734+j0X; ! 0x3n+; !
B 2 2 2 2 2
= [Xi 0°L +Xn+i 0°L +X2n+i 0°L +X3n+i 0°L +X4n+i 0°L
g axj 0X7n4i axn+jax7n+i ax2n+j 0X7n4i ax3n+jax7n+i ax4n+j 0X7n4i
= . 9%L . 9%L . 9%L oL
Xt ot X7t Jdxg, + dXgn+i —
5 0X5n4j 0X7n 4 0%Xen+j 0X7n+i 0%X7n +; ax7n+i] ) 0%Xan +j )
2 2 2 2 2
[Xi 0°L + Xn+i 0°L + X2n+i 0°L + X3n+i 0°L + X4n+i 0°L
0 0%y 1 0% 4j0%Xn 4 0%+ 0% 4 0X304j 0% 4 0%Xan+j 0%Xn 4
H - 9%L . 9% . 9%L
+X5n+l— + X6n+1— +X7TL+1—] dx5 i + dx5 P
0% 4 0%Xn 4 0Xen+j 0% 4 0774 0%Xn 4 " 0X5n 4 "
2 2 2 2 2
i 0°L n+i 0°L 2n+i 0°L 3n+i 0°L 4n+i 0°L
[ +X +X +X +X
0x;0X2p 4 0% 40Xz 4i 0X254j 0%y 4 0%354j 0Xop 4 0% 45+ 0%y 4
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d%L ) 0%L . 0%L oL

4oxont 4 oxonti___— 4 x7nd ldxensi + AXgns; +
0x5n4j 0Xon 4 0Xen+j 0Xon +i 074 0Xon 4 " 0Xen + "
2 2 2 2 2

[ i 0°L Xn+i 0°L +X2n+i 0°L +X3n+i 0°L + X4n+i 0°L

0% 0%X4n +i 0% 4j 0Xgn 4 0%+ 0X4n 1 030+ 0X 454 0X4n+j 0X4n 1

. 9%L . 9%L , 9%L

X oxont X  Jdxg, + Ax7p4; =0
0x5n4j 0Xna+i 0%Xen+j 0Xan +i 074 0Xan +; " 0%X7n 4 "

quation can be concise manner

DI R LML +2Xa"+i L ey + =2y, +
- —dx; + —dx; —dx, X
=0 axan+jax3n+i ! 6x] ! =0 axan+jax5n+1 n ox Xn+j "

7
an +i azL oL an+i azL

7—=0 axan+jax6n+i a X2n+j axan+j axi
7
oL, z yan+ 0°L p Lo
—dX3,4j — —  dxsg.; +——dxs . —
ax3n—i—j ) =0 axan+j ax7n+i ) ax4n+j et
ZX“”“ dxsp i + —— dx ZX“”J” AX6n 4 +_6L dXen+j
axan+j axn+l i a s axan+j axZn+l ot axﬁn+j ot
oL
an +i . - = (]_4)
" Z X axan+} ax4n+1 dx7n+] " ax7n+j dx7n+] 0 -
Then we obtain the equations
d (0L oL d/ 0L dL d dL L
200+ o0 ) s -0~
0t \0x;/  0x3n4y 0t \O0xpyi/  OXspyi 0t \Oxon4i/  OXen4i
a(aL) 6L_06(6L> oL 6(6L> oL _ 0
0t \Ox3nqi/  O0x; "0t \OXgnyi/  Ox7pyy Ot \Oxsuyi)  Oxpyy
0 oL oL 0 oL oL
at ax6n+i axZn+i at ax7n+i ax4nn +i

Thus equations obtained in Eq(15) are called Euler-Lagrange equations
structured by means of means of @{3 on the standard Cliffordian Kdhler manifold
(R8,V) and So, the triple(R®, ®}3,¢) is said to be a mechanical system on the standard
Cliffordian K dhler manifold (R®,V).
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Model of High Temperature Heat Transfer in
Metals

E.S. Filippov

Absiract- Based on the analysis of the atomic — ionic radii and volume characteristics hew the approach
(exchange - fluctuation) is considered under band blurring. It is shown that atomic space between atomic and
ionic radii is divided into the ready K. cells (where K - nearest neighbours, & = h/mc). The heat energy transfer
in this space is represented in the model of fluxes, exchanging by the electron density in the =KL mode.

Keywords. ionic and atomic radii, electronic density, fluctuation density.

[.  INTRODUCTION

Despite greate progress in physic of metals the high temperature
formation nature of heat transfere remains inexplicable. Main reason is band
structure degradate. Because a nontraditional approach was chosen: instead of
impulse (p=hk, its value and direction) the electron density distribution (its
probability) was analyzed in the coordination (pozition) space between ionic
cores, using atomic (r,) and ionic (r;) radius on the one hand and using values

A and Z (a valency) of condition electrons on the other hand [1,2].

[I.  INITIAL DATA

Main assumption is as follows: electron density fluctuanions appear, when
the density of probability is distributed in the pozition space between ionic
cores (in coordinated space) at the pseudo — potential approximation. Differences
in states of separate electrons can be described as mean value of all posible
fluctuation, using a half - width distribution of probability per r at the level
of the maximum electron density fluctuation. This level has been distinguished
by ultimate possible fluctuations of potencial energies appear at r; = R. and r,
(Its min. and max.), while one half these values is a mean ultimate fluctuation
(Itis 1/2 (r, + R.)). Based on conception of free electrons and approximation
of non-screen Coulomb interaction we are obtained:

U(r) = (/4me,) Z/K[1/2( 1, + R.)]

Where K is number of nearest neighbors, R~ r; ( where r; — crystal-chemical
ionic radius, R, —a radius of atomic core in metals), Z/K - the density of the
charge, 1/2(r, + R) = Ris the mean value between of ultimate fluctuations by
R, and r,, U(r) is the bond energy [1,2]. If R is considered as a main
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dimensional feature, then a chain of R interactions with co-ordinated (pozitions)
space and the number nearest neighbors (K) can be obtained:

1) as an orbital: 1/2(r, + R,) = R;

2) as a volume spheare in pseudo- potential field:
4/3n(r,’ - 1r¥)/K = R® and also:  4/3nR’ = 4/3nr’ + 1’Z, when 1, =
1,92 Ap/2m;

3) as a surfase: 4nR’ (KA) = (r,) - 1) Z'° (where A=h/mc=0,0242A);

4) as a characteristic of melting: V,- V, = R® (where V, and V, are volumes of

liquid state at T, and at OK [1,2];
5) as the characteristic SAP (statistical atomic packing, having Kg,p =

1/12(142+...+12) = 6,5 [2]): 4/3xn[(c/2)° - 17]/Kgp = R’ ( where o — the
diameter of hard sphere in number decidings of Eq. Percus-Yevick and hence it
follows: 6/2 - r,=R —R));

6) at last, on the other hand the value R can be obtained from characteristics
of conduction electrons, using wave lengths A;/2m: 2aR = 2nR,. + n(A;/2n),
where 2nR, = 2mr; + Ay/2n  and where n =1,2. Here, this standing wave
formation at R, - r; as self-closing orbital appears considering A;/27m ( a cicle of
radius r comprises a whole number of de-Broglie wave lengths: 2nr = n}).

Conclusion: Coordinated (pozition) spase between ions can be represented by the
value R, wusing all variants: as an orbital, as spheres and surfase in the
fluctuation approximation. There is a reson — the best use of a space principle
admiting the band structure degrades at high temperature. Consequently, there
are grounds to the analisis of the high temperature processes, which has been
represented by number nearest neighbors (K) and shortest distances (r,r;)) by
using the parametr R. Here the value R is a coordinate per r of maximum
probability at the electron density distribution between r, and R. in pseudo-
potencial approximation. From here we can conclude the following: main
progress is determined of the value R. This parameter is formed by dimensial
rations in the coordinate space, where main role is consisted in the definition
of the ionic core as function A;/27m (its formed of a standing wave by self -closed
orbital: 2nR, = 2nr, + A;/2n). Here we can answer on question: why are we
considered all rations by means of R: it is determined by the energy bond; it is
represented by all variants: as a continual, as contactial spheres and a surface
of a sphere into exchengeal intereaction on A = h/mec, using both line-space

values (r,, r;, R.) and physical values ( AA;,Z).

[1I. MODEL OF THE FLUCTUANION- EXCHANGE OF HEAT TRANSFER IN SOLID AND
LiQuiD STATES

The identified melting characteristics of the model R, R, r, and 1
associated with the electron density fluctuanion in the coordinate space can be
applied to the heat transfer model within the following assumptions: The heat
energy flux is associated with the electron — photon interaction and, respectively,
with A =h/mc ; and there is empirical fact: R, —r; = KA ffik, as result of which
the coordinate atomic space has an excess +KA or a deficit — KA in the
interaction mode (photon + electron —A) between the emitter and absorber
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photons [3]. The size of such an exchange — fluctuation cell must be limited to
the value of A;:

R.=r1r,+KAZ and 2R, = 2ar, + A:/27 (1)
Hence: kpy=1/2n[1/(KA/Zffin})] (2)

Where at n = 0,1,2 there is a complete correspondence between KA/Z and
kp for the alkali and alkali-earth metals — Pb,ALIn....Justification of the K&\

value also follows from mentioned relation: r,*> —r® = 4mR*> (KA), where the

geometric volume in pseudo-potential approximation is coincided with the
physical volume.

