574 RESPOSTAS DOS PROBLEMAS

Secio 5.6
1. (a) x =0; )y rr=1D=0, n=1,r=0

2. (a) x=0; ) P=3r+2=0; n=2,n=1

3. (a) x=0: b rr=-1)=0 rn=1rn=0
@)y x=1; b) rr+35=0 n=0rn=-35

4. Nio tem ponto singular regular

5 (a) x=0;

(b) A+2r-2=0; n=-1+V320732,n=-1-V3=-273
6. (a)xr=0; Brir=H=0 n=3%in=0
(a) x= -2 ) rir=35=0 n=3n=0
7. (a) x=0; ) P+1=0 rn=irn=-i
8. (a) x=-1;
(b) P=Tr+3=0, r=0+V31)/2=654 r,=1(7-37)/2=0459
9 (a) x=1; (b) P+r=0 rn=0rn=-1
10. (a) x=-2; b)Yy A=GB/Hr=0 rnp=5/4rn=0
1L (8) x=2 b) ?=2r=0 n=2,rn=0
(a) x=-2; by rr=2r=0; r,=2,n=0
12 (@) x=0; (b)) P =(5/3r=0; rn=5/3. =0
(@) x=-3; (b)) P=(/3)=1=0; n=(1+V3/6=1]18,
r=(1-+/37)/6 = —0847
13. (b) f1=0. r;:(]
(€) i) =1+x+ {22 + 27 +-
yalx) = y.(x)lnx—lt t—ﬁ;x-+-~
4. (b)) n=1,rn=0
(©) yix) =x—4 + Y = ' + ..
y2(x) = =6y (x) Inx + | — 3307 + ﬂ"x‘+---
15M0)n=1rn=0
© e =x+3i+5+ 3
J’E(-‘-]=3)’:(x)lnx+]—-r-—”r o
16, (b) f|=1, r;=0
(c) ylt.r)=x—§x2+,*—,r-‘—l‘ﬁr4+m
ya(x) = =y Inx+ 1 - {8 +—\' —ml +
17. (b) ry =1, !‘1——1

(c) }'Jlxlz.r— 105 o b e

T‘ll
ya2(x) = —*)ﬂ(t’}ln x+xt—dd
I8. (b) n= 5. rn=0
© y®W=@-D2-jou-D+Sx-1+-] (dp=1
19. (c) Sugestao:(n—1Dn -+ +a+B)n—D+uf=m—14+a)n—-1+4)
(d) Sugestdo:(n—y)n—=1-py)+(l+a+pin—y)~aff=mn—y +a)n-y+p)

Secio 5.7

==}

(=1)"x"
ki _\"[(X} = ; m

I ~
y2(x) = =y Inx + - [l - Z M(—l)".\”]

n—1)!
o™ (=1 (~1)"H,
2 {x)-——_ 4 h = —_—- —
» x L mp = yi(x) Inx Zl: i X
3 ) = Z{ =L i AR o (C12H,
("1'}2 bl y: 13 _.vl(t) nx—a4 ;_“F):—
1 = (1)
4. = - —_—— "
n) .rgn!(n-i-l)!x

1 = H,+H,
,(x) = —y(x0) ] = I T 2 :"—"-l =
y2(x) Ju(x)inx - x? [l s nlin—1)! (=1



8. (b) f6) =1 = 2uy (1) + 2ux(t) = 2ui3(0) + 1alt)

RESPOSTAS DOS PROBLEMAS

- (G X\
5 =271+ =
,Vl{) [ mg,n!“_’_%j(z_f,%)_”[m.*.%‘(2)
x
5 (—1)™ x\2m
n)=x32 1+ - =
4 [ Emi(l—%ltl—%l-‘-iﬂl—il(z) ]
Sugestdo: faga n = 2m na relagao de recorréncia,m=1,2.3. ...
Parar=-3.a, =0 ¢a, é arbitrdrio,
CAPITULO § SegioG.l
1. Seccionalmente continua 2. Nenhuma das duas
3. Continua 4. Seccionalmente continua
5.(a) Fs) =1/, s>0 (b) Fis)=25" s5>0
(¢) Fls) =n!/s""', s>0
6. F(s)=s/(s* +a%), s>0 7. F0) = 5. s> bl
2 b
s—a
8. F(§) = ——, ' 9. F§) = —————, s§— b
(5) T s> |b (5) TR s—a>|b|
10. F(s) 2 |b] 1L F(9 b 0
X ) = ————— - | . Sl = 54— >
(s—ay-»n e f+p °
s el 8 — b 9
12. r(.\)=m—3. y=0 ]3.][.\!—“__‘“':*-!):. S >=a
14. F(_ﬂ:%_ s>a 15, Fls)y = : -, S>ua
(s —a)* +b° (s —ar
9 - 2 4
16. Fs) = ——2 . 550 17 Fy = —a % 55 a|
(5= +a ) (s —a)r-(s +a)-
! 2a(3s* - @)
8. Fi)= — =, s>a 19. Fioo =22 40 5. ¢
(s —a)"*! (5= —a-)
2a(3 2 2
20. Fis) = M s > |a|
(s2 — a?)?
21. Converge 22, Comverge
23. Diverge 24 Converge
26. (d) I'(3/2) = J/m /2 Ti11/2) =945./7 32
Secio 6.2
L f(y=3sen2s 2. fiy =2
3fn =3¢ -l 4 fu)=3e"+ 3
5. f(t) =2e " cos2t 6. fir) =2cosh2r — 3 sehn 2t
7. f(r) = 2¢' cost + 3¢ sent 8. fthy=3—2sen2t +5cos 2t
9. f(t) = —2¢ ¥ cost + Se ' sent 10. f(1) =2 cos 3t — 3¢~ sen 3t
1Ly = {(e" +4e7¥) 12, y=2e " —e ¥
13. y =e¢'sent 4. y=e' —te*
15. y = 2¢' cos V31 — (2/v/3)¢' sen V31 16, y =2e""cos 2t + %e"sen 2t
17. y =te' — ¢ + 30¢' 18, y = cosht
19. y = cos V21t 20, y = (e — 4) (@ — 5) cos wt + cos 21]
2l. y= }.(msf —2sent +4¢ cost — 2e'sent) 22, v = e — & cost + Te'sent)
l__ s
23. y=2e" 4 te”' + 2% M Y= ,—J-— + -,—e-
sS4+4 0 st +4)
1 e s+ 1)
25. Y(s) = - 26, Yis)=(1—e ")/’ (s> + 4
() eI D 26+ (s)=(l—e ") /s (5 +4)
29. F(s) = 1/(s —a)* 30. F(s) =2b3s* - b)/(s* + b7)°
31. F(s) = nl/s""! 32. F(s) =n'/(s — a)™*!
33, F(s) =2b(s — a)/[(s — a) + b*] M. F(s) =[(s — @) = b*V/[(s = @)’ + b*F
36. ()Y +5Y =3 (b) S*Y" + 25Y" — [s" +ala + DY = —1
Segio 6.3
7. (b) f(r) = =2uz(t) + dus(t) — wy (1)
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9. (b) f(t) =1 +wm@fe ™ =1] 10. (b) f(t) = +ua()(1 = 1%)
1L (b) f( = — (1) = us(t) — uz()(t = 2)
12. (b) f(:)_f+m(r1(2—r)+usu)(5 -0 —uz (T =10

13. F(s) = 28”’{5 14, F(5) = e (s’ +2)/s
_M —2ms 1
15. F(s) = (1+ms) 16. F(s) = ;(e“ +2e ¥ —6e™)
S
17. F(s) = s [{1 - s)e—l* — (1 45)e) 18. F(s) = (1 —e™)/s*
19. f(r) = e* 20. f(r) = %u:u)[e"? — 22
21, f(n = 2us (e cos(t —2) 22, f(1) = ua(t)ysenh2(r — 2)
23. f(n) = zq(r]ez”‘“cosh(t -1) 24, (1) = wy (1) + () — ws(r) — uy(r)
26. f(:)_2(2r)" 27. f(1) = le7" *cost
28. f(t) = LeP(e - 1) 29. f(1) = 3¢ “ua(t/2)
30. F(s) = s“(l =g 5>0 3. Fs)=s'1—e+e ¥ —e¥), 5>0
1 I 1 __e—tz.-u»su
32, F(s) = _[1 P TR e e ) [ ___S(l = s>0
no=ns _ "‘r o
33. Fm—-Z( ™=, 550
l,f.s‘ . .
35, Lif(n) = e s=0 36. L{f(H) = Teh" s>0
1—=(1+se" 14e™

4 = ———— 0 38. Hfy= ————,

37. LIf () A=) s> L{f(n)} Tra0—) s=>0

39. (a) Lif)=st1—-e?), s>0
(b) Lig))=s(1—¢e), s>0
(¢) Llth()) =s2(1—e ) 5>0

1__
40. (b) cwnn:ar‘l_}—). s> 0

Seciio 6.4
1. (a) y =1 —cost+sent — s, (0)(1 + cost)
2. (a) y=e¢"'sent + %u,(e‘)[l +e M cost+ e sent]
~dupe ([1 — €172 cost — e sent]
3. (a) y= {1 —u, (n](2sent —sen 20)
4. (a) y= 1(2sent —sen2r) — ﬁuT(n(Z sent + sen 2f)
5. (a) y= Z+ L= — et — u;"{r}[ + '{‘ =101 _g=it=1]
6. (a) y=e'—e2 +w{flla —et-2 3 | e 2ir=21]
7. (a) y =cost + Uz, (O[] — cos(t — 3)]
8 (a) y= h(f} — u,.;;_(r)h(r —a/2). h= ﬂ( —4 451 +de " cost—3e P sent)
9. (a) y=jsent+ jt— —u.g,{f)[f— —sen(t — 6)]
10. (a) y = h(r)+u.,(r)h(r—rr) h(t) = &[- 4cosr+scnr+4e‘”3c05t+c“’25cnr]
11. (a) y = u_.,(r)[% - %cos(Zf 21)] — 13, [f)[— -3 co%(Zf 6)]
12. (a) y = wi (DR — 1) — w2 (Ot = 2), h(n) = —l + (cost +coshr)/2
13. (a) y = h(t) — uz(Oh(t — ), k(1) = (3 —dcost +cos2r)/12
14, f(6) = [ug, (O — tg) — i)t — tg — k) (A/K)
15. g(t) = [rg (O — to) — 2044 (Ot — 19 — k) + H;“_pj‘(f]{f — 1y =2K)|(h/Kk)
16. (b) u(r) = 4k£€3!1(?)h(f — é) - 4;(!!5‘,3(”’1[! o '

h =5 = (/7 /84) e Psen(3/T1/8) - e-“ cos(3v7t/8)
(d) k=251 (e) r = 25,6773
17. (a) k=5

(b) y = [us(h(t —5) — usx (Ot — 5 — k)1/k,  h(r) = {1 — ysen2s
18. (b) fult) = [ta—i () — tgi(0)]/2K;
y = [k (DR — 4 + k) — ug (DRt — 4 = K)]/2k,
h(t) =} — Le /8 cos(v/1331/6) — (V143/572) e/ sen (V143 1/6)

19. (b) y=1—cost+2 Z(—-l)"uh(f}[l — cos(t — km)]
k=1

21. (b) y=1=cost+ ¥ (—D*u ()[1 — cos(t — k)]
k=1

23. (a) y=1—cost+2 3 (=D*uypepa()[1 — cos(t — 11k/4)]
k=1
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Seciio 6.5
1. (a) y=e"cost+ e 'sent + u, (He”""""'sen(r — m)
2. (a) y= fu.(0)sen2(t — x) — Luya (1) sen2(t — 2r)
3. (&) y= —%e‘z‘ + %e " us(n[-e T e V) 4+ um(f}[% + %e'l"*“" — ™!l
4. (a) y = cosh(r) — 20us(t)ysenh(r — 3)
5. (a) y=jsent — jcost+ le~' cos V2t + (1/V2) 13, (e "3 sen V2(t — 3)
6. (a) y= },_cost - %u,;,, (1) sen2(t —4m)
7. (a) y =sent + uy ()sen(t — 2m)
8. (a) v = u,ul)sen2( — x/d)
9. (a) ¥ =201 —cos(t — m/2)] + 3z p(Osen (t — 37/2) — 1z, (O[1 — cos(t — 2m)]
10. (a) ¥ = (1/v/31) ta(0) expl— & (t — 7/6)Isen(v/31/4)(t — 7/6)
11. (a) y = !cost+ Isent — lefcost — le7'sent + uzp(ne”"""sen(t — 7/2)

