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Abstract: This work describes the observation and modelling of the
density rarefaction and subsequent compression associated with a
pingle negative voltage pulse on & spherical electrode.

1. Introduction
The ion acoustic wave is an oscilldtory, propagating disturbance

in a £fluid which comprises positive ions and electrons. At low
frequencies (W<w,_.), the disturbance is quasineutral and the speed of
propagation (c is detemmined by the ion inertja (M) with the
electron thermal energy (XT): ¢, = VEKT/M). ‘

An isolated spherical electfode immersed in a plasma will usually
charge up negatively ay the mcre mobile electrons reach: it firse.
Subsequently, am ion gpaceé charge layer or shedath foms Jround the
electrode. Superimposing & negdtive voltage pulse onto the floating
potentiil causes the ion~rich: sheath +to expand. If +the expamsion
proceeds &t a speed lesy than the ‘acoustic' speed (which is
characteristic of the ion fluid) then it is preceeded by a rarefactive
disturbance{l~3], which carries into the plasma information about the
changing of theé shedtly dimengion. Por spherical geometry, it has been
predicted[4,8) %hat a single pulse (e.g. a half cycle of a negative
sine wavé) would give Yise not only to a rarefaction but also to a
compressive distuzbance, following behind.

2. Experiments

The experiments were carried out in a npulti-magnetic~dipole
discharge plasma device, gimilar to that used by otherigoggers[s}‘!}.
The experimentgx argow plasma had & density of about 10" 'm { argon
pressure Ix10 ~ msar)y, and sy effective electron temperature{6} cf 2

eV. The working volume of plasma was virtuvally drift free.
Perturbations inm the plasma . ——

were created by means of a

spherical copper electzrode

{diameter 0,01m) pliced near the
mid—-plane of the plasmis volume.
The electrode was supported by (bub
isolated from) an earthed steel
tube although within the discharge

region glass gleeving was  uded
around . the probe support.
Electrical connecticn to the sphere
was by means of an insulated
molybdenum wire passing up the axig
of the support tube. A moveable,
plane Langmuitr  probe (0.005m
dianster molybdenuw disk, *facing®
the sphere) was used to monitor the
local electron density.
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Figure 1. The steady parturbaticn
in Quasineutral number Jdensity
around & Spherical electrode,
25114 linsr theory; ofen clricles:
axperimert, taking r_ to ba 0.0)im;
e.f. 1o figs 3 and 5 at =0,
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With the spherical electrode placed in the experimental region,
there was a steady perturbation of the plasma as the electrode
provided a loss surface. This d.c. perturbation was investigated
with the probe biassed a few volts into electron saturation {current
propotional to electron density). The results are recorded in fig 1.

A 64 volt negative voltage pulse rising in Siusec and falling with
a similar time constant was applied through a d.c. blocking capacitor
to the floating spherical electrode('emitter'), The pulse was
repeated every millisecond, allowing the plasma time to recover
between pulses, but fast enough for Dbox—car aignal averaging
techniques to be employed.

(i) a.c. time scan : The a.c. component of the probe current as a
function of time was sampled and averaged for several fixed
probe-emitter separations. This gives a measure of the density
fluctuation as a function of time at different points in space; see
£ig 2. Rarefactive and compressive features are evident,

(1i) 4.c. space scan —: By 'single point mode' averaging the d.c.
coupled probe signal as the probe—emitter speration was scanned, the
spatial variation of density was recorded for several fixed delays
after the start of the pulse; gee £fig 3. The ‘wave’' appears
superimposed on the presheath.

3. Theorvy

The model plasma has thermal electrons, temperature T, but cold
ions and is taken to be collisionless, ionization—free and
quagineutral (with local density n). The electron number density is
assumed to follow a Boltzmann relation with potent:al so that:

ne=n, exP(E®/KT>. (1) _
n, being the plasma den31ty where the potential @ is =zeéro; i.e.
remote from any surfaces. The geometry is spherical and symmetrical
giving one space dimension, radius, r. 'The ion behaviour is described
by a momentum equation:
dv/8t + v.8v/3r = ~(e/M)ad/dr (2)
in which v is the radial ion velocity, and a contlnuzty egation:
3n/3t + 3(n.v)/3r + 2nv/r = 0. (3)
Only quasineutral plasma is modelled here but a well defined
space-charge sheath is assumed to exist. at the surface of any
electrodes; the Bheath itself is not included. The assumption of
quasineutrality is valid in the vicinity of a sheath provided the
scale length of the potential gradient in the pre-sheath region is
many Debye lengths ( L » A. ); <.f. thé Poisson equation. 1In the
experiments here, +this condition is satisfied (A, = 0.3mm and
L = 10mmn}. Prom fig 1 the extent of the sheath around the sphere can
be estimated; the presheath density gradient is also evident. A
simple theoxetical model for this d.c. presheath is provided the time
independent aolut:.on[al of equations (1)—(3) .
(x/T_) -[(n/n )/wl{zeln(n/n 311
where r_ 18 the sheafh radius.® A value ol rs can be obtdined by
fitting the formula to the measured varidtion; seé fig 1.

