[> restart;
> with(LinearAlgebra) :with (plots) :

Warning, the name changecoords has been redefined

=l Parametres

>
Ml:=< < -4 | -r 10 >,
<1 | -(742*x) | 1 >,
<-1 | 3+r | =5 > >;

omega:= sqrt(r*2 + 2*r + 4);
a:=(8+3*r)/(32+10*r) ;
c:=(8+2*r)/ (32+10*r) ;
t:=(8+3*r)/ (32+10*r) ;
g:=(8+2*r) / (32+10*r) ;
cg:=2/(32+10*r) ;
ca:=(16+7*r)/ (8*(32+10*r)) ;
w:i= <<1>, <0>, <-1>>;

u:= <<r>, <2+r-omega>, <omega-2>>;
v:= <<r>, <2+r+omega>, <-omega-2>>;
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M1:=1 1 7-2r
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> simplify( Multiply(Ml,u) + (6 + r - omega)*u ) ;

simplify( Multiply(M1,v) + (6 + r + omega)*v );
simplify( Multiply (M1,w) + 4*w );

- o
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=l Expression de F(C,C) := f11, résolution du systéeme

> Y0 ;=< <c¢c> <cg> <0 >;
Yinf := < < ¢c*2 >, < c*cg >, < c*( c -cg ) > >;
[ 8+2r |
32+10r
Y0 := 2
32+ 10r
(- O -




(8+2r)?
(32 +1071)?

2(8+2r)
Yinf:= (32 +101)?

8+2r i 2
32+10r 32+ 10r

32+ 10r ]

(8+2r)(

> Y := simplify (Y0 - Yinf);
[ 4(4+1)(3+T)]

(16 + 57)°

4(3+r)
(16 + 57)?

(4+r)(3+T)
(16 +51)* |

{ alphal*u[l,1] + betal*v[1l,1] + gamml*w[1l,1] = Y[1,1],
alphal*u[2,1] + betal*v[2,1] + gamml*w[2,61] Y[2,1],
alphal*u[3,1] + betal*v[3,1] + gamml*w[3,1] Y[3,1]

¥

> eqns :=

4(4+1)(3+T)
(16+51)%
al(2+1-Ar?+2r+4)+pL@+r+Ar?+2r+4)= 4@+f),
(16 + 5r)?
_(4+r)(@B+r)
(16 + 51)?

egns:={ alr+plr +gamml =

al(Wr2+2r+4-2)+pL(Ar2+2r+4-2)-gamml =

> solve (eqns, {alphal,betal,gamml}) ;

! (192+31r% +110r%+ 196+ + 31 *
4(256+ 1601 + 2512 (r2+2r+4)r

+23Vr2+2r+4r2+74rVr2+2r+4-+3 r2+2r+4r3+96 r2+2r+4Lﬁ1:
1 r2+2r+4

(-74rAlr?+2r+4 -9
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3afr2+2r+4r3+3r% 41961 +192+31r3+110r2-234/r2+2r+41?),




3+r

gamml = ———
2(16+5Tr)

> alphal := factor(

1/4*%(192+196*r+110*r*243*r*44+23* (r*242*r+4)*(1/2) *r 2+4+74*r* (r*2+2*r+4)
(1/2)4+96* (r*2+2*r+4)* (1/2)+3* (r*2+2*r+4)* (1/2) *r*3+31*r*3) / ((256+160*r
25*%rA2) * (x”*2+2*r+4) *r) ) ;

gamml := 1/2*(3+r)/(16+5*r) ;

betal := factor(

1/4*% (-96* (r*24+2*r+4)*(1/2) -3* (r*242*r+4)*(1/2) *r~*3+192+196*r+3*r*4-74*
* (rr242*r+4)~(1/2)+431*r*3-23* (r*242*r+4)*(1/2) *r~24+110*r*2) / (r* (256+16
*r4+25*%rr2) * (r*242*r+4)) ) ;

