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Abstract-

 

Neutron discovered by James Chadwick could be 
questioned as alpha causes particle emission reaction 
product. Neutrons may not be fundamental 

 

but rather a 
reaction product. Electron discovered by JJ Thompson could 
be questioned as particles deflect to positive plate are 
possibly a gas or gravity effect? Proton could be questioned 
as radium effect with Au or Gold not fundamental. 

  

Keywords:
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I.

 

Introduction

 

he discovery of fundamental particles neutron, 
electron and proton was based on reactions with 
radium by a few British scientists Ernest 

Rutherford, James Chadwick and JJ Thompson soon 
after the discovery of radium. One can argue all three 
fundamental particles are reaction products of radiation 

 

with radioactive radium and not really fundamental 
particles. 

 

II.

 

Methodology

 

3 Basic fundamental particles proton, electron, 
neutron are questionable based on the origin or 
discover of electron, proton and neutron. One could 

 

say 
electron, proton and neutron are reaction products with 
radium and not 

 

fundamental particles. Much like we see 
light as wave particle reality; we can argue again that the 
atom also is partly a reaction product with radium and 
really an electron, proton and neutron. [1] 

  

III.

 

Results and Discussion

 

We can return to the idea of a somewhat 
mysterious atom as all three fundamental particles could 
or may be reaction products with radioactive radium. 
Radium chemistry and radium physics can be seen as 
the origin of the electron and proton and neutron not 
really fundamental particles. Electron, proton, neutron 

may have been reaction products with radium and not 
fundamental parts of the atom.   

IV. Conclusion 

Radium reactions are the basis of the British 
discovered electron, proton and neutron. James 
Chadwick threw radium at atoms and got radium 
reactions. Rutherford threw radium at gold and got 
radium reactions not fundamental particles. JJ 
Thompson used a Crookes and possibly learned about 
the way radium behaves not the fundamental particles. 
British discoveries of fundamental particles are limited in 
importance and the whole atom may actually be more of 
a mysterious atom.    
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I. Introduction 

  
 

  

  

  

 
 
 
 
 

 
  

 

    
   
   
  
  
   
  

  
  

 
  

 
  

  
   

 

Thermally produced movements of proteinous structure are perceived as
the dominant factors involved in its biotic performance [1, 2, 3, 4], and their
deliberate remodeling might lead to the discovery of an untapped resource.
The majority of protein is organized via certain domain parts, and these do-
mains are moving. Remodeling the domain movements would considerably
influence molecular interactions between protein and ligand. Such interac-
tions are of interest in many fields such as medical treatments, food pro-
cessing, and bio-electronic devices [5, 6, 7, 8, 9], and their remodeling would
provoke a breakthrough in these fields.

Hydrosoluble protein ficin separates certain peptides bound in sites near
its active center, and its characteristics are beneficial to the improvement
of transfusion safety, the development of novel antimicrobial therapeutics,
and as a method for meat tenderization [10, 11, 12]. The structure of ficin
is formed from two domains, and the binding areas of peptides are found
in the two domains. Peptide binding is strongly affected by the domain
movements, and therefore, remodeling the domain movements should affect
the separation properties.

The two domains of ficin are joined by the β strand, which acts as a hinge.
Modification of amino acid in the β strand would guide ficin to remodel the
domain movements. It is desirable to be able to clearly explain the resulting
effects of remodeling on peptide binding in more detail. Considering that
ficin is a member of the protease family, reports on protease inhibitors play
a large role in perceiving the effects [13, 14, 15, 16, 17]. However, remodeling
effects of the domain movements in ficin to peptide bindings have not yet
been clearly revealed.
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Abstract- Remodeling impacts of domain movements in protease are of interest in many fields such 
as medical treatments, food processing, and bio-electronic devices. However, they are yet to be 
precisely explained. In this study, the remodeling effects in ficin were investigated via a deep neural 
network, genetic programming, and computer simulations. The replacement (Y113F) in ficin using 
domain movements exhibited a critical effect on the peptide compatibilities. Specifically, 
modification of amino acid allows the remodeling of the domain movements, and types of 
compatible peptides should be modulated by the remodeling. Moreover, the decision tree revealed 
important factors in peptides and ficin.
Keywords: protein, deep neural networks, genetic programming, molecular dynamics 
simulations.
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The purpose of this research was to remodel the domain movements in
ficin by modifying its local structure, and to clarify the effects of the re-
modeling to peptide bindings. Several possible combination patterns are
possible for peptide, but the priority order of the search was unclear. The
selection of combinations was conducted using deep neural networks (DNN)
[18], and factors which enormously influence the peptide bindings were iden-
tified via genetic programming (GP) [19]. Characteristic features of various
proteins were analyzed by molecular dynamics (MD) and docking simula-
tions [20, 21, 13, 14, 22]. The moving structures of locally modified ficin
were produced by MD simulation, while the binding states of peptides on the
structures were assessed by docking simulations.

For the site near the center of the β strand between the two domains
of ficin, the amino acid was replaced by another one (Y113F). For the first
trial, a similar amino acid (F) was selected for this replacement. In the pre-
vious study, the binding properties between the tetrapeptides and ficin were
investigated by DNN, GP, MD and docking simulations [23]. Tetrapeptide
structures have multiple structures, and they often have weights comparable
to the protease inhibitor E64. In this study, the behavior of tetrapeptides on
the replaced structure of ficin (ficin Y113F) was researched using the dual
artificial intelligences (AIs) and the simulations.

The selection speed of candidate peptides was better for DNN than for
GP, and thus DNN was utilized to select the candidates for this pursuit.
The factors that influence the peptide bindings need to be clarified, but they
cannot be derived using DNN. Therefore, the factors were extracted using
GP.

The potential candidates were selected through the use of a convolutional
neural network (CNN) [24]. CNN is a type of DNN, and its structure was
constructed using the deep learning library TensorFlow [25]. CNN is ac-
tively used in fields of image processing, and is capable of treating a large
amount of partially reliable data. Its structure is composed of seven lay-
ers, namely, input layer, first convolutional layer, first pooling layer, second
convolutional layer, second pooling layer, fully connected layer, and output
layer. A tetrapeptide comprises a combination of four amino acids, and the
amino acids contain multiple atoms. For each amino acid, each atom was
numbered. The numbers were set in the input layer. For more stable binding
states between tetrapeptide and sites near active center of ficin Y113F, the
distance between atoms in the peptides and its active center was calculated.
The binding characteristics of peptides were classified by the respective num-
bers of atoms nearer than 4.0 Åto its active center. The classification rule was
as follows: NA1≧3 atoms, 3 atoms>NA2≧2 atoms, 2 atoms>NA3≧1 atoms,
or 1 atoms>NA4. The successive numbers from 1 to 4 were assigned to
NAα (α = 1–4), and were set in the output layer. Further, the first ten
tetrapeptides were derived from the DNN for ficin [23], and their binding
properties to ficin Y113F were investigated by the simulations. Thereafter,
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II. Methods



  
 

  

the first training data was created from the investigated results and training
data of ficin [23]. Subsequently, the first DNN was constructed from the first
training data, and consequently produced the second set of ten tetrapeptides.
The properties of the second set of ten tetrapeptides were investigated in a
similar manner, and second training data was made from the investigated
results and the first training data. Consequently, the second DNN was con-
structed from the second training data, and subsequently produced the third
ten tetrapeptides. Thus, this process was repeated, and various tetrapeptides
were produced.         
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Highly Influencing factors to the peptide bindings were identified via GP.
GP is an extended genetic algorithm (GA) technique, and it allows the ex-
ploration of the space of computer programs. The hyperparameters of GP
were set with reference to a previous study [26], and evolutionary computing
iteration was used to optimize the decision tree. The first time, entire areas
of the decision tree were target of optimization. Thereafter, for the second
and subsequent times, partial areas of the decision tree were randomly se-
lected as optimization targets [27]. During the construction process of the
decision tree, its size was expanded to satisfy the training data. Then, one
of the successive numbers from 1 to 4 was set in the output of the decision
tree, where the successive numbers corresponded to NAα (α = 1–4). For
a tetrapeptide, four amino acids were labeled as amiβ, β = 1–4 from the
N-terminus to the C-terminus. Each amino acid (amiβ) contained different
types of atoms, and the number of each atom was represented by adding
the atomic symbol at the end of amiβ. For instance, ami4S represented the
number of sulfur atoms in amino acid of the C-terminus. The 20 attributes
related to tetrapeptide were represented as amiβC, amiβN, amiβO, amiβS,
and amiβAC (β = 1–4) [28]. 113 th amino acid of ficin was represented
as ami113fic, and the number of each atom in ami113fic was represented
by adding the atomic symbol at the end of ami113fic. The distance be-
tween domains of ficin was represented as domainDist, and it was assigned
a numerical value of 0 for minimum distance, 1 for average distance, and
2 for maximum distance [23]. Further, 6 attributes related to ficin were rep-
resented as ami113ficC, ami113ficN, ami113ficO, ami113ficS, ami113ficAC,
and domainDist. 19 operations (Add, Sub, Mul, Div, Fmod, Log, Log10,
Sin, Cos, If, Equal, NotEqual, GT, GE, And, Or, Not, Fmod2, and Sqrt)
and the 12 constants(a constant integer number CSTγ (γ) (γ = 0–9) and
a boolean value TRUE (1), FALSE (0)) were inherited from our previous
studies [23, 27, 29, 28]. Furthermore, the construction factors of the decision
tree were chosen from the 26 attributes, 19 operations, and 12 constants.

