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1. Introduction

Iterative numerical methods play a decisive role in approximating the solution of nonlinear equation in the form
of f(x) = 0. Many scientific researchers for the evaluation the zeros of the nonlinear equations improved many
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variant formulas, these iterative methods have been proposed using Dekker's formula; Taylor series; Two Step
method; secant method; bisection method; two bracketing method [1-115].

The suggested algorithm 2SM requires 7 evaluations of the function while the other technique (DM) needs 5
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 2SM and DM algorithms respectively while; section five and
six indicate the numerical problems, discussion and conclusion results respectively.

2. Essential a Non-Linear Equation

KCL Kirchhoff's law is employed in order to depict the electrical parameters of PV cell scheme [15-20]

1= Ion = Iniodes Ipiode = lo [exp (o) — 1] (1)

nVr
where:

I is diode reverse saturation current measured in (A), Iy is light current, nis diode ideality factor (unitless),
k = (1.38 x 10723]/K) is Boltzmann constant, q = (1.602 x 1071° C) is elementary charge, Vis thermal voltage

given by Vp = k;T, Ipnis the light generated current in the cell, T is temperature (p-n junction), Iy is the voltage

dependent current lost to recombination.

Vpv

The current I, and power Py, of the cell is given by I, = = Poy = Iy X Vipy
The final equation from the circuit is given by
vV
(Isource) — 10712 (31‘2*0‘026 - 1) =V/R (2)

3. Two Step Method (2SM)

To compare the different numerical methods of iterations, methods 1 NRM has been used against the proposed
method 2 2SM. In addition; Eq. 6. has been solved to demonstrate the performance of the new method, and
determine the consistency and stability of results. The results are examined using some iteration.

2xf(dp)
Yn = dn—3$<f—(d:),n= 0,1,2,3,...

2xf(dp)

2B h=10,1,2,3, .. 3)
F(dn)+F(dn)

dpyr =dp —

4. Dekker's Algorithm (DM)
This method obtain when we combine the Bisection and Secant Methods achieved by Dekker in 1969.
Step 1: The first one called linear interpolation secant method using the following formula

_ Xn=Xp—1 .
Xpiq = {Xn ) —F(xn_1) f(xn) iff(xp_1) # f(xy) (4)

m otherwise

Step 2: the second one can be obtained by bisection method

_ap+by,
m=-

where: a,: the "contrapoint” this means that f(x,) and f(by) have opposite signs, so the interval [a,, b, ] consist of
the solution.
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For the two algorithms, the tolerance is If|f(a,)| = |f(by)], [f(xy)] < & &= 107°.

5. Results and Discussion

Two numerical iterations is suggested to introduce the performance of the Two Step Method (2SM) represented

in Eq. 3 acquired in the present paper in order to solve non-linear equation with the initial value x, =1 and we
compare it with Dekker's Algorithm (DM) represented in Eq. 4 with two initial values x, and x;. For convergence
criteria, the distance between two consecutive iterates is based on Eq. 5, 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.

The following Tables and Figs. indicate that 2SM algorithm needs 7 iterations while DM technique need 5
iterations to reach to the convergence which proves that DM is faster than 2SM.

Table 1 - Performance of the 2SM and DM numerical techniques to obtain the results of non-linear equation.

Iterations |  V,,-2SM I,,- 2SM P,,-2SM V,,-DM 1,,-DM P,,-DM £-25SM &-DM

1 0.962945371 | 0.962945371 | 0.927263787 | 0.931083699 | 0.931083699 | 0.866916854 | 0.962945371 | 0.008660564
2 0.940361045 | 0.940361045 | 0.884278896 | 0.923556523 | 0.923556523 | 0.852956651 | 0.940361045 | 0.001133388
3 0.926849876 | 0.926849876 | 0.859050692 | 0.922447837 | 0.922447837 | 0.850910012 | 0.926849876 2.47025e-05
4 0.922778557 | 0.922778557 | 0.851520266 | 0.922423156 | 0.922423156 | 0.850864479 | 0.922778557 2.14332e-08
5 0.922426883 | 0.922426883 | 0.850871355 | 0.922423135 | 0.922423135 | 0.850864439 | 0.922426883 0
6 0.922423135 | 0.922423135 | 0.850864440 | 0.922423135 | 0.922423135 | 0.850864439 | 0.922423135
7 0.922423135 | 0.922423135 | 0.850864439 0
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Fig. 1 - Matlab programming to obtain the results of Eq. 2 by means of 2SM and DM.

Table 2 - Performance of the 2SM and DM numerical techniques to obtain the results of non-linear equation.

Iterations Vpy-2SM Iy~ 2SM P,y-2SM V,y-DM I,,-DM P,,-DM €-2SM &-DM
1 0.962330816 | 0.481165408 | 0.463040300 | 0.9282409900 | 0.464120495 | 0.430815667 | 0.045295434 | 0.011205607
2 0.938566344 | 0.469283172 | 0.440453391 | 0.918877470 | 0.459438735 | 0.422167903 | 0.021530962 | 0.001842088
3 0.923168163 | 0.461584081 | 0.426119728 | 0.917097175 | 0.458548588 | 0.420533614 | 0.006132780 | 6.17928e-05
4 0917679583 | 0.458839791 | 0.421067909 | 0.917035498 | 0.458517749 | 0.420477053 | 0.000644201 | 1.16048e-07
5 0.917046511 | 0.458523256 | 0.420487152 | 0.917035382 | 0.458517691 | 0.420476946 | 1.11286e-05 | 9.72555e-13
6 0.917035388 | 0.458517694 | 0.420476951 | 0.917035382 | 0.458517691 | 0.420476946 | 5.37986e-09 0
7 0.917035382 | 0.458517691 | 0.420476946 1.44329e-15
8 0.917035382 | 0.458517691 | 0.420476946 0
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Fig. 2 - Matlab programming to obtain the results of Eq. 2 by means of 2SM and DM.

