
PROCEEDINGS OF SPIE 

Volume 6603 
 
 

Proceedings of SPIE, 0277-786X, v. 6603 
 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 
 

Noise and Fluctuations in 
Photonics, Quantum Optics,  
and Communications 

Leon Cohen 
Editor 
 
21–24 May 2007 
Florence, Italy 
 
 
Sponsored and Published by 
SPIE 
 
Cooperating Organizations 
EOS—European Optical Society 
SIOF (Italy) 
SPIE Europe 
 



The papers included in this volume were part of the technical conference cited on the cover and 
title page. Papers were selected and subject to review by the editors and conference program 
committee. Some conference presentations may not be available for publication. The papers 
published in these proceedings reflect the work and thoughts of the authors and are published 
herein as submitted. The publisher is not responsible for the validity of the information or for any 
outcomes resulting from reliance thereon. 
 
Please use the following format to cite material from this book: 
   Author(s), "Title of Paper," in Noise and Fluctuations in Photonics, Quantum Optics, and 
Communications, edited by Leon Cohen, Proceedings of SPIE Vol. 6603 (SPIE, Bellingham, WA, 2007) 
Article CID Number. 
 
ISSN 0277-786X 
ISBN 9780819467409 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
 
Copyright © 2007, Society of Photo-Optical Instrumentation Engineers 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 
0277-786X/07/$18.00. 
 
Printed in the United States of America. 
 
Publication of record for individual papers is online in the SPIE Digital Library. 

 
SPIEDigitalLibrary.org 
 
 
 
 

 
Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published 
first online and then in print and on CD-ROM. Papers are published as they are submitted and meet 
publication criteria. A unique, consistent, permanent citation identifier (CID) number is assigned to 
each article at the time of the first publication. Utilization of CIDs allows articles to be fully citable as 
soon they are published online, and connects the same identifier to all online, print, and electronic 
versions of the publication. SPIE uses a six-digit CID article numbering system in which: 

 The first four digits correspond to the SPIE volume number.  
 The last two digits indicate publication order within the volume using a Base 36 numbering 

system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. 

The CID number appears on each page of the manuscript. The complete citation is used on the first 
page, and an abbreviated version on subsequent pages. Numbers in the index correspond to the 
last two digits of the six-digit CID number. 



  Contents 

 
 xi Conference Committee 
 
 xiii Introduction 
 
 xv Origins of randomness in statistical and quantum mechanics (Plenary Paper) [6600-500] 
  M. B. Weissman, Univ. of Illinois at Urbana-Champaign (USA) 
 
 xxv Thermal noise informatics: totally secure communication via a wire, zero-power 

communication, and thermal noise driven computing (Plenary Paper) [6600-501] 
  L. B. Kish, Texas A&M Univ. (USA); R. Mingesz, Z. Gingl, Univ. of Szeged (Hungary) 
 
 
 SESSION 1 NOVEL QUANTUM OPTICS  
 
 6603 03 Ramsey interferometry with two frequencies (Invited Paper) [6603-04] 
  D. Seidel, J. G. Muga, I. Lizuain, Univ. del País Vasco (Spain) 
 
 6603 04 Blackbody radiation: rosetta stone of heat bath models (Invited Paper) [6603-01] 
  R. F. O'Connell, Louisiana State Univ. (USA) 
 
 6603 05 Vacuum fluctuations and nuclear quantum optics in strong laser pulses (Invited Paper) 

[6603-02] 
  A. Di Piazza, K. Z. Hatsagortsyan, J. Evers, C. H. Keitel, Max-Planck-Institute for Nuclear Physics 

(Germany) 
 
 6603 06 Quantum pulse compression laser radar (Invited Paper) [6603-05] 
  J. H. Shapiro, Massachusetts Institute of Technology (USA) 
 
 6603 07 Suppressing noise in single molecule imaging using quantum optics (Invited Paper) 

[6603-06] 
  P. R. Hemmer, Texas A&M Univ. (USA) 
 
 
 SESSION 2 NONSTATIONARY NOISE  
 
 6603 09 Noisy oscillator: theory and applications [6603-09] 
  M. Gitterman, Bar-Ilan Univ. (Israel) 
 
