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ABSTRACT In our initial paper discussing plausible steps toward workable warp drive 
machines. The following article express our view on this debate. While there are still 

objections toward existing warp drive proposals, such as by G. Landis, Harold White 
etc., because they are all based on GTR, nonetheless we think it is possible by starting 

to see if it is possible to deviate from Newton’s third law.  And we discuss possible a 
propulsion method based on negative masses, and discuss how optical diameter 

drive can be first step for realistic lab-scale version of negative mass propulsion. 

 

KEYWORDS Negative Mass Propulsion, Negative Mass Particle, Phonon Roton Superfluidity, 

Lab-Scale Warp Drive Experiment, Optical Diameter Drive Experiment. 
 

How to cite this article: Christianto V., Smarandache F. (2022). How Violation of Newton’s Third Law 

Can Pave Way to New Space Propulsion Mechanism via Optical Diametric Drive Experiment. Bulletin 
of Pure and Applied Sciences- Physics, 41D (2), 41-44. 

 
 
NEWTON’S THIRD LAW 
 

Despite normally we think that action-reaction 

law is given, actually in some cases it can be 
violated, just like violation of Pauli principle 

(voP), perhaps we can call it with term: violation 
of Newton 3rd law (voN3L). In stating Newton’s 

Third Law, we have assumed tacitly that (a) All 
forces are two-body forces, i.e. they act between 

a specified pair of objects and are not influenced 
by the presence of other objects; and 

(b) The net force on object i is the vector sum of 
the individual forces actingon it from all the 

other objects in the universe. 

 
According to Ivlev et al. (2015), “There is a 

variety of situations in which Newton’s third 
law is violated. Generally, the action-reaction 

symmetry can be broken for mesoscopic 
particles, when their effective interactions are 

mediated by a nonequilibrium environment.”[1] 
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Terletsky/Winterberg’s concept of negative 
mass particles 
While only recently the experimental 
vindication of existence of negative mass 

particles are reported (see Nature Communication, 

2021), actually it can be traced back to an 
eminent physicist from MSU, Yakov Terletsky, 

and also the late F. Winterberg (from University 
of Nevada). 

 
Actually Terletsky wrote in his book, paradoxes 

in relativity theory, as follows: 
 

“Along these lines, assuming that the parts of 

the vector are taken to be ar- 
bitrary genuine numbers, then, at that point, 

equation concedes to three essen- 
tially unique actual frameworks: 

1. systems with positive proper mass, i.e., M2 ~ 
0, E > 0; 

2. systems with negative proper mass, i.e., M2 ~ 
0, E < 0; 

3. systems with an imaginary proper mass, i.e., 

M2 < o. 
 

Thus, the system of the hypothesis of relativity 
advertisement 

mits three sorts of basically various frameworks 
of which just sys- 

tems of the principal kind are viewed as actually 

genuine.”[7] 
 

Although the notion of negative mass is quite 
controversial in the field of gravitation and 

cosmology studies, and by numerous authors its 
existence is forbidden, actually Pollard and 

Dunning-Davies show that it is possible to 
appear in Nature. [8] 

 

Later on F. Winterberg, who was one of last 
finest students of W. Heisenberg, puts forth 

possible existence of phonon-roton model of 
superfluidity which are composed of positive 

and negative mass particles, which he coined as 
“Planckions.”[8] 

 
Although possibility of negative mass 

propulsion method has been discussed by 

several authors, including Winterberg [9]; 
among other things he wrote in abstract:  

“Schrödinger's examination of the Dirac 
condition gives a clue for the presence of 

negative masses taken cover behind certain 

masses. Be that as it may, their utilization for 
impetus by decreasing the idleness of issue for 

instance, in the restriction of plainly visible 
bodied with zero rest mass, relies upon a 

specialized answer with the expectation of 
complimentary them from their detainment by 

sure masses. Apparently there are 
fundamentally two different ways this may be 

accomplished:  

1. By the utilization of solid electromagnetic or 
gravitational fields or by high molecule energies.  

2. Via looking for places in the universe where 
nature has effectively done this detachment, and 

from where the negative masses can be mined. 
The first of these two prospects is for all viable 

means barred, since, in such a case that 
conceivable at all, it would rely upon 

electromagnetic or gravitational fields with 

strength past what is actually feasible, or on 
very huge in like manner not achievable 

molecule energies. As to the second chance, it 
has been seen that non-baryonic cold dim matter 

will in general aggregate close to the focal point 
of cosmic systems, or spots in the universe 

which have a huge gravitational potential 
well ”[9]  

 

Although there are others who also investigate 
negative mass propulsion such as Robert L. 

Forward and Martin Tajmar and his team at 
Dresden University [10][11]; to these authors, an 

appropriate term is: “Terletsky-Winterberg 
negative mass propulsion mechanism.” Nonetheless, 

to our knowledge we are still far to be in 
“operational scale” of negative mass propulsion 

engine as envisaged by F. Winterberg.1 

 
Fortunately, there are recent lab-scale 

experiments using optical diametrical drive 
which made use of negative mass particle into 

practical lab experiments. 
 

 
 
 

                                                                 
1
This author is forever indebted to Prof. F. Winterberg who 

once sent his book, around 2010/2011, and to encourage 
him to continue further our investigation on superfluid 
phonon roton model of the Cosmos. But the book that he 
sent, with title something like: “Finititude theory of 
particles” was lost from trace.  
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OPTICAL DIAMETRIC DRIVE PROSPECT  
 

Isaac Newton in his Principia expressed that for 

any activity there is an equivalent and inverse 
response. The consequences of this law of 

movement are presently being rethought by a 
group of specialists from the University of 

Central Florida and Germany who as of late 
completed an optical test that one day might 

help lead to new impetus frameworks. 
 

"This strange interaction, which includes the 

idea of negative mass, imitates the conduct of a 
polar drive," said Professor Demetrios 

Christodoulides of UCF's College of Optics and 
Photonics. "Despite the fact that thoughts of this 

sort have been around for a long time, they have 
never been effectively sought after on the 

grounds that mass in nature is consistently a 
positive amount." Diametric drive alludes to the 

chance of an independent, space-impetus motor 

that works without the requirement for any 
outside fuel. 

 

 
 
Figure 1: Diametric drive illustration [1] 
 

The review "Optical polar drive speed increase 
by means of activity response balance breaking" 

as of late distributed on the site of Nature Physics 

and was important for a venture with other 
accomplice colleges. Mohammad-Ali Miri, a 

UCF graduate understudy in the Center for 
Research and Education in Optics and Lasers 

(CREOL), likewise took part in this work. 
 

Another experiments, as reported by Pei et al.: 
“optical self-accelerating state driven by 

nonlinear coherent interaction of its constituting 

components with opposite “mass-sign”. The 

coherent propulsion, highly immune to initial 

phase conditions, is surprisingly enhanced 
comparing to its incoherent counterpart.”[4] 
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ABSTRACT Molecular dynamic study of benzene sulfonamide based compounds was carried out 

to compute several properties like phonon density of states, atomic electric potential 
and electric field gradient tensor components and then compared. This work 

establishes the correlation between physical properties and the quantity of carbon 

atoms in a molecule. The GULP program was used to do all the calculations and 
reported single crystal data.  

KEYWORDS GULP; benzene sulfonamide single crystals; Density of Phonon states; atomic electric 

potential; electric field gradient tensor 
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INTRODUCTION 
 
Benzyl sulfonamide based compounds were the 
initial materials for used for curing and 

preventing bacterial infection in human beings 

[1]. They exhibit antibacterial [2,3], antifungal 
[4], anti-inflammatory [5], antitumor[6], 

anticancer [7], anti-HIV [8] and antitubercular 
activities [9]. Since there is a continued interest 

in these Benzene sulfonamide based 
compounds, we have carried out molecular 

modeling method to simulate several physical 

properties like phonon density of states, atomic 
electric potential and electric field gradient 

tensor of these materials using General Utility 
Lattice Program (GULP), freely available 

software. Six single crystal data of benzene 
sulfonamide based compounds reported earlier 

were used in the following investigations. [10-
14] 

 
MATERIAL AND METHOD 
 
Six single crystal data of benzene sulfonamide based compounds were used and they are [10-14]: 

1)2,5-Dimethoxy-N-phenylbenzenesulfonamide(C14H15NO4S)(Monoclinic, P21/c) 

2)4-Bromo-N-(4-fluorophenyl)benzenesulfonamide (C12H9BrFNO2S)(Orthorhombic, Pna21 ) 
3) 3,5-dichloro-N-(2,3-dimethylphenyl)benzenesulfonamide (C14H13Cl2NO2S)(Monoclinic,P21/n) 

4) 3,5-dichloro-N-(2,6-dimethylphenyl)benzenesulfonamide (C14H13Cl2NO2S)(Triclinic, P1) 
5) 3,5-dichloro-N-(3,5-dimethylphenyl)benzene-sulfonamide(C14H13Cl2NO2S)(Monoclinic,P21/c) 

6)4-Bromo-N-(4-bromophenyl)benzenesulfonamide (C12H9Br2NO2S)(Monoclinic, P21/n) 
 

With experimental single crystal data reported 
earlier, we have simulated Phonon density of 

states, atomic electric potential and refractive 

index and dielectric constant of Prop-2-en-1-one 
based compounds [15].   For validation of the 

computed elastic constants in these compounds, 
we have referred to “Second and Higher Order 

Elastic Constants” by A. G. Every, A. K. 
McCurdy (auth.), D. F. Nelson (eds.) [16]. 

 
The phonon density of states for a solid as the 

number of frequencies against frequency value 

becomes a continuous function when integrated 
across the Brillouin zone.For carrying out these 

integrations, GULP employs a standard scheme 
method [17-19] for selecting grid points. We 

have employed this procedure to compute the 
phonon density of states for all the six 

compounds. 

Atomic electrostatic site potential and electric 
field gradient tensor 
 
The Coulombic interaction per unit charge 

experienced by an ion at a given position in 
space is measured by atomic electrostatic site 

potential.For this purpose, we have used 

Buckingham potential U(r) =Ae−r/ρ−C 
/r6+qiqje2/rij.The optimization of the lattice 

energy results in the components of the electric 
field gradient tensor. 

 
RESULTS 
 
There are six compounds, out of which, 3,4 and 

5 compounds have the same composition, but 
different chemical and crystal structure as 

reported.  
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Figure 1: Variation of density of phonon states with frequency (a) compd.1 (b) compd.2 (c) compd.3 (d) 
compd.4 (e) compd.5 and (f) compd.6 
 
Table 1: Phonon properties per mole of unit cells at T=300K 
 
Sl. No. Compd.1 Compd.2 Compd.3 Compd.4 Compd.5 Compd.6 

Zero point 
energy(eV) 

0.158 0.134 0.189 0.059 0.085 0.512 

Entropy(eV/K) 0.083 0.076 0.037 0.045 0.042 0.029 

Helmholtz free 
energy(eV) 

-23.5 -28.7 -10.3 -12.3 -13.2 -6.7 

Heat capacity 
at constant 

volume(eV/K) 

0.021 0.017 0.009 0.010 0.010 0.007 

 
Figure 1 shows the variation of density of 

phonons with frequency in all six compounds.   
We have made a comparison phonon property 

(per mole of unit cells) at Temperature 300K in 
Table 1. 

 

In Figure 2 we have compared the atomic site 
potential of all the six compounds and Table 2 

highlights the properties of atomic potential 
computed. This potential represents the 

coulomb interaction per unit charge experienced 
by an ion at a given location in space. 

Electronegativity of all compounds are 

approximately same whereas self-energy varies 
from -1.33 to -10.14 eV. 
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Figure 2: Atomic site electric potential of all compounds (a) compd.1 (b) compd.2 (c) compd.3 

(d) compd.4 (e) compd.5 and (f) compd.6 

 
Table 2: Properties of atomic site potential 

 
Sl. No. Compd.1 Compd.2 Compd.3 Compd.4 Compd.5 Compd.6 

Electronegativity 
(eV) 

6.31 6.29 6.23 6.13 6.27 6.07 

Self energy(eV) -3.43 -10.14 -2.71 -1.33 -2.39 -2.49 

 
In Figure 3 we have compared the electric field 

gradients (EFG) at atomic positions of all the six 
components. Here x-axis refers to 0: xx, 1:xy, 

2:yy, 3:xz, 4:yz, 5:zz and y axis refers atoms. For 
example in Figure 3(a) along y-axis, 0-13 refers 

to carbon atoms present in the molecule. Figures 

2 and 3 do represent the structural optimisation 
of the lattice energy.  Further even though the 

compounds 3, 4 and 5 have same number of 
atomic constituents, the higher Vzz component 

is found in compound 3 and lowest in 
compound 4.  Here we have given a method to 

quantify the changes in the crystal structure in 
terms of EFG tensor components. 

 

In Figure 3 EFG is different in each of the six 
specimens and the presence of heavy elements 

changes the nature of interatomic interactions. 

Compds 3,4 and 5 are important since they have 
same and similar number of atoms but chemical 

and crystal structures are different. EFG 
variations in these three compounds are quiet 

significant which shows that there are different 

lattice energy minimizations even though one 
has same molecular weight. 

 
Further, for a better understanding the 

variations of these tensor components we have 
plotted higher value diagonalised zz-component 

of EFG tensor corresponding to the appropriate 
atom with the volume of the unit cell and we 

find an interesting result that Nitrogen atom 

with a reasonably higher volume has higher 
value. 
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Figure 3: Electric field gradients (EFG) at each atomic positions in sulfonamide compounds based on 

single crystal data. (a) compd.1 (b)compd.2 (c)compd.3 (d) compd.4 (e) compd.5 and (f) compd.6 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4:  Diagonalised zz component of EFG tensor of all six compounds with unit cell volume.(exmaple 

CP4/C11 refer to compound 4 and carbon atom number 11 in the structure) 
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CONCLUSIONS 
 
Using reported single crystal structure data for 
sulfonamide based compounds, we have 

computed density of phonon state, atomic site 

electric potential and electric field gradients at 
each atomic positions. For lower frequencies, the 

computed phonon density of states is maximum 
for compound six and minimum for compound 

two. This is due to the influence of the 
functional groups. The variation in electrostatic 

potential values at atomic positions in these six 
compounds indicates the sites of molecular 

interactions with the surroundings. The ESP is a 

useful tool for studying molecular reactivity in 
industrial research. In sulfonamide-based 

compounds, there is a clear representation of 
EFG for each atomic position, bringing out the 

atomic interactions in different environments. 
Figure 4 shows a correlation between one of the 

predicted physical parameters and molecular 
weight. 
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ABSTRACT In this article, the calculation of ionization cross-section of N2 molecule by electron 
impact is reviewed. The work on ionization cross-sections from threshold to high (10 

KeV) incident electron energies are calculated and their applications are discussed. 
To find exact values of total ionization cross-sections for the N2 molecule, a semi-

empirical approach of Jain and Khare (1976) is adopted which is a modification to 
eliminate the error factors, and then it is compared with the existing experimental 

and/or theoretical data which gives satisfactory results 
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INTRODUCTION 
 
Nitrogen is the largely important chemical 
element present in our earth’s atmosphere. 

Nitrogen has the application in auroral and 
ionospheric phenomena taking place in the 

uppermost atmosphere of earth, in electrical 

discharges, etc. The symbol for the nitrogen 

element is ‘N’ and its atomic number is ‘7’. 
Nitrogen has two stable isotopes N14 and N15. 

Nitrogen in its elemental form is an odorless, 

colorless, tasteless, and inert diatomic gas at 
standard conditions. Out of the total volume of 

the earth’s atmosphere Nitrogen constitutes 
78.09%, these are some of the properties of 

nitrogen due to which it becomes an important 
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element. The data obtained on electron impact 

ionization of the molecular Nitrogen is of 
utmost importance in the field of astrophysics, 

atmospheric physic, and related applications 
such as space vehicle re-entry and many more.  

 
The ionization process is the process in which 

targeting an incident particle on a bounding 
electron of the atom becomes free. This happens 

due to the transfer of energy from the incident 

particle to the bound electron when it exceeds 
electron binding energy. The data relating to the 

total electron impact ionization cross-section 
and the partial ionization cross-section of 

different molecules (fragmented ions) has a 
wide range of importance. These data can be of 

great use in the fields of collision theory, plasma 
physics, radiation chemistry, etc. The studies of 

electron impact ionization fall into two general 

classes, the first class to find the TICS “total 
ionization cross-section” and the second class to 

find the partial ionization cross-section. The 
findings of the total ionization cross-sections are 

a much simpler task and the agreement between 
the results is moderately satisfactory. The most 

comprehensive result of this class in starting is 
given by Rapp and Englander Golden in the 

year 1965 [1]. They experimentally find total 

ionization cross-section and partial ionization 
cross-section for N2 in the very much limited 

energy range, it is mainly from threshold to 
1000eV. The results of PICS are in disagreement, 

this is due to the reason it is very difficult to 
collect the fragments of the ions as they often 

formed with kinetic energy, thus ensuring the 
complete collection of fragments ions is a very 

difficult task due to which disparities occur in 

the estimation of PICS “Partial ionization cross-
section”. 