12. (a) ¥ = uy(O[senh¢t — 1) —sen(r — 1)]/2
13. (a) —e 748t —5-T), T =8n/V15
14. (a) y= (4;&/3) m(f)e"“"-”‘scn(mﬁi)(r - 1)
(b)  =23613, y, =0.71153
(¢) y=BVI2)uy(tye"=V3sen(3V7/8) (r— 1); 1 =2,4569, y, = 0,83351
(d)nh=1+n/2=25708, y;=1
15. (a) ky = 2.8108 (b) ky = 2,3995 (c)k =2
16. (a) @(t.k) = [us_s(Oh(t — 4+ k) = tug (DRt —4 = Kk))/ 2k,  h(r) = 1 — cost
(D) ¢ulr) = uy(t)ysen(r —4)  (c) Sim
20 0
17. (b) y = 3w, (t)sen(r — k) 18. ib) y= Y (=) uy (1) sen(t — km)
k=1 k=1
0 20
19. (b) ¥y =¥ wypn(t)sen(t — k/2) 20. (b) y = Y (=D, n(0sen(e — kx/2)
k=1 k=1
15 40
21 (b) vy = ¥ wa e (Osenft — (2k = D] 22, (b) vy = Y (=¥ s(trsen(r = 11k/4)
k=1 k=]
20 o
23, (b) y = A= Y (=DM uge (e FT P sen | V399(1 — k) /20)
Y ket
15 —
2. (b) y= A& ;??1 g yye (eI 0560 (3991 — (2k — 1) ]/20)
Secao 6.6
3. sent=sent = %(scn [—tcosf) € negativo quando 1 = 2, por exemplo.
4. F(5) =2/5%(* +4) 5. F) =15+ D(* 4+ 1)
6. F(s) =1/s*(s = 1) 7. F(9) =s/(s+ 1)
1 r
8. fin=1_ f (t—t)sentdre 9. f(r) =f e " cos2r dr
0 (/]
I r
10. fin) = éf (t—r)e """ sen2rdr 11 f(f}:fsen(l - 1)g(r)dr
“Jo 0
i Fm+1)TCn+1)
. Moy aan AR R e S i S 4
12. (¢) L " (1 — w)" du Fmin+d)
’ 1
13, = lsnen wt + lf sene(f — T)g(r)dr 14. v =f e""Usen(r — r)senardr
w w Jg 0
r
15,y = é—j e " sen2(r - 1)g(r) dr
0
! |
16. y = e cost — e sent + f e T gen(r — 0)[1 — L (r)]dr
]
]
17. y=2e% 1% 4 f (t—r)e " e(r)dr
(1]
1)
18. y=2e' —e7% f [e7t=%) — 2T cosar dr
1 , LY 0
19. y= Ej; [senh(t — t) —sen(r — 1)]g(r) dr
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!
20, y =4 cost — Lcos2t + } f [2sen(t — 1) —sen2(t — ©)]g(r) dr
0

F(s)
1+ K(s)
22. (a) ¢() = L(4sen2t —2sent)
23. (a) ¢(r) =cost
(b) "+ =0, ¢O)=1  ¢'O)=
24. (a) ¢(1) = cosh(r)
(b) ¢"(t) — (1) =0, ¢(0) =1, ¢'(0) =
25. (a) ¢(0) = (1 =2t + P!
(b) ¢"(t) +2¢'(t) + (1) =2¢™, ¢(0)=1, ¢'(0) = -3
26. (a) ¢(1) = e — Je cos(v/3t/2) + s sen(v/31/2)
(b) " (0 +¢(1) =0, ¢$(0) =0, ¢'(0) =0, ¢"(0)=1
27. (a) ¢(r) =cost
(b) ¢ () —9(0) = p0)=1, O=0, ¢"O)=-1, ¢"(0)=0
28. (a) () =1- 75:"”5%(»./—:;‘2)
(b) ¢" () + ") +¢'(1) =0, p(0) =1, ¢'(0) = -1, ¢"(0) =1

21. d(s) =

CAPITULO 7 Segio7.1

L X =x:, x==2x-05x 2 xy=x;, x3=-2x;-0,5x+3sent
3h=x XH=-(1-025)-r'x, 4 x = Xh=x;, xXy=x, X,=x
5. x] =2, = —4x; —025x; 4+ 2cos3t, x(0) = I. .r,_{O) = -

6. x} =x, =—q(t)x; —p(Ox2 +g1); x1(0) =uo. x2(0) = w

7. (a) x; = cle“ +6e, np=ce'—ce™

(b) ¢t =5/2, ¢ = —1/2 nasolugdoem/(a)
(c) O grifico se aproxima da origem no primeiro quadrante tangente a reta x; = x,.
8 (@) x{-x{—2%, =0
(b) x; = Ille_ Tet, xp=Ue¥ - de
(c) O grifico é assmlétlco a reta x, = 2x, no primeiro quadrante.
9. (a) 2x{ —-5x;+2x; =0
(b) xy =—3e” -1, x;=3e" -1
(c) O grifico € assintético a reta x, = x; no terceiro quadrante.
10. (a) x{ +3x; +2x; =0
(b) xy ==Te™" +6e7¥, x;=—Te "' +9 ¥
(c) O gréfico se aproxima da origem no terceiro quadrante tangente a reta x, = x,.
11. (a) x{ +4x; =0
(b) x; =3cos2t+4sen2t, x; =—3sen2r+4cos2t
(c) O gréfico € um circulo centrado na origem com raio 5 percorrido no sentido horario.
12. (a) x| +x}; +4.25x, =
(b) x; = —2¢""cos2t + 2e~sen2t, x;=2e""?cos2t +2e " sent
(¢) O grifico € uma espiral se aproximando da origem no sentido horario.
13. LRCI" +LI'+RI =0
18. yy=y3, Y1=Ya myyy= (ki +k)ys + kay2 + Fi(0),
my, = k?)’l = (k2 + ks)yz + F2(1)
22, (a) Q’l ‘ = le + mQZv Ql(o} =
Q=3+ UQI i‘ 2 2(0) =15
(b) Of = =36
(c) J"Jl mxl + an'ti' x(0) = -
X =gx— 3%, X(0)=-21
23. (a) Q) -':391 - 501+ 50, 010 =0}
O =q+ 52— %50 Q:0) =0
(b) Of =691 +42), QF =20(3q) +242)
(c) Niao
(d) ¥ <0f/0f < ¥



Secdo 7.2
6 —6 3
l. (a) |5 9 -2
2 3 8

-12 3

-15
jull
—26

6 —12
—18 -1

-3

-9
12

6 -8
(c) |4 30 7] @ |14
9 2 0 5

i(a)(—};;i
o | .-’
©) ( ir

[ Y]

-2
- (a) 1
2

S
(c). (d) ( 3
5

“T 420 3440
2+3:‘) () (ll+6i

7+ 5i 8+7i
7+2;‘) (@) (6—4:‘

1 2 1 3 2
0 -1] w2 -1 1
-3 1 3 =l 0

4 0
-1 0
-4 1

11
-5
-3 5
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_ 3-2i 2—i 3+ 2§ 1 —i ) 3+2i 241
+ (@) (H-:' —2+3:‘) (®) (2+:’ 2ow) ©(G —2-31‘)
10 6 —4
5. §] 4 10
4 4 6
7 -11 -3 5 0 -1
6. (a) 11 20 17 (b) 2 7 4
—4 3 —-12 -1 1 4
6 —8 —11
(c) 9 15 6
= R 5
8. (a) 4/ (b) 12 —&i (c) 2+ 2i (d) 16
A e 1 1
i ﬁ s
10). (_:‘ E) 1. (_L L)
11 11 2 4
R 4 3 3 0
12. (~3 3 3.1 3+ - ]
2 —1 0 % 0 %
1 ~k L
3 3 §
14. Singular 15. | 0 1 -1
0 0 !
([ W 6 %u
16. | - & 2 _% 17. Singular
\_1 . a
10 0 0 ” : 5
(1 1 0 1 6 ?] 75 5
1 0 1 1 5 ¥ - 3
18, K i ¢ & 1 .y é é
0 1 0 1
2 4 4 -
7¢' Se~* 10e¥ 2e¥ — 2 4 3 14+4e2— ¢ 3eM 4 2¢' — e
21. (a) | —¢' Te 2 (b) 4 — 1 — 3 242 ¥4 o 6e¥ + &+ e¥
8e¢' 0 —e¥ —2e% —3 46 —1+6eF —2ef 3¢} + 3¢ — 2eV
¢ —2e* 2e 1 27! %(e +1)
(c) | 2¢ £l ¥ =2¢ | (d) (e-1| 2 e -Le+1)
—¢ =3 de* -1 3e-! e+1
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Seciio 7.3
Ly==) xn=1 xn=-j 2. Nio tem solugio
3. x,=-¢, x;=c+1, Xx3=¢, ondecéarbitririo
4 xy=¢, xa=-c, Xx3=—c, ondecéarbitrdrio
5. 0q=0, x=0, _r].=0 6. xy=c¢;, X2o=0. x3=c+2c2+2
7. Linearmente independente 8. x(' —5x@ +2x3 =0
9. 2x — 3x® 4 4x¥ —x =0 10. Linearmente independente
1L x™ = x@ _ x* =0 13. 3xV(1) = 652 (1) +x (1) = 0
1 5 1
14. Linearmente independente 16, X1 =2, x = (3); Ay =4, x?P = (l)
7 amiah Vel ); dpmi x@ (.
. A= + 4, X = 1_‘-' i - 4 1+'
1
wnm (s ne-te()
19. 4 =0, xV = (:) A =2,x? = (_1!)
20. 4y =2, 2= 3, dy=—2, xP= 1
o SRR ‘ -v3
N 3 . = ) — I
2l iy =-1/2, x" = )5 A =-3/2,x"=|
2 0 0
22 a=LxM=]-3]; A=142.x0=| 1]: M=1-2%xP=|1
2 =i i
1 -2 0
23, k=1, xM = 0] A= 2' x® = 11: Ay = 3 M = |
-1 0 -1
2 2 1
24, a=1,x0=]=2]: n=2x%=]1 m=-=1x%= 2
=1 2 -2
1 1
25 m=-1,x0=|-4]; H=-1xP=| 0]; 2=8xV=|1
1 -1
Secio 7.4
2. (c) W= fe"P][Pn(f) + pn(0)] de
6. (a) W(t) =1?
(b) x'V e x¥ sdio linearmente independentes em todos os pontos, exceto em ¢ = 0; eles sio linearmente
independentes em todos os intervalos.
(c) Pelo menos um coeficiente tem que ser descontinuo em ¢ = 0.
: 0 1
7. (a) W) =t(t —2)e

(b) x" e x sdo linearmente independentes em todos os pontos, exceto em r =0 ¢ 1 = 2; eles sdo lincar-
mente independentes em todos os intervalos.
(c¢) Pelo menos um coeficiente tem que ser descontinuoemr=0eemt =2,

0 1
dx=|2-2 £-2|x
2 =2 r?—2
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Seciio 7.5
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17.
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(1) X, = xa, Xy, =—(c/a)x; — (b/a)xs

55 20y 29
(a) x = -3 G) et 4 T (_;) e

(c) T=74.39
(a) x = ¢, (—\/j) el -1VI2 (\[%—) el -2-vVan.
1 2

rl2=(=2++2)/2: né

(b) x=1¢; (J‘IT) eI (,/:li) eV = —144/2;  ponto de sela
() na=—-1t/a; a=1

1 e 1 =4 . 1 -t _1_ e & i — -4—
%48 (v) - (3)'" i (1)" 3 ) (CR; L) e’
Secaon 7.6
——— cos 2t o— sen2t
L@x=ae{ oo en2t * \~cos2t +sen2t
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_{2cos2t -t —2sen2t
2. (a)x=cie '(sean )-H'ze ( cos2t

5cost Ssent
3 (a)x=q (2c05,+5¢m) +c2 (-—cosr +25cnr)

2 Scos 3t " S5sen 3t
4 (@x=ae (3(cos 3t +sen§:)) +af 3(—cos 31 +sen 31)

< £ cos!t - sent
5. (a)x=rcre (2cosr +sent + €| _cost + 2sent

—2cos 3t —2sen 3t
6. (a)x=o¢; (ccs:;, +3sen3f) T (scnSr = 3c053f)

2 0 0
7. x=¢, | 3| & +cz¢ |cos2t| +ese' | sene
2 sen2t —cos 2t

2 —V2 senv2t V2cos V21t
8. x=0 | 2] e ¥ +cre”’ cos V21 +cye” senv/21
1 —cos V2t — v/2seny21t VZcos V2t —seny/21t
__ . [cost —=3sent Ly ( cost — Ssent
% ¥ (n:osi—sent) il —2c05!—3~ienr)
11. (a) r=—1&i 12. @) r=14 i
13. (a) r=a =i (b) a=0
14. (a) r=(a+va>=20)/2 (b) @ =—v20, 0, V20
15. (a) r=+V4=5¢ (b) @ =4/5 16. (a) r={ £ 1v3u (b) & =0, 25/12
17. (a)r=-1+-a (b) a=-1,0
18. (a)r = -1 + 1/49 - 24a (b) a =2, 49/24
19. (a)r=4a-2xva?+8c—-24  (b)a=-4-2V10, -4 +2V10, 52
20. (a)r= -1+ 25+ 8a (b) @ =-25/8, -3
1 cos(+2Inn) ) at ( sen(v/2In1) )
sl Xy (‘/fscn(ﬁln:) et _Acos(v2Inn)
Scos(In?) Ssen(inr)
2. x= =
o Rl (2 cos(Inf) +sen(In r)) £ (— cos(Int) 4+ 2sen(In r))
23. (a) r=—%+i, -4 4. (@) r=-1%i &

I i f cos(t/2) . sen(r/2)
= 12 12
= W (V) m=ae (4sen(f;‘2)) bR (——4::05[!/2))

(c) Usec; =2, ¢; = —13narespostado item (b).