e B+r)3r3+22r2+3Ar2+2r+4r2+14rAlr2+2r+4 +44r +32Ar2+2r+4 +64

4(16+5r)2(r2+2r+4)r

. 3+r
gamml \= ——M8M—
2(16+5r)
3 2 2 2 2 2
ﬂl___(3+r)(-3r +3'\/r +2r+4r°-22r -44r+14r'\/r +2r+4 +32/\/r +2r+4-64
4(16+5r)2(r2+2r+4)r
el := tau-> exp(-(6+r-omega) *tau) ;
e2 := tau-> exp (- (6+r+omega) *tau) ;
e3 := tau-> exp(-4*tau);
eli=r elCGr -0
=7l
e3::ree('4r)
£f11 := tau-> alphal*el(tau)*u[l,1] + betal*e2(tau)*v[1l,1] +
gamml*e3 (tau)*w[1l,1] + Yinf[1l,1];
£21 := tau-> alphal*el(tau)*u[2,1] + betal*e2(tau)*v[2,1] +
gamml*e3 (tau)*w[2,1] + Yinf[2,1];
£31 := tau-> alphal*el(tau)*u[3,1] + betal*e2(tau)*v[3,1] +

gamml*e3 (tau) *w[3,1] + Yinf[3,1];
fll:i=7 > olel(r) uy 1 +ple2(r) vy | +gamml e3(z) wy | +Yinfy 4

f21:=7 — olel(r) u, | +ple2r) v, | +gamml e3(r) w, ; +Yinf, 4

f3l:=7 — alel(r) u3 1 +ple2(r) v | + gamml e3(r) Wy ; +Yinf; 4

[Vériﬁcations

> simplify( diff (f11(tau),btau) + 4*f1l1l(tau) + r*£f21(tau) - c);

simplify( diff (£21 (tau),tau) - £f1ll1l(tau) + (7+2*r)*£21(tau) - £31(tau)



)
simplify( diff (£31(tau) , tau) + £11(tau) - (3+r)*£21(tau) + 5*£31 (tau)

c);

>

=l Expression de F(A,A) := {0, résolution du systeme

>U0 =< << 0> <0 > < ca>>;
Uinf := < < a*g >, < a*cg >, < a*( c -cg ) > >;
- 0 -

o := 0

16+7r
| 256+ 80T |

(8+3r) (8+2r)
(32 +1071)?

2(8+3r)
Uinf:= (32+10r)°

@+an[ 8*r2r 2
32+10r 32+10r

32+10r

> U := simplify (U0 - Uinf);

(8+3r)(4+1)]
2 (16 + 51)?

8+ 3r

Us=| ~———
2(16+5r)

64+56r + 1112
16 (16 + 51)?

{ alpha2*u[l,1] + beta2*v[1l,1] + gamm2*w[1,1] = U[1,1],
alpha2*u[2,1] + beta2*v[2,1] + gamm2*w[2,1] U[2,1],
alpha2*u[3,1] + beta2*v[3,1] + gamm2*w([3,1] = U[3,1]

¥

> eqns :=




8+3r

eqns:={ a2(2+r-Alr?+2r+4)+p22+r+Ar?+2r+4)=- ">
2 (16 + 51)?

64+56r +11r°2
16 (16 + 51)°

a2(WrZ+2r+4-2)+p2(-Alr?+2r+4-2)- gamm2 =

(8+3r)(4+r)

021 + 21 + gamm?2 = -
2 (16 +51)?

