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ABSTRACT
The infinite series of functions present in the ponderomotive

Hemiltonian are explicitly summed wusing Newberger's sum rule. The-

result is a -compact and easily >eva1uated ' expression for the

ponderomotive Hamiltoﬁian.‘ Application of the K-x theorem yields the
linear susceptibility of relativistic magnetized plasma - in agreement

with, but generalizing, the previous result of Weiss and Weitzner.
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Ponderomotive force 1is the average or beat force felt by a
particle in an electromagnetic wave with slowly varying amplitude and
wave vector. For slow particles, this force is given by the gradjent
of ihe‘ponderomotive potential.1 The kinetic .generalization of the
pondefomotjve ,potentiall is | the ponderomotive Hamiltonian; A The
ponderomotive ,Hamiltoniaﬁ was originallj derived for ,unméén§tized

2

particles in electrostatic waves. It has since been generalized to

describé the motion in electromagnetic waves of relativistic
unmagnetized particles,3_5 nonrelétifistid' particies in é, uniform
magnetic field,B_5 nonrelativistic particieé in a nonuniform maénetic
field,6 and relativistic particles in a nonuﬁiform magnetic field.7
The ponderomotive Hamiltonian is extremely versatile, since it
complétely describes the mbtion of the oscillation center. From the
ponderomotive Hamiltonianv’ one readily obtains the ponderomotive
parallel force, drifts, and gyrofrequency shift. However, in its
previously published form the ponderomotive Hamiltonian‘ can be
difficult to use-because'it is repreéentéd as an infinite series of
Bessel functions. This is especially‘true in the intermediate regime
where>the’gyfofrequency is comparable to the wave frequency and the
prodﬁct of the gyroradius and the perpendiculaf wave vector is

~comparable to unity. In the present note we show how to obtain a

compact form for the ponderomotive Hamiltonian by summing the Bessel

function series using Newberger’'s recently derived sum .
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We apply this sum rule to the ponderomotive Hamiltonian for a
particle moving in a nonuniform magnetic field. The electric field of

the wave is represented in the form,

E = é(g,t)exp(i%(g,t)) + c.c. . ‘ (2)

We define k = V¢ and o = -3y/dt. The approximations needed for
deriving the ponderomotive Hamiltonian are described in detail in
Ref. 5, Sec. VB. The form for the relativistic ponderomotive

Hamiltonian is7
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The symbols f,ﬁ,ﬁ”,vu,p, and Q0 are defined in Ref. 7. The unit vectors

~

ﬁ: (ﬁliiﬂxkl)/vg_are the circularly polarized unit vectors..

All series present in Eq. (8) can be put ‘into the form of Eq. (1).

After considerable algebra we find
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where o = (w—k"V”)/Q, and
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Fipnally, we mnote that this expression for Kéy can be used to
deduce the local Ilinear susceptibility of relativistic magnetized

plasma via the K-y theorem of Refs. 3-5. We find
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This formula generalizes ‘the recently derived result of Weiss and

Weitzner9 to allow for arbitrary momentum distributions..
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