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A
Programa em Maple: Lindsted Poincaré modificado - vi-
bracao forcada

> restart;
Ordem da solucao

> nt:=2;

A1l
Rotinas do método da perturbacao

solucao_aproximada_frequencia:=proc(potl,pot2,epsilon)
global eq,omega,omegal,_X,i,__omega;
__omega:=0Omega~potl:

for i from 1 to pot2 do
__omega:=__omega-epsilon~i*_e[i];

od;

eq:=subs (omega0~potl=__omega,eq);

end proc:

solucao_aproximada_tempo:=proc(pot,epsilon)
global eq,tau,X,XX X,1;

X:=0: XX:=0:

for i from 0 to pot do
X:=X+epsilon~i*__x[i] (t);
XX:=XX+epsilon~ix*__x[i];

od;

eq:=subs (x(t)=X,eq);

end proc:

9 ——
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monta_equacoes:=proc(pot)

global eq,_eq; local i,j,AA,eql;

eql:=expand(eq):

for i from pot by -1 to 1 do
eql:=subs((mu~i)=AA[i],eql): _eqli]:=diff(eql,AA[i]);

A[i]:=0;
od;
_eq[0] :=eql;

for i from 1 to pot do

for j from 0 to i-1 do
_eqlil:=subs(__x[j](t)=xxx[j1(t),_eqlil);
od:

od:

end proc:

resolva:=proc(i)

global _eq,__x,t;
__x[i]:=rhs(dsolve(_eqli]l,__x[il(t)));

end proc:

resolva_eqd:=proc(eq_,ivar_)

global omega,t,__x,solu;

local eql,eq2,i,ii,AAAA,BBBB,D1,D2,s0lul,op2;
ii:=nops(op(1l,eq_))-2;

op2:=op(2,eq_);

eql:=subs ({diff (__x[ivar_](t),t$2)=AAAA
+,op(1,eq )):

D2:=diff (eql,AAARD);

D1:=diff(eql,BBBB);
eql:=subs({AAAA=0,BBBB=0},eql)=0p2:
solu:=0:

if(ii>1)then

for i from 1 to ii do

eq2:=D2xdiff (__x[ivar_]J(t), ‘$‘(t,2))+D1*__x[ivar_](t)=
-op(i,op(l,eql));

solul:=rhs(dsolve(eq2,__x[ivar_](t)));

if (i>1)then
solul:=subs(cat(_C,2*ind-1)=0,cat(_C,2*ind)=0,s0lul);
end if:

solu:=solutsolul;

od;

else

eq2:=D2xdiff (__x[ivar_](t), ‘$‘(t,2))+D1x__x[ivar_](t)=
—op(1,eql);

rhs(dsolve(eq2,__x[ivar_](t)));

solu:=solut%;

end if;

solu;

end proc:

9 ——

VVVVVVVVVVVVVYV VVVV VVVVVVVYVZE=YVYVYVVYV

V V.V V VYV VYV

vV V. V V

V

Rotina para resolver equacoes diferenciais lineares com muitos termos
nao-homogeneos.

213

x[ivar_] (t)=BBBB
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VVVVVYVVVVYVVYVYVYV

resolva_eqd_old:=proc(eq_,ivar_)

global Omega,t,__x,solu,ind,SIMPLIFY;

local eql,eq2,i,ii,CCC,DDD,v1,v2,s01lul;
eql:=subs(diff(__x[ivar_](t),t$2)=CCC,op(1,eq_)):
vl:=diff (eql,CCC);

eql:=subs(__x[ivar_] (t)=DDD,eql):

v2:=diff (eql,DDD);

eql:=subs(CCC=0,DDD=0,eql) ;

eql:=SIMPLIFY(eql);

ii:=nops(eql);

solu:=0:

if(ii>1)then

for 1 from 1 to ii do

eq2:=vixdiff(__x[ivar_](t), ‘$‘(t,2))+v2*__x[ivar_](t)=

-op(i,eql);

VVVVYV VVVVYV VVVVVVYV VVVVVVVVVYVYVYVYV

A.2

solul:=rhs(dsolve(eq2,__x[ivar_]1(t)));

if(i>1)then
solul:=subs(cat(_C,2*¥ind-1)=0,cat(_C,2*ind)=0,so0lul);
end if:

solu:=solu+%;

od;

else

eq2:=vixdiff (__x[ivar_](t), ‘$‘(t,2))+v2*__x[ivar_](t)=-eql;
rhs(dsolve(eq2,__x[ivar_](t)));

solu:=solu+%;

end if;

solu;

end proc:

elimina_secular_term:=proc(i)

global Omega,t,__x,_e; local AA,AAA;

subs (Omegaxt=AAA,__x[i]);

diff(%,t);

subs (sin(AAA)=AA,%) ; diff(%,AA);

_el[i] :=rhs(isolate(simplify(%=0),_el[il));

end proc:
aplica_condicoes_iniciais:=proc(eq_,icte)
global __x,_C,t;

t:=0;

solve(eq_,cat(’_C’,icte));

end proc:

EXPANDE:=proc (eqq)

subs ({sin=SINN,cos=C0SS},eqq);
expand (%) ;

subs ({SINN=sin,C0OSS=cos},%);
end proc:

Equacdo de Duffing

>

printlevel:=2;

printlevel := 2
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> eqd:=diff (x(t),t$2)+2*xmu*xzeta*omegalO*diff (x(t),t)+
omegal0~2*x (t)+alphaxx (t) ~2+beta*x (t) ~3=muxF(t);
eqd = (% x(t)) + 2 pCw0 (£x(t)) + w0?x(t) + ax(t)? + Bx(t)* = pF(t)
Analisando a nao linearidade quadratica

> beta:=0; zeta:=0; eqd:=subs(F(t)=Fxcos(Omegax*t),eqd);
6:=0
¢(:=0

eqd = (% x(t)) + w0?x(t) + ax(t)* = p F cos(t)
> eq:=eqd: mu:=alpha:
> solucao_aproximada_frequencia(2,nt,mu);

(Lx(t) +( —a_e;, —a® _ey)x(t) +ax(t)® = a Fcos(Qt)

Freqiiéncia da resposta - (2.
> i:=’17:
> Omega~2=omegal~2+sum(mu~i*_e[i],’i’=1..nt);
> omegal0~2=0Omega~2-sum(mu~ix_e[i],’i’=1..nt);

P =wl®+a e +a? e
wiP=0%—a e —a*® e,
> eq:=expand(eq);
eq = (L x(t)) +x(t) Q2 — x(t) o _e, —x(t)a® _ey + ax(t)® = a F cos(Q1)
> solucao_aproximada_tempo(nt,mu);

(5296)%—%192—”%1a_ﬁ1——%1&2_62+11%12:(kaont)
%1 = _zo(t)+a__z(t)+a* _ z,(t)

(L x(t) + w0 x(t) + ax(t)? = a F cos(Qt)

__zo(t) + o
eq:=expand(eq) :
monta_equacoes(nt) :

for i from 0 to nt do
_eqlil; od;

vV V. V V

(L () + 92 _ay(t) =0

(ﬁ () + %z (t) — ey zmmo(t) + mmo(t)? = Fcos(t)
(5722 () + Q% zy(t) — ey axmi(t) — ey zmao(t)
+2 xzxo(t) zze, (t) =0
eqd:
subs (x(t)=X,eqd):

auxaux:=collect (expand (%) ,mu) :

for i from 1 to nt do

eqaux[i] :=subs (__x[i1(t)=0,0p(1,_eql[il));
eqaux[i] :=expand (eqaux[i])-op(2,_eql[il);
od:

vV VVV V V V
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A21

Resolve as equacdes

VVV V VVVVVVVVVVVVVVVVVVVYVYVYVVVYVYVYVYVYV

RETIRA_TERMOS_SECULARES :=proc()
global __x,ind,t,_e,eq,eql,eq?2;
local i,AAA,BBB,solu;

eq:=__x[ind]:

for i from 1 to 10*ind do
eq:=subs(sin(i*Omegax*t)=AAA[i],eq);
eq:=subs (cos(i*Omega*t)=BBB[i],eq);
od:

solul[1]:=0: solu[2]:=0:
eq:=diff(eq,t);

#SENQOS

eql:=diff (eq,AAA[1]);

if (eq1<>0)then

solu[1] :=expand(solve(eql=0,_e[ind]));
end if;

#COSSENOS

eq2:=diff (eq,BBB[1]);

if (eq2<>0)then

solu[2] :=expand(solve(eq2=0,_e[ind]));
end if;

_el[ind] :=solul1];

if (expand(eql)=0)then

if (expand(eq2)<>0)then

_elind] :=solul2];

end if;

else

_el[ind] :=so0lul2];

end if;

end proc:

unassign(’_e’); unassign(’__x’);
ind:=0;

x[ind] :=a*subs ({mu=1,F=1},0p(2,eqd) ) ;
v[ind] :=diff(__x[ind],t);

ind =0
x5 :=acos(Qt)
vy = —asin(Q2t) Q

printlevel:=2;

216
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VVVVVVYVVVVVVEHVVVVVYV

1
+-

for ind from 1 to nt do

cat ("EQUACAO ",ind);

cat ("SIMPLIFICANDO A EQUACAQO ",ind);
eq:=expand(eqaux[ind]) ;

eq:=subs ({seq(xxx[j](t)=__x[j1,j=0..ind-1)},eq);
_eqlind] :=diff (__x[ind] (t),t$2)+0mega~2*__x[ind] (t)+

XPANDE (combine (e

2
_€qy ‘= (5? __

q,trig))=0;

"RESOLVENDO A EQUACAQ";

__x[ind] :=resolva_eqd(_eq[ind],ind);
"IMPONDO AS CONDICOES INICIAIS";

x[ind] :=subs ({_C1=0,_C2=0},__x[ind]);
cat ("SIMPLIFICANDO A SOLUCAQ ",ind);
x[ind] :=collect (EXPANDE(__x[ind]) ,{sin,cos});
__vl[ind] :=diff (__x[ind],t);

"RETIRANDO 0S TERMOS SECULARES";
RETIRA_TERMOS_SECULARES();

__x[ind] :=EXPANDE(__x[ind]) ;

od;

printlevel := 2
“EQUACAO 1”7
“SIMPLIFICANDO A EQUACAO 1”7
eq = — ey xxxo(t) + z20(t)* — F cos(Q21)
eq .= — _eyacos(Qt) + a® cos(Qt)* — F cos(Qt)

2

—l—% — Fcos(Qt) =0

6

“RESOLVENDO A EQUACAO”

1
(1) + Q% x,(t) — e acos(Qt) + 5 a®cos(202t)

217

o = sin(Q8) 02 +cos(Qt)_C1 + 1 _ea (cos(2t) 4 sin(Q2t) Q2t)

2 02
a®cos(20t) B a’ 1 F (cos(2t) + sin(2t) Q2t)
02 202 2 0?2

“IMPONDO AS CONDICOES INICIAIS”

1 _eja(cos(2t) +sin(2t) Q1) N 1a®cos(2Qt)  d®
—="T 5 02 6 202
1 F(cos(§2t) +sin(2t) Q1)
- o

