INSTITUTO SUPERIOR TECNICO

Mestrado em Engenharia Electrotécnica e de Computadores
Ano Lectivo: 2007/2008 Semestre: 22

MATEMATICA COMPUTACIONAL

Solucoes dos Exercicios Recomendados

[1.5] (a) (b)
r = 0.314159265358979 . .. x 10 y = 0.314150943396226 . .. x 10
# =0.314159 x 10 7 = 0.314151 x 10
ez = 0.265 x 107° e; = —0.566 x 107°
9; = 0.844 x 1076 65 = —0.180 x 107°

(c) (d) (e) Pondo z[o]y = fi(f(x) o fi(y)):

o Toy xz[oly €[5y 5m@y a.s.
X | 0.986934295891887 ... x 10 | 0.986934 x 10 0.296 x 107> | 0.300 x 107 | 6
= 10.100002649033188 ... x 10 0.100003 x 10 —0.351 x 107® | —=0.351 x 10~®| 6
+ 1 0.628310208755205 ... x 10 0.628310 x 10 0.209 x 107° | 0.332 x 1076 6
— 1 0.832196275290875 ... x 107* | 0.800000 x 10~ | 0.322 x 10™® | 0.387 x 107! 1

(F) x =0.314159265358979 . .. x 10 y = 0.314150943396226 . . . x 10
7 = 0.314159265 x 10 j = 0.314150943 x 10
ez = 0.359 x 1078 e5 = 0.396 x 1078
5z =0.114 x 1078 55 =0.126 x 10~

r —y = 0.832196275290875 ... x 1074
xE|y = 0.832200000 x 10~*

exEly = —0.373 x 107°

5xEly = —0.448 x 1075

a.s.: b




[1.12] (a) Alg. 11 w =z X z, Uy =Y X 1, Z = U3 = U] — Uy
Alg. 2: vy =x+uy, Uy =T — 1Y, Z = U3 = U X Uy
Alg. 3: up =x+y, Uy = Uy X 1, us = uy X v, 2= Uy = Uy — U3
Alg. 1: 55 = 5]%(56 5 T oL

ok . = 2 (x25 y25~)
F@9) g2 g2 v v/
2 2
r _ Y
6arr IQ ) 5arr,1 ) 2 5arr,2 + 5arr,3
5L~ = L ('11,1,25~ _y25~>
F@9) g2 g2 v v/

L __
6arr - 5arr,1 + 5arr,2 + 5arr,3

B Y 5 L
Alg. 3: 67 = 5f(5c,g) + 0
ok = 2z (x25~ — y25~)
F@9) g2 g2 v v

Z Y

(sal,lrr - 5arr,1 + — (5arr,2 - 5arr,3 + 5arr,4
T —y T —y

b) Pondo 6; = 6; =0, z = rcosf,y = rsinf e sendo u a unidade de arredonda-
g Y
mento do sistema de ponto flutuante onde se fazem os calculos obtém-se:

Alg. 11 [0f| < Ki(f)u Alg. 2: |6F| < 3u Alg. 3: |6F| < K3(0)u
2?2 + 92 1
Kif)=—+1=—-—+1
1(0) |22 — 2| * | cos 20| *
ol 1yl leost] + |sind)
K 0 pu— pum
3(6) |z — y | cos @ — sin 6|

min{K(6),3, K3(0)} =

2 4 5
KO, 10<> v Z<io<= v Z<g<n
6 6 6
T 2T 47 5T
3 — <P <— v —<|0l < —



[1.15] (a) S = 0.641371258 x 1073
(b) S; =0.64137126 x 1073; Sy = 0.64100000 x 10~3

(c) 05 =—0312x107%  §z =0.579 x 1073

(d) Alg. 1: u=a+hb, Si=u+c
a+b 1
551 = 5§ + T 6arr,1 + 5arr,2; 55 = g (CL(S(I + bél} + 065>
Alg. 2: u=0b+c, So=u+a
b+c 1
(%:2 = 5§ + T (5arr,1 + 5arr,27 55 = § (CL(S@ + bél} + 655)
Alg. 3: u=c+a, Ss=u-+b
a+c 1
555 = 5{51 + T 5arr71 + 5arr72, (55 = § (&5& + b5l; + 655)

Devem somar-se primeiro os dois nimeros cuja soma tenha o menor valor.
Para os valores de a, b, ¢ da alinea (a) devem pois somar-se primeiro
0s numeros a € b.

[1.16] (a) f(4.71) = —0.14263899 x 10?

