
NA TURE 881

SATURDAY, JUNE 26, 1926.

CONTENTS. pack

Science, Industry and Education...............................881
Modern Views on the Origin of Birds. By Dr. H.

Gadow, F.R.S. .   883
More Relativity. By H. D. . . . . . 885
A New Brunswick Geologist. By A. S. . . 886
Magnetism..................................................................887
Our Bookshelf ....... 887 
Letters to the Editor :

Ether Drift Experiments.—Prof. Dayton C. Miller 890 
Note on the Law of Radiation.—Sir Oliver J.

Lodge, F.R. S........................................................891
Plastic Deformation of Single Metallic Crystals.—

S. J. Wright................................................ 891
Dipole Moment and Molecular Structure. — Dr.

Kristian Hojendahl....................................... 892
Efficient Use of Thermopiles.-—A. Maurice Taylor 892
The Evolution of Beauty.—C. H. Henshaw . 893
The Line Spectra of Isotopes.—Francis A. Jenkins 893 
The Isotopes of Sulphur. — Dr. F. W. Aston,
F.R.S.......................................................... 893

Numerical Reduction of Instars in the Metamorphosis 
of Euphausids.—R. Macdonald . . . 891

Abraham de Moivre.-—Prof. R. C. Archibald . 894 
The Taxation of Research.—Prof. H. B. Baker,

F.R.S., and Prof. Jocelyn Thorpe, F.R.S. . 894
Frictional Forces in Liquid Surfaces.—L. H. G.

Dines..................................................................894
The Light-Quantum Theory. By Dr. C. D. Ellis . 895
The Origin of Petroleum. By Henry B. Milner . 897 
Obituary :—

Sir William B. Leishman, K.C.M.G, C.B., .
F.R.S. ByJ. C. G. L......................................... 899

Sir Frederick Mott, K.B E., F.R.S. . . 900
Sir Henry Morris, Bart............................................901

News and Views ....... 902
Our Astronomical Column ..... 906
Research Items.......................................................... 907
South-Eastern Union of Scientific Societies . . 909
Mechanism of Oxidation in Living Tissues . . 910
The Royal Society Conversazione . . . 911
University and Educational Intelligence . . . 912
Contemporary Birthdays . . . . . 913
Societies and Academies........................................913
Official Publications Received . . . . .916
Diary of Societies and Conferences . . . 916
Recent Scientific and Technical Books . . Supp. v

Editorial and Publishing Offices: 
MACMILLAN &- CO., LTD., 

ST. MARTIN’S STREET, LONDON, W.C.2.

Editorial communications should be addressed to the Editor. 
Advertisements and business letters to the Publishers.

Telephone Number: GERRARD 8830.
Telegraphic Address: PHUSIS, WESTRAND, LONDON.

NO. 2956, VOL. 117]

Science, Industry and Education.

THE relationship of science to industry is a subject 
that has been frequently discussed in these 

columns, and if we return to it once again it is because 
as time goes on we recognise more and more that 
industry without science is like a ship without a rudder, 
a thing that drifts hopelessly on the ocean of reality. 
Although we stand in the first place for culture—a 
knowledge of the best that has been thought and done 
in the world—we cannot overlook the fact, so abun
dantly proved by history, that nations of the highest 
culture become ready preys to the forces of barbarism 
and disorder when knowledge and attainments cease 
to maintain adequate connexion with the material 
realities of life, when capacity for action is “ sicklied 
o’er with the pale cast of thought.” Science has its 
idealistic side no less than religion, art, and morals, and 
its dominion should be coterminous with theirs in 
extending over the whole range of human activities : 
its content touches human life at a multitude of points, 
and its method is capable of almost universal applica
tion. Nevertheless, we have to realise that the battle 
of life is still fought mainly below the belt, and there
fore we must look to science to play its part, not only 
in shifting the arena from the lower levels of brute 
force, cunning, and cupidity to the higher ground of 
truth, justice, and regard for posterity, but also in 
helping us to conquer in the fight as it is fought 
to-day.

Great Britain needs the help of science in a peculiar 
degree. Over-population, combined with neglect of 
agricultural possibilities, has forced us to rely for 
our material existence upon imported products, and 
these have to be paid for mainly by exporting 
manufactured goods. We have few, if any, closed 
markets, and success depends upon the high quality 
or novelty of our wares, and upon industrial organisa
tion, all of which are dependent upon science. What 
progress are we making in promoting science and its 
application to industry and national life ?

Apart from the valuable work which was done by 
the Government committee appointed to inquire into 
the teaching of science in our secondary schools, and 
that which is being done under the Department of 
Scientific and Industrial Research, we see few signs of 
progress. Disregarding exaggerated statements, we 
believe that the progress of science teaching in secondary 
schools has fallen below expectations, and that the 
methods pursued in our universities and technical 
colleges still leave something to be desired. From 
the point of view of science, the popular Press remains 
in the throes of barbarism, and literary men speak 
openly, if foolishly, of “ the bankruptcy of science.”
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The chief cause of this unsatisfactory state of affairs 
is ignorance, and the chief remedy is organised, con
certed action to popularise the teachings of science; 
to bring home to the layman what science has done 
for mankind in the past, the nature of the problems 
awaiting solution, and what science may do, if ade
quately supported, in the future.

. Alone among scientific organisations, the British 
Science Guild and the British Association have done 
valuable work in disseminating scientific knowledge 
among the people, and their present efforts to establish 
a publicity service, similar to Science Service in the 
United States, are worthy of every encouragement 
and support. The collection, preparation and dis
tribution of interesting and accurate notes and 
articles upon scientific subjects likely to be accepted 
by the public Press is, however, too great a 
burden for such voluntary organisations to bear 
unsupported, and, the question being one of national 
importance, it seems right that a Government which 
expends nearly 50,000,000/. annually on education 
—not reckoning the 30,000,000/. contributed from 
rates—should contribute towards the cost. In addi
tion to a scientific news service, we need popular 
accounts of researches that have led to new knowledge, 
and more especially of those which have resulted in 
new developments or improvements in industry, 
transport, and public health.

The co-operation of the Department of Scientific 
and Industrial Research would be particularly desirable 
in this connexion. The publications of this Depart
ment are well known to and much appreciated by 
scientific workers; but they are not addressed to the 
layman or written in a style to attract him, and the 
more learned communications that occasionally see the 
light in the transactions of societies are even less suit
able for the purpose. It is essential that the subject 
matter should be written up in an attractive style, 
as free as possible from technical terms, due regard 
being given to the human element. Experience having 
shown that, as a rule, the research' workers and in
ventors are ill-fitted to describe their work in a manner 
understanded by the people, the writing should be 
done by those who have the gift of popular exposition, 
though the materials therefor should, when possible, 
be supplied, and the manuscripts revised, by the 
discoverers. An interesting development in this 
direction is the publication in the United States of 
Popular Research Narratives, collected by the Engineer
ing Foundation of New York. The two volumes of 
“ tales of discovery, invention, and research ” that 
have been issued to date are excellently got up, and 
though many may think that they err on the side of 
brevity and 1 scrappiness,’ there is no doubt that the 
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mode of presentation is good and that the writers and 
publishers will succeed in their attempt to interest 
the public.

It may be objected that, owing to the short period 
during which the Department of Scientific and In
dustrial Research has been in active existence, the 
results so far obtained are too meagre for the purpose 
we have in view; nevertheless, we believe that the 
twenty or so research associations, and national 
institutions like the Medical Research Council, the 
National Physical Laboratory, the Fuel Research 
Station, and Rotha'msted, could provide between them 
an abundance of material; and if matter ran short, 
the wealth lying dormant in the records of learned 
societies, and in certain reports of Government Com
missions, could easily be tapped. Another likely 
objection is that the publication of results of research 
in applied science would be against the interests of the 
manufacturers who subscribe to the research associa
tions.

The answer to this contention is that it is nearly 
always possible to write a broad general account 
of a discovery or invention without disclosing im
portant details of manufacture. Success in manu
facture depends more often than not upon important 
details of plant or method of operating. True, but 
the public is not interested in such details; and, if 
necessary, the manufacturer can usually protect him
self by letters patent. The manufacture of sulphuric 
acid by the contact process necessitated long years of 
work and a large expenditure of money before it was 
made a commercial success, yet the process was 
described at an early date in the columns of the Berichte 
with all the detail that even a scientific man desires; 
and similar statements could be made of many other 
processes, including those of Birkeland and Eyde, 
Franck and Caro, Haber, and Claude for the fixation 
of atmospheric nitrogen. In. spite of assertions to 
the’ contrary made during the War, undue secrecy 
continues in our midst to the manifest disadvantage 
of the cause of science.

Another educational problem demanding attention 
is the training of science students who are destined for 
industry. In his Streatfeild memorial lecture (Nature, 
December 12, 1925, p. 876), Mr. F. H. Carr, now 
president-elect of the Society of Chemical Industry, 
condemned the present training of chemical students 
for being too stereotyped : too much stress is laid upon 
training in research and too little on fostering ability 
to apply scientific knowledge to works’ processes; 
there are many types of student-mind and many fields 
of possible application, yet we persist in casting all 
our material in the same mould. Prof. A. W. Crossley
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expressed the same view in his recent presidential 
address to the Chemical Society, likening the teacher 
of chemistry to the manufacturer who persists in 
offering to foreign customers the goods he thinks they 
ought to want, rather.than those for which they actually 
ask. The main types of chemist required in industry, 
Prof. Crossley points out, are the research worker, 
the equally important man who can apply new scientific 
data to industrial development, the chemist to control 
works’ processes and undertake, or supervise, analytical 
work, and the chemical engineer. Each of these types 
requires in the first place a broad general training in, 
say, three sciences before specialisation is allowed, but 
thereafter the training must be adapted to the future 
career: the ‘ pure ’ chemist, the industrial chemist, 
the school or university teacher, each requires a different 
curriculum.

The blame for the present inadequate or misdirected 
training is not, however, entirely the teacher’s; the 
manufacturer is also culpable in not making clear his 
wants, or making the fulfilment of those wants into 
practical possibilities. Last year, in commenting 
upon Prof. Wynne’s address to the Chemical Society 
(Nature, August 8, 1925, p. 195), we expressed the 
hope that manufacturers would devote attention to 
this matter, and we are now pleased to learn that, 
following the lead given by Sheffield, the British Dye
stuffs Corporation has initiated a scheme whereby 
students may gain practical experience in its works 
during the long vacation. The result from the students’ 
point of view, Prof. Crossley states, has been an un
qualified success, and we do not doubt that the ad
vantages will be mutual, for such vacation courses 
should afford the manufacturer excellent opportunity 
to select promising personnel for future employ
ment.

We hope that this movement will spread, not only 
in the chemical industry, but also in the large and 
virgin field of applied physics. It is a happy omen 
that the demand in industry for trained physicists is 
considerably in excess of the supply. In the past, 
physicists as well as chemists have been trained too 
exclusively on academic lines, as if they were all to 
become teachers or ‘ pure ’ research workers. Important 
as these callings are, we are inclined to agree with the 
critics that an adequate supply of men whose special 
faculty lies in the application of scientific knowledge 
to industrial problems is at least of equal moment. 
Such men, it may be said, are born and not made; 
yet, if we believe in education at all, we must look to 
the universities and technical colleges to discover 
where this special ability is latent, and, knowing the 
needs of the manufacturer, to nurture it in the most 
fruitful way.

NO. 2956, VOL. 117]

Modern Views on the Origin of Birds.
The Origin of Birds. By Gerhard Heilmann. Pp. 

vii + 208. (London : H. F. and G. Witherby, 1926.) 
205. net.

IVERGENT views on much contested problems 
are often traceable to some rash statements,

the authors of which were scarcely aware of there being 
involved some serious problem.

Numerous fossil three-toed footprints of obviously 
bipedal creatures were discovered about 1835 in the 
Triassic sandstone of Connecticut, and described by 
E. Hitchcock as Ornithichnites, bird-tracks. Accord
ing to their size and configuration, which is all we 
know of their owners, various generic and specific 
names became assigned to them. Ch. L. Bonaparte 
(1856) combined these Ornithichnitidae with the dodo, 
the subfossil Aepyornis, and the Eocene Gastornis as 
Inepti, a subgroup of his order Columbae. A curious 
jumble of ineptness and sense.

Serious speculation about the origin of birds arose 
with the discovery (i860) of the famous Archaeopteryx, 
from the upper Jurassic oolite of Solnhofen, near Eich- 
staedt, north-west of Ingolstadt, Bavaria. This speci
men, now in the British Museum (Natural History), was 
first described by A. Wagner as Griphosaurus, “ a 
reptile with bird’s feathers.” R. Owen monographed 
it (1863) as Archceopteryx macroura, “ a bird with certain 
embryonic features.” W. K. Parker (1867) published 
valuable remarks “ On the relations of the Bird to the 
Reptile.” Haeckel (“ Generelle Morphologie,” 1866) 
divided the birds into Sauriurae (Archaeopteryx) and 
Ornithurae. T. Huxley, in his famous classification of 
birds (1867), retained the first name as Saururae, but 
rightly discarded the Ornithurae, dividing these with 
Merrem (1813) into Ratitae and Carinatie; and in his 
“Manual” (1871) he was the first to summarise clearly 
and concisely the descent of birds from reptiles, hence 
his term Sauropsida.

A second, much better preserved specimen, now in 
Berlin, was discovered (1877) also near Eichstaedt; 
first described and discussed by C. Vogt (1879) as “ un 
intermediaire entre les oiseaux et les reptiles.” It has 
been exhaustively monographed by W. Dames (1884).

Heated discussions arose whether Archaeopteryx was 
a direct forerunner of the Carinate, or merely a lonely 
offshoot, or last but by no means least, a true inter
mediate link or 1 Schaltform ’ between reptiles and 
birds, a view which was disallowed by the Prussian 
Government. Dames added some further detail of the 
limb girdles in 1897 ; but both specimens remained 
otherwise undisturbed until, in 1917 and after, Petro- 
nievics persuaded the authorities to expose them. He dis
tinguished the Berlin specimen as Archceornis siemensi.
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Meanwhile (1875) zoologists had been startled by 
0. C. Marsh’s discovery of birds with numerous teeth 
from the mid-Cretaceous of Kansas. They were sump
tuously monographed as Odontornithes (1880), this 
new subclass to contain the large flightless aquatic 
Hesperornis, the Well-flying Ichthyornis and Archaeo
pteryx. Later consideration showed, however, that 
they were only a heterogeneous assembly, in fact that 
probably all birds had retained teeth unto the end of 
Cretaceous times.

Although Marsh himself emphasised the undoubted 
affinity of Hesperornis with the recent diver-grebe 
group, he also took the complete absence of a keel in 
the flat sternum as indicating close relationship to the 
Ratitae. Dollo (1881) took up this idea and with 
merciless logic united Hesperornis with the Ratitae 
proper, calling the former “une autruche carnivore 
aquatique,” a nightmare which, thanks to a popular 
article by Wiedersheim, became a “ schwimmender 
Strauss ” and “ swimming ostrich.”

Dollo was probably instigated by P. Albrecht, an 
erratic genius who discovered the so-called fourth, or 
inner, distal, trochanter of Hesperornis, Iguanodon, 
and traceable in ducks, a coincidence which led him to 
say that iguanodon also was a swimmer. Thus it came 
to pass that the dinosaurs were roped in with the 
Ratitae, and the Triassic ornithichnites were taken as 
welcome proof of the necessary great age of the whole 
assembly. This incredible muddle went so far that 
moas, cassowaries, kiwis, ostriches were, not in popular 
literature alone, looked upon as the direct survivors of 
some suitable dinosaurian side-branch, whilst the much 
later Archaeopteryx was the progenitor of the modern 
flying birds.

The literature bearing upon the problematic origin 
of birds has assumed great dimensions. Within the 
last few years the most noteworthy serious contribu
tions have been made by a Dane, a Swiss, and a Serbian. 
Their several publications overlap each other.

H. Steiner of Zurich (1917) settled the vexed question 
of the remiges (“ Problem der Diataxie der Vogel- 
extremitat,” Jena ZeitschrJ In 1922 followed a re
newed study of the development of the wing-skeleton, 
a work not yet fully appreciated which will revolu
tionise our hitherto very faulty knowledge (“ Onto- 
genetische und phylogenetische Entwicklung des Vogel- 
fliigelskelettes,” Acta zoologica, Stockholm, 1922). By 
careful, well-illustrated comparison with recent and 
extinct reptiles, he concludes these birds form one great 
natural assembly with dinosaurs, crocodiles (including 
the ancestral Para- and Pseudosuchia), and the aberrant 
pterosaurs, all of which agree, unlike all other reptiles, 
by the preponderance of the sharp-clawed 1st to 3rd 
finger, while the 4th and 5th steadily tend to reduction ; 
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indicating undoubtedly arboreal, climbing adaptation. 
This view he justifies by good argumentation. It 
applies also to the presumable common ancestor. 
Crocodiles proper have, of course, taken to aquatic life 
in a tertiary way, while others, like dinosaurs, have 
descended or returned to the primary terrestrial, tetra- 
podal, and eventually bipedal life.

Comparison of dinosaurs with Ratitae reveals no 
direct ancestral relationship. Therefore dinosaurs can 
be compared only with birds which did fly, and Archaeo
pteryx, the sole available material, dates from a time 
when these reptiles were already too far pledged. Both 
classes produced the most surprising convergences, but 
these occur crosswise, mutually contradicting relation
ship ; for example, this bird’s foot agreeing most with 
that of some of the Saurischian division of the dinosaurs, 
whilst the bird’s pelvis agrees most with that of the 
Ornithischian division, namely, iguanodonts.

Exaggeration of the still very imperfectly known 
differences between the London and Berlin Archae- 
ornithes and comparison with Struthio only, to the 
utter neglect of all the other modern Ratitae, led Pet
ro nievics to the following surprising conclusions (B. 
Petronievics and A. S. Woodward, “ Pectoral and 
pelvic arches ... of Archaeopteryx,” Proc. Zool. Soc., 
1917 ; B. Petronievics, “ Uber die Berliner Archae- 
ornis, Genf. 1925 ” (Reprint of Ann. Geolog. de la 
Peninsule Balcanique, Belgrade, 1924)). The Archae- 
ornithes (the reviewer’s term, 1893), still without a 
keel, diverged already in Jurassic times, so that (at 
the same place and time, in the lithographic slate) 
Archaeopteryx as the Ur-Ratite founded the teethed 
Ratite Hesperornis and the toothless modern Ratites. 
—Archaeornis produced the toothed Carinates, for 
example Ichthyornis, and all the toothless modern 
Carinates. This scheme he calls “ a rational classi
fication based upon strictly morphological characters, 
and further explanation unnecessary.”

The common ancestor, the Protornis or Proavis, 
could fly, but had not yet a keel. Its immediate 
ancestors were the Protoherpornithes (the reviewer’s 
Herpetornithes, 1893), which were covered with down 
only! This “ eidechsenartiger Urvogel ” arose from 
some primitive group of the Lacertilia. (He does not 
mention Steiner’s work.)

Now, if there is anything proved by Fiirbringer and 
others, “it is that what we call Ratitae (namely, 
ostriches, cassowaries, kiwis, etc.) are the direct de
scendants of birds which have lost the power of flight; 
therefore also lost the keel, a reduction which is still 
happening to various Carinates, which even if losing 
all power of the keel could thereby never become 
Ratitae, because, these have retained other important 
ancestral characters no longer existing in modern
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Carinates. The same complicated process has happened 
long before ostriches became flightless, a consideration 
which led Fiirbringer in his elephantine work to invent 
the staggering terms of Proto-Deutero-Trito-Aptcn- 
ornithes. Originally no feathered bipeds had a keel, 
but we must not be hypnotised by this deficiency lest 
we relapse into the belief in the “ swimming ostrich ” 
of fifty years ago.

G. Heilmann’s carefully composed and extremely 
well illustrated book appeared first in Danish as 
“ Fuglenes Afstemning,” several instalments of which 
appeared in Dansk Ornithol. For. Tidskr. 1913-15, and 
an English version has now been prepared. More than 
half of the work contains the countless embryological 
and anatomical agreements of reptiles and birds and 
an exhaustive description of Archseopteryx; a good 
introduction for those who are not well acquainted 
with the subject. By reasoned elimination he restricts 
the possible ancestors of birds to the pterosaurs, pre- 
dentate or ornithischian dinosaurs, coelurosaurs, and 
pseudosuchia. The first group he disposes of easily.

The predentates, for example iguanodonts, present 
difficulties, but in spite of all resemblances these dino
saurs are found wanting. Perhaps by discarding their 
pelvis he protests too much, because the pelvis problem 
will not be solved without the hypothesis that it is 
fundamentally a polymetameric compound; further, 
the so-called pectineal process may be either entirely 
iliac or prepubic or both, according to the origin and 
extent of the ambiens muscle. The author feels con
vinced that this process of birds is iliac, therefore not 
the homologue of the reptilian prepubis. By thus 
ingeniously getting rid of the predentates he turns to 
the older group, the ccelurosaurs, which fascinate him 
by their cavernous vertebrae, a feature which he wrongly 
connects with the pneumatic skeleton of birds.

Concerning the forelimb the author closely agrees 
with Steiner'(cf. Fig. 19), whom he does not mention. 
But even these creatures are not to be trusted, since 
their strong birdlike resemblances may be analogous 
adaptations. Thus he narrows the possible ancestry 
to the Pseudosuchia, which as probable ancestors of 
the theropodous dinosaurs and ccelurosaurs seem to 
possess in their still generalised condition all the neces
sary material and trend for future birds, as notably the 
structure of limbs, girdles, and skull. The final result 
is the origin of birds traced well into the Trias to the 
common ancestor of the archosaurian division of rep
tiles, in close agreement with Steiner.

For the impetus to flight Heilmann prefers with 
Abel and Steiner the arboricolous climbing life which 
encouraged jumping from branch to branch, and thus 
parachuting by patagia and enlarged feathers. Not 
Baron Nopcsa’s dinosaur which gets the necessary 
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momentum by running; nor does our author favour 
Beebe’s ‘ Tetrapteryx,’ although on p. 199 his own 
restoration of the Proavis shows no less than four or five 
feather parachutes. Those which forsook the trees and 
took to ground life specialised increasingly as runners.

The frontispiece, by the author, gives a charming 
picture of a loving couple of Archseornis, she of demure 
look and garb, he in full dress of brown, white, and— 
beautiful blue ! H. Gadow.

More Relativity.
(1) The A B C of Relativity. By Bertrand Russell. 

Pp. v + 231. (London : Kegan Paul and Co., Ltd.; 
New York : Harper and Bros., 1925.) 45-. 6d. net.

(2) The Einstein Theory Explained and Analysed. By 
Samuel H. Guggenheimer. Pp. ix + 326. (New 
York : The Macmillan Co., 1925.) 10s. 6d. net.

I POPULAR accounts of the theory of relativity 
continue to appear, and one must presume from 

this that public interest in the subject has by no means 
died out. Writers at this time of day, however, are 
under an obligation which did not burden early ex
positors, in that they have to justify their intrusion 
into an already overcrowded field. However unsuc
cessful existing literature may have been in making 
the new ideas clear (the fact that interest in the subject 
is still maintained shows that a considerable measure 
of success must have been attained), the mere’ accumu
lation of volumes directed towards the same end is in 
itself an evil quite independent of the intrinsic worth 
of the volumes themselves. Too many cooks, though 
they be all masters of the gastronomic art, will never
theless spoil the broth. Mr. Russell justifies his 
attempt on the ground that previous popular accounts 
of relativity “ generally cease to be intelligible just at 
the point where they begin to say something import
ant.” Mr. Guggenheimer offers no apology, but 
breaks new ground by providing, not an account of 
the theory, but a critical examination of the manner 
of exposition which he finds in the English translation 
of Einstein’s own popular book. It is extremely doubt
ful whether the motive is in either case a sufficient 
justification of the result.

(1) Mr. Russell, however, has written an extremely 
readable and lucid book, the substantial accuracy of 
which, of course, goes without saying. Perhaps its 
most characteristic and helpful feature is the excellence 
of the verbal illustrations which occur frequently and 
most of which are quite new. The chapters dealing 
with the relativity of time—the most difficult aspect 
of the subject to the beginner—are particularly clear, 
and the author is commendably precise in stating the 
possibilities of arranging events in a time order. The

2 C I
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widespread vague notion that, on the relativity theory, 
any event may be either before or after any other 
event, according to the time-system used, is effectively 
dispelled.

The choice of a title is not a happy one. It 
suggests the alphabet of the subject, which is of very 
little use to any one who does not intend to become 
a physicist. What Mr. Russell has actually presented 
is a much more valuable thing; namely, the meaning 
of relativity. He has rightly concentrated attention 
on the revolution in our concept of Nature which the 
theory brings about, and dealt effectively with the 
problem of separating, in our world of experience, the 
parts which belong respectively to external events and 
to the observer. The chief defect of the book seems 
to be the lack of any obvious connecting thread run
ning through the whole. The reader who is able to 
follow each chapter quite clearly may be left at the 
end quite incapable of forming a definition of relativity 
suitable for a dictionary. As a particular example of 
this apparent disorder may be cited the discussion 
of ‘ force ’ in Chapter xiii. which harks back to a 
point already clearly raised and to some extent dealt 
with in Chapter viii. On the whole, however, Mr. 
Russell’s book is certainly among the best popular 
accounts of relativity which have appeared.

(2) Mr. Guggenheimer’s book, as has been said, is not 
an exposition of the theory at all, and its title is mis
leading. The author is confessedly neither a mathe
matician nor a physicist, and it is clear that he is not 
an astronomer. He approaches the subject from the 
metaphysical side, and subjects a number of passages 
of Einstein’s elementary treatise to minute dissection. 
To the reviewer, who finds Mr. Guggenheimer’s work 
far less intelligible than that of Einstein, he appears 
to introduce difficulties into Einstein’s exposition and 
then to devote a considerable space to their elucidation. 
For example, several pages are occupied with a dis
cussion of whether Einstein, in speaking of 1 absolute ’ 
as contrasted with 1 relative ’ motion, is “ attempting to 
penetrate the noumenal world ” and becoming involved 
in “ an ultimate, absolute, and infinite First Cause.”

The book may appeal to those who delight in 
mental gymnastics and are indifferent to the mean
ing of scientific relativity, but those who wish to under
stand Einstein’s theory should carefully avoid it. The 
citation, with examples, of two defects will suffice to 
reveal its danger—the scientific statements are vague, 
and they are often inaccurate. As examples of vague
ness we give two typical sentences : “All matter con
sists, in the last analysis, of one substance or energy 
in different conditions of electric charge or force ” 
(p. 38). “ Although body A may be at rest relative to 
body B, from which A appears to be moving, to an 
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observer on B it will be A which appears to move, and 
neither is actually moving ” (p. 167). Examples of 
inaccuracy are abundant in the very biassed discussion 
of the tests of the relativity theory. Thus, the exist
ence of an intra-Mercurial planet is said to be “ highly 
probable,” and the deflexion of light by a body is said 
to increase with its radius, because a large radius 
“ gives the force a longer time to exercise its accelerat
ing pull upon the fast passing light.” The author 
appears to have some power of thought and expression, 
which should be concentrated on a subject with which 
he is better acquainted. H. D.

A New Brunswick Geologist.
Loring Woart Bailey: the Story of a Man of Science. 

By Joseph Whitman Bailey. Pp. 141 + 12 plates. 
(St. John, New Brunswick: J. and A. McMillan, 
Ltd., 1925.) n.p.

IN this volume we are presented with an interesting 
life-history of one of the earliest leaders of scientific 

thought and education in the Maritime Provinces of 
Canada. In his scientific work, Dr. Bailey was closely 
associated with Dr. G. F. Matthew and rendered notable 
service to Dawson, Logan, and Selwyn in the earliest 

-researches on the geology of what was then an un
known region. But he will perhaps be best remembered 
as having been for nearly half a century an active 
member of the faculty of the University of New 
Brunswick and as one of the little group of men who 
nurtured the Natural History Society in its infancy.

One of Dr. Bailey’s ancestors sailed from England 
in the good ship Angel Gabriel, built for Sir Walter 
Raleigh. The ship was wrecked near Bristol, Maine, 
in 1635, but John Bailey survived. His descendant, 
the subject of this biography, was born in 1839 at 
West Point and was educated in the United States, 
but when he was not yet twenty-two 'years of age 
accepted an offer of a professorship at the University 
of New Brunswick at Fredericton. The appointment 
was opposed on the ground of his alien birth and 
extreme youth, but Bailey survived to become one 
of the leading figures of the institution. Here he 
built Sunnyside in open fields extending to the banks 
of New Brunswick’s great river, and extended 
hospitality to many old friends, amongst others to 
his old pupil, the late Sir George Parkin.

After the publication of the “ Origin of Species ” the 
more aggressive types of scientific men and theologians 
commenced an acrimonious discussion, which is still 
liable to blaze. Dr. Bailey had sufficient tact to 
remain in harmony with both sides and was consulted 
by laity and clergy alike on scientific questions. In 
1907, after forty-seven years’ service, he retired, held
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in the highest esteem by the students as well as by 
members of the faculty.

Dr. Bailey’s scientific researches related to the 
Maritime Provinces. He was greatly interested in 
diatoms, but his more important work, done in associa
tion with Dr. Matthew, lay in collecting the fossils 
and determining the age of the geological formations 
of an unknown region. Within 15 miles-of St. John 
he recognised representatives of formations ranging 
in age from Lower Laurentian to Trias. The work 
was commenced as a labour of love, but was continued 
from 1867 as a part of the programme of the Geological 
Survey. In 1913 Dr. Bailey acted as scientific guide 
to one of the excursions of the International Geological 
Congress. To one at least of that party his intimate 
knowledge of the geology of Albert, St. John and 
Victoria came as a revelation of what could be accom
plished in unsympathetic surroundings. He died in 
1925 in his eighty-sixth year. A. S.

Magnetism.
Modern Magnetics. By Prof. Felix Auerbach. Trans

lated by H. C. Booth. Pp. vii + 306. (London: 
Methuen and Co., Ltd., 1925.) 15s. net.

THIS work gives an admirable account of all the 
older work on magnetism. It does not assume 

much knowledge to start with, and without using much 
mathematics it takes the reader on to quite advanced 
subjects. The style is pleasant and easy—with perhaps 
a touch of the rather glutinous brightness of the German 
journalist. The book will be of value to many who 
already claim considerable knowledge of the subject.

The student who has worked out examination ques
tions on magnetism has the impression that he under
stands all about magnetic force and magnetic induction, 
and that all that is necessary is to multiply together 
the mystical letters FI and /j. to get the still more 
mystical B. The present work will disabuse him of 
this impression and will replace it by a wholesome 
respect for the difficulties to be faced, both theoretical 
and practical. In this connexion it is really a pity that 
induction and permeability play so large a part in the 
mathematical text-books, for, in fact, magnetisation and 
susceptibility are not only more primitive ideas, but 
also are much more useful in the study of magnetism 
itself, especially in the case of ferromagnetism.

The volume claims to deal with the whole field of 
magnetism, and it is disappointing to find that a work 
published in 1925 makes no mention of an experiment 
of such fundamental importance as the Stern Gerlach 
experiment, which directly exhibits the magnetic 
moments of atoms. The German original came out in 
1921, which would explain this omission, but it would 
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not justify the absence of any account of the almost 
equally important gyromagnetic effects and of, at any 
rate, the earlier of the recent developments of the theory 
of the Zeeman effect. Indeed, it is a little surprising to 
find the name “ Modern Magnetics ” applied to a book 
containing a bibliography—and a very full one—with 
no reference to work later than five years before its 
publication in German, and nearly ten years before the 
translation.

It is a great pity that a supplementary chapter or 
two has not been added so as to bring the account a 
little more closely up-to-date. Still, this is perhaps a 
tribute rather to the rate at which the subject has 
developed than a criticism of the content of the book— 
which may be very strongly recommended to any one 
wishing to acquire a knowledge of the more classical 
parts of the theory of magnetism.

Our Bookshelf.
Contemporary British Philosophy: Personal Statements. 

(Second Series.) By James Ward, E. Belfort Bax, 
Douglas Fawcett, G. Dawes Hicks, R. F. Alfred 
Hoernle, C. E. M. Joad, G. E. Moore, J. A. Smith, 
W. R. Sorley, A. E. Taylor, J. Arthur Thomson, 
Clement C. J. Webb. Edited by Dr. J. H. Muirhead. 
(Library of Philosophy.) Pp. 365. (London : George 
Allen and Unwin, Ltd.; New York : The Macmillan 
Co., 1925.) i6r. net.

The twelve contributions contained in this volume 
cover a very wide field and are naturally unequal in 
value. Some writers attempt a sketch of a complete 
philosophy, while others deal with special problems. 
The first place is given as a “ tribute of respect ” to the 
article by the late Prof. James Ward, which, as the 
editor tells us, may be looked upon as Prof. Ward’s 
“ last will and testament to his contemporaries on the 
subject of general philosophy.” The function of the 
latter he takes to be to understand experience as a 
whole, “ to find a unity and meaning in the entire sum 
of things, beyond the so-called system of nature as 
science conceives it.” His general position is well 
indicated in the title of his article, “ A Theistic 
Monadism.” It owes much to Kant and Lotze, and 
especially to a lifelong study, of great penetration and 
insight, of the natural sciences ; though, as he points 
out, he has often been, strangely enough, accused of 
‘ attacking ’ and 1 reviling ’ them.

The view of philosophy as synoptic is also taken by 
other contributors, notably by Prof. R. F. A. Hoernle 
and by Prof. J. Arthur Thomson. On the other hand, 
Prof. A. E. Taylor takes a more modest view of the 
nature of metaphysical speculation, the object of which, 
according to him, is not the unification of the sciences, 
but “ the necessarily imperfect and tentative recon
ciliation of the exigences of scientific thinking with the 
imperative moral and religious demands of life.” He 
devotes his article to a study of “ The Freedom of 
Man,” and gives a spirited defence of indeterminism 
and real contingency as involved in the moral life of 
man. Stress is also laid on moral values by Prof. 
W. R. Sorley, who seeks to bring out the bearing of 
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the objectivity of value upon central metaphysical 
problems.

On the side of epistemology the most noteworthy 
articles are those of Prof. G. E. Moore on “ A Defence 
of Common Sense ” and of Prof. G. Dawes Hicks 
entitled “ From Idealism to Realism.” The latter 
gives a lucid account of the main principles of a realistic 
theory of knowledge at which he has been working for 
many years. His central position is that cognition is 
of one character through all its forms, and consists 
essentially in an act of judging, and that the primary 
function of discriminating, comparing and relating is 
present from the very beginning of cognitive appre
hension.

In an interesting preface the editor points out the 
chief directions in which, despite apparent conflict and 
opposition, contemporary thinkers tend to approximate 
to one another and to arrive at common results.

M. G.
Industrial Electricity. By Prof. Chester L. Dawes. 

(Electrical Engineering Texts.) Part 2. Pp. 
xv + 480. (New York; McGraw-Hill Book Co., 
Inc.; London : McGraw-Hill Publishing Co., Ltd., 
1925.) 135. gd. net,

The great progress that has been made in recent years 
by electrical engineers in the application of theory to 
their craft is well illustrated by this volume. When 
alternating currents are employed the use of polyphase 
systems is almost universal, the principal exception 
being a few single-phase railways. One advantage of 
the polyphase system is the steady torque produced 
on the generators and motors, it being analogous to 
a multicylinder petrol engine. In the chapter on 
transmission and distribution we were interested to 
find that the author sometimes uses 1 earth ’ and some
times ‘ ground.’ The former word is everywhere used 
in Great Britain and the latter is practically always 
used in the United States. The importance of keeping 
down earth currents in tramway systems is pointed 
out. The first method given is to use good bonds 
between the rails, and the second is to induce the gas 
and water companies to insert occasional insulating 
joints in their pipes. We are told that in some American 
cities the voltage drop along the rails must not exceed 
15 volts. In Great Britain the maximum permissible 
drop is 7 volts, but series dynamos (negative boosters) 
are generally used to keep down the pressures at various 
points of the track. The chapter on photometry is 
good. We are glad that the author does not strive 
.to use different symbols for all the various quantities 
he discusses. He uses I both for current and candle
power.

The chapter on electron tubes (vacuum tubes or 
thermionic valves) will be very helpful to the older 
engineers, excellent descriptions being given of the 
three electrode valve, regeneration, power valves, 
carrier waves, and broadcasting apparatus. Modem 
methods of wiring buildings for the electric light are 
next described. Supply pressures of 300 volts are 
mentioned. In England 240 volts is the maximum, 
and in Europe much lower pressures are often used. 
A useful collection of 260 problems is added, telephone 
relays and loud speakers replacing the carbon lamps 
and tangent galvanometers of an earlier generation.

Transformers for Single and Multiphase Currents: a 
Treatise on their Theory, Construction and Use. By 
Prof. Gisbert Kapp. Third edition, revised by 
Reginald 0. Kapp. Pp. xi +391 +11 plates. (London: 

■ Sir Isaac Pitman and Sons, Ltd., 1925.) 15s’. net.
The late Prof. Kapp prepared the second edition of 
this book in 1908. He pointed out that “ during the 
last twelve years enormous improvements have taken 
place in the construction of transformers.” He also 
said that transformers so large as 1000 kilowatts have 
been constructed. His son in this edition says that 
single transformers up to 60,000 kilowatts, or better 
60,000 kilovolt-amperes, are in service and testing 
transformers have been built which give a million volts. 
The tendency towards the centralisation of power 
supply during the last eighteen years has become very 
marked and the electric output has vastly increased. 
Remembering that most of the electrical energy 
generated passes through two transformers at least, 
the capacity of the transformers installed in Great 
Britain at present must be very great. The trend of 
development during recent years has been to pay far 
greater attention to the problems of economical manu
facture and mechanical construction and to improving 
the insulating materials employed.

The book is intended for electrical engineering 
students and for the engineers of supply stations. 
More space is devoted in this volume to points of con
struction, installation and maintenance. Much of the 
.matter dealing with the general theory of electrical 
engineering has been omitted, and also descriptions of 
devices which are now obsolete. Examples of the latest 
types of transformers by well-known makers are fully 
described. The book will be found helpful by practical 
engineers.
Manual of Injurious Insects. By Prof. Glenn W. 

Herrick. Pp. xxi + 489. (New York : Henry Holt 
and Co;, 1925.) 4.50 dollars.

The author of this book, who is professor of economic 
entomology at Cornell University, remarks in his intro
duction ; “ It is hoped that the book may be useful 
to the teacher and to the student of economic ento
mology ; and that it may serve as a reference book 
to any one interested in the activities, injuries and 
control of the more common injurious insects of the 
United States.” It should fulfil all these hopes to a 
greater or lesser degree, since it is accurate, clearly 
and concisely written, well illustrated, and has sufficient 
references to guide its readers to sources of fuller 
information. The various pests are dealt with under 
the plants which they affect, while there are also 
chapters on pests of live-stock and of the household, 
but forest insects are, for some reason, omitted.

The book presents certain features not usually 
found in works of this character. First, there is a 
pleasing absence of most of the time-honoured illustra
tions that have done duty in .almost every book on 
the subject for the last twenty years; more recent 
and often original figures have been utilised. Secondly, 
there are more than 100 small maps showing the dis
tribution in the United States of each of the major 
pests for which trustworthy data are available. Thirdly, 
there is some account (although brief) of the control 
of pests by biological methods. The book will doubt- 
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iessly prove of service in Canada as well as in the 
United States, and, it may be added, a considerable 
number of references to the literature of Canadian 
economic entomology are included. A. D. I.

Phototopography : a Practical Manual of Photographic 
Surveying Methods. By Arthur Lovat Higgins. 
Pp. xv + 130 + 9 plates. (Cambridge : At the 
University Press, 1926.) 6s.

This book describes, clearly and concisely, the theory 
and practice of ground photo-surveying. Surveys 
carried out by this method suffer from two serious 
disadvantages. There will always be some ‘ dead 
ground ’ which has not been surveyed, and plotting a 
map from photographs is such a long and complicated 
process that the time gained in the field is usually lost 
in the office. The plotting and drawing are much 
simplified by the use of a stereoplanigraph, but this 
machine is very expensive, and few survey establish
ments can afford to purchase it.

Ground photographs have been used for the surveys 
of mountainous areas in Canada, but the method has 
not hitherto been employed in other parts of the 
British Empire. A photographic survey of Kashmir 
will be carried out by the Survey of India this year, 
and the most modern instruments and methods will 
be thoroughly tested. Future developments will 
depend upon the experience gained in Kashmir. Mean
while, this book can be recommended to all who are 
interested in the subject. The stereoplanigraph is not 
described in detail. For this a separate volume would 
have been required, for the instrument is as complicated 
as it is expensive.

It is to be hoped that as the methods develop some 
simplification of the technical terms may be found 
possible, and that words such as ‘ stereophototopo
graphy ’ may be allowed to die a natural death.

Psyche: the Cult of Souls- and Belief in Immortality 
among the Greeks. By Erwin Rohde. Translated 
from the eighth edition by W. B. Hillis. (Inter
national Library of Psychology, Philosophy and 
Scientific Method.) Pp. xvi + 626. (London: Kegan 
Paul and Co., Ltd.; New York : Harcourt, Brace 
and Co., Ltd., 1925.) 25$. net.

Rohde’s “ Psyche ” marked a turning-point in the 
study of comparative religion when it first appeared 
in 1893 ; it has become a classic, and has been through 
eight German editions without change since the 
premature death of the author in the interval between 
the second and the third. Now it appears in a carefully 
translated English version, with -the notes transferred 
to the end of each chapter, and the appendices to the 
end of the volume; a practice deplored by Rohde 
himself, but a great improvement in a book which 
appeals quite as much to the ‘ general reader ’ as to 
the specialist.

The translator has done another considerable service 
in revising the whole of the references to ancient 
authors, whom Rohde used to cite from the edition 
nearest his hand as he wrote. Only one other thing 
he might have done with advantage, namely, to record 
the pagination of the first German edition, by which 
Rohde’s earlier critics quoted him. How convenient 
this is, in a book of this sort, those who have used the 
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later German editions know. Rohde’s chapters are 
long, and not divided into sections. . But the main 
thing is to have an English version of Rohde’s work at 
all, and it should be widely appreciated.

Lehrbuch der Pflanzenphysiologie. Von Prof. Dr. S. 
Kostytschew. Erster Band: Chemische Physio
logic. Pp. vii + 567.- (Berlin: Julius Springer, 
1926.) 27 gold marks.

This first volume of a new plant physiology, hailing 
from Leningrad, is of quite exceptional interest. The 
citation of literature is exceedingly full and complete, 
and in many cases the references to Russian literature 
deal with work which is very little known in Great 
Britain. Thus Russian work upon the colourless 
chromogen, leucophyll, said to precede chlorophyll 
during development in the dark, and Russian work 
upon the nutrition of flowering plants when grown 
under sterile soil conditions, is somewhat fully referred 
to. This first volume, recognising that the modem 
botanist requires a critical chemical equipment, deals 
with the processes of metabolism from a chemical 
point of view and commences with an introductory 
chapter upon the fundamental chemical questions in
volved in interpretations of plant physiology.

In the second volume, problems of the entrance and 
translocation of solvents and solutes are to be dealt 
with, together with problems of growth and plant 
movements, and also tissue differentiation and cor
relations.
The Physiology of Plants : the Principles of Food Pro

duction. By Prof. G. J. Peirce. Pp. x + 363. (New 
York : Henry Holt and Co., 1926.) 3 dollars.

This is a somewhat discursive treatment of some of 
the main problems of plant physiology, particularly 
nutrition, water movement, respiration, and irritability. 
These problems are handled more fully than they would 
be in an elementary text; on the other hand, neither 
the necessary physics and chemistry, nor the essential 
physiological considerations, can be said to be handled 
thoroughly, whilst there is considerable repetition 
arising from the discursive nature of the book. Many 
readers may find the author’s viewpoint interesting, 
however, even when he is traversing familiar ground. 
Thus the human and industrial contacts of plant 
physiology are often emphasised, and a considerable 
amount of recent work is discussed from an individual 
and, to some extent, a critical point of view.

Laundry Chemistry: a Short Handbook on the Chemistry 
of Laundry Materials and Methods. By A. Harvey. 
(Lockwood’s Manuals.) Pp. viii+116. (London: 
Crosby Lockwood and Son, 1926.) 4s. net.

This book contains brief accounts of those parts of 
chemistry which are involved in laundering processes, 
with a short introduction to elementary chemistry. 
Much of the information is otherwise obtainable only 
in large treatises or dictionaries, and it is undoubtedly 
useful and convenient to have it collected in a small 
manual of this kind. The information is accurate 
and up-to-date. The book is well printed, and should 
prove useful to students and those engaged in 
laundering. The author has evidently an excellent 
practical knowledge of the subject.
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Letters to the Editor.
[The Editor does not hold himself responsible for 

opinions expressed by his correspondents. Neither 
can he undertake to return, nor to correspond with 
the writers of, rejected manuscripts intended for 
this or any other part of Nature. No notice is 
taken of anonymous communications^

Ether Drift Experiments.
The editor has kindly shown me the proof of a 

letter from Sir Oliver Lodge, relating to my ether 
drift experiments, and in particular to the account 
of this work recently given at the Royal Institution. 
Sir Oliver has in a very courteous manner described 
the principal argument put forth, and, as he says, 
the matter is now before the scientific world, sub 
judice. Notwithstanding this, it may not be out of 
order to make further explanation of some of the 
points raised by Sir Oliver.

It seems necessary to direct attention again to 
the fact that this experiment has never given a true 
zero or ‘ null' effect in general; it has only given a 
‘ negative ’ result, that is, it has answered ‘ no ’ to 
a specific question. Following the report by Morley 
and Miller, in 1905, Prof. Einstein made the hypothesis 
that the motion of the observer produces no effect 
upon the apparent velocity of light. This hypothesis 
has been given in hundreds of books as the correct 
interpretation of the experiments, and has been 
accepted, perhaps without fully examining the 
original papers. Michelson and Morley, in 1887, 
said : “ Considering the motion of the earth in its 
orbit only . . . the relative velocity of the earth and 
the ether is . . . certainly less than one-fourth of 
the orbital velocity. ... In what precedes only the 
orbital motion of the earth is considered. If this is 
combined with the motion of the solar system, 
concerning which but little is known with certainty, 
the result would have to be modified." In 1905 
Morley and Miller, using a much larger interferometer, 
included in the calculations with the orbital motion 
of the earth a presumed motion of the solar system 
of twenty kilometres per second towards the con
stellation Hercules (still leaving the orbital motion 
predominant), and came to practically the same 
conclusion. But, in each of these reports the effect 
to be expected was calculated in advance, both as to 
direction and magnitude, and then the observations 
at two different times of day (as determined from the 
expected result) were combined so as to add together 
the expected components, and so as to cancel effects 
other than those being looked for.

In all of these observations there was a definite 
positive result, which is observed as a periodic 
displacement of the interference fringes ; but, for 
the two calculated times of day, the phases of the 
positive periods differed in such a way that when 
the two sets of readings were added, they neutralised 
each other and left only the very small result which 
was correctly reported as that obtained for the 
orbital component of any existing ether drift. It is 
this positive effect, then eliminated, that is now 
being examined. While it is not large, it is by no 
means insignificant; the present amount of observed 
relative motion is 10 kilometres per second with a 
probable error of ±0^5 kilometres per second. As 
this effect was not ‘ expected ’ it was not easy to 
interpret. The history of the experiment has been 
given in Science for June 19, 1925, and in a more 
concise report in Nature for July 11, 1925, p. 49.
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The re-examination of all of the observations from 
1887 to 1926, is the subject of a paper presented to 
the National Academy of Sciences in Washington 
on April 26, 1926, and not yet published. It is 
hoped to give a summary of this paper shortly in 
Nature.

Sir Oliver Lodge asks what would appear if the 
results were plotted on the hypothesis that the south 
side of the housing is warmer than the north side, 
or with regard to other conditions. It is exactly 
for answering these questions, and others, that the 
experiments have been continued over a period of 
six years, in which time the thousands of readings 
have been made. Every disturbing cause that could 
be thought of has been exhaustively studied ; among 
these are : daily and annual variations in temperature, 
meteorological conditions, radiant heat, magnetism, 
magneto-striction, differential gravitation, gyrostatic 
action, influence of method of illumination, trans
parent and opaque coverings of the light path, speed 
and direction of rotation, lack of balance in the 
rotating parts, position of the observer, and other 
conditions. One after another, these disturbances 
have been shown not to produce the observed effects. 
Finally, it has been possible to combine into one 
logical solution all the readings made to test all 
these varying conditions, without any omissions 
(excepting a few readings made under abnormal 
conditions, such as artificial heating), without any 
corrections, and without assigning any weights. 
This solution is entirely consistent with the observa
tions of Michelson and Morley of 1887, and with 
those of Morley and Miller of 1902-1906.

The observations with the interferometer are made 
To detect a periodic shift of the fringes, periodic in 
each half-turn of the instrument ; it is not the 
absolute position of the fringes that is important, 
but rather the periodic, vibratory change in the 
position of the fringes, as the interferometer turns 
through 1800. This can be detected best by having 
the instrument in slow and uniform movement, while 
the observer watches the fringes continuously. 
The instrument turns once in about a minute, and 
floats so freely that when once started it will continue 
in rotation for more than two hours without being 
touched. A series of readings is made in less than 
fifteen minutes.

The important part of the argument is that the 
reported effect has always been present, and is 
evident in every single observation and not merely 
in the mean ; it is not related to the instrument, or 
to its surroundings ; neither is it dependent upon 
day and night, or summer and winter ; it is clearly 
shown to be directly related to sidereal time, that is, 
to a cosmical cause. This is explained, with numerous 
curves showing the results of the 1925 observations, 
in Science for May 1, 1926. The final arguments 
are based upon four very complete series of observa
tions made at Mount Wilson for the epochs April 1, 
August 1, and September 15, 1925, and for February 8, 
1926, thus covering various seasonal conditions, and 
various orbital positions of the earth.

In making the observations, two independent 
quantities are noted, the direction in which the 
interferometer points when the effect is a maximum, 
and the amount of the periodic displacement of the 
interference fringes. Each of these two sets of 
readings leads to an independent determination of 
the right ascension and declination of the apex of 
the supposed motion of the earth in space. It is 
very significant that these two determinations are 
wholly concordant.

Dayton C. Miller.
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Note on the Law of Radiation.
In connexion with the distribution of black-body 

temperature-radiation among different wave-lengths, 
the law of that distribution suggested by the late 
Lord Rayleigh for long wave-lengths is now well 
known to require the interesting and important 

% hecorrection factor —---- (where x is -544- or, as Dr. ex - 1 ' RTX
^/K Jeans has virtually pointed out, very nearly 32^

the electronic charge being e), in order to adapt it 
to all wave-lengths. This factor could not have 
been deduced from dynamical reasoning, even with 
the help of the electron and the laws of probability, 
without the postulate of a previously unsuspected 
discontinuity in the interaction between ether and 
matter. Not because the expression for x (which in 
itself is full of speculative interest) contains any 
discontinuity, but because the denominator of the 
correction-factor (e" - 1) suggests, as my brother has 
pointed out (Nature, May 30, 1925), a continuous 
accumulation at compound interest with the periodic 
emission of a dividend. The steady growth of a 
tree through a summer, with occasional spasmodic 
drop of an apple to a lower energy level, may be in 
some respects a permissible analogy.

There seems some risk that in order to emphasise 
the novel character of this discovery of Max Planck’s, 
supplemented as it was by Einstein, teachers of 
senior physics may convey the impression that Lord 
Rayleigh had enunciated his law as complete; 
whereas he was under no such mistaken impression. 
He knew that his law was a partial one, and could 
apply only to long waves. I had thought of quoting 
from his original 1900 Memoir on the subject, together 
with a footnote added in 1902, in support of this 
contention (see vol. 4 of Rayleigh’s “Collected 
Papers,” p. 485), since there seemed a risk of its 
being overlooked by readers of Dr. Jeans’s admirable 
Report to the Physical Society on “ Radiation and 
the Quantum Theory.” But I have found that the 
true position is clearly admitted and stated by Dr. 
Jeans in his book on “ The Dynamical Theory of 
Gases ” (p. 359, third edition).

Rayleigh’s law, I may remind readers, is that if E 
is the total radiated energy at the temperature T 
(which energy may be plotted as an area with a 
wave-length base) its distribution among different 
wave-lengths (or the ordinates of the continuous- 
spectrum energy curve) will be :

dE /dx = 8ttRTX~\
Rayleigh threw out his suggestion as the simplest 
definite form of Wien’s thermodynamically-derived 
and well-established so-called “ displacement law ” 
connecting energy at each wave-length with absolute 
temperature :

X-^XT).
The new form represented a special case ; and the 
replacement of X-5 by X^T was convenient for several 
reasons : (1) Because it emphasised the fact that 
atomic energy in each mode must be proportional 
to T (which was disguised in Wien’s form) ; (2) 
because it brought in the known gas constant instead 
of an unknown function ; and (3) because it was in 
accordance with the Maxwell-Boltzmann law of 
equipartition.

Rayleigh expected that his expression might 
represent the true law of radiation when XT was 
great; and so it has turned out. The law is true 
so far as matter is concerned ; that is, it is true if 
an atom radiated, as a sounding body does, into a 
material medium. That something more was re
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quired to bring in non-matter, like the ether, was 
clear, because for some unknown reason equipartition 
would not apply to that; even proportionality to 
temperature need not hold in the ether. No one 
could deduce the complete law without further dis
covery. Each step from matter to ether, or back 
again, demanded the quantum factor, and does 
demand it wherever such interaction occurs. The 
gradual Keplerian manner in which the true law was 
guessed was a triumph of genius. Bohr’s subsequent 
pictorial representation of the quantum at work, 
in the structure and behaviour of a radiating atom, 
was another. In this connexion I find that an 
ancient address of Clerk Maxwell’s to the Chemical 
Society in 1875 (which I had the privilege of hearing, 
and which is reported in Nature, vol. 11, pp. 357, 
374) contains the following now rather amusing 
anticipatory paragraph (see also p. 435, vol. 2, of 
Maxwell’s “ Collected Papers ”) :

“ The theory of the possible vibrations of a molecule 
has not yet been studied as it ought, with the help 
of a continual comparison between the dynamical 
theory and the evidence of the spectroscope. An 
intelligent student, armed with the calculus and the 
spectroscope, can hardly fail to discover some 
important fact about the internal constitution of a 
molecule.”

We are living in a period of remarkable discoveries, 
which rather tend to put in the shade some of the 
older physics. Nevertheless, as an intermediate 
stage, complete so far as matter is concerned, Lord 
Rayleigh’s partial statement was most useful. It 
never pretended to be more complete than it was, 
and it is only fair to his well-known care and scrupulous 
caution to emphasise this. Oliver J. Lodge.

Normanton House, 
Lake, Salisbury.

Plastic Deformation of Single Metallic Crystals.
In a letter to Nature (May 22, p. 720), Messrs. 

