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HISTORY OF SCIENCE

What Poincaré Knew

Peter Pasic

enri Poincaré (1854-1912) was one
Hof the most distinguished and influ-

ential scientists of his time, active
in an astonishing variety
of fields spanning pure
mathematics, physics,
astronomy, geodesy, teleg-
raphy, and the philosophy
of science. The centenary
of his death is an appropri-
ate occasion to look back
at him, as Jeremy Gray (a
historian of mathematics

at the Open University and the University of

Warwick) does in this biography.

Gray is a versatile and prolific writer,
whose previous books include treatments of
non-Buclidean geometry, the Hilbert prob-
lems, and (most recently) a wide-ranging
treatment of mathematical modernism ({-3).
Even so, Poincaré’s vast and diverse scope
of activities presents a formidable challenge,
which Gray addresses with remarkable skill.
His book is the first full-length attempt to deal
with all the main aspects of Poincaré’s work.

Gray’s subtitle alerts us that this wilt be
a scientific biography, a detailed account of
Poincaré’s work rather than of his life in a
more private sense. Gray thus emphasizes “the
mind which creates” rather than “the man who
suffers,” as T. S. Eliot phrased it In so doing,
Gray chooses to foreground the internal inter-
play of influences within science itself, rather
than the external social influences that have
been the main interest of many historians of
science in recent decades. To be sure, Gray
presents an overview ofthe historical situation
in which Poincaré worked. We learn about
Poincare’s involvement with political issues
(such as the Dreyfus affair) and some details
of his persenal life and mannerisms that help
fill out the sense of him as a human being, But
the bulk of this hefty book unapologeticatly
presents us with an account of Poincaré’s mul-
tifarious works, mainly within the context of
the various research fields in question.

Gray structures his book topically, rather
than chronologically. He begins with Poin-
caré the essayist, whose lucid and trenchant
writings became best-setlers and yet had

The reviewer is at St. John’s College, 1160 Camino de la
Cruz Blanca, Santa Fe, NM 87505-4511, USA, E-mail:
ppesic@mail.sjcsf.edu

such depth and substance that the young
Albert Einstein remembered being “breath-
less with excitement for weeks” as he read
them. These accessible, popular
works were the most visible signs
of Poincaré as a public intelectual,
Gray’s skiilful treatment of them
gives a nice point of entry for gen-
eral readers, who then are poised
to read his overview of Poincaré’s
carger, This includes Poincaré’s
practical activities in geodetic
mapping and wireless telegraphy
as well as his involvement in a few debacles
{(such as the discredited “N-rays,” an elusive
phenomenon that he endorsed for a time).
After devoting the first 200 pages to these
eminently accessible fopics, Gray then turns
to more difficult and technical matters. He
structures his account around cerfain pivotal
episodes, such as the 1880 prize competition
that crowned Poincaré’s mathematical work
or the probiem of the celestial mechanics of
three bodies, to which Poincaré contributed
signally. Gray shows his mettle by the care
and depth with which he has read a vast range

of technical writings by Poincaré and others,

-As he deals with this difficult material, Gray

demonstrates a notable ability to give detailed
and yet clear, succinet accounts, synthesizing
and summarizing formidably technical issues.

Still, given the range of topics across
mathematics and physics, many general
readers will find the rest of the book quite
challenging. Gray presents this technical
material frankly, rather than avoiding its dif-
ficulties. He offers brief explanations to help
the reader grab a foothold, atong with useful
appendices and a glossary. He always tries to
keep the narrative going, rather than merely
listing theorems. Although different readers
may wish fer more help at different points,
what Gray manages fo convey may be more
remarkable than what remains obscure, In
particular, his treatment of Poincaré’s work
in topology inspires the hope that these ideas
are worth struggling to understand, espe-
cially the latger vista, the underlying project,
behind the plethora of details.

