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ABSTRACT

The main purpose of this research is to find out the best method through iterative methods for solving the
nonlinear equation. In this study, the four iterative methods are examined and emphasized to solve the
nonlinear equations. From this method explained, the rate of convergence is demonstrated among the 1st
degree based iterative methods. After that, the graphical development is established here with the help of
the four iterative methods and these results are tested with various functions. An example of the algebraic
equation is taken to exhibit the comparison of the approximate error among the methods. Moreover, two
examples of the algebraic and transcendental equation are applied to verify the best method, as well as the
level of errors, are shown graphically.
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1. INTRODUCTION

In numerical analysis, the most appearing problem is to determine the equation’s root in the form
of f(x) = 0 rapidly where the equations of the types of f(x) = 0 is known as Algebraic or
Transcendental according to as

f(x) = apxn+aixn—1+, ... +ap—1X +a,(a#0),

where the expression of f(x) being an algebraic or transcendental or a combination of both.If f(x)
=0

at the point x= a, then a is acquainted as the root of the given equation if and only if f(a)=0. The
equations of f(x) = 0 is an algebraic equation of degree k such as x3-3x2+12=0, 2x3-3x-6=0 are
some kinds of algebraic equations of two and three degree whereas if f(x) takes on small number
of function including trigonometric, logarithmic and exponential etc then f(x) = 0 is a
Transcendental equations, for instance, x sin x + cos X = 0, log x — x+3=0 etc are the
transcendental equations. In both cases, the coefficients are known as numerical equations if it is
pure numbers. Besides, several degrees of algebraic functions are solved by well-known methods
that are common to solve it. but problems are when we are trying to solve the higher degree or
transcendental functions for which there are no direct methods of how to get the best solution
easily. Using approximate methods are a facile way for these sorts of equations. Numerical
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methods are applied to impart formative solutions of the problems including nonlinear equations.
Various methods for discovering the nonlinear equation’s root exists. For example, the Graphical
method, Bisection method, Regula-falsi method, Secant method, Iteration method, Newton-
Raphson method, Bairstow’s method and Graeffe’s root squaring method and Newton’s-iterative
method, etc. Several formulae of the numerical method is described in the books of S.S. Sastry
[3], R.L. Burden [1], A.R. Vasishtha [2] as well as there are lots of paper involving nonlinear
Algebraic, Transcendental equations like improvement in Newton-Rapson method for nonlinear
equations applying modified Adomian Decomposition method [4], on modified Newton method
for solving a nonlinear algebraic equations by mid-point [10], New three-steps iterative method
for solving nonlinear equations [7], A New two-step method for solving nonlinear equations [9],
as well as a new method for solving nonlinear equations by Taylor expansion [8]. Besides, some
investigations [5, 6, 16] have shown a better way to interpret the algebraic and transcendental
equation’s root whereas Mohammad Hani Almomani et al. [11] presents a method for selecting
the best performance systems. What is more, in [12], Zolt “an Kov'acs et al. analyzed in
understanding the convergence and stability of the Newton-Raphson method. In [13], Fernando
Brambila Paz et al. calculated and demonstrated the fractional Newton-Raphson method
accelerated with Aitken’s method. Robin Kumar et al. [14] examined five numerical methods for
their convergence. In [15] Nancy Velasco et al. implemented a Graphical User Interface in Matlab
to find the roots of simple equations and more complex expressions. However, Kamoh Nathaniel
Mahwash et al. [16] represents the two basic methods of approximating the solutions of nonlinear
systems of algebraic equations. In [17], Faroog Ahmed Shah et al. suggest and analyze a new
recurrence relation which creates the iterative methods of higher order for solving nonlinear
equation f (x) = 0. Also, M. A. Hafiz et al. [18] propound and analyse a new predictor-corrector
method for solving a nonlinear system of equations using the weight combination of mid-point,
Trapezoidal and quadrature formulas.

In our working procedure, we have discussed and also compared with the existing some iterative
methods, for example, Newton’s method, False Position method, Secant method as well as
Bisection method to achieve the best method among them. This research paper based on analyzing
the best method to impart the best concept for solving the nonlinear equations. With the help of
this paper, we can easily perceive how to determine the approximate roots of non-linear equations
speedily. Moreover, we demonstrated some function to obtain an effective method which gives a
smaller level of iteration among the mentioned methods.

