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FUTURE OF THE CIVIL SERVICE

LTHOUGH the Civil Service in Great Britain

has received a considerable amount of criticism
in recent months, the basic qualities and technique
which have won for it the admiration of the world
cannot be discarded without imperilling the execution
of that new conception of government which should
inspire policy to-day. To develop and modify rather
than to destroy tradition and technique should be the
object, and while Lord Stamp may have been right
as to the unsuitability for higher administration of
the exactly trained Civil servant, given to the ana-
lytical application of a legislative programme in a
statute, co-operating with other departments simi-
larly bound, and working to the elaboration of a
complete static programme to be generally applicable
by principle and precedent, this is not to say that his
essential qualities are not required. Thoroughness ;
accuracy of statement and precision of reasoning ;
a proper respect for precedent; the capacity to get
quickly at the real gist of a situation and to set out
the points briefly and lucidly ; the power of writing
for public consumption, both vigorously and cau-
tiously ; a strong dislike of muddle and irregularity
in procedure ; awide acquaintance with the machinery
of government and a close acquaintance with two
or three parts of it; and a subconscious instinct
for what can be said and done and what cannot—
these characteristics will be valuable and essential
whatever changes in organization and outlook are
introduced.

The growth ofthe Service, and the struggles through
which its tradition and strict code of conduct have
developed, have been well set out by Emmeline W.
Cohen in a recent work (see Nature, Nov. 22, p. 601).
Now Mr. H. E. Dale, himself a Civil servant with a
distinguished career who retired in 1935, has given*
an interpretation of the mind of those higher ranks
of the Service who are primarily concerned with
policy and are in immediate contact with Ministers.
He limits himself to the conditions which existed up
to September 1939, and within that qualification his
admirably written book gives a very human picture
of the life and work of the administrative class, more
intimate, indeed, than that given in such biographies
of Civil servants as Bernard M. Allen’s “Sir Robert
Morant” or Lady Murray’s more recent “The Making
of a Civil Servant”. Indeed, this most readable
volume should be as welcome to those considering
the Civil Service as a career as it is relevant to the
discussion of the place of the Service in the machinery
of government to-day.

Mr. Dale attempts to describe and analyse, first
the nature of the original human material from
which the higher permanent official is recruited, and
secondly the processes which have contributed to his
making. Facts and opinions are kept clearly apart,
and although it might be held that Mr. Dale is a little
optimistic in holding that the Civil Service will emerge
relatively little changed from the present struggle,
and some of his conclusions are tinged with com-

By H. E. Dale. Pp-
Oxford University Press, 1941.) 10a.net.

* The Higher Civil Service of Great Britain.
xiv+232. (London:
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placency, this does not detract from the merits of a
really well-written book. The delineation of the
positive merits of the Civil servant, which is the
strongest feature of Mr. Dale's book, redresses to
some extent the balance in controversies which have
concentrated excessively on his weaknesses or
deficiencies.

The basic qualities and technical craftsmanship
acquired as the Civil servant rises in the Service lead
to a habit of mind or a conscious or subconscious
creed. Compressed by Mr.. Dale into five proposi-
tions, it is probably shared in some degree by most
professional men, and it gives a clue to some of the
real weaknesses of the Service. First, pure reason is
not at present the most important factor in human
affairs. Second, even in the realm of pure reason,
there is much to be said for both sides on any com-
plicated question which is fiercely disputed. Third,
in a vast and highly organized society, great social,
economic and political changes cannot be made
quickly without arousing widespread opposition,
much of it natural and reasonable, and without
causing some unmerited suffering. Fourth, aminority
which feels strongly and shouts loudly will often
prevail both against the majority and the merits,
unless the majority itself feels strongly. Fifth, in
this complex and rapidly changing world, the strongest
intellect and the keenest insight cannot predict any-
thing like the full consequences of important decisions.

Such qualities of mind and outlook clearly favour
the doctrines of moderation and prudence rather than
opportunism. They are not necessarily inconsistent
with the capacity to accept responsibility, although
Mr. Dale more or less admits the tendency to leave
well alone, and that preoccupation to keep a depart-
ment out of trouble may influence conduct more
powerfully than a desire to promote far-reaching
projects. Indeed, when it is maintained that the
Service takes power rather against its will and because
otherwise the government of the country could not
be carried on, Mr. Dale tacitly admits that the dislike
of the Service for bureaucracy has not altogether
prevented its expansion from being attended by a
certain growth of evils associated with bureaucracy.

The evidence of Mr. Dale’'s book supports the
central theme of a recent P E P broadsheet that the
weakness of the Civil Service flows essentially from
an obsolete conception of government as a regulatory,
policing and taxing mechanism. Until a new con-
ception of the function of government as the nation’s
instrument for planning, safeguarding and developing
the collective inheritance and the social and economic
welfare is recognized and adopted, with all the
changes it involves in both the outlook and in the
organization and methods of the Civil Service and its
relations to Ministers, we are unlikely to secure the
more constructive type of administrator, who sees
opportunities and possibilities rather than difficulties
and dangers, and possesses creative ability and the
capacity for rapid and energetic action. That posi-
tive conception of administration and government
is poles asunder from the retreat to individualism
and chaos masked under Lord Perry’s attack in
“Beware Bureaucracy”.
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On the charges of lack of foresight and lack of
knowledge of the new techniques of large-scale
organization and management, or of science and
scientific method or technique, Mr. Dale offers no
evidence. He dismisses as pure nonsense the notion
that the administrators despise or disregard the
technical, and he maintains that the idea that in
the ordinary office staffed entirely by Civil servants
there is any habitual lack of co-ordination has no
substantial basis of fact. On neither point is he
convincing. The reports of the Select Committee on
National Expenditure have provided disconcerting
evidence of the existence of departmentalism, and
there can be little doubt that the fuller use of the
technical expert is one of the major future problems
of the Service, and thought should be given to it
immediately.

The picture Mr. Dale gives, however, scarcely
supports the charge that the permanent Civil servant
is out of touch with affairs, though the Post Office
practice of insisting on provincial service as a pre-
liminary to administrative work at headquarters
could obviously be extended with advantage. Nor
does it suggest that there is anything inherently
opposed to such charges as are outlined in the P E P
broadsheet, provided there is no shirking of the issues
involved in disseminating throughout the Service a
new outlook and new methods, and cutting out ‘dead
wood’ where necessary. Much more than the two
periods of long leave suggested by Mr. Dale will be
required if the Civil servant is to adapt himself
effectively to the new conception of government.

"Much stress is laid on the changing relations of
social rank between the high official and his Minister.’
The diminishing degree of homogeneity of the Service
as compared with forty years ago is probably a more
important and beneficial factor, but it is a matter of
opinion whether the homogeneity of the main body
of high officials, in spite of their individual differences,
is really a source of strength to the Government, or
to the public advantage.

A less beneficial change noted by Mr. Dale, as well
as by Lord Perry, is the tendency for brilliant men to
leave the Government service for employment outside
it while in the prime of life. Dr. W. A. Robson has
already stressed the need for greater mobility between
the Service and the outside world, but in this drift
from the Service the footsteps all point one way.
Continuance of this tendency would be a serious
matter, and when we couple with it the fact that the
effect of the War of 1914-18 on the Higher Civil
Service is about at its maximum, and that the effect
will only disappear during the next decade or so, the
comparative impoverishment of the Service can be
readily understood. Such considerations support Sir
Arthur Salter’'s argument for reinforcing the per-
sonnel of the Civil Service at the top with leading
men in industry and science, and throughout its
ranks with young men of energy and constructive
ability-—a policy to which Mr. Dale is firmly opposed
for reasons which could equally well apply both
ways.

In this detached but somewhat complacent picture
of the upper six hundred in the Civil Service, there is
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evidence justifying the comment of Planning on the
existence of chronic and avoidable overwork, fre-
quently leading to breakdowns of health, not due to
an excessive amount of work performed but to a
failure to organize its performance. Such conditions
lead readily to the lack of interest in and awareness
of the technique of administration as a science, as
well as to the absence of specialized services watching
the working of the machine in relation to its current
agenda and helping to keep it up to scratch in such
matters as office organization, statistical methods,
record-keeping and messenger services, and the failure
to move the staff in accordance with changing
demands. Very clearly we have as yet no thinking
and planning organ free both from the immense
pressure of day-to-day administration and from the
intellectual tyranny of the departmental hierarchy
and its departmental outlook, and at the same time
in close enough relation with the responsible depart-
ments to keep it realistic and practical. The stress
ofwar merely shows up limitations which were already
becoming apparent in peace, and which are overdue
for attention if the growth of the Civil Service is not
to become a danger rather than a help to democratic
government.

These problems of organization and of the adapta-
tion of the Service to serve the increasingly complex
needs of modern society are among the important
tasks awaiting attention. A further problem is
that of establishing such a relation between the Civil
Service and the new semi-public services that there
shall be no danger of a conflict between the two, or of
a creeping hack of abuses from which the Service was
freed by strenuous efforts in the past. Both Emmeline
Cohen and Mr. Dale, like Mr. T. H. O’'Brien in
“British Experiments in Public Ownership and Con-
trol”, point to the dangers attendant on the great
disparity between the salaries of highly placed Civil
servants and those in control of these recently created
bodies. In many ways, the responsibilities of these
two groups are comparable, and steps should be taken
to deal with the matter before ;n unfortunate pre-
cedent is established.

The first step must clearly be, as the P E P broad-
sheet insists, the adoption of a new and positive con-
ception of government. That is fundamental to the
establishment of the organization and machinery for
planning ahead, for adjusting continuously the work-
ing structure and technique of government to the
problems with which it is called upon to deal, for
overthrowing the domination of financial and account-
ancy considerations, for the neglect of scientific and
technical advances and timidity in taking responsi-
bility. Although the initial stimulus may come from
without, the Civil servant should be grateful for the
evidence which these recent sympathetic hut balanced
studies afford that, given the necessary measures of
reform in personnel and organization, the main hulk
of the Higher Civil Service will prove fully competent
to grasp boldly and imaginatively the immense oppor-
tunities before them, and to discharge the more
positive functions demanded to-day without impair-
ing the high traditions and code of conduct they
inherit from the past.

NATURE

149

PROTOZOOLOGY IN THE UNITED
STATES

Protozoa in Biological Research

Edited by Gary N. Calkins and Francis M. Summers.
Pp. xli+1148. (New York: Columbia University
Press ; London : Oxford University Press, 1941))
s6s. 60. net.

INCE the title of this heavy volume is somewhat

vague—and its cost prohibitive, in present
circumstances, to most British biologists—a brief
description of its scope and contents will be more
serviceable than a detailed criticism. The book
actually contains twenty chapters of unequal length
and quality, by as many American authors, dealing
with a score of miscellaneous topics of more or less
urgent interest to present-day protozoologists. Ac-
cording to the preface, the work is not a “textbook”
on the Protozoa, but is intended “to stimulate further
research on these unicellular animals” .

Chapter i is entitled “General Considerations”, and
is by the senior editor. Chapter ii, by H. W. Beams
and R. L. King, deals with some physical properties
of protozoal protoplasm. Chapter iii, by R. F.
MacLennan, summarizes recent work on cytoplasmic
inclusions. C. V. Taylor discusses the fibrillar systems
of ciliates in Chapter iv ; and S. O. Mast deals with
the motor responses of various protozoa in Chapter v.
Chapters vi (on respiratory metabolism, by T. L.
Jahn) and vii (on contractile vacuoles, by J. H.
Weatherby) are also physiological. In Chapter viii
G. W. Kidder—under an ambiguous title—describes
some recent attempts to obtain bacteria-free cultures
of Protozoa. Food-requirements and growth-factors
in cultrues are analysed by R. P. Hall in Chapter ix ;
while growth in general is discussed by O. W. Richards
in Chapter x. C. A. Kofold then (Chapter xi) dis-
courses on the “Life Cycle of the Protozoa”. The
four following chapters (xii-xv) are of genetical
interest, and discuss fertilization (J. P. Turner),
endomixis (L. L. Woodruff), sexuality (T. M. Sonne-
born), and inheritance (H. S. Jennings). F. M.
Summers next reviews some “morphogenetic pro-
blems” (Chapter xvi); and the volume concludes
with four chapters (xvii-xx) on subjects of parasito-
logical importance—pathogenicity (E. R. Becker),
immunology (W. H. Taliaferro), host-parasite rela-
tionships (H. Kirby), and the parasites of the
Protozoa themselves (by the same writer). The
authors’ names will afford sufficient indication of
their present status in the protozoological firmament.

Each chapter is followed by a list of references,
and there is a copious index at the end. There is
also a lengthy “list of abbreviations” (of titles of
journals cited) at the beginning (pp. xxvii-xli): but
as these are mostly identical with those in the
generally accepted “World List”, the reason for their
inclusion is not evident. It must be added that the
get-up and printing are good, and few serious mis-
prints have been detected. (On p. 449, however,
“irradication”—for eradication—presumably reverses
the author’s intention.) The text is fully illustrated
with 21 tables, 226 figures, and four half-tone plates.
It is, in fact, what is commonly called “a mine of
information” on the various subjects dealt with,
and will undoubtedly be of great use to those who
can refine the precious metal from the dross—a
laborious and perhaps impossible task which the
present authors can scarcely be said to have achieved
everywhere.
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With a few notable exceptions the articles are
neither impartial reviews nor critical summaries of
recent work—with full analyses of the international
literature—but rather disquisitions on particular
aspects of the various subjects which happen to
interest the particular authors concerned. Much
that is said is therefore to be found in earlier publica-
tions by the same writers, while much relevant
research by others is ignored (or merely included,
without discussion, in the appended references).
Evidence may even be found, in more than one
passage, that the “specialist” or “authority” is not
himself always familiar at first hand with all the
matters of which he treats. In general, American
work is emphasized, and the pictures presented are
thus not always complete or satisfying to a British
worker in the same field. Two glaring instances will
illustrate these points sufficiently. (1) The senior
editor, in his introductory chapter, rehearses “some
historical facts” about the Protozoa. Their discovery
is here attributed to “Anton von Leeuwenhoek”—
as it was in the same author’s treatise of 1901. He
thus appears to be still unaware that a vast amount
of work has been done on Antony van Leeuwenhoek
—especially in England and Holland—during the
last forty years, so that there is no longer any excuse
for germanizing his name or misquoting his words.
Moreover, “Ludwig Hamm”—-cited both in 1901
and in 1941 as the discoverer of the spermatozoa—
isnow a notorious ghost. (2) On p. 572 there is a figure
of “the life cycle of Endamceba coli (= Councilmania
lafleuri, Kofoid and Swezy, 1921)”. But the real and
very different life-history of E. coli is now known ;
and “(;. lafleuri", as here depicted, is not recognized
outside the author’s own laboratory in California.

On matters of history, and on general biological
principles, other authors also appear to be sometimes
strangely misinformed. Moreover, their individual
views are not always consistent ; though this is to
be expected, and perhaps welcomed. Yet it seems
curious that not one of them appears to understand
the interpretation of Protozoa as non-cellular organ-
isms : so that while the editors (and some others)
still regard them as “unicellular”, we are told (on
p. 578) that “it is biologically medieval to refer, as
do many textbooks and other works, to Paramecium
as a unicellular organism”. Unfortunately, the
writer then concludes that it must be “multicellular”
—-being unable, apparently, to appreciate the dif-
ference between cells and nuclei. For him the terms
“multicellular” and “multinucleate” are seemingly
synonymous. Such confusion of ideas may surely
be called biologically prehistoric rather than medieval.

It would be easy to find fault with many another
inconsistency in this book, and to criticize its lack of
coherence and direction ; for it appears to enunciate
no new general principles, and scarcely succeeds—if
that is its intention—-in correlating recent research on
the Protozoa with general biological concepts. Yet
for my part | am grateful to my American colleagues,
both old and young, for stating— or restating-—their
own views ; and, with other British protozoologists, |
envy them their ability to spread themselves so
lavishly and unconcernedly in these difficult and dis-
turbing days. All the same, | doubt whether this
kind of publication will encourage further research
of any real value—the one thing we all have at heart.
I can only hope that my own misgivings are unjusti-
fied, and that other workers—-younger and better
and less constrained—may find inspiration where |
have sought it in vain. Clifford Dobell.
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FORMUL/E AND TABLES FOR THE
BOTANICAL LABORATORY

Plant Science Formulae

A Reference Book for Plant Science Laboratories
(including Bacteriology). By Prof. R. C. McLean and
Dr. W. R. Ivimey Cook. Pp. vii+ 203. (London :
Macmillan and Co., Ltd., 1941.) 7s. «d. net.

N botanical laboratories each individual worker
I tends to introduce modifications of methods of
fixation, staining, etc., according to the particular
requirements of his material and investigation ; the
result of this is that descriptions of methods become
so multiplied as to be very confusing to an occasional
worker in that branch of the subject, and much time
may be wasted in looking up and deciding between
the many possible methods of carrying out any one
procedure. In course of time most workers tend to
collect their own card index of selected methods and
the authors state that this book is in fact their card
index put into a more convenient form. For special-
ized methods the index will still be required, but in
“Plant Science Formulae” may be found the receipts,
in the generally accepted form, of the commonly used
fixatives, stains, culture media, etc., given in the
simplest form and with the minimum of inessential
detail. It is inevitable in such a book that any
specialist worker is liable to find certain methods
omitted or differing from those he is accustomed to
use, and for this reason blank pages are inserted at
the end of eagh section for additions.

As the authors point out, this is essentially a book
to have at hand in the laboratory and would lose
much of its purpose if put away on the library shelf.
The receipts for technique are followed by sections on
the various necessary accompaniments of laboratory
work, either of the laboratory steward, research
worker or teacher, as, for example, information on
photographic work and preparation of lantern slides
and museum specimens, odds and ends of information
for the workshop, tables of weights and measures,
atomic weights, various physical formulae and con-
stants and logarithm tables, so that the authors
have made a very real attempt to collect into one
book all the miscellaneous facts and formulae which
are continually being required in the laboratory and
are scarcely ever readily available.

The authors stress the point that the aim of the
book is also to help the teacher who commences work
in a school or technical institution with nothing more
than the usual college training in the use of certain
methods with reagents supplied ready prepared. It
is hoped that such students have had sufficient
training to enable them to make up reagents, culture
media, etc., given the receipts and sufficient direc-
tions, and to such as these, who also often have little
access to books and little time for searching out
directions, this book should prove extremely useful.
For this class of reader there are also included lists of
the general requirements for the laboratory and the
addresses of suitable firms who supply chemicals,
microscopes and biological materials.

In some cases reference to sources of the methods
would have proved useful for further details as to
methods, but probably the book in its present size
and price will meet a wider need than a larger and
more expensive volume. The book will certainly
prove of very considerable value if used, as the
authors intend, essentially as a laboratory book to
which constant reference may be made.
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ANALYSIS OF FOODS

Food Ana’ysis
Typical Methods and the Interpretation of Results.
By Prof. A. G. Woodman. (International Chemical

Series.) Fourth edition. Pp. xii+ 607. (New York
and London : McGraw-Hill Book Co., Inc., 1941))
28s.

HIS is the fourth edition of a work originally
Tpublished in 1915, and the declared intention
of the author was then, and still remains, to provide
a guide to students of analytical chemistry as applied
to foodstuffs. A casual inspection of the contents at
first suggested that there were some surprising
omissions, but such criticism is promptly disarmed
by the author who explains that his method was to
select certain typical foods only, and to treat them
at considerable length, so as to present the student
with examples of the technique of food analysis
rather than to cater for the requirements of the
practising chemist.

