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Post-Use Review. Biological Physics: Energy, Informa-
tion, Life. Philip Nelson. 598 pp. W. H. Freeman & Co
New York, 2004. Price: $60.00 ISBN 0-7167-4372-
~Stephen J. Hagen, Reviewer.!

What exactly is biological physics? Just about everybo
knows that it is an important and growing area of research
plays a larger and larger role at the major meetings, in
high-profile journals, and at the funding agencies. Ma
physics departments are eager to hire new faculty in
area. But as a biological physicist myself, I still get the se
that many of my colleagues in more traditional areas
physics are unsure exactly what the field involves. Doe
involve deoxyribonucleic acid~DNA!? Gels? National Insti-
tutes of Health funding? It sounds like biology. And if s
what is this biophysics stuff doing in the physics depa
ment?

There is even uncertainty over the name. Many practi
ners insist on drawing a distinction between ‘‘biophysic
and ‘‘biological physics.’’ They may argue that biophysics
the use of a physical tool~fluorescence, nuclear magnet
resonance, electron microscopy, etc.! to investigate an ex-
plicitly biological problem. Then, biological physics i
roughly the reverse: The use of a biological system to jus
the study of an interesting physics problem.

Whether or not you accept this distinction, it is quite cle
that biological physics must have a vast scope. Like biolo
itself, it spans the full range that starts at the molecular le
~DNA, proteins, membranes! and continues up to the level o
the cell, its structures and operations, assemblies of cells~in-
cluding the brain and the whole organism!, and finally in-
cludes whole communities of organisms. It is not easy
identify a set of unifying themes, especially if~for example!
one wishes to teach a credible introductory course in
subject. It has certainly been quite difficult to find a suitab
textbook for such a course.

This is why Philip Nelson has done such an importa
service in writingBiological Physics: Energy, Information
Life. This creative and insightful textbook brings definitio
to the field and establishes a set of central themes, base
principles of statistical physics. Starting with very simp
and general discussions of energy and order, Nelson bu
up a rigorous set of statistical and thermodynamic models
understanding the molecular machinery of life. Alwa
maintaining a solid physics perspective, he explores biolo
cal macromolecules, their structures and self-assembly,
motors and locomotion, neurons, and more. The book is
a substitute forBiology 101, but it is a fascinating tour tha
will bring the reader within reach of many current resea
topics.

Nelson introduces the main themes—energy, order,
tropy, and dissipation—in the first chapter, with an introdu
tion to the big question that is implicit in the title: How doe
the flow of energy allow living organisms to acquire orde
Chapter 2 takes the reader on a rather brisk tour of cell
ology, mostly to explain key structures and terminology a
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to review the important biological molecules. This is the on
purely, unapologetically, biological chapter. The followin
five chapters return to the physics; they develop the idea
probability, random walks, diffusion, friction, dissipation
temperature, free energy, and entropic forces. Much of
physics will be familiar to the student, but its biological a
plications and significance, which are discussed in de
will be surprising and rewarding. The remaining five cha
ters focus on self-assembly of biomolecules, cooperativ
and folding transitions, enzymes, biomolecular moto
membrane pumps, and nerve impulses.

It is a lot of material, but very carefully presented. Nels
begins each chapter with a fairly qualitative discussion
key focus questions. He then starts to build quantitat
physical models, which become more detailed and soph
cated as the chapter progresses and additional chemica
biological detail is introduced. Through comparison to re
experimental data, the predictive power of the physics a
the models comes into focus.

The book is really a pleasure to read. Nelson consiste
maintains a conversational style, and avoids falling into d
recitation of facts or derivations. In fact, many of the deriv
tions require reader participation: Often the key result d
not appear in the text, but rather is obtained by the rea
who completes the ‘‘Your Turn’’ exercises that are sprinkl
throughout the text. Every chapter is leavened with sim
examples, historical notes, applications to familiar situatio
~e.g., the physics of omelettes!, and excursions into curren
research topics or practical advice on the scientific approa
These practical messages~e.g., using dimensional analysi
the character of physical laws, how to fit models to data, e!
comprise a secondary theme of the book. They will be
preciated by students and instructors alike.

The book grew out of an undergraduate course taugh
Nelson at the University of Pennsylvania. It is therefo
aimed toward a diverse mix of intellectually curious unde
graduates, which may include engineering, chemistry,
biochemistry majors and a few graduate students in addi
to the physics majors. Thus, Nelson’s only formal prereq
sites are first-year calculus and calculus-based physics,
‘‘a distant memory of high school chemistry and biology
~Each chapter also contains extra text and trickier homew
under the heading ‘‘Track 2,’’ suitable for graduate studen!

However, although the text starts at the level of stand
calculus-based introductory physics, it rises well above t
level in some places. I have used this book in my own cla
room, and my students had real difficulty following Nelson
math. For example, Nelson gives a very good discussion
biomolecular cooperativity and the helix-coil transitio
~Chapter 9!, but by introducing eigenvalue methods he rais
the mathematical level far above what appears in other
miliar and widely used senior/graduate physical biochem
try texts. I suspect that many undergraduates will find it to
a pretty steep hike. For this reason, I am amazed that Ne
is able to cover most of the book’s twelve chapters in o
semester.

The students in my class also had trouble with the hom
work problems, not so much because of math but because
1359jp © 2004 American Association of Physics Teachers
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subject itself can seem quite diffuse: How can one pos
biological problem in enough detail as to suggest a solu
physical model, yet not so much detail as to give away
solution? I look forward to seeing the additional problem
that Nelson is presently developing. The publisher offers
instructor’s compact disk with homework solutions, su
gested demonstrations, and related goodies.

These days physical scientists need to understand m
biology, just as biological scientists need to understand m
BOOKS RECEIVED
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physics. Nelson’s engaging and satisfying book opens
doors in both directions. It will intrigue both the student a
the professor.

Stephen J. Hagen is Associate Professor of Physics at
University of Florida. He conducts research on the dynam
of proteins and polypeptides, including their conformation
changes, interactions, and folding.
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