(b) fi(4.71) = —0.134 x 102,  fo(4.71) = —0.143 x 102

(€) 07 umy =0.606x 107", &7, = —0.253 x 1072

(d) Algoritmo de Horner (2)

Uy =xr+a, Uy =u XT, Uz=1Us+0b Ug=u3XT, Z=U;=1Uy+C

1
oL = Tﬂf) [a:(3a:2 + 2az + b)d; + azx’6; + bxdy + ¢z

+.T2(£B + Cl) (6arr,l -+ 5arr,2) + l‘(.’L’2 + ax + b) ((5arr,3 + 5arr,4)] + 6arr,5



[1.17] (a) 2z = —69.1055293779093. . ., x9 = —0.014470622090621 . . .

(b) Alg. 1: & = —69.10, & = —0.2000 x 10!

Alg. 2: # = —69.10, Fy = —0.1447 x 10~

(c) Alg. 1: 6z, =0.800x 1074, 6z, = —0.382

Alg. 20 8z, =0.800 x 1074, &, = 0.430 x 10~

(d) Alg. 1: w3 =0bxb, Uy = Uy — C, Uz = \/Us

r1 = uy = —b — us, To = Us = —b+ us
Alg. 2: u; =bxb, Uy = Uy — C, U3 = \/Us
r1 = uy = —b— us, Tog = Us = C—+ T
b c b? A A
Al]_ 592—5” 55_ 51‘1“ __51'1' __51'1" 5rr
& o1 A b + 21‘1A 2{L‘1A arr,1 2£L'1 arr,2 I arr,3 + arr,d
b c b? A A
5"L:__($_—5E —6arr _51"1" _51"1" 5rr
r2 A b QZ'QA + QZL‘QA ’1+ 21‘2 & ’2+ X9 & 73+ arr,5
b c b? A A
Al . 2: 5; - - 6" 55 - 53,1"[‘ - = 5arr - 5arr 5&1‘1‘
& o A b + 2.1'1A 2[13‘1A ! 21’1 2 T 3 * 4
b c b2 A A
5; = % 5~ a5 A (56 S A 5arr Y 5arr —_ 5arr - 5arr 5arr
T TR T 9, 0T gy St gy G T O ™ Qe T O
onde A = b? — ¢
B>c: Axb  ay~-2b, 1p A ——
’ ’ 2b
c 1
Alg 1: 551 ~ 51; - @ 56 + Z_L <5arr,1 + 5arr,2 + 25arr,3) + 5arr,4

b2
5£ ~ —0; + 56 - (6arr,1 + 5arr,2 + 26arr,3> + 5arr,5
2 b c

c 1
— st -
4b? + 4

1
551;2 ~ 65 + 5& - Z (5arr,1 + 5arr,2 + 25arr,3) - 5arr,4 + 5arr,6

Alg. 2: 0L ~ (55 -

1

<5arr,1 + 5arr,2 + 25arr,3) + 5arr,él



[1.20] (b) Sem p.p.p.: & = —10.00,

(d)

§ = 1.001

Com p.p.p.: T = 10.00, g = 1.000
(c) Sem p.p.p.: 6z = 2.00 05 = —0.001
Com p.p.p.: 9z = 0.00, 05 = 0.00
[ a11  Aaig x _ by
| @21 Q22 Y by
[ an ai2 by
HE
a =
o o () e | Lo 7 [ (G
. 21
Algoritmo: wu; = —, Uy = U1 X A13, ug = uq X by,
a1
Uy = Q22 — U2, U5:b2—U3, Y = U = Us + U4,
Uy = a2 XY, ug = by — uz, T = Uy = Ug + a11
U U
55 = _2 <5arr,1 + 6arr,2> - _3 (5arr,1 + §arr,3> - 5arr,4 + 5arr,5 + 6arr,6
Ug Us
L Ur op
5j - - (5g + 5arr,7) + 5arr,8 + 5arr,9

[2.5] (a) convergéncia logarftmica ou infralinear, K& =0

(b)
(c)
(d)
(e)

[2.7] z,

A 1
convergéncia linear, K. 9

convergéncia (supralinear) de ordem b, K =1;

convergencia exponencial, K = 0, Vr > 1;

1 o gi<
12— " -

>~ w

convergencia linear,

—2 X 4™ 4 (34 2m) x 2™



[3.3] (b) z=—3.1831 £ 0.5 x 10~
(c) n>19

[3.5] (¢) z=0.71481 £ 0.5 x 1075

[3.6] (b) 2z =4.30658 + 0.5 x 107

[3.8] (b)

3.24] (c)

3.25] (b)

3.26] (b)