(d) ,Iln;'g I(n) = ,l_in; V() = 0; nio

& N cost i sent
2.0 () mer( L oo ()

(c) Use¢; =2e ¢; = 3naresposta do item (b).
(d) 'EILIQ I(t) = '1_1.:33c V() =0; nio

28. (b) r==xi/k/m (d) |r| € a frequéncia natural.

29. (c) r? =1, s*“=(g); r3 =—4, ﬁ"’=(_i)

(d) x; =3¢ cost + 3¢y sent + 3¢y cos 2t + 3¢y sen 2t,
X3 = 2cycost + 2¢; sent — 4¢; cos 2t — deq sent

(e) x; = —3cisent + 3c; cost — 6eysen 2t + by cos 2t,
xy = —2cysent + 2c; cost + 8¢y sen2t — 8¢y cos 2t



0
0 @a=| °
9/4

(b) ri=i. £ =

(c) y=qa

31. (a) A=

(c) y=q

{e) ci=1, o=

Secao 7.7
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<
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—
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Il

v C2

1 0
0 1
0 0
0 0
1
rye= =i, §= 1- ;
—i
—i
4
n=-di g0=| o
Bi
4cos 3t
e 3cos 2t
sent - 2
- + 3 ulﬂsengr +cy4
cost ® :
S senst
, ey =0, periodo = 4.
1 0
0 1
0 0
0 0
1
. 1
ra=—i, £% = - |*
—i
1
V3i
sent cos \/3‘1'
sent . —cos /31
cost | 79| —VEsenv3e
\ cost ﬂsenﬁr
¢y =10

e—uz - e—r
lew2 4 Lo

—je N+ %ez‘)

4 =3 1.2
le7¥ 4 1éf

—S5sent
cost — 2sent
—2e 'sen2t
e~ cos 2t

1.2t 1 4
26 — 3¢
3 2 14
£ 5€

2
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5
4sen5r

—3sen3r
10cos 3t

15 5
-3 cos *if

Scnﬁf
"Sen'fjf
V3cos /3t
—V3cos V3t
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e~tcost + 2e "sent e 'sent
8. (b) &) =
0] Se'sent e~fcost — 2e 'sent
__28—1; + 3e~! __e—Zr + e e
9. (b) @) =| Je¥—der+3e e - jet + B le¥ —de' 4+ L
T =2 wp 3 To=2r _ 2,-1 13, Tpm2t . et _ L2
le¥ —2e s e ze e ie e €
kat 1,-2 1,3 =k 1,-2t Lo -2t 1,5
g€ +3¢7 +3€ s 4ge Ll se
2 ] 4 g L i w3
10. (b) D(f) = —56’! = %l‘.’ 'J+£’Jr 59" —+5e A —2¢' +e - + e
10 1p=2t 4 L3 I R il “2 1N
—zg — 37" + 5€ 3¢ — 3¢ ;¢ +e se

3 x 0
1} x= ; (11) & — 3 (:1,’) e 12. x= (T) e'cos 2t + (.; T,) e Tsent

Secio 7.8

oxma e a[C)o+ ()]
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¥ .
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=
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3N 3 1 n . B £ 3
_2)e‘ +§(_I)rc’ 10. (a) x_2(2)+14(_])r

11 (@) x=| 2)e+4 e +3[0] e
~33 -6 1
1 2
12. (a) x= % 1] 12 +£ 5] -2
1 3 F=s )

=)
s () sel(om- (]
o0 ()= (e ()]

—_ 0
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0
17 8 ¥y = ( l)
-1
DY 1
(c) x2(p) = ( ]) re¥ 4 (l) e
—1 0

0 1 2
(d) x¥n = 1) (/e + | 1] e + (li) e
-1 0 3

0 1 r+2
(e) Wir) =e™ 1 r+1 (2/2)+1
—1 —t —(/2)+3
0 1 2 -3 3 2
OT=[ 1 1 0 "= 3 =2 =2
-1 0 3 -1 1 1
2 | 0
J=1]0 2 1
0 0 2
1 0
18. (a) x'"' (1) = U) e, X = ( 2]
2) 0
(d) 3 = 4) te' + ( 0fe
=D =1
1 0 2t 1 2 2
(¢) ¥in=¢€e] 0 2 A oue | O 4 4t
2 3 -2r—1 2 =2 —2r—1
1 2 0 1 —-1/2 0
(fy T=1|0 4 0 T'=1]0 1 /4 0
2 =2 | 2 =32 -l
1 0 }]
J=10 1 1
0 0 f
L a2 25 . 33 3 ¢ A 433
19. (a) ¥ = T PP =), e }
0 'y 0 ) 0 %
(c) Ji) (! ;
c) exp(Jr) = e
o 0
(d) x =exp(Jx’
| 0 0 L t 22
20. (c) expdn =e* {0 1 t 21. (c) expdny =€ | 0 1 t
0 0 1 0 0 1

Seciio 7.9
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Il
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S5cost
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Il

3
1. x=1¢ })t"-i-ﬁz (;)" '+5

Pt Ssent 2 i 1 1 ‘

2 cost +sent < —cosf—i—"-'..scnr) T\ q)rcost = U)”Lm - (l_ cost
1 -3 . 1 7o D) =2 171

€ _4)e-‘+n;(l)¢’—(1;e ‘+§ ﬂ)e‘
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J=2(2) e+ (5) - (5)
Y+ £(8) e+ 4 ()

+

™
~a
| —
T
{3 I
S—

-

|
| o=
T Ty
=)
o S—

10, x=¢

gX < -2 e-*_l(‘/i");e-url( 2+~/§)8_f
qi)" A 'y 32-v2 g\=1—2
Scost Ssent 0 5/2 5/2°
1. x=¢ (2cos:+sent) +c (—cosr-}-Zsem) ES (Uz)rcost — ( ! )rsen: - ( 1 ) cost

Scost
—rl =l -1
12. x =[5 In(sent) = In(—cos1) = §r + 1] (2cosr+senr)

1 5 2
+[§1H(S¢nf}—21+c~:]( sen !)

—cost+ 2sen
e~ cos it e'senr L[ senlt
13. (a) (@) = % b) x =7 -
(a) ¥ (4e"flsen%t ~4e'7 cos 3t (®) 4 —4cos it

wxma (a0 -0 (-1
s cwa@)aa ) ()b (e-10)

CAPITULO 8 Secio8.1

1. (a) 1.1975; 138549 1,56491; 173658
(b) 1,19631; 1238335; 1,56200; 1,73308
(c) 1,19297; 137730; 1,55378; 172316
(d) 1.19405; 1737925; 1,55644; 172638
2. (a) 1,59980; 1,29288; 107242; 0930175
(b) 1,61124; 131361: 1,10012; 0962552
(c) 1,64337; 137164; 1,17763; 1,05334
(d) 1,63301; 1735295, 1,15267; 1,02407
3. (a) 12025; 141603; 1,64289; 1,88590
(b) 1.20388; 1,41936; 164896 1,89572
(c) 1,20864; 1,43104; 1.67042; 193076
(d) 1,20693; 142683; 1,66265; 191802
4. (a) 1,10244; 121426; 133484; 146399
(b) 1,10365; 121656; 133817; 146832
(c) 1,10720; 122333; 134797, 148110
(d) 1,10603; 122110; 134473; 1,47688
5. (a) 0,509239; 0,522187; 0.539023; 0,559936
(b) 0,509701; 0,523155; 0.540550; 0,562089
(c) 0.511127; 0,526155; 0.545306; 0.568822
(d) 0,510645; 0,525138; 0.543690; 0,566529
6. (a) —0,920498; —0,857538; —0,808030; —0,770038
(b) —0,922575; —0,860923; —0,812300; —0,774965
(c) —0,928059; —0,870054; —0,824021; —0,788686
(d) —0926341; —0,867163; —0,820279; —0,784275
7. (a) 2.90330; 7.53999; 19.4292; 50.5614
(b) 2.93506; 7,70957; 20.1081; 529779
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(c) 3.03951; 828137; 22.4562; 61.5496
(d) 3,00306; 8.07933: 21,6163; 584462
8. (a) 0,891830; 1.25225: 2.37818; 407257
(b) 0,908902; 1.26872; 2,39336; 4,08799
(c) 0,958563; 1.31786; 2.43924; 4,13474
(d) 0,942261; 1.30153; 2,42389; 4,11908
9. (a) 3,95713; 5,09853; 6,41548, 7.90174
(b) 3,95965; 5.10371; 6,42343; 791255
(c) 3.96727. 5,11932; 644737, 794512
(d) 3.,96473; 5,11411; 6,43937; 793424
10. (a) 1,60729; 2.46830; 3.72167; 545963
(b) 1.60996: 2.47460: 3.73356; 547774
(c) 1.61792; 2.49356: 3.76940; 553223
(d) 1,61528; 2,48723; 3,75742: 551404
11. (a) —1,45865; —0,217545; 1,05715; 1,41487
(b) —1,45322; —0,180813; 1,05903; 141244
(c) —1,43600, —0,0681657; 1,06489; 1.40575
(d) —1.44190; —0,105737; 1.06290; 1.40789
12, (a) 0,587987: 0.791589; 1.14743: 1,70973
(b) 0.589440; 0,795758; 1,15693; 1,72955
(c) 0.593901; 0.808716; 1.18687: 1,79291
(d) 0,592396; 0.804319: 1.17664: 177111
5. 1,595; 2.4636
6. enp1 = [2¢(1,) — LW, lenal < [1 +2maxoa< [0 (0]] A7,
€npy =, o] <0012, es| < 0,022
17. Cpi) = [2¢(}r.) o E?IJh:‘ |‘-’n-—l| = [1 i 231;1)‘“:.':{ |¢’(”|] hl-
enst =26"h ley] < 0,024, |ey| < 0,045
18. euyy = [t + 1,0 (10) + ¢ (1) 10° 19. enyy = [19 = 15,02 (1) 102 /4
20. epyy = {14 [ty + @ (5] )0 /4
21. Cnyl = |2 i {Gb(in) + ZE,:,] BXPI_F'I¢(EN)I =g En t’-xp{—zﬂllﬁ(?ﬂ)l}h:ﬂ
22. (a) ¢ty =1+ (1/57)sen St (b)1.2: 1.0: 1.2
(¢) 1,I: 1.1: 1.0: 1.0 (d) h < 1//307 = 0,08
24, enpy = —1¢" (LR
25. (a) 1.55; 2.34; 346; 507
(b) 1.20; 139; 1,57, 1,74
(c) 1,20; 1.42: 1.,65; 1,90
(@) 0 (b) 60  (c) —92.16 27. 0224 #0225

Seciao 8.2

1. (a) 1,19512; 1.38120; 1,55909: 1,72956
(b) 1,19515; 138125 1,55916; 172965
(c) 1,19516; 1,38126; 1.55918; 172967
2. (a) 1.62283: 1,33460; 1,12820; 0,995445
(b) 1,62243; 1,33386; 1,12718; 0.994215
(c) 1,62234; 133368; 1,12693; 0,993921
3. (a) 1,20526: 142273; 1,65511; 1,90570
(b) 1,20533; 1.42290; 1,65542: 190621
(c) 1.20534; 142294 1,65550: 190634
4. (a) 1,10483; 1,21882; 134146; 147263
(b) 1,10484: 121884 1,34147; 147262
(c) 1,10484; 121884; 134147; 147262
5. (a) 0,510164; 0,524126; 0,542083; 0564251
(b) 0,510168; 0,524135; 0,542100; 0.564277
(c) 0,510169; 0,524137; 0.542104: 0.564284
6. (a) —0,924650; —0,864338; —0,816642; —0.780008
(b) —0,924550; —0,864177; —0.816442; —0.779781
(c) —0,924525; —0,864138; —0,816393; —0.779725
7. (a) 2.96719; 7,88313; 20,8114; 55,5106
(b) 2.96800; 7.88755; 20,8294; 55,5758
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8. (a) 0,926139; 1.28558: 2,40898: 4,10386

