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B f(x)=0 <Yoleo Sove J=>

O a9 (o0 b g puoli (o0 Aol alyy SO 1y 0 o&ST wily f(a)=0 o5

Sloevgy ax*+bx+c=0 090 430 Aol wiile JYoleo JLdxi >
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ax’+by+ec =0 = a(x—ry)(x—ry) _ —b* b ~4ac
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E axi +bx+c=0

Dividing both sides by a.(a= 0), we get
b c
Y H—xv+—=0
a a
Note if @ = 0, the golution to

axi +bx+c=0

18
c
X=——
D
Rewrite
) c
¥ Hox+—-=0
a da
as
y
D bt ¢
X+ — -t == 0
2a 4a a
2
b b* ¢ b'—-4dac
2a da” a 4a
b b* — 4ac b* — dac
X+—== — ==
2a da 2a
‘e b, b* —dac _—bim
) 2a 2a 2a

S9lol
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©Hax +bx+c =0 = (x=r)x—ry)(x—r3)

First, calculate,

3h—a’ 9ab—27c-2a _
_ _ s=3p+ +R?
0, 5 R < J Q

Then the roots,

_|_

Lj

S lBsen -

I = A/.R—

StI a j _
5 3 (§-17)

|5
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WA

>>symsa b ¢ x
>>solve(a *x"2+b*x+c==0, x)

ans =
-(b+(br2-4*a*c)N(1/2))/(2*a)

-(b-(br2-4*a*c)A(1/2))/(2*a)

>>solve(x*"3+a*x"2+b*x+c==0,x)
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Mem12 MB, T1=

File Edit Wiew Mavigation Insert Format Motebook Window Help

m D 11 E @ ﬁ j TC: 1!;‘-5 ! @ [:%? Generic 5ans Serif - b
Command Bar X

- 8 lim
solve(a*x"2 + b*x + ¢ = 0, =) = x—mfv Ll
5_1\"‘“5:_4-ﬂﬂ .E'_'ﬁl-'"EI:—i‘-,ﬂ'c . 'Irfdxr f:}}v anv

— . — if a=0

2a 2a {xlf-ﬂ'L f:}_f' f'x-a
< {-¢ if a=0Ab=0 Rr. asb, awb
a+|!:-' Al . I—>_.|"I:Il
C if a=0Ab=0Ac=0 na_ & (nia
& ifa=0Ab=0Ac=0 e.®  w.Q mks

General Math .

Flat Commands -

Text £

IMS
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WA

solve(a*x*2 + b*x + ¢ = 0, X) assuming a > 0

b+vﬁl—4ac b—vﬁl—4ac
’ 2a

2a

jsul?e([x“E + x*y + y*2 =1, x*2 - y*2 = 0], [x, v])

{{=—“@;r=—“§k{==%iy=w§}tv=—hy=£Ji=Ly=—i}

3 3 3 3

solve(x®*4 - a = 0, x) assuming a = 16 and x in R

{_212}
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(St?ro

a+b
P X, =
2
Yes _ /
The root is x4
No
>0 <0
ae[xib] o€[a x1]
a =Xl b =x1
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D Step 1:
e AP
Choose x, and x, as two guesses for the root such that

f(x,) f(x,) <O,
or in other words,
f(x) changes sign between x, and x,,.

f(x)

Algorithm for Bisection Method
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D

e AP

Algorithm for Bisection Method

Step 2: Estimate the root, x_ of the equation f (x) = 0 as the

mid point between x, and x , as

f)4

Xm_

2

> X

15
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S

~ Step 3

Now check the following

a) If T(x)f(x,)<0 | then the root lies between x,and x_;
thenx,=x,; x,=X_.

b) If f(x)f(x,)>0 | then the root lies between x_and x,;

thenx,=x_; x,=X,.

Algorithm for Bisection Method

¢) 1f f(x)f(x )=0 thentherootis x__Stop the algorithm
if this is true.
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Q Step 4

Algorithm for Bisection Method

Find the new estimate of the root

Xg + Xy
2
Find the absolute relative approximate error

Xm =

new old
X=X,

=1 x100

new
Xm

where

x° = previous estimate of root

new

X, =current estimate of root
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Q;.Step 5

Compare the absolute relative approximate error‘ea‘ with
the pre-specified error tolerance €..