Millington and Thompson discussed the wedge-shaped 
fracture which ordinarily results from a tensile test 
on a single metallic crystal. On the assumption of 
uniform slip on a number of parallel planes they 
calculate the magnitude of an angle which they 
assume to be the angle of a wedge-shaped fracture 
produced by the slip. May I point out that uniform 
slip of the type they consider, on one or more sets of 
parallel planes, would result in uniform extension 
together with a uniform change in the cross-section 
over the whole of the portion of the specimen which 
is slipping, and consequently no wedge-shaped 
fracture could result ? The angle which was cal
culated in the letter referred to is the inclination of 
the axis of the ' slipped ’ portion of the specimen 
to the axis of the portion which has not slipped, and 
this has no connexion whatever with the angle of a 
wedge fracture.

In the earlier stages of a tensile test on a single 
crystal the act of slipping on any plane increases the 
resistance of that plane to further slip. This has the 
effect of distributing the slip more or less evenly over 
all the planes of the same type so that uniform 
extension results. At some stage, however, this 
strengthening action appears to become exhausted 
and a zone of weakness is set up. The final wedge 
fracture results from non-uniform slip in this region, 
the extent of the slip on the set or sets of planes 
involved becoming progressively greater as the weakest 
point is approached from either side. No calculation 
of the angle of the final fracture can be made without 
some information as to the nature and extent of the 
zone of weakness referred to, and there appears to be 
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no evidence available on this point. However, it 
may, I think, be definitely stated that the occurrence 
of a wedge-shaped fracture is an indication that non- 
uniform slip has occurred in its neighbourhood. The 
only deduction that can safely be made from the shape 
and orientation of the wedge concerns the number of 
sets of parallel planes involved. In general slip 
occurs on two such sets, and the final line of cleavage 
will be parallel to their lines of intersection. The 
actual examination of a number of fractures of single 
crystals of aluminium encountered by the writer and 
his colleagues in the course of an experimental 
research into their behaviour under stress, shows 
that in every case the faces of the wedge are not plane 
but are definitely curved surfaces.

I would strongly suggest that general deductions 
as to the distribution and amount of slip, from 
geometrical considerations or from the representation 
of atoms by hard spheres, unless supported by care
fully obtained experimental evidence, should be 
treated with great caution. S. J. Wright.

Engineering Department,
National Physical Laboratory, 

Teddington, Middlesex,
May 29.

Dipole Moment and Molecular Structure.
Debye (Marx, “ Handbuch der Radiologie, 6, 597) 

has shown how the electrical moment or dipole moment 
of a molecule can be determined from dielectric 
constants and refractive indices of vapours and dilute 
solutions. Debye and other workers find that the 
dipole moment for a series of homologous compounds 
is nearly constant. The dipole moment, therefore, 
may be associated with a definite polar group in the 
molecule, whilst the rest of the molecule is non-polar. 
The dipole moment is a vector quantity. Hence the 
dipole moment of a molecule, which contains several 
polar groups, should be the vector-sum of the dipole 
moments of the groups; compare Errera, J. Phys. 
Radium, VI., 6, 390 (1925).

To test the above theory the present experimental 
investigation has been carried out. The results are 
collected in the following table. The experimental 
dipole moment n is calculated for infinite dilution in 
benzene solution. Simultaneously the association 
constant k may also be determined. The theoretical 
dipole moment v is calculated as the vector-sum of 
the moments of the monosubstituted derivatives, 
assuming the angles between the ortho, meta and 
para directions to be 6o°, 1200 and 180° respectively. 
The following dipole moments have been taken from 
earlier publications, namely, ^ = 3-75 x io-18 E.S.U. 
for nitrobenzene, and (u. = o-43 x io-18 for toluene.

The small dipole moments are not exact, because of 
the so-called atom-polarisation : L. Ebert (Z. Phys.

V. k.

Chlorobenzene . 1-58 x io-18 0-04
Bromobenzene . 1-50 o-io
Dimethylaniline 1’39
o-Dinitrobenzene 5’95 6-5 xio-is 0-36
m-Dinitrobenzene 4-02 3’75 0-26
T’-Dinitrobenzene o-8 o-oo
sym Tribromobenzene 0’3 o-oo
O-Nitrotoluene . 3'56 3’62
p-Nitrotoluene . 4’3° 4-18 0-24
o-Chl oron itrobenzene 4'25 4’75
m-Chloronitrobenzene 3’38 3-27
^-Chloronitrobenzene 2-52 2-17 0-07
p-Bromonitrobenzene 2-69 2*19
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Chern., 113, 1 (1925)). The polarity of groups must 
be due to charges on the atoms in the groups. If it 
is assumed that one charge is on the group and the 
opposite on the benzene ring, it is found, from the 
relative directions of the component moments, that 
chlorine, bromine and the nitro-group are charged in 
the same manner, whilst the methyl group is oppositely 
charged. The work is being continued.

The present work was carried out in the Chemical 
Laboratory of the University of Copenhagen. The 
author wishes to express his thanks to Prof. Bilimann 
and to the Orsted foundation of the Great Northern 
Telegraph Co., Ltd., for a grant. .

Kristian Hojendahl.

Efficient Use of Thermopiles.
It is well known that when using a very delicate 

thermocouple or a thermopile for the measurement 
of weak intensity radiation, it is of advantage to work 
the pile in vacuo. The effect obtained is threefold :

{a) Increased sensitivity; (6) Improved constancy 
of the galvanometer deflexions ; (c) Increased steadi
ness of the galvanometer.

The value of the first is small, the factor being 
about three times, unless special care be taken to 
reduce to a minumum the conduction of heat along 
the wires of the thermo-elements. (Cf. Moll and 
Burger, Z. fur P., 32, 575, 1925 ; also Phil. Mag., 50, 
624, 1925.)

(&) In the absence of a vacuum, and when the total 
radiation falling upon the pile is great enough to 
cause an appreciable difference of temperature be
tween the two sets of junctions, minute convection 
currents are set up in the air, with consequent 
fluctuation in the magnitude of the galvanometer 
deflexion. This trouble is not noticeable if the 
deflexions are small.

(c) This is of very real value. The major portion 
of the disturbance experienced in working with a 
thermopile in air is due to the unequal heating and 
cooling of the two junctions of each thermo-element, 
by the minute and continual adiabatic variations of 
pressure of the atmosphere. These disturbances be
come relatively very large as the sensitivity of the 
galvanometer used for the measurement of the thermo
electric current is increased. It may not always be 
convenient to work with a vacuum pile, but to secure 
the benefits conferred by (c) it is only necessary to 
enclose the pile in an air-tight casing, an experimental 
problem very much easier of solution than the con
struction of a casing to hold a high vacuum inde
finitely. Apparently this simplification of the prob
lem is not generally realised, and I can from my 
experience here vouch for the efficacy of the method.

In this connexion, it may also be of interest to note 
that when working with a galvanometer of the Paschen 
type, of a figure of merit of about 19,000, also when 
using a Boys’ radiomicrometer, it was found possible 
to eliminate mechanical disturbances only when the 
instruments were stood directly upon a concrete 
pillar let into the foundations of the building. Earth 
tremors, etc., might then produce a temporary minute 
disturbance, which died rapidly away, leaving the 
zero unchanged ; whereas if any system of suspension 
or mounting upon rubber in any form were used, 
chance earth tremors maintained the suspended 
system in a continual state of minute vibration.

A. Maurice Taylor.
Laboratory of Physical Chemistry, 

University of Cambridge, 
June 5.
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The Evolution of Beauty.
Darwin sought for an explanation of the ornaments 

of animals, their bright colours, beautiful songs, and 
all their structures and habits that could not be 
explained as the result of natural selection, and he 
found a perfect one in the instincts possessed by the 
unornamented sex, usually the females, of choosing 
as mates the more beautiful of their suitors. But this 
theory, although it explains the ornaments by the 
instincts, makes no reference to the evolution of the 
instincts.

It seems plain that a female which gives her 
descendants dangerous habits and structures will 
soon have no descendants, yet some of the practices 
and structures of the males are dangerous, and the 
female instinct to choose these has evolved, apparently 
in defiance of natural selection.

The better mate an animal can get the more chance 
its descendants will have of survival, and it is obvious 
that a male that has to face more danger and yet 
manages to survive has in all probability a greater 
capacity for keeping alive than one which lives 
through less danger. Therefore the female that 
chooses a mate with a dangerous habit or structure 
chooses what is, apart from the dangerous part, a 
better and more fit mate.

No species can rise directly above its environment, 
for if there is less killing there is less selection, and 
variations for the worse soon drag the whole species 
down into the arena, even if it does contrive to climb 
out. The only way in which selection can be escaped 
is for some individuals to be handicapped and sacri
ficed, taking the selection upon themselves, so that 
their, descendants, or at all events some of them, 
may escape it.

This is exactly what has happened. The female has 
forced the male to seek danger and endure rigorous 
selection in order to win her, and, while his handicap 
has descended only to the male line, the vitality which 
was his that he might bear it has descended to both 
sexes equally.

The whole advantage is on the female side, conse
quently anything which tends to make the female more 
valuable than the male favours the development of 
sexual selection. Compared with the females the 
males of polygamous animals are valueless, and it is 
noteworthy that among the higher animals all, or 
almost all, the polygamists indulge in sexual selection.

C. H. Henshaw.
11 Belmont Street, 

London, N.W.i, May 31.

The Line Spectra of Isotopes.
Comparisons of the spectra of the isotopes of 

lead have shown that they are indentical, except 
for slight wave-length differences of the order of a 
few thousandths of an Angstrom unit. Our inability 
completely to separate the isotopes of other non- 
radio-active elements in quantities for spectroscopic 
investigation has left this the only experimental 
result of a direct nature. In order to find possible 
evidences of the effect in two other elements, the 
writer has made an accurate comparison of the spectra 
of samples of mercury having different atomic weights, 
and also of similar samples of chlorine. These have 
been produced by long-continued fractional diffusions 
in the laboratory of Prof. W. D. Harkins, who kindly 
made them available for this investigation.

The best mercury used had an atomic weight 
difference of 0-18 units. A calculation showed that 
the proportions of isotopes 198 and 204 in these 
samples differed by about 20 and 27 per cent., 
respectively, of their values for ordinary mercury.
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The lines were compared, using an echelon of R.P. 
400,000 and a plane grating the R.P. of which in 
the fifth order was 478,000. No differences in the 
wave-lengths of the lines XX5461, 4359, 4078, and 4047, 
or any of their satellites, were found which were 
greater than the error of measurement (3 x io-4 A.U.). 
The relative intensities of the satellites of a line were 
always visually identical in the two spectra. This 
observation has a direct bearing on some recent 
discussions which have appeared in the columns of 
Nature, particularly those. of Nagaoka and his 
associates, according to whose ideas we should expect 
intensity differences of 1/4 and 1/5 in the satellites 
corresponding to isotopes 198 and 204.

The chlorine lines from two specimens differing 
by 0-097 atomic -weight units, when examined with 
the echelon, showed distinct evidence of shifts in 
some cases. Wherever these were observed, the 
heavier chlorine appeared to give the shorter wave
length. The shifts were small, however (0-0012 A.U.' 
in the largest of the trustworthy cases, X4741), and 
their exact values cannot be given, since they w-ere 
at most only two or three times the experimental error.

The experiments were carried out in the Physics 
and Chemistry Departments of the University of 
Chicago, and the writer is indebted to Prof. H. B. 
Lemon for many valuable suggestions. A fuller 
report of these results will be given elsewhere.

Francis A. Jenkins.
(National Research Fellow.) 

Jefferson Physical Laboratory,
Harvard University, Cambridge, Mass.

The Isotopes of Sulphur.
Sulphur is one of the elements used in the funda

mental calculation of atomic weights, and there is 
no reason to doubt the substantial accuracy of the 
fractional value 32-06 ascribed to it. The results of 
its analysis by the mass-spectrograph (Nature, 
July 1, 1920, p. 547) were indecisive, owing to the 
fact that the resolving power of the instrument, 
about 1 in 130, was insufficient to separate the line 
due to molecular oxygen from that of a sulphur atom 
of the weight above, if the latter existed. There 
were many other lines on the plates, which might 
have been due to isotopes present in small percentages. 
Those at 33 and 34 were particularly noted {Phil. 
Mag. 40, 632, 1920), but with the knowledge then 
available it seemed safer to ascribe these to hydrides 
and to rest content with the certain conclusion that 
atoms of mass number 32 were present in preponderat
ing amount.

I have now been able to raise the resolving power 
of my new instrument to about five times that of 
the old one, sufficient to show the lines of O and CH4 
clearly separated by more than half a millimetre. 
Subject to this analysis the line 32, obtained under 
conditions such that O, and S must both have been 
present, showed no sign of doubling. This proved 
that isotopes of higher mass-number must exist. 
Further study with gases containing SO2 indicated 
that the suspected faint companions at 33, 34 (S) ; 
49, 50 (SO); 65, 66 (SO2), were present on all spectra, 
even when the conditions were such as to make the 
presence of hydrides very unlikely. They also showed 
intensity relations consistent with true isotopic 
character.

The matter has now been put beyond reasonable 
doubt by the negative mass-spectrum obtained by 
using pure SO2 and exposing for an hour with both 
fields reversed. All three lines were visible, and again 
showed the same intensity relations. Sulphur is 
therefore a triple element like the two even ones,

2 C 2
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magnesium and silicon, which precede it in the periodic 
table. The lightest mass-number is far the most 
abundant in all three cases. S34 appears to be about 
three times as abundant as S33; the two together 
probably amount to about 3 per cent, of the whole.

The band spectra of suitable sulphur compounds 
should well repay a careful study, since they should 
exhibit an isotope effect similar to that so beautifully 
demonstrated by Mulliken in the case of silicon.

F. W. Aston. 
Cambridge, June 12.

Numerical Reduction of Instars in the 
Metamorphosis of Euphausids.

The development of an animal from the zygote up 
to the adult condition is usually accompanied by a 
more or less regular and continuous increase in size. 
In the case of the Arthropoda, however, the enclosure 
of the body in a hard inextensible layer of chitin 
renders this impossible, and in accordance with this 
the chitinous exoskeleton is shed from time to time, 
each moult or ecdysis being followed by a rapid spurt 
of growth until the process is again blocked by the 
hardening of the new chitinous layer. In many of 
the. better-known arthropods particular moults are 
associated with the attainment of particular stages of 
development—e.g. the penultimate and the last moult 
of a Lepidopterous insect—and the idea is very 
generally held that this applies to all ecdyses or 
moults in the Arthropoda. Consequently, when in 
the study of plankton it is found that specimens of 
the young of some particular crustacean fall into a 
large number of different types demarcated by slight 
differences in size and form, one very naturally 
regards these as forming typical successive stages of 
the life-history, the whole series being worked through 
by each developing individual.

The object of this communication is to record that 
recent work at the Millport Marine Station upon the 
Euphausidse would appear to invalidate the belief 
indicated above. From observations upon Meganycti- 
phanes norvegica, it seems clear that the individual 
does not necessarily go through the thirty or so 
moults which have been assumed to demarcate 
definite successive larval stages. On the contrary, 
the suspicion is forced upon one that the a.ct of 
ecdysis does not by any means form a fixed landmark 
in the developmental history of the individuals. 
Should this suspicion turn out to be correct it will 
obviously involve important modification of our 
current conceptions of arthropod development.

R. Macdonald.
Marine Biological Station, 

Millport, May 19.

Abraham de Moivre.
Travelling in countries where Nature was not 

available in public libraries, it was not until to-day 
that I was able to consult the issue of April 17, in 
which my letter, with Prof. Pearson’s comments, 
appears. I must decline to accept responsibility 
for the statement attributed to me by Prof. Pearson, 
namely, that I spoke "as if the matter in the 1738 
‘ Doctrine of Chances ’ and again in the 1756 edition 
was a mere translation ‘ except for minor changes.’ ” 
What I did write was that a translation of the pam
phlet under discussion appeared, except for minor 
changes, in both editions. I still believe this state
ment to be absolutely accurate. It is, of course, true 
that after this translation there are in the 1756 
edition of the “Doctrine” ‘Remarks,’ and. other 
material. Prof. Pearson regards the Remarks • as of 
great historical importance. I am glad’ that in this 

NO. 2956, VOL. I 17]

connexion my letter drew forth his further comments 
on the history of statistics.

May I add that my letter was written with a 
photographic copy of the pamphlet before me, as 
my reference to the Isis article indeed suggested. 
Typographic considerations, which Prof. Pearson 
suggests, would scarcely lead me to his conclusion. 
But in the light of Moivre’s positive statement that 
the contents of the pamphlet were first “ made 
public” in 1738, it does not appear to me possible 
to consider the earlier pamphlet, “ communicated 
to some Friends,” as a second supplement to the 
“ Miscellanea ” of 1730.

I closed my last letter with the sentence, “ It 
would be interesting to learn if any other copy of 
Moivre’s original pamphlet is in existence.” I have 
here found another copy in the Preussische Staats- 
bibliothek, bound in with the “Miscellanea.” Are 
there other copies ? R. C. Archibald.

Berlin, June 2.

The Taxation of Research.
In “ News and Views ” of Nature of June 19, 

p. 866, it is stated that there is a “ semblance,, of 
overstatement ” in our letter on the above subject 
published in the same issue. In justice to the 
Chemical Society we think this remark “ requires 
some slight modification.”

The published balance sheet of 1925 is quoted as 
illustrating the financial position of the Society, but 
had the balance sheets for previous years been ex
amined as well, it would have been found that the 
actual deficits on the years’ workings were as follows : 
1920, 2853/.; 1921, 1104Z.; 1922, 584Z.; 1923, i6?8Z.— 
a total of 6169Z. in four successive years, despite the 
raising of the subscription from 2Z. to 3Z. in 1921. 
It was only by drastically cutting down published 
papers—even to the point of unintelligibility—that 
we were able to obtain a credit balance of 210Z. in 
1924 and another of 466Z. in 1925, the latter including, 
however, a grant of 350Z. from the Government 
Publications Grant.

It is clear that in these circumstances “ solvency 
and bankruptcy ” are closely related to “ surplus 
and deficit ” on the year’s working, and that even 
the substantial sum given as invested capital cannot 
long withstand depletion at the rate illustrated above.

H. B. Baker, President.
Jocelyn Thorpe, Treasurer.

Royal College of Science, South Kensington, 
London, S.W.7, June 21.

Frictional Forces in Liquid Surfaces.
Mr. Chase in Nature of May 22, p. 724, deals with 

a phenomenon which probably many have noticed. 
The effect produced is, I think, due entirely to the 
surface tension of the liquid acting on the wire where 
it breaks the surface.

Unless the liquid surface be of large extent a 
resultant force is in general set up on the wire in the 
plane of the surface, and if the axis of rotation of the 
moving system does not meet the surface in the same 
point as the wire, free rotation is impeded.

This form of apparatus gives a great deal of trouble 
in use, for the forces set up may be comparatively 
large. It is of course theoretically possible to find 
the neutral point in the surface and to adjust the axis 
of rotation and the suspended wire so that they both 
pass through it, but these adjustments are difficult to 
maintain, and observations made with the apparatus 
are liable to a very uncertain source of error.

L. H. G. Dines.
73 Fairfax Road, Teddington, June 6.
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The Light-Quantum Theory.1

1 Substance of three lectures on “ The Atom of Light and the Atom of 
Electricity,” delivered at the Royal Institution on February 25 and March 4 
and 11.

By Dr. C. D. Ellis.

IT is well known that the wave-theory of light 
fails to explain certain phenomena, and so much 

has been written on this subject already, that it seems 
at first sight unnecessary to emphasise this point. 
But although the main problem has not altered and 
no solution has been found, yet the general attitude 
towards this question is slowly changing, and several 
important new experiments have been carried out. 
Recently a new theory was put forward by Bohr, 
Kramers and Slater which would have removed many 
of the difficulties, but experiments by Geiger and Bothe 
quickly showed it to be incorrect. This theory and 
its refutation were not without their effect, and now 
the attitude is frequently held that the light-quantum 
theory is not merely a crude picture of certain facts, 
but is an important theory no further from the truth 
than the wave-theory. The wave-theory itself cannot 
be correct, but except for its greater age it has no 
greater claims than the light-quantum view.

These two theories give entirely different pictures 
of the nature of light, as is expressed by their names. 
The wave-theory pictures the radiant energy as spread
ing out in all directions from the source, filling every 
portion of the surrounding space, so that the propaga
tion may be imagined to be a handing on of the energy 
from point to point. It is an essential feature that 
except in special cases the intensity of the forces in 
the light wave diminish rapidly with increasing distance. 
Any theory will predict that the average energy density 
will diminish with the inverse square of the distance, 
but the law of variation of the forces is peculiar to each 
theory. The triumphs of the wave-theory scarcely 
need emphasis. By its means all the intricacies of 
interference and diffraction problems can be explained 
in the smallest detail, and in every problem involving 
direction this theory is in complete agreement with 
experiment.

It is only when we consider the interchange of 
energy between radiation and single atoms that the 
wave-theory breaks down, and the completeness of this 
breakdown is best seen by considering the photo
electric effect. To take a definite case, suppose X-rays 
are incident on a plate of some material, then it is 
found that electrons are ejected from the plate with 
considerable velocities. The number of electrons 
depends on the intensity of the X-rays and diminishes 
in the usual way as the plate is moved farther from the 
source of X-rays. The velocity or energy of each 
electron, however, does not vary but depends only on 
the frequency of the X-rays. The electrons are found 
to have the same energy whether the material from 
which they come is close to the X-ray bulb or whether 
it is removed away to any distance.

This is a result which is quite incompatible with the 
ordinary wave - theory of radiation, because as the 
distance from the source increases the radiation spread
ing out on all sides becomes weaker and weaker, the 
electric forces in the wave-front diminishing as the 
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inverse square of the distance. The experimental 
result that the photoelectron always picks up the same 
amount of energy from the radiation could only be 
accounted for by giving it the power either to collect 
energy from a large volume or to collect energy for a 
long time. Both of these assumptions are unworkable, 
and the only conclusion is that the radiated energy 
must be localised in small bundles.

This is the basis of the light-quantum theory. Light 
of frequency v is considered to consist of small bundles 
or quanta of energy all identical and of magnitude hv, 
h being Planck’s constant. These quanta travel 
through space, being unaffected by each other, and 
preserving their own individuality until they make a 
suitable collision with an atom. Then if the quantum 
is absorbed the whole energy is transferred to the atom 
and an electron will be ejected. It can be seen that 
this hypothesis is so designed that the velocity of the 
photoelectrons is accounted for, first in the dependence 
on frequency, since the energy given up is always just 
one quantum, which bears the correct proportionality 
to the frequency; and secondly in its independence on 
the distance from the source, since although when

Fig. 1.—Diagrammatic representation of the mechanism of the scattering 
of X-rays in accordance with the relation TL+hv =hv.

the source is distant fewer quanta will arrive, those 
that do arrive will still give up the same invariable 
amount of energy to the atom.

This theory is also capable without further modifica
tion of accounting for the Compton effect. Compton 
found that X-rays suffered a change of wave-length 
when they were scattered. Now, scattering on the 
light-quantum hypothesis means a deflexion of the 
quantum, and since this quantum with its energy hv 
will have momentum hvfc where c is the velocity of 
light, this means further that the electron which 
deflects it will receive an impulsive blow. Fig. 1, in 
which the orbital electrons of the atom are represented 
by concentric rings, illustrates such a process. The 
left-hand picture is supposed to represent the quantum 
just about to collide with an electron in the M ring. 
The right-hand picture indicates how the quantum 
is deflected and sends off sideways the electron with 
which it collides. If, as the hypothesis demands, we 
consider energy to be conserved, then the energy of 
the scattered quantum plus the energy of the recoil 
electron must equal the energy of the initial quantum. 
In other words, the scattered quantum must have a 
smaller energy, which means lower frequency (since 
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energy = hv) or longer wave-length. The theory at 
once suggests the simple qualitative result of Compton’s 
experiments, and it is a striking point that the con
sideration of the simple dynamics of the collision 
lead directly to a complete quantitative agreement 
also.

It can be seen that the light-quantum theory explains 
two important phenomena, but in this crude form it 
fails to give any explanation of diffraction and inter
ference just as completely as the wave-theory fails to 
explain the photoelectric effect. These two theories 
are clearly incompatible, and many attempts have 
been made so to modify either one or the other that 
it might explain the rival phenomenon. We find 
modifications of the. wave-theory which attempt, on 
the whole unsuccessfully, to account for photoelectric 
phenomena; and again, there is another class of 
theories which make arbitrary rules to direct the 
light-quanta along such paths as would be necessary 
to give the correct interference patterns.

The most serious theory of the first class has been 
proposed by Bohr, Kramers and Slater, and it must 
be held greatly to the credit of this theory that it was 
sufficiently precise in its statements to be disproved 
definitely ■ by experiment. The Bohr theory took its 
origin from the observation that it was only in the 
prediction and explanation of the energy relations 
that the wave-theory failed, and this failure could be 
briefly stated by saying that on the wave-theory there 
is never enough energy at the right place to produce 
the observed changes. These authors therefore sug
gested that energy might not necessarily be conserved 
in each interchange of energy between an atom and 
radiation, but only when a very large number of such 
interchanges were considered. For example, an atom 
which was in a radiation stream of frequency v could 
suddenly acquire energy hv by means of the action of 
the radiation, although the energy density of the 
radiation might be so small that this amount of energy 
could only be found in a volume a million times greater 
than that of the atom and there would be no possibility 
of imagining any kind of collecting process. However, 
if a very large number of such processes were considered, 
then the total amount of energy abstracted from the 
radiation would be equal to the energy absorbed by 
the atoms.

The merit of this theory was that it rendered possible 
the calculation of the probabilities of such processes 
in a manner analogous to the calculations of absorp
tion and emission on the pure wave-theory. It 
promised such a complete solution of the difficulty 
that immediately experiments were started to test 
its accuracy. One such experiment was carried out 
by Geiger and Bothe on the phenomenon of the 
Compton scattering, which has been referred to above. 
The essential features are that when X-rays are 
scattered the scattered radiation shows an increased 
wave-length and low velocity electrons are liberated 
from the scattering atoms. The energy relations in 
this process are those that would be expected if a 
light - quantum endowed with mass and momentum 
were to collide with an electron and be deflected. 
As a result of the collision the electron will be driven 
sideways, forming one of the recoiling electrons. It 
is clear how the light-quantum theory predicts definitely 
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that to every scattered quantum there must occur at 
the same moment a recoiling electron. On Bohr’s 
theory these two events would not occur at the same 
moment, there would be no detailed connexion between 
any one recoiling electron and any particular portion 
of the scattered radiation. All that is required is 
that, on the average, energy should be conserved. 
From this it may be seen that a decision between the 
two theories will be reached if it is possible to settle 
whether to each recoiling electron there corresponds a 
scattered quantum, or whether the scattered radiation 
is radiated continuously.

Geiger and Bothe directed a stream of X-rays on 
to a small volume of hydrogen, and on either side of 
this were arranged two counters. These consisted of 
small chambers charged to a high potential with an 
inner insulated electrode. When a single electron 
traverses the gas in such a counter there is a sudden 
flow of electricity to the electrode, which may be 
registered by a suitable instrument. One counter was 
open to receive the recoiling electrons, the other was 
to register the radiation, and was closed by a thin 
metal foil. On the light-quantum view we should say 
that the quanta incident on the foil will sometimes 
eject an electron into the counter, which will then 
register it. Since every recoiling electron must be 
accompanied by a scattered light-quantum there should 
be a detectable number of coincidences between the 
indications of the two counters. On Bohr’s theory the 
scattered radiation comes off in a continuous stream, 
arid passing through the metal foil on the face of the 
counter, will from time to time liberate electrons. 
Although on this theory there should be just as many 
electrons liberated as on the previous theory, the 
important point is that now the secondary electrons 
will have no direct connexion with the recoiling 
electrons, and there would be no reason to expect 
coincidences between the indications of the two in
struments.

The result of this experiment was decisive; un
doubted coincidences were found to occur between the 
indications of the electron counter and the radiation 
counter. This could not be accounted for on Bohr’s 
theory, which consequently had to be abandoned. 
But at the same time it provided additional support 
for the light-quantum view, although it certainly is 
not a proof of its correctness.

Bothe has recently carried out a further experiment 
on similar lines which is specially interesting, since in 
this case Bohr’s theory would predict coincidences 
whereas the light-quantum theory would not. A 
small piece of iron foil was placed between two ‘ radia
tion ’ counters and radiated with X-rays so that it 
emitted its own characteristic radiation. If this 
radiation consisted of localised quanta, then it is clear 
that any one quantum could go into either one counter 
or the other,, but it could not possibly be absorbed in 
both counters at the same time, and there should be 
no coincidences between the indications of the two 
counters. On the other hand, if the characteristic 
radiation from the foil spreads out in a spherical wave, 
this wave will pass through both counters at the same 
time, and occasionally will stimulate an absorption act 
in both counters simultaneously, so that on this theory 
coincidences should be found. Experiment again
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decides definitely against the theory of Bohr, Kramers, 
and Slater, and gives the result that would be expected 
on the light-quantum view. This is the fate of the 
most serious theory which has attempted to solve the 
fundamental difficulty by preserving the wave-theory 
but altering our pictures, of the absorption and emission 
of energy by atoms.

There is another group of theories which postulate 
that radiation consists of discrete quanta. Thus they 
explain automatically the photoelectric effect and the 
Compton scattering, and then attempt to account for 
diffraction and interference by laying down rules 
which shall determine the paths these quanta shall 
follow. The light-quantum theory accounts for all 
the effects once the quanta are got to the right place, 
but in its crude form it gives no suggestion of the 
quanta moving in anything but straight lines, and it 
is only the wave-theory which predicts successfully 
the directions in which light travels. Hence theories 
have been proposed which provide ‘ tramlines ’ along 
which the quanta move, and these ‘ tramlines ’ are so 
arranged that in a system of interference bands ‘ tram
lines ’ only lead to the bright bands and none to the 
places of zero intensity. To be more precise, the 
‘ tramlines ’ are supposed to be the paths of the 
Poynting vector of a virtual radiation field emitted 
by the atoms, and. the probability of a quantum 
travelling along a given path is connected with the 
value of the Poynting vector along that path. Such 
theories meet with many difficulties, and no one has 
yet been carried to the point where it can be tested 
by experiment.

This has been discussed in detail recently by Prof. 
G. N. Lewis in an article in Nature (February 13, 
p. 236), in which he also puts forward an original view 
on the whole problem. It is a striking fact that while 
all the theories are directed towards explaining the 
propagation of light, one theory suggesting that it 
occurs in the form of waves, the other in the form of 
corpuscles, yet light has never been observed in empty 
space. It is quite impossible to observe light in the 
course of propagation; the only events that can ever 
be detected are the emission and absorption of light. 
Until there is some atom to absorb the radiation we 
must be unaware of its existence. In other words,
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the difficulty of explaining the propagation of light 
may be because we are endeavouring to explain some
thing about which we have no experimental evidence. 
It might be more correct to interpret the experimental 
facts quite directly and to say that one atom can 
transfer energy to another atom although they may 
be far apart, in a manner analogous to the trans
ference of energy between two atoms which collide. 
Prof. Lewis says: “ I shall make the contrary assump
tion that an atom never emits light except to another 
atom, and that in this process, which may rather be 
called a transmission than an emission, the atom 
which loses energy and the atom which gains energy 
play co-ordinate and symmetrical parts.”

On this view the fringes in an interference system 
are to be regarded as forming one system with the 
source in the sense that the atoms which absorb the 
light at the bright fringes are in ‘ virtual ’ contact with 
the atoms in the source, whereas those in the dark 
fringes or any place where the light does not go are 
not in virtual contact. On this view there would never 
be any discussion as to where radiation goes, but only 
as to which pair of atoms could make up an emitting 
and absorbing couple.

The foregoing shows clearly that there is at present 
nothing approaching. a complete theory of light, but 
yet it must be remembered that it is an important 
practical achievement that a complete description can 
be given by means of two theories, providing the 
appropriate theory is used for each phenomenon. 
Both these theories have more than justified the care 
and trouble spent on their elaboration by the help 
they have given to experimental work, and also on the 
theoretical side they represent an important advance 
in our knowledge of light. It would not be right to 
deduce that both theories are necessarily incorrect ; 
it might be closer to the truth if we were to compare 
them to the plan and elevation of an engineering 
drawing. The wave-theory and the quantum-theory 
may be just the plan and elevation of the true theory 
of light, and the marked contradictions between them 
may be due to the language we use to describe the 
experimental results, just as the differences between a 
plan and elevation reflect our attempt to describe in 
two dimensions a three-dimensional object.

The Origin of Petroleum.
By Henry

Tj' VERY branch of natural science possesses its 
quota of time-honoured problems awaiting 

solution ; these serve to maintain an essential stimulus 
to contemporary thought and to animate that discus
sion from which progress alone is possible. Contro
versy, however, unless confined within legitimate 
bounds of clear issues, is prone to irrelevancies and 
digressions to an extent that, proverbially, the ‘ forest ’ 
of significant observations tends to be blurred by the 
‘ trees ’ of individual conjecture and detail: thus is 
truth obscured and explanation postponed. So it is 
with the science of petroleum; the problem of its 
genesis remains paramount, partly because there are 
more hypotheses than even plausible solutions based on 
fact, mainly for the reason that the real perspective of

B. Milner.
the problem is being lost in the maze of accumulated 
detail and argument. It was not only appropriate but 
essential that, to avoid further confusion, some one 
should see round rather than into the problem of 
mineral oil origin, that the ground should be cleared by 
correlation of definite data of constructive theories, 
thus propounding a unified hypothesis from which 
future research could trend with some hope of positive 
results. It is from this viewpoint that Mr. Ernest Clark 
has surveyed his subject, and his thesis (presented to 
the Institution of Petroleum Technologists on May 25) 
more than justifies his entry into this difficult field of 
debate, chiefly by his careful analysis of the situation, 
by his elimination of the unessential, and by his 
attempt (entirely successful) to point the way.
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At the outset the author tacitly discards all theories 
of inorganic origin of petroleum, so that we are saved 
the boredom of recapitulation of text-book paragraphs. 
He takes his stand on organic theories, and in this the 
majority is undoubtedly with him. We have to 
realise that oil formation is as much a definite and 
normal phase of sedimentation as that of coal, and that 
no curious mechanism or exceptional process has to be 
invoked to explain its existence. Thus, just as in 
studying coal our attention is directed mainly to its 
mother-substance and the biochemical changes whereby 
that substance has been made to assume its present 
form, so with petroleum the problem of genesis is 
essentially one of the nature and deposition of mother
substance and the subsequent chemical and biological 
reactions involved in its metamorphosis.

Those classes of organisms which, by their nature and 
abundance, are potentially favourable as constituents 
of the mother-substance of oil, belong both to the animal 
and vegetable kingdoms ; of the latter, algse, dia- 
tomacea, and bacteria comprise the planktonic forms, 
though benthonic forms contribute, such as the sea
weeds ; water ferns (rhizocarps), terrestrial, fresh-water, 
and salt marsh grasses may be similarly contributive. 
Of the animals, foraminifera, corals, mollusca, and fish are 
mainly concerned in the supply of requisite materials ; 
planktonic, vagrant benthonic, and normal benthonic 
foraminifera are alike prolific and significant; corals 
are sedentary benthonic forms of warm marine habitat, 
possibly of less importance; molluscs favour a shallow 
water, often a muddy environment, and are accordingly 
suggestive, while fish, being both marine and fresh-water 
nekton, are abundant in shallow seas and continental 
shelves, significant also in their pursuit of essential 
planktonic food. Thus we perceive the existence of pro
teins, fats, and carbohydrates in varying proportions 
in the mother-substance of oil, carbohydrates (cellulose, 
etc.) characteristic of plant contribution, proteins and 
fats of animal ingredients. Restriction of any one 
form, either animal or vegetable, is, as the author 
shows, dependent on environment, though from a 
chemical viewpoint fats, either of foraminiferal or algal 
origin, are conceivably the most important sources of 
mother-substance.

Decomposition of such organic matter implies mainly 
oxidising reactions; the rate of oxidation varies 
necessarily with the available supply of oxygen in the 
aqueous environment, and here we perceive a selective 
factor capable of segregating matter of similar chemical 
composition from a chemically heterogeneous organic 
mass; some foundation of uniformity in certain im
portant constituents of petroleum may possibly be 
traceable to this. Again, abundance of marine life 
depends largely on adequate supply of planktonic food 
as well as on sufficiency of oxygen; thus conditions 
creative of or sympathetic to high organic mortality 
(hence plentiful supply of mother-substance), tend to 
favour rapidity of oxidation of the organic matter. 
“ The association of prolific micro-organic remains with 
strata which are believed to have produced petroleum 
is of very frequent occurrence, and due significance 
should be attached to this fact.”

In the matter of organic deposition, gulf and inland 
sea conditions seem to be most favourable, evidenced by 
a study of many Tertiary oil-fields. These environ-
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ments often imply rapid and fluctuating sedimentation, 
sometimes with restricted oxidising influences. Though 
in this connexion the author did not consider the circum
stances of palaeozoic deposition, instanced by the great 
oil-fields of North America, these occurrences do not 
imply manifestly dissimilar environments, if visualised 
on a sufficiently large scale ; the nature and process of 
organic contribution are certainly parallel.

The association of petroleum with brine is almost 
universal, and this ‘ indication ’ has to be stressed. 
The theory that such brines, represent partially altered 
connate waters would seem to be nearest the truth, 
especially when it is remembered that compaction of 
the salt-water saturated sediment and implied orogenic 
movement would cause circulation of such connate 
fluid, afterwards diluted by meteoric fresh-water in
filtration, a factor to the migration or removal of oil 
and gas.

The data of chemical change of organic matter to 
petroleum are yet obscure, despite the mass .of experi
ment. Putrefaction by bacterial influence is at least 
a reasonable starting-point; thereafter the reactions 
would seem to be largely micro-biochemical. A simple 
pressure-heat distillation as a process is untenable, at 
least as a general mechanism, in view of observed facts, 
such as the absence of a common vertical gradation of 
oils in the field. The necessary reactions might be 
expected to take place at low temperatures, not above 
1500 C., possibly much lower; but throughout, some 
kind of bacterial control would seem to be strongly 
indicated, quite apart from the influence of extraneous 
geological circumstances, such as type of sedi
mentation, presence and potency of colloidal matter, 
and so on.

Ultimate composition of a crude petroleum thus 
becomes a function of the initial nature of the mother
substance, its environment and mode of deposition, and 
the chemical reactions which transform this material 
into petroleum hydrocarbons, also to some extent of the 
changes occasioned by the contact of the oil with 
different rock-types and with subterranean waters. 
From this point of view the author defines the essential 
directions of future research; these involve careful 
investigation of sediments forming at the present time, 
detailed knowledge of lithology and pakeogeography of 
petroliferous sediments, also of the controlling factors 
to the movements of oil, gas, and brine in such sediments; 
from these results it is contended that chemical prob
lems would probably be outlined. It would seem to be 
unnecessary, however, to await the result of geological 
investigations before defining or studying the chemical 
problems, since these, at least, are equally formidable. 
Clearly the work is that of biochemists and bacterio
logists, quite apart from the other specialists envisaged, 
and the sooner such co-operation is brought about, the 
sooner will emerge critical data. We have more than 
once stressed the value of such collaboration with 
geologists engaged on these ‘ border-line ’ problems; 
while the author’s work marks a step forward in dis
posing of irrelevant theory and useless detail, and in 
focussing attention on the essential organic origin of 
petroleum, it does equal if not greater service in 
clearing the ground for a corporate effort from which 
a true solution to this fascinating problem alone can 
spring.
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Obituary.
Sir William B. Leishman, K.C.M.G., C.B., F.R.S.

HE death of Sir William Leishman after a brief 
illness is one that will be widely and keenly felt in 

many circles, scientific and military, and not least by 
the corps to which he had given a lifelong devotion and 
to whose headship he had attained by sheer merit and 
force of personality three years before his death. His 
decease also breaks the circle of Service officers whose 
labours have opened up new ground in tropical medicine.

A medical graduate of Glasgow, Leishman entered 
the medical service of the army in 1887, but it was not 
until ten years later that the call to the laboratory life 
came to him and we find him installed at Netley at 
the feet of Sir Almroth Wright and Sir David Semple. 
With Semple’s removal to India in 1900, Leishman 
became assistant professor of pathology, and in 1903, 
with the disbandment of the Netley laboratory, he 
came to London to be professor of pathology at the 
Royal Army Medical College, a post he retained until 
1913. The War gave Leishman abundant scope for 
his administrative qualities, particularly in the organ
isation and supervision of bacteriological services in 
France, which proved such indispensable units in the 
general scheme of military medicine and hygiene. 
When the Director-Generalship of the Army Medical 
Service became vacant in 1923, it was pleasant news 
to many that one whose reputation rested on his 
achievements as a scientific worker and teacher had 
been raised to this important post, which, we believe, 
Leishman was filling with great acceptance when the 
end came.

It is appropriate here to refer mainly to Leishman’s 
scientific labours, two at least of which have made 
his name a household word in medical science. These 
were his modification of the Romanowsky staining 
procedure in 1901 and his description for the first time 
in 1903 of the Leishman-Donovan bodies, the specific 
protozoal agent of kala-azar and tropical sore and 
other forms of leishmaniasis which have since become 
known.

The method of Romanowsky staining, now so indis
pensable an aid to parasitological and haematological 
technique, was, when first introduced, a cumbrous and 
perhaps somewhat uncertain procedure. Leishman 
conceived the idea of securing in one stain the product 
obtained by the interaction of methylene blue and 
eosin and dissolving that product in methyl alcohol. 
This solution both fixed and stained the preparation 
at the same time, and by the addition of distilled 
water at a certain stage in the process, a picture was 
obtained in which the chromatin material present 
took up the characteristic Romanowsky tint.

Leishman’s stain gained wide fame and use and is 
still largely employed, though for certain purposes 
modifications such as that of Giemsa are preferred. 
It was admittedly the use of Romanowsky staining 
in the form modified by himself which enabled him to 
obtain a clearer picture of the structural details of 
the curious bodies the real nature of which had per
plexed him for three years. These bodies he had 
observed first in spleen smears from a fatal case of 
obscure splenomegaly invalided from Dum-Dum, near 
Calcutta, to Netley. That they were protozoal para
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sites he had no doubt when he finally published his 
description of them in 1903, and he hazarded the 
opinion, based on observations of the forms assumed 
by trypanosomes in the blood and organs of rats which 
had died of experimental Nagana infection, that the 
bodies pointed to the presence of trypanosomiasis in 
India—or at least some form of trypanosomiasis in 
which the fully-developed trypanosome might only 
rarely make its appearance in the blood stream.

The description by Leishman appeared in May 1903, 
and in July came an announcement from Donovan 
confirming Leishman’s observations in certain cases of 
obscure splenomegaly in Madras. Shortly afterwards 
was reported the finding of similar bodies in tropical 
sore (Delhi boil) and in the disease known as kala-azar 
in Assam. Kala-azar, in fact, was proved, by the 
finding of the parasite, to have other foci outside its 
main home in Assam.

The writer of this notice may be pardoned for alluding 
to the finding of these bodies by Marchand and him 
in the organs of a German soldier returned from the 
Boxer campaign who died in a Leipzig hospital in 
December .1902. In their description by Marchand 
in March 1903, the only opinion that was hazarded was 
that the bodies might represent some unique form of 
nuclear degeneration of spleen cells in the obscure 
symptom-complex known as splenic anaemia—an 
opinion that was promptly revised when the com
munications of Leishman and Donovan came to their 
knowledge later in the year. The Leipzig case pointed 
to the presence of kala-azar in China, since then a well- 
recognised centre.

Leishman’s view that the Leishman-Donovan bodies 
represented some form of trypanosomiasis had much 
to be said for it, and the subsequent discovery by 
Rogers that flagellate trypanosome-like forms developed 
from the L.-D. bodies in artificial culture, appeared to 
lend considerable support to the contention. The 
view, however, of Ronald Ross, expressed in November 
1903, that the Leishman bodies represented a new 
genus of parasites and not a species or phase of trypano
some, proved the correct one as time went on. Leish
man himself in September 1904 directed attention to 
the similarity of the flagellate forms found in culture of 
the L.-D. bodies with the herpetomonas known to 
be present, for example, in the intestinal tract of the 
house-fly. Though this interesting connexion of the 
L.-D. bodies in cultural phase has been kept in view for 
more than twenty years, it is only within recent months 
that the problem of transmission seems in a fair way 
to solution, the most probable insect vector being a 
species of sand-fly.

Leishman made other important contributions, to 
tropical medicine, particularly in connexion with tick 
fever and the granular changes which take place in the 
spirochetes within the body of the tick after an in
fective feed. The precise significance of these “ infec
tive granules ” is not yet completely understood.

The association of Leishman with Sir Almroth 
Wright at Netley in the closing years of the nineteenth 
and the early years of the twentieth century was the 
means of introducing him to the great problem of 
antityphoid vaccination, a measure now so potently 
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vindicated by the experience of the War. In 1902 
Leishman described a method of estimating quantita
tively the phagocytic power of the leucocytes in infection 
with the view of supplementing the bactericidal 
tests which had been hitherto mainly employed as 
criteria of acquired immunity. The technique formed 
the basis of the' method employed by Wright and 
Douglas (1903) in their analysis of the factors which 
determine the phagocytosis of micro-organisms in the 
presence of normal serum. The appointment by the 
Army Council in March 1904 of the Antityphoid 
Committee “ to investigate the practical prophylactic 
and therapeutic value of current methods of immunisa
tion against enteric fever,” gave Leishman and his 
enthusiastic band of collaborators abundant oppor
tunity for experimental investigation during many 
busy years. Questions such as the preparation and 
standardisation of the vaccine, the relative efficiency 
of vaccines prepared in different ways, their keeping 
quality, the antibody response to them in the inoculated, 
and many other cognate questions were submitted to 
experiment both in man and animals. Thus when the 
War came, all was en train for the prompt institution 
of this beneficent preventive measure.

When the War closed, Leishman became the first 
Director of Pathology at the War Office, a post which 
he held until his appointment in 1923 to be Director- 
General of the Army Medical Service. The influence 
of Leishman as a teacher and scientific worker was an 
asset of incalculable value to his corps, and that influence 
will, we trust, go on to further fruition. The fellowship 
of the Royal Society came to him in 1910, and many 
distinguished orders thereafter. His outside interests 
were many, and of committee and commission work 
he took his full share. He was a polished and ready 
speaker, ever a helpful and courteous colleague, and 
in his little leisure he found time to indulge his love of 
art and music and the pleasure of tending his Croydon 
garden. J. C. G. L.

Sir Frederick Mott, K.B.E., F.R.S.
Psychiatry has suffered a very grievous loss by the 

death of Sir Frederick Mott on June 8. To the last 
he was occupied by his researches, and in spite of 
advancing years he was a leader of scientific thought 
in the allied provinces of physiological psychology and 
psychiatry.

The earlier work of Mott on the physiology of the 
central nervous system belongs to that period when 
there was still much to be done by the successors of 
Fritsch and Hitzig in the field of cortical localisation, 
and his researches with Schafer are among the founda
tions of our knowledge of cerebral physiology. From 
the motor cortex he turned to the study of sensory 
representation, and his work with Sherrington on the 
apsesthetic limb was a great contribution to our 
knowledge of the sensory component of motor activity. 
His brilliant studies on the anatomy of the spinal 
encephalic system and the thalamic connexions of the 
fillet led up to the classical work on the architecture 
of the cerebral cortex.

Mott’s interest in the pathology of the nervous 
system was determined by his appointment as patho
logist to the London County Council Mental Hospitals 
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in 1898. When working in the Central Laboratory, 
then situated atClaybury,he had access to the enormous 
amount of pathological and clinical material furnished 
by the whole group of London mental hospitals. His 
first great work in this field was to study the pathology 
of general paralysis, the one psychosis that was then 
recognised to be associated obviously with concomitant 
bodily change. Although the syphilitic origin of 
general paralysis had been pointed out by Krafft- 
Ebbing, this etiology was only accepted by a small 
minority of psychiatrists in Great Britain. These 
were the days before the Wassermann reaction, and 
Mott set himself definitely to prove Krafft-Ebbing’s 
thesis by a close study of a great mass of pathological 
data and by clinical observations. As a result of his 
epoch-making research the syphilitic origin of general 
paralysis was proved beyond all cavil, and this paper 
was followed by studies on the relation of syphilis to 
other forms of insanity and to tabes. The whole of 
this work was published in the first volume of the 
Archives of Neurology, which he founded.

From his work on general paralysis Mott became 
firmly impressed by the idea that bodily changes are 
to be found in all types of psychosis, but he recognised 
that it was not probable that the functional dis
turbances of the majority of the psychoses would be 
shown by the relatively coarse methods of investiga
tion practised in the pathological histology of the 
nervous system. He turned his attention, therefore, 
to the bodily mechanisms which exhibited the organic 
resonance to emotion in the hope that disturbances 
of the affective states would be sufficiently pronounced 
at a period of the disease when the higher centres 
were less affected. Dementia praecox offered the 
most promising field of study, and in a series of papers 
on the pathology of the gonads and other endocrine 
organs and the vegetative nervous system in this 
disease, he was able ’ to demonstrate with certainty 
the existence of a widespread degenerative change 
preceding the far slighter evidences of degeneration 
that could be detected in the central nervous system 
in advanced cases. In other psychoses similar though 
less marked pathological changes were encountered. 
Mott, however, was a profound disbeliever in the 
attempts to relegate the psychoses into sharply-defined 
classes. He considered that though the signs of 
structural impairment were most obvious in dementia 
praecox, there was not clinically or pathologically 
any hard-and-fast line between this and other psychoses. 
He was well aware that the methods of pathological 
anatomy could only furnish evidences of relatively 
gross changes, and he turned to the study of the 
biochemistry and physics of the central nervous 
system.

Though Mott later greatly modified the conclusions 
that he drew from the attempts which he made with 
Halliburton to demonstrate the existence of products 
of nervous degeneration in the cerebral spinal fluid, 
this work, which he published in his Croonian Lectures, 
was important as the starting-point of many subsequent 
investigations into the chemical pathology of the 
nervous system.

As a consultant neurologist to a clearing hospital for war 
neuroses Mott’s attention was diverted for a time from 
the psychoses to the neuroses. A study of the previous
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histories of the various sufferers from war neurosis 
convinced him that in the overwhelming majority of 
the cases there was definite evidence of the pre-existing 
functional instability of the nervous system. He 
predicted that an investigation into the physiological 
activity of the mechanisms of the motor system in 
such cases would reveal functional abnormalities, and 
work done in his laboratory from the point of view 
of the physiological psychologist certainly tended to 
support this view. Mott considered, then, that a 
neurosis was the response of an abnormally constituted 
organism to environmental stress which could be 
safely encountered by the normal individual, and he 
looked for such abnormalities of function rather in 
the emotional mechanisms and the various glandular 
organs that subserve them than in the higher nervous 
strata.

These views on the pathogenesis of the psychoses 
and neuroses are only now beginning to make them
selves felt. At the time at which they were published, 
students of psycho-pathology, owing to a curious 
confusion of thought, seemed to have regarded the 
formulation of the anatomical and physiological 
disturbances found in the psychoses as an attempt to 
translate thought into terms of nervous mechanism. 
The real importance of this work is that it enables us 
to build up a pathology for the psychoses on the lines 
that have already been firmly established for the 
various toxsmic psychoses and for syphilitic insanity.

In the actual study of disorders of conduct Mott 
followed the methods of the less extreme school of 
behaviourism. He thoroughly distrusted the results 
of the various schools of psycho-analysis on methodo
logical grounds, but he did not consider that his 
discoveries on the pathology of the nervous system 
had any direct bearing on the admissibility of their 
views. He considered that the majority of the patho
logical changes he had discovered in insanity are 
congenital, and instituted a very extensive inquiry 
into the genealogy of the cases in the London mental 
hospitals. As one of the fruits of his investigation 
he enunciated the “ Law of Anticipation,” in accord
ance with which the onset of the psychotic symptoms 
appears earlier in the successive generations of a 
degenerate family, and thus ultimately, owing to the 
production of infertile juvenile psychotics, the tainted 
stock disappears. He had more faith in the efficacy of 
this natural method for the elimination of the mentally 
unfit than in segregation or sterilisation. He pointed 
out that in the earlier generations of an insane family 
the psychosis is as a rule not evident until after much 
damage has been done by the breeding of tainted 
progeny.

Mott’s work in the field of hospital hygiene is less 
widely known, but it is in a great measure due tb his 
energy and teaching that dysentery in mental hospitals 
is almost a thing of the past.

The great work that Mott did for the teaching of the 
scientific aspects of psychiatry constitutes one of his 
greatest services to society. He was fortunate in 
possessing the esteem and friendship of a great clinical 
psychiatrist, Dr. Henry Maudsley, and when Maudsley 
proposed to found a hospital for the investigation and 
treatment of the early forms of mental disease, it was 
in order that it should be under the supervision of 
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Mott that he gave the necessary endowments to the 
London County Council. After many years of diffi
culty, the Maudsley Hospital for Early Mental Diseases 
was opened at Denmark Hill, and the Central Patho
logical Laboratory was transferred there from Clay- 
bury. It was here in the concluding years of his 
service as pathologist to the London Mental Hospitals 
that Mott instituted a school of psychiatrical medicine, 
one of the functions of which is to prepare the younger 
psychiatrists for the examination for the Diploma of 
Psychological Medicine, which has been instituted 
thanks to his efforts. Mott continued to teach en
thusiastically in the Maudsley Hospital to the end, 
and acted as the director of a similar school of psychiatry 
in Birmingham, and he was on a visit thither when he 
had the cerebral seizure from which he died.

Mott was at the disposal of any one who sought his 
advice, and did much to assist younger men by sug
gestions and criticism. He was possessed of a sturdy 
common sense and preserved to advanced years a keen 
scientific acumen combined with a phenomenal recep
tivity for new views and facts. He was a man of 
wide culture, and his great kindliness and sincerity 
endeared him to all.

Sir Henry Morris, Bart.
Sir Henry Morris, who did more than any man of 

his time to open up the field of renal surgery, died in 
London on June 14 in his eighty-third year. On 
February n, 1880, when he had become full surgeon 
on the staff of Middlesex Hospital, he removed a stone 
from the kidney of a patient, this being the first time 
that a deliberate operation had been performed for 
such a purpose. The operation was successful, and has 
become the type of a procedure now adopted by sur
geons all the world over. When he gave Hunterian 
Lectures at the Royal College of Surgeons in 1898, he 
was able to cite the results he had obtained from 267 
operations carried out on the kidney. It is true that 
Gustav Simon of Heidelberg performed the first opera
tion for the removal of a diseased kidney in 1869, and 
that this operation had been frequently and success
fully repeated before 1880, but it was Morris who 
demonstrated that one of the commonest of disorders 
from which the human kidney suffers—the presence 
of renal concretions—can be safely cured by surgical 
procedure.

Sir Henry Morris was, however, a general surgeon in 
the best sense of the term and contributed to all branches 
of surgical art. He came of Welsh ancestry; his 
grandfather was a surgeon in Oswestry, and his father 
in Petworth. He was dark in hair and complexion, and 
massively framed in head, body and limbs, a good 
exemplification in the flesh of the type which Mr. 
“ Punch ” has chosen to represent as “ John Bull.” 
He was a man of decided opinion, resolute in his policy, 
never afraid of opposition, and public-spirited to a 
high degree—often seeking the columns of the Times 
to guide opinion in educational, medical, social and 
political matters.

