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Abstract: The paper is about Newton Raphson Method which is all-inclusive to solve the non-square and non-linear
problems. The study also aims to comparing the rate of performance, rate of convergence of Bisection method, root
findings of the Newton meted and Secant method. It also represents a new approach of calculation using nonlinear
equation and this will be similar to Newton Raphson simple method and inverse Jacobian matrix will be used for the
iteration process and this will be further used for distributed power load flow calculation and will also be helpful in some
of the applications. The paper also discusses the difference between the use of built in derivative function and self-
derivative function in solving non-linear equation in scientific calculator. The derivation Newton Raphson formula,
algorithm, use and drawbacks of Newton Raphson Method have also been discussed.

Keywords: convergence method, iteration method, self-derivation, algorithm complexity, square root of 2,
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1 INTRODUCTION :

Finding the solution to the set of nonlinear equations f(x) = (f1,.......f1)' = 0 is been a problem for the past years. Here we
consider this nonlinear equation and try find the solution to it and this can be found out by the Newton Raphson method.
This method is very familiar for its fast rate convergence and for improving the convergence property, the Homotopy
method is adopted out of various methods. Homotopy works by transforming an original problem into an easy problem
which will be afterwards become easy to be solved. A Homotopy map will also be required in further solving the problem.
Root finding is also one of the problems in practical applications. Newton method is very fast and efficient as compared
to the others methods. In order to compare the performance, it is therefore very important to observe the cost and speed
of the convergence. Newton method requires only one iteration and the derivative evaluation per iteration. The result of
comparing the rate of convergence of Bisection, Newton and Secant methods came as Bisection method < Newton method
< Secant method which in terms of number is that the Newton method is 7.678622465 times better than the Bisection
method whereas Secant method is 1.389482397 times better than the newton method. Complex systems with higher speed
processing control are in demand now a days and the solution to this is to divide them into subsystems and in this way
each subsystem will be treated individually and the control and operation will be applied to each of that subsystem. A
new technique of distributed load flow calculation using nonlinear is also presented in the paper. Finding roots of the
nonlinear equation with the help of Newton Raphson method provides good result with fast convergence speed and Mat
lab also adopted this method for finding the roots and tool used for such calculations is scientific calculator. Bracketing
method is which requires bracketing of the root by two guesses are always convergent as they are based on reducing the
interval between two guesses. Bisection method and the false position method makes use of the bracketing method.

2 NEWTON RAPHSON METHOD

2.1 Definition : Newton's method (also acknowledged as the Newton—Raphson method), named after Isaac Newton and
Joseph Raphson, is a technique for judgment sequentially superior approximations to the extraction (or zeroes) of a real -
valued function.

x:fx)=0

Any zero-finding method (Bisection Method, False Position Method, Newton-Raphson, etc.) can also be used to find a
minimum or maximum of such a function, by finding a zero in the function’s first derivative, see Newton's method as an
optimization algorithm.
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2.2 Explanation: The idea of the Newton-Raphson method is as follows: one starts with an preliminary conjecture which
is logically secure to the true root, then the purpose is approximated by its digression line (which can be computed using
the tools of calculus), and one computes the x-intercept of this digression line (which is effortlessly done with simple
algebra). This x-intercept will typically be a enhanced approximation to the function's root than the original guess, and
the method can be iterated Based on collinear scaling and local quadratic approximation, quasi-Newton methods have
improved for function value is not fully used in the Hessian matrix. As collinear scaling factor in paper may appear
singular, this paper, a new collinear scaling factor is studied. Using local quadratic approximation, an improved collinear
scaling algorithm to strengthen the stability is presented, and the global convergence of the algorithm is proved. In
addition, numerical results of training neural network with the improved collinear scaling algorithm shown the efficiency
of this algorithm is much better than traditional one.

2.3 Derivation: In numerical analysis, Newton's method (also known as the Newton—Raphson method), named after Isaac
Newton and Joseph Raphson, is a method for finding successively better approximations to the roots (or zeroes) of a
realvalued function.

x:f(x)=0

The Newton—Raphson method in one variable is implemented as follows:

Given a function f defined over the reals x, and its derivativef', we begin with a first guess x0 for a root of the function
f. Provided the function satisfies all the assumptions made in the derivation of the formula, a better approximation x1 is

f(xa)

Ty =Tg— 7+

f(xo)

Geometrically, (x1, 0) is the intersection with the x axis of the tangent to the graphof f at (x0, f (x0)).
The process is repeated as :

f(z)
f'(zn)

Until a sufficiently accurate value is reached.

Tny1 = Iy —

2.4 Graph :

/ 'xn+ ]_ xn

2.5 Algorithm :

Step-1: | Find points g and & such that a < » and fa) - A%) < 0.

Step-2: | Take the interval [a, 4] and
a+b

find next value x, = -

$%P3: | Eind 1(x) and 7 (xo)

A(xo)
7 (x0)

If f{x; ) = 0 then x, is an exact root,
else Xg =X,

Xy =X°-

Step-4:

Step-5: Repeat steps 2 to 4 Umilf(x,,) =oor lf(xf)| = Accuracy
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3 EXAMPLES:

3.1) Letussolvex3—x—1=0 for x.
In this case f(x) =x 3 —x — 1,50 f 0 (x) = 3x 2 — 1. So the recursion formula (1) becomes

(2 — 2 — 1)
S
Need to decide on an appropriate initial guess x0 for this problem. A rough graph can help. Note that f(1) = -1 <0 and
f(2) =5 > 0. Therefore, a root of f(x) = 0 must exist between 1 and 2. Let us take x0 = 1 as our initial guess. Then

(zf — 20— 1)

=g 3z -1

and with x0 = 1 we get x1 = 1.5.

