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Science and Philosophy.

HE different branches of knowledge are often
classified according to their subject matter. To
each is assigned a definite region of experience or
a definite group of ideas; the conclusions of those
who study these with special application are supposed
to be embodied in a series of propositions which convey
all that is known on the subject to any one whose
interest may be aroused in it. Distinctions drawn on
this basis between the various experimental sciences,
or between science and mathematics or history, are
accepted without question. The physicist gives his
material to the chemist to be analysed, asks the mathe-
matician to solve his equations, and inquires of the
historian whether his result was known to the ancients ;
herecognises that these matters lie within their province,
not his, and yet he has perfect confidence in their
answers. The exact boundaries may sometimes be
difficult to draw, and where they occur, disputes may
arise between those who approach them from opposite
sides ; but there are large areds within which all are
content to accept the jurisdiction of the recognised
occupants.

But with philosophy the position is different. No
student of science ever hands over any of his problems
to a philosopher, or accepts gratefully from him any
help that may be offered spontaneously ; and yet the
reason for his aloofness does not seem to be merely a
diversity of subject matter so complete that the two
studies can never enter into contact. For philosophers,
who surely know what they are studying, undoubtedly
believe that their studies have some bearing upon
science ; while the bewilderment which philosophic
writings produce in most scientific minds is akin to
exasperation rather than to indifference. If science
and philosophy are distinguished by their subject
matter, then either there are problems involving both
provinces or there are not. If there are, why do we
not work in friendly co-operation ? If there are not,
why do we quarrel ?

In a recent lecture ! Prof. Graham Kerr suggests that
the distinction is one of method, not of matter ; and
if he is asked why two methods applied to the same
matter do not lead to concordant results, he replies that
one of them is wrong. We must reject entirely the
“old philosophy ” and replace it by the “new philo-
sophy—Science.” The view is not entirely novel, but
it has at least the merits of frankness and directness.
It is scarcely a solution of the difficulty. For it cannot
be expected to appeal to philosophers ; and even those
whose sympathies are wholly scientific may be loath to
believe that the labours of so many men not obviously

1 «Science—The New Philosophy,” Proc. Roy. Phil. Soc. Glasgow, 52,

187 (1924).
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devoid of intelligence have been so entirely futile ; it
leaves the question why there 1s a conflict between
science and philosophy exactly where it was. But
perhaps our chief wonder will be why, if philosophy has
hitherto been nothing but error, Prof. Kerr thinks that
he exalts the importance of science by calling it
philosophy.

The answer is probably to be found in history.
Before knowledge was differentiated, and when all
serious students were ‘ philosophers,” a solution of
all the problems of philosophy would have answered
all the questions which any of them cared to ask. We
suggest that when Prof. Kerr calls science the new
philosophy, he means simply that it answers all the
questions that he cares to ask. If that is so, nobody
will quarrel with him except on a point of mere ter-
minology. But the question remains whether science
will answer all the questions (including this one) which
other people care to ask. Prof. Kerr recognises himself
that there is a diversity of intellectual interest; he
complains, for example, that philosophers are in-
different to improvements in observational methods,
which interest him so greatly. Is it not possible that
he is indifferent to things which interest them, and that
in this diversity of interest, which leads to the asking
of different questions, lies the true distinction between
science and philosophy ?

Let us consider from this point of view the problem
which causes the fiercest contention, that of the reality
of the material world. Science and philosophy are here
concerned with the same subject matter, namely, the
experience received through the senses. Are they
asking the same question about it, or is there confusion
arising from their common inheritance of the word
“real ” ? The scientific question is to be answered
ultimately by experiment. Now an experiment is
simply a portion of experience which is regular in the
sense that it can be repeated and can be experienced by
all men at all times ; improvements in observational
methods are improvements or extensions of this
regularity. It seems, therefore, that the question
which science asks is whether and how far sense-
experience can be reduced to or analysed into this kind
of regularity. The supreme test of regularity is pre-
diction ; and it is easy, therefore, to understand why
Prof. Kerr maintains that, to the man of science, the
question of reality “ was disposed of long ago when it
was realised that occurrences in the external world
could be prophesied.”

Philosophers, however, are not interested in experi-

ment ; that is precisely the difference between students -

of philosophy and science ; and therefore this cannot
possibly be the question that they are asking. Many
of us find it hard to discover what that question is ; but
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it seems to arise from the contemplation of the irregu-
larities of experience. Side by side with the regular
portion of sense-experience which an observer shares
with all men at all times, and inseparably entangled
with it, there is an irregular portion which is peculiar to
him at a particular moment and makes it /s experience.
It is almost impossible to frame any question about it
in words or to understand a question framed by others ;
for words, being a method of communication between
different persons, are necessarily based on the common
and regular portion of experience. But if any one can
frame such a question, either for himself or for others,
and if he finds it interesting, surely it is a legitimate
subject of study. It is, however, a study concerning
which science cannot possibly.have anything to say,
and on which its conclusions and its success in prediction
can have no bearing whatever.

If this view is right, when any one asserts that any-
thing is real he means nothing more and nothing less
than that he has been able to satisfy to some extent his
intellectual aspirations. When we assert that atoms or
electrons are real, we are not deciding between the
philosophic doctrines of materialism and idealism,
because we have no understanding of those doctrines or
interest in them. When also a philosopher asserts that
time or space is not real, he is not throwing any doubt
on any scientific doctrine ; for the purpose of that
doctrine, namely, to describe and explain the regu-
larities of sense-experience, does not appeal to him.
While this mutual lack of interest continues—and it is
something very fundamental in the constitution of
human minds—there can be no reconciliation between
science and philosophy. For knowledge is what some-
body thinks ; science is what men of science think
about, philosophy what philosophers think about ;
and while they continue to think about different
things and ask different questions, no idea that is
important to one can be important to the other.

Reality was not, however, the only problem of the
“old philosophy ” from which modern science and
philosophy descend. Science, we agree, must solve
this problem for its students ; but can it solve the other
problems, such as the nature of justice or of beauty ?
Prof. Kerr apparently thinks it can. The New Philo-
sophy, he tells us, identifies greater human perfection
with greater prosperity and happiness. But there are
others, not less entitled to speak for science, who cannot
accept the ideal of the contented pig, and would regard
wisdom and virtue as no less important ingredients of
perfection. When science speaks with divided voices,
who shall decide? Philosophy, of course, say the
philosophers ; and our difference with them in the
matter of reality need not make us unwilling to grant
their claim. For if, as has been suggested, the philo-
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sophic view of reality is based on the consideration of
individual and irregular experiences, concerning which
no two persons can agree and which are important for
that very reason, surely it may throw some light
on moral and @sthetic judgments, concerning which
opinion is similarly diverse. If philosophy takes for
her province those subjects round which, from their
very nature, bitter disputes must ever range, we may
be well content to leave her in possession and to share
with mathematics and history the province of positive
knowledge. Nor will she have reason to complain if we
reject any conclusions that she may offer us ; for our
rejection will merely extend her sphere and offer her
new fields to conquer. IN-Re. G

Primitive Fishes and Petroleum.
(1) The Evolution and Distribution of Fishes. By Prof.

John Muirhead Macfarlane. Pp.ix+3564. 25s. net.
(2) Fishes : the Source of Petrolewm. By Prof. John

Muirhead Macfarlane. Pp. ix+451. 25s. net.

