from S AM News, Volume 33, Number 7

What's So Special About Zero?

Zero: The Biography of a Dangerous Idea. By Charles Seife, Viking Penguin, New York, 2000, 248 pages, $24.95.

As an analyst trained at Princeton University, | was weaned on Fefferman’s Principle: Every constant is equal to one. The
intentionisthat if youare proving an estimate—in harmonicanalysis, | et ussay—thevalueof theconstant isirrelevant tothevalidity
or utility of that estimate. So you may as well declare all constants to be equal to one. The single constant that must be excepted
from Fefferman’s Principle is the number zero. There is no way to normalize zero and turn it into one.

If | were the author of the book under review, | would consider the last sentence of the preceding
paragraph to be a revelation. Because what | am really saying is that one divided by zero equals
BOOK REVIEW infinity and, in Charles Seife’'s own words,

By Steven G. Krantz Zero is powerful becauseit isinfinity’ stwin. They are equal and opposite, yin and yang. They are equally

paradoxical and troubling. The biggest questionsin science and religion are about nothingness and eternity, the
voidandtheinfinite, zeroandinfinity. Theclashesover zero werethebattl esthat shook thefoundationsof philosophy, of science, of mathematics,
and of religion. Underneath every revolution lay a zero—and an infinity.

Thetroublewiththisbook isthat it isdifficult to tell what itisabout. Absent thetitle, | could page through the text and conclude
that | was reading abook about the history of counting (Chapter 1), or complex analysis (Chapter 6), or the discovery of calculus
(Chapter 5), or general relativity and quantum mechanics (Chapter 8), or the limit concept (Chapter 2).

What isso special about zero?1 could easily arguethat 84 isavery important number, becauseit comesupin Hurwitz' scel ebrated
formula about the number of automorphisms of a compact Riemann surface of genus g. Or that 2rt is very important, because it
comesupinvirtually every formulain Fourier analysisand complex analysis. Or that 4isimportant, becauseitistheleast dimension
for which we know the Poincaré conjecture to be true.

There are precisely two important properties of zero:

m |tisthe additive identity in the integers.

m |tspresencein various number systems makes those systems closed under the prevailing operations.

Lurking behind every examplein Seife’ sbook isone of these two properties. Thetruth of thisassertion will not always be apparent
tothereader, just because Seife hasadifficult timesticking to the point. Chapter 1 professesto beadiscussion of theancient history
of zero but wanders off into discourses on nuclear submarines, ancient methods of counting, Babylonian and Mayan number
systems, chaos, and modern|ogic. Chapter 8 goeson at |ength about general rel ativity and quantum mechanicsand claimsthat “ zero
liveswhere the two theories meet” (page 192). What does this mean? | was not even aware that the two theories had been properly
introduced.

Chapter 8 givesarather slipshod description of what string theory isabout. Seife claimsthat the theory is probably useless (and
must be classified as philosophy rather than physics) because

m Therewill not in the foreseeabl e future be any experiment that can confirm or deny the existence of strings.

m Stringslivein ten-dimensional space.

m Zeroislurking around in there somewhere (though heis hard put to say just where).

Inthe second point, Seifeis payingintellectual tributeto John Horgan, the author of The End of Science[1]. ItisHorgan, awriter
of impeccablescientific credentials(i.e., ajournalist and erstwhile Englishmajor fromY al€), who taught usthat theentire scientific
enterprise has come to a grinding halt and that, as evidence of his bold assertion, string theory must be nonsense because it is
modeled on ten-dimensional space. (I am reminded here of Marilyn vos Savant’s “proof” [4] that Andrew Wiles's solution of
Fermat’ s last theorem must be incorrect—Wiles's proof uses hyperbolic geometry, and the circle can be squared in hyperbolic
geometry, which iswell known to be impossible.)

The history of zero really is quite interesting, and what is fascinating about it to a serious scholar is the epistemol ogical aspect
of the subject. Before the invention of modern number systems, people had a difficult time conceiving of the need for a number
denoting zero. If we accept that a“number” isan equivalence class of sets (i.e., al the sets with that number of elements), then it
is something of aleap to form the analogous equivalence class for sets with no elements. And even if one has found a way to
conceptualize zero, then one must find some way to write it down, and to treat it like any other number. Although Seife hints at
these issues in Chapter 1, he never really comes right out and discusses them. He is too busy claiming that every scientific
phenomenon or puzzle—from mechanicsto relativity to string theory—is explainable in terms of the zero concept. | may aswell



make my fortune by writing abook about one. After all, take anything in the universeand multiply it by oneand what do you get?—
Well, Katie bar the door, you get that object right back again!