SCOPES AND OBJECTIVES OF THE STUDY

The main scopes of the study are to evaluate the best method for solving nonlinear equations
applying numerical methods. The objectives are given below;

» Finding the rate of convergence, proper solution, as well as the level of errors of the
methods.

» Comparing the existed methods to achieve the best method for solving nonlinear
equations.

2. MATERIALS AND METHODS

Due to these works, the following methods is discussed such as Newton-Raphson method, False
Position method, Secant method and Bisection method.

2.1. Newton-Raphson Method

Newton-Raphson method is the famous numerical method that is almost applied to solve the
16
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equation’s root and it helps to evaluate the roots of an equation f(x) = 0 where f(x) is considered
to have a derivative of f(x). The basic idea of Newton-Raphson

slope=f"' (xn)u-w\}

/ xn+1 xn

Figure 1. Newton-Raphson method

Also, Newton method can be achieved from the Taylor’s series expansion of the function f(x) at
the point x0 as follows:

f(x) = flxg) + (x — x) f'(x0) +

. 2
% FCxg) + -

Since (x—x0) is small, we can neglect second, third and higher degree terms in (x—x0) and thus
we obtain

(2)=f (x0)+(x—x0)f'(x0)........ Q

Putting f(x) = 0 in (1) we get,

fxg) + (x — x0)f'(x0) =0

- f(xg) Py
Or. (x — xg) = — : +0
r, (X — xg) { {,(xﬂ};f (%0)
. _ _ flxo
Hence,. X = Xg T lxo)
Generalizing, we get the general formula
flxn)

Xn+1 = Xn = 0 forn=20,12, ..
Which is called Newton-Raphson formula.

Example: Solve the equation f(x) = x34+2x2+10x—20=0 using Newton’s method.
Given that, f(X)= x3+2x2+10x—20=0
~f'(x)=3x2+4x+10

Apply Newton’s method to the equation, correct to five decimal places.
Now we can see that f(1) =- 7 < 0and f(2) = 16 > 0.

Therefore the root lies between 1 and 2.

We know that, Newton’s formula as follows,
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_ fxn)
Xn+1 = X*n — m

xpi+2x,2+10x,—20
3xp +4x,—10

]

Or. Xn41 = Xn — [

Solving the right hand side yields

_ 2(xp®42x,%+10)
3x, +4x,—10

Xn+1

Convergence of Newton-Raphson method:
Newton’s method is given below,

x — x A E)]
n+1 — s f"(xn)

This is really an iteration method where

F(x,)
x‘ﬂ.'l—l = E)(xﬂ): Ej(xﬂ) — x‘ﬂ. _flr[x-n,}
. — . . _ _ fxn)
In general. x= @(x). where @(x) = x FIenk

We know that the iteration method converges if

"(x)]2— r
O'(x) | < 1.ie| 1— L' )P —fx) fro(x) <1

TGk
, FEOFG)
Or, I YFor =1
i.e | f(x) '(x)|= [f(x)]?

Therefore. Newton-Raphson formula is convergent if | f(x) £'(x)|< [f'(x)]?
2.2. False Position method

False position method, which is a very old algorithm for solving a root finding problem. It is
called trial and error technique that exerts test values for the sake of variable and after that
adjusting this test value in imitation of the outcome. This formula is also called as "guess and
check". The basic concept of this method is demonstrated in the following figure,

f(b)
A X)
D
new a- ; b
= pida; .~ B
Wc E
— f(a)
y
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Figure 2. False Position method

Consider the equation f(x) = 0, where f(x) is continuous. In this method we choose two points a
and b such that f(a) and f(b) be of opposite signs (a < b). So the curve of y = f(x) will meet the x-
axis between A(a, f(a)) and B(b, f(b)). Hence a root lies between these two points. Now the
equation of the chord joining the points A(a, f(a)) and B(b, f(b)) is given below

x—a _  y—fla)
a-b f(a)—f{bj}"'""""""m

The point of intersection of the chord équatibn for the x-axis imparts the first approximation xo
for the root of f(x) = 0, that is achieved by substituting y = 0 in (1) we get,