3.27] (b)
(d)

3.35] (b)

3.36] (b)

Método Pontos fixos O.c. K@
Todos Método converge | r
6
1 = 2 — — —
5
3
2 —4 1 -
, 3 3 1
1
3 V3 V3 2 | ==
V3
1
4 _\/67 07 \/a _\/aa \/a 3 E

2 = 1.139194147 £ 0.5 x 107°

2o = 2.745898312 + 0.5 x 10~?

a = 0.851241066782 + 0.5 x 10712
_1-p

1=

V231 = 6.135792439661959 + 0.5 x 1071%

25 = 5.114907541477 + 0.5 x 10712

z = 1.126561908150 £ 0.5 x 1072




[4.14]

62 —36 —19
(a) A= -36 21 -—11
~19 11 6

(b) o(A) = {0.0112673, 5.32658, 16.6622}

(c) cond;(A) = cond(A) = 2340, condy(A) = 1478.81

[4.15] (b) cond;(A) = cond(A) = (2a + 1)?, condy(A) = (a + )2

(C) T =, _i‘:(]."‘/\i)Ul
1
(d) z=u, j:u1+)\£u2
2
[4.16]
(B o a' ]
(a) At=| ¢ oo e O/:_%’ ﬁ/_l
: .. 10
0 -~ .- 0 1 |
(b) cond;(A) = max{|3|, || + 1} x max{%;l%— %}

condy (A) = max{|3| + (n — 1)|al, 1} x max {M, 1}

I&l
cond, (A) = max {]6[, ”%'}

2

24
(©) ozl <

1 — p?
[4.24]
Método Matriz triangular | Matrix triangular
superior inferior
Jacobi n iteradas n iteradas
Gauss-Seidel n iteradas 1 iterada




[4.29]

10 1 5 31
(@ A=|1 10 5 |, =] 22
1 -3 —10 —21

1
(b) @~ al? = - [200725 100726 200119]"

4347
— 25 P — )
|z — 2P| < 5% 107 0.0217
~ _ T
(¢) @~ al® = - [16018100 8050490 15086663]
87453
— 2@ < ———— =0.054
|z — 29| < 6% 10° 0.0547
5 5
[4.36] (a) ae}—l,ﬁ{, (b) ae}—é,l[
)
(c) ae]—1,§{, (d) a€l—1,1]
[4.40]
2
(7_}—\/72_‘_1_“}) > w%[w_,mr],
ro(w) =
w—1, wE [w_,wy]
1= wi:%(li\/l—oﬂ)
«

O método converge para w €]0,2] .

a b
v ) =

[4.43] w €]0, 2wopt[, Wopt =



352/\/5 ]

sin 1 + cos z3)

s

1(sinzy + cos x,)

[5.1] (a) z=g(2), z€D=[0,5] x [0,3], 9(x) = [ L

9(9(R?)) C D, 3(§(R?)) c D

0.123016 —0.100147
~ @ — 5 ) —
(b) 2~z { 0.270318 ] AT { 0.219418 ]
(c) |z — 2|4 < 0.476 x 1072, 12 — 2W]|o < 0.452 x 1072
— 3 (%2 + e cos z3) —0.125
[5.5] (a) g(z)= | —3 (z1 + 3ezi23) (b) z~2® = | +0.0416667
—1 (2 + ea?) —0.00130208
(c) 28 iteradas.
8 [ _ 23]
3 9
8
[5.9] (a) zi =W = |7 | p+# 3 (b) z~ 2 = 46
3 299
1 _Y
L 6
8 8 8
- —1—-2v2 RN
; : V2 +3 V2
© a= |71, ==|_s_8 5|  =z=|_1,8/
; i3 V2 i3 V2
1 —2-2V2 —2+2V/2
1.33636
~ 2 =
[5.12] (a) z~=x [ 175494 }
b) ||z —2®| <0.272 x 107°
(
(©) —3.00162 —0.901266 1.33636 2.99837
0.148108 |’ —2.08659 |’ 1.75424 |’ 0.148431



[6.14] (a) ps(z) — —%x(:p C(z—2)— %x(:l: 1) 42) 4+ g 2@ — 1)

=x(22% +z — 2)

(b) ps(xz) =1—(z+ 1)+ (z+Da+2(x+ 1)z(z—1)
=z(22* +z —2)

25
(d) les(a)l < 55, Vo€ [-1,2)
(e) pa(w) =2

() Fl@) =o'+ ha+ Dale— D -2 —3),  0<k<

6.20] (a) gn(y) = /" wol + D /oo vn - udWaly),  Wily) = [J(w—ws)

k=0 1=0

(b) z~ g5(0) = 0.567143

10



11

[7.1] (a) pi(z) = - (11 + 23x)

ol =

(=9 + 3z + 202?)

