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08:30-09:30 Shenkar Bldg. Lobby

Registration and Coffee

09:30-09:50, Lev Auditorium

Opening Remarks:
Prof. N. Cohen, Rector of Tel Aviv
University
Prof. S.Havlin, President of IPS
Presentation

of the IPS awards for

outstanding graduate students
09:50-10:40 Lev Auditorium

Plenary Lecture:
Prof. Nathan Seiberg, Princeton
String Theory: A Progress Report

10:40-11:00 Shenkar Bldg. Lobby
11:00-13:00

Coffee Break

Parallel Sessions
Condensed Matter I
Condensed Matter III
Atomic and Nuclear Physics I
Fundamental Aspects of Quantum Mechanics I
Particles and Fields
Lasers and Quantum Optics
Physics Teaching
Physics in Medicine
Plasma Physics I

13:00-14:00

Lunch

13:30-14:30

Poster Session*

14:00-14:30

IPS business meeting

14:30-16:30

Parallel Sessions
Condensed Matter II
Statistical Physics and Nonlinear Dynamics
Atomic and Nuclear Physics II
Fundamental Aspects of Quantum Mechanics
Particles and Fields II
Astrophysics, Space Science and Cosmology
Physics in Industry
Physics in Biology
Plasma Physics II

16:30-17:00 Shenkar Bldg. Lobby,Coffee Break
17:00-17:45 Lev Auditorium

Plenary Lecture:
Prof. Peter Goldreich, Caltech
Extrasolar Planets

* Posters can be mounted from 8:30 and will be on display until 18:00

Program

Plenary Lectures
Lev Auditorium
Morning Session

• 09:50-10:40

Chair: R. Chen, Tel Aviv University

Nathan Seiberg, Princeton University
String Theory: A Progress Report

Afternoon Session

• 17:00-17:45

Peter Goldreich, Caltech
Extrasolar Planets

Chair: D. Maoz, Tel Aviv University

Condensed Matter I
Lev Auditorium
Morning Session

Chair. Y. Meir, Ben-Gurion University

• 11:00-11:30 Y. Avishai, Ben-Gurion University
Quantum-Hall Plateau Transitions in Disordered Superconductors
• 11:30-12:00 A. Auerbach, Technion
Interaction, Disorder and Dephasing in Superconducting Films and Quantum
Hall Systems
• 12:00-12:30 A. Schiller, Hebrew University
Mixed-Valent Regime of the Two-Channel Anderson Impurities as a Model for
U,.xThxBe,3
• 12:30-13:00 E. Shimshoni, Technion
Strong Bulk-Edge Coupling in the Compressible Half-Filled Quantum Hall
State

Condensed Matter II
Lev Auditorium
Afternoon Session

Chair: S. Barad, Tel Aviv University

• 14:30-15:00 B. Shapiro, Technion
Waves in Random Media: Intensity Distribution and non-Rayleigh Statistics
• 15:00-15:30 Y. Gefen, Weizmann Institute
Transmission Phase and Electron-Electron Interactions in Mespscopic Systems
• 15:30-16:00 A. Palevski, Tel Aviv University
Fermi Energy Anomaly in Highly Sn Doped InGaAs
• 16:00-16:30 I. Laulicht, Bar-Ilan University
On the Transient and Stationary Parametric Excitation of Spin Waves

Condensed Matter III
Melamed Hall (6)

Morning Session

Chair: A. Stern, Weizmann Institute

• 11:00-11:30 Y. Levinson, Weizmann Institute
Current Noise in an Irradiated Point Contact
• 11:30-12:00 E. Polturak, Technion
The First Superconductivity Experiment in Space
• 12:00-12:30 O. Millo, Hebrew University
Direct Identification of Atomic-Like Electronic Levels in InAs Nanocrystals
Quantum Dots
• 12:30-13:00 E. Kogan, Bar-Ilan University
Localization and Dephasing Driven by Magnetic Fluctuations in Colossal
Magnetoresistance Materials

Statistical Physics and Nonlinear Dynamics
""
Afternoon Session

• 14:30-15:00

Meimed Hall (6) '
Chair: E. Domany, Weizrnann Institute -

D. Mukamel, Weizmann Institute

Wetting Transitions Far from Thermal Equilibrium
• 15:00-15:30 Y. Rabin, Bar-Ilan University
Statistical Mechanics of Inter acting Loops in 3D Solids
• 15:30-16:00 I. Goldhirsh, Tel Aviv University
Granular Gases: Probing the Boundaries of Hydrodynamics
• 16:00-16:30 M. Schwartz, Tel Aviv University

;

Self Consistent Expansion for Stochastic Non-Linear Field Equation in
Condensed Matter Physics
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Atomic and Nuclear Physics I
Holcblat Hall (7)

Morning Session

Chair: Z. Frankel

• 11:00-11:30 J. Escher, Hebrew University
Partial Dynamical Symmetry in a Many-Fermion System
• 11:30-12:00 J.L.S. Aclander, Tel Aviv University
A Direct Measurement of Short Range NN Correlations in Nuclei Via the
Reaction I2C(p,2p+n)
• 12:00-12:30 C.J. Batty, Rutherford Laboratory
Experiments with S' Atoms
• 12:30-13:00 M. Hass, Weizmann Institute
A New Measurement of the (p,y) B Cross-Section with an Implanted 7Be Target

Atomic and Nuclear Physics II
Holcblat Hall (7)

Afternoon Session

Chair: Z. Vager

• 14:30-15:00 A. Moalem, Ben Gurion University
Covariant OBE Model Versus %PT Approaches to Meson Production
• 15:00-15:30 A. Baer, Weizmann Institute
Accurate Experimental Determination of Bond Angle Distribution in
Molecules
• 15:30-16:00 G. Golan, Cent. Tech. Educ. Holon
Interaction of Neutron Irradiation with Monocrystalline Silicon
• S. Gov, Weizmann Institute
Can Magnetic Traps Trap Non-Rotating, Macroscopic Bodies?

Fundamental Aspects of Quantum Mechanics I
Shenkar 204

Morning Session

Chair: L. Vaidman

• 11:00-11:30 G. Kurizki, Weizmann Institute
Can Measurements Slow Down Decay?
• 11:30-12:00 J.E. Avron, Technion
Adiabatic Theorem without a Gap Condition
• 12:00-12:30 B. Reznik, Tel Aviv University
Time in Quantum Mechanics
• 12:30-13:00 A. Gersten
Maxwell Equations as the One Photon Quantum Equation

Fundamental Aspects of Quantum Mechanics II
Shenkar 204

Afternoon Session

Chair: S. Gurvitz

• 14:30-15:00 O. Biham, Hebrew University
Quantum Computation and Algorithms
• 15:00-15:30 D.Rohrlich, Tel Aviv University
Thermodynamics and the Measure of Entanglement
• 15:30-16:00 I. Pitowsky, Hebrew University
Feasible Histories, Maximum Entropy
• 16:00-16:30 J. Daboul, Ben-Gurion University
Representation of Octonions by Matrices with Non-Associative Product and
Generalization
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Particles and Fields I
Shenkar104

Morning Session

Chair: Y. Frishman

• 11:00-11:30 R. Brustein, Ben-Gurion University
A New Model of Baryogenesis
• 11:30-12:00 B. Segev, Ben-Gurion University
High-Energy Limit of Electromagnetic Pair Production in Heavy-Ions
Collisions
• 12:00-12:30 M. Revzen, Technion
Casimir Effect - The Classical Limit
• 12:30-13:00 Z.F. Seidov, Ben-Gurion University
Vacuum Granularity and Neutrino Puzzles

Particles and Fields II
Shenkar104

Afternoon Session

Chair: G. Alexander

• 14:30-15:00 B. Svetitsky, Tel Aviv University
Flux Tube Dynamics in the Dual Superconductor
• 15:00-15:30 E. Etzion, Tel Aviv University
Electroweak Measurements at the Z-Pole and the Zbb Coupling
• 15:30-16:00 E. Prosso, Weizmann Institute
A New Algorithm for Separation of Signal from Background
• 16:00-16:30 A. Harel, Technion
Measuring Bs Oscillations via Ds-Lepton Decays
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Lasers and Quantum Optics
Kaplunll8

Morning Session

Chair: M. Rosenbluh

• 11:00-11:30 A. Arie, Tel Aviv University
Optical Frequency Mixing in Periodically-Patterned

and in Quasi-

Periodically-Patterned Nonlinear Media
• 11:30-12:00 N. Friedman, Weizmann Institute
A Rotating-Beam Optical Dipole Trap for Cold Atoms
• 12:00-12:30 A. Gover, Tel Aviv University
An Israeli FEL User Facility - Radiation Source Features and User
Applications
• 12:30-13:00 R. Drori, Tel Aviv University
Low Voltage Free Electron Lasers

Astrophysics, Space Science and Cosmology
Kaplunll8

Afternoon Session

Chair: D. Maoz

• 14:30-15:00 N. Brosch, Tel Aviv University
Highlights of Dwarf Galaxy Research
• 15:00-15:30 E. Griv, Ben-Gurion University
Local Stability Criterion for a Gravitating Galactic Disk
• 15:30-16:00 A. El-Zant, Technion
Morphological Evolution of Isolated Galaxies
• 16:00-16:30 N. Arav, Lawrence Livermore Natl. Lab.
Multiwavelength Spectroscopy Campaign on Quasar PG 0946+301
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Physics Teaching
Shenkar105

Morning Session

Chair: M. Meidav

• 11:00-l 1:20 B. Eylon, Weizmann Institute
Why Physics Education Research? Contributions to Learning and Instruction
• 11:20-11:40 I. GaMi, Hebrew University
Weight-Gravitation: More than an Educational Problem?
• 11:40-12:00 G. Ashkenazi, Hebrew University
Computer Centered Instruction of

Upper Level

University Courses

(Visualizing Quantum Mechanics)
• 12:00-12:20 Y. Yair, The Open University
The Use of Virtual Simulations in Astronomy Teaching
• 12:20-12:40 E. Raz, Technion
Scientific Thought in Students
• 12:40-13:00 M. Meidav, Tel Aviv University
Astronomy Olympiads in Israel

Physics in Industry
Shenkar 105

Afternoon Session

Chair: M. Brunstein

• 14:30-14:55 A.J. Agranat, Hebrew University
Electroholography: A New Generic Method for Parallel Fast Interconnection
Networks
• 14:55-15:20 E. Manor, Shirat Enterprises
Academic Research Institutes for New Technologies and Products
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• 15:20-15:45 G. Shechter, Picker Medical Systems
Recent Developments in Computerized Tomography
• 15:45-16:10 S. Reinhorn, Applied Materials
Optical Inspection

of High Aspect

Ratio Structures

in Advanced

Semiconductors Devices
• 16:10-16:30 Z. Schiffer, Bar-Ilan University
Extraction of Morphological Properties of Single Particles Using Differential
Laser Scattering - a Stationary Phase Approach

Physics in Medicine
Shenkar 222

Morning Session

Chair: S. Akselrod

• 11:00-11:25 A. Montag, GE Medical Systems MR Israel
Rapid MR1with Interleaved Spiral Acquisition
• 11:25-11:50 A. Landsberg, Technion
The Biochemical to Mechanical Energy Conversion by the Muscle Motor
Units
• 11:50-12:15 E. Toledo, Tel Aviv University
Quantification of Phase Synchronization in Simulated and Natural Systems .
• 12:15-12:40 M. Deutsch, Bar-Han University
Detection of Breast Cancer by Kinetics of Fluor-escein Release from
Peripheral

Blood

Lymphocytes

(PBL)

Monitored

by

Fluorescence

Polarization Measurements
• 12:40-13:00 A.Salman, Ben-GurionUniversity
Fourier-Transform Infrared Spectroscopy of Formalin Fixed Human
Cancerous and Normal Intestine
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Physics in Biology
Shenkar222

Afternoon Session

Chair: M. Nitzan

• 14:30-15:00 N. Zurgil, Bar-Ilan University
Analysis of Enzyme Kinetics in Individual Living Cells Utilizing Fluorescence
Intensity Polarization Measurements
• 15:00-15:30 V. Gigot, Ben-Gurion University
Magneto-Acoustic Technique for Detecting Cells
• 15:30-16:00 M. Feingold, Ben-Gurion University
Single Molecule Study of DNA-Protein Interactions
• 16:00-16:30 J. Stavans, Weizmann Institute
Pearling Budding and Coiling: Instabilities of Membranes with Anchored
Polymers

Plasma Physics I
Tau Auditorium, Wolfson Building

Morning Session

Chair: R. Avni

• 11:00-11:20 S. Eliezer, SoreqNRC
The Inverse Faraday Effect in Plasma
• 11:20-11:40 S. Eliezer, Soreq NRC
Magnetized Targets Induced by Circular Polarized Laser Light
• 11:40-12:00 R. Doron, Hebrew University
Interpretation of Spectra from Autoionization Levels Using a Two-Step
Collisional Radiation Model
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• 12:00-12:20 L. Friedland, Hebrew University
Autoresonant Excitation of the Diocotron Mode in Non-Neutral Plasmas
• 12:20-12:40 A. Fruchtman, Cent. Tech. Educ. Holon
Acceleration to Supersonic Velocities in the Hall Thruster

........

• 12:40-13:00 E. Gidalevich, Tel Aviv University
Self-Similar Vacuum Arc Plasma Cloud Expansion

,

Plasma Physics II
Tau Auditorium, Wolfson Building

Afternoon Session

Chair: S. Eliezer

• 14:30-14:50 V.A. Godyak, Osram Sylvania

:

Hot Plasma and Non-Linear Effects in.a Weakly Ionized RF Plasma
• 14:50-15:10 Ya.E. Krasik, Technion
Charged Particle Emission from the Plasma Formed on the Surface
• 15:10-15:30 N. Narkiss, Sqreq NRC
Arc Discharge Hollow Cathode for Small Plasma Rocket Engines
• 15:30-15:50 Y. Pinhasi, College of Judea and Samaria
Super-Radiance, Pulse Compression and Ultimate Conversion Efficiency in
Pre-Bunched Free Electron Laser
• 15:50-16:10 A. Weingarten, Weizmann Institute
Ion Motion in a Plasma Interacting with Strong Magnetic Fields
• 16:10-16:30 A. Lahav, Technion
Coupling Phenomenon in Diode with Dielectric Gridded Cathode
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Plenary Lecture

invited

IL0106779

String Theory: A Progress Report
Nathan Seiberg
School of Natural Sciences
Institute for Advanced Study
Olden Lane, Princeton, NJ 08540

Recently our understanding and perspective of string theory has undergone a
complete revolution. The talk will start with a review of the goals of the theory:
a complete and coherent quantum theory of all particles and all forces including
gravity. We will then describe the evolution of our understanding of the theory
starting with its origin in the late 60's through the developments of the 8O's, when
the behavior of string theory in perturbation theory was uncovered. We will then
turn to the recent excitement circling around its exact nonperturbative behavior.
This has led to many deep and surprising results. Some of them solve long standing
important open problems.

19

Plenary Lecture

invited

Extrasolar Planets
Peter Goldreich
Division of Geological and Planetary Science, Caltech, Pasadena, CA, USA

It is remarkable that the brains of humans, which evolved for hunting and gathering,
are capable of understanding the laws of physics, the biology of life, and the scope of
the observable universe. Now mankind has embarked on what promises to be a long
and exciting journey, whose ultimate aim is to discover other life forms with abilities
that equal or surpass ours. With the indirect detection of planets orbiting nearby
stars, the first step has already been taken. I shall describe clues we have about
how planets form, techniques for indirect and direct detection of extra-solar planets,
and prospects for communicating with inhabitants whose technical development is
similar to ours.
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invited
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Quantum Hall Plateau Transitions in Disordered
Superconductors
V. Kagalovsky1, B. Horovitz1, Y. Avishai1 J. Chalker2
1

2

Dept. of Physics, Ben Gurion University Beer Sheva
Dept. of Theoretical Physics, Oxford University England

The work is focused on a delocalization transition for non-interacting quasiparticles
moving in two dimensions, which belongs to a new symmetry class. It can be realized in a dirty, gapless superconductor in which time-reversal symmetry for orbital
motion is broken, but spin rotation symmetry is intact. It is shown that there is a
direct transition between two insulating phases having spin quantum Hall conductance of zero and two respectively. The energy of quasiparticles acts as a relevant,
symmetry breaking field at the critical point, which splits the direct transition into
a couple of conventional quantum Hall plateau transitions.
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Interactions, disorder and dephasing in superconducting
films and Quantum Hall systems.
Assa Auerbach
Dept. of Physics, Technion, Haifa

It is shown that a large class of two dimensional Superconductor to Insulator (SC-I),
and Quantum Hall to Insulator (QH-I) transitions can be understood by assuming
that the thermodynamic transition in the clean system is first order. The finite correlation lengths at the transition yield a natural separation of the disorder into short
and long wavelengths which are then straightforward to incorporate perturbatively
and semiclassically respectively.
This approach reduces problems of disorder+interactions to puddle network models,
whose studies have alrealy yielded insight into experiments of QH-I and SC-I. For
theQH-I, the difference between Landauer-Buttiker and Boltzman theories highlights
effects of dephasing.
[1] E. Shimshoni and A. Auerbach, Phys. Rev. B55 9817 (1997).
[2] E. Shimshoni, A. Auerbach and A. Kapitulnik, Phys. Rev. Lett., 80,3352,
(1998).
[3] L. Pryadko and A. Auerbach, cond-mat/98080652, Phys. Rev. Lett, in press.
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invited
IL0106782

Mixed-valent regime of the two-channel Anderson impurity
as a model for U i - T h B
Avraham Schiller
Racah Institute of Physics, The Hebrew University of Jerusalem

In recent years, a new class of f-electron materials has emerged featuring log(T) enhancements of the specific heat and susceptibility, and a low-temperature resistivity
that varies either linearly or as the square root of the temperature. Such behaviors are incompatible with Landau's Fermi-liquid picture of metals. One primary
example is Ui_ x Th x Bei 3 , in which uranium ions fluctuate between two different
charge configurations. In this talk I will show that the non-Fermi-liquid behavior of Ui_xTha;Bei3 is best understood in terms of a novel mixed-valent state in
which the ionic fluctuations undergo an exotic many-body screening. By considering realistic crystalline electric field splittings, this scenario successfully explains the
linear and nonlinear susceptibility data for UBei3 which thus far appeared incompatible, and accounts for their variation upon doping with thorium. It also supports
a small many-body energy scale, as found in Vx^JThxBeiz. These results were
obtained using extensive Monte Carlo, non-crossing approximation, and numerical
renormalization-group calculations.
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Strong Bulk-Edge Coupling in the Compressible
Half-Filled Quantum Hall State
MilicaV. Milovanovic1'2. Efrat Shimshoni2
1

2

Department of Physics, The Technion, Haifa
Department of Mathematics-Physics, Oranim-Haifa University, Tivon

We studied analytically static correlators in the compressible half-filled quantum
Hall state, which characterize the nature of charged excitations in the bulk and on
the edge of the system. We employ a modified version of the plasma analogy namely, a mapping to a classical two-dimensional system of interacting particles similarly to what has been done in studies of the incompressible (Laughlin) states.
However, the 'fake plasma' corresponding to the half-filled state is found to have
anomalously weak screening properties. As a consequence, the correlations along
the edge do not decay algebraically as in the incompressible case, thus indicating
the breakdown of Wen's edge theory. On the other hand, the bulk correlator (which
parallels the Girvin-MacDonald algebraic off-diagonal long range order) decays algebraically in a similar way as in the incompressible states, signifying the presence
of some kind of bosonic order even in the compressible state.
The above results suggest that due to the strong coupling between charged modes on
the edge and the neutral Fermions (dipoles) in the bulk, the (attractive) correlation
hole is not well defined on the edge. Hence, the system there can be modeled as a
free Fermi gas of electrons (with an appropriate boundary condition). A possible
experimental indication of a strong bulk-edge coupling at half-filling has been indeed
observed in non-local resistance measurements [1]. We also suggest, that while our
results contradict the validity of an effective one-dimensional description of the edge
excitations on the static level, the dynamics may decouple the edge and bulk so as
to recover the Laughlin-like behavior apparent in the experiment of Grayson et al
[2][1] J. K. Wang and V. J. Goldman, Phys. Rev. Lett. 67, 749 (1991); and Phys.
Rev. B 45, 13479 (1992).
[2] M. Grayson et al, Phys. Rev. Lett. 80, 1062 (1998).
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Waves in Random Media: Intensity Distributions and
non-Rayleigh Statistics
Boris Shapiro
Dept. of Physics, Technion, Haifa

A wave propagating in a random medium produces a complicated, irregular intensity
pattern (speckle pattern). It is described in statistical terms, with the help of various
correlation functions and probability distributions, such as the intensity distribution
P(I) at some point in space. In many cases P{I) is well approximated by the
Rayleigh distribution, exp(-J), as long as the intensity I, normalized to its average
value, is not too large. Recently Mirlin et. al. [1] considered quasi-one-dimensional
geometry and, using the supersymmetry formalism, derived a close expression for
P(7), valid for any value of / . In particular, it turned out that P(I) developes a
log-normal tail for assymptotically large values of /. The treatment of Mirlin et. al.
will be briefly reviewed and extended to the three dimensional case. In that case the
the supersymmetry formalism is not applicable and the far tail of the distribution
is obtained by using the method of optimal fluctuation [2].
[1] A. D. Mirlin, R. Pnini and B.shapiro, Phys. Rev. E57, R6285, (1998).
[2] I. E. Smolyarenko and B. L. Altshuler, Phys. Rev. B55, 10451, (1997).

27

Condensed Matter

•iiiini

invited

IL0106785

Transmission Phase and Electron-Electron Interactions in
Mesoscopic Systems
Yuval Gefen
Dept. of Condensed Matter, Weizmann Institute of Science

In a series of beautiful experiments by Yacobi, Schuster, Heiblum, Buks, Mahalu,
Umansky and Shtrikman, the (relative) phase of an electron beam transmitted
through a quantum dot has been measured. A high degree of correlation of this
phase has been observed as consecutive transmission resonances through the dot
were scanned (by varying a gate voltage). Notwithstanding a considerable theoretical effort, this result has not yet been accounted for. In particular, an independent
electron picture cannot provide such correlations.
We propose a model combining the effects of disorder and charging energy which
results in generic phase correlations. We identify, a large dimensionless parameter
in the theory which provides for such correlations. Possible experimental tests are
proposed.
The work has been supported by German-Israeli Foundation (GIF), by Israel Science Foundation founded by Israel Academy of Science and humanities- Centres of
Excellence program, and by the Minerva foundation. Y.G. was an EPSRC fellow
under grant GR/L67103. •-.
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FERMI ENERGY ANOMALY IN HIGHLY
Sn DOPED InGaAs
A. Tsukernik, A. Palevski, M. Slutzky, 0 . Potashnik, S. Barad, S. Luryi*,
A. Cho», H. ,Shtrikman§
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences, Tel Aviv University, Tel Aviv
* State University of New York, Stony Brook, NY
**Lucent Bell Laboratories, Murray Hill, New Jersey
§ Department of Condensed Matter, The Weizmann Institute of Science, Rehovot
We show that I-V characteristics of thermionic current from a semiconductor with
the Fermi energy E/j into a semiconductor with the Fermi energy E;2 over a ballistic
barrier exhibits strong maximum in dl/dV at eV=AE/ = E^-E^. It could be a
simple method for Fermi energy measurement in one of the semiconductors provided
that the Fermi energy of the second one is known. However, in order to meet the ballisticity requirement the barrier has to be so thin that tunneling contribution could
not be ignored. We demonstrate that even for thick non-ballistic barrier with buildin positive charge dl/dV has a well pronounced maximum at the same point, namely
at eV=AE/. Our calculations were successfully tested in n-GaAs/AlGaAs/n-GaAs
sandwich where AlGaAs barrier was artificially charged by introducing Si 5-doping
in the middle of the barrier. In heavily Sn doped sandwiches there is no need to
charge the barrier artificially since the diffusion of a small amount of Sn into the
barrier during a growth provides charge sufficient to observe the above described
feature. We grew by molecular-beam epitaxy (MBE) a set of n-InGaAs/AHnAs/nInGaAs heterojunctions with fixed low ri\ ~ 5 x 1017 cm" 3 carrier concentration in
the first InGaAs, fixed chemical composition of the, barrier and a variable doping
concentration n2 in the second InGaAs layer in the range n^ :. 1018 v 4 x 1019 cm" 3 .
The carrier densities in each layer were measured by standard Hall effect technique
and were found to be consistent with the doping levels confirmed by SIMS measurements. The dl/dV of the I-V characteristics of the junctions exhibit sharp peak for
all samples. It's position on the voltage axes, being interpreted as AE/ allows us
to extract the dependence of E/2 on carrier density, n 2 . This dependence strongly
deviates from standard theoretical predictions. The most striking observed anomaly
is the near saturation of the Fermi level at a value Ef ~ 130 meV when the mobile
carrier concentration exceeds 1019 cm" 3 . Photoluminescence measurements on the
same set of samples allow independent evaluation of E/.2, which is consistent with
the data obtained from the transport experiments. In addition a pronounced discrete peak appears in the photoluminescence spectrum just above E/2 in the heavily
doped samples which show the saturation behaviour. Our results call for a thorough
re-examination of the existing theory.
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On the Transient and Stationary Parametric Excitation of
Spin Waves
I. Laulicht and RE. Wigen*
Dept. of Physics, Bar-Ilan University, Ramat Gan 52900
* Dept. of Physics, Ohio-State University, OH 43210

There is a time delay between the switch on of the pumping and the time when
parametric excitation of spin waves [1] becomes stationary. This time delay is critically dependent on the pumping field, h, and exhibits a "critical slowing down"
behavior near the threshold field he. It is very short for pumping fields far beyond the threshold and it approaches infinity as h—>-hc from above. We name this
time delay as the buildup time. Buildup times and stationary values of spin wave
excitations near the instability threshold are calculated numerically. The study is
done in the framework of the two-mode model. It is shown that if a finite medium
correction term is introduced to the equations of motion [2] the threshold of the
pumping field amplitude is below ~ijv where 7 is the spin wave relaxation rate and
v is the coupling of the spin wave to the pumping field. The time evolution of the
excitation may approach the steady state via oscillations that may last for a very
long time. The stationary excitation No, and the buildup time r^ depend on the
pumping power p, and the pumping field h via power laws: No = B(p/pc — l)s and
rb = A(h/hc — 1)~A. 5 = 0.5 for the case of an infinite medium and no de-tuning of
the mode frequencies from up/2. For modes that are de-tuned from UJP/2, it is 0.37
for an infinite medium and 0.42 for a finite medium. A = 0.98 for the case of an
infinite medium and no de-tuning of the mode. For modes that are de-tuned from
up/2, it is 1.06 for an infinite medium and 0.98 for a finite medium. The power law
dependence is consistent with experiments but the numerical results for 5 and A do
not agree with experiments.
[1]V.S. L'vov, Wave Turbulence Under Parametric Excitation (Application to Magnets) Springer, Berlin, (1994)
[2]S.M. Rezende and A. Azevdo, Phys. Rev. B45 (1992) 10387
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Current noise in an irradiated point contact.
Y.Levinson, P.Wolne*
Dept. of Condensed Matter Physics, Weizmann Institute of Science
* Institut fur Theorie der kondensierten Materie, Universitdt Karlsruhe, 76128
Karlsruhe, Germany
Current fluctuations in ballistic quantum point contacts (PC) attract now much attention, both in theory and experiment partly because of the assumed possibility to
measure fractional charges in shot-noise and to probe other non Fermi liquid properties. We are interested in current fluctuations in a ballistic PC biased by applied
voltage and irradiated by external field. Time averaged current in microstructures
under such conditions (photon-assisted current) was investigated experimentally in
point contacts and quantum dots.
We consider a classical field which can be coherent (e.g. microwave radiation) or
incoherent (e.g. representing the environment at high enough temperature or a heat
phonon pulse). We assume that the field does not irradiate the leads between which
the bias is applied. Which means e.g. modulated gate voltage, not modulated bias
voltage. We model this situation considering a ID channel with a time-dependent
barrier potential U(x, t). The d.c. part of the potential Uo(x) is due to the squeezing
of the PC while the a.c. part 8U(x,t) is due to the field.
We suggest a new approach to calculate current and current correlations in such
a system. The approach is based on the concept of scattering states for a time
dependent Hamiltonian.
Consider the ID Schrodinger equation i{d/dt)ip = Hip for one particle with a
time dependent Hamiltonian H = —V2/2m + U(x,t), where the barrier potential U(x, t) — 0 at x —>• ±oo for all t. For any energy ek = k2/2m > 0 (with
k > 0) we define time dependent scattering states xl(xi t), o = ±, as solutions of the
Schrodinger equation with the following boundary conditions: the only incoming
waves are e~l£kt+lkx for xt a n d e"LCkt~lkx for Xk • The outging parts of xl contain
waves with k' j= k, describing inelastic scattering in transmission and reflection by
the a.c. barrier.
The time-dependent electron field operator can be calculated in the following way:
^(x,t) = T,k,a-akXk(x^)j where aak are Fermi operators of electrons in the left lead
and the right lead at x = ±oo, respectively. Electrons in different leads do not
correlate, while averages for operators belonging to the same.lead can be calculated
as for a free Fermi gas with chemical potentials /J^ introducing the bias voltage

V=(n+- n-)fe.
Using this approach we calculated the spectra of the current noise in a biased contact
irradiated by a weak random field. Considered examples demonstrate that the
nonequilibrium noise excited by irradiation differs essentially from nonequilibrium
noise excited by bias.
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The First Superconductivity Experiment in Space.
E. Polturak and G. Koren.
Faculty of Physics, Technion, Haifa

One of the most promising applications of high T c superconductors is in the field
of satellite communications. In view of the rapidly increasing demand for satellite
communication channels due to the formation of global networks of cellular phones,
internet, etc., one needs to develop more efficient ways of dividing the finite frequency
band into more and more channels without paying for it with excessive interference
or an increasingly large weight of conventional filters. Superconductive components
can save an order of magnitude on the weight and volume of such filters, a very
important factor in satellite design. Yet, up to now superconductors were never
tested in space. We present the design and performance of the first such experiment to reach space. The experiment consists of a thin film HTSC device integrated
with a miniature cryocooler. It was launched into space in July 1998 aboard the
TECHSAT-II microsatellite[l]. We will present data obtained from this experiment
until the present time. Long term survivability of HTSC devices in space would be
discussed.
[1] The TECHSAT satellite is built and operated by the Asher Space Institute at
Technion.
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Direct Identification of Atomic-Like Electronic Levels in
InAs Nanocrystal Quantum Dots
Oded Millo and David Katz
Racah Institute of Physics, The Hebrew University, Jerusalem 91904
The size dependent level structure of InAs nanocrystals in the range 2-7 nm in diameter is investigated using both tunneling and optical spectroscopies. The tunneling
measurements are performed using a cryogenic scanning tunneling microscope on individual nanociyst&ls that are attached to a gold substrate via dithiol molecules. The
tunneling I-V characteristics manifest an interplay between single electron charging
and quantum size effects. We are able to directly identify quantum confined states
of isolated InAs nanocrystals having s and p symmetries. These states are observed
in the I-V curves as two and six-fold single electron charging multiplets. Excellent
agreement is found, between the strongly allowed optical transitions [1] and the spacing of levels detected in the tunneling experiment. This correlation provides new
information on the quantum-dot level structure, from which we conclude that the
top-most valence band state has both s and p characteristics. The interplay between
level structure and single electron charging of the nanocrystals obeys an atomic-like
Aufbau principle of sequential electron level occupation.
[l| Uri Banin et al., J. Chem. Phys. 109, 2306 (1998).
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Localization and Dephasing Driven by Magnetic
Fluctuations in Colossal Magnetoresistance Materials
Eugene Kogan, Mark Auslender*, Moshe Kaveh
Dept. of Physics, Bar-Ilan University, Ramat-Gan
Department of Electrical and Computer Engineering, Ben-Gurion University,
Beer-Sheva
The recent discovery of "colossal magnetoresistance" (CMR) in Mn oxides has generated great interest in these materials. Due to the co-existence of conduction electrons
and local magnetic moments, with strong interaction between them, and interplay
between spin, charge, orbital and lattice degrees of freedom, these materials exhibit
rich physical behavior. In particular, the phenomena of magnetic transition and
simultaneous metal-insulator transition has emerged as an active area of experimental and theoretical studies. To describe the transition we apply the conception
of Anderson localization of conduction electrons caused by the scattering on spin
fluctuations and temperature dependent position of the mobility edge. We consider
separately two cases:
• the double-exchange model, which describes magnetic perovskites and narrow
conduction band magnetic semiconductors [1];
• the s-d model, which describes magnetic pyrochlores and wide conduction band
magnetic semiconductors [2].
In the latter case we also take into account spin dynamics, which leads to dephasing
and partial delocalization of the electrons. In this case we claim the existence of the
"mobility edge", which separates the states with fast diffusion and the states with
slow diffusion; the latter is determined by the dephasing time. When the "mobility
edge" crosses the Fermi energy a large and sharp change of conductivity is observed.
The theory provides an explanation for the observed temperature dependence of
conductivity in several classes of the CMR materials.
[1] E. Kogan and M. Auslender, cond-mat/9807069 (1998).
[2] E. Kogan, M. Auslender, and M. Kaveh, cond-mat/9808065 (1998).
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Haldane Gap and Fractional Oscillations in Gated
Josephson Arrays.
Ehud Altman, Assa Auerbach
Department of Physics, Technion, Haifa
An analogy between the twisted quantum xxz model and a gated Josephson junction
array is used to predict sharp structure in the critical currents versus gate voltage,
and fractional ac Josepphson frequencies. We prove selection rules for level crossings
which imply fractional periodicities of ground states with varying Aharonov-Bohm
flux. On infinite ladders they distinguish between different thermodynamic phases
related to the magnetization plateaus of reference [1]. In particular, extrapolated
numerical diagonalization on narrow ladders indicate a Haldane gap at moderate
easy-plane anisotropy with vanishing superfluid stiffness. The Haldane phase is explained by mapping to an 0(2) classical field theory in two dimensions with an
inverse temperature that scales assymptotically as the ladder width. This suggests
a Kosterlitz-Thouless transition to a phase with vanishing gap and finite superfluid stiffness above a critical ladder width. Physical parameters for experimental
realization of these novel effects are proposed.
[1] M. Oshikawa, M. Yamanaka and I. Affleck, Phys. Rev. Lett. 78 , 1984 (1997).
[2] E. Altman and A. Auerbach , Phys. Rev. Lett. 81 4484 (1998).
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Dodecagonal square-triangle tiling — growth simulation
Boaz Rubinstein and Shelomo I. Ben-Abraham
Department of Physics, Ben-Gurion University of the Negev
FOB 653, IL-84105 Beer-Sheba, Israel
E-mail: benabr@bgumail. bgu. ac. il

