
this reflects the author's special interests, 
a historiographic tradition, a judgment 
about the book's readers, or the actual 
history of zoological publishing. 

Knight's special concern is not with 
bibliophilic matters, however; rather, he 
wants to investigate the place of these 
books within the history of the science of 
zoology. How do the texts and pictures 
of these books fit together? What scien- 
tific attitudes and theories do the pic- 
tures embody? What can these sump- 
tuous publications tell us about the social 
organization of zoology in a given peri- 
od? How have their scientific functions 
changed over the past 500 years? These 
are certainly the kind of questions "an 
essay towards a history of printed zoo- 
logical pictures" ought to take up. And 
Knight makes many astute observations 
about the ways pictorial works ex- 
emplified the zoology of their times: 
how, for instance, the high cost of plates 
in books was subsidized by their prior 
publication in journals, how the grouping 
of animals in a single illustration dis- 
played the author's ideas about classifi- 
cation, how Darwinian theory encour- 
aged artists to show animals against the 
background of their natural habitat and 
to record individual variations within a 
species. It is unfortunate but excusable 
in "an essay towards a history" that the 
author has not drawn together these ob- 
servations into a more general argument 
about the scientific functions of zoologi- 
cal illustrations. 

What is harder to forgive, though, is 
his neglect of the artistic content and 
context of zoological illustrations. The 
point here is not the beauty or ugliness of 
these pictures-Knight disclaims any in- 
tention of assessing them "by purely 
aesthetic criteria," although in fact he 
often does rate them on their attractive- 
ness-but rather the decisions that deter- 
mined the final composition and render- 
ing of the image. In the introductory 
chapters, he raises some pertinent ques- 
tions about the constraints imposed on 
the artist by prevailing artistic conven- 
tions, by the zoologist and publisher, and 
by the printing process; but he does not 
go on to consider how the artist dealt 
with these constraints in practice and 
solved the tricky problems of presenting 
complex scientific information visually. 

As a rule, we realize how much these 
matters determine our response to a pic- 
ture only when the artist's solution has 
been especially incongruous or espe- 
cially apt. Consider, for example, the ro- 
mantic choice of a moonlit muined castle 
as the background for the picture of bats 
in Buffon's Histoire naturelle (figure 56), 
or the deft use of cast shadows to create 

the illusion of scarabs walking across the 
page of Martyn's English Entomologist 
(figure 68; reproduced here), or the inge- 
nious folding of a long, sinuous eel to 
tuck it into a small space in Playfair and 
Giinther's Fishes of Zanzibar (figure 23). 
The general naivete of non-artists about 
the construction of convincing visual im- 
ages makes it all the more important that 
a book on the history of zoological illus- 
trations pay attention to these sorts of is- 
sues. Moreover, it can be done very 
well: see, for example, Robert Herrlin- 
ger, History of Medical Illustration to 
1600; David Woodward, Ed., Five Cen- 
turies of Map Printing; and Ann Blum 
and Sarah Landry, "In loving detail," 
Harvard Magazine, May-June 1977, pp. 
39-51. 

Finally, an illustrated book about illus- 
trated books invites comment on its own 
appearance and production. This book 
comes off very badly in comparison to 
the works it describes. The index is 
wbolly inadequate, the bibliographic en- 
tries idiosyncratic in form, the text 
marred by a great many typographical 
errors. Knight's disregard for the visual 
aspects of illustration seems to have car- 
ried over into the handling of the figures. 
The pictures are not keyed to the text. 
The captions are uninformative: even in 
the chapter on techniques of zoological 
illustration, the captions do not specify 
how the drawings were reproduced. A 
still more striking sin of omission is the 
failure to name the artists of the pictures 
in the captions. Worst of all, the pictures 
themselves are printed here in muddy 
grays and exaggerated blacks and show 
through the thin paper. What should 
have been a delight to see and read is, as 
a result, a sad disappointment. 

KAREN REEDS 

Office for the History of Science and 
Technology, University of California, 
Berkeley 94720 

French and British Studies 

Essays and Papers in the History of Modern 
Science. HENRY GUERLAC. Johns Hopkins 
University Press, Baltimore, 1977. xx, 540 pp. 
$20. 

Historians of science will be happy to 
have these papers conveniently collected 
in a single volume, though few if any of 
the essays will be new to them. Word of 
the publication of a paper by Guerlac has 
regularly sent historians to seek it out, 
even in the most recondite of places. Ur- 
bane, literate without ostentation, occa- 
sionally enlivened with wit barely con- 

cealing a sharp needle, Guerlac's work 
was a school in which many of us learned 
the art of marshaling evidence to bring 
to bear on carefully defined historical 
problems. 