 
Later on, in 1970 Khare and Padalia (1970) use 

the semi-empirical approach to give the total 
ionization cross-sections for the He, N2, H2, and 

O2 molecules [2] from threshold to high incident 
electron energy. Opal et al. (1972), [3] investigate 

the total and differential ionization cross-section 

(50-2000 eV) of different atomic and molecular 
gaseous by experimentally using the crossed-

beam analyzer. In 1992, Jain and Baluja (1992) 
[4] determine the elastic and inelastic cross-

sections for N2 (10 eV to 5000 eV) and other 
molecules using a complex optical potential 

methodology. In 1997, Saksena V. et al. 

improved the formula and repeated the 
calculation by using OOS (optical oscillator 

strength) instead of GOS (generalized oscillator 
strength) [5]. In 1995, Straub et al. (1995) [6] the 

absolute partial cross-section for N2, H2, and O2 

molecules was determined experimentally by 

the use of a time-of-flight mass spectrometer 
from threshold to 1000 eV.  Brook et al. (1978) [7] 

also used the crossed beam method for the 

Nitrogen which was found to be in good 
agreement with data which is obtained from 

earlier crossed beams experiments that make 
use of the thermal energy atoms beams but the 

data recorded has a low value in magnitude at 
lower energies as compared to Rapp and Briglia 

(1965). Rapp and Briglia (1965) use the technique 
which is known as the static gas target 

technique. Then with the advancement in 

technology, the detection of the ionic fragments 
formed during partial ionization cross-section 

becomes easy and also the detection of the 
dissociation channels becomes possible by using 

an ion imaging mass spectrometer. 
 

Theoretical approaches used classical 
computation for the electron impact ionization 

for almost a century. Thomson (1912) derived an 

equation based on which diverse models have 
been developed [8]. The further development 

embraced the progress of an examination by 
Bethe. Several non-perturbative methods that 

are used to calculate the ionization cross-
sections of atoms/atomic ions in the last three 

decades show very good agreement with each 
other and with experimental results. Margreiter 

et al. (1990) [9] determine the electron impact 

ionization cross-section applying the newly 
developed semi-classical formula from 

threshold to a high value of 200 eV energy. After 
that, this semi-classical formula was updated by 

Deutsch et al. (2000) [10] and calculated 31 
molecules from low to high incident electron 

energy including the N2 molecule, and 
comparison showed good agreements. The 

various theoretical methods to calculate partial 

and total ionization cross-section include the 
methods of Partial Wave Approximation, Ab-

Initio electrostatic method, R-matrix method, 
close-coupling method, coupled Integral-

differential equation, Binary Encounter Bethe 
method, Born-Oppenheimer approximation, the 
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formalism of Kim and Rudd, the method 

involving Plane-wave born approximation, and 
semi-empirical methods. The close coupling and 

R-matrix yield results for a wide range of 
incident energies. The other theoretical method 

used by Joshipura (1993) [11] is the Complex 
Optical Potential approach. He adopted an 

additivity rule and work at high energy levels. 
G. Garcia et al. (1997), [12] theoretically evaluate 

the N2 molecule scattering from 1 to 10 KeV 

using the method of Born-Bethe approximation. 
The total interaction with the target of the 

incident electron in this method is shown by the 
local, complex optical potential which is 

dependent on energy. Kothari and Joshipura 
(2011) [13] finds the total ionization cross-section 

of N2 molecule by positron impact CSP-ic 
“Complex Scattering Potential-ionization 

contribution” method between the energy range 

15 eV to 2000 eV. Besides this, Singh et al. (2016) 
[14] also estimate the positive scattering cross-

section for Carbon, Nitrogen, Oxygen, and 
diatomic molecules that is C2, N2, and O2 from 

1eV to 5000 eV using SCOP “Spherical Complex 
Optical Potential” formalism. Shen et al. (2018) 

[15] also work on the partial and the total 
ionization cross-sections for gas-phase N2 

molecule by using the experimental electron 

impact method in a wide energy range from 
250eV to 8000eV by ion imaging mass 

spectrometer. Stefan E. Huber et al. (2019) [16] 
estimate the partial and total ionization cross-

section of the diatomic molecules which are 
fusion–relevant including N2 molecule from 

threshold to10 KeV energy using BEB and DM 
formalism and also compared available data 

which gives a better agreement. So, there are 

many theoretical and experimental 

investigations for calculating the ionization 
cross-section of N2 molecules. There is so 

abundant work done on this molecule, that it is 
difficult to include all the previous findings of 

the N2 molecule. For this work, many techniques 
are used for better results. Hence, many 

improvements are there over earlier work. 
Because of the experimental difficulties the 

finding of the quantitative understanding of the 

electron impact ionization cross-sections of 
Nitrogen molecules is not sufficient for its 

applications. It became more interesting to 
review the total electron impact ionization cross-

section of gaseous molecular Nitrogen. So, the 
ionization cross-section for N2 is determined by 

using modified Jaina and Khere (1976) 
formalism which gives more accurate results 

than another comparison. 

 
THEORETICAL METHODOLOGY 
 
To investigate the total and partial electron 

impact ionization, we have applied the 
theoretical modified Jain and Khare 

methodology. In 1976 Khare et al. [17] provided 
this formula and improved it from time to time. 

In his, work Khare combined the Mott and Bethe 
theories, which describe ionization cross-section 

at high and low impact parameters respectively. 

They used the Inokuti formalism to determine 
an SDICS “single differential ionization cross-

section” having the combination of the Mott 
cross-section and Bethe cross-section (Khare and 

Meath, 1987) [18] that is collectively shown in 
equation 1. 

 
 

…….(1) 
 
The secondary electron(s) energies (ε) vary from 

minimum (zero) to maximum (incident electron 
energy E). In the calculations of the SDCS for the 

production of an ith type of ion, we have 
replaced W with (ε+Ii), the loss of energy 

suffered by the primary electron is from Ii to 

maximum i.e. E [19-26], that given in equation 2. 
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The total single differential cross-section can be calculated by the summation of all ith type cross-sections 

i.e.  
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….. (3)                                                                          

 

The integral cross-section i.e. the partial 
ionization cross-section is produced by the 

integral of equation (2) given the energy loss 

“W” from the ionization threshold to the 
maximum E. 

           ….(4)               

The total ionization cross-section is given as    

                                                                                                                        ….. (5)                  

For the evaluation of ionization rate coefficients, 
we use Maxwell-Boltzmann distribution [27-32] 

as a function of temperature concerning the 
different types of cross-sections i.e. 

                                                        .…. (6) 

Where, T, k, and m are the absolute temperature, Boltzmann constant, and mass of the electron, 
respectively. 

 
RESULTS AND DISCUSSION 
 
We determine the total ionization cross-section 

of the Nitrogen Molecule by electron impact 
using modified Jain-Khere formulism from 

threshold up to high energy. The most 
important factor in the findings of the ionization 

cross-sections is the oscillator strength which is 

taken from Chain et al. (1993) [33] ranges from 
13 to 40eV for N2 molecule and higher energy 

oscillator strength is extrapolated up to desired 
energy loss using TRK sum rule.   The Ionization 

potential has been taken for N2 is 15.58 eV [4, 13, 

14, 16]. The energy parameter and Collision 

parameters measured for the N2 molecule are 50 
eV and 0.02249 respectively.  MATLAB codes 

have been developed to solve the above 

equations [24] and the calculated results are 
tabulated in Table 1 and graphically represented 

in Figure 1. We compared our results with 
National Institute of Standards and 

Technology (NIST) laboratory data [34] and one 
more theoretical data [4]. We also compared our 

results with available experimental data [1, 3, 6] 
which shows very good agreements and 

graphically are shown in Figure 2. 
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Table 1: Total Ionization Cross-Sections (10-16cm2) of N2 molecule 
 

Energy (eV) TICS Energy (eV) TICS 

20 0.089 250 2.699 

22 0.103 300 2.493 

24 0.136 350 2.312 

26 0.152 400 2.153 

28 0.424 450 2.015 

30 0.665 500 1.895 

32 0.880 550 1.788 

34 1.091 600 1.694 

36 1.276 650 1.610 

38 1.440 700 1.534 

40 1.585 750 1.466 

45 1.884 800 1.404 

50 2.112 850 1.348 

60 2.360 900 1.296 

65 2.526 950 1.249 

70 2.660 1000 1.205 

75 2.768 1100 1.126 

80 2.855 1200 1.058 

85 2.927 1300 0.999 

90 2.983 1400 0.946 

95 3.029 1500 0.899 

100 3.064 1600 0.857 

105 3.091 1700 0.819 

110 3.110 1800 0.785 

115 3.124 1900 0.754 

120 3.132 2000 0.725 

125 3.135 2100 0.698 

130 3.134 2200 0.674 

135 3.131 2300 0.651 

140 3.124 2400 0.630 

145 3.114 2500 0.611 

150 3.103 2600 0.592 

155 3.089 2700 0.575 

160 3.074 2800 0.559 

170 3.040 3000 0.530 

180 3.002 4000 0.421 

190 2.961 5000 0.352 

200 2.918 6000 0.303 

210 2.874 7000 0.267 

220 2.830 8000 0.239 

230 2.786 9000 0.217 

240 2.742 10000 0.199 
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Figure 1: Total Ionization Cross-Section of N2. 
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Figure 2:  Comparison of N2TICS: Solid line, Present result; Pentagon, Donald Rapp [1]; Triangle, C.B. 

Opal [3]; Squire, Ashok Jain[4]; Star, H.C. Straub [6]; Solid dot, NIST [34] 
 
CONCLUSIONS 
 
Satyendra Pal et al. (2020) determine both the 

single and double differential ionization cross-
section for N2 and O2 molecules [25]. But the 

data for the Absolute ionization cross-section of 
these molecules are not available by using the 

modified Jain and Khere method. Here we have 

calculated the total ionization cross-section of 

the N2 molecule using this approach. 
Comparing the results with theoretical and 

experimental data gives a good agreement. It is 
observed that at the low ionization energy, all 

the graphs show the peak whereas with the 
increase in the ionization energy the curve 

shows the decrease. 
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ABSTRACT In the present study, effects of next to next-nearest-neighbor (NNNN) hopping of d-

electrons in the crystal of mixed valence compounds has been discussed. For 

convenient theoretical calculation and computer simulation within exact 
diagonalization method, a small cluster of eight lattice sites is considered here to 

investigate the valence transition through the study of the inter-site and on-site f-d 
correlation functions. Unusual magnetic behavior of mixed valence compoundsh as 

also been examined. Antiferromagnetic (AF) order has been developed in the 
compounds of rare earth elements with the addition of NNNN hopping interaction 

within the extended Falicov-Kimball model. The extrapolation of the curves of the 

reciprocal susceptibility (-1) intercept at a negative temperature which confirms AF 
order in the system. 
 

KEYWORDS Mixed valence compound, Extended Falicov-Kimball model, Exact diagonalization 

method, Valence transition, Antiferromagnetic nature. 
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INTRODUCTION 
 
Significantly increasing tendency to use the rare-

earth elements in modern technologies and life-
styles catches the attention of new researchers 

[1]. The rare-earth elements, especially 
Lanthanum (La), Samarium (Sm), Thulium (Tm) 

etc. exhibit the fluctuating configuration of 

electrons [2]. The general outermost shell 
configuration of the rare-earth compounds 

is(4�)�(��)�. By using external pressure or 

temperature, the f-level energy E is increased, as 

a consequence the stability of the 4f shell is lost. 
Due to the coexistence of two valence states 

(4�)�(��)� and (4�)���(��)���, the rare-earth 
compounds are called mixed-valence 

compounds. A partially band like nature is 
developed in rare-earth compounds (i.e., SmS, 

����, SmSe, SmTe etc.). As a consequence, the 

number of f-electrons at each site in the crystal 
becomes non-integral [2]. This unusual valency 

is the main reason behind unusual 
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characteristics of the mixed-valence compounds. 
Various experiments like edge spectrum of ����  X-ray 
absorption of Samarium hexaboride [3,4] prove the 
anomalous behaviour of MV compounds. The 
temperature dependent resistivity [5], Schottky typed 
specific heat [6], linear type specific heat coefficient 

[7] etc. also support the existence of unusualness of 
thermodynamical, electrical and magnetic properties 
of mixed valence compounds. Density-matrix-
renormalization-group (DMRG) study has been 
applied within extended Falicov-Kimball model to 

study the stability of the excitonic phase [8]. Exact-
diagonalization method on small-cluster, DMRG 
method and an approximate numerical method are 
used to study the effect of the f-electron hoppingwith 
the support of extended Falicov-Kimball model [9]. A 

combined approach using exact diagonalization and 
quantum Monte Carlo methodshas been applied to 
study magnetization effects of rare-earth tetraborides 
[10]. An exact diagonalization method along with an 
approximate method being well-controlled have been 

used to examine the effects of magnetic field and 
induced pressure in valence transition with the 
support of spin one and half Falicov-Kimball model 
[11]. Many interactions like correlated hopping [12-
13], non-local coulomb interaction [14-15], nearest-

neighbor (NN) hopping of d-electrons [16] and f-
electrons [17], next-nearest-neighbor (NNN) hopping 
of d-electrons [18], NNN coulomb interaction [19] etc. 
have already been studied. We observe the fact that 

the Falicov-Kimball model is a very convenient, 
appropriate as well as realistic model to investigate 
the effects of various types of interactions within two 

band square lattice cluster. So, we decide to use the 
extension of the conventional Falicov-Kimball model 
[20] to examine the effect of next-to-next-nearest-
neighbor (NNNN) hopping of d-electrons which is 
unexplored still now.  

 
In the present work, the influence of the NNNN 

coulomb interaction on some ground state and 
finite temperature properties of the MV systems 

has been addressed. The calculations have been 
made within an 8-site cluster using ED 

technique. Though finite size effect can’t be 
ignored, but the qualitative nature of the 

characteristics is almost the same with larger 

size clusters [21]. Finite-size effect is largely 
reduced in the thermodynamic limit. Analyzing 

the results and discussion part, a conclusion has 
been made at the end. 

 
HAMILTONIAN AND FORMULATION 
 
A cluster of a two-dimensional square lattice 

with two bands and eight sites is considered 
here. Taking the total Hamiltonian to be 

     

 
  H=��+H¢(1) 

 

Where, 
 

��=E∑ ��s
�

�s ��s+U∑ ��↑
�

� ��↑��↓
���↓+G∑ ��s

�
�ss¢ ��s��s¢

� ��s¢+   
        V∑ (��s

�
��,��s ��s + ��s

� ��s)-�� ∑ ��s
�

��,��s ��s-�� ∑ ��s
�

����s ��s(2) 

And 
 

H=−�� ∑ ��s
�

��,��s ��s(3) 

 

Where, <i, j >, p,q> and < m, n > are NN, NNN 
and NNNN pairs of sites respectively.	��s

�	(��s) is 

the creation (annihilation) operator for the 
localized f-electrons with spin σ at lattice site i. 

Similarly, ��s
� (��s)  is the creation (annihilation) 

operator for the itinerant d-electrons, 

(s,s¢ =spin). U, G, V are the interaction 

strengths for on-site Coulomb repulsion, inter-
site Coulomb repulsion, and hybridization 

between f- and d-states respectively. ��, �� and �� 

represent the itinerant d-electrons’ quantum- 
mechanical hopping between NN, NNN and 

NNNN sites respectively. 

 

 
The representative basis state is taken as  

 

|��↑
�
��↓
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The eigen states of H are suitable linear combinations of the basis states. 
 

The on-site f-d correlation function��
�
= <���

�
���′
� > = <���

�������′
� ��s′> 

 
The inter-site f-d correlation function���=<���

����> 

 

For f-electrons, spin susceptibility is defined as=< ���↑
�
− ��↓

�
� >�, where	� =

�

���
; kB is Boltzmann 

constant. The reciprocal susceptibility is denoted by 1/. 
 

 
RESULTS AND DISCUSSIONS 

 
In the present calculation, the total number of 

electrons is restricted to 2. The strengths of the 

interactions are measured with respect to NN 

hopping interaction. Here,V=0.5, G=1, U=5, 
��=1, ��=-0.4. All are measured in eV. 
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Figure 1: Variation of ���vs. E for distinct values of NNNN hopping interaction�	��. 

 

The variation of inter-site f-d correlation function 
Cfd is plotted against f-level energy E in Fig. 1 

and the next-to-next-nearest-neighbour hopping 

interaction (t3) is used here as variable. 
Generally, the non-zero value of the f-d 

correlation function confirms the occurrence of 
insulator to metallic valence transition of the 

system [22]. Initially, from a value near equals to 
zero, ���	starts to decline as E is increased. After 

a crucial value of E(Ec), ���increases towards 

zero. The observation is consistent with the 
concept that ���should be closer to zero in the 

metallic or insulating phase [22]. The splitting of 

these graphs also supports the fact that the 
NNNN hopping interaction effects on the 

valence transition from insulator to metal in 
mixed valence compounds. �� differs depending 

on the value of �� and it shifts to the higher 

value of E with the higher value of ��.Another 
observation of figure 1, for smaller values of t3 

the system is less insulating within the region 
E<�� and more metallic for the region E>��. 
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Figure 2: On site f-d corelation function	��

�
	vs. E for distinct values of t3. 

 

Initially the onsite f-d correlation function rises 

with the increasing value of E. Attaining a high 
peak value, the value of the f-d correlation 

function decreases with increasing value of E. 
The height of the peak of each graph is almost 

same but it shifts to the higher value of E with 
the higher value of ��. The nature of the figure 2 

also supports the valence transition from 
insulating to metallic state of the system. From 

the observation of figure 2, it also reveals the 

fact that for smaller values of t3, the system is 
more insulating for E<Ec whereas less metallic 

for E>Ec. Figure 3 shows the variation of spin 

susceptibility  with temperature (T) for 

different values of t3. The peak of spin 

susceptibility versus temperature graph proves 

the antiferromagnetic property of the material 
[23, 24]. It is observed that the peak of all graphs 

is very sharp. Neel temperature (TN) at which 
the spin susceptibility is maximum, is almost 

equal for each graph [23] but the peak height 
increases with the increasing value of t3. These 

observations are coincided with the magnetic 
behaviour of mixed valence compounds [2]. 

