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Solutions of Nonlinear Equations

In the next series of lectures, we shall discuss the problem of identifying the,reots of
equations in one Variable.
The basic formulation of the problem in the simplest case is this given\a function
f(x) of one variable, find all x such that f(x) =
Aal g e A YAl ) oda daat AQAG Bl W) palaall Al
0583 iy xdS aa gl canl s yuid F(x) Ao elhac) o Va8 Alall Ll il
Jf(x) =
We will review two methods for determining first approximations of possible
positions for the equation f(x) = 0, where f is a €ontinuous real function.
s Al f s of (x) = 0 Abaall Aiial) ) sl el gl 2 5f s 55 (ol G sl (m patasin
3y
1- (Method Graphic) (bl add Jb ygdadl #3] ga Sped

If we draw the graph of the functien«f (x) = y, the points of intersection of the
function curve with the x axissepresent the roots of the equation. If the equation is
cut, then the function graph.can be considered the axis at the points x;, x,, X3, ... X,.
Each of these values represents a root. These values are first approximations to the
roots.
a3 Aol 38 Jiai X ) e e Il inie adali Lol (8 £ () = y Al Jakadia Liass 5 13)
aill o2 GEUS BT xy ) xy, Xg, e Xy, B G el Al Jakade i) oSay UL 5 Astall
sl Al ey 8 ol o2 TH3a Jiad
Sometimes’it is convenient to write the equation in the form f; (x) = f,(x), where
f1, f5. are functions that are easy to draw. If the two curves intersect at the point
(x*,y™), then x* is considered the root of the equation.
Legans ) domss GlSf, f Cum f (20) = £ (1) Bnalls Aabaall A0S 23 (40 (0 5S5 ) lany S
CAlaall 3 i (x%, y*) Ol (%, y*) Adaiil) 3 liisiall adalss 13
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Example 1:
Determine the locations of the roots of the equation e* sin(x) — 1 = 0.
e*sin(x) — 1 = 0l ,a a8l 9o (pe 1 Jba

Solution:
sin(x) = e™* A8 Lapall Al Aoled) LSSy
D5l &8 se s QL) oy cpllall o ) (S
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2- Locating the position of roots (pregramming method):
Dol 4 by ygdad) 28] ga s

To locate the position of roots of the function (equation) f(x) = 0 by using
programming method, wewse fi(x) be continuous function on the interval [a,b]. We
divide the interval [a, b] into n subintervals

e b aiune A3 £(x) gadi oyl 48yl 235l f(x) = 0 (Aabaall) Aall ) dall 1) go 3l
Adoall @l yin ) [a,b] sl andi | [a, b] bl
b-a

a=x0<x1<---<xn_1<xn=bwherexl-=a+ih,i=0,1,...,n;h=7.

If f(x)xf(xpi1) <Oforany 0 <i < n,thenthereexistsc, a < ¢ < b for which

f(=0.

Example 2:

Find the approximate location of the function

f(x) =x*—7x3+3x%+26x — 10 = 0 on the interval [—8,8] with n =4 and
n = 8.
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Solution:
fn=4 h=20_808_16_4
n 4 4
X 8|-4] 01| 4| 8
f@l+ [+ - [ <[+

There is a root between (-4,0) and (4,8).
b—a _ 8-(-8) _ 16

If n=8, h= = — = 2.
n 8 8
X 8|-6|-4]-2|0]2]|4|6]|8
faol+[+[+]e] [+[-[2]+

There is a root between (-2,0), (0,2), (2,4) and (4,6).
Example 3:

Find the approximate location of the function
f(x) =x3+4x%—10 =0 ontheinterval [1,2] Withn = 5.

Solution:

n=5h="0=ED_1_2_qy
5 5 10

n
X 11121416182

FG)| - | |+ ]|+ | A4
There is a root between (1.2,1.4).
Example 4:

Find the approximate_ location of the function
f(x)=x>=1=0 ontheinterval [-1,1] with n = 10.

o> (3.997 2wl S
Olowl=l powd - pingdl ol /a8,2)l pglel) au,ull adS — slasy asol>

Solution:

n=10ps22 D _2_4,

Y n 10 10
x | -1 1-08]-06]-04[-02] 0 [02]04]06] 08
€5 N B TR e e I R A B

There is a root between (-1, -0.8) and (0.8,1).
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Numerical methods: Ll 5 L)

