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CHAPTER 1

To the reaches of the observed universe there is no better introduction
than Morrison Philip and Phylis and the Office of Charles and Ray
Eames Powers of Ten SCIENTIFIC AMERICAN Library W. H.
Freeman and Company New York 1982. To the ground of knowl-
edge Hawkins David The Language of Nature W. H. Freeman
and Company San Francisco 1964 von Mises Richard Postiv-
isn A Study in Human Underganding Harvard University Press

Cambridge 1951 and Bridgman Percy Réflections of a Physics

Philosophical Library New York 1955. How science gets done Mer-
ton Robert K. The Sociology of Science University of Chicago
Press 1973 and Kuhn Thomas S. The Structure of Scientific Revo-
lutions University of Chicago Press 1970.
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In SCIENTIFIC AMERICAN Gingerich Owen The Galileo Affair
Apirl 1986 Drake Stillman Galileos Discovery of the Law of Free
Fall May 1973 and with MacLachlan James Galileos Discovery
of the Parabalic Trajectory March 1975 Zuckerman Harriet The
Sociology of Nobd Prizes Nov. 1967 Ingalls Albert G. Ruling
Engines June 1952 Moore A. D. Henry A. Rowland Feb.
1982 Barnard Chester I. ArmsRacev. Control Nov. 1949 Rid-
enour Louis N. Bethe Hans A. Bacher Robert F. and Lapp
Ralph E. The Hydrogen Bomb respectively March April May and
June 1950 Newman James R. review of Herman Kahn On Ther-
monuclear War March 1961 Blackett P. M. S. Steps Toward Dis
armament April 1962 Bethe Hans A. and Garwin Richard An-
tiballistic Missile Sysems July 1972 Scoville Herbert J. Missle
Submarines and National Security June 1972 von Hippel Frank
and Drell Sidney Limited Nudear War Nov. 1976 Forsberg
Randall A Bilateral Nuclear Weapons Freeze Nov. 1982 Briggs
Asa et al. Technology and Economic Devdopment a single-topic is-
sue Sept. 1963 Hutchinson G. Evelyn et a. The Biogphere a
single-topic issue Sept. 1970 Dadzie K. K. S. et al. Economic
Devdopment a single-topic issue Sept. 1980 Weaver Warren et
al. Fundamental Quegtions in Scence a single-topic issue
Sept. 1953.

CHAPTER 2
Accessible enlargement on much of the story told in this and the next

two chapters is offered by George Gamow himself a considerable con-
tributor to the convergence of particle physic and cosmology that is the
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story of Chapter 4 see his One Two Three Infinity The Great Physi-
cigs from Galileo to Eingein  Thirty Years That Shook Physics all a-
vailable in reprint from Dover Publications. In James Clerk Maxwell

A Dynamical Theory of the Electromagnetic Fidd Scottish Academic
Press with an appreciation by Albert Einstein is a bridge from the
classical to the new physics. The Principle of Rdativity A. Sommer-
feld Editor Dover Publications 1952 has the historic papers on
Relativity Special and General and the reader will be enthralled to
discover how far the arguments can be followed. And see Schilp Paul
Arthur editor Albert Eingein Philosopher Scientist  Library of Liv-
ing Philosophers Evanston 1949 for Einsteins autobiographical

memoir.

In SCIENTIFIC AMERICAN Einstein Albert On the Generalized
Theory of Gravitation April 1950 Cohen |. Bernard Isaac New-
ton Dec. 1955 Wilson Curtis How Did Kepler Discover His Firgt
Two Laws March 1972 Cohen |. Bernard Newtons Discovery of
Gravity March 1981 Wilson Curtis Prietley Oct. 1954 Du-
veen Denisl. Lawvoiser May 1956 Dyson Freeman J. et al.
Heat a single-topic issue Sept. 1954 Wilson Mitchell Count
Rumford Oct. 1960 Ehrenberg W. Maxwdls Demon Nov.
1987 Cohen 1. Bernard Benjamin Franklin Aug. 1948 Wil-
liams L. Pearce Humphry Daw June1960 Kondo Herbert Mi-
chad Faraday Oct. 1953 Newman James R. James Clerk Max-
wdl June 1955 Morrison Philip and Emily Henrich Hertz Dec.
1957 Shankland R. S. The Michdson Morley Experiment Nov.
1954 Whittaker Sr Edmund G. F. Fitzgerald Nov. 1953
Kline Morris Geometry Sept. 1964 Dyson Freeman Mathemat-
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icsin the Physcal Sciences Sept. 1964 Weisberg Joel et al.
Gravitational Waves from an Orbiting Pulsar Oct. 1981.