Above the Neel temperature, the nature of the 

graphs exhibits the paramagnetic behaviour 
following Curie-Wiess law [23]. Furthermore, it 

is also observed that there is a miraculous 
coincidence of all graphs towards zero-spin 

susceptibility in the region T< TN. 
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Figure 3: Graph of temperature dependent spin susceptibility for different values of t3. 
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From the Curie-Wiess plot (1/T) for different 
values of t3, it is noted that the reciprocal 
susceptibility curves intercept at a negative 

temperature which also confirms the 

antiferromagnetic nature of the system. All 
graphs intersect to each other at near equals to 

zero temperature. Above the intersection point 
of temperature, for the lower value of t3, the 

value of 1/ shows is increasing property and 

below it, 1/ shows decreasing nature. 
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Figure 4: Graph of temperature dependence of reciprocal spin susceptibility (1/) for different values of 

t3. 
 

CONCLUSIONS 
 

Studying the ground state and temperature 
dependent magnetic properties of the mixed 

valence compounds, we can conclude that the 
NNNN hopping interaction is very significant in 

the compounds of fluctuating valency such as 
samarium hexaborides, samarium sulphide etc. 

Both the inter-site and onsite f-d correlation 

functions exhibit the valence transition from 
insulator to metal phase. With the increasing 

value of f-level energy E, the inter-site f-d 
correlation function becomes negative in value. 

Whereas with the increasing value of E, the 
value of on-site f-d correlation function is always 

positive. Owing to their unusual magnetic 
properties, rare earth elements have many 

applications. Rare earth magnets are used in 

hard drives, CD-ROM drives and DVD disc 
drives etc. In our present study, we also analyse 

the graphs of spin susceptibility versus 
temperature and Curie-Wiess plot. Observations 

of these two types of graphs also confirm the 
antiferromagnetic nature of the system by the 

inclusion of NNNN hopping interaction term t3 
to the extended Falicov-Kimball model. 
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ABSTRACT We have studied strong correlation effects and localization in metallic systems. Strong 

correlation effects and localization occurred in metallic systems due to strong electron-electron 
interactions and strong electron phonon coupling. Strong electron-phonon interactions have 
been found in such materials as cuprates, fullerides and manganites. The interplay of electron-
electron and electron-phonon interactions in these correlated systems leaded to coexistence of 
or competition between various phases such as super conductivity, charge-density-wave or 

spin–density wave phases or formation of novel non Fermi liquid phases, polarons, 
bipolarons and so on. We have considered Holstein-Hubbard model for our work. The 
Holstein-Hubbard model provides on over simplified description of both electron-electron 
and electron-phonon interactions, it retains to be the relevant ingredients of a system in which 
electrons experience simultaneously an instantaneous short range repulsion and a phonon-

mediated retarded attraction. In spite of its formal simplicity, it is not exactly solvable even in 
one dimension. So quantum simulators of Fermi-Hubbard modes based on either fermionic 
atoms inoptical lattice or electrons in artificial quantum dot crystals have been used. In our 
work a classical analog simulator was theoretically proposed for the two site Holstein-
Hubbard model based on light transport in engineered waveguide lattices, which is capable of 

reproducing the temporal dynamics of the quantum model in Fock space as spatial evolution 
in photonic lattice. We have found that in the strong correlation regime the periodic temporal 
dynamics exhibited by the Holstein-Hubbard Hamiltonian, related to the excitation Holstein 
polarons has been explained in terms of generalized Bloch oscillations of a single particle in a 
semi-infinite inhomogeneous tight binding lattice. Light transport in two dimensional 

photonic lattices simulated in Fock space the hopping dynamics of two correlated electrons on 
a one dimensional lattice and exploited to visualize such phenomena as correlated tunneling 
of bond electron-electron molecules and their coherent motion under the action of d.c. or a.c. 
fields. The obtained results were found in good agreement with previous results. 
 

KEYWORDS Strong Correlation, Localization, Electron-Electron Interaction, Electron-Phonon Coupling, 
Fermi Liquid, Polaron, Quantum Simulation, Quantum Dot, Photonic Lattice, Fock Space, 
Tunneling. 
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INTRODUCTION     
 

Realization of quantum analog simulators of 
many body problems have been based mainly 

on atoms [1-3], trapped ions [4-6], nuclear 
magnetic resonance [7] and single photons [8,9]. 

At the few photon level interaction is generally 
mimicked using purely linear optical systems by 

measurement-induced non linearity [10]. 
Simplified models of many body condensed 

matter physics have been simulated such as 

frustrated Heisenberg dynamics in a spin 1

2


 

tetramer. The propagation of classical light in 
waveguide based optical lattices has provided 

an experimentally accessible test bed to mimic in 

a purely classical setting single particle coherent 
phenomena of solid state physics [11-12], such 

as Bloch oscillations [13], dynamic localization 
[14] and Anderson localization [15] to mention a 

few. The possibility to simulate Bose-Hubbard 
models of few interacting bosons or fermions in 

coupled waveguide linear optical structures 
using classical light beams has been proposed 

by Longhi [16]. The main idea is that the 

temporal evolution of a few interacting particles 
in Fock space can be conveniently mapped into 

linear spatial propagation [17]. One of the 
simplest theoretical model that accounts for the 

interplay between these two types of 
interactions is the Holstein-Hubbard model [18-

20]. As quantum simulators of Fermi-Hubbard 
models based on either fermionic atoms in 

optical lattices [21-22] or electrons in artificial 

quantum dot crystals have taken into account 
for our work.    

 
METHOD 
 
The two site Holstein-Habbard model has been 

considered for our work. This describes two 
correlated electron hopping between two 

adjacent sites of a diatomic molecule, each of 
which exhibited an optical mode with frequency 

. This model has been often used in condensed 
matter physics as a simplified model to describe 

some basic features of polaron and bipolaron 
dynamics. The two site Holstein-Hubbard 

Hamiltonian have has been separated into two 

terms. One describes a shifted oscillator that 

does not couple to the electronic degrees of 

freedom and has been disgarded. The other 
describes the effective electron-phonon system 

where phonon couple directly with electronic 
degree of freedom. The corresponding 

Hamiltonian with 1  is written as  

   ˆ ˆ ˆ ˆ
e ph e phH H H V     

Where  
  

 

 

 

  

† † †
1, 2, 2, 1,

,

1. 1. 2. 2.

†

†
1 2

ˆ ˆ ˆ ˆ ˆ

ˆ ˆ ˆ ˆ

ˆ ˆˆ

ˆ ˆˆ ˆ ˆ
2

e

ph

e ph

H t c c c c

U n n n n

H b b

g
V n n b b

   
 

   



  

 

 

  



  

 †
, 1,

ˆ ˆ
ic c   are the fermionic creation 

(annihilation) operators for the electron at site 1 

with spin  . 
†

1, 1, 1,
ˆ ˆ ˆn c c    and 

1 1. 1.
ˆ ˆ ˆn n n

 
   are the electron occupation 

numbers, g is the one site electron-phonon 

coupling strength dt  is the hopping amplitude 

between adjacent sites, U is the onsite coulomb 

interaction energy and 
†ˆ ˆb b  is creation 

(annihilation) bosonic operator for the oscillator. 
For the two site two electron system there are six 

electronic states. Three of these states are 

degenerate with zero energy ˆ 0e TiH    

where 1,2,3i   and belong to the triplet 

states. The triplet states are not coupled with the 
‘b’ oscillator and can be disgarded. The three 

other eigen states of ˆ
eH  denoted by , s   

and s   have been constructed from the 

singlet states. The electron-phonon interaction 

term ˆ
e phV   couples the electronic eigen states 
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  and s   of ˆ
eH  with the phonon states 

  †ˆ1 / ! 0n

ph ph
n n b  of ˆ

phH  have been 

taken into account for our work.  
 
RESULTS AND DISCUSSION     
 
Graph (1) shows results obtained in the 

moderate correlated regime 
10.2U mm , 

corresponding to cos 0.851 � , 

sin 0.526 � . In this case n nk   and thus 

the two zigzag chains forming the array are 

noticeably asymmetric. The strong correlation 
regime is attained when the on-site interaction 

strength U is much larger than the hopping 

amplitude ‘t’ corresponding to cos 1 �  and 

sin 0 � . In this case 0n �  and thus the 

phonon modes are coupled to the electronic 
degree of freedoms solely via the two dressed 

states   and  s   � , whose energy 

levels are nearly degenerate and equal to U and 
2

2

1 4t
E U

U


 
 
 

�  respectively. In Fock space, 

the electron-phonon coupling dynamics is thus 

reduced to the coupled equations for occupation 
amplitudes ‘fn’ and ‘gn’. 

  

 

 

 

1 1 1

1 1 1

n
n n n n n n

n
n n n n n

df
i U f k g k g
dt

dg
i E n g k f k f
dt

  

   

   

    

 

Where 2nk ng , correspondingly, the 

optical analog simulator reduces to a simple 

linear chain of wave guides with nonuniform 
spacing as shown in graph (2)(a). The optical 

simulation of the Holstein-Hubbard model in 
the strong correlation regime is shown in graph 

(2) for parameters values 
10.1g mm , 

10.1t mm , 
10.2mm   and 

110U mm . The dynamics of occupation 

amplitudes shows in this case is a tpical 

periodical behavior with a period given by 
2


. 

In our optical simulator the periodic revival is 

clearly visualized by the self imaging property 

of the waveguide array in which the initial light 
periodically returns into the initially excited 

waveguide as shown in graph (2). Such a 
periodic behavior has been explained after 

obtaining that in the strong correlation regime 

U  , the phonon modes  couple solely to 

two dressed electronic states   and  . The 

obtained results were compared with previously 

obtained results of theoretical and experimental 
research works and found in good agreement. 
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Graph 1: Optical simulation in the intermediate correlation regime (U=0.2mm-1) 

 
Graph 2: The Strong correlation regime (U = 10mm-1) with the oscillation frequency =0.2mm-1 
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CONCLUSION 
 

We have studied strong correlation effects and 

localization in metallic systems due to strong 
electron-electron interactions and strong 

electron-phonon coupling. Our photonic analog 
simulator enabled to map the temporal 

dynamics of the quantum system in Fock space 
spatial propagation of classical light waves in 

the evanescently coupled wave-guides of the 
array. We have found that in the strong 

correlation regime the periodic temporal 

dynamics related to the excitation of Holstein 
polarons with equal energy spacing were 

obtained as a periodic self imaging phenomenon 
of the light beam along the waveguide array in 

terms of generalized Block oscillations of a 
single particle in bending lattice. The obtained 

results were found in good agreement with 
previously obtained results. 
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ABSTRACT We have studied the electronic structure of silicon dopants which is necessary for 

implementation of spin based qubits in silicon. Description of dopant in silicon is 
therefore useful both as a benchmark and for determining the details of the 

electronic structure of an isolated dopant which can subsequently be used to 

calculate more accurate spin dependent scattering cross sections. These calculation 
have been able to perform large scale calculations using the computational 

resources. We have performed two electron Hartree-Fock calculations within 
effective mass theory. These efforts include calculating the effects of applied electric 

and magnetic fields and the coupling of two donors via exchange interaction. Tight 
binding calculations have also been performed including a calculation of the 

quadratic stark coefficient of the hyper interaction. We have found an 
unprecedented level of structure in the doping potentials and densities and wave 

functions. Due to oscillatory nature of doping potentials, the exchange coupling 

between qubits obtained by extrapolating our results to smaller distances was found 
to be less than estimates based on the Heitler-London approximation. The obtained 

results were found in good agreement with previously obtained results. 
 

KEYWORDS Electronic structure, Dopant, isolated scattering, effective mass, quadratic stark 
coefficient, interaction, doping potential, qubits. 
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INTRODUCTION     
 

Kohn and Luttinger [1] studied that the theory 

of group-v dopants such as phosphorus in 
silicon is useful for describing the quantum 

nature of the electrons in these systems as well 
as for developing schemes to circumvent one of 

the most challenging aspects of solid-state 
quantum computers, namely environmental 

decoherence [2-5]. In order to provide a bench 
mark for such theories and also to use as a 

starting point for building efficient and accurate 

tight binding methods, an ab initio description 
of dopants in silicon is desired. The size of the 

systems required to describe doped silicon at or 
near the single dopant limit is large, making 

such a description computationally expansive. 
In this work, we have presented large scale 

density functional theory calculations for 
phosphorous doped silicon suprecells with up 

to 432 atoms. We have made comparisons to 

other theoretical works [6-9] to determine what 
can and cannot be captured by approximate or 

single-electron theories for the doped silicon 
systems. Previous efforts to describe the 

electronic structure of silicon dopants included 
effective mass approaches beginning with the 

work of Kohn and Luttinger and continuing 
with many others [10-15] including Fang etal, 

who performed two electron Hartree Fock 

calculations within effective mass theory [16]. 
Tight binding calculations have also been 

performed [17-19] including a calculation of the 
quadratic stark coefficient of the hyperfine 

interaction which has reproduced 
experimentally measured values more 

accurately than effective mass theory [20]. 
Density functional theory studies [21] evaluated 

the use of mixed Pseudopotentials which treated 

the dopant and silicon atoms in the layer using 
the same core potential and compared them to 

all atom calculations. These density functional 
theory calculations and a number of additional 

calculations [22] showed a large amount of 
disagreement for calculated properties such as 

the valley splitting.  
 

 

 
 

METHOD 
 

Face-centered cubic lattices of doped silicon 

were considered for variable dopant ratios by 
substituted one phosphorous atom in unit cells 

with 53, 127, 249 and 431 silicon atoms. We have 
used Perdew-Burke-Ernze-rhof density 

functional with an ultrasoft Pseudopotential for 
phosphorous and a norm-conserving 

Pseudopotential was calculated using FHI98PP 
for silicon. A plane wave energy cutoff of 65 Ry 

was chosen based on convergence of the total 

energy and pressure in the smallest supercell- K-
space sampling was performed using a 

Monkhorst pack grid of  8 8 8   of 54 atoms, 

6 6 6   of 128 atoms 4 4 4   of 250atoms and 

2 2 2   of 432 atoms grid points. For the energy 

and properties of bulk silicon, a two atom silicon 
cell was used with a grid of 20 20 20   k-

points. In this cell one silicon is placed at the 
origin and another is placed at the point 

, ,
4 4 4

a a a 
 
 

 where a is the lattice constant. The 

basis vector of the fcc cell are , ,
2 2

a a
o

 
 
 

 , 

, ,
2 2

a a
o

 
 
 

 and , ,
2 2

a a
o
 
 
 

, the two silicon atoms 

are repeated at every integer multiple of the 

basis vectors. The lattice constant of the doped 
supercells was determined as multiples of the 

5.46Å lattice constant for bulk silicon computed 
with the Pseudopotential used in this stuydy. 

The phosphorous dopants repeat along the 
directions of the basis vectors. The Gram 

Schmidt procedure was used to find the 

orthogonal direction.   1 2 0 . In the 

calculations with 432N   atoms, all of the atoms 

were allowed to move during the simulation. 
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RESULTS AND DISCUSSION     
 

Graph (1) shows the plot of the doping potential 

as a function of distance from (001) layer of 
dopants. In graph (1) (a) a full two dimensional 

cut through the potential is given in the plane 
perpendicular to the (001) plane, and the in 

graph (1)(b) and (1)(c) the potential is shown in 
a slice of this plane which connects two dopants. 

In graph (2) the mixed Pseudopotential doping 
potentials are much smoother then in graph (1) 

(b), especially in the region around the dopant. 

In graph (1) (b) there is a significant amount of 
structure in the potential near the dopant itself. 

Minor effects of the silicon atoms in the next 
layer of the crystal are also evident in graph (1) 

(c) when the effects of geometric relaxation are 
included. These results are for doping densities 

near the single dopant limit, a study of the effect 

of  -layer of dopants would require very large 

cells which would likely have thousands of 

atoms. Additionally, the dopant potentials are 

plane averaged while we have plotted straight 

point potentials. Averaging does not eliminate 
the structure in our potentials but instead 

reduces the peak potential relative to the 
somewhat noisy structure of the atomic lattice. 

Oscillations are due to interactions with 
electrons in the shells below the valence shell. If 

these calculations were performed without 
using Pseudopotentials, which reduce 

oscillations from core electrons and replace them 

with a smooth potential the potential would 
most likely oscillate to an even greater degree. 

These oscillations, as well as possible in 
optimized geometries due to the silicon lattice 

distortions represent qualitative differences 
between density functional theory and effective 

mass theory. Mixed Pseudopotential in order to 
estimate the potential as a function of the 

distance from a layer of dopants. The obtained 

results were compared with previously obtained 
results of theoretical and experimental research 

works and found in good agreement. 

   

 

Graph 1: The doping potentials  
431si P siV V  as function of distance from the doping layer.  
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Graph 2:  Magnitude of the zero-field exchange coupling calculated by density functional theory in this 
work (Circles), and in the Heitler-London approximation with effective mass theory wave functions.  
 