Go to Step 2 using

Yes * new upper and

Is |e,|>€, ? lower guesses.
No —| Stop the algorithm

£ Note one should also check whether the number of iterations is
more than the maximum number of iterations allowed.

If so, one needs to terminate the algorithm and notify the user
about it.

Algorithm for Bisection Method

g2 o oSl gy ghiS Sadiladog) gadas 350



B2 el £ (x) = x° —0165%° +3993x10°*

Entered hunclion on given interval

?.»:

0.0003
¥ I
0.00021

0.0001-

—002 | ﬁ:

-0.00011

-0.00021

-0.0003

Funchon
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Q Let us assume
x, =0.00

X, =0.11

Check if the function changes sign between x, and x,_

f(x)= f(0)=(0) —0.165(0) +3.993x10™* =3.993x10™*
f(x,)=f(0.11)=(0.11)* —0.165(0.11)" +3.993x10™* = —2.662x10~*
Hence

f(x)f(x,)=f(0)f(0.11)=(3.993x10* |- 2.662x10*)<0

So there is at least on root between x, and x,,
that is between 0 and 0.11
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<= Graph demonstrating sign change between initial limits

Entered function an given interval with upper and lower guesses

0.0
0.0003
¥ n.0o02

0.0007

0.02
-0.0001

-0.0002

-0.0003

002 004 008 008 01
X

Function
¥l, Lower quess
¥u, Upper guess

0.12
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.pa Iteration 1

X,+%, 0+0.11

The estimate of the root is x = > - 5 0.055

f(x. )= f(0.055)=(0.055)" —0.165(0.055)" +3.993x10* = 6.655x10"°
£(x, ) (x,)=f(0)f(0.055)=(3.993x10* |6.655x10°)> 0

Hence the root is bracketed between x_ and x, that is, between

0.055 and 0.11.
So, the lower and upper limits of the new bracket are

=0.055, x, =0.11

At this point, the absolute relative approximate error ‘Ea‘ cannot
be calculated as we do not have a previous approximation.
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Estimate of the root for Iteration 1

Entered function on given interval with upper and lower
guesses and estimated roat

0.0
00003
¥ 0.00021

0.0001 3

002 Y1 o0z o004
-0.0001

-0.00021

0.0003 ]

Function

¥, Lower gquess
¥U, Upperguess
xr, Estimated root
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ﬁ Iteration 2

L R

The estimate of the rootis X = XA 0'055; 0.11_ 0.0825

2

f(x )= f(0.0825)=(0.0825) —0.165(0.0825) +3.993x10™* = —1.622x10™*
£(x,)f(x,)=f(0)f(0.055)=(6.655x10°|-1.622x10™*)<0

Hence the root is bracketed between x,and x_,
that is, between 0.055 and 0.0825.
So, the lower and upper limits of the new bracket are

=0.055, x, =0.0825
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:Q Estimate of the root for Iteration 2

Entered function on given interval with upper and lower

guesses and estimated root

002 004 008 O 1012

M

Function

¥|, Lowwer guess
¥U, Upperguess
#t, Estimated root
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D

WA

Iteration 2 is

‘Ea‘ =

x100 =

0.0825-0.055

0.0825

The absolute relative approximate error ‘Ea‘ at the end of

x100 =33.333%

None of the significant digits are at least correct in the estimate
root of x,, = 0.0825
Because

the

is greater than 5%.
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ﬁ Iteration 3
" The estimate of the root is X = X % 0.055+0.082 0.06875

2

f(x_ )= (0.06875)=(0.06875) —0.165(0.06875) +3.993x10* = -5.563x10"°
£(x, ) (x,)=(0.055)f (0.06875)= (6.655x10"° |~5.563x10° )< 0

Hence the root is bracketed between x,and x_,
that is, between 0.055 and 0.06875.