Some alloy systems such as NiCr and VNiSi have quasicrystalline phases with twelvefold symmetry [1,2]. These can be interpreted in terms of dodecagonal tilings by
squares and equilateral triangles [3-5]. The formation of quasicrystals may be due
to a number of mechanisms such as local growth rules, cluster covering, etc., which
may act separately or in synergy. This research focuses on the growth of such
dodecagonal quasicrystals as well as the abundancy of their vertex configurations,
both regular and defective. We have simulated growth from the melt under various
conditions in order to find the minimal constraints necessary to produce realistic
patterns as well as realistic vertex statistics. We have also calculated the exact vertex frequencies of the ideal square-triangle tiling by relying on inflation symmetry.
The simulation showed that unrestricted random growth typically results in phase
separation of triangles from squares. Favoring triangles to attract squares and vice
versa brings about nearly perfect patterns with nearly perfect vertex abundancies
and very realistic defect concentrations.
[1] Ishimasa T, Nissen HU and Fukano Y, Phys. Rev. Lett. 55 (1985), 511-513.
[2] Chen H, Li DX and Kuo KH, Phys. Rev. Lett. 60 (1988), 1645-1648.
[3] Gahler F, Quasicrystalline Materials, Janot C and Dubois JM, eds.,
(World Scientific, Singapore 1988), pp. 272-284.
[4] Niizeki N and Mitani H, J. Phys. A: Math. Gen. 20 (1987), L405-410.
[5] Stampfli P, Helv. Phys. Acta 59 (1986), 1260-1263
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Cluster covering of octagonal MnSiAl quasicrystals
Shelomo I. Ben-Abraham* and Franz Gahler*
^Department of Physics, Ben-Gurion University of the Negev
POB 653, IL-84105 Beer-Sheba, Israel
E-mail: benabr@bgumail. bgu. ac. il
^Institute for Theoretical and Applied Physics, Stuttgart University,
Pfaffenwaldring 57, D-70550 Stuttgart, Germany
e-mail: gaehler@itap.physik. uni-Stuttgart, de
A likely mechanism for the formation of quasicrystals is by maximally covering space
with overlapping stable atomic clusters. This presumably minimizes the energy and
also creates long-range correlations and order [1]. The purely geometric aspect was
studied by Gummelt [2] who proved that the Penrose tiling could be produced by
covering the plane with overlapping copies of a single decagonal patch. Octagonal
quasicrystalline phases closely related to the /3-Mn structure have been observed
in the CrNiSi, VNiSi, MoCrNi and MnSiAl systems [3,4]. Jiang, Hovmoller and
Zou [5] have experimentally determined the structure of Mn 8 oSii 5 Al 5 . It is a layer
structure composed of octagonal layers A alternating with tetragonal layers B' and
B" (mutually rotated by 45° with an 84 screw axis. The layers can be described as
decorations of the octagonal Ammann-Beenker tiling (ABT) [6.7]. The edge decoration is imposed by the structure itself in a natural way, thus, together with the
maximal covering condition, enforcing the ABT [8]. We represent the decoration
abstractly by a novel two-color version of ABT, which, incidentally, has also considerable aesthetic appeal. The covering atomic cluster of the quasicrystal corresponds
to an octagonal patch of the colored tiling. The patch appears in two variants with
complementary colors. Our construction yields in a natural way also the translation
module (the generalization of the lattice concept) and the correct space group of the
complete 3D quasicrystal. They are the centered octagonal module and the space
group /84/mcm, respectively.
[1] Jeong HC and Steinhardt PJ, Phys. Rev. Lett. 73 (1994), 1943.
[2] Gummelt P, Geometriae Dedicata 62 (1996), 1.
[3] Wang N, Chen H and Kuo KH, Phys. Rev. Lett. 59 (1987), 1010.
[4] Wang N, Fung KK and Kuo KH, Appl. Phys. Lett. 52 (1988), 2120.
[5] Jiang JC, Hovmoller S and Zou XD, Phil. Mag. Lett. 71 (1987), 123.
[6] Beenker FPM, Report 82-WSK-04 (TH Eindhoven 1982).
[7] Ammann R, Griinbaum B and Shephard GC, Discrete Comp. Geom. 8 (1992),
1.
[8] Gahler F, Quasicrystals 6, Takeuchi S and Fujiwara T, eds.,
(World Scientific, Singapore 1998), p. 95.
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Near the Onset of Superconductivity in Eccentric
Mesoscopic Samples
Jorge Berger*, Jacob Rubinstein5
* Physics Faculty, Technion, Haifa
Mathematics Faculty, Technion, Haifa

We consider a superconducting sample embedded in a magnetic field. For perfect
axial symmetry, the winding number of the order parameter is a good quantum
number and its equilibrium value increases with the flux. There are fluxes §*m at
which the order parameters with winding numbers m and m + 1 are degenerate. If
the sample is eccentric and the flux is close to $ ^ , mixing of these order parameters
occurs and interesting phenomena appear. One of them is the presence of a vortex,
even if the sample is thinner than the coherence length. For small values of m
this vortex appears at the thin side of the sample; for large m, it appears at the
opposite side. An additional phenomenon is the existence of a critical point. There
is a temperature T2 such that below it there is a first order transition when the
flux crosses $ ^ ; above T2 , the passage is continuous. At the critical point, the
ac magnetic susceptibility diverges. There is some experimental evidence for this
behavior.
[1] J. Berger and J. Rubinstein, Phys. Rev. B, 56, 5124, (1997).
[2] J. Berger and J. Rubinstein, Phys. Rev. B, in press.
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Onset of Self-Assembly in Polymer-Surfactant Systems
Haim Diamant, David Andelman
School of Physics & Astronomy, Tel Aviv University, 69978 Tel Aviv, Israel

Amphiphilic molecules (surfactants) consist of two opposing parts — a water-soluble
moiety and a water-insoluble one — which are chemically bonded. Consequently,
above a certain threshold concentration in aqueous solution {critical micellar concentration, cmc) surfactants self-assemble into aggregates. Aqueous solutions containing linear, flexible chain molecules (polymers) and surfactants exhibit self-assembly
at much lower surfactant concentrations. This feature offers a delicate control over
the physical properties of the solution, which is used in numerous applications. We
study theoretically the onset of self-assembly in such polymer-surfactant systems.
Focusing on the effect of the surfactant on polymer conformation and using a conjecture of local instability of the polymer at the onset of self-assembly, we obtain several
simple predictions: (i) the threshold concentration required for polymer-surfactant
self-assembly (critical aggregation concentration, cac) is always lower than the cmc;
(ii) in charged systems the cac increases with the concentration of added salt and
is almost independent of polymer charge; (iii) in weakly interacting systems the cac
follows changes in the cmc roughly linearly. We further use the special case of interactions between surfactants and amphiphilic polymers to demonstrate the crucial
role of chain conformation in the self-assembly. The predictions are supported by
available experiments.
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Localization of Two Interacting Particles in One and Quasi
one- Dimensional Disordered System
B. Elattari and Y. Imry
Dept. of Condensed Matter Physics, Weizmann Institute of Science
76100 Rehovot, Israel

Recently it has been shown that the interaction enhances the localization length
for coherent propagation of two particles [1-3]. We investigate this problem using a
new approach based on the introduction of an effective Hamiltonian for which the
strength of the interaction U is the energy of the corresponding effective system. The
localization properties of the two interacting particles are then deduced directly from
the eigenstates of this effective Hamiltonian. Our results are then compared to the
existing ones. The dependence of the localization length on the sign of interaction
is also investigated and a general formulae is given.
[1] D. L. Shepelyansky, Phys. Rev. Lett. 73, 2607 (1994).
[2] Y. Imry, Europhys. Lett. 30, 405 (1995).
[3] K. Frahm, A. Miiller-Groelling, J.-L. Pichard and D. Weinmann, Europhys. Lett.
31, 169 (1995); F.von Oppen, T. Wettig and J. Miiller, Phys. Rev. Lett. 76, 491,
(1996)
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Enhancement of Thermoelectric Power Factor
in Composite Thermoelectrics
David J. Bergman and Leonid G. Fel
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel Aviv University, Tel Aviv 69978, Israel

The analytical properties of macroscopic transport coefficients of two-component
composites are first used to discuss the bulk effective or macroscopic thermoelectric
power factor We of such a composite. It is found that the macroscopic power factor
can sometimes be greater than the power factors of both of the pure components,
with the greatest enhancement always achieved in a parallel slabs microstructure
with definite volume fractions for the two components. This is in marked contrast
with the bulk effective or macroscopic thermoelectric figure of merit of a composite
A e , which was proven some time ago to be bounded from above by the largest of
the pure component values of the figure of merit [1,2]. Some interesting examples
of actual mixtures are then considered, where the components are a "high quality
thermoelectric" and a "benign metal", leading to the conclusion that considerable
enhancement of the power factor is often possible, with but a modest reduction in
the figure of merit, compared to those of the high quality thermoelectric component.
Somewhat to our surprise, we found that the largest value of We is often attained
in composites with a very small volume fraction of the high quality thermoelectric
component. E.g., in a medium composed of the benign metal Al and the undoped
high quality thermoelectric alloy (Bi2Te3).2(Sb2Te3).$, a maximal enhancement of
We, by a factor of 20 over the power factor of the alloy, is achieved in a parallel slabs
microstructure where the volume fraction of the alloy is only 0.013! At the same
time, A e is about 0.28, as compared to the value 0.46 for the figure of merit of the
homogeneous high quality thermoelectric alloy.
Two possibilities for fabricating real composites with such improved thermoelectric
properties emerge from this study: a parallel slabs microstructure of benign metal
and high quality thermoelectric, and a sintered collection of benign metal grains,
each of them coated by a thin shell of high quality thermoelectric. Sufficient conditions were found which enable us to determine in advance whether enhancement is
achievable in any of those microstructures using a given pair of components.
[1] D. J. Bergman and O. Levy, J. Appl. Phys. 70, 6821-6833 (1991).
[2] D. J. Bergman, Proc. 16th Int'l Conf. on Thermoelectrics, eds. A. Heinrich and
J. Schumann, IEEE, 1997, Cat. No. 97TH8291, pp. 401-403.
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Orientation of N2 Molecules Adsorbed on Graphite
Between 20 K to 150 K
Y. Finkelstein*, R. Moreh*, D. Nemirovsky*, O. Shahal* and H. Tobias11
* Physics Department, Ben-Gurion University of the Negev, Beer-Sheva, Israel
^Nuclear Research Center - Negev, Beer-Sheva Israel

The nuclear resonance photon scattering (NRPS) technique [1] is unique in its exclusive ability to determine the molecular orientations of adsorbed N2 on graphite
surfaces. The photon beam is obtained from the Cr(n,7) using thermal neutrons
from the IRR-2 reactor where one of the 7 lines is known to be resonantly scattered
from the 6324 keV level in l5N. By measuring the resonantly scattered intensities
from the 15N2 adsorbed on Grafoil with the planes of a graphite surface set parallel
and perpendicular to the photon beam direction, the out-of-plane tilt angle of the
adsorbed 15iV2 relative to the graphite surface was determined versus molecular coverage and temperature. Detailed measurements were carried out on the iV2+Grafoil
system at high temperatures, well above the 2D tricritical point (Tc ~85K), where
the N2 is in the vapor phase on Grafoil. We showed beyond any doubt that even
at T = 140 K and submonolayer coverages, the molecules have on the average, a
definite forward tilt with respect to the graphite surface and that the tilt angle increases with coverage. The results are compared with grand canonical Monte Carlo
calculations (GCMC). AT low temperatures, T = 20 K, where the N2 is in the
solid phase, more measurements were carried out at coverages between n = 0.6 to
5.0 monolayers. The measured tilt angle of l5N2 at 20 K was found to be in good
agreement with calculations based on molecular dynamic simulations.
[1] R. Moreh and O. Shahal, Surf. Sci., 177, L963 (1986).
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Nuclear Spin-Lattice Relaxation and Spin Diffusion in the
Mixed State of Type II Layered Superconductors.
G.B. Furman, S.D. Goren,
Department of Physics, Ben-Gurion University, Be'er-Sheva, 84105 Israel

—#
In the type II superconductors, an applied magnetic field Ho, in the range between
the lower and upper critical field , Hc\ < HQ < HC2, penetrates in the bulk sample
in the form of filaments (vortices) with quantum flux $o = §| which form a twodimensional structure in the plane perpendicular to i?o[l]- The internal magnetic
field HL(T) is generated by vortices , the spatially distributes over sample. The
thermal motion of the vortices in the mixes state gives rise to time-varying magnetic
field, perpendicular component of which to the applied magnetic field Ho can induce
transitions between Zeeman levels[2]. Due to special dependence of the transition
probability the local nuclear magnetization M(f,t) reaches its equilibrium value at
a faster rate near the core of vortex. Therefore the nuclear magnetization will be
a function of the position and the spatial diffusion of the nuclear Zeeman energy
can be induced. This process can be important only under the condition that the
difference of the internal local magnetic field (in units of a frequency) at the points
occupied by the neighboring nuclei is of the order or lower with nuclear line width
in order to fulfill energy-conservation law[3].This relaxation process very similarly
to that induced by paramagnetic impurities [4].
We apply & well developed theory of the spin diffusion and spin lattice relaxation
in the presence of paramagnetic impurities to the spin system in the mixed state
of type II layered superconductors . The main goals of the present paper is to
obtain the time dependence of the nuclear magnetization M(t) and calculate the
spin lattice relaxation time T\. The main difference between the cases of vortices
and PI, that the local transition probability has the different spatial dependences:
in superconductor case its depends on the field distribution and can be expressed by
various spacial functions, but in the Pi-case only the inverse sixth power dependence
on the distance between nuclei and the PI is realized.
[1] A.A.Abrikosov, Sov.Phys. JETP, 5,1174 (1957). .
[2] D.E.MacLaughlin, in Solid State Physics, edited by H.Ehrenreich, F.Seitz, and
D.Turnbull (academic, New York, 1976), vol.31, p.46.
[3]A.Z.Genack and A.G.Redfield, Phys.Rev.Lett., 31,1204 (1973).
[4]G.B.Furman, E.M. Kunoff, and S.D. Goren,Physica C266,203(1996).
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The Return Probability of N Strongly Repelling Classical
Diffusing Particles in Quasi-ID, an Exact Solution.
U. Gavish, Y. Imry
Dept. of Condensed matter , Weizmann Institute of Science
email: hgavish@wis.weizmann.ac.il

N classical particles diffuse inside the one-dimensional interval [0,L]. The particles
interact through short-range repulsive interaction that prevents them from exchanging positions - they stay ordered in their initial ordering on the line. The probability
that at time t, all the particles are back at the points they were at t=0 (up to a
distance less than a mean free path), and the configuration space average of this
probability, are calculated exactly.
There are semiclassical relationships between the above return probability and the
two-point correlation function of the energy levels of the system. These relations
are established for noninteracting systems, and supply information on the behavior
of, for example, noninteracting electrons diffusing in a dirty metal. There are indications that the return probability, can provide information about the scales in the
level correlation of inter acting-particle systems.
[1] U. Gavish and Y. Imry, Ann. Phys. 268, 2, 359-402 (1998).

44

Condensed Matter
mil i
IL0106802

Local modes, phonons, and mass transport in solid 4 He.
N. Gov, E. Polturak
Physics Department, Technion-Israel Institute of Technology, Haifa 32000, Israel

The highly quantum nature of solid Helium has been a long-standing theoretical
problem. The experimental manifestations of quantum effects are highly anharmonic
phonons and anomalous atomic self-diffusion and transport. Here we propose a
model to treat the local motion of atoms in solid 4He as a local mode. In this model,
the solid is assumed to be described by the Self Consistent Harmonic approximation,
combined with an array of local modes. We show that in the bcc phase the atomic
local motion is highly directional and correlated, while in the hep phase there is
no such correlation. The correlated motion in the bcc phase leads to a strong
hybridization of the local modes with the T^llO) phonon branch, which becomes
much softer than that obtained through a Self Consistent Harmonic calculation, in
agreement with experiment. In addition we predict a high energy excitation branch
which is important for self-diffusion. Both the hybridization and the presence of
a high energy branch are a consequence of the correlation, and appear only in the
bcc phase. We suggest that the local modes can play the role in mass transport
usually attributed to point defects (vacancies). Our approach offers a more overall
consistent picture than obtained using vacancies as the predominant point defect.
In particular, we show that our approach resolves the long standing controversy
regarding the contribution of point defects to the specific heat of solid 4 He.
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Mesoscopic Superconducting Disc with Short-Range
Columnar Defects.
Gregory M. Braverman, Sergey A. Gredeskul*, Yshai Avishai *
Max-Planck Institute fur Kernphysik - Heidelberg, Heidelberg
Physics Department,Ben Gurion University of the Negev, Beer Sheva
The use of submicron Hall probe technique in the ballistic regime for studying individual submicron superconducting samples smaller than the probe size allowed
Geim et. al. [1] to establish a link between the detected signal and the sample
magnetization. These experiments show that the sample undergoes a sequence of
phase transitions of the first kind, which manifest themselves as mesoscopic jumps
of the magnetization curve [2]. The jumps are due to penetrations of additional
vortices inside the superconductor as the applied magnetic field increases.
The relation of the magnetization jumps to the penetration of new vortices into
the disc has been demonstrated in a series of theoretical works [3-7]. It was shown
that S-N transition in mesoscopic disc could be of first or second order [3-5]. The
conditions for multi-vortex states or a giant vortex state formation were analyzed
[3-5]. It occured that above the upper critical field for an infinite sample the vortices
always form a giant vortex located at the disc center [6].
In the present report we study the magnetic properties of a mesoscopic superconducting disc with disordered short-range columnar defects [8]. We show that the
defects help the penetration of vortices into the sample, thereby decrease the sample
magnetization and reduce its upper critical field. Even weak defects split a giant
vortex state into a number of vortices with smaller topological charges. In a disc
with a sufficient number of strong enough defects vortices are always placed onto
defects. The presence of defects lead to the appearance of additional magnetization
jumps related to the redistribution of vortices which are already present on the defects and not to the penetration of new vortices.

[1] A. Geim et.al, Appl. Phys. Lett. 71, 2379, (1997).
[2] A. Geim et.al., Nature, 390, 259, (1997).
[3] P. Singha Deo et.al., Phys. Rev. Lett., 79, 4653, (1997).
[4] V.A. Schweigert, F.M. Peeters and P.S. Deo, Phys. Rev. Lett., 81, 2783, (1998).
[5] P. Singha Deo F.M. Peeters and V.A. Schweigert, cond-mat/9812193 (1998).
[6] J.J. Palacios, Phys. Rev. B 58, R5948, (1998).
[7] E. Akkermans, K. Mallick, cond-mat/9812275 (1998).
[8] G.M. Braverman, S.A. Gredeskul and Y. Avishai, cond-mat/9801040 (1999).
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A new view of the zero magnetic-field metal-insulatortransition in two-dimensions
Y. Hanein, D. Shahar, Hadas Shtrikman, C. C. Li*, J. Yoon*, and D. C. Tsui*
Dept. of Condensed Matter Physics, Weizmann Institute, Rehovot 76100, Israel
* Dept. of Electrical Engineering, Princeton University, Princeton, New Jersey
08544

The realization of very high quality two-dimensional (2D) systems in semiconductor
structures has enabled the study of numerous features associated with their reduced
dimensionality. One of the more fundamental questions is whether a metallic phase
exists in two dimensions. The absence of experimental evidence that supports the
existence of such a phase, combined with a theoretical prediction [1] that noninteracting electrons in 2D systems are always localized at zero temperature (T)
and at zero magnetic-field (B), generated a strong conviction that all 2D systems
are insulating at J5=0. However, recent experiments seem to reveal an unforeseen
density-driven metal-insulator transition (MIT) at zero B, in low-density 2D systems
[2,3]. Naturally the origins of these results are still unknown.
Unlike this puzzling 5 = 0 transition, the insulator to quantum-Hall (QH) transition
and the QH to QH transitions, also observed in 2D systems, are in accordance with
existing theoretical models [4], and are considered to be well understood. To improve
our understanding of the B—0 transition, we conducted a study of the insulator-toQH transition in low-density 2D hole systems in GaAs near the B=0 MIT. We found
that the value of the critical B of the insulator to QH transition (Bc) monotonically
decreases to zero as the density is increased up to pc and, at pc, the insulator to
QH transition merges with the B=0 MIT. By this we demonstrated that the two
transitions share a common physical origin.
[1] E. Abrahams, P. W. Anderson, D. C. Licciardello, and T. Ramakrishnan, Phys.
Rev. Lett. 42, 673 (1979).
[2] S. V. Kravchenko, G. V. Kravchenko, J. E. Furneaux, V. M. Pudalov, and M.
D'lorio, Phys. Rev. B 50, 8039 (1994).
[3] Y. Hanein, U. Meirav, D. Shahar, C. C. Li, D. C. Tsui, and H. Shtrikman, Phys.
Rev. Lett. 80, 1288 (1998).
[4] Kivelson, S., Lee, D. H. & Zhang, S. C. Global phase diagram in the quantum
Hall effect. Phys. Rev. B 46, 2223-2238 (1992).
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How do holes destroy antiferromagnmetism in cuprates? A
Variational Monte Carlo study.
Moshe Havilio and Assa Auerbach
Department of Physics, Technion, Haifa

We study variational RVB wavefunctions with pair correlations between fermion
holes using large scale Monte Carlo simulations on loop coverings. We find that
while the two dimensional quantum Heisenberg model is resistant to destruction of
magnetic order when doped with static or uncorrelated mobile holes, the addition
of pair hopping terms induces concomitant superconductivity and a rapid reduction
of the staggered magnetization at small dopant concentrations.
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Stochastic parametric resonance in a
weakly nonlinear system
Victor Kagalovsky
Physics Unit, School of Engineering, Technological College of Beer-Sheva
External or parametric perturbations of a system could lead to various resonant
phenomena. The resonance in a system with randomly varying parameters is called
a stochastic parametric resonance (SPR). It is known that relaxation leads to a
particular lowest value of fluctuations necessary for the appearance of the SPR,
whereas a nonlinear friction leads to the stabilization of the SPR.
Interactions of different harmonics increase with the increase of fluctuations. They
are described by a weak nonlinearity. It is therefore interesting to study its influence
on the SPR. We consider Duffing equation as a model
d2x
—5- + colil + z{t))x + \x3 = 0
at*

(1)

where z(t) - is a Gaussian with a zero mean value and small intensity a2 (a2 <C 1,
A <C UJQ < x2 > - 1 . The most interesting case to consider is when the spectrum of the
random process is limited by the frequency slightly larger then the double frequency
of the system (to — 2u0 = e « 1). We derive equations for the moments of the
second order and disconnect them from the equations for the higher moments using
approximation for the variational derivatives. We then obtain a system of three
equations which we solve by Bogolubov-Krylov procedure. We derive an analytical
solution for < x2 > and then find the following condition for the stabilization of the
SPR
\'ZcoKa2+ 6LUQ1) < x2 >QV
(2)
Therefore, a weak nonlinearity could stabilize the SPR, if double system frequency
is close to the edge of the fluctuations spectrum, and the value of nonlinearity is
higher or of the order of Eq. (2).
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Anderson-Mott Delocalization of Charge Carriers and large
paramagnetic Effect at high Pressure in glassy
Semiconductors.
M.I. Klinger
Dept. of Physics, Bar-Ran University, Ramat-Gan
Email: klingem ©mail. bin. ac. il

Anomalous electron properties of glassy semiconductors (GSs) at ambient pressure (p = 0) have been attributed to the presence of a substantial concentration
c2(0) fa 10~3 - 10~4 of localized charge carriers, diamagnetic negative-U centres, in
the mobility gap (see, e.g., [1]). Moreover, localized paramagnetic charge carriers of
much lower concentration Ci(0) <C c2(0) have been found in GSs at p = 0. Both kinds
of charge carriers contribute to electrical conduction by only hopping, the contribution being negligible. Two pressure-induced phenomena are predicted for accessible
high pressures p around a characteristic pc ~ 105 bar, 104 < p < 106 bar, which
are associated with a theoretically revealed strong increase of both C2(p), up to ~
10~1,and ci{p), up to ~ 10~2. The latter is due to both the theoretically established
formation of the charge carriers in typical atomic configurations of the nanometer
scale for the majority of atoms at the high p in question [2] and the earlier observed
mobility-gap shrinking [3] . One of the predicted phenomena is the Anderson delocalization of the charge carriers at p > pc, as the effective carrier-states overlap (for
their average separation) increases with increasing c2{p) (or Ci(p)). Then, unlike
the situation at p = 0, the non-localized charge carriers become current carriers
determining a considerable metallic-type conduction, which actually predominates
in the GS at the high p. In this sense, an "insulator-metal transition" is expected
to occur at p = p c in the semiconductor phase (GS) of the material [4]. Another
phenomenon is a large change in magnetic properties. In fact,the GS, a diamagnet
at' p = 0, has to exhibit a very large paramagnetic effect at the high pressures,
which can predominate for appropriate values of the parameters involved, so the
glass can transform to a paramagnet. Experimental testing of the predicted effects
may give an extra information about the charge carriers and their characteristics for
the materials.
[1]. N.F. Mott and E.A. Davis, Electronic Processes in Non-Crystalline Materials
(Oxford: Clarendon Press, 1979).
[2]. M.I. Klinger and S.N. Taraskin, Phys. Rev. B 52, 2557, (1995).
[3]. K. Tanaka, Phys. Rev. B 30, 4549, (1984); B Weinstein, Phil. Mag. B 50, 709,
(1984).
[4]. M.I. Klinger and S.N. Taraskin, Phys. Rev. B 57,
12988,(1998).
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Dependence of the diamond type bonding on parameters of
deposition from a Ar -f CH4 plasma.
M. Maharizi, N.Croitoru, and A.Seidman
Dept. of Electrical Engineering - Physical Electronics, Faculty o}\ Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel.
Variation of relative fractions of sp5 and sp2 bonds studies of amorphous diamondlike carbon (a-DLC) films, deposited on silicon from rf (CH4 + Ar) RF plasma, is
presented. The electrical, optical, morphological, and mechanical properties, were
measured, and the results, discussed as a function of the partial Ar pressure in
the mixture of CH41+ Ar gases, during the a-ArDLC deposition. The comparative
study of properties of. a-DLC films, using Auger electron spectroscopy (AES), to
these of the ratio ($ = sp3/sp2 (sp2 graphite-bonding) and (sp3 diamond-bonding),
have shown that Ar improves the diamond-like properties. Raman spectroscopy
and FTIR were also used to determine the ratio sp3/sp2 bonds. For morphology
investigation optical microscopy and Atomic Force Microscopy (AFM), were used.
Electrical measurements, current-voltage (I-V) and current-temperature (I-T), were
performed. Deposition of a-ArDLC films on substrates (sapphire, germanium) with
average roughness (a) of the order of (a 1000A, have shown that a strong decrease
of a with increasing the thickness (d) is obtained. For d=0.8 jj,m the value a was
reduced to about 10A The bonding ratio $ remains constant with increasing d up
to 0Ajj,m and decreases with further increasing d. This indicates that the influence
of substrate and roughness is important for obtaining optimum value of $. The
novel and important result obtained in this paper was that a high value of ratio
($ > 50%) was achieved for the mixture of Ar/CH4 30/70), which was proved,
using the above mentioned types of characterization.

51

Condensed Matter

| L 0 106809

Fabrication of submicron bipolar transistor structures by
scanning probe microscopy.

Shachar Richter, David Cahen*, Yishay Manassen
Dept. of Chemical Physics, Weizmann Institute of Science, Rehovot Israel
•*• Dept. of Materials and Interfaces, Weizmann Institute of Science, Rehovot Israel
§ Dept. of Physics, Ben Gurion University of the Negev, Beer Sheva, Israel.

