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The dispersion equation, describing the instability development of vortex turbulence excitation in cylindrical
plasma in crossed radial electric and axial magnetic fields with taking into account the longitudinal inhomogeneity
and finite time of leaving of plasma electrons and ions from the system, has been derived. It is shown that the finite
length of system time and finite time of system leaving of plasma electrons and ions leads to the appearance of the

instability threshold and to decrease of growth rate of its development.

PACS: 29.17.+w; 41.75.Lx

INTRODUCTION

In plasma [1-3] a turbulence has been excited in
crossed radial electrical and longitudinal magnetic fields
by gradient of external magnetic field. This turbulence is
a distributed vorticity. In this paper the excitation and
damping of similar vortical turbulence, excited in cylin-
drical plasma in crossed radial electrical E,, and longi-
tudinal magnetic H, fields [4], is investigated theoreti-
cally. From the general nonlinear equation, presented in
article [3], for vorticity the dispersion relation, which
describes the instability development of vortex turbu-
lence excitation, has been derived. It is shown that the
finite length of system time and finite time of system
leaving of plasma electrons and ions leads to the appear-
ance of the instability threshold and to decrease of
growth rate of its development.

EXCITATION OF VORTICES
Let us derive the dispersion relation. We take into

account that the ions pass with velocity V,, through
system of length L during time, approximately equal

T, =L. We also take into account that the electrons
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pass through system and are renovated in system also
during finite time, t_. Damping of perturbations of den-

sities and velocities of electrons and ions at recovery of
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their unperturbed values we describe, using v, =—,
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We use the electron hydrodynamic equations
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Also we use the ion hydrodynamic equations
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and Poisson equation for the electrical potential, ¢,
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Here V, n, are a velocity and density of electrons; V,
is the electron thermal velocity; V,, is the electron azi-

muth drift velocity in crossed fields; \7, ,n,q ,m

are the velocity, density , charge and mass of ions.
As it will be visible from the further, the dimensions
of the vortical perturbations are much larger than the
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electron Debye radius, r,_ =

de

n_ is the

oe

(1) can be neglected. Here o, E[

unperturbed electron density.
From equations (1) one can derive non-linear equa-

tions
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describing both transversal and longitudinal electron
dynamics. Here

d =0,+(V.V.), o, = 0= 06
V, , V, are the transversal and longitudinal electron
velocities, o is the vorticity, the characteristic of elec-
tron vortical motion, o, =€ rotV .

Taking into account higher linear terms, from (1) one
can obtain
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From (6) we derive
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Here E_ is the radial focusing electrlc f|eld, ¢ is the
electric potential of the wvortical perturbation;
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From (7) a~= ( ][ﬂ] approximately follows.
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Thus the vortical motion begins, as soon as the electron
density perturbation, dn_, appears.

We use that, as it will be shown below, the character-
istic frequencies of perturbations approximately equal to
ion plasma frequency, ®

As beam ions have large mass and propagate through
system with velocity V,, , we describe their dynamics in

linear approximation. We derive ion density perturba-
tion fromeq.s (2)
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Here k, ® are wave number and frequency of perturba-
tion, V,, is the unperturbed longitudinal velocity of the

ions. Substituting (8) in Poisson equation (3), one can
obtain
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Let us consider instability development in linear ap-
proximation. Then we search the dependence of the per-

turbation on z , 6 in the form &n, oc exp(ik,z+i¢,0).
Then from (4) we derive
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From (5), (6), (9), (10) we obtain, using the radial
gradient of the short coil magnetic field, the following
linear dispersion relation, describing the instability de-

velopment
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From (11) for quick V,
tions we obtain
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From (11) for slow V,, <<V, vortical perturba-
tions we obtain
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One can see that t, and t; decrease growth rates

and lead to appearance of thresholds of instability de-
velopment.
Let us consider now, how finite k, =0 influences on

growth rate of the instability development. From (11) we
obtain the growth rate of the excitation of slow homoge-

neous turbulence with taking into account K, .