(New York: The Macmillan Co.; London:
Macmillan and Co., Ltd., 1923.)
(1) "[‘HESE two very interesting books by the pro-
fessor emeritus of botany in the University
of Pennsylvania form an aftermath of his early studies of
the fossils of the neighbourhood of Edinburgh. In his
previous volume, “ The Causes and Course of Organic
Evolution,” he propounded the thesis that ‘ organisms
evolved first in fresh-water areas, and only by degrees
spread into marine surroundings,” and the first and
larger of the two volumes now under review deals
with the application of this view to the fishes. The
volume, the preparation of-which must clearly have
involved a vast amount of research into the literature
of the subject, makes out a strong case for the author’s
view, and in spite of its multiplicity of detail, provides
interesting reading for any one interested in the
evolutionary history of the lower vertebrates.

It is to be regretted that the author will be regarded
by most vertebrate morphologists as having to a certain
extent queered his pitch by his adhesion to certain
theories now generally discarded. He is a firm believer
that vertebrates are descended from nemerteans. The
majority of morphologists are probably now in agree-
ment that the various types of ancestral vertebrate
above the ccelenterate level of organisation have
continued on their evolutionary way and are no longer
to be recognised as persisting in any of the invertebrate
groups of to-day, whether Nemertea, Annelida, Arthro-
poda, or any other.

From his various references to the air-bladder, it
would appear that the author regards this organ as
being in the teleostean fishes respiratory in function,
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and that he believes that in marine fishes it tends to
degenerate in correlation with the higher degree of
oxygenation of the water making the gills more com-
petent to deal with the respiratory needs. As a matter
of fact, our present-day knowledge of the morphology
and physiology of the air-bladder seems to establish
clearly (r) that this organ of the teleost is an evolution-
ary development from the lung, (2) that its function
is a hydrostatic one—serving to keep the specific
gravity of the fish equal to that of the water in which
it swims, regardless of changes of pressure due to
changes of depth, and (3) that its disappearance in
particular teleosts is, as a general rule, related to their
having adopted a bottom-frequenting habit.

Passing over such points of detail, which after all
are not essential to the main thesis, we find that the
larger part of the book is devoted to a discussion of
the physical and biological environment of fishes during
the various geological periods (Chapters 1v.-vii.), and
to a survey of the distribution of the various groups
of fishes in relation to time and space (Chapters ix.-
xiil.). The chapters dealing with these subjects are
preceded by three introductory chapters—the first
more or less philosophical, the second dealing with
geological conditions in relation to the evolution of
fishes, and the third dealing with the evolution of
fishes from the invertebrata. The closing chapters of
the book deal with the distribution of fishes in relation
to geological and geographical conditions in the past
(Chapter xiv.), fishes in relation to a Southern continent
(Chapter xv.), the problem of Lake Tanganyika
(Chapter xvi.), and the geographical and geological
relations of the more primitive fishes (Chapter xvii.).

As has already been indicated, the main sections of
the book are paleontological, and these gain much in
interest and value from the author’s breadth of view.
He appreciates the disintegrative effect of bacterial and
other agencies, and sees that to explain the wonderfully
complete and exquisitely preserved entire fish skeletons
occurring in certain deposits, it is necessary to assume
abnormal conditions such as showers of volcanic ash
at the time of their entombment. He also would
appear to appreciate—as so many paleontologists do
not—the need of taking due account of everything
available from the studies of embryologists and
anatomists upon allied types of existing animals when
endeavouring to draw general morphological conclusions
from the facts of paleontology.

In his review of the successive geological formations,
the author urges that the Downtonian and other Upper
Silurian deposits, containing abundant remains of
primitive fish, are undoubtedly of fresh-water origin.
He accepts the gencrally admitted fresh-water character
of the Old Red with its archaic types of elasmobranchs,
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dipneusts, and ganoids. During the earlier part of the
Carboniferous period the abundant fish population was
still predominatingly fresh-water, although now for the
first time seaward migration of various elasmobranchs
foreshadowed the marine fish fauna of the Carboniferous
Limestone. These marine fishes soon died out, and in
Triassic times the predominatingly ganoid fish fauna
became again restricted to fresh water. In Jurassic
times, fish began again to spread into the sea—the
immigrants this time including actinopterygian teleo-
stomes as well as elasmobranchs. This invasion of the
sea by elasmobranchs from fresh water became still
more pronounced during the Cretaceous period, a
number of genera becoming conspicuous that still
persist at the present day, while they were now
accompanied by typically teleostean derivatives of the
Ganoidei. In the fresh waters were other teleostean
types, ancestors of some of the great fresh-water groups
of to-day, while with them were still abundant dipneusts
and ganoids. Curiously, the Cretaceous teleosts all died
out and became replaced by new Eocene types, although
many of the elasmobranchs persisted unchanged.

(2) The-second volume, like the first, is written to
sustain a particular thesis, in this case more restricted
in scope but at the same time of greater practical
interest. While there is general agreement that mineral
oil is of organic origin, there is no such general agreement
as to the type of organisms to which the great oil
deposits owe their origin, some assigning the chief réle
to vegetable organisms, others to Protozoa such as
Foraminifera, others again to fish. Prof. Macfarlane
is a strong supporter of the last-mentioned view, and
in this volume he marshals the evidence in what will
seem to many convincing fashion, in spite of his various
heresies in regard to the evolution of the early verte-
brates.

The author points out the frequent association in
geological time of oil-containing deposits with rocks
containing abundant remains of fresh-water Afish.
Although a botanist, he does not allow that vegetable
remains have played any appreciable part in the
production of oil. “ The group of fishes alone in the
animal kingdom conforms in every respect to the
requirements for formation of crude petroleum.”
Their sudden destruction in immense shoals, their
frequent richness in oil, their tendency to float and to
accumulate in masses, and the rapid disengagement
of oil from their decaying bodies, present a combination
of factors favourable to the production of petroleum
“not even approached distantly by any other group
of animals.” Kerogenite or oil-shale—the main source
of crude petroleum—is invariably associated with fish
remains, and in accounting for its formation the author
recalls the experimental work of Stuart, showing how
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oil in muddy water tends to be carried down and
entangled among the deposits of mud at the bottom.

Prof. Macfarlane recognises in the course of geological
history a number of distinct epochs during which oil-
formation was particularly active—an Old Red epoch
synchronous with the abundance of fresh-water elasmo-
branchs, dipneusts, and other primitive fish during the
Middle and Later Devonian period, a Jurassic epoch
when the abundance of fresh-water ganoids reached
its climax, a late Cretaceous and early Tertiary epoch
marked by great abundance of marine elasmobranchs,
and still later epochs marked by oil-deposits of teleo-
stean origin—first marine and later, as the present
day is approached, fresh-water.

The author takes an optimistic view as to the oil
supplies of the future. In addition to large, as yet
untapped, supplies of free oil in various parts of the
world, he emphasises the presence of vast expanses of
oil-shale, both in the old and new worlds, which merely
await the development of more efficient means of ex-
traction. Holding the views he does, he very rightly
insists upon the need of highly trained geologists, with
special training in fish palazontology, for the working
out of possible sources of oil-supply in the future.

Properties of Colloidal Systems.

Licht und Farbe in Kolloiden : eine phinomenologische
Monographie. Von Prof. Dr. Wolfgang Ostwald.
Erster Teil: Optische Heterogenitiit, Polarisation,
Drehung, allgemeine Absorption, Heterogenitits-
farben, Brechung. (Die Ergebnisse bis 1914.)
(Handbuch der Kolloidwissenschaft in Einzeldar-
stellungen, Band 1.) Pp. xiv + 556 + 17 Tafeln.
(Dresden und Leipzig : Theodor Steinkopff, 1924.)
7.60 dollars.