Ut =

(b) p5(x) =

(¢) pie) = 20 +a? + 2

&9 6
() d(fp) =2/ ~ 843801, d(f.py) = =~ 268328, d(f,p}) =0

)
1
[7.4] ¢*(z) = 3 (1 + cos(mz))
1
1 . 3 )
[7.14] (a) p = 3 (TP +21P, 4+ 20 P), py(x) = 3 (—1+ 7z + 1027)
o1 . 1 9
(b) p; =2 (T +6T1 +4T3),  pj(v) = g (~1+62+82%)
L3 . 3 9
(c) pzzz(H0+H1+H2), pQ(I):Z—l(—1+2x+4x )

(d) p5=06(5Lo —19L; +27Ly), pi(x) = 3(26 — 70z + 2722)



12

[8.1]
f(z) = exp(—2?), I(f) = 0.746824132812
1 1 EGD
M (M) e 5 |70 — 772)] | B0 |‘E(M/2)||
1 [0.683939720586 | 0.166667 0.628844 x 107!
2 1 0.731370251829 | 0.416667 x 10~ | 0.158102 x 10~" | 0.154539 x 10~ | 0.245751
4 10.742984097800 | 0.104167 x 10~! | 0.387128 x 1072 | 0.384004 x 1072 | 0.248484
8 |0.745865614846 | 0.260417 x 1072 | 0.960506 x 1073 | 0.958518 x 1073 | 0.249612
16 | 0.746584596788 | 0.651042 x 1073 | 0.239661 x 1073 | 0.239536 x 1073 | 0.249902
32 | 0.746764254652 | 0.162760 x 1072 | 0.598860 x 10~* | 0.598782 x 10~* | 0.249976
64 | 0.746809163638 | 0.406901 x 10~* | 0.149697 x 10~* | 0.149692 x 10~* | 0.249994
128 | 0.746820390542 | 0.101725 x 10~* | 0.374230 x 10~° | 0.374227 x 1072 | 0.249998
256 | 0.746823197246 | 0.254313 x 1075 | 0.935568 x 1076 | 0.935566 x 1076 | 0.250000
2
fa)=ve, 1) =3
M 1 1 M M/2 M |E(M)‘
M (M) e §|I( ) — 172 | EOD)| ]
1 [ 0.500000000000 0.166667
2 | 0.603553390593 0.345178 x 10~* | 0.631133 x 10! | 0.378680
4 10.643283046243 0.132432 x 10~1 | 0.233836 x 10~ | 0.370502
8 |0.658130221624 0.494906 x 10~2 | 0.853645 x 10~2 | 0.365061
16 | 0.663581196877 0.181699 x 10=2 | 0.308547 x 1072 | 0.361447
32 | 0.665558936279 0.659246 x 1073 | 0.110773 x 102 | 0.359015
64 | 0.666270811379 0.237292 x 10~% | 0.395855 x 1073 | 0.357357
128 | 0.666525657297 0.849486 x 10~* | 0.141009 x 102 | 0.356214
256 | 0.666616548977 0.302972 x 10~* | 0.501177 x 10~* | 0.355421

[8.8]

f(x) = exp(—2?),

I(f) = 0.746824132812

3

I

|I_]n|

1—-22

I

/

DD W N

0.745119412436
0.746830391489
0.746838057512
0.746823756571

0.170 x 1072
0.626 x 1075
0.139 x 1074
0.376 x 1076

0.228 x 1072
0.838 x 107°
0.186 x 1074
0.504 x 1076

/(@)

B 1
1422

I(f) = 0.785398163397




I

|I_In|

1In
I

0.784240766618
0.785397945234
0.785395862445
0.785392713917

D W N = 3

0.116 x 1072
0.218 x 107°
0.230 x 107°
0.545 x 107°

0.147 x 1072
0.278 x 1077
0.293 x 1077
0.694 x 10~°

[8.14] (a) AO =€ — 2, Al =1

3

(d) IY(f) = 0.923705,

(e) M =51

[8.22] Io(f) = f(1)
24+2

L(f) = f2—v2)+

4

(&

(b) Ei(f)= -5

(c) Li(f) = 0.841471,

F1(8),

4

EO)

V2

£el0,1]

|Bi(f)] < 0.118

L(f) = wof(xo) +wif(21) +waf(w2)

xo = 0.415774556783479
1 = 2.294280360279041

T = 6.289945082937480

wo = 0.711093009929173
wy = 0.278517733569241

we = 0.010389256501586

- \/§€7r/4
- 192

F2+V2)