(b) 0,925815; 1.28525; 2.40869; 4.10359
9. (a) 3.96217; 5,10887: 6.43134; 792332

(b) 3,96218; 5,10889: 6.43138: 792337
10. (a) 1,61263: 2,48097; 3.74556; 5.49595

(b) 1,61263; 2,45092: 3.74550: 5.49589
11. (a) —1.44768: —0,144478: 1,06004: 1,40960

(b) —1.44765: —0,143690; 1,06072; 1.40999
12. (a) 0,590897; 0.799950: 1.16653: 1.74969

(b) 0,590906; 0.799988: 1,16663; 1.74992
15. en1 = (38R /3) exp(d,). |ensr] <37.758 8 em 0 <1 <2, ey < 0,00193389
16, e, = W /3) exp(2L,).  lensr]| <4.92604h°em 0 <t <1, ey < 0.000814269
17. epe1 = (BR3[3)exp(2i,).  lewst| < 985207 em 0 <t <1, |e| < 0.00162854
18. h=0,071 19. h=0,023
20. h = 0,081 21. h=0,117
23. 1,19512, 1,38120. 1,55909, 1,72956 24. 1,62268, 1,33435, 1.12789, 0.995130
25. 1,20526, 1,42273. 1,65511. 1,90570 26. 1,10485, 121886, 1,34149, 147264

Secio 8.3

1. (a) 1,19516; 138127; 1.55918; 1.72968
(b) 1,19516; 1.38127: 1.55918: 1.72968
2. (a) 1,62231; 1.33362: 1.12686; 0,993839
(b) 1.62230; 133362: 1.12685: 0.993826
3. (a) 1.20535; 1.42295: 1.65553; 1.90638
(b) 1.20535: 1.42296: 1.65553: 1.90638
4. (a) 1,10484; 121884: 1.34147: 147262
(b) 1,10484: 1.21884: 1.34147; 147262
5. (a) 0.510170; 0.524138; 0.542105; 0564286
(b) 0.520169: 0.524138: 0542105 0 564286
6. (a) —0,924517: —0,864125; —0816377; —0,779706
(b) —0,924517: —0.864125: —0 816377: —0.779706
7. (a) 2,96825; 788889; 20.8349; 55.5957
(b) 2.96828: 788904 20.8355: 55.5980
8. (a) 0,925725; 1.28516: 2.40860: 4.10350
(b) 0,925711; 1.28515; 2.40860: 4.10350
9. (a) 3.96219: 5,10890; 6.43139; 7.92338
(b) 3.96219; 5.10890; 6.43139: 7.92338
10. (a) 1,61262: 2.48091: 3.74548: 549587
(b) 1,61262; 2,48091: 3.74548: 549587
11. (a) —1.44764; —0.143543: 1,06089: 1,41008
(b) —1,44764: —0,143427: 1.06095; 1,41011
12. (a) 0,590909; 0.800000; 1.166667: 175000
(b) 0,590909; 0.800000: 1.166667: 1,75000

Secio 8.4

L. (a) 1,7296801; 1.8934697
(b) 1,7296802; 1.8934698
(c) 1,7296805; 1.8934711

2. (a) 0,993852; 0925764
(b) 0,993846; 0925746
(c) 0.993869; 0925837

3. (a) 1,906382; 2.179567
(b) 1,906391; 2,179582
(c) 1,906395; 2,179611

4. (a) 14726173; 16126215
(b) 1.4726189; 1.6126231
(c) 14726199; 16126256
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5. (a) 0,56428577: 059090918
(b) 0.56428581: 0.59090923
(c) 0.56428588: 0.59090952

6. (a) —0,779693; —0,753135
(b) —0,779692: —0,753137
(c) —0,779680; —0,753089

7. (a) 2.96828; 7.88907: 20.8356: 3
(b) 2.96829; 7.88909: 20.8357: 35.
(c) 2.96831; 7.88926: 20.8364: 53.6015

8. (a) 0.9257133; 1.285148: 2.408595: 4.103495
(b) 09257124: 1.285148: 2.408595: 4.103495
(c) 0.9257248: 1.285158: 2.408594: 4.103493

9. (a) 3962186: 5.108903; 6431390 7.923385
(b) 3,962186; 5.108903; 6.431390: 7.923385
(c) 3.962186; 5.108903: 6,431390: 7,923385

10. (a) 1,612622: 2.480909: 3,745479: 5495872
(b) 1,612622; 2.480909; 3.745479: 5495873
() 1.612623; 2.480905; 3.745473: 5.495869

11. (a) —1.447639: —0.1436281: 1.060946: 1410122
(b) —1.447638: —0,1436762: 1.060913: 1410103
() —1.447621; —0,1447219: 1.060717; 1410027

12. (a) 0.5909091: 0.8000000: 1.166667: 1,750000
(b) 0,5909091: 0.8000000: 1,166667: 1,750000
(¢) 0,5909092; 0.8000002: 1.166667: 1.750001

Secio 8.5
1. (b) @a(6) — (1) = 0.001¢' — oc quando 1 — o0

- (b) ¢i() =Inle'/(2 )] ¢a(t) =In[1/(1 - 1)]

. (ab) h =0,00025 ¢ suficiente. (¢) h = 0,005 € suficiente.

ca)y=4e ™+ (r/4). (¢) O método de Runge-Kutta ¢ estdavel para /i = (0.25. mas ¢é instavel para h =03,
(d) = 5/13 = 0384615 ¢ suficientemente pequeno,

5. (a) y=1 6. (a) y=1*

e e I

Seciao 8.6

1. (a) 1.26. 0.76; 1.7714. 1.4824; 258991, 23703; 3.82374, 3.60413:
5,64246, 538883
(b) 132493, 0,758933; 1.93679, 1.57919; 293414, 2,66099; 448318, 422639;
6,84236, 6.56452
(c) 1732489, 0.759516; 1.9369, 1.57999: 293459, 2.66201; 448422, 4.22784;
6.8444, 6.56684

2. (a) 1451, 1.232; 2.16133. 1.65988: 3,29292, 2,55559; 5,16361, 4,7916:;
8.54951, 12,0464
(b) 1,51844, 1.28089; 237684, 1.87711. 3.85039, 3.44859; 6.6956, 9.50309;
15.0987, 64,074
(c) 1,51855, 1,2809; 23773, 1.87729; 3,85247, 3,45126; 6,71282, 9,56846;
15,6384, 70,3792

3. (a) 0,582, 1,18; 0.117969, 1,27344; —0336912, 1,27382; —0,730007, 1.18572;
—1,02134, 1,02371
(b) 0568451, 1,15775; 0.109776. 1.22556; —0,32208, 1,20347;
—0,681296, 1.10162; —0.937852, 0.937852
(c) 056845, 1,15775; 0,109773, 1.22557; -0,322081, 1,20347;
—0,681291, 1.10161; —0.937841. 0.93784

4. (a) —0,198, 0.618; —0.378796, 0.28329; —0,51932, —0,0321025;
—0,594324, —0,326801; —0,588278, —0,57545
(b) —0,196904, 0,630936; —0,372643, 0,298888: —0.501302, —0,0111429:
—0,561270, —0,288943; —0,547033, —0,508303
(c) —0,196935, 0,630939. —0,372687, 0,298866; —0,501345, —0,0112184:
-0,561292, —0,28907, 0547031, —0,508427




590 ResrostAs DOS PROBLEMAS

5

y A

8.

(a) 296225, 134538; 234119, 1,67121; 190236, 1,97158; 156602, 2,23895;
1.29768, 246732

(b) 3,06339, 1,34858; 244497, 168638, 19911, 2,00036; 163818, 227981
1.3555, 25175

(c) 306314, 1,34899; 244465, 1,68699; 199075, 2,00107; 163781, 2.28057:
135514, 2,51827

. (a) 142386, 2,18957; 182234, 236791; 221728, 2,53329; 2,61118, 2,68763;

2.9955, 2.83354

(b) 141513, 2,18699; 181208, 2,36233; 220635, 2,5258; 2,59826, 2.6794:

2,97806, 2,82487

(c) 141513, 2,18699; 181209, 2,36233; 220635, 2,52581; 2.59826, 2.67941:
2.97806, 2,82488

Para h=0,05¢ 0,025: x = 10227,y = —4,9294; estes resultados estio de acordo com a
solugdo exata até cinco digitos

1.543, 0.0707503; 1,14743, —1,3885 9. 1,99521, -0,662442

CAPITULO 9 Secio9.1

@) =180 = (1,2)r, = 2,69 =(2,1)7  (b) ponto de sela, instdvel
() r=2,E"=(1,3)"r,=4.E"=(1,1)" (b) nd, instdvel

(a) r,==1,6"=(1,3)"ir,= 1LEY =(1,1)" (b) ponto de sela, instavel

(@) ry=r,==3;8"=(1,1)" (b)nd impréprio, assintoticamente estdvel

(a) riorn=-1% 8 8V =(2+4,1)" (b) ponto espiral, assintoticamente estdvel
(a) ry,r, =%V, E¥=(2+14,1)" (b)centro, estdvel

(@) ryr=1 220 E=(1,150)" (b) ponto espiral, instivel
(@) r==1,E80=(1,0)r,=-1/4.87 = (4.-3)" (b) n6, assintoticamente estdvel
.(a) rn=r=1&"=(2,1)" (b)ndimprdprio, instdvel

(a) r,ry=£3i BV £V = (2,-1 £ 3i)" (b) centro, estdvel

(@) ri=n==LE"= (1,008 =(0,1)" (b) nd préprio, assintoticamente estivel

(@) ryry= (1 £ 302,80 8D = (5,35 3)"  (b) ponto espiral, instivel

. Xo=1yy= 1ir, =2, 1, = —V/2; ponto de sela, instével

. Xo==1,y,=0:r, = <=1, r, = =3, n6, assintoticamente estivel

. y=-2y=lir,n=-1% J2i; ponto espiral, assintoticamente estivel

. Xo= VI8, yo =B, r, rs = £ J/B3i; centro, estavel

. ¢ >4km, né, assintoticamente estivel; ¢ = 4km, n6 improprio, assintoticamente estivel: ¢ < dknm. pon-

to espiral, assintoticamente estivel

Sec¢io 9.2

¥
.x=4de’, y=2e¥, y=32% x=de*t, y=0
. x=4cost, y=4sent, ¥¥ +y* =16; x= —4sent, y=4cost, ¥’ +y’ =16

= P R S P

10.

1.

12.

13.
14.

15.

x=4e", y=2e%, y=x/8

x=Jacosvabt, y=—vbsenvabr: (/a)+ (y*/b) = 1

. (a,c) [~%, 1), ponto de sela, instdvel: (0. 0), n6 (préprio), instdvel
. (a,c) (~V/33, —%). ponto de sela, instavel: (v/3/3, -%).ccnlru.csuivcl
. (a, c) (0,0), n6, instavel; (2, 0), nd, assintoticamente estavel; (0, -i-). ponto de sela, instavel: (=1, 3), no,

assintoticamente estavel

. (a, ) (0,0), n6, assintoticamente estavel; (1, —1), ponto de sela, instivel; (1, -2), ponto aspiral, assinto-

ticamente estdvel

. (a,c) (0,0), ponto espiral, assintoticamente estavel; (1 -v2,1 +/2), ponto de sela, instavel: (1 +v/2, 1

—V/2), ponto de sela, instdvel

(a.c) (0,0), ponto de sela, instdvel; (2.2). ponto espiral, assintoticamente estdvel: (-1.-1), ponto espiral,
assintoticamente estavel: (-2, 0), ponto de sela, instdvel

(a,c) (0,0), ponto de sela, instdvel; (0, 1), ponto de sela, instavel; (1, ), centro, estavel: (—+. £), centro,
estivel

(a, c) (0, 0), ponto de sela, instdvel; (v/6, 0), ponto espiral, assintoticamente estavel; (-/6, 0), ponto
espiral, assintoticamente estdvel

(a,c) (0,0), ponto de sela, instdvel; (-2.2), n6, instdvel; (4. 4). ponto espiral, assintoticamente estdvel
(a,c) (0,0), ponto de sela, instdvel; (2, 0), ponto de sela, instdvel; (1, 1), ponto espiral, assintoticamente
estdvel; (-2, =2), ponto espiral, assintoticamente estédvel

(a,¢) (0,0),nd, instivel; (1, 1), ponto de sela, instdvel; (3, -1), ponto espiral, assintoticamente estivel
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16. (a,c) (0, 1), ponto de sela, instdvel; (1, 1), n6, assintoticamente estdvel; (-2, 4), ponto espiral, instavel
17. (a) 4’ —y* =¢ 18. (a) 4 +y' =c¢
19. (a) (y —20)*(x+y) =¢ 20. (a) arctan(y/x) —In /X2 +y? =¢
21, (a) 2%y —2xy + ¥y’ =c 22, (a) ¥y =3y -2y =c¢
23. (a) (¥*/2) —cosx=c¢ 24, (a) X+ y = (x*12) =
Seciio 9.3
1. Linear e nio linear: ponto de sela, instdvel
2. Linear e ndo linear: ponto espiral, assintoticamente estdvel
3. Linear: centro, estdvel; ndo linear: ponto espiral ou centro, indeterminado

o

10.

