The SEM
doesn't lie!

It proves the
superiority of Uni-Pore™
membranes from Bio-Rad

The SEM micrograph on this page
dramatically illustrates the superior-
ity of Uni-Pore polycarbonate mem-
branes from Bio-Rad, compared to
the cellulose types.

Note the uniform pores of the
0.4 pm Uni-Pore membrane. Almost
as if they were drilled. And note the
smooth, flat, counter-like surface
which provides the ideal specimen
background for SEM and TEM anal-
ysis. It's a surface that will give you
virtually 100% recovery.

In addition to these advan-
tages, Uni-Pore membranes offer su-
perior strength (you can bend them
and fold them) and chemical/ther-
mal stability. Sizes: 8.0 down to 0.015
pm,in discs 13t0 293 mm, plus sheets
and filter cartridges.

Request Bulletin 1036, which,
in addition to full product descrip-
tions and prices, describes Uni-Pore
applications for virus purification and
concentration, exfoliative cytology,
particulate analysis, chemotaxis and
many other uses.
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Athey implies that we can rely on fail-
ure brought about by the lack of genuine
learning in the ‘‘real’” world. after col-
lege, to motivate students to work hon-
estly at earning their degrees. Unfortu-
nately this does not square with what
cheaters perceive are the rewards to be
gained from cheating. nor with the ex-
periences we all have had of seeing both
the ignorant and the unethical go on to
attain quite considerable success.

In any event, let’s not wait for future
employers (or *‘life’’) to teach our stu-
dents an ethics lesson; it is part of our
responsibility. So let’s do our share.
recognizing that it is regrettably much
easier said than done.

AMITAL ETZIONI
Department of Sociology, Columbia
University, New York 10027, and
Center for Policy Research, Inc.,
475 Riverside Drive, New York 10027

Understanding Mathematical Proofs:
Conceptual Barriers

The article by Gina Bari Kolata
‘““‘Mathematical proofs: The genesis of
reasonable doubt’ (Research News, 4
June, p. 989) is in some respects mislead-
ing. Since it has already inspired a New
York Times editorial on the so-called
“Crisis in mathematics’’ (/), a reply
seems warranted. Has mathematics in
fact become so complex that proofs are
often too long and involved to be proper-
ly understood by human beings?

The specific case alluded to—recent
work in ‘‘homotopy theory’’ by E.
Thomas and R. Zahler—can be dis-
missed. Like other scientists, mathemati-
cians sometimes make errors and dis-
agree: the issue in question has now been
resolved (in favor of Thomas and Zahler)
(Letters, 9 July, p. 98), and the amount of
time required was not especially long.

Long proofs are hardly an innovation
in mathematics. It is easy to find exam-
ples from the 19th century. In mathemati-
cal astronomy, Delaunay’s theory of the
moon’s motion contained many enor-
mous equations (some fill whole folio
pages). It used to be said that one could
check such an equation by measuring
it—if over 18 inches long, it must be
wrong. Shanks spent years calculating pi
to 707 decimal places; after the advent of
computers it was found that his last 200
digits were wrong.

But the intellectual barriers to be sur-
mounted are more often conceptual than
computational. Hawkins (2) has written
an enlightening account of the struggles
of some very distinguished 19th-century
mathematicians with the ‘‘easy’ con-

cepts of continuity and differentiability.
There were quite a few blunders. Ex-
tremely bright people went astray, not
because the proofs were excessively
long, but because, even though the con-
cepts were correctly defined on a formal
or verbal level, their ramifications were
not yet understood on an intuitive level.
The ‘‘standard’’ examples and counter-
examples with which we now stimulate
and guide our imaginations had yet to be
discovered. One hundred years later
these concepts and theorems cause no
trouble at all; they form part of every
course in advanced calculus.

Perhaps the most famous ‘‘monster
proof”’ in recent mathematics is the theo-
rem of Feit and Thompson (3), which
settled a fundamental problem about the
structure of finite groups. Their proof
fills an entire issue of a journal. Yet this
work has been assimilated without in-
tellectual indigestion; on the contrary,
the new ideas and techniques it in-
troduced have caused group theory to
flourish.

The point is simply this: a human math-
ematician does not attain an understand-
ing of a proof merely by checking that all
the individual steps have been strung
together according to the rules. On the
contrary, such detailed mechanical
plodding is neither necessary nor suf-
ficient. What is crucial is to see through
the technicalities to grasp the underlying
ideas and intuitions, which often can be
expressed concisely and even picto-
rially. Once the gestalt is perceived, the
competent technician can fill in as much
formal detail as needed. Jacob Bro-
nowski (4), speaking of the work of John
von Neumann, has put it most beau-
tifully: ““What is running through the
page is a clear intellectual line like a
tune, and all the heavy weight of equa-
tions is simply the orchestration down in
the bass.”

PauL R. CHERNOFF
Department of Mathematics,
University of California, Berkeley 94720
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Erratum: In the letter ‘‘Kepone chronology’ by
Rudolph J. Jaeger (9 July, p. 94, column 3, paragraph
3, line 9), the airborne Kepone concentration in the
Life Science Products plant measured by state of
Virginia officials in July 1975 was erroneously given
as 3 mg/cm®. The correct concentration was 3 mg/m®.
A portion of a sentence in the preceding paragraph
was also erroneously omitted (line 14). The sentence
should have read. ‘A chronicity factor, calculated
from these data, is the ratio of the single LD;, value
divided by the LD, value in repeatedly dosed
animals.”
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