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DIAGNOSTICS AND REPRESENTATION

R.A. Stern
Laboratoire de Physique des Milieux Ionisds
Ecole Polytechnique, Laboratoire du C.N.R.S.

91128 Palaiseau Cedex, France

The current status of plasma experimental science is reviewed by
presenting sets of laboratory configurations and measurement
techniques which, when combined together, afford reasonably complete
control and description of the plasma state. Examples include linear
and toroidal plasma research devices; modern diagnostics, with
emphasis on high resolution techniques adapted from atomic, laser and
detector physics; and a selected number of new plasma processes which
have been uncovered through their use.
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BEAM-PLASMA INSTABILITIES

H. Boehmer

University of California, Irvine, USA



Beam Driven Instabilities in the Auroral Acceleration Region

Rachelle Bergmann (Physics Department, Eastern ninois University,
Charleston, IL 61920)

The auroral acceleration region is ch by an electrostatic
acceleration parallel to the magneac field. This results in the upward
acceleration of ionospheric ions and downward flow of magnetosperic
electrons. The relative drifts of these species excite electrostatic
hydrogen cyclotron (EHC) waves and broadband electrostatic noise.
The former instability may be related to relative electron-ion or ion-ion
streaming; the latter is associated with the relative drift of differnt mass
ion beams. The waves lead to ion heating. The linear stability of the
system is well understood. The spatial and temporal development of
the heating and the nonlinear development of the wave spectra are not.
This presentation will provide a brief overview of acceleration region
parameters, the evidence for electrostatic acceleration, and a discussion
of the conditions necessary for the linear excitation of EHC and
broadband waves. The nonlinear development of the ion distributions
and wave spectra depend on the spatial scale lengths of the plasma and
whether the wave fields remain quasilinear or form nonlinear strucunres
such as weak double layers. The conditions for quasilinear vs.
nonlinear wave development under acceleration region conditions need
investigation, as does the ion heating that can be realized in each case.



ION CYCLOTRON OSCILLATIONS INDUCED BY AN EMMISSIVE
ELECTRODE FLOATING IN A PLASMA

N. Sato, R. Hatakeyama, and W. X. Ding

Department of Electronic Engineering,
Tohoku University, Sendai 980, Japan

Ion cyclotron oscillations are observed to be induced
by a small emmissive electrode floating in a magnetized
collisionless plasma. The oscillations cannot be induced
when the electrode is cold. Main features of the oscil-
lations are almost the same as those of the well-known
ion cyclotron oscillations induced by applying a positive
potential to a small cold electrode in a magnetized
plasma. A generation mechanism is presented of the ion
cyclotron oscillations observed. Details of the
phenomenon are also described.

Modern Physics Department, University of Science and
Technology of China, Hefei, Anhui 230026, P. R. of
China



Wave Particle Ineraction at the Inner Edge of the Ring CuTren/Plasmasphere
Overlap Region

I. Roth (Space Sciences Laborazory, University of California, Berkeley, Cali-
fornia 94720)
M. K. Hudson (Physics and Astronomy Department, Dartmouth College, Han-
over, New Hampshire 03755)

The inner edge of the ring current presents an example of interaction
between plasmas of different nature. The AMPTE IRM satellite revealed in
the region of overlap between plasmaspheric and ring current plasmas a gra-
dual decrease of cold plasna density along with a sharp rise in the hot plasma
component. These measuements were accompanied by a sudden increase in
ion drift velocity and eleccawtic waves around and above the lower hybrid
frequency. The excitation sturation and thermal fluctuation levels of these
waves are analyzed with the help of a model which includes cold
plasmaspheric ions, hot dilute inhomogeneous ring current ions and cold neu-
tralizing electrons. The coupling of the lower hybrid drift with the drift cyclo-
tron harmonic mode destmbilizes the plasma around the lower hybrid frequency
while thermal fluctuations of the hot ions enhance the higher cyclotron harmon-
ics. The importance of the dwrmal fluctuations in the presence of hot plasma
component and small linear growth rates is discussed and applied to other phy-
sical configurations.



Electromagnetic Plasma Wave Emissions

D. A. GURNETI' (Physics and Astronomy, University of Iowa,
Iowa City, IA 52242 USA)

Many types of electromagnetic plasma wave emissions have been
observed in space plasmas, too many in fact to be reviewed in one short
presentation. In this review the focus is on two types of electromagnetic
instabilities; whistler-mode emissions and cyclotron maser radiation.
Whistler-mode emissions and cyclotron maser radiation are among the
most intense waves observed in planetary mignetospheres. Although
these two instabilities occur in quite different frequency ranges (f < fe
for whistler-mode waves, and f > ff2 + ((f/2)2 + f 2] for cyclotron
maser radiation), they are in fact very similar. Bot are right-hand
polarized, involve cyclotron resonance interactions with energetic
electrons, and are driven by a loss-cone anisotropy. Whistler-mode
emissions primariy occur in planetary radiation belts and are widely
believed to play an important role in the scattering and loss of energetic
electrons from radiation belts. Cyclotron maser radiation is generated
along the auroral field lines, and is closely associated with the
precipitation of electrons responsible for the aurora. The role of
cyclotron maser radiation in the precipitation of auroral electrons
remains an open issue. Both types of emissions also have very
complicated frequency-time structures that are almost certainly caused
by nonlinear saturation effects. The origin of this fine structure remains
largely unexplained. Possible experiments that could resolve some of
these questions are discussed.



VLF waves and Auror'al Kilometric Radiation in
the Auroral Magnetospere: Highlights fromn the

Viking wave experiment.

R. PoTmI4E'1T13, N. MUIOULOZI and R. TREUMANN 2

I Centre dc Reherche en Physique de Vll1nvironntent, 94107 St Maur des Foss6s.
France.

2 Institut fur lExtraterrestrische Physik. Garching, R. F. A.

The high-time resolution of the wave experiment on board the Swedish aurora]
satellite Viking has revealed the extreme time variability of the wave phenomena associated
with particles acceleration in the key region& of the high latitudes magnetosphere such as
the dayside Cleft and Cusp. and the nightslde auroral oval.

As derived from the wave activity. the Cusp is characterized by weak plasma
acceleration and by large magnetoshcath-llkc plasma density. In contrast. at adjacent
magnetic local times. the Cleft is generally associated with low plasma density and with
strong plasma turbulence illustrated by sporadic and intense broadband electrostatic noise
emissions (BEN). The duration of tuch bursts is typically a few hundreds of milliseconds.
and the electric field amplitude of the DUN emissions can reach a few tons mV/rn in the
lklitrange. These bursts ane closely associated with 0.1-1 key parallel electron beams and
ion conies. and with large 1)C electric field fluctuations. These emissions arm greatly
influenced by non-linear efects and occur simulteanusly with the observation of particles
distributions favouring the destabilization of electron acoustic waves. It will be shown that
electron acoustic sollsons passing by the satellite would generate spetr that can explain the
high-frequncy pan of DEN. above thb plasmot frequency.

In the nigthside auroraI magnetosphere BMN is usually less impulsive and more
intense than in the aeft; It Js also associated with more energetic electron beams and ion
conies (1- 10 keV). its characteristic variation time Is a few sconds, and its electric field
strength can reach a few hundreds mV/rn around the lower hybrid frequency. Sporadic
Auroral Kilometric Radiation (AKR) bursts are associated with this strong bursty
electrostatic turbulenoe. These observations suggest that formaution of lower hybrid solitons
plays a crucial role in the complex plasma processes leading to AKR generation, A
theoretical model based on the nonlinear interaction between lower hybrid solitons and
upper hybrid waves will be proposed. The solitons act as sporadic, localized antennas
allowing for efficient conversion of the electrostatic energy contained in t upper hybrid
waves into radiation energy at frequencies above the X mode cutoff. The sporadicity of the
radiation derives from the lower hybrid soliton collapses which oo=J on - Is time scale.