A mirror reflection — KA should correspond to the fluctuation level + KA
(similar to the 2A- model in the formation of the hcp- structure, where according

to [1], the elongation by 2\ along the [a] — axis corresponds to the compression
by 2\ along [c]- axis). Hence, in equilibrium — vibrational mode (R —KX) (R +
KX), we have the equality of fluxes ( photon+ electron—Ai) of the emitter and
detector. This equality of fluxes we write by the following equations using the

parametr R corresponding to the maximum level of the electron density
fluctuation and determined as 1/2 ( R, +r,) :

R+ KL = 1, — K\/Z (3)
R-K\ = R, + K\/Z (4)
R, = 1, + K\/Z (5)

Here, we take into account the number of valence electrons Z per photon
absorption under the KA exchange interaction in the range from r, to r,.

Equations (3-5) are fulfilled accurate to (1,2) A for 14 of metals under
study: alkali and alkiline earth, Pb,Al,In,Cd and Zn.

For hexagonal structure (6+-6) Cd and Zn, we find (A/atom):
For Cd r,m - M = 0,152 = KM\,
For Zn r," - ™ = 0,140 = K2,

where KA = 6L = 0,145 and r,™™ and r,™™ are determined from the lattice
parameters [a] and [c].

These data allow us to conclude that the value of KA corresponds to the
maximum level of probability for the exchange interaction of conduction
electrons of K atoms according to the scheme: electron + photon —A . Combining
Eqgs.(3-5) and using the relation for determined R, we get:

R-R. =KM1/Z+1); R-r,=KM2/Z+1); r,—R, =2KAM1/Z+1); r,—-R =
KM1 + 1/Z); R, — 1, = KA/Z. (6)
These data confirm by the balans of line correlation between r,, r; and KA:

r, = 1, + KM1/Z +1) + KM1/Z + 1) + K\ ffi na, (7)

where n = 0,1,2 for 14 metals.
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Thus, it can be assumed that the atomic space between r, and 1, is
divided into the ready KA cells, whose number could not be less than the
maximum possible fluctuations of the electron density in the coordinate space.
This number must be discret for KA. Therefore, the heat energy transfer (the
change in the intensity of the atomic-vibrational mode) in this space is
represented in the model of two fluxes exchanging by fluctuations of the electron
density in the fiKA mode.

Along the radius R corresponding to the maximum of the electron
density, two fluctuation fluxes before R and after R are separated and
regulated: heating — cooling (here, R is determined by the bond energy). Heating
mode is the fluctuation flux from the atomic periphery r, to the ionic core R..
Cooling mode — vice versa. The equilibrium state is the compensation of the

electron density fluctuations (fiK)).

IV. LiQuiD STATE

A liquid aggregate state precisely fits into this model scheme of heat
transfer, since according to [1,2] and Egs. (3-6), we have:

6/2 -, = r,—-R, = 2K\ (1/Z +1), (8)

C

where 6/2 is a semi-diameter of the hard sphere (Percus-Yevick).

For the statistical packing of atoms (SAP), where the average statistical
number of nearest neigbors is Kg,p, = 6,5 we obtain:

6/2 = R + Kgph (9)

Equation (9) is fulfilled with an accuracy of 1-3% for the 14 of the studied
metals.

These data for the liquid state confirm the initially assumed model of
heat transfer via the exchange fluctuation quantities KA between atomic spheres
being in the thermal vibrational mode.

V. ANALISIS OF VOLUME CORRELATIONS AT THE EXCHANGE- FLUCTUATION MODEL
OF HEAT TRANSFER

Here we have follows initial data: KA/Z = R.-r; KM1/Z+ 1) = AR =
r,-R =R-R, from Egs.(3-7) and also for the coefficient packing k, = 0,68 —
0,74:

k,=V,/(V,+ V) =1/ () + R’ and also: k, = R*/(R°+R/), (10)

P
Hence it follows:

R'/1) = R'/R’ (11)

where values R and R, are determined as: 2nR, = 2mr; + A;/2n and 27R =
2nR, + n A;/2n and n = 1,2. Here, we must mark that its new discovery
correlation (V ,, = R?) is connecting link between values R® and R} and by two
principles: the uncertainty and the best use of the space- interatomic voids.

Main assuption is as follows: atomic sphere ( r, = const.) is transformated
into a sphere, having variable radii but in definit limits: r,—r, or R—-r,, R—r;
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for which it is determined average value (r, —r) /2, (R —r1) /2 ets. However,
atomic volume and the interatomic voids are remained by nonchangeable and
also the coefficient packing (k,). Besides, we have the ground for the approach
to the problem of high temperature heat transfer into coordinate space, using
the volume in different forms:

dn R KL = (1} - 1) 2%, (12)
4n R7KL = R*Z'2.

Equations (12) is fulfilled with an accuracy of Z'* according to [1,2].

The value KA is the binding unit of two forms of atomic-ionic volumes
in fact.

Here we must consider the balance of volumes. The physical volume
should correspond to the geometrical volume. Here a radius can not has fixed
orbital. It is average value in according to the principle uncertainty:

AV =4n[1/2( 1, + 1,)]* KA AV orion =41[1/2( 1, + 1)) KA/Z and other relations.
AV + AV =r’/k,, 1,7, R’, R’ /k,

P a

emitter

emitter absorption

Thus we have the ground for the combination of double form the
volume, assuming that the coordinate space from r, to r; is divided into the

ready KA cells. Consequantly, proceeding from these states and Eq.(12), we
may write four balance relations for heat transfer by using assumption of

ready KA- cells into the coordinate space:

1) 4n[1/2(r, + )P KA (1/Z+1) = 1)/ k, = 1,° + R® (where R® = V, ); (13)
2)  4n[1/2(r, + 1) - KM/Z]PKA/Z = R?; (14)
3) 4n[1/2(R + )P Kr (1/Z + 1) = 1.°; (15)
4) 4nr’Kr(1/)Z+1) = R/ k, = R® + R’ (where R’ = V, ). (16)

Eqs.(13-16) are fulfilled with an accuracy of ffi4% in average or the 14 of
metals.

Here geometrical volume is a continual, it is without 4/3m, assuming that
interatomic space can has different forms in according to the principle
uncertanty.

Hence it follows that the mechanism heat transfer may to present by
the substitution R’in Eq.(13) on the same value R’ from Eq.(14). Hovewer the
value R’ in Eq.(13) is the volume of interatomic voids and the value R’in
Eq.(14) is the characteristic of the transfer KA in the direct of opposite
situation (- KA) instead of (+ KA) in Eq.(13). Besaides the value R®in Eq.(13)
may substitude by the value R’ from Eq.(16), using Eq.(11). Here we have
the substitution R’/r,> into RS/ R’. This chain of substitutions is allowed by
the transference the volume of voids from r, to r, and vs and by heat

1 a

transference of cells (KA) at variable radii which may form from r, to r;. Here
the principle uncertainty is formed by variable radii: Ar = r, —r; and other and
the principle of the best use of a space is determined by the coefficient of the
packing (k).
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These mutual substitutions R’ and r,° in Egs.(13-16) are the model of
equilibrium process between the heating and the cooling. Hence, it may assume

that heat transference of cells (fiKA) is connected with the transference of
volumes voids from r, to r; and ves.

VI. CONCLUSION

The maximum possible value of the electron density fluctuation is
theoretically determined as ffi KA and the heat transfer process is modeled as a
A exchange between the detector fluctuation and the fluctuation of the emitter

of the photon — electron interaction. The main conclusion 1is: the atomic
coordinate space corresponds to the maximum possible fluctuations of electron

density for the exchange of + KA (emitted) by -KA (absorbed) in the photon —

electron interaction. This space is discrete for placing KA or it quatized by KA.
On the whole, the analysis of high- temperature processeses in coordinate space

using the linear (R, R...) and volumetric (R’ 4nR’...) characteristics reveals the
processes of heat transference, the structure formation and phase transitions,
which still did not have a simple explanation [1,2]
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Abstract- In this note, we give expressions for the first(second) Zagreb coindex, second Zagreb index(coindex), third
Zagreb index and first hyper-Zagreb index of the line graphs of subdivision graphs of 2D-lattice, nanotube and
nanotorus of TUC,G;, /p, g/ and obtain upper bounds for Wiener index and degree-distance index of these graphs. This
note continue the program of computing certain topological indices of the line graphs of subdivision graphs of 2D-
lattice, nanotube and nanotorus of TUC,C,[p,q] [25] [M. F. Nadeem, S. Zafar, Z. Zahid, On topological properties of the
line graphs of subdivision graphs of certain nanostructures, Appl. Math. Comput. 273(2016) 125{130].

