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Abstract:  
 

Today, there are many diseases caused by cell or inter molecular 

communication. For example, a communication disorder in the nerve nano-

network can cause very serious nervous system-related diseases such as Multiple 

Sclerosis (MS), Alzheimer's and Paralysis. Understanding these diseases caused 

by communication is very important in order to develop innovative treatment 

methods inspired by information technologies. In addition, many advanced 

environmental and industrial nano-sensor networks such as the development of 

biologically inspired Molecular Communication systems (MCs), cellular-

accurate health monitoring systems, many medical applications such as the 

development of communication-capable nano-implants for nervous system 

diseases. Nano networks focused on communication between nano-sized devices 

(Nano Machines) is a new communication concept which is known as MCs in 

literature. In this study, on the contrary to the literature, a new Long Short-Term 

Memory (LSTM) based MC model has been used to analyse the proposed 

system. After obtained the number of received molecules for different number of 

Amyloid Beta (Aβ) which causes Alzheimer’, a new method based on the LSTM 

model of deep learning is used for the classification of Aβ. Finally it is obtained 

that when the number of Aβ increases, the number of received molecules 

decrease. On a data set with five classes, experiments are conducted using 

LSTM. The proposed model's precision, accuracy and sensitivity values are 

determined as 97.05, 98.59 and 98.54 percent, respectively. The categorization 

procedure of the findings generated from the designed model appears to be 

performing well. 

  
 

1. Introduction 
 
In Molecular communication systems (MCs), 

chemical transceiver may be more favorable for 

implementation issues in transmitting information 

from transmitter to receiver or vice versa. In several 

fields, such as dentistry, bio-medical, 

environmental monitoring, industrial and defense 

purposes, these models can be used. Nearly all 

biological cells on their receiver surface use 

receptors to receive proteins, nutrients or other 

substances. A lot of studies have been carried out 

about the communication of nano-devices in recent 

years [1-6]. Generally, the transmitter (Tx) and 

receiver (Rx) parts are investigated to analyze 

transmitted and received molecules in a fluid media 

such as channel transfer function and the number of 

received molecules with a point transmitter and 

fully and half fully absorbing spherical receiver, 

pulse peak time and pulse amplitude concerning for 

the distance between transmitter and receiver, and 

attenuation, propagation delay, receptor models 

which are placed on the receiver randomly are 

considered as antenna using graphene and carbon 

nanotubes due to their prominent sensing 

capabilities for fixed Rx and Tx model of molecular 

communication via diffusion (MCvD) systems 

[7,8]. In [9], the proposed MCs model is analyzed 

for different distance values between Tx-Rx 

nanomachines and the diffusion constant of the 

environment. It is concluded from the study that, 

the number of received molecules increases with 

increasing diffusion constant and a decreasing 

distance between Tx and Rx. In [10], an adaptive 

http://dergipark.org.tr/en/pub/ijcesen
http://dergipark.ulakbim.gov.tr/ijcesen
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threshold mechanism, signal to interference, and bit 

alignment scheme are investigated for a simple and 

effective demodulation scheme for a mobile 

receiver with a speed of drift V = 7.9 × 10
−4

 m/s and 

diffusion coefficient of D = 2.42 × 10
−10

 m
2
/s. The 

parameters such as the ratio of flow and receiver 

velocity and symbol interval are analyzed in terms 

of bit error rate (BER) using a fixed transmitter and 

mobile receiver. BER with or without ISI 

mitigation for different transmitting intervals is 

calculated and analyzed in this study [10]. The 

communication distance, which is described in MC 

systems as the distance between nanomachines, is 

one of the critical parameters that have a major 

impact on the quality of communication efficiency. 

In fixed MC, for instance, the CIR is defined as the 

expected number of molecules received, depending 

on the distance between nanomachines. The 

receiver can predict CIR and set an effective 

detection threshold in advance with knowledge of 

distance. The distance calculation and developing a 

mechanism between nanomachines should 

therefore be a primary justification for the design of 

MC systems using a neural networks or deep neural 

networks [11-14]. The hitting probability of 

transmitted molecules is generally analyzed at the 

receiver part in literature. The probability of a 

molecule being transmitted in a 1-D system is as 

follows: 

               𝑓ℎ𝑖𝑡
1𝐷(𝑡) =

𝑑

√4𝜋𝐷𝑡3
𝑒−

𝑑2

4𝐷𝑡,                               (1) 

          𝑓ℎ𝑖𝑡
3𝐷(𝑡) =

𝑟𝑟

𝑑+𝑟𝑟

𝑑

√4𝜋𝐷𝑡3
𝑒−

𝑑2

4𝐷𝑡  ,                         (2) 

where 𝑟𝑟 and d show the radius of the receiver, and 

distance from the transmitter to the surface of 

receiver, respectively. 

In this study, firstly, the proposed MCs model is 

analyzed on the molecule reception rate of the 

model for different number of Aβ values separately. 

Secondly, after the number of received molecules is 

obtained for different number of Aβ, a new method 

based on the Long Short-Term Memory (LSTM) 

model of deep learning is used for the classification 

of number of Aβ. 

2. Materials and Methods 
 

Amyloid peptide is a protein produced by the cell 

itself in order to maintain its vital activities. 

However, with the breakdown of this protein by 

various enzymes, deterioration of the cell structure 

or overproduction, diseases for which no cure has 

yet been found arise. The most well-known of these 

is Alzheimer's disease, which causes forgetfulness 

in humans [14,15]. It is estimated that Alzheimer's 

disease is a disease caused by miscommunication or 

inability of cells to communicate. Amyloid beta 

(Aβ) peptides are formed by the degradation of 

amyloid precursor proteins (app), known as type 1 

membrane protein, by β-secretase and γ-secretase 

enzymes [15], It is known that App is produced by 

many cells of living things, but precursor proteins 

produced by nerve cells in the brain cause 

Alzheimer's disease [14,15]. Molecular 

communication is being studied by many 

researchers within the scope of nano-bio systems in 

order to shed light on the treatment of diseases 

caused by the disruption of communication systems 

of these and similar cells [16]. Although it is not 

known exactly how the communication between 

cells is disrupted in the literature, as a result of 

some experimental studies on mice, it has been 

concluded that the Aβ 40-42 peptide accumulates 

between neurons more than normal and prevents 

the transfer of information from the donor to the 

receiver [17]. 

In this study, pure diffusive channel method is used 

for moving of NMs in the fluid media. [18-20]. A 

point transmitter, sphere receiver, transporting 

molecules, and receptors on the receiver make up 

the suggested MCs model. Between the transmitter 

and the receiver, MMs are used as information 

carriers as shown in Fig. 1. In a 3-D environment, 

the receiver is set at the origin (0, 0, 0) and the 

transmitter is randomly placed at a distance d from 

the receiver. Every time step, the position of the 

receiver is changed at random, while the position of 

the transmitter is changed after each bit duration. A 

fluid propagation medium surrounds both the 

transmitter and the receiver. The medium is thought 

to be unconstrained, allowing it to spread in all 

directions to infinity. After being discharged into 

the medium, where they propagate according to 

Brownian motion, the molecules may arrive at the 

receiver. The information molecules are absorbed 

by the spherical receiver's receptors with a radius of 

r s. The receiver absorbs a molecule that collides 

with one of the receptors on its surface. It bounces 

back if it collides with the receiver's surface 

without striking a receptor [21,22]. For the sake of 

simplicity, the suggested model ignores messenger 

molecule collisions, as stated in the literature. The 

cumulative number of received molecules for a 

spherical completely absorbing receiver is 

calculated analytically in Eq. 3. The absorption 

probability of a chemical in transition is presented 

in 3-D environment without taking into account the 

influence of receptors by the completely absorbing 

receiver until time t. 
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             𝐹ℎ𝑖𝑡(𝑡) =
𝑟𝑟

𝑟0
𝑒𝑟𝑓𝑐(

𝑑

√4𝐷𝑡
) ,                                (3) 

where 𝑟0 denotes the distance between the point 

transmitter and the receiver's center, t is the time 

after the molecule was released, and erfc() denotes 

the complementary error function [21].  

Table 1. System parameters. 

Radius of receiver, rr 3.101 μm 

Number of Aβ 5, 10, 15, 20 μm 

Radius of receptor, rs 0.01 μm 

Number of receptor  

Number of transmitted 

molecules 

7200 

20000 

Number of simulation 100 

Diffusion constant of 

environment, D 

79.4  μm
2
/s 

 

2.1 Long Short-Term Memory (LSTM) 

 

Long Short-Term Memory (LSTM) networks are a 

form of Recurrent Neural Networks (RNN) [23]. 

The hidden layer of an LSTM neural network, also 

known as the LSTM cell, has a complex structure. 

As illustrated in Fig. 1, the LSTM cell is made up 

of three gates: the input gate, the forget gate, and 

the output gate [23,25], which control the flow of 

information through the cell and neural network. 

The LSTM model shown in figure 1, is a chain-like 

structure built of progressively constructed data 

[26,27]. 

Receiver
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Figure 1. The proposed MC model with LSTM. 

As shown in Eq. 4, the first step in processing an 

LSTM network is to determine the information to 

be taken from the cell (table 1). The sigmoid 

function awarded the data definition and exclusion 

process. The sigmoid function also determined 

which portion of the mine's output should be 

extracted. The forget gate layer, also known as ft, is 

a sigmoid layer that makes this decision: where h(t-

1) is a vector that goes from 0 to 1 for each integer 

in the cell state C(t-1). 

𝑓𝑡= σ(𝑊𝐹[ℎ𝑡−1, 𝑋𝑡] + 𝑏𝑓)                        (4) 

where (𝑊𝐹) and (𝑏𝑓) are the weighting matrices of 

the forget gate and bias vector, respectively, and is 

the sigmoid function. The input gate of the LSTM 

is described in Eqs. 5-7. In Eq. 5, the new 

information (Xt) from the input gate layer is stored, 

and the cell state is also updated. There are two 

components to this. The "input gate layer," a 

sigmoid layer, chose which values would update or 

not (0 or 1), and the second layer is known as tanh. 

The tanh function in Eq. 6 produced a vector for the 

new candidate value (-1 to 1) and applied weight to 

the data provided (to push the values between 1 and 

1). To update the new cell state, two values are 

multiplied. The following stages are to update the 

old memory state, Ct-1, into the new memory state, 

Ct, as shown in Eq. 7. 