CONCLUSION 
 
We have studied electronic structure of 

phosphorous doped bulk silicon and its use in 

spin qubits for quantum computation. Several 
properties relating to their use as spin qubits for 

quantum computation were found. We have 
found that the electron density around the 

dopant leaded to non spherical features in the 
doping potentials, such a trigonal lobes in the 

(001) plane at energy scales of +12 eV near the 
nucleolus and of -700 meV extending away from 

the dopants. These features are generally 

neglected in effective mass theory and affected 
the coupling between the donor electron and the 

phosphorous nucleus. Our density functional 
calculations reveled in the densities and 

potential of the dopants which are not evident in 
calculations that do not include explicit 

treatment of the phosphorous donor atom and 
relaxation of the crystal lattice. The doping 

potentials provide input for scattering 

calculations, including calculations in which the 
current carrying electrons are confirmed to a 

two dimensional plane to model electrical 
readout schemes for silicon quantum 

computation. The obtained results were found 
in good agreement with previously obtained 

results.  
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ABSTRACT We have studied about leakage radiation images obtained for two different 

dielectric-loaded surface plasmon polariton waveguides based on routing structures; 
linear couplers and bent waveguides. By simultaneously imaging the conjugated 

aperture and field planes of the microscope, we unambiguously quantify the 
degeneracy lift occurring for strongly interacting dielectric loaded surface plasmon 

polariton waveguides and visualize the symmetry of the coupled modes. We have 
obtained the wave vector distribution and showed its evolution with the bend 

radius. We have developed a numerical and an analytical analysis for momentum 
distribution. We have found that for large radii i.e. for vanishing bending loss, we 

can link the plasmon in Fourier space with the geometrical and modal properties of 

the bend structure. It was also found that the radial dependence of the wave vector 
distribution is governed by the phase difference. The obtained results were found in 

good agreement with previously obtained results. 
 

KEYWORDS Radian leakage, dielectric, surface plasmon, polariton, wave guide, routing structure, 

degeneracy, Fourier space. 
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INTRODUCTION     
 

The different geometries capable of routing the 

flow of surface plasmons, dielectric loaded 
surface plasmon polariton wave-guides [1-3] 

have emerged as a potential plasmonic 
architecture that can be integrated seamlessly 

with current silicon on insulator photonic 
circuits [4,5] and can sustain transfer of 

information at high date rates [6]. A dielectric 
loaded surface plasmon polariton loaded surface 

plasmon polariton waveguide is made of a 

rectangular dielectric rib deposited on a metal 
film or strip [7]. The surface plasmon required 

for an optimum confinement of the mode 
compare well with state of the art silicon on 

insulator waveguides operating in the telecom 
bands. Despite higher losses, the advantage of 

such a plasmonic platform is that the optical 
index of the dielectric material used to confined 

the mode can be controlled extremely to realize 

active dielectric loaded surface plasmon 
polariton waveguide-based devices [8-12]. Near 

field optical microscopy and far field leakage 
radiation microscopy [13] are instrumental for 

visualizing the confinement and propagation 
details of surface plasmons supported by this 

geometry [14,15]. For thin metal films, leakage 
radiation microscopy is an especially useful 

characterization tool. Effective indices of the 

different modes and interactions developing in a 
given structure can be readily determined [16-

18]. 
 
METHOD 
 

Optical characterization is performed by using 
homemade leakage radiation microscopy. An 

incident tunable laser beam is focused by 100x 
microscope objective on the extremity of a 

dielectric loaded surface plasmon polariton 

waveguide. The sharp discontinuity by the 
polymer structure acted a local scatterer and 

produced a spread of wave vectors, some of 
which resonated with the surface plasmon 

modes supported by the geometry. By 
controlling the incident polarization parallel to 

the longitudinal axis of the waveguide, the 
dielectric loaded surface plasmon polariton 

waveguide mode can readily be excited. The 

leakage radiation microscopy provided a far 
field imaging technique to directly visualized 

surface plasmon propagation. This method 

relies on the collection of radiation losses 
occurring in the waveguide during propagation. 

These losses were emitted in the substrate at an 
angle phase matched with the in plane wave 

vector of the surface plasmon polariton mode. In 
our leakage radiation microscopic, the plasmon 

radiation losses were collected by an oil-
immersion objective with numerical aperture. 

the plane provided direct information about the 

propagation of the surface plasmon mode 
developing in dielectric loaded surface plasmon 

polariton waveguide. To complete the analysis 
we have used the Fourier transforming property 

of the ovbjective to access the wave vector 
distribution of the emitted light. The angular 

distribution of the radiation in the substrate 
collected by the object transformed to a lateral 

distribution at the objective back focal plane. We 

obtained the quantitative result of the complex 
surface plasmon wave vector in complex 

effective index consisting of the radial distance 
with respect to optical axis. Access to 

momentum space was performed by inserting a 
beam splitter in the optical path and a set of 

Fourier transforming relay. The obtained results 

were compared with previously obtained 
results.  

 
RESULTS AND DISCUSSION     
 
Graph (1) (a) and graph (1)(b) show images of 

the leakage radiation intensity of a single mode 
dielectric loaded surface plasmon polariton 

waveguide in conjugated image and Fourier 
planes respectively. The plasmon mode was 

launched at the bottom of the structure and 

propagated up the waveguide with an 
exponentially decaying intensity. The image of 

graph (1)(b) is the wave vector content of the 
intensity distribution shown in graph (1)(a). 

Both Fourier plane and image plane images, a 
calibration was performed prior to any data 

extraction. For calibrating image plane images 
we have used the known waveguide length as a 

standard with the system magnification, one 

pixle represents 0.6 m� . For Fourier plane 
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images the numerical aperture of the objective 

was used. The largest ring in graph (1)(b) 
represents the numerical aperture 1.49 specified. 

The central disc is the numerical aperture of the 
x100 excitation objective at numerical aperture 

0.52. On pixle provided a . 0.012N A � . The 

dielectric loaded surface plasmon polariton 
waveguide mode propagating along this 

straight waveguide is shown in graph (3). The 
Fourier plane image is shown in graph (1)(b) 

contains more information than a direct space 
image since the real part and imaginary part of 

the effective index can be obtained directly. The 
mode is represented by a single line at a 

constant

0

1.262 0.006y

eff

k
n

k
   . The intensity 

along 

0

yk

k
 at 0xk    is related to the surface 

plasmon through the following formula:  

       
2 2 2

0, / ' 1 / 2x y x y sppI k k H k k L     


 0 xH k  is the xk  Fourier transform of the 

guided magnetic field at the objective focal 
point. The imaginary party of the effective index 

was estimated precisely through a Lorentzian 
fit. Graph (2) shows the benefit of performing 

momentum spectroscopy. Grpah (2)(a) and 
(2)(b) are leakage radiation images obtained at 

the conjugated Fourier plane and image plane 

for a linear coupler with d=440nm. The coupling 
length LC was evaluated using the relation  

' 'c

s as

L


 
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s effk n    and 
' as
as o effk n   . 

then 
  

 0 15.2
2
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
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We have proposed a simple analytical model 
that explains the main features of obtained 

Fourier plane images. We have approximated 
the mode that propagated in the bend structure 

by a Guassian profile with a finite propagation 
length. To simulate the curved dielectric loaded 

surface plasmon polariton waveguide we have 
maintained the complex propagation constant in 

the curved section equal to that of the straight 

waveguides. The assumption remained valid for 

c lR R  where 
lR  is the liming radius where 

bend losses can be neglected. Graph (3) shows 
the impact of the integration boundaries on the 

momentum space representation of a single 
straight wave guide for a fixed propagation 

length of 40 μm. There is a perfect agreement 

between numerically calculated Fourier 
transform and its analytical solution. For 

integration boundries greater than the 
propagation length, the two calculations 

matched with the Lorentz function which are 
generally used. The obtained results were 

compared with previously obtained results of 
theoretical and experimental research works and 

were found in good agreement. 
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Graph 1: (a) Intensity distribution at the image plane of a surface plasmon mode propagating along a 

straight dielectric loaded surface plasmon polariton waveguide. The excitation spot is readily visible at 

the lower portion of the waveguide. (b) Corresponding wave
represents the numerical aperture of the illumination objective (0.52). The dielectric loaded surface 
plasmon polariton mode is recognized as a bright line at constant 

 

Graph 2: (a)+(b) are leakage radiation Fourier and image planes obtained from a linear Dielectric loaded 

surface plasmon polariton waveguide coupler width 
asymmetric mode at the location marked by the circle in (a). 

(f) Longitudinal intensity cross sections taken along the two cupled waveguides in (b) showing the 
energy transfer from one Dielectric loaded surface plasmon polariton waveguide to the other defining the 

coupling length Lc. 

Jay Shankar Kumar, Ashok Kumar 
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(a) Intensity distribution at the image plane of a surface plasmon mode propagating along a 

straight dielectric loaded surface plasmon polariton waveguide. The excitation spot is readily visible at 

the lower portion of the waveguide. (b) Corresponding wave-vector distribution. The central disk 
represents the numerical aperture of the illumination objective (0.52). The dielectric loaded surface 
plasmon polariton mode is recognized as a bright line at constant /y xk k . 

 
(a)+(b) are leakage radiation Fourier and image planes obtained from a linear Dielectric loaded 

surface plasmon polariton waveguide coupler width d =440nm. (c) and (d) are Lorentzian fits of the 
asymmetric mode at the location marked by the circle in (a). (e) is a Lorentzian fit of the symmetric mode. 

(f) Longitudinal intensity cross sections taken along the two cupled waveguides in (b) showing the 
energy transfer from one Dielectric loaded surface plasmon polariton waveguide to the other defining the 

Physics / Vol.41D, No.2 / July-December 2022 

 
(a) Intensity distribution at the image plane of a surface plasmon mode propagating along a 

straight dielectric loaded surface plasmon polariton waveguide. The excitation spot is readily visible at 

vector distribution. The central disk 
represents the numerical aperture of the illumination objective (0.52). The dielectric loaded surface 

 
(a)+(b) are leakage radiation Fourier and image planes obtained from a linear Dielectric loaded 

=440nm. (c) and (d) are Lorentzian fits of the 
(e) is a Lorentzian fit of the symmetric mode. 

(f) Longitudinal intensity cross sections taken along the two cupled waveguides in (b) showing the 
energy transfer from one Dielectric loaded surface plasmon polariton waveguide to the other defining the 
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Graph 3: Effect of the Dielectric loaded surface plasmon polariton waveguide length on Fourier

calculations. Dashed line: calculated Fourier plane (FT) cross section for 

 
CONCLUSION 
 
We have studied the leakage radiation images 

obtained for two different dielectric loaded 

surface plasmon polariton waveguides based on 
routing structures. We have analysed the energy 

transfer between coupled waveguides as 
function of gap distance and revealed the 

momentum distribution of curved geometries. 
We have found a clear degeneracy lift of the 

effective indices for strongly interacting 
waveguides in agreement with coupled mode 

theory. We have found that for large radii, we 

can link the plasmon in Fourier space with the 
geometrical and modal properties of the band 

structure. The radial dependence of the wave 
vector distribution was governed 

difference. This corresponds to the resonance 
condition of a ring resonator. W

considered each part of the waveguide straight 
and bend independently from each other. The 

straight parts were approximately 30μm long, a 

length smaller than the longitudinal decay of the 
supported mode. For a long waveguide no 

oscillation of the wave vector distribution was 
found. The obtained results were found in good 

agreement with previously obtained results. 
 
 
 

For Two Different Dielectric-Loaded Surface Plasmon Polariton 
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Effect of the Dielectric loaded surface plasmon polariton waveguide length on Fourier

calculations. Dashed line: calculated Fourier plane (FT) cross section for 0.5 sppL L   and 

studied the leakage radiation images 

obtained for two different dielectric loaded 

waveguides based on 
routing structures. We have analysed the energy 

transfer between coupled waveguides as 
of gap distance and revealed the 

momentum distribution of curved geometries. 
We have found a clear degeneracy lift of the 

effective indices for strongly interacting 
waveguides in agreement with coupled mode 

theory. We have found that for large radii, we 

an link the plasmon in Fourier space with the 
geometrical and modal properties of the band 

structure. The radial dependence of the wave 
ctor distribution was governed by phase 

difference. This corresponds to the resonance 
condition of a ring resonator. We have 

considered each part of the waveguide straight 
and bend independently from each other. The 

straight parts were approximately 30μm long, a 

length smaller than the longitudinal decay of the 
supported mode. For a long waveguide no 

ve vector distribution was 
found. The obtained results were found in good 

agreement with previously obtained results.  
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ABSTRACT We have studied the band structure, density of states and spatial localization of 
electron in twisted bilayer nanoribbons by means of tight binding calculation.  In 

Chiral geometries, edge states are also related to the presence of zig-zag edge atoms, 

although they presented remarkable size effects. Physical properties of chiral 
graphene nanoribbons and general edges can have a stong dependence on chirality. 

We have analysed the properties of edge states in twisted bilayaer ribbons, 
explaining their energy dispersion and spatial localization. The different splittings 

were found in edge bands due to the inhomogeneous interplay coupling. For stacked 
zig-zag atoms the coupling was larger than corresponding edge states splitted apart, 

but edge states stemming from regions with stacking, where the interlayer coupling 
was smaller and gave rise to zero energy bands. We have also been found that in the 

edge regions where top and bottom zig-zag terminations were stacked, inter-ribbon 

tunneling between the dispersions less zero energy states created bonding and 
antibonding combination with energies away from the energy of the Dirac point. The 

obtained results were found in good agreement with previously obtained results. 
 

KEYWORDS Band Structure, Saptial localization, twisted bilayer, nanoribbon, chiral graphene, 

energy dispersion, splitting edge band, Dirac Point. 

How to cite this article: Mishra A., Yadav J.P., Kumar A. (2022). Band Structure and Spatial 
Localization of Electrons in Twisted Bilayer Graphene Nanoribbons. Bulletin of Pure and Applied 

Sciences- Physics, 41D (2), 81-85. 

 



Aradhna Mishra, Jay Prakash Yadav, Ashok Kumar 

82                                                Bulletin of Pure and Applied Sciences- Physics / Vol.41D, No.2 / July-December 2022 

 

 
INTRODUCTION     
 
Trambly et al. (2010) [1] and Morell et al. (20202) 

[2] presented that for low rotation angles states 
near the Fermi level are mostly localized, with a 

strong localization, giving rise to the bright 
areas of the Moire pattern. The flattering of the 

bands with diminishing angle has been 
experimentally observed in angle-dependent 

Van-Hove singularities revealed in density of 

states measured by scanning tunneling 
spectroscopy [3-5] and by an increase of the 

intensity of Raman modes measured in twisted 
bilayer graphene samples [6-7]. There is not a 

controllable way to produce twisted bilayer 
graphene with a given angle, although some 

growth methods are more prone to yield twisted 
bilayers [8]. It was shown that graphene 

nanoribbons can be obtained by unzipping 

carbon nanotubes [9-10]. In this way twisted 
bilayer nanoribbons have been obtained by 

unzipping chiral multiwalled nanotubes [11]. 
Chiral graphene nanoribbons have edges with a 

mixture of armchair and zig-zag components. It 
has been theoretically established that all edges, 

with the exception of the pure armchair, 
presented zero energy localization state with a 

predominant weight at the edge atoms [12-13]. 

In pure zig-zag nanoribbons zero energy states 
were strongly localized at these atoms [14-15]. 

The dependence of the electronic properties of 
twisted bilayer graphene on the relative rotation 

angle between layers has attracted many 
theoretical [16-24] and experimental works [25-

27]. If the rotation angle between the two 
graphene layers is large the system behaves as if 

it were composed of two uncoupled layers [28] 

with a linear dispersion relation and the same 
Fermi velocity as monolayer graphene.  Singh et 

al. [29] developed a model for the miniband gap 
and related non parabolic dispersions at the 

limiting of bismuth-antimony. They have 
studied band edges and electronic phases as 

function of grow the orientation. They have 
found that layer width has large variation of 

phases and orientationless. Mishra and Kumar 

(2021) [30] studied electronic properties of 
graphene. The graphene nanoribbon sensitivity 

was dependent on matching condition and it 
was also found that conductivity was reduced.  

 
METHOD 
 

Unit cell of a commensurate twisted bilayer 
graphene was obtained by rotating a Bernal-

Stacked bilayer. The rotation axis passes 
through a site which has an atom in a layer 

situated at the center of a hexagon of the other 
layer. In order to choose commensurate unit cell, 

a point of the crystal with co-ordinates 

1 2r ma na  , where m and n are integers, was 

rotated to an equivalent site 1 1 2t na ma  . The 

graphene lattice vectors are given by 

 1 3 1
2

a
a    and  2 3,1

2

a
a   and 

2.46Åa   is the graphene lattice constant. The 

unit cell vectors of the bilayer twisted cell can be 

chosen as 1 1 2t na ma   and 

 2 1 2t ma n m a    . Bilayer unit cells built 

in this way are usually labeled by the indices 

 ,n m . The corresponding relative rotation 

angle between layers is given by 

   2 2 2 2cos 4 / 2n mn m n mn m      . 

The repetition of twisted bilayer graphene cell 

with  1n m   along either 1t  or 2t , yielded a 

chirial ribbon with edges having a 

predominantly armchair component. We have 
considered ribbons with minimal edges i.e. 

those with a minimum  number of edge nodes 
with co-ordination number 2. The width of the 

ribbon was given by an integer multiple N of its 

width vector 1t . We have labeled the ribbons 

as    2 , ,N m n n m n m     , where 

 2 ,m n n m   are the edge, N the width and 

 ,n m  identities the Moire geometry. For 

sufficiently small relative rotation angle, below 

10o, distinct regions were found in twisted 
bilayer graphenes. There are areas with stacking, 

others with stacking and there are also regions 
which were seemed to be obtained by a relative 

translation, called slip. The obtained results 
were compared with previously obtained 

results.  



