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We have found a strange foot-print on the shores of the
unknown. We have devised profound theories, one after
another, to account for its origin. At last, we have suc-
ceeded in reconstructing the creature that made the
foot-print. And Lo! it is our own.

Sir Arthur Eddington

L INTRODUCTION

That we observe around us not some arbitrary state of
affairs but one that is compatible with our existence seems
rather trivial. However, in recent times, a whole family of
nontrivial connotations of this statement became widely
known as variations of the “anthropic cosmological princi-
ple” (AP). The term was coined in 1973 by Brandon
Carter in his famous talk at the special IAU Symposium
devoted to the 500th anniversary of Nicolas Copernicus.
1. “Large Numbers Coincidences and the Anthropic Principle in Cosmol-

ogy,” B. Carter, in Confrontation of Cosmological Theories With Obser-

vation Data, edited by M. Longair (Reidel, Dordrecht, 1974), pp. 291-

298. Reprinted in Ref. 26. (I)

AP was proposed as a counterbalance to the unwarrant-
ed extension of the Copernican principle that we do not
occupy a privileged place in the Universe to its extreme
dogmatic version that our place cannot be privileged in any
sense. The latter is obviously untrue since our mere exis-
tence as complex physicochemical creatures requires cer-
tain conditions that are met only in particular sites in the
Universe and at some definite stages in its physical history.
As an example, the temperatures suitable for life are avail-
able in a narrow range of distances from a typical star, like
our Sun. That is why life cannot exist anywhere. On the
other hand, the Universe as a whole is in the process of
irreversible evolution. Because of that, for any form of life
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to emerge a succession of necessary preceding events has to
take place. That is why life cannot originate at any time.

This observation was taken into account by Robert
Dicke in his early presentation of AP arguments intended
to attack Dirac’s explanation of a mysterious “large
numbers” coincidence between the age of the Universe
T,~10' years expressed in atomic units
7=¢"/m,, T=T,/T~10%, and the inverse gravitation-
al coupling constant a; ' = he/Gm}, ~10%.

2. “Dirac’s Cosmology and Mach’s Principle,” R. H. Dicke, Nature 192,

440-441 (1961). Reprinted in Ref. 26. (1)

Dirac assumed in 1937 that all such coincidences are in
fact exact equalities. So from T = ¢ ' it follows that some
fundamental constants of nature must vary with time. Ac-
cording to Dicke, the exotic assumption of changing con-
stants is superfluous if proper attention is paid to specificity
of the cosmological epoch for which this coincidence is
valid. From simple estimates, it follows that only at this
epoch are the conditions available necessary for the exis-
tence of physicists (namely, the presence of heavy elements
produced in the interior of stars at final stages of their evo-
lution and a sufficient amount of radiation-supplying
stars). No wonder we live at this particular epoch and wit-
ness the above-mentioned coincidence; at earlier or much
later epochs we could not be present, and numerical values
of constants that would in this case exhibit no coincidence
would remain unwitnessed. Moreover, we are not recom-
mended to try to explain “large numbers’ coincidence oth-
erwise, say, in Dirac’s manner. Any such attempt may re-
sult in a false explanation owing to the overlooking of the
weak AP. As Carter’s formulation says, “our location in
the Universe is necessarily privileged to the extent of being
compatible with our existence as observers.”

The weak AP may be considered as a sort of explanation
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of the exceptionality of a cosmological epoch suitable for
life provided its emergence is possible sometime, i.e., is
compatible with the laws of nature and general trend of
cosmic evolution. The strong AP goes further, pointing to
specificity of the Universe itself in which we happen to live.
The extraordinary “fine tuning” of the physical constants
and some other parameters turns out to be a necessary con-
dition for stable existence of the main building units of our
orderly world (nuclei, atoms, stars, etc.) in the sense that
even a small variation of one of the former would cause the
abrupt destruction of either the latter themselves or their
birthplaces in the evolutionary chain. In light of such a
radical instability, the successful passing of the Universe
through all the “traps” from baryogenesis to the formation
of galaxies and finally to the appearance of life and cons-
ciousness is a priori improbable. However, life and cons-
ciousness being on hand, the appropriate conditions, i.e.,
“fine tuning” of fundamental parameters, were insured
with great accuracy. That is what Carter’s strong AP actu-
ally states: “The Universe (and hence the fundamental pa-
rameters on which it depends) must be such as to admit the
creation of observers within it at some stage.”