Keywords: zagreb indices, zagreb coindices, hyper-zagreb index.

[.  INTRODUCTION

Let G be a simple graph. The order of a graph is |V (G)], its number of vertices denoted
by n. The size of a graph is |E(G)|, its number of edges denoted by m. The degree of
a vertex v, denoted by dg(v). The complement of a graph G, denoted by G, is a simple
graph on the same set of vertices V(G) in which two vertices u and v are connected by

an edge wv, if and only if they are not adjacent in G. Obviously, E(G) U E(G) = E(K,)

n(n—-1)
2

where K, is complete graph of order n, and |E(G)| = —m. The subdivision graph

S(G) is the graph attained from G by replacing each of its edges by a path of length 2.
The line graph L(G) of a graph is the graph derived from G in such a way that the edges
in G are replaced by vertices in L(G) and two vertices in L(G) are connected whenever
the corresponding edges in G are adjacent [19].

The Zagreb indices were first introduced by Gutman [17], they are important molec-

ular descriptors and have been closely correlated with many chemical properties [29] and
defined as:

M(G) = > dg(u)? and (1)

ueV(G)

My(G) = ) da(u)de(v), (2)

weFE(G)

17.1. Gutman, N. Trinajsti¢, Graph theory and molecular orbitals. Total m-electron
energy of alternant hydrocarbons, Chem. Phys. Lett. 17 (1972), 535-538.
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In fact, one can rewrite the first Zagreb index as

M(G)= > [da(u)+ da(v)].

weFE(G)

Noticing that contribution of nonadjacent vertex pairs should be taken into account
when computing the weighted Wiener polynomials of certain composite graphs (see [6])

defined first Zagreb coindex and second Zagreb coindex as

M (G) = Z [de(u) + da(v)] and

w¢E(G)

LE) = Y dolu (4)

wéE(G)

respectively.

The third Zagreb index was first introduced by Fath-Tabar [13]. This index is defined
as follows:

My(G) = ) lda(u) = da(v) (5)

weE(G)

The hyper-Zagreb index was first introduced in [28]. This index is defined as follows:

HM(G) = > (do(u)+ da(v))’ (6)

weE(G)

In fact the idea of topological index appears from work done by Wiener [31] in 1947
although he was working on boiling point of paraffin. He called this index as Wiener

index then theory of topological index started. The Wiener index of graph G is defined
as

= LY ) 7)
(u0)

where (u,v) is any ordered pair of vertices in G and d(u,v) is u — v geodesic.

The degree distance index for graphs developed by Dobrynin and Kochetova [12] and
Gutman [14] as a weighted version of the Wiener index. The degree distance of GG, denoted

by DD(G), is defined as follows

DD(G) = Z d(u u) + dg(v)). (8)

{u,w}CV (G

For more details on the topological indices we refer to the articles [2-5,17,20,21,24,30,32].
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[1. NANOSTRUCTURES

In a series of papers, Diudea and co-authors studied the structure and topological indices
of some chemical graphs related to some nanostructures [1,7-11,23]. Rajani et. al derived
the expressions for the Shultz indices of the subdivision graphs of the tadpole graph,
wheel, helm and ladder graphs [27]. The expressions for the line graphs of subdivision
graphs of the tadpole, wheel and ladder graphs can be seen in [26] and [14]. Recently
Nadeem et. al [25] obtained expressions for certain topological indices for the line graph
of subdivision graphs 2D-lattice, nanotube and nanotorus of TUC4Cs|p, q], where p and
q denote the number of squares in a row and the number of rows of squares, respectively
in 2D-lattice, nanotube and nanotorus.

In Fig. 1, 2D-lattice, nanotube and nanotorus of TUC,Cs|p, q| are depicted. The order

(@) (b) ()

Figure 1: (a) 2D—lattice of TUC,Cy4, 3]; (b) TUC,Cy4, 3] nanotube; (c) 7UC,Cy4, 3]

nanotorus
and size of 2D-lattice, nanotube and nanotorus of TUC,Cs|p, q| are given in the Table 1.
Table 1: Order and size

Graph Order Size
2D — lattice of TUC,Cs[p,q] | 4pqg |6pg—p—q
TUC,Cs[p, q] nanotube 4pq 6pq — p

TUC,Cs[p, q] nanotorus 4pq 6pq

The goal of this paper is to continue this program to compute the first (second)
Zagreb coindex, second Zagreb index (coindex), third Zagreb index and first hyper-Zagreb
index of the line graphs of subdivision graphs of 2D-lattice, nanotube and nanotorus of
TUC,Cs[p, q] and to obtain upper bounds for Wiener index and degree-distance index of
these graphs.

[1I.  MAIN RESULTS

We begin with the following straightforward, previously known, auxiliary results.

Lemma 1. (18] For any graph G of order n and size m, the subdivision graph S(G) of
G is a graph of order n +m and size 2m.

Lemma 2. [18] Let G be a graph of order n and size m, then the line graph L(G) of G

is a graph of order m and size 3 M,(G) — m.
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Theorem 1. [15] Let G be a graph of order n and size m. Then

M (G) = Mi(G)+n(n—1)72—4m(n—1)
M,(G) = 2m(n—1)— M (G)

ML(G) = 2m(n—1)— My(G)

Theorem 2. [16] Let G be a graph of order n and size m. Then

My(G)
My(G)

My(G)

2n—3

= %n(n — 1)3 —3m(n — 1)2 +2m? + My (G) — My(G)

— om?— %Ml(G) — My(G)

= m(n—1)* = (n — DM (G) + My(G)

Theorem 3. [22] Let G be a graph of order n and size m. Then

M, (G) > 2W(G) —2My(G) +6m(n — 1) —n® +n?

Theorem 4. [22] Let G be a nontrivial graph of diameter d > 2. Then

— DD(G) — My (G)
M (G) < 5

with equality if and only if d = 2.

(10)

(11)

(12)
(13)

(14)

(16)

IV. ToroLoGICAL INDICES OF LINE GRAPH OF THE SUBDIVISION GRAPH OF 2D-

In Fig. 2 (b) the line graph of the subdivision graph of 2D-lattice of TUC,Cs|p, q| is

depicted.

Figure 2: (a) Subdivision of 2D-attice of TUC,Cy[4; 3]; (b) Line graph of the

Theorem 5. Let G be the line graph of the subdivision graph of 2D-lattice of TUC4Cslp, q].

Then

© 2017 Global Journals Inc. (US)
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Notes

1. M3(G) =4(p+q—2);
2. HM(G) = 648pg — 264(p + q) + 8;
3. My(G) = My(G) = 2[18pq — 5p — 5q|[12pq — 2p — 2q — 1] + 38(p + q) — 108pg;
4. Mi(G) = 2[6pq — p — q)[4(6pq — p — @)* — 4(6pg — p — q) + 1] — 2[36pg — 10(p +
Q)][6pg —p — ¢ — 1] + 108pg — 38(p + q);
5. My(G) = 162pg — 67(p + q) + 4;
6. Mz(G) = (6pg—p—q)[12pq —2p—2q — 1] = 3(18pg — 5p — 5q)[12pg — 2p — 2¢ — 1]* +
(24pq—A4p—A4q—3)[8(p+a)+27(2pg—p—q)|+2[18pg—bp—5q)*— (162pg—67(p+q)+4)*;
7. My(G) = 2[18pq — 5p — 5q]? + 86(p + q) — 216pq — 4;
8. My(G) = (18pq —5p—5q)[12pq — 2p — 2q — 1]> — (12pq — 2p — 2q — 1)[108pq — 38(p +
)] + 162pg — 67(p + q) + 4;
9. W(G) < (18pg — 5p — 5q)(12pq — 2p — 2q — 1) — 3(18pq — 5p — 5q)(12pq — 2p — 2q —
1)+ 4(12pg — 2p — 2q — 1)[6pg — p — q]* + 54pq — 19(p + q);
10. DD(G) < 4(18pq — 5p — 5q)(12pg — 2p — 2q — 1) — 32pq + 114(p + q).
Proof. The 2D-lattice of TUC,Cs|p, q] is a graph of order 4pq and size 6pg — p — q. Then
by Lemma 1, the subdivision graph of 2D-lattice of TUCCs|[p, q] have order 10pg —p — ¢
and size 2[6pg — p — ¢q| (see Fig. 2 (a)). Therefore by Lemma 2, G will have order
2[6pq — p — q] and size 18pq — 5p — 5q. Further notice that in a graph G there are 4(p+ q)

vertices are of degree 2 and remaining all the vertices of degree 3. Hence we can partition
the edge set of a graph GG as shown in Table 2.