HE large volume before us is the first part of a
work designed to deal exclusively and exhaust-

ively with the optical properties of disperse systems.
Readers familiar with the existing text-books of colloid
chemistry, in which a score of pages, or less, is devoted
to these properties, will be struck with the large amount
of information which the author has made readily
accessible. The method of presentation he has chosen
is, we are told, the ““ phenomenological,” an adjective
which the author feels obliged to explain even to the
German reader ; he does so in the following terms :
“ The author sees the characteristic of this method of
presentation in the attention paid to all phenomena,
and not only to selected ones, which fit a particular
theory. A second characteristic consists in the attempt
to separate concepts and to arrange phenomena in
orderly fashion as neatly as possible.” It will be
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generally agreed that these are desiderata in all scientific
writing, but the author develops an antithesis between
phenomenological and mathematical treatment which
will scarcely command such general assent. Fortun-
ately, the important question whether quantitative
relations can be discovered, or be proved to hold gener-
ally, by methods other than mathematical, need not be
debated here, as the vast majority of the phenomena
treated in the work under review are much too com-
plicated for mathematical treatment at present. Even
where such treatment has been carried out, with all the
apparatus of modern mathematical physics, as in the
case of gold sols, the results are only in moderate agree-
ment with experimental measurements.

The six headings of the sub-title give an indication
of the scope of the present volume. Optical hetero-
geneity and its most striking macroscopic manifestation,
turbidity, are first discussed generally, and the contri-
butory factors; reflection, refraction and scattering
at the interface are analysed. The Tyndall pheno-
menon is then treated at great length; Rayleigh’s
formula for non-conducting particles and Mie’s for gold
particles, both small compared with wave-length, are
given and calculated results are compared with ex-
perimental determinations. A chapter on the design
and use of the ultra-microscope follows, which far
exceeds in scope and completeness anything to be
found in the existing literature. It is illustrated with
a number of exceptionally beautiful plates, several of
them in colour, which will give the reader unfamiliar
with the instrument some idea of the appearance of
ultra-microscopic images and, incidentally, of the
difficulty of interpreting most of them.

The chapter on polarisation falls into two main
divisions : the state of polarisation of the light reflected
and scattered by small particles, and the optical activity
of certain sols. Among the most interesting pheno-
mena described is the multirotation of gelatin, the
change of specific rotation with age being paralleled by
a change in viscosity. The connexion between the
two is obscure, and its elucidation might throw light
on the constitution of emulsoid sols. The chapter on
absorption deals largely with the applicability of
Lambert’s and Beer’s formule to disperse systems, and
the effect of the degree of dispersity on selective ab-
sorption. Colours produced by optical heterogeneity
form the subject of the next section; as one of the
chief factors in producing colour in systems with zon-
metallic particles is the preferential scattering of the
shorter wave-lengths, there is a certain amount of over-
lapping with the first section. In the final chapter the
problem of a ¢ mean * refractive index of heterogeneous
systems and attempts to deduce it from the constants
and the volume ratios of the phases are treated.
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The author confesses to a special affection for his
present subject, and his enjoyment in developing it is,
indeed, quite obvious. While such enjoyment on the
author’s part is certainly stimulating to the reader, it
has led to a breadth of treatment which (as the preface
admits) may sometimes seem excessive, and to a certain
amount of repetition. The latter may not be a defect
to the student, who will not read the book at one sitting
nor probably “with his feet on the fender.” The
author naturally has to deal with a number of contro-
versial subjects—the interpretation of the microscopic
and ultra-microscopic images of gels is a good example
—and, while he does so with plenty of spirit, he manages
to write entirely sine ira et studio.

The book, as stated on the title page, covers the
literature up to 1914. Even during the comparatively
sterile period of the last ten years some investigations
of fundamental importance have appeared, e.g., to
mention one only, that by Porter and Keene on sulphur
suspensions containing particles large compared with
wave-lengths and indigo in ransmitted light. No theory
of this phenomenon is available so far; until one is
found there will be a distinct gap in the optics of dis-
perse systems. :

This and a few other omissions caused by the avowed
limitation to work done before 1914 do not in any way
detract from the value of the book. It provides a
very large amount of information, little of which is to .
be found in the existing text-books, on some of the most
immediately striking, and at the same time important,
properties of colloidal systems. The purchaser will
have to let this consideration weigh against the price,
which, like that of many recent German books, is very
high—although no doubt the lavish and expensive
illustrations go some way towards justifying it.

E. H.

The Appeal of the Himalaya.

Wonders of the Himalaya.
husband. Pp. vii+zr1o.
1924.) 105. 6d. net.

IR FRANCIS YOUNGHUSBAND is one of the
great Asiatic explorers, for he was almost the

first to cross Central Asia from Pekin to India, the first
to traverse the Mustagh and other high passes in the
north-western Himalaya, and was in later years head
of the British expedition to Lhasa. The effect of his
new book should be to inspire many of the coming
generation with his passion for exploration, and
especially for investigation of the unsolved problems
of the Himalaya. The volume is a popular narrative
of four of his early journeys, made when he was a

TedL

By Sir Francis Young-
(London : John Murray,
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subaltern in the King’s Dragoon Guards.
regiment did not satisfy him.

Life in that

“I would gladly,” he says, ¢ have entered into the
life of a cavalry regiment if the regiment had been
really in earnest about training itself for war. But
they were not. The Colonel had had me up in orderly
room and told me that I was always going on as if we
were preparing for active service ; but we never went
on active service, so it was of no use preparing for it.
What we had to do was to prepare to turn out smart
for parade when some general came round, and in that
way we should get a good name.”

Lieut. Younghusband came of a family of explorers.
He was a nephew of Shaw of Yarkand, and a regiment
governed by a man who would have been appropriately
its head tailor gave inadequate scope for his energies.
He soon made his name as a most capable explorer
and was sent on various missions, his success in which
gained for him, by the age of twenty-four, the Gold
Medal of the Royal Geographical Society. The author
expresses the hope that his book will be read by boys ;
but it would appeal to readers of almost any age, owing
to its expression of the author’s deep enjoyment of his
experiences, his appreciation of the good qualities of
his men, and its graphic descriptions of Himalayan
geography. The expeditions described include his
preparatory traverse in the southern Himalaya through
Dharmsala to Simla ; to Manchuria in 1886 ; across
Central Asia from Pekin to Rawal Pindi, during which
he passed through the Karakorams and over the
Mustagh Pass; and a special mission in northern
Kashmir to search for the supposed Saltoro Pass, to
investigate the depredations by Hunza raiders in the
Pamir and Hunza country, and to note the proceedings
of a Russian expedition that was secretly visiting that
region.

Sir Francis Younghusband is a dauntless traveller,
and his courage is displayed by his defiance of those
who regard beginning a sentence with a preposition as
one of the worst of literary sins. He does it habitually
—half-a-dozen times on a page, and with two succeed-
ing sentences beginning with  but.”

The narratives are throughout of intense interest,
and may be read with pleasure by those who know
the previously published accounts of the expeditions,
for amid the stories of narrow escapes from avalanche
or suspicious Asiatics are peans on the Himalaya and
their wonders and majesty. Sir Francis Younghusband
describes their barrenness, poverty, and intertribal
strife ; but he makes his reader share his feeling that
these ills are evanescent, and that the grandeur, purity,
and light of snow-capped mountains are the source of
their never-tiring joy and inspiration.

