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In a recent letter, Hohl has given a théory attempting to explain the
_ mar’kéd change in the behavior of the positive column of a glow discharge in
a mégnetic field oo the maguetié induction io increaoced beyond a critical Valué.
B ¢’ In partié.ular. Hoh bapes his calculation of B.c on a criterion due to Bohmz
regarding » requirement for the formation of a wanll sheath, It ic the author's
opinion that the use of thin criterion in the manner ‘of Hoh is not juotified, 5
concludion which appears to be supported at leaot in part by the experimento
of Allen, Paullkas, and Pyle. 3 Ao the confusion regarding the use of Bohm's
criterion has also appeared in other circumotances, it seems worth while to
're-examihe thio matter here.

We may first quickly geview the Bohm derivation of the potential distri-
bution within & sheath. 2 Acouming the rectilinear geometry of Fig. 1, we

have Poiscon'a equation
«'lz\.f/chtza = 4we(n, -1n ), (1)
where IV io the negative of the velectros‘tatic poténtial relative to that deep
inside the plasma, e {io the electronic charge, and " hi ‘and n e 2Te roépectively.
the number denoities of (oingly charged) ions and electrona.' If the wall io at

a negative potential V = Vw . where ve is large compared to the clectron

thermal energy in the plasma, the electrons can be considered to be in thermal

$Werk was performed under the auopices of the U.S. Atomic Energy Commiosoion.
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equilibrium, and their density variation io given by the Boltzmann factor, 2

" circumstance which holdo iegardteao of the presence or absence of a magnetic

f

| -field. Thuo we have

| B, = 0., exp [ -V - V,) /kTa 1., (2)
where T  is the electron temperature and k is Boltzamann's constant, and

where .0 and VO are the values of the electron deneity and (the negative

of) _the electrostatic potential, respéctiﬁely. at the position Xq » the sheath

edgé .

~ The ion denaity is given by the equation of continuity, so that if v; is

- tl--xe"L {ic arife velocity in the direction of the wall. we have

nv, = conot. R | | o (3)

| If the electron teénperature is large compared with that of the ions, eVo /k

" io of the order of magnitude of the former, ** > and the ionic drift velocity at agistance
x € % is very nearly that which isi acquired' in falling through the potential V(x).

Hence Eq. (3) becomes

n = mg (Ve /¥, I

‘where iam is the ion density at 'xo . Equation (4) holds as long as the ion

metm free path and the ion cyclotron radius are both large compared with the

aheath thickneso xg -
Equations (1), (2), and (4) can be combined, multiplied by dV/dx, and

E iategrated once. The reocult is

é&;{ﬁ“j"““ ~

| 13- (@v/ax)? = {znwe(vvo)‘/ L n okT, exp [ -e(V“ - Vo) /KT, | } +C

(5)
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At thio point, Bohm introduces the approximate boundary condition in

which he asgumes that throughont most of the sheath, the electric field is
large compared with that at the sheath edge, and further that the plasma is
very neaﬂly neutral at x; . To the extent that this io allowable (i.e., to the

exgg,%%,‘;gally. that the concept of a sheath is valid at all), one io able to write

av\® _fav)® fav) V2
dx dx ax .o
L | 3
v 1/2 -elV - v°>;,
= 8m, | 2eV,i| — "« 1| +kT_ |exp 111
0 0 ‘ e 1‘1
Vo - kT £1
e w
{7

Bohih ekt notes that in order that the ,right-hand side of Eq, (7) remain
always positive for x Q;-:'xc » 80 ie required in this approximation since the

left-hand side is necessarily ‘ao. one must have

Vo 2 KT, /2e, o (8)

or, what is equivalent, the ion drift velocity at the sheath edge must satisfy
: L 1/2
vip 2 T, /my) %, ..

where ™ is the ionic mase.

The inequality (8) is frequently called the Bohm critegion for the
etébility of a sheath, and ‘it hao seen wide tm’e since the initial appeatanc..e}
of Bohm's work. Nevertheleos, the reference to 'sheath stability' in this

nomenclature seems somewhat unfortunate. The important point, which it
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appears is sometimes missed, is that the evaluation of the constant of
integration C as above is an approximatién only, and that the result of the
approximations >can in any case be expecfed to givg only a very poor repre-
sentation of the potential distribution in f.he vicipity of Xg - The situation
io.somewhat‘ as diagrammed in Fig. 1, the efror at positions just less than
x, being chiefly due to the neglect of -[ v* (:1::0)]2 in Eq. (7).

In view of the above, the pbnsatiutaction of Bohm's criterion should be
considered more as. a warning against a breakdown of the thé.oretical model
than as a condition on the system itself. It is true that when this reéuir.ement
is not met, no sheath in the crdinary sense is set up. However, it is also true
that in such a case the forces which try to establish the sheath are also aboent.

| To illuotrate in a&hther way, we note that when tﬁe wall potential Vw is large,
vthe:"e are always p;aoitiona at which V takes on a value g:eatér than k'I’e/Ze,
and in this case Bohm's _treatfnent merely says that L) .trvmat be one of tﬁe‘se
points. On the other hand.l in a circumstance in whi_ch fhe wall potential can
neyer.be more than of the order of kT e/Zea » a8 in the case considered by Hoh,
no sheath appears at all and the theoretical analyaiel which asgumes its presence.
is in any event inapplicable. Not o‘nl.y‘doea the approximate boundary condition
fail, but the wall begins to draw an appreciable electron current and Eq. (2)
breaks down as well. |

The author wishes to express ﬁ}ia appreciation to Robert V. Pyle and

Gporge A. Paulikas for many interesting discussions and for the initial stimulus to

_ perform this wark.
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Figure Caption

Fig. 1. Potential variatiod in the vicinity of the sheath.
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