Table 2: The edge partition of the graph G

(dy, d,) where uv € E(Q) (2,2) (2,3) (3,3)
Number of edges 2p+2q+4 | 4p+4q—8 | 18pg — 11p — 11qg + 4

We apply Formulas (1)-(8) and by employing the Equations (9)-(16) we can obtain
the required results. 0

V. TorPOLOGICAL INDICES OF LINE GRAPH OF THE SUBDIVISION (GRAPH OF
TUC,Cy/P, Q] NANOTUBE

In Fig. 3 (b), the line graph of the subdivision graph of TUC,Cs[p,q| nanotube is
depicted.

© 2017 Global Journals Inc. (US)
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(a) (b)
Figure 3: (a) Subdivision of TUC,C;[4, 3] nanotube; (b) Line graph of subdivision of
TUC,Cy[4, 3] nanotube

Theorem 6. Let G be the line graph of the subdivision graph of TUC4Cs|p, q] of nanotube.
Then
1. Ms(G) = 4p;

3. M,(G) = M(G) = 2[18pq — 5p][12pq — 2p — 1] + 38p — 108pg;
4. My(G) = 2(6pg — p — q)[12pq — 2p]* — 4(18pq — 5p)(12pqg — 2p — 1) + 120pq — 38p;
5. Ms(G) = 162pq — 67p;

6. M>(G) = (6pg — p)[12pg — 2p — 1> — 3(18pgq — 5p)[12pq — 2p — 1]* + (24pq — 4p —
3)[57pq — 19p| + 2[18pq — 5p]? — 162pq + 67p;
7. My(G) = 2[18pq — 5p]% + 86p — 216pg;

8. My(G) = (18pq —5p)[12pg — 2p — 1]*> — (12pq — 2p — 1)[108pq — 38p)] + 162pg — 67p;

9. W(G) < (18pg—>5p)(12pg—2p—1)—3(18pq—5p) (12pg—2p—1)+(12pg—2p)*(12pq —
2p — 1) + 5dpq — 19p;

10. DD(G) < 4(18pq — 5p)(12pqg — 2p — 1) — 108pq + 6p.

Global Journal of Science Frontier Research (F) Volume XVII Issue IV Version I E Year 2017

Proof. The TUC,Cs|p, q] of nanotube is a graph of order 4pq and size 6pg — p. Then by
Lemma 1, the subdivision graph of TUC,Cjs[p, q] of nanotube of order 10pg — p and size
12pq — 2p (see Fig. 3 (a)). Therefore by Lemma 2, G will have order 12pg — 2p and size
| 18pq — 5p. Further notice that in a graph G there are 4p vertices are of degree 2 and
remaining all the vertices of degree 3. Hence we can partition the edge set of a graph G
as shown in Table 3.

© 2017 Global Journals Inc. (US)
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Table 3: The edge partition of the graph G

(dy,d,) where uv € E(Q)

(2,2)

(2,3) (3,3)

Number of edges

2p

4p | 18pq — 11p

We apply Formulas (1)-(8) and by employing the Equations (9)-(16) we can obtain

the required results.

Notes

]

VI. ToPOLOGICAL INDICES OF LINE GRAPH OF THE SUBDIVISION GRAPH OF 7TUC, C;
[P, Q] NANOTORUS

In Fig. 4 (b) the line graph of the subdivision graph of TU C,Cs[p, q] nanotorus is depicted.

8o e pess:

a

(b)

Figure 4: (a) Subdivision of TUC,C,/4, 2] nanotorus; (b) Line graph of Subdivision of
TUC,Cy[4, 2] nanotorus

Theorem 7. Let G be the line graph of the subdivision graph of TUC,Cs[p, q] nanotorus.

Then
1.

2.

10.

HM(G) = 648pg;

M, (G) = M (G) = 432p*¢* — 144pg;

Ms(G) = 162pg;

M, (G) = 6pg[12pg — 1]* — 64pq[12pg — 1]?

My(G) = 648p>¢* — 216pg;

. My (G) = 12pq(12pq — 1)* — 72pq(12pq — 1) + 108pg;

+ 54pq(24pg — 3) +

My (G) = (18pq(12pg — 1) — (12pg — 1)108pq + 162pg;

W(G) < 6p°¢*[288pq + 12] — 54pq(12pg — 1) + 36pg;

DD(G) < 864p*q* — 396pq.

324p%q? — 162pq;

© 2017 Global Journals Inc. (US)
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Proof. The TUC,Cslp, q] of nanotorus is a graph of order 4pg and size 6pg. Then by
Lemma 1, the subdivision graph of TUC,Cs|p, q] of nanotorus have order 10pq and size

12pq (see Fig. 4 (a)). Therefore by Lemma 2, G will have 12pq vertices and 18pq edges.
Further note that the degree of each vertex is 3 in G. Hence we can partition the edge
set of a graph GG as shown in Table 4.

Table 4: The edge partition of the graph G

(dy,d,) where uv € E(G) | (3,3)
Number of edges 18pq

We apply Formulas (1)-(8) and by employing the Equations (9)-(16) we can obtain
the required results. O

Conclusion: In this paper, we continue the study certain degree based topological
indices for the line graph of subdivision graph of 2D-lattice, nanotube and nanotorus of
TUC,Cs[p, q] and obtained upper bounds for Wiener index and degree distance index of
2D-lattice, nanotube and nanotorus of TUC,Cy[p, q] respectively.

Acknowledgements: This work is supported by the Science and Engineering Research

Board, New Delhi India under the Major Research Project No. SERB/F/4168/2012-13
Dated 03.10.2013.

REFERENCES REFERENCES REFERENCIAS

1. R. Ashrafi, S. Yousefi, Computing Wiener index of a 7TUC,Ci(S) nanotorus,

MATCH Commun. Math. Comput.Chem. 57 (2007) 403—-410.

2. A. R. Ashrafi, T. Dosli¢, A. Hamzeh, The Zagreb coindices of graph operations,

Discrete Appl. Math. 158 (2010) 1571-1578.

3. A. R. Ashrafi, T. Dosli¢, A. Hamzeh, Extremal graphs with respect to the Zagreb

coindices, MATCH Commun. Math. Comput.Chem. 65 (2011) 85-92.

4. G. Caporossi, P. Hansen, D. Vuki¢evi¢, Comparing Zagreb indices of cyclic graphs,

MATCH Commun. Math. Comput. Chem. 63 (2010), 441-451.

5. K.C. Das, I. Gutman, Some properties of the second Zagreb index, MATCH

Commun. Math. Comput. Chem 52 (2004) 103-112.

6. T. Dosli¢, Vertex-weighted Wiener polynomials for composite graphs, Ars

Mathematica Contempooranea 1 (2008) 66—80.

7. M. V. Diudea, M. Stefu, B. Prv and P. E. John, Wiener Index of Armchair Polyhex

Nanotubes, Croat.Chem. Acta, 77(1-2)(2004) 111-115.

8. M. V. Diudea, B. Parv and E.C. Kirby, Azulenic tori, MATCH Commun. Math.

Comput. Chem.47(2003) 53-70.

9. M. V. Diudea, Graphenes from 4-valent tori, Bull. Chem. Soc. Jpn,

75(2002)487-492.

10. M. V. Diudea, Hosoya Polynomial in Tori, MATCH Commun. Math.

Comput.Chem. 45 (2002) 109-122.

11.M. V. Diudea and E.C. Kirby, The Energetic Stability of Tori and Single Wall

Tubes, Fullerene Sci. Technol. 9(2001) 445-465.

© 2017 Global Journals Inc. (US)

Notes



Notes

12

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

.A. A. Dobrynin, A. A. Kochetova, Degre distance of a graph: A degree analogue of
the Wiener index, J. Chem. Inf. Comput. Sci., 34 (1994) 1082-1086.

G. H. Fath-Tabar, Old and new Zagreb indices of graphs, MATCH Commun. Math.
Comput. Chem. 65 (2011) 79-84.

M. Fasal Nadeem, Sohail Zafar and Zohaib Zahid, On certain Topological indices of
the line graph of subdivision graphs, Applied Mathematics and Computation (271),
2015, 790-794

I. Gutman, Selected properties of the schultz molecular topological index, J. Chem.
Inf. Comput. Sci., 34 (1994) 1087-1089.

I. Gutman, B. Furtula, Z. K. Vukiéevi¢, G. popivoda, On Zagreb Indices and
Coindices, MATCH Commun. Math. Comput. Chem. 74 (2015) 5-16.

I. Gutman, N. Trinajsti¢, Graph theory and molecular orbitals. Total m-electron
energy of alternant hydrocarbons, Chem. Phys. Lett. 17 (1972), 535-538.

I. Gutman, K. C. Das, The first Zagreb index 30 years after, MATCH Commun.
Math. Comput. Chem. 50 (2004), 83-92.

F. Harary, Graph Theory, Addison—Wesely, Reading, 1969.

S. M. Hosamani and I. Gutman, Zagreb indices of transformation graphs and total
transformation graphs, Appl. Math. Comput. 247 (2014) 1156-1160.

S. M. Hosamani, B. Basavanagoud, New upper bounds for the first Zagreb index,
MATCH Commun. Math. Comput. Chem. 74(1) (2015) 97-101.