Here there are brought together 33 of 
the more than 50 articles Guerlac has 
written, one as early as 1943 and the re- 
mainder dating from 1950 through 1976, 
ranging in subject from general aspects 
of the history of science through New- 
tonian science and Lavoisier and the 
chemical revolution to science in French 
culture. Whatever their subject, the ma- 
jority of the papers illustrate the author's 
inclination to work "in small form," as a 
kind of historical detective piecing citvis 
together to solve some persistent inter- 
pretative puzzle. There is inevitably 
some repetition, and, as is exemplified 
by the difference between the biographi- 
cal sketch of Stephen Hales (of 1972) and 
the earlier (1951) "The Continental repu- 
tation of Stephen Hales," there are some 
minor corrections of fact as other inves- 
tigators added their mered of information 
to Guerlac's own studies. 

Each reader will have his or her own 
favorite selections. Among mine are 
"Francis Hauksbee: Experimentateur 
au profit de Newton," combined with 
"Newton's optic'ql aether His draft 
of a proposed addition to his Opticks," 
where one goes from a reasoned infer- 
ence, in the first, to demonstration by 
documentation, in the second, of the in- 
fluence of Hauksbee's work in returning 
Newton to aetherial hypotheses. Anoth- 
er set is "The origin of Lavoisier's work 
on combustion" comb-hined with "A curi- 
ous Lavoisier episode," showing the in- 
fluence of Guyton de Morveau's experi- 
ments on Lavoisier's and on the original 
phrasing of his famous "sealed note," 
changed in publication to conceal com- 
petition with his French contemporaries. 
And, in a different and more reflec- 
tive mood, there is the discussion of 
Montesquieu and natural laws of society 
in "Humanism in science" combined 
with "Three eighteenth-century social 
philosophers: S'ientific influences on 
their thought,"' which deals with Mon- 
tesquieu, Voltaire, and the Baron 
d'Holbach. 

Rereading ' Lavoisier and his biogra- 
phers" makes one wish that Guerlac 
would just once transcend his preference 
for articles over books to write the biog- 
raphy of Lavoisi'er that only he could 
write. And of course one does not al- 
ways agree with his interpretations. Al- 
though Guerlac admits that the? French 
"mathematical positilvists" probably un- 
derstood Newton less than the British 
experiment&tists, he. is himself too much 
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the admirer of the French to escape their 
positivism, as is revealed in his descrip- 
tion of Newtonian ontological views as 
.,a psychological prop" and a "heuristic 
alid." Nor, in view of Black's explicit re- 
jection (in his Lectures, vol. 1, pp. 282- 
283) of attraction as a means of explain- 
ing chemical combinations, can I accept 
Guerlac's arguments in "The back- 
ground to Dalton's atomic theory" for 
the importance to Cullen and Black of 
Newtonian force concepts. 

For all one' s minor objection to some 
of the concltusions of these papers, to- 
gether- they constitute an instructive and 

readable introduction to some of the 
problems of 17th- and 18th-century sci- 
ence and to the range and subtlety of 
mind of one of the major practitioners of 
the history of science. My only strong 
objection to the book is the autumnal fla- 
vor of the foreword and introduction. I 
must protest their implication that we are 
not to continue to be instructed and 
goaded in our research by a continuation 
of papers by Guerlac. 

ROBERT E. SCHOFIELD 

Division oJ Special Interdisciplinay 
Studies, Case Western Reserve 
University, Cleveland, Ohio 44106 

Struggles and Success 

Lunar Impact. A History of Project Ranger. 
R. CARGILL HALL. National Aeronautics and 
Space Administration, Washington, D.C., 
1977 (available from the Superintendent of 
Documents, Washington, D.C.). xviii, 454 
pp., illus. $6.25. NASA History Series. 
NASA SP-4210. Stock No. 033-000-00699-3. 

The first close-up photographs of the 
lunar surface, obtained in mid-1964, 
opened a new era by bringing the moon 
into the purview of experimental sci- 
ence. The photographs almost to the last 
appeared to be unattainable. Many ad- 
vanced machines had to be designed to 
provide them, and the difficulties en- 
cotuntered in the task were not only ones 
of engineering, but ones of management 
as well. This is the theme of Hall's well- 
researched and excitingly written history 
of Project Ranger, conducted by NASA 
and the Jet Propulsion Laboratory (JPL) 
of the California Institute of Technology 
in the years 1959 to 1965. 