NONLINEAR INTERACTIONS BETWEEN AN ELECTRON BEAM AND RF WAVES

Chung Chan

Department of Electrical and Computer Engineering
Northeastern University, Boston, MA 02115

Two laboratory experiments have been initiated to study nonlinear
electron-wave interactions. In the first experiment, the interaction
between a guided rf wave and an electron beam is investigated using a
large crossed field amplifier. The electron beam is injected through
externally imposed crossed electric and magnetic fields. The large

Samplitude rf wave is guided by a serpentine slow wave structure and
travels at a phase velocity approximately equal to the average
velocity of the electron beam. Under certain electron beam injection
conditions, the electron beam trajectories can be highly cycloidal.
The so-called "ripple beam" exchanges its energy with the rf wave and

t this energy exchange can be correlated to the changes in the electron
beam trajectories. At high rf power, the beam electrons were captured
by the rf waves and significant diffusion of the electron beam
cycloidal orbits were observed. A numerical simulation of the same
experiment has also been performed and the details of the electron-rf
interactions can be followed within* a rf period. In the second
experiment, an electron stream slowly drifts across a low density
background plasma is followed in time. Our latest measurements on the
evolution of fluctuating electric fields will be given. These resutls
may be useful in the study of wave-electron interactions in regions of
space plasmas where localized electric fields are present.



The Determination of Wave Fields from Perturbed Parti-
cle Orbits. Frederick N. Skiff, LPR, University of Mary-
land. - Propagation of wave fields in plasma is influenced by the
particle motions through charge densities and currents. Likewise,
the dynamics of particle motion is influenced by the wave fields.
A family of techniques for determining wave fields given time-
resolved measurements of the particle distribution function will
be presented. Essential aspects of the theory behind these tech-
niques will be outlined. Because the plasma dielectric response is
nonlocal in space and time, a measurement of the particle veloc-
ity distribution which is resolved in space and time may indicate
the wavelength as well as phase and amplitude of a wave. Data
from laboratory experiments will be presented, and the possible
application of this method to satellite data will be considered.



DIAGNOSTICS OF IONOSPHERIC PLASMA BY THE RESONANCE CONE TECHNIQUE

V. Rohde and A. Piel

Institute of Experimental Physics, Kiel University, Germany

Wave propagation techniques represent a complementary approach to
measure Te and ne in magnetized plasmas. A resonance cone is excited

by a small antenna that is driven at typically half electron-cyclotron
frequency. The cone half-angle is sensitive to ne, and the cone

Dossesses an internal interference pattern, that is related to Te. We

describe the application of the resonance cone technique to the
ionosphere in the COREX-I experiment, we compare ne and Te profiles

with other instruments, and show that non-reciprocities of the
resonance cone are related to electron drift motion.
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Recent Space Experiments on the Critical Velocity

R.B. Torbert

University of New Hampshire

A survey of recent chemical release experiments in the Ionosphere
that were designed to study Alfven's Critical Ionization Velocity ( CIV )
Effect in space plasmas will be presented.

The data from several such sounding rockets experiments suggest
that the wave and particle effects of plasma instabilities thought to
be associated with this effect, are commonly observed. Thus, The total ion
yield, which appears to vary widely between several experiments, may be
a poor indicator of the presence of the CIV effect. The in-situ data
shows clearly that ionization occurs and is consistent with at
least some of the theoretical work on the subject. Comparisons of several
of these parameters with predictions will be presented. In particular, I
will examine the effects of a much better estimation of the charge-exchange
cross-section for Ba and the background ionospheric 0+ on the total yield
and on the evolution of the electron distribution. I will also show the
effects of the precursor atomic oxygen beam that results from barium that
forward scatters the ambient neutral oxygen at resulting speeds that
exceed the critical velocity for oxygen. This may account for the commonly
observed heating of electrons at times before the presence of the main
barium beam.



A COMPARISON BETWEEN LABORATORY AND SPACE EXPERIMENTS
ON ALFVtN'S CIV EFFECT

Nils Brenning

Alfv~n Laborarory, Dept. of Plasma Physics, Royal Institute of Technology,
S-100 44 Stockholm, Sweden

Laboratory experiments on Alfvdn's Critical Ionization Velocity (CIV) effect have been made

during 30 years. and space experiments in the form of ionospheric shaped-charge releases for the

last 10 years. These two types of experiments to a large extent complement each other. The

laboratory experiments have definitely established the reality of the CIV effect, and have also

determined the parameter limits within which the effect can be expected in the laboratory for
different combinations of plasma and neutral gas species: velocity, magnetic field strength, and
neutral gas and plasma density. However in the laboratory experiments there are always walls and
electrodes present, and the available parameter regime is such that the details inside the CIV process
are difficult to study.

The ionospheric release experiments have several advantages. The parameter range is much

closer to the proposed space applications of the CIV effect, where the magnetic field is typically a

factor 105, and the density a factor 108, below the values in the laboratory. Waves and particle

spectra can be directly measured inside the interaction region in a way that would be impossible in
the laboratory. Finally, most of the proposed space applications refer to situations where a limited

neutral gas cloud interacts with a larger surrounding plasma. This problem can not be adequately

studied in the laboratory because of the limitation in size, but it is a natural part of the ionospheric
injection experiments.

The major drawback with the injection experiments is the short time duration. A scaling

comparison show that they, due to the rapid expansion of the injected neutral gas clouds, typically
correspond to initial transients in laboratory CIV experiments. On a corresponding time scale in the

laboratory, the steady state CIV effect has usually not developed. The obvious question to ask is

this: provided that the CIV effect has the same efficiency in space as in the laboratory, where would

we expect it to operate? The answer is: it should turn on 0.5 - 2 km from the explosion and switch
off somewhere inside 5-10 km. for a typical barium release at 400 km altitude. There are several

independent reasons for the CIV effect to be absent outside this distance: (1) the electron heating

time vroblem, (2) the oxygen damping limit, (3) the Townsend condition, and (4) the problem to
heat a large volume of electrons to ionizing energies, the volume hearing problem. Seen in the light

of this expectation, the ionospheric CIV releases live up beautifully to the results from the

laboratory experiments and given unique material concerning both the waves and particle scattering

inside the interaction region, and also concerning the coupling mechanism between the CIV region
and the surrounding plasma.



CONTROL OF CRITICAL VELOCITY IONIZATION

BY MOMENTUM COUPLING TO THE ENVIRONMENT

Gerhard Haerendelrer) Max-Planck-lnstitut fUr extraterrestrische Physik

8046 Garching b. MUnchen, Germany

ion

The CIV effect is thought to operate by energy transfer from the
11 ions, freshly generated out of a neutral gas jet, to the electrons.

For this to occur, excess momentum must be transferred to the plasmaInge background. If the interaction volume of neutral beam and plasma is
Ld spatially limited, the momentum can be efficiently absorbed by the

outside plasma or, in the laboratory, by the current closing external
it conductors. In a space experiment, Alfv~n waves are instrumental in
i1y transporting the momentum. Alfvdn speed and ambient plasma density

limit the rate at which this can occur. It is not only the initial
momentum of the ions that has to be removed, at least in part, but
also the momentum gained subsequently by the Lorentz force has to be
balanced by a reactive force on the background plasma. Both
contributions combine to determine the local electric field, or the
plasma rest frame inside the interaction volume. A general formulation
of this problem is presented and compared with observations. The
reasons for the observed large slippage between plasma and neutral
beam are discussed and attributed to a self-limitation of the momentum
coupling efficiency through the development of barriers (plasma
density holes) on either side (along 8) of the interaction volume.