                     𝑖𝑡 = 𝜎(𝑊𝑖[ℎ𝑡−1, 𝑋𝑡 + 𝑏𝑖]),                           

(5) 
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     𝑁𝑡 = 𝑡𝑎𝑛ℎ(𝑊𝑛[ℎ𝑡−1, 𝑋𝑡] + 𝑏𝑛),                (6) 

                        𝐶𝑡 = 𝐶𝑡−1𝑓𝑡 + 𝑁𝑡𝑖𝑡 .                              (7) 

The cell states C(t-1) and Ct in the time interval 

between t-1 and t are C(t-1) and Ct, respectively. In 

Eq. 8, the sigmoid layer determined which parts of 

the current cell reach the output. The output of the 

sigmoid gate (Ot) is then multiplied by the new 

values (Ct) formed by the tanh layer, as shown in 

Eq. 9. 

 𝑂𝑡 = 𝜎(𝑊0[ℎ𝑡−1, 𝑋𝑡] + 𝑏0)       (8) 

 ℎ𝑡 = 𝑂𝑡𝑡𝑎𝑛ℎ (𝐶𝑡)                    (9) 

 

W0 and b0 which are the weight matrix and bias 

vector of the output gate respectively. 

The accuracy, precision, and sensitivity of the 

results obtained from the suggested method were 

assessed using assessment criteria. Eqs. 10-12 give 

the mathematical formulae for each of these 

evaluation criteria. 

         𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
|𝑇𝑃|+|𝑇𝑁|

|𝑇𝑃|+|𝐹𝑃|+|𝐹𝑁|+|𝑇𝑁|
                  (10) 

             𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
|𝑇𝑃|

|𝑇𝑃|+|𝐹𝑃|
                       (11) 

             𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 =
|𝑇𝑃|

|𝑇𝑃|+|𝐹𝑁|
                         (12) 

 

In this study, the proposed methodology and main 

components for the classification of number of Aβ 

are analysed in detail. The number of Aβ, time and 

number of received molecule features are given as 

input to the LSTM model and then the 

specifications obtained from LSTM were classified 

by using Softmax. 

3. Results 
 
The recommended model is examined using 

MATLAB 2021. A PC with an Intel I95.1GHz 

processor, 64GB of memory, and an NVIDIA 

Quadro RTX 3000 GPU was also used to train and 

test the recommended model. The time, number of 

Aβ, and number of received molecules are given as 

inputs to the created two-layer LSTM model with 

32 and 64 outputs. Figure 2 shows the fluctuation 

of LSTM features in two-dimensional coordinates 

(x and y), which represent two of the LSTM 

characteristics. 

 

Aβ=0 

Aβ=0.005 

Aβ=0.015 

Aβ=0.025 
Aβ=0.05 

 
Figure 2. 2D Representation of LSTM Features. 

 

Half of the data is utilized for training and half is 

used for testing in the first trial. In the second trial, 

the data is separated for testing and training using 

the 10-fold cross validation process. Many 

parameters are used during the training phase to 

guarantee that the model is adequate and optimal. 

The measurements are carried out with varied batch 

sizes and learning rates for the optimum results. 32, 

64, and 128 batch sizes have been chosen. The 

learning rates are also chosen as 0.1, 0.01, and 

0.001 respectively. The epoch has been changed 

from 50 to 50. The accuracy and loss during 

training and testing are depicted in Figure 3. 

 

 
Figure 3. Plots of accuracy and loss on training and 

validation sets. 

 

Table 2 shows the categorization results obtained 

by employing 50 percent for training and 50 

percent for testing. The greatest accuracy of 97.05 

percent is attained when the batch sizes are set to 

128 and the learning rate is set to 0.001. The batch 

sizes were set to 64 and the learning rate was 0.1, 

yielding the maximum accuracy of 96.12 percent, 

and the batch sizes were set to 32 and the learning 

rate was 0.001, yielding the best accuracy of 96.14 

percent. 
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Table 2. Classification results obtained by splitting the 

data into 50% training and 50% test. 

 Batch

-Size 

Learn

ing 

rate 

Accuracy 

% 

Precision 

% 

Sensitivity 

% 

L

S

T

M 

 0.1 95.79 96.02 96.54 

32 0.01 95.59 96.02 95.82 

 0.001 96.14 96.42 94.23 

 0.1 96.12 96.68 96.52 

64 0.01 95.59 95.54 98.54 

 0.001 95.41 96.92 97.50 

 0.1 96.85 97.50 97.97 

128 0.01 95.92 97.90 96.98 

 0.001 97.05 98.59 97.01 

 

Table 3 displays the classification results obtained 

by utilizing the 10-k fold cross validation procedure 

to divide the data. When the batch sizes are set to 

64 and the learning rate is set to 0.001, the 

maximum accuracy is achieved. The batch sizes 

were 32 and the learning rate was 0.001, resulting 

in a maximum accuracy of 97.99 percent, while the 

batch sizes were 128 and the learning rate was 0.01, 

resulting in the greatest accuracy of 97.75 percent. 

The confusion matrix and Receiver Operating 

Characteristic (ROC) curve for the best 

classification result are shown in Figures 4 and 5. 

Table 3. Classification results obtained by dividing the 

data with the 10-fold cross validation technique. 

 Batch-

Size 

Lear

ning 

rate 

Accuracy 

% 

Precision 

% 

Sensitivity 

% 

L

S

T

M 

 0.1 96.92 96.92 96.42 

32 0.01 96.88 97.79 95.29 

 0.001 97.99 96.34 94.99 

 0.1 96.66 97.39 99.09 

64 0.01 96.81 97.81 95.07 

 0.001 98.57 96.54 96.90 

 0.1 97.45 97.36 97.03 

128 0.01 97.75 97.53 96.14 

 0.001 96.06 96.86 95.01 
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Figure 4. Confusion Matrix. 

4. Conclusion and Future work  
 

A new LSTM-based MC model is suggested in this 

paper to improve the hitting probability of MMs. 

For the lowest number of Aβ values, the number of 

received molecules is obtained higher. Although the 

proposed model has the lowest number of Aβ 

values, the number of received molecules is higher 

because certain molecules are absorbed by the 

number of Aβ 
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False positive rate

0

0.2

0.4

0.6

0.8

1

Tr
u
e

 p
o
s
it
iv
e

 ra
te

Model 8 (Medium Tree)

AUC = 0.93

   (0.12,0.95)

ROC curve
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Figure 5. ROC Curve. 

placed in the diffusion environment, which impacts 

communication quality. After obtaining the number 

of molecules received, the LSTM deep learning 

model was used to classify the number of Aβ 

values. More dynamic and biological systems can 

be constructed in the future by constructing a 



Ibrahim ISIK/ IJCESEN 8-2(2022)25-31 

 

30 

 

proposed mobile MC model that takes into account 

more practical parameters such as precise drift 

velocity, vascular branching, and the influence of 

blood molecules. Also, using a deep neural 

network, estimate and optimization of the number 

of Aβ values in the environment can be considered 

to construct a more dynamic model with a lower 

signal to interference rate and a high receiver 

reception probability [28-30]. 
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Abstract:  
 

The theoretical breaking boundary of the composite elastic composite material 

consisting of two is otropichomogeneous layers was investigated. Three-dimensional 

theory of elasticity and a fragment edhomogeneous body model were used to find the 

theoretical breaking limit. The defects of this material, which has local defects, are of 

the same length hand is changing with the angle β. The purpose of the articles was to 

examine the effect of theoretical refraction criterion limit values on the change of the 

angle β. It has been observed that the theoretical refraction limit values obtained for 

four different composite materials increase as the angle art increases. In this study, the 

change values with the β angle of the theoretical refraction limit obtained in other our 

article were recovered from the artificial intelligence of the MATLAB platform by 

ANFIS (Sugeno) method. It was seen that the values obtained with the Anfis method 

are the same with the theoretical results. 

 

1. Introduction 
 

Determination of the theoretical fracture limit as a 

result of compressing composite materials under 

pressure is of great importance in theoretical and 

practical terms [1-3]. In this study, researchers were 

conducted for the layered composite consisting of 

two materials with local folds in its structure [4,5]. 

The limit of the theoretical fracture limit is standard 

within the scope of various material properties of 

elastic layer composites in one-way compression 

[6,7]. It should be noted that one of the main 

reasons for the breakage of one-way composites 

under single-axis compression along the matrix 

elements of the composite material is the 

stabilization loss in the material structure [6-9]. It is 

assumed that the local imperfection region of each 

reinforcing layer of this material is sin-phase and 

covers the same range along the layers. However, it 

shows that the initial defect regions in its structure 

have a certain movement of all layers of the 

material according to each other. Therefore, in the 

article [10,11], research was developed for cases 

where the elastic layers that are supplements act 

according to each other in local initial defect 

regions. As a result of these procedures, the 

changes in the angle of the fracture criteria of 

different elastic materials obtained were created by 

artificial intelligence ANFIS method. As a result of 

this method, the accuracy and learning of the 

system has been tested.  

 

2. Theoretical Method of The Problem 
 

The structural form of the material, which has local 

curvature in its structure and is in the form of a sin-

phase of the curved cellules between the layers, is 

given in Fig.1. It is seen in Fig.1 that composite 

material consisting of alternate layers of two 

materials is under pressure along equally dispersed 

infinity reinforcement layers [10]. It will be 

assumed that the reinforcing (matrix) layers are 

placed on the planes parallel to the Ox1x3 plane and 

the thickness of each filling layer is constant. 

Moreover, it is assumed that the local imperfection 

regions of the 

http://dergipark.org.tr/en/pub/ijcesen
http://dergipark.ulakbim.gov.tr/ijcesen
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Figure.1 A structure of the considered composite 

material with inclined local insignificant imperfection 
 

reinforcing layers move according to each other in 

the direction of the 𝑂𝑥1 axis. 

The moving length is  

    
                𝑙0 = 2𝐻(1) + 𝐻(2)𝑡𝑔𝛽         (1)      

 

selected as.  Where 2H
(1)

, H
(2)

 is the thickness of the 

reinforcing (matrix) layer and the angle β is shown 

in Fig.1. β=0 is considered as in the articles [10,11]. 

The values related to the matrix layer are shown 

with the upper indices (1) and those related to the 

filler are shown with the upper indices (2). It is 

assumed that the material of the layers of filler 

layers is only elastic composites (1). 

In the Solution Method and the finding of the 

Theoretical Fracture Criteria, nonlinear exact 

balance equations of elasticities theory were used, 

and a fragmented homogeneous body model was 

applied. 

Thus, for each selected layer, we write the 

equilibrium equations, mechanical and geometrical 

relations as follows [7-9]. 

