involves it, was much bothered by the apparent need
to assume that a particle of matter can act “where 1
is not”, Presumably much of the opposition to the
atomic hypothesis in the sixteenth and seventeenth
centuries was due to the unwillingness of many scien-
Lists to swallow this concept

Miss Hesse traces the story of the vicissitudes of
the concept ol action at a distance with clarity,
though naturally with necessary skilful compression.
She then discusses the development in the eighteenth
century of the attempts to study the motion and
other behavior of continuous media, as illustrated by
the hydrodynamical and elementary elastic  wave
propagation theories of Euler, the Bernoullis and
D'Alembert. This leads up to the general concept ol
field in electricity and magnetism as exemplified by
George Green, Faraday, and Maxwell. The book closes
with a brief excursion into relativity and modern
gquantum physics, which though clear somehow to a
certain extent seems to get off the track of the main
theme. This does include an interesting and sympa-
thetic critique of Bohm's recent attempt to restore de-
terminism to quantum physics.

Those interested in the general methodology of
physics will find the first chapter of Miss Hesse's
book (“The Logical Status of Theories”) worthy of
careful study. She comes down rather hard on the
traditional “realist” and “positivist” views of scientific
theories, and advocates a return to a ‘“maodel”
theory, expressing the strong feeling that uninterpreted
formal systems are not satisfactory for the provision
of theoretical explanations, Here of course the author
treads on highly controversial ground and the matter
needs much more careful consideration than she has
been able to give it in her book.

The volume can be highly recommended to all who
are interested in the history and philosophy of physics.

Direct Methods in Crystallography. By M. M.
Woolison, 144 pp. Oxford U. Press, London & New
York, 1961. $4.80. Reviewed by J. Gillis, Weizmann
Institute of Science,

IRECT methods have been a central topic in

crystallography for the past fifteen years, and it
was certainly time for a book on the subject to enable
us to assess the present status of this approach to
structure determination. Dr. Woolfson has performed
that service and is entitled to our gratitude.

The problem is insoluble in the sense that without
the use of chemical information there are always a
nondenumerable infinity of possibilities, How much
chemical information is needed to make the solution
unique is still unknown and certainly depends on the
particular structure. The now classical inequality rela-
lions take into account the non-negativeness of the
electron density, and the literature includes several
structures where this has sufficed. It is where it fails
that direct methods become complicated, Presumably
the logical answer would he to seck the stronger
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Northrop Space Laboratories

At its inception, a new enterprise needs impatient men

to mold it. Restless men whose minds won't fit the con-
fines of older, more complacent organizations.

Northrop Space Laboratories is just such an enterprise
... newly formed, free from preconceived ideas, with a
broad range of programs planned in pure as well as
applied science, and the enthusiastic support of the
Northrop Corporation to carry them out. Men who join
this group today will move upward with it, and give it
direction through the years of growth ahead. Key open-
ings are available for:

Solid state physicists, to conduct fundamental research
on many-body problems as applied to an ultra high pres-
sure program. The goals of this program are to study the
electrical and physical behavior of materials under ultra
high pressure, to investigate the origin, history and
structure of the moon and planets, and to find ways to
utilize their natural resources.

Scientists, to perform research in nuclear and radio-
chemistry, and to conceive and carry out investigations
in the fields of activation analysis, dosimetry, gamma
ray spectrometry, surface phenomena, and numerous
other areas.

A plasma physicist, to join our growing program in the

measurement of plasma properties, spectroscopy, diag-
nostics, accelerators, and power conversion devices.

A mathematician-physicist, to concentrate on systems
analysis and operations research applied to military and
non-military space systems.

Physicists experienced in electro-optical imaging devices
and laser theory for new and original work in satellite
detection systems.

For more information about these and other opportuni-
ties, write to W. E. Propst, Space Personnel Office, Il E.
Broadway, Hawthorne, op
California. You will re- NOBT"R
ceive a prompt reply. AN EGUAL EmPLOVER
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inequalities  implied by the additional chemical in-

tormation al our ¢h |20 al: e L the numbers of dtoms
ol the various types per unit cell, approximate atomic
radin, possihle limits o the distortion of a benzene
ring, el

I'his has not yvel been done, Instead refuge has been
ought in probabilistic arguments of highly dubious
validity piled up to make a result seem

|.H|’..,||.||- but no criterion 1is

[Evidence 1=
suggested for deciding
whether thi eparate items of l'\j'li'liu‘ are in |-;HF
independent. And analysis of this question leads to
the more disturbing fact that the sample space and
random process are themselves undefined, If we associ-
ite numerical probabilities with events which are nol
be prepared to come up against
paradox or worse, There may still be significance in
the probability concept; but it is not the usual one
have to specify (and justify) the rules of
operation It 15 worse than naive to expect the rules
of true probability to apply without qualification. What
is the probability that the millionth digit in the
decimal expansion of # is 67 The digit is not a random
variable and the question is correspondingly suspect.
I'here are senses in '\\||l[|i Lthe qlli'-[liln ]1:|'-' mcaning.
but these senses and the meaning need to be carefully
defined. In the crystallographic problem, nobody
appears Lo have even attempted the corresponding
definition

Nevertheless, the fact remains that direct methods

random  we  must

ind we

do sometimes produce results. Since even the most
complicated of them take much less time and labor
than an old-style analysis by trial and error, they are
vsually worth trying hopefully. And the reader will
find in the book under review a fairly realistic descrip-
tion of all the known approaches: inequalities, the
Sayre-Zachariasen idea, the Karle-Hauptman method,
and those associated with Douglas, Cochran, and the
author

Why statistical methods do sometimes work 15 a
matter for speculation. X-ray crystallography is one
of those subjects where the correct solution, once
obtained, is usually recognized beyond doubt (although
‘errors of both kinds” have been known to occur).
And if a start fails to lead to a solution, one rarely
knows whether it was the start itself that was false
I'hus, methods which gave the phases of a few leading
terms enjoy the inestimabl advantage that their suc-
cesses are nearly always known, but their failures
However, even discounting for this effect,
the statistical approach can
Une 1=

only rarely
it would appear thal
genuinely claim more than random success.
tempted to think that all of these methods may be.
iIn a sense, projections on to some simpler thought
plane of those elusive exact methods. if indeed they
exist, which would be based on complete use of the
chemical facts of the structure. If this be so then the
more successful cases are presumably those in which
the projection happens to give the more faithful repre-
senfation, But the truth itself is still hevond us
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