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A B S T R A C T 

In the present work, two iterative techniques have been displayed in order to solve non-linear 
equation. These two techniques are free from second derivative and per evaluation; they 
require five and six iterations with a first derivative of the function. Analysis of the PV model 
has been studied in term of function evaluations appears that the proposed technique is 
superior. It is practical interest is investigated by some numerical examples. 
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1. Introduction 

The practiced of applied mathematics, a solution of transcendental and algebraic equations which is required a 
difficult calculations. Numerical iterations perform, analyze and creates, approaches for solving numerically the 
implements of mathematics problems. Applied mathematics is a framework for branches of mathematics that are 
widely applied in scientific and engineering fields [1-23]. Following the development of technologies in recent years, 
mathematics applications have evolved and expanded into many areas, including linear programming and 
optimization, mathematical biology and bioinformatics research, information theory, game theory, mathematical 
economics, cryptography, and so on. These branches have applications in computer science, information security in 
the intranet, economics, optics, nanotechnology, connectivity, image processing, computed tomography, etc. Applied 
athletes work in high-tech companies, in the security industry, in the medical equipment industry and in the 
development departments of financial institutions [24-115].  

 The suggested algorithm TPBM requires 6 evaluations of the function while the other technique (RFM) needs 7 
evaluation of the function. The following steps are investigate the procedure of this work: section two, three and 
four investigating the modelling and the root finding of RFM and TPBM algorithms respectively while; section five 
and six indicate the numerical problems, discussion and conclusion results respectively. 

2. Properties of Modelling Solar Cells Equation  

KCL Kirchhoff's law is employed in order to depict the electrical parameters of PV cell scheme [30-50]  

I = Iph − IDiode, IDiode = I0 [exp (
−Vpv

nVT
) − 1]                                                                                                                                       (1) 

where:  

I0 is diode reverse saturation current measured in (A), Iph is light current, n is diode ideality factor (unitless), 
k = (1.38 × 10−23J/K) is Boltzmann constant, q = (1.602 × 10−19 C) is elementary charge, VT is thermal voltage 
given by VT = kT/q, Iphis the light generated current in the cell, T is temperature (p-n junction), ID is the voltage 
dependent current lost to recombination. 

The current Ipv and power Ppvof the cell is given by Ipv =
Vpv

R
; Ppv = Ipv × Vpv           

The final equation from the circuit is given by    

(Isource) − 10−12 (e
−V

1.2∗0.026 − 1) = V / R                                                                                                                                               (2) 

3. False Position Technique (RFM) 

x0 is the Initial value,  xn+1 is the approximation value 

Step 1: Suppose f(x1) = b1, f(x2) = b2 

Step 2: f(x) = ax + b; 

Step 3: x =
b1x2−b2x1

(b1−b2)
                                                                                                                                                                                   (3) 

4. Two Point Bracketing Technique (TPBM) 

Step 1: [ak, bk] is initial values. 

Step 2: compute ck as follows ck =
ak+bk

2
, ck is between ak and bk.                                                                                             (4) 

Tolerance ε = 10−9, given by the expression σ = |tn+1 − tn| < ε, |f(tn)| < ε 
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5. Results and Discussion  

Two numerical experiments is suggested to demonstrate the performance of the False Position Method (RFM) 
represented in Eq. 3 acquired in the present paper in order to solve non-linear equation with the initial value x0 = 1  
and we compare it with Two-Point Bracketing Method (TPBM) represented in Eq. 5 with two initial values x0 and x1. 
For convergence criteria, the distance between two consecutive iterates is based on Eq. 8, less than 10-9. Five 
examples in Eq. 2 are used for numerical testing with the R values from 1-5 ohm, represents (load resistance) of the 
circuit. All determinations are carried out with the algorithm precision introduced in Tables and Figures 1 to 5 and 
the number of function evaluations needed are extracted from the Eq. 2. The numerical examples and the 
approximate solutions produced by two techniques for solving Eq. 2.  

Tables and Figs. indicate that TPBM algorithm needs 6 iterations while RFM technique need 7 iterations to reach 
to the convergence which proves that TPBM is faster than RFM. 

Table 1 - Results acquired from iterative techniques RFM and TPBM. 

Iterations 𝐕𝐩𝐯-RFM 𝐈𝐩𝐯- RFM 𝐏𝐩𝐯-RFM 𝐕𝐩𝐯-TPBM 𝐈𝐩𝐯-TPBM 𝐏𝐩𝐯-TPBM 𝛆-RFM 𝜺-TPBM 

1 0.935676402 0.935676402 0.87549033 0.930279026 0.930279026 0.865419067 0.013253267 0.007855892 

2 0.924881651 0.924881651 0.85540607 0.923699665 0.923699665 0.853221071 0.002458516 0.001276531 

3 0.922517679 0.922517679 0.85103887 0.922470479 0.922470479 0.850951784 9.45447E-05 4.73443e-05 

4 0.922423278 0.922423278 0.85086470 0.922423206 0.922423206 0.850864572 1.43773e-07 7.18866e-08 

5 0.922423135 0.922423135 0.85086444 0.922423135 0.922423135 0.850864439 3.33178e-13 0 

6 0.922423135 0.922423135 0.85086444    0   

 

 

 

 

 

 

Fig. 1 – Iteration values with tolerance for RFM and TPBM. 