“SIMPLIFICANDO A SOLUCAO 17

1 e at Ft. . 1 e a
Ty = (5_5 +ﬁ)sm(9t)+( =
1 a®cos(2Qt) a?
_.I__

6 02 202

F
5 RE —Fﬁ)COS(Qt)
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1 ea 1 ejat Ft

F
— (= = Ysin(Qt) + (= 5 cos(Q1)
__U (2 Q +QQ)SIH( t)+(2 Q +2Q)COS( )
1 _ea F . 1 a®sin(2Qt)
~ 5T TN g5

“RETIRANDO OS TERMOS SECULARES”
_ lacos(2Qt) o

=TT 2 o
“EQUACAO 27
“SIMPLIFICANDO A EQUACAO 27
F t
eq = Faan(t) _ ey xxxo(t) + 2 2x2o(t) 2221 (1)
a
1 a*cos(2Qt)  a?
e
eq = — _eqacos(Qt)
a
1 a’cos(2Qt)  a?
+2acos(2t) (6 02 3 92)
2 1 Facos(2Qt) Fa
_eqy = (5? __172(75)) + __xQ(t) + 6 02 902

5 a’ cos(Q1) N 1a’cos(3Q¢) 0
6 Q2 6 Q2 B
“RESOLVENDO A EQUACAQO”

— _eyacos(Qt) —

1 Facos(2Qt) Fa

_ Ty :=5sin(Qt) _C2+5cos(Q2t) _C1 + = ol + 501

1 _eya(cos(Qt) +sin(Qt) Qt) N 5 @’ (cos(Qt) +sin(Q1) Q1)

"3 02 12 O
1 a’cos(301)
48 Q4

“IMPONDO AS CONDICOES INICTAIS”

1 Facos(2Qt) Fa 1 _eya(cos(Qt)+ sin(Qt) Qt)

A TR T TO T Q2
N 5 a’ (cos(Q1) +sin(Q1) Q1) N 1 a’cos(3Q1)
12 Q4 48 04
“SIMPLIFICANDO A SOLUCAOQO 2”
1 _eyat ba’t, . 1 _e,a 5a®
 my = (5 Q +1293)sm(§2t)+(§ 02 +1294)cos(§2t)
N 1 Facos(2Q1) N Fa N 1 a’cos(301)
18 Q4 204 48 04
1 _esa 5a% 1 _eyat bHadt
Uy = (5 o T 12Q3)sm(§2t) + (5 o T4 Q3)cos(Qt) Q
1 _eya 5a® ., . 1 Fasin(2Qt) 1 a®sin(3Q1t)
G T @ T T

“RETIRANDO OS TERMOS SECULARES”

218
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A.2.2

1 Facos(2Qt) Fa 1 a®cos(3Qt)

Ty =

18 04 + 204 + 48 04

Relacao freqiiéncia-deslocamento

VVVVVVYVYVYV

A.23

for i from 1 to nt do

_elil; j:=’j’:

__eqli] :=omegal0~2+sum(mu~j*_e[jl,’j’=1..1i) -Omega~2;
V[il:=__eqli]:

H[i] :=diff(V[i],omega);

od:

for i from 1 to nt do

—-eqlil;

od;

unassign(’Omega’):
for i from 1 to nt do isolate(__eq[i],Omega~2); od;

Solucdes

vV V.V V VYV

v0:=0; omegal:=’omegal’:

for i from 1 to nt do

ji=rj

__eqli] :=omegalO+sum(mu~j*_e[jl,’j’=1..i)-Omega;
__X[i] :=sum(mu~j*__x[jl,’j’>=0..1);

od;

F
_eqy = wo— 25 0
a

1 a’cos(2Q2t)  a?
‘Yl:::acosﬁlt)%-a(g §; —-2£p)

Ji=7

219
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A.2.4

1 a%cos(202t)  a?

__KX2:::acosG?t)+-a(6 02 - 2§ﬂ)
a2 ( 1 Facos(2Qt) Fa 1 a3cos(3$2t))
RESTREGT 201 T8

Curva de ressonancia

>

>

VVVVVVVVVVVVVVVVVVVYVYVVYV V

A:=A’: Omega:=’Omega’: F:="F’: FO0:="F0’:
alpha:=’alpha’: omegal:=’omegal’:

__eql1];
F
a()—-el— -
a
FO;
Fo
F:=F0/mu; __eqlnt];
Fo
F=—
o
FO 5a%ad?
- — =0
0 a 6 22
__X[11;
1 a’cos(2Qt)  a?
Q _ _
a cos( t)+—&(6 02 2§P>
with(Optimization);

FindAmplitude:=proc(_a)
global __x,a,mu,t,0Omega,XXX;
local i,T,max,min,dt;

a:=_a; XXX:=0; max:=0;

for i from 0 to nt do

XXX :=XXX+mu~i*__x[i];

od;

T:=evalf (2xPi/Omega) ;
max:=Maximize (XXX,t=0..4%T) [1];
min:=abs (Minimize (XXX,t=0..4%T) [1]);
dt:=T/500;

for t from 0 by dt to 4xT do
if (abs (evalf (XXX))>max)then
max:=evalf (XXX) ;

end if;

od;

t:=t’;

if (max>min) then

max;

else

min;

end if;

end proc:

220
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[ImportMPS, Interactive, LPSolve, LSSolve, Mazximize, Minimize,

NLPSolve, QPSolve]

CurvaResonancia:=proc(vi,deltal,vf,parte)

global __eq,nt,a,Amp,solu,Omega,d,cont,delta,fd,txt;
local i,j,k,kk,init,RA2,RA3,auxl,soluu;

Omega:=vi; delta:=deltal;

txt:=sprintf ("CurvaRessonancia_F0=%2.3g_alpha=7%2.3g_beta=
%2.3g_omegal0=%2.3g_OmegaxA_nt=}d.dat",
FO,alpha,beta,omegal,nt) ;

fd:=fopen(txt,WRITE,BINARY);

fprintf(fd," Omega a Amp al1]
al2]\n");

for i from 1 by 1 while Omega<= vf do

a:=’a’:

__eqlnt];

if (omega0-Omega<>0)then
soluu:=solve(__eql[nt],a);
k:=nops([soluul):

if (k=1)then

solul[l] :=soluu;

else

solu:=soluu;

end if;

for j from 1 to k do

if (Im(solulj])=0)then

Amp:=FindAmplitude (Re(soluljl));
aux1:=subs ({cos (Omega*t)=AAA, cos(2*x0Omega*t)=BBB,
cos (3*x0mega*xt)=CCC},__X[ntl);

RA2:=evalf (diff (aux1,BBB)/diff (aux1,AAA));
RA3:=evalf (diff (aux1,CCC)/diff (auxl,AAA));
fprintf (£fd,"%7.4f %14.10f %14.10f %14.10f
%14 .10f\n" ,Omega,a,Amp,RA2,RA3) ;

end if;

od;

end if;

Omega:=0Omega+delta;

od;

fclose(fd);

end proc:

__X[nt];

V VVVVVVVVVVVVVVVVVVVVVVVVVVVYVVVVVYVVYVYVYV

1 a’cos(2Q2t)  a?

acosﬂ?t)+—a(6 Oz — 2§p>

a?( 1 PY)acos(2S2t)%_ FOa N 1 a3cos(3S2t))
@_ —

18 aQl 20%a 48 04

> FO0:=1; omegal:=1; alpha:=1; F;

Fo =1

wl:=1

a:=1
1

> __eql[1]; __eql2];
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1——-0Q
a
1 5a®
l———— -0
a 62
> t:=’t’:
> eqd;
(45 x(t)) + x(t) + x(t)* = cos(Q1)
> NT:=nt;
NT =2
> for 1 from 1 to NT do
> nt:=1i; a:=’a’: t:=’t’:
> CurvaResonancia(0.01,0.01,2.0);
>  od;
nt =1
a:=a
t:=t
nt =2
a:=a
t:=t
> t:=’t’: a:=’a’: Omega:=’0Omega’;
> __X[11; collect(__X[2],cos);
Q:=0
1 a’cos(2Qt)  a?
Qt) + = —
acos(@) + 50 20°
a? a a a? 1 a®cos(30t)
acos(t) + (—6Q2 + —1894)COS(2Qt) + S o2 + B o
> __eql1l; __eql2];
1
1——-0Q
a
1 2
1———-—-§£L-—-Q

222
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> restart;

> with(linalg):

B.1
Solucao

> eqd:=diff (u(t),t$2)+omegald~2xu(t)+alpha*u(t) ~2+beta*u(t) ~3=F(t);

eqd 1= (j—; u(t)) + w0?u(t) + au(t)® + fu(t)® = F(¢)

> eqd:=subs({alpha=0,F(t)=0},eqd);
eqd = (% u(t)) +w0?u(t) + Bu(t)® =0
nt = maior poténcia da série + 1
> nt:=4+1;
nt: =9

> eqd;

(L u(t) +wou(t) + Bu(t)? =0
> isolate(%,diff(u(t),“$(£,2)));

L u(t) = —w0?u(t) — fu(t)?
> u2:=rhs(%);
u2 = —w0?u(t) — fu(t)?
> taylor(u(t),t=0,4);
a(0) + D()(0) 1 + 3 (D) (w)(0) £ + < (DD) () (0) £ + O(r")

série de taylor
> i:=’i’: unassign(’c’);
> U:=sum(c[il*t~i,i=0..nt-1);

U:=co+cit+cot?+cstd+cyt?
> dU:=diff(U,t);

dU :=c1 +2cot+3csgt? + 4y t?
auséncia de amortecimento
> v0:=0;

v0 =0
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derivadas da série polinomial

>

VvV VvV Vv

vV V.V V V

VVVVVSE V VYV

1 1 ‘
u0+(—§w02u0—§ﬁu03)t2+(

dt [0]:=U;
for i from 1 to nt-1 do
dt[i]:=diff(dt[i-1],t);
od:
dtg :=co+cit+cot? +estd + eyt

eql0] :=u0; eql1]:=v0; eql[2]:=u2;
for i from 3 to nt-1 do
diff(eqli-1],t):
eqli] :=expand (subs(diff (u(t), ‘$‘(t,2))=eql2],%));
od:

eqq = ul

eq, =0

eqy = —w0?u(t) — Bu(t)?
for i from 0 to nt-1 do
EQ[i] :=expand (subs ({diff (u(t),t)=v0,u(t)=ul},eqlil));
od:

oeficientes da série

for i from 0 to nt-1 do
clil:=EQ[il/i!;

od:

U;

du;

iw04 ul) + 1wo?ﬁuo?’ + 162 u0®) t*
24 6 8

1

1 1 1 . 1 .
2(—§u@2u0——§6zdﬁ)t+4(——w04u0+—gu@26u05+-§ﬂ2u0ﬂt3

B.2

24

Relacio freqgiiéncia-amplitude

> omega:.=’omega’:
>  subs({t=T/4,v0=03},U)=0:
> EQ:=subs(T=2#Pi/omega,%) :
> EQ:=expand (%/u0) ;
72w0?  w0?r? rt w0t w0? 7t wo? u0* 7 32
EQ =1- — 5-+ + b + b =0
8 w? 8w? 384 wt 96 w* 128 w?
B.3
Exemplo
> u0:=’u0’: omegal:=’omegal’: omega:=’omega’: beta:=’beta’:
b:=’b’:
> omegal:=1.2; beta:=0.0001; u0:=0.3;
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w0 :=1.2
6 :=0.0001
w0 :=0.3
> U
0.3 — 0.2160013500 2 4 0.02592064800 t*
B.3.1

