># Assignnment #4, Mast 334/ Math 354, Sol utions:
>

># Problens la and 2a page 85:
fi=x->x"2-2*x*exp(-x)+exp(-2*x); # x in [0, 1]

pl ot (f(x),x=0..1);

- -2
f=x® x2- 2xe Y+l

1
0.8-
0.6-
0.4

0.2

>Di gits: =20:
ff:=D(f);
#Newt on
print(  Newton Method: ");
MaxError:=0.0000001;
Max St eps: =30;
a: =0.5;: Er:=100:
for i froml to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do
anew. =eval f (a-f(a)/ff(a)):
Er: =abs(a-anew) :

a: =anew.
print(a, ~ error= ",evalf(Er));
end do:

) (-2x)

ff= x® 2x- 2 +2xe"
Newton Method:

-2e



MaxError := 0.1 10°®
MaxSteps:= 30
a=0z:t

0.533155501598609076%4 , error=, 0.03315550159860907654
0.55004380562288827758rror=, 0.016888304024279201(
0.55856695655044027162error=, 0.008523150927551994(
0.5628484514220416704%rror=, 0.004281494871601398¢
0.56499419988056824748rror=, 0.002145748458526577(
0.56606832700894719343 , error=, 0.00107412712837894595
0.56660570412814787727 , error=, 0.00053737711920068384
0.56687447111776728028 , error=, 0.00026876698961940301
0.56700887422523919733 , error=, 0.00013440310747191705
0.56707608068278533652 , error=, 0.00006720645754613919
0.56710968513759162071 , error=, 0.00003360445480628419
0.567126487671513124]4error=, 0.000016802533921503¢
0.56713488901510466167error=, 0.8401343591537530°
0.56713908970605870765%rror=, 0.4200690954045980°
0.56714119005632483868ror=, 0.2100350266131030°
0.56714224023265430477error=, 0.1050176329466090°

0.56714276532112045594error=, 0.525088466151170°

0.5671430278654178232Cerror=, 0.262544297367260°

0.56714315913760294013error=, 0.131272185116930°

0.5671432247736546952%rror=, 0.65636051755140’

>Tff:=D(ff);

# Modi fi ed Newt on

print( Mdified Newton Method: );

MaxError:=0.000001,

Max St eps: =30;

a: =0.5;: Er:=100:

for i froml to MaxSteps while (Er >MaxError) and

(abs(a)<10000) do
anew. =eval f(a-(f(a)*ff(a))/ ((ff(a))"r2-f(a)*fff(a))):
Er: =abs(a-anew) :



a: =anew.
print(a, ~ error= ",evalf(Er));
end do:

) (-2x)

fif= x® 2+4e - 2xe ™ +4e

Modified Newton Method:
MaxError := 0.1 10°
MaxSteps = 30
a=0.z=
0.56801373385948172439 , error=, 0.06801373385948172439
0.56714342739319008017 , error=, 0.00087030646629164422

0.56714329040969239526 , error=, 0.13698349768491 10°

># Problem 10 a page 90:
># Solve x=(2-exp(x)+x72)/3 using Steffensen's nethod and

g: =x->(2-exp(x)+x"2)/3;plot(g(x),x=-4..4);

— 2 1 X 2
g:=Xx® 3 ée +§x

=104
S bl
>a:=1;# Steffensen's net hod

print( Steffensen's nethod: );
Max St eps: =16: Er: =100: MaxError: =. 000001:



for i from1l to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do

al:=g(a):

a2:=g(al):

anew. =eval f (a- (al-a)”"2/(a2-2*al+a)):

Er: =abs(a-anew) :

a: =anew.
print(a);
end do:
a=1
Seffensen's method:

0.26409514273021127108
0.25753132511227020207
0.25753028543988698007
0.257530285439860760<«

># problem 2 d page 99:

fi=x->x"5+11*x"4-21*x"3-10*x"2-21*x-5;

ff.:=D(f);plot(f(x),x=2..3);plot(f(x),x=-14..-11);
f=x® x°+11x* 21x3- 10x2- 21x- 5

ff=x® 5xX*+44x3- 63x°- 20x- 21
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> #Newt on




print(  Newton Method: ");
MaxError:=0.0000001;
Max St eps: =30;
a:=-12.5;:Er:=100:
for i froml to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do
anew. =eval f (a-f(a)/ff(a)):
Er: =abs(a-anew) :

a: =anew.
print(a);
end do:

Newton Method:
MaxError := 0.1 10°
MaxSeps:= 30
a=-125
-12.6165066735173431:
-12.6124346459993482¢
-12.612429524939616726
-12.612429524931524826

