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• 8:00 - 9:00 Registration and Coffee (Lobby of Weis Auditorium)
• 9:15 - 9:30 Opening Remarks (Weis Auditorium): Prof. Hanoch Gutfreund,
President of the Hebrew University
• 9:30 - 10:30 Plenary Lecture (Weis Auditorium): Dr. Phillip Sprangle; Naval
Research Laboratory
Laser Driven Electron accelaration
• 10:30 - 11:00 Coffee (Lobby of Weis Auditorium)
• 11:00 - 13:00 Parallel Sessions (Shprintzak and Levy Buildings)
• 13:00 - 14:30 Poster Session and Lunch
• 14:00 - 14:30 IPS Buisiness Meeting (Weis Auditorium)
• 14:30 -15:20 Plenary Lecture (Weis Auditorium): Dr. Shlomo Barak; Orbotech/
Opal/Unix
Physics and Industry Entrepreneur - Personal Experience
• 15:20 - 15:45 Coffee
• 15:45 - 17:45 Parallel Sessions (Shprintzak and Levy Buildings)

• An exhibit of scientific equipment and computers will take place in the lower
Lobby of Weis Auditorium.
• Posters can be mounted beginning 8:30 in the morning.
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Program

Astrophysics and Cosmology
Shprintzak Building; Room 26
Morning Session

Chair: Tzvi Piran; Hebrew University

• 11:00 L. Mestel; University of Sussex, Britain, and Hebrew University
Cosmical Magnetism
• 12:00 P. Biermann; Max Planck Institute fur Radioastronomie, Bonn, Germany, and Technion
The Origin of the Highest Energy Cosmic Rays, and the Large Scale
Structure of the Universe
Afternoon Session

Chair: Tzvi Piran; Hebrew University

• 15:45 V. Usov; Weizmann Institute
Gamma-Ray Bursts: Observations, Models and Tests
• 16:25 D. Maoz; Tel-Aviv University
Limits on Dust in Rich Clusters of Galaxies From the Color of Background Quasars
• 17:05 A. Wandel; Hebrew University
Broad Emission-Line Regions and the X-Ray Spectrum in Active Galactic Nuclei

Computational Physics
Shprintzak Building; Room 27
Morning Session
• 11:00 J. Adler; Technion
Plastic, Glass and Percolation
• 12:00 D. Horn; Tel Aviv University
From Physics to Brain and Back

Chair: O. Biham; Hebrew University

Afternoon Session

Chair: J. Adler; Technion

• 15:45 0 . Biham; Hebrew University
Scaling and Morphology in Surface Diffusion and Sandpile Models
• 16:45 D. W. Heermann; Germany
Prediction of properties of polymer materials using coarse-grained models

Condensed Matter Physics
Shprintzak Building; Room 28
Morning Session

Chair: Z. Ovadyahu; Hebrew University

• 11:00 D. Gershoni; Technion
Near Field Optical Spectroscopy of Single Semiconductor Quantum Wires
• 11:30 J. E. Golub; Hebrew University
Magneto-Conductance of Isolated Aharonov-Bohm Rings
• 12:00 G. Jung; Ben-Gurion University
Random Telegraph Noise Voltages In High-Tc Superconductors
• 12:30 E. Zeldov; Weizmann Institute
First Order Vortex-Lattice Phase Transition in BiSrCaCuO
Afternoon Session

Chair: B. Laikhtman; Hebrew University

• 15:45 D. L. Miller; Hebrew University
Semiclassical Theory for the Vertical Magneto-Resistance in Superlattices
• 16:10 J. Stein; Tel-Aviv University
Magnetic Interactions and Spin Structures in the Insulating Cuprates
• 16:35 L. Pitaevskii; Technion
Dynamics of Trapped Bose Condensed Gas
9 17:00 M. Hershfinkel; Ben-Gurion University
Surface Modifications: Nano-Structures and Nested Polyhedra Generated
by Pulsing the STM Tip
10

• 17:25 R. Brekovits; Bar-Ilan University
Spectral Statistics Near the Quantum Percolation Threshold

Laser Physics
Shprintzak Building; Room 29
Afternoon Session

Chair: Rafi Lavi; Soreq NRC

• 15:45 Y. Silberberg; Weizmann Institute
Physics with Erbium-Doped Fibers
• 16:15 S. Rosenwaks; Ben-Gurion University
The Supersonic Chemical Oxygen-Iodine Laser - Status and Perspectives
o 16:45 M. B. Oron; Soreq NRC
Compact Blue Lasers Based on Nonlinear Waveguides
• 17:15 M. S. Soskin; Ukrainian National Academy of Sciences, Kiev, Ukraine
Optical Vortices: Birth, Life, and Death

Medical Physics
Levy Building; Room 06
Morning Session

Chair: A. Lewis; Hebrew University

o 11:00 D. Palanker; Hadassah Laser Center
Mechanisms of Tissue Damage in Endolaser Microsurgery
• 11:40 A. Katzir; Tel-Aviv University
TBA
• 12:20 B. Buchwald; Spectral Diagnostics LTD.
Spectra Bio-Imaging of Chromosomes
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Afternoon Session

Chair: A. Lewis; Hebrew University

• 15:45 B. Ehrenberg; Bar-Ilan University
Spectroscopic Monitoring of Sensitization Processes in Photodynamic
Therapy
• 16:25 S. Akselrod; Tel-Aviv University
A Method for Time-Frequency Analysis: Application to Hvart Rate Variability
• 17:05 D. Haronian; Tel-Aviv University
A Micro-Electromechanics Based Artificial Cochlea for Speech Processing

Nonlinear Dynamics and Complex Systems
Shprintzak Building; Room 102
Morning Session

Chair: B. Meerson; Hebrew University

• 11:00 U. Smilansky; Weizmann Institute
Recent Progress in Quantum Chaos
• 11:30 G. Falkovich; Weizmann Institute
Intermittency and Anomalous Scaling in Turbulence Theory
• 12:00 D. A. Kessler; Bar-Ilan University
Evolution and Dendritic Growth
• 12:30 V. I. Karpman; Hebrew Univesity
Radiating Solitons
Afternoon Session

Chair: J. Fineberg; Hebrew University

• 15:45 I. Goldhirsh; Tel-Aviv University
Kinetics of Rapid Granular Flows
• 16:15 S. G. Lipson; Technion
Pattern Formation in Drying Water Films
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• 16:45 V> Steinberg; Weizmann Institute
Parametric Excitation of Second Sound in Superfluid Helium: A case of
Many- vs Single-Mode Dynamics
• 17:15 E. Meron; Ben-Gurion University
Spot Dynamics in Reaction-Diffusion Systems

Nuclear Physics
Shprintzak Building; Room 201
Morning Session

Chair: E. Friedman; Hebrew University

• 11:00 S. Mordechai; Ben-Gurion University
Giant Nuclear States From Pion Scattering
• 11:30 N. Auerbach; Tel-Aviv University
Parity and Time Reversal Violation in Compound Nuclear States
• 12:00 V. Spevak; Tel-Aviv University
Collective T- and P- Odd Electromagnetic Moments in Nuclei with Octupole Deformations
• 12:15 S. Balberg; Hebrew University
An Effective Equation of State for Hot Dense Matter with Strangeness
• 12:30 A. Leviatan; Hebrew University
A Collective Model of Baryons
Afternoon Session

Chair: D. Ashery; Tel-Aviv University

• 15:45 J. Alster; Tel-Aviv University
The Measurement of Quasi-Elastic (p,2p) on Carbon from 6 to 12 GeV/c
as a Test of Color Transparency
• 16:15 C. P. de los Heros; Weizmann Institute
Enhanced Production of Low Mass e + e~ pairs in S-Au Collisions at 200
GeV/nucleon: First results from the CERES Experiment
• 16:45 A. Moalem; Ben-Gurion University
Heavy Meson Production near Threshold in Proton Induced Collisions
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Particles and Fields
Shprintzak Building; Room 202
Morning Session

Chair: A. Gotsman; Tel-Aviv University

• 11:00 E. Gross; Weizmann Institute
Higgs Physics at LEP 200
• 11:30 T. Doeker; Tel-Aviv University
Diffraction at high energies - Results from HERA
• 12:00 L. Lyons; Oxford University, England and Weizmann Institute
Measurement of Rb
• 12:30 Y. Grossman; Weizmann Institute
First limit on inclusive B —> Xsvv decay and constraints on new physics
Afternoon Session

Chair: M. Marinov; Technion

• 15:45 R. Brustein; Ben-Gurion University
Superstring Cosmology
• 16:15 Y. Shamir; Tel-Aviv University
The Standard Model from a New Phase Transition on the Lattice
• 16:45 0 . Pelc; Hebrew University
Gauged WZNW Based on Non-Semi-Simple Lie Algebras
• 17:15 N. Itzhaki; Tel-Aviv University
Black Hole Information vs. Locality

Physics in Industry
Levy Building; Room 04
Morning Session

Chair: M. Roth; Hebrew University

• 11:00 M. Oron; El-Op - Electro-Optics Industries LTD, Rehovot
Electro-Optics Industry in Israel- Trends and Achievements in 60 Years
of Existence
14

• 11:40 D. Vartsky; Soreq NRC
Priciples and Applications of Gamma Resonance to Non-Intrusive Inspection
• 12:20 D. Maor; Elscint LTD, Haifa
The Gamma Camera: Basics and New Developments
Afternoon Session

Chair: Y. Shapir; Hebrew University

• 15:45 Y. Nissan-Cohen; Tower Semiconductors LTD, Migdal Ha'emek
Challenges and Demands of Semiconductors Industry in Israel
• 16:25 Y. Alpern; SCD - Semiconductor Devices, Haifa
SCD Activity in the Fields of Infrared Detectors and Laser Diodes R&D Projects and Challenges
• 17:05 G. Shaviv; Technion
Several Aspects of Technion Satellite Design

Plasma Physics
Shprintzak Building; Room 29
Morning Session

Chair: S. Eliezer; Soreq NRC

• 11:00 I. Schnitzer; Rafael
Repetitive 100MW Grounded Cathode Relativistic Magnetron
• 11:20 R. L. Boxman; Tel-Aviv University
Filtered Vacuum Arc Deposition
• 11:40 V. Fisher; Weizmann Institute
Radiation from Nonequilibrium Plasmas
• 12:00 Z. Henis; Soreq NRC
A Study of Debris Clouds from Laser Induced Shock Waves
• 12:20 D. Shvarts; NRC Dimona
The Role of Hydrodinamic Instabilities in Inerial Confinement Fusion
(ICF)
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• 12:40 Y. Ehrlich; Hebrew University
Optical Guiding of High Power Laser Beam in a Plasma Channel

Space Physics
Shprintzak Building; Room 216
Morning Session

Chair: M. Mond; Ben-Gurion University

• 11:00 A. Eviatar; Tel-Aviv University
Discrete Plasma Structures in the Solar Wind
• 11:30 I. Rogachevskii; Hebrew University
Formation of Nonconvective Aerosol and Gaseous Clouds in Planetary
Atmospheres
• 12:00 M. Gedalin; Ben-Gurion University
Ion Energization at Shocks
• 12:30 P. Israelevich; Tel-Aviv University
Solar-Terrestrial Relations: Energy Transfer Chain From the Sun to
Earth and Environmental Implications

Statistical Physics
Shprintzak Building; Room 216
Afternoon Session

Chair: A. Aharony; Tel-Aviv University

• 15:45 B. Horovitz; Ben-Gurion University
Thermal and Disorder Effects in Large Area Josephson Junctions
• 16:15 Y. Y. Goldschmidt; University of Pittsburgh and Weizmann Institute
Quantum Fluctuations and Glassy Behavior
• 16:45 M. Schwartz; Tel-Aviv University
Are Random Field Systems Described by 2 or 3 Critical Exponents
• 17:15 D. Kandel; Weizmann Institute
Surfactant Mediated Thin Film Growth
16

Plenary Lecture
Laser Driven Electron Acceleration*
Phillip Sprangle
Beam Physics Branch, Plasma Physics Division
Navar Research Laboratory, Washington, DC 20375, USA
The ultra high fields (>TV/m) associated with intense pulsed lasers can, in principle, be used to accelerate electrons to high energy (>GeV). This talk will cover
the important principles and issues pertaining to laser acceleration of electrons in
vacuum, neutral gases, and plasmas. The effects of electron slippage (phase detuning), diffraction, instabilities, ionization, material damage, and electrons propagating through apertures will be discussed. For the case of acceleration in vacuum, a
crossed beam laser configuration is analyzed. Next, a self-guided inverse Cherenkov
laser accelerator, in which a higher-order, radially-polarized laser beam is opticallyguided in a gas, is proposed and discussed. Finally, the laser wakefield accelerator,
which is an attractive plasma based accelerator concept, is examined. In this accelerator a single, short, high intensity laser pulse propagating through a dense plasma
excites a large amplitude plasma wakefield which traps and accelerates an injected
electron beam. Proof-of-principle experiments demonstrating laser wakefield acceleration will be presented.

* P. Sprangle, E. Esarey and J. Krall, "Laser Driven Electron Acceleration in Vacuum,
Gases and Plasmas", Physics of Plasmas, Special Issue (1996).
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Cosmical Magnetism
Leon Mestel
University of Sussex, Britain
and
Racah Institute of Physics, Hebrew University, Jerusalem
A magnetic field is observed or inferred to be present in a wide variety of celestial
bodies. Its effect is sometimes only marginal but sometimes decisive. Illustrative
examples touched on include: magnetic fields and stellar structure; stellar winds and
magnetic braking; star formation; turbulent accretion discs; galactic spiral structure;
the pulsar magnetosphere; general relativistic electrodynamics.
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The origin of the highest energy cosmic rays, and the large scale
structure of the universe
Peter Biermann
Max Planck Institute fur Radioastronomie, Bonn, Germany
and
Faculty of Physics, Technion, Haifa
The recent observation of two clear cosmic ray events beyond 1020 eV, the Fly's
Eye and the Akeno events, requires a discussion of possible origins. We discuss
several possibilities, and pay particular attention to the hypothesis, that powerful
radio galaxies are the sources. We argue that the maximum energy particles can
get accelerated to in the outer hot spots of radio galaxies is near 1021 eV. The flux,
chemical composition and spectrum through 310 18 eV can be fitted successfully in
such a theory. The interaction with the microwave background makes it difficult for
energetic particles to come from a large distance; we identify particular candidate
sources for the Fly's Eye and the Akeno events. The candidate for the Fly's Eye
event is a radio galaxy at unknown redshift in the Galactic plane, for which mm/FIRspectroscopy might be able to determine the redshift. Since radio galaxies at low
redshift cluster along the supergalactic plane, then for all very high energy the cosmic
ray events should also cluster along this plane. We have been able to conduct this
test, and using the Haverah Park data we indeed find such a clustering as predicted.
The critical energy where the apparent clustering sets in rather sharply is near 40
EeV, consistent with our knowledge about intergalactic magnetic fields. Using other
experiments several more tests will be possible.
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Gamma-ray bursts: observations, models and tests
Vladimir Usov
Deptartment of Condensed Matter, Weizmann Institute of Science, Rehovot
Prior to the launch of the Compton Gamma-Ray Observatory there was strong
evidence pointing to old magnetic neutron stars, detected in the vicinity of the Sun,
as the sources of gamma-ray bursts. With the CRGO launch it was hoped that
the long-standing gamma-ray burst mystery would find a solution. However, this
hope was not realized. On the contrary, data gathered with CGRO have deepened
the mystery, requiring much more distant sources. The data from CGRO can be
explained only if either gamma-ray bursters form a giant Galactic halo, up to 200400 kpc in radius, or if they are at cosmological distances, at redshifts z ~ 1. In
both cases, a common feature of all acceptable models of gamma-ray bursters is
that the plasma which is responsible for their emission flows away from the bursters
with relativistic speeds, with the Lorentz factor of about 102 or more. Most of the
modem models of gamma-ray bursters retain neutron stars as the basic building
block. But the physical processes which are involved in these models to explain the
gamma-ray burst phenomenon are much more powerful, by up to fourteen orders of
magnitude, than the processes discussed before the CGRO era. Both the present
status of gamma-ray burst research and some ways to solve the gamma-ray burst
mestery will be discussed.
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Limits on Dust in Rich Clusters of Galaxies From the Color of
Background Quasars
Dan Maoz
School of Physics and Astronomy
Tel-Aviv University
Distant populations such as faint field galaxies and quasars are often viewed through
foreground clusters of galaxies, which can distort our view of those populations.
Measuring such distortions can be useful for a better understanding of both the
background objects and of the mass-content and structure of the clusters. Clusters
can have two opposite effects on the density of background objects seen through a
cluster. Gravitational lensing by the cluster potential can cause either an enhancement or a deficit in the number of background objects. Dust in a cluster will obscure
and redden a background population, and will therefore reduce the density of background objects. Over the past years there have been contradicting reports of both
overdensities and underdensities of quasars behind foregound galaxies and clusters
of galaxies. I measure the V — I color distribution of two samples of radio-selected
quasars. Quasars from one sample are projected on the sky within 1° of a rich foreground Abell cluster of galaxies, while quasars from the other sample are more than
3° from any such cluster . There is no significant difference between the color distribution of the two samples. The 90% upper limit on the relative reddening between
the two samples is E{B — V) = 0.05 mag. This result limits the allowed quantity of
smoothly distributed dust in rich clusters, and contradicts previous indications for
the existence of such a component.
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Broad Emission-Line Regions and the X-ray spectrum in Active
Galactic Nuclei
Amri Wandel
Racah Institute of Physics, The Hebrew University of Jerusalem
A general scaling law is derived, which relates the radius and velocity-dispersion
in the broad-line region (BLR) of active galactic nuclei (AGN) to the soft X-ray
luminosity and spectral index. The BLR radii calculated from the model are in
good agreement with the radii obtained by reverberation mapping. Applying the
model to large samples of AGN and quasars, a good agreement between the predicted and observed line width is found, reproducing the observed anti-correlations
between the soft X-ray slope and the broad line width and equivalent width. In
particular the model explains the absence of AGN with broad lines and steep soft
X-ray spectra. The model may also qualitatively explain the large FeII/H/9 ratios
observed in objects with steep X-ray spectra.
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On the Energetic Particle Nonlinear Processes in the Outer Heliosphere
Lev Dorman
Department of Physics
Technion, Haifa 32000, Israel
It is shown that in the heliosphere for galactic cosmic ray modulation and solar
wind and shock wave propagation as well as for terminal shock wave formation the
following energetic particle nonlinear processes are expected to be important:
i. ponderomotore forces of galactic cosmic ray pressure in the radial direction on
solar wind and interplanetary shock waves propagation,
ii. the influence of these nonlinear processes on the formation of terminal shock
wave and the character of the boundary of the heliosphere,
iii. transverse dynamics effects of galactic cosmic ray pressure on solar wind
streams and interplanetary shock waves structure,
iv. Alfven turbulence generation by kinetic stream instability of non isotropic
energetic particle fluxes and its influence on cosmic ray propagation and modulation,
on solar wind propagation and on geometry of the heliosphere.
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11-Year Variations of Solar Neutrino Flux and Asymmetry in
Dependence of the Earth Heliolatitude
Lev Dorman
Department of Physics
Technion, Haifa 32000, Israel

The solar neutrino flux 11-year variation and its dependence from the heliolatitude
(where neutrino crossed the solar surface) are investigated on the base of Homestake
experimental data for about two solar cycles. We investigate also the behavior of
correlation coefficients between solar neutrino flux and solar activity and found that
this correlation is much higher when neutrino crossed the solar surface in South than
in North (South- North asymmetry).
The interpretation of obtained results is based on the standard solar model of
neutrino production and theory of magnetic neutrino resonant spin-flavor precession
with taking into account the physical conditions in the convection zone of the Sun
(properties of toroidal magnetic field and its connection with poloidal magnetic field
and with solar activity cycle). The Kamiokando and Gran Sasso experimental data
are compared in the framework of suggested interpretation.
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Cosmic Ray Hysteresis Effects in Dependence of Particle Rigidity and
Dimensions of Effective Modulation Region
Lev Dorman
Department of Physics
Technion, Haifa 32000, Israel
Our studies of the neutron component data have made possible to find the hysteresis
character of the relationships between the variations in solar activity and in cosmic
ray intensity. This effect arises from the delay of the interplanetary processes (responsible for cosmic ray modulation) with respect to the initiating solar processes
which correspond to some effective velocity of solar wind and shock waves propagation. We extended these investigations with taking into account data of cosmic
ray observations by ionization chambers, muon telescopes and neutron monitors and
supermonitors on the stations with different cut-off rigidity as well as data of cosmic
ray measurements in stratosphere and on space-probes. Obtained results on hysteresis effects for about 4 solar cycles we analyze in the frame of theory of cosmic ray
nonlinear modulation and determine the dimension of effective modulation region
in dependence from particle rigidity.
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On the Possibility of Atmospheric Electric Field Effect in the Cosmic
Ray Neutron Component
Lev Dorman
Department of Physics, Technion, Haifa 32000, Israel
It is well known that about 7 % of neutron monitor counting rate caused by negative soft muons captured by lead nucleons and formed mesoatoms with generation
of several MeV energy neutrons from lead . In this case the neutron monitor or
neutron supermonitor works as analyzer which detects muons of only one sign. It is
very important because the atmospheric electric field effect have opposite signs for
positive and negative muons that main part of this effect in the muon telescope or in
ionization chamber is compensated and we can observe only small part of full effect
for one sign muons. On the basis of our general theory of cosmic ray meteorological
effects with taking into account of negative soft muon acceleration and deceleration
in the Earth atmosphere (in dependence of direction and intensity of electric field)
we discuss the possibility of existing this effect also in cosmic ray neutron component
and made some rough estimations.
We show that on the base of 1-min data of neutron supermonitor will be possible
to search experimental evidence of predicted atmospheric electric field in neutron
component, investigate it in details and by comparison with theory to obtain additional information on the space-time distribution of electric fields in the atmosphere.
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On the Theory of Cosmic Ray Forbush-Decrease and Precursory Effects
Lev Dorrnan
Department of Physics
Technion, Haifa 32000, Israel
We develop the non-stationary theory of cosmic ray Forbush-decrease with taking
into account an explanation of very important for solving the forecasting problem
an precursory phenomena observed by many authors: preincrease and predecrease
cosmic ray effects. From comparison with experimental data we determine the
effective coefficient of magnetic cloud and shock wave transparency for cosmic ray
particles in dependence of rigidity. It was shown that usually this coefficient is much
bigger for the front side (magnetic "piston", interplanetary shock wave) than for the
lateral sides (magnetic "bottle"). Expected time-space distribution of preincrease
and predecrease cosmic ray effects we compare with observation data.
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Theory of Atmospheric Electric Field Effect in Cosmic Ray Muon
Component
Lev Dorman
Department of Physics, Technion, Haifa 32000, Israel

Experimental data on atmospheric electric field effect in the cosmic ray muon component are discussed on the base of our general theory of cosmic ray meteorological
effects with taking into account of positive and negative muon acceleration and
deceleration in the Earth,s atmosphere (in dependence of direction and intensity of
electric field) . We compare results of our calculations with experimental data on the
relationship of temporal cosmic ray variations with atmospheric field intensity (up
about 20 kV/m) on the basis of 4 min counting rate data of the Baksan EAS array
at a 90 MeV and 20 MeV threshold energies. We show that obtained experimental
results can be understand in the frame of suggested theory.
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Gamma-Ray Production in the Heliosphere by Galactic and Solar
Cosmic Rays
Lev Dorman
Department of Physics, Technion, Haifa 32000, Israel
The interaction of cosmic ray particles (protons, nucleus and electrons) with matter
determines main processes of high energy gamma-ray generation: through neutral
pion decay and bremsstrahlung emissivity. From other side, the intensity of these
processes depends from the space- time distribution of matter as well as from the
space-time distribution of cosmic ray energy spectrum and contents. By solving
self-consistent spherical-symmetric problem for the Heliosphere (with taking into
account energetic particle pressure influence on solar wind plasma propagation and
energetic particle kinetic stream instability influence on the small-scale magnetic
structure of plasma) we determine galactic cosmic ray modulation in the interplanetary space in dependence from the level of solar activity, from the radial distance
and from the particle energy as well as plasma density space-time distribution. On
the basis of these results we calculate approximately an expected gamma-ray emissivity of the Heliosphere from galactic cosmic rays in dependence of direction of
view for inside and outside observers. Then we determine approximately expected
gamma-ray emissivity of Heliosphere from solar cosmic rays for great solar energetic
particle events (also in dependence of direction of view for inside and outside observers). Measurements of these effects can give important additional information
on the Heliosphere.
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Cosmic Ray Convection Diffusion Anisotropy in the Interplanetary
Space According to Ground and Underground Observations in 19651990
Lev Dorman (1) and Harjit Ahluwalia (2)
(1) - Department of Physics, Technion, Haifa 32000, Israel
(2) - Dp. of Phys.and Astron., Univ. of New Mexico, Albuquerque, USA
To determine the clean cosmic ray convection- diffusion anisotropy we used 25 years
data of underground muon telescopes and ground based neutron supermonitors as
well as space apparatus data of solar wind speed and interplanetary magnetic field
(IMF) parameters. We separate all data for AWAY and TOWARD directions of
IMF in the three zones of the Earth's heliolatitude: NORTH, EQUATORIAL and
SOUTH. Because the cosmic ray convection-diffusion anisotropy does not depend
from the direction of IMF, but drift anisotropy change the sign with the changing
of the IMF direction we excluded the drift anisotropy from observation data and
in the first time obtained information on the clean cosmic ray convection-diffusion
anisotropy in the interplanetary space in dependence of particle energy in the interval
from few GeV to about 300 GeV and in dependence of heliolatitude.
We discuss obtained results in the frame of modern theory of cosmic ray anisotropy
formation in the heliosphere.