Hemispherical p / n / p transistor structures ranging from 100 microns down to 0.05
microns are fabricated in CuInSe2 by application of a high eletric field between a
conducting diamond tip of an Atomic force Microscope and a CuinSe2 crystal. This
leads to electromigration of Cu ions in the bulk of the material. The structures are
characterized by nm scale scanning spreading resistance and scanning capacitance
microscopy to reveal the inhomogeneous doping profile which was created by the
electric field. For such transistor structures there is a lower limit in size which is
roughly 10L (where L is the Debye length). The size of our smallest fabricated
structure is close to this limit.
[1] S. Richter, D. Cahen, S. R. Cohen, K. Gartsman, V. Lyakhovitskaya and Y.
Manassen Appl. Phys. Lett. 73, 1868 (1998). [2] S. Richter, Y. Manassen and D.
Cahen, Phys. Rev. B (in press).
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Anomalous Coarsening Process of Voids, Steps and
Denuded Zones on a Si(lll)7x7 Surface
Y. Manassen *, N. Ramesh Rao *, I. Mukhopadhyay *, Z. Olami
* Dept. of Physics, Ben Gurion University, Beer Sheva, Israel
Dept. of Chemical Physics, The Weizmann Institute of Science, Rehovot, Israel
Annealing a silicon surface covered with a submonolayer of a - Si at 600°G gives
a surface with voids that undergo a ripening process. If the uncovered surface has
steps, the deposition of the growing and diffusing voids at this high temperature on
the step creates a coarsening of the step. The coalescence of the voids with the step
creates a denuded zone (in which the density of voids is below the average) both at
the upper and the lower terraces. It is shown here, that both the exact morphology
and the scaling of the step width on one hand, and the density of voids near the
step on the other hand, can be analyzed quantitatively. The scaling relations of the
step width, the dynamic scaling of the voids, the denuded zones and the scaling of
the diffusion constant with size, are shown to be interconnected. Using all these
relations, it is possible to get a complete picture of all the characteristics of this
anomalous diffusive coarsening phenomenon. So we prove that the void coarsening
process is dominated by voids diffusion and coalescence and that void diffusion is
dominated by boundary vacancy diffusion. Thus the diffusive models of coarsening
(described in the mean field by Lifshitz Slyozov) are non - relevant in this case.
[1] E. Ter - Ovanesyan, Y. Manassen, N. Ramesh Rao and Z. Olami, J. Vac. Sci
Technol. B, 15, 1317, (1997).
'
';
[2] Y. Manassen, N. Ramesh Rao, I. Mukhopadhyay, E. Ter - Ovanesyan and Z.
Olami, Phys. Rev E. (In press).
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AC loss problem in high-temperature superconductors.
Victor Meerovich, Vladimir Sokolovsky
Dept. of Physics, Ben-Gurion University of the Negev

A number of technological applications of high-temperature superconductors
(HTSC) as superconducting power transmission lines, current leads, inductive fault
current limiters, magnetic shields and magnetic bearings are based on bulk components such as tubes, rings, rods, plates. The problem of AC loss reduction is a key
issue at the development of superconducting devices operating in AC circuits. In a
marked deference from low temperature superconductors, HTSC materials possess
smooth voltage-current characteristics and very low thermal conductivity. These
features can lead to the pronounced difference of the actual AC losses from the values predicted by Beanls critical state model. We propose the analytical approaches
for AC loss evaluation in HTSC that take into account actual voltage-current characteristics and heating due to AC losses. The obtained expressions explain experimentally observed dependencies of AC losses on frequency and amplitude of the
magnetic field. Cases of complete and incomplete magnetic field penetration have
been distinguished. The AC losses per cycle decrease with increasing frequency in
the case of incomplete penetration, the case relevant to thick slabs and low amplitude magnetic fields. In thin slabs and large magnetic fields, the case of complete
penetration, the losses increase with frequency. It has been shown the manner in
which the analytical solutions can be applied for various forms of voltage-current
characteristics. The simple criteria for neglecting thermal activated flux creep and
flux flow and ignoring thermal processes are deduced.
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Observation of a Confinement Effect of He Adsorbed on
Activated Carbon Fibers
D.Nemirovskyt, R.Morehf, K.H.Andersen*, J.Mayers*
^Physics Department, Ben-Gurion University of the Negev, Beer-Sheva, Israel
* Institut Laue-Langevin, B.P 156, 38042 Grenoble Cedex 9, France
** B.utherford Appleton Laboratory, Chilton, Didcot, Oxon, 0X11 OQX, UK

We studied the interaction between helium and the surface of Active Carbon Fibre
(ACF) by measuring the momentum distribution of the adsorbed He atoms using the
Neutron Compton scattering technique [1]. In the nano-scale regime, the structure
of the ACF resembles that of graphite, hence the interaction energy of He with
the ACF is close to that of He enclosed between two graphite surfaces. The data
yields the effective temperature of adsorbed He atoms which is related to their total
zero-point kinetic energy. Submonolayer coverage of He on ACF was employed,
to ensure that the main part of the interaction is between a He atom and the
adsorber and to reduce the relative contribution of the He-He interaction. In order
to increase the signal/background ratio, we selected an ACF with a huge surface
area of 3000m2/g [2], which yielded a detectable He signal enabling us to measure
the He effective temperature with good accuracy. The measured result at 10.2 K
was Ts = 36.2 ± 2.0 K to be compared with Ts = 11.0 ± 1.8 K for He in the bulk.
The effective temperature was calculated using the WKB approximation yielding:
Ts = 27 K (for the case of He adsorbed on a single graphite surface); Ts = 55.5
K for He enclosed in a slit of width w = 0.52 nm varying to Ts = 27.5 K at w
= 1.0 nm and a coverage of one monolayer. Here we used a 4-10 Lennard-Jones
potential to describe the He-surface interaction. The relatively high measured value
of Ts which is much larger than that of He in the bulk or that of He adsorbed on
a single graphitic surface is indicative of a confinement effect of He atoms inside
the micropores. This result also means that the dimensions of the pores are of the
order of 0.55 nm, which causes the enhancement in the value of Ts.
[1] P.A.Seeger, A.D.Taylor and R.M.Brugger, Nucl.Instrum.Methods, A240, 98
(1985)
[2] K.Kaneko, C.Ishii, M.Ruike and H.Kuwabara, Carbon, 30, 1075 (1992)
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AIR OXIDATION OF COPPER IN AN APPLIED
ELECTRIC FIELD
N. Parkansky, B. Alterkop, S. Goldsmith, R.L. Boxman, and Z. Barkay*
Electrical Discharge and Plasma Laboratory, Tel Aviv University, Tel Aviv
* Wolfson Center for Material Research, Tel Aviv university, Tel Aviv

Two copper disks were connected as dc capacitor electrodes, and were placed in a
controlled temperature oven. An electric field in the range of 0 — 500 V/mrn was
applied between the electrodes. The electrodes were oxidized by annealing in air for
one hour at a temperature in the range of 100 — 500 °C. After annealing, the plates
were removed from the oven and allowed to cool to room temperature. Electrode
masses were determined before and after each annealing run. A SEM, using the
scattering electrons (SE), back scattering electrons (BSE) and energy discursive
spectroscopy (EDS) modes examined the surface structure of the electrodes.
The leakage current between the electrodes was measured, and was found to depend
on time, applied voltage and electrode temperature. After the annealing, electrode
masses decreased probably due to the delaminating of oxide fragments. The decrease
in the cathode mass depended weakly on the applied voltage, whereas anode mass
loss depended strongly on it. SE images show that the oxide on the anode consisted
of a dense, continuos and homogenous layer of CuO. On the other hand, oxide layer
on the cathode consisted of disconnected 6 — 10 [im grains of CuO distributed over a
background of 1.5 \im grains of CU2O. Similarly, the oxide layer on samples annealed
without the applied voltage also consisted of disconnected 5 — 7 \xm grains of CuO
distributed over a background of 1 \im grains of CU2O.
Mechanisms for the applied voltage effect and the leakage current origin will be
discussed.
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NQR Study of Thiourea-Hexachloroethane Inclusion
Compound
A.M. Panich t , Yu.H. Krieger*, G.N. Chekhova*, A.P. Semenov* and S.D. Goren*
of Physics, Ben-Gurion University
Institute of Inorganic Chemistry, Novosibirsk, Russia
Thiourea-hexachloroethane is a non-stoichiometric inclusion compound with the
non-integer ratio of the numbers of host to guest molecules r = 2.95 ± 0.01, in
which guest molecules are entrapped within the unidirectional, non-intersecting
channels of a hydrogen-bonded network. We present Cl-35 NQR study of thioureahexachloroethane inclusion compound in the temperature range from 7 to 90 K.
Instead of a narrow NQR line usually observed in chlorine compounds, Cl-35 NQR
spectra of thiourea-hexachloroethane in the temperature range from 77 to 90 K
show a broad line with two maxima. These maxima have been assigned to the edge
singularities of the NQR lineshape of incommensurate (IC) phase [1], suggesting
that the incommensurability results from the different periodicity of the guest and
host sublattices. Hahn echo measurements show a shortening of the echo decay with
increasing temperature from 77 to 90 K, which probably indicates slow diffusion-like
motion of the modulation wave. At temperatures higher than 90 K the NQR spectrum is not observed. We attribute this fact to the reorientational mobility of the
molecules in the guest sublattice likely accompanied by order-disorder phase transition at 90 K. Lower temperature yields additional splitting of the NQR line, and at
T < 68K the spectra exhibit three resolved lines. Temperature dependent measurements show significant changes in NQR spectra at 60 and 68 K and in spin-lattice
relaxation time at 60 K, likely attributed to phase transitions. However, spectrum
transformation at 68 K may be caused by a reduction of the soliton density in the IC
phase which also explains the appearance of new lines observed in the experiment.
1. Krieger, Ju. H., Kozlova, S. G., Gabuda, S. P., Chekhova, G. N., and Dyadin,
Yu. A., Sov. Phys. Solid State 27, 1985, 1875.
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The Effective Coherence Length in Anisotropic
Superconductors.
E. Polturak, G. Koren. and O. Nesher
Physics Faculty, Technion, Haifa

If electrons are transmitted from a normal conductor(N) into a superconductor(S),
common wisdom has it that the electrons are converted into Cooper pairs within
a coherence length from the interface. This is true in conventional superconductors with an isotropic order parameter. We have established experimentally that
the situation is rather different in high T c superconductors having an anisotropic
order parameter. We used epitaxial thin film S/N bilayers having different interface
orientations in order to inject carriers from S into N along different directions. The
distance to which these carriers penetrate were determined through their effect on
the T c of the bilayers. We found that the effective coherence length is 20A only along
the a or b directions, while in other directions we find a length of 250±20A out of
plane, and an even larger value for in-plane, off high symmetry directions. These
observations can be explained using the Blonder-Tinkham-Klapwijk model adapted
to anisotropic superconductivity. Several implications of our results on outstanding
problems with high T c junctions will be discussed.
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Density of states and reflectionless tunneling in NS junction
with a barrier.
M. Schechter, Y. Imry, Y. Levinson
Dept. of Condensed Matter, Weizmann Institute of Science

We consider raesoscopic structures containing normal metal-superconductor interfaces. The interplay between superconducting coherence effects (Andreev reflection)
and mesoscopic effects known to occur in diffusive normal metal, give rise to various
interesting phenomena in these structures. In particular, the effect of a barrier at
an NS interface on the conductance of the system and on the local density of states
(DOS) across it is different than what would be naively expected. We use scattering
theory [1] to show that even if the barrier has transmission probability T <C 1, it can
be effectively transparent. Consider a physical property which is determined by a
certain set of electron trajectories in the normal metal. If most of these trajectories
hit the interface more than F" 1 times before electron-hole coherence is lost then the
barrier is ineffective [2] We show that from this criterion alone one can reproduce
the different conditions for the barrier to be ineffective in both problems of the conductance of the system and the local DOS with and without magnetic field. We also
apply this criterion to ballistic systems where the geometry allows multiple reflections from the NS interface. Another interesting phenomena is the nonmonotonic
differential conductance of an NS junction as a function of energy (reentrance effect) [3] We use a scattering formalism to show that in the case of finite transmission
through the normal metal part, at the Fermi energy, the different paths that contribute to the Andreev reflection process interfere destructively. Therefore, at finite
energies the destruction of the electron-hole coherence results in an enhancement of
the Andreev reflection probability, and therefore an enhancement of the differetial
conductance of the NS system, which is the main feature of the reentrance effect.
[1] B. J. van Wees, P. de Vries, P. Magnee, and T. M, Klapwijk, Phys. Rev. Lett.
69,510(1992)
[2] M. Schechter, Y. Imry, and Y. Levinson, , submitted to PRB.
[3] Y.V. Nazarov, T.H. Stoof, Phys. Rev. Lett. 76, 823 (1996).
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Two-dimensional hopping conductivity: experimental
evidence for a novel electron transport mechanism.
I. Shlimak
Dept. of Physics, Bar-Ilan University, Ramat-Gan
Results are presented of measurements of two-dimensional (2D-) variable-rangehopping (VRH) conductivity and magnetoresistance (MR) in a delta-doped
GaAs/AlGaAs heterostructure. It is shown that at zero magnetic field and low
temperatures (T < 1 K) the longitudinal resistivity pxx(T) exhibits "Coulombgap behavior": p(T) = p0 exp^o/T) 1 / 2 with the prefactor p0 = (h/e2) which is
independent of temperature and electron density [1]. This value of p0 exactly coincides with that observed by Mason et al. in a different material - Si-MOSFET
[2]. Universality of the hopping prefactor is considered as evidence that in some
interval of electron densities close to the metal-insulator transition, the 2D VRH
is assisted by the electron-electron interaction (EEI), rather than by conventional
electron-phonon interaction. Experimental data show that (i) existence of a deltadoped layer in the proximate vicinity of the 2D conducting plane favors EEI-assisted
VRH, and (ii) a strong magnetic field parallel to the 2D plane leads to the suppression of the EEI-assistance and the restoration of the conventional phonon-assisted
hopping. To interpret these experimental observations, a novel electron transport
mechanism is suggested [3], according to which the current-carrying single electron
move via quantum resonant tunneling between localized states, brought into resonance by fast electron hops in their environment. The last hops can be assisted by
phonons; however, the phonon frequency does not appear in the final expression for
the current-carrying transition rate.
[1] S. I. Khondaker, I. S. Shlimak, J. T. Nicholls, M. Pepper, and D. A. Ritchie,
Phys. Rev. B, in press.
[2] W. Mason, S. V. Kravchenko, G. E. Bowker, and J. E. Furneaux, Phys. Rev. B
52, 7857 (1995).
[3] S. D. Baranovskii and I. S. Shlimak, preprint cond-mat/9810363 (1998) (unpublished).
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Enhancement of quantum dot peak-spacing fluctuations in
the fractional quantum Hall regime
Elad Shopen, Yigal Meir
Department of Physics, Ben-Gurion University, Beer Sheva 84105, ISRAEL

The fluctuations in the spacing of the tunneling resonances through a quantum dot
have been studied in the quantum Hall regime. Using the fact that the ground-state
of the system is described very well by the Laughlin wavefunctions [1], we were able
to determine accurately, via classical Monte Carlo calculations, the amplitude and
distribution of the peak-spacing fluctuations (PSF). Our results clearly demonstrate
a big enhancement of the fluctuations as the importance of the electronic correlations
increases, namely as the density decreases and filling factor becomes smaller. In our
analysis the PSF is determined by the addition spectrum A(2N) = [E'gN+l) - #<">) \E\P — E(N~1]) , where E(gN) is the ground-state energy of the N-particle system.
It is shown, using the fact that the edge structure for different particle number
is identical, but relatively shifted, that for short range potentials and large N <
(Aif) 2 > i / m ~ N~3/i. Here < ... > denotes average over realizations of the random
potentials and 1/m is the filling factor. This observation is confirmed numerically.
The numerical analysis for m =1, 3 and 5 also shows the enhancement mentioned
above : e.g. for short range potentials one gets that the ratio between < (A2N))2 >i/3
and < (A^°) 2 >i is 5.0 ± 0 . 3 .
As the range of the random potentials, a, increases, the PSF are reduced and the
ratios decrease towards unity. However, once a becomes of the order of the size of the
dot, R oc V~N, the ratios increase again, leading to a nonmonotonic dependence on
a. In the limit of very smooth potentials, a —>• oo, one can show that < (A^ 0 ) 2 > i / m
/ < (A(2N))2 >i— m2 so there is an enhancement of the PSF also in this limit.
Lastly we have considered the full distribution of the PSF and have found that the
distribution of the fluctuations approaches a Gaussian as one increases the density
of random potentials. The gaussian behavior is in agreement with experiments [2-5].
[1]
[2]
[3]
[4]
[5]

R.B. Laughlin, Phys. Rev. Lett, 50, 1395, (1983).
Sivan U. et.al., Phys. Rev. Lett, 77, 1123, (1996).
Simmel F., Heinzel T. and Wharam D. A., Europhys. Lett, 38, 123, (1997)
Patel S. R. et.al., Phys. Rev. Lett, 80, 4522, (1998)..
Cimmel F. et.al., condmat/9901274.
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Two Magnon Raman Scattering as Indicator for
Superconducting to Antiferromagnetic Phase Transition
Upon Hydrogenation of YBCO
Yaacov Biton and Reuben Shuker
Dept. of Physics, Ben Gurion University of the
Negev, Beer Sheva

Raman spectra of Hydrogenated Y'Ba2Cuz07-x + Hy , where y=0.45 and 0.19 is the
number of Hydorogen atoms per units cell. The spectra exhibit important changes
in the electronic scattering. Upon progressive doping with Hydrogen two magnon
scattering features emerge. This coincides with the transition o{YBa2Cu3O7-x + Hy
from superconducting to antiferromagnetic phase. Exchange energy values were obtained from two magnon Raman scattering of the y=0.45 material. It has been
found that for y=0.19 the sample has not lost its supercondactivity, and indeed
two-magnon scattering has not been observed. However, the situation changed substentially when the doping of the Hydrogen atoms was 0.45. The two-magnon scattering has been observed at different temperatures down to 20 K . The two-magnon
energy density exhibits two peak values around 2100cm"1 and 3000cm""1.
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Superconductor-Insulator transition in a single Josephson
junction
E.B. Sonin, J.S. Penttila*, U. Parts*, P.J. Hakonen*, M.A. Paalanen*,
Racah Institute of Physics, Hebrew University of Jerusalem
Low Temperature Laboratory, Helsinki University of Technology, Finland
For ultrasmall Josephson junctions, when quantum effects become important, dissipative phase transition (DPT) has been predicted [1]. The physical origin of
this transition is the suppression of macroscopic quantum tunneling of the phase
by the interaction with dissipative quantum-mechanical environment. Macroscopic
quantum tunneling destroys superconductivity of a junction, whereas suppression
of tunneling restores superconductivity. Hence, this transition is often called a
superconductor-insulator transition (SIT). SIT was predicted for various systems,
but its detection in a single Josephson junction is of principal importance since it
is the simplest system where this transition is expected, without any risk of beingmasked by other physical processes, as is possible in more complicated systems like
regular or random Josephson junction arrays.
In this Letter we present results of our measurements on R = dV/dl vs. / curves,
for a variety of single small isolated Josephson junctions, shunted and unshunted,
with different values of capacitance C and normal state tunneling resistance RTWe have detected a crossover between two types of Rl-curves with an essentially
different behavior at small currents. On the basis of this crossover, we are able to
map out the whole phase diagram for a Josephson junction [2].
The position of the observed phase boundary did not agree with that expected
from the original theory. However, the theory revised to take into account a finite
accuracy of our voltage measurements (viz., the minimum voltage which we are able
to detect), explains well the observed phase diagram.
Our important conclusion is that the concept of dissipative phase transition (DPT)
and superconductor-insulator transition (SIT) are not completely identical as assumed before. Both are accompanied by the sign change of the thermoresistance,
which is traditionally considered as a signature of SIT. Thus any DPT is SIT, but
not vice versa. We argue that the real signature of DPT is a modification of VI
curves as observed in our experiment.
Our work is a strong demonstration of quantum effects in .a single Josephson junction, especially, of the Josephson phase delocalization and the band picture of the
phase motion.
[1] A.J. Leggett et aJ, Rev. Mod. Phys. 59, 1 (1987); G. Schon and A.D. Zaikin,
Phys. Rep. 198, 237 (1990).
[2] J.S. Penttila, U. Parts, P.J. Hakonen, M.A. Paalanen, and E.B. Sonin, Phys.
Rev. Lett. 82, 1004 (1999).
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Optical Transmission Through Metal Films
with a Sub-Wavelength Hole Array
in the Presence of a Magnetic Field
Yakov M. Strelniker and David J. Bergman
School of Physics and Astronomy, Raymond and Beverly Sackler
Faculty of Exact Sciences, Tel Aviv University, Tel Aviv 69978, Israel

Quite recently it was reported that arrays of submicrometer cylindrical cavities in
metal films display highly unusual transmission spectra at wavelengths larger than
the array period, when no wavelength sensitive interference should occur [1]. This
unusual behavior is apparently due to the coupling of light with surface plasmons
in the film. Continuing this idea, we have studied such systems in the presence
of a static, in-plane magnetic field B o . Treating the cylindrical holes as dielectric
inclusions embedded in a conducting host, we can apply a general approach previously developed for the discussion of a metal/dielectric composite medium in the
quasi-static regime [2]. We find that the precise frequencies of the sharp peaks in
the transmission spectra should depend strongly on the magnitude of B o , as well as
on its direction and on the polarization of the incident wave. The directional sensitivity results in a strong magneto-induced anisotropy of the optical properties. This
is similar to the anisotropic magnetoresistance recently found in periodic conducting composites [3,4], and also to the anisotropic macroscopic dielectric properties
recently predicted to appear in metal/dielectric composites in the vicinity of a sharp
quasi-static resonance [2]. An experiment to observe this phenomenon would best
be done using a mid-infra-red polarized light beam and a doped semiconducting film
with a large Hall mobility.
[1] T. W. Ebbesen, H. J. Lezec, H. F. Ghaemi, T. Thio, and P. A. Wolff, Nature
(Letters) 361, 667 (1998).
[2] D. J. Bergman and Y. M. Strelniker, Phys. Rev. Lett. 80, 857 (1998).
[3] D. J. Bergman and Y. M. Strelniker, Phys. Rev. B 49, 16256 (1994).
[4] M. Tornow, D. Weiss, K. v. Klitzing, K. Eberl, D. J. Bergman, and Y. M.
Strelniker, Phys. Rev. Lett. 77, 147 (1996).

64

Condensed Matter

Defects in lamellar polymer and magnetic systems: chevron
and Omega-shape tilt boundaries
Yoav Tsori*, David Andelman* and Michael Schick§
^School of Physics and Astronomy, Tel Aviv University, 69978 Ramat Aviv, Israel
^Department of Physics, University of Washington, Box 35560, Seattle,
Washington 98195-1560, USA

Modulated phases are found in a wide variety of physical and chemical systems,
such as diblock copolymers, thin-film magnetic garnets and amphiphilic systems.
The lamellar phase appears as a result of a competition between short- and longrange forces, selecting a preferred periodicity of the lamellae.
We focus on block co-polymer melts and, in particular, on the case where the lamellae meet symmetrically with respect to the interface. The angle 6 is defined as
the angle between their normals, and the form of the interface strongly depends on
9. Chevron morphology occurs when the angle is small. The lamellae transform
smoothly from one orientation to the other, creating V-shaped rounded tips. A
gradual transition to an Omega-shape tip is observed when 9 is increased. This
morphology is characterized by a protrusion of the lamellae along the interface between the two phases.
We present a theoretical approach to find these tilt boundaries in two dimensional
systems, based on the free energy functional used previously [1]. In the mean-field
approximation, the free energy of the melt is a functional of the polymer concentration 4>{x,y). A Ginzburg-Landau expansion of the free energy successfully predicts
the appearance of lamellae in the bulk. Close to the tips, these lamellae are distorted. The free energy can now be expanded to second order in this local distortion
field, d(f). An ansatz is used, utilizing the periodicity along lines parallel to the interface. Averaging the free energy along these lines and using the variational principle
result in a linear fourth order differential equation, with proper constraints, similar
to the Mathieu equation.
The analytical polymer concentration profile and line tension obtained agree with
Transmission Electron Microscope (TEM) experiments [2], and with full numerical
solution of the same problem [1].
[1] R. R. Netz, D. Andelman, and M. Schick, Phys. Rev. Lett. 79, 1058 (1997).
[2] S. P. Gido and E. L. Thomas, Macromolecules 27, 6137 (1994).
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Ag/YBCO thin film growth by single resistive evaporation.
A. Verdyan, I. Lapsker, J. Azoulay
Science Dept. Center for Technological Education Holon affiliated with Tel-Aviv
University

Email: verdyan@barley.cteh.ac.il
It is commonly accepted that thin film formation of YBCO on conducting and flexibility substrate is one of the keys to further development of advanced devices in the
microelectronic and high field applications. In this work we report on a preparation
of superconducting YBCO thin film deposited on unbuffered silver substrate using a
simple conventional vacuum system equipped with only one single resistively heated
evaporation source. The subsequent heat treatment was carried out under a low
oxygen partialA thick Ag film (1/xm) was first deposited on a polished clean MgO
substrate. A pulverized mixture of Y, Cu, and BaF2 was then inserted into resistive
evaporation boat. The evaporation process lasted 15 minutes thus coating the Ag
film on the substrate with a 500 nm thickness of amorphous film. Subsequently heat
process under a low oxygen partial pressure was carried out. The results of the film
evaluation are presented and discussed.
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Wetting Transitions Far From Thermal Equilibrium
David Mukamel
Dept. of Physics of Complex Systems, Weizmann Institute of Science, Rehovot

The interaction of a bulk phase of a system with a wall or a substrate may result
in very interesting wetting phenomena. In certain cases a second phase which is
preferentially attracted to the wall may be formed, and phase transitions, in which
the thickness of of the surface layer diverges may take place. These and related
phemonena have been extensively studied in the past in systems under thermal
equilibrium conditions. Here, wetting phenomena in systems driven out of thermal
equilibrium will be discussed. A simple two-dimensional model of a phase growing
on a substrate is introduced [1]. The dynamical rules according to which the model
evolves do not obey detailed balance resulting in a non-equilibrium steady state. The
model exhibits a wetting transition which may be viewed as an unbinding transition
of an interface from a wall. The nature of the transition, possible universality classes
and crossover bahavior of various physical quantities such as the interface width and
the zero level occupation are discussed.
[1] H. Hinrichsen, R. Livi, D. Mukamel and A. Politi, Phys. Rev. Lett, 79, 2710,
(1997).
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Statistical Mechanics of Interacting Dislocation Loops in 3D
Solids.
Y. Rabin, S. Panyukov*
Dept. of Physics, Bar-Han University, Ramat-Gan, Israel
Theoretical Department, Lebedev Physics Institute, Moscow,Russia

We present a theoretical study of interacting dislocation loops and their effect on the
elastic moduli of isotropic three-dimensional solids. We find that the shear modulus
increases to a finite limit with increasing density and size of the loops and vanishes
only if infinite dislocation lines that terminate on the boundaries, appear in the
system.

70

Statistical Physics and Nonlinear Dynamics

IL0106819

invited

Granular Gases: Probing the Boundaries of Hydrodynamics
Isaac Goldhirsch
Dept. of Fluid Mechanics and Heat Transfer
Faculty of Engineering, Tel-Aviv University, Tel-Aviv

The dissipative nature of the particle interactions in granular systems renders granular gases mesoscopic and bearing some similarities to regular gases in the "continuum
transition regime" (where shear rates and/or thermal gradients are very large). The
following properties of granular gases support the above claim: (i). Mean free times
are of the same order as macroscopic time scales (inverse shear rates); (ii). Mean free
paths can be macroscopic and comparable to the system's dimensions; (iii). Typical
flows are supersonic; (iv). Shear rates are typically "large"; (v). Stress fields are
scale (resolution) dependent; (vi). Burnett and super-Burnett corrections to both
the constitutive relations and the boundary conditions are of importance; (vii). Single particle distribution functions can be far from Gaussian. It is concluded that
while hydrodynamic descriptions of granular gases are relevant, they are probing
the boundaries of applicability of hydrodynamics and perhaps slightly beyond.
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Self Consistent Expansion for Stochastic Non-linear Field
Equation in Condensed Matter Physics
Schwartz Moshe
Raymond and Beverly Sadder Faculty of Exact Science, School of Physics and
Astronomy, Tel Aviv University, Ramat Aviv, Tel Aviv 69978, Israel

Many interesting phenomena in condensed matter physics are described by stochastic non-linear field equations. I describe a self cosistent expantion devised to deal
with such systems. The actual evolution equation is replaced by a simpler one that
is soluble and then an expantion is obtained in the difference between the real evolution equation and the approximate one. Various physical quantities (e.p. two
point function and characteristic frequency) are obtained by that expansion and the
free parameters of the approximant are obtained by optimizing the expansion. The
advantages of the method are demonstrated by applying it to a system with a single
degree of freedom. The statics and dynamics of the KPZ system obtained by the
self consistent expansion are described.
[1] M. Schwartz and S. F. Edwards, Phys. Rev. E, 57, 5730, (1998).
[2] M. Schwartz and S. F. Edwards, Europhys. Lett. 20, 301, (1992).
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Single Events in the Mean Arrival Time of N Random
Walkers
Julia Draeger and Joseph Klafter
School of Chemistry, Tel-Aviv University, Tel-Aviv

Modern experimental techniques enable insight into single events in many particle
systems. Accordingly, instead of treating the system in its thermodynamic limit of
an infinite number of participating particles (N —> oo), processes involving single
particles or those involving a finite number of particles have become of increasing
interest. Using a scaling approach we study the problem of the first passage time
{ti,N(r)) fc>r the first out of N identical and independent diffusing particles on Euclidean lattices as well as on disordered fractal structures. For underlying structures
with a well defined coordination number z we obtain a closed form of (ti^(r)) as
a function of In z and lniV. In the case of disordered ramified fractals
(ti^ir))
1
is expressed in terms of a series in (In J V ^ " ^ , where d^ describes how the mean
topological distance L(t) evolves with time t. This contrasts earlier predictions of
(£i,jv(r)) [!]• We further propose a new asymptotic scaling expression for the related
quantity 5jv(t) which is the number of distinct sites visited by iV particles diffusing
on a random fractal. We varify our predictions for (tit^(r)} and S^it) by numerical
simulations on three-dimensional percolation clusters at criticality.
[1] S. B. Yuste , Phys. Rev. Lett, 79, 3565, (1997).
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Elasticity of hard-spheres-and-tether systems.
Oded Farago, Yacov Kantor
School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69 978.

Physical properties of a large class of systems ranging from noble gases to polymers
and rubber are primarily determined by entropy, while the internal energy plays a
minor role. Such systems can be conveniently modeled and numerically studied using
"hard" (i.e., "infinity-or-zero") potentials, such as hard sphere repulsive interactions,
or inextensible ("tether") bonds [1] which limit the distance between the bonded
monomers, but have zero energy at all permitted distances.
The knowledge of elastic constants is very important for understanding the behavior
of entropy-dominated systems. Computational methods for determination of the
elastic constants in such systems are broadly classified into "strain" methods and
"fluctuation" methods. In the former, the elastic constants are extracted from stressstrain relations, while in the latter they are determined from measurements of stress
fluctuations. The fluctuation technique usually enables more accurate and wellcontrolled determination of the elastic constants since in this method the elastic
constants are computed directedly from simulations of the unstrained system with
no need to deform the simulation cell and perform numerical differentiations.
For central forces systems, the original "fluctuation" formalism [2] can be applied
provided the pair potential is twice differentiable. We have extended this formalism
to apply to hard-spheres-and-tether models in which this requirement is not fulfilled.
We found that for such models the components of the tensor of elastic constants
can be related to (two-, three- and four-point) probability densities of contacts
between hard spheres and stretched bonds. We have tested our formalism on simple
"phantom networks" and three-dimensional hard spheres systems [3].
[1] Y. Kantor, M. Kardar and D. R. Nelson, Phys. Rev. A, 35, 3056, (1987).
[2] D. R. Squire, A. C. Holt and W. G. Hoover, Physica, 42, 388 (1969).
[3] O. Farago and Y. Kantor, in preparation.
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Parametric level statistics in Random Matrix Theory:
Exact solution.
E. Kanzieper
The Abdus Salam International Centre for Theoretical Physics
P.O.B. 586, 34100 Trieste, Italy
During recent several years, the theory of non-Gaussian random matrix ensembles
has experienced a sound progress motivated by new ideas [1] in quantum chromodynamics (QCD) and mesoscopic physics. Invariant non-Gaussian random matrix models appear to describe universal features of low-energy part of the spectrum of Dirac operator in QCD, and electron level statistics in normalconductingsuperconducting hybrid structures. They also serve as a basis for constructing the
toy models of universal spectral statistics expected at the edge of the metal-insulator
transition. While conventional spectral statistics has received a detailed study in
the context of RMT [2,3], quite a bit is known [4] about parametric level statistics
in non-Gaussian random matrix models. In this communication we report about
exact solution to the problem of parametric level statistics in unitary invariant,
U(iV), non-Gaussian ensembles of N x JV Hermitian random matrices with either
soft or strong level confinement. The solution is formulated within the framework of
the orthogonal polynomial technique and is shown to depend on both the unfolded
two-point scalar kernel and the level confinement through a double integral transformation which, in turn, provides a constructive tool for description of parametric level
correlations in non-Gaussian RMT. In the case of soft level confinement, the formalism developed is potentially applicable to a study of parametric level statistics in
an important class [5] of random matrix models with finite level compressibility expected to describe a disorder-induced metal-insulator transition. In random matrix
ensembles with strong level confinement, the solution presented takes a particular
simple form in the thermodynamic limit: In this case, a new intriguing connection
relation between the parametric level statistics and the scalar two-point kernel of an
unperturbed ensemble is demonstrated to emerge. Extension of the results obtained
to higher-order parametric level statistics [6] is briefly discussed.
[1] T. Guhr, A. Miiller-Groeling, and H. A. Weidenmiiller, Phys. Rep. 299, 189
(1998).
[2] M. L. Mehta, Random Matrices (Academic Press, Boston, 1991).
[3] E. Kanzieper and V. Freilikher, Spectra of large random matrices: A method of
study, in: Diffuse Waves in Complex Media, edited by J. P. Fouque, NATO ASI
Series C (Kluwer Press, Dordrecht, 1999).
[4] G. Hackenbroich and H. A. Weidenmiiller, Phys. Rev. Lett. 74, 4118 (1995).
[5] V. E. Kravtsov and K. A. Muttalib, Phys. Rev. Lett. 79, 1913 (1997).
[6] E. Kanzieper and V. Freilikher, Phys. Rev. E 59, N 3 (1999).
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The Directed Polymer — Directed Percolation Transition
Ehud Perlsman, Shlomo Havlin
The Resnick Building, Minerva Center and Department of Physics, Bar-Ilan
University, 52900 Ramat-Gan, Israel.

We study the relation between the directed polymer and the directed percolation
models, for the case of a disordered energy landscape where the energies are taken
from bimodal distribution. We find that at the critical concentration of the directed
percolation, the directed polymer undergoes a transition from the directed polymer
universality class to the directed percolation universality class. We also find that
directed percolation clusters affect the characterisrics of the directed polymer below
the critical concentration.
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Optimal Path in Two and Three Dimensions
Nehemia Schwartz, Alexander L. Nazaryev, Shlomo Havlin
Minerva Center and Department of Physics, Jack and Pearl Resnick Institute of
Advanced Technology Bldg., Bar-Ilan University, 52900 Ramat-Gan, Israel

We apply the Dijkstra algorithm to generate optimal paths between two given sites
on a lattice representing a disordered energy landscape. We study the geometrical
and energetic scaling properties of the optimal path where the energies are taken
from a uniform distribution. Our numerical results for both two and three dimensions suggest that the optimal path for random uniformly distributed energies is in
the same universality class as the directed polymers. We present physical realizations of polymers in disordered energy landscape for which this result is relevant.
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SUPERLOCALIZATION OF WAVES AND ELECTRONS
AND HOPPING CONDUCTIVITY ON CLASSICAL
AND SUPERCONDUCTIVE FRACTALS.
Asya S. Skal
The Research Institute. The College of Judea and Samaria, Ariel 44837, Israel
There are the two different density of states ds — 4/3 and dv = 1.05 and the inverse
localization lengths for fractons with the scalar and vector interactions respectively.
The wave functions of electrons or waves on a incipient percolation cluster and
fractal dilute structure exhibit superlocalization of the form ^(r) oc exp[—rd^] with
values of d^i = 1.73 and d^2 = 2.4 for the former and the latter. Applications of
these results for thermally activated hopping conductivity a(t) oc exp[— (To/T)'3]
between impurities on a random fractal structure give the values of j3 = 2/5 for
the former and of /? = 1/2 ( Mott's law) for the latter. The basic assumption
of classical percolation is that the shortest-path distance (chemical length) and its
fractal dimensionality, which are dominate by the distribution of random walks and
the decay of deep impurity wave function, seem to be not acceptable for quantum
electron behavior in the superconductive percolation.
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NEW FORMULAE FOR DIFFUSION AND
SPIN-STIFFNESS COEFFICIENTS FOR PERCOLATING
FERROMAGNETS AND ANTIFERROMAGNETS.
Asya S. Skal
The Research Institute. The College of Judea and Samaria, Ariel 44837, Israel

We consider the static and dynamic critical behavior of percolation ferromagnet and
antiferromagnet and have introduced the two new dynamic exponents - the fractal
dimensions zs = d® = 2 + (fj, — g)/u and zv = dz = [2 4- (22 - g — 2/3)/u] for the scalar
and vector mode coupling correspondingly. These results allow us to introduce new
formulae for the vibration density of the states for scalar and vector elasticity and
for the spin spin-stiffness coefficients of percolating magnets. We have obtained two
different universality classes for the dynamical critical phenomena, that depend of
scalar (for conductivity) and vector (for the Hall coefficient) nature of the forces.
Diffusion, the spin-stiffness coefficients andelastic moduli belong to both of them.
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THE STATICAL AND DYNAMICAL STRUCTURE
FACTOR FOR FRACTONS WITH SCALAR AND
VECTOR INTERACTIONS.
Asya S. Skal
The Research Institute.

