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MATEMATICA COMPUTACIONAL

Formulario

1. Representagao de Niumeros e Teoria de Erros

Erro, erro absoluto, erro relativo (z =~ x):

(i) zeR: ez =T — T, lez], 55;:ﬁ, 10z (x #0)
x
€z

i) zeR": e=z-—17, llezll, 0 = ——

Representacao de nimeros reais (notagao cientifica):

r=omp" €R\ {0}
(base) B € N\ {1}, (sinal) o € {+, -},

(expoente) t € Z
(mantissa) m = (0.a1as...)s € [B71,1],

aie{())la"'aﬂ_l}? CL17éO

Sistema de ponto flutuante:

FP(B,n,t7,t")={zx € Q: z=0mp} U{0}
B eN\{1}, o€ {+,—}, t-<t<tt, tt ,tteZ

m = (0.ajay...a,)s €[~ 1— 387", a; €{0,1,...,8 -1}, ay # 0

Arredondamentos:

z=0(0.a1as ... 50041 ...)p X 8" €R, fi(x) € FP(B,n,t,t1)

(i) arredondamento por corte:

flo(r) = 0(0.a1az...a,)s x ('

(i) arredondamento simétrico (8 par):

U(O.a1a2 .. an)g X 5':, 0< At < g
fly(z) = 38
o[(0.a1az...a,)s+ 7" x B, 5 < lpp < B



Erros de arredondamento (x = omf' € R, 7 =fl(x) € FP(8,n,t~,t")):

(i) arredondamento por corte:
lez| < 57, 0z < B = u,

(i) arredondamento simétrico:
t—n 1 1—n
lez| < 587", |55:’§§5 = Us
( Ue, us: unidade de arredondamento do sistema FP(3,n, ¢, ¢T) )

Operagoes aritméticas num sistema de ponto flutuante (z,y € R; o=+, —, X, +):

z[o]y = fi(fi(z) o fi(y))

Algarismo significativo:

r =oml0t € R, T =o0(0.a1a...a,)10 x 10" € FP(10,n,t,t7),

1 )
a; ¢ algarismo significativo de 7 se |ez| < 5 10"

Propagacao de erros <m:(x1,...,xn)€R”, o:R" =R, =z, q~5:ﬂogb>:

s "L 0¢
epr) = d(x) — (%) ~ ei(i) = Z _8xk () ez,
k=1
n ol
Co) $ka—u(ﬂf)
6¢(f) - o(z) ~ 65(50) - Zp%xk(x)(sﬂ?m p¢7wk(‘r) = ()
B k=1
¢(z) = (7)) - .
55,(50) = ¢($) ~ 55(5) + 5arr; 5(;[51(;5) = Zp¢,xk5§:ka 5arr = Z Qkéarrk
k=1 k=1

2. Métodos Iterativos

Normas vectoriais (z = (z1,...,2,) € R"):
n n
2l = Jail, lellz = ¢/ > lif?, |#]lo0 = max [
i=1 i=1
(norma da soma) (norma Euclidiana) (norma do maximo)

Coeficiente assimptotico de convergéncia de ordem r > 1 de sucessao {z,,}, T, — @

mooo ||z — 2 ||”



3. Resolucgao de Equacoes Nao-lineares (f : R — R)

Método da bisseccao (f(z) =0, f e C(la,b]), f(a)f(b) <0):

b—a a+b
Tmil = Ty + TS sgu[f(a)f(zm)], m=20,1,..., 0= —
b—a
|2 — x| < omA1 12 = Zimta| < |Tmi1 — T

Método do ponto fixo (f(z) =0< z = g(2)):

(lg(x) —gly)| < Llz—vy|, Va,yeICR, L<1l; g(I)CI)

Tt = 9(Tm), m=0,1,...
|2 — 1| < L)z — 24, |z — x| < L™z — x|
1 L
|Z_Im| S 1 _L|xm+1 _xm|7 |z_$m+1| S 1 _L|Im+1 xm|
Lm
2= ] <

oe ¢ (2)#£0, geCYI), L =max,|d(z) <1:

2= Tmp1 =9 (Em) (2 = Tm),  Em €)25 20
|2 — 1| < L)z — 24, |2 — Zm| < L™z — x|
. 2= Tm4+1 1] _ .
lim ——— = K=
g —— "= =g'(2), o = 19'(2)]
oe ¢M(2)=0,r=1,...,p—1, ¢gP(2)#0, p=2,3,..., gecCP)
1
2= Tpyr = H(—l)pﬂg(m(ﬁm)(z — )’ & €]z am]
1 1 P
2= Tgt| < Kplo — x,, |7, 2=, < K, P | K 'z — 20
P P P
K, = 1 max | (p)(:zc)|
b p' zel g
2 Emi (DT o Ly
Jm =9, K= eT)
Método de Newton (f(z) =0, f'(z)#0, fe C*()):
f(@n)
m+1 — Lm — ) =0,1,...
Tt = g,y
"
2= Typg1 = — " (&m) (z—m)?, Em €]z, T

2f"(wm)



1 m
|2 = @] < 2 (K2 — o))"

2= Tpi1] < Kz =z, K
_ maxeer | f" ()|
2minge; | f'(z))
2= ['(2) 2 _ | f1(2)
A (z—z,)  2f'(2) ~ = 'Qf’(z)
oe f(r)(z):O,TZQ,...,p—]-, f(p)(z)%(h p:3a4a"'7 f60p+1(1)
py 27 Fmn _ (CDPM 1) fO%) gy _p 1| f7()
o (2 — )P p! fr(z) > pt | J'(2)

Método de Newton p-modificado:

() =0, r=0,...,n=1, fW()#0, p=23,..., feC"()
xm“:xm—u%, m=0,1,...
2= Tp 1 N(2) g _ 1[W(2)
nll—rgo (z—2)2  p h(z)’ KOZ_,M h(z)

onde h étal que f(z)= (x— 2z)"h(x), h(z)#0

Método da secante (f(z) =0, f'(z) #0, fe C*(I)):

o . Tm — Tm—1 .
Tima1 = Ty — f(T) o) = f @) m=1,2,...

2= Ty = _2];’((72:)) (z=2m) (2 = Tm1), Ems Mhm €]Tm—15 2; T

|2 = T < K |2 — 2| |2 — 2]

1
_m< 5qm
Z=anl = 5

lim =
m—00 |z — $m|r

"
= ma?czg f /(x)| , 0 =max{K|z — xo|, K|z — x1|}, ¢ : sucessdo de Fibonnaci
2minger | f/(2)]
|2 = T | _ ' PN g Vel
KU =

2f'(z)

4. Resolugao de Sistemas Lineares (Ax =b, A€ M"(R), b,z € R")

Normas matriciais induzidas por normas vectoriais (A = [a;;] € M™(R)):

Ax
I
zeR™\{0} Hx”p



Ile—-mm<§:th [A]l2 = /14 (A% A), HAHW——HMXE:k%W
=1 =1

1<j<n 1<i<n
(norma por colunas) (norma Euclidiana) (norma por linhas)
ro(A) = max |\l o(A) : espectro de A
A€o (A)

Numero de condi¢ao de uma matriz:

cond,(4) = [All, [A7],, p=1,2,00,  condi(A) = r,(A)ry(A™)

Condicionamento de sistemas lineares ( A l~)
|z =2l cond,( |A— AM 1b—bll,
E %Ammm, Al T,
|A — A,

T condy(A) = [|[A = Al AT, <1, p=1,2,00
1Al

Métodos iterativos:

Mz*+D = _Nz® 4 p, k=0,1,...
M+N=A=L+D+U

B = Cz®) 4, k=0,1,...
C=—-M1 N=I—-M"1A, w=M1b

Iz — 2"V < cl|lw — 2], Iz — 2@ < *flz — 2@
o a9 < T2 ) oW, =00 < ) g
p— C J—
o
lz = 28 < T [l2" = 2@, (e=1]Cl<1)
—c
e Método de Jacobi (M = D):
2" =D b — (L +U)2W], k=0,1...
e Método de Gauss-Seidel (M = D + L):
) = p~1 (b — Lg+D — Ux(k)) , k=0,1...