Poincaré himself characteristically steered
his abstract mathematics toward physical and
practical issues. We learn from Gray that Poin-
caré’s decpest concerns were for mathemati-
cal physics, that he valued intuition at feast as
much as rigor, and that he was always asking,
whether in practical or theoretical matters,
“How do you know that?” Indeed, the nature
of knowledge was Poincaré’s greatest concern
in philosophy, which he brought also to his
work on physics. Gray gives an
engrossing account of Poincaré’s
leng involvement with many
sides of physics, from the the-
ory of electricity and magnetism
(including very practical ques-
tions of telegraphy and transmis-
sion), through his independent
approach to a relativistic theory,
to his fascination, fate in life, with
the emergent quantum theory,

Despite his many brilliant
interventions and mathematical
virtuosity, Poincaré, Gray argues,
made no great discovery in phys-
ics. Nonetheless, Gray empha-
sizes that for Poincaré “there is
no valid or clear distinction to
be made between mathematics
and physics because the two are
so intimately entangled.” Gray
shows us the full dazzling sweep
of what Poincaré accomplished,
including the work on dynamical
systems and chaos that only came
into its own in recent years, A tour
de force, Gray’s masterful treat-
ment will long remain an invalu-
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Approximately 8.3% of the country’s 120
million hectares of arable land—about the
size of South Korea—is contaminated by
unbridled mining, trash dumping, and long-
term use of pesticides ({, 2). Heavy met-
als such as cadmium and Iead could enter
the dining tables of households and restau-
rants through the rice, fruits, and vegetables
grown in contaminated ficlds (3, 4). Health
risks asseciated with soit contamination so
far have been most severe in the industrial-
ized parts of China (1, 4, 5).

Seil contamination could fundamentally
undermine China’s efforts for national food
security. The country has long been pushing
its food production: A reguired minimum
amount of arable land was made part of the
basic national policy (6), and research funds
have poured in for more productive cultivars
{7). However, all these efforts could be in
vain if crops are from tainted fields. It is thus
striking that soil contamination has received
little attention from the public. Likewise,
there has been little government effort to
build necessary institutions, such as special
laws and monitoring programs, targeting
soil pollution,

China’s Ministry of Environment and
Ministry of Land and Resources conducted
a national soil pollution survey from 2006
to 2010 (8), but the final report was never
released. More recently, the Chinese State
Council planned to comprehensively inves-
tigate its soil environment by 2015, monitor
60% of its arable lands on a regular basis, and
endeavor to establish a national soil environ-
mental protection system by 2020 (9).

Releasing information from these surveys
will help to raise public awareness of soil con-
tarmination and facilitate research for pollu-
tion control,

YAOLEN LIU,** CHENG WEN,? XING)IAN LIU?
15chool of Resource and Environmental Sciences, Wuhan
Universily, Wuhan, 436079, China. ?School of Earth and
Eavironment, University of Leeds, Leeds, 152 9T, UK.

*Department of Geography, Univessity of Cambridge, Cam-
bridge, €82 3EN, UK.

*Te whom coerespondence should be addressed, E-mail:
yaolin610@163.com
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Fostering Public Support

for Vulture Protection

THE PERSPECTIVE BY A, BALMFORD, “POLLUT-
ion, politics, and vultures” (8 February,
p. 653) reinforees the importance of collabor-
ative efforts by the public and private sectors
to protect vultures in the Indian subcontinent
from the veterinary use of the painkiller drug
diclofenac, The timely ban of diclofenac and
its replacement with meloxicam was instru-
mental in saving vultures from extinction,
Now we need to sustain and improve these
efforts to return the vulture population to its
previous numbers.

Although the ban of diclofenac was effec-
tive in reducing the number of contaminated
caftle carcasses (1), two obstacles could
hamper the efforts to completely replace its
use with meloxicam. First, meloxicam is 4
to 5 times as expensive as diclofenac, and
people are loath to accept new technologies
and innovations, even if beneficial, when
higher costs are required (2). Second, diclot-
enac for human use is still readily available
for purchase, and the environmental effects
of a decline in the vuiture population may
not be perceived as a serious problem by
farmers (3, 9).