CHAPTER 3
Selective browsing through Feynman R. P. et al. Lectures on

Physcs Addison Wesley Reading Mass. 1963 and close study
of Feynman QED Princeton University Press 1985 together with
Bohm David Quantum Theory Dover Publications New York

1979 calmed and facilitated my apprehension of the quantum world.

In SCIENTIFIC AMERICAN Weisskopf Victor F.  How Light In-
teracts with Matter Sept. 1968 Lifshitz Evgeny Superfluidity
June 1958 Wilson R. R. The Batavia Accderator Feb. 1974

Jackson J. David The Super-conducting Super-Collider March
1986 Andrade E. N. daC. TheBirth of the Nuclear Atom Nov.
1986 Feinberg Gerald Ordinary Matter May 1967 Gamow
George The Exduson Principle July 1959 and The Principle of Un-
certainty Jan. 1958 Schrdodinger Erwin  What Is Matter  Sept.
1953 Dirac P. A. M. The Evolution of the Physcig s View of Na-
ture May 8 1963 Gell-Mann Murray and Rosenbaum E. P.

Elementary Particles July 8 1957 GellMann Murray and Chew
Geoffrey Strongly Interacting Particles Feb. 1964 Morrison Phi-
lip The Overthrow of Parity April 1957 Wigner Eugene P. Vio-
lations of Symmetry in Physcs Dec. 1965 Lederman Leon The
Two Neutrino Experiment March 1963 Weinberg Steven Unified
Theories of Elementary Partides July 1974 Rubbia Carlo et al.

The Detection of Weak Neutral Currents Dec. 1974 Kendall Henry
W. and Panofsky Wolfgang The Structure of the Proton and the Neu-
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tron June 1971 Glashow Sheldon Lee Quarkswith Color and Fla-
vor Oct. 1975 Georgi Howard A. A Unified Theory of Particles
and Forces April 1981 Freedman Daniel Z. and van Nieuwenhui-
zen Peter The Hidden Dimensons of Spacetime March 1985.

CHAPTER 4
Davies Paul editor The New Physcs Cambridge University Press

Cambridge 1992 brings together the authors who brought the con-
vergence of particle physics and cosmology in a volume accessible
gradedly to motivated curiosity. Mizner Charles W. Thorne Kip
S. and Wheeler John A. Gravitation W. H. Freeman and Co.
San Francisco 1970 invites reading by" our fellow citizens who for
love of truth take from their own wants by taxes and gifts  to forward
the search into the mysteries and marvelous simplicities of this strange
and beautiful universe our home.” Weinberg Steven The Firg
Three Minutes Basic Books New York 1988 relates the Big Bang
standard model and Guth Alan H. TheInflationary Universe Ad-
dison-Wesley Reading 1997 amends it.

