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A symbiotic relationship

THE GOVERNMENT OF SCIENCE.
By Harvey Brooks. 343 pp. MIT
Press, Cambridge, Mass., 1968.
$6.95.

SCIENCE POLICY AND THE UNI-
VERSITY. Harold Orlans, ed. 352
pp. The Brookings Institution,
Washington, D. C, 1968. Paper
$2.95, cloth $7.50.

by Paul Craig

As science budgets become increas-
ingly competitive with other claimants
upon the national budget, it becomes
incumbent upon the scientific com-
munity to concern itself with the poli-
tics and government of science and
with the establishment of internal pri-
orities within science. There exists
within the scientific community con-
siderable expertise in these matters,
and scientists will do well to take ad-
vantage of this knowledge. The in-
dividual who wishes to learn some-
thing of the "state of the art" in gov-
ernment-science interaction can hardly
do better than study the two volumes
under review here.

Harvey Brooks of Harvard Univer-
sity has been an advisor to government
for a number of years. In this role he
has concentrated his attention on the
examination of broad issues of policy
formulation relating to the manner in
which governmental and societal needs
in research and development may be
identified and satisfied. It is a tribute
to his insight that the essays (span-
ning a seven-year period) collected in
The Government of Science identify
and anticipate issues and problems
that the general scientific community
is only now confronting. The breadth
of Brooks's concern may be indicated
by citing a few chapter titles: 'The
Government of Science," "The Science
Advisor," "Future Needs for the Sup-
port of Basic Research," and "Can Sci-
ence be Planned?"

The Brookings Institution is an inde-
pendent organization that devotes it-
self to those aspects of economics, gov-
ernment, foreign policy and the social
sciences that it feels are deserving of
public attention. Studies by the In-
stitution are highly variable in ap-
proach and usually rewarding. Sci-

ence Policy and the University results
from a continuing concern within the
Institution about the nature of the
symbiotic relationship between govern-
ment and the universities, and how this
relationship affects the growth of sci-
ence. The Brookings approach was to
sponsor a series of relevant seminars.
In each session a position or interpre-
tive paper was prepared by an expert
in a particular area of concern. Repre-
sentatives included Don K. Price and
Hendrik W. Bode of Harvard, Alvin
Weinberg, director of Oak Ridge Na-
tional Laboratory, Wolfgang K. H.
Panofsky of the Stanford Linear Ac-
celerator and Howard E. Page of the
National Science Foundation. The
papers were circulated to the seminar
members before each meeting. The
meetings consisted of brief summaries
of the papers, followed by intensive
discussion. The editor, Harold Orlans,
has condensed the discussions and in-
serted connective comments and ref-
erences. The participants in the dis-
cussions are identified only by generic
terms (congressman, physicist, NASA
official and so on). As the book in-
cludes an appendix listing all seminar
members, speakers and guests, an en-

tertaining sport is to attempt to asso-
ciate viewpoints with these names.
The discussions are wide ranging,
sometimes rambling, but generally in-
cisive. A reader might feel he is a
participant in a roundtable of experts.
The give and take brings out a variety
of points likely to be omitted in a
more formal presentation.

Harvey Brooks presented one of the
Brookings Institution seminars and one
of his essays ("The Future Growth of
Academic Research: Criteria and
Needs") appears in both volumes.
This duplication suggests, as turns out
to be the case, that the subject matter
of the two volumes overlaps substan-
tially. Indeed, the Brookings study
might have been titled simply Science
Policy as the book ranges further than
its title implies. Brooks's concern
tends toward broad issues of science
development and support, whereas the
Brookings seminars tend more toward
consideration of specific mechanisms.

