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THE RELATIONSHIP BETWEEN DENSITY AND POTENTIAL FLUCTUATIONS IN
LOW FREQUENCY MAGNETQPLASMA TURBULENCE

R. JONES*
Plasma Physics Research Laboratory, Box 44 Colonia, N.J. D7D67, U.S.A.

ABSTRACT
1t is conventional 10 assume that the relative plasma depsity ducipations are £Qual M magni-

tude to the potential fluctuations scaled by the electron plasma

to this equality,

1. INTRODUCTION

T is a standard practice in both thecretical? and
experimental plasma physics? to assume that the
relative level of plasma density fluctuations, nlfn,, is

equal in magnitude to the plasma potential fluctuations,
ey, scaled by the electron kinetic temperature, KT

(1)
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This assumption 15 widely wsed in instability studies,
diagnhostic work®, and transport exteriments® to name
a few applications.

Z. ToN Waves IN MAGNETIZED PLASMAS

The situation becomes rather mgre comglicated,
however, when we consider waves propagating in the

i
presence of magnetic fields. If B is taken to define

. : -
the z direction then the wave vector, %, can be resolved

irto a parallel component, k,, and a perpendicular
component which we will eenote by &, Such waves

might, for instance, be driven by a relative drift
> -
between electrons and ions », k. As is conventional®

and anficipating exrerimental congditionst, we will

ireal Ihe elecirons as magnehized but the ons as
unmagnetized,

The equation of continuily is:
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while the conservation of momentunm can be writicn
as .
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where the notation s standard.
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By assuming splutions ¢f the form
e itwi — }':JE' et k‘rf‘}
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tempcrature. We derive corrections

equations (2} and {3} can be lincarizid {for 0 L w,
= eBim,) in the electrostatic approximation

> >
E=ikop (4)
yielding
Wi, — kg, — 0k U, =0 (5}
nol, + n ek @lm, — ineBV [m,
— KTk, fm, =0 (6)
”,0V 1 iny eBY Jix, = 0 {7)
n B, - moek  ofm, — KTk n, fm, = 0. {3)

Equations {6} and {7) are then combined in order to
elimipate V, and the resulting expression
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along with equation {83, is substituied into {5) in order
to oblan
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in order to focus our attention on modestly damped
waves we demand that:

k< Kpopyae (11)
We can further simplify ecuation {10) if we restrict
our altention to boundid laboratory plasmas aad

cross-icld Wave propagation for which 4, # @ and ;

Kgm Lk, (L2)
Under these condiions equation (10) further seduces to
W, o {
n, KNI @ * M, (13)
kAART

and we find that the relative etectron domity factuations
are ereater than the sealed votential fHyctugtions.
Similar relationships to (10 and (13) can e obtained
for tons stanling with the equatisn e
duy, - >
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and ; 7
- and for the slow mode, v, — 4\/ E';
Ak » o T e ¢ > L m,
f?fl _{"“t’rﬂl‘?}#‘ ‘G"?.?,*-E'E == {). (15) P, JKT
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> k nig
in the hmit where the jon dnft velogity, ¥, 1s large &7
enough ang the lon teMperature s smatl, KD, — M, -
> + i (v P \/K’r (24)
Linearizing we obtan (for U, || V) 2k; KT ’ m,
i, ~— AV, H Hui't?: = { {16} (Studies of the crmplex solutions of the dispersion
v, — AV,V, — e Phjim, = 0. (17) relation will show that the fast mode is damped while
. the slow mode grows®®). Using equation (24) for th
: e t lationship ; ) , qQuation (24) {o c
from whieh we denve the rela ¥ unstable fon wave in equation {18) we obtain
7, e I o
— T A %-_—-—’-ﬂ—.ﬂ {18) 2 K
ny o LU — AT n, e@ K, \ Vo + 2 _M)
Equations (12) and (18) can be solved alpng Wwith the == 1+ — - My
. . n X7 » KT
Poisson eguation 0 Ke
’ "
g LT P = — & {ny — a) {19} 8
: : (25)
. in 1h ersion eqratior - _ _
ko obfain the dispersi b : and show that the ion density fluctyations also exceed
{ — fﬁ?_ the potential fluctuatisns.
k2 KT k* N ko, .
Egﬂ B ne, (w — AU k 0o wir 3. EXFECTS O TRANSPORY
: k 0 k2KT

(20) The foregoing calculations were suggested by 1ecent

studits of ion acoustic wave induced Plasma tians.
Uoder testrictizas (11} and {12} equaticp (20) simplt-  porth%.  In these experiments the jon wave ampli-

fies tc tude was compared with the observed plasma difftsion
' KT K 1 and predictions of seviral turbulent transport models
o o e including simple Bohm diffusion:
", (v ~ kV,)° @® 1, (21) v
~— KT,
ka KT P =