Since its first exposition, AP became a matter of overall
interest which culminated with the comprehensive study
by J. D. Barrow and F. J. Tipler comprising virtually every
aspect of the entire problem up to 1986.

3. The Anthropic Cosmological Principle, J. D. Barrow and F. J. Tipler

(Clarendon, Oxford, 1986). (E,I)

The above three items are classics in the discussions of
AP that are under way in the leading physical, biological,
philosophical, science-popular, religious, and theological
literature. An AP-related bibliography amounts to over
400 entries, a full hundred of them being reviews of Barrow
and Tipler’s encyclopedic book.

It must be stressed that the whole “anthropic case,”
from its very beginning, was rather controversial. Different
views were proposed of every aspect of AP. In the chorus of
opinions and commentaries the critical and skeptical
voices are of considerable intensity. The most debatable
questions concern the scientific value and epistemic status
of AP: Is it a genuine explanation endowed with predictive
and heuristic power (and, if yes, what does it actually ex-
plain), or just a philosophical toy agreeable to humanitar-
ian consciousness but rather futile as a scientific tool? How-
ever, the criticisms, as well as explicit and implicit rebuttals
thereof, are sometimes based on misconceptions. That can
be partly explained by the fact that AP is not a strict and
unambiguous statement but rather a wide spectrum of for-
mulations, definitions, attitudes, and interpretations. 1t is
the problem of interpretation that leads mostly to discord
and misunderstanding. Unanimity is not attained even as
to what in anthropic problems is to be interpreted and
where to draw a borderline between different formulations
of AP (besides the weak AP of Dicke and Carter and
Carter’s strong AP there are two other “canonical” formu-
lations—Wheeler’s participatory AP and Tipler’s final AP,
as well as some marginal versions). That is why AP cannot
be treated in a wholesale and unspecified way. The most
widespread objections to, as well as diverse arguments in
favor of “AP on the whole” seem, in fact, to pertain to the
particular versions thereof.

This Resource Letter provides a guide to the literature
on AP in various fields of inquiry. The survey of relevant
journals, conference proceedings, and books (Secs. II-1V)

is followed by the bibliography relating to current research
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topics organized into several sections. Section V covers sci-
entific and, partly, philosophical prehistory of modern an-
thropic reasoning. In fact, it is quite natural that a concept
like AP seems to be deeply rooted in the entire human intel-
lectual enterprise. Besides immediate scientific predeces-
sors of present-day anthropic arguments this concerns
some Leitmotiven in the history of philosophy, theology,
and culture in general. Section VI deals with AP at work; it
contains the original expositions of different versions of AP
and their applications to particular problems in physics,
astronomy, and cosmology. In Sec. VII we present episte-
mological and methodological aspects of AP that are wide-
ly discussed by physicists themselves, not only by philos-
ophers of science. This is probably because the problems
raised by AP are related to the burning foundational and
conceptual issues of physics and cosmology, such as the
interpretation of quantum mechanics, the problem of ini-
tial conditions in cosmology, or the concept of the plurality
of worlds. So it might be useful for any specialist to become
closer acquainted with these matters while reading about
AP. Those interested in these and similar questions are
recommended also to consult related Resource Letters on
Cosmology [ Am. J.Phys. 44 (3), (1976) ], Cosmology and
particle physics [Am. J. Phys. 56 (6), (1988) ] and Extra-
terrestrial civilizations [Am. J. Phys. 57 (1), (1989)].

The coverage of articles in this Resource Letter is con-
centrated primarily on recent publications that appeared
after Barrow and Tipler’s book (Ref. 3) which itself, be-
sides its other merits, may serve as a guide to earlier publi-
cations. Only particularly important works up to 1986 are
surveyed here. Along with research papers, we included
some essay and feature reviews of the above-mentioned
book. These reviews are interesting in themselves since
they discuss the most debatable details of the entire prob-
lem.