Epsom College and the University of London pro
vided the opportunities of Sir Henry Morris’s education, 
and he repaid both by giving them his unstinted ser
vices ; he took an abiding interest in the welfare of
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Epsom College, acting as its treasurer for many years. 
His medical education was obtained at Guy’s Hospital, 
but his life’s work was spent in the wards of Middlesex 
Hospital, to which he became assistant surgeon in 1871. 
There he did much to direct attention to the urgent 
need of research into the nature of cancer, and took an 
active part in founding the Imperial Cancer Research 
Fund.

Sir Henry Morris was also an anatomist. He lec
tured on human anatomy in the Medical School of 
Middlesex Hospital, and in 1893 edited a very successful 
“ Treatise on Human Anatomy.” An earlier work on 
the “ Anatomy of Joints ” is still a book of reference ; 
it contains many original observations.

In 1893 Sir Henry was elected to the council of the 
Royal College of Surgeons of England, serving as pre
sident for three years, 1906, 1907, 1908, a baronetcy 
being conferred on him then. He delivered the Hun
terian Oration in 1909, in which he compared the re
spective merits of the inductive and deductive methods 
of philosophy. He served on the General Medical 
Council, becoming treasurer to that body, and in 1910 
was elected president of the Royal Society of Medicine. 
He was one of the outstanding figures in modern surgery, 
and a leading authority on medical education.

We regret to announce the following deaths:
Prof. E. Babak, professor of physiology and general 

biology in the Masaryk University and Veterinary 
School in Brno, known for his work on the regulation 
of respiratory movements and also on the influence 
of endocrine glands on amphibian metamorphosis, on 
May 29, aged fifty-three years.

Prof. J. J. Flather, head of the department of 
mechanical engineering at the University of Minnesota 
and vice-president in 1902 of Section D of the 
American Association for the Advancement of Science, 
on May 14, aged sixty-three years.

Dr. C. Hering, a pioneer in electro-chemistry, who 
was one of the founders of the American Electro
chemical Society in 1902 and in the same year began a 
movement which resulted in the foundation of Electro
chemical Industry, on May 10, aged sixty-six years.

Prof. A. Magnin, formerly professor of botany and 
director of the Botanic Garden, University of Besan- 
con, and a gold medallist of the French Geographical 
Society, aged seventy-eight years.

Prof. W. F. Shanks, professor of physiology in the 
University of Leeds since 1923, and formerly lecturer 
in physiology in the University of Glasgow.

Prof. V. A. Steklov, professor of mathematics at 
the University of Leningrad and vice-president of the 
U.S.S.R. Academy of Sciences, on May 30, aged 
sixty-one years.

News and Views.
Sitting in committee on the Finance Bill on 

June 21, the House of Commons rejected a clause 
moved by Mr. Withers (University of Cambridge) 
providing that a university, a college, or hall in a 
university, a public school, and any educational 
institution receiving a Government grant, should be 
exempt from income-tax in respect of any profits 
forming part of its income which were applicable to 
educational purposes only. The Chancellor of the 
Exchequer opposed the motion, though he stated 
that he was not satisfied, with the present state of 
the law on the subject of the exemption of ' charities ’ 
exempt from income tax. The motion arose on the 
decision recently given by the House of Lords that 
a public school making a surplus is liable to taxation 
as earning profits, but the general question is closely 
related to the letter from the president and the 
treasurer of the Chemical Society which appeared in 
our issue of June 19 and their further letter in this 
present issue.

Those engineers who hold that the concentration 
and standardisation of electrical power supply in 
Great Britain is the best policy to adopt, and are 
weary of the somewhat fruitless discussions on points 
of administration taking place during the Committee 
stage of the present Government Bill, will now be 
able to point to the ever-growing electrification of 
Germany in support of their views. Plans have 
already been made for the inter-connexion of the 
existing power stations in Germany by overhead 
‘ feeders ’ on a gigantic scale. In the past the pro
duction of electrical power in Germany has developed 
on individualistic lines. The largest power works 
belong to the Reich, which produces more than a 
thousand million units per annum solely for profit. 
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There are very many stations, however, of much 
smaller size which are very uneconomical. In some 
cases they burn peat fuel, and supply only a few 
hundred consumers. Owing to the great distances 
involved, it will be necessary to use very high pressures, 
and experiments are proceeding with insulators for 
use on lines with transmission pressures of 220 and 
380 kilovolts.

Two main schemes for electrification in Germany 
have been planned. The first proceeds from the 
water-power stations at the Vorarlberg in South 
Germany to Hamburg, and the second from the same 
source through the Central German lignite fields and 
Berlin to East Prussia. A length of about 100 kilo
metres from the Goldenbergwerk to the Wesel is now 
working at no kilovolts, but double this pressure 
will probably become the standard. As chains of 
insulators are used there is no difficulty about 
insulation. With these high pressures it is necessary 
to use overhead wires of large diameter, otherwise 
brush discharges—the so-called corona—appear on 
the wires and lead to a serious loss of power. The 
conductors therefore are generally made of aluminium 
and are hollow. Some of the cable manufacturers 
make the conductors of copper, the outer cylindrical 
shell being supported by a helix'of copper tape wound 
inside the hollow. In California, 220-kilovolt trans
mission over 243 miles has been in successful operation 
for the last two years. The cables are of aluminium 
with a steel core and are supported by chains consist
ing of twelve insulators.

Reports have appeared recently in some of the news
papers of a new steel, described as ‘ F ’ steel, which 
was stated to have great advantages for structural
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work, a saving of 40 per cent, in weight and 30 per 
cent, in cost as against ordinary mild steel being 
claimed. No particulars were given, but the manu
facturers were said to be the Freund Smelting and 
Machine Manufacturing Co., of Berlin, the patent 
having been acquired from the Swiss metallurgist 
Bosshardt. A paper in Stahl und Eisen for April 15 
gives a detailed account of the steel, from which it 
appears that Messrs. Freund were not in any way 
responsible for the newspaper statements. The 
steel is not a new one, but is a high-silicon alloy of a 
kind already known to metallurgists. Neither is the 
Bosshardt furnace essential to its manufacture, steel 
of similar properties having been made in ordinary 
steel furnaces. Messrs. Freund have allowed the 
particulars to be published, an investigation of its 
properties having been made by them in collabora
tion with the Verein deutscher Eisenhiittenleute. 
The steels examined contain from 0-67 to i-i per cent, 
of silicon, with low carbon, about o-io to 0-14. This 
gives an increased elastic limit and breaking strength 
as compared with simple carbon steel, whilst the 
ductility is not reduced. In the interesting volume 
of Sir Robert Hadfield on “ Metallurgy and its Influ
ence on Modern Progress ” (see Nature, February 6, 
p. 187) the use of a similar steel, but with a rather 
higher carbon content, in the construction of the 
Mauretania and Lusitania in 1907, is described. The 
introduction of these steels into shipbuilding was due 
to the late Mr. John Spencer, the composition having 
been arrived at as the result of the original investiga
tions on silicon steels by Sir Robert Hadfield.

When certain adhesive tapes such as are used for 
insulating purposes are unrolled, a bright greenish 
luminescence appears over the region of immediate 
separation occupied by the suddenly extended threads 
of the viscous adhesive medium. A letter on this 
subject entitled “ Bioluminescence ” was communi
cated by Dr. J. W. French to Nature of June 20, 
1925, p. 944, the title being suggested by the re
semblance to the greenish light emitted by certain 
insects. Only a few kinds of insulating tape exhibit 
the phenomenon, such, for example, as the black 
“ Chemico ” British tape and the white Italian tape. 
According to Prof. Elmer O. Kraemer, of the Uni
versity of Wisconsin, Madison, the light is produced 
when the adhesive tape is separated from the ends of 
the film proper in camera roll films. There are, how
ever, many types of roll film that do not act in this 
way. It can be demonstrated that the effect is 
associated with particular adhesives and not with the 
film itself. Similar luminescence sometimes appears 
when the adhesive tape is stripped from the joint of 
the tin in which unexposed kinematograph film is 
usually contained. It occurs in the.adhesive between 
the tape and the tin.

In some further experiments Dr. French has found 
that excellent results are obtainable from the use of 
ordinary rubber vulcanising solution, provided it is 
in a suitable physical condition of tackiness, which 
may be varied by treatment with sulphur. The 
adhesive threads must not be too extensible : on the 
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other hand they must not be too short or brittle, for 
if the experiment is repeated with the pieces of tape 
which in the first instance have produced a bright 
light, the luminosity will be fainter and the threads 
shorter. If the pieces, however, are kept pressed 
together for a day or two, the threads will be of more 
normal length and the light may be as strong as before. 
There thus seems to be some close connexion between 
the rate of extension up to the breaking point and the 
luminosity. Prof. Eligio Perucca, Laboratorio di 
Fisica Sperimentale della R. Scuola di Ingegneria, 
Torino, who in his lectures on experimental physics 
includes the phenomenon in question as a type of 
luminescence, states that, if one of the tapes is 
connected to a gold-leaf electroscope, it will be found 
that the stripping operation produces an electrostatic 
charge of three or four units at a pressure of about 
200 volts. In his original communication, however, 
Dr. French stated that the light appears undiminished 
in brightness when the tapes are unrolled under water 
or in a Bunsen flame, so it can scarcely be assumed 
that the electric charge is the cause of the luminosity.

The new Pharmacological Laboratories of the 
Pharmaceutical Society were opened by the Minister 
of Health, the Right Hon. A. Neville Chamberlain, 
on Wednesday, June 16. The chair was taken by 
Mr. P. F. Rowsell, immediate past president of the 
Society, during the tenure of whose presidency the 
opening ceremony should have been performed at the 
beginning of May. In his speech Mr. Rowsell 
referred to the passage into law of the Therapeutic 
Substances Act and the necessity which arose for the 
existence of a laboratory where those manufacturers 
who wished could have tested the products which were 
placed upon the schedule of the Act from time to time. 
Dr. J. H. Burn, Director of the Laboratories, described 
in more detail the functions which it is hoped the 
laboratories will subserve, and laid special emphasis 
upon the research into methods of standardisation 
which will be vigorously carried on in the future. He 
referred also to the international importance of the 
work which has been carried out since the War on 
this subject in the laboratories of the Medical Research 
Council under the direction of Dr. H. H. Dale, adding 
that it is gratifying to realise that Great Britain 
has taken the lead in introducing methods for the 
biological standardisation of drugs. Dr. Burn also 
mentioned a third reason for the founding of these 
Laboratories, namely, in order to afford an opportunity 
for the training of pharmacists in methods of biological 
standardisation. Mr. Chamberlain, in declaring the 
Laboratories open, referred to the many and varied 
duties of a Minister of Health, all questions relating 
to the prevention of disease as well as to the purity 
of the drugs used in treating it coming within his 
province. Sir Humphry Rolleston, moving a vote of 
thanks to Mr. Chamberlain, referred to the interest 
taken by the late Mr. Joseph Chamberlain in the 
health of the British possessions in the tropics. Mr. 
Edmund White, chairman of the Society’s Scientific 
Advisory Committee, seconded the vote of thanks, and 
Mr. Chamberlain briefly replied. After the ceremony, 
the company adjourned to. the Laboratories, where
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Dr, Burn demonstrated methods used in the standard
isation of the digitalis group of drugs, and of ergot 
and pituitary extract.

Under the will of the late Sir Winthrop Hackett, 
first Chancellor of the University of Western Australia, 
the sum of 50,000/. was left to the University and the 
Anglican Church. Three-eighths of the money was 
to be devoted to providing scholarships, three- 
eighths to be invested until it accumulated to 40,000/. 
when a Winthrop Memorial Hall was to be erected, 
and one-quarter was left for the purpose of the erection 
and maintenance of an Anglican University College 
with a chapel attached thereto. Not content with 
these proofs of his devotion to the University, Sir 
Winthrop bequeathed the balance of his residuary 
estate to the same two bodies in the same proportions 
and in the same manner. Sir Winthrop died in 1916, 
and the trustee of the estate, Mr. Alfred Tangier, has 
informed the University Senate and the Diocesan 
Trustees that he will shortly have paid off all lia
bilities and all the numerous legacies, with the ex
ception of those of the University and the Anglican 
Church. The University and the Anglican Church, 
for the purposes of the trust alluded to in Sir Win
throp’s will, are now the sole heirs of the very valuable 
estate left by Sir Winthrop Hackett. That estate 
includes the principal daily newspaper in Western 
Australia and a weekly paper, both of which have 
been flourishing for many years’. The bequest is 
without doubt one of the most munificent that has 
ever been made to an Australian university. To Sir 
Winthrop Hackett is due in large measure the starting 
of the University of Western Australia, and it will be 
remembered that he, during his lifetime, endowed the 
chair of agriculture.

The political significance of recent events in Poland 
is outside the scope of this journal, but the outcome, 
the election of Prof. Ignace Moscicki as the new 
President of Poland, is noteworthy in that Prof. 
Moscicki is a distinguished man of science who has 
also been actively concerned in industrial chemistry. 
We are indebted to the Chemical Trade Journal for 
some details of his career. Prof. Moscicki is best 
known for a process for the fixation of nitrogen by the 
arc method, which was elaborated while he was 
director of the electro-technical and electro-chemical 
laboratories at the University of Freiburg. In 1912 
he was appointed to a similar post at the University 
of Lwow which he held until after the War. Since 
then he has been head of the Polish State Nitrogen 
factory at Chorzow, where the manufacture of cyanamide 
has been developed, the monthly output now reaching 
about 10,000 tons. For five years he was a student 
in London. Prof. Moscicki has a 'reputation as a 
scientific worker and as an administrator, and there 
is little doubt that the discipline of his early training 
will serve him well in his difficult task of guiding 
the fortunes of a modern European State.

A number of paintings on ivory by Winifred 
Brunton, with the collective title “Africa, Ancient 
and Modern,” is now on view at the Arlington 
Galleries, 22 Old Bond Street. Mrs. Brunton, as 
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i those who visit this exhibition will appreciate, has 
devoted much time to the study of Egyptian antiqui
ties from the artistic point of view, and is responsible 
for the beautiful coloured plates illustrating the 
“ Portraits of the Kings of Egypt.” In the collection 
now on view more than half the subjects are drawn 
from ancient Egypt. All show a wonderful and 
accurate sense of colour, which finds full play in the 
reproductions of personal ornaments, although “ A 
Temple Vase ” and the lotus cup from the Cairo 
Museum will bear comparison with any. Of the 
heads, “ An Unknown King,” reconstructed from a 
statue in the Cairo Museum, and “ Amenemhat HI.” 
are remarkable conceptions of force of character. 
There are two very charming pictures of dancers, 
the “ Wind in the Reeds ” being especially pleasing 
in composition and colour. The paintings from 
South and East Africa include several subjects of 
ethnographic interest. The reconstruction of 
Rhodesian man is more convincing than some 
attempts that have been made to clothe this interest
ing relic with flesh. The exhibition was opened by 
Mr. Robert Mond on June 21 and will remain open 
until July 2.

Commemoration Day at Livingstone College, 
London, E.io, was celebrated on Wednesday, June 9. 
The Right Rev. the Lord Bishop of Chelmsford 
presided, and in the course of his address said that 
the College exists to help all missionary societies of 
the church and churches ; that those who go forth 
may at least have some kind of knowledge both as 
to the management of their own health and of 
that of other people. Missionaries trained at the 
College are a tremendous help to the people to 
whom they go if one looks at it from only a humani
tarian point of view. The Rev. B. T. Butcher, of 
the London Missionary Society, an old student of 
the College, referred to conditions in New Guinea. 
When he first went out there, there was but one cure 
for the loathsome disease of yaws, and in most cases 
it took more than a year to effect a cure ; now it 
can be dealt with in a short course of treatment. 
In his opinion, yaws will be almost unknown round 
the coast of New Guinea in ten years’ time, and 
Livingstone College will have played a part in making 
it unknown. Mr. R. L. Barclay, hon. treasurer of 
the College, referred to the work which had been 
done for the College by the late Dr. Harford, and 
stated that they had already received 770/. towards 
a fund of 3000Z. which was being raised in his memory. 
The Principal of the College mentioned that old 
students are in Sierra Leone, Labrador, Siam, North 
Africa, and many other parts of the world ; last year 
103 students entered the College, including the short 
course and vacation course students.

In the Journal of the Franklin Institute for May, 
Dr. C. E. K. Mees of the Eastman Kodak Company 
contributes an article on the colour sensitivity of 
photographic materials, in which hetraces the subject 
from its very beginnings down to the present day, 
especially with regard to its practical aspects. 
Modern panchromatic plates and films enable ex
posures of one-fiftieth of a second to be given through 
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the tricolour red and green filters with apertures so 
low as fl4-5, as is necessary in colour kinematography 
and in aerial photography with the red filters which 
have to be used to do away with the fogging effect of 
atmospheric haze. A very instructive diagram shows 
that in the period 1904-1919, photography of the 
spectrum was possible from a little over X200 to a 
little beyond X700; in 1919-1925 sensitiveness to 
the infra-red was extended to rather beyond X800; 
while at the present time it is possible “ easily ” to 
photograph to rather beyond X900, and “ with 
difficulty ” to photograph from practically X100 or 
even X50 to Xiooo, the “ difficulty ” being the long 
exposure necessary, and the need for vacuum appar
atus when using the shorter wave-lengths. The 
paper includes many interesting illustrations, one 
being of the planet Mars to show the difference 
between the results when an ordinary plate and 
when an extreme red-sensitive plate and filter are 
used. The latter shows detail that is invisible in the 
other, and shows the actual surface of the planet, 
while the ordinary plate shows a much larger disc 
due to the atmosphere that surrounds it. Dr. Mees 
finally refers to the work of Barnard and Gye on the 
cancer virus, who by using a wave-length of X257 
and a microscope with quartz lenses of numerical 
aperture 1-25 have obtained a resolving power of 
o-11 p instead of the visual resolving power obtainable 
of 02 or 0-16 according to the light used. It seems 
questionable whether there is any practical gain, 
especially considering the great difficulty of using the 
apparatus. “ Barnard, however, is undoubtedly 
trying to get shorter wave-lengths.”

The forty-fifth annual meeting of the Society of 
Chemical Industry, which will be held in London 
during the week July 19-23, is to assume the character 
of a Congress of Chemists, and as such will be sup
ported by a large number of societies connected with 
chemistry. On July 19, in the Mansion House, Lord 
Balfour will deliver the third Messel memorial lecture 
in the presence of the Duke of York and the Lord 
Mayor ; earlier in the day Sir Frederic Nathan will 
give his presidential address to the Institution of 
Chemical Engineers on “ Industrial Efficiency and the 
Elimination of Waste,” and Sir Max Muspratt will 
open an exhibition of Britistf chemical plant. With 
the exception of these two items, which will take place 
in the Central Hall, Westminster, and of an exhibition 
of chemical apparatus at the Institute of Chemistry, 
all the meetings and most of the social functions will 
be held in the Hotel Great Central, London, N.W.

The scientific meetings in connexion with the forth
coming meeting of the Society of Chemical Industry 
will be open to chemists without restriction and will 
include discussions on corrosion, hormones, and 
“ Chemistry House ” (July 20) ; power alcohol, the 
influence of particle size in the paint and rubber 
industries, under the chairmanship of Sir William 
Bragg (July 22) ; fat-extraction by solvents, and 
solid smokeless fuel (July 23). Among the papers to 
be read, those on the experimental study and use of 
hormones, by Dr. H. H. Dale, and sugar from wood, 
by Dr. W. R. Ormandy, appear to be of exceptional 
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interest. Addresses by Sir Josiah Stamp and Sir 
Max Muspratt are announced for July 21. There 
will be a large number of excursions and visits to 
works, and the many social functions will include a 
garden party in the Royal Botanic Gardens, by 
invitation of Sir Alfred and Lady Mond, the annual 
dinner of the Society of Chemical Industry, a smoking 
concert, dance, and conversazione. The Chemical 
Industry Club is offering honorary membership to 
all attending the Congress. Full particulars and 
tickets are to be obtained from the Society of Chemical 
Industry, at Central House, Finsbury Square, London, 
E.C.2.

Sir Humphry Rolleston, Bart., Regius professor 
of physic in the University of Cambridge and lately 
president of the Royal College of Physicians, has been 
awarded the Gold Medal of the British Medical 
Association.

Further details of Miss Garrod’s discover)'" of a 
skull, presumably of Mousterian age, at Gibraltar, 
tend to confirm the first impressions of its importance. 
In addition to the frontal bone another large piece of 
bone was found, but owing to the hardness of the 
matrix in which it is imbedded it is impossible yet 
to say whether it is the parietal or the occipital. 
Decision on this and other points must wait until it 
has been cleared. The hardness of .the matrix has by 
no means been entirely a drawback, as it has ensured 
the recovery of the fragments in pieces of considerable 
size.

It is announced that the Medical Research Council, 
on behalf of the Rockefeller Foundation, has made 
the following awards of medical fellowships provided 
by the Foundation and tenable in the United States 
of America during the academic year 1926-27 : 
Dr. G. Bourne, St. Bartholomew’s Hospital, London ; 
Mr. H. W. B. Cairns, London Hospital; Miss R. E. 
Lucas, Maudsley Hospital, London; Mr. R. D. 
Mackenzie, University of Edinburgh ; Mr. C. F. A. 
Pantin, Marine Biological Laboratory, Plymouth; 
Dr. A. F. B. Shaw, University of Durham; Dr. 
J. C. Spence, Royal Victoria Infirmary, Newcastle- 
on-Tyne ; Mr. H. E. C. Wilson, University of Glasgow.

The research steamship William Scoresby is now 
being fitted out at the Humber Dock, Hull, and is 
expected to be ready for sea at an early date. . She is 
a small vessel of the whale catcher type, her principal 
dimensions being : length, 125 ft.; breadth, 26 ft. ; 
depth, 14I ft.; draught, 13 J ft. The William Scoresby 
will be employed, in conjunction with the R.R.S. 
Discovery, and will operate principally in tropical 
and antarctic regions. Her duties will consist gener
ally in the marking of whales, steam trawling and 
other marine biological investigations. The ship’s 
company will include two scientific workers, the 
master, four officers, and fourteen petty officers and 
men. The whole cost of the vessel will be met 
from the funds of the Discovery Expedition which are 
derived from the revenues of the Falkland Islands 
Dependencies.

The part enacted by the house-fly as a carrier of 
disease organisms and the necessity for efficient 
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measures preventing the breeding of this insect are 
facts of prime importance from the point of view of 
public health. We therefore welcome the appearance 
of a second edition of the illustrated brochure on this 
insect which has been recently issued by the British 
Museum (Natural History). The author, Major E. E. 
Austen, has revised and expanded the text of the first 
edition and has brought the pamphlet thoroughly 
up-to-date. Its full title, “ The House-Fly, its Life- 
History, Importance as a Disease Carrier, and Practical 
Measures for its Suppression,” sufficiently explains its 
scope. It may also be added that the author deals 
with the insect under other conditions besides those 
met with in the British Isles, and has incorporated 
the results of experience gained through the opera
tion of sanitary measures in the War. The pam
phlet is obtainable either from the Natural History 
Museum, South Kensington, or through booksellers, 
price is.

Applications are invited for the following appoint
ments, on or before the dates mentioned :—A demon
strator in the Department of Inorganic and Physical 
Chemistry, Bedford College for Women—Secretary, 
Bedford College, Regent’s Park, N.W.i (July 3). 
Part-time lecturer in sociology, Bedford College for 
Women—Secretary, Bedford College, Regent’s Park, 
N.W.i (July 3). Research chemists for the Fuel 
Research Station, East Greenwich—Secretary, De

partment of Scientific and Industrial Research, 16 Old 
Queen Street, S.W.i (July 3). Analysts for work 
in connexion with the Physical and Chemical Survey 
of the National Coal Resources of Great Britain 
—Secretary, Department of Scientific and Industrial 
Research, 16 Old Queen Street, S.W.i (July 3). 
Half-time assistant in the Department of Mathematics, 
University College of Swansea—Registrar, University 
College, Swansea (July 9). Two junior scientific officers 
at the Royal Aircraft Establishment—Superintendent, 
Royal Aircraft Establishment, South Farnborough, 
Hants (July 10). Assistant lecturer in physics. Univer
sity College of Wales—-Secretary, University College, 
Aberystwyth (July 13). Lectureship in chemistry 
in the University of Durham—Registrar, Armstrong 
College, Newcastle-upon-Tyne (July 17). Assistant 
agricultural chemist in the Department of Science and 
Agriculture, Barbados — Secretary (Appointments), 
Colonial Office, 38 Old Queen Street, S.W.i (July 31). 
Senior laboratory assistant in the Department of 
Entomology, London School of Hygiene and Tropical 
Medicine—Secretary of the School, 23 Endsleigh 
Gardens, W.C.i (July 31). Head of the Chemistry 
Department, Borough Polytechnic Institute—Princi
pal, Borough Polytechnic Institute, Borough Road, 
S.E.i. Several inspectors of agriculture for the 
Sudan Government—Controller, Sudan Government 
London Office, Wellington House, Buckingham Gate, 
S.W.i.

Our Astronomical Column.
Recent Solar Activity.—For several weeks there 

has been an absence of very large sunspots, although 
smaller ones, averaging half-a-dozen daily, have been 
of interest to observers with moderate telescopic 
means. In addition, faculas at both limbs of the sun 
have been present on most days, some of the areas 
being of considerable extent. Traces of the faculae 
related to the great spot of last December and January 
in north latitude 220 were seen about a fortnight ago. 
On June 21, a group of spots, the development of 
which had been watched since June 16, was of 
sufficient size to be a naked-eye object on the disc. 
The group consisted of a roughly circular spot as 
leader closely followed by a close cluster of small 
spots, which on some days linked up with one another 
to form a composite companion to the leader. On 
June 15, Mr. Newbegin, observing with his spectro
scope at Sutton, Surrey, noted a metallic prominence 
(that is, one having a spectrum containing metallic 
lines) at position angle 63°, which corresponds almost 
exactly with the position of the newly forming spots 
then at the sun’s east limb. This prominence, of the 
' rocket ’ or ' splash ’ type, appeared as if the gases 
were being expelled from a common centre. Such 
prominences, according to Evershed and other 
observers, are very frequently found connected with 
sunspots, either during their active development, or 
at other times when great changes are taking place.

Particulars of the large spot are given below :
No. Date on Disc. CenSS?Sidian Latitude. Area.Passage.
7 June i6-(28) June 22-0 250 N. 1/1400

(Area expresses the proportion covered of the 
sun’s hemisphere.)

Neptune’s Satellite.—Prof. Eichelberger’s and 
Mr. Arthur Newton’s exhaustive researches on this 
satellite have already been mentioned in Nature. 

Their paper is printed in the March issue of Mon. Not. 
Roy. Ast. Soc., and deserves a further note. It is 
curious, that though no certain markings have been 
seen on Neptune’s surface, we now know the position 
of its axis nearly as accurately as that of Mars. The 
position of its north pole is given as R.A. 295°-2, 
N. Deci. 4i°-3 (equinox 1900-0): the pole of the 
satellite’s orbit describes a circle of radius 20°-i in 
585 years, the annual motion being o°-62. The ob
servations indicate a considerably greater motion for 
the major axis of the satellite’s orbit, from i°-5 to 
3°-o per annum. It moves in the opposite direction 
to the node, as it should, but the observed motion is 
probably too great. Owing to the very small eccen
tricity, about 0-005, it is very much more difficult to 
determine the position of the apse than of the node. 
Dr. J. Jackson deduces 1/66 and 19 hours as the 
probable values of the compression and rotation 
period of Neptune.

Temperature of Mars.—Astr. Nach. No. 5448 
contains an article by W. W. Coblentz comparing the 
measures made by Lampland and himself at the 
Lowell Observatory with those made by Pettit and 
Nicholson (100-inch at Mt. Wilson). It is noted that 
the receiver used by the latter covers a Martian area 
50 per cent, larger than that used by the former ; this 
would make the measures more nearly average ones 
for the whole surface, and less affected by the par
ticular regions in view. The measures show that dark 
areas are hotter than bright, and that the after
noon side of the planet is hotter than the morning 
side; the latter point is not so plainly indicated in 
the measures of Pettit and Nicholson, but terrestrial 
analogy makes it reasonable. Radiation near the east 
and west limbs was found to be respectively one-third, 
and one-half of that at the centre. The article closes 
with a note of satisfaction that the two sets of 
observations are on the whole accordant.
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Research Items.
English Gypsy Folk Medicines.—Mr. T. W. 

Thompson, in the Journal of the Gypsy Love Society 
(Ser. 3, Vol. 4, Pt. 4), publishes some notes on the 
remedies used by gypsies for both human beings and 
horses, which are of some interest in view of the 
reputation which this people has long held for their 
skill in the art of healing. The information was 
obtained mainly from members of the Smith and 
Boswell families. Generally speaking, medicines 
made from herbs are preferred, and the list given 
includes forty-seven wild plants held to be efficacious 
for various diseases. Among them are hemlock and 
foxglove, which were recognised as dangerous plants, 
as also were monkshood and nightshade, and only 
used in weak infusions. Of the fungi, those growing 
in woodlands were regarded with suspicion, but of 
those growing in the open several varieties were 
sometimes eaten. One informant had a preference 
for simples ; another preferred a number of ingredients. 
Though some of the herbal remedies can be justified 
in the light of modern knowledge, others rest on the 
doctrine of signatures which attested that plants 
and minerals indicated by their external character
istics the diseases for which Nature intended them as 
remedies. This applied also to the animal kingdom, 
e.g. hedgehog's fat was used for earache or a slight 
deafness, the skin of a supple eel for stiff joints. 
Other remedies provide examples of a symbolic 
transference or rebirth. For asthma the sufferer 
caught a trout alive, breathed three times into its 
mouth and put it back into the water. A spider 
was hung in a bag around the neck of a sufferer 
from ague, and as the spider died the ague left him. 
Hair from the cross on a donkey's back, skeleton 
feet of hedgehogs and moles, pieces of red cotton 
and wool are among the prophylactics against various 
diseases.

Californian Archaeology.—The results of an 
examination of relics of the Indian tribes formerly 
inhabiting the Southern San Joaquin Valley, Cali
fornia, by E. W. Gifford and E. Egbert Schenck, 
have been published as Pt. 1 of vol. 23 of the Univer
sity of California Publications in American Archceology 
and Ethnology. The geographical features of the 
Valley which have determined the character and 
extent of human occupation have been the lakes 
Tulare and Buena Vista. The general aridity of the 
valley and the variable water level which, at any 
rate in Tulare, ranges from 220 feet to absolute dry
ness, not only determined the site of occupation, but 
also in all probability prevented any very extensive 
or dense occupation. Presence of the Spaniards in 
other areas added fugitives to the population, and this 
and other causes have effected an extensive mixture 
of race and culture. The relics obtained from surface 
finds and excavation of burial- and camp-sites repre
sent a great variety of artefacts, of bone and horn, 
steatite, chipped stone, ground stone, unworked 
stone, textiles and cordage, pottery and wood. 
Forty human crania were obtained which belonged 
to two types : the San Joaquin sub-type of the 
Californian type, short-faced and broad-nosed, and 
the Buena Vista type, relatively long-faced and 
narrow-nosed. The southern part of the San Joaquin 
Valley lies in an area the cultures of which have not 
yet been described. There is a generic resemblance 
between the culture of the San Joaquin area and the 
Santa Barbara area, but the two centres of the San 
Joaquin Valley, the Alpaugh and the Lake regions, 
have certain points of resemblance to the Santa 
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Barbara culture which are mutually exclusive. This 
suggests independent lines of transmission, the Al
paugh possibly representing an earlier phase of the 
Santa Barbara culture. Certain features, such as 
the bags, the ceremonial use of human hair cordage, 
and of ground crescentic stones for girls’ puberty 
ceremonies, point to Southern California.

Intestinal Parasites of Ruminants.—M. J. Triffitt 
records (Protozoology, No. 2, Jan. 1926) the results of 
examining the faeces of certain ruminants in the London 
Zoo. She found in the sable antelope from South 
Africa, and in a pair of common waterbuck from East 
Africa, an Entamoeba which closely resembles and is 
probably specifically identical with E. ovis. Both 
active forms and cysts were present. Uninucleate 
cysts of some hitherto undescribed species of Enta
moeba are recorded from the feces of an eland. The 
author also describes sporozoan parasites found in the 
intestinal wall of Bennett’s wallaby. Two of these 
are closely allied to or identical with Ileocystis macvo- 
podis and Lymphocystis macropodis respectively, which 
the author considers should be ranged under the genus 
Globidium. One of the other parasites is an Eimeria 
(E. macropodis), the various stages of which are 
described.

Flagellates in the Latex of Asclepias.—Herpe- 
tomonas elmassiani is the only species of latex-inhabit
ing herpetomonad in the United States, and it has 
been found in great numbers in the common milkweed, 
Asclepias syriaca, in Maryland and New Jersey. 
Further studies on the relations of the flagellate to its 
plant host have been carried on by F. O. Holmes 
(Biol. Bull., 49, 1925). He shows that the flagellate 
is confined to the latex system and that the Herpeto- 
monas is intracellular but not intracytoplasmic. The 
latex is secreted into the general cell vacuole of the 
latex duct and it is in this that the flagellates occur. 
No other cells were found to be infected. A red and 
black hemipterous insect, Oncopeltus fasciatus, is 
suspected of being the insect host of H. elmassiani, 
and the flagellates were found in the trilobed salivary 
glands of this insect, chiefly lining the lumen of the 
dorsal lobe ; a few were present in the anterior lobe, 
but none in the ventral lobe. Search for the flagellates 
in the intestine of the insect gave negative results.

Tidal Data for the Antarctic.—A reprint has 
reached us of the reduction by Dr. A. T. Doodson, 
The Tidal Institute, University of Liverpool, of the 
tide gauge records made at Cape Evans, in the 
Antarctic, by Mr. Nelson during 1921-22 (June- 
January). The reprint appears to be an excerpt 
from a volume collecting the results of the expedition, 
but bears no indication of its origin and gives no 
mention even of the name of the expedition. This 
was the third expedition wintering on Ross Island, 
and comparison is made of the amplitudes and phases 
of the principal tidal constituents (S2, M2, Kx, Of 
derived from the three expeditions, the others being 
those of the Discovery (1902) and the Nimrod (1907), 
all of which had their stations within a few miles 
of one another. The three sets of results are in very 
satisfactory agreement, and the tides in this small 
region of the Antarctic may be considered adequately 
known.

Hydrographical Conditions in the Baltic.— 
A survey of the hydrographical conditions in the 
northern part of the Baltic has been carried out during 
the summers of 1922, 1923, and 1924 by Finland and 
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Sweden working in co-operation, the region at the 
entrance to the Gulf of Bothnia having received the 
greatest attention. The results are recorded in the 
following publications recently received : Havsforsk- 
ningsinstitutets * Skrift. No. 30 : Thalassologische 
Beobachtungen im Alands- und Schdrenmeer im Juli 
1922 und Juli 1923. Herausgegeben von Rolf 
Witting und Hans Pettersson. Pp. 39. 7 Fmk. 
No. 32 : Talassologiska vdrexpeditionen 1924. Ref erat: 
Die thalassologische T erminfahrt im Jahre 2924. Av 
Risto Jurwa. Pp. 27. 4 Fmk. No. 34 : Regel- 
mdssige Beobachtungen von Temperatur und Salzgehalt 
des Meeres im Jahre 19'23. Von Gunnar Granquist. 
Pp. 54. 10 Fmk. No. 36 : Dagliga vattenstandsupp- 
gifter 1923. Refer at : Tagliche Wasserstandsangaben 
1923. Av Henrik Renquist. Pp. 46. 8 Fmk. 
(Helsingfors : Statsradets Tryckeri, 1925.) Con
tinuous measurements for several days were made by 
means of current meters at a number of positions 
where the physical conditions of the water, including 
the rate of evaporation and the change in water level, 
together with the meteorological conditions, were 
also observed. Currents of J to | mile per hour were 
met with in the neighbourhood of the Aland Isles, 
running usually northward into the gulf and appar
ently not dependent upon the winds during the 
period of the survey. A south - going stream ran 
along the Swedish shore. No conclusions are drawn 
from the numerous data and no review of the con
ditions met with are included in the published records.

The Bath Springs.—Dr. R. H. Rastall in the Geol. 
Mag. for March 1926 reprints his interesting article 
on the geology of the Bath springs from “The Book 
of Bath,” 1925. The temperature of the waters is 
about 700 F. above that of normal spring water, in
dicating that the ultimate source must be at least 
5000 feet below the surface. This deduction, and 
the saline character and radioactivity, lead to the 
conclusion that the Bath and similar thermal springs 
in other countries are fed by deep-seated sources of 
igneous origin. The uprise of such waters involves 
the existence of pronounced fractures, and in the case 
of Bath it is not difficult to account for the existence 
of suitable fractures. The east and west lines of folding 
and fracture of the highly disturbed Mendip region 
and the similar north and south lines of the Malvern 
disturbances cross in the neighbourhood of Bath, 
thus producing lines of particularly easy penetration 
through the older rocks. The fractures, however, 
were produced before the Triassic and Jurassic beds 
were deposited, and the clays of the latter system seal 
up the water to some extent. Borings which have 
passed through the Rhaatic clays encountered red 
sands from which hot water flowed. Thus the exact 
points of outflow at the present surface must be 
determined by the presence of small faults or fissures 
of later origin in the clays which underlie the city 
itself.

The Angles of Crystals during Growth.— 
Miers has suggested that the formation of vicinal 
faces in crystals is due to the difference in the density 
of packing of the molecules in a crystal and those in 
a saturated solution. Further, it is considered that 
owing to the greater density of packing of the former 
the molecules of the solute separating from the solu
tion find difficulty in compressing themselves into the 
closer packing of a simple crystal face. Experiments 
by E. S. Hedges described in the Journal of the 
Chemical Society for April 1926 support this view. 
By very slow growth of a crystal of sodium chlorate, 
single perfect cube faces have been obtained, since 
under such conditions the solute molecules can more 
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easily take up their correct positions in the crystal 
face.

Magnesium Electrodes in Spectral Analysis.— 
The advantage of magnesium electrodes in cases 
where only small amounts of the material to be 
investigated are available are described by M. E. 
Dureuil in the C. R. Acad. Sci., Paris, of April 26. 
Cylinders 1 cm. in diameter were employed as elec
trodes, the substance to be examined being placed in a 
cavity of about 1 mm. diameter in the positive elec
trode. They can be used either for arc or for spark 
spectra ; in the former case the current should not 
exceed 1 ampere, to avoid ignition of the magnesium. 
The spectrum of magnesium is a simple one, with only 
aboutn fifty lines, and in the region between 7000 and 
3500 A.U. there are only about ten strong lines ; these 
do not come in the way of the characteristic lines of 
the other elements. Even with commercial magnesium 
the lines due to the impurities copper, iron, manganese, 
silicon, calcium, sodium, aluminium and carbon are 
weak, and would only cause difficulty in cases where 
these elements have to be investigated. The use of 
these electrodes has been found particularly valuable 
in the case of the platimum metals, the alkalis and 
alkaline earths, and especially for non-conducting 
minerals which resist the action of fused carbonates. 
This is probably due to the strong reducing action of 
magnesium, which at the high temperature of the 
arc or spark displaces the metals from their com
pounds, so that they give their dissociation spectra 
in the most favourable conditions.

The Electronic Structure of the Benzene 
Molecule.—In the Journal of the American Chemical 
Society for May 1926, L. Pauling discusses the 
electron-orbit-sharing theory of chemical bonds in 
connexion with the electronic structure of the benzene 
molecule. The carbon and hydrogen atoms are in 
the same plane at the corners of two concentric 
regular hexagons, and the manner in which they are 
connected by the shared bonds is described. Pauling 
extends this theory to naphthalene and anthracene, 
and shows that it accounts for the properties of these 
substances.

Vitamins in Heat-Sterilised Foods.—In view 
of the lack of direct evidence on the vitamin content 
of foods sterilised by heat and the conflicting results 
of earlier workers, C. M. Dugdale and R. J. Munroe 
have started a number of experiments on this subject. 
The first of the series, described in the Journal of the 
Society of Chemical Industry of May 21, deals with the 
presence of vitamins in meat preparations and shows, 
in the form of curves, the effects of various samples 
on the growth of rats reared on a vitamin-free diet. 
It is concluded that meat has a higher vitamin value 
than is usually supposed, and the heat processes used 
to sterilise it on a commercial scale affect the vitamins 
only slightly.

The Reaction between Ethylene and Chlorine. 
—Norrish studied the reaction between ethylene and 
bromine in a glass vessel and in glass vessels covered 
with wax, cetyl alcohol and stearic acid, and con
cluded that the reaction took place on the glass but 
not on the paraffined surface. Stewart and Edlund 
found that the reaction was of the second order, 
taking place entirely on the walls of the glass vessel 
containing the mixture. In the Journal of the 
American Chemical Society for May 1926, Stewart 
and Fowler describe the reaction between ethylene 
and chlorine in the presence of dry air. They state 
that this is also a second-order reaction taking place 
at the glass surface at approximately one-tenth of the 
speed the reaction between ethylene and bromine.
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South-Eastern Union of Scientific Societies.
THE thirty-first annual Congress of the South- 

-*• Eastern Union was held at Colchester on 
June 9-12, under the presidency of Mr. Reginald A. 
Smith, of the British Museum, in succession to Sir 
John Russell, director of the Rothamsted Experi
mental Station. In his address Mr, Smith dealt with 
“ Essex in pre-Saxon Times,” and pointed out that 
Essex is particularly rich in remains of the Early Iron 
Age, or Hallstadt period. Before the arrival of the 
Romans, Colchester was the capital of the most 
advanced of the British tribes. With the aid of the 
lantern, phases of pre-Saxon civilisation were illus
trated. The gradual degradation of the British gold 
coin, founded on the Macedon stater, was shown, and 
the introduction of that on which there came to be 
shown an ear of corn, the origin of which still remains 
a mystery. A point of interest dealt with was the 
origin of the Red Hills, so called, although they are 
but raised platforms of burnt earth. The president’s 
view was that they are the debris from the preparation 
of the ground for the construction of salt-works, the 
base of the pans with its growth of vegetation being 
burnt over, and the material then being scraped 
together and deposited in such a way as to form plat
forms, which may have been used as refuges by 
workers against sudden irruption of the tide. Workers 
were invited to inquire as to the finding of currency 
bars of iron, as at present none have been found in 
Essex.

Mr. Chas. E. Benham contributed a paper in 
which he dealt with “ Colchester’s greatest Citizen,” 
Dr. William Gilbert, whose monumental work 
“ De magnete,” founded on actual experiment, laid 
the foundations of inductive science. He showed thus 
early that the earth is a magnet, and that the pheno
mena of the compass with its varying dip and declina
tion all conform to that principle. Gilbert’s terelke 
and his other early instruments were bequeathed to 
the College of Surgeons, but they were all unfortun
ately destroyed in the great fire of 1666. The arms 
of the borough of Colchester constitute a story in 
themselves, and are associated with the legendary 
story of St. Helen. King Cole reigned at Colchester 
at the end of the third century, and was her father. 
He was the merry King Cole of the nursery rhyme. 
On his coming to terms with the Roman general 
Constantius, he gave the general his accomplished 
daughter Helena in marriage. The story is recorded 
in the ancient records of Colchester, which date from 
about 1350, so that historic accuracy cannot be 
claimed for it.

Dr. E. J. Salisbury’s paper on “ Plant Communities 
of the Seashore ” was of special interest in view of the 
proximity of the town to wide stretches of estuarine 
fiats, and an excursion to Mersea Island and the 
Strood enabled botanists to examine and collect 
specimens of the flora dealt with by Dr. Salisbury. 
The Strood is interesting as being a causeway of 
Roman foundation, connecting the island with the 
mainland. In the Pyefleet, running north from the 
Strood, are the chief oyster-beds belonging to the 
Colchester Corporation, and here as elsewhere constant 
warfare is being waged against the slipper-limpet, 
specimens of which were collected along the coast 
when a geological ramble was made to the cliffs at 
Walton-on-the-Naze. Tons of the slipper-limpet are 
annually dredged up by the corporation dredgers and 
destroyed, but the pest continues to increase.

No other town, said Dr. Mortimer Wheeler, pos
sesses a local museum surpassing that of Colchester 
as a collection of Roman antiquities. He spoke in the 

NO. 2956, VOL. 117]

great quadrangle of the castle, and described Camulo- 
dunum (Colchester) as the royal seat of the Trino- 
bantes under the king Cunobelinus. It was evident 
that the tribal community endeavoured to assimilate 
Roman culture and fashions. It was the intention of 
the Romans to make Colchester the capital of Britain, 
an intention that was afterwards frustrated by 
geographical and other considerations. The Balkerne 
Gateway was the largest gateway erected by the 
Romans in Britain.

A paper by Mr. E. C. Stuart-Baker dealt with 
“ Some Curious Aspects of Evolution ” in bird-life 
and was illustrated by excellent lantern slides. 
Examples were given among the pheasants and other 
birds of the direct effect of environment on variations. 
One of the best-known and most widely accepted 
factors in evolution is the atmospheric condition of 
humidity. Excessive humidity acts upon the pelage 
or plumage and causes great darkness or brilliant 
colouring. A moderate amount of humidity generally 
results in a dull neutral tint, dark or pale in pro
portion to the amount of humidity being above or 
below normal. The absence of all humidity causes 
white or very pale coloration, The lecturer asked 
his audience to remember that when they were told 
that the various forms of pheasants shown .can be 
produced in captivity by hybridisation, environment 
no longer exists in captivity, and man, by the selection 
of suitable individuals for the creation of the form 
which he desires to reproduce, takes upon himself the 
privileges and powers of environment.

Mr. Hazzledine Warren’s paper on “ The Correlation 
of the Lower Palaeolithic ” gave rise to considerable 
discussion, in view of the opinions which he expressed 
as to the age of Strepyan implements, and the dis
tinctive characteristics and duration of Chellean and 
Acheulian cultures. In Mr. Edward A. Martin’s 
paper on " Break-names in Geological History,” he 
showed that while doubt exists as to the proper 
correlation for passage-beds, bone-beds and newly 
discovered strata, it would meet a want if names were 
allotted to the breaks between the recognised systems, 
to which such strata could be allocated at least 
tentatively. These names he proceeded to allot, 
all of which would be derived from the names of 
geologists, examples being ‘ Lapworthian ’ for the 
break between Ordivician and Silurian, and ‘ Whita- 
kerian ’ for the break between Cretaceous and Eocene. 
These names would at once be recognisable from those 
of systems, since they are all personal names. In the 
discussion that followed, it was agreed that the 
subject deserved the attention of geologists.

In a paper by Mr. J. H. Owen, of Felsted, which was 
illustrated by very fine photographs by the author, 
the matter of the cuckoo and its foster-parents was 
dealt with in a masterly manner, and it was shown 
that the young cuckoo made use of its rump and tail 
rather than its.back for the ejection of young birds 
and eggs from the nest. It would climb up backward 
the side of the nest, with the youngster on its back, 
and then by a final flick of its rump eject the unwanted 
one.

Regional survey subjects were dealt with by Mr. 
Alexander Farquharson on “ The Social Constitution 
of a County ” ; by Mr. Geoffrey E. Hutchings on 
“ The Choice of Maps for Regional Surveys.”

In connexion with the Congress a volume has been 
published entitled “ Essex: an Outline Scientific 
Survey,” a concise statement of scientific research in 
the county, written by members of the Essex Field 
Club and others.
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Mechanism of Oxidation in Living Tissues.
THE isolation of glutathione by F. G. Hopkins in 

-*• 1921 threw a fresh light on the processes of
oxidation and reduction in living tissues, since the 
compound appeared to be of a simple constitution 
and not an enzyme, to which class of bodies the 
substances producing oxidation in the living organism 
were, in the majority of cases, considered to belong. 
Since then its constitution as a dipeptide of cysteine 
and glutaminic acid has been definitely proved, 
especially by its synthesis by Stewart and Tunnicliffe. 
It owes its activity in promoting oxidations to its 
property of acting either as a hydrogen donator, when 
it is present in the reduced (or cysteine) form, or as 
a hydrogen acceptor, when it is in the oxidised (or 
cystine) form : which form is present, depends on 
the conditions of its environment. Further details 
of its activity in promoting oxidations have recently 
been given by its original discoverer (F. G. Hopkins, 
Bioche,m. Journ., 1925, vol. 19, p. 787). The paper 
deals with the oxidation of fats and proteins ; at 
present the relationship, if any, between glutathione 
and carbohydrate utilisation has not been worked 
out.

Unsaturated fatty acids such as linoleic and linolenic 
are oxidised in the presence of the reduced form of 
glutathione (GSH), but the actual mechanism appears 
to be somewhat different at different hydrogen 
ion concentrations. At ^H 3-0-4-0 large amounts of 
oxygen are taken up by the system : presumably a 
peroxide is formed by two thiol groups and the 
oxygen then passed on to the fatty acid, so that the 
reaction is catalysed by the GSH; it may be repre
sented by the equation

AO2 + 2B —> A + 2BO, 
where A = GSH and B = the fatty acid. On the 
other hand, at T’H 7-4-7-6 less oxygen is taken up ; 
in fact it is found that the amount is almost exactly 
twice that necessary to oxidise the GSH to the 
oxidised form (G2S2) ; in other words, the oxidation 
is a coupled reaction, according to the equation

AO2 + B^AO + BO.
When the behaviour of the glycerides of the un
saturated fatty acids in the form of pure linseed oil 
was studied, different results were obtained. At 
pH 3-5-4-0 a latent period occurs before the oxygen 
uptake sets in; at pH 7-4-7-6 the equipartition of 
oxygen between GSH and the fatty acid is not seen, 
but after a high initial uptake the oxygen consump
tion falls off to a steady linear rate until nearly all 
the fat is oxidised. The point of inflexion on the 
curve corresponds to the time when nearly all the 
GSH has been oxidised, and unless there is a certain 
definite concentration of GSH present at the com
mencement, the oxidising system fails to become 
established. The cause of these variations is not 
yet known', but the establishment of the oxidising 
system in alkaline emulsions of linseed oil does not 
appear to be due to the presence of minute traces of 
iron.

For the investigation of the oxidation of the 
proteins the author has utilised certain pure prepara
tions as well as a muscle powder obtained from the 
tissue by extraction with boiling water, and with 
alcohol and ether to remove lipoids, followed by 
drying and powdering. Such a muscle preparation 
in Ringer’s solution at pH 7-6 and in the presence 
of oxidised glutathione (G2S2) takes up oxygen to 
the extent of 2000 c.mm. per gm. This oxidation 
occurs only in a solution of an alkaline reaction, and 
only when the protein is present as a solid phase, and 
also gives a positive nitroprusside reaction; that is, 
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when it itself contains an - SH group. This ‘ fixed ’ 
- SH group of the protein is not oxidised by molecular 
oxygen, but can be by G2S2 even in the absence of 
oxygen. In this case the surrounding solution acquires 
a positive nitroprusside reaction owing to the reduc
tion of the G2S2. The fixed - SH can be restored by 
contact with GSH; but it is not removed by simple 
washing of the tissue, nor is it a question of the 
adsorption of GSH to the tissue, but the fixed - SH 
appears itself to undergo alternate oxidation and 
reduction according to the conditions of its environ
ment. It is probably the only reducing factor in the 
thermostable muscle residue.

It is to be noted that the amount of oxygen neces
sary to oxidise this fixed - SH group is only one
tenth of that taken up by the system in the presence 
of G2S2. Moreover, when the uptake of oxygen has 
ceased, restoration of the group by exposure of the 
powder to GSH will enable a further quantity of 
oxygen to be taken up with further oxidation of the 
protein : up to the present, an amount of oxygen 
equalling io-o c.c. per gm. of powder has been 
observed to be taken up, by renewing the fixed - SH 
group at intervals, and even this is not a maximum.

Pure proteins are not so active as the muscle 
powder. It is of interest to note that a protein which 
gives no nitroprusside reaction may be caused to 
react positively by denaturation. If GSH is added 
to the protein instead of G2S2, the initial oxygen 
uptake is quicker, and the total oxygen uptake is 
greater by an amount which is nearly equal to that 
which would be required to oxidise all the GSH to 
G2S2; so that in both cases the oxidation of the 
protein proceeds with only minute amounts of - SH 
in solution.

To sum up, the oxidation of fat and protein 
depends on the hydrogen-ion concentration of the 
solution and on the fact that GSH is oxidised quickly 
in an alkaline, but only slowly in an acid, medium. 
At pH 7 6 protein alone is oxidised, and since GSH 
is quickly oxidised to G2S2, the fixed - SH of the 
protein molecule must be intact to ensure the presence 
of -SH in the solution. At pH 60 both protein 
and fat are oxidised, the latter owing to the fact 
that the GSH is maintained at a higher concentra
tion in the more acid solution. At pH 3-8 fat alone 
is oxidised ; and the process is slower in the presence 
of G2S2, since its reduction to GSH is slow.

The question has been examined from a different 
point of view by J. H. Quastel (Biochem. Journ., 
1926, vol. 20, p. 166). Investigating the dehydro
genations produced by resting bacteria, he was 
struck by the great variety of substances which were 
capable of acting as donators or acceptors of hydrogen : 
moreover, closely related compounds behaved dif
ferently in the presence of B. coli and methylene 
blue ; one might be oxidised and the other not. It 
seems scarcely possible that the organisms possess 
enzymes capable of acting on each different com
pound ; on the other hand, there is good evidence 
that the change in the molecule of a compound 
which enables it to undergo oxidation or reduction 
takes place at the outer surface of each organism, 
though possibly in some cases at a surface in the 
interior of the cell.

Recent work has shown that molecules are 
orientated in a surface, so that it may be considered 
as a mosaic composed of the different molecules 
arranged singly or in groups in a definite pattern, 
which is characteristic for each cell, but varies 
slightly with its growth and activity. This molecular 
arrangement will lead to the existence of varying 
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electric fields scattered over the surface of the cell, 
and the author considers that a molecule is ‘ activated,’ 
and so becomes susceptible to oxidation (or reduction), 
when it comes under the influence of one of these 
electric fields, which causes a shift of electrons from 
one atom to another of the molecule. Thus the group
- CH = CH - becomes - C - CH2 - . The movement 

of the proton will be determined both by the shift 
of the electrons and also by the electrical condition 
of the molecule itself. Thus if a radicle is one electron 
short of its full number it will, replacing an atom 
of hydrogen in the molecule, turn its positive end 
towards the carbon atom with which it combines, 
and so tend to repel a positive charge. The opposite 
effect occurs if the replacing radicle has one electron 
more than its full complement. - OH, - NH2, and 
- CH2COOH repel positive electricity, whilst - COOH, 
- CONH2, and - COCH3 attract it. Thus on activa
tion, R - CH = CH - COOH becomes R - C - CH2 
-COOH, and R - CH = CH - CH2 - COOH, R - CH2 
-c-ch2-cooh.