The structures of ficin Y113F with movements were produced by MD
simulation through the use of the packaged software AMBER 12.0 [30]. The
initial coordinate data of ficin Y113F was produced by homology model-
ing through the use of the software MODELLER [31, 32]. For homology
modeling, structural prediction was performed from sequence homology with
known structures. The produced structure of ficin Y113F was solvated with
11,843 TIP3P water molecules [33] inside a rectangular box. For the sol-
vated system, its temperature was gradually increased from 5 to 300 K over
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a period of 140 ps, and subsequently it was retained over a period of 100 ns
until the precipitous structural changes vanished. Moreover, the ff03.r1 force
field [34] was applied to manage MD simulation, and the hyperparameters
were set by referencing the previous study [28]. In addition, the pressure
and temperature were set using the Berendsen algorithm [35]. The long-
distance electrostatic interactions were calculated using the particle mesh
Ewald method [36]. The domain movements in ficin Y113F were character-
ized as the distance variation between them for the period after the disappear-
ance of precipitous structural changes. Thereafter, the average and snapshot
structures were produced after the disappearance of the precipitous changes.
The average structure was defined as ficin Y 113F ave. Moreover, if the
distance between the two domains of ficin Y113F was at a maximum, the
structure was defined as ficin Y 113F max. Whereas, if the distance was at
a minimum, the structure was defined as ficin Y 113F min. The snapshot
structures were made up of ficin Y 113F max and ficin Y 113F min.

For ficin Y 113F ave, ficin Y 113F max and ficin Y 113F min, bind-
ing affinities of the peptides were evaluated through the use of AutoDock
Vina [37]. This simulation software was executed by using the iterated lo-
cal search global optimizer algorithm [38, 39] and the Broyden–Fletcher–
Goldfarb–Shanno method [40], with its scoring function derived by machine
learning. These methods contributed significantly to approximately two or-
ders of size speed-up compared to the molecular docking software AutoDock
4 [41, 42, 43]. Further, the coordinate data of the tetrapeptides was built
by using the LEaP module in AMBER 12.0 [30]. The exploration space over
the surface of ficin Y113F was restricted to the regions near the active cen-
ter. The explorations were executed 10 times for each tetrapeptide, and the
most stable state was chosen from them. For the most stable state, atoms in
the tetrapeptide were counted only if they were found near the active center
of ficin Y113F. However, if there were certain members in the most stable
docking state, the counted numbers were averaged.

The temperature of the system was maintained at 300 K via MD simu-
lations, and the precipitous structural changes of ficin Y113F were surveyed
at regular time intervals. For the structure of ficin Y113F, the root-mean-
square deviation (RMSD) between successive simulations was calculated to
survey the precipitous changes(Figure S1). Consequently, the precipitous
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structural change was determined from the larger RMSD value, and they dis-
appeared after 98,840 ps. The ficin Y 113F ave was estimated in the range
of 99,901 to 100,000 ps, and the snapshot structures (ficin Y 113F max and
ficin Y 113F min) were derived from this range. Figure 1 shows the aver-
age structures of ficin and ficin Y113F. The positional relation between the
active center and the α–helix structure near the active center was changed
by the replacement (Y113F). 10 tetrapeptides ((a) of Table S1) were selected
as first candidates by using the data regarding ficin [23]. Thereafter, the
candidates were docked to sites near active center of ficin Y 113F ave, and
the most stable styles were extracted.

III. Results
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Ficin is member of the family of cysteine protease, and the thiol (SH)
group of its Cys25 can efficiently separate peptide. Consequently, the sulfur
atom of Cys25 (S-Cys25) was considered as the active center. To discover
the talented peptides for ficin Y113F, the number of the atoms nearer than
4.0 Åto S-Cys25 in the most-stable docking state were estimated. In case of
certain most-stable states, the estimated numbers were averaged. These re-
sults were represented by NAα (α = 1–4), and are listed in Table S2. Within
the first ten peptides, one member (Asn–Ser–Lys–Gln) was compatible with
the sites near S-Cys25 of ficin Y113F. Moreover, machine learning of the CNN
was executed with the addition of these results, and the next ten candidates
((b) of Table S1) were guided. The characteristics of the ten peptides were es-
timated by docking simulations (Table S2), and one member (Arg–Ala–Val–
Val) was compatible with the sites. This process was repeated eight times,
and thereby, the characteristics of 80 peptides were obtained (Table S2),
within which 17 members were compatible. The compatible 17 peptides
were deposited in ave of Table 1. Simultaneously, 38 members were identi-
fied as especially incompatible peptides (Table S3). The docking simulations
of the compatible 17 peptides (ave of Table 1) to the sites near S-Cys25
of two snapshot structures (ficin Y 113F max and ficin Y 113F min) were
executed, and the results are presented in Table S4. Within the 17 peptides,
nine members (max of Table 1) were compatible to the sites near S-Cys25
of ficin Y 113F max and six members (min of Table 1) were compatible to
those of ficin Y 113F min. Furthermore, the five members (both of Table 1)
were compatible to them of both ficin Y 113F max and ficin Y 113F min.

ficin ave, and ficin max
comprised 45 nodes, and
attributes were included in
important factors. They

one ami3C, two ami3N, one ami113ficO, and two domainDist.
The acronyms were explained in Table S5.

To determine the important factors related to the peptide bindings, a
decision tree was constructed from the results of 17 tetrapeptides to the
three states of ficin Y113F (ficin Y 113F min, ficin Y 113F ave, and ficin
Y 113F max)(Table 1)
modified ficin (ficin min,

and those of 4 tetrapeptides to the three states of non-
) [23]. The decision tree

its layout is indicated in Table 2 and Table 3. 11
the decision tree, and these were considered as the

were one ami1N, one ami1O, one ami1S, two ami2C,

The compatibilities of the 100 tetrapeptides to the sites near S-Cys25
of ficin Y 113F ave were revealed via a DNN, and MD and docking simu-
lations. The 17 compatible peptides were found, and about 47 percent of
them were not compatible for ficin Y 113F max, and about 65 percent of
them were not compatible for ficin Y 113F min(Table 1). The compati-
bilities of the tetrapeptides to the sites near S-Cys25 of ficin Y113F were
grossly influenced by their domain movements. The five peptides were found
to be compatible for the three states of ficin Y113F(Table 1). The five pep-
tides were not influenced by the domain movements of ficin Y113F, and their
structures would be an informative guide to drug development.

IV. Discussion
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For average structure of non-modified ficin (ficin ave), only four peptides
were compatible to the sites near S-Cys25 [23]. The replacement (Y113F)
in ficin spread the compatible peptides within those of ficin ave. Within
the four peptides, only one peptide was compatible for the structure of non-
modified ficin when the distance between their domains was at a maximum
(ficin max) [23]. In contrast, the replacement (Y113F) spread the compati-
ble peptides within those of ficin max as well. Further, all the four peptides
were not compatible for the structure of non-modified ficin when the distance
between their domains was at a minimum (ficin min) [23]. The replacement
(Y113F) spread the compatible peptides within those of ficin min as well
as above two structures and had significant influence on the compatibilities
between the peptides and ficin with domain movements. Moreover, modifi-
cation of amino acid in the hinge structure of protease can enable us to re-
model the domain movements, while the types of compatible peptides should
be regulated by the remodeling. The collaboration of a DNN, and MD and
docking simulations can be utilized as a tool in clarification of induced effects
by modification of domain movements in protease.

The decision tree was constructed to satisfy the results for the three struc-
tures of ficin Y113F (ficin Y 113 F min, ficin Y113Fave, and ficin Y113Fmax)
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and also for the three structures of non-modified ficin (ficin min,ficin
ave, andficin max) [23]. The tree was composed of 45 nodes, and the break-
down of its 45 nodes was 11 attributes, 25 operations, and 9 constants
(Table 2 and Table 3). The 11 attributes included one ami1N, one ami1O,
one ami1S, two ami2C, one ami3C, two ami3N, one ami113ficO, and two do-
mainDist. Carbon atoms in second amino acid from the N-terminus of the
peptide, nitrogen atoms in third amino acid from the N-terminus of it, and
domain movements of the protein are the important factors governing the
peptide compatibility. The three atoms (nitrogen, oxygen, and sulfur) in the
N-terminus amino acid of the peptide, carbon atom in third amino acid from
the N-terminus of it, and oxygen atom in 113 th amino acid in the protein
must also be focused on. The 25 operations included four Add, three Sub,
seven Mul, three Div, two Fmod, one Fmod2, three Sqrt, and two Sin. Many
of the operations were the four basic arithmetic operations, and the peptide
compatibility can be derived from comparatively elementary manner. The
number of Sqrt was also relatively large, and numerical value could be be
moderately changed. Furthermore, the logical operations were not included,
and the derivation of the compatibility could not be expressed in binary form.