Xp—a _ —f(a)
a-b _ fla)—f(b)
, _ . _ fla)(a=b)
Or. Xo =@ =20 50)
_ af(a)-bf(a) ,
Xo = ~r riay (@)

If f(a) and f(xo0) be of opposite signs, so its root is between a and xo. Then replacing b by xo in
(2), we obtain the next approximation x1. But if f(a) and f(xo) are same sign, so f(xo) and f(b) be
of opposite signs, therefore its root is between xo and b. Again, replacing a by xo in (2) we find
x1. This work is continued till the root is achieved its desired accuracy.The genearl formula is

. _ af@ = bf(a)
mrt f(b) — f(a)

Example: Solve the equation f(x) = x3—3x—5=0 by the method of False Position method.

Solution:
Let f(X) = x3—3x-5=0
Since f(2) = -3<0
F(3) = 13>0
We know that.

v = Y@ —bf(a)
° fB) - f(@

When a=2. b=3 then
af(a)—bf(a) 2x13—3x—3
X0 = Tr)—F@ 1343
Now f(xy) =£(2.1875)=-1.095 < 0.
The root lies between 2.1875 and 3 such that a = 2.1875 and b = 3 etc

= 2.1875

Convergence of False Position method:

We know that,
(xn _ jCﬂ—l)

i =X~ e TR S

17 ()
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In the equation f(x) = 0, if the function f(x) is convex in the interval (xo,x1) that takes a root then
one of the points xo, or x1is always fixed and the other point varies with n. If the point xo is fixed
, then the function f(x) is approximated by the straight line passing through the points (xo,f0) as
well as (xn,n),n=1,2,......

Now, the error equation (2) from the convergence of secant method becomes
Eni1 = CEpEn_q....... (1)
From equation (1), we get
En+1 = CEn&o
Ent+1 = CepEg

1 Fr(Q)

Where C = 2 710

and g5 = xg — { 1s independent of k. Therefore we can write

En+1 = CrEn
Where C = Ceois the asymptotic error constant. Hence, the false Position method has Linear rate
of Convergence.

2.3. Secant Method

The secant method is just a variation from the Newton’s method. The basic idea is shown below,

Figure 3. Secant method

The Newton method of solving a nonlinear equation f(x) = 0 is given by the iterative formula.

xn+1 = xn - f’{xn} ............ (1)

One of the drawbacks of the Newton’s method is that one has to evaluation the derivative of the
function. To overcome these drawbacks, the derivative of the function f(x) is approximated as

}-_'J' (xn) — fn)=f(Xny) (2)

Xn~Xn-—-1

Putting equation (2) into (1), we get,
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xnf(xn) - xn—lf(xn)
f(xn) — f(xpn—1)

Xn+1 — Xn —

By factoring out f(x,,)

. — f[xn}(xn — Xp_1)
T ) — F(x—1)

Xnt1 —

This can also be written as
x — [ (xn — x’n—l)
+1 = -
" m f[xn} — f[x'n—lj

The above equation is called the secant method. This is like Newton-Raphson method but
requires two initial guess.

1 Gxen)

Example: Solve the equation f(x) = x3—2x—5=0 using secant method.
Let the two initial approximations be given by
x—1=2 and x0= 3
The root lies between 2 and 3.
_ Flxq)(x1—x0)

By secant method. first approximation is wheni=1: x> — x
¥ PP 2 1 f(xlj_f(xnj

_ flaz) (e —2xq)

1 1= 2 =
when i X3z = Xo f((x;](— f(xﬂ}
| fea) g —
wheni=3:  xy=x; — RN
when i = 4; Xs = Xa — Lo =)

Flaxg)—fx3z)
Convergence of Secant method:

We know that,
I A SV \
Xn+1 = Xn [f(xn:]"f(xn—ﬂ]f(xn). e -(IJ
We assume that { 1s a simple root of f(x) = 0. Putting x,, = { + €}, in (1) we obtain

. (€n — €n-1)
1= ey e

Expanding f(C + €;.) and f{(T + €;_,) in taylor’s series about the point { and noting that £f{) = 0 we
get.