33

Drift Anisotropy and Transverse Gradients of Cosmic Rays in the
Interplanetary Space
Lev Dorman (1) and Harjit Ahluwalia (2)
(1) Department of Physics, Technion, Haifa 32000, Israel
(2) Dep. of Physics and Astronomy, University of New Mexico, Albuquerque, USA
To determine the clean cosmic ray drift anisotropy in dependence of particle rigidity, level of solar activity and heliolatitude we used 25 years data of underground
muon telescopes and ground based neutron supermonitors as well as data of solar
wind speed and interplanetary magnetic field (IMF) parameters. We separated all
data for AWAY and TOWARD directions of IMF in three zones of the Earth's heliolatitude: NORTH (effective heliolatitude + 6 degrees ), EQUATORIAL (effective
heliolatitude 0 degrees) and SOUTH (effective heliolatitude - 6 degrees ). Because
the cosmic ray convection-diffusion anisotropy does not depend from the direction
of IMF and drift anisotropy changes the sign with the changing of the IMF direction
we separated these two types of cosmic ray anisotropy. On the basis of obtained
experimental results we found the dependence of clean cosmic ray drift anisotropy
from particle rigidity, level of solar activity, solar wind speed, IMF parameters and
heliolatitude in the interval from + 6 degrees to - 6 degrees. In the frame of modern theory of cosmic ray drift anisotropy formation in the interplanetary space we
determined from obtained results the cosmic ray transverse gradient in dependence
of rigidity, solar activity level and heliolatitude.
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On the Dependence of Solar Wind and IMF Parameters from
Heliolatitude and Solar Activity
Lev Dorman (1) and Harjit Ahluwalia (2)
(1) Department of Physics, Technion, Haifa 32000, Israel
(2) Dep. of Physics and Astronomy, University of New Mexico, Albuquerque, USA
The formation and change in time of cosmic ray convection- diffusion and drift
anisotropies determined mainly by space-time variations of solar wind speed and
interplanetary magnetic field (IMF) parameters in the Hale solar cycle. To determine
these variations we used hourly data on OMNI tape available at the National Space
Science Data Center (Greenbelt, MD) contained a composite of the multispacecraft
observations, obtained over different periods in 1965-1990. We separated all solar
wind and IMF data for AWAY and TOWARD directions of IMF in dependence of
solar activity level for three zones of the Earth's heliolatitude: NORTH (effective
heliolatitude + 6 degrees ), EQUATORIAL (effective heliolatitude 0 degrees) and
SOUTH (effective heliolatitude - 6 degrees ). Obtained results for 1965-1990 we
compare with recent Ulysses data.
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Solar Cosmic Ray Event Statistical Characteristics and Problem of
Energetic Particle Acceleration, Escaping and Propagation
Lev Dorman (1) and Lev Pustil'nik (2)
(1) Department of Physics, Technion, Haifa 32000, Israel
(2) See of Galilee Observatory, Blossoms of Science,
Jordan Valley College, 15132, Israel
Statistical characteristics of solar cosmic ray events obtained on the base of three
solar cycles satellite and ground observation data are discussed in frame of models of
energetic particle acceleration, escaping and propagation. Problem of a flare's energetic particles escaping to the solar wind is very essential because this process defines
observational statistical properties of solar cosmic rays. During transition from a
source in the solar corona (turbulent current sheet of a flare) to the solar wind an
accelerated particles distort both spectrum and time dependence. Therefore an estimation of expected characteristics of solar cosmic ray events require understanding
of their escaping mrchanism.
We investigate three ways of particles ejection:
a) direct run-away through open magnetic field into solar wind with possible
effects of a palsma wave generation on the front of paticle's beam and an effects of
a particle-wave scattering and velocity's dispersion;
b) accumulation of the accelerated particles in a magnetic trap produced by
close magnetic field and following destabilisation of this trap by fast MHD plasma
instabilities. In result of trap disruption with shock wave formation cosmic ray cloud
escape in solar wind and propagate to the Earth with some delay from time of flare;
c) in result of short-wave instabilites in cosmic ray trap the process of a slow
anomal diffusion to open manetic lines is hapened and this process form the longterm low intensity component of solar cosmic rays with time of life much more then
time of the flare in x-ray or optical range and connected with meter-dekameter longlived post flare radiobursts and storms.These processes are energy dependent and
therefore essential distortion of the initial energy spectrum has place.
Also, we take into account effects of diffusion processes in interplanetary plasma
by scattering on the way of solar cosmic ray propagation from the Sun to the Earth.
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On the Origin of the Spiral Structure of Flat Galaxies
Evgeny Griv, David Eichler and Chi Yuan
Department of Physics, Ben-Gurion University of the Negev
Institute of Astronomy and Astrophysics, Academia Sinica, Taiwan
If spiral arms in a differentially rotating flat galaxy were material structures they
would wind up in a time scale of a few times 108 years, i.e., in a time scale which is
much less than the age of a typical galaxy T ~ 1O10 years. The dilemma of winding
of spiral arms is well known. The large number of spiral galaxies, which must be
of age ~ T, suggests that spiral structure is a wave phenomenon (Lin et al. 1969).
Accordingly, the spiral pattern is the manifestation of a density wave propagating
around the galaxy disk at a fixed angular phase velocity, which is not identical to the
angular velocity of a galaxy. In relation to the density wave theory of spiral arms,
much work has been done on the waves and their instabilities of self-gravitating
disks of stars in galaxies. We investigate this problem and clarify some instability
modes in comparison with electron oscillations in magnetic plasmas (e.g., Fridman
&, Polyachenko 1984). We study the instability modes of the infmitesimally thin
disk, when it consists of two kinds of stellar systems, that is, rotating one (disk
component) and non-rotating one (halo component). We show that the spiral waves
in such a system are unstable in the Landau sense. The cause of it is the resonant
interaction of stars (objects) of halo whose velocities are close to the radial phase
velocity of the wave with the field of the wave. Due to this kinetic type instability the
waves grow up to attain finite amplitude. The growth rate has maxima depending on
the azimuthal mode number (number of spiral arms) m and the radial component
of the wave number k. It means that from a set of spiral modes of any initial
perturbation there persists only a mode corresponding to the maximum of growth
rate, and this mode develops asymptotically in time the observed spiral pattern. The
extent to which our results on the disk's stability can have a bearing on observable
galaxies is discussed.

References
Fridman, A.M. h Polyachenko, V.L. 1984, Physics of Gravitating Systems,
vols. 1 and 2 (Springer-Verlag: New York).
Lin, C.C., Yuan, C. k Shu, F.H. 1969, Astrophys. X, 155, 721.
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Stability of the magnetospheric boundary of a neutron star
Lev Pustil'nik (1) and Nazar Ikhsanov (2)
(1) Sea of Galilee Astrophysocal Observatory
of Jordan Valley Academic College, Israel
(2) Pulkovo Observatory, Sain-Peterburg, Russia

Stability of the magnetospheric boundary of an accreting neutron star is considered. It is shown that the magnetic field lines in the magnetopause of a rotating
neutron star are shearing in the azimuthal direction by plasma penetrating the
magnetosphere at the Alfven surface. The stabilizing influence of the magnetic field
shear is estimated. We find that the magnetospheric boundary of a neutron star
undergoing spherical accretion is stable with respect to interchange type instabilities
if the spin period of the neutron star is Ps < 103 s. This result is valid also for the
case of quasispherical accretion if the relative velocity of the magnetosphere surface
with respect to surrounding plasma is Vrei > 106 cm s"1.
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CCD-photometry of spotted red dwarfs.
G.Roizman, G.Sigal, D.Pundak
SGAO,
Blossoms of Science,
Jordan Valley Academic College
15132, Jordan Valley
A sample of flare and spotted stars has been observed during summer 1995 at the Sea
of Galilee Astrophysical Observatory (SGAO) of Jordan Valley Academic College.
Parameters of a low amplitude slow variability of the flare star EV Lac are obtained.
Reaching accuracy of photometric measurements about 0.5 % allows analyzing for
details of the light curve shape. On other four flare stars, V654 Her, V1054 Oph,
GX And and GQ And no evidence of slow brightness variability was found.
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Computational Physics

Plastic, Glass and Percolation
Joan Adler
Faculty of Physics, Tecknion - Israel Institute of Technology,
Haifa, 32000, Israel

The simplest of the "plastic crystals" is molecular Hydrogen. This crystal exhibits an orientational ordering of the quadrupoles made by ortho-H2 (or para-D2)
molecules for concentrations above « 50% of the ordering species. (The remaining
molecules have a spherical symmetry). This concentration threshold is far above
that of usual percolation. In intermediate regimes, glassy behaviour is observed
experimentally. Both phenomena can be explained heuristically by ideas of partial
ordering and a connectivity requirement stronger than that of usual random percolation. The percolation is of the bootstrap family, and the glassiness has some
relation to spin glasses such as CuMn.
In order to quantify this picture and explore the novel phase diagram, a numerical approach is essential. Direct simulation of even an ideal model quadrupolarspherical system would require enormous amounts of computer resources. Other
plastic crystals, where the ordering molecules are less well matched for size than
are ortho and para hydrogen, would be even more complex to simulate. In order to
study these experimentally accesible systems, development of numerical algorithms
suited to their characteristics is an obvious need. Since we are interested in phase
transitions, these algorithms must be of a cluster-type in order to minimise critical
slowing down.
The "Ising model" for these type of systems is the 3 state Potts antiferromagnet
on the triangular lattice. The phase diagrams are topologically identical and the
percolation governing the connectivity is also a bootstrap-like model. Simulation
of the entire temperature-dilution phase diagram here is also a computational challenge, and I will describe current progress towards this goal by my associates and
other research groups. Results from both cluster-algorithm simulations and from a
series-expansion study will be presented and the role of interactive visualization in
the algorithmic development will be shown.
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From Physics to Brain and Back
David Horn
School of Physics and Astronomy
Tel Aviv University, Tel Aviv 69978
h t t p : / / n e u r o n . t a u . a c . i l / horn/
One of the paradigms of the field of Neural Computation is the Hopfield model of
associative memory. This model is a generalized Ising model in which the binary spin
variables represent neurons, and the coupling constants stand for synaptic weights
which modulate the signals by which neurons communicate with one another. I
will show how variants of this model can help us understand general features of the
ailing brain, by employing such feedback neural networks to model memory systems
of Alzheimer patients.
A different paradigm is that of feed forward neural networks. I will discuss an
example in which we use some information of how such networks function in the
visual cortex in order to construct a system for particle identification in High Energy Physics detectors. The advantage of this system is that it performs parallel
computations which may be implemented in hardware.

References:
David Horn, Nir Levy and Eytan Ruppin: Neuronal Based Synaptic Compensation:
A Computational Study in Alzheimer's Disease. Neural Computation, to be published.
Halina Abramowicz, David Horn,Ury Naftali, Carmit Sahar-Pikielny: An Orientation Selective Neural Network and its Application to Cosmic Muon Identification.
Preprint, 1995.
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Scaling and morphology in surface diffusion and sandpile models
Ofer Biham
Racah Institute of Physics, The Hebrew University, Jerusalem 91904
Scaling properties and morphologies will be examined for two nonequilibrium systems: sandpile models and surface diffusion and nucleation processes. In both systems microscopic models and numerical simulations on a lattice will be used to
examine the effect of microscopic properties on scaling and morphology.
In the case of sandpiles distinction between two universality classes will be identified: the class of isotropic deterministic rules and the class of non-deterministic
rules, which are isotropic only on average [1]. These two classes differ both in the
scaling exponents and in the avalanche structure.
A microscopic model which describes diffusion and nucleation processes on FCC
(001) metal surfaces such as Cu, Ni and Au will be presented [2]. It will be shown
that small clusters of atoms on these surfaces, such as dimers and trimers are mobile
at a temperature range relevant to molecular beam epitaxy (MBE) experiments in
which islands are formed on the surface. This property affects the scaling of island
density vs. deposition rate. Due to high edge mobility the resulting islands form
compact shapes. Efficient algorithms used for the study of both systems will be
described.

[1] A. Ben-Hur and 0 . Biham, Phys. Rev. E, in press.
[2] O. Biham, M. Karimi, G. Vidali, R. Kennett and H. Zeng, preprint.
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Prediction of properties of polymer materials using coarse-grained
models
Dieter W. Heermann
Department of Theoretical Physics, University of Heidelberg, Germany

I will introduce a general model for the simulation of macromolecular systems
in continuum. It consists of basic ellipsoidal shaped units stringed together to form
chains, including branched and side chains. The ellipsoidal shaped unit is the representative for the detailed chemical structure of a unit of a polymer system.
Basically the idea behind this model is to eliminate some of the degrees of freedom
that arise if one models polymer systems on the atomistic scale. This ansatz is along
the same spirit as the bond-fluctuation method that was used to model similar
systems on the lattice. The main task is to develop potentials for the inter- and
intramolecular forces so as to mimic the forces that would arise from the detailed
atomistic interactions.
Both models have succeeded in allowing the prediction of materials properties
such as the glass transition temperature for specific materials (e.g. Bisphenol-APolycarbonate). In this talk I will discuss the merits and the short comings of both
approaches for the prediction of materials properties.
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The Bean model: variational formulation and numerical solution
Leonid Prigozhin
Department of Applied Mathematics and Computer Sciences
The Weizmann Institute of Science
Solution of the critical state problems for samples of arbitrary shape, especially those
with high demagnetizing factors, is a topic of current interest in applied superconductivity. We present an efficient numerical method for solving the 2D and axially
symmetrical 3D problems based on the variational formulation of the Bean model.
The effective resistivity in this model is shown to be a Lagrange multiplier related
to the current density constraint.
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Condensed Matter Physics

NEAR FIELD OPTICAL SPECTROSCOPY OF SINGLE
SEMICONDUCTOR QUANTUM WIRES
D. Gershoni
Department of Physics, Technion-Israel Institute of Technology, Haifa 32000, Israel
Among the most promising ways to achieve the goal of fabricating one-dimensional
quantum structures such as quantum wires and zero-dimensional quantum structures such as quantum dots at the same degree of perfection achieved in the twodimensional quantum systems (quantum wells) is cleaved edge overgrowth.
I report on low temperature near-field scanning optical micrscopy study of single, nanometer dimension, cleaved edge overgrown quantum wires, fabricated by
this technique. A direct experimental comparison between a two-dimensional system and a single genuinely one-dimensional quantum wire system, inaccessible to
conventional far field optical spectroscopy, is enabled by the enhanced spatial resoltuion. We show that the photoluminescence of a single quantum wire is easily
distinguished from that of the surrounding quantum well. Emission from localized
centers is shown to dominate the photoluminescence of both wires and wells at low
temperatures. A factor of three absorption enhancement in the wires compared to
that in the wells is concluded from the experimental data.
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Images of Hopping Through Inhomogeneous Semiconductors
J. E. Golub
Racah Institute of Physics, The Hebrew University of Jerusalem, Jeruslalem 91904
Images of electroluminescence in large AlGaAs pin diodes show uniform emission at
high temperatures and currents, but inhomogeneous star-like emission at low currents and temperatures. The particular star pattern varies form sample to sample,
but is constant under thermal cycling. Separate measurements of the conductivity show a variable range hopping-type behavior. I will present and discuss these
results, and discuss implications for new types of measurements.
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First order vortex-lattice phase transition in BiSrCaCuO
Eli Zeldov
Department of Condensed Matter Physics
Weizmann Institute of Science
Rehovot 76100, Israel
A direct thermodynamic observation of a first-order vortex-lattice phase transition
in BSCCO crystals was obtained using microscopic Hall-sensor arrays. The local
magnetic field B shows an abrupt decrease as the vortex-liquid discontinuously expands on freezing into a solid phase. The melting line shows a flattening at lower
temperatures and ends at a critical point. The entropy change per vortex is zero at
the critical point and increases monotonically with the melting temperature. The
melting line is followed by a second order phase transition line at lower temperatures
that is related to the second magnetization peak in BSCCO. The possible origin of
these phase transitions will be discussed. The magnetic irreversibility line is due
to geometrical and surface barriers and is not related to the thermodynamic phase
transition.
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Semiclassical theory for the vertical magneto-resistance in superlattices.
D. L. Miller and B. Laikhtman
Racah inst. of physics, Hebrew univ. in Jerusalem, 91904

The vertical magneto-resistance of a superlattice in magnetic field parallel to the
layers is calculated. To calculate the magneto-resistance we solve the kinetic equation in the case when the miniband width is small compared to the kinetic energy
of electrons. If the magnetic field is strong enough only electrons that have the
velocity component perpendicular to both electric F and magnetic B fields equal
to the drift velocity, F/B, contribute to the current. In this regime electric current
is independent of the relaxation time. This can be called the regime of collisionless
conductivity. The quantitative agreement with different experiments is obtained for
positions of the peaks on I-V and I-B characteristics without fitting parameters.
The role of the Hall effect will be considered also.
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Magnetic Interactions and Spin Structures in the Insulating Cuprates
J. Stein, O. Entin-Wohlman, and Amnon Aharony
School of Physics and Astronomy,
Raymond and Beverly Sackler Faculty of Exact Sciences,
Tel Aviv University, Tel Aviv 69978, Israel

The magnetic interaction of the Cu spins in the copper-oxide planes of the cuprates
exhibits various anisotropies, including the antisymmetric Dzyaloshinskii-Moriya
term and general symmetric interactions. The magnetic anisotropies are generated
by the spin-orbit coupling of the transition metal ions via the superexchange mechanism involving ligand oxygen sites. We discuss the role of general Coulomb interactions and structural distortions of the lattice for the occurrence of these anisotropies
and review their derivation based on the theory of kinetic superexchange, extended
by spin-orbit interactions and including both local and nonlocal general Coulomb
matrix elements.1 For general low-temperature symmetry, interpolating between the
orthorhombic and tetragonal phases, we discuss the resulting spin structures in the
classical ground state and the possible existence of weak ferromagnetism. We also
present results for the spin-wave gaps and for the planar weak ferromagnetic moment
which are in good agreement with experiments.
1. T. Yildirim, A. B. Harris, A. Aharony, 0. Entin-Wohlman, Phys. Rev. B 52
(1995) 10239; J. Stein, 0. Entin-Wohlman, A. Aharony, Phys. Rev. B 53
(1996) 775; J. Stein, Phys. Rev. B 53 (1996) 785.
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Surface Modifications: Nano-Structures and Nested Polyhedra
Generated by Pulsing the STM Tip
M. Hershfinkel(a), L. A. Gheber(a), M. Homyonfer(b), R. Tenne(b) and
V. Volterra(a)
a) Physics Deprt., Ben Gurion University, Beer-Sheva, Israel,
b) Materials and Interfaces Deprt., Weizmann Institute, Rehovot, Israel.
STM experiments were preformed to study modifications on the surface of crystalline
and amorphous transition metal dichcogenides. Pulses with different parameters
were applied to the STM tip, at predefined locations, while scanning the surface
of WSe-i and M0S3. On the crystalline WSe^ surface voltage pulses from 2.5-5 V
induced the formation of structures. Different types of structures were formed : a)
holes, b)mounds, c) ring-like structures. The three types were formed at different
ranges of voltage, the duration of the pulse did not seem to affect the structure.
In some cases local cleavage of the surface was observed. An explanation is offered
for the creation of such variety of structures. On the amorphous M0S3 surface the
pulses created small, round mounds. Pulses with a voltage of 4-8 V produced the
structures, the duration of the pulse or parameters of the scan did not seem to make
any affect. The size of the structures grows with the voltage of the applied pulse.
I-V characteristics taken on these structures show semiconducting behavior with a
gap of 1.1 eV, similar to the gap of bulk MoS?. TEM images show that nested
polyhedral structures are formed in the STM experiments, with sizes that agree
with the observed structures. Similar round crystalline structures are formed on the
surface of M0S2 grown under different conditions. This is the first time that such a
crystallization is observed by pulsing the STM tip.

56

Spectral statistics near the quantum percolation threshold
Richard Berkovits and Yshai Avishai
The Minerva Center for the Physics of Mesoscopics, Fractals and Neural Networks,
Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel
The statistical properties of spectra of a three-dimensional quantum bond percolation system is studied in the vicinity of the metal insulator transition. In order
to avoid the influence of small clusters, only regions of the spectra in which the
density of states is rather smooth are analyzed. Using finite size scaling hypothesis,
the critical quantum probability for bond occupation is found to be pq — 0.33 ± .01
while the critical exponent for the divergence of the localization length is estimated
as v = 1.35 ± .10. This later figure is consistent with the one found within the
universality class of the standard Anderson model.
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Ag/Bi(Pb)SCCO High-Tc Superconducting Tapes: Structure Electrical
and Magnetic Properties
V. BeilinW, A. GoldgirshW, M. Schieber*1) and I. Felner^
^Graduate

School of Applied Science and ^Racah Institute of Physics
The Hebrew University of Jerusalem

Ag/Bi(Pb)SCCO
— 2223 composite tapes have been fabricated by the powderin-tube method using the co-precipitation-derived precursor powder of Bi\.sPboA
SriCai.iCuzOv nominal composition, the mechanism of Bi(Pb)SCCO2223 core
texturing were studied. The ab-plane texturing in the fully processed tape was
provided by the deformation-induced texturing of 2212 precursor phase prior to any
thermal processing. High texturing of a tape core (>95%) is one of the main factors
responsible for the elimination of weak intergrain links and thus for the achievement
in the tapes of high Jc 2 x 10 4 A/cm 2 at 77K and 3 x 10 s A/cm 2 at 5K in zero
magnetic field. Strong anisotropy in J™ag determined from magnetization loops was
observed. This anisotropy reflects the intrinsic difference in flux pinning for the
motion in ab-plane and in c-direction. For a tape in applied magnetic field of IT
parallel to tape face (ab-plane), J™a9 at 5K was about 1.3 X 10 5 A/cm 2 .
This research was supported by grants of the Ministry of Energy and Infrastructure of Israel and of the Belfer Center for Energy Research, by the Ministry of
Science and Art under the Project devoted to the development of infrastructure,
science and technology.
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Local configurations in aperiodic structures
Shelomo I. Ben-Abraham
Department of Physics, Ben-Gurion University, FOB 653, lL-8^105 Beer-Sheba,
Israel
Recent advances in mathematics (theory of tilings, deterministic substitution sequences, n-dimensional automata) as well as in experimental technology (nanofabrication, lasers) suggest to consider crystals, both periodic and quasiperiodic, in
the wider context of more general aperiodic structures. The loose distinction between "ordered" (= periodic) and "disordered" (= otherwise) structures should be
replaced by a more rigorous and refined classification. The accepted paradigm for
the study of generalized crystals has become the theory of tilings. For physical applications it is imperative to consider their imperfections. Perfect tilings contain a
(typically, though not necessarily, small) subset of all combinatorially possible local
configuartions that can can be constucted from the given set of tiles. Thus, most
configurations are defective in some sense. These rather obvious facts raise some
interesting questions, by no means independent of each other: (1) What is the full
list of all configuartions of a given size, subject to some conditions or none? (2) Can
all or some of these defective configurations be inserted without gaps and overlaps
into an otherwise perfect structure? (3) Can some or all defective configurations
be created from a perfect structure by elementary processes, that is, without global
reconstruction? and the corollary: can they be locally relaxed? (4) Is a single defect
topological, and if so, what is its complement? My collaborators and I have put
forward an algorithm to constuct all 10527 combinatorially possible noncongruent
vertex configurations of the primitive icosahedral tiling in its random version. We
showed that all these vertices can be created by successive simpleton flips from the
perfect tiling. Our results opened an avenue to numerical studies of some interesting
questions about aperiodic structures, such as their specific heat and their ac conductance. They also provided a key to the reconciliation of random growth patterns
with the existence of nearly perfect quasi crystals.
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Phase (double entendre) and defects in aperiodic structures
Shelomo I. Ben-Abraham
Department of Physics, Ben-Gurion University, POB 653, IL-84105 Beer-Sheba,
Israel
It is customary to interpret quasiperiodic structures in terms of tilings produced by
projection of cuts through periodic structures in a hyperspace of higher dimension.
Two-dimensional decagonal tilings obtained by projection from five-dimensional
structures are manifestly different according to the position of the cut along the
(redundant but convenient) fifth dimension. It is also quite clear how an uncountable infinity of tilings comes about. It is a remarkable fact that the level of the cut
is defined by a phase in the mathematical sense, while the resulting structure is a
phase in the sense of thermodynamics. In the general case, it is less well known
how the position of the cut comes into play. It turns out that the cut position is
important for the study of defective local configurations. With my collaborators I
have recently shown that all combinatorially possible vertex configurations of the
simple icosahedral tiling can be embedded in the otherwise perfect structure and
moreover, can be reached by successive simpleton flips. A flipped simpleton is an
elementary region of a phase (both meanings) different from the matrix, hence an
allophase (a natural generalization of antiphase. Therefore, its boundary is a topological defect. It consists both of interchanged regular vertices and defective ones. A
single wrong vertex turns out to be a topological defect. More generally, a defective
region constitutes a local excursion into one or more different phases, again in both
meanings. The suggested interpretation of phase applies to periodic structures with
domains as well. It leads to replace the notion of a cut through hyperspace by a
more general notion of cut through a fiber bundle. Again, a new territory is being
opened up for exploration.
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Cooper Pairs Correlation Raman Signature in HiTc Superconductors
Yacov Biton and Reuben Shuker
Physics Department
Ben-Gurion University of the Negev, Beer-Sheva, Israel