Verificacdo da solucdo: integracio numérica

> eqd2:=y(t)=diff(x(t),t),diff(y(t),t)=-omegal0~2*x(t)-beta*xx(t)"3;
> init:=x(0)=u0,y(0)=v0;

eqd? == y(t) = L x(t), Ly(t) = —1.44x(t) — 0.0001 x(¢)*
init :=x(0) = 0.3, y(0) =0

> f:=dsolve({eqd2,init},type=numeric,method=classical[rk4],
maxfun=999999, output=procedurelist) :

> vi:=0; vf:=6;

> #escrevendo na lista

> delta:=0.01: cont:=0:

> for k from vi by delta to vf do

> cont:=cont+1;

> od: cont;

> dl:=array(1l..cont,1..2): d2:=array(l..cont,1..2):

> cont:=0:

> for k from vi by delta to vf do

> cont:=cont+1;

> di[cont,1]:=k;

> di[cont,2] :=eval(x(t),f(k));

> d2[cont,1] :=k;

> d2[cont,2]:=eval(y(t),f(k));

> od:

> dlg:=convert(dl,listlist):

> d2g:=convert(d2,listlist):
vi =0
uf =6

601

> plot([dig,U],t=0..vf,y=-u0..u0,color=[red,bluel],thickness=
[2,4],legend=["Runge Kutta","Taylor method"]);
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0.37
0.2
0.1-

0.1
~0.2
03"

Runge Kutta
Taylor method

B.3.2
Transformacio da solucido em série de Taylor em uma série de Fourier

vV V.V V V

printlevel:=1;
unassign(’a’); unassign(’w’);
unassign(’A’); unassign(’_omega’); unassign(’omega’);
omegal:=’omegal’: beta:=’beta’: delta:= ’delta’:
b:="b’: u0:="ul’:

printlevel := 1

numero de harmonicos

>
>

>

nh:=nops(U)-1;#(nt-1)/2;
i:=’1’: omega:=’omega’:
xx:=sum(A[i]*cos ((2*i-1) *omega*t) ,i=1..nh);
nh =2
zz = Ay cos(wt) + Ay cos(3wt)

série de cada harmoénico

>
>
>

VVVVVYVVVYV V

axcos (x*xt) ;

taylor (%,t,nt):

serie:=convert (%,polynom) :
acos(zrt)

serie2:=subs({seq((x~2)~i=x2~i,i=1..nt)},serie):

EXPANDE:=proc (equacao)

local k,i,soma:

k:=nops (equacao) ;

soma:=0:

for i from 1 to k do

soma: =somatexpand (op(i,equacao));

od;

soma;

end proc:


DBD
PUC-Rio - Certificação Digital Nº 0310919/CB


PUC-RIo - Certificacdo Digital N° 0310919/CB

Apéndice B. Programa em Maple: Método de Taylor - vibracao livre

substituicao dos harmonicos na férmula da série

VVVVVVVYVVYVYVVYV

>

for i from 1 to nh do

for j from 1 to 1 do

expand (subs (x=(2*i-1) *omega,serie));
subs (a=A[i],%);

partel[i] :=%:

od;

cat("harmonico ",i),"ok";
od;

UHBM:=0:

for i from 1 to nh do
UHBM:=UHBM+collect (partel[i],t);
od:

UHBM:=collect (UHBM,t) :

“harmonico 17, “ok”
“harmonico 27, “ok”
XX ;

Ay cos(wt) + Az cos(3wt)

primeiras equacoes

>

>
>
>

pO:=subs (t=0,U):
pl:=subs(t=0,UHBM) :

eql1] :=p0;
eqhbm[1] :=p1;

eq, = ul
eqghbm, := Ay + Ay

demais equacoes

VVVVVVVYVVYVYVYV

cont:=1:

for j from 2 by 2 to nt-1 do

if (cont>nh)then break; end if;

for k from 1 by 1 to 1 do

cont:=cont+1:

subs ({seq(t~i=0,i=2..j-2),seq(t~i=0,i=j+1
eqlcont] :=subs (t=1,%) ;

subs ({seq(t~i=0,i=2..j-2),seq(t"~i=0,i=j+1
eghbm[cont] :=subs (t=1,%) ;

od:
t~j,cat("equacao ",cont),"ok";
od;
t2, “equacao 27, “ok”
t1, “equacao 37, “ok”
neq:=cont;

neq :=3

Determinacido das constantes

>

>

eq[1]-eghbm[1]=0;
A[1]:=solve(%,A[1]1);
u0 —Al _A2 =0

227

..2¥nt) },U)-p0:

..nt)},UHBM) -p1:
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Al = ul _A2
> expand(eq[2]-eqhbm[2]=0) ;
w02u0__/3u03 w? 10

_ 4A5w% =0
5 5 + 5 + oW
> M:=Matrix(nh-1): V:=Matrix(1l..nh-1,1):
> for i from 2 to nh do
> cont:=1:
> for j from 2 by 1 to nh do
> M[i-1,cont]:=diff (expand(eql[i]l-eqhbm[i]),A[j]1);
> cont:=cont+1:
> od:
> V[i-1,1]:=-subs({seq(A[jjl=0,jj=2..nh)},expand(eq[i]
-eqghbm[i]));
> od:
> M;
[ 4w? ]
> V;
w02u0<+/3u03 w? u0
2 2 2
> R:=evalm(inverse (M) &x*V) :
> for i from 2 to nh do
> A[i]:=R[i-1,1];
> od:

freqiiéncia da resposta
> _eq:=expand(eq[nh+1]-eghbm[nh+1]) :
> omegal0:=1.2; beta:=0.0001; u0:=0.3;

w0:=1.2
6 :=0.0001
w0 = 0.3

> aux:=fsolve(_eq,omega) ;
auxr = —1.200002812, —0.4000040625, 0.4000040625, 1.200002812
aux[4];

\%

1.200002812

V
o
8
®
[oe}
o
1}
=

w = 1.200002812

\%
-
|
-]

\

xxx:=sum(A[il*cos ((2*i-1)*omegax*t),i=1..nh);

zzx = 0.2999999414 cos(1.200002812 )+

0.5861083642 107 cos(3.600008436 t)

> plot([dig,U,xxx],t=0..vf,y=-u0..u0,color=[red,blue,black],
thickness=[2,2,4],legend=["Runge Kutta","Taylor method",
"Fourier Taylormethod"]);
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0.37
0.2
0.1-

0.1
~0.2
03"

Runge Kutta
Taylor method
Fourier Taylor method

> u0:=’ul0’: omegal:=’omegal’:
> omega:=’omega’: beta:=’beta’:

B.4
Transformacdo da solucio em série de Taylor em uma solucdo de
Lindstedt-Poincaré

> printlevel:=1;

> unassign(’a’); unassign(’w’);

> unassign(’A’); unassign(’_omega’); unassign(’omega’);

> omegal0:=’omegal’: beta:=’beta’: delta:= ’delta’: u0:=’u0’:
printlevel := 1

> collect(U,{beta,t});

1 1 1 1 1
ul + (—EwO2 ul — §5u03) t? + (ﬂw()4 ul + 6w025u03 - gﬁQ u0®) t*
> nops(%);

aproximagao até (3 sera correta
méaxima poténcia em beta - se for nimero de termos-1 faltard uma equacao

> pb:=%-2;

nimero de harmonicos

> nh:=pb+1l; 1:=’1’: omega:=’omega’:

retirada das poténcias de beta que nao podem ser representadas correta-
mente pela solucao de LP

> Ucopy:=subs({seq(beta~i=0,i=pb+1..10%pb)},U):
> xx:=sum(A[i]l*cos((2*i-1)*omega*t) ,i=1..nh);
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vV V.V VYV YV VYV

Vv

vV V. V V V

>

pb =1
nh =2
zz = Ay cos(wt) + Ay cos(3wt)
xx2:=xx: ni:=0: j:=’j’:
for i from 1 to nh do
ni:=ni+(pb-(i-1)+1);

xx2:=subs (A[i]=sum(ali, jl*beta~j, j=i-1..pb) ,xx2);

A[i] :=sum(ali, jl*beta~j,j=i-1..pb);
_omegali] :=(2*i-1)*omega;

od:
XX2;
(@104 a1,1 B) cos(wt) + ag 1 feos(3wt)
ni;
3
ji=230

"nimero de incoégnitas";
ni:=ni+pb+1;
xx2:=subs ({omega=sum(w[jl*beta~j,j=0..pb)},xx2);
omega:=sum(w[j]l*beta~j,j=0..pb);
“ntimero de incégnitas”
nt =295

222 = (a1,0 + a1,1 B) cos((wo + wy B) t) + az 1 B cos(3 (wo + wy 5) 1)

w = wy + wy

unassign(’a’); unassign(’w’);

série de cada harmonico

>
>
>

Y

vV VV VYV YVVYVYV

axcos (x*t) ;
taylor(%,t,nt);
serie:=convert (%,polynom) ;

acos(xt)
0z’ o 0y +O(t)
a_— —
2 24

IR 1
- = = t2 4t4
serie a zax -%§Zax
serie2:=subs({seq((x~2)"i=x2"i,i=1..nt)},serie);

serie? = a — lax,?tz—i—iaxQQt‘l
' 2 24

_omegal2];
3wy + 3wy, f
pb;

EXPANDE:=proc (equacao)

local k,i,soma:

k:=nops(equacao) ;

soma:=0:

for i from 1 to k do
soma:=soma+texpand (op(i,equacao));
od;

soma;

end proc:
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> expand(_omega[2]~2);
9w02—|— 1811]011)15-'-911}1262
> subs({seq(beta~i=0,i=pb+1..10*pb)},%);

911)02 + 18w0w1 ﬁ
substituicao dos harmonicos na férmula da série

ULP:=0:

for i from 1 to nh do

for j from 1 to 1 do

#expandindo omega~2

expand (_omegal[i]~2):

#retirando as potencias em beta que nao interessam
subs ({seq(beta~i=0,i=pb+1..10*pb) },%) ;

#substituindo o omega~2 com as potencias em beta que
interessam

V V.V VYV YV VYV

for 1 from 1 to nh do
ULP:=ULP+collect(parte[i],t);
od:

ULP:=collect(ULP,t):

“harmonico 1”7, “made”

> expand(subs(x2=%,serie2));

> #retirando as novas potencias em beta que nao interessam
> subs({seq(beta~i=0,i=pb+1..10*pb)},%);

> #inserindo a amplitude do harmonico

> subs(a=A[i],%);

> #retirando as novas potencias em beta que nao interessam
> parteli] :=subs({seq(beta~i=0,i=pb+1..10*pb)},expand (%)) ;
>  od;

> cat("harmonico ",i),"made";

>  od;

> ULP:=0:

>

>

>

>

“harmonico 2”7, “made”
> sort(subs({seq(beta~i=0,i=pb+1..10*pb)},ULP),t,ascending);