The College of Judea and Samaria, Ariel 44837, Israel

A scaling theory of the low-frequency vibration density of the states and the static
and dynamic structure factor for a percolation system with the rotationally invariant
elastic forces is presented. It is found that for the strongly disordered fractals at
the percolating networks in the Ioffe-Regel scattering limit the two distinct localized
lengths scales as \{UJ) oc co~ds^df for fractons with scalar interactions and as X(u) oc
^-dv/df £ or f rac tons with vector interactions correspondingly, where ds = 4/3 and

dv = 21/20 are two superuniversal fractons (or spectral) dimensions, dj and d? are
the fractal dimensions of an infinite cluster and its backbone. The numerical and
experimental investigations of the static and dynamic structure factor S(q,oj) are
compared with our formulae and gives information of the topological aspects of the
disordered materials and their fractal structure.
The numerical and experimental investigations of the static and dynamic structure
factor S(q,u>) are compared with our formulae and gives information of the topological aspects of the disordered materials and their fractal structure.
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EQUIVALENCE BETWEEN YOUNG MODULUS AND
HALL CONDUCTIVITY PART 1: THE NEW
RECURRENT EQUILIBRIUM EQUATION.
Asya S. Skal
The Research Institute. The College of Judea and Samaria, Ariel 44837, Israel

It is known that the Lame and Maxwell equations require the solution of the vector
Laplacian equations. In the both cases the difficulties are that tensor elasticity
with non diagonal terms does not give the convergence of the computer simulation.
Avoiding these difficulties, we have constructed the new recurrent equations for the
Hall coefficient and elastic moduli with all responses of the fields and forces, by using
the perturbation method, which customary was tool for the approximate solution
of the equations. We rewrite explicitly the Lame equilibrium equation in a form of
Laplacian plus the Lorenz force and construct the two mechanical forces, analogous
of the Lorenz force. As result, all solutions of the electrical transport coefficients
and their critical exponents can be used for the mechanical tasks.
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EQUIVALENCE BETWEEN YOUNG MODULUS AND
HALL CONDUCTIVITY PART 2: THE RECURRENT
SOLUTION OF NEW EQUILIBRIUM EQUATION.
Asya S. Skal
The Research Institute. The College of Judea and Samaria, Ariel 44^37, Israel

The new recurrence equilibrium equation have presented as the anisotropic conductivity in a magnetic field with the Lorentz force expression. This analogy in the
two-dimensional and three-dimensional spaces allow us to obtain the solution in recurrent integral form for contributions to all orders of the Poisson ratio. The exact
analytical formulae, produced by this method, play the same role for the calculation
of kinetic coefficients as the Kirchhoff system of equations does for conductivity. We
suggested that all other kinetic and transport coefficients may be rewritten in this
way.
Zero-order solution of recurrence equilibrium equation expresses the Poisson ratio as
ve oc (p — pc)k, k=0.3, whereas the first order solution expresses the Young modulus
as Ye oc (p — pc)2t~9, where t and g are the critical exponents of conductivity and
the Hall coefficient.
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High-Temperature Series Analysis of the Free Energy and
Susceptibility of the 2D Random-Bond Ising Model
Alexandra Roder*, Joan Adler*, Wolfhard Janke*>§
* Institut fur Physik, Johannes Gutenberg- Universitdt, Mainz, Germany
* Department of Physics, Technion, Haifa, Israel
§
Institut fur Theoretische Physik, Universitdt Leipzig, Germany

We derive high-temperature series expansions for the free energy and susceptibility of the two-dimensional random-bond Ising model with a symmetric bimodal
distribution of two positive coupling strengths Jx and Ji and study the influence
of the quenched, random bond-disorder on the critical behavior of the model. By
analysing the series expansions over a wide range of coupling ratios J2/J1, covering the crossover from weak to strong disorder, we obtain [1] for the susceptibility with two different methods compelling evidence for a singularity of the form
X ~ t~ 7 / 4 | In i| 7 / 8 , as predicted theoretically by Shalaev, Shankar, and Ludwig. For
the specific heat our results are less convincing, but still compatible with the theoretically predicted log-log singularity.

[1] A. Roder, J. Adler, and W. Janke, Phys. Rev. Lett. 80, 4697 (1998).
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Acoustic radiation from a flanged cylindrical pipe: A
moment method calculation using singular basis functions
Noam Amir*, Haim Matzner*, Samuel Shtrikman
* Center for Technological Education Holon
§ Weizmann Institute of Science, Rehovoth,
and Dept. of Physics, UCSD, La Jolla, Ca.

The problem of acoustic radiation from a flanged cylindrical pipe has been treated
in many papers. The most common approach is to decompose the field inside the
pipe over a basis of Bessel functions, and to represent the field outside the pipe
using a Greens function formulation. Pressure and velocity are then equated on the
interface between the two regions, in order to obtain a complete solution [1,2,3,4].
The presence of the sharp corner where the waveguide meets the flange, creates a
problem for numerical solutions: the axial particle velocity is infinite at that point.
The Bessel function basis has difficulties in modeling such behaviour, resulting in
ripple and poor convergence.
A detailed analysis of the behaviour of the velocity field near the corner results
in an analytical formulation for a new set of basis functions, which contain the
expected singularity. This set of basis functions has previously been examined for
solving a magnetic field problem [5]. Applying the moment method with the use of
this set of functions as basis functions results in a greatly improved description of
the velocity field. The ripple of the previous solution is absent, and convergence is
greatly improved. For example, examining the velocity at the center of the aperture:
using 100 Bessel functions, the solution still oscillates 10% around the limiting value;
on the other hand, using only 4 of the proposed basis functions, the velocity is 0.7%
from the limit.
[1] Lord Rayleigh, "The Theory of Sound".
[2] Y. Nomura, I. Yamamura, S. Inawashiro, Journal of the physical society of Japan,
15, 510, (1960).
[3] A. N. Norris, I. C. Sheng, Journal of Sound and Vibration, 135, 315, (1989).
[4] J. C. Wendelowski, F. R. Fricke, R. C. McPhedran, Journal of Sound and Vibration 162, 89, (1993).
[5] H. Matzner, S. Shtrikman, IEEE transactions on Magnetics, 33, 820, (1997).
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Role of Self-Interstitials in the Melting Transition
Amit Kanigel, Joan Adler and Emil Polturak
Department of Physics, Technion, Haifa, Israel

We used Molecular Dynamics simulations to study the influence of self-interstitials
on various properties of a (three-dimensional) model of Copper at high temperature.
The variation of the elastic-constants of the model with the concentration of defects
was measured in the NVT ensemble and in the iso-stress ensemble of Parrinello and
Rahman using the appropriate fluctuation formulas. Substantial softening of the
shear moduli was observed, in agreement with measurements made by Holder at al.
and with analytical predictions.
We studied the role of these defects in the melting transition and were able to
construct a phase diagram predicting the melting temperature Tm as a function of
the self-interstitial concentration.
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Computer Simulation of Damage in Diamond due to
Ion-Impact and it Annealing
David Saada**, Joan Adler* and R. Kalish**
"Department of Physics, Technion, Haifa, Israel
* Solid State Institute, Technion, Haifa, Israel

The structural modifications that a highly damaged region in diamond undergoes
upon thermal annealing have been studied by molecular dynamic simulations. We
verified our use of the Tersoff potential and our computational methods for describing the thermally driven transition of diamond to graphite by calculating the thermal
graphitization of a diamond slab and comparing the results to ab initio calculations
recently published in [1]. A deeply buried damage region in diamond was obtained
by imparting high momenta (corresponding to a kinetic energy of 416 eV) to up to
12 lattice atoms aimed towards the same point in the crystal. This led to the partial
amorphization of a volume of a radius of 1.4 nm. The samples with these damage
regions were then annealed, with molecular dynamics, at 3000K for up to 25ps.
It was found that dislodged carbon atoms in the periphery of the damaged region
tended to rearrange as threefold coordinated atoms in a planar graphitic structure
oriented along the <111> directions of the diamond. Threefold coordinate atoms
in the center of the damage region, where the damage density is high, tended to
convert to a fourfold coordinated configuration, i.e. regrow to diamond. This behavior was not found for a lightly damaged diamond region, created by the energetic
dislodgement of just one C atom. The findings of the present study are in agreement
with experimental data on the annealing/graphitization of diamond, damaged by
energetic heavy-ions as encountered during ion-implantation of diamond.
[1] Alessandro De Vita et. al, Nature 379, 523 (1996).
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Partial Dynamical Symmetry in a Many-Fermion System.
Jutta Escher1 and Amiram Leviatan2
Racah Institute of Physics, The Hebrew University

Partial dynamical symmetry (PDS) describes a situation in which some eigenstates
exhibit a symmetry which the associated Hamiltonian does not share. We present
a family of fermionic Hamiltonians with partial SU(3) symmetry in the framework
of the Symplectic Shell Model. We briefly review the symplectic theory and establish a relation between the PDS Hamiltonians and commonly employed symplectic
Hamiltonians. Characteristics of the PDS eigenstates are discussed and the resulting
spectra are compared to those of real nuclei. We point out similarities and differences between the fermion case and a recently established partial SU(3) symmetry
in the Interacting Boson Model.
[1] A. Leviatan, Phys. Rev. Lett. 77, 818, (1996).
[2] A. Leviatan, in Symmetry in Science VII, Plenum Press, New York, 282 (1994).
[3] G. Rosensteel and D. J. Rowe, Phys. Rev. Lett. 38, 10, (1977).
[4] G. Rosensteel and D. J. Rowe, Ann. Phys. 126, 343, (1980).
[5] D. J. Rowe, Rep. Prog. Phys. 48, 1419, (1985).
2

Email: jutta@algebron.fiz.huji.ac.il
Email: ami@vms.huji.ac.il
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A direct measurement of short range NN correlations in
nuclei via the reaction 12C(p, 2p + n).
Jaime L. S. Aclander1
Tel Aviv University
The reaction l2C(p, 2p + n) was measured at beam momenta of 5.9 and 7.5 GeV/c.
We measured the quasi-elastic reaction (p, 2p) at 9cm ~ 90°, in a kinematically complete measurement. The neutron momentum was measured in triple coincidence
with the two emerging high momentum protons. We present the correlation between the momenta of the struck target proton and the neutron. The events are
associated with the high momentum components of the nuclear wave function. We
show data which, combined with the quasi elastic description of the (p, 2p) reaction
and kinematical arguments, point to a novel way for isolating two-nucleon short
range correlations.

Proton 1

Beam Proton

Proton 2

1

Representing the BNL E850 collaborators:
Tel Aviv University: J. Aclander, J.Alster, E.Kosonovski, I. Mardor, Y.Mardor, I.Navon,
E.Piasetzky. Brookhaven National Laboratory: D. Barton, G. Bunce, A.S.Carroll, S. Durrant,
S.Gushue, Y.Makdisi, T. Roser, M.Tanaka (deceased). Pennsylvania State University: S. Heppelmann, E. Minor, J-Y. Wu. University of Minnesota: N. Christensen, H.Courant, M. Marshak.
Mount Holyoke College: H. Nicholson, S. Sutton. University of Massachusetts, Dartmouth: J.
Russell.
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Experiments with H atoms
C.J. Batty, E. Friedman1, A. Gal *
Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, 0X11 OQX, UK
^Racah Institute of Physics, The Hebrew University, Jerusalem 91904, Israel

Experiments with H atoms are proposed in order to study the nuclear interaction of
H hyperons [1]. The production of E~ in the {K~, K+) reaction, the E~ stopping in
matter, and its atomic cascade are incorporated within a realistic evaluation of the
results expected for E~ X-ray spectra across the periodic table, using an assumed
E-nucleus optical potential Vopt- Several optimal targets for measuring the stronginteraction shift and width of the X-ray transition to the 'last' atomic level observed
are singled out. The relevance of such experiments is discussed in the context of
strangeness —2 nuclear physics and multistrange nuclear matter.
[1] C.J. Batty, E. Friedman and A. Gal, Phys. Rev. C 59, 295 (1999).
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A New Measurement of the 7 Be(p,7) 8 B cross-section with
an implanted 7Be target.
Michael Hass
Dept. of Particle Physics, Weizmann Institute of Science
Rehovot, 76100
The 7 Be(p,7) 8 B capture reaction is of major importance to the physics of the sun
and the issues of the "solar neutrino puzzle" and neutrino masses. We report here
on a new determination of the absolute cross section of this reaction, using a novelethod which overcomes some of the major experimental uncertainties of previous
measurements. We utilize an implanted 7 Be target and a uniformly scanned particle beam larger than the target spot, eliminating issues of target homogeneity and
backscattering loss of 8 B reaction products.
A radioactive beam of 1 • 41010 atoms/s.^iA7Be nuclei was produced at
IOSLDE(CERN) by 1 GeV proton bombardment of a graphite target extracted
by using a stepwise resonant laser ionization source. The 7Be nuclei are directly
implantated into a copper substrate to obtain a target of 2 mm diameter with a
total of 3 • 1015 atoms. The measurement of the 8 B production cross section was
carried out at the Van de Graaff laboratory of the Weizmann Institute. We obtain
for the S of the reaction:
Si 7 (£ c m =1.09 MeV)=22.7(1.2) eV. barn and Si 7 (£ C m=l-28 MeV)=23.8(1.5) eV.
barn. The present results are in excellent agreement with other recent measurements and can serve as a benchmark for further measurements, particularly at lower
proton energirs.
[1] [E.G. Adelberger et al., Rev. Mod. Phys. 70, 1265 (1998); F. Hammache et al.,
Phys. Rev. Lett. 80, 928 (1998).
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A Covariant OBE Model Versus Non-Relativistic and Fully
Relativistic xPT Approaches to Meson Production
A. Moalem, E. Gedalin, L. Razdolskaya
Dept. of Physics, Ben Gurion University, 84105 Beer Sheva, Israel

Intensive efforts have been devoted recently, to the question of how nuclear and
hadron interactions can be understood within Chiral Perturbation Theory (xPT),
an approach believed to be an effective theory of Quantum Chromo Dynamics (QCD)
at low energies. This is an important clue toward understanding nuclear dynamics
within the context of QCD, the fundamental theory of strong interactions.
Still unsolved a problem in this area arises in the understanding of neutral pion
production in pp —>• ppir0. Several groups 1 " 2 have considered this process within
an extremely non-relativistic heavy fermion formalism (HFF), where the leading
order impulse and rescattering contributions are found to have opposite signs, and
the cross section substantially smaller than experiment. Contrary to these, covriant
one-boson-exchange (OBE) model calculations predict equal signs for the two terms,
and explains near threshold production data impressively well. In addition to not
predicting correct relative phase of these two terms, the HFF yields one loop contributions substantially larger than lower order terms. This is a serious drawback
which indicates that the HFF expansion converges slowly and therefore may not be
suitable to apply to production processes.
In marked difference with the results from heavy fermion formalism, the impulse
and s-wave rescattering terms in the relativistic limit are found to have equal signs
and therefore add constructively giving rise to a substantial contribution to the
cross section. These differences are mostly due to the fact that in the reduction
procedure of the pion-nucleon Lagrangian, the nucleon kinetic term is reduced also,
and hence limiting the validity of the HFF Lagrangian to sufficiently small nucleon
momenta. Further more, the power series expansion of the nucleon propagator is
on the border of its convergence circle. Consequently, the heavy fermion formalism
does not predict nucleon pole terms correctly and therefore can not be applied to
meson production.
[1] T. Sato et al., Phys. Rev. C 56, 1246 (1997); and references therein. [2]
E.Gedalin, A.Moalem and L.Razdolskaya, nucl-th/9803029 and submitted to Phys.
Lett.B.
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Accurate Experimental Determination of Bond Angle
Distribution in Molecules.
A. Baer*, L. Knoll*, H. Feldman*, J. Levin*, D. Schwalm*, Z. Vager*,
R. Wester*, A. Wolf* and D. Zajfman*
*Dept. of Particle Physics, Weizmann Institute of Science
* Max-Plank-Institut fur Kernphysik, 69029 Heidelberg, Germany

The Coulomb Explosion Imaging is an experimental technique which provides images
of the fully correlated nuclear configuration within small molecules. The method is
model independent and applicable to rigid and floppy molecules alike. Combining
the techniques of Coulomb Explosion Imaging (CEI) and storage ring, allows to
probe both the structure and the relaxation dynamics of molecular ions. Analysis of
the decaying states enables to isolate the ground vibrational state from the excited
states.This yields accurate results which can be compared directly to theory.
This scheme has been exploited for the measurements of bond angle distributions in
Quasi-Linear molecular ions, namely NHj NDj and CHj. Such species have been
previously measured spectroscopically from which adiabatic potential surfaces were
calculated. Molecular wave functions were extracted from these calculations, thus
allowing predictions regarding the unobserved molecular structure.
Being able to measure the molecular nuclear structure we hereby supply unique
complimentary data describing the nuclear configuration distribution within the
molecules measured and compare the measurement to the theoretical predictions.
The comparison of the measured ground state angular distribution with present
theories, reveal apparent large non-adiabatic contributions to the low-lying wave
functions of NHj NDj and CH£.

[1] Z. Vager, R. Naaman, E. R Kanter, Science, 244, 426 (1989) [2] R. Wester, F.
Albrecht, M. Grieser, L. Knoll, R. Repnow, D. Schwalm, A. Wolf, A. Baer, J. Levin,
Z. Vager, D. Zajfman, Nucl. Instrum. Methods A, 413, 379 (1998).
[3] A. Baer, M. Grieser, L. Knoll, J. Levin, R. Repnow, D. Schwalm, Z. Vager, R.
Wester, A. Wolf and D. Zajfman, accetpted for publication in Phys. Rev., A59, No
3 March (1999).
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Interaction of Neutron Irradiation with Monocrystalline
Silicon.
G. Golan, E. Rabinovich, A. Inberg*, M. Oksman*, P.G. Rancoita§, M. Rattagi § ,
Y. Rosenwaks*, G. Lubarsky*, A. Axelevitch, A. Seidman*, N. Croitoru*
Center for Technological Education- Holon, P.O. Box 39328, Tel-Aviv 61392, Israel.
* Dept: of Physical Electronics, Tel-Aviv. University, Tel-Aviv 69978, Israel,
§ Institute Nazionale di Fisica Nucleare, Sezione di Milano, 20133 Milan, Italy.

Interactions of neutrons with monocrystalline silicon, used for (p-n) and Schottkyjunction detectors, and their influence on structural and mechanical characteristics
were studied. Investigations of damage caused by neutron irradiation for various
materials, are continuously performed. However, considerable lack of understanding
about microstructural defects, created by neutron irradiation, still exist. In this
work a new method of Atomic Force Microscopy (AFM) evaluation was developed
along with the traditional optical microscopy in microhardness measurements. The
obtained results have shown structural defects created by neutron interaction with
monocrystalline silicon and their influence on electrical parameters of the silicon
detectors. The investigated samples were obtained by scribing from a silicon wafer
p+ — n~n+ junction following neutron irradiation with energy (<3>) varied between
10wn/cm2 up to $ = 10 16 n/cm 2 (ENEA, Rome). It was found that neutron interactions with monocrystalline silicon create specific types of microstructure defects,
with morphology that is differed for the level of neutron fluences ($). The isolated
dislocation loops, formed by interstitial atoms, were observed in microstructure images for neutron fluences 1010 < $ < 1012n/cm2. Their density increased with the
increase of fiuence. Microhardness of enriched with dislocation loops zones, have
shown much larger values (2500 — 3000kg/mm2), than in the non-irradiated silicon
(800 — 1000kg/mm2). Regions, enriched with vacancy complexes, were found to be
softer than the non-irradiated silicon (H = 300kg/mm2). Strong changes in the dislocation loops density and their cluster formation, were observed for $(10 13 n/cm 2 .
A drastic silicon damage was found for a fiuence value of $ > 10un/cm2, when different defects cover more than 50% of the total surface area. A mechanical fragility
appeared in that level of neutron fiuences, when the microhardness indentation, with
light loads { lOg) created microcracks. This value of ( corresponds also with the
abrupt changes in the detector's electrical characteristics, thus it can be defined as
a critical level of neutron fluences, limiting the silicon device performance.
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Can Magnetic Traps Trap Non-Rotating, Macroscopic
Bodies?
S. Gov, S. Shtrikman*, H. Thomas^
Dept. of Complex Systems, Weizmann Institute of Science, 76100 Rehovot.
* Dept. of Electronics, Weizmann Institute of Science, 76100 Rehovot.
Dept. of Physics & Astronomy, University of Basel, CH-4056 Basel, Switzeland.
In previous work we studied the hovering magnetic top[l], finding that its rotation
is necessary for dynamic stability. There, we neglected the intrinsic spin angular
momentum. The latter is sufficient for trapping atoms[2] and molecules[3], and
we ask here whether this can also be the case for macroscopic bodies. For that,
we study a non-rotating body with magnetic moment /i, associated intrinsic spin
angular momentum S = /jbh/pLB, where \±B is the Bohr's magneton, mass m,* and
size r, hovering at a height h, in the presence of gravitation g, above a vertically
magnetized disk of radius R. The body's secondary moment of inertia is (3mr2,
where (3 depends on the particle's shape. We define a characteristic length scale
Ro = \{S/m)2/g]1/3, and find the stable region in the r-R0 plane for h = 0.5/?, as
is shown in the figure. We conclude that for Sjm ~ 10~5[m2/sec] and Ro

with r ~ 0.1[/im] and R ~ 0.5[/i77i] the body is trapped. The temperature should
satisfy kBT < 10~AmgR where the RHS is the trap barrier energy[1], has to be
less than the barrier height of the trap, thus limiting the temperature to less than

[1] S. Gov, S. Shtrikman and H. Thomas, Physica D in press.
[2] M. H. Anderson et al. Science, vol. 269, 1995.
[3] J. D. Weinstein et a/., Nature, vol. 395, 1998.
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Isomeric States in the Second and Third Well of the
Potential and Long-Lived Superheavy Elements
A. Marinov, S. Gelberg and D. Kolb*
Racah Institute of Physics, The Hebrew University, Jerusalem
Department of Physics, Kassel University, 34109 Kassel, Germany
Recently, in a study of the 16O + 197Au [1,2] and 28Si + 181Ta [3] reactions near and
below the Coulomb barrier, long-lived high spin isomeric states have been found
by us in the second and third well of the potential-energy surfaces. Such isomeric
states have very unusual physical properties. In addition to their very long lifetimes,
much longer than of their corresponding ground states, they have very unusual decay
properties. They may decay by 5 to 7 orders of magnitude enhanced alpha particles,
in transitions from the second or third well of the potential in the parent nuclei to the
respective well in the daughters, or by very retarded alpha particles, in transitions
from the second well in the parent nucleus to normal states in the daughter, or from
the third well in the parent to the second well in the daughter. They also may decay
by long-lived proton activities, in transitions from the second well in the parent
nucleus to the normal states in the daughter. Experimental evidences for all these
new phenomena will be presented in the conference.
The existence of long-lived isomeric states in the second and third well of the potential is very important when the production of superheavy elements is considered.
Because of the very much reduced extra-push energy needed for their production,
they may be produced much easier than the normal states, in reactions between
very heavy nuclei. In particular, the discovery of the long-lived superheavy element
with Z = 112 [4-7] can consistently be understood.
[1] A. Marinov, S. Gelberg and D. Kolb, Mod. Phys. Lett. A l l , 861 (1996).
[2] A. Marinov, S. Gelberg and D. Kolb, Mod. Phys. Lett. A l l . 949 (1996).
[3] A. Marinov, S. Gelberg, D. Kolb and J. L. Weil, preprint.
[4] A. Marinov, C. J. Batty, A. I. Kilvington, G. W. A. Newton, V. J. Robinson and
J. D. Hemingway, Nature 229, 464 (1971).
[5] A. Marinov, S. Eshhar, J. L. Weil and D. Kolb, Phys. Rev. Lett. 52, 2209
(1984); 53, 1120(E) (1984).
[6] A. Marinov, S. Gelberg and D. Kolb, in 6th Int. Conf. on Nuclei Far from Stability and 9th Int. Conf. on Atomic Masses and Fundamental Constants, BernkastelKues, Germany, Inst. Phys. Conf. Ser. No. 132, p. 437 (1992).
[7] A. Marinov, S. Gelberg, and D. Kolb, Int. Symp. on Exotic Nuclear States,
Debrecen, Hungary, 1997, Eds. Zs. Dombradi, Z. Gasci and A. Krasznahorkay
(akademiai Kiado, Budapest, APH N.S., Heavy Ion Physics 7, 47 (1998).
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Can Measurements Slow Down Decay?
Gershon Kurizki
The Weizmann Institute, Rehovot 76100 , Israel

Several methods of controlling dissipative quantum systems, such as emitting atoms,
vibrationally relaxing ions and molecules, will be discussed:
1. The quantum Zeno and anti-Zeno effects: The conditions for slowing down or
speeding up the decay of excited states into "baths" by means of measurements will
be analyzed.
2. Dynamic control of dissipation: Simple unitary operations by means of monochromatic strong fields will be shown to be effective against all types of dissipation, and
protect quantum information from its adverse effects. .•
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Adiabatic Theorem without a Gap Condition
Joseph E. Avron, Alexander Elgart
Physics Faculty, Technion, Haifa

We prove the adiabatic theorem for quantum evolution without the traditional gap
condition. All that this adiabatic theorem needs is a (piecewise) twice differentiable
finite dimensional spectral projection. The result implies that the adiabatic theorem
holds for the ground state of atoms in quantized radiation field. The general result
we prove gives no information on the rate at which the adiabatic limit is approached.
With additional spectral information one can also estimate this rate.
[1] J.E. Avron, R. Seiler and L. G. Yaffe, Comm. Math. Phys., 110, 33, (1987).
[2] V. Bach, J. Frohlich and I. M. Sigal, Adv. in Math., 137, 299, (1998).
[3] T. Kato, Phys. Soc. Jap., 5, 435, (1958).
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Time in Quantum Mechanics
Benni Reznik
Physics Department, Tel-Aviv University, Tel-Aviv

Time plays an unusual role in quantum theory, and the measurement of time is very
different from the measurement of other physical qualities associated with a particle. As an example, the measurability of when something occurred is conceptually
fraught with difficulties within the theory. Time must be measured by clocks, and
one must somehow cause the occurrence of the event of interest to interact with a
clock to record when that event occurred. But that interaction carries with it an
inevitable perturbation of the event itself. I will argue that in addition to the usual
AtAE > h associated with the accuracy of any clock, there is an additional AtE > h
uncertainty in the measurement of the time of arrival of a particle. Furthermore this
constraint arises because the timing device can itself prevent the event from ever
occurring at all. I will compare time measurements involving physical clocks, with
attempts to construct a time operator and describe new difficulties associated with
the latter approach.
[1] Y. Aharonov, J. Oppenheim, S. Popescu, B. Reznik and W. G. Unruh, Phys.
Rev. A 57, 4130-4139 (1998).
[2] J. Oppenheim, B. Reznik and W. G. Unruh, Phys. Rev. A 59, (1999).
[3] J. Oppenheim, B. Reznik and W. G. Unruh, Proceeding of the 10th Max Born
Symposium, eds. Ph. Blanchard and A. Jadczyk, Springer-Verlag Lecture Notes in
Physics 1999.
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Maxwell Equations as the One Photon Quantum Equation
A. Gersten
Department of Physics, Ben-Gurion University of the Negev, Beer-Sheva, Israel

Maxwell equations (Faraday and Amp ere-Maxwell laws) can be presented as a three
component equation in a way similar to the two component neutrino equation. However, in this case, the electric and magnetic Gauss's laws can not be derived from
first principles. We have shown how all Maxwell equations can be derived simultaneously from first principles, similar to those which have been used to derive the
Dirac relativistic electron equation. We have also shown that equations for massless particles, derived by Dirac in 1936, lead to the same result. The complex wave
function, being a linear combination of the electric and magnetic fields, is a locally
measurable quantity. Therefore Maxwell equations should be used as a guideline for
proper interpretations of quantum equations.
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Quantum Computation and Algorithms
Ofer Biham, Eli Biham*, David Biron, Markus Grassl* and Daniel A. Lidar§
Racah Institute of Physics, The Hebrew University, Jerusalem 91904, Israel
* Computer Science Department, Technion, Haifa 32000, Israel
* Institut fur Algorithmen und Kognitive Systeme, Universitat Karlsruhe, Am
Fasanengarten 5, D-76128 Karlsruhe, Germany
Department of Chemistry, University of California, Berkeley, CA 94720, USA

It is now firmly established that quantum algorithms provide a substantial speedup
over classical algorithms for a variety of problems, including the factorization of
large numbers [1] and the search for a marked element in an unsorted database [2].
In this talk I will review the principles of quantum algorithms, the basic quantum
gates and their operation. The combination of superposition and interference, that
makes these algorithms efficient, will be discussed. In particular, Grover's search
algorithm will be presented as an example. I will show that the time evolution of the
amplitudes in Grover's algorithm can be found exactly using recursion equations,
for any initial amplitude distribution [3].
[1] P. W. Shor, Proceedings of the 35th Annual Symposium on the Foundations of
Computer Science, edited by S. Goldwasser (IEEE Computer Society, Los Alamitos,
CA, 1994), p. 124.
[2] L.K. Grover, Phys. Rev. Lett, 79, 325, (1997).
[3] E. Biham, O. Biham, D. Biron, M. Grassl and D.A. Lidar, quant-ph/9807027.
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Thermodynamics and the measure of entanglement
Daniel Rohrlich
School of Physics and Astronomy, Tel Aviv University, Ramat Aviv 69978

We point out formal correspondences between thermodynamics and entanglement.
Remote parties who share entangled states can concentrate this entanglement (via
local operations and classical communication) and reduce it to a number of standard, maximally entangled states. For bipartite entanglement (entanglement shared
between two parties), these maximally entangled states are EPR-Bohm singlets or
ebits. The most efficient concentration requires collective operations. Collective
operations act on many entangled states simultaneously, and the limit in which
the number of these states approaches infinity corresponds to the thermodynamic
limit. In this limit, collective operations become reversible, i.e. they can dilute concentrated entanglement and reproduce the initial states. Reversible transformations
correspond, then, to Carnot's reversible heat engines. An analogue of Carnot's proof
about the efficiency of heat engines shows that no transformations can be more efficient than collective operations, and that the entropy of entanglement is the unique
measure of entanglement for pure bipartite states, in this limit. We consider the
measure of entanglement for multipartite states and show that it must have multiple
components.
,
..
S. Popescu and D. Rohrlich Phys. Rev. A56, 3319 (1997).
C. Bennett, S. Popescu. D. Rohrlich, J. Smolin and A. Thapliyal, in preparation.
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Feasible histories, maximum entropy.
Itamar Pitowsky
Department of Philosophy, The Hebrew University

We consider the broadest possible consistency condition for a family of histories,
which extends all previous proposals. A family that satisfies this condition is called
feasible. On each feasible family of histories we choose a probability measure by
maximizing entropy, while keeping the probabilities of commuting histories to their
quantum mechanical values. This procedure is justified by the assumption that
decoherence increases entropy. Finally, a criterion for identifying the nearly classical
families is proposed.
I. Pitowsky, Phys. Lett. A 247, 9-13 (1998).
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Representation of octonions by matrices with
Non-associative Product and Generalization
Jamil Daboul, Robert Delbourgo*
Physics Department, Ben Gurion University
* School of physics, University of Tasmania

In 1933 Zorn gave a representation of octonions by peculiar 2 x 2 matrices, in which
the diagonal elements are scalars, but the off-diagonal elements are 3-dimensional
vectors. We give a representation of octonions by standard matrices, but with
unconventional non-associative matrix product.
The advantage of our representation over that of Zorn is that our representation
can be applied to other algebras and leads naturally to the Cayley-Dickson doubling
process.
Our representation enables us, for example, to immediately write down Dirac's equation for a free particle in terms of octonions and also to find its solutions.
[1] J. Daboul and R. Delbourgo, "Matrix Representation of Octonions and Generalizations", Submitted to J. Math. Phys.
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Quantum Gambling
Lior Goldenberg, Lev Vaidman, Stephen Wiesner
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel-Aviv University, Tel-Aviv 69978, Israel.

We present a two-party protocol for quantum gambling, a new task closely related to
coin tossing. The protocol allows two remote parties to play a gambling game, such
that in a certain limit it becomes a fair game. No unconditionally secure classical
method is known to accomplish this task.
[1] C.H. Bennett and G. Brassard, in Proc. of IEEE Int. Conf. on Computers, Systems and Signal Process. (IEEE, N.Y., 1984), p. 175; A.K. Ekert, Phys. Rev. Lett.
67, 661 (1991); C.H. Bennett, Phys. Rev. Lett. 68, 3121 (1992); L. Goldenberg
and L. Vaidman, Phys. Rev. Lett. 75, 1239 (1995).
[2] D. Mayers, Phys. Rev. Lett. 78, 3414 (1997).
[3] H.K. Lo and H.F. Chau, Phys. Rev. Lett. 78, 3410 (1997).
[4] H.K. Lo, Phys. Rev. A 56, 1154 (1997).
[5] H.K. Lo and H.F. Chau, in Proc. of the Fourth Workshop on Physics and
Computation (New England Complex Sys. Inst., Boston, 1996), p. 76; Physica
D 120, 177 (1998).
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Teleportation: Dream or Reality?