J. W. G
NO. 2871, VOL. 114]

Mathematics for Engineers.

() The Design of Diagrams for Engineering Formulas
and the Theory of Nomography. By Dr. Laurence
I. Hewes and Herbert L. Seward. Pp. xiii+ 111.
(London : McGraw-Hill Publishing Co., Ltd., 1923.)
255.

(2) Elements of Graphic Statics. By Prof. Clarence
W. Hudson and Prof. Edward J. Squire. Pp. viii+ 91.
(London : McGraw-Hill Publishing Co., Ltd., 1923.)
6s. 3d.

(3) 4 Treatise on Engine Balance using Exponentials.
By P. Cormac. Pp. xi+151. (London: Chapman
and Hall, Ltd., 1923.) 21s. net.

(4) Legons de mécanique rationnelle, professées a I'Ecole
des Mines et de Métallurgie Faculté technique du
Hainaut @ Mons. Par Francois Bouny. Tome 1:
Calcul vectoriel, Cinématique, Statique, Potentiel.
Pp. vili+600. (Paris: Albert Blanchard ; Mons:
Librairie Leich, 1924.) 5o francs.

(1) ESSRS. Hewes and Seward’s account of

chart construction for engineering formule
consists of two main sections. The first 34 pages
are somewhat general in character, and explain the
formation of functional scales and the drawing of
charts in general. The remaining 70 pages are devoted
to the theory and practice of nomography. Both
portions are well written, with a wealth of excellent
diagrammatic illustration. The book is well printed
and the charts well reproduced.

The volume is obviously intended for readers who
are not shy of mathematical reasoning and calculation.
This is illustrated by the beginning of Chapter iii.,
where the nomography proper commences. The
authors base themselves on the fundamental property
of collinear points, namely, that their Cartesian co-
ordinates satisfy a determinantal equation, and they
show how various types of problems can be solved
nomographically. If it can be assumed that engineers
can follow such reasoning with ease, then there is
something to be said in favour of this mode of present-
ation ; and the authors do it fairly well. We must
point out, however, that it is fatal to become a slave
to one particular line of reasoning or to one particular
method. To do all formule by the determinantal
method is dull and by no means educative, while often
this method is distinctly more laborious than straight-
forward practical processes which can be readily devised
in most cases from easy first principles. Probably
most engineers would prefer elegance and ease of
design to logical completeness of mathematical argu-
ment.

(2) In their little book on graphic statics, Profs.
Hudson and Squire give a careful study of the
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theory of forces in a plane, and then apply the
methods to simple structures, and to the discussion of
shearing forces and bending moments. The book is
pleasant to read, never irrelevant and always to the
point. Fig. ga is upside down !

(3) The first few pages of Mr. Cormac’s book tend to
discourage the prospective reader. One does not like
such disregard of usual practice as ax —1x —1=a.
One cannot approve of the statement that dz/df =z
gives z=¢0+C, so that if z=1 when 6 =0, we get C=o.
It is unpleasant to see |3 written | 3. It is unusual
to write (1 + 2% cos 6+/%2%) with (1 on one line and the
remainder in the next. But all this only means that
Mr. Cormac should have submitted his manuscript or
the proofs to a severer scrutiny : it does not destroy
the interest and value of the attempt made by the
author to develop the theory of engine balance by means
of exponentials, or more correctly by the use of vectors
in the Argand plane. The idea is that a mass m at
distance 7 from an axis of rotation o, in direction 6
measured from a fixed direction, has acceleration re-
presentable by —7w?? and an “ inertia resistance ”
representable by mrw?e. In conjunction with various
expansions like (1 —7 cos 0)/(x — 27 cos 6 +#%) in terms
of Fourier series, elaborately worked out in an appendix
of 20 pages, this notation is applied to various types of
engines, flywheels, and cranks. The book is an inter-
esting application of complex numbers and de Moivre’s
theorem to an important topic in engineering practice,
and is on the whole well written.

(4) Prof. Bouny’s book is the first part of a treatise
on the principles of mechanics intended for students of
technology. The present volume discusses vectors,
kinematics, and statics (including potential theory).
Volume II. will deal with particle and rigid dynamics
and with the mechanics of continua. It is stated that
the book represents lectures delivered to first and
second year students at the School of Mining and
Metallurgy at Mons, the students being in general
beginners in the study of theoretical mechanics.

As is to be expected, the book is very reminiscent of
French treatises, both in matter and in method. It
is in fact a treatise in the real sense of the word, the
subject being discussed with the logical completeness
and the logical sequence that form so admirable a
feature of French school and university text-books. In
Great Britain, text-books are written with the object
of coaxing the student, especially if he happens to be
studying technology, so that he is suspected of taking
but little interest in theoretical and fundamental
principles. French and Belgian writers do not coax
their readers. They explain their subject carefully,
logically, and with full-dress seriousness. Examples,
if they exist at all, do not pander to the tastes of
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engineers who like to see practical applications with
numerical results !

The present volume is in fact one that anybody may
read who wishes to study the principles of mechanics
for their own sake, and not merely if he happens to be
interested in mines but is yet prepared to admit that
theoretical principles also deserve attention. The
standard is somewhat high. Only the best equipped
mathematicians among technological students at British
universities could read with profit Prof. Bouny’s book.
Mathematicians should certainly read it. There are
nearly 300 examples with solutions.

Vectorial notation and methods are used throughout.
For the mining engineer and metallurgist this must be
a distinct hardship, because the kind of mechanics they
need is such that the use of vectors would be sheer
faddism. This is tacitly admitted by the author him-
self, who gives the most important results in ordinary
Cartesian, polar, or intrinsic notation as the case may
require for practical application, after having deduced
the vectorial forms. S. BRODETSKY.

Practical Human Physiology.

Human Physiology : a Practical Course. By C. G.
Douglas and J. G. Priestley. Pp.ix+232. (Oxford :
At the Clarendon Press ; London : Oxford University
Press, 1924.) 125. 6d. net.

URING the last twenty or thirty years, with

the vast increase in physiological knowledge,
especially from animal experiments and from the
chemical point of view, there has been unfortunately
an increasing divorce between medicine and physiology
to the detriment of both. The researches of Haldane
and his fellow-workers on respiration have been mainly
human experiments, and probably most of his results
could not have been carried out in any other way. This
is the point of view of the book before us, and the
experiments given can all be performed on the students
themselves. It is based on the practical course for
the honour school of physiology at Oxford, and taken
with Sir Charles Sherrington’s book on ‘ Mammalian
Physiology ”’ the ground is covered very thoroughly.
Naturally, a large proportion of the book is devoted
to respiration—nearly three-quarters, using respiration
in its widest sense of the transport of oxygen and
carbon dioxide by the blood as well as through the
lungs. This section includes such important subjects
as the effects of muscular work and the administration
of oxygen, the determination of the basal metabolism,
of the volume and reaction of the blood as well as the
more usual determination of oxygen and carbon
dioxide carrying capacity. The book does not,
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however, deal with respiration alone. Modern methods

of blood examination are discussed, including the

agglutination of the red cells, blood grouping, trans-
fusion and the fragility of the red cells. The functions
of the kidney are investigated, water diuresis is dis-
cussed, and methods given for the determination of
the sugar and urea in the blood. The recent important
work of J. B. S. Haldane on the maximum concentra-
tion of chloride and bicarbonate in the urine is very
suitable for class work and is included.