 

𝜕

𝜕𝑥𝑗𝑚
(𝑘) [𝜎𝑗𝑛

𝑚(𝑘)
(𝛿𝑖

𝑛 +
𝜕𝑢𝑖𝑚

(𝑘)

𝜕𝑥𝑛𝑚
(𝑘) )] = 0   ; i, j, n =1,2; k=1,2     (2) 

 

  𝜎𝑖𝑗
𝑚(𝑘)

=⋋(𝑘) 𝜃𝑚(𝑘)𝛿𝑖
𝑗

+ 2𝜇(𝑘)휀𝑖𝑗
𝑚(𝑘)

 , 𝜃𝑚(𝑘) =  휀11
𝑚(𝑘)

+ 휀22
𝑚(𝑘)

 

                  (2.a) 

2휀𝑖𝑗
𝑚(𝑘)

=
𝜕𝑢𝑗

𝑚(𝑘)

𝜕𝑥𝑗𝑚
+

𝜕𝑢𝑗
𝑚(𝑘)

𝜕𝑥𝑖𝑚
+

𝜕𝑢𝑛
𝑚(𝑘)

𝜕𝑥
𝑖𝑚
(𝑘)

𝜕𝑢𝑛
𝑚(𝑘)

𝜕𝑥
𝑗𝑚
(𝑘)              (2.b) 

 

Between each layer of the fill and matrix layers, the 

values for the zero and first approaches obtained 

before by using these equations and determining the 

contact conditions [6,7] are written [6,7] the values 

for the zero-approach given in [6.7] are shown to be 

determined from the non-linear equation. The linear 

equations obtained from the equation (2, 2a, 2b) are 

by determining the approach from the first order. 

Determining the values from the first 

approximation is reduced to solving the problem. 

For solution of this problem, we use the exponential 

Fourier transform, 

 

  𝑓𝐹  (𝑠, 𝑥2) = ∫ 𝑓(𝑥1, 𝑥2)𝑒−𝑖𝑠𝑥1𝑑𝑥1
+∞

−∞
 (3) 

 

After the expression of the Fourier transformation 

of the sought-after values is determined, the 

relationship between the problem parameters is 

given as follows. 

 
    𝑑𝑒𝑡‖𝛼𝑛𝑚‖ = 0  (4) 

 

It is explained by determining the inverse Fourier 

transform. 

 

        𝑓(𝑥1  , 𝑥2) =
1

2𝜋
 ∫ 𝑓𝐹 (𝑠 , 𝑥2) 𝑒𝑖𝑠𝑥1  𝑑𝑠

+∞

−∞
   (5) 

 

The roots of the equation coincide with the 

individual points of the appropriate function (3). As 

a result, the equation (4) is considered the order of 

the singuness of the function in (5). The integral 

defined here by (5) can be calculated using a well-

known algorithm. Because the calculation of 

integral is done within the scope of Cauchy basic 

theory. In this case, (5) integral has no meaning and 

the corresponding force. 

 

                               
𝑑𝑝

𝑑(𝑠𝐻2)
= 0                  (6)                         

The definition that is also satisfactory for the corral 

determined from the equation can be called "critical 

force” (4). According to equation (6), the critical 

force equation corresponds to the local minimum 

(or maximum) value of the function that provides it. 

The resulting critical force values are taken as 

"Theoretical Fracture Criteria” since these values 

are not linked to the initial local defect mode and 

wave generation shape parameter. Numerical 

results showing the fracture criteria using the 

equation (6) and the effect on the values of the 

angle and fracture criterion for various parameters 

of the problem were solved numerically using PC 

and by bisection method [11]. These results are 

given in Table-1. Table-1 shows the fracture 

criteria obtained according to the changing angle 

values when using different elastic layer materials. 

As a result, the aim of the study was to examine the 

effect of angle and varying length on the values of 

the theoretical fracture limit. According to these 

results, theoretical fracture limit values were found 

to increase with the length of movement. This 

length is expressed by the angle shown in Fig.1. 
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Table.1 Fracture limit values according to β angle change of different materials 

β β(rad) η
 (2)

 =0.5 η
 (2)

 =0.3 η
 (2)

 =0.2 η
 (2)

 =0.05 

0 0 0,3302 0,2368 0,2079 0,1458 

5 0,0872 0,3451 0,248 0,2172 0,1462 

10 0,1744 0,3909 0,2802 0,2457 0,147 

15 0,2616 0,4705 0,3371 0,2954 0,148 

20 0,3488 0,5898 0,4224 0,3699 0,149 

25 0,4361 0,7577 0,5427 0,4707 0,149 

30 0,5233 0,9885 0,7082 0,5774 0,149 

35 0,6105 1,304 0,9354 0,681 0,148 

40 0,6977 1,7415 1,2025 0,771 0,146 

45 0,785 2,3591 1,4424 0,8329 0,146 

 

3. Method 
 

3.1 Fuzzy Logic  

 

Fuzzy logic is to process the values obtained by 

using the data with certain algorithms and to 

remove the result values by using certain 

mathematical functions depending on each rule it 

will create as a result. It was developed because of 

very valuable logic studies against Aristotle's two 

valuable logic proposals. Fuzzy logic derives 

results by considering the values between these two 

valuable logics and expresses the sizes with 

variables that are less, very, slightly, medium, long, 

normal, as appropriate for the verbal language. 

Allows trading with intermediate values (such as 

0.3, 0.92) instead of 0-1 values [12]. 

 

A blurry process (fuzzy process) consists of three 

separate units. 

 

1. Fuzzification unit 

2. Rule processing unit  

3. Clarification unit 

 

In the flowchart shown in Fig. 2, the data from the 

stream is changed by taking it into a scale here, and 

this scaling event can also be called blur. This 

process can also be explained as follows, each of 

the incoming information is assigned a membership 

value and converted into a linguistic structure and 

bound by the rules [13]. Thus, numerical values are 

obtained according to the structure of incoming 

data 

 

Figure.2 General Representation of fuzzy system 

structure 

 
logical propositions and the results are sent to the 

rinser unit. In the rinser process, another scale 

change is performed in the fuzzy set, and the blurry 

information becomes real numbers [14,15]. 

 

3.2 Artificial Neural Network 
 

Artificial neural networks are tools used in machine 

learning and are systems inspired by the learning of 

the human brain. It can obtain new data using the 

characteristics of the brain such as learning, 

remembering. The simulation between the 

biological nerve cell and the artificial neural 

network is given in Fig.3. According to this 

analogy, artificial neural networks can also be 

expressed as simulations of the biological nervous 

system. In the artificial neural networks cell seen in 

Fig.4, the input data and weights are multiplied in 

the artificial neural networks network, which has n 

inputs, creating bias 
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Figure.3 Biological nerve cell and artificial neural 

network 

 

 

 
 

Figure.4 Artificial neural network cell 

 
in its total function. The resulting net data is 

processed in the activation function. As a result of 

corrections in the Resulting Threshold value, 

activation is obtained. 

 

3.3 Adaptive Neuro-Fuzzy Inference System –

Anfis 

 

Adaptive fuzzy neural networks system - Anfis 

(Adaptive Network Based Fuzzy Inference System) 

structure is a structure based on nerve layers 

formed because of its adaptation from the human 

brain, and they perform their duties with a certain 

function in the network on the given neurons. The 

structure of the ANFIS is fuzzy logic and artificial 

neural networks work as a hybrid [16]. Intuitive 

inferences of fuzzy logic and learning models of 

artificial neural networks work as a whole [17]. An 

ANFIS structure with two inputs in the first degree 

is shown in Fig.5. ANFIS has a five-layer structure, 

and these layers and their functions are as follows 

[18]. 

Layer 1: Node numbers are synchronized 

depending on the number of entries. In these nodes, 

the inputs are expressed as precursor parameters 

with a membership function. 

Layer 2: The number of rules is created as much as 

the number of nodes in the structure. The rules of 

the outputs on the node show the degree of weight. 

The values entered the node express the values of 

the membership functions. 

Layer 3: In this layer, the data coming to the nodes 

shows the degrees of weight, while the outputs 

express normalized weight grades. The main 

purpose of this layer is to normalize the rule 

weights. 

Layer 4: All nodes are known to be adaptive, and 

the function of these nodes is a function in the 

Sugeno System. The functions functioning in this 

layer are of the first degree and perform the rinsing 

of the data. 

Layer 5: In this layer, which is the last layer in our 

system, the values of non-blurred outputs are 

expressed. 

 

Input and output parameters are the basic 

parameters of this five-tier system. First, the 

designated training data set is introduced to the 

designed artificial neural network. The system 

establishes a functional relationship between inputs 

and outputs with the best-tested training algorithm 

used and learning takes place. This process is done, 

optimization process. The sum of error squares is 

obtained by looking at the difference between the 

output of the system model and the output of the 

training data set. It is aimed to determine the 

optimum values of the parameters used by finding 

the cases where this total value, which is accepted 

as the error function, is minimum [16,19]. 

 

 
 
Figure.5 An Anfis structure with two first-degree inputs 

and two rules 

 

3.4 Sugeno 
 

Takagi – Sugeno fuzzy logic or Sugeno fuzzy logic 

was first used in 1985. The blurring of input 

variables and fuzzy logic operations are the same as 

Mamdani fuzzy modelling. The difference between 

the two methods is in the output membership 

functions. Output membership functions are linear 

or constant in Sugeno type fuzzy modelling as 

shown in Fig.6. When output membership functions 

are fixed, they are called zero degrees and when the 

first degree is in the form of the correct equation, 

they are called the first degree Sugeno fuzzy model. 
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Thus, the Sugeno-type fuzzy model is more 

complex and more impression-like than the 

Mamdani-type fuzzy model [20]. The advantages of 

the Sugeno-type blurred model are listed below; It 

is very suitable for calculation. Linear techniques 

can be used to control non-linear systems. It works 

well with optimization and adaptive techniques and 

improves results by optimizing output parameters. 

It has guaranteed continuity of the output surface. It 

is well suitable for mathematical analysis. 

Disadvantages of sugeno-type fuzzy model; When 

high sugeno fuzzy modelling is used, it has a very 

complex structure. Increasing the number of inputs 

and subsets make it difficult to train data, and the 

number of soncul parameters that must be 

determined to achieve the results increases. It's not 

very in accordance with human intuition [21]. 

 

 
 

Figure.6 Takagi-Sugeno Inference  

 

4. Results and Discussions 

 
4.1 Applied of Anfis 

A dataset based on input and output is generally 

needed to implement the ANFIS method. 