 6603 0C Breakdown of the few-level approximation in dipole-dipole interacting systems [6603-59] 
  M. Kiffner, J. Evers, C. H. Keitel, Max-Planck-Institut für Kernphysik (Germany) 
 
 6603 0D High-sensitivity imaging with quantum spatial correlation of twin beams [6603-60] 
  A. Gatti, E. Brambilla, L. Caspani, O. Jedrkiewicz, L. A. Lugiato, INFM-CNR-CNISM, Univ. 

dell'Insubria (Italy) 
 

 
 

iii



 6603 0E Noise-induced critical phenomena: a case study [6603-16] 
  G. Nunnari, Univ. degli Studi di Catania (Italy); G. Puglisi, Istituto Nazionale di Geofisica e 

Vulcanologia (Italy); F. Cannavò, A. Spata, Univ. degli Studi di Catania (Italy) 
 

 6603 0F Characterization of non-stationary interference signals in GNSS applications (Invited Paper) 
[6603-08] 

  L. Lo Presti, B. Motella, Politecnico di Torino (Italy) 
 
 6603 0G Impact of non-stationary noise on xDSL systems: an experimental analysis [6603-17] 
  L. V. Souza, D. L. Cardoso, M. S. Silva, M. C. R. Seruffo, D. Russillo, J. C. W. A. Costa,  

C. R. L. Francês, A. L. S. Castro, G. P. S. Cavalcante, Federal Univ. of Pará (Brazil); J. R. Riu, 
Ericsson AB (Sweden) 

 
 6603 0H Comment on the suppression of noise by the ribosome in the transition state for formation of 

the peptide bond (Invited Paper) [6603-94] 
  L. Massa, Hunter College and Graduate Ctr., City Univ. of New York (USA) 
 
 6603 0I Impact of noise on current-driven polarization switching of vertical-cavity surface-emitting 

lasers [6603-61] 
  C. Masoller, Univ. Politecnica de Catalunya (Spain) 
 
 6603 0J Detection and estimation of multiple weak signals in non-Gaussian noise (Invited Paper) 

[6603-11] 
  D. J. Nelson, U.S. Department of Defense (USA) 
 
 6603 0K The generalized Rényi image entropy as a noise indicator (Invited Paper) [6603-13] 
  S. Gabarda, G. Cristóbal, Instituto de Óptica Daza de Valdés, CSIC (Spain) 
 
 6603 0L Effect of noise in quantum communications [6603-62] 
  S. V. Kartalopoulos, The Univ. of Oklahoma (USA) 
 
 6603 0M Transient analysis of random systems (Invited Paper) [6603-10] 
  L. Galleani, Politecnico di Torino (Italy) 
 
 6603 0N Statistical study of the inverse first passage time algorithm (Invited Paper) [6603-14] 
  L. Sacerdote, C. Zucca, Univ. di Torino (Italy) 
 
 
 SESSION 3 QUANTUM WALKS AND NOISE  
 
 6603 0P Quantum walks, automata, and structured search (Invited Paper) [6603-18] 
  S. Naguleswaran, I. Fuss, L. B. White, Univ. of Adelaide (Australia) 
 
 6603 0Q Analytic views of quantum walks (Invited Paper) [6603-19] 
  I. Fuss, L. White, Univ. of Adelaide (Australia); P. Sherman, Iowa Univ. (USA); S. Naguleswaran, 

Univ. of Adelaide (Australia) 
 
 6603 0S Deterministic purity evolution via weak measurement for bipartite quantum systems 

[6603-21] 
  C. Hill, J. Ralph, Univ. of Liverpool (United Kingdom) 
 

 

iv



 6603 0V A systems approach to the quantum random walk (Invited Paper) [6603-24] 
  P. Sherman, Iowa State Univ. (USA); I. Fuss, L. White, S. Naguleswaran, Univ. of Adelaide 

(Australia) 
 
 
 SESSION 4 FaN IN ATOMIC CLOCK APPLICATIONS  
 
 6603 0W The statistics of GPS (Invited Paper) [6603-25] 
  D. Matsakis, U.S. Naval Observatory (USA) 
 
