Roots of an equation

How to use your computer to find roots?
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Bisection Method

Bisection Method

@ The simplest and the most intuitive method.
e Find roots of equation f(z) =0.

@ Assume that we know the root x, is in the interval [a, b].

: Algorithm
o S R O e v

0 Q If f(a)f(zo) <O then let b= xg
—0.5F | © else set a = x.

O | @ repeat 1-3 until [a — b <.

~10 5 0 5 1o 0 is a tolerance.
Example

Let f(z) = e*Inx — 22 and find the root of an equation f(x) = 0. Hint:
zr=1—f(l)=—landz=2— f(2)=2soleta=1and b=2.
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Visualzation
Design for Visualization
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Homework

Find the solution of the equation

flz) =a®

=T —

3t =52 + 22 +2+3=0
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in the interval z € [—2,4] using bisection method.



Newton-Raphson Method

Assume a smooth function around its root.
f(zr) =0, T, = root
Use Taylor expansion around x,..
f@) = flz) + (zr —2) f(20) +--- =0 (1)

Idea: Let z;, be a trial value for the root of f(x) =0 (i.e., =) at k-th step and
approximate x,. at (k + 1)-th step based on z.
From Eq. (1)

f@rsr) = f(zn) + (@1 — zp) f(21) =0 )

Thy1 = Tl — =z, + Axy, (3)

B
T

Here fi = f(xx) and Axzy is a kind of a correction.
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Newton-Raphson Method

Newton-Raphson Method

Newton-Raphson Method
@ lteration:

Te4+1 = Tk —

= =, + Axy
1

J(x)>0, fix)>0

150, <0
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Homework

Find the solution of the equation

flx)=a° =32 =523 + 2> +2+3=0
in the interval x € [—2, 4] using Newton-Raphson method.
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Secant Method

@ More generalized version of Newton-Raphson method.
@ Important: This will be also used in shooting method to find a solution of
differential equation with given boundary condition.
o If f(z) has an implicit dependence on z.
e Orif f(z) is give by the numerical data (numbers).
o Thus it is difficult to find out the derivative, f'(z).

= use the two points definition of f’(x)
From Eq. (3)

Jr

Tpr1 2T — (Tp — Tpm1) ——— = 2; + Az,

T — fr—1

Soon-Hyung Yook Roots of an equation April 19, 2016 9 /10



Homework

Find the solution of the equation

flx)=a° =32 =523 + 2> +2+3=0
in the interval z € [—2,4] using secant method.
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