Most of this book is based on the following logical canard: The assertion 2 + 2 = 5is, after some elementary manipulation,
equivalent to division by zero. Theassertion [x?dx = x*is, after abit more effort, equivalent to division by zero. Infact, any false
statement is, on aformal level, equivalent to division by zero. When Charles Seifetells usthat anuclear submarinefailed because
the software was attempting to divide by zero, or that the lack of a unified field theory can be blamed on the fact that quantum
mechanics and general relativity confront each other over zero, or that string theory isflawed because of theway it addresses zero,
what, then, is hereally telling us? Not much, | am afraid.

By hisown admission, John Horgan bases histheories about the demise of modern science on anideaof theliterary critic Harold
Bloom of Yae University. To oversimplify, Bloom thinks that the works of modern writers are all derivative of the works of the
old masters (Milton, Chaucer, etc.). Inlike manner, Horgan thinks that Newton and Kepler had all the great ideas; scientiststoday
arejust mopping up. Of coursescienceisnot literature, anditisnot clear that aparadigm that may apply tothelatter (though | would
challenge Bloomto provethat Allen Ginsburg’ sHowl or James Joyce' sFinnegansWakeisderivative) will also apply totheformer.
Therewill never beanother scientist like Newton because, for all practical purposes, Newtonwasthefirst great theoret-ical scientist.
A similar statement could be made about Kepler vis a vis astron-omy. Scientists today are unlike Newton and Kepler because
science is operating on a different plateau, building on the ideas of the great historical masters.

| do not have much use for Horgan and histheories, but | will say this: Horgan enun-ciates a thesis, argues a point, and draws a
conclusion. Heknowswhat heistryingto say and he saysit. | cannot givethe samecredit to Charles Seife. Seife’ stext isanecdotal;
he seems more drawn to the desire to amuse than to inform. He wantsto tell astory. | am not sure that the story-telling mode suits
mathematics well.

We mathematicians are quite accustomed to the notion that modern ideas build on old ones, and that the old ones (once proved
valid) never become invalid. As a result, we tend to expect the books we read both to acknowledge and to de-velop that
Weltanschauung. The book under review, unfortunately, does not do so. If | were to pick asingle word to describe Seife’ s book,
it would be “phenomenological.” The paradigm modus ponendo ponens plays no role in his book. It isdl “point and see” As a
professional mathematician, | find a book written in this manner difficult to understand.

Seife’s enthusiasm sometimes gets the better of him. On page 115 he presents |saac Newton's origina calculation of the
derivativeof y = x2 + x + 1, gleefully declaring that “Newton’s method of differentiation doesn’t look very much like the one
weusetoday.” In point of fact, Newton’s methodol ogy is precisely the one we use today—we simply use adifferent notation, and
weallow thelimit concept to play amore prominent role. | am afraid that some of the other renditions of scientific“fact” presented
in this book are equally careless.

| have gone to some lengthsto criticize Seife’ s book, so let me now praiseit abit. It is quite difficult to explain mathematicsto
the layperson. If you think you are going to tell the butcher what the Seiberg—Witten equations or the Bieberbach Conjectureis
about, then woeisyou. Authorswishing to attempt this daunting task have two choices: They can speak in generalities, or they can
choose simple topics. In the book under review, Seife does both. My view isthat you can tell the truth about zero and still make
your writing accessibleto thelayperson. Seife’ schoiceisdifferent: Hewantsto wax poetic and wander all over the modern Gestalt,
in an effort to give the reader afeeling for his subject. Thisis not the way | would do it, but it isaworthy effort.

If peopleread Seife’ s book and come away with a positive feeling about mathematics, then so much the better. If such readers
then decide to read another book about mathematics (perhaps something more substantial, like Kérner’s Joy of Counting [3]), |
will be ecstatic. | am troubled that the reader of Seife’s book will get a cockeyed impression of what the mathematical enterprise
is all about. As mathematicians, we know that mathematics is not sociology, or phenomenology, or even epistemology. It isa
rigorous form of discourse for seeking certain types of truths. The nonmathematical reader of Seife’s book simply will not learn
this basic fact from these pages.

Even so, Seife’ s effort has merit. He writeswell, and his proseisfun to read. The book is a careful piece of work—it isnicely
documented andwell illustrated (unlike, for example, the other popul ar book about zero [ 2] that i s sweeping the market these days).
| would have liked to see more scholarly—and fewer popular—references in the bibliography, but that isjust me—I am a pedant.
| would haveliked Seifeto be more scrupul ous about sticking to his subject matter, and not to fall so easily into the episodic mode.
| would haveliked to seethe book organized aroundideas, rather than around the qui psthat thisauthor uses aschapter titles. | would
have liked to see more depth and less fluff.

But Seifeis not writing for me, and he isprobably not writing for you. Heisdoing ajob that most of us do not know how to do, which
istocommunicatesomething—anything—about mathematicsto the public. | canonly hopethat thereading of thisbook will give people
a positive impression of the fascination of our subject.
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