Depending on the number and type of membership 

function selected, the established model is created 

using a learning algorithm. The number of 

iterations during ANFIS applications is an 

important parameter. A value is determined that 

allows adequate and necessary improvements to be 

made. The error graph that occurs because of 

training the system with ANFIS is given in Fig.7. It 

is seen that the error value of the system during the 

training phase is 4.0119e-05. The resulting values 

resulting from the testing of the data with the 

control set were obtained as shown in Fig.8. The 

average error value of RMSE obtained by testing 

the network was determined as 4.0119e-05. 

Through the Fuzzy Logic Designer application, we 

can see how many inputs, outputs, and variables the 

system has and their names. There are 5 inputs in 

our system in Fig.9. These are β, β(radian), η
 (2)

 

=0.5, η
 (2)

 =0.3, η
 (2)

 =0.2 

 
Figure.7 Error chart caused by the training a network 

 

 
Figure.8 Comparison of actual values and system-

estimated values 

 

 
Figure.9 Fuzzy Logic Designer 
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When we test our system by experimenting through 

the rule table, we can see that the results we obtain 

are the same as the theoretically calculated results. 

This proves the accuracy of the result we obtained 

in ANFIS. When 3. and 8. lines are tried from our 

input data, the results and accuracy obtained are 

observed in the following ways as shown 

respectively in Fig.10 and Fig.11. 

 
Table.2 Data in line 3 in our entries 

 β β(rad) η(2) =0.5 η (2) =0.3 η 
(2)

 =0.2 η (2) =0.05 

10 0,1744 0,3909 0,2802 0,2457 0,147 

 

 

 
 

Figure.10 Rule table that occurs when row 3 (table 2) is 

tried in the table where our input data is located 

 

 

 
 
Figure.11 Rule table that occurs when row 8 (table 3) is 

tried in the table where our input data is located 

 
Table.3 Data in line 8 in our entries 

β β(rad) η (2) =0.5 η (2) =0.3 η (2) =0.2 η (2) =0.05 

35 0,6105 1,304 0,9354 0,681 0,148 

 

The ANFIS model structure formed as a result of 

the training is seen in Fig.12. According to this 

shape, a clear result is obtained by training 5 data 

inputs according to the rules. 

 

 
 

Figure.12 Anfis Model Structure formed as a result of 

training 

 

 
 

Figure.13 Surface formed as a result of training 

 

5. Conclusions 
 

The results of the simulation obtained were 

observed to be in harmony with the results obtained 

as a result of theoretical calculations. Thus, results 

were obtained by ANFIS method, which has a 

hybrid algorithm from artificial intelligence 

methods to predict the Theoretical Fracture Criteria 



Arzu ÇİLLİ, Murat BEKEN, Nursaç KURT/  IJCESEN 8-2(2022)32-39 

 

38 

 

of Layered Elastic Composite Material. At the same 

time, predictions were obtained for different 

situations. Accordingly, we can explain the results 

as follows. The data obtained as a result of training 

with ANFIS were found to be exactly the same as 

the theoretical results in Fig.13. As a result of 

training with ANFIS, the error value in the training 

phase of the system is 4.0119e-05. The RMSE error 

value obtained by testing the network is 4.0119e-

05. Artificial intelligence algorithms to be selected 

in these and similar studies should be tested first 

with theoretical and experimental studies and their 

compliance should be shown and the prediction 

phase should be proceeded. Thus, the results will be 

obtained from more than one point of view and 

trust will be provided.  

Our studies on obtaining the values that give the 

properties of the theoretically obtained composite 

materials by machine learning methods in artificial 

intelligence continue today. We think that the 

comparative results obtained in this study will be 

important in the future literature. 
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Abstract:  
 

The elastic scattering of kaons from different targets 6Li, 12C, and 40Ca at 

energies 635, 715, and 800 MeV have been studied. The equivalent local 

potential form of Kisslinger optical potential with the eikonal approximation 

using Wallace expansion up to the 2nd order have been used. The potential 

depends on the density of the target nuclei, and the scattering amplitude 

parameters. Satisfactory fits to the elastic scattering experimental data are 

obtained. 

 
 

 

1. Introduction 
 
It is known that the K+ meson scattering can be 

used as a weak hadronic interacting probe for 

investigating the neutron density distributions in 

nuclei which is providing insights into the nature of 

the scattering. Therefore the experimental data on 

elastic differential cross sections at intermediate 

energies [1,2] are under the permanent attention of 

theoreticians for years. Many optical model 

analyses of the elastic scattering of kaons from 

nuclei have been carried out using potentials of the 

Kisslinger form [3], its local equivalent form is 

introduced by Johnson [4], microscopic optical 

potential [5], and other forms for different nuclear 

density models.  

 

The first and second-order corrections to the zero 

order eikonal phase shifts for heavy-ion elastic 

scattering based on the Coulomb trajectories of 

colliding nuclei have been applied satisfactory and 

improve the agreement with the exprimental data 

[6]. Also this work extended to cover the charged 

pions scattering on nuclei by using the Coulomb 

modified eikonal phase shift and its first order 

correction [7]. It has been applied satisfactory to 

800 MeV/c pions scattering from 12C and 40Ca 

nuclei. The overall results are in excellent 

agreement at momentum 800 MeV/c and the 

agreement extended to the angle 36o. The local 

form of the Kisslinger optical potential succeeded 

before with the eikonal approximation model in 

analysis of pion scattering without recourse to the 

complexities of the nonlocal interactions [8,9]. 

 

Among all the hadronic probes, K+ meson holds 

special properties, below 1 GeV/c, the K+-N strong 

interaction has a slow energy and momentum 

dependence and it is the weakest of all strong-

interaction processes [10].  

 

Because of the quark content of the K+ which can’t 

annihilate with valence quark content of the 

nucleon, K+ has a long mean free path in the 

nuclear matter and capable of probing the interior 

of nuclei. A small cross section means a long mean 

free path (λ =
1

ρσ
> 5𝑓𝑚) for propagation of the 

K+ in the nuclear medium, in contrast to the 

strongly interacting particles which get absorbed at 

the surface [11], so it is an ideal probe to study 

nuclear structure, and for a light nucleus, such as 
12C, the uncertainties which appear in working with 

the strong interaction are much smaller [12].   

http://dergipark.ulakbim.gov.tr/ijcesen
mailto:haytham_gamal8@hotmail.com
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Recently, Ebrahim [10] proposed that the 

equivalent local optical potential with the zero-

range distorted-wave Born approximation can be 

used to analyze the K+-nucleus elastic scattering but 

needs an enhancement in the dominated S11 K+-N 

phase shift by 10 % for 6Li and around 12 % for 
12C, and 40Ca nuclei. The DWUCK4 code is used to 

calculate the angular distributions with distorted-

wave Born approximation.  The charge distribution 

is used for 6Li, the harmonic oscillator form for 2H 

and 12C, and the three parameter Fermi 3PF shape 

distribution of nucleons is used for 40Ca. 

 

The Ericson-Ericson Lorentz-Lorentz (EELL) 

parameter ζ slightly affects the elastic scattering. 

The disagreement between the calculated results 

and data at K+-12C is about 15% at 800 MeV/c but 

appears to decrease with decreasing momenta [10]. 

A good agreement by using the 3PF distribution 

density for the 40Ca at 800 MeV/c and the 

polarization 휁 = 1.0 is obtained by increasing the 

S11 phase shift by 12%.  If the K+-N phase shifts 

increase the nucleon size will increase; a 

‘‘swelling’’ of the nucleon in the nuclear medium. 

This means that the K+-N interaction inside a 

nucleus will differ from the free space. The local 

optical potential can serve as a reliable model for 

kaon-nucleus scattering. 

 

Lukyanov [5] used the derived microscopic optical 

potential in calculation of the differential elastic-

scattering cross sections for the interaction of K+ 

mesons with 12C and 40Ca nuclei at energies 635, 

715, and 800 MeV.  It is determined by the 

amplitude for kaon–nucleon scattering and the 

density distribution of point like nucleons of the 

target nucleus. The results obtained by calculating 

optical potentials depend on the density 

distributions of point like neutrons and protons in 

the ground state of the nucleus. It turns out that, in 

this model, there is no need for including nonlocal 

terms in the potential, in contrast to what is done in 

the Kisslinger model, or for employing 

phenomenological optical-model potentials 

involving a large number of free parameters.  

 

Originally, the eikonal approximation has taken a 

considerable attention after the work of Glauber 

[13] who obtained a Fourier-Bessel representation 

of the scattering amplitude which justified for all 

angles on general grounds of analyticity in the 

momentum transfer. Glauber extended it by using a 

frozen target approximation to convert the many 

body scattering problem into a potential scattering 

problem in which the potential depends on the 

coordinates of the target.Wallace [14] proposed a 

sequence of four approximations to the exact 

impact parameter of the scatterin matrix. In eikonal 

propagation picture, the accelerated projectile 

propagates through a frozen target without 

changing its transverse position but picking up an 

eikonal phase [15].  

 

The present study of the K+ scattering is focused on 

eikonal approximation with its first and second 

corrections. This interest has been particularly 

motivated by a hope to explain well the K+-nucleus 

elastic scattering data. We give a simple physical 

description to the quantum mechanical formulation 

of the eikonal propagation which has been 

extensively used in hadronic interaction problems 

in dense (nuclear) environment at high energy. This 

is illustrated that by calculating the differential 

cross sections with the first and second order 

eikonal corrections [15]. For the first time the local 

potential of Johnson and Satchler [4], together with 

the eikonal approximation with 2nd order 

corrections were used to analyze the angular 

distributions of elastically scattered K+ from 6Li, 
12C, and 40Ca at kaon lab momenta ranging from 

635-800 MeV/c. Satisfactory agreement with the 

measured angular distributions and the local optical 

potential calculation is obtained at forward angles. 

MATLAB CODE is used for all calculations and 

formulas. The present work is precisely an attempt 

to understand the range of validity and limits of the 

applicability of the eikonal approximation by using 

local Kisslinger optical potential. In Sec.II the basic 

formulas of the potential equations and an explicit 

quantum mechanical description of the eikonal 

approximation are given. Sec. III is devoted to the 

results and discussions followed by conclusion in 

Sec. IV. 

 

2. Formalism 

 
Meson-nucleus elastic scattering data are analyzed 

using an optical potential of the Kisslinger form [3].  