Table 2 - Results acquired from iterative techniques RFM and TPBM. 

Iterations 𝐕𝐩𝐯-RFM 𝐈𝐩𝐯- RFM 𝐏𝐩𝐯-RFM 𝐕𝐩𝐯-TPBM 𝐈𝐩𝐯-TPBM 𝐏𝐩𝐯-TPBM 𝛆-RFM 𝜺-TPBM 

1 0.933452268 0.466726134 0.435666569 0.927080494 0.463540247 0.429739121 0.016416886 0.010045111 

2 0.920708719 0.460354360 0.423852273 0.918976959 0.459488480 0.422259326 0.003673337 0.001941577 

3 0.917245199 0.458622600 0.420669378 0.917140647 0.458570324 0.420573483 0.000209817 0.000105265 

4 0.917036095 0.458518047 0.420477600 0.917035739 0.458517869 0.420477273 7.12519e-07 3.5626e-07 

5 0.917035382 0.458517691 0.420476946 0.917035382 0.458517691 0.420476946 8.24774e-12 0 

6 0.917035382 0.458517691 0.420476946    0   
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Fig. 2 – Two iterative methods CCM and IRFM with their tolerance. 

Table 3 - Results acquired from iterative techniques RFM and TPBM. 

Iterations 𝐕𝐩𝐯-RFM 𝐈𝐩𝐯- RFM 𝐏𝐩𝐯-RFM 𝐕𝐩𝐯-TPBM 𝐈𝐩𝐯-TPBM 𝐏𝐩𝐯-TPBM 𝛆-RFM 𝜺-TPBM 

1 0.931130761 0.310376920 0.289001498 0.923590568 0.307863523 0.284339846 0.020727387 0.013187194 

2 0.916050375 0.305350125 0.279716096 0.913472073 0.304490691 0.278143742 0.005647001 0.003068698 

3 0.910893770 0.303631257 0.276575820 0.910650534 0.303550178 0.276428132 0.000490396 0.00024716 

4 0.910407299 0.303469100 0.276280483 0.910405337 0.303468446 0.276279292 3.92473e-06 1.96237e-06 

5 0.910403374 0.303467791 0.276278101 0.910403374 0.303467791 0.276278101 2.53289e-10 0 

6 0.910403374 0.303467791 0.276278101    0   

 

 

 

 

 

 

Fig. 3 – Iteration values with tolerance for RFM and TPBM. 

Table 4 - Results acquired from iterative techniques RFM and TPBM. 

Iterations 𝐕𝐩𝐯-RFM 𝐈𝐩𝐯- RFM 𝐏𝐩𝐯-RFM 𝐕𝐩𝐯-TPBM 𝐈𝐩𝐯-TPBM 𝐏𝐩𝐯-TPBM 𝛆-RFM 𝜺-TPBM 

1 0.928705897 0.232176474 0.215623661 0.919758674 0.229939669 0.211489005 0.026965295 0.010045111 

2 0.910811452 0.227702863 0.207394375 0.906895156 0.226723789 0.205614706 0.009070850 0.001941577 

3 0.902978861 0.225744715 0.203842706 0.902372380 0.225593095 0.203568978 0.001238259 0.000105265 

4 0.901765899 0.225441475 0.203295434 0.901753256 0.225438314 0.203289734 2.52971e-05 3.5626e-07 

5 0.901740613 0.225435153 0.203284033 0.901740607 0.225435152 0.203284031 1.07408e-08 0 

6 0.901740602 0.225435150 0.203284028 0.901740602 0.225435150 0.203284028 1.88738e-15   

7 0.901740602 0.225435150 0.203284028    0  

 

 

 

 

 

Fig. 4 – Iteration values with tolerance for RFM and TPBM. 
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Table 5 - Results acquired from iterative techniques RFM and TPBM. 

Iterations 𝐕𝐩𝐯-RFM 𝐈𝐩𝐯- RFM 𝐏𝐩𝐯-RFM 𝐕𝐩𝐯-TPBM 𝐈𝐩𝐯-TPBM 𝐏𝐩𝐯-TPBM 𝛆-RFM 𝜺-TPBM 

1 0.926171251 0.185234250 0.171558637 0.915521602 0.183104320 0.167635961 0.037078536 0.026428887 

2 0.904871952 0.180974390 0.163758650 0.898769616 0.179753923 0.161557365 0.015779238 0.009676902 

3 0.892667280 0.178533456 0.159370975 0.890986643 0.178197329 0.158771440 0.003574566 0.001893928 

4 0.889306005 0.177861201 0.158173034 0.889199758 0.177839952 0.158135242 0.00021329 0.000107043 

5 0.889093511 0.177818702 0.158097454 0.889093113 0.177818623 0.158097313 7.96313e-07 3.98156e-07 

6 0.889092715 0.177818543 0.158097171 0.889092715 0.177818543 0.158097171 1.11465e-11 0 

7 0.889092715 0.177818543 0.158097171    0   

 

 

 

 

 

 

Fig. 5 – Iteration values with tolerance for RFM and TPBM. 

 

6. Conclusion 

Two iterative formulas in order to solve non-linear equation model have been introduced and analyzed with 
different values of 𝑅. The data acquired reveal that TPBM are comparable with FRM in all cases. Many examples are 
used for this purpose and prove that RFM need 7 evaluations while TPBM need 6 iterations.  
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