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Dynamic Interaction: A New Concept of
Confinement

Gabriel Barceld

Abstract- We propose new dynamic hypotheses to enhance
our understanding of the behavior of the plasma in the reactor.
In doing so, we put forward a profound revision of classical
dynamics. After over thirty years studying rotational dynamics,
we propose a new theory of dynamic interactions to better
interpret nature in rotation. This new theory has been tested
experimentally returning positive results, including by third
parties.

Plasma rotation is an essential factor in the analysis
of the turbulent transport of momentum in axisymmetric
systems. In magnetic confinement fusion systems, the plasma
circulates in the container at a constant movement, which we
could define as rotation with respect to its walls.
Notwithstanding, it has been shown that the plasma in the
reactor can initiate spontaneous circular movement or rotation,
without the need for any external dynamic momentum input.
The theoretical development of this behavior is still under
study, and the origin of this spontaneous intrinsic rotation is
still unclear.

We suggest the exploring of a new type of dynamic
confinement based on the Theory of Dynamic Interactions
(TDI) and one that is compatible with magnetic confinement.
Applying this criterion we are proposing would enable a twin
physical-theoretical principle to isolate plasma and try to
minimize its turbulence.

We suggest that these new dynamic hypotheses,
which we hold applicable to particle systems accelerated by
rotation, be used in the interpretation and design of fusion
reactors. We believe that this proposal could, in addition to
magnetic confinement, achieve confinement by simultaneous
and compatible dynamic interaction.

I. MAGNETIC CONFINEMENT

n magneto hydrodynamic, the study of nonlinear

physics associated with tokamak plasma

turbulence and transport, allows us to infer the
behavior of the reactor. For this goal, it is possible to
use Gyrokinetics plasma turbulence simulation. The
rotational nature of astrophysical plasmas has been also
taken into account in its development [12], the goal is to
have a reactor with a continuous process, which is what
is required for its industrial development.

Current  developments in  our knowledge
concerning the magnetic confinement of plasma for
fusion defines a toroidal design of magnetic field force
lines, which in successive toroidal transits travel over a
surface topologically equivalent, in geometrical terms, to

Author: Advanced Dynamics CB, Madrid, Spain.
e-mail: gestor@advanceddynamics.net

a torus. Indeed, this is the basis of the JET tokamak
design and that of later reactors.’

On these reactors, magnetic confinement
consists of containing material in a state of plasma
inside an enclosure in which, in turn, a magnetic field
has been created. The particles constituting the plasma
do not enter into contact with the inner walls of the
enclosure.

This method is based on the Lorentz force,
which acts on any charged particle in motion in a
magnetic field, by virtue of which it experiences a force
perpendicular to the magnetic field vector and the
displacement vector.

Fusion reactions are caused in this plasma that
release energy, while at the same time a quantity of
movement and angular momentum is moved or
“rotated” and transported.

it has been confirmed that circulation in the
experimental reactors is more turbulent than that which is
supposed in stellar dynamic systems and, as we have
pointed out above, this reduction of fluid uniformity can
cause undesired losses in the system’s power of
confinement, or even, the possible cavitation of the
physical container.

The speed of the plasma is an important
physical field in the study of current laboratory systemns,
and particularly, in the improvement of its material
isolation. The rotation profile can exercise considerable
influence in the confinement time of the magnetically
confined fluid. Profiles with a sharp radial velocity
variation can cause a reduction of the turbulent transport
and, therefore, could lead to improved confinement.

The study of plasma micro turbulence caused
by the electromagnetic interactions of its particles is one
of the current goals in an attempt to improve the
performance of these reactors. Understanding this micro
turbulence in plasma would enable its control and thus
have a direct favorable impact on the building of more
efficient fusion reactors.?

' Barcelé, G.. Dynamic Interaction Confinement. World Journal of
Nuclear Science and Technology Vol.4 No.4, October 29, 2014, DOI:
10.4236/wjnst.2014.44031.
2 Barceld, G.. Dynamic Interaction Confinement. World Journal of
Nuclear Science and Technology Vol.4 No.4, October 29, 2014DOl:
10.4236/wjnst.2014.44031.
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II. GYROKINETICS THEORY AND SIMULATIONS

The Gyrokinetics theory is also applied to
determine the behavior of the plasma in the to kamak
fusion reactors.

Nonlinear  Gyrokinetics — equations play a
fundamental role in our understanding of the long-time
behavior of strongly magnetized plasmas. The
foundations of modern nonlinear Gyrokinetics theory are
based on three pillars:

1) A Gyrokinetics Vlasov equation written in terms of a
gyro center Hamiltonian,

2) With quadratic low-frequency ponderomotive like
terms, a set of Gyrokinetics Maxwell Poisson-Ampere
equations written in terms of the gyro center Vlasov
distribution that contain low-frequency polarization
Poisson and magnetization Ampére terms, and

3) An exact energy conservation law for the
Gyrokinetics Viasov-Maxwell equations that includes
all the relevant linear and nonlinear coupling terms.
The foundations of nonlinear Gyrokinetics theory are
reviewed with an emphasis on rigorous application
of Lagrangian and Hamiltonian Lie-transform
perturbation methods in the variational derivation of
nonlinear Gyrokinetics Vlasov-Maxwell equations.
The physical motivations and applications of the
nonlinear Gyrokinetics equations that describe the
turbulent evolution of low-frequency electromagnetic
fluctuations in a non-uniform magnetized plasmas
with arbitrary magnetic geometry are discussed.®

The nonlinear Gyrokinetics system of equations
for the arbitrary fluctuation frequencies are also derived
from the generalized Lagrangian formulation and the
variational principle. They are recommended for
simulations and analytic applications in laboratory.

The Lagrangian formulation of the Gyrokinetics
theory is generalized in order to describe the particles'
dynamics as well as the self-consistent behavior of the
electromagnetic fields. The Gyrokinetics equation for the
particle distribution function and the Gyrokinetics
Maxwell's equations for the electromagnetic fields are
both derived from the variational principle for the
Lagrangian consisting of the parts of particles, fields, and
their interaction. In this generalized Lagrangian
formulation, the energy conservation property for the total
nonlinear Gyrokinetics system of equations is directly
shown from the Noether's theorem. This formulation can
be utilized in order to derive the nonlinear Gyrokinetics

3 Brizard, Alain J. and Hahm, T. S.. Foundations of Nonlinear
Gyrokinetic Theory. Reviews of Modern Physics, Volume 79, April-
June 2007. DOI: 10.1103/RevModPhys.79.421

4 Sugama, H.: Gyrokinetic Field Theory; National Institute for Fusion
Science (NIFS) Aug. 1999. NIFS-609 Nagoya, Japan.

5 Barceld, G.: Dynamic Interaction Confinement. World Journal of
Nuclear Science and Technology Vol.4 No.4, October 29, 2014DOI:
10.4236/wjnst.2014.44031.

© 2016 Global Journals Inc. (US)

system of equations and the rigorously conserved total
energy for fluctuations with arbitrary frequencies.*

From these formulations it is possible to
perform computer simulations: Simulations conducted
for numerous situations, and their comparison, It has
been confirmed that the existing Gyrokinetics models are
sufficiently valid for shorter times than the real time scales
of the evolution of the reactor’s dynamic profiles, thus it is
thought that the effect of turbulence on the electric field
and plasma velocity provide incorrect values for the
electric field. Consequently more precise mathematical
models are needed to represent the real behaviour of
plasma at a longer time scale, called the transport scale.’

And also simulations for specific reactor
designs: Simulations of toroidal angular momentum
transport have been carried out using global toroidal
Gyrokinetics  particlein-cell code. The  significant
redistribution of toroidal momentum is observed, driven
by the ion temperature gradient turbulence with adiabatic
electrons, resulting in a peaked momentum profile in the
central region of the radial domain. Cases with rigid and
sheared plasma rotation are considered. Diffusive and
off-diagonal pinch like fluxes are identified. Toroidal
momentum diffusivity is calculated by subtracting pinch
contribution from the total momentum flux, and
compared to quasilinear estimates. It is found that the
ratio of momentum to heat conductivity is smaller than
unity even after subtracting pinch contribution when
wave-particle resonance energy is larger than thermal
energy.®

[11. TRANSPORT PHYSICS

New concepts of physical transport toroidal
plasmas are studied. The transport of plasma in the
reactor is generally externally provided by the
momentum input from neutral beam injection in the
current generation of tokamaks, which causes its
rotation.

The transport characteristics of non-diffusion
and non-locality of transport has been recognized to be
important in determining radial structures of density,
rotation, and temperature, as well as non-linearity in the
flux-gradient  relation. The non-diffusive term  of
momentum transport appears as a 'spontaneous rotation
and intrinsic torque', while the non-diffusive term of
particle transport appears as a ‘particle pinch and
particle exhaust. The sign and magnitude of these non-
diffusive terms have been found to be sensitive to the
turbulence state, which causes reversal phenomena. In
the momentumn transport, the spontaneous flow reversal
from the co- (parallel to plasma current) direction to the
counter- (anti-parallel to plasma current) direction and

5 |. Holoda and Z. Lin: Gyrokinetic particle simulations of toroidal
momentum transport Department of Physics and Astronomy,
University of California, Irvine, California 92697, USA, © 2008,
American Institute of Physics. DOI: 10.1063/1.29777609.



vice versa have been commonly observed even when
the plasma parameter changes slightly. In the particle
transport, especially in the impurity transport, reversals of
convective radial flux from inward to outward are also
observed in toroidal plasmas as phenomena of density
peaking/flattening and impurity accumulation/exhaust.
)

The non-diffusive term of momentum transport
appears as a 'spontaneous rotation and intrinsic torque',
while the non-diffusive term of particle transport appears
as a 'particle pinch and particle exhaust..’

The Toroidal angular momentum (TAM) is a
conserved quantity.® Plasma rotation plays important role
in turbulence stabilization and in suppression of resistive
wall modes, therefore affecting tokamak performance. In
present day machines, rotation is usually driven by
external sources, such as neutral beam injection;
however, it might be unavailable in a future devices such
as ITER, due to the large machine size and high
densities. Possible solution of this problem could be
generation of spontaneous intrinsic rotation and on-axis
peaking of momentumn profile by inward pinch like flux.
Thus, it becomes crucial to understand the nature of
intrinsic rotation phenomena, together with momentum
transport mechanisms.’

Poloidal and ftoroidal rotation has been
recognized to play an important role in heat transport and
magneto hydrodynamic (MHD) stability in tokamaks and
helical systems. It is well known that the E X B shear due
to poloidal and toroidal flow suppresses turbulence in the
plasma and contributes to the improvement of heat and
particle transport, while toroidal rotation helps one to
stabilize MHD instabilities such as resistive wall modes
and  neoclassical tearing mode. Therefore,
understanding the role of momentum fransport in
determining plasma rotation is crucial in toroidal
discharges, both in tokamaks and helical systems.”

IV. HEURISTIC DESCRIPTION OF /NTRINSIC
TOROIDAL ROTATION

Plasma rotation is an essential factor in this
analysis of the turbulent transport of momentum. In
magnetic confinement fusion systems such as on
the ITER", the plasma circulates in the container at a

" K Ida: New concepts of transport physics in toroidal plasmas.
Published 20 March 2015, IOP Publishing Ltd. Plasma Physics and
Controlled Fusion, Volume 57, N°4,

8 G.M. Staebler et al, BAPS 46 (2001) p221-LP1 17.

° |. Holoda and Z. Lin: Gyrokinetic particle simulations of toroidal
momentum transport Department of Physics and Astronomy,
University of California, Irvine, California 92697, USA, © 2008,
American Institute of Physics. DOI: 10.1063/1.2977769.

10 K. Ida and J.E. Rice: Rotation and momentum transport in tokamaks
and helical systems. Published 10 March 2014, 2014 IAEA, Vienna.
Nuclear Fusion, Volume 54, Number 4. doi:10.1088/0029-
5515/54/4/045001

" Ikeda, K. Progress in the ITER physics basis. Nuclear Fusion, 47(6)
(2007). http://stacks.iop.org/0029-5515/47/i=6/a=E01.

constant movement, which we could define as rotation
with respect to its walls. An intrinsic spontaneous
toroidal rotation, with no external momentum input, have
been observed on tokamaks: it has been shown' that
the plasma in the reactor can initiate Spontaneous
circular movement or rotation, without the need for any
external dynamic momentum input. The theoretical
development of this behaviour is still under study.’

According to Parra: Experimental observations
have shown that tokamak plasmas rotate spontaneously
without momentum input. This intrinsic rotation has been
the object of recent work because of its relevance for
ITER, where the projected momentum input from neutral
beams is small, and the rotation is expected to be mostly
intrinsic. The origin of the intrinsic rotation is still unclear.
()

The intrinsic rotation profile depends on the
density and temperature profiles and on the up-down
asymmetry.™

Changes in turbulence accompany the changes
in spontaneous intrinsic rotation and they are studied in
several successive radial regions, using a variety of
diagnostics.

There has been some theoretical work in
turbulent transport of momentum using Gyrokinetics
simulations™ ¢ 77 18 19 and different mechanisms have
been proposed as candidates to explain intrinsic
rotation®.