D
e Método de Jacobi modificado <M = WE R\ {O}):

D) — (1 —w)x(k) +wD ! [b— (L + U)gj(k)} ’ kE=0,1,...



D
e Método de Gauss-Seidel modificado ou SOR (M =—+L, welkR\ {0}):
w

2 = (1= w)a®™ + wD™ (b= Lo — UzW) | k=0,1,...

5. Resolucao de Sistemas Nao-lineares (f : R" — R")

Método do ponto fixo (f(z) =0 < z = g(2)):

(lg(z) =gl < Lz —yll, Va,ye DCR*, L<1; g(D)CD)

(secio) L=swisnl)

2 = g(x(m)), m=0,1,...
Iz = 20D < Ljjz — 2™, Iz = 2| < L™z — 2O
o =2 < TE 2 — gtz = gl < T falm) gt
=1-1 ’ =1-1
Iz =) < 20 - 20

Método de Newton generalizado (f(z) =0, f € C*(D), det[J;(z)] # 0):

{ m=0,1,...
T (@) Az = — f(zm),

1 m
2 =) < Kz =22,z =2 < = (K]|z =2’

1
— =sup ||[J(x)] 7],
w, | 30 = sl

2M n
M, = max sup ||Hy, ()|, Hy € L", (Hfi)jk

SIS zeD

K =

_ Pf
B 8xjaxk

6. Interpolacao Polinomial

Formula interpoladora de Lagrange:

pa(T) = Z fi (@), lij(z) = | 11

Férmula interpoladora de Newton:

n

pu(x) = flzo] + Zf[%,xl, o xs] W)

j=1



=0
f[[['()] = f(x0)7 f[l'o,l‘l, ,l']] = j f(xl) ) J = 1a 2a ,
1=0 H (21— ;)
i=0,il
f[x07$17""xj] = f[xhx% 7xji,_f:£:§0’xb 71:]_1]7 j:172>"'7n
J
Férmula do erro:
Fr(E)
€n<x) = f(ﬂ?) _pn(x) = m WnJrl(x) = f[warla s ,{,En,il?] Wn+1(x)

n

W) = [[(e —2:), & €lmgian;. . am; 2]

i=0
Relagao entre as diferencas divididas e as derivadas de uma funcao:

ARG

n!

flzo, 1, ..., ) , € Elro;we; .. x|
7. Aproximacao Minimos Quadrados

Melhor aproximac¢ao minimos quadrados ¢* de f € E em F C E, F subespaco de dimen-
sao n gerado por {¢o, ..., ¢vn}, F espago pré-Hilbertiano:

I ="l =minllf = ol & (f-0"6)=0, VoeF

n

¢* — Zazgpka Z(%,gp@az = <f’ Spj>> ] — 0’ 1’ )
k=0

k=0
- <f> ka> , .
P ayor, ap = —————, se {®o,...,¢n} €éum sistema ortogonal
; ‘ “ (o n)

Polinémios ortogonais com respeito ao produto interno

b
(f.g) = / w(@)f(@)g(x) dz,  (f.g€ Clla b)), we Clabp), wlz)>0)

e Formula de recorréncia:

{ §0n+1(37) = (33' - BnJrl)SOn(x) - Cn+1<,0n71(37)7 n = 17 27 s
wo(z) =1, p1(z) =z — B
P L) B DO NP 1.1V O

<<:0TL7 9071) 7 <§0n—17 @n—l) 7



e Polindmios de Legendre, P, (x € [a,b] = [-1,1], w(z)=1):

=0,1,...

2n + 1 n
Poii(x) = o zP,(x) — o] P, 4(x), n =
Py(z) =1, P(x)=x
(P,,Pn) =0, VYn# (P, P,) 2

nydm/) — Y, n m, nydn) = 5 1>
2n+1
L . B (2n)! B

A, = xll)rrolox P,(x) = SICTER n=12...

e Polinémios de Chebyshev, T, (z € [a,b] = [-1,1], w(z) =1/V1—2?):

Toi1(z) = 22T, (x) — T (), n=12...
{ To(z) =1, Ti(z)=x
(T Tw) =0, Vnzm, (TTy)=m (TG} =1,
A, = xlglgo v ", () = 2", n=12,...
T,.(z) = cos(n arccos x), n=0,1,...
T, (z;) =0, a:i:—cosw, i=0,....,n—1,