So, the lower and upper limits of the new bracket are
=0.055, x, =0.06875
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Estimate of the root for Iteration 3

Entered function on given interval with upper and lower
guesses and estimated root

0.00
0.0003 1
0.0002

0.0001

002 | 008 01 012
-0.0001
-0.0002-

-0.0003

m— Function
¥l, Lower guess
xu, Upper guess
#r, Estimated root
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Q The absolute relative approximate error \Ea\ at the end of
Iteration 3 is

‘Ea‘ =

X

new

m

old
- Xm

X

new
m

x100 =

0.06875—-0.0825

0.06875

x100 = 20%

Still none of the significant digits are at least correct in the estimated
root of the equation as the absolute relative approximate error is
greater than 5%.
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e AP

nym-
0.0003
Y 0.0002-

0.0001

Iteration 1

00 Ul

-0.0001

-0.0002

-0.0003

0.00031
Y 0,0002-

0.0001 1

Iteration 2

0.12 002

-n.u:m-;

-0.0002

.0.0003 4

oo2 004

u.n}u-j

0.0003 1
0,0002
0.0001

Iteration 3

N\

002 |
-0.0001
-0.00024

002 004 0.0

X

-0.0003
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D

e AP

Root of f(x)=0 as function of number of iterations for bisection method.

Iteration

© 0O N O O & W DN -

10

Xy

0.00000
0.055
0.055
0.055

0.06188

0.06188

0.06188

0.06188

0.0623
0.0623

Xu

0.11
0.11
0.0825
0.06875
0.06875
0.06531
0.06359
0.06273
0.06273
0.06252

Xm

0.055
0.0825
0.06875
0.06188
0.06531
0.06359
0.06273
0.0623
0.06252
0.06241

0
‘ea‘ /0

f(Xm)

6.655%10>
~1.622x10™"
—5.563%x107°

4.484x107°
~2.593x107
~1.0804x107°
~3.176x107°

6.497x10°"
~1.265%107°
~3.0768x10"’
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T0,10 51,8 (IYD IYY) abold yo a5 1, f(X) = 3x — €7 = 0 aolro 4l I (o H
(591 Cowd @ Liel o8y 4w b

ol pIN 1585 50 ad ) o8 Xy &5 [f ()] < 0.001 bl ascisls oS5 59k

1 a b X f(a) f(x,) f(x.)

1 025  0.27 0.26 - 0.0089
2 025 0.26 0.255 + -0.0099
3 0.255 0.26  0.2575 + -0.0005
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1(x)4

If function f (X) does not change sign between two points, roots of the equation
f (x)=0may still exist between the two points.
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f(x)

foN S

If the function f(X) does not change sign between two points, there may not be
any roots for the equation f(x)=0 between the two points.
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If the function f(x) changes sign between two points, more than one
root for the equation f(x)=0 may exist between the two points.
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WA

Advantages

* Always convergent
* The root bracket gets halved with each iteration - guaranteed.

Drawbacks

= Slow convergence

= If one of the initial guesses is close to the root, the convergence
is slower
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~ Drawbacks

i

- If a function f(x) is such that it just touches the x-axis it will be
unable to find the lower and upper guesses.

" f(x)=x2

= Function changes sign but root does not exist

00 f (X) _ i
X
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Trunnion-Hub-Girder
Assembly Procedure

R 4
2 @

Stepl. Trunnion immersed in dry-ice/alcohol

Step2. Trunnion warm-up in hub

Step3. Trunnion-Hub immersed in
dry-ice/alcohol

Step4. Trunnion-Hub warm-up into girder

http://numericalmethods.eng.usf.edu 40
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QA trunnion has to be cooled before it is shrink fitted into a steel hub.

The equation that gives the temperature Tf to which the trunnion has to
be cooled to obtain the desired contraction is given by

f(T,) =—-0.50598x10°T? +0.38292 x 107 T2 +0.74363x 10T, +0.88318x107% =0

Use the bisection method of finding roots of equations to find the
temperature T, to which the trunnion has to be cooled.

Conduct three iterations to estimate the root of the above. Find the

absolute relative approximate error at the end of each iteration and the
number of significant digits at least correct at the end of each iteration.
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D?‘,olution

““From the designer’s records for the previous bridge, the temperature
to which the trunnion was cooled was—108°F |
Hence assuming the temperature to be between-150°F and—100°F

we have

T,,=—150°F T,,=-100°F

Check if the function changes sign betweenT , andT; |,
£(T, )= f(~150)=-1.2903x10°
f(T, ,)= f(~100) =1.8290x103

Hence

£(T,,)f(T, )= f(~150)f(~100)< 0

So there is at least one root between -150 and -100.
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§

