# John Guckenheimer & Philip Holmes Page 132-133, center manifold reduction
[ > restart:with(LinearAlgebra):
| > # original system dot(u)=fl; dot(v)=f2
> fl:=v;
fl:=v

> f2:=-v+alp*u”2+bet*u*v;
f2:= alpu2+betuv—v

| > # fixed point

> fp:= solve({f1,f2},{u,v});
fp:={u=0,v=0}

> u0:=0:v0:=0:

> # Jacobian at the fixed point

0 1
2 alpu+ betv betu—1

> JO0:= simplify(subs(u=u0,v=v0,J));
0 1
JO =
0 -1
> ev:= Eigenvectors(J0);
—1 -1 1
ey = ,
0 1 0
(> lam1:= ev[1][2];lam2:=ev[1][1];
laml =0
i lam2 = —1
>vl:=ev[2][1..2,2]; v2:= ev][2]][1..2,1];
1
vl =
0
-1
2 =
v 1
B T:= <vl|v2>; whattype(T);
1 -1
T:=
0 1 }
Matrix

> Tl:= Matrixlnverse(T);
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(2)

(3)

> J:= Matrix(2,2,[[diff(f1,u),diff(f1,v)],[diff(f2,u),diff(f2,v)]])
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(5)
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(9)
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TI:= b (10)
o1
> TestT:= MatrixMatrixMultiply(TI,MatrixMatrixMultiply(J0,T));
0 O
TestT = (11)
0 -1
;> # New variables (x,y)=TI * (u,v)
> X:= Vector(2,[u,v]);
X:= (12)
%
(> y:= Vector(2,[x,y]); )
X
Y = (13)
B4
(> x2:= MatrixVectorMultiply(T,Y);
x_
x2=| "7 (14)
y
B F:= Vector(2,[f1,f2]);
v
alp u* + betuv—v
(> G:= subs(u=X2[1],v=X2[2],MatrixVectorMultiply(TI,F)):
alp (x—y)? + bet (x —
G| WY (x=y)y (16)
alp (x—y)" +bet (x—y)y—y

>gl:= G[1]; g2:= G[2];
gl = alp(x—y)2+bet(x—y)y
i g2:=alp (x—y)* +bet (x—y) y—y (17)
[> # dot(x)=g1; dot(y)=g2;
> TestJO:= subs(x=0,y=0,Matrix(2,2,[[diff(gl,x),diff(gl,y)],[diff
(92,x),diff(g2,y)]11));

Test]O :=

0

0 1 (18)

[> # TestJ0=J0
| > # assume the center manifold y=h(x)= a*x"2+b*x”*3 + h.o.t.
> h:=a*x"2+b*x"3; dh:= diff(h,x);
h=bx+ax’
dh:=3bx*+2ax (19)




> N:= collect(expand(subs(y=h,dh*g1-g2)),x);
N:i= (3alpp® -3 b’ bet) X* + (8aalpb* -8 ab’ bet) X + (7d° alp b

—7dbbet—7alpb* +4 b bet) X*+(2d alp—2 a® bet—12 aalp b
+7abbet) X+ (-5d°alp+3 a° bet+5 alpb— b bet) X* + (4 aalp — a bet
+ b) x3+(a—alp) X

[ > N x_ 2:=coeff(N,x,2);
N.x_2=a—alp

B N_x_3:= coeff(N,x,3);
N.x_3:=4aalp—abet+b

=> soln:= solve({N_x_2,N_x_3},{a,b})
soln := {a = alp, b= -4 alp® + alp bet}

> a:=rhs(soln[1]);
a:=alp

> b:=rhs(soln[2]);
b :=-4 alp® + alp bet

=> ggl:=collect(expand(subs(y=h,gl)),x);
ggl = (16 alp® — 24 alp* bet + 9 alp® bet® — alp® bet’) x° + (-8 alp* + 10 alp® bet

— 2 alp® bef) X’ + (9 alp® — 7 alp® bet + alp bet’) x* + (-2 alp® + alp bet) x°
+ alp X

:> # the flow on the center manifold is dot(x)=ggl
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