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Oceanic Research.

N his presidential address to the British Association
at the Cardiff meeting of 1920, the late Sir William
Herdman suggested that the time had come for a new
deep-sea expedition on the scale of the Challenger
voyage of 1872—74. This proposal was discussed at
various Association meetings ; a tentative scheme was
approved and was then submitted for the consideration
of other scientific bodies. The time, however, was
regarded as inopportune and the proposal was not
taken up. Now, it appears, the movement may come
from the United States.

In 1923, Dr. H. C. Hayes, of the U.S. Navy, developed
a very ingenious method of taking almost continuous
ocean soundings by means of a sound-wave transmitted
to, and reflected back from, the sea bottom. This
”?  presented such possibilities for
oceanographic surveys that definite suggestions were
made for a national expedition, and, after considering
these, Col. Theodore Roosevelt, the Acting Secretary of
the U.S. Navy, summoned a meeting of representatives
of government departments and extra-governmental
establishments. This was held in July 1924, and was
addressed by the Hon. Curtis D. Wilbur, Secretary
of the Navy. A committee then prepared a report
which was adopted by the conference and sent to the
Secretary.

The report recommends that a vessel, with officers
and crew, should be supplied by the Navy. A scientific
staff, consisting of an oceanographer, a biologist, and a
geologist—all men of outstanding attainments—with
six or more scientific assistants, will, it is expected, be
provided from sources other than government funds.
The cost of the first year’s work, apart from the main-
tenance of the vessel and the salaries of the scientific
staff, is estimated at about 57,000 dollars. How long
the expedition will be away is not considered, but it is
contemplated that a naval vessel will be permanently
employed on oceanographic research.

The problems upon which the expedition is expected
to concentrate are briefly outlined—they constitute a
programme which is new, in some ways, and particularly
attractive. The work of the Challenger was very com-
prehensive, but, in the main, it was biological in its
attitude. Now, since 1872, the science of geophysics
has been developed, and more attention is being directed
to the morphology of the ocean floor. Existing oceanic
soundings are so few that they are of little use in detailed
studies, and so the method of finding the depth by echo-
sounding must be largely used in any new oceanic ex-
pedition. During the last twenty years or so, a very
extensive investigation into the subject of isostatic

| compensation in the earth’s crust has been made by
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the U.S. Coast and Geodetic Survey. The work
accomplished has, however, been practically re-
stricted to the North American continent, and its
extension to the ocean floor and the deeps is most
desirable.

Other geophysical problems demand close observa-
tions of the precise forms and positions of the deeps—
the question, for example, of the downward warping of
the ocean floor along the continental margins suggests
the need for great numbers of new soundings in all
regions. Evidence of submarine upheavals and dis-
locations, and of the occurrence and frequency of sub-
marine earthquakes and volcanic eruptions, is urgently
needed. There is necessity for a renewed investigation
of the deposits on the ocean floor. Determinations of
mean ocean depth in chosen places are needed. Oceanic
tides have scarcely at all been investigated, and even
ocean currents are not so well known as they ought to
be. The forms, heights, and velocities of ocean waves
also require study.

Further, the great development of radio-telegraphy
and telephony has suggested problems for which a
much extended knowledge of electrostatic and electro-

magnetic fields in the atmosphere is required. Since

the ocean covers five-sevenths of the earth’s surface,
most of this kind of investigation must be undertaken
at sea. The distribution of icebergs on the margins of
steamship routes is already being studied by the U.S.
Government, but a great extension of the field of in-
vestigation is necessary. Now, in addition to all these
subjects of investigation, there are, of course, the
routine physical and biological methods of research into
the ocean water itself and the fauna of the sea floor.
This would be done as a matter of course, but it is
very interesting to see how ‘‘ up-to-date ” in its attitude
to growing science is the programme for this new
expedition.

It is recommended that the area of investigation
should (at first) be the Gulf of Mexico and the Caribbean
Sea. Then the research is intended to spread through
the Panama Canal and to take in the North Pacific on
one hand, and the North Atlantic on the other. At the
present time oceanographic investigation of the Pacific
Ocean is by far the most attractive side of the subject.
There we obviously have ocean basins and continental
margins iz the process of making (for in the greater part
of the Atlantic something like stability has been
reached,and the problemsthere centre round sedimenta-
tion on the region of the continental shelf). A geo-
physical expedition dealing with the oceanic part of the
earth’s surface (for that is evidently what the present
trend of scientific discovery suggests) cannot afford to
concentrate on any relatively small part of the Pacific
and Atlantic areas—the whole of the former region
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requires multitudes of ocean soundings at the very
least. If, then, this big American expedition beging
work very soon (and there is every likelihood that it
will do so), the question of co-operation ought to be
considered: 1t is a pity that such action was not
discussed, and proposals of some kind made, at the
conference. _

At all events, the time is ripe for a consideration of
the position of oceanographical investigation by Great
Britain and other countries. For a long period now
the objects of deep-sea expeditions have been very
much the same as those of the Challenger—that is,‘
the study of abyssal and pelagic ocean life, with the
investigation of the physical conditions that influence
the distribution and density of faunas and floras.
Since the beginning of the work of the International
Council for the Exploration of the Sea, oceanic research
has had a strong fisheries bias, and, at the present time,
a great deal of such investigation is actually in progress
in the north European region : this is likely to develop
still further its utilitarian and fishery objects, and its
interest tends to become a very specialised and even
an administrative one. We plead here for an interest
which is much wider and should be purely scientific.
During the last twenty years or so (and largely because
of the original work of the International Council) '
oceanographic physico-chemical methods have been
well developed. Hydrodynamical methods, on the
mathematical side, are remarkably well developed and
are far ahead of the observational side of the science.
This is also the case with theoretical geophysical
research : it waits for a sound and very extensive basis
of observations, and that cannot be given by any
amount of geological work on the land, for research on
the five-sevenths of earth surface that is occupied by
the ocean is urgently required.

Every consideration points, therefore, to deep-sea
investigation on rather new lines, and the progress
of geophysical and hydrodynamical research on one
hand, and of oceanic meteorology on the other, suggest
what these new directions ought to be. Now that a
lead has been given by the proposed American naval
expedition, it would be very gratifying if a similar
British naval one could be planned out, and if it could
be arranged that a large measure of co-operation of
aims and methods were secured. In spite of all that
has been done in Great Britain on fishery investigation,
it is nevertheless true that scientific oceanography has
been neglected ever since the time of the Challenger
expedition, and we cannot see any reason why a small
fraction of the resources and interests of our Admiralty
should not be directed to the prosecution of puré
oceanic research without a necessary utilitarian
object.
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Scientific Exploration in the Karakorum
Mountains.

Paesi e Genti del Caracorum : Vita di Carovana nel Tibet
Occidentale. By Giotto Dainelli. (Pubblicato sotto
gli auspici della R. Societa Geografica Italiana.)
Vol. 1. Pp. vili+291+74 plates. Vol. 2. Pp.
iv+323+95 plates. (Firenze: Luigi Pampaloni,
1924.) 120 lire.

HE Karakorum Mountains are of special interest,
T as they contain the greatest glaciers known out-
side the polar regions and Mt. Godwin-Austen, or K.z,
the third highest summit of the Himalaya. Scientific
knowledge of the country has been collected by many
distinguished explorers, including the brothers Schlagint-
weit in 18546, Godwin-Austen in 1860-1, Sir Francis
Younghusband in 1887, and Sir Martin Conway, who in
1892 traversed the full length of the three longest
glaciers and mapped them. In 1913-14 the country
was visited by an Italian expedition under Dr. Filippo
de Filippi, who had accompanied the Duke of Abruzzi
on his expeditions to the same region and East Africa.
When de Filippi received the medal of the Royal
Geographical Society for his share in these explorations,
the two Asiatic expeditions with which he was con-
cerned were described by Sir Francis Younghusband as
the best led and scientifically equipped expeditions
which had up to then worked in the Trans-Himalaya.
The full narrative of the expedition will be given in a
promised monograph by de Filippi. The present work
consists of the journals of its geologist, Dr. Giotto
Dainelli, and it records his personal experiences and
observations. He is well known from his work in
East Africa, reminiscences of which lead to his con-
trasts between the modest simplicity of African caravans
and the large cavalcade and numerous companies of
coolies of Asiatic expeditions. The work also ex-
presses the fascination of this country as compared
with tropical Africa, owing to the more advanced archi-
tecture, culture, and religious development.