The theory therefore offers a possible explanation 
of the well-known /3-oxidation of fatty acids in 
living animals. The author has examined a large 
number of compounds in the light of his theory and 
finds that his experimental results can all be ex
plained by it. It offers a satisfactory reason why 
closely related compounds should differ in their 
behaviour as hydrogen donators in the presence of 
resting organisms, and obviates the necessity of 
postulating the existence of large numbers of enzymes 
which have never yet been extracted from these cells.

The author considers it probable that the - SH 
group, as it exists in glutathione, is one of the means 
whereby oxygen is activated so that it becomes a 
hydrogen acceptor. In other cases this may be due 
to small traces of iron or to the development of a 
peroxide at an activated carbon atom; e.g. - C - X 

0—0

becomes - C - X, so that the process which activates 
the hydrogen donator may result at the same time in 
the activation of oxygen.

The Royal Society Conversazione.
HPHE Royal Society usually holds two conversa- 

ziones annually. The first of these gatherings 
was cancelled owing to the general strike, and the 
second was held on June 16 last. Many of the 
exhibits arranged in the Society’s rooms have already 
been referred to in our columns. Limitations of space 
forbid more than passing notice of some of the 
remainder.

The Department of Entomology, British Museum 
(Natural History) (Mr. F. W. Edwards and Dr. P. A. 
Buxton) exhibited specimens of a submarine Chiro- 
nomid. This is the first insect species known to 
spend its whole life in the sea, and was discovered by 
Dr. P. A. Buxton in Samoa, where it was found 
associated with other Chironomid flies having normal 
air-living adults. Mr. T. S. P. Strangeways and 
Dr. H. B. Fell showed microscope preparation of the 
development in vitro of the isolated eye of the em
bryonic fowl. Fowl embryos of 64-70 hours’ incuba
tion were used. An eye is dissected out and explanted 
into a medium composed of fowl plasma and embry
onic tissue extract; here it grows and differentiates 
in a surprisingly normal way.

The Soil Physics Department, Rothamsted Experi
mental Station (Dr. B. A. Keen and Dr. W. B. Haines), 
exhibited a new combination of apparatus for measur
ing soil resistance which has marked advantages over 
the usual type of dynamometer. It is light and port
able, and gives a continuous record of the draught, 
and a time scale, on a celluloid strip, which has great 
advantages over paper for outdoor work under varied 
weather conditions.

Lieut.-Col. F. J. M. Stratton and Mr. C. R. Davidson 
showed a number of photographs of the solar eclipse 
of January 14 last, taken at the expedition sent to 
Benkulen, Sumatra. The expedition obtained good 
photographs of the corona, the spectrum of the 
chromosphere, and also of the corona both with slit 
spectroscope and prismatic cameras, from a discussion 
of which it is hoped that fresh knowledge may be 
gathered as to the condition and constitution of the 
solar atmosphere. From the spectrograms of the 
corona it will be possible to obtain accurate wave
length measurements of the lines of the coronal 
spectrum of unknown origin.

Prof. O. W. Richardson showed an apparatus for 
the investigation of soft X-rays which are produced 
by the electronic bombardment of solids. The tube 
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is of transparent silica, and is exhausted to a pressure 
of about one ten-millionth of a millimetre of mercury. 
The presence of the X-radiation is demonstrated by 
the photoelectric emission which it produces from a 
copper-plate enclosed in the tube.

The National Physical Laboratory had two interest
ing exhibits. The vector colorimeter (Mr. Guild and 
Dr. Perfect) enables a colour to be specified by 
qualitative measurements involving colour matches 
only. Two colour matches are made. In one the 
test colour is matched by a mixture of spectrum red 
with monochromatic light of suitable wave-length ; 
in the other by a mixture of spectrum blue with 
another suitable monochromatic constituent. These 
matches determine the two vectors, and their inter
section determined the position of the colour on the 
colour chart. A modified manometer for the deter
mination of the vapour tensions of molten cadmium 
and zinc was also shown (Mr. C. H. M. Jenkins). 
This is measured by the pressure of nitrogen required 
to level the two liquid surfaces of the metal of a 
specially shaped manometer. The closed end of the 
manometer can be flooded by rotation of the appar
atus, and foreign gases can also be removed by a 
similar rotation accompanied by a reduction of 
pressure.

Mr. W. M. Mordey showed some experiments 
demonstrating the possibility of getting a powerful 
rotation, in multiphase alternate current fields, of 
magnetic materials which are either non-conducting 
in themselves or are made so by being reduced to 
fine powder and then made up into solid discs or 
cylinders with some binding material, such as glue 
or shellac, which insulates the particles from one 
another. Such discs or cylinders, which form minia
ture induction rotors without windings and with non
conducting cores, can be made up of powdered 
magnetic materials such as hard cast-iron dust, hard 
steel grit, nickel, cobalt, and of the magnetic minerals 
magnetite and pyrrhotite ; in such bodies no appreci
able eddy currents are produced, the rotation being 
due entirely to hysteresis. An interesting item in the 
exhibit was a small alternate-current electric fan, the 
rotor of which consisted simply of a piece of pyrrhotite 
rock with no winding on it, revolving freely in the 
field of a small model multiphase magnet. Loose 
powders of any of these materials rotated in such 
multiphase fields in a direction opposite to that in 
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which solid masses of the same materials rotate, a 
reversal of direction due to a rolling action of the 
particles. No eddy currents are induced in any of 
the conducting materials when powdered. Dr. W. H. 
Eccles and Dr. Winifred Leyshon showed a neon tube 
and tuning fork combination for producing electrical 
oscillations - of harmonic frequencies suitable for 
calibrating wave-meters. The neon tube is connected 
in parallel with a condenser and in series with a 
resistance and a battery ; it then gives an inter
mittent luminous discharge and the current can be 
used to keep aTteel tuning-fork in continuous vibra
tion. The current in such a circuit has many high 
harmonics, and therefore induces an oscillatory 
current of any chosen harmonic frequency in a neigh
bouring circuit tuned to that frequency.

Sir Robert Hadfield, Bart., exhibited a number of 
specimens of alloy steels for special purposes. These 
included a rotor in ‘ ERA/ATV ’ steel used in the 
construction of exhaust gas turbines. These rotors 
are driven by the exhaust gases from internal com
bustion engines ; they work continuously at a tem
perature of from about 8oo° to 9500 C., and run up 
to the very high testing speed of 53,000 revolutions 
and working speeds of about 30,000 revolutions per 
minute. A tuning-fork of high nickel-chromium alloy 
steel was shown which has constant frequency under 
varying temperature. For this purpose the metal 
must have a very low temperature coefficient of the 
modulus of elasticity.

University and Educational Intelligence.
Birmingham.—The new buildings for the Depart

ment of Oil Engineering and Refining (which have 
been in use during the past session) were formally 
opened on June 19 by Sir John Cadman. The 
department is remarkably well equipped for the 
training of students in the science and practice of oil 
technology. There is special provision for experi
mental research in the production of synthetic liquid 
fuels and for high-pressure work on the Bergius 
process. There is a three-year course leading to the 
ordinary B.Sc. degree and a four-year course for an 
honours degree in the subject. There is in addition 
a post-graduate school open to honours graduates of 
approved universities who have taken engineering or 
chemistry as principal subjects.

Cambridge.-—The late Mr. W. W. Rouse Ball, 
Trinity College, who died on April 4 of last year, has 
left to the University a sum of 25,000!. on condition 
that a professorship or readership of or directly con
nected with mathematics should be founded, and a 
further 25,000!. for a professorship or readership of 
some branch or branches of modern English law. 
He expressed a hope that these professors or readers 
should include in their lectures historical and philo
sophical aspects of their subjects. He further left a 
sum of 10,000!. the income from which is to be used 
for the benefit of, or toward the expense of maintain
ing, the University library.

In connexion with the celebration of the Bacon 
tercentenary by Trinity College in October next, it 
is proposed to confer the honorary degrees of LL.D, 
on Prof. W. S. Holdsworth, of the University of Ox
ford, and of Sc.D. on Sir Ernest Rutherford, Trinity 
College, Cavendish professor of experimental physics 
and president of the Royal Society.

It is announced from Magdalene College that elec
tions to the Donaldson and Charles Kingsley Bye- 
Fellowships for the encouragement of research will 
be made early in July, applications to be made to the 
Master, Magdalene Lodge, before June 30.
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Edinburgh.—The bicentenary of the institution 
of the Faculty of Medicine was celebrated on June 
io and 11, when representatives of many famous 
schools of medicine at home and abroad took part 
in the commemoration. At the special graduation 
ceremonial the honorary degree of LL.D, was conferred 
on the following alumni of Edinburgh : Dr. Andrew 
Balfour, Director of the London School of Hygiene 
and Tropical Medicine; Prof. Robert Howden, 
professor of anatomy, University of Durham ; Prof. 
W. T. A. Jolly, professor of physiology, University 
of Cape Town ; Sir George Newman, Ministry of 
Health; Prof. Alexander Primrose, professor of 
.clinical medicine, University of Toronto ; Sir John 
Robertson, professor of public health. University of 
Birmingham ; Prof. Ralph Stockman, professor of 
materia medica, University of Glasgow; Dr. A. 
Logan Turner, president of the Royal College of 
Surgeons, Edinburgh ; Sir Norman Walker, treasurer 
of the Royal College of Physicians, Edinburgh; 
Prof. J. T. Wilson, professor of anatomy, University 
of Cambridge.

After the graduation Sir George Newman gave an 
address in which, beginning with the primitive school 
of medicine at Salerno and later considering the 
schools in Bologna, Padua and Leyden, he traced the 
influences which led to the founding of the Edinburgh 
School. He emphasised the great influence exerted 
by Boerhaave upon Alexander Monro, who was the 
founder of the Medical Faculty in Edinburgh, and 
upon John Rutherford, who introduced clinical 
teaching in Edinburgh upon the Leyden model. 
This bedside teaching, with its subsequent develop
ments of clerking and dressing, became one of the 
characteristic features of the Edinburgh School, 
which has been copied all over the world. Sir George 
referred to some of the discoveries associated with 
the Edinburgh School and remarked that, like all 
discoveries, they were but stages in the pursuit of 
truth—they did not begin nor were they completed 
in Edinburgh, but all of them were substantially 
advanced there, and of two of them—Simpson’s 
work on the anaesthetic action of chloroform and 
Lister’s antiseptic surgery—it might be said they had 
entered into the history of mankind.

The reconstructed Surgery Department was for
mally opened by Sir John Gilmour, Secretary for 
Scotland. The cost of the reconstruction has been 
largely met by a generous gift from Mr. T. S. Thomson, 
brother of the late professor of surgery, Alexis 
Thomson.

At the meetifig of the University Court on June 14, 
intimation was received from Dr. Harold Robinson, 
reader in natural philosophy, of his intention to 
resign, as from the end of the academic year, on his 
appointment to the chair of physics in the University 
College of South Wales and Monmouth, Cardiff.

Leeds.-—Mr. B. A. McSwiney has been elected to 
the chair of physiology, vacant through the death of 
Prof. W. F. Shanks. Mr. McSwiney is a graduate of 
the University of Dublin in arts and medicine, and after 
the War was appointed assistant professor of physio
logy at Trinity College, Dublin. In 1919 he became 
lecturer in experimental physiology at Leeds and in 
the following year at Manchester, a position which 
he still occupies. He is secretary of the Section of 
Physiology of the British Association.

Dr. Richard Douglas Passey has been elected to a 
new chair of experimental pathology and as director 
of cancer research. Dr. Passey, who is at present 
lecturer in pathology in the Welsh National School of 
Medicine, Cardiff, has been engaged in cancer research 
for some years past, and has published a number of 
papers on the subject.
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Contemporary Birthdays.
June 25, 1859. Prof. Sydney John Hickson, F.R.S.
June 26, 1869. Sir John Flett, K.B.E., F.R.S.
June 27, 1855. Admiral Sir A. Mostyn Field, 

K.C.B., F.R.S.
June 28, 1851. Sir Alfred Hopkinson, K.C., M.P.
June 29, 1868. Dr. George Ellery Hale, For. Mem. 

R.S.
June 29, 1844. Sir Francis Fox, M. Inst. C.E.
July 1, 1840. Mr. Edward Clodd.

Prof. Hickson is a Londoner. He was educated 
at University College School, and Downing College, 
Cambridge. In his early career he was some time 
assistant to Prof. H. N. Moseley, at Oxford. Since 
1894 Prof. Hickson has occupied the chair of zoology 
in the Victoria University, Manchester.

Sir John Flett, director of H.M. Geological 
Survey since 1920, was bom at Kirkwall, Orkney. 
He was educated at Watson’s College and at the 
University of Edinburgh, coming there under the 
guidance, in geological work, of Prof. James Geikie. 
Before his present official post he was assistant to 
the director of the Geological Survey of Scotland. 
In 1902, jointly with the late Dr. Tempest Anderson, 
he investigated, at the desire of the Royal Society, 
the volcanic eruption of the Soufriere, in St. Vincent, 
West Indies, publishing a voluminous report in the 
Philosophical Transactions. Sir John was awarded 
the Bigsby medal of the Geological Society in 1909.

Sir Mostyn Field, who has carried out highly 
important marine survey work, was hydrographer to 
the Admiralty from 1904 until 1909.

Sir Alfred Hopkinson, who was born in Man
chester, was educated at Owens College in that city, 
and at Lincoln College, Oxford. Principal of Owens 
College from 1898 until 1904, he was vice-chancellor 
of Victoria University of Manchester in 1900-13. Sir 
Alfred is member of Parliament for the combined 
English Universities. He is Hon. LL.D, of Glasgow 
and Aberdeen.

Dr. Hale, distinguished for his researches in solar 
and stellar spectroscopy, and joint editor of the 
A strophysical Journal, was born at Chicago. Organiser, 
and then director of the Yerkes Observatory of the 
University of Chicago, from 1895 until 1905, he 
afterwards took up the directorship of Mount Wilson 
Observatory, Pasadena, California. In 1904 the 
Royal Astronomical Society awarded its Gold Medal 
to Dr. Hale for his spectroheliograph method of photo
graphing the solar surface and other astronomical 
work.

Sir Francis Fox, whose father was Sir Charles 
Fox, the distinguished engineer of early Victorian 
times, was born in London. One of the engineers of 
the Mersey Tunnel, Sir Francis, jointly with his 
brother, the late Sir Douglas Fox, were constructors 
of two underground railways. The development of 
railway schemes in South Africa also engaged his 
attention. Sir Francis has given unstinted assist
ance to the authorities of various English cathedrals 
concerning subsidence problems.

Mr. Clodd was born at Margate and educated at 
Aldeburgh Grammar School. It means and expresses 
much to say that he was among those in Huxley’s 
circle of intimates in “the Marlborough Place days.” 
Fifty-four years ago Mr. Clodd published “ The Child
hood of the World,” the precursor of many studies con
cerning evolutionary foundations.
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Societies and Academies.
London.

Royal Society, June 17.—Sir Arthur Schuster: A 
review of Mr. George W. Walker’s magnetic survey 
(1915). Recent magnetic surveys seem to show 
that the components of magnetic force cannot be 
completely represented by a potential function, but 
indicate electric currents cutting the surface of the 
earth with current densities that are far greater than 
those obtained from direct measurement. Examina
tion of Mr. Walker’s magnetic survey suggests the 
careful examination of a comparatively small area, 
rather than an extensive survey of districts so large 
as those into which the country was divided by 
Walker in order to test the reality of these currents. 
If observations, are taken at four stations, two of 
which lie in the meridian and two on a circle of 
latitude, each station being at a distance of i-8 miles 
from the central point, the density of the earth-air 
current may be determined with a probable error of 
o-i ampere per square kilometre, on the assumption 
that the difference between the magnetic components 
at two of the stations can be determined with a 
probable error of 37 in a single comparison, and 
that the observations are repeated 25 times. The 
mean current density derived from Mr. Walker’s 
survey of eight separate districts is 0-24. Lord 
Rayleigh : The continuous spectrum of mercury 
vapour in relation to the resonance line 2536-52. 
The continuous spectrum can be produced without 
the resonance line, by fluorescent excitation with 
the aluminium spark, as originally observed by 
Wood. Under these conditions the continuous 
spectrum ends at 2535-9 A.U. and the resonance line 
appears dark on the continuous background. The 
band at 2540 also appears sharply reversed on this 
background. The same continuous spectrum can 
be obtained in absorption. In this case the measured 
limit was 2535-5. By lowering the density of the 
vapour the spectrum with aluminium spark excita
tion is completely reversed, the resonance line 2536-52 
A.U. and the band 2540 A.U. now appearing bright 
on a comparatively dark background. The same 
effect is obtained by electric discharge in fairly dense 
vapour, if the exposure is not too heavy.—O. W. 
Richardson : Structure in the secondary hydrogen 
spectrum (iv.). Amore detailed examination of the 
spectrum has shown that there are a number of 
other lines which belong to the same system as 
Fulcher’s bands. It is proposed to rearrange these 
lines so that Ss to S_x form a Q branch, S the first 
line of an associated R branch to which there is a 
corresponding P branch, S6 and S_5 the first two 
lines of an associated Q' branch, and S7 the first 
line of an associated R' branch to which there is a 
corresponding P branch. This holds throughout the 
first five of the six red bands. Four similar bands 
occur in the green and five in the blue ; but the 
branches in those regions which would correspond 
to the. dashed letters have not yet been located 
with certainty. There is a combination such that 
R (m) - P (m +1) has the same value for corresponding 
lines of corresponding bands in the red, the green, and 
the blue. The quantum structure of the bands can 
be represented by terms of integral and semi-integral 
type. The emitter of this band system is the neutral 
hydrogen molecule H2 formed and excited by the 
combination of the ionised hydrogen molecule H2+ 
with an electron.—W. L. Bragg and J. West : The 
structure of beryl, Be3Al2Si6O18. Beryl has the com
position of a metasilicate, the ratio of silicon to 
oxygen atoms being one to three, though silicon 
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is surrounded everywhere by four oxygen atoms 
arranged tetrahedrally, resembling the arrangement 
in orthosilicates, such as olivine, monticellite, and 
garnet. The group SiO4 shares an oxygen atom with 
each of two neighbouring groups, thus attaining the 
correct ratio of silicon to oxygen. The hexagonal 
beryl has a structure like a honeycomb, hexagonal 
axes passing down empty channels at the centres of 
cells, the walls of which are formed of densely packed 
oxygen atoms grouped around beryllium, aluminium, 
and silicon atoms. No atomic centre is closer 
than 2'55 A.U. to a hexagonal axis. The analysis 
of the structure, which has seven parameters, is 
carried out by quantitative measurements of intensity 
of reflexion.—A. P. Laurie : On the change of refrac
tive index of linseed oil in the process of drying and 
its effect on the deterioration of oil paintings. The 
tendency of the modern oil picture to lower in tone 
is partly due to the yellowing of the oil film and 
partly to changes in refractive index. The inquiry 
took two directions : (1) The examination of certain 
pigments by grinding them in liquids of various 
refractive indices, higher than linseed oil, noticing 
the change of tone and examining under a microscope 
so as to classify them in order of translucency. 
(2) In order to test change of refractive index, an oil 
film was painted out on the glass of a Smith refracto
meter and observed from time to time. During 
drying the index rose from 1 -480 to 1 -490. Since 
then the film has been observed for some eight or nine 
months, and the index is now greater than 1 -500, a 
change which produces a visible effect on white-lead 
and pale yellows. This slow change of refractive 
index no doubt continues for many years. Light is 
thus thrown on the method of painting in oil by the 
fifteenth-century painter, who laid down a scheme 
in black-and-white or brilliant colour in a medium 
of low refractive index, and-glazed over this with thin 
oil paint, thus securing that as the pigments became 
more translucent more light would be reflected from 
the painting below, thereby keeping up tone and 
brilliancy in his pictures.

Royal Microscopical Society, May 19.—James C. 
Mottram : A note on the effects of /3-radiation on 
Colpidium colpoda as seen in stained specimens. In 
view of the presence of macro- and micro-nuclei in 
Infusoria, and of the different functions which these 
appear to control, the macro-nucleus controlling 
asexual cell division, and the micro-nucleus syngamy 
and sexual division, exposures to radium were made 
to discover whether the nuclei would exhibit any 
differences in sensitiveness to /3-radiation. No histo
logical changes were observed in the micro-nucleus. 
The macro-nucleus, however, was affected by rela
tively short exposures. Stained specimens also 
showed another early effect. In this species, rod
shaped mitochondria lying close to the surface are 
arranged in lines running longitudinally; after 
irradiation, the microchondria are distributed at 
random, and instead of being rod-shaped, and of 
approximately the same size, they are seen to be 
irregular granules of various sizes.—Miss Joyce F. 
Raves : Mitosis in Anacylus Pyrethrum. The chromo
some number is 18, a number in accordance with the 
chromosome number series of the Anthemideae, the 
cardinal number of this series being 9. In the 
prophase stages of nuclear division there is observed 
a parallel banding of the spireme, similar to that 
seen in telophase, and the following division always 
occurs at right angles to the direction of this banding. 
There is some evidence that when one daughter 
nucleus is to divide in a plane at right angles to that 
of the former division, it revolves through a right 
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angle while in the telophase condition, before it is 
completely rounded off as a new nucleus, so that 
the next division may also be at right angles to the 
direction of the spireme banding. This suggests 
that the nuclear material never changes its position 
during the resting stage.

Edinburgh.
Royal Society, June 7.—F. ’ H. Edgeworth : The 

development of the cranial muscles of Protopterus 
and Lepidosiren. The main facts in the development 
of the mandibular skeleton as described by Agar are 
confirmed, but a separate ascending process of the 
pterygoquadrate, with typical relations to the first 
division of the fifth nerve, is described. The cranial 
muscles of the Dipneumona are very similar to those 
of Ceratodus. They are more primitive in that 
external gill-muscles are present. In other respects 
they are similar to, or show slight modifications of, 
those present in Ceratodus.—G. W. Tyrrell and M. A. 
Peacock : The petrology of Iceland; Part I., The 
basic tuffs, by M. A. Peacock. The Pleistocene basic 
tuffs of Iceland are either sideromelan-tuffs or pala
gonite-tuffs. Sideromelan is basaltic glass which is 
produced in the fragmented condition by subglacial 
extrusions ; the drastic chilling thus suffered by the 
extruded liquid renders the product translucent, due 
to the inhibition of ore-separation. Palagoni is the 
hydro-gel of sideromelan. Palagonitisation results 
from the action on sideromelan either of hot springs, 
or of cold sea-water.—E. Prawochenski and B. 
Kaczkowski : Observations on the fragment of a 
horse skull from interglacial deposits near Pulawy, 
Poland. The Vistula horse belonged to the group of 
small European horses, probably to the Tarpans 
(Gmelin), or to the ponies of the “ plateau type ” 
(Ewart)—the group which included Celtic and Arab 
ponies, characterised by slender limbs, and only two 
of the eight callosities found in horses of the forest 
type. The Veglia (Adriatic) pony, though hitherto 
regarded as descended from the Tarpan, really 
belonged to a forest type. The wild horse (E. 
przewalskii) of Mongolia belonged to “ the heaviest 
type of the primitive equidse ”—an interesting con
clusion, because some' authors who studied the skulls 
of modem heavy breeds, came to the conclusion that 
in all probability the Clydesdales and Shires included 
steppe horses among their ancestors.—J. Cossar 
Ewart : The coat of the Lapland wolf. In some 
mammals the coat consists almost entirely of simple 
fibres made up of a solid cortex and of a cuticle, i.e. 
of wool fibres ; in others the coat consists of fibres 
containing pith cells separated by spaces, thus forming 
a discontinuous pith or medulla, i.e. fur fibres; in other 
mammals there is a continuous medulla, and these are 
known as true hair fibres. In the wolf the coat consists 
of bundles of fur fibres, all the fibres of each bundle 
occupying a single pit or follicle. In the Lapland 
wolf there are long coarse fibres, forming an outer 
coat, and fine and intermediate fibres forming an 
inner coat. The inner portion of the long fibres has 
the structure of fur, the outer portion has the 
structure of true hair, the middle portion differs but 
little from fur proximally but resembles hair distally. 
The short fine fibres of the inner coat are typical fur 
fibres. The inner portion of the intermediate fibres 
has a discontinuous medulla, the outer portion a 
continuous medulla as in the long outer coat fibres. 
Instead of all the fibres of a bundle occupying one 
pit or follicle,. the root of each fibre is lodged in a 
separate follicle, there is a large follicle for the long 
outer coat fibre, and underlying the large follicle 
fifteen or more slender follicles for the fine and inter
mediate fibres of the inner coat. In some dogs there 
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are, in addition to wool fibres and fur fibres, numerous 
fibres the inner half of which has the structure of 
wool, the outer of true hair. Sometimes the inner 
third resembles wool, the middle third fur, and the 
outer third true hair.—Y. Tamura and F. A. E. Crew : 
The effect of uncomplicated vasectomy and epididymo- 
differentectomy in the mouse. Definite degeneration 
of the germinal epithelium is induced by both pro
cedures, but its onset and progress are much more 
rapid after epididymo-deferentectomy.

Paris.
Academy of Sciences, May 17.—Andre Blondel : 

The initial conditions of the disturbed regime of 
currents.—R. de Forcrand : The thermochemistry 
of thallium alcoholates and salts.—M. Biernacki : 
Some theorems of algebra.-—Leonida Tonelli : The 
quadrature of surfaces.—Gaston Julia : The poly
nomials of Tchebichef.—W. S. Fedoroff: The re
presentation of analytical domains and functions.— 
Stefan Kempisty : The differentials of the ensemble 
function.—J. L. Routin : A new synchronous induc
tion motor starting automatically, and capable of 
being worked by Hertzian waves, with reference to 
the problems of teleindication and television.—C. G. 
Bedreag : The arc spectrum of copper.—F. Darmois : 
The salt effect and rotatory power.—A. Zimmern 
and Maxime Coutin : The production of polarising 
surfaces by the deposit of herepathite upon vertical 
plates.—Pierre Auger : The yield of fluorescence in 
the domain of the X-rays.—Rene Dubrisay : Re
searches on adsorption.—P. Brun : The properties of 
ternary liquid mixtures. Studies of the physical 
properties of mixtures of water and ethyl alcohol 
with a third alcohol. For the third alcohol the three 
cases studied were propanol, entirely miscible, iso
butanol, fairly miscible, and isoamyl alcohol, slightly 
miscible. Curves are given for the case of isoamyl 
alcohol.—B. Bogitch : Concerning the granulation 
of scoria and of metals. The usual method of 
pouring into water from a height occasionally gives 
rise to explosions. If compressed air is forced into 
the bottom of the water vessel, below the point 
of fall of the liquid jet, the risk of explosion is 
removed. The dimensions of the water vessel can 
be reduced, and a smaller height of fall for the liquid 
jet is possible.—N. Bezssonoff : The rapid preparation 
of mono-molybdophosphotungstic acid, a reagent 
for polyphenols and vitamins. The purification is 
based on the insolubility of the complex acid in 
30 per cent, sulphuric acid.—J. Bougault : An 
example of a hydrated ketone ether oxide. A 
correction of some results given in earlier com
munications.—Mme. Pauline Ramart : The alkylation 
of the nitriles of the fatty series. The preparation 
of di- and trialkylacetonitriles. Aliphatic nitriles, 
treated with sodium amide, give sodium derivatives, 
and these when treated with alkyl halogenides give 
the a-alkylnitriles.—R. Marquis : The oxidation of 
acenaphthene. Acenaphthene can be directly oxidised 
to acenaphthenol by lead dioxide in acetic acid 
solution.—J. H. Hoffet: The age of the limestones of 
Creiie.—P. L. Mercanton : The magnetisation of 
Australian volcanic rocks. From the magnetisation 
of the rocks examined it is concluded that the inclina
tion of the earth’s magnetic field in Australia was at 
one time in the opposite sense to that at the present 
day.—Lucien MayetA summary anthropological 
examination of the fossil men of Denise, near Le 
Puy-en-Velay. These remains represent the oldest 
human documents discovered in France, coming 
between Eoanthropus Dawsoni and Homo neander- 
thalensis.—F. Roman : The discovery of a fauna of 
mammals of the Pontian stage at Libros (Province 

of Teruel, Spain).—A. DemoIon : The absorption 
and mobilisation of the potassium ion in clay colloids. 
—Edmond Sergent and H. Rougebief : The antagon
ism between drosophils and moulds.—Claude Fro- 
mageot : The oxidation-reduction potential of re
versible oxidising systems, and the oxidation of 
organic molecules by these systems.—H. Barthelemy : 
The action of glycogen and of white of egg of the 
fowl on the spermatozoids of Rana fusca.—Robert 
Weill : A special category of nematocysts common 
to hydra, gymnoblastids and siphonophores.—Ch. 
Porcher : The action of heat on the complex caseinate 
of lime plus calcium phosphate. The greater sensi
bility of the phosphatic particles.—Georges Bour- 
guignon, Max Courland and Mlle. Renee Dejean : 
Variations of chronaxy in lesions of the retina and of 
the retro-bulbar segment of the optic nerve.

Rome.
Royal National Academy of the Lincei, April II.— 

Leonida Tonelli : Quadrature of surfaces.—G. A. 
Crocco : The possibility of super-aviation. Although 
it may be possible by the ordinary means of aviation 
to attain sub-acoustic velocities, hyper-acoustic 
velocities would require a new moto-propulsive 
method such as that of the reaction propulsor. In 
such a case, if the weight remains constant, the 
quantity of fuel necessary for a certain horizontal, 
uniform flight is inversely proportional to the product 
of the velocity of flight and the velocity of egress of 
the propulsive jet.—A. Angeli : Supposed priority 
with regard to the conductivity of unsaturated 
chains.—Antonio Colucci : An assumed property of 
symmetrical determinants of the sixth order.—Luigi 
Fantappie : Determination of groups with a para
meter of linear functionals.—Guerard des Lauriers : 
Spaces geodetically applicable beyond Dini’s case.— 
Gaetano Scorza : Apiristic resolution of binomial con
gruences and Lagrange’s interpolation formula.—-E. 
Bompiani : The geometry of surfaces considered in 
ruled space.—Mauro Picone : The duration of small 
oscillations of the most general curvilinear pendulum. 
—Vasco Ronchi : Zonal gratings as interferometer 
objectives.—Luigi Rolla and Giorgio Piccardi : Ionisa
tion potentials of certain elements of the rare earth 
group.—Giorgio Piccardi : The affinity of the iodine 
atom for the electron.—Giulia Lugaro : Bismuthinite 
from St. Agnes (Cornwall).—F. Stella Starrabba : 
Two different diagrams for the eruptivity of J apanese 
volcanoes.

Vienna.
Academy of Sciences, May 6.—L. Moser and K. 

Schmidt : Determination and separation of rare 
metals from other metals (vii). Determination of 
tungsten compounds and of metallic tungsten by 
distillation in a current of carbon tetrachloride 
vapour. The addition of chlorine to the tetrachloride 
checks dissociation and reduces the concentration of 
nascent chlorine. By the addition of air, carbon is 
oxidised and more nascent chlorine liberated. Tung
sten, tungstates, tungsten minerals were completely 
decomposed and tungsten chlorides obtained in the 
distillate, and either precipitated with benzidin or 
evaporated to dryness with nitric acid. Since iron is 
also volatilised, a method was worked out for heating 
an iron-tungsten mixture with ammonium bromide at 
3000, which volatilised iron only. Tungsten wire has 
proved very resistant to chemical attack. It was 
oxidised in an oven by oxygen to WO3, and even this 
oxide was resistant in carbon tetrachloride. The 
WO3 was reduced by hydrogen to amorphous tung
sten, which could easily be volatilised in carbon tetra
chloride. Various oxides remain behind. This quick 
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method of analysing tungsten wire is likely to be 
useful in the incandescent lamp industry.—P. T. 
Schwarz : Influence of thermometer exposure on the 
observed results of temperature in Kremsmiinster.— 
H. V. Ficker : Direction of wind and clouds in 
Teneriffe.—F. Kerner-Marilaun : Harmonic analysis 
of the temperature in the South Atlantic current 
circuit. Diagrams were drawn on the Seewarte- 
Atlas dividing the main line of the current into 24 
equal portions. The points of this division were 
transferred to the isotherm chart. Diagrams were 
drawn for the yearly warmth transition at each point, 
and hence equations were obtained.—F. Werner : 
New or little-known snakes in the State Museum of 
Natural History at Vienna.—L. Hajek and F. 
Scheminzky : Low - frequency amplifiers in phono
graph construction.—G. Luft : Distribution of sapon
ins and tannins in plants.—P. Fantl and M. Kabos : 
Zinc-dust distillation of cholesterin.

Official Publications Received.
Review of Agricultural Operations in India, 1924-25. Pp. vi+162+10 

plates. (Calcutta : Government of India Central Publication Branch.) 
2.2 rupees ; 4s.

Wisconsin Geological and Natural History Survey. Bulletin No. 56 A, 
Soil Series No. 28 : Soil Survey of Milwaukee County, Wisconsin, by 
A. R. Whitsun, W. J. Geib, and T. J. Dunnewald ; Bulletin No. 56 B, Soil 
Series No. 59: Soil Survey of Racine and Kenosha Counties, Wisconsin, 
by A. R. Whitsun, W. J. Geib, H. W. Stewart, W. M. Gibbs and C. B. 
Clevenger ; Bulletin No. 56 C, Soil Series No. 60: Soil Survey of Walworth 
County, Wisconsin, by A. R. Whitsun, W. J. Geib, W. H. Pierre and 
C. B. Clevenger. Pp. 634-2 plates + 94+4 plates+98+3 plates+3 maps. 
(Madison, Wis.)

Proceedings of the Royal Irish Academy. Vol. 37, Section A, No. 3 : 
The Breaking of Water-drops by Electric Fields. By Prof. J. J. 
Nolan. Pp. 28-39. Is. Vol. 37, Section B, Nos. 10, 11, 12: The Action 
of Nitric Acid and of Nitrogen Peroxide on Triphenylamine, by Dr. 
Hugh Ryan and Amy.Markey; The Relative Speeds of the Removal of 
Nitric Acid from Systems containing certain Aromatic Compounds, by 
Dr. Hugh Ryan and Mary Glynn ; The Action of the Oxides and the 
Oxyacids of Nitrogen on /3-Dinaphthylene Oxide, by Dr. Hugh Ryan, 
Donal Flood and Patrick M‘Nulty. Pp. 71-89. Is. Vol. 37, Section B, 
No. 13 : The Swamp Cypresses, Glyptostrobus of China and Taxodium of 
America, with Notes on allied Genera. By Augustine Henry and Marion 
McIntyre. Pp. 90-116+8 plates. Is. 6d. (Dublin : Hodges, Figgis and 
Co. ; London : Williams and Norgate, Ltd.)

Journal of the College of Agriculture, Hokkaido Imperial University, 
Sapporo, Japan. Vol. 14, Part 4 : Comparative Studies on the Physiology 
of Fusarium Lint' and Colletotrichum Lini. By Yoshihiko Tochinai. Pp. 
171-236. (Sapporo.)

The Institute of Brewing Research Scheme. Report 5 : Being a Report 
of the Research Work of the Institute from April 30th, 1924, to April 30th, 
1926. Pp. 16. (London: Brewers’ Hall, Addle Street, E.C.2.)

Treasury Department: United States Coa^t Guard. Bulletin No. 14: 
A Practical Method for Determining Ocean Currents. By Lt.-Comdr. 
Edward H. Smith. Pp., vi + 50. (Washington, D.C. : Government Print
ing Office.)

Sudan Government: Wellcome Tropical Research Laboratories, Khar
toum. Report of the Government Chemist for the Year 1925. (Chemical 
Section, Publication No. 39.) Pp. iii + 29. Report of a Meeting in the 
Sudan Gezira in December 1925 for the Discussion of certain Problems 
connected with Cotton Growing. Pp. 38. (Khartoum.)

Experimental and Research Station, Nursery and Market Garden 
Industries’ Development Society, Limited, Turner’s Hill, Cheshunt, 
Herts. Eleventh Annual Report, 1925. Pp. 143. (Cheshunt, Herts.)

Records of the Botanical Survey of India. Vol. 11, No. 1 : (i) List of 
Species and Genera of Indian Phanerogams not included in Sir J. D. 
Hooker’s “Flora of British India,” by C. C. Calder, V. Narayanas wami, 
and M. S. Ramaswami ; (ii) Loranthacese of Southern India and their 
Host Plants,, by C. E. C. Fischer. Pp. iv+195+4 plates. (Calcutta: 
Government of India Central Publication Branch.) 3 rupees ; 5s. 3d.

The Carnegie Foundation for the Advancement of Teaching. Twentieth 
Annual Report of the President and of the Treasurer. Pp. vi+241. 
(New York City.)

Transactions of the Astronomical Observatory of Yale University. 
Vol. 5: Catalogue of 5833 Stars, -2° to +1°. By Frank Schlesinger, 
with the.collaboration of C. J. Hudson, Louise Jenkins and Ida Barney. 
Pp. vj+33 + 120. (New Haven, Conn.)

University of California Publications in American Archeology and 
Ethnology. Vol. 18, No. 3: Miwok Cults. By Edward Winslow Gifford. 
Pp. 391-408. 25 c-nts. Vol. 23, No. 1 : Archeology of the Southern San 
Joaquim Valley, California. By E. W. Gifford and W. Egbert Schenck. 
Pp. 122 + 34 plates. 1.50 dollars. (Berkeley, Calif. : University of 
California Press ; London : Cambridge University Press.)

The Journal of the Royal Agricultural Society of England. Vol. 86. 
Pp. 8+291+clxxiv. (London : John Murray.) 15s.

Department of Commerce : Bureau of Standards. Miscellaneous Publi
cation of the Bureau of Standards, No. 72 : Strain Lines developed by 
Compressive Tests on Structural Members of the Delaware River Bridge 
at the United States Bureau of Standards for the Delaware River Bridge 
Joint Commission. Chart, 18 in. X15in. (Washington, D.C. : Govern
ment Printing Office.) 5 cents.
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University of Illinois Engineering Experiment Station. Bulletin 
No. 154: An Investigation of the Translucency of Porcelains. By Prof. 
Cullen W. Parmelee and Pierce W. Ketchum. Pp. 26. (Urbana, 111.) 
15 cents.

Aeronautical Research Committee, Reports and Memoranda, No. 97S 
(Ae. 192): Measurement of the Rotary Derivative Mq on the l/5th Scale 
Model Bristol Fighter in the Duplex Wind Tunnel. By E. F. Relf. 
(A.2.a. Stability Calculations and Model Experiments, 95—T. 2081.) Pp. 
15 + 11 plates. Is. net. Reports and Memoranda, No. 996 (Ae. 208): On 
the necessary Size of Aerodromes in order that a Landing may be made 
if the Engine fails when getting Off. By H. Glauert. (D.l. Special 
Technical Questions 146—T. 2133.) Pp. 10+3 plates. 6d. net. (London : 
H.M. Stationery Office.)

Agricultuial Census of the Colony and Protectorate of Kenya. Sixth 
Annual Report, 1925. Pp. 44. (Nairobi: Department of Agriculture.)

Report of the’Astronomer ^oyal to the Board of Visitors of the Royal 
Observatory, Greenwich, read at the Annual Visitation of the Royal 
Observatory, 1926, June 5. Pp. 18. (London: Royal Observatory, 
Greenwich.)

Ministry of Public Works, Egypt. Report on the Work of the Physical 
Department for the Year ending March 31, 1924. By Dr. H. E. Hurst. 
Pp. 30. (Cairo : Government Publications Office.) 5 P.T.

Survey of India. General Repo it 1924 to 1925, from 1st October 1924 
to 30th September 1925. Published by Order of Col. Comdt. E. A. 
Tandy. Pp. viii+45+iii. (Calcutta : Survey of India.) 1 rupee; Is. 9d.

Bulletin of the American Museum of Natural History. Vol. 53, Art. 1: 
The Macruran,: Anomuran and Stomatopod- Crustaceans collected by the 
American Museum Congo Expedition, 1909-1915. By Waldo L. Schmitt. 
Pp. 67+9 plates. (New York City.)

Ceylon Journal of Science. Section B : Zoology and Geology. Spolia 
Zeylanica. Vol. 13, Tart 3, March 31st. Edited by Dr. Joseph Pearson. 
Pp. 261-337+plates 10-21. (Colombo: Colombo Museum; London: 
Dulau and Co., Ltd.) 3 rupees.

Proceedings of the Isle of Wight Natural History Society for 1924. 
Vol. 1, Part 5. Pp. ccv-ccix+210-312. (Newport, I.W. : The County 
Press.) 3s.

Hull Museum Publications, No. 87: Illustrated Catalogue of the 
Museum of Fisheries and Shippin?, Pickering Park, Hull. By Thomas 
Sheppard. Seventh edition. Pp. 78. (Hull.) 6d.

Ministry of Agriculture and Fisheries. Report on Salmon and Fresh
water Fisheries for the Year 1924. Pp. 39. (London : H.M. Stationery 
Office.) 2s. net.

The Institute of Actuaries. The Seventy-ninth Annual General 
Meeting, 7 June 1926 : Report 1925-1926. Pp. 6. (London.)

The Lister Institute of Preventive Medicine. Report of the Governing 
Body, 1926. Pp. 24. (London.)

The Carnegie Foundation for the Advancement of Teaching. Bulletin 
No. 17 : Retiring Allowances for Officers and Teachers in Virginia Public 
Schools ; a Study made at the Request of the Virginia State Teachers' 
Association and the State Board of Education. By Clyde Furst, Raymond 
L. Mattocks and Howard J. Savage. Pp. vi + 70. (New York City.)

Bergens Museum. Aarsberetning, 1924-1925. Pp. 86. Bergens 
Museum Aarbok, 1924-1925. 2 Hefte. Naturvidenskabelig riekke. 
Pp. 35+31+73+4. Register til Bergens Museum Aarbok, 1883-1925. 
Pp. 24. (Bergen : A. S. John Griegs Boktrykkeri.)

Annals of Eugenics: a Journal for the Scientific Study of Racial 
Problems. Edited by Karl Pearson, assisted by Ethel M. Elderton. 
Vol. 1, Parts 3 and 4. Pp. 257-464. (London : Francis Galton Laboratory 
for National Eugenics, University College.) 35s. net.

Contributions from the Jefferson Physical Laboratory and from the 
Cruft High-Tension Electrical Laboratory of Harvard University for the 
Years 1924 and 1925. Vol. 17. Pp. vi+39 articles. (Cambridge, Mass.)

Diary of Societies.
MONDAY, June 28.

Royal Irish Academy, at 4.15.
Finsbury Technical College Old Students’ Association (at Finsbury 

Technical College), at 8.—C. A. Darling : The Rise of Atomic Physics 
(Silvanus Thompson Memorial Lecture).

THURSDAY, July 1.
Royal Society of Medicine, at 5.—Annual General Meeting.

FRIDAY, July 2.
Geologists’ Association (at University College), at 7.30.—J. A. Steers : 

Orford Ness : A Study in Coastal Physiography.—L. Richardson and 
W. F. Fleet: On Sandstones with Breccias below the Trias in South 
Warwickshire. — George Slater: Glacial Tectonics as reflected, in 
Disturbed Drift Deposits. Part I. Preliminary Considerations.

SATURDAY, July 3.
British Mycological Society (Phytopathological Meeting) (at 

Harpend en).
Physiological Society (at Oxford).

CONFERENCES,

July 1 to 3.
National Association for the Prevention of Tuberculosis (at 

Glasgow).—Dr. A. S. M. Macgregor, J. Taylor, and others : Discussion 
on the Provision for the Care oi Non-Pulmonary Forms of Tuberculosis 
—Sir Robert Philip, Dr. L. Cox, and others : Discussion on the Actual 
Place and Function of the Tuberculosis Dispensary in the Tuberculosis 
Scheme.

July 2 and 3.
International Federation of Eugenics (at Paris).
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Wordsworth’s Interpretation of Nature.1
By Prof. Walter Garstang, University of Leeds.

WORDSWORTH’S childhood and youth were 
spent with unusual freedom amid the sights 

and sounds of Nature, among hills and dales where 
inexhaustible variety of object and incident, grim as 
well as beautiful, is combined with an orderly repetition 
of conspicuous changes against a background of hard 
immutability. He revelled unchecked amid them all, 
“ fostered alike by beauty and by fear.”

His delight in Nature was closely akin to that which 
has inspired many famous naturalists, and his early 
sympathy with science was so clearly indicated that a 
slight turn of Fortune’s wheel at the critical period of 
his life might well have made a naturalist of him instead 
of a poet. In 1785, when a happy schoolboy of fifteen, 
he eulogised from his Lakeland home

those Elysian plains
Where, throned in gold, immortal Science reigns, 

and where Truth teaches
the curious soul

To search the mystic cause of things
And follow Nature to her secret springs ;

and he records that two years later, when an under
graduate at Cambridge, with rooms over the College 
kitchens at St. John’s, nightly from his pillow he could 
see beneath the stars

The antechapel where the statue stood
Of Newton with his prism and silent face,— 
The marble index of a mind for ever
Voyaging through strange seas of thought, alone.

(The Prelude, III.)
His activities at Cambridge, however, remind one of 

Darwin’s :
We sauntered, played or rioted ; we talked 
Unprofitable talk at morning hours ;
Drifted about along the streets and walks, 
Read lazily in trivial books, went forth 
To gallop through the country in blind zeal 
Of senseless horsemanship, or on the breast 
Of Cam sailed boisterously, and let the stars 
Come forth, perhaps without one quiet thought.

The academic fare, indeed, seems to have been of 
even less interest to him than to Darwin :

1 Presidential address to the Leeds Philosophical and Literary Society, 
October 20, 1925 (slightly abbreviated by the author).

I did not love, 
Judging not ill perhaps, the timid course 
Of our scholastic studies ; could have wished 
To see the river flow with ampler range 
And freer pace.

A question here presents itself. Had there been a 
Henslow in those days to take this sensitive, sociable, 
aimless youth in hand, would Wordsworth and the 
world have gained or lost ? It cannot be doubted that 
he was in a state of mind in which a very slight change 
in the course of events might have guided his con
templation of Nature into scientific rather than poetic 
channels.

It is undoubtedly a fact that geometry gave him 
great pleasure at this time as it did later :

Specially delightful unto me 
Was that clear synthesis built up aloft 
So gracefully;

(Prel. VI.)

and the tribute of the Sage in “ The Excursion ” to the 
happiness of the naturalist may safely be taken to 
represent the poet’s own feelings :

Happy is he who lives to understand
Not human nature only, but explores
All natures,—to the end that he may find
The law that governs each, . . .
Through all the mighty commonwealth of things 
Up from the creeping plant to sovereign man.

(Exc. IV.)

This is exactly the spirit that animated Darwin, the 
curiosity that has animated the master-minds of every 
science. But it is as true of science as of literature, that 
“ for the creation of a master-work . . . two powers 
must concur, the power of the man and the power of 
the moment, and the man is not enough without the 
moment.” The conditions, themselves a chapter of 
accidents, which determined the play of Darwin’s 
spirit, never fell to Wordsworth. None had realised 
more vividly than he the ordered character of the living 
as of the inanimate universe, and of the interrelations 
between them ; but there was as yet no beginning even 
of a biological “ synthesis ” to attract his imagination. 
Observation of detail, which to a later age acquired 
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intellectual value, in Wordsworth’s case simply en
riched his emotions :

Contented if he might enjoy
The things which others understand.

(The Poet’s Epitaph, 1799.)
So no special science was to tie him down. This 

nursling of the “ mountains, lakes and sounding cata
racts ” was “ ill-tutored for captivity.” But, haunted 
by dear memories, he did not altogether forget his old 
nurse; and Nature, if intermittently, continued to be his 
teacher. Of his Cambridge days, Wordsworth writes :
Oft when the dazzling show no longer new 
Had ceased to dazzle, ofttimes did I quit 
My comrades, leave the crowd, buildings and groves, 
And as I paced alone the level fields 
Far from those lovely sights and sounds sublime 
With which I had been conversant, the mind 
Drooped not. . . .
I looked for universal things ; perused 
The common countenance of earth and sky.

I called on both to teach me what they might; 
Or, turning the mind in upon herself, 
Pored, watched, expected, listened, spread my thoughts 
And spread them with a wider creeping ; felt 
Incumbencies more awful, visitings 
Of the Upholder of the tranquil soul 
That tolerates the indignities of Time, 
And, from the centre of Eternity 
All finite motions overruling, lives 
In glory immutable . . . the great mass 
Lay bedded in a quickening soul, and all 
That I beheld respired with inward meaning.

(Prel. III.)
This vision, a development of the more generalised 

emotions of earlier years,—this ecstatic realisation of 
the “ One in all,” was, if I mistake not, the spring and 
source of Wordsworth’s interpretation of Nature. The 
slight fence between science and poetry had been 
crossed, and in the Parnassian direction :

I had a world about me—’twas my own : 
I made it, for it only lived to me, 
And to the God who sees into the heart.

From his Cambridge time onwards, humanity began 
to encroach upon Nature as his principal object of 
interest, a period of residence in London, followed by a 
still more important one in France during the throes 
of the Revolution, contributing powerfully to this 
result. Though indifferent at first, he was drawn into 
the ferment, took sides with the “ patriots,” and threw 
himself whole-heartedly into the revolutionary cause, 
to be dismayed in due course when he realised

The indecision on their part whose aim
Seemed best, and the straightforward path of those 
Who in attack or in defence were strong 
Through their impiety.

(Prel. X.)

Robespierre was still in power when Wordsworth was 
recalled to London (“ dragged by a chain of harsh 
necessity ”) to undergo the mortification of hearing 
England’s declaration of war on the Republic, the 
first of many moral shocks he was now to undergo. 
He had witnessed the ushering in, through garlanded 
streets and rainbow arches, of a Utopia of Reason, 
Liberty and Light, and, while for some years cherishing 
his faith in the cause, saw the issue in a long-drawn 
welter of conflicting passions that knew no test of good 
and bad, of what to hope for, or of what to shun, in which 
every one was doomed to become “ the dupe of folly 
or the slave of crime.” With instincts and knowledge 
adequate enough for his guidance along the beaten 
tracks, now that all these were obliterated the cheerful 
faith with which he set out faltered; he began to 
mistrust the very elevation of spirit which had linked 
him with

Sage, warrior, patriot, hero ; for it seemed
That their best virtues were not free from taint
Of something false and weak, that could not stand 
The open eye of Reason.

(Prel. XII.)

He sought deliberately to separate his past by a 
complete “ gulph ” from the nebulous future before 
him, and in the check which his emotional life had 
sustained, threw poetic dreams and prospects over
board :

In such strange passion I warred against myself—

Zealously laboured to cut off my heart
From all the sources of her former strength.

He turned to philosophy and found himself able, as 
he says, “ by syllogistic words ”

to unsoul
Those mysteries of Being which have made, 
And shall continue evermore to make, 
Of the whole human race one brotherhood ;

and with remorseless logic scanned “ even the visible 
Universe ” with “ microscopic view.”

Simultaneously with this casting out of emotion, 
being “ somewhat stern in temperament ” and “ bold 
to look on painful things,” he made a renewed study 
of the whole framework of social life :

Dragging all precepts, judgments, maxims, creeds, 
Like culprits to the bar ; calling the mind, 
Suspiciously, to establish in plain day
Her titles and her honours ; now believing, 
Now disbelieving ; endlessly perplexed
With impulse, motive, right and wrong, the ground 
Of obligation, what the rule and whence
The sanction ; till, demanding formal proof, 
And seeking it in everything, I lost
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All feeling of conviction, and, in fine, 
Sick, wearied out with contrarieties, 
Yielded up moral questions in despair.

(Prel. XI.)

The crisis was complete, and the upheaval of his 
life might well seem incapable of simple solution ; 
yet it settled itself as quietly and insensibly as a wave 
of a summer sea. When Wordsworth returned to 
England after his two years in France, he was too deeply 
stirred to contemplate retirement to the country, and 
chose “ the great City,” where the general air was still 
agitated over the first unsuccessful attack on the slave 
trade. Here, as we have seen, he toiled through books 
and thoughts to find the solution of the problems of 
society which harassed him (1792-94). Finally, when 
he had brought himself to emptiness, hopelessness and 
scepticism, he turned to “ abstract science ” for relief 
and rejoined his sister Dorothy in Cumberland :

She whispered still that brightness would return; 
She, in the midst of all, preserved me still 
A Poet, made me seek beneath that name, 
And that alone, my office upon earth ;
And, lastly, . , . Nature’s self, 
By all varieties of human love 
Assisted, led me back through opening day 
To those sweet counsels between head and heart 
Whence grew that genuine knowledge, fraught with 

peace,
Which, through the later sinkings of this cause, 
Hath still upheld me, and upholds me now.

(Prel. XI.)
And this is how Nature worked :

Long time in search of knowledge did I range 
The field of human life, in heart and mind 
Benighted ; but, the dawn beginning now 
To reappear, ’twas proved that not in vain 
I had been taught to reverence a Power 
That is the visible quality and shape 
And image of right reason; that matures 
Her processes by steadfast laws ; gives birth 
To no impatient or fallacious hopes, 
No heat of passion or excessive zeal, 
No vain conceits ; provokes to no quick turns 
Of self-applauding intellect; but trains 
To meekness, and exalts by humble faith ; 
Holds up before the mind intoxicate 
With present objects, and the busy dance 
Of things that pass away, a temperate show 
Of objects that endure.

Thus moderated, thus composed, I found 
Once more in Man an object of delight, 
Of pure imagination, and of love ;
And, as the horizon of my mind enlarged, 
Again I took the intellectual eye 
For my instructor, studious more to see 
Great truths, than touch and handle little ones. 
Knowledge was given accordingly; my trust 
Became more firm in feelings that had stood 
The test of such a trial; clearer far

My sense of excellence—of right and wrong ;
The promise of the present time retired
Into its true proportion ; sanguine schemes, 
Ambitious projects, pleased me less ; I sought 
For present good in life’s familiar face, 
And built thereon my hopes of good to come.

(Prel. XIII.)

Prof. Arthur Beatty, of Wisconsin, has recently pub
lished an elaborate study of Wordsworth’s “ Doctrine 
and Art in their Historical Relations,” and makes one 
or two points which bear upon my topic. The poetic 
and doctrinal aspects of Wordsworth have frequently 
been regarded as hostile. Matthew Arnold, for 
example, “ sought to establish the fame of the poet by 
ignoring his philosophy ” ; but the quotations I have 
given from “ The Prelude ” make it clear that with 
Wordsworth the attainment of a philosophy was 
essential to his poetry. In early youth he had caught 
the vision of the all-embracing unity of things, which 
was lost in France, and had to be regained before he 
could accomplish anything. He sought to get a true 
view of life as a whole, of man in relation to Nature, 
even as a part of Nature; and when he had acquired it, 
poetry was the expression of his attainment.