1

aLH3+aZH3+aLO+(_§UM%Mﬁ—'EW&GLHB_UMwlﬁ%ﬂ

—?ag1ﬁw&)ﬁ+%j;w&alo+—£umﬁh16%—1wfuqﬁa10
2 7 24 ’ 24 ’ 6 ’
27

+ § as 1 ﬁw04) ¢

primeiras equacoes
> p0:=subs(t=0,Ucopy) :
pl:=subs(t=0,ULP):

>
> eql1] :=p0;
> eqlpl1]:=p1;
eq, = ul
eqlp, == az 1 B+ a0+ a1 3
nimero de incognitas

> ni;

demais equacoes
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> cont:=1:
> for j from 2 by 2 to nt-1 do
> for k from 1 by 1 to 1 do
> cont:=cont+1:
> subs({seq(t"i=0,i=2..j-2),seq(t"i=0,i=j+1..2*nt)},
Ucopy) -p0:
> eqlcont] :=subs(t=1,%);
> subs({seq(t~i=0,i=2..j-2),seq(t~1=0,i=j+1..nt)},ULP)-pl:
> eqlplcont] :=subs(t=1,%);
> od:
> t~j,cat("equacao ",cont),"ok";
>  od;
t2, “equacao 27, “ok”
t4, “equacao 37, “ok”
> mneq:=cont:
B.4.1

Determinacao das constantes

VVVVVVVVVVVVVVVVVVVYVVYV VVYV

unassign(’a’); unassign(’w’);
i:=217:

al1,0]:=u0: w[0]:=omega0:
printlevel:=1;

for k from 1 to neq do
cat ("EQUACADO ",k);

for KKK from 1 to 1 do
variaveis:=1:
p0:=subs(beta=0,eq[k]):
pl:=subs(beta=0,eqlp[k]):
#potencia beta~0

if (expand (p0-p1)<>0)then
if (k=1)then

isolate (pO=p1,alk,0]);
alk,k-1] :=expand (rhs (%)) ;

variaveis:=variaveis,sprintf("al[%d,%dl" ,k,k-1);

else

isolate (pO=p1l,wlk-2]);

wlk-2] :=expand (rhs (%)) ;
variaveis:=variaveis,sprintf("w[/%d]" ,k-2);
end if;

end if;

#potencia beta™]

for j from 1 to pb do

auxl:=subs(subs({seq(beta~i=0,i=j+1..pb) ,beta~j=AAA},

eqlk]))-p0:

>

aux2:=subs (subs ({seq(beta~i=0,i=j+1..pb) ,beta~j=AAA},

eqlplk]))-pil:

vV V.V V V V V

if (subs ({AAA=1,beta=0},expand(auxl-aux2))<>0)then

subs ({AAA=1,beta=0},auxl=aux2) ;

if (j+1<k)then

isolate(%,wl[jl);

wljl:=expand (rhs (%)) ;
variaveis:=variaveis,sprintf ("w[%d]l",j);
else

232
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> isolate(%,alk,jl);
> alk,j]:=expand(rhs (%)) ;
> variaveis:=variaveis,sprintf("a[%d,%d]".k,j);
> end if;
> end if;
>  od;
>  od;
> "found",variaveis;
> od;
printlevel := 1
“EQUACAO 17
“found”, 1, “a[1,1]”
“EQUACAOQO 27
“found”, 1, “a[2,1]”
“EQUACAOQO 3”7
“found”, 1, “w[1]”
> xXx2;
3u0?
(u0<_.ﬂgifi)cos«umy+:3“025)t)+.iﬁ u0?* 3 cos(3 (w0 + S0 )1)
32 w(? 8wl 32 w02
> omega;
3u0? 3
0
Ot 500

solucao de primeira ordem obtida com LP tradicional
> omega0+3/8*beta/omegal*x0~2-21/256*beta~2/omegald~3*x0~4

+81/2048+*beta~3/omegal0~5%x076;

0+3ﬁx02 21 32 z0* 8133 x0°
w J—
8 w0 256 w03 2048 w0
> xXX2;
3u0?p
3
e 3 u0? 1 u0” Bcos(3 (w0 + )t)
(u0 — : ﬁ)(@s«ui%+ - ﬁ)t)+——— 8wl
32w0? 8wl 32 w0?
> U

1 1 1 1
u0%—@—§a@2u0——5/3u0ﬂt2+-0——w04u0%-—

24

6

1
w02 B u0? + 3 B2u0’) 4

> sprintf("%d termos = %d harmonicos",nops(U),pb+1);

“3 termos = 2 harmonicos”

233
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> restart;

> with(linalg):

Ci1
Solucao

> eqd:=diff (u(t),t$2)+2*zeta*omegalO*diff (u(t) ,t)+omegald~2*u(t)
+alpha*u(t) ~2+beta*xu(t) ~3=F(t);

eqd := (% u(t)) +2¢w0 (L u(t)) + w0?u(t) + au(t)? + Su(t)® = F(t)
> eqd:=subs ({alpha=0,F(t)=F*cos(Omega*t)},eqd);
eqd = (jt—gz u(t)) +2¢w0 (4 u(t)) +wo?u(t) + Bu(t)® = Fcos(Qt)
> nt:=7;
nt:=7

> eqd;

(Lou(t) +2¢ w0 (L u(t)) +w0?u(t) + fu(t)® = F cos(t)
> isolate(%,diff(u(t), ‘$(t,2)));

L u(t) = Feos(Qt) — 2¢w0 (L u(t)) — w0 u(t) — fu(t)?
> u2:=rhs(%);

u2 = Fcos(Qt) — 2¢w0 (£ u(t)) — w0?u(t) — Bu(t)®

> diff(u2,t$2);

—Feos(Qt) 02 — 2¢w0 (L u(t)) — w0? (L u(t)) — 6 Bu(t) (L u(t))?

—38u(t)? (= u(t))
c[0] :=u0;
c[1] :=vO0;
c[2] :=u2;

for i from 3 to nt do
clil :=diff(c[i-1]1,t);
od:

vV V.V \V V V

cop = ul
c1 = vl
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¢y = Fcos(Qt) — 2¢ w0 (L u(t)) — w0?u(t) — Bu(t)?

> ¢0[0] :=u0;
> ¢c0[1]:=v0;
> ¢c0[2] :=subs({u(t)=u0,diff (u(t),t)=vO0,
> cos(Omegaxt+phi)=cos(phi),sin(Omega*t+phi)=sin(phi),
> cos(Omega*t)=1,sin(Omegaxt)=0},u2);

clOqy := ul

c0y =00

c0y = F — 2¢ w000 — w0?u0 — Bu0?

> for i from 3 to nt do
> cO0[i] :=expand (subs ({u(t)=u0,diff (u(t),t)=v0,
> cos(Omega*xt+phi)=cos(phi),sin(Omega*t+phi)=sin(phi),
> cos(Omegaxt)=1,sin(Omegaxt)=0,seq(diff (u(t),“$(t,j))=

dulj] (u0,v0,0mega),j=2..i-1)},cl[il));
> od:

série de taylor
> i:=’17:
> U:=sum(cO[il*t~i/i!,i=0..nt-1):

C1l1
Transforma a solucdo em série de Taylor em uma série de Fourier

printlevel:=1:

unassign(’a’); unassign(’w’);

unassign(’A’); unassign(’B’); unassign(’_omega’);
unassign(’omega’); unassign(’Omega’);

omegal:=’omegal’: beta:=’beta’: delta:= ’delta’: F:="F’:
zeta:=’zeta’:

> FO:="F0’:

> b:=’b’: u0:=’u0’: phi:=’phi’: v0:="v0’:

> nops(U)-2: (%-1)/2: round(%-.01):

ntimero de harmonicos

> nh:=%;

> i:=’i’: omega:=’omega’:

> xx:=sum(A[il*cos((2%i-1)*0mega*t)+B[i]*sin((2*i-1)*0Omegaxt)
,i=1..nh);

vV V.V V V

nh =2
zz = Ay cos(Qt) + Bysin(Qt) + Ag cos(3Qt) + Bysin(3Qt)

> axcos(xxt);
> taylor(%,t,nt):
> serie:=convert(%,polynom) :
acos(zrt)
> serie2:=subs({seq((x~2)~i=x2"1i,i=1..nt)},serie):
>  bxsin(x*t);
> taylor(%,t,nt):
> serie_s:=convert(%,polynom) :
bsin(x t)
> serie2_s:=subs ({seq((x~3)~i=x3"i,i=1..nt)},serie_s):
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VVVVVVVVVVVVVVVYVVVYVYVVYVVYVYV

EXPANDE:=proc (equacao)

local k,i,soma:

k:=nops (equacao) ;

soma:=0:

for i from 1 to k do

soma: =somatexpand (op(i,equacao));
od;

soma;

end proc:

for i from 1 to nh do

for j from 1 to 1 do

expand (subs (x=(2%i-1) *Omega,serie)) ;
subs (a=A[1i],%);

partel[i] :=%:

expand (subs (x=(2*i-1) *Omega,serie_s)) ;
subs (b=B[i],%);

partel[i] :=partel[i]+%:

od;

cat("harmonico ",i),"ok";
od;

UHBM:=0:

for i from 1 to nh do
UHBM:=UHBM+collect (partel[i],t);
od:

UHBM:=collect (UHBM,t):

“harmonico 17, “ok”
“harmonico 27, “ok”
XX;

Aj cos(2t) + By sin(Q2t) + Az cos(3Qt) + By sin(30Q2¢)

primeiras equagoes

>

>
>
>

p0:=subs(t=0,U):
pl:=subs(t=0,UHBM) :

eql1] :=p0;
eghbm[1] :=p1;

eq, == ul
eqghbm, = Ay + Ay

demais equacoes

VVVVVYVVVVYVYVYV

cont:=1:

for j from 1 by 1 to nt do

if (cont>2*nh+1)then break; end if;

for k from 1 by 1 to 1 do

cont:=cont+1:

subs ({seq(t~i=0,i=j+1..nt),t~j=1},U)-pO:
eqlcont] :=subs (t=0,%) ;
subs({seq(t~i=0,i=j+1..nt),t~j=1},UHBM) -p1:
eghbm[cont] :=subs (t=0,%) ;

od:

t~j,cat("equacao ",cont),"ok";

od;

t, “equacao 27, “ok”
2, “equacao 3”, “ok”

3, “equacao 47, “ok”

236
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t*, “equacao 57, “ok”
5, “equacao 6”, “ok”

> mneq:.=cont;

neq := 6
> for i from 1 to 5 do
> eqlil=eqhbm[il;
> od;
ul = Al +A2
v0) = B1 Q)+ 3B,
F w02 u0  Buo? 1 9
= — — - = —— A2 - A0
5 —owoul 2 2 g g 2
1 w000  Bu0? vl 1 9
—=Cwl0d 0, v0, Q) — — =—— BB -B,03
FQ?2 1 1 B u0 v0?

o4 - ECWO du3<u07 UO? Q) - QWOQ du2(UO7 'UO, Q> B
27

1 1
— gﬁu(]Q dug(u0, v0, Q) = ﬂAl O + §A2 %

> xx2:=subs({seq(A[il=cc[i] (u0,v0,0Omega),i=0..nh),
> seq(B[i]=dd[i] (u0,v0,0Omega),i=1..nh)},xx);