The remodeling effects of the domain movements in ficin were analyzed by
using DNN, GP, MD, and docking simulations. The replacement (Y113F)
in ficin had critical effect on the compatibilities between the peptides and
ficin with domain movements. Further, modification of specific amino acid
in protease can enable remodeling of the domain movements, and types of
compatible peptides must be modulated by the remodeling. Moreover, the
decision tree revealed that particular atom in particular amino acid in peptide
and domain movements of the protease would be of central importance for the

V. Conclusions

(Table 1)
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peptide compatibility. Furthermore, the tree indicated the contribution of
oxygen atom in 113 th amino acid in the protease to the compatibility. Thus,
the analytical approach consisting of DNN, GP, MD and docking simulations
can offer valuable lessons to understand the remodeling effects of the domain
movements for some structures of protease, and the other structures should
be analyzed for further research.

This study was supported by the National Institute of Technology (KOSEN).

The average structures of ficin and ficin Y113F.

The compatible peptides.

ave max min both
Arg–Ala–Val–Val
Arg–Asp–Lys–Arg ⃝ ⃝ ⃝
Arg–Gly–Arg–Gln ⃝
Arg–Gly–Asn–Ile ⃝ ⃝ ⃝
Arg–Gly–Asn–Leu ⃝ ⃝ ⃝
Arg–Gly–Asn–Lys ⃝ ⃝ ⃝
Arg–Gly–Asn–Val ⃝ ⃝ ⃝
Arg–Gly–Gln–Lys
Arg–Gly–Pro–Ile ⃝
Arg–Gly–Pro–Leu
Arg–Gly–Ser–Leu ⃝
Arg–Gly–Thr–Leu
Arg–Gly–Val–Leu ⃝
Arg–Ser–Leu–Lys
Asn–Ser–Lys–Gln ⃝
Lys–Gly–Leu–Gln
Lys–Ser–Ile–Arg

Acknowledgments

Figure 1:

Table 1: 
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Layout of first part of decision tree (α:Input, β:Output, γ:Node).

γ0 Fmod2[α0 = β of γ1][β = Solution]
γ1 Fmod[α0 = β of γ2][α1 = β of γ33][β = α0 of γ0]
γ2 Mul[α0 = β of γ3][α1 = β of γ32][β = α0 of γ1]
γ3 Fmod[α0 = β of γ4][α1 = β of γ27][β = α0 of γ2]
γ4 Mul[α0 = β of γ5][α1 = β of γ6][β = α0 of γ3]
γ5 ami3N[β = α0 of γ4]
γ6 Sub[α0 = β of γ7][α1 = β of γ8][β = α1 of γ4]
γ7 domainDist[β = α0 of γ6]
γ8 Mul[α0 = β of γ9][α1 = β of γ20][β = α1 of γ6]
γ9 Add[α0 = β of γ10][α1 = β of γ18][β = α0 of γ8]
γ10 Mul[α0 = β of γ11][α1 = β of γ17][β = α0 of γ9]
γ11 Mul[α0 = β of γ12][α1 = β of γ16][β = α0 of γ10]
γ12 Div[α0 = β of γ13][α1 = β of γ15][β = α0 of γ11]
γ13 Sin[α0 = β of γ14][β = α0 of γ12]
γ14 Cst2[β = α0 of γ13]
γ15 domainDist[β = α1 of γ12]
γ16 ami2C[β = α1 of γ11]
γ17 Cst6[β = α1 of γ10]
γ18 Sqrt[α0 = β of γ19][β = α1 of γ9]
γ19 Cst3[β = α0 of γ18]
γ20 Add[α0 = β of γ21][α1 = β of γ25][β = α1 of γ8]
γ21 Mul[α0 = β of γ22][α1 = β of γ24][β = α0 of γ20]
γ22 Sqrt[α0 = β of γ23][β = α0 of γ21]

Layout of second part of decision tree (α:Input, β:Output, γ:Node).

γ23 Cst4[β = α0 of γ22]
γ24 Cst7[β = α1 of γ21]
γ25 Sqrt[α0 = β of γ26][β = α1 of γ20]
γ26 Cst5[β = α0 of γ25]
γ27 Sub[α0 = β of γ28][α1 = β of γ31][β = α1 of γ3]
γ28 Mul[α0 = β of γ29][α1 = β of γ30][β = α0 of γ27]
γ29 ami1O[β = α0 of γ28]
γ30 ami3C[β = α1 of γ28]
γ31 ami1S[β = α1 of γ27]
γ32 Cst2[β = α1 of γ2]
γ33 Add[α0 = β of γ34][α1 = β of γ35][β = α1 of γ1]
γ34 Cst6[β = α0 of γ33]
γ35 Div[α0 = β of γ36][α1 = β of γ37][β = α1 of γ33]
γ36 ami2C[β = α0 of γ35]
γ37 Div[α0 = β of γ38][α1 = β of γ43][β = α1 of γ35]
γ38 Add[α0 = β of γ39][α1 = β of γ40][β = α0 of γ37]
γ39 ami3N[β = α0 of γ38]
γ40 Sub[α0 = β of γ41][α1 = β of γ42][β = α1 of γ38]
γ41 ami113ficO[β = α0 of γ40]
γ42 Cst1[β = α1 of γ40]
γ43 Sin[α0 = β of γ44][β = α1 of γ37]
γ44 ami1N[β = α0 of γ43]

Table 2: 

Table 3: 
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Supplementary data associated with this article can be found in the online
version at

Appendix A. Supplementary data
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RMSD between the successive simulations.

The selected tetrapeptides.

Figure S1.: 

Table S1: 

(a) (b)

Ser-Ser-Ile-Arg Met-Gly-Lys-Gln
Arg-Cys-Lys-Arg Lys-Cys-Arg-Gln
His-Cys-Arg-Ala Gln-Ser-Arg-Asn
Arg-Asn-Arg-Asn Arg-Ser-Lys-Lys
Thr-Asn-Arg-Arg Gln-Ala-Arg-Asn
His-Gly-Leu-Gly Arg-Ala-Val-Val
Arg-Gln-Arg-Arg Lys-Gly-Lys-Val
Asn-Ser-Lys-Gln His-Gly-Arg-Asn
Leu-Gly-Arg-Asn Arg-Asp-Arg-Pro
Met-Asp-Ile-Arg Lys-Ala-Lys-Lys



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Affinity of the 100 tetrapeptides in the active region of the average structure of locally 

modified ficin (Y113F).

The 38 especially incompatible tetrapeptides.

Table S2: 

Table S3: 
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Ser-Ser-Ile-Arg NA3 Lys-Gly-Ile-Gln NA4 Arg-Gly-Lys-Leu NA2 Arg-Gly-Lys-Asn NA4

Arg-Cys-Lys-Arg NA2 Gln-Gly-Ile-Gln NA4 Gln-Gly-Lys-Lys NA4 Arg-Gly-Arg-Thr NA4
His-Cys-Arg-Ala NA3 Gln-Gly-Leu-Gln NA4 Arg-Gly-Gln-Leu NA2 Arg-Gly-Arg-Asn NA2
Arg-Asn-Arg-Asn NA2 Lys-Gly-Val-Gln NA4 Arg-Gly-Asn-Leu NA1 Val-Trp-Cys-Gly NA4
Thr-Asn-Arg-Arg NA3 Arg-Gly-Val-Leu NA1 Arg-Gly-Ser-Lys NA4 Met-Arg-Ile-Phe NA4
His-Gly-Leu-Gly NA4 Lys-Gly-Ile-Leu NA4 Arg-Gly-Pro-Lys NA3 Met-Gly-Glu-Arg NA3
Arg-Gln-Arg-Arg NA3 Arg-Gly-Lys-Met NA3 Met-Gly-Val-Lys NA4 Arg-Gly-Glu-Leu NA4
Asn-Ser-Lys-Gln NA1 Lys-Gly-Val-Leu NA3 Arg-Gly-Ala-Leu NA3 Lys-Gly-Gln-Arg NA4
Leu-Gly-Arg-Asn NA4 Arg-Gly-Val-Gln NA2 Arg-Gly-Lys-Gln NA3 Arg-Gly-Thr-Ile NA3
Met-Asp-Ile-Arg NA3 Arg-Gly-Arg-Gln NA1 Arg-Gly-Gln-Gln NA4 Ile-Gly-Asp-Arg NA4
Met-Gly-Lys-Gln NA3 Arg-Gly-Pro-Gln NA4 Arg-Gly-Gln-Ile NA4 Arg-Gly-Asp-Leu NA4

Lys-Cys-Arg-Gln NA4 Arg-Gly-Arg-Lys NA3 Arg-Ser-Lys-Ile NA3 Ile-Gly-Glu-Arg NA4
Gln-Ser-Arg-Asn NA4 Lys-Gly-Pro-Ile NA2 Arg-Ser-Lys-Leu NA4 Arg-Gly-Gln-Lys NA1
Arg-Ser-Lys-Lys NA2 Arg-Gly-Leu-Lys NA4 Arg-Ala-Gln-Leu NA2 Arg-Gly-Thr-Leu NA1
Gln-Ala-Arg-Asn NA3 Arg-Ala-Gln-Lys NA4 Arg-Gly-Asn-Ile NA1 Leu-Gly-Glu-Arg NA3
Arg-Ala-Val-Val NA1 Arg-Gly-Leu-Val NA4 Gln-Asp-Lys-Arg NA3 Arg-Gly-Ser-Ile NA2
Lys-Gly-Lys-Val NA4 Arg-Cys-Leu-Leu NA4 Lys-Ser-Leu-Arg NA3 Arg-Gly-Ser-Leu NA1
His-Gly-Arg-Asn NA4 Arg-Ser-Leu-Lys NA1 Arg-Asp-Lys-Arg NA1 Arg-Gly-Ile-Lys NA3

