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Aufgabe 29: (Kontraktionssati)
Bestimmen Sie ein geeignetes Intervall D der angegebenen Form, so dass die Vor-
aussetzungen des Kontraktionssatzes fiir die Fixpunktgleichung

r=F(x), z€D
erfiillt sind.
(@) F(z) =In(z) +2, D = [a, 5],
(b) F(z) = Bcos*(z), D=[0,a)und B € (0,1),
(¢) F(z) = sech(x), D = [0,q].

Zelgen Sie zusitzlich in den Fillen (b) und (c) dass die Iteration z,.; = F(z,),
= 0,1,2,... fiir alle z, € R konvergiert. Dafiir iiberlege man sich, dass diese

Iteratmn nach wenigen Schritten in D landet
(6 Punkte)

Aufgabe 30: (Fixpunkt-Berechnung, graphische Iteration)
Es seien die folgenden reellen Funktionen gegeben:

(@) f(z) = cos(zx) + =z,
) f(z)=—2>+z+1.
(1) Bestimmen Sie die Anzahl der Fixpunkte von f.

- (2) Skizzieren Sie fiir elmge charakterlstlsche Startwerte z, das Verhalten der
Iteration

Tni1 = f(zn), n=0,1,2,... (1)

mit Hilfe des Graphen von f.
(3) Ein Fixpunkt Z von f : R C D — R heillt anziehend, falls es ein Intervall
I = I(Z) ¢ D gibt, so dass die Iterationsfolge (1) fiir n' — oo und fiir alle

Startwerte zo € I gegen 7 konvergiert. Das maximale Intervall I mit dieser
Eigenschaft nennen wir den Einzugsbereich des Fixpunktes Z von f.

Bestimmen Sie fiir f aus (a) und (b) die E1nzugsbere1che der anziehenden
Fixpunkte.

Hinweis: Vergleichen Sie Thre Resultate mit der NUMLAB-GUI: Stair Case.
(6 Punkte)



Aufgabe 31: (Intervallhalbierung, Sekanten-Verfahren, Newton-Verfahren)
Es sei die Gleichung '

1
tanh(z) = 5 +Xxz, z€R 2) -

mit A € {0.1,0.5} gegeben.

(a) Ermitteln Sie zunéchst per Hand die Anzahl der Losungen sowie geeignete
Startwerte fiir die Intervallhalbierung.

(b) Implementieren Sie die Intervallhalbierung, das Sekanten-Verfahren und das
Newton-Verfahren. Hierbei soll die Iteration abbrechen, wenn der Defekt
(d. h. der Betrag des Fehlers, der sich nach Emsetzen in (2) ergibt) kleiner
als 10710 ist.

(c) Berechnen Sie mit der Methode der Intervallhalbierung und den Startwerten
aus (a) die jeweiligen Nullstellen. :

(d) Verwenden Sie die gleichen Startwerte wie in (c) zur Berechnung der Null-
stellen mittels des Sekanten-Verfahrens.

~ (e) Berechnen Sie zuletzt die Newton-Folgen gestartet an den jeweiligen Inter- .
vallgrenzen

® Geben Sie fiir alle drei Verfahren die Iterationsfolgen aus.

Hinweis: Vergleichen Sie Ihre Resultate mit der NUMLAB-GUI: Nullstellen, 1D.

Die Intervallhalblerung ist in der GUI nicht implementiert. -
(6 Punkte)
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function aufgabe3l %u (b) - (Q,)‘.

G — v— — an —— -

func=0 (x,1da) 1/2+lda*x-tanh (x);
dfunc=@ (x, 1da) lda-1/(cosh(x)"2);
eps=10"(-10);

P R A Y

e\n');

forintf (7 =
\n\n’);

fprintf (' -

-15, 0, eps);

bisection (@ (x) func(x,.1),

sekanten (@ (x) func(x,.l), -15, 0, eps);

newtonlD (@(x) func(x,.l), @(x) dfunc(x,.l), -15, eps);
newtonlD (@(x) func(x,.l), @(x) dfunc(x,.1), O, eps) ;

fprintf (" \n o Llel\n’);

fp r l nt f ( e et i it s et e i et e i 2ot e 2 i e ot <t et e o e o s oot e o e e e e en 2 s s \ ) \\ 1 7 ) ;
bisection (@ (x) func(x,.l), 0, log(2), eps);

sekanten (@ (x) func(x,.l), 0, log(2), eps);

newtonlD (@ (x) func(x,.l), @(x) dfunc(x,.l), log(2), eps);

Nulletelle\n’);
AN Y .