By using the Krell-Ericson transformation [16] and 

solving of the Klein-Gordon equation. The basic 

equation of the phenomenological local optical 

potential will be 

𝑈(𝑟) =
(ℏ𝑐)2

2𝜔
(

𝑞(𝑟)

1−𝛼(𝑟)
−

𝑘2𝛼(𝑟)

1−𝛼(𝑟)
− (

1

2
∇2𝛼(𝑟)

1−𝛼(𝑟)
+

(
1

2
∇𝛼(𝑟)

1−𝛼(𝑟)
)

2

)) +
𝛼(𝑟)𝑉𝑐−(

𝑉𝑐
2

2𝜔
)

1−𝛼(𝑟)
              (1) 

which introduced as potential without sharp edge. 

The quantities 𝑞(𝑟) and 𝛼(𝑟) can be expressed in 

terms of meson-nucleon scattering amplitudes and 

the target nucleus density distributions with their 
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gradients. The quantities 𝑞(𝑟) and 𝛼(𝑟) are complex 

quantities depend on energy and target densities 

(proton and neutron densities). They defined as 

fellows  
  𝑞(𝑟) = 𝑞0(𝑟) + ∆𝑞(𝑟)       (2) 

𝛼(𝑟) =
𝛼1(𝑟)

1+
1

3 
𝜁𝛼1(𝑟)

+ 𝛼2(𝑟)                                  (3) 

where, 𝑞0(𝑟) = −4𝜋𝑝1(𝑏0𝜌(𝑟) − 𝑏1∆𝜌(𝑟))     (4)                                                                                                                                  

  ∆𝑞(𝑟) = −
1

2
휀∇2 (𝛼1(𝑟) +

1

2
𝛼2(𝑟))                 (5) 

𝛼1 = 4𝜋
(𝑐°𝜌(𝑟)−𝑐1∆𝜌(𝑟))

1+(𝜔 𝑀𝑐2⁄ )
                                       (6) 

𝛼2 = 4𝜋
(𝐶°𝜌𝑛𝑝(𝑟)−𝐶1𝜌(𝑟)∆𝜌(𝑟))

1+(𝜔 2 𝑀𝑐2⁄ )
                            (7)

 

and 

                𝜌(𝑟) = 𝜌𝑛(𝑟) + 𝜌𝑝(r)                              (8)                                    

                ∆𝜌(𝑟) = 𝜌𝑛(𝑟) − 𝜌𝑝(r)                            (9)                                          

                 𝜌𝑛𝑝(𝑟) = 4𝜌𝑛(𝑟)𝜌𝑝(𝑟)                          (10)                                          

 

where 𝜌𝑝(𝑟) and 𝜌𝑛(𝑟) are proton and neutron 

density distributions of target nucleus, respectively. 

We use p1 and p2 as kinematic constants which 

depend on meson energy. M is the mass of a 

nucleon and ω is the total energy of meson in the 

centre of mass [17]. ζ is the Ericson-Ericson 

Lorentz-Lorentz (EELL) parameter which 

parameterizes the polarization of the nuclear 

medium [18]. The ζ parameter isn’t exactly known 

because its determination requires taking into 

account all the effects together which make the 

calculation unreliable [19]. This parameter has a 

small effect above the Δ-resonance in the 

calculations compared to its effect in the resonance 

energy. The quantities bi and ci (𝑖 = 0,1) are 

referred to the first order amplitude parameters, 

while the complex amplitude second-order 

parameters Bi and Ci (𝑖 = 0,1) describe the pion 

absorption. Different formulas of the radial density 

distribution for the considered nuclei are used. The 

formulas are the charge distribution density (CH), 

the harmonic oscillator (HO) model, the two 

parameter Fermi (2PF) model, and the three 

parameter Fermi (3PF) model, all are used to clarify 

the general changes in the radial variations of the 

density from one nucleus to another. CH density 

model gives information about the charge density 

and hence primarily about the proton distribution 

and it takes the form [10] 
 

  𝜌𝑐ℎ(𝑟) =  
𝑍

8𝜋3 2⁄ [
1

𝑎3  𝑒𝑥𝑝 (
−𝑟2

4𝑎2) −
𝑐2(6𝑏2−𝑟2)

4𝑏7  𝑒𝑥𝑝 (
−𝑟2

4𝑏2)]   

                                                                                     (11)    

where 𝑎, 𝑎𝑛𝑑 𝑏 are adjustable parameters, Z is the 

atomic number and extended to be taken for 

neutron density form, its domain of use for light 

nuclei and it will be named CH model. The 

Harmonic Oscillator (HO) is defined as [4]: 

       𝜌(𝑟) = 𝜌𝑜 [1 + 𝛼 ( 
𝑟

𝑐
 )

2

] exp  [− ( 
𝑟

𝑐
 )

2

]               

(12)  

 

where c is a parameter related to root mean square 

radius, α is the oscillator constant and ρ0 is the 

density of nuclear matter at r = 0.  The two-

parameter Fermi (2PF) is defined as [4]: 

                    𝜌𝑖(𝑟) =
𝜌𝑜𝑖

1+exp  (
𝑟−𝑐𝑖

𝑎𝑖
)
                  (13) 

where 𝑖 = 𝑛 𝑜𝑟 𝑝 for proton or neutron, and c is the 

half density radius, 𝑎 is the diffuseness parameter 

(a measure of the thickness of the surface layer of 

nucleus) and ρ0 is the central density parameter.  

The three-parameter Fermi (3PF) is defined as [18]: 

                   𝜌𝑖(𝑟) =
𝜌𝑜𝑖 (1+

𝜔𝑖 𝑟2

𝑐𝑖
2 )

1+exp  (
𝑟−𝑐𝑖

𝑎𝑖
)
                   (14) 

where 𝑖 = 𝑛 𝑜𝑟 𝑝 for proton or neutron 

respectively, and ci is the half density radius, 𝑎𝑖 is 

the diffuseness, ρ0 is the central density parameter  

and 𝜔𝑖 is an adjustable parameter. All the density 

forms of neutrons and protons are subjected to the 

normalization condition: 
             ∫ 𝜌𝑖 (�̅�) 𝑑�̅� =  (𝐴 − 𝑍) 𝑜𝑟 𝑍           (15)     

where Z  is the atomic number of the nucleus and 

in particular it leads for 3PF and 2PF density 

models. The nuclear density is taken as                                                                                                    
                 𝜌(𝑟) =  𝜌𝑛(𝑟) + 𝜌𝑝(𝑟)              (16) 

All the parameters of these three types of densities 

are listed in Table 1 and 2. 

 
Table 1:  The ground-state density distributions 

parameters and the densities of nuclear matter for the 

charged density, the harmonic oscillator, 2PF, and 3PF 

models (𝑝 for protons). 

Nucleus Model 𝒄𝒑 𝒂𝒑 𝒘𝒑 
𝝆𝟎𝒑 Ref 

6Li 

3PF 1.55 0.07 0.015 0.08 * 

2PF 2.063 0.096 0 0.08 * 
12C 3PF 2.002 0.5 0.2595 0.08 [20] 

2PF 2.5 0.37 0 0.075 [21] 
40Ca 3PF 3.68 0.546 -0.1 0.0743 [22] 

2PF 3.42 0.55 0 0.0951 [22] 

Nucleus Model 𝒂 

b 

and 

𝜶 

C 𝝆𝟎𝒑 Ref 

6Li CH 0.928 1.26 0.48 0.51262 [10] 

HO 1.727 4.5  0.08994 * 
12C CH 0.928 1.26 0.48 0.1538 * 

HO 1.516 2.234  0.0711 [10] 
40Ca CH 0.928 1.26 0.48 0.51262 * 

HO 1.727 4.5  0.08994 * 
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* The values stated in all tables are satisfying the 

root mean square radius for each nucleus. 

Table 2:  The ground-state density distributions 

parameters and the densities of nuclear matter for the 

charged density, the harmonic oscillator, 2PF, and 3PF 

models ( 𝑛 for protons). 

Nucleus Model 𝒄𝒏 𝒂𝒏 𝒘𝒏 
𝝆𝟎𝒏 

Ref 

6Li 

3PF 1.55 0.07 0.015 0.08 * 

2PF 2.063 
0.09

6 
0 0.08 * 

12C 
3PF 2.002 0.5 0.2595 0.08 [20] 

2PF 2.5 0.37 0 0.075 [21] 
40Ca 3PF 3.97 0.42 -0.1 0.0743 [22] 

2PF 3.42 0.55 0 0.0951 [22] 

Nucleus Model    𝝆𝟎𝒏 Ref 
6Li CH    0.51262 [10] 

HO    0.08994 * 
12C CH    0.15380 * 

HO    0.0711 [10] 
40Ca CH    0.51262 * 

HO    0.08994 * 

* The values stated in all tables are satisfying the 

root mean square radius for each nucleus. 

According to Wallace, the expansion of the 

phase shift function 𝜒(𝑏), as a power series in the 

strength of the scattering potential and its 

derivatives [6] 

    𝜒𝑖(𝑏) =  ∑ 𝜒(𝑛)𝑗
𝑛=0 (𝑏)   (18)                                            

where      

𝜒(𝑛)(𝑏) = −
𝑘[𝜇 (ℏ𝑘)2⁄ ]

(𝑛+1)! 𝑏2𝑛  [𝑏2 (1 + 𝑏
𝑑

𝑑𝑏
)]

𝑛

∫ 𝑈𝑛+1∞

0
[(𝑏2 +

𝑧2)1 2⁄ ] 𝑑𝑧                                                                    (19)           

The zero order term in Eqn. (19) gives the eikonal 

phase shift        

𝜒(0)(𝑏) = −
𝜇

ℏ2𝑘
∫ 𝑈 ((𝑏2 + 𝑧2)

1

2) 𝑑𝑧
∞

0
                       

(20) 

For local potential the first and second order 

corrections are given, respectively, by                                  

𝜒(1)(𝑏) = −
𝜇2

2ℏ4𝑘3 (1 + 𝑏
𝑑

𝑑𝑏
) ∫ 𝑈2 ((𝑏2 + 𝑧2)

1

2) 𝑑𝑧
∞

0
                                                

                                                                                   (21) 

𝜒(2)(𝑏) = −
𝜇3

6ℏ6𝑘5 (3 + 5𝑏
𝑑

𝑑𝑏
+ 𝑏2 𝑑2

𝑑𝑏2) ∫ 𝑈3 ((𝑏2 +
∞

0

𝑧2)
1

2) 𝑑𝑧                                                                   (22) 

where U is the optical potential, b is the impact 

parameter, 𝜇 is the reduced mass, and 𝑘 is 

momentum in the centre of mass system. The S 

matrix is expressed as  

𝑆𝑙 = exp(2𝑖𝛿𝑙) ,    𝑎𝑛𝑑  𝛿𝑙 =
1

2
𝜒(𝑏)                        (23)                                               