Arg-Asp-Arg-Pro NA4 Arg-Ser-Ile-Lys NA4 Gln-Asp-Ile-Arg NA4 Arg-Gly-Val-Arg NA4

Lys-Ala-Lys-Lys NA4 Arg-Gly-Leu-Ile NA2 Lys-Ser-Ile-Arg NA1 Arg-Ser-Gln-Arg NA4
Arg-Gly-Val-Ile NA3 Arg-Gly-Asn-Lys NA1 Arg-Cys-Lys-Lys NA2 Arg-Ser-Val-Arg NA2

Arg-Gly-Pro-Leu NA1 Arg-Gly-Lys-Pro NA3 Arg-Gly-Thr-Lys NA2 Arg-Ser-Ile-Arg NA3
Lys-Gly-Pro-Gln NA3 Arg-Ala-Leu-Lys NA3 Arg-Gly-Asn-Val NA1 Arg-Ser-Leu-Arg NA3
Lys-Gly-Leu-Gln NA1 Arg-Gly-Lys-Lys NA3 Arg-Ala-Lys-Asn NA4 Arg-Ser-Pro-Arg NA2
Arg-Gly-Pro-Ile NA1 Arg-Gly-Ile-Met NA3 Arg-Cys-Arg-Asn NA3 Arg-Gly-Lys-Arg NA3

His-Gly-Leu-Gly Gln-Gly-Lys-Lys

Leu-Gly-Arg-Asn Arg-Gly-Ser-Lys
Lys-Cys-Arg-Gln Met-Gly-Val-Lys
Gln-Ser-Arg-Asn Arg-Gly-Gln-Gln
Lys-Gly-Lys-Val Arg-Gly-Gln-Ile
His-Gly-Arg-Asn Arg-Ser-Lys-Leu
Arg-Asp-Arg-Pro Gln-Asp-Ile-Arg
Lys-Ala-Lys-Lys Arg-Ala-Lys-Asn
Lys-Gly-Ile-Gln Arg-Gly-Lys-Asn
Gln-Gly-Ile-Gln Arg-Gly-Arg-Thr
Gln-Gly-Leu-Gln Val-Trp-Cys-Gly

Lys-Gly-Val-Gln Met-Arg-Ile-Phe
Lys-Gly-Ile-Leu Arg-Gly-Glu-Leu
Arg-Gly-Pro-Gln Lys-Gly-Gln-Arg
Arg-Gly-Leu-Lys Ile-Gly-Asp-Arg
Arg-Ala-Gln-Lys Arg-Gly-Asp-Leu
Arg-Gly-Leu-Val Ile-Gly-Glu-Arg
Arg-Cys-Leu-Leu Arg-Gly-Val-Arg

Arg-Ser-Ile-Lys Arg-Ser-Gln-Arg



 
 

 
 

 
 
 
 
 
 
 
 
 
 

Affinity of the 17 tetrapeptides in the active region of the snapshot structures of locally 

modified ficin (Y113F).

Explanation of the acronyms. (α: Input β: Output).

Table S4: 

Table S5: 
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max min

Arg-Ala-Val-Val NA3 NA3
Arg-Asp-Lys-Arg NA1 NA1
Arg-Gly-Arg-Gln NA1 NA3
Arg-Gly-Asn-Ile NA1 NA1

Arg-Gly-Asn-Leu NA1 NA1
Arg-Gly-Asn-Lys NA1 NA1
Arg-Gly-Asn-Val NA1 NA1
Arg-Gly-Gln-Lys NA2 NA3
Arg-Gly-Pro-Ile NA1 NA3

Arg-Gly-Pro-Leu NA3 NA3

Arg-Gly-Ser-Leu NA1 NA3
Arg-Gly-Thr-Leu NA3 NA4
Arg-Gly-Val-Leu NA1 NA3
Arg-Ser-Leu-Lys NA2 NA3
Asn-Ser-Lys-Gln NA3 NA1
Lys-Gly-Leu-Gln NA3 NA3
Lys-Ser-Ile-Arg NA2 NA3

Add[α0][α1][β] β= arithmetic addition of α0 and α1

Sub[α0][α1][β] β= subtraction of α1 from α0
Mul[α0][α1][β] β= arithmetic multiplication of α0 and α1
Div[α0][α1][β] β= division of α0 by α1
Fmod[α0][α1][β] β= remainder after division of α0 by α1
Log[α0][β] β= natural logarithm of α0
Log10[α0][β] β= common logarithm of α0
Sin[α0][α1][α2][β] β= arithmetic multiplication of α0 and X, where X is sine of division of α1 by α2
Cos[α0][α1][α2][β] β= arithmetic multiplication of α0 and X, where X is cosine of division of α1 by α2
If[α0][α1][α2][β] β= if α0 = true then α1 else α2
Equal[α0][α1][β] β= if α0 = α1 then true else false

NotEqual[α0][α1][β] β= if α0 = α1 then false else true
GT[α0][α1][β] β= if α0 > α1 then true else false
GE[α0][α1][β] β= if α0 ≥ α1 then true else false
And[α0][α1][β] β= logical multiplication of α0 and α1
Or[α0][α1][β] β= logical addition of α0 and α1
Not[α0][β] β= logical negation of α0
Fmod2[α0][β] β = remainder after division of α0 by 4

Sqrt[α0][β] β = square root of α0

amiγ 4 amino acids in a tetrapeptide, γ = 1-4 from the N-terminus to the C-terminus
amiγC the number of carbon atoms in amiγ
amiγN the number of nitrogen atoms in amiγ
amiγO the number of oxygen atoms in amiγ
amiγS the number of sulfur atoms in amiγ
amiγAC the number of aromatic carbon atoms in amiγ

ami113ficC the number of carbon atoms in 113~th amino acid of ficin
ami113ficN the number of nitrogen atoms in 113~th amino acid of ficin
ami113ficO the number of oxygen atoms in 113~th amino acid of ficin
ami113ficS the number of sulfur atoms in 113~th amino acid of ficin
ami113ficAC the number of aromatic carbon atoms in 113~th amino acid of ficin
domainDist the distance between domains of ficin (0:minimum, 1:average, 2:maximum)
CSTδ a constant integer number δ(δ= 0-9)
TRUE a boolean value 1
FALSE a boolean value 0
ficin__Y113F_ave the average structure of ficin_Y113F
ficin__Y113F_max the snapshot structure of ficin_Y113F when distance between its domains is at a maximum
ficin__Y113F_mini the snapshot structure of ficin_Y113F when distance between its domains is at a minimum
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Abstract-

 

"Quantum" World, within the framework of which 
"outstanding" scientific discoveries are being made now, is 
built on initially laid nonsense. Quantum Theory was initially 
built on incorrect adjustment by Schrodinger of two-
dimensional "solutions" of the One-Dimensional Harmonic 
Oscillator equation. These are the consequences of this fitting 
and "excite Minds". This is the reason why Quantum 
Mechanics is not necessary to UNDERSTAND, but it is 
necessary to ACCEPT. But they accepted and canonized, as it 
is shown in this work, non-physical, rough, approximate 
solutions. And it is on the basis of these solutions that electron 
orbitals, widely used in fundamental and applied science, are 
constructed. 

 

But simply a rigorous mathematical analysis of the 
Two-Dimensional Oscillator equation in a rotational paraboloid 
gives reasons to believe that it is the Planck-Einstein 
Quantization moved away by the "evolvability" that gives a 
correct description of the parameter hidden for macroscopic 
measurements -

 

de Broglie matter waves.

 

Keywords:

 

classical harmonic oscillator, rotation 
paraboloid, quantization, de broglie waves, two-
dimensional model, resolved states.

 
I.

 

Introduction

 
he qualitative description by Quantum Mechanics 
of the Periodic Table of Mendeleev and the 
chemical bond [1] overshadowed the catastrophic 

discrepancies between the experimentally obtained 
Ionization Potentials [2, 3] and the energy position of the 
allowed levels obtained from the Schrödinger equation. 
Be that as it may, the Schrödinger equation

 

was 
canonized to such an extent that even Richard 
Feynman, who came close to the original Planck-
Einstein Quantization in his path integrals, did not dare 
to declare his approach to correcting the canonized 
equation [4, 5]. And as Bob Laughlin said in his

 

Nobel 
lecture: To describe any quantum phenomenon, it is 
enough to take the Schrödinger equation and solve it 
under new boundary conditions [6]. And his solutions 
give no less serious discrepancies with the shape of 

measured phonon spectra [10]. And, as follows from the 
analysis of basic models [11], a huge number of earlier 
works, including mine, built on the canonized "Quantum 
Representations", are simply fitting the results of 
experiments to quantum mechanical calculations. 
Whereas ELEMENTARY ANALYSIS, as will be shown 
below, shows that the Schrödinger equation itself is a 
very rough fit to Bohr's atomic model.