DUSTY PLASMAS IN THE SOLAR SYSTEM

Christph K. oa=l
Deparunent of Psks and Ao my

Univenity of Iowa, Iowa City, Iowa 52242

The acs th lead to chaug of dust gains in aplsma are
tuiefly reviewed. Whoeas for p 5 tAh results have been long
known, the reduction of the ave'ap charge on a pain by "IDbye
sweening" has only recany been discovrd This reduction can be
mpo!ant in the Jovian ring and in the rings of Uranus. The emerging

oummv s which deals with the motion of eharged
gains n a planetary manetosphere is then mviewed. mportant
mechanisms for distibuting grains in radial distance are due to
stochastic flumcadons of the pain charge and a systematc Variation
due to motion tbrouh plama g4aie. &ae electosmatic levitation
modfor the frm m ion o spoks idiscussdm and it is hmon da& e
radisl transpon of dust contained in the spokes may be responsible for
the r i sulc= in Satr's rings. inally, collective ffecm in
duty plumu ar discussed which affect various waves, such u
densy waves in planetary rings and low-quecy plama waves.
Thepstibi ty of cbarpd gramins forming a Couomb lattce is brieflydescribed.
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Experiments on the Merging of Currents in a
Laboratory MagnetoPlasmat

Walter Gekelman, Dept of Physics UCLA, Los Angeles,
California, 90024-1547

The interaction of current channels has long been a topic of
interest for those working in solar physics (magnetic flux rope
interactions), magnetic field line reconnection (tearing of current
sheets and coalescence of current fibers) and fusion physics (the
behavior of currents in Tokomaks and Pinches). A series of
experiments on the merging and twisting of two current channels has
been performed in a new laboratory device at UCLA. The LArge
Plasma Device (LAPD) has a ten meter long, quiescent plasma
column which is 0.5 m in diameter. The ambient magnetic field is Bz

3 kG and plasma density n < 5.0X10 12 /cm 3 in Ar. The two current
channels are formed by coating the cathode source nonuniformly and
then biasing it with respect to an anode ten meters away. Volume
data of the plasma parameters ne,Vp,Te and B are taken at about
5355 locations within the plasma volume, and at 10,000 time steps,
using a unique three dimensional probe drive and data acquisition
system. The current channels are observe to twist about each other
and merge when their self generated magnetic fields are of order of
the background magnetic field. Forces on the the plasma such as jxB,

and VP are shown in three dimensions to illustrate the processes at
play in this interaction. As the currents twist magnetic helicity is
generated and serves to keep the currents flowing after the external
current drive is shut off. The dynamics of the current system and
the time and space dependence of the return currents will be shown
in detail. The relaxation of the system to a minimum energy state
will be examined and compared to theory. The time history and
three dimensional nature of this interaction will be illustrated with
computer generated videos of the data.



Investigation of 3.Dimenslonal Magnetic Reconnection In a Laboratory Plasma
and Initial results

K. Yamada and F.W. Perkins
Princeton Plasma Physics Labratoryv

Princeton, NJ 08543

Abstract

A comprehensive laboratory experiment has bicen proposed to investigate the fundamnental

3-D physics of magnetic reconnection regions and their associated hydromagnetic flows. Two

toroidal plasma rings, with equal or opposite magnetic helicity, are formed and then brought

togethcr. contacting along a toroidally symmetric tine. This research addresses tree important

questions: (1) How does magnetic helicity affect reconnection? (2) Will three-dimensional

processes arise spontanmeously and modify the usual Sweet-Parkez or Petschek picture of two-

dimensional reconnection where the global configuration is that of an axisymmetrie X-point line7.

(3) How does the reconnection rate respond to global forcing? Tn a preliminary experiment carried

out at the University of Tokyo (Phys. Rev. Letts. 65, 721 (1990)], the direction of the toroidal

field plays ani important Tole in the merging process. Thre important physical characteristics have

beeu extracted from this experiment. (i) The three-dimensional reconnection features of merging

field finei ame found to be quite different depending on whether the toroids have co-hclicity or

counter-helicity, configurations, even if their two-dimensional picture is identical; (ii) counter-

helicity merging induces magnetic reconnectioc more efficiently than co-helicity merging and

innimes is accompanied by non-axisyuinetric MHD fluctuations; and (iii) reconnection raoe is

deternined by the external rotting i.e. the initial approaching velocity of two plasmas. The details

of this preliminary experiment will be reported together with future plans or the NRX experiment.



Transport of Time-Varying Plasma Currents by Whistler Wave Packets.*

R.L. Stenzel and J.H. Urrutia
Department of Physics, University of California

Los Angeles, CA 90024-154705
USA

In a large magnetized laboratory plasma the properties of time-varying

current systems are studied experimentally. Currents are generated either by
collection/emission of charged particles at conducting boundaries or by

induction with time-varying/moving magnetic fields. Similar situations arise

in space plasmas naturally (reconnection, flux ropes, auroral arcs) and in
active experiments (beam injections, electrodynamic tethers, magnetic
antennas). In the laboratory the complete hree-dimen ional, time-varying
vector field of the total current density J(p,t) = VB/VO is obtained from
magnetic probe measurements.' Pulsed currents are observed to propagate at the
speed of whistler wave packets. Their field structure form flux rope-like
configurations which are electromagnetically force-free (Txg+pE. 0).2
Current closure and neutralization of field-aligned transient currents occurs
via induced return currents. Cross-field current closure between tethered
electrodes occurs via displacement currents of whistlers excited by an
insulated tether. 3 Moving dc currents/magnetic fields induce "eddy" currents
in a magnetoplasma which couple to propagating eigenmodes and form Cherenkov-
like whistler "wings" or "wedges". The radiation patterns of moving magnetic
antennas and electrodynamic tethers have been demonstrated. A new, Gendrin-
like mode of wave propagation has been observed for bounded whistler wave
packets launched by magnetic antennas In a uniform unbounded magnetoplasna.

Nonlinear effects of strong current systems arise from density
modifications and electron heating. For example, current collection by

positively charged electrodes depletes the density in the flux tube of the

electrode causing repetitive current disruptions. For Coulomb collision-

dominated plasmas electron heating creates a field-aligned channel of high

conductivity which allows an anomalous penetration of waves/currents.

*Work supported by NSF PHY, ATN and NASA.