Band Structure and Spatial Localization of Electrons in Twisted Bilayer Graphene Nanoribbons 

Bulletin of Pure and Applied Sciences- Physics / Vol.41D, No.2 / July-December 2022                                               83 

 
RESULTS AND DISCUSSION    
  
Graph (1) shows the bilayer geometry and the 

two components monolayer ribbons separately, 

which also shows their corresponding band 
structures. The (4,1) edge was decomposed as 

(3,0) + (1,1) in the right panels of  graph (1), it is 
seen that the edge has only one armchair (1,1) 

step. This step is located at different parts of the 
suspended edges, so that they do not lie on top 

of each other. The orientation of the (1,1) steps is 
different in the two nanoribbons, in order to 

super impose them with a perfect stacking, a 

mirror reflection on a plane perpendicular to 
that of the ribbon is needed, in addition to a 

translation. Being related by a mirror reflection, 
the band structure of the two monolayer ribbons 

are equal. Having a (3,0) zigzag component, the 
(4,1) edge has the zero energy band. The 

monolayer ribbon should have two edge bands 
and therefore the bilayer ribbon has four. These 

edge bands are split apart and is seen in the left 

panels as shown in graph (1). The behavior is 
different from that of zigzag ribbons, due to the 

boundary condition for chiral edges mixes both 
sublattices. Such mixing leaded to the coupling 

of edge states at opposite sides of each 

monolayer ribbon, so that size effects produced 
the opening of a gap. The gap between the two 

edge bands in the monolayer ribbon is wider 
than for the bilayer ribbon. Coupling between 

the two ribbons splits the bands but the ribbon 
is so narrow. The 2(4,1)[(2,1)] twisted bilayer 

nanoribbons shown in graph (2). In the 
monolayer ribbon, the two edge bands are 

coupled, they touch at the edge of the Brillounin 

zone as 1m  , M is at the Brillounin zone 

boundary   and their splitting at T is also 
smaller. With a (13,1)[(5,4)] twisted bilayer 

nanoribbons is splited from a (5,4) twisted 
bilayer graphene which has relative rotation 

angle 7.34o   and 244 atoms in the unit cell. 

The corresponding ribbon have a (13,1) edge, 

which decomposed as a (12,0)+(1,1). This bilayer 
ribbon has 16 edge states. For smaller relative 

rotation angles as in the case in the unit cell for 

the ribbon m=4 so the M point is folded at T is 
shown in graph (3). The obtained results were 

compared with previously obtained results of 
theoretical and experimental research works and 

were found in good agreement.

 
 

 

 
 

Graph 1: Band structures of the 1(4,1)[(2,1)] twisted bilayer nanoribbon (solid lines) and of the 

corresponding monolayer ribbon (dotted lines). The geometry of the unit cell and its constituent 
monolayers are shown on the right. 
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Graph 2: Left Panel: Band structures of the 2(4,1)[(2,1)] twisted bilayer nanoribbon (solid lines) and of the 

corresponding monolayer ribbon (dotted lines). Right panel: Unit cell of the 2(4,1)[(2,1)] twisted bilayer 
nanoribbon. 

 

 
 
 
Graph 3: Left panel: Band structure of the 1(13,1) [(5,4)] twisted bilayer nanoribbon (solid lines) and of 
the corresponding monolayer ribbon (dotted lines). Small circles and boxes indicate the k point of the 

bands selected to show the local density of states. 
 

CONCLUSION 
  

We have studied band structure and spatial 
localization of electrons in twisted bilayer 

graphene nanoribbons. We have found that due 
to the spatially inhomogeneous interlayer 

coupling, edge states streaming from regions 

with stacking are closer to the energy of the 

Dirac point, where as those arising from stacked 
edge states are splitted in energy due to the 

stronger interlayer coupling. We have found 
that the bands with energies less than 0.2 eV are 

mainly localized in the regions of the edges 

while edge bands farther from Fermilevel 
energy corresponding to the edge sites following 

the moire pattern of the bulk. As opposed to 
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bulk bilayer graphene for which states near the 

Dirac point are localized in stacked regions. The 
obtained results were found in good agreement 

with previously obtained results. 
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ABSTRACT The present paper gives a model for the change in the internal energy and enthalpy 
(Mahto et al., 2016) and reviews it to propose a model for change in Gibb’s free energy 

of the Reissnner-Nordstrom black hole. This also calculates their values in AGN 
concluding that the enthalpy and internal energy has the same values and they are just 

double to that of Gibb’s free energy for the same mass. 
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INTRODUCTION 
 
Black hole is a gift of nature. This is created after 

super- nova explosion and belongs to a category 

of dead stars [1]. It has mass greater than 5 of the 
solar mass. As per classical theory, the black 

hole is a perfect absorber and emits nothing. But 
the quantum theory suggests that the black hole 

emits Hawking radiation. [2,3, 4]. Kanak et al. 
proposed a model for the energy of non-

spinning black holes (EBH) in terms of the radius 

of the event horizon [5]. Mahto et al. gave a 

model for the energy of spinning black holes in 
terms of the event horizon [6]. Mahto et al. gave 

a model for the change in energy and entropy of 
Non-spinning black holes by the use of first law 

of the black hole mechanics and well-known 
relation E=mc2[7]. David Hochberg (1994), Shen 

& Chang-Jun (2001), David Kastor et al. (2011) 
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and Beauchesne and Edery (2012) had done their 

works related to Gibb’s free energy [8,9,10,11]. 
 

In the present work, we have used a model for 
the change in the internal energy and enthalpy 

(Mahto et al., 2016) and reviewed it to propose a 
model for change in Gibb’s free energy of the 

Reissnner-Nordstrom black hole and calculated 
their values in AGN. 

 
THEORETICAL DISCUSSION 
 
In the case of spinning black holes with half 

spin, the internal energy and enthalpy is given 

by the following equation [12]. 
                                                    

20.2320
BHs BHs bhsdU dH R

M
 

                ……(1) 
The change in the internal energy of black holes 

from first law of black hole thermodynamics is 
given by the following equation (Dolan et al., 

2012). 

 

dM dU TdS                                         …….(2) 
The change in free energy of the Reissnner-

Nordstrom black hole due to change in the mass 

of black hole can be obtained by differentiating 

the above equation 

1

2
dG dM

                                          .............(3) 

Using equation (1) & (2) in the above equation 

and solving, we have 

20.1160
BHs bhsdG R

M


                            ……...(4) 

For half spinning black holes, we have 

bhsR M
                                                  ……..(5) 

Putting above value in equation (1), the internal 

energy and enthalpy is given by the following 
equation 

                                        

0.2320BHs BHsdU dH M 
              ………(6) 

Putting (5) in equation (4), we have 

0.1160BHsdG M
                                  .…...(7) 

 
The equation (6) represents the change in 

internal energy and enthalpy, while equation (7) 

represents the Gibb’s free energy of spinning 
black holes. Hence, the required model for the 

change in internal energy and enthalpy & Gibb’s 
free energy of spinning black hole is 

summarized in the following box. 
 

                                  
0.2320BHs BHsdU dH M 

 for internal energy and enthalpy 

                                  
0.1160BHsdG M

 for Gibb’s free energy  

 
Data in support of mass of black holes in XRBs and AGN and Sun: 
 
M ~ 5 - 20 Mʘ in XRBs, M ~ 106 – 109.5 Mʘ in AGN and Mass of sun (Mʘ) = 1.99 x 1030 kg. [13] 

 
 

 

 
 

 

Calculations: 
dU=0.2320M= 0.2320x106 solar mass= 0.2320x106x1.99x1030kg =0.46168x1036 Joule 
dH=0.2320M= 0.2320x106 solar mass= 0.2320x106x1.99x1030kg =0.46168x1036 Joule 

dG=0.1160M= 0.1160x106 solar mass= 0.1160x106x1.99x1030kg =0.23084x1036 J/mole 

lly other values of internal energy/enthalpy and Gibb’s Free energy can be calculated 
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Table 1: Change in enthalpy/internal and free energy of spinning black holes in AGN. 
 

Sl. 
No. 

Mass of BHs 
(M) 

Mass of 
BHs in 
terms of 
solar mass 
(Mʘ x 107) 

dUBHsb(in Joule) dHBHs (in Joule) dGBHs (in Joule/mole) 

1 1 x 106 Mʘ 0.1 0.046168x 1037 0.046168x 1037 0.023084 x 1037 

2 2 x 106 Mʘ 0.2 0.092336x 1037 0.092336x 1037 0.046165 x 1037 

3 3 x 106 Mʘ 0.3 0.138504x 1037 0.138504x 1037 0.069252 x 1037 

4 4 x 106 Mʘ 0.4 0.184672x 1037 0.184672x 1037 0.092336 x 1037 

5 5 x 106 Mʘ 0.5 0.230840x 1037 0.230840x 1037 0.115420 x 1037 

6 6 x 106 Mʘ 0.6 0.277008x 1037 0.277008x 1037 0.138504 x 1037 

7 7 x 106 Mʘ 0.7 0.323176x 1037 0.323176x 1037 0.161588 x 1037 

8 8 x 106 Mʘ 0.8 0.369344x 1037 0.369344x 1037 0.184672 x 1037 

9 9 x 106 Mʘ 0.9 0.415512x 1037 0.415512x 1037 0.207756 x 1037 

10 1 x 107 Mʘ 1 0.461680x 1037 0.461680x 1037 0.230840 x 1037 

11 2 x 107 Mʘ 2 0.923360x 1037 0.923360x 1037 0.461650 x 1037 

12 3 x 107 Mʘ 3 1.385040x 1037 1.385040x 1037 0.692520 x 1037 

13 4 x 107 Mʘ 4 1.846720x 1037 1.846720x 1037 0.923360 x 1037 

14 5 x 107 Mʘ 5 2.30840x 1037 2.30840x 1037 1.154200 x 1037 

15 6 x 107 Mʘ 6 2.77008x 1037 2.77008x 1037 1.385040 x 1037 

16 7 x 107 Mʘ 7 3.23176x 1037 3.23176x 1037    1.615880 x 1037 

17 8 x 107  Mʘ 8 3.69344x 1037 3.69344x 1037 1.846720 x 1037 

18 9 x 107 Mʘ 9 4.15512x 1037 4.15512x 1037 2.077560 x 1037 

19 1 x 108 Mʘ 10 4.61680x 1037 4.61680x 1037 2.308400 x 1037 

20 2 x 108 Mʘ 20 9.23360x 1037 9.23360x 1037 4.616500 x 1037 

21 3 x 108 Mʘ 30 13.85040x 1037 13.85040x 1037 6.925200 x 1037 

22 4 x 108 Mʘ 40 18.46720x 1037 18.46720x 1037 9.233600 x 1037 

23 5 x 108 Mʘ 50 23.08400x 1037 23.08400x 1037 11.542000 x 1037 

24 6 x 108 Mʘ 60 27.70080x 1037 27.70080x 1037 13.850400 x 1037 

25 7 x 108 Mʘ 70 32.31760x 1037 32.31760x 1037   16.158800 x 1037 

26 8 x 108 Mʘ 80 36.93440x 1037 36.93440x 1037 18.467200 x 1037 

27 9 x 108 Mʘ 90 41.55120x 1037 41.55120x 1037 20.775600 x 1037 

28 1 x 109 Mʘ 100 46.16800x 1037 46.16800x 1037 23.084000 x 1037 

29 2 x 109 Mʘ 200 92.33600x 1037 92.33600x 1037 46.165000 x 1037 

30 3 x 109 Mʘ 300 138.50400x 1037 138.50400x 1037 69.252000 x 1037 

 
 

Graph 1: Fit 1: Linear, Equation, y = (0.46168) x + 4.440892099E-017, NDPU = 10, X


 = 0.55, Y


 =0.253924, 

RLSS = 1.40593E-032, RSS = 0.175847, COD = 1.000, Residual mean square, sigma-hat-squared = 1.75741E-

033. 
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Graph 1: The Graph (a) shows that the change in internal energy/enthalpy/free energy of spinning black 
holes for different mass of black holes in AGN in ranging from 10

shows that the change in internal energy/enthalpy/free energy of spinning black holes for different mass 
of black holes in AGN in ranging from (0.1 to 1)x10
 

Graph 2: Fit 1: Linear, Equation, 

0.126962, RLSS = 6.76364E-012, RSS = 0.0439623, COD = 1.000, Residual mean square, sigma

= 8.45455E-013. 
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The Graph (a) shows that the change in internal energy/enthalpy/free energy of spinning black 
holes for different mass of black holes in AGN in ranging from 106 to 109.5 solar mass, while the Graph (b) 

shows that the change in internal energy/enthalpy/free energy of spinning black holes for different mass 
of black holes in AGN in ranging from (0.1 to 1)x107 solar mass for better and clear visual representation.

Fit 1: Linear, Equation, y = (0.2308412727 x -1E-006, NDPU = 10, X


 = 0.55, Average 

012, RSS = 0.0439623, COD = 1.000, Residual mean square, sigma

December 2022                                               89 

The Graph (a) shows that the change in internal energy/enthalpy/free energy of spinning black 
solar mass, while the Graph (b) 

shows that the change in internal energy/enthalpy/free energy of spinning black holes for different mass 
solar mass for better and clear visual representation. 

= 0.55, Average Y


  = 

012, RSS = 0.0439623, COD = 1.000, Residual mean square, sigma-hat-squared 
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Graph 2: The figure shows that the change in internal energy/enthalpy/free energy of spinning black 
holes for different mass of black holes in AGN.

 
RESULT AND DISCUSSION 
 
In the present work, we have used a model 

/ / 0.2320( / )bh bh bhsdH dR dU dR R M 

the change in the internal energy and enthalpy 

of the spinning  black holes and further this 
 

                                  BHs BHsdU dH M 

                                           
0.1160BHsdG M

 
After obtaining this model, we have calculated 

their values in AGN and plotted the graphs 
between the change in internal energy, enthalpy 

and free energy of spinning black holes for 
different values of mass of black holes.

of Pure and Applied Sciences- Physics / Vol.41D, No.2 / July

The figure shows that the change in internal energy/enthalpy/free energy of spinning black 
holes for different mass of black holes in AGN. 

In the present work, we have used a model 
2/ / 0.2320( / )bh bh bhsdH dR dU dR R M

 for 

the change in the internal energy and enthalpy 

of the spinning  black holes and further this 

model is extended to obtain the change in the 

internal energy, enthalpy and Gibb’s free energy 

of the spinning  black holes in terms of mass. 
The new model for the change in the internal 

energy, enthalpy and Gibb’s free energy of the 
spinning black holes is given below:

0.2320BHs BHsdU dH M 
 for internal energy and enthalpy 

0.1160dG M
 for Gibb’s free energy 

After obtaining this model, we have calculated 

their values in AGN and plotted the graphs 
the change in internal energy, enthalpy 

and free energy of spinning black holes for 
values of mass of black holes. 

 
From the graph plotted between the change in 

internal energy, enthalpy and free energy of 
spinning black holes & different values of mass 

in AGN, it is obvious that the change in internal 
energy and enthalpy for different ma

Physics / Vol.41D, No.2 / July-December 2022 

 

The figure shows that the change in internal energy/enthalpy/free energy of spinning black 

model is extended to obtain the change in the 

internal energy, enthalpy and Gibb’s free energy 

of the spinning  black holes in terms of mass. 
r the change in the internal 

energy, enthalpy and Gibb’s free energy of the 
spinning black holes is given below: 

  

From the graph plotted between the change in 

internal energy, enthalpy and free energy of 
spinning black holes & different values of mass 

in AGN, it is obvious that the change in internal 
energy and enthalpy for different masses are the 
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same and the Gibb’s free energy of the spinning 

black holes have half value to that of the internal 
energy and enthalpy. 

 
From graph, it is clear that there is an uniform 

variation in the change of internal energy, 
enthalpy and Gibb’s free energy of the spinning 

black holes with increasing the mass of black 
holes. 

 

The Graph (a) shows that the change in internal 
energy/enthalpy/free energy of spinning black 

holes for different mass of black holes in AGN in 
ranging from 106 to 109.5solar mass, while the 

Graph (b) shows that the change in internal 
energy/enthalpy/free energy of spinning black 

holes for different mass of black holes in AGN in 
ranging from (0.1 to 1)x107 solar mass for better 

and clear visual representation. 

 
In this case, when the nature of the graph 

plotted be tn the mass of spinning black holes 
and their corresponding internal 

energy/enthalpy in AGN is observed, we see 
that there is an uniform variation of internal 

energy/enthalpy with different masses followed 
by the linear equation represented by dUx 1037J 

=0.46168 x 107 Mʘ + 4.440892099E-017 for 

internal energy & dH x 1037J =0.46168 x 107Mʘ + 
4.440892099E-017 for enthalpy with slope 

0.46168 and fitting accuracy equal to 1.000 
showing that the proposed model is very good 

fit for the data and indicates that 100% of the 
variation in the outcome has been explained just 

by predicting the outcome using the covariates 
included in the model. Similarly there is also an 

uniform variation of free energy with different 

masses followed by the linear equation 
represented by dGx1037J =0.2304812727 x 107 Mʘ 

- 1E-006 with slope 0.2304812727 and fitting 
accuracy equal to 1.000 showing that the 

proposed model is very good fit for the data and 
indicates that 100% of the variation in the 

outcome has been explained just by predicting 
the outcome using the covariates included in the 

model. 

 
CONCLUSION 
 
1. The change in internal energy and enthalpy of 

spinning black holes for different values of mass 
are the same.  

2. The change in enthalpy as well internal 

energy increase with increasing the mass of 
spinning black holes.  

3. The enthalpy and internal energy has the 
same values and they are just double to that of 

Gibb’s free energy for the same mass of black 
holes.  

4. The enthalpy and internal energy of spinning 
black holes are the manifestation of the same 

thing.  

5. There is an uniform variation in the change of 
internal energy, enthalpy and Gibb’s free energy 

of the spinning black holes with increasing the 
mass of black holes. 
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ABSTRACT The critical analysis of the foundations of the standard theory of harmonic oscillations 

is proposed. The unity of formal logic and rational dialectics is methodological basis of 
the analysis. The analysis leads to the conclusion that this theory represents gross error. 