My main task is to help an interested reader to become
oriented in the vast interdisciplinary bulk of literature on
AP and to elaborate his or her personal view of this vital
issue. It is perhaps worth adding that in the most compre-
hensive works on AP the discussion of fundamental prob-
lems is sometimes combined with a considerable portion of
good humor—so necessary in treating the ultimate ques-
tions of science and human existence. And AP seems to
deal with both.

II. JOURNALS

The papers on AP appeared in various physical, astro-
nomical, multidisciplinary, and philosophical journals. We
selected those which address AP in not just an incidental
manner. The major scientific journalis grouped by frequen-
cy of appearance of AP-related articles are: Nature. Q. J. R.
Astron. Soc.; Phys. Lett. B; Am. J. Phys.; Sky Telescope; J.
Phys. A; Observatory; Nuovo Cimento B; Sov. Phys. Usp.;
Am. Sci.; Phys. Lett. A; Mod. Phys. Lett.; Rev. Mod. Phys.

There are not many important philosophy and history of
science journals which have published several papers on
AP. The majority of methodological discussions of AP are
found in monographs and the following journals: Am. Phi-
los. Q.; Int. Philos. Q.; Mind; Br. J. Philos. Sci.; Zygon.

111. CONFERENCE PROCEEDINGS

To date only two conferences seem to have taken place
which were dedicated entirely to AP.
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4. The Anthropic Principle, edited by F. Bertolaand U. Curi(Cambridge
U.P., Cambridge, 1991). Proceedings of the first meeting attended by
all leading experts on AP (Venice, November 1988). (E,I)

5. Anthropic Principle in the Structure of Scientific World Pattern,
Abstracts of the Seminar held in Leningrad, USSR, November 1989,
edited by A. A. Grib (Leningrad State University, Leningrad, 1989).
In Russian. See also Ref. 55. (E)

However, AP was extensively debated at meetings on

broader topics, such as cosmology in general, viewed from

physical, philosophical, and even theological standpoints.

6. Cosmos and Creation—The Physicist’s View,Proceedings of the 1982
Conference of the Science and Religion Forum, Guildford, Ir. Astron.
J. 15 (3), 223-262 (1982). (E)

7. The Constants of Physics, Philos. Trans. R. Soc. London Ser. A 310,
209-363 (1983). A discussion organized by W. H. McCrea, M. J. Rees,
and S. Weinberg. Published also as a book by the Royal Society of
London (1983). (I)

8. Origin and Early History of the Universe, Proceedings of the 26th
Liége Intern. Astron. Coll., July 1986, edited by J. Demaret ( Universi-
ty of Liége, Liege, 1987). (I)

9. Physics, Philosophy and Theology: A Common Quest for Under-
standing, edited by R. J. Russell, W. R. Stoeger, and G. V. Coyne
(Vatican Observatory, Vatican City State, 1988). Proceedings of the
workshop at Castel Gandolfo. (E)

10. Origin and Evolution of the Universe: Evidence for Design, edited by
J. Robson (McGill-Queens U.P., Montreal, 1988). (E)

11. The Origin of the Universe, Proceedings of the Conference held in
Fort Collins, Colorado, September 1988, edited by R. F. Kitchener
(work in progress). (E)

IV. BOOKS

Though AP is a relatively new field, specialized books
have already been written about it. Besides Ref. 3, there
are:

12, Das Anthropisches Prinzip: Der Mensch im Fadenkreuz der Naturge-
setze, R. Breuer (Meyster, Wien, 1981). A lively account of the early
applications of AP, from geophysics to astrophysics. Contains a brief
historical overview and raises interesting conceptual issues of cosmol-
ogy. Foreword by R. Kippenhahn. (E)

13. The Accidental Universe, P. C. W. Davies (Cambridge U.P., Cam-
bridge, 1982). A very readable account of preinflationary cosmology;
provides a good physical basis for recognizing anthropic coincidences
in nature. (E)

14. Big Bang, Big Bounce: How Particles and Fields Drive Cosmic Evolu-
tion, I. L. Rozental (Springer, Berlin, 1988). Brings together micro-
physics and cosmology in an attempt to understand the variety of fine
tunings necessary for the existence of “bound states” —nuclei, atoms,
stars, and galaxies. The author, however, prefers the term “expediency
principle” to “more speculative AP.” (E)

15. The Symbiotic Universe: Life and Mind in the Cosmos, G. Greenstein
(Morrow, New York, 1988). A popular exposition of the AP followed
by far-reaching extrapolations of its most extreme versions concerning
the supposed intimate relations between life, mind, and cosmos. (E)

16, Universes, J. Leslie (Routledge, London and New York, 1989). Pro-
fessor of philosophy with a profound knowledge of modern cosmology
discusses, in the form of an intellectual adventure, the alleged evidence
of anthropic fine tunings. Skillfully written. Recommended to anyone
interested in the subject. (E)

It is quite different difficult not to express an opinion on
AP while writing a book on cosmology. For that reason,
many authors of such books devote special chapters or sec-
tions to AP.

