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The non - linear cl(lct,rostatlc Vlsllov equat i on has been studied 1n the 

st.:ationilry one - dlJ1'.ensional case by Be r ns t e !n . Green a nd r.ruskall~ 
us1:1" the Pelsson equation . The solu tions ~Iere ob t a i ned 1n two 

differen t ~:LlyS; 1) The full dist r ibution function \'/as r:lven, 

the dcnllity of the 10ns and electrons was then calculate d as 

a function of tho clcctro~tntlc potential, and the Polsson 

equation allol'lcc the potential to be determi ned . 21 The potentlal 

and the distribution functions for al l 10ns (trapped and free) 

and f:-cc electrons were "iven; an integral equation then aUolfed 

the distribution function for the trapped electrons to be cal

culated. For each solution of 2) it was necessary to verify that 

this latter calculated function was positive. 

This WOI';' will show that, by the second me t hod , a wi~e class of 

solutions is o~tained, namely the quasi-neutral solutior.s, for 

which ~he positiveness conditbn is automatically satisfied 1n a 

potential interval. The existence of such solut i ons 1s based on 

t he non-lT.onotony of the d1stribution funct i on s with re spect to 

the total enerGY of a particle. Furthe r more , quasi - neutral ity 

imposes a maxi r:-.um on the r elative a mpli tude o f the p ot e nt ial . 

The bas i c equat i ons for stationary quas i-neut ral wave s arc: 

.,. 
o (U.r (Q~asi-neutrallty) 

.,. 
S is the oriGinal distribution in £t, ~ ,v, space inter-rated 

over t) and ~ : the subscript of I';: has be en dropped . The Ire 

nerill solution of eq . (1) is: 
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According to eq. (11) 
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arc g iven, eq . (Ill is an inter:ral equat10n of the convolut i on type 

and follol11nR B.O . r.{J.J the solut i on is obtained by ",.ay o f a Laplacc 

t r ansform: 
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+) This work was pe rfor med unde r the terms of t he agreement oh 

a s so c ia ti on be t wee n th e Ins titut far Plasmaphysik and Eurat om. 

I.B. Be r nste in, J . M. Green , M.D. Kru s kal. 

Phys ical ReView , vo l. 108 , no . 3 , 1957. p . 546 

The derivative of a (t~ a.'l. 
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This is readily seen from eq. (5) if intebrat i on over E is re-

placed by inteeration over ~ . 

Eqllation (51 cOllld the n te ttr1tten 

wh ero cr~ . ~lp;n v 

(The latter assumpt i on wa s not made in a recent WOI'll of ~ont

(;omery and Joyc e[;J ) . 

':'h.: :'1r:;t threc tcr::-.s of e q . (8) arc then finitc fo r ~ c?.....,. ~t,,· 
The last term s:.oes to -t :>:- 11hen e1'......,. .+...;~ • and ~a.ke:; the rc:lin 

contribution to eq . (6) when E. _ _ .</!..; ... . Calculatln(, this 

contribution onc gets f)E)- i . ..tE) when E ~ _ c.0;6...;.., • Thi:; 

IT.cans that there must be at leas t a fJnite i n terval where -lr> O 

+ 

Fi:lally, accord i n/; to eq . (5), ~(~+) becomes netl'at1Ve if f..1' 1:; 

above a certain f.. i,..,. i be cause of eq. (11) t is no lone-er posi ., 
tive anywhere . 

COilCLUSIO/l 

The use of quasi-neut r al i ty ins t ead of the Poisson e~uat i on for 

non-linea.r electrosta ti c waves allows one to prove the posi t ive -

ne ss of the t r apped pa r t i cle dis t r i bu t io n i n a f inlte i nterval 

. It 1s possible to g i ve expli c i tly a class of 

solutions with a pot e nt ial tlh 1ch d epends arbitrar i ly on the 

pOSition, but which has to be l i mit ed , and, in orde r that quas i-

neutrality be a cood apprOX i mation, must have a n inhomo~eneity 

lenp;th much bigger than the De bye length . The correction on ~ (t 1') 
which eome~ from d~~ i f the Poi330n cquation iD u3cd makeD 

'* a small contr1bution to 0 . If { was sufficiently positive the 
3.~ _ ~ 

adcition of the Poisson ter~ doe s not change the proper ty. In 

this way, one can study statiC elect r ostatic equilibria , os 

c i llat i ng liaves , and shock waves: The density depends on the 

potential 1n a s 1 ~ple way . 
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