To encourage the use of meloxicam in
lieu of dictofenac, I suggest taking the fol-
lowing steps: First, to avoid increase in the
cost of treatment for livestock farmers, the
majority of whom fall below the poverty line
(3), the Indian govermment should subsidize
the cost of meloxicam to make the price

conunensurate with the price of diclofenac,
Second, an awareness campaign should be
put in place to educate veterinarians, phar-
macists, and farmers about the negative
effects of diclofenac and encourage them to
use the alternative.

MADHUKAR SHIVA]IRAO DAMA

Institute of Wildlife Veterinary Research, KVAFSU, Kodagu,
571234, india. E-mail: madhukar262@gmail.com
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CORRECTIONS AND CLARIFICATIONS

News and Analysis: “What it means for agencies 1o be
under the sequester” by J. Mervis {1 March, p. 1020). The
article incorrectly describes the impact of the sequester
on the Manufaciuring Extension Partnership (MEP} cen-
ters within the Naticnal Institute of Standards and Tech-
nology {MIST). An 8 February letter from NIST to Congress
says “NIST would be forced to end work it is currently doing
thraugh the Manufacturing Extension Partnership {MEP)
Center system.” [t does not address the potential impact on
the staff of the centers.

Research Articles: "Authigenic carbonate and the history of
the global carbon cycle” by D. P. Schrag et af. (1 February, p.
540}, The published version of Fig. 2 was not in agreement
with the equations in the text, The correct Fig, 2 is below,
This error did not affect any conclusions in the paper, The
HTML and PDF versions ontine have been corrected.
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Another slogan! % E s

Nothing in the world can take the place of persistence. Talent will not;
nothing is more common than unsuccessful men of talent. Genius will
not; unrewarded genius is almost a proverb. Education will not; the
world is full of educated derelicts. Persistence and determination alone
are omnipotent,

—~Calvin Coolidge, 1932
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Increasing Fidelity to Nature (%:%})

Time dependent parameters

State dependence to parameters (e.g. size dependent predation)
Variable handling and/or travel times

Anthropogenic mortality

Visiting multiple patches before returning home

Per-period reproduction

Needing to forage for multiple nutrients (e.g. sources of
carbohydrate, sources of protein — like that mosquito which
experienced a mortality event during lecture on 3 April 2013)

Disease (both 3; > 0 and disease causes o or P to increase or A to
decline)

Patch depletion

Age structure (affecting foraging ability, and perhaps predator
avoidance)

Dependent young

Learning

Schooling behavior

Spatial structure and networks of patches
Games against conspecifics

Predator-prey games
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Bridging developmental systems theory and evolutionary
psychology using dynamic optimization

Willem E. Frankenhuis,! Karthik Panchanathan? and H. Clark Barrett?
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Abstract

Tnteractions between evolutionary psychologisis and developmental systems theorists have been largely antagonistic. This is
unfortunate because potential synergies between the twe approaches remain unexplored. This article presents a method that may
help to bridge the divide, and that has proven fruitfild in bialogy: dynamic optimization, Dynamic optimization inlegrates
developmental sysiems theorists’ focus on dynantics and contingency with the ‘design stance’ of evolutionary psychology. It
provides a theoretical framework as well as a set of tools for exploring the properties of developmental systems that natural
selection might favor, given particular evolutionary ecologies. We alse discuss limitations of the approach.

Research highlights

» This paper introduces developmental psychologists to
dynamic optimization, a method that has generated
much interesting work in biology.

* Dynamic optimization can help bridge the current
divide between developmental systems theory and
evolutionary psychology.