1. R.L. Stenzel and J.H. Urrutla, J. Geophys. Res. 95, 6209 (1990).

2. R.L. Stenzel and J.H. Urrutia, Phys. Rev. Lett. 65, 2011 (1990).

3. J.H. Urrutia and R.L. Stenzel, Geophys. Res. Lett. 17, 1S89 (1991).
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The Cross-Field Propagation of Low-0 Plasm Streams: Physic. Ileuem
Joseph E. Borovsky

Space Plasma Phsics Group, Los Alamos National Laborviory

Colilonims, mapetlaed plasmas in motion couple to one another by means of
the currents that they Induce in each other. The cross-fiaid motion of one plasm wXl
drive mpgetlc-leld-algpad currents that can close across the magnetic fiald in the
other plauma. Lu the current system the transfer of bulk momentum is manifested
in the;j x I5 force. At the ffuld-plama, level of understanding, Wei coupling comes
under the names UMKD generator, "Alive wine, or 4unipolar Inductor'

For space physics, the breakdown of this tid picture is a( Interest because it
results in the production of strong electric il~ds, which cant lead to the acceleration
of charged paddles and to energy dissipation viarJ. Examnples of this breakdown
for low-# motion may be found in the driving of auroral amc by velocity shears and
the coupling of Io to the Jovian ionosphere. To treat this breakdown, a kinetic
description of the coupling Is needed. Many kinetic aspects of this coupling can be
studied !n detail by eamining the simple problem of the propagation of a stream, of
plums, across a magnetic leld. Towards; the goal of a alectromagnetic and kinetic
description of the plasma-oupling problem, work has been ongoing on the alectro
static description of how plasmas moving ams magnetic Adeds drive currents and
how those currents iow along matic field lin. An overview at the electroma-
aetie problem wil be givea, the progress of the electrostatic Ivsgainwill be
reviewed, sad outstanding physics Issues will be discussed.



QUESTIONS ABOUT THE ELECTRIC FIELDS

IN THE AURORAL ACCELERATION REGION

F.S. Mozer

Space Sciences L~ab., Univ. of Berkeley, USA



TRANSVERSE ION ACCELERATION MEASURED AT ROCKET ALTITUDES

Roger L. Arnoldy

Institute for the Study of Earth, Oceans, and Space, Univ. of New Hampshire
Durham, NH 03824, USA

Transverse ion acceleration has been observed at rocket altitudes
between 500 and 1000 km due to: 1) the injection of 100-200 eV Argon
plasma; 2) auroral electron precipitation; and, 3) the injection of
electromagnetic waves. Field-aligned currents necessary to neutralize
the plasma injection payloads and naturally occurring in the aurora
are apparently responsible for the ions observed in 1) and 2) above.
Associated with the aurora, both bulk heating and tail heating is
observed, sometimes simultaneously. In this case, either different
masses are accelerated and/or different mechanisms are responsible.
The bulk heating is closely correlated with the aurora structure while
tail heating is not so well correlated. The tail heating is generally
more energetic at rocket altitudes. Electrostatic oxygen cyclotron
waves (EOCW) are closely correlated with the transverse bulk heating
and the bulk flow or streaming of ambient ions towards the atmosphere.
Such downstreaming may be driven by field-aligned electric fields that
drive part of the auroral return current which in turn might produce
the EOCW. Structured auroral hiss (SAH) just above the lower hybrid
frequency is loosely correlated with the aurora and the tail heating

events. Finally, wave injections of electromagnetic waves near the
lower hybrid frequency does result in the transverse acceleration of
ambient ions.



Transverse Acceleration of H + by Lower Hybrid/H +
Bernstein Waves in the High Altitude Ionosphere--
Experimental Results

P. Kintner (Cornell University, Ithaca, NY 14853)
R. Arnoldy (Univ. of New Hampshire, Durham, NH 03824)
T. Moore (Marshall Space Fl. Ctr., Huntsville, AL 35812)
D. Gurnett (The University of Iowa, Iowa City, IA 52242)

Sounding rocket observations of the auroral ionosphere
above 500 km altitude during periods of auroral activity
consistently indicate transverse H + tail heating and auroral
hiss with absorption features at multiples of the H + gyro-
frequency. The H + tail heating produces two populations
characterized by temperatures of 10eV and 100eV. The
auroral hiss is characterized by short wavelengths (kpi - 1)
and we interpret its gyroharmonic features as being pro-
duced by the connection structure between the lower
hybrid mode and the H + Bernstein modes. The auroral hiss
could be produced directly at short wavelengths although
production at longer wavelengths followed by propaga-
tion/refraction to shorter wavelengths appears to be more
likely. Supporting evidence for our interpretation of trans-
verse H + heating is also found in the Injun V wave data.



The acceleration of electrons and ions by electromagnetic ion cyclotron

waves.

M. Temerin and I. Roth

Electromagnetic ion cyclotron waves provide a second important mechan-
ism, in addition to parallel electric fields, for accelerating electrons in the
aurora. Such waves are responsible for flickering aurora and for the intense
field-aligned electron component of the aurora. Electrons are accelerated
by the small parallel electric field component of the wave at the Landau
resonance. In an inhomogeneous magnetic field the phase velocity of the
wave can increase and electrons that are nearly trapped can be accelerated
to large energies. These waves can also accelerate ions transverse to the
magnetic field to produce ion conics through the cyclotron resonance or its
harmonics. Such waves are also likely to exist in solar flares where they
can accelerate 3He. 3HO is observed to be enhanced relative to 'He by four
orders of magnitude in some small impulsive solar flares. Test-particle cal-
culations of the interaction of electrons and ions with electromagnetic ion
cyclotron waves are in good agreement with observed electron fluxes in
the aurora and show that 3He can be accclcratcd to the required energies in
solar flares.



DOUtL-E LAYERS



OBSERVATIONS OF WEAK DOUBLE LAYERS ON AURORAL FIELD LINES

Rolf Bostrbm

Swedish Institute of Space Physics, Uppsala, Sweden

The wave instrument on the Swedish Viking satellite performed high
temporal resolution (1 ms) measurements of plasma density fluctuations
(An/n) at two points in space separated 80 m, and of potential
differences (0. - 0.) between points 80 m apart and in two orthogonal
directions. Th! measurements proved ideal for characterizing small-
scale solitary structures and weak double layers. These structures, of
a scale of about 100 m along the geomagnetic field, constitute
localized plasma holes, where the density is reduced by up to 50 %,
which have a negative potential of up to 5 V relative to the
surrounding plasma. The structures often have a net potential drop of
up to about 2 V, predominantly in the upward direction, and then
constitute weak double layers, WDL (eo <kT). The strucutres move
upwards with velocities of 5 to 50 km/s. They occur above the auroral
regions of the earth, in the auroral acceleration region of the
magnetosphere, at altitudes of 1-2 earthradii. Their occurrence is
correlated with that of beams of upward flowing ions ( 1 keV) and
downward accelerated electrons, as well as with that of electrostatic
ion-cyclotron waves (EIC). In these regions WDLs are so ubiquitous
that it is likely that series of such WDLs along each magnetic field
line together builds up a large scale U-shaped equipotential pattern,
with a kilovolt potential drop along the field lines accounting for
the acceleration of auroral particles. Support for this view is found
from the simultaneous observation of energies of the accelerated ions
and electrons, and from the measurement of the large-scale potential
variations along the satellite orbit, which shows a potential minimum
of about 1 kV. The structures with upward potential drops occur where
there are upward field-aligned currents of moderate intensity, assumed
to be the driving agent. Evidently E-j >0, and the structures convert
electric energy of the magnetospheric current generator to kinetic
energy of the auroral particles. The EIC waves show a bursty nature,
suggesting that they might be excited by the solitary structures, or
the instability generating these.