L1

13.

14,

15.

16.

18.

21.
23.

24.
25.
30.

. Linear: né impréprio, instavel; ndo linear: né ou ponto espiral, instavel
. (a,b,¢) (0,0); 4" = =2u + 2v,v" = 4u + 4v;r = 1 £ /17; ponto de sela, instédvel

(=2.2):u" = 4u, v" = 6u + 61, r =4,6:n06, instivel

(4,4);u' = -6u +6bv,v' =-8u;r=-3 %+ V390 ponto espiral, assintoticamente estavel
(a,b,c) (0,0): ' =u,v' =3v;r=1,3;n6, instavel

(1,0t =-u-v.v' =2v;r=-1,2; ponlo de sela, instavel

(0, 1) u' {_,.),, v = (—-)u - 3u;r=-1,-3;né, assintoticamente estavel
(1,20 =u+v,v' = =2u-4vir=( 3ﬂ:J_}!2 ponto de sela, instdvel

(a.b,c) (1,1);u' = —v,v" = 2u-2vir=-1 £ i ponto espiral, assintoticamente estavel
(-1, 1);6’ = —v.t" = =2u—2u;r=-1 £ /3 ponto de sela, instavel

(a,b,c) (0,0);u' =u,v' = (%)v;r: l.%: no, instavel

(0,2):u' = -, 0" = (—-_:-}u - ({,—)r:r =-1, —]?: no, assintoticamente estavel

(LOjw' =-u-vat' = (-1}1 r=-1.-1/4;: no, assintoticamente estavel

(1 ’) W= (-3 ]u ~( o, v’ = (——}u -( yir = (-5 4+ /57)/16; ponto de sela, instavel

. (a,b.c) (0,0);u’ = U+ 200 =+ 25 =(1 iJ_}IZ ponto de sela, instdvel

(2,1)u' = (—?J:r + 3.0 = =2 r = (-3 £ V87i)/4; ponto espiral, assintoticamente estavel

(2,-2): 1’ = =30, 0" = u: r = ++/3ic centro ou ponto espiral, indeterminado

(4,-2):u' = —4v. 0" = —u - 2vir = =1 + V/3: ponto de sela, instdvel

(a,b,¢) (0,0);u" = u, v’ = v;r =1, 1:n06 ou ponto espiral, instavel

(=1,0):0" = =u. v’ =2 r = ~1,2; ponto de sela, instavel

(a,b.c)(0,0)u' =2u+v.y' =u-2uvir= +V5; ponto de sela, instdvel (—=1,1935; -1.4797): 1" = =1,23991
- 6,8393v, v" = 2.4797u — 0.80635v; r = —1.0232 £ 4.1125/; ponto espiral. assintoticamente estavel

c(a.b.c) (0, £2n7).n=0,1,2,....0' = v.v' = —w;r = £i; centro ou ponto espiral, indeterminado

(2, 4+2(n-Dm)n=1,23, ...t = =3u, v = -u;r = £/3; ponto de sela, instivel

(a.b,¢) (0,0):1¢" = u, v" = vir=1,1:nd ou ponto espiral, instavel

(L, 10" =u—-2v,v" =-2u + v;r=3.-1; ponto de sela, instivel

(a,b,¢) (1, 1);u' =~ —v,v" = u—-3v;r=-2.-2,n0 ou ponto espiral, assintoticamente estdvel
(-1,-1);u’ = u + v.v' =u-3v;r=-1 % J/5: ponto de sela, instdvel

(a,b,c) (0,0);t ==2u—v,v' =u-vir=(-3 = V302 ponto espiral, assintoticamente estavel
(=0,33076; 1,0924) ¢ (0,33076; -1,0924); 1" = -3,52161 — 0,27735v, v" = 0,27735u + 2.6895v; r = -3,5092;
2,6771; ponto de sela, instivel

(a,b,¢) (0,0);t" =t + v,v' = =u + v;r=1 x i ponto espiral, instavel

(a,b,c) (2.2);u" = 4v,v" = (-3)u + (3)vir = (7 £ V273)/4; ponto de sela, instével

(-2,-2)iu' =4v,v" = (Pu-(Fyr=(-1 £ V/33)/4; ponto de sela, instdvel

(-3,2):u' = —4v.v' = (3)u; r = £4/13i; centro ou ponto espiral, indeterminado

(—— =2)iu' =4vv' = {— )u; r = +4/2i: centro ou ponto espiral, indeterminado

(a,b,c) (U 0):t' = 2u—v,0' =2u—dvir=-1+ V7, ponto de sela, instavel

(2.1):u" = =3v,v" = du — Bu; r = =2, -6; n6, assintoticamente estdvel

(-2,1);u’ = Sv.v' = —4u; r = +2/5i; centro ou ponto espiral, indeterminado

(-2.-4);u" =10u - Sv,v" = 6u; r = 5 £ V/5i; ponto espiral, instavel

(b,c) Veja a Tabela 9.3.1

(a) R=A, T=317 (b) R=A, T=320; 335, 3,63; 4,17
(¢) T— mquandoA — 0 (d)A=n

(b) v. =4,00

{b) Ve =451

(a) dx/dt =y, dy/dt=—g(x)—c(x)y

(b) O sistema linear € dx/dt = y, dy/dt = —g'(0)x - ¢(0)y
(c) Os autovalores satisfazem 7 + c(0)r + g'(0) =0
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Segio 9.4

1.

12.

13:

14.

15

16.

(b,¢) (0,0):u' = (%)u, v =2ur= %
(0,2);u' = (%}H. v = (—%)u =2ur=
(3,00’ = (Fu-(Fo.v' = (Duir

(3D’ = (Hu- (F)v.v' = (<3D)u - ($)vir = (22 + +/204)/20: n6, assintoticamente estével

na, instavel
o,

:ponto de sela, instdvel

-3+ ponto de sela, instdvel

2:
iz

<

. (b,e) (0,0);u’ = (3)u, v’ =2vir = 3,2: 6. instavel

(0,4); 0 = (—3)u.v' = -6u - 2v;r = —.-2:n6, assintoticamente estivel

iR B o b P T G [P WL I S
(F.0):u" = (-Hu-(F)v.v —.(—-_{)L.r- L, ~2:n6, assintoticamente estdvel
(L,1);u' =-u- {%}u, v'= (—'_%]u - (-;-)r; r=(-3=x V13)14; ponto de sela, instavel

. (b,c) (0,0);u" = (v‘%)lt, vi=2ur= — 2:no. instavel

(0,2);u' = (—%)u. o= (%)u —2vir=—1,-2;n6. assintoticamente estdvel
(3,0);u' = (=3)u - 3v,v' = (-2 )rir = 3. -1 no. assintoticamente estavel

(Fibw = (Hu- (o' = (2= {_E—f,)v;r =-1,80475:0,30475; ponto de sela, instavel

() (0, 0) = (%)u, v = (;:)r: r= 3 -:- no, instavel

(0,3):u' = (3)u.v' = (-3)vir = £3: ponto de sela, instavel
(3,0);u’ = (-3)u - 3v,v" = (§)vir = —3. 5 ponto de sela. instével
(2. 3)iu ==u=20,0" = (= )u - ($)v:r =-1,18301;-0.31699; n6, assintoticamente estavel

. (b,e) (0.0):t’ =u.v" = (3)vir = 1. 3:n6. instével

(0,3)0 = (3, v' = (3)u — ($)v:r =—1.~3:n6, assintoticamente estdvel
(1.0} ' =—u—v,v" = (H)vir = -1. 2: ponto de sela, instavel

. (bye) (0,0): 0" =, 0" = (%]mr: L%: no, instdvel

(0,3):u" = (), v = (F)u— (3)vir = . -5/2: ponto de sela, instével
(1L,0)u'=-u+ {%)u. v' = (1})1-: r=-1.4 ponto de sela. instdvel
(2,2);0' ==2u + v,v" = (L)u = 3vir = (=5 £ /3)2:n6, assintoticamente estivel

. (a) Os pontos criticos sio x = 0,y = 0:x = €/o. vy = 0;x = 0,y = €,/o,. x — 0,y — €./o, quando r — o0; 0s

vermelhoes sobrevivem
(b) Os mesmos pontos criticos que em (a). mas v — € /o,y — 0 quando r — oc: 0s peixes azulados
sobrevivem

(@ X=(B-yR)(L-y»). Y =(R-nB)(1-yn)

(b) X diminui, ¥ aumenta; sim, se B se tornar menor do que y, R, entiox — O e y — R quando — oo

. (@) o160 —aae) £ 00 (0,0), (0.62/2). (€) /71, 0)

0,6, — ¢, = 0:(0,0) e todos os pontos na reta o.x + o,V = €,

(b) 0,6;— €, >0:(0,0) € um no instdvel: (¢,/a,.0) ¢ um ponto de sela; (0, €./0,) ¢ um no assintoticamen-
te estdvel

0,6, — e, < 0:(0,0) € um nd instavel: (0. e./a,) ¢ um ponto de sela; (€ /oy, 0) € um no assintoticamente estdvel
(c) (0,0) é um nd instavel; os pontos na reta o,x + @,y = €, 40 pontos criticos estiveis, ndo isolados
(a) (0,0), ponto de sela; (0,15 0). ponto espiral se 3 < 1.11;(2,0), ponto de sela

(c) y =120

(b) @—/4—-3a, do), 2+ NEEE O 1)

(¢) (1,3) é um no assintoticamente estdavel: (3.3) ¢ um ponto de sela
(d) @, =8/3:0 ponto critico é (2.4): 2 =0.-1
(b) @=\f4-10, J), @+ 4-1ic, i)
(c) (1,3) € um ponto de sela; (3,3) é um ponto espiral instavel
(d) «,=8/3; 0 ponto critico é (2,4): . =0.1
(b) ([3—+9—4a]/2, [3+2a — V9 —4a]/2),
([3++9—4a)/2, 34 2a+ V9 —4a]/2)
(¢) (1,3) € um ponto de sela: (2,4) é um ponto espiral instdvel
(d) «,=9/4; 0 ponto critico é (3/2.15/4): 4 =0,0
(b) ([3—~9—4e)/2, [3+2a - V9 —4a]/2),
13+ v9=4a)/2, [3+ 2o + V9 —4]/2)

(c) (1,3) € um centro da aproximagdo linear ¢ também do sistema linear; (2, 4) ¢ um ponto de sela
(d) @,=9/4; 0 ponto critico é (3/2,15/4); 4 =0,0

. (b) P(0,0), Py(1,0), Py(0, ). Py(2 - 2, -1 + 2ax). P, estd no primeiro quadrante para 05 <« < |.

(¢) @=0;P;coincide com P,. e = 0.5; P, coincide com P,. a = 1: P, coincide com P..

1-2x—y —X
DI=| _05y o-2y—05«
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(e) P, éum né instivel para & > 0. P, € um no assintoticamente estdvel para 0 < & < 0,5 ¢ um ponto de
sela para a > 0,5. P; € um ponto de sela para 0 < ¢ < 1 e um n6 assintoticamente estdvel paraa > 1. P,
¢ um no assintoticamente estdvel para05 <a < 1.