The general expression for the elastic scattering 

amplitude between the spin 0 kaon and the target 

nucleus is given by 

𝑓(휃) =  𝑓𝑐(휃) + (2𝑖𝑘)−1 ∑ (2𝑙 + 1)𝑖 exp(2𝑖휂𝑙) (𝑆𝑙 −
1) 𝑃𝑙 (cos 휃)                                                                (24) 

where 𝑓𝑐(휃) is the Coulomb scattering amplitude, k 

is the centre of mass momentum, and 휂𝑙 is the 

Coulomb phase shift [23]. The differential cross 

section is given by 

     
𝑑𝜎

𝑑Ω
= |𝑓(θ, Ω)|2                                                             

(25) 

 

3. Results and Discussion  
A. The Eikonal Phase Shift with Wallace 

corrections 

The eikonal phase shifts with Wallace corrections 

up to 2nd order have been used to calculate the 

elastic scattering differential cross section of K+-

nucleus as shown in figures (1-3). All these 

calculations have been done for  휁 = 1 (the 

polarization parameter). Fig. 1 shows with the 

reaction K+-6Li at energy 715 MeV using 2PF 

nuclear density model. Fig. 2 shows with the 

reaction K+-12C at a) energy 635 MeV using CH 

nuclear density model, b) at energy 715 MeV using 

HO model for the target density. From what 

proceeds, it can be seen that calculation with 

different corrections up to 2nd order of the eikonal 

expansion has no effect on the calculated elastic 

scattering differential cross section. The Figures 1-2 

show no effect of higher order corrections on the 

results of the elastic cross section, since the 

relatively small kaon mass to its momentum ratio, 

converges the eikonal expansion rapidly. The 

eikonal phase shift corrected up to second order 

term is calculated using the same scattering 

amplitude parameters of Ebrahim [24,25]. Figures 3 

shows the calculations of the elastic scattering 

differential cross section of K+-nucleus depending 

on these parameters for the reactions 𝐾+ + 6Li at 

energy 715 MeV, and 𝐾+ + 12C at energy 635 

MeV. It presents that the result doesn’t agree well 

with the experimental data although it comes close 

for lower target masses and incident energies. The 
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eikonal model didn’t come very well with these 

taken amplitude parameters [24,25]. Such approach 

with previously used scattering amplitude 

parameters didn’t fit properly the data and 

eventually get a limited success. In the case of the 

eikonal approach, since the parameters of the 

scattering amplitudes are based on the free kaon- 

nucleon scattering. This keeping structural frame of 

the scattering amplitudes to get the best possible 

values to fit different targets and energies with 

different models of nuclear densities to obtain the 

best possible fit with the eikonal approach for 

scattering. The resulting best fit scattering 

amplitude parameters used in the present work for 

K+- nucleus are shown in Tables 3, 4, and 5. The 

difference in the two approximations, the partial 

wave impulse approximation, in which the binding 

forces are ignored during collision, and the eikonal 

approximations sticks to the straight line path as a 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. The elastic scattering cross sections for 𝐾+ +
 6Li with 2PF density model by using the zero, first and 

the second-order terms of the eikonal phase shifts at 715 

MeV. The experimental data is taken from Ref.[26]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. The elastic scattering cross sections for 𝐾+ +
 12C using the zero, first and the second-order terms of 

the eikonal phase shifts (a) CH model at 635 MeV, (b) 

HO model at 715 MeV. The experimental data is taken 

from Ref.[26].   

Table 3:  First-order amplitude parameters used in the 

present work with K+ as a projectile and ( 6Li ,40Ca) as 

targets. Note: in each case the upper row is the real part 

and the lower row is the imaginary part for each target. 
 6Li  40Ca  

Tπ  (MeV) 715 800 

k (fm-1) 4.66 5.86 

p1 2.11 2.34 

p2 1.56 1.67 

b0 (fm) 0.07892 2.0165 

 0.034847 1.121890 

b1 (fm) 0.03622 0.03567 

 0.1155600 0.0353200 

c0 (fm3) 0.005949 -0.05047 

 0.1153390 0.090000 

c1 (fm3) 0.01502 0.01352 

 -0.0447327 0.0143100 

 

Table 4:  First-order amplitude parameters used in the 

present work with K+ as a projectile and 12C as target. 

Note: in each case the upper row is the real part and the 

lower row is the imaginary part for each target. 

 12C  12C  12C  

Tπ  (MeV) 635 715 800 

k (fm-1) 4.688 5.066 5.456 

p1 2.12 2.2 2.26 

p2 1.56 1.6 1.63 

b0 (fm) 2.232501 2.3658 2.116427 

 1.021470 2.648000 -0.167816 

b1 (fm) 0.026355 -0.0593 0.033963 

 -0.041603 0.0536000 0.0648988 

c0 (fm3) -0.09629 0.00212 -0.051 

 0.1937890 0.1673000 0.3724900 

c1 (fm3) -0.03406 0.006173 -0.01464 

 -0.0144586 -0.0491000 0.0008428 

 

Table 5:  Second-order amplitude parameters used in 

the present work with K+ as a projectile. Note: in each 

case the upper row is the real part and the lower row is 

the imaginary part for each target. 

 6Li  12C  12C  12C  40Ca  

Tπ  (MeV) 715 635 715 800 800 

C0  (fm3) 0 0 0 -2.8 -3.6 

 0 0 0 -3.6 1.0 

C1  (fm3) 0 0 0 0 0 

 0 0 0 0 0 

 

special direction which makes a stringent 

semiclassical limit. These conceptual differences 

reflect on the different values of the amplitude 

parameters for fitting the experimental data at each 

method. So, with eikonal model, it is possible to get 

the agreement with data only with the variation of 

the amplitude parameters freely and isn’t possible 

to get it with previously calculated parameters. This 

makes the problem more complicated and pushes 

the way to find The difference in the two 

approximations, the partial wave impulse 

approximation, in which the binding forces are 

ignored during collision, and the eikonal 

approximations sticks to the straight line path as a 
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special direction which makes a stringent 

semiclassical limit. These conceptual differences 

reflect on the different values of the amplitude 

parameters for fitting the experimental data at each 

method. So, with eikonal model, it is possible to get 

the agreement with data only with the variation of 

the amplitude parameters freely and isn’t possible 

to get it with previously calculated parameters. This 

makes the problem more complicated and pushes 

the way to find a more systematic way to the 

correlation between the scattering amplitudes 

calculated before and those obtained at best 

possible fit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. The elastic scattering cross sections (a) for 

𝐾+ + 6Li with 2PF density model at 715, (b) for 𝐾+ +
 12C with 2PF density model at 635 MeV. The scattering 

amplitude parameters are from Ref.[24,25]. The 

experimental data is taken from Ref.[26]. 

 

B. Effect of the target density model 

The local potential terms depend on the target 

nuclear density distribution. To study this factor, 

four different models of the nuclear densities which 

describe the shape of the target nucleus, all are used 

to clarify the general changes in the radial 

variations of the density from one nucleus to 

another. The values of ζ = 1, has been used in all 

calculations. The fitted scattering amplitude 

parameters of Table 2 have been used in all the 

following calculations of the elastic scattering 

differential cross section of K+-nucleus.   

K+-6Li: Figures (4-5) show our calculation of K+-

6Li using different types of target density model 

(CH, HO, 2PF, 3PF) compared with experimental 

data. 

 
 

 

 

 

 

 

 

 

 

 

Figure 4. The elastic scattering of 𝐾+ + 6Li by using 

CH and HO density model with ζ=1 at energy 715 MeV. 

The experimental data is taken from Ref.[26].  

 
 

 

 

 

 

 

 

 

 

 

Figure 5. The elastic scattering of 𝐾+ + 6Li and by 

using 2PF and 3PF density model with ζ=1 at energy 

715 MeV. The experimental data is taken from Ref.[26]. 

 

Clearly, the best fitting obtained among the target’s 

densities is the 2PF model with the eikonal 

approach. The core density plays an important part 

at large scattering angles. 

K+-12C: Similarly, by applying calculation of K+-

12C using different types of target density model 

(CH, HO, 2PF, 3PF), it is found the 2PF and 3PF 

models of density have limited agreement and 

produce a minimum moves to smaller angles with 

increasing the energy. The best fitting obtained 

among the target’s densities is the CH model with 

the eikonal approach as shown in Figure (6). 

K+-40Ca: Figure (7) shows our calculation of K+-

40Ca using different types of target density model 

(2PF, 3PF) compared with the experimental data. 

The 2PF and 3PF distributions are shown for 40Ca. 

These two models have been only used because the 
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635 MeV

CH and HO failed to describe the heavier nuclei. It 

could be seen that the calculations with the 2PF 

model for the density of the target nucleus 40Ca 

gives the best results at small angles as shown in 

figures. The following Table 6 shows all the best 

density models with each target and energy, which 

summaries the present work results of K+ with 6Li, 
12C, and 40Ca 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. The elastic scattering of  𝐾+ + 12C by using 

CH density model with ζ=1 at energies; 635 MeV, 715 

MeV, and 800 MeV. The experimental data is taken from 

Ref.[26,27]. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 7. The elastic scattering of 𝐾+ + 40Ca by using 

2PF and 3PF density model with ζ=1 at energy 800 

MeV. The experimental data is taken from Ref.[26].   

 

 

Table 6:  the scattering angle range of agreement for the 

elastic differential cross sections of K+ with different 

targets with their best density model at different 

energies.  

Projectile 
Energy 

(MeV) 
Target 

Best 

Density 

Model 

Agreement 

Range 

K+ 

 

715  6Li 2PF 10o to 33o 

635  12C CH 10o to 50o  

715  12C CH 10o to 40o 

800  12C HO 10o to 30o 

800  40Ca 2PF 10o to 15o 

 

4. Conclusion 
We have studied the angular distributions of the 

elastic scattering differential cross sections for K+ 

on 6Li, 12C, and 40Ca at energies 635, 715, and 

800 MeV. Where we show how well the eikonal 

approximation model and local form of Kisslinger 

were able to reproduce the experimental data. To 

this purpose we have used the eikonal model by 

considering the first and the second-order 

correction terms to the eikonal phase shifts. Also, 

the local Kisslinger optical potential depends on 

different sets of free adjustable parameters; the type 

of density model, the amplitude parameters, and the 

EELL parameters. It seems clear that a full analysis 

of these parameters will be required if a detailed 

comparison is to be made with the experimental 

results. The accuracy of the agreement with 

experimental data can be improved by changing 

these parameters to reach the best fit.  

