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Arecent paper obtained a class of exact one-dimensional solutions of the Vlasov—Poisson equations
for a one-component plasma in a parabolic electrostatic potential well. Here it is shown that a
significant class of these solutions has already been studied and shown to be cha®@i62 ©
American Institute of Physics[DOI: 10.1063/1.1498837

In a recent paper, Yu, Chen, and Stehfibtained a class dA,
of exact one-dimensional solutions of the Vlasov—Poisson  A1=~ 5~ (4)
equations describing a one-component plasma in a parabolic
electrostatic potential well. In particular, the electric field atand
any time is given by = E(t)x so that the plasma density is
given byA,=E,+ngy, wheren, is the constant background _1d%A,
ion density. The Vlasov—Poisson system is then reduced ex- "2~ 2 dtZ

actly to an infinite set of coupled ordinary nonlinear differ-
ential equations of the form If one now limits f(A) to be a pOIynomial of a most

quadratic nonlinearity, then following from numerical work
by Sprott? Eichhorn, Linz, and Hagg? identified seven dis-
tinct forms for f(A) that lead to chaotic dynamics. For ex-

ample, the choice
The A,’s essentially specify the velocity moments of the

1
+ E(Ao_no)Ao- 5

dAn

S MEoAm 1+ (Mt 1Ay, =0, )

distribution function. As=f(A)=— :[2k; A+ (5ng—7Ag) A
The authors then introduce various closure schemes,
such asA,=0.03A,, and show that bounded chaotic solu- +(kino—k1Ag+Kz) Ag+ k3] (6)

tions exist for all the other moments feuitableinitial con-

ditions. As they themselves state, these solutions were l‘ounl‘c?""d"3 to the equation

by a trial-and-error search in which the initial conditions of d3A, d2A, dA,
A, were varied. ae le + AOW +kyAg+Ks, (7)

This note points out that this search procedure has al-

ready been carried out for a significant class of S°|Uti°”§/vherekl, ko, andks are arbitrary parameters with chaotic
which can result from a particular closure procedure appliedq tions for values such ds, = — 1.8, ky=—2, and ks

to Eq. (D). B =—1. Equation(7) is an example of thd D; model classi-
If one introduces the closure condition that fied by Eichhornet al.
As=F(Ag, Ay, Ay), ?) More recently, Sprott and Lifihave identified a number

of jerk equations giving chaotic solutions in which the non-
where as yef is an arbitrary function, then the dynamics linearity is not necessarily polynomial. These systems are of
reduce to a single third-order equation of “jerk” forf,  the form

namely
d3A, d?A, dA,
d°Ag dA, e "aae F gy 9 ®
W:(SHO—GAO)W—Gf (3)
where g(Ap) is nonlinear but not necessarily quadratic in
with A,. Equation(8) corresponds to the closure condition
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As=f(A)= LaA,— 1[(5ng—6Ag+1)A, This work was supported by the U.S. Department of
Energy.
+a(Ag—Nno)Agt+4]. )

For example, the case
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