4

222 = ccy(ul, v0, Q) cos(Q2t) + ddi(u0, v0, Q) sin(2t)
+ cco(u0, v0, Q) cos(3Qt) + dda(u0, v0, Q) sin(3Q2t)

Determinacio das amplitudes

> nh;

2
> nops(xx);

4
> neq;

6

> M:=Matrix(2#nh): V:=Matrix(1..2%nh,1):

> for i from 1 to neq-2 do

> cont:=1:

> for j from 1 by 1 to nh do

> M[i,cont] :=diff (expand(eq[i]-eqhbm[i]) ,B[j1);
> cont:=cont+1:

> M[i,cont]:=diff (expand(eq[i]-eqhbm[i]) ,A[j]1);
> cont:=cont+1:

> od:

> V[i,1]:=-subs({seq(A[jj1=0,3jj=0..nh),

> seq(B[jjl=0,jj=1..nh)},expand(eq[i]-eqhbm[i]));
> od:

> cont;

> M,
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0 -1 0 —1
- 0 -3 0
0 0? 0 90)?
2 2
03 903
5 0 2 U
R:=evalm(inverse (M) &*V) :

cont:=1:

for 1 from 1 by 2 to 2*nh do
Blcont]:=R[i,1];

Alcont] :=R[i+1,1];

cont:=cont+1:

od:

_eql[1] :=eq[2*nh+1] -eqhbm[2*nh+1] :
_eq[2] :=eq[2*nh+2] -eghbm [2*nh+2] :

VVVVVYVVVYV

Equacdes que determinam os pontos fixos

_eq[3]:=(u0-u0_0) ~2+(v0-v0_0) ~2+(Omega-Omega_0) ~2-r"2;
HH2:=Matrix([[diff(_eq[1],u0) ,diff(_eql[1],v0)],

[diff (_eq[2],u0) ,diff(_eq[2],v0)]1]):
VV2:=Matrix([[-_eq[1]], [-_eq[2]]1]):

HH3:=Matrix(

[[diff (_eq[1],u0),diff(_eq[1],v0),diff(_eq[1],0mega)]l,
[diff (_eq[2],u0) ,diff(_eq[2],v0),diff(_eq[2],0mega)],

VV VYV VYVVYVYV

VV3:=Matrix([[-_eq[1]1]1,[-_eql[2]1],[-_eql[3111):
gy = (u0 —u0_0)*+ (v0 —v0_0)*+ (22— Omega_0)* —r?
EXCUTE_NR:=proc (naprox)

global HH2,VV2,u0,v0,DELTA;

local i;

for i from 1 to naprox do

DELTA :=evalm(inverse (evalf (HH2) ) &*VV2) ;
u0:=ul0+evalf (DELTA[1,1]);

v0:=vO+evalf (DELTA[2,1]);

od:

"residuo",evalf (DELTA[1,1]),evalf(DELTA[2,1]);
end proc:

EXCUTE_NR3:=proc (naprox)

global HH3,VV3,u0,phi,Omega,DELTA,u00,phi0,0Omegal,r;
local 1i;

for i from 1 to naprox do
DELTA:=evalm(inverse (evalf (HH3) ) &*VV3) ;
u0:=ul0+evalf (DELTA[1,1]);

phi:=phi+evalf (DELTA[2,1]);

Omega:=0Omega+evalf (DELTA[3,1]);

od:

"residuo",evalf (DELTA[1,1]),evalf(DELTA[2,1]),
evalf (DELTA[3,1]);

end proc:

VVVVVVVVVVVV VVYVYVVYVVYVYVYV

[diff (_eq[3],u0),diff(_eq[3],v0),diff(_eq[3],0mega)l]):
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for i from 1 to 2 do

aux:=HH2[i,1]:

for j from 1 to nt do
aux:=subs(diff (dulj] (u0,v0,0mega) ,u0)=duull[j],aux);
od:

HH2[i,1] :=subs({seq(dulii] (u0,v0,0Omega)=dulii],
ii=1..nt)},aux):

aux:=HH2[i,2]:

for j from 1 to nt do
aux:=subs(diff (dulj] (u0,v0,0mega) ,v0)=duv0[j],aux);
od:

HH2[1i,2] :=subs({seq(dulii] (u0,v0,0Omega)=dulii],
ii=1..nt)},aux):

VV2[i,1] :=subs({seq(dulii] (u0,v0,0Omega)=dulii],ii=1..nt)
},vv2li,11):

od:

for i from 1 to 3 do

aux:=HH3[i,1]:

for j from 1 to nt do
aux:=subs(diff (dulj] (u0,v0,0mega) ,u0)=duu0l[j],aux);
od:

HH3[i,1] :=subs ({seq(dulii] (u0,v0,0mega)=duliil,
ii=1..nt)},aux):

aux:=HH3[i,2]:

for j from 1 to nt do
aux:=subs(diff (dulj] (u0,v0,0mega) ,v0)=duv0[j],aux);
od:

HH3[1i,2] :=subs ({seq(dulii] (u0,v0,0mega)=duliil,
ii=1..nt)},aux):

aux:=HH3[i,3]:

for j from 1 to nt do

aux:=subs(diff (dulj] (u0,v0,0Omega) ,Omega)=duomegaljl,aux);
od:

HH3[i,3]:=subs({seq(dulii] (u0,v0,0mega)=dulii],
ii=1..nt)},aux):

VV3[i,1]:=subs({seq(dulii] (u0,v0,Omega)=dulii],ii=1..nt)
},Vv3[i,1]):

od:

VVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVVYVVYVYVYVYV

Remontagem do problema

unassign(’cc’); unassign(’dd’);

unassign(’du’); unassign(’duu0’); unassign(’duv0’);
unassign(’ccu0’); unassign(’ccv0’);
unassign(’ddu0’); unassign(’ddv0’);
unassign(’cculu0’); unassign(’cculv0’);
unassign(’ccvOu0’); unassign(’ccvOv0’);
unassign(’ddulOu0’); unassign(’ddulv0’);
unassign(’ddvOu0’); unassign(’ddvOv0’);
omegal:=’omegal’: beta:=’beta’: delta:= ’delta’: F:=’F’:
zeta:=’zeta’: F0:="F0’: Omega:=’0Omega’:

b:=’b’: u0:=’ul0’: phi:=’phi’: v0:=’v0’:

XX2;

vV VVV VVVYVYVYVVYV
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>
>
>

cer(u0, v0, Q) cos(Q2t) 4+ ddy(u0, v0, Q) sin(§21)
+ cco(u0, v0, ) cos(3Qt) + dda(u0, v0, Q) sin(3Q2t)
xx2:=subs (

{seq(ccl[jj] (u0,v0,0Omega)=cc[jjl,jj=0..nt),
seq(dd[jj] (u0,v0,0mega)=dd[jjl,jj=1..nt)},xx2);

222 = ccy cos(§2t) + ddy sin(Qt) + cegcos(3Q2t) + ddosin(3§2¢)

solucao
> CC[0] :=subs({seq(duljj] (u0,v0,0mega)=duljjl,
> jj=1..nt)},A[01):
> for i from 1 to nh do;
> CC[i] :=subs({seq(duljj] (u0,v0,0Omega)=duljjl,
> jj=1..nt)},A[i]);
> DD[i]:=subs({seq(duljj] (u0,v0,0mega)=duljjl,
> jj=1..nt)},B[il);
> od:
> ¢c0[0];
u0

> c0[2];

F—2¢w0v0 — w0?ul — Bul?
> ¢0[5];

—2¢ w0 duy(u0, v0, Q) — w0? duz(u0, v0, Q) — 6 3003
— 18 B u0 v0 duy(u0, v0, Q) — 3 Bu0? dus(u0, v0, Q)

derivadas fundamentais

>
>
>
>

>

vV V.V V

DU[0] :=u0;
DU[1] :=vO0;
for 1 from 2 to nt do;

DU[i] :=expand (subs ({seq(duljjl (u0,v0,0mega)=duljjl,

jj=2..i-1)},c0[i]1));

od:
DUy := u0
DU =00
DU[2];
DU[3];
DU[4];
DU[5];

F—2¢w0v0 — w0?ul — Bul?
—2¢ w0 dus — w0%v0 — 3 B u0? v0
—F Q2% —2¢w0 dug — w0? dus — 6 S u0 v0? — 3 B u0? du,
—2¢ w0 dug — w0? dug — 6 B0 — 18 Bul v0 dus — 3 B u0? dus

derivadas das derivadas fundamentais

>

>
>
>
>
>
>
J

for i from 0 to 2 do;
DUuO[i] :=diff (DU[i],u0);
DUVO[i] :=diff (DU[i],vO0);
DUomegali] :=diff (DU[i],Omega) ;
od:

for i from 3 to nt do;

240

DUuO[i] :=subs ({seq(diff (duljjl (u0,v0,0mega),u0)=duulljjl,

j=2..1),
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>
>
Ji=
>
>

3]
>

seq(duljjl (u0,v0,0mega)=duljjl,jj=2..1)}, diff(c0[i],u0));

DUVO[1] —subs({seq(dlff(du[JJ](uO v0,0Omega) ,v0)= dqu[JJ]
1),

seq(du[JJ](uO v0,0mega)=duljjl,jj=2..i)}, diff(cO[i],v0));

DUomegali]: —subs({seq(dlff(du[JJ](uO v0,0Omega) , Omega)

duomega[JJ] jj=2..1),seq(duljj] (u0,vO Omega) =duljjl,

L1073, d1ff(c0[1],0mega));
od:
Rotinas
> COMPUTE_TRUE_DU:=proc()
> global zeta,omega0,beta,F0,F,Omega,u0,v0,nt,du,DU,true_du;
> local 1i,j;
> true_dul[0] :=DU[0];
> true_dul[l]:=DU[1];
> true_dul[2]:=DU[2];
> for i from 3 to nt do
> true_duli] :=expand(subs ({seq(duljl=true_duljl,j=2..i-1)},

DU[il));

VVVVVVYV VVVVYVVVVVVVVVVVVVVVYVYV VYVYV

od;

llokll ;

end proc:

COMPUTE_TRUE_DDU : =proc ()

global zeta,omegaO,beta,F0,F,Omega,u0,v0,nt,

duu0,duv0,du,DUu0,DUvO,

DUomega,DU, true_du,true_duul,true_duv0,true_duomega;

local 1i,j;

true_duu0[0] :=DUu0[0]; true_duv0[0]:=DUvO[0];

true_duomega[0] :=DUomega [0] ;

true_duuO[1] :=DUuO[1]; true_duvO[1]:=DUv0O[1];

true_duomegal1] :=DUomegal1];

true_duuO[2] :=DUu0[2] ; true_duvO0[2]:=DUv0[2];

true_duomegal[2] :=DUomega[2] ;

for i from 3 to nt do

true_duuO[i] :=expand (subs({seq(duljl=true_duljl, j=2..i-1),

seq(duu0[jl=true_duuO[jl, j=2..i-1)}, DUuO[il));

true_duvO0[i] :=expand(subs ({seq(duljl=true_dulj], j=2..i-1),

seq(duvO[jl=true_duvO[jl, j=2..i-1)}, DUvO[il));

true _duomegali] :=expand(subs({seq(duljl=true_dulj],
.i-1),

seq(duomega[j]=true_duomega[j], j=2..i-1)}, DUomegal[il));

od;