The substantiation (validation) of this statement is the following main results. I. In the 

case of the material point suspended on the elastic spring, the linear differential 
equation of harmonic oscillations is the equation (condition) of balance of Newton’s 

force (Newton’s second law) and “Hooke’s force” (“Hooke’s law” as pseudolaw). This 
equation contains the following gross methodological errors:  (a) the differential 

equation of motion of the material point does not satisfy the dialectical principle of the 
unity of the qualitative and quantitative determinacy of physical quantities (i.e., 

Newton’s force and Hooke’s force). In other words, the left and right sides of the 
differential equation (i.e., the equation of balance of the forces)  have no identical 

qualitative determinacy: the left side of the the equation of balance of the forces 

represents Newton’s force, and the right side of the the equation of balance of the forces 
represents the “Hooke’s force” (as pseudolaw); (b) the sum of Newton’s force and the 

“Hooke force” (as pseudolaw) in the the equation of balance of the forces is equal to 
zero. This means that the sum of the numerical values of Newton’s force and “Hooke’s 

force” (as pseudolaw) is equal to zero. Consequently, the numerical values of Newton’s 
force and “Hooke’s force” (as pseudolaw) are equal to zero in the region of neutral real 

numbers. This means that the equation of balance of the forces is incorrect; (c) “Hooke’s 
force” (as pseudolaw) in the equation of balance of the forces represents the product of 

the spring constant (coefficient of stiffness of the spring) and the coordinate of the 

material point. In this case, “Hooke’s force” (as pseudolaw) does not represent Hooke’s 
law. “Hooke’s force” (as pseudolaw) contradicts to Hooke’s law because the coordinate 

of rhe material point does not determine the spring constant (coefficient of stiffness of 
the spring). “Hooke’s force” (as pseudolaw) has the dimension of Newton’s force. But, 

as the practice of measurement of Hooke’s force with the help of a dynamometer 
shows, the dynamometer readings are real neutral numbers with the dimension 

“kilogram-force”; (d) the mathematical operation of division of the equation of balance 
of the forces by the mass of the material point leads to the linear equation of balance of 
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the accelerations of the material point. In this case, the mathematical operation gives 

rise to the term “frequency”: (spring stiffness coefficient)-to-(mass) ratio is “squared 
frequency”. But the spring stiffness coefficient is the constant that does not define the 

concept of frequency. Therefore, the quantity of the acceleration of the material point 
does not define the concept of the frequency of periodic motion; (e) the solution of the 

linear differential equation of balance of the accelerations of the material point has 

imaginary roots. This leads to the following contradiction: the coordinate of the 
material point is both an exponential function and a trigonometric function. II. In the 

case of oscillations of the mathematical pendulum, the linear differential equation of 
harmonic oscillations of the material point suspended on the inextensible thread 

represents a mathematical description of the angular displacement of the inextensible 
thread in the Cartesian coordinate system. This equation is a mathematical consequence 

of the standard differential equation of the rotational motion dynamics and contains 
the following gross methodological errors: (a) the differential equation of motion of the 

material point suspended on the inextensible thread does not satisfy the dialectical 

principle of the unity of the qualitative and quantitative determinacy of physical 
quantities (i.e., the physical quantity of rate of change of the angular momentum 

(moment of momentum) and the physical quantity of moment of the acting force). This 
equation expresses the condition of balance of the rate of change of the angular 

momentum (moment of momentum) and the moment of the acting force. Gross error is 
that the left and right sides of the balance equation have no identical qualitative 

determinacy: the left side of the balance equation is the rate of change of the angular 
momentum (moment of momentum), and the right side of the balance equation is the 

moment of the acting force; (b) the sum of the rate of change of the angular momentum 

and the moment of the acting force is equal to zero in the balance equation. This means 
that the sum of the numerical values of the rate of change of the angular momentum 

and the moment of the acting force is equal to zero. Consequently, the numerical values 
of the rate of change of the angular momentum and the moment of the acting force are 

equal to zero in the region of neutral real numbers. This means that the balance 
equation is incorrect; (c) the mathematical operation of division of the equation of 

balance of the rate of change of the angular momentum and the moment of the acting 
force by the mass of the material point and the square of the thread length results in the 

equation of balance of the angular accelerations. In this case, the mathematical 

operation results in the term “frequency” (“squared frequency”). But the quantity of 
the angular acceleration does not determine the frequency of the periodic motion; (d) 

the linear differential equation of balance of the angular accelerations is analogous to 
the linear differential equation of balance of the accelerations of the material point 

suspended on the spring. Therefore, the solution of the linear differential equation of 
balance of the angular accelerations has imaginary roots and leads to the following 

contradiction: the angle of displacement of the pendulum from the equilibrium position 
is both an exponential function and a trigonometric function. 
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INTRODUCTION  

 

As is known, the theory of harmonic oscillations 
is an important part of the foundations of 

physics and mathematics [1-10]. This theory was 
created by well-known scientists and is 

presented (reproduced) in textbooks and 
monographs [11-16]. Therefore, the theory looks 

convincing. But the validity of the theory has not 
been questioned so far. 

 

In my opinion, the validity of a theory can only 
be researched (studied, analyzed) within the 

framework of the correct methodological basis: 
the unity of formal logic and rational dialectics. 

The unity of formal logic and rational dialectics 
represents the only correct criterion of truth. 

Formal logic is the general science of the laws of 
correct thinking. Rational dialectics is the 

general doctrine of universal connection and 

change in the world. The most important 
concepts of rational dialectics are the concepts of 

quality, quantity and measure. 
 

Quality (i.e., the qualitative determinacy) is the 
unity of properties, essential features of an 

object. The qualitative determinacy of an object 
represents the essence (as a set of essential 

features) of an object. Quantity is the 

quantitative determinacy of the essence of an 
object. The quantitative determinacy belongs to 

the qualitative determinacy of the object (i.e., the 
quantitative determinacy belongs to the 

essential feature of the object) and is expressed 
by dimensional neutral numbers.  

 
The measure of an object is the unity of the 

qualitative and quantitative determinacy of an 

object. From this point of view, a correct 
mathematical relationship represents the unity 

of qualitative and quantitative determinacy: the 
left and right sides of the mathematical 

relationship denote (designate, indicate) an 
identical qualitative determinacy (i.e., an 

identical meaning). Therefore, a mathematical 
relationship is incorrect if the left and right sides 

of the relationship belong to different qualitative 

determinacy. 
 

Well-known scientists did not find the correct 
criterion of truth for mathematical and physical 

theories. As is known, Albert Einstein and Henri 
Poincaré were probably the last scientists who 

tried to find the correct criterion of truth. After 
Albert Einstein, the problem of truth in science 

was not studied (researched) by mathematicians 
and physicists. Scientists worshiped (adored, 

venerated) the works of the classics of sciences. 
Scientists believed in the inviolability (firmness, 

stability) of the foundations of sciences. 

Therefore, scientists did not question the 
standard theories. That is why theoretical 

physics and mathematics contain gross 
methodological errors and enter into the greatest 

crisis. 
 

The purpose of the present work is to propose 
the critical analysis of the standard theory of 

harmonic oscillations. The methodological basis 

for analysis is the unity of formal logic and 
rational dialectics. This way of analysis gives an 

opportunity to understand the erroneous 
essence of the theory of harmonic oscillations. 

 
1. Elements of correct kinematics and dynamics 
[17-20] 
 

As is known, the starting point of correct 
kinematics is based on the following statements. 

1) “The quantity  
     0tltl MM    is called 

increment of the length of the path of the 

material point M  over time 00 ttt   

where 00  t ,  0t   is the initial point of time. 

The length of the path and the increment of the 
length of the path are not vector quantities.  The 

quantity 
 

         0
0

0 tv
t

tltl M
MM





 

 

is rate of change in the quantity 
 Ml . In other 

words, the speed of motion of the point M  is 

rate of change in quantity  
  tl M

 . (Movement 

is change in general). Therefore, the speed is not 
a vector quantity. By definition, the speed of the 

motion of the point M is the average speed over 

time 0t . There is no “instantaneous speed” 

(i.e., speed at point of time t ). The speed of the 
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motion is the essential feature (property, 

characteristic) of motion: speed is the rate of the 
change in quantity. The rate of the change in the 

quantity  
  tl M

 has no a graphical 

representation in system XOY  because the 

quantity of the rate has no the dimension of 

“meter (m)”. The rate of the change in the 

quantity  tl M  is not defined and is not 

characterized by any direction because the 

quantity 
  tl M

  is not defined and is not 

characterized by a direction of the motion of the 

point M  in the system XOY . Thus, the rate of 

the change in the path length is independent of a 

direction of the motion of the point  M ”. 
 

2) “The variable quantity 
  0tv M   takes on 

the values 
   101 tv M  ,  

  202 tv M  , 
   303 tv M   

under 10t ,  20t ,  30t ,   respectively. If the 

interval (duration) of time is the variable 

quantity 00 ttt  , then the quantity 

  0tv M   of the speed is a function of the 

argument 00 ttt  . The conventional 

concept of speed at point of time (at instant of 

time) t  (or at point of plane XOY ) has no 

scientific and practical sense because the speed 

of the motion is determined by two (different) 

positions of the moving point M  on plane 

XOY  and by two (different) points of time: 

movement is change in general; but there is no 

change in position at point of time t  (or at point 

of plane XOY )”.  

 

3) “If the speed of the motion of the point M  
depends on time, then the quantity 

 
       M

MM

a
t

tvtv






0

010  

 

is called acceleration of the point M  on the path 

length  
     0tltl MM   where 

   01 tv M   is 

certain value of speed, which is experimentally 

determined. Acceleration characterizes the 

motion of the point M : acceleration is the  
essential feature (property, characteristic) of the 

motion of point M . The quantity of the 

acceleration of the point M  has no graphical 

representation in the system XOY  because the 

quantity of the acceleration has no dimension of 

“meter (m)”. The quantities  
  tl M

 and  
 Ma   

are connected by the following relationship: 

 
          200 tatltl MMM  ”. 

 
If 
         00 tltltl MMM  ,    

  ga M  ,   

then  

 

g

l
t

M
 0     

where 0t  is the free fall time of the material 

point M  in the gravitational field; g  is the 

gravitational acceleration. This expression does 

not depend on the mass of the material point 

M  and represents a reliable experimental 
result. 

 
4) The product of mass and speed of the moving 

object M  represents the essential physical 
property (essential feature) of the moving 

material object: 
 

   00 tvmtp MMM   

 

where the physical quantity  0tpM   is called 

momentum of object M . The dimension of the 

quantity of the momentum is  “
1smkg ”. This 

definition of the momentum satisfies the formal-

logical law of identity: 
 

(property of the moving object ""M ) = 

= (property of the moving object ""M ). 
 

In addition, the definition of the momentum 

satisfies the formal-logical law of lack (absence) 
of contradiction: 

 

(property of the moving object ""M )   

  (property of the moving object "" Mnon ) 

 
5) The rate of change in the momentum of the 

moving object M  represents the essential 
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physical property (essential feature) of the 

motion of the material object M . The rate of 
change in the momentum of the moving object 

M  is defined as follows: 
 

        
0

010

0

010

t

tvtv
m

t

tptp MM
M

MM










, 
 

    MM
MM

am
t

tptp






0

010  

 

where  01 tpM   is a certain value of the 

momentum, which is experimentally 
determined. The dimension of the quantity of 

the rate of change in the momentum is 

“
2smkg ”. The dimension “

2smkg ” 

characterizes the qualitative determinacy of the 

quantity of rate of change in the momentum. 
The definition of the rate of change in the 

momentum of the moving object satisfies the 
formal-logical law of identity: 

 

(property of the moving object ""M ) = 

= (property of the moving object ""M ). 
 

In addition, the definition of the rate of change 

in the momentum satisfies the formal-logical 
law of lack (absence) of contradiction: 

 

(property of the moving object ""M )   

 (property of the moving object "" Mnon ). 

 

6) As is known, the starting point of the correct 

dynamics of the material body S  is the 

following formulation of Hooke's law. 
 

(a) In the case of the spring S  stretching, 

Hooke's law is the following correct expression: 

 
   

 spring

springspring

D

DD

l

ll

F

FF

1

1

1

1





,   

 
 spring

spring

D

D l
l

F
F
















1

1
, 

 springD lmF  ,  
  0springl  

 

where  
   springspring ll 1  is the increment of the 

length of the spring S ; the dimension of the 

force 
DF  is “ kgf ”, i.e.   kgfF  ; 

DF1  is a 

certain value of variable quantity 
DF   which is 

the reading of the dynamometer D ; 

 
  















spring

D

spring

l

F
k

1

1
 is coefficient of stiffness 

of the spring S  having the dimension 

“ mkgf ”. (The coefficient 
 springk does not 

depend on time t ). 

 

Let one, using the dynamometer D , stretch out 

the spring S   to a certain length 
 springl  (Figure 

1). 

 

 

Figure 1: Change of the length of the spring. S . 
 springl0  is initial value of the spring length; 

   springspruing ll 0  is the finite value of the spring length. D  is a dynamometer, the readings of which 

are neutral numbers with the dimension “ kgf ”. 
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As practice shows, the dynamometer D  
readings are real neutral numbers of the 

dimension “ kgf ”, but not numbers of the 

dimension “
2smkg ”. If one disconnects the 

dynamometer D  from the spring S , the spring 

S  returns to its original (neutral) state during 

the relaxation time: 
    springspring ltl 0 . 

 

(b) In the case of compression of the spring S , 

Hooke's law is the following correct expression: 
 

   

 spring

springspring

D

DD

l

ll

F

FF

1

1

1

1

1

11 



,    

   springspring

D

D

ll

F
F

1

1 1

1














 ,  

  0springl , 

 

7) Mathematical pendulum. In the case of a 
cycloidal periodic motion of a material circle 

(solid body), Huygens’ experimental result is the 
following statement: “Ratio of the time of one 

small oscillation of the circular pendulum to the 
time of falling on the double length of the 

pendulum is as ratio of the circumference of the 
circle to the diameter” (Huygens). In the case of 

the mathematical pendulum, the Huygens 

kinematic relationship for the oscillation period 
has the following form: 

  

 
 

 

 

g

l

r

l
T

pendulum

circle

circle
pendulum   

 

where  
 penduluml  is the length of the 

mathematical pendulum; 
   circlependulum rl  ; 

g  is the gravitational acceleration. The 

oscillation period in the Huygens formula does 
not depend on the mass of the pendulum. This 

result is a reliable experimental fact. 
Comparison of the expressions  

 

 

g

l
t

M
 0      

and      
 

 

 

g

l

r

l
T

pendulum

circle

circle
pendulum   

 
shows that the kinematics of the mathematical 

pendulum and the kinematics of free fall of the 

material point M  are qualitatively identical. 

The quantitative difference between these 
expressions is determined by the design features 

of the mathematical pendulum. For example, the 
dimensionless coefficient 

 
 

 circle

circle

r

l
  

 

.is determined by the design features of the 
mathematical pendulum. Essential meaning of 

this coefficient is that this coefficient determines 
the amplitude of oscillations 

 
If the fall (dropping) and lifting of the material 

point M  is repeated continuously several times 
by some material device, then the quantity 

01 t is the frequency of the periodic 

movement. The frequency has the dimension 
“hertz” (i.e., cycle per second). The frequency is 

measured with a material counter. But if the fall 

(dropping) and lifting of the material point M  
is not repeated continuously several times, then 

the quantity 01 t has no physical 

meaning. 
 
STANDARD DIFFERENTIAL EQUATION OF 
HARMONIC OSCILLATIONS IN THE CASE 
OF A MATERIAL POINT SUSPENDED ON 
AN ELASTIC SPRING 

 

In the case of the material point M  suspended 

on the elastic spring S , the displacement of the 

material point M  is motion in the vertical 

straight line segment – the coordinate ruler X  
(Figure 2). 
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Figure 2: The coordinate 
 Mx  of the oscillating material point M  suspended on the elastic spring S . 

 
As is known, the standard equation of harmonic 

oscillations of the material point M  is the 
following linear differential equation of the 

second order: 
 

    02
0  MM xx   

 

where 
 Mx  is the displacement of the material 

point M , having the dimension “m ”; 
 Mmk2

0  is the coefficient (frequency) 

having the dimension “
2

1 s ”; the mass  
 Mm  

of the material point M  is the coefficient having 

the dimension “ kg ”; the spring stiffness 

coefficient k  is the coefficient having the 

dimension “
2skg ”. This equation of motion of 

the material point M  is a mathematical 
consequence of the following expressions: 

 
(a) Lagrange function: 

 
       

22

22

,
MMM

springM xkxm
L 


  for 

the “material point M + spring” system; 

(b) “Hook’s law” (as pseudolaw):  
   MM xkF  . This expression is not an 

equation of motion of the material point M ; 
 

(c) Newton’s second law for the material 

point M . This expression is the equation of 

motion of the material point M ; 
 
(d) dynamic equation of balance (connection) of 

forces: 
     MMM xkxm  . 

The only meaning of the standard equation is 
that it is an equation (condition) for the balance 

of accelerations of the material point M . 
 

 
OBJECTIONS TO THE STANDARD 
DIFFERENTIAL EQUATION OF HARMONIC 
OSCILLATIONS 

 

In the case of the material point M  suspended 

on the elastic spring S , the displacement of the 

material point M  is motion in the vertical 

straight line segment – the coordinate ruler X  
(Figure 2). Physical, mathematical and formal-

logical objections to the standard theoretical 
description of the harmonic oscillations of the 

material point M  are as follows. 
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(a) The first gross error is as follows. The 

quantities 
 Mx  and 

 Mx20  in the standard 

equation 
    02

0  MM xx   represent 

accelerations and have the dimension “
2

sm ”. 

