restart

#Initialize linear algebra
with(LinearAlgebra) :
with(VectorCalculus) :
with(ArrayTools) :
with(CodeGeneration) :

#Import expressions from other worksheets:

read "../Equations_of motion/eom.m";
read "diff eq phi.m";

DDphi_sol == f:

#Inserting for virtual holonomic constraint:
qlsub := theta(t) :
q2sub = phi(theta(?)) :

eom = M.Vector([DDql, DDq2]) + Cc.Vector([Dql, Dg2]) + G
aby = collect| subs(ql = qlsub, g2 = q2sub, Dql =diff (q1sub, t), Dq2 = diff (q2sub, t), DDql

4 d 2
=diff (qlsub, t, t), DDq2 =diff (q2sub, t, t), eom), [? 0(1), (E G(t)) U :
t

abyl == aby(1);
aby? == aby(2);

& d 2
abyl = collect(abyl, [—2 0(1), (— G(t)) D :
dr dt
& d 2
aby2 = collect(abyZ, [? (1), (E G(t)) D :
d2
alphal = coeﬁ(abyl, — G(t)];
dr
d2
alpha?2 = coeﬁ”(abyZ, ? G(t)];
t
d PN
gammal = subs[ (E G(t)) =0, ? 06(¢) =0, abyl],
d S
gamma?2 = Subs[ (E G(t)) =0, ? (¢t) =0, abyZJ,
¢ d 2
betal = subs(? 0(z) =0, (E 9(1‘)) =1, aby]) — gammal,
t



2

2
B2 —subs[d—e() 0, (ie(t)) =1,aby2] -
a7

#Inserting for error coordinates:

qlsub = theta(t) :
q2sub = y(t) + phi(theta(?)) :

eom_y = subs(ql =qlsub, g2 = q2sub, Dql =diff (q1sub, t), Dg2 =diff (q2sub, t), DDq1
=diff (qlsub, t, t), DDq2 = diff (q2sub, t, t), eom);

2 2
temp = solve| {eom_y[1], eom y[2]}, % 0(1), %y(t)}) :
t f

DDtheta_sol = temp|[1],
DDy sol == collect(temp[Z], [D(z)(q)) (G(I) ) ]),

#Inserting phi"=10:

DDtheta_sol DDphi_sub := subs ( p*? (¢)(6(¢)) =DDphi_sol, DDtheta_sol ) ;
DDy sol DDphi_sub := subs ( p*? (¢)(6(¢)) =DDphi_sol, DDy sol ) ;

#Simplifying aby with weights:
mul == p3:
mu2 = p2-cos(theta(¢) — phi(theta(?))) :

sub_out tlme = ( f) —subs( ahﬁr theta , t) = DDtheta, diff (theta(t), t) = Dtheta, theta(t) =theta,
diff (y = DDy, diff (y Dy,y( ) =y, /):
Sub_out_error = (f) —subs ( dlﬁ” =0,y(¢t) =0,Dy=0,y=0,f) :

alpha( := sub_out_time(simplify(mul-alphal + mu2-alpha?));
beta0 := sub_out_time(simplify(ul -betal + mu2-beta2));
gamma( := sub_out_time(simplify(mul-gammal + mu2-gamma?));

# Verify that equation is 0 on orbit (y=0.Dy = 0)
DDtheta_sol_on_orbit := simplify(sub_out time(sub _out error(rhs( DDtheta _sol DDphi sub))));
verification = simplify( DDtheta_sol_on_orbit-alpha0 + beta0-Dthetd” + gamma);

#Defining right-hand side of perturbated aby equation:

g = sub_out_time( collect( alpha0-rhs(DDtheta_sol_DDphi_sub) + beta0-diff(theta(r), t)2

+ gamma0, [ diff (theta(t), t, 1), diff (theta(?), £)*]) );
g0 = sub_out error(g) :



verification = simplify(sub_out error(g));

g [—= simpliﬁ/( -diff (g0, theta) - DDtheta 2—|— diff ( gO,ZDtheta) -Dtheta j;
2-(DDtheta” + Dtheta”)
g y = simplify(sub_out error(diff (g,y)));

g Dy := sub out error(diff (g, Dy));

#Creating linearized system matrix for transverse coordinates:

h = collect(sub_out_time(rhs(DDy_sol_DDphi_sub) ), [Dthetaz]);
h0 = sub_out error(h) :

-diff (h0, theta) -DDtheta + diff (h0, Dtheta) - Dtheta

2 (DDtheta2 + Dthetaz) ’
h_y = sub out error(diff (h,y)) :
h y:= collect( numer( factor(h_y)), {difﬁ Dthetaz, DDtheta, sin, cos}) /denom( factor(h_y));

h =

h_Dy = sub_out _error( diff (h, Dy));

A = Matrix(3, 3, 'fill=0") :

_ 2-Dtheta

"~ alpha0
Al, | = mu-(g_I— betal) :
Al’2 =mu-g y:

Al, 3 =mu-g Dy:

Az,s =1

Ay = hI:
A372 =h y:
Ay 5= h Dy:

#Creating Matlab code:
sub_out_theta = (f)—subs(D® (¢)(0) =DDDphi, D* (¢) (8) =DDphi, D(¢) (6) =Dphi,
phi(theta) =phi, f) :

Matlab(sub_out theta(alpha0), resultname =alpha0');

Matlab(sub _out theta(beta0), resultname =betal)'");
Matlab(sub_out theta(gamma(), resultname =gamma0');

A0 = sub out theta(A) :
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