The complete time dependent solution of equatxons (1}—(3) can be
obtained by the method of dharactermst;cs[é,S}, details are not glven
here. The boundaries of the (x,t) Sblution space are determined by
the 4ion drift velocity in the presheath ahd by the position of the
shedth edge as a function of time. This work aims <to 1dent1£Y the
sheath edge motion with the plasma disturbance but in the experiments
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it 19 not possible to measure the sheath positlon precisely snocugh to
uge thies data as input to the theory. The experiment controls the
voltage waveform applied to the launching electrode. The current to
the electrode 18 closely related to the sheath motion[5]), but it was
not within the scope of the experiments to determine this Quantity.
In the next gection, the experimental results are compared with
characteristics calculations which have assumed a. pheath edge motion
with a rise time and ‘pericdicity' similar to the applied voltage.
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4, Resulis

Pigures 4 and 5 show computed density variations equivalent to
the observations recorded in figures 2 and 3 réspectively. The time
and distance scales have been fitted by taking the initial sheath
radius deduced in section 3.6 and the ion acoustic speed measured from
the experimental data. The sheath edge motion must also be prescribed
and was chosen to be:

r = ra[l + 0.3(c t/r ) exp(—&. t/0.6xr_}].
The rise time is consistant Sith that o£ %he apglied voitage pulse,
density fluctuations at all radii and Esr all times. Changing the
rise and fall tikes directiy adjusts the tisé and £all of the density
fluctuations.

Comparing the  appiopriaté |
figures shows there to be good
agreement between the  caiculations

and the observations. ThHe largest ‘1
difference appears to be in the i
amplitude of the pulsé cidse to thé '3 ;

electrode (e.g. r = 1. 6&m  in £ig £

2). This may be due to ionization

in the region of the emitter [86]:
The close agreement bétween |

the observed (points) and '

theoretical (solid 1ine) progress

of the rarefaction front with time o =

™
L

e

v

is shown in fig 6. Note that the o s ® e P %
rayxefaction accélerates away fronm
the sheath edgé (r=ic¢h) wheré the Pigure 6. The position of  the

. . Ry = f2onie functie
incident ion flow is wvirtually :::zm.md 1ine ﬂ':o:! cfs,,:.z;‘:
sonic. rhaius approxisately o;tam).

This work tias described the 1aunchzng of a rarefactive and a
compressive @isturbance from a 51ngle pulse oh a spherlcai ésitter. A
theokretical moédel which agrées weil With the observationd also locates
the sHeath edge a3 thé SouréE of thé pérturbations.

Ackiowledgéments, Thé xpérimental Work was carried but at INPE,
S. J. 4 os cafnpéé, Bra.zi:l. bné of i:he autho'ris A §£ J. B.) is
and to St Hngh's COilegé oxf6ra for a Lady wWolfson Research
Pellowship in Engineéring.

References

1. 3. E. Allen & J: &: Ehdrews; 1570 J. Plasma Phys. 4, 187.

2., P. D. Prewett & J. E. Allens 1973 J; Plasma Phys. 10, 451.

3, L. M. Wickéns, N. St. J. Braithwaite & A. J: Coates, 1982
Phys. Lett. e@A; 147, ]

.4, W, St. J. Braithwdite & L. M; Wickens, 19683 J. Plasma Fligs. 30,
333,

5. R. st. J. Braithwalte & J: B, Aalleén, 15084 ﬁhya. Plu;ds 27, 203.

6. A. J. Coates, P. D. Edgley & J. E. Allen, 1983 J. Piasia Phys. 30,
275.

7. G. 0. Ludwig; J: L: Perreira & ¥. Nakamiira; 1983 FPhys, Rev. Lett,
52, 275. o _

€. J. E. Allen R. L. P. Boyd & P. Reyholds; 1957 Proc. Phys, Soc



PROPOSTA PARA

{3 DISSERTACAD
3 TeSE

—';\1 RIS TERD DA CENCIR € HEONOL GG -
INSTITUTO D€ PESOUISAS ESPAROAIS PUBLBCA@AO (X3 RELATORIO
L 3 OUTROS
i OBSERVATIONS OF AN ION ACOUSTIC OSCILLATION NEAR A PULSED SHEATH
AUTOR(ES) N ORIENTADOR _Jw
N.St.J. BRAITHWAITE §
4| J.E. ALLEN :
2| J.L. FERREIRA F————————— CO-ORIENTADOR §
/ DIVULGACAQ A
[ LIMITE DEFESA CURSO ———— ORGRO ———, | EIEXTERNA  [JINTERNA  [JRESTRITA
EVENTO/MEIO
S | LAP (XJCONGRESSO [IREVISTA CIOUTROS
. e - o
) NOME DO REVISOR N NOME DO RESPONSAVEL \
3l GERSON 0TTO LUDwWIG { GERSON 0TTo (ubwiG |3
o u-neceasoo DEVOLVIDO INAT ;a‘-==-=-=—--1 APROVADO DATA SSINATURA 2
— N9 PRlOR RECEBIDO NOME DO REVISOR \ — \
P§' E E 05 AUTORES DEVEM MENCIONAR NO VERSO INSTRU- | 8
| I S J | COES ESPECIFICAS, ANEXANDO NORMAS, SE HOUVER 2
gL DEVOLVIDO ASSINATURA ~RECEBID0 - DEVOLVIDO NOME DA DATILOGRAFA—— $
2] ﬂ_/__/ ! E X __/_/_l 2
. - AUTORIZO A PUBLICACAQ .
N® DA PUBLICACAD PAG.- 0D s 2
COPIAS N2 DISCO: LOCAL: NGO /[ g
o e
OBSERVAGOES E NOTAS
f.] - — #.D C
L cocom  PIRE
CHIATH s E MeT
IO !\\!‘. f)\'\ Ccr‘j\“ - ﬁ C C ‘f‘f; % .'._ . “_?_"E' 4 (*\-'\ 1

.

e
APOS A PUBLICAGAO, ESTA FICHA SERA ARQUIVADA JUNTAMENTE COM A VERSAQ ORIGINAL

INPE 106