Some of Brooks's essays are back-
ground material for decisions. An ex-
ample is the study prepared in 1961
for the President's science advisor,
Jerome B. Wiesner, on the pros and
cons of a Department of Science. Us-
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ing the specific question of a Depart-
ment of Science as a takeoff point,
general issues of science support are
explored. The justification for the
multifaceted and often confused sup-
port of a particular branch of science
by many divisions of government is
discussed. Several essays are detailed
analyses of specific questions, as is
Chapter 9 on the curriculum needs of
a modern engineering program, and
Chapter 11, a study for the Academy
of Sciences on the definition, status
and use of applied research, and how
one might undertake a program of "re-
search on research."

Questions are raised regarding gov-
ernment support of research. In sup-
porting science, the government must
ask what this science is to be used for.
No single answer can be given. In
applied areas planning is clear. But
to what extent can (or should) direc-
tions in basic research be controlled?
What is the role of the universities,
and how is knowledge that develops
in one area of society transferred to
other areas where it may be put to use?

Because science must today be
largely supported by the government
the needs of government itself must be
considered. The military has for a
number of years taken over a major
portion of the support of both basic

and applied research. The justifica-
tion for military support of basic re-
search goes back to Alamogordo, and
is succinctly phrased by Brooks: "In
military development there is nothing
more costly than the basic scientific
results that were not available when
the time was ripe for their use." But
military support of science is only one
type among many, and the military to-
day is tending to shy away from re-
search that is not highly product
oriented.

There are many types of science that
contribute to or are required by non-
military facets of the society. Many
such areas are related to specific agen-
cies of government. Education is in a
separate category because it is essen-
tial to all science.

The Brookings study is more con-
cerned with specifics. Don K. Price
presented at the seminar his well-
known paper, "Federal Money and
University Research," on the historical
development of Federal support of sci-
ence. There is a discussion of how
government allocates money to re-
search, details of how the Federal sci-
ence budget is made up in the Budget
Bureau and presented to Congress, and
the question of how the scientific com-
munity ought to decide its priorities
and the needs of academic research.
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A particularly relevant paper by Her-
bert Roback tells what kind of informa-
tion is of interest to Congressmen and
how to present it to them. On most
issues the spectrum of informed opin-
ion was expressed. On high-energy
physics, for example, one person stated
that the physics panel of the National
Academy of Sciences took a poll
among its members on the most fun-
damental field of physics and dis-
covered that every member said high-
energy physics. Later in the discus-
sion it was asserted that "the findings
of physics would ultimately prove of
great social value" to which the re-
sponse was: "Never in the history of
science have so many bright people
worked so long and spent so much
money and given rise to so little in the
way of practical accomplishment." In
another session, Panofsky offers an
eloquent (if not entirely convincing)
defense of high energy as a training
ground for students.

Alvin Weinberg did not contribute a
new paper but discussed his much
commented-upon study "Criteria for
Scientific Choice," which originally ap-
peared in "Minerva" and has recently
been reprinted (Criteria for Scientific
Development: Public Policy and Na-
tional Goals, Edward Shils, ed., MIT
Press, 1968). His object is to define
criteria by which a society may decide
amongst rival claims for support from
various scientific research directions.
His emphasis upon "embeddedness"
and social utility have been much de-
bated. It is a controversial paper and
the discussion with government offi-
cials and social scientists as well as
natural scientists makes for superb
dialog.

Both volumes reviewed here suffer
certain weaknesses of structure. Per-
haps this is inevitable in any collection
representing thoughts of a variety of
individuals, or the uncorrelated collec-
tion of one individual's writings. In
The Government of Science it is par-
ticularly unfortunate that in collecting
Brooks's work no attempt beyond a
brief paragraph at the beginning of
each chapter was made to interrelate
or to coordinate the essays. Not only
is there no index, but footnotes within
each section are the original ones; even
references to other articles appearing
in the collection refer to the original
publications. But these are minor ob-
jections. The volumes are prime ref-
erences for the scientist who hopes to
function efficiently in the changing sci-
entific climate of the late sixties. Tbe



scientist or administrator who fails to
become aware of the new issues raised
here does so at his peril.

*- * *
Paul Craig is a physicist specializing in
cryogenics at Brookhaven National Lab-
oratories and an associate professor at the
State University of New York, Stony
Brook.