The electron correlation of the Cooper pairs in the high Tc superconductors
exhibits a Raman signature at the transition temperature. We study experimentally
the electronic Raman scattering as a function of temperature. Both bulk and thin
film samples of YBaiCuzO7-.x and bulk YBa-iCv,\O%-x are studied. Bulk Samples
were prepared from powder and the thin films were commercially obtained. Argon
ion laser line at 488 nm is used for excitation since the Raman scattering is enhanced
for the shorter wave length. The laser intensity is of order 30 mW to avoid fast
optical deterioration of the samples. The samples are cooled in a displex refrigerator
capable of cooling to T = 20°K . The phonon Raman line width exhibited only
marginal narrowing of the 120 cm-1 phonon in accordance with the slow gap opening
A(T) even for T = 20°K. A broadening of the 335cm"1 phonon is also observed.
The electronic excitations manifest themselves in the continuum low frequency
Raman spectrum that peaks at several thousands wave numbers of Raman shifts, depending on the specific material. The spectrum of these excitation does not change
much its broad characteristics, at lower temperatures, other than in the low frequencies blow about 300cm"1 , where shifts in the electronic excitation distribution
to higher frequencies occur. These are instrument function corrected spectra of the
electronic background. The Changes in the electronic background and in the width
of the relevant phonons occur, signaling redistribution of the electronic DOS. as
the sample temperature decreases there is an increase in the intensity of the electronic Raman scattering. In paiticular, an abrupt increase is seen at the phase
transition temperature, Tc. This change in the Raman intensity vs. temperature
is obtained for all the studied HTSC samples. This change of about 10% in the
Raman intensity is significant and important, as it is proportional to the number of
the electrons paricipating in the pairing and the Raman scattering. It is interesting
to note the behavior of the electronic background Raman intensity simultaneously
with that of the resistivity as a function of temperature. Concurrent sudden changes
are observed at the same temperature, namely, at Tc. We also propose a simplified
phenomenological model for this change in the intensity of the electronic Raman
scattering.
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Magneto-resistance Anisotropy in Classical Periodic Composite.
Prediction and Experimental Verification of a New Effect
David J. Bergman and Yakov M. Strelniker,
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences
Tel Aviv University) Tel Aviv 69978, Israel
A new effect was recently predicted [1]: an induced, strongly anisotropic magnetoresistance in conducting composites that have a periodic microstructure. For a
strong magnetic field, the values of magnetoresistance tensor components exhibit a
strong dependence on the direction of the applied magnetic field. The angular profile
of magnetoresistance is similar to what is experimentally observed in some metallic
single crystals like copper. However, our result is for a purely classical system and is
not based upon quantum-mechanical concepts. These anisotropies exhibit remarkable similarities to the anisotropies that are observed in the magnetoresistance of
single crystals of transition metals at low temperatures, but their origin is quite
different. They appear as the result of the complex interference between the current
distortion fields of different obstacles [1,2]. Those distortions and the resulting interferences are an entirely classical phenomenon: quantum mechanics plays no role.
This is in contrast with the situation in transition metal crystals, where the detailed
structure of the Fermi surface, which must be non-compact, is responsible for the
strong anisotropies. The theory and the calculational methods were developed for
tree-dimensional composite samples [1,3] as well as for thin composite films [4]—the
most convenient system on which the experiment could be carried out.
The above described effect is already being verified in preliminary experiments
on high mobility n-GaAs films, in which a square array of vertical holes were etched
[5]. The experiment is in excellent agreement with the theory.
[1] D. J. Bergman and Y. M. Strelniker, Phys. Rev. B 49, 16256 (1994).
[2] Y, M. Strelniker and D. J. Bergman, to appear in Phys. Rev. B (1996).
[3] Y. M. Strelniker and D. J. Bergman, Phys. Rev. B 50, 14001 (1994).
[4] D. J. Bergman and Y. M. Strelniker, Phys. Rev. B 51, 13845 (1995).
[5] M. Tornow, D. Weiss, K. v. Klitzing, K. Eberl, D. J. Bergman, and
Y. M. Strelniker (submitted for publication).
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Interaction effects on persistent currents in a continuous one
dimensional disordered rings.
A. Cohen, R. Berkovits
Jack and Pearl Resnick Institute of Advanced Technology, Department of Physics,
Bar-Han University, Ramat-Gan 52900, Israel
In an effort to resolve the discrepancy between theory and experiment, recent extensive studies that appeared in the literature have shown clear evidence of suppression
of persistent currents (PC) in the interesting weakly disordered regime of one dimensional tight-binding rings. This was claimed to be due to the interaction induced
Mott-Hubbard transition [1], We present numerical results for the PCs of a continuous one dimensional disordered rings where the electronic interaction was included
within the self consistent Hartree-Fock approximation. The equation that we have
self consistently solved for spinless fermions is of Schrodinger type:

with flux modified boundary conditions. Here 0 is the coordinate along the ring and
Vdis(&) = Tlf=i Ay£(0 ~ 0j) ls * n e disorder potential with random location 8j and
random strength —A < A;- < A of the j t h scatterer. The effective potential Vefj(0)
contains the background, the direct and the exchange terms. The exchange term
was found to be unimportant for the PCs of our many electron samples. Though the
interaction does not change the appropriate Wigner-Dyson or Poisson level spacing
distribution (i.e. does not show signs of interaction induce metal insulator transition), our main results concerning PCs carried by interacting versus noninteracting
electrons are as follows: the e-e interaction can
(a) enhance the PC of a single sample [2] by an order of magnitude (we found
enhancement greater then 17).
(b) enhance the average PC of a collection of rings [3] (by a smaller amount).
(c) show a preferred direction of the PC.
References:
[1] M. Abraham and R. Berkovits, Phys.Rev.Lett. 70, 1509 (1993); G. Bouserar
et.al., Phys.Rev.B. 49, 8258 (1994); H. Kato and D. Yoshioka, Phys.Rev.B. 50, 4943
(1994).
[2] V. Chandrasekhar et.al., Phys.Rev.Lett. 67, 3578 (1991).
[3] L.P. Levy et.al., Phys.Rev.Lett. 64, 2074 (1991).
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MAGNETIC FIELD DISTRIBUTION IN SUPERCONDUCTING
COMPOSITES AS REVEALED BY ESR-PROBING AND
MAGNETIZATION
D.Davidov*, M.Golosovsky*, Yu.Kornyushin*, N. Bontemps+, G.
Waysand+
*Hebrew University of Jerusalem, +Ecole Normale Superieure, Paris
The distribution of the static magnetic field in the superconductor-insulator composites, consisting of the BSCCO (YBCO) powder in the paraffine wax, is studied
by ESR bulk probing and magnetization. The average field and field variance are
measured as function of temeperature and filling factor of superconductor. We
demonstrate that (i) the field distribution is very close to Lorentzian; (ii) the average field is almost the same as the external applied field and (iii) the temperature
dependence of the width of the field distribution in YBCO-based composites follows
that of the field-cooled magnetization, (iv) the width of the field distribution in the
BSCCO-based composites is considerably smaller than that in the YBCO -based
composites and its temperature dependence is different from that of magnetization.
We develop a statistical model of the field distribution in dielectric and magnetic
composites which accounts for all the observed effects.
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KINETICS OF SURFACTANT ADSORPTION
AT FLUID-FLUID INTERFACES
Haim Diamant and David Andelman
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University
We present a theory for the kinetics of adsorption of a soluble surface-active agent
(surfactant) at the interface between an aqueous solution and another fluid (air, oil)
phase. The model relies on a free-energy formulation. It describes both the diffusive
transport of surfactant molecules from the bulk solution to the interface, and the
kinetics taking place at the interface itself. When applied to non-ionic surfactant
systems, the theory recovers results of previous models, justify their assumptions
and predicts a diffusion-limited adsorption, in accord with experiments. For saltfree ionic surfactant solutions, electrostatic interactions are shown to drastically
affect the kinetics. The adsorption in this case is predicted to be kinetically limited,
and the theory accounts for unusual experimental results obtained recently for the
dynamic surface tension of such systems. Addition of salt to an ionic surfactant
solution leads to screening of the electrostatic interactions and to a diffusion-limited
adsorption. In addition, the free-energy formulation offers a general method for
relating the dynamic surface tension to the surface coverage. Unlike previous models,
it does not rely on equilibrium relations which are shown in some cases to be invalid
out of equilibrium.
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Molecular orientation of adsorbed molecules on graphite surfaces
Y. Finkelstein, R. Moreh and O. Shahal
Physics Department, Ben-Gurion University of the Negev, Beer-Sheva, Israel
Physics Department, Nuclear Research Center - Negev, Beer-Sheva, Israel
The nuclear resonance photon scattering (NRPS) technique^ is being used for
studying the orientation of adsorbed molecules on graphite and of intercalated
molecules on the basal planes of binary graphite intercalation compounds (BGIC).
Mainly, nitrogen-containing molecules may be studied with this method. This nuclear technique monitors the Doppler broadening of the 6324 keV level in 15N arising
from the zero-point vibrations of the adsorbed molecules and yields directional information on the molecular adsorption process. In this method, a photon beam
generated from the (n,7) reaction photoexcites by chance the 6324 keV level in 15 N.
It was thus possible to measure the orientation of adsorbed molecules such as N 2 ,
N 2 0, NO and NC^ 1 "^ on graphite as a function of coverage in the 10K - 300K
range. In some cases, the measured data is used for testing the results of molecular
dynamic simulations on the same systems. The NRPS method was also used for
studying the orientation of N2 molecules adsorbed in binary graphite intercalation
compounds of the form C24X (X = K, Rb, Cs) where it was found that the molecules
lay almost flat on the graphite planes^. In other examples, the tilt angle of HNO3
molecules (intercalated into highly oriented pyrolytic graphite, where two different
phases are known to be formed) was measured with respect to the graphite planes.
1) R. Moreh and O. Shahal, Surf. Sci. 177 (1983) L963.
2) R. Moreh and O. Shahal, Phys. Rev. B40 (1982) 1926.
3) R. Moreh, Y. Finkelstein and H. Shechter, Phys. Rev. B (in press).
4) R. Moreh et al. ,Phys. Rev. B52 (1995) 5330.
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Temperature dependence of resistivity and thermoelectric power of
(Ln=Pr, Nd ; 3=1/4, 1/3, 1/2)+.
B. Fisher, L. Patlagan, and G. M. Reisner
Physics Department and Crown Center for Superconductivity, Technion, Haifa,
Israel 32000.
Reports on unusually large negative magnetoresistance, associated with magnetic
phase transitions in doped manganese oxides of the type Lni-^A^MnOs (Ln=lanthanide
ions, A=Ca, Ba, Sr, Pb) have revived the interest in these materials.
The temperature dependence of the absolute thermoelectric power is a very sensitive probe of the electronic structure of conductors around Ef and is a powerful
indicator of phase transitions of various types. We used this technique combined
with resistivity measurements in studying Pri-^Sr-cMnOs and Ndi_xSra;Mn03 for
various values of x, without magnetic field. We also determined the room temperature lattice constants of samples of the various compounds.
The transport parameters of these materials exhibit simple but unusual temperature dependencies. For wide ranges of temperatures, the behavior of the resistivity
(p) can be described by In-2- — aT, with a > 0 in the ferromagnetic (FM) state and
a < 0 in non-ferromagnetic states. In the FM state p0 depends strongly - possibly
exponentially - on the Mn 3 + /Mn 4 + ratio. The transition to the FM state is accompanied by steep changes of the absolute thermoelectric power from large absolute
values above Tc towards small values, close to zero, below Tc.
f Work supported by the Israel Science Foundation administered by the Israel Academy
of Sciences and Humanities, and by the Fund for the Promotion of Research at Technion.
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NUCLEAR SPIN LATTICE RELAXATION OF DIPOLAR ORDER
CAUSED BY PARAMAGNETIC IMPURITIES
G. B. Furman, A. M. Panich, E. M. Kunoff and S. D. Goren
Department of Physics, Ben-Gurion University,
Be'er-Sheva, Israel
In solids containing paramagnetic impurities (PI), the coupling nuclear spins /
with the PI spins S plays the dominant role in spin-lattice relaxation. In the absence
of spin diffusion, the relaxation of the Zeeman order (nuclear spin magnetization) is
non-exponential. Recently, the theory of direct relaxation was extended to include
the cases of a sample with arbitrary space dimension and both homogeneous and
inhomogeneous distribution of the PI [1], The relaxation function of the Zeeman
order is proportional to exp[—(i/Ti)a] where a = D/6 or (D + d)j% for a homogeneous and inhomogeneous distribution of PI and nuclei, respectively. Here D is the
space dimension of the sample; in the inhomogeneous case, the sample is regarded
as consisting of subsystems, each of which includes a PI with neighboring nuclei and
possesses a local magnetization, packed in a d-dimensional space. This behavior has
been observed for samples of one, two and three dimensions [1], However, up to
now , there is no theory explaining the spin lattice relaxation of dipolar order via PI
which has been observed in numerous experiments. In the present paper, we outline a theory of direct spin lattice relaxation of the nuclear dipolar order caused by
paramagnetic impurities. We show that the decay rate of the nuclear magnetization
of the dipolar order is given by:
^

^

(1)

where Tia and Tu are the spin-lattice relaxation times due to interactions with the
PI and neighboring spins respectively.
Our theory is compared with two experiments. The first is our NMR study of
2-dimensional fluorinated graphite (Ci.47F)n. The second experiment is Humphries
and Day's study on CaF2 doped with paramagnetic Mn 2+ [2]. Good agreement of
the experimental data with theory is obtained.
[1] G.B.Furman, E.M.Kunoff, S.D.Goren, V.Pasquier and D.Tinet, Phys.Rev. B52
(in press) (1995).
[2] L.J.Humphries and S.M.Day, Phys,Rev. B12, 2601 (1975).
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Monte Carlo study of the bcc 3He surface using a
two-dimensional Ising model
A. Gemintern, S.G. Lipson, and J. Adler
Faculty of Physics, Technion - Israel Institute of Technology, Haifa, 32000, Israel

A Monte Carlo study of 3He facets was made. Recent experiments on bcc 3He
crystals at low temperatures [1] show facets in (110), (100), and (211) orientations.
The measured roughening temperatures are 100 mK, > 15 mK, and > 10 mK,
respectively. A 2D Ising model with a staggered magnetic field, similar to that used
by Touzani and Wortis [2] and both NN and NNN interactions as used by Baum
[3] for hep helium, was selected to model the interface. Although the 2D Ising
model is an approximation, its critical temperatures were not too different [3] from
those of a full 3D Ising interface model for the hep structure. The (100), (110),
and (210) facets of the bcc lattice with JNNN/JNN = 0.1 were studied using the
Metropolis algorithm. No study of the (111) facet was made, since Murphy and
Rottman [4] argue that there is no phase transition here, and to date no study of
(211) facet was made. For this structure, the (110) facet model is simply a usual
square 2D Ising model lattice (with slightly different boundary conditions), and does
not show any unusual behaviour in the presence of NNN interactions. It undergoes
the usual ferromagnet-paramagnet phase transition at T « 2AJNN- However, the
(100) facet with NNN interactions at low temperatures reaches an antiferromagnetic
phase (i.e., the phase for which there are two sublattices having opposite signs of
magnetisation), and the magnetisation of the two sublattices has to be calculated
separately. A similar situation arises in the (210) facet model. Phase transitions
are observed for the (100) facet at about 0.2JNN and for the (210) facet at about
0.05 JNN- The ratio of the temperatures for the three facets are in good agreement
with the ratios of the experimental values.

References
[1] R. Wagner, PhD Thesis, Leiden University, 1995.
[2] M. Touzani and M. Wortis, Pkys. Rev. B, v. 36, no. 7, p. 3598 (1987).
[3] G. Baum, MSc Thesis, Technion - IIT, 1994.
[4] K.L.Murphy and C. Rottman, Pkys. Rev. B, v. 42, no. 1, p. 680 (1990).
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Thermal conductivity of iron at high temperatures and pressures*
David Gerlich
School of Physics and Astronomy, Tel Aviv University
The thermal conductivity of iron, « , under conditions of high temperatures and
pressures, has been evaluated, tt is derived from the temperature, T, distribution
curves obtained in laser heating melting experiments, in the diamond anvil cell. For
the temperature and pressure ranges investigated in the present work, (300 - 4400 K,
0 - 100 GPa), K decreases linearly with increasing T, and the logarithmic pressure
derivative decreases with increasing pressure. The slopes of the K VS. T lines are
essetially identical over the above temperature and pressure range. A reasonable
agreement with K data for iron, derived from shock wave experiments is found.
*Work carried out at the Dpartment of Geology and Geophysics, University of California, Berkeley, CA 94720, USA.
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Near-Field Millimeter-Wave Resistivity Microscope
Michael Golosovsky, Alexander Galkin and Dan Davidov
Hebrew University of Jerusalem
We demonstrate a new millimeter-wave technique for the resistivity mapping of
large-area conducting films, namely, a near-field resistivity microscope. The microscope is based on the idea that electromagnetic waves are transmitted through a
narrow resonant slit with high efficiency. By scanning this slit at fixed height above
an inhomogeneous conducting surface and measuring the intensity and phase of the
reflected wave, the resistivity of the surface under test may be determined with a
100 m spatial resolution. Using this technique, we map resistivity of 1" by 1" films
at ambient temperature.
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THERMOELECTRIC PROPERTIES AND THERMOPHASE
EFFECTS IN JOSEPHSON JUNCTIONS.
G. D. Guttman, D. J. Bergman and E. Ben-Jacob.
Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics and
Astronomy , Tel Aviv University, Ramat Aviv, 69978, Israel.

We study the thermoelectric properties of an SIS Josephson junction. The total
electrical current is comprised of three parts: a normal current, a supercurrent
and an interference current. We show that only the normal part contributes to
a thermocurrent (i.e., an electrical current that flows in response to a temperature
drop). Moreover, we distinguish between two mechanisms for this current. One is the
normal interface thermoelectric current. The other ensues from a non-equilibrium
(charge-imbalance) state in the bulk superconductors comprising the junction. The
latter effect gives rise to a phase dependent thermocurrent. We consider an opencircuit Josephson junction biased by a temperature drop. The possible steadystates of the system are given by the RJS model. In particular, we consider the
static state corresponding to cancelling quasi-particle and condensate currents. This
state is conjectured to correspond to a thermophase effect. Experimental setups are
suggested in order to detect this effect.
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Thermally Stimulated Currents and the Glass Transition.
V. Halpern
Department of Physics
Bar-flan University, Ramat-Gan 52900, Israel
The measurement of thermally stimulated currents (TSC) is a useful experimental
technique for examining the dielectric properties of a variety of systems, including ionic conductors and disordered insulators. An important modification of the
standard technique is that known, inter alia, as thermal slicing, in which after polarisation for a given time tp at the polarisation temperature Tp the specimen is
rapidly cooled with the electric field still on to the depolarisation temperature Td a
few degrees below Tp. The field is then removed, and the system held at this temperature for a depolarisation time td before being rapidly cooled to a much lower
temperature Ti, and only after this is the system slowly reheated and the current
measured as the polarisation relaxes. It is generally believed that this technique detects, at each Tp, only a narrow range of states, and that analysis of the TSC reveals
their activation energy. This interpretation is challenged on theoretical grounds, and
the results of numerical calculations on model systems are presented. In particular,
one intriguing experimental result is that in many systems that exhibit a glass transition, the apparent activation energy Ea increases very rapidly as Tp approaches
the glass transition temperature Tg from below, and then decreases quite rapidly as
Tp is increased further. The reason for this behaviour of Ea is discussed, and it is
shown that it is not necessarily associated with the existence of states having such
an abnormally high Ea, but could well be due to an artefact of the thermal slicing
technique.
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Fractal Dimension of Disordered Submonolayers: Determination from
He Scattering Data
Daniel Hamburger, Tamar Yinnon and Benny Gerber
Departments of Physics and Chemistry
Hebrew University of Jerusalem
We propose a novel method to measure the fractal dimension of a submonolayer
metal adatom system grown under conditions of limited diffusivity on a surface. The
method is based on measuring the specular peak attenuation of He atoms scattered
from the surface, as a function of incidence energy. The (Minkowski) fractal dimension thus obtained is that of contours of constant electron density of the adatom
system. Simulation results are presented, based on experimental data. A coverage
dependent fractal dimension is found from a two-decade wide scaling regime.
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Simulations of Roughening Transitions in HCP 4 He Crystals.
Adham Hashibon, Joan Adler &: S. G. Lipson.
Faculty of Physics
Technion-Israel Institute of Technology, Haifa $2000, Israel
Special algorithms and techniques to handle simulations on non-Bravais and complex
lattice structures were developed and applied to investigate roughening on 4 He hep
crystals. Algorithms were constructed for an hep crystal, incorporating van-derWaals nearest and next nearest interatomic interactions. By sectioning the crystal
in several symmetry directions, roughening temperatures, TR, have been calculated
for these orientations using a lattice-gas model:
ti = —Jnn

2_j Oibj — Jnnn 2^ bibj
<nn>

<nnn>

In particular, these have been determined for the c(0001), a(1010) and s(1011)
facets, which have been observed experimentally[1]. For positive Jnnn , the values
for the high-symmetry facets (c and a) are more precise and in broad agreement
with those calculated by an approximate theory[2], but their ratios do not agree
particularly well with the experimentally observed values. Roughening temperatures
were also studied as a function of Jnnn/Jnn , including negative values of Jnnni
which might acount for the quantum effects introduced by zero-point motion [3]. A
linear behaviour, similar to what is obtained theoretically for BCSOS models, was
observed. Negative values of Jnnn yield a better agreement with experiment for
T^' a ,but the s facet still lags behind. We believe that the s facet becomes unstable
as the other facets grow with temperature. Therefore, we are studying the behavior
of the surface tension of the facets as a function of temperature. We use interactive
visualization of the sample to assist us in obtaining correct boundary conditions,
and to observe the simulations.
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[2] M. Touzani and M. Wortis, Phys. Rev. B36, 3598, (1987)
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Influence of post-deposit ion annealing on the phase composition
structure and electro-optical properties of RF sputtered
Indium-Tin-Oxide films
L. Kaplan and M. Nathan
Tel-Aviv University, Department of Electrical Engineeting -Physical Electronics,
POB 39040, Tel-Aviv 69978, Israel
ITO films were deposited by reactive RF sputtering from a 90% In-10% Sn oxide
target on an unheated substrate. The deposition parameters which produce optimal
conductivity and transparency (resistivity was « 0.03ohm-cm and transparency was
more than 85% at 0.5fim thickness) are as follows: pressure before sputtering 2'10"~5
Torr, pressure during sputtering 5 Torr in a 1% oxygen and 99% Ar mixture, and
an RF power of 0.4 kW. The films consist of amorphous and cubic In2Oz phases.
Post-deposition annealing improved the electrical conductivity of the films, but
sometimes decreased the transparency, depending on the annealing atmosphere.
The structural changes in these films after thermal treatment at C300 — 950° C
in vacuum, Ar, JV2, forming gas (10%if2 — 90%AT2) and air, and under both slow
and rapid annealing conditions, were studied for films with different thicknesses.
Annealing at a temperature of 150°C in all atmospheres (air, Ar, N2, forming gas)
decreased the resistivity. Full crystallization occurred at 150°C. The main reason
for the conductivity improvement is crystallization (because Sn acted as a donor
only in the crystalline phase). The transmittance decreased in H2 — N%, in vacuum
at pressures < 10~3 Torr, in Ar and in N2. Suitable properties were obtained after
RTA at 300°C for 30 s in air: good transparency (ft 90%) and the resistivity was
(0.8 — 2) • I0~3ohm • cm. The best electro-optical properties were obtained after
RTA at 800° C for 30 s in Ar, which yielded a resistivity of 2 • 10~4ohm • cm at a
transmittance of 80%. This good combination of electrical and optical properties is
due to the appearance on the film surface of a BCC phase (considerable InO) after
800 — 850° G RTAs, which prevented the out-diffusion of oxygen from the film and
preserved the transparency from degradation.
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THE M-nM PHASE TRANSITION IN BaNio.iCoo.9S1.8 A DILATOMETRIC STUDY. f
A. Knigel, J. Genossar, B. Fisher, L. Patlagan, and G.M.Reisner
Dept. of Physics and Crown Center for Superconductivity, Technion, Haifa.
A 1st order phase transition from a metal at low temperature to a non-metal at
high temperature is very unusual. Such a transition takes place in BaNio.1Coo.9S1.8We measured the resistivity and length changes of several samples as function of
temperature, both on heating and cooling. The transition is accompanied by an
appreciable hysteresis: on cooling the transition takes place at Tc-d ~ 189 K, on
heating at Tc-U ~ 221 ± 2 K (the rate of heating/cooling was about 1 K/minute).
90 % of the transition takes place within about 15 K. The LT resistivity is about
10"1 ilcm, and rises to 10 flera in the HT phase. The transition is accompanied by
a contraction on heating and corresponding expansion on cooling of about 1.3 %,
which is abnormally large (usually phase changes are accompanied by length/volume
changes 1 or 2 orders of magnitude smaller). Recently Felner et al. [1] determined
the entropy change of this phase transition as AS= 1.6 J/mol K.
Substituting it into Clausius-Clapeyron's equation we get
dT/dp= (AV/V) * V/A S ~ -0.13 K/bar, which is extremely large indeed. The
entropy change as measured by Felner et al., presumably consists of several contributions/terms, some related to changes other than volume entropy . Thus the
value of dT/dp calculated above represents only the lower limit ! The transiton
temperature depends slightly on the sintering temperature of the sample: thus for
= 850 C we find Tc-U .= 220 K , while for Tsinter = 890 C it is Tc-a = 225 K.
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[1] LFelner, J.Gersten, S.Litvin, U.Asaf and T.Kroner, Phys. Rev. B 52, 10 097 (1995).
t Work supported by the Israel Science Foundation administered by the Israel Academy of
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Further observations of the relaxation phenomenon caused by vacancy
equilibration in metals
Yaakov Kraftmakher
Department of Physics, Bar-Ilan University, Ramat-Gan 52900
A new approach is developed for observations of the relaxation phenomenon in
specific heat of metals caused by vacancy equilibration. It is based upon creating in
the sample temperature oscillations of a high and a low frequency simultaneously.
At any mean temperature, the ratio of the specific heats corresponding to both
frequencies is measured. The relaxation phenomenon is observed during a period
including quenching and subsequent annealing of the sample. The main sources and
sinks for the vacancies are dislocations and, probably, vacancy clusters. Density
of them increases after quenching, and a certain time is necessary to anneal the
sample at the high temperature. If, as the relaxation phenomenon is observed, to
quench the sample and then return to the high temperature, the relaxation time
must decrease and the phenomenon may disappear. It may appear again after
annealing and recovery of the crystal structure. This experiment would confirm or
disprove the vacancy origin of the relaxation phenomenon. The new experimental
setup makes such measurements more accurate.
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Fine structure and auto-oscillations of subsidiary absorption in
tangentially magnetized YIG films.
I. Laulicht and Y. Kraftmakher.
Department of Physics, Bar-Ban University, Ramat Gan 52900, Israel.
Non-linear FMR phenomena in tangentially magnetized YIG films are studied. The
auto-oscillation and the fine structure phenomena in tangentially magnetized films
are found to appear simultaneously. An analysis of the spacing between the peaks
shows that a fine structure peak represents a distribution of parametrically excited
spin waves. This inhomogeneous broadening and the inter peak spacing are analyzed
and explained in terms of conventional dispersion relations. A careful recording of
the fine structure lineshape shows that it is essentially a rectangular. This finding
supports the conjecture that the fine structure peaks are due to fine dips in the
butterfly curve. An attempt to explain the origin of the rectangular shape in terms
of Suhl's theory is made.
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Observation of Optically Pumped Mid-Infrared Intersubband
Luminescence in a Coupled Quantum Wells Structure
Y. Lavon and A. Sa'ar
Division of Applied Physics, The Fredy and Nadine Herrmann School of Applied
Science
The Hebrew University of Jerusalem, Givat-Ram Campus, Jerusalem 91904, Israel