Under the heart and circulatory system, blood
pressure and the polygraph tracings of the pulse are
investigated experimentally, and the electro-cardio-
graph is shortly referred to. Finally, there is an
excellent section on the investigation of the stomach
and intestine by X-rays and the stomach tube.
Contrary to general impressions, these facts are very
suitable for class experiments, and easily rouse interest
and give valuable results.

A practical course serves two main purposes — to
demonstrate the general truth of the science and to
train the student in methods of investigation. Ior
the man who devotes his life to physiology, all methods
are almost equally important, and animal experiments
here may have advantages over experiments on man,
as well as some disadvantages. Most students of
physiology intend to practise medicine, and here
perforce the subject of experiment is generally human,
whether in the great experiment designed by Nature
such as disease, or in careful observation of treatment.
It is in this way that the present beok is particularly
valuable.

In one other way the volume is admirable. Many
practical books consist of a list of unconnected experi-
ments, and the book is of little use outside the
laboratory. This book is eminently readable, and the
experiments are put together as a connected whole,
‘although complete details are given for the actual
experiments and for the calculation of the results—an
important thing in any respiration work.

The only serious drawbacks are the large branches
of physiology which are left untouched—the central
nervous system and metabolism as studied by changes
in the urine with work, rest, and various diets. Perhaps
the authors are right in leaving this to be written by
some one else, and keeping themselves to the branches
in which they have such unrivalled practical experience.

The course is more suitable for small advanced
classes. Perhaps in a few years, when other courses
similar to this and covering the other branches of
physiology have been written, it will be possible to
abstract a shorter and simpler practical course of human

physiology which should be followed by all students
of medicine.
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Our Bookshelf.

Birds in their Relations to Man : a Manual of Economic
Ornithology for the United States and Canada. By
Dr. Clarence M. Weed and Dr. Ned Dearborn.
Third edition, revised. Pp. viii+414+18 plates.
(Philadelphia and London: J. B. Lippincott Co.,
1924.) 15s. net.

As this book deals with North American birds and
conditions, its interest to readers in Great Britain is
naturally general rather than particular. Nearly half
the space is allotted to a detailed consideration of the
food habits of the species which are of most importance
economically in the United States: in addition, how-
ever, there are chapters on methods for studying the
food of birds, on the development of economic orni-
thology in America, on birds’ food in general, and on
measures for the conservation and encouragement of
useful species and for preventing the depredations of
those which are injurious.

From among the many examples to be found in the
book, the following evidence as to the economic value
of birds may be cited. During a plague of canker-
worms in Illinois orchards, the stomach contents of
141 birds belonging to 36 species were examined.
Canker-worms were found in 6o per cent. of the
individuals and 72 per cent. of the species, and formed
35 per cent. of the total food of all the birds examined.
It may be noted also that, so long ago as 1883,
economic ornithology was taken up by the Federal
Government, and the task of investigation and public
instruction entrusted to what is now the Bureau of
Biological Survey of the U.S. Department of Agriculture.

A summary is given of the State and Federal (but
not Canadian) laws for the protection of birds, and
the underlying principles of these are of some interest.

. The State laws, varying in detail from one State to

another, are of primary importance and are based on
the assumption that all game and wild birds are the
property of the State, and may only be killed as the
State Government may permit : landowners have no
privileged position in this respect. The Federal law
before 1913 merely reinforced the local laws in In-
cidental ways, but it was then decreed that birds
which do not permanently remain within a given State
are the property of the United States Government, and
so certain migratory species are now protected by a
Federal Act. The authors fail to carry this develop-
ment a stage further and to mention the Migratory
Birds Convention of 1917, which provided for reciprocal
legislation in Canada and the United States. One also
notes that the bibliography contains no reference of
later date than 1915.

Précis de chimie physique. Par H. Vigneron. Pp.
xii+408. (Paris: Masson et Cie, 1924.) 3o francs.

M. VIGNERON’s book deals with general theories rather
than with details of experimental methods, and he is
therefore able to cover a wide range of topics in a
somewhat small space. He points out that a-large
part of the subject can be discussed adequately from
the kinetic point of view by means of molecular models ;
but that after a certain point has been passed, these
have to be elaborated more and more, until they be-
come of no real value in the quantitative interpretation
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of the phenomena. It is at this point that thermo-
dynamical relations become important, since the
mechanism of the processes can then be neglected ;
but with the obvious drawback that these relations
throw very little light on the mechanism, and are
therefore more satisfying to the physicist than to the
chemist. :

It is, indeed, not unusual in France for physical
chemistry to be studied and taught by a physicist,
instead of by chemists only, and this difference may
account for a rather refreshing variation in the author’s
method of treatment ; but this is counterbalanced by
his complete lack of interest in the chemical character-
istics of the materials studied. Thus all his phase-rule
diagrams are anonymous, and in this way lose the
interest that comes from studying facts instead of
theories ; and he attributed to cyanobenzene, ‘“another
organic compound,” as he explains to his readers, an
asymmetric quality which this simple and symmetrical
substance could not possibly possess, and was actually
detected in the case of amyl p-cyanobenzylideneamino-
cinnamate. Such an error would be impossible in the
case of a chemist with even a modest knowledge of
organic chemistry.

This view of the author’s own limitations is confirmed

by the fact that the chapter on physical properties |°

and chemical constitution contains no reference to
optical activity, by his classification of the fats as
“ glucosides ”’ of the fatty acids, and by his statement
that oleic can be converted into stearic acid by *“ adding
to its molecule an atom of hydrogen.” The book may,
however, be heartily commended to chemical students
who have already mastered this side of their subject,
since they can be quite sure that there will be no
duplication, and that they will find the author’s method
of treatment both novel and stimulating.

Chemistry for Dental Students. By Prof. H. Carlton
Smith and Rachel M. Smith. Fourth edition,
revised and enlarged. Vol. 1: Qualitative Analysis
and Dental Metallurgy. Pp. vii+186. 125. 6d. net.
Vol. 2 : Organic and Physiological Dental Chemistry.
Pp. v+320. 17s. 6d. net. (New York: J. Wiley
and Sons, Inc. ; London : Chapman and Hall, Ltd.,
1923.)

THESE volumes, comprising the fourth edition, are

intended to provide for courses in chemistry, dental

metallurgy, dental materia medica and physiological
chemistry for dental students, and have been written
primarily to meet the requirements of American
students. Nevertheless the methods adopted are
sufficiently general to appeal to wider interests. The
sections on microchemical analysis and physiological
chemistry are to be noted specially, particularly

Chap. xviii. on saliva. The subject matter for these

sections has been selected with special reference to

dental problems, and is quite likely, from the method
adopted, to stimulate a desire on the part of the student
to learn more of the subject generally. The chapter
on tooth decay, being a readable summary of the present
state of knowledge of the subject, may be recommended
to others besides dental students.

The plates are good and give an adequate idea of the
appearance of the substances as seen in the microscope.

References are given to original work and to special
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text-books, mostly to American works. It would be
an advantage to British students if references to corre-
sponding British text-books and original work were
furnished.

The authors’ intention appears to be to induce
students to continue their study of dental chemistry,
and in this they may fairly claim to have been successful.

T

Collective Index of the Journal of the Institute of Brewing,
7977 ‘lo 7923. Compiled by W. H. Bird. Pp.
iv+330. (London: Harrison and Sons, Ltd.,
1924.) 1.p.

