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to adjacent uplands for supplemental foods 
and in times of local resource failure be 
cause of fluctuating water levels. 

Cross-sectional mechanical analysis of 

hum?rus and femur shafts via CAT scans 
indicated the substantial effects of "highly 

mobile behaviors {e.g., long-distance trav 

el)," particularly for males; this pattern is 

paralleled by higher male prevalence of Os 
teoarthritis, particularly in hip and ankle 

joints, due to the mechanical demands of 

hunting in a rugged environment. The pat 
terns of wear found in the bones of females 

suggested less long-distance mobility, but 
instead heavy mechanical demands on the 
upper limbs and lower back, probably 
from carrying their children and the fire 

wood and plant foods that they collected 

during foraging trips. Further evidence of 
subsistence-related mobility comes from 

assay of stable carbon and nitrogen isotope 
values in human bone; the considerable 

variability independent of age, sex or site 

provenience suggests habitual dietary re 

liance on plants and animals from both 
marshland and upland environments. 

These interpretations match 19th-century 

ethnographic descriptions of aboriginal for 

aging parties that hunted, collected pi??n 
nuts and harvested grass seeds. Taken to 

gether, these lines of evidence lend greater 
support to the "push" model, which em 

phasized significant individual (but not 

necessarily residential) mobility. Analyses 
of serum albumin (based on presence of 
the Alme al?ele) and mitochondrial DNA 
(focused on a 9-base pair deletion located 
between the genes responsible for cy 
tochrome oxidase II and for lysine transfer 
RNA) in bone from numerous Stillwater 
Marsh individuals support prior ethno 

graphic and linguistic interpretations of 

population affiliation with northern Uto 
Aztecans (that is, modern Numic speakers) 
rather than with Athapascans. 

Individuals who died before reaching 
the age of puberty typically displayed 

multiple indicators of severe systemic 
stress during childhood (reflected by lin 
ear enamel hypoplasia, smaller perma 
nent tooth size and cranial lesions pro 
duced by severe chronic iron-deficiency 
anemia). The overall population patterns, 
however, suggest generally adequate nu 

trition and a low incidence of infectious 
disease. The very low rate of dental 
caries, which is typical of nonagricultural 
dentitions, can be explained by the near 
absence of starchy plant foods in the diet 
rather than by the heavy wear on occlusal 
surfaces produced by food-processing 
techniques (grinding on stone mortars 
and hot-rock boiling in baskets or bags). 

In summary, Larsen and Kelly are to be 

commended for their resolutely inter-dis 

ciplinary approach. The synergistic com 
bination of ethnographic, archaeological 
and biological data has produced a whole 

picture that is truly greater than the sum 

of its individual parts of this little-known 

prehistoric population. The detailed pre 
sentation of data in numerous tables and 

figures lends additional value to this vol 
ume, which should benefit other re 
searchers investigating similar questions. 
These studies also make a significant con 
tribution to the broader discipline of an 

thropology by illuminating fundamental 

oversimplifications in current characteri 

zations of hunter-gatherer life ways. Life 

at Stillwater Marsh was neither Hobbes 

ian?nasty, brutish and short?nor Utopi 
an?the original affluent society?neither 

predominantly sedentary nor relentlessly 
mobile. Men and women made different 
contributions and suffered different pains 
for them. I wholeheartedly recommend 
this outstanding volume to both general 
and professional audiences.?Mary Lucas 

Powell, Anthropology, University of Kentucky 

MATHEMATICS 
AND 

COMPUTER 

s c i e c e s 

The World According To Wavelets. Bar 
bara Burke Hubbard. A. K. Peters, Ltd., 
1996. 264 pp. $34. 

Wavelet theory is based on the idea of 
multi-scale analysis?a concept that is al 

ready familiar to many nonscientists 

through the popularization of fractals. 
Wavelets are sets of functions that can be 

transformed into each other by transla 

tion (shifting) and dilation (stretching or 

squeezing). In less than 10 years, wavelet 

analysis has had a major impact on such 
diverse fields as signal processing, where 
the applications include image compres 
sion, edge detection, and separation of 
noise from signal; numerical analysis, 
where it has led to more efficient algo 
rithms; the study of turbulence; astrono 

my, where it has been used to identify 
new structures in clusters of galaxies; and 

medical imaging. When the FBI adopts a 
wavelet-based standard for digital coding 
of fingerprints, the time is ripe for a semi 