17. Masks of the Universe, E. R. Harrison (Collier Macmillan, New York
and London, 1985). (E)

18. Cosmic Understanding, M. K. Munitz (Princeton U.P., Princeton,
1986). A deep insight into conceptual foundations of cosmology. (E)

19. Particle Physics and Inflationary Cosmology, A. D. Linde (Gordon
and Breach, New York, 1990). The final chapter discusses applications
of AP to inflationary scenarios and quantum cosmology. (I,A)
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Today we witness a strong tendency to bridge a gap be-
tween the sciences and humanities, or, so to say, to endow
natural sciences with a “human dimension.” Cosmology
and especially AP contribute greatly to this process. Dur-
ing the last decade many scientists turned to cultural impli-

‘cations of modern science.

20, The Self-Organizing Universe, E. Jantsch (Pergamon, Oxford,
1980). A new evolutionary understanding based on the ideas of self-
organization can compete with anthropic explanations of the Uni-
verse’s intricate features. (I)

21. God and the New Physics, P. Davies (Dent & Sons, London, 1983).
Discusses theistic implications of modern physics. Chapter 12 deals
with AP. (E)

22, The Intelligent Universe, F. Hoyle (Holt, Rinehart and Winston,
New York, 1984). A prominent astrophysicist defends his view of the
origin of life. Evolution “under cosmic control” versus AP as an “op-
portunistic Darwinian explanation.” Beautifully illustrated. (E)

23. The New Story of Science: Mind and the Universe, R. M. Augros and
G. N. Stanciu (Gateway, Chicago, 1985). Science, mind, and human
values. Participatory AP defended. Foreword by Sir J. Eccles. (E)

24. The World Within the World, J. D. Barrow (Clarendon, Oxford,
1988). A coauthor of “The Anthropic Cosmological Principle” reflects
on the origin and status of natural laws. (E)

25. Beyond the Big Bang: Quantum Cosmologies and God, W. B. Drees
(Open Court, La Salle, IL, 1990). An author, equally well at home in
physics and theology, discusses in Chap. 4 current formulations of AP.
(ED
Finally, there is a book of readings that contains reprints

of original AP-related papers of Carter (Ref. 1), Dicke

(Ref. 2), Pagels (Ref. 93), along with classical cosmologi-

cal works by G. Gamow, H. Bondi, and other eminent

scientists.

26. Physical Cosmology and Philosophy, edited by I. Leslie (Macmillan,
New York, 1989). (E,I) N

V. HISTORICAL BACKGROUND TO THE

MODERN ANTHROPIC PRINCIPLES

A. Review works

The most comprehensive account of scientific, philo-
sophical, and cultural prehistory of AP is contained in
Chaps. 2 and 3 of Ref. 3. In addition, some recent papers
may be useful for a reader with special interests in history
and philosophy of science. '

27. “Aristotle, Teleology and Modern Science,” L. B. Grantand M. A. B.
Deakin, Search 17, 263-266 (1986). It is argued that Aristotle’s telos is
compatible with modern science. AP serves as an illustration. (E)

28, “Nietzsches Idee des Zyklischen Universums vor dem Hintergrund
der Heutigen Physikalischen Kosmologie,” B. Kanitscheider, in Kant
und Nietzsche—Vorspiel einer Kiinftigen Weltauslegung, edited by J.
Albertz (Freie Akademie, Wiesbaden, 1988), pp. 133-155. Parallels
between Nietzsche’s idea of cyclic cosmos and modern concept of mul-
tiple universes which is an indispensable part of strong anthropic expla-
nations. (E)

29. “Anthropic Web of the Universe: Atom and Ktman,” P. Gradinarov,
Philos. East West 39 (1), 27-45 (1989). AP and ancient Indian
thought. (1) .