13
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[10.9] (a) Y(xo+ h)~ ye, onde

Y1 =Y + Z |:f(x07y0) +f (xo + g,yo + gf(xo,yo))}
Yo =1+ Z {f(:m,yl) + f (xl + g,yl + %f(xl,yl))} , T =20+ g
(b) Y(zo+ h) =y, onde
h? h? ht .
Y1 = yo + hf(wo,y0) + B (dsf)(o,90) + G (d?ff)(mmyo) + 21 (d‘}f)(%,yo)

def=fe+ 11y
d}fzfxx+fxfy+2ffa:y+ffy2+f2fyy

51 fyfoy + 3F fayy + F 1o +4F fyfyy + 2 Fuuy

(c) Y(xo+h) =y;, onde

h
y1:y0+8[901+2s02+24p3+904]

h h
o1 = f(x0, %), 902—f(950+—73/0+—901>

2 2
803=f($o+g,yo+gs02>, 1= f(zo+ h,yo + heps)
[10.17]
y(x) y(z)
W)= | y(x) | =| 2(z)
"(z) w(z)
z(z) Yo
W' (x) = w(z) = F(z,W(x)), W(xg)=1| 20 | =W
[z, y(@), 2(2), w(z)) Wo
(a) Y(zo+h) =y, Y'(xg+ h) = 29, Y (xg+ h) =~ wsy
Yo + 2 2 i
W1 = 2o + gwo ] = |: Z1
wo + % f (0, Yo, 20, wo) w1




y1+%zl Y2 "
Wy = Zl—i‘%wl Ty =x9+ —
wy + %f(xlaylazhwl)

(b) Y(zo+h) =y, Y'(xo+ h) = 21, Y"(xo+ h) = w
Yo + hzo + %2 Wo
20 + th + h_; f('rOv Yo, 207w0)

wo + hf (20, Yo, 20, Wo) + h—; (fe +2fy +wfs+ ffu)(@o, v, 20, wo)

(c¢) Y(zo+h) =y, Y'(xo + h) = 2, Y"(xo + h) = un

3/0—1‘%20 (1

- 2h ~
$1=$0+?7 Wy = Zo+%wo =\ 2
wo+%f($07yo,zo,wo) - U

Yo + % [ZO + 321]

Wy = 20 + & [wo + 31
wo + % [f(x()?yoa Zo,’lU()) + 3f(‘%17g17 21,?])1)] .
(d) Y(zo+2h) =y, Y'(zo+2h)=~z, Y"(xo+2h)~w,

0
vy

Yy + % 321 — o)
e

Z1+ % [3101 - ’LU()] =

Wi =
0

wy + % [Sf(l’l, Y1, 21, wl) - f(x07 Yo, Z(bwo)] W

Y1+ % [Zéo) + Zl} Yo
zZ1 + % [wéo) + wl}

wy + % [f(x%y;())?ZéO)?wéO)) + f(xbyla Zlawl)

[1025] Yn+1 = AoYn + a1Yn—1 + 2Yn—2 + h[b—lfn—i-l + bOfn + blfn—l + b2fn—2]

(i) Condigoes para que o método tenha ordem de consisténcia > 3:

Co=Cy=Cy=Cy=0



(Clgzl—a,o—al
1

bo 5(27 4&0-’-@1-36[) )
1

bl 5( 4a0—2a1—|—9b )
1

L b2 E(g 4(10-5@1—1217 )

Cy=9—a —24b_,)
Cs = é (—81 +4ag + 17a; + 180b_,)
(ii) Condicao da raiz:
plr) =1’ —agr? —air —az = (r = 1)[r* + (1 — ao)r + (1 — ap — a1)]
Triangulo de convergéncia:

T:{(ao,a1)€R2:a1>—a0/\a1§1/\a1<3—2a0}

(iii) Condigoes para que o método tenha ordem de consisténcia > 4:

Cy=0
( 9— ay
b_ =
Y
a9 = 1— ag — ap
1
bo ? (27 8@0 + 5@1)
bl % (27 32@0 — 19@1)
\ bg ﬂ (9 8&0 — 9&1)
1
05 6 ( 27 + 8(10 + 19(11)

(iv) Condigoes para que o método tenha ordem de consisténcia > 5:

05:() < 8ag + 19a; = 27

Nao hé nenhum método convergente de ordem > 5 pois esta recta nao

intersecta o triangulo de convergéncia T'.
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