Lev Vaidman
Physics Department, Tel-Aviv University, Tel-Aviv

According to the Oxford English Dictionary, teleportation is "... apparently instantaneous transportation of persons, etc., across space by advanced technological
means". Since the discovery of quantum teleportation in 1993 which relates to the
transportation of quantum states [1], we witness an intensive theoretical and experimental effort centered on teleportation. Very recently four different experiments,
in Rome, Innsbruck, Caltech, and Los Alamos have been performed. I will briefly
review this research [2] focusing on the connection to the formalism of nonlocal
measurements [3] developed in Tel-Aviv University.
[1] C. H. Bennett, G. Brassard, C. Crepeau, R. Jozsa, A. Peres, W. K. Wootters,
Phys. Rev. Lett. 70, 1895 (1993).
[2] L. Vaidman and N. Yoran, Phys. Rev. A 59, 116-125 (1999).
[3] L. Vaidman, Phys. Rev. A 49, 1473 (1994).
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A new model of Baryogenesis
Ram Brustein, David Oaknin
Dept. of Physics, Ben-Gurion University, Beer-Sheva,84105, Israel
If, in addition to the standard model fields, a new pseudoscalar field exists and
couples to hypercharge topological number density, it can exponentially amplify
hypercharge fields in the symmetric phase of the electroweak plasma, while coherently rolling or oscillating, leading to the formation of a time-dependent condensate
of topological number density. The topological condensate can be converted, under certain conditions, into baryons in sufficient quantity to explain the observed
baryon asymmetry in the universe. The amplified hypermagnetic field can perhaps
sufficiently strengthen the electroweak phase transition, and by doing so, save any
pre-existing baryon number asymmetry from extinction.
In the scenario we propose, the three celebrated Sakharov conditions necessary to
generate baryon asymmetry from a state in which quarks and antiquaries have equal
abundances, are satisfied during an epoch in which a cosmological • pseudo-scalar
field coupled to hypercharge topological number density coherently rolls or oscillates. The time-dependent topological number condensate violates fermion number
conservation through the abelian anomalous coupling, and establishes the required
departure from equilibrium. The chiral coupling of the hypercharge gauge boson
to fermions violates C symmetry, and finally, hypercharge topological number is
odd under CP, therefore when coupled to a field with a time dependent expectation
value, CP is spontaneously broken. The ultimate fate of the asymmetry created
along the direction B — L = 0, depends on the strength of the EW phase transition.
Pseudoscalar fields with the proposed axion-like coupling appear in several possible
extensions of the Standard Model. They typically have only perturbative derivative
interactions and therefore vanishing potential at high temperatures, and acquire a
potential at lower temperatures through non-perturbative interactions. Their potentials are characterized by a scale / ("Peccei-Quinn" scale), which could be as high
as the Planck scale and a much smaller mass, which could be as low as a fraction
of an eV, or as high as 1012 GeV. A particularly interesting mass range is the TeV
range, expected to appear if potential generation is associated with supersymmetry
breaking.
Possibilities for detecting the new particle in accelerators are briefly discussed.
[1] R. Brustein and D.H. Oaknin, "Electroweak baryogenesis induced by a scalar
field", hep-ph/9809365, submitted to Phys. Rev. lett.
[2] R. Brustein and D.H. Oaknin, "Amplification of hypercharge electromagnetic
fields by a cosmological pseudoscalar", hep-ph/9901242, submitted to Phys. Rev.
D.
[3] M. Giovannini and M.E. Shaposhnikov, Phys. Rev. Lett. 80 (1998) 22
[4] M. Joyce and M.E. Shaposhnikov, Phys. Rev. Lett. 79 (1997) 1193.
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The High-Energy Limit of Electromagnetic Pair Production
in Heavy-Ions Collisions.
Bilha Segev and J.C. Wells1
Department of Chemistry Ben-Gurion University of the Negev FOB 653,
Beer-Sheva 84105
* Center for Computational Sciences, Oak Ridge National Laboratory
Oak Ridge, Tennessee, 37831-6203, USA
In recent experiments at the SPS, and in the near future colliding-beam accelerators,
such as RHIC and LHC, peripheral heavy-ions collisions produce strong, Lorentz
contracted electromagnetic fields. The high charges and high energies of the ions
give large cross sections for electromagnetic lepton - antilepton pair production. In
this work, a non-perturbative treatment of pair production under these extreme conditions is considered. The two-center Dirac equation for an electron in the external
electromagnetic field of two colliding heavy ions in the limit in which the ions are
moving at the speed of light is exactly solved off the light fronts using light-front
variables and a light-fronts representation. The electromagnetic fields of the ions
are confined to the light fronts by the extreme Lorentz contraction and by a choice
of gauge designed to incorporate the long-range Coulomb effects into the definition
of the asymptotic states. After the peripheral collision, as the ions move apart, the
solution in the space between them is determined by the non-trivial boundary conditions at the light fronts. An exact integral representation for the free pair creation
amplitudes off the light fronts is obtained by calculating the transition currents flowing from the light fronts into the space between the separating ions. The condition
for the applicability of this nonperturbative solution for large but finite collision energy is found, and used to explain recent experimental results according to which the
measured production rates scale as the square of the projectile and target charges,
even for large charges. It is shown that this observed scaling of positron yields is a
result of an exact cancellation of a nonperturbative charge dependence. Nonperturbative effects may contribute significantly to the small-momentum-transfer regime,
and to asymptotic states on the light fronts, as well as to results for multiple pairproduction, and for correlations between the produced pairs.,
[1] B. Segev and J. C. Wells, "Light-front approach to electron-positron pair production in ultrarelativistic heavy-ion collisions," Physical Review A 57, 1849-1861
(1998).
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[2] J. C. Wells, B. Segev, and J. Eichler, "Asymptotic channels and gauge transformations of the time-dependent Dirac equation for extremely relativistic heavy-ion
collisions", Physical Review A 59, 346-357 (1999).
[3] B. Segev and J. C. Wells, "Exact Z2 scaling of pair production in the high-energy
limit of heavy-ion collisions", Physical Review C, in press (1999).
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Casimir Effect - The Classical Limit.
J. Feinberg, A. Mann *, M. Revzen
Physics Dept., Oranim-Haifa University, Tivon
* Physics Dept, Technion, Haifa
5 Physics Dept, Technion, Haifa

The temperature dependence of the Casimir effect for the radiation field confined
between two conducting plates is analysed: The Casimir energy is shown to decline exponentially with temperature while the Casimir entropy which is defined in
the text is shown to approach a limit which depends only on the geometry of the
constraining plates. The result is shown to hold, for a scalar field, for arbitrary
geomentry. The high temperature (T) expansion is shown to be "robust", i.e. it
does not have any nonvanishing correction to the "classical" result where the latter
is defined by the validity of the Rayleigh - Jeans law. We show that validity of the
Rayleigh - Jeans law implies the vanishing of the Casimir energy, hence the high
temperature Casimir force, for a wide variaty of geometries, is purely entropic.
[1] M. Revzen, R. Opher, M. Opher and A. Mann, Europhys Lett. 38, 245, (1997);
Jour. Phys. A30, 7783, (1997).
[2] M. Revzen and A. Mann preprint quant-phys/9803059.
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Vacuum Granularity and Neutrino Puzzles
David Eichler and Zakir F. Seidov
Dept. of Physics, Ben-Gurion University, Beer-Sheva

The hypothesis is considered that the vacuum is a Lorentz non-invariant foam in
which translational symmetry is spontaneously broken at the Planck or grandunification scale. A weaker version of the hypothesis predicts (for otherwise massless
neutrinos) an irreversible neutrino mixing over a length scale oilpianck(Eu/Epianck)~2
in comoving cosmic coordinates for a purely four dimensional universe, and, for neutrinos that have spin 3/2 in a higher dimensional manifold above the energy scale
rjEpiandc, the mixing is predicted to take place over a scale of rf^ times this length.
Such neutrino mixing might also be observable with atmospheric and solar neutrino
experiments.
It is suggested that this hypothesis mostly reconciles the standard solar models
with observations of the solar Boron and pp neutrinos, and the atmospheric muonto-electron neutrinos ratio.
[1] D. Eichler, astro-ph/9811020.
[2] D. Eichler and Z. Seidov, astro-ph/9810372.
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Flux tube dynamics in the dual superconductor
M. Lampert and B. Svetitsky
School of Physics and Astronomy, Raymond and Beverly Sackler Faculty of Exact
Sciences, Tel Aviv University, 69978 Tel Aviv

We have studied plasma oscillations in a flux tube created in a dual superconductor.
The theory contains an Abelian gauge field coupled magnetically to a Higgs field
that confines electric charge via the dual Meissner effect. Starting from a static flux
tube configuration, with electric charges at either end, we release a fluid of electric
charges in the system that accelerate and screen the electric field. The weakening
of the electric field allows the flux tube to collapse, and the inertia of the charges
forces it open again. We investigate both Type I and Type II superconductors,
with plasma frequencies both above and below the threshold for radiation into the
Higgs vacuum. (The parameters appropriate to QCD are in the Type II regime;
the plasma frequency depends on the mass taken for the fluid constituents.) The
coupling of the plasma oscillations to the Higgs field making up the flux tube is the
main new feature in our work.
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Electroweak Measurements at the Z-pole and the
Couplings
Erez Etzion
School of Physics and Astronomy
Raymond and Beverly Sackler Faculty of Exact Sciences
Tel-Aviv University, Tel-Aviv

Between the LEP and SLD experiments there was always a discrepancy in their
determination of the weak mixing angle. This is mainly driven by the LEP basymmetry (Af) measurements, the single most precise measurement of that quantity at LEP, and the SLD left right asymmetry, Air. Now when the lepton coupling
results from LEP and SLD are all in good agreement, LEP versus SLD discrepancy
could be speculated as an At, deviation (which is also slightly favored by the SLD
direct Ah measurement).
The asymmetry measurements Ab/C are sensitive to the right handed ZJJ couplings
complementary to the partial widths measurements Rb/C which are more sensitive
to the left handed couplings. However only SLD, utilizing the initial electron beam
polarization, was pursuing a direct Ab measurement, while with LEP Af measurements one had to assume either Standard Model (SM) leptonic couplings to deduce
Ab or to assume SM value for Ab to derive the electroweak mixing angle.
Measurements in Heavy Flavor physics rely on the ability to detect the secondary
vertices from the b or c mesons weak decays and resolving them from the primary
interaction vertexes. This is essential for background rejection. The technology
of silicon vertex detectors which provides an adequate spatial resolution plays a
major role in the heavy flavor experimentation. This was demonstrated by all LEP
experiments and the best performance in this respect was realized at the SLC/SLD
where the small and stable beam spot + a superb 3-D CCD pixel vertex detector
has provided an excellent primary and secondary vertex resolution.
The last SLC run of 97-98 almost tripled the total SLD data sample and that with a
much improved vertex detector. SLD is about to release new results which will significantly improve Rb/C and Ab/C precision based on improved detector resolution and
the increased statistics. There is also an effort at the LEP experiments to improve
their LEP1 analyses. The LEP2 increasing energies allow as well measurements of
the asymmetries and their energy dependence at energies higher than the ZQ peak.
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A New Algorithm for Separation of Signal from Background
Eugene Prosso and Ehud Duchovni
Dept. of Particle Physics, Weizmann Institute of Science

A new algorithm for extracting signal events from contaminated multidimensional
sample is presented and applied to two typical experimental problems: the identification of electrons and the tagging of b-flavoured jets. The two studies are done
using the data which was collected by the OPAL detector at LEP.
The algorithm, while being conceptually simple and easy to implement, is clearly 0
to the standard cut technique and is also slightly better than the more sophisticated
methods like Neural Network and maximal likelihood techniques.
[1] T. Hastie and R. Tibshirani, IEEE PAMI, 18, 607-616, 1996.
[2] N. Isamu and Y. Satoru, Y98 Upgrade of the LEP2 B-tagger. Notes of lecture
at the OPAL week in September 98 at Bolognia.
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Measuring Bs Oscillation via D s -lepton decays
A. Harel, Y. Rozen, S. Tarem
Physics Department, Technion, Haifa

A method of measuring the oscillation frequency of the B®B® system is presented.
Leptons are combined with opposite sign Ds candidates from four different decay
modes. Using 4.4 million hadronic Z° decay taken with the OPAL detector we
identify 269 Bs candidates with an estimated 53% Bs purity. The lifetime of the Bs
meson is reconstructed using the decay products & recoil particles information. The
production and decay flavours are estimated by combining several tagging variables.
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Improved Measurement of the Multiplicity of Charm Quark
Pairs from Gluons in Hadronic Z° Decays
Hagar Landsman, Yoram Rozen
Physics Department, Technion, Haifa

We have measured the multiplicity of secondary charm quark pair production in
hadronic Z° decays, using 4.4 million hadronic events collected by OPAL. By selecting events with three jets and tagging charmed hadrons using leptons and D*±
mesons we find the average number of secondary charm quark pairs per hadronic
event to be (3.20±0.21 ±0.39) xlO" 2 .
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Local Multiplicity Fluctuations and Correlations
Observed in Hadronic Decays of the Z°
Edward K. G. Sarkisyan
School of Physics and Astronomy, Tel-Aviv University, 69978 Tel-Aviv

Recent results [1] on local multiplicity fluctuations and genuine multiparticle correlations in multidimensional phase space of hadrons produced in Z° decays are presented. The study is based on the data sample of more than 4xlO 6 events recorded
by the OPAL detector at LEP during 1991 to 1995.
To extract dynamical components of the fluctuations and correlations, the analysis
is carried out in terms of the normalized scaled factorial moments and cumulants
[2]. The large statistics allows for the first time a study of the cumulants in e + e~
annihilation and a search for the genuine multiparticle correlations. Contributions
of these correlations to the observed dynamical fluctuations are investigated.
The results are compared with generated samples obtained from the J E T S E T 7.4
and HERWIG 5.9 Monte Carlo models. The influence of Bose-Einstein correlations
is considered.
[1] G. Abbiendi et ai., OPAL Collaboration, CERN-EP/99-009, hep-ex9902021.
[2] E.A. De Wolf, I.M. Dremin, W. Kittel, Phys. Reports, 270, 1, (1996).
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Optical frequency mixing in periodically-patterned
and in quasi-periodically-patterned nonlinear media.
A. Arie
Dept. of Electrical Engineering-Physical Electronics, Faculty of Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel.

Nonlinear frequency mixing processes, e.g. second harmonic generation, sum and
difference frequency generation, etc., require matching of the phases of the interacting waves. The traditional method to achieve it is by selecting a specific angle of
propagation in a birefringent nonlinear crystal. The main limitation of the birefringent phase matching method stems from the fact that for many interesting interactions, the phase matching condition cannot be satisfied in a specific crystal. This
obstacle can be removed by the technique of quasi-phase-matching (QPM), where
the nonlinear coefficient of the material is modulated at a fixed spatial frequency
that equals the wave-vector phase mismatch between the interacting waves. An
important development in recent years is the ability to periodically reverse the sign
of the nonlinear coefficient in ferroelectric crystals by applying a high electric field
through a periodic electrode. Some recent QPM interactions in periodically-poled
KTP that were recently achieved at Tel-Aviv University include continuous-wave
optical paramteric oscillations [1], as well as generation of tunable mid-infrared radiation by difference frequency generation [2].
Periodic patterning of the nonlinear coefficient enables to phase match only a single
interaction. It would be advantageous to further extend the applications of this
technique in order to simultaneously satisfy several interactions on a single crystal.
This cannot be usually achieved in a periodic pattern, however more sophisticated
quasi-periodic structures can be designed in this case. An interesting analogy can
be drawn between artificially-made quasi-periodically-patterned nonlinear crystals
and quasi-crystals found in nature, in rapidly-cooled metallic alloys [3].
[1] A. Garashi, A. Arie, A. Skliar and G. Rosenman, "Continuous-wave optical
parametric oscillator based on periodically-poled KTiOPO4", Optics Letters 23,
1739-1741, (1998).
[2] K. Fradkin, A. Arie, A. Skliar and G. Rosenman, "Tunable mid-infrared source
by difference frequency generation in bulk periodically-poled KTiOPO4", Applied
Physics Letters 74, 914-916, (1999).
[3] D. Shectman, I. Blech, D. Gratias and J. W. Cahn, "Metallic phase with longrange orientational order and no translational symmetry", Phys. Rev. Lett. 53,
1951-1953, (1984).
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A rotating-bearn optical dipole trap for cold atoms
N. Friedman, R. Ozeri, L. Khaykovich, N. Davidson
Dept. of Physics of Complex Systems, Weizmann Institute of Science
Rehovot, 76100, Israel

In the last few years, several optical dipole traps for cold atoms were demonstrated
and used to study cold atomic collisions, long atomic coherence times and quantum
collective effects [1]. Blue-detuned dipole traps, where repulsive light forces confines
atoms mostly in dark, offer long storage, and photon-scattering times, combined
with strong confinement forces [2]. Unfortunately, such blue-detuend dipole traps
involve complicated light intensity distributions that require either multiple laser
beams [3] or complicated phase elements [2]. Here, we propose and demonstrate a
novel configuration for a single-beam blue-detuned dipole trap, which enables larger
trapping volume, and fast temporal changes in the trap size and shape.
Our trap consists of a tightly-focused laser beam which is rapidly rotated (with
rotation frequency up to 400 kHz) with two orthogonal acousto optical scanners. For
very high rotation frequencies the atoms feel a time-averaged static dipole potential.
Therefore, when the radius of rotation is larger than the beam size, a dark volume
which is completely surrounded by light is obtained around the focal region. By
changing the rotation radius and the trapping laser intensity and detuning, the
trap dimensions and oscillation frequency could be changed over a large parameter
range. In particular trap diameters were changed between 50 to 220 microns and
trap length was changed between 3.5 to 16 mm.
~106 atoms were loaded into the rotating-beam dipole trap from a magneto optical
trap. The density of the trapped atoms was ~4* 1010 atoms/cm 3 ,their temperature
was ~6 /JK. and the trap (1/e) lifetime was 0.65 sec, limited by collisions with background atoms. When the rotation frequency was decreased below the oscillation
frequency of the atoms in the trap, the trap became unstable, and a sharp reduction of the trap lifetime was observed, in agreement with our theoretical analysis.
Finally, we demonstrated adiabatic compression of atoms in the trap by decreasing
the rotation radius and hence the trapping volume. A density increased by an order
of magnitude was obtained.
[1] C. S. Adams and E. Riis, Prog. Quant. Electr., 21, 1, (1997).
[2] R. Ozeri, L. Khaykovich, N. Davidson, Phys. Rev. A., in press (1999).
[3] T. Kuga, et. a l , Phys. Rev. Lett., 21, 4713 (1997); Yu. B. Ovchinnikov, et. al.,
ibid., 79, 2225 (1997)
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An Israeli FEL User Facility - Radiation Source Features
and User Applications
The Israeli FEL Consortium:
A. Gover, A. Abramovich, A.L. Eichenbaum,
M. Kanter, J. Sokolowski, A. Yahalom,
J. Shiloh, I. Schnitzer *,
A. Levin §,
Y. Pinhasi *
Tel-Aviv University
* Rafael
§
N.R.C.
College of Judea & Samaria

Recent measurements of the radiation characteristics of the tandem FEL prove that
the device operates as a high quality, tunable radiation source in the mm wave
regime. Tuning range of 60% around a central frequency of 100 GHz was demonstrated by varying the tandem accelerator energy from 1 to 1.5 MeV with 1 — 1.5
Amp. Beam current. Fourier transform limited linewidth of A / / / < 10~5 was measured in single-mode lasing operation. The FEL power in pulse operation (lOyu sec)
was 10 kWatt. Operating the FEL at high repetition rate with 0.1 to 1 mSec pulses
will make it possible to obtain high average power (1 kWatt) and narrow linewidth
(10- 7 ).
Based on these exceptional properties of the FEL as a high quality spectroscopic tool
and as a source of high average power radiation, the FEL consortium, supported by
a body of 10 radiation user groups from various universities and research institutes,
embark on a new project for development of an Israeli FEL radiation user laboratory.
The laboratory is presently in a design and building stage in the academic campus in
Ariel. The FEL will be moved to this laboratory after completion of X-ray protection
structure in the allocated building.
In the first phase of development, the radiation user laboratory will consist of three
user stations:
a. Spectroscopic station (low average power). Material studies are planned in the
fields of H.T.S.C., sub-micron semiconductor devices, gases.
b. Material processing station (high average power). Experiments are planned in
the fields of thin film ceramic sintering (including H.T.S.C.), functionally graded
materials, surface treatment of metals, interaction with biological tissues.
c. Atmospheric study station. Experiments are planned in the fields of aerosol, dust
and clouds mapping, remote sensing of gases, wide-band mm wave communication
The FEL experimental results and the user laboratory features will be described.
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Low-Voltage Free-Electron Lasers
Rami Drori, Eli Jerby
Dept. of Electrical Engineering - Physical Electronics,
Tel-Aviv University, Tel-Aviv 69978

Free-electron lasers (FELs) operate typically at short wavelengths (~ 0.1m —0.1/im)
using relativistic electron beams. We extended the range of FELs toward radio
wavelengths (> lm), and extremely low electron energies (< ikeV). Our FER
(R for radio) device [1] consists of a folded-foil wiggler (A = 4 cm), and a doublestripline cavity that supports TEM waves. Oscillations in the first three longitudinal
modes of the cavity have been observed (0.28 GHz @ 0.75 kV, 0.56 GHz @ 2.5 kV,
and 0.85 GHz @ 5.7 kV). A new concept of fluid-loaded free-electron microwave
generators has been implemented in our FER [2]. In this scheme the fluid acts as
a variable dielectric load. The fluid-loaded FER operates with low-energy electrons
(down to 0.4 keV) and radiates around 270 MHz [2]. By varying the amount of
the fluid (distilled water), the operating frequency is tuned in a range of 10 MHz.
This experiment demonstrates a first operation of a tunable dielectric-loaded FELtype oscillator and marks a new record for extremely low electron-energy and long
wavelength, in the lowest end of the known FEL operating spectrum.
[1] R. Drori and E. Jerby, "Free-electron-laser type interaction at 1 m wavelength
range," Nucl. Instrum. and Methods in Phys. Res., Vol. A393, pp. 284 - 288, 1997.
[2] R. Drori and E. Jerby, "Tunable fluid-loaded free-electron-laser in the low
electron-energy and long-wavelength extreme," Phys. Rev. E., March 1999, and
references therein.
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Injection locking of shear-strain photonic lattices based on
VCSEL arrays
Tal Fishman^ Amos Hardy^, Eli Kapon§, Harald Pier
^ Dept. of Physical Electronics, Tel-aviv University
Department of Physics, Swiss Federal Institute of Technology (EPFL), Lausanne

Photonic lattices based on coherent VCSEL arrays have recently been investigated
both experimentally and theoretically. In these structures, array modes correspond
to bound photonic states. Many configurations of such photonic lattices were discussed. In particular, lattices that incorporate alternating-shear strain are of interest
due to an abrupt switching that occurs between a square lattice mode and a hexagonal mode above a critical value of strain. In the present work we show that injection
locking of such an array near the critical strain value can be used to switch between
these modes. Thus we may use such an array as an all optical switch.:
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Deformed dynamics of g-deformed systems
Jose Luis Gruver
Department of Physics and Jack and Pearl Resnick Institute of Advanced
Technology, Bar-Ilan University, Ramat-Gan 52900, Israel
Quantum algebras have been the subject of an intensively research in the last years.
Particularly, after the works of Macfarlane [1] and Biedenharn [2] on the g-deformed
oscillators, a great effort has been devoted to the application and generalization
of g-deformed systems in chemistry and physics. In quantum optics, g-bosons have
been used to generalized fundamental models such us, the Jaynes-Cummings [3] and
Dicke models [4]. Besides, using generalized deformed oscillators several versions of
the Jaynes-Cummings Hamiltonian have found a unified description [5]. In the
present work, we study the dynamical properties of g-deformed oscillators and their
relationship to the anharmonic oscillators by means of a Lie-algebraic approach. In
doing so, we find that an infinite dimensional set of "g-deformed relevant operators"
close a "partial g-deformed Lie algebra" under commutation with the Arik-Coon
Hamiltonian. We show that the dynamics of the system can be described in terms
of the multicommutator of the type [H,..., [H, O]...]. We also obtain, that the
multicommutator can be expressed for q > 1 as an operator average with respect to
the "Binomial distribution" which depends only on the deformation parameter g,
and for the general case (i.e. q 6 R) as a "power law". As a consequence of the power
law dependence, we find that the dynamics of the infinite-dimensional g-deformed
Lie-algebra scale, i.e. the temporal evolution for the whole set of relevant operators
collapse on a single curve. We calculate and analyze, the temporal evolution of the
set of relevant operators for the g-deformed and the anharmonic oscillator when
the initial conditions are a g-coherent and coherent states respectively. We obtain
that the dynamics of both models is governed by a weighted average with respect
to the "g-deformed Poisson" and the "standard Poisson" distributions respectively.
Finally, we find the conditions under which the dynamics of the relevant operators
of both oscillators are isomorphous, and we conclude that q is not only related to
the anharmonicity parameter but also depends on the index that characterizes the
relevant operators [6].
[1] A. J. Macfarlane, J. Phys. A: Math. Gen., 22, 4581, (1989).
[2] L. C. Biedenharn, J. Phys. A: Math. Gen., 22, L873, (1989).
[3] M. Chaichian, D. Ellinas, and P. Kulish, Phys. Rev. Lett., 65, 980, (1990).
[4] S. Mancini, V. I. Mank'o, and P. Tombesi, Mod. Phys. Lett. B, 12, 403, (1998).
[5] D. Bonatsos, C. Daskaloyannis, and G. A. Lalazissis, Phys. Rev. A, 47, 3448,
(1993).

[6] J. L. Gruver, Phys. Lett. A, XX, xxx, (1999).
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Continuous-wave optical parametric oscillator in
periodically-poled KTP.
A. Garashi, A. Arie, I. Kiryuschev, G. Rosenman and A. Skliar
Dept. of Electrical Engineering-Physical Electronics, Faculty of Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel.

Optical parametric oscillators (OPO) provides tunable coherent radiation in a compact and efficient all-solid-state device. The recent progress in periodic poling of
ferroelectric crystals enable new possibilities for realization of quasi-phase-matched
OPOs. In this work we demonstrate continuous-wave OPO in periodically poled
KTP (PP-KTP). Owing to its high effective nonlinear coefficient (« 9.5 pm/V),
high photorefractive damage, low susceptibility to thermal lensing, the ability to
operate near room temperature, as well as wide commercial availability of the KTP
substrate, PPKTP is very attractive material for visible-pumped optical parametric
oscillator. The poled crystal, which was polished and anti-reflection coated near
the 532 nm (pump wavelength) and 1064 nm (OPO degeneracy wavelength), was
placed inside a ring cavity. The device was pumped by a frequency-doubled CW
Nd:YAG laser and parametric oscillations were observed above the threshold power
of 55 mW. Up to 57% depletion of the pump was observed at a pump power of 78
mW. Wavelength tuning of the signal and the idler wavelengths was achieved by
changing the PPKTP temperature or by changing the cavity length using a PZT in
each temperature. The total tuning range was 1037 nm-1093 nm and was limited
by the mirror coating. The total output power as 6.5 mW. By locking the OPO
cavity length using an electronic servo and a PZT actuated mirror mount, we have
obtained continuous output power from the device.
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Study of the hollow waveguides physical parameters
determined the beam shape conservation of the delivered
radiation.
M. Ben-David*, A. Inberg, A. Katzir* and N. Croitoru
Dept. of Electrical Engineering - Physical Electronics, Faculty of Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel. ^School of Physics and Planetary
Sciences, Faculty of Exact Sciences, Tel-Aviv University

The modification of the laser source beam quality is one of the important factors
effect the delivery of laser radiation by a waveguide. In this paper the results of
input radiation coupling, radius of bending, length, cross section diameter, waveguide internal wall roughness and coupling lens focal length influence on the beam
shape delivered from the flexible hollow waveguides are presented. The conditions
for which the beam shape is near to that of the source were found. A theoretical
model for the radiation propagation gives quantitative representation of relation
between attenuation, beam profile, divergence and above indicated parameters was
developed. In this model was supposed that the guiding is produced by multiple
incidences on a metal (silver) layer and a dielectric (silver iodine) over layer, by
refraction and reflection. The propagation of the rays was calculated using the
physical laws of the geometrical optics. For. the scattering calculations a random
distribution of roughness centers on dielectric layer surface was considered. It was
also supposed that the value of the cross section internal diameter (ID=d) was much
larger than the transmitted wavelength. The experimental results have shown that
losses due to absorption of the propagated radiation in the guiding layers, mainly
(Agl), generate satellites of the laser source delivered fundamental Gaussian beam.
Increasing of the hollow waveguide internal diameter decreases the attenuation and
increases the deviation of beam shape from Gaussian. Off center coupling produce
decreasing of the fundamental mode height and generation of the coupled Gaussian
beam satellites. The waveguide internal wall roughness produce losses of the coupled radiation and beam profile deviations from that of the laser source. A good
correspondence between the theoretical and experimental results obtained.
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Microwave excited (702-lasers
A. Shahadi, Y. Sintov*, E. Jerby, S. Yatsiv§
Dept. of Electrical Engineering-Physical Electronics, Faculty of Engineering,
Tel-Aviv University, Tel-Aviv 69978, Israel.
* El-Op, Electro-Optical Industries Ltd.
§ Racah Institute of Physics, The Hebrew University - Jerusalem.

The discharge-mechanism and microwave matching in microwave-excited
are studied experimentally in two schemes. The first experiment employs a 1.5 kW,
2.45 GHz magnetron, pumping a circularly configured CO2-laser. A peak laserpower of ~ 80 W (2 W average) has been achieved. The first four laser modes are
observed clearly in this experiment. Based on Ref. [1], the second experiment is
conducted with a slab CC>2-laser fed by a 2 kW, 2.45 GHz magnetron. Using a
novel microwave matching technique, this experiment is characterized by a uniform
axial plasma-discharge. A peak laser-power of ~ 700 W with an overall efficiency of
~ 6% and a duty cycle of 1% is observed in this setup. The maximal average-power
detected is 38 W. An overall efficiency of 8.7% (22% microwave-to-laser power efficiency) in a duty cycle of 5% is attained so far. Considering these two experimental
setups, an adaptive microwave-matching method is being considered in order to increase the microwave-to-plasma power transfer. The objective of this study is to
develop a compact 3 kW peak (300 W average) CCVlaser.
[1] Y. Sintov, A. Gabay, S. Yatsiv, "Self-activated, forced convective cooling in a
pulse slab COi laser," Journal of Physics D, (Applied Physics), Vol. 30, pp. 25302535, 1997.

135

Astrophysics, Space Science and
Cosmology

137

Astrophysics, Space Science and Cosmology

invited

Highlights of Dwarf Galaxy Research
Noah Brosch
School of Physics and Astronomy, Tel-Aviv University, Tel-Aviv

I will summarize results obtained during more than one decade of Dwarf Galaxy
(DG) research using the Wise Observatory and other facilities. The results highlight
the history of star formation (SF) in a sample of DGs located in the Virgo cluster
(VC) and the morphology of SF regions in two different kinds of DGs in the VC. I
will also present new results about SF in the "field" of the Large Magellanic Cloud,
and on the (lack of) molecules in DGs with strong SF. I will report on the discovery
of the galaxy with the third lowest metal abundance, and will conclude by discussing
the role of interactions in triggering SF in DGs.
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Local Stability Criterion for a Gravitating Galactic Disk
Evgeny Griv, Michael Gedalin, Edward Liverts, and David Eichler
Dept. of Physics, Ben-Gurion University, Beer-Sheva 84105
The linear stability theory of small oscillations of a gravitating, infinitesimally thin,
and homogeneous disk of a galaxy is reexamined. The dispersion relation, which
connects the frequency u> and the wavenumber k — Jk% + k2, of excited vibrations,
for arbitrary perturbations propagated in the plane of a disk is found:

?^.