The two volumes tell the story of the journey from
: Marseilles to Bombay, and thence through Kashmir and
by the well-known road across the Himalaya by the

Zogi La to Dras and to the Indus at Tolti and Skardu.

Thence Dr. Dainelli made a series of expeditions

through the Karakorum valleys. He reached the ends

of the Baltoro and Biafo glaciers, which were surveyed
by Sir Martin Conway. The nearest comparable
height among the glacial endings given is that of the

Biafo, which Dainelli puts at 10,049 ft. and Sir Martin

Conway determined as 10,120 ft., so there had been

10 material movement of the end of that glacier in the

Intervening twenty years. Dr. Dainelli did no serious

mountaineering in this district and Sir Martin Conway’s
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maps of the glaciers are incorporated in the author’s
general map. Later on, in the north-eastern Kara-
korums, Dr. Dainelli explored some less-known regions,
including the Rimu Glacier, one of the sources of the
Yarkand River, and there the expedition added materi-
ally to geographical knowledge. After many journeys
in the valleys south of the main glacial region of the
Central Karakorums, the expedition proceeded to Leh.
Dr. Dainelli shows the charm of that country by many
photographs of the picturesquely placed monasteries
or gompas, and his descriptions of the religious dances.

From Leh the expedition proceeded north-westward
to Depsang, on part of the way using yak, which the
author describes as the camel of the mountain deserts.
He visited some little-known valleys, and, among other
features of interest, various hot springs and salt lakes.
In this district Dr. Dainelli crossed the routes of the
Schlagintweits, whose work he praises highly, though in
parts of this country the latest Indian map was so
sketchy that he could not determine his place on it.
From Depsang he explored the Ciong Cumdan and Rimu
Glaciers, with their interesting moraines, glacial lakes,
and stratified ice. Thence following the Yarkand
River, the expedition descended, with obvious regret,
from the mountains to the monotonous steppes of
Turkistan. During the return journey the explorers
were arrested at Moscow as German spies, but promptly
released on the intervention of the Italian Ambassador ;
they proceeded through Petrograd and Stockholm to
Berlin, which the author describes as in October 1914
apparently following its normal life.

The two volumes of Dr. Dainelli’s experiences give
an interesting account of the conditions under which
the work of the Filippi Expedition was conducted and
show what great opportunities its members enjoyed.’
The author describes the work as a faithful journal of
his share in the expedition, and it gives useful observa-
tions on the topography and people. Its value as a
work of reference is much lessened by the absence of
an index, which would be especially useful where the
spellings in the text and map differ, as in Olang and
Olting. The expedition worked near an area of special
interest in reference to the structure of Central Asia.
The observations of this expedition may resolve the
different interpretations of the Mustag-ata which,
according to Suess, is a transverse meridional chain
breaking unexpectedly across the main trend of the
Asiatic ranges. This conclusion was rejected by the
late Sir H. H. Hayden, who did not, however, fully
explain the facts of which Suess’s view was offered as an
interpretation. There is but little information on
these questions in the journal, though the expedition
obviously collected much new material. Dr. Dainelli
remarks, for example, that the Museum of San Marco



372 NATURE

[MARCH 14, 1925

would not have space to hold their collections of fossils;
but as to what the fossils are we must wait for
the later monographs. Similarly, the rocks are often

 graphically described ; but they are not identified, and

the picturesque pinnacles and masses of limestone
shown in the photographs are of unstated age.

The technical work of the expedition is being pub-
lished in 13 parts, dealing with the geology, geography,
palzontology, petrology, ethnology, botany, zoology,
and geodesy. The only report yet issued is that on
the glaciers, a volume with a fine atlas by Dr. Dainelli.
His journal is illustrated by numerous beautiful photo-
graphs and a four-sheet topographic map on the scale
of 1-750,000, which is a valuable addition to the
geography of the central and north-eastern Kara-
korums. J. W. G.

Studies in the History of Medicine.

(1) Essays on the History of Medicine. Presented to
Karl Sudhoff on the occasion of his Seventieth
Birthday, November 26, 1923, by Sir T. Clifford
Allbutt, Arturo Castiglioni, Friedrich Dannemann,
Paul Diepgen, Erich Ebstein, Fielding H. Garrison,
Ernst Howald, Arnold C. Klebs, E. O. von Lippmann,
Max Neuburger, Sir Humphry Rolleston, Henry E.
Sigerist, Charles and Dorothea Singer, W. G. Spencer,
Georg Sticker, E. C. Streeter, Lynn Thorndike, G. A.
Wehrli, and Edward Theodore Withington. Edited
by Charles Singer and Henry E. Sigerist. Pp. v+
418+ 24 plates. (London: Oxford University Press ;
Zurich : Verlag Seldwyla, 1924.) 42s. net.

(2) The Doctor’s Qath : an Essay in the History of
Medicine. By W. H. S. Jones. Pp. vi+62. (Cam-
bridge : At the University Press, 1924.) 7s. 6d. net.

(3) A Pioneer of Public Health—William Thompson
Sedgwick. By E. O. Jordan, G. C. Whipple, and
C-E. A. Winslow. Pp. xvi+193+35 plates. (New
Haven : Yale University Press; London: Oxford
University Press, 1924.) 18s. 6d. net.

(1) HE Festschrift dedicated to Prof. Karl Sudhoff

on the occasion of his seventieth birthday
consists of eighteen essays contributed by writers from

England, the United States, Germany, Austria,

Switzerland, and Italy. The essays, eight of which are

in English, nine in German,and one in Italian, have been

classified by the editors into the five groups of antiquity,
Middle Ages, Renaissance, modern times, and general
subjects respectively.

The first group contains essays on prehistorical
attempts to prevent and stamp out epidemic disease,
by Dr. Georg Sticker of Wiirzburg, the work of

:Philolaus, by Dr. Ernst Howald of Zurich, and the
scientific treatises ascribed to Theophrastus, by Dr.
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Lynn Thorndike of Cleveland. In the section devoteq
to the Middle Ages, Dr. E. O. von Lippmann of Ha]l
writes on the history of alchemy ; Dr. Diepgen of Frej-
burg discusses the influence of the Middle Ages on the
progress of medicine; Dr. and Mrs. Singer deal with the
origin of the medical school of Salerno, which they shoy
to be the result of combined Greek, Latin, Jewish, and
Saracen influences; Dr. E. T. Withington gives an
account of Roger Bacon’s work entitled *“ On the Errorg
of Physicians”’; and Prof. Arturo Castiglioni devotes an
illustrated article to blood-letting in the arms of the
Manfiedi, lords of Faenza. The third section contains
papers by Dr. Henry E. Sigerist of Zurich on the
birth of Western medicine; fifteenth-century miniatures
of extra-mural dissection by Dr. E. C. Streeter of
Harvard and Dr. Charles Singer; the ‘ Practica of
Gianmatteo Ferrari da Gradi, editio princeps,” by Dr.
Arnold C. Klebs of Noyon; and the ‘ Epitome” of
Vesalius on vellum in the British Museum, by Mr.
W. G. Spencer.

