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THE publication of volumes iv. and v. of Lord 
Kelvin’s “Mathematical and Physical Papers," 

bringing as it does the collection of these memoirs 
nearly to an end, is important both to the student 
of mathematical physics and to the scientific his
torian. It gives the former access to papers of 
great value scattered through the Transactions and 
Proceedings of learned societies, or imbedded in the 
more easily obtainable but also more unexpected 
pages of the journals of pure and technical science. 
The latter will seize the opportunity to compare the 
utterances of the master during the last decade or 
two of the nineteenth century and the first seven 
years of the twentieth, with the last developments 
of the related theories of electrical action and the 
ultimate constitution of matter. To those who have 
come to these developments from the point of view 
of the Maxwellian electromagnetic theory of light, 
and find in atomic facts and hypotheses a supplement 
and to some extent a basis for the undulatory propa
gation of electric and magnetic action in a non
conducting and uniform medium, some of these utter
ances will occasion much thought, if they arc not, 
indeed, a source of a good deal of perplexity.

Consider, for example, the Appendix A of the 
" Baltimore Lectures,” and its continuation in volume 
iv. of the “ Papers." One statement is enough to 
cite: " Stress in ether, being thus freed from the 
impossible task of transmitting both electrostatic and 
magnetic force, is (we may well imagine) quite com
petent to perform the simple duty of transmitting 
magnetic force alone." (The italics are in the 
original.) The Maxwellian electrician has the notion 
ingrained in his mind that, when magnetic force is 
propagated in the medium, electric force is propa
gated also as a necessary concomitant, and vice versa, 
and therefore supposes that whatever machinery is 
effective for the one must be equally concerned with 
the other. Moreover, as Lord Kelvin states in a note 
to the first article of this appendix, the “ so-called 
‘ electromagnetic theory of light ’" is to be grafted 
on to the clastic solid theory of the aether. It is, how
ever, to be remembered that Maxwell came to his 
theory by way of Faraday’s experimental researches 
and Lord Kelvin’s mathematical interpretations, and 
it may be that these utterances, dark as they may 
appear to some of us, will in time to come throw light 
on some of the still unsettled questions of electricity.
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The student of these papers has a difficult task; but it 
is one which, if it be not thrown up in despair, will 
stimulate his power of independent criticism of phy
sical doctrine.

The arrangement of the papers is both chrono
logical and according to subjects. Hence volume 
iv., which is mainly devoted to hydrodynamics, goes 
back to the vortex-motion papers of 1867 and 1869. 
The first of these contains the famous suggestion 
that the vortex-rings of Helmholtz are the only true 
atoms. Their non-creatibility in a perfect fluid does 
not seem to be regarded as a difficulty, but rather 
as a recommendation—a creative power above nature 
brings them into existence, and once they are in 
existence, their indestructibility by natural agency is 
assured.

It is rather remarkable that Helmholtz’s great 
paper of 1858, on the integration of the hydrodynamic 
equations of vortex motion, should not have attracted 
the active attention of physical mathematicians in 
this country at an earlier date than 1867. In that 
year Tait published his translation of the memoir, 
and made experiments on vortex-rings rendered 
visible by smoke in his class-room. It was seeing 
and, so to speak, handling these rings that sug
gested Kelvin’s conception of the vortex-atom 
constitution of matter, and, with Tait’s account of 
Helmholtz’s investigations, led to the paper on vortex
motion in the Edinburgh Transactions for 1869, which 
will ever rank as one of the great classical memoirs 
of hydrodynamics. In this Kelvin’s point of view 
and method are curiously different from those of 
Helmholtz. The results of the latter are derived in 
the most approved classical manner from the equa
tions of motion of a perfect fluid, unsimplified by the 
hypothesis of a velocity-potential. It is straight
forward mathematical discussion; but the march is 
that of a clear-eyed intellectual giant, and the stages 
reached are duly chronicled and described in language 
which shows how completely the author understood 
the physical meaning of his mathematical results.

Kelvin, on the other hand, starts from the physical 
conceptions of linear and angular momentum, and 
from these ideas, and the impulses required to pro
duce the momenta, the whole subject is developed. 
The physical meaning of the expressions £ = 
^dw/dy — dv/dz)........... namely that, multiplied by the 
moment of inertia about diameters parallel to the 
axes of coordinates, they are the component an
gular momentum of an infinitesimal sphere of the 
fluid with its centre at the point x, y, z, had been given 
bv Stokes in 1845, and thus the existence of a velocity 
potential the criterion for which is the vanishing 
of £, 1, C had been shown to affirm the non-existence 
of angular momentum in the fluid to which the cri
terion applied. This physical interpretation is referred 
to and used by Kelvin, and in a sense is the keynote 
of his discussion of the subject.

Perhaps the most important of all the results in 
the memoir is the theorem of Thomson regarding 
“circulation"—that is, the line integral, along a 
specified curve or line of the fluid, of the compo-
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nent of flow along the curve at each element. If 
the path be not closed the time-rate of growth of 
the flow along any specified path which moves with 
the fluid is obtained by subtracting the value of the 
excess of the kinetic energy per unit mass of the fluid, 
supposed incompressible and under no applied force, 
above the pressure at the initial end of the curve of 
integration, from the value at the terminal end. This 
theorem, in its modification for a compressible fluid 
in which the pressure is a function of the density, 
and which is situated in a field of applied force, has 
been truly said to comprehend the whole of the 
dynamics of a perfect fluid.

For the vortex-motion application the use is imme
diate. If the curve be closed the time-rate of growth 
of circulation for the moving circuit is zero; but the 
integral which is thus shown to remain constant is 
half the surface integral of the component of £. q, C, 
along the normal to each element of a surface of 
which the curve is the bounding edge. Hence as the 
fluid moves this surface-integral remains constant, and 
if once zero is always zero.

Thus the Kelvin theorem obtains the result for a 
finite mass of the fluid that is obtained in another 
way by Helmholtz, and it gives the subject a phy
sical significance at once clear and convincing. The 
theorem may, however, be made to give at once many 
well-known results in ordinary fluid motion, which 
are usually obtained by other methods.

Almost every paper in volume iv. is of a kind 
to arrest and hold the attention. The papers 
entitled hydrokinetic solutions are particularly in
teresting, both on account of their contents and from 
the fact that they are an excellent example of the 
best manner of the author, the manner of which the 
pupils of his higher mathematical class had the most 
frequent experience. It is probable, however, that 
the letter to Tait on the influence of wind on waves 
in water supposed frictionless, and on ripples, was 
written off as soon as some observations of the kind 
described in the letter had been made, probably in 
the yacht Laila Rookh, and had been interpreted by 
the analysis written down immediately, and therefore 
in more or less impromptu manner. Scott Russell 
(though Lord Kelvin was not aware of the fact when 
he wrote) had noticed, nearly thirty years before, 
that surface tension must play the most important 
part in the propagation of the very short waves often 
seen on a smooth sheet of water; but this short paper 
proved that as the wave-length diminishes from a 
great to a very small value, the speed of propagation 
diminishes to a minimum for a certain wave-length, 
and then continually increases. This wave-length 
Lord Kelvin took as that of separation between ripples 
and ordinary waves.

Anyone can study the matter experimentally from 
a boat drifting steadily forward in smooth water at a 
speed of about half a mile per hour, while the wave 
system is generated by a fishing line stretched by a 
weight hanging in the water. How many physicists 
have done this and taken photographs of the wave 
patterns ("ripples in front and waves of the same 
velocity behind") with the excellent lenses and 

cameras which are carried about on every holiday 
excursion ?

The paper on an alleged error in Laplace’s theory 
of the tides the present writer well remembers was 
dictated in some little excitement by Lord Kelvin 
just after he had read Ferrel’s observations on 
Laplace’s process in the United States Coast Survey 
Report for 1874, in which certain objections taken 
by Airy in his article on tides and waves in the 
Encyclopedia Metropolitana were quoted and ap
proved. The point was a curious one, as to whether 
a certain coefficient K4 was or was not indeterminate 
so far as the solution of the differential equation for 
certain tides was concerned. It is now generally 
admitted that the constant was not indeterminate, and 
is correctly determined by Laplace’s "exquisitely 
subtle method."

Perhaps a note might have been added, in connec
tion with the short paper in volume iv. on the pre- 
cessional motion of a liquid, on the two liquid 
gyrostats which Lord Kelvin was so fond of show
ing to visitors. In each water is enclosed within 
a spheroidal shell, but in one the shell is oblate, in 
the other prolate, with about 5 per cent, deviation 
from sphericity in each case, and the shell rotates 
about the axis of figure. The motion of the liquid 
is stable in the first case, and the gyrostat takes 
precessional motion like an ordinary gyrostat, while 
in the other the motion is unstable. The first result 
showed that the precessional motion of the earth does 
not furnish a valid argument for the earth’s rigidity. 
The remarkable result has been established that the 
motion of a liquid in a prolate case is stable if the 
degree of prolateness be so great that the axial length 
of the hollow filled by the water is more than three 
times the diameter. As Greenhill has pointed out, this 
fact is important in fixing the shape and size of the 
gas-bags for a dirigible balloon.

The most remarkable series of papers in the two 
volumes are, however, those on waves in water. Here 
the exponential solutions given by Fourier for the 
linear conduction of heat are modified and applied to 
the long chain of abstruse problems dealt with. The 
discussion of the front and rear of a free procession of 
waves, and the papers on the initiation and growth of 
a train of waves, sheds much light on difficult ques
tions regarding groups of waves, and the manner in 
which they arise and are propagated from a given form. 
In the hands of Mr. Green and others it is possible that 
the analysis may have important applications in the 
wave theory of light, in connection with Lord Ray
leigh’s theory of the origin of the periodicity of light 
which has passed prisms and gratings and other 
optical instruments. A detailed account of these 
papers is a fit task for the specialist in hydro
dynamics : that they should have been written by 
Lord Kelvin during the last ten years of his life is 
not the least wonderful thing about them. To those 
who came in contact with him, it appeared that he 
worked more slowly, but not less surely : the impetu
osity of his genius was abated, not its natural force.

Of the papers in volume v. we have said nothing, 
and our space is exhausted. As a rule they are



shorter, and in some cases of a slighter character; for 
example, the excerpts from the technical journals on 
various questions of electrical practice; but the reader 
who wishes to follow Lord Kelvin in his more abstract 
speculations will find plenty of occupation in this 
volume also. There are his papers on molecular and 
crystalline theory, which are heroic attempts to find 
mechanical explanations of such things as the pyro
electricity and piezoelectricity of crystals, and the 
known chemical and physical properties of gases, 
liquids, and solid crystalline substances.

That one man should have attacked with so much 
success so many subjects of transcendent difficulty is 
a great marvel. But our wonder is mingled with 
regret that his mind should have been distracted so 
much as it was from the great themes with which it 
was pre-eminently fitted to deal. The turning from 
one thing to another probably, however, did not result 
in so much dissipation of its energy as might be 
supposed. He obtained mental refreshment by 
change of the objects of thought, and often when he 
returned to the consideration of difficulties obtained 
their solution with unexpected facility.

The work of editing has been excellently performed 
by Sir Joseph Larmor. He has appended notes here 
and there, but with a reverent frugality, and in their 
substance they are short and to the point.

A. G.

THE NUCLEI OF THE PROTISTA.
Die Konstitution der Protistenkerne, and Hire Bedeut- 

ung fiir die Zellenlehre. By Prof. Max Hartmann. 
Pp. v + 54. (Jena: Gustav Fischer, 1911.) Price 
1.60 marks.

HIS paper is an extended version of a lecture 
delivered by Dr. Hartmann at the International

Zoological Congress in 1910. It is an attempt to 
obtain a simple interpretation of the many complex 
nuclear conditions recorded in the Protista.

By “constitution” Dr. Hartmann means “morpho
genetic constitution,” and it appears from his paper 
that " Protista ” means—as is so usual—chiefly the 
Protozoa.

Dr. Hartmann’s views are not easily given or criti
cised in a short space, for they contain much that is 
purely hypothetical and highly controvertible. He 
insists, in the first place, upon the universal occurrence 
of a centriole in all protists—a contention that is not 
likely to find universal acceptance. The cyclical 
changes (centrifugal and centripetal streaming) under
gone by this body are also insisted upon.

Nuclei are classified as "monoenergid” and “ poly
energid"—“energid " being used in a sense different 
from that of its inventor, Sachs. Monoenergid or 
univalent nuclei (e.g. in Umax amoeba:) consist of 
two components—idio-generative (chromosomes) and 
locomotor-generative (centrioles, polar caps, &c.). The 
power of polar division is an important attribute of 
the locomotor component. Polyenergid nuclei (e.g. 
those of Radiolaria) are those which are really not 
simple, but multivalent, containing many individual

ised univalent nuclei inside them. These are tne 
"chromosomes” (e.g. in Aulacantha), which are really 
not chromosomes but nuclei.

Mitosis in the Protozoa is accordingly univalent or 
multivalent, according as the nucleus is monoenergid 
or polyenergid. From which it follows that the nuclei 
and their mitoses are not homologous throughout the 
Protista. There is no true amitosis in any protest— 
the process now so called being designated “ pro
mitosis."