THEORETICAL ASPECTS OF WEAK DOUBLE LAYERS AND THEIR RELATION
TO THE ELECTRODYNAMIC COUPLING BETWEEN THE MAGNETOSPHERE
AND IONOSPHERE

Hannu Koskinen
Finnish Meteorological Institute
Box 503
SF-00101 Helsinki, Finland

ABSTRACT

Ion scale solitary waves and weak double layers on auroral magnetic field lines have been
studied experimentally by the U.S. S3-3 and Swedish Viking spacecraft. Considerable
theoretical effort has been paid for the study of plasma physics behind these phenomena
but with relatively modest success. In this talk the present status of the theoretical
understanding is reviewed. It has frequently been suggested that weak double layers may
build up a considerable part of the field-aligned potential drop between the auroral
ionosphere and magnetosphere. This suggestion is discussed in order to determine the
possible role of weak double layers in the global magnetosphere ionosphere coupling. A
comprehensive understanding of electric fields on auroral field lines requires the
consideration of a variety of physical mechanisms, including field-aligned and
perpendicular (small and large scale) potential structures, wave phenomena, field-aligned
currents, etc. Weak double layers seem to be one of the ways how auroral plasma can

support parallel electric fields under certain boundary conditions imposed by the global
coupling process.



The Physics of Electrostatic Double Layers: Weak Double Laver Dynamics

Michael A. Raadu, Department of Plasma Physics, Royal Institute of Technology, S- 100 44
S tockcholm, Sweden

Abstract

The equilibrium state of electrostatic double layers has been studied in detail for all amplitude
ranges. Time independent models imply generalised Bohm criteria as matching conditions to the
ambient plasma on both sides. Formation may be related to the nonlinear growth of current driven
instabilities. These can lead to a localised density dip, whose pre-existence may also act as a

trigger for the formation process. Large amplitude dynamics may be studied in particle simulation
of plasmas, showing the creation of double layers. In the case of very weak double layers their
evolution may be described using the modified Korteweg-de Vries equation, and in particular intial

conditions for formation can be determined. Generalisations to three dimensions show that

magnetised weak double layers are stable, whereas without magnetic field instabilities develop.
Simulation methods must be used for ion acoustic double layer studies where the amplitude is

comparable to the ambient plasma thermal energy. There is evidence for such double layers in
satellite observations in the Earth's magnetosphere.



DOUBLE LAYER RELEVANT LABORATORY RESULTS

D. Diebold, T. Inrator, D. Kaufman, J. Menard, C. Forest,
$-0. Lee, M-K. Hsieh and N. Hershkowitz

University of Wisconsin
Departaet of Nuclear Enginwring and Engineering Physics

1500 Johnson Drive, Madison, WI 53706-1687 U.S.A.

Many double layer relevant experiments have been carried out
during the last few years at the University of Wisconsin. Much of this
work has been performed in triple plasma devices. The operation of
these devices, as well as their general strengths and weaknesses, will be
discussed. Characteristics of stairstep double layers, which resemble
several double layers joined in series, will be presented. We have tried,
without success so far, to measure the associated electron distribution
functions. Plasma Gradient Induced Errors are a problem with general
applicability to double layer data. We have recently begun to investigate
this problem and our results, particularly space charge effects on electric
field measurements, will be presented. Lastly, a discussion will be
given of a new type of inductive source for making uniform magnetized
plasmas. Double layer data in the presence of a magnetic field will be
presented.



THE ROLE OF SELF-CONSISTENCY IN DOUBLE LAYER CALCULATIONS

M.A. Hellberg , S. Baboolal + , R.L. Mace*, and R. Bharuthram+

Plasma Physics REsearch Institute, University of Natal, Durban
and + University of Durban-Westville, Durban, SA

It as suggested I that satellite observations of rarefactive auroral
DLs could be explained by a model including negative ions. Self-consistent calculations of the Sagdeev potential for ion-acoustic

DLs , however, contradicted this and arbitrary-amplitude studies have
shown that in a two-electron temperature plasma, negative ions destroyIADLs if their density exceeds - 1.

In contrast to KdV theory, self-consistent arbitrary-amplitude
calculations also show that negative ioTs cannot replace the secondelectron specles needed to support IADLs = and that electron-acoustic

OLs do not occur in a two electron species plasma. Self-consistent,
arbitrary-amplitude calculations of solitons have also been carried

IS. Sutradh&t & S. BDujrbuua J.Phy.Socjpn. 50 139 (198?)
3M. Tomef in, of al., Php. Rev. Lett. 48 1175 (1992Y

'S. Baboacl J.Phys.S.1pn. ST 750 (108)
4S. Baboo|ol. #I al.. Submitted lo J.Pias.Phw. (1"1!)

IS. Baboooia), e at,, J.Plas.Phly. 41341 (:989); 44 1 (1990); P V.fl. a82 "59
(i9sO). R.L. Mace et a., J.Ps.Plas. (1991); Submift to J P Ie., aIv. (1991)



The Formation of Anomalous Potential Drops and Electric Double Layers Due to Ion Density Cavities

S. Torvyn, Department of Plasma Physics, Royal Institute of Technology, 10044 Stockholm, Sweden

Abstract

It has been proposed that a local ion density minimum (an ion density cavity) can lead to the
formation of a double layer when a voltage drop is applied to the plasma. Density cavities formed by
ion cyclotron waves in the magnetosphere have also been proposed to lead to formation of weak
double layers supporting magnetic-field-aligned electric fields above the Aurora. Laboratory
investigations demonstrating the importance of density cavities will be presented. When a step voltage
is applied to a plasma with an initial cavity, most of the potential drop is distributed over the cavity
after about idn eletruIu tanSit time. Then the potetltial profile steepens slowly to a double laver on the
time scale of the ion motion. When the initial plasma is homogeneous, the applied potential drop isinstead supported by a cathode sheath which begins to propagate into the plasma as a double layer on
the time scale of the ion motion. Numerical simulations and a theoretical model clarifying the
experimental results will also be presented. The existence regions for the two different plasma
responses in the parameter plane are found in the simulations and shown to agree with the regions
predicted theoretically.



EVOLUTION OF PARTICLE CLOUDS AROUND ABLATING PELLETS

IN MAGNETICALLY CONFINED HOT PLASMAS

L. L. Lengyel

Max-Planck-lnstitut fur Plasmaphysik,

D-8046 Garching bei Miinchen, Germany.

Abstract

Cryogenic hydrogen isotope pellets are being currently used for introducing fuel parti-

cles into the plasma interior in magnetic confinement fusion experiments. The spatial

and time evolution of the initially low-temperature high-density particle clouds form-

ing around such pellets is the subject of this presentation. Particular attention is given

to such physical processes as heating of the cloud by the energy fluxes carried by inci-

dent plasma particles, gaadyunamic expansion with ix A9-produced deceleration in the

transverse direction, finite-rate ionization and recombination (collisional and radiative)

processes, and magnetic field convection and diffusion. While the dynamic processes

ausociated with the ionization and radial confinement processes are characterized by

the relatively short Alfvhn time scale (p range), the subsequent phase of axial expan-

sion is associated with a notably larger hydrodynamic time scale defined by the heat

input and gaadynamic expansion rates (ms range). The rediffusion of the magnetic

field into the cloud seems to occur on the resistive diffusion time scale. A character-

istic cloud structure results: a hollow temperature profile coupled to a peaked density

profile in the plane normal to the magnetic field direction. The separation distance

between the high and low temperature and/or density layers is typically the ionization

or confinement radius. Also the flutes that may develop at the cloud surface have, at

a certain phase of their development, the same wavelength.

Data stemming from experimental measurements in toroidal confinement machines are

compared with results of model calculations. Some similarities with other exprimental

scenarios, such as the earlier magnetospheric barium release experiments, are briefly

discussed.



