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Hamiltonian Formulation of Reduced MHD*., R.D.
HAZELTINE and P.J.- MORRISON, V. of Texas, IFS—=The
reduced MHD model has become a principal tool for
understanding nonlinear processes (e.g., disruptions)
in a tokamak discharge. Although analytical treatments
of reduced MHD turbulence have been helpful, the
model’s impressive ability to simulate such phenomena
is based primarily on numerical solutions. The present
work describes a new analytical approach, not
restricted to. turbulent regimes, based on Hamiltonian
field theory. It has been found that the nonlinear
(ideal) reduced MHD system can be expressed in
Hamiltonian form: &, = {H E4}, where £y = ¥, the
poloidal flux, and 5‘ =V, ¢, with ¢ the electrostatic
potential. The Hamiltoniﬁn is the usual field energy,
H o= 1/2 fdx[(V)? + (V§)*] and the bracket is defined
by {F,0} = Jdx{v([F},6,] + [Fy,6)]) + VEHIF,, G},
where F and G are functionals of E F, = aF/aa and
the 1inner bracket 1is given ,gf' %fx?g.
Discretization and truncation wiLhin this Hamiltonian
paradigm yields energy conserving approximations. Fur=-
thermore we have a Liouville theorem in function space.
lp, Morrison and J. Greene, PRL 45, 790(1980); 48, 569
(1982); P. Morrison in '"Math. Methods in Hydrodynamica -
Ed. M. Tabor(AIP, 1981).
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Scaled 1deal MHD
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II GENERALIZED HAMILTONIAN
DYNAMICS
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commotator properties
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A. lnvariants

Use
[4x $0q;0] = [dx g ChF] = [dx h(f,g]
+o Find

dH _

E=0> 4p=o0
where

=4 [dx [ (ua) + (L¥)?]

— reduced MHD (k:ha‘\‘12. plus magnr"fc)
energy
P = L[dx Vo0

N

reduced Wol‘{‘:)&r :hvarian‘}‘
o [dy BV

Flay conservation, 4y [dy¥' =0 is reduced
ana)"ranC,e. OJ}: fd} élﬁ (Wa['{'jer)



B, lnner brac keTs
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C. Sinﬂld hel\cH‘\/ case
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D. General HarMHom’an -Funa'fional
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E. Ha-mi l4onvan bracketf
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F. Canonical variables
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o, Canonfca[ e%ua+'|ons oT mmLion
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3, Inter pre"[‘a'ﬂon
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