We are glad to see that Dr. Hartmann now rejects 
the “ box within box ” trophokinetic binuclearity 
hypothesis which he formerly advocated so strongly, 
and now regards binuclearity—formerly of universal 
occurrence—as exceptional in the Protista. “ Genera
tive chromidia" he regards as monoenergid nuclei 
which have escaped from a polyenergid nucleus. The 
formation of new nuclei from chromidia is therefore 
“ explained ”—the nuclei are really there all the time, 
but at last become visible. There are also numerous 
other curious interpretations of protozoan nuclei result
ing from Dr. Hartmann’s hypothetical considerations. 
Thus, the mitotic figure of Acanthocystis is really not 
an ordinary mitotic figure, but a composite figure com
posed of two nuclei which simulate one. It may be 
noted, however, that the interpretation of mono
energid nuclei as consisting of two components is, in 
reality, merely a variant of Dr. Hartmann’s former 
binuclearity hypothesis, become more complex by the 
introduction of polyenergid nuclei.

The relation of protozoan nuclei to metazoan nuclei 
and the constitution of the latter, is only briefly and 
hesitatingly considered. Dr. Hartmann thinks that 
all the chromosomes of a univalent protozoan nucleus 
are homologous with only one chromosome in a meta
zoan nucleus. Chromosomes in the former correspond 
with chromioles in the latter. Metazoan nuclei are, 
for the most part, polyenergid—the chromosomes 
being nuclei (or cnergids in Hartmann’s sense); 
“ Only the simple monoenergid atypical amoeba: and 
similar forms can be considered as elementary 
organisms in the sense of the cell theory.” The 
union of the ovum and spermatozoon in Metazoa is 
not homologous with the conjugation of two proto
zoan gametes: for the latter are monoenergid, the 
former polyenergid.

Dr. Hartmann’s ideas are discussed at some length 
in numerous special cases in the Protozoa, with the 
aid of figures copied from other works. There are 
several misprints in the text, and I may point out 
that “ Herr Newin ” referred to on page 18 is my 
friend and former pupil Mr. K. R. Lewin. His con
clusions are at present indefinite, and do not warrant 
what Dr. Hartmann says of them.

Whether Dr. Hartmann’s speculations will turn out 
to be well-founded or not, future work will determine. 
For our own part, we by no means agree with all his 
interpretations. But they will, no doubt, give rise to 
further discussion and analysis of a difficult problem, 
and thereby perhaps lead eventually to a better under
standing of the nuclei of the Protista.

C. Clifford Dobell.



CYCLONES AND SUGAR-CANES.
The Sugar Industry of Mauritius: a Study in Correla

tion. Including a Scheme of Insurance of the 
Cane Crop against damage caused by Cyclones. 
By A. Walter. Pp. xvi + 228. (London: A. L. 
Humphreys, 1910.) Price 12s. 6d. net.

\ /fAURITIUS, situated just within the tropics and 
.VJ. on an edge of the southern anticyclonic system, 
is in certain circumstances visited by tropical cyclones. 
Occasionally great damage to the growing sugar 
crops is done by such visitations, and though ex
tremely violent storms are exceptional, yet the fact 
that they may and do occur makes the cyclone season 
one of dread and anxiety in the island. In the year 
1892, for example, about one-half of the total crop 
was destroyed, to say nothing of damage to build
ings, and other losses. True, this storm was one of 
quite unusual severity; but fear of a similar calamity 
tends, nevertheless, to have a paralysing effect upon 
the sugar industry. “ Behind every attempt at im
provements and every fresh outlay of capital, hovers 
the spectre of the 1892 disaster."

In these circumstances the question of insurance 
becomes one of primary importance. With a view to 
obtaining some rational basis for proposals of insur
ance the investigation described in the volume before 
us was undertaken : it is an attempt to determine 
quantitatively the relative effects of rainfall, tempera
ture, and cyclonic wind-velocity upon the amount of 
the sugar-crop.

Obviously the problem is a complicated one. The 
author attacks it by a study of the climatic statistics 
for a number of years, in correlation with the crop 
harvested in each of those years. By successive 
approximations, after allowing for exceptional in
fluences, it has been found possible to evaluate the 
effects of the several climatic factors upon the crop.

Taking first the question of rain, the changes in 
the amount of crop were found to follow in a general 
sense those of the rainfall, but the ratio crop/rainfall 
varied considerably from year to year. There is, 
however, not merely the total quantity of rain to be 
considered; the number of rainy days was soon seen to 
be as important as the total rainfall. From an agricul
tural point of view a month in which five inches of 
rainfall was distributed over twenty days would be a 
wetter month than if the whole had fallen in one 
day. Hence in order to obtain the combined effect of 
quantity and chronological distribution, the idea of 
“degree of wetness" for each month was introduced 
by means of the expression R.t'/t, where R is the 
total rainfall for the month, t the number of days, 
and t1 the number of rainy days. But further, in 
excessive falls a part of the rain is non-effective, and 
it was necessary to eliminate this portion, partially 
at least. The method adopted depended upon the 
consideration that if it were possible to determine the 
depth of soil to which a given fall penetrated, the 
amount which passed beyond the limit of the cane 
roots might be rejected. Increase of temperature in 
the soil at certain depths was taken as a guide to 
the points beyond which the fall penetrated.

The effect of high wind velocity on the cane is 
regarded as falling under one or all of the following 
heads :—(a) Tearing of the leaves; (b) bending of the 
stem about its weakest part; and (c) loosening and 
rupture of the roots. The magnitude of the effect (a) 
depends upon the pressure P of the wind, the duration 
h of the high velocity, and the epoch t in the plant’s 
growth at which it occurs, since the riper the cane 
the greater the damage; effects (b) and (c) depend 
also on the amount of change 0 in the direction of 
the wind, the greatest damage being caused when 
the cane is bent in directions differing by 1800. 
Whence the total effect on the crop is deduced to be 
expressible by the formula «P2/i(2 + sin J9) sin Jt. 
The value of the constant k is obtained from the crop 
results given in three cyclone years, after eliminating 
the rainfall and temperature effects. This formula 
is suggested as a basis for determining the loss due 
to a cyclone, the values of P, h, and 0 being taken 
from the official observatory records. The practical 
application for purposes of insurance is explained in 
detail.

The work is an ingenious and interesting statistical 
study which may prove to have practical value. A 
prediction of the crop yield for 1908, based on the 
methods explained, turned out to be correct within 
3 per cent. There seems no reason why, if circum
stances demanded it, the methods should not be 
applicable to other crops than sugar.

C. S.

IRRIGATION ON THE INDUS.
Punjab Rivers and Works. By E. S. Bellasis. Pp. 

vii + 65+47 figs. (Allahabad: printed at the Pioneer 
Press, 1911.)

HE author presents this work as a treatise setting 
forth the general rules and principles on which

the inundation canals and flood embankments of the 
Punjab are designed and maintained, since no such 
work has hitherto existed. This we may take as 
equivalent to saying that the regulations and practice 
of the Punjab Irrigation Service have not yet been 
systematised and brought into book form, since the 
present volume deals with this aspect of the subject, 
and does not, unfortunately, cover the wider field of 
the hydrography of the Indus in its bearing on the 
utilisation of its water.

While the first chapter deals very briefly with the 
rivers of the Punjab and their physical characteristics, 
the next three discuss in considerable detail the inunda
tion or flood canals, the flood embankments, and the 
river-training works; the last chapter and seven appen
dices deal with the ordinary procedure, and give 
certain regulations, orders, and specifications as issued 
for the work of the Service. The information relating 
to canals deals with their maintenance, silt deposit, 
erosion, their section, alignment, and the various 
modifications which have to be adopted in dealing with 
the water of a river which has a high seasonal flood 
and carries a heavy silt load. These characteristics 
also necessitate flood embankments to control the



river Hood and protect certain areas in time of the 
inundation; while no less important are the river
training works to restrict the erosive action of the 
river on its banks at points where it may damage 
existing distributing works and towns or villages.

The information so brought together should be of 
much interest to irrigation engineers, and would have 
been valuable to a wider circle if fuller material had 
been provided for those not personally conversant with 
the Punjab. The case of the gradual destruction of 
the town of Dera Ghazi Khan on the west bank of the 
Indus by the gradual erosion of its right bank fur
nishes an interesting case of river action by the annual 
flood, and is illustrated by a series of ten plans showing 
the disposition of the river at this point from 1882 to 
the present time.

Elsewhere general statements and descriptions are 
in the majority, and we should have welcomed more 
quantitative treatment of some of the interesting points 
which are raised. The regimen of a part of a river 
cannot be properly understood without some knowledge 
of the whole, and the lack of this is especially apparent 
in the first chapter, where a general map of the basin, 
some information regarding its size, form, relief, 
structure, &c., would have given a valuable setting to 
the study of the utilisation of its water which follows. 
The subjects of rainfall and discharge are dealt with 
in two brief paragraphs, while we look in vain for 
maps showing the distribution of the rainfall or dia
grams explaining the variations of discharge at 
different points and at different seasons. A number of 
plans and diagrams illustrate the report, but in only 
one case is the scale of the former indicated on it, 
though in some other cases it can be found from the 
text. References to other works on the Indus would 
have been a useful addition. H. G. L.

ELEMENT AR V STATISTICS.
4ti Introduction to the Theory of Statistics. By G. 

Udny Yule. Pp. xiii + 376. (London: C. Griffin 
and Co., Ltd., 1911.) Price tos. 6d. net.

F all the works a man may set himself to write, 
the most difficult must surely be an elementary

text-book on statistics. The writer of a text-book on 
almost any scientific subject has to face the difficulties 
resulting from a recent rapid development of the 
science of which he is writing, but in statistics he 
has the further difficulty that many practical methods 
have been reached by mathematical analysis that is 
unsuitable for an elementary text-book. Nor is this 
all, for the subject appeals to so many diverse interests 
that points simple or useful to one student are merely 
troublesome or inconsequent to another.

Mr. Yule has made an attempt to explain some of 
the methods used in practice, without demanding 
much mathematical knowledge of his readers. This 
course explains the advantages as well as the limita
tions of his work, for it has enabled him on one 
hand to display his natural facility of explanation, 
and, on the other, it has debarred him from giving 
more than a sketch of some of the most important 
parts of the subject; it has even led him to avoid 
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giving certain formulae and methods that are of 
almost everyday use.

The book is divided into three parts, the first of 
which deals with the theory of attributes. We confess 
that this type of statistical work does not greatly 
appeal to us, for while good may’ be done with these 
methods by a statistician of Mr. Yule’s ability, we are 
doubtful if the notation and formulae he gives are of 
real help to a student. To most minds statistical 
errors in reasoning, for instance, are best explained 
arithmetically, and many of Mr. Yule’s examples in 
part i. will help his readers more than his algebra or 
letterpress. The second part deals with the theory of 
variables, ‘‘ideal frequency distributions,” averages, 
standard deviations, and correlation coefficients. 
There is a chapter on partial correlation which should 
be helpful to many readers, but we wish room had 
also been found for an account of some of the most 
recently discovered methods of calculating correlation 
coefficients. The last part of the book deals with, the 
theory of sampling, and is mainly concerned with 
probable errors.

Possibly because of the mathematical work in
volved, Mr. Yule does not deal with the fitting of 
curves to statistical data, but a student who has 
proceeded so far as to study partial correlations and 
the correlation surface should, we think, have some 
idea how to do this. The gap will perhaps be filled 
in a future edition, and revision in some other re
spects will, we think, also be wanted. For instance, 
on p. 38 a formula is given for measuring the degree 
of association, and if it is applied to the example of 
imbecility and deaf-mutism on p. 34, the value is 0’9, 
indicating a high degree of association. On p. 213, 
instead of giving the ordinary formula for working 
out coefficients of correlation from fourfold tables, 
Mr. Yule gives a simple expression which he implies 
can be used in some cases. Unfortunately, in the 
particular case mentioned above to which a student 
might be tempted to apply it, the value, instead of 
being about 0'9, is only 0'02, and gives quite a wrong 
impression. It was, we think, a great mistake to give 
the formula on p. 213, as it is open to considerable 
criticism.

Another example of a case where readers might be 
misled occurs on p. 67, where a student might easily 
misunderstand Mr. Yule’s discussion of isotropic dis
tributions, and think that they affected the calculation 
of a coefficient of contingency.

While we are very ready to admit that, within the 
limitations he has placed on himself, Mr. Yule has 
given much that is of interest and value, we also feel 
that there is much in his work which lends itself to 
criticism—more, in fact, than one would expect to see 
in an elementary text-book. The two cases that we 
have given above are merely examples of this, but 
although we have felt it necessary to criticise, it is 
a pleasure to add that we have been much interested 
in reading Mr. Yule’s work, and have throughout 
appreciated his numerous arithmetical examples and 
the trouble that must have been taken to arrange the 
book in so clear a form and to supply it with such 
excellent diagrams.



OUR BOOK SHELF.
Leitfaden jiir das rnikroskopisch-zoologischc Prakti- 

kum. By Prof. W. Stempell. Pp. iv+84. (Jena : 
Gustav Fischer, 1911.) Price 2.80 marks.

The medical practice of teaching histology in a 
separate section of the course is, we regret to see 
from the author’s preface, becoming adopted in bio
logical teaching; and to this circumstance Prof. 
Stempell refers for the origin of his book, since he 
has adapted its contents to meet the requirements of 
beginners who wish to traverse rapidly a course in 
comparative microscopy apart* from the dissections, 
museum work, and naked-eye observations with which 
microscopic work has been hitherto so usefully 
associated.