”Ok";

end proc:

COMPUTE_TRUE_VV:=proc ()

global zeta,omegaO,beta,F0,F,Omega,u0,v0,nt,duul,duv0,du,
true_du,true_duul,true_duvO,true_vv,VV2;

local 1i;

true_vv:=Matrix(2,1):

for 1 from 1 to 2 do

true_vv[i,1] :=subs({seq(duljl=true_duljl,j=2..nt)},

VVv2[i,11);
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VVVVVYVVYV VVYV

od:

"Ok”;

end proc:

COMPUTE_TRUE_VV3:=proc()

global zeta,omegaO,beta,FO0,F,Omega,u0,v0,nt,
duu0,duv0,du,true_du,
true_duul,true_duv0O,true_vv3,VV3;

local i;

true_vv3:=Matrix(3,1):

for i from 1 to 2 do

true_vv3[i, 1] :=subs({seq(duljl=true_dulj]l,j=2..nt)},

Vv3li,11);

VVVVVVVVVVVVVVVVVVVVVV VVVVVVVVVVVVYVYVVYV VYVYVYV

od:

true_vv3[3,1]:=VV3[3,1]:

llokll;

end proc:

COMPUTE_TRUE_HH: =proc ()

global zeta,omegal,beta,F0,F,Omega,u0,v0,
Omega_0,u0_0,v0_0,r,nt,

duu0,duv0,du,true_du,true_duul,true_duv0O,true_hh,HH2;

local 1i;

true_hh:=Matrix(2):

for 1 from 1 to 2 do

true_hh[i,1] :=subs({seq(duljl=true_duljl,j=2..nt),
seq(duu0O[jl=true_duuO[jl,j=2..nt)},HH2[i,1]);

od:

for 1 from 1 to 2 do
true_hh[i,2]:=subs({seq(duljl=true_duljl,j=2..nt),
seq(duvO[jl=true_duv0[j],j=2..nt)},HH2[i,2]);

od:

”Ok";

end proc:

COMPUTE_TRUE_HH3:=proc ()

global zeta,omegal,beta,F0,F,Omega,u0,v0,
Omega_0,u0_0,v0_0,r,nt,

duu0,duv0,du,true_du,true_duul,true_duv0O,true_hh3,HH3;

local 1i;

true_hh3:=Matrix(3):

for 1 from 1 to 2 do

true_hh3[i, 1] :=subs({seq(duljl=true_dulj]l, j=2..nt),
seq(duuO[jl=true_duuO[jl,j=2..nt)},HH3[i,1]);

od:

for i from 1 to 2 do
true_hh3[i,2]:=subs({seq(duljl=true_dulj],j=2..nt),
seq(duvO[jl=true_duv0[j],j=2..nt)},HH3[i,2]);

od:

for i from 1 to 2 do
true_hh3[i,3]:=subs({seq(duljl=true_duljl,j=2..nt),
seq(duomegaljl=true_duomegaljl,j=2..nt)},HH3[i,3]);
od:

true_hh3[3,1]:=HH3[3,1]: true_hh3[3,2]:=HH3[3,2]:
true_hh3[3,3] :=HH3[3,3]:

”Ok";

end proc:

242
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VVVVVVVVVVVVVVVVVV VVVVVVVVVVVVVVYV VVYVVVVYVYVVYVVYV

C1.2

COMPUTE_ONE_STEP:=proc ()

global true_hh,true_vv,u0,v0,COMPUTE_TRUE_DU,
COMPUTE_TRUE_VV,COMPUTE_TRUE_DDU, COMPUTE_TRUE_HH ;
COMPUTE_TRUE_DU() ;

COMPUTE_TRUE_VV() ;

COMPUTE_TRUE_DDU() ;

COMPUTE_TRUE_HH() ;
evalm(inverse(true_hh)&*true_vv) ;

u0:=u0+%[1,1]1;

v0:=vO+%%[2,1];

evalf (%%4AL1,1]1) ,evalf (%%4[2,11) ;

end proc:

COMPUTE_ONE_AUTOMATIC_STEP:=proc()

global

true_hh3,true_vv3,u0,v0,Omega, COMPUTE_TRUE_DU,
COMPUTE_TRUE_VV3,COMPUTE_TRUE_DDU, COMPUTE_TRUE_HHS3;
local aux;

COMPUTE_TRUE_DU() ;

COMPUTE_TRUE_VV3() ;

COMPUTE_TRUE_DDUQ) ;

COMPUTE_TRUE_HH3() ;

aux:=evalm(inverse (true_hh3)&*true_vv3);
u0:=u0+%[1,1]1;

v0:=v0+%%[2,1];

Omega:=0mega+%%%[3,1];

evalf(aux[1,1]) ,evalf(aux[2,1]) ,evalf(aux[3,1]);
end proc:

COMPUTE_TRUE_SOLUTION:=proc ()

global zeta,omegal,beta,F0,F,Omega,u0,v0,nt,nh,du,cc,dd,
true_du,true_cc,true_dd,true_xx;

local 1i,];

true_dul[0] :=DU[0] ;

true_dul1] :=DU[1];

true_dul[2] :=DU[2] ;

true_cc[0] :=0:

for i from 1 to nh do

true_cc[i] :=expand (subs ({seq(duljl=true_dulj],
j=2..nt)},CC[i]));

true_dd[i] :=expand (subs ({seq(duljl=true_dulj],
j=2..nt)},DD[i]));

od;

i:=217;

true_xx:=true_cc[0]+sum(true_cc[i]*cos ((2*i-1)*Omega*t)+
true_dd[i]*sin((2*i-1)*0mega*t),i=1..nh);

end proc:

Exemplo

>

t:=¢:
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eqd;

(% u(t)) +2¢wo (% u(t)) +w0?u(t) + Bu(t)® = F cos(t)
zeta:=0.05; omegal:=1; alpha:=0; beta:=1;
F:=1; Omega:=2;

¢ :=0.05
wl:=1
a:=0
6:=1
F:=1
Q:=2

eqd;
(Lou(t) +0.10 (L u(t)) +u(t) +u(t)® = cos(2¢)

Chute inicial para as coordenadas do ponto fixo da solucao periodica

>
>

vV V.V V V

u0:=1.2;
v0:=0.2;

for i from 1 to 15 do
COMPUTE_ONE_STEP() ;

SSMPUTE_ONE_STEP();
u0,vo0;
0.1673185730 10!, 0.1835355378 10~°
—1.933790430, 0.09771591379
u0,vo0;

—1.933790430, 0.09771591379
XX :=COMPUTE_TRUE_SOLUTION() ;

XX = —1.858154359 cos(2t) + 0.02044165762 sin(2t)
— 0.0756360712 cos(6 ¢) + 0.009472099763 sin (6 t)

Verificacdo da solucdo: integracdo numérica

>

>

>

ti="t":
eqd;

(4 u(t)) +0.10 (4 u(t)) +u(t) + u(t)? = cos(21)
eqd2:=y(t)=diff (x(t),t),diff(y(t),t)=F*cos(Omegaxt)

-2xomegalxzetaxdif

>
>
>

£(x(t),t)
+alpha*x (t) ~2-omega0~2*x(t)-beta*xx(t)~3;
init:=x(0)=u0,y(0)=v0;

eqd2 :=y(t) = L x(t), L y(t) = cos(2¢t) — 0.10 (& x(t)) — x(t) — x(¢)?

>
>

dt ) dt
init == x(0) = —1.933790430, y(0) = 0.09771591379

f:=dsolve({eqd2,init
},type=numeric,method=classical [rk4] ,maxfun=999999,

output=procedurelist):
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> T:=evalf (2+Pi/Omega) ;
T := 3.141592654

> vi:=0; vf:=evalf (2*T);
> f#escrevendo na lista
> delta:=evalf(T/200): cont:=0:
> for k from vi by delta to vf do
> cont:=cont+1;
> od: cont;
> ddl:=array(l..cont,1..2): dd2:=array(l..cont,1..2):
> cont:=0:
> for k from vi by delta to vf do
> cont:=cont+1;
> ddil[cont,1]:=k;
> ddil[cont,2] :=eval(x(t),f(k));
> dd2[cont,1]:=k;
> dd2[cont,2] :=eval(y(t),f(k));
> od:
> dlg:=convert(ddl,listlist):
> d2g:=convert(dd2,listlist):

v, =0

vf 1= 6.283185308
401

> plot([dig,XX],t=0..vf,y=-2%u0..2%u0,color=[red,blue],
thickness=[2,4],legend=["Runge Kutta",'"Fourier Taylor
method"]) ;

N\

Runge Kutta
Fourier Taylor method
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Cc.2

Exportacdo de arquivo para programa em C++

VVVVVVVVTYVVVVVVVVVVV VYVVYV

with(CodeGeneration) :

omegal:=’omegal’: beta:=’beta’: delta:= ’delta’: F:=’F’:
zeta:=’zeta’: FO0:="F0’: Omega:=’Omega’:

b:="b’: u0:=’u0’: phi:=’phi’: v0:=’v0’: x0:="x0":
declarations:=[c::numeric, d::numeric, omegal::numeric,
beta::numeric, Omega::numeric, F::numeric, t::numeric,
u0: :numeric, phi::numeric, u0O::numeric, phiO::numeric,
Omega0: :numeric,

du: :numeric, duuO::numeric, duvO::numeric,

duomega: :numeric,

cc::numeric, dd::numeric]:

for i from 2 to nt do

for k from 1 to 1 do

nomes :=sprintf ("dulldJJ",i-1);

du_toC[i] :=C(DU[1i] ,resultname=nomes,declare=declarations,

recision=double,output=string,optimize=false):

od:

evalf (100*i/nt) ;

od:

for i from 2 to nt do

for k from 1 to 1 do

nomes :=sprintf ("duu0Il’%dJJ",i-1);

duuO_toC[i] :=C(DUuO[i],resultname=nomes,
declare=declarations,precision=double,output=string,

optimize=false):

>
>
>

nomes :=sprintf ("duv0II}dJJ",i-1);
duv0_toC[i] :=C(DUvO[i] ,resultname=nomes,
declare=declarations, precision=double,output=string,

optimize=false):

>
>
>

nomes :=sprintf ("duomegalldJJ",i-1);
duomega_toC[i] :=C(DUomegal[i] ,resultname=nomes,
declare=declarations, precision=double,output=string,

optimize=false):

VV VYV VYV VYV

od:

evalf (100*i/nt) ;

od:

for 1 from 1 to 3 do

for k from 1 to 1 do

nomes :=sprintf ("vII/dJJ",i-1);

v_toC[i] :=C(VV3[i,1] ,resultname=nomes,
declare=declarations,precision=double,output=string,

optimize=true):

>
>
>
>

for j from 1 to 3 do

nomes :=sprintf ("hII%dJJII}%dJJI",i-1,j-1);
m_toC[i,j]:=C(HH3[i, j],resultname=nomes,
declare=declarations,precision=double,output=string,

optimize=true):

>

>
>
>

od:
od:
evalf (100%i/3);
od:
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for i from 1 to nh do

for k from 1 to 1 do

nomes :=sprintf ("cII¥dJJ",i-1);

ci_toC[i] :=C(CC[i],resultname=nomes,
declare=declarations,precision=double,output=string,
optimize=false):