(3)

where kr and k^ are the radial and azimuthal components of the real wavevector, cr is
the radial dispersion of random velocities of stars or gaseous clouds ('temperature'),
G is Newton's gravitational constant, x = k^/K, k\ = (20,/K)2 k2 is the squared
effective wavenumber, the quantity £l(r) denotes the angular velocity of rotation
at distance r from the center, «(r) is the ordinary epicyclic frequency, Ii(x) is a
Bessel function of imaginary argument of the order /, and w* is the Doppler-shifted
wavefrequency as seen by a star in a rotating frame. In Eq. (1) the denominators
vanish when UJ* — IK, — 0. At these values one gets hydrodynamic-type 'wavefluid' resonances, and thereby this solution obtained in the framework of linear
approximation cannot be used. Equation (1) goes beyond the original Lin-Shu
dispersion relation in that it is now applicable to the critically important case of
the nonaxisymmetric perturbations, kv ^ 0. By using the condition u>2 > 0 for
all possible k, from Eq. (1) a generalized stability criterion can be obtained: in
order for all Jeans-type perturbations to be stable, the value of the radial velocity
dispersion at any point of a disk should satisfy approximately the inequality
cr > (2ft/«0 or,

(4)

where CT ~ ZAGOQ/K is Toomre's limit [1] and in galaxies 20,/K « 2. It is clear
from the criterion (2) that stability of the arbitrary perturbations in a nonuniformly
rotating disk (20/K > 1) requires a larger velocity dispersion than the ordinary
Toomre's critical value CTIn addition, computer experiments are desribed which test the validities of the original Toomre's criterion and of a generalized criterion for local stability of the classical
Jeans perturbations in a self-gravitating disk of a galaxy. To repeat, the fact that the
nonaxisymmetric perturbations in the differentially rotating system are more unstable than the axisymmetric ones is taken into account in this generalized criterion.
It is shown that for differentially rotating disks, the generalized criterion (2) works
as well as Toomre's ordinary criterion does for rigidly rotating ones. The extent
to which our results on the stability of the disk can have a bearing on observable
disk-shaped galaxies is discussed.
[1] A. Toomre, Astrophys. J., 139, 1217 (1964).
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Morphological Evolution of Isolated Galaxies
Amr El-Zant
Faculty of Physics, Technion, Haifa

In a smooth, steady state, gravitational potential which has enough symmetry so
that the orbits it supports conserve as many quantities as the number of directions
they are free to move in, the dynamics is reduced to that of independent non-linear
oscillations. Once the the phases of these oscillations are mixed, no further evolution of the characteristics of an ensemble of such trajectories occurs. It was this
picture that characterised dynamical studies of isolated galaxies until recently where it was assumed that the initial rapid stages of violent relaxation characterising the formation of galaxies are followed by long lived equilibrium configurations
that survive, virtually unchanged, over a Hubble time. However, isolated galaxies
may morphologically evolve. The most efficient process driving such evolution is
the existence of large scale asymmetries in the mas distribution, such as bars or
non-axisymmetric haloes surrounding galaxies. This type of structure couples the
dynamics in the different degrees of freedom. In that case, ("chaotic") trajectories
may diffuse in phase space in such a way that an ensemble such trajectories would
have a time evolving density distribution. The existence of large scale asymmetries
in the potential also enhances the effects of discreteness noise and dissipation. In
the talk I will review the different mechanisms by which isolated galaxies can evolve
and how they can explain galaxy morphologies and other interesting properties such
as central activity, focusing on the case of galaxies with triaxial dark matter haloes.
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Multiwavelength Spectroscopy Campaign on Quasar
PG 0946+301
Nahum Arav
Lawrence Livermore National Laboratory

Analyzing HST and Keck spectra we find that the depth and shape of the broad
absorption lines (BALs) seen in quasars are determined largely by the fraction of
the emitting source which is covered by the BAL flow. In addition, the observed
depth of the BALs is poorly correlated with their real optical depth. The implication of this result is that previous abundance determinations which were based on
direct extraction of column densities from the depth of the absorption troughs are
highly unreliable. In order to derive correct abundances for BAL flows we launched
a multiwavelength spectroscopy campaign (UV, FUV, X-ray and optical) on quasar
PG 0946+301. This exceptionally UV bright BAL quasar is ideally suited for abundances studies and concentrating significant observational and analysis resources on
it is by far our best option to improve our understanding of the ionization equilibrium and abundances in BAL quasars.
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Classical/Quantum Gravity of a Bubble Universe
Aharon Davidson, David Karasik, Yoav Lederer
Physics Department, Ben-Gurion University,
Beer-Sheva 84105, Israel

Classical/Quantum gravity of a bubble Universe is formulated, and its Einstein limit
is approached. Trading Einstein gravity for Regge-Teitelboim gravity, we first apply the Embedding approach to Arnowitt-Deser-Misner formalism. Extracting the
generalized Virasoro-like constraints, with a novel Lagrange multiplier (accompanying the lapse function and the shift vector) making its appearance, we derive the
associated quadratic Hamiltonian. The inclusion of arbitrary matter then resembles
minimal coupling.
At the classical level, the Friedman-Robertson-Walker evolution is governed by an
effective (rather then by the primitive) energy density. This opens the door for
a unified dark matter/energy theory. The deviation from Einstein gravity can be
interpreted as an effective VLdark + OA = 1 theory, such that Pdark — — \qpdark-, with
q denoting the deceleration parameter, thereby solving the acceleration and the age
puzzles.
At the quantum level, we derive a bifurcated analog of the Wheeler-Dewitt equation. Within the mini-superspace model, bubble cosmology means performing the
variation with respect to the embedding (Minkowski) time before fixing the cosmic
(Einstein) time. The departure from Einstein limit is parameterized by the 'energy'
conjugate to the embedding time, and characterized by a classically disconnected
Embryonic epoch. In contrast with canonical quantum gravity, the wave-function of
a bubble Universe is (i) time-dependent, and (ii) vanishes at the Big Bang. HartleHawking and Linde proposals dictate discrete 'energy' levels, whereas Vilenkin proposal resembles a-disintegration.
[1] Regge-Teitelboim-type Cosmology
A. Davidson, Hadr. Jour. 21, 210 (1998).
[2] Quantum Gravity of a Brane-like Universe
A. Davidson and D. Karasik, Mod. Phys. Lett. A13, 2187 (1998).
Honorable mentioned, Gravity Research Foundation (1998).'
[3] A — 0 Cosmology of a Brane-like Universe
A. Davidson, Class. Quan. Grav. 16, 653 (1999).
[4] Wave Function of a Brane-like Universe
A. Davidson, D. Karasik, and Y. Lederer, Class. Quan. Grav. (in press).
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Gravitational Cherenkov Effect in Flat Galaxies of Stars
Evgeny Griv*, Michael Gedalin*, David Eichler*, and Chi Yuan5
^Dept. of Physics, Ben-Gurion University, Beer-Sheva 84105
§Academia Sinica Institute of Astronomy, Taipei 115, Taiwan
More than 50 years ago there appeared the work of Landau (see, e.g., [1]) with an
original asymptotical solution of collisionless Boltzmann equations for Maxwellian
plasmas. Landau's work has spawned the outstanding discoveries in the physics of
plasmas [1]. In the current research, a new mechanism of excitation of collective
oscillations, namely Landau excitation in similar problems of a self-gravitating disk
of stars in highly flattened galaxies, including the Milky Way's disk, is studied by
applying the plasma kinetic theory. (Even though the similarity between the gravitational and Coulomb interactions is well known and already explored in slellar
dynamics since mid-1960s [2], plasmas are significantly different from gravitating
systems. The main reason for expecting the difference is the sign of interaction:
gravitating systems, because of the nature of the gravitation force, are always spatially inhomogeneous.) The analysis is carried out for the particular case of a rapidly
(and nonuniformly) rotating disk of identical stars-'particles' which is weakly spatialfy inhomogeneous, practically collisionless, and two-dimensional.
We developed a kinetic theory to describe the Landau-type resonant excitation of spiral density waves in a self-gravitating, differentially rotating, weakly inhomogeneous,
and collisionless stellar disk [3]. The disk is treated by employing the well elaborated
mathematical formalisms from plasma perturbation theory using normal-mode analysis. A new class of gradient microinstabilities of small gravity disturbances (e.g.,
those produced by a spontaneous perturbation and/or a companion galaxy) of a
nonuniformly rotating stellar disk inherent in an inhomogeneous system is discussed.
The instability leads to oscillatory growing spiral waves, which derive their energy
from the kinetic energy associated with the relative velocity of a nonuniformly rotating system. The effect we are interesting is in complete analogy with the familiar
Cherenkov emission of electromagnetic waves (light) with continuous spectrum and
specific angular distribution by an electric charge moving in a medium at a constant
velocity v, that is to say, we deal with the gravitational Cherenkov effect. This Landau excitation of waves is suggested as a mechanism for the formation of observable
structural features such as spiral arms and the dynamical relaxation of disk-shaped
galaxies on the Hubble timescale T ~ 1010 yr.
[1] E. M. Lifshits and L. P. Pitaevskii, Physical Kinetics, Pergamon, New York
(1981).
[2] A. M. Fridman and V. L. Polyachenko, Physics of Gravitating Systems, Springer,
Berlin (1984).
[3] E. Griv, M. Gedalin, D. Eichler, and C. Yuan, Phys. Rev. Lett., submitted
(1998).
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Parallel Computer Simulations of Galaxies of Stars
Evgeny Griv*, Michael Gedalin*, David Eichler*, and Yehoshua Kimhi§
^Dept. of Physics, Ben-Gurion University, P.O. Box 653, Beer-Sheva 84105
§ Inter University Computational Center, Tel Aviv University, Tel Aviv 69978

Computer many-body (iV-body) experiments are desribed which test the validities
of our theory of small-amplitude gravity oscillations in a galactic disk of stars [1,2].
Use of concurrent computers has enabled us to make long simulation runs using
a sufficiently large number of particles in the direct simulation code. The simulations clearly confirm the qualitative picture and, moreover, are in fair quantitative
agreement with the theory. Certain applications of iV-body simulations to actual
disk-shaped galaxies are explored. Here we show a series of face-on view snapshots
from a three-dimensional simulation run. A time t = 1 was taken to correspond
to a single revolution of the initial disk. One can see at first a multi-armed spiral
structure that develops in the plane of the system. Interestingly, in a sample of
654 spiral galaxies [3], regular ('grand design') galaxies like M51 or the Sc-shaped
Whirlpool galaxy in Canes Venatici are roughly a factor of 6 times rarer than such
many-armed galaxies as NGC 613, an SBb galaxy in Sculptor.
[l] E. Griv, B. Rosenstein, M. Gedalin, and D. Eichler, Astron. Astrophys., in press
(1999).
[2] E. Griv, C. Yuan, and M. Gedalin, Monthly Notices of RAS, in press (1999).
[3] B. G. Elmegreen and D. M. Elmegreen, Astrophys. J., 342, 677 (1989).
2

•

0
-2

2

Hi-

145

0
—2

'A:

Astrophysics, Space Science and Cosmology

A "Compton Mirror" in the Seyfert Galaxy NGC 3516?
Dan Maoz
School of Physics and Astronomy, Tel-Aviv University, Tel-Aviv
I present optical broadband measurements of the Seyfert 1 nucleus NGC 3516, obtained at Wise Observatory in 1997-1998 contemporaneously with the X-ray 2-10
keV measurements of RXTE. The X-rays appear to lag the optical variations by
about 100 days. I propose that much of the X-ray emission is reprocessed softer radiation that has been Compton upscattered by hot gas 50 It-days behind the nucleus.
This phenomenon, if confirmed in other objects, will provide a further analogy between AGNs and Galactic accreting black holes, where similar behavior is common.
In both classes of objects, the X-rays, rather than being primary radiation from a
few gravitational radii, may be secondary, reprocessed radiation from 104i?5.
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Stars With Phase Transition:
Equilibrium, Oscillations and Stability
Zakir F. Seidov
Dept. of Physics, Ben-Gurion University, Beer-Sheva

First and second order phase transitions in stars are considered. A set of star models
with various equations of state are analyzed in the frameworks of Newtonian theory of gravitation and General Relativity (GR), The static criterion, the variational
(energetic) principle and the oscillation analysis are used with analytical and numerical methods to reveal the characteristics of equilibrium states, the deviations of
radial pulsations of lowest mode from harmonical oscillation and the onset of global
instability of star. Average adiabatic index is calculated using correct test function.
The effects of (slow) rotation, external pressure and GR on the instability onset are
also considered.
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Beta Processes in White Dwarf Stars
Zakir F. Seidov
Dept. of Physics, Ben-Gurion University, Beer-Sheva

Physical effects of (3- capture reactions in degenerate matter are considered. These
reactions are shown to be of non-stationary character in dense matter of collapsing
star as well as in degenerate matter of equilibrium white dwarf stars. Slow betareactions lead to secular development of the global instability of white dwarf stars
with masses close to the Chandrasekhar limit. The thermal effect of (3- capture
reactions lead to entropy increase in the stage of instability onset development and
in the stage of the following gravitational collapse.
The pulsations of stars with first order phase transitons are considered with special
attention to accurate conditions at the boundary between two phases. Damping of
small amplitude pulsations and the character of unharmonicity of pulsations with
finite amplitude are analyzed. Pulsations in white dwarf lead to widening of the
instability region in the neighborhood of the Chandrasekhar limit.
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Galaxy Evolution to z=0.5 with a 1.0 m. Telescope
S. Steindling, N. Brosch*, H. Netzer §
Tel Aviv University

Rest-frame Stromgren photometry was used to observe galaxies in clusters from
z=0. to z=l. This technique enables us to cover the entire redshift range in a
self-consistent manner, and is free of k-corrections.
Principal Component Analysis of the data is used to optimize the information that
can be gained from the photometric data. The usual inconveniences of cluster photometry are thus avoided. Members can be distinguished from fore- and background
galaxies and active galactic nuclei are recognized.
The gain in observing time (compared to spectroscopy) can be put to profit to gain
some insight on open questions in the fields of galaxy evolution and cosmology by
covering larger cluster areas in order to study the effects of environment on cluster
galaxies and probing a larger range of the galaxy luminosity function in each cluster
in order to gain insight on the processes triggering star formation. The eventual
combination of such data for a number of clusters of different types over the entire
redshift range to determine the properties of clustering itself will offer interesting
evolutionary constraints for galaxies.
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Constrained Flow of Charged Particles in the Solar Wind Alphas and Adjacent Flows.
R. Steinitz and M. Eyni
Physics Dept. Ben Gurion University

Alpha particles in the solar wind flow usually faster than protons do. Their flow
velocity difference decreases as the solar wind increases its distance from the sun.
We show that this effect is the result of the geometric constraint of charged particles
moving along the same spiral magnetic field line, in a frame corotating with the sun.
The same geometric constraint can be applied to interpret stream interface velocity
profiles.
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Why Physics Education Research?
Contributions to Learning and Instruction
Bat-Sheva Eylon
The Science Teaching Department, The Weizmann Institute of Science

The major focus of physics education research is the systematic study of students
and teachers. I shall present several examples of studies that led to significant change
in physics teaching at the high school and tertiary levels, as well as in approaches
to physics teacher training. Investigations of students' and teachers' content knowledge (concepts, principles) and problem-solving approaches suggest why some of
the existing instructional strategies are not effective. Additional variables such as
the choice of goals for physics learning and conceptions of learning and instruction
influence significantly the process and product of physics teaching.
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WEIGHT - GRAVITATION: MORE THAN AN
EDUCATIONAL PROBLEM?
Igal Galili
Center of Science and Technology Education, The Hebrew University of Jerusalem

We studied the existing dichotomy of the weight concept definition in an introductory physics course. The history and epistemology of the weight concept, its present
status in school instruction and students' operational knowledge about weight will
be mentioned and briefly discussed. The rational of the gravitational weight in the
currently accepted school curricula will be criticized.
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Computer Centered Instruction of Upper Level University
Courses
(Visualizing Quantum Mechanics)
Guy Ashkenazi, Nava Ben-Zvi, Ronnie Kosloff
Science Teaching Center, The Hebrew University, Jerusalem
Dept. of Physical Chemistry, The Hebrew University, Jerusalem

Computer based technologies developed for research can be adopted for teaching
upper level university courses, such as quantum mechanics. Incorporating computer
centered instruction offers the opportunity to demonstrate dynamic experiments,
simulate microscopic processes from first principles in real time, and visualize complex mathematical objects using 3D graphics. This ability serves as a vehicle for
rethinking the conceptual framework used in university teaching. Taking a constructivistic approach, the meaning of the mathematical models is derived from the
natural phenomena which they describe, and the curriculum is built to emphasize
the interplay of natural phenomena and models.
Our newly designed and implemented course of introductory quantum mechanics
may serve as an innovative model for the teaching of such courses. Most of this
course, once heavily relying on high-end graphic workstations, is now available on
the Internet for use with ordinary PCs [1]. This change in technology has led to
enhanced accessibility to the students and promoted collaborative work outside the
conventional classroom.
[1] http://www.fh.huji.ac.il/~guy/ChemBond
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The Use of Virtual Simulations in Astronomy Teaching
Yoav Yah 4 , Rachel Mintz§, Shai Litvak5, Avihai Feld*,
Noam Fahima*, Eldar Cegla*
^Department of Natural and Life Sciences, The Open University
§ The Center for Educational Technology
t
Mundo-VR

A new, interactive, multimedia-enhanced learning environment for teaching astronomy and space science is presented. "Touch the Sky" is aimed at the junior-high
school level, and have been developed through a collaborative effort of the Center for
Educational Technology and Mundo-VR, an Israeli software company specializing in
real-time 3D simulations. "Touch the Sky"features a 3-Dimensional virtual simulation of the Milky Way galaxy and of the Solar System. Users are able to journey in
a complete 3-dimensional dynamic environment, study the galaxy's shape and color,
and zoom-in on the location of the sun. Inside the solar system, students are able
to carry out explorations and investigate planetary motion. They can compare and
contrast the planets and moons; they can fly through the solar system to the destination of their choice, examine the objects they encounter from a variety of angles,
and obtain numerical data and narrated textual information on each object. An
inquiry-based learning process helps to discover the physical principles that govern
the motions of celestial objects. Using the Navigator control panel and their mouse
buttons, students can change the parameters of the system and watch the effects
on different astronomical phenomena. The 3D virtual simulation lets users observe
aspects of the solar system from different perspectives: for example, the Earth as
seen from the sun, planets as seen from their own moons and the entire solar system
as seen from outside the system. These views can help students overcome cognitive
difficulties associated with the study of astronomy and facilitate their transition
from a geocentric to a heliocentric point of view.
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Scientific Thought in Students
Eli Raz
Education, Technion

The goals of scientific competitions are perceived differently by their organizers,
the schoolteachers and the students. The establishment views the competition as
a method of promoting the discipline in question to the educational front line; the
teachers often see it as the means to express the achievements of their own students,
while for the student the competition is an arena, whence he or she can return a
winner or a loser, depending on his or her knowledge and talents. The All-Israeli
School Physics Competition has been in existence for ten years. Despite its obviously competitive character, the process of selection - during which the most gifted
and achievement-capable students are chosen - is only a by-product rather than the
main goal. The main goal of the Physics Competition as an institution is creating a cultural atmosphere which encourages discussion and exchange of thoughts
and ideas inside the school frame. Participating in a competition possesses much
added value when the ideas presented therein serve as a basis for classroom discussion. Therefore the questions in those competitions, although knowledge-based,
don't aim to check one's experience or memorizing capability, but pose a thinking
challenge. The students must use physical reasoning for situations they have never
experienced. In the first stages of the competition^ as well as the final one, the
students must answer multiple-choice questions, where the suggested wrong answers
represent false reasoning or erroneous conceptions widespread among students. This
type of thought-based questions provokes interest and creative arguments between
the students themselves, between students and teachers and even among the teachers themselves. The question pool, growing with the years, makes a useful tool
for the teacher, whereby creative student - to - student discussion may be initiated. Stage A of the competition is conducted in school, because the competition
is conceived as serving the school and forming a part of school physics education
culture. Consequently, from year to year the number of both individual students
and schools participating in the process grows, and optional courses of extracurricular education in physics are being opened in more schools. The final stage of the
Al - Israeli School Physics Competition is conducted as part of the Israeli Physics
Teachers' Conference. In the course of the competition, the viewers watch video of
demonstration experiments whose ingredients and methods can be used in school.
Some of these experiments have been adopted by teachers as pedagogical aids for the
curricular material, or as ideas for optional student research projects. Problems presented in these competitions help the teacher handle a wide spread misconception,
or emphasize a physical phenomenon being studied through an interesting demo.
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Astronomy Olympiads in Israel
Meir Meidav*, Hagai Netzer§ and Benny Bilenko5
* School of Education, Tel-Aviv University
^School of Physics and Astronomy, Tel Aviv University

The first Astronomy Olympiad in Israel was announced in May 1994, inviting ninth
to twelfth graders to participate. The Olympiad was dedicated to the memory of
Prof. Dror Sadeh, a renowned Israeli physicist and astronomer, who died in October
1993. Eighty contestants took the first-stage written test of 20 questions that covered
various areas in astronomy and space science. Fourteen contestants made it to the
second stage, which included both multiple-choice and open-ended questions. The
top five contestants went on to the final sage, which was held at Tel-Aviv University
on December 4, 1994. Three more Olympiads have been held since thenln the first
stage of the current one more than 300 contestantstook part. The final stage will
take place on March 21, 1999, at Tel-Aviv University. There are three rounds in
the final stage of each Olympiad. In the first and third rounds of the final stage of
the first three Olympiads, contestants were confronted with typical open and closed
questions similar to those found in most such competitions. In the second round,
however, we tried a different approach, one that not only enabled us to examine the
contestants' knowledge, but also was interesting for the audience. We composed a
short article about an interesting phenomenon in our universe; fifteen errors were
deliberately planted in the text. The contestants were given five minutes to detect
as many errors as they could in a separate area. During this break, the audience
was given a short lecture about this phenomena. For the current Olympiad, we have
changed our approach to the second round of the final stage. We shall discuss, in
this meeting, the reasons for the change and the chosen method.
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Integrating the Principle of Equiyalence in Classical
Mechanics Lessons
Adi Rosen
The Science Teaching Department, Weizman Institute of Science
We offer to use the principle of equivalence in a regular school presentation of mechanics. As a result, the mechanics we teach in high school will be more consistent,
and will be valid in a wider family of frames of reference. Within this approach, the
gravitational field, and concepts derived from it, as "weight", "weightlessness" and
"direction down" are relative. Some examples which illustrate the approach will be
shown.

159

Physics Teaching

Towards Professional Development of Physics Teachers:
From National to Regional Leadership
Esther Bagno and Bat-Sheva Eylon
The Science Teaching Department, The Weizmann Institute of Science, Rehovot

New approaches to the teaching of physics, influenced by insights of research on
learning and teaching, require teachers to undergo fundamental changes in their
views about learning goals, teaching/ learning methods and teachers role in the
classroom. Long term, in-service programs for professional development are necessary to support teachers change. The National Center of Physics Teachers in Israel
has been training an educational leadership that directs the processes of change
and meaningful educational intervention. We have constructed a model for regional
in-service training programs for Israeli physics teachers. This model operates according to the "fan" method. Teachers who have been trained at the Weizmann
Institute as leading teachers (a three-year course) function as counselors in different
regional centers around the country with groups of teachers. The leadership program is designed with two major strands: one focusing on the development of the
professional teacher and the other on the development of the professional leader. In
this talk we shall identify some important aspects of the program aimed at supporting the leaders. Results of the formative evaluation of this part of the model will be
described.
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ELECTROHOLOGRAPHY: A NEW GENERIC METHOD
FOR PARALLEL EAST INTERCONNECTION
NETWORKS
Aharon J. Agranat
Division of Applied Physics, The Graduate School of Applied Science and
Technology, The Hebrew University of Jerusalem, ISRAEL

Electroholography (EH) is a new generic beam stirring technology which enables direct interfacing of electronic processors by holographic interconnects. Electroholography is based on the voltage controlled photorefractive effect in the paraelectric
phase, which enables complete control of the reconstruction process of volume holograms, by an external electric field. The holographic components are fabricated of
specially grown KLTN crystals that were tailored specifically for EH applications.
The basic elctroholographic device consists of electrically selectable multivalued interconnecting schemes that can be addressed in parallel. Electrohologrphy enables
the demultiplexing and parallel switching between fast multi wavelengths communication channels. The performance envelope of EH based network is: working
wavelength 1.55 or 1.3 microns; expected data throughput better than 40Gb/s;
less than 30dB cross talk between channels; expected attenuation in a 1000 nodes
full access switch is less than 17dB; and switching time less than 10 nanoseconds.
Preliminary BER testing results derived from a prototype of a shared memory processors system with four nodes will be presented. The prototype consists of four
completely interconnected workstations, with 1.25 Gb/second bit data throughput
rate per link operating in parallel. Applications of electroholographic switching for
telecom applications will be duscussed.
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Academic Research Institutes as a Source for New
Technologies and Products
Eliezer Manor
Shirat Enterprises Ltd. and IVA - The Israel Venture Association

Universities and academic research institutes are the hi-tech industry's most valuable source of innovation. They encompass new technologies, as well as new products that may potentially be introduced into existing or new markets. The venture
capital industry, which is dedicated to hi-tech products, has grown at a very impressive rate much more rapidly than private equity investments and fields related
to traditional industries. As a result of this dramatic growth, the venture capital
industry became very competitive, thus requiring a high degree of professionalism
from venture capitalists.
It is quite clear that the winning national economies of the next decade will be based
on hi-tech; i.e. the introduction of new products into the existing and emerging
markets of the shrinking global village.
There are several basic limitations to investment by venture capitalists in embryonic
and seed phases, including: 1) management attention required by innovators lacking
in business experience, 2) high risk to money invested, and 3) long time to market.
It is imperative that operational structures capable of addressing such limitations
be established. The technological incubator has addressed the problem of the gap
existing between the seed and start-up phases and has reduced it dramatically by:
1) providing management attention by means of the incubator infrastructure, 2)
offering government sharing of the risk, and 3) introducing the presence of business
angels and corporate investors with a view to exits through mechanisms other than
venture capitalists. It is proposed that a parallel operational structure be established
that will close the gap between the embryonic and seed phases. This structure must
deal particularly with universities and applied research institutes and be based on
a number of principles and approaches aimed to: 1) Avoid interference with the
academic freedom of the scientists, 2) Provide systematic and effective exposure of
scientists to real market problems and trends, 3) Support and reinforce the laboratory infrastructures, 4) Develop and maintain close relationships with multinational
corporations and expose their business development divisions to state of the art
technologies, trends and limitations, 5) Receive substantial government support for
the operation structure. Such a structure would be characterized by a high level
of creativity in bringing new, innovative and ingenious solutions to actual problems
and would provide a basis for the introduction of new products into international
markets.
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Recent Developments in Computed Tomography
D. Braunstein, E. Dafni, S. Levene, G. Malamud, O. Shapiro, G. Shechter,
0. Zahavi
CT Division, Picker Medical Systems, Haifa, Israel
Email: giladshechter@elscintcorp.co.il

Computerized Tomography has become, during the past few years, one of the mostly
used apparatus in X-ray diagnosis. Its clinical applications has penetrated to various
fields, like operational guidance, cardiac imaging, computer aided surgery etc.
The first second-generation CT scanners consisted of a rotate-rotate system detectors array and an X-ray tube. These scanners were capable of acquiring individual
single slices, the duration of each being several seconds. The slow scanning rate, and
the then poor computers power, limited the application range of these scanners, to
relatively stable organs, short body coverage at given resolutions. Further drawbacks
of these machines were weak X-ray sources and low efficiency gas detectors.
In the late 80's the first helical scanners were introduced by Siemens. Based on a
continuous patient couch movement during gantry rotation, much faster scans could
be obtained, increasing significantly the volume coverage at a given time. In 1992
the first dual-slice scanners, equipped with high efficiency solid state detectors were
introduced by Elscint. The acquisition of data simultaneously from two detector arrays doubled the efficiency of the scan. Faster computers and stronger X-ray sources
further improved the performance, allowing for a new range of clinical applications.
Yet, the need for even faster machines and bigger volume coverage led to further
R&D efforts by the leading CT manufacturers. In order to accomplish the most
demanding clinical needs, innovative 2 dimensional 4-rows solid-state detector arrays
were developed, together with faster rotating machines and bigger X-ray tubes, all
demanding extremely accurate and robust mechanical constructions. Parallel, multiprocessor custom computers were made, in order to allow the on-line reconstruction
of the growing amounts of raw data.
Four-slice helical scanners, rotating at 0.5 sec per cycle are being tested nowadays
in several clinics all over the world.
This talk describes the main technological features and advances of this new brand
of premium scanners. Results of clinical tests, demonstrating new diagnostics and
application capabilities are shown. Future trends will be discussed.
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Optical Inspection of High Aspect Ratio Structures in
Advanced Semiconductors Devices
Silviu Reinhorn
Applied Materials - Israel, Wafer Inspection Product Line

As design rule of advanced IC devices shrinks, the aspect ratio of the contact holes
etched into inter-metal dielectric layers increases. Incomplete etch or relatively small
amount of residue in the bottom of the contacts can cause electrical problems.
The characterization of these structures using optical methods has become more
important and difficult. The basic physical mechanisms that affect the interaction
of light and such high aspect ratio structures in dielectric media will be discussed,
along with numerical simulations and experimental results.
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Extraction of morphological properties of single particles
using differential laser scattering - a stationary phase
approach.
Z. Schiffer, R. Tirosh, M. Deutsch
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer,
Physics Department, Bar-Ilan University,
Ramat-Gan 52900, ISRAEL

Stationary phase approximation was applied when analyzing scattering data obtained for polystyrene beads illuminated by focused laser beam. Beads were suspended in different glucose-water concentrations. The newly developed method
enables simple deduction of optical parameters such as relative refraction index and
absorption profile of illuminated object. This method is especially applicable in the
case of nearly transparent scatterers such as living biological cells. Some examples
on this important subject are included.
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Temperature Dependence of Light I-V Characteristics of
ITO/InP Photovoltaic Devices
Herzl Aharoni
Dept. of Elecrical and Computer engineering, Ben Gurion University, Beer Sheva
84105, Israel
The performance of an experimental ITO/InP photovoltaic device, under various
operating temperatures, was tested. The results presented here were obtained from
a device fabricated by ion beam sputtering of ITO on a top surface of lcm x lcm P
type single crystal (100), Zn doped InP substrate. Its nominal carrier concentration,
resistivity, and mobility were (1.3-1.7)1016cm~3, 3.71 ohm.cm -2.60 ohm.cm, and
120 cm 2 /Vsec - 140 cm 2 /Vsec, respectively. The InP substrate had an Au/Zn ohmic
contact on its bottom side made prior to ITO deposition. The top surface of the InP,
obtained polished from the manufacturer, was additionally treated by degreasing and
etching immediately prior to its introduction to the sputtering chamber. The base
pressure in the chamber was 5.0 xlO~ 7 torr, and the added argon and oxygen partial
pressures were l . l x l 0 ~ 4 torr and 1.2xl0~ 5 torr, respectively, during sputtering. The
ion beam voltage and current were 500 V and 30 mA respectively. The deposition
time was 42 min and the resulting sheet resistance, thickness and refractive index
of the ITO film were 320 ± 60 ohms per square, 670 xlO~ 8 cm, and 2.00 (at 632.8
nm), respectively. The ITO layer formed an np junction with the underlying InP
substrate. Gold grid contacts were made to the top surface of the deposited ITO,
'resulting in an active area of 0.961 cm2. The device was irradiated under standard
illumination conditions while its temperature was changed in steps within the range
of 11.6 °C to 63.3 °C in order to determine the changes in its light I-V characteristics.
The results show that the short circuit current density J sc increased almost linearly
from 26.43 mA/cm 2 to 27.19 mA/cm 2 with a slope of 1.455xHT2 mA/cm 2 /°C, while
Voc, the open circuit voltage, decreased almost linearly from 704.6 mV to 586.9 mV
with a slope of-2.267 mV/°C The efficiency 77 decreased almost linearly from 13.77%
to 11.06% with a slope of -5.151 xlO- 2 %/°C, and the fill factor (F.F.) decreased
from 73.95% to 69.33%, with an average slope of about -8.518 xl0~ 2 %/ o C. Such
information is important for both device physics research, as well as for practical
applications which involve temperature changes.
Acknowledgments: This work was conducted during the author's sabbatical at the
Solar Energy Research Institute, Golden, Colorado. The author would like to thank
Dr. L. L. Kazmerski for his kind invitation and support throughout the sabbatical, Dr. T. J. Coutts for his many discussions and T. Gessert, K. Emery and C.
Osterwald for their measurement contributions.
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Matching The Interaction Between Physics And Industry.
Boris Fomel
Prudence Software Development Center, P.O.Box 45125, Jerusalem 91450

Physicists and engineers of high-tech industries are needed of each other badly.
But, as a rule, they find it difficult to work together successfully in the same team.
Different languages and a different understanding of a development aims create a first
first level of difficulty. Another level relates to the difficulty of outputing the physics
knowledge that engineers can use effectively. It should be added also that first class
scientists have their own plans, schedules and limitations, so they are usually not
able to keep pace with engineering developments. The work with industry is time
consuming, and industry, from its side, has no intention of paying much before
the results are accepted. Two years ago the Prudence Software Development Center
approached these problems and has found a solution for its own needs and for private
corporations, whether they be big or small.
Computational physics can encourage cooperation between physicists and engineers.
Prudence Software's specific approach is the "Hierarchical Integrated System". HIS
consists of three main components: Solvers (the number of which is growing constantly), Monitoring for systems control and a uniform common Interface for all
solvers and software programs currently in use. Solvers form a hierarchical structure ranging from very simple and quick solvers used for preliminary analysis and
estimation, to the very sophisticated codes needed for high accuracy calculations.
The disaggregation of a complex problem into many modules (solvers) allows the
performance of software development in parallel by a number of developers. These
developers are physicists who create the physical models or algorithms of a solver.
They may be located anywhere throughout the world and can communicate with
software and hardware engineers electronically, from the first stage of development,
to the integration of a new solver into HIS, just as Prudence has done in practice.
The ability to draw on the external mobilization of experts ad hoc for development
is an advantage of exceptional value for private industry. Corporations can draw
development benefits at a happy distance from all the management issues involved
in laboring to produce positive design results from the interaction of scientists and
engineers. The ability to develop solvers through electronic communication is particular advantage in this regard.
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Rapid MRI with Interleaved Spiral Acquisition
Avram Montag, Shirrie Rosenthal*, Haim Azhari
GE Medical Systems MR Israel
Department of Biomedical Engineering, Technion, Haifa