EXPERIMENTAL OBSERVATIONS OF TURBULENCE
DRIVEN PARTICLE TRANSPORT

AND DIFFUSION IN A DOUBLE PLASMA DEVICE

M.J.Alport, C.A. Dempers and G.Wintermeyer

Plasma Physics Researc Institute, Department of Physics
University of Natal, Durban, South Africa

Electron transport properties have been investigated in a Double Plasma (DP)
device using two independent diagnostics- a multiple probe array and a test
particle beam. In the DP device an Argon ion beam of energy 30 eV is in-
jected into a weakly magnetized background plasma. This configuration gives
rise to the Cross-Field Ion Acoustic Instability. The turbulence level fifn can
be varied between 1 % and 30 % by launching broadband noise (between 50
kHz and 300 kHz) onto the ion beam. Our first diagnostic employs an array
of Langmuir probes measuring correlated fluctuations of plasma density fi and
plasma potential j. The transport spectrum r(w) is derived from these mea-
surements. Measurements of electron transport parallel and perpendicular to
the ion beam at different values of //n are presented. Our second diagnostic,
employed under the same plasma conditions, utilizes test particles injected into
the DP device by a Pierce type electron gun. These low-energy electrons were
detected using a Langmuir probe and lockin techniques. From these measure-
ments the perpendicular diffusion coefficient, Dj. was calculated and related
to transport via, r =< nv >= -DVn.. Data obtained with theme two di-
agnostics at different fluctuation levels indicate the presence of non-isotropic
turbulence driven transport in the k x B direction.



The Transport of Test Iona in Laboratory Plaamu'
R. McWilliams, University of California, Lrvne.

Ion diffusion across and along magnetic fields bas been measurod In
qiet mad turbulent plumas. In the same spirit as paridce injection
experiments In the magneosophere, taut !ons were crwAtd 1 and their
pbas. space trajectories followed temporsaly. Both real and velocity
space diffusion coeffciants have bea measured. 1n quiet plasmas
the dlffszon 2 agrees with classical predictions. In turbulent
plasma" studied thus far, the spatial cross field diffi~on was given 3

by D L~s 4(cT./eB)(Mnj/rj,),,- The laboratory experiments
study controlled wave spectr and thus examine individual
processe which may contribute to-maptopheric transport.

*I collaboration with 3. Bowles, N. Rynn, N.S. Wolf, and 9. Zinti.
I D.Ni)I, S. Thracat and M.G. Wlckham Rev. Sd hIstrum Al
309 (I98).
13.. McWiims ad XL Olcubo, ft"s. Fluids 22, 2840 (1987).
3L McWilliams, MXC. Okubo, and NJ. Wolf, ?Iiys. Fluids=,2 523
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THE ROLE OF PLASMA INSTABILITIES IN THE PLASMA EROSION SWITCH

Russell M. Kulsrud

Department of Astrophysical Sciences, Princeton University
Princeton, NJ 08544, USA

The plasma erosion switch is a device to carry a large current through a
plasma, and then to interrupt this current in a very short time. It plays
an important role in pulse power research. A striking observation in erosion
switches is that the during the conduction phase the large magnetic field pro-
duced by these currents is observed to penetrate into the plasma in a time
very short compared to that expected from normal Spitxer resistivity. This
rapid penetration is believed to be due to an anomalously large resistivity

in the plasma. This resistivity could possibly be produced by a particular
ion-acoustic instability driven by large electron drift velocity of the cross field
current. I will give a brie survey of erosion switches and the role they play
in pulse power research Then I will describe the instability, the resistivity it
generates, and its nonliniar evolution and saturation. The saturation ampli-
tude seems to be large enough to generate the required anomalous resistivity.

A similar rapid penetration of magnetic field into plasma occurs in space, and
is observed in the barium cloud experiments, in which conditions somewhat

similar to the erosion switch occur. I will discuss this possibility.



MAGNETIC FIELD PENETRATION AND EROSION

Gerhard Haerendel

Max-Planck-Institut fUr extraterrestrische Physik
8046 Garching b. MUnchen, Germany

A class of plasma-plasma interactions in space is constituted by
comets and unmagnetized planetary bodies exposed to the magnetized
solar wind. The interaction, collision-free or collision-dominated,
requires penetration of the magnetic field into the unmagnetized
ionized gas. The penetration process has been studied in artificial
comet experiments involving barium releases in near-Earth space. It
was found that the process can be described by a snow-plough model.
The magnetization does not proceed by resistive diffusion of the
magnetic field, but by a combination of inertial penetration of the
ions and convective transport of the electrons, practically
"noiseless". The process requires formation of small-scale structures
with transverse scales of the order of the ion inertial length. - Once
magnetized plasma can be eroded. This occurs in an asymmetric fashion,
whereby the side on which the electric field vector (related to the
ambient plasma flow) points away from the cometary plasma, is subject
to the ion extraction. This creates interesting recoil effects, which
are also manifested in the Venusian ionosphere.



Diffusion Processes at the Magnetopause

R. A. Treumann1 , J. LaBelle', and R. Pottelette

'Max.Planck-Institut 4fr eztraterreatrische Physik, 8046 Garching, FAG
2Dartmouth College, Hanover, NH 03755, USA
3 CRPE/CNET 94107 St. Maur dee Foice,, France

Plasma entry from the solar wind/magnetosheath across the magnetopause into the mag-
netosphere is known to proceed on time scales of some ten minutes under magnetospher-
ically quiet conditions and possibly faster during violent disturbances of the magneto-
sphere. The main evidence for this continuous entry is the existence of a layer of mixed
magnetosheath/magnetospheric plasma in the outer magnetosphere, called the low lati-
tude boundary layer. While in the disturbed case plasma may directly penetrate into this
layer through the magnetopause via reconnected field lines, the processes responsible for
maintaining the boundary layer during quiet times are still under debate. It is however
expected that diffusion caused either by micro or macroinstabilities plays the dominant
role in providing the required cross boundary flux. Candidates of microinstabilities are
ion cyclotron waves and lower hybrid waves. We estimate the diflusion coefficients caused
by the latter and find that lower hybrid waves excited by the density gradients at the
magnetopause are strong enough to yield the diffusion required for plasma entry. Hence,
lower hybrid turbulence seems to be rather important. The mechanism is probably also
of interest for other magnetised astrophysical objects as the interfaces between accretion
disks and neutron star magnetospheres.
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Low-Dimensional Behavior and Symmetry Breaking of
Nonlinear Stochastic Systems - Can these effects
be observed in the laboratory and in space?

TOM CHANG (MIT Center for Space Research, Cambridge, MA
02139)

It is demonstrated, using the techniques of path integrals and
renormalization-group, that nonlinear stochastic systems at "criti-
cality" generally exhibit low-dimensional behavior. The symmetry
which characterizes a particular criticality may be broken by the
appearance of new relevant scaling fields. The possibility of ob-
serving such effects in space (such as the onset of substorms), in
the laboratory (such as stochastic particle heating in a "noisy"
magnetic field), and through numerical simulations will be
described. The associated crossover phenomena will also be dis-
cussed.