"2 Rice, J. E. et al. (2007) Nuclear Fusion, 47 1618.

8 Parra, F. 1., Barnes, M., Calvo, |. and Catto, P. J. Intrinsic rotation with
gyrokinetic models. Physics of Plasmas, 19(5), 056116 (2012). DOI:
10.1063/ 1.3699186. http://link.aip.org/link/?PHP/19/056116/1.

" Parra, F. I., Barnes, M., Peierls, R. and Catto, P. J. Sources of
intrinsic rotation in the low flow ordering. Centre for Theoretical Physics,
University of Oxford, Oxford, UK. 2012, Plasma Science and Fusion
Center, Massachusetts Institute of Technology.

5 Peeters, A. G., Angioni, C. and Strinzi, D. (2007) Physical Review
Letters, 98 265003.

6 Waltz, R. E., Staebler, G. M., Candy, J. and Hinton, F. L. (2007)
Physics of Plasmas, 14 122507 and Waltz, R. E., Staebler, G. M.,
Candy, J. and Hinton, F. L. (2009) 16 079902. Roach, C. M. et al.
(2009) Plasma Physics and Controlled Fusion, 51 124020.

7 Camenen, Y., Peeters, A. G., Angioni, C., Casson, F. J., Hornsby, W.
A., Snodin, A. P. and Strintzi, D. (2009) Physical Review Letters, 102
125001.

'8 Casson, F. J., Pesters, A. G., Camenen, Y., Angioni, C., Hornsby, W.
A., Snodin, A. P., Strintzi, D. and Szepesi, G. (2009) Physics of
Plasmas, 16 092303 and Casson, F. J., Peeters, A. G., Angioni, C.,
Camenen, Y., Hornsby, W. A., Snodin, A. P. and Szepesi, G. (2010)
Physics of Plasmas, 17 102305.

® Highcock, E. G., Barnes, M., Schekochihin, A. A, Parra, F. |., Roach,
C. M. and Cowley, S. C. (2010) Physical Review Letters, 105 215003
and Barnes, M., Parra, F. |., Highcock, E. G., Schekochihin, A. A.,
Cowley, S. C. and Roach, C. M. (2011) submitted to Physical Review
Letters.

20 Wang, L. and Diamond, P. H. Gyrokinetic Theory of Turbulent
Acceleration of Parallel Rotation in Tokamak Plasmas. Physical Review
Letters, 110, 265006 — Published on 27 June 2013. CEEE, Huazhong
University of Science and Technology, Wuhan, Hubei 430074, China.
WCI Center for Fusion Theory, NFRI, Gwahangno 113, Yusung-gu,
Daejeon 305-333, Korea and CMTFO and CASS, University of
California, San Diego, La Jolla, California 92093-0424, USA.
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The presence of an external magnetic field
introduces a source of plasma anisotropy. Variations or
fluctuations in the thermodynamic fields are much
greater perpendicularly to the field than parallel to it. (...)

The ion toroidal rotation in a tokamak consists of
an ExB flow due to the radial electric field and a
diamagnetic flow due to the radial pressure gradient...
the momentum pinch for the rotation generated by the
radial pressure gradient is calculated and is compared
with the Coriolis pinch. This distinction is important for
subsonic flows or the flow in the pedestal where the two
types of flows are similar in size and opposite in
direction. At the edge, the different pinches due to the
opposite rotations?’ can result in intrinsic momentum
transport that gives significant rotation peaking.*

We assume that heating induced spontaneous
toroidal rotation and other consequences of anomalous
momentum transport, it has been observed toroidal
rotation during heating, without external torque.

Parametric scaling of the intrinsic (spontaneous,
with no external momentum input) toroidal rotation
observed on a large number of tokamaks have been
combined with an eye towards revealing the underlying
mechanism(s) and extrapolation to future devices. The
intrinsic rotation velocity has been found to increase with
plasma stored energy or pressure in JET, Alcator C-Mod,
Tore Supra, DIII-D, JT-60U and TCV, and to decrease
with increasing plasma current in some of these cases.
Use of dimensionless parameters has led to a roughly
unified scaling with MA o pN, although a variety of Mach
numbers works fairly well; scaling of the intrinsic rotation
velocity with normalized gyro-radius or collisionality show
no correlation. Whether this suggests the predominant
role of MHD phenomena such as ballooning transport
over turbulent processes in driving the rotation remains
an open question. For an ITER discharge with N = 2.6,
an intrinsic rotation Alfven Mach number of MA sime 0.02
may be expected from the above deduced scaling,
possibly high enough to stabilize resistive wall modes
without external momentum input.®

V. PHENOMENOLOGY

Intrinsic spontaneous toroidal rotation driven by
pressure and ion temperature gradients has been long
predicted, studied and analyzed.

?'Lee, J. P, Parra, F. I. and Barnes, M. Turbulent momentum pinch of
diamagnetic flows in a tokamak. arXiv.org physics arXiv:1301.4260.
Plasma Science and Fusion Center, MIT, Cambridge, USA, 21 January
2013.

2 Barceld, G.: Dynamic Interaction Confinement. World Journal of
Nuclear Science and Technology Vol.4 No.4, October 29, 2014DOI:
10.4236/wjnst.2014.44031.

2 J.E. Rice, A. Incecushman, J.S. de Grassie, L.-G. Eriksson, V.
Sakamoto, A. Scarabosio, A. Bortolon, K.H. Burrell, B.P. Duval, C.
Fenzi-Bonizec: Inter-machine comparison of intrinsic toroidal rotation in
tokamaks. Published 31 October 2007, IAEA, Vienna ¢ Nuclear Fusion,
Volume 47, Number 11

© 2016 Global Journals Inc. (US)

Spontaneous toroidal rotation, self-generated in
the absence of an external momentum input, exhibits a
rich phenomenology. In L-mode plasmas, the rotation
varies in a complicated fashion with electron density,
magnetic configuration and plasma current and is
predominantly in the counter-current direction. The
rotation depends sensitively on the balance between the
upper and lower null and plays a crucial role in the H-
mode power threshold. Rotation inversion between the
counter- and co-current directions has been observed
following small changes in the electron density and
plasma current, with very distinct thresholds. In contrast,
the intrinsic rotation in H-mode plasmas has a relatively
simple parameter dependence, with the rotation velocity,
proportional to the plasma stored energy normalized to
the plasma current, and is nearly always directed co-
current. In plasmas with internal transport barriers,
formed either with off-axis ICRF heating or LHCD, the
core rotation velocity increments in the counter-current
direction as the barrier evolves.**

The experimental results of investigations of the
mechanisms behind the momentum transport, and
predictions of intrinsic rotation allow evolving in these
investigations.

Regarding momentum transport, the radial flux of
momentum has diffusive and nondiffusive (ND)terms,
and experimental investigations of these are discussed.
The magnitude of the diffusive term of momentum
transport is expressed as a coefficient of viscous
diffusivity. The ratio of the viscous diffusivity to the thermal
diffusivity (Prandtl number) is one of the interesting
parameters in plasma physics. It is typically close to
unity, but sometimes can deviate significantly depending
on the turbulent state. The ND terms have two
categories: one Is the so-called momentum pinch,
whose magnitude is proportional to (or at least depends
on) the velocity itself, and the other is an offdiagonal term
in which the magnitude is proportional to (or at least
depends on) the temperature or/and pressure gradient,
independent of the velocity or its gradient. The former
has no sign dependence; rotation due to the momentumn
pinch does not depend on the sign of the rotation itself,
whether it is parallel to the plasma current (codirection)
or anti-parallel to the plasma current (counter-direction).
In contrast, the latter has a sign dependence, the rotation
due to the off-diagonal residual term is either in the co- or
counter-direction depending on the turbulence state, but
not on the sign of the rotation itself. This residual term

24 J E Rice, A C Ince-Cushman, M L Reinke, Y Podpaly, M J
Greenwald, B LaBombard and E S Marmar: Spontaneous core toroidal
rotation in Alcator C-Mod L-mode, H-mode and ITB plasmas.
Published 5 November 2008 ¢ 2008 IOP Publishing Ltd ¢ Plasma
Physics and Controlled Fusion, Volume 50, Number 12

%K. Ida and J.E. Rice: Rotation and momentum transport in tokamaks
and helical systems. Published 10 March 2014, 2014 IAEA, Vienna.
Nuclear Fusion, Volume 54, Number 4. doi:10.1088/0029-
5515/54/4/045001



can also act as a momentum source for intrinsic
rotation.

V1. PREDICTIONS FOR INTRINSIC ROTATION

It is important to make predictions for the
intrinsic rotation for future reactors: There are many
unresolved problems regarding intrinsic rotation. One of
the important issues is the sign of the rotation. As seen in
the reversal phenomenon, the direction of the intrinsic
rotation changes its sign, even with slight changes in
plasma parameters, which cannot be expressed by a
global parameter scaling. The other issue is that the
intrinsic rotation is very sensitive to the change in
turbulence type, and also to the confinement mode,
such as LOC/SOC, L-mode/H-mode or L-mode/ITB.
Although the magnitude of intrinsic rotation may be
sufficient in ITER, the flip in rotation is of concern, so an
understanding of rotation reversals is crucial. In order to
achieve stable operation in ITER, a better understanding
based on the physics mechanisms of intrinsic rotation is
necessary.

There are several physics issues which should
be understood in order to predict the intrinsic rotation in
future devices. The physics mechanism determining the
direction and magnitude of intrinsic torque is still not well
enough understood to give a precise prediction,
although there are many experimental observations and
simulations. Since the intrinsic torque is related to the
symmetry breaking of turbulence, it should be correlated
with the confinement regime, as well as to heat and
particle transport. At the moment, the understanding of
the connection among the particle pinch, intrinsic torque
and non-local response of the heat transport is still
phenomenological. The other remaining issue is how the
angular momentum is released when the intrinsic rotation
appears. It is not clear whether angular momentum is
conserved by the kinetic momentum escaping from the
last closed flux surface or by a change in the magnetic
vector potential. %

There are several others outstanding issues,
such as how the angular momentum is released when
the intrinsic rotation appears.

Regression analysis has been performed on the
intrinsic rotation data set:

Extrapolation to ITER predicts rotation velocities
in some of the scatter may be due to the large variety in
magnetic field ripple, error fields and/or wall conditioning
in the various devices. Extrapolation to ITER predicts
rotation velocities in excess of 300km/s. (...) There are
several physics issues which should be understood in
order to predict the intrinsic rotation in future devices.
The physics mechanism determining the direction and

% K. Ida and J.E. Rice: Rotation and momentum transport in tokamaks
and helical systems. Published 10 March 2014, 2014 IAEA, Vienna.
Nuclear Fusion, Volume 54, Number 4. doi:10.1088/0029-
5515/54/4/045001.

magnitude of intrinsic torque is still not well enough
understood to give a precise prediction, although there
are many experimental observations and simulations.
Since the intrinsic torque Is related fo the symmetry
breaking of regime, as well as to heat and particle
transport. %

Recently there has been widespread attention
paid to rotation and momentum transport in tokamak
plasmas. Of particular interest is spontaneous (intrinsic)
toroidal rotation in plasmas without external momentun
input. The strong co-current spontaneous rotation in
enhanced confinement regimes, with ion thermal Mach
numbers up to 0.3, may allow for resistive wall mode
suppression in high-pressure ITER discharges, without
requiring the use of neutral beam injection. Spontaneous
rotation in L-mode discharges exhibits a complex
dependence on plasma parameters and magnetic
configuration compared to the relatively simple scaling of
Alfven Mach number (MA = V®/CA, where CA is the

Alfven speed) MA~pBN observed in enhanced
confinement  plasmas. There is currently  no
comprehensive,  quantitative  explanation  of  this

phenomenon. An accurate prediction of the expected
rotation velocity profile from whatever neutral beam
infection is available on ITER requires a detailed
understanding of momentum transport. There have been
extensive investigations into correlations between energy
and momentum diffusivities, and whether there are
systematic trends of the Prandtl number with plasma
parameters. Of late, there has been vigorous theoretical
activity regarding a possible momentum pinch that could
help enhance the rotation in the plasma interior. There
has been a renewed interest in poloidal rotation,
especially in ITB discharges, which is generally found to
be at odds with the predictions of neo-classical
theory. (...)

Spontaneous rotation (in the absence of external
momentum input) in low confinement mode (L- mode)
Ohmic plasmas is often directed counter-current, and
depends very sensitively on the magnetic configuration
and in a complicated fashion on other parameters, such
as the plasma current, electron density and ion
temperature. While the study of spontaneous rotation in
L-mode discharges is of interest in its own right (e.q. for
its relation to the H-mode power threshold), these
plasmas will not be considered here, since most ignition
scenarii in future devices require H- mode confinement.
The spontaneous toroidal rotation in H-mode (and in
enhanced confinement regimes in Tore Supra) is
generally in the co-current direction and has been
observed on many devices and produced with a wide

27 K. Ida and J.E. Rice: Rotation and momentum transport in tokamaks
and helical systems. Published 10 March 2014, 2014 IAEA, Vienna.
Nuclear ~ Fusion, Volume 54, Number 4. doi:10.1088/0029-
5515/54/4/045001.
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variety of techniques (ICRF, Ohmic, ECH), demonstrating
its fundamental nature. (...)