Iteration T,, T, T . % T o )
1 150 -100 -125 = 2.3356x107
2 -150 -125 ~-137.5 9.0909 _53762+107
3 ~-137.5 -125 ~-131.25  4.7619  _1 5430%10™
4 ~-131.25 -125 -128.13  2.4390  3.9065<107
5 -131.25  -128.13  -129.69 12048 —57760x107
6 -129.69  -123.13 -128.91 0.60606 —9.3826x107"
7 ~-128.91  -123.13  -128.52 0.30395  1.4838x10~
8 ~128.91  -128.52  -128.71 0.15175 2.7228x10
9 ~128.91  -12871 -128.81 0.075815 —3.3305x10°°
10 ~128.81 12871 -128.76 0.037922 —3.0396x10~
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y-f@ _x-a
fb)—f(@) b-a

, Blb, (b))
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L o0-f@ x-a N _af(b) - bf(a)

fb)—f@ b-a 1775 ) - f(a)

C Stfﬂ)

=
@ ves The root is }H/
No
ae[xib] | = w = o€la xi]
v '
— a=xXI b=x1
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D SOuS dunglie iy 93 gy b 9 9 Jo oyl by oS a1y 435 allns 153 505

s AP Y-
You are making a bookshelf to carry books that range from 812" to 11" in
height and would take up 29" of space along the length. The material is
wood having a Young’s Modulus of 3.667/ MSs|, thickness of 3/8" and width
of 12",

You want to find the maximum vertical deflection of he bookshelf. The
vertical deflection of the shelf is given by

V(X) = 0.42493x10~* x® —0.13533x10° x> —0.66722 x10~° x* —0.018507x

where x is the position along the length of the beam. Hence to find the maximum
deflection we need to find where

dv
f(xX)=—=0
(X) »

The equation that gives the position x where the deflection is maximum is given by

—0.67665x10°x* —0.26689x10° x> +0.12748x10>x* —0.018507 =0
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““Use the bisection method of finding roots of equations to find the position x

where the deflection is maximum.
Conduct three iterations to estimate the root of the above equation.
Find the absolute relative approximate error at the end of each iteration at the

end of each iteration.

e o ) / Books

\ Bookshelt

g2 o oSl gy ghiS Sadiladog) gadas 350



Solution
Mt P

From the physics of the problem,
and x = L, where

L = Length ot the bookshelf,
That 1s

D<x< [

0=<x=29
Let ug agsume

— — 7
X, =0,x, =29

the maxumum deflection would be between x=0

Root of f(x)=0 as a function of the number of iterations for bisection method.

Iteration X, X, X, S .| flx, )

1 0 29 145 | ——— ~1.3992 <107
2 14.5 29 21.75 33.333 0.012824

3 14.5 21.75 18.125 20 6.7502 4107

4 14.5 18.125 | 16.313 11.111 3.3509% 107

5 14.5 16.313 | 15.406 5.8824 1.6099x107°

6 14.5 15.406 | 14.953 3.0303 7.3521 107"

7 14.5 14.953 | 14.727 1.5385 2.9753 <107

8 14.5 14.727 | 14.613 | 077519 | 78708x10°

9 14.5 14.613 | 14.557 | 038911 | —30688+107°
10 14.557 | 14.613 | 14.585 | 019417 | 2 4009<10°°

fdlz  pdorgy gedac =2




Q Geometrical illustration of the Newton-Raphson method.
f(x) 4

=l

f(x)) [reemmmermmmmsrmmnn i nnn e ——————- ; [I.:', | f{ X, }]

:I:ﬁ(Xl_lj (I AR R I IRRRAIIRRRERIIRRRRIIRRRAEITRIERD]]]
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D S on oy gioin 3 (miboo YF(X) ixio 1 ly Al F()) abais 5
oS Cpantd X jezxo Uy oy (S Jxo g panns g0
i)l (pl b .canl M = f1(X;) wlow b5 (ol 4 gl oo

y— f(x) = f'(x;) (x—x;)

o235 (58 %131,0) 15 Ll gm0 by b oyl S3 Joxo

0 — fx;) = f(x)(xj41—x;)

:M{)b N4} Sl f’(xl-) =0 Jf‘g

X. . =X - f(X; )
1+1 | f (Xi )
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%) Derivation of the Newton-Raphson method.
iy *

fx;) [I.;', 1}‘1(..1";. )]

f(x.1)

= N

f(x
A8y =8 g ox )

Xi —Xin f ,(Xi)
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D Algorithm for Newton-Raphson Method

PEE T

Step 1:Evaluate f'(X) symbolically.

