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restart;

> Frex->32%xA6- 43*XA4+18*XA2 1:
fi=x—->32x ——48x4+18x2—1

1

> plot(F(x) ,x=0..1);
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The MATLAB/Octave code consists of two files. The file bisect.m contains an iraplemen-
tation of the bisection algorithm. If epsilon is not specified, this bisection terminates
when the interval [a, b] reaches the smallest representable interval.

1 function x=bisect(f,a,b,epsilon)
2 if nargin<4

3 epsilon=0.0;

end

fa=feval(f,a);
fh=feval(f,b);

if sign(fa)*sign(fb)>0

=1 o o E=Y

8 fprintf ("bisect: Initial bracket no goodi\n’);
g end

10 c=a;

1 for n=1:100

12 X=C,

13 c=(at+tb)/2;

14 if abs(c-x)<= epsilon

15 return

16 end

17 fc=feval(f,c);

18 if sign(fc)*sign(fa)<C

19 b=c;

20 fb=fc;

21 else

22 a=c;

23 fa=fc;

24 end

25 end

26 fprintf (’bisect: Did not converge!\n’);

The seript s31p6.m calls the bisection routine to obtain the three positive roots. Due to
symmetry the other three roots are negatives of these. Absolute errors compared to the
actual values are then computed and displayed.

1 clear all

2 fprintf(’Solution to Section 3.1 Problem 6\n\n’);
s function y=f(x)

4 X2=X*X;

5 y=((324x2-48) #x2+18) *x2~1;
6 end

7 format long

8 rl=bisect(®8f,0.0,0.5)

9 r2=bisect(@f,0.5,0.75)

10 r3=bisect(@f,0.75,1)

11 roots=[r3,r2,rl,~rl,-r2,-r3];
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12 exact=cos((2%[1:8]-1)*pi/12);

13 error=roots—exact;

12 [roots’,exact’,error’]

The output from running the script is

Solution to Section 3.1 Problem 6

rl = 0.258819045102521

r2 = 0.707106781186648

r3 = 0.965925826289068

ans =
0.965926826289068  0.965826826288068 -0.000000000000000
0.707108781136548  0.707106781186548  0.000000000600000
(.2588190451025621  0.258813045102521  0.000000000000000
-0.258810045102521 -0.258819045102521 -0.000000000000000
-0.707106781186548 -0.707106781186547 -0.000000000000000
-0.965925826289068 -0.965925826289068  0.000000000000000

Note that the bisection method yields answers that are equal the true values up to machine
precision. This is because the value of epsilon was taken to be zero which forces the
algorithm to run until it can’t numerically bisect the interval any further.
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The polynomial
f(z) = 2* — 5.42° + 10.5627 - 8.954x + 2.7951

has a root o in [1,1.2]. Solve for o using the bisection method with ¢ = 107°. Experiment
with different ways of evaluating f{x); for example, use (i) the given form, (ii) reverse its
order and (iii) the nested form. Try various initial intervals [a,b], for example, [0, 1.5],
[0.5,2.0] and [0.5,1.1]. Explain the results.

Use the same bisection algorithm as in bisect.m along with the script s31p8.m given by

1 clear all

» fprintf(’Solution to Section 3.1 Problem 8\n\n’);
f1=0@(x) x"4-5.4*x"3+10.566*%x"2-8.9b4*x+2,7951;
f2=0(x) 2.7951-8.954%x+10.56%x"2-5.4*x"3+x74;
£3=0(x) (((x-5.4)*x+10.56)*x-8,954)*x+2.7951;
format long

epsilon=10~(-6)

a=[0,0.5,0.5];

b=[1.5,2.0,1.1];

1w for n=1:3

11 fprintf (’\nInitial bracket is [a,bl=[%g,%gl\n’,an),bnd);

woe =3 > U R Gl

12 ri=bisect(fl,a(n),b(n),epsilon)
13 r2=bisect(f2,a(n),b(n),epsilon)
14 r3=bisect{(f3,aln),bln),epsilon)
15 end

The output is

Solution to Section 3.1 Problem 8
epsilon = 1.00000000000000e-06

Initial bracket is [a,bl=[0,1.5]

rl = 1.08999036788940
r2 = 1,09999322891235
r3 = 1.10000467300415

Initial bracket is [a,b]=[0.5,2]

ri = 1.09998941421509
r2 = 1.09998941421509
r3 = 1.10000085830688

Initial bracket is {a,b]l=[0.5,1.1]

rl = 1.09998970031738
r2 = 1.09988970031738
r3 = 1.099994277954190

The output consists of three different initial brackets tested for each of the three different
ways of computing the polynomial. In each case the output is slightly different. This is
due to the rounding error present in the problem. The Maple seript