Spontaneous (in the absence of external
momentum input) co-current toroidal rotation has been
observed on many tokamaks in H-mode (and in
enhanced confinement regimes in Tore Supra),
produced by a variety of different methods: ICRH, ECH,
Ohmic heating, ECH with lower hybrid heating and
balanced neutral beam injection. A common feature of
these observations is that the rotation velocity increases
with the plasma pressure or stored energy. (...) At
present there (s no comprehensive, quantitative
explanation for spontaneous rotation. Some recent
observations of poloidal rotation are inconsistent with the
predictions of neo-classical theory. Momentumn transport
has been found to be closely coupled to energy
transport, and with momentum diffusivities much higher
than neo-classical values. These results are consistent
with diffusive  momentum transport driven by ITG
turbulence. Evidence for an inward momentum pinch has
also been observed, which could be due to the Coriolis
drift effect or from symmetry breaking due to magnetic
field curvature.?®

The theory of turbulent transport of toroidal
momentum is discussed in the context of the
phenomenon of spontaneous/intrinsic  rotation. We
review the basic phenomenology and survey the
fundamental theoretical concepts. We then proceed to
an in-depth discussion of the radial flux of toroidal
momentum, with special emphasis on the off-diagonal
elements, namely the residual stress (the portion
independent of V) and the pinch. A simple model is
developed which unifies these effects in a single
framework and which recovers many of the features of
the Rice scaling trends for intrinsic rotation. We also
discuss extensions to finite beta and the effect of SOL
boundary conditions. Several issues for future
consideration are identified.

Spontaneous spin-up in intrinsic toroidal and
poloidal rotation of impurity ions (C and He) was
observed at the edge of ohmic plasmas during L-H
mode transitions in NSTX. The rotation was reduced
again after the H-L back transition. The changes in
rotation were accompanied by changes in plasma
fluctuations and turbulence observed over the plasma
minor radius from the far SOL too deep in the core using

2 J E Rice: Spontaneous rotation and momentum transport in tokamak
plasmas. Plasma Science and Fusion Center Massachusetts Institute of
Technology Cambridge MA 02139 USA, 2007, U.S. Department of
Energy, Grant DE DE-FC02- 99ER54512, and IOP Publishing Ltd.
Journal of Physics: Conference Series, Volume 123, Number 1, 2008.

29 P. H. Diamond and C. Mcdevitt and O. D. Gurcan and K. Miki and T.
S. Hahm and W. Wang and G. Rewoldt and I. Holod and Z. Lin and V.
Naulin and R. Singh: Physics of Non-Diffusive Turbulent Transport of
Momentum and the Origins of Spontaneous Rotation in Tokamaks. The

College of Information Sciences and Technology, 2015. The
Pennsylvania State University.

© 2016 Global Journals Inc. (US)

diagnostics such as fast reflectometry and Langmuir
probes near the chamber walls, gas puff imaging (GPI),
and microwave reflectometry and high-k scattering in the
plasma core. Intrinsic rotation increases of 10s of km/s
were observed using an edge rotation diagnostic and
reflectometry showed the long wavelength correlation
length in the plasma core to drop sharply at the L-H
transition. GPI and a fast radial (midplane) scanning
probe showed a strong decrease in plasma turbulence
(...) at the plasma edge. The observed intrinsic velocity
scalings are consistent with a variety of toroidal
devices.*

VII.  DyNAMIC MODEL FOR CONFINED

PLASMA

Against this background of study and constant
advancement in unravelling the physical behaviour of
tokamak-type nuclear reactors, we suggest a revision of
the dynamic criteria being applied, given that we believe
there may well be inappropriate interpretations in the
principles of classical rotational dynamics at play.®’

We propose a dynamic new model for confined
plasma based on the theory of dynamics interactions
(TDI), to allow, a natural dynamic confinement. We
advise the study of rotational dynamics, given that it
would afford us a better understanding of the dynamics
of confined plasma by dynamic interaction, along with
an improved reactor result.

In accordance with the theory of dynamics
interactions, we suggest that each particle, instead of
following a linear path, as would be expected from the
classical mechanics equations of Newton-Euler, it would
follow a closed path owing to the coupling of the
velocities’ fields that are caused on every point of each
particle.

The issue can be summed up as follows: If we
apply this dynamic theory to a tokamak reactor, every
plasma particle with intrinsic rotation will follow a closed
path like that of the boormerang when it is subjected to a
non-coaxial momentum in addition to its intrinsic angular
momentum. Consequently, there are different authors®

% Bush, C. E.; Bell, R. E.; Kubota, S.; Ahn, J.-W.; Maqueda, R. J;
Zweben, S. J.; Leblanc, B. P.; Lee, K. C.; Mazzucato, E.; Wilgen, J. B.;
Fredrickson, E. D.; Raman, R.; Delgado-Aparicio, L.; Stutman, D.;
Tritz, K.; Kaye, S. M.: Spontaneous Intrinsic Rotation and Changes in
Turbulence in Ohmic H-modes on NSTX. American Physical Society,
50th Annual Meeting of the Division of Plasma Physics, November 17-
21, 2008, abstract #NP6.091.
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lllustration with the image of the trajectory of the plasma according to the criteria of the TDI. (by Al. Pérez)

who share these same hypotheses® with a view to
understanding the dynamic behaviour of bodies or
particles in those circumstances in which they have
translational ~ velocity, intrinsic  rotation and are
simultaneously subjected to a non-coaxial momentum
with its own rotation.®* Notwithstanding, in our
hypothesis, based on a possible analogy, we are
extrapolating the observed behaviour in macroscopic
moving bodies to the reactor’s plasma particles.

In our opinion, this dynamic model also
coincides with the behaviour of hurricanes on the Earth
and also resembles atmospheric toroidal vortex rings.

It must be pointed out that in our investigations
we have come to a rational deduction to the effect that in
such circumstances, the kinetic translational energy can
be transformed into kinetic rotational energy, and vice
versa, and in general, energy transfers can occur at the
core of particles endowed with intrinsic angular
momentum: [...] kinetic energy can be transferred,
increasing its rotation velocity, its linear velocity or
modifying its state of potential.*

We suggest that the spontaneous/intrinsic
rotation can be explained by this dynamic theory: the
plasma particles with intrinsic rotation, undergo to a not
coaxial torque, initiated the orbiting movement, in the
same way that spontaneously initiates a top. By the
effect of the external torque, the travel speed of the

3 Dorado Gonzalez, M. Dinamica de sistemas con spin: un nuevo
enfoque. Fundamentos y aplicaciones. ADI Ser, Ed.: Madrid, 2013.

34 Dorado Gonzalez, M. Equation of motion of systems with internal
angular momentum — II. arXiv: physics/ 0603207.

% Barceld, G. A rotating world (Un mundo en rotacion). Editorial
Marcombo: Barcelona, 2008. http://www. dinamicafundacion.com/

particle changes its direction but not its magnitude,
initiating a closed-orbiting movement, as expressed by
the TID. The goal, in this case for better efficiency, it will
match the radius of this spontaneous movement with
the radius of the reactor. Thus we conceive the plasma
as a whole on a closed orbit, inside the reactor, which
defines the proposed dynamic inertial confinement, and
justified by the TDI.

Thus, the plasma has a repetitive motion
equivalent to the boomerang, returning to his place of
origin. Both dynamic behaviors, the top and the
boomerang are, in our opinion, clear examples of the
rotational dynamics justified by the Theory of Dynamic
Interactions, TDI, that we propose.

VIII. LORENTZ FORCE

At the beginning of this paper we stated that
magnetic confinement is based on the Lorentz force.
This force manifests itself when an electric charge in
movement moves in a magnetic field. We have stated in
other works that, in our opinion, the origin of this force is
analogous to that of the inertial forces that manifest
themselves in TDI circumstances, and which oblige
particles to follow a closed path. Therefore, and in
accordance with our hypothesis, the same dynamic
effect and the same effective confinement could be
obtained doubly, by the magnetic effect and by the
dynamic effect.

The Lorentz force is an electromagnetic
interaction manifestation, discovered by Hendrik
Lorentz, with multiple technological applications. It is the
total combination of electric and magnetic force on a
point charge due to electromagnetic fields.
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For a particle of charge subjected to an electric
field combined with a magnetic field, the total
electromagnetic force or Lorentz force on the particle is
given by:

f=q(E+VXxB),

Where:
q= particle charge
v= velocity in the presence of an electric field
E= electric field intensity
B= external magnetic field
If we look carefully at the effects a B field exerts
on an electrical charge g, it holds that:

o When the particle is at rest, the field B exerts no
force on it.

e The force is maximum when the load speed v
and the field B are orthogonal and is zero when
they are parallel.

e The force is perpendicular to the plane formed

by v and B.

e The force is proportional to the charge g, and to
de speed v.

e If the load changes sign, the force changes
direction

Therefore, the force exerted by a field B on
electric charge g moving with velocity v is perpendicular
to the field lines B, causes a normal acceleration and
change the path charge. Accordingly, a circular
movement starts, in which the magnetic force acts as
normal force or centripetal, and wherein the modulus of
the speed remains constant, there being no tangential
force.

This is the same behavior justified by the TDI, to
the bodies with intrinsic rotation, when subjected to non-
coaxial torque. In these cases, a new curved path also
circular is generated, when maintained constants the
parameters.

If we simply refer to the magnetic moment
generated by a magnet, this determines the force that
the magnet can exert on electric currents and magnetic
field torque exerted on them. Its formulation is:

T=u XB

Where:
T = is the torque acting on the dipole
M = is the magnetic moment.

T It is always normal to both, both p as B. When B is
orthogonal to p, then it is maximum. Note that this
dynamic relationship between two quantities, is
analogous to the dynamic equation of the TDI, also the
dynamic phenomena occurring in both cases are also
similar.

It is assumed, in the case of magnetic
materials, that the cause of the magnetic torque are the

© 2016 Global Journals Inc. (US)

spin and orbital angular momentum states of the
electrons, and whether atoms in one region are aligned
with atoms in another.

Magnetic torque and angular momentum have
a close connection. It is expressed on a macroscopic
scale in the Einstein-de Haas effect, or 'rotation by
magnetization," and otherwise with its inverse, the
Bamnett effect, or "magnetization by rotation." Both can
be defined as gyromagnetic effects. This applies, for
example, when a magnetic moment is subject to a
torque in a magnetic field that tends to align it with the
applied magnetic field, the moment precesses (rotates
about the axis of the applied field).

In these phenomena we can imagine a
magnetic dipole as a rotating charged particle. In this
case both, the magnetic moment and the angular
momentum, increase with the rate of rotation.

Electrons and many atomic nuclei, have intrinsic
magnetic moments, which relates to the angular
momentum of the particles. This way you can justify the
behavior of the plasma. The intrinsic angular momentum
(spin) of each type of particle of the plasma is a
constant.

The spin magnetic moment is an intrinsic or
essential property of particles, such as mass or
electrical charge. These intrinsic magnetic moments are
what give rise to macroscopic effects of magnetism, and
other phenomena such as nuclear magnetic resonance.

In addition, certain orbital distributions, implies
an additional magnetic moment, by the movement of
electrons as charged particles.

Both ideas being proposed should, we feel, be
further explored and, where appropriate, confirmed
experimentally; on the one hand, that the Lorentz force is
analogous to an inertial dynamic force, similar to TDI
ones, and on the other hand, that this theory be applied
to the reactor’s plasma.®

IX. CONCLUSIONS

Nuclear fusion is a necessary energy into which
countries are researching and in which we trust.
Although, to some authors: At present there is no
comprehensive, quantitative explanation for spontaneous
rotation,* but in this text we have proposed a dynamic
justification of such expontanea plasma rotation.

% Barceld, G.: Dynamic Interaction Confinement. World Journal of
Nuclear Science and Technology Vol.4 No.4, October 29, 2014DOl:
10.4236/wjnst.2014.44031
http://www.scirp.org/journal/Paperinformation.aspx?paperlD=51026&
http://dx.doi.org/10.4236/wjnst.2014.44031

87 J E Rice: Spontaneous rotation and momentum transport in
tokamak plasmas. Plasma Science and Fusion Center Massachusetts
Institute of Technology Cambridge MA 02139 USA, 2007, U.S.
Department of Energy, Grant DE DE-FC02- 99ER54512, and IOP
Publishing Ltd. Journal of Physics: Conference Series, Volume 123,
Number 1, 2008.



The focus however is on new theory and
simulation of the ExB shear and coriolis angular
momentum pinch effects needed to understand the
intrinsic toroidal rotation in tokamaks without external
torque in the core.®

We also understand that should be explored a
new theory and simulation, but that's not exactly a
Coriolis effect, or the ExB shear where the solution must
be found, if not in the TID we propose.

As far as magnetic confinement reactors are
concerned, plasma dynamics is still a work in progress.
We are as yet ignorant of the exact dynamic behaviour of
plasma and, moreover, when designing these generators
it is still necessary to reduce their turbulent tendency and
improve their momentum transport capacity.

