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ton Workshop in the History of Science.

Standardization and precision measurement
have often been taken for granted by histo-
rians of science. Norton Wise should there-
fore be applauded for having put together
this excellent collection of essays that plac-
es the topic right where it belongs, at the
center of historical attention. The authors
present us with an array of good case studies
bearing on the emergence of precision as a
cultural value and of exact measurement as
a key technology from the 18th to the early
20th century. Two aspects of the history of
precision, as it is told here, are particularly
striking. First, technical reliability depends
on the organization of people. In this respect
the development of the modern laboratory
is comparable to that of industries or armies,
where human behavior is similarly disci-
plined in order to ensure the efficient use of
technology. Second, the values of precision
are not only technical or economic but also
moral. In the 19th century, the ideal of
scientific precision was embedded in West-
ern culture. Precision, accuracy, or exacti-
tude—connoting disinterestedness and re-
liability—came to be regarded as particu-
larly characteristic of members of the pro-
fessional classes.

Several authors in the present volume
point out that precision is the result not
only of individual technological prowess
but of networks of scientists who rely on an
infrastructure of workshops and bureaucra-
cies. One example is given in George
Sweetnam’s essay on Henry Rowland and
his famous diffraction gratings. From the
1880s to the 1940s the gratings produced at
the workshop of the Johns Hopkins physics
department were coveted by the spectros-
copists of the world. As Sweetnam shows,
the precision of Rowland’s gratings depend-
ed on the successful integration of science
with engineering, and with expansionist
American manufacturing in a broader
sense. Unlike successful industrial produc-
tion, however, the manufacture of gratings
produced no financial gain. The profit was
of a different nature: Rowland was support-
ed by the university because his gratings
established its scientific reputation at a time

when scientific reputation was a scarce re-
source in America. Hence the emergence of
this precision technology depended not
only on the skills of Rowland and his engi-
neer but on the ambition of American in-
dustry and universities to establish a strong
position in the international markets of
goods and knowledge.

A more intimate relationship between
laboratory and workshop emerged also in
the Old World at about this time. Simon
Schaffer discusses physics at Cambridge
during the Maxwell era, when a close col-
laboration between the Cavendish Labora-
tory and the Cambridge Scientific Instru-
ments Company was established. “Close”
should here be taken literally. The determi-
nation of a standard unit of resistance,

“This 1800 illustration of the ‘uses of the new measures’
shows [French] workers performing traditional tasks as a
way of introducing the new names for measures of capac-
ity, weight, length, area, currency, and volume.”’ [From Ken
Alder’s paper in The Values of Precision; Hennin Collection,
Bibliotheque Nationale}

SCIENCE e« VOL. 268 = 12 MAY 1995

which was an important part of Maxwell’s
interconnected theoretical and experimen-
tal agendas, demanded collaboration in a
sense that was not easy to achieve unless
workshop and laboratory were actually sit-
uated near one another. To communicate
the standard, to ensure its acceptance in the
scientific community, was no easy matter
either. Once that had been achieved, how-
ever, increased precision was the reward.
But then, writes Schaffer, “Precision is the
result, rather than the cause, of consensus
among scientific practitioners.”

If a standard is to come into general use
it must be reproducible. Kathryn Olesko
shows, in an essay on German metrology,
that the reproduction of standards led to the
spread of practices such as error analysis and
values such as “the ever-present concern for
honesty.” The idea here, as in several other
essays in the book, is that the adoption of
certain techniques cannot be successfully
accomplished unless intellectual and mate-
rial contexts associated with those tech-
niques are also reproduced. In other words,
as precision measurement spreads, ‘science
becomes in general more homogenous; the
adoption of standards reflects the adoption
of laboratory cultures.

The moral importance of precision
is perhaps illustrated most interesting-
ly in Graeme Gooday’s splendid paper
on the introduction of so-called di-
rect-reading voltmeters and ammeters
from the mid-1880s and onward. By
the early 1890s, students needed only
a few minutes to produce results that
seasoned researchers used to labor
over for hours. Interestingly this was
not generally welcomed among phys-
ics teachers. They thought that only
the drudgery of tedious measurement
would lead the student to an authen-
tic encounter with nature and that
this was necessary for molding an im-
maculate scientific character. If re-
sults were served on a silver tray, stu-
dents would loose the sense of what
actually constitutes proper science.
Similar apprehensions also surface in
Andrew Warwick’s fascinating over-
view of the history of 19th-century
number crunching—the develop-
ment of tables and calculating ma-
chines. Here, the fear was expressed
that mechanical aids to calculation
would in time erode the mathemati-
cal skills of scientists. These worries
reflect an important aspect of the so-
cial history of precision: during the
second half of the 19th century the
ability to produce knowledge with the
aid of exquisite precision techniques
came to be regarded as a hallmark of
physics and other sciences as well.
Indeed, this ability, this reliability, was
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Vignettes: Sportstech

Such sports as mountaineering, sailing, skiing, scuba diving as well as traditional
bat-and-ball games have all been subject to technological improvement. Whether
these advances have added to the pleasure derived from such activities may be
doubted and it is also doubtful if they have had any beneficial effects outside the
individual sports in question. Sports technology does not seem to be a strategic
technology.

—Donald Cardwell, in The Norton History of Technology (Norton)
Let me . . . make this modest proposal: an artificial indoor ski area in downtown
Los Angeles. What would it look like? You may have seen in a sporting goods store
the moving carpets that are mounted like large tilted conveyor belts and allow a
skier to ski down the incline so that the skis sliding down and the carpet moving
up roughly balance and, to a stationary observer, the skier stays in place. In
addition to boots, skis, and poles, the skier is given a pair of goggles (skiers are
used to these) where the lens is replaced by two microtelevision screens. The rest
of the story tells itself. We play on those screens moving scenes of ski slopes that
are coordinated with the varying speed and pitch of the conveyor belt carpet.
Everything else is a matter of technological refinement: blowers to simulate the
rushing of the wind, a harness to suspend the wayward or crashing skier, and
more. And let me briefly extol the virtues of the new kind of skiing, the reduction
of gasoline consumption and automobile pollution, the infinite variety of conditions
and terrains, the instant, continuous, and wide availability of skiiing, and the

supreme safety of the sport.

closely identified with the moral character
that entitled scientists to that professional
autonomy which has allowed systems of peer
review to flourish in most walks of scientific
life. In the 19th century the ammeter or the
calculating machine could be seen to pose a
threat against this still budding self-sufficien-
cy, because these devices seemed to dislocate
mastery over nature and control over the
values of precision from the scientist to the
manufacturer of instruments.

Why, then, has precision had such a
strong impact on Western culture? At the
end of the book, Wise addresses this inter-
esting question, and he rightly points to a
general tendency to pursue unity, apparent
also for example in the centralization of
nation states and international commerce.
Wise sees scientific conventions, such as
standards, as both “agents of unity and
products of agreement.” This is in fact how
scientists at the turn of the century liked to
view the matter: international commerce
and international science would create uni-
ty between nations and ensure peace. But
history has corrected that optimistic view.
Several essays in this book do in fact em-
phasize that unity and agreement on stan-
dards often emerge only after acrimonious
disputes. Therefore, when unity has been
achieved someone has lost out; the smooth
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—Albert Borgmann, in Reinventing Nature? Responses to Postmodern Deconstruction
(Michael E. Soulé and Gary Lease, Eds.; Island Press)

surface of standardized science also hides
the ragged edges of discontent.
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