The design of Ranger began as the Ex- 
plorer and Mercury projects attained 
their successes and during the Army's 
Pioneer and NASA's Atlas-Able pro- 
griams. The stated mission of the Ranger 
project emphasized sending a satellite to 
the moon and conducting some experi- 
ments during the flight, but the question 
of what experiments it would do along 
the way and before impact gave rise to 
much perturbation before the first suc- 
cessful flight. NASA, being a civilian 
agency, was more susceptible than the 
military to outside influences, and early 
planning for Ranger involved many ten- 
sions. One major tension existed be- 
tween the designers, who wanted a fail- 
safe system with redundant backup, and 

the experimenters, who wanted to load 
as much scientific apparatus as possible 
on the capsule, even if backup had to be 
sacrificed. Another tension came from 
the differences between the points of 
view of sky and planetary scientists. The 
former desired information about the re- 
gion above the earth's surface and the 
latter saw the project as an opportunity 
to learn more about the moon and other 
bodies of the solar system. The two 
groups argued for different experiments. 
Compromises were designed to placate 
both sides. The problems multiplied 
when the Air Force insisted that because 
it developed the Atlas rocket and com- 
manded the launch facilities it should 
control launches. 

Other factors, too, affected decision- 
making, and Hall effectively integrates 
these into his narrative. For example, 
NASA, then a fledgling agency, found it 
desirable to oversee the early work of 
contractors by committee; the armed 
services conducted programs for re- 
search on missiles and rockets and 
created confusion because of inter- 
service rivalry; and, not least, the times 
were highly charged with a competitive 
spirit, stimulated by Sputnik, that made 
many conclude that the United States 
must reach the moon before the Soviets. 
For the first five Rangers these problems 
were not satisfactorily resolved. Con- 
sequently, designs were weak and the 
missions failed-at first owing to Atlas 
failures. 

After Ranger 5 failed the program was 
overhauled, with great distress for JPL, 
which had to bear the brunt of every- 
one's discontent. Fortunately, by that 
time NASA had resolved its manage- 

ment difficulties, and subsequent activi- 
ties were directed in a more hierarchical 
fashion. And along the way a new view 
of the space program was taken by the 
Kennedy administration, and manned lu- 
nar missions received first priority. 
These developments helped to rigidify 
Ranger's mission, and engineering be- 
came uppermost because of its impor- 
tance in ensuring the return of informa- 
tion that would be valuable in making 
Apollo flights safe. In this way planetary 
scientists won a partial victory in that a 
few of their experiments were included. 
Of course, this offered the potential for a 
new set of tensions, but they were avoid- 
ed by good management practices. 

Although the increasing accomplish- 
ments of the Ranger program could not 
be appreciated during the stress of trying 
to achieve success, Hall notes that they 
were many and varied. Pointing to the 
greatest value of Ranger, he writes, 

Perhaps more than any other flight project, 
Ranger proved the technologies and the de- 
signs for the automatic machines NASA 
would use for deep space exploration: attitude 
stabilization on three axes, onboard computer 
and sequencer, directional scientific observa- 
tions, midcourse trajectory and terminal ma- 
neuver capability, and steerable high-gain an- 
tenna. 

In addition, Ranger scientists developed 
the Deep Space Network, using a two- 
way Doppler tracking and communica- 
tion system that aided accurate trajec- 
tory computation. And, most impres- 
sive, the last three Rangers returned ex- 
cellent photographs of the lunar surface 
made with the use of a camera developed 
by RCA. 

Hall presents all these events in an en- 
gaging manner, and he portrays warmly 
the struggles with design, construction, 
and preparation for launch, the complete 
and partial failures, and the attainment of 
success. Hall has been careful not to let 
himself be deflected from his main theme 
by effects on the project that were gener- 
ated by persons or institutions beyond 
NASA. There are instances, however, 
when some further information or slight 
repetition would aid the reader. The 
number of offices and companies in- 
volved in the project increases as the sto- 
ry unfolds, and their various roles are 
not always made clear. The central role 
of JPL in the story tends to minimize the 
contributions of others, but at the same 
time we receive only occasional glimpses 
of how work on the Ranger program af- 
fected other JPL activities. Even so, the 
book resembles a mystery story to which 
you know the ending but which you feel 
compelled to complete in order to learn 
how the obstacles were overcome. 
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