3
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1 restart;

2 pr=x"4-5.4%x"3+10.56%xx"2-8,9b4*x+2, 79561 ;
3 plot(p,x=1..1.2);

produces the plot

0.001

0.0005

1 1 1 L 1 1 1 1 1 1 1

o

T T T T T T T 1 T T

1.05 1.1
X

-0.0005

i1 1 1 i H 1 ) i 1

Note that the graph of f(z) looks tangent to the z-axis at the root «. Therefore, this root
is probably a root of multiplicity 3. The multiplicity of the root makes the computation
much more sensitive to rounding error.
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> Fezl-xasin(x);
fre= 1 - x4 sin(x)

> plot(f,x=0..2.5);
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The MATLAB/Octave code for newton.m is given by

1 function [x,n]=newton(f,df,x0,epsilon)

2 for n=1:100

3 x=x0-~feval (f,x0) /feval (df ,x0};

4 if abs(x~x0)<= epsilon

5 return;

6 end

7 x0=x;

8 end

9 fprintf('newton: Did not converge!\n’);

and the script s32p4.m for this problem is

1 clear all

» fprintf (’Solution to Section 3.2 Problem 4\n\n’);

2 global m

4 function y=f(x)

5 global m;
y=x"m-2;

end

function y=df(x)
global m;

10 y=m*x"~ (m-1);

11 end

12 format long

13

14 epsilon=5e-6;

W 0o -1 >

is

1 x=1.5;

17 for m=3:8

15 z=newton(@f ,0df,x,0.0600001);

19 fprintf (°The %g~th root of 2 is %18.16g\n’,m,x);
20 end

The output is

Sclution to Section 3.2 Problem 4

The 3-th root of 2 ig 1,259921048894873
The 4~th root of 2 is 1.189207115002721
The 5-th root of 2 iz 1.148698354997036
The 6~th root of 2 is 1.122462048309373
The 7-th root of 2 is 1.104085513673812
The 8-th root of 2 is 1.090507732665258
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Find the root of

f(z) = z* — 5.42% + 10.562° — 8.954x + 2.7951

that lies in the interval [1, 1.2] using Newton’s method. Experiment with different choices
of zg and different ways of evaluating f(z) and f'(x).

We choose the same three ways of evaluating f(z) as in §3.1#8 and evaluate the corre-
sponding derivatives f'{x) in a similar fashion. We use starting guesses for x¢ of 0.5, 1.0
and 1.5 and approximate the solution in nine different ways. The script s32pll.m is

1
2

3

=

L=} [o13 -] o o

11
12
13
14
15
16
17
18

clear all

fprintf (’Solution to Section 3.2 Problem 11\n’);
f1=0(x) x"4~5.4%x"3+10.56%x"2-8.954%x+2.7951;

df 1=0(x) 4*x"3-16.2*x"2+21,12%x-8.954;

f2=@{(x) 2.7551-8.954%x+10.56%x"2-5.4%x " 3+x"4;
Af2=0(x} ~8.954+21.12%x~16,2%x"2+4*x"3;

F3=0(x) (({x-5.4)*x+10.56)%*x-8.954)xx+2.7951;
df3=0(x) ((4%x~16.2)*x+21.12)*x~8.954;

format long

epsilon=be-6;

x0={0.5,1,1.5];

for n=1:3
fprintf (’\nInitial guess is x0=Yg\n’,x0(n));
[r1,nl}=newton(f1,df1,x0(n),epsilon)
[r2,n2]=newton(f2,df2,x0(n) ,epsilon)
[r3,n3]=newton{f3,df3,x0(n) ,epsilon)

end

and used along with the function file newton.m from problem §3.2#4. The cutput is

Solution to Sectiocn 3.2 Problem 11

Initial guess is x0=0.5

ri = 1.09998801434906
nl = 28
r2 = 1.09998537073140
n2 = 27
r3 = 1.09988903296943
n3 = 28

Initial guess is x(0=1

rl = 1.095800563685484
nl = 24
r2 = 1.09998736700643
ne = 24
r3 = 1.09999026422473
n3 = 23

