EulerAngles

inf1221= Clear["Global  %"]

Part 1: Euler Angle rotation

inf1222)= Rzphi[t] = {

{Cos[phi[t]], -Sin[phi[t]], 0},
{sin[phi[t]], Cos[phi[t]], O},
{0, 0, 1}};

Rytheta[t] = {
{Cos[theta[t]], O, Sin[theta[t]]},
{o, 1, 0},
{-Sin[theta[t]], O, Cos[theta[t]]}};

Rzpsi[t] = Rzphi[t] /. phi[t] » psi[t];

inf1225)= MatrixForm[Rzphi[t]]
MatrixForm[Rytheta[t]]
MatrixForm[Rzpsi[t]]

Out[1225]//MatrixForm=
Cos[phi[t]] -Sin[phi[t]] O
Sin[phi[t]] Cos[phi[t]] O J
0 0 1

Out[1226]//MatrixForm=

Cos|[theta[t]] O Sin[theta[t]]
0 1 0

-Sin[theta[t]] 0 Cos[theta[t]]

Out[1227]//MatrixForm=
Cos[psi[t]] -Sin[psi[t]] O
Sin[psi[t]] Cos[psi[t]] O]
0 0 1

inr1228y= amat = Rzphi[t] .Rytheta[t].Rzpsi[t];
inf12291= MatrixForm[Simplify[amat. {0, 0, 1}]1]
Out[1229]//MatrixForm=

Cos[phi[t]]Sin[theta[t]}J

Sin[phi[t]] Sin[theta[t]]
Cos[theta[t]]

n230p= rbody = {x, y, z};
in1231:= rspace = Simplify[amat.rbody] ;

in12321= vspace = FullSimplify[D[rspace, t]];
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In[1233]:=
vbody = Simplify[Transpose[amat] .vspace]
ou1233= { (-y Cos[theta[t]] +z Sin[psi[t]] Sin[theta[t]]) phi’[t] -
ypsi’[t] +z Cos[psi[t]] theta’'[t],
(x Cos[theta[t]] +zCos[psi[t]] Sin[theta[t]]) phi’'[t] +xpsi’[t] -
z Sin[psi[t]] theta’'[t], - (yCos[psi[t]] +xSin[psi[t]]) Sin[theta[t]] phi’[t] +
(-xCos[psi[t]] +ySin[psi[t]]) theta’'[t]}

inr1234;= Lbodydensity = Simplify[Cross[rbody, vbody]]
ourzag= {- (x z Cos[theta[t]] + ((y?+2z?) Cos[psi[t]] +xySin[psi[t]]) Sin[theta[t]]) phi’[t] -
X zpsi’[t] + (—xyCos[psi[t]} + (y2 + 22> Sin[psi[t]}) theta’[t],
(-yzcCos[theta[t]]+ (xyCos[psi[t]]+ (x?+z?) Sin[psi[t]]) Sin[theta[t]]) phi’[t] -
y zpsi’[t] + ((x?+2?) Cos[psi[t]] -xySin[psi[t]]) theta’'[t],
((x?+y?) Cos[theta[t]] +z (xCos[psi[t]] -ySin[psi[t]]) Sin[theta[t]]) phi’[t] +
(x2 +y2) psi’[t] -z (yCos[psi[t]] +xSin[psi[t]]) theta’[t]}

inr12351= Lbody = Simplify[Expand[Lbodydensity] /. {x*y—>0, x%¥z2->0,y*xz->0,
x*2 » (i2+i3-i1) /2, y*2 > (i3+i1-i2) /2, z*2 > (i1+i2-i3) /2}];
MatrixForm|[

Lbody]

S i Cos [psi[t]] Sin(theta[t]] phir[t] +11Sin[psi[t]] theta[t]
[ i2 (Sin[psi[t]] Sin[theta[t]] phi’[t] +Cos[psi[t]] theta’'[t])
i3 (Cos[theta[t]] phi’[t] +psi‘[t])

inr12371= Ibody = DiagonalMatrix[{il, i2, i3}];
MatrixForm[Ibody]
Out[1238]//MatrixForm=
il 0 ©
[ 0 i2 © ]
0 0 1i3

in(1239;= omegabody = Simplify[Inverse[Ibody] .Lbody] ;
MatrixForm[omegabody]
Out[1240]//MatrixForm=
-Cos[psi[t]] Sin[theta[t]] phi’[t] +Sin[psi[t]] theta’[t]
Sin[psi[t]] Sin[theta[t]] phi’[t] +Cos[psi[t]] theta’[t]
Cos[theta[t]] phi’[t] +psi’[t]

Part 2: Euler Egs. for free rigid body (L = T - V with V=0)

nizat= T = Simplify[(1/2) # omegabody.Ibody.omegabody |

<i3 (Cos[theta[t]] phi’[t] +psi’[t])?+

T

1
out[1241]= —
2

i2 (Sin[psi[t]] Sin[theta[t]] phi’[t] + Cos[psi[t]] theta’[t])?2 +
il (Cos[psi[t]] Sin[theta[t]] phi’[t] - Sin[psi[t]] theta’[t] )2)
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n2421= ppsi = D[T, psi'[t]]

ouiza2;= 13 (Cos[theta[t]] phi’[t] +psi’[t])

inf1243;= Simplify[ppsi - i3 * omegabody[[3]]]

out[1243= 0

in1244p= fpsi = Simplify[D[T, psi[t]]]
oui244]= — (11 -1i2) (Sin[psi[t]] Sin[theta[t]] phi’[t] +Cos[psi[t]] theta’'[t])
(Cos[psi[t]] Sin[theta[t]] phi’[t] - Sin[psi[t]] theta’[t])

nii24s- Simplify[% - (il-i2) » omegabody[[1]] * omegabody[[2]]]
out[1245]= 0
ni246:- (% Hence i3D[omegabody[[3]],t] == (il-i2)xomegabody[[1]]*omegabody[[2]] *)

n2471= (* In place of the other two Lagrange Egs. of motion,

can just use cyclic permutations of this. x)
inf2481= Part 3 : Free symmetric rigid body (L =T - VwithV=0andil = i2)
inf124gp= Tsym = T /. i2 » il
Out[1248]= é <i3 (Cos[theta[t]] phi’[t] +psi’[t])?+

il (Sin[psi[t]] Sin[theta[t]] phi’[t] + Cos[psi[t]] theta’'[t])? +
il (Cos[psi[t]] Sin[theta[t]] phi’[t] -Sin[psi[t]] theta’'[t] )2)

inf1249p= fphi = Simplify[D[Tsym, phi[t]]]

out[12491= 0

in1250p= fpsi = Simplify[D[Tsym, psi[t]]]

out[12501= 0

in1251p= Pphi = FullSimplify[D[Tsym, phi'[t]]]
1

ouf1251= — ((11+ 13+ (-11+13) Cos[2 theta[t]]) phi’[t] +2 i3 Cos[theta[t]] psi’[t])
2

in12521= Ppsi = FullSimplify[D[Tsym, psi'[t]]]

oufizszl= 13 (Cos[theta[t]] phi’[t] +psi’[t])

inf253= Lspace = {0, 0, Lmag}

ourizsz= {0, 0, Lmag}

inr254;= Lbody = FullSimplify[Transpose[amat] .Lspace]

| 3

{-Lmag Cos[psi[t]] Sin[theta[t]], Lmag Sin[psi[t]] Sin[theta[t]], Lmag Cos[theta[t]]}