At first all is smooth sailing. A lucid introduction 
on apparatus paves the way to five lessons on 
protozoa. The methods of obtaining, examining, and 
preparing the material are admirably explained. The 
paragraphs are numbered, so that references to proce
dure can be made at once, and the most instructive 
and accessible members are dealt with before those 
which present greater difficulties. A few pages 
later, however, we find Anthozoa, Ctenophora, Tur- 
bellaria, and Trematodes dealt with in a single section, 
which we must suppose represents three to four hours' 
work. On the other hand, far more attention is given 
to the Nematoda than is usual in an elementary 
course. The section devoted to vertebrate histology is 
very incomplete.

The illustrations have a special value, since they 
are in every case photographic reproductions of actual 
preparations, but as no attempt is made to explain 
what they show such figures cannot be said to be 
useful to the student. The chief use of the book lies 
in the methods which it suggests for the collection 
and preservation of material. In this respect it will 
be of considerable service, but as an attempt to present 
a working course in comparative histology, we should 
be sorry to see Prof. Stempell's recommendations 
carried out without considerable modification.

F. W. G.
Early Essays on Social Philosophy. Translated from 

the French of Auguste Comte by H. D. Hutton. A 
new edition with additional notes, and with an 
introduction by Frederic Harrison. Pp. 352. 
(London: George Routledge and Sons, Ltd.; New 
York : E. P. Dutton and Co., n.d.) Price 15. net.

These six essays, written by Comte between the ages 
of nineteen and twenty-one, appeared in vol. iv. of 
the “Positive Polity,” published in 1877. Their 
special interest is that they prove the unity of their 
author’s life-work—the coherency and consistency of 
his scientific philosophy and his social polity—as 
against the view of Littrd, that the two are disparate, 
the later work a backsliding from the principles of the 
earlier.

The third essay is the longest and the most im
portant. It contains in exact and decisive form the 
famous Law of the Three States, which "all subse
quent thinkers have regarded as Comte’s triumphant 
discovery,” and is the basis and the justification of 
Positivism. From the nature of man's intellect each 
branch of knowledge in its development is necessarily 
obliged to pass through three stages—the theological, 
the metaphysical, and the scientific or positive.

The fourth and fifth essays give a resume’ of the 
entire system of the “ Positive Polity " as meaning a 
social and religious reorganisation of society based 
upon a scientific studv of human nature.

Mr. Frederic Harrison supplies an excellent little 
introduction to this new edition.

Technique de Psychologic Expdrimentellc de Toulouse, 
Vaschidc et Pieron. By Ed. Toulouse and H. Pieron. 
Second edition, tome i., pp. xii + 303; tome ii., 
pp. xvi + 288. (Paris: Octave Dion et Fils, 1911.) 
Price to francs the two volumes.

This edition, now expanded to double the former size 
and comprised in two volumes, is virtually a new 
book. Far more space is devoted to the description 
of apparatus than formerly. Pieces of apparatus are 
illustrated, many of which are quite unknown in the 
psychological laboratories of this country. Not only 
for this reason, however, is the work likely to be of 
little value to elementary students of the subject on 
this side of the Channel. The authors err in laying 
no stress whatever on an acquaintance with the 
psycho-physical methods, and on the importance of 
obtaining introspective data in psychological experi
ment. It appears to be their object merely to 
“ describe apparatus,” much as the authors of a book 
on experimental physics would do, leaving on one 
side methods of procedure as if they could be picked 
up haphazard in the laboratory, and neglecting the 
introspective data obtainable from the subject of the 
experiment as if they did not exist 1 For the instructor 
or the advanced student, however, the work is of 
considerable interest. The apparatus, unfamiliar in 
this country, is excellently described; and there are 
several novel experiments which appear to have 
premising value.

LETTERS TO THE EDITOR.
[The Editor does not hold himself responsible for opinions 

expressed by his correspondents. Neither can he undertake 
to return, or to correspond with the writers of, rejected 
manuscripts intended for this or any other part 0/Nature. 
No notice is taken of anonymous communications.j

Rainless Thunderstorms.
From the letter signed “ E. G. ” in your issue of 

August 31, it would appear that the Meteorological Office 
has not abandoned the ion condensation theory of the 
origin of atmospheric electricity. Now, there are many 
difficulties in accepting that theory. For instance, before 
condensation can take pl<.ce on ions, there must first be 
dustless air ; otherwise the necessary supersaturation cannot 
take place; and one naturally asks, Has anyone ever found 
dustless air in our atmosphere? So far as records go of 
air up to 10,000 feet, this has not yet been found, and it 
does not seem likely that it ever will be found, as the hot 
air carrying up the aqueous vapour to form clouds always 
carries up with it plenty of dust to act, if one may use 
the simile, as the return ticket to bring the water back 
to the surface of the earth. As much of this dust is very 
fine, only falling a few centimetres in a day at low level, 
it is likely to go wherever the moist air goes—in even the 
more rarefied regions of the upper clouds. Further, there 
is the constant supply of fine dust from the upper regions 
due to the disintegration of meteors, so that the air at 
cloud levels is likely always to have plenty of dust and 
condensation on ions seems impossible.

Another difficulty of importance is, Has anyone ever 
shown that it is possible for a cloud to form on ions under 
the conditions in which condensation takes place in the 
atmosphere? It is true that clouds can be formed on ions 
under experimental conditions; but in these the expansion 
must be made with explosive quickness, because if the 
expansion is made slowly only a few ions become centres 
of condensation, and these rapidly grow to the size of rain
drops in the highly supersaturated air ; and these drops in 
falling relieve the supersaturation of the air some distance 
round them all along their path, so preventing other ions 
becoming centres of condensation, and only rain, not cloud, 
is produced. It would appear that these and other difficul
ties are worth considering before accepting the ion con
densation theory of the electrification of clouds.



With regard to rainless thunderstorms, though no rain 
falls, is that a proof that no rain has been formed? May 
not rain have fallen from the clouds, but evaporated before 
reaching the earth ? One sometimes sees after dry weather 
clouds passing overhead from which rain seems to be fall
ing, yet not a drop reaches the earth. If the thunder 
clouds be high and the lower air very dry, such as we 
have lately experienced, we can easily see that raindrops 
will undergo evaporation while falling and may be dried 
up before reaching the earth ; and as the horizontal direc
tion of the movement of the thunder clouds is generally 
different from that of the lower air, the falling rain may 
not get a chance of saturating the lower air, even though 
the storm may continue some time.

For the benefit of those who may make a study of 
thunderstorms, it may be of interest to record, as illustrat
ing the influence of the geographical situation of a place 
on the formation of thunderstorms, that the district round 
Falkirk has a strange 1 Exemption from such storms. So 
far as I can remenibtt*,1 there has only been one good 
thunderstorm within rhy memory, and that goes back a 
long way, and on that occasion the storm covered a great 
part of the country. Once or twice in a year a few 
distant peals may be heard; and once this year we had 
a storm which lasted half an hour, with about six peals 
and some lightning, but that storm was an exception. 
With the one exception above mentioned, there are no 
great storms in that district such as are experienced in 
most parts of the country. It should be mentioned that 
Falkirk lies in the shallow valley connecting the Firths of 
Forth and Clyde, through which it is proposed to cut the 
low-level canal, and that there are no high hills near.

John Aitken.
Loch Awe Hotel, Loch Awe, Argyllshire, 

September 5.

A Pseudo-Aurora.
The explanation which Sir Lauder Brunton calls for in 

No. 2183 of Nature seems to be very simple indeed. On 
the evening of August 21, which he mentions, thunder
storms of extreme violence came over the region of Lugano 
and its environs. That region is due south-east of Beaten- 
berg, as is also the Monch. The flashes seen were most 
certainly those of lightning, and the auroral appearance 
is very easily explained. Anybody may, in a mountainous 
country, whenever there is a slight haziness in the atmo
sphere, remark the shadows thrown on the mist by a light 
—sun or moon—when still behind a mountain top, i.e. 
rather low down in the sky. Such was the case with the 
storm over Italian Switzerland, and the intense lightning 
on August 21 was noticed as far away as the Canton de 
Vaud. The flashes, lighting up the sky through the gaps 
between the mountains, with the corresponding dark rays 
of the shadows, following in uninterrupted succession, may 
Well have given an impression of seeing auroral rays.

J. S. Grey.
Gryon-sur-Bex, Canton de Vaud, September 4.

The Destruction of Kingfishers near London.
I have just received a letter from a man who has been 

very busy amongst the kingfishers that visit his grounds 
within ten miles of the Bank of England. I enclose the 
original letter, and now quote therefrom :—“ I have caught 
sixteen quite lately [apparently since the middle of 
August]. Six went to ----- alive; the others 1 have
skinned. Would you make me an offer for nine? ” Since 
receiving this letter I have been given three carcases, and 
understand that these birds were supplied alive to a dealer 
by my correspondent; this brings the total up to nineteen 
birds, at least, removed from the bird-population of the 
London district by one man. A disagreeable fact is that 
all appear to have been killed not illegally.

The weanon employed was, of course, the deadly “ king
fisher net ”; and my chief reason in writing this note is 
to suggest that steps might well be taken to prohibit both 
the use and the possession of this instrument. It is 
practically useless for everything except the capture of 
kingfishers; nnd so simple is it to buy, or make, or use, 
and so secret nnd so certain in its action, that by its 
means a man destitute of the elements of woodcraft could, 

and frequently does, utterly clear a stream of its chief 
feathered ornaments. 1 do not know of any fowling 
engine more effective against its proper quarry than the 
kingfisher net, nor can 1 think of one that needs less 
actual supervision. This latter point explains why it is 
so often in the hands of the unprivileged collector and the 
poacher, and I have heard of it being used while its 
owner and operator was actually under the constant eye 
of a keeper—of course, one unaware of the intentions of 
his suspect.

1 cannot think that 1 exaggerate if I say that the king
fisher is the most defenceless of British birds, for no bird 
is easier to kill. This is with the net; without the aid 
of a net an organised kingfisher hunt would be un- 
remunerative, if not quite impossible, for many destructive 
men do not dare to use a gun. Freed from the danger of 
the net, the kingfisher would be in a peculiarly secure 
position, and would certainly increase until perhaps 
common enough to be familiar by sight to all who have 
the desire to see one alive. Its food consists of small 
fishes and other aquatic animals, and the pisciculturist is 
the only person who would suffer from the increase of 
the bird. No good can come of attempting to ignore the 
fact that in and about fish hatcheries the kingfisher is 
an intolerable nuisance, and its destruction becomes at 
times an economic necessity, for it is not always possible 
to protect the fish by wire netting. But the prohibition 
of the net need not prevent the killing of the birds, for 
the keeper could easily use a gun. The kingfisher provides 
a simple target, although, fortunately, its habits protect 
it largely from the casual or wandering gunner. Without 
loading this letter (which is no more than a hint or a 
suggestion) with other details, I must end by saying that 
I have often considered the matter in all its aspects, and 
I believe that the total prohibition of the kingfisher net 
would lead at once to an increase in numbers of this 
ornamental bird, and that this prohibition would entail 
no hardship on the pisciculturist, who is the only person 
likely to be affected by the increase of the kingfisher. 
Perhaps something could be done in this matter by those 
who have the leisure to occupy themselves with the laud
able work of. active bird protection.

Stepney Borough Museums. Fredk. J. Stubbs.

A Bright Meteor.
Walking northwards on Saturday evening, September 2, 

I was looking towards the constellation of Cassiopeia when 
a bright meteor appeared at a point a few degrees west 
of Perseus, and moved slowly westwards, gradually 
increasing in brightness until its disappearance at a point 
near a Canes venatici.

Its maximum brilliancy was about four times that of 
Jupiter, and its colour almost pure white.

The time occupied in its transit was between six and 
seven seconds, and a bright golden trail persisted for about 
two seconds more.

The time of the phenomenon was 2oh. 27m. (G.M.T.).
Wilfred C. Parkinson.

The Observatory, Eskdalemuir, Langholm, 
Dumfriesshire, September 4,

Non-Euclidean Geometry.
I owe sincere apologies for carelessness in the latter 

portion of my letter in last week’s issue of Nature.
In hyperbolic space, the area of a circle of very large 

radius R appears as
2irK- ^cosh 1^,

i.e. practically
R

wK»«k,
which is an exponential infinitude.

On the other hand, the area of a regular N-gon inscribed 
therein appears as something less than

tK’N,
which is a linear infinitude.

Is not hyperbolic infinity paradoxical?
W. B. Frankland.



Examinations.
Sir William Ramsay’s outspoken criticism on the value 

of examinations will be welcomed by many, but it is un
certain whether the general public could tolerate the present 
educational system in their absence.

When the chemical department becomes the department 
of chemical research, and thu student realises that he is 
receiving a training in such practice, examinations as con
ducted in the majority of cases may possibly lose their 
present-day significance.

While practical training remains based upon text-book 
instruction, which hardly calls for anything more than 
observation on the part of the student, examinations are 
necessary. There is no other method of testing the 
student's memory.