Philosophically, as Prof. Beatty claims, he revolted 
from the sentimental Rousseauist world into which he 
was born, or rather, into which he had strayed; and, 
poetically, he rebelled against the inflated language of 
his poetic predecessors. He was thus, in a twofold 
sense, a “ poet of reaction,” and the springs of both 
revolts were intimately related. His passion for reality 
and simplicity outside him had the same source as his 
love of truth and sincerity of thought within. These 
he himself attributed to his “ education by Nature,” 
which, as he says, from his “ first dawn of childhood ” 
did

interweave for me
The passions that build up our human soul 
Not with the mean and vulgar works of man, 
But with high objects, with enduring things—■ 
With life and nature—^purifying thus 
The elements of feeling and of thought.

(Prel. I.)

For, having scanned,
Not heedlessly, the laws, and watched the forms 
Of Nature, in that knowledge I possessed 
A standard, often usefully applied,
Even when unconsciously, to things removed
From a familiar sympathy.

(Prel. V.)
But Prof. Beatty goes into detail, and is not content 

to see in the poet’s attitude the simple flowering of 
the vigorous germs implanted in his fervent youth. 
“ In the sphere of Art,” says Beatty, “ he revolts 
against poetic diction and harks back to Milton and 
Shakespeare and Chaucer; in Doctrine he revolts 
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against Rousseau and Godwin and appeals to Hartley, 
Locke, and the general tradition of English philosophy.”

That Wordsworth followed Hartley and Locke 
in rejecting the doctrine of “ innate ideas,” and in 
recognising that early sensations and sense-impressions 
constitute the basis upon which the mind is built up by 
“ association of ideas,” Prof. Beatty has no difficulty 
in showing ; but merely upon the evidences of this 
agreement, and of his frequent use of “ associationist ” 
language, to sum Wordsworth up as “ the interpreter 
and poet of associationism ” surely betrays a lack of 
perspective. So far as I can see, “ associationism ” 
was simply the ladder by which Wordsworth climbed 
out of the morass of sentimental idealism back to the 
point of view of his early vision :

Ye motions of delight, that haunt the sides 
Of the green hills ; ye breezes and soft airs, 
Whose subtle intercourse with breathing flowers, 
Feelingly watched, might teach Man’s haughty race 
How without injury to take, to give
Without offence ; ... Ye brooks
Muttering along the stones, a busy noise
By day, a quiet sound in silent night;
Ye waves . . .
And you, ye groves, . . .
Oh, that I had a music and a voice
Harmonious as your own, that I might tell
What ye have done for me. The morning shines, 
Nor heedeth Man’s perverseness ; Spring returns,— 
1 saw the Spring return.

(Prel. XII.)
This surely is the poet of Nature that speaks, not the poet 
of “ associationism ” or any other philosophical nostrum.

Put briefly, the argument and illustrations detailed 
at great length in “ The Prelude ” amount to this, that 
man is not outside Nature—the universe of law and 
order—but by his subtlest fabric intimately bound up 
with it. Divorce him in youth from free contact with 
external Nature and you rob him of Nature’s pre
determined means of conferring upon him his share 
of her own grandeur, modesty and tranquillity. (See 
“ The Three Ages ” below.)

In the laws of association Wordsworth thus found 
not only his intellectual means of escape from senti
mentalism and “ innate ideas,” but also confirmation 
of his original vision. We are all members of the all
uniting whole, and the very machinery of the mind’s 
processes is a proof of it.

Nature, indeed, was to Wordsworth a universal 
symphony, a harmony of infinitely varied elements, 
appealing to man through every sense and gateway to 
the heart. Some of his smaller poems, and innumerable 
passages in his longer works, are just so many phrases 
and passages isolated from the general symphony for 
special purposes. The musical analogy crops up 
incessantly:

No sound is uttered,—but a deep 
And solemn harmony pervades 
The hollow vale from steep to steep 
And penetrates the glades.

A soft eye-music of slow-waving boughs.

There are dominating themes and motifs; alterna
tions, contrasts and developments of grandeur, tumult 
and tranquillity; but the meanest instrument has its 
part to play :

To every Form of Being is assigned
An active Principle. (Exc. IX.)

But the activity or influence of a particular thing is not 
regarded as something rigorously fixed and definable, 
as the function of an organ or a species may be defined 
by science. In his most exalted moods, Wordsworth 
has his mind concentrated on the whole, and, when he 
considers the parts, it is their interrelations and inter
actions that he is conscious of, not their boundaries 
or limitations.

Herein lies the essential difference between the 
scientific and the Wordsworthian outlook. Words
worth is listening to the symphony, contemplating the 
pageant; science, closing eyes and ears to both, is 
engrossed in the operations of the separate instruments, 
jn the make-up and doings of the individual agents. 
The reward to science is an increasing command over 
instruments and materials for practical purposes, as 
well as a growing understanding of the processes by 
which the symphony is rendered. But any message 
which the symphony, in its entirety, has to convey, is 
lost to the merely analytic intellect, for it appeals to 
emotion, and is only apprehended by emotion. Words
worth, following the symphony “ in a wise passiveness,” 
drinks in its “ thousand blended notes,” is caught up, 
as it were, into its atmosphere of grandeur, order and 
beauty, experiences an exaltation of joy that defies 
expression, and knows that he has entered a gateway 
to the loftiest aspects of reality open to man :

With an eye made quiet by the power 
Of harmony, and the deep power of joy, 
We see into the life of things.

(Tintern Abbey.)
The mere analyst shrugs' his shoulders before a self 

revelation of this order, and suggests an abnormal 
activity of endocrine glands. The utmost -that he is 
entitled to say is that the emotions, like thought itself, 
are conditioned, and that to wise men, in intellectual 
and practical matters, they have proved more useful 
as incentives than as guides—a truth which barely 
touches Wordsworth’s claim, namely, the value for 
human life of high emotion (“ admiration, hope, and 
love ”) when disciplined by communion with Nature 
in her varied moods, and balanced, not suppressed, by 
knowledge and reflection:
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This is the freedom of the Universe 
Unfolded, still the more, more visible, 
The more we know.

On the lower plane of cause and effect there is no 
antagonism between the two points of view, for Words
worth’s belief embraces in advance everything that 
science has established or may establish as to the 
orderly and interdependent character of the universe, 
whether viewed from without or from within. But on 
the higher plane, in the life of the emotions or spirit, 
the necessitarian chain simply drops away, and is seen 
as a mere substratum, conditioning results but not 
causing them. So long as imagination, or “ faith,” 
maintains itself as “ feeling ” in that upper level, 
science, at any rate, can interpose no obstacles to its 
flight.

Take, as a test, this slight vignette :
A humming bee, a little trickling rill, 
A pair of falcons wheeling on the wing.

The matter-of-fact man will see in these two lines a 
mere catalogue of three disconnected and trivial 
things of no significance ; but to the Nature-lover they 
call up, with superb artistry, a fragment of the great 
world-symphony — summer peace with its muted 
sounds and leisured motions. To appreciate that 
fragment, or, better still, its original, is to enter, 
through the gateway of emotion, a realm in which the 
proudest generalisations of science are simply irrelevant.

It may be urged, and has been urged, that our so- 
called peace is a delusion, and that Wordsworth cannot 
expect us to ignore that underneath the apparent 
Nature, with which he deals, is a real Nature “ red in 
tooth and claw.” This pointed phrase, as every good 
naturalist knows, is based on a complete misunder
standing of the nature of the “ struggle for existence,” 
and suggests that animal life is maintained at the cost 
of great cruelty and suffering, which is simply not true. 
In reality, as in appearance, animal life is essentially a 
world of bustling activity and wide-spread enjoyment. 
Sooner or later death comes to one and all, but in 
most cases quickly and unconsciously, as Alfred Russel 
Wallace pointed out long ago. Only in man, because 
he “ looks before and after,” does death necessarily 
entail an undercurrent of sadness and tragedy.

How death came to be a condition of life is a biological 
question, to which a fairly clear answer, from the point 
of view of cause and effect, can already be provided. 
That it should ever be so has troubled sensitive souls 
for ages, but Wordsworth’s identification of divine and 
natural laws enabled him to face the problem with the 
equanimity of a modern biologist:

Such ebb and flow must ever be, 
Then wherefore should we mourn ?

(Epitaphs, X., 1806.)

5

Our delight in the summer symphony may proceed, 
therefore, unchecked by any intellectual doubts as to 
the reality of the harmony presented to “ eye and ear.” 
That granted, no comment is needed on the supreme 
expression of Wordsworth’s interpretation of the whole, 
except to notice how trouble and a richer human 
experience have softened the exuberance that glowed 
in the visionary moods of his youth :

For I have learned
To look on Nature, not as in the hour
Of thoughtless youth ; but hearing oftentimes 
The still, sad music of humanity,
Not harsh, nor grating, though of ample power 
To chasten and subdue. And I have felt 
A presence that disturbs me with the joy 
Of elevated thoughts; a sense sublime
Of something far more deeply interfused, 
Whose dwelling is the light of setting suns, 
And the round ocean and the living air, 
And the blue sky, and in the mind of man ; 
A motion and a spirit, that impels
All thinking things, all objects of all thought, 
And rolls through all things.

(Tintern Abbey.)
At this point it is natural and relevant to refer to 

an element in Wordsworth’s doctrine which first finds 
expression in this beautiful poem, and plays a large 
and integral part in his conception of the relations 
between man and Nature—-his emphasis on the 
distinctive qualities of the “ Three Ages of Man.” By 
tracing out, and correlating, the many passages, both 
of prose and verse, in which Wordsworth’s ideas on this 
point are expressed, Prof. Beatty has discharged a 
critical task of great service to serious students of the 
poet. Stated briefly, and with special reference to 
my own theme, the point is this, that in the individual 
development of mind and character three stages are 
passed through: animal childhood (receptive and 
experimental); emotional (or “ sentient ”) youth, 
and reflective (or “ intellectual ”) maturity ; and that, 
while each stage exhibits its own distinctive features, 
the mind only attains its complete fullness and efficiency 
if the earlier stages have been allowed free scope under 
conditions suited to make the most of their respective 
qualities—“ The higher mode of being does not exclude, 
but necessarily includes, the lower: the intellectual 
does not exclude, but necessarily includes, the sentient; 
the sentient, the animal. . . .” (Wordsworth, “ Con
vention of Cintra,” 1809.)

The recognition of this principle doubtless came to 
Wordsworth during the period when he was clearing 
his mind after its unsettlement by his revolutionary 
experiences, and is bound up with his adoption of 
Hartley’s “ associationism.” Its discovery, with all 
its implications, seems to have co-ordinated and 
stimulated the poet’s thoughts and animated his
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poetry, as profoundly as the theory of recapitulation 
affected the zoological world of a later generation. It 
was the idea of a necessary developmental sequence; 
and it not only resolved for him a number of hitherto 
perplexing problems, as set forth at length in “ The 
Prelude,” but also became the sheet-anchor of his 
perennial optimism, as exemplified in the fourth book 
of “ The Excursion.”

To it we owe not only its quintessential expression 
in “ The Rainbow ” (1802 : “ The Child is father of 
the Man ”), and the sustained splendour of the famous 
Ode on “Intimations of Immortality” (1802-6), but 
also many other of the poet’s most characteristic and 
sonorous lines :

Dust as we are, the immortal spirit grows 
Like harmony in music. . . .

(Prel. I.)
It is because the impressions incidentally received 
in childhood (e.g. during bathing, skating, trapping, 
nutting, etc.) may give so powerful a turn to the 
emotions of youth as to affect, for better or worse, the 
mind of manhood, that Wordsworth attaches so much 
importance to early association with Nature. The 
child is thus, under natural conditions, Nature’s link 
between herself and man.

If the immortal “ Ode ” be re-read in the light of 
these remarks, it will be observed that the first four 
stanzas, which, according to Wordsworth himself, were 
written “ two years at least ” before the remainder, 
convey no sentiment at variance with this general idea. 
Indeed, this is just the idea which these four stanzas 
do so glowingly express—the identification of childhood 
with the glory and joy of Nature, and the more distant 
sympathy between Nature and manhood :

The first diviner influence of this world, 
As it appears to unaccustomed eyes.

(Prel. XII.)
The association of the idea of pre-existence with 

the “ visionary gleam ” of childhood was a “ poetic ” 
afterthought; and was intended, as Wordsworth him
self has assured us, rather to emphasise than to explain 
the “ dream-like ” qualities of sight and feeling with 
which a child’s mind explores the realities of the 
“ not-self.” In that case the poet very greatly over
shot the mark, both by the extent to which he carried 
his apotheosis of the child, and by incorporating the 
idea in later versions of the title. Not all the poet’s 
skill and sustained beauty of language have been able 
to blend the two voices speaking in this famous “ Ode.” 
In particular, as various critics have pointed out, the 
second group of four stanzas (v.-viii.) is, in effect, an 
interpolation, alien to the poet’s whole philosophy of 
life, and inconsistent with both the opening and 
closing sections of the poem. By exaggerating the 

divinity of the child, he is compelled in those stanzas 
to treat the attainment of manhood in terms of loss 
instead of gain, whereas in the noble peroration of the 
“ Ode,” as well as everywhere else, the “ years that bring 
the philosophic mind ” are regarded as bringing with 
them an access of serenity and power and human 
sympathy which more than compensates for the loss 
of the “ dizzy raptures ” of youth.

It is remarkable that the zoological theory of “ re
capitulation ” has undergone, and is still undergoing, 
the same criticism as that which has been applied to 
Wordsworth’s “ Ode,” and is being steadily pruned of 
elements which exaggerate the ancestral significance 
of developmental features. In a brief criticism of the 
“ Ode,” the general result of which is not at variance 
with that expressed in my last paragraph, Dean Inge 
implies that the qualities of childhood, which Words
worth exalts as reminiscences of its “ ancestral home,” 
may include racial instincts “ which do not arise from 
his own (z.e. the child’s) experience in his present life.” 
So far as the “ interpolated ” stanzas are concerned, 
however, the reference is not just to “ animal spirits,” 
but to

those obstinate questionings 
Of sense and outward things, 
Fallings from us, vanishings ;
Blank misgivings of a Creature

Moving about in worlds unrealised ;
and these, as is clear from the special incidents which 
Wordsworth recalls in his prefatory note, are not 
“ ancestral ” traits at all, but the inevitable reactions 
of any mind, in its first intense subjectivity, when 
groping its way to the perception of external reality. 
The more sensitive mind naturally reacts more 
strikingly.

From some of his more familiar poems it might be 
inferred that Wordsworth’s attitude towards science 
was one of indifference, if not of contempt, e.g.

Enough of Science and of Art;
Close up those barren leaves.

(Lyrical Ballads, 1798.) 
This inference would not lack support from certain 
passages in “ The Excursion ” (Books III. and IV.).

It is equally true, however, that Wordsworth took a 
lofty view of the functions both of poetry and of science, 
and his tributes to the actual geometry and the potential 
biology of his time have already been quoted. In the 
famous preface to the second edition of “ Lyrical 
Ballads ” (1800), he tells us that the poet is as much 
concerned in the spread of truth as the man of science, 
but truth of a different and more general order, 
“ not standing upon external testimony, but carried 
into the heart by passion, truth which is its own 
testimony, appealing to the knowledge which all men 
carry about with them, and to those sympathies in
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which, without any other discipline than that of our 
daily life, we are fitted to take delight.”

“ The remotest discoveries of the Chemist, the 
Botanist, or Mineralogist, will be as proper objects of 
the Poet’s art as any upon which it can be employed, if 
the time should ever come when these things shall be 
familiar to us, and the relations under which they are 
contemplated . . . shall be manifestly and palpably 
material to us as enjoying and suffering beings.”

These quotations (nearly, but not quite, verbatim) 
are enough to show that, whether Wordsworth’s point 
of view be accepted or not, he had a vision in his mind 
which was not unfriendly to the development of science, 
even though, as he said, he would be unable to make 
use of science until, in its various branches, it had 
made some degree of progress intelligible and familiar 
to the common man.

Passages like that already quoted from “ Lyrical 
Ballads,” or the half-sarcastic description in “ The 
Excursion ” (Bk. III.) of the botanist and the geologist 
of his time, are robbed of their sting when it is re
membered that Wordsworth began to write in the 
eighteenth century, when few of the natural sciences 
had given any signal proof of their value to men “ as 
enjoying and suffering beings.” It was the age of 
Linneus, who was still alive in Wordsworth’s youth. 
All the sciences were still at work upon their founda
tions, engrossed in distinguishing gases, analysing 
substances into their elements, describing and classify
ing species generally. They wore the aspect, to all but 
the initiated, of elegant pastimes or harmless hobbies.

It could scarcely be expected that the poet Words
worth, appealing to emotion with a gospel of Nature 
that was the refined expression of vivid experience, 
should find an atmosphere “ in which to move his 
wings ” in analytic researches—

Where soul is dead, and feeling hath no place ;
Where knowledge, ill begun in cold remark
On outward things, with formal inference ends.

(Exc. IV.)

Nevertheless, it was less the act of analysis than 
contentment with analysis that Wordsworth decried, 
and there are many passages in his later writings which 
suggest that his early appreciation of science grew 
stronger as time passed :

To reinstate wild Fancy, would we hide
Truths whose thick veil Science has drawn aside ?

(1833.)

Explicit references to scientific discoveries are not 
numerous, but the following are interesting examples 
of Wordsworth’s poetic use of them. We have already 
noted his admiration of Newton. In his account of 
the babe in his mother’s arms, he characteristically
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refers to “ gravitation ” as one of the bonds “ that 
connect him [i.e. the babe] with the world ” (Prel. II.).

In his poem “ To the Small Celandine ” (1803) there 
is a playful comparison between the poet’s “ discovery ” 
of this flower and the stir made on the “ sage astrono
mer’s ” finding of a new star. The allusion is obviously 
to Herschel’s discovery of Uranus (1781).

Similarly, as was first pointed out to me by my 
blind botanical friend, Mr. J. G. Wilkinson, the poet’s 
many references to the “breathing” of flowers—one 
of which has been quoted already (p. 4)—are probably 
based on the results of Joseph Priestley’s experi
ments (1775)—“ the philosophic Priestley ” of Words
worth’s “Apology for the French Revolution” (1793). 
One of the poems which contains an allusion to 
“ breathing flowers ” is “ This Lawn, a carpet all 
alive ” (1829), and in the Fenwick note to this (1843) 
the poet remarks: “ The beauty in form of a plant or 
an animal is not made less but more apparent as a whole 
by more accurate insight into its constituent properties 
and powers.”

So far it has been possible to discuss Wordsworth’s 
interpretation of Nature without considering the special 
use which the poet makes of particular details. We 
have seen, however, that while his general idea of 
Nature can be appropriately likened to that of a 
symphony, or, rather, an interacting harmony of sense
impressions generally, he also regarded each part of 
Nature, each “ Form of Being,” animate and in
animate, as discharging an “ active ” function. His 
clear, imaginative vision, and mastery of word and 
phrase, are never more telling than in those descriptions 
of Nature, scattered through all his larger works in 
which the influences of natural objects are made 
manifest without the need of a single didactic word. 
As Matthew Arnold so aptly said : “ Nature herself 
seems to take the pen out of his hand, and to write 
for him with her own bare, sheer, penetrating power.”

When in his smaller poems Wordsworth singles 
out particular “ Forms of Being ” for special eulogy, a 
change of tone is at once apparent; the poet ceases to 
be the perfect mouthpiece of Nature, and, allowing 
freer play to fancy, tends to become the conscious 
teacher and moralist. It is not his special interest in 
“ life’s familiar face ” that betrays him. On the 
contrary, to reveal new charms in the common-place 
strengthens his claims to be Nature’s own interpreter. 
But Nature endows all her children jvith distinctive 
charms, each admirable in its sphere; and the false 
note creeps in when the moralist, with his single scale 
of human values, seeks to compare one flower with 
another, one bird with another, not from the relative 
efficiency with which they play their parts, but from 
their fancied approximation to points in the human code.
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The Lesser Celandine, pleasing him at first, and 
naturally, as a bright harbinger of spring, becomes a 
type of meekness and humility in contrast to the self
advertising buttercup “ of the flaring hours ” (the 
“ little children’s flower ” of Browning 1). On the 
other hand the “ cheerful ” Daisy is praised for its very 
ubiquity at every season, while Violets “ in their secret 
mews ” (“ modest ” for every other poet 1) are dismissed 
with a suggestion of encouraging the “ wanton zephyrs.” 
Similarly the fiery eloquence of the nightingale is 
rejected on one occasion for the “ pensive ” cooing of 
the stockdove, and on another for the “ pilgrim ” strains 
of the skylark, “ true to the kindred points of heaven 
and home.”

Treatment of this kind is obviously not interpretation 
of Nature, but self-expression, with natural objects 
employed as symbols. It differs little in essence from 
the “ emblematic ” treatment of Nature by the poet’s 
predecessors, and carries with it an artificial flavour 
of the domestic garden, instead of the atmosphere of 
Nature herself. Even in these flights of fancy and 
imagination, however, Wordsworth always goes directly 
to Nature for his emblems and types, and not to the 
traditional stock, and his observant eye picks out real 
and distinctive features on which his reflections are 
based or his fancy plays.

As a typical example of this latter point may be 
cited his poem on the familiar “Herb Robert,” with its 
shining red stems, which enable “ Poor Robin,” as he 
calls it,

his part to fill;
Cheerful alike if bare of flowers as now, 
Or when his tiny gems shall deck his brow.

But best of all his smaller Nature-poems, because 
simply lyrical, is, to my mind, his poem on the greenfinch 
(“ Green Linnet ”), in which he makes delightful play 
with the bird’s liveliness, protective colouring, and 
characteristic discontinuity of song :

My dazzled sight he oft deceives, 
A brother of the dancing leaves ; 
Then flits, and from the cottage eaves 

Pours forth his song in gushes.

In fact, as the late Sir Walter Raleigh said, “ the 
spirit of science has found no loftier or loyaller prophet 
than Wordsworth,” and I venture to hope that this 
examination of Wordsworth’s message and methods by 
one of themselves may not be altogether indifferent 
to the votaries of science. With zeal as undivided as 
theirs he pursued the same goal, truth ; in accuracy and 
range of observation, no less than in fidelity of de
scription, he was as scrupulous as the best, and equally 
critical (but not neglectful) of speculation and romance. 
Indeed, though poetic to the core, he risked reputation 
and fame by insisting that poetic creations must be 

based on the facts and realities of the world “ as they 
are,” and not as unchecked fancy may depict them— 
an axiom of his to which Nature pays weekly tribute :

To the solid ground
Of Nature trusts the Mind that builds for aye ; 
Convinced that there, there only, she can lay 
Secure foundations.

(Mise. Sonnets, XXXIV.)

Wordsworth’s whole gospel, indeed, might be summed 
up in some such terms as these : Learn the order of 
Nature; recognise the fixity of her laws, and then 
conform. Do these things, however, not with a cold 
and formal spirit, kicking against the pricks of stern 
necessity, but with a “ feeling intellect ” that first 
learns to admire the grandeur and harmony of Nature’s 
order, and then aspires to achieve them in the distracted 
fields of human life :

This prayer I make, 
Knowing that Nature never did betray 
The heart that loved her ; ’tis her privilege 
Through all the years of this our life, to lead 
From joy to joy : for she can so inform 
The mind that is within us, so impress 
With quietness and beauty, and so feed 
With lofty thoughts, that neither evil tongues, 
Rash judgments, nor the sneers of selfish men, 
Nor greeting where no kindness is, nor all 
The dreary intercourse of daily life, 
Shall e’er prevail against us, or disturb 
Our cheerful faith, that all which we behold 
Is full of blessings.

(Tintern Abbey, 1798.)
The facts confronting the poet and the man of science 

are the same, Nature and man,—man the inhabitant 
of Nature, and Nature the environment and nurse of 
man,—but each acting and reacting on the other, and 
together building up “ this transcendent universe.” 
To understand this unity is the task of poetry and 
science alike. But while science sets no term to its 
efforts, and the life-work of a single investigator is 
spent upon a mere fragment or two of the ultimate 
edifice, the poet, when he claims his ancient role, feels 
bidden to present to his age and generation a synthesis, 
of which the corners have been rounded by insight and 
feeling, where the inductions of science are still, and 
may be for ever, wanting. This aim may be incapable 
of complete attainment, but it is neither futile nor 
unwelcome in the attempt, provided the poet be equipped 
for his task by long, close and sympathetic converse 
with Nature and man, and that he be one

who looks
In steadiness, who hath among least things 
An undersense of greatest; sees the parts 
As parts, but with a feeling of the whole.

It is precisely because he fulfilled these requirements 
that Wordsworth still claims our attention.
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Primitive Law and Order.1
By Dr. B. Malinowski.

SAVAGERY to most people is still synonymous with 
absurd, cruel, and eccentric customs, with quaint 

superstitions and revolting practices. Sexual licence, 
infanticide, head-hunting, couvade, cannibalism and 
what not, have made anthropology attractive reading 
to many, a subject of curiosity rather than of serious 
scholarship to others. A fuller knowledge of the so- 
called savages, however, has revealed “Ye beastly 
devices of Ye heathen” as the product of firm law and 
of strict tradition, due to biological, mental and social 
needs of human nature, rather than as the outcome of 
unbridled passion and unfettered excess. Law and 
order pervade the tribal usages of primitive races, they 
govern all the humdrum course of daily existence, as 
well as the leading acts of public life, whether these 
be quaint and sensational or merely important and 
venerable.

The Automatic Submission to Custom and the 
Real Problem.

When we come to inquire why rules of conduct, how
ever hard, irksome, or unwelcome, are obeyed; what 
makes private life, economic co-operation, public 
events run so smoothly; of what, in short, consist the 
forces of law and order in savagery—the answer is not 
so easy to give, and what anthropology has had to say 
about it is far from satisfactory. So long as it could 
be maintained that the ‘ savage ’ is really savage, 
that he follows what little law he has but fitfully and 
loosely, the problem did not exist. When the question 
became actual, when it became plain that hypertrophy 
of rules rather than lawlessness is characteristic of 
primitive life, scientific opinion casting for new bearings 
veered round to the opposite point: the savage was 
made not only into a model of the law-abiding citizen, 
but it also became an axiom that in submitting to all his 
tribal rules and fetters, he follows the natural trend of 
his spontaneous impulses; that in this way he glides, so 
to speak, along the line of least resistance.

The savage—so runs to-day’s verdict of competent 
anthropologists—has a deep reverence for tradition and

1 The present article contains the substance, expanded and recast, of a 
discourse delivered before the Royal Institution on Friday, February 13, 
1925. I wish to express my indebtedness to the Laura Spelman Rockefeller 
Memorial for the assistance given me in carrying out this investigation. 

custom, an automatic submission to their biddings. 
He obeys them “ slavishly,” “ unwittingly,” “ spon
taneously,” through “ mental inertia,” combined with 
the fear of public opinion or of supernatural punishment 
(Sidney Hartland); or again through a “ pervading 
group-sentiment if not group-instinct ” (Rivers). I 
have already in a previous article stated the views of 
such contemporary writers as Hobhouse, Rivers, 
Sidney Hartland and Lowie, and I have submitted them 
to a searching criticism and have arrived at the con
clusion that neither the way in which the problem has 
been set forth, nor the solutions given, can be regarded 
as adequate.2 I have also tried to make it clear that 
any shortcomings in theory or observation are due to 
the real difficulties and pitfalls of which this subject is 
so full.

The extreme difficulty of the problem lies, I think, 
in the very complex and diffuse nature of the forces 
which constitute primitive law. Accustomed as we 
are to look for a definite machinery of enactment, ad
ministration, and enforcement of law, we cast round for 
something analogous in a savage community and, failing 
to find there any similar arrangements, we conclude 
that all law is obeyed by this mysterious propensity 
of the savage to obey it.

Anthropology seems here to be faced by a similar 
difficulty as the one overcome by Tylor in his “ mini
mum definition of religion.” By defining the forces of 
law in terms of central authority, codes, courts, and 
constables, we must come to the conclusion that law 
needs no enforcement in a primitive community and is 
followed spontaneously. That the savage does break 
the law sometimes, though rarely and occasionally, has 
been recorded by observers and taken into account by 
builders of anthropological theory, who have always 
maintained that criminal law is the only law of savages. 
But that his observance of the rules of law under the 
normal conditions, when it is followed and not defied, is 
at best partial, conditional, and subject to evasions; 
that it is not enforced by any wholesale motive like fear 
of punishment, or a general submission to all tradition, 
but by very complex psychological and social induce
ments—all this is a state of affairs which modern

2 See Nature, August 15, 1925, p. 230, review entitled “ Primitive Law.” 
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anthropology has so far completely overlooked. In the 
following account I shall try to establish it for one 
ethnographic province, north-west Melanesia, and I 
shall show reasons why observations of similar nature 
to those carried out by myself should be extended to 
other societies in order to give us some idea about their 
legal conditions.

We shall approach our facts with a very elastic and 
wide conception of the problem before us. In looking 
for ‘ law ’ and legal forces, we shall try merely to dis
cover and analyse all the rules conceived and acted 
upon as binding obligations, to find out the nature of the 
binding forces, and to classify the rules according to the 
manner in which they are made valid. We shall see 
that by an inductive examination of facts, carried out 
without any preconceived idea or ready-made defini
tion, we shall be enabled to arrive at a satisfactory 
classification of the norms and rules of a primitive com
munity, at a clear distinction of primitive law from 
other forms of custom, and at a new, dynamic concep
tion of the social organisation of savages. Since the 
facts of primitive law described in this article have been 
recorded in Melanesia, the classical area of 1 commun
ism ’ and ‘ promiscuity,’ of ‘ group-sentiment ’ and 
‘ clan-solidarity,’ of ‘ spontaneous obedience ’ and what 
not, the conclusions we shall be able to draw— 
which will dispose of these catch-words and all they 
stand for—may be of special interest.

Melanesian Economics and the Theory of 
Primitive Communism.

The Trobriand Archipelago, which is inhabited by the 
Melanesian community referred to, lies to the north
east of New Guinea and consists of a group of flat coral 
islands, surrounding a wide lagoon. The plains of the 
land are covered with fertile soil and the lagoon teems 
with fish, while both afford easy means of inter
communication to the inhabitants. Accordingly, the 
islands support a dense population mainly engaged in 
agriculture and fishing, but expert also in various arts 
and crafts and keen on trade and exchange.

Like all coral islanders, they spend a great deal of 
their time on the central lagoon. On a calm day it is 
alive with canoes carrying people or produce, or engaged 
in one of their manifold systems of fishing. A super
ficial acquaintance with these pursuits might leave one 
with an impression of arbitrary disorder, anarchy, com
plete lack of system. Patient and painstaking observa
tions would soon reveal, however, not only that the 
natives have definite technical systems of catching 
fish and complex economic arrangements, but also that 
they have a close organisation in their working teams, 
and a fixed division of social functions.

Thus, within each canoe it would be found that there 

is one man who is its rightful owner, while the rest act as 
a crew. All these men, who as a rule belong to the 
same sub-clan, are bound to each other and to their 
fellow-villagers by mutual obligations : when the whole 
community go out fishing, the owner cannot refuse his 
canoe. He must go out himself or let some one else 
do it instead. The crew are equally under an obliga
tion to him. For reasons which will presently become 
clear, each man must fill his place and stand by his 
task. Each man also receives his fair share in the 
distribution of the catch as an equivalent of his service. 
Thus the ownership and the use of the canoe consist of 
a series of definite obligations and duties uniting a group 
of people into a working team.

What makes the conditions even more complex is 
that the owners and the members of the crew are en
titled to surrender their privileges to any one of their 
relatives and friends. This is often done, but always 
for a consideration, for a repayment. To an observer 
who does not grasp all the details, and does not follow 
all the intricacies of each transaction, such a state of 
affairs looks very much like communism : the canoe 
appears to be owned jointly by a group and used indis
criminately by the whole community.

Dr. Rivers in fact tells us that “ one of the objects of 
Melanesian culture which is usually, if not always, the 
subject of common ownership is the canoe,” and further 
on, in reference to this statement, he speaks about “ the 
great extent to which communistic sentiments concern
ing property dominate the people of Melanesia ” 
(“ Social Organisation,” pp. 106 and 107). In another 
work, the same writer speaks about “ the socialistic or 
even communistic behaviour of such societies as those 
of Melanesia ” (“ Psychology and Politics,” pp. 86 
and 87). Nothing could be more mistaken than such 
generalisations. There is a strict distinction and de
finition in the rights of every one, and this makes owner
ship anything but communistic. We have in Melan
esia a compound and complex system of holding 
property, which in no way partakes of the nature 
of ‘ socialism ’ or ‘ communism.’ A modern joint- 
stock company might just as well be called a ‘ com
munistic enterprise.’ As a matter of fact, any de
scriptions of a savage institution in terms such as 
‘ communism,’ ‘ capitalism,’ ‘ joint-stock company,’ or 
what not, borrowed from present-day economic con
ditions or political controversy, cannot be but mis
leading.

The only correct proceeding is to describe the legal 
state of affairs in terms of concrete fact. Thus, the 
ownership of a Trobriand fishing canoe is defined by 
the manner in which the object is made, used and re
garded with reference to the group of men who produced 
it and enjoy its possession. The master of the canoe, 
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who acts at the same time as the head of the team and as 
the fishing magician of the canoe, has first of all to 
finance the building of a new craft, when the old one is 
worn out, and he has to maintain it in good repair, 
helped in this by the rest of his crew. In this they 
remain under mutual obligations to one another, to 
appear each at his post, while every canoe is bound to 
come when a communal fishing has been arranged.

In using the craft, every joint owner has a right to 
a certain place in it and to certain duties, privileges, and 
benefits associated with it. He has his post in the 
canoe, he has his task to perform, and enjoys the corre
sponding title, either of ‘ master ’ or 1 steersman,’ or 
‘ keeper of the nets,’ or ‘ watcher for fish.’ His 
position and title are determined by the combined 
action of rank, age, and personal ability. Each canoe 
also has its place in the fleet and its part to play in the 
manoeuvres of joint fishing. Thus on a close inquiry 
we discover in this pursuit a definite system of division 
of functions and a rigid system of mutual obligations, 
into which a sense of duty and the recognition of the 
need of co-operation enter side by side with a realisa
tion of self-interest, privileges, and benefits. Owner
ship, therefore, can be defined neither by such words as 
‘ communism ’ or ‘ individualism,’ nor by reference 
to ‘ joint-stock company ’ system or ‘ personal enter
prise,’ but by the concrete facts and conditions of use. 
It is the sum of duties, privileges, and mutualities 
which bind the joint owners to the object and to each 
other.

Thus, in connexion with the first object which 
attracted our attention—the native canoe—we are met 
by law, order, definite privileges, and a well-developed 
system of obligations.

The Binding Force of Economic Obligations.

To enter more deeply into the nature of these bind
ing obligations, let us follow the fishermen to the shore. 
Let us see what happens with the division of the catch. 
In most cases only a small proportion of it remains with 
the villagers. As a rule we should find a number of 
people from some inland community waiting on the 
shore. They receive the bundles of fish from the 
fisherman and carry them home, often many miles 
away, running so as to arrive while it is still fresh. 
Here again we should find a system of mutual services 
and obligations based on a standing arrangement be
tween two village communities. The inland village 
supplies the fishermen with vegetables: the coastal 
community repays with fish. This arrangement is 
primarily an economic one. It has also a ceremonial 
aspect, for the exchange has to be done according to an 
elaborate ritual. But there is also the legal side, a 
system of mutual obligations which forces the fisher

II

man to repay whenever he has received a gift from his 
inland partner, and vice versa. Neither partner can 
refuse, neither may stint in his return gift, neither 
should delay.

What is the motive force behind these obligations ? 
The coastal and inland villages respectively have to 
rely upon each other for the supply of food. On the 
coast the natives never have enough vegetable food, 
while inland the people are always in need of fish. 
Moreover, custom will have it that on the coast all the 
big ceremonial displays and distributions of food, 
which form an extremely important aspect of the public 
life of these natives, must be made with certain speci
ally large and fine varieties of vegetable food, which 
grow only on the fertile plains inland. There, on the 
other hand, the proper substance for a distribution and 
feast is fish. Thus to all other reasons of value of the 
respectively rarer food, there is added an artificially, 
culturally created dependence of the two districts upon 
one another. So that on the whole each community is 
very much in need of its partners. If at any time pre
viously these have been guilty of neglect, however, 
they know that they will be in one way or another 
severely penalised. Each community has, therefore, a 
weapon for the enforcement of its rights: reciprocity.

This is not limited to the exchange of fish for veget
ables. As a rule, two communities rely upon each 
other in other forms of trading and other mutual 
services as well. Thus every chain of reciprocity is 
made the more stringent by being part and parcel of a 
whole system of mutualities.

Reciprocity and Dual Organisation.

I have found only one writer who fully appreciates 
the importance of reciprocity in primitive social 
organisation. The leading German anthropologist, 
Prof. Thurnwald of Berlin, clearly recognises “ die 
Symmetric des Gesellschaftsbaus ” and the correspond
ing “ Symmetrie von Handlungen.” “ Die Symmetric 
von Handlungen aber nennen wir das Prinzip der 
Vergeltung. Dieses liegt tief verwurzelt im mensch- 
lichen Empfinden—als adaquate Reaktion—und ihm 
kam von jeher die grosste Bedeutung im sozialen Leben 
zu ” (“ Die Gemeinde der Banaro,” Stuttgart, 1921, 
p. 16). Throughout his monograph, which by the way 
is perhaps the best account of the social organisation of 
a savage tribe extant, Prof. Thurnwald shows how the 
symmetry of social structure and of actions pervades 
native life. Its importance as a legal binding form is 
not, however, explicitly stated by the writer, who seems 
to be aware of its psychological foundation “ in human 
feeling ” rather than of its social function in safe
guarding the continuity and adequacy of mutual 
services.
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The old theories of tribal dichotomy, the discussions 
about the ‘ origins ’ of ‘ phratries ’ or 1 moieties ’ and 
of the duality in tribal subdivisions, never entered into 
the inner or differential foundations of the external 
phenomenon of halving. The recent treatment of the 
“ dual organisation ” by the late Dr. Rivers and his 
school suffers badly from the defect of looking for 
recondite causes instead of analysing the phenomenon 
itself. The dual principle is neither the result of 
“ fusion ” or “ splitting ” nor of any other sociological 
cataclysm. It is the integral result of the inner sym
metry of all social transactions, of the reciprocity of 
services, without which no primitive community could 
exist. A dual organisation may appear clearly in the 
division of a tribe into two ‘ moieties ’ or be almost 
completely obliterated—but I venture to foretell that 
wherever careful inquiry be made, symmetry of struc
ture will be found in every savage society, as the in
dispensable basis of reciprocal obligations.

The sociological manner in which the relations of 
reciprocity are arranged makes them yet more strin
gent. Between the two communities the exchanges are 
not carried out haphazard, any two individuals trading 
with each other at random. On the contrary, every 
man has his permanent partner in the exchange, and 
the two have to deal with each other. They are often 
relatives-in-law, or else sworn friends, or partners in 
the important system of ceremonial exchange called 
kula. Within each community again, the individual 
partners are ranged into totemic subclans. So that the 
exchange establishes a system of sociological ties of 
economic nature, often combined with other ties, 
between individual and individual, kinship group and 
kinship group, village and village, district and district.

Going over the relations and transactions previously 
described, it is easy to see that the same principle of 
mutuality supplies the sanction to each rule. There is 
in every act as well as at the basis of every status 
a sociological dualism: two parties who exchange 
services and functions, each watching over the measure 
of fulfilment and the fairness of conduct of the other. 
The master of the canoe, whose interests and ambitions 
are bound up with his craft, looks after order in the 
internal transactions between the members of the crew 
and represents the latter externally. To him each 
member of the crew is bound at the time of construc
tion and ever after, when co-operation is necessary. 
Reciprocally, the master has to give each man the 
ceremonial payment at the feast of construction; the 
master cannot refuse any one his place in the boat; and 
he has to see that each man receives his fair share of the 
catch. In this and in all the manifold activities of 
economic order, the social behaviour of the natives is 
based on a well-assessed give-and-take, always mentally 

ticked off and in the long run balanced. There is no 
wholesale discharge of duties or acceptance of privileges; 
no ‘ communistic’ disregard of tally and ear-mark. The 
free and easy way in which all transactions are done, 
the good manners which pervade all and cover any 
hitches or maladjustments, make it difficult for the 
superficial observer to see the keen self-interest and 
watchful reckoning which runs right through. To one 
who knows the natives intimately, nothing is more 
patent than this. The same control which the master 
assumes within his canoe, is taken within the com
munity by the headman who is, as a rule, also the heredi
tary magician.

Law, Self-interest, and Social Ambition.

It scarcely needs to be added that there are also 
other driving motives, besides the constraint of recip
rocal obligations, which keep the fishermen to their 
task. The utility of the pursuit, the craving for the 
fresh, excellent diet, above all, perhaps, the fascination of 
what to the natives is an intensely fascinating sport— 
move them more obviously, more consciously even, and 
more effectively than what we have described as the 
legal obligation. But the social constraint, the regard 

-for the effective rights and claims of others is always 
prominent in the mind of the natives as well as in their 
behaviour, once this is well understood. It is also 
indispensable to ensure the smooth working of their 
institutions. For in spite of all zest and attractions, 
there are on each occasion a few individuals, indisposed, 
moody, obsessed by some other interest—very often by 
an intrigue—who would like to escape from their 
obligation, if they could. Any one who knows how 
extremely difficult, if not impossible, it is to organise 
a body of Melanesians for even a short and amusing 
pursuit requiring concerted action, and how well and 
readily they set to work in their customary enterprises, 
will realise the function and the need of compulsion, 
due to the native’s conviction that another man has a 
claim on his work.

There is yet another force which makes the obliga
tions still more binding. I have mentioned already 
the ceremonial aspect of the transactions. The gifts 
of food in the system of exchange described above 
must be offered according to strict formalities, in 
specially made measures of wood, carried and presented 
in a prescribed manner, in a ceremonial procession and 
with a blast of conch-shells. Now nothing has a greater 
sway over the Melanesian’s mind than ambition and 
vanity associated with a display of food and wealth. 
In the giving of gifts, in the. distribution of their sur
plus, they feel a manifestation of power, and an en
hancement of personality. The Trobriander keeps his 
food in houses better made and more highly ornamented 
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than his dwelling huts. Generosity is the highest 
virtue to him, and wealth the essential element of 
influence and rank. The association of a semi-com
mercial transaction with definite public ceremonies 
supplies another binding force of fulfilment through a 
special psychological mechanism: the desire for dis
play, the ambition to appear munificent, the extreme 
esteem for wealth and for the accumulation of food.

We have thus gained some insight into the nature of 
the mental and social forces which make certain rules 
of conduct into binding law. Nor is the binding force 
superfluous. Whenever the native can evade his 
obligations without the loss of prestige, or without the 
prospective loss of gain, he does so, exactly as a 
civilised business man would do. When the “ auto
matic smoothness ” in the run of obligations so often 
attributed to the Melanesian is studied more closely, 
it becomes clear that there are constant hitches in the 
transactions, that there is much grumbling and re
crimination and seldom is a man completely satisfied 
with his partner. But, on the whole, he continues in 
the partnership and, on the whole, every one tries to 
fulfil his obligations, for he is impelled to do so, partly 
through enlightened self-interest, partly in obedience 
to his social ambitions and sentiments. Take the real 
savage, keen on evading his duties, swaggering and 
boastful when he has fulfilled them, and compare him 
with the anthropologist’s dummy who slavishly follows 
custom and automatically obeys every regulation. 
There is not the remotest resemblance between the 
teachings of anthropology on this subject and the 
reality of native life. We begin to see how the dogma 
of mechanical obedience to law would prevent the field
worker from seeing the really relevant facts of primitive 
legal organisation. We understand now that the rules 
of law, the rules with a definite binding obligation, 
stand out from the mere rules of custom. We can see 
also that civil law, consisting of positive ordinances, 
is much more developed than the body of mere pro
hibitions, and that a study of criminal law alone 
among savages misses the most important phenomena 
of their legal life.

It is also obvious that the type of rules which we have 
been discussing, although they are unquestionably rules 
of binding law, have in no way the character of religious 
commandments, laid down absolutely, obeyed rigidly 
and integrally.3 The rules here described are essenti
ally elastic, adjustable, and they leave a considerable 
latitude within which their fulfilment is regarded as 
satisfactory. The bundles of fish, the measures of 
yams, or bunches of taro, can only be roughly assessed, 
and naturally the quantities exchanged vary according

3 Examples of scientific opinions, which ascribe to primitive law in 
general such a semi-religious character, are given in the review entitled 
“ Primitive Law,” referred to above. 

to whether the fishing season or the harvest is more 
abundant. All this is taken into account and only 
wilful stinginess, neglect, or laziness are regarded as a 
breach of contract. Since again, largesse is a matter of 
honour and praise, the average native will strain all his 
resources to be lavish in his measure. He knows, more
over, that any excess in zeal and generosity is bound 
to be sooner or later rewarded.

We can see now that a narrow and rigid conception 
of the problem—a definition of ‘ law ’ as the machinery 
of carrying out justice in cases of trespass—would leave 
on one side all the phenomena to which we have 
referred. In all facts described, the element or aspect 
of law, that is, of effective social constraint, consists in 
the complex arrangements which make people keep to 
their obligations. Among them the most important 
is the manner in which many transactions are linked 
into chains of mutual services, every one of them having 
to be repaid at some later date. The public and cere
monial manner in which these transactions are usually 
carried out, combined with the great ambition and 
vanity of the Melanesian, adds also to the safeguarding 
forces of law.

The Rules of Law in Religious Acts.
I have referred so far mainly to economic relations, 

for civil law is primarily concerned with ownership and 
wealth among savages as well as among ourselves. 
But we could find the legal aspect in any other domain 
of tribal life. Take, for example, the most character
istic acts of ceremonial life—the rites of mourning and 
sorrow for the dead. At first we perceive in them, 
naturally, their religious character: they are acts of 
piety towards the deceased, caused by fear or love or 
solicitude for the spirit of the departed. As ritual 
and public display of emotion, they are also part of the 
ceremonial life of the community.

Who, however, would suspect a legal side to such 
religious transactions ? Yet in the Trobriands there is 
not one single mortuary act, not one ceremony, which is 
not considered to be an obligation of the performer 
towards some of the other survivors. The widow weeps 
and wails in ceremonial sorrow, in religious piety and 
fear—but also because the strength of her grief affords 
direct satisfaction to the deceased man’s brothers and 
maternal relatives. It is the matrilineal group of 
kindred who, according to the native theory of kinship 
and mourning, are the people really bereaved. The 
wife, though she lived with her husband, though she 
should grieve at his death, though often she really and 
sincerely does so, remains but a stranger, by the rules 
of matrilineal kinship. It is her duty towards the 
surviving members of her husband’s clan, accordingly, 
to display her grief, to keep a long period of mourning
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and to carry the jaw-bone of her husband for some 
years after his death. Nor is this obligation without 
reciprocity. At the first big ceremonial distribution, 
some three days after her husband’s death, she will 
receive from his kinsmen a ritual payment, and a 
substantial one, for her tears; and at later cere
monial feasts she is given more payments for the 
subsequent services of mourning. It should also be 
kept in mind that, to the natives, mourning is but a 
link in the lifelong chain of reciprocities between 
husband and wife and between their respective families.

The Law of Marriage.

This brings us to the subject of marriage, extremely 
important for the understanding of native law. 
Marriage establishes not merely a bond between hus
band and wife, but it also imposes a standing relation 
of mutuality between the man and the wife’s family, 
especially her brother. A woman and her brother are 
bound to each other by characteristic and highly 
important ties of kinship. In a Trobriand family a 
female must always remain under the special guardian
ship of one man—one of her brothers or, if she has none, 
her nearest maternal kinsman. She has to obey him 
and fulfil a number of duties, while he looks after her 
welfare and provides for her economically even after 
she is married.

The brother becomes the natural warden of her 
children, who therefore have to regard him and not 
their father as the legal head of the family. He in 
turn has to look after them, and he has to supply the 
household with a considerable proportion of its food. 
This is the more burdensome since marriage being 
patrilocal, the girl has moved away to her husband’s 
community, so that every time at harvest there is a 
general economic chasse-croise all over the district.

After the crops are taken out, the yams are classified 
and the pick of the crop from each garden is put into a 
conical heap. The main heap in each garden plot is 
always for the sister’s household. The sole purpose of 
all the skill and labour devoted to this display of food 
is the satisfaction of the gardener’s ambition. The 
whole community, nay, the whole district, will see the 
garden produce, comment upon it, criticise, or praise. 
A big heap proclaims, in the words of my informant: 
“ Look what I have done for my sister and her family. 
I am a good gardener and my nearest relatives, my 
sister and her children, will never suffer for want of 
food.” After a few days the heap is dismantled, the 
yams carried in baskets to the sister’s village, where 
they are put up into exactly the same shape in front of 
the yamhouse of the sister’s husband; there again the 
members of the community will see the heap and 
admire it. This whole ceremonial side of the trans

action has a binding force which we know already. 
The display, the comparisons, the public assessment 
impose a definite psychological constraint upon the 
giver—they satisfy and reward him, when successful 
work enables him to give a generous gift, and they 
penalise and humiliate him for inefficiency, stinginess, 
or bad luck.

Besides ambition, reciprocity prevails in this 
transaction as everywhere else; at times, indeed, it 
steps in almost upon the heels of an act of fulfil
ment. First of all, the husband has to repay by 
definite periodic gifts every annual harvest contribu
tion. Later on, when the children grow up, they will 
come directly under the authority of their maternal 
uncle; the boys will have to help him, to assist him in 
everything, to contribute a definite quota to all the 
payments he has to make. His sister’s daughters do 
but little for him directly, but indirectly, in a matrilineal 
society, they provide him with his heirs and descendants 
of two generations below.

Thus placing the harvest offerings within their 
sociological context, and taking a long view of the 
relationship, we see that every one of its transactions is 
justified as a link in the chain of mutualities. Yet 
taking it isolated, torn out of its setting, each trans
action appears nonsensical, intolerably burdensome 
and, sociologically, meaningless, also no doubt “ com
munistic” ! What could be more economically absurd 
than this oblique distribution of garden produce, where 
every man works for his sister and has to rely in turn 
on his wife’s brother, where more time and energy is 
apparently wasted on display, on show, on the shifting 
of the goods, than on real work ? Yet a closer analysis 
shows that some of these apparently unnecessary 
actions are powerful economic incentives, that others 
supply the legal binding force, while others again are 
the direct result of native kinship ideas. It is also 
clear that we can understand the legal aspect of such 
relations only if we look upon them integrally without 
over-emphasising any one link in the chain of reciprocal 
duties.

The real reason why all these economic obligations are 
normally kept, and kept very scrupulously, is that failure 
to comply places a man in an intolerable position, while 
slackness in fulfilment covers him with opprobrium. 
The honourable citizen is bound to carry out his 
duties, though his submission is not due to any instinct 
or intuitive impulse or mysterious ‘ group-sentiment,’ 
but to the detailed and elaborate working of a system, 
in which every act has its own place and must be per
formed without fail. Though no native, however 
intelligent, can formulate this state of affairs in a 
general, abstract manner, or present it as a socio
logical theory, yet every one is well aware of its exist-
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ence, and in each concrete case he can foresee the 
consequences.

The Rules of Custom defined and classified.

If we designate the sum total of rules, conventions, 
and patterns of behaviour as the body of custom, there 
is no doubt that the native feels a strong respect for all 
of them, has a tendency to do what others do, what 
every one approves of, and, if not drawn or driven in 
another direction by his appetites or interests, will 
follow the biddings of custom rather than any other 
course. The force of habit, the awe of traditional 
command and a sentimental attachment to it, the 
desire to satisfy public opinion—all combine to make 
custom be obeyed for its own sake. In this the 
‘ savages ’ do not differ from the members of any self- 
contained community with a limited horizon, whether 
this be an Eastern European ghetto, an Oxford college, 
or a Fundamentalist Middle West community. But 
love of tradition, conformism, and the sway of custom 
account but to a very partial extent for obedience to 
rules among dons, savages, peasants, or Junkers.

Limiting ourselves strictly to savages once more, 
there are among the Trobrianders a number of tradi
tional rules instructing the craftsman how to ply his 
trade. The inert and uncritical way in which these 
rules are obeyed is due to the general ‘ conformism of 
savages ’ as we might call it. But in the main these 
rules are followed because their practical utility is 
recognised by reason and testified by experience. 
Again, other injunctions of how to behave in associating 
with one’s friends, relatives, superiors, equals, and so on, 
are obeyed because any deviation from them makes 
a man feel and look, in the eyes of others, ridiculous, 
clumsy, socially uncouth. These are the precepts of 
good manners, very developed in Melanesia and most 
strictly adhered to. There are further rules laying 
down the proceedings at games, sports, entertainments 
and festivities, rules which are the soul and substance 
of the amusement or pursuit and are kept because 
it is felt and recognised that any failure to ‘ play 
the game ’ spoils it — that is, when the game is 
really a game ! In all this, it will be noted, there are 
no mental forces of inclination or of self-interest, or even 
inertia, which would run counter to any rule and make 
its fulfilment a burden. It is quite as easy to follow 
the rule as not, and once you embark upon a sporting 
or pleasurable pursuit, you really can enjoy it only if 
you obey all its rules whether of art, manner, or game.

There are also norms pertaining to things sacred and 
important, the rules of magical rite, funerary pomp, or 
what not. These are primarily backed up by super
natural sanctions and by the strong feeling that sacred 
matters must not be tampered with. By an equally
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strong moral force are maintained certain rules of 
personal conduct towards near relatives, members of 
the household and others towards whom strong senti
ments of friendship, loyalty, or devotion are felt, which 
back up the dictates of the social code.

This brief catalogue is not an attempt at a classifica
tion, but is mainly meant to indicate clearly that, besides 
the rules of law, there are several other types of norm 
and traditional commandment which are backed up by 
motives or forces, mainly psychological, in any case 
entirely different from those which are characteristic of 
law in that community. Thus, though in my survey 
attention has naturally been mainly focussed on the 
legal machinery, I was not intent on proving that all 
social rules are legal, but on the contrary, I wanted to 
show that the rules of law form but one well-defined 
category within the body of custom.

An Anthropological Definition of Law.

The rules of law stand out from the rest in that they 
are felt and regarded as the obligations of one person 
and the rightful claims of another. They are sanctioned 
not by a mere psychological motive, but by a definite 
social machinery of binding force, based, as we know, 
upon mutual dependence and realised in the equivalent 
arrangement of reciprocal services, as well as in the 
combination of such claims into strands of multiple 
relationship. The ceremonial manner in which most 
transactions are carried out, which entails public control 
and criticism, adds still more to their binding force.

We may therefore finally dismiss the view that 
‘ group-sentiment ’ or ‘ collective responsibility ’ are 
the only or even the main force which ensures 
adhesion to custom and which makes it binding or 
legal. Esprit de corps, solidarity, pride in one’s com
munity and clan exist undoubtedly among the Mela
nesians—no social order could be maintained without 
them in any culture high or low. I only want to enter 
a caution against such exaggerated views as those of 
Rivers, Sidney Hartland, Durkheim, and others, which 
would make this unselfish, impersonal, unlimited group- 
loyalty the corner-stone of all social order in primitive 
cultures. The savage is neither an extreme ‘ collec
tivist ’ nor an intransigent ‘ individualist ’—he is, like 
man in general, a mixture of both.