Step 2:Use an initial guess of the root, X; , to estimate the new value
of the root, X;,,;, as
f(x)

i+1 i gy
f (Xi)
Step 3 :Find the absolute relative approximate error ‘ea‘ as

X -Xl

+1

X.

1+1

x 100

| =

Step 4:Compare the absolute relative approximate error with the pre-
specified relative error tolerance €,

Go to Step 2 using new
‘ ‘ Yes estimate of the root.
Is |e,|>€, ?
No *| Stop the algorithm
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s Floating ball problem

The floating ball has a specific gravity of
0.6 and has a radius of 5.5 cm. You are
asked to find the depth to which the ball
is submerged when floating in water.

s 26—

Water

The equation that gives the depth x in meters to which the ball is submerged
under water is given by

f (x)=x>-0165x°+3993x10

Use the Newton’s method of finding roots of equations to find

a) the depth ‘x’ to which the ball is submerged under water. Conduct three
iterations to estimate the root of the above equation.

b) The absolute relative approximate error at the end of each iteration
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—*To aid in the understanding of how this method works to find the root of
an equation, the graph of f(x) is shown to the right, where

Entered uncion on gaiven interval

000031

P f(x)= x*-0165x’+3993x10™

0.0001-

002 9 002 004

0.0001-

0.0002-

0.0003-

Funclion
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D solve for f '(x)

e AP

f(x)=x*-0165x*+3993x10"  E) f'(x)=3x%-0.33x

Let us assume the initial guess of the root of f(x)=0 isx, =0.05m.
This is a reasonable guess (discuss whyx=0and x=0.11m are not
good choices) as the extreme values of the depth x would be 0

and the diameter (0.11 m) of the ball.

Iteration 1
The estimate of the root is

- f(x,)  0.05_ (0.05)’ —0.165(0.05)* + 3.993x10™*

TR T (X)) 3(0.05)? —0.33(0.05)
—4
:0.05—1'1;823(_)3 ~0.05—(—0.01242) = 0.06242
—9x
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QThe absolute relative approximate error |€a|at the end of Iteration 1

Al :1'-: 3 -

IS
X, — X 0.06242 —0.05
e, | =[P xlOOz‘ <100 —19.90%
X, 0.06242
; Function
000 x0, Current root
/M‘Z x1, New root
: Tangent line
0.0003 1
Y 0.00021
0.0001 1
002 9] 002 004|008 008 01 012
-0.00011
-0.00021
-0.00031
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ﬁ Iteration 2

“*** The estimate of the root is

0.06242)° —0.165(0.06242) +3.993x10™

X, =X, —M =0.06242 - (

f(x)

~3.97781x10”"

3(0.06242)" —0.33(0.06242)

—0.06242 - =0.06242 - (4.4646x10°°) = 0.06238

~8.90973x10°°

X, — X
X5
0.06238 —-0.06242

%100

0.06238
=0.0716%

3@#

0.00031
0.00021

0.0001-

Function

*1, Current root
¥2, New root
Tangent line

x100 55 0

-0.0001

-0.00021

-0.00031

002 004 00\

X

012
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ﬁ Iteration 3
““**The estimate of the root is

3 5 »
X, =X, - f(x,) 20.06238_(0.06238) —0.16550.06238) +3.993x10
f(x,) 3(0.06238)" —0.33(0.06238)

-11
- 006238 - 2410~ 06238 (~4.9822x10°*)=0.06238

~8.91171x10°°

— Function
0.00 — X2, Current root
/:u_ %3, Mew root
— Tangent line
X, — X 00003 1
e, | = [—2| <100
X2 Y 000021
_|0.06238-0.06238]
0.06238
— 0% 002 U 0B 008 01 012
-0.00011
-0.0002-
-0.00034
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D

e AP

Advantages

* Converges fast (quadratic convergence), if it converges.

* Requires only one guess
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JDDrawbacks

e AP

1. Divergence at inflection points

Selection of the initial guess or an iteration value of the root that is close to the inflection
point of the function f(x) may start diverging away from the root in the Newton-Raphson

method.

The root starts to diverge at Iteration 6 because the previous estimate of

0.92589 is close to the inflection point of X =1.

Eventually after 12 more iterations the root converges to the exact value of X =0.2.