) func(x,.l), log(2), 5, eps);

fprintf (7
fprintf (7 -
bisection(

@(x
sekanten (@ (x) func(x,.1l), log(2), 5, eps);
@(x

newtonlD ( ) func(x, .1l), @(x) dfunc{x, .1), 5, eps) ;

ellia\n’);
-e==\n\nt ) ;

fprintf£ (/' \
fprintf (/-

, 0, eps);

bisection (@ (x) func(x,.5), =3

sekanten (@(x) func(x,.5), -3, 0, eps);

newtonlD (@(x) func(x,.5), @(x) dfunc(x,.5), -3, eps);
newtonlD (@(x) func(x,.5), @(x) dfunc(x,.5), 0, eps);

[int, n]=bisection (F, a,b, eps)

s I¢

n = 0;
fn = F(a)
gn = F(b);
fprintf (¢
fprintf (/-
fprintf ('n = PRI, YL
iei\r’, n, a, b, fn, gn);
if (F(a)*F(b) >= 0 || b<a)
error (' Fa “hes Anftanc
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fn=F (xn);
fnl=F (xnl);
fprintf (7 de
forintf (7~
fprintf (' x
fprintf ("= O£ &
while max(abs (fn))>eps
n=n+1;
tmp = xn - fn*(xn-xnl)/{(fn-£fnl);
xnl = xnj;
xn=tmp;
fnl=£fn;
fn=F (xn);
fprintf (7>

and

o

.ile\n’ ,n+l,xn,n+l, £n);

P
—
o5
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m33333333333333333333333333333333333