30. “Anthropic Principle: History and Present Status,” V. V. Kazyu-
tinsky and Y. V. Balashov, Priroda (Nature) N1, 23-32 (1989). A. R.
Wallace and K. E. Tsiolkovsky as predecessors of anthropic reasoning.
In Russian (E)

B. Early anthropiclike arguments in physics and
astronomy

The inferences from the existence of human observers to
the conditions which made it possible aimed at explaining
the observed features of the environment were exploited
long before modern AP.
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31. “On Certain Questions of the Theory of Gases,” L. Boltzmann, Na-
ture 51, 413-415 (1895). Boltzmann in fact used an anthropic argu-
ment in his famous fluctuation hypothesis: We observe rather improba-
ble, disequilibrium states of the cosmos simply because the far more
probable, equilibrium state could not contain its observers. (E)

32. “The Arrow of Time,” P. Davies, Sky Telescope 72 (3), 339-342
(1986) argues that Boltzmann’s application of AP is not so impressive
as today’s, since there is no need for the whole orderly cosmos in the
fluctuation hypothesis. A small fragment comprising Earth and sur-
rounded by chaos would do as well. Certainly this by no means dimin-
ishes Boltzmann’s merits. (E)

33. Man’s Place in the Universe, A. R. Wallace (McClure, Phillips, New
York, 1903). A famous coauthor of Darwin’s discovery anticipated in
the last chapter of his book almost all versions of modern AP. (E)

34. “On Nuclear Reactions Occurring in Very Hot Stars,” F. Hoyle,
Astrophys. J. Suppl. 1, 121-146 (1954). In 1953 Hoyle made an an-
thropic prediction of an excited state—*“level of life”—of '2C at 7.6
MeV needed for carbon production in the interior of stars. (A)

35. “The Anthropic Significance of the Existence of an Excited State of
12C,” M. Livio, D. Hollowell, A. Weiss, and J. M. Truran, Nature 340,
281-283 (1989). Hoyle’s prediction made specific by recent computer

simulation. (I)
For more early anthropic arguments gee Ref. 3, Chap. 3.

C. Dimensionality of space

The number of spatial dimensions may be considered as
one of the fundamental physical parameters. Why does
physical space have three dimensions? This question made
sense in 1917, thanks to P. Ehrenfest, who showed that
N> 3isincompatible with the existence of dynamically sta-
ble structures such as planetary systems or classical atoms.
No wonder we do not observe N > 3.

36. “In What Way Does It Become Manifest in the Fundamental Laws of
'Physics That Space Has Three Dimensions,” P. Ehrenfest, Proc. Am-
sterdam Acad. 20, 200-214 (1917). (I)

Why do we not observe N < 37 In 1955 G. Whitrow sug-
gested additional biological arguments rendering N =2,
not to mention N = 1, impossible.

37. “Why Physical Space Has Three Dimensions,” G. J. Whitrow, Br. J.
Philos. Sci. 6, 13-31 (1955). (E)

Ehrenfest’s analysis has been corroborated within the
frameworks of general relativity (Ref. 38) and quantum
mechanics of atoms (Ref. 39).

38. “Schwartzschild Field in N Dimensions and the Dimensionality of
Space Problem,” F. R. Tangherlini, Nuovo Cimento 27 (3), 636-651
(1963). (A)

39, “On the Existence of Atoms in N-Dimensional Space,” L. Gurevich
and V. Mostepanenko, Phys. Lett. A 35 (3), 201-202 (1971). (I)
More detailed exposition of this story can be found in

Ref. 3, Sec. 4.8.

D. Fundamental constants and “large numbers”
coincidences '

Modern AP appeared in the context of coincidences of
“large numbers” (Ref. 2), i.e., enormous dimensionless
combinations of fundamental physical constants and cer-
tain cosmological parameters. In 1919, H. Weyl first no-
ticed that the ratio of the classical electron radius r, = €*/
m,c? to its gravitational radius rg, =Gm,/c?, r./7g,
= ¢?/Gm?* ~10* coincide by the order of magnitude with
the ratio of the radius of the Universe in the De Sitter model
R~10"cmtor,, R/r, ~10%.
40, “Eine Neue Erweiterung der Relativitiitstheorie,” H. Weyl, Ann.