> nomes:=sprintf ("dII%dJJ",i-1);

> di_toC[i] :=C(DD[i],resultname=nomes,

> declare=declarations,precision=double,output=string,
optimize=false):

vV V.V V V

> od:

> evalf(100*i/nh);
> od:

> XX2;

ccy cos(Qt) + ddy sin(Q2t) + ceacos(382t) + ddasin(3§2t)

> subs(t=0,xx2):
> dx0[0] :=%;
> x0:=%:
> for i from 1 to nt do
> subs(t=0,evalf(diff (xx2/(2*nh-1)"1i,t$i))):
> dx0[i]:=collect (%,0mega);
>  od:
dz0y = ccy + cco
> x0;

cc1 + cco
> nomes:=sprintf("x0",i-1):
> x0_toC:=C(x0,resultname=nomes,
> declare=declarations,precision=double,output=string,
optimize=false):

> for i from 0 to nt do
> for k from 1 to 1 do
> nomes:=sprintf ("dx0II%dJJ",i);
> dx0_toC[i] :=C(dx0[i],resultname=nomes,
> declare=declarations,precision=double,output=string,
optimize=false):
> od:
> evalf(100*xi/nt);
> od:
C21

Escreve o arquivo

> classname:="FTMapleForced_nt";

classname = “F'TMapleForced nt”
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VVVVVVVVVYV VVVVVVVVVHFY VVVVVVVHY VVVVVVVVVVVVVVYV VVYVVYVYVYV

PRINT_HEADING := proc(fd)
fprintf(fd,"//equagdes from Maple\n"):
fprintf (fd,"\n"):

fprintf (fd,"#include <math.h>\n"):
fprintf (fd, "#include \"ftmaple.h\"\n"):
fprintf(fd,"\n"):

end proc:

PRINT_LOCAL_VARS := proc(fd)

local cont,i,j;

fprintf(fd,"//local vars\n"):

cont:=0:

for i from 1 to 10*nh do

cont:=cont+1:

fprintf (fd,"static double t%d",cont):
for j from 1 to nt do

cont:=cont+1:

fprintf(fd,",t%d",cont):

od:
fprintf(fd,";\n"):
od:

fprintf (fd,"\n\n"):
end proc:

248

PRINT_COMPUTE_DU := proc(fd) global ci_toC,di_toC; local

fprintf (fd,"void ¥%s%d: :ComputeDU()\n",classname,nh):
fprintf (fd,"{\n"):

for 1 from 2 to nt do

fprintf(fd,"%s",du_toC[i]):

od:

fprintf (fd,"}\n"):

end proc:

PRINT_COMPUTE_DDU := proc(fd) global ci_toC,di_toC; local

fprintf (fd,"void %s%d: :ComputeDDU()\n",classname,nh):
fprintf (£d,"{\n"):

for 1 from 2 to nt do

fprintf (fd,"%s",duu0_toC[i]):
fprintf(fd,"%s",duv0_toC[i]):

fprintf (£d,"%s",duomega_toC[i]):

od:

fprintf (fd,"}\n"):

end proc:

PRINT_CONSTRUCTOR := proc (fd)

fprintf (fd,"%s%d: :%s%d(O\n",classname,nh,classname,nh):
fprintf (£d,"{\n"):

fprintf (fd,"}\n"):

fprintf (fd,"\n"):

fprintf (fd,"%s%d: :~%s%d (O \n",classname,nh,classname,nh) :

fprintf (£fd,"{\n"):
fprintf (fd,"}\n"):
fprintf (fd,"\n"):
end proc:
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V VVVVVVVVVVHEFYVY VVVVVVVVVVVVVVVYV VVVVYVVYVYVYV
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PRINT_SOLUTION := proc(fd) global ci_toC,di_toC; local i;

fprintf(fd,"void %s%d::Solution()\n",classname,nh):
fprintf (£fd,"{\n"):

for i from 1 to nh do

fprintf (fd,"%s",ci_toC[i]):
fprintf(fd,"%s",di_toC[i]):

od:

fprintf (fd,"}\n"):

end proc:

PRINT_EQ := proc(fd) global m_toC,v_toC; local 1i,j,k;

fprintf(fd,"void %s%d::Eq(\n",classname,nh):
fprintf (£fd,"{\n"):

fprintf (fd, "ComputeDU() ;\n"):
fprintf (fd, "ComputeDDU() ;\n") :
for i from 1 to 3 do

fprintf (fd,"%s",v_toC[i]):

od:

for 1 from 1 to 3 do

for j from 1 to 3 do

fprintf (£fd,"%s",m_toC[i,j1):
od:

od:

fprintf (fd,"}\n"):

fprintf (fd,"\n"):

end proc:

PRINT_COMPUTE_DXO := proc(fd) global x0_toC,dx0_toC; local

fprintf(fd,"void %s%d::ComputeDX0()\n",classname,nh):

fprintf (£fd,"{\n"):

fprintf (fd,"%s",x0_toC):

for i from 0 to nt do
fprintf(fd,"%s",dx0_toC[i]):

od:

fprintf(fd,"for(int i=0;i<nh;++i)\n"):
fprintf(fd," dx0[i]l*=pow(2*nh-1,i);\n"):
fprintf (£fd,"}\n"):

end proc:

fname:=sprintf ("c:\\ftmaple_nl3_nt=%d.cpp",nh);
fname = “c:\ftmaple nl3 nt=2.cpp”

writing...

VVVVVYVVYVV YV

fname;
fd:=fopen(fname,WRITE,BINARY);
PRINT_HEADING (fd) ;
PRINT_LOCAL_VARS (fd) ;
PRINT_SOLUTION (fd);
PRINT_COMPUTE_DXO (fd) ;
PRINT_COMPUTE_DU(fd) ;
PRINT_COMPUTE_DDU(fd) ;
PRINT_EQ(fd);

fclose(fd);

“c:\ftmaple nl3 nt=2.cpp”
fd =0
1
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NN NN N

C.2.2
Arquivo exportado

//equagoes from Maple
#include <math.h>
#include "ftmaple.h"
//local vars
static double t1,t2,t3,t4,t5,t6,t7,t8;
static double t9,610,t11,t12,t13,t14,t15,t16;
static double t17,t18,t19,t20,t21,t22,t23,t24;
static double t25,t26,t27,t28,t29,t30,t31,t32;
static double t33,t34,t35,t36,t37,t38,t39,t40;
static double t41,t42,t43,t44,t45,t46,t47,t48;

void FTMapleForced _nt2::Solution()

¢[0]=0.9¢1/0.8el * u0 - pow(Omega, - 0.2e1) * (- F/0.2el + zeta * omega0 *
v0 + omega0 * omega0 * u0/0.2el + beta * pow(u0,0.3e1)/0.2e1)/0.4el;
d[0]=0.9¢1/0.8¢1/Omega * v0 - 0.3el/0.4el * pow(Omega, - 0.3el) * (zeta
* omegal * du|l1]/0.3el + omega0 * omega0 * v0/0.6el + beta * u0 * u0 *
v0/0.2el);

c[l]= - u0/0.8el + pow(Omega, - 0.2el) * ( - F/0.2el + zeta * omega0 * v0
+ omegal * omega0 * u0/0.2el + beta * pow(u0,0.3e1)/0.2¢e1)/0.4el;

d[1]= - 0.1e1/Omega * v0/0.24e2 + pow(Omega, - 0.3el) * (zeta * omegal *
du[1]/0.3el 4 omega0 * omegal * v0/0.6el + beta * u0 * u0 * v0/0.2el)/0.4el;

void FTMapleForced nt2::ComputeDX0()

x0=cc|0] + cc[1];

dx0[0]=cc|0] + cc[1];

dx0[1]=(0.3333333333¢0 * dd[0] + 0.1el * dd[1]) * Omega;
dx0[2]=( - 0.1111111111e0 * cc[0] - 0.1el * cc[1]) * Omega * Omega;
dx0[3]=( - 0.3703703704e - 1 * dd[0] - 0.1el * dd[1]) * pow(Omega,0.3el);
dx0[4]=(0.1234567901e - 1 * cc|0] + 0.1el * cc[1]) * pow(Omega,0.4el);
dx0[5]= (0.4115226337e - 2 * dd[0] + 0.Lel * dd[1]) * pow(Omega,0.5el);
dx0[6]=( - 0.1371742112¢ - 2 * cc[0] - 0.1el * cc[1]) * pow(Omega,0.6el);
dx0[7]=( - 0.4572473708e - 3 * dd[0] - 0.1el * dd[1]) * pow(Omega,0.7el);
for(int i=0; i<nh; ++i)
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dx0[i] * =pow(2 * nh - 1,i);

}

void FTMapleForced _nt2::ComputeDUY()

{

du[l]=F - 0.2el * zeta * omega0 * v0 - omega0 * omega0 * u0 - beta
pow(u0,0.3el);

du[2|= - 0.2el * zeta * omegal * du|1| - omegal * omega0 * v0 - 0.3el * beta
*u0 * u0 * vO;

dul3]= - F * Omega * Omega - 0.2el * zeta * omega0 * dul2] - omegal *
omega( * du[l] - 0.6el * beta * u0 * v0 * v0 - 0.3el * beta * u0 * u0 * du[1];
dul4]= - 0.2e1 * zeta * omega0 * du|3| - omega0 * omega0 * du[2] - 0.6el *
beta * pow(v0,0.3el) - 0.18¢2 * beta * u0 * v0 * du[l] - 0.3el * beta * u0 *
u0 * du[2];

dul5]=F * pow(Omega,0.4el) - 0.2el * zeta * omega0 * dul4] - omega0 *
omegal * dul[3]| - 0.36e2 * beta * vO * vO * du[l] - 0.18¢2 * beta * u0 *
pow(du[1],0.2e1) - 0.24e2 * beta * u0 * v0 * du[2] - 0.3el * beta * u0 * u0 *
duf3];

du[6]= - 0.2el * zeta * omega0 * dul5] - omega0 * omega0 * dul4] - 0.90e2 *
beta * vO * pow(du[1],0.2el) - 0.60e2 * beta * v0 * v0 * du|2] - 0.60e2 * beta,
*u0 * dull] * du[2] - 0.30e2 * beta * u0 * vO * du[3] - 0.3el * beta * u0 * u0
* dul4];

}

void FTMapleForced _nt2::ComputeDDU()

