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NonCANONICAL HAMILTO~IAN FIELD THEORY AND REDUCED ~HD

Jerrold E. Marsden l and Philip J. Morrison l •2

ABSTRACT. Aspects of noncanonical Hamiltonian field theory are reviewed.
f·1any systems are Hamiltonian in the sense of possessing Poisson bracket
structures. yet the equations are not in canonical form. A particular
system of this type is considered. namely reduced magnetohydrodynamics
(RflHD) which was derived for tokamak modelling. The notion of a Lie­
Poisson bracket is reviewed; these are special Poisson brackets asso­
ciated to lie groups. The Rt4iD equations are shown to be Hamiltonian
for brackets closely related to the Poisson bracket of a semi-di rect
product group. The process by which this bracket may be derived from
a canonical Lagrangian description by reduction is described.

1. INTRODUCTION. The basic idea underlying noncanonical Hamiltonian field

theory is that systems which are not Hamiltonian in the traditional sense

can be made so by general iZing the Poisson bracket. In fact. Poisson brackets

for most of the major non-dissipative plasma systems have now been obtained.

Four of the most basic systems are as follows. in chronological order:

1. Idea 1 MHO - Morri son a nd Greene [1980].

2. Maxwell-Vlasov equations - Morrison [1980] and ~:arsden and ~;einstein

[1932] .

3. Multifluid Plasmas - Spencer and Kaufman [1982].

4. BBGKY hierarchy - ~drsden. Morrison and Weinstein (in these proceed­

i ngs) .

For additional historical information and other systems. see Sudarshan

and Mukunda [1983] and the reviews of Morrison [1982]. ~1arsden et al '. [1983]

and the lectures of Holm. Ratiu and Weinstein in these proceedings. The

purpose of this paper is to discuss some of the basic ideas and apply them

to reduced magnetohydrodynamics (RHMD).
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