 

The higher order corrections would clarify the 

relationship between the eikonal expansion and the 

impact parameter b. Corrections, which are 

incorporated to the eikonal expansion, have nearly 

no effect on the results because of the massive 

projectile and its large momentum. The correlation 

parameter ζ parameterizes the polarization of the 

nuclear medium. 

 

 The availability of change the EELL parameter 

gave nearly no change on the calculated elastic 

scattering cross sections in the experimental range 

of angles. In order to check for possible density-

dependent effects, the four sets of density models 

are applied. For the nuclear density distributions, it 

was assumed that the proton and neutron densities 

were similar. From the comparison with the 

experimental data, the 2PF model of density gives 

satisfactory results with the most cases of 

interactions. The CH model of nuclear density 

predictions was suitable with 12C and the 2PF 

nuclear density model predicted well the calculated 

results for 6Li and 40Ca. 3PF model was the worst 

in most cases of study. 
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In deriving the amplitudes parameters, it is 

necessary to transform the kaon-nucleon scattering 

amplitude from the two-body centre of mass system 

to the kaon-nucleus centre of mass system. The 

most significant difference between the free 

nucleon cases and fitted parameters are that the 

fitted magnitude of Re (bo), Im (bo), Re (co), and 

Im (co). In addition, adding values for the second-

order amplitudes parameters Re (Co) contributes to 

give the best fitting. The present elastic scattering 

data can be well reproduced by local form of 

Kisslinger potential with adjustable parameters 

which rather different than the free kaon-nucleon 

values. We note that the regularization of the local 

Kisslinger optical potential used in this work by the 

introduction of the fitting parameters can serve as a 

tool to obtain a best agreement with the 

experimental data.   

 

After having made an adjustment of the potential 

parameters, and using the suitable model of density, 

we have deduced a set of potential parameters 

which describe the elastic scattering cross sections 

for nuclei under examination. It is found also that 

the effective potential parameters slightly change 

from nucleus to nucleus.  

 

The local Kisslinger model with the eikonal model 

was found to be successful for all types of 

interactions in the present work. The close 

agreement between theory and experiment is 

mainly for the forward angles less than 40o and in 

fair agreement with 40𝑜 < 휃 < 50𝑜. As a whole 

the eikonal model description is quite successful as 

a framework for a description of K+- nucleus 

scattering. In addition to being a study of the 

eikonal model, this work also provided a systematic 

and comprehensive local Kisslinger potential model 

analysis of mesons-nucleus scattering. The 

calculated cross sections reproduced the 

experimental data quite well for the considered 

nuclei.  
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Abstract:  
 

The zoning blocks in the free building order are the special case of the separate, block 

and adjacent building regulations in the implementation zoning plans. Buildings are 

established in order to meet human needs in areas within the zoning boundaries by 

giving such building regulations. Free-order zoning parcels are another type of mostly 

separate and block orders. In areas where such parcels are located, only the equivalent 

value, which is the total construction area of the island, is usually given. Based on this 

precedent value, the residential area of the building is given to the parcel with various 

methods or approaches in accordance with the relevant law and regulation. With the 

complex (complex) number approach of the sample plan representations in the study, it 

was tried to find the tensile measures with the help of the angle, based on the direction 

with a certain edge. The complex approach, on the other hand, is the process of 

subtracting the base area on a parcel basis in a certain coordinate system axially 

depending on the angle and distance parameters along the Y-X axes. In this way, the 

necessity of giving residential areas to zoning parcels with different identities was 

examined. 

 

1. Introduction 
 

Since social life necessitates a certain order 

(organization) in every respect, there is a need for 

rules that will ensure order in every society, from 

the most primitive to the most advanced. As a 

matter of fact, various rules have been foreseen for 

private and public activities in society in every age. 

For example, in every subject such as shelter, 

nutrition, entertainment, work; In this sense, simple 

or advanced rules and regulations have been made 

regarding almost every human activity of 

economic, social and cultural nature [1]. At this 

point, various rules regarding settlement and 

construction on “soil” (supply / land and land) and 

regulations on zoning have been encountered for a 

long time [2,3]. In other words, efforts to keep 

settlements in order are not new [4,5]. At the point 

reached today, although there are different 

approaches to zoning and planning [6], since it does 

not seem possible to think of regular urbanization 

independently of planning, zoning planning and the 

basic instrument of this activity, zoning plans, with 

the rules brought about settlement and construction 

on the land, the zoning order has been determined. 

It can be said that it has reached the level of the 

main determinant [1]. Planning, as a word, is the 

process that regulates the order of the elements of 

actions directed to a certain purpose in time and 

their distribution in space [7]. The act of planning 

can be classified as economic planning, social 

planning, and physical planning [8]. For example, 

the authority to take decisions on the plans prepared 

in the areas within the limits of the duties, powers 

and responsibilities of the municipalities has been 

given to the municipal council, which is the general 

decision-making body that comes into power [7]. 

The fact that the municipal council has the last 

word in the development plans is due to the close 

and intense relationship of planning with 

fundamental rights and freedoms. It is a correct 

approach in terms of a democratic management 

approach and positive in terms of the participatory 

structure of planning that the development planning 

studies, which have the ability to create intense 

pressure on fundamental rights and freedoms, are 

decided by the city council, which was formed by 

the people who are the owners of these rights and 

freedoms [9]. In fact, zoning plans are a complex 

type of operation that includes both general rules 

http://dergipark.org.tr/en/pub/ijcesen
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and a diagram showing the application of these 

rules regarding the region they cover [7]. Although 

the subordination of the plans to the regulatory 

regime with the dominant view in the jurisprudence 

and doctrine stems from the expression of the 

zoning principles and rules in a particular  

region at the level of abstraction possible, it is also 

based on the reason that this solution has practical 

results [10]. Another important phase of city plans 

that should be emphasized at this stage is the 

research and analysis phase. Today, it is accepted 

that urban planning is no longer a static concept and 

is a work that has to keep up with rapid changes 

[11]. 
 
 

 
 

Figure 1. Representation of Complex Plane and 

Complex Numbers [12]. 

 

 
Figure 2. Module of Complex Number [12]. 

 

 
Figure 3. Complex Fuzzy Set [12] 

 

2. Material and Methods 

 
Since the plots are closed convex shapes, they have 

a plane area. Y and X coordinates from the junction 

points of both sides are found in a certain 

transformation system and their place is found in 

the geoid plane. If we show the plane 

mathematically here; 

In Figure 1, it is seen how the convex long and 

short sides come together in the Y and X planes. 

Here, the real numbers on the Y-axis are called i 

when they are represented as a complex expression. 

The x-axis continues as real numbers  

forever. From this point of view, the complex 

number z=a+ib can be represented as an ordered 

pair (a, b) [12]. The plane formed by taking the x-

axis as the real axis and the y-axis as the imaginary 

axis is called the complex plane [12]. 

In Figure 2., it is seen that the distance will be 
calculated by pythagoras from the vertical feet 
and vertical lengths in the form of IZI=Z=a+ib in 
the Y—X plane. Given the complex number  

Z=a+ib, the positive real number IZI=√𝑎2 + 𝑏2 is 
called the modulus or absolute value of the 
complex number 𝑧𝑧 [12]. 

In Figure 3., the determination of the fracture 
points of the parcels and the distance to the base 
can be calculated by means of clockwise or 
counterclockwise angles [12]. The aim is to 
determine the distance-based area and 
localization process from a 100 grad fixed point 
[13]. 

 

3. Results and Discussions 
 

Free order parcels are the islands created by the 

planner as an identity open to interpretation in the 

zoning diameter determination processes called 

zoning status in the zoning plans. In these islands, 

especially the side and rear pull dimensions are 

tried to be given within the legal framework, as in 

the split and block types[14]. In some islands, the 

equivalent value may be given, and in some it may 

not. For those whose precedent value is not given, 

the process is continued by looking at the zoning 

islands around the relevant island. Side and rear 

pull measurements can be applied, such as islands 

with a height legend [15]. According to the 

regulation, the average TAKS (Base Area 

Coefficient) can be taken as 0.30 for those whose 

peer value is given, and the number of floors they 

correspond to can be found by making 

Precedent/TAKS [16].  
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Figure 4. A Cross-Section View of a Free Order Plot with Peer Value 

 

Figure 5. Side Measurement Cross-section View of a Free Ordinary Plot 

 

 

 
Figure 6. Side Measurement Cross-section View of a Free Ordinary Plot 
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F 

Figure 7. Side Measurement 2.10 Section View of a Free Order Plot 

 

 
 

Figure 8. Side Measurement 3.60 Section View of a Free Ordinary Plot 

 

Figure 9. Side and Back Measurement 1.50 Section View of a Free Order Plot 
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Figure 10. Side and Back Measurement 1.80 Section View of a Free Order Plot 

 
 
If the whole surrounding is in the form of free 

order, the dimensions can be determined by taking 

a certain number of floors. The zoning parcel in 

Figure 4 is a large parcel in terms of area and has 

three sides facing the zoning roads. In this respect, 

it is calculated how the building will fit on the 

parcel in such islands. Although it is a free island, 

the total construction area is given. According to 

the planned type zoning regulation of this zoning 

island, which was written as 1.20 in the plan, it was 

noted that the average floor usage amount per floor 

is 0.30 [16]. From this account with an average of 

0.30; 

It can be found from  

Equivalent Value=Total Construction Value/0.30 

[17]. 

Since one side of this zoning parcel is bordered by 

the neighboring parcel, it will be drawn as 3 meters 

from the phrase that the side measurement will be 

pulled back at least 3 meters in places up to 4 

floors. If there is no construction on empty plots, 

the front distance will be fixed 5 meters [18]. It is 

calculated as Z=√𝑎2 + 𝑏2 since the outer edge a 

and the inner edge ib are taken as basis in the Y-X 

plane from the side measurement section. 

In Figure 5., the related zoning parcel will be given 

back to back at a single depth point, although the 

island is completely composed of 2 parcels, even 

though it is free order. As for the settlement of the 

building, since there is no construction on the 

island, a measurement of 5 meters will be made 

from the parts facing the road, and it will be 

understood that the side measurement should be 

made from the side, again due to the total 

maximum value of 3.00, which corresponds to 10 

times the average equivalent. In the same way from 

the side section view, the edge can be determined 

as Z= √𝑎2 + 𝑏2 from the outside to the inside. 