(en — en-1lenf" () + 2 EEFQ) + ]

(en — en-0)f"@) +5 (€2 — €2 Df (@) + -
Or. £n41 = €n = [enf @ +2€2f"@) + 1L + 2y + £ F/@/F/(Q) + 17

Or, En+1 = %wan—lf”(‘f)ff’(f) + 0[5721‘511—1 + E%En—l)
Or.ep01 =Cepep_q.enn.....(2)
Where C =% f"({)/f'({) and the higher powers of er are neglected.

Eny1 — €n —
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Where C =% f""({)/f'({) and the higher powers of g, are neglected.
The relation of the form (2) is called the error equation. Keeping in mind the definition of

convergence we want a relation of the form . g, ; = Asﬁ. N &)
Where A and p are to be determined.
- 1
From (3) we have g, = Asl_  org,,, = A4 1;p£n/P
Putting the value of £, 4 and g,_; in (1)

1

—(1+5) _1+1
E,f: =CA ( P)an /P
Comparing the power of &, on both sides we get

p = 1+1/p which gives p = 1/2(1++/5).
Neglecting the negative sign, we get the rate of convergence for the Secant method is p = 1.618.

2.4. Bisection Method

The bisection method is very facile and perhaps always faithful to trace a root in numerical
schemes for solving non-linear equations. It is frequently applied to acquire of searching a root
value of a function and based on the intermediate value theorem (IVT). This method always
succeeds due to it is an easier way to perceive. The basic concept of this method is given below;

_ root les within
¥ oass this mterval
A - -

t{x) positive

- P X as
guess 2
o+

root lies within

this mterval

%) negatrie

Figure 4. Bisection method

This Bisection method states that if f(x) is continuous which is defined on the interval [a, b]
satisfying the relation f(a) f(b) < 0 with f(a) and (b) of opposite signs then by the intermediate
value theorem(IVT) ,it has at least a root or zero of f(x) = 0 within the interval [a, b]. It consists of
finding two real numbers a and b, having the interval [a, b], as well as the root, lies ina <x <b
whose length is, at each step, half of its original interval length. This procedure is repeated until
the interval imparts required accuracy by virtue of the requisite root is achieved. While it has
more than one root on the interval (a, b) ,as a result, the root must be unique. Moreover, the root
converges linearly and very slowly. But when f(x0) is very much nearly zero or is very small
then we can stop the iteration. Therefore, the general formula is

_u+b
2

Xn
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Example: Solving the equation f(x) = x* — x — 1 = 0 by bisection method correct up to two decimal

places.

Solution: Let fix)=x3 —x — 1
& f (1) =-1<0

And f(2)=5=0

So at least one root of the given equation lies between 1 and 2.

a+b 1+2 .
Letxy=22=22_15
2 2

f(xg)=0.875>0

The root lies between 1 and 1.5 etc.

Convergence of Bisection method:

Let us conventionally define the “approximation” at x,, after the n-th iteration as the midpoint
a'ﬂ. + b?l

2
of [,,. Since the actual solution f(c) = 0 satisfies cE [,, . we have
Xn—Cl = ]:|In|

Xn

where |I,,| symbolizes the length of the interval I,,. Since the length of the current search interval gets
divided in half in each iteration. we have,

A n
< (— I
<Ol
We interpret this behavior as linear convergence; although we cannot strictly guarantee that |e, 4| <
L |e,| (L < 1) at each iteration, then the convergence is called the first order and L is called the rate

of ¢ onvergence.

€n I = |)€n—C

2.5. Comparison Of The Rate Of Convergence Among The Four Method

The rate of convergence is a very essential issue for the sake of solution of algebraic and
transcendental equations, due to the rate of convergence of any numerical method evaluates the
speed of the approximation to the solution of the problems.

Following table demonstrates the comparison of rate of convergence.