16 B (26}
which has the andlyfic soldtion

0 i Equation (Z6) can, for exampje be derived? from ambi-
% = k2 rolarity iﬂ‘ﬂ- fully ionized plasma, D= D, = D, and
14— s the condition for optimal (jon) aiffusion, v, ~ @,
k-ﬁ' ¥ 2 '
R D=0 =v; vy =y @, =
X7\ $7 T, = D,
_ ke p2z - 24
KT ( *-'* ] T, KT, T, ]
w1V, * o 1 — il =¥ —~2 where =% was ~ — .
’ m, KT ¥, B T, 16
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P

1 **Whereas classical diffusion goes over to Bohm diffu-
(22) sion, s v, ~» O,,, L.eoclassical diffusion goes over to

By expansion of (22) n: the rarameters poloidal Bohm ™, and a Bohm#diﬁ'usiﬂn coefiicient
_ " - corrected for the appropriate (observed) turbulent
ko mg o K [ amplitude :
k, N my ke NV KT Ejj ¢
we find for the fast mode, D, + ;E—: B
— ' (Ref. 1)
w KT ]
— = D, + — In the exXperumental Wwork referred te opreviously
k ¢ it had been assurned that x'(m, = e4/KT, (eqn. 1)
KT and (27) Ybtcomes
kU, — M, s 3 o
_ e ('ua--z £ (23} b= . 'E (23)
2k:KT ni, n, eg
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It was thought that the yresent correction to [eqn.
(1) and, therefore] cquation (28), i.e.,

D = (1 _ot \ " &1,

k 5 vg J F 4 0 B

might bring the experimental observations into betier

agreement with Bohm theory., (In actual fact, how-

ever, for the parameters, of the cired expenments
wik, <V, and the correction is small).

Turbulent transport has also been attributed to drift

modes (which are closely related to ion acoustic waves)

(29)

and Kadomisevs p. 83) has derived ({for such
waves) a reswlt which is similar to eqn. (13)
’ 2 _. oot
Mo _ (1 @GN @ (30)
1, kz v ) KT

and used this to obtain turbulert diffusion coeffi-
cients for drift instabilities (Kadomtsevs, p. 108).
Here w* is the diamagnetic frequency and v, is the
Alfyen speed.

4. CONCLUSIONS

We have used plasma Kkinetic theory to derive the
relationships between electron and ion relative density

fluctuations avd pormalized plasma potential fluctua-
tiors. In the more generalized problem of magneto-
ion acoustic turbulence we find that the sim)le equa-
lity usually assumed for these quantities does not
obtain. This result has various consequences, such
as modifications to the magnitude of turbulent diffu-
sion.,
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ABSTRACT
Substituted w-cyahoacetophenone reacts with aromatic aldehydes to give the corresponding
chalcones I a-d. Compounds 1l a-d reacted with each of malononitrile, ethyl cyanoacetate, o-cyano-
acetophenone and ¢thyl acetoacetate to give the corresponding cyclic Michael adducts IV g, b, YV a, b,
VII and VI respectively. Similarly substituted w-cyanoacetophenones were readily coupled with a
variety of aromatic diazonium chiorides to give the corresponding arylazo derivatives IX a-d.

N spite of enormous literature concerning the
reactivity of chalcones?® as Michael acceptors,
little attention has been paid towards the reactivity
of the double bond in a-cyancchalcores as acceptor
in the Michae! reaction. In continuation of our work
on the chemical behaviour of @, fi-unsaturated cyano
compounds®s, it has been found that the arylidene
derivatives 1 a-d, prepared via condensation of fi-kelo-
nitrile derivatives Il ¢, b wilh aromatic aldchydes, react
with malononitrile to yield addition products which
may be formulated as IIl or as the enaminopyran 1V.
Structure IV could be established for the reaction
product based on spectral data. Thus, the IR spectra
of the reaction products revealed absorption of vNIL,,
SNH, and two cyano bands for enaminonitrile CN
and for conjugated CN. Also the ' NMR revealed

* This was prined without figs.
Yol. 50, May 20, 1931,

on page 441,

chemistry  of arylazo-f-oxonitriles® 3,

in addition to arcmatic protons a singlet at 84 for

pyran I-4.

Compound Ia, d reacted with ethyl cyanoacetate to
yicld the addition products for which siructure V was
suggosted. Similarly Id reacted with ethyl acetoacetate
to give the cyclic adducts YI. Compound VI was

readily acctylated with acctic anhydride to vield tha
acetyl derivative VI

Successful attempts have been made to generalizo
Michael reaction using w-<cyanoketone with a-cyano-

chalcones. Thus Ilo reacted with z-methy l~o-cyang-

acetophenone {o give the cyclic Michale adduct VILL,

In continuation of our previous studivs in  the
A variety of
aryldiusonium salts were coupled with  substituted
a-cyanoacetophenone (M) 1o give the a-aryihydrazen-
f-oxo-f-phenylyropioniteile  derivatives IXa d. The
IR spectra of tho coupled products IX o o indicate
that they have the hydrazone structure,



