éq.l - Newton's Method

Last 4ime we wsed the TVT 4o show +hat
f(x) = X"+x-L = 0

has a solution X* in the interval [0,1].

YA f(x)= x*+ x-
X*
| / L A
/

Giceat , We Know a Solution exists, but how do
we f:‘nd it ¢ L(nfor-l-unmlcb, there is neo wcz] to

calculate X* CXAC/'{‘j! Qur bes option :

Aﬂorax:ma_{-e a. Salod-:(m,’




We'll start with o inital juess, Xo . Then, rothec

than Solvmj _)((XVO (oo hard!), we'll instead find

where the 'L-O.Wj&n‘l' Lne at X, is O,

:j/\
f(x) = x%+ x- :
X
| / ) ’(
/

Question 1: What is the e;zuaufian of the +a.nje.v\+

Jine 4o f at X.°

Answec: Slope = fitxoy,  Line passes “I‘hrouj‘ﬂ (Xo, )C(Xob.

Hence, if (x,j) is anj point on the Line, then

— 1(xe) _ Cise _ [ . ‘
Yofe L eme e f




= Y- F(x) = £ (6)(x-x)

c.r;.aho.n of '|-o.u\jen+

N y - Flxd+ F(x)x-x) o Line to f ot X

Question 2 A+ whot Poi,ﬂ- X is +the ‘I'a.mjeln‘{'

Line  equal 4o 07

Answec:

Y= fo flxdx-x) = 0 = £k = - f )

= -y = __M
X = X, )

= X = Xo = f(,xf*)
5 (%)

We'll call this new opproximation X, :

. £ (%0)
5 (%0

X| = Xo

*

Hopefullj Xi will be closer o X* 4han Xo was.




/
To je,’r even closer J

)

Fepeat with Xo replaced

b:s x,! TThis process

is Known as... A

o///m/’l *o :

Newton's Method

To approximate a Solution X* to an eiuahon )((x)=0,

1. Stast with an initial guess Xo (ideallj, close 4o X*).

2. For each n=1022,3,..., let
Xn
Xnﬂ = Xm - f’( )
F(xa)

Back +o our example ...

SUFFOSG. we wish to approximate a Solution X*e [0,1]

to f(X>=Xg* X=1 20 cofrecf to © decimal places.




Lets wse MNewtons method with dnidial jucss Xo 1.
\/\)& have f,(X>=5_x4*'1, and lqewca

Xy Xo — f(xo) = Xo — (Xos"X"_') = 0.8333...
f,(xo> 5X°q+1

Xz = X, - f(,x') = 0.764382 ...
f(x»)

X3 * Xo - 1{x2) = 0.755024...
flx=)

X, = Xs - [(%) = 0759877 ..

' First 6 decimal
f(xz)

Pla.ces have stabilized
’

Xs = Xq - M s 0.754877 ... So We cawn Stop.

f ,(x‘i)

*

X = 0.7549877

Ex: Prev;auslj, we used the TVT +o show +that

cosx = adx has a Solution X*CEO,Tz].

AFPFOXFMO"[" X% correct +o 7 AeciMaJ( P/ace,s.



Solution: e are attempling 4o oapproximate o root O]C
fOO= cos()-ax 70, We hawe flx) = -k -2 and
Well wse X, = 0.5 as an initiad jucu. We have

X‘ = Xo _ ,F(XO) D (C°S(Ko) “ZXo)

£ - Sin(xo) - 2
= 0450626613 --.
Rz = X, - M = 0.950183697 ... Stop,  Stace
f(x') Fiest 7 decimal
Fla.ce.s have
Xz = Xo - f}% = 0.450183¢61l ... Stabilized
Xe -

x* ~ 0.4501%3¢

WARNING : Tu some ceses | Newtons method can fou‘l.’

E_X" )C(X)=acc+am(><) has a  (vof al x:=0.

Let’s ottempt to approximate +this root Using



Newton's method wWith Xo = 2.

We get .
Y
X, = _353 - A 3=o.rc\en(x).
2 = 13?5 .- X\/ E R
! v > x
X3 = -279.39 ... — | o X
: - —
Xq < 1220’677 .-

r

N o+ converj'n/vj Yo aijnw\j'.

RY
<

Choose & new X, closec 4o X*

Additional Exercise:

Ex: WUse Newtons method fo approximate V7 corcect

to 3 decimal places .



Solution : ﬁ iS o voof O)C ]C(K)-"' X2’7 =0  and

we juess thedt V7 should be somewhat near J?:SI

So %o =3 will be our imitiak Jut.es.c.

X, 7 Xo — Fx) . w, - X7 - 243
ftx 2%
Xz 7 X - m = .6458232 Step, Shace
Fx) firsy B dec.
Pom’rs have
X3 % X2 - f(X2) = 2.¢45751312 ... Stabilized.
£(x)

[7 = 2.645