Modern times are represented by contributions from
Sir Humphry Rolleston on the reception of Harvey’s
doctrine of the circulation of the blood in England as
exhibited in the writings of two contemporaries, namely,
Thomas Winston (1575-1655) and Henry Power (1623~
1668) ; from Colonel Fielding Garrison, on the newer
epidemiology ; and from Dr. Erich Ebstein of Leipzig
on Frank Joseph Gall. The last group contains papers
by Prof. Max Neuburger of Vienna on the history of
the problem of Nature healing, parallelism in the
development of the natural sciences and therapeutics,
by Dr. F. Dannemann of Bonn, and the essence of
folk medicine and the necessity for its historical study,
by Dr. G. A. Wehrli of Zurich.

A bibliography of Prof. Sudhoff’s works on the
history of medicine, compiled by Dr. Sigerist, i
appended.

No higher praise can be given to the volume than
by saying that it is worthy of its recipient, whose
services to the history of medicine are gracefully
acknowledged in the preface by Sir Clifford Allbutt.
The work is well printed, and accompanied by numerous
excellent illustrations.

(2) Mr. W. H. S. Jones’s scholarly work on the
Doctor’s Oath will interest alike the historian of ethics
and the medical practitioner, inasmuch as medical
ethics and the medical etiquette of the present day
are based upon this famous oath. '

After a brief account of the manuscripts of the
Hippocratic collection, with an enumeration of the best
manuscripts containing the oath, the Greek text of
the Pagan Oath is given, with the English translation
and critical footnotes. The chief variants in the later
manuscripts are noticed, and are followed by a full
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transcription of the Milan manuscript Ambrosianus
B 113, which contains both the pagan and the Christian
oath. The Greek text of the Christian modification
of the oath, which in two manuscripts is written in
the form of a cross, differs from the pagan oath in
its omission of (1) reference to the pagan deities,
(2) of all clauses in which preferential treatment is
promised “ to my teacher, his sons, my sons, and to
those who have sworn allegiance to the physician’s
law,” and (3) reference to a reward for instruction.

The Arabic text is also reproduced, as well as two
Tatin translations ascribed to N. Perotti and Nicholas
of Regium respectively.

In the subsequent commentary Mr. Jones points out
that though the first certain reference to the oath is
in the preface to Scribonius Largus, who flourished in
the reign of Claudius, there is a possible allusion to it
in the Thesmophoriazuse of Aristophanes, 7.e. as early as
goo B.c. The two versions of the oath, pagan and
Christian, and their variants, suggest that the document
had a wide circulation. The extant evidence does not
conclusively prove that the oath was ever actually
administered, and Mr. Jones suggests that it was “a
counsel of perfection expressed in the form of an oath,
just as many sepulchral epigrams in the Greek anthology
are literary efforts which have never appeared on
tombs.” :

In an appendix Mr. Jones compares the oath with
the addresses to medical students in the old medical
books of India, and reproduces the oaths still in use
at the Faculties of Medicine at Montpellier and Glasgow.

(3) The memoir on the late Prof. William Thompson
Sedgwick, who has been called the “ Father of Epi-
demiology in the United States,” consists of a series
of essays by his former pupils, Prof. E. O. Jordan,
G. C. Whipple, and C.-E. A. Winslow, preceded by an
introduction by Prof. Sedgwick’s widow. In the first
essay, which deals with the public health movement
in the ’seventies, the writers, after acknowledging the
indebtedness of the United States to British sanitary
science, point out that public health in the ’seventies
was almost wholly concerned with the problems of the
non-living environment. During Sedgwick’s lifetime
the public health movement assumed a biological
character as the result of Pasteur’s researches, and the
way was laid open for the development of bacteriology
and immunology.

In the succeeding essay, which is entitled  The
Gate of Knowledge,” an account is given of Sedgwick’s
early life. Though he registered as a medical student
he never qualified as a medical practitioner, but
devoted his whole career to biology, epidemiology, and
Public work. His most important achievement in the
field of public health, of which an account is given in
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the following essays, was his investigation of a series
of typhoid epidemics in 1894 which occurred in
Massachusetts. His next most important contribution
to public health science was the development of
laboratory methods for the study of the microbiology
of air, water, ice, and milk. He also paid much
attention to the subject of food sanitation and con-
servation, and laid stress on the importance of statistics
in epidemiology and of sanitary engineering, chemistry,
and biology in the prevention of the chief communicable
diseases.

Finally, Sedgwick was well known as a lecturer in
subjects relating to public health not only in the
United States but also in Great Britain, where he
acted in 1920 as an exchange professor in the Universities
of Leeds and Cambridge. The volume contains two
appendices, consisting respectively of a bibliography
of Sedgwick’s writings and a list of his pupils.

Applied Elasticity.
Applied Elasticity. By Dr. John Prescott. Pp. vii
+666. (London: Longmans, Green and Co., 1924.)
25s. net.

STUDY of elasticity lying midway between that
provided by Love in his “Theory of Elas-
ticity ” and by Morley in his ““ Theory of Structures and
Properties of Materials’” has long been required—a book,
in fact, for the mathematical engineer. The present
work, as its title indicates, is an attempt to fill that
niche, and it contrives to do so with considerable
success. Incidentally it is an exposure of the narrow-
ness of the field that has been explored mathematically
with any certitude.

The first three chapters deal with the analysis of
stresses, the establishment of the equations, and a few
particular solutions. These are very clearly expounded.
Then follows a chapter on the empirical basis of elas-
ticity. Considering the fundamental importance of
this question and how necessary it is to realise the
limitations involved in the basic assumptions and
therefore imposed on the results of the theory in
practice, it would be reasonable to expect a considerable
chapter devoted to this question. Out of nearly 670
pages, this chapter consists only of 4 pages. The next
seven chapters deal with rods under tension and thrust,
in torsion, rods in longitudinal and torsional oscillation,
and curved rods in equilibrium. Following a chapter
on spheres and cylinders come four on thin plates under
various conditions of stress and one on rotating discs.

Tt is apparent at once that, roughly, the field amenable
to mathematical analysis narrows itself down to a
treatment of the simple geometrical forms—the line,
the plane, the sphere, and the cylinder. Even in these

LI
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regions it is not at all apparent how far the results
obtained have actual validity. When in design work,
factors of safety—or ignorance—of 5, 6, and 7 are
common, it cannot be expected that a piece of analysis,
however beautiful or elaborate, will carry conviction
unless point by point the deductions can be checked
directly or indirectly by experiment. The present
work, we venture to think, would have been consider-
ably enhanced by a larger proportion of space being
devoted to experimental comparison, especially for a
work on applied elasticity. The limitations of the
theory of Chapter vi., for example, dealing with the
buckling of struts, to choose only one case, would have
been apparent had some of the published results of
such tests been introduced for comparison. These
would have enabled one to appreciate how far the
simplifications involved in assuming idealised pin-
joints, homogeneity of material, and lack of eccentricity
generally are reflected in the calculations. After all, it
is vitally important to know how far applied elasticity
can be relied upon for a prediction.

The author has apparently confined his attention
deliberately to certain groups of questions. There is
no mention of the many applications of elasticity to
aeronautics, to wing and fuselage structures, or to
twisting and vibration of propeller blades. But we must
not be over-critical. He has undoubtedly produced an
excellent and important contribution to the subject,
not merely in the old matter which he has presented
in new and refreshing form, but also in the many original
investigations here published for the first time. We
are grateful for it.

Our Bookshelf.