Z. Moussa and F. H. Julien
Institut d'Electronique Fondamentale, URA 22 CNRS, Universite Paris XI, Bat
220' 91405 Orsay, France

J. Wang and J.-P. Leburton
Beckman Institute for Advanced Science and Technology, University of Illinois at
Urbana-Champaign, Urbana, IL 61801, USA

R. Planel
Laboratoire De Microstructures et Microelectronique, CNET-Bagneux, 196 Av. H.
Ravera, 92220 Bagneux, France

We have observed mid-infrared emission due to intersubband transitions in a
coupled quantum wells structure. The excitation process involves optical pumping
of the carriers from the ground subband into the third subband and a generation
of a population in the third subband. The luminescence is produced by a radiative
transition of the photo-induced carriers between the third and the second subbands,
followed by a fast relaxation into the ground subband due to a resonance LO-phonon
assisted relaxation process. The emission signal persists from low temperatures up
to room temperature with a maximum efficiency at 19006K.
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Exact solution of the tight binding and vibrational Hamiltonians for
certain hierarchical structures
Zvi Lev and Amnon Aharony
School of Physics and Astronomy, Tel Aviv University
Hierarchical structures, constructed by iterating a given rule, can effectively model
various features of random percolation clusters at the percolation threshold. The
iterative construction method enables the derivation of exact solutions of physical
models on these structures [1, 2]. Domany et al [3], using a novel application of a
decimation technique, have shown how to derive analytic expressions for the eigenenergies of a tight binding model for electrons or for vibrational excitations on several
variants of the Sierpinski Gasket. For the Gasket all sites have identical coordination numbers and thus these two problems are easily mapped into each other. We
have extended the use of this technique to a set of many new hierarchical structures, some of which (e.g. the Mandelbrot-Given fractal) have been used in the past
successfully as models for the percolation cluster [4]. Some of these new structures
possess sites with different coordination numbers, and thus the tight binding and
the vibrational Hamiltonians are not identical. We present a rigorous algorithm for
the enumeration of the degenerate localized modes which dominate the density of
states (DOS) for these structures. Furthermore, we show how exact expressions for
the moments of the DOS can be derived, and used even in the presence of certain
types of disorder. For the vibrational model we use these expressions to calculate
analytically the temperature dependence of the specific heat. We also discuss the
decay with distance of the Green's function with and without disorder.
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INTERSUBBAND PHOTOCURRENT FROM DOUBLE BARRIER
RESONANT TUNNELING STRUCTURES
C. Mermelstein and A. Sa'ar
Division of Applied Physics, The Fredi and Nadine Herrmann School of Applied
Science
The Hebrew University of Jerusalem, Jerusalem 91904, Israel

Simple models of semiconductor-based double barrier resonant tunneling structures
predict a large accumulation of charge carriers in the structure. These carriers can
be excited optically from one subband to another generating photocurrent. In this
work we have investigated the photo-induced current due to intersubband excitation
in double barrier structures. We have found that the origin of the photocurrent is
accumulation of quantized carriers in the emitter-barrier junction of the structure,
rather than accumulation of carriers in the double barrier quantum well. This photon
assisted tunneling process in double barrier structures may be used for infrared
detection.
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Dispersive Charge Transport in Insulators with Trapping
Nina Mirchin and Aaron Peled
Department of Electrical and Electronics Engineering
Center for Technological Education Holon
affiliated with Tel-Aviv University
52 Golomb Street, Holon 58102, Israel.
Tel: 972-3-5026640 Email: mirchin@milk.cteh.ac.il
In this work the transient flow treatment of a charge packet in the domain of single
deep level trapping and homogeneous spatial dispertion is carried out. The fitting
of the theoretical curves to experimental data suggest three effects. Higher doping
levels lead to less spatial dispertion, smaller trapping times and do not appreciably
affect the trapping site density. The dependence of the parameters on doping level
and field is discussed.
N.R. Mirchina and A. Peled,"Time of Flight Analysis of Charge Transport in
Insulators for the Nondispersive Trap Limited Domain", J. Sol. State Electron.,
39(1),159-164 (1996)
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Decoupling and testing the General Ohm's Law
Ronit Levy-Nathansohn and David J. Bergman
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 69978, Israel
The general Ohm's law is an effective theory formulated in order to study the optical
properties of nonhomogeneous thin films beyond the quasi-static approximation, in
the limit where the inhomogeneity length scale is much smaller than the wavelength,
but not necessarily smaller than the skin depth. Within the general Ohm's law,
we present a decoupling scheme which simplifies its application by reducing the
problem of a coupled quasi-conductivity set of equations in a nonhomogeneous twodimensional plane to two uncoupled problems with the same microgeometry, for
which extensive theory already exists. For the purpose of examining the theory
we study the problem of an electromagnetic plane wave scattered on a film which,
although materially homogeneous, has an irregular interface, in the regime where
the wavelength is larger than the inhomogeneity length scale. The optical response
of such a film is then calculated both by applying the general Ohm's law, and
independently by invoking directly the boundary conditions on the surface (Rayleigh
method). We make the comparison in order to examine the general Ohm's law
qualitatively and quantitatively and learn about its frame of validity.
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Induced anisotropy in chalcogenide glasses: new results
V. Lyubin and M. Klebanov
Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva 84105
The phenomenon of photoinduced anisotropy (PA), manifested as linear dichroism
and byrefringence in chalcogenide glasses both bulk and thin film, has attracted
the attention of many researchers in recent years 1-4, but the mechanism of PA
on the microscopic scale and interrealation between a PA and scalar photoinduced
phenomena in these substances continue to be vague.
In this paper, new experimental data are presented which permit to develop a new
model of PA and to demonstrate close connection (relation) between PA and scalar
effects of photodarkening and photorefraction. The kinetics of linear dichroism
generation and reorientation in glassy AsSe films induced by linearly-polarized HeNe laser light of different intensities is studied by means of polarization modulation
technique. Two distinct processes are identified : creation of photoinduced defects
and their photostimulated orientation and reorientation. The first process can be
carried out by both unpolarized and polarized light and has a much larger time
constant than the second one. The annealing temperatures of the two effects are also
shown to be different. Comparison of restoration of the initial dichroism generation
kinetics after annealing with the photodarkened AsSe film thermobleaching leads to
a conclusion about the identity of the defects responsible for photodarkening and
photoinduced anisotropy phenomena.
Investigation of photoinduced reflection anisotropy in different chalcogenide bulk
glasses and glassy films in wide spectral range showed that reversible PA can be
induced not only by above- and below-band-gap light but also by tief UV radiation
(4.0-5.5 eV).
The data obtained allow to develop a model , in which the above-band-gap light
induced anisotropy is connected with photostimulated reorientation of photo-created
valence-alteration pairs that are characteristic defects in chalcogenide glasses 5. UVinduced anisotropy indicates to the possibility to orientate and reorientate optically
the interatomic bods in the glass.
l.V. M. Lyubin and V. K. Tikhomirov. J. Non-Cryst. Solids 114, 133 (1989).
2. V. M. Lyubin and V. K. Tikhomirov. J. Non-Cryst. Solids 135, 37 (1991).
3. H. Fritzsche. J. Non-Cryst. Solids 164-166, 1169 (1993).
4. V. K. Tikhomirov and S. R. Elliott. Phys. Rev. B 51, 5538 (1995).
5. M. Kastner and H. Fritzsche. Philos. Mag. 37, 199 (1978).
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Penetration of Time-increasing Magnetic Field into a High-Tc
Superconductor
V. Meerovich, M. Sinder* and V. Sokolovsky
Physics Department) Ben-Gurion University of the Negev, P.O.B. 653, 84105
Beer- Sheva, Israel
* Material Engineering Department, Ben-Gurion University of the Negev, P.O.B.
653, 84105 Beer-Sheva, Israel

Using the extended critical state model, we consider the magnetic field penetration
into a semi-infinite slab of a high- Tc superconductor when an external magnetic
field is increased monotonically with time according to a power law. The behavior
of the solutions versus the increase rate of an external magnetic field is analyzed.
It is shown that for the exponent in the field growth law ajl/2, the electric field in
a superconductor decreases with time and the magnetic field distribution tends to
that of the classical critical state model. For a£l/2, the electric field increases with
time and the pattern of magnetic field differs increasingly from the critical state
model. This result is distinct from that presented in the literature. An analytical
solution for the cut-off case a=l/2 is obtained.
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Transformations of Diamond (spz) to Graphite (sp2) bonds by
ion-impact.
David Saada1'2, Joan Adler1 and R. Kalish1-2
1

Department of Physics, Technion-HT, 32000, Haifa, Israel.
2
Solid State Institute, Technion-HT, 32000, Haifa, Israel

The process of point defect formation in crystalline diamond under energetic ionimpact is studied using a classical molecular dynamics simulation. The formation
energies of interstitials and migration barrier are calculated via the Tersoff potential
and show a significant orientation dependence. The <100> split-interstitial is found
to be the most stable, with a formation energy of 16.5 eV, in good agreement
with recent first-principles calculations. The displacement threshold energy (Ed) for
Frenkel pair creation is computed for the three major crystallographic axes, as well
as various other directions. The results for Ed always fall within the range 36eV70eV, and two values for Ed are obtained in the <111> direction, associated with
two different configurations of tetrahedral interstitial. The process of ion-impact is
simulated in a "random" direction, for which Ed is 52eV. A sudden kinetic energy,
ranging from Ed to 8Ed, is imparted to a bulk atom at a temperature of OK, and
the system is allowed to relax during 1.5 psec, with a dissipative energy procedure.
The <100> split-interstitial is created and appears to be the elementary "graphitic"
cell in damaged diamond. An sp2-like sites formation is observed in the damaged
region, increasing with the irradiation energy. The size of this "graphitic" region is
of order of 1 nm, in good agreement with experiments of irradiation of diamond by
carbon atoms.
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INTERSUBBAND OPTICAL TRANSITIONS IN ONE
DIMENSIONAL QUANTUM WIRE STRUCTURES
A. Sa'ar, A. Givant, S. Calderon, O. Ben-Shalom
Division of Applied Physics, The Fredi and Nadine Herrmann School of Applied
Science
The Hebrew University of Jerusalem, Jerusalem 91904, Israel

E. Kapon, A- Gustafsson, D. Oberli
Department of Physics, Ecole Ploytechnique Federale de Lausanne, CH-1015
Lausanne, Switzerland

C. Caneau
Bellcore, Red-Bank, New Jersey, USA
One dimensional quantum wire structures are emerging as the new generation of
semiconductor nanostructures offering exciting physical properties which have significant potential for novel device applications. These structures have been the subject
of intensive investigation recently, including extensive theoretical and experimental
studies of their interband optical properties. In this work we present the results
of our study of the intersubband optical transitions in one dimensional semiconductor quantum wires. The crescent shaped quantum wire structures used for this
research were grown on non-planar GaAs substrates. The intersubband transition
energy spectra, the selection rules, and the two dimensional envelope wavefunctions
were theoretically investigated by using our new LENS (local envelope states) expansion. We present recent experimental results on modulation doped V-groove
quantum wires, including PL, PLE, TEM, CL, and infrared polarization resolved
spectroscopy.
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Single-ion anisotropy in Tetragonal Cuprates.
Ravi Sachidanandam1, Amnon Aharony1, Ora Entin-Wohlman1,
and A. Brooks Harris2
1

2

School of Physics and Astronomy, Tel Aviv University
University of Pennsylvania, Philadelphia, PA 19104, USA

We study magnetic ordering in the tetragonal lamellar materials belonging to the
La 2 Cu0 4 (LCO) family, especially Nd2Cu04 (NCO), Pr 2 Cu0 4 and Sm2Cu04. All
these materials are antiferromagnetic parents of high T c superconducting materials.
LCO displays collinear structure in the Cu moments, while the other materials show
non-collinear structure and in NCO, two phase transitions between the two types of
non-collinear structure are observed. We argue that magnetism of the rare-earth ions
can explain the observed structures, and the difference between different members
of this family can be attributed to the differences in the magnetic properties of the
rare-earths, while the interactions within the Cu-0 plane remain the same across the
family. The crystal electric fields, obtained from experiments, are used to calculate
the consequent single ion anisotropy of the rare-earth ions, which are responsible for
the resulting magnetic structures.
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Scanning Tunneling Microscopy Studies and Computer Simulations of
Surface Dynamics on Gold Films
N. Shimoni, D. Porath, M. Wolovelsky O. Millo and J. I. Gerstenf
Racah Institute of Physics, The Hebrew University of Jerusalem
f Department of Physics, The City College of the City University of New York
Surface morphology changes of gold films due to thermal activation and electromigration are studied using scanning tunneling microscopy (STM) and computer simulations. Three aspects were considered: The effect of annealing at temperatures
between 200 and 500 °C on the surface topography at the nanometer to micron
scales, the spontaneous evolution of monolayer islands and atomic steps at room
temperature, and the motion of atomic steps due to electromigration. Our data
for the evolution of the average s urface-grain size and rms roughness amplitude
upon annealing suggest that surface-diffusion is the main process active at annealing temperatures of 300 °C and below. At higher temperatures grain coarsening is
the dominant process contributing to large scale morphology changes. Computer
simulations based on these processes account well for the experimental results, with
effective activation energies around 1.0 eV and 1.4 eV, for surface self-diffusion and
grain coarsening, respectively. Our studie s of the dynamics of monolayer islands
and atomic steps provide us also with information on activation energies for specific
atomic hopping processes and sites.
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Determination of the Critical Conductivity Exponent for the
Metal-Insulator Transition at Non-Zero Temperatures: Universality of
the Transition.
I. Shlimak, M. Kaveh, R. Ussyshkin, V. Ginodman, L. Resnick
Jack and Pearl Resnick Institute of Advanced Technology, Department of Physics,
Bar-Ilan University, Ramat-Gan 52900, Israel
A new approach has been developed for the determination of the critical conductivity
exponent fj, and the critical impurity concentration of the metal-insulator transition
(MIT). The conventional method is based on the dependence <r(0) ~ [(N/Nc) ~ 1]"
where cr(0) is determined using extrapolation the temperature dependence of the
conductivity o~(T) to T = 0 which is the main source of inaccuracy. Determination
of Nc is also connected with cr(0). We suggest to determine N = NC and (j, at non-zero
tempratures taking into account that at N = Nc the dependence o~(T) must obey
the law o~(T) — bT1^3. We suggest further to consider the conductivity of the sample
with N - Nc as a ground level and replace cr(0) by AaN(T*) = o-N(T*) - o x ( r * )
at any low T* where the dependence a(T) = a + W, p — 1/2 or 1/3 is observed.
As a result, extrapolation to T = 0 is no longer needed. Two series of samples
of Ge:As and Ge:Sb were investigated. It is shown that /j, — 1 independently on
the choice of T* and small variations of JVC. It is also shown that the normalized
values of Acr/a, where a is the Mott minimum metallic conductivity with adjustable
numerical coefficient, merge for Ge:As, Ge:Sb, Si:P, Si:B into a universal scaling
dependence .
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EFFECT OF PLASMONS IN TUNNELING AND RESONANT
TUNNELING OF FLUXONS IN A LONG JOSEPHSON JUNCTION
A. Shnirman , B. Malomed and E. Ben-Jacob.
Raymond and Beverly Sackler Faculty of Exact Sciences, School of Physics and
Astronomy , Tel Aviv University, Ramat Aviv, 69978, Israel.
We consider the tunneling of a fluxon in a long Josephson junction through
micro-short type impurities. We study one barrier tunneling and two barrier resonant phenomena. We find that at the barriers' vicinity the fluxon's movement is
coupled to the plasmons (Swihart waves). The most challenging question is, thus,
to understand how the plasmons influence the tunneling process. We find that the
role of plasmons is two-fold. On the one hand the coupling causes radiation of
plasmons and, thus, suppression of the quantum behavior. Due to the gap in the
plasmonic spectrum this is an exponentially small effect. On the other hand the virtual processes involving plasmons' emission and absorption cause an enhancement
of tunneling probability. The amplitude of this enhancement does not contain the
usual exponential factor coming from the gap. This effect may play an important
role when the tunneling probability changes abruptly from zero to one, i.e., near the
barrier's top or at a resonance. We study both of these cases and we propose an
experimental setup for observation of fluxon tunneling phenomena.
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Nonlinear Surface Impedance of Thin YBCO Films in a dc magnetic
field
M. Tsindlekht, M. Golosovsky, D. Davidov, and A. F. Jacob*
The Racah Institute of Physics, The Hebrew University of Jerusalem, Israel
*Institute fur Hochfrequenztechnik, TU Braunschweig, Germany
We report the power, temperature and magnetic field dependence of the surface
resistance Rs and surface reactance Xs of thin YBCO films. The measurements were
done by the parallel-plate resonator technique at 5.9GHz, at T>25K and in the dc
field of 0-0.8T. The results are interpreted using Rs vs Xs plots. We demonstrate that
(i) the measurements in magnetic field may serve as a diagnostic tool to determine
the presence or absence of weak links in superconducting films; (ii) while the field
and temperature dependence of the Rs and Xs may be dominated by weak links,
the power dependence is mostly determined by the hysteretic vortex penetration;
(iii) the application of a dc magnetic field has a little effect on the nonlinearity in
the vortex regime.
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"PINNING" OF DIPHENYLPOLYENES ADSORBED ON BARIUM
TITANATE POWDER: ZERO STOKES SHIFT IN STILBENE AND
DPH. PHOTOEXCITED STILBENE IS PLANAR.
B. Uzan and D. Gill
Department of Physics, Ben Gurion University, Beer Sheva 84105, ISRAEL
Stilbene (DPE), diphenyl hexatriene (DPH) and indeno-indene were adsorbed on
Barium Titanate powder at room temperature. The fluorescence of stilbene was like
that of indeno-indene, proving that adsorbed stilbene was planar in the ground state
and in the excited state. Stokes shifts disappeared and the zero-phonon transition
prevailed. By means of Franck-Condon factors, we interpret it as "pinning", namely
that adhesion is so strong that the potential energy minimum of the photoexcited
polyene is not displaced from that of the ground state. On Calcium Carbonate there
was a large red shift without "pinning". Other ferroelectric powders did not show
the effect.
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Physics with Erbium-Doped Fibers
Yaron Silberberg
Department of Physics of Complex Systems
Weizmann Institute of Science
Optical fibers doped with erbium ions are used to amplify light round the wavelength
of 1.55 fxm, and they are becoming a key component in optical communication networks. They are also a very convenient medium to perform optical experiments to
study the coherent interaction of light with a two-level medium. Room-temperature
erbium fibers are homogeneously broadened, but they become extremely inhomogeneously broadened when cooled down to low temperatures. This talk reviews several
photon-echo experiments in cooled erbium-doped fibers. These experiments make
use of the diffractionless, practically one-dimensional propagation along the single
mode fiber to observe a number of new effects, including the first study of photon
echoes in an inverted medium, and the observation of interferences between various
echo components. The pecularities of inhomogeneously broadened erbium-doped
amplifiers will also be discussed, including their possible applications in optical communications networks.
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The supersonic chemical oxygen-iodine laser - status and perspectives
S. Rosenwaks
Physics Department
Ben-Gurion University of the Negev, Beer-Sheva, Israel
The supersonic chemical oxygen-iodine laser (COIL) is currently the leading
high power laser. The interest in this laser lies in the enormous storage capacity
of its chemical constituents, amounting to several megajoules per liter, as well as
in the fac t that it emits at 1315 nm, a very useful wavelength for atmospheric
transmission and fiber optics. The laser transition takes place between the spinorbit levels of the ground state configuration of the iodine atom where the upper level
(I*) is populated by near resonant energy transfer from "singlet oxygen" (oxygen
molecule excited to the singlet delta state). Singlet oxygen in the gas phase, at
nearly 100% yield in the Torr range, is produced by a gas-liquid reaction of Cl-i gas
with basic hydrogen peroxide solution. When the oxygen is mixed with Ii molecules,
dissociation to I atoms occurs followed by the resonant energy transfer. In the first
COILs, subsonic flow of the reagents in the laser cavity has been utilized. For
achieving high power, either a large scale device or supersonic flow in the cavity
is needed. Modeling studies predict very impressive performances for supersonic
COILs and indeed, output powers in the range of several tens of kW have recently
been reported for these lasers. The supersonic flow leads to the cooling of the
reagents which results in increase of the concentration of I*. The supersonic flow
also is utilized to obtain high mass flow rate and enhanced laser power as compared
to the power obtained using subsonic flow in a device of the same size working at
the same pressure. In the present talk we will report on the extensive experimental
and theoretical investigations of the supersonic COILs taking place in several labs
around the world, including our lab.
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Compact Blue Lasers based on Nonlinear Waveguides
M. B. Oron, M. Katz, A. Zussman and G. Rosemann*
Soreq NRC, Yavne and *Tel Aviv University
Frequency doubling of GaAs diode laser light in quasi phase matched (QPM)
waveguides is a most attractive way to realize cw compact blue laser sources of a
few miliwatt output power, much desired by the industry. Quasi phase matching
is obtained in KTP ion exchanged waveguides, by the segmented structure of the
guides and the occurrence of domain inversion in the ion exchanged regions. Very
high normalized conversion efficiencies, over 700source. For stable operation of the
device with a LD source it is necessary to maintain the diode laser wavelength at the
QPM frequency. A monolithic integrated waveguide design, containing a reflection
unit that locks the diode laser frequency to the desired value, was introduced for
realization of a compact device. Frequency selective high reflectance is obtained by
the reflection unit using bragg reflection from a segmented guide. Stable cw blue
power of 3.5 mW was obtained in a compact demonstration unit at 425nm and
488nm. The maximum stable powers obtainable in these waveguides can be limited
by the power damage threshold to the waveguide. Periodic electrical, poling of KTP
offers the possibility to overcome this limitation by using QPM devices of improved
design. Larger doubling volumes and more powerful laser sources can be used with
electrically polled devices. Initial results of frequency doubling in a QPM electrically
poled KTP slab will be presented and discussed. The ability to prepare precisely
controlled electrical domain structures, of a micron scale, in a nonlinear material
such as KTP opens the way for design of a whole new family of nonlinear devices.
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Optical Vortices: Birth, Life, and Death
M. S. Soskin and M. V. Vasnetsov
Institute of Physics, Ukrainian National Academy of Sciences Prospect Nauki 46,
252650 Kiev-22, Ukraine
Optical vortices are unique objects that behave as interacting quasiparticles carrying topological charge. They are ubiquitous in optics, appearing in diffraction
patterns from regular objects, random speckle patterns from disordered media, laser
beams, dark solitons, etc. The vortices are members of a potentially large class of
wavefront singularities that include screw, edge, and mixed screw-edge dislocations,
Dirac monopoles, etc. Vortices with arbitrary topological charge and various other
types of phase defects have been generated experimentally and their properties studied using the method of computer generated holograms we introduced recently. Vortices also appear spontaneously in many nonlinear systems and are of the greatest
importance in determining system dynamics, the approach to chaos, etc. Of special
current interest is the natural birth of vortices through the self action of low intensity laser beams in photorefractive crystals, nonlinear defocusing in lithium niobate,
self focusing in strontium-barium niobate, creation of singular black solitons, etc.
The spontaneous generation and decay of limited edge dislocations are shown to be
necessary in the stages of development - birth, life (self-organization), and death
(anihilation) - of optical vortices. New theoretical results on a wide variety of phase
defects in various systems will be reviewed and compared with recent experiments.
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A solar-pumped Nd:YAG laser with a record efficiency of 4.7 watt/m2
of primary mirror area
David Jenkins, Mordechai Lando*, Joseph O'Gallagher and Roland
Winston
Enrico Fermi Institute and The Department of Physics, The University of
Chicago, Chicago, IL 60637, USA
Allan Lewandowski, Carl Bingham, Roland Pitts
The National Renewable Energy Laboratory, Golden, CO 80401, USA
We have designed and demonstrated a solar pumped Nd:YAG laser with a record
efficiency, in terms of primary mirror area utilization. The laser was side-pumped in
a quasi-cw mode by the High-Flux Solar Furnace(HFSF) at the National Renewable
Energy Laboratory. At 33was up to 57 watts, out of a 12.1 m2 primary mirror area.
The 4.7 watt/m2 efficiency is higher than any previous reported value for either
side-pumped single rod laser or any solar-pumped laser with power higher than 5
watts. The high efficiency could be obtained due to the high 1.85 f-number of the
HFSF, in which the target is set off-axis not to block incoming solar flux. Moreover,
the high f-number enables high solar concentration, and thus a good matching of the
primary mirror diameter with the 10 mm diameter of the laser rod. Implementing
a full brightness diagnostics setup, we could study thermal lensing and its effect on
beam quality in detail.
*On leave from NRCN, P.O.B. 9001, Beer-Sheva 84190, ISRAEL.
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Self-mode-locking in waveguide lasers
Ameet Lann and J. E. Golub
Racah Institute of Physics, The Hebrew University of Jerusalem, Jeruslalem 91904