While these intentions have been very ably carried
out, it nevertheless seems to the reviewer that some
of the material could usefully have been treated less
generously, so that common foods such as cheese or
dried milk might have received at least a mention ;
and that in six hundred pages devoted to food
analysis, even if only for students, the word ‘vitamin’
deserves a place.

The first three chapters deal respectively with
general methods of examination both physical and
chemical, food microscopy, and colours and preserva-
tives ; here, as indeed throughout the book, the
theoretical considerations involved in the various
methods described receive adequate and capable
treatment. One might query the statement con-
cerning the presence of sulphurous acid and sulphites
in foodstuffs that “there is no simple reliable quali-
tative test”.

The section devoted to milk is fairly complete and
up to date; the names of Gerber and Werner-
Schmidt do not occur and one notices that the
average fat content in the United States is apparently
higher than in Great Britain (4-0 as compared
with 3-7).

The general discussion of the examination of
edible fats and oils, as well as that of the selected
examples, namely olive oil and butter, is excellently
written ; it was noted that no mention is made of
peroxide value. As with each of the typical foods
dealt with throughout the book, the important
question of the interpretation of results is carefully
considered ; this subject is often badly neglected, as
more than one examination candidate has found to
his cost.

Following a comprehensive description of the
methods in common use for the analysis of carbo-
hydrate foods, with particular attention being
devoted to sugars and certain chosen foods, the
remainder of the book deals with spices, cider vinegar,
flavouring extracts and alcoholic beverages, more
than one sixth of the whole book being allotted to
the last-mentioned subject.

Woodman is very ‘readable’, and his book, in
which no typographical errors were detected, is
much less obviously American than most scientific
publications from across the Atlantic. While many
of the diagrams and tables have a familiar appearance,
their source is invariably indicated with due acknow-
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ledgment. Very full references are given in foot-
notes and at the end of each chapter a list of books
is given to which the attention of the student is
directed for further study. A. F. Lekrigo.

MATHEMATICAL REQUIREMENTS
FOR STATISTICS

Statistical Procedures and their Mathematical

Bases

By Dr. Charles C. Peters and Prof. Walter R. van
Voorhis. Pp. xiii+516. (New York and London :
McGraw-Hill Book Co., Inc., 1940) 31s. sd.

HIS book is the outcome of a serious attempt to

derive accepted statistical methods and formulae
from elementary mathematics. It opens with a
chapter called “A Little Calculus” ; and it may be
presumed that the mathematical proficiency of the
reader marches pari passu with his reading of the
book, for the later chapters are on such subjects as
partial and multiple correlation, the normal curve,
non-linear correlation, analysis of variance, curve
fitting and so on.

The point of view of the authors is easily com-
prehensible, and merits sympathy. On one hand we
have books such as R. A. Fisher's “Statistical
Methods for Research Workers”, which promulgate
formulae and procedure by the voice of authority,
without descending to proofs ; on the other we have
few text-books, but a profusion of memoirs, not only
abstrusely mathematical, but often controversial. A
student or researcher, initially of slender mathe-
matical equipment and desirous of applying statistical
methods to some problem of research, may well feel
at a loss. This book is intended to help him, and with-
out doubt, by the time he has read its almost five
hundred pages (the last thirty are devoted to useful
tables) he will know a great deal about questions of
distribution, correlation, regression, the -/2test and
the rest. Will he be able to digest his knowledge and
discriminate ?

While fully sympathetic, one may feel dubious
about the efficacy, and even the desirability, of such
an approach. Envisage a continuous variate ; the
compound probability of even two individuals in-
volves a double integral, and n-fold integrals with
very large N are the merest commonplace. Consider
again the question of partial correlation ; the abstract
underlying ideas are those of linear transformations
and positive definite quadratic forms. Indeed not
only the infinitesimal calculus, but also algebra, both
matrix and combinatory, and some notion of the
geometry of hyperspace are prerequisite to the study
of statistics. It is better that these fundamental pre-
liminaries should be mastered as if for their own
sake. Then, when the time comes for application to
mathematical statistics, one will have a background
not merely for understanding and applying, but also
for doubting and reserving an opinion ; for high
authority does not yet speak with a single voice.

A truly elementary and comprehensive book of
this kind would have had to be at least twice as
long again. For example, the normal function is
deduced from the exceedingly special case, the
symmetrical binomial ; while the v~distribution and
many other results are only incompletely established,
the reader being referred to more advanced treat-
ments.
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THE GENETICS OF SPECIATION

Genetics and the Origin of Species
By Prof. Theodosius Dobzhansky. Second edition,

revised. Pp. xviii+446. (New York: Columbia
University Press; London : Oxford University
Press, 1941.) 28s. net.

URING the last ten years geneticists have been

getting to grips with the problems of evolu-
tionary change; Prof. Dobzhansky describes the
results of their work in this book. The first edition
appeared in 1937, and it was reprinted two years
later ; but a second edition became necessary in
1941. These facts show clearly the great need for a
book of this type. They also show how well Prof.
Dobzhansky has filled that need.

Substantial additions have been made in the
second edition, including one new chapter on “Pat-:
terns of Evolution”, and reference is made to many
original articles which have appeared since 1937. As
before, one of the outstanding features of the book
is the wealth of Russian material made available in
English for the first time.

Genetics occupies a rather special place in experi-
mental biology as it has always been concerned to a
great extent with groups of individuals ; indeed the
laws of inheritance are most commonly used to define
the statistical properties of such groups. This is,
however, largely a reflection of genetical methodology
since the older study of inheritance is at root the
study of gene transmission from individual to indi-
vidual and of gene action within the individual.
Such a statement cannot be made about the newer
development of population genetics. It is true to
say that the genetical behaviour of a population
depends ultimately on the behaviour of each con-
stituent individual, but a new level of integration is
reached because the population can have properties
not possessed by, and not always directly predictable
from, the individual. The emphasis which Prof.
Dobzhansky lays on this point is not the least of the
services which he has rendered to the genetical study
of evolution.

In proceeding to investigate these special properties
of populations two main lines of approach have been
used, each of which is itself composite. In the first
place there is the genetical and cytological analysis
of samples taken in the wild, from which conclusions
may be drawn regarding the genetical structure of the
population and by means of which its behaviour may
be compared with that of other populations related
both in time and in space. Secondly, there is the
attempt to infer the behaviour of groups of organisms
from the known properties of single individuals. In
both of these approaches genetics, cytology and
statistical mathematics have played their parts in
the past, and the ultimate understanding of popula-
tion behaviour and of evolution depends on the
successful combination of these various weapons in
the future attack on the problems involved. Prof.
Dobzhansky performs his second great service in
bringing together the evidence which has already
accrued in the different ways, in pointing out the
conclusions to which this evidence leads and, perhaps
most important of all, in exposing the deficiencies in
our knowledge, while formulating working hypo-
theses which should help in guiding future attempts
to fill these gaps.

If criticisms are levelled at the book,
important will perhaps

the most
be that the advance on
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the older genetics is not greater. In following
out the mechanism of inheritance, genes giving
striking and easily identifiable effects were used of
necessity ; but in Nature one is concerned much more
with those characters which depend on the combined
action of many genes each having a relatively small
effect on the phenotype. Species differences are
polygenic, and just as the progress from individuals
to populations involves a new integration, the pro-
perties and behaviour of polygenic characters are
distinct from those of the so-called qualitative type
used in the older genetical studies. It must, however,
be said that Dobzhansky could have done little
beyond directing attention to the necessity for a
study of polygemc inheritance, for up to the
present few investigations of this kind have been
made.

A further point should be mentioned. The effect
of population size on the spread and fixation of genes
is discussed at some length, but it is not made clear
that, inasmuch as the mating system, which may
favour inbreeding or outbreeding of any degree of
rigour, is always subject to genetical control of
greater or less precision, the effective size of the
population is itself a character on which selection
will act and hence is adaptive. This must clearly
have a profound influence on the interpretation
which one places on the results of variation in
apparent population size. Indeed, the whole notion
of population size is rather vague unless a detailed
knowledge of the breeding system is available.

The phraseology will seem to many to be some-
what unusual in a few places. In particular two
mistakes, namely, the use of “indefinitely large” for
“infinitely large” and the reference to the somatic
number of chromosomes in polyploid wheat as the
diploid number, are regrettable, because both are
common errors which may have an extended life as
a result of their unfortunate use in a book of such
authority. These and their like are, however, minor
blemishes and should cause the reader little trouble.
“Genetics and the Origin of Species” is strongly to
be recommended to all who, whether geneticists or
not, wish to know how genetics can help in under-
standing evolution, and the extent to which it has
already been used for this purpose. K. Mather.

PSYCHOLOGY OF EVACUATION

The Cambridge Evacuation Survey

A Wartime Study in Social Welfare and Education.
Edited by Susan lIsaacs, with the co-operation of
Sibyl Clement Brown and Robert H. Thouless.
Written by Georgina Bathurst, Sibyl Clement Brown,
John Bowlby, G. A. Bullen, Nancy Fairbaim, Susan
Isaacs, N. S. Mercer, Madeline Rooff, R. H. Thouless.
(Contributions to Modem Education.) Pp. ix+ 236.
(London: Methuen and Co., Ltd., 1941.) ss. 6 d.
net.

HIS book deals too compactly with too much

detail to admit of any adequate summary
within the limits of a review. To stress some of the
implications of its title: it contains the findings of a
team of experts, who, in organized co-operation,
applied their special techniques of investigation
to a local group of evacuated London children.
The population under examination was therefore
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necessarily limited (though actually considerable in
number), and the results, as the book makes clear,
must not be too readily generalized. Yet the group
was probably typical of the whole. It is beyond
doubt that a study so careful and detailed as this of
a relatively small and selected sample of the army
of evacuees has more scientific value than a super-
ficial description of a greater number of children,
and the contributors have earned the gratitude of
students in many fields by the promptness with
which they seized the opportunity which was pre-
sented to them.

Few centres were so fortunate as Cambridge in find-
ing such a varied team ofexperienced research workers
at hand. Their methods are described in adequate de-
tail. In the main they relied on a combination of
statistical analysis and case histories. The statistical
material, presented with the competence one expects
from Dr. Thouless, is subjected throughout to qualita-
tive examination. The general problem is studied from
many angles, and all concerned, including the children
themselves, are allowed to present their views. Rela-
tions in the reception homes, recreation, economic
factors, the reasons for the regrettable drift back to
London, and the teachers’ own problems are among
the topics studied. The return to London was
already taking place before the inquiry could be
initiated, yet even this fact was turned to account,
for parallel inquiries were made in the London areas
concerned in order to determine the causes of the
partial failure of evacuation. That the picture pre-
sented is familiar in its outlines does not diminish
the value of the book, for it is of the first importance
that general impressions should be checked by careful
research. Some popular opinions are shown to be
based on exaggerations, as when it is found that the
proportion of maladjustments in the foster homes is
only about s per cent, not a high figure in the circum-
stances. An interesting point is the suggestion that
such difficulties increase with the age of the children.
In early adolescence problem situations are not
unusual in the -home, and the stresses of growing up
into independent personalities are exacerbated when
the child is placed with strangers, among whom the
easy tolerance of the home is inevitably lacking.

A full year had been allowed for working out the
scheme of evacuation, and the time was largely
wasted. The difficulties were immense (and their
scale can be seen more clearly now than before
evacuation) but surely there could have been less
‘trial and error’ procedure. The actual movement of
the child population was effected with efficiency, but
too little thought had been given to the difficulties
to be encountered in the reception areas, and the
outstanding failure was in respect to psychology. A
great deal is now known about children, and the
accumulated experience of child guidance clinics is
available to meet the problems arising from such a
profound mental disturbance as that caused by
separation from parents under the threat of air
attack. If a mass movement was to be successful it
had to be soundly based on the psychology of
children and parents. This was neglected. It is
clear, for example, that the responsible authorities
either under-estimated the strength of parental
affection, or over-estimated parental self-control.
Insufficient regard was directed to the emotional
unity of the family, and as little to its economic
unity. A total family income cannot be considered
as distributed at so much per head. Every working-
class mother knows this : authority apparently did
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not. To take one point only, when the children
of a family are scattered the normal ‘handing down’
of clothes becomes next to impossible, and a
new expense is thrown upon the parents’ limited
resources.

Clinical psychologists are well acquainted with the
emotional disturbances which originate in a sense of
the insecurity which accompanies dependence. We
have learned that the benefits of adoption into a
thoroughly good home have to be balanced against
the child’s unhappy realization that others may
dispose of him like a parcel of grocery, and that he
is powerless to resist. This was the situation of the
evacuated child, with the added terrors, whether
real or imaginary, of the War. Difficulties from this
source were unavoidable : they should have been
expected, and measures taken to reduce their effects.
Fortunately, the average child is a resilient creature,
or evacuation would have been even less successful.
The difficulties of the foster parent also might have
been envisaged. What iS the uninformed householder
supposed to do when called upon to take charge of
a border-line deficient ?

The authors are content to state the facts they
found, with just a little censure, much praise, and no
polemics. The book is an important contribution to
the literature of psychology and sociology, and de-
serves high praise. The style is attractive, the argu-
ment cautious and restrained. Its value can be more
than historical, for not only is evacuation a continuing
problem, but there will also be subsequent questions
of re-settlement of a similar kind. The nation is
conducting its greatest sociological experiment and
the book under review is an analysis of part of the
data. Other studies would be welcome if carried
through as well as this. Then will come the practical
task of convincing the authorities that psychological
principles must provide the bases of all attempts to
handle human beings. There is as yet little evidence
that they are willing to learn a lesson so inconvenient
to routine administration. A. W. Wolters.

CHEMICAL WARFARE

Chemical Warfare
By Curt Wachtel. Pp. ix-f312.
and Hall, Ltd., 1941.) 24s. net.

(London: Chapman

R. CURT WACHTEL organized the pharma-
D cological section of the Kaiser Wilhelm
Institute during the War of 1914—18. He was
intimately concerned in the investigations which led
to the very successful use of chemical weapons by
the Germans, and has kept his notebooks, which
contain descriptions of many experiments still un-
published. After the War, he studied the hazards
due to toxic gases in peace-time in Germany, Russia
and elsewhere. He now lives in the United States,
and has written a book on chemical warfare which
he hopes will help the military of his adopted country.
The book was published in the United States by the
Chemical Publishing Company and an English edition
has now appeared.

Many aspects of chemical warfare are briefly dis-
cussed. The history of the subject from the time of
the Pharaohs is reviewed. The circumstances which
led to the development of chemical warfare in Ger-
many during 1914-18 are described with interesting
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details about the personalities involved, and a
picture is drawn of an ideally efficient institute for
the advancement of knowledge in this field. The
author does not hide his belief that German men of
science are more gifted than those from other coun-
tries, and that Fritz Haber was the greatest of them
all. He is fond of speculating on what might have
happened had circumstances been different, and the
main circumstance to which he attributes Germany'’s
defeat is the selfishness of second-rate bureaucrats,
who would not listen to their technical advisers.
This theme recurs and tends to irritate the reader
by spreading an atmosphere of grievance over the
book. The author hopes to aid the unimaginative
bureaucrats of to-day by putting ideas in their heads,
but the ideas are only vaguely put forward, and
must have occurred to anyone who has given serious
thought to the matter. There is no evidence that it
would be possible to put them into practice.

The results of a number of German investigations
are now published for the first time, but without
those corroborative details which alone can carry
scientific conviction. Indeed, there are so many
obvious minor errors that it is impossible to know
whether any particular statement is reliable or not.
Misprints, of which there are many, are easily
detected when they only involve single letters, but
apt to be confusing when, for example, it is said that
cyanogen chloride is heavier than cyanogen chloride,
or when the same formula is given for both phosgene
and diphosgene. There are faults in the English,
such as when “tearing” is used to denote the shedding
of tears. Concentrations of gas are usually given in
milligrams per cubic metre only, but on p. 195 they
are also given in cubic millimetres per cubic metre,
and the two sets of figures cannot both be correct.
This fact casts doubt on the other figures in the book.

It is hoped that Dr. Wachtel will be able to give
the scientific and military men of his adopted country
more direct help than they will get by reading this
book, which has too many facts for a popular book
and too few for a scientific book.

CANADIAN NATURAL HISTORY
A Naturalist in Canada

By Dan McCowan. Pp. xii+284-f20 plates.
(Toronto : The Macmillan Company of Canada, Ltd.,
1941.) 15s. net.

HE author of the book under review displays
more than a speaking acquaintance with the
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northern mosquitoes or “animated gimlets”, the ways
of eagles and other rapacious birds, and the secluded
man-avoiding habits of the isolationist colonies of
the white pelican. Other interesting chapters are
devoted in whole or in part to the edibility of wild
plants, the chorus of frogs which contributes in no
small measure to the reality of the Canadian spring,
and the habits and conservation of Canada’'s wild
ungulates including the musk-ox, moose and Rocky
Mountain goat as well as the reduced populations
of the pronghorn antelope and buffalo, now protected
in special reservations as wards of the Government
of Canada.

No account of Canada’s natural history resources
would be complete without mention of the rich
Dinosaur beds of the Red Deer River valley at
Drumheller, Alberta, and the fossil rock libraries of
the Rockies ; so, due attention is paid to these
in a special chapter entitled “The Record of the
Rocks”.

As for the plan of the book, the marked lack of
an ordered sequence in the arrangement of the chap-
ters is explained by the fact that each represents a
separate and distinct unit prepared for presentation
in a series of broadcasts to Canadian listeners. Thus
the circumstances which inspired the book may serve
to explain the double standard of diction employed
by the author. At times, for the sake of expressive-
ness, the author does not despise the use of modem
trite expressions, while at other times he proves him-
self equally facile in welding the beauty of words to
the beautiful things of Nature. As an example of the
former the reader is referred to p. 77, where the
author, in stressing the importance of the house-fly,
as a vector of disease conveys his meaning in the
following words : “Many kinds of germs thumb a
ride in the hairy coat of the fly and thus are enabled
to make a happy landing in places where unscreened

meat or other human food is exposed.” As an
example of the latter the reader is referred to
the following passage on pp. 270-271 : “The times

may be outof joint and the world of men all awry, but
in the woods and fields and on the lone moorlands
the flowers and the bees contrive to work together
harmoniously and in peace. They are not vexed
by the rattle of sabres nor by the ceaseless clang of
the armourer’s anvil. Overhead are blue skies and
white clouds, morning sunshine sparkles on the rippling
lake and clear-running stream : the leafy trees cast
a grateful shadow at noon. When evening falls there
is dew on the meadows and a great hush in the
green forest.”

In these days of modem ecological methods where
the behaviour of species is measured with a yard-
stick, their reactions resolved in the columns of

natural history of both the Old and the New World¢engthy tables and reduced to graphical representa-

Since his boyhood days in Scotland, Mr. McCowan
has been an ardent student of Nature in the field, and
his migration to Canada many years ago merely
served to intensify his curiosity concerning the why
and wherefore of all things animate and inanimate.
He is no armchair naturalist.