Parameter lambda = .1, 1. Nullstelle , QAA_(J?)-

Intervallhalbierung
=0, [xn, yn]=[-15.00000000, 0.00000000], {F(x_n, F(y_ n)} {-1.9e-13, 5.0e-01}
=1, [x_n, y_n] = [-15.00000600, -7.50000000], {F(x_n, F(y_n)} = .{-1.9%e- 13 7.5e-01}
=2, [x_n, y_n] = [-15.060000000, -11.25000000], {F(x n, F(y n)} = {-1.%e- 13 3.7e-01}
= 3, [x_n, y_n] = [-15.00000000, -13.12500000], {F{(x n, F(y_n)} = {-1.9e-13, 1.9e-01}
=4, [x_n, y_n] = [-15.00000000, -14.06250000],. {F(x_n, F(y n)} = {-1.9e-13, 9.4e-02}
=5, [x n, yn] = [-15.00000000, -14.53125000], {F(x_n, F(y_n)} = {-1.9e-13, 4.7e-02}
=6, [x n, yn] = [-15.00000000, -14.76562500], {F(x n, F(y n)} = {-1.9e-13, 2.3e-02}
=7, [xn, ynl =[-15,00000000, -14.88281250], {F(x_n, F(y n)} = {-1.9e-13, 1.2e-02}
=8, [x_n, y_n] = [-15.00000000, -14,94140625]), {F(x n, F{y n)} = {-1.9e-13, 5.9e-03}
= 9, [x n, y n] = [-15.00000000, -14.97070312], {F(x_n, F(y_n)} = {-1.9e-13, 2.9e-03}
= 10, [x n, y n] = [-15.00000000, -14.98535156], {F(x_n, F(y n)} = {-1.9e-13, 1.5e-03}
=11, [x n, y n] = [-15,00000000, -14.99267578], {F(x_n, F(y n)} = {-1.9e-13, 7.3e-04}
= 12, [x n, y n] = [-15,00000000, -14.99633789], {F(x_n, F(y n)} = {-1.9e-13, 3.7e-04}
= 13, [x n, y n] = [-15.00000000, -14,99816895], {F(x_n, F{(y n)} = {-1.9e-13, 1.8e-04}
= 14, [x_n, y_nl = [-15.00600000, -14.99908447]1, {F(x n, F(y n)} = {-1.9e-13, 9.2e-05}
= 15, [x_n, y_n] = [-15.00000000, -14.99954224], {F(x_ n, F(y n)} = {-1.9e-13, 4.6e-05}
= 16, [x_n, y_n]l = [-15.00000000, -14.99977112], {F(x_n, F{y n)} = {-1.9e-13, 2.3e-05}
=17, [x_n, y_n] = [-15.00000000, -14.99988556], {F(x_n, F{y_n)} = {-1.9e-13, 1.1e-05}
= 18, [x n, y n] = [-15.00000000, -14.99994278], {F(x_ n, F(y n)} = {-1.9e-13, 5.7e-06}
= "9, [x_n, y_n] = [-15.00000000, -14.99997139], {F(x_n, F{y_n)} = {-1.9e-13, 2.9e-06}
= .0, [xn, yn]l =[-15.00000000, -14.99998569], {F(x n, Fly n)} = {-1.9e-13, 1.4e-06}
=21, [x n, y n] = [-15,00000000, -14.99999285], {F(x_n, Fly n)} = {-1.9e-13, 7.2e-07}
= 22, [x n, yn] = [-15,00000000, -14,99999642], {F{x_ n, F(y.n)} = {-1.9e-13, 3.6e-07}
= 23, [x_n, y.n] = [-15,00000000, -14.99999821], {F(x_n, F(y_ n)} = {-1.9e-13, 1.8e-07}
= 24, [x_n, y_n] = [-15,00000000, -14.99999911], {F(x_n, F(y_n)} = {-1.9e-13, 8.9%e-08}
= 25, [x_n, y_n] = [-15.00000000, -14.99999955], {F(x_n, F(y _n)} = {-1.9e-13, 4.5e-08}
= 26, [x_n, y nl = [-15.00000000, -14.99999978], {F(x_n, F(y n)} = {-1.9e-13, 2.2e-08}
=27, [x_n, y n] = [-15.00000000, -14.999999891, {F{(x_n, F(y n)} = {-1.9e-13, 1.1e-08}
= 28, [x n, y n]l = [-15,00000000, -14.99999994]1, {F(x_n, F(y n)} = {-1.9e-13, 5.6e-09}
=29, [x n, ynl = [-15.00000000, -14.999999971, {F(x n, F(y_n)} = {-1.9e-13, 2.8e-09}
= 30, [x n, y n] = [-15.00000000, -14.99999999], {F(x n, F(y n)} = {-1.9e-13, 1.4e-09}
= 31, [x n, y n}] = [-15.00000000, -14.,99999999], {F(x n, F(y_ n)} = {-1.9e-13, 7.0e-10}
= 32, [x_n, y n] = [-15.00000000, -15.000000001, {F(x_n, F(y_n)} = {-1.9e-13, 3.5e-10}
= 33, [x n, y n] = [-15,00000000, -15,00000000], {F(x_n, F(y_n}} = {-1.9e-13, 1.7e-10}
= 34, [x n, y nl =[-15.00000000, -15.00000000], {F(x n, F(y_n)} = {-1.9e-13, 8.7e-11}
ekanten-Verfahren

X 0 = -15,00000000, F(x 0) = -1.9e-13

x_1 = 0.00000000, F(x 1) = 5.0e-01

x_ 2 = -15.00000000, F(x 2) = 3.7e-13

Newton Verfahren

X 0 = -15,00000000, F(x_0) = -1.9e-13

Newton-Verfahren

X 0 = 0.00000000, F(x_0) = 5.0e-01

x_1 = 0.55555556, F(x_1) = 5.1e-02

X 2 = 0.63440679, F(x_2) = 2.4e-03

X 3 = 0.63844225, F(x_3) = 6.3e-06

X 4 = 0.63845300, F(x 4) = 4.5e-11

Parameter lambda = .1, 2. Nullstelle

Intervallhalbierung

n=20, [xn, yn]=[0,00000000, 0.69314718], {F(x_n, F(y_n)} = {5.0e-01, -3.le-02}
n=1, [xn, ynl = [0,34657359, 0.69314718], {F(x_n, F(y_n)} = {2.0e-01, -3.le-02}
n=2, [xn, ynl=1[0.,51986039, 0.69314718], {F(x_n, F(y_n)} = {7.4e-02, -3.1e-02}
n=3, [xn, ynl = [0.60650378, 0.69314718], {F(x_n, F(y_n)} = {1.9e-02, -3.le-02}
n=4, [xn, ynl=1[0,60650378, 0.64982548], {F(x_n, F(y_n)} = {1.9e-02, -6.6e-03}
n=>5, [xn, ynl = [0.62816463, 0.649825481, {F(x_n, F(y n)} = {6.0e-03, -6.6e-03}
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{6.0e-03, -3.2e-04}