Numerical Methods: are methods for solving problems numerically on a computer or calculator or
by hand. Al ol sl Y 5 Csalall e Lase Jilad) Ja 3ok (oo cigasad) )k,

(i) Bisection Method: < il uadi 48 b

Suppose a continuous function f defined on the interval [a,b] is given with f¢a).and
f(b) of different signal (i.e. f(a)xf(b) < 0). Then by Intermediate value theorem ((If
f € Cla, b] and k is any number between f(a) and f(b), then there exiSts, ¢ € (a, b)
for which f(c) = k)) there exists a point ¢ € (a, b) such that f(c)= 0. 1f we choose

the midpoint ¢ = b%, then three possibilities arise:
@l Adlise @l L £(b)s f(a) b [ab] ddaal) 35l e dpaa £5 jaiie Al ) (20 il
2K f EC[ab] ISN e duass ddav sidl dadll 4 )l ddawd e (f(a) X f(b) < 0).

Ll 13) F(0) = 0. 08 (F(0) = k) Cunac € [a, BT 2% « £ () s f () om o 232 s

<0 there is a root betweén a, ¢ = dzaTJ'C
If f(a)xf(c) >0 there is a rgotbetiveen b, ¢ = dz?
=0 c is exact,root ((Stop)).

The two conditions stop are ¢pb xu LB & |x,,; —x;| <€ VvV |f(xi41)| <€ foranyi
Example 5:
Find an approximate root\off (x) = x? —% in the interval (0,1) by using Bisection

method if error €= 0.01.

Solution:
£(0) = 02 —§= 20.5 , f(1) = 12 —%: 0.5 .

x 0 1 0.5 0.75 0625 | 0.6875 | 0-7188 | 0.7032
y=f@ | 00 05 | —025 | 175 | -0.1004 | -0.0273 | 0.0166 | -0.0056
x =22 =22=05 f(05)=(0.5)2 - =—025.
|x, —b| =105—-1| =05 >€ V|f(x;)| =|-0.25] = 0.25 >€

4
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x;+b 05+1 1
X, = 12 =——=075, f(0.75) = (0.75)2 —5 =175

X, — x| =10.5—0.75| = 0.625 >e Vv |f(0.75)]| = 1.75 >€

_x+x% 075405

1
Xy = = = 0625 , £(0.625) = (0.625)? — 5 = ~0.1094
s — x,] = [0.0.625 — 0.75] = 0.7188 >€ v |f(0.625)| = |—0.1094| = 0.1094 >
x3+x, 0.75+40.625 , A1

Xy === . = 0.6875 ,£(0.6875) = (0.6875)3 5 = —0.0273
I, — %3] = 0.0.6875 — 0.75| = 0.7188 >€ v |£(0.6875)| = |—0.0273/ 20.0273 >€

0.6875 + 0.7188 1
g = 2 ;x3 - er = 07023, £(0.7023) = (0.7023)" > = —0.0056
lxs — x,] = 07023 — 0.7188] = 0.0165 >€ v |£(0.7023)[Z)[=0.0056| = 0.0056 <€
Then x¢ =0.7023 is the root.
Example 6:

Find an approximate root of f(x) = xe* =2 =0'in the interval [0.5,0.9] by using Bisection
method if error €= 0.007.

Solution:
£(0.5) = 0.5 —2 =—-11756 , £(0.9) = 0.9 —2 = 0.2136

X 0.5 0.9 0.7 0.8 0.85 0.875 | 0.8625 | 0.8562
y=fx) | -1.1756 | 02136 | —0.5004 | —0.2196 | —0.0113 | 0.0990 | 0.0433 | 0.0157
=2 =220 0.7, f(0.7) = 0.7e07) — 2 = —0.5904
I, — b| =07 — 09| = 0.2 >€ V |f(x,)| = |f(=0.5904)| = |—0.5904]
= 0.5904 >€
x+b 0.7+09
X, = 12 =———=038, f(0.8) =038 e©8) _ 2 =_-0.2196
X, — x| = 0.8 = 0.7] = 0.1 >E V |f(x,)| = |-0.2196| = 0.2196 >€
x,+b 08+09
X5 = 22 =———— =085 ,£(0.85) = 0.85 e(©8% _ 2 = _0.0113

S
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X3 — x| = |0.85 — 0.8] = 0.05 >EV |f(x3)| = |-0.0113] = 0.0113 >€
_x;+b _ 085+009