{

duu0[1]= - omega0 * omegal - 0.3el * beta * u0 * u0;

duv0[1]= - 0.2e1 * zeta * omega0;

duomegal1|=0;

duu0[2]= - 0.2el * zeta * omega0 * duu0[1] - 0.6el * beta * u0 * v0;
duv0[2]= - 0.2el * zeta * omegal * duv0[1] - omega0 * omegal - 0.3el * beta
*u0 * u0;

duomegal2]= - 0.2el * zeta * omegal * duomegall];

duu0[3]= - 0.2e1 * zeta * omega0 * duu0[2] - omegal * omegal * duu0[1] -
0.6el * beta * vO * vO - 0.6el * beta * u0 * du[l] - 0.3el * beta * u0 * u0 *
duuOl[1];

duv0[3]= - 0.2el * zeta * omegal * duv0[2]| - omega0 * omega0 * duvO[1] -
0.12e2 * beta * u0 * v0 - 0.3el * beta * u0 * u0 * duvO[1];

duomegal3]= - 0.2el * F * Omega - 0.2el * zeta * omegal * duomegal2| -
omegal * omegal * duomegall] - 0.3el * beta * u0 * u0 * duomegall|;
duuO[4]= - 0.2el * zeta * omega0 * duu0[3] - omegal * omegal * duu0[2] -
0.18e2 * beta * v0 * du[l] - 0.18e2 * beta * u0 * v0 * duuO[1] - 0.6el * beta *
u0 * duf2] - 0.3el * beta * u0 * u0 * duu0|2];

duv0[4]= - 0.2el * zeta * omegaO * duv0[3] - omegal * omegal * duv0[2] -
0.18e2 * beta * v0 * v0 - 0.18e2 * beta * u0 * dul1] - 0.18e2 * beta * u0 * v0
* duv0[1] - 0.3el * beta * u0 * u0 * duv0|2];

duomegal4]= - 0.2el * zeta * omega0 * duomegal3| - omega0 * omega0 *
duomegal2] - 0.18¢2 * beta * u0 * vO * duomega|l] - 0.3el * beta * u0 * u0 *

*
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duomegal?2];

duu0[5]= - 0.2el * zeta * omega0 * duuO[4] - omegal * omegal * duu0[3] -
0.36e2 * beta * v0 * vO * duuO[1] - 0.18e2 * beta * pow(du|1],0.2e1) - 0.36e2
*beta * u0 * du[l] * duul[1] - 0.24e2 * beta * vO * du|2] - 0.24e2 * beta * u0
*v0 * duul[2] - 0.6el * beta * u0 * du[3] - 0.3el * beta * u0 * u0 * duu0|3];
duv0[5]= - 0.2el * zeta * omega0 * duv0[4] - omegal * omegal * duv0[3] -
0.72e2 * beta * v0 * du[l] - 0.36e2 * beta * v0O * v0O * duv0[1] - 0.36e2 * beta
*u0 * dull] * duv0[1] - 0.24e2 * beta * u0 * du|2| - 0.24e2 * beta * u0 * v0 *
duv0[2] - 0.3el * beta * u0 * u0 * duv0|3];

duomegal5]=0.4el * F * pow(Omega,0.3el) - 0.2el * zeta * omegal *
duomegal4] - omega0 * omega0 * duomega|3] - 0.36e2 * beta * v0 * v0 *
duomegal[l] - 0.36e2 * beta * u0 * du[l] * duomega|l] - 0.24e2 * beta * u0 *
v0 * duomega|2] - 0.3el * beta * u0 * u0 * duomegal3|;

duu0[6]= - 0.2el * zeta * omega0 * duu0[5] - omegal * omegal * duu0[4] -
0.180e3 * beta * vO * du[l] * duuO[1] - 0.60e2 * beta * vO * v0 * duu0|2] -
0.60e2 * beta * du[1] * du[2] - 0.60e2 * beta * u0 * duu0[1] * du[2] - 0.60e2 *
beta * u0 * du[l] * duu0|2] - 0.30e2 * beta * v0O * du[3] - 0.30e2 * beta * u0 *
v0 * duu0[3] - 0.6el * beta * u0 * du[4] - 0.3e1 * beta * u0 * u0 * duuO[4];
duv0[6]= - 0.2el * zeta * omegal * duv0[5] - omegal * omegal * duv0[4] -
0.90e2 * beta * pow(du[l1],0.2e1) - 0.180e3 * beta * v0 * du[l] * duv0[1] -
0.120e3 * beta * vO * du|2] - 0.60e2 * beta * vO * v0 * duv0[2] - 0.60e2 * beta
*u0 * duv0[1] * du]2] - 0.60e2 * beta * u0 * du[l] * duv0[2] - 0.30e2 * beta
*u0 * dul3] - 0.30e2 * beta * u0 * vO * duv0[3] - 0.3el * beta * u0 * u0 *
duv0l4];

duomegal6]= - 0.2e1 * zeta * omegal * duomegal5| - omega0 * omegaQ *
duomegal4] - 0.180e3 * beta * v0 * du[l] * duomega|l] - 0.60e2 * beta * v0 *
v0 * duomegal2] - 0.60e2 * beta * u0 * duomega|l] * du[2]| - 0.60e2 * beta *
u0 * du[1] * duomegal2] - 0.30e2 * beta * u0 * v0 * duomegal3| - 0.3el * beta
*u0 * u0 * duomegal4|;

}

void FTMapleForced nt2::Eq()

{

ComputeDU();

ComputeDDU();

t1=Omega * Omega;

td=zeta * omegal;

t8=omegal * omegal;

t9=dul1];

t13=v0 * v0;

t16—=u0 * u0;

t31=0.1el/t1 * ( - F/0.2el + t4 * vO + t8 * u0/0.2el + beta * t16 *
u0/0.2e1)/0.4el;

£33=t1 * t1;

V[0]=F * t1/0.242 + t4 * du[2]/0.12e2 + t8 * £9/0.24¢2 + beta * u0 *
£13/0.4e1 + beta * t16 * t9/0.8el + (0.9e1/0.8el * u0 - t31) * £33/0.24e2 +
0.27€2/0.8el * (- u0/0.8el + t31) * £33;

tl1=zeta * omegal0;
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t5=omegal * omegal;

t6=dul2];

t9=v0 * v0;

t14=du[1];

t18=ul * u0;

t19=beta * t18;

t23=0.1el/Omega * v0;

t25=0mega * Omega;

t35=0.1e1/t25/Omega * (t1 * t14/0.3el + t5 * v0/0.6el + t19 * v0/0.2el);
t38=t25 * t25;

t39=t38 * Omega;

v[1]=t1 * du[3]/0.60e2 + t5 * t6/0.120e3 + beta * t9 * v0/0.20e2
0.3e1/0.20e2 * beta * u0 * vO * t14 + t19 * t6/0.40e2 + (0.9¢1/0.8e1 *
t23 - 0.3e1/0.4el * t35) * t39/0.120e3 + 0.81€2/0.40e2 * ( - t23/0.24e2 +
t35/0.4el) * £39;

t2=pow(ul - u0_0,0.2el);

td=pow(v0 - vO_0,0.2¢1);

t6=pow(Omega - Omega_0,0.2e1);

t7=r *r;

v[2]= - t2 - t4 - t6 + t7;

tb=omegal * omegal);

t6=duuO[1];

t9—=v0 * v0;

t16=u0 * u0;

t17=beta * t16;

t20=0Omega * Omega;

£26=0.1e1 /t20 * (£5/0.2¢1 + 0.3e1/0.2e1 * t17)/0.4eL;

£28=120 * t20;

h[0]|0]= - zeta * omegaO * duu0|2]/0.12e2 - t5 * t6,/0.24e2 - beta * t9/0.4el -
beta * u0 * du[1]/0.4el - t17 * t6/0.8¢1 - (0.9e1/0.8el - t26) * t28/0.24e2 -
0.27¢2/0.8el * ( - 0.1el/0.8el + £26) * t28;

t5=omegal * omegal;

t6=duv0[1];

t12=u0 * u0;

t16—=0Omega * Omega;

h[0][1]= - zeta * omegaO * duv0[2]/0.12¢2 - t5 * t6/0.24¢2 - beta * u0 *
v0/0.2el - beta * t12 * t6/0.8el - 0.5e1/0.6el * t16 * zeta * omega0;
t3=zeta * omegal;

t7=omegal * omegal;

t8=duomegal1];

t11=u0 * u0;

t22= - F'/0.2el + t3 * vO + t7 * u0/0.2el + beta * t11 * u0,/0.2el;
t26=0Omega * Omega;

£20=0.1e1 /t26 * £22/0.4el;

t31=t26 * Omega;

h[0][2]= - F * Omega/0.12¢2 - t3 * duomega|2]/0.12e2 - t7 * t8/0.24¢2 - beta
*£11 * t8/0.8el + 0.5e1/0.3el * Omega * t22 - (0.9e1/0.8el * u0 - t29) *
£31/0.6e1 - 0.27¢2/0.2e1 * (- u0/0.8el + t29) * t31;
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tl1=zeta * omegal0;

t5=omegal * omegal;

t6=duu0|2];

t13=beta * u0;

t14=duul[1];

t21=u0 * u0;

t25=0mega * Omega;

h[1][0]= - t1 * duu0[3]/0.60e2 - t5 * t6/0.120e3 - 0.3¢1/0.20¢2 * beta * v0
* dufl] - 0.3e1/0.20e2 * t13 * v0 * t14 - t13 * du[2]/0.20e2 - beta * t21 *
£6,/0.4002 - £25 * (t1 * t14/0.3el + t13 * v0)/0.2e1;

tl=zeta * omegal;

t5=omegal * omegal;

t6=duv0[2];

t9=v0 * v0;

t12=beta * u0;

t16=duvO[1];

t20=u0 * u0;

t21=beta * £20;

t24=0.1e1/Omega;

t26=0Omega * Omega;

£34—0.1e1 /£26/Omega * (t1 * £16/0.3e1 + t5/0.6el + t21,/0.2¢1):

£37=126 * £26:

t38=t37 * Omega;

h[1][1]= - t1 * duv0|3]/0.60e2 - t5 * £6/0.120e3 - 0.3e1/0.20e2 * beta * 9 -
0.3e1/0.20e2 * t12 * du|l] - 0.3e1/0.20e2 * t12 * v0 * t16 - t21 * t6/0.40e2
~ (0.9e1/0.8el * £24 - 0.3e1/0.4el * t34) * 38,/0.120e3 - 0.81e2/0.40e2 * ( -
£24/0.24€2 + t34/0.4el) * 38,

t1=zeta * omegal0;

th=omegal * omega0;

t6=duomegal2];

t10=duomegall];

t14=u0 * u0;

t15=beta * t14;

t18=0Omega * Omega;

t20=0.1e1/t18 * v0;

£22—t18 * t18:

£31—t1 * duf1]/0.3el + t5 * v0/0.6el + t15 * v0/0.2¢1;

£32=0.1e1 /t22 * t31;

t35=0.1e1/t18 /Omega;

t38=135 * zeta * omegal * t10;

t41=0Omega * t22;

t45=0.1el/Omega * v0;

t47—t35 * t31;

h[1][2]= - t1 * duomegal3]/0.60e2 - t5 * t6/0.120e3 - 0.3e1/0.20e2 * beta
*ud * v0 * t10 - t15 * t6/0.40e2 - ( - 0.9e1/0.8e1 * t20 + 0.9e1/0.4el *
£32 - t38/0.4el) * t41/0.120e3 - (0.9e1/0.8e1 * t45 - 0.3e1/0.4el * t47) *
£22/0.24€2 - 0.81e2/0.40e2 * (£20/0.24e2 - 0.3e1/0.4el * £32 + t38/0.12e2) *
t41 - 0.81e2/0.8el * ( - £45/0.24e2 + t47/0.4el) * 22;
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h[2][0]=0.2¢e1 * u0 - (double)(2 * u0_0);
h[2][1]=2 * v0 - 2 * vO_0;

h|[2]|2]=0.2e1 * Omega - (double)(2 * Omega_0);
}

255
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