6, [x_n, y n] = [0.62816463, 0.63899506], {F(x_n, F(y_n)} =

7, [x_n, y_n] = [0.63357984, 0.63899506], {F(x_n, F(y n)} = {2.8e-03, -3.2e-04}

8, [x_n, y n] = [0.63628745, 0.63899506], {F(x_n, F(y n)} = {1.3e-03, -3.2e-04}

9, [x_n, y n] = [0.63764125, 0.63899506]1, {F(x_n, F(y n)} = {4.7e-04, -3.2e-04}

10, [x_n, y_n] = [0.63831816, 0.63899506], {F(x_n, F(y n)} = {7.8e-05, -3.2e-04}

533330

{7.8e-05, -1.2e-04}
{7.8e-05, -2.0e-05}
{2.9e-05, -2.0e-05}
{4.6e-06, -2.0e-05}
{4.6e-06, -7.7e-06}
{4.6e-06, -1.5¢-06}
{1.5e-06, -1.5e-06}
{1.5e-06, -2.0e-09}
{7.7e-67, -2.0e-09}
{3.8e-07, -2.0e-09}

.9e-07, -2.0e-09}
{9.4e-08, -2.0e-09}
{4.6e-08, -2.0e-09}
{2.2e-08, -2.0e-09}
{1.0e-08, -2.0e-09}
{4.1e-09, -2.0e-09}
{1.1e-09, -2.0e-09}
{1.1e-09, -4.5e-10}

11, [x_n, y_n]
12, [x_n, y_n]
[x_n, y_n]
14: [X___nr Y_n]
15, [x_n, y_n]
16, [x_n, y_n]
17, [x_n, y_n]
18, [x_n, y_n]
19, [x_n, y_n]
20, [x_n, y n]
21, [x_n, yn]
22, [x_n, yn]
23, [x_n, y_n]
24, [x_n, y n]
25, '[x_n, y_n]
26, [x.n, y n]
27, [x_n, y_n]
28, [x_n, y_n]

[0.63831816,
[0.63831816,
[0.63840277,
[0.63844507,
[0.63844507,
[0.63844507,
[0.63845036,
[0.63845036,
[0.63845168,
10.63845235,
.63845268,
[0.63845284,
[0.63845292,
[0.63845297,
[0.63845299,
[0.63845300,
[0.63845300,
[0.63845300,

.63865661], {F(x_n, F(y n)}
.63848738], {F(x_n, F(y_n)}
.63848738], {F(x_n, F(y_n)}
.63848738], {F(x_n, F(y_n)}
.63846623], {F(x_n, F(y_n)}
.63845565], {F(x_n, F(y n)}
.63845565], {F(x_n, F(y_n)}
.63845301], {F(x_n, F(y_n)}
.63845301], {F(x_n, F(y_n)}
.63845301], {F(x_n, F(y_n)}
.638453011, {F(x_n, F(y _n)}
.63845301], {F(x_n, F(y_n)}
.63845301], {F(x_n, F(y n)}
.63845301], {F(x_n, F(y n)}
.638453011, {F(x_n, F(y_n)}
.63845301], {F(x_n, F(y_n)}
.63845301], {F(x_n, F(y_n)}
.63845300], {F(x_n, F(y _n)}
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), [x_n, y nl [0.63845300, 0.63845300], {F(x_n, F(y_n)} = {3.0e-10, -4.5e-10}

30, [x_n, y_n] [0.63845300, 0.63845300], {F(x_n, F(y n)} = {3.0e-10, -7.6e-11}
31, [x_n, y n] [0.63845300, 0.638453001, {F(x_n, F(y_n)} = {1.1le-10, -7.6e-11}
32, [x_n, y_n] [0.63845300, ©.63845300], {F(x n, F(y n)} = {1.8e-11, -7.6e-11}

ekanten-Verfahren ’ ’