The immovable in Figure 6 is a zoning parcel 

located at the corner. From this point of view, since 

it is a point with a precedent value, 5 meters will be 

measured from the double-sided fixed road 

sections, while the side measurements will be 

evaluated as a point corresponding to 5 floors, and 

the base sitting area will be determined on the Y-X 

axes with 3.5 meters of drawing. The parcel in 

Figure 7 is the zoning parcel facing the double road 

in the north and south directions of the island. Since 

a total construction area of 2.10 will be used here, 

distance measurements will be made, 

corresponding to an average of 7 floors. The total 

construction area is; 

Total floor areas = Land area * Equivalent Value 

[16]. 

Since the parts corresponding to 7 floors are side, 

there will be a half-meter increase per floor that is 

more than 4 floors, and it will be measured as 4.5 

meters. It is shown from the side section view that 

this measurement is based on the edge from the 

coordinates and its availability with the help of 

angle. From the plan view in Figure 8., it will be 

deduced from our previous determinations that it 

corresponds to 12 floors. Since there are more than 

4 floors in this parcel, which has a uniform 

geometric closed shape, measurement will be made 

from the side in the form of 8 meters, with an 

increase of half a meter per floor. From this point of 

view, the difference between Z=√𝑎2 + 𝑏2 can be 

calculated by descending 100 grads from Z=a+ib to 
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outer edge a to inner edge b from the 8-meter cross-

section view [17]. The parcel in Figure 9. is a 

single-sided development parcel. Therefore, the 

place to stay behind is called the back area. The 

measurements found here, on the other hand, are 

evaluated as the distance to the back in line with the 

regulation that changed in 2017, and applications 

are made based on the note in the form of at least 3 

meters [16]. In the image, it will be seen that the 

side and rear distances will be 3.5 meters when the 

calculation is made over 5 floors according to the 

1.50 calculation in a parcel with a free building 

identity. It will be able to be calculated as a 

complex in the application process on the angle and 

edge bases from the outside to the inside. In Figure 

10, an example is given from the parcels that are in 

free order, especially for the rear measurement to 

be certain. While determining the floor area of 

these parcels with a regular shape, it is seen that 

since the north of the island has a value of 1.80, it 

will correspond to 6 floors. From this point of view, 

the distances will be found from Z as 4 meters in 

the form of side and back. 

  

4. Conclusions 

 
In the analysis of which parameters the residential 

area of the building is given in the freely regulated 

zoning islands, these conditions have been tried to 

be explained with examples. According to the 

limits of the relevant regulation, the parcel floor 

was examined as a plane as a geometric approach 

and the distance measurements were shown. With 

the complex approach, plot structure base 

extraction is explained by considering some edges 

as bases and complex constants. It has been 

observed that in free regulations, especially on 

samples with known precedent values have been 

studied. In the absence of such sharp identification 

information in free orders, side and rear distance 

measurements should be made based on the 

observation of how the buildings were given in the 

surrounding islands, or the side and rear 

measurements should be determined according to a 

certain floor height and given below according to 

the following floor, the application of tension 

should be deducted accordingly in the increase or 

decrease of floors. 
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Abstract:  
 

In this contribution, we will introduce a new method of teaching and learning for 

the natural sciences (Biology, Physics, Chemistry) and Mathematics. The inventor 

and practical implementer in several world countries (Indonesia, Tanzania, 

Kosovo, Kyrgyzstan, Kazakhstan, Bosnia & Herzegovina, and some schools in 

Germany) was Jürgen Schőnherr. The philosophy of this method is based on the 

idea that the first lesson of each chapter begins with an experiment, which should 

be clear, simple (built with ordinary tools from students' lives, kitchens, toys, 

tools, etc.), and have a surprising effect. Based on this approach, the method is 

also called Starter Experiment Approach. The role of the teacher during this lesson 

will be more of a guide and helper, while most of the time will belong to the 

students. Thus, students will be aroused with curiosity and love for natural 

sciences. In countries where this method has been applied, positive effects have 

been observed in increasing the number of researchers in the natural sciences, and 

their success. 

  
 

1. Introduction 
     Most research in natural sciences and technology 

depends on the design and implementation of the 

research experiment [1-5]. Given the importance of 

experimentation in the natural sciences and 

technology, different teaching methods and 

mathematics methods have recently been developed. 

These methods are applied from primary school, 

when students firstly have contact with subjects such 

as physics, chemistry, biology and mathematics [6-

11]. One of the most important methods, which has 

shown practical results [7,8], is undoubtedly the one 

we will present in the following. 
    The name “Starter Experiment” was chosen to 

indicate two things [7]: 

The process of teaching/learning in science has to 

start from the observation of phenomena, either 

obtained from the environment or an experiment 

(Martin Wagenschein). 

Starting a new chapter of the syllabus or in the 

textbook shall be based on students’ observations of 

natural phenomena, or derived from a “Starter-

Experiment”. For their explanations, they are using 

their pre-concepts / pre-knowledge, which will be 

confronted with the science concepts in the course of 

the ‘SEA-lesson’. These concepts will be developed 

by students as a result of their investigations to test 

their hypotheses for correctness. Thus, new concepts 

are developed as a result of the teaching/learning 

process, correspondingly, the new concepts are 

replacing incorrect pre-concepts (Jean Piaget: 

Restructuring). This way, students will avoid 

developing two unconnected sets of knowledge; one 

they use for getting along in their environment, in 

their daily life, in the family and community, and the 

other one to cope with the demands in school. For 

this purpose, each chapter of the syllabus should be 

started, if possible, by this approach. 

http://dergipark.org.tr/en/pub/ijcesen
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“Re-uniting” students’ worlds -their environment 

and the school- makes learning meaningful and 

motivating for them. Both being the precondition of 

the improvement of the teaching / learning process 

esp. in science subjects. 

2. The Steps of the Approach  

 
    The Starter Experiment Approach follows the 

“Scientific Cycle” * [7,8]: 

 

1. Observing phenomena either directly in the 

environment or through an experiment; 

2. Attempting to Explain why certain things were 

observed, students using their pre-concepts; 

3. Verifying/Falsifying the attempted explanations 

(hypotheses) by means of experiments, 

preferably designed by the students themselves; 

4. Assessing the attempted explanations by means 

of the results of the verification experiments; 

5. a) Formulating a Concept in case of a positive 

assessment of the hypothesis. Or b) Formulating 

a New Hypothesis in case of a negative 

assessment of the original hypothesis followed by 

a new verification process; 

6. Linking the Concept to students’ environment 

and its applications in technology and science; 

7. Evaluating students’ degree of comprehension of 

the newly found concept. 

 

*) There is a slightly different procedure for 

mathematics. 

 

3. Teaching with the Starter Experiment 

Approach 

 
To teach science while using this approach 

successfully, the teacher needs to undergo a training 

covering both, methodology and contents. Since this 

approach is very different from what teachers are 

used to doing, the training must also provide them 

with a considerable self-confidence in their ability to 

apply the new strategy. After having undergone the 

training -the training itself is described under the 

chapter “Training Structure”- the teachers are 

expected to conduct science lessons following this 

very approach at least each time when they start with 

a new chapter of the syllabus. Thus, students will 

develop a high degree of motivation, which will last 

for the periods to follow, even if the teacher falls 

back to more traditional ways of instruction. 

However, it is important that frequent references are 

made to the initial Starter Experiment for this 

chapter. This way the motivation can be sustained 

for a long time. 

 

4. Effects of SEA on Students and Teachers 

 
Teachers applying this method will experience a 

change in students’ attitude towards science subjects 

and mathematics: Students will start investigating 

questions outside the actual science lesson, e.g., by 

designing and conducting their own experiments at 

home. Students will bring “improvised equipment” 

to the school to demonstrate certain experiments 

they have “invented”. Students will utter their 

satisfaction with the subject, and will include their 

science and/or mathematics teacher in such 

statements. In turn, teachers will observe some 

changes in their own attitude towards the lessons 

they have to give. They will observe that they spend 

more time thinking about these lessons, they will 

spend more time preparing them, they will become 

more open to students’ questions and suggestions, 

and they will find teaching satisfactory and 

rewarding...   

 

Some other effects frequently observed [7,8]: 

 Students become more tolerant towards 

deviating ideas of classmates. 

 Students become more supportive among each 

other. 

 Girls are more respected and are actively 

involved in lessons traditionally regarded as the 

domains of boys. 

 The positive attitude towards science subjects 

and mathematics spills over to other subjects. 

 Due to the training element Mutual Monitoring 

the cooperation of teachers increases. 

 

5. The Training Structure 
 

At the first step of the training, participants are 

exposed to a lesson following the steps of the Starter-

Experiment-Approach. They experience the desired 

teaching/learning process in the role of students, the 

trainer being the “model-teacher”. 

This is followed by analyzing the approach step by 

step, and backing them up by short lectures about 

learning psychology, the way knowledge is created. 

Here participants find themselves in the role of 

college students. Based on the experience gained in 

the previous steps, participants are asked to select a 

topic from the curriculum and to prepare a lesson 

following the new approach, still in the role of 

college students. 

 In the role of teacher, each participant is given the 

chance to tryout the lesson they have planned in a 

“Peer-Teaching” session, whereby the other 

participants are acting as students.  During the 

peer-teaching performances the trainer acts as a 
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monitor, modelling the way effective monitoring can 

be done. In the course of the peer-teaching exercises, 

the trainer involves the participants successively in 

monitoring the demonstrating colleague. They now 

take part in two roles: The role of student and the 

role of monitor. To reduce the fear to fail when 

applying the new approach back in their schools all 

participants will teach “their lesson” in a normal 

class with normal students. One participant is the 

teacher, the remaining participants act as monitors. 

Thus, self-confidence increases, the fear to fail 

vanishes. Back in their schools’ participants have to 

apply the new approach for at least six times within 

the following 6 to 9 months. These “SEA-lessons” 

must be monitored by one colleague who has also 

undergone the SEA-training. After 6 to 9 months’ 

participants attend a refresher seminar. Here 

participants discuss their experience gained by 

applying SEA in their schools, focusing on 

problems/difficulties observed, and developing 

adaptations to overcome them, meanwhile, the 

trainer acting mainly as organizer and source of 

ideas. 
 

6. Conclusions 

 
- The SEA method is suitable and effective for the 

natural and mathematical sciences. 

- Starts to apply from primary school and 

especially from the fifth grade 

- It is easily feasible because it does not require 

special laboratory equipment (tools are taken 

from the daily life of students). 

- The results prove that, by applying this method, 

the students' interest in natural sciences increases, 

and what is more important, the prejudices that 

natural and mathematical sciences are difficult 

fall [7]. 
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