Turbulent Relaxation in Space and Laboratory Plasma

David Tetreault (MIT Center for Space Research, Cambridge, MA
02139)

Relaxation of highly collisionless plasma typically relies on col-
lisionless instabilities and therefore is a turbulent phenomenon.
While the plasma is constrained globally by dynamical invariants
(e.g., by the conservation of energy, momentum, magnetic helicity,
etc.), the relaxation frequently involves the generation of localized,
large amplitude fluctuations (double layers, magnetic islands, etc.).
A theoretical model for such intermitent relaxation is reviewed and
then applied to several space and laboratory experiments includ-
ing: (1) double layers aligned along the Earth's geomagnetic field
lines in the auroral acceleration region, (2) magnetic reconnection
and associated flux transfer events (FTE) in the Earth's dayside
magnetopause, and (3) turbulent relaxation in tokamak and
reversed field pinch (RFP) fusion devices. The physical and con-
ceptual similarities of these various phenomena will be stressed as
well as the implications for future space experiments.
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PLASMA PHYSICS IN SPACE AND LABORATORY*

Barrett H. Ripin

Space Plasma Branch
Plasma Physics Division

Naval Research Laboratory
Washington, DC 20375

USA

ABSTRACT

Space plasmas span a broad range of physical parameters, extend over large dimensions, and
exhibit a multitude of fascinating and unexplained phenomena. They frequently involve several non-
equilibrium components which interact with each other and the ambient magnetic field to drive a rich
collection of plasma instabilities and phenomena. Great progress has been made in finding and many
or these processes through in-satu rocket and satellite experiments coupled with plasma theory
advances. However, actual space experiments are expensive and infrequent and they offer limited
capability to perform interactive experiments required to understand the basic science involved.
Laboratory experiments, on the other hand, can accommodate detailed studies which bring deep
physical understanding and are relatively inexpensive. But, they often have physical parameters far
from those in space and run the risk of being irrelevant to space phenomena. The most efficient
approach, therefore, is an integrated effort involving space experiments, laboratory experiments, and
theory. Laboratory experiments then help interpret space observations, verify theory, and can provide
direction for future space experiments.

Laboratory space related investigations NRL utilize two facilities; the Pharos Laser-Target facility,
and a large volume space chamber. Laser-produced plasmas are particularly well suited for laboratory
investigations of many space phenomena. Laser-produced plasmas can be formed with parameters
either very dose, or scalable, to many space and astrophysical plasmas and active space experiments.'
We describe several such space-plasma experimental investigations using the NRL Pharos Laser Facility
and their relationship to in-situ experiments and theory. In other space plasma regimes, the large
volume space chamber experimental facilityas being built up now at NRL is preferable. We will outline
experiments being planned for this facility and any preliminary results that may be available at the time
or the Conference.

" Collaborators in this work are: P. Bernhardt, R. Burns, J. Chen, J. Crawford, R. Elton, G. Ganguli. I.

Grun, 1. Huba, C. Manka, E. McLean, T. Peyser, J. Resnick, J. Stamper, and D. Walker or NRL.

Work is sponsored by the ONR.
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Direct Excitation and Nonlinear Behaviour of

Shear Alfven Waves

Y. Amagishi

Faculty of Liberal Arts, Shizuoka University

836 Ohya, Shizuoka city, Japan

Shear Alfven waves (poloidal mode number a - 0)

were excited directly ( nut irom the moae

conversion ) by the small current element

parallel to the magnetic field. Their

polarizations in the cross section of the plasma

column are first found to be elliptically

polarized from the circle when the enhanced

amplitude of the waves becomes larger.



ONE- AND TWO-HARMONIC APPROXIMATIONS TO
WEAKLY NONLINEAR OSCILLATIONS

IN THE PIERCE DIODE

W. Pfendt and S. Kuhn

Bounded Plasma Systems Group, Institute for Theoretical Physaics
University of Innsbru-cck, A -6020 Innsbruick, Austria

Ay laboratory plasma is patof a "bounded plasma sytem.
(BPS)", characterized by these-consistent interaction of the
lasma itself, its boundaries, and the external circuitt a). However,
PS models have ulso been proposed for ipace piasmaas.1' 2 Being

dssipative, BPSs are usually encountered in some attractor state,
so that studying these - preferably by analytic means - Is a key
task of theoretical plasm physics. The most fundamental BPS
model is the id "classical Pierce diode)', with a collisionlass cold
electron beam propagating against a uniform, immobile ion back-
ground between two electrodes shorted externally. 3,5 An extended
Pierce-diode model with nontrivial external-circuit elements 2' 5
has been applied, e.g., to double-layer formation in space plas-
inaS.2 This work is concerned with an atahytsc approach to small-
amplitude steady-state oscillations in the Pierce diode, a particu-
larly simple attractor state first found numerically by God frey for
the short-circuit case.4 Expanding all perturbations in Fourier
series, collecting terms for each harmonic order n, and linearizing
the integrodifferential 'order--n equations" thus obtained, H~rha-
Ler and -Kuhns had to include terms up to n = 3 ("3-harmonic
approximation") to obtain a well-determined nonlinear oscillation.
Here, by retaining more of the nonlinearity, such an oscillation
follows already in the 1-harmonic approx-imation, and a 2-harmo-
nic approxima~tion yields the first subhiarrnonic bifurcation. Impli-
cations to both laboratory and space plasmas will be discussed.
This work was partially supported by Austrian Research Fund
Contract P7005.
1R. Alfv&n Phys. Script& T2/1, 10 (1982).
2MA. Raadu and M.B. Silevitch, J. Appl. Phys. 54, 7192I (1983).
3J.R.* Pierce, J. Appl. Phy3. 15, 721 (1944).
4B.B. Godfrey, Phys. Fluids 30. 1533 (1987).
5M. H6rhager and S. Kuhn, Phys. Fluids B 2, 2741 (1990).



Electrostatic ion-cyclotron wave experiments in
the WVU Q Machine*
M. E. KOEPKE, W. E. AMATUCCI. and J. J. CARROLL III, A=
Virginia University. Morgantown, WV 26506 USA

The influence of transverse, localized, d.c. electric
fields (TLE) on the current-driven electrostatic ion-
cyclotron instability is being investigated in a Q machine.
A small (diameter -10 pi) segmented disk electrode is being
used to excite the mode in a narrow electron-current
channel along which exists a radial electric field between
regions that magnetically map to the different circular
segments (separated by a radial gap -3 pi). The results of
preliminary experiments aimed at demonstrating a TLE-
dependence in the threshold current for mode excitation
will be presented. The development of the segmented disk
electrode and the diagnostic techniques to measure
threshold electron drift velocity and threshold electric
field will be discussed.

*Work supported by ONR contracts #N00014-90-J-4111 and
#4127787-01. and NSF grant #RII-8922106.



The Effect of a Magnetic Field Gradient on Anode Double Layers."
R. L. MERLINO, BIN SONG, and N. D'ANGELO, Dept. of Physics and
Astronomy, U. of Iowa, Iowa City, IA 52242. -- In experiments on double
layer formation in non-uniform magnetic fields it has been noted1' .2 that the
magnetic field inhomogeneity stabilizes the double layer position. These
experiments were performed in devices where the magnetic field geometry
was fixed. We have further investigated this effect in a device in which the
magnetic field gradient could be varied. Our experiments were performed
in a single-ended Q machine (IQ-2) operating with a potassium plasma pro-
duced by surface ionization on a 6 cm diameter tantalum hot plate. Anode
double layers were produced by applying a positive bias to the endplate un-
der conditions where the background (argon) pressure was - 10- 4 - 10- 3 T.
The double layers were maintained by ionization of the neutral gas by the
electrons which are accelerated through the potential step. We found that:
(a) double layers could only be formed with potential gradients in the direc-
tion opposite to the magnetic field gradient, and (b) the axial position of the
double layers can be controlled by varying the magnetic field gradient. The
location and stability of these double layers are considered on the basis of
a model which takes into account ionization, ion losses across the magnetic
field and reflection of ions due to the p • VB force.
*Work supported by ONR and NASA.
IS. L. Cartier and R. L. Merlino, Phys. Fluids 30, 2549 (1987).
2 R. Plamondon, J. Teichmann, and S. Torven, J. Phys. D: Appl. Phys. 21,

286 (1988).