popular account of the subject. 
In wavelet theory, the traditional Fouri 

er-based approach of time-frequency 

analysis is replaced by one of time-scale 

analysis. The result is a tool, which has 
been described as a mathematical micro 

scope, that uses closely spaced fine-scale 
functions to zoom in on areas of detail 

while concisely analyzing the rest with a 
few broad-scale functions. Much of the 

progress in wavelet theory is due to the 

development by St?phane Mallat and 
Yves Meyer of a unifying framework 
known as multiresolution analysis. Inter 

est then exploded when Ingrid Dau 
bechies succeeded in constructing a set of 
wavelets in which the basic "mother" 
wavelet was smooth and so "compactly 

supported" that it was zero on all but a 
small interval, yet the different self-simi 
lar wavelets in the set were orthogonal, 
that is they canceled out in a way that 

greatly simplified many of the associated 
mathematical formulas. It was as if major 
advances in optics suddenly made high 
powered microscopes widely available. 

But wavelets are more than a frame 

work for multiscale analysis; they also 

provide good time-frequency resolution 
of signals and have led to new methods 
of time-frequency analysis. Despite the 

conceptual simplicity of multiscale analy 
sis, Hubbard follows the usual route of 

beginning her story with a review of the 

development of Fourier analysis, going 
back to Fourier's solution of the heat 

equation. Most scientists and engineers 
will find this superfluous, whereas non 
scientists may be put off before reaching 
the more intuitive description of wavelet 

analysis in chapters two to four. Those 
who persist will find a lively and inter 

esting story unfolded there. 
Hubbard, who is not a mathematician, 

relies heavily on personal interviews, 
which sometimes seemed overly one 

sided. For example, she states that the 
"best basis" fingerprint algorithm devel 

oped by Coifman and Wickerhauser "out 

performed other methods," but, because it 
was being patented, "the FBI did not 

adopt it but instead custom-made a very 
similar technique." Why did she not check 
this with Tom Hopper at the FBI or Chris 
Brislawn at Los Alamos? Had she done 
so, she would have learned that the adap 
tive "best basis" algorithm took four to 
five times as long to achieve a quality com 

parable to the other algorithms tested and 
that the one adopted was developed inde 

pendently using a fixed-partition biorthog 
onal wavelet decomposition with scalar 

quantization. (Both the Coifman/Wicker 
hauser algorithm and the FBI/Los Alam 
os algorithm differ from standard wavelet 
schemes by using nonoctave partitions. 
However, the methods used to determine 
the partitions are quite different.) 

Her account of Daubechies's wavelet 

construction is even more disturbing. She 

quotes Yves Meyer as saying "Mallat 
launches brilliant ideas that keep two or 
three hundred people busy, then he goes 
on to something else. It was Ingrid 
Daubechies, with her tenacity, her capaci 

ty for work, who implemented it." Every 
mathematician to whom I showed that 

paragraph was astonished that anyone 
would reduce Daubechies's breakthrough 
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to mere crank-turning (with hardly a 
mention of her many other contributions 

to the subject). Even though the iterative 

process Daubechies used was present in 

Mallat's multiresolution work, it was far 

from obvious that it could be used to con 
struct smooth, compactly supported or 

thogonal wavelets. In fact, many experts 
did not even think such constructions 
were possible. Moreover, Mallat/s work 

was itself based upon the Laplacian pyra 
mid scheme developed earlier by Burt 
and Adelson. 

Hubbard seems to have forgotten that 
when you look for the human side of a 

story, you will find mathematicians be 

having like the humans that they are. She 
has told an engaging story, but one that 

very much reflects the views of the small 
circle of people she interviewed. Parts of 

wavelet analysis can be found in earlier 

work of many others, including the renor 

malization group of quantum field theory, 
the abstract mathematical work of Little 

wood-Paley and Calderon-Zygmund, the 

stationary subdivision algorithms of ap 

proximation theory, the exact reconstruc 

tion filter banks of Smith and Barnwell, 
and other work of signal-processing engi 
neers. As interest in wavelets grew, claims 

and counter-claims to priority were in 

evitable. Unraveling them would chal 

lenge a trained historian and, as Hubbard 

observes in her preface, correct attribution 

is further complicated by the difficulty of 

evaluating the impact of informal remarks 

and conversations. Even the seasoned 

journalist James Gleick slipped when, in 
his book Chaos, he gave the "Santa Cruz 
collective" full credit for the so-called 
"time delay method," although their orig 
inal paper acknowledges the use of a sug 

gestion of David Ruelle. Journalists should 

certainly strive for accuracy, but readers 

should be cautious about relying on them 
for either technical precision or historical 
attribution. 