 6603 0X Impact of atomic clock and time-transfer noises in the formation of the International Atomic 

Time (Invited Paper) [6603-26] 
  W. Lewandowski, Bureau International des Poids et Mesures (France) 
 
 6603 0Y Roles of noise in reliability problems: the view point of a mathematician and some 

application proposals (Invited Paper) [6603-27] 
  L. Sacerdote, Univ. di Torino (Italy); P. Tavella, Istituto Nazionale di Ricerca Metrologica (Italy) 
 
 6603 0Z Characterization of nonstationary atomic clocks (Invited Paper) [6603-28] 
  L. Galleani, Politecnico di Torino (Italy); P. Tavella, INRIM (Italy) 
 
 6603 10 The generalized likelihood ratio test for detecting anomalous behaviors of atomic clocks 

(Invited Paper) [6603-29] 
  E. Nunzi, P. Carbone, Univ. of Perugia (Italy) 
 
 
 SESSION 5 TIMING NOISE IN HIGH-ENERGY ASTRONOMY  
 
 6603 11 Noise components from black-hole binaries in our galaxy (Invited Paper) [6603-30] 
  T. M. Belloni, INAF, Osservatorio Astronomico di Brera (Italy) 
 
 6603 12 Millisecond phenomena in mass accreting neutron stars (Invited Paper) [6603-31] 
  M. van der Klis, Univ. of Amsterdam (Netherlands) 
 
 6603 14 Studying accreting black holes and neutron stars with time series: beyond the power 

spectrum (Invited Paper) [6603-33] 
  S. Vaughan, Univ. of Leicester (United Kingdom); P. Uttley, Univ. of Southampton (United 

Kingdom) 
 
 6603 15 Time-varying spectral analysis of astronomical time series (Invited Paper) [6603-34] 
  L. Galleani, Politecnico di Torino (Italy); L. Cohen, CUNY (USA); D. Nelson, U.S. Dept. of 

Defense (USA); T. Belloni, INAF, Osservatorio Astronomico di Brera (Italy) 
 
 
 SESSION 6 QUANTUM ENTANGLEMENT  
 
 6603 16 Quantum interferometric sensors (Invited Paper) [6603-35] 
  K. T. Kapale, Jet Propulsion Lab. (USA) and Louisiana State Univ. (USA); L. D. Didomenico, 

Lawrence Livermore National Lab. (USA); H. Lee, Louisiana State Univ. (USA); P. Kok, Oxford 
Univ. (United Kingdom); J. P. Dowling, Louisiana State Univ. (USA) and Texas A&M Univ. (USA) 

 
 

v



 6603 17 Three-mode squeezing: SU(1,1) symmetry (Invited Paper) [6603-36] 
  Z. Shaterzadeh Yazdi, P. S. Turner, B. C. Sanders, Univ. of Calgary (Canada) 
 
 6603 18 Experimental observation of environment-induced sudden death of entanglement (Invited 

Paper) [6603-37] 
  M. P. Almeida, F. de Melo, M. O. Hor-Meyll, A. Salles, S. P. Walborn, P. H. S. Ribeiro,  

L. Davidovich, Univ. Federal do Rio de Janeiro (Brazil) 
 6603 1B Entanglement and noise in the above-threshold optical parametric oscillator (Invited Paper) 

[6603-40] 
  P. Nussenzveig, K. N. Cassemiro, A. S. Villar, P. Valente, M. Martinelli, Univ. de São Paulo 

(Brazil) 
 
 6603 1D Entanglement in macroscopic optomechanical systems [6603-42] 
  D. Vitali, C. Genes, S. Mancini, P. Tombesi, Univ. di Camerino (Italy) 
 
 
 SESSION 7 QUANTUM COHERENCE  
 
 6603 1F Quantum interference in light scattering and propagation (Invited Paper) [6603-44] 
  J. Evers, Max-Planck-Institut für Kernphysik (Germany); M. Mahmoudi, Max-Planck-Institut für 