\/5 213
ysz[ (’Op:(eeo kV)

24/3

Yq ®

N\

Vs =7¥s0

(13)

u3

(14)
K

_ {Zkf +[£re](zemeo k). (:ﬂ

From (14) one can see that both the taking into ac-
count the longitudinal dynamics of ions and electrons
results in reduction of the growth rate. The perturbations

with least k, (: %) have maximum growth rate, that is

with the largest longitudinal dimensions, close to system
length.

CONCLUSIONS

The dispersion equation, describing the instability
development of vortex turbulence excitation in cylindri-
cal plasma in crossed radial electric and axial magnetic
fields with taking into account the longitudinal inhomo-
geneity and finite time of leaving of plasma electrons
and ions from the system, has been derived. It is shown
that the finite length of system time and finite time of
system leaving of plasma electrons and ions leads to the
appearance of the instability threshold and to decrease
of growth rate of its development.
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MOJABJIEHUE BUXPEBOWM TYPBYJEHTHOCTM B IIA3BME B CKPEIIIEHHBIX
SJIEKTPUYECKOM U MATHUTHOM IIOJISAAX 3A CHET KOHEYHOI'O BPEMEHH YXOJA
3JEKTPOHOB U MOHOB U KOHEYHO JJIMHbI CUCTEMBI

B.U. Macnos, H.11. JIesuyx, U.H. Onuwenko, A.M. Ezopos, B.b. IO¢epos

[Tomy4yeHo aucIepCHOHHOE YpaBHEHHE, OMMCHIBAIOICE PA3BUTHE HEYCTOWYHMBOCTH BO30YKICHHS BHXPEBOU
TypOyJIEHTHOCTH B IMIMHAPHYECKON ITa3Me B CKPEIICHHBIX PaTuaJbHOM DJIEKTPHIECKOM W MPOJOIHHOM Mar-
HUTHOM TIOJIIX C YY€TOM IPOJOJEHOW HEOJHOPOJHOCTH M KOHEYHOTO BPEMEHH YXOJa JJIEKTPOHOB M MOHOB
I1a3MBl U3 cucTeMbl. [loka3aHo, YTO KOHEWHas JJIMHA CHCTEMBl M KOHEYHOE BpeMs MOKHIAHHA CHCTEMBI DJIeK-
TPOHAMH W MOHAMH TUIA3MBI IPUBOJAAT K TIOSBJICHHIO IMTOPOTa HEYCTOMYMBOCTH W YMEHBIICHUIO MHKPEMEHTA €€
pa3BUTHSL.

MOJABJIEHHSI BUXPOBOI TYPBYJEHTHOCTI B ILJIA3MI B CXPEIIEHUX EJJEKTPUUHOMY
I MATHITHOMY HNOJISAX 3ABJASIKU KIHHEBOMY YACY BUXOAY EJEKTPOHIB TA IOHIB
I KIHIEBIA JOBKUHI CUCTEMHA

B.1. Macnos, LII. Jleguyk, I.M. Onuwenko, O.M. Ezopos, B.b. FOgepos

OTpuMaHO IUCTIEpCiiiHe PiBHSIHHSA, 110 OMUCYE PO3BUTOK HECTIHKOCTI 30yIKEHHSI BUXPOBOI TypOYIEHTHOCTI
B NWTIHAPUYHIN I1a3Mi B CXpEIIEHUX PaialbHOMY €IeKTPHYHOMY Ta MO3I0BKHROMY MarHiTHOMY IIOJISIX 3 ypa-
XYBaHHAM TO3/I0BXKHBOI HEOAHOPITHOCTI 1 KIHIIEBOTO Yacy 3aJIMIIAHHS CUCTEMH €JIEKTPOHAMH Ta i10HAMH IIIa3-
Mmu. [TokaszaHo, 0 KiHIEBa JOBKWHA CUCTEMH 1 KIHIIEBUH Yac 3aJMIIAHHS CHCTEMH CJICKTPOHAMH 1 i0HAMU TIa-
3MH IPU3BOAATE JIO MOSIBE TOPOTa HECTIMKOCTI Ta 3MEHIIIEHHS iHKpEMEHTa ii pO3BHUTKY.
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