> with(DEtools):

> xphug:=R-> [diff(theta(t),t)=v(t)-cos(theta(t))/v(t),
diff(v(t),t) = -sin(theta(t)) - R*(v(t))
diff(x(t),t) =v(t)*cos(theta(t)),
diff(y(t),t) =v(t)*sin(theta(t))]:

phug:=R->[xphug(R)[1], xphug(R)[2]]:
> DEpIot(phug(O 2), [theta, v], t =0 .. 10, theta = -Pi .. 3*Pi, v

=0 [seq([theta(O):O v(O)—veI] vel =1 .. 3, .1)],
tlckmarks = [piticks, default], linecolor = [seq(COLOR(HUE h) h=
1..3, .1)]);
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> with(plots) :

\%

> display(Matrix([ [ plot(sin(x),x=0..2-Pi), plot(cos(x),x=0.2-Pi)]]));
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display (Matrix([[
# left pi
DEp ot(phug(O 2) [theta, V], 0..10,
heta——Pl .. 3*Pi, v =0 3

t
[seq([theta(0) = O, v(O) = veI] vel =1 .. 3, .1)], tickmarks
= [piticks, default], nump0|nts:200
Iinecolor = [seq(COLOR(HUE, h/2),h=1..3, .1)]),
# right pic
DEpIot(xphug(O 2), [theta, vV,X,y],
, theta = -Pi .. 3*Pi, v = 0 .. 3,
x——l 5 y—O .6,
[seq([theta(O) 0, v(0)=vel, x(0)=0, y(0)=vel],
vel =1 .. 3, 1)] scene—[x
linecolor = [seq(COLOR(HUE h/2) h=1..3, .1)])
11));
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> gliderPic:=R->display(Matrix([[

# left pic
DEpIot(phug(R) [theta, v], t =0 .. 10,
theta = -Pi *Pi, v =0 .. 3,

[seq([theta(O) =0, v(0) =vel], vel =1 .. 3, .1)], tickmarks
= [piticks, default], numpoints=200,
Iinecolor = [seq(COLOR(HUE, h/2),h=1..3, .1)]),
# right pic
DEpIot(xphug(R) [theta, v,Xx,y],
= .. theta = -Pi ..3*P| v =0 .. 3,

x— 1 .5, y—O .6,

[seq([theta(O) 0, v(0)=vel, x(0)=0, y(0)=vel],

vel =1 .. 3, 1)] scene=[x,y

linecolor = [seq(COLOR(HUE h/2) h=1..3, .1)])
L 11)):

> gliderPic(0);
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true);

> display(glidermovie, insequence
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> convert( %,

> solve( {v —

> Fix:=R—

radical);

ol

| > assume(R > 0);

cos(theta)
y

[9 = -arctan(R~), v= (

-arctan(R), (
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> solve({v— —cos(tjleta) =0, -sin(theta) —R-v2=0}, {theta,v});

{0 =arctan( -RootOf (-1 + (R* +1) _Z*) R, RootOf (-1 + (R +1) _7Z°)), v=RootOf (_Z*
—RootOf (-1 + (R*+1) 7))}

]

=0, -sin(theta) — RV =0 }, {theta, v} ) : convert( %, radical);
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Fix:=R—>[—arctan(R), ( 5 ) l 4
1+R

> plot( [op(Fix(R)),R=0..4], theta=- % .0,v=0..1 );
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> phug(R);
d B _cos(6(1)) d . L 2}
] [dt 0(1) =v(1) T dr v(1) = -sin(0(z)) —R~v(1) ®)
> map(e—rhs(e), phug(R));
_cos(B(r) . o 2}
] [v(t) o sin(0(¢)) —R~v(¢) 6)
> subs({v(t) =v, theta(t) =theta}, %);
[v— @, ~sin(8) — R~1? )
=> F == unapply(%, (theta, v, R)); _ _
Fom (0, Re) = |v— <)L ) — rey? ®)
=> F == unapply(subs({v(t) =v, theta(t)_=theta}, map(eﬁrhs(e),phug_(R) )), (theta, v, R));
F:=(0,v,R~)— v—@,—sin(e) — R~V 9)
=> F(theta, v, .2);
cos(9) . 2
i -sin(0) — 0.2 v (10)

> ?Jacobian
> with(VectorCalculus) :




>

Jacobian(F (theta, v, R), [theta, v]=Fix(R));

R~ 1
- - ] o 1t T
R~ +1 (2—) RNZ +1 2—
R~ 41 R~ +1
1/4
=
i RZ+1 R~ +1
simplify(%0);
R~
B ’ 1/4 2
(R +1)
) 1 ) 2 R~
1/4
RZ+1 (RZ+1)
Jack := simplify(Jacobian( F(theta, v, R), [theta, v] =Fix(R)));
- = 1/4 2
2
(R +1)
Jack =
) 1 ) 2 R~
1/4
RZ+1 (RZ+1)
with(LinearAlgebra) :
Trace(Jack);
) 3 R~
1/4
(R +1)
Determinant(Jack);
2V R +1
Eigenvalues(Jack);
1 -3R~+JRZ-38
1/4
2 (R2+1)
1 3R~+JR?—38
7 (RNQ 1) 1/4
simplify(%);
1 -3R~+JR*-38
1/4
2 (RZ+1)
1 3R~+JR"—38
2 (R~2 + 1 ) 1/4

jFor R>sqrt(8), have REAL eigenvalues, for O<R<sqrt(8) complex evals.
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