Kernphysik (Germany) and Zanjan Univ. (Iran); M. Macovei, Max-Planck-Institut für 
Kernphysik (Germany) 

 
 6603 1G Nonlinear magneto-optic polarization rotation with intense laser fields (Invited Paper) 

[6603-45] 
  P. S. Hsu, A. K. Patnaik, G. R. Welch, Texas A&M Univ. (USA) 
 
 
 SESSION 8 NOISE IN FIBERS  
 
 6603 1K Analysis of optical mixing in RF modulated noisy optical links [6603-85] 
  M. R. Salehi, Shiraz Univ. of Technology (Iran) 
 
 6603 1L Fluctuation reduction in a rational harmonic mode-locked fiber ring laser using 

carrier-suppressed return-to-zero modulation format [6603-80] 
  S. Yamanaka, J. Maeda, Tokyo Univ. of Science (Japan) 
 
 6603 1M Nonlinear decomposition-and-denoising approach for removal of signal-dependent noise 

of a digital color camera [6603-79] 
  T. Saito, Y. Ishii, T. Komatsu, Kanagawa Univ. (Japan) 
 
 6603 1O Optical regeneration based on noise generated in bistable devices: going from 2R to 3R 

[6603-82] 
  A. P. González-Marcos, T. Vivero, J. M. Rivas-Moscoso, J. A. Martín-Pereda, Univ. Politécnica 

de Madrid (Spain) 
 
 6603 1R Highly-sensitive measurement technique of relative intensity noise and laser 

characterization [6603-92] 
  J. Poette, P. Besnard, L. Bramerie, J.-C. Simon, FOTON-ENSSAT (France) 
 

 
 

vi



 6603 1S Noise and jitter behavior of nonlinear amplifier optical loop mirror based on photonic crystal 
fiber [6603-49] 

  C. de Dios, H. Lamela, Univ. Carlos III (Spain) 
 
 
 SESSION 9 NOISE IN DEVICES  
 
 6603 1T Accurate excess photodetection noise measurements in raman amplifiers [6603-54] 
  C. Chluda, M. Myara, P. Signoret, L. Troussellier, B. Orsal, CEM2 (France) 

 
 6603 1V Repetitive single amplified high intensity ultra-short pulse laser system [6603-75] 
  J. Chen, K.-C. Chuang, Chung-Hua Univ. (Taiwan) 
 
 6603 1W Excess noise sources in depolarized Raman pumping system [6603-81] 
  C. Chluda, M. Myara, L. Troussellier, J.-P. Perez, P. Signoret, B. Orsal, CEM2 (France) 
 
 6603 1X Pump to signal and pump to ASE noise correlations in copropagative Raman amplifiers 

[6603-63] 
  C. Chluda, M. Myara, L. Troussellier, J.-P. Perez, P. Signoret, B. Orsal, IES (France) 
 
 6603 1Y Intensity noise of ultrabroadband quantum dot light emitting diodes and lasers at 1.3µm 

[6603-76] 
  M. Blazek, S. Breuer, T. Gensty, W. E. Elsäßer, Darmstadt Univ. of Technology (Germany);  

M. Hopkinson, K. M. Groom, Univ. of Sheffield (United Kingdom); M. Calligaro, P. Resneau,  
M. Krakowski, Alcatel Thales, III-V Lab. (France) 

 
 6603 20 Intensity fluctuations of focused general-type beams in atmospheric optics links [6603-57] 
  Y. Baykal, H. T. Eyyuboğlu, Çankaya Univ. (Turkey) 
 
 6603 21 Stochastic resonance in photonic crystal growth [6603-64] 
  A. Amann, W. Khunsin, G. Kocher, C. M. Sotomayor Torres, E. P. O'Reilly, Tyndall National 

Institute (Ireland) 
 
 6603 22 Noise in atomic force microscopy images [6603-65] 
  P. S. Timashev, Institute of Laser and Information Technologies (Russia); N. A. Aksenova,  

A. B. Solovieva, N.N. Semenov Institute of Chemical Physics (Russia); S. F. Timashev, L. Ya. 
Karpov Institute of Physical Chemistry (Russia) 