In SCIENTIFIC AMERICAN Robertson Harold P. etal. TheU-
niverse a single-topic issue Sept. 1956 Greenstein Jesse Dying
Stars Jan. 1959 Hewish Anthony Pulsars Oct. 1968 Thorne
Kip S. Gravitational Collapses November 1967 Le Corbeiller
Philippe The Curvature of Space Nov. 1954 Dicke R. H. The
Edtvos Experiment Dec. 1961 Chaffee Frederic H.  The Discovery
of Gravitational Lens Nov. 1980 Weber Joseph The Detection of
Gravitational Waves May 1971 Gingerich Owen Copernicus and
Tycho Dec. 1972 Krauss Lawrence M. Dark Matter in the Uni-
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verse Dec. 1986 DeWitt Bryce Quantum Gravity Dec. 1983
Hoyle Fred The Steady-State Universe and Gamow George The
Evolutionary Universe Sept. 1956 Webstger Adrian The Cosmic
Background Radiation Aug 1974 Bok BartJ. A National Radio
Observatory Oct. 1956 and The Milky Way Galaxy March 1981
Whipple Fred M. The Dug Cloud Hypothess May 1948 Sagan
Carl and Drake Frank The Search for Extraterrestrial Intdligence
May 1975 Osmer Patrick S. Quasars as Probes of the Early and
Didgant Universe Feb. 1982 Guth Alan H. and Steinhardt Paul
J.  Thelnflationary Universe May 1984 Green Michael B.  Super-
drings Sept. 1986.

CHAPTER 5
Thompson D Arcy On Growth and Form Cambridge University

Press Cambridge 1917 1959 asked the questions central to the
century s work. Schrédinger Erwin What Is Life  Cambridge Uni-
versity Press 1944 asks the naive physicist s question. Margulis

Lynn Symbiodsin Cdl Evolution W. H. Freeman and Co. New
York makes a breakthrough. De Duve Christian Vital Dust Basic
Books New York 1995 and Shapiro Robert Origins A Skeptics
Guide to the Origin of Life Summit Books New York 1986 and
Morowitz Harold J. Beginnings of Cdlular Life Yale University
Press New Haven 1992 open that question.

In SCIENTIFIC AMERICAN Brachet Jean et a. The Living
Cdl asingle-topic issue Sept. 1961 Lewontin Richard C. Adap-
tatation Sept. 1978 Dobzhansky Theodosius The Genetic Bas's of
Evolution Jan. 1950 Muller Herman J. Radiation and Human
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Mutation Nov. 1955 Mazia Daniel The Cdl Cyde Jan. 1974
Crick FrancisH. C. The Structure of the Hereditary Material Oct.
1954 Mirsky Alfred The Chemidry of Heredity Feb. 1953 and
The Discovery of DNA June 1968 Gamow George Information
Transfer in the Living Cel Oct. 1955 Frankel-Conrat Heinz Re
building a Virus June 1956 Stein William H. and Moore Stan-
ford Chromatography March 1951 Pauling Linus et a. The
Structure of Proten Molecules July 1954 Kendrew John The
Three-Dimensional Structure of a Protein Molecule Dec. 1961
Cech Thomas RNA as an Enzyme Nov. 1986 Lodish Harvey
et al. The Assmbly of Cdl Membranes Jan. 1979 Szent-Gyotrgy
Albert Muscle Research  June 1949 Green David E. The Mito-
chondrion Jan. 1964 Arnon Daniel The Role of Light in Photo-
synthesis Nov. 1969 Gehring Walter The Molecular Bass of De-
vdopment Oct. 1985 Wald George The Origin of Life Aug.
1954 Mayr Ernst et al. Evolution a single-topic issue Sept.
1978 Margulis Lynn Symbiosisin Evolution Jan. 1969 Woese
Carl R. Archaebacteria June 1981.

CHAPTER 6
Cloud Preston Oadsin Space W. W. Norton & Co. New York

1988 and Schopf J. William et al. Earths Earlies Biosphere
Princton University Press Princeton 1993 and Stanley Steven
M. Earth and Life Through Time W. H. Freeman and Co. New
York 1982 together recount the realization of the vision of Vernad-
sky V. I.in among other sources The Biogphere and the Nodsphere
American Scientist Jan. 1945. Simpson George Gaylord The
Meaning of Evolution Yale University Press New Haven 1952
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states the* modern synthesis. ”