A brief glance at the subject-index immediately
serves to acquaint the reader with the diversity of
the subjects discussed by the author, which are dis-
tributed through thirty-nine chapters and embrace
such widely divergent topics as the preparation and
uses of pemmican, the status of the oolachan or
candle fish, the economic importance of the whitefish
of Canada’s inland lakes, the breeding and blood-
sucking habits of the vexatious and persistent

tion, it is refreshing to pick up a book in which the
author, imbued with the sheer joy of his subject, looks
at Nature clear and whole and not as so many
separate pieces of a picture puzzle.

To those of us who have had the privilege of
observing and studying Nature on both sides of the
Atlantic, Mr. McCowan’'s book strikes a responsive
chord and serves to recall many memorable days
spent in collecting and research in the vast open
spaces of the Canadian West, where often for com-
pany there was naught but the boom of the bittern
among the reeds, the laughter of the loon on the lake,
the bark of the coyote in the grove or the splash of
the musk rat in the slough. Even solitude had its
enchantment. A.E. Cameron.
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Visibility in Meteorology

The Theory and Practice of the Measurement of the

Visual Range. By W. E. Knowles Middleton.
Second edition, completely revised and enlarged.
Pp. x+ 165. (Toronto: University of Toronto
Press ; London : Oxford University Press, 1941))
15s. s d. net.

SECOND edition of this book has been under-

taken because of the large amount of work, both
practical and theoretical, that has been done in the
six years that have elapsed since the first edition
appeared. This subject gains increasing importance as
the rapidity of transport by sea, land and air con-
tinues to increase. The further developments of the
subject in these six years appear to have induced a
pessimistic outlook about it in the author, whose
enthusiasm for the use of the visual range as a
synoptic element, which in his opinion has been
shared by no one else, appears to have evaporated
at the same time that he has “abandoned the search
for a rational scale of visual ranges”. One of the
aims of the researches that are reviewed in this
book is, as is pointed out in the introduction, to
guote again the author's words, “to separate the
subjective from the objective aspects of the problem,
the psychological from the physical, the accidents of
what there is to look at from the meteorologically
significant properties of the portion of the atmo-
sphere through which we look”. This aim the author
keeps constantly before him in this book, as only in
this way does there appear to be any chance of
getting the subject simplified and clarified and set on
a firm scientific basis, after which the development
of standard instruments and the co-ordination of
observational methods should soon follow.

E. V. Newnham.

Spectra of Long-Period Variable Stars

(Astrophysical Monographs sponsored by the
Astrophysical Journal.) By Paul W. Merrill. Pp. ix +
107 + 7 plates. (Chicago: University of Chicago Press;
Cambridge: At the University Press, 1940.) 15s.net.

UR knowledge of long-period stellar variability

is still so fragmentary that much of the avail-
able information is widely scattered throughout
various periodicals, and many of the proposed
hypotheses are without doubt destined to eventual
rejection. At this stage such a monograph as this is
doubly welcome, since the author presents and co-
ordinates a wealth of observed facts regarding the
spectra of these stars while carefully avoiding a too
close identification of these facts with current theory.
Valuable as photometric and spectrophotometric
studies of these stars are, the most fruitful line of
attack on the many problems they present is that
of detailed spectrum analysis. Accordingly Dr.
Merrill gives a general account of the lines and
bands in characteristic spectra at maximum light,
and goes on to trace their variation with phase.
Afterwards he devotes a chapter to individual
variables which have been made the subject of
specially detailed investigation. Finally, he gives an
admirable summary of the various hypotheses which
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have been advanced to account for the behaviour of
these objects, and suggests the most fruitful lines of
future research. Not the least valuable feature of
the book is the series of seven plates in which the
characteristics of the spectra are illustrated by
excellently reproduced high-dispersion spectrograms.

Cine-Biology
By J. V. Durden, Mary Field and F. Percy Smith.
(Pelican Books, A85.) Pp. 128+ 32 plates. (Har-

mondsworth, Middx. ; New York : Penguin Books,
Ltd., 1941.) +d. net.
HpHIS little book is extraordinarily good value

A although written in popular rather than truly
scientific vein. The trinity of authors of various
training and callings have collaborated most success-
fully in producing a vivid and usually accurate
account of the structure and life-histories of selected
animals from Amoeba up to and including the
Insecta, and this account is well illustrated by
numerous drawings and photographs. In spite of
the title the last are, perhaps, less of a feature of
the book than the ‘photographic’ clarity of most of
the descriptions, which may accordingly be recom-
mended to the youthful or would-be zoologist as
well as to any intelligent layman. The whole is
attractively and indeed charmingly written, with a
minimum of technicalities and a useful glossary at
the end ; but the title is misleading in that only
one prong from the fork of life is dealt with, and
that is the one the very existence of which depends
upon plants. N. P.

This Physical World

A College Course in Science.
C. A. Johnson and Lt.-Comdr. L. M. Cockaday.
Pp. x+ 528. (New York and London: McGraw-
Hill Book Co., Inc., 1941.) 22s. ¢d.

By Prof. C. C. Clark,

MERICA seems ahead of Great Britain in
A realizing the necessity of inculcating a nodding
acquaintance of scientific method in those whose
later activities in life are to be other than scientific
or technical. The present volume is a re-written
cultural course for those not pursuing science as a
major subject. The result is a very attractive review
of present-day scientific background, bringing home
the benefits, and otherwise, of applied science and
the fundamentals whence it springs. The first
chapter properly outlines the scientific method,
noting its historical growth and force in ascertaining
the material truth of things, its demand for precision
in measurement and integrity in interpretation. The
review of basic knowledge and its consequences then
ranges from contemplation of the heavens, the
structure of matter, reactions among chemical
elements, heat and heat-engines, waves, electrons,
and modem electrical communications. The authors
are out to impress the reader, with an easy, but
accurate, style with the best possible illustrations,
that science and its applications are mighty forces
in our present civilization, and why not ?

L. E.C. H.
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GLACIATION AND SUBMARINE
VALLEYS*
By PROF. REGINALD A. DALY

Harvard University

ONTINENTAL terraces are huge submerged
benches, each surfaced by a continental shelf
and a continental slope. The fall-off of shelf to slope
begins not far from the 50-fathom isobath. The
shelves vary in width from a few miles to 150 miles,
their seaward gradient averaging about 1 in 1,500.
The average gradient of the continental slope,
measured from the fall-off to the flat plain of the
deep ocean, is about 1 in 15, or 100 times as steep ;
measured from the fall-off to the 500 fathom isobath,
the seaward gradient averages about : in 10, or 150
times as steep as that of the shelf.

Direct sampling shows the surface of the terrace to
be underlain by loose, land-derived sediments, though
exceptionally considerable patches of hard rock, with-
out sedimentary cover, have been demonstrated.

With total length of 60,000 miles and average
width of 100 miles, the terrace borders each of the
big masses of land. Here we have that part of the
sea floor which has liveliest interest for fisherman,
navigator, and cable-layer, and therefore vitally re-
lates to the practical life of civilized man. But the
continental terrace has in addition a special scientific
appeal, for its study has recently led to an astonishing
discovery—the systematic ruggedness of its long
outer slope.

It is already clear that the ruggedness is the result
of dissection, intaglio carving, of the continental
slopes by running water. The specific question is as
to the nature of the eroding streams. Closely related
is the question as to the time when the sculpturing
took place.

Five years ago, | offered a hypothetical explanation
of this mighty sculpturing of the continental terraces.
Since then, new facts have been discovered and these
seem to fortify the explanation. According to the
preferred theory, the furrowing of the flanks of the
continents was due to silty underflows—bottom cur-
rents of heavy water that rushed down the contin-
ental slopes, much as gushes of rain water ‘gully’
hillsides on the land. The water was heavy because
laden with mud and sand in suspension, the mud and
sand being made of rock particles which were two
to three times as dense as clean sea water. The mud
and sand were brought into suspension during the
tumult of storm waves that broke on the shallows of
the continental shelf, and during the rushes of the
turbulent tides across the shelf. This weighted water
crept slowly down the gently inclined shelf and then
hurried down the much steeper continental slope.
The velocity of these underflows is thought to have
been so great that deep canyons and furrows were
cut in the original sediments of the continental slope,
and as many ridges were left between the new
valleys.

Such trenching may be possible at the present
time, especially where the zone of intense wave-action
is only a short distance from the fali-offto the contin-
ental slope, but, according to the preferred theory,
the furrowing of the slope was due to the special
conditions of the Glacial Period, when there were
drastic, world-wide migrations of the zone of breakers

* From a parvT read at the Fiftieth Anniversary Symposium of the
University of Chicago on September 25.
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out to the edge of the continental shelf and back
again.

Let us look first at the known facts and then at
different hypotheses so far offered in explanation.

Observations of Submarine Valleys

Early in the latter half of the nineteenth century,
it was shown that the generally smooth surfaces of
the continental shelves flanking North America,
Europe, and Africa are interrupted by trenches or
‘channels’, each of which begins a few miles from the
shore and continues in a fairly straight line across
the shelf, all the way to the fall-off where the contin-
ental slope begins, about 300 ft. below sea-level.
At the fall-off the ‘channel’ merges into a ‘canyon’
cut in the continental slope. Here the widths of
the valley-like trenches are measurable in miles, while
their floors lie thousands of feet below the general
surface of the continental slope. An example is the
Hudson canyon, continuing the Hudson ‘channel’,
which crosses the shelf and is itself én axe with the
Hudson River at New York City. A few years of
echo or sonic sounding increased the number of
known canyons from a half-dozen to more than one
hundred. This is already a large number, though
less than one per cent of the total 'longshore length
of shelf and slope has been adequately sounded.

Off a 400-mile stretch of the coast of the eastern
United States, more than a score of canyons, or one
for an average interval of 15-20 miles, have been
mapped. But the wonder of their disclosure grew
with the simultaneous discovery of deep and general
trenching of the areas separated by the canyons.
There the trenches, greatly outnumbering the canyons,
differ from them by heading at or below the fall-off
at the head of the continental slope. To distinguish
these many, somewhat shorter valleys, we shall call
them ‘slope furrows’, or simply ‘furrows’. Between
each pair of adjacent furrows is a long strip of
higher ground ; each strip may be called an ‘inter-
furrow ridge’ or simply ‘ridge’. Like the furrows and
canyons, the ridges run in the general direction of the
continental slope, that is, approximately at right
angles to the line of fall-off or break of slope of the
continental terrace.

The first maps well illustrating the association of
canyon, furrow and ridge were made by the United
States Coast and Geodetic Survey. From the sound-
ings of 1930-32 the region of Georges Bank was
mapped by Lieut. P. A. Smith. Although the sound-
ings were numerous, they were too few to permit
unequivocal contouring. Similar failure to portray
the submarine relief with complete objectivity and
exactness must characterize all other published maps
of the Kkind, especially when depths exceed 1.000
fathoms. Nevertheless, it can scarcely be doubted
that in principle all the Coast Survey maps, inside
the 1,000-fathom line, give a good picture of the
relief.

The next four seasons of exploration covered in
large part the continental shelf and slope along the
belt from Long Island to a point off Norfolk, Virginia.
From the soundings three isobathic maps were drawn
by the late A. C. Veatch. This belt, 250 miles long,
includes five principal canyons, all heading far back
in the continental shelf. To suggest their relative
positions, they have been named, in order from
north-north-east to south-south-west, the Hudson,
Wilmington, Baltimore, Washington and Norfolk
Canyons.
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The Hudson Canyon is continuous with the Hudson
Channel across the shelf. There is no similarly clear
relation for any of the other four canyons, though
traces of what appear to be true shelf channels appear
to east and west of Cape May. It is possible that
some of the more southerly canyons are genetically
connected with the Delaware and Susquehanna River
systems, thus recalling the more direct correlation
of the Hudson River, Hudson Channel and Hudson
Canyon. On the other hand, it is worth noting at
once that none of the canyons of Georges Bank has
any obvious or probable relation to rivers of the
continent.

The side slopes of submarine canyons are variable
but comparatively steep. Along the upper and deeper
parts of these valleys, as mapped by Smith and
Vea,tch, the side slopes range from 1in 3to 1in 5
and average about 15° from the horizontal. This is
about the angle of rest for soft sediments.

The whole topographic pattern is on a scale
nowhere matched on the land, where, however,
there are small-scale analogies. Among these are the
gullied slopes of many railway cuts. Illustrations
are found where the initially smooth sides of the
cuttings have exposed weak material, and that so
long ago that gushes of rain water have had time to
gully the artificial slopes. Particularly fine examples
are to be seen along hundreds of miles of railway
traversing the southern Appalachians. Another
analogy, of more generous dimensions, is the system
of rain gullies eroded out of soft Californian forma-
tions. At the railway cutting an occasional gully is
more deeply incised than the average gully and also
heads far back of the break of the slope at the limit
of higher ground alongside the cutting. Such an
exceptional gully.corresponds to the typical sub-
marine canyon.

As yet, soundings in belts other than those around
the United States have not been detailed enough to
show how general is the furrowing of continental
flanks the world over. On the other hand, the more
easily discovered canyons are reported off five
continents and in the three principal oceans, and it is
highly probable that each region with canyons is also
intensely furrowed. The distribution of the canyons
is world-wide—a fact of great importance for any
theory of origin for the great valleys.

From their general similarities we may well
assume that at least the majority of the canyons,
the world over, were simultaneously developed ;
and their form seems clearly to imply that
they are youthful features of the submarine topo-
graphy.

Where mapped in detail, the canyons and furrows
seem to differ significantly from the Grand Canyon
of Arizona and similarly walled, sub-aerial valleys.
Although cases of similar variation of side slopes may
be ultimately found in the submarine valleys, no
systematic alternation of cliff and talus is shown by
any of the isobathic maps now published. These
last suggest that the layered rocks composing the
great continental terraces are, with respect to
strength, relatively homogeneous.

A strong indication that in general the sediments
offer little resistance to erosion by bottom currents
has been supplied by the seismographs of Ewing and
Bullard, who have recently reported great thickness
for unconsolidated and semi-consolidated phases of
the American and European terraces. A similar story
is told at the deep borings off the Louisiana-Texas
coast. All these determinations are obviously favour-
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able to the preferred glacial-control theory of canyon
and furrow.

Another significant set of facts : with a dredge
Dr. IT C. Stetson found the canyon walls to include
two horizons of sedimentary rock containing Foramini-
fera. Dr. Cushman refers one horizon to the Miocene
and regards the other as probably Pliocene. Thus
we have an upper, probably Pliocene limit, for the
age of the canyon-cutting. Stetson has also shown
that the canyon floor is now being raised by the
deposition of fine mud, already a few inches or feet
in thickness ; and that this muddy layer is underlain
by other sediment containing the shells of cold-water
marine animals of types expected in these latitudes
during a glacial stage of the Pleistocene. The strati-
graphy suggests that the valleys concerned were
excavated in pre-Wisconsin time, though not neces-
sarily in pre-Glacial time.

Submarine Erosion

Opinion has come to favour submarine erosion as
the cause of canyon and furrow. On this basis three
contrasted hypotheses have been proposed. Re-
spectively they emphasize principles symbolized by
the phrases ‘spring-sapping’, ‘earthquake wave’, and
‘silty underflow’.

Prof. D. W. Johnson has elaborated the spring-
sapping hypothesis. Analogy with the headward
growth of valleys in the high plateaux of the south-
western United States is emphasized. The plateaux
are underlain by alternating beds of porous and tight,
permeable and impermeable, rock. The rain water
fallen on the high parts of one of these land plateaux
sinks to one of the continuous permeable beds, along
which the water creeps, down to a lower level where
the bed, or aquifer, crops out. Here the subterranean
stream issues with some kinetic energy and also with
power to dissolve rock matter. Here the relatively
weak, porous rock is eroded away, whereby the over-
lying stronger beds of rock are undermined. Ultim-
ately the undermined rock is tom apart by gravity,
with sliding of great blocks into the new part of the
gulch. The debris of the slides is further broken up
by frost and other weathering agents, and, both in
solution and by mechanical washing, is carried away.
Thus the new valley is gradually lengthened by
‘spring sapping’.

Johnson suggests that the submarine valleys have
been lengthened in a similar way. His speculation is
based on a number of assumptions : (a) each contin-
ental terrace includes an adequate number of con-
tinuous aquifers ; (6) these aquifers crop out on the
continental slope at the appropriate levels ; (c) the
flow of the ground-water along the aquifers has
sufficed to produce trenches of great length and great
depth below their respective rims; and (<i) the re-
moval of slumped rock-debris at each valley-head
has been due to solution in the aquifer water. All
four assumptions may well be doubted.

While here and there permeable beds have been
demonstrated in the continental terraces, we have
no evidence that they are abundant enough or con-
tinuous enough to match the number of submarine
valleys already discovered. Then, too, it is highly
improbable that there can be aquifers outcropping
near the fall-off to the continental slope, in number
sufficient to explain the heading of so many furrows
atthe line of fall-off. Thirdly, it is cilearthat mostof the
canyons arefound in regionswhereboth topography and
geological structure forbid belief that the fresh water
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in any aquifer can have a hydraulic head which is
adequate to overcome the back pressure of the
denser sea water. Examples are seen in the canyoned
belts off Georges Bank, off India, off California,
and off the west coast of Africa. In my opinion,
the same is true in the case of the belt off the eastern
United States. In the fourth place, it is a question
whether the issuing aquifer water would not be largely
saturated with rock matter dissolved from the porous
bed itself and to that extent incapable of dissolving
rock debris in the hypothetical new gulch. If the
issuing water is not saturated, it is likely to be less
dense than the sea water, in which it must rise and
thus lose contact with the rock debris entirely.
Evidently solution of the slumped debris would be
out of the question. A final and likewise telling
objection : the spring-sapping hypothesis postulates
important solution of one of the least soluble ma-
terials known to geology—clay. With that premise
neither geologist nor geochemist is easily satisfied.

The second hypothesis which is based on the
postulate of a submarine origin is that of Prof. W. H.
Bucher, who attributes canyon and furrow primarily
to cutting by reflux currents associated with powerful
earthquake waves in the ocean. But here, too, there
are troubles. That part of the energy which belongs
to the reflux current is largely concentrated near the
surface of the ocean, the velocity of the motion do-
creasing with great rapidity as the depth of water
increases. The laws of hydraulics demand that even
the mightiest seismic wave cannot give a reflux
current fast enough to erode the lower half of the
continental slope, down which, nevertheless, the sub-
marine valleys continue for many miles. Further,
the earthquake waves run in packs, as so-called trains
of waves, but no train of waves attacks a coast for
more than an hour or so, and none attacks it more
than once in a stretch of time measurable in decades
or centuries. In fact, no major earthquake wave
has ever been recorded in the North Atlantic, where
submarine valleys are in full development. The possi-
bility that in prehistoric time this ocean was long
shocked much more vigorously than at present is
emphasized by Bucher, but only in a purely specula-
tive way and without proof. Similarly there is no
evidence that such reflux currents have been powerful
and numerous enough to account for the valleys sunk
in the continental terraces of the Indian Ocean or
the eastern Pacific, from Vancouver to southern
California.

Influence of Glacial Control

The third explanation based on the assumption of
submarine erosion adopts the idea of glacial control
and, in my opinion, is by long odds the most
satisfying of all the published attempts to account
for these submarine valleys.

About 40,000 years ago, the last set of Pleistocene
ice-caps of North America and Europe were of maxi-
mum total volume, but were just beginning to melt
away. With the exception of a few small patches,
the last remnanls of the gigantic masses of ice had
disappeared by the year 7000 b.c. Since the water
of the ice-caps had been evaporated from the ocean
and then dropped, as snow and rime, on the lands,
the sea-level was lowered all around the globe. The
lowering was about 300 ft. in maximum.

