é‘ﬂl.l - Newton's Method

Last 4ime we wsed the TVT 4o show +hal
f(x) = X°+x-1 =0

has a solution X in the intervat [O,l]_

YA f(x)= x*+ x-)
x" .
| / 4 A
/

Gireat , We Know a Solution exists, but how do
we J[:‘ncf it ¢ L(wfor*l-bma.‘rc,B, there is ne wa{] {o

calculate X e)(aclfj! Our bes4 cption :

Approximote a Solution!




We'll start wibh an inited Sucssl Xo . Then, rother
than Solvi/\j f(x)zo (too hard!), we'll nstead J('.‘nd

where the Lamjemjr Line at X, is O

j/\
f(x)=x"+x-) |
X
| / ) ,(
/

Question 1: \/\)hac{' is the e_z-uonéiovl of the +anjcv\+

.ZMC_ +° f DJ Xo ?

Avnswec: Slope = f'(x0), Line passes 'I'At‘oujh (Xo, )C(Xo)}.

Hence , if (X,j) iS anj Po:n+ on the jme., +Hhen

= 1(xs) _ Cise ‘
S = e sepe - Sl




= j - f(x.) = )C,(Xo)(X-X«)

c,iuahow of +°""je"‘+

— y - Flxd+ £ %) x-x) o Line to f ot Xe.

Question 2L A-|- what POM+ X s +the +6\mje.nn+

Line e,tl_u.ou(. 1o 07?

Answe.(".

Y= fos fdx-xd = 0 = fOx) = - fx)

= = -_.‘M
X=X £0x)
# X = Xo - ,f(,XO)
5 (%o

We'll call this new approximation X,

) £(%0)

Xl = Xo p
J(xo)

Hopefullj X; will be closer to X* +than Xo was.



To jeA even closer

repeat with Xo replaced

55 x,! TThis process

is Known as...

Newton's Method

To approximate & solution X* to an Qiuo.-h‘oﬂ )((x)=0,

1. Stast with an nitiad guess Xo (iclea.ll\y, close 4o X*).

2. For each ﬂ=|,2,3,... , let
Xn
Xnn - Xm - f,( )
F(Xn)

Back o our example ...

Suffose we wish o a,DIDl‘oximo.fc a  Solution X"e [011]

Yo JI(X)=X§* X=1 =0 correc fo © decimal places.




Led4d wse Mewtons method with dnitial Juess Xo =1,
We have f(x0=5x%+1  and heace

X, ® Xo — i(XO) = Xo — (xos"XO") = 0.8333...
f/(x°) sxoq*l

Xo = X, - ;(/’((') = 0.764382...
X,)

X} : Xz - ’(X7->
{x2)

0.75502Y4 ..

X, = Xs - [(6) = 0759877 ..

E Firs+ 6 decimal
f(xz)

Pla.ces hawe Sfabi(:'?ccl,

Xs = Xy - M = 0.75Y877 ... So We cawn Stop.

f ,(x‘l)

X' = 0.754877

Ex: Previously, we used the TVT to show that

cosX = ax has a Solution X*Q[_O,sz__l.

Appl‘oximmtc X* Correct +o 7 Jecimw( P/ace,s.



Solution : We are attempiing 4, opproximafe o root o§
fOY = cos(x)-2¢ 70, We hawe flx) = -Sn()-2 and
Well wse X, = 0.5 as an iaitial JuCSS. We have

Y, = %o - F(x) . Xo — (cos(xo)—Zxo)

f’(xo) —S:O (xo) - 2
= 0.9506266%3 --.
Rz = X, - -@ = 0.950183697 ... S{-op, Siace
f(x‘) Fiest 7 decimal
places have
Xs = Xo - f)—c% = 0.450183¢CI ... Stabilized
Xe -

x¥ =~ 0.4501336

Exercise: WUse MNewtons method 1o approximate 7

Correct +o 3 decimal places .

Solution : 7 s o oot of ]C(,(): X7 =0 and




we ‘juess thed V7  should be somewhat near J?:SI

So Xo =3 will be_ owur initial Ju.es:.

Xy F Xo ~ f(x‘,) = Xo ~ X§’7 = ;Z.Gé—

fxy 2Xq
Xz = X, - f_(x.} = 264583 Stop, Since
f,(XI) §¢r5+ 3 c;ec_
Po\‘/\‘\'s have
X3 7 X2 - JE—L"\ = R.645751312 ... Skabilized.
JC/()GA
{7 = 2.645

NARNING': Tw Ssome Ceses Newtons method can ](ou".l
E—_X" )C(X) = acctan (%) has a ot at Xx:0.
Lets ottempt 4o approximate this root Using

Newton's method with Xo = 2. We 384



X, =353 __. i Jrereten(x).
.= 13,95 ... o — | L

X3 = -279.39 ... / x*=0 X, X

Xy = )22016.99 ... . -

L

o+ Converjimj Yo an:s*-\a'wg!

-

X

Choose a new Xo Closec 4o X*