We propose a profound revision of the principles
of classical rotational mechanics, especially as regards
particles subjected to accelerations by simultaneous and
noncoaxial rotations. After conducting our research, we
put forward certain specific, alternative dynamic
hypotheses.

In addition to the plasma’s material container,
we can envisage another simultaneous, non-material
container, along with the use of magnetic confinement
techniques. We suggest the exploring of a new type of
dynamic confinement based on the TDI and one that is
compatible with magnetic confinement.

Gyrokinetics is the workhorse for modern
research on low-frequency micro turbulence in
magnetized plasmas. It is a very powerful tool that has
been used successfully in many different applications in
both fusion and astrophysics.*

We recognize that the issue is still unresolved.
We understand that it is not correct to speak of the
Coriolis effect. The problem lies in the design of
the equations of motion applied. We propose the
implementation of a new rotational dynamics based on
the theory suggested in this text.

Moreover, in our opinion, the TDI could also be
employed as a complementary theoretical instrument
that would lead to greater reactor efficiency.
Consequently, its dynamic hypotheses ought to be
studied in the field of Gyrokinetics theory.

The equation for movement that we are
proposing in the Theory of Dynamic Interactions for these
non-inertial situations is very simple [...] it becomes
possible to determine the path of plasma particles in
translation, when these particles are endowed with

% R. E. Waltz, G.M. Staebler and J. Candy: Gyrokinetic theory and
simulation of momentum transport and energy exchange. General
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intrinsic rotation and are subjected to rotation actions on
another, different axis. [...]

These new dynamic hypotheses we are putting
forward and which we hold applicable to particle systems
accelerated by rotation can, we suggest, be used in the
interpretation and design of fusion reactors. Accordingly,
we persist in our belief that magnetic confinement in a
reactor can be likened to confinement by dynamic
interactions based on the Theory of Dynamic
Interactions. Applying this criterion we are proposing
would enable a twin physical-theoretical principle to
isolate plasma and try to minimize its turbulence: each
plasma particle should have spin and be subjected to a
non-coaxial magnetic momentumn from without and
another  gravimetric ~ one.  Accordingly,  plasma
confinement will be based on two different, albeit
analogous, physical principles, generating double
intransigence in its path. *

We understand that the variational analysis
used in the applied formulation is currently insufficient, if
not accompanied by the dynamic hypothesis that we
propose. It is necessary to incorporate on the
mathematical formulation, the coupling of the fields of
the dynamics magnitudes that are generated in the
plasma, because this dynamic coupling defines its true
behavior: the plasma circulating along the reactor, in a
closed path, generating an additional dynamic
confinement, besides already magnetic known. The
dynamic model based on a new rotational concept, may
represent more correctly the real behavior of the plasma
in the rector, even could improve the performance of
these energy power plants, minimize turbulence and
improve momentum transport.
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Bi-Directional EPR Correlation in Cosmology
and Planckeon Origin of Dark Energy

Noboru Hokkyo

Abstract- A solution of nonlocal EPR correlation between
counter-propagating pair of polarization-entangled photons
emitted from a common source at S and detected at points P
and Q is sought outside the EPR's reality criterion of local
causality but within the framework of time-symmetric quantum
electrodynamics allowing the bi-directional signal transmission
P—S<Q on the double-light cone where the future and the
past cones share common light paths connecting the photon
source S and the detection points P and Q. A cosmlogical
implication of the bi-directional signal transmission P—Q
without common source S in the inflationary cosmology and
possible Planckeon orgin of dark energy in the upper
hemisphere of semiclosed Friedman uiverse, joined on to an
asymptotically flat outer space, are also discussed.
Keywords: quantum theory, relativity, causaliy,
correlation cosmology, dark energy.

locality,

[. INTRODUCTION

ince the advent of quantum mechanics in the mid-

1920s there have benn continued interpretational

controversies surrounding its  counter-intuitive
nature such as the wave-particle duality and the
instantaneous collapse of the particle wave function at
the detection point. But the paradox of nonlocal EPR'
correlation between distant events without nonlocal
interactions has been more problematic in recent times
by Bell's experimental nonlocality test*® proposed in
1964, though the paradox was first noticed by
Schrodinger* and discussed in the dialogue between
Einstein and Bohr® at 1935 Solvay Council. In emphasis
of the signal transmission in EPR correlation Cavaicanti
and Wiseman® asked: “What Bohr could have told
Einstein at  Solvay had he known about  Bell
experiments ?” In his recollection in 1990 Bell” wrote:
“Suppose quantum mechanics were found to resist
precise formulation. Suppose that when formulation
beyond FAPP (For All Practical Purposes)® is attempted,
we find an unmovable finger obstinately pointing
outside the subject....to the Mind of the Observer..., or
only Gravitation ?” We here show that the solution of
quantum paradoxes can be found outside the EPR's
reality criterion of local cauality® but within the framework
of time-symmetric quantum electrodynamics for finite
spacetme.’”® A cosmlogical implication of the bi-
directional signal transmission P—~Q without common
source S in the inflationary cosmology and a possible
orgin of dark energy are also discussed.

Author: Senjikan Institute, Niigata, Japan.
e-mail: noboruhokk@yahoo.co.jp

II. EPR CoRRELATION IN EPR LOOPHOLE

At the Solvay council EPR asked: “Are there
spooky actions at a distance in quantum dmechanics ?”
Recently, Yin et al." led by Q. Zhang measured a
superluminal speed of spooky acions between counter-
propagating pair of photons emitted from an opticaly
pumped atom in spin O state. During the measurement
the locality and the freedom-of-choice loopholes of
previous expriments were maximally closed by
observing a 12-hour continuous violation of Bell's
numerical expression (inequality) to EPR's reality
criterion of local causality and separability of distant
events. Let the spacetime positions of the photon source
and the detection points be S(xs, ts), P(%p, tp) and Q(xq,
to). Then the lower bound of the speed cg of the spooky
actions

Cs= |Xq—Xp|/|tq —tp] (1)

can be superluminal as |tq —tp| — 0. Here we can see a
local and causal link P«S—Q (tg < t, = ty) and the
nonlocal and acausal (spooky) link P—Q (tp < tg). Let &p
and gy be the unit polarization vectors of photons
measured at P and Q. The experiments verified the
quantum exPectations of the correlation function
Cam((er.8q) = ggq = cOs 0, where 6 is the Hilbert
space angle between g, and g5, and showed a clear
rejection of classical theories obeying Bell's
inequlities. The experiments also confirmed the
insenstivty of Cqy to observer's delayed decision as to
which direction to measure each photon's polarization
at P and Q after the photon left the source at S—too
late for a message to reach the opposite photon,?
making the causal link P<~S—Q improbable and the
bi-directional link P<+S—Q probable in the loophole
of EPR's reality criterion of local causlity between P
and Q,

[11. EPR CORRELATION ON DOUBLE-LIGHT
CONE

Dirac'? defined the two-point corrlation function
or propagator A(x, 1) between S(0,0) and P(x, t), and

visualized the signal transmission S~P on the light
cone with the origin S as vertex:
(9%/c?0%t? — 9°FPa*X®)A(x,t) = 0, 2)

A1) = a()3(C2E - xd)
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= [8(ct—x) — d(ct — X)]
Apast = Aret - Aadv1 , (3)

where a(t) = t/[t] =1 (t > 0); = — 1 (t < 0). There an
electron at S(0, 0) moves under the retarded (causal)
action A, of a charged partcle at P on the past light
cone d8(ct + x) of S as well as the advanced
(retrocausal) action A, of a charged particle at Q on the
future light cone 8(ct — x) of S, giving a divergence-free
radiation damping of the electron at S. The bi-directional
EPR link, P(xp, tp)e> S(xs, t5)>Q(Xq, tg), can be visualized
on the future light cone of the optically pumped metastble
atom at S(0, 0) by replacing the step function a(t) by the
square (step-up and down) function B(t) = 0 (t < tg); =1
(ts<t<tpa); =1 (t>tpa)

= Afuture -

(ts<t<tpa); =1(t>tpq)
A([Xpa = Xs], [toa = ts)
= [8(C|tpa — ts| = |XP/O_XS\|)
=d8[(Cltpa—ts] = |XP/Q_XS\ 11/ Xp1a = Xs] - 4)

The double-light cone'™ [8,, — 8,4,] in EQ.(5)
tells that the detection point P/Q on the left/right arms
of the future light cone of S is reached by retarded
wave expi(ot — kt) from S while advanced wave
expi(wt + kx) from P/Q reaches S on the right/left
arms of the past light cone of P/Q, forming a bi-
directional sinusoidal wave, expiotsinkx, standing in
phase between S and P/Q with nodes fixed in space
at x = nri/k (n = integer).

IV. BI-DIRECTIONAL MICROSCOPE

“Is the star (moon) there when nobody looks”
asked Tetrode (Mermin)." At the 1947 Solvay Council
Heisenberg proposed a thought experiment
measuring the electron position on microscope's
object plane. There the photon wave collapsing at S
in the retinaof the oberver entails the retrocollapse
(appearance) of an elecon at P scattering the photon
to be observed at S. That is, the electron is not at P
when nobody looks. at S. This point was emphasized
by Weizacker'® in his delayed-choice thought
experiment measuring the transverse photon
momentum on the focal plane of Heisenberg's
microscope. If the microscope is very long, the
observer at S can make choice as to which property
of the electron, position or momentum, to measure
after the scattering process has taken place at P. To
see the bi-directional signal transmission S«—P where
M = pV = 4mp,R%3 is the Newtonian mass. in
microscope we write Eq.(5) in momentum space'

Ao il %o —xs|, [to—ts])
= [expike|tp—ts| |sink|xe —xs|]/[K], ()

getting an uncertainty relation between photon
momentum p = hk and the microscope length

© 2016 Global Journals Inc. (US)

plxe —xs| = nh/2, (6)

where n is the number of nodes of the sinusoidal
wave standing between S and P.

V. CosMOLOGICAL EPR CORRELATION

In his aether hypothesis Dirac'”'® considered
a nonlocal EPR connection without common source S
between distant events P and Q on the 4-dimensional
hyperboloid (ct)* — r* = |,%, or the Lorenz sphere of
radius |, , crossing the light cone at ct = | atr = 0

with spacelike velocity:
dr/dt = ct/r = c(1 + I,2/r)"2. (7)

Hawking' considered a cyclic cosmology
where an expanding and contracting Lorenz-de Sitter
universe starts and ends on the Lorenz sphere
embedded into 4-dimensional Euclidean space 1° + r2
~ 1,7 with imaginary time t© = it. There the observable
Hubble consant H = v/d relating the relative velocity v
~ ¢ of extragalactic objects at a distance d receding
from the Earth, is related to the cycle C = 2nH",
temperature T = H/2m and entropy S = mH®. In high
dimensional string theory,® the parallel orbifold branes
collide periodically in cycle, expanding and contracting
with dark energy.

We here consider the embedding of the
Planck length |, in the radial line element ds of the
Lorenz-de Sitter-Reissner-Nordstroem universe:

d82 = ngttdtQ_ grrer:
Oi= 0. = c(1 —ArP/c® + I ,2/r?)"2 8)

Here A is the cosmolgical constant
interpreted as the timelike vacuum energy density.
Note that the light velocity dr/dt = ¢(g/g,)"* = c(1 —
Ar’/c® + 1,°/r°) is spacelike at r ~ |, but decreases
with the increase of r towards dr/dt = c atr = (cl,)A”
2.~ 10%°Acm. In the inflationary cosmology
starting from quantum fluctuations of preexisting
spacetime metric, the radius of the causally related
small region extends from |, ~ 10%cm to r ~ 10*°cm
during electroweak and grand unification period followed
by a brief interlude of reheating, returning to the pre-
inflationary temperature of the universe. After the
inflationary period, further evolution of the universe is
described by the standard Friedman model universe
starting the radiation dominated phase of Hubble's
expansion history.

VI. TIME-SYMMETRIC AND INFLATIONARY
FRIEDMAN ....UNIVERSE

Consider a Friedman universe filled with the
uniform disrtribution of constant dark energy density
py described by the Lorenz-Reissner-Nordstroem
metric:



Oy =0r' = (1~ "2/"92)1/2 + e
= (1=1/r) "2 (1 + 1t/r)"2 + 1.2/, 9)

where r, = 3c?/8nGp, is the gravitational radius of the
universe determinig the cosmological event horizon. We
find superlminal signal trasmission dr/dt = ¢(g,/g,,)"?
>> cand causally related small regions at radii r = r,
and r = r,—r, where r, = (r,/r) ~ 10%cm for r, = R~
10%cm, that is, the inflationary epochs of expanding
and contracting almost closed Friedmanan universe,
joined onto asymetrically flat Euclidean spaces
through double-valued Schwarzschild bottle-neck.