 

The return of Mathematics to Physics by the 
senior telegrapher Havyside was actually a return to 
Newton's Physics, where they were UNITS. It helped 
both Maxwell in combing his Electrodynamics and 
Schroedinger in applying the operator method to 
describe the microcosm. So the very use of the operator 
method was undoubted progress, pushing both Dirac to 
build vector Quantum Mechanics and von Neumann to 
prove its Completeness. But the Completeness was 
obtained abstractly, for a set of operators, and was 
taken concretely as referring to Schrödinger solutions, 
which, as shown above, simply do not fit the careful 
characterization given by Einstein: "Some equations of 
Classical Physics allow rewriting in operator form". 
Einstein subtly sensed the dissonance of the equations 
with Reality, both some obtained by himself and some 
obtained by Schroedinger. That's what the analysis he 
conducted was pushing away from the verification of the 
Classical Equations rewritten by Schroedinger, from 
which Einstein himself (in the Theory of Relativity) was 
repelled by Bo with the phrase that he was taking on the 
role of God in determining the RIGHTness of the 
Classical Equations used. But God in Science is Logic, 
which must be followed, commensurate conclusions 
with Reality. 

II. Analysis of Propositions and 
Solutions of the Schrödinger 

Equation 

Einstein, pushed aside together with Planck, 
who laid the FOUNDATIONS of QUANTUM [12, 13], 
correctly formulated the method introduced by 
Schrödinger (actually for Schrödinger): “Some 
equations of classical physics can be rewritten in 
operator form.” But Schrödinger, using the Hamiltonian 
of the One-Dimensional Equation 

( ) ( )2 2

2 2
m x t x t k

m
κ      + ≡Ε⇒ Ω=

′    (1)                                       

and with the help of the introduction of the mystical 
wave function, he “got” the Stationary, again one-
dimensional Equation in the “operator form”: 

 

2 2 2 2

22 2
h m xx x E xm x

ωϕ ϕ ϕ          
∂− + =
∂    

(2) 

At the same time, Schrödinger acted as a 
professional fortune-teller, giving out the desired result 
and inventing all sorts of fables to “substantiate” it. He 
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electron orbitals [7, 8 9] and with experimentally 



fitted, with phenomenological errors, Two-dimensional 
solutions - mystical wave functions of this, in principle, 
One-Dimensional Equation. Adjusted so that both 
quanta were (in the radial part of the solution) and two-
dimensional orbits - orbitals (these solutions are given in 
all textbooks on "Quantum Mechanics"). In fact, he used 

Newton's method of separation of variables to find the 
wave function, which gives only a particular solution 
[14]. But on the radial and angular parts, which 
corresponds not to the One-Dimensional Parabola, but, 
in fact, to the Paraboloid of rotation (Fig. 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: True Hamiltonian "implied" by Schrödinger 

The Schrödinger equation in its usual form (f.2) 
has a strict one-dimensional (radial), but not at all 
harmonic solution (f.3): 

         

2 2
2

2 2
h my x x y x Ey xm

ω′′           + =     (3)                                      

i* *

* *

1y=C 2 ParabolicCylinderD - - , x +2

1C 1 ParabolicCylinderD - + ,x2

 
       

 
       

E

E

  (4) 

Where
 2

* *h / 2m x= , Λ= x = Λhω h
E

ωE ™
 

The complete solution is the interference of two 
terms, depending on the real x

 

purely real and complex, 
depending on the imaginary x.

 

And it is the real term that has the property

 

     
,y ParabolicCylinderD n x  =

         
(5)

 

−

 
The function is not equal to zero only in the area of 
origin only for integer values of n (Fig. 2).
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Fig. 2: Unnormalized functions of a parabolic cylinder converging at infinity for integer values. 

Those. for the radial part of the wave function, 
we have the values of “allowed” (guessed by 
Schrödinger) energies, with the non-physical half of the 
“zero oscillations” 

         
* *1 1- + = n = n+2 2⇒E E

             
(6) 

This purely mathematical, abstract solution is 
not, strictly speaking, physical, since the function 
obtained, which describes the movement along a 
parabolic cylinder, when passing from one parabola of 
the cylinder section to another, undergoes a 
discontinuity of the derivative (Fig. 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.

 

3:

 

Parabolic cylinder

 

The functions shown in Fig. 2 are not 
normalized, but in fact these are strictly obtained 
solutions for each "quantum" energy level, similar to 
those obtained approximately, but normalized "wave 
functions" of Schrödinger (Fig. 4).
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Fig. 4: Normalized "wave functions of the Quantum (one-dimensional) Oscillator" by Schrödinger: on the left - their 
absolute values, and on the right - their corresponding phases 

As can be seen from Fig. 4, Schrödinger's fitting 
of solutions, in principle, to the incorrect equation of the 
"Quantum Oscillator", gave only absolute values of 
"wave functions" similar to physical functions (Fig. 4, on 
the right), which were interpreted by "quantum 
physicists" . But the phases corresponding to them are 
both absurd in magnitude and contain non-physical 
jumps - discontinuities in the derivatives. 

The resulting abstract but rigorous solution is 
smooth (physical) dependences both on the actual 
values of the coordinate (shown in Fig. 2) and smooth 
dependences of the absolute value and phase for the 
term depending on the imaginary coordinate (f. 4). So, 
purely it is useful for initial, qualitative analysis. 

First, as can be seen from Fig. 2, there are no 
halves of a quantum (Schrödinger). As can be seen 
from Fig. 4, the first level corresponds to zero energy. 
And the maximum of the hidden parameter of the 
particle is observed in the center, with its minimum 
bounce, which can be physically related to the fact that 
the minimum oscillation amplitudes near zero (Fig. 2, 
first inset) are smaller than the particle size. To be more 
precise, as follows from Pontryagin's dualism, even for 
an ideal Newton particle, its spatial uncertainty is less 
(the article "Analysis of Newton's Elementary Particle" in 
the book [13]). So, in relation to the electron orbitals of 
the atom, this term can be safely discarded. 

Secondly, the first (and not one-and-a-half, as in 
Schrödinger) quantum level physically quite 
corresponds to finding a particle (somewhat blurred), 
but on a distinguished classical orbit, which will be 
analyzed in detail in the next part of the work “Correction 
of the Schrödinger Equation). We will not analyze the 
quantum levels following from formula 5, in accordance 
with formula 6, and so on, because taking into account 
its second, depending on the imaginary coordinate, 
term of the strict solution (f.4) gives the real and 
imaginary parts of the function limited in space, but not 
for all the numbers from formula (6), and also gives a 
number of additional numbers that also do not fit in any 

way into the canonized series of permitted levels 
according to Schrödinger. 

III. Conclusion 

It was from MISSION that the mysticism of two-
dimensional mathematical solutions for a one-
dimensional model was hidden behind the mystical 
parameter “wave function”, to which the entire 
“understanding” of Quantum Theory was reduced to 
various interpretations. Thus, the correction of the 
original Classical Equation rewritten by Schrödinger in 
the operator form (correction of the Quantum Oscillator 
model) is required, and, possibly, the correction of the 
operators used by him. The correction of electronic 
atomic and molecular orbitals, which were directly 
associated with Schrödinger's solutions, will make it 
possible to solve the problems of many areas of science 
and technology associated with Physics. In the second, 
planned part of the work, within the framework of a two-
dimensional model, ELEMENTARY Quantization based 
on harmonic de Broglie waves will be demonstrated. 
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Abstract-

 

We will study the competitive effect between the 
transport of a quantum dot adsorbed to a ballistic channel

 

and 
laterally coupled to a single-walled carbon nanotube (SWNT). 
We will use the "tight-binding" approach to

 

analytically write the 
SWNT Green's function and the quantum dot will be solved by 
the atomic method for

 

. We will present curves of the 
electronic density of states for some different sizes of 
nanotubes. The results

 

for the conductance curves will be 
presented as a function of 

 

and for different values of n

 

and 
hopping between

 

the nanotube and the quantum dot.

 

Keywords:

 

Kondo effect, single wall carbon nanotubes, 
quantum dot, conductance.

 

I.

 

Introduction

 

 

 
  

 
 

  

Quantum mechanics combined with epitaxial 
molecular

 

growth and chemical deposition techniques 
are of

 

fundamental importance in understanding and 
making

 

quantum dots. An example of this device is the 
tunnel

 

diode [5], which can play an important role in the

 

development of quantum dot circuits [6, 7].

 

From the theoretical point of view [9], these low

 

dimensional

 

systems have revealed several fundamental

 

aspects in the understanding of the interaction between 
light and matter, such as the development of circuits

 

in 
Quantum Electrodynamics-QED Circuits[10].

 

In 
addition, quantum dots have electronic properties at

 

low 
temperatures governed by the Kondo effect, which

 

can 
be observed both in the study of theoretical models

 

[11] 
as well as in experimental results [12,13].

 

Recently, quantum junctions -

 

a combination of 
a

 

quantum dot coupled to a carbon nanotube –

 

have

 

demonstrated a probe for transferring charges between

 

discrete and continuous [14]. This type of coupling was

 

presented in systems that can be used in high 
conductance devices, laterally connecting a quantum 
dot with a sheet of graphene [3]. 

 
 

 
 

 
 

 
 
 

  We apply the atomic approach [15] to model 
the

 
quantum dot and use the Dyson's equation to 

connect
 
the quantum dot to the ballistic channel and 

carbon
 

nanotube, as schematically represented in 
Fig. 1.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1:

 

Quantum dot adsorbed in a ballistic channel 
laterally

 

coupled to a carbon nanotube

 In Section 2 we present the model and the 
formalism

 

of Green's function (GF). The results and 
discussions

 

are described in Section 3. As a final point, 
the last

 

section is devoted to final remarks and 
conclusions.