Table 3 - Performance of the 2SM and DM numerical techniques to obtain the results of non-linear equation.

Iterations |  V,,-2SM I,,- 2SM P,,-2SM V,,-DM 1,,-DM P,,-DM £-2SM £-DM
1 0.961712889 | 0.320570963 | 0.308297227 | 0.925219482 | 0.308406494 | 0.285343697 | 0.051309515 | 0.014816108
2 0.936712456 | 0.312237485 | 0.292476742 | 0.913507294 | 0.304502431 | 0.278165192 | 0.026309082 | 0.00310392
3 0.919134569 | 0.306378190 | 0.281602785 | 0.910570099 | 0.303523366 | 0.276379302 | 0.008731195 | 0.000166725
4 0911633459 | 0.303877820 | 0.277025188 | 0.910404098 | 0.303468033 | 0.276278541 | 0.001230085 | 7.24279e-07
5 0.910439438 | 0.303479813 | 0.276299990 | 0.910403374 | 0.303467791 | 0.276278101 | 3.60641e-05 | 3.12503e-11
6 0.910403427 | 0.303467809 | 0.276278133 | 0.910403374 | 0.303467791 | 0.276278101 | 5.26973e-08 0
7 0.910403374 | 0.303467791 | 0.276278101 1.35891e-13
8 0.910403374 | 0.303467791 | 0.276278101 0
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Fig. 3 - Matlab programming to obtain the results of Eq. 2 by means of 2SM and DM.

Table 4 - Performance of the 2SM and DM numerical techniques to obtain the results of non-linear equation.

Iterations Vpv-2SM Iy~ 2SM P,y-2SM V,y-DM I,,-DM P,,-DM £-2SM &-DM

1 0.961091590 | 0.240272897 | 0.230924261 | 0.922002391 | 0.230500598 | 0.212522102 | 0.059350988 | 0.020261789
2 0.934796843 | 0.233699211 | 0.218461285 | 0.907259701 | 0.226814925 | 0.205780041 | 0.033056241 | 0.005519099
3 0.914694648 | 0.228673662 | 0.209166575 | 0.902242305 | 0.225560576 | 0.203510294 | 0.012954046 | 0.000501703
4 0.904274605 | 0.226068651 | 0.204428140 | 0.901746221 | 0.225436555 | 0.203286562 | 0.002534003 | 5.61923e-06
5 0.901874812 | 0.225468703 | 0.203344544 | 0.901740603 | 0.225435151 | 0.203284029 | 0.000134210 | 1.44865e-09
6 0.901741245 | 0.225435311 | 0.203284318 | 0.901740602 | 0.225435150 | 0.203284028 | 6.43154e-07 | 2.22045e-16
7 0.901740602 | 0.225435151 | 0.203284028 | 0.901740602 | 0.225435150 | 0.203284028 | 2.02321e-11 0

8 0.901740602 | 0.225435150 | 0.203284028 0
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Fig. 4 - Matlab programming to obtain the results of Eq. 2 by means of 2SM and DM.

Table 5 - Performance of the 2SM and DM numerical techniques to obtain the results of non-linear equation.

Iterations Vpv-2SM Iy~ 2SM P,,-2SM V,y-DM I,,-DM P,,-DM €-2SM &-DM

1 0.960466918 | 0.192093384 | 0.184499340 | 0.918570989 | 0.183714198 | 0.168754532 | 0.071374203 | 0.029478274
2 0.932816856 | 0.186563371 | 0.174029457 | 0.899878446 | 0.179975689 | 0.161956244 | 0.043724141 | 0.010785732
3 0.909783325 | 0.181956665 | 0.165541140 | 0.890900378 | 0.178180076 | 0.158740697 | 0.020690610 | 0.001807663
4 0.895021368 | 0.179004274 | 0.160212650 | 0.889156465 | 0.177831293 | 0.158119844 | 0.005928653 | 6.37504e-05
5 0.889732889 | 0.177946578 | 0.158324923 | 0.889092846 | 0.177818569 | 0.158097218 | 0.000640174 | 1.31262e-07
6 0.889104432 | 0.177820886 | 0.158101338 | 0.889092715 | 0.177818543 | 0.158097171 | 1.17171e-05 1.3195e-12
7 0.889092721 | 0.177818544 | 0.158097173 | 0.889092715 | 0.177818543 | 0.158097171 | 6.40682e-09 0
8 0.889092715 | 0.177818543 | 0.158097171 2.10942e-15
9 0.889092715 | 0.177818543 | 0.158097171 0
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Fig. 5 - Matlab programming to obtain the results of Eq. 2 by means of 2SM and DM.

6. Conclusion

In this paper, a new three step iterative method free from second derivative is proposed in order to find zeros of
nonlinear equation in the field of solar cell device. Numerical experiments show that the new proposed method
gives a lesser number of iteration as compared with other iterative methods. Numerical evaluations obtained here

have been executed in MATLAB program the stopping criterion has been given as £ < 10°.
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