A. Cohen
The Institutes for Applied Physics, Ben Gurion University, Beer Sheva
Self-mode-locked Ti:sapphire (and related) lasers are a common source of femtosecond optical pulses. Their operation is a result of an interplay between the nonlinear
Kerr effect and spatially inhomogeneous laser pumping. In this work, we consider
the self-mode-locking effect in the context of waveguide lasers. Calculations show
the possibility for greatly enhanced nonlinearity in the waveguide case. The enhanced nonlinearity, together with the small size of these lasers, makes self-starting
operation much more likely.
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Medical Physics

A Method for Time-Frequency Analysis: Application to Heart Rate
Variability
Laurence Keselbrener and Solange Akselrod
Center for Medical Physics, School of Physics, Tel Aviv University.
We have developped an efficient and simple method for time-frequency analysis.
It performs a DFT calculation on windowed parts of the signal, according to the
specific frequency. The performance of this method was tested on simulated signal
and its capacity to detect the time evolution of the spectral components was proven.
We applied it on real Heart Rate signal, during vagal maneuvers and transition from
supine to upright position.lt displays a clear ability to eva- luate the time-evolution
of the autonomic control even during transient changes.
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Spectroscopic Monitoring of Sensitization Processes in Photodynamic
Therapy
Benjamin Ehrenberg(l), Zvi Malik(2) and Y. Nitzan(2)
Departments of Physics(l) and Life Sciences(2), Bar Jlan University, Ramat Gan
52900
Photosensitization, whereby a photochemical reaction of one molecule is induced by
the absorption of light in another molecule, is now being applied to the treatment
of malignant tissues. The molecules which are currently used are derivatives of
hematoporphyrin, which accumulate preferentially in cancerous tissues and generate
cytotoxic singlet molecular oxygen, upon absorption of light. We have studied, by
absorption and fluorescence spectroscopies, the effect of physical parameters of lipid
bilayers on the extent of sensitizer binding to membranes and cells. The effect
of membrane composition, microviscosity, lipid order and the electric fields at the
membrane, on the extent of porphyrin uptake will be discussed. A universal effect
of the membrane lipid order was observed. We also studied the singlet oxygen
production yield in homogeneous solutions and in membranes, using either direct
observation of the near-IR luminescence of the excited singlet oxygen molecules, at
1.27 micron, or by employing chemical quenchers of singlet oxygen, whose in situ
destruction rate which is monitored fluorometrically can be related to the amount
of singlet oxygen. We have demonstrated a spectroscopic probing procedure, which
allows a simple mathematical evaluation of the absolute quantum yield of singlet
oxygen. We employed classical, as well as "second- generation" sensitizers, with
improved spectral properties. The efficiencies of the the photo-cytotoxic effect of the
sensitizers, were compared, as candidates for future use in photodynamic therapy.
Biological tests were carried out on bacterial and animal cells in vitro as well as on
tumor cells, implanted and grown in mice. We employed fluorescence spectroscopy
to monitor the kinetics of sensitizer distribution in mice, in vivo. The illuminations
in PDT were done by an Ar+-pumped dye laser, by diode lasers or by a controlled
arc lamp.
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Cosmic Rays and the Influence of Geomagnetic Storms on the
Incidences of Clinically Important Pathologies
Lev Dorman
Department of Physics, Technion, Haifa S2000, Israel
In cooperaion with Italian and Russian colleagues on the basis of the Medical Emergency Service data of Moscow for three years we investigated the effect of cosmic ray
Forbush-decreases on the various pathologies. The experimental data was cleaned
up by the the first harmonic of the annual variation, by weekly and bi- monthly
variations. We found that geomagnetic storms producing large cosmic ray Forbushdecreases, increase the infarction rate by a factor 1.13 with a statistical confidence
of about 9 sigma and the brain stroke rate increase by a factor 1.07 with a statistical
confidence of 4.5 sigma.
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Nonlinear Dynamics and Complex Systems

Intermittency and anomalous scaling in turbulence theory
Gregory Falkovich
Physics of Complex Systems, Weizmann Institute
The description of a strongly nonequlibrium state of a continuous medium is especially difficult to develop because the turbulence statistics may be not only nonGaussian yet the degree of non-Gaussianity may depend on the scale if, say, the
2n-th correlation function has the scaling exponent that is not n times the exponent
of the pair correlator. The description of such an anomalous scaling is a central
problem in the theory of developed turbulence. There are experiments that show
an anomalous scaling both for a turbulent velocity field and for a scalar field (like
temperature) convected by turbulence yet the consistent theory started to appear
just recently. The results of the recent breakthrough in the analytic theory of an
anomalous scaling of a passive scalar are to be presented. A natural starting point is
Kraichnan's problem of passive scalar advection by a velocity field delta-correlated
in time where any simultaneous correlation function of a scalar satisfies a closed
linear differential equation. The first quantitative results have been obtained by
considering two limiting cases, where the anomalous dimensions are small and can
be found by perturbation theory: the limit of a large space dimensionality (our group
at the Weizmann Institute) and the limit of almost smooth scalar field (Gawedskii
and Kupiainen at France). The results of both groups coincide when the limits
intersect. So far, we managed to calculate the leading anomalous dimensions of the
correlation functions with n <C d. Despite the model is a gross oversimplifications
of a real turbulent convection, the results are in a qualitative agreement with experiments. On a way towards real-world turbulence we then consider passive scalar
convected by multi-scale random velocity field with short yet finite temporal correlations. Taking the limit of a white Gaussian velocity as a zero approximation
we develop perturbation theory with respect to a small correlation time and small
non-Gaussianity of the velocity. We derive the renormalization (due to temporal
correlations and non-Gaussianity) of the operator of turbulent diffusion. That allows us to calculate the respective corrections to the anomalous scaling exponents of
the scalar field and show that they continuously depend on velocity correlation time
and the degree of non-Gaussianity. The scalar exponents are thus non universal and
substantially depend on velocity statistics.
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Evolution and Dendritic Growth
David A. Kessler1, Herbert Levine2 and Lev Tsimring2
1

Dept. of Physics
Bar-Ilan University
2

Dept. of Physics and Institute for Nonlinear Science
Univ. of California, San Diego

Experiments in virus have studied the evolution of fitness. The experiments show a
discontinuity in the rate of increase of fitness when the system is prepared in a low
fitness state by passage through a "genetic bottleneck". We study a simple model of
evolution in a smooth landscape. Simulation of the model exhibits a discontinuity
in fitness improvement rate similar to that seen in the experiment. We construct
a continuum model for the evolution of fitness. The model is equivalent to the
standard mean field model for diffusion limited aggregation (DLA), far in front of
the growing aggregate. This analogy is used to shed light on the problems associated
with mean-field DLA.

112

RADIATING SOLITONS
V. I. Karpman
Racah Institute of Physics, Hebrew University of Jerusalem
A theory of soliton radiation due to high order dispersion is developed and applied to
different types of high order nonlinear evolution equations. A number of applications
to fluid mechanics, plasma physics and nonlinear optics is considered.
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Kinetics of Rapid Granular Flows
Isaac Goldhirsch
Department of Fluid Mechanics and Heat Transfer
Faculty of Engineering
Tel-Aviv University
Ramat-Aviv, Tel-Aviv 69978
In a highly excited (e.g. by shearing) granular material the grains are fully
fluidized and they interact by practically instantaneous collisions. Unlike in molecular gases the grain collisions are inelastic and this fact is at the heart of a large
number of unusual rheological properties of rapidly flowing granular materials, such
as significant normal stress differences and multistability at all values of (say) the
Reynolds number. Recently, it has been realized that granular fluids possess highly
nontrivial microstructural properties, which have major ramifications on the macroscopic properties of such systems. In particular it has been shown by the author
and collaborators that rapid granular fluids are unstable to the formation of dense
clusters and that the latter play a major role in determining many of the dynamical properties of these systems. Another, related phenomenon, is coined inelastic
collapse and, unlike the clustering phenomenon, which is of hydrodynamic nature,
it is a microscopic effect. All these effects and others have been verified and studied by using up-to-date molecular-dynamics simulation methods (in one, two and
three dimensions). In addition, kinetic and hydrodynamic equations, describing the
dynamics of rapid granular flows, have been developed and some of their properties (in particular linear and nonlinear stability ) have been studied. The results of
the analytical studies are in agreement with numerical findings and with available
experimental findings.
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Pattern Formation in Drying Water Films
S. G. Lipson, M. Elbaum* and N. Samid
Physics Dept., Technion, Haifa 32000
*now at Dept of Colloids and Interfaces, Weizmann Institute, Rekovoth
A thick film of water is deposited on a clean mica substrate, which it wets, and forced
to evaporate. During the evaporation process, the film de-wets by the nucleation of
dry patches which expand by forcing their water into the remaining film. During the
expansion process, an instability occurs producing a beautiful pattern of water drops,
with reproducible features which are a function of the temperature and the degree
of sub-saturation driving the evaporation. We shall try to answer the following
questions: Why does the film de-wet during evaporation? How do the dry patches
nucleate? What instability drives the pattern formation, and how is this related to
the phase-field model?
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Parametric excitation of second sound in superfluid helium: A case of
many- vs single-mode dynamics.
V.Steinberg,D.Rinberg,and V.Cherepanov.
Department of Physics of Complex Systems
Weizmann Institute of Science
First experimental observation of parametric generation of second sound by first one
in superfluid helium in a narrow temperature range in the vicinity of the lambdapoint,is reported.The temperature dependence of the threshold amplitude of the first
sound is found to be in a good quantitative agreement with the theory suggested long
time ago(V.L.Pokrovskii and I.M.Khalatnikov, Sov. Phys. JETP 44,1036(1976))
and corrected for a finite geometry.
Two types of second sound spectra are observed above the bifurcation.This effect is
explained by the discreteness of the wave vector space and the strong temperature
dependence of the second sound dissipation length.
Strong low frequency amplitude fluctuations of the second sound above the threshold were observed.These fluctuations exhibit Gaussian statistics and exponential
type of spectra.The spectra width grows continuously with the distance from from
the onset.Two bolometers show uncorrelated spectra of the fluctuations. We relate
this phenomenon to excitation of many modes of the second sound with random
phases.Then according to the wave turbulence theory four-waves interaction will
lead to universal exponential spectrum in a wide range of the control parameter.
Thus this observation indicates on many-modes wave dynamics which are distinctively different from single-mode dynamics usually showing up in pattern-forming
systems.Crossover between two types of dynamical behaviour is investigated.This
system seems to be a good candidate to quantitative study of wave turbulence.
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Spot dynamics in reaction-diffusion systems
Ehud Meron
The Jacob Blaustein Institute for Desert Research
and the Physics Department
Ben Gurion University, Sede Boker Campus 84990
Spots or droplets in chemically reactive systems maintained far from equilibrium
may exhibit rich dynamical phenomena including spot oscillation and spot replication. Recent experimental results on the Ferrocyanide-Iodate-Sulfite (FIS) reaction,
obtained by Swinney et ah, will be reviewed and theoretical explanations will be
given. The key ingredient of the theory is the vicinity in parameter space to a
parity breaking front bifurcation which makes spontaneous transitions between left
and right propagating fronts feasible. Such transitions can be induced by curvature,
front interactions, and interactions with a boundary.
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Convective Turbulence Near The Gas-Liquid Critical Point
Shai Ashkenazi and Victor Steinberg
Dept. of Physics of Complex Systems
Weizmann Institute of Science, Rehovot
We present new results on the statistical properties of a convective turbulent flow.
The experiments are done on SF& near its gas-liquid critical point. The flow is driven
by heating the gas from below. The singularities in the thermodynamical properties
of the gas near the critical point give rise to a very high Rayleigh numbers ( in the
range of Ra = 10 n to Ra = 1014 ) flow. Another unique feature of the system
is the ability to change the Prantdl number over three decades. Long records of
temperature and velocity fluctuations were taken, and analyzed to give the twopoint correlation functions (VV) (TT) and (VT). Scaling behavior is observed with
scaling exponents which are very close to the Bolgiano-Obukhov scaling.
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Generalized Fluctuation - Dissipation Relations for a Dispersive
Brownian Motion
E. Barkai and V. Fleurov
Beverly and Raymond Sadder
School of Physics and Astronomy
Tel Aviv University
Tel Aviv 69978, Israel

We consider a stochastic model describing the motion of a one dimensional classical
particle (with a mass M) coupled to a heat bath which is arranged as follows.
At random times the test particle is kicked by a light particle (with a mass m)
coming from the bath with a random momentum. We investigate the effect of the
waiting time distribution function Q(j) on the resulting stochastic motion of the
test particle.
We consider Q(T) ~ aArZ^, at r —* oo which has no finite moments (0 < a <
1). The relaxation of the test particle momentum in the | | —> 0 limit is described
by the equation

with 0 < a < 1. The relaxation coefficient B and the exponent a determine also
the behavior of the fluctuations. The mean squared displacement

is determined mainly by a long interval when the test particle moves ballistically
without being kicked. The statistical weight of such an interval becomes important
for the slowly decaying waiting time distribution function discussed here.
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Soliton interaction with external fields
Gil Cohen
Racah Institute of Physics, Hebrew University of Jerusalem, Jerusalem 91904,
Israel

The interaction of soliton pulses coupled to an external traveling wave is studied
theoretically and numerically. Using the Hamiltonian structure of the equation, a
canonical perturbation theory is used and the steady state regimes of the system are
found. "Doppler shifted" resonance conditions are found. Linear stability analysis
of these states is performed. The structure and topological changes of the parameter
phase plane is investigated analytically and numerically.
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Levitating a Spinning Magnetic Top above an Air Coil
S. Gov H. Matzner S. Shtrikman
Department of Electronics
Weizmann Institute of Science, Rehovot 76100, Israel
We demonstrate the levitation of a spinning magnetic top above a coil carrying DC
into a stable hovering position above it (coil parameters are about 8 cm, 16 cm & 2
cm for the inner and outer diameter and length respectively, powered with about 20
Watt) and carry a parametric study of hovering this top above such coils. From this
study we get the range of height above the coil for which stable hovering is possible
as a function of its dimensions as well as the required power. While the hovering
height above a permanent magnet is limited by the available a, the remanent magnetization per unit mass, to less than aboutM't2' 10m, power may limit it for copper
coils. Optimizing coil dimensions we find this power to be P c* Apg2h3/<r2. Here P
is the power in Watts, p is the coil resistivity in fkm, g is the free fall accelaration in
cm/sec 2 , h is the hovering height in cm , a in emu/gr and A oi 2300 Amp 2 /Oe 2 cm 2 .
Thus, to beat the permanent magnet with such a coil at room temprature some 100
MegaWatt are required. Optimizing the current distribution for a semi-infinite coil
gives the same relation but with A ~ 500 Amp 2 /Oe 2 cm 2 . While with superconducting coils power is no problem, the hovering height is limited for these as well as the
field required increases linearly with height, eventually causing the coil to go the
normal phase.

References
[1] S. Gov S. Shtrikman, Submitted to the Journal of the Magnetic Society of Japan
[2] Reference [1] was based on a ~ 130 emu/gr as the best available material. Since
then, however, we found that VACODYM 344 HR with a ~ 145 emu/gr is available
from Vacuumschmeltze, thus, improving the situation somewhat.
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On the Hovering time of the U-CAS
S. Gov, S. Shtrikman, S. Tozik
Department of Electronics
Weizmann Institute of Science, Rehovot 76100, Israel
The U-CASW is a spinning magnetic top that is levitated in a static magnetic field.
During its motion the U-CAS is acted upon by a drag torque due to air friction.
To estimate this friction we use expressions for a thin disk as we found none for
the actual shape of the top. For a thin disk of radius R, spinning about its axis
with angular velocity u> this the friction, T, is given by'2' T = —32^i?3o>/3 , for
Stokes regime, crossing over t o ^ T = — 1.94/?1/2/24?71/'2u;3/'2, Von-Karman regime,
above Re ~ 30. Here Re = uR2p/r} is the Reynolds number, u> and R are the
disk angular velocity and radius, respectively, and p and rj are the mass density
and viscosity of air, respectively. The top slows according to the above together
with ~mR2du)/dt = T where m is the disk mass. Thus, if u>i and u>/ are the initial
and final angular velocities, respectively, then the flight time is 3mln(uJi/u>f)/64:T}R
and 0.52m/9""1/2jR~2?7~1/2(u>J ' — u>J ) for the Stokes and Von-Karman regimes,
respectively. The U-CAS top (m — 24 gr, R = 1.6 cm) is manually launched at
1800 rpm typically and falls at 1200 rpm (This value agrees with the minimum
speed for vertical stability'4' JfiH/(I^ — / i ) . Here /x, J 3 & I\ are the top magnetic
moment, parallel h transverse moments of inertia respectively and H the magnetic
field). Accordingly, we calculate the hovering time to be about 26 min &: 3 min in
the Stokes & Von-Karman regimes, respectively. Preliminary measurements give 30
min & 2 min at STP (Re ~ 3000) and at lmmHg (Re ~ 4) respectively, in rough
agreement with the calculation. As pressure can be easily changed continously and
the deccalaration easily followed by recording the voltage induced in a coil by the
rotation of the top we have here a convinient method to study the friction over a
wide range of Reynolds numbers, shapes and even into the Knudsen regime.

References
[1] MASUDAYA Int Inc. 6-4 Kuramae, 2-chome, Taito-Ku, Tokyo, 111 JAPAN
[2] J. Happel H. Brenner, "Low Reynolds Number Hydrodynamic", Prentice-Hall
pp. 171-173 (1965)
[3] L. D. Landau, E. M. Lifshitz, "Fluids Mechanics", Pergamon, pp. 75-76 (1987)
[4] S. Gov S. Shtrikman, to be published.
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COUETTE-TAYLOR FLOW IN DILUTE POLYMER SOLUTIONS
Alexander Groisman
Faculty of Physics of Complex Systems, Weizmann Institute of Science, 76100,
Rehovot, Israel
We studied instabilities in the flow of polymer solutions in an annular gap between two cylinders (Couette-Taylor flow) with the inner cylinder rotating. We used
dilute solutions of high molecular weight PA Am in a viscous solvent (Boger fluids).
A few novel oscillatory flow patterns were found, which do not appear in the usual
Newtonian liquids. When elasticity of the solution is large enough, raising the rotation velocity leads to a transition from the initial purely azimuthal flow to a chaotic
vortex flow. We found the dependence of the onset of this transition on the polymer concentration and relaxation time. We also measured the typical lengths and
frequencies of the flow patterns for various polymer solutions and rotation velocities.
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Randomness and Apparent Fractality
Daniel Hamburger, Ofer Biham and David Avnir
Departments of Physics and Chemistry
Hebrew University of Jerusalem

We show that when the standard techniques for calculating fractal dimensions in
empirical data (such as the box counting and Minkowski methods) are applied on
uniformly random structures, apparent fractal behavior is observed in a range between physically relevant cutoffs. This range, typically spanning between one and
two decades, is in very good agreement with experimental data. The dimensions
are not universal and depend on density. Our observations are applicable to spatial,
temporal and spectral random structures. Furthermore, this apparent fractal behavior is robust even in the presence of moderate correlations. We thus propose that
apparent fractal behavior observed experimentally over a limited range, especially
in porous structures, may often have its origin in underlying randomness.
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Theory of Non-Gaussian Ensembles of Random Matrices
E. Kanzieper*, V. Freilikher*, and I. Yurkevich*
* The Jack and Pearl Resnick Institute of Advanced Technology,
Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel
*International Centre for Theoretical Physics, Trieste 34100, Italy
We study the unitary random-matrix ensembles with a strongly non-Gaussian joint
probability distribution function P [H] oc exp{—TrV[H]} using a theory of polynomials orthogonal with respect to exponential weights on R. The starting point
of our analysis is the strong pointwise asymptotics for orthogonal polynomials of
the Freud- and Erdos type [1] that involves a Szego function [2]. Our treatment
is applied to very wide class of random-matrix ensembles which are characterized
by monotonous 'confinement potentials' V(x) behaving at least as \x\
(6 > 0),
and growing as or even faster than any polynomial at infinity. We show that in
such unitary random-matrix ensembles with non-Gaussian measure P [H] d [H] the
density of levels and one-point Green's function essentially depend on the measure.
In contrast, (connected) two-point characteristics of spectrum are rather universal.
We have observed global universality of smoothed two-point connected correlators
and local universality of those without smoothing over rapid oscillations. These
correlators were shown to depend on the measure only through the endpoints of
spectrum (global universality) or through the local density of levels (local universality). Presented rigorous polynomial analysis enabled us to establish new local
universal relationship in the random-matrix theory for normalized and rescaled connected local two-point Green's function. It is also worthy of notice an interesting
and quite surprising connection between the structure of Szego function and meanfield equation by Dyson [3] that has been revealed in the proposed formalism. Our
work extends the result obtained in Ref. [4] and shows that the basic problems of
theory of large Hermitian random matrices can be handled without appealing to the
supersymmetry formalism [5].

References
[1] D. S. Lubinsky, Acta Appl. Math. 33, 121 (1993)
[2] G. Szego, Mathematische Annalen 84, 232 (1921)
[3] F. J. Dyson, J. Math. Phys. 13, 90 (1972)
[4] E. Brezin and A. Zee, Nucl. Phys. B 402, 613 (1993)
[5] G. Hackenbroich and H. A. Weidenmiiller, Phys. Rev. Lett. 74, 4118 (1995)
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Dissipative Solitary States in Driven Surface Waves
O. Lioubashevski, H. Arbell and J. Fineberg
Racah Institute of Physics
Hebrew University of Jerusalem
We present an experimental study of highly localized, soliton- like structures that
propagate on the two dimensional surface of highly dissipative fluids. Like the wellknown Faraday instability, these highly dissipative structures are driven by means
of the spatially uniform, vertical acceleration of a thin fluid layer. These structures,
harmonically coupled to the external driving frequency, are observed above a critical
ratio of the viscous boundary layer height to the depth of the fluid layer for a wide
range of fluid viscosities and system parameters.
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The Micro-Branching Instability and the Dynamic Fracture of Brittle
Materials
Eran Sharon and Jay Fineberg
Racah Institute of Physics
Hebrew University of Jerusalem

We describe experiments on the dynamic fracture of the brittle plastic, PMMA.
The results suggest a new view of the fracture process which is based on the existence and subsequent evolution of an instability which causes a single crack to
become unstable to frustrated microscopic branching events. We demonstrate that
a number of long- standing questions in the dynamic fracture of amorphous, brittle materials may be understood in this picture. Among these are the transition
to crack branching, "roughness" and the origin of non-trivial fracture surface, oscillations in the velocity of a moving crack, the origin of the large increase in the
energy dissipation of a crack with its velocity, and the large discrepancy between
the theoretically predicted asymptotic velocity of a crack and its observed maximal
value.
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Nuclear Physics

IL9606007

Giant Nuclear States From Pion Scattering
Shaul Mordechai
Ben-Gurion University of the Negev, Beer-Sheva, Israel-84105
There is currently a considerable interest in the newly discovered phenomena of double giant resonances in nuclei. Several studies at LAMPF using pion-induced double
charge exchange (DCX) reactions show the existence of previously unobserved giant resonances in the continuum at high-excitation energy. Based on experimental
observables (energies, angular distributions, and cross sections) they have been identified as two new types of double collective excitation modes of the nucleus: (1) The
isovector giant dipole resonance built on the isobaric analog state and (2) the isovector giant dipole resonance built on the giant dipole (i.e the double dipole) 1 2 The
doubly-excited GDR has now been observed in many nuclei from 12 C to 19r Au using
(7r+,7r~) and from 13C to 93 Nb using (ir~,7r+) DCX reactions and appear to be a
universal collective feature of all nuclei. In the (TT~, TT+) reaction the double giant dipole is observed at a significantly lower energy than in the inverse (7r+,7r~) reaction
due to the Coulomb displacement energy.
Relativistic heavy-ion (RHI) reactions have recently proved also to be a good
probe of multiphonon excitations, especially the double giant dipole resonance where
the phenomena has been confirmed 3 4 5 The large cross sections observed
for the double dipole in RHI reactions and the relatively narrow widths of the
resonance are very promising for further successful studies of these of these exotic
multiphonon collective states in peripheral RHI reactions. The deduced parameters
of the double giant dipole resonance from pion data and from RHI scattering are in
good agreement although the two probes differ significantly in their cross section by
a factor as large as 10 s . The cross section for the double dipole in heavy nuclei in
RHI scattering is about 200-800mb, whereas in pion DCX the cross section is only
few (j,b/sT. This feature demonstrates the high selectivity of pion DCX as a unique
probe of isotensor transitions. We will discuss the general features of these exotic
nuclear states and the mechanism through which they are excited by pion reactions.
X

S. Mordechai and C. Fred Moore, Int. Journal of Modern Physics E Vol.3 39-99 (1994).
H. Ward et al., Phys. Rev. Lett.,70, 3209 (1993)
3
J . Rittman, et al, Phys. Rev. Lett., 70, 533 (1993); R. Schmidt, et al. Phys. Rev. Lett., 70,
1767 (1993)
4
H. Emling. Prog. Part. Nucl. phys., Vol. 33, p.729-785 (1994).
5
Ph. Chomaz and N. Frascaria, Phys. Rep. 252, 275 (1995).
2
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IL9606008

Parity and Time Reversal Violation
in Compound Nuclear States
Naftali Auerbach
School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel
We will review attempts to describe the recently measured parity violation in
compound nuclear states in the framework of doorway state approaches. We will
discuss the role of single particle and collective doorways in the description of fluctuating and average parts of the measured longitudinal asymmetry. The role of
isovector and isoscalar spin dipole states as important doorways will be indicated.
The sign asymmetries found in 233 Th will be discussed and the role of octupole deformations and corresponding parity doublets will be considered. Finally the role
for these octupole deformations in producing enhanced time reversal violating and
parity violating moments in nuclei will be presented and the possibility of setting
better limits on time reversal violation in atomic experiments will be mentioned.
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IL9606009