18. (b) P,(0.0), Py(1.0), Py(0;0,75/c). P.[(4a — 3)/(4a — 2). 1/(dex — 2)]. P, estd no primeiro quadrante para
az0.75.
(¢) a=075; P,coincide com P,.
l—-2¢—y —x
d) = ( —05y 075 -2ay—05x )
(€) P, ¢ um ndinstdvel. P, é um ponto de sela. P, é um né assintoticamente estdvel para0<a < 0,75 ¢
um ponto de sela para a > 0,75. P, ¢ um né assintoticamente estavel para a > 0,75.
19, (b) P(0.0), P,(1.0), P(0, ), P,(0.5:0,5). Além disso. para « = 1, todo pontona retax + y = 1 é um ponto
critico.
(¢) a=0;P,coincide com P|. Tambéma = 1.
1-2x—y -
@) I= ( ~Q@a—~1)y a—-2y—Qa—1)x )
(e¢) P éumno instavel para e > 0. P, e Pysao pontos de sela para 0 < o < 1 e nds assintoticamente esté-
veis para « > 1. P, € um ponto espiral assintoticamente estdvel para 0 < « < 0.5, um né assintoticamente
estdvel para 0,5 <« < | e um ponto de sela paraa > 1.
Secdo 9.5
Lo(b,e) (0.0) 0" = (3,0 = (=Lywr =1, —%: ponto de sela, instavel
($.3)u’ = (—%)t"‘f" = 3u:r = +4/3 2:centro ou ponto espiral, indeterminado
2. (b,e) (0.0);u" =, v' = (=P)vir = 1. -5 ponto de sela, instdvel
(+.2)u' = (--L-):-- v' = wir = (5)icentro ou ponto espiral, indeterminado
3. (b.) (0,0 0" = u.v" = (=)vir = 1. -4 ponto de sela. instivel
(2,000 = —u = v.v" = ($)rir = ~1. 2 ponto de sela, instdvel
(%, %):n' = (= (v’ = Dyu:r = (-1 = V11i)'8; ponto espiral, assintoticamente estével
4. (bc) (0,0); 0" = {%}u. v == =§ -1: ponto de sela, instdvel
(3. 000" = (=) — ().’ = (F)eir = -3, - ponto de sela, instivel
3 %): u=-u-— {%}r. v =(Pr=(-1x V0.5)/2: n6, assintoticamente estavel
5. (b.e) (0,0): 0" ==, v = (=3)rir = -1, ~3:nd, assintoticamente estavel
%,Il}; u' = (}}u - (%)r. v'=-vir=-1, i ponto de sela, instavel
(2,0), ' ==3u - (%}l'. = (17)1‘: r=-3, l ponto de sela, instavel
(%. ;): = (—%)n - :l:wlh'. r'= (;:—)u'. r=(-3 =308 ponto espiral, assintoticamente estidvel
6. (b.c) 4=0,T.2F, ... H ¢ um maximo, dPldt € um maximo.
t=T/4,5TH, ... dH/dr ¢ um minimo, P ¢ um maximo,
1=T/2.3712,...: H é um minimo, dP/dt é um minimo,
t=3TH4,7THA. ... dH/di ¢ um méaximo. P ¢ um minimo.
7. (@) Vea/Jay  (b) V3

9
11

13.

(d) A razao das amplitudes da presa ¢ do predador aumenta bem devagar quando o ponto inicial se
afasta do ponto de equilibrio.

(a) 47/V3=7.2552

(c) O periodo aumenta devagar quando o ponto inicial se afasta do ponto de equilibrio.

(a) T=65 (b)T=37,T=115 (c)T=38T7T=1l11

(a) P,(0,0), Po(l/a,0), Py(3,2 - 60). P. se move para a esquerda e P, se move para baixo: eles coincidem
em (3,0) quando o = 1/3.

(b) P, é um ponto de sela. P, é um ponto de sela para o < 1/3 ¢ um né assintoticamente estavel para o
> 1/3. P, é um ponto espiral assintoticamente estdvel para o < o, = (+/7/3 - 1)/2 = 0,2638, um n6 assin-
toticamente estdvel para o, < o < 1/3 e um ponto de sela para o > 1/3.

. (a) P(0,0), Py(alo.0), Py[cly. (alee) - (calay)]: Py se move para a esquerda ¢ P, se move para baixo; eles

coincidem em (c/y, 0) quando o = ayic.

(b) P, é um ponto de sela. P, ¢ um ponto de sela para ¢ < ay/c e um no assintoticamente estdvel para o >
aylc. Py é um ponto espiral assintoticamente estdvel para valores suficientemente pequenos de o e torna-se
um né assintoticamente estdvel em um determinado valor o, < ay/c. P é um ponto de sela para o > ayfc.
(a,b) P,(0,0) é um ponto de sela; P-(3,0) € um ponto de sela; P,(2;2,4) ¢ um ponto espiral assintotica-
mente estdvel.
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14. (b) A mesma populagio de presas, menos predadores
(¢) Mais presas, a mesma quantidade de predadores
(d) Mais presas, menos predadores

15. (b) A mesma populagao de presas, menos predadores
(c) Mais presas, menos predadores
(d) Mais presas, menos predadores ainda

16. (b) A mesma populagio de presas, menos predadores
(c) Mais presas, a mesma quantidade de predadores
(d) Mais presas, menos predadores

Secdo 9.7
1. r=1,0=t+t,ciclo limite estdvel. 2. r=1,0= -t +1,ciclo limite semiestdvel
3. r=1,0=1+1,ciclo limite estavel; r = 3,60 =  + f;, solugdo periddica instdvel
4. r=1,0=—t+ t,,solugdo periddica instavel; r = 2,6 = -t + 1, ciclo limite estdvel
5.r=2n-1,8=t+1,n=1,2,3, ... ciclo limite estdvel
r=2n,0=t+1t,n=1,273,...,solugio periédica instdvel
r=2,0=—t+1,ciclo limite semiestdvel
r=3,8=—t+ 1, solugdo periddica instdvel
8. (a) Sentido trigonométrico
(b) r=1,8=rt+ 1, ciclo limite estdvel; r = 2,6 = 1 + 1, ciclo limite semiestdvel; r = 3,6 = 1 + ¢, solugdo
periddica semiestdvel
9. r=+/2.6=—t+1t,solugio periddica instavel
14. (a) p=072, T=629; pu=1,T=666; u=35 T=1160
15. (@) ¥ =y, ¥y =—x+py—puy’/3
(b) 0 < p <2, ponto espiral instdvel; = 2, nd instdvel
(c) A=216, T=6,65
(d) pu=02 A=199, T=631; =05 A=203 T=639
u=2 A=260, T=765 unu=5 A=436,T=1160
16. (b) X" = px+y,y' =—x+ py; A = u £ i;a origem € um ponto espiral assintoticamente estdvel para y <
0 e um ponto espiral instdvel para g >0
(e)r'=r(p-r),0 =-1
17. (a) A origem € um né assintoticamente estdvel para i < -2, um ponto espiral assintoticamente estdvel
para -2 < p < 0, um ponto espiral instdvel para 0 < ¢ <2 e um n6 instavel para p > 2,
18. (a,b) (0,0) é um ponto de sela; (12,0) é um ponto de sela: (2, 8) € um ponto espiral instivel.
19. (a) (0,0), (5a,0), (2,4a—1,6)
(b) r =—0,25+0,125a + 0,25+/220 — 400a + 25a°; ay=2

20. (b) A= [_{5;4—13) + JG/a =By — 1] 2

(c) 0<b < 1/4:né assintoticamente estdvel; 1/4 < b < 5/4: ponto espiral assintoticamente estdvel; 5/4 <
b < 9/4: ponto espiral instdvel; 9/4 < b: nd instivel.
(d) by =5/4
21. (b) k=0, (1,1994, —0,62426); k =05, (0,80485, —0,13106)
(¢) ko = 0,3465, (0,95450, —0,31813)
(d) k=04, T=11,23; k=05 T=1037; k=06, T=993
(e) ky =1,4035

o

Secdo 9.8
1. (b) A=A, &V =(0,0,1)T; A=hr, £ =(20,9- BI+40r,0)7;
A=A, €9 = (20,9 + /BT +40r,0)7
(c) M = —2,6667, £V = (0,0,1)7; A, = -22,8277, §? = (20; —25,6554;0)7;
A = 11,8277, &9 = (20,43,6554:0)7
2. (c) A = —13,8546; 1y, 25 = 0,0939556 + 10,1945i
5. (a) dV/dt = =20[rx* + y* + b(z — r)* — br?]
11. (b) c=v05: Pi(v2/4,—-2,42); A =0;-0,05178 & 1,5242i
c=1: P;=(0,8536;-3,4142;34142); A =0,1612;—0,02882 + 2,0943;
P5(0,1464;—0,5858;0,5858): A = —0,5303; —0,03665 = 1,1542i
12. (a) P1(1,1954:-4,7817,47817); A = 0,1893;—0,02191 + 2 4007i
P5(0,1046; —0,4183;0,4183);  » = —0,9614;0,007964 + 1,0652i
(d) T, =59
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13. (a,bc) ¢; =1.243
14, (a) Py(2,9577;—-11,8310;11,8310); & = 0.2273;-0,009796 4 3,5812i
P>(0,04226;-0,1690:0,1690); & = —2,9053:0,09877 + (,9969;
(¢) ;=118
15. (a) Py(3,7668:—15,0673,;15,0673); & = 0,2324;-0.007814 + 4,0078i
P5(0,03318; -0,1327,0,1327); & = -3,7335.0,1083 £ 0,9941i
(b) T =236
Segio 10.1
l.y=—senx 2. v = (cot /21 cos v2x + sen/2x)//2
3. y=0paratodo L:y=c,senxsesen L =0
4. y=—tanLcosx + senxsecos L # 0;ndo solugdo secos . =0
5. Nao tem solugio 6. v = (—7senv2x + xsenv2r)/2senv2n
7. Nio tem solugio 8 v=ocrsen2x + % senx
9. y=c;cos2x+ { cosx 10. v = ! cosx
1l y=—3x+ 22 12, y=—let 4 1 —extinx + L2
13. Nio tem solugdo
14, A, =[(2n—1)/2F, yulx) = sen[(2n — D)x/2;; n=1.2,3,...
15. Ay =[(2n = 1)/2P,  yulx) =cos[(@n —1)x/2:: n=1273,...
16, Aa=0, yx)=1 i, =n’ yx)=cosnv; n=12.3,...
17 by =[2n = D /2L, yu(x) =cos[(2n — Dxx/2L: n=1273,...
18. 4y =0, wx)=1: i, =(na/L). y.(x)=cos(nzx/L); n=123,...
19, A, = —[(2n = Da/2LP,  yu(x) =sen[(2n— Dxx/2L), n=123,...
20, Ay =1+ (nr/InL)’, yu(x)=xsen(nrinx/Inl): n=123...
21, (a) w(r) = G(R® - r?)/4pu (c) Q ¢ reduzido a 03164 de seu valor original
22, (a) y = k(x* — 2Lx* + L x)/24

(b) y=k(x* —2Lx + L2x%) /24
(c) y=k(x* —4Lx* +6L°x%)/24

Secio 10.2

L

fad

16.

17.

18.

19.

21

P2 S0 A

T=2n/5 20=1
. Nao ¢ penodica 4. T =2L
T =1 6. Nio é periddica
T=2 8. I'=4
fx)y=2L —xemL <x<2L; f(x)=-2L-xem-3L <x<-2L

fy=x-leml<x<2 f(x)=x—-8emS8<x<?9

f)=-L-xem-L <x<0

(b) fix) = ZH—L i Ll 14. (b) f(x) = 1_, _ % é scnuz;n__llmm
- g e

(b) f(x) = + = Z‘; 605((22::11));”

(b) flx) = 3-45 + i [2L “’(szlff . {’r’f"’ L l-l)"“L::ntmr.rfL)]

(b) flx) = ;f}i"}wl 20. (b) f(x) = % i; =

(b) fl) = g + % i (Fnlz)“ cosn—-;-{

(b) flx) = % :—1}1 %cos_____l({zzr;-;ll);xﬂ] + % i (_nl)" s::nii-;—x
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ll
23. (b) f(x) = —Z'——,,z oo s Pra e
n=1 i

?
9 =[1621(- 1)" ~1] 27(=1)"]_ nax <~ 108(=1)"+54  nxx
24, (b)f(x}=—+z[ pr ]cos—j-wz—

8 n=| n=

25. (b) m =8l 26. (b) m =27
28. f f(t) dt pode nido ser periddica; por exemplo, seja f(ry=1+cost.
0

1 (=" -5 ntx e=[41l=(=1"] (=" _nmx
—2*+Z[ = se

se
nir? 3

Secao 10.3
4 =, sen(2n — )mx

—

n=

T o 2 , (
T [3‘! f('f) = Z - Zj [m 005(231 - 1)1.' +

4L > cos[(2n — Dax/L]
(2n - 1)?

1)n+l

n

I3

sen ﬂ.t]

3. (a) flx) =
n=1

2

A

4 () f =3+ ;Z
.2

o n=1
z =1) cos(Zn-l)x

cosnmwx

n

. (a) flx) =

Mlg NI'—‘

6. (a) flx)= Z(a,. cosnmx + b, sennmx);

ag =

o 2(—l}n i ‘ ~1/nx, n par

n 3-2 » \/nm — &/n*n3, n impar

L) -

sén P!I]

7. (a) fx) =—~ +Z

(b) n=10; maxlei =1,6025emx =+n
n=20; maxle| =15867emx=*n
n=40; maxle] =1,5788emx = +nx

(c) Nio é possivel

1 2 — 1—cosnnr
8. (a) flx)= 3 + 2 Z S cosnmx

[l —cosnm (—1)"
———cosnx

n=1
(b) n=10; maxle| =0,02020 emx = 0,%1
n =20, maxle]=001012emx=0,=*1
n=40; max|e| = 0,005065 emx = 0, £1
(¢) n=21

9. (a) f(x) = }FZ

n=1
(b) n =10,20,40; maxle|]=1lemx=x1
{c) Nao ¢ possivel

10. () fu)=-+z[

(b) n=10; suple| =1,0606 quando x — 2
n=20; suple| =1,0304 quandox — 2
n=40; suple| =1,0152 quandox — 2

(c) Naoé pos'swel

11 (a) f) =g +Z

(b) n=10; sup]e! 0,5193 quandox — 1
n=20; suple| = 0,5099 quandox — 1
n = 40; suple| = 0,5050 quandox — 1
(c) Naio € possivel

(_ )H1|

sennmwx

6(1 — cosnrm) nmx o 2cosnT . nrx
— — c
nix? 2 nm

[2 cosnx 2 —2cosnx + n*nlcosnx
nwx —

o0 sennmx
nx
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b 1)"
12. (a) fix )—-; =
n=l

(b) n=10: maxle| = 0,001345 emx = +0,9735
n=20. maxle| = 0,0003534 emx = £0,9864
n=40; maxel = 0,00009058 emx = +0,9931

(¢c) n=4

13. y = (wsennt — nsenot)/w(w® —n?), o #n?

y = (sennt — nicosnt)/2n*, o’ =n’

sennmx

4. y= }:b,.{wsennr —nsenat) /ol —n’), w#1.2,3....

n=1
x

Wiz Zb,,mr sennt —n senmt)/m(m* — n*) + b, (sen mt —mtcosmt)/2m’, w=n

n=1
o

P 1
15. y= -
Y=z = @ — (2n —1)?