Xg = — 5 = 0.875 , £(0.85) = 0.875 e(©875) — 2 = 0.0990

|x, — x5 = |0.875 — 0.85| = 0.025 >€ V |f(x,)| = [0.0990| = 0.0990 >€
_x3+x, 0.85+0.875

x5 =———= > = 0.8625 , £(0.8625) = 0.8625 e(8625) — 2 = 0,0433

|xs — x,| = ]0.8625 — 0.875| = 0.0125 >€ V |f(x,)| = [0.0433]| = 0.0483)>€
x5 +x3 _ 0.8625+ 0.85

2 2
£(0.8562) = (0.8562)75 e(©-8562) — 2 = 0,0157
|xg — x5| = |0.8562 — 0.8625| = 0.0063 <€
Then x, =0.8562 is the root.

1- Find an approximate root of f(x) = x — 27* = 0 in the‘interval (0,1) by using Bisection method
with error €= 0.04.

2- Find an approximate root of f(x) = x3 + 4x2 20 = 0 in the interval [1,2] by using Bisection
method with error €= 0.04.

= 0.8562 ,

X6=

(ii) The False-Position method: ~  clslf g galf 4i b

Suppose a continuous function f.defined on the interval [x,, x,] is given withf (x;) and f(x;) of
opposite sign (i.e.f (x1). f (x,) < 0). To derive a formula for false-position method, approximate
the graph of f by a straight line on [x;, x,] connecting (x4, f (1)) and (x,, f (x,)) which
intersect x-axis at{x3, 0)’where x5 is more approximate to the exact root than x; and x,.To

obtain a formula for %5 we use the slop equality:

e OB £(xp) 5 f0) o5 [y, 2] 50 e A8 ey 8 pai s A of (i i

paiane Jadg L3 bl syl Gy i B (IS pom gl A8y Hhal A FELIY (f (). f(x) < 0)

0% Fu3(x5, 0) e Gl Hsaall g @bl A (g, (1)) 5022, f(x2)) Jmsis [, x5
o) AgUiall andins xpy dosa Ao Jpanll x50y (0 @8 3l 8 ST g

y—Y2 _ V2=

X—Xy Xy —Xq

weputy =0
(x —x2) (2 —y1) = —y2(x3 — x1)

= —x)2—y1) = @ —y2)(x2 — x1)

S
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= ((x — %) (V2 —y1) = =y (x; — xl)) + (2 —y1)

o (x—1x,) = —y (x; —x1) o . = _)’Z(XZ_X1)
2 2 (2 —y1) ; ’ ? (2 —y1)
To find another approximation: A ad Ay

<0 there is a root between X1 , X3

If f(x) X f(x) >0 there is a root between Xz, X3

=0 cisexact root ((Stop)).
oy = _3’3(x3 — X3)
T (s —y2)
_ Vi1 (Kip1—x;)

. And Stop condition is_| X497 X ,; |<€ forany i.
Yi+1—Y0)

= Xit2 = Xi+1

and Stop condition is |X; 45 — X;41| <€ foranyi.

—|

Straight line —,

()ﬁvo) (Xq 0) /,,

(x1,f(x1)) ,
\/«'\

Example 7:
Find an approximate reot"of f(x) = x.Inx — 1 = 0 in interval [1,2] by using False-Position
method with error €=70.06.

Solution:
Letxl = 1,x2 == 2
f@=1.In1—1=-1 and f(2)=2.In2 -1 =0.3863 = (f(xy).f(x,) < 0)

X 1 2 1.7213 1.7615
y = f(x) -1 0.3863 —0.0652 —0.0027
Vier(Xiz1 — x;)

Xi+2 = Xi+1 —

Yit1 — Vi)

S
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B VYo (X, — xq) S ok =2- (0.3863)(2 —1) _ 17213

2 —y1) (0.3863 — (—1))
£(1.7213) = 1.7213.1n(1.7213) — 1 = —0.0652
|x; — x,| =11.7213 — 2| = 0.2787 >€= 0.06.

y3(x3 — x5) (—0.0652)(1.7213 — 2)

X4 = X3 —m = x, = 1.7213 — (=0.0652 — 0.3863) = 1.7615
f(1.7615) = 1.7615.1n(1.7615) — 1 = —0.0027
I, — x5 = |1.7615 — 1.7213] = 0.0402 <€
Then x, = 1.7615 s the root.
Example 8:

Find an approximate root of f(x) = x + e~2* — 1 = 0 ininterval _[0.5,1] by using

X3 = X3

False-Position method with error €= 7 x 1073.
Solution:
Letx; =05x, =1
£(0.5) = 0.5+ 7205 -1 =-0.1321
f(H)=1+e2M -1=01353 S (x).f(x,) <0)
X 0.5 1 0.7470 0.7910 0.7961
y=f(x)| —0.1321 | 0.13534.~0.0285 | —0.0034 | —0.0004

Vir1(Xiz1 — X

Xit2 = Xiy1 —

Viser — %)
X, — X 0.1353)(1 — 0.5
g =, 22 oy« ) )__ 07470
(V2 =91) (0.1353 — (—0.1321))
£(0.7470) = 0.7470 + e=2(07470) — 1 = —0.0285
X2 — X

s = x,] 2907470 — 1] = 0.253 >€= 0.007x, = x, — 2282~ %)

(V3 —¥2)

07470 (—0.0285)(0.7470 — 1) _ 07910
- (—0.0285 — 0.1353)
£(0.7910) = 0.7910 + ¢~2(07910) _ 1 = —0,0034

I, — %3] = [0.7910 — 0.7470| = 0.044 >€

Xg = x, — 27Xy = 07910 — SLOBVOTO0Y _ ) 7961
(Ya—y3) (-0.0034-0.1353)

8
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£(0.7961) = 0.7961 + ¢~2(079%1D _ 1 = —0.0004
|xs — x4 = 0.7961 — 0.7910| = 0.005 <€
Then x5 = 0.7961 s the root.

1- Find an approximate root of f(x) = x? — 2x — 1 = 0 in interval [—1,0] by using FalsgsPesition
method with error €= 1073.
2- Find an approximate root of f(x) = e* — 3x = 0 in interval [1,2] by using False-Position
method with error €= 1072.

(iii) Secant Method: ablil 46y b

Suppose a continuous function f defined on the interval [a, b] is given, the graph of the function
f is approximated by a secant line, we get

&_w\j.\ fﬁ‘dﬂ@w\ﬁn‘)ﬂwﬁeﬁg} 63\.2&.4[a’b] M\Bﬂ\&&ﬂfﬁ”d\dui&)ﬂﬂ

Sle Juans ctlalé La
f)-fla) _ fb)-y N fb)—f(a) _ f(b)—0
b—a b—x b—a b—xq
_ )b | ,
=X = T @ Secant line it
. __ bf(xq)—x1f(b) y=f(x)
Similarly, = — - R
imtarly xz Fe)—F (b) /
_ Xif (Xig ) —Xiv2f (%) / 4b.0)
I , x;,o = -
N General Xiv = = =L (0D w0 a0

=0, 1, ...
and Stop condition is |X;;, — X; 41| <E foranyi.

Xi+2 ,

Example 9:
Find an approximate root of f (x) = x3 — 2x% — 5 ininterval [2,3] by using Secant method with
error €=(0.002.

Solution:
Let x; =2, x,=3, f(2)=(2)>-2(2)>-5=-5
fB3)=0B)P-23)-5=4, > (fx).f(xz) <0)

x 2 3 2.5556 | 2.6691 | 2.6923 | 2.6906
y = f(x) -5 4 —1.3713 | —0.23315| 0.0185 | -0.0005
9
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Xiry = xif(xi+1)—xi+1f(xi),
f(Xit1)—f(xi)
p B mnfe) | 2= 2B,
f(x2) — f(x1) ((4) - (—5)) 9
£(2.5556) = (2.5556)3 — 2(2.5556)% — 5 = —1.3713
= —0.0285

|x; — x,| =12.5556 — 3| = 0.4444 >€= 0.007 .
Cnfl) —xfG) | ((3)(=13713) - (2.5556)(4))

T T ) — f) T (—1.3713 — 4)
f(2.6691) = (2.6691)3 — 2(2.6691)? — 5 = —0.23315

=\2.6691.

lx, — x3] = [2.6691 — 2.5556| = 0.1135 >E€.
 X3f (x4) — x4f (x3) _ ((2.5556)(—0.23315) — (2/6691)(—1.3713)) _
5T T ) — fo) s T (—0.23315% (&1.3713)) = 2.6923.