 II.
 

Model and
 
Formalism

 

  
 

 
 

 

U→∞

Ef

        

1

Y
ea

r
20

22

23

© 2022 Global Journals

       

               

                          

                   

  

G
lo
ba

l
Jo

ur
na

l
of

Sc
ie
nc

e
Fr

on
tie

r
R
es
ea

rc
h 

  
  
  
 V

ol
um

e
X
X
II  
 I
ss
ue

  
  
  
er

sio
n 

I 
 

V
III

  
 

( A
)

Author α: Instituto Federal de Edução, Ciência e Tecnologia do Rio de 
Janeiro – IFRJ, Rua Dr. José Augusto Pereira dos Santos, s/n (C.I.E.P. 
436 Neusa Brizola), 24425-004 São Gonçalo, Rio de Janeiro, Brasil.
e-mail: thiago.fonseca@ifrj.edu.br
Author σ Ѡ: Departamento de Física, Universidade Federal do 
Amazonas, 3000, Japiim, 69077-000, Manaus-AM, Brazil.
Author ρ: Instituto Federal do Amazonas, Av. 7 de Setembro, 1975, 
Centro, Manaus-AM, Brazil.

In this work, we present a device that combines 
with a quantum dot adsorbed in a ballistic channel, 
coupled laterally to a carbon nanotube. We are 
interested in the properties of transport through the 
ballistic channel, which at low temperatures is governed 
by the Kondo effect at the quantum dot. The carbon 
nanotube, connected to the quantum dot through a 
hopping energy, also affects these transport properties, 
since it injects conduction electrons into the system that 
produce a destructive effect at the Kondo peak.

The quantum dot was modeled by the atomic 
approach [16,15] and the leads at the points (L and R)
were represented by two square bands where the 
Green’s  function can written as

n the last few decades, low-dimension  systems  have 
been the focus of great interest on the part of the 
scientific community [1]. Due to their extraordinary 

physical properties, these carbon-based systems have 
applications in areas ranging from medicine: such as 
DNA nanosensors [2], to nanoelectronics: with quantum 
dot systems interacting with graphene [3] and carbon 
nanotubes [4]. 

 
 

 
 
 
 
 
 

 

I



(1) 

where E(k) is the energy of the free electrons with wave 
vector , which must be integrated for all k values, in the 
range from -D to D, where D is the half-width of the 
conduction band. 

The GF of the zigzag nanotube is calculated 
analytically, adopting a single band tight-binding 
Hamiltonian approach [17]. 

 

  (2)
 

where   the   energy   dispersion   relation  for  the 

zigzag nanotube, may be written as[18] 
 
 

(3) 

with 2

 

and  for 

 

. For the zigzag nanotube ( 0), the 

                  
 

is quantized, where is  the 
lattice

 

parameter, whose approximate value is of 2:46 A

 

and

 

t

 

is the electronic hopping between the carbon 
atoms,

 

whose value we consider equal to the unit.

 

The density of

 

states (DOS) from the nanotube's

 

conduction band is calculated using

 
 

 

(4)
 

The quantum dot adsorbed in the ballistic 
channel,

 

in the absence of the carbon nanotube, can be 
modeled

 

by the Anderson impurity model with infinite 
Coulomb

 

repulsion ( ). The coupling between the 
nanotube

 

and the quantum dot will be carried out later

 

with the Dyson's equation method. The Hamiltonian

 

is 
given by

 

 

 

 

 

 (5)

 
where the first term represents the conduction electrons

 (c-electrons) from the left ( ) and right
 
( ) 

electrodes, the second describes the quantum
 

dot 
characterized by a localized 

 
level 

 
and the

 
last one 

corresponds to the interaction between the c-electrons 
and the quantum dot. For the sake of  simplifi

 
cation,  we 

consider a constant hybridization 
 
.

 For the case with infinite Coulomb repulsion 
              ( ), Hubbard operators [20] are employed to project

 out the double occupation state 
 

from the local
 states at the quantum dot. Local projectors into the
 

states  at the quantum dot, must respect the 
following identity:  where                 

. Being that or , the occupation 
numbers on the quantum dot  should then 
satisfy the “completeness" relation 

                                                 (6) 

a)
 

The quantum dot
 

The quantum dot's GF  ( )  presented in this
 

study is based on the Hubbard cumulative expansion
 

technique, using hybridization as a perturbation
 
[20,21]. 

Considering 
  

as an effective cumulant
 
that cannot 

be separated by cutting a single edge
 
from Feynmann 

diagram (irreducible diagram) and
  

as the 
GF of the conduction electrons of

 
electrodes ( ), 

We can write the exact GF for
 
the f

 
electron located at 

the quantum dot as follows
 
 

 
 

                                                                            (7)
 

 
 

 
 
 

                                                                             (8) 

The term in square brackets represents the 
infinite sum of a geometric progression, with a ratio 
equal to    . The final result is given by   

      (9)
 

where the sum over the two identical channels  results 
in multiplier 2. 

The calculation of the exact value of )  is 
an impracticable task, however, we will replace it by an 
atomic  cumulant  ,  obtained from the exact 
solution of the Anderson's impurity in the atomic limit, 
when the band of uncorrelated electrons has zero width 
(atomic model). 

The atomic solution will be obtained in the next 
section. We call the replacement of  by  
an “atomic approach". 

b) The atomic solution 
The atomic solution of Anderson's impurity 

problem at the limit of infinite Coulomb repulsion , 
can be obtained by diagonalizing the Hamiltonian Eq.(5) 
by the states , where the possibilities are  
and .  The  GF  of  the  atomic  model is 
obtained by the Zubarev equation [22] 
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where  is the thermodynamical potential and the 
eigenvalues  and eigenvectors  correspond to the 
complete solution of the Hamiltonian Eq.(5). The 
different transitions occur between states with  and 

 particles that satisfy = 0. The final 
result is the following: 

 
 

  (11)

 
The complete calculation of all poles  and 

residues  is detailed in reference [15]. 

c) The atomic approach 
On the other hand, following the same 

procedure described for obtaining , the exact 
atomic  GF has the same form of Eq.(9) and can be 
written as [21]: 

 
 
 

(12) 
 
 

 
 

(13)

 
 

 
 

(14)

 where 
 

.  From this  equation
 we   then   obtain   an   explicit   expression   for 

  in terms of 
  

 
 

 

(15)

 where 
  
was  calculated  analytically  and  is given  by

 Eq.(11).
 The atomic approach consists in substituting

 
  

in  Eq. (9)  by the 
 

,  given by  Eq.(15).
 Finally, the approximate GF of the quantum dot
 connected to leads L

 
and R

 
is written as

 

 (16)

 
where 

 
is the GF of the leads and must be 

integrated
 
in the range from -D

 
to D, which is the width

 of the conduction band. With the atomic approach, the
 different energies 

 
of the c-electrons, which should

 contribute to the propagators of the effective cumulant
 

  
,  are now  replaced by the contribution of

 
a 

single 
 
energy value in . Thus, it is essential

 
to 

replace the constant  by ,  decreasing the 
contribution of the c-electrons with was overestimated 
by concentrating them at a single energy level. We use  

 like the Kondo peak width, where D is the 
half conduction bandwidth. 

d) Connection with the nanotube 
The system formed by the quantum dot and the 

leads (site 0) must still be connected with the nanotube 
(site 1). We will use the Dyson's equation method to 
make this. Let's use hybridization operator   

, where t is the hopping between the carbon 
nanotube and the quantum dot and will be given in units 
of   , from the Hamiltonian of Eq.(5). Dressed GF at site 
of quantum dot  can be written in terms of the 
localized undressed  GF   of  the carbon 
nanotube Eq.(2), and in terms of the undressed GF 

 of the quantum dot with the leads Eq.(16). 

 

 

 
(17)
 

After solving this system of equations, and 
considering = 0, we can write   

  

   
(18)

 

and finally 

 
(19)

 

III. Results and Discussions 

In the set of Fig. 2 - Fig. 3 we will present the 
density of states curves of the conducting electrons of 
the nanotube, for different values of n, as well as its 
importance in the DOS of the electrons localized at the 
quantum dot, when the hopping between the SWNT and 
the system formed by QD + balistic channel is  
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×|〈n− 1, j′ |Xµ|n, j〉|2

z − (En,j − En−1,j′)
, (10)

t = 0.5V .



 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: The density of states of the conduction electrons 
 as a function of the  (multiplied by  01) and for 
= 3, = 9 e = 33. 

In Fig. 2  we show the density of states of the 
conducting electrons of the carbon nanotube for 
different values of . The carbon nanotube of the zig zag 
type will be metallic for values multiple of 3. We can see 
in the figure that as the size of the tube increases, 
represented by the increase in , the height of the DOS 
at the Fermi level (  = 0) decreases. 

 
 
 

 
 
 
 
 
 

 
 

 
 

 
 
 Fig. 3: The density of states of the localized f

 

level 

 

as 
a

 

function of the 

 

(multiplied by 

 

01) and for n

 

= 3,

 
  

and 

 

.

 
of the height of kondo peak.

 In Fig. 3 we show the density of states of the 
localized

 

electrons of the quantum dot (QD) for different

 
values of . The figure shows the detail of the Kondo

 
peak, located on the chemical potential 

 

= 0. We 

                
verified that the height of the Kondo peak increases with

 
the increase of , thus showing a behavior that is the

 
opposite of that presented by the density of conduction

 
electron states at the Fermi level.