 
 6603 23 Removal of water-vapor-induced fluctuations in T-ray signals: a preliminary study [6603-66] 
  W. Withayachumnankul, B. M. Fischer, S. P. Mickan, D. Abbott, The Univ. of Adelaide 

(Australia) 
 
 6603 24 Experimental demonstration of impact of amplified spontaneous emission on devices 

based on cross-gain modulation in semiconductor optical amplifiers [6603-67] 
  B. S. Gopalakrishna Pillai, K. L. Lee, A. Nirmalathas, The Univ. of Melbourne (Australia);  

M. Premaratne, The Univ. of Melbourne (Australia) and Monash Univ. (Australia); C. Lim, The 
Univ. of Melbourne (Australia) 

 
 
 
 
 

vii



 6603 25 The joint distribution of neutrons and gamma photons from fissile samples and its application 
in safeguards [6603-73] 

  I. Pázsit, Chalmers Univ. of Technology (Sweden); L. Pál, KFKI Atomic Energy Research 
Institute (Hungary); A. Enqvist, Chalmers Univ. of Technology (Sweden); S. A. Pozzi, Oak 
Ridge National Lab. (USA) 

 
 6603 26 Complex dynamics observed in the noise spectrum of lateral coupled diode lasers 

[6603-56] 
  H. Lamela, R. Santos, Univ. Carlos III de Madrid (Spain) 
 
 6603 27 Quantum Zeno and anti-Zeno effects for the damped harmonic oscillator [6603-58] 
  S. Maniscalco, J. Piilo, K.-A. Suominen, Univ. of Turku (Finland) 
 
 6603 28 In-service and in real-time optical channel performance analysis with combined noise and 

jitter [6603-77] 
  S. V. Kartalopoulos, The Univ. of Oklahoma (USA) 
 
 6603 29 M:N phase synchronization of LFF in a chaotic ECSL system [6603-90] 
  M. Bulinski, Univ. of Bucharest (Romania); C. M. Ticos, Los Alamos National Lab. (USA);  

I. R. Andrei, The National Institute for Lasers, Plasma and Radiation Physics (Romania) 
 
 
 SESSION 10 CLASSICAL AND QUANTUM NOISE  
 
 6603 2A Estimation of channel performance with fast reassignment and equalization assisted by 

supercontinuum sources [6603-52] 
  S. V. Kartalopoulos, The Univ. of Oklahoma (USA) 
 
 6603 2C Localization of a small collection of fluorescing atoms (Invited Paper) [6603-87] 
  M. Macovei, J. Evers, Max-Planck-Institute for Nuclear Physics (Germany); M. S. Zubairy, 

Max-Planck-Institute for Nuclear Physics (Germany), Texas A&M Univ. (USA), and Texas A&M 
Univ. of Qatar (Qatar) 

 
 6603 2D Quantum optics with a mechanical microresonator [6603-88] 
  C. Molinelli, O. Arcizet, T. Briant, P.-F. Cohadon, M. Pinard, A. Heidmann, Lab. Kastler Brossel, 

UPMC, ENS, CNRS (France) 
 
 6603 2E Radiation-pressure effects and back-action cancellation in interferometric measurements 

[6603-71] 
  P. Verlot, T. Caniard, T. Briant, P.-F. Cohadon, A. Heidmann, Lab. Kastler Brossel, UPMC, ENS, 

CNRS (France) 
 
 6603 2G Monte Carlo simulations of non-Markovian open systems [6603-70] 
  J. Piilo, S. Maniscalco, K.-A. Suominen, Univ. of Turku (Finland) 
 
 6603 2H Fringe tracking with noisy interferometric data [6603-96] 
  D. Bonino, INAF, Osservatorio Astronomico di Torino (Italy) and Univ. degli studi di Torino 

(Italy); M. Gai, L. Corcione, INAF, Osservatorio Astronomico di Torino (Italy) 
 

 
 
 

viii



 6603 2I Model based reduction of nonstationary noise for single channel speech communication 
systems [6603-95] 

