
Symplectic geometry
Lecture 16

Collective motion
The results of the  first part of this lecture are taken 
from:
Guillemin, V. and S. Sternberg [1980], “The moment 
map and collective motion”, Ann. of Phys.,127, 
220–253.







Example: the rigid body.









The definition of a 
collective Hamiltonian.



The liquid drop model.





Solving Hamilton’s equations 
for a collective Hamiltonian.

Reminder: the Legendre transformation.



Two ways of constructing a 
vector field on M .



The two ways coincide.



Proof.
To prove:



Consequences.





Solving the equations in four easy steps.



Step 1.

injection of the orbit



Step 2.



Step 2.

 



Steps 3 and 4.



Step 3.

 

 



Step 4.
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Partial information.



The Poisson structure on the 
dual of a Lie algebra.



Relation to the symplectic structure 
on orbits



Pull back by the moment map is a 
homomorphism of Poisson algebras.



Collective and invariant 
Hamiltonians commute.



Do they mutually 
centralize one another?



Left and right actions of G on 
its cotangent bundle.



Example: the free rigid body.



Example: the free rigid body, 2.







The centralizer of the 
invariant functions.









Three types of “collectives”.



Reformulation of the 
problem.