1 1
I:Zn = sen(2n — 1)t — = scnwr]

16, v =

4 i cos(2n — 1yt — cos wl
(2n — 1w = (2n—1)*7?)

Secao 10.4

l. [:mpar 2. Nenhuma das duas
3. Impar 4. Par
5. Par 6. Nenhuma das duas
1 — 1 - cus(mr,f"} nmx
14. fl.\! = ‘-1 e ZI: C(}S-—Z—
= Y o
s Yizl{n'r/ 2) sgﬂ(mr;"?.)wnm:;_x
. 1 2 ll" ' (Zn— D)
15, (a) flx) = 57k - Z co =~
16. (a) fi ol g ( +25nn)“nmf.r
B — | = r —Sen— | sen—
] X)= ; ar \ cos T o= 3 2
17. (@) flo) =1 18. (a) f(v) = z““"”'“‘
. (a) flx)= i . =1
19. (a) fx) = ; ;E-r' cos —;‘t -2cosnn)scn?
I 1 = sen2nmx L 4L < cos[(2n — 1)ax/L]
. 1 - - 1. X)= — eiacrd e M ksl S
20. (a) fl) =3~ — E; 2l @) f0) = 5+ — ; e
2L

2. (a) fuy = & i n(m'rr;‘l)
=1

= nw 4 (cos nr 1) 2o nx
- - sen 2 T 2 2

sennx

23. (a) flx) =

4-.|-4
:1

24. (a) fx) = 22

n=|

25. (a) fx) = E [4;13;: (1 +cosnm) 4 16(1 —cosn:r)]smgf

nigd nir? 2

n=l

4 16 & 1+3 :
2. (a) f() =3 ):l:Tmi’icos"—:—‘

n= 1

3

3 6 Z: 1 - cosnm nmx
27. (b) g =5+ 5 e

6

T

n=1

24 m'r.t
25"

hix) =
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4cos(nm/2) + 2nm sen(nm /2) — nmwx
28. (b) g(x) = Z + "Z,I: o cos -
4sen(nm/2)— 2nm cos (mr/Z) X
h(x) = E o ) 2
n=1
12cosnr +4 nrx
29. (b)g(x)———+): St
iae :'1z 2(3+5cosnm) +32(1 —cosnw)  nrx
he)m =5 Z mx3 SenT
n=|
1 = 6n?ri2cosnm —5)+324(1 —cosnr)  nmx
30. (b) glx) = 7 + g =t cos ==
[4cosnm +2 144 cosnm + 180 nrx
)= E [ nw ki il ] i3
40. (a) Estenda f(x) antissimetricamente a (L,2L), ou seja, de modo que fi2L - x) = —f(x) para0 < x < [,

Depois, estenda esta fungdo como uma fungio par a (-21.0).

Secio 10.5

1. xX"=2X=0, T"+AT=0 2. X"=xX =0, T'+MT=0
3. X' —AMX'+X)=0, T'+AT=0 4. [pOX) +rr(0)X =0, T"+iT=0
5. Nio ¢ separdvel 6. X"+(x+2)X =0, Y'-).Y=0
7. ulx,n) = e~ 0T tgan Dy — e B0 g Sy
8. ulx,r) = 2e~"osen (rx/2) — " sennx + de~"tsen 27x
9

o
100 Z 1 —cosnm /1600 nwx

L u(x,l) = — sen

T n 40
n=1
160 e=sen(nm/2) 22,1600 NAX
10. u(x,t) = 2 E "—ze J sen-—ﬁ}—

11.

100 ¢ cos(nr/4) — cos(3na/4) _aizign.  NTX
uix, t)= -’r—' Z - e sen 10

n e,
12, wu(x,t) = — Z E-—1-)— ~mir/1600 g 1Y
¥ iy

13.1=5, n=16; t=20,n=8 =80,n=4
14. (d) t =673,35 15. (d) t = 451,60
16. (d) r=617,17
17. (b) t=5,x=3320; t=10,x=31,13; t=20,x=2862: (=40, x=2573;
=100, x=21,95; =200, x=2031
(e) r=52481
200 o~ L —cosnm 2000000 NTX
18. u(x, 1) = —;——n—g / senE
(a) 35,91°C (b) 67,23°C (¢) 99,96°C
19. (a) 76,73 s (b) 152,56 5 (c) 1093,36 s
21, (a) awy — bw; + (c = bS)w =0 (b)d=c/bseb #0
2 X'+ X=0, Y +R-p Y =0, T'+a’A*T=0
23. PR'+rR + (WP = )R=0, @ +u20=0, T +a*X’T=0

Secio 10.6

Lou=10+3x 2 u=30-jx

3. u=0 4 u=T

50 u=0 6. u=T
7.u=T(1+x)/(1+L) 8. u=TA+L-x)/0+L)
9. (a) u(x,t) =3x+ i Me‘(’mz“z"mscnﬂ—{

nm 20

n=1

(d) 160,29 s



10.

11

12.

13.

14.

15.

16.

17.

19.

20.
21.

22,
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a) fx) =2x, 0 <x <50; f(x)=200-2x, 50 <x <
(a) 50 200 - 2x, 50 100
=]
(b) u(x,1) = 20— g + ; cne-l.unlxlfmm:? - %
800 nr 40
Cp = —5—sen— — —
nim? 2 nm
(d) u(50,1) = 10quandot — o0;3754 s
B N _inyeo, . NTX
(a) w(x.t)=30—-x+ ,,Zz,:c"e ' senﬁ
60 2.2
Cp = —|2(1 —cosnm) —n"m*(1 +cosnm)]
i3
(a) u(x,t) = % + ﬂzﬂ:c,,e‘"z“m*”‘: cos ?
0, n impar;
Cp = 5
" —4/(n* - 1)m, n par
(b) lim.o tt(x.1) =2/m
(a) ulx,r) = 2 + ic e~ rn/6i00 o ITX
g " 40
Cy = i (34 cosnm)
"7 3nia?
(c) 20019
(d) 1543 s
(a) u(x,1) = 26_5 - gc,.e_"z"l”"" cos H;]I.
Ch = a2 (sen’m sen’m)
T nm 2 6
(b) wu(x,t) = Zc [,_'1,,_1,:“:“:”4,_:““(2!1_;#.
f flx)se 1’“ 2 e
o (2n —)nx
(201127213600
(a) uix,t) = ﬂle:c,,e L /3600 ga —
Cp = (—ng),—,ﬂcosmr + (2n = 1x)
(c¢) x, aumentaa pamr de x = 0 e chega a x = 30 quando r = 104.4.
—@n-1yxe3600, .. (20— Dmx
(a) wulx.r) —40+§c.,e se n———m -
40
O, S —@n-1
O an 1 [6cosnm — (2n )]
x §
T - [——] , D<x<a,
+ (L/a)—1
ulx) = i ( ’}a) onde E = KzA:fK]AI
T[l—""'r ' ] a<x<lL
a E+4(Lay—1] 5
(€) un(x,1) =e " sen p,x
a’v" +5(0)=0; v =T, vlL)=T:
w=adtwy;  w0,0=0, w(lLi=0 wx0)=Fflx)-rvx)
(a) v(x) =Ty + (T2 = T\)(x/L) + kLx/2 — kx*/2
o ia? nmx 160 (cosnx — 1)
(b) wix,1) = gc,.e L N, =
(@) v(@x) =T+ (T2 — T)x/L + kLx/6 — kx’ /6L
= nrx
(b) wix, )= Zﬂnﬂ_ﬂlxzum Wﬂﬁ ;

n=]

20 Im*nd3cosmr — 1) + 60 cos mr
3 mmt

Ch =

599
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Secio 10.7

B nx o ATX nmwat
1. (a) n(.r,r}._y-ﬁ"gn—sen 3 en i 2
| nm N 3nr sennﬁx - nrat
= — — — +4sen—— — -
2. (a) ulx,t) pe ;,12 sen — 3 T 7
32 & 2+cosnr nmx  nmat
3. (a) u(x,n) = = Z TSBH—L cos T
£ cn(mer)sen(mr;‘L] nTx  nwat
: e = — el —— —_—
4. (a) ulx,t) > E_;; 5 cos I
E ) Sl | nx  ATX nwat
3. (a) ulx,0n) = 03 ,,;"3 sen 3 2 sen 7
8L wsen(nm/4) +sen(3nmw/4) nmx  nmat
6. (a) ux,n) = ﬂ—jg P sen I sen T
g 32L i cosnm +2 sen™™ cen nrat
(@) ulx,t) = e L o s I 3
: L <sen(nw/2)sen(nw/L)  nmx  nmar
8. (a) ulx,0) = r=r E ) bt.nTsen 2
= 2n— Dmx 2n — Drat
9. ulx,t) = Ecn SCH( EL) cos( 2L) : ;
PR 2n — Dnex
Cp = —-f f(x)seng’—u‘— dx
1 (Zn - (2n—m (2n— Dmx
10. (a) u(x,t) = Z T—1C 3 Sen——5—— sen——7 cos

nl

(a) ulx.0) = g Z @n—1)m +3cosnn & (2n — Dmx (2n— Dmat

cos
R T | T AR T2

14. (b) ¢(x + at) representa uma onda movendo-se no sentido negativo de x com velocidade a > 0.
15. (a) 248 ft/s (b) 49.6mrnrad/s  (c) As frequéncias aumentam: os modos permanecem inalterados,

2. PRI rR 4+ (WP = uHR =0, @' +u!0=0, T'+2aT=0
23. (b) a, = a/1 + (y*L2/n’n?) (¢ y=0
nm 2nmw %m')

20 3
24, (a) cp= o (ZsenT —sch —sch

Seciao 10.8

= nmx nmwy 2/a ¢ nmx
1. (a) ulx,y) = » et R e e vy T
(a) ulx,y) nzl:r. sen p sen . & g glx)sen . dx
1 sen(nmx/2) nmwx nwy
b) wlx, = a .
(b) u(x.y) = 2 Z nzsenh(rmb;‘a) " senk a
nTx nw(b —y) 2/a [" nTx
2. ule,y) =) epsen—senh———=~ ¢, = ———— [ h(x)sen——d.
(x,y) ; —sen - c senh(nzba) Ju 1(x)sen p dx

oo o
3. (a) u(x,y) = Zcﬁ“senh%senm + Zcff’sen msm:nhm.
a

a

n=1 n=l
3/b 2/a ¢ nwx
Cﬂ[] 7'[ _,V ¥, @ e ] J o X
n Sl’.‘nh(r‘!ﬂﬂ/b) f()’) sen b y| Cn b‘_’nh {nn‘b’fﬂ] i I(X) sen 4 d)
() D mm s 2 (n*n?—2)cosnx +2
””Se“h(m"“!b} " T pdx3  senh(nmb/a)

¢ oo
5. u(r,6) = EU + D r(cycosnd + kysen nb);
n=1
a* [ a"
= —f f(@)cosnddb, k,=— f(@)sennd do
™ Jo T Jo
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10.

11.

13.

16.

. ulr.8)

a0
B nax
. (8) u(x.y) =) cpe™"*sen—-
a

n=1
4 1—cosnx

na" n

-«
nmf
Zr:,,r""'“‘ sen
o

n=]

(b) cu =

1l

n=1
2

(b) ¢, = :a (1 —cosnm)

(b) uix.y) Hc9+Zc,.cosh—g—c 5:1;}

n=|

u(r,8) = cy + zr”[r” cos nfl + k,senntl),

n=1
2

Cp = g@)cosnb do, k,=

nxa"!
In
a condigio necessiria t‘:f gty do = 0.
]

nry
a
n=1

4asen(nm/2)
nmztcoshinzh/a)

(a) uix.v) = Ec,,scnh

{h) Cyp =

nra"!