Collective T- and P- Odd Electromagnetic Moments
in Nuclei with Octupole Deformations
Vladimir Spevak
School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel
Parity and time invariance violating forces produce collective P- and T- odd
moments in nuclei with static octupole deformation. Collective Schiff moment, electric octupole and dipole and also magnetic quadrupole appear due to the mixing
of rotational levels of opposite parity and can exceed single-particle moments by
more than a factor of 100. This enhancement is due to two factors, the collective
nature of the intrinsic moments and the small energy separation between members
of parity doublets. The above moments induce T- and P- odd effects in atoms and
molecules. Experiments with such systems may improve substantially the limits on
time reversal violation.
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An Effective Equation of State for Hot Dense Matter with Strangeness
Shmuel Balberg and Avraham Gal
Racah Institute of Physics
The Hebrew University, Jerusalem
An efffective equation of state (EoS) for hot, dense hadronic matter which includes
strange baryons is presented. Such effective EoS are needed for use in hydrodynamical calculations, particularly stellar core collapse and proto-neutron-star evolution.
The EoS presented is a generalization of the well known Lattimer-Swesty EoS for
hot, dense nuclear matter. It incorporates phenomenological considerations, based
on experimental results used to estimate nucleon-hyperon and hyperon-hyperon interactions. Implications for type II (core collapse) supernovae and neutron stars
are discussed. The neutron star calculations are compared to results of some published works on dense hadronic matter EoS using complex nuclear models, such as
relativistic mean field.
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IL9606010

A Collective Model of Baryons
Amiram Leviatan
Racah Institute of Physics
The Hebrew University, Jerusalem 91904, Israel
We introduce a collective model of baryons1) which are interpreted as rotations
and vibrations of an oblate-top shaped string. The underlying algebraic structure
provides a tractable computational framework for comparing single-particle and collective forms of dynamics. We derive mass formulas as well as closed expressions
for both elastic and transition form factors, and consequently for the helicity amplitudes that can be measured in electro- and photoproduction. Effects of spin-flavor
symmetry breaking and of swelling of hadrons with increasing excitation energy
are considered. This work was supported by grant No. 94-00059 from the United
States-Israel Binational Science Foundation (BSF), Jerusalem, Israel.
1. R. Bijker, F. Iachello and A. Leviatan, Ann. Phys. (NY), 236 (1994) 69.
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Fig. 1. Nucleon mass spectrum (M vs. Jp). Collective model1) (+), nonrelativistic
quark model (x), relativized quark model (o).
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IL9606011

The measurement of quasi-elastic (p,2p) on Carbon from 6 to 12 GeV/c
as a test of Color Transparency.
Jonas Alster
Department of Physics and Astronomy, Tel Aviv University.
We are measuring the reaction (p,2p) on nuclei at large momentum transfer, in order
to test the concept of Color Transparency (CT) in nuclei. The nuclear transparency
is defined as the ratio of the A(p,2p) and the free pp cross sections. Color Transparency predicts that the nuclear transparency will rise with incoming energy in
contrast with all models which do not assume CT. We will present preliminary data
for the nuclear transparency for Carbon for incoming proton momenta of 6, 7.5 , 9
and 12 GeV/c.
The work is supported by the US-Israel Binational Science Foundation.
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IL9606012

Enhanced Production of Low Mass e+e pairs in S-Au Collisions at 200
GeV/nucleon: First results from the CERES Experiment
C. P. de los Heros
Department of Particle Physics
Weizmann Institute of Science, 76100-Rehovot, Israel
Relativistic nuclear collisions offer a natural means of testing the prediction of
QCD that at high enough temperatures and/or energy densities nuclear matter undergoes a phase transition to a deconfined state, the quark-gluon plasma (QGP).
It is also predicted that chiral symmetry is restored under very similar conditions.
Dileptons provide a unique probe of these predictions in several aspects: i) Due to
their electromagnetic character they can leave the interaction region without further
rescattering, providing information on the very early stages of the collision, where
QGP is expected to be formed, ii) They can distinguish between the QGP phase
and a dense hadron gas through the different features of the thermal dilepton yield
in both phases. Hi) They allow to assess chiral symmetry restoration through the
detection of the in-medium modification of the p mass and width.
CERES is the only experiment devoted to the measurement of low-mass (0.1 <
me+e- < 1.5 GeV/c2) e+e~ pairs produced at mid rapidity in nuclear collisions at the
CERN SPS. Such measurement represents a formidable experimental challenge and
CERES has developed for that a novel spectrometer. Its essential components are
two RICH detectors separated by a magnetic field. In addition, a silicon radial-drift
chamber placed in the target region is used for a precise off-line event multiplicity
evaluation and to help in the pattern recognition of the RICHes.
CERES has measured low-mass electron pairs emitted in 450 GeV/c p-Be, 450
GeV/c p-Au and 200 GeV/nucleon S-Au collisions. The e+e~ spectra measured in
the proton-induced interactions are very well explained, both in shape and absolute
magnitude, by pairs from the known hadronic sources. On the other hand, the S-Au
mass spectrum shows a different shape and a strong enhancement in the mass region
0.2 < m < 1.5 GeV/c2 of a factor of 5.0±0.8^a ±2Sj,s over the hadronic sources. The
onset of the excess, starting at a mass of ~ 2m*-, together with a possible quadratic
dependence on the event multiplicity, suggest the opening of the 7r+7r~ —> e+e~
annihilation channel. This would be the first observation of thermal radiation from
dense hadronic matter. Possible interpretations of the results will be presented.
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IL9606013

The pp —> pp%° Reaction at Energies Close to Threshold
E. Gedalin, A. Moalem and L. Razdolskaja
Department of Physics
Ben Gurion University, 84105 Beer Sheva, Israel
Total cross section measurements for the pp —> ppir0 reaction, at energies near the ir
production threshold, are analysed using a coherent formalism, based on a covariant
one boson exchange model. By taking into account the nucleon-nucleon and mesonnucleon final state interactions (FSI) coherently, we reproduced the scale and energy
dependence of the total cross section.
The main contributions to the transition amplitude are due to p and to meson
exchanges. The transition amplitudes for the elementary processes pp —* Tr°p and
uip —> 7T°p are calculated using vector meson dominance and the usual approximation for 7T° electroproduction off the proton. This stands in marked difference with
Horowitz et al.1 where the scale of the cross section is determined to a large extent
by a meson exchange. However, vector meson exchanges in our model play a similar
role to 7T° production through axial current in the analysis of Lee and Riska2.
The energy dependence is determined almost solely by the FSI correction factor
which we identify with the on-shell elastic scattering amplitude for the ppir0 —»• ppjr°
( 3 particles to 3 particles) transition. This amplitude can be calculated from solving
the Faddeev equations, or otherwise, it can be estimated using TTN and NN elastic
scattering data.
It is shown that the effects due to isospin I = | and I = | TT°-N interactions are
significant but, their overall contribution to the FSI factor almost cancels out. This
is in marked difference with the results from a similar analysis of the pp —»• pprf
data, where the 77N interaction plays an essential role in reproducing the energy
dependence of the total cross section3. Our analysis is basically parameter free as
all of the coupling constants and scattering lengths are determined independently
from NN and meson-N scattering data.
1. C. J. Horowitz et al. , Phys. Rev. C49, 1337(1994).
2. T. -S. H. Lee and D. 0 . Riska, Phys. Rev. Lett. 70, 2237(1993).
3. A. Moalem et al., Nucl. Phys. A589, 649 (1995); and refs. therein.
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IL9606014

S-wave Production Cross Section Of The pd -* 3He rj Reaction Near
Threshold
A. Moalem, E. Gedalin, L. Razdolskaja and Z. Shorer
Department of Physics
Ben Gurion University, 84105 Beer Sheva, Israel
The pd —* 3Het] reaction at energies near threshold is studied in a nonrelativistic
boson exchange model, where the P33 A (1232 MeV) and the Sll iV* (1535 MeV)
resonances are excited through the exchange of 7r, r? and p mesons. This is an extension of a previous model for r? production in NN collisions1, which brings new
insights into the production mechanisms of heavy mesons in hadronic interactions
between nuclei. The momentum transfer involved is high due to the large mass of the
7) and therefore the contributions of a single step mechanism, where there is a spectator nucleon, are highly suppressed. The dominant contribution to the amplitude
involves double scattering graph where there are no spectator particles, allowing the
momentum transfer to be shared between all nucleons in the zHe nucleus2. Under
these conditions, the P33 A (1232 MeV) resonance which plays no role at all in the
two nucleon sector, can now be excited in the first step of the process.
The total cross section is found to be dominated by three-nucleon mechanisms
in which the r) is produced via consecutive excitations of a A (1232 MeV) P33 and a
N* (1535 MeV) Sll resonances. The contributions from three nucleon mechanisms
involving the excitation of two Sll N* (1535 MeV) resonances or two nucleon mechanisms, are found to be rather small. Providing the strong final-state interaction of
the rj with the 3He nucleus is taken into account, the predicted energy dependence
of the cross section agrees well with recent measurements3 though the scale of the
calculated cross section differs by a factor of « 2. The analysing power is found to
be « 0.60.
1. A. Moalem et al., Nucl. Phys. A589, 649 (1995); A. Moalem et al., Nucl.
Phys. A, in press.
2. G. F aldt and C. Wilkin, Nucl. Phys. A587, 769 (1995); and references therein.
3. B. Mayer et al. , Phys. Rev. C, in press.
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IL9606015

Production of ?? Meson in NN Collisions
E. Gedalin, A. Moalem and L. Razdolskaja
Department of Physics
Ben Gurion University, 84105 Beer Sheva, Israel
The NN —> NNrj and np —> dr\ reactions are considered in a covariant one boson
exchange model, where the N* (1535 MeV) Sll resonance is excited through the
exchange of TT, r], p and u> mesons which subsequently decays into an 7N pair. We
used the following Lagrangian interaction:
L

=

g%NNy

+
p + gwNN*N*i*i>Nwp

+ h.c]

.

With coupling constants taken from fitting NN scattering data, the p and TT contributions dominate the cross sections, in agreement with previous studies1'2. However,
since the relative sign of the p and TT coupling constants is not known, this lead to
large ambiguities in the predictions of the cross sections. In the model proposed
above, the interference terms between pseudoscalar and vector meson exchanges
cancel out. This reduces the large uncertainties due to the unknown relative phases
of the different meson exchange contributions. Further improvement of the model
is achieved by including non-resonance terms which were neglected previously2.
At energies very near threshold the transition amplitude is dominated by the
N* mechanism. However contributions from non-resonance terms are found to be
important to reproduce data at higher energies.
1. J. F. Germond, C. Wilkin, Nucl. Phys. A518, 308 (1990); J. M. Laget et
al. , Phys. Lett. B257, 254 (1991); T. Vetter et al., Phys. Lett. B263,153 (1991).
2. A. Moalem et al., Nucl. Phys. A589, 649 (1995); and refs. therein.
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Particles and Fields

Higgs Physics at LEP 200
Eilam Gross
Depatment of Physics, Weizmann Institute of Science
The LEP 200 program is due to begin in June this year. The prospects for Higgs
boson discovery at LEP 200 with the four LEP detectors will be reviewed.
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IL9606016

Diffraction at high energies - Results from HERA
Thomas Doeker
School of Physics and Astronomy, High Energy Physics Department
Tel Aviv University, 69978 Tel Aviv, Israel
Four years of successful data taking with the two experiments HI and ZEUS at the
ep-collider HERA at DESY allow to reveal the structure of the proton at very high
energy in a unique way. This talk will consider the recent measurements of the
proton structure functions and their QCD implications. Special emphasis will be
given on diffractive events, where the electron probes coulourless structures within
the proton. Especially the clean topology of diffractivly produced vector mesons is
a good handle for detailed QCD studies. The HERA measurements of the exclusive
vector meson cross sections will be presented and discussed.
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IL9606017

Measurement of Rf,
Louis Lyons (DELPHI experiment, CERN)
Dept of Physics, University of Oxford, England
and
Dept of Particle Physics, Weizmann Institue, Rehovot
The measurement of Rf,, the fraction of hadronic Z° decays mediated by bquarks, is described. The most accurate results come from methods using double
hemisphere tagging, based on the finite b lifetime; they benefit from the precise
tracking provided by vertex detectors. The accuracy of the world average, including
systematics, is at present 0.7%.
This is one of the few measurements which currently disagrees with the Standard
Model.
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IL9606018

First limit on inclusive B —* Xsvv decay and constraints on new physics
Yuval Grossman
Physics Department, Weizmann institute of physics
The inclusive B —• Xsvv decay rate, on which no experimental bound exists to
date, can be constrained by searching for large missing energy events in B decays.
Carefully examining the experimental and theoretical aspects of such an analysis,
we argue that the published ALEPH limit on BR(B —» ru) implies, conservatively,
the bound BR(B —> Xsvv) < 3.9 x 10~4, which is less than one order of magnitude
above the standard model prediction. The LEP collaborations could significantly
improve this bound by a dedicated experimental analysis. We study the constraints
this new limit imposes on various extensions of the standard model. We derive new
bounds on the couplings of third generation fermions in models with leptoquarks,
and in supersymmetric models without R-parity. We also constrain models where
new gauge bosons are coupled dominantly to the third generation, such as TopColor
models and models based on horizontal gauge symmetries. For models which predict
an enhanced effective bsZ vertex, the constraint from B —» Xsvv is competitive with
the limits from inclusive and exclusive B —> Xstrt'
decays.
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Superstring Cosmology
Ramy Brustein
Department of Physics, Ben-Gurion University, Beer-Sheva
Cosmological issues including inflation, moduli evolution and cosmological constant
are discussed in the framework of superstring theory.

147

IL9606019

The Standard Model from a New Phase Transition on the Lattice
Yigal Shamir
School of Physical and Astronomy, Tel Aviv University
A lattice gauge theory with a higher derivative Higgs action is considered. We
predict the existence of a normal Higgs phase and a new, exotic Higgs phase, characterized by the condensation of a gauge invariant vector field that breaks the lattice
cubic symmetries spontaneously. The continuum limit is defined by approaching the
new phase transition from the normal Higgs phase. In this limit the gauge bosons
become massless, but the Higgs VEV stays finite in lattice units. This allows us to
introduce fermions chirally coupled to the gauge field. The continuum lagrangian
that governs the new critical point describes a chiral gauge theory quantized in a
renormalizable gauge. Thus, the model can be regarded as a non-perturbative realization of the Roma approach, which invokes gauge fixing as an essential ingredient
in the formulation of lattice chiral gauge theories.
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Gauged WZNW Based on Non-Semi-Simple Lie Algebras
Oskar Pelc
Racah Institute of Physics, The Hebrew University of Jerusalem
A family of solvable self-dual Lie Algebras that are not double extensions of Abelian
algebras and, therefore, cannot be obtained through a Wigner contruction, is presented. WZNW and Gauged WZNW models based on the first two algebras in this
family are constructed, and some general
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Black Hole Information vs. Locality
Nissan Itzhaki
Department of physics, Tel aviv University, Ramat Aviv, Tel-Aviv
We discuss the limitations on space-time measurements in the Schwarzchild metric.
We find that near the horizon the limitations on space-time measurement are of the
order of the black hole radius. We suggest that this indicates that a large mass
black hole cannot be described by means of local field theory even at macroscopic
distances and that any attempt to describe black hole formation and evaporation
by means of an effective local field theory will necessarily lead to information loss.
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IL9606020

The Gamma Camera: Basics and New Developments
Dov Maor
Elscint Ltd., Haifa

The principles of operation of the Anger Gamma Camera and its main applications
are reviewed. New developments at Elscint include the removal of Compton scattered events from the image and attenuation correction in Single Photon Emission
Tomography (SPECT) using external sources. The Positron Emission Tomography
(PET) method and its current implementaton on Gamma Cameras is also discussed.
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IL9606021

Principles and Applications of Gamma Resonance to Non-Intrusive
Inspection
David Vartsky, Mark B. Goldberg and Gideon Engler
Soreq Nuclear Research Center, Yavne, Israel
Gamma resonance is a well-established spectroscopic method which, until the midEighties found very few applications outside the study of nuclear level properties.
In recent years, however, renewed interest has been triggered by the realization of
its suitability for low-dose, non-intrusive, element-specific imaging applications in a
number of favourable cases, notably for nitrogen. The 9.17 MeV level of 14 N has
been extensively investigated for the aviation-security scenario (explosives detection)
and brought to the stage of a full, transmission radiography technique. The latter
has been demonstrated to respond extremely well to the basic requirements of the
application.
Further potential applications e.g., in the medical context (in-vivo total-body
and tissue-localized nitrogen assaying) are currently under study, as well as basic
feasibility investigations for other elements. The future of this field is clearly contingent on the availability of compact, low-cost ion accelerators capable of generating
multi-mA particle beams, since the resonant radiation is usually produced by lowenergy nuclear reactions.
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TechSat 1 - The Technion Satellite
Giora Shaviv
Akser Space Research Institute
Technion, Haifa, Israel, 32,000

We describe the technical details of Gurwin-1 TechSat , the Technion satellite. In
particular, we emphasize the control system, the computer, the horizon sensor and
the payloads as examples for 'physics in the industry'. The talk will be followed by
slides showing the various systems and a video of the launch - time permitting.
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Calculation of Optimal Configuration of Ferromagnetic Core for Energy
Storage in HTC Superconducting Coil
A. Friedman, Y. Wolfus, Y. Yeshurun
Department of Physics
Bar-Han University, Ramat-Gan
We examined the practical case of storing energy in the HTC Superconducting
coil operating in liquid nitrogen. This case may be a subject of simple calculation
provided we assume that the ferromagnetic insert is saturated. We examined two
forms of the insert which have constant area of the cross section of magnetic flux:
torus and "pot core". Integration of the product of flux density and field strength
in the volume of the insert yields a simple formula E=BxIxNxS/2, where S is cross
section of the insert, B is the saturation induction, and I is the current, and N is the
number of the turns of the coil. So we see that stored energy of the coil with saturated
ferromagnetic insert depends only on dimensions and current of the coil and of
properties of the ferromagnetic material. This formula not only gives us simple mean
to estimate the stored energy but allow also to analyze processes during discharge
of the SMES. We receive from it that the change of the coil current is proportional
to change of the energy. We calculated the stored energy also numerically using
the finite element method. All the calculation were made with the software PCOPERA of Vector Fields Ltd. We used PC-OPERA to calculate magnetic field of
the solenoidal coil including axisymmetrical ferromagnetic core. We received spatial
distribution of all characteristics of the magnetic field, i.e. modules and components
of the magnetic field strength, induction and potential. We received also integral's
values of the system as stored energy. Results are well coincides with the above
formula. When we insert ferromagnetic core, its dissipation fields on the winding
can be greater than the field of the coil and cause the degradation of the coil critical
current and proportional decreasing of the stored energy. The field normal to HTS
wire have the strongest influence on the critical current of the coil. So we take as
the important parameter of the optimization maximal value of the radial component
of the magnetic field in the coil volume. The first parameter was magnetic energy
of the system. We found that suitable choice of the window in the "pot core" for
the coil enable us to reduce the radial component of magnetic field on the winding
that results in increase of coil's critical current and hence of the stored energy.
Acknowledgment: This research has been supported by the Ministry of Energy and
Infrastructure.
156

A method for determining crack initiation in shock loaded metal bars
David Segal and Izhar Bransky
Rafael, POB 2250 Haifa, Dept. 24
A method for measuring the time of crack formation in shock impacted metal has
been developed. The method is based on measuring resistivity changes in an impacted bar in a four contact configuration. Experiments were performed with steel
and alumina impactors fired in a gas gun on various types of metal bars. An analysis
of results will be presented.
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Words' Frequencies Distribution and the Distinction between Natural
and Artificial Texts
Aharon Cohen and Shlomo Havlin
Department of Physics
Bar-Ran University
We study statistical properties of natural texts written in English and of two types
of artificial texts. As statistical tools we use the conventional and the inverse Zipf
analyses, the Shannon entropy and a new quantity which is a nonlinear function of
the word frequencies, the frequency "entropy", which we define by

where / ( / ) is the number of distinct words that have occurrence / , F is the total
number of different occurrences, and R is the total number of different words in the
text. Our results obtained by investigating eight complete books and sixteen related
artificial texts suggest that the inverse Zipf analysis of the frequencies of the distinct
words may succeed better than the conventional Zipf analysis of the distinct words
in distinguishing between natural and artificial texts. Our results also indicate that
the frequency "entropy" is more useful than the usual word entropy in this task. By
studying the scaling behavior of both entropies as a function of the total number of
words T of the investigated text, we find that the word relative entropy scales with
the same functional form for both natural and artificial texts but with a different
parameter while the frequency relative "entropy" decreases monotonically with T
for the artificial texts but has a minimum at T « 104 for the natural texts.
Our numerical results suggest that a statistical analysis of the occurrences of
different words in a symbolic text gives information about the nature of the observed
string especially when the behavior of the less frequent words is properly taken
into account. We argue that these linguistic and information theory tools may be
relevant also for the analysis of symbolic sequences, other than human writing texts,
which are speculated to have some of the characteristics of languages, such as DNA
sequences.
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Microtubules in Phospholipid Bilayer Vesicles:
Mechanics of a Simple Model Cell
Michael Elbaum1, Deborah K. Fygenson2, Boris Schraiman3,
Albert J. Libchaber4
1)4

NEC Research Institute, 4 Independence Way, Princeton, NJ 08540 USA
The Center for Studies in Physics and Biology, Rockefeller University, 1230
York Ave., New York, NY 10021 USA
3
AT&T Bell Laboratories, 600 Mountain Ave., Murray Hill, NJ 07974 USA
permanent address: Department of Materials and Interfaces, Weizmann Institute
of Science, Rehovot 76100 Israel

2)4

1

The major geometrical features of a living cell are determined by its external
membrane, and by the internal network of linear filaments which comprise its cytoskelaton. Motivated by this architecture, we have investigated the mechanical
responses of a simplified cellular model consisting of a synthetic phospholipid bilayer vesicle which contains a concentration of the protein tubulin. With a change
in temperature, the tubulin polymerizes into microtubules: ordered cylindrical aggregates 25 nm in diameter and typically tens of microns long. In vivo, microtubules
are the most rigid of the cytoskelatal filaments. The microtubules distort the vesicle
membrane into non-trivial shapes. Some of these recall natural cell morphologies,
specifically a bundle of filaments surrounded by a narrow membrane tube, and oblate
discoids supported by an equatorial bundle of microtubules.
In order to probe the spontaneously-generated shapes we have applied mircopipet
aspiration techniques, following E. Evans. Suction in the micropipet controls the
two-dimensional tension in the membrane, which in turn applies a force on the
enclosed microtubules. With this method we have been able to measure the bending
rigidity of a single microtubule and of a circular band of microtubules. The buckling
of a bundle of microtubules, which stretch the membrane to the shape of the Greek
letter phi, displays first a conventional (i.e. Euler's) critical buckling, and then at
higher suctions a sudden collapse into a discoid shape. The intermediate stability
is provided by the interaction with the stretched vesicle membrane, and its loss is
associated with a saddle-node bifurcation.
Quantitative measurements find the single-microtubule persistence length to be
6.3 mm, and the membrane stretching modulus to be 250 erg/cm 2 . These are
consistent with previously reported values. It is significant that the microtubules
distort the membrane by pulling out the thermally generated folds and fluctuations,
rather than by conventional stetching.
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Low energy doses of visible light change intracellular Ca2+ [Ca2+]i
concentration.
H. Friedmann, R. Lubart, N. Grossman* and M. Adamek
Depts. Physics and Chemistry, Bar-Han University, Ramat Gan 52900, Israel
* Faculty of Health Sciences, Ben-Gurion University, Beer-Sheva, Israel
Visible light induces stimulation and inhibition of biological activities. Irradiation at
low energy densities is effective and significantly promotes proliferation of the cells.
On the contrary, irradiation at higher energy inhibits the growth of the cells. In the
present work, we show that visible light changes intracellular Ca2+ concentration. In
order to affect the living cell light has to be absorbed by some chromophores. Visible
light produces ROS (Reactive Oxygen Species) via a photosensitization process as
in PDT (Photodynamic Therapy). The ROS, such as singlet oxygen or superoxide
anion, enhances the redox activity of the RC (Respiratory Chain), increasing the
proton gradient across the mitochondrial membrane. This enhances ATP production. It is assumed that the enhanced ATP production increases the activity of the
ATPase pumps in the cell membrane, leading to membrane hyperpolarization and
an increased electrochemical Ca2+ gradient. This produces an increased influx of
Ca2+ ions back into the cytosol via gated ion channels. Transient increase of free
Ca2+ levels in the cytosol stimulates cell growth and division. In the present study,
we have succeeded in measuring cytosolic Ca2+ concentration changes in irradiated
fibroblasts. Ca2+ was analyzed by fluo-3 using a dynamic video imaging system
with frame-grabbing software. Following one exposure of 3J/cra 2 or 5J/cm 2 HeNe
light resulted in a clear time-dependent change in intracellular Ca2+ concentration.
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Repetitive 100MW Grounded Cathode Relativistic Magnetron
I. Schnitzer, A. Rosenberg, C. Leibovitch, J. Leopold, I. Cohen, and J. Shiloh
Rafael, P.O.Box 2250, Haifa 31021, Israel; FAX No. 972-4-8795315
Since the first landmark by Bekefi et al. [Phys. Rev. Lett 37, 379 (1976)], announcing a 900MW relativistic magnetron, substantial improvements accomplished
peak power levels of several gigawatts. However, pragmatic considerations emphasized repetitive mode of operation and longer pulse duration (i.e., higher average
power) at the expense of peak power. Repetition rate of about 200pps with peak
power levels around 600-300MW and pulse lengths 30-70ns ( « 20J/pulse) were
achieved by Physics International, USA, and by the Institute of Nuclear Physics,
Tomsk, Russia [J. Benford and J. Swegle, "High-Power Microwaves", Artech house,
1992]. It seems that pulse duration, at these power density levels, is restrained by
universal, not fully understood, mechanism(s).
At Rafael, we initiated a relativistic magnetron research program aiming for reprated generation of 150 - 200ns long pulses with peak power of about 100MW. Our
magnetron design (Patent pending) is fundamentally different from those that
led to the achievements mentioned above. The cathode is grounded and the positive
H.V. pulse is injected to the anode block (essentially, an A6 resonator) through an
external cavity, that serves as a buffer cavity between the anode-cathode interaction
region and the output waveguide. In this grounded cathode geometry the axial
current is eliminated (improving efficiency). For the cathode, we conceived a special
scheme of alternating metal/dielectric disks, employing the principle of triple point
plasma initiation [G. Mesyats, Beams '94, 93-99].
At present, the magnetron is driven by a rep-rated (< 20pp.s), 120fi, Marx-PPN
generator. Pulse trains of 50MW peak power and 150ns duration at lOHz were
measured with Vgenerator=300kV, Vdiode=180kV, Idiode=lkA, and 77=28%. At
higher charging voltage, improved vacuum conditions, and lower rep-rate, 100MW
pulses have been measured with Vgenerator=360kV, Vdiode=180kV, Idiode=1.5kA,
and 77=37%. However, these pulses tend to be shorter, about 70ns long. We present
detailed studies of the emitted pulse shape, the temporal evolution of its spectral
power density and diode impedance, which suggest some physical insight to the relativistic magnetron's operation. We also show some preliminary 2-D computer simulations to support our understanding of the power transfer density. It is concluded
that Rafael's novel relativistic magnetron may be further improved to generate more
powerful pulses of over 150ns duration. In principle, this magnetron may be tunable
through the buffer cavity in a way similar to coaxial magnetrons.
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FILTERED VACUUM ARC DEPOSITION
R.L. Boxman, S. Goldsmith, V.N. Zhitomirsky, B. Alterkop, E.
Gidalevich, Isak Beilis, Michael Keidar.
Electrical Discharge and Plasma Laboratory
Tel Aviv University P. 0. B.
89040, Tel Aviv 69978, ISRAEL
Filtered vacuum arc deposition (FVAD) is a process of fabricating thin films and
coatings from a plasma of metal vapor produced by the cathode spot of an electrical arc, in which the plasma is magnetically filtered to remove macroparticie (MP)
contamination. In this presentation the physics of the plasma generation will be
briefly reviewed, and recent experimental results and theoretical analysis of plasma
and MP transport in magnetized ducts will be presented. Metal vapor is generated
by concentrated heating at the cathode spot which occurs as a natural phenomena
in high current arcs. The interaction of the concentrated current flow ionizes the
metal vapor, while the combination of Joule heating and plasma expansion produce
a plasma jet whose ions typically have a directed energy of 50-150 eV, while their
temperature is only a few eV. The reaction force of the plasma jet on the microscopic liquid metal pool on the cathode surface produces droplets of liquid metal,
or MP's. The plasma and MP's will condense on any cool surface forming a film or
coating. The MP's are separated from the plasma jet by magnetically guiding the
plasma around an obstacle which blocks the MP's. The most usual filter design is a
quarter torus. Experimental measurements indicate that the plasma flux decreases
exponentially along the length of the torus. The plasma beam may be approximated
as a Gaussian distribution which is displaced in the BXG direction, where G is in
the direction of the centrifugal force, while a displacement in the plane of symmetry
is surprisingly found in the -G direction. Plasma losses to the wall are largest in the
G direction. A two-fluid model has been formulated to describe plasma transport
in the toroidal duct. Numerical and analytical solutions are found in the unmagnetized and magnetized ion regimes, for ion Larmor radii larger or smaller than the
toroidal radius, respectively. In the unmagnetized case the ion transmission efficiency increases weakly with increasing magnetic field, while it increases strongly
in the magnetized ion regime. MP charging in the duct plasma has been analyzed
for the case where the MP radius is smaller than the Debye length. In the dilute
duct plasma the charging time may be prolonged. The charged MP's may be guided
through the duct to a limited extent by collisions with the plasma ions, and by
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electrostatic repulsion from the duct walls, if the walls are negatively charged, thus
decreasing the filter effectiveness. Transparent conductive SnO2 coatings have been
produced having the highest conductivity for the undoped material. Currently production of amorphous Si films for solar cells, diamond-like-carbon films for scratch
protection of plastic lenses, and high permittivity TiO2 films for integrated circuit
capacitors are being investigated.