* Dynamic optimization can be used io explore the
properlies of developmental systems that natural
selection might favor depending on environment,

*  Dynamic optimization provides an integrative theo-
retical framework as well as a set of tools,

Introduction
Evolution is the control of development by ecology. (Leigh
van Vaten, 1973)

Developmental systems theorists and evolutionary
psychologists interact less than they should, and when

they do, these interactions fend to be antagonistic
(Lickliter & Honeycutt, 2003a, 2003b, 2003c; and
commentaries by Buss & Reeve, 2003; Crawford, 2003;
Krebs, 2003; Tooby, Cosmides & Barrett, 2003). There
have, of course, been both poinis of agreement (Badcock,
2012; Barrett, 2006, 2007; Bjorklund, 2003; Bjorklund,
Ellis & Rosenberg, 2007, Ploeger, van der Maas &
Raijimakers, 2008) and disagreement (Denneti, 2011;
Sterelny & Griffiths, 1999). Where the sides seem to
differ is in explanatory focus. Developmental systems
theorists accuse evolutionary psychologists of under-
playing the role of developmental causation in building
phenotypes (i.e. genetic determinism). Evolutionary
psychologists, on the other hand, claim that develop-
mental systems theorisis underplay the role of natural
selection in organizing development (i.e. ynconstrained
holism}, resulting in a lack of ability to predict species-
typical cognition and behavior (Bjorkiund et ai., 2007).
Bach ‘camp’ perceives the other's criticism to be unfair.

The current stalemate is unfortunate because potential
synergies between the two fields remain unexplored. These
synergies can be buiit on the assumption, shared by both
approaches, that developmental systems are the central
unifs of evolution (Barrett, 2006, 2007; Johnston & Turvey,

Address for correspondence: Willem E. Frankenhuis, Department of Developmental Psychology, Behavioural Science Institute, Radboud University
Nijmegen, Montessorilaan 3, PO Box 9104, 6500 HE, Niimegen, The Netherlands; e-mail: wirankenhuis@gmail.com

© 2013 Blackwell Publishing Ltd, 9600 Garsington Read, Oxford OX4 2DQ, UK and 350 Main Strect, Malden, MA 02148, USA,



AMS 215 Revised Problems, Spring 2013

Many of these exercises involve numerical computation. Rule number 1: When do-
ing this remember that you should produce approximately 10 times as many
pictures as you submit. Rule number 2: Don’t forget Rule number 1.

Problem 1: What addition to the patch selection problem would you like?

Problem la: Do Exercise 2.7 in The Theoretical Biologist’s Toolbox Due 15 April
Problem 2: Code the patch selection problem with the parameters in Mangel and Clark
(1988) pg 54, which we will call the basic parameters, and confirm that you get the results
shown on page 55.

Problem 3. Tor the basic patch selection problem, we had the end condition F(z,T)

if x > x, and 0 otherwise for survival. We also discussed using a more general formulation
in which F'(z,T) = ®(z) where we might have

T —
‘ b(z) = (@ —2e) + (172 — @)

(1)

Here x4/5is a parameter. a) What is its interpretation? b) Now assume that we replace
Eqn 1 by
(x — =)"
— — (2)
( —2o)¥ + (12 — )7

Where 7y is a parameter. Use either analytical or numerical methods to explore the be-
havior of ®(x) as < increases. ¢) Solve the SDP fof the basic parameters with both of
these new end conditions and interpret your results, Due 22 April

d(z) =

Problem 4. Here you will do an experiment to study the effect of risk on the decisions.
First, increase 2,0, = 15 and run the code with survival as the end condition again.
Then, hold A; - Y35 constant but vary Y3 = 3,4,5,6,7. Interpret your results. How does
your choice of end condition affect the results? Due 22April

Problem 5 Convert your code for the basic problem from using §; to mortality m; in
patch 7. a) Using the basic parameter set and a uniform distribution for initial condi-
tions, simulate forward the fates of 100 individuals, assuming no mortatity during activity
(all the m; = 0). Report the final distribution of state and the number of individuals who
died as a function of time. b) Now assume that mortality occurs during activity and
repeat the analysis. ¢) Finally, assume that there is anthropogenic mortality in patch ¢
given by F; = m;. Repeat part b) and interpret your results, doing mortality only in
patch 2, only in patch 3, or in both of them Due 22 April

Problem 6 What is the interpolation formula for the (z, £m4.) to (n, N) transformation?

Problem 7. a) Suppose that we were doing a two dimensional problem, so that the
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