From the amount of work done by the last set
of ice-caps, it appears that sea-level was nearly as
low during a period of the order of 50,000 years.
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During three long intervals of still earlier Pleistocene
time, ice-caps had slowly grown to comparable size
and then melted away more or less completely. The
second glaciation seems to have been more extensive
than the last one, and may be thought to have lowered
sea-level a little more than 300 ft. During tens of
millennia each set had maximum total volume ; and
during still other tens of millennia each set was slowly
melting. From beginning to end of each of the four
glacial stages—chaptered as growth, culmination and
waning—the wind waves and tidal waves were break-
ing on the continental shelves, far out from the exist-
ing shore lines. Thus, for a time totalling more than
a quarter of a million years, the waves were pounding
the old embankments of clay, mud and sand. Along
the temporary, slowly migrating shores, storm wave
and turbulent tide were muddied to a degree far
beyond that represented in the ’'longshore water of
the present day. While so charged with particles of
solid rock, the silty water was effectively denser than
clean sea water, and as a temporary suspension,
sank bodily to the bottom, that is, to the surface of
the continental terrace. There the specially weighted
water flowed slowly down the gently sloping con-
tinental shelf, to run much faster after it had passed
the fall-off at the top of the continental slope. Such
accelerated density currents along the sea floor were,
according to the hypothesis now to be discussed, the
chief excavators of our submarine valleys.

The compulsion on silt-laden water to dive and
slide along the sea bottom was, of course, lessened in
proportion to any settling-out of solid particles.
However, such loss of excess density took time.
Observation shows that shore waters, agitated by a
storm, remain murky with sediment for many hours
after the storm has spent its fury. We may therefore
assume that a bottom current of Pleistocene time
could run many hours. Over the gently sloping shelf
its velocity was comparatively small, and over this
region some of the coarser detritus must have settled
out. But, according to the hypothesis, the zone of
agitating waves was long situated at, or close to, the
fall-off to the continental slope. Without delay the
silty water would be precipitated down the con-
tinental slope, and that with a velocity much greater
than any possible on the adjacent shelf. With only
moderate velocity the silty current would cross the
whole slope in some hours. If, during those hours,
the speed were enough to cause turbulent erosion
of the slope sediment, the settling-out would be de-
layed and new solid particles added to the soup-like
suspension. Nowadays the zone of intense agitation
by the breakers is 50—150 miles from the outer edge
of the flat shelf; hence now, during the long, slow
journey to the fall-off, a bottom current loses much
of its operating load by settling out and therefore
cannot attain great speed down the continental slope.
Is it not clear that the silty currents of each Glacial
stage should have been incomparably more energetic
on the slope than any current developed by storms
in post-Glacial time ?

Quantitative Tests

Quantitative testing of this glacial-control hypo-
thesis presents some difficulty. Essential facts are
buried in both space and time-—under the ocean and
under the obscuring blanket of post-glacial and
glacial time. Yet there are already in sight valuable
tests, which, taken together, greatly encourage faith
in the root idea as the most promising of all those
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reported in print. These tests are based on illum-
inating analogies in Nature, on laboratory experi-
ments, and on an engineer’s formula relating to the
flow of liquids under gravity.

An obvious analogy is that of the ordinary river,
which also flows along the bottom of an ocean—an
ocean of air. One condition for its descent is its
possession of density greater than the density of the
covering air. Similarly, the silty submarine current
runs down the continental slope because the density
of the mud-charged water is greater than the density
of the covering clean water.

More than half a century ago Forel studied the
behaviour of the Rhone where its water, made milky
with suspended rock-flour that was brought from the
high glaciers of the Alps, enters Lake Geneva. Any
summer visitor on the heights above Montreux can
see the whitish, silt-laden water of the river deployed
on the lake for some distance. He can see that this
water is sharply bounded against the blue water of
the lake. With simple apparatus Forel proved the
sharpness of contact to be due to an almost vertical
plunge of the silty water to the bottom of the lake.
He thus showed that the silty current does preserve
its individuality under the lake water. But to what
distance ? Forel found the answer to this query also.
He noted that the sub-lacustrine delta of the Rhone
is interrupted by a channel-like furrow, extending six
miles down the delta, measured from the point where
the silty water makes its initial plunge. This point is
just outside the jetties at the mouth of the Rhone.
The depth of the channel below its rim is consider-
able, with maximum of nearly 200 ft. Forel imagined
two possibilities : first, that the channel has been dug
by the bottom current; second, that the channel
is the result of preferential deposition of the silt where
the bottom current loses velocity by friction against
the stagnant lake water on either side of the current.
The latter process would be analogous to the levee-
building along the lower Mississippi River. Forel
ultimately found more satisfaction with the second
explanation of the channel. On the other hand, a
much later study led Dr. Romieux of the University
of Geneva to favour the erosion hypothesis. But,
whether erosion or differential silting of the lake floor,
or a combination of the two processes, be the true
mode of origin, it is clear that the Swiss limnologists
believe in the persistence of the bottom current to
a distance of six miles. Their conclusion deserves
strong emphasis in the discussion of submarine
valleys.

Switzerland has a parallel case. The contoured
map of the Rhine delta under the surface of Lake
Constance portrays a trench across the delta with
dimensions much like those of the Lake Geneva
channel. Be it noted, too, that each of the Swiss
channels has a slope which is less than one two-
hundredth of the average slope down the flank of a
continent.

For our problem, analogy becomes still more
illuminating when we watch the course of a muddy
river that enters a long reservoir, created by an
artificial dam at the opposite end. An ideal case is
represented where the Colorado River penetrates
Mead Lake, a reservoir with a length of about 120
miles, measured from the celebrated Boulder Dam
that holds up the water level. Since progressive silt-
ing and shallowing of the reservoir are inevitable,
Government engineers are systematically measuring
the proportion of solid matter suspended in the water
at the intake, and as systematically tracing the course
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of this weighted water after entry into the reservoir.
Cloud-bursts upstream from the lake suddenly in-
crease the volume, velocity and silt-content of the
torrential river. At the intake, the point where the
muddy Colorado enters the reservoir, the time of
arrival of water with maximum muddiness is noted.
Some days thereafter the same water, still charged
with an extra load of suspended silt, appears at the
penstocks of the dam, now 120 miles below the intake.
That the muddy current hugs the sloping bottom
of the lake has been proved by sampling the water
from surface to bottom and at various vertical
sections between intake and dam.

Above each muddy sheet the reservoir water, hun-
dreds of feet thick, was almost entirely free from
suspended particles of rock. Here, then, we have
another proof that a silty current does not lose its
individuality by mixing with the overlying clear water
or by the settling-out of the silt. In the case of Lake
Mead the bottom current persists for as much as
150 hours, one of the measured times for the traverse
of 100 miles in the lake.

By identifying individual influxes of muddy water,
engineers have been able to measure the average
velocity of the current between intake and dam. In
one instance the rate was found to be about half
a mile per hour4—a notable speed for a current follow-
ing the average gradient of the floor of the reservoir,
namely, a gradient of only 7 in 10,000 or less than
1 in 1,000.

The Elephant Butte Reservoir, in the Rio Grande
valley, receives the inflow of the Puerco River, which
in flood is charged with fine sand and mud to an
extraordinary degree. Here too the muddy water is
seen to dive along a sharp line of demarcation at the
surface and then follow the gently sloping bottom
of the reservoir to the retaining dam, the surface
water remaining “perfectly clear”. The sub-
lacustrine journey is about 35 miles in length.
Although the measured thickness of the silty current
is comparatively small—only five feet in one reported
case—and, although the bottom gradient averages
only 1 to 1,000, the velocity of the bottom current
has registered as much as 1-5 miles per hour. The
high speed is explained by the unusual muddiness
of the Puerco River at time of flood. After the entry
of its water into the reservoir, a cubic foot of this
water weighs two to three pounds more than a cubic
foot of clear water at the same temperature.

Bottom currents, similarly motivated by suspended
silt, have been demonstrated in four other American
reservoirs—-Lake Lee (North Carolina), Lake Murray
and Saluda Reservoir (South Carolina) and San
Carlos Reservoir (Arizona). The Government
engineers have thus good ground for the conclusion
that underflow of the kind described is a “general
phenomenon in reservoirs” subject to inflow of
muddy water on the grand scale. The silty water
slides down the floor of a reservoir “much as water
itself flows under air”.

Small-Scale Tests

The studies at Lake Geneva, Lake Constance and
the six artificial lakes in the United States have
established two fundamental facts: first, a silty
underflow persists, with much of its initial velocity,
for many hours and even as much as seven days ;
second, the speed of flow can exceed one mile an
hour although the slope traversed is only 1 to 1,000,
and although the thickness of the bottom current is
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only a few feet. Since the continental slope is about
1 in 15, and since the thickness of the silty current
of glacial times must have been at least 100 ft. and
probably more, we already have, from analogies in
Nature, some good quantitative support for the pre-
ferred explanation of the submarine canyons and
furrows. But other quantitative criteria as to the
worth of the explanation should be found if properly
controlled experiments are made in the laboratory.
Knowing that experiment is the principal tool of
science, Dr. P. H. Kuenen, of Holland, has called
on the resources of the laboratory. He had three
objectives : to devise a visual test of the possibility
that silty currents can long preserve their individual-
ity, even though the motivating silt tends to settle
out ; second, to measure the velocities under con-
trolled conditions regarding current density and
slope of channel; and, third, to determine whether a
current, flowing fast, will add to the suspended load
and therefore run still faster. Kuenen succeeded with
all three problems, and not the least significant of
his conclusions is that a strong bottom current
running down a continental slope may readily be-
come self-accelerating and thus endowed with new
self-generated power to erode. Some of his experi-
ments will be briefly described.

In a glass-walled tank, 15 ft. long and 2 ft. deep,
a model of a ‘continental terrace’ was built of sand
surfaced with hard gypsum. The ‘shelf’ had a gentle
slope as far as the fall-off of the ‘continental slope’,
which had a gradient of about 1in 7, or one typical
of the upper part of the average continental slope
in Nature. Water was poured into the tank until
it topped the ‘shelf’ by a few millimetres or centi-
metres. Just above the fall-off a strip of wood with
a rubber flange at the bottom was placed across the
tank. Behind this bar, water with various pro-
portions of solid particles in suspension was gently
poured on the ‘shelf’. The bar was then removed.
The silty water at once began to flow down the
‘continental slope’ in the form of a lively current.

It was found that any slight crease or depression
directed down the ‘continental slope’ tended to draw
the silty water from right and left, thickening the
current and correspondingly increasing its velocity.
A tongue of the silty water ran down ahead of the
more slowly flowing suspension on each side of the
tongue.

Similar suspensions were released after the hard
surface of the model was covered with thin layers of
clay. When only moderately charged with ‘silt’, the
density current became turbulent soon after passing
the fall-off. With the onset of turbulence the current
began to deepen the initial depression directed down
the ‘continental slope’, making this into a ‘canyon’
or ‘furrow’. With the erosion went a gain in load
for the current and also measurable acceleration of
its velocity. Thus Kuenen proved once more that
“to him that hath shall be given”.

In order to make more vivid the evidence for erosion
and self-acceleration of current, both to the eye and
the camera, clear solutions of salt in™®water were
released on the ‘shelf’, this time covered with a thin
layer of white mud.

Kuenen measured the velocities of flow and was
able to estimate the average thicknesses of the mov-
ing sheets of ‘heavy’ water, as seen through the glass
walls of the tank. Knowing also the slope of the
bottom, he had the data for applying an engineer’s
formula, which, with proper precautions, can be used
to calculate the velocity expected for a current flow-
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ing steadily down a continental slope. This formula
is v= ¢ \/m.s.d, where c is a constant, v represents
the velocity, m is the so-called hydraulic mean depth
(the cross-section of the current divided by its wetted
perimeter), s the slope, and d the effective density
of the flowing material.

From the measured values of v, m, s, and d in
the case of a bottom current at Lake Mead, Dr.
Kuenen deduced an approximate value for c¢ that
would match the conditions for erosive furrowing of
the continental slope. In the centimetre-gram-
second system of units, the value for ¢ came out at
400. For our problem let us assume m to be 5,000
cm. ; s to be 1/15; and d to be only 0-0005. With
corresponding substitutions in the formula, the
velocity is found to he about 160 cm. per second or
5-75 km per hour or 4 miles per hour—a velocity
sufficient to move coarse gravel and to tear up
silt and sand. Silty currents set running by major
storms in glacial times must have had initial effective
densities higher than 0-0005; nowadays wave-
stirred, silty waters have measured densities twice as
great.

Dr. Kuenen's experiments are particularly eloquent
in showing that, if the current, running down the
muddy continental slope, reaches a velocity of only
two miles an horn-, it should take up a new, additional
supply of mud and should, therefore, run all the faster
and erode still more efficiently. This new power would,
of course, be lost again when the current reached the
lower, flatter part of the continental slope. Kuenen’s
own graphic statement may be quoted: “The part
played by the shelf is now thought to be that of the
ringing voice loosening an avalanche. If the density
of a comparatively small volume of water is once
raised above that of the deeper strata, the flow is set
off. It gathers volume and speed on the way down
and takes up more and more silt. Given a little help
the canyon erodes itself.” This conclusion is all the
more acceptable when it is remembered that the
terrace sediments are water-soaked, hence highly
mobile, and deposited near the angle of rest. Such
material at the angle of rest will yield readily if its
back is even gently brushed by a downhill current.

Conclusion

Looking back, we see that the preferred, glacial-
control explanation of canyons and furrows covers
the essential facts, which may he listed as follows :
(1) the comparative youth of the topography ;
(2) its woild-wide, planetary distribution ; (3) the
similarity of the continental slopes to the gullied hill-
sides on land ; (4) the evidence that canyons are
now being slowly filled with mud ; and (5) the dis-
covery of cold-water shells (foraminifera) in the clay
that underlies the new muddy layer of incipient
filling. Incidentally, the study of silty currents has
indicated a mechanism for the transport of shore
sediment to water depths of 2,000 fathoms and as
far as 100-200 miles from the land where the sedi-
ment had been manufactured. This long travel of
sand and mud has long been a puzzle. The silty-
current hypothesis is favoured by the weakness of
the terrace material, by the steepness of the con-
tinental slope, by the visible proof that shore waters
are muddied through agitation by storms and tides,
by laboratory tests, by the teaching of Nature in the
Swiss lakes and in artificial reservoirs, and by the
failure of all other hypotheses yet offered to account
for the submarine valleys.
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Associates and Senior Registered Stu-
dents), who are available for appoint-
ments or who are seeking to improve
their position, is kept at the office of
the Institute. The facilities afforded by
this Register are available (free) to
Companies and Firms requiring the ser-
vices of chemists, and to Universities,
Colleges and Technical Schools requir-
ing Teachers of Chemistry and Tech-
nology. A list of Laboratory Assis-
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Particulars of the Regulations and
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obtained (free), on application to the
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Chemistry, 30 Russell Square, London,
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Box 826, T. G. Scott & Son, Ltd., Three
Gables, London Road, Merstham, Surrey.

the Adviser in

One Heyrovsky Polarograph, complete
with all accessories, including A.C., mains
condenser unit for low tension D.C., with
Barretter control valve. This instrument is
by Sargent of America and is in new condi-
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Box 828, T. G. Scott & Son, Ltd., Three
Gables, London Road, Merstham, Surrey.
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. Wright, A.R.C.S.,
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Prince Consort Road, London, S.W.7.
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THE TEACHING OF SCIENCE

T the Conference on Science and the War Effort
A arranged in London recently by the Associa-
tion of Scientific Workers, there were two sessions
devoted to the wuniversity training of scientific
workers and the training of technical personnel.
These sessions, which were attended by well over a
hundred people, were remarkable for the wide range
of teaching activity represented among both speakers
and audience. Nearly every sphere of science teach-
ing was represented, and the speeches dealt with
ordinary university and polytechnic courses, the
training of State bursars, the part-time teaching of
young people in factories and workshops and the
special training of recruits and cadets for the Forces.
The limitation of time made it impossible to discuss
at any length the teaching of science in secondary
schools, but it was realized that the problem of
scientific education must be tackled as a whole and
that the school part of this is of fundamental
importance.

Many of the questions discussed were not new, but
the present war situation has brought all the old
questions sharply to the fore along with some new
problems. At the opening of the session on technical
education, Mr. E. G. Savage, education officer to the
L.C.C., who presided, said that the importance of
technical education and the training of technical
personnel needs no emphasis at this moment. As we
are already bitterly aware, we are engaged in a war
in which the quantity and quality of technical per-
sonnel is of the highest possible importance. Had
we been better prepared in this matter at the outset
of the War, it is possible that in at least one field of
operations there might have been a different story
to tell. As it is, we have been busily engaged in
making up very substantial leeway. It is, however,
equally important and very relevant to point out
that the necessity for trained technical personnel
will not diminish when peace comes. Mr. J. M.
Keynes was recently quoted as saying that there is
no necessity for us to be poorer for very long after
the War. Given a proper use of the material resources
of the earth and of the skill of our people, we should
look forward to an even higher standard of living
after the War than before it. To realize this happy
issue, however, it is obvious that we shall need much
more widespread and much more efficiently trained
scientific and technical personnel in our industries
and elsewhere.

Mr. J. A. Lauwerys, of the Institute of Education,
University of London, said that we lack technically
trained people because our secondary education,
based on the study of language and literature, is out
of touch with the requirements of an industrial
society. The traditions which we inherited from
ancient slave societies still dominate many of those
in charge of our education. They still believe that
the studies of highest educative value are those
which have nothing to do with the production of
useful commodities, and we are suffering from the
widespread acceptance of the wrong view that
‘culture’ and ‘vocation’ should be kept separate.
The question of elementary technical education
involves several problems, but the core of the educa-
tion we need must be scientific studies and not purely
literary ones. That is not to say that we should
support the proposals of the reactionary and out-
dated Spens Report with its deplorable suggestions
that there should be grammar schools for future
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administrators, business men, etc., and technical
high-schools for future skilled workers. To accept
this would be to deepen the existing cleavage, the
evil resul s of which have been and still are plain to
everybody.

Dr. E. A. Rudge, of the West Ham Municipal
College, said that the present difficulties in the supply
of scientifically and technically trained people can
only be met by the reorganization of schemes of
education. This branch of teaching has been neglected
over the past twenty years, and the salvaging of
technical education should be regarded as a major
part of the war effort. The necessary reorganization
should be on a national basis, and the scope of local
government control should be strictly limited. The
raising of the school leaving age is necessary, and this
would involve the abolition of fees for full-time
students proceeding to technical vocational training.
The scientific and teaching professions should recog-
nize the inadequacy of present makeshift methods of
selection and training, and must plan long-term and
carefully organized schemes of education. He urged
that we should strive for the setting up of a national
advisory committee, including representatives of the
scientific and teaching professions, of industry and
of the Board of Education.