VII.  MASS DEFECT OF SEMICLOSED

FRIEDMAN UNIVERSE

Forr >> r, the evolutinary history of Friedman
universe is determined by the Hubble constant H =
8nG/py where p, is the dark energy density. The
dimensionless density parameter Q, is defined by Q, =
pa/pea Where pg is the critical density to make the univese
flat. Forr>>r, we have

ds? = c¢?g,dt?— g, dr?,
(10)

Using the integral fdx(1 — x?)'2 = sin'x the
proper mass M, and volume V,, of the universe of radius
R are calculated ss

M, = paV, = 21paSTrPg,dr = (3/2)(R/r,)°[sin™ (R/ry)
= (RIrg) (1 = (RrgH)")IM, (11)

where M = 4nR%p,/3 is the Newtonian mass and M- M,
the mass defect. Equation (11) tells that the proper radius
R, = [Rg.rdr increases with the increase of the world
radius from r ~ I, where sin"(lp‘/rg) ~ 1, until V, fills the
lower hemisphere of the closed Friedman universe, where
sin(ly/ry) = m/4. With further increase of r, R, decreases
towards R, ~ I, where sin'(l,/r) ~ m/2, forming a
gravitational semiclosure with V, ~ M, ~ 0 in the
evolutionarily earlier upper hemisphere, creating Planck
scale black holes' outside the event horizon of almost
closed Friedman universe joined onto asymptoticlly flat
space through Schwarzschil bottle-neck pulsating with
Planck scale period.?

O = grr-1 = (1 - rz/rg2)1/2-

VIII.  SOURCE OF DARK ENERGY

We note that the negative equation of state p, +
pPAC? < 0, Where p,C? << p,is the pressure, required by
the dark energy, is satisfied in the upper hemisphere of
the closed Friedman universe where the gravitationally
bound pairs of quantized metric fluctuations or
Planckeons of mass m,,, or graviational Bohr atoms,
creating negative attractive potential Gm, /I, = hc/l,
= m,c® dominate, forming Bose-Einstein condensate,
while the single Planckeon excitations with positive
rest mass energy m,c® prevail in the lower

hemisphere where the positive equation of state p, +
p ¢ > 0 is satisfied by the dark matter. The
evolutionarily earlier upper hemishere is chracterized
by the density parameter 0.5 < Q, = (R/r,)> = 1 and
the less earlier lower hemisphere by 0 < Q,, < 0.5,
The recently updated density parameters® fall into
these ranges: Q, ~ 0.685, Q,, ~ 0.266, Q,m — 0.049
where Q... is the density parameter of the
evolutionarily recent atomic matter. The fact that Q,
+ Q, + Quom = 0.965 ~ 1 can be taken an indication
of the asymptotical flatness of the outer space
detecting asymptotic solutions of Einstein equations.
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The Dance of the Spinning Top

Alvarez Martinez, Alejandro * & Martin Gutiérrez, Aimudena °

Summary- An interpretation of the spinning top movement, the
so-called "dance of the spinning top" is proposed. It is based
on a mechanical model without a central force, owing to the
absence of the same, in spite of the fact that there is
curvilinear movement. The path can be interpreted by means
of the Theory of Dynamic Interactions. This interpretation is
valid regardless of the way in which the spinning top has been
activated and the manner in which it is bound by the
environment.

Following on from the foregoing, we suggest that

planetary movement around the sun or that of artificial
satellites around the Earth and, in general, all objects
endowed with angular momentum on one of their rotating axes
in translation and subject to non-coaxial external momenta,
could also be interpreted in this way.
Keywords: Theory of Dynamic Interactions, interaction,
inertial  field, velocity field, torque, orbiting, angular
momentum, angular speed, spinning top, planets,
satellites.

I. INTRODUCTION AND GROUNDS

he rotary movement of bodies is a phenomenon
that has hitherto been studied insufficiently.
Interest in this area dropped in 20" century only to
focus on other aspects of physics that were considered
to be of greater import at the time.

Notwithstanding, for some years now, the
lecturer Gabriel Barcel6 Rico-Avello, Doctor in Industrial
Engineering and Physics Graduate has been proposing
a rotational mechanics that we believe better responds
to the behaviour of bodies with intrinsic rotation. We
refer to the Theory of Dynamic Interactions (TDI), which
explains that the rotary movement of a body endowed
with intrinsic rotation interacts with the translation of the
same. Dynamic interactions are understood as those
inertial reactions that appear when a body is subject to
accelerations [1].

There is a host of rotating bodies that could
serve as a subject of study. Nonetheless, this paper
restricts its scope to that of the spinning top and, more
exactly, to the dance of the spinning top, which consists
of the curvilinear translation movement made by this
body when rotating on its symmetrical axis, which in
turn, forms a certain angle with the vertical axis
perpendicular to the supporting plane. Moreover, we
propose to show that the aforementioned dance of the
spinning top, is in keeping with the basis of the Theory of
Dynamic Interactions (TDI).

Intuition would suggest a similarity between this
dance of the spinning top and the movement of any

Author a o: Advanced Dynamics, C.B.
e-mail: gestor@advanceddynamics.net

planet around the sun or that of any artificial satellite
orbiting the Earth. Consequently, the conclusions to be
gleaned from this behaviour will also be extrapolated to
these cases of scientific interest.

Furthermore, other particular instances of the
spinning top will be analysed to justify the generalisation
of this theory and to show that the interaction is
independent of the type of effect that provokes the
movement, as long as there is rotation and translation.

II. BACKGROUND

As stated by Dr. Barceldé Rico-Avello [2], the
peculiarity of a rotating body also warranted the
attention of some 20" century scientists. Accordingly, G.
Bruhat [3] defined it as the apparently
paradoxicalgyroscopic effect. Likewise, Paul Appell [4]
on referring to rotating bodies also frequently insisted on
its paradoxical behaviour. Nonetheless, the principles of
classical mechanics failed to delve into this aspect.

We believe the original error in the formulation
of the theory of the scientific community as regards
rotating bodies could lie in the studies of the scientist
Louis Poinsot (1777-1859) from two perspectives.

Firstly, he studied the rotation movement with a
fixed point (the case of the spinning top were translation
not caused on its point of support on the surface) [5].

Rotation axis

Figure 1 : Spinning top rotation axis and the angle it
forms with the vertical

In this analysis he proposed that the
Instantaneous Axis of Rotation defined by D'Alembert
(1717-1783) [6] varied at each moment owing to the
movement of the body, forming a cone with a fixed point
vertex. However, he further claimed that the axis of
rotation also varied inside the body itself. We hold that
this starting point is erroneous. From experiments on the
rotation movement of spinning top it can be observed
that, by taking certain fixed axes on it, its axis of rotation
does not shift or rotate in any way with respect to them.

© 2016 Global Journals Inc. (US)
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That is to say, as can be seen in figure 1, angle o
remains constant.

Secondly, it must be pointed out that Poinsot
shows that forces and momenta act on a solid body.
However, he further states that “each one of these
dynamic elements produce their forces separately, force
determines the translation movement of the body while
forque generates rotation around its centre of gravity,
without the force exercising any influence” [7]. Such a
reading had already been put forward by Lagrange [8].

This idea, which comes from Classical
Mechanics, is the one that has established the method
to calculate paths that is still used today.
Notwithstanding, we suggest that dissociating
translation and rotation in a body where both
phenomena occur jointly is mistaken and that the Theory
of Dynamic Interactions [9] better reflects what really
happens, as indicated by Julio Cano in his paper on the
pendulum of dynamic interactions. [10]

Other antecedents are known to have
questioned the idea of separation. Such is the case of
Dr. Shipov, who claims in the context of dynamic energy
transfer:

Consequently, the law of conservation establishes a
connection between translational and rotational forms
of movement and makes it possible to transform the
translation momentum in a rotational one and vice
versa. This means that the law of conservation of
momentum in Newtonian mechanics is limited and
cannot be generalised to the case of the torsion
interactions of colliding bodies. [11]

Classical Mechanics uses differential equations
to calculate paths, the well known "Euler Equations" [12].
Nevertheless, these expressions cannot be integrated
even for the case of the movement of the spinning top
and, therefore, from this limitation, the need to propose
other new ones to provide results for this case arises.
Moreover, it must be borne in mind that Newtonian
Classical Mechanics is limited to inertial cases.
Accordingly, to be able to apply its formula, Coriolis
found it necessary to introduce the Coriolis force and the
centrifugal force as fabricated forces for non-inertial
cases [13]. Nonetheless, in the Theory of Dynamic
Interactions we are proposing, there is no need to
incorporate fabricated or apparent forces, as the
dynamic behaviour of bodies is defined by the coupling
of the dynamic fields generated.

Lagrange managed to express the components
of angular velocity along the main axes and in function
of Euler angles, but he only solved equations for a
particular case and was unable to obtain a
generalisation or to resolve the case of the spinning top,
which is the one that concerns us here. [14].

Subsequently, Sofla Kovalévskaya in her paper
entitled On the rotation of a solid body about a fixed point
[15] attempted to resolve the Euler equations. However,
the equations generated four algebraic integrals that it

© 2016 Global Journals Inc. (US)

proved impossible to resolve by integration, so she
proceeded to resolve them numerically by means of an
approximation procedure, thus leaving the general
resolution of the equations unresolved.

Some recent studies have been found on the
dance of the spinning top which in our opinion fall short.
Christopher G. Provativis of the Technical University of
Athens, published a paper that studies this movement
based on the Euler equations and Lagrange's Analytical
Mechanics from which he obtained equation systems
that cannot be integrated analytically and which he
resolved by means of numerical integration, thus arriving
at mere approximations. [16]

We came across another thesis in which, on the
basis of Lagrange equations and by means of variation
calculation, the path of a spinning top in its dance is
obtained and visualised. This work compares the
different results obtained by different discretizations, but
always from the starting point of Lagrangian mechanics
[17].

Given the impossibility of resolving the
movement equations with the mathematical tools at our
disposal and which prevent the confirming of their
truthfulness and the relationship between rotation and
orbiting, Dr. Barceld proposed the Theory of Dynamic
Interactions and a mathematical formula that explains
the behaviour of rotating bodies [18].

Indeed, on studying the reactions of a solid rigid
body subject to non-coaxial torques, M. Himn had
already concluded in the 19" century that these torques
were generating non-homogeneous velocity fields [19].
The Theory of Dynamic Interactions also covers the
distribution of non-homogeneous fields.

Lastly, it is noteworthy that the Spanish
physicist, Miguel A. Catalan, also interested himself in
the movement of rotating bodies in the middle of the
20th century, comparing the rotating of an electron
around the atom nucleus to spinning top movement
[20]. Indeed, he is the lecturer that inspired Dr. Barcelo
Rico-Avello to develop the theory set forth in this paper.

[11."THE DANCE OF THE SPINNING TOP" AND
THE THEORY OF DYNAMIC INTERACTIONS

When a spinning top starts to move, it does so
owing to a torque acting on it that provokes its rotation.

If the axis of rotation of the spinning top remains
perpendicular to the support surface this body stays
spinning on a fixed point without shifting. However, what
happens when this perpendicularity no longer holds?

By observation, it can be deduced that the
spinning top will continue its rotating movement with
respect to its rotation axis, which coincides with its
symmetrical axis, and will move on the surface tracing a
curved path. In this case, it is possible to speak in terms
of displacement physics, given that the spinning top



point is not fixed on the surface, i.e., it does not have
zero speed but rather shifts position.

This curved path, under surface support and
smooth displacement conditions (uniform friction
coefficient) will be closed and, the more ideal the
conditions in which the experiment is being conducted
(absence of air) the closer it will come to tracing a
circular path.

We have come across historical descriptions of
this so-called spinning top dance behaviour
accompanied by illustrations reflecting this movement

(figure 2), as well as descriptions that explain that the
spinning top would rest on the support surface if it was
not for its rotation (figure 3). [21].

According to Classical Mechanics, a body in
movement traces a curved path if there is a force that
modifies its straight movement towards its inside at
each point of movement (centripetal force). However,
the forces acting on the spinning top are weight and the
normal reaction with the surface, both of which are
perpendicular to the support plane. Neither of them are,
therefore, central forces.

Figure 2 : Dance of the spinning top.
Source: Perry, J. (2010). Spinning Tops. (pg. 21)

Figure 3 : Spinning top with and without rotation
Source: Perry, J. (2010). Spinning Tops. (pg. 21)

What, therefore, causes this path? We suggest that
the reason for it is to be found in the momentum
generated by the weight of the spinning top with respect
to the point of support, which will provoke the
overturning of the spinning top but this, instead of
falling, if its support point allows it to slide, will start this
dance. (See video: www.advanceddynamics.net/
spinning-top-video/). [22] This idea can be seen in
figure 4. It is the same effect as produced on the flight of
the boomerang, the rotational and orbital movements of
which have also been studied. Dr. Barceld suggests in
this case:

The weight, a force applied at the boomerang’s centre
of mass, will not coincide with the resulting lift force,
determining a couple that acts at the same time with
the rotation, but without being coaxial with it. [...] The
couple will generate a rotation momentum that tends
to tilt the boomerang around its flight direction axis.
[...] The weight couple and that resulting from the lift
forces, which is non-coaxial with the intrinsic rotation of
the boomerang, will be the dynamic interaction couple
that generates the new path. [23]
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This situation (see video) is possible owing to
the intrinsic rotation of the body, given that were there
no rotation, the spinning top would fall onto the surface.