 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

Fig. 4: The density of states of the localized level  at 
the chemical potential  = 0 as a function of , for                  

 and  
In Fig. 4  we show the density of states of the 

localized electrons and of the conduction electrons at 
the chemical potential = 0. We can verify the inverse 
behavior between the height of the conduction band 
and the height of the Kondo peak. 

 
 
 
 

 
 

 
 

 
 
 
 
 
 

Fig. 5: The density of states of the localized f level  as 
a function of the  (multiplied by  01) and different 
values of   and  

In  Fig. 5 we present the density of states of the 
felectrons

 
localized at the QD for different values of 

 which is the hopping between the nanotube and the
 
QD, 

keeping all other parameters constant and for =3.
 We observed that an increase in produces a 

decrease
 

in the height of the two peaks, which 
correspond

 
to the localized level 

 
(left peak) 

and the
 

Kondo peak (right peak), localized at the 
chemical potential

 
= 0. As the interaction between the 

nanotube
 
and the QD increases, the Kondo effect will be 

destroyed.
 

This can be explained by the coupling 
geometry

 
(T-shape ligation), which produces a 

destructive
 

interference between the electrons of the 
nanotube and

 
the QD.

 The changes produced at the Kondo peak will 
produce

 
changes in the transport properties of the 
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system. These changes can be seen in the calculation 
of the conductance at site 0 of the nanotube. 

At low temperatures and bias voltage the 
electronic transport is coherent and the conductance is 
calculated according to the Landauer equation [23]: 

 
(20)

 

 is the Fermi function and  is the transmission 

probability of an electron with energy  and is given by 

 
(21) 

where  corresponds to the coupling strength, which is 
proportional to the kinetic energy of the electrons in the 
site 0 and  was obtained previously and is given by 
Eq. (19). 

In the set of curves shown in Fig. 6,  we show 
the conductance calculated at site 0 as a function of the 
level localized  at the quantum dot  , for various values 
of t, which is the hopping that connects the QD to the 
carbon nanotube. We present four graphs, referring to 
the four values of ,  which is  proportional 
to the diameter of the nanotube. 
  

 
 

 
 
 
 

 
 
 
 
 

 
 

 
 

 Fig. 6:

 

Condutance as a funtion 

 

(multiplied by 

                      
 

= 0 01)

 

for different values of hopping 

 

(black 
line); 

 

(red line); 

 

(green  line)  and 

                 
 

(blue line), with

  

and  for  different 
values of n.

 First, we can observe in the four figures, for 

              
t = 0

 

(black line), the conductance has a unit value for 

 

indicating that the Kondo resonance 
produces

 

a ballistic transmission channel for the 
electrons coming

 

from the leads. With the increase in , 
the conductance

 

drops smoothly until it approaches 
zero in

 

the empty region ( ). This behavior is 
known

 

and is in agreement with results presented in 
previous

 

studies [11].

 

As we connect the carbon nanotube to the (QD 
+ leads) system,  that is, for , we 
observe a destructive interference between the electrons 
coming from the metallic tube and the quantum dot. The 
Kondo peak is reduced in height  (see  Fig. 5, implying 
a decrease in conductance in the Kondo region                       
( ). This reduction in conductance is more 
important in tubes of smaller diameter ( small). This 
can be explained by the height of the conduction band 
at the chemical potential , which is higher in small 
tubes and smaller in larger tubes, as seen in Fig. 2.  

As the value of n increases, that is, for 
increasingly larger diameters, the colored lines get 
closer and closer, indicating a reduction in destructive 
interference between the electrons from the nanotube 
and the QD, caused by the reduction in the amount of 
electrons coming from the nanotube. 
 

 
 

 
 
 
 

 
 

 
 

 
 
 
 

Fig. 7:
 
Condutance as a funtion for different values t.

 
 

In Fig. 7 we represent the
 

condutance as a 
function

 
of n

 
for different values of hopping . Although 

we do
 
not present it in the figure, we know that for a zero

 hopping, that is, when the nanotube is disconnected
 from the system, the conductance has its unit value for
 any value of n.

 
We can verify the inuence of hopping

 
in 

the destruction of the Kondo Effect. As the value of
 increases, the conductance curve shifts downwards.

 
IV.

 
Conclusions

 
In this study, we present a quantum dot system 

embedded
 
in a ballistic channel and laterally coupled to 

a
 
carbon nanotube of the zigzag type. The method used

 was the atomic approximation, which has great reliability
 in the low temperature regime, satisfying Friedel's

 
sum 

rule.
 We present density of states curves, both for 

the
 

conduction band of the nanotube and for the 
electrons

 
localized f. We found that an increase in the 

diameter
 
of the nanotube produces a decrease in the 

height of
 
the conduction band in the chemical potential 
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 = 0. This decrease, in turn, produces an increase in 
the height of the Kondo peak, located in the same 
energy region (  = 0). This inverse relationship is due to 
the geometry of the connection between the nanotube 
and the quantum dot, which are connected laterally. 

We also looked at the role of hopping t that links 
the quantum dot to the carbon nanotube. We verified 
through the density of electron states  that the Kondo 
Peak decreases with the increase of t, again indicating 
the destructive interference characteristic between the 
electrons from the nanotube to the quantum dot, when 
the coupling is lateral. 

As the variation of  and t changes the height of 
the Kondo peak, that is located in the chemical 
potential, the transport properties will also be affected. 
We observed this effect on the conductance curves. 

We found that when = 0, that is, when the 
nanotube is disconnected from the system, the 
conductance is ballistic at  indicating that the 
Kondo effect is present and that the Kondo peak 
produces a conduction channel for the electrons 
coming of leads. As increases, the conductance tends 
to decrease, as the electrons coming from the nanotube 
conduction band become more and more abundant. We 
also found that small diameter nanotubes are more 
sensitive to changes in hopping for conductance 
calculation. 
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Manuscript Style Instruction (Optional) 

• Microsoft Word Document Setting Instructions. 
• Font type of all text should be Swis721 Lt BT. 
• Page size: 8.27" x 11'”, left margin: 0.65, right margin: 0.65, bottom margin: 0.75. 
• Paper title should be in one column of font size 24. 
• Author name in font size of 11 in one column. 
• Abstract: font size 9 with the word “Abstract” in bold italics. 
• Main text: font size 10 with two justified columns. 
• Two columns with equal column width of 3.38 and spacing of 0.2. 
• First character must be three lines drop-capped. 
• The paragraph before spacing of 1 pt and after of 0 pt. 
• Line spacing of 1 pt. 
• Large images must be in one column. 
• The names of first main headings (Heading 1) must be in Roman font, capital letters, and font size of 10. 
• The names of second main headings (Heading 2) must not include numbers and must be in italics with a font size of 10. 

Structure and Format of Manuscript 

The recommended size of an original research paper is under 15,000 words and review papers under 7,000 words. 
Research articles should be less than 10,000 words. Research papers are usually longer than review papers. Review papers 
are reports of significant research (typically less than 7,000 words, including tables, figures, and references) 

A research paper must include: 

a) A title which should be relevant to the theme of the paper. 
b) A summary, known as an abstract (less than 150 words), containing the major results and conclusions.  
c) Up to 10 keywords that precisely identify the paper’s subject, purpose, and focus. 
d) An introduction, giving fundamental background objectives. 
e) Resources and techniques with sufficient complete experimental details (wherever possible by reference) to permit 

repetition, sources of information must be given, and numerical methods must be specified by reference. 
f) Results which should be presented concisely by well-designed tables and figures. 
g) Suitable statistical data should also be given. 
h) All data must have been gathered with attention to numerical detail in the planning stage. 

Design has been recognized to be essential to experiments for a considerable time, and the editor has decided that any 
paper that appears not to have adequate numerical treatments of the data will be returned unrefereed. 

i) Discussion should cover implications and consequences and not just recapitulate the results; conclusions should also 
be summarized. 

j) There should be brief acknowledgments. 
k) There ought to be references in the conventional format. Global Journals recommends APA format. 

Authors should carefully consider the preparation of papers to ensure that they communicate effectively. Papers are much 
more likely to be accepted if they are carefully designed and laid out, contain few or no errors, are summarizing, and follow 
instructions. They will also be published with much fewer delays than those that require much technical and editorial 
correction. 

The Editorial Board reserves the right to make literary corrections and suggestions to improve brevity. 
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Format Structure 

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

All manuscripts submitted to Global Journals should include: 

Title 

The title page must carry an informative title that reflects the content, a running title (less than 45 characters together with 
spaces), names of the authors and co-authors, and the place(s) where the work was carried out. 

Author details 

The full postal address of any related author(s) must be specified. 

Abstract 

The abstract is the foundation of the research paper. It should be clear and concise and must contain the objective of the 
paper and inferences drawn. It is advised to not include big mathematical equations or complicated jargon. 

Many researchers searching for information online will use search engines such as Google, Yahoo or others. By optimizing 
your paper for search engines, you will amplify the chance of someone finding it. In turn, this will make it more likely to be 
viewed and cited in further works. Global Journals has compiled these guidelines to facilitate you to maximize the web-
friendliness of the most public part of your paper. 