The important question of part-time training was
discussed, and it was generally felt that the scope of
this should be much extended. But this part-time edu-
cation must be closely linked to the actual work being
done in the factory or workshop, because most young
people learn better when they feel that the subject
is important and see its relevance. Although the
better employers have for a long time allowed boys
to attend part-time courses during working hours,
this practice is by no means universal. The Essential
Works Order requires firms to provide facilities for
technical training, and if this were interpreted to
include attendance at technical classes, inside or
outside the factory, during working hours, there
would be a considerable gain in technical efficiency.
It would be desirable to start a sort of tutorial
system whereby specially selected men co-operate
with the educational authorities in the training of
young people.

In this connexion the very important question of
vocational guidance was raised. It was felt to be
very desirable that there should be a great extension
and systematic use of vocational guidance aimed at
leading pupils fitted by capacity and inclination into
well-designed courses of industrial training. The
provision of such guidance on a large scale is a big
problem, and it involves other problems such as how
to make employers rely on the scheme and how to
make it easier for young people who are misfits to
change their jobs.

In the discussion on part-time training an impor-
tant point in connexion with university and hospital
laboratories was raised by Mr. B. E. Gilbey. The
technical workers in pathological and bacteriological
laboratories have developed, largely by their own
efforts, into highly trained technologists. Their
training extends over five years and is extremely
haphazard, depending largely on the good-will of the
senior members of the staff, so that they have to
have recourse to evening classes which are often
unsuitable. The unorganized training and the lack
of professional recognition is resulting in the loss to
an important profession of a large number of potential
technologists at a time when they are urgently
needed.
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The inadequacy of the scheme of scientific educa-
tion in the schools of Great Britain has been strongly
underlined by the difficulties facing those who have
to train technical personnel in the Services, and these
difficulties were discussed at the sessions. There is
a shortage of scientific knowledge throughout every
grade : there are too few people with degrees, too
few with higher school certificate science, too few
with matriculation science and too many with no
scientific background at all. Scientific weapons and
devices have been perfected far more rapidly than
people have been trained to use them, and so the
limit of efficiency and success is in many cases set by
personnel and not by technical advance. Although
much has been done recently in many secondary
schools, most private schools give little education in
science, and the percentage of girls in the Auxiliary
Forces with scientific knowledge is very small.

The present situation has vindicated completely
those who have fought for the lengthening of the
school period and for more science teaching. The
need to-day is not only for a wider knowledge of the
laws of physics and chemistry, but also for a more
scientific attitude to all problems. To take only a
few instances, there is a need for the Forces to have
more understanding of the usefulness of controlled
experiments, of statistical analysis of results, and of
scientific tests for the selection of personnel. In
some directions the work is good, and this is par-
ticularly so where civilian scientific sections respon-
sible for the initial inventions have been asked to
help in training. Members of these have the special
task of following the new apparatus into operational
use, and they have both advised on and taken an
active part in the instruction of suitable personnel.
In many cases, however, the training covers too
narrow a field and is carried out without any regard
for educational principles. There are many cases of
people being taught to perform some process without
being given any idea of where it fits in or even of why
they are doing it.

It is quite clear that there is a great need for more
technical officers in the Forces who have some training
in educational methods, and for people with such
training to join the civilian sections. On the other
hand, it is vitally necessary that the military authori-
ties should make the fullest use of those members of
the Forces who have been trained in technical subjects
or in educational methods. In the selection of per-
sonnel some sections make good use of psychological
tests, but in others deportment, type of school,
accent and pure chance still play a large part. This
is to be deplored, though in this sphere, as in so
many others, the continued efforts of those who are
alive to the situation have produced good effects;
but much remains to be done.

The session on the university training of scientific
workers was presided over by Dr. W. A. Wooster, of
the University of Cambridge, and the opening address
was by Prof. J. A. Carroll, of the University of
Aberdeen. Prof. Carroll stressed the need in modern
civilization for a much wider scientific education in
addition to the training of the specialist. University
science teaching must abandon its present relative
isolation and relate itself to its sources, the schools,
and to its ends, the production of future teachers, of
research workers and of people with a general
education. The majority of students do not become
research workers, so for the majority the courses are
too detailed and too long. We need three types of
university science courses: general honours courses
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for those who are going to teach in schools ; special
research and technical courses ; and general cultural
courses for those who intend neither to teach nor to
do research.

As regards the supply of young people for university
science courses, it is clear that the conditions of entry
into British universities require modification. The
development of junior, secondary and technical
schools might prove very dangerous, because it might
easily happen that pupils from these would be cut
off from universities under the present conditions of
entry. Prof. Carroll stressed the point that the reform
of the educational system of Great Britain is long
overdue, and that we are paying dearly to-day for
the lack of common appreciation of the part which
science could play in improving the conditions of life
of the community. He also urged the setting up of
an advisory committee on scientific education to
advise the Board of Education.

The special effects of the war on the problems facing
university science teachers were dealt with Mr. R. T.
Lattey, acting director of the Electrical Laboratory,
Oxford. He spoke of the present teaching of physics
there, where four types of students have to be con-
sidered—more or less normal undergraduates, State
radio bursars, Royal Corps of Signals cadets, and
R.A.F. cadets. The most difficult part of the work
is to instil a scientific outlook into immature minds,
as most of the students have the idea that learning
by rote is the end of all knowledge. The bursars
come from all types of schools and the qualifications
for bursarship as drafted are well below scholarship
standard. The scheme can, therefore, be looked on
as an interesting experiment of sending to a university
pupils who would not get a scholarship in normal
times. These students have turned out to be better
than might have been expected, and it is clear that
the average student has a considerable latent scientific
interest and capacity.

Dr. V. E. Cosslett, of the University of Oxford,
urged that as an immediate measure there should be
proper organization and allocation of available
laboratories and the depleted numbers of teaching
staff. Very little has been done in the grouping of
teachers and courses. Such steps are urgently
demanded, for example, in the case of evacuated
colleges, and it is certainly true to say that the best
possible use is not being made of the limited number
of teachers remaining in the universities and colleges.

The sessions on scientific and technical education
were very successful in opening up the whole question,
and in providing a broad view of the numerous
problems involved. Among the speakers and those
who took part in the discussion there was unanimous
agreement on all the principal issues. The Association
of Scientific Workers has begun to form a committee
charged with the task of co-ordinating the experience
and efforts of all those who are attempting to increase
the quantity and improve the quality of scientifically
and technically trained people in Great Britain. This
is an effort which must succeed if we are to win the
War with a minimum of loss, and if we are not to
fall hopelessly behind certain other nations in the
period of rebuilding after it.

We welcome the decision of the Association to
form this committee and hope that it will develop a
broad and comprehensive point of view, thus dealing
effectively with science teaching in all educational
institutions, for faulty education can obviously pass
from teacher to taught, or from university to school,
and vice versa.
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OBITUARIES

The Earl of Berkeley, F.R.S.

andall thomas mowbeay Berkeley,
R eighth Earl, was born on January 31, 1865,
and died on January 15. He was head of the historic
house which acquired the Berkeley lands in the
twelfth century, and is among the very few that
can rightly claim a pre-Conquest pedigree ; even the
critical genealogist Horace Round allows the Berkeley
descent from Eadnoth the Staller, an officer of the
household of Edward the Confessor.

In feudal days the Castle of Berkeley was held
directly of the King, so that its owner was a baron
by tenure, a status which in 1421 was merged in
a summons by writ and a hereditary peerage. Since
such baronies can be held and transmitted by females,
on the death of the sixth Earl in 1882 it passed to
his niece, wife of General Milman, who thus became
Baroness Berkeley, while the earldom, created in
1679, went to a cousin as heir-male. For some
seventy years this title had not been assumed, while
there was doubt about its inheritance, leading to a
famous lawsuit. Meanwhile the lands were in
possession of the Lords Fitz-Hardinge. But in 1891
Randall Berkeley established his claim to the earldom
before the Committee of Privileges.

Lord Berkeley began his active career in the Royal
Navy and reached the rank of lieutenant. But being
drawn to scientific research, he left the Service and
built a laboratory at Foxcombe, on Boar’s Hill near
Oxford, a house which he much enlarged, adding a
really fine stone hall. It is now the Theological
College known as Ripon Hall. There he carried out
his experiments, the success of which was shown by
his election to the Royal Society in 1908.

Berkeley’s work centred around the idea of
measuring the physical properties of concentrated
solutions, in order to test the possibility of applying
to them equations of the type of that used by van
der Waals for gases, vapours and liquids. The funda-
mental determination required is obviously that of
osmotic pressure, either measured directly, or deduced
by the principles of thermodynamics from the
measured vapour pressures. To obtain accuracy in
the results, many and great experimental difficulties
had to be overcome. The original method of directly
measuring osmotic pressure, invented by Pfeffer, is
quite unsuitable when concentrated solutions are
used. Instead of allowing solvent to enter a porous
porcelain cell closed by a semipermeable membrane
of copper ferrocyanide until equilibrium is obtained,
Berkeley and his colleague E. G. J. Hartley deposited
the membrane in the walls of a porous tube with
its ends sealed, and varied the hydrostatic pressure
on the solution until no further movement, either
in or out, occurred. From 1904 until 1919 a series
of papers, most of them in the Proceedings or Trans-
actions of the Royal Society, appeared from the Fox-
combe laboratory, gradually improving the methods
and results, and dealing with other allied subjects,
such as the vapour pressures and densities of solu-
tions of varying temperature and concentration. The
results of the measurements on bodies like sugars
were shown to conform with equations such as

- P+ .2 (v-o b) = RT.

\V

Berkeley had an instinctive grasp of the methods of
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science and, moreover, had the skill, thoroughness
and patience to apply them to his complex problems.
In 1916, on the death of his kinsman, the last
Lord Fitz-Hardinge, Lord Berkeley inherited Berkeley
Castle and the Berkeley estates, comprising valuable
property in London as well as the lands in Gloucester-
shire. He left Boar’s Hill and devoted himself to the
restoration of Berkeley Castle and to other local
activities ; for some time he was master of the
Berkeley Hounds. His first wife was the widow of
Mr. Arthur Jackson. She died in 1898, after which
his step-daughter, Miss Sybil Jackson, acted as hostess
at Foxcombe. In 1924 he married as a second wife
a daughter of John Lowell, of Boston, U.S.A., with
whom in these later years he spent much time in
Rome and California. He had no children by either
marriage and the romantic Earldom of Berkeley
becomes extinct. W. C. D. Dampier.

Dr. F. Holweck

1t is reported that the French physicist Fernand
Holweck died recently in Paris, but the circumstances
of his death are not clear.

Fernand Holweck was both a scientific worker and
a technician. He had been educated at the iSeole
de Physique et de Chimie Industrielles de la Ville
de Paris, where Pierre Curie had taught, and became,
first an assistant, then a “Chef de Travaux” in
Madame Curie’'s laboratory. He had received the
title of Maitre de Conferences.

His first important work, for which he received
the degree of doctor of science, was on the X-rays
of long wave-length (1920-25). He actually filled
the gap between the soft X-rays and the extreme
ultra-violet rays, by studying the absorption dis-
continuities characteristic of the K- and L-levels of
light elements. Later (1928-38) he extended the
study of soft X-rays to their action, and specially
their quantic action, on bacteria and viruses.

In the technical field, so early as 1923, Holweck
made a helicoidal molecular pump, and a radio
emitting valve which could be opened for the re-
placement of the electrodes. Both proved to be
very useful improvements at the time, and were
adopted by the French Navy. Later, in collabora-
tion with R. P. Lejay and P. Chevallier, Holweck
constructed an improved portable pendulum for
gravitation measurements, and he had been working
on this subject since 1930.

F. Holweck received
Prize for his work on soft X-rays. In 1936 the Paris
Academy of Sciences awarded him the Prince Albert |
of Monaco Prize for his work on gravitation.

In the War of 1914-18, Holweck served as radio
operator. He was married, and had three children.
He was a friendly man and liked to crack a good
joke. His inventive spirit, his creative skill and his
good nature will be greatly missed by physicists.

A Fbee French Scientist.

We regret to announce the following deaths :

Dr. W. P. Durfee, emeritus professor of mathe-
matics and emeritus dean of Hobart College, Geneva,
N.Y., on December 17, at the age of eighty-six.

Dr. Cornelis Winkler, formerly professor of neuro-
psychiatry at Amsterdam, and honorary member of
the Sections of Neurology and Psychiatry of the
Royal Society of Medicine, aged eighty-six.

in 1927 the Pierson-Perrin
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NEWS and VIEWS

Prof. R. A. Daly : Wollaston Medallist

The Wollaston Medal of the Geological Society of
London is awarded to honour those who have made
“researches concerning the mineral structure of the
earth” . The very appropriate choice of Prof. R. A. Daly
to be this year’s recipient of the Medal will be en-
dorsed with enthusiasm by his many friends and
admirers. A Canadian by birth and a graduate of
the University of Toronto, Daly began his long
association with Harvard in 1892, first as a graduate
student and afterwards as an instructor in geology.
In 1901 he resigned this post to take up a Canadian
appointment as geologist on the International
Boundary Commission. Ten years of work resulted
in a map of, and report on, a 400-mile belt along the
49th parallel from the Pacific, across the Western
Cordillera, to the Great Plains. The two following
seasons were devoted to the C.P.R. section through
the mountains. These arduous years gave him the
experience that led to the writing in 1913 of his most
famous book, “Igneous Rocks and their Origin”,
which, rewritten twenty years later as “ Igneous Rocks
and the Depths of the Earth”, remains as an out-
standing contribution to petrology. On the resigna-
tion of W. M. Davis from the Sturgis Hopper KS arch
professorship at Harvard in 1912, Daly was selected
as his successor.

This attractive appointment, which enables its
incumbent to teach as little and'to study and travel
as much as he pleases, gave Daly the freedom to
carry out a large number of fruilful investigations,
many of them based on field studies in distant lands,
including South Africa, many of the classic areas of
Europe, and a number of oceanic islands. Among
his results, presented in a most stimulating series of
papers and books, are new theories of granite forma-
tion and emplacement, of the origin of alkali rocks,
of the mechanisms of volcanic action and mountain
building, of the origin of coral reefs and, most recently,
of the origin of submarine valleys (see p. 156). Daly
has an enviable flair for correlating and attempting
to explain the facts of observation—-indeed, it is now
an old Harvard tradition that “Every morning in
the year, Daly has a new idea !”—and it is therefore
not surprising that in recent years he has made him-
self a master of the modem geophysical methods of
attacking the fundamental problems of the earth’s
stmcture and thermodynamic history. He has, more-
over, done much to initiate and guide the long stream
of co-operative geophysical research which Harvard
has sponsored. Eloquent and influential teacher and
writer, and a prolific and successful worker in a
variety of challenging fields, he has deserved well of
his fellow-geologists and has abundantly earned the
honour now conferred upon him by the Geological
Society.

Parliamentary and Science Committee

The significance of the contribution being made by
science to the war effort was the keynote of the
addresses delivered at the first annual luncheon
arranged by the Parliamentary and Science Com-
mittee (president, the Earl of Dudley), and held on
February 3. This body, it will be recalled, was con-
stituted in 1939 to take over the functions of the
Parliamentary Science Committee. It consists of
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members of both Houses of Parliament, and some
twenty-seven organizations concerned with scientific
activity are affiliated to it. Its purpose is to provide
a permanent liaison between scientific bodies and
Parliament.

Lord Hankey, Minister without Portfolio, reminded
his audience that from his work with the Scientific
Advisory Committee, the Engineering Advisory
Committee and the Technical Personnel Committee,
he is in constant touch with scientific and technical
men, and he paid a warm tribute to the eagerness
with which they have responded to the call for their
services. He then described in general terms some
of the steps which have been taken to utilize scientific
effort.

The Scientific and Engineering Advisory Com-
mittees work in close association, and often
through the medium of ad hoc conferences formed
from appropriate members of the two Committees
and with the aid of independent scientific workers.
Co-operation with the United States and with the
Dominions has been arranged, and there is a constant
exchange of individual men of science and of scientific
information. So far as Great Britain itself is con-
cerned, Lord Hankey said that all three Fighting
Services are “science-conscious” ; scientific men are
being used, even in the operational side, both indi-
vidually and in teams, while the universities and
technical colleges are providing intensive scientific
training for the great numbers of men and women
required to operate scientific war apparatus. The
reliance on science during the War is, in Lord
Hankey’s opinion, going to have a big influence on
statesmen and officials in the days to come, and he
concluded : “1 hope and believe that the association
of science wLh government in our hour of need
to-day will continue after the War.”

Sir Henry Tizard, rector of the Imperial College
of Science and Technology, who is now working
wi h the D apartment of R search and Development,
Ministry of Aircraft Pioduction, began by refer:ing
to the sense of frustration under which many ex-
perienced scientific men are suffering; the present
Government and Parliament, however, attach more
value to the help and guidance of scientific workers
than have any previous Parliament. Science, like
war, he pointed out, has its strategy and its tactics.
The tactical strength of sci-nce in Great Britain is
very great; there are well-equipped experimental
establishments and, thanks to the innate abili ies of
our race and to progressive educational policy, a
large nrrmber of young workers giving high service
to the State. The strategical posi ion of science,
however, is not so good. In pure science, the funda-
mental strategy is to attack at the weakest point of
the barrier to knowledge ; in applied science, the
attack must be made where the best resul's are
obtainable. The choice of problem is of crucial
importance, and for decisive results effort must be
concentrated on it to the exclusion of other matters.
The strategy of science in the war effort can only be
determined by ever closer collaboration of the man
of science with the executive staffs of the fighting
and other services. Sir Henry concluded with a
striking comparison. The two great driving forces
of Western civilization are science and Christianity.
The principles and ideals of science, no less than
those of Christianity, must sustain and guide all
political action which fights for liberty and social
progress.
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New RA.F. Bomber

Technical particulars of the Short ‘Stirling’, the
heaviest bomber of the R.A.F.’s equipment at present
in production, have just been released. Squadrons
of these machines have been in regular use for long-
distance raids for more than a year. Its general
dimensions are : length 87 ft., wing span 99 ft., height
23 ft., approximately, and its total all-up weight
thirty tons. It carries a disposable bomb load of
eight tons. It has a maximum speed of 300 m.p.h.
with a range of 2,000 miles, a considerable achieve-
ment for a machine of this size ; but its principal
feature is its manoeuvrability which, combined with
a heavy armament, makes it capable of protecting
itself against air attack by enemy defensive fighters.
It has eight ‘Browning’ machine guns, divided
between three gun tuirets, in the nose, mid-top, and
rear of the body. A crew of seven is the normal
complement, and the interior of the body is suffi-
ciently roomy for any of these to man the guns in
an emergency. Special precautions are taken against
fire, which include carrying all the fuel in self-
sealing tanks in the wings well away from the body.
The attention that has been paid to the design of
the controls in order to obtain good manoeuvrability
has resulted in extra steadiness in flight in bumpy
weather. This not only adds to the comfort and
efficiency of the crew, but also provides a steady
platform for bomb aiming. The bombs are carried
in a central bomb bay, more than forty feet in
length inside the body, and are released through
hinged doors in the floor.

British Association and the Social Sciences

In considering possible action in relation to a
number of suggestions put forward at the recent
conference on *“Science and World Order”, the
executive committee of the British Association’s
Division for the Social and International Relations
of Science has adopted the plan of inviting repre-
sentatives of specialized bodies and interested
individuals to confer with it on particular questions.
A preliminary report of these proceedings will be
made shortly. Meanwhile, in view of the articles in
Natuhe Of January 24 on the social sciences, the
executive committee thinks it will be of interest to
announce that such a meeting as has been described
above is to be held on February 18, to consider
whether the Association, through the Division or
otherwise, can take any appropriate action in relation
to the position of the social sciences and, if this be
found desirable, to take measures accordingly.