Handbuch der allgemeinen Chemie. Herausgegeben von
Prof. Wilhelm Ostwald und Prof. Carl Drucker.
Band 4: Das Leitvermogen der Losungen. Von
Prof. Paul Walden. Teil 1: Allgemeines, Grundlagen
der Leitfdhigkeitsmessungen, Methoden, Elektrolyte
und Losungsmittel, Uberfithrungszahlen, Ionen-
chemie. Pp. ix+383. 17 marks. Teil 2 und 3:
Zahlenwerte des Leitvermogens in wésserigen und
nichtwésserigen Losungen ; Folgerungen, Gesetzmis-
sigkeiten, Anomalien, Anwendungen. Pp. vi+ 346+
v+397. 47 marks. (Leipzig: Akademische Ver-
lagsgesellschaft m.b.H., 1924.)

THE fourth ‘‘ volume ” of Ostwald’s ¢ Handbuch der
allgemeinen Chemie * consists of three parts, under the
general heading of *‘ Conductivity of Solutions.” The
first of these parts deals with methods of measure-
ments, and general questions, such as the hydration of
ions, and concludes with a long section on transport-
numbers and ionic mobilities. The second part contains
the numerical data in reference to conductivity in
aqueous and non-aqueous solutions. The third part
deals with regularities and anomalies, as well as the
application of conductivity-measurements to the study
of physico-chemical problems.
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A quarter of a century ago, it was possible to deal
fully with all these questions in a single small mono-
graph. Thus Kohlrausch’s ‘‘ Leitvermogen der Elek-
trolyte,” published in 1898, contained only 227 pages,
including the table of contents and tables of logarithms,
etc. The three sections of Prof. Walden’s book cover
383, 347, and 397 pages respectively, apart from title-
pages, etc., giving a total of well over 1ooo pages.
Like so much other German literature of this kind, the
book is amazingly complete. Every paper dealing
with the subject appears to have been noticed, and
even the most distant applications are discussed with
full references to the relevant literature. Thus an
organic chemist who is interested in free radicals or in
carbonium salts will find the relevant data duly cata-
logued. It is impossible not to admire the patience
and skill of the author in compiling so complete a work,
and its value to workers and teachers cannot be ex-
aggerated. Its very completeness, however, makes it
more suitable for use as a work of reference than as a
text-book for students, unless as readers they possess
the same amazing patience that the author has shown
as a writer. One of the principal uses of the book will,
however, be as a mine of information for those who are
responsible for teaching the subject, and in this way
its publication may prove of real value even to the
elementary student; but it would be an alarming
prospect if so complete a volume should be taken
by his examiners as indicating what the scope of his
knowledge should be.

The Military Uses of Astronomy. By Major F. C.
Molesworth. Pp. xii + 112 + 2 plates. (London:
Longmans, Green and Co., 1924.) 3s. 6d. net.

THE main impression created by reading Major Moles-
worth’s handbook is that the task undertaken is rather
a difficult one. Its object is to explain the fundamental
principles of astronomy, with practical application to
the simple problems which present themselves to the
soldier without requiring the use of instruments. The
knowledge demanded is modest enough, but to convey
it in an accurate and attractive form is not easy. With
the necessary deductions for full-page diagrams and so
forth, this book occupies less than eighty-five pages,
and, partly from its brevity, the treatment of the subject
appears rather unsatisfactory. The needful familiarity
with actual problems can only be gained by assiduous
practice, and it seems doubtful whether Major Moles-
worth’s little work will provide the stimulus to bring
out the necessary effort.

In spite of Sir W. R. Birdwood’s foreword, it seems
but fair to recognise that the military uses of simple
naked-eye astronomy are strictly limited. It is incon-
ceivable that any serious operation should be left to
the chances of a fine sky. There is no apparent reason
why, in normal circumstances, the watch and the com-
pass should not be used for the purpose of determining
time and direction. In cases of emergency, as, for
example, the escape of prisoners, readiness in making
use of astronomical indications may be an invaluable
resource, but only when more orthodox and trust-
worthy methods are not available.

This is not to be understood as discouraging in any
sense the study of the elements of astronomy, which can
be recommended as a thing fascinating in itself and
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specially valuable alike to soldiers and to all others who
are liable to find themselves removed from the normal
conditions of civilised life. But it has no value which
is exclusively military, and a broader foundation is
desirable than will be found in this book if the more
valuable sequel of practical observation is to be
expected. r :

Tt should be mentioned that a special feature of the
work is a set of diagrams giving for every 10° of latitude
from 70° N. to 40° S. the bearing and altitude of the
sun throughout the year. Something better in the
way of star maps than the plates at the end of the book
could easily have been provided.

A Manual for Spraying. By K. L. Cockerham. Pp.
xi + 87. (New York: The Macmillan Co., 1923.)
7s. net.

Tars little book on spraying is intended as a reference
book and guide for practical men. It is exceedingly
brief, consisting of a short account of various types
of spraying machines, including dusting apparatus ;
descriptions of and recipes for the more commonly
used spray fluids ; and a series of tables of insect and
fungus pests, arranged under crop headings, giving the
kind of injury caused by each pest and the spray
recommended for its control. Unfortunately, the
subject does not lend itself to quite such cut-and-dried
treatment. The identification of a pest from a
description of the injury, which seldom exceeds five or
six words in length, is rarely likely to be successful.
Moreover, the instructions for making up the spray
fluids are in some cases so brief as to be incompre-
hensible. Chemical formule are used to excess, fre-
quently without any clear indication of the ordinary
name of the substance; and inaccuracies and mis-
statements are inexcusably numerous. What is the
fruit-grower to make of the following, with reference to
Bordeaux mixture : ‘“ The liquid should be thoroughly
tested for excess of CuSo, and Ca(OH),. If it does not
respond to these tests it is unfit for the purpose for
which it is intended ” ? Under the heading of crude
petroleum we get the information: “ Specific gravity of
crude petroleum ranges from 1049 (A) (ethane) to
077518 (hexadecane). Boiling-point of ethane as a
solid is —86°.” Sulphur dioxide has ‘‘ specific gravity
I. 433680° 2. 2639(A).” Directions for the use of
nicotine sulphate are included, but not for nicotine.
Many similar quotations could readily be given. If the
author had left out most of the ‘‘ chemistry ” and
deyoted‘the space to some elaboration of the spray
fluid recipes, the book might have proved useful to the
growers and farmers for whom it was written. As it s,
it cannot be recommended as helpful. CHTNG:

Rq‘m;timz of the Eye: including Elementary Physio-
logical Optics. By Dr. Charles Goulden. Pp. xii

+276. (London: J. and A. Churchill, 1925.)
Ios. 6d. net.

THE author tells us that this book is the outcome of a
series of lectures which he has given at the Moorfields
Eye Hospital to candidates for the new Ophthalmic
Dlplorpa of the Conjoint Board of England, and that
1ts object is to give an exposition in as elementary a
Way as possible of the facts upon which the study of
the refraction of the eye is based.
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We may say at once that the book seems to meet
these requirements in an admirable way. The headings
to the seven chapters are : optics ; the optical constants
of the eye; the eye as an optical instrument ; errors
of refraction; the ophthalmoscope; retinoscopy ;
muscular anomalies. In this type of book the student
is apt to find that the optics and mathematics are not
so elementary as the author supposes; he will find,
however, in Dr. Goulden’s book, that the mathematics
required can quite safely be called elementary, and the
descriptions are all so particularly lucid that he will
find little difficulty in at once grasping the facts. The
diagrams, of which there are one hundred and eighty,
call for special praise ; they are bold and clear and the
lettering could not be improved upon.

It is a book that can be highly commended, not only
to those whose immediate object is the negotiation of
an examination test, but also to many who are well
advanced along the road of ophthalmic practice and
have not recently polished up such knowledge which is
fundamental to the thorough understanding of much
of their work. There is a very full index ; the type
and general get-up are excellent, and we may confidently
predict a long life in future editions.

Practical Forestry: from a Workman’s Point of
View. By A.C. Drummie. Pp. xii+340. (London:
G. Routledge and Sons, Ltd., 1924.) 7s. 6d. net.