H. Hua, S. Zhang, Relations between Zagreb coindices and some distance-based
topological indices, MATCH Commun. Math. Comput. Chem. 68(2012) 199-208.

P. E. John and M. V. Diudea, Wiener Index of Zig-zag Polyhex Nanotubes,Croat.
Chem. Acta, 77(1-2)(2004) 127-132.

B. Liu, I. Gutman, Upper bounds for Zagreb indices of connected graphs, MATCH
Commun. Math. Comput. Chem. 55 (2006), 439-446.

M. F. Nadeem, S. Zafar, Z. Zahid, On topological properties of the line graphs of
subdivision graphs of certain nanostructures, Appl. Math. Comput. 273(2016) 125-
130.

P.S.Ranjini, V.Lokesha, I.N.Cangl, On the Zagreb indices of the line graphs of the
subdivision graphs, Appl.Math.Comput. 218(2011) 699-702.

P.S.Ranjini, V.Lokesha, M.A.Rajan, On the Shultz index of the subdivision graphs,
Adv. Stud. Contemp. Math. 21(3)(2011) 279-290.

G. H. Shirdel, H. Rezapour, A. M. Sayadi, The hyper-Zagreb index of graph opera-
tions, Iran. J. Math. Chem. 4(2) (2013) 213-220.

R. Todeschini, V. Consonni, Handbook of Molecular Descriptors, Wiley-VCH, Wein-
heim, 2000.

M. Velaki, M. V. Nikmehr, H.A. Tavallaee, The third and hyper-Zagreb coindices of
some graph operations, J. Appl. Math. Comput.

H. Wiener, Structural determination of paraffin boiling points, Journal of the Amer-
ican Chemical Society, 1(69) (1947) 17-20.

Z. Yan, H. Liu, H. Liu, Sharp bounds for the second Zagreb index of unicyclic
graphs, J. Math. Chem. 42 (2007), 565-574.

© 2017 Global Journals Inc. (US)

Volume XVII Issue

Frontier Research (F)

Global Journal of Science



ON TOPOLOGICAL PROPERTIES OF THE LINE GRAPHS OF SUBDIVISION GRAPHS OF CERTAIN NANOSTRUCTURES - [1

This page is intentionally left blank

Global Journal of Science Frontier Research (F) Volume XVII Issue IV Version I E Year 2017

© 2017 Global Journals Inc. (US)



GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: F
g3 MATHEMATICS AND DECISION SCIENCES

SREDEELE R Volume 17 Issue 4 Version 1.0 Year 2017

Type : Double Blind Peer Reviewed International Research Journal

Publisher: Global Journals Inc. (USA)

Online ISSN: 2249-4626 & Print ISSN: 0975-5896

Variations for 9
By Dr. Zoltan Istvan Szabo

University of Botswana, United States
Introduction- If we multiply the number n=3529411764705882 by 2, then the result
m=2n=7058823529411764 will contain the same digits. Moreover, we can cut n into two section
n=bd with b=3529411764 and d=705882 such that m contains the same sections in reverse
order: m=db.

GJSFR-F Classification: NLMC Code: 11L20

VARIATIONSFORSY

Strictly as per the compliance and regulations of :

RESEARCH | DIVERSITY | ETHICS

© 2017. Dr. Zoltan Istvan Szabo. This is a research/review paper, distributed under the terms of the Creative Commons
Attribution-Noncommercial 3.0 Unported License http://creativecommons.org/licenses/by-nc/3.0/), permitting all non commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.



v

epaper ™ &

open

Print Journal

Variations for 9

Dr. Zoltan Istvan Szabo

[ INTRODUCTION

If we multiply the number n=3529411764705882 by 2, then the result
m=2n=7058823529411764 will contain the same digits. Moreover, we can cut n into two
section n=bd with b=3529411764 and d=705882 such that m contains the same
sections in reverse order: m=db. N

Furthermore, if we cut n into two sections of the same length, then the sum of
these sections is

35294117
64705882

99999999
The same applies to m:
70588235
29411764
99999999
Interestingly, n and m contain each decimal digit twice, expect the multiples of
3; 0, 3, 6 and 9 appear only once.
Surprisingly, one can continue to multiply
N=m=7058823529411764 by 2, and a similar rule can be observed.
N can be divided into three sections N=B9D with
B=705882352 and D=411764, while the number
M=2N=14117647058823528 contains B and D in reverse order.
More precisely, M=2N=1DB8, where the sum of the first and the last numbers
gives the “middle” number of N (1+8=9).
On the other hand, M can be divided into two parts the sum of which is

141176470
+ 58823528

199999998

The sum of the digits which are different from 9 is 1+8=9.

Interestingly, some regularity can be noticed if we continue to multiply
n=M=14117647058823528 by 2. N can be divided into five sections: n=1b8d8, and its
double as well: -

m=2n=28235294117647056=2d9b6, where b=411764705 and

Author: University of Botswana Gaborone, Botswana. e-mail: szazol@yahoo.com
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d=82352. The “middle” number 8 in n is the sum of the first and the last numbers of
m(2+6=8), and the “middle” number 9 in m is the sum of the first and the last numbers

of n(1+8=9).
Furthermore, we can cut m into two sections the sum of which is
282352941
T 17647056
299999997

The sum of the digits which are different from 9 is 2+7=9.

We can continue doubling the number m just obtained and, very much
surprisingly, the interesting feature of the previous numbers can be observed in many
more steps. We can describe these interesting properties of those numbers as follows.

In each step, we multiply the number n by 2 to obtain m=2n. the numbers n and
m can be divided into five sections as follows:

n=abedc m=pdqbr
such that a+c=q and p+r=e

(i.e. the middle section of m is the sum of the first and the last sections of n, and
conversely). Thus, the numbers n and m(=2n) can be written in the form

n=a b(p+r)d c m=p d(a+c)b r.

On the other hand, n can be divided into two parts the sum of which has the form
K999....99L

with K4+L=99...9. The same applies to m.

This formal description applies to our first few steps too, provided empty sections

are allowed.
In the first step, when n=3529411764705882, we had b=3529411764 d=705882
a=e=c=p=q=r=K=L=empty section B N
In the second step, when n=7058823529411764, we had b=705882352 d=411764 e=9
p=1 r=8 a=c=q= K=L=empty -
In the third step, when n=14117647058823528, we have b=411764705 d=82352 a=1 e=38
c=8 p=2 q=9 r=6 K=1 L=8 (since 141176470

58823528

199999998).

Let us shorten the description of some further steps as follows. In each step, we
will write down the values of the following sections (in this order):

(n=) abedc two sections of n
(m=) pdqbr the sum of which is
“almost” 99...99

(In addition, in steps 4 and 5, the connections between sections are denoted by arrows.)

Step 4. S>> > > 52—

|

«2 / 823529411 7 64705 \6 —>—> 282352041
v — Vo 17647056
¢ 5 64705 8 823529411 2 ¢ 209999997
| | Vo (249=9)
PP 2
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Step 5.

Step 6.

Step 7.

Step 8.

Step 9.

Step 10.

Step 11.

Step 12.

Step 13.

>>p > 11124 ¢ttt

:—4— 5 64705882 35 29411 2 _'_1 564705882
T 35294112
i 11 29411 7 64705882 24 i 599999994
” l (5+4=9)
*—»—»—»—»—»—» 542 ¢ttt
11 29411764 70 5882 24 1129411764
22 5882 35 29411764 48 + 70588224
1199999988
(11+88=99)
22 5882352 941 1764 48 2258823529
45 1764 70 5882352 896 T 41176448
2299999977
(22+77=99)
45 1764705 882 352 896 4517647058
90 352 941 1764705 792 T 82352896
4599999954
(45+54=99)
90 3529411 764 705 792 9035294117
180 705 882 3529411 584 64705792
9099999909
(90+09=99)
180 7058823 529 11 584 18070588235
361 411 764 7058823 168 T 29411584
18099999819
(180+819=999)
361 411764 7058 823 168 36141176470
722 823 529 411764 6336 t 58823168
36199999638
(361+638=999)
722 823529 4117 64 6336 72282352941
1445 64 7058 823529 2672 17646336
72299999277
(722+277=999)
1445 647058 8235 29 2672 144564705882
2891 29 4117 647058 5344 35292672
144599998554

(1445+8554=9999)
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289129411764
+ 70585344

289199997108
(2891+7108=9999)

578258823529
+ 41170688
578299994217

(5782+4217=9999)

1156517647058
+ 82341376

1156599988434
(11565+-88434=99999)

2313035294117
+ 64682752

2313099976869
(2130+76869=99999)

4626070588235
T 29365504
4626099953739

(46260+4-53739=99999)

9252141176470
+ 58731008
9252199907478

(92521+07478=99999)

18504282352941
+ 17462016
18504299814957

(185042+814957=999999)

Step 14. 2891 294117 6470 58 5344
59782 58 8235 294117 0688
Step 15. 5782 58823 52941 17 0688
11565 17 6470 58823 41376
Step 16. 11565 1764 705882 3 41376
23130 3 52941 1764 682752
Step 17. (From this step, section d becomes empty.)
23130 3529 411764 empty 682752
46260 empty 705882 3529 365504
Step 18. 46260 7058 823529 empty 365504
92521 empty 411764 7058 731008
Step 19. 92521 4117 647058 empty 731008
185042 empty 823529 4117 462016
Step 20. 185042 823 5294117 empty 462016
370085 empty 647058 823 4924032
Step 21. 3700856470588234924032 x 2=

=7401712941176469848064
and the amazing rule breaks up at this step.