>a: =0;: Er:=100:
for i froml to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do

anew. =eval f (a-f(a)/ff(a)):

Er: =abs(a-anew) :

a: =anew.
print(a);
end do:
a=_0_

-0.23809523809523809524
-0.25030189828443325145
-0.25023694232014197773
-0.25023694032512699790

>a:=2.1;:Er:=100:
for i froml to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do

anew. =eval f(a-f(a)/ff(a)):

Er: =abs(a-anew) :



a: =anew.
print(a);
end do:

a=21
2.3008053351393731943
2.2619563107858119753
2.2600897115771634570
2.2600855280866080728
2.2600855280656274457

># Now we have to divide f(x) by

(x+12.612429) *(x+0. 250236) *(x- 2. 260085)

P: =x->(x+12.612429) *(x+0. 250236) *(x- 2. 260085) ;
P:=x® (x+12.612429 (x+ 0.250236 (x - 2.260089

>sort (expand(P(x)));
X2+ 10602580 x?- 25.914632443281 x- 7.133017617253015740

># We redefine f and P so Mapl e understands that these are
pol ynom al s (not just
# functions):
f:=x"5+11*x"4-21*x"3-10*x"2-21*x- 5;
P: =x"3+10. 602580*x"2-25. 914632*x- 7. 133017,
f=x+11x% 21x3- 10x*- 21x- 5

P = x3+ 10.602580 x*- 25914632 x - 7.133017

>resul t:=quo(f, P, x);
remai nder: =rem(f, P, X);
result := x? + 0.397420 x + 0.700954656400
remainder :=
- 0.000078519669641200 - 0.000214414567555200 X+ 0.000082228586488000 x>

># the division is not perfect but the remainder is small
sol ve(resul t =0, x);
-0.1987100000000000000C  + 0.81330744020942043759 1,

-0.19871000000000000000 - 0.81330744020942043759 |

># We obtai ned approxi mate conplex roots of f.

#Probl em 2e page 99
f:=x->16*x"4+88*x"3+159* x"2+76* x - 240;
plot(f(x),x=-4..3,y=-5..5);



f=x® 16xX*+ 88x°3+ 159 x°+ 76 x - 240

>ff.=D(f);
#Newt on
print(  Newton Method: ");
MaxError:=0.0000001;
Max St eps: =30;
a:=-3;:Er:=100:
for i from1l to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do
anew. =eval f (a-f(a)/ff(a)):
Er: =abs(a-anew) :



a: =anew.
print(a);
end do:
ff:=x® 64 x°+ 264 x° + 318 x+ 76
Newton Method:
MaxError := 0.1 10°
MaxSteps:= 30
a:=-3
-3.5086956521739130435
-3.3741944773273548810
-3.3582526722068089129
-3.35804451650379717(
-3.35804448140697727¢

> #Newt on
print(  Newton Method: ");
MaxError:=0.0000001;
Max St eps: =30;
a: =1;: Er:=100:
for i froml to MaxSteps while (Er >MaxError) and
(abs(a)<10000) do
anew. =eval f(a-f(a)/ff(a)):
Er: =abs(a-anew) :

a: =anew.
print(a);
end do:

Newton Method:
MaxError := 0.1 10°®
MaxSeps:= 30
a=1
0.862880886426592797
0.846944509867386237
0.84674260381659936842
0.84674257172220143583

># Now we have to divide f(x) by (x+3.358044)*(x-.846742)



P: =x->(x+3. 358044) *(x-.846742) ;
P:=x® (x+3.358049 (x- 0.846742

>sort (expand(P(x)));
X2+ 2511302 x- 2.843396892648

># We redefine f and P so Mapl e understands that these are
pol ynom al s (not just
# functions):
f:=16*x"4+88*x"3+159* x"2+76* x - 240;
P: =x"2+2.511302*x- 2. 843396;
f:=16x"+ 88 x3+ 159 x2+ 76 x - 240

P = x?+ 2511302 x- 2.843396

>result:=quo(f,P,x);
remai nder: =renm(f, P, x);
result =

16.000000000000000000 x?+ 47.819168000000000000 X + 84.405963763264000000
remainder := - 0.00042025939019545600 - 0.000034596084409728000 X

># the division is not perfect but the remainder is snall
sol ve(resul t =0, x);
-1.4943490000000000000 + 1.7442172460456294892 |,

-1.4943490000000000000 - 1.7442172460456294892 |

># We obtai ned approxi mate conplex roots of f.

>



