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Light is essential to life.
The answers to ques-
tions about ecology,
behavior, neuroscience, and evolution
involve measuring and understanding
some aspect of light, from the bright,
colorful iridescence in a muster of pea-
cocks to bioluminescence in deep-sea
trenches. Classic textbooks such as
Principles of Optics: Electromagnetic The-
ory of Propagation, Interference and Dif-
fraction of Light by Max Born and Emil
Wolf (7th edition, Cambridge Univer-
sity Press, 1999) or Optics by Eugene
Hecht (4th edition, Addison Wesley,
2001), which are mostly used by physi-
cists and optical engineers, tend to
focus away from such biological prob-
lems. And, in general, only physicists
entering biological fields after exposure
to such books have been able to use
more mathematical tools in their
research. 

Duke University biophotonics re -
searcher Sönke Johnsen is one such sci-
entist. Yet, his book, The Optics of Life: A
Biologist’s Guide to Light in Nature, is
written for readers who are not special-
ists in the field. Filled with anecdotes
and original examples, The Optics of Life
is well written and highly readable—
and the latter is not often said about
optics books. The book clearly states its
intentions: to be an introductory text
about absorbance, scattering, fluores-
cence, and other important processes;
light-measuring techniques; and the
quantum nature of light. It would help
graduate students in any science major

to develop a correct foundation for the
important properties of light and asso-
ciated measurement techniques. And
although the book offers well-chosen
biological examples, it appropriately
holds back from trying to be a text on
visual or behavioral ecology. 

The Optics of Life is arranged in sec-
tions that are clearly and logically pre-
sented. After the initial chapter on sci-
entific units, the main part of the text is
split into chapters that address the most
important optical processes. Each chap-
ter has a common structure: an intro-
duction to the underlying physics, fol-
lowed by examples of how the optics
has been relevant to different biological
systems. The chapter on scattering with
interference is a typical example: It
describes the fundamental optics of
constructive interference, explains how
multilayer reflectors work, and then
 follows with interesting examples of
mid-water reflective camouflage and
work on reflective optics in animal eyes.
Many examples in the book, including
that one, have a visual-ecology bias,
which is unsurprising given Johnsen’s
background. However, all the under -
lying electromagnetic principles de -
scribed also apply to medical optics and
bioimaging technologies. 

One area that gets little mention
from Johnsen is the phylogenetics of
biological optical structures. However,
such scant treatment reflects a dearth in
the current research. In recent years, the
number of papers documenting pho-
tonic mechanisms in butterflies and
other insects, birds, and fish have
increased substantially. Still, very few
of those studies have attempted to deal
with the evolution and development of
the optics.

The final section of the book intro-
duces techniques of measuring light—
for example, making measurements of
calibrated irradiance, radiance, reflec-
tivity, and transmission. The introduc-
tions to those techniques and the asso-
ciated appendices are extremely useful
and should help many researchers to
measure light better. One standout
comment from the polarization chapter
actually applies more generally: “Buy-
ing optical equipment is easy, but using
it correctly in a biological setting is not.”

Because of its emphasis on correctly
approaching the way physical measure-

ments should be made, The Optics of 
Life has something to offer anyone
whose research directly or tangentially
involves light. More than a biologist’s
guide to light in nature, this book is a
guide for any scientist interested in
optics and the world around us.
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Deepak Chopra, a best-
selling author of books
on spirituality and
health, is regarded by
many scientists as a
guru of pseudoscience.
Leonard Mlodinow is 
a physicist, a screenwriter, and the
author of popular science books,
including The Grand Design coauthored
with Stephen Hawking (and reviewed
in PHYSICS TODAY, January 2011, page
58). Now Chopra and Mlodinow have
collaborated on War of the Worldviews:
Science vs. Spirituality. 

The book gives each author the
chance to speak to a wider audience
than either could attract on his own.
Each author responds to his counter-
part’s arguments and thereby forces the
other to explain clearly to the reader
what he thinks. That debate format
engages the reader well: It allows the
scientifically inclined skeptic to relax
and read each Chopra chapter with an
open mind, knowing that a critical
analysis from Mlodinow will follow.
The book will also expose some of
Chopra’s supporters to orthodox inter-
pretations of science.