X_0 = 0.00000000, F(x 0) = 5.0e-01

x_1 = 0.69314718, F(x_1) = -3.1e-02

X_2 = 0.65306803, F(x 2) = -8.4e-03

X_3 = 0.63789920, F(x _3) = 3.2e-04

X_4 = 0.63845840, F(x 4) = -3.1e-06

X_5 = 0.63845301, F(x 5) = -1.1e-09

X_6 = 0.63845300, F(x 6) = 4.3e-15

Newton-Verfahren

X _0 = 0.69314718, F(x _0) = -3.1e-02

x_1 = 0.63632258, F(x 1) = 1.2e-03

X_2 = 0.63845001, F(x 2) = 1.7e-06

X_3 = 0.63845300, F(x 3) = 3.4e-12

Parameter lambda = .1, 3. Nullstelle

Intervallhalbierung

n=20, [xn, yn]l=1[0.69314718, 5.00000000], {F(x_n, F(y n)} = {-3.1e-02, 9.le-05}
n=1, [x_n, y_n] = [2.84657359, 5.00000000], {F(x_ n, F(y n)} = {-2.1e-01, 9.1e-05}
n=2, [xn, ynl = [3.92328680, 5.00000000]1, {F(x_n, F(y_n)} = {-1.1le-01, 9.1le-05}
n=3, [x_n, ynl = [4.46164340, 5.00000000], {F(x_n, F(y_n)} = {-5.4e-02, 9.1le-05}
n=4, [x_n, ynl = [4,73082170, 5.00000000], {F(x_n, F(y_n)} = {-2.7e-02, 9.1e-05}
n=2>5, [x_n, y_n] = [4.86541085, 5.00000000], {F(x_n, F(y n)} = {-1.3e-02, 9.1le-05}
n=06, [xn, yn]l = [4.93270542, 5.00000000], {F(x n, F(y n)} = {-6.6e-03, 9.1e-05}
n=7, [x_n, yn]l = [4.96635271, 5.00000000], {F{x_n, F(y _n)} = {-3.3e-03, 9.1le-05}
n =28, [x_n, y_nl = [4.98317636, 5.00000000], {F(x_n, F{y n)} = {-1.6e-03, 9.1le-05}
n=9, [xn, yn] = [4,99158818, 5.00000000], {F(x n, F(y n)} = {-7.5e-04, 9.1e-05}
n =10, [x_n, y n] = [4.99579409, 5.00000000], {F(x n, F(y n)} = {-3.3e-04, 9.le-05}
n =11, [x_n, y nl = [4.99789704, 5.00000000], {F(x n, F(y n)} = {-1.2e-04, 9.le-05}
n =12, [x_n, y_n] = [4,99894852, 5.00000000], {F(x_n, F{y _n)} = {-1.4e-05, 9.1le-05}
n =13, [x_n, y_nl = [4.99894852, 4.99947426], {F(x_n, F(y n)} = {-1.4e-05, 3.8e-05}
n =14, [x_n, y_n] = [4.99894852, 4.99921139], {F(x_n, F{y_n)} = {-1.4e-05, 1.2e-05}
n=15, [x_n, y_n]l = [4.99907996, 4.99921139], {F(x_n, F{y n)} = {-1.0e-06, 1.2e-05}
n =16, [x_n, y_n] = [4.99967996, 4.99914567], {F(x_n, F(y_n)} = {-1.0e-06, 5.5e-06}
n=17, [x_n, y n]l = [4.99907996, 4.99911282], {F(x n, F(y n)} = {-1.0e-06, 2.2e-06}
n =18, [x_n, y_n] = [4.99907996, 4.99909639], {F(x_n, F(y_n)} = {-1.0e-06, 6.0e-07}
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= 19, [x_n, y_n] = [4.,99908817, 4.99909639], {F(x_n, F(y n)} = {-2 6
= 20, [x_n, y_n] = [4.99908817; 4.99909228], {F(x_n, F(y_n)} = {-2.2e-07, 1.9e-07}
= 21, [x_n, y_n} = [4.99909023, 4.99909228], {F(x_n, F{y_n)} = {-1.6e-08, 1.9e-07}
=22, [x_n, y_n] = [4.99909023;4.99909125]; {F(x n, F(y n)} = {-1.6e-08,: 8.6e-08}
= 23, [x_n, y.n] = [4,99909023, 4.99909074], {F(x_n, F(y m)} = {-1.6e-08, 3.5e-08}
= 24, [x_n, y n] = [4.99909023, 4.99909048], {F(x n, F(y n)} = {-1.6e-08, 9.2e-09}
= 25, [x_n, y_n]l = [4.99909035, 4.99909048], {F(x_n, F(y n)} = {-3.6e-09, 9.2e-09}
= 26, ‘[x n, y n] = [4,99909035, 4.99909042], {F(x n, F(y n)} = {-3.6e-09, 2.8e-09}
= 27, [x_n, y_n] = [4.99909039, 4.99909042], {F(x n, F(y m)} = {-3.7e-10, 2.8e-09}
= 28, [x n, y nl = [4.99909039, 4.99909040], {F(x_n, F(y n)} = {-3.7e-10, 1.2e-09}
= 29, [x_n, y_n] = [4.99909039, 4.99909039], {F(x n, F(y n)} = {-3.7e-10, 4.4e-10}
= 30, [x_n, y_n] = [4.99909039, 4.99909039], {F(x n, F(y m)} = {-3.7e-10, .3.5e-11}
=31, [x n, y n] = [4.99909039, 4.99909039], {F(x”n, F(y n)} = {-1.7e-10, 3.5e-11} -
= 32, [x_n, y_n] = [4,99909039, 4.99909039], {F{(x n, F(y n)} = {-6.5e-11, 3.5e-11}
kanten Verfahren