THE production of indexes is a laborious and often a

thankless task, yet to their compilers the scientific

world owes a deep debt of gratitude. The work before
us is carried out consistently upon a recognised prin-
ciple, and is presented in a clear and workmanlike
manner. In adopting the principle of the “Inverted

Title ”” as the basis for the construction of his Index of

Subjects, Mr. Bird is probably following the style of an

earlier index to the Journal of the Institute. Our

criticism, at any rate, is directed to show the defects
of indexes prepared on this principle. Such indexes
are, of course, in reality ““ Title Indexes’ ; they serve
as subject indexes only by the accident of the language
of their titles. As the following illustration will show,
such indexes are cumbersome, owing to the repetition
of the titles, inconvenient for study, and costly to pro-
duce. For example, “ Cold : beer towards—, and the

Wallerstein process ; sensitiveness of. P. Petit. 1916.

468.” This entry, suitably modified, appears four

times in the Index—occupying eight lines. In the

modern type of index one entry would suffice, with a

reference from the Wallerstein Process. Moreover,

the modern index would bring together matter which
in the above Index is distributed under  Chilling,”

“ Cooling,” ““ Refrigeration,” ‘ Temperature,” etc.

The ““ Inverted Title ” index still survives in the book

trade, but it has long been discarded from library

practice. It is, in our opinion, wholly unsuited for
the purposes of Collective Indexes to the papers of

learned societies. E. W. H.

Infection and Resistance : an Exposition of the Bio-
logical Phenomena underlying the Occurrence of
Infection and the Recovery of the Animal Body from
Infectious Disease ; with a Consideration of the
Principles underlying Specific Diagnosis and Thera-
peutic Measures. By Prof. Hans Zinsser. Third
edition. Pp. xvi+666. (New York: The Mac-
millan Co.; London: Macmillan and Co., Ltd.,
1923). 24s. net.

PrrEAPS no medical or biological subject has expanded
to such an extent as that of immunity, when one
remembers that its origin dates back only to the
late ’eighties of last century. Its doctrines have,
however, revolutionised the medical outlook on the
questions of infection and resistance and are now
bearing practical fruit in the prophylaxis and treat-
ment of infective disease. It is scarcely possible for
one man unaided to deal adequately with the whole
subject. All that he can do is by extensive and
intensive study to give a critical estimate of the
general trend and scope of the subject. This, Dr.
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Hans Zinsser, professor of bacteriology and immunity
at Harvard, has attempted to do, and, in our judgment,
with a great measure of success. We have carefully
read through his book and can strongly recommend it
as an authoritative work. On every page are the
signs of extensive acquaintance with the literature,
and from all the wealth of details and contradictions
of the latter, he has succeeded in creating a readable
account of what must prove a fascinating subject of
study to all.

Continuous Current Circuits and Machinery. By Prof.
J. H. Morecroft and Prof. F. W. Hehre. Vol. 1.
Pp. vili+467. (New York: J. Wiley and Sons,
Inc.; London: Chapman and Hall, Ltd., 1923.)
20s. net.

Ta1s book is designed primarily for the use of students
in engineering schools. An elementary knowledge of
physics and mathematics is all that is demanded of the
reader, and yet a good introduction is given to practical
engineering calculations and methods. The authors
begin by a brief description of the electron theory, as
many of the phenomena described follow readily when
this theory is adopted. Some of the sentences, how-
ever, may well puzzle the beginner.  This shortage
of electrons at the end of the rod constitutes the positive
charge at this end.” The positive charge, therefore,
seems to have no real existence. Similarly we are told
that a negative charge can exist in a perfect vacuum.
It, also, can have little real existence. This is better,
however, than talking about positive and negative
fluids.

Following a prevalent practice among engineers, the
authors seem to make little distinction between mag-
netic induction and magnetic force. A gauss is defined
as a maxwell per square centimetre. It is better to
define the maxwell as the unit line or tube of magnetic
induction and not as a line of force. Many useful
examples in electrical engineering are given, and the
student who works through them all will have made
good progress in becoming a qualified electrical engineer.
We regard this as a book suitable for first and second
year students at a technical college and can recommend
it as such.

A Bibliography of Sir Thomas Browne, Kt., M.D. By
Geoffrey Keynes. Pp. xii+255+5 plates. (Cam-
bridge : At the University Press, 1924.) - 42s. net.

Turs handsome volume, of which only five hundred
copies have been issued, is dedicated to the memory
of Sir William Osler, who was one of the most en-
thusiastic gdmirers of Sir Thomas Browne. The work
consists of twelve sections, the first ten of which are
devoted to the bibliography of Sir Thomas Browne’s
writings, and the last two to the bibliography of bio-
graphy and criticism and the sale catalogue of Sir
Thomas Browne’s library, all but two of the sections
being preceded by a hibliographical preface. There
are four appendices containing the bibliographies of
imitators of ““ Religio. Medici ” and “ Vulgar Errors,”
and of the works of Dr. Edward Browne, Sir Thomas’s
eldest son, and an account of Simon Wilkin, the
Norwich publisher and editor of Sir Thomas Browne’s
works. The text is interspersed with reproductions of
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the MS. and title pages of early copies of “ Religio
Medici,” ““ Hydrotaphia,” ¢ Christian Morals,” and other
works. There are two fine portraits, the first, which
serves as a frontispiece, being that of Sir Thomas and
his wife, Dame Dorothy Browne, by an unknown artist,
and the other that of Simon Wilkin.

Mr. Geoffrey Keynes, who is attached to the surgical
unit of St. Bartholomew’s Hospital, is to be congratu-
lated on his scholarly achievement, on which, as we
learn from the preface, he has been engaged for sixteen
years. It will rank next to Wilkin’s classical edition
as the most important contribution to the literature of
Sir Thomas Browne’s works.

History of the Great War : Based on Official Documents.
Medical Services General History. Vol.4: Medical
Services during the Operations on the Gallipoli Penin-
sula ; in Macedonia ; in Mesopotamia and North-
West Persia ; in East Africa ; inthe Aden Protectorate,
and in North Russia. Ambulance Transport during
the War. By Maj.-Gen, Sir W. G. Macpherson and
Maj. T. J. Mitchell. Pp.xvi+7r1. (London: H.M.
Stationery Office, 1924.) 25s. net.

Tais is the final volume of the general history of the
Medical Services during the War, and is perhaps the
most readable. The ground covered is adequately
expressed in the title. The book shows the great
and varied difficulties which had to be contended
with, and while it is clear that towards the end of the
campaigns the problems were mastered to a certain
extent, there were deplorable breakdowns in the Dar-
danelles, Mesopotamia, and East Africa, some being so
notorious as to lead to Parliamentary inquiries. These
disasters are attributed mostly to lack of preparation
before the campaigns started, but the editors, naturally
perhaps, do not commit themselves to an exact state-
ment as to the rank and position of those actually con-
cerned. They admit, however, that *“ in some respects
the administration of the Medical Services was a factor
in the breakdowns.”

Introduction to Modern Philosophy. By C. E. M. Joad.
(The World’s Manuals.) Pp. 112+4 plates. (Lon-
don : Oxford University Press, 1924.) 2s. 6d. net.

MRr. Joap’s little volume is clearly written and gives
a short outline of the present tendencies in modern
philosophic thought. It contains chapters on the
difference between idealism and realism, Mr. Bertrand
Russell, Croce and Gentile, pragmatism, and finally
Bergson. At the end of each chapter is a criticism of
each system. The work is rather too short to be of
much use to scholars, but it ought to fulfil admirably
the purpose for which it is written, namely, to present
to non-professional readers the works of the professional
writers.