Observation has been defined as “ the performance of 
what is prescribed.” It is the chief factor in a system of 
empiricism, but it cannot be expected to occupy this posi
tion for all time in a programme dealing with experimental 
investigation. It may be that a correct method of instruc
tion has yet to be devised.

Examinations lose their chief value when they fail to 
supply the student with an estimate of the value of his 
personal qualifications, enabling him to confirm his 
original intention or change the direction of his life's 
work while there is yet time. W. I’. DrBAVbr.

September 6.

Habits of Dogs.
I casxot answer Miss Everett’s questions on this sub

ject, but would like to “ ask another.” Is it known to 
be a common thing for dogs to carry hedgehogs in their 
mouths? 1 have a fox-terrier who amused himself in our 
garden by making life a burden to a hedgehog until the 
latter disappeared. He would not only roll the hedgehog 
about with his paws, but must have carried it a certain 
distance in his mouth, for one evening I found him in 
triumph at the back door of the garden with his lips all 
marked with pricks and bleeding, and the hedgehog lying 
in a ball at the top of three rather steep stone steps twenty 
or thirty yards from the summer-house where he lodged. 
If this is a usual form of play with dogs, it is a curious 
one. Walter Kidd.

Heatherdown, Alum Bay, I.W., September 5.

Miniature Rainbows.
Your correspondent Mr. W. E. Hart may be interested 

to know that magnificent rainbows, which appear to be 
within easy reach, may often be observed inside water
cooling towers, the necessary conditions being a fairly 
heavy shower of the cooled water and an opening at one 
side of the tower sufficiently high to let the sunlight 
stream in over the observer’s head. B. P. H.

Newcastle-on-Tyne.

Underpayment of Teachers.
Mr. Hodgson’s letter on p. 315 directs attention to a 

case of underpayment of teachers in collegiate institutions. 
Possibly the City of Bradford Education Committee would 
argue that, as universities generally offer about 150I. a 
year to lecturers, judging by the advertisement columns of 
Nature, 60I. a year, with the privilege of earning a little 
more in the evenings, is sufficiently liberal for the work 
that they require.

150/. is a good stipend for a youth for the first few 
years after leaving college, or as a retaining fee for a 
man who has private means; but is it fair to expect men 
with high university qualifications, years of teaching 
experience, and a record of original work, to struggle to 
make both ends meet for the best part of their lives?

Twenty years ago, a lecturer might reasonably expect 
to become a professor or to branch out into technical 
work ; but at the present time there are not enough pro
fessorships to divide among the many highly specialised 
men who have taken up university teaching during the 
past ten years, and a technical career must be commenced 
on leaving college.

The prospects of secondary teachers, though poor, are 
better; those of elementary teachers are better still; while 

none of them are so good financially as those of the boy 
who leaves school at sixteen or seventeen and enters a 
bank or an insurance office.

Since for university teaching a man needs a long and 
expensive training, must be a graduate with first-class 
honours, and must be capable of original work, and since 
many cannot hope to obtain professorships and the like, 
the remuneration offered to such men is woefully in
sufficient, and is likely in the future to cause students of 
ability to avoid university teaching as a career.

E. R. Marle.
“ Omori,” Bitterne, Hants, September 8.

RUBBER.'
'THE Rubber and Allied Trades Exhibition and the 1 International Rubber Congress, held conjointly 
and recently concluded, are doubtless responsible for 
the simultaneous appearance of four books on rubber. 
One of these is a welcome attempt, as its title im
plies, to cover the whole range of the subject, and

Fig. 1.—Jelutong Tree, showing improyedjncthod of 
tapping. From “Rubber."

Mr. Philip Schidrowitz is to be congratulated on hav
ing produced a volume which should rank as a 
standard work for some time to come.

The first nine chapters, half the book, are of special 
interest to the lay reader, and are based, as the author 
points out in his preface, upon six lectures delivered 
by him in 1910 at Finsbury Technical College. The 
historical sketch in chapter i., and the two following 
chapters on production and consumption, and the 
general nature of the rubber industry, will be found 
most useful. The notes on wild, and what the author 
terms industrial rubbers, such as Guayule, Jelutong, 
and Madagascar vine rubbers, suffer somewhat from 
his lack of personal acquaintance with the actual

1 “ Rubber." By Dr. P. Schidrowitz. Pp. xv+303. (London: Methuen 
and Co., Ltd., 1911.) Price ioj. net.



conditions abroad. For instance, in dealing with bark 
crushing no distinction is made between the East 
African scrub vines with semi-fluid latex, and the 
larger dense forest vines in which the latex is thin 
and watery; nor are the paragraphs dealing with 
Castilloa elastica and Funtumia elastica free from 
misconceptions.

The chapter on the plantation indus
try is a book in itself, and will be read 
with the greatest interest. While lay
ing no claim to being able to treat 
this truly extensive subject “ in encyclo
paedic fashion,” the author is to be con
gratulated upon the way he has singled 
out for mention, in few and telling 
words, the salient points under each of 
his headings. Under that of “Competi
tion from other Sources," we read : “The 
first rubber to go will undoubtedly be that 
which is not prepared in a cleanly 
fashion. ‘ Africans ’ as we know them 
now will be a thing of the past, and that 
very shortly. It does not, however, 
follow that the rubber forests of Africa 
will no longer furnish their quota to the 
world’s supply. On the contrary, it 
seems to me that the system of rationally 
working forest areas on semi-plantation 
lines ... is likely to be extended.”

Mr. Schidrowitz is very well known as 
a rubber chemist, and in the second half 
of the book he finds himself, as it were, 
on more congenial soil. Tn dealing with 
the chemistry of rubber, theory of vulcan
isation, manufacture of rubber goods, 
substitutes and waste-rubber disposal, 
much new matter is introduced which is 
likely to be invaluable, not only to the 
general reader, but to the manufacturer 
and the chemist. The importance of the 
waste rubber industry is emphasised, and 
in this connection the author says: "If 
we assume that the crude rubber em
ployed in the manufacture of goods in 
the British market yearly amounts to 
12,000 tons, and this reappears in the 
shape of finished rubber articles, contain
ing on the average perhaps not more than 
30 per cent, of rubber, it is plain that 
there must be something like 30,000 to 
40,000 tons of waste rubber annually. Of 
this, perhaps, one-half is recoverable, the 
remainder actual waste.”

The chemical analysis of both vulcanised 
and raw rubbers, mechanical tests, and 
kindred subjects are also dealt with at 
length, while at the end of the book is 
an appendix of ten pages dealing with 
the wording of contracts and specifications 
which might also be described as interest
ing reading, which says much for the 
author's happy style of literary construc
tion.

On p. 149 the reader with planting 
interests at stake will find: “The manu
facture of synthetic rubber on a com
mercial scale will only be possible if a suitable 
low-priced raw material, capable of transformation 
at a low cost and with a high yield, can be found. 
So far these conditions do not appear to have been 
fulfilled."

With the Middle East and its Hevea plantations just 
now so prominent in rubber finances one is apt to 

forget that the sources of rubber are many and 
various. Trees, vines, shrubs, tubers, rhizomes, &c., 
belonging botanically to different classes of plants and 
growing in different continents, all appear in the list 
of productions of this commodity. This being so, and 
without implying that the book under review would 
have been more successful in any other form, it is

Fig. 2.—Three-year-old rubber trees. From “Rubber.”

clear that future publications on rubber will be likely 
to attain the greatest measure of utility if confined to 
one or other branch ot this already stupendous sub
ject.

Mr. Schidrowitz’s book is excellently written, and 
is illustrated largely from photographs taken by him 
during a tour in Malaya and Sarawak (Borneo).



THE LIVES OF BRITISH BIRDS.1 
'THE third and fourth sections of this pleasant work 

-* on popular British ornithology comprise the 
dipper, the thrush family, the warblers, the hedge 
sparrow, the starlings, the golden oriole, and the wax
wing. The work is professedly and necessarily very 
largely a compilation, and a vast amount of most 
interesting and valuable information has been 
gathered together from widely scattered and often 
very inaccessible sources. This is carried out in a 
manner deserving all praise, the more so that a refer
ence is always given to the publication from which the 
information is gleaned. Nevertheless, we sometimes 
miss, in the accounts of some of our more familiar 
species, the charm often found in a first-hand narra
tion, and in the case of some of the articles, e.g. 
that on the dipper, we do not find impressed upon 

a good many field naturalists whose acquaintance with 
the species in question has been of some duration. 
What is alluded to here as the lesser whitethroat’s 
“loud rattling call” is usually regarded as the final 
portion of the bird’s song, analogous to the bright, 
clear, piping notes with which the blackcap—though 
not invariably—concludes its strain.

In the excellent article on the marsh warblers—full 
of most interesting and valuable information—the 
author shows that he is remarkably at home with the 
subjects of his essay.

Many people must have noticed the habit the robins 
have in winter of keeping closely to one part of the 
garden, homestead, fields, or woodland, where they 
mean to live through the cold weather. Mr. Kirkman 
has gone into this matter closely, and gives in section 
iii. an interesting account result of his in-

/■AoM.J . [Riley Fortune.
Fig. i.—Dipper's nest on a trunk projecting from the water. From “ The British Bird Book."

them, or expressed by them, as much evidence of a 
personal acquaintance with the subject thereof as we 
might perhaps expect from those who undertook to 
write such accounts of well-known British species.

Again, one author writes, “ 1 have not heard the 
song ot the black redstart." This is a pity, because 
he has to fall back upon Naumann, who must surely 
have been prejudiced against the bird; and conse
quently no justice has been done to one of the most 
charming of bird songs.

In the article on the whitethroats, blackcap, and 
garden warbler, the author writes: “Difficult as it 
may be to distinguish between the songs of these four 
warblers. . . ." This implied statement will surprise

1 “ The British Bird Book." Edited hy F. B. Kirkman. Section iik pp. 
397-449 ; Section iv., pp. 169. (London and Edinburgh : T. C. and E. C. 
Jack, n.d.) Price lor. tui. net each part. 

vestigations. He writes: “The robin, unlike any 
other British winter species that I know of, is found 
from about the end of August to the middle of 
February in solitary possession ot a more or less well- 
defined feeding area, from which all others of his own 
species are excluded. Pressure of cold weather may 
sometimes force him to associate with his fellows in 
order to share the crumbs put out by the charitable, 
but he can hardly be said to suffer them gladly. He 
is happy only when alone. Hence the old saying, 
that ‘ one bush will not harbour two robins.”' From 
August to March he kept the robins about a farm 
under observation, and he was able at last to map 
out their adjoining estates—a plan of which is 
given. The boundaries of these estates, it is seen, 
are nearly everywhere imaginary lines, and they over
lap, but every robin clearly recognised to within a



yard or two the position of his boundary, and made 
the fact quite clear to any other robin who did not. 
Moreover, the author found that it was not easy to 
drive them out of their own little estate, to which they 
invariably returned immediately.

The intention of making life habits the chief feature 
in the work is fully carried out in the last two sec
tions. A notice inserted in the last part informs 
readers that in order to render the notes on Distribu
tion more complete, the range of each species outside 
its breeding area will be briefly indicated.

Mr. A. W. Seaby’s pictures are as charming,

Photo} . . [W, Farrtn,
Fig. 2.—Reed-warbler feeding its young. From “The British 

Bird Book."

spirited, and lifelike as ever—quite the most original 
and refreshing bird pictures we have seen for long— 
and there are excellent plates of the rosy pastor, 
golden oriole, and waxwing by some of the other 
artists who contribute to the work.

.1 MONUMENT TO JANSSEN.
A N influential committee has been formed to raise 
** to the memory of Janssen a durable monument 
which shall recall to the minds of those who see it the 
enormous and brilliant services rendered to astronomy 
by the great French savant.

A man of rare breadth of mind, it was not simply 
to any one branch of the oldest science that Janssen 
turned his attention, but he will be remembered chiefly 
for his fruitful researches in astronomical physics. 
That brilliant discovery, shared by Lockyer, in 1868, 
will probably be the lucida of his labours, the method 
of observing solar prominences, of drawing and mea
suring those enormous solar flames, without waiting 
for the rare and uncertain seconds of a total solar 

eclipse. Only those whose work it is to observe and 
to study solar phenomena know how much of our 
present knowledge is due to the timely discovery of 
this method. By this have the labours of the dis
coverers, of Respighi, of Young, of Tacchini, Ricco, 
Hale, and Deslandres, and of many, others become 
productive. Janssen from India and Lockyer from 
West Hampstead sent messages to the French 
Academy which arrived almost simultaneously, and 
immediately a new era in the rapidly expanding 
knowledge of the sun’s physical and chemical attri
butes was opened.

Janssen also studied with great assiduity and 
marvellous results the laws of the absorption and 
transmission of light travelling through gaseous 
media, and thereby laid foundations on which have 
since been erected wonderful superstructures. As an 
organiser he was in the forefront. His photographs 
of the solar surface were magnificent and have never 
been excelled. It is to Janssen that we owe the estab
lishment of the solar observatory on Mont Blanc, 
whither, in spite of his lameness, he made mqpy 
ascents.