In SCIENTIFIC AMERICAN Hutchinson G. Evelyn The Bio-
sphere a single-topic issue Sept. 1970 Wilson J. Tuzo Conti-
nental Drift April 1963 Dewey John E. Plate Tectonics May
1972 Dietz Robert S. and Holden John C. The Breakup of Pan-
gaea Oct. 1970 Eiseley Loren C. Charles Lydl Aug. 1959
and Charles Darwin Feb. 1956 Darlington C. E. The Origin of
Darwinism May 1959 Siever Raymond et al. The Dynamic
Earth a single-topic issue Sept. 1983 Hurley P. M. Radioiso-
topes and Time Aug 1949 and The Confirmation of Continental Drift
Apr. 1968 Runcorn S. K. The Earths Magnetisn Sept. 1955
Orowan Egon The Origin of the Ocean Ridges Nov. 1969 Mc-
Menamin Mark A. S. The Emergence of Animals Apr. 1987
Morris Simon Conway and Whittington H. B. The Animals of the
Burgess Shale July 1979.

CHAPTER 7
Whitehead Alfred North in From Force to Persuason in Adventures

in ldeas The Free Press New York 1968 and Keynes John May-
nard in Economic Posshilities for our Grandchildren in Essaysin Per-
suason W. W. Norton New York 1963 describe” the normal
mode of society” and the possibility of a different one. Chesnais
Jean-Claude The Demographic Transition Clarendon Press Oxford
1992 derives the new principle of population. Bronowski Jacob in
Science and Human Values Harper and Row New York 1965
makes the case for rescission of the Victorian Compromise see page
324 . U. N. Conference on Environment and Development Agenda
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21 sets the goal for the 21st century and U. N. Development Pro-
gram Human Devdopment Report 2000 and U. N. Conference on
Trade and Development World Invesment Report 2000 all available
at United Nations New York and show where the world is now.
Rothschild Emma Economic Sentiments Smith Condorcet and the
Enlightenment Harvard University Press Cambridge 2001 recalls
the origin of the science of economics in moral philosophy.

In SCIENTIFIC AMERICAN Eiseley Loren C. Alfred Russel Wal-
lace. Feb. 1959 Solarski Richard A. The Antarctic Ozone Hole
Jan. 1988 Washburn Sherwood Tools and Human Evolution
Sept. 1960 Leakey L.S. B. Olduvai Gorge Jan. 1954 Lea-
key Richard E. and Walker Alan The Hominids of Eags Turkana
Aug. 1978 Howells William Homo Erectus Nov. 1966 De-
evey The Human Population Sept. 1960 Bickerton Derek Cre
ole Languages July 1983 Leroi-Gourhan Arlette The Archeology
of Lascaux Cave June 1982 Bosch Perter W. A Neolithic Flint
Mine June 1979 Zvelebil Marek Pogglacial Foraging in the For-
ests of Europe May 1986 Moore Andrew M. T. A Pre-Nedlithic
Farmers Village on the Euphrates Aug. 1979 Kramer Samuel
Noah The Sumerians Oct. 1957 Gamkrelidze Thomas V. and
Ilvanov V.V. The Early Higory of the Indo-Europe Languages
March 1990 Higham C. C.W. Prehigoric Rice Cultivation in
Southeast Asa April 1984 Lattimore Owen Chingis Khan and the
Mongol Conquests Aug. 1963 Mangelsdorf Paul The Mysery of
Corn July 1950 MacNeish Richard S. The Origin of New World
Civilization Nov. 1964 Millon Ren¢ Teotihuacan June 1967
Coe Michael D The Chinampas of Mexico July 1964 Hammond
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Norman The Emergence of Maya Civilization Aug. 1986 Protzen
Jean-Pierre Inca Stone Masonry Jan. 1986 von Hagen Victor
W. Americas Oldest Roads July 1952 Langer William L. The
Black Dealth Feb. 1964 Ferguson Eugene S. The Origins of the
Steam Engine Jan. 1964 Ritchie-Calder Lord The Lunar Society
of Birmingham June 1982 Leontief W.W. The Digribution of
Work and Income Sept. 1982.
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