Physikalische Chemie der Zelle und der Gewebe. YVon
Prof. Dr. Rudolf Hober. Fiinfte, neubearbeitete
Auflage. Hilfte 2. Pp. v+ 545-906 +xi-xvi. (Leip-
zig: Wilhelm Engelmann, 1924.) 12 gold marks.

THE second half of this volume, of which the preceding

part was noticed in these columns on July 21, 1923

(vol. 112, p. 93), has been received. It contains the

remaining Chapters viii. to xii. of the new edition.
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Letters to the Editor.

[The Editor does not hold himself responsible * for
opinions expressed by his corvespondents. Neither
can he undertake fto return, nor lto correspond with
the writers of, rejected manuscripts intended for
this or any other part of NATURE. No notice is
taken of anonymous communications. )

Wind and Waves.

IN a letter published in NATURE on August 19, 1920,
p- 777, I said that, judging from appearances, wind-
formed waves increased in length only when the waves
were in a ‘‘ breaking >’ condition, and it was suggested
that the breaking crests, by imparting their momen-

F1G. 1.—Trochoidal wave of large amplitude, with an indication of
the direction of the flow of the wind.

tum to the upper strata of the water, and so establish-
ing a gradually increasing surface current, would
necessarily also cause a gradual increase in the wave-
length equal to the increase of stream speed per
wave-length x by the period of the wave. An example
of the alteration in the lengths of a
train of breaking waves may be seen
at the foot of any weir where the
flow is sufficient to form a station-

which is a knife edge with an angle of 0°, while for
the irrotational wave the limiting crest angle (accord-
ing to Stokes) is 120°.

The other chief difference between these forms is
that while in the trochoidal wave each particle moves
in a circular orbit, and returns to exactly the same
position after each wave period, in the irrotational
wave there is a continuous forward motion of the
fluid, greatest at the surface and rapidly decreasing
with the depth, but always small compared with the
wave speed. Thus, in the irrotational wave, the
orbits of the particles are not closed curves but form
a succession of loops.

It will be sufficient for the present purpose to con-
sider only trochoidal waves, and in Figs. 2 and 3 the
principal properties of such waves are shown
diagrammatically.

Fig. 2 gives the wave-length and wave velocity in
terms of the wave period. These quantities can be
easily determined from the limiting cycloidal form,
for at the crest in this case the weight of the particle
is just balanced by the centrifugal force in the orbit,
and the particle in the crest moves with the same
velocity and in the same direction as the wave, so
that 4m%a/T*=g, v=2wra/T, and \=gT?2m, where a
is the radius of the generating circle of the cycloid,
v the wave velocity, and A the length of a wave the
period of which is T.

It is easy and convenient to remember that a wave
the period of which is 1 second is nearly 5 ft. long, and
that a 6-second wave is nearly 180 ft. long and has a
speed of 18 knots.

Below the surface the amplitude of the wave

/

ary ‘‘ bore.” The wave where the
stream over the apron is first
arrested carries a large breaking

J/

crest, and down-stream follow
several waves also breaking, but
not so heavily. Following these

%

again are waves which do not
break, and counting from the first
wave, observation will show that

//

4

the distance from crest to crest
diminishes notably so long as the
waves are breaking.

The cause indicated in my earlier

e
/

e
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letter must certainly have some
effect, but it seems inadequate to
account for the long waves met
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with in the ocean. Another way in
which the action of the wind may
increase the wave-length is that

Bs

when the wave slopes are steep,
each crest acts as a screen to the
water surface immediately to lee-

=

\
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ward, and the full force of the wind
operates only on the windward
slopes, while the trough and lee
surfaces are more or less becalmed
(Fig. 1). The results of this irre-
gular distribution of wind pressure
are considered briefly in the present
note.

There have been no accurate observations of the
shapes of wind-formed waves—not sufficiently accu-
rate, that is, to distinguish them either from the
trochoidal waves of Rankin and Froude or irrota-
tional gravity waves, which have been only partially
investigated. So long as the amplitude is small all
these forms should be nearly identical, but the limiting
form for the trochoidal wave is a cycloid, the crest of
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F16. 2.—Relation between the periods, wave-length,

and velocity of trochoidal waves.

Ordinates of A X ro*=wave-length in ft.

1X 10 =velocity in ft. per sec.
Byx 10 = - miles per hour.
Byx10 = knots.

C x10 =ampiitude of corresponding cycloid, in feet.

motion decreases exponentially with the depth, and
if » is the amplitude at depth D, v=aex>. The
constant « can be determined by the consideration
that if in still water a certain portion is bounded by
two level surfaces, that portion must retain the same
volume when the level surfaces are transformed into
equipotential trochoidal surfaces by the wave motion.
From this it is found that k=1/a, so that for every
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trochoidal wave the amplitude is reduced to 1/e of
the surface value at a depth equal to the radius of the
generating circle of the corresponding cycloid.

The reduction of amplitude is shown to scale in
Fig. 3. It is worth notice that the still-water level
of the sea does not coincide with that of the centre
of the generating circle of the trochoidal surface, the

F16. 3.—Equipotential surfaces showing the reduction of amplitude of the
wave motion at different depths below the surface. The upper curve is
a cycloid. For each succeeding curve the centre of the generating circle
is lowered by ! of the radius of the generating circle of the cycloid.
The intersections of the curve PP with the equipotential surfaces are
the levels of the centres of the respective generating circles, and the
intersections of QQ)’ with the same are the still-water levels correspond-
ing to each. Y

level in question being determined by the equality
of the volumes of the raised and depressed parts of
the fluid.
areas in Fig. 4. The intersections of the curve QQ’
in Fig. 3 with the equipotential surfaces give the still-
water level of each, the intersections of PP being at
the level of the centres of the generating circles.
What the maximum height from trough to crest in

F16. 4—To show the relation of the still-water level to the wave form. The
water raised and depressed above and below this level must have the
same volume, which implies the equality of the shaded areas in the
diagram. )

ocean waves may be has never been accurately
measured. This could be readily determined by
photography in the following way : Let two cameras
be fixed back to back with the axes of their lenses in
the same line, and let a pair of such double cameras be
used at different levels on board ship, simultaneous
exposures being made with the cameras pointing in
approximately the same direction. The four pictures
thus obtained from each’exposure would then give
the data necessary for determining the height and
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This requires 'the equality of the shaded

length of the waves. Breaking waves more than
600 ft. from crest to crest have been encountered, and
had their form approached a cycloid, the height would
have been of the order of 200 ft. The most trust-
worthy guesses, however, do not, I believe, exceed a
quarter of this amount or less, and this is evidence,
so far as it goes, that long waves of large amplitude
depart from the trochoidal type, at any rate near the
crests, although in other parts the difference is
probably small.