Xx_0 = 0.69314718, F(x_0) = -3.1e-02

X 1 = 5,00000000, F(x 1) = 9.1e-05

X 2 = 4,98729390, F(x 2) = -1.2e-03

X3 = 4,99900037, F(x 3) = -2.0e-09

X 4 = 4,99909039, F(x 4) = 4.3e-14 -

Newton-Verfahren

_0 = 5.00000000, F(x_0) = 9.1e-05

X ¥ 7 4,99909039, F(x_ 1) = 1.5e-10

X_2-= 4,99909039, F(x 2) = -1.le-16

Parameter lambda = .5, einzige Nullstelle

Intervallhalbierung
=0, [x n, yn] =[-3.00000000, 0.00000000], {F(x_n, F(y.n)} = {-4.9e-03, 5.0e-01}
= 1, Ix_n, y_n] = [-3.00000000, -1.50000000], {F(x_n, F(y_n)} = {-4.%- 03 6.6e-01}
= 2, [x n, yn] = [-3.00000000, -2.25000000], {F(x n, F(y n)} = {-4.9e-03, 3.5e-01}
= 3, [x_n, y_n] = [-3.00000000, -2.62500000], {F(x n, F(y n)} = {-4.9e-03, 1.8e-01}
=4, [xn, ynl=[-3.00000000, -2.81250000}], {F(x _n, F(y n)} = {-4.9e-03, 8.7e-02}
=5, [x n, yn] = [-3.00000000, -2.90625000], {F(x n, F(y n)} = {-4.9e-03, 4.1e-02}
=6, [x n, yn]=[-3.00000000, -2,95312500], {F(x_n, F(y n)} = {-4.9e-03, 1.8e-02}
=7, [x'n, y nl = [-3.00000000, -2.97656256], {F(x_n, F{(y n)} = {-4.%e-03, 6.5e-03}
=8, [x n,’ynl = [-3.00000000, -2.98828125], {F(x_n, F{y n)} = {-4.%e-03, 8.0e-04}
=9, [x n, y.n]l = [-2,99414062, -2.98828125], {F(x_n, F{y n)} = {-2.1e-03, 8.0e-04}
= 10, [x_n, y_n]l = [-2.99121094, -2.98828125], {F(x_n, F(y_n)} = {-6.4e-04, 8.0e-04} -
= 11, [x n, y n]l = [-2.99121094, -2.98974609], {F(x n, F(y n)} = {-6.4e-04, 8.0e-05}
= 12, [x n, y n] = [-2.99047852, -2.98974609], {F(x n, F(y n)} = {-2.8e-04, 8.0e-05}
= 13, [x n, y n] = [-2.99011230, -2.98974609], {F(x_ n, F(y n)} = {-1.0e-04, 8.0e-05}

