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:T"Q — Q, (T*Q,Qq, H) a hamiltonian system.

Theorem (Hamilton Jacobi)

LetS:Q — R,
Q c(t)isan.C.of Tto Xy odS = dSoc(t)isanI.C. of Xy.
© H-J equation: HodS=E
d(HodS) =0
TQ — " - T(T*Q) = TQ—1 >R
dST lTT dST /
XS
Q ° TQ Q E—cte
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Non Holonomic Systems

e DCTQ,mp:D—Q,

e (D,[-,-Ip, p) a skew-symmetric algebroid < (D*,{:,-}p-)
linear almost Poisson structure.

e Hp : D" — R, Xy, the NH hamiltonian vector field.
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Non Holonomic Systems

e DCTQ,mp:D—Q,
e (D,[-,-Ip, p) a skew-symmetric algebroid < (D*,{:,-}p-)
linear almost Poisson structure.
e Hp : D" — R, Xy, the NH hamiltonian vector field.
Theorem (Hamilton Jacobi)
Let x: Q — D,
Q c(t)isanL.C.of Ttp o Xy, 0o @ = «oc(t)isanLC. of X}y,
Q H-Jequation: dP(Hpoa)=0 if dPax=0
dP(Hp o «) +igg{DdDoc: 0 if dPa#0

The Snakeboard: e Q=SE(2)xT?, DcCTQ
D/G < TT? x se(2)
e G =SE(2) ! !
Q/G T?
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Rolling Disk with forces

® Q :Rz X Sl X Sl ;s = (X/U/¢/e)~
X = Rcosdp0

traints: . .
e Constraints 4 = Rsindd

e D =span{Xy, Xy}~ (D, [, ]p,p) a
skew-symm. algebroid.
e Xy, € X(D*)assoc. to {-,-jp-.
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Rolling Disk with forces

® Q :Rz X Sl X Sl ;s = (X/U/¢/e)~
., ] *x=Rcosdb
e Constraints: 4 = Rsin 4)9
e D =span{Xy, Xy} w (D, [-,Ip,p) a

skew-symm. algebroid.
Xy, € X(D*) assoc. to {-, - p-.

F(q,4) = (Kcosd d))ﬁd) ~ F= (Feospv?) X2

T:R x D — Q skew-symmetric algebroid.
Idea: Basis: {(0,X1), (0,X>), (1,0)}

Paula Balseiro — IMPA-CNPq (Brasil)



Rolling Disk with forces

Q :Rz X Sl X Sl ;7 (X/y/d)le)'
X = Rcosdp0
Y = Rsind0

Constraints:

D = span{Xy, Xz} ~» (D, [-,-]p, p) a
skew-symm. algebroid.
XH, € X(D*) assoc. to {-,-jp-.

Fla,q) = (KCOSdDdJ)ﬂd) ~ F= (Feospv?) X2

T:R x D — Q skew-symmetric algebroid.

The new hamiltonian vector field: Ry, = Xy, — (F*)Y € ¥(D*¥)

oH , COH .

oH
Pb = —Pb57 + CapPe
0pa aqt

a

q _pa _nga
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Theorem. (Hamilton Jacobi)
Letx:Q — D*,
Q c(t)isanLC.of Ttp o Xy, o ¢ = xoc(t)isanl.C. of
Rup = X, — (F)Y.

@ H-] equation:
dP(Hp o o) + F*(a) =0 if dAPa=0

dP (Hp o ) + F*(«) -|—i£]gchdDOC:0 if AP #0
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Theorem. (Hamilton Jacobi)
Letx:Q — D*,
Q c(t)isanLC.of Ttp o Xy, o ¢ = xoc(t)isanl.C. of
RHp = XHp — (F*)V.

@ H-] equation:
dP(Hp o o) + F*(a) =0 if dAPa=0

dP (Hp o ) + F*(«) -|—i£]gchdDOC:0 if AP #0

v

Rolling disk with forces:
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Affine Constraints

L4 (tl qll q21 qlr q2/ w1, Wy, (.1)3)

e Constraints:

q' —rwy = —Q(t)q?
q* +rw; = Q(t)q".
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Affine Constraints

g L4 (tl qll q2’ qll q2/ w1, Wy, (.1)3)

e Constraints:
: ) 1
a0 q-+rw; = Q(t)q".

Rolling ball on a rotating table:

Q =cte
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Affine Constraints
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: ) 1
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Time dependent systems:
e Q=RxP, W:Q—-1R
e H:RxT*P - R

ow . oW
- * H(tl qll N i

m o ) = constant on P,
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Time dependent systems:
e Q=RxP, W:Q—R
e H:RxT*P - R

ow

.0
TS + H(t,q", a—qi) = constanton P,

Theorem. (Hamilton Jacobi)
Let (E, [, -1, p, &, h) be an almost hamiltonian system on E. If
x e V),
Q c(t)isanI.C.of Tty«oRy,ox = aoc(t)isanl.C. of
Rp € X(V*).

@ Hequation: poigy (dF(hoa)) =0

Thank you!
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