Table 1. Comparison of the rate of convergence

Method Based on Equation Rate of Convergence
Newton-Raphson 1¥ degree 2
False Position 1 degree 1
Secant 1¥ degree 1.618
Bisection 1* degree 0.5

From this table, we see that Newton-Raphson has a better rate of convergence than other methods
ie. 2.
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3. ANALYSIS AND COMPARISON

3.1. Graphical Development Of The Approximation Root To Achieve The Best
Method

The graphical development of the four method is illustrated as follows,

Dewlopment of the Mewton-Raphson Method Development of the False Position Method
10 o T T T
B O Approximate Reot
&0 Fuction 7
O Approximate Rioot 50
0 Fuction
40
5
2 @ 0
- @
é -10 % a1l
" 1
-8 0
0
-20
-10
-25 =20
-30 l_ -30 = -
1 1.2 1.4 1.6 1.8 2 22 24 26 28 3 1 2 3 4 5 i ! ]
herations Rerations
Dewelopment of the Secant Method Denelopment of the Bisection Method
10 200
O Approximate Root
i il il Fuction
O Approximate Root
F 1=
o uction
-5
] g 0
g -10 E
-15 ] 50
-20
B [v] [»] o] o] o] [+] [+]
25
30 -50
1.5 2 25 3 35 4 1] 2 4 6 B 10 12
Iterations. Rerations

Figure 5. Graphical development among the four methods. The function used is x2-30 with the interval [5
6] and the desired error of 0.0001.

From the above graph, for the Newton-Raphson method, in each iteration, the graph demonstrates
the approximate root with only 3 iterations as it converges more rapidly and accurately whereas
other method delays to give desire roots of the equation. In the Bisection method, it requires a
large number of iterations to meet the desired root as convergent slowly. For the Secant method,
it imparts a level of convergence but not as compared to the Newton method. The False Position
method converges more slowly due to it needs at least 10 iterations to compare to the Newton and
secant method respectively.

Both algorithms are tested with several functions taking as data for error 0.0001 and the desired

accuracy. The results gained for the approximate root, error, and iteration are summarized in table
2.6.1 for the Newton-Raphson method, in table 2.6.2 for False-Position method, in table 2.6.3 for
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Secant method and in table 2.6.4 for Bisection method. The Newton-Raphson imparts the small
number of iteration correctly as long as the initial values enclose the desired root.

Table 2. Data obtained with the Newton-Raphson Method

Function Type Approximate Root Error Iteration
Linear: 3x+5 -1.6667 0.0000000 2
Quadratic: x2 — 12 3.46410 4.8917e-09 14
Cubic: x> — 48 3.6342 7.9622e-06 4
Trigonometric: 3x —cos (x) — 1 0.60710 1.7597e-08 3
Exponential: xe* — 2 0.85261 1.2179e-07 3
Logarithmic: x2 + Inx — 2 1.31410 7.7547e-05 3
Combination: cos(x)-xe* 0.51776 1.9482e-08 5
Combination:3x — /1 + sin (x) 0.39185 3.7502e-06 3
In the False position method, it imparts a lot of iteration number to meet the desired root.
Table 3. Data obtained with the False Position Method
Function Type Approximate Root Error Tteration
Linear: 4x+7 -1.66666 0.000000000000000 3
Quadratic: x2 — 12 3.464101 0.000000000001810 10
Cubic: x3 — 48 3.634241 0.000000000000003 14
Trigonometric: 3x —cos (x) — 1 0.607101 0.000000000000156 9
Exponential: xe® — 2 0.85260 0.000000000002899 12
Logarithmic: x? + [nx — 2 1.314096 0.000000000000001 17
Combination: cos(x)-xe™ 0.517757 0.000000000000061 15
Combination:3x — /1 + sin (x) 0.391846 0.000000000000877 8
We apply the secant method to obtain the result with a few numbers of iterations.
Table 4. Data obtained with the Secant Method
Function Type Approximate Root Error Iteration
Linear: 4x+7 -1.66666 0.0000000 2
Quadratic: x2 — 12 3.464101 1.3222e-05 4
Cubic: x* — 48 3.634241 2.0674e-07 5
Trigonometric: 3x —cos (x) — 1 0.6071016 3.8551e-06 4
Exponential: xe* — 2 0.8526054 1.2398e-05 5
Logarithmic: x2 + Inx — 2 1.3140967 5.4035e-05 4
Combination: cos(x) - xe”™ 0.51776 9.9055e-06 6
Combination:3x — /1 + sin (x) 0.39185 3.5903e-07 4

Similarly, the Bisection method demonstrates the roots slowly as long as the initial values enclose
the desired root as well as gives a large number of iteration.
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Table 5. Data obtained with the Bisection Method