It results also from the account here given that 
primitive law does not consist exclusively or even 
mostly of negative injunctions, nor is all savage law 
criminal law.4 So far we have met with positive 
commandments only, the breach of which is penalised 
but not punished, and the machinery of which can by 
no procrustean methods be stretched beyond the line

4 Quotations of such opinions in modern anthropological literature and 
a criticism of them is given in the review entitled “ Primitive Law,” referred 
to above.
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which separates civil from criminal law. If we have 
to provide the rules described in these articles with 
some modern, hence necessarily inappropriate, label, 
they must be called the body of ‘ civil law ’ of the 
Trobriand Islanders.

‘ Civil law,’ the positive law governing all the 
phases of tribal life, consists then of a body of binding 
obligations, regarded as a right by one party and acknow
ledged as a duty by the other, kept in force by a specific 
mechanism of reciprocity and publicity, inherent in the 
structure of their society. These rules of civil law are 
elastic and possessing a certain latitude. They offer 
not only penalties for failure, but also premiums for an 
overdose of fulfilment. Their stringency is ensured 
through the rational appreciation of cause and effect 
by the natives, combined with a number of social and 
personal sentiments such as ambition, vanity, pride, 
desire of self-enhancement by display, and also attach
ment, friendship, devotion and loyalty to the kin.

It scarcely needs to be added that' law ’ and ‘ legal 
phenomena,’ as we have discovered, described, and 
defined them in a part of Melanesia, do not consist in 
any independent institutions. Law represents rather 
an aspect of their tribal life, one side of their structure, 
than any independent, self-contained social arrange
ments. Law dwells not in a special system of decrees, 
which foresee and define possible forms of non-fulfil
ment and provide appropriate barriers and remedies. 
Law is the specific result of the configuration of obliga
tions, which makes it impossible for the native to shirk 
his responsibility without suffering for it in the future.

Specific Legal Arrangements.

The rare quarrels which occur at times take the form 
of an exchange of public expostulation (yakala), in 
which the two parties assisted by friends and relatives 
meet, harangue one another, hurl and hurl back 
recriminations. Such litigation allows people to give 
vent to their feelings and shows the trend of public 
opinion, and thus it may be of assistance in settling 
disputes. Sometimes it seems, however, only to 
harden the litigants. In no case is there any definite 
sentence pronounced by a third party, and agreement 
is but seldom reached then and there. The yakala 
therefore is a special legal arrangement, but of small 
importance and not really touching the heart of legal 
constraint.

Some other specific legal mechanisms may also be 
mentioned here. One of them is the kaytapaku, the 
magical protection of property by means of conditional 
curses. When a man owns coco or areca palms in 
distant spots, where it is impossible to keep watch over 
them, he attaches a palm leaf to the trunk of the tree, an 
indication that a formula has been uttered, which
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automatically would bring down ailment on the thief. 
Another institution which has a legal side is the kaytu- 
butabu, a form of magic performed over all the coconut 
trees of a community to bring about their fertility, as 
a rule in view of an approaching feast. Such magic 
entails a strict prohibition to gather the nuts or to 
partake of coconut, even when imported. A similar 
institution is the gwara.5 A pole is planted on the reef, 
and this places a taboo on any export of certain valu
able objects, exchanged ceremonially in the kula, while 
their importation on the contrary is encouraged. This 
is a sort of moratorium, stopping all payments, without 
any interference with the receipts, which also aims at 
an accumulation of valuable objects before a big cere
monial distribution. Another important legal feature 
is a sort of ceremonial contract, called kayasa.6 Here 
the leader of an expedition, the master of a feast, or the 
entrepreneur in an industrial venture, gives a big cere
monial distribution. Those who participate in it and 
benefit by the bounty are under an obligation to assist 
the leader throughout the enterprise.

All these institutions, kayasa, kaytapaku, and kaytu- 
butabu, entail special binding ties. But even they are 
not exclusively legal. It would be above all a great 
mistake to deal with the subject of law by a simple 

' enumeration of these few arrangements, each of which 
subserves a special end and fulfils a very partial 
function. The main province of law is in the social 
mechanism which is to be found at the bottom of all 
the real obligations and covers a very vast portion of 
their custom, though by no means all of it, as we know.

Conclusion and Forecast.

I have dealt here only with one province of Melanesia, 
and the conclusions arrived at have naturally a limited 
range. These conclusions, however, are based on facts 
observed by a new method and regarded from a new 
point of view, so that they might stimulate other 
observers to take up a similar line of study in other 
parts of the world. With a wider and more elastic 
‘ minimum definition ’ of law, there is no doubt that new 
legal phenomena of the same type as those found in 
N.W. Melanesia will be discovered. There is no doubt 
that custom is not based only on a universal, undiffer
entiated, ubiquitous force, this mental inertia, though 
this unquestionably exists and adds its quota to other 
constraint. There must be in all societies a class of 
rules too practical to be backed up by religious sanctions, 
too burdensome to be left to mere goodwill, too person
ally vital to individuals to be enforced by any abstract 
agency. This is the domain of legal rules, and I venture 
to foretell that reciprocity, systematic incidence, 
publicity and ambition will be found to be the main 
factors in the binding machinery of primitive law.

5 Comp, the account of this institution in “ Argonauts of the Western 
Pacific ” (references in Index s.v. Gwara); also descriptions in Prof. Selig
man’s “ Melanesians,” and in the present writer’s “ The Natives of Mailu ” 
(Trans. R. Soc. ofS. Australia, vol. 39), of the gola or gora among the Western 
Papuo-Melanesians.

0 “ Argonauts of the Western Pacific.” See in Index s.v. Kayasa.

R. Clark, Limited. Edinburgh



Supplement to Nature
No. 2944 APRIL 3, 1926

Our Bookshelf.
Man in the Past.

Les origines de Vhumanite. Par Prof. Rene Verneau. 
(Bibliotheque generale illustree, 1.) Pp. 80 + 59 
planches. (Paris : F. Rieder et Cie, 1926.) 15 francs.

To summarise adequately and in popular language the 
present position of our knowledge of the origin and 
development of mankind in a compass of less than 
eighty pages of not very small type, is a feat which is 
possible only to a master of his subject with a gift of 
lucid exposition such as Prof. Verneau. In this little 
book the uninstructed reader will find all that is 
essential for a thorough understanding of the elements 
of his subject and the bearing upon it of the geo
logical and palaeontological evidence. Nor has the 
author hesitated to deal with matters on which the 
views of experts differ. Even such questions as the 
antiquity of the Calaveras skull and the theories of 
Ameghino on the antiquity of man in South America 
are briefly discussed and the points at issue set forth. 
On the question of Neanderthal man, Prof. Verneau 
gives a succinct and carefully argued summary of the 
evidence upon which is based his own view that 
Neanderthal man is not an aberrant and extinct form, 
but stands in the direct line of descent as evidenced 
by atavistic types such as the Australian. Prof. 
Verneau’s exposition is greatly helped by a very full 
series of remarkably well produced illustrations which 
alone would make this little book a possession to be 
desired by any archaeologist.

Prehistoric and Roman Wales. By Dr. R. E. M. 
Wheeler. Pp. 229. (Oxford: Clarendon Press; 
London : Oxford University Press, 1925.) 185. net.

Wales is a country which presents many difficulties 
and many pitfalls, to the student of prehistory. The 
evidence is often scanty and sometimes, when con
sidered in relation to the succession of cultural periods 
elsewhere, entirely lacking; and both in its character 
and in its distribution it is frequently puzzling to 
interpret. In the present volume, Dr. Wheeler has 
essayed to weave a connected story out of this material 
and, within the limitations imposed by the nature of 
his data, he has been eminently successful. His views 
are sane and cautious, but at the same time inspired 
with an imagination which is kept under careful 
restraint by a keen appreciation of how far his facts 
are capable of carrying the proof of any suggested con
clusions. As an example may be cited the skilful use of 
probable climatic and geographical conditions in explain
ing the character and distribution of the palaeolithic 
implement in Wales, the emergence of the area as a 
meeting place of culture from east and west, and its 
final transformation into a true frontier province under 
the Empire. His word of caution in regard to the, 

perhaps, too exuberant plotting of prehistoric trade 
routes is timely as well as characteristic. Amid so 
much that is excellent, a special commendation of the 
valuable summary and analysis of our present know
ledge of Roman Wales may not be out of place.
Mystery Cities: Exploration and Adventure in Luba- 

antun. By Thomas Gann. Pp. 252 + 32 plates. 
(London : Gerald Duckworth and Co., Ltd., 1925.) 
215. net.

Dr. Gann is well known as an explorer in the realms 
of Central American archaeology, and needs no intro
duction. Those who have read his “ In an Unknown 
Land ” can have no doubt of his ability to describe 
his adventures in pursuit of scientific data with a 
graphic power and a humour which endear him to 
the hearts of his readers, while giving a sufficient 
account of his results to make his book of permanent 
value as a record. He here describes his journey of the 
season 1924-25 in British Honduras, first to explore 
mounds at Xunantunich and afterwards to Lubaantun, 
where he joined Lady Brown and Mr. Mitchell-Hedges, 
his fellow-concessionaires, and continued the work of a 
preceding preliminary reconnaissance.

One of the results of the journey, as is well known, was 
the discovery of the remarkable amphitheatre which 
has no parallel in the whole area once occupied by the 
Maya. It provided seating accommodation for at 
least 5000 people “ or at a pinch possibly 10,000,” and 
measures approximately 350 feet from east to west by 
300 feet from north to south, the greater part of the 
space being taken up by seating and standing accom
modation for the spectators of whatever was taking 
place in the arena. There is a pathetic interest in turn
ing from Dr. Gann’s description of the monuments of 
the ancient Maya to his account of their degenerate 
descendants of to-day, to whom he does more than 
justice.

Aspects of Psychology.
(1) Education as the Psychologist Sees It. By Prof. W.

B. Pillsbury. Pp. ix + 342. (New York: The 
Macmillan Co., 1925.) 85. 6d. net.

(2) Old and New Viewpoints in Psychology. By Prof. 
Knight Dunlap. Pp. 166. (London: Henry 
Kimpton, 1925.) 10s. Gd. net.

(1) Prof. Pillsbury aims at presenting a concise 
summary of the problems of the teacher as they appear 
to the psychologist. The first part deals with the 
statistical side of psychological research and the nature 
of intelligence. Then follows an account of the general 
psychological processes and laws helpful to the teacher, 
namely, instinct, habit, attention, reasoning. A chapter 
is devoted to feeling and emotion in relation to dis
cipline. At the end of each chapter is a list of questions.
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To the teacher with a good psychological training the 
book is a useful synopsis of much scattered work, but 
to the beginner and to the general reader, to whom the 
writer also wishes to appeal, it may give the entirely 
illusory idea that much more is known than is actually 
the case. There is little indication of what is hypothesis 
and what is theory. The interpolation of physiological 
details—for example, the synaptic hypothesis, to ex
plain associated acts—does not elucidate psychological 
occurrences. The account of correlation is of little 
value to any one who already knows it and inadequate 
as a first introduction. If it is necessary to introduce 
the Freudian theories at all, then more space should 
have been devoted to them; casual criticism, with no 
indication of the data for criticism, is out of place in 
an elementary book. The difference between suppres
sion and repression is not made clear.

Although somewhat stereotyped, parts of the text are 
interesting. Its defects are largely due to its note form.

(2) Prof. Dunlap has brought together a number of 
papers given by him to various societies, and, as might 
be expected, they are of unequal value. The first 
chapter, on mental measurement, is the best, being a 
very able review of current work on the subject. The 
author gives an account of the work leading up to the 
present-day intelligence tests; he describes the aims and 
methods of the tests, discusses the claims legitimate and 
illegitimate of workers in this field, and issues a warning 
against the futility of many popular expositions.

The chapters on spiritualism and on the comic are 
somewhat sketchy accounts of a vast field. Dr. 
McDougall’s theory of laughter published in this 
journal in 1903 might help to elucidate some of the 
problems of the latter. The chapter on present-day 
schools of psychology enables the author to tilt at all 
the more outstanding current systems. Doubtless the 
most ardent Freudian would agree with the author that 
to “ repress effectively ” is the greatest asset a human 
individual can have: the trouble lies in the adverb 
attached.

As lectures they must have been very stimulating; 
whether they merit book form is doubtful.

Art and the Unconscious : a Psychological Approach to 
a Problem of Philosophy. By John M. Thorburn. 
Pp. xii + 242. (London: Kegan Paul and Co., Ltd., 
1925.) lor. 6d. net.

Mr. Thorburn has attempted to discover how far the 
problems of art and the sources of its inspiration may 
be restated in the light of contemporary theories of the 
unconscious. He begins by considering a domain 
where we are all artists, namely, the dream life, and 
goes on to relate this to the problems of the nature and 
origin of the imagination, art and the archaic, the 
function of symbolism, etc. The range of subjects 
discussed is wide, comprising literature, architecture, 
painting, and music.

The author has derived much inspiration from the 
writings of Freud and Jung, but he does not therefore 
make the mistake of neglecting conscious processes in 
his enthusiasm for the unconscious. The book.,is a 
contribution to the interpretation of art, to philosophy, 
and to the psychology of the imagination. The style is 
not easy and in places is decidedly laboured, due 
obviously to the difficulty of the conceptions.

Medical Science.
Arteriosclerosis: a Summary View. By the late Rt. 

Hon. Sir T. Clifford Allbutt. Pp. viii+108. (Lon
don : Macmillan and Co., Ltd., 1925.) 5s. net.

Intended for the busy practitioner, this summary of 
a larger work contains added material which makes 
the essay an admirable statement of the present state 
of knowledge of the subject. Sir Humphry Rolleston, 
who saw the little work through the press, reminds the 
reader of additions made by the author to the science 
and art of medicine. “ Some of these are now so 
thoroughly incorporated in common knowledge and 
practice that our indebtedness in this respect is largely 
forgotten, such as the invention of the clinical ther
mometer now in use and the description of syphilitic 
disease of the cerebral arteries.” His distinction 
between hyperpiesia, or high blood pressure of obscure 
origin, and the hyperpiesis of renal disease, which is 
in one sense the kernel of the essay, will also take its 
place in medicine surviving the elucidation of what 
is now obscure. For the light shed on the difficult 
problems of arterial disease and its consequences the 
volume will have many readers. It deserves a wider 
public for its amazing skill in the marshalling of hosts 
of facts and its delightful literary style.
Lister and his Achievement: being the First Lister 

Memorial Lecture delivered at the Royal College of 
Surgeons of England on May 14,1925. By Sir Wm. 
Watson Cheyne. Pp. iv + 136. (London: Long
mans, Green and Co., 1925.) 7s. 6d. net.

The First Lister Memorial Lecture was a compression 
of a short history of Lister’s work. Both are here 
printed together; the first occupies the opening 
thirty-eight pages of the volume and the second the 
remainder as an appendix. Without consideration 
of the necessity of such an arrangement if the lecture 
is to be given permanence in its original form, the 
plan is nevertheless not a perfect mode of presentation. 
At the same time no one who is genuinely interested 
in the development of surgery and in the life of its great 
English exponent would sacrifice any one of the 
glimpses which Sir Watson Cheyne has given of his 
great teacher. It may be said, however, that the 
earnest championship of the whole technique and 
nomenclature of Lord Lister’s practice met with in 
these pages as against the newer ‘ improvements ’ is 
now receiving much more support than formerly from 
many surgeons, and we may still see a revival of 
antiseptic surgery.

Natural History.
(1) The Monkeyfolk of South Africa. By F. W. Fitz

simons. Second edition. Pp. xiv+172+ 48 plates. 
(London: Longmans, Green and Co., 1924.) ios. 6d. 
net.

(2) Chats on British Mammals: Ungulates, Carnivores, 
and Insectivores. By Dr. Jas. J. Simpson. Pp. 
122 + 4 plates. (London: The Sheldon Press; New 
York and Toronto: The Macmillan Co., 1924.) 
2s. 6d. net.

(1) In his preface Mr. Fitzsimons says: “ I am a 
strong advocate of books being written in simple 
language, because they are then easily comprehended
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by learned men and women, as well as the most ignorant 
schoolboy or girl.” That sentence may not be a model 
of tactful expression, but it shows consideration for the 
learned, and that, alas I is far from general. The author 
also says, very truly, that: “ In the degree that a 
writer is able to interest the mind of the reader, so just 
in that degree will he succeed in impressing the cells 
of the grey matter of the brain. Unless the teacher 
succeed in arousing the intelligent interest of his pupil, 
he can make but little headway.” There is, however, 
a right and a wrong way of doing this, and most 
certainly Mr. Fitzsimons has followed the latter. 
Apparently imagining it to be impossible to give a 
direct and at the same time an interesting account of 
the monkeys of South Africa and their habits, he has 
chosen to play the part of a talkative and most irri
tatingly well-informed monkey. Many a moralist, no 
doubt, has used such a device for the conveyance and 
gilding of his philosophic pills; but the naturalist 
should remember that he is dealing with lilies and 
refined gold.

(2) A glimpse of the right way to arouse and secure 
the “ intelligent interest ” of a pupil in his natural 
surroundings may be got from Dr. Simpson’s “ Chats 
on British Mammals,” an early one of a series of little 
books containing the admirable “ ten-minute ” talks 
on natural history broadcast by the author from the 
Cardiff Station. M. A. C. H.
Animal Life in the Sea. By R. J. Daniel. Pp. 119 + 4 

plates. (Liverpool: University Press of Liverpool, 
Ltd. ; London : Hodder and Stoughton, Ltd., 1925.) 
55. 6d. net.

Mr. Daniel gives a popular account of marine creatures 
from microscopic plants to fishes and whales, finishing 
with descriptions and explanations of various legendary 
sea serpents. It is a well-planned book, simply written, 
and will serve admirably for a first step towards 
interesting untrained observers in all that is to be 
found in the sea, the habits of the animals living in it, 
and the various phenomena connected with them, 
besides simple discussions of physical and chemical 
conditions from the surface to the depth of the ocean. 
The larger sea animals are most to the fore—fishes, 
whales, and giant cutties—the illustrations being culled 
from many sources, including some from ancient maps 
and old pictures of sea monsters. Deep-sea animals 
are given special prominence, and the short account 
of conditions and life in the ocean depths is perhaps 
the best part of the book. In the small space of 
117 pages an amount of interesting information has 
been included that might well have made a larger 
volume.
Concerning the Habits of Insects. By F. Balfour- 

Browne. Pp. x + 169 + 9 plates. (London: Cam
bridge University Press, 1925.) 6s. net.

This small volume is the aftermath of the Christmas 
lectures, intended for a juvenile audience, which the 
author delivered at the Royal Institution in 1924. Its 
aim is to stimulate an interest in insect life and induce 
others to make observations in the wide field before 
them. In the first chapter the author utilises his own 
favourite studies of water-beetles as an example of what 
insect collecting may lead to. It is true that most of 
the real investigators in entomology were at one time
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in their lives collectors. There are also a great many 
folk who remain real collectors without ever becoming 
real entomologists. It is hoped that Mr. Balfour- 
Browne’s book may lead to some depletion of the ranks 
of the latter class and, if so, retard the extinction of 
some of the more rare local insects.

In Chapter 2 the author describes his own delightfully 
simple and effective methods of observing the behaviour 
of some of the commoner solitary bees and wasps. The 
succeeding three chapters are devoted to phases of the 
habits of caterpillars, dragonflies, and water-beetles. 
All these accounts are written in a pleasing freshness 
of style, and there is no mistaking that the author has 
observed personally most of what he writes about. 
The book concludes with remarks on the economic 
significance of insects especially in relation to the 
transmission of tropical diseases. This apologia, as we 
may call it, for entomology winds up with an allusion 
to the possibility of a livelihood now being earned by 
its pursuit, although Mr. Balfour-Browne deplores any 
one taking up the subject with that intention.

A. D. I.
Notes on the Birds of Cley, Norfolk. By the late H. N. 

Pashley. Pp. 138 + 2 plates. (London: H. F. and 
G. Witherby, 1925.) 7s. 6d. net.

The late Mr. Pashley had the good fortune to live for 
many years on a part of the Norfolk coast which is 
almost unrivalled in the British Isles as a locality for 
rare migrants, and as a practising and well-known 
taxidermist he had great numbers of interesting speci
mens through his hands, in addition to the birds which 
he saw or obtained himself. The greater part of his 
small book—now published just after his death at the 
age of eighty-one years—consists of extracts from his 
ornithological diaries covering a period of thirty-eight 
years : this is a rich mine of information. There 
follows a systematic list in which the chief facts are 
conveniently summarised for each species. There are 
also a few pages of more general reminiscences.

One of the most interesting points which emerges 
relates to the changes which have taken place within 
the period covered. As Mr. B. B. Riviere says in his 
foreword, “ The Shore-Lark and Lapland Bunting, 
which in the sixties and eighties respectively were 
regarded as very great rarities, are now regular winter 
visitors to Cley, the former in considerable numbers. 
The Black-tailed Godwit, no specimen of which appears 
to have found its way into Pashley’s shop until the 
year 1917, has since then occurred regularly in the 
neighbourhood as an autumn, and occasional spring, 
migrant; whilst the Sandwich Tern, a rare passer-by 
of the eighties, now breeds in hundreds, almost within 
sight of Mr. Pashley’s windows.” These are gratifying 
facts to set off against the depletion of our avifauna 
in so many other directions.

Zoological Handbooks.
Zoologisches Worterbuch. Von Dr. Erwin Hirsch- 

Schweigger. (Veit’s Sammlung Wissenschaftlicher 
Wbrterbiicher.) Pp. viii + 628. (Berlin und Leipzig: 
Walter de Gruyter und Co., 1925). 26 gold marks.

This short zoological dictionary is intended as a ‘ first 
aid ’ for professional zoologists, teachers, students, and 
amateur naturalists, its object being to provide a means
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of rapid orientation, without entering into minute 
details. The ground covered is not restricted to zoology 
in the narrow sense, but includes cytology, anatomy, 
genetics, and theoretical biology in general.

As regards systematic zoology, the higher sub
divisions down to orders and the most typical families 
are well represented. Brief diagnoses of these are given, 
together with references to some of the genera and 
species. The value of these diagnoses and other 
definitions is enhanced by numerous cross-references. 
Some of the systematic groups are provided with index
numbers of the “ Bibliotheca Zoologica,” to which the 
reader is referred for further information. The geo
graphical distribution of separate forms is indicated in 
a similar manner, the respective regions being arranged 
at the end of the book in tabular form. The classifica
tion adopted is also given at the end, side by side with 
that of the “ Bibliotheca Zoologica.” A useful feature 
of the dictionary is the accentuation of Latin and latin
ised words and the etymology of these and other foreign 
words, given in brackets.

In a book of this type it is perhaps inevitable that 
certain inaccuracies will occur. Thus the Aggregataria 
(or Aggregatidse) are referred to the Gregarinida 
instead of to the Coccidia; the causative organism of 
tropical malaria is referred to as Plasmodium pracox, 
without mention of the name P. falciparum. The 
retention of Hartmann’s artificial group Binucleata 
does not accord with the view of most protozoologists. 
The various members of the family Filariidse, which 
actually belong to different genera, are all placed in one 
genus, Filaria. These minor defects do not detract 
from the general merit of the book, which may be 
recommended as a useful short guide to zoological 
nomenclature. C. A. Hoare.
Animal Classification and Distribution, a Precis Reference 

Book : for Students of Elementary Zoology at Secondary 
Schools, Colleges, and the Universities ; being a Time
saving Synopsis with Provision for a Digest of Lecture 
Notes and Sketches. By Douglas M. Reid. (Griffin’s 
Scientific Text-books.) Pp. xv + 51 (every other page 
blank). (London: Charles Griffin and Co., Ltd., 
1925.) 6s. net.

The purpose of this volume is expressed in the opening 
lines of the preface : “ Experience in teaching students 
of zoology has shown that many who are unfamiliar 
with the laws and principles of classification lose much 
time in searching various books to determine the 
position of some organism, . . . and to meet this need 
the present synopsis is provided.” It must be said at 
once that the volume will require many emendations 
and additions if it is to enable the student to determine 
the position of the animals he sees or collects. A number 
of the small subdivisions containing relatively rare 
forms might well have been omitted and the space so 
obtained devoted to a fuller definition of the main 
groups. Many of the definitions contain loose state
ments which will lead to misunderstanding; e.g. 
“ epithelium absent ” is given as one of the characters 
of Nematoda (no doubt coelomic epithelium was 
intended), and Gordius is said to be free living—a 
statement which takes little account of the life-history ; 
the Zoantharia are defined as having a calcareous 
skeleton, but the example of the order correctly cited is 
Actinia, which has no skeleton. The author would do 

well to study page 9 and ask himself how the reader 
will know by inspection whether certain worms “ have 
possessed chaetae,” if in all Polychaeta the “ head end 
is fitted with tentacles ”; if the posterior sucker of a 
leech is on the posterior segment, why the leeches alone 
among annelids are cited as exhibiting embryonic 
development; if Gephyrea are hermaphrodite (see 
Boneilia) and the mouth and anus are at the opposite 
ends of the body (see Sipunculus), and why the presence 
of a vascular system and nephridia are noted in 
Gephyrea but left unnoticed in Oligochaeta and 
Polychseta, where they (especially the vascular system) 
are much more typical.

We do not feel able to recommend this volume as 
tending to a solution of the student’s difficulties in 
classification.

Plant Morphology.
Monocotyledons : a Morphological Study. By Dr. Agnes 

Arber. (Cambridge Botanical Handbooks.) Pp. 
xv+258. (Cambridge: At the University Press, 
1925.) 21s. net.

Dr. Arber has produced a very clear, learned, and 
admirably illustrated treatise on the monocotyledons. 
To be properly appreciated it must be studied in detail, 
since it is a carefully reasoned morphological study 
dealing with the study of plant organs from the point 
of view of their internal structural features as well 
as of their external. Thus the root, the axis, the 
foliage leaf in its various forms as represented in the 
monocotyledons, and the prophyll, including phyllo
clades, are fully treated. The seedling and its interpreta
tion is also discussed at length. In the chapter on 
the reproductive phase the floral peculiarities exhibited 
are described and details of the structure of the embryo 
sac and ovule are given.

This is followed by a discussion on taxonomy and a 
very interesting chapter on parallelism in evolution. 
The book concludes with a full bibliography and 
carefully prepared index.

Dr. Arber, though a disciple and fellow-worker of 
the late Miss Ethel Sargent, has largely followed her 
own ideas in writing this book and the result is a work 
full of fresh light on a fascinating problem—the meaning 
and interpretation, especially as regards their vegetative 
features, of the very diverse organisms which are 
grouped together in the phylum monocotyledons.

Many theories have been put forward to explain 
the relation of the monocotyledons to the dicotyledons, 
the most generally accepted being that the former 
have arisen from the latter. Dr. Arber, however, 
considers that the evidence, both from the living plants 
and the scanty fossil records, is not sufficient to warrant 
acceptance of such views. She would rather-maintain 
that the great groups of flowering plants came in
dependently into existence, and that their immense 
variety of form and structure at the present day is due 
to reduction, fusion and degeneration. Adaptation, 
she holds very strongly, affords no explanation of the 
characters which distinguish groups.

Both text and figures deserve the careful attention 
of botanists and students of evolution. The book is 
not only one for which the author deserves very high 
praise, but is also a production which reflects great 
credit on the Cambridge University Press.
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An Introduction to Plant Anatomy. By Prof. Arthur 
J. Eames and Prof. Laurence H. MacDaniels. 
(McGraw-Hill Publications in the Agricultural and 
Botanical Sciences.) Pp. xv + 364. (New York: 
McGraw-Hill Book Co., Inc.; London: McGraw- 
Hill Publishing.Co., Ltd., 1925.) 17s. 6d. net.

It is rare, indeed, that one meets a book that needs 
little but commendation, yet such is the case in con
nexion with this detailed text-book of plant anatomy. 
Without embarking upon general theories, the authors 
are merely concerned with the descriptive morpho
logy of vascular plants. Physiological and ecological 
aspects of morphology, and the practical applications 
of this subject, are indicated incidentally to the general 
treatment, while comparative morphology is used 
only when it may help to make clear structural com
plexity. Although the treatment of the subject is in 
no way causal, yet the developmental side of morpho
logy is well to the fore in chapters on meristems, the 
primary and secondary plant bodies, and in the 
treatment ofcambial activities.

The view-point from which the organisation of the 
vascular tissues is developed is that these are primarily 
laid down on a cylindrical plan, from which various 
subordinate types can be traced. The treatment of 
this subject is as thoroughly up-to-date as the rest 
of the book. Lists of recent references are given at 
the end of each chapter, while excellent illustrations 
abound, notably those of different types of wood, 
presented by the courtesy of the United States Forest 
Service. The result is a well-balanced book which 
can scarcely fail to be of value to any botanist who 
uses morphological data.

Geology.
(1) Mineralogic. Von Prof. Dr. R. Brauns. (Sammlung 

Goschen, Band 29.) Sechste verbesserte Auflage. 
Pp. 143. 1-25 gold marks.

(2) Geschichte der Geologic. Von Prof. Dr. K. Hummel. 
(Sammlung Goschen, Band 899.) Pp. 123. 1-25 
gold marks.

(Berlin und Leipzig : Walter de Gruyter und Co., 
1925-)

These are recent issues of this excellent series which 
has been employed in Great Britain for practice 
in reading scientific German. The first (1) is a 
miniature text-book of mineralogy quite sufficient to 
give a sound elementary knowledge of the subject. 
It will be all the more welcome in Britain that Nau
mann’s notation of crystal faces is discarded and only 
those of Weiss and Miller are placed before the student. 
The second (2) is a remarkably full but concise 
description of the historical development of geological 
science in all its branches.
GestalHmgsgeschichte der Er de. Von Dr. Leopold

Kohn. (Sammlung Borntrager, Band 7.) Pp. vii + 200. 
(Berlin: Gebr. Borntrager, 1925.) 7-50 gold marks.

This is a readable but somewhat discursive account of 
the problems presented by the history of the earth. 
Special attention is given to the geosynclinal theory of 
mountain formation, which in one form or another has 
gained considerable support in recent years, though it 
has not obtained the approval of Prof. Heim. On 

this and other subjects the opinions of different authors 
are freely quoted. Altogether it is a stimulating book, 
and if it is somewhat inconclusive, that is largely to be 
attributed to the difficulties inherent in many of the 
questions with which it deals. A folder is included, 
giving a synopsis of the different stages in the earth’s 
history.

Popular Astronomy.
A Popular Guide to the Heavens : a Series of Eighty-six 

Plates; with Explanatory Text and Index. By Sir 
Robert Stawell Ball. Fourth edition, completely 
revised and edited by the Rev. T. E. R. Phillips. 
Pp. xii + 84 + 86 plates + 13. (London: George 
Philip and Son, Ltd.; Liverpool: Philip, Son and 
Nephew, Ltd., 1925.) 15s-. net.

After an interval of fifteen years since the publication 
of the third edition, this book now appears rehabilitated 
under Mr. Phillips’s able revision. To the usual 
planetary diagrams, numerous lunar and stellar 
charts, drawings of planets and comets, a number of 
photographs have been added to represent the work 
of modern astronomical photography, together with 
a concise summary of such topics as methods of 
measuring the distances of the stars, the classification 
of stellar spectra, and new information on variable 
stars.

It is to be regretted, however, that sunspots—a 
source of interest to many people possessing small 
telescopes—are not represented by a short series of 
photographs, illustrating, for example, the growth of 
a typical stream of spots. The single plate portraying 
sunspots by direct photography is, we think, unwisely 
retained from the last edition to the exclusion of 
more recent and better photographs. The Stony hurst 
charts might also have been mentioned as being very 
useful to the amateur.

It can be said with confidence that every one 
interested in astronomy, whether possessing a telescope 
or not, will be well equipped with this popular guide— 
a title which deservedly expresses its purpose in the 
fullest sense.

A Voyage in Space : a Course of Six Lectures “Adapted 
to a Juvenile Auditory ” delivered at the Royal Institu
tion at Xmas 1913. By Prof. H. H. Turner. Second 
edition, with an Addendum on Recent Discoveries. 
Pp. xvi + 344. (London : The Sheldon Press ; New 
York and Toronto: The Macmillan Co., 1925.) 
75. 6d. net.

The first edition of this book was published during 
the unsettled times of 1915. The publication of a 
second edition comes, therefore, as a welcome reminder 
of these excellent lectures, which being reproduced in 
print are made accessible to an increasing number of 
hearers beyond the limits of the lecture room. To 
those who have heard one of Prof. Turner’s discourses 
on astronomy, the book will require no further intro
duction. To others, a hearty invitation may be given 
to share in the good things provided for the young 
people (and their seniors) at the Royal Institution. 
A glance at the numerous illustrations, averaging at 
least one to every three pages of text, will show the 
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original, simple, and often amusing manner in which 
the author characteristically presents his subject to his 
audience.

The first three lectures are concerned with the pre
parations for the journey : (1) The starting-point, our 
earth ; (2) the length of our voyage and the start 
through the air ; (3) journeying by telescope. The 
remaining lectures are devoted to the journey itself : 
(4) visit to the moon and planets ; (5) visit to the sun ; 
(6) visit to the stars. During the interval of ten years 
between the publication of the two editions, the great 
advances of astronomy call for the addendum. In 
forty pages it is only possible, as the author says, to 
give samples of these advances. Nevertheless, the 
reader is introduced to things appertaining to rela
tivity, the study of the upper air, recent ideas on 
stellar evolution, and the measurement of the diameter 
of a Orionis.

Mathematics.
Nouveau traite de mathtmatiques generales. Par Prof. 

Eugene Fabry. Tome 2. Analyse: Integrates, 
equations differentielles, derivees partielles, courbure, 
series trigonometriques; Mecanique: vecteurs, 
cinematique, statique, dynamique, resistance des 
materiaux : theorie des erreurs. Quatrieme edition 
entierement refondue. Pp. 276. (Paris: J. Her
mann, 1925.) 40 francs.

Prof. Fabry’s object in this volume is to give a working 
knowledge of elementary mathematical analysis, leading 
to some of its mechanical applications. In the first 
half, dealing with differentiation, integration, and 
differential equations, he sketches the more familiar 
processes of the calculus but generally omits any 
reference to the refinements which a pure mathe
matician now considers to be essential to the discussion. 
Thus the account of Fourier series covers six pages, in 
which it is shown how to evaluate the coefficients, and 
includes no mention of the validity of Fourier’s expan
sion. Subject to such limitations, the section on 
analysis contains little that is actually wrong. In the 
compass of 120 pages the ground covered ranges from 
elementary calculus to partial differential equations 
and Stokes’ theorem. A reader prepared to disregard 
the niceties of pure mathematics will often find that 
the brevity of Prof. Fabry’s treatment adds interest 
to the topics discussed.

Passing to the second half of the book, the section 
on statics contains three pages about catenaries. 
Centres of gravity and moments of inertia are discussed 
more fully. In dynamics there are chapters dealing 
with the motion of a single particle and with that of 
a rigid body about an axis. The last two chapters are 
devoted to the resistance of materials and the theory 
of errors, and are followed by a collection of 276 
formulae.

Prof. Fabry’s style is lucid throughout, and his 
treatment of the various subjects discussed is brief 
through his ignoration of mathematical subtleties, 
not through over-condensation. The book, now in 
its fourth edition, is of greater value to engineers using 
mathematics as a tool than to students : the latter 
will generally find the author’s treatment to be 
inadequate. W. E. H. B.

Modern Physics.
The Spectroscopy op X-rays. By Prof. Manne Siegbahn. 

Translated with the author’s additions by Prof. 
George A. Lindsay. Pp. xii + 287. (London: Oxford 
University Press, 1925.) 20s. net.

This is an excellent translation of Prof. Siegbahn’s 
well-known book, and it will be widely appreciated. 
Prof. Siegbahn and his pupils have made the field of 
X-ray spectroscopy peculiarly their own, and no one 
is better qualified than the author to review the present 
position of the subject. The refinements'in technique 
which he has introduced have ted to a knowledge of 
X-ray spectra which approaches in accuracy that of 
optical spectra at no very recent date, and the imposing 
table at the end of the book giving the principal X-ray 
spectral lines is a revelation as to the extent of the 
field surveyed.

The book has been written throughout from the 
view-point of the experimental investigator. Discus
sions of the purely theoretical aspect have not been 
entered into, but just so much theory has been given 
as will illustrate the interest of the various experi
mental results. The matter has been most carefully 
and wisely chosen with this object in mind.

The subject naturally divides itself into two parts, 
dealing with technique and with the significance for 
atomic physics of X-ray spectra respectively. In the 
first part an account is given of the types of X-ray 
tube, of spectroscopic apparatus, and of sources of 
high-tension current. Here will be found many useful 
hints, tables of the properties of materials, and a mass 
of information collected and arranged. The second 
part describes the laws of excitation of the spectra, the 
K, L, M, and N series, absorption spectra, the system
atic arrangement of the spectral lines and its inter
pretation. The last chapter gives an account of the 
methods, other than those of wave-length measure
ment, which provide a means of measuring the inner 
energy levels of the atom.

X-ray spectroscopy is making such rapid advances 
that any review of it will need constant revision. One 
feels very grateful to the author for having found time, 
in the midst of his investigations, to collect the informa
tion and present it in an attractive and convenient 
form. His book is an excellent introduction to the 
subject and review of the present state of knowledge, 
and is in a form which will make it possible to bring it 
up-to-date in future editions. Prof. G. H. Lindsay 
has worked in the author’s laboratory, and his trans
lation does full justice to the simple and readable 
style of the original book.

A Treatise on Electricity. By F. B. Pidduck. Second 
edition. Pp. xiv + 664. (Cambridge: At the Uni
versity Press, 1925.) 215. net.

The first edition of Mr. Pidduck’s valuable treatise on 
electricity appeared in 1916, and the important advances 
made in the science during the past ten years have 
necessitated some changes in the present edition. In 
the earlier part of the book the most important 
alteration is to be found in the mathematical introduc
tion, the vectorial methods and notation now employed 
resulting in considerable improvement in the subsequent 
mathematical analysis. The author, however, is on
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his guard against abandoning Cartesian analysis for 
a complete symbolic calculus, and his treatment should 
appeal to the physicist.

In the later chapters modern work has been described 
in considerable detail, though the treatment of recent 
theories of magnetism is somewhat slight. The 
chapter on electric oscillations is of great interest, 
and we find here scientific accounts of the triode as 
generator, detector, and amplifier, and also a description 
of its use for the production of short waves having 
a wave-length of only 30 or 40 cm. In the chapter 
on electricity in gases we have an account of the 
nuclear theory of the atom, and the results of Aston 
on the composite nature of the chemical elements 
obtained by means of his mass spectrograph. A 
separate chapter has been assigned to Rbntgen rays, 
in which is given a compact but readable summary of 
the diffraction of the rays by crystals and of the nature 
and origin of the X-ray spectra of the elements. The 
last chapter deals with the electrical theory of matter, 
including Bohr’s theory of the origin of spectra, the 
experiments of Gerlach and Stern showing definite 
orientation of electron orbits in a magnetic field, and 
the theories of the Zeeman and the Stark effect. In 
its revised form this treatise should prove of great 
assistance to the student of advanced physics.

The Dynamical Theory of Sound. By Dr. Horace 
Lamb. Second edition. Pp. viii + 307. (London: 
Edward Arnold and Co., 1925.) 18s. net.

The lucidity which characterises all Prof. Lamb’s 
writings is exemplified in a marked degree in his 
treatise on the dynamical theory of sound. In this 
respect he follows in the footsteps of his master, Lord 
Rayleigh, to whom he acknowledges his indebtedness. 
For the second edition a thorough revision has been 
carried out, and a number of errors have been corrected. 
In its new form, the book should be of the greatest 
value to a student beginning the serious study of the 
subject. It is, however, to be regretted that the 
accounts given of recent applications are somewhat 
slight. Many readers would have welcomed more 
detailed descriptions of the hot-wire microphone, the 
methods employed in sound-ranging, and the problems 
of physiological acoustics.

Colloid Chemistry.
The Effects of Ions in Colloidal Systems. By Prof. 

Leonor Michaelis. Pp. 108. (Baltimore, Md. : 
Williams and Wilkins Co.; London: Bailliere, 
Tindall and Cox, 1925.) 125-. 6d. net.

The author of this volume, who is a professor of 
biochemistry in Japan, was invited to lecture in the 
United States during April and May 1924. The 
material of these lectures is now presented as a brief 
monograph. In the introductory lecture, a defence 
is made of the pursuit by a biochemist of a line of 
research in pure physical chemistry. Such a defence is 
scarcely necessary, since it is a well-known phenomenon 
that a biologist with a genius for work in physical 
science, having a different range of interests and of 
relevant data from the professional physicist or chemist, 
can often make a contribution of exceptional value to 
the progress of pure science.
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In the present instance the subject selected has been 
“ The Effects of Ions in Colloidal Systems,” and in a 
series of eight short lectures the author has presented 
in a most effective manner some of the principal 
problems that are encountered in this field of work, 
although he does not find himself able, in every case, 
to offer a complete solution. His chief interest appears 
to consist in the detection and study of “ electric 
double layers,” but one of the most interesting lectures 
deals with the properties of charcoal as an absorbent. 
This familiar material, instead of being a typical 
absorbent, as is generally supposed, appears to be 
unique amongst inanimate systems, since “ experience 
has shown that any substance dissolved in an excess 
of water is adsorbed by charcoal,” which “ possesses a 
prominent faculty for adsorbing . . . non-ionised 
electro-indifferent substances.”

The author introduces the term “ acidoid ” to 
describe' substances such as mastic which have the 
properties of insoluble acids, whilst insoluble amino
acids are described as “ ampholytoids.” Fortunately, 
he has not yet begun to describe silver iodide as an 
“ electrolytoid ” in order to emphasise the fact that it 
is almost insoluble in water, but this will doubtless 
follow in due course.

English readers will be interested in the book, but 
will regard its price as excessive.

Introduction a I’etude des colldides: Hat colloidal et ses 
applications. Par Prof. W. Kopaczewski. Pp. vii + 
226 + 2 planches. (Paris: Gauthier-Villars et Cie, 
1925.) 16 francs.

The first 64 pages of this small work profess to give 
the principal facts about the colloidal state, “ all hypo
theses and theories . . . being passed over in silence,” 
while the -remainder is divided into two parts, dealing 
with its industrial applications and with the colloidal 
state and life. This ratio of space, which is to be 
found in some other recent publications and appears to 
be becoming specific to the subject, seems a little 
difficult to justify ; if it is granted, the author may be 
said to have done his work well. Although the in
dustrial applications cover an immense field—cellulose 
and its esters, artificial silk, glue and gelatin, soil, beer, 
are among the sub-headings—he succeeds remarkably 
well, on the whole, in showing how the progress of 
colloid chemistry has thrown light on empirical pro
cedure, or has led directly to the invention of new 
processes.

In the part devoted to the phenomena of life, in
ordinate space is given to the work of Leduc, which, 
fascinating as some of the experimental results are, can 

' scarcely be considered seriously as throwing light on 
what goes on in organisms. The author is a medical 
man, and this explains the somewhat extended treat
ment of subjects for which the general reader is not 
prepared, like anaphylactic shock; whether a book of 
the present kind is the place for a somewhat surprising 
and emphatic condemnation of blood transfusion may 
also seem doubtful.

The book will no doubt give a number of readers 
the impression that ‘ there is something ’ in colloid 
chemistry, and may induce a few of them to seek some
thing more than a mere bowing acquaintance with the 
discipline.
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Chemical Analysis.
The Theory of Quantitative Analysis and its Practical 

Application. By Dr. Henry Bassett. (Twentieth- 
Century Chemistry Series.) Pp. viii + 308. (London: 
G. Routledge and Sons, Ltd., 1925.) 15s. net.

Dr. Bassett has produced a most interesting and valu
able book. It is not a treatise on analysis ; it is rather 
an exposition of modern ideas in physical chemistry, 
copiously illustrated by reference to detailed accounts 
of good analytical methods. For example, the chapter 
on the solubility product treats of various silver
halogen titration methods, and the determination of 
barium as sulphate. In connexion with co-ordination 
and complex ions, one finds a number of nickel-cobalt 
separations and the ammonium phosphomolybdate 
precipitation. Colloids, amphoteric compounds, electro
affinity, the composition of aqueous ammonia—such 
are a few of the other chapter headings.

The work is useful to the student and to the analyst 
alike. A careful perusal should help materially towards 
a knowledge of modern concepts of physical chemistry, 
while the criticism from a new point of view reveals the 
strength or weakness of the many analytical methods 
dealt with. A search for new methods should be 
assisted by an application of the principles set forth in 
the book, since in this way it may often be recognised 
at the outset that a suggested course of action is unsound 
and therefore not worth investigation.

The book is well produced, and very few typographical 
errors have been noticed. T. W. H.

Miscellaneous.
1825-1925; a Century of Stupendous Progress. By 

Joseph McCabe. Pp. viii + 168. (London: Watts 
and Co., 1925.) 5s. net.

Mr. McCabe presents in this very intriguing book a 
thesis involving two points: (a) “ that there has been 
in the last one hundred years more progress in every 
respect than had ever been witnessed in five hundred 
years before, and (b) that this progress is due almost 
entirely to science.” The author makes out a very 
strong case. Mr. McCabe is apparently moved to a 
defence of modern progress partly by the contributions 
of Bertrand Russell and Schiller in the “ To-day and 
To-morrow ” series issued by Messrs. Kegan Paul, 
Trench, Trubner and Co., Ltd., and partly by the per
sistence with which certain writers decry modern 
tendencies and belittle our times. Against such men 
the author expresses himself very vigorously. But 
after all this sort of cry has been common to all ages 
and civilisations.

However, whatever may be the promptings, Mr. 
McCabe has presented a very effective picture of life in 
1825 at all angles in contrast with the conditions of 
to-day, and in the latter portion of his work he shows 
very forcibly the part science has played in this social 
and economic evolution. It may be argued that 
civilisation reached heights in the past in every way 
comparable with those of to-day, but there is much in 
the author’s contention that a culture which did not 
reach or touch the common people cannot be counted 
as a general influence. It is from this point of view 

that Mr. McCabe’s case derives its main strength. 
“ From the world of the Middle Ages no reform could 
be expected. The five per cent, of Europe who could 
read and think were precisely those who profited most 
by the existing order of things ; the ninety-five per 
cent., the mass of the workers, lived at so low an 
intellectual level that they hardly ever dreamed of 
changes.” We feel confident that this stimulating 
book will find a.ready public. I. B. H.

Meteorological Office : Air Ministry. British Rainfall, 
1924. The Sixty-fourth Annual Volume of the 
British Rainfall Organisation. (M.O. 275.) Pp. 
xv + 266. (London: H.M. Stationery Office, 1925.) 
155. net.

This work maintains the same high order which has 
characterised its predecessors, although the super
intendency of the British Rainfall Organisation has 
again changed hands, Mr. R. Corless how being 
responsible. In addition to the general table giving 
the rainfall of the individual observers at nearly 5000 
stations, many details of considerable interest are given. 
Maps and tables show the distribution of rainfall in 
each month and for the year, and its relation to the 
average. Discussions are given of heavy falls in short 
periods and of the number of days with rain, as well 
as of spells of dry and wet weather during the year. 
Records are given of evaporation and percolation 
through the soil.

For the British Isles generally, 1924 was the wettest 
year since 1903, and at many stations it was the wettest 
year on record. For the whole area the rainfall was 
17 per cent, in excess of the normal; in 1903 the excess 
was 27 per cent. A local downpour of 9-4 inches 
occurred on August 18 at Cannington, Somerset, of 
which at least 8 inches fell in 5 hours; this unpre
cedented rainfall is discussed at length in a special 
article by Dr. Glasspoole. Details are also given of the 
widespread deluge in the great thunderstorm of May 31, 
floods being general in western and northern districts.

In each month from April to October the rainfall 
was above the average, which is the longest sequence 
of wet months since before 1881.

Statistics are given showing the relative dryness or 
wetness of each month or year in the series 1881 to 
1924 for England and Wales, Scotland and Ireland 
separately, and for the British Isles as a whole.

C. H.
Chambers’s Encyclopaedia : a Dictionary of Universal 

Knowledge. New edition. Edited by Dr. David 
Patrick and William Geddie. Vol. 7 : Manchester 
to Pennywort. Pp. iv + 855. (London and Edin
burgh : W. and R. Chambers, Ltd.; Philadelphia : 
J. B. Lippincott Co., 1926.) 20s. net.

Seven out of ten volumes of this useful encyclopaedia 
have now appeared. The present volume bears evi
dence of revision and correction up to last year, and 
some of the articles have been completely rewritten 
since the earlier editions. It is no mean feat to 
compress such subjects as mining into seven pages, 
music into five, or Norway into less than six, but it 
appears to be done successfully in this work without 
sacrificing essentials and yet keeping the articles in a 
readable form. There are several new coloured maps.

Printed in Great Britain by R. & R. Clark, Limited, Edinburgh.
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The Source of Stellar Energy.
By Prof. A. S. Eddington, F.R.S.

TT is generally agreed that the gravitational energy 
x released by contraction is quite insufficient to 
provide the heat squandered by the stars in radiation. 
The Helmholtz-Kelvin hypothesis of contraction leads 
to an age of the sun, and therefore of the solar system, 
which is much too low. Revision of Kelvin’s calcula
tion in the light of modern results does not materially 
alter his figures ;♦ the present position is that the 
contraction theory gives an age of the sun 46 million 
years, or 19 million years if we measure from the time 
when its photospheric temperature reached 3000°. 
Moreover, these figures are rather too high, because 
they make no allowance for energy retained in the sun 
as energy of ionisation, which substantially reduces the 
amount left available for radiation.

Physical and geological evidence seems to be con
clusive that the age of the earth—reckoned from a 
period which by no means goes back to its beginnings 
as a planet—is much greater. The age of the older 
rocks found from their uranium-lead ratio is generally 
put at 1200 million years; lower estimates have been 
urged by Prof. Joly, but none low enough to save the 
contraction hypothesis. An extension of the Kelvin 
time-scale is also demanded by the evolution of the 
earth-moon system. On the astronomical side there 
is the evidence of the Cepheid variables; if 8 Cephei 
has no supply of energy other than contraction, we can 
calculate the rate at which its density must be increasing 
and the consequent change of period of its pulsations. 
This turns out to be much greater than the observations 
will admit, and it is found that at least in the Cepheid 
stage, evolution is proceeding at not more than one
hundredth of the rate given by the contraction hypo
thesis. This argument, although primarily referring to 
the pulsatory theory, should apply also to rival theories 
which admit that the light-period is intrinsic in the star 
whether it is a period of vibration or rotation.

We seem to require a time-scale which will allow at 
least io10 years for the age of the sun ; certainly we 
cannot abate our demands below io9 years. It is 
necessary to look for a more prolific source of energy 
to maintain the heat of the sun and stars through this 
extended period. We can at once narrow down the 

- * Last of a course of three lectures delivered at King’s College (University 
of London) on March i.

field of search. No source is of any avail unless it 
liberates heat in the deep interior of a star. The crux of 
the problem is not merely the provision for surface 
radiation, but the maintenance of the star’s internal 
heat which keeps the gravitating mass from collapsing. 
To keep the sun in its present condition of distension 
it is necessary to maintain within it a temperature
gradient climbing from 60000 at the surface to 
40,000,000° at the centre ; if the present gradient is 
not kept up the sun will contract and evolve prema
turely. Clearly you cannot maintain a temperature
gradient by supplying heat at the bottom end. If this 
year the sun encountered a swarm of meteors which 
bombarded it with enough energy to furnish a year’s 
supply of radiation, that would not add a year or even 
a day to the life of the sun; its internal readjustments 
would go on unaffected. All that would happen would 
be that the sun would give us twice the normal amount 
of radiation this year.

Since we cannot very well imagine an extraneous 
source of heat able to release itself at the centre of the 
star, the idea of a star picking up its energy as it goes 
along seems to be definitely ruled out. It follows that 
the star contains hidden within it the energy which 
has to last the rest of its life. But energy cannot be 
successfully hidden ; it betrays itself because it has 
(or because it is) mass. Energy of 9 x io20 ergs has a 
mass 1 gm., and this will count as part of the mass 
of the star determined by astronomical methods. 
Energy of r8x io64 ergs has a mass 2 x io33 gm., which 
is the mass of the sun; consequently that is the sum 
total of the energy that the sun contains. How much 
of this is capable of being converted into radiation we 
do not know; but if it is all available, there is enough 
to maintain the sun’s radiation at the present rate for 
15 billion years. To put the argument in another form, 
the heat emitted by the sun each year has a mass of 
120 billion tons ; and if this loss of mass continued 
there would be no mass left at the end of 15 billion 
years.

Subatomic Energy.
This store of energy is, with insignificant exception, 

energy of constitution of the atoms and electrons ; that 
is to say, subatomic energy. Granting that the Kelvin 

s3
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time-scale is inadequate, granting that our argument 
against extraneous sources of energy is valid, granting 
that the accepted view of the conservation of mass and 
energy is not erroneous, the source must be subatomic 
energy, for everything else has been eliminated. Most 
of the store is energy inherent in the constitution of 
the electrons and protons and cannot be set free unless 
they are annihilated. We have to suppose that a 
proton and electron run together, their electric charges 
cancel, and nothing is left but a splash in the ether 
which spreads out as an electromagnetic wave carrying 
off the energy. The possibility of this occurrence has 
long been a favourite speculation; for my own part, 
I first encountered it in Larmor’s “ Aether and Matter ” 
(1900), where a vivid picture is drawn of the creation 
of a proton and electron by cutting the ether round a 
tube and giving it a permanent twist, and it is discreetly 
hinted that the tube might one day slip back. Whilst 
this is one alternative, a small—but perhaps sufficient— 
part of the store can be released by a less drastic process, 
namely, the transmutation of the elements. When a 
helium atom is formed out of protons and electrons, 
o-8 per cent, of the mass, and therefore o-8 per cent, of 
the energy, disappears. If this evolution of the elements 
is occurring in the stars, the energy so released might be 
the source we are looking for.

The conclusion that an appreciable part of the energy 
of protons and electrons can be released without 
destroying them is due to Dr. Aston’s researches with 
the mass-spectrograph in 1920. He proved that the 
deviations of the chemical atomic weights from whole 
numbers was generally due to the elements being 
mixtures of isotopes, and that the weights of individual 
atoms approximate very closely to whole numbers in 
terms of 0 = i6 ; but for the hydrogen atom the small 
but significant deviation was confirmed, the weight 
being 1-008 and not exactly 1. This shows that the 
proton when isolated as in hydrogen has mass 1-008, 
but when brought into close contiguity with electrons 
in the nuclei of helium or higher elements, it has a 
combining mass i-ooo. The. difference no doubt 
represents the ordinary decrease of electrostatic energy 
when positive and negative charges are brought near 
together; and by the usual electromagnetic laws the 
disappearing energy (and mass) is carried away as 
radiation. If then helium is being formed in the stars, 
a supply of radiant energy is being released possibly 
sufficient to maintain their heat; and although mass 
is being radiated away, the total number of protons and 
electrons remains undiminished. This hypothesis was 
rather favourably considered by Prof. J. Perrin and the 
writer in 1920, but subsequent consideration has at any 
rate not strengthened its probability.