One of the most remarkable features of Magnetic Resonance Imaging (MRI) is that
the image is the Fourier Transform (FT) of the Nuclear Magnetic Resonance (NMR)
signal in the time domain. The scan process consists of placing an object inside a
strong static magnetic field. Two kinds of varying magnetic fields are then applied.
Magnetic pulses that oscillate at the Larmor (NMR resonance) frequency excite the
signal, and spatial gradient pulses modulate the resonance properties throughout
the object. The signal is sampled in discrete time bins and digitized. The sampled
points are then ordered into two or three dimensional arrays corresponding to the
encoding performed by the gradient pulses. Reconstruction is performed by applying
the inverse FT to the data arrays.
The space spanned by the sampled points is called k-space. There are simple relations between the gradient pulses applied in a scan and the trajectory of points
mapped in k-space. The most common scanning procedures map out a cartesian
trajectory in k-space. Other possible trajectories include radial scans (projection
reconstruction), polar scans, and spiral scans. Spiral scans are especially attractive
in applications where fast acquision and insensitivity to motion are at a premium.
These include functional imaging of the brain, cardiac, and abdominal imaging.
Spiral scans can be thought of as a variant of Echo Planar Imaging (EPI). Images
can be obtained by using a single excitation followed by a spiral pattern of encoding
gradients or by using multiple excitations with interleaved spirals. Single shot spirals
provide snapshot images at the expense of resolution. Multi- shot spirals can be
designed for high resolution and a large field of view. Multi- shot spirals can also
be used for fast dynamic real-time imaging by updating images as new leaves are
acquired. Alternatively, the interpolations can be done in space to obtain rapid 3D
information. We have deleloped a method of rapid volumetric imaging called Rapid
Multi-Slice Interleaved Spirals (RMSIS) where interleaves from adjacent slices are
used to reconstruct an image. This method is analagous to Helical CT where data
from different axial positions is used to image planes through the patient. The
method has been implemented to acquire 3D images of phantoms and an in vitro
heart.
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The biochemical to mechanical energy conversion by the
muscle naotor units
Amir Landesberg*, Yolanda Landesberg*, Henk E.D.J ter-Keurs§
t Dept. of Biomedical Engineering, Technion-IIT, Haifa, Israel
^Health Science Center, Univ. of Calgary, Alberta, Canada
Heart mechanics is determined by the actin-myosin crossbridge (Xb), the motor unit
that converts biochemical energy to mechanical energy and causes muscle shortening. This motor unit is the most efficient motor on earth, which converts about 50%
of the available biochemical energy into mechanical work, and exceeds that of the
most efficient automobile engine. The mechanisms for this energy conversion that
provide motion in the biological world, determine heart function and human quality
of life, are still unclear. Deciphering the regulation of biochemical to mechanical
energy conversion and the regulation of the electrical -mechanical coupling in the
cardiac muscle are of great importance in the normal and especially in failing heart.
The major hypothesis underlying the study is that Xb dynamics is determined by
two distinctive kinetics: a slow kinetics of Xb turnover between two biochemical
conformations and a fast physical one which relates to Xb attachment-detachment.
The specific goals are to quantification of the kinetics Xb cycling between two biochemical states and the kinetics of Xb attachment- detachment. Methods. Motility
assay technique provides a new approach to study the interactions between purified
contractile molecules (actin and myosin). Purified myosin heads are attached to the
cuvette bottom using nitrocellulose. The actin filaments (5 nm in diameters) are
loaded into the ATP solution covering the myosin heads. The labeled actin filaments
are propelled by the myosin heads and are observed with an inverted epi-fluorescent
microscope (Excitation 520nm emission 589nm). Unique analytical tools were developed to recognize actin filaments with hitherto unattainable detail, and to analyze
the velocity of the actin filament segment. Results. The actin filaments follow
winding paths, with well-defined heads and tails, and well-defined deflection points.
The deflection points remain stable several hundreds msec. The filament length is
constant, and the length standard deviation is smaller than 1 over fila-ment pixel
length and is limited by the optical spatial resolution. The velocity of a marker
point along the actin is up to 20 mm/sec. It is possible to characterize and quantify
the two kinetics involved in Xb dynamics and in the regulation of energy conversion:
1). T h e fast kinetics. The Xb stroke step, i.e., the maximal length that the Xb
can move is limited to 10 nm. The myosin head has to perform at least 2000 stroke
steps of lOnm, per second, to allow the actin filament to slide at 20 mm/sec. Hence,
the velocity of the actin filament propulsion yields that the Xb physical detachment
rate is above 2000/sec. 2) The slow kinetics. The slow kinetics determines the
time over which the Xb can generate force. The actin filament follows a well-defined
174

winding trajectory, but occasionally a segment of the filament slides away and creates a new path. The filament passes though a given point as long as the Xbs there
were in the strong biochemical state. The estimated rate of Xb weakening is in the
order of 5/sec. The analysis suggests that the kinetics of attachment/detachment is
at least two orders of magnitude faster (2000 1/sec) than the kinetics of Xb cycling (5
1/sec) between the biochemical states. Significance, The study allows insight into
the mechanisms underling the biochemical to mechanical energy conversion by the
Xbs. This includes the verification of multiple steps of Xb attachment/detachments
per hydrolysis of a single ATP molecule.
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QUANTIFICATION OF PHASE SYNCHRONIZATION
IN SIMULATED AND NATURAL SYSTEMS
Eran Toledo*, Michael G. Rosenblum*, Carsten Schafer*, Jiirgen Kurths* and
Solange Akselrod*
The Abramson Center for Medical Physics, School of Physics and Astronomy,
Tel Aviv University, Israel
* Lehrstuhl Nichtlineare Dynamik, Institut fiir Physik, University of Potsdam,
Germany

A well known common feature of oscillatory systems, and biological ones in particular, is their ability to synchronize. Entrainment of periodic oscillators as well
as noisy oscillators by external force, or mutual synchronization of several oscillators is well understood. Recently, the notion of synchronization of phases has been
extended to the case of chaotic oscillators. The understanding of synchronization
effects in chaotic and noisy systems has motivated the search for synchronization
in physiological systems, in which such phenomena were not observed earlier. In
particular, synchronization between the heart and respiration has been found in the
normal healthy humans.
In this work, we present an algorithm for the quantification of phase synchronization
of noisy systems. The algorithm is robust with respect to noise as well as to modulation of one system by the other, which is known to occur in the cardiorespiratory
svstem.
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Detection of breast cancer by kinetics of fluorescein release
from peripheral blood lymphocytes (PBL) monitored by
fluorescence polarization measurements.
R. Orda, I. Pappo, P. Lebovich", S. MoshkovQ, R.Tirosh", M. Sunray a , S.
Lelchuk6, M. Deutscha
Department of Surgery "A", Assaf Harofeh Medical Center, Zerifin and Sackler
Faculty of Medicine, Tel-Aviv University, Tel-Aviv
a
The Jerome Schottenstein Cellscan Cent er for Early Detection of Cancer,
Physics Department, Bar-Ilan University, Ramat-Gan
b
Department of Surgery "B", B.abin Medical Center, Beilinson Campus, Petah
Tikva, ISRAEL
Previous investigations on PBL showed that differences between intracellular fluorescein fluorescence polarization (IFFP) values, obtained for various stimulants,
can discriminate between cancerous and non cancerous patients. A new protocol for
early detection of breast cancer is presently under development, by parallel measurement of PBL response to three stimulants: mitogen phytohaemagglutinin (PHA),
neuro-synthetic peptide (EF) and tumor associated breast antigen (BR), derived
from the T47D cell line. Stimulation is carried out simultaneously with three stimulants at 37°C for 30 min. After 4 min of iiuorescein staining, the stimulation response
with respect to unstimulated PBL is detected in parallel by decrease in rate of fluorescein release (RFR) at room temperature. Relative RFR values are obtained
by computer analysis of a simultaneous kinetic record of fluorescence polarization

measurements during 1000 sec. Healthy donors were found to respond only to PHA.
Any other profile of relative response to the three stimulants was considered tumor
positive. The previous protocol was more complicated and lasted at least 2 hours
for each blood sample, whereas the new protocol lasted only one hour. Our preliminary clinical study, performed on blood samples [supplied by Surgical Departments
A and B, Assaf Harofeh and Rabin Medical Centers, respectively], obtained from
30 suspected cancer patients and 25 non-cancer donors, showed approximately 90%
sensitivity and specificity.
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Fourier-Transform Infrared Spectroscopy of Formalin Fixed
Human Cancerous and Normal Intestine.
A. Salman, S. Argov§, 0 . Chaims, B. Cohenf, V. Erukhimovitz1, J. Goldstein5, N.
Grossman"1", Z. Hammody and S. Mordechai.
Dept. of Physics, Ben-Gurion University, Beer-Sheva
^Dept. of Chemistry, Ben-Gurion University, Beer-Sheva
* The Institute For Applied Biosciences, Beer-Sheva
Department of Pathology, Soroka Medical Center, Beer-Sheva
+
Skin Bank Laboratory, Soroka Medical Center, Beer-Sheva

Standard clinical diagnostic methods for the detection of tumor rely on x-ray, CT
scanning and MRI. These methods are limited in the detection of tumor in its early
stages and have some disadvantages. Recently, significant progress has been made
towards the development of new optical, noninvasive technologies for early detection
of malignant tissue.
The Fourier-Transform Infrared System (FTIR) employs a unique approach to optical diagnosis of tissue pathology based on the characteristic molecular vibrational
spectra of the tissue [1-3]. The architectural changes in the cellular and sub-cellular
levels developing in abnormal tissue, including a majority of cancer forms, manifest
themselves in different optical signatures which can be detected in infrared spectroscopy (FTIR). The various molecular vibrational modes, which are responsible
for infrared (IR) absorption spectra, are characteristic of the biochemistry of the
cells and their sub-cellular components.
The FTIR has the potential of providing innovative, impressively rapid, diagnostic
algorithms for distinguishing malignant from non malignant tissues. The biological
systems we have studied are adenocarcinoma and normal colonic tissues from the
same patient obtained from Soroka Medical Center. Our method is based on the
comparison between malignant and benign tissue samples, and with the histopathology analysis as a "gold" reference.
The intial results of IR absorption spectra of intestinal specimen (normal and cancerous) will be presented and discussed. Several unique differences between the
spectra have been observed.
This research was supported by the Middle East Cancer Consortium.
[1] Menashi A. Cohenford et. al, Gynecologic Oncology, 66, 59-65, (1997).
[2] Difei Yang et. al, SPIE vol. 2389, 543 (1995).
[3] Natalia!. Afanasyeva et. al, SPIE vol. 3250, 140 (1998).
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The RR interval spectrum, the ECG signal and aliasing
A. Gersten^, 0. Gersten, A. Ronen^2) and Y. Cassuto^

t. of Physics, Ben-Gurion University of the Negev
^ Dept. of Life Sciences, Ben-Gurion University of the Negev
We discuss the relationship between the RR interval spectral analysis and the spectral analysis of the corresponding ECG signal from which the RR intervals were
evaluated. The ECG signal spectrum is bounded below the frequency fB by using
an electronic filter and sampled at rate larger than 2f#, thus excluding aliasing from
spectral analysis. A similar procedure cannot be applied to the RR interval spectral
analysis, and in this case aliasing is possible. One of our main effort in this paper is
devoted to the problem of how to detect aliasing in the heart rate spectral analysis.
In order to get an insight we performed an experiment with an adult man, in which
the ECG signal was detected in a case where the breathing rate was larger than half
the heart rate. A constant breathing rate for time intervals exceeding 5 minutes was
monitored with good accuracy using a special breathing procedure. The results
show distinctively a very sharp peak in the spectral analysis of the ECG signal and
corresponding (diffused) aliasing peaks in the RR interval spectral analysis.
New method of dealing with unevenly sampled data was developed which has interesting anti-aliasing properties. There are indications that the VLF peaks of the
RR spectrum are originated by aliasing. Some of the LF peaks may have the same
property.
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INFRARED TRANSMITTING FIBEROPTIC SENSORS
AND THEIR APPLICATIONS IN BIOLOGY AND
MEDICINE
Osnat Eytan and Abraham Katzir
Applied Physics, School of Physics and Astronomy, Tel Aviv University, Tel-Aviv

Middle Infrared (MIR) radiation in the range 3-30 fim has been widely used in
science and industry. MIR emitted from surfaces has been used for "radiometric"
temperature measurements, MIR laser radiation has been used for ablation of materials (including cell surgery) and the characteristic absorption in the MIR has
been used for the characterization of materials in chemistry and biology. We have
developed unique optical fibers made of AgClxBr1_:i; (0 < x < 1) that are highly
transparent in the. With these we carried out non-contact temperature measurements on biological tissues that were heated by lasers or microwaves. The fibers
were also used for MIR absorption measurements on samples that are remote from
an IR spectrometer. We have already carried out measurements on solids, liquids
gases, and various mixtures. We used this method for chemical blood analysis, diagnosis of cancer and time dependent phenomena (e.g. drug diffusion into tissues). IR
transmitting fibers will be useful in the future as fiberoptic sensors that will make
it possible to carry out physical and chemical measurements on biological tissues in
situ and in real time.
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OXYGEN SATURATION OF VENOUS BLOOD
M. Nitzan, A. Babchenko, B. Khanokh, D. Adler

t

and H. Taitelbaum

§

Department of Electro-Optics and Applied Physics,
Jerusalem College of Technology, Jerusalem
Medical Engineering, Instrumentation and Communication Division,
Hadassah University Hospital, Jerusalem
§ Department of Physics, Bar-Ilan University, Ramat-Gan

The measurement of the oxygen saturation in arterial blood is important for the
detection of cardiac or pulmonary dysfunction during surgical operations and pulse
oximetry is an acceptable method for this measurement. Pulse oximetry is based
on the measurement of the higher absorption of light in the cardiac induced tissue
blood volume increase during systole (photoplethysmography - PPG). Due to the
different light absorption spectrum for oxygenated and non-oxygenated blood, the
measurement of the PPG signal in red and infrared light provides information on the
relative concentration of oxygenated hemoglobin in the arterial blood. However, the
oxygenation level of the arterial blood provides no information on the blood supply
to a specific organ. The latter affects the venous blood oxygen saturation: lower tissue blood flow causes higher utilization of the oxygen in the capillary blood and will
result in lower oxygen saturation of the venous blood. The oxygen saturation of the
venous blood in the extremities can be measured by occluding the vein in the arm by
means of an occluding cuff', with the level of air pressure in the cuff set above the venous blood pressure and below the diastolic blood pressure. This pressure allows the
flow of arterial blood into the tissue while stopping the venous flow, resulting in an
increase in venous blood volume. In a preliminary examination the red and infrared
PPG signals in the fingertip were measured during occlusion of the veins in the arm.
The PPG pulse, which coincides with the heart rate, is a measure of the increase
in the arterial blood, and the decrease of the PPG baseline during the occlusion
period is a measure to the venous blood volume increase. In our examinations the
PPG pulse in the red and infrared regions had approximately the same amplitude,
while the decrease in the baseline during occlusion was significantly higher for the
red light than for the infrared light. This result is in agreement with the absorption
spectrum curves for oxygenated and non-oxygenated hemoglobin. Similar results
were obtained in the breast, where cardiac induced blood volume changes (arterial
blood) and respiratory induced blood volume changes (venous blood) showed different light absorption spectra. The results show that it is possible to assess the
oxygen saturation in the venous blood using a method similar to pulse oximetry,
which enables the measurement of oxygen saturation in the arterial blood.
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Light Induced Autofluorescence Spectra of Human
Epithelial Cells
A. Salman, 0 . Chaims, B. Cohen*, Z. Hammody, N. Grossman5 and S. Mordechai
Dept. of Physics, Ben-Gurion University, Beer-Sheva
^Dept. of Chemistry, Ben-Gurion University, Beer-Sheva
§Skin Bank Laboratory, Soroka Medical Center, Beer-Sheva

There is a strong emphasis worldwide on the importance of early detection of tissue
abnormalities and on the reduction in the cost of providing medical care. During the
past few years, significant efforts have been devoted towards developing a new optically based technology for cancer detection . The Light Induced Fluorescence (LIF)
technique relies on the fluorescence emission from the endogenous chromophores in
the tissue when illuminated by a monochromatic light source. Earlier studies [1] have
demonstrated the usefulness of this novel technique as a powerful tool to distinguish
between normal and abnormal tissue based solely on its autofluorescence intensity
and/or shift in wavelength. The origin of this feature is not yet well understood.
The LIF system invokes a unique approach to optical diagnosis of tissue pathology
based on the autofluorescence properties of the microscopic structure of the tissue.
The architectural changes in the cellular and sub-cellular levels developing in abnormal tissue, including a majority of cancer forms, manifest themselves in different
optical signatures which can be detected in fluorescence scattering spectroscopy [2].
We measured emission and excitation spectra from normal human fibroblasts and
keratinocytes cells in phosphate buffered saline (PBS). The two different types of
cell suspensions show similar fluorescence features. However there are some slight
differences between the spectra of normal fibroblasts and keratinocytes cells.
We also measured emission and excitation spectra from normal fibroblasts and cancerous fibroblasts cells in PBS. Excitation spectra have been measured at several
emission wavelengths. The excitation spectra show a clear shift between normal and
cancerous fibroblasts cells.
Principles of fluorescence spectroscopy for the diagnosis of tissue pathologies and
initial results will be discussed. This work has been done in collaboration between
Ben-Gurion University (BGU) and Soroka Medical Center (SMC).
This research was supported by the Middle East Cancer Consortium.
[1] Georges A. Wagnie'res et. al., Photochemistry and Photobiology, 68(5), 603632,(1998), and references therein (review paper).
[2] Yuanlong yang et. al., Photochemistry and Photobiology, 66(4), 518-522,
(1997).
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The Initiation of Heart Rate: A Consensus between
Oscillating Pacemaker Cells
Sarit Abramovich-Sivan, and Solange Akselrod
The Abramson Institute of Medical Physics, Sackler Faculty of Exact Sciences,
Tel-Aviv University, Tel-Aviv

This work introduces a simplified computer model for the generation and modulation
of the heart beat: from a single pacemaker cell to a large population of pacemakers cells composing the SA node and atria. In our models, the pacemaker cell is
fully characterized by its intrinsic cycle length. The pacemaker interaction with the
outside world is fully characterized by its phase response curve (PRC). The PRC
represents the type of coupling to the external stimulus applied to the pacemaker
cell. First, we developed a single pacemaker cell model to investigate the basic properties of our model in response to depolarization stimulations. Next, we applied our
approach to a pacemaker cell pair model, to investigate the nature of the dynamic
interaction between two pacemaker cells. Thereafter, we investigated the behavior of
a single pacemaker cell in response to the application of simulated vagal and sympathetic stimulations. We qualitatively investigated the phenomenon of " accentuated
antagonism" between the autonomic branches, and the phenomenon of the respiratory sinus arrhythmia (RSA). As a next step, we expanded our model to 2D array
of pacemaker cells, reflecting mutual interaction among cells in the SA node. We
found that pacemaker dominance and conduction in the node result from the mutual
entrainment of the multiple pacemaker cells. This model successfully reproduces a
wide range of activity patterns, analogous to familiar cardiac rhythm disturbances
(e.g. tachycardia, spiral wave, conduction barrier). Finally, we developed a new
model of the atria. This model is based on our hypothesis that atrial cells have
features of pacemaker cells. They are, however, characterized by a normally longer
intrinsic cycle length and a different type of "electrical" connection than between
the SA node pacemaker cells. We gain insight into the conditions which predispose
the genesis of a wide variety of normal and abnormal atrial rhythms, analogous to
familiar atrial rhythm disturbances (e.g. pacemaker shift, reentry, fibrillation). Esecially, this approach yields insight into the mechanism of transition from the normal
pattern of atrial activity to the disordered state of atrial fibrillation.
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Analysis of enzyme kinetics in individual living cells
utilizing fluorescence intensity and polarization
measurements.
i

M. Deutsch, N. Zurgil, M. Kaufman, H. Shapiro
The Jerome Schottenstein Cellscan Center for
Early Detection of Cancer, Physics Department,
Bar-Ilan University, Ramat-Gan 52900, ISRAEL

The Cellscan apparatus is a laser scanning cytometer incorporating a unique cell
carrier which allows repeated, high-precision measurements of fluorescence intensity
(FI) and fluorescence polarization (FP) to be made on intact living cells under
physiological conditions over periods of minutes to days. On-line reagent addition
or changes in the experimental conditions (changing buffers, ions, substrates and
inhibitors) can be accomplished, and dynamic changes in cells followed in real time.
FP measurements have previously been used to assess the relative fractions of free
and macromolecule-bound or complexed fluorescent molecules in cells based on the
higher polarization level of the latter. We demonstrate here that analysis of the
reaction kinetics of intracellular enzymes can be refined by using FP measurements
of the products of fluorogenic substrates as well as the FI measurements which
have previously been used for this purpose. The enzyme activity of each individual
cell within a population can be recorded by the Cellscan, and sub-populations or
individual cells can be classified according to their reaction rates; the procedure is
illustrated using measurements of the reaction products or esterase substrates in a
T-lymphoblastic and a monocytic cell line.,
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Magneto-Acoustic technique for detecting cells.
Vincent Gigot, Robert Marks*, Valery Zastenker

§

Institute for Applied Bioscience, Ben Gurion University, Beer-Sheva
* BioSensing Technologies Ltd., Beer-Sheva
§ Institute for Applied Bioscience, Ben Gurion University, Beer-Sheva
A new type of acoustic biosensor has been developed to detect macromolecules or
cells. Based on the principle of the classical micro-balance, the physical process
does not use any piezoelectric material. An acoustic steady shear wave is generated
through glass and metal plates, induced by coupling a strong magnetic field and a
radio frequency signal in a coil [1]. This technique, using the coupling mechanism
between acoustic and magnetic waves, arose from studies in low temperature physics
and has been used in non destructive control to detect cracks or inhomogeneities
in metal plates. It was found that a coil and a magnetic field could be used to
generate acoustic waves in metal. This mechanism has been named magnetic direct
generation of acoustic waves [2,3]. The idea was to use a thin resonant element
to be able to work at high frequency and to be sensitive to light external stress.
Because no contact is required by the transducer, operating characteristics allow the
separation of the detection electronic components from the wet chemical samples.
The sensor includes a spiral coil, a permanent magnet and an aluminum coated
glass disk. The device has been integrated in an aluminum holder to minimize the
effect of temperature and of external vibrations. The glass surface of the disk is the
only part of the sensor that is in contact with the sample. When a liquid substrate
is laid down on its surface, the resonance frequency is shifted as the properties of
the liquid (density, viscosity, temperature) vary within a small volume just above
the disk surface. It should be noticed that the upper layer of the disk can be
made from any material that supports the transmission of acoustic shear waves.
Electrical resonance is obtained by bridging the coil with a tunable capacity to
make a parallel resonant circuit. Shear acoustic resonance depends on the metal
coating, the quality factor of acoustic resonance has been optimized by choosing a
1-4 ?m aluminum coating. To increase the received signal voltage and reduce the
need for high current, a continuous signal source is used to excite both the electrical
resonant circuit and the acoustic resonance. The resonance is maintained via a lockin amplifier loop circuit and real time data acquisition is performed with a GPIB
connection to a PC. Excitation and detection of the shear acoustic wave have been
achieved remotely, and it has been demonstrated that a sensitive acoustic sensor can
be made without the piezoelectric element and with low cost of materials. At the
present time, two ways of improvements are in course. A new design of the device
is going to be made, with two added Peltier elements to monitor the temperature
stronger and symmetrically around the sensitive surface. The new aluminum holder
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will assure a complete encapsulation of the disk at the center of the device, protecting
it efficiently from external vibration and any airflow. For water as liquid substrate,
a linear correlation has been established experimentally between the frequency and
the temperature, measured as close as possible from the sensitive surface. Nowadays,
the sensitivity is under investigation. Two kinds of samples are used. First, different
concentrations of glycerol solutions were used to check the sensitivity of the sensor
to viscosity. Second, a test medium that can support cells has been used, and
measurements of the frequency variations for both clean and contaminated media
were realized in order to start a calibration work of the sensor behaviour.
[1] A.C. Stevenson, Thesis, University of Cambridge, (1995).
[2] J.R. Houck, H.V. Bohm, B.W. Maxfield,J.W. Wilkins, Physical Review Letters,
19, 224, (1967).
[3] J.F. Martin, R.B. Thompson, IEEE Ultrasonics Symposium, New York, (1981).
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Single Molecule Study of DNA-Protein Interactions
M. Feingold, G.V. Shivashankar*, 0. Krichevsky* and A. Libchaber*
Dept. of Physics, Ben Gurion University, Beer Sheva 84105
Center for Studies in Physics and Biology, The Rockefeller University, New
York, NY 10021, USA

RecA protein plays an essential role in bacterial recombination. In particular, it
mediates the strand exchange reaction whereby a single stranded DNA (ssDNA)
replaces the homologous strand on a double stranded DNA (dsDNA). From in vitro
measurements it was found that RecA polymerizes both on single stranded and
double stranded DNA.
In this work, the polymerization of RecA on dsDNA is studied. A linear dsDNA
(A DNA, 48.5 Kb), anchored at one end to a coverglass and at the other end to
an optically trapped 3 JITH diameter polystyrene bead, serves as a template. The
elongation of DNA caused by RecA assembly is measured in the presence of ATP and
ATP-7S. Using force-extension and hydrodynamic recoil a value of the persistence
length of the RecA-DNA complex is obtained. In the presence of ATP, the polymer
length is unstable, growing first to saturation and then decreasing. This suggests
a transient dynamics of association and dissociation for RecA on a dsDNA, the
process being controlled by ATP hydrolysis. Part of this dynamics is suppressed
in the presence of ATP-7S, leading to a stabilized RecA-DNA complex. A onedimensional nucleation and growth model is presented that may account for the
protein assembly.
[1] 36. G.V. Shivashankar, M. Feingold, O. Krichevsky, and A. Libchaber, Polymerization of RecA protein on a dsDNA molecule: the role of ATP hydrolysis, submitted
to Proc. Natl. Acad. Sci. USA (1998).
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Pearling Budding and Coiling: Instabilities of Membranes
with Anchored Polymers
Joel Stavans
Dept. oj Physics, Weizmann Institute of Science

We have studied experimentally the effects of hydrophilic polymers grafted with
a number of hydrophobic groups on the morphology of tubular, pancake-like and
highly multilamellar vesicles. These structures undergo pearling, budding and coiling instabilities respectively, as a result of polymer anchoring. I will present evidence
supporting the view that polymers drive these instabilities by inducing spontaneous
curvature on bilayers, and. by a coupling of polymer concentration with local mean
curvature. Based on this evidence, I will discuss a simple statistical mechanical
model which accounts for many of our observations.
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Switching cycle of cytoplasmic protein rigidity versus Ca +
mobilization during cardiac myocyte contraction.
D. Fixler, R. Tirosh, A. Sheinberg*, M. Deutsch
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer, Physics
Department, Bar-Ran University, Ramat-Gan 52900, ISRAEL
* Department of Life Sciences, Bar-Ilan University, Ramat-Gan, ISRAEL

Electrical stimulation of cardiac myocyte contraction was monitored by a reproducible decrease in fluorescence anisotropy of intracellular fiuorescein, in comparison
to cytoplasmic concentration of Ca + + ions measured by Indo-1. The results indicated reversible binding of fiuorescein to cytoplasmic proteins. In a simple model,
rigidity at the binding site is viewed as an effective viscosity (77), in proportion
to the rotational correlation time (TR) of the bound probe. These variables were
calibrated using fiuorescein glycerol solutions. It was thereby estimated that upon
stimulation, concomitantly with the fast increase in [Ca ++ ]i, r\ and TR decreased from
about 90 to 40 cp and 9 to 4 nsec, respectively. The lower range persisted during
contraction towards diminishing level of Ca + + . This switching cycle might detect a
cooperative transition of the actin-troponin-tropomyosin complex from a relatively
rigid "off state" into a more flexible "on state" throughout Ca + + regulation of the
actin-myosin ATPase activity.
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Early detection of the apoptotic process using differential
light scattering analysis.
Z. Schiffer, N. Zurgil, I. Shafran, R. Tirosh, N. Zurgil, M. Deutsch
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer, Physics
Department, Bar-Ilan University, Ramat-Gan 52900, ISRAEL

Apoptosis (programmed cell death) was measured by applying an improved differential light scattering technique (DCM) on diffraction pattern. This method enables
the accurate measurement of minute structural changes which occur in these cells
while undergoing apoptosis. Results of scattering analysis were compared with those
of other morphometric devices. It appears that the method has an improved sensitivity and accuracy in relation to existing methods, thus enabling detection of
the apoptotic process at its very beginning. Theoretical considerations are made
regarding the reasons for this outstanding sensitivity.
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Fourier analysis of light scattered by elongated scatterers.
Z. Schiffer, Y. Ashkenazy*, R. Tirosh, M. Deutsch
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer, Physics
Department, Bar-Ran University, Ramat-Gan
* Physics Department, Bar-Ilan University, Ramat-Gan, ISRAEL

Biological stimulation of living cells is sometimes associated with morphological
changes. A practical method was developed to monitor cell stimulation by their
conformational changes via the interpretation of the scattered light pattern from a
cell population. For this purpose, a mathematical model was suggested which predicts the power spectrum from a population of elliptic objects with a given eccentricity. A computer simulation of that model is presented together with supporting
experimental results of the simulation. The predicted and measured spectra are
in good agreement. This technique was applied to elongated cells which become
circular upon exposure to a human hormone, indicating potential applicability of
the method in biology and medicine. The method and the apparatus presented in
this study could be applied to bioassays of cell systems which respond to a variety
of stimulants, and to trace qualitatively the structural changes that occur during
biological processes.
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The trace and sub-grouping of lymphocyte activation by
dynamic fluorescence intensity and polarization
measurements.
M. Sunray, M. Kaufman, N. Zurgil, M. Deutsch
The Jerome Schottenstein Gellscan Center for Early Detection of Cancer, Physics
Department, Bar-Ilan University, Ramat-Gan 52900, ISRAEL

Cell activation involves conformational changes of cytosolic enzymes, and/or their
regulatory proteins, as well as intracellular matrix re-organization. In this work,
these changes were monitored by dynamic measurements of fluorescence polarization
in single cells incubated with or without phytohaemagglutinin (PHA), using the
Cellscan cytometer. This instrument and the procedure used proved to be a powerful
tool for distinguishing sub-populations of cells. Grouping of cells by their staining
rates (the time rate of change of the fluorescence intensity) yielded three major subgroups. For each sub-group, the fluorescence depolarization (FDP) induced by the
incubation with PHA was measured. The kinetics of the sub-groups indicate that
the major FDP is contributed by the cells with the lowest staining rate. This FDP
is approximately 1.5 times greater than that of a bulk population. It is believed that
the analysis of kinetic probing might yield an important and more sensitive method
for functional marking of sub-groups of cells by their response characteristics.
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Determination of cellular thiol levels in individual live
lymphocytes via fluorescence intensity and polarization.
N. Zurgil, M. Kaufman, I. Solodiev, M. Deutsch
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer, Physics
Department, Bar-Han University, Ramat-Gan 52900, ISRAEL

Cellular thiol levels regulate lymphocyte proliferation and death and play a role
in the immune response. The ability to analyze the total protein and non protein
thiol compounds and distribution among individual live lymphocytes is of great
importance. A quantitative measurement of intracellular sulphydryl groups in live
lymphocytes using the Cellscan cytometer in conjunction with the probe CMFDA,
is described herein. The technique enables the detection of lymphocyte heterogeneity and the identification and study of sub-populations and single cells. The
Cellscan apparatus is a laser scanning cytometer incorporating a unique cell carrier which allows repeated, high-precision measurements of fluorescence intensity
(FI) and fluorescence polarization (FP) to be made on intact individual living cells
under physiological conditions. FP measurements have been used to assess the relative fractions of free and thiol-bound fluorophore molecules in lymphocytes based
on the higher polarization level of the latter. The analysis can be refined by using the ratio between FP measured at two wavelengths (FPR parameter) of the
fluorogenic molecules. The intracellular dynamic changes in the FI, FP and FPR
of the fluorescent probe were monitored in real time. The cellular sulphydryl content of each lymphocyte within a population was recorded by the Cellscan, and
sub-populations or individual cells could be classified according to their thiol levels
and their metabolic rates. Changes in thiol concentration were observed following
mitogenic activation of peripheral lymphocytes.
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Fluorescein fluorescence hyperpolarization as an early
kinetic measure for the apoptotic process.
N. Zurgil, I. Shafran, Z. Schiffer, M. Kaufman, M. Deutsch
The Jerome Schottenstein Cellscan Center for Early Detection of Cancer, Physics
Department, Bar-Ilan University, Ramat-Gan 52900, ISRAEL