All this will count as an imperishable monument to 
those who know aught of astronomical physics. 
We heartily sympathise with the aims of the 
committee which has charged itself with receiving 
subscriptions to this end, and below give the 
names of those who have already joined :—MM. 
Armand Gautier, president de 1’Academic des 
Sciences; G. Lippmann, vice-pr6sident; G. Darboux, 
secretaire perpi'tuel; Ph. Van Tieghem, secretaire 
perp6tuel; C. Wolf, doyen de la Section d’Astronomie; 
Henri Poincard, de l’Acad6mie Fran^aise; G. 
Bigourdan, de 1’Institut; J. Violle, de 1’Institut; B. 
Baillaud, directeur de 1’Observatoire de Paris; Prof. 
Chauveau, de 1’Institut; De Selves, prdfet de la 
Seine; Daumet, de 1’Institut; Edmond Perrier, 
directeur du Museum; Prof. Bouchard, de 1’Institut; 
Alfred Grandidier, de 1’Institut; Prof. Lannelongue, 
Senateur; Dr. Roux, directeur de 1’lnstitut Pasteur; 
R. Radeau, de 1’Institut; G. Lemoine, de 1’Institut; 
H. Deslandres, directeur de 1’Observatoire de 
Meudon; M. Hamy, de 1’Institut; P. Puiseux, 
astronome ft 1’Observatoire de Paris.

PIERRE EMILE LEVASSEUR.

BY the death of Pierre Emile Levasseur both geo
graphy and economic science in France have 

sustained a severe loss. Born on December 8, 1828, 
Prof. Levasseur devoted his energies during a long 
life to demonstrating the importance of a right appre
ciation of geography in its application to man and 
of economic science. As early as 1863 he published 
a “ Precis d’Histoire de France ” and a “ Precis de 
Geographic,” and throughout many years of active 
work in economic geography he always aimed at the 
highest precision in his studies with the view of build
ing up a truly scientific type of geography and insist
ing upon the educational value of the subject when so 
treated. He especially directed his efforts towards a 
thorough understanding of the economic geography 
of France, but he also travelled widely in order to 
study economic conditions occurring in other lands; 
a journey to the United States in 1853 resulted in 
an important work, “ L’Ouvrier Am^ricain,” and the 
same line of investigation, followed up both his
torically and economically, produced important studies 
on the working classes in France up to the time of 
the Revolution, and a later work dealt with their



condition under the Third Empire. Working in such 
fields, his attention was early directed to statistics, 
and in his important work “ La Population Fran- 
(aise " he not only treats of the geographical aspects 
of the question, but deals with it statistically and 
points out the importance of the proper use of 
statistics in all questions of applied geography. In 
all that relates to human geography, the definiteness 
which we meet in physical geography is only attained 
with difficulty, and by the careful and prudent use of 
the best statistical material available. In this direc
tion Levasseur's work furnishes many examples of 
the highest value as giving a truly scientific form to 
investigations which, from the numerous factors in
volved, are too often treated superficially.

H. G. L.

THE BRITISH ASSOCIATION AT 
PORTSMOUTH.

AS we went to press last week, the concluding 
meeting of the British Association at Portsmouth 

was being held; and the thanks of the Association 
were being expressed to the local authorities for the 
work they had done and the trouble they had taken 
to make the visit to Portsmouth pleasant and memor
able. Everyone agrees that the Portsmouth meeting 
was most enjoyable; and well it might be, consider
ing that it was held at a seaside resort during the 
season when “ sunny Southsea ” is full of attractions. 
In spite of great difficulties, the Mayor (AldermanT. 
Scott Foster) was able to arrange for the accommocla- 
tion of the secretaries and other officials in the best 
hotels, and to provide hospitality for distinguished 
visitors. There was little private hospitality, and the 
grant of 3500I. made to the Mayor by the Corporation 
of Portsmouth for the entertainment of the visitors 
can scarcely have covered the expenses involved.

The best thanks of the world of science are due 
to the Mayor and the Corporation for the public 
spirit they have shown in making provision for the 
meeting, in spite of a certain amount of local oppo
sition to the necessary expenditure. The actual work 
of local arrangements has, of course, fallen largely 
upon the shoulders of the local secretaries, namely, 
the town clerk (Mr. G. Hammond Etherton) and 
the medical officer of health (Dr. Mearns Fraser). 
Only those who have had to be responsible for the 
organisation of a meeting such as that concluded last 
week can understand how well the thanks received 
by the local secretaries are merited. The total 
attendance at the meeting was 1,241.

Of the attractions provided for the entertainment 
of the visitors, the naval display, which was viewed 
from the battleship Revenge, was most impressive; 
and it will long remain in the memories of the large 
party privileged to see it. The Association owes this 
distinctive feature to the Commander-in-Chief, 
Admiral Sir William Moore, who, in acknowledging 
the vote of thanks to him and the officers and men 
of the Royal Navy for the display, paid a generous 
tribute to the work of science. “When I am at sea," 
said Sir William, “Lord Kelvin’s compass and 
sounding-line make me think of him with gratitude 
twenty times a day”; and, referring to Sir William 
White, who proposed the vote of thanks, he remarked, 
“ He has given us the greatest essential in the design 
of our ships, namely, a steady gun-platform."

On account of the naval display, it was impossible 
for the Committee of Recommendations to decide 
upon the grants for scientific purposes on the Monday, 
so the subjoined list, which was adopted by the 
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General Committee on Wednesday afternoon, was not 
available for publication last week. The total is 40/. 
less than last year.
Grants of money appropriated for scientific 

PURPOSES BY THE GENERAL COMMITTEE AT THE 
Portsmouth meeting.

£
Section A.—Mathematical and Physical Science.

Seismological Observations ............................................ 60
Upper Atmosphere ........................................................... 30
Magnetic Observations at Falmouth ..........  25
Establishing a Solar Observatory in Australia .......... 50
Grant to the International Commission on Physical and

Chemical Constants .................................................... 30
Tabulation of Bessel Functions ..................................... 15

Section B.—Chemistry.
Study of Hydro-aromatic Substances ............................. 20
Dynamic Isomerism ........................................................... 30
Transformation of Aromatic Nitro-amines .................. 10
Electroanalysis ............................1................................. 10
Plant Enzymes .................................................................. 30

Section C.—Geology.
Erratic Blocks ................................................................... 5
Palaeozoic Rocks ............................................................... 10
Composition of Charnwood Rocks ................................. 2
Igneous and Associated Sedimentary Rocks of Glen-

saul .......................................................................... 15
List of Characteristic Fossils ........................................ 5
Sutton Bone Bed ............................................................... 15
Benbridge Limestone .........   20

Section D.—Zoology.
Index Animalium ............................................................... 75
Table at the Zoological Station at Naples .................. 30
Belmullet Whaling Station ............................................ 20
Secondary Sexual Characters in Birds ......................... 10

Section E.—Geography.
Equal Area Maps ............................................................... 20
Calculation of Areas on the Spheroid ............................. 25

Section G. —Engineering.
Gaseous Explosions ........................................................... 60

Section H. —Anthropology.
Glastonbury Lake Village ................................................ 5
Age of Stone Circles ........................................................ 15
Anthropological Notes and Queries ................................. 40
Artificial Islands in Highland Lochs ............................. 13
Physical Character of Ancient Egyptians ..................... 40
Excavations in Easter Island ........................................ 15
Anthropometric Investigations in British Isles .......... 5

Section I. —Physiology.
The Ductless Glands ....................................................... 35
Table at the Zoological Station at Naples .................. 20
Anaesthetics ...................................................................... 20
Calorimetric Observations ................................................ 40

Section K. —Botany.
Structure of Fossil Plants ................................................ 15
Experimental Study of Heredity ..................................... 35
Survey of Clare Island .................................................... 2°
Jurassic Flora of Yorkshire ............................................ 3°

Section L. —Education.
Mental and Physical Factors ............................................ 5
Overlapping ...................................................................... 5
Industrial and Poor Law Schools ..................................... 10
Influence of School Books on Eyesight ......................... 5

Corresponding Societies Committee.
For Preparation of Report ............................................ 25

Special Grant.
Collections to illustrate Natural History, &c., of the

Isle of Wight ............................................................... 4°

Total ................................. ,<K°



SECTION G.
ENGINEERING.

Opening Address by Prop. J. H. Biles, LL.D., D.Sc., 
M.Inst.C.E., President of the Section.

It has happened during recent years that accidents have 
happened to ships and they have mysteriously disappeared. 
The complete disappearance without leaving any trace has 
led to the assumption that the vessel has capsized. The 
circumstances of such cases obviously preclude the exist
ence of any. direct evidence. The only subjects of investiga
tion can be (i) the condition of the ship prior to the 
accident, and (a) the probability that such a condition 
could be one which in any known possible circumstances 
could lead to disaster. The first is determinable by 
evidence in any particular case. The second involves a 
consideration of the whole question of the behaviour of 
ships at sea. What is the effect upon any given ship of a 
known series of waves? What waves is a ship likely to 
meet?

This subject has occupied the attention of scientific 
engineers, and it may be said to have been considered a 
solved problem. We have thought that if a ship has a 
certain metacentric height and a certain range of positive 
stability she is quite safe from the action of a series of 
waves of any kind which we know to exist. If, however, 
a known ship (and perhaps more than one) has these 
safety-ensuring qualities and mysteriously disappears, it 
may be desirable to review the grounds of our belief to see 
whether any known possible combination of circumstances 
may cause disaster.

Let us then first briefly review the grounds of our belief. 
Fifty years ago Mr. Wm. Froude showed that the large 
angles occasionally reached in rolling are not due to a 
single wave-impulse, but are the cumulative effect of the 
operation of successive waves. The period T of a small 
oscillation of a ship in water free from wave disturbance 

//a
and resistance is ir where k is the radius of gyration
and h is the metacentric height (i.e., the height of the 
metacentre above the centre of gravity). The period T of 

12*1a wave is , where I is the length of the wave and g 
is the acceleration due to gravity. The line of action of 
the resultant of the supporting pressures acting on a ship 
in undisturbed water is the vertical through the centre of 
gravity of the volume of the water displaced by the ship. 
In wave-water it is in the normal to the effective wave
slope (which is approximately the wave-surface). The 
oscillation of this normal as the waves pass causes a 
varying couple tending to incline the vessel. If the vessel 
is very quickly inclined by this couple she will place herself 
in or near the normal and the inclining couple will be of 
zero value. If, however, her movements are very slow, the 
normal may make one or more oscillations before any 
appreciable effect is produced on the vessel. The tendency 
to incline in one direction caused by the normal acting on 
one side of the vertical is checked by the rapid oscillation 
of the normal to the other side of the vertical. It is, 
therefore, evident that the relation between the period of 
the ship and that of the wave normal is a dominating 
feature in the resulting movement of the ship. Mr. W. 
Fronde’s mathematical solution of this relation is the basis 
of our belief that we understand the behaviour of a ship in 
the uniform system of waves when the vessel is placed 
broadside on to the waves. To obtain this solution he 
assumed that within the limits considered, the moment of 
stability varied as the angle of inclination. In the curve 
of righting levers of a ship, usually known as a curve of 
stability, this condition holds generally for angles up to 
about to°. The curve usually reaches a maximum value 
at about 300 to 400 and vanishes at 6o° to 8o°, so that for 
large angles of roll the assumption does not hold. On this 
assumption, however, he showed that the motion of a ship 
amongst such a system of waves is the same as for still 
water plus a motion composed of two sine terms. The 
amplitude of this latter motion depends upon the maximum

Tslope of the waves and the ratio =- (the period of the ship 
in undisturbed water to the period of the wave). If the 

ship starts from rest in the upright, 0 is the maximum 
angle of inclination of the ship and 0, the maximum wave- 
slope ; then

9=9, 
1 - T?

Ue considered several solutions of the equation of 
motion :—

(1) T = T, ; this is synchronism and the angle cf inclina
tion gradually increases. Each wave-impulse adds some
thing to the ship’s inclination and without any resistance 
to rolling the vessel would capsize.

T(2) .j. =0; this is the case of the'ship’s period being very 
small compared with that of the wave. 6 will then 
be positive and equal to 0,. In other words, the ship will 
place herself normally to the wave-slope. The maximum 
amplitude will only be the maximum wave-slope.

T(3) ... ^i. In this case the wave-period is greater than
11 

that of the ship and 0 is always positive and greater Than. 
t),. The vessel always inclines away from the wave-slope.

The nearer _ 
T,

amplitude.
(4) I>l. In

IfL = J, e= *9,. If T-= J, 9=169, 
T, 3 1 T, 7 1

to unity the larger is the maximum

this case the wave-period is less than
that of the ship, and 0 is always negative. The vqssel 
inclines towards the wave-slope.