Function Type Approximate Root Error Iteration
Linear: 4x+7 -1.66664 0.000076293 16
Quadratic: x? — 12 3.464050 0.000355567 14
Cubic: x3 — 48 3.634241 0.000223494 15
Trigonometric: 3x —cos (x) — 1 0.607102 0.000164184 13
Exponential: xe* — 2 0.852606 0.000109137 15
Logarithmic: x% + Inx — 2 1.314097 0.001207722 9
Combination: cos(x)-xe™ 0.517761 0.001956944 10
Combination:3x — \/H—Tn(x) 0.391847 0.000076418 14

3.2. Comparison Of The Approximate Error

A comparison of the approximate error to find the root of the function x* — x — 10 with four methods
within the interval [1 2] of an accuracy 0.0001 is demonstrated in the following figure 3.2.

Comparson of the Approcimate Emor

3F I I 13 E
Q\ —&— pewton-Raphson Method
2 False Position Method [
\\ —&— Secant Method
—8— Bisection Method 1

o 2 4 6 a 10 12 14 16 18 20
terations

Figure 6. The approximate error is plotted against the number of iterations (1-20).

From the above graphical development and comparison, it is recommended that Newton-
Raphson’s method is the fastest in the rate of convergence compared with the other methods.

4. TeST AND RESULTS TO VERIFY THE BEST METHOD

Following examples interpret the result achieved by the four methods to solve nonlinear equations
such as algebraic and transcendental equations.

Problem 1. Consider the following equation [2 3],
fx)=x*—2x—-5=0

We start xo= 2.
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Table 7. Number of iterations and the results obtained by the four method

N | Newton- Error False Error Secant Error Bisection Error
Raphson Position Method Method
Method Mejthod
1 2.12000 0.00544851 2.058823 | 0.03572795 | 2.05882 09411764 2.50000 5.6249937
2 2.09513 0.00001663 | 2.081263 | 0.01328782 | 2.08126 0.0224401 2.25000 1.8906187
3 2.09455 1.5 2.089639 | 0.00491227 | 2.09482 0.0135604 2.12500 0.3456968
x 10710

4 2.09455 0.00000000 | 2.092739 | 0.00181190 | 2.09454 0.0002747 2.06250 -0.351324
5 2.09455 0.00000000 | 2.093883 | 0.00066777 | 2.09455 0.0000020 2.09375 -0.008947
6 2.09455 0.00000000 | 2.094305 | 0.00024603 | 2.09455 0.0000000 2.10937 0.1668329
7 2.09455 0.00000000 | 2.094460 | 0.00009063 | 2.09455 0.0000000 2.10156 0.0785560
8 2.09455 0.00000000 | 2.094518 | 0.00003338 | 2.09455 0.0000000 2.09765 0.0347080
9 2.09455 0.00000000 | 2.094539 | 0.00001229 | 2.09455 0.0000000 2.09570 0.0128560
10 | 2.09455 0.00000000 | 2.094546 | 0.00000453 | 2.09455 0.0000000 2.09472 0.0019481
11 | 2.09455 0.00000000 | 2.094546 | 0.00000166 | 2.09455 0.0000000 2.09423 -0.003501
12 | 2.09455 0.00000000 | 2.094546 | 0.00000061 | 2.09455 0.0000000 2.09448 -0.000777
13 | 2.09455 0.00000000 | 2.094546 | 0.00000022 | 2.09455 0.0000000 2.09460 0.0005854
14 | 2.09455 0.00000000 | 2.094546 | 0.00000008 | 2.09455 0.0000000 2.09454 -0.000095
15 | 2.09455 0.00000000 | 2.094546 | 0.00000003 | 2.09455 0.0000000 2.09455 0.0002448
16 | 2.09455 0.00000000 | 2.094546 | 0.00000001 | 2.09455 0.0000000 2.09455 0.0000745
17 | 2.09455 0.00000000 | 2.094546 | 0.00000000 | 2.09455 0.0000000 2.09455 -0.000010
18 | 2.09455 0.00000000 | 2.094546 | 0.00000000 | 2.09455 0.0000000 2.09455 0.0000319
19 | 2.09455 0.00000000 | 2.094546 | 0.00000000 | 2.09455 0.0000000 2.09455 0.0000106
20 | 2.09455 0.00000000 | 2.094546 | 0.00000000 | 2.09455 0.0000000 2.09455 0.0000000

Moreover, we can look at the following approximate error graph gained from the above four
methods which illustrate the change of errors from one method to another method.
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Comparing the above graph, we see that Newton-Raphson Method is a better method than others.