4, [x_n, y_n] = [-2.98992920, -2.98974609], {F(x_n, F(y_n)} = {-1.0e-05, 8.0e-05}

=15, [x_n, y _n] = [-2.98992020, -2.98983765], {F(x_ n F(y n)} = {-1.0e-05, 3.5e-05}
= 16, [x n, y n] = [-2.98992920, -2.98988342], {F(x n, F(y n)} = {-1.0e-05, 1.2e-05}
= 17, [x_n, y n] = [-2.98992920, -2.98990631], {F(x n, F(y n)} = {-1.0e-05, 1.0e-06}
= 18, [x_n, y_n] = [-2.98991776, -2.98990631], {F(x_n, F(y.n)} = {-4.6e-06, 1.0e-06}
= 19, [x . n, y n] = [-2.98991203, -2.98990631], {F(x_n, F(y n)} = {-1.8e-06, 1.0e-06}
= 20, [x n, y n] = [-2.98990917, -2.98990631], {F(x n, F(y n)} = {-4.0e-07, 1.0e-06}
= 21, [x n, y n]l = [-2.98990917, -2.98990774], {F(x_n, F(y n)} = {-4.0e-07, 3.1e-07}
= 22, [x . n, y n] = [-2.98990846, -2.98990774], {F(x_ n, F(y_n)} = {-4.5e-08, 3.1e-07}
= 23, [x_n, y_n] = [-2.98990846, -2.98990818], {F(x_n, F(y_n)} = {-4.5e-08, 1.3e-07}
=24, {x n, yn] =[-2,98990846, -2.98990828], {F(x n, F(y n)} = {-4.5e-08, 4.3e-08}
= 25, [x n, y n] = [-2.98990837, -2.98990828], {F(x_n, F(y n)} = {-9.2e-10, 4.3e-08}
= 26, [x n, yn]l = [-2.98990837, -2.989960832], {F(x_n, F(y n)} = {-9.2e-10, 2.1e-08}
= 27, {x_n, y nl = [-2.98990837, -2.98990835], {F(x_n, F(y_n)} = {-9.2e-10, 1.0e-08}
= 28, [x n, y n] = [-2.98990837, -2.98990836], {F(x_n, F(y_n)} = {-9.2e-10, 4.6e-09}
=29, [xn, yn] = [-2.98990837, -2.98990836], {F(x n, F(y n)} = {-9.2e-10, 1.8e-09}
= 30, [x n, y n]l = [-2,98990837, -2.98990836], {F(x n, F(y n)} = {-9.2e-10, 4.4e-10}
= 31, [x_n, y n]l = [-2.98990837, -2.98990836]1, {F(x n, F(y n)} = {-2.4e-10, 4.4e-10}
= 32, [x_n, yn]l = [-2.98990837, -2.98990837], {F(x_ n, F(y n)} = {-2.4e-10, 1.0e-10}
= 33, [x n, y n]l = [-2.,98990837, -2.989908371, {F(x_n, F(y_n)}} = {-6.9e-11, 1.0e-10}
=34, [xn, yn] =[-2 F(y_n)} = {-6.9e-11, 1.6e-11}

.98990837, -2.98990837], {F(x_n,
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-3.00000000,

-2.97061911,
-3.02782492,
-2.98989360,
-2.98990835,
-2.98990837,
wton-Verfahren

= -3.00000000,
= -2.98991042,
2 = -2.98990837,
ewton-Verfahren

[ I | | 1

-1.97911756,
-3.08819160,
-2.99008134,
-2.98990837,
-2.98990837,

SOOUT R WN O
(I | O { O (1}

B

F(x_0)

F(x 2)
F(x_ 3)
F(x_4)
F(x_5)
F(x_6)

F(x 0)
F(x_ 1)
F{x_2)

0.00000000, F(x_0)
1.00006008, F(x_ 1)

F(x_2)
F(x_3)
F(x_4)
F(x_5)
F(x_6)

0.00000000, F(x_1) =

o

{3 I I I T}

I nn

LI I I 11

-4.9e-03
5.0e-01
9.4e-03
-1.9e-02
7.2e-06
5.5e-09
-1.7e-15

-4.9e-03
-1.0e-06
-4.2e-14

5.0e-01

2.4e-01
4,7e-01
-4.8e-02
-8.5e-05
-3.0e-10
1.1e-16
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