140

(x-1)°+0.512=0

(x¢-1) +0.512

3(x, —1Y

Iteration Number X;
0 5.0000 | [ f(x)=
1 3.6560 | | N
2 2.7465 | o
3 2.1084 | § |
4 1.6000 | |
5 0.92589 O
6 -30119( L
7 ~19.746 S
18 0.2000 .
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Eprawbacks

2.Division by zero
For the equation f (X) =x°>—0.03x* +2.4%x10° =0

x10°

2

X2 —0.03x +2.4x10°° i

e 3x2 —0.06X, N\
v

v

f(x)

-0.1 0 0.1 0.2

For X, =0o0r X, =0.02, the denominator will equal zero.
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Eprawbacks
3. Oscillations near local maximum and minimum

Results obtained from the Newton-Raphson method may oscillate about the
local maximum or minimum without converging on a root but converging on
the local maximum or minimum.

Eventually, it may lead to division by a number close to zero and may diverge.

2 .
For example for f (X) =X"+2=0 the equation has no real roots.

Iteration

Number X f (Xi ) ‘Ea‘%
0 ~1.0000 | 3.00
1 0.5 2.25 | 300.00
2 ~1.75 | 5.063 | 128.571
3 ~0.30357 | 2.092 | 476.47
4 3.1423 | 11.874 | 109.66
5 1.2529 | 3.570 | 150.80
6 ~0.17166 | 2.029 | 829.88
7 5.7395 | 34.942 | 102.99
8 2.6955 | 9.266 | 112.93
9 0.97678 | 2.954 | 175.96
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Eprawbacks

4. Root Jumping

In some cases where the function f(x) is oscillating and has a number of roots,
one may choose an initial guess close to a root. However, the guesses may jump
and converge to some other root.

fx) 1 A

1L

05 —+

For example

f (X)= sinx=0 2 0.063¢7

: I ! »
8 D
7539822 \

Choose

X, = 2.47 = 7.539822

It will convergeto X =0

-15 |

instead of X =27 =6.2831853
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(Secant Method) s y79 9,

Geometrical illustration of the Newton-Raphson method.
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D

i — f(xi )
(%)

Newton’s Method Xig =X -
f(x)—f(x) (2)

Xi o Xi—l

(1)

Approximate the derivative f'(x;) =

Substituting Equation (2) into Equation (1) gives the Secant method

00 %)
IR - (%)
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D

" The secant method can also be derived from geometry:

f(x) , The Geometric Similar Triangles
AB DC
AE DE
can be written as
F(x)  f(Xy)
Xi = Xig B Xisg — Xin

On rearranging, the secant
method is given as

OO0 = x)
) - (%)

= X
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Q;Algorithm for Secant Method

Step 1: Calculate the next estimate of the root from two initial guesses

OO0 — %)
() - (%)

Find the absolute relative approximate error ‘Ea‘ —

1+1

Zit B 100

i+1

Step 2:
Find if the absolute relative approximate error is greater than the
prespecified relative error tolerance.

If so, go back to step 1, else stop the algorithm.

Also check if the number of iterations has exceeded the
maximum number of iterations.
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S Example Floating ball problem

f (x)=x3>-0165x°+3.993x10

s 26—

Water

Use the Secant method of finding roots of equations to find the
depth x to which the ball is submerged under water.
« Conduct three iterations to estimate the root of the above

equation.
* Find the absolute relative approximate error at the end of each

Iteration.
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D

%+ Let us assume the initial guesses of the root of f (x) =0
as X, =0.02 and x, =0.05.

Iteration 1
The estimate of the root is

_ f (Xo )(Xo B X—1)
f (Xo)_ f (X—l)

X =X,

(0.05% - 0.165(0.05) +3.993x10*{0.05-0.02)

=0.05- |
(0.05° - 0.165(0.05) +3.993x10* )~ (0.02° ~0.165(0.02) +3.993x10°*
=0.06461
‘ea‘ L x100 = |O'06461_ 0.05 %100 = 22.62%
Xy 0.06461

you need an absolute relative approximate error of 5% or less.
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Graph of results of Iteration 1

0.0 m— Function _
| —— :{gueag, First guess
xguessZ, Second guess
0.0003 m— 1, New guess
—secant line
Y n.0002
0.0001
0.02 OR\008 01 0.12
-0.0001
-U.0002
-0.0003
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Zzae Iteration 2
The estimate of the root is