> solve (eqns, {alpha2,beta2,gamm2}) ;

gamm2 = _te+7r 2= 1 (384r/\/r2+2r+4

- ’a -
32(16+57) 641 (256+ 1601 + 251 7) (r 2+ 21 + 4)

+512Ar 2+ 21 +4 + 1024+ 13A/r 2+ 2r +4 13 + 131 %+ 10241 + 15413 + 5641 2
+1064/r2+2r+4129), p2=- ! (1024

64 (256 + 1601 + 2512 (r2+2r +4) r

-13/\/r2+2r+4r3+13.r4+154r3+564r2+1024r-106/\/r2+2r+4r2
_5124/r2+ 21 +4 -384r Alr 2+ 21 + 4)

> alpha2 :=

-1/64*(1024+1024*r+154*r~3+512* (r*242*r+4)*(1/2)+106* (r*2+2*r+4)~(1/2)
r*2+4384* (r*242*r+4)~(1/2) *r+13* (r*2+2*r+4)~ (1/2) *r*3+13*r*4+564*r*2) / (
256+160*r+25*r*2) * (r*2+2*r+4) *r) ;

gamm2 := -1/32*(16+7*r)/(16+5*r) ;

beta2 :=

-1/64* (1024+564*r*24+13*r~4-384* (r*242*r+4)* (1/2) *r-512* (r*24+2*r+4)* (1/
)-13* (r*242*r+4)*(1/2) *r*3-106* (r*2+2*r+4)* (1/2) *r*2+1024*r+154*x*3) / (
* (256+160*r+25*r”2) * (r*2+2*r+4)) ;

a2:=- L (3841 AIr2+2r+4 +512Ar 2+ 21 + 4 + 1024

641 (256 + 1601 + 251 %) (r %+ 21 + 4)

+134/r2+2r+4r3+13r% + 20241 + 15413+ 56412 + 106 A/r 2+ 21 + 4 1 ?)

_ 16+7r
32(16+5r)

p2:=- ! (1024-134/r2+2r +4 13 +13r% + 1541 + 564+

64 (256 + 1601 + 2512 (r2+2r +4)r
+102471-106Ar2+2r +4r2-512Ar2+ 21 +4 -384r Alr 2+ 21 + 4)

> f12 := tau-> alpha2*el(tau)*u[l,1] + beta2*e2(tau)*v[1l,1] +
gamm2*e3 (tau) *w[1l,1] + Uinf[1,1];

gamm2 =




£22 := tau-> alpha2*el(tau)*u[2,1] + beta2*e2(tau)*v[2,1] +
gamm2*e3 (tau) *w[2,1] + Uinf[2,1];
£32 := tau-> alpha2*el(tau)*u[3,1] + beta2*e2(tau)*v[3,1] +
gamm2*e3 (tau) *w[3,1] + Uinf[3,1];

fl2:=7 — 02€l(r) uy | +p2€2(r) vy ; +gamm2 e3(z) wy ; +Uinfy 4

f22:=7 — a2 el(r) u, 1+42 €2(7) Vy 1t gamm2 €3(z) Wy 1t Uinfz’ 1
f32:=7 > 02€l(r) uz | +f2€2(r) v ; + gamm2 e3(z) wy ; + Uinfg |

[Ve'riﬁcations

> simplify( diff (£f12(tau),tau) + 4*f12(tau) + r*f22(tau) - a);
simplify( diff (£22 (tau),tau) - fl2(tau) + (7+2*r)*£22(tau) - £32(tau)
) ;
simplify( diff (£32 (tau),tau) + £f12(tau) - (3+r)*£f22(tau) + 5*£32(tau)
a);

[solution particuliere pour F(A,A)

> fpart := tau -> -r*alpha2*el(tau) - r*beta2*e2(tau) + r/4*a*cg + a/4;

fpart:=7 > -r a2e1(r)-rﬁ2e2(r)+%racg+%a

> fpart(tau);

1 (384r'\/r2+2r+4 +512'\/r2+2r+4+1024

64 (256 + 1601 + 251 2) (r2+ 21 + 4)

+134/r2+2r+4r3+13r% + 120241 + 15413+ 56412 + 106 A/r 2+ 21 + 4 1 ?)
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€ + — (1024
64 (256 + 160r +25r“) (r “+ 2r + 4)