Initial guess is x0=1.5
ri = 1.10001076874808
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nl = 26
r2 = 1.099986460679348
nz = 28
r3 = 1.09998856598908
n3 = 29

Usually Newton’s method converges in 4-5 iterations; therefore, it is unusual that Newton’s
method is taking more than 20 iterations to converge in this case. As discussed earlier, the
graph appearing in the solution to §3.1#8 shows that « is most likely a root of multiplicity
three. Therefore, f'(«) = 0 so that the requirements for quadratic convergence in formula
(3.19) in the text are not met. Note also that this slowness of convergence is present for
all three different ways of evaluating f(z) and f'{x) and all three different initial values.
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The function .
flz) =a+e P cosx

has a unique root on the interval {—1,0). Use the secant method with zy = —1 and z; = 0
to find this root as accurately as possible. Use values of B equal 1, 5, 10, 25 and 50.
Explain the behavior observed in the iterates for the larger values of B.

The Maple script

1 restart;

2 fi=x+exp(-B*x"2)*cos(x);

3 Bn:={1,5,10,25,50];

¢ for n from 1 to b

5 do

6 fninl :=subs(B=Bulnl,f);
7 end;

s s:=seq(fnljl,j=1..5);

9 plot(is],z=-1..0);

generates the plots

Y

T
o
0

j=]

-0.5

mT 1T 17T 17T 17 3%F 17T 3597

Note that the function looks more and more like the letter S as B increases. In particular,
f{0) — 0 as B — oo. Thus, as B increases the derivative at 0 vanishes. This poses a
problem for Newton's method where the iterates starting at x9 = 0 fail to converge for
large value of B. For the secant method, however, the derivative is approximated in such
a way that the iterates converge for all values of B.
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The secant method secant.m is given by

1 function [x,n]=secant(f,x0,x1,epsilon)

2 fO=feval (f,x0);

3 for n=1:100

4 fi=feval(f,xz1);

5 df=(£f0-f1)/(x0-x1);

5 x=xi-f1/df;

7 if abs(x-x1)<= epsilon
8 return;

9 end

10 x0=x1;

11 fO=£f1;

12 x1=x;

13 end

14 fprintf (’secant: Did not coanverge!\n’);

The MATLAB/Octave script 833p3.m for this problem is

1 clear all
2 fprintf (*Solution to Section 3.3 Problem 3\n\n’};
3
4 global B;
function y=f(x)
global B;
y=x+exp{(~B¥x"2) *cos(x);
end
function y=df(x)
16 global B;
1 y=l-exp(-B*x"2)* (sin(x) +2*B*x*cos (%)) ;
12 end
13

]

L= -

14

15 format long

16 epsilon=1E-16;

17 Bn=[{1,5,10,25,50] ;
1w for n=1:5

19 B=Bn(n) ;

20 alpha=secant{(@f,-1,0,epsilon);

a1 r=f {(alpha);

2 fprintf (’B=Yg, alpha=Yg, f(alpha)=Yg\n’,...
23 Bn(n),alpha,r);

24 end
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The output is

Solution te Section 3.3 Preblem 3

B=1, alpha=-0.588402, f(alpha)=-1.11022e-16
B=5, alpha=-0.404912, f(alpha)=5.55112e-17
B=10, alpha=-0.326402, f(alpha)=5.55112e-17
B=25, alpha=-0.237436, f(alpha)=2.77566e~17
B=50, alpha=-0.183291, f(alpha)=-2.77556e-17

The residual values f(a) are all around 1077, This indicates that we have calculated the
roots of f{a) with quite reasonable accuracy using the secant method.

10
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Using the secant method find the root of

flz) = 2* - 5.42% + 10.562% — 8.954x + 2.7951

that lies in the interval [1,1.2] using Newton’s method. Experiment with different choices
of xg and 7 and different ways of evaluating f(x).