The nontechnical narrative is followed 

by a long supplement describing some of 
the underlying mathematics. In such dis 

cussions it may sometimes be necessary 
to use half-truths or oversimplifications 
to convey difficult concepts to nonspe 
cialists. Presenting a good overview of a 

subject requires thorough knowledge and 

deep insight; it is much harder than giv 
ing a detailed explanation of a complex 
proof to specialists. My problem with the 
technical half of Hubbard's book is not 
the inevitable inaccuracies, but that she 

doesn't have the mathematical expertise 
and perspective needed to know when to 

gloss over subtleties, when to be precise 
and when to leave something out. Thus I 

admire her valor in attempting to present 
an introduction to quantum mechanics in 

10 pages. But why didn't she simply say 
that quantum mechanics associates the 

physical quantities of position and mo 
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mentum with operators that are related 

by Fourier transform so that the mathe 

matical uncertainty principle applied here 
to time and frequency yields an analo 
gous relationship between position and 
momentum in quantum theory? That 
would have sufficed. 

The second half mixes undergraduate 
mathematics with expanded discussion of 

some of the more recent developments in 

wavelet theory, such as multi wavelets. I 

found the elementary sections generally 
well done and potentially useful; howev 
er, I am skeptical that those who would 

skip equations in a text would bother to 
read it. Moreover, words and equations 
are not the only alternatives. Both parts of 

this book make excellent use of illustra 
tive diagrams to convey important con 

cepts effectively. With perhaps even more 
reliance on figures and sidebars, much of 

what is in the second half could have been 
better integrated into the text; the rest 
could be omitted or put in an appendix. 

Despite my disappointment with this 
book, it seems unfair to place too much of 
the blame on Hubbard's shoulders. Com 

municating with nonspecialists is an im 

portant responsibility that deserves far 
more attention from the mathematics 

community. Unless we are willing to meet 

this challenge ourselves, we can expect 
flawed efforts that attempt to fill the 

gap.?Mary Beth Ruskai, Mathematics, Uni 

versity of Massachusetts, Lowell 

The Universe in a Handkerchief: Lewis 
Carroll's Mathematical Recreations, 

Games, Puzzles, and Word Plays. 
Martin Gardner. 158 pp. Copernicus, 

Springer-Verlag, 1996. $19. 

Martin Gardner claims a spiritual kin 

ship with Lewis Carroll. Through his 
books Annotated Alice (1960) and More An 
notated Alice (1990), Gardner has intro 
duced generations of modern readers to 

the mathematical allusions in Carroll's 

most famous literary works. In this new 

volume, he surveys the mathematical 

content of Carroll's other writings, in 

cluding other fiction and verse, diaries 
and letters. Most of the second half of the 
book is devoted to the word games Car 

roll invented and published in articles 
and pamphlets, many of which are re 

printed here for the first time. As such, 
this book should be received with enthu 
siasm by all those who share Gardner's 

fascination with the author of Alice. 
It is good that this book has a subtitle, 

because the title is not very descriptive. 
In the middle of chapter one, "Fiction and 

Verse," there is a single paragraph refer 

ring to an example in "Sylvie and Bruno": 

"Mein Herr calls it Fortunatus's purse be 

cause, having neither inside nor outside, 
it can be said to contain the entire uni 

verse." In one of his columns in the old 

Scientific American, the author might have 
taken this idea somewhere, showing how 
nonorientable identification spaces can be 

described by sewing together squares, 
but this example is quite out of context, 
and the reader will have little idea of 

what any of the terms mean. 

There is a full chapter on "Doublets/7 a 

subject made popular in recent years by 
Donald Knuth's "graph" of all five-letter 

words in which two words are joined if 

they differ by only one letter. A doublet 
for Lewis Carroll is a chain of such pairs 
of words, the game being to find the 
shortest chain. An example given is pen 
e'en-eel-ell-ill-ilk-ink. The game's chal 

lenge is somewhat infectious, and this re 

viewer was pleased to come up with 

pen-ten-ton-ion-inn-ink, an apparent win 
ner of the round. Unfortunately the word 

"ion" is not included in the glossary Car 

roll provided of "all well-known English 
words of 3,4,5, and 6 letters each, which 

may be used in good Society," therefore 
his solution is almost certainly optimal 
according to his clearly stated rules. 