Keywords 

A major lynchpin of research work for the writing of research papers is the keyword search, which one will employ to find 
both library and internet resources. Up to eleven keywords or very brief phrases have to be given to help data retrieval, 
mining, and indexing. 

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

Choice of the main keywords is the first tool of writing a research paper. Research paper writing is an art. Keyword search 
should be as strategic as possible. 

One should start brainstorming lists of potential keywords before even beginning searching. Think about the most 
important concepts related to research work. Ask, “What words would a source have to include to be truly valuable in a 
research paper?” Then consider synonyms for the important words. 

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

Numerical Methods 

Numerical methods used should be transparent and, where appropriate, supported by references. 

Abbreviations 

Authors must list all the abbreviations used in the paper at the end of the paper or in a separate table before using them. 

Formulas and equations 

Authors are advised to submit any mathematical equation using either MathJax, KaTeX, or LaTeX, or in a very high-quality 
image. 
 
Tables, Figures, and Figure Legends 

Tables: Tables should be cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g., Table 4, a self-explanatory caption, and be on a separate sheet. Authors must submit tables in an editable 
format and not as images. References to these tables (if any) must be mentioned accurately. 
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Figures 

Figures are supposed to be submitted as separate files. Always include a citation in the text for each figure using Arabic 
numbers, e.g., Fig. 4. Artwork must be submitted online in vector electronic form or by emailing it. 

Preparation of Eletronic Figures for Publication 

Although low-quality images are sufficient for review purposes, print publication requires high-quality images to prevent 
the final product being blurred or fuzzy. Submit (possibly by e-mail) EPS (line art) or TIFF (halftone/ photographs) files only. 
MS PowerPoint and Word Graphics are unsuitable for printed pictures. Avoid using pixel-oriented software. Scans (TIFF 
only) should have a resolution of at least 350 dpi (halftone) or 700 to 1100 dpi              (line drawings). Please give the data 
for figures in black and white or submit a Color Work Agreement form. EPS files must be saved with fonts embedded (and 
with a TIFF preview, if possible). 

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

Color charges: Authors are advised to pay the full cost for the reproduction of their color artwork. Hence, please note that 
if there is color artwork in your manuscript when it is accepted for publication, we would require you to complete and 
return a Color Work Agreement form before your paper can be published. Also, you can email your editor to remove the 
color fee after acceptance of the paper. 

Tips for Writing a Good Quality Science Frontier Research Paper 

1. Choosing the topic: 

 

In most cases, the topic is selected by the interests of the author, but it can also be suggested by the 
guides. You can have several topics, and then judge which you are most comfortable with. This may be done by asking 
several questions of yourself, like "Will I be able to carry out a search in this area? Will I find all necessary resources to 
accomplish the search? Will I be able to find all information in this field area?" If the answer to this type of question is 
"yes," then you ought to choose that topic. In most cases, you may have to conduct surveys and visit several places. Also, 
you might have to do a lot of work to find all the rises and falls of the various data on that subject. Sometimes, detailed 
information plays a vital role, instead of short information. Evaluators are human: The first thing to remember is that 
evaluators are also human beings. They are not only meant for rejecting a paper. They are here to evaluate your paper. So 
present your best aspect.

 

2.

 

Think like evaluators:

 

If you are in confusion or getting demotivated because your paper may not be accepted by the 
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your 
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or 
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your 
outline must be related to the topic you have chosen.

 

3.

 

Ask your

 

guides:

 

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

 

4.

 

Use of computer is recommended:

 

As you are doing research in the field of science frontier then this point is quite 
obvious.

 

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

 

5.

 

Use the internet for help:

 

An excellent start for your paper is using Google. It is a wondrous search engine, where you 
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research 
paper or find a model research paper. You can download books from the internet. If you have all the required books, place 
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big 
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should 
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit 
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will 
make your search easier. 

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

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a 
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your 
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any 
important thing like making a research paper, you should always have backup copies of it either on your computer or on 
paper. This protects you from losing any portion of your important data. 

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. 
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to 
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do 
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant 
to science, use of quotes is not preferable. 

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have 
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in 
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete. 

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying. 

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and 
unable to achieve your target. 

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of 
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment 
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice. 

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish 
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly) 
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward. 
Put together a neat summary. 

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

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will 
degrade your paper and spoil your work. 

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

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere, 
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you 
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and 
food. 

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

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This 
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you 
acquire colleagues, they can give you ideas which will be helpful to your research. 
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20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think 
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their 
descriptions, and page sequence is maintained. 

21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs." 
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never 
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove 
quotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never 
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies. 
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands, 
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or 
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review. 

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies 
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical 
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot 
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include 
examples. 

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

Informal Guidelines of Research Paper Writing 

Key points to remember: 

• Submit all work in its final form. 
• Write your paper in the form which is presented in the guidelines using the template. 
• Please note the criteria peer reviewers will use for grading the final paper. 

Final points: 

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the 
following sections, submitted in the order listed, with each section starting on a new page: 

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that 
directed you to make a study. As you carry out the process of study, the method and process section will be constructed 
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar 
intellectual paths throughout the data that you gathered to carry out your study. 

The discussion section: 

This will provide understanding of the data and projections as to the implications of the results. The use of good quality 
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings. 

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

General style: 

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

To make a paper clear: Adhere to recommended page limits. 
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Mistakes to avoid: 

• Insertion of a title at the foot of a page with subsequent text on the next page. 
• Separating a table, chart, or figure—confine each to a single page. 
• Submitting a manuscript with pages out of sequence. 
• In every section of your document, use standard writing style, including articles ("a" and "the"). 
• Keep paying attention to the topic of the paper. 
• Use paragraphs to split each significant point (excluding the abstract). 
• Align the primary line of each section. 
• Present your points in sound order. 
• Use present tense to report well-accepted matters. 
• Use past tense to describe specific results. 
• Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives. 
• Avoid use of extra pictures—include only those figures essential to presenting results. 

Title page: 

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

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported 
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in 
itself. Do not cite references at this point. 

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

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

Reason for writing the article—theory, overall issue, purpose. 

• Fundamental goal. 
• To-the-point depiction of the research. 
• Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of 

any numerical analysis should be reported. Significant conclusions or questions that emerge from the research. 

Approach: 

o Single section and succinct. 
o An outline of the job done is always written in past tense. 
o Concentrate on shortening results—limit background information to a verdict or two. 
o Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important 

statistics) are just as significant in an abstract as they are anywhere else. 

Introduction: 

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background 
information to be capable of comprehending and calculating the purpose of your study without having to refer to other 
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive 
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the 
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if 
needed, but do not present any particulars about the protocols here. 
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The following approach can create a valuable beginning: 

o Explain the value (significance) of the study. 
o Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon 

its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it. 
o Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose 

them. 
o Briefly explain the study's tentative purpose and how it meets the declared objectives. 

Approach: 

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job 
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you 
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The 
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad 
view. 

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases. 

Procedures (methods and materials): 

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a 
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of 
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped 
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit 
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of 
subheadings is suggested and ought to be synchronized with the results section. 

When a technique is used that has been well-described in another section, mention the specific item describing the way, 
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad 
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of 
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders. 

Materials: 

Materials may be reported in part of a section or else they may be recognized along with your measures. 

Methods: 

o Report the method and not the particulars of each process that engaged the same methodology. 
o Describe the method entirely. 
o To be succinct, present methods under headings dedicated to specific dealings or groups of measures. 
o Simplify—detail how procedures were completed, not how they were performed on a particular day. 
o If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all. 

Approach: 

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the 
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third 
person passive voice. 

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

What to keep away from: 

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

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

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to 
present consequences most efficiently. 

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data 
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if 
requested by the instructor. 

Content: 

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

appropriate. 
o Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or 

manuscript. 

What to stay away from: 

o Do not discuss or infer your outcome, report surrounding information, or try to explain anything. 
o Do not include raw data or intermediate calculations in a research manuscript. 
o Do not present similar data more than once. 
o A manuscript should complement any figures or tables, not duplicate information. 
o Never confuse figures with tables—there is a difference.  

Approach: 

As always, use past tense when you submit your results, and put the whole thing in a reasonable order. 

Put figures and tables, appropriately numbered, in order at the end of the report. 

If you desire, you may place your figures and tables properly within the text of your results section. 

Figures and tables: 

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached 
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and 
include a heading. All figures and tables must be divided from the text. 

Discussion: 

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded 
based on problems with the discussion. There is no rule for how long an argument should be. 

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the 
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results 
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The 
implication of results should be fully described. 

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain 
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have 
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the 
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded 
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain." 
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Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results 
that you have, and take care of the study as a finished work. 

o You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea. 
o Give details of all of your remarks as much as possible, focusing on mechanisms. 
o Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was 

correctly restricted. Try to present substitute explanations if they are sensible alternatives. 
o One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go 

next? The best studies unlock new avenues of study. What questions remain? 
o Recommendations for detailed papers will offer supplementary suggestions. 

Approach: 

When you refer to information, differentiate data generated by your own studies from other available information. Present 
work done by specific persons (including you) in past tense. 

Describe generally acknowledged facts and main beliefs in present tense. 

The Administration Rules 

Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc. 

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to 
avoid rejection. 

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your 
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to 
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and 
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript. 

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is 
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid 
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your 
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read 
your paper and file. 
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Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data,

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 
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