Theory of natural diffraction

ELEMENTS OF X-RAY CRYSTAL-
LOGRAPHY. By Leonid V. Azaroff.
610 pp. McGraw-Hill, New York,
1968. $15.75

by Richard B. Zipin

My own introduction to crystal ge-
ometry came seven years ago as a be-
ginning graduate student in a course
in which we depended on lecture
notes. As the instructor was not com-
pletely satisfied with any of the text-
books available at that time, he was
therefore writing his own. As far as I
know, my former instructor's book has
not yet been published, but here at
last is a book that will fill the sorely-
felt gap in my personal library. Many
sections of the book were familiar to
me even before I read them, as Leonid
Azaroff, the author of this book, and

the man who taught me both got their
crystallographic educations at MIT.

In his preface, the author warns that
many readers may be reminded of lec-
tures that they have had. He and my
own professor presumably listened to
the same lectures, and I have only had
such lectures secondhand. Never-
theless, on opening this book I became
reunited with an old friend—a clear
and fairly complete introductory ex-
position of x-ray crystallography that
should be welcomed by students and
teachers alike. The author is already
well-known to students of the solid
state, not only for his research, but also
for his previously published textbooks.

This text is based on the concept
that diffraction spectra of single crys-
tals constitute a reciprocal-lattice ar-
ray. The author has separated his ma-
terial into four distinct areas: crystal
geometry, x-ray physics, diffraction
theory and experimental methods. His
personal interests are readily apparent
in that the latter two subjects comprise
more than two thirds of the book.
The appendixes include material aimed
at helping the students who will use
the book as a text; there is some math-
ematical development, a set of tables,
a short bibliography, and answers to
some of the problems that appear at
the end of each chapter. There is ad-
equate material included so that in-

POWDER METHOD. The diffraction cones emanating from a cylindrical sample are
shown intersecting a film strip; the strip is also placed cylindrically to intercept all the
cones produced. (From Elements of X-Ray Crystallography).

structors will find the book suitable for
an introductory course at either the
undergraduate or beginning graduate
level.

My own preferences would have
been better satisfied with a book that
deals more extensively with the group-
theoretic concepts in crystal geometry
and the physics of x rays, rather than
a book that concentrates so much on
experimental techniques; but each au-
thor must write a book that satisfies
himself. I can only recommend this
book to those who require a good in-
troduction to x-ray crystallography
written with students in mind.

The reviewer is responsible for the ap-
plication of optics to advanced dimen-
sional measurement systems at the Auto-
mation and Measurement Division of the
Bendix Corporation, Dayton, Ohio.

Mossbauer spectroscopy
MOSSBAUER EFFECT METHOD-
OLOGY, Vol. 3. Conf. proc. (New
York, Jan. 1967) Irwin J. Gruver-
man, ed. 250 pp. Plenum Press,
New York, 1967. $12.50

by H. H. Wickman

For the past four years (1965-68)
the New England Nuclear Corp (a
supplier of Mossbauer sources) has
sponsored a Mossbauer-Effect Method-
ology Symposium held prior to the an-
nual meeting of the American Physical
Society. The present volume, edited
by Irwin Gruverman of New England
Nuclear, contains proceedings of the
third symposium held in New York, in
January, 1967. The volume is com-
posed of two sections, the larger being
a collection of applications of Moss-
bauer spectroscopy in the area of ma-
terial sciences; the second section is
devoted to the methodology of several
relatively recently developed Moss-
bauer nuclides. The level of the ar-
ticles is generally introductory and for
the most part the discussions are ac-
cessible to nonspecialists.

Not all of the articles contained in
the material sciences section could be
considered to be in the mainstream of
current research in which gamma-ray
nuclear resonance is involved. Among
the articles that should be of fairly
general interest is a concise description
of chemical and magnetic order in al-
loy phases written by Clyde W. Kim-
ball, who considers in some detail the
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