Now
(zi—z - 1)
ERNT TR

and with x1 = 1.5 we get x2 = 1.34783. For the next stage,
(z§ —xy— 1)
3z3 -1

and with the value just found for x2, we find x3 = 1.32520.
Carrying on, we find that x4 = 1.32472, x5 = 1.32472, etc. We can stop when the digits stop changing to the required
degree of accuracy. We conclude that the root is 1.32472 to 5 decimal places.

Iz = Ty —

3.2) Let us solve cos x = 2x to 5 decimal places. This is equivalent to solving f(x) = 0 where f(x) = cos x — 2x. [NB: make
sure your calculator is in radian mode]. The recursion formula (1) becomes

(cosz, — 27,)
(—sinz, —2)

With an initial guess of x0 = 0.5, we obtain:
x0=0.51111

x1 =0.45063

x2 =0.45018

x3 =0.45018

Tptl = Tp —

with no further changes in the digits, to five decimal places. Therefore, to this degree of accuracy, the root is x = 0.45018.

3.3) Solve sinx = 1 x® using Newton-Raphson Method.
Solution: Let f (x) = sin x — 1 — x3, then f '(x) = cos x — 3x2. Then Newton-Raphson formula for this problem reduces to;

sinxp — 1 —x,

Tn+l = Xn — 5
COSXy — 3X;,

X, COSX, — SIX, — E.rﬁ +1

xﬂ+1 - 2
COsSXp — 3X;,

Now, since f (—1) < 0 and f (-2) > 0, root lies in between —1 and —2. Let xo= —1.1 be the initial approximation. then
successive iteration from above equations are;
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X COSXg — SINXp — lxg +1 4.05425 127636
x = 2 B -
: cosxp — 3x3 —3.17640

Similarly, X2 = —1.249746, x3 = —1.2490526, x4 = —1.2490522. In x, and X3 6 decimal places are same. i.e. approximated
root up to six decimal place is -1.249052.

4 CONVERGENCES OF NEWTON-RAPHSON METHOD:

In this section, we will see the condition for the convergence of Newton-Raphson method. We have;
o Jw)
Ant+l = AT o o
f(xn)

This is an iteration method where
S(xn)
f(xn)

Xnt1 = @(xn); and @(x,) =x, —

In general,
flx)
f(x)

x=¢(x); and ¢(x) =x—
As iteration method converges for |® '(x)| < 1, that is,
a (. fx
dx f(x)
@ — " @ |
For |
‘ S(x)f" (x)
L (x)]?

| FGe) ()| < L ()]

The interval containing the root o of f (x) = 0 should be selected in which the above is satisfied.

-

<1

4.1 Rate Convergence of Newton-Raphson Method:

Let x» and Xxn 1 be two successive approximations to the actual root a of f (x) = 0. Then
Xp — O = &y
and
Xptl — O =Epp
Fixed Point Iteration Method: In this method equation f (x) = 0 is written in the form of x = @ (x), such that |® '(x)| < 1.

Then sequence generated by X, 1= @ (xn) converges to the root of the equation f (x) = 0. where ei is the error in ith
iteration;

o+ £
o+ &1 =a+En_ﬂr—nj
o+ &,
o+ &)
£, 1 — gy — L2 T En)
o+ Epn

By Taylor’s Theorem
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flo) +enf(ee) + 3 (2" (e)) + ...
Slo)+enf'(a) + %fEEf‘”f&j}—!—...
& flle)+ e (o)
Fo) +e, " (ex)
1. f(ex)
27" o)+ enf o)

g2 1" (o)

(As flo) = 0)

Onutting derivatve of order higher than two

Ent1 _ fr(a:‘
g 2f(x)

—k (say)

5 CONCLUSION:

From the referenced research papers we have concluded that the ,The convergence rate of Newton method is fast as
compared to other methods .However the current injection method has simple Jacobian matrix and smaller computation
in every iteration, which can make the programming easier and reduce the time of the computation Secant method is the
most effective method it has a converging rate close to that of the Newton Raphson method but it requires only a single
function evaluating per iteration. We have also researched that the convergence rate of bisection method is very slow and
it’s difficult to extend such kind of systems equations. So in comparison Newton method have a fast converging rate.
The effectiveness of using scientific calculator in solving non-linear equations using NewtonRaphson method also
reduces the time complexity for solving nonlinear equations. With the help of the built in derivative functions in calculator
now we can able to calculate the nonlinear functions faster. This research also shows that the common mistakes made by
the participants had been reduced after they were taught the technique to solve the problem using the calculator. In this
work a sequence of i t e rativ e methods for solving nonlinear equation f(x) = 0 with higher-order convergence is
developed. The method can be continuously applied to generate an iterative scheme with arbitrarily specified order of
convergence.

We also concluded that the Newton Raphosn method can be used very effectively to determine the intrinsic value based
on its measured permittivity.
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