These quantities designate numbers. If these 
quantities take on numerical values and the sum 

of these quantities (numbers) is equal to zero, 

then 
  0Mx  and 

  02
0 Mx  in the region 

of neutral real numbers. Consequently, the 

standard equation is incorrect; 
 

(b) the second gross error is that the coefficient 
 Mmk2

0  in the standard equation has the 

dimension “
2

1 s ”. From the point of view of 

formal logic, the following statement is true: the 

correct dimension of the quantity 
2
0  is 

“ kgmkgf ”. Really, in the correct relationship 

   Mspring mk20 , the quantities 
 springk  and  

 Mm  have the following meanings: 
 Mm  is 

mass of the material point M , which does not 

depend on the characteristics of the spring S  

and time  t ; 
 

 

  














spring

spring

spring

l

F
k

1

1
is the 

coefficient of spring S  stiffness, which does not 

characterize the material point M  and does not 
depend on time t ; the coefficient 

 
 

  














spring

spring

spring

l

F
k

1

1
has the dimension 

“ mkgf ”. Therefore, the correct dimension of 

the quantity 
2
0  is not   “

2
1 s ”. This means that 

the coefficient 
2
0  cannot be contained in the 

equation of motion of the material point  M ; 
 

(c) the third gross error is that the quantity 0  

in the standard relationship 
 Mmk2

0  is 

called the frequency of oscillations. The 

dimension of the quantity 
2
0  is 

2
1 s   because 

one uses the formula  amF  . But frequency 

(as the number of iterations of oscillation per 

unit time) cannot be contained in the equation of 

motion because the quantity  
2
0   is 

 

 
 

    .
int

2
0

absurdityfrequencyofsquare

Mpomaterialtheofmass

Sspringofstiffnessoftcoefficien





 
 

In other words, the quantity   
 

 
 Mpomaterialtheofmass

Sspringofstiffnessoftcoefficien

int
 

 

cannot depend on time t . This means that the 

formula amF   is incorrect,   and the 

quantity 0   is not  a frequency; 

 
(d) the fourth gross error is that the expression 

   MM xkF   (as pseudolaw) contradicts to 

the following correct formulation of Hooke's 
law:  

 

 
 

 spring

spring

D

DsHoo l
l

F
FF
















1

1'ker
,  

       springspringspringsHoo lkFF 'ker
. 

 

Really, the spring S  and the material point M  

are different (non-identical) objects. This is 

expressed by the formal-logical law of the lack 
of contradiction: 

 

“(spring S )   (material point M )”. 

 

Violation of the formal-logical law of the lack of 
contradiction is that one replaces the concept 

“spring S ” (which is not characterized by the 

term “coordinate”) by the non-identical concept 

“material point M ” (which is characterized by 
the terms “coordinate” and “mass”). In other 
words, the mistake is that one identifies non-

identical concepts, i.e. 
 

“(spring S )   (material point M )”. 
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But the coordinate 
 Mx  of the material point 

M  is not the length of the spring  S . 

Consequently, the term 
 Mxk  cannot be 

contained in the equation  

 
     MMM xkxm  . 

 

(e) The fifth gross error is that the equation 
    02

0  MM xx   is not a logical 

consequence of the  equation  
      0 MMM xkxm  . Really, from the 

point of view of formal logic, the concepts 
 Mx  

and 
 Mx20  are not identical to the concepts 

   MM xm    and     
 Mxk ,   respectively. 

 
(f) The sixth gross error is the following 

expression: 
   sHoosNewton FF 'ker'  . But, from 

the point of view of formal logic and rational 

dialectics, 
   sHoosNewton FF 'ker'   because the 

left and right sides of the quantitative 

relationship 
   sHoosNewton FF 'ker'   have 

different qualitative determinacy, different 
meanings (i.e., the left and right sides of this 

relationship do not represent the same physical 
law). In other words, the gross error is that the 

expression 
   sHoosNewton FF 'ker'   violates the 

formal-logical law of the lack of contradiction: 
 
“(Newton’s second law)   (Hooke’s law)”. 
 

(g) The seventh gross error is the following 

formula: 
       MMMsNtwton xmFF '

. But 

     MMM xmF   because Newton’s formula 

amF   is not a definition of force. 

 

(h) The eighth gross error reveals in the next 
operation. The operation is based on the correct 

definition of acceleration. If one represents 

(interprets) the standard differential equation in 
the form of the algebraic equation  

 
   

 
     00

2
02

0

0 



MM

MM

xx
tt

xx
  

 

(where  
    00  MM xx  is an increment; 

   

  20

0

tt

xx MM




  is a definition of the acceleration 

of the material point M ), then the standard 

differential equation will take the following 
algebraic form: 

 

  20
2
01 tt   . 

 

This algebraic expression is the proof that the 
standard differential equation is nonsense.  

 

Thus, the standard differential equation of 
harmonic oscillations represents a gross error. 

 
MATHEMATICAL PENDULUM  

 
In the case of a mathematical pendulum, the 

displacement of the material point M  
suspended on an inextensible thread is the 
angular displacement   of the inextensible 

thread (Figure 3). 
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Figure 3: The positions of the oscillating material point M  suspended on the inextensible thread in the 

“mathematical pendulum + coordinate system XOY ” system. The quantity 
 Mx0  is the coordinate of the 

equilibrium position of the point   M . The quantities     MM xx 0
   and      MM xx 0   characterize the 

displaced positions of the material point M .    is the quantity of the angle of displacement of the 

pendulum thread from the equilibrium value 
2700  . The trajectory of the oscillating point M  is the 

arc of the circle. 

 

The trajectory of the material point M  is the arc 

of the circle. The correct relationship between 
the length of the arc of the circle and the 

quantity of the central angle is as follows: 
 

 
 

 angelcentral
circle

arccircular l
l 

360
 ,    

 
 

 
     circlecirclecircle

circle

circle

circle rqr
r

l
l 
















1

1
,  

 
 

  














circle

circle

circle

r

l
q

1

1
, 

 
 

   angelcentralcircle
circle

arccircular r
q

l 
360

 ,   

     angelcentralpendulumarccircular ll  ,  

    constlr pendulumcircle  ,   
   Marccircular ll  , 

 
 

   angelcentralcircle
circle

M r
q

l 
360

 ,  

     MMM lmp   

 

where 
 angelcentral  is the quantity of the central 

angle leaning (resting) on the arc of the circle; 
 arccircularl  is the length of the arc of the circle; 

 circler  is the radius of the circle; 

   Marccircular ll   is the length of the path 

traveled by the material point M ; 
 penduluml  is 

the length of the pendulum thread; 
 Mp  is  the 

momentum of the material point M . 

 
The quantitative relationships between the 

circumference  
 circlel  and the radius  

 circler   

has form of the following proportion: 

 



Theory of Harmonic Oscillations: A Gross Error in Physics 

Bulletin of Pure and Applied Sciences- Physics / Vol.41D, No.2 / July-December 2022                                               103 

   

 

   

  











 














 

11

1

1

1

circle

circlecircle

cirkle

cirklecircle

r

rr

l

ll
,  

 
 

 
 circle

circle

circle

circle r
r

l
l
















1

1
      

 

where  the dimensionless coefficient  

 

  












circle

circle

r

l

1

1
  

is experimentally determined. 

 
STANDARD DIFFERENTIAL EQUATION OF 
HARMONIC OSCILLATIONS OF THE 
MATHEMATICAL PENDULUM 

 
As is known, the standard linear differential 

equation of harmonic oscillations of the 
mathematical pendulum (Figure 3) has the 

following form: 
 

    02
0  angelcentralangelcentral  ,  

 pendulum
lg20  

 

where  0  is the frequency having the 

dimension “ s1 ”; 
 penduluml  is the length of the 

inextensible thread having the dimension “m ”; 
 angelcentral  is the angle of displacement of the 

pendulum from the equilibrium position; 

2sec
8,9
meter

g   is the gravitational 

acceleration, which has the dimension “
2sm ”. 

This equation is a mathematical consequence of 

the following standard differential equation (i.e. 
the rotary motion dynamics equation): 

 
            angelcentralpendilumMangelcentralpendilumM lgmlm  sin

2
 , 

   angelcentralangelcentral  sin  

 

where 
 Mm  is the mass of the material point 

M ; 
     angelcentralpendilumM lgm sin  is the 

rotational moment created by the force of 

gravity; 
    2pendulumM lm is the moment of 

inertia of the pendulum; 
      angelcentralpendulumM lm   is the momentum; 

      angelcentralpendulumM lm 
2

 is the angular 

momentum (moment of momentum); 
 angelcentral  is the angular acceleration.  

 
The standard meaning of this dynamic equation 

is the following standard statement: the rate of 
change of angular momentum (i.e., 

        angelcentralpendilumMM lmJ  2
 ) is equal 

to the moment of the acting force (i.e., 
       angelcentralpendilumMM lgmN sin ). In 

other words, this equation expresses the 

condition of balance of the rate of change of the 
angular momentum (moment of momentum)  

and the moment of the acting force. 

 
OBJECTIONS TO THE STANDARD 
DIFFERENTIAL EQUATION OF HARMONIC 
OSCILLATIONS OF THE MATHEMATICAL 
PENDULUM 

 

(a) The first gross error is that the dimensions of 

the quantities 
 angelcentralsin    and 

 angelcentral  

are different: the values of the quantity 
 angelcentralsin  are dimensionless numbers, 

and the values of the quantity 
 angelcentral  have 

the dimension “degree”. 
 

(b) The second gross error is that the quantity 
   angelcentralpendiluml sin  represents the 

imaginary side of the non-existent right-angled 

triangle. 
 

(c) The third gross error is that the standard 

expression 
      angelcentralpendulumM lm   

contradicts to the following correct definition of 

the momentum of the material point M : 

 
     MMM lmp  ,   

   Marccircular ll  , 

 
 

 angelcentral
circle

arccircular l
l 

360
 , 

     angelcentralpendulumarccircular ll  . 

 

(Explanation: The correct definition of the 

momentum of the material point M  is based on 
the following fact: the trajectory (path) of the 

motion of the material point M  is the arc of the 
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circle. The length of the arc of the circle is not a 

vector quantity. Change in the length of the arc 
of the circle determines the speed, acceleration 

and momentum of the material point  M ). 
(d) The fourth gross error is the assertion that 

the rate of change of momentum (i.e.,  

      angelcentralpendilumM lm 
2

)  is equal to the 

moment of the acting force (i.e,, 
     angelcentralpendilumM lgm sin ). But, from 

the point of view of formal logic and rational 

dialectics, 
 

            angelcentralpendilumMangelcentralpendilumM lgmlm  sin
2

  

 
because the left and right sides of the 

quantitative relationship have different 
qualitative determinacy  (i.e., different 

measures, different meanings). In other words, 
the left and right sides of the standard 

relationship represent quantitative changes 

under non-identical qualitative determinacy. 
Really, the physical concepts “momentum of the 

material point M ” and “moment of the force 

acting on the material point M ” have different 

meanings, different qualitative determinacy,  

different measures. From the point of view of 
formal logic, the identification of the concepts 

“momentum” and “moment of force” is a 
violation of the law of the lack of contradiction: 

 
“(momentum)   (moment of force)”. 

 
Consequently, the relationship  

  
            angelcentralpendilumMangelcentralpendilumM lgmlm  sin

2


 

 
represents a gross error. 

(e) The fifth gross error is that the equation 
 

    02
0  angelcentralangelcentral   

 
is not a logical consequence of the equation 

 
            angelcentralpendilumMangelcentralpendilumM lgmlm  sin

2


. 

 

Really, from the point of view of formal logic, 

the concepts 
 angelcentral  and 

 angelcentral 2
0   

are not identical to the concepts 

      angelcentralpendilumM lm 
2

 and     

     angelcentralpendilumM lgm sin ,  respectively. 

 
(f) The sixth gross error manifests itself in the 

following. The quantities 
 angelcentral  and 

 angelcentral 2
0  in the standard equation 

    02
0  angelcentralangelcentral   represent 

the accelerations and have the dimension 

“degree/s2 ”. If these quantities take numerical 
values and the sum of these values is equal to 

zero, then 
  0angelcentral    and 

  02
0 angelcentral   in the region of neutral 

real numbers. Consequently, the standard 
equation is incorrect. 

 
(g) The seventh gross error manifests itself in the 

next operation. The operation is based on the 

correct definition of acceleration. If one 
represents the standard differential equation in 

the form of the algebraic equation 
 

   

 
     00

2
02

0

0 



angelcentralangelcentral

angelcentralangelcentral

tt




,  
  2700 angelcentral  

 

(where 
    00  angelcentralangelcentral   is the 

increment of the quantity of the angle; 
   

 20

0

tt

angelcentralangelcentral



 
  is the definition of 

acceleration), then the standard equation will 
take the following form: 

 

 20
2
01 tt   ,     

 pendulum
lg20 . 

 

This algebraic expression is the proof that the 
standard differential equation represents 

nonsense. 

 
Thus, the standard differential equation of 

harmonic oscillations of the mathematical 
pendulum is a gross error. 
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DISCUSSION OF THE SOLUTION OF THE 
STANDARD DIFFERENTIAL EQUATION  
 

Thus, the standard differential equation of 

harmonic oscillations is incorrect because the 
equation does not satisfy the laws of formal 

logic and rational dialectics. This fact means that 
the solution of the incorrect equation cannot be a 

scientific truth. Really: 
 

1) As is known, the standard solution of the 
standard differential equation 

    02
0  MM xx   is found as follows. 

Substitution of the expression 
   tax M exp  into the standard 

differential equation leads to the characteristic 

equation 02
0

2    where the parameter 

  and the constant a  are not in a logical 

connection with the quantities 
 Mx  and 

2
0 .  

 
From the point of view of rational dialectics and 

formal logic, the standard mathematical 

(quantitative) expression 
   tax M exp  

contradicts to the following assertions 

(statements, points) of the methodological basis: 
(a) the dialectical category of measure; (b) the 

formal-logical law of identity and the law of the 
lack of contradiction because the left and right 

sides of the mathematical (quantitative) 

expression 
   tax M exp  do not have 

identical qualitative determinacy (measures). In 

other words, the right side of the quantitative 

(mathematical) expression 
   tax M exp  is 

not a feature of the material point M  (i.e., 

 ta exp  does not characterize the object  

M ). Therefore, the standard mathematical 
operation of change of the variable (i.e., 

   tax M exp )  is a gross methodological 

error. 
 

From the point of view of formal logic, if 

02
0

2   , then 02    and 02
0   in 

the region of neutral real numbers because 
letters in mathematics designate (indicate, 

denote, denominate, mean) numbers. Therefore, 

the expression 02
0

2    is a gross error. 

From the standard point of view, the 

characteristic equation 02
0

2    has 

imaginary roots:  01 i  , 01 i  .  In 

this case, the standard general solution of the 

equation  
    02

0  MM xx    is: 

              tatitiax M
000 cosexpexp2

 

where  a  and     are arbitrary constants that 

do not characterize the material point M . This 

solution leads to the following contradiction: 
   

       tatax M
0cosexp . 

From the mathematical point of view, 

     tt 0cosexp  because an 

exponential function is not a periodic function. 

Therefore, the general solution of the equation 
    02

0  MM xx   is a gross error. 

 

The standard equation 
    02

0  MM xx   of 

harmonic oscillations is a special case of the 

standard equation of the general oscillatory 
motion. This means that the solution of the 

standard equation of the general oscillatory 

motion is a gross error. 
 

2) In the case of the mathematical pendulum, the 
standard linear differential equation of 

harmonic oscillations of the mathematical 
pendulum has the following standard form: 

 
    02

0  angelcentralangelcentral  ,  

 pendulum
lg20  

 
This equation is analogous to the equation  

    02
0  MM xx  . Therefore, the analysis 

of the solution of the equation 
    02

0  angelcentralangelcentral   leads to a 

similar conclusion: the solution of the equation 
    02

0  angelcentralangelcentral   is a gross 

error. 
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3) In my works [21-69], the following statements 
are proved: 

(a) the differential and integral calculus 
represents a gross error; 

(b) the numbers are neutral numbers; positive 
and negative numbers do not exist; 

(c) pure mathematics, standard trigonometry, 
complex number theory, and vector calculus 

represent gross errors. 

(d) Newton’s second and third laws represent 
gross errors. 

 
Consequently, the standard general theory of 

oscillations using standard trigonometry, 
complex number theory, vector calculus, 

Newton’s laws, etc. is unfounded, groundless, 
unreasonable one because it represents gross 

error in science. 

 
A particular (special) scientific theory cannot be 

substantiated (validated, well-founded, 
grounded) within the framework of particular 

(special) sciences because particular (special) 
sciences do not contain a criterion of truth. 

Moreover, the criterion of truth cannot be 
formulated within the framework of particular 

(special) sciences. The criterion of truth can only 

be formulated within the framework of the 
general sciences. The general sciences are formal 

logic and rational dialectics. Therefore, the unity 
of formal logic and rational dialectics represents 

the correct criterion of truth and the 
methodological basis for particular (special) 

sciences. Consequently, the substantiation 
(validation) of particular (special)  scientific 

theories should be carried out within the 

framework of the correct methodological basis. 
The existence of methodological errors in 

particular  (special)  scientific theories means the 
collapse of these theories. 
 
CONCLUSION 
 
Thus, the critical analysis of the foundations of 

the standard theory of harmonic oscillations 
within the framework of the unity of formal 

logic and rational dialectics leads to the 
conclusion that this theory represents gross 

error. The substantiation (validation) of this 

statement is the following main results.  
 

I. In the case of the material point suspended on 

the elastic spring, the linear differential equation 
of harmonic oscillations is the equation 

(condition) of balance of Newton’s force 
(Newton’s second law) and “Hooke’s force” 

(“Hooke’s law” as pseudolaw). This equation 
contains the following gross methodological 

errors: 
 

 (a) the differential equation of motion of the 

material point does not satisfy the dialectical 
principle of the unity of the qualitative and 

quantitative determinacy of physical quantities 
(i.e., Newton’s force and Hooke’s force). In other 

words, the left and right sides of the differential 
equation (i.e., the equation of balance of the 

forces)  have no identical qualitative 
determinacy: the left side of the the equation of 

balance of the forces represents Newton’s force, 

and the right side of the the equation of balance 
of the forces represents the “Hooke’s force” (as 

pseudolaw). 
  