_ f(xl)(xl_XO)
f (%)= f(x)
(0.06461° - 0.165(0.06461) +3.993x10~* |0.06461—0.05)
—0.06461— 3 : - : 2 -
(0.06461° - 0.165(0.06461)° +3.993x10~* - (0.05° —0.165(0.05)° +3.993x10~*

X, =X

=0.06241

0.06241-0.06461
0.06241

X2 _Xl

X

x100 = 3.525%

‘Ea‘ =

x100 =
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Graph of results of Iteration 2

m— Fynction
0.0004 w30, First guess
:{5. ﬁe:u d guess
— . Ew. jess
0.0003 — seCant Ilﬁe
Y 0.0002
0.0001

002 Y] o002 004 0.0N008 01 012
-0.0001

-0.0002
-0.0003
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Q Iteration 3
The estimate of the root is

006241 (0.06241° - 0.165(0.06241) +3.993x10"* | 0.06241 - 0.06461)
| (0.06241° ~0.165(0.06241)° +3.993x10~* ) (0.05° - 0.165(0.06461)° +3.993x10*
—0.06238

0.06238-0.06241
0.06238

X3 — X,
Xq

x100 =0.0595%

x100 =

‘Ea‘ =
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F$n 1an

00 — lrst uess

' X3 Rlosond duess
—

0.0003 e Spcant line

002 004 0O 012

X
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DAdvantages

* Converges fast, if it converges

* Requires two guesses that do not need to bracket the root

Drawbacks

« Division by zero

 RootJumping : . .
}E':f,l:ﬁ.ﬁtgl.ﬁiﬁ:l

xl, [previos gues)
Secant hine

x1, (vear gess)

5 _ 10
g2 0 Sl g g pgeis Sl dog) gedas BS0



ool HI 55" (w9,

[ab] alold ,of(x)=0 aolro gl aday (08 39290 bl o (3903l 51 g 95 (2] 5o
Dgud o0 g X=8(X) W gu0 e ) ws 31 g 1 F(X)=0 alolze

f, il dolao 90y dl , QL &S (5,5b
fla)=0 & a=g(a)
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oy X=G(X) S5 4 ylg8 o0 (hlido Sl 90 4 f(X)=0 dlre (55, 51 Y gane ) 4SS
T g(x) = xF -2

f)=a2—x—2 4 ID=Vr+2

2
- gx) =1+ p”
31 3 5lee X=g(X) @ ygeo 4 F(X)=0 doleo Joud' (5l oxSon JSCo o 5 (2o T ST

x =x— f(x)
x=x+ f(x)
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Zoae ol dolre dduy @ 31wyl Xg o5 2 X=8(X) wygo @ f(X)=0 dolre g 31
Wiglh (o0 aiSlw pj @,k X,

x1 = g(xop)
X = g(x1)
x3 = g(x2)

Xn+1 = 9(X3), n=0,1,2,..
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§

odlw 41 ST Jhgy (2 Swod (sl p ST by

g(x) € [ab] gl ailox € [ab] slp °

19 ()| <1 pisbailox €E[ab] glyp *

Al 398 Lul b 90 51410 B(X) b o5 2 cpl wlo cadiund S bl ol 398 Loyl il 1SS
oS s J..so a len

S oo il ) g ,500 8 olST el aiilad 1) Ll o 51 Sy JSlas g(x) LS
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.;J,;.-.;;:..B:.)" &)‘O )‘)5 (0 1) alols ) ASf(x) - 3xex —1 =0 Jolwo M) %AJ.OJ o.».w ‘5‘){ JL».O
Do lod solaswl solw 41,557 g,

e~* S o 1y Allano 3D 5 9 Xg = 0.5 L

g(x) :T

xE(O'l)» 0<x<1
—-1<—-x<0

e l<ce X<l

1<e‘x<1 $ 1 1

g(x) € (0,1):,l0x €(0,1) oyl
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R x € (0,1)
’(x)—_e_x | > 1g'( )l_e__x<e_0—1<1
g 3 gWWl="375373
] 00l OS] cwwlico job g(x) ol b
e *n

x1=0.2022

X, =0.2723

x3 = 0.2539

x, = 0.2586

a=0.258 (3D)

Xg = 0.2574

xe = 0.2577 | |

x7 = 0.2576 | > xg=0.2576
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