FORCES ACTING ON
THE SPINING TOP

Accordingly, the interaction between the rotation
movement and the translation of a body has been
explained.

N: Normal reaction
mg: Weight

Figure 4 : Forces acting on the spinning top

IV. SIMILARITY WITH THE PLANETS ORBITING
THE SUN

Euler [24] was the first to announce the
similarity between the Earths' movement around the sun
and that of the spinning top. What we intend to do in this
paper is not solely to reaffirm this similarity, but rather to
explain that the reason behind the Earth's orbit
resembles that of the "dance of the spinning top".
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Figure 5 : Forces acting on the Earth according to
Newton

Source: http.//spaceplace.nasa.gov/review/dr-marc-solar-
system/planet-orbits.sp.html

Isaac Newton [25] explained that the Earth's
orbit around the sun was caused, on the one hand, by a
tangential acceleration and, on the other, by a central
force, the sun's force of attraction that acts as a
centripetal force and which causes the body to deviate
from its straight path, thus converting it into a curved
one. In this way, Newton also explained why the Earth,

© 2016 Global Journals Inc. (US)

or any of the planets, is at a certain distance from the
sun and not stuck to it by virtue of its gravitational force.
This idea can be seen in figure 5.

However, Newton's explanation of this orbit is
brought into question by the Theory of Dynamic
Interactions. This theory holds that, as is the case with
the spinning top, the orbit of any planet around the sun
is not necessarily caused by a central force, but rather
by the momenta of forces. This is so based on the first
corollary of the tenth law that underpins this theory: "It is
possible to infer the existence of inertial dynamic
interactions in rotation and orbital phenomena from the
momenta of forces."[1]and[26]

Obviously the dance of the spinning top is not
caused by any central force, owing to the inexistence of
the same, as has been explained in the previous
section. However, this idea is not as obvious in the case
of a solar system planet because the existence of the
force of attraction of the sun is a reality. What follows is
an attempt to explain and justify it.

The Earth or any planet is, as are the majority of
bodies in space, rotating while at the same time moving
in translation. As indicated in the principle of inertia
formulated in Newton's laws [27], if there is no effect to
impede it, such bodies would continue to move in a
straight line. The planets orbit around the sun, thus
obviously there must be something that provokes the
curved path. Accordingly, the Theory of Dynamic
Interactions is being proposed as a conceptual
framework within which to explain the mechanics of
celestial bodies understood as rigid solids subjected to
successive non-coaxial rotations. [28]

The Theory of Dynamic Interactions holds that
the orbit is not caused by the gravitational force of the
sun, given that, were this the case, the planets would be



stuck to it, but rather by the torque exerted by the sun
on the centre of the mass of planets, as a result of its
position not coinciding with the centre of the same.

On account of the non-homogeneous
constitution of planets, the centre of mass of these is
displaced as regards their geometrical centre.
Accordingly, the force of the sun's attraction, which will
have the direction of a vector that passes through the
centre of mass of the sun and that of any planet, will
provoke a momentum on the geometrical centre in such
a way that the planet, with intrinsic rotation, is subjected
to a new non-coaxial momentum. The TDI accepts that
the velocity field generated by this new, non-coaxial
momentum couples with the translation velocity field
thus causing the new orbital path around the sun.

Hitherto, the resemblances have been shown
between the spinning top movements and that of the
planets. An important difference must now be

highlighted: the rotation axis of the dance of the
spinning top is inclined with respect to the path. This
means that, owing to the effect of the weight, the
rotation axis of the spinning top varies with respect to
the inertial reference system by tracing a cone. In the
case of the Earth, its axis of rotation maintains
practically the same inclination with respect to the
inertial system along any point of its orbital path. Of
course, there will be variations, but much slower and
imperceptible, taking some 25,800 years to trace a
complete cone. This idea can be seen in figures 6 and
7.

We claim that the oscillation of the Earth's axis,
a phenomenon known as Chandler wobble, is caused
by gravitational forces, as in the case of the spinning
top. It must basically be the gravitational force of the
moon that makes the axis of rotation of the Earth so
stable and showing such extremely slow variations.

Figure 6 : Situation of the Earth in orbit at several positions.
Source: www.geoenciclopedia.com/movimientos-de-la-tierra/

-

Figure 7 : Situation of the spinning top during its "dance" at several positions

V. SIMILARITY WITH ARTIFICIAL SATELLITES
ROUND THE EARTH

Even though the case of an artificial satellite
orbiting around the Earth resembles that of the Earth

around the sun and, therefore, that of the spinning top
dance, there will be differences as regards the
mechanism that keeps the satellite orbiting around the
Earth.

© 2016 Global Journals Inc. (US)
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Dr. Barceld Rico-Avello already expounded his
intention to extend the Theory of Dynamic Interactions in
Un mundo en rotacion (A Rotating World) [18] to
communication satellites which, having an initial speed
and endowed with intrinsic rotation if subject to a non-
coaxial torque, will assume an orbiting movement.

Obviously, for a satellite to orbit around the
Earth at a certain height over its surface, a launch
vehicle is required to generate the thrust that will
position it at that height. Moreover, it is also clear that, if
at that height the thrust no longer exists, the satellite will
return to the surface of the Earth, impacting against it,
owing to the Earth's force of gravity. Consequently,
some type of propellant is needed to generate a force
parallel to the Earth's surface that will be sufficient not to
represent a simple launch that eventually “spends itself”
and returns to the Earth's surface on account of the
gravitational action. This force is called thrust.

The thrust will suffice if it provides the satellite
with the required orbital speed at that height to orbit the
Earth and will be determined by the energy equation.
This speed will depend on the Earth's mass [29].

The thrust can be exerted in two different ways,
depending on whether it is produced by a motor located
on the axis of symmetry of the satellite or from several
situated around the same and structurally attached to it.
In both cases, a non-coaxial momentum will be caused
with respect to the axis of symmetry of the satellite,
given that its centre of mass is not going to be located
exactly on this axis owing to the heterogeneity peculiar
to all satellites, which is inevitable. This will make the
satellite rotate owing to the momentum caused and, in
turn, endow it with a translation movement on account of
the thrust, thus generating a path that will be curved;
once again accounting for the Theory of Dynamic
Interactions and clearly showing that, as is the case with
the dance of the spinning top, the movements are not
caused by a central force, even though in this case the
Earth is indeed the centre of the movement.

Lastly, it must be pointed out that satellites are
stabilised by different mechanisms to undertake the
mission for which they have been launched and thus are
not orbiting with the described characteristics.

VI. INTERACTION OF FIELDS ON THE
SPINNING ToP

In all movements there is another physical
vectorial magnitude that acts about which no mention
has yet been made, namely, translation velocity. In this
section, the velocity fields are analysed that are present
in the "dance" movement of the spinning top along with
inertial fields and, with them, it will be explained how the
moving spinning top maintains its position as it does.
(See video).

The foregoing is based on the following idea:
‘orbital movement is an inertial reaction caused by the

© 2016 Global Journals Inc. (US)

distribution of speeds and accelerations that are
generated by the action of the second external torque
that is acting.” [18]

This idea is based on the four axioms [1] that
were announced after long years of research and on
which the later field analysis is based:

1. The rotation of space determines the generation
of fields.

2. Result of the action of non-coaxial momenta.

3. Inertial fields cause dynamic interactions.

4. The resulting action of the different successive,
non-coaxial torques that act on a rigid body
cannot be determined by an algebraic sum or be
calculated by means of an alleged resulting
torque.

The Theory of Dynamic Interactions holds that
when a rigid solid is subjected to the successive
couplings of forces, the first momentum will cause its
intrinsic rotation (in this case the rotation of the spinning
top on its axis of symmetry) while the subsequent
momenta will generate the non-homogenous velocity
fields [23].

If the spinning top is placed vertically on its axis
and it is endowed with a rotary movement, it will be left
rotating on its axis of symmetry and will take longer to
fall the faster it rotates. When the spinning top starts to
rotate it will also start its dance, even though it has not
been endowed with a thrust that provides it with a
quantity of movement. It can be understood that at the
initial moment, the axis of symmetry undertakes a falling
movement endowing the centre of mass with an initial
linear velocity, and finally, the spinning top will rotate
and orbit at the same time. It can also be supposed that
the spinning top's (or those of any rotating body)
angular momenta do not add up algebraically or
vectorially, resulting in a final momentum and therefore,
no general law of the composition of momenta is
obtained [18].

Firstly, (see video), a study is made of the fields
to which the spinning top is subject at a particular
instant of its movement, that is to say, on certain fixed
axes to the same, without considering translation.

Figure 8 shows in blue the instantaneous inertial
field generated initially on a spinning top that is tilted
owing to the effect of the torque action of the forces
present on the spinning top: the weight and reaction of
the ground on the spinning top. This field will be
perpendicular to the radius of the tilt and tangential to
the tilt path.



Figure 8 . Inertial fields on the spinning top (without considering its translation movement).

Nevertheless, were only this inertial field to exist,
the spinning top would fall and impact against the
ground. Therefore, the velocity and inertial fields are
coupled thus causing its new path. This has also been
observed and mentioned in other studies on bodies in
which dynamic interactions are to be found [18] [30].

The body is endowed with intrinsic rotation on
its axis of symmetry, which is going to cause a linear
velocity on each point of the spinning top. As we are
dealing with a rigid solid, this linear velocity value will be
constant at each one of its points on the same disc at
the same time.

Moreover, the tilt velocity generates a velocity
that makes the spinning top fall onto its support surface.
The velocity field in yellow in figure 9 that is tilted 90°
with respect to the instantaneous tilt velocity is precisely
the one that is going to prevent the overturning of the
spinning top.

The maximum tilting velocity in the downward
direction will correspond to the closest point to the
surface (red point in figure 10). The maximum upward
tilting velocity will be at 180° from this. Nevertheless, in
the first revolution of the spinning top, the amounts of
movement will be summed up in successive instants at
each point on it. Accordingly, the initial maximum tilting
velocity at the following instant will have been shifted by
the rotation of the spinning top and the tilting velocity
corresponding to its new position will be added to this
tilting velocity leading to a change in velocity value.
Therefore, on completing the first revolution, the tilt
velocity field will have been displaced 90° thus giving
rise the situation in figure 9. This situation will hold as
long as the spinning top is in a state of dynamic stability.
This succession of states until attaining stability (figure
9) can be seen in figure 10.

Figure 9 : Resulting velocities fields (yellow) and tilt velocities fields (blue) on the spinning top (without considering
its translation movement)

INSTANT t=0

INSTANT t=0

TIME OF MAXIMUM

Figure 10 : Spinning top tilt velocities from the initial instant to maximum stability
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It must be pointed out that, owing to friction with
the surface and the Magnus effect, the linear velocity
that caused rotation will begin to fall. The translation of
the velocities field will, then, be contrary to that which
was seen when it was increasing, reaching a moment in
time in which it coincides with the situation at the initial
instant and which causes, therefore, the spinning top to
overturn.

In the light of the foregoing, it is understood that
the spinning top movement passes from a transitory
state in which the linear velocity of rotation of the
spinning top increases to a dynamic stability in which
this linear velocity is constant, until this speed falls
entering once again in a transitory state until it comes to
nothing and the spinning top is left overturned on the
surface. The states of equilibrium correspond to states
of spinning top stability, on the understanding that the
concept of equilibrium is not restricted to ‘"static
equilibrium".  According, Gabriel Barceld claims as
follows: "In accordance with the Theory of Dynamic
Interactions proposed, we conceive a universe in
dynamic equilibrium in which a constant orbit movement
acts inside a closed path." [1]

However, it must not be overlooked that the
linear translation velocity acts at the same time as the
tilting velocity. The yellow velocities field couples with
the system's translation velocities field thus generating
the movement that is observed. The variation in the time
of the two velocities fields gives rise to acceleration
fields that serve to generate a force field. The force of
these two fields is the effective force produced on the
system.

Take the following axes (see video): the green
triad symbolises the translation reference system of the
solid, where the vector T indicates the direction of
translation from the centre of mass of the solid, while R
indicates the radial direction that points towards the
centre of the curve traced by the dancing spinning top.
The vyellow triad symbolises the reference system
without translation with respect to the foregoing, but
tilted in accordance with the inclination of the body to
the vertical plane of the Earth. These systems of axes
are represented in figure 11.

= T ———

\V

=
LN

> T

Figure 11 : Systems of axes on the spinning top
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Based on the analysis conducted and the
observation of the rotary and translation movement of
the spinning top, (see video) the proposed axioms are
duly corroborated and in the light of the coupling of the
fields of velocities it can be concluded that: "the body
will keep to a closed path (e.g., a an orbital movement),
without any need for a central force, and will
simultaneously intrinsically rotate around its initial
axis."[31].