(b) the sum of Newton’s force and the “Hooke 
force” (as pseudolaw) in the the equation of 

balance of the forces is equal to zero. This means 
that the sum of the numerical values of 

Newton’s force and “Hooke’s force” (as 

pseudolaw) is equal to zero. Consequently, the 
numerical values of Newton’s force and 

“Hooke’s force” (as pseudolaw) are equal to 
zero in the region of neutral real numbers. This 

means that the equation of balance of the forces 
is incorrect. 

 
(c) “Hooke’s force” (as pseudolaw) in the 

equation of balance of the forces represents the 

product of the spring constant (coefficient of 
stiffness of the spring) and the coordinate of the 

material point. In this case, “Hooke’s force” (as 
pseudolaw) does not represent Hooke’s law. 

“Hooke’s force” (as pseudolaw) contradicts to 
Hooke’s law because the coordinate of rhe 

material point does not determine the spring 
constant (coefficient of stiffness of the spring). 

“Hooke’s force” (as pseudolaw) has the 

dimension of Newton’s force. But, as the 
practice of measurement of Hooke’s force with 

the help of a dynamometer shows, the 
dynamometer readings are real neutral numbers 

with the dimension “kilogram-force”. 
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(d) the mathematical operation of division of the 

equation of balance of the forces by the mass of 
the material point leads to the linear equation of 

the balance of  the accelerations of the material 
point. In this case, the mathematical operation 

gives rise to the term “frequency”: (spring 
stiffness coefficient)-to-(mass) ratio is “squared 

frequency”. But the spring stiffness coefficient is 
the constant that does not define the concept of 

frequency. Therefore, the quantity of the 

acceleration of the material point does not define 
the concept of the frequency of periodic motion. 

 
(e) the solution of the linear differential equation 

of balance of the accelerations of the material 
point has imaginary roots. This leads to the 

following contradiction: the coordinate of the 
material point is both an exponential function 

and a trigonometric function. 

 
II. In the case of oscillations of the mathematical 

pendulum, the linear differential equation of 
harmonic oscillations of the material point 

suspended on the inextensible thread represents 
a mathematical description of the angular 

displacement of the inextensible thread in the 
Cartesian coordinate system. This equation is a 

mathematical consequence of the standard 

differential equation of the rotational motion 
dynamics and contains the following gross 

methodological errors: 
 

(a) the differential equation of motion of the 
material point suspended on the inextensible 

thread does not satisfy the dialectical principle 
of the unity of the qualitative and quantitative 

determinacy of physical quantities (i.e., the 

physical quantity of rate of change of the 
angular momentum (moment of momentum) 

and the physical quantity of moment of the 
acting force). This equation expresses the 

condition of balance of the rate of change of the 
angular momentum (moment of momentum) 

and the moment of the acting force. Gross error 
is that the left and right sides of the balance 

equation have no identical qualitative 

determinacy: the left side of the balance 
equation is the rate of change of the angular 

momentum (moment of momentum), and the 
right side of the balance equation is the moment 

of the acting force. 
 

(b) the sum of the rate of change of the angular 

momentum and the moment of the acting force 
is equal to zero in the balance equation. This 

means that the sum of the numerical values of 
the rate of change of the angular momentum 

and the moment of the acting force is equal to 
zero. Consequently, the numerical values of the 

rate of change of the angular momentum and 
the moment of the acting force are equal to zero 

in the region of neutral real numbers. This 

means that the balance equation is incorrect. 
 

(c) the mathematical operation of division of the 
equation of the balance of the rate of change of 

the angular momentum and the moment of the 
acting force by the mass of the material point 

and the square of the thread length results in the 
equation of balance of the angular accelerations. 

In this case, the mathematical operation results 

in the term “frequency” (“squared frequency”). 
But the quantity of the angular acceleration does 

not determine the frequency of the periodic 
motion; 

 
(d) the linear differential equation of balance of 

the angular accelerations is analogous to the 
linear differential equation of balance of the 

accelerations of the material point suspended on 

the spring. Therefore, the solution of the linear 
differential equation of balance of the angular 

accelerations has imaginary roots and leads to 
the following contradiction: the angle of 

displacement of the pendulum from the 
equilibrium position is both an exponential 

function and a trigonometric function. 
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INTRODUCTION 
 
As we know, many people and scientists believe 

that fusion energy is our hope for clean source 
of energy in the future. But whether there is real 

ground for such a hope, or it is just another 
techno-fantasy, we shall find out. In recent 

years, it becomes clear that ITER project in 
France, as one of the largest experimental fusion 

reactors underway, is far away from achieving 

net energy production. According to W. Wayt 

Gibbs: “Major fusion  projects  such  as  ITER  in  

France and NIF in the U.S. have consumed 
billions of dollars and are nowhere close to 

generating enough energy to even sustain their 
own operation much less create commercial 

power. Smaller, simpler designs are now being 
explored, in some cases by private companies. 

Preliminary results have raised hopes that there 
might be more practical, less expensive paths to 

fusion power plants.”[1] In this article, we 

presented a short communication this week with 
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Robert Neil Boyd, PhD, a senior physicist who 

happens to have his own working design of 
fusion reactor in the past. He is now associated 

with Princeton Biotechnology Corp., New 
Jersey. We hope that this transcript of our 

communication with him (as per 15-17th Nov. 
2021) may be found useful for younger 

scientists. 
 
RECENT PROGRESS OF ITER PROJECT 
 
As the story goes, for future power generation, 
fusion reactors have unique benefits. Unlike 

conventional nuclear reactors, fusion reactors 

cannot melt down and do not produce 
radioactive material that can be weaponized or 

that requires special disposal. Safety and 
environmental concerns with fusion reactors are 

minimal, and the deuterium and lithium 
required for fuel can be extracted from seawater. 

A fusion power plant can, in aspiration, be built 
at a competitive capital cost and  have  virtually  

no input cost beyond  operating  expenses.[2] 

For readers not quite familiar with the progress 
of  ITER,  allow us to quote W.  Wayt Gibbs 

again: “Right now the pragmatists have people’s 
attention because the academics have hit 

practical dead ends: enormous reactors that 
have clarified some fusion science but are not on 

track to pump electricity into the grid by 

midcentury. One example is the National 
Ignition Facility (NIF) at Lawrence Livermore 

National Laboratory. “NIF fires just a few 
hundred shots a year,” Binderbauer says in his 

Austrian lilt. A power plant would have to fire 
tens of thousands of times a day. Two years ago 

Livermore pulled the plug on designing a 
prototype power plant. The second discouraging 

example is ITER, a 10-story-high machine under 

construction in France by a consortium of 
nations. It will rely on giant superconducting 

magnets to control a plasma burning at roughly 
150 million degrees C for minutes at a time. 

Even if it succeeds, ITER will make no 
electricity.”[1] 

 
NEIL BOYD’S REMARK AND VC’S 
RESPONSE 
 
Note: RNB stands for Robert Neil Boyd, and VC 
stands for one of these authors. RNB: “Similar 

and related events are seen in this Aureon-

produced video: https://vimeo.com/453152469. 

The striations which arise from the plasma dis- 
charge are due to quantization of the electric 

field. Here is an example of a larger Natural 
version of the instrumented results of the Safire 

experiments, as observed in by astrophysical 
instruments, such as this Hubble telescope 

image of the “Cat’s Eye” Nebula. The point of 
this is that if one looks closely at the full moon, 

which has been surrounded by a rainbow ring 

for more than 7 consecutive years, you can see 
similar circular radial behaviors of light as it 

arises from the surface of the moon. However, 
the electric field caused directly by solar and 

stellar radiation is not sufficiently large to cause 
such layered radiation sources. 

 
...By the way, ”free electricity” was discovered 

and proved, long ago, by Faraday during one of 

his experiments regarding electric and magnetic 
field behaviors. Faraday’s result got stopped 

and it was never published in any of the 
journals of those days. But Faraday still 

recorded it and kept it among his personal 
effects, for posterity.” VC: “Thank you. Thanks 

also for the story of Michael Faraday.” RNB: 
“Plasmas exhibit “double layers” which form 

Birkeland currents, plasma “cells” and multiple 

boundary layers,  due to charge separation,  
exactly as we can see in the Aureon video. This 

happens when all the electrons go to one side of 
the given volume, while the positive charges 

(typically protons) are separated away from the 
electrons at another wall in the given volume, 

usually because protons and positively charged 
atomic nuclei are much more massive than 

electrons, so they have a lot more inertia and 

resistance to moving, and tend not to move very 
much or very fast. The force developed between 

the positive and the negative portions are 
measurably huge, and eventually the positive 

and negative charges will meet and neutralize, if 
nothing about the existing configuration 

changes. Eventually the plus charges will start 
moving slowly towards the negatively charge 

volume.  Or the electrons will flash over to 

where the positive charges are. Many energetic 
events can happen, associated with that kind of 

behavior. The Aureon results demonstrate some 
of the above discussion. I started my research in 

plasma physics back in 1966 and continued until 
the late 1990s. I designed the third energy-
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gaining thermonuclear fusion reactor in history.   

It was built and tested by DoE and I was 
notified of the success of the design back in 

1989. They did an in-house video interview with 
me, but very few have any awareness of it aside 

from me. Bogdan Maglich designed and tested 
the second energy-gaining fusion reactor. I 

corresponded personally with Maglich for a 
while. He was really frustrated because nobody 

would fund him to build a power plant using 

his fusion reactor design, which had been 
publicly proven. Philo Farnsworth, who 

designed most of the components of the old 
tube-style television, made the first energy-

gaining fusion reactor, based on a “multipactor 
tube”, a very unusual tube he had developed 

during his TV researches. In 1965 his “Fusor 
Mark IV” was producing 50 giga-neutrons per 

second, due to huge numbers of fusion reactions 

occurring in a fusion confinement volume the 
size of a grapefruit. The 4th demonstrated fusion 

reactor was designed and constructed by a 
group of college kids in someone’s basement. 

They got a patent of the device. The patent was 
sold to Chrysler-Daimler and never heard  from  

again. I was in touch with them for a while too.   
I guess they got some good income from selling 

their patent, but they stopped talking to me soon 

after the patent issued. So where are any of these 
functional fusion reactors?” VC:  “Thank you for 

your story, and also Maglich and Farnsworth’s 
designs for real fusion reactor.   I am skeptical 

on ITER project.   I heard that only a Japanese 
team wrote honestly that the real purpose of 

ITER project is to improve gain function, not to 
obtain net energy production.” 

 
OTHER POTENTIAL CREATIVE ENERGY 
BREAKTHROUGH - TOWARD HYDROGEN 
AGE  

 
Allow us to make a quick note about the 
potential for breakthrough energy towards a 

hydrogen-based economy (cf. Capra, 2009), as 

follows: There are indeed some leaders of 
technology companies, such as Elon Musk, who 

are skeptical of the fuel cell, and call it: “fool 
sell.” It may be that fuel cell technology is not 

economical in today's context, but let us briefly 
mention that since the 1980s-1990s, efficient 

water electrolysis technology has been 
discovered by Dr. Andrija Puharich, and what's 

interesting is that a few months after his 

electrolysis patent was accepted by the US 
patent office, he seems to have inspired Stanley 

Meyer's experiments on his known water-fueled 
car design (and a more efficient electrolysis 

process). 
 

Recently, there are various debates in online 
channels on Indonesian version of the 

alternative fuel research for the motorbikes, 

which has become one of the hot topics, from 
the findings of H. Aryanto Misel from 

Lemahabang, Cirebon (Indonesia), which he 
calls Nikuba (according to him from the 

Javanese expression, “niku banyu"; trans. it's 
water). There has been controversy over these 

findings, and this is quite reasonable, 
considering that the electrolysis method has 

long been known in the field of chemistry. 

 
What is interesting is that standard textbooks 

state that the electrolysis process is not efficient, 
because it takes a lot of energy to separate H2O 

into H-H-O. In addition, among mechanical 
engineers, one other issue is corrosion that must 

be prevented. Maybe that's why the Nikuba 
electrolysis design, practically designed by 

Aryanto, Misel uses stainless steel. In addition, 

to achieve an efficient electrolysis process, it 
seems that he did not use the usual catalysts 

such as NaCl etc., but he used a special 
homemade catalyst. This is an interesting 

innovation, compared to the available 
information regarding the findings of the 

electrolysis process by Dr Andrija Puharich, 
around the 80s, which opens up the possibility 

of efficient processes, including: (a) ordinary 

electrolysis, (b) pulsed electrolysis, (c) gated-
pulsed electrolysis with a type of source wave 

called a waveform. The fourth innovative 
breakthrough made by Stan Meyer is to add a 

fourth alternative method to achieve an efficient 
electrolysis process, namely: (d) resonance 

electrolysis. From discussions among others in 
cyberspace, there is information that perhaps 

what is meant by resonance here is not the 

resonant frequency of water molecules, which 
are on the order of MHz, but ordinary electric 

resonance in the range of 280 Hz or about 495 
Hz. 
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Another interesting piece of information is that 

Stan Meyer triggered the resonance using a 
bifilar coil source, which can be traced back to 

Nikola Tesla’s inventions. H. Aryanto's findings 
can be considered as the fifth innovation for an 

efficient electrolysis process because it uses a 
catalyst, so we can call it in more scientific 

terms: "catalytic-aided electrolysis generator." Of 
course it will be interesting, if the research can 

be continued further by developing alternative 

combinations between the catalytic method 
coupled with the bifilar coil / resonance: who 

knows maybe we will achieve a dramatic 
increase in efficiency, above 100% of the 

performance of current water electrolysis 
machines. Thus presumably the process of 

scientific discovery can continue. What is 
interesting is not only the concept of resonance 

which has long been known in physics, but also 

bifilar coil. Besides bifilar coil, there is also a so-
called Rodin coil, which may be rarely known (cf. 

Boyd & Smarandache, 2022) [12]. Rodin coil has 
the potential not only to have a good effect on 

health (Schumann resonance), but can also be 
engineered to create a magnetic levitation 

machine. These things would be interesting if 
there are researchers who are interested in 

conducting experiments on aerial vehicles for 

the future. 
 

Summarizing, in addition to developing a 
transportation ecosystem based on electrical 

energy (EV) as many  countries begin to 
develop, it may also be time for us to prepare for 

the next stage of transformation: i.e. towards 
hydrogen energy age; cf. Capra, 2009 [13]. It is 

worth to mention here, that around two decades 

ago, Prof Pm. Kanarev from Kuban State 
University has proved that hydrogen economy 

era has come, especially with his finding of 
nuclear water electrolysis (Kanarev & Mizuno, 

2001; Mizuno, 2001) [9,8]. 

 
DISCUSSIONS 

 
As we pointed above, the Japanese ITER team is 
the only participating group to clearly and 

transparently state the power capability of   
ITER:  “Will   ITER make more energy than it 

consumes? . . .   ITER is about equivalent to a 
zero (net) power reactor, when the plasma is 

burning.”[4] Other than that, the problem is 

more accute, not only that Tokamak-based 

fusion includes complicated MHD problems 
which are highly nonlinear; cf. ref. [7], but also 

confusion in messages to public. As S. Krivit 
wrote: “Members of your fusion science 

community promoted ITER with language that 
made it appear to laypersons as designed for Q- 

engineering=10, rather than Q-fusion=10. They 
did this for three decades. Nobody said a 

word.”[6] At this point, some readers may 

ask:”So, what are our choices for future 
energy?” We can cite T. Linden here, that there 

are: ”relatively small and compact devices 
compared to tokamaks decreases the costs and 

building time of the reactors and this has 
allowed some private companies to enter the 

field,  like EMC2,  General  Fusion,  Helion 
Energy,  Lockheed Martin and LPP Fusion.”[3] 

Alternatively, one may also consider Prof. Ph. 

M. Kanarev’s method of water electrolysis 
reactor. [10-11]  

 
Last but not least, we can also argue that 

actually fusion process can happen even from 
classical electromagnetic considerations, see our 

paper at JCMNS, 2017 [8]. In other words, we 
may expect that fusion process can happen at 

relatively low temperature, such as from 

biological transmutation (see J. Biberian’s papers 
in JCMNS). 

  
 
CONCLUDING REMARKS 

 
In this paper, we began by citing from W. Wayt 

Gibbs, that actually our hope for plentiful 
energy based on fusion, is not based on actual 

progress of present experimental reactors. But as 
Linden, Gibbs, and Kanarev wrote, there are 

actually more hope on the so-called ’fusion 

underground,” or small fusion ex periments 
carried out by independent scientists. [1] We 

recall comment by a senior scientist at Russia, 
that there is a different culture of science 

between Russia and USA scientists; is that 
scientist in Russia is allowed to do small 

experiments at any type of inquiry that they like 
in their basement or houses more or less freely. 

Such a culture seems quite lacking, but it seems 

CF report by Pons-Fleischmann around 80s 
began to inspire other physicists, to do small 

basement-scale experiments at their own. Then 
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such a small-scale experiment can be scaled up 

later on. All in all, for the time being, renewable 
energy sources (such as: WWS, geothermal, 

biofuels, etc.) may be expected to meet the 
world energy demands, at least partially, until 

that energy abundance days come. See for 
instance Mark Z. Jacobson’s book [16]. Also ref. 

[15]. 
 

And in latter part, we discuss other potential 

energy breakthroughts, especially if we consider 
seriously going toward hydrogen age, cf. Pm. 

Kanarev (2001, 2002), F. Capra (2009). 
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