The further steps of evolution of higher elements 

release much less energy proportionately, so that not 
more than about 1 per cent, of the total store can be 
released, and that only if the material consists initially 
of hydrogen. In most of the work on the radiative 
theory it has been unnecessary to assume any particular 
chemical constitution of the star, except for the one 
proviso that there is not an excessive proportion of 
hydrogen ; hydrogen gives widely different results from 
all the other elements, so that, curiously enough, the 
isolated scrap of information which we possess as to the 
chemical composition of the stellar interior bears upon 
this important question. I do not think we can admit 
more than 10 per cent, of hydrogen even in the youngest 
stars; it would thus appear that the evolution of the 
elements is far advanced in the pre-stellar nebular stage. 
In that case not more than one-thousandth of the total 
subatomic energy is releasable by transmutation, and 
the life of the sun past and future is brought down to 
1-5 x io10 years—a period perhaps not inadequate, but 
leaving little to spare. If we want more than this we 
must accept the hypothesis of annihilation of protons 
and electrons. The question now being put to the 
stars is, which of the two alternatives—transmutation 
or annihilation of matter—is providing the main supply 

..of stellar energy ?
Until recently the problem of the source of stellar 

energy was only of importance in connexion with the 
time-scale, and there was no pressing need for a 
decision between scales of io10 and io13 years. In 
1916, when I began the studies described in the two 
preceding lectures, a more intimate contact with the 
problem seemed imminent, since some assumption 
must be made as to the relative distribution of the 
source in different parts of the interior. This dis
tribution could be calculated definitely according to 
the Kelvin theory; but that theory was already 
obsolescent and there was no interest in working out 
the problem on such a basis. Progress became possible 
when it was realised that, within reasonable limits, the 
distribution of the source had only a minor influence 
on the results, and the question could be relegated to 
the stage of second approximation which we were not 
yet ready to undertake. It was early in 1924 that the 
problem was raised acutely by the conclusion that the 
dwarf stars are still in the condition of a perfect gas, 
contrary to the then accepted theory of evolution. 
It became clear that any new theory of evolution 
must be closely bound up with the laws of subatomic 
energy.

The Problem of Evolution.
It is well known that there is a certain statistical 

locus—a curve on the magnitude-type diagram—to
wards which the stars tend to concentrate. It was a 
merit of the giant and dwarf theory of evolution that 
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it indicated this locus as the track of evolution of an 
average star. Any arbitary change in the rate of 
liberation of subatomic energy would cause the star to 
move to some other position on the track, and the laws 
of subatomic energy were therefore only concerned in 
determining the rate of progress, i.e. the time-scale. 
They did not determine the track. The new conclusion 
makes this explanation of the statistical locus unten
able. An arbitrary change in the liberation of sub
atomic energy will make the dwarf stars move off the 
track; we have therefore to exclude such arbitrary 
changes; that is to say, we have to consider the laws 
governing the liberation of subatomic energy if we are 
to understand the statistical locus.

In particular, the close dependence which we have 
found between luminosity and mass excludes any 
evolution of faint stars from bright stars unless we 
can admit that the mass decreases considerably during 
the star’s lifetime. Not only in the giant and dwarf 
theory, but also in the theory which preceded it, 
evolution from the bright stars of types B and A to 
the faint stars of type M along the dwarf series has 
been a fundamental assumption. To avoid a complete 
upheaval of these ideas, we must admit substantial 
decrease of mass, and therefore the annihilation of 
matter. From this point of view—the aspect which 
concerns astronomers most practically—the hypothesis 
of annihilation of matter is really the most conserva
tive ; that does not necessarily make it true, but it 
justifies us in discussing it very seriously.

It is possible that a star might change mass in other 
ways than by radiation, but these other changes are 
probably much smaller. With fair certainty we can 
set an upper limit to the amount of accretion by the 
stars from diffuse matter in space; this turns out to 
be much less than the loss by radiation. The escape 
of matter from the stars must also be much smaller. 
I calculate that the sun’s chromosphere would have 
to move outwards continuously at 100 km. per sec. 
in order to carry away as much mass from the sun as 
escapes by radiation. Needless to say, such a material 
outflow would be detected by the Doppler effect. I 
think, therefore, that the rate of loss of mass by a 
star can be set equal to its radiation so that it is a 
known quantity (independent of our views of sub
atomic energy), and the only question is whether the 
lifetime is sufficient for this loss to be a determining 
factor in stellar evolution. If the lifetime continues 
until the loss exceeds 1 per cent., the protons and elec
trons must be disappearing.

I suppose that most physicists will regard the subject 
of subatomic energy as a field of airy speculation. 
That is not the way in which it presents itself to an 
astronomer. Once it is granted that a star is evolving 
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much more slowly than on the contraction hypothesis, 
so that its outflow of energy is practically the amount 
liberated within it, the measurement of the output 
of subatomic energy is one of the commonest astro
nomical measurements—the measurement of the heat 
and light of a star. Naturally the astronomer is not 
content to go on with these measurements indefinitely 
without an attempt to arrange them in some sort of 
coherence, to find out how they correspond with the 
internal temperature and density or the age of the 
material. If the physicist had in his laboratory 
unknown sources of energy, the output of which he 
could measure and the physical conditions of which 
he could determine, he would not be so backward in 
speculating on the causes and laws of the phenomena. 
The astronomical study of subatomic energy is no whit 
less direct than this; and although our attempts to 
weave the observational results into order are as yet 
unsuccessful, the problem is no more speculative than 
any other induction from experiment.

Exhaustibility of the Source.
Let us now examine some of the difficulties in the 

observational data. Consider the following:
The sun liberates 2 ergs per gm. per sec. against 58 ergs 

per gm. per sec. by Capella.
The sun has 620 times the density and yj times the 

internal temperature of Capella.
Surely if density and temperature have any effect 

at all on the liberation of subatomic energy they must 
stimulate it. Density in particular brings the ingredi
ents for any process closer together. Yet the sun, 
with higher temperature and density, liberates less 
than Capella. I think the only answer is that the 
sun is getting worn out; that it has, in fact, moved on 
to the higher density and temperature in order to 
stimulate a failing supply. It is admittedly an older 
star. We have thus an important factor forced on us, 
namely, exhaustibility of the supply.

Now consider the two components of Capella: a 
single star divided into two parts, and in accordance 
with the mass-luminosity law the heavier component 
radiates and has radiated more ergs per gm. than the 
light component. Consequently it has used up more 
of its supply. Yet the more massive star, more 
exhausted, at lower density, and at lower temperature, 
still liberates more ergs per gm. than its companion.

It may be urged that if the fission occurred within 
the last 100,000 years the components have not yet 
reached the steady state; in that case it would not 
be fair to equate the release of subatomic energy to the 
observed radiation. But the case of Capella is typical 
of the spectroscopic binaries in general,2 and these

2 Except that in the dwarf binaries there is no appreciable difference in the 
internal temperatures of the two components. 
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are so numerous that they cannot all be of so recent 
a date. In most eclipsing variables, however, the 
faint component is the cooler, and its lower output of 
energy would thus be explicable. These are stars in 
which the two components are very close together— 
sometimes almost touching—and their formation is 
probably recent. It is just those stars in which (owing 
to recent formation) exceptional behaviour would be 
pardonable ivhich require no excuse.

Jeans suggests that when fission occurred the heavier 
component would appropriate the central portion of 
the original star, where the heaviest elements containing 
the more active sources might be concentrated. To 
this there are two objections. First, so far as we can 
calculate, diffusion is unable to effect any appreciable 
separation of the light and heavy elements in the life
time of a giant star. Secondly, the rotation of the star 
causes circulating currents which keep the material 
sufficiently stirred. This last conclusion rests on a 
theorem of Von Zeipel criticised by Jeans; but I am 
convinced that Von Zeipel is right. It is therefore 
probable that when a star divides, the initial constitu
tion of the two components is identical.

With regard to the latter point, some doubt may 
exist as to the efficiency of the stirring, owing to the 
likelihood that the circulation will become stratified. 
I understand that in a viscous liquid the vorticity has 
a tendency to break up into layers, so that the star 
might be divided into two or three shells with thorough 
mixing in each shell and not much mixing between 
successive shells. But even so I do not think that the 
general mixing would cease altogether. The diffusion 
which it has to counteract is exceedingly slow, and it 
would take at least io13 years for the heaviest and 
lightest elements to separate. The age of Capella 
when it divided could not be much more than 1011 
years. Moreover, although the heavy elements would 
tend to sink to the centre in small stars, the tendency 
in massive stars like Capella appears to be opposite. 
According to physical theory, the heaviest atoms have 
the highest absorption coefficients and experience the 
greatest radiation pressure. The interaction of the 
gravitational and electrical fields with radiation 
pressure leads to curious results ; so that in Capella 
the heaviest elements together with hydrogen and 
helium would flow towards the surface, the other light 
elements tending towards the centre.

The Main Series.
Turn now to stars on the ‘ Main Series ’ which 

stretches from types 0 and B down the old dwarf series 
to type M. By far the majority of the stars are on 
this series, so that presumably it corresponds to the 
major part of a star’s life. The giant stage appears 

to be a temporary halt during which a very active, but 
soon exhausted, supply of energy is being tapped ; 
the star then goes on to the Main Series, where it 
remains until its chief supply is exhausted. At this 
stage, if at all, the energy is being derived from 
annihilation of protons and electrons, for the star 
cannot move along the Main Series unless it undergoes 
substantial loss of mass. We might expect the stars 
to continue in this stage until the end, since it is 
difficult to see why the protons and electrons should 
ever grow tired of destroying one another ; apparently, 
however, some more refractory material is present (or is 
evolved) in the star, so that in some stars at least a 
residuum remains unburnt, which passes on to the 
fiercer ordeal of the ‘ White Dwarf ’ stage.

In the Main Series we find a simplicity in the laws 
of subatomic energy which is perhaps more embarrassing 
than the previous complications. As H. N. Russell 
has pointed out, all the stars in this stage have practi
cally the same internal temperature. I find the central 
temperature on the Main Series to be 40 million degrees ; 
Russell puts the figure rather lower.

The close uniformity of internal temperature is 
beautifully shown in a diagram for a considerable 
number of individual stars published by Russell 
(Nature, August 8, 1925, vol. 116, p. 209). The 
following treatment may be considered supplementary 
to his. It is difficult to allow for the errors of observa
tional data of individual stars and to know just, how 
much stress should be laid on particular discordances. 
We propose therefore the converse problem :—Assum
ing a constant central temperature of 40,000,000° along 
the Main Series, we find the consequent relation between 
luminosity and spectral type and compare it with the 
relation indicated by the general stellar statistics.
Results for 

Mass.
assumed Central Temperature 4 x:

Bol. Mag. Vis. Mag. Eff. Temp. Tvpe.
0-182 11’94 14-5 2,550° :Md
0-258 10-25 n-6 3,210 K9
0-512 7-26 7-6 4,54° Ko
0-746 5'93 6-1 5,160 g4
1-00 4'47 4'5 6,290 F8
1-58 2’43 2-5 8,250 A8
2-56 0-52 o-9 10,520 Ao
4'53 -i-38 -o-6 13,260 b7

11-46 -3-86 -2’4 17,460 B2
37-67 -6-44 -4’3 22,500 Oe
90-63 -8-12 -6 26,200 0

From the mass in the first column and the assumed 
central temperature we can deduce the bolometric 
magnitude and effective temperature by the radiative 
theory.3 The reduction to visual magnitude is taken 
to correspond to the effective temperature. In the 
last column spectral types are assigned corresponding 
to the effective temperatures according to what I

3 In the first three lines of the table a small correction has been applied to 
the predicted bolometric magnitudes in order to bring them closer to the 
empirical mass-luminosity curve. (This correction is derived from data 
independent of the present type-luminosity comparison.)
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suppose to be the most generally accepted scale. 
Taking columns 3 and 5 of the above table, we obtain 
a magnitude-type relation which follows with great 
accuracy the central line of the Main Series as indicated 
by observational statistics. Without laying undue 
stress on the closeness of the accordance, we must 
conclude that the temperature in this phase of evolution 
is surprisingly steady.

Whether the star requires a supply of 680 ergs/gm. 
sec. like V Puppis, 2 ergs/gm. sec. like the sun, or 
0-08 ergs/gm. sec. like Krueger 60, it has to rise 
to a temperature of about 40,000,000° to obtain it. 
Apparently at that critical temperature the supply is 
ad libitum. Can we suppose that energy issues freely 
from matter at 40,000,000° as steam issues from 
water at 100° ? I think that physicists would be 
hard put to it to reconcile such extraordinary 
behaviour with any accepted principles, yet that is 
what the astronomical observations taken at face 
value seem to insist on.

Overstability.
Here we encounter another difficulty depending on 

‘ overstability.’ Imagine a vertical cylinder with a 
piston, the chamber containing hot gas. To increase 
the resemblance to a star we must suppose that heat 
is continually being admitted into the chamber and 
an equal amount leaks away through the walls. The 
piston will rest in stable equilibrium on its cushion of 
hot gas, and if slightly displaced will return to its 
equilibrium position after small oscillations. But 
suppose that the piston operates a valve which admits 
extra heat to the chamber when the piston is lowered 
and shuts off the heat supply when the piston is raised. 
Then (allowing for the leakage) the chamber gains heat 
at the time of compression and loses heat at the time 
of rarefaction—just like the cylinder of any heat 
engine—consequently a slight displacement of the 
piston will set the engine working and the piston will 
move up and down with increasing amplitude. I call 
this 1 steam-engine ’ condition overstability: it is 
not instability (a tendency to move away from equili
brium), but a tendency to return towards equilibrium 
with too much impetus so that oscillations increase 
instead of dying out. Now it will be seen that if there 
is a critical temperature, the oscillations of a star work 
a valve just in this way : If the star is compressed it 
becomes hotter; a larger region is raised above the 
critical temperature and more subatomic energy is 
released. If it expands, the centre falls below the 
critical temperature and the heat supply stops. Con
sequently the star begins performing like a steam- 
engine.* If the power of the engine is only slight, it 
may be unable to overcome dissipative forces and the
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star will remain stable; but at least in the faint stars, 
which normally keep only a small region at the centre 
above the Critical temperature, overstability will 
result. We know of some stars—the Cepheid Variables 
—which, whether from this cause or some other, are 
overstable and consequently pulsate, but they are 
uncommon, and they are all giant stars or stars at 
the head of the Main Series ; they are, in fact, just the 
wrong stars to suit the theory.

I have referred to this difficulty of overstability 
primarily as an argument against too readily accepting 
the idea of a critical temperature at 40,000,000°, but it 
is also a: general difficulty. The channel between the 
Scylla of instability and the Charybdis of overstability 
turns out to be so narrow that it is difficult to devise 
any law of subatomic energy which will steer the star 
safely through it. Tentatively I am inclined to cut 
the knot by introducing yet another complication. 
I suppose that a change of temperature or density 
does not immediately change the rate of liberation 
of energy; there is a time lag of months or perhaps 
hundreds of years, so that short-period changes have 
no effect. This would happen if temperature and 
density controlled the rate of formation of self
destroying material which afterwards proceeded to 
liberate its energy spontaneously at a rate unaffected 
by temperature and density.4

It will be seen that we have already encountered a 
number of difficulties. I daresay that we can wriggle 
out of these somehow, but that kind of procedure is 
not very convincing. I think that a successful theory 
ought occasionally to predict right results at the first 
attempt and not invariably to guess wrong, afterwards 
making amends by introducing a new complication. 
It looks as though we have not yet the right clue in 
our hands for a general synthesis of the problem of 
subatomic energy, and we are not prepared to advocate 
one theory in preference to another. We shall, how
ever, continue here to glean what facts we can from the 
astronomical observations.

Dependence on Temperature and Density.
By considering the stability of a star we can show 

that the rate of liberation of energy increases with 
temperature or density or with both. Let the rate of 
liberation of subatomic energy be E and the rate of 
radiation from the star be L. In a steady state 
E=L. Now suppose that E drops below L; the star 
contracts (as on the Kelvin hypothesis which postu-

4 If the annihilation of matter were due to free electrons shooting at the 
protons in the nucleus and destroying them by direct hits, the rate would be 
proportional to pT'^ (subject to a dependence on the chemical composition 
if the protons in some nuclei are better protected than in others). As this 
law seems to have no support from observation, we conclude that it is not 
the free electrons but the bound or the nuclear electrons which perform the 
task. Hence arises the idea of formation of elements with a penchant for 
self-destruction.
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lates E = o). But it is generally agreed that L increases 
as the radius decreases, so that the deficit is made worse. 
Further contraction ensues, with further increase of L, 
and the star gradually collapses. To save the star 
we must suppose that the increase of temperature and 
density by the contraction causes an increase of E, so 
that E becomes greater than L and drives the star 
back to equilibrium. The threatened instability is 
not catastrophic, and the collapse would occupy a 
time comparable with the Kelvin time-scale; but of 
course we must provide against such a collapse since 
we reject the Kelvin time-scale.

In Jeans’s theories the release of subatomic energy 
is supposed to be independent of the temperature and 
density (by analogy with ordinary radioactivity). 
This view is also taken by Nernst. I have felt con
strained to reject it from the beginnings of the 
researches on radiative equilibrium, since it leaves no 
means by which E and L for the different stars can 
be brought to a balance. Prodigious changes of 
density are required to alter L by a factor of more 
than 3 or 4, and as stated in the last paragraph, the 
adjustment of L is most probably in the wrong direction. 
It seems essential that the adjustment should come 
about by changing E. It is true that theoretical 
physics opposes difficulties to the idea that stellar 
temperatures can appreciably affect subatomic pro
cesses ; but they are difficulties which obviously must 
be surmounted. It has, for example, been objected 
that the temperature in the stars is not great enough 
for the transmutation of hydrogen into helium—so 
ruling out one possible source of energy. But helium 
exists, and it is not much use for the critic to urge that 
the stars are not hot enough for its formation unless 
he is prepared to show us a hotter place.

The assumption that E is independent of temperature 
and density gives a cast-iron rule into which there 
seems no hope of fitting the astronomical data. It 
requires that the energy per gram liberated and radiated 
by any star depends only on the age. What zero the 
age is to be reckoned from is not clear. In any case, 
study of coeval groups of stars such as the Pleiades, 
Hyades, Prasepe, etc., does not confirm this hypothesis.

Evidence of Decrease of Mass.
We now consider more particularly the theory that 

the mass of a star changes considerably during its 
evolution. As already explained, this requires the 
more drastic hypothesis of annihilation of electrons 
and protons, transmutation of the elements being 
unable to provide sufficient energy for the longer time
scale involved. There can be no evolution down the 
Main Series unless this change of mass is admitted ; 
the star- would presumably evolve rapidly until it 

reached the Main Series, remain unchanged for the 
greater part of its life, and then go on to the white 
dwarf stage. That means that evolution would cease 
to play a prominent part in astrophysics. The fact that 
the stars leaving the Main Series (white dwarfs) are 
generally of smaller mass than the stars approaching 
it (giants) is an argument in favour of considerable 
change of mass in this stage.

The statistics of giant stars also support this view. 
Assuming that the most diffuse condition is the earliest, 
the average mass of a star at or near birth can be found 
from the statistics of giant K and M stars. Determining 
the masses from the luminosities, we find that 90 per 
cent, of these young stars have masses between 2-4 and 
5-5 x sun ; whereas the average for the stars in general 
is less than that of the sun. This strongly suggests that 
most stars have lost a large part of their original mass. 
The result fits in well with the conclusion reached in 
the first lecture that the masses of the stars correspond 
to the critical range where radiation-pressure is gaining 
ascendancy. Taking the average of all the stars, say 
| to 1 x sun, radiation-pressure is between 0-007 and 
0-05 of the whole pressure—clearly too low a value. 
But we ought rather to take the initial masses before 
there was any wastage; the masses 2-4-5’5XSun give 
the proportion of radiation-pressure 0-17-0-35, which is 
just the range likely to be effective.

For this reason I conclude that stars are not usually 
born with mass less than 2 x sun. It might be argued 
that we do not observe diffuse stars of smaller mass 
because they condense very rapidly. But why ? 
They are not exhausting their store of energy so fast, 
and ought to evolve more slowly.

Coeval Stars in Clusters.
There is, however, an argument perhaps equally 

strong on the other side which we shall now try to 
explain. We first draw up a table showing the time 
taken for a star to evolve through a given range of 
mass or of luminosity. This can be done because 
dM/dt = - Lie2, the mass of the outflowing radiation 
L ergs being Lie2 gm. Since L can be expressed as a 
function of M by the mass-luminosity law, the equation 
can be integrated5 to give M as a function of t.

5 Monthly Notices, Roy. A str. Soc., 84, p. 328.

Mass (Sun = i). Abs. Bolometric 
Mag. Duration of Stage.

00 to 35 
35 .. 10
i° .. 3’7

3’7 ■■ i'73 
1’73 » 0’92 
o-92 „ 0-53 
o-53 .. °'3i 
0-31 ,, 0-18

< -5
-5 to -21
-21 0

O „ 21
21 5
5 „ 71
71 » 10

10 „ 12I

•038 x io12 years
•065
•214
•93

5-21
36'3

281
2190

♦
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The table applies primarily to the Main Series on which 
the internal temperature remains constant, but can also 
be used with sufficient approximation for the giant stars. 
We see that, however large the initial mass, there cannot 
be more than mass 2 left at the end of a billion years. 
Consequently, if a cluster contains stars of mass greater 
than 2, that is, brighter than about + 2“, the cluster 
cannot be more than a billion years old. But looking 
lower down the table we see that a billion years is quite 
insignificant for the evolution of the fainter stars; so 
that if the cluster also contains stars of magnitude 5”“ 
to 7™, these must have been born with practically the 
same mass and luminosity which they now possess. 
It is found that many clusters contain bright and faint 
stars together, and our argument shows that in this 
case the faint stars cannot have evolved appreciably. 
If we have to deny the evolution of dwarf stars in 
clusters, is there any point in assuming -evolution of 
dwarf stars in general ? In any case it looks as though 
we must abrogate the idea that the stars cannot be born 
with masses less than 2.

Yet, although the observations of clusters appear to 
contradict our conclusion, we take some courage from 
the fact that they do so rather half-heartedly. (It is 
such a novel experience to find Nature taking any notice 
of our predictions in regard to subatomic energy, that 
a half-hearted denial is a cause for elation.) I learn 
from Hertzsprung that moving clusters such as the 
Hyades, Pleiades, and Prsesepe certainly do not contain 
anything like their full quota of faint dwarfs. They 
stop suddenly at about + 7“, with few or none fainter 
than this limit. There appears also to be evidence 
that in globular clusters the dwarfs are not nearly so 
numerous in comparison with the giants as in the 
galactic system generally. Perhaps, therefore, there 
may be something in our argument as to the difficulty 
of bright and faint stars existing together in coeval 
systems, though we clearly have not yet got it formu
lated quite aright.

In the galactic system, where it is presumed that we 
have to do with a mixture of stars of all ages, the 
number of stars in any stage should be proportional 
to the duration of the stage. Hence the figures in the 
last column of the table should be proportional to the 
number of stars between the corresponding limits of 
magnitude. This prediction, however, applies only to 
masses below 2; the numbers corresponding to the 
earlier part of the table must be greatly reduced, 
because most stars start from masses between 2 and 5. 
The luminosity distribution predicted in this way is 
fairly well confirmed by the observational statistics.

Another test which affords some slight support for the 
theory of evolution by loss of mass has been applied by 
Vogt. It is easily seen from the table that if two stars
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start with widely different masses, the ratio of the masses 
will approach equality as time goes on. Hence in 
double-star systems we should expect large mass-ratios 
only in the early stages of evolution, and the mass-ratio 
should progressively approach unity for the later 
spectral types. This appears to be satisfactorily 
confirmed.

It might perhaps have been hoped that the loss of 
mass, through its effect on the dynamics of double-star 
systems, would clear up some of the problems with 
regard to their separations and eccentricities hitherto 
unexplained. This has been investigated by Jeans and 
Smart; but the results are disappointing, and the new 
theory does not bring any illumination to the out
standing problems. Nor can I glean anything par
ticularly favourable or unfavourable to the theory from 
the various other discussions which have appeared.

Compton Effect.
As illustrating the close connexion between the 

progress of pure physics and astronomy, we may note 
that the discovery of the Compton effect relieved what 
had been a real difficulty in regard to subatomic sources 
of stellar energy. By the quantum theory the radiation 
emitted in the formation of helium from hydrogen 
should be of wave-length 0-00041 A.U., and in the 
annihilation of a proton and electron 0-000013 ^-U. 
By what mechanism can this high frequency radiation 
be transformed down to the ordinary forms of heat 
energy in a star ? The usual absorption coefficients 
fall off as the cube of the wave-length, and the second 
of the above quanta would probably go right through 
the star—and to the end of the world—without finding 
anything to absorb it and turn it into utilisable heat. 
It would be scattered fairly often, because the co
efficient of scattering by electrons, although decreasing 
for short wave-lengths, does not fall off so rapidly; 
but so long as it was thought that the wave-length 
was unaltered by scattering, that did not help to solve 
the difficulty. Now the theory of the Compton effect 
tells us that the wave-length is increased by 0-024 
(1 - cos 0) A.U. after scattering; so that, however 
short the original wave-length, the first appreciable 
scattering reduces the radiation to ordinary y-ray 
status. Most of the energy passes into a recoil electron 
which flies off with enormous energy ; and there is then 
no difficulty in seeing how the energy is frittered away 
into ordinary molecular heat.

Penetrating Radiation.
The question of the origin of the penetrating radiation 

found in the earth’s atmosphere has considerable 
interest in connexion with subatomic energy. An 
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astronomical turn was given to the problem a few years 
ago by Kohlhbrster’s experiments, which claimed to 
show that the radiation was travelling downwards and, 
therefore, presumably coming from outside our atmo
sphere. He found also that the intensity depended on 
the altitude of the Milky Way, so that most radiation 
was received when the greatest extension of the stellar 
system was overhead. The altitude of the sun made 
no difference, showing that the sun was not the source. 
The penetrating power was evidently much greater than 
that of any known 7-rays, so that it seemed clear that 
the radiation could only come from some powerful sub
atomic source such as the transmutation of hydrogen 
or the annihilation of matter. Very recently Millikan 
has announced the results of an extensive and careful 
study of this radiation. He is strongly convinced that 
it comes from extra-terrestrial sources; and he finds 
that the penetrating power agrees with that of the 
quantum emitted in the formation of helium from 
hydrogen.

Being unfamiliar with the technical details and 
difficulties of the experiments, I cannot take sides either 
with Kohlhorster and Millikan or with their critics. In 
the earlier days it had seemed to me that the high 
penetrating power (which seems to be universally 
admitted) went far to settle the question. This 
indicated a concentration of energy such as could only 
result from drastic subatomic processes ; and it was 
at any rate less sensational to suppose that these 
processes were occurring in the depths of space than 
to postulate them on our own planet. But I was some
what shaken by C. T. R. Wilson’s calculations as to 
‘ run-away ’ electrons in thunderstorms. He showed 
that these could acquire sufficient energy to furnish 
radiation of this nature without involving subatomic 
processes. It would, however, be difficult to account 
for the downward flow of the radiation if it were 
originated by Wilson’s electrons.

If physicists ultimately are satisfied as to the extra
terrestrial origin of the radiation, what bearing will it 
have on the problems studied here ? The chief con
clusion to be drawn from it is that the subatomic 
processes can occur at comparatively low temperature 
—less than 100,000°. All the really hot matter of the 
universe is securely tucked away behind walls sufficiently 

thick to stop and scatter the most penetrating radiation ; 
it cannot be the source of the radiation reaching us. 
Our choice lies between the photospheric layers of the 
stars and the nebulous matter in space. The latter 
origin is the more probable. Unless the stars are more 
potent sources than the sun, the penetrating radiation 
from the stars will be to that from the sun roughly in 
the proportion of starlight to sunlight; the experi
ments show that no appreciable part comes from the 
sun, and a fortiori that from the stars should be 
negligible. The diffuse and dark nebulae and the 
matter scattered through interstellar space may perhaps 
amount to a total mass as great as the whole mass of the 
stars ; and, moreover, there is no screening, so that all 
the radiation originating from it is able to reach us.

If this is right we must draw another important con
clusion—the subatomic processes can occur at extremely 
low density. Astronomically we welcome these con
clusions. We are hard put to it to explain the occur
rence of helium and other elements in the nebulae and 
of rather advanced elements in the spectra of the earliest 
stars, unless there is a building up of the higher elements 
in the pre-stellar stage of low.temperature and density. 
But the physicist may well shake his head over the 
problem. How are the protons and electrons to meet 
and cancel one another in a medium so rare that the 
free path lasts for years ? How are 4 protons and 2 
electrons to assemble together and create a helium 
nucleus ? It is perhaps a comfort that this last 
occurrence is so improbable under any conditions of 
density and temperature that we can postulate it in 
the nebulse—on the principle that we may as well be 
hung for a sheep as a lamb. We recall also that these 
conclusions are in keeping with the observational fact 
(so difficult to reconcile with theory) that in general it 
is the diffuse low-temperature stars which liberate 
subatomic energy most prolifically.

I should have liked to close this course by leading up to 
some great climax. But perhaps it is more in accordance 
with the conditions of scientific progress that it should 
fizzle out, ending with a glimpse of the obscurity 
which marks the frontiers of present knowledge. I 
do not apologise for the lameness of my conclusion, 
for it is not a conclusion. I wish I could feel con
fident that it is even a beginning.
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Electrons, Atoms and Molecules.
By Prof. T. M. Lowry, F.R.S.

ANY one who is familiar with the state of chemistry 
before and after the War must recognise that, 

whilst chemical practice and chemical beliefs have 
undergone very little alteration, the foundation under
lying these beliefs has been altered profoundly by 
recent physical discoveries. In particular, although 
chemists still believe in Dalton’s atoms and in the 
molecules of Avogadro, they have been compelled to 
accept an entirely different picture of the structure of 
the atom, and to adopt a new and revolutionary con
ception of the nature of the forces which bind the atoms 
together into molecules. Whilst, therefore, chemical 
research still proceeds along familiar paths, and is 
expressed by means of familiar terms and symbols, 
physical research has given us a new outlook; and, 
since what a man does is ultimately determined by what 
he believes, it is certain that chemical practice as well 
as chemical theory must be influenced profoundly by 
the new ideas that have been given to us by our 
physical colleagues. The object of this discourse is to 
indicate some of the aspects of pre-War chemistry 
which have been transformed by the impact of post
War physics.

Molecular Dimensions.

The principal contribution of the physicist to our 
knowledge of molecules has been a numerical one. He 
has taught us how to count, to weigh, and to measure 
individual molecules, and, in the person of Sir William 
Bragg, he has provided us with a convenient system 
of units in which to express these quantities. This 
system is based upon Angstrom’s unit of, length, 10 ‘8 
cm., which has long been used in order to express the 
wave-lengths of light of different colours. Bragg has, 
therefore, proposed 2 to measure areas and volumes in 
10 1,1 sq. cm. and io~24 c.c.; and although it is scarcely 
possible to picture the process of filling with water a 
vessel with a capacity of only io2'1 c.c., it is, never
theless, an obvious step to make the unit of mass cor
respond with the unit of volume, as io~24 gram.

Having got a suitable system of units, we can use 
them in order to express atomic and molecular dimen-

1 Compiled from lectures delivered at the Birkbeck College, London, on 
Jan. 25, and at Bristol on Feb. 12, 1926.

2 Proc. Phys. Soc., 1921, 34, p. 35. 

sions. The fundamental constant in this investigation 
is the Avogadro number, which tells us the actual number 
of atoms in the gram-atom of any element, or of 
molecules in the gram-molecule of any element or 
compound. Unlike Loschmidt’s number (which tells 
us how many molecules there are in i c.c. of a gas at 
normal temperature and pressure), this is a universal 
constant, since it is not influenced by deviations from 
the ideal gas laws. During the past twenty years, 
more than a score of attempts have been made to 
determine the numerical value of this constant, by the 
most diverse methods ; but I need only quote the 
number finally deduced by Millikan in 1917 from a 
study of the movement of a rain of electrified oil-drops. 
This curiously indirect method has given surprisingly 
accurate results ; indeed, it is said that the number of 
molecules in a gram-molecule of a pure substance is 
known with about the same degree of accuracy as the 
total population recorded in the census of a big city 
such as Chicago. In conformity with our scheme, 
Millikan’s value of the Avogadro constant can be 
expressed most conveniently in powers of eight as 
N = 0-6062 x io24.

By taking the reciprocal of this number we can 
deduce at once that the weight of an individual atom or 
molecule in Angstrom units is 1-65 times its atomic or 
molecular weight. For example, the mass of an atom of 
hydrogen is 1-65 x 1-0075 = 1-66 A.U.; and the mass 
of a molecule of oxygen is 1-65 x 32 = 52-8 A.U. From 
these data it would be easy to calculate the linear 
dimensions of the molecule if we could assume that it 
was spherical or. cubical; but, although the early 
experiments of Devaux supported this view, more 
exact measurements have proved that the dimensions 
of the molecule are not equal in different directions. 
The molecule has, in fact, a definite shape, now open 
to experimental investigation, which must be taken 
into account in calculating its dimensions. Let me 
indicate three physical methods used for this purpose.

(a) Viscosity of Gases.—According to the kinetic 
theory of gases, the viscosity of a gas is a measure of 
the sectional area of the molecules. This was one of 
the earliest methods used to calculate molecular 
dimensions, and (unlike the two following methods) 
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it is independent of a knowledge of the Avogadro 
constant. It has been developed in recent years by 
Prof. Rankine, who has deduced for the collision-areas 
of various gases values such as the following :

Table I.—Collision-Areas of Gases in 
Angstrom Units.3

CH4 =7-72 NH3 =6-40
SiH; PH, =9-ii 

AsH3=<)-85 
SbH3= ?

0H3 = ? HF = ?
SH2 =7-73 HC1=6'76
SeH2= ? HBr=7-63
TeH;= ? HI =9-26

Ne=4-i7 
A =6-48 
Kr=7-57 
X =9-15

These numbers, however, do not lead directly to a know
ledge of the linear dimensions of the molecules, since 
they merely give the average area of the molecule as 
viewed from every possible aspect.

(p) Monomolecular Films.—Much more detailed in
formation is given by a study of thin films of oil on 
the surface of water. So long ago as 1899,4 Lord 
Rayleigh explained the fact that a definite concentra
tion of oil was required in order to diminish the surface 
tension of water by supposing that it was necessary 
to cover the water with a film of oil one molecule thick, 
before any effect could be produced. Since the 
quantity required corresponded with a film of a thick
ness of about 10 A.U., he concluded that this was the 
approximate diameter of the molecules.

When the Avogadro number was known it was 
possible to compare the thickness of the monomolecular 
film with the area occupied by the individual molecules, 
and thus to get some idea of their shape. Devaux, who 
first made this comparison in 1904,6 was unfortunate in 
that the triolein witl) which he worked gave a mono
molecular film with a thickness of 11 A.U., as compared 
with a calculated molecular diameter of 11-3 A.U. He 
therefore concluded that the molecules were roughly 
spherical in shape, as Rayleigh had postulated• and 
it was left to Langmuir in 1917 6 to discover that the 
dimensions of the molecule are in fact widely different 
in different directions. Thus in Table II. the molecular

Table II.—Cross-Sections and Lengths 
of Molecules.

Substance. Formula.
Area 
per 

Molecule.
Width. Length.

Length 
per 

Carbon 
Atom.

Palmitic acid . C15H31COOH 21 A.U. 4-6 A.U. 24-0 A.U. 1-5 A.U.Stearic acid . c„h35cooh 22 4’7 25-0 1-39
Cerotic acid . c25h31cooh 25 5-o 31-0 1-20
Tristearin (C„H3sO2)3C3H5 66 8-i 25-0 I-32
Myricyl alcohol c30h„oh 27 5’2 41-0 1-37

area was deduced directly by dividing the total area 
of the film in A.U. by the number of molecules which 
it contained; the width is merely the square-root 
of this area; but the length was calculated on the 
assumption that the density of the film is equal to that

3 Trans. Faraday Soc., 1922, 17, 720.
4 Phil. Mag., 1899, 48, 331.
6 Proc. Soc. Phys. Bordeaux, April 1904; compare Smithsonian Inst. 

Report, 1913, 261.
8 J. Ainer. Chem. Soc., 1917, 39, 1848. 

of the oil in bulk, and that the length of the molecule 
is equal to the thickness of the film.

To Langmuir, then, belongs the credit of discovering 
that, whilst the sectional area of the molecule of a 
saturated fatty acid or alcohol is approximately con
stant, corresponding with a square with a side of about 
5 A.U.,7 the length of the chain may extend to more 
than 40 A.U. As a result of these observations, 
Langmuir was also able to assert that the individual 
molecules in the film were oriented, with. the acid 
radical immersed in the water and the hydrocarbon 
chain projecting outwards towards the air. The 
spreading of the oil into a monomolecular film could 
therefore be attributed to the striving of the ‘ hydro
philous ’ or thirsty ‘ heads ’ of the molecules to 
secure access to the water, and of the ‘ hydrophobic ’ 
or oily tails to escape drowning.

Most of the applications of Langmuir’s conception 
are physical in character, as in the case of the lowering 
of the surface tension of water by a film of oil. Harker, 
however, has recently put forward a case 8 in which the 
chemical properties of a compound appear to be 
determined by the orientation of the molecules in the 
surface of the liquid. Thus, he found that benzyl 
chloride could not be hydrolysed by dry steam, but was 
rapidly hydrolysed whenever there was an opportunity 
for liquid water to condense. This result can be 
explained most easily by supposing that the steam 
could not secure access to the active ‘ heads ’ of the 
molecules, since these would normally be directed 
towards the interior of the liquid, but that liquid water 
can reverse this orientation, and thus bring the chlorine 
into a position in which it can be attacked.

(c) X-ray Analysis.—The third method depends on 
investigating the distance between the mass-centres of 
atoms or molecules by means of X-rays. This is a 
reciprocal process, since our knowledge of the wave
lengths of X-rays does not yet rest on direct measure
ments of length, b'ut has been deduced indirectly from 
the distance between the atoms of sodium and chlorine 
in a crystal of rock-salt, as calculated with the help of 
Avogadro’s constant. Thus, since one gram-molecule 
of salt occupies 27 c.c., it is clear that the total number 
of atoms of sodium and chlorine in 1 c.c. of salt is 
2/27 x 0-6062 x io24 = 0-0452 x io24; but, before we can 
calculate the distance between the centres of these 
atoms, we must know how they are arranged in the 
crystal. A preliminary survey by means of X-rays 
shows that the atoms of sodium and chlorine occupy 
alternate points in a simple cubic lattice; we can, 
therefore, allot to each atom a cubic cell with a volume

7 The more exact measurements of Adam (Proc. R.S., 1922, A, 101, 452, 
516 el seq.) have shown that the sectional area of the hydrocarbon chain is 
2i-o A.U., but that the ‘ head ’ of the molecule occupies an area of 21-7 A.U. 
in the alcohols, and of 25-1 A.U. in the fatty acids.

8 J.C.S., 1924,125, 500.
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of 22-i xio'24 c.c. (the reciprocal of the preceding 
number); and by taking the cube root of this number 
we can deduce the distance between the atoms as 
2-81 A.U. After having determined this fundamental 
distance, we can use a crystal of rock-salt9 as a 
diffraction grating in order to determine the wave
lengths of the X-rays emitted by the elements, and we 
can then use these wave-lengths in order to determine 
the distance between the atoms or molecules in other 
crystals. In this way it has been shown, for example, 
that the distance between the carbon-atoms in a 
diamond is 1-52 A.U., and that the same ‘ atomic 
diameter ’ appears incessantly in other carbon- 
compounds. This diameter, indeed, is one of the most 
constant of the numerical properties of the element, 
and is the obvious basis for a modern space-chemistry 
of carbon compounds.

Stereochemistry.
In addition to providing information as to the 

distance between atoms and molecules, X-ray analysis 
has made important contributions to our knowledge 
of molecular configuration or ‘ chemistry in -space.’ 
The first of the new chemical space-models was 
developed in 1874 by le Bel and Van’t Hoff, in order 
to account for the limited number of isomers which 
can be prepared of. carbon compounds of various 
types. Thus since isomerism in derivatives of methane 
first appears in compounds of the type CHXYZ, these 
authors were led independently to postulate a tetra
hedral configuration of the four univalent radicals 
around a central atom of carbon, in place of the square 
configuration of the common two-dimensional formulae. 
The two opposite ways in which the. four different 
radicals in these ‘ asymmetric ’ compounds . can be 
arranged in space about the central atom of carbon 
could then be represented by alternative symbols, 
corresponding with the two known isomers, as follows:

The new three-dimensional formulae were confirmed 
by the experiments which led to the enunciation of 
von Baeyer’s Strain theory, since it was found that a 
5-atom ring with angles of 1080 is more easily formed 
than a 4-atom ring with angles of 90°, as would be 
expected if the normal angle between the bonds is the 
characteristic tetrahedral angle, 109J0, of the solid 
model, instead of the right-angle of the planar formulas.

9 Our exact knowledge of the wave-length of X-rays was formerly limited 
in the upward direction to about 15 A.U., because no suitable crystals of 
larger molecular dimensions were available to provide a grating for their 
investigation. Thoraeus and Siegbahn (Ark. f. Mat. Astron, och Fysik, 
Stockholm, 1925, 19, 12), however, have recently measured wave-lengths up 
to 21 A.U. by using as a grating a crystal of palmitic acid for which 2d = 
71-19 A.U.

This chemical evidence has now been confirmed by 
direct physical measurements. In particular, X-ray 
analysis has proved that the diamond is built from 
tetrahedrally-oriented atoms, and in such a simple 
manner that a child of five, if provided with a supply 
of rods and balls with properly adjusted sockets, could 
not build the model differently. A similar tetrahedral 
configuration of four beryllium atoms around a central 
atom of oxygen, and conversely of four oxygen atoms 
around a central atom of beryllium, has been found 
in basic beryllium acetate,10 OBe4(O2CMe)6; and the 
X-ray analysis of ice 11 shows four hydrogen atoms 
arranged in the same tetrahedral pattern about each 
atom of oxygen. A tetrahedral arrangement of four 
oxygen atoms around a central atom of sulphur has 
also been found in barium sulphate.12

Moreover, in addition to confirming and extending the 
scope of Van’t Hoff’s tetrahedral configuration, X-ray 
analysis has also indicated the existence of other 
configurations. Thus in ice, every atom of hydrogen 
is placed at the centre of a line joining two oxygen 
atoms, thus giving rise to a linear configuration,

—0—H—0—. Again, in sodium nitrate, and in 

calcite and aragonite, we find a triangular configuration 
of three oxygen atoms about a central coplanar atom 
of nitrogen or of carbon, the three oxygen atoms being 
ranged symmetrically about a trigonal axis, as in the 
schemes

0 0
and 1 

0/

In order to preserve this trigonal symmetry, the ions in. 
the crystal have been formulated 13 as

- ++ /O - + N 
0 - N S _ and 0 - C/ _

0

instead of

This planar configuration has been observed also in 
the acetate groups of basic beryllium acetate, where 
the two oxygen atoms are arranged symmetrically 
about a digonal axis, e.g., as in

+ /° z
CH3. Gy _ rather than CH3. CT _ .

\0 X0
Moreover, graphite, which was thought at one time

10 Bragg and Morgan, Proc. R.S., 1923, A, 104, 437.
11 Bragg, Proc. Phys. Soc., 1922, 34, 98.
12 James and Wood, Manchester Memoirs, 1924-5, 69, No. 5.
13 Trans. Faraday Soc., 1923,18, 285. In these symmetrical formulas the 

central atom carries only a sextet of electrons : this condition is, therefore, 
probably unstable except in the crystals, where the anion is surrounded 
symmetrically by six oppositely charged cations. 
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to contain the same zigzag network of atoms that can 
be recognised in successive layers of a diamond, is now 
reported to contain aflat network of hexagons.14 Since 
graphite has the structure of an aromatic hydrocarbon, 
and actually gives rise to mellitic acid C6(CO2H)6 on 
oxidation, it is difficult to resist the conclusion that the 
characteristic form of the benzene ring may after all 
be the traditional 2-dimensional hexagon rather than 
a zigzag hexagon in three dimensions.

14 Bernal, Proc. R.S., 1924, A, 106, 749; Hull, Phys. Rev., 1917, 10, 661; 
Debye and Scherrer, Phys. Zeitschr., 1917, 18, 291.

15 Chemistry and Industry, March 9, 1923, 42, 224. This projection,
which I suggested in 1923 as a substitute for that used by Werner, has the
same hexagonal outline as the diagram commonly used to represent the
derivatives of benzene. It has the advantage of showing clearly that the 
metallic atom in the cobalti-oxalates is dissymmetric, but not asymmetric, 
since the model has one axis of 3-fold symmetry and three axes of 2-fold 
symmetry.

Configuration of Co-ordination Compounds.
As in the case of carbon, the X-ray analysis of co

ordination compounds has proved the correctness of 
a configuration which had been deduced previously by 
purely chemical methods. Many years ago Werner con
cluded that the six chlorine atoms of potassium platini
chloride, K2[PtCl6], are all grouped round a central 
atom of platinum, instead of forming two groups, as 
in the formula, 2KCI, PtCl4. By studying the number 
of isomers that could be prepared of co-ordination 
compounds of different types, he was able to assign 
an octahedral configuration to the six co-ordinated 
radicals. Thus the existence of two isomers of the 
type MX4Y2 follows at once from the fact that sub
stituents may occupy adjacent or opposite apices of 
the octahedron.

Werner’s theory was finally established by the dis
covery, in compounds such as the cobalti-oxalates, 
K;j[Co(C2O4)3], of a new type of optical activity, which 
no one else had even suspected to be possible. This 
optical activity can, however, be explained immediately 
by means of an octahedral model, as in the following 
projection,15 where the thick lines indicate the positions 
of the three oxalate groups.

X-ray analysis has now revealed, by direct mensuration, 
an octahedral configuration of the six halogen atoms 
in K2[SnCl6], (NH4)2[SnCl6], (NH4)2[PtCl6], K2[PtCl6] 

and (NH4)2[SiF6], as well as of the six atoms of chlorine 
which surround each atom of sodium in a crystal of 
rock salt. Even more important is the proof that 
the six molecules of ammonia in the ammoniate NiCl2, 
6NH3, are arranged in an octahedral pattern about 
the central atom of nickel,16 since this confirms in the 
minutest detail the formulation of the compound as 
an ammine of the type [Ni. 6NH3]C12. Modern physics 
has thus provided a new and very secure foundation 
for an important item of belief, which has only recently 
been added to the chemists’ creed.

Ionisation.
~ During a period of forty years, physical chemists 
have asserted that when an electrolyte is dissolved in 
water it is partially dissociated into free ions

NaCl^ Na + Cl.
No adequate basis was provided for this “ nonsensical 
hypothesis ” (as Prof. Armstrong described it in a 
letter to Nature of November 26, 1896), “ which 
asserts that hydrogen chloride and a few other com
pounds. are so loosely strung together that they fall 
to pieces when dissolved in water : out of sheer fright 
it wo'uld seem, as no valid motive is suggested for such 

-self-sacrifice.” An excuse for this strange conduct 
was afterwards found in the affinity of the ions for 
water ; but at the time the ‘ dissociationists ’ preferred 
to use the ‘ blessed word ’ allotropy 17 as a mask to 
conceal the difficulty of explaining the supposed 
indifference towards one another of oppositely charged 
atoms of sodium and chlorine, as contrasted with the 
violent interaction of metallic sodium with gaseous 
chlorine and the still more violent interaction that 
might be expected between the atoms of the two 
elements. The more concrete suggestion that “ the 
atoms of the dissolving electrolyte evolve heat by 
combining with their electric charges,” 18 was laughed 
out of court as being absurdly opposed to sound 
physical doctrine, since experience had shown that 
energy was always used up in the electrification of 
matter, and that the energy required to impart a 
given charge to a spherical conductor was inversely 
proportional to its diameter, and must therefore be 
enormous in the case of single atoms.

Modern physics has turned this problem inside out, 
since it is the molecules, and not the ions, of a salt of 
which the existence is now questioned. Thus, accord
ing to current views, the metals are so ready to lose 
electrons and the non-metals to gain them, that the 
ions of a salt are more stable than the corresponding 
neutral atoms. It is therefore impossible for these 
ions to neutralise their opposite electrical charges in

16 Wyckoff, J.A.C.S., 1922, 44, 1239.
17 Ostwald, “B.A. Report,” 1890, 333.
18 Nature, Dec. 17, 1896, p. 151. 
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order to produce a neutral molecule of salt. The 
utmost that can be done is for two oppositely7 charged 
ions to cling together to form a loose doublet, which 
is always free to interchange ions with another similar 
doublet. This state of affairs prevails no doubt in 
the vapour, as well as in concentrated aqueous solutions. 
Dilution with water then produces a real ‘ electrolytic 

+ — + —
dissociation,’ NaCl^Na + Cl, in which ready-formed 
ions are merely separated from one another, e.g. by the 
intrusion of molecules of the solvent, instead of being 
created de novo from neutral molecules.

This revolutionary doctrine is supported by the 
X-ray analysis of salt, which reveals the fact that 
every atom of sodium is surrounded symmetrically by 
six atoms of chlorine and conversely. Since there is 
no difference in the distances which separate a given 
atom of sodium from six neighbouring atoms of chlorine, 
there is no experimental justification for asserting that 
any one of these atoms is combined selectively with 
the central atom of sodium to form a molecule. On 
the other hand, crystallographers state that the 
crystal of salt is not holohedral like Bragg’s model, 
but hemihedral, so that there may be some factor in 
the structure of the crystal which is not revealed by 
examination with X-rays.

Physical chemists have not been slow in following 
up the lead thus given, and have been able to prove 
that many of the properties of dilute salt solutions can 
be explained by the electrostriction between oppositely 
charged ions, distributed just as in a crystal of rock
salt, but in a more irregular manner and at a greater 
average distance from one another.

Chemical Affinity.
The combination of unlike elements, e.g. of metals 

with non-metals, which is so important in inorganic 
chemistry, was explained some twenty years ago by 
J. J. Thomson19 as due to a process of electron-transfer, 
e.g. to the transfer of an electron from an atom of 
sodium to an atom of chlorine. The chemical affinity 
between sodium and chlorine was then attributed to 
the electrostatic attraction between oppositely charged 
atoms of the two elements.

In its most elementary form the new electrochemical 
theory was not very much in advance of that put 
forward a century before by Berzelius, since it gave 
no precise explanation to show why an atom of sodium 
should be ready to part with an electron or an atom 
of chlorine to accept one. Even in the hands of 
Ramsay,20 therefore, it did not render any important 
help to chemists in solving the difficult problem of the 
nature of chemical affinity. When, however, we had

19 Phil. Mag., 1904, 7, p. 262.
20 J.C.S., 1908, 93, 774- 

not only learnt from J. J. Thomson of the existence 
of the electron, and of its presence as a common 
constituent of all atoms, but had also been taught by 
Moseley how to count the electrons in the atom of 
each element, the situation was altered profoundly. 
Thus it was at once apparent that potassium with 
19 electrons has only to lose a single electron, as 
J. J. Thomson had supposed, in order to acquire the 
stable grouping of 18 electrons which is characteristic 
of argon; and conversely, that chlorine with 17 electrons 
can acquire this stable configuration by gaining one 
electron. A motive for the transfer of an electron, and 
an explanation of the origin of this polar type of 
chemical affinity, can therefore be found in the ex
ceptional stability of a group of 18 electrons, as 
contrasted with the relative instability of a grouping 
of 17 or 19 electrons, around a positively-charged 
nucleus.21 Indeed, only one important section of the 
problem now remains unsolved, namely, that we 
cannot explain why the properties of an inert gas 
should appear in successive members of the series

2 + 8 + 8 + 18 + 18 + 32 electrons,
or what feature of the quantum theory dictates the 
formation of the sub-groups of 2, 3, 4, or 6 electrons, 
which by their summation give rise to the large groups 
of Rydberg’s series :
2Xi2 + 2X 22 + 2X 22 + 2X32 + 2X32 + 2X42 electrons.

Apart from this, the whole phenomenon of electro
valence, as Langmuir calls it, with its attendant theory 
of the complete and permanent ionisation of mineral

H— 4—
salts such as NaF or KC1, seems to be transparently 
clear.

Nevertheless, just as Berzelius’ dualistic theory 
collapsed when faced with the facts of organic chemistry, 
so the theory of electron-transfer breaks down in face 
of the problem of explaining the mutual affinity of 
like elements. This is a serious fault, since the union 
of like atoms not only dominates the whole of carbon 
chemistry, but is also responsible for the formation of 
simple inorganic molecules such as H2, O2, N2, or Cl2. 
This second or ‘ non-polar ’ type of chemical affinity, 
however, has also received a clear explanation as a 
result of the study of atomic numbers. Thus it appears 
that two atoms, each of which is one electron short of 
the number required to produce the stable configuration 
of an inert gas, can acquire this configuration by a 
simple process of electron sharing.22 In this process a 
duplet, or pair of electrons, is held in common as an 
integral part of the electronic configurations of the two 
atoms which it unites, just as the two aromatic rings 
in naphthalene are united by the two carbon atoms 
which are common to both rings.

21 See especially Kossel, Ann. d. Phys., 1916, 49, 229.
22 G. N. Lewis, J.A.C.S., 1916, 38, 762 ; “ Valence,” 1923, p. 74.
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In this scheme of electron sharing there does not 
appear to be any a -priori reason why two atoms should 
not be united by sharing one electron; and indeed 
Main-Smith23 has postulated that this is a normal 
method of union in co-ordination compounds; but 
the evidence offered in support of this view is very 
slender and in general it appears to be a pair of electrons 
that performs this function, just as pairs of carbon 
atoms are shared when one six-atom ring is added to 
another on passing from benzene, C6H6, to naphthalene, 
C10H8, and then to anthracene or phenanthrene, C14H10.

Phenanthrene

Two electrons held in common are therefore the 
equivalent of a single bond, or covalence as Langmuir 
calls it, whilst four or six electrons held in common 
give rise to a double bond and to a triplebond respectively.

The groups of eight electrons in the Rydberg series 
are generally depicted as occupying the eight corners 
of a cubical octet. A single bond is then represented 
by a pair of cubes with a common edge, and a double 
bond by a pair of cubes with a common face; but on 
this basis the formation of a triple bond would result 
in a complete superposition of the two cubes, and 
would thus give rise to a quadruple bond, with four 
pairs of electrons held in common instead of only three. 
The new model, therefore, fails to represent the pro
perty of forming single, double, and triple bonds (and 
the impossibility of forming a quadruple, bond) which 
are expressed so well by the sharing of a corner, an 
edge and a face of the tetrahedra of le Bel and Van’t 
Hoff. Indeed, further progress is possible only when 
we abandon the cubical model in favour of a purely 
algebraic form of the theory, or else adopt a different 
geometrical model, e.g. by supposing that the octet 
contains four tetrahedrally arranged duplets instead 
of eight equally distributed single electrons. This 
tetrahedral model enables us to see why, in the elements 
of the first short period, there is no large change of 
boiling-point on passing from F - F to 0 = 0 and N = N ; 
but when we come to carbon, where a quadruple bond 
between two atoms is impossible, the boiling-point 
suddenly rises by 35000. This, dramatic rise of boiling- 
point is obviously due to the fact that the spare bonds, 
which are left over after uniting the atoms in pairs 
by single, double, or triple bonds, interlock, until both

23 Chern, and Ind., March 28, 1924, 43, 323. 

in diamond and in graphite the molecule extends to 
the boundary of the crystal, and vaporisation is only 
possible by disrupting atoms from this enormous 
molecular complex. If the cubic model were valid, this 
abrupt change should occur on passing from the 
double bond of oxygen to a prohibited’ triple bond in 
nitrogen, instead of on passing from the triple bond 
of nitrogen to a prohibited quadruple bond in carbon.