VII.  MAGNETIC SPINNING Top

Figure 12 : Magnetic spinning tops

Source: http://cienceandoenelsulayr.blogspot.com.es/2014/09
Jinicio-del-curso-2014-2015.htm|

The magnetic spinning top, save for those that
can levitate on account of the magnetic repulsion effect,
behaves similarly to the conventional spinning top in
terms of movement and, therefore, can only be
distinguished from it because of the way in which it is
activated and in the variations of angular velocity to
which its rotation may be subject, owing to the variations
in the magnetic forces applied. The spinning top must
be magnetised to apply the external forces. These ideas
about the magnetic spinning top have already been
expounded by Gabriel Barceld in his book Un mundo en
rotacién(A Rotating World) [18]:

The disc would be activated remotely by a magnet.
Magnetic spinning tops subjected to different external
magnetic forces confirm the action of external
magnetic torques in the variation of the rotating and
orbiting velocity owing to the magnetic induction effect.
This is also the case of a magnetic spinning top that
keeps a constant rotating movement owing to the
effect of an electromagnet acting by impulses, or
which levitates in a magnetic field. In these cases, the
orbital path generated has been confirmed for different
rotating velocities and different levels of friction with the
support surface.

The foregoing, therefore, leads to the following
conclusion: it is possible to propose a generalisation of
the Theory of Dynamic Interactions for any body
endowed with intrinsic rotation, regardless of the way in
which this rotation is activated or the type of the external



forces and momenta acting on it. We have now seen
several cases: the conventional spinning top, planets,
satellites and magnetic spinning top in which this theory
is confirmed and in different circumstances the reason
why the intrinsic rotation was different.

TDI EQUATIONS ON THE SPINNING
Tor

The paths of several, different sized spinning
tops with different masses have been traced to check
compliance with the mathematical formula for the Theory
of Dynamic Interactions in the case of the spinning top;
paths that have been calculated applying the TDI. The
results obtained are shown below.

The mathematical formula for the Theory of
Dynamic Interactions is as follows[30]:

T = U

Where w is a rotation matrix defined as follows:

1 0 0
v=|0 cosa -—sina

0 sina cosa

VIII.

M’ y
Where a = tl—, M’ is the external momentum, |
w

the body's inertial momentum, in this case of the
spinning top and w the angular velocity of the rotating
body [18].

Figure 13 shows two images of the first
experiment. The image on the left shows the real path
followed by the spinning top, while the one on the right,
the path calculated according to TDI, considering the
deceleration caused by dissipative forces (surface
friction). This first experiment was done as follows: a
spinning top was activated on a wooden table surface
by means of a torsion spring. A video was recorded of
the spinning top in movement and later images were
captured at intervals of a second. Accordingly, the
different positions of the spinning top were located
during movement, which are the points plotted on the
graph to the left of figure 13.

It can be seen that both paths are similar
though the second one will be more perfect on having
considered the dissipative forces causing an
homogenous deceleration, when in reality this will
depend on the friction coefficient at each surface point,
which may not be homogenous.

180

270

Figure 13 : Real path of the spinning top and the path calculated by TDI

Another experiment was conducted to assess
the TDI results. In this experiment it was possible to
obtain a high number of path points at halfway along the
revolution of the dancing spinning top. These points
were used to produce a graph that was superimposed
on the one obtained by using the TDI. The result of this
can be seen in figure 14.A second experiment was
designed to obtain a greater number of points. This
time, the spinning was activated as before, but it was
placed on a sheet covered with powder to trace the path
taken.

© 2016 Global Journals Inc. (US)
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Trayectoria calculada con TID
Trayectoria real

Figure 14 : Superimposition of real spinning top path graphs and the one calculated in accordance with the TDI (1)

Figure 14 shows the real movement of the
spinning top at the start of the same. At this moment in
time, the linear velocity begins increasing, which is
reflected in the increase of the radius until such time as
the dissipative effects cause it to diminish as can be
seen in the graph. The difference between the real path
and the calculated one arises from the difference in the
coefficient of friction on the support surface, because as
stated above, this was a sheet covered in powder.
Moreover, this gap between the real path and the
calculated one came about because the surface had a
slight inclination that caused the increase of the radius.

A third experiment was done to reduce the
difference among friction coefficients throughout the
surface. This obtained the path of a complete revolution
owing to the spinning top being able to paint on the
surface travelled. However, this spinning top was of
greater mass than the previous one so its path radius
was smaller. This explains why less points were
obtained and greater accuracy attained as regards the
tracing of the path. Consequently, in figure 15, a path
can be perceived that resembles the one calculated by
the TDI, but which has gaps owing to the paucity of the
data sample.

Trayectoria calculada con TID
Trayectaria real

a0

270
Figure 15 : Superimposition of real spinning top path graphs and the one calculated in accordance with the TDI (Il)

In the light of the foregoing, it has been seen
that the Theory of Dynamic Interactions manages to
closely approximate the path of the spinning top and
surpasses that of the Euler equations that did not allow
for integration with respect to the case of the spinning
top.

© 2016 Global Journals Inc. (US)
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IX. ANGULAR MOMENTUM ON THE DANCE OF
THE SPINNING TOP
We also analyse the conservation of angular

momentum on the movement of the spinning top. The
angular momentum is transferred to the spinning top by



means of a thrust that is generated on applying a torque
in several ways [32].
As regards this issue, the following reflection by
Dr. Barcel6 Rico-Avello must be mentioned:
This behaviour of nature can also be interpreted in the
field of physics by the fact that, under such
circumstances, angular momenta are not added up,
so if a body is subject to an angular momentum L, its
variation A L, due to the effects of external forces, will
not necessarily be added to the already existing L, but
rather can generate a new movement, different and
simultaneous to the existing one, which we have called
precession movement or, where appropriate, orbital
movement. This would be the case of the spinning top,
and in the case of a body in space without any
restraint, like a boomerang, or numerous other like
objects, the body will begin to orbit without the
necessary existence of a central force. [18]
In the case of the spinning top it is possible to
differentiate three rotations (figure 16).
The inertial momentum of the spinning top does
not vary given that we are dealing with a rigid body and,
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therefore, it will always have the same mass and be
distributed in the same way. Consequently, the variation
in the angular momentum is going to be determined by
the angular velocity and will be constant in each axis
system if the angular velocity in these is also constant.

The conservation of the angular momentum in
the rotating of a spinning top (with respect to 0 axes)
has already been expounded by A. Fernandez-Ranada:
When the aforementioned angular velocity is high, the
inertia of the spinning top due to its spinning on its own
axis is very high and the external torque does not suffice
to appreciably change | w (...). Therefore, the L value of
the angular momentum remains constant. As must be
the conclusion that the angle formed by the axis of
rotation and the Z axis must also be constant. In order for
these two conditions to be met in the presence of the M
torque, the axis of rotation of the spinning top has to
frace a cone solid of revolution thus causing a
precession movement around the Z axis. [33]

vyl

Figure 16 : lllustration of rotations in the "dance of the spinning top"

X. FUTURE LINES OF RESEARCH

The most important issues have been dealt with
throughout this paper that are considered essential to
showing how the Theory of Dynamic Interactions
explains the dance of the spinning top and other bodies
that behave similarly in reality and that may be of
interest to the reader. We now deal with other issues
related to the subject matter discussed, albeit outside
the scope of this paper, but which point to future lines of
research.

We know that the Earth makes the following
movements: rotation on its own axis, orbiting around the
sun, equinoctial precession, along with another we have
had cause to mention: the Chandler wobble [34]. It

would be interesting were future research to study the
latter movement in relation to the others. In the "E/ vuelo
del bumeran" (The Flight of the Boomerang) [2], Gabriel
Barcel6 has already hinted at this subject:

In 1758, Euler predicted that the axis of rotation of the
Earth also had a further movement with respect to a
fixed frame of reference. In 1891, Chandler determined
the time interval of this free polar movement. The
oscillation radius of the Chandler wobble on the Earth's
rotation axis is around 6 m.

It is also proposed that research be done to
confirm or refute Poisont's [5] claim that there is an
instantaneous axis of rotation that is different at every
instant of the movement, both on inertial axes, as well as

© 2016 Global Journals Inc. (US)
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on those axes bound up with the solid. This seems to
coincide in the first case, but not in the latter, given that
this would mean having a different axis of rotation to the
axis of symmetry at every moment of rotation, whereas
observation seems to reflect otherwise.

We also suggest research be done into the

technological applications that could be developed on
the basis of the Theory of Dynamic Interactions
proposed by Dr. Barcelo in previous papers. [35].

Lastly, we suggest that the reader have another

look at the video to better understand the behaviour of
the spinning top: www.advanceddynamics.net/spinning-
top-video/

You can consult the following links for further

information on the Theory of Dynamic Interactions:

®

10.

11.

12.

13.

14.

15.

http://advanceddynamics.net/
http://dinamicafundacion.com/
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Analytical Determination of Subsurface
Temperature using Two Layers Model in Part of
Niger Delta Sedimentary Basin, Nigeria

Emujakporue, Godwin Omokenu

Abstract- The solution of Fourier's one-dimensional steady
state conduction heat flow equation for two layers-model has
been solved using the analytical techniques and applied to
part of Niger Delta sedimentary basin. The temperature-depth
profile obtained shows a linear increase in temperature with
depth. The internal properties affecting the thermal structures
are the thermal conductivity and heat production. Comparison
of measured and computed temperatures for some wells
showed good agreement with minor variation ranging between
-4.0 to 5.0 oC. This model can be used to determine thermal
properties of other parts of the basin with little adjustment of
the rock properties values.

Keywords: analytical modelling,  two-layer
geotherm, bottom hole temperature, heat flow.

model,

[. INTRODUCTION

eothermal heat flow is a natural process by

which heat is transferred from the earth interior

to the surface. Heat can be transferred by three
different ways, namely conduction, convection, and
radiation (Cacace et al., 2010; Beardemore and Cull,
2001).Conduction is the major process by which heat is
transfer through the solid part of the earth (crust) while in
the fluid part (mantle) heat is usually transfer by
convectional method. Geothermal heat flow variation is
dependent on subsurface temperature variation and
distribution, rock thermal conductivity and depths to
heat sources.

Some researchers have worked on the
geothermal gradient and heat flow of different parts of
the Niger Delta sedimentary basin using bottom-hole or
continuous temperatures. Two of the researchers
(Odumodu and Ayonma, 2014) calculated the
geothermal gradient and heat flow in parts of the
eastern Niger delta from bottom hole temperature in 71
wells and obtained geothermal gradient varying
between 12 to 24°C/Km with an average of 17.6°C/Km in
the coastal swamp, 14°C /Km to 26°C/Km with an
average of 20.4 °C/Km in the shallow offshore. They
obtained average heat flow value of 42.5mwWm?
Another group (Chukwueke et al., 1992) discovered that
the geothermal gradients and heat flow values in the
distal part of the Niger delta varies between 19-32°C/Km
and 45-85mWm? respectively.

Author: Department of Physics, University of Port Harcourt, Port
Harcourt, Nigeria. e-mail: owin2009@yahoo.com

The major source of information about
subsurface temperature is from continuous or bottom
hole temperatures measured in oil wells(Rider, 2002).
Unfortunately, as a result of high cost and limited depth
of drilling, current drilling campaigns in the Niger delta
are limited to depths of only a few kilometres and at
certain places, rendering direct and complete
characterization of the entire subsurface thermal regime
impossible to be carried out. Therefore, it is imperative
to predict subsurface thermal conditions using
alternative means. One method, is by solving Fourier's
1-D steady- state conduction heat flow equation for
various layer models and applying it to a given basin.

A steady-state heat flow occurs when the
amount of heat arriving and leaving a column of
substance is equal over long period of time. Heat
conduction across unit area, is a function of thermal
property of the material and thermal conductivity. The
ability of a substance to transfer its internal heat from
one point to another depends on its thermal
conductivity(Turcotte and Schubber, 2002; Safanda,
1985; Rudnick et al., 1998). The basin model is based
on an extensional sedimentary basin where heat transfer
by conduction dominates and the effect of advective
transfer of heat by circulating groundwater is negligible
due to flat surface topography. The spatial variation of
temperature of a sedimentary basin is dependent on
thermal conductivity, boundary conditions, water flow,
rate of sedimentation and erosion and radiogenicheat
production.

The objective of this research is to perform
analytical modelling of 1-D conductive steady state
temperature distribution of part of the Niger Delta by
using two layer techniques and to characterize the
geothermal features of the subsurface. The analytical
solution of the 1-D Fourier heat flow for two layers model
will be used to compute the subsurface temperature of
the study area which will be compared with measured
temperature from some oil wells.

II. SUMMARY OF THE GEOLOGY OF THE NIGER
DELTA
Figure 1 shows the location of the study area

within the Niger Delta sedimentary basin. The Niger
Delta is the youngest sedimentary basin in the Benue
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Trough system and it started developing after the
Eocene tectonic phase (Ekweozor and Daukoru, 1994;
Doust and Omatsola, 1990). The Niger and Benue

Rivers is the main supplier of sediments. The thickness
of the sediment is approximately 12.0 Km.