£(2.6923) = (2.6923)3 — 2(2.6923)2 — 5 = 0,0185

|xs — x4] = 12.6923 — 2.6691| = 0.0232 >€.

Xaf () — x5 f(x4) ((2.6691)(0.0185) — (2.6923)(—0.23315))
T T ) — fa) 6T (0.0185 — (—0.23315))
f(2.6906) = (2.6906)% — 2(2.6906)> — 5 = —0.0005
Ixe — x| = [2.6906 — 2.6923] = |—0.0017| = 0.0017 <€

= 2.6906.

Then x4 = 2.6906 is, the root.

Example 10:

Find an approximate root of f(x) = x + e 2* —1 = 0 in interval [0.5,1] by using Secant
method with error €= 0.007.

Solution:
Let x; = 0.5, x, =1, f(0.5)=0.5+¢720% —1=-0.1321
f(D)=1+e2MW—-1=0.1353 = (f(x))f(x,) <0)

x 0.5 1 0.7470 | 0.7910 | 0.7970
y=f(x) | —0.1321 | 0.1353 | —0.0285 | —0.0034 | —0.0001
10
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o = xif (xi1) — X1/ (1)
e f(xiv1) = f(x)
x1f(xy) — x5f (x1) 0.5(0.1353) — (1)(—0.1321)
BT T ) — f ) — ¥ ((0.1353) — (—0.1321))
£(0.7470) = 0.7470 + e~2(07470) — 1 = —0.0285

= 0.7470

3) 7 2

= 0.7910.

o ((1)(—0.0285) — (0.7470)(0.1353))
e = (—0.0285 — 0.1353)
£(0.7910) = 0.7910 + ¢~2(07910) _ 1 = —0,0034

%, — x5] = ]0.7910 — 0.7470| = 0.044 >€

_ x3f(xa)—xaf (x3) _ ((0.7470)(-0.0034)—(0.7910)(=<0.0285))
X5 = F(xa)—f(x3) = X5 = (~0.0034—(—0,0285)) =0.7970
£(0.7970) = 0.7970 + e~207970) — 1 = —0.0001
|xs — x4] =10.7910 — 0.7990| = 0.006 <€

Then xs = 0.7961 is the root.

_ By using Secant Method

1- Find an approximate root of f(x) =% 2x — 1 = 0 between [—1,0] by using Secant method
with error €= 107",

2- Find an approximate root §f£(x) = x* — x — 10 in interval [1,2] by using Secant method
with error €= 0.0001.

(1V) Newton-Raphson method: ¢sadl, - (g 4i b

Suppose function £ is continuous and differentiable on the interval [a, b], Let x, be an

approximation to the exact root x; such that f'(x;) # 0 and h is error between x;, x,

suehtthat x; = x, + 4 . Using the Taylor series to function f about point x, we get:

xp Buad) 3l 5 s axy OSulé ¢[a, b] Ul e GELE ALE 55 jaiva £ AN o 2 yidal

Db Al e aladiuly g = a0 + A O Suns xg sxp o hadll 0S5 hs f(xg) # 00 Cus
e Jeani x Akl Jga £ A

' (x=x0)% L (x=x0)%
fQx) = fxo) + (x —x0)f (x0) + Tf (x0) + Tf (x0) + -+ (D)

11
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put x =x, in formula (1) we get:-

FGr) = £x0) + G = x0)f o) + LT oy LI oy

f(x1) = f(xo +h) = f(x0) + (W)f (xo) + ;f (x0) + ;f (xo) + ...(2)
h is Small then h? , h3, ... are very small can be deleted.
s (Kays s a2 B3, L (@ gssh
= f(x1) = f(xo + 1) = f(x0) + (B)f (xo)
" X, isexactroot then f(x;) =0 = 0 = f(x,) + hf (x,)

f(xo) .
Fory T 0070

We offset the value of h in formula x; = x, + &, we geti-
e deanid ¢ xy = o Phiaaall G h Al (g sl o 68
fo) f(x1)
X1 =Xy — — , X ¢0, X :X :'to
1= %0~ Foy o ) 2 =% =~ e ()

Thus, the general formula of the Newton-Raphson method is
f(x:)
f(x;)
The two conditions stop are |x;,1 € %; <€V |f(x;4+1)| <€ foranyi.
Note:
Sometime Newton-Raphson’method does not converge to the required root:
1. If there is no real raot of the function f (x).
2. If the initial walue so far from the exact root A.