But we can go to the opposite direction: If we divide our original number
3529411764705882 by 2, then we get 1764705882352941. Interestingly, the well-known

regularity occurs in this, say,

1764705882 352941
352941 1764705882

Step 0.

© 2017 Global Journals Inc. (US)
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Unexpectedly, if we continue dividing by 2 and leave the decimal points, then we

obtain the series of numbers with remarkable regularity:

Step -1. 882352041 1764705
1764705 882352941

Step 2. 4 411764705 882352 5
882352 9  AL1764705

Step 3. 22 05882352 O 41176 25
4 41176 47T 05882352 5

(In Steps 0 and -1,
[like in step 1];

a=e=c=p=q=r=K=L=empty section

in step -2, e=p=r=empty
[in some sense, this is a mirror image of step 2J;
In step -3, there is no empty section.)

In the next step, # -4, the rule breaks up.
Let us mention here some other interesting facts.
In the original number 3529411764705882,

the number of digits is 16 = 2x2x2x2, and

the sum of digits is 72 = (242+2+2) x 9.

I 88235294
11764705

99999999

441176470
T 58823525
499999995
(4-+5=9)

2205882352

i 94117625

2299999977
(22+77=99)

If we now consider the “positive” step only, then the regularity practically breaks

up, when the section d disappears, i.e. after 16 steps!

If we started the entire calculation at step -3 with the smallest number of our
series 220588235294117.625, then the discovered rule would stop after 24=2x2x2x3

steps.

Actually, the prime factors of our original number are 2 x 3*x 11 x 73 x 101 x
137 x 5882353. Surprisingly, the last prime factor almost occurs in the original number

3529411764705882. In fact, the last four positions and, when rounded to 353, the first

three positions contain that factor.

Interestingly, each odd prime factor and its odd neighbour

3 , 5
11, 13
71, 73
101 , 103
137 , 139

5882351 , 5882353 from TWIN PRIMES.
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If we multiply the number n=3529411764705882 by 2, then the result
m=2n=7058823529411764 will contain the same digits. Moreover, we can cut n into two
sections n=bd with b=3529411764 and d=705882 such that m contains the same
sections in reverse order: m=db. o

Furthermore, if we cut n into two sections of the same length, then the sum of
these sections is

35294117
64705882

99999999

The same applies to m:

i 70588235
29411764

99999999

Interestingly, n and m contain each decimal digit twice, except the multiples of
3;0, 3,6 and 9 appear only once.

Surprisingly, one can continue to multiply
N=m=7058823529411764 by 2, and a similar rule can be observed.
N can be divided into three sections N=B9D with
B=705882352 and D=411764, while the number
M=2N=14117647058823528 contain B and D in reverse order.
More precisely, M=2N=1DBS8, where the sum of the first and the last numbers
gives the “middle” number of N (1+-8=9).
On the other hand, M can be divided into two parts the sum of which is

141176470
T 58823528
199999998

The sum of the digits which are different from 9 is 1+8=9.

Interestingly, some regularity can be noticed if we continue to multiply
n=M=14117647058823528 by 2. n can be divided into five sections: n=1b8d8, and its
double as well. -

m=2n=28235294117647056=2d9b6, where b=411764705 and d=82352. The “middle”

number 8 in n is the sum of the first and last numbers of m (2 + 6 = 8), and the
“middle” number 9 in m is the sum of the first and the last numbers of n(1+8=9).

© 2017 Global Journals Inc. (US)

Notes



GLOBAL JOURNAL OF SCIENCE FRONTIER RESEARCH: F
g3 MATHEMATICS AND DECISION SCIENCES
SRR R Volume 17 Issue 4 Version 1.0 Year 2017
Type : Double Blind Peer Reviewed International Research Journal
Publisher: Global Journals Inc. (USA)
Online ISSN: 2249-4626 & Print ISSN: 0975-5896

A New Subclass of Harmonic Univalent Functions Defined by
g-Calculus

By Dr. Poonam Dixit, Dr. Saurabh Porwal, Mr. Arun Kumar Saini
& Mr. Puneet Shukla

Abstract- In this paper we study a new subclass of harmonic univalent functions defined by g-
calculus coefficient inequalities, distortion, bounds, extreme point, convolution, convex
combination are determined for this class. Finally we discuss a class preserving integral operator
and g- Jackson'’s type integral for this class.

Keywords: analytic function, harmonic function, g-calculus, univalent function, integral operator.

GJSFR-F Classification: MSC 2010: 11K70

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

Strictly as per the compliance and regulations of :

© 2017. Dr. Poonam Dixit, Dr. Saurabh Porwal, Mr. Arun Kumar Saini & Mr. Puneet Shukla. This is a research/review paper,
distributed under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported License http://creativecommons.
org/licenses/by-nc/3.0/), permitting all non commercial use, distribution, and reproduction in any medium, provided the original
work is properly cited.



o epaper bl
Print Journal standars

R A New Subclass of Harmonic Univalent
Functions Defined by g-Calculus

Dr. Poonam Dixit ¢, Dr. Saurabh Porwal °, Mr. Arun Kumar Saini ® & Mr. Puneet Shukla ©

Abstract- In this paper we study a new subclass of harmonic univalent functions defined by g-calculus coefficient
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I. [NTRODUCTION

A continuous complex-valued function f = u + v is said to be harmonic in
a simply connected domain D if both v and v are real harmonic in D. In
any simply connected domain. We can write f = h + g, where h and ¢ are
analyic in D. We call h the analytic part and g the co-analytic part of f.

A necessary and sufficient condition for f to be locally univalent and sence
preserving in D is that |h/(z)| > |¢'(2)], z € D see Clunie and Shiel-small
[7].

Let Sy denote the class of functions f = h+7g that are harmonic univalent
and sense-preserving in the open unit disc U = {z : |2| < 1} for which
f(0) = f.(0) =1 =0. Then for f =h+7g € Sy we may express the analytic
functions h and g as,

h(z) =z + Zakzk, g(z) = Zbkzk, |bx| < 1. (1.1)
k=2 k=1

Note that Sy reduces to class S of normalized analytic univalent functions
if the co-analytic part of its member is zero.

After the appearance of the paper of Clune and Sheil-Small [10] several
researchers for example ( Silverman [6], Jahangiri [11], Dixit and Porwal
[13], Dixit et al. [14], Frasin [4], Kumar et al. [21]) presented a systematic
and unified study of various sub classes of harmonic univalent function.

42(1) (2006), 145-155.

Now, we recall the concept of g-calculus which may be found in [2], for
n € N, the g-number is defined as follows:

2. B.A. Frasin, Comprehensive family of harmonic univalent functions, SUT J. Math.,

Author a o p CJ: Department of Mathemnatics, UIET, CSJM University, Kanpur-208024 (UP), India.
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1-— qk
K], = , O0<g<L (1.2)
l—q
k—1
Hence, [K], can be expressed as a geometric series Z q¢', when k — oo

i=0
the series converges to ﬁ. As g — 1, [k]; — k and this is the bookmark of

a g-analogus the limit as ¢ — 1 recovers the classical object.

The g-derivative of a function f is defined by

Dy(f(2)) = —f(((}qz)__lﬁz) q#1, 2#0

and D,(f(0)) = f/(0) provided f'(0) exists.

For a function h(z) = z* observe that

Then

lim D, (h(2)) = limit, . [k],2" ' = k2" — W (2)

q—1

where b’ is the ordinary derivative.

The g-Jackson definite integral of the function f is defined by
| o= -0z s, zec
0 n=0

Nowf0r1<6<§,0§)\§1, 0<qg< 1.

Suppose that My[A, g, 5] denote the family of harmonic function of the form
f=h+g (1.1).

Satisfying the condition

2(2Dgh(2)) — z(2D,g(2))’

Re — S
Alz(2Dgh(2))" — 2(2D4g(2))'] + (1 = A)[A(z) + (9(2))]

<p. (1.3)
Further let My the subclasses of Sy consisting of functions of the form,

FE) =24 lalz" =) |befz* (1.4)
k=2 k=1

Further, we define My (A, q,3) = Nuy(\, q,5) N My.

© 2017 Global Journals Inc. (US)
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In this paper, we obtain coefficient bound, extreme point, distortion bound,
convolution, convex combination for the class Mg(\, ¢, 3). We also discuss
a class preserving integral operator.