169

•Ill

IL9606023

Radiation from Nonequilibrium Plasmas
Vladimir Fisher, Yitzhak Maron, and Yuri V. Ralchenko
Faculty of Physics
Weizmann Institute of Science
Rehovot 76100, Israel.
Plasma radiation carries information on the plasma composition and parameters
as well as on electric and magnetic fields. Obtaining this information from spectroscopic methods requires comparisons of the data to results of theoretical modelling.
Most of the theoretical models used for this purpose assume that the variations of
the plasma density and temperature are slow enough to allow for equilibration of the
plasma composition. However, in many cases, in both space and laboratory plasmas,
the deviation from equilibrium is significant. Furthermore, the electron distribution
function is often non-Maxwellian. To simulate radiation of non-Maxwellian plasmas
with rapidly varying parameters, we use time-dependent collisional-radiative models
adjusted for calculations using arbitrary time-dependent electron distributions.
The model describes the evolution of the plasma ion-state composition and level
population densities by accounting for most of the kinetic processes that affect the
dynamics, namely, ionization of atoms and ions by electron impact (including removal of a few electrons in a single collision and ionization into excited states), autoionization and dielectronic capture, collisional excitation and deexcitation, spontaneous radiative decay, and radiative and three-body recombinations. Such a model
may be used for spectroscopic studies of various phenomena in space and in laboratory. Here we discuss radiation from compact z-pinches (particularly diagnostics
of electron beams and hard x-rays emission), radiation from solid-density plasmas
produced by subpicosecond laser pulses, and diagnostics of nonequilibrium solar
plasmas.
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A Study of Debris Clouds from Laser Induced Shock Waves
Z.Henis, B.Arad, S.Eliezer, Y.Horowitz, A.Ludmirsky, S.Maman,
E.Moshe and M.Werdiger
Plasma Physics Group, Soreq NRC, Yavne 81800, Israel
There is a considerable interest in characterizing debris clouds generated by shock
waves reaching the rear surface of metal targets. When the shock is reflected from the
surface spallation may occur and the spall layers moving faster than the material
behind may breakup into debris. Most of the studies reported measurements of
debris clouds generated upon impact of a projectile on a target. In this paper
we present a study of debris clouds generated by laser induced shock waves. A
new method of measuring the debris cloud was developed. Shock waves of order
of hundreds of kilobars to more than one megabar depending on the target are
produced by a Nd:YAG glass system with a wavelength of 1.06 /un, pulse width of
7 ns FWHM focused to a spot of 200 /tm. Three diagnostic methods are used: 1.
soft X-ray shadowgraphy to measure the time history and the topology of the debris
clouds and the free surface velocity. 2.optical scattering to measure the size of the
debris. 3. rear surface reflectivity measurements to determine the shock pressure.
Debris clouds from aluminium and copper targets were analyzed. The experiments
were performed for different densities, shock pressures and as the material undergoes
a solid to liquid phase transition. Calculations of the pressure thresholds for melting
due to the shock wave or the rarefaction wave following the shock wave show that
the aluminium targets partially melt while the copper targets do not. The radius
distributions of the debris were found in the range 0.5 pLva. to 7 //m.
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The role of hydrodinamic instabilities in Inerial Confinement Fusion
(ICF)
D.
Physics Department, Nuclear Research Center - Negev, P.O.Box 9001, Beer-Sheva
Understanding and estimating the nonlinear evolution of hydrodynamic instabilities is crucial in achiving inertia! confienment fusion (ICF). The evolution of the
Rayleigh-Taylor and Richtrnyer-Meshkov instabilities from multimode initial perturbation was recently studied by two complementary approches, the statistical
mechanics bubble-merger model and the the modal model. The results for the instabilities bubble and spike front penetration as well as the structural evolution
of the mixing zone will be presented using both models. Comparision to recent
experiments, confirming the evolution prediced in these studies, will be presented.

f Work done in collaboration with : U. Alon, D. Ofer, R. Kishoni, R. Sarri, D. Oron, T. Tlusty,
Y. Idov, Z. Zinamon, D. Mukamel, R.L. McCrory, C.P.Verdon and S.A.Orszag.
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Optical Guiding of High Power Laser Beam in a Plasma Channel
Y. Ehrlich, A.Zigler and C. Cohen
Racah Institute of Physics, Hebrew University, Jerusalem
The study of characteristics of intense laser pulses propagating in plasmas has important implications for a variety of applications such as laser driven plasma accelerators, X-ray lasers and laser fusion concepts. Optical guiding is necessary in order
to propagate a laser pulse over distances larger than the vacuum diffraction length.
One of the possible methods for the guiding of high intensity laser pulses is guiding
in a performed plasma channel. In this proof of principle experiment we have used
a preformed 0.3mm diameter and 1 cm long cylindrical plasma channel formed by
a slow capillary discharge. The channel is formed by electrical discharge that heats
the capillary plasma and provides evaporation of the capillary walls. The created
plasma density and its profile are controlled by varying the discharge parameters.
The plasma radial density profile inside the discharge has a density maximum near
the walls of the capillary and minimum in the center. The electron density can be
modified by varying the electrical discharge parameters.
The proof of principle channeling experiments were carried out using a high
power 100 fs, 5 mJ Ti: Sapphire laser. The laser beam was focused by a f/20 lens
on the entrance of the plasma channel produced by the capillary discharge. The
estimated maximum peak intensity was 1016W/cm2. The laser light transmission of
80% through the plasma channel was obtained in comparison to only 30% without
the discharge. The laser light transmitted through the plasma channel was reimaged
by an optical system on a CCD camera. The image size at the exit of capillary was
found to be four times smaller than the formed image in unguided case.
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NUMERICAL STUDY OF PLASMA BEAM FORMATION IN A
TOROIDAL DUCT
B. Alterkop, E. Gidalevich, S. Goldsmith, R. L. Boxman
Electrical Discharge and Plasma Laboratory
Tel Aviv University P. 0. B.
39040, Tel Aviv 69978, ISRAEL
We present here a numerical solution of a self consistent two fluid hydrodynamic
model for vacuum arc plasma beam propagation through a toroidal magnetic filter.
It was assumed that in the toroidal magnetic field (5 -20 mT) the electrons are
magnetized, but the ions are unmagnetized, i.e., the ion cyclotron radius is larger
than the minor radius of the torus. In order to describe correctly the boundary
conditions, duct curvature, centrifugal force, non-symmetry of the plasma flow and
density distribution a toroidal coordinate system was used. Taking into account
that the metallic wall of the duct is electrically grounded and its conductivity is
high, we assumed that the electric field is zero on the torus wall. We also assume
that the torus wall is a perfect absorber for charge particles, and, therefore, there
is no plasma mass back-flow from the wall. At the torus entrance we assume that
the plasma density has a gaussian distribution with a maximum at the torus major
radius, and that electrical potential is determined by the Boltzmann distribution
of the plasma density. Using these assumptions the evolution along the torus of
electric field, current distribution, particle density, and mass flow were calculated.
The obtained results describe well the principal experimental data: a) the duct
efficiency does not exceed (8-10)%, and, practically, it does not depend on the
magnetic field strength, b) at the torus exit the maximum of the plasma density
distribution is displaced from the position of the major radius in the direction of the
vector product gxB, were g is the in centrifugal acceleration, and B is the toroidal
magnetic field.
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INFLUENCE OF A PARALLEL ELECTRIC FIELD ON THE
CONDUCTIVITY OF A GROWING INDIUM OXIDE FILM
B. Alterkop, N. Parkansky, R.L. Boxman, S.Goldsmith
Electrical Discharge and Plasma Laboratory
Tel Aviv University P. O. B.
39040, Tel Aviv 69978, ISRAEL

Thin amorphous Indium Oxide films were produced by thermal vapor deposition of In-0 powder in vacuum ( P= 10-5 Torr ) at room temperature onto glass
substrates. A potential difference of 0 to 110V dc was applied to the sample during
deposition. The effect of the applied voltage on the film conductivity was monitored
by the current through the film. The film mass increase was linearly proportional
to the deposition time (5-6 min ). Nonlinear increase of the current through the
sample of several orders of magnitude was observed. To explain the experimental
data we assumed that tunneling and percolation are responsible for the growing
film conductivity. By fitting the dependence of the current on time and applied
voltage with analytical expressions corresponding to tunneling conductivity at the
initial stage and percolation conductivity later, the dependencies of the characteristic parameters of tunneling and percolation conductance on the applied voltage
were derived. It was shown that the tunneling phase ends and percolation conductance starts at earlier times as a function of the applied voltage, and the critical
percolation exponent increases with the applied voltage.
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VACUUM ARC PLASMA BEAM TRANSPORT THROUGH A
TOROIDAL DUCT
B. Alterkop, V. N. Zhitomirsky, S. Goldsmith, R. L. Boxman
Electrical Discharge and Plasma Laboratory
Tel Aviv University P. 0. B.
39040, Tel Aviv 69978, ISRAEL
The efficiency of vacuum arc plasma beam transport through a quarter-torus
duct of macroparticles magnetic filter was studied experimentally and theoretically.
The metallic duct of the filter was biased positively relative to the arc anode. Larmor radius of the electrons, moving in the magnetic field of the filter is smaller
than the torus minor radius (R')by at least a factor of 104. However, the ions were
not magnetized, i.e., their gyration radius was larger than R'. The filter efficiency,
defined as the ratio between the input and the output of the plasma fluxes, was determined experimentally by probe measurements, and theoretically. The theoretical
results were obtained by an analytical solution of a self-consistent two fluid hydrodynamic model that took into account the effects of the electrical fields, pressure
and centrifugal forces on the motion of the plasma in the toroidal duct. The experimental measurements agreed closeley with the theoretical results that indicated
: (1) plasma flux transmission (ratio between the plasma flux at any given cross
section of the duct and plasma flux at the duct entrance) decreases exponentially
as a function of the distance from the entrance, and is independent of the magnetic
field, (2) the plasma beam is deflected from its original path in the center of the
torus, and the deflection correlates with the centrifugal drift of the plasma beam
across the magnetic field, and (3) the optimum bias voltage applied to the toroidal
duct wall, depends on the ion mass and charge.

176

Total Dielectronic Recombination Rate Coefficients of Ni-Like Heavy
Ions
E. Behar, R. Doron, A. Peleg, P. Mandelbaum and J.L. Schwob
Racah Institute of Physics
Hebrew University of Jerusalem
Ab initio calculations of dielectronic recombination (DR) rate coefficients for ten
ions along the Nil isoelectronic sequence in the ground state (Mo +14 , Ag +19 , Xe + 2 6 ,
Pr+ 31 , Gd+36, Dy+38, Ta+45, Au+51, At+ 57 and U+64) were performed using the HULLAC code package. In a previous work we have calculated the contribution of the
relatively low 3d?Aln'l' (n' < 5) configuration complexes1. The present calculations
include in addition the detailed contributions of about ten thousand levels belonging to the following Cu-like inner-shell excited configuration complexes: Zd?Afn'V
(6<nf < 9), 3p 5 3<P4/n'/' (n' < 5) and 3s3p 6 3^°4/n7' (n' < 5). For the Zd?Un'V
complexes with n' > 9 the DR contribution is evaluated by applying an n'~ 3 scaling.
Electron collisions after the initial electron capture and nonresonant radiative transitions have been neglected. It is found that the configuration complexes with a hole
in the 3jp inner-shell contribute about 10% to the total DR rate coefficient, and complexes with a hole in the 3s inner-shell about 1%. The summed contributions of the
high lying 3d?4tln'l' complexes for n' > 9 cannot be neglected, and may contribute up
to 20% of the total DR rate coefficients at high electron temperature. The results of
the present calculations are compared with the results previosly published by Chen 2 ,
obtained using the multiconfiguration Dirac-Fock method. Finally, it is shown that
the commonly used Burgess-Merts semi-empirical formula cannot provide accurate
predictions of DR rate coefficients for the ions of the Nil isoelectronic sequence.
Using the calculated energies and oscillator strengths, for high electron temperature
it overestimates the total rate coefficients by 30% (for Pr) at the least and by as
much as a factor of 3 (for Mo), and at low electron temperature (kT e <200eV) its
dependence on the temperature is completely inadequate.

1

2

E. Behar, P. Mandelbaum, J.L. Schwob, A. Bar-Shalom, J. Oreg and W.H. Goldstein, Phys.
Rev. A52, 3770 (1995)
M. H. Chen, Phys. Rev. A35, 4129 (1987); A47, 4775 (1993)
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RESISTIVE EFFECTS IN NON-INDUCTIVE RF
CURRENT DRIVE VIA HELICITY INJECTION BY
ALFVEN WAVES: THE CASE OF CONVENTIONAL
AND SMALL ASPECT RATIO TOKAMAKS
C. Bruma, S. Cuperman and K. Komoshvili
School of Physics and Astronomy,
Raymond and Beverly Sackler Faculty of Exact Sciences,
Tel Aviv University, Tel Aviv 69978, Israel
Supplementary non-inductive current drive and heating are necessary to bring
tokamak plasmas into the ignition regime. The resonant excitation of shear Alfven
waves (SAW) — in the continuum range (CR.) or/and in the discrete global Alfven
eigenmode spectrum (GAE's) — represents one potential, suitable method for this
purpose. Within the framework of ideal MHD, the current drive (CD) via helicity
injection in tokamak plasmas has been considered by Cuperman et al. (1996) and
Komoshvili et al. (1996).
This work is concerned with the investigation of the non-ideal resistive MHD
effects on both the excitation of SAW's (CR's and GAE's) and the generation of
non-inductive current drive via helicity injection in tokamak plasmas.
The research covers tokamak aspect ratios ranging between large value cases
(R/a — 10) and the very tight value case (R/a = 1.2).

REFERENCES:
[1] S.Cuperman, C.Bruma and K.Komoshvili. Accepted for publication in J.
Plasma Phys., 1996.
[2] K.Komoshvili, S.Cuperman and C.Bruma. Submitted to J. Plasma Phys.,
1996.
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NON-INDUCTIVE CURRENT DRIVE VIA HELICITY INJECTION
BY ALFVEN WAVES IN LOW ASPECT RATIO TOKAMAKS
S. Cuperman, C. Bruma and K. Komoshvili
School of Physics and Astronomy,
Raymond and Beverly Sackler Faculty of Exact Sciences,
Tel Aviv University, Tel Aviv 69978, Israel
A theoretical investigation of radio-frequency (rf) current drive via helicity injection in low aspect ratio tokamaks was carried out .
A current-carrying cylindrical plasma surrounded by a helical sheet-current antenna and situated inside a perfectly conducting shell was considered. Toroidal features of low aspect ratio tokamaks were simulated by incorporation of the following
effects: (i) arbitrarily small aspect ratio, Ro/a = 1/e; (ii) strongly sheared equilibrium magnetic field; and (iii) relatively large poloidal component of the equilibrium
magnetic field.
The study concentrates on the Alfven continuum, i.e. the case in which the
wave frequency satisfies the condition {wAij{r)}min £• w <• {^//(Olmaa ? where
WAij{r) = OJAIJ [n(r),Bo(r)] is an eigenfrequency of the shear Alfven wave (SAW).
Thus, using iow-/3, ideal magneto-hydrodynamics, the wave equation with correct
boundary (matching) conditions was solved, the rf field components were found and,
subsequently, current drive , power deposition and efficiency were computed.
The results of our investigation clearly demonstrate the possibility of generation of rf-driven currents via helicity injection by Alfven waves in low aspect ratio
tokamaks, in the SAW mode. A special algorithm was developed which enables the
selection of the antenna parameters providing optimal current drive efficiency.
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NEARLY CLOSED LOOPS IN BIOLOGICAL SYSTEMS AS
ELECTROMAGNETIC RECEPTORS
David Eichler
Department of Physics
Ben Gurion University
It is noted here that when a nearly closed loop in a biological system, such as a
self-synapsing neuron or mutually synapsing pair, is exposed to an AC magnetic field,
the induced electric fields in the insulating gaps can be many orders of magnitude
larger than the average values typically discussed in the literature. It is suggested
that animal nervous systems might possibly be affected in selected spots by manmade alternating magnetic fields at weaker levels than previously supposed. Radio
and microwave radiation should be considered particularly suspect.
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ON THE COOLING OF THE PLASMA FIRE BALL PRODUCED BY
A LASER SPARK IN FRONT OF LIQUIDS AND SOLIDS
D. Kaganovich, B. Meerson, A. Zigler, and C. Cohen
Racah Institute of Physics, Hebrew University of Jerusalem, Jerusalem 91904,
Israel

J. Levin
Department of Nuclear Physics, Weizmann Institute of Science, Rehovot, 76100
Israel
The results of experimental and theoretical investigation of the late, conductiveadvective cooling of the fire ball, produced by a laser spark in gas near a surface
of condensed matter, are presented. The laser spark was initiated by the focusing
of a 0.5 J 8 nsec Nd:YAG laser. The fire ball cooling rate was studied by using a
fast frame camera and monochromatic imaging. A theoretical model is developed
to describe the conductive-advective cooling stage. The model is reduced to a single nonlinear temperature diffusion equation. In the spherically symmetric case, a
similarity solution found earlier is verified and employed for interpreting the experimental results.
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VACUUM ARC PLASMA JET PARAMETER DISTRIBUTION IN
THE INTERELECTRODE GAP IN A MAGNETIC FIELD
M. Keidar, I. Beilis, R.L. Boxman, and S. Goldsmith
Electrical Discharge and Plasma Laboratory
Tel Aviv University P. 0. B.
39040, Tel Aviv 69978, ISRAEL
The focusing of the low-density vacuum arc produced plasma jet, and the plasma
parameter distribution were studied theoretically. The plasma jet originates from
the cathode and freely expands into the interelectrode region. It is assumed that
the plasma flux is collimated by an axial magnetic field. A 2-dimensional model
was developed assuming a fully ionized hydrodynamic plasma expansion and free
boundary conditions. The boundary condition at the starting plane was taken from
the solution of the cathode jet problem in the quasi-one-dimensional approximation.
The anode was considered as a thin ring, and the plasma parameter distribution on
the anode was assumed to be uniform. The plasma density, velocity, current and
potential distribution were calculated in the interelectrode gap. It was found that
the application of an axial magnetic field reduces the radial expansion of the plasma
jet. The streamline angle is about 40° for a 0.001 T magnetic field and about 20°
for a 0.01 T magnetic field. The plasma density falls off with axial distance by
factor of 10 at distances of about 5 initial jet radii. The plasma density on the
axis is calculated to increase by a factor of 2 when a 20 mT axial magnetic field is
applied. The model was compared with experimental measurements of the vacuum
arc voltage behavior in an axial magnetic field, and a good agreement was obtianed
with the measured data for experiments in which a ring anode was also employed.

182

Electromagnetically Induced Transparency with Stochastic Fields
A. G. K of man
Chemical Physics Department, Weizmann Institute of Science
Absorption at a transition from the ground level 1 of an atom to an excited level
2, coupled by a strong field to an auxiliary level 3, may be significantly suppressed,
due to quantum interference of one- and two-photon absorption channels, the effect known as electromagnetically induced transparency (EIT). Here EIT is studied for the case when the strong field is stochastic. Various models of phase- and
intensity-fluctuating fields are considered. The general conclusion is that random
field fluctuations may diminish the EIT, i.e., increase the minimal value Km of the
absorption coefficient. The models of phase diffusion and Markovian phase jumps
yield « m ~ (F + v)/I, where F is the linewidth of the 2-3 transition and v and I
are the field linewidth and intensity respectively. Hence for i/<Cf the phase fluctuations do not effect the EIT, whereas in the opposite case the EIT is significantly
reduced. Intensity fluctuations effect EIT even for narrow-band fields, Km being the
greater the higher is the intensity distribution density ip(I) in the vicinity of / = 0.
For intermediate linewidths, vi < v < u2, Km increases with v, the EIT completely
vanishing for v ^> v%. The values of V\ and v% and the form of the dependence of
Km on the relevant parameters significantly vary for different stochastic field models,
even for the same field lineshape. This high sensitivity of the EIT to details of the
random field behavior can be used for study of laser fluctuations.
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SPECTRAL DEPENDENCE, EFFICIENCY AND
LOCALIZATION OF NON-INDUCTIVE CURRENT-DRIVE
VIA HELICITY INJECTION BY GLOBAL ALFVEN
WAVES IN TOKAMAK PLASMAS
K.Komoshvili, S.Cuperman and C.Bruma
School of Physics and Astronomy,
Raymond and Beverly Sackler Faculty of Exact Sciences,
Tel Aviv University, Tel Aviv 69978, Israel
The non-inductive current drive via helicity injection by Global Alfven Eigenmode (GAE) waves is studied. For illustration, the first radial mode of the discrete
resonant GAE spectrum is considered. The following aspects are given special attention: spectral analysis, radial dependence and efficiency — all these as functions
of the characteristics of the waves launched by an external, concentric antenna (i.e,
wave frequency and poloidal and toroidal wave numbers). The results reveal the
following conclusions.
Generation of GAE waves. In the range of poloidal wave numbers —3 < m < +3
and toroidal wave numbers —20 < n < +20 considered in this work, resonant GAEpeaks are clearly found to occur.
Basic characteristics of the first radial GAE-modes.
(i) The frequency of the first radial mode (i.e., the lowest frequency belonging
to the discrete spectrum) strongly depends on the set of (m, rc)-values considered:
to increases with \m\ and especially with |n|.
(ii) The frequency-location of the total current drive, / , coincides with that of
the total power absorption, P .
(iii) The sign and magnitude of the current drive, J, are very sensitive to the set
of (m,n)-values chosen. Thus, I > 0 for m = — 1 , - 2 , - 3 and —20 < n < —1, as
well as for m = +1, +2, +3 and n > 10; I < 0 for m = + 1 , +2, +3 and n < 10.
(iv) The efficiency of the current drive, r\ = \I\/P, increases in the cases m =
—1, —2, —3 with |ro| and l/|ra|.
(v) Detailed information on the relative direction and radial (core) localization
of the current drive is obtained.
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Excitation-Autoionization Cross Sections and Rate Coefficients in Ni,
Cu and Zn Isoelectronic Sequences
D. Mitnik, P. Mandelbaum and J.L. Schwob
Racah Institute of Physics
Hebrew University of Jerusalem
Detailed level-by-level calculations of the Excitation-Autoionization (EA) cross sections and rate coeficients were performed using the Relativistic Parametric Potential
and Distorted-Wave methods (HULLAC code) for Ni (ground 3d 10 ), Cu (3d1Q4s) and
Zn (3c?104s2) isoelectronic sequences for all the elements with 34<Z<92. While in
a previous basic work on ions isoelectronic to elements of the 4*A row* only the
3d-4/ inner-shell collisional excitations had been taken into account, the present extensive calculations include the Zd-nl (n = 4 to 7; I = 0 to n — 1) and the 3p-nZ
(n = 4,5; / = 0 to ra — 1) excitations. An extrapolation method is used to evaluate the contribution for higher principal quantum numbers for both dd-nl and
Zp-nl inner-shell excitations. Configuration mixing and secondary autoionization
processes following radiative decay to lower autoionizing levels are also included.
EA effect in plasmas departing from pure coronal condition, which assumes that
only the ground state is significantly populated, is discussed. For these cases, EA
processes from metastable levels were also calculated. For several ions, the total ionization cross sections appear to reach values up to two orders of magnitude larger
than those for direct ionization in the low incident electron energy range, reflecting an EA effect much more important than in any other investigated isoelectronic
sequences.