~13Ar2+2r+4r3+13r% + 15413+ 56412 + 10241 - 106 4/r 2+ 21 + 4 1 2
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-512A/r“+ 21 +4 - 384t A[r +2r+4)e —_
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+
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> simplify( diff( fpart(tau),tau ) + 4*fpart(tau) - r*f22(tau) - a );
0

> k := simplify( a - fpart(0) );




>

>

>

._ 3lr+80
- 32(16+57)

£0 := tau -> k*exp(-4*tau) + fpart(tau);
(47)

fo=t > ke + fpart(z)

£0 (tau) ;

31r+80)e? . 1

(3841 Alr2+2r +4 + 512412+ 21 +
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+1024+13A/r2+2r+4r3+13r% +10241 + 154r 3+ 56412 + 106 4/r 2+ 21 +4 1 ?)
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~13Ar2+2r+4r3+13r* +154r3+56412 + 10241 - 106 4/r 2+ 21 + 4 1 2
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simplify( diff( fpart(tau),tau ) + 4*fpart(tau) - r*f22(tau) - a );
0

=| Convexite de la courbe parameétreée

melagmmmlmmmkmmmmprﬁﬁmmd%bﬂkbam?onmﬁdd%qumbdm>0.

>

>

>

simplify( ( 64 + 44*r 4+ 22*r*2 + 3*r”*3 )*2 - omega”2*( 32 + 1l4*r +
3*rr2)r2 ) ;
384r2+312r3+1561% +30r°

'alpha? est strictement négatif, quand est-il de beta2 ? on voit ci dessous que beta2 < 0

simplify( ( 1024 + 1024*r + 564*r*2 + 154*r*3 + 13*r*4 )*2 - omega”2*(
512 + 384*r + 106*r*2 + 13*r”3 )*2 );

9101’ + 521521 ° + 131072 2 + 129792 r % + 10972 r © + 186368 2

| La courbe est donc reguliere, est-elle biréguliere ?

simplify( diff( £11 (tau),tau )*diff( £0(tau) ,tau,tau ) - diff(

fll(tau), tau, tau )*diff( £0(tau), tau) );
2 )
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=| courbe paramétreée, graphique

> r:=10;
r:=10

> Fl:=plot( f1l1l(tau), tau=0..0.5, color=red):
Gl:=plot( f£21(tau), tau=0..0.5, color=blue):
display({Fl, Gl}, axes=boxed, title="F(C,C) en rouge and F(C*,CG) en
bleu °);




F(C,C) en rouge and F(C*,CG) en bleu
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> F2:=plot( f1l1(tau), tau=0..2, color=red):
G2:=plot( f£f21(tau), tau=0..2, color=blue):
display({F2, G2}, axes=boxed, title="F(C,C) en rouge et F(C*,CG) en
bleu 7);




F(C,C) en rouge et F(C*,CG) en bleu

> f11 (tau);
£0 (tau) ;




299 | 767 1o J(as-A124)0) o 299 767 124 o (16 + A/124) 1)
87120 2700720 87120 2700720
+£e('47)+_49
132 1089
65 e(-4 7) 10/ - 1747 124 - 709 e(-(16- Af124) 7)
352 21605760 696960

_10[ 709 |, 1747 @J o (a6 +~/124)7) 361

696960 21605760 4356

> F:=plot( fll1l(tau), tau=0..2, color=red):
G:=plot( £0(tau), tau=0..2, color=blue):
display({F, G}, axes=boxed, title="F(C,C) en rouge et F(A,A) en bleu’)

F(C,C) and F(A,A)

tall

> plot([[f11(tau), £fO0(tau), tau=0..5], [c + s*(c*2 - c), a + s*(a”2 - a)
s=0..1]], color=[red,blue]);




en bleu le segment reliant ( F(C,C)(0), F(A,A)(0) ) a ( F(C,C)(inf), F(A,A)(inf) ), en rouge la courbe

 paramétrée tau -> ( F(C,C)(tau), F(A,A)(tau) pour r:= 100