War of the Worldviews covers cosmol-
ogy, life and evolution, the mind and
brain, and God. Throughout, Chopra
advocates his own brand of spirituality, a
worldview in which the universe is an
evolving consciousness. He states that
“to arrive at DNA, life on Earth, and the
human mind, the universe was self-
aware and could understand what it was
doing.” He also suggests that by going
deeply into your own awareness, you
will find a special place where the con-
sciousness of the universe will be “drawn
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to your side.” Mlodinow, the spokesman
for science and a deflationary critic of
Chopra’s work, does an expert job of
responding to Chopra’s expansive claims
with the scientific perspective. He points
out that “to gain acceptance in science
[an] idea must have testable implications,
and this concept of universal conscious-
ness doesn’t seem to.”

The book’s sensational title implies
that the debate is a war. It also assumes
that science is a worldview, a natural
counterpoint to Chopra’s spirituality.
But Chopra clearly loves science, and 
he even competes with Mlodinow to
explain such issues as the history of the
cosmos and the role of DNA. The issues
underlying the Chopra– Mlodinow de -
bate extend beyond science and into
philosophy. Chopra emphasizes that
his real disagreement is not with sci-
ence per se. Rather, it is with “material-
ism,” by which he means physicalism,
the philosophical assertion that physics
provides not just a good description,
but a full account of all that there is to
the universe. Chopra goes beyond sci-
ence in one direction, using it as a jump-
ing-off point for his inspirational meta-
physics. But, as Chopra points out, the
materialism that lies in the opposite
direction is also a form of metaphysics.

In some places Mlodinow counters
Chopra’s speculations in a suitably non-
metaphysical way. Concerning the soul,
Mlodinow says that science does not
claim to have disproved the existence of
a soul, only that there is no credible evi-
dence for it. However, in other places he
seems to embrace physicalism, as when
he says that “the universe evolved
through physical law, and has no guid-
ing purpose,” and that “understanding
my essence” means “to think of myself
as a biological machine governed by the
same laws that govern Pluto.” 

Those unguarded overstatements,
made on behalf of science, feed the mis-
conceptions of those who, like Chopra,
have the impression that science is a
vendor of deep metaphysical claims, to
be competed with or perhaps co-opted.
I’m sure Mlodinow knows that science
does not measure the amount of pur-
pose in the universe, and it does not
answer questions about essences. As he
demonstrated with his statements on
the soul, a simple comment on the evi-
dence is sufficient to make the essential
scientific point.

The authors leave room for further
debate, which is more philosophical
than scientific. And that is where the
question of worldviews really arises.
Chopra’s spirituality is a variant of
panpsychism, the proposition that

“mind” is a fundamental aspect of the
universe. This is a live issue in philoso-
phy, with at least one reputable modern
philosopher, Galen Strawson, arguing
that our experience of consciousness is
strong evidence for pan psychism (though
not for Chopra’s specific version).

Should scientists, even those with
little interest in esoteric ideas, read this
book? We may disagree with many of
Chopra’s conclusions or harbor doubts
about whether science is a worldview.
But the issues explored are basic ones
that come up repeatedly in discussions
of the importance of science in our

understanding of the world. The pres-
ence of two perspectives, one of a scien-
tific insider and the other of an outsider,
gives depth to the explanations of the
science; it also provides concrete exam-
ples of how scientific ideas are inter-
preted and sometimes misinterpreted
by nonexperts.

For anyone who wants to speak
effectively on behalf of science, War of
the Worldviews is an engaging and use-
ful resource.

Mark Alford
Washington University in Saint Louis
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Edmund Hillary reached Mount Everest‘s summit on 29 May 1953. 
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imaging guided by surface topography. The result is an image 
revealing chemical properties at the surface of the sample,  
even if it is rough or inclined.

Reach the summit of your field  
with WITec’s pioneering technology.

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

Gelm,89081 Uec GmbH,TTeWI     

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

o@winf,00phone +49 (0)731 1407,yy,erman    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    

.dewitec .dewitecc..ww.ww    

  
   

  

 
 

 
 

 

 
       

 

 
  

   

  

   

    