Tais book is written “ from a workman’s point of
view,” and is in great measure the outpouring of one
discontented with the present conditions of society in
England ; as such it may be left to the criticism of
sociologists. As regards practical forestry, it contains
nothing new or even freshly put, the matter being ill-
arranged and mixed up with discussions on subjects
the connexion of which with forestry is not obvious.
The author, for example,  trusts readers will excuse a
few remarks on the formation of coal,” and proceeds to
air his views: ¢ Why is coal put between species of
stone or rock ? Because the Almighty put it there,
and no expert or scientist breathing will ever make the
writer believe otherwise.” This book is unsuitable for
forestry students or woodmen who require accurate
description and scientific method in their manuals of
instruction. It merits, however, the attention of both
landowners and educationists, as its perusal shows how
much remains to be done in the school and in the
lecture hall to enlighten skilled workmen and artisans
concerning the real aims of science.

Medical Hydrology : Outlines for Practitioners and
Students. Based upon Lectures given at the Uni-
versity of London. By Dr. R. Fortescue Fox. Pp.
vili+136. (London: J. and A. Churchill, 1924.)
6s. net.

TaE application of various waters in the prevention and
cure of disease is one of the oldest therapeutic measures
known to medical science, and in the past has been
mainly empirical. In his outlines of medical hydro-
logy, Dr. Fortescue Fox explains briefly the properties
and actions of waters and discusses the rationale of
treatment by their application. His conclusions are
summarised in a series of aphorisms, the dogmatic
wording of which is justified in the preface. The book
will be useful to practitioners in exercising a choice of
spas for the treatment of chronic disease.
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Letters to the Editor.

[Zhe Editor does not hold  himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, nor to correspond with
the wrilers of, rejected manuscripts intended for
this or any other part of NATURE. No nolice is
laken of anonymous communications.)

Graphitic Conduction in Conjugated Chains of
Carbon Atoms: A Contribution to Armstrong’s
Theory of Chemical Change.

TeE view put forward by Armstrong in 1885, that
¢ chemical action is reversed electrolysis,”” has been
brilliantly vindicated in the field of inorganic chem-
istry, especially by H. B. Baker’s experimental verifica-
tion of the bold prediction that highly purified water
will not determine the explosion of hydrogen and
oxygen. In organic chemistry similar evidence in
favour of Armstrong’s theory has been afforded by
the proof that a catalyst is needed even to effect the
transfer of an atom of hydrogen from one part of the
molecule to another in prototropic compounds such
as ethyl acetoacetate or nitrocamphor.

Whilst, however, it is easy to recognise that, in a
chemical action between non-electrolytes, the catalyst
may play the part of the electrolyte in a battery, and
that the non-electrolytes themselves may act as
depolarisers to the ions liberated by electrolysis, it
has always been difficult to discover, in reactive
systems from which metals in every form are absent,
any analogue to the metallic conductor. Thus, we can
picture the isomeric change of phenylchloroamine
into parachloroaniline, C;H,; . NHCl—>Cl.C;H, . NH,
(in which atoms of hydrogen and chlorine change
places under the influence of hydrogen chloride), as
depending on a process of electrolysis whereby the
catalyst is resclved into hydrogen and chlorine, the
electvolytic hydrogen being depolarised by the chlorine
which it displaces from the side-chain, and the
electrolytic chlorine by the hydrogen atom which it
displaces from the para-position in the ring. This
explanation, however, although complete from the
chemical point of view, fails to explain the electrical
action, since, in the absence of metallic conduction in
the aromatic nucleus, it would leave a surplus of two
electrons in the para-position and a deficit of two
electrons in the side-chain, thus

-- ++
Ce¢H; . NHC1—>Cl. C;H, . NH,,.

No method of discharging these two poles has, so
far as I know, been suggested hitherto ; but the fact
that chemical changes, and especially isomeric
changes, involving distant atoms are so peculiarly
characteristic of aromatic compounds, indicates that
some special mechanism (producing effects equivalent
to metallic conduction) must exist in these systems
to render such actions possible. From a purely
chemical point of view, Kekulé so long ago as 1872
attributed to the bonds of aromatic compounds a
peculiar mobility, which was not found in compounds
of other types, when he found it necessary to explain
the identity of the 1:2 and 1:6 derivatives of
benzene by a spontaneous interchange of single and
double bonds, as in the following scheme :

@ x
< C
uag 1oy mee” L yer
HCS 4 5c|H m‘:s 4 BCH
\c/ \C/
H H

This interchange of bonds was not regarded, how-
ever, as conferring any special electrical properties on
the molecules in which it took place. A similar
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mechanism was used by Lapworth in 1898 to explain
the facility with which hydrogen and other radicals
can wander between alternate atoms in unsaturated
and conjugated compounds. This was attributed to
the fact that, at each stage in the migration, the
valencies can be adjusted by an interchange of bonds
as in the scheme suggested by Kekulé. Thus when
the hydrogen and chlorine in phenylchloroamine
change places, the chlovine was supposed to wander
first from the side-chain to the ring, with a simul-
taneous interchange of the alternate single and double
bonds in the intermediate chain of atoms. The
original arrangement is, however, restored by a second
interchange of single and double bonds, when the
hydrogen wanders in the reverse direction from the
ring to the side-chain.

Lapworth suggested further that the radicals prob-
ably migrate in the form of ions, but did not put forward
any mechanism for the transference of the electric
charges left behind by these ions on the aromatic
nucleus. If, however, we now add to the electrolytic
theory of isomeric change as set out above, the view
(based upon the electronic theory of valency) that
at each stage of the action the inteymediate double bonds
of the comjugated system ave ionised, in the manner
suggested in my paper on ‘ The Polarity of Double
Bonds ”’ (Jour. Chem. Soc., 1923, 123, 822-831), it
will be found that the oscillation of double and single
bonds, in the manner postulated by Kekulé and by
Lapworth, has supplied the one feature that was
needed in order to bring this interpretation into com-
plete harmony with Armstrong’s dictum, since the
oscillation of bonds makes it possible for electric
charges to be handed from one end to the other of
a conjugated system, without any simultaneous
migration of the intermediate atoms, ¢.e. by a process
which 1s analogous to wmetallic and not to electrolytic
conduction. Theisomeric change of phenylchloroamine
can therefore be represented as follows :

First b pmse=aa
Stage.  NHCL NEiCL i NH
EENE ¢ i ‘!
1 Ney mf('\:.a{ | G
i ﬁ ey [ty [ e
HC( 1 > ! S
Becond & f.l
Stage. Illm. }:1
we” c\cn
HCl+ | I _—
St
T

The chain of molecules of the catalyst through which
electrolysis proceeds is here represented by two lines,

+ -

thus, H . . . Cl, and, following Lapworth, the trans-
ference of the halogen is represented as preceding the
transference of hydrogen ; but the ionisation of the
intermediate system of conjugated double bonds, first
in one sense‘and then in the other, now prevents the
accumulation of electric charges at the two poles.
It is, therefore, at last possible to formulate a scheme
which is just as satisfactory from the electrical as
from the chemical point of view, since it reproduces
in almost every detail the mechanism of an electric
battery, with the possible exception of the precise
way in which metallic conduction is effected.

The polarities of the carbon atoms of the ring, as
shown in the first stage, are the opposite to those
normally developed in derivatives of aniline ; and a
similar reversal is seen in the polarity of the chlorine,
which is usually split off in presence of water as a
positive ion, e.g. in combination with negative hydroxyl
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as hypochlorous acid, or (if hydrogen chloride is

resent as well as water) in combination with a
negative chlorine ion as gaseous chlorine. 163 515y,
therefore, suggested that the polarities shown above
are induced by a cathodic reduction of the chlorine
of the chloroamine, accompanied by a simultaneous
anodic chlorination of the para CH group, and that
these conditions are sufficient to produce a reversal
of the normal polarities of the system.

