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Our Mathematical lJniverse: My Quest for the Ultimate Nature of
Reality, by MaxTegmark (Allen Lane, London), zor4.Pp. 432,23.5 x t5.5
cm. Price dz5 (hardbound; ISBN 978t846t44769).

There are many popular books on astronomy* or quantum mechanics which
don't even attempt to summarize the entire field (hardly possible at a meaningful
level in a book of realistic length), but rather some subset thereof. Such a
selection might be based on the tastes and/or expertise of the author, a limited
period in historR elc. Another approach is to base the selection on a theme. For
example, Singhl provides us with a history of astronomy, but essentially only
the developments necessary for understanding the events which eventually led
to the idea of the Big Bang are included. Similarly,Tegmark's book is a popular
exposition of astronomy (Part One) as well as quantum mechanics (Part Two),
leading up to his mathematical-universe hypothesis (Part Three). As the title
says, this is a personal account, which means both that Parts One and Two are
coloured by personal anecdotes and that PartThree essentially describes some
of Tegmark's own, to some extent controversial, ideas. Tegmark is careful to
distinguish between what is mainstream and what is (very) controversial as well
as between his own work and the work of others. While the emphasis of the
book is on a controversial idea ofTegmark, it is important to note that most of
his work, some of which is also discussed in the book, is mainstream (and also
that he discusses some controversial ideas due to other people).

After a short introductory chapter, the first three chapters in Part One
discuss increasingly greater scales in space and the origin of its constituents
before coming to an overview of modern cosmology. Ttre fourth chapter in Part
One (fifth overall) discusses some problems in conventional cosmology and the
means by which inflation could solve them. Inflation is important forTegmark's
multiverse concept, and the final chapter in Part One introduces the Level I
and II multiverses. Tegmark defines and consistently uses his definitions of the
various levels, to use his term, of multiverses. Nevertheless, ooe should keep in
mind that what he refers to as the Level I multiverse is simply the sum of what
is both inside and outside our particle horizon2, i.e.,"the universe" in more
common parlancet. (Tegmark uses "our universe" to denote that which is more
commonly described as the "observable universe", i.e., thzt which is inside the
particle horizon.) His Level II multiverse is made of several Level I multiverses
(or universes in traditional terms), r.e., volumes in the same physical space but
forever causally disconnected from all parts of our Level I multiverse, what Alan
Guth refers to as "pocket universes"3. These are other regions of space where
inflation has also stopped and which have the same underlying physical laws as
we have but where the expression of those laws (values of physicai constantsJ
etc.) migfit be different. The I-evel I muitiverse is completely mainstream
(though as noted above the terminology is not): in a big-bang universe, the
size of the observable universe (Level I multiverse) srarts out at zero and, at
least in co-moving coordinates, continues to increase, so that more and more
objects become visible with time2,a. The Level II universe follows more or less
directly from ttre concept of eternal inflation (e.g., ref.5) so, while not proven,
is nevertheless accepted by a substantial fraction of cosmologists and is not
original withTegmark.

Part Two consists of two chapters on quantum mechanics. The first is a
basic introduction and the second discusses the many-worlds interpretation of
quantum mechanics6 which has become increasingly more accepted in recent
years, especially owing to the fact that this makes it easier to connect quantum
mechanics to other fields?. Tegmark's Level III multiverse consists of the manv
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worlds in the many-worlds interpretation of quantum mechanics. As such, it is
as controversial as is that interpretation, z. e., not much anymore these days. Part
Two is much shorter than the other two, perhaps because the multiverse aspect
is an essential part of the many-worlds interpretation of quantum mechanics
while the kvel II multiverse and (at least the name of) the I-evel I multiverse,
discussed in Part One, wili be less familiar to mosr readers, while the Level IV
multiverse of Part Three will be new to most. In Chapter 8, Tegmark discusses
his rebuttal of Penrose's claim that quantum processes are important for
consciousness. This is the first of several controversial claims which Tegmark
discusses, disagreeing with some (as here) and agreeing with others. This is
followed by a discussion of Tegmark's concept of quantum suicide and the
related concep{ of quantum immortality, both of which follow from the idea of
taking the many-worlds interpretation of quantum mechanics seriously (though
laterTegmark discusses other reasons for not believing in either concept).

Part Three begins with a brief chapter which explains, convincingly, I rhink,
why a detailed understanding of consciousness is not necessary for a detailed
understanding ofphysical realiry even though all that we know about the latter
is filtered by the former. The next chapter presents and discusses Tegmark's
Mathematical-IJniverse Hypothesis (MIJH), which states that physical reality
is not merely described by mathematics but, in a very real sense, ei mathematics
or, more preciselR a mathematical structure. Tegmark argues that this follows
from his external-reality hypothesis (ERH), which simply states thar there is
a physical reaiiry independent of humans. Although the book conrains much
information which is independent of the MUH, the book is essenrially one
long argument for the MUH. As such, it is difflcult to do it justice in a review.
However, it is not as absurd as it might at first sound and, even if one does not
agree rvith it, the argument is worth reading.