Use the secant method secant.m along with the script s33p6.m given by

1 clear all

[ B R V)

=R v N |

10
11
12
13
14
15
16

fprintf (’Solution to Section 3.3 Problem 6\n’);
f1=0(x) x"4-5.4%x"3+10.56%x"2~8,964*x+2.7951;
£2=0(x) 2.7951-8.954*x+10.56%x"2~5.4%x"3+x"4;
£3=0(x) (({x-5.4)*x+10.56)*x-8.954)*x+2.7951;

format long

epsilon=be-6;

x0=[0.5,0.5,0.5];

x1=[1,2,1.2];

for n=1:3
fprintf (’\nInitial x0=Yg, xl=%g\n’,x0(n),x1(n));
[ri,nl])=secant(f1,x0(n),x1(n),epsilon)
[r2,n2)=secant(£2,x0(n) ,x1(n),epsilon)
[r3,n3]=secant (£3,x0(n) ,x1(n),epsilon)

end

The cutput is

Solutiorn to Section 3.3 Problem €

Initial x0=0.5, xi=1

ri = 1.09997845465087
nl = 31
r2 = 1.09998670248476
n2 = 33
r3 = 1.09998332601016
n3 = 32

Initial x0=0.5, x1=2

rl = 1.09998643601682
nl = 35
r2 = 1.09998287075812
n2 = 34
r3 = 1.09998657061266
n3 = 3b

Initial x0=0.5, xi1=1.2

rl = 1.10001939214365
nl = 31
r2 = 1.10001458536967
n2 = 32

11
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r3
n3

1.10000938586092
33

i

Usually the secant method converges in 4-8 iterations; therefore, it is unusual that it is
taking more than 30 iterations to converge in this case. As discussed earlier, the graph
appearing in the solution to §3.1#8 shows that o is most likely a root of multiplicity
three. Therefore, the secant method will not converge with the power (v/5 +1)/2 =~ 1.62
as indicated in equations {3.31) in the text. Generally when dealing with a root of single
multiplicity, Newton’s method converges faster than the secant method. The results here
compared to those in §3.24#11 indicate that secant method converges slower than Newton's
method in this case as well.

12
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The MATLAB/Octave script s34p9.m is

1 clear all

2 fprintf(’Solution to Section 3.4 Problem 9\n\n’);
3 g=Q(x) x~ 57(-2/3)/3%{(x"3-b5);

4 format long

(&1

6 x=1

7 for n=1:7
8 x=g(x)
9 end

and the output is

Solution to Section 3.4 Problem 9

.45509358578045
L67411971089698
.70922933775092
.70987562074009
. 70987594667663
.70997594667670
. 70997594667670

Mo oW oM oK OK MM
i
N e e e

The convergence is very fast. Note, however, that the optimal choice of ¢ requires com-
puting 52/3 which is essentially as difficult as finding 5/ for the original problem.

13
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63.55£1
Use Newton’s method to calculate the roots of
flz) = 2® 4+ 0.92% — 1.622° — 1.4582% + 0.6561z + 0.59049.

Print out the iterates and the function values. Produce the ratios

=Ty  Tp4l - Tn

&~ Tp—1 In — Tp—1

Repeat the problem for several choices of xy. Make observations that scem important
relative to the root-finding problem.

The Maple script

1 restart;

2 p:=x"5+0.9%x"4~1.62%x"3~1.458*x72+0.6561+x+0.59049;
3 plot(p,x=-1.3..1.1);

1+ interface(prettyprint=0);

s diff(p,x);

s diff(p,x$2);

7 diff (p,x$3);

yields the plot

T T T T TP 1T 7 #5371 177

-0.2

mrT 11T

and the derivatives

f{x) = 5z* + 3.62° — 4.862% — 2.9162 + 0.6561
f"(x) = 202® + 10.82% — 9.72z — 2.916
" (x) = 602* +21.6z — 9.72

from which we see there is likely to be a root of multiplicity three in the interval -1, —0.5]
and a root of multiplicity 2 in the interval [0.5,1].
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We use newtonr.m which is a version of newton.m that has been modified to print out
the ratios for A. This file is given as

t function [x,n,r]=newtonr(f,df,x0,epsilon)

2 xml=x0-1;

3 for n=1:100

4 fO=feval(f,x0);

5 x=x0-f0/feval {df ,x0);

6 r={x-%0) /(x0-zm1) ;

7 fprintf(’ n=}g, £(x0)=%g, xn=jg, lambda=yg\n’,...
8 n,f0,x,r);

o if abs(x-x0)<=epsilon

10 return;

11 end

12 xmi=x0;

13 x0=x;

14 end

15 fprintf(’newton: Did not converge!\n’);

The script s35pl.m calculates the multiplicity of the root and then computes the exact
root using the appropriate derivatives to obtain quadratic convergence.

1 clear all
2 fprintf(’Solution to Section 3.5 Problem 1\n’);

3 .