In this connexion it is of interest to recall the fact
that X-ray analysis has shown that the transparent
non-conducting crystals of diamond are made up of
quadrivalent atoms of carbon linked together tetra-
hedrally, just like the atoms of a saturated organic
compound of the aliphatic series ; but in the case of
gmphite it has confirmed the view, alreag]y established
by chemical methods, that the conducting crystals of
this form of carbon are built up from a network of
hexagonal rings, of the same type as the conjugated
systems of aromatic compounds, in which the carbon-
atoms are virtually tervalent. The suggestion that
conjugated chains of carbon atoms, united by alter-
nate single and double bonds, can perform the function
of a metallic conductor is therefore in harmony with
physical as well as with chemical observations. Since,
however, the temperature coefficient of conductivity
of graphite is positive, whilst that of metals is negative,
and since, moreover, we can now assert that the
structure of the crystals and probably the mechanism
of conduction is quite different in the two cases, it
would be wiser to describe the transference of elec-
tricity through conjugated chains of carbon atoms as
graphite conduction, rather than as metallic conduc-
tion, and this term has therefore been used at the
head of this letter. T. M. LowRry.

54 Bateman Street, Cambridge.

Influence of Radiation on Ionisation Equilibrium.

IN considering ionisation equilibrium of the type
MZ2M* +e - U, the usual method adopted is to write
down the entropies of M, M+, and e from the quantum
theory, and then the law of reaction isochore is
obtained from the equation S+S’-s= -U/T. In
this way we obtain the law of ionisation equilibrium

2 U 5

= _sz = - 2‘3RT+§10g = 6255045 = ()
- The system is regarded as unary (one-component), i.e.
all the reacting electrons as well as M are derived from
the ionisation of M, but when there is excess of
electrons, the system is binary and the equilibrium
is expressed by the form first given by H. N. Russell,
namely,

log

X o7

5) 5
T +21log T -6°5. (2)

8 U
BRI
The process is regarded as an abrupt one, M-atoms
passing directly under the influence of heat to ’ghe
Mf-stage, without going through the intervening
metastable states. Darwin and Fowler have
attempted to include these intervening states by
adding to the right-hand side of equation (1) a
function B(T). Prof. Russell has pointed out that
neither equation (1) nor (2) can be regarded as final,
because it fails to take account of the pessible influence
of radiation and excitation of higher states. We may
Introduce the matter in the following way. Suppose
Wwe have a mass of sodium-vapour in the solar chromo-
sphere. Then the ionisation of sodium atoms is
determined not only by the temperature of the chromo-
sphere (say 5000°C), but also by the intensity of
Photospheric radiation of wave-length \ less than the
wave-length of the limit of the P series, passing through
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these sodium atoms. This radiation has a higher
temperature than the local temperature ; hence, as was
first pointed out by Milne, we have no thermodynamic
equilibrium in the solar chromosphere. The excited
states are produced under the joint influence of tem-
perature of the chromosphere and of the photospheric
radiation passing through the chromosphere. To the
same class belongs the absorption experiments of Wood
and others, in which a column of sodium or other vapour
is acted on by light of much greater intensity than
what would be produced at the temperature of the
absorbing gas. Here all the excited atoms, or ionised
atoms, are produced by light only, and almost none
are due to temperature.

The general problem has been thus attacked. In
all photochemical reactions the equilibrium is
determined by the intensity of light, and in treating
these cases from the point of view of the phase rule,
Smits expressed the opinion, without however giving
his reason, that the ordinary Gibbs formula,
E=C+2-P, must be replaced by F=C+3 -P.
We, however, arrive at the same result by assuming
that the number of components has increased by one,
the photochemically active light being regarded as a,
new and independent component. In other words,
when a normal sodium-atom passes to the 2p-stage
by absorbing the Av-pulse of D-radiation, then either
the excited atom of sodium or the pulse of light may
be regarded as a new component, except when the
D-light is derived from the effect of temperature
prevailing in the gas. In the latter case, the system
is a system of one component, as in the corresponding
case of free electrons in equation (1).

We thus regard excited sodium-atoms as a com-
pound, in a special sense, of normal sodium-atoms
and D-pulse. It has been possible to deduce the
equilibrium conditions in such cases by combining the
methods given by S. N. Bose (Zs. f. Physik, vol. 27,
p- 384) and P. Ehrenfest. We give only the final
results. If p, be the density of radiation which is
absorbed, and if », and 7, be the concentration of
atoms in the normal and excited states,

UEELY Py
nog S a0 - )

When the light is derived from the temperature of
the system we can put

-8 hv? I
Py =OT—g ChRT — 1’

and we have .
LaBEas hw[kT,
7y &

as is usually obtained from direct application of
Maxwell’s law, and g,, g, are the weights of the two
states. If p, is very large

) :gz b
gy (30)

as we can expect from the definition of g, and g,.

In the case of ionisation, let » be the frequency of
ionising radiation (supposed monochromatic). Then
the law of ionisation is given by

- (30)

P (U - Nhw) < 0
logicm == o o8 WW>
+§ logT -65, (4)
where N = R/k.
If
8w hv® 1

= c® e/kT _ 1’
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i.e. radiation is due to the temperature of the system,
(4) reduces to

Crnass U 5 i1
logI—_x—zP~ -m+210g’[ 6:5, (4a)
as is obtained directly from thermodynamical
theories.

Equation (4) expresses equilibrium in a two-com-
ponent system, equation (44) in a one-component
system. f ey

Of course the ionising power is not limited to one
single radiation, nor are all pulses of frequency »>v,
(vo =convergence frequency of the principal series)
equally effective in causing ionisation. But these
facts can be taken into consideration in the method
used above.

MEGHNAD SAHA.
RaMANI KANTA SWE.
Allahabad, India,
January 21.

The Future of the Meteorological Office.

Dr. G. C. SivpsoN writes (NATURE, February 14)
that he is sure I should not wish my remarks on the
future of the Meteorological Office to be taken as more
than my own personal opinion; but on the contrary
I believe that my views are shared by a large number
of meteorologists. In 1920 the Royal Meteorological
Society adopted a resolution regretting that the
Meteorological Office had been placed under a Govern-
ment department, created for another purpose, and
urging that the Meteorological Committee should
again have control; it was also pointed out that,
when in the past changes had been made in the
status of the Office, inquiries had been held. On this
occasion, since no report has been issued, we must
conclude that the transfer of the Meteorological Office
to the Air Ministry took place with no public inquiry,
and to an outsider it appeared to have been made in
a hurried and even arbitrary manner.

The fear that the Meteorological Office may become
a_mere forecasting department of the Air Ministry,
which is what I meant when I said that the future
is uncertain, is not dispelled by Dr. Simpson’s
reference to the  complicated meteorological service
for aviation with its thirteen stations on aerodromes.”’
The cares of hourly reports for aviators are not
conducive to the development of scientific ideas, and
a Government department which has such claims on
the Meteorological Office may, under pressure for
economy, neglect those aspects of meteorology not
directly connected with immediate requirements.
The pressure for economy may very likely prove
stronger than an advisory committee. It is with
misgiving that one notices the giving up of the radio
research station at Smallshot Hill (now fortunately
taken over by the Radio Research Board), and the
transfer of upper air research from Benson, originally
chosen for its suitability for ballons-sondes, to Kew,
where it is in charge of an assistant-superintendent
in place of a director of experiments. These re-
searches, of great promise for the study of the
atmosphere, were at the time of the change of no
immediate utility to the Flying Service. When one
considers the real additions to our knowledge of the
atmosphere that have come from the freedom and
seclusion of Pyrton Hill and Benson, it is almost
painful to contemplate the rigorous conditions of a
ministry as a’ nursery of research. Such changes
inspire the fear that other researches not directly

connected with flying may be dealt with in like
manner,
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If the Meteorological Office is to be only a fore.
casting office the chief work of which is for the
Flying Service, I agree that it could not be in a better
position than at present; but if it is still to be an
instrument for the advance of the more purely
scientific aspects of meteorology I am forced, despite
the larger financial grant, to agree with the resolution
of the Royal Meteorological Society. I regret that
I am constrained to disagree with Dr. Simpson in
this matter, the more so as I am indebted to him for
continued help in many meteorological matters ever
since he became Director. I sincerely hope that he
will be right and that I shall be wrong; but that
the future only can decide. In the matter of the
present staff of the Meteorological Office I am in
absolute agreement with Dr. Simpson, and I used the
following words in my address: ‘ The staff of the
Office is composed of men of the highest scientific
calibre ; probably never before in its history has it
contained such a galaxy of talent.”