8. Integragcao Numérica

Férmulas de Newton-Cotes fechadas de ordem n (f € C([a,b])):

b n
- / fa)de  ~ = wyf(50)
a ]:O
I(z%) = I(2%), k=0,1,...,n
b _
Tim=a+jh, j=0,1,....n, h= na

Wi =1(l;,) = / H (t—1) Wjp = Wn_jn

1=0,i#]
Eo(f) = 1(f) = L(f) = Cuh" o fr) ¢)
1
Cpn=7"—""% n+ )] /tvn—lnt—z yn:1+§[1+(_1)

en=1 h=0b—a (Regra dos trapézios):

b—a h3

L(f) = —5—f(a) + F(O)]; E\(f) = =55/"(€)




en=2 h= Ta (Regra de Simpson):

L) =50 s+ 4 (S0) 50 B =~
en=3 h= I’_T“ (Regra dos trés oitavos):
57 = T ) + 30+ W)+ 37— )+ FO). Es(f) =~ f0(g)
on—4, h— bjT“ (Regra de Milne):

L(f) = bg_—oa 7F(a) +32f (a + h) + 12f (“;b> +32f(b—h) + Tf(b)
Bf) =0, £l
en—5h=" ; a,
L(f) = Z’Q_Tg“ [19F(a) + T5f(a+ h) + 50f(a + 2h) + 50£ (b — 2h) + T5£(b — h) + 19£(b)]
By(f) =~ f0(e), ¢ elai

en==6h= b_T“ (Regra de Weddle):

Is(f) = b8;0“ 411(a) + 216 (a + ) + 27f(a + 2h) + 272 (“ : b)

+27f(b—2h) 4+ 216f(b— h) + 41f(b)]

hY
Bo(f) = —1yos 00, € €lad]
en="7 h= b ; a.
L(f) = 120_92 5257/ (a) + 25039 (a + h) + 9261 (a + 21) + 20923 (a + 3})

+20923f (b — 3h) + 9261 f(b — 2h) + 25039 f (b — h) + 5257 f(b)

8183h?

Er(f) =~ g5/ " © €€lad]




Férmulas de Newton-Cotes abertas de ordem n:

:AUWMx

2
Il
M-
S
&h
QH
3

b—a
= h =0,1 h =
z CL+<]+ )7 J y 4y ) 1Yy n4+2
wj,n_l Wjn = Wn—jn

= 027&]

E,(f) = I(f) = Lo(f) = Cuhm v flrtenl(g)

1 n+1 n 1
- e (e —d) at =1+ [1+(-1)" b
el A | (S LR R (S I R
b—a o
en=0 h= 5 (Regra do ponto médio):

WN=0-07(“37). BN =T €]

2
en=1, h:bga:
B =0 farm+ f0-n). B =20, ¢ elai
on =2 h:b;a:
B ="5° 2far - 7 (“57) 420 1)

Formulas de Newton-Cotes fechadas compostas:

rj=a+jhy, j=0,1,..., M, hM:b]\_4a7 fi = flz;)
en= M-1
1Y) =5 ot fu+2) ] fj]
j=1
b_
EM(f) = 2002 0e), € ela]

12

10



en =2 (M par):

M/2 M/2—1

IéM)(f):?M [f0+fM+4Zf2] 1+ 2 Z fz;]

b-
180 s

EM(f) = F9©),  €elab]

e n =3 (M multiplo de 3):

y 3hM M/3-1 M/3
M (f) = f0+fM+22f33+3Z Fsj—1 + faj—2)

B = " i), € ela
e n =4 (M multiplo de 4):
m M/4-1 M/4 M/4
1) = =5 [ (fo+ far) +14 Z f4]+322 (fagr + figms) +12 3 fu-
j=1
2(b —
() = 200 10, e cla

e n=>5 (M multiplo de 5):