Expeuinents on Double Layers in a Convergent Magnetic Field-
R. Schrittwieser, S. Torven and I. Axnuis, The Af = -Lo!e
tor7, Royal Institute of Technology, S-10044 Stockholm, Sweden:

Itis well known that space charge double ayers (DL) form in
the magnetosphere along the convergent magnetic field lines above
the magnetic poles. We present an experimental investigation in
an argon low pressure discharge plasma confined by a convergent
magnetic field. At a certain position in front of the anode a DL
forms with a height between 10 and 20 V depending on the magne-
tic field strength. There is a marked difference between the plasma
densit profile on the low potential side and on the high potential
side orthe DL: the latter shows a plateau around the axis whereas
the former has a conventional round shape. At the same time we
detect strong high frequency (HF-) oscillations of about f v 560
MHz on the high potential side. Two questions arise: (i) where do
the HF-oscillations come from? (ii) Why is there a plateau of the
plasma density on the high potential side of the DL? Concerning
(i): The HF- oscillations are obviously produced by fast electrons
which are accelerated by the electric field of the DL. Concenig
(ii): We believe that the flattening of the plasma density profiles is
due to the ponderomotive effect of the HF-oscillations.

1 Permanent address: Institute for Ion Physics, University of
Innsbruck, A-6020 Innsbruck, Austria



Dust Shedding by Material Bodies in a Plasma

J. Goree and T.E. Sherdan (Univ. of Iowa, Iowa Ciy, IA 52241)
Y.T. Chiu and R. Rairden (Lockheed Missiles & Space Co., Palo Alto, CA)

Experiments have been conducted to investigate the release of dust particulates from material

bodies during exposure to a plasma. Four spherical test bodies were made of untreated Al. anodized

Al, mylar taped Al, and a composite material. These spheres were covered with tabular alumina
particulates between 1 to 10 wn in size using an electrostatic process, and then inserted into a
vacuum vessel. We observed the shedding of particulates by laser light scattering.

During depressurization. there was no significant shedding except for the mylar-covered sphere.
.lechanical tapping of the sphere's holder always produced more shedding than did depressurization.

Turning on a nitrogen plasma caused a very significant dust particle release. The plasma was

produced upstream from the test body by a filament multidipole source.

I organ laser beam
Pressure (posses below the test sphee)
gouge .anodized Al

A0vacuum Vessel
pholortihiPliwr

tube

lens 5.0mm di.
. 150 mm iris

rotothng test

sphere
10 - 20 rpm H laosr power motor



The Tokamak as an Earth-Based Laboratory for Space Physics Related
Experiments

S.M. Kaye, Princeton Plasma Physics Laboratory,
Princeton University, Princeton, NJ. 08543, U.S.A.

Fusion related plasma experiments in tokamak devices require strong
magnetic fields in both the toroidal and poloidal directions to contain the
hot. dense plasmas. The PBX-M tokamak is equipped with numerous
independent field coil systems, and these allow for a great deal of
flexibility and creativity in forming vacuum magnetic topologies in the
poloidal plane with no toroidal field component. These topologies can
simulate magnetospheric field topologies in the noon-midnight
meridional plane. In particular, minimum-B X-line and stretched-out
dipolar field topologies can be created that simulate the field topologies
of the nose and tail X-line regions and the tail-like field away from the
null field, respectively. A toroidal electric field, which can simulate the
cross-magnetospheric electric field, is also easily produced in the
tokamak. Low energy plasmas can be created by ionizing neutral gas
using RF systems. Possible experiments that could be conducted
include the study of plasma motion and beam formation in static and
time-dependent X-line topologies, the study of the collisionless Ohm's
law, and the mapping out of particle trajectory boundaries in tail-like
field topologies using electron beam injection. The poster will present
details of the plasma and field topologies as well as a discussion of the
possible experiments and diagnostic techniques.



Velocity Space Diffusion in
Q-machine Plasmas*

Jeff Bowles, Roger McWilliams, Nathan Rynn
University of California, Irvine

We report measurements of test particle diffusion in velocity space. Test
particles are created and examined by the method of optical tagging, an
extension of laser induced fluorescence. In quiet plasma conditions (L <
.01%) results show diffusion to be linear with density in agreement with
classical theory. Measurements taken in the presence of drift waves(b = 6%)
and in the presence of broadband electro-static ion cyclotron waves (- < 5%)
have been made. Measurements made in the presence of drift waves show
resonant particle interactions. Applications to magnetospheric phenomena
will be discussed.

*Work supported by National Science Foundation PHY-9024667



Test-ion diffusion in a magnetized plasma

A.Fasoli, F.Skiff1 ), T.N.Good 2 ), P.J.Paris and M.Q.Tran

Centre de Recherches en Physique des Plasmas
Association EURATOM-Confidiration Suisse
Ecole Polytechnique Fdirale de Lausanne

21, av. des Bains
1007 Lausanne. Switzerland

Abstract

The radial diffusion of Barium test ions has been studied on the

LMP Q-machine plasma.
The technique of optical tagging has been used to produce the test

particles: a sub-set of the ion population can be chosen according to

both radial location and velocity by positioning and tuning a first

laser beam. The tagged particles, created along a vertical chord of

the cylindrical, axially magnetized plasma, spread out radially as

they propagate along the field lines, due to the cross-field diffusive

motion.
The comparison between the measured radial profiles at different

axial positions and a simple theoretical model based on the transfer

function formalism yields a quantitative evaluation of the ion
diffusion.
The injection of different buffer noble gases, at different pressures,

allows one to change plasma parameters and obtain different

collisional regimes. The consequent diffusion mechanisms can then

be investigated.

l)Laboratory for Plasma Research, Univ. of Maryland-College Park, USA.
2 )Department of Physics. Gettysburg College. Gettysburg. USA.



REGULAR AND STOCHASTIC SOLUTIONS
OF DRIVEN BURGERS EQUATION

A.D. Kotelnikov,M.A. Malkov,G.M.Zaslavsky(Space Research In-
stitute, 117810 Profsoyuznaya 84/32 Moscow, USSR)

The onset of turbulence in the Burgers model, corresponding to
the pumping of the energy into a few unstable harmonics at the
small viscosity, is investigated by both analytical and numerical
approaches. It is shown, that for the case of two unstable har-
monics having the growth rates 'V1 and - 2 , respectively, the steady
structures occur if -(2 < C(/) • ,. Those structures have the form
of the travelling shock waves with one shock per the period of
the problem and can be described analytically. But in the case
72/71 > C(M) the oscillatory solution is formed. If the bifurcation
parameter 72/71 is high enough the solution corresponds to the
consequent transitions from one-shock to the two-shocks struc-
tures. Further increasing of the bifurcation parameter leads to es-
tablishing of two-shocks steady structure. Only regular dynamics
of producing of the shock-trains occurs at the case of two unsta-
ble harmonics. The introduction of the next unstable harmonics
gives rise to the onset of stochasticity in the system.
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The Collisionless Terrela Experiment, currently under construction at
Columbia University, will attempt to simulate the effects of Arnold
diffusion on collisionless particle transport in planetary
magnetospheres. In support of this effort, we have begun a numerical
study of single particle motion in a magnetic dipole with additional
azimuthally dependent electrostatic fields. Here we report the
dependence of the arnold diffusion rate on particle energy and
perturbation strength and compare them with theoretical estimates.