Apoptosis is a physiological process of cell elimination which ensures an equilibrium
between cell proliferation and death. The apoptotic response to various stimuli is
an important part of cellular regulation, thus the ability to identify apoptotic cells
within a complex population is crucial in research and diagnosis of normal physiology and disease states. In the present study the Cellscan cytometer was used
to detect intracellular fluorescence intensity (FI) and polarization (FP) in several
well established models of apoptosis: serum deprived and dexamethasone treated
Jurkat T cells, cultured, dexamethasone and anti Fas treated mouse thymocytes,
and B lymphocytes. Analysis of the individual cell fluorescence parameters by the
Cellscan revealed the appearance of a cell sub-group characterized by low intensities and high polarization values within the thymocytes or lymphocytes undergoing
apoptosis. This high polarization cluster of cells was evident following spontaneous,
glucocorticoid and anti Fas induced apoptosis. Time course analysis of annexineV
binding and FP measurements in thymocytes and Jurkat T cells following dexamethasone induced apoptosis showed that the increase in FP preceded the appearance
of phosphatydilserine on the outer plasma membrane. The % of cells which exhibited high polarization values increased earlier and reached higher values than the %
of cells exhibiting annexineV positive signal. This early increase in FP was found
to be specific and dose dependent with maximal effect at 5 IJM. The intracellular
hyperpolarization coincided with morphological changes observed by light diffraction cytometer. A direct correlation (R2=0.83) was found between FP changes and
decrease in cell diameter. The mechanism of the increase in FP could be explained
by an increase in the cytoplasmic viscosity, which accompanies cell shrinkage that
occurred during early stages of apoptosis.
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THE INVERSE FARADAY EFFECT IN PLASMA.
S. Eliezer, Y. Paiss, Y. Horovitz and Z. Henis
Plasma Physics Department, Soreq NRC, Yavne 81800, Israel
The existence of axial magnetic field 1 3 induced by the interaction of circularly
polarized laser light with plasma is reported. Axial magnetic fields from 500 Gauss
up to 2.17 megagauss were measured using a Nd:YAG laser with a pulse duration of
7 ns for irradiances from 109 to 1014 W/cm 2 accordingly. Up to 5 • 1013 W/cm 2 , the
results are in agreement with a nonlinear model of the inverse Faraday effect dominated by the ponderomotive force. Two diagnostic methods were used to measure
the axial magnetic field. At low irradiances (109 — 1011 W/cm 2 ) the axial magnetic
field induced by the circularly polarized laser light (CPLL) in a ferrite target was
measured from the voltage signal induced by the magnetic field in an output coil.
At higher irradiances the axial magnetic field was measured using the Faraday rotation diagnostic. The scaling law of the measured axial magnetic field B from the
experiments performed with CPLL, in the intensities range of 109 — 1013 W/cm 2 , is
B ~ I1/2.
At higher intensities of the order of 3 • 1014 W/cm 2 a sudden increase of the axial
magnetic field beyond the above scaling law is observed in the experiments performed with CPLL. This study might have interesting implications in creating a
mini tokamak configuration in laser produced plasmas, with intermediate plasma
densities (1022 cm" 3 ) and confinement times (100 ns). Such an approach to fusion
circumvents many of the complexities of inertial confinement fusion where very symmetric implosions using many laser beams are required. Intermediate fusion density
may also overcome severe requirements of tokamak fusion.
[1] S. ELIEZER, Y. PAISS, H. S. H. STRAUSS, Phys. Lett. A 164, 416 (1996).
[2] Y. HOROVITZ et al., Phys. Rev. Lett. 78, 1707 (1997).
[3] Y. HOROVITZ et al., Phys. Lett. A 246, 329 (1998).
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Magnetized Targets Induced by Circular Polarized Laser
Light.
S. Eliezer, J. M. Martinez Val*, Z. Henis, I. Vorobeichik
Plasma Physics Department, Soreq NRC, Yavne 81800, Israel
i
Institute of Nuclear Fusion, Madrid, 28006 Spain

It is suggested t o trigger fusion in a central filament by compressing a n d heating it
via t h e kinetic energy cumulated in an outer annular shell. This shell is imploded
by an electric pinch during a long discharge time. In order to properly drive t h e
filament implosion, an axial magnetic is generated around t h e filament by t h e action
of a circularly polarized laser light (CPLL). T h e field acts as a magnetic cushion in
order t o compress t h e central filament before it is heated. First estimate points out
t h a t large energy gain could be reached in a powerful Z-pinch device combined with
nanosecond laser. T h e main principles of Magnetized Target Fusion ( M T F ) are:
1. T h e r m a l insulation by applying a strong magnetic field Bo. T h e initial Bo must
be t r a p p e d in t h e imploding target during its compression. From magnetic flux
conservation t h e magnetic field will increase, thus reducing t h e thermal conductivity.
2. Analogous t o Inertial Confinement Fusion (ICF), t h e P d V work of t h e imploding
liners or other z-pinch devices, heats t h e fuel by compressing it directly or indirectly.
3. T h e compression of t h e target and t h e increase in t h e magnetic field m a y lead t o
alpha particle energy deposition inside t h e plasma.
4. M T F needs a b o u t t h e same e n e r g y / D T mass for ignition as I C F . Large (megagauss) magnetic fields are produced by laser plasma interaction when a high irradiance laser pulse is focused on a solid target.
One of t h e most studied processes inducing toroidal megagauss magnetic fields in
laser plasma interaction is t h e grad n x grad T mechanism, where n is t h e plasma
density a n d T its temperature. This mechanism is independent of t h e polarization
of t h e laser light.
Recently 1 t h e production of an axial magnetic field by circularly polarized laser light
interaction with plasma, t h e inverse Faraday effect, was measured experimentally.
T h e experiments were performed with Nd:YAG laser, with a wavelength of 1.06 m
and a pulse duration of 7 ns, in a range of irradiances from 10 9 to 10 1 4 W / c m 2 .
Axial magnetic fields of 2.2 M G were measured for 10 1 4 W / c m 2 .
In this paper it is suggested t o use these magnetic fields in magnetized plasma fusion
devices.
[1] Y. Horovitz et al., Phys. Lett. A, 2 4 6 329, (1998).
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Interpretation of Spectra from Autoionizing Levels using a
Two-Step Collisional-Radiative
Model
R. Doron, E. Behar, M. Haddad, P. Mandelbaum, J.L. Schwob
Racah Institute of Physics, The Hebrew University, Jerusalem

The analysis of spectra originating from autoionizing levels requires the construction
of a collisional- radiative (CR) model which includes at least two adjacent ionization
states. In a straightforward approach in which all the ionization states are solved
simultaneously, the fractional abundances of the various ionization states are a selfconsistent result of the model. However, even for the relatively simple case of ions
with a few bound electrons these results are very sensitive to the number of ionization
states and levels considered in the model. In cases of multi-electron ions the task
of obtaining reliable results becomes impractical. In order to avoid this difficulty, a
procedure is adopted in which only two adjacent ionization states are considered at
a time, and the ratio of ionic populations is taken to be a free parameter. The other
free parameters of the model are the electron temperature and density. In the first
step of the model, the populations of the ground and singly excited levels of the two
ionization states are determined by solving two separate sets of rate equations. In
the second step, the populations of the doubly excited levels are calculated using
the results of the first step. Radiative trapping effects are also taken into account
using the mean escape factor approximation.
The results of the model obtained with atomic coefficients generated by the HULLAC
atomic
code are compared with spectra emitted from laser-produced plasmas. Minor modifications introduced
into the model enable to evaluate the influence of electron density on effective dielectronic
recombination rates.
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AUTORESONANT EXCITATION OF THE DIOCOTRON
MODE IN NON-NEUTRAL PLASMAS
L. Friedland, J. Fajans*, E. Gibson*
Racah Institute of Physics, Hebrew University of Jerusalem.
$ Department of Physics, University of California, Berkeley.
We report on theory and experiment on the autoresonant (nonlinear phase lockinng)
manipulation of the diocotron mode in a non-neutral plasma. Autoresonance is
a very general phenomenon in driven nonlinear oscillator and wave systems, and
allows us to control the amplitude of a nonlinear wave without the use of feedback.
These are first controlled laboratory studies of autoresonance in a collective plasma
system.
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Acceleration to supersonic velocities in the Hall thruster
A. Fruchtman* and N. J. Fisch§

§

* Center for Technological Education Holon, P.O. Box 305, Holon 58102, Israel
Princeton Plasma Physics Laboratory, P. 0. Box 451, Princeton, NJ 08543, USA

Plasma acceleration to supersonic velocities occurs both in space and laboratory
plasmas. For a laboratory plasma accelerator, it is desirable that the plasma flow
be stable, continuous and controllable. Yet, both experiments and numerical simulations of the Hall thruster [1,2] exhibit in many cases an oscillatory behavior of
the accelerated plasma. Steady flows rarely exist, a fact that is a serious restriction
on the flexible use of the accelerator and an obstacle in the quest for an accelerator
of variable thrust. Employing a simple model [3], we show that the acceleration
of the plasma to supersonic velocities as a steady flow occurs only when certain
relations between the flow parameters are satisfied. The desirable smooth steady
acceleration in which the sonic transition occurs inside the accelerator is therefore
an exception rather than the rule, as we demonstrate by a comparison of the plasma
acceleration to the acceleration of a gas to supersonic velocities at a Laval nozzle.
We then demostrate that by forcing an abrupt sonic transition, via the introduction
of a discontinuity at the plasma flow (here by placing a floating electrode inside
the channel), we enlarge the regime of parameters where a smooth sonic transition
occurs. Moreover, the formation of a large electric field at the plane of the abrupt
sonic transition provides a more efficient acceleration.
We also show that the competition between the magnetic field pressure and the
ionization in the Hall thruster is analogous to the competition between the plasma
pressure and the sun gravitation in the solar wind acceleration [4], between the
diverging geometry and Joule heating as happens in the expansion of the cathode
spot plasma in vacuum arc discharges [5], and between a diverging geometry and
ablation and dissipation in ablative discharge capillaries [6].
[1] A. I. Morozov, Yu. V. Esipchuk, G. N. Tilinin, A. V. Trofinov, Yu. A. Sharov,
and G. Ya. Shahepkin, "Plasma acceleration with closed electron drift and extended
acceleration zone", Sov. Phys. Tech. Phys. 17, 38 (1972).
[2] J. Ashkenazy, Y. Raitses, and G. Appelbaum, "Investigations of a laboratory
model Hall thruster", AIAA 95-2673, San Diego, CA (1995).
[3] A. Fruchtman and N. J. Fisch, "Modeling the Hall thruster", AIAA 98-3500,
Cleveland, OH (1998).
[4] E. N. Parker, "Interplanetary dynamical processes" (Wiley, New York, 1963).
[5] Ch. Wieckert, "The expansion of the cathode spot plasma in vacuum arc discharges", Phys. Fluids 30, 1810 (1987).
[6] J. Ashkenazy, "Supersonic flow in ablative discharge capillaries", Physics Letters
A 228, 369 (1997).
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SELF-SIMILAR VACUUM ARC PLASMA CLOUD
EXPANSION
E. Gidalevich, S. Goldsmith, *, R.L. Boxman
Electrical Discharge and Plasma Laboratory, Tel Aviv University, Tel Aviv
* School of Physics and Astronomy, Tel Aviv University, Tel Aviv
§
Electrical Discharge and Plasma Laboratory Tel Aviv University, Tel Aviv
A spherical plasma cloud generated by a vacuum arc, is considered as expanding in
an ambient neutral gas in a self-similar approximation. Under the assumption that
the cathode erosion rate as well as density of the ambient neutral gas are constant
during the plasma expansion, the self-similarity parameter is A = (—^f)3, where
p3 is the density of undisturbed gas, M is the mass of the expanding metal vapor,
and t is time, while the dimensionless independent variable is £ = -V , where r is
AfS

the distance from the cloud center. The equations of plasma motion and continuity
are:
dv
dv idP
— + *;— + - — = n0
(5)
at
or p or
dp
dp
fdv
2v\
, .
~ + v^ + p — + — = 0
(6)
dt
dr
\dr
r )
where v, p, P are plasma velocity, density and pressure, transformed in the selfsimilar form and solved numerically. Boundary conditions were formulated on the
front of the plasma expansion taking into account that 1) the front edge of the shock
wave expanding in the ambient neutral gas and 2) the rate of cathode erosion
is a constant.
For an erosion rate of 104 g/C, a cathode ion current of about 20 A and an ambient
gas pressure about 0.1 Torr, the radius of the plasma cloud is r (TO) = 0.834 x £5.
At t = 10~5 s, the plasma cloud radius is about 0.018 TO, while the front velocity is
Vf = 600 TO/S.
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Hot Plasma and Non-linear Effects in a Weakly Ionized RF
Plasma
V. A. Godyak
OSRAM SYLVANIA Development Inc., Beverly, MA 01915

Recent experiments in a low-pressure inductive rf discharge where the interaction of
electromagnetic field with the plasma is governed by electron thermal motion rather
than electron-atom collisions are reviewed in this talk. From direct measurement of
the plasma rf electric field and current density it was possible to distinguish between
the collisional and stochastic regimes of evanescent electromagnetic wave interaction
with plasma electrons. New features in the electron energy distribution, wave phase
bifurcation and phase velocity reversal, and negative power absorption are found
in these experiments and interpreted in terms of non-local electrodynamics due to
electron thermal motion. We also found rf currents of doubled frequency (induced
by the rf Lorentz force) as well as modification of the plasma space distribution
caused by the pondermotive force. These effects found in the experiments with a
weakly ionized gas discharge plasma are typical for hot plasma phenomena in fusion
reactors and space plasma.
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Charged particle emission from the plasma formed on the
surface of ferroelectrics
Ya. E. Krasik, A. Dunaevsky, J. Felsteiner, and S. Dorfman
Department of Physics, Technion, Haifa

We present experimental results of plasma formation on the surface of ferroelectric
samples. Different poled and unpoled ferroelectric samples having a disk or tube
form and made of Pb(Zr,Ti)O 3 or BaTiC>3 were tested. Using fast framing photography and different electric probes it was found that the application of a high-voltage
driving pulse to the ferroelectric sample causes a fast surface plasma formation.
This plasma formation occurs within a few nanoseconds from the start of the driving pulse for all the tested ferroelectric samples and the methods of applying the
driving pulse. It was found that reversing the polarization of a ferroelectric does
not play a significant role in the process of the plasma formation. Parameters of
the plasma and of the neutral flow formed during the plasma formation versus the
polarity and the amplitude of the driving pulse are presented. In addition we present
experimental results of electron diode operation with an active plasma cathode. We
studied the operation of planar and coaxial electron diodes under the application of
an accelerating high-voltage pulse < 45 kV with repetition rate < 5 Hz or < 250
kV in a single mode operation. Electron beams with a current density of several
hundreds of A/cm2 and a time duration of several hundreds of ns were generated.
It was shown that the parameters of the electron beam as well as the operation of
the electron diode depend strongly on the method of the plasma formation and the
time delay between the beginning of the plasma formation and the application of
the high-voltage pulse.
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Arc Discharge Hollow Cathodes for Small Plasma Rocket
Engines.
N. Narkiss, J. Ashkenazy, G. Appelbaum, R. Boxman§
Propulsion Physics Laboratory, Soreq NRC, Yavne 81800, Israel
Tel-Aviv University, Faculty of Engineering, Department of Interdisciplinary
Studies,
P. 0. B. 39040, Tel-Aviv 69978, Israel

An efficient operation of electric rocket engines, e.g., the Hall thruster, in typical
space missions requires the use of a long life (> 103hours) low impedance cathode.
These requirements can be provided by the arc discharge hollow cathode. In this
cathode the electrons are emitted from a narrow hole in a low work function material cylinder, through which flows a working gas. The aim of the hollow cathode
program at Soreq is to study the operation of arc discharge hollow cathodes under
various operating conditions, with an emphasis on low current (< 1.5-4) and low
mass flow rate (< 0.2mg/sec) operation.
Electrical measurements performed with hollow cathodes of different designs have
demonstrated that it is difficult to obtain self-sustained operation at low discharge
current. It was deduced from these results and as well from thermocouple measurements of emitter temperature that the heat generated by the discharge becomes
insufficient at low current to keep the emitter at thermionic temperature. It was
observed also that this behavior is strongly dependent on the design of the thermal
shielding of the emitter. AC measurements have recorded the appearance of current oscillations at frequencies of hundreds of kilohertz whose amplitude increases
strongly when the cathode is operated near the conditions (gas flow rate and current) in which self-sustained operation is not obtained. Electron temperature near
the hollow cathode exit was measured also with a cylindrical Langmuire probe.
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Super-radiance, pulse compression and ultimate conversion
efficiency in pre-bunched Free Electron Laser
Y. Pinhasi.
M. Kronghauz, A. Gover, M. Arbel, M. Tecimer,
A.L. Eichenbaum, A. Abramovich, Y.M. Yakover, A. Yahalom*
College of Judea & Samaria
* Tel-Aviv University

Electrons passing through a magnetic undulator emit a partially coherent radiation,
which is called undulator synchrotron radiation. When a continuous electron beam
advances through a periodic field of a wiggler, the radiation from different electrons,
which enter the undulator at random, adds up incoherently. This radiation is essentially shot noise, due to the random electron distribution. If the electron beam
is periodically modulated or bunched to short pulses, the electrons radiate in phase
with each other, resulting in a super-radiant emission at the bunching frequency.
In an oscillator configuration, the excited radiation is circulated in a resonator and
amplified until arriving to the saturation regime, where the electrons are trapped in
the pondermotive potential wave. The maximal energy extraction at saturation level
occurs when the electron swings half a cycle in phase-space from the top of the trap,
as it enters the wiggler, to the bottom of the trap at the end of the interaction region.
Since the electrons are bunched to short pulses, they all lose the same amount of
kinetic energy, enabling the design of powerful radiation source with extremely high
(> 90%) conversion efficiencies.
We have demonstrated super-radiant emission in the microwave C-band frequencies
using the TAU mini-FEM pre-bunched with a TWT e-gun. We propose to modify
the buncher using a photocathode e-gun operated with picosecond UV laser system. These open ways for mode-locking the FEL, chirped pulse generation (and
subsequently pulse compression) and demonstration of high efficiency.
Analytical models, computer simulations and preliminary experimental results of
super-radiant emission in a pre-bunched free-electron laser (PB-FEL) will be presented. The ultimate power levels and total efficiency that can be achieved in a
PB-FEL oscillator will be discussed.

210

Plasma Physics

IL0106867

invited

Ion motion in a plasma interacting with strong magnetic
fields
A. Weingarten, C. Grabowski, A. Fruchtman*, N. Chakrabarti, and Y. Maron
Dept. of Particle Physics, Weizmann Institute of Science
* Center for Technological Education, Holon, Israel

The interaction of a plasma with strong magnetic fields takes place in many laboratory experiments and astrophysical plasmas. Applying a strong magnetic field to
the plasma may result in plasma displacement, magnetization, or the formation of
instabilities. Important phenomena in plasma, such as the energy transport and the
momentum balance, take a different form in each case.
We study this interaction in a plasma that carries a short-duration (80-ns) current
pulse, generating a magnetic field of up to 17 kG. The evolution of the magnetic
field, plasma density, ion velocities, and electric fields are determined before and
during the current pulse. The dependence of the plasma limiting current on the
plasma density and composition are studied and compared to theoretical models
based on the different phenomena.
When the plasma collisionality is low, three typical velocities should be taken into
consideration: the proton and heavier-ion Alfven velocities (vA and vA, respectively)
and the EMHD magnetic-field penetration velocity into the plasma (VEMHD)- If both
Alfven velocities are larger than VEMHD the plasma is pushed ahead of the magnetic
piston and the magnetic field energy is dissipated into ion kinetic energy. If VEMHD
is the largest of three velocities, the plasma become magnetized and the ions acquire
a small axial momentum only. Different ion species may drift in different directions
along the current lines. In this case, the magnetic field energy is probably dissipated
into electron thermal energy.
When vpA > VEMHD > vA, as in the case of one of our experiments, ion mass
separation occurs. The protons are pushed ahead of the piston while the heavierions become magnetized. Since the plasma electrons are unmagnetized they cannot
cross the piston, and the heavy ions are probably charge-neutralized by electrons
originating from the cathode that are "born" magnetized.
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Coupling Phenomenon in Diode with Dielectric - Gridded
Cathode
A. Lahav, V. Berezovsky, L. Schachter
Dept. of Electrical Engeenering, Technion, Haifa

We investigated the current characteristic in a vacuum diode with a gridded cathode.
The grid is located on a top of a Ferro - Electric disk with a uniform cathode on its
back side. We found experimental evidence that the current in such a system exceeds
Child - Langmuir limit, in agreement with results reported in [1]. Explanations to
this phenomenon were given in term of the non-linear characteristic of the ferro electric ceramic or by plasma-assisted emission and gap closure. Recently [2] it has
been shown theoretically that electrostatic coupling between the dielectric disk and
the vacuum gap is directly responsible to the excess of current. We shall report
experimental results that may support this possibility.
[1] H. Riege, I. Boscolo, J. Handerek, U. Herleb, J. Appl. Phys. 84, 1602 (1998).
[2] L. Schachter, D. Fletchner, C. Golkowski, J. D. Ivers and J. A. Nation. J. Appl.
Phys. 84, 6530 (1998).
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THEORETICAL INVESTIGATION OF A HOT
REFRACTORY ANODE VACUUM ARC
I.I. Beilis, R.L. Boxman, and , S. Goldsmith,
Electrical Discharge and Plasma Laboratory, Tel Aviv University, Tel Aviv
* School of Physics and Astronomy, Tel Aviv University, Tel Aviv

The two principal modes of the vacuum arc are the multi-cathode spot and the anode
spot vacuum arc discharges. In both cases the current is conducted in plasma that is
generated on relatively small areas on the relevant electrode surface. The hot anode
vacuum arc (HAVA) is another mode of the vacuum arc in which the plasma is produced by material evaporation over the whole surface of a high temperature anode
heated by the arc itself. In the present work, a model of a new type of the HAVA,
recently discovered in the Electrical Discharges and Plasma Laboratory of TAU, is
considered. In this mode of the HAVA the anode is made of a thermally isolated
refractory material (graphite), whereas the water cooled cathode is fabricated from
a more volatile material (copper). The discharge starts in the multi-cathode spot
mode and after a transition period, during which the anode is heated by the arc,
re-evaporated cathode material is released from the hot anode surface and becomes
the main source of the arc plasma. At steady state, anode temperature exceeds a
certain critical value. No evaporation of anode refractory material occurs during arc
operation. This arc mode is labeled Hot Refractory Anode Vacuum Arc (HRAVA).
The theoretical description of the HRAVA is accomplished by a plasma model that
includes equations of mass, momentum, energy, and electrical current conservation,
and by an anode thermal model that describes the anode thermal balance. The
plasma model also considers radial expansion of the plasma from the interelectrode
region. A self-consistent solution of the plasma and anode models was obtained.
Plasma electron temperature, plasma density, plasma energy flux to the anode, and
anode temperature distribution were calculated for several arc currents in the range
175 — 500 A. In the steady-state arc operation, anode surface temperature was
calculated to be in the range 1800 — 2600 °K, electron temperature is about 1 eV,
effective anode voltage is about 6 V, and anode sheath potential drop is 2.2 to 3 V.
Calculated plasma and anode parameters agreed well with observed data.

213

Plasma Physics

" l ™ 06870

SPATIAL DISTRIBUTION OF PLASMAS PRODUCED
BY DIFFERENT CATHODES IN A TRIPLE CATHODE
VACUUM ARC DEPOSITION APPARATUS
R. Ben-Ami, V.N. Zhitomirsky, R.L. Boxman, and , S. Goldsmith,
Electrical Discharge and Plasma Laboratory, Tel Aviv University, Tel Aviv
* School of Physics and Astronomy, Tel Aviv University, Tel Aviv

The distribution of plasma beams produced by Ti, Nb, and Zr cathodes in a triple
cathode vacuum arc deposition system was studied. The system consisted of a
triple-cathode plasma gun, straight plasma duct, sample chamber, vacuum system
and computerized co ntrol system. Three cathodes were located on a circle centered
on the system axis. An arc was ignited between the cathodes and an anode with
three' apertures, each located opposite one of the cathodes. Each cathode had a
separate trigger ignition system an d the cathodes could be operated simultaneously
or separately. The plasma produced by the cathode spots passed through the anode
aperture to the 160 mm diam straight duct. Four magnetic field coils coaxial with
the duct axis produced a magnetic field t o collimate the plasma flow, and two
beam steering coils whose axes were normal to the duct axis produced a magnetic
field that deflected the plasma beam in the x and y directions. The saturated ion
current distribution in the plasma was measured by a 13-segment multi-probe which
was positioned in the sample chamber at a distance of 560 mm from the cathode
plane. The measurements were carried out for each cathode operated separately
in vacuum and in a background nitrogen gas at pressures of 0.4 — 1.33 Pa. Ion
currents collected by the individual elements of the multi-probe were fitted to a twodimensional Gaussian function. It was shown that the beam steering coils displaced
the plasma beam centers in a wide range in the substrate plane. Changing the curr
ent of X or Y steering coils displaced the beam center linearly in the x or y directions
respectively, but had only a weak effect in the y or x (i.e. orthogonal) directions
respectively. The background nitrogen pressure did not influence on the displaceme
nts of the plasma beam centers, however increasing nitrogen pressure decreased the
distribution width. The results show that the pair of beam steering coils may direct
the plasma beams to any position in the substrate plane without affecting the other
bea m distribution parameters.
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Fast Waves Mode Conversion and Energy Deposition in
Simulated, Pre-Heated, Neoclassical, Tight Aspect Ratio
Tokamak Plasmas
C. Bruma, S. Cuperman, K. Komoshvili
School of Physics & Astronomy, Faculty of Exact Sciences
Tel-Aviv University, Tel-Aviv
Some basic aspects of wave-plasma interaction of interest for tight aspect ratio
(spherical) tokamaks (ST's) are investigated theoretically. The following scenario is
considered:
A. Fast magnetosonic waves are launched by an external antenna into a simulated spherical tokamak plasma; these waves are converted to Alfven waves
at points (layer) satisfying the Alfven resonance condition.
B. The simulated ST-plasma has a circular cross-section and toroidicity effects are
simulated by Grad-Shafranov type, radially dependent axial magnetic field and its
shear.
C. Actual equilibrium profiles (magnetic field, pressure and curent) observed in the
low field side (LFS) of spherical tokamaks (viz., START at Culham, UK) are used.
D. The study is based on the numerical solution of the full e.m. wave equation which
includes a quite general resistive MHD dielectric tensor, with consideration
of equilibrium current and neoclassical effects.
Two kinds of results will be presented:
I. Proofs validating the computational algorithm used and including convergence
and energy conservation.
II. Exact quantitative results concerning (i) the structure and space dependence
of the mode-converted Alfven waves and (ii) the basic features of the deposited
power.
The dependence of the results on the launched wave characteristics (wave numbers,
frequency and intensity) as well as on those of the equilibrium plasma (equilibrium
current, neoclassical resistivity and electron inertia) will be discussed.
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Study of a high-frequency modulated electron beam
produced by a ferroelectric cathode

A. Dunaevsky, Ya. E. Krasik, J. Felsteiner, and A. Rosenberg
Department of Physics, Technion, Haifa

We present a detailed study of the recently discovered modulation at frequencies
of hundreds of MHz of an electron beam produced by a plasma cathode. The
plasma cathode consists of a ferroelectric disk sample [BaTiC>3 or Pb(Zr,Ti)O 3 ] that
is placed in a cylindrical metal box having an output window covered by a grid. The
plasma is prepared by a noncomplete discharge which is ignited by a few kV driving
pulse applied between a front electrode made of strips and a solid rear electrode.
Experiments were carried out at accelerating voltages of < 45 kV and pulse duration
of < 40 us. It is found that the current modulation (depth of modulation 60% 80%) appears only when the driving pulse is applied to the front electrode of the
ferroelectric sample and the rear electrode is grounded. The modulation spectrum
is quite narrow (< 3%), with harmonics at frequencies up to a few GHz. The basic
frequency of modulation is found to depend on the length of the feed cable to the
sample, the amplitude of accelerating voltage, and the anode-cathode gap. Active
control of the frequency of the electron beam modulation in the range of 200 MHz
- 420 MHz is demonstrated. Investigation of the plasma and the beam modulation
properties and their dependence on the experimental parameters is presented. The
results indicate the formation of a plasma at the vicinity of the front electrode of the
ferroelectric sample during the modulation. In addition, we studied the potential
distribution inside the cathode box between the front surface of the ferroelectric
sample and the output cathode grid. The results are discussed within the framework
of electrons oscillating in the potential well created by the positively charged plasma
having feedback coupling with the input cable.
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Prebunched Beam Radiation in FEMs
M. Arbel, A.L. Eichenbaum, Y. Pinhasi, M. Tecimer,
Y.M. Yakover, H. Kleinman, A. Abramovich, A. Gover
Tel-Aviv University

Radiation in the 4.2 to 4.8 GHz regime obtained from a 70 kV, 0.7 A prebunched
e-beam traversing the FEM wiggler inside of an evacuated waveguide, terminated
at both ends in matched loads was investigated theoretically and experimentally.
The experimental investigation was carried out over the whole frequency range by
use of a wide-band traveling wave type prebuncher which provided a modulation
index at its output in the range of 0 to 1; the range of the modulation index at the
wiggler input is 0 to 0.35.
The results were compared with those predicted by the theory of Schnitzer and
Gover [1]. Good agreement was found in regard to the detected radiation output
power vs. frequency (namely sine). The maxium power point corresponded to a
beam voltage of 66 kV (instead of 70 kV) and to a maxium modualtion index of
0.25.
The experimental results were also compared with those predicted by the theory
developed by Y.Pinhasi [2] and by the simulation code FEL3D based on it.
Here good agreement was obtained both in regard to the shape of the radiation curve
and to the frequency of maxium radiation. It was found that for best matching of the
experimental results to those predicted by theory (both [1] and [2]) it is important
to take into account not only the e-beam density modulation but also the velocity
modulation and phase relationship between them.
Both experimental and theoretical results will be presented as well as a comparision
between them.
[1] I. Schnitzer and A. Gover, " The prebunched FEL in various operating gain
regimes", NIM Phys. Res. A237, (1985) pp.124-140
[2] Y. Pinhasi, " Analysis of super-radiance effects and of transverse mode" excitation and coupling in FELs" Ph.D. Thesis (May 1995).
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Dynamics of the energy transfer to the load during the
operation of a plasma opening switch
Yu. Dolinsky,* Ya. E. Krasik,§ and J. Felsteiner§
* Department of Mechanical Engineering, Ben-Gurion University, Beer Sheva
§ Department of Physics, Technion, Haifa

The main efforts of the theoretical and experimental studies related to the Plasma
Opening Switch (POS) have been devoted to the understanding of an anomalous
fast magnetic field penetration through the plasma. At present this phenomenon
can be explained based on the electron magnetohydrodynamic theory.1 The second
important phenomenon is related with POS opening. Existing models explain POS
opening as a result of cut-off of the electron current component in the double layer2
by self-magnetic field of the POS current or by the increase of the Hall potential in
the current layer due to ion erosion.3 Nevertheless both models consider POS opening
in the region which was preliminary occupied by the plasma. In a recent experiment4
it was shown that the POS opening is related with a fast charged particle flow in
the downstream region, namely at the load. In this work we present results of
theoretical studies of the phase of the POS operation when the self-magnetic field
of the POS current appears at the downstream side of the plasma. Our study has
been done within the framework of two-fluid magnetohydrodynamic theory. Taking
into account the Hall electric field which is responsible for a strong ion acceleration
in the axial direction, we found the velocity of the ions. In addition we show, that
due to the inductive electric field caused by the motion of the axial current carrying
plasma, the velocity of the magnetic field penetration is equal to the Alfven velocity.
We compare this model with the experimental results obtained in Ref. 4.
[1] A. S. Kingsep,
(1990).
[2] P. F. Ottinger,
[3] L. I. Rudakov,
[4] Ya. E. Krasik,
686 (1999).

K. V. Chukbar, and V. V. Yan'kov, Rev. Plasma Phys. 16, 209
S. A. Goldstein, and R. A. Meger, J. Appl. Phys. 56, 774 (1984).
Sov J. Plasma Phys. 19, 433 (1993).
A. Dunaevsky, J. Felsteiner, and J. R. Goyer, J. Appl. Phys. 85,
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Cyclotron-Resonance-Maser Arrays
A. Kesar, L. Lei, V. Dikhtyar, M. Korol, E. Jerby
Faculty of Engineering, Tel Aviv University
Ramat Aviv 69978, ISRAEL

The cyclotron-resonance-maser (CRM) array [1] is a radiation source which consists
of CRM elements coupled together under a common magnetic field. Each CRMelement employs a low-energy electron-beam which performs a cyclotron interaction
with the local electromagnetic wave. These waves can be coupled together among the
CRM elements, hence the interaction is coherently synchronized in the entire array.
The implementation of the CRM-array approach may alleviate several technological
difficulties which impede the development of single-beam gyro-devices. Furthermore,
it proposes new features, such as the phased-array antenna incorporated in the
CRM-array itself. The CRM-array studies may lead to the development of compact,
high-power radiation sources operating at low-voltages. This paper introduces new
conceptual schemes of CRM-arrays, and presents the progress in related theoretical
and experimental studies in our laboratory. These include a multi-mode analysis of
a CRM-array, and a first operation of this device with five carbon-fiber cathodes.
[1] E. Jerby, A. Kesar, M. Korol, L. Lei, and V. Dikhtyar, "Cyclotron-resonancemaser arrays", IEEE Trans. Plasma Science, April 1999.
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Ionization Waves in a Fast, Hollow-Cathode-Assisted
Capillary Discharge*
I Rutkevich, M Mond, Y Kaufman, P Choi*, M Favre
Dept. of Mechanical Engineering, Ben-Gurion University, Israel
* LPMI, Ecole Polytechnique, France
Facultad de Fisica, Pontificia Universidad Catolica de Chile, Chile

The initial, low-current stage of the evolution of a soft x-ray emitting, hollowcathode-assisted capillary discharge initiated by a steep high-voltage pulse is investigated. The capillary is surrounded by a shield having the cathode potential. The
mean electric field E of the order of 10 kV/cm and the low gas pressure (P<lTorr)
provide conditions for extensive electron runaway. This is taken into account in
the formulation of the theoretical approach by retaining the inertial terms in the
momentum equation for the electrons. In addition, the ionization rate is calculated
by considering the cross section for ionization by high-energy electrons. The twodimensional system of the basic equations is reduced to a system of one-dimensional
equations for the axial distributions of the physical quantities by introducing appropriate radial profiles of the electric potential, and the electron gas parameters and
satisfying the electrodynamic boundary conditions at the capillary wall and at the
shield. The resulting system of equations admits solutions in the form of stationary
ionization waves transferring the anode potential to the cathode end. Numerical
calculations of such solutions for argon show that the wave velocity V increases with
the gas pressure P and with the density of initial electron beam ejected from the
cathode hole ahead of the ionization front, while the dependence of V on the applied
voltage is weak. At the instant when the virtual anode reaches the cathode hole, the
plasma in the capillary is not yet fully ionized. The traverse time of the ionization
wave along the capillary calculated for various gas pressures is in reasonable agreement with experimentally registered time delay for a high-current stage resulting in
voltage collapse and soft x-ray emission.
*This work was supported by the European Commission whithin the framework of
the TMR Network Program under contract no. ERBFMRX CT 98-0186
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