M/5—1

IéM)(f): 52};; [19(f0+fM )+ 38 Z f5

M/5 M/5

+75 Z (fsj—1 + f5j—a) + 50 Z (fsj—2 + f55-3)
=1 j=1

55(b —
() = 20D g j0e), € cai
en =06 (M multiplo de 6):
L M/6—1 M/6
() = 15|41 U+ far) +82 D f6]+2162 (foy-1 + foys)
M/6 = M/6
+27)  (fojo2 + faj—a) + 272> fojs
j=1 Jj=1
b—

£ = 20D s p), ¢ eanty

2800

2]

11



en =7 (M multiplo de 7):

M/7-1 M/7

H(F) = 505 (o + fa) + 105143 fry 4250393 (g1 + fry o)

Jj=1 Jj=1
M7 M7

+9261 >~ (frj—2 + frjms) +20923 > (frj=s + frj—s)
j=1 Jj=1
~1169(b — a)

e OO, g ela

EM(f) =

Formulas de Newton-Cotes abertas compostas:

. . b—a
:Uj:a_‘_]hM; ]:0717"'7M7 hM: M ) fj :f($])
e Regra do ponto médio composta (M par):
- (b— a3,

I000) = 20 S for, ESD(f) = S
j=1

Férmulas de Gauss:

1) = [w@f@de = 5L(0)= Y wnf)

L(z%) = ("), k=0,1,...,2n+1

Tjn, J=0,1,...,n: zeros do polinémio ®,,; de grau n + 1 per-
tencente ao sistema {®g, @1, ...} de polinémios ménicos ortogonais
com respeito ao produto interno (f,g) = I(fg).

. <(I)n+17 (I)n+1>
(I);@H (xj,n)(I)nJr?(xj,n) ’

<(I)n+1a (I)n+1>

7=0,1,...,n

E,(f) = (2n+2) b
() = Tl e, g o
e Férmulas de Gauss-Legendre ([a,b] = [—1,1], w(z) = 1):
Tjn, J=0,1,...,n: zeros do polinémio de Legendre P,
2 1 =0,1
Wiy = — , j=0,1,....n
’ (n+2) P 1 (2)0) Pasa(2,0)
22n+3 n+ 1 !4 .
Buf) = e WE DL penin g ¢ o,y

(2n+3)[(2n +2)]]

12



13

oe Io(f) =2/(0)
N

B(f) = of (— %) bSO+ f <\/§>

oo I3(f) =wosf(xo3) +wisf(r13) +wasf(re3) +wssf(rss)

! 3”\/6 - 1, 2\/6 -
To3 = 7 5]~ xr33, T13= 7 5] 7 T2.3
w —1 3—\/§ =w w —1 3+ § =w
0,3—6 6~ 3,3, 1,3—6 6~ 2,3

e Férmulas de Gauss-Chebyshev ([a,b] = [-1,1], w(z)=1/V1—2?):

27+1 ™ .
Zjn = COS 2n+27T , Wiy = J=0,1,....n

o

T
Eaf) = 22n+1(2p + 2)!

e Féormulas de Gauss-Legendre compostas:

Fe2e),  gelad

b n M
hM m
10) = [ Fad w10 =S > g (o)
m h b—a
ry = atha(m = 1)+ 25 (@ +1), =

(jn € w;, sdo os noés e os pesos das férmulas de Gauss-Legendre)

b—a (h_M)2”+2 22143 (p, 4 1)1]4
2 2 (2n 4+ 3)[(2n + 2)!]

EM(f) = = fE(E), € €la,b]

10. Resolugao de Equacgoes Diferenciais Ordinarias: Problemas de Valor Inicial

{ y'(x) = [z, y(x))

y(zo) = Yo
f:DcCRYM L RM D aberto, MeZ*
fecD), 1f(z,y) = flz,2)| < Llly —=|, V(z,9),(z,2) € D

($07 }/E)) S D



Métodos de passo simples:

Ynt1 = Y + R (@0, Yn; h)
T, = To + nh, n=20,1,..., N, NezZ"

¢ : Dx]0, 00[— RM, ¢ € C(Dx]0,00[)

e Erro de discretizacao local:

(0,4 ) = 7 [Z0a +0) = 2(0)] - p(a,5)
2(0)= §6.20),  2@)=y
e Erro de discretizacio global:
1Y () = g ) < X5 () = ()] + Ty [0 1
() = s (e, ¥ () )]

e Método de Euler:
Yn+1 = Yn + hf(xna yn)