\ D. Mitnik, P. Mandelbaum, J.L. Schwob, J. Oreg, A. Bar-Shalom, and W.H. Goldstein, Phys. Rev.
A50, 4911 (1994).
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REDUCTION AND OXIDATION OF AMORPHOUS INDIUM
OXIDE FILMS DURING POST- DEPOSITION TRANSVERSE
CURRENT INJECTION.
N. Parkansky, B. Alterkop, R. Rosenbaum, R.L. Boxman, and S.
Goldsmith
Electrical Discharge and Plasma Laboratory
Tel Aviv University P. 0. B.
39040, Tel Aviv 69978, ISRAEL
Thin amorphous In-0 films were produced by thermal evaporation of Indium
Oxide powder in a vacuum of 10s Torr onto glass substrates at room temperature.
After deposition an electric field of 3 x 103 — 1.3 x 104 V/m was applied parallel to
the surface of the sample during 15 minutes by using silver paint electrodes. The
current increased up to a saturation value dependent on the applied voltage. The
main current increase occurred during the first 5 - 10 s for all applied voltages.
Following the above treatment, the sample was exposed either to air or He gas at
pressures up to atmospheric values while the field was applied. It was found that
the conductivity decreased up to a factor of 3 in air, while remaining constant in
He. The conductivity could be repetitively increased and decreased by alternatively
applying the transverse field in vacuum and air. Assuming that an increase of the
carrier number is the result of oxygen removal or ionization, a simple analytical
model describing the experimental results was obtained. From this model it follows
that film conductivity depends on the voltage application time and saturates with
sufficient applied voltage, as does the activation time too.
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Plasma Ignition of Solid Propellant
M. Sudai , N. Sagiv% G. Lifshitz0, D. Melnika,S. Goldsmith6, and E.
Bar-Zivc
a

0

Propulsion Physics Laboratory, SOREQ NRC, Yavne, Israel
School of Physics and Astronomy, Tel Aviv University,Tel Aviv, Israel
C
NRC - Negev, P.O.Box 9001, Beer-Sheva, Israel
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A hot plasma jet can be used to achieve a better control of propellant ignition
process and possibly enhance propellant combustion in guns. Understanding the
interaction between the plasma and the propellant is a key issue in the design and
optimization of new technologies.
It is reasonable to assume that, in realistic situations, the propellant is not only
directly ignited by the plasma jet, but rather by a "mixture" of the plasma and the
neutral gas (air) initially present in the combustion chamber. The thermodynamical
and hydrodynamical properties of this mixture must be evaluated in order to describe the ignition process correctly. In our study we have carried out experiments
in a closed vessel, which simulates the ignition process in a gun and gives more
information about the combustion process (because there is one less parameter).
In this paper we present experimental results on the ignition of solid propellant
(M30) by plasma/air mixture. From the results one can gain insights into the effect
of the physical properties of the ignition mixture on the ignition delay time, and
into the ignition process.
In our experiment we inject a plasma jet into a closed vessel (manometric bomb)
which contains the solid propellant. The plasma mixes with the air in the volume
and creates a hot ionized mixture that heats the propellant. There is a heat flux
to the propellant and there are also exothermal chemical reactions (by propellant
ingredients) that release heat. The propellant surface is heated by conductive and
radiative fluxes of energy originating from the ionized gas ("igniting mixture"),
until it reaches the critical ignition temperature. There are various possible ignition
criteria; The one that we use is based on reaching a certain surface temperature of
the propellant (this temperature is called the "ignition temperature").
We measured the pressure transient that develops in the closed vessel. From
the pressure curve we can deduct the delay time between the moment the plasma
is injected into the volume and the moment that the propellant reaches the ignition
temperature. When the propellant temperature reaches the ignition temperature,
there is a fast rise in pressure. Ignition delay times between 800ms to lms were
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determined as a function of the plasma energy, which was in the range of 4 to
lOOkJ. The delay time decreases as the energy increases. We present the inverse of
the ignition delay times (that relate to the heat transfer rate) that were determined
as a function of the plasma energy.
The main conclusions that emerge from our study are: (i) The ignition process
has a threshold at about 6kJ of plasma energy (at which the ignition may occur after
700-800ms or may not occur at all), (ii) At energies slightly above the threshold
energy the inverse delay time increases by an order of magnitude,
(iii) At higher energies the inverse delay time increases as the plasma energy increases.
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Discrete Plasma Structures in the Solar Wind
Aharon Eviatar
Department of Geophysics and Planetary Sciences
The Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University
Ramat Aviv

It has long been known that the atmosphere of the Sun, in particular its hot corona,
extends far into interplanetary space and constitutes the heliospheric environment of
the planets. This supersonic wind driven by the hot corona, was predicted as early
as the 1950's, discovered in 1962 by the first Venus mission and in the last three
decades has been the object of intensive research including spacecraft observations,
ground-based scintillation studies and extensive theoretical analysis. A major topic
of interest is the radial evolution of discrete solar wind plasma structures. Observations over the past 30 years have shown that as the plasma moves out from the Sun,
the various structures in the magnetic field and plasma configuration evolve with
increasing radial distance. These discrete structures include Corotating Interaction
Regions (CIR's) and Coronal Mass Ejections (CME's). In recent years, significant
attention has been given to these resolved structures, which propagate out from the
Sun and generate major interplanetary and magnetospheric effects. The purpose of
this talk will be to review the characteristics of such structures and to discuss their
evolution and interaction with the ambient medium and planetary magnetospheres.
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FORMATION OF NONCONVECTIVE AEROSOL AND GASEOUS
CLOUDS IN PLANETARY ATMOSPHERES
Tov Elperin, Nathan Kleeorin
Department of Mechanical Engineering, Ben-Gurion University, POB 653, 84105
Beer-Sheva, Israel

Igor Rogachevskii
Racah Institute of Physics, Hebrew University of Jerusalem, 91904 Jerusalem,
Israel
Review of recent results in a problem of formation of aerosol and gaseous clouds
in planetary atmospheres is presented. Important mechanisms which determine
formation and evolution of clouds is the preferential concentration of atmospheric
particles and gaseous components. However, in turbulent atmosphere a mechanism
of concentration of atmospheric particles in nonconvective clouds is still a subject
of discussion. It is well-known that turbulence results in decay of inhomogenities of
concentration due to turbulent diffusion, whereas the opposite process, e.g., the preferential concentration of particles and gaseous components in turbulent atmospheres
still remains unexplained.
A new effect of turbulent thermal diffusion that results in the preferential concentration of particles in turbulent atmosphere is discussed [1]. This phenomenon is
related to the dynamics of small inertial particles in incompressible turbulent fluid
flow. Physical mechanism of the effect of turbulent thermal diffusion is associated
with correlation between velocity and temperature fluctuations in the presence of
a nonzero mean temperature gradient. The latter results in additional nondiffusive flux of aerosols. At large Reynolds and Peclet numbers the turbulent thermal
diffusion is much stronger than the molecular thermal diffusion. It is shown that
turbulent thermal diffusion under certain conditions can cause a large-scale instability of spatial distribution of aerosols. Aerosols are concentrated in the vicinity
of the minimum (or maximum) of the mean temperature of the surrounding fluid
depending on the ratio of material particle density pp to that of the surrounding
fluid p.
The mechanism of the instability for pv >> p is as follows. Due to their inertia
results in particles inside the turbulent eddy are carried out to the boundary regions
between eddies (the regions with decreased velocity of the turbulent fluid flow and
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maximum of pressure of the surrounding fluid). This means that in regions with
maximum pressure of turbulent fluid there is accumulation of inertial particles. Similarly, there is an outflow of inertial particles from regions with minimum pressure
of fluid. In a homogeneous and isotropic turbulence without large-scale external
gradients of temperature a drift from regions with increased (decreased) concentration of inertial particles by a turbulent flow of fluid is equiprobable in all directions.
Location of these regions is not correlated with turbulent velocity field. Therefore
they do not contribute in large-scale flow of inertial particles.
Situation drastically changes when there is a large-scale inhomogeneity of the
temperature of the turbulent flow. In this case the mean heat flux (u@) ^ 0. Therefore fluctuations of both, temperature 0 and velocity u of fluid, are correlated.
Fluctuations of temperature cause fluctuations of pressure of fluid. The pressure
fluctuations result in fluctuations of the concentration of inertial particles. Indeed,
increase (decrease) of the pressure of surrounding fluid is accompanied by accumulation (outflow) of the particles. Therefore, direction of the mean flux of particles
coincides with that of heat flux, i.e. (un p ) oc (u0) oc — VTo, where np is the number
density of the particles, and TQ is the mean temperature of fluid. Therefore the
mean flux of the inertial particles is directed to the minimum of the mean temperature and the inertial particles are accumulated in this region. This effect is
more pronounced when turbulent fluid flow is inhomogeneous in the direction of the
mean temperature gradient. Observations of the vertical distributions of aerosols in
the Earth atmosphere show that maximum concentrations of aerosols occur within
temperature inversion layers.
Similar phenomenon of preferential concentration in the vicinity of temperature
inversion layers can occur during formation of gaseous clouds [2]. The latter effect is
caused by compressibility [div u oc — (u-V)^ oc (u- V)2o ^ 0] of a turbulent carrying
flow. This is the cause of the effects of turbulent thermal diffusion (oc VTb/To) and
of turbulent barodiffusion (oc VP0/-fo) of gases [2]. Here Po is the mean pressure of
fluid.
Formation of aerosol and gaseous clouds in atmospheres of the Earth and other
planets and atmosphere of Titan is discussed [3].
References
1. T. Elperin, N. Kleeorin and I. Rogachevskii, Physical Review Letters, 76,
224-228 (1996).
2. T. Elperin, N. Kleeorin and I. Rogachevskii, Physical Review E 52, 2617-2634
(1995).
3. T. Elperin, N. Kleeorin, M. Podolak and I. Rogachevskii, in preparation
(1996).
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Ion Energization at Shocks
Michael Gedalin
Department of Physics
Ben-Gurion University
Collisionless shocks are universal energizers of particles, especially ions, in space.
Ions are believed to be accelerated up to high energies by diffusive acceleration
mechanism at large scales. At smaller scales (the shock width scale) ion energization
appears as strong nonadiabatic ion heating, responsible for the most of dissipation
at the shock front, and possible pre-acceleration of thermal and (most probable)
pickup ions with the subsequent injection of the last into the diffusive regime. Thus,
it is this prompt energization which determines the shock structure and possibly the
acceleration efficiency. We review the observational data and recent development
related to the theory of ion reflection and energization at the shock front.
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Solar-Terrestrial Relations: Energy Transfer Chain From the Sun to
Earth and Environmental Implications
Peter Israelevich
Department of Geophysics and Planetary Sciences
Tel Aviv University
Energy flow transferred by the solar wind strongly depends on the solar activity level.
Although the solar wind energy comprises only a minor part of the energy of the
solar electromagnetic radiation, it is the solar wind variability that eventually results
in the correlation between the solar activity and processes in the Earth environment.
The critical component of the solar-terrestrial relations is the Earth magnetosphere.
From the electrodynamic point of view, the magnetosphere should be considered as
a chain of key regions starting with the magnetospheric boundary layers where the
solar wind energy penetrates into the magnetosphere and ending in the ionosphere
where the energy is dissipated. During the periods of high solar and geomagnetic
activity the energy dissipation may significantly affect communications, operation of
power lines, etc. The key regions are electrically connected via currents flowing along
magnetic field lines and are either electric generators or electric loads of these current
systems. Different mechanisms of field-aligned current generation are considered for
currents connecting different regions of the magnetosphere. Field aligned currents
are closely related with convection in the polar ionosphere which is an indicator of
the energy transfer processes. As a system, the Earth's magnetosphere possesses a
set of resonance frequencies. Surprisingly, some of these eigenmodes coincide with
the frequencies characteristic of vital processes. This may be indicative of possible
influence of the solar/geomagnetic activity on the biosphere.
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An Extended Two Fluids Model Allowing Pressure Anisotropies for the
Comet Interaction with the Solar wind
Zameret Gan-Baruch
Geophysics and Planetary Sciences Dep. Tel-Aviv University, Ramat-Aviv 69978,
Tel-Aviv.
An extended numerical simulation for the interaction of a comet with the solar
wind is developed. Whereas previous simulations have, in general, assumed a single
fluid plasma, the extended simulation includes two fluids - solar wind protons and
cometary ions, which drift relative to one another, and which interact via phenomenological coupling terms. The coupling terms are the velocity moments of the time
relaxation model of Bhatnagar-Gross-Krook (BGK model). In addition, the "double
adiabatic theorem of Chew-Goldberger-Low" (CGL) replaces the adiabatic energy
equation used in Magneto-Hydro-Dynamic (MHD) simulations, that is the extended
simulation allows pressure anisotropies instead of an isotropic pressure. Isotropization terms with time scales deduced from the isotropizing instabilities couple the
pressures in the directions parallel and perpendicular to the magnetic field. The
simulation will serve as a tool for:
• Calculating the evolution of pressure anisotropies in the cometary environment.
• Calculating the relative drift velocity parallel to the magnetic field between
the cometary plasma and the solar-wind plasma.
• Comparative study of various problems in the extended simulation and the
previous MHD simulations.
• Testing coupling terms and isotropization terms with different relaxation times.
Fitting relaxation times which were derived from measurements, obtained from
kinetic simulations, or calculated theoretically.
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Nonlinear Alfvenic fluctuations in the solar wind plasma
Numerical simulations in 2D case.
Irena Ruvinsky
Department of Geophysics and Planetary Sciences,
Faculty of Exact Sciences, Tel Aviv University.
Realistic values of hydro and magnetic viscosities of solar wind plasma are estimated. It is shown that the difference between them can be large and the magnetic
Prandtl number of solar wind plasma at distance > 1 AU is smaller than unity
(~ 0.2). Our analysis predicts an essential influence of this fact on the nonlinear
interaction of Alfvenic waves. Anisotropy of the viscous and conductive properties
of the magnetized plasma is taken to account. Energy transfer from initial (monochromatic or multichromatic with narrow spectrum) disturbance into the spectrum
of Alfvenic fluctuations is obtained by numerical two-dimensional simulations (2D
case). Dependencies of energy evolution in time on the magnetic Prandtl number,
initial disturbance and anisotropy of the viscosities are analyzed.
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Alfven waves in the vicinity of Uranus: The role of energetic proton
thermal anisotropy
Irena Ruvinsky and Aharon Eviatar
Department of Geophysics and Planetary Sciences,
Faculty of Exact Sciences, Tel Aviv University.
Spacecraft observations in the vicinity of planetary bow shocks indicate the existence of proton beams and of magnetohydrodynamic (MHD) waves. We analyze the
dispersion of such waves in the presence of energetic beams and show that the role of
temperature anisotropy in the growth of low frequency MHD waves is significantly
enhanced by weak relativistic effects. The present analysis of ion beam instability
near Uranus shows that thermal anisotropy of energetic protons coupled with the
relativistic dependence of their mass on energy leads to an increase of the resonant
Alfvenic wave growth rate and to a dispersion curve which differs from that of the
isotropic case. MHD-like waves, excited by energetic proton beams near the planetary bow shock have (in the presence of thermal anisotropy) a dispersion relation
similar to that of Alfven waves at wavelengths of the order of 2 • 108 m and can
propagate in the solar wind plasma away from Uranus.
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Numerical Model of Ion Partitioning in the Io Plasma Torus
Ron Schreier and Aharon Eviatar
Department of Geophysics and Planetary Sciences, Ramat Aviv, Israel.
Vytenis M. Vasyliunas
Max-Planck-Institut fur Aeronomie, D-37189 Katlenburg-Lindau, Germany.
We present a 2-D model of plasma transport and chemistry which calculates energy and ion partitioning as a function of latitude and radial distance in the Jovian
inner magnetosphere. The model uses as input data (assumed) neutral densities,
arbitrary initial ion densities, and ion and electron (both thermal and hot) temperatures given by the empirical model of Bagenal [JGR, 99, 11043-11062, 1994]. Six
thermal ion species, three hot ion species, and both thermal and hot electrons were
included. Ion partitioning similar to the results of previous numerical models (rather
than the empirical model) is obtained. It is also similar to the partitioning inferred
by the analysis of ultraviolet emission from the torus, obtained by the Extreme
Ultraviolet Spectrometer during the approach of the Galileo spacecraft to Jupiter.
The enhancement in the temperatures of both thermal ion and electrons, and the
feature known as the 'ramp' in the flux-tube-content profile is not reproduced by
the model; if initially assumed, it is blurred out by rapid diffusion. This result is
consistent with recent analysis of the UVS data from Voyager, which did not find
the ramp. Thus we conclude that a temperature enhancement and a decrease in
the flux-tube-content profile are phenomena external to the Io torus, that may be
related to the precipitation ledge of ring current particles.
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Pick-up ion dynamics at the shock front
Diana Zilbersher
Department of Physics
Ben-Gurion University
Pickup ions are believed to be pre-accelerated at the shock front with subsequent
injection into diffusive acceleration regime. Efficiency of this mechanism depends
on the fine structure of the shock front, that is details of magnetic and electric field
distribution. We study the pickup on behavior in the shock front using test part
analysis in the model shock front. We find the condition of multiple reflection of such
ions at the ramp and their distribution upstream and downstream. Dependence of
the injection efficiency on the shock parameters (Mach number and angle between
the shock normal and magnetic field) is studied.
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Thermal and Disorder Effects in Large Area Josephson Junctions
Baruch Horovitz and Anatoly Golub
Department of Physics
Ben-Gurion University
Beer-Sheva 84105
Israel
We derive the effective free energy of a two-dimensional Josephson junction in presence of quenched random magnetic fields. We find that renormalization group cannot be directly applied to the replica scheme since it leads to an infinite hierarchy
of relevant operators. We therefore apply a replica symmetry breaking method and
find a possible glass order parameter. The competition of the glass phase with the
Josephson ordering leads to a variety of low temperature phases: A thermally disordered junction, a glassy phase, a Josephson ordered junction and a coexistence
phase. Fluctuations reduce the critical current which scales with system size L as
Lb with b < 0 in the disordered phase and 0 < b < 2 in the ordered phase.
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Quantum fluctuations and glassy behavior
Yadin Y. Goldschmidt
University of Pittsburgh and Weizmann Institute
We consider a quantum particle subject to the action of a random potential plus a
fixed harmonic potential at a finite temperature T. In the classical limit it reduces to
a well known toy-model for an interface in a random medium. Using the variational
approximation, or alternatively the limit of large dimensions, we are able to solve
the model and obtain its phase diagram in the T vs. h2 jm plane, where m is the
particle's mass. The phase diagram is similar to that of a quantum spin glass in a
transverse field, where the variable %2 jm plays the role of the transverse field. The
glassy phase is characterized by replica symmetry breaking.
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Are random field systems described by 2 or 3 critical exponents
Moshe Schwartz
School of Physics and Astronomy, Tel-Aviv University
A controversy exists in the literature concerning the number of independent exponents in random field systems.According to the droplet model,there are three
independent exponents.I will present analytical arguements and strong numerical
evidence that the number of independent exponents is two. There is indeed a natural additional exponent in random field systems but there is also an additional
scaling relation.
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Surfactant Mediated Thin Film Growth
Daniel Kandel^ and Efthimios Kaxiras^
t. of Physics of Complex Systems
Weizmann Institute of Science, Rehovot 76100
of Physics, Harvard University, Cambridge MA 02138

When layers of one material are grown on top of a substrate made out of a different
material (heteroepitaxy), the surface of the film becomes extremely rough. Due
to the difference in the lattice constants of the two materials, a smooth film costs
elastic energy. The free energy of the system is lowered by growing tall and narrow
three-dimensional islands, leaving a significant portion of the initial substrate exposed. As a result, the epitaxial quality of the film deteriorates. It has been shown
experimentally, that when the growth is mediated by a monolayer of a third material
(the surfactant) that floats on top of the film during growth, one can overcome the
problem and smooth films can be grown.
In this work we propose a novel kinetic mechanism by which the surfactant layer
affects the morphology of the film. We investigate the submonolayer growth kinetics
analytically in terms of mean field rate equations. The multilayer growth regime
is studied numerically in terms of kinetic Monte Carlo simulations of a solid-onsolid model. We predict a transition in the behavior of the system as the growth
temperature is raised, from smooth growth at low temperatures to three dimensional
islanding at high temperatures.
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Two-variable Series Analysis.
Joan Adler and Zaher Salman
Faculty of Physics
Technion Israel Institute of Technology

The series expansion method is a systematic expansion in a small parameter for
thermodynamic properties of models. For our models if the number of terms were
infinite the expansion would give the exact solution. In practice, a finite number of
terms of the series can be extrapolated into the critical region to study its nature.
The analysis is made using some Pade or Dlog Pade based numerical algorithms.
However these methods are usable only for one variable series, and hence cannot be
applied for models with multicritical behaviour. Therefore we have also developed
an interactive computer program that applies PDA (Partial Differential Approximant) algorithms for models which exhibit multicritical behaviour. The program
uses a PDA library developed by D. Styer. Applications to several systems will be
presented.
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Stable distributions and lacunarity in percolation clusters
J-P Hovi1'2, Amnon Aharony1, Benoit Mandelbrot3,
and Dietrich Stauffer4
1

School of Physics and Astronomy, Tel Aviv University
Laboratory of Physics, Helsinki University of Technology, 02150 Espoo, Finland
3
Mathematics Department, Yale University, New Haven, CT 06520-8283, USA
4
Institute for Theoretical Physics, Cologne University, 50923 Kb'ln, Germany

2

Characterizing a random structure involves calculating the fractal dimension D,
which describes the scaling of the mass M within a volume of size L, via M oc LD.
However, many different structures share the same value of D. A more detailed
characterization can be achieved cutting the structure with a one-dimensional line.
In d spatial dimensions, self-similarity implies that the mass of the points on the
structure cut by this line scales as m = FLD~d+l, where the prefactor F fluctuates among different random realizations and between different linear cuts. Ratios
A/. = {mk)/(m)k = {Fk)/{F)h, and especially A 2 — 1, can be used to quantify the
lacunarity: large (small) values of the latter difference correspond to a less (more)
uniform mass distribution.
Supposing that the steps between consequtive points on the line are independent
(like for a Levy flight), the distribution of mass along the line can be written in terms
of stable distributions1. This gives an exact result for Nq(s), giving the probability
that the q:th consequtive occupied point lies a distance 5 from the origin, as well
as for the universal amplitude ratios A& of the mass distribution along this line.
This kind of lacunarity applies to all the cases which have no correlations, and can
be termed "neutral" 2 . It is thus natural to measure Nq(s) and the A^'s for other
structures, and use them as additional characteristics of random fractals.
In the present work we apply these measurements to percolation clusters in two
and three dimensions. To our surprise, linear cuts of such clusters turn out to be very
closely described by stable distributions. This implies that consequtive steps along
the cut are almost independent. The stable distributions thus seem to represent
excellent approximations for linear cuts of percolation clusters, and might be used
to calculate other percolation properties.
1. e.g. W. Feller, "An Introduction to Probability Theory and Its Applications",
(John Wiley k Sons, New York, 1971).
2. R. Blumenfeld and B. B. Mandelbrot, preprint (1995).
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The Tunneling Time of Wave Packets
M. Marinov and B. Segev
Dept. of Physics
The Technion, Israel Institute of Technology

The time evolution of a particle incident on a potential barrier is considered using
the Wigner function representation. An asymptotic phase-space propagator for nonrelativistic scattering on a one - dimensional barrier is constructed. The propagator
has a form universal for various initial state preparations and local potential barriers.
It is manifestly causal and includes time-lag effects and quantum spreading. Specific features of quantum dynamics which disappear in the standard semi-classical
approximation are revealed. The propagator may be applied to calculation of the
final momentum and coordinate distributions, for particles transmitted through or
reflected from the potential barrier, as well as for elucidating the tunneling time
problem. Modulations of the coordinate probability distribution of a transmitted
particle are shown to be controlled by the same time parameters, (the energy derivatives of the transmission amplitude,) in terms of which Buettiker-Landauer transversal time, Larmour tunneling time, and the complex time are expressed. Condition
are given for which Wigner's phase time is expected to be measured in agreement
with recent experiments of Chiao et. al. The apparent contradiction between the
tunneling times calculated by stationary approaches on one hand and wave-packet
analysis on the other hand is thus resolved.
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Nematic-Smectic Transition
in the System of Semi-flexible Chains
Alexei V. Tkachenko
Department of Physics
Bar-Ilan University
Ramat-Gan 52900, Israel
The theory of the nematic-smectic phase transition in the system of uniform
semi-flexible chains with hard-core repulsion is presented. The transition is driven
by an effective attraction between the chain-free regions, which exist near the edges
of the chains. Unlike the case of rigid rods, the studied system performs the firstorder nematic-to-smectic transition. The difference is due to the conformational
contribution to the free energy, which dominates the thermodynamics of the chain
system and stabilizes it against the second-order transition. The calculated spinodal volume fraction of the uniform nematic phase and the critical period of the
modulation instability are in agreement with recent experiments.
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