Preservation of Stored Wheat in Australia

The chief insects infesting wheat in Australia are
the two true weevils, Calandra granaria and C. oryzae,
and the 1'sser grain borer, Rhizopertha dominica.
The last-named threatens to be the most serious
pest of bulk-stored grain in the immediate future,
being favoured by the high temperatures which, for
reasons still somewhat obscure, frequently occur in
silos. Every effort is being made to prevent a repeti-
tion of the plague condi ions of the War of 1914-18.
Of precautionary measures, the selection of mean
low-temperature locali f-s for stack storages is highly
important but not always possible, especially in the
western wheat areas. Liquid contact insecticides are
proving more effective than the mechanical methods
used in the past for sterilization of infested premises,
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dunnage, stacking sites, etc. Treatment of the grain
with certain finely ground non-toxic mineral dusts
has been very satisfactory from the entomological
point of view ; but objection is raised to the resuhing
appearance, while the change in angle of slip of
dusted, as compared with clean, poured wheat,
introduces quite a big and unexpected practical
difficulty in modem bulk-handling procedure. Though
stacked wheat cannot be readily fumigated, tests
in silo bins have been successful, and in Western
Australia fumigation of bulk wheat is likely to
be adopted on a large scale. So far the problem
presented in Australia is much less Severe than it
became in 1914-19, and every effort is being made
by the Wheat Board, in collaboration with the
Council for Scientific and Industrial Research, to
ward off serious developments.

Protective Gear on Power Supply Systems

An interesting paper entitled “The Management
of Protective Gear on Power Supply Systems”, read
recently in London before the Institution of Electrical
Engineers by W. Casson and F. H. Birch, of the
Central Electricity Board, discusses the theoretical
and practical considerations affecting protective-gear
engineering. After reviewing the responsibilities and
qualifications of protective-gear engineers the authors
investigate a number of typical system fault condi-
tions, giving methods of calculating fault currents
and voltages, the relations between which are illus-
trated by vector diagrams. System abnormalities
other than faults are discussed and attention is
directed to their relation to protective-gear opera-
tion. The performance and correct application of
protective gear are stated and a general outline of
the work of commissioning the gear is given according
to the type in use. Testing methods and testing
equipment are described and consideration is given
to protective-gear troubles and routine maintenance
procedure. Finally, the paper discusses those features
of protective-gear design, construction and layout
which assist maintenance. The paper is based upon
experience obtained during the last ten years with
protective gear installed on the Grid system in Great
Britain which, while having been designed primarily
for peace-time fault conditions, has been found to
give an overall fault performance of 92 per cent
correct in 1940 when, due to war-time hazards,
operating conditions were exceptionally severe.

Recent Earthquakes

The Jesuit Seismological Association of Saint
Louis, U.S.A., has determined the epicentres of
several recent important earthquakes. From an

analysis of twelve seismograms obtained at observa-
tories throughout the United States, the earthquake
of September 24, 1941, at Olh. 01lm. 27s. u.t. is
considered to have had a tentative epicentre at lat.
50 0° N., long. 158-3° W. This is in the Pacific
Ocean, south of the Alaska Peninsula, and the focal
depth of the shock is estimated by the Brunner
depth chart to have been near 100 km. On the
basis of reports from ten stations, the earthquake of
September 25, 1941, at 17h. 48m. 49s. u .« had its
tentative epicentre at lat. 20 3° N., long. 155-1°W.
This is in the Pacific Ocean, just a little to the north
of the island of Hawaii. A third, and probably the
most important of these three shocks, Occurred on
November 25, 1941, at 18h. 03m. 57s. u.x. It was
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recorded with very great ground amplitudes at
observatories throughout the world (Nature, Decem-
ber 6, 1941, p. 690). To obtain the epicentre of this
earthquake, Edward J. Walter used the readings of
seismograms from twenty-six observatories, mostly
in North America and the Pacific Islands, and
obtained a tentative epicentre at lat. 37-3° N., long.
19-1° W. This is in the north Atlantic Ocean, between
the Azores and Portugal. Undoubtedly, if this earth-
quake had had an epicentre near any populated
area, it would have caused widespread destruction.

Bibliography of Pharmacology and Chemotherapy

Beginning with Vol. 3 (1942) the name of the
“Bibliography of Pharmacology” is changed to
“Bibliography of Pharmacology and Chemotherapy”.
No change in scope is contemplated : “Chemo-
therapy” is added only to make the title more
accurately descriptive. The publication is a reference
list of current American and foreign literature relating
to the action of known chemical compounds (natural
or synthetic) on animal organisms and to therapeutic
use of such compounds, including clinical investiga-
tions but not including routine clinical and case
reports. The annual subscription rate is 3.50 dollars,
or 2.50 dollars to members of the Priends of the
Hooker Scientific Library. Further information can
be obtained from the Hooker Scientific Library,
Central College, Fayette, Missouri.

Regnier de Graaf, 1641-73

Dr. H. R. Catohpole, of the Yale University
School of Medicine, has directed attention to the
occurrence last year of the tercentenary of the birth
of the Dutch physician and anatomist, Regnier de
Graaf, who at the age of twenty-two wrote a treatise
on the pancreatic juice and when thirty-one dis-
covered the Graafian follicles of the ovary. De Graaf
was born at Schoonhove on July 30, 1641, and died
at Delft on August 17, 1673, at the early age of
thirty-two. He was the son of an architect, and he
studied medicine at the University of Leyden. Then
he travelled into France, receiving a doctor’s degree
at Angers and at Paris, making the acquaintance of
the savants of the time. Returning to Holland, he
settled at Delft, married, and continued the researches
for which he is remembered. Haller says his death
was occasioned by a very heated dispute he had
with Swammerdam.

George Martine

Sir D'Arcy Thompson has recalled in a recent
article (Scotsman, Dec. 27) the work of the eighteenth-
century Scottish physician, George Martine, who died
in 1741. Martine went to the University of St
Andrews at the age of thirteen, and later proceeded
to Leyden to study under Boerhaave ; there he took
his M.D. in 1725. He returned to practice in St.
Andrews, and at the age of about forty was made
fleet surgeon to Admiral Vernon for the Cartagena
expedition. Smollett was a surgeon’'s mate in the
same expedition, and Sir D’Arcy believes that his
surgeon Macshane in “Roderick Random” was really
Martine. Martine died of malarial fever when the
expedition was in the Caribbean Sea.

Martine was a good mathematician and natural
philosopher as well as a physician, and in Sir D’Arcy’s
opinion narrowly missed making some of Black’s
cardinal discoveries. In “De Similibus Animalibus”
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(1740) he discussed the effects on the circulation of
change of magnitude in an animal, now known as
the principle of similitude ; in “De Calore Animalium”
(also published in 1740) he dealt with the heat of
warm-blooded animals, which he believed was due
to friction of the blood on the walls of the blood
vessels. He knew that the temperature of the skin
of a man is about 97°, while that of dogs, cats, oxen
and swine is higher and of birds highest of all. He
wrote several papers on heat and the early history of
the thermometers, and had a good notion of an
absolute zero. His papers on medical topics included
one “On Periods and Crises of Disease”, while a
paper on a tracheotomy performed in St. Andrews,
including a description of a double cannula suggested
by “one of our Ministers here” is printed in the
Philosophical Transactions of 1730.

Cecil Peace Prize

A Cecil Peace Prize of £100, open to all under-
graduates, without distinction of sex or nationality
of any university or university college in Great
Britain or Northern Ireland, who have attained the
age of twenty-five on the last day of submitting
essays, is offered for 1942. The subject is: “In what
sense did the League of Nations succeed or fail ?”
The Prize for the 1941 essay has been awarded to
The Hon. N. H. C. Bruce, Oriel College, Oxford;
Proximo accesserunt, L./Cpl. R. James, University of
Liverpool, and Miss Eileen Taylor, St. Hugh's College,
Oxford. Further information can be obtained from the
Secretary, University Bureau of the British Empire,
c/o University College, Gower Street, London, W.C.I.

X-Ray Analysis in Industry

The Institute of Physics is arranging a conference
on “X-Ray Analysis in Industry” to be held in
Cambridge during April 10-11. The purpose of the
conference is to promote the interchange of know-
ledge and experience between those employing X-ray
analysis (diffraction methods) in their work in
different fields, and to arrange for further collabora-
tion between physicists, engineers, chemists and
others towards the solution of problems by its
methods. The discussions, which will be based on
papers included in the symposium already published
by the Institute (J. Sci. Inst.,, May and July, 1941),
will be informal. During the conference, Sir Lawrence
Bragg will deliver a lecture on “The History and
Development of X-Ray Analysis”. Further par-
ticulars can be obtained from the Secretary of the
Institute of Physics, temporary address, University,
Reading, Berks, to whom application for accommo-
dation in Cambridge should be made before February
14 next.

Announcements

Prof. C. Lovatt Evans, Jodrell professor of
physiology in University College, London, has been
elected an honorary member of the Sociedad Argen-
tina de Biologia.

Captain N. H. Heck, chief of the Division of
Terrestrial Magnetism and Seismology of the U.S.
Coast and Geodetic Survey, has been awarded the
degree of doctor of science by Fordham University,
for his distinguished work in connexion with seis-

mology.
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LETTERS TO THE EDITORS

The Editors do not hold themselves responsible for
opinions expressed by their correspondents. No
notice is taken of anonymous communications.

Emulsification and Absorption of Fats and
Paraffins in the Intestine

It has been shown by Frazeri-2-3 that a fat, such
as triolein, is only partially digested in the intestine
by the pancreatic juice. Hydrolysis determines the
path taken by the absorbed fatty material, the fatty
acid fraction passing by the portal vein to the liver,
and the unhydrolysed portion by the lymphatic
route into the systemic blood and thence to the fat
depots. This conception is contrary to the previously
accepted hypothesis of Verzars that the fat was
completely hydrolysed, and the resultant fatty acid
was carried through the intestinal membrane by
means of a complex formation with the bile acids
and resynthesized to fat again in the cells before
being transported into the blood stream via the
lacteals. The absorption of unhydrolysed fat raises
a special complication, since triglyceride behaves
physico-chemically very much like paraffins, which
are not normally absorbed from the intestine.
Furthermore, it is easy to show that bile acids or
their salts form no complexes with either triglyceride
or paraffin but only with fatty acid.

It was considered that in the intestine there was
an ideal system for causing an emulsion of olive oil
to be formed ; there is present some oleic acid due
to the action of the pancreatic lipase on the olive oil,
some soda to form sodium oleate in situ on the
surface of the olive oil globule, and cholesterol to
keep the sodium oleate at the interface by complex
formation (Schulman, Cockbain and Alexander56).
This was proved by making a spontaneously forming
emulsion of olive oil in water by dissolving 0-2 per
cent of oleic acid and 1 per cent cholesterol in olive
oil, and pouring the mixture into an N/10 soda
solution. This emulsion was much better than one
formed by pouring an olive oil —cholesterol mixture
into a sodium oleate solution, containing an equivalent
amount of sodium oleate as would be formed by the
oleic acid and soda, added separately. Probably in
the former case the sodium oleate is formed at the
surface where it is required, while in the latter case
an adsorption to the oil/water interface would have
to take place ; this requires time and a large arti-
ficially formed surface as produced in an emulsifying
machine.

Further, it can be shown that in the intestine of
rats which have been given a quantity of olive oil,
strong emulsification of the olive oil can be seen,
whereas in a rat that has been given liquid paraffin no
emulsification is observed, but only the free oil,
which has not been absorbed. It was therefore con-
sidered that the absorption of the olive oil by the
intestine is brought about by the fact that the oil
is emulsified, and that the droplets of £ xin diameter
can be ingested by the brush membrane of the
intestine. On this hypothesis, therefore, it should
be possible for the intestine to absorb liquid paraffin,
should the paraffin be in the form of an emulsion in
the intestine. This was shown to be the case. Ifsmall
quantities of oleic acid and cholesterol be added to
the paraffin, which can then be emulsified in the
usual way, and the emulsion injected into the
duodenum, or if the mixture be given into the
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stomach and emulsification permitted to take place
spontaneously in the intestine, strong absorption of
the liquid paraffin takes place. This absorption was
similar to that obtained for olive oil alone. In the
control experiments negligible absorption of the
paraffin alone took place.

The absorption of liquid paraffin by the intestine
was demonstrated in rats by three methods : histo-
logically, biochemically, and by chylomicrographs.
Histologically, the staining of the paraffin oil droplets
in the intestinal wall cells was most marked. These
droplets, as seen in frozen sections, appeared to be
of the order of £ p diameter. The control experi-
ments with unemulsified paraffin showed no Sudan-
stained droplets in the intestinal membrane cells.

Biochemically, the absorption of emulsified paraffin
was found to be as high as 60 per cent of the quantity
administered, which compared favourably with the
absorption of olive oil in control animals over a
similar time-period.

The chylomicrograph is constructed from counts
of fat particles in the blood made under standardized
conditions (Frazer and Stewart78. By serial
investigation at 30-min. intervals the passage of
absorbed fatty material in the blood stream can be
observed. A chylomicrograph similar to that obtained
with olive oil with a peak of 200 particles per field
was found with good paraffin emulsions. Coarser
paraffin emulsions containing no cholesterol gave a
peak of 100 particles per field, and unemulsified
paraffin only about 20-30. All these counts were
from made systemic blood from the rat's tail and heart.

The interesting problem now arose as to how a
paraffin droplet of \ u diameter could be absorbed by
the intestine. A pdssible clue to this question might
come from some unpublished work of Pantin and
Schulman, who showed that nematocysts of sea
anemones would shoot and stick when the nematocyst
cell has been touched by some paraffin, but not
when the paraffin has been made hydrophilic on the
surface by the presence of fatty acid or protein. It
could thus be supposed that the paraffin or olive oil
will not stick to the intestinal wall unless the oil
droplets have a hydrophilic coating as they have in
the case of stabilized oil-in-water emulsions. Further,
it might be supposed that the droplet must be of
the size of £ p or of a smaller diameter before the
membrane can ingest the particles on the amoeboid
or phagocytic principle. This particular dimension
of the droplets is that which is found in stabilized
emulsions.

The part the bile acids play in the intestine is
not quite clear. It can be shown by the emulsion
technique that the association of the bile acids is strong
to oleic acid; this association is weakened with the
bile acid salts, whereas no association can be estab-
lished for the bile acids with olive oil or paraffin.
Pantin and Schulman showed with the nematocyst
experiments that the bile acid salts made the
nematocysts all shoot spontaneously, whereas the
other capillary active compounds, such as long-chain
sulphate, amine and carboxylic salts, only cytolized
the cells. The bile acid salts, since they form no
complexes with compounds other than the fatty
acids, do not lower the interfacial oil/water tension
of these complex systems, as compared with the
other capillary active compounds, and are, therefore,
very poor emulsifying agents. Further, the bile acid
molecule containing several polar groups cannot
pack into the interface as compared to a normal
straight-chain compound with one polar group. This
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is borne out in the poor surface-tension lowering
properties of the bile acid salts.
The details of this work will be published elsewhere.
A.C.Frazer.
H. C. Stewart.
Physiology Department,
St. Mary’s Hospital Medical School,
London.
J. H. Schttiman.
Colloid Science Department,
University of Cambridge.
Jan. 14.

' Frazer, A. C., Analyst, 63. 308 (1938).
eFrazer, A. C, J. Physiol., 94. 24P (1938).
<Frazer, A. C., Physiol. Rev., 20, 661 (1940).

«Verzar, F., “Absorption from the Intestine” (London, 1936).

«Schnlmnn, J. H., and Cockbain, E. G., Trans. Farad. Soc., 36, 651
(1940).

=Schulman, J. H., and Alexander, A. E., Trans. Farad. Soc., 36, 960
(1940).

' Frazer, A. C., and Stewart, H. C., J. Physiol., 90, 18 (1937); 65,
68 (1939).

<Frazer, A. C, and Stewart, H. C,, J. Physiol., 95, 21, 23P (1939).

Toxic Effects of Certain Bacterial Metabolic
Products on Soil Protozoa

The chemotherapeutic value of the antibacterial
substances produced by micro-organisms has attracted
much attention in recent years. Very little is known
concerning the effect of these antibacterial substances
on Protozoa. For the past few years | have carried
out workr*3 on the selectivity of bacterial food
by soil Protozoa, with special reference to amoebas.
In an attempt to correlate the non-edibility of pig-
mented bacteria, a suggestion3 has been made that
pigment formation by bacteria exerts a protective
action against protozoal attack.

The extracted pigment from Serratia marcescens,
Chromobacterium violaceum and a red pigmented
bacterium 5654 (the characters of which are given
by mel), when mixed, with edible bacterial suspen-
sions on an agar plating, apparently prevents the
amoebae from ealing the edible food. Within a few
days the amoeba; either encyst or die without
destroying more than a few of them. Non-pig-
mented strains of Serratia marcescens are slowly
but completely destroyed by amoebae. The pigment
of Serratia marcescens diffusing through agar has also
a toxic effect on soil amoebae and prevents them
from eating edible bacteria.

Some interesting observations have been made on
the toxic effect of the metabolic products of B.
pyocyaneum on soil Protozoa. When the organism
is grown on glycerol-peptone agar for 3-30 days, a
chloroform extract of the bacterial growth, redis-
solved in water, is very toxic in strong concentra-
tions to soil amoebae, flagellates and ciliates, which
are killed in a few minutes. At dilutions of 1/2,000
and 1/4,000, it takes 3-8 hours and 12-48 hours
respectively to kill Protozoa, the effect at a given
dilution varying wilh the type of protozoan. At
dilutions of 1/8,000 and above, some types of Protozoa
are killed within forty-eight hours while others are
unaffected. Schoentall has studied the antibacterial
agents present in cultures of Ps. pyocyanea, which
include a-hydroxyphenazine. The chemically pure
pyocyanin and a-hydroxyphenazine are less toxic
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to soil Protozoa than the above-mentioned crude
chloroform extract. The chemically pure pyocyanin
is slightly more toxic than a-hydroxyphenazine.

The more toxic nature of the crude extract is thus
probably due to the fact that it contains other sub-
stances in addition to pyocyanin. When the crude
chloroform extract of pyocyanin, dissolved in water,
is passed through an L 5 Chamberland candle, the
pyocyanin is adsorbed by the candle, and a light
tea-coloured filtrate is obtained, the toxicity of which
on Protozoa is increased by autoclaving at 15 Ib.
pressure for 15 min. The nature of this substance is
being studied.

A fluorescent pigment, which is quite different
from pyocyanin, obtained by growing B. pyocyaneum
in liquid media, is also toxic to soil Protozoa.

A detailed study of the work carried out on the
toxic effect of bacterial products on soil Protozoa
will be published later, and it is hoped to extend
this study to the effects of other antibacterial sub-
stances produced by micro-organisms on pathogenic
and soil Protozoa.

B. N. Singh.
Department of Soil Microbiology,
Rothamsted Experimental Station,
Harpenden, Herts.

1Singh, B. N, Ann. App. Biol., 28, 52 (1941).
-Singh, B. N., Ann. App. Biol., 28, 65 (1941).
«Singh, B. N., Ann. App. Biol, (in the press).
4Schoental, R., Brit. J. Exp. Path., 22, 137 (1941).