(o, h) = g ), y) + O()

0
(dsg)(z,y) = (% + flz,y)- Vy> 9(z,y), Vg € CY(D)
e Métodos de Taylor de ordem g:

g—1 j
B 4
Yntl = Yn + h E (] ¥+ 1)] (d;f) (xnayn)
Jj=0

CYDEY (@) () + O

qg+1)!
e Métodos de Runge-Kutta de ordem 2:

oy h) = (1— ) f(ay) + 7] ( bt e y))

2 2
o) = ¢ | 1) -3 55 w0 + 0w

oe Método de Euler modificado ou do ponto médio (v = 1):

h h
Ynt1 = Yn + hf <5€n + §ayn + § f(xmyn)>

14



oe Método de Runge-Kutta cléssico de ordem 2 <7 = —):

h
Ynt+1 = Yn + Z |:f(xm

3
4

yn) +3f ($n + %ayn + % f(xmyn)):|

1
oe Método de Heun (fy = 5)

h
yn+1:yn+§[f(

e Métodos de Runge-Kutta d
o(z,

Sol(xay; h) = f(xay>

e ordem 3:

3
yih) = (e, y;h)
j=1

j—1
wi(w,ysh) = f <w+ajh,y+h26mo,-<x,y;h>) . j=23

h3
i) =g |

=1
83
dif(z,y) —4 a—}g(:v, Y; 0)] +O(h*)

oe Método de Runge-Kutta cléssico de ordem 3

h
Ynt1 = Yn + = [p1 + 42 + @3]

Y1 = f(xnayn)a
w3 =f

6

—f _|_E +ﬁ
P2 = T zayn 2901

(20, + Iy Yy — hipr + 2hs)

oe Método de Runge-Kutta-Nystrom de ordem 3

Yn+1 =

1= f(Tn,Yn),

h
Yn + 3 [2¢01 + 32 + 3¢p3]

—f +% +%
Y2 = Tn 37yn 3901

2h 2h
©3 :f ($n+_ayn+_¢2)

3 3

oe Método de Runge-Kutta-Heun de ordem 3

h
Ynt1 = Yn + — [p1 + 3p3]

Y1 = f(xnayn)a

4

—f _|_E +ﬁ
P2 = Tn 3,yn 3901

2h 2h )

903:f(xn+_ayn+_902

3 3

15



e Métodos de Runge-Kutta de ordem 4:

oz, y; h Z%% T, y; h

@1(1‘7:% h) = f(m,y)

J—1

i=1
4

{ 1f(xy) -

4

5 G (:0)] + O0)

oe Método de Runge-Kutta cléssico de ordem 4:

Ynt1l = Yn +

6
P1 = f(xnayn)a P2 = f
et
Y3 = Tn 2ayn 2902 )

h
— 1 + 202 + 203 + 4]

(ot 3m3)
xn+_7yn+_901

2 2

01 = f(@n + h,yn + hys)

oe Método de Runge-Kutta-Gill de ordem 4:

h
Ynt1 = Yn F o [% + (2= V2)pa + (24 V2)ip3 + 904}

h h
Solzf(xnayn)a 902:f(xn+_7yn+_$01)

2 2
h V2 -1 2 -2
o3 = f (xn+§7yn+ 5 hei + 5 h@z)
V2 2++2
<P4:f<$n+h7yn—7hé02+ 5 hes

oe Método de Runge-Kutta-Fehlberg de ordem 4:

25 1408

n n h
Ynt1 = Yn + [216(’0 ' 5565

®1 :f(xnayn)v 902:f(xn+ﬁ

2197 1
w3 + ®

1104747 595

N
47yn 4@1

B, B
Y3 = Tn 8 s Yn 32 ©1 32 ©Y2
(g 12h 1932, D00, 796,
PAZ I\ I T g U T o197 ML T 5197 M2 T 5197 1B
3680 845
%—f(xn‘i‘h;yn 6h901—8h802+mh<ﬂ3—4104 >
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Métodos multipasso lineares com p + 1 passos, p > 0:

Ynt1 = Zakyn k+hzbkf Tt Yn—k ) nzp
k=-1

|ap| + [bp| # 0
X, = To + nh, n=20,1,..., N, NeZ*

e Erro de discretizacao local:

1
T(x,y; h) = 5 Z(x+h)— Zaka—kh
- Z bef(x — kh, Z(x — kh))

Z'(t) = f(t, Z(1)), Z(x) =y

e Condigoes de consisténcia (¢ > 1: ordem de consisténcia, f € C*(D)):

q:]-: 00:07 01:07 02#0
QZQ COZO, 01202:"'20(1:0, Cq+1§£0

Co—l—Zak, C’1—1+Zkak— Zbk,

k=—1
(J]_l—z ak—jz k) by, j=23,...
k=0 k=—1
(o g h) = — o Cpa (@) () + O
» Us - (q+1)| q+1 f Y
e Condigao da raiz:
P p
plr) =t =3 apr ™t =T —r))
k=0 5=0
O <1, J=01 5 (i) il =1 = g(r;) £0

e Métodos de Adams-Bashforth (f,, :== f(zm,Ym)):

P
yn+1:yn+hzbkfn—ka nZP

k=0
Ci=Cy=---=C,=0, g=p+1
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Yn+1 = [an fn—l]

(e, yih) = % (1) (x.9) + O(K?)

oce p=1, qg=2

h
Ynt1l = Yn + E [23fn - 1anfl + 5fn72]

(o, h) = 2 (@) () + O

oe p=2, ¢q=3:

h [55fﬂ 59fn—1 + 37fn—2 - 9fn—3}7

e p_3 q_4' Yn+1 = Yn 24
’ 0 251h4 i O
\ T(z,y;h) = —5— 0 (dif)(z,y) +O(h?)

Ynt1 = Yn + 720 [1901f, — 2774 f,_1 + 2616 f,,_»
ce p=4, ¢q=5: ¥ — 1274 f,_5 + 251 f,,_4],

(o, h) = o (A3 ) ) + O(R)

e Métodos de Adams-Moulton (f,, := f(Zm, Ym)):

P
yn+1:yn+h Z bkfn—ka nZP
k=—1
Ci=Cy=---=C, =0, g=p+2

Ci=1—jY (kY. j=12....q

k=—1
( Yn+1 = [fn—i-l + fn]
ce p=0, ¢g=2: h2
T(@,y;h) = =75 (d7f) (2, y) + O(h°)

h
Yn+1 = Yn + A [5fn+1 + 8fn - fn—l]
oe p=1, ¢=3: 13
| (@ yih) = =55 (d7)(x,y) + O(hY)
h
yn+1:yn+_[9fn+1+19fn_5fnfl+fnf2]
24
oce p=2, qg=4

ryih) =~ () y) + O()
\ 720
r h
Ynt1 = Yn + =55 [251 fpq + 646, — 264f,_,
ce p=3, ¢g=25: +106f,—o — 19f,,_3]

3h°
160

T(z,y; h) = (A7) (@, y) + O(h%)



10. Resolucao de Equacoes Diferenciais Ordinarias: Problemas de Valores na

Fronteira
{ y'(z) = p(2)y (z) + q(x)y(x) + r(x), a<z<b,
yla) = a, y(b) = p
pareC(ab), qx)>0, Veelat,  y:lab—R

Método das diferencas finitas:

[—1 ~ gp(wn)} Yn1 4+ [2+ h2q(zn)] yn + {—1 + gp(xn)} Ynt1 = —h?r(x,),

n=1,...,N —1,

Yo = Q. yn = f
T, = a+nh n=201 N h—b_a
n — 9 ) Y 9 - N
Isto é: ~ -
Aj =0, A e MY HR), ,jeRN!
A= [am] a; =2+ hzq(l’z)7 1 =1, ;N —1,
h
Q5541 _1+§p($i)a =1, N —2,
h
azfll—_l_gp(lﬁ')a ZZZ? 7N 17
a;; =0, li—jgl>1, 14,j=1, ,N —1
b= [b] by = —h%r(x) + |1+ §p(x1) a,
by = —h?r(z;), i=2,...,N—2,

y= [yz]
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