14 T=Q(x) x"5B+0.9%x"4-1.62%x"3~1.458*x"2+0.6561*%x+0.59049;
5 df=@(x) 5*x~4+3,6*%x"3-4,86%xx"2-2.916*x+.6561;

s ddf=0(x) 20%x"3+10.8%x"2~9.72*+x~2.916;

7 dddf=0(x) 60*x"2+21.6%%-9.72;

9 m=2:5;
1 lambda={0, (m-1)./n];

12 format long
13 x1={0.75,-0.75] ;

15 for i=1:2

16 fprintf(’\nInitial value x0=Yg\n’,xi(1));
17 [x,n,r}=newtonr(f,df,xi(i),1E~4);

18 [z,iz]l=min(abs(lambda-xr));

19 fprintf (°Multiplicity is %g\n’,iz);

20 end

22 fprintf (’\nNow find the roots efficiently...\n’);
23 [r1,n]=newton(df,ddf,xi(1),1E-15)
24 [r2,nl=newton(ddf,dddf,xi(2),1E~15)
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The output is

Solution to Section 3.5 Problem 1

Initial wvalue x0=0.7b
n=1, £{x0)=0.101073, xn=0.836842, lambda=0,0868421
n=2, f{x0)=0.0208995, xn~=0.870243, lambda=0.384615
n=3, £{x0)=0.00491224, xn=0.885506, lambda=0.456977
n=4, f{x0)=0.00119575, xn=0.892842, lambda=0.480638
n=h, f{x0)=0.000205224, xn=0.896443, lambda=0.490763
=5, £f{x0)=7.33595e~05, xn=0.898227, lambda=0.495483
n=7, f{x0)=1.82851e-05, xn=0.899115, lambda=0.497766
n=8, f{x0)=4,5645¢-06, xn=0,899558, lambda=0.495889
=9, f{x0)=1.14028e-06, xn=0.899779, lambda=0.499446
n=10, f{x0)=2.84965¢-07, xn=0.899889, lambda=0.499723
n=11, #{x0)=7.12282¢-08, xn=0.8939845, lambda=0.499862
Multiplicity is 2

Initial wvalue x0=-0.75
ne=l, £(x0)=0.00918844, xn=-0.803226, lambda=-0.0532258
n=2, f(x0)=0.0026292, xn=-0.836754, lambda=0.829921
n=3, f(x0)=0.000763095, xn=-0.85836, lambda=0.644433
n=4, f(x0)=0.00022322, xzn=-0.872463, lambda=0.652693
n=b, f(x0)=6.56004e-05, xn=-0.881738, lambda=0.657691
n=6, f(x0)=1.93344e-05, xn=-0.887867, lambda=0.660825
n=7, f(x0)=5.70886e~06, xn=-0.89193, lambda=0.662832
n=8, f(x0)=1.68765e-06, xn=-0.894628, lambda=0.664137
n=8, f(x0)=4.992%e-07, xn=-0.896422, lambda=0.664991
n=10, £f(x0)=1.4779%9e-07, xn=-0.897616, lambda=0.665555
n=11, f£f(x0)=4.37604e-08, xn~=-0.8%8412, lambda=0.665928
n=12, £f(x0)=1.25603e~08, xn=-0.888941, lambda=0.666175
n=13, f(x0)=3.83896e~09, xn=-0.899294, lambda=(0.666339
n=14, f(x0)=1.13728e-09, xn=-0.89953, lambda=0.666449
n=15, f(x0)=3.36918e-10, xn=-0.899686, lambda=0.666522
n=16, f(x0)=9.98188e-11, xn=-0.885791, lambda=0.666569
n=17, f(x0)=2,95746e~11, xn=~0.899861, lambda=0.666611

Multiplicisy is 3

Now find the roots efficiently...
rl = 0.900000060000C00

n=7
r2 = ~0,9000000000G0000
n=7

Since the positive root has multiplicity 2 then using Newton’s method find the roots of
f'(z) results in quadratic convergence to the root « = 0.9. Since the negative root has
multiplicity 3 then using Newton’s method find the roots of f”(z) results in quadratic
convergence to the root oo = —~0.9.
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§3.542
Use Newton’s method to calculate the roots of
flz) = z* - 3.22% + 0.962% + 4.608z — 3.456.