A Useful Abnormality of the Pollen
in a Pear

The exceptionally low number of good seeds
obtained when the pear variety Beurro Bedford is
used as pollen parent in breeding experimentsi led
me to observe a series of developmental aberrations
in this variety which may prove of value in producing
new and improved forms.

The variety is a diploid (2?i = 34). but, following
normal meiosis, cell walls fail to develop between the
four haploid nuclei, and thus the pollen mother cells
are transformed directly into giant four-nuclear pollen
grains.

Immediately before the first pollen grain mitosis
these nuclei begin to fuse with one another, so that
the following five types of mature grains, classified
according to the number and constitution of the
generative nuclei, are produced:

Typos ix 3x+x 2X+2X 2X+X+X X+ X+X+X
Percentage 81-5 9-3 6-9 1-9 0*4

The pollen grains of all these types germinate
readily in culture (more than 90 per cent germination)
and with more vigour than pollen from normal diploid
and tetraploid varieties. The pollen tubes are almost
invariably branched, although generative nuclei can
be observed in only one of the branches. Such
branching cannot be attributed to the multi-nuclear
nature of the cells, since more than 80 per cent of the
pollen grains have the vegetative as well as the
generative nuclei single.

Growth of these pollen grains is also vigorous in
stylar tissue and the tubes enter the embryo-sac in
the normal manner3 but very few good seeds are
obtainedl

In crosses with diploid and tetraploid varieties
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B. Bedford gives progeny with the following chromo-
some numbers :

*

2x 3x AXx 5x B.B. gametes
2x x B. Bedford < 7 — A — X, 3%
Ax x B. Bedford < - - 3 2 2x, 3x
B. Bedford $ x 2x 10 - - -
B. Bedford $ x Ax e 3 — — X

Thus on the female side gamete formation is normal
while on the male side there is a strong selection of
particular types from those provided by its irregular
behaviour.

This behaviour affords us a means of synthesizing
a wide range of new polyploid forms of pear by using
Bcurre Bedford as a male parent in crosses with
existing varieties.

P. T.
John Innes Horticultural Institution,
Merton, London.
Jan. 16.

1Crane, M. B., and Lewis, D., J. Genet, (in the press).
1Lewis, D., and Modlibowska, I, J. Genet, (in the press).

Thomas.

The Tail of a Fish Larva as Respiratory

Organ

Respiration through provisional organs is found
in many tropical fishes. Rautheri has summarized
this subject and Kryzanovski2 has lately described
the respiration in the teleostome fish embryos and
larva. In cases where the circulation develops before
the proper respiratory organs, Krogh3 says that part
of the animal surface functions provisionally as a
respiratory organ. Capillary or lacunar systems of
blood vessels are indicated by Kryzanovski as a
respiratory system of certain Cichlidse fishes, which
have the anal or the dorsal fin slightly vascularized.

"Traira"
INFERIOR

v.ci, vena caudalis
v.v, VENA VITELLINA

larva, a.d, aorta dorsalis ;
v.si, VENA SUBINTESTINALIS ;
Living animal.

I have observed several larvie, 6-7 mm. long, of
the Brazilian fish called “Traira” (Hoplias malabari-
cus), the tail of which is largely provided with a com-
pact vascular net. The blood proceeds from the heart
by the aorta dorsalis (a.d.) and runs in the tail through
a great number of capillary blood vessels forming
many loops, thus increasing the respiratory sur-
face. In this manner the preanal, anal and dorsal
fins appear densely vascularized. The loops return
to the vena caudalis inferior (v.ci.) and the vena
subintestinalis (v.si.). Part of the oxygenated blood
comes back to the heart by these capillary vessels ;
the rest of the blood runs to the heart through the
vitelline vein (v.v.).

“Traira” larvae are provided with thin jugular fins
moving quickly. These fins also have a number of
capillary blood vessels. Under the Greenough micro-
scope the circulatory current can be seen running
into the smallest capillaries distributed in an ex-
tremely thin vascular net. Some capillaries coming
from the head and around the eyes also carry blood
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to the heart. Only rarely have | seen many flagellates
on the tail surface, probably Bodo, commonly an
indicator of the presence of oxygen.

None of the fish larvae examined had either gills
or the mouth completely formed.

Such a characteristic aspect shown by “Traira”
larvae is comparable only with that figured by
Kryzanovski in Acipenser stellatus, but this fish does
not possess a caudal vascular net so compact as that
of “Traira” larva. Krogh, in his recent book, indi-
cates the tail as a respiratory organ in the young
Acara, but it was impossible to obtain more informa-
tion about this interesting tropica] fish on this matter,

Further researches on these lines are proceeding,
and it is hoped to publish the details soon.

Paulo Sawaya.

Laboratory of General and

Animal Physiology,
University, Rao Paulo.
' Rauther, M., Ergb. Fortsch. Zool., 2 (1910).
* Kryzanovski, S. G., Zool. Jahrb. Abt. Anat. u. Ont., 58 (1934).

3Krogh, A., “The Comparative Physiology of Respiratory Mechan-
isms” (Univ. Pennsylvania Press, Pliiladelphia, 1941).

Mechanism of Kinetic Friction

From the recent paper by Morgan, Muskat and
Reedl on “Friction Phenomena and the Stick-Slip
Process”, it is apparent that their ideas and experi-
ments are progressing on lines similar to our own.

It has long been thought in this Laboratory that
the Bowden and Leben2friction-measuring apparatus,
in which a slider under elastic control presses on a
plate which moves at constant velocity, shows by
its ‘stick-slip’ motion merely that kinetic friction (Fr)
is less than static (Fs); and we agree with Morgan,
Muskat and Reed that Bowden and Leben did not
give sufficient consideration to the dynamics of their
system. It follows from the elementary treatment of
oscillations with Coulomb damping, in which it is
assumed that Fs is greater than F k and that F r is
independent of velocity, that relaxation oscillations
of the type shown by Bowden and Leben will occur
(see Thomas3zon “Vibrations Damped by Solid Fric-
tion”). It does not follow, however, that, if relaxation
oscillations do occur, the above assumptions are true.
For, provided the Fir-velocity curve falls rapidly, with
increase of velocity over the lower ranges of velocity,
relaxation oscillations of the same apparent form will
be obtained; and without detailed analysis of the ‘slip’
portion of the cycle, and probably additional experi-
ments, it is not possible to deduce from Bowden and
Leben’s papers, or others describing work with
similar apparatus, any information regarding Fr,
except that in general Fr is less than Fs-

a |

Fig. 1.
Hardened steel sliding on nickel lubricated with Nujol
0, PLATE SPEED, 0-01 CM. PER SEC.; b, PLATE SPEED, 1-0 CM
PER SEC.

It recently became necessary, with the use of an
apparatus of the Bowden-Leben type, in measuring
the coefficient of friction for lubricated and un-
lubricated metals in contact, to examine the system
in detail. Records taken, with a high-speed camera,
of the ‘slip’ part of the cycle (Fig. 1), together with



170

those of the free oscillations, show subsidiary oscilla-
tions in the system which preclude accurate analysis
of the motion. Experiments have also shown a
marked decrease in amplitude of the ‘stick-slips’ with
increasing lower plate speed (Fig. 2). It would follow,
at first sight, from the simple assumptions above,
that Fs decreases as the rate of wind up of the
spring increases, and that Fk is constant over the
whole range of speeds.

Actually, as already mentioned, no such deductions
can be made without further investigation. More-
over, measurements show that during the ‘stick’
there is a slow creep back of the top slider, which
increases as the lower plate speed increases. This
implies that Fk is, at low velocities, not less than,
but greater than Fs, rising to a maximum with
increasing velocity, and then, to give the ‘slip’, falling
rapidly ; this would agree with an observation by
Papenhuyzens4 with rubber sliding on glass and road
surfaces. In the present experiments, however,
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Fig. 2.
11 Lead-antimony eutectic sliding in hardened steel (dry).

there is an inconsistency in that this rise in Fk is
not shown when the plate speed is reduced to the
appropriately low values. This anomaly, implying a
progressive change in height—with plate speed—of
the maximum of the Eft-velocity curve (top of ‘stick’,
that is, apparent static value), may be peculiar to this
instrument in so far as displacement is accompanied
by twisting of the top slider relative to the lower
plate; this may give enhanced adhesion at low plate
speeds, as noted by Tomlinson, Thorpe and Gough5
the effect decreasing as plate speed increases (that
is, speed of twisting increases). The further analysis
of these results, and the experiments now in hand to
clarify the position, will be described at some later
date, but it is apparent that the observations made
with this apparatus previously published are super-
ficial as regards fundamental information on kinetic
friction.

Further to the considerations of the dynamics of
the measuring system, two other points may be
mentioned. (1) As yet temperature flashes of more
than 30° C., during slip, have not been recorded,
in agreement with the order given by Morgan,
Muskat and Reed (50°C.). Some widely varying
temperature distribution over the contact area is
therefore necessary to make hot welding possible as
part of the phenomenon. Further, it may be noted
that the speed of ‘slip’, and therefore the temperature
rise, will depend on the dynamics of the particular
system ; the ‘stick-slips’ are still obtained when the
speed of slip is reduced to 1/100 of its normal value
with this apparatus, suggesting that high temperature
rise is not essential to the ‘stick-slip’ behaviour. (2)
It has been suggested by Bowden and Leben6 and

N ATURE

February 7, 1942, vOL 149

Tabor7, that the exhibition of ‘stick-slips’ is indi-
cative of poor boundary lubrication. Apart from the
difficulty of seeing why the mere fact of Fs exceeding
F k should imply poor lubrication, it has been found
that smooth sliding can be obtained, using dry
surfaces, at a value of Fk exceeding the whole range
of ‘stick-slips’ for the same surfaces lubricated.
Moreover, the damage during smooth sliding was
much the greater. This friction result is corroborated
by Morgan* Muskat and Reed, who have failed to
correlate the presence or absence of ‘stick-slips’ with
the values of Fs. It follows, therefore, that the
above suggestion requires at least very careful
qualifications. J. R. Bbistow.

National Physical Laboratory,
Teddington, Middlesex. Jan. 13.

1Morgan, F., Muskat, M., and Reed, D. W., J. App. Phys., 12, 713
(Oct., 1941).

8Bowden, F. P., and Leben, L., Proc. Roy. Soc., A, 169, 371 (1939).

8Thomas, S., Phil. Mag., 9, 329 (March, 1930).

‘ Papenhuyzen, P. J., De Ingenieur (Utrecht), 53, 75 (1938).

sTomlinson. G. A., Thorpe, P. L., and Gough, H. J., Proc. Inst. Mech.
Eng., 141, 230 (May, 1939).

8Bowden, F. P., and Leben, L., Phil. Trans. Roy. Soc., 239, 1 (1940).

' Tabor, D, Eng., 152, 178 (1941).

Determination of Moisture

Several writers have recently discussed in
Naturel23 methods for the determination of the
moisture content of small samples of biological
material. It has occurred to us that the method we
have described4 for the measurement of moisture in
electrical insulating materials might be of great use
in this connexion. In brief, the method consists of
the removal of moisture from the specimen in vacuo,
the moisture being retained in the specimen during
the initial evacuation by cooling in solid carbon
dioxide. The moisture removed on heating the sample
to a constant temperature is then measured by
observing the water vapour pressure produced at
atmospheric temperature in a globe of known volume.
Complete removal of the water is not attempted, but
a graphical extrapolation is used to determine tho
total moisture content from the measured equilibrium
water vapour pressure.

A trial of the method with biological material has
been made, using small samples of egg white and
yolk. Determinations were made using samples
weighing only 30 mgm. and it was found that the
yolk contained 48 -6 per cent moisture and the white
82-2 per cent. The method has also been used satis-
factorily for measuring the moisture content of honey.
Even smaller samples could be examined, since the
method is so sensitive; 1 mgm. of water vapour
produces a pressure of about 4 cm. of oil in the
piesent apparatus. The method cannot produce
oxidation of the sample, since no oxygen is present.
The temperature of the sample in the above tests
was 120° C. but lower temperatures can be used for
samples which might be unstable at such tempera-
tures. In the original description of the method,
measurements on paper at 0° C. were quoted.

R. S. Vincent.
A. Simons.
Callender’s Cable and Construction Co., Ltd.,
Erith Works,
Belvedere, Kent.
1Lowndes, A. G., Nature, 148, 594 (1941).
*Holt, P. F., and Callow, H. J., Nature, 148, 755 (1941).

8Warne, L. G. G., Nature, 148, 756 (1941).
4Vincent, R. S., and Simons, A., Proc. Phys. Soc., 52, 489 (1940).
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HORMONAL INCREASE OF
RESISTANCE AND ITS MECHANISM

By PROF. ERIK AGDUHR
University of Uppsala

NVESTIGATIONS already published1 2have made
I it clear that pregnancies cause an increased
cell vitality in the mother organism, and that they
can even bring about a not inconsiderable organ
increase there. It has also been found that the preg-
nancies give rise to a heightening of resistance to
injurious factors3 A similar heightening of resistance
is produced by normal sexual functions. In earlier
publications3 it has been shown how normal sexual
functions in both sexes raise the resistance to a
number of different toxic agents, as, for example,
large repeated doses of activated ergosterine, different
metal salts, alcohols, narcotics, paratyphus cultures,
diphtheria toxin. The injurious factor most com-
monly used in my experiments was arsenic trioxide,
and the most usual animals were white mice, though
white rats and rabbits were also included in a number
of experiments. All the animals received the complete
basal diet. In most of the experiments the toxic
agent was administered in proportion to the body-
weight, and in doses increasing daily until the
animals died.

Numerous experiments (1935 and later3) have
made it possible to establish as correct the view
already expressed in my first publication in this
field (1931), that the results are conditioned by
hormones. A considerable increase in resistance was
obtained from giving cestrone (Ovex, Leo) and testo-
sterone (testo-steronpropionate, perandren) to cas-
trated animals, and Antex, Leo (gonadotropic, pars
anterior, pituitary hormone, obtained from pregnant
mares) to animals without normal sexual functions
(‘celibate animals’}—an increase which, in some
experiments, exceeded that which normal sexual
functions (m) were able to set up.

In mice treated with colchicine, mated animals
showed a much greater number of mitoses, inter alia,
in the interstitial cells as well as in the follicular
epithelium cells of the sexual glands than the unmated
ones. This indicates a richer production of sexual
gland hormones in mated animals4

The increase in resistance among the m animals
was as a rule greater in the females than in the
males. This appears to me to be due to the fact that
in the latter, only the sexual association had a
resistance-promoting effect, whereas the former have
yet another such effect in their pregnancies.

Comprehensive investigations have shown that the
resistance imparted by the pregnancies stands, at any
rate to a certain extent, in proportion to the number
of pregnancies passed through. As an example, it
may be said that in an experiment comprising 35
mated females, 16 of them had been through more
than half of the theoretically maximal number of
pregnancies, while 17 had been through less than or
half this maximum. All the animals were killed with
arsenic trioxide solution with 0-05 per cent arsenic.
The solution was administered at 0-1 c.c. per 20 gm.
body-weight, and the dose rose daily at 0-02 c.c.
per 20 gm. body-weight.

The result was :

D = M:
” 1

0-0328 + 0-00775 mgm. arsenic per

gm. bodyweighth
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Here, therefore, we have a statistically significantly
greater increase of the resistance, caused by a greater
number of pregnancies among animals otherwise equal
and comparable, belonging to the same experimental
series6.

Quantitative micromorphological analyses inter alia
showed the occurrence of an important increase in
number of the acidophil (eosinophil or alpha) cells of
pars anterior of the pituitary body of mated females.
As is well known, these cells produce a growth-
hormone, which increases the vitality of the cells as
well7.

Statistical investigations have shown that married
people live longer than unmarried ones, and that this
increase of the span of life is more marked among
women than men. Cancer of the breast and diseases
of the heart are more frequent among unmarried
women than among married. In my opinion there
is no doubt that in the human being also, endocrine
factors are the true explanations for this heightened
resistance among married individuals, agreeing in
principle with what the experiments with white mice
have shown.

An association before puberty of females (white
mice at an age of thirty days) with the opposite sex
speeds up the setting in of puberty, also characterized
by a retrogression of the thymus which starts earlier
than it would otherwise. Compared with females
which were admitted to cohabitation with the males
at an age from about 175 days, the first-mentioned
animals show a greater increase in resistance, prob-
ably most nearly due to the fact that the number
of pregnancies they go through is greater not only
absolutely, but also in relation to the length of the
fertility period. Quite the opposite is found to
obtain among the males as regards the gradual
appearance of the resistance increase following an
early and a late start respectively of sexual
relations.

Study has been devoted to the mechanism at the
appearance of the heightened resistance to arsenic
trioxide, in which it has been shown that two systems
of factors play a part. One system is set up by the
sexual functions and the other by the pregnancies.
The effect of both these systems is to a certain extent
antagonistic with regard to the arsenic storage. The
sexual functions, on account of an increased pro-
duction of sexual hormones in both sexes and also a
number of tested sexual hormones, cause an increased
storage of arsenic in organs rich in ground substance
or stroma tissues, and particularly in the skin.
Females with a number of pregnancies that, reckoned
per time unit, is percentually greater, have shown a
slighter arsenic storage, at the same time as the
lethal quantities of arsenic have been considerably
larger reckoned in mgm. per gm. body-weight8 This
effect is obtained by an increased function of the
eosinophil glandular cells of pars anterior of the
pituitary body. The hormone produced by these
cells causes an increased vitality of the cells and as
a consequence also an augmented excretion of the
arsenic.

It would therefore seem that the heightened
resistance which the normal sexual functions bring
about is most nearly due to the fact that the increased
storage in the ground substance or stroma tissues to
some extent liberates the more sensitive and more
important parenchyma cells from toxic influences.
On the other hand, the pregnancies give rise to an
increased cell activity, and, as a result, an increased
excretion from the organism of the toxic substances.
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This in its turn explains the smaller storage in larger
numbers of pregnancies.

As the skin in particular has been the place where
arsenic was stored, it has been studied in more detail,
whereby it has been seen that sexual functions and
sexual hormones bring about an obvious check to
the spreading possibilities which the skin otherwise
shows, and also that they give rise to an increase in
the thickness of the corium and a distinct increase of
non-ether-soluble dry substances reckoned per unit
skin surface. These results all seem to explain the
increase of arsenic storage in the skin of both m and
u animals dosed with Antex, Leo, or castrates which
have been given Ovex, Leo (=oestrone), and testo-
sterone respectively.

The expenses of this investigation were defrayed
by grants from Stiftelsen Theé:tee och Johan Anders-
sons Minne, The Caroline Institute, Stockholm, and
from~the Regnells fund of the University of Uppsala.
*Agduhr, Erik, Verhandl. Anatom. Gesellsch. Erg. Z. Anat. Anzeig., 72,

63 (1931).
*Agduhr, Erik, Upsala lakareforen. forhandl., N.F. 38, 1 (1932).

