r >> t:
dalr,t)~a e + ¢ iﬁo"(r,')"'b,,(r -t) =" "3/2r>>1, (k)

where n is the order of the derivative dnc(k)/dkn differning from zero when k = 0, and a, and
b are determined by the behavior of C(k) and 8{k) wvhen kX = 0. It is seen from (i) that the
presence of a nonzero term in ¢ (r t) when r > t does not mean violation of causality, since
1n(r, t) has a still larger term. On the other hand, if there exists an inelastic process
with a threshold k = k > 0, then f{k) (on the basis of the optical theorem) has a discon-

thr

tinuity (or discontinuous derivatives) at k = Kipy > O Where C(k) is continuous. Then,

taking the non-exponential terms into account,
h

Gialr, t)r~ t-", (ry t)~d (r—1t)=3
an"+ l Out r ) r f>>', (5)

where a is determined by C(k) with k = 0, and d is determined by the behavior of C(k) and
(k) (8(k)) when k = ki ppe It follows from (5) that causality is "violated" within the frame-
work of the usual theory with a Hermitian Hamiltonian much more at macroscopic scales r >> t
than in the theory with a non-Hermitian Hamiltonian. It is important to emphasize that this
effect of causality"violation" takes place only when an inelastic process unique to quantum
theory is taken into account, namely the transformation of certain particles into others.

Detailed proofs, examination of inelastic processes, and estimates of the possibility
of observing (enhancing) the "violation" of causality will be published separately.

After completing this paper, I received a preprint by T. D. Lee [5], in which a power-
law "violation" of causality is considered within the framework of a model with a pseudo-
Hermitian Hamiltonian. I am grateful to Professor Lee for the opportunity of becoming
acquainted with his work prior to publication.
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1. B. B. Kadomtsev and A. V. Nedospasov [1] have shown that the positive column of a
gas discharge is unstable in external parallel electric and magnetic fields. We shall show
in this paper that in a plasma containing two species of ions instability is possible 4lso in
the absence of a magnetic field, if the electron mobility depends on the coordinates. This
can be caused by the coordinate dependence of the effective electron temperature T_. This

excites quasineutral density and field oscillations. In the approximation where the electron
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mobility gradient is small, the oscillation frequency is

BBy, + p_p, ﬂl+ll1 nyn_ (l)

- (kE,)
Bon_+p n +p,n
(g is the wave vector, EO the external field, u_ 1.0 and n 1.2 the mean mobilities and den-
3--9 s
sities of the electrons and the ions). The general form of the instability condition is quite

complicated, but simplifies when Vu_/u_ = L-l << k and n, << n,, taking the form

H
eE 1 n, By - B_
A 2 ‘ — Tl 1 (2)
Tk kLH n_ u2+2u_

where A is a number smaller than unity and T is the ion temperature.
Then
w=(kE_)u,. (11)
2. The system of equations describing the problem is

d

n +divi-D, yn_-pyu En_} = (w, + Wy)n_ ,
ar -
]
niat d”l'DI,ZV"1,2+“x,2E"1,2¥ =W1'2n_’ (3)
at
l'l_ = n[ + n2
(p are the diffusion coefficients of the electrons and ions, and W:L o are the impact-

s 132
ionization coefficients). It can be shown that density inhomogeneity does not lead to insta-

bility in the absence of a magnetic field. We shall therefore consider mobility inhomogeneity

in two cases.

3. If
viue_ 1,2 1

L

Bo1,2 H-,1,2
and L , 1, 2 is much larger than all the system dlmens:.ons, then, linearizing Eq. (3) with

= (n - no) and V¢ = EO - (n is the stationary density), and putting
-1
)

respect to nl -1, 5 =

b, nt n exp(-lwt + ifk(r )dr) we get, accurate to (kL << 1
-1,2 -,1,2
2 3+
D Dyn_+n)+D_Dyn_+n,) +D,D,n_
= p (KE,) - ik? - +
D_a_+Dpn, +D_2nz

i(k Eo)
* tn (kvp )Cpy-n) Cu, =) + ‘ (%)
("1""2"_ +“_I‘1"2+ #2”’_"[)

sk Vi) Cuy = u) Cag +u )+ nyfkyuy) Cug = ) (gt b,
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vhere Byppn_ tu_wyn,t op_uyny

By = '

pan, tp,n, o n

In the limiting case n, << n

and Yy, = Yy, = 0, taking into account the fact that u >> ’
2 1 1 2 - 1,2

we obtain (1') and (2) from (4).
4, In experiments we usually deal with & gas discharge in a cylindrical tube {of radius

R). In this case the solution (3) for the case when u_ depends weakly on the radius,

r
"_zuo_(l———); LH>>R
Ly
can be sought in the form

r Yexp(imde + ikz-iwt) (5)

nt.lﬂ(niv ¢)”2Ci'm(3mi

ij is the J-th root of the Bessel function of order m. The boundary conditions take the form
ni’l’z(R) = 0. It is customary [1] to confine oneself to only one term of the series (5). In
the presence of a magnetic field, this suffices to produce in the imaginary part of the fre~
quency terms that describe buildup of oscillations. It can be shown that such an approxi-
mation is insufficient without a magnetic field, for in such an approximation the imaginary
part of the frequency has no terms due to the dependence of u_onr. It is therefore neces~
sary to retain at least the first two terms of the series (5). Substituting (5) in (3),
multiplying by rIm[ij(r/R)]dr, and integrating from O to R at J = 1 and 2, we obtain a system
of equations for the constants CJ. Equating the determinant of the system to zero, we get for
the frequency an expression coinciding with (1), and for the instability condition {when n

2
<< n2) we get

eER R n, By By

_— | —— | > 1

T LH n_ “2+2“l (6)

A

1
Asw — irm=0, A=
20 40

if |m]| = 1.

As seen from (1) or from (6), there is no instability when n, + 0O or H, > u;. We note that,

2
unlike in [1], instability is possible also when m = O,

[1] B. B. Kadomtsev and A.V. Nedospasov, Nucl. Fusion 1, 230 (1960).
[2] R. R. Johnson and D. A. Jerde, Phys. Fluids 5, 988 (1962).
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At temperatures below critical, a thin superconducting film is capable of carrying a
nondissipative current, whose density is lower than a certain critical value, J < jc. When

J > Jc’ the film has resistance, which corresponds in first approximation to Ohm's law for the
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