ECTION J. G. Roederer

rman J. Tuszynski H.D. Zeh

d open problems at the forefront I N 4 ' ) ,
ilosophical debates. In contrast : ) X
present their topics in a manner

ing to gain insight into the deeper
s a whole, the series reflects the '
modern science. It is intended to

and perhaps controversial issues

hysics and relativity to entropy,
inspire readers to push back the IN N A I l ' R I i:

With 35 Figures

), Blanchard

@ Springer




B e i
= = 22 e

A49/(202

Professor Dr. Juan G. Roederer

University of Alaska
Geographical Institute 3-° WALLe K'_‘}:I‘?;]\;\\
Koyukuk Drive 903 \.}J" _“\e‘\“‘h‘““h"sff‘f-la,,,,o"/]'

.
- Otto-Habhn-Bibliothek -
S ——

2 o
lophysikatische O

Fairbanks, AK 99775-7320, USA

Series Editors:

Prof. Daniela Dragoman
University of Bucharest, Physics Faculty, Solid State Chair, PO Box MG-11, . - -
76900 Bucharest, Romania email: danieladragoman@yahoo.com Z { b /‘ 54

Prof. Mircea Dragoman
National Research and Development Institute in Microtechnology, PO Box 38-160,
023573 Bucharest, Romania email: mircead@imt.ro

Prof. Avshalom C. Elitzur
Bar-Ilan University, Unit of Interdisciplinary Studies,
52900 Ramat-Gan, Israel email: avshalom.elitzur@weizmann.ac.il

Prof. Mark P. Silverman
Department of Physics, Trinity College,
Hartford, CT 06106, USA email: mark.silverman@trincoll.edu

Prof. Jack Tuszynski
University of Alberta, Department of Physics, Edmonton, AB,
T6G 2J1, Canada  email: jtus@phys.ualberta.ca

Prof. H. Dieter Zeh
University of Heidelberg, Institute of Theoretical Physics, Philosophenweg 19,
69120 Heidelberg, Germany email: zeh@urz.uni-heidelberg.de

Cover figure: Detail from “Zero of +1/ — 1 Polynomijals’ by J. Borwein and L. Jorgensen. Courtesy of J. Borwein

ISSN 1612-3018
1SBN-10 3-540-23075-0 Springer Berlin Heidelberg New York
ISBN-13 978-3-540-23075-5 Springer Berlin Heidelberg New York

Library of Congress Control Number: 2005924951

This work is subject to copyright. All rights are reserved, whether the whole or part of the material is
concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting,
reproduction on microfilm or in any other way, and storage in data banks. Duplication of this publication or
parts thereof is permitted only under the provisions of the German Copyright Law of September 9, 1965, in
its current version, and permission for use must always be obtained from Springer. Violations are liable to
prosecution under the German Copyright Law.

Springer is a part of Springer Science+Business Media.

springeronline.com

© Springer-Verlag Berlin Heidelberg 2005  Printed in Germany

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.

Typesetting by Stephen Lyle using a Springer TgX macro package
Final processing by LE-TgX Jelonek, Schmidt & Vockler GbR, Leipzig
Cover design by KiinkelLopka, Werbeagentur GmbH, Heidelberg

Printed on acid-free paper SPIN: 10977170 57/3141/YL-543210




i

ynd the competent work of
| without the diligent coop-
f librarian Maria Fasanella,
s been possible.

berg of the Max Planck In-
r son Mario Roederer of the
»nd, GianCarlo Ghirardi of
s of the University Favaloro
y of Alaska Fairbanks, who
invaluable comments, criti-

and assistance of my wife

anks and
retical Physics, Trieste

1

Contents

Introduction ................ e e e 1
Elements of Classical Information Theory................. 7

1.1 Data, Information and Knowledge: The “Conventional
Wisdom?” ... 7
1.2 Playing with an Idealized Pinball Machine ................. 11
1.3 Quantifying Statistical Information ....................... 14
1.4 Algorithmic Information, Complexity and Randomness . . .... 23

1.5 The Classical Bit or “Cbit”: A Prelude to Quantum Computing 28
1.6 Objective and Subjective Aspects of Classical Information

TReOry . oo 32
Elements of Quantum Information Theory ................ 35
2.1 Basic Facts about Quantum Mechanics.................... 36
2.2 Playing with a Quantum Pinball Machine ................. 43
2.3 The Counterintuitive Behavior of Quantum Systems ........ 48
2.4 Basic Algorithms for Single-Particle Quantum Systems . . .... 51
2.5 Physics of the Mach~Zehnder Interferometer ............... 54
2.6 Polarized Photons ............ ... ... ... ... ... ... ... ... 61
2.7 Quantum Bits, Quantum Information and Quantum

Computing . ...t 64
2.8 Entanglement and Quantum Information .................. 69
2.9 Dense Coding, Teleportation and Quantum Information . .. .. 75

Classical, Quantum and Information-Driven Interactions.. 79

3.1 The Genesis of Complexity and Organization .............. 81
3.2 Classical Interaction Mechanisms ......................... 90
3.3 Classical Force Fields ................................... 98
3.4 Quantum Interactions and Fields ......................... 105

3.5 Information-Driven Interactions and Pragmatic Information.. 111
3.6 Connecting Pragmatic Information with Shannon Information 121

The “Active” Role of Information in Biological Systems .. 125
4.1 Patterns, Images, Maps and Feature Detection ............. 126
4.2 Representation of Information in the Neural System ........ 132




XII Contents

4.3 Memory, Learning and Associative Recall..................
4.4 Representation of Information in Biomolecular Systems .. ...
4.5 Informationand Life............ oo,

5 The ‘Passive’ Role of Information in Physics..............
5.1 Turning Observations into Information and Knowledge ... ...
5.2 Models, Initial Conditions and Information ................
5.3 Reversibility, Determinism and Information ................
5.4 Microstates and Macrostates . ......... ... .. i
5.5 Entropy and Information ............. ... ... oo
5.6 Physical Laws, Classical and Quantum Measurements,
and Information . . ....vveier

6 InformationandtheBrain................................
6.1 What the Brain Does and What It Does Not...............

6.2 Sensory Input to the Brain: Breaking Up Information
INE0 PIeCES . o v v ettt e
6.3 Information Integration: Putting the Pieces Together Again. .
6.4 Feelings, Consciousness, Self-Consciousness and Information .
6.5 “Free Will” and the “Mind-Body Problem” ................

R I eIICES . . . o oo ot e e e e




	page 1
	page 2
	page 3
	page 4