A final chapter includes commentaries 
on the complete text of short pamphlets 
describing games invented by Carroll. 
Most of them require nothing more than a 

pack of cards or a chessboard, but the last 

calls for a circular billiard table, a proto 

type of which was actually constructed 
for the author. Wonderland was based on 

cards, Looking-Glass on chess. One can 

only speculate on what kind of story 
Lewis Carroll would have written about 
characters on a circular billiard table. 

The book also includes some curious 

asides that require further elaboration in 

order to become clear. On page 52, it is 
stated that a configuration of three over 

lapping squares with collinear centers is 

topologically equivalent to the three cir 
cles in a usual Venn diagram, but the no 

tion of topological equivalence that the 
author has in mind is not at all clear. In 

each case there are three closed curves 

meeting two-by-two in a pair of crossings. 
But in the Venn case each disk contains 
one crossing point, whereas in the Carroll 

example, each square contains an even 

number of crossing points (either zero or 
two). The topological classification of col 
lections of curves no three of which inter 

sect in a triple point is connected with im 

portant research in topology, in the work 
of Roger Fenn and Paul Taylor on "Doo 

dles" and in Victor Vassiliev's very recent 

study of "Invariants of Ornaments." 

This book includes a number of acros 

tics and other riddles for which the solu 
tion is not known, and even one example 

where the solution is known but contest 

ed because there is debate about the in 

terpretation of the various clues. This sit 

uation is a familiar one to would-be 

solvers of British cryptic puzzles, because 
seeing the solution does not always mean 
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tained an embarrassing error in the title. 

February 12,1997 was Charles Darwin's 
188th birthday. Darwin was born on the 
same day, in the same year, as Abraham 
Lincoln: 1809. My own biology students 

(particularly the "pre-meds") would de 
mand extra credit for pointing this out. 

Furthermore, they would feel unjustly 
tormented for being subjected to ques 
tions about the Catholic church (#4) and 
Erasmus Darwin's occupation (#9). 
Heck, this was supposed to be a quiz 
that tested our evolutionary savvy and 
not about religion and history. (By the 

way, I am not complaining just because 
I got these questions wrong. Harumph!) 
All kidding aside, I applaud the spirit 
of celebration in which Professor Topoff 
gave us the quiz. 

Michael P. Russell 
Villanova University 
Villanova, PA 

The Editors reply: 

In a perfect world, we would merely 
congratulate Dr. Russell for being our 

only?so far?reader to correctly locate 
and answer the final element of the 

"Birthday Quiz." Unfortunately, neither 
the world nor our editing is perfect, 
and we can say only that we made a 
mistake?one that cannot be blamed on 
Howard Topoff, the author of the quiz, 
because we wrote the title. Still, we 
commend Dr. Russell for careful read 

ing, and as the winner of the unquiz he 
will receive a copy of Exploring Evolu 

tionary Biology: Readings from American 
Scientist. Upon receiving this prize, we 

encourage Dr. Russell to turn to page 
287, where he can read about "The 
structure of natural selection." 

Waves over Wavelets 

To the Editors: 

I read Mary Beth Ruskai's review (Jan 
uary-February) of The World According 
to Wavelets by Barbara Burke Hubbard 

with great interest. This book is based 
on interviews with several scientists 
who played some role in the wavelet 

saga. Being one of them, I feel respon 
sible for two of the issues that Ruskai 

brought up in her review. 
The first and most important issue 

concerns the role played by St?phane 

Mallat and Ingrid Daubechies in the 
construction of smooth orthogonal 
wavelets with compact support. 
Daubechies created these wavelets in 

January-February 1987. Several 
months earlier?during the Fall of 
1986?Mallat and I had a three-day 
discussion at the University of Chica 

go. Our conclusion was the following: 
Orthogonal wavelet bases, multireso 
lutional analysis and subband coding 
can be incorporated inside a unified 
formalism. (At that time, we were not 
aware that the filtering implemented in 

Mallat's algorithm was already known 
as subband coding in the electrical-en 

gineering literature.) 