[I.  MAIN RESULTS
Theorem 2.1 Let the function f = h + g be given by (1.1). If

N oo o0
otes Z kK] (1 — BA) — (1 — )\)ﬁ|ak’ +Z E[k]q(1 —BA) — (1 — )\)ﬁ\bk\ <1

3-1 31

k=2 k=1

(2.1)
where 1 <3< 2, 0 <A< 1, then f € Ny(\,q,p).

Proof. Let

Zk’ 1—6>\) - (1 AWWHZ k[k]q(l—ﬁA)Jr(l—)\)ﬂ’bk’ <1

6—1

k=2 k=1

It suffices to show that,

2(2Dyh(z)) — 2(2Dyg(2)) .
Alz(2Dgh(2))" — 2(2Dgg(2))'1 + (1 = M[h(2) + g(h)]
2(2Dgh(2)) — z2(2D,g(2))’ 1)
Alz(zDgh(2))" — 2(2Dqg(2))'] + (1 = M)[h(2) + g(h)]

<1

z+ Z k[k],an2" — Z k[k] brz"

z—l—Z/\k o+ 1= Nagz +Z>\k Jg — 14 \)bz*

z4—j£2kﬂkbakzk——jizkﬂkhbkzk

z+ZAk o+ 1= Nagz +ZAI<: Jlg — 1+ A\)bpz*
k=1

—1

IN

- (28-1)

2: [K]o(1 = A) = (1= Nla] =+ > [klk + (L= N)]lbe] [

k=1

) = > [k[k A28 =1)) = (26 = (1 = Nfax] |2

k=2

kK], (1 = A(26 — 1)) + (28 — 1)(1 = N)]|bx] |2

Mg

i

1

© 2017 Global Journals Inc. (US)

Global Journal of Science Frontier Research (F) Volume XVII Issue IV Version I E Year 2017



Global Journal of Science Frontier Research (F) Volume XVII Issue IV Version I E Year 2017

This last expression is bounded above by,

D IRIRl (L = 2) = (1= Nfar] + Y [R[E (1= X) + (1= N)]|b]

k=2

A28 1)) — (28 = 1)(1 = M)]|ax
) — > [k[k (26 —1)) = (28 = 1)(1 = A)]|ax] Notos

k=2

— 3 IRy (1 = A6 — 1)) + (28 — 1) — (1= A)]jbi]

k=1

Zk[k (1=X)—(1=X)] \ak|+z J(1=X28-1))=(26—1)(1=\)]|ax]

=2

+ ) [K[K](1=A)+(1-A)] Ibkl+z ¢(1=A20=1))+(26-1)(1=M)][bx| < 2(5-1)

2 [k[kl,(1-A8)—(1-))3 \ak|+2Z J(1=28)+(1=N)F]be| < 2(8-1)
k=2

which is equivalent to

i (1 )\ﬁ) (1— )3 |ak|+i [k[k]y(1 — gﬁ_) FA=NB <

-1
k=2

Hence,

2(2Dyh(z)) — 2(2Dyg(2)) .
Alz(2Dgh(2))" — 2(2Dgg(2))'] + (1 = M)[h(2) + g(h)]
2(2Dgh(2)) — 2(2D,g(2))’ -1
Alz(2Dgh(2)) — 2(2Dq4g(2))'] + (1 = A)[h(2) + g(h)]

<1,

z € U, and the theorem is proved. O]

Theorem 2.2 A function of the form (1.4) is in My (X, g, 5) if and only if,

— K[k l—ﬁA (1-NB — k[k],(1 =8N + (1 - N)p
; ~ |ak|—|—k22 1 b <1.  (22)

© 2017 Global Journals Inc. (US)
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Proof. Since My (X, q,3) C Nig(A, q,3), we only need to prove the “only iff”
Part of the theorem. For this we show that f € My(A,q, ) if the above
condition does not hold. Note that a necessary and sufficient condition for

f=h+7 given by (1.4) is in My (X, q, )

. { 2(zDyh(2)) — 2(zDyg(2)) _} -5
NzDyh(2)) = 2(zDgg @)+ (1= Nlh(z) + 9(2)

is equivalent to

Z o(1 = AB)= (1 = N)B][ax| 25 =D [k[F]o(1 = BA) + (1= X) 8] by[z*
Re =2 fozl >0

z+ Z[Ak[k']q + (1= Mllaele" + Y Mkl = (1= A)] b2

The above condition must hold for all values of z, |z] = r < 1, upon
choosing the values of z on the positive real axis where 0 < z =r < 1, we
must have

B-1)z Z’f (1=AB)— (1 — \)Blag|r*~ 1—Zk (1= A3) + (1= \)B|b|r**
=2 >0

1+Z)\k:[ Jg + (1= X)|ag|r* Z)\k: — \)|by |
k=2

(2.3)
If the condition (2.2) does not hold then the numerator of (2.3) is negative
for r sufficiently close to 1. Thus there exist a zo = 7o in (0,1) for which
the quotient in (2.3) is negative. This contradicts the required condition for
f € My(X, g, ) and so the proof is complete.

Next we determine the extreme points of the closed convex hulls of
My (X, q,3) denoted by clco My(A, q, 5) ]

Theorem 2.3 1f f € clco Mg (A, q,[3), if and only if

2) = {xehi(2) + yrgr(2)}, (2.4)

where
p—1 K
klk]g(1—BA) = (1= A)B

and
g—1
) = T T =05

Z.Tk—i-yk —1 $k>0 yk>0
k=1

In particular extreme points of My (A, q, 3) are {h;} and {gx}.
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Proof. For functions f of the form (1.4), we have,

2) =) lewhi(2) + yegr(2)]

! N 61 .
) ”Z Klk],(1 - Aﬁ) =05 "L AT A+ =W
Then by theorem (2.1) NOteS
. k[k]qu—m—(l—x)ﬁ{ 51 ) }
p-1 K[kl (1— BN — (1= N)5""

k=2

L k[k],(1 =B8N + (1= N3 g1
+Z; B—1 {kWAl—ﬁM+%l—Mﬁ%}

k[k],(1 = BA) — (1= M)3
31

bu], k=1,2,3,....

andso f € clco My(\, q,3) Set x), =

k[k]o(1 = BA) + (1= N)3
51

Then note that by Theorem 2.2, 0 < x, < 1,(k=1,2,3,...).

|ak|, k:2,374,...

and y, =

We define z; =1 — Zxk - Zyk and by Theorem 2.2, 2y > 0.

k=2 k=1

Consequently, we obtain f(z Z{[Bkhk + yrgr(z)} as required. O

Theorem 2.4 Let f € My(X, q,3). Then for |z| =r < 1, we have,

51 511 2
163 < b+ =5 ~ T Ay~ =)
and

51 511 2
7=l = (1"b1’”“‘<2[21q<1 TN (- NB (- AN (1= w”“) "

Proof. We only prove the right hand inequality. The proof for left hand
inequality is similar and will be omitted. Let f(z) € My(\, q, ), taking the
absolute value of f, we have,

© 2017 Global Journals Inc. (US)



)< @+ bl + D (ar] + [oe])r*

k=2

<L+ b))+ (lag] + [bi])r?
k=2

[e.o]

= (L4 b ))r + 2> (lak] + [be])

Notes =

= (I ﬁz T
= (1 Il + g BZ e )
-1

< (14 |by)r +r?

22,1 = 5N —(1=N)B

Z( J(1=BN - (1 Wmu’“[’f]q“‘”)+(1_w|bk|>

—~ 6—1 6—1
9 B—1 1+ 5 —208A
= D e T Ay — W (1 51 'bl')
) B-1 146 — 28
=+ laDrr (2[2Jq<1—m>—<1—x>ﬁ‘2[2]q<1—m>—<1—x> ’bl'>‘

Thus the proof of Theorem 2.4 is established. n
Theorem 2.5 For 1 < a < 8 < %,O <A< 1, let f € My(A g ), and
Fe MH()V(Lﬁ) then f*F € MH(/\J(LOé) g MH(A7q76>

Proof. Let f(z) =z + Z |ag|2"* — Z |br|Z" be in My(\, g, @) and

k=2 k=1

F(z) =2+ |Aile" = |Bilz" be in My(),q.0).

k=2 k=1
Then the convolution f *x F' is given by

(f % F)(2) = f(z) x F(2)
=z + Z |CL]€14]€‘Z]€ — Z \kak]Ek

We wish to show that the coefficient of fx* F' satisfy the required condition
in Theorem 2.2 for F'(z) € My(A, g, 3) we note that |A;| <1 and |Bg| < 1.

