Objective of lecture.

* Difference between Numerical and Analytical
methods.

* Methods used to get root of function, comparing between
Analytical and Numerical.

* Bisecting method for root finding.

* Method of False position for root finding.



Numerical Analysis

Numerical analysis involves the study of all the methods of computing
numerical data.

Difference between Numerical and Analytical
method.

* Numerical methods provide approximation to the problem in question,
while analytical method give exact solutions with more time consuming.

* Numerical method give solution at certain point only, like finite
difference ,finite element, these methods are considered Numerical
since they give results at certain points.



1.1 BACKGROUND

Numerical methods are mathematical techniques used for solving math-
ematical problems that cannot be solved or are difficult to solve analyti-
cally. An analytical solution 1s an exact answer i the form of a
mathematical expression m terms of the variables associated with the
problem that 1s being solved. A numenical solution 15 an approximate
numerical value (a number) for the solution. Although numerical solu-
tions are an approximation, they can be very accurate. In many numeri-
cal methods, the calculations are executed n an 1terative manner until a

Jesred accuracy 1 achiered. e —————
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Definition of A function fis a quadratic function if

Quadratic Function filx) = ax® + bx + ¢

where a, b, and ¢ are real numbers with a # 0.

' o, If b= ¢ = 0 in the preceding definition, then fix) = ax® and the graph
D/_SC//M/W eV (_’ is a parabola with vertex at the origin. If 5 = 0 and ¢ # 0, then

flx) = ax? + ¢,

Determining the WNoumber of Real Solutions to a Quadratic Equation

Let ar, & and ¢ be real numbers with e = 0.

e If " —dac <0, the equation ax” + bx +c =10 has no real solutions.
- If #° —4ac =0, the equation ax” + bx +c =0 has one real solution.!
- If #* —d4ac = 0, the equation ax® + bx +c =0 has two real solutions.

The discriminant tells you the number of solutions you will have and whether or not
the solutions are real numbers. Discriminant > O: You have two solutions that are real
numbers. Discriminant = O: You have one solution that is a real number. Discriminant <
O: You have two solutions that are not real numbers.



Precalculus Cynthia young

DEFINITION Polynomial Function

Let n be a nonnegative mteger, and let a,, a,-y, . . ., ay, a;, a; be real numbers with
a, # (). The function onstfonC

fo)=ax"+a_x""'+ - +ax’+ax+aq T

is called a polynomial function of x with degree n. The coefficient a, is called
the leading coefficient, and a, is the constant.




Finding the +ve root of function

What is the root of a function?

. A ,:’,. = KE- 4
The roots of function ,or zeros, are
the points where the function crosses L—1T = {F@'JJ'E*E"I'S;1
. -~ -~ <
the x axis ,where the value of f(x)=0 # £, or Zero

We let f(x)=y=0
(x+2)*(x-2)=0
So x=-2 or x=+2 are the zeros

To check substitute in the value of x Y=(2)"2-4=4-4=0

Y=(-2)*2-4=4-4=0
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A solution to the equation (also called a reot of the equation) is a
numerical value of x that satisfies the equation. Graphically, as shown in
Fig. 3-1, the solution 1s the point where the function f(x) crosses or
touches the x-axis. An equation might have no solution or can have one
or several (possibly many) roots.

When the equation 1s simple, the value of x can be determined ana-
lytically. This i1s the case when x can be written explicitly by applying
mathematical operations, or when a known formula (such as the for-

Y i yi
y=f(x)\ y=f(x)\ AMOS GILAT VISH SUBRAMANIAM
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A solution to the equation (also called a reer of the equation) 1s a
numerical value of x that satisfies the equation. Graphically, as shown in
Fig. 3-1, the solution is the point where the function f(x) crosses or
touches the x-axis. An equation might have no solution or can have one
or several (possibly many) roots.

When the equation is simple, the value of x can be determined ana-
lytically. This 1s the case when x can be written explicitly by applying
mathematical operations, or when a known formula (such as the for-

y y
| @ » =/
Solution : Solutions
{ ¥ 4 P A
One solution Several solutions

Figure 3-1: Illustration of equations with no, one, or several solutions.



4.4.1 The Remainder Theorem C /O(/Lé/ﬁ )/ 7)/00122
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and the Factor Theorem Alg éfo o

The zeros of a polyvnomial function assist us in finding thes=imercepts-af.the graph
of a polynomial function. How do we find the zeros of a polynomial function? For
polynomial functions of degree 2, we have the guadratic formula, which allows us 1o
find the two zeros. For polynomial functuons whose degree 1s greater than 2, much
more work is regquired.® In this section, we focus our attention on finding the real
zeros of a polynomial function. Later, in Section 4.5, we expand our discussion 1o
complex zeros of polynomial functions.

In this section, we start by histung possible rational zeros. As yvou will see, there
are sometimes many possibilities. We can then narrow the search using Descartes”
mule of signs, which tells us possible combinations of positive and negative real zeros.
We can narmrow the search even further with the upper and lower bound rales. Once
wie have tested possible wvalues and determined a zero, we will employ synthetic
division o divide the polynomial by the hinear factor associated with the zero. We wall
continue the process untl we have factored the polynomaal function nto a product of
cither linecar factors or irreducible quadranc facrvors. Last, we will discuss how to find
uTational real zeros using the intermediate value theorem.

If we divide the polynomial function fix) = x — 2x° 4+ x — 3 by x — 2 using
synthetuc division, we find the remainder is — 1.

= 1 —= 1 —3
= iy =
s 1 O 1 — 1
MNMotice that if we evaluate the function at x — 2 the result s — 1. Ffizxy = —1

This leads us o Thes rerrrordrrcler e o e



FIEIﬂAIHDEFI THEOREM
If a polynomial P(x) is divided by x — a, then the remainder is r = Pla).

X_O. Js /1o Z’ ﬁ/%C}Lof af /O()()

The remainder theorem tells you that polynomial division can be used to evaluate a
polynomial function at a particular point.

FACTOR THEOREM

I P{a1= 0, then ¥ — a 15 a factor of P{x). Conversely, if ¥ — a 15 a factor of P{x),
then Pla) = 0.

/fh/é J&AS//fw (e é/ X - o 77 fﬁé/pi//nomwavg

A fiy) =< 4
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th PR Using the Factor Theorem to Factor a Polynomaial

Determine whether x + 2 is a factor of P(x) = x° — 2x° — 5x + 6. If so, factor
P(x) completely.

Solution:

By the factor theorem, x + 2isafactorof P{x)=x — 2x — Sx + 6if P(—2) =
By the remainder theorem, if we divide P(x) = x — 2x" — 5x + 6 by x + 2, then
the remainder is equal to P(—2). N S+ 2 - X=-2

Pli--d = (-2*—=2(-2"-5(2) +¢
T4 3.7;/0_/_5_/-/5—:‘-/5 O
(X=2) il ) % Wi A/ »
2 man 1§ 5 A0
> 1 -4 3 O (o) %>O(‘1)
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