Origin of Chemical Affinity.
By postulating alternative types of union, the 

electronic theory of valency enables us to recognise 
at a glance the existence of two types of chemical 
affinity, namely, a non-polar affinity between like 
atoms and a polar affinity between unlike atoms. It 
has the further advantage of referring both types of 
affinity to a common cause. This cause, long suspected 
to be electrical in origin, has at last been disclosed as 
depending on a mysterious force which compels the 
electrons, when under the influence of a positively- 
charged nucleus, to form stable aggregates of 2, 8, 18, 
or 32 electrons. The origin of these numbers, and of 
the sub-groups into which they can be further resolved, 
is, however, a secret which the quantum theory has 
not yet completely disclosed.24

Two Theories of Valency.
During the last fifty years, organic chemists have 

accepted Van’t Hoff’s tetrahedron as a correct working 
model of the carbon atom. This conception of valency 
was vigorously attacked, however, in 1905, by Werner, 
who, in his “ Neuere- Anschauungen ” (p. 73 of the 
English translation), asserted that “ Affinity is an 
attractive force which acts from the centre of the atom 
and is of equal value at all points on its surface. With 
such a definition of affinity it naturally follows that 
separate units of affinity do not exist.” In this 
paragraph, Werner challenges both the limited number 
and the fixed orientation of the four positions which 
are available for the attachment of other atoms in 
Van’t Hoff’s tetrahedral model. Bearing in mind the 
distortion of the tetrahedral angles, which is permitted 
by von Baeyer’s ‘strain theory,’ Van’t Hoff’s model 
of the carbon atom can be represented most con
veniently by a sphere with four sockets, each socket 
carrying an elastic rod to represent a bond by which 
the carbon atom is united to another atom. Werner’s 
alternative conception can be represented most 
conveniently by Emil Fischer’s model, in which the 
‘ atom ’ takes the form of a sphere covered all over with 
bristles, a sort of spherical scrubbing-brush, which

24 An interpretation of the periodic system, based upon the view that each 
planetary electron in the atom occupies a unique type of orbit characterised 
by four quantum numbers, has recently been described by Lande (Die 
Naturwissenschaften, July 1925, 13, 604); see also Sommerfeld (Phys. Zeils., 
Jan. 1, 1925, 26, 70-74), and Pauli (Zeils, f. Physik, 1925, 31, 765-782). 
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resembles the involucre of a burdock in that two 
‘ atoms ’ will stick together at any point of contact, 
and in any number up to the limits of space available.

Although Werner considered it necessary to denounce 
Van’t Hoff’s conception of valency as incompatible 
with his own more comprehensive.views, it is now clear 
that these two theories are not in fact competing 
alternatives, since each is correct in its own domain, 
but incorrect if applied outside it. Thus Werner’s 
theory of valency gives us an ideal representation of 
the behaviour of the closely packed ions in a crystal 
of rock-salt, and agrees precisely with the behaviour 
which we should expect of compounds which are held 
together only by electrovalence, i.e. by the mutual 
attraction of oppositely charged ions. It is, however, 
incapable of explaining the open lattice structure of 
the diamond, which can only be arrived at by limiting 
the number of points of attachment to four, and at 
the same time fixing their orientation around the atom, 
precisely as in Van’t Hoff’s model. . This behaviour is 
characteristic of all compounds in which the atoms are 
held together by covalence, i.e. by the real bonds of 
the organic chemist. We therefore have alterna
tive conceptions of valency, namely, Werner’s theory, 
which expresses the type of chemical affinity that is 
dominant in mineral chemistry, and Van’t Hoff’s 
theory, which expresses the phenomena of organic 
chemistry ; and we now find that these two theories 
correspond precisely with alternative aspects of the 
electronic theory of valency, which predicts the 
possibility, and compels us to recognise the real exist
ence, of both types.

The Two Types oe Valency.
In general the two types of valency can be distin

guished by merely counting the electrons. Thus, 
since the potassium ion and the chlorine ion have each 
a complete outer shell of eight M-electrons, we cannot 
replace the electrovalence by a covalence, since this 
would create a surplus of two electrons over and above 
those required to complete two stable ‘ argon ’ systems. 
On the other hand, a molecule of chlorine, with a 
total of only 2x7 = 14 Af-electrons, must be held 
together by a covalence, i.e. by sharing two electrons, 
since if the atoms were torn apart we could only 
assign a complete octet of M-electrons to one atom, 
leaving the other with a sextet or incomplete group of 
six electrons. The conversion of the covalence into 
an electrovalence, as represented by the equation

Cl2^ Cl + Cl, 
may perhaps occur when the bond is broken by the 
rupture of the molecule when undergoing chemical 
change; but this ionisation of the bond can only give

39

rise to an unstable condition, which would always tend 
to revert to a more stable one in which each atom is 
able to complete its octet.

We can also distinguish the two types of valency by 
noticing that the ‘ polar ’ type of chemical affinity is 
indefinitely divisible, like Werner’s uniform ‘ spheres 
of affinity,’ but that the real bond of Van’t Hoff’s 
model cannot be divided. Thus in rock-salt the 
chemical affinity of each ‘ univalent ’ sodium atom 
appears to be divided equally amongst six ‘ univalent ’ 
atoms of chlorine and conversely ; but in the diamond 
the four bonds of the ‘ quadrivalent ’ carbon atom are 
used as integers, each bond serving to unite two atoms, 
and two only. Whenever, therefore, mention is made 
of residual affinity, or of partial valencies, I at once 
suspect that these valencies must be -polar rather than 
non-polar in character. This view was foreshadowed 
in 1899 by Thiele,26 when formulating his new theory 
of conjugation, and I do not know of any evidence 
which would contradict it.

Even more important is the fact that, whilst an 
electrovalence can act in any direction round the 
atom, a real bond or covalence is fixed in direction. 
In the former case there is nothing to prevent the ions 
from being packed as tightly as their volumes will 
permit. This condition is realised in the crystal- 

+ —
structure of rock-salt, NaCl, which is a close-packed 
aggregate of equal numbers of ions of opposite signs, 

— + 4- —
and of fluorspar, F Ca F, where there are twice as many 
ions of one sign as of the other. On the other hand, 
the atoms of carbon in diamond are very far from 
being close packed, since each atom is surrounded 
immediately by only four other atoms, whereas each 
of Werner’s spheres would be able to make contact 
with twelve other spheres of equal size. Indeed, it 
can easily be calculated that, if Werner’s conception 
were correct in this particular case, and Van’t Hoff’s 
conception were wrong, the close packing of the 
spheres would increase the density of the crystal in 
the ratio of 3-5 to 8. Similar open lattices are found 
in many other crystals, and it is safe to assert that they 
can always be associated with the presence of valencies 
which are limited in number and fixed in direction, 
precisely as postulated by le Bel and Van’t Hoff. 
Thus, if ice and quartz were mere aggregates of 
oppositely charged ions,

+ + -- + + + +  
H 0 H and 0 Si 0

we should expect them to crystallise in the same form 
as fluorspar, where also there are twice as many ions 
of one sign as of the other. Actually, both ice and 
quartz crystallise in a totally different manner ; and

25 Ann, 1899, 306, 87.
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the lattice-work of ice is so open that the density 
of the aggregate is less than 1. We can therefore assert 
that the atoms of both compounds are united by real 
bonds and not by the mere electrostatic attraction 
between oppositely charged ions. A similar argument 
has already been applied in the case of iron pyrites, 
FeS2, where the sulphur atoms are all paired, instead 
of being distributed uniformly like the atoms of fluorine 
in fluorspar. The compound is therefore not a sulphide

■ ----------------
of quadrivalent iron S Fe S ; but a ferrous 

+ + _ _
disulphide, Fe S----- S, in which each pair of sulphur 
atoms is held together by a bond, in addition to carry
ing a double negative charge. It is, indeed, clear from 
these examples that the X-ray analysis of crystals 
provides a very precise experimental method for 
distinguishing between the two types of valency, and 
is of fundamental importance for this purpose.

Polar, Semi-Polar, and Non-Polar Double Bonds.

Three years ago I pointed out26 that since single 
bonds can be of two types, namely :

+ —
(i) Polar, as in NaCl.

(ii) Non-polar, as in Cl—Cl, H—H or CH3. CH3; 
double bonds should be of three types, namely :

4~ +-----
(i) Polar, as in Ca S,

(ii) Non-polar, as in 0=0,
(iii) Mixed (or semi-polar), as in Me3N—0.

In particular, a mixed or semi-polar double bond was 
postulated in trimethylamine oxide

4- — + —
NMe3 - 0 (compare NH4C1),

and in the ions of oxy-acids 27

0 +/o ox++/o ox+++/o
_ NP< _ _ > S < _ _ > Cl < _
Oz \0 0Z CF x0

The existence of this new type of double bond has 
now been established by two independent experi
mental methods, depending respectively on the study 
of molecular volumes and on the detection of molecular 
dissymmetry. The work on molecular volumes, 
begun more than half a century ago by Kopp, has 
culminated in the recent researches of Sugden,28 who 
has discovered a function of the molecular volume 
which is (i) independent of the temperature of observa
tion, (ii) a strictly additive function of the constituent 
atomic volumes. In these investigations the molecular

28 J.Q.S., 1923, 123, 822.
27 Trans. Faraday Soc., 1923, 18, 285 ; Phil. Mag., 1923, 45, 1105.
28 J.C.S., 1924, 125, 1177.

volumes are reduced to equal surface tensions, by 
M

making use of a function ("'here 7 = surface

tension, M = mol. wt., D = density of liquid, d= density 
of vapour), which Sugden describes as the parachor. 
The value of this function is increased by 23 units by 
each non-polar double bond, whatever the atoms 
which it joins, e.g. ^C = 0, \c = C/, \c=N~, 

-N = 0; but. the semi-polar double bonds in the' 
systems /SO, /NO and ^PO were found to produce 

a minute decrement of molecular volume.29 In this 
way the nitro group was shown to contain only one 
non-polar double bond, whilst the sulphinates, ’sulphon
ates, and sulphates do not contain any

Ox ++ z0Me 
_ > S < 
0- X0Me

More important still is the proof given by Phillips,30 
that the sulphinates (in which the existence of semi
polar double bonds was established by Sugden’s 
measurements of density and surface tension) can be 
obtained in optically-active forms, as in the case of 
the ethyl tolylsulphinate of the formula

_ +/c6h4.ch3
0—s<

xo. c2h5
If the sulphur and oxygen were united by a symmetrical 
non-polar double bond, the compound would, on the 
basis of the older space formulae, be obviously sym
metrical. Moreover, since none of the earlier theories 
of valency was capable of predicting the asymmetry 
of these compounds, the experimental realisation of 
this new type of optical activity provides an excellent 
illustration of the value of the electronic theory of 
valency, as well as a decisive vindication of the more 
specialised conception of mixed or semi-polar double 
bonds. We have here, indeed, a further example of 
the general rule, already illustrated in the case of 
Werner’s theory of co-ordination, that each new 
development of the theory of valency has been 
accompanied by, and has received its final sanction 
from, the discovery of a new kind of optical activity.

29 Sugden, J.C.S., 1925, 127, 1525.
30 J.G.S., 1925, 127.
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Our Bookshelf.
Studies in Psychology.

Behaviorism. By Prof. John B. Watson. Pp. iv + 248. 
(London: Kegan Paul and Co., Ltd., 1925.) 
125. 6d. net.

In his new book Dr. Watson gives a vigorous exposi
tion of his methods and results already familiar to 
readers of his earlier works, notably “ Psychology from 
the Standpoint of a Behaviorist.” It contains, 
however, some fresh material and foreshadows an 
ambitious attempt to apply the principles of behaviour- 
istic psychology to all the mental and social sciences. 
All categories involving reference to consciousness, 
such as knowing, feeling, striving, are to be eliminated 
and their place is to be taken by a purely naturalistic 
study in terms of reflexes and their ‘ conditioning.’ 
His attitude to the problem of the nature of instinct is 
more drastic than in his earlier writings. All alleged 
human instincts are, according to his present view, 
really habits built up by selection from original re
sponses by processes of conditioning. Emotions, of 
which there are only three primary ones—namely, fear, 
rage, and love—are nothing but visceral responses. 
The ‘ unconscious ’ of the psycho-analysts consists, in 
his view, of bodily and visceral habits that have never 
been verbalised and cannot be recalled. Modification 
of behaviour or ‘ learning ’ is due to the conditioning 
of responses and the formation of habits. Thinking is 
sub-vocal talking, and is made up of laryngeal habits.

The tone of Dr. Watson’s exposition is aggressively 
polemical and confident, but he makes no real effort 
to deal with the difficulties of his position. This 
applies particularly to his discussion of ‘ memory,’ 
‘ learning,’ and ‘ thinking,’ in each of which recent work 
has tended to bring out the inadequacy of explanations 
resting on such factors as recency and frequency of 
performance, to which alone he appeals. The book 
contains a number of records of observations, particu
larly those dealing with the behaviour of infants, 
which are important and useful, but on the theoretical 
side it marks no advance, and the claim that the 
principles embodied in it are destined to revolutionise 
ethics, religion, sociology, and other social sciences 
cannot but strike the reader as naively extravagant.

M. G.
The Psychology of Handwriting. By Robert Saudek. 

Pp. xii + 288. (London : George Allen and Unwin, 
Ltd., 1925.) 12s. 6d. net.

Graphology, the study of handwriting in popular con
ception, is placed on something of the same level as 
palmistry, except that, in the case of the former, experts 
are sometimes called upon to give evidence as to matters 
of fact in the law courts. It will therefore, perhaps, 
come as a surprise to some to find a volume of no small 
dimensions devoted to the study of the subject on 

scientific lines, and further, to find that it contains a 
chapter on the history of the subject. Attempts at 
‘ characterological ’ interpretation of handwriting begin 
with a book by Camille Boldo, published at Capri in 
1622. In 1830 there was a school of interpretation to 
which Bondinel, Bishop of Amiens, Cardinal Regnier, 
and Abbe Flandrin belonged; but the history of grapho
logy really begins with Abbe Hipolite Michon, a pupil 
of the last named, who was followed by Crepieux Jamin, 
the most eminent of the French graphologists. It 
was, however, in Germany that an attempt was made 
by Georg Meyer and Ludwig Klages, at the end of the 
last and the beginning of the present century, to place 
the study on a truly scientific inductive basis.

The author of the present work, in addition to an 
exhaustive study of the methods of both French and 
German schools, has had twenty-five years’ experience 
in the study of handwriting, and here puts before his 
readers the results of his adaptation of these methods 
to English and American styles and methods in hand
writing. So far as they go, his methods, taking into 
account mechanical and material conditions and the 
physiology of writing, must be accepted as sound in 
principle and method. It is when he comes to the 
psychology of writing that he is on less certain ground. 
It must be admitted, however, that his reasoned analyses 
of specimens of handwriting of well-known individuals 
do indeed appear to tally with the facts so far as 
generally known.

Animal Life.
Our England: Twelve Open-Air Lessons. By Patricia 

Johnson. Pp. viii + 104. (London: Methuen and 
Co., Ltd., 1925.) 25.

This little text-book, which is neither purely geo
graphical nor historical, but contains a little about 
everything, deserves more than passing mention. In 
the first place, it represents in substance some of the 
first broadcast lessons ever given by radio: they were 
broadcast from the London station in the spring of 
1925 ; and secondly, because they are excellent of their 
kind. Few books of this size contain so much excellent 
matter packed within so small a space. The weather, 
domestic animals, the farmer’s year, wild animals, 
archaeology, history, geography, folklore, economics, 
and the history of traditional civic institutions in 
England, all find a place, treated in such a way.as to 
stimulate rather than to satisfy inquiry.

The Aquarium Book. By E. G. Boulenger. Pp.
208 + 16 plates. (London: Gerald Duckworth and 
Co., Ltd., 1925.) 105. 6d. net.

The greater part of this book is devoted to popular 
accounts of a large number of species of aquatic 
animals. The value and history of aquarium-keeping 
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are also briefly surveyed and hints given on the manage
ment of aquaria.

The book is very attractively written and should 
have a wide appeal. Its perusal will greatly enhance 
the interest of visits to the Zoological Society’s aquarium 
and stimulate the enthusiasm of amateur aquarists. 
It is a great pity, therefore, that care has not been 
taken to avoid the far too numerous errors, exaggera
tions, and loose statements in the information provided. 
Examples of such are a statement on p. 34 that all 
protozoa have a flagellum, and one on p. 107 that 
steam-trawling destroys the eggs of the plaice. Mis
prints and mistakes in punctuation are numerous. On 
p. 166 the author confers knighthood on Isaak Walton. 
The few photographs are excellent: the drawings, in 
some cases good, in others leave much to be desired. 
On p. 50 the cotton-spinner, Holothuria nigra, is mis
represented by a drawing of quite a different species. 
It is hoped a second edition will appear, carefully 
edited to remove such blemishes from an otherwise 
attractive and useful book.

Reproduction in the Rabbit. By John Hammond.
With Foreword and Chapter on the Formation of 
the Corpus Luteum by F. H. A. Marshall. (Bio
logical Monographs and Manuals, No. 4.) Pp. 
xxv+ 210+ 20 plates. (Edinburgh and London: 
Oliver and Boyd, 1925.) 155. net.

This is an admirable book, containing not only an 
excellent and up-to-date account of the reproductive 
phenomena of the rabbits, but also a mass of original 
results derived from the personal investigations of the 
author. The book is prefaced by an excellent short 
outline of the processes involved in the sexual cycle, 
by Dr. F. H. A. Marshall, who also appropriately contri
butes the chapter upon the formation of the corpus 
luteum.

Mr. Hammond’s work is clearly written and is well 
illustrated by charts and half-tone blocks. It will be 
found indispensable by all specialist students of 
mammalian reproduction, but will also prove most 
useful and most interesting to the ordinary biologist 
interested in a more general way in the phenomena of 
reproduction.

The Breeding of Foxhounds. By Earl Bathurst. Pp. 
xiii+132 + 8 plates. (London: Constable and Co., 
Ltd., 1926.) 21s. net.

The scientific principles of animal breeding are still 
obscure : yet the success of the practical man, from 
the days of Jacob’s matrimonial venture onwards, are 
for all to see. Probably the modern dog, particularly 
the sporting dog, provides the best example of man’s 
skill in moulding wild animals to his purposes ; for, if 
Darwin was right, the raw material was the wolf, the 
dingo, and the like—most unpromising material out of 
which to build up a being of almost human intelligenpe. 
This book, based, as it is, on the accumulated experience 
of nearly forty years of breeding hounds (the author 
being the well-known and successful Master of the 
V.W.H.-Cirencester Hounds), is deserving of the careful 
study of all—and they are many—who are interested 
in the practical problems of hound-breeding. Earl 
Bathurst is clearly a master of his subject, and does not 
object to disclosing, aS so many practical breeders of 

animals do, the secrets of his methods. It is open to 
doubt, however, whether science, Mendelian or other, 
can do much to aid. The author devotes, it is true, a 
chapter to Mendelism, but the methods he applies owe 
their main justification to the practical success which 
has followed them. The qualities of the perfect hound, 
we are told, are “voice, nose, drive, stoutness, and 
looks.” The geneticist would scarcely venture to 
describe these as Mendelian ‘ unit characters,’ or even 
assert their dependence on ‘ genes.’

It is interesting to observe how the dread of in- 
breeding dominates the practical breeder. “ Study the 
pedigrees,” says the author, “ so as to avoid breeding 
too closely.” Yet we know that, as a matter of practice, 
close inbreeding was applied by all the great ‘ improvers ’ 
of cattle and sheep, and modern science asserts that 
inbreeding, in itself, is not harmful. Certain it is that 
fixity of type can be obtained by this practice and no 
other. The ‘ line ’ breeding which the author practises 
is, after all, simply a diluted system of this nature. 
The book is handsomely produced. The photograph 
of the author’s Trouncer, 1923, will excite the envy 
of every hound lover.

Hygiene and Health.
(1) The House of Health : What the Modern Dwelling 

Needs to Be. By Sir John Robertson. Pp. 192. 
2S. 6d. net.

(2) Nursing in the Home: including First Aid in 
- Common Emergencies. By Stella Churchill. Pp. 197.

2S. 6d. net.
(3) The Fight against Infection. By Lieut.-Col. G. E. F. 

Stammers. Pp. 214. 2s. 6d. net.
The Modern Health Books. (London : Faber 

and Gwyer, Ltd., 1925.)
These three examples of the series of “ Modern Health 
Books ” which are being issued serve to illustrate the 
scope and method of treatment of the subjects adopted. 
The matter is limited to essentials and is dealt with in 
simple non-technical language, the type and ‘ get up ’ 
are pleasing, and the volumes are light and handy.

(1) Sir John Robertson gives all the essential details 
which are required to make a healthy dwelling, and in 
addition to the actual construction of the house itself, 
discusses the environment, drainage, water supply, and 
smoke abatement. As regards construction, pise de 
terre and steel houses are alluded to, and timber houses 
are recommended as both comfortable and hygienic. 
The old-fashioned sash window is recommended as 
being the best for cottage lighting and ventilation, 
with which we agree. Tongued and grooved floor 
boards are advocated, but certainly add to cost. Many 
small but important practical details are referred to ; 
e.g. the size of bath for artisan dwellings, the slipperi
ness of some baths, enamelled taps to save labour. 
We are glad to note that the author has a good word 
to say for the carth-closet in rural districts, and we 
would emphasise its value in these circumstances as 
providing a source of manure for the garden now that 
stable manure is becoming scarce and costly.

(2) A good survey of the art of home nursing is here 
presented. Practical nursing details are included, and 
directions are given for the nursing of children, of 
infectious and some other diseases, and of surgical 
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cases. Directions are given for the treatment of 
emergencies (such as fits, drowning, and poisoning), 
and of some common minor ailments. No caution is 
given of the irritant effect of formalin in connexion 
with disinfection, and we have failed to find a mention 
of that common and alarming ailment of children-— 
spasmodic croup.

(3) Col. Stammers has been able briefly to describe 
the causation and means of prevention of many of the 
ills to which flesh is heir. Two brief chapters serve 
to introduce to the reader the nature of parasites, 
vegetable and animal, and to give an account of some 
of the means by which the body resists infection. A 
fascinating narrative then follows of several important 
diseases, including plague, cholera, typhoid fever and 
sleeping sickness, and guinea - worm and tapeworm 
infections. A short chapter on scientific research is 
included, which should impart to the non-scientific 
reader some idea of what research work is.

The text is illustrated with figures of parasites and 
their intermediate hosts and charts of geographical 
distribution. We notice a slip in the legend of Fig. 13, 
where the diagram of the female guinea-worm is stated 
to be “ highly magnified,” though in the text the worm 
is rightly described as being about a yard in length. 
It would be better also, we think, not to refer to 
Tania solium and T. medio canellata as the “ pig ” 
and “ beef ” tape-worms respectively, as in the tape
worm stage they are essentially human.

Indian Forestry and Timbers.
India of To-Day. Vol. VI.: India’s Forest Wealth. By 

E. A. Smythies. Second edition. Pp. xv+137 + 12 
plates. (London : Oxford University Press, 1925.) 
3s. 6d. net.

Forestry is a subject on which the average politician 
is profoundly ignorant. A very high proportion of the 
Indian public have hitherto had very little direct 
interest in the forests. As a people they are extra
ordinarily economical both in the use of fuel and 
timber. Only a comparatively small proportion of the 
population live in the vicinity of the remaining forests. 
In spite of the fact that enormous quantities of produce 
are given away annually to rightholders (estimated very 
conservatively at i,ooo,oooZ. worth), the general attitude 
of those directly interested in the forests is one of 
grievance against the restrictions of the Forest Depart
ment as to free fuel, timber and grazing. This grievance, 
coupled with the fact that the present annual surplus 
from Indian forests after approximately seventy years 
of conservation and development has only increased 
from 8o,oooZ. to 1,300,000/., is reflected in the attitude 
of the majority of Indian politicians, who in general are 
hostile to forest development. The present work, 
prepared by Mr. Smythies in collaboration with 
provincial officers, is therefore very timely. It em
phasises the enormous indirect benefits derived from 
India’s forest estates and their value to the population 
as a whole; it describes what the Forest Department 
has already accomplished; and it explains very clearly 
the urgent need of further investment of capital in the 
forests if the exchequer in the course, say, of the next 
fifty years is really to benefit directly from the invest
ments already made.

43
An Elementary Manual on Indian Wood Technology. 

By Dr. H. P. Brown. Pp. xiii +121 +16 plates. 
(Calcutta : Government of India Central Publication 
Branch, 1925.) 4 rupees ; 6s. gd.

There has been a certain amount of prejudice in the 
past against the use of the microscope for the identi
fication of timber, the reason generally given being that 
it is impracticable for use in the field. The number of 
different timbers, however, which now need to be 
distinguished has increased so enormously that opinion 
has veered to the other extreme, and many regard any 
attempt to identify a timber without the aid of the 
microscope as so much guess-work. J. S. Gamble’s 
“ Manual of Indian Timbers ” has for many years been 
the only important work in this particular field, but 
unfortunately contains no microscopic data. There has 
consequently been a growing need of a text-book for 
the training of Indian forest officers in the anatomy of 
the timbers of India. As Dr. Brown points out in his 
preface, to teach students in terms of timbers which 
they will never handle is neither efficient nor conducive 
of the maximum possible interest. It is to remedy this 
defect that this volume has been written, and that it 
will go a long way towards doing so is not to be doubted. 
It should also prove of value to those interested in the 
timbers of tropical countries other than India.

The microscopic features of wood are described more 
fully than the gross features and physical properties, 
but the latter are quite clearly and concisely set out. 
Admirable use has been made of a large number of 
original photomicrographs and drawings, both of which 
are excellent, and a key is appended for the identifica
tion of sixty of the more important Indian woods.

L. C.

Earth Structure and History.
Geological Maps : the Determination of Structural Detail. 

By Robert M. Chalmers. Pp. vii + 175. (London: 
Oxford University Press, 1926.) 125. 6d. net.

The study of geological maps and structures is perhaps 
one of the most difficult parts of any advanced geo
logical course, and until recent years there has been no 
guidance in the way of text-books available to students. 
There are now several books from which a selection 
may be made, and this, the most recent addition to the 
growing literature of the subject, seems likely to make 
the widest appeal. It is intended not only for geolo
gists, but also for students of mining, and many of the 
examples in the text have been chosen to illustrate 
problems arising in the working of coal seams. The 
purely geological student, however, will find such 
difficult structures as recumbent folds quite adequately 
treated, and it is noteworthy that examples are taken 
from the Ballachulish and Appin folds.

The author has a wide knowledge of geological 
evidence and its interpretation, and besides dealing 
with the familiar topics, outcrops, thickness and dip 
of beds, faults, etc., chapters are also devoted to 
igneous rocks and geosynclines, while an appendix 
gives a brief account of the theory of isostasy. The 
book can be warmly recommended to teachers and 
students as a thoroughly successful text-book, while the 
publishers are themselves a sufficient guarantee that 
the book is well and attractively printed.
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An Introduction to Earth History. By Prof. H. Shimer. 
Pp. viii + 411. (Boston, New York and London: 
Ginn and Co., 1925.) 12s. hd. net.

Prof. Shimer is to be congratulated on having achieved 
a very definite success in his attempt to compress into 
a small book a thoroughly adequate, well-proportioned, 
and completely up-to-date survey of geology and its 
border subjects. The treatment is far from following 
the conventional lines usually adopted. Part 1 deals 
with the ‘ evolution ’ of matter and stars, and so leads 
up to the birth of the solar system and the origin of the 
earth. The recent tidal theory of Jeans and Jeffreys 
is briefly summarised, and radioactivity is discussed 
with the view of applying it later to the measurement 
of geological time and the problems associated with the 
earth’s internal sources of energy. Part 2 briefly de
scribes the processes at work on the surface of the earth 
and within it; and at greater length the sequence of 
events, due to the interaction of these processes, which 
constitute geological history. Part 3 is devoted en
tirely to the history of life, and gives in broad outlines 
a most useful summary of the evidence for and the 
results of organic evolution.

From the most modern applications of radioactivity 
to dinosaurs’ eggs the book reaches the newest fringes 
of a rapidly advancing subject, and presents it every
where as a science in active growth towards maturity. 
The book is well written, cultured and philosophical 
in tone, and will serve alike for the general reader and 
the non-specialising student to give a general picture, 
described by an authoritative guide from a modern 
point of view, of the progress that has so far been made 
in our interpretation of the earth’s history and that of 
its inhabitants.

A Text-Book of Geology: for use in Universities, Col
leges and Engineering Schools. By Prof. James Park. 
(Griffin’s Scientific Text-Books.) Second edition, 
revised and enlarged. Pp. xix +527 + 72 plates. 
(London: Charles Griffin and Co., Ltd., 1925.) 
30s-. net.

This comprehensive elementary text-book has enjoyed 
a quiet popularity for twelve years, particularly amongst 
mining men, to whom the author, Prof. James Park, is 
well known for his works on mining and metallurgy. 
This, the second edition, has been considerably revised, 
though not so fully as one would have wished, for in 
many respects it is not adequately up-to-date, and 
reference to the bibliography definitely shows that 
many important works of the last decade have not 
been utilised. Although the first edition contained 
598 pages, the present volume is considerably larger 
because of the adoption of a bigger page-size. It in
cludes new matter dealing with the history of geology, 
the origin of coral reefs and atolls, mountain building, 
and the formation of ore deposits. In the revision of 
the section discussing the age of the earth, the longer 
estimates of geological time are wrongly ascribed to 
Joly. The book begins with physical geology and in
cludes a brief summary of mineralogy and petrology. 
The second part, dealing with historical geology, is 
noteworthy for the many excellent plates illustrating 
fossil forms. Special prominence is given to the com
parative stratigraphy of Britain, North America, and 

Australasia. This section concludes with a useful 
chapter on the development of surface relief, though 
more attention might have been given to modern work 
on isostasy and the structure of the Alps. Part 3 deals 
in two chapters with economic geology and geological 
surveying.

For elementary students the book thus presents 
within one pair of covers a remarkably complete survey 
of the subject, clearly written, and thoroughly well 
illustrated. It is, however, conventional, after the 
manner of older text-books. Had it been brought 
more authoritatively up-to-date, it could have been ■ 
warmly recommended to British students. As it is, 
and taking into consideration the high price, it is not 
likely to be widely adopted except in Australasia, where 
it should prove particularly useful as a general text
book.

The World in the Past: a Popular Account of What it 
was Like and What it Contained. By B. Webster 
Smith. (The Wayside and Woodland Series.) Pp. 
xii + 355 + m plates. (London and New York: 
Frederick Warne and Co., Ltd., 1926.) 10s. 6d. net.

This new volume of the “ Wayside and Woodland 
Series ” can scarcely be said to reach the usual standard 
of that admirable collection. It is extremely difficult 
to write a satisfactory popular account of geological 
history. The successful author of such a book must 
be an artist in prose, and he should wander at ease 
through his subject, presenting it in an attractive and 
persuasive form and in a friendly and authoritative 
way; above all he must not patronise the reader or 
indulge in ‘ journalistic bromides.’

Judged by the unwritten ideal, this attempt is not 
altogether a success. It has an old-fashioned flavour 
and is sprinkled with sentences that will offend the 
fastidious. As examples of the author’s style which 
justify this criticism we may quote a sentence on 
p. 100 : “ Silurian times, the Age of Lime, were not so 
extensive, perhaps, as their predecessor, the Age of 
Mud; nevertheless, a million years’ duration is the 
least that can be assigned to them ” ; and the descrip
tion of Stegosaurus on Pl. 66: “ The last word in 
Dinosaurion ugliness.” Although betraying super
ficial knowledge, the book is not faulty in its facts. It 
contains many vivid descriptions of ancient animals 
and landscapes and is generally light and interesting 
in style. Many of the illustrations are excellent, and 
have not appeared before in geological books. More 
maps should have been included, and a saving in cost 
might have been effected by omitting some of the 
colour printing.
Palceontology: Invertebrate. By Plenry Woods. (Cam

bridge Biological Series.) Sixth edition. Pp. vi 
+ 424. (Cambridge: At the University Press, 
1926.) ios. 6d. net.

It is a compliment to this useful and well-known book 
to find that after five years still another edition has 
been called for, despite the fact that during the life of 
the fifth edition it had to compete with rivals that had 
not previously entered the field. The book has now 
been revised, with special attention to the ammonites 
and corals, in connexion with which groups the author 
acknowledges assistance from Dr. L. F. Spath and 
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Dr. Stanley Smith respectively. Some new figures 
have also been added, and a useful feature is the guide 
to the literature of the subject. For more than thirty 
years this little book has been indispensable to the 
elementary student of invertebrate palaeontology, and 
it remains, as before, clear, concise, and authoritative.

Economic Geology.
Clay and what we Get from it. By Alfred B. Searle. 

Pp. 178. (London : The Sheldon Press ; New York 
and Toronto : The Macmillan Co., 1925.) 35-. 6d. net.

Except for a brief introductory account on the nature, 
mode of occurrence and origin of clays, and a closing 
chapter of quotations from prophets and poets, this 
book deals with the industrial applications of clay. 
It is, indeed, of special interest as showing to what a 
large extent clay figures as a thing of usefulness in 
human affairs. The author is full of knowledge of the 
subject, and in these interesting pages he has succeeded 
in conveying much of it, as well as some of his 
enthusiasm, to the reader. The book well deserves a 
place in the Popular Science series of the Sheldon Press.
Geological Survey, Scotland. The Economic Geology of 

the Ayrshire Coalfields. Area 1 : Kilbirnie, Dairy 
and Kilmaurs. By J. E. Richey, G. W. Wilson and 
E. M. Anderson; with Contributions by C. H. 
Dinham. Pp. vi + 91 + 2 plates. 2s 6d. net. Area 
2 : Kilmarnock Basin, including Stevenston, Kil
winning and Irvine. By E. M. Anderson; with 
Contributions by G. V. Wilson. Pp. vi + 107 + 2 
plates. 3s. net. Sheet 8 : Vertical Sections illus
trating the Ayrshire Coalfields, Areas 1 and 2. On 
the Scale of 40 ft. to 1 in. Arranged by E. M. 
Anderson and J. E. Richey. 2s. 6d. net. (Edin
burgh and London : H.M. Stationery Office ; South
ampton : Ordnance Survey Office, 1925.)

These two volumes may be looked upon as the con
tinuation of the series of memoirs on the coalfields of Scot
land, a commencement on which was made some time 
ago with the Central Coalfield. The present volumes 
cover the greater part of the Ayrshire Coalfield, which 
for the purpose of description is divided into two areas, 
Area No. 1 comprising the main portion of the coalfields 
of central and northern Ayrshire, whilst Area No. 2 
covers the southern portion of the coalfield, of which 
Kilmarnock may be looked upon as the centre.

The arrangement in both volumes is necessarily 
somewhat similar, commencing with an account of the 
general geological structure and then describing in 
detail each formation, beginning by the lowest known 
in the district. The coal seams are naturally described 
in much detail, but attention is also paid to the other 
minerals of economic importance, such as the ironstones, 
limestones, fireclay and other clays, building stones, 
sands, refractory materials, stones for road metal and 
other purposes. In the memoir upon Area No. 1 there 
is an appendix giving analyses of a number of these 
minerals of economic importance, and it is rather to be 
regretted that this excellent example has not been 
followed in the volume dealing with the second area.

It need scarcely be said that the work is admirably 
done, and that these two volumes contain a wealth of 
information which will be of the utmost value to the 
mines working in this important coalfield.

General Physics.
Marvels of Sound, Light and Electricity : an Introduction 

to some Physical Phenomena for Young Students. By 
Percival G. Bull. Pp. vii + 221. (London: George 
Routledge and Sons, Ltd., n.d.) 65. net.

This book, we are told in the preface, is not intended as 
a text-book, but is expected to fill the role of arousing 
such interest and enthusiasm as will induce the spare
time reader to proceed to a more detailed and system
atic study of physics. If the reader is not an absolute 
beginner in physics, we are of opinion that the author 
has probably succeeded admirably in his task. But we 
are afraid that the opening pages of the book make too 
great a demand upon the absolute beginner. Such a 
reader must of necessity find the references to radiation, 
the spectrum, longitudinal waves, and the like (although 
these are explained in greater detail later), rather too 
difficult; which would be a great pity in view of the 
general excellence of the book once these first pages are 
passed.

The author begins with an explanation of the pheno
mena of wave motion and their application -to sound. 
He then passes to the study of light and colour, and to 
the study of the invisible portion of the spectrum. The 
interpolation of a chapter on optical illusions is interest
ing and well done, but makes a break in the continuity 
of the theme. It is followed by a chapter on cathode 
and X-rays and radioactivity, after which the book is 
rounded off with a description of experiments with 
high-frequency electric currents and high-tension dis
charges. The style and production are both attractive, 
and we can confidently recommend a place for the book 
in all school libraries.

Elementary General Physical Science. By W. R. Jamie
son. Pp. 63 + 88 +147+ x +16 plates. (Melbourne: 
Brown, Prior and Co. Pty., Ltd., 1926.) 8s-. 6d. net.

We extend an unqualified welcome to this book. Pub
lished in Australia, it is the work of the senior chemistry 
master at the Scotch College, Melbourne. If it is to be 
taken as typical of the spirit that animates science 
teaching in the Commonwealth, then Australia has 
undoubtedly much to offer to British teachers of science 
in schools by way of example. If, on the other hand, 
it is not typical, then Mr. Jamieson is a pioneer worthy 
of every encouragement. He aims in effect at the 
broadening of the approach to the study of science. 
This is a plea which has found increasing expression at 
the various conferences of the Science Masters’ Associa
tion, and, so far as the physical sciences are concerned, 
the book under notice shows how well this can be done. 
Prof. Rivett, of the University of Melbourne, hints in a 
foreword at the advent of a companion volume on 
similar lines dealing with biological science, and we 
cordially hope this will speedily appear.

Want of space makes it impossible for us to go into 
details. We quote from the preface : “ Without sacri
ficing in any degree the exactness and accuracy which 
are an essential feature of true science, the author has 
sought to inculcate ideas and express the spirit of 
science. . . . Broad treatment rather than minute and 
detailed study has been aimed at.” Observing on the 
whole a historical sequence, the formal divisions of 
chemistry, physics, mechanics, and astronomy are all 
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linked up and blended in the most interesting fashion; 
and if the shackles of tradition and examination make 
it difficult for the book to be adopted in many schools 
at home, we can at least contend that no teacher of 
science will be the poorer in ideas for the outlay which 
purchase of the book involves. I. B. H.

Quantum Theory.
Atomicity and. Quanta: being the Rouse Ball Lecture 

delivered on May 1’1, 1925. By Dr. J. H. Jeans. 
Pp. 64. (Cambridge : At the University Press, 1926.) 
2s. 6d. net.

Those who have at any time listened to Dr. Jeans are 
well aware of his skill and charm as a lecturer; these 
qualities were amply sufficient to make a success of a 
lecture which is on paper a little disappointing. Un
fortunately, the necessities of a popular lecture on an 
abstruse subject inevitably lead to a certain super
ficiality, especially in dealing with its peculiar diffi
culties. For example, Dr. Jeans disposes in the usual 
way of the conflict between the quantum theory of 
radiation and the undulatory theory, by limiting the 
application of the two theories to different types of 
phenomena: the quantum theory applying to those 
arising from the interchange of energy between matter 
and radiation, and the undulatory theory to those 
connected with radiation travelling without interchange 
of energy with matter. When, however, he tries to 
bridge the gap, he does not adopt the almost mystical 
attitude towards this fundamental problem which 
many physicists have and may still feel obliged to 
maintain in spite of the advent of the new quantum 
mechanics, but resorts to arguments which seem 
unnecessarily crude. Lie emphasises the difficulty of 
obtaining reversibility in systems in which spherical 
waves play an important part, and suggests the in
troduction of ‘ advanced ’ as well as ‘ retarded ’ 
potentials in order to obtain it. The physical con
ception which this involves is, however, so difficult 
that it seems questionable whether any theory which 
requires it can ever be intellectually acceptable.

For those of Dr. Jeans’s audience with the awakened 
mind and some familiarity with the subject, the lecture 
was excellent, vivid, with sufficient emphasis and 
balance of structure to make it striking and easily 
remembered. It must have given such a listener a 
clear-cut and manageable picture of much modern work 
that he had found puzzling before, and there will no 
doubt be many readers of the same type to whom the 
reprint will be profitable and congenial reading.

The Quantum Theory of the Atom. By . George Birt
wistle. Pp. xi+236. (Cambridge: At the Univer
sity Press, 1926.) 15s. net.

The quantum theory in its applications to atomic 
physics has developed so rapidly, that a textbook, 
giving a fairly comprehensive and orderly account of 
the subject, has become an urgent necessity. Mr. 
Birtwistle has made a valiant, and on the whole a 
very successful, attempt to supply this need, and 
students of the subject will have cause to be grate
ful to him for his very clear exposition of it. 
The author has succeeded in compressing into his 
233 pages of text a surprisingly complete account of 

the subject from the earliest speculations of Planck 
and Bohr to the latest work of Sommerfeld, Kramers 
and Heisenberg.

The treatment is entirely mathematical, and no 
attempt is made to discuss- the physical and experi
mental basis of the subject. At the same time the 
author has, we imagine, had in mind the necessities 
of the student of pure physics, and very kindly and 
wisely has included chapters on those developments of 
classical mechanics—the Hamiltonian equations, the 
Hamilton-Jacobi equation, and Lagrangian methods—■ 
which, while they form the basis of much of the quantum' 
mechanics, are unfortunately not part of the equipment 
of the average student of physics. These chapters add 
very considerably to the value of the book.

The writer' of a textbook must adopt some kind of 
“ Principle of Selection,” and naturally some things are 
omitted which a reviewer might wish to have seen 
included. In particular Mr. Birtwistle passes over in, 
possibly discreet, silence the views of the ultra-modern 
school in which the quantum is handled as if it were a 
material particle; and, perhaps more seriously, the 
chapters on X-rays and y-rays are somewhat inade
quately treated. The author has, however, given us 
so much that is excellent that it would be unjust to 
complain because he has not included still more. We 
hope that the rapid exhaustion of this first edition will 
enable the author to keep the book as thoroughly 
abreast of the subject as it is at present.

Radio Communication.
Broadcast Reception in Theory and Practice. By 

J. Laurence Pritchard. Pp. xi + 259. (London: 
Chapman and Hall, Ltd., 1926.) 8s. 6d. net.

During the last two or three years amateurs who are 
enthusiastic about radio communication have at-' 
tempted, in some cases successfully, to increase their 
knowledge by, reading standard books on the subject. 
Probably they began by constructing a radio set from 
given instructions. Wanting to learn the theory, 
many found that the ordinary books made too great 
a demand on their knowledge of the principles of 
electricity. This book has been written for their use. 
Formulae are given but not proved. Confidence in 
them, however, is obtained by following out the work
ing of numerical examples. The experimenter is then 
told how to construct his own coils, condensers and 
resistances, emphasis being laid on important practical 
details.

A useful chapter is given on how to detect and 
remedy faults in a receiving set. It is pointed out 
that the most probable seat of the trouble is the high- 
tension battery. This is indicated when the signal 
strength becomes weak, accompanied by crackling 
noises similar to atmospherics but more persistent. 
This is generally due to the H.T. battery becoming- 
exhausted and internal disintegration being set up. 
The zinc. containers of the cells get eaten through, 
soldered intercell connexions- become affected, and gas 
is evolved which makes its way through the pitch or 
other filling used. The cells quickly polarise and the 
voltage falls. If a high-resistance voltmeter be avail
able this fault is readily discovered. But if not, it is 
necessary to substitute a new battery for the suspected 
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battery to find out if it is at fault. External connecting 
wires are sometimes broken inside their insulated 
coverings. Search should be made for this fault. 
Telephones occasionally give trouble. Every pair of 
telephones should give a healthy click on being con
nected to a battery composed of a penny and a shilling 
separated by a piece of wet tissue-paper. If they are 
defective they should be sent to the makers for repair. 
Trouble is sometimes experienced by valve legs of 
the split type failing to make good contact. The 
remedy is simply to open the slits slightly by the aid 
of a knife.

Loud Speakers, their Construction, Performance and 
Maintenance: a Practical Handbook for Wireless 
Manufacturers and Traders and for all Wireless 
Amateurs; containing Notes on the Selection of a 
Loud Speaker and on the Detection and Remedying of 
Faults. By C. M. R. Balbi. Pp. xv + 96. (London : 
Sir Isaac Pitman and Sons, Ltd., 1926.) 3s. 6d. net.

The science of sound reproduction by means of a loud 
speaker is one of ever-growing interest and importance. 
This little book gives a brief but fairly complete resume 
of the subject. The various forms of loud speaker can 
be classified under three main heads. The first class 
may be called electro-magnetic. In this class are the 
well-known Amplion, Brown, Western Electric and 
Lumiere loud speakers. In the second class are those 
which utilise the phenomena of friction or of the 
electrostatic attractions produced at the face of semi
conductors. The Frenophone is an example of the 
former and the Johnsen Rahbek of the latter. In the 
third class are included many which depend on curious 
physical phenomena. In this class are the arc loud 
speaker invented by Duddell, the air-blast, the jet of 
water, the piezo electric, the crystal, the hot wire, the 
thermophone and the condenser loud speakers. The 
mere enumeration shows the variety of physical 
principles employed all leading when applied to very 
similar results.

A good description is given of the Western Electric 
public address system. It is now possible for a public 
speaker to address a million people at once, and the 
speaker’s voice can be plainly heard at a distance of 
1000 feet. The electric power required for these 
installations is about two kilowatts. _ With very large 
assemblies it has been found necessary to provide 
observing stations at various points in the audience. 
The observers stationed at these points communicate 
with the operator by portable telephone sets. A 
chapter of advice to those intending to purchase loud 
speakers concludes the volume. So many variables, 
such as the power and distance of the broadcasting 
station, have to be taken into consideration that it is 
only possible to give vague advice. Notes on various 
types of commercial loud speakers are given, but they 
would have been more useful if less praise and more 
criticism had been given.

The Radio Press Year Book 1Q26 : the Wireless Book of 
Reference. Edited by John Scott-Taggart and Percy 
W. Harris. Pp. 169. (London : Radio Press, Ltd., 
1926.) is. 6d.

Much interesting information is given in this little book 
which will be of value to those desirous of improving 

their radio - receiving sets. Short sections are con
tributed by well-known radio engineers. P. W. Harris, 
for example, compares American and English radio 
conditions.

As a matter of history, the first daily broadcasting of 
a programme was made from the well-known K D K A 
station at East Pittsburgh. In Great Britain Mr. 
Godfrey Isaacs and the Marconi Company broadcast 
concerts from Marconi House before the B.B.C. was 
formed.

In the early days, the Americans were greatly 
troubled by what they called ‘ squealing ’ receivers. 
To-day, thanks mainly to neutralised high-frequency 
couplings, the receivers sold in the United States are 
strictly non-radiating, and it is possible to listen to 
distant stations, even from the most crowded districts 
in New York and Chicago, without hearing the faintest 
trace of an oscillation. The U.S. Government allots 
definite wave-lengths to the broadcasters and makes 
them adhere to them very closely. One regulation which 
sounds curious to British readers is the prohibition of 
what is called ‘ canned music,’ that is, the music made 
by gramophone records and player pianos. A useful 
regulation by the U.S. Government which might be 
copied with advantage in Europe is that a certified 
operator is on watch during broadcasting hours, so that 
in the event of an S.O.S. signal being heard, the broad
casting transmission may be stopped. The section on 
how to select a valve is a useful one. Although many 
purchase dull-emitter and bright-emitter valves and 
talk glibly about them, yet few have any accurate 
knowledge of their main characteristics. Lists are 
given of practically all the valves on the market, and 
the values of their filament ratings, voltages, internal 
impedances, and amplification ratios are all given.

Many characteristic diagrams are given to illustrate 
their working. The list of amateur call signs flow 
occupies 30 pages, and there is a long list of radio 
societies.

The Motor Car and its Engine.
The Book of the Light Car. By E. T. Brown. Pp. 

vii+155 +12 plates. (London : Chapman and Hall, 
Ltd., 1926.) ys. 6d. net.

The modern light car has been so far perfected and 
the motor industry so well organised that it is possible 
and common for persons completely innocent of 
mechanical knowledge to motor with satisfaction and 
safety. Many readers of Nature even may fall 
within this class and will, nevertheless, feel curious 
about the construction, and working of what is so 
easily controlled from the driving-seat. For such, Mr. 
Brown has written clearly in a book well paragraphed 
and indexed, so that answers to most of the inevitable 
questions can be turned up in a moment. Here and 
there the fastidious may be tempted to query the 
scientific precision of statement or the literary elegance 
of motoring jargon, but such will probably be in the 
minority. Again, in places mention is made of certain 
important parts such as the ‘ accelerator ’ and ‘ throttle,’ 
without any explanation of their construction and 
mode of operation, but such omissions do not seem 
numerous, and the book may be commended to those 
for whom it is intended. H. J. H.
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The Economics of Carburetting and Manifolding: 
Vaporising and Distributing Liquid Fuel in a Motor 
Car Engine. By Robert W. A. Brewer. Pp. 
vii + 176. (London: Crosby Lockwood and Son. 
1926.) 125. 6d. net.

This book deals with a problem which is of interest 
to both motor spirit producers and motor engineers. 
The great increase in the requirements of fuel for 
internal combustion engines during the past decade 
has necessitated the production of the maximum 
quantity of motor spirit from a given quantity of 
crude material. One method by which this is being 
effected is by raising the upper limit of the distillation 
range of the motor spirit fraction. The high boiling 
constituents, which are thereby included, have rendered 
it more difficult to vaporise the fuel completely. The 
author professes to deal with the problem of using 
such fuels in motor car engines satisfactorily and 
economically under all conditions of operation, and 
the book supplements the author’s book on “ Carbura- 
tion,” where fuels, principally of the more volatile 
nature, are examined.

The problem is attacked chiefly from the point of 
view of the design of the induction system (inlet 
manifold), and various interesting reports and papers 
which have been issued by the Bureau of Mines in the 
United States, Society of Automotive Engineers, and 
others are summarised. A brief account of the author’s 
work on the design of inlet manifolds and descrip
tions of other systems are also given, and a chapter is 
devoted to the problem of the dilution of the crank 
case oil.

The book would' appear to be primarily intended for 
motor engineers. In attempting to make clear to the 
technical reader the scientific principles involved in 
vaporising and distributing liquid fuels in motor car 
engines, the author has been led to use terms which 
are vague and undefined. The various units used are 
also somewhat confusing. The book, however, is 
useful in bringing to the notice of motor users and 
designers the problem of the efficient utilisation of 
the high boiling motor spirits which are now on the 
market.

Miscellaneous.
Recent Advances in Physical and Inorganic Chemistry. 

By Prof. Alfred W. Stewart. Fifth edition. Pp. 
xi + 312 + 6 plates. (London: Longmans, Green and 
Co., Ltd., 1926.) 185. net.

Prof. Stewart’s excellent and useful book is too well 
known to make any lengthy notice of it necessary. 
The present edition has all the good qualities of its 
predecessors, and keeps the student always stationed 
at the growing point of physical chemical knowledge. 
Only five chapters have survived from the 1920 edition, 
and a dozen new chapters have been written for this 
edition, dealing with hafnium, the isobares, the results 
of mass-spectrography, the segregation of isotopes, 
atomic structure, active hydrogen, new hydrides, in
tensive drying, and Tesla-luminescence spectra. On 
the whole, the discussion, of these various topics has 
been very well done, and the general student of chemistry 
is fortunate in having within comparatively small com-
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pass all that he requires in order to understand the 
present position of knowledge in the respective 
fields.

Palgrave’s Dictionary of Political Economy. Edited 
by Henry Higgs. Vol. 3 : N-Z. Pp. xxiii + 849. 
(London : Macmillan and Co., Ltd., 1926.) 365. net.

.The editor and the publishers are to be congratulated 
on the completion, by the appearance of the third and 
last volume, of the new edition of Palgrave’s standard 
work. Sixteen years have elapsed since the publication 
of the first edition; the present edition may be ex
pected to serve the needs of students of economics for 
as long a period.

The third volume reaches the high standard of 
excellence to which the first two attained ; like those, 
it reprints the articles as they stood in the original 
edition and supplements them by others either entirely 
new or in continuation of old themes. Thus the 
account of the National Debt is brought down to the 
year 1923 ; and problems of recent growth and im
portance are given ample and authoritative considera
tion. Social legislation in all its branches is brought 
up-to-date; there is a very useful statement on the 
Tariff Reform movement ; the article on Socialism is 
full and instructive; and it is a sign of the times that 
the appendix contains an article on “ The Need of 
Trained Inquirers into Social Conditions.”

An outstanding feature of the volume is its provision 
of adequate biographies of both British and foreign 
economists, and not the least useful portion of these is 
the bibliography attached to each. Indeed, the book
lists throughout the work, like the detailed index at 
the end, will be found of exceeding great value.

Tin and the Tin Industry: the Metal History, Character 
and Application. By A. H. Mundey. (Pitman’s 
Common Commodities and Industries Series.) Pp. 
xiii +130. (London : Sir Isaac Pitman and Sons, 
Ltd.; n.d.) 35. net.

The author of this book has succeeded in setting out, 
in inexpensive and handy form, a concise account of the 
numerous industrial applications of tin and its alloys. 
Very little is said about the mineralogy, geology and 
mining of tin ores, and smelting is referred to very 
briefly. The book is well illustrated, and should prove 
helpful to those interested in the commercial aspects 
of this very useful metal.

The States of Aggregation: the Changes in the State of 
Matter in their Dependence upon Pressure and Tem
perature. By Gustav Tammann. Authorised Trans
lation from the second German edition by Dr. Robert 
Franklin Mehl. Pp. xi + 297. (London, Bombay 
and Sydney : Constable and Co., Ltd., 1926.) 245. 
net.

Students and others interested in the heterogeneous 
equilibria of one-component systems will welcome this 
translation of Tammann’s excellent work “ Aggregatzu- 
stande,” a notice of which appeared in these columns. 
It suffices to say that Dr. Mehl has produced an accurate 
and smoothly reading translation, and has jfeaUy 
made the Work available to an extended ^fcle^bk 
readers. S' <ei

______________________
R. Clark, Limited, Edinburgh. V
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