= h=—

Xiy1 = Xj — ,f'(xl-) #0 ,i > 1,2,3,...

3. Iff'(&) = 0.
-33aMa
i sthall 3l e g gud) i g AR sl C)EE Y GLal) (s B
f Al ads e ol (S0 1
Aosthadl 3al) e Bases A6V dail) clS 1Y) 2
Flx) =008y 3
Example 11:

Using Newton-Raphson method, find the solution to the equationf (x) = x3 + 5x — 3 = 0 in
interval [0,1] with error €= 0.0002.
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Solution:
F(0)= (03 +5(0)—=3=-3, f(1) = (1)3+5(1) =3 =3
f(x)=x3+5x—-3=0, f(x) =3x2+5=0, x,=05

X 0.5 0.5652 0.5641
y=f(x) | —0.375 0.0066 0.00002
F ) 5.75 5.9584 5.9546
Xig = X; — ;((’;)) ) #0,i=123,..
£(0.5) = (0.5)% + 5(0.5) — 3 = —0.375, £'(0.5) = 3(0.5) +5 £°575 .
B f(xo) B f(0.5)
xl—xo_f,(xo) ,f(xo)?‘:o =>x1—05—f,(05)
_ g5 0375 =0.5652
= x1 =Uo0— T = X1=V.

£(0.5652) = (0.5652)3 + 5(0.5652) — 3 = 0.0066"
£'(0.5652) = 3(0.5652)2# 5 = 5.9584
%, — xo| = 0.5652 — 0.5| = 0.0652> & V) (x,)| = |0.0066 | >€ .

fl) (0.0066)
Xy = Xq —f,(xl) ,f (Xl) =0 = X5, = 0.5652 —(5.974)
£(0.5641) = (0.5641)3 + 5(05641) — 3 = 0.00002 ,
£(0.5641) = 3(0.5641)% %5 = 5.9546.
X, — x;| = |0.5641 — 0.5652| = |-0.0011]|=0.0011> €V |f(x,)| = ]0.00002 | <

Then x, = 0.564.1xis'the Root required < stadl) ,3all

= x, = 0.5641

Example(l2:
Using Newton-Raphson method, find an approximate value of the solution to the equationf (x) =
x2 ~5when x =2,€=0.0007.

Solution:
f(x) =x2-5 = f'(x) = 2x.
X 2 2.25 2.236111 2.236068
y = f(x) -1 0.0625 0.000192 | 0.0000001
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f(x) 4 4.5 4.472222 | 4.472136
Xig = X; — ;((’;)) ) #0,i=123,..
f(xo) f(=1)
X1 =X9g————,f (xg) #0 2 x;, =2 ————--=2.25
P T Gy S ) O =0 =2 T

f(2.25) = (2.25)2 =5 =0.0625 ,f'(2.25) = 2(2.25) = 4.5.
lx; — x| =12.25—2| = 0.25> €V |f(x;)]| =]0.0625| >€.

f(x1) .
Xy = X1 —— f(x)#0 = x, =225—
2 1 f (xl) f 1 2
f(2.236111) = (2.236111)?> — 5 = 0.000192,
£(2.236111) = 2(2.236111) = 4.472222.

1%, — %, = |2.236111 — 2.25| = 0.013889> € v |f(x,)] = |0.000192 | <€

(0.0625)
(4.5)

= x=(22236111

X3 =X, — ;((3;22)) () # 0 = x3 = 2.236411—
£(2.236068) = (2.236068)% — 5 = 00000001 ,
£'(2.236068) = 2(2.236068) = 4472136.

%3 — x,| = [2.236068 — 2.236111],= 0.000043< €V |f(x,)| = [0.0000001 | <¢

Then x; = 2.236068 is the Root fequired <« sthadll ,3all

BIBMEWOER Using Newton-Raphson method,

1-ff(x) =x3—x+1="0and x, = 1, find x; and x,.

2- Find an approximate value of the solution to the equationf (x) = x? — 8 with error
e=3x1073,

(2.236111)
(4.472222)

= x, = 2.236068

BIOMBWOER ind an approximate root of f(x) = x3 —x — 1 = 0 in [1,2] with 10°®
firsthy\Newton-Raphson method and then be the secant method.
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