Similarly,

Problem 2. Consider the following equation [-1 -2],
fx)=sinx—1—x>=0

We start x=-1.

20

N | Newton- Error False Error Secant Error Bisection Eiror
Raphson Position Method Method
Method Method
1 | -1.27636 | -0.09305126 | -1.12138 | -0.1276658 | -1.12138 | 0.8786136 | -1.50000 | 1.377501
2 | -1.24974 | -0.00738636 | -1.18687 | -0.0621759 | -1.18687 | 0.0654899 | -1.2500 | 0.004136
3| -1.24905 | -0.00005222 | -1.21958 | -0.0294663 | -1.25793 | 0.0710594 | -1.1250 | -0.47844
4 | -1.24905 | 2.6x107? | -1.23527 | -0.0137771 | -1.24849 | 0.0094389 | -1.18750 | -0.25288
5| -1.24905 | 0.000000000 | -1.24265 | -0.0064000 | -1.24904 | 0.0005506 | -1.21875 | -0.12840
6 | -1.24905 | 0.000000000 | -1.24608 | -0.0029641 | -1.24905 | 0.0000047 | -1.23437 | -0.063135
7 | -1.24905 | 0.000000000 | -1.24768 | -0.0013708 | -1.24905 | 0.0000000 | -1.24218 | -0.02976
8 | -1.24905 | 0.000000000 | -1.24841 | -0.0006335 | -1.24905 | 0.0000000 | -1.24609 | -0.01287
9 | -1.24905 | 0.000000000 | -1.24875 | -0.0002926 | -1.24905 | 0.0000000 | -1.24804 | -0.00438
10 | -1.24905 | 0.000000000 | -1.24891 | -0.0001351 | -1.24905 | 0.0000000 | -1.24902 | -0.00012
11 | -1.24905 | 0.000000000 | -1.24891 | -0.0000624 | -1.24905 | 0.0000000 | -1.24951 | 0.002002
12| -1.24905 | 0.000000000 | -1.24891 | -0.0000287 | -1.24905 | 0.0000000 | -1.24926 | 0.000936
13 | -1.24905 | 0.000000000 | -1.24891 -0.0000132 -1.24905 0.0000000 -1.24914 0.000403
14 | -1.24905 | 0.000000000 | -1.24891 -0.0000060 | -1.24905 0.0000000 -1.24908 0.000137
15 | -1.24905 | 0.000000000 | -1.24891 | -0.0000027 | -1.24905 | 0.0000000 | -1.24907 | 0.000004
16 | -1.24905 | 0.000000000 | -1.24891 0.0000000 -1.24905 | 0.0000000 | -1.24907 -0.00006
17 | -1.24905 | 0.000000000 | -1.24891 0.0000000 -1.24905 0.0000000 -1.24907 -0.00002
18 | -1.24905 | 0.000000000 | -1.24891 0.0000000 -1.24905 0.0000000 -1.24907 -0.00001
19 | -1.24905 | 0.000000000 | -1.24891 0.0000000 -1.24905 0.0000000 -1.24907 0.000000
20 | -1.24905 | 0.000000000 | -1.24891 0.0000000 -1.24905 0.0000000 -1.24907 0.000000
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Table 8. Number of iterations and the results obtained by the four method

Moreover, we can also look at the following approximate error graph gained from the above four
methods which illustrate the change of errors from one method to another method.
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Comparing the above graph, we see that Newton-Raphson Method is a better method than others.

5. CONCLUSION

In this research works, we have analyzed and compared the four iterative methods for solving
non-linear equations that assist to present a better performing method. The MATLAB results are
also delivered to check the appropriateness of the best method. With the help of the approximate
error graph, we can say that the Newton’s method is the most robust and capable method for the
sake of solving the nonlinear equation. Besides, Newton’s method gives a lesser number of
iterations concerning the other methods and it shows less processing time. Ultimately, it is
consulted steadily that Newton’s method is the most effective and accurate owing to solving the
nonlinear problems.
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