Print out the iterates and the function values. Produce the ratios

& Tp —~ Tpt1 — In

—~

A — Tp-1 Tn — Tn-—1

Repeat the problem for several choices of xp. Make observations that seem important
relative to the root-finding problem.

1 restart;

2 pr=x"4-3.2%x73+0.96%x"2+4 . 608%x-3.456;
3 plot(p,x=~1.5..2.5);

1 interface(prettyprint=0);

5 diff(p,x);

s diff(p,x$2);

yields the plot

o+ [s;]

[av]

11 1 E 13 (3.4 3k 2.31 1F F1EE

P11 113 =i

and the derivatives
f(x) = 42® — 9.62% + 1.92z + 4.608

f(z) = 122% - 19.22 + 1.92

from which we see there is likely to be a simple root in the interval [—1.5,1], a root of
multiplicity 2 in the interval [0.5, 1.5] and a simple root in the interval [1.5,2.5].
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We use newtonr.m with the script s35p2.m given by

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
149
20
21
22

23

24

clear all
fprintf(’Solution to Section 3.5 Problem I1\n’);

f=0(x) x"4-3.2%x"3+0.96%x"2+4.608%x—3.456;
df=0@(x) 4*x"3-9.6%x"2+1.92%x+4.608;
ddf=@(x) 12%x"2-19.2%x+1.92;

m=2:5;
lambda=[0, (m-1)./m];

format long
xi=[-1,0.5,2.25];

for i=1:3
fprintf (’\nlnitial value x0=Yg\n’,xi(i));
[x,n,r]=newtonr(f,df ,xi(i),1E-4);
[z,iz]=min(abs (lambda-1));
fprintf (’Multiplicity is %g\n’,iz);

end

fprintf(’\nNow find the roots efficiently...\n’);
{r1,n)=newton(f,df,xi(1),1E-15)
[r2,n]=newton(df,ddf,xi(2),1E~15)
[r3,n]=newton(f,df,xi(3),1E-15)

with output

Solution to Section 3.5 Problem i

Initial wvalue xQ=-1
n=1, f{x0)=~2.904, xn=-1.26613, lambda=-0.266129
=2 f{x0)=1.31358, xn=~1i.20455, lambda=-0.23139
=3, f{x0)=0.0842907, xn=~1.20002, lambda=(0.0734943
n=4, f{x0)=0.000434086, xn=-1.2, lambda=0.00520342
Multiplicity is 1

Initial value x0=0.5
n=1, f(z0)=-1.2495, xn=0.840649, lambda=0,340649
n=2, f(x0)=-0.305507, xn=1.00905, lambda=0.484363
n=3, f(x0)=-0.0798146, xn=1.09971, lambda=0.538331
n=4, f(x0)=-0.0208242, xn=1.14821, lambda=0.534054
n=5, f(x0)=-0.00536464, xn~1.17361, lambda=0.b523747
=6, £(x0)=-0.00136571, xn=1.18667, lambda=0.514023
n=7, £(x0)=-0.000344876, xn=1.1933, lambda=0.507664
=8 f{x0)=~8.66778e~05, xn=1.19664, lambda=0.504014
n=9, f{x0)=-2.17287e-05, xn=1.19832, lambda=0.502055
n=10, £(x0)}=-5.43968e-06, xn=1.19916, lambda=0.b0104
n=11, £(x0}=-1.368087e-086, xn=1.19958, lambda=0.500523
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n=12, £(x0)=-3.40336e~07, xn=1.1997%, lambda=0.500262

n=13, £(x0)=-8.5099e-08, xn=1.19989, lambda=0.500131

n=14, f(x0)=-2.12766e-08, xn=1,19%95, lambda=0.500066
Multiplicity is 2

Initial value x0=2.25
n=1, f{x0)=0.950906, xn=2.08857, lambda=-0.16143
n=2, £{x0)=0.229972, xn=2.01634, lambda=0.447411
=3, £{x0)=0.0350314, xu=2.00071, lambda=0.216516
n=4, £{x0)=0.001448, xn=2, lambda=0.0450333
n=5, £{x0)=2.86&-06, xn=2, lambda=0.00198297
Multiplicity is 1

Now find the roots efficiently...
ri = ~-1.20000000000000

n=2=5

r2 = 1.20000000G00000

n=7

r3 = 2.00000000000050

n=7

The results are similar to the previous problem. We are able to obtain quadratic conver-
gence to the root of multiplicity two by using Newton’s method to solve f'(x) = 0.
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