Now for the convolution function f % F', we obtain,
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5 Kl > (- WWZ ﬁ) (=28,

-1 -1
k=2
k[k]o(1—BA) — (1= N)B — kK] (1=A3) = (1 =)
<
< i o + 3 5 b
<1 Since f(z) € Mu(X, ¢, ).
Notes
Therefore, fx F' € My(\, q,a) C Mg(A, q, ).
Thus the proof of the Theorem 2.5 is established. n

A family of class Preserving Integral Operator
Let f(z) = h(xz) + g(x) be defined by (1.1). Let us defined F(z) by the

relation,

F(z) = C+1/ztc‘1h(t)dt+Ctl/ztc—lg(t)dt, (c>—1). (25)

z

Theorem 2.6 Let f(2) = h(z) + g(z) € Sy be given by (1.4) and f €
Mpy (X, q, ) where 1 < 3 <3, 0< X< 1. Then F(z) defined by (2.5) is also
in the class My(\, q, 3).
Proof. Let f(z) = z + Z|ak]z — Z|bk]§k be in My(A, q,3) then by
k=1
Theorem 2.2, we have
= Hil1 =)= 1 > J), (1= A8) + (1-\)3
<1
; — mug . b <

From the representation (2.5) of F(z), it follows that:

+Z ot Z”HW

Now,
kK] (L=2A3)— (1=XN)B [c+1
kz 51 (c+k> o]
=2
- 1—)\5) (1-=XB (c+1
kz: —1 <c+k) 1
B SLCELE U EIE NI LR L Y
k=2 k=1
<1
Thus F(z) € Mg (A, q, ).
The proof of following Theorem 2.6 is complete. O

© 2017 Global Journals Inc. (US)
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Definition 2.1 Let f = h 4+ g be defined, by (1.1); then the g-integral
operator Fy : H — H is defined by the relation,

g 7 e g [7 e
Fy(2) = Z—jl : t°h(t)d, Zcfl : t°g(t)d,t, (2.6)
where [a], is the g-number defiend by (1.2) and H is the class of functions of
the form (1.1) which are harmonic in U.

Theorem 2.7 Let f(z) = h(z) + g(z) be given by (1.3) and f € My()\, ¢, 3)
where 1 < # <3, 0<¢<1,0< X< 1. Then Fy(z) defined by (2.6) is also
in the class Myg(A, g, 3).

Proof. Let f(z) = 2z + Z|ak|z Z|bk|2k be in My(X, g, ) then by
Theorem 2.2. We have, -
K[kl (1 = A3) — (1= N)B K[kl (1 = AB) + (1 = N)3

From the representation (2.6) of Fj,(2), it follows that

_ [d]q k
Fo(z) =2+ 4 m| ax|z Zm| by Z*

k_

Since

[k+c+1], —[cq

k+c k+c

—Zq —Zq —Zq >0

(k4 c+ 1], > [c]q,

[y

K[k 1—Aﬁ) 1-NB_ [d [Kly(1 = AB) + (1 =N

kz:; —1 Frerd," ’“|+; -1 Tter, ™
Z ﬁ) ) (1- Iak!+Zk[k]q<1_gﬁ_);r<l_A>5lbkl

<1
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Thus the proof of the Theorem 2.7 is established. O
Theorem 2.8. The class My (A, q, ) is closed under convex function.

Proof. For i ={1,2,3,...}, let fi(z) € Myu(\,q,3) where f;(z) is given by

o0
> e
k=1

Then by Theorem 2.2,

PR e e (IED DR LRt N

a
k=2 —1 p-1
(2.7)
For Zti =1, 0 <t; <1 the convex combination of f; may be written
i=1
as,

Ztifi(z)—z—l—Z(‘ ) Z(Zﬂbk

Then by (2.2), we have,

ik 1—A6) (Z”‘M)JFZ 1—)\5) <Zt|bk

)

)

> =X k[k],(1 — A3
Y (Z >1<

k=2

s a1 =30 + 003,

This is the condition required by Theorem 2.8 and so Zti filz) €
i=1
Mg (A, q,3). The proof of the following Theorem 2.8 is complete. [
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product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible).

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

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

6. AFTER ACCEPTANCE

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

6.1 Proof Corrections

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

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

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

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

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

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

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

6.3 Author Services

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

6.4 Author Material Archive Policy

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

6.5 Offprint and Extra Copies

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org .
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Before start writing a good quality Computer Science Research Paper, let us first understand what is Computer Science Research Paper?
So, Computer Science Research Paper is the paper which is written by professionals or scientists who are associated to Computer Science
and Information Technology, or doing research study in these areas. If you are novel to this field then you can consult about this field
from your supervisor or guide.

TECHNIQUES FOR WRITING A GOOD QUALITY RESEARCH PAPER:

1. Choosing the topic: In most cases, the topic is searched by the interest of author but it can be also suggested by the guides. You can
have several topics and then you can judge that in which topic or subject you are finding yourself most comfortable. This can be done by
asking several questions to yourself, like Will | be able to carry our search in this area? Will | find all necessary recourses to accomplish
the search? Will | be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can
choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related
to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various
data of that subject. Sometimes, detailed information plays a vital role, instead of short information.

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

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

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

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

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

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

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

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

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

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

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

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

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

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present
tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will
confuse the evaluator. Avoid the sentences that are incomplete.

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

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

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

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

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

records.

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

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

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

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

26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.
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27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also
improve your memory.

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

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

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

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

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

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

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

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING

Key points to remember:

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

Final Points:

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

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make
study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will
show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data
that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication
of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness
of prior workings.
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Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation,
and controlled record keeping are the only means to make straightforward the progression.

General style:

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

To make a paper clear

- Adhere to recommended page limits
Mistakes to evade

e |[nsertion a title at the foot of a page with the subsequent text on the next page
e  Separating a table/chart or figure - impound each figure/table to a single page
e  Submitting a manuscript with pages out of sequence

In every sections of your document
- Use standard writing style including articles ("a", "the," etc.)

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

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

- Align the primary line of each section

- Present your points in sound order

- Use present tense to report well accepted

- Use past tense to describe specific results

- Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives
- Shun use of extra pictures - include only those figures essential to presenting results

Title Page:

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

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

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

Write your summary when your paper is completed because how can you write the summary of anything which is not yet written?
Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can
maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to
shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no
more than one ruling each.

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

®  Fundamental goal

®  To the point depiction of the research

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

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

Approach:
®  Single section, and succinct
®  Asaoutline of job done, it is always written in past tense
® A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table
®  Center on shortening results - bound background information to a verdict or two, if completely necessary
¢  What you account in an conceptual must be regular with what you reported in the manuscript

Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics)
are just as significant in an abstract as they are anywhere else

Introduction:

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

e  Explain the value (significance) of the study

®  Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its
appropriateness from a abstract point of vision as well as point out sensible reasons for using it.

®  Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them.

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

Approach:

e  Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is
done.

®  Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a
least of four paragraphs.
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®  Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the
whole thing you know about a topic.

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

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

Procedures (Methods and Materials):

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

Materials:

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

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

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

®  Describe the method entirely

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

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

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

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

e  Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences.

What to keep away from

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

Results:

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

The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated

in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not
be submitted at all except requested by the instructor.
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Content

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

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

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

® Do not present the similar data more than once.
®  Manuscript should complement any figures or tables, not duplicate the identical information.

e Never confuse figures with tables - there is a difference.
Approach

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

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

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

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

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

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

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

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

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

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

®  Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted.
®  Tryto present substitute explanations if sensible alternatives be present.

®  One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain?

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

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

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

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.

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

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

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

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

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

Topics

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXIII

Grades

Clear and concise with
appropriate content, Correct

format. 200 words or below

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

paragraph, reference cited

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

organized subheads

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

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

structured paragraph
reference cited
Complete and correct

format, well organized

Unclear summary and no
specific data, Incorrect form

Above 200 words

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

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

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

E-F

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not  cited,
unorganized, difficult to

comprehend

Wrong format and structuring

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



INDEX

C

Canonical - 17
Cliffordian - 17, 18, 19, 20, 26, 32

E

Emitter - 35, 36, 39

F

Fluxes - 34, 36, 37
Futile - 1, 6

G

Geodesic - 8

R

Rigorous - 5, 11

S

Skeptics -1
Speculations - 5



Y

save our planet

Nnal of Science Frontier Research

e Web at www.GlobalJournals.org | www.JournalofScience.org
~ or email us at helpdesk@globaljournals.org

9 | ‘ “
70 61158698 61427>

© Global Journals

ISSN 9755896



	Global Journal of Science Frontier Research: F
	Volume17 Issue 4(Ver. 1.0)
	Copyright Policies
	Honourable Board Members
	Contents
	1. The Temperature Dependence of Gravitation for the Metallic Balls - Measured with a Torsion Balance Scale
	2. On a New Mechanics Systems on the Standard Cliffordian Kähler Manifolds using A Canonical Local Basis
	3. Model of High Temperature Heat Transfer in Metals
	4. On Topological Properties of the Line Graphs of Subdivision Graphs of Certain Nanostructures - II
	5. Variations for 9
	6. A New Subclass of Harmonic Univalent Functions Defined by q-Calculus
	Fellows
	Auxiliary Memberships
	Process of submission of Research Paper
	Author Guidelines
	Index