G PECAvES

Stoner Hill, Petersfield, :

February 21.

The Michelson-Morley Experiment.

Ix their scheme of their experiment, Michelson and
Morley selected a single incident ray, showed how
this would divide into a transmitted and a reflected
moiety, traced out the path-lengths and found the
difference 6. Then, comparing the results in two
orientations, they computed the difference 4, -3,
which they estimated at /x 282= (0-00000002)/ when
B=v/c=10"* and the semi-translucent mirror is set
at #=45°. They applied this computed difference of
path-differences to predict a shift of bands in an
interference-field ; but they did not go into the ques-
tion how the interference-field (which is undoubtedly
observed) is produced.

The only way in which the scheme would work is
to assume that the two virtual images of a point on
the incident wave-front, formed by the two moieties
from the single incident ray, themselves act as two
virtual point-sources, capable of producing an inter-
ference-field. Also, there must be some definite
observation point within the interference-field.

It does not seem to me to be reasonable to assume
that the virtual images would act as luminous point-
sources, because there would only be one ray to each
virtual image, derived from the single incident ray.

I have worked out the precise positions of the final
virtual images and the precise single reflected rays
passing through these; all as definite functions of
¢, v and the constants of the apparatus including ¢ ;
and I have found a reasonable observation-point, to
be reached by the observing eye in a time .

Then, waiving objections to it for the moment, I
have followed up the above implied assumption and
calculated out the values of (8, — 6,) for various values
of v and various settings 6 of the semi-translucent
mirror. The results are remarkable and unexpected.

Let the apparatus be ideally constructed; true
right angles, equal arms, etc. Let the semi-trans-
lucent mirror be set at an exact 45°; and let v be
the full ¢ x107% Then (a) in both orientations the
virtual images,® assumed radiant, would be too close
together (less than }\ for yellow light) to produce
any interference-field at all; and (b) 8,-6;,=
(0:0000,0000,0003,0002)7.

Therefore, on the single-ray scheme, when 0= 45"
and v=c¢ x107%, there ought to be no observable
effect, not even an interference-field. With 6 still at
45°, but v>¢ x 1074, as v increases the virtual images
are farther apart, and if they acted as virtual point-
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sources, an interference-field would begin to be pos-
sible until, at a certain large value of v, the breadth
of bands would correspond to that actually observed.
The immediate neighbourhood of 6=45° is a region
of extraordinary sensitiveness, in which (3, - 9,) passes
twice through a zero value. Very minute changes in
¢ make very great changes in the value of (4, - 6,).
The numerical data do not lend themselves to any
eneral statement as to the value of v; but they
point towards an actual value of ¥ much greater than
¢ x 1074, however this may be accounted for. So far
for the single-ray scheme, with the assumption re-
quired by it. i v =
I prefer to deal not with a single incident ray but
with an incident plane wave-front, and to study the
kind of interference-field necessarily formed where the
two reflected moiety-wave-fronts cross one another.
Each virtual ¢ image ”’ of the previous working now
appears as a point on a virtual plane wave-front,
which is at right angles to the corresponding “ single
reflected ray *’ of the previous working. The working
out is straightforward and unforced ; and it again
leads to remarkable and unexpected results.
Assuming 6 to be an exact 45° and /=1100 Ccm.
in an apparatus of ideal construction as above ; then
with yellow light (A = 0:00005892 cm.) we have in the
first orientation a band-breadth of 11784 cm. if
v=c x107%; 117:84 cm. if v=c x10°%; 11784 cm. if
v=c x107%; and 0:011784 cm. if v =¢ x107%.
Assuming v to be ¢ x 1074, we similarly have band-
‘breadths 0-0059 cm. if 0=45°+1024"; 0-59 cm. if
0=45°+10"-3; 3928 cm. if 6=45°+0"-001; 11784
cm. if 0=45°; & if 0=45°-0"0005; 11784 cm. if
0=45°-0"-00I ; 59:22 cm. if §=45°-0"-103; 059
cm. if =45°-10":3 ; 0:0059 cm. if §=45° — 1036”-43.
Working out and tabulating combinations of various
60’s and v’s and orientations we might hope, if we had
an extraordinarily accurate knowledge of the lengths
and angles involved, to be able to reach a conclusion
as to the operative value of v from the band-breadths
alone. The comparative shift of bands as between
two orientations is not helpful in this respect; it
depends upon a remainder in decimal places only,
where we do not know either / or A to a sufficient
number of working figures. ALFRED DANIELL.

P.S.—By the courtesy of the Editor I have seen
Sir Oliver Lodge’s comment on the above letter.
May I explain further that no bands would or ought
to appear unless the instrument be in sufficiently rapid
motion when the semi-translucent mivvoy 1s set at an
exact 0 =45° ; if at any other angle, there will always
be a certain amount of separation of the virtual
images which may not be sufficient to produce an
interference-field until aided by a sufficient velocity of
movement (smaller than in the former case) producing
a farther separation of the virtual images. The
breadth of bands is a function of ¢ and v.

THE Michelson-Morley experiment looked for a shift
of well-known interference-bands, about the forma-
tlon. of which there was no doubt or controversy.
Ordinary wave theory explains the appearance of
these bands with ease. Dr. Daniell, however, claims
that no bands would or ought to appear unless the
1nstrumept was in motion, and that the width of the
bax}ds 1s itself an indication of the rapidity of motion,
which is thereby proven to have a high value. This
View is so hopelessly unorthodox that it is difficult to
regard it with equanimity. Probably he is attending
to one single precise ray—whatever that may be—
and not to a small portion of a wave-front, with its
Inevitable slight obliquities. OLIVER LODGE.
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The Theory of Hearing.

IN his letter in NATURE of February 14, p. 228,
Prof. Scripture directs attention to the valuable
work on the theory of hearing done at the New York
research laboratories of the American Telephone and
Telegraph Company. He refers to the papers of
Fletcher, and of Wegel and Lane. The results
obtained by these experimenters, in his opinion,
completely confute the resonance theory, though he
considers that “ The simple facts of the accelerated
toothed wheel and of portamento speech . . . ought to
have been enough to convince any one.”

All minds do not function alike, and those proposi-
tions which appear self-evident to one are by no
means so to another. As an illustration of this
truism one finds that Prof. Scripture, though he avails
himself readily of the experimental results in question,
rejects at once as unworthy of serious consideration
the interpretation of those results givenr by the
experimenters themselves. To him it appears self-
evident that the results are wholly inconsistent with
the resonance theory, though the experimenters state
their conclusions in terms of that modification of the
resonance theory to which they give the name, the
“ dynamic theory.”