Phys. §9, 101-133 (1919). (I)

The first to recognize the full significance of large
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numbers and the need to explain their coincidences was A.

S. Eddington.

41, Relativity Theory of Protons and Electrons, A. S. Eddington (Mac-
millan, New York, 1936). (I)

Eddington devoted many years to attempts to derive all
dimensionless combinations of constants of orders 10*° and
10*®in a purely deductive way, without recourse to experi-
ments. This was broadly regarded as unconnected to ordi-
nary scientific discourse. Eddington’s “fundamentalism”
thus aroused intensive criticism and was later outstripped
by Dirac’s large numbers hypothesis.

42, “The Cosmological Constants,” P. A. M. Dirac, Nature 139, 323
(1937). (E)

43, “Cosmological Models and the Large Numbers Hypothesis,” P. A. M.
Dirac, Proc. R. Soc. Lond. Ser. A 338, 439-446 (1974). (1)

Dirac’s aim was to explain numerous large numbers co-
incidences by relating them to T or T2, T~ 10* being the
dimensionless age of the Universe in the standard model.
Dirac’s hypothesis was much debated and developed
further.

44, “The Fundamental Constants and Their Time Variation,” F. Dyson,
in Aspects of Quantum Theory, edited by A. Salam and E. Wigner
(Cambridge U. P., Cambridge, 1972), pp. 213-236, is a good review of
such attempts. See also Ref. 3, Secs. 4.4 and 4.5. (I)

Finally, it was R. H. Dicke who put forward an alterna-
tive explanation of some coincidences based on the weak
AP (Ref. 2).

V1. MAJOR VERSIONS OF ANTHROPIC
PRINCIPLES AND THEIR APPLICATIONS

A. General accounts

There are a great many popular expositions of the main
idea of AP.

45, “Energy in the Universe,” F. J. Dyson, Sci. Am. 225 (3), 51-59
(1971). “As we look out into the Universe and identify the many acci-
dents of physics and astronomy that have worked together to our bene-
fit, it almost seems as if the Universe must in some sense have known
that we are coming.” (E)

46. “Cosmology: Man’s Place in the Universe,” V. Trimble, Am. Sci. 65
(1), 76-86 (1977). (E)

47, “Do We Live in the Simplest Possible Interesting World?” E. J.
Squires, Eur. J. Phys. 2 (1), 55-57 (1981). (I)

48, “The Anthropic Principle,” G. Gale, Sci. Am. 245 (6), 114-122
(1981). A philosopher’s outlook. (E)

49. “Redefining the Cosmos,” H. T. Simmons, Mosaic 13 (2), 16-22
(1982). Surveys all key versions of AP up to 1982. (E)

50. “A Universe in Our Own Image,” A. Finkbeiner, Sky Telescope 68
(2), 107-111 (1984). A freelance writer interested in cosmology de-
fends Wheeler’s participatory AP (Sec. VI F below). See, however, a
commentary by K. Winkler on p. 110. (E)

51. “Are We the Center of the Universe?” G. Kane, Michigan Q. Rev. 24
(2), 277-287 (1985). A particle physicist’s contribution to the special
issue on “Science and the Human Image.” (E)

52. “The Anthropic Universe,” M. Rees, New Sci. 115, 4447 (1987). A
careful analysis of premises backing popular anthropic arguments. (E)

53. “Le Principe Cosmologique Anthropique,” J. Demaret, Rev. Ques-
tions Sci. 159 (1-2), 109-144 (1988). (I)

54, “Black Holes, Galactic Evolution and Cosmic Coincidences,” M.
Rees, Interdisc. Sci. Rev. 14 (2), 148-161 (1989). A popular account
of recent cosmological achievements, including AP. (E)

55, “Multifaced Anthropic Principle,” Yu. V. Balashov, Comments As-
trophys. 15 (1), 19-28 (1990). An analytical survey of basic versions of
AP (except FAP) related to the 1989 Leningrad Seminar (Ref. 5). (E)

B. Anthropic principle and the structure of the physical
world

Although the anthropic coincidences on which the exis-
tence of complex structures critically depends are numer-
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