Experience shows that these slopes are often steep
enough to produce something like a calm in the lee of
the crests, and to get an idea of the effect of the wind
on the wave in these conditions, it may be assumed
that, except near the crest, the motion is trochoidal,
and that from A to B in Fig. 1 the atmospheric
pressure on the surface is the same as if the water
was still, while from B to C it is increased by some
fraction . In this part of the wave the orbits of
the particles are convex to the direction of the wind,
and the excess of wind pressure, though not affecting
the velocity of the particles, is equivalent to a reduc-
tion of the centrifugal force by an amount proportional
to that excess. From these two conditions, namely,
constancy of the particle velocity and reduction of
centrifugal force, it will be found that for a reduction
in the latter by some fraction ¢, the radius of the
orbit and the period are both increased by the same
fraction, so that the original radius » and period T
become, between B and C, #(1+#6) and T(1 +6), and
in every complete period this growth would be
repeated. Thus each wave formed by the wind may
be considered as having different periods in different
parts of its length, but the average length will con-
tinually increase. As stated above, the pressure of
the wind has no effect on the orbital velocity of the
particles, but the surface drag, acting only or chiefly
on the windward slopes, will increase that velocity,
and therefore also the amplitude.

Until experiments have been made on the action
of wind on water, it seems scarcely worth while to
attempt a quantitative estimate of the rate at which
waves increase either in length or amplitude. It is
obvious, however, that the rate is slow, for long waves
are only formed on large water surfaces and after a
considerable time. Experiments on the distribution
of pressure on wave forms might be easily tried on
solid models in any wind channel, but for the experi-
mental production of wind-waves a rather more
elaborate equipment would be required. The cost of
this need not be large if any of the copies of Froude’s
experimental tank could be made available. Let a
rectangular chamber, consisting of roof and sides only,
say 3 X 6 ft. in section and some hundred feet long, be
suspended in the tank, so that 3 ft. of the sides are
immersed and a 3 ft. square channel left over the
water surface; air currents of known velocity could
be sent through this and the waves formed examined
through suitable glass panels in the sides.

If the channel were 300 ft. in length, waves near
the exit might probably reach a length of 2 feet, but
a reference to Fig. 3 will show that the amplitude of
the motion 3 ft. below the surface would be very
small, so that the wave motion in the channel would
have but little effect on the rest of the water in the
tank. An efficient wave absorber (not merely a
shelving beach) would be required to deal with the
emergent waves. Experiments on the lines indicated
above would, I believe, give valuable results not only
as regards the generation of waves, but also as to the
effect of wind in promoting ocean currents.

A. MALLOCK.

9 Baring Crescent, Exeter,

September 25.
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The St. George Expedition to the Pacific.

WitH reference to recent newspaper notices of the
work being done by the scientific staff of the St. George
Expedition to the Pacific, the members of the Scientific
Expeditionary Research Association will be greatly
obliged if you will give the courtesy of your columns
to the following brief résumé of the results obtained
to date.

The expedition reached the Isthmus of Panama on
June 9, 1924. After a short stay in the Canal Zone,
devoted by the staff to assiduous collecting, the
St. George carried out a lengthy cruise to the various
tropical islands of the Eastern Pacific, including the
Pearl Islands in the Gulf of Panama, Gorgona, off
Colombia, and the Galapagos; Cocos, Coiba, and
Taboga islands were also visited. Very large zoo-
logical collections were made at these islands, and
it 1s likely that a considerable number of new species
and varieties have been obtained. Small mammals
have been captured by Mr. P. H. Johnson at all the
islands; these should prove of notable interest, as
few specimens have been obtained there previous to
our visit. They include numerous rats exhibiting a
wide range of variation, particularly in the Galapagos.

Much attention has been given to the birds by
Lieut.-Col. Kelsall; up to the present more than 300
specimens have been obtained, a number smaller than
expected, due to the difficult but unavoidable con-
ditions that often prevailed.

The entomologists have had conspicuous success,
their collections being most extensive. Miss Chees-
man’s attention has been devoted in the main to
those groups not usually collected, and which in
consequence are required to fill gaps in the British
Museum collections. It is probable that some of
the species will prove to be new, but it is impossible
to ascertain this until they have been worked through
by specialists. Lepidoptera and Coleoptera, collected
by Mr. C. L. Collenette with the assistance of Miss
Longfield, are very well represented ; special attention
was devoted to the less conspicuous forms as being
likely to be of greater interest than the large and
showy ones. Early stages have been described and
preserved wherever possible; many ecological facts
have been recorded and should prove of great interest.

Dr. C. Crossland has made large collections of
Polychata, Nudibranchs, and Polyzoa, and Mr. ]J.
Hornell, extensive series of Mollusca, marine and
terrestrial. It is expected that these will afford
most useful data for the settlement of synonymy
and consequently for better knowledge of geographical
distribution. At least: five Atlantic species of poly-
chates have been found in the Panama region,
indicating that an appreciable number will be found
common to the Atlantic and the Pacific when the
collections are systematically examined.

Targe numbers of flowering plants were gathered
in the principal islands visited ; those from Gorgona
have been received at home already. We understand
from a cable received a few days ago that the
authorities at Kew place considerable value upon
them ; indeed, in consequence of their representations
it has been decided to pay a second visit to this
interesting island, in order to make the botanical
material as complete as possible.

Geology has had adequate attention from Mr.
L. J. Chubb, who has amassed an extensive series of
notes and rock specimens from the various islands.

The outstanding result of the expedition, so far as
can be judged at present, has been the discovery by
the undersigned of several series of figures graven
upon large boulders lying between tide-marks on the
eastern shore of Gorgona. The most numerous were
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two series of archaic figures among which are dis-
tinguished what seem to be rude representations of
sun-gods and a stepped pyramid, together with
figures of monkeys, birds, and other animals. Besides
these are two comparatively modern sculptured .
portraits, one perhaps of Incan age, the other referable
to the buccaneering days of the eighteenth century.

A number of stone weapons and implements were
also found, associated with potsherds of considerable
interest. Advantage is to be taken of our pending
return visit to search the island thoroughly for further
archaeological remains.

JamEs HORNELL,
Scientific Director, St. George Expedition.
Panama, September 24.

Optical Records and Relativity.

Pror. LLovd MoRGAN, in his interesting and most
original and suggestive article, ‘“ Optical Records and
Relativity ”’ (NATURE, October 18, p. 577), sums up
his argument in sixteen questions. These raise a
variety of problems, but are all directed to the
conclusion that we may accept the physics of relativity
and yet find that the scientific creed of classical
mechanics stands in no need of revision. The crux
of his whole position appears to me to lie in the
answer to his question 6, which he expects to be
affirmative, but which must in my view be emphatic-
ally negative. The question is: “ May we, on the
basal principle of relativity, give primacy in ‘ reality ’
to either set of events [optical records and their
distant source-events], . . . since each is acknowledged
as physically ‘real’ in‘the same sense ?”’ Surely the
answer is that the source-events are, in the theory of
relativity, four-dimensional, while the optical records
in any aspect of them are only two-dimensional, and
the latter cannot therefore have primacy. To say
that it is indifferent which we regard as primary,
because both are real in the same physical meaning, is
like saying that because the map of a country is
physically real in the same meaning as the country of
which it is the map, we may therefore give primacy
either to the country or to the map ?

Can I have misunderstood my friend Prof. Lloyd
Morgan ? I should have thought he would have
agreed that his question had been finally answered
in Berkeley’s “ Theory of Vision.”

In directing attention to this one point I have
observed the condition laid down in the first paragraph
of the article, and have dealt only with the relation of
two orders of physical reality. I have not raised any
question concerning theory of knowledge.

H. WiLpon CARR.

The Athenaeum,

Pall Mall, S.W.1.

Since “ Theory of Knowledge ’ opens up very
wide issues, I sought to focus one salient point, namely,
psychological reference. No doubt we here come
down in the long run to the nature of mind and its
relation to physiological events in the body. But my
aim was to deal with the reti