(@ Lacos 0
I —
AFRICA
OPL 227
NIGER DELTA
30 49 50
] | |

Fig. 1 : Map of Niger Delta Showing the Study Area

The Tertiary portion of Niger Delta is divided into
three lithostratigraphy  (Figure 2.)  representing
prograding depositional facies that are distinguished
based on sand - shale ratios. The lithostratigraphyare
Benin, Agbada and Akata Formations(Ekweozor and
Omatsola, 1994; Kulke, 1995). The Benin Formation is
the youngest of the Delta sequence and it consists
mainly of sand and gravels with thickness ranging from
0 - 2100m. The sands and sandstones in this Formation
are coarse — fine and commonly granular in texture and
partly unconsolidated. Very little oil has been found in
the Benin formation, and it is the major source of
portable water in the area.

© 2016 Global Journals Inc. (US)
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Fig. 2 : Stratigraphic setting of Niger Delta showing the three formations of Niger Delta (modified after [1])

The Agbada Formation consists of alternation of
sandstones and shale. The deposition of Agbada
Formation began in Eocene and continues into
Pleistocene. Shale and sandstone beds were deposited
in equal proportions in the lower portion. The upper
portion consists of minor shale interbed. The thickness
of the Agbada Formation ranges from 300m — 4500m.
Most reservoir in the Niger Delta are found in the
Agbada Formation.

The Akata Formation forms the basal part of the
Delta complex. It is of marine origin and it is made up of
thick shale sequence (potential source rock), turbidite
sand (potential reservoir in deep water) and minor
amount of clay and silt(Avbovbo, 1978). Beginning in the
Paleocene and through the recent, the Akata Formation
was formed when terrestrial organic matter and clays
were transported to deep water areas characterized by
low energy conditions and oxygen deficiency. The
thickness of the Akata Formation ranges from 0 —
6000m. The formation out lies the entire Delta, and is
typically over pressured. It is the major source rock in
the basin.

I11. MATERIALS AND METHODS

In order to characterize the process of heat
transfer in the subsurface, it is necessary to understand

the underlying physical principle. The general
conduction equation governing heat transfer in the Earth
is the Fourier heat equation (Mussett and Khand, 2000;
Lowrie, 2007). The one-dimensional steady state heat
conduction equation in vertical direction in a
sedimentary column for a two layers model(Fowler,
2005) is given as;

dz2T Al

it (1)
And

T _ A2

— = T 2
Where

T = temperature (°C)
A (1) = radioactive heat production for layer 1
A (2) = radioactive heat production for layer 2
K = thermal conductivity (Wm~" °C)
z = depth (m).
The radioactive heat production is as expressed
as source (MWm~3). The assumed two layers are the
Benin and Agbada Formations of Niger Delta

sedimentary basin. Assuming the heat production in the
Benin and Agbada Formations are A1 and A2
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respectively and the boundary between the two
lithostratigraphy is Z1, then the ordinary differential
equations 1 and 2 can be solved by applying the
following assumptions and boundary conditions:

Assumptions

A=A1for0 <z <zl (BeninFormation)

3)

A = A2 for z1 < z < z2 (Agbada Formation)  (4)

Boundary Conditions

T=27Conz=0 5)

Q=-Q2onz=2z22 (6)

Where

Q2 = heat flow from the base of the Agbada Formation.
The average surface temperature in the Niger
Delta is 27°C. The basal heat flow Q=Q2 is negative
because heat flow upwards out of the earth, which is in
the negative z direction. It is straightforward to solve the
second order temperature differential equations (1 and
2) with two integrations. Integrating the differential
equations two times results in two integration constants.
The constants can be obtained by applying the two
boundary conditions(Stein, 1995; Gibson, 2008).
Integrating equations (1 and 2) once, we obtained

dT Al

the first boundary condition (equation 5) to equation 9,
at the earth surface, then

C3= 27 (11)
Equation 7 is equal to equation 8 at the

boundary between the two layers (Z1), therefore

(12)

Al A2
—721+C1 = —721 +c2

Solving for C1 in terms of C2, then

A2 Al
cl = —721 +721+02

(13)

Putting equation 13 into equation 9, we have

A1Z2

T1=
K

A2 Al
+(-22 + 221+ cz)z+ 3 (14)

Substituting equation 11 into equation 14, we obtained

A1Z2

A2 Al
T1= +(-221 + Tz +c2)z+27  (15)
At the base of the Agbada Formation (Z= Z2),
applying second boundary condition (equation 5);
a _ @2

dz K (1 6)

Comparing equations 8 and 16, then

w- “xrtd 1) CL ) (17)
K K
And _ . , ,
Solving for C2 in equation 17, we obtained
dT A2
E= —72+C2 (8) A2 02
c2 = 722 + (18)
Integrating equations 7 and 8, then o . . .
Substituting equation 18 for C2 in equation 15,
71 = _Aliz +C1Z+C3 ©) we obtained
_ A1Z2 A2 Al A2 Q2
And Tl=-=—+ G321+ -z 147222 +->)zZ+27 (19)
A272
T2 =- kT €2z +C4 (10 Similarly, putting equation 18 into 10, we obtained
Where T1 and T2 are the temperature regimes _ A2z2 A2 Q2
of Benin and Agbada Formations respectively. Applying 2= -——=—+ (2245072 + (4 (20)
At z1, equation 19 is equal to equation 20, therefore
A2Z2 A2 Q2 _ A1Z2 _Q A_1 Q Q
Ly (Z2+ ) z1+ca= +(-221 +52 21+ F 22+ L) 71 4 27 (21)
Solving for C4, we have
c4= " 4 B4 (“2221 +2221) 21+ 27 (22)
Putting equation 22 into equation 20, we have
_ A2Z2 A2 Q2 Al1Z2 A2Z2 A2 Al
T2 = -4 +(722+7)Z+ — +(—7zl +721)Z1+27 (23)
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The solutions 19 and 23 give the temperature at
any position in the depth interval 0 to z1 and z1 to z2.

[V. RESULT AND DISCUSSION

The equilibrium geotherm for the Benin and
Agbada Formations was calculated by considering each
layer separately. Figure 3depictsa 1-D model for the two
layers with its associated boundary conditions (surface
temperature and basal heat flow). Thermal conductivity
and heat production are the internal properties that
influence the temperature structure in the column. The
thermal conductivity and heat production were obtained
from well logs (Emujakporue, 2009; Emujakporue,
2016).

The model is made up of sediment column with
two layers of thickness 1.8 and 4.5 Km respectively. The
thermal boundary conditions are surface temperature To
= 27°C and basal heat flow of 50.0mWm™ and thermal
conductivity. Temperature and temperature gradient
were matched across the boundary between the two
layers.

Using the above model properties the
equilibrium geotherm was calculated for the two
lithostratigraphy from equations 21 and 23. The
equilibrium geotherms was calculated by assuming heat
production and thermal conductivity for layer 1 to be
1.8*10° and 2.0 Wm™" -C"respectively. Similarly, for the
second layer, basal heat flow, heat production and
thermal conductivity were 50 mWm™2, 2.1*10°, and 2.2
Wm-""C".

Z0=0.0 Km
To=27°C

Z1=2.0Km

A2

Z2=7.0Km

| ..

Fig. 3 . A two-layer model for the Benin and Agbada
Formations

The computed temperature depth distribution is
shown in Figure 4. The geotherm increases linearly with
depth which is normal. The linear relationship between
computed temperature and depth from the graph is
given as;

T =22.407x + 27.0 (24)

The regression coefficient for the equation is
0.9992. The high regression coefficient is an indication

of the significant and confidence imposed on the
relationship. The equilibrium geotherm for the model
rock column changes when the conductivity, radioactive
heat generation and basal heat flow are varied.

Equation 24 was applied to part of the Niger
Delta and compare with measured bottom hole
temperature from some oil wells in the Niger Delta and
the result is shown in Table 1.The difference between
measured and computed temperature ranges between -
4.0 to 5. 0°C.The difference between the measured and
computed values are minimum and within tolerance
level. The computed average geotherm provides an
interesting useful information on the thermal state of the
sedimentary basin.

As a result of lateral variation of heat flow due to
changes in lithology, thermal conductivity, heat
production and groundwater flow, it is necessary to
carry out accurate determination of the above
parameters in order to use the model equations. The
results of the geothermal modelling can be used as an
aid to interpreting heat flow patterns in the study area,
thermal and hydrocarbon modelling. The surface heat
flow can be calculated by multiplying the temperature
gradient (slope of the graph) with the thermal
conductivity values at a particular depth. Therefore,
accurate geothermal heat flow is dependent on accurate
determination of subsurface lithology distribution and
their corresponding thermal conductivity values.
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Fig. 4 : Computed equilibrium geotherm of the studied area

Table 1 : Measured and computed temperatures at some depths for three wells

Well  Depth (Km)  Measured Temp(oC) Comp. Temp (Oc) Difference
3.218 98.89 102.323 -3.43373
3.21716 98.89 102.304 -3.41406
Well1 3.21564 98.89 102.268 -3.37849
3.80634 117.22 116.095 1.125
3.80665 117.22 116.102 111774
3.80695 116.67 116.109 0.56072
3.80875 117.22 116.151 1.06858
well2 3.039 97.78 98.1338 -0.35387
3.051 97.78 98.4147 -0.63476
3.206 107.22 102.042 517715
3.3395 107.22 105.167 2.05232
3.205 107.22 102.019 5.20056
3.38 111.11 106.115 4.99434
3.394 111.11 106.443 4.66664
3.39 111.11 106.349 4.76027
well3 2.9852 92.78 96.8745 -4.09458
2.981 92.78 96.7762 -3.99627
2.985 92.78 96.8699 -4.0899
2.98 92.78 96.7528 -3.97286
3.041 101.67 98.1806 3.48931
3.044 101.67 98.2509 3.41909
3.176 101.67 101.340 0.32936
3.1766 101.67 101.354 0.31532

V. CONCLUSION

In this study the analytical solution of the 1-D
steady state heat conduction equation based on two
layers model was obtained and applied to the study
area. Two equations obtained for the two layers were
used to generate the temperature structure. The
accuracy of the model depends on the accuracy of

© 2016 Global Journals Inc. (US)

thermal conductivity, heat production in the sediment
and the basal heat flow. Comparison of the computed
and measured temperature shows that the difference is
minimal and the model is dependable and can be
applied for thermal and hydrocarbon modelling in the
Niger Delta. Therefore, it is possible to predict
subsurface thermal properties without drilling expensive
hole and also carrying out temperature logging.
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Institutional Fellow of Global Journals Incorporation (USA)-OARS (USA)

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

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

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

The Institute will be entitled to following benefits:

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

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

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

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

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

Board.

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

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

declared. Please visit Individual Fellow-sub menu of Globallournals.org to have more
.1, relevant details.
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We shall provide you intimation regarding launching of e-version of journal of your stream time to
time. This may be utilized in your library for the enrichment of knowledge of your students as well as it
can also be helpful for the concerned faculty members.

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

The following entitlements are applicable to individual Fellows:

Open Association of Research Society, U.S.A (OARS) By-laws states that an individual
Fellow may use the designations as applicable, or the corresponding initials. The
Credentials of individual Fellow and Associate designations signify that the individual
has gained knowledge of the fundamental concepts. One is magnanimous and - .
proficient in an expertise course covering the professional code of conduct, and """'::Jff;f}“
follows recoenized standards of practice.
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...'( r described in Corporate Statements, are educational, research publishing and
ALt i anni= brofessional membership organizations. Achieving our individual Fellow or Associate
status is based mainly on meeting stated educational research requirements.
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reviewer and remaining 5% is to be retained by the institution. ﬁ:‘

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

Other:

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

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

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

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

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

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

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

Note :

”

Vil

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

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

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

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

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

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

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

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

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

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

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

MANUSCRIPT STYLE INSTRUCTION (Must be strictly followed)

Page Size: 8.27" X 11"

e Left Margin: 0.65

e  Right Margin: 0.65

e  Top Margin: 0.75

. Bottom Margin: 0.75

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

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

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

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

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

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

e  First Character must be three lines Drop capped.

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

e Line Spacing of 1 pt

e large Images must be in One Column

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

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

1. General,

2. Ethical Guidelines,

3. Submission of Manuscripts,

4. Manuscript’s Category,

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

1. GENERAL

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

Scope

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

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

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

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

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

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

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

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

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

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

Please mention proper reference and appropriate acknowledgements wherever expected.

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

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

3. SUBMISSION OF MANUSCRIPTS

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

Manuscript submission is a systematic procedure and little preparation is required beyond having all parts of your manuscript in a given
format and a computer with an Internet connection and a Web browser. Full help and instructions are provided on-screen. As an author,
you will be prompted for login and manuscript details as Field of Paper and then to upload your manuscript file(s) according to the
instructions.
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To avoid postal delays, all transaction is preferred by e-mail. A finished manuscript submission is confirmed by e-mail immediately and
your paper enters the editorial process with no postal delays. When a conclusion is made about the publication of your paper by our
Editorial Board, revisions can be submitted online with the same procedure, with an occasion to view and respond to all comments.

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

4. MANUSCRIPT’S CATEGORY

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

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

5.STRUCTURE AND FORMAT OF MANUSCRIPT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Key Words

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

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

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

research paper are very helpful guideline of research paper.

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

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

e One should avoid outdated words.

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

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

References

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

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

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

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

Tables, Figures and Figure Legends

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

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

Preparation of Electronic Figures for Publication

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

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi;
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi.

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

XII



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
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