TX
. (a) uix.v)= c,.ﬁen—c osh —., ¢, =
(a) uix.v) = Z -

Cp =

£ 2 P
. (a) u(r.8) = Zc,.r"senm?. €y = ;f;"-fu f(#)sennf dé

(c) yo = 6.6315

2/nm
senh(nra/b) J,

2/a

(2n—ax  (2n— lLyay
sen

2b

n=l

=senh[(2ﬂ — Dma/2b] Jy
326°

(2n — 1)3atsenh[(2n — L)ma/2b)

Cpy

(b) ¢, =

~
nmx y
. (a) n(x. t]——+ ¢, 0§ —senh——,
( 2 Z 8 a

2/a

2 “
G = a—hj; Blha¥.. ic =Sm 0

2/ o 24a*(1 + cosnm)
1+ — ) Cyp = T e T
mimisenh(nmb/a)

(b)ey = +

b 30

2b
2/b p (2n — iy

f(y)sen T

i

nrx
glv)cos — dx
a

dy
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cn = (2/a)a™" "‘"f f{B)scnﬂB de
0 (74

a
= gf f(x)scngfd.t
a Jo a

f glh)senns do;
]

fﬂ ()sen =X 4
cosh(nzb/a) J SLtisen—g &

ea  dea i cos[(2n — D)mx/alcosh[(2n — 1) z/a)

(a) n(x, -)-b+ — =

7
ml

Segio 111

~n L e

10.

. Homogénea
. Nao homogénea
. Nio homogénea

. (a) @a(x) =sen/i,x, onde X, satisfaz v = —tan Vi ;

() A =0,6204, A, =27943
(d) As = (2n—1)°/4 para n grande

(c) » = 0,7402, i, =11,7349
(d) An = (n—1)*x7? para n grande

2.
4.

6.

(2n — 1)* cosh[(2n — )b /a)

Nio homogénea

Homogénea
Homogénea

. (a) @u(x) =cos /A, x, onde /4, satisfaz VA = cot v

. (a) @nlx) =senv/A, X + Vi, cos /X, x. onde /&, satisfaz

(a-l)senf 2Vhcos VA =0 (b) Nio

(c) A =1,7071, A, =13.4924
(d) A =(n—177? para n grande

(b) Niao

(b) Nio

b y
f f(v)cos ? dy

(a) Paran=1,2,3,....0,(x) =senpu,x — p, cosp,x € A, =—u2, onde u, satisfaz

W= tan .
(b) Sim; Ao =0.(0) =1—x




602 ResPoOSTAS DOS PROBLEMAS

12, u(x)=e - 13, px) = 1/x

14. px) =e™* 15 px) = (1—x)"172

16. X" +2X =0, T'+cT"'+(k+2r2a)T=0

17. (a) s(x) = €' (b) A =nm?, @u(x) =€sennnx; n=123,..

18. Os autovalores positivos sdo A = A,, onde VA satisfaz /& = (’ )tan(3/AL); as autofungdes associadas
s30 ¢,(x) = e¥sen(3/7.x). Se L = 1, &, = 0 € um autovalor com autofungdo associada ¢;(x) = xe™;
se L #+ h=0ndoé autovalor Se L < 1!,nﬁn existem autovalores negativos; se L > ¥, ex:s'te um au-
tovalor neganvo ) =—p*, onde pu € uma raiz de p = ( Jtanh(3pL): a autofungao associada ¢ ¢ (x) =

e'senh(3px).

19. Nio tem autovalores reais.

20. O tnico autovalor é 2 = 0; a autofungdo associada é ¢(x) = x-1.

21. (a) 2senVk — JAcos Vi =0
(c) A =182738, i, =577075
(d) ?.scnh,/;‘i— Jrcosh /it = 0, p=-xa
(e) Ay = -3 6673

24, (a) A, = pu}, onde p, ¢ uma raiz de sen uL senhuL =0, logo i, = (nx/L)*;
=97 4-09{!.‘ J> = 1558,5/L%,  ¢,(x) =sen(nwx/L)

(b) 4, = w2, onde u, ¢ uma raiz de senpuL cosh uL — cos,uLsenh,uL 0;
2 =237.72/L4, s =2496,5/LY, ¢, = s ::nh :m fal 2o
() hn = p}. ondep, é uma raiz de 1+ coshuLcosul =0: i =12,362/L",
Az 485,52/}
[(senpux —senh i, x)(cos p, L + cosh p, L) + enpt, L +senhp, L) (cosh pi,x — €os 1,x)]
Palx) = cos pt, L + cosh i, L

25. (c) ¢a(x) =sen/i,x. onde A, satisfaz cos A, L — y/&, Lseny/A, L =0
(d) a =1.1597/L%, X, =13,276/L2

Secio 11.2

L ¢u(x) = V2sen(n—Hrx; n=12,... 2 ¢u(x)=v2costn— {)rx; n=12...
e =1, ¢.(x) =v2cosnax; n=12,...
4. d,(x) = *—*ﬁms‘/f—"x . onde A, satisfaz cos Vi, — Vi.sen/i, =0

(1 +sen’ \/7,)!2

/3 vz
5. ¢ulx) =+2e'sennnrx; n=1,2,... 6. aﬂ=m. =il 20

V2=t
7. G"=mz-, H=l.2..,,
8. a, tZﬂZJ-l) {1 —cos[(2n—1)x/4]1}; n=12,...
1

G iy m 2V DA, et

() i = —20,1907, 7z = —59,6795
(d) », = —(Zn 4+ 1)%72/4 para n grande

(n— %)Irr2

Nos Problemas de 10a 13, a, = (1 +ser’ VA,)'2 ¢ cos A, — VA.seni, = 0.

10, g oV, a0 e PRSIR~Y, 0.
Jl_ﬂaﬂ l'll(xﬂ

12. 4y = ﬂ_l:::s_ﬂ n=12... 1.a,= ﬁf\/’;—%{ﬁ’ n=12,...

14. Nio ¢ autoadjunto. 15. Autoadjunto.

16. Nao é autoadjunto. 17. Autoadjunto.

18. Autoadjunto.

21. (a) Se a, =00u b, = 0, ndo existe o termo de fronteira correspondente.

25.

26.

(@) My =7/L%  ¢y(x) =sen(rx/L)

(b) A = (4.4934)2 /L%, ¢y(x) = seny/hy x — /Ay xcos /A, L
(€) M = @n)Y/L%  ¢1(x) =1 —cosrx/L)

ao=n/4L% ¢i(x) = 1 = cos(mx/2L)
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27. (a) X" = (0/D)X'+:X =0, X =0, X'(L)=0; T'+iDT=0

(e) clx, 1) = Ea.,e_;‘“’e"’”wscnn,..r. onde i, = + (v*/4D?);

n=|

L
4Dy f e "0 (v)sen pux dx
(1]

ap = 3 2
(2LDp2 + vsen p,L)

28. (a) w; + v, = Due. 10(0.0) =0, w(L,)=0, wuiv.0)=-
N
(b) wix.t) = Zb,.t’""' Dire2lsan i, x, onde ki, = o+ (W /4Dy,
n=1

8coD 1t 2D, e~ Y2 cos pp L + ve P senp. L — 2Dpty)

= (v} +4D2 )LD + vsen® i, L)
Secio 11.3
x oy x _{yn+l _1
g ; lm”-r- je:)::' =2 Z [(n(— nlzrrfef(;j(n -I—)rl:;’xz
dy= _i - i [(2n — f:}if"—;]l(;rr- 1)?n?
N i (2cos A, — 1) cos Vi, X 5 ye8§ i St::_(;:wifi);ir::r:.r

Pl — ")Il ~sert )

6-9. Para cada problema. a solugio ¢

ne=|

~

y= Z ln gb,,(t) Cy = j.: L, () dx. W A

onde ¢,(x) ¢ dada nos Problemas de 1 a 4, respectivamente, da Segio 11.2. e 4, ¢ o autovalor associado. No
Problema 8, 0 somatorio comega em a1 = (.

1 1 1 1
10, a=—-=. v=—cosTx+ — |Xx— —-) +Csenay
- 4 2

2 21 7
11, Nio tem solugio 12, aarhitririo, y =ccosax +a/7’
13. a=0. y=csenxx—x/27)senmx 17. vix) =a - (b —ajx
18, vix) =1 - ix
d¢y 411 1 1 X
19. utx.t) = V2| —— — 4 — Je ' lsen—
uix,r) = wf_[ | = ﬁ) ] 3
~ 4\/5_“'_1)"“
-2 | — e~tn-12lat n(n—:mx = — n=12,...
N Z (2n - 1)21'1“1 hee : (2n — 1)2n?
C, . COS Ay X
20, ulx.t) = V2 Z [_L{e"' e Mty 4 a,,e"‘"’] —"—_
et | 2y —1 (1 +sem /A2

B V2sena, Y V2(1 —cos i,)
T S sert VAT ha(l Hsen* VAN

e h, satisfaz cos i, — Vinseny i, =0

21, ulx,f) = BZSEH{"”‘QI - e'":“:‘)senn:rx

Cale™ — eV ) sen(n — Dx 22021 — 1) + 4V2(-1)"
22, ulx,t) = JZ-§ v Cp = @n - 1yn2
23. (a) r(w, = [pow, ] —gw, wO,0=0, w(l,n=0 w0 =f(x)—uvx

5 4.2 e“z"‘*’:“z'san(Zrt — lymrx
24 ue=x' =2+ 14 -3 e

n=1

n—-)rr-—l

25. u(x,1) = —cosmx 4 e 71 cos(3mx/2)

1
31-34. Em todos os casos a solugdo ¢ y = f G(x,5)f(s)ds. onde G(x,s) ¢ dado a seguir.
o
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1-ux, 0<s=<x
31 G(.‘C.S)Z-"l P x<s<l
52 —1x)/2, 0<s<x
32. G(x,s) ={ x(2 —$)/2, x=<s=<1
.| cosssen(1—x)/cosl, D<s=<x
33. Glx,s) = [ sen(1 —s)cosx/cosl, x<s<l1
: O<s=<x
4. Gx,s) = [ R cics

Sec¢io 11.4

1 1
L y= Z o Jo(Amx). = | fEOo( R x)dx X (Vo x) d,
An— [ 0 0

a=t M

VI satisfaz Jo(v/&) = 0.

o0
<p Cn
i ——— J’ l, 3
2@ y=—7 +§Jx"—p o(v/An )
1 1 1
.q,zzf f(x)dx; c,,:f f(x)J,,(,/,k,,x}dx/f xI2 (VA x)dx, n=1.2,...;
1] 0 0

VA satisfaz Ji(v/A) = 0.
1 1
3. (d) a, =f X (S X)f (x) dx /f ,rjf(\/}__""-) dx
0 0

o 1 1
Cy - : 1 -
(e)y= Z l:i—#fk(,/z_r). Cjj== /u FOO (Vi x) dx /j; X (W x) dx
n=]
o Cn | ! =
4. (b) v= E T “Pg,,_u.\'}. Cn =j; FCOPy q(x) dx/j; Ps,_ (x)dx

n=1

Secao 11.5
L(b) uE2)=fE+1), uE0)=0, 0<&=<2
wO,n) =u@,n) =0, 0=np=<2

1 I 1 ,
2. u(r,t) = anin(lnr)scnk”:u. k== ﬂ[} rdy(h,r)g(r)dr /j: rl5ie,rydr

n=1

3. Superponha a solugido do Problema 2 ¢ a do exemplo [Eq. (21)] no texto.

2 I 1
b.:1r2) = Ec,.e‘*"‘f[,(k,,r). 5 =f rly(h,r)f(r) dr/f rli () dr,
) 0

n=1 {

e A, satisfaz Jy(h) = 0.
7. (b) v(r,0) = %cufu(kr) ES Zj’” (kr)(b,,senmé + c,, cosmf),

m=1
2

= w2l ko) Jo fl@)senmodo; m=1.2,...
21
Cm = m A f(@ycosmOdd, m=0,1,2,...

1 1
8. Cy Zf rf(i")fo{)t,.r) dr /f rfﬁ(;\nr) dr
0 i

o I 1
10. u(p,s) = ZCHP"P"(S). onde ¢, = f flarccoss)P,(s) ds /f Pi(s)ds:
-1 =]

n=(

P, é o n-ésimo polindmio de Legendre e 5 = cos¢.

b"]

Secio 11.6
1. n=21 2. (a) by = (=1)"'V2/mn (c)n=20
3. (a) by =2v2(1 — cosmx)/m*n? (c)n=1
7.() oy=1 () A0 =V31-20)  (c) folx) = V5(~1 + 6x — 6x?)
(d) go(x) =1, gi(x) =2x—1, gy(x) =6x>—6x+1
8. Pox)=1, Pilx)=x, P(x)=(3x*-1)/2, Pi(x)= (55 -3x)/2
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