" Agduhr, Erik, (a) Upsala lakareforenings fork., N.F. 38, IV (1932) I
ibid., 89, 307 (1934); ibid., 40,183 (1935); ibid., 42, 463 (1937) |
ibid., 43, 1 (1937); ibid., 47, 1 (1941); (6) Verhandl. Anat.
Gesellsch. Erg. z. Anat. Am., 72. 63 (1931); (c) Z. mikrosk. anatom.
Forschung. 36, 576 (1934); ibid., 45, 3; S. 467 (1939); ibid.,
49, 589 (1941); (d) z. Vitaminforsch., 4, 66 (1935); ibid., 5,
27 (1936); (e) Skandinavisch. Arch. T. Physiol.,, 2 (1937); 5th
Northern Congress of Physiology, Uppsala (1937); ibid., 77, 4 ;
ibid., 77, 5(1937); ibid., 78, 6 (1938); (!) Hygiea, 100, 2 (1938) ;
(g) Meddelande fr. Sdllskap. veterindrmedicinsk Forskning, 24
(1940); Skand. vet. tidskr. (1941); (h) Archiv. iniematian. Phar-
macodyn. et Thdrap., 59, 269 (1938); (i) Acta Medina Scandinavica,
99, 387 (1939); (j ) Barron, D. H., Archiv. intemation. Pharmacod.
et Thirap., 58, 351 (1938).

*Agduhr, Erik, Z. mikrosk. anatom. Forschung, 49, 603 (1941).
= Mean for sixteen animals.

*Agduhr, Erik, Upsala LdkareSor. forhandl., N.F., 47, 1 (1941)

* Agduhr, Erik, ibid., 38, IV (1932).

8 Agduhr, Erik, ibid., 47, 1 (1941).

PERMIAN FOSSILS FROM THE
EASTERN HIMALAYA*

N’ 1849, having traversed the igneous and meta-

morphic rocks of the Sikkim Himalaya, Joseph
Hooker discovered a limestone containing fragment-
ary organic remains. The fossils were thought to be
nummulites, but afterwards they were shown to be
crinoid ossicles of uncertain age. Fifty years later,
E. J. Garwood found that the high range bordering
Sikkim to the west of Hooker’s locality was formed
of thick, altered limestones containing crinoid re-
mains, and he considered that these limestones, prob-
ably Silurian or Carboniferous in age, were the west-
ward extension of Hooker’s limestone. On the other
hand, Henry Hayden, in 1907, mapped the rocks
east and north of Hooker’s locality and proved a
sequence from Jurassic to Eocene ; he suggested that
Hooker’'s limestone might be the equivalent of one
of the Jurassic limestones found by him in southern
Tibet.

The actual locality of Hooker’s find was not re-
visited until after the 1933 Mount Everest Expedition.
On this occasion small collections of fossils were made
which form the subject of this paper, one from
Hooker’'s locality, another from a horizon in the
Lachi Hills near by, and a third from erratic material
derived from the Mount Everest Limestone Series,

* “Upper Palaeozoic Faunas of North Sikkim.” By Helen M.

Muir-Wood and Kenneth P. Oakley. Palceontologica Indica, New
Series, 31, Mem. No. 1. Pp. 91 +4 plates (1941).
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which includes the limestones of North Sikkim first
described by Garwood. The valuable results obtained
from this scanty and badly preserved material, which
was collected by the present reviewer, are a tribute
to the skilful way in which the modem palaeontologist
works, extracting much of value from very little.
In the Lachi Hills overlooking Hooker's locality,
an outcrop of the highly characteristic Mount Everest
Limestone, which forms the summit of Mount
Everest, was found to be overlain by quartzites, shales
and pebbly sandstones which were named the Lachi

Series. Brachiopods from a horizon in the Lachi
Series are shown by Dr. Muir-Wood to include
Marginifera hinmlayensis, Spiriferella rajah and

Neospirifer moosakhailensis, and a valuable discussion
of the affinities and distribution of these and some
other species is provided. On the basis of the brachio-
pod fauna, Dr. Muir-Wood shows that this fossiliferous
horizon in the Lachi Series is equivalent to the Pro-
ductus Shales of Spiti and the Zewan Beds of Kash-
mir ; she also shows that it is probably of the same
age as the upper Productus Limestone of the Salt
Range, although of a somewhat different facies. The
relation of these Tethyan deposits to the Permian
succession in Russia is considered and the conclusion
reached that this horizon of the Lachi Series is Upper
Permian. Molusca and Bryozoa, described by Dr.
Oakley, support the hypothesis of the Upper Permian
age of the beds.

The few organic remains from Hooker’s limestone,
only a single block of which could be brought back
owing to transport difficulties, indicate a probable
Permian or Triassic age. The fossils include a new
species of Solenopora, the first species to be described
from the Permian of a genus which ranges from the
Lower Pakeozoic to the Jurassic. To his description
Dr. Oakley appends a valuable discussion on the
nature of the Solenoporacese, of which the algal
affinities, although wusually accepted, have been
questioned in recent years by several authors. Dr.
Oakley definitely rules out the Hydrozoa, and on
the whole favours the algal view.

The thousand feet or so of the Lachi Series lying
below the Upper Permian horizon consists first of
pebble beds and then of shales and quartzites. Below
these lies the Mount Everest Limestone Series, an
important rock group of the Eastern Himalaya, the
age of which has not yet been directly established.
A few fossils, including immature rugose corals, in-
determinate brachiopods and a new species of
Straparollus collected from shales below the pebble
beds are described by the authors, but they provide
no precise estimate of age. Nor can the fragmentary
fossils from the Mount Everest Limestone itself give
any satisfactory evidence for the age of that horizon.
However, the authors attempt to estimate, by means
of lithological comparisons, the age of these pebble
beds, which include horizons in which pebbles several
inches in diameter occur in a matrix of silt grade.
This unusual lithology led J. B. Auden to liken these
rocks to the Blaini tillites. If this correlation be
accepted, then, as Dr. Muir-Wood shows, the pebble
beds would be Upper Carboniferous in age and the
Lower Permian would be missing on Lachi. As a
corollary the age of the Mount Everest Limestone
Series would be Lower Carboniferous or even earlier.

It is considered that too much assurance has been
placed in the tentative lithological correlation of the
pebble beds ; the authors even go so far as to state
that the horizon is a glacial boulder bed (p. 59), which
is certainly an overstatement, so far as present
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evidence goes. It would seem to the reviewer quite
as probable that there is no non-sequence on Lachi,
that the pebble beds are Lower Permian in age, and
that the Mount Everest Limestone Series is somewhat
younger than is indicated on the assumption that the
pebble beds are equivalent to the Blaini tillites. Pro-
viding, however, that arguments based on the possible
glacial character of the Lachi pebble beds are regarded
as no more than tentative, then the authors have
done a service by working out the full implications
of such a hypothesis.

These less secure deductions do not in any way
obscure the main conclusion of the authors, that an
Upper Permian horizon occurs north of the Himalaya
in Sikkim. This provides a valuable terminus ad quem
for dating the Mount Everest Limestone Series, a
highly characteristic lithological unit, which should
one day be a most valuable guide in unravelling the
structure of the Eastern Himalaya. P pp Wager.

A PROPOSED REFORMED
MONETARY SYSTEM

N interesting anonymous pamphlet designed to
propose a reformed monetary system con-
sistent with the requirements of post-war trade and
economic intercourse between nations has recently
been published*.

The author begins by saying that it will be indis-
pensable after the War for nations which must have
large exports in order to avoid the dislocation of
their internal economies to find outlets for these
exports, even if the recipients are not in a position,
at any rate for the time being, to repay on a com-
mercial basis with exports of their own. He con-
cludes that it will be necessary to maintain control
over the foreign exchanges for a period after the
War, and for exports to be made on a basis which
will give the exporters the alternative of receiving
payment in goods or not being paid at all, as it
would be clearly foolish to begin again the practice
of piling up unpayable debts.

Then the author sets out proposals for the structure
for a permanent post-war system of international
trade. This he proposes to anchor to two forms
of stabilization—stabilization of the internal price
level in each country, measured in terms of the
average general level of prices, and stabilization
on a permanent fixed basis of the rates of ex-
change of the moneys of different countries. Hav-
ing done this, he proposes to conduct all foreign
trade by what amounts to an international clearing
system, bilateral in the main but with provision for
multilateral arrangements, and he suggests that all
adverse balances not cleared by payment in goods
to the creditor country within a period of seven
years should be merely cancelled. Nations would
then have no incentive to seek to export more than
they are prepared to import, and would be in a
position to adjust their economies to either a high
or a low level of foreign trade actively.

It is clearly impossible to offer any effective
criticism of these problems in a brief note. All that
can be said is that the pamphlet sets forth cogently

* A Twentieth Century Economic System.
Economic Reform Club, 1941.)) 6d.

Pp. 60. (London:
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the shortcomings of the existing financial system,
but slides much too easily over the difficulties in-
herent in either price stabilization or permanent
exchange stability—much more over the difficulties
involved in a combination of these two systems.

G. D. H. Cole.

AIR-RAID DAMAGE
AND ELECTRICITY SUPPLY

ECENT articles in the Electrical Review disclose

the steps which have been taken to overcome
air-raid damage to the properties of electricity supply
undertakings, and the measures taken to restore
supply. Without giving away vital information to
the enemy, it may be said that, of the very large
number of bombs dropped during a period of twelve
months, some have inevitably fallen on or near power
stations. Thanks to the design of the modern power
station and the special precautions taken against
blast and fire, the actual damage has generally been
superficial. One of the newest stations in Great
Britain, for example, which received a direct hit
on the boiler house roof, sustained no damage that
a few bricklayers and concreters could not make
good in a few weeks, and the plant itself was
unscathed.

An interesting and noteworthy experience arising
from raids is that in the older types of buildings,
damage appears to be limited to wood-supported
roofs, and it is recommended that roofing be as thin
as possible. The incendiary bomb will then pierce
the roof and bum harmlessly on the concrete floor
below, glancing off machinery, which should be
suitably protected to ensure this. In this connexion
“Durasteel” , which has been used for the protection
of switchboards and other vital apparatus and
machinery, has fully justified the claims made for it.
Several instances have been observed in which valu-
able plant has been saved by its use, the only
noticeable damage to itself being discoloration.

Though incendiary fires in substations are un-
common it is desirable, in the interests of the safety
of A.F.S. personnel, that the latter should notify the
undertaking if fires occur adjacent to and threatening
any of its property, as the A.F.S. is not normally
provided with the necessary foam apparatus for
dealing with burning transformer oil and outbreaks
among live gear.

The greatest amount of damage experienced has
been, not unexpectedly, that caused by bombs to
underground cables. Experience has shown, however,
that paper insulated, lead-sheathed and armoured
cable stands up to very severe damage, irrespective
of voltage, one instance occurring where only the
electric cables supported a damaged bridge.

Numerous instances have occurred where cables,
depressed and twisted many feet below the laid level,
have not failed. Examination has revealed that
sometimes, though not always, the stretching of
directly laid cables has been confined to the length
in the crater, and has not extended to any appreciable
length on either side, slack in adjacent manholes
having frequently been sufficient to prevent damage
to joints. Cables laid in ducts have been pulled along
the duct towards the crater, joint wipes being tom
away from the lead sheath, often two or three man-
holes away. This pulling sometimes extended for
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300-400 yd., and as many as three straight-through
joints in series have been pulled out, the cores
occasionally being broken inside the lead sheathing.

The restoration of supply has been much simplified
by the existence of the grid and by the commendable
foresight shown in providing a pool of apparatus
upon which undertakings may call in emergency.

Incidentally, while it is essential to restore supplies
as soon as possible, this does not mean that personnel
should take unnecessary risks or attempt feats
beyond their powers of endurance. There is a scarcity
of trained engineers and it is foolish for them to risk
their lives unnecessarily during raids, particularly
men fully trained in the layout of networks. It is a
great mistake to rush every available man to the
scene of the damage, and to have too many of them
at the same spot where they might all be put out
of action by a single bomb.

One mitigating feature of the widespread bombing
in some districts has been that it has assisted sub-
stantially in the change-over from d.c. t0 a.c.

Should property be demolished and the distributor
damaged or severed in a crater, supplies may be
restored by temporarily pot-ending the cable ends at
each side of the crater, and making alive both ways.
In the event of debris preventing access to the cable
in the crater, the cable may be excavated and cut at
points remote from the crater and pot-ended in the
same way. One undertaking has adopted the unique
expedient of dropping a new section of distribution
cable in the crater, filling up around with cement and
making permanent joints at the ends. When the
work of clearing up the crater is nearly complete, an
empty duct is laid in case the cement encased cable
should fail at a later date.

Another ingenious example may be mentioned, in
which all the high-voltage cables of two substations
were hit by high explosive bombs. In order to restore
supplies, temporary cables had to be run across a wide
main road clear of the crater and other services in-
volved. The road consisted of granite sets laid on 9 in.
concrete, and as time could not be spent in breaking
up the wide main road, about five rows of granite sets
7 in. deep were removed, the concrete road beneath
remaining undisturbed. Wooden rails (4 in. X 3in.)
were laid in the sides of the trench, and 8 in. x 3-in.
boards as long as the trench width were laid across
to form a wooden biidge over the five 0-20-sg. in.,
6-6 kv. cables required. The top boards were covered
with earth, and main-road traffic passed over this run
for many weeks. Perhaps even more effective is the
digging of the smallest possible trench, running in
armoured cable, and filling in solid with cement.

FORTHCOMING EVENTS

(Meeting marked with an asterisk is open to the public.)

Monday, February 9

Royal Geographical Society (at Kensington Gore, London,
S.W.7), at 3 p.m.— Sir Malcolm Watson : “Geographical Aspects of
Malaria” .

Tuesday, February 10

I1tuminating Engineering Society (at the E.L.M.A. Lighting
Service Bureau, 2 Savoy Hill, London, W.C.2), at 2.30 p.m.— Short
Contributions on Problems in Illuminating Engineering of the Present
Time and in Post War Reconstruction.

Wednesday, February 11

Royal Society of Arts (at John Adam Street, Adelphi, London,
W.C.2), at 1/45 p.m.—Mrs. Darcy Braddell: “The Post-War Home
—its Interior and Equipment”. 5: “Common Sense in Furniture
Design”.

Pharmaceutical Society of Great Britain (at 17 Bloomsbury
Square, London, W.C.l), at 2.30 p.m.—Dr. Philip Hamill: “Pre-
scribing in War-Time” .
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Physical Society (Colour Group) (in the Physics Department,
Imperial College of Science and Technology, Imperial Institute Road,
London, S.W.7), at 2.30 p.m.—Annual General Meeting. Dr. W. D.
\{\éiizght: “Research on Colour Physics at South Kensington, 1877-

Society of Chemical Industry (Food Group) (at the Chemical
Society, Burlington House, Piccadilly, London, W.l), at 2.30 p.m.—
Dr. X. W. Pirie, Dr. T. Moore, and others : “ Green Leaves as a Source
of Protein and other Nutrients”.

Thursday, February 12

Royal Institution (at 21 Albemarle Street, London, W.l), at
2.30 p.m.—Dr. C. H. Waddington : “Some Biological Discoveries of
Practical Importance” .*

Friday, February 13

Royal Society of Arts (India and Burma Section) (at John
Adam Street, Adelphi, London, W.C.2), at 1.45 p.m—Mr. A. J. Gib-
son : “The Story of Lac”.

Royal Astronomical Society (at Burlington House, Piccadilly
London, W.l), at 4.30 p.m.—Anniversary Meeting.

APPOINTMENTS VACANT

Applications are invited for the following appointments on or
before the dates mentioned:

Headmaster— The Clerk to the Governors, Rutlish School, Merton,
London, S.W.19 (March 14).

Teacher of Mathematics (man or woman)— The Principal, South-
West Essex Technical College, Forest Road, Walthamstow, London,
E.17

REPORTS and other PUBLICATIONS

(not included in the monthly Books Supplement)

- Great Britain and Ireland

Recommendations for the Computation of Heat Requirements for
Buildings : as embodied in the Guide to Current Practice issued to
its Members by the Institution of Heating and Ventilating Engineers.
Pp. ill+41. (London: Institution of Heating and Ventilating
Engineers.) Is. 9d. [191

Other Countries

Cornell University: Agricultural Experiment Station. Bulletin
753 : Further Studies of the Influence of Different Levels of Fat In-
take upon Milk Secretion. By L. A. Maynard, J. K. Loosli and C. M.
McCay. Pp. 18. Bulletin 755 : Soil and Pasture Management for Long
Island, New York. By A. F. Gustafson and D. B. Johnstone-Wallace.
Pp. 44. Bulletin 757 : The Alfalfa Snout Beetle, its Control and
Suppression. By Charles E. Palm, Charles Lincoln and A. B. Buchholz.
Pp. 50. Bulletin 758 : Clover Leafhopper (Aceratagallia sanguinolenta
Prov.). By T. C. Watkins. Pp. 24. Bulletin 759 : Costs and Returns
for the Cabbage Enterprise, 1938 and 1939. By R. W. Hoecker. Pp.
60. Bulletin 760 : Rural Public-Welfare Administration and Finance
in New York. By E. A. Lutz. Pp. 72. Bulletin 761 : Prices of Apple
Varieties as a Factor in Variety Selection. By M. D. Woodin. Pp. 20.
Memoir 239 : Price Flexibility and Price Movements in the United
States and other Countries. By Mark T. Buchanan. Pp. 25. Memoir
238 : The Influence of Age and Rate of Breeding upon the Ability of
the Female Rat to reproduce and raise Young. By S. A. Asdell* R.
Bogart and G. Sperling. Pp. 26. Memoir 236 : Biology and Ecology
of the Alfalfa Snout Beetle. By Charles Lincoln and Charles E. Palm.
Pp. 45. (Ithaca, N.Y.: Cornell University.) [11

Southern Rhodesia. Memoirs of the Department of Agriculture,
No. 3: Further Studies in the Physiology and Behaviour of Glossina
marsitans, Westw. By Rupert W. Jack. Pp. iii+56. (Salisbury:
Government Stationery Office.) [11

Cooper Union for the Advancement of Science and Art. Eighty-
second Annual Report, July 1, 1941. Pp. 162. (New York : Cooper
Union.) [21

The Physical State of the Upper Atmosphere. By B. Haurwitz.
(Reprinted from the Journal of the Royal Astronomical Society of
Canada, October 1936-February 1937, with Addition October 1941))
Pp. viii+96. (Toronto: Royal Astronomical Society ofCanada.)
75 cents. [61

U.S. Office of Education : Federal Security Agency. Vocational
Division Bulletin No. 209 (Agricultural Series No. 54): Building
Electrical Equipment for the Farm. By W. A. Ross, W. P. Beard,
Jay Deiss and Lee C. Prickett. Pp. vi+87. 20 cents. Vocational
Division Bulletin No. 213 (Home Economics Education Series No. 24):
Home Economics in Public High Schools, 1938-39. Pp. vii+ 114.
20 cents. (Washington, D.C.: GovernmentPrintingOffice.) [61

Commonwealth of Australia: Council for Scientific and Industrial
Research. Pamphlet No. 109 : Studies of the Physiology and Toxic-
ology of Blowflies, 8 : Rate of Ammonia Production by Larvae of
Lucilia cuprina and its Distribution in this Insect, 9: The Enzymes
Responsible for Ammonia Production by Larvae of Lucilia cuprina.
By F. G. Lennox. Pp. 64. (Melbourne : Government Printer.) [61

The Measurement of Self-Diffusion in Zinc: a Dissertation in
Physics presented to the Faculty of the Graduate School in partial
fulfilment of the requirements for the Degree of Doctor of Philosophy.
By Floyd R. Banks. Pp. 8. (Philadelphia: University of Pennsyl-
vania.) [91