  X. Xiao, R. M. Nickel, The Pennsylvania State Univ. (USA) 
 
 
  Author Index 

ix





Conference Committee 

 
Symposium Chairs 

M. Suhail Zubairy, Texas A&M University (USA) 
Derek Abbott, The University of Adelaide (Australia) 
 

Conference Chair 

Leon Cohen, Hunter College and Graduate Center of The City 
University of New York (USA) 

 

Conference Cochairs 

Hai-Woong Lee, Korea Advanced Institute of Science and Technology 
(South Korea) 

Langford B. White, The University of Adelaide (Australia) 
M. Suhail Zubairy, Texas A&M University (USA) 

 

Program Committee 

Gabriel Cristóbal, Consejo Superior de Investigaciones Científicas 
(Spain) 

Luiz Davidovich, Universidade Federal do Rio de Janeiro (Brazil) 
Lorenzo Galleani, Politecnico di Torino (Italy) 
Alfred Hanssen, University of Troms (Norway) 
Simon Haykin, McMaster University (Canada) 
Juan G. Muga, Universidad del País Vasco (Spain) 
Robert F. O'Connell, Louisiana State University (USA) 
Athina P. Petropulu, Drexel University (USA) 
Bernard Picinbono, Université Paris-Sud II (France) 
S. Unnikrishna Pillai, Polytechnic University (USA) 
Barry C. Sanders, University of Calgary (Canada) 
Wolfgang P. Schleich, Universität Ulm (Germany) 
Selim Shehriar, Northwestern University (USA) 
Patrizia Tavella, Istituto Nazionale di Ricerca Metrologica (Italy) 
Hisashi Yoshida, Kinki University (Japan) 
Shi-Yao Zhu, Hong Kong Baptist University (Hong Kong China) 

 

Session Chairs 

 1 Novel Quantum Optics 
M. Suhail Zubairy, Texas A&M University (USA) 
 
 

xi



 2 Nonstationary Noise 
Lorenzo Galleani, Politecnico di Torino (Italy) 
 

 3 Quantum Walks and Noise 
Sanjeev Naguleswaran, The University of Adelaide (Australia) 
 

 4 FaN in Atomic Clock Applications 
Patrizia Tavella, INAF, Istituto Nazionale di Ricerca Metrologica (Italy) 
 

 5 Timing Noise in High-Energy Astronomy 
Tomaso M. Belloni, INAF, Osservatorio Astronomico di Brera (Italy) 
 

 6 Quantum Entanglement 
Luiz Davidovich, Universidade Federal do Rio de Janeiro (Brazil) 
 

 7 Quantum Coherence 
Hai-Woong Lee, Korea Advanced Institute of Science and Technology  

(South Korea) 
 

 8 Noise in Fibers 
Donata Bonino, INAF, Osservatorio Astronomico di Torino (Italy) and 
   Università degli Studi di Torini (Italy) 
 

 9 Noise in Devices 
Gabriel Cristóbal, Instituto de Óptica Daza de Valdés, CSIC  

(Spain) 
 

 10 Classical and Quantum Noise 
Jörg Evers, Max-Planck-Institut für Kernphysik (Germany) 
 

xii



Introduction 
 
 
The fourth SPIE International Symposium on Fluctuations and Noise took place in May  
20–24, 2007. This volume consists of the papers in the Noise and Fluctuations in Photonics, 
Quantum Optics, and Communications conference. The conference took place in a 
wonderful locale, at the Villa La Pietra in Florence, Italy. I thank all the authors for their 
participation and contributions. 
 
In addition to the standard topics we had seven special sessions: 

 
• Novel Quantum Optics (Suhail Zubairy) 
• Nonstationary Noise (Lorenzo Galleani) 
• Quantum Walks and Noise (Langford White, Sanjeev Naguleswaran) 
• FaN in Atomic Clock Applications (Patrizia Tavella) 
• Timing Noise in High-Energy Astronomy (Tomaso M. Belloni) 
• Quantum Entanglement (Luiz Davidovich) 
• Quantum Coherence (Hai-Woong Lee) 

 
I thank the organizers for putting together outstanding sessions, and I particularly thank 
the staff of SPIE for their usual highly professional efforts and for all their help.  
 
 

Leon Cohen 
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