The cochlea as conceived by Wegel and Lane is a
highly damped resonating organ giving more or less
localised responses to simple tones conveyed to it.
The pitch of the tones heard is determined by the
maximum points of the disturbances in the basilar
membrane. By the term ““ non-linear "’ response they
imply (as seems to the writer) that the relation at
various pitch levels between the intensity of the
impulse and the loudness of the tone heard cannot be
expressed graphically by a straight line. From this
they deduce the generation of combination tones and
subjective harmonics in the cochlea. Their theo-
retical deductions from the results of their experiments
are perhaps vitiated by reason of their having left
out of consideration the progressive graduation in
tension of the basilar fibres by the spiral ligament.
In any case there is nothing in them inconsistent
with the resonance theory.

Fletcher’s results are indeed startling at first sight.
The elimination of the fundamental and the first four
upper partials from a clarinet tone produced no
alteration of the pitch of the tone, the fundamental
still appearing as the characteristic pitch. He
explains this as being due to the difference tone
generated by the remaining partials. To Prof.
Scripture this explanation appears so surprising that
he can only express his feelings by a note of exclama-
tion. To the writer the suggestion appears rational,
and indeed inevitable. Are we to understand that
Prof. Scripture does not believe in the existence of
the subjective difference tone ? Prof. D. C. Miller
has analysed the clarinet tone. He states that it
may have twenty or more partials, with the seventh
to the tenth predominating. This latter group of
partials are even stronger than the fundamental, and
it is they which are chiefly concerned with giving
the characteristic quality to the tone of the instru-
ment. The difference tone of each successive pair
of partials would, of course, have the same pitch as
the fundamental. Evén after the elimination of the
five lowest partials, there would still remain fourteen
pairs of generators to supply this difference tone.
Possibly not all the partials would have sufficient
intensity to act as generators, but the four pre-
dominating partials probably would. All these
experimenters ascribe the generation of the difference
tone to the cochlea, and not to the middle ear, as
Helmholtz suggested. The writer has advocated the
same view elsewhere, though not on the same grounds.
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Prof. Scripture states that his deformation theory
is capable of explaining these, and 1n§ieed a_ll other
phenomena of sound perception. Against this claim
the writer feels impelled to enter a protest. So far
as he is aware, Prof. Scripture has never formulated
a theory of hearing. He has stated six ‘‘ theses "’
(NATURE, April 26, 1924, p. 605), none of them new,
and all of them highly disputable, on which he pro-
poses to construct a theory. Now to the writer a
““ thesis ” means a proposition stated for the purpose
of proof or attempted proof. No such proof has been
brought forward. To traverse these theses seriatim
would be to review the controversies of the last sixty
years. The writer is unable to recognise any material
points of difference between the theory foreshadowed
in the theses and the ““ pressure pattern ’ theories of
Waller and Ewald, which he has discussed to the best
of his ability elsewhere. He has already stated his
objections in NATURE (May 31, 1924, p. 781) to some
of the chief points of the theses, without eliciting
any reply.

On the question of the nature of vowel sounds
Prof. Scripture speaks as an authority; but one may
be permitted to point out that he is not in agreement
with other authorities. Prof. Miller states ‘‘ The
results of the work here described [on the analysis of
vowel sounds] are in entire agreement with Helm-
holtz’s theory, and are therefore out of harmony with
Scripture’s arguments.” * Tater, he speaks of the
fundamental tone of the vowel being generated in
the larynx.? When authorities differ, no single one
of them is in a position to impose his own views as
absolute.

In any case the simple piano experiments described
by Helmholtz and Ellis, and referred to in my former
letters (NATURE, May 31, p. 781, and July 19, 1924,
p. 87), afford direct evidence that vowel sounds are
capable of being analysed by resonators, and conse-
quently weaken any indirect argument against the
resonance theory which may be deduced from the
supposed nature of vowel sounds.

G. WILKINSON.
Sheffield.

Ecology of Moorland Plants.

IN an article upon this subject in NATURE of
November 8, Prof. Priestley discusses the apparently
xerophilous nature of the ericoid shoot, and concludes
that a plant such as Calluna is better classed as a
“ xeromorphic mesophyte,” which is “ able to lose
water like a mesophyte because in its natural habitat
plenty of water is practically always available.”
This conclusion is preceded by a brief reference to
the recent work of Stocker and Montfort showing
that the water of moorland soils is not necessarily
toxic to moorland plants, and does not, as Schimper
suggested, diminish their effective water absorption.
Prof. Priestley accepts their inference from these
experimental results and states that the “ physio-
logical dryness * of a peaty soil is a “ myth,” and that
therefore “* there is not much left of the case for the
xerophytic character of Calluna and the ericoid shoot.”’

I should like to point out that such experiments
as those quoted are far from proving the non-
xerophilous nature of the ericoid shoot, though they
doubtless throw light on the very intriguing question
of the water relations of ericoid shoots and leaves.
It is true that structural features such as rolled
leaves, thick cuticle, and protected stomata do not
necessarily indicate xerophily ; but the mere capacity

1 “The Science of Musical Sounds,” D. C. Miller, p. 217.
2 Ibid. p. 242.
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for active transpiration during plentiful water ap.
sorption certainly does not prove the contrary.

The character common to all xerophytes properly
so called is that of resistance to drought by any
means, water storage, reduction of surface, etc. This
has become increasingly clear from numerous oh.
servations and experiments of late years (cf. Holter-
mann, 1907 ; Fitting, 1911; Macdougall, 1912;
Kamerling, 1914 ; Delf, 1915 ; the Maximows, 1024).
The drought may arise either from atmospheric or
from edaphic conditions, and may vary from a brief
daily stress, as in the mangroves described by
Holtermann (1907), to a prolonged water shortage, as
in some typical Cactacee, but in either case the
xerophyte can endure to lose water (often as much
as about half its water content) without harm, whereas
in mesophytic plants under the same conditions the
leaves are wilted beyond recovery.

How far Calluna and other British Ericacex have
this drought-resisting capacity has never, so far as
I am aware, been tested ; but the careful investiga-
tions of Thoday (1923) show beyond doubt that
Passerina, a South African plant of similar *“ ericoid ”
habit and structure, possesses it in a marked degree.
The water content of leafy shoots of Passerina
gathered in the dry season varied from 25 per cent.
to 45 per cent. (averaging about 30 per cent.) of the
fresh weight ; the water content of specimens taken
in the rainy season being usually about 60 per cent.
The shoots can thus lose quite half their normal water
content without injury.

The case for the xerophily of the ericoid leaves of
the British Ericacee, though unproven, is thus still
highly probable, whatever be the absorptive capacity
of the root system when sufficient water is available,
It is, however, scarcely necessary to point out that,
when water is present in the soil, it is not necessarily
“ available ’ to the plant in the physiological sense
of the word, apart from any question of toxicity,
“ Availability " is estimated as that fraction of the
water content of the soil at saturation which can be
withdrawn by a well-established rooted plant before
wilting can be detected. The wilting point depends
upon the constitution of the plant as well as upon
other factors. It was shown by Crump in 1911 that
when Calluna grows on acidic peat only four-fifths
of the soil water is available. That is, if we call the
water content of the saturated soil, reckoned per unit
of dry weight, 100, signs of wilting will occur in
Calluna whenever the remaining soil water has become
reduced to 20. In Evica tetralix growing in the same
soil, the signs of wilting occur when as much as
30 per cent. remains. Such plants may thus have
apparently ‘ plenty "’ of water but actually a water
deficit (especially if transpiration is active at the time),
which 1s exactly what would be expected from their
structure. It is not known how this condition of
incipient wilting in Calluna reacts on the transpiration
rate, but measurements of the water content of the
plant as it occurs in Nature would probably reveal a
much wider variation than is tolerated by plants of
a typical mesophytic habit.

Further experimental work is obviously needed
before any more definite conclusions are drawn as
to the xerophily of the Ericacee. Whether their
peculiar structure arises as ‘ a natural developmental
consequence of the characteristic