The next two chapters discuss various issues in modern cosmology in light
of the MUH. The MUH implies that time is an illusion, which is of course a
concept which has been explored by others in the past. The chapter discussing
this aiso touches on topics of current debate such as Boltzmann brains, the
doomsday argument (and the related topic of reference classes), and the
measure problem. The next chapter discusses the I-evel fV multiverse, which
consists of all mathematical structures. Qrlote that, except for the certainly
true Level I multiverse, which in some sense would be implied by the Level
II multiverse, the acceptance of one level of multiverse does not imply
acceptance ofanother; they are related but independent concepts.Tegmark also
stresses that all of his multiverses are not theories but rather consequences of
other theories and are in principle testable.) Tegmark discusses the question
of whether we could be living in a simulation in the context of the Level IV
multiverse. Apparent fine-tuning of physicai constants can be seen as a weak-
anthropic argument for both the l-evel II and Level IV multiverses.\(&ile many
ofthe topics discussed in PartThree have been discussed elsewhere, often quite
extensively, in the literature, Tegmark's multiverses lend a sense of coherence
to many topics which at firsr sight might seem only loosely reiated. The final
chapter discusses the future of humaniry and the future of the lJniverse and
meotions the "singularity" popularized by Vernor Vinge and Ray Kurzrveil as
well as the Fermi paradox, withTegmark concluding with the minority view that
we might be the only technological species in our observable universe.

The book is well written and well organized. At the end of each chapter is
a summary of the ideas discussed. The introductory chapter points out which
chapters are mainstream, controversial, or very controversial as well as the
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related question of which chapters could be skipped (except for the summary
at the end of each) based on the reader's background. Suggestions for further
reading, grouped by chapter and with the level of difficulty indicated by
symbols, give useful suggestions for those who wanr a deeper understanding
of the topics discussed in the book, except for the most controversial. Further
information on these can be gleaned from Tegmark's own papers. He cites
few of them directly, but his web pages provide context for and links to them.
Several photographs and diagrams supplement the rext. Some of the grey-scale
figures are a bit difflcult to read, but I suspect that they will be better in the
proper version, as opposed to the advance-reading copy I read. For the same
reason, there is no index in my copy but rather 15 place-holder pages which
indicate that the proper index should be suf6cient.

The book is aimed at the same readership as most popular-science books,
such as those by John Barrou,, though the combination of mainstream and
controversial topics will probably translate to a combination of familiar and new
to many readers. I have only two real complaints, and they are slight. First, even
though Part Three is the longest, I would have liked many of the topics to be
discussed in a bit more detail. Such discussion is of course available inTegmark's
technical papers, but these might be too technical for some and in any case it
would be nice for the book to be a bit more self-contained; in some cases, I felt
that some essential aspects might have been lacking. Second, the final chapter,
while I have no qualms about its content, seems almost tacked on. Reference
is made to what has gone before, but the thrust of the one long argument is
lost somewhat. But, again, these are minor complaints. The multiverse has been
mentioned by many ofhers, but Tegmark gives a good overview of the various
concepts involved. Again, the point is stressed that muitiverses are not a theory,
but rather testable consequences of other theories. Even if some multiverse
might not be directly detectable itself, it might be justified by confidence in the
theory on which it is based, much as we believe what General Relativity tells us
about dre interior of black holes, even though ihese are almost as inaccessible
to us as are other parts of a muitiverse. Although rhis is by no means proot at
least some multiverses are an extension of a trend which has been going on
for quite some time: Earth is just one of many planets, our galaxy just one of
many galaxies, erc. Readers should keep an open mind and follow the arguments
closely.

In summarS I highly recommend the book. Not all readers will agree with
Tegmark on all points, but any disagreement will take place on a level high
enough that the journey there will have been worth it for its own $ake. -Pmi-mpHElBrc.

Foomotes:
*In this review, "astronomy" should be mderstood to include astrophysics and cosmology as well.

t"The universe" in this more conventional terminology is that which is described by our current model
of the Universe (e.g., a Friedmam-Ixmaitre model with cefiain measured cosmological parameters),
including both observable and unobservable parts, and whether or not more than one such entity
uists; Tegmark uses "miverse" to mean "observable universe". of couse, in neither case should
"universe" be taken in its lireral delinition ro mean "all that (physically) exists" (for which'ltgmark
uses the term "phltical realig/'), although one should keep in mind *rat the term is used in this way by
some authors (which by definition rules out multiverses and hence makes the discussion ofwhat others
desuibe as various levels of multiverses more difficult)-
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