TIf =1'1, then 9= - 476 9, ;

T = I ’26, then 9= - 9, ;
11

1 =2'0, then 9 —19, ;
T, 3
T
T, = 2'235, th*11 0 = 1 ®i-

This shows the advantage of having T greater than T,.
He showed that the ship goes through a cycle of changes 

Tand considered the effect of variations of .-p- upon these 
11

y c T .1cycles. He showed that =' is better than — = -, so 
Ti 4 11 5

that it is better to lengthen T rather than to shorten it. 
TSimilar results for ^-=2 and 1 respectively gave better 

results by lengthening than shortening T. In each of the 
cases * = - and ' =? the results show baulked oscilla- 

h 9 T, 5
tions in which, while the vessel swings towards the 
vertical, she does not reach it but swings back again. The 
lengthened value of T here also gave better results than 
for shortening it. The results given above are greater 
than would be obtained in practice, because resistance has 
been neglected. Later he determined the effect of resist
ance upon rolling in still water free from waves. He 
determined the law of resistance and found it to vary 
partly as the angular velocity and partly as the square of 
it. He rolled a ship, and after she was allowed to roll 
free from disturbance he measured the angle of inclination 
at the end of each roll. These showed the rate of extinc
tion of the rolling due to the resistance. The loss of 
extreme angle of roll between one roll and the next repre
sented the work done by the ship in rolling. It is possible 
to calculate the work done in inclining the vessel to any 
angle, and the difference between the amount of work thus 
done in two different angles represents the difference in 
work necessary, and therefore work done in resistance to 
bring the ship to these angles of inclination. Hence the 
work done by resistance between the two consecutive rolls 
can be actually measured by measuring the extreme angle 
of inclination in successive rolls.

Having determined the resistance in terms of angles of 



roll and time, it was easy to determine the law which 
represented the resistance in terms of the angular velocity.

In applying this to waves, all that is necessary is to take 
account of the fact that the position of equilibrium about 
which the ship oscillates is the normal to the effective

This normal has a definite oscillation about awave-slope.
fixed vertical. It is, therefore, possible to determine the
angle of inclination in terms of time.

As these angles of roll may be considerable, the assump
tion upon which the general solutions for unresisted 
rolling, already given, were based will not hold. The actual 
moments of stability depend upon the form of the ship and 
the position of its centre of gravity, and as these vary in 
different ships it is only possible to obtain the relation 
between inclination and time by a special investigation in 
each case. A solution by a method of graphic integration 
was devised by Mr. W. Froude and has been applied to a 
very small number of cases. The information necessary to 
obtain a solution in any one case is as follows :—

(1) A curve of lighting levers in terms of angle of 
inclination. This is called a curve of statical stability.

(2) The form and period of the wave on which the ship 
is supposed to be placed broadside on.

(3) The constants which determine the actual value of 
the resistance moment in terms of the angular velocity. 
These can be obtained by rolling the ship in still water 
and observing the rate of extinction of rolling when that 
extinction is due to resistance only. The form of the curve 
of extinction can be obtained by rolling a model of the 
ship, but the actual ordinates of the curve for an actual 
ship can only be obtained by experiment on the ship 
herself, or by inference from a similar ship of approximately 
the same size, form, and arrangements.

A consideration of these three necessities for the solution 
of one particular case shows that a considerable amount 
of work is necessary for determining the angle of inclina
tion in terms of time. Even this solution can only be 
made for one assumed maximum angle of inclination as a 
starting condition. For instance, in any case where a 
ship is assumed to start with a maximum inclination of 
200 it is only possible to obtain one solution of angles of 
inclination in terms of time. If we take another maximum 
angle of inclination, another complete solution is necessary. 
The work of each solution is considerable.

For ships which vary much in draught and condition of 
loading it is evident that for each ship the work of com
plete investigation for all the conditions of loading of 
different waves and different angles of maximum inclination 
is very great. For this reason .the investigation of rolling 
by the Froude graphic method has only been made for a 
very small number of cases, and our knowledge of the 
actual angles of inclination of ships obtained by this 
method is very small.

The curve of statical stability is worked out for many 
ships in a few conditions of draught and position of centre 
of gravity. These curves are of little practical. value, 
because tney only serve as comparisons between ships. It 
is assumed that if a ship has a fair range of statical 
stability, i.e., that the angle of vanishing statical stability 
is not less than, say, 6o°, and the maximum righting lever 
is not unlike some previous ship which “ has been to sea 
and come home again ” safely, this ship will be safe. This 
assumption is based on the belief that only what has 
happened to previous ships will happen to the one in 
question ; that is, that the contingencies of waves will be 
the same in all cases. But when we find that occasionally 
ships are missing we arc compelled to ask ourselves the 
question—is it possible that some occasional contingencies 
of sea or ship, or both, may exist which will produce a 
dangerous and perhaps fatal roll?

Mr. W. Froude’s investigations were made for a uniform 
system of waves. He showed that in unresisted rolling a 
ship initially at rest and in the upright position is acted

T _ p 
upon by a uniform series of waves such that -p,- 
where /> and q are the smallest whole numbers which 
express this ratio, then the rolling of the ship will be in 
cycles, the maximum inclination in each roll gradually 
increasing, and again gradually diminishing, and so on. 
The period of occurrence of the maximum of maxima will 
be zqT. The number of times the ship passes through the 

upright in each complete cycle is if or 21’ whichever is 
the smaller. The ship is upright at the middle of the 
cycle, and on either side of this middle there is an equal 
maximum which is approximately fl, , and never 

value (where fl, is maximum wave-slope). If 
larger than T„ and therefore p is much

exceeds this
T is much
larger than
and is less

q, then the value of 
than the wave-slope.

q ■ 'Ij p approaches 0, 
If T is much smaller

than Tlt then the value of fl,-approaches fl,. If T is

nearly equal to T,, then approaches a high value.
From this it is seen that our investigations in unresisted 

rolling may be over a very wide field, but would produce 
no definite result in the matter of finding cases 
angles of roll in practice. We can only obtain 
results when resistance is included.

Mr. R. E. Froude in 1896 Ws^fad to deal 
subject of non-uniform rolling of ( ships in an 

of large 
valuable

with the 
assumed

uniform system of waves which did not synchronise with 
the ship, such as is dealt with above for unresisted rolling, 
and he dealt with the effect of resistance in such a case. 
He pointed out that there is a particular phase-relation 
between the ship and the wave which will produce uniform 
rolling, just as there is in the case of a synchronous system 
of waves. If at any stage for any reason the rolling is of 
the cyclic character considered in non-resisted rolling, then 
the resistance must gradually introduce uniformity, because 
the rolling is made up of two seas of oscillations—

(1) That due to the rolling relatively to the water-surface, 
such as would occur in undisturbed water.

(3) That due to the oscillation of the water-surface itself, 
caused by the passage of the wave.

We have already seen that the resisted oscillation in 
undisturbed water gradually decreases when the vessel is 
left free to oscillate, but takes place in practically uniform 
time T. The oscillation of the water-surface is forced on 
the ship and causes a simple harmonic oscillation of the 
ship in time T,, in algebraic addition to that due to the 
free resisted oscillation. When the maximum angle of a 
roll due to the free oscillation coincides with the maximum 
angle due to the forced oscillation of the wave, we shall 
have a maximum extreme inclination which is the sum of 
that due to the free and the forced. When they are in 
opposition we shall have a minimum extreme oscillation 
which is the difference of these two. At stages between 
coincidence and opposition we shall have extreme angles 
varying between maximum and minimum. As time goes 
on the extreme angle due to the free oscillation gradually 
decreases under resistance, and the sum and the difference 
referred to above approximate to each other, and the rolling 
becomes that due to the wave alone. We have seen that 
in the case of unresisted rolling where the wave and the 
ship synchronise there is an addition to the angle of 
inclination for each passage of the wave, and were it not 
for resistance these accumulated increases would cause the 
vessel to upset. But in the case of resisted rolling each 
increase of extreme angle of roll causes an increase in the 
work done upon the resistance of the ship, and when the 
increase in work done in increasing the angle of heel 
by each passage of the wave equals the work done in 
increasing the resistance incurred in swinging through this 
greater angle, then we shall have a balance of condition 
and a uniform angle of roll. The angle at which this 
balance takes place depends on the period and maximum 
slope of the wave and the coefficients of resistance between 
the ship and the water. For instance, with a maximum 
wave-slope of 30 and with a ratio of ship to wave-period 
of 11 the value of the angle of ultimate uniform rolling 
in the case of II.M.S. Revenge was found to be 13-9* 
without bilge-keels and io.8° with them. In the case of 
synchronism of the ship nnd the wave, the rolling is 
uniform alwavs and reaches a maximum of 41-1° without 
and 14'85° with bilge-keels. The nearer the wave nnd 
ship are to synchronism, the larger is maximum inclina
tion reached before uniform rolling sets in and during 
uniform rolling. Resistance is of much more importance 
In the case of synchronism. If the ratio of ship to wave
period be t-3, the maximum angle before uniform rolling 



is reached is 8'35° without and 6.6° with bilge-keels, while 
that due to uniform rolling is 4'35° without and 4'24° 
with. We see, therefore, the important part that the near 
approach to synchronism plays in creating large angles of 
roll and the value of bilge-keels in reducing the rolling in 
conditions approaching synchronism. When on waves of 
smaller period, when small angles of roll may be expected, 
the bilge-keels give but small advantage. The assumption 
in these cases is that the vessel starts from rest in the 
upright in the mid-height of the wave, and that the 
rolling is caused by the assumed uniform swell. The vessel 
will go through the cyclic change already described and 
will reach a maximum inclination of not more than double 
that which she reaches when uniform rolling has set in.

A later investigator, Colonel Russo, of the Italian Navy, 
found by experiment that by varying the assumption as to 
starting condition of the ship, by letting the wave-action 
begin to operate first when the vessel is upright and at 
rest on the crest of the wave, the maximum angle before 
uniform rolling sets in can be more than four times that 
due to uniform rolling -if the time of the ship is greater 
than that of the swell. Thprc is an infinite number of 
solutions of rolling amongst waves because there is an 
infinite number of initial circumstances, but, whatever 
these may be, the rolling in a uniform swell will always 
soon degenerate into a series of uniform forced oscillations 
in the wave-period.

From this discovery of Colonel Russo's, we see that the 
region of investigation of possible causes of upsetting is 
removed from that of uniform rolling even in a non- 
synchronous sea. The following table shows for the 
Revenge with bilge-keels the variation in maximum angle 
of inclination before and during uniform rolling in terms 
of the period and length of the swell :—
Period of swell in seconds... 8 to 12 13'3 15 17 19 
Length of swell in feet ... 328 JI2 738 910 1153 1481 1850 
Maximum angle in degrees

before uniform rolling ... 6’3 8’0 147 21’4 17'1 13'0 ll'O 
Maximum angle in degress

during uniform rolling... 2'5 4'2 12'621'4 15'4 il'o 87
The period of free rolling of the Revenge through small 
angles for a double roll was about 16 seconds. The fore- 
going shows that the maximum rolling (which occurs at 
synchronism) took place at a period of swell of 13-3 seconds. 
The period of roll was less at large than small oscillations. 
The above figures are for waves varying from ^th to ^th 
of their length in height. The length of wave which 
corresponds to maximum inclination is 910 feet and height 
is about one-fiftieth. The maximum wave-slope for such 
waves is 3.6°. We are in the habit of dealing with waves 
of one-twentieth of their length in height for strength 
calculations. Observers have recorded waves in the open 
ocean of 600 to 800 feet in length and of 30 to 45 feet in 
height, so that we know that the slope of the waves 
assumed by Colonel Russo is much less than may be 
encountered at sea. A wave the length of which is twenty 
times its height has a maximum slope of 90. Records of 
waves having a ratio of height to length of as great as 
one-thirteenth have been published. The maximum slope 
of wave corresponding to these proportions is 140. If it is 
admissible to take much larger angles of wave-slope we 
may expect to get much larger angles of maximum in
clination both before uniform rolling sets in and when it 
does. In a case given by Mr. Froude in which the 
maximum inclination in the Revenge before uniform 
rolling was 12-0°, he showed by calculation that the 
corresponding maximum wave-slope must have been 5-09°. 
For 200 maximum inclination the wave-slope was 10-3°. 
Both these cases were for periods of ship and wave of 
16 and 13 seconds respectively. For similar periods of 
16 and 14-6 seconds the wave-slope to produce 200 maximum 
before uniform rolling is only 70. These figures give some 
idea of the effect of the wave-slope on the maximum 
inclination. It is to be remembered that these are the 
maximum angles obtained by Mr. Froude; but if we take 
Colonel Russo’s maximum angles, which in some cases 
are double those obtained by Mr. Froude, it is easy to see 
that large wave-slopes may produce very large angles of 
roll.

Summarising, we see that :—
(1) With wave-slopes of 3-6° the angles of maximum roll 

obtained by them in the Revenge with bilge-keels may be 
taken at 22°.

(2) This roll takes place when synchronism exists between 
the wave and the ship, when the wave is 910 feet long 
and 18J feet high and has a wave-slope of 3.6°.

(3) Waves exist which are of this length, but which 
may have a height of 50 feet, and possibly more, and a 
wave-slope of to°.

(4) In such steeper waves we should expect to get much 
larger angles of roll.

(5) Each ship has peculiarities of rolling due to its form 
as well as to its lading and bilge-keels, &c.

(6) These peculiarities and the effect they have upon 
rolling, and the effect different waves will have upon the 
rolling of the ship, can best be studied experimentally.

It was my intention when you appointed me as your 
President to have placed before you the results of an experi
mental study made on lines somewhat similar to those 
carried out by Colonel Russo, but extended to a wide range 
of types of ship, waves, and resistance.

The machine for carrying out these experiments is prac
tically complete, but having met with an accident at the 
end of April last which incapacitated me for some time, I 
was prevented from being able to do anything to this 
subject since then. I am, therefore, obliged to ask you to 
be content with the general r/sumi of the subject which 
has been given.

I think enough has been said to show what a field of 
investigation is open to the experimenter. The little that 
has been done and published by Colonel Russo is only for 
three battleships of about the same size. For the great 
bulk of the ocean wayfarers nothing has been done. If it 
is possible to determine the kind of rolling which is likely 
to take place under stated conditions it seems to be 
desirable to do so.

In all that has been said it will be seen that it is possible 
to determine experimentally the kind of rolling which will 
take place in a ship which is snug and seaworthy. But 
it is also possible to study the effect of loose water in n 
ship under the same set of conditions as to waves, lading, 
and form of ship. This part of the subject has not 
received any experimental treatment except in a very 
limited number of full-sized ships. It is quite conceiv
able that some conditions of loose water associated with 
some conditions of sea may produce large angles of 
inclination.

The subject has been treated as one in which it is 
probable that the kind of waves met with at sea will be 
uniform in size and period. That this is not so is a fact 
with which we are all more or less familiar. The effect 
of a uniform system of waves is to rapidly induce a con
dition of uniform rolling. But any deviation from 
uniformity of sea immediately introduces non-uniformity 
of rolling, and generally greater extreme angles of roll. 
Any experimental study of the action of waves upon a ship 
must include a variation in the character of the waves. 
The field of investigation is thereby widened and the 
search for large angles of inclination made more laborious. 
But the work is of a kind which can be done by many 
people, and can be done fairly rapidly, so that there seems 
to be no insuperable objection to doing it. The details of 
the apparatus need not be described, but the study of the 
objects attained may be of interest.

(t) Wave-motion is simulated by the revolution about 
parallel axes of two parallel cranks of different lengths. 
The line joining the ends of the arms of the cranks is 
always in the line of the normal to the wave-surface, and 
a line perpendicular to it is therefore parallel to the wave
surface.

(2) From the form of the ship are determined curves 
which are the shape of rollers which roll on a straight 
line parallel to the wave-surface. The form of these rollers 
is such that the model of the ship in rolling maintains the 
position in relation to the wave-surface (a) which cuts off 
constant volume of displacement at any angle of inclina
tion ; (b) in which the perpendicular to the straight line 
parallel to the wave-surface through the point of contact 
is the line of the resultant of the water-pressures acting on 
the vessel.



(3) The resistance to rolling is obtained by (a) electro
magnets, the current to which is generated by the motion 
of the model, (b) secondary electro-magnet, the current for 
which is in the first magnet, (a) represents the resistance 
due to the angular velocity, (6) represents the square of 
that velocity.

The variations in the lengths of the cranks and the speed 
of revolution give the variation in the wave-form assumed. 
The variation in the electric current by resistances in the 
circuit gives the variation in the resistances to rolling of 
the ship. For instance, the current necessary to represent 
the resistance of a ship with bilge-keels is very different 
from that for one without.

It is hoped that sufficient has been said to direct atten
tion to the possibility of extended study of the rolling of 
ships at sea, so that some valuable work may be done in 
this important subject.

SECTION' H.
ANTHROPOLOGY.

Opening Address by W. H. R. Rivers, M.D., F.R.S., 
President of the Section.

The Ethnological Analysis of Culture.
During the last few years great additions have been 

made to our store of the facts of anthropology—we have 
learnt much about different peoples scattered over the 
earth, and we understand better how they act and think. 
At the same time we have, 1 hope, made a very decided 
advance in our knowledge of the methods by means of 
which these facts are to be collected, so that they may 
rank in clearness and trustworthiness with the facts of 
other sciences. When, however, we turn to the theoretical 
side of our subject, it is difficult to see any corresponding 
advance. The main problems of the history of human 
society are little if at all nearer their solution, and there 
are even matters which a few years ago were regarded 
as settled which are to-day as uncertain as ever. The 
reason for this is not far to seek; it is that we have no 
general agreement about the fundamental principles upon 
which the theoretical work of our science is to be con
ducted.

In surveying the different schools of thought which guide 
theoretical work on human culture, a very striking fact at 
once presents itself. In other and more advanced sciences 
the guiding principles of the workers of different nations 
are the same. The zoologists or botanists of France, 
Germany, America, our own and other countries, are on 
common ground. They have, in general, the same prin
ciples and the same methods, and the work of all falls 
into a common scheme. Unfortunately, this is not so in 
anthropology. At the present time there is so great a 
degree of divergence between the methods of work of the 
leading schools of different countries that any common 
scheme is impossible, and the members of one school 
wholly distrust the work of others, whose conclusions they 
believe to be founded on a radically unsound basis.

I propose to consider in this address one of the most 
striking of these divergencies, but, before doing so, I 
will put as briefly as possible what seem to me to be the 
chief characters of the leading schools of different 
countries. To begin with that dominant among ourselves. 
The theoretical anthropology of this country is inspired 
primarily by the idea of evolution founded on a psychology 
common to mankind as a whole, and further, a psychology 
differing in no way from that of civilised man. The efforts 
of British anthropologists are devoted to tracing out the 
evolution of custom and institution. Where similarities 
are found in different parts of the world it is assumed, 
almost as an axiom, that they are due to independent 
origin and development, and this in its turn is ascribed to 
the fundamental similarity of the workings of the human 
mind all over the world, so that, given similar conditions, 
similar customs and institutions will come into existence 
and develop on the same lines.

In France we find that, as among ourselves, the chief 
interest is in evolution, and the difference is in the prin
ciples upon which this evolution is to be studied. It is to 
the psychological basis of the work of British anthropo
logists that objection is chiefly made. It is held that the 
psychology of the individual cannot be used as a guide to 

the collective actions of men in early stages of social evolu
tion, still less the psychology of the individual whose 
social ideas have been moulded by the long ages of evolu
tion which have made our own society what it is. It is 
urged that the study of sociology requires the application of 
principles and methods of investigation peculiar to itself.'

About America it is less easy to speak, because it is 
unusual in that country to deal to any great extent with 
general theoretical problems. The anthropologists of 
America are so fully engaged in the attempt to record what 
is left of the ancient cultures of their own country that 
they devote little attention to those general questions to 
which we, more unfortunately situated with no ancient 
culture at our doors, devote so much attention. There 
seems, however, to be a distinct movement in progress in 
America which puts evolution on one side, and is inclined 
to study social problems from the purely psychological 
point of view, the psychological standpoint, however, 
approaching that of the British school more nearly than 
that of the French." .4 m

It is when we come to Germany that we find the most 
fundamental difference in standpoint and method. It is 
true that in Adolf Bastian Germany produced one who was 
thoroughly imbued with the evolutionary spirit, and 
the Elementargedanke of that worker forms a most con
venient expression for the psychological means whereby 
evolution is supposed to have proceeded. In recent years, 
however, there has been a very decided movement opposed 
to Bastian and the whole evolutionary school. In some 
cases this has formed part of that general revolt, not 
merely against Darwinism, which is so prominent in 
Germany, but it seems even against the whole idea of 
evolution. In other cases the objection is less fundamental, 
and has been not so much to the idea of evolution itself 
as to the lines upon which it has been customary to 
endeavour to study this evolution.

This movement, which by those who follow it is called 
the geographical movement, but which, I think, may be 
more fitly styled “ ethnological,” was originated by Ratzel, 
who was first led definitely in this direction by a study of 
the armour made of rods, plates, or laths which is found 
in North America, northern Asia, including Japan, and in 
a less developed form in some of the islands of the Pacific 
Ocean.’ Ratzel believed that the resemblances he found 
could only be explained by direct transmission from one 
people to another, and was led by further study to become 
an untiring opponent of the Elementargedanke of Bastian 
and of the idea of independent evolution based on a com
munity of thought.’ He has even suggested that the idea 
of independent origin is the anthropological equivalent of 
the spontaneous generation of the biologist, and that 
anthropology is now going through a phase of develop
ment from which biology has long emerged.

The movement initiated by Ratzel has made great pro
gress, especially through the work of Graebner * and of 
P. W. Schmidt.* It has resulted in an important series of 
works in which the whole field of anthropological research 
is approached in a manner wholly different from that 
customary in this country.’ I must content myself with

1 I refer here especially to the work of the "sociological" school of 
Durkheim and his followers. For an account of their principles and 
methods see “ I.'Annle sociologique,” which began to appear in 1898 ; Durk
heim, “ Les Rhgles de la Methode Sociologique,” Paris ; and Lcvy-Bruhl, 
“ Les fonctions mentales dans les socidtls inleneures," Paris, rgto.

-See especially A. L. Kroeber, “ Classificatory Systems of Relationship," 
Joum. Roy. Anthr. Inst., 1909, xxxix., 77 ; and Gofdenweiser, “ Totemism : 
An Analytical Study." Journ. Amer. Folk-lore, 191c, xxiii.

3 SUsmt. d. Ahad. d. Wirs. Munchen. Hist. Cl., 1886. p. 181.
’ See especially “ Antbropogeographie," # (Boi, Th. it., 795, and '‘Die 

peographische Methode in der Ethnographic, Geograyh. /eitsch., 1897, 
ili., 268.

3 See especially “ Methode der Ethnologic," Heidelberg, 1911, and 
“Die melanesische Bogenkultur und ihre Verwandten," Anthrones, 1909, 
iv., 726. ( The annual “ Ethnologica," edited by W. Foy, is devoted to the 
illustrations of this school of thought.

3 See especially ” L’origine de l ldce de Dieu." Anthropos, iii.-v., 1908- 
ro, and " Grundlinien einer Vergleichung der Religion u. Mythologie der 
austronesischen Volker," Dcnksch. d. Akad. d. fP7sx. Wien. Phil.-hist. KI., 
1910, liii. Schmidt differs from Graebner in limiting the application of the 
ethnological method to regions with general affinities of culture. Otherwise 
he remains an adherent of the doctrine of independent origin. (See “Pan- 
babylonismus und elhnologischer Elementargedanke," Mitt. d. ant href. 
Gesellsch. in Wien. 1008, xxxviii., 73.)

" It must not be understood from this account that all German anthro
pologists are adherents to the ethnological school. There are still thosc who 
follow the doctrines of Bastian, which have undergone an interesting 
modification through the adoption of the biological principle of Convergence. 



one example to illustrate the difference of standpoint which 
separates the two schools. Few subjects have attracted 
more interest in this and other countries than the study of 
primitive decoration. In the decorative art of all lands 
there are found transitions from designs representing the 
human form or those of animals and plants to patterns 
of a purely geometrical nature. In this country it has 
been held, I think 1 may say universally, that in these 
transitions we have evidence for an evolutionary process 
which in all parts of the world has led mankind to what 
may be called the degradation and conventionalisation of 
human, animal, or plant designs, so that in course of time 
they become mere geometrical forms.

To the modern German school, on the other hand, these 
transitions are due to the blending of two peoples, one 
possessing the practice of decorating its objects with 
human, animal, or plant designs, while the art of the other 
is based on the use of geometrical forms. The transitions 
which have been taken to be evidence of independent 
processes of evolution based on psychological tendencies 
common to mankind are by the modern German school 
ascribed to the mixture of cultures and of peoples. 
Further, similar patterns, even one so simple as the spiral, 
when found in widely separated regions of the earth, are 
held to have been due to the influence of one and the same 
culture.

I have chosen this example because it illustrates the 
immense divergence in thought and method between the 
two schools; but the difference runs through the whole 
range of the subject. In every case where British anthro
pologists see evolution, either in the form of material 
objects or in social and religious institutions, the modern 
German school sees only the evidence of mixture of 
cultures, either with or without an accompanying mixture 
of the races to which these cultures belonged.

It will, I think, be evident that this difference of attitude 
of British and German workers is one of fundamental and 
vital importance. When we find the chief workers of two 
nations thus approaching their subject from two radically 
different and, it would seem, incompatible standpoints, it 
is evident that there must be something very wrong, and 
it has seemed to me that I cannot better use the oppor
tunity given to me by the present occasion than in devoting 
my address to this subject.

The situation is one which has an especial interest for 
me in that I have been led quite independently to much 
the same general position as that of the German school by 
the results of my own work in Oceania with the Percy 
Sladen Trust Expedition. With no knowledge of the work 
of this school, I was led by my facts to see how much, 
in the past, I had myself ignored considerations arising 
from racial mixture and the blending of cultures, and it 
will perhaps interest you if 1 sketch briefly the history of 
my own conversion.

Much of my time in Oceania was devoted to survey 
work, in which I collected especially the systems of rela
tionship of every place I visited, together with such other 
facts concerning social organisation as I was able to 
gather. I began my theoretical study by a comparison of 
the various forms of these systems of relationship, dis
regarding at first the linguistic nature of the terms. From 
the study of these systems I was able to demonstrate the 
existence, either in the present or the past, of a number of 
extraordinary and anomalous forms of marriage, such as 
marriage with the daughter’s daughter and with the wife 
of the father’s father,' all of which become explicable if 
there once existed widely throughout Melanesia a state 
which is known as the dual organisation of society with 
matrilineal descent, accompanied by a condition of domin
ance of the old men which enabled them to monopolise all 
the young women of the community. Taking this as my 
starting-point, I was then able to trace out a consistent 
and definite scheme of the history of marriage in Melanesia 
from a condition in which persons normally and naturally 
married certain relatives to one in which wives are pur
chased with whom no relationship whatever can be traced, 
and I was able to fit many other features of the social 
structure of Melanesia into this scheme. So far my work 
was of a purely evolutionary character, and only served to 
strengthen me in my previous standpoint.

1 These terms are used in the dassificatory sense.

1 then turned my attention to the linguistic side of the 
systems of relationship, and a study of the terms them
selves showed that these fell into two main classes : one 
class generally diffused throughout Oceania, while the 
terms of the other class differed very considerably in 
different cultural regions. Further, it became clear that 
the terms of the first class denoted relationships which my 
comparative study of the forms of the systems had shown 
to have suffered change, while the terms which varied 
greatly in different parts of Oceania denoted relationships, 
such as those of the mother and mother’s brother, which 
there was no reason to believe had suffered any great 
change in status. From these facts I inferred that at the 
time of the most primitive stage of Melanesian society 
of which 1 had evidence there had been great linguistic 
diversity which had been transformed into the relative 
uniformity now found in Melanesia by the incoming of a 
people from without, through whose influence the change 
1 had traced had taken place, and from whose language 
the generally diffused terms of relationship had been 
borrowed. It was through the combined study of social 
forms and of language that I was led to see that the 
change I had traced was not a spontaneous evolution, but 
one which had taken place under the influence of the 
blending of peoples. The combined morphological and 
linguistic study of systems of relationship had led me to 
recognise that a definite course of social development had 
taken place in an aboriginal society under the influence of 
an immigrant people.

I turned next to a Melanesian institution, that of secret 
societies, concerning which 1 had been able to gather much 
new material, and it soon became probable that these socie
ties belonged properly neither to the aboriginal culture nor 
to that of the immigrants, but had arisen as the result 
of the interaction of the two; that, in fact, these secret 
societies had had their source in the need felt by the 
immigrants for the secret practice of the rites they had 
brought with them from their former home. A com
parison of the ritual of the secret societies with the institu
tions of other parts of Oceania then made it appear that 
the main features of the culture of these immigrants had 
been patrilineal descent, or at any rate definite recognition 
of the relation between father and child, a cult of the 
dead, the institution of taboo, and, lastly, certain relations 
with animals and plants, which were probably allied to 
totemism, if they were not totemism itself in a fully 
developed form.

Further study made it clear that those I have called the 
immigrant people, though possessing these features in 
common, had reached .Melanesia at different times and 
with several decided differences of culture, but that prob
ably there had been two main streams : one which 
peopled Polynesia and became widely diffused throughout 
Melanesia, which was characterised by the use of kava; 
another which came later and penetrated much less widely, 
which brought with it the practice of chewing betel
mixture. Traces of a third stream, the earliest of all, are 
probably to be found here and there throughout Melanesia, 
while still another element is provided by recent Polynesian 
influence. It became evident that the present condition of 
Melanesian society has come into being through the blend
ing of an aboriginal population with various peoples from 
without, and it therefore became necessary to ascertain to 
which of the cultures possessed by these peoples the 
present-day customs and institutions of Melanesia belong, 
always keeping in mind the possibility that some of these 
institutions may not have belonged to any one of the 
cultures, but may have arisen as the result of the inter
action of two or more of the blending peoples.

I must be content with this brief sketch of my' scheme 
of the history of Melanesian society, for my object to-day 
is to point out that if Melanesian society possesses the 
complexity and the heterogeneous character 1 have 
indicated, and is the resultant of the mixture of three or 
four main cultures, it cannot be right to take out of the 
complex any institution or belief and regard it as primitive 
merely because Melanesian culture on the whole possesses 
a more or less primitive character. It is probable that 
some of the immigrants into Melanesia had a relatively 
advanced culture, possibly even that the institutions and 
ideas they brought with them had been taken from a 



culture higher still, and, therefore, when we bring forward 
any Melanesian institution or belief as an example of 
primitive thinking or acting, our first duty should be to 
inquire to which stratum of Melanesian culture it belongs.

To illustrate my meaning, I have time for only one 
example. No concept of Melanesian culture has bulked 
more largely in recent speculation than that of mana, the 
mysterious virtue to which the magico-religious rites of 
Melanesia are believed to owe their efficacy. This word 
now seems on its way to enter the English language as a 
term for that power or virtue which induces the emotions 
of awe and wonder, and thus provides a most important 
element, not only in the specific mental states which 
underlie religion, but also plays much the same part in 
the early history of magic. In recent speculation the idea 
of mana is coming to be regarded as having been the 
basis of religious ideas and practices preceding the animism 
which, following Prof. Tylor, we have for long regarded 
as the earliest form of religion, and mana is thus held 
to be not only the foundation of pre-animistic religion, but 
also the basis of that primitive element of human culture 
which can hardly be called either religion or magic, but is 
the common source from which both have been derived. 
If I am right in my analysis of Oceanic culture, the 
Melanesian concept of mana is not a suitable basis for 
these speculations. It is certain that the word mana 
belongs to the culture of the immigrants into Melanesia, 
and not to that of the aborigines. It is, of course, possible 
that though the word belongs to the immigrant culture, 
the ideas which it connotes may belong to a more primitive 
stratum ; but this is a pure assumption, and one which 1 
believe to be contrary to all probability. At any rate, we 
can be confident that even if the ideas connoted by the 
term mana belong to or were shared by the primitive 
stratum of Melanesian society, they must have been largely 
modified by the influence of the alien, but superior, culture 
from which the word itself hits been taken. I believe that 
the Melanesian evidence can legitimately be used in favour 
of the view that the power or virtue denoted by mana is a 
fundamental element of religion. The analysis of culture, 
however, indicates that it is not legitimate to use the 
Melanesian evidence to support the primitiveness of the 
concept of mana. This evidence certainly does not support 
the view that the concept of mana is more primitive than 
animism, for the immigrants were already in a very 
advanced stage of animistic religion, a cult of the dead 
being certainly one of the most definite of their religious 
institutions.

Further, I believe that the use of the term mana in 
Melanesia in connection with magic, as a term for that 
attribute of objects used in magic to which they owe their 
efficacy, is due to an extension of the original meaning of 
the term, and that it would only be misleading to use 
the Melanesian facts as evidence in favour of the concept 
of mana as underlying primitive magic. Here, again, I 
do not wish to deny that a concept such as that denoted 
by mana may be a primitive element of magic; all that 
I wish to point out is that the Melanesian evidence cannot 
properly be used to support this view, for the use of the 
term in connection with magic in Melanesia is not primi
tive, but secondary and relatively late.

The point, then, on which I wish to insist is that if 
cultures are complex, their analysis is a preliminary step 
which is necessary if speculations concerning the evolution 
of human society, its beliefs and practices, are to rest on 
a firm foundation.

I have so far dealt only with Melanesia. It is obvious 
that the same principle that analysis of culture must pre
cede speculations concerning the evolution of institutions 
is of wider application ; but I have time only to deal, and 
that very briefly, with one other region.

No part of the world has attracted more attention in 
recent anthropological speculation than Australia, and at 
the bottom of these speculations, at any rate in this 
country, there has usually been the idea, openly expressed 
or implicitly understood, that, in the culture of this region, 
we have a homogeneous example of primitive human 
society. From the time that I first became acquainted 
with Australian sociology, I have wondered at the com
placency with which certain features of Australian social 
organisation have been regarded, and especially the com

bination of the dual organisation and matrimonial classes 
with groups closely resembling the totemic clans of other 
parts of the world. This co-existence of two different 
forms of social organisation side by side has seemed to 
me the fundamental problem of Australian society, and I 
confess that till lately, obsessed as I see now I have been 
by a crude evolutionary point of view, the condition has 
seemed an absolute mystery.1 A comparison, however, of 
Australia and Melanesia has now led me to see that prob
ably we have in Australia, not merely another example of 
mixture of cultures, but even another resultant of mixture 
of the same or closely similar components as those which 
have peopled Melanesia, viz. a mixture of a people possess
ing the dual organisation and matrilineal descent with one 
organised in totemic clans, possessing either patrilineal 
descent, or at any rate clear recognition of the relation 
between father and child. This is no new view, having 
been already advanced, though in a different form, by 
Graebner ’ and I’. W. Schmidt.’ If further research 
should show Australian society to possess such complexity, 
it will at once become obvious that here also ethnological 
analysis must precede any theoretical use of the facts of 
Australian society in support of evolutionary speculations.

It may be objected that we all recognise the complexity 
of culture, and, indeed, in the study of regions such as 
the Mediterranean, where we possess historical evidence, it 
is this complexity which forms the chief subject of dis
cussion. Further, where we possess historical evidence, as 
in the cases of the Hindu and Mohammedan invasions into 
the Malay Archipelago, all anthropologists are fully alive 
to the complexities and difficulties introduced thereby into 
the study of culture ; but where we have no such historical 
evidence, the complexity of culture is almost wholly ignored 
by those who use these cultures in their attempts to 
demonstrate the origin and course of development of 
human institutions.

I have now fulfilled the first purpose of this address. I 
have tried to indicate that evolutionary speculations can 
have no firm basis unless there has been a preceding 
analysis of the cultures and civilisations now spread over 
the earth’s surface. Without such analysis it is impossible 
to say whether an institution or belief possessed by a people 
who seem simple and primitive may not really be the 
product of a relatively advanced culture forming but one 
element of a complexity which at first sight seems simple 
and homogeneous.

Before proceeding further I should like to guard against 
a possible misconception. Some of those who are interested 
in the ethnological analysis of culture regard it not only 
as the first, but as the only, task of the anthropology of 
to-day. I cannot too strongly express my disagreement 
with this view. Because I have insisted on the import
ance of ethnological analysis, I hope you will not for a 
moment suppose that I underrate the need for the psycho
logical study of customs and institutions. If the necessity 
for the ethnological analysis of culture be recognised, this 
psychological study becomes more complicated and difficult 
than it has seemed to be in the past, but that makes it 
none the less essential. Side by side with ethnological 
analysis there must go the attempt to fathom the modes 
of thought of different peoples, to understand their ways 
of regarding and classifying the facts of the universe. It 
is only by the combination of ethnological and psycho
logical analysis that we shall make any real advance. To
day, however, time will not allow me to say more about 
this psychological analysis, and I must continue the subject 
from which I have for a moment turned aside.

Having shown the importance of ethnological analysis, I 
now propose to consider the process of analysis itself and 
the principles on which it should and must be based if it 
in its turn is to have any firm foundation. In the analysis 
of any culture a difficulty which soon meets the investi
gator is that he has to determine what is due to mere 
contact and what is due to intimate intermixture, such 
intermixture, for instance, as is produced by the permanent

1 I may note here that Mr. Lang, after having considered this problem 
from the purely evolutionary standpoint (“ Anthropological Essays presented 
to E. B. Tylor." p. 303), concludes with the words, "We seem lost in a 
wilderness of difficulties." , ,

2 Zt/t. f. Ethno/., 1905, xxxvii., aS, and "Zur australischen Rehgions- 
geschichte," Globus, 1900, xcvi., 341.

8 See especially Zeitsch. f. Ethno/., 1909, xli., 340. 



blending of one people with another either through war
like invasion or peaceful settlement. The fundamental 
weakness of most of the attempts hitherto made to analyse 
existing cultures is that they have had their starting-point 
in the study of material objects, and the reason for this 
is obvious. Owing to the fact that material objects can 
be collected by anyone and subjected at leisure to pro
longed study by experts, our knowledge of the distribu
tion of material objects and of the technique of their manu
facture has very far outrun that of the less material 
elements. What I wish now to point out is that in dis
tinguishing between the effects of mere contact and the 
intermixture of peoples, material objects are the least trust
worthy of all the constituents of culture. Thus in 
Melanesia we have the clearest evidence that material 
objects and processes can spread by mere contact, without 
any true admixture of peoples and without influence on 
other features of the culture. While the distribution of 
material objects is of the utmost importance in suggesting 
at the outset community of culture, and while it is of 
equal importance in the final process of determining points 
of contact and in filling in the details of the mixture of 
cultures, it is the least satisfactory guide to the actual 
blending of peoples which must form the solid foundation 
of the ethnological analysis of culture. The case for the 
value of magico-religious institutions is not much stronger. 
Here, again, in Melanesia there is little doubt that whole 
cults can pass from one people to another without any real 
intermixture of peoples. I do not wish to imply that such 
religious institutions can pass from people to people with 
the ease of material objects, but to point out that there is 
evidence that they can and do so pass with very little, if 
any, admixture of peoples or of the deeper and more funda
mental elements of the culture. Much more important is 
language; and if you will think over the actual conditions 
when one people either visit or settle among another, this 
greater importance will be obvious. Let us imagine a 
party of Melanesians visiting a Polynesian island, staying 
there for a few weeks, and then returning home (and 
here I am not taking a fictitious occurrence, but one which 
really happens). We can readily understand that the 
visitors may take with them their betel-mixture, and 
thereby introduce the custom of betel-chewing into a new 
home; we can readily understand that they may introduce 
an ornament to be worn in the nose and another to be 
worn on the chest; that tales that they tell will be remem
bered, and dances they perform will be imitated. A few 
Melanesian words may pass into the language of the Poly
nesian island, especially as names for the objects or pro
cesses which the strangers have introduced; but it is in
credible that the strangers should thus in a short visit 
produce any extensive change in the vocabulary, and still 
more that they should modify the structure of the language. 