Taking a historical perspective, Dau 
bechies's construction belongs, there 
fore, to Mallat's program. Although 
this statement may be construed to 

mean that Daubechies merely treated 
a special example that arose from 
someone else's great vision, that was 
never my opinion. I always knew that 
a large gap existed between the for 

malism that I developed with Mallat 
and what Daubechies achieved. When 
one tries to apply this formalism, many 

Figure 1 

Figure 2 
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problems occur immediately. The first 
one concerns the stability of the con 

struction, and the second one is related 
to the desired regularity. These difficul 
ties require a subtle and difficult analy 
sis, which was achieved by Ingrid and 
could not be discovered by ordinary 
human beings. 

I kept a beautiful seven-page letter 
that Daubechies wrote to me at the time 
she was working on her construction, 

explaining how she discovered the 
bases. Mallat's algorithm was not the 

starting point, but it did play a role as 
an ingredient. 

The second issue concerns the FBI 

fingerprint contest and the role played 
by the best-basis algorithm in the pro 
posal that was finally adopted for the 
standard. Hubbard reported a version 
of this story that she heard from me, 
and she should not be blamed if this is 
at variance with other reports. 

Yves Meyer 
Centre National de la Recherche 

Scientifique 
Cachan, France 

Implications of Imagination 

To the Editors: 

Robert Root-Bernstein's eloquent as 

say on "Art, Imagination and the Sci 
entist" (January-February) touched 
on the genuine connection between 
arts and sciences. Truly, as he quotes 
Desmond Morris, scientists should 
strive to be "the imaginative and the 

analytical?the artist and the scien 
tist?... both at once." Good science, 

just like art, cannot exist without 

imagination. Imagination has enabled 
the vision of the double helix by Wat 
son and Crick, as well as the model of 
the atom by Bohr. Thus not only out 

standing biologists such as Desmond 
Morris, but also physicists, philoso 
phers and engineers need imagination 
for ground-breaking science. The mar 

rying of reasoning and imagination 
has produced the most novel ideas in 
human history. This deliberation 

brings to mind the greatest of all 
artists-scientists, the original "Ren 
aissance man," Leonardo da Vinci, 
whose vision symbolizes not only the 
dawn of modern art, but also modern 
science. 

David Gurwitz 
Tel Aviv University 
Tel Aviv, Israel 

206 American Scientist, Volume 85 

Dr. Root-Bernstein replies: 

I agree completely with David Gur 
witz. What has surprised me most in 

my studies of how the arts and sciences 
are connected is that "Renaissance" 

people continue to thrive today despite 
the demands of specialization. In fact, 

my mother, Maurine Bernstein, statisti 
cian Helen Gamier of the University of 
California, Los Angeles, and I have 

published two articles in the Creativity 
Research Journal demonstrating that 
such polymaths are often the most suc 
cessful at their science. We analyzed the 
careers of 40 scientists from 1955 until 
1988. Four of the scientists won Nobel 
Prizes, 11 were elected to the U. S. Na 
tional Academy of Sciences, while sev 
eral never obtained tenure. 

The most successful (whether mea 
sured by prizes or various citations sta 
tistics) were unusual in being skilled 
artists, writers and/or musicians, mak 

ing use of visual, kinesthetic and other 
nonverbal and nonmathematical forms 
of reasoning. All stated in interviews 
that C. P. Snow's "two culture" prob 
lem does not exist?at least for talented 
scientists! Our conclusion is that the 

more skills a scientist develops, the 
more she or he improves her or his 
abilities. One implication is that over 
and early specialization in science may 
actually harm, rather than benefit, sci 
ence students. In order to see connec 

tions between different fields or imag 
ine a field differently, one needs a 
broad range of skills and a practiced 
imagination, not just knowledge. The 
arts, apparently, can help. 

How to Write to American Scientist 

Brief letters commenting on articles 
that have appeared in the magazine are 

welcomed. The editors reserve the 

right to edit submissions. Please in 
clude a fax number or e-mail address if 

possible, and address your correspon 
dence to Letters to the Editors, Ameri 
can Scientist, P.O. Box 13975, Research 

Triangle Park, NC 27709-3975 or our 
Internet mailbox: editors@amsci.org. 

Erratum 

In the article "Tadpole Communities" 

(January-February), the insect labeled as 
a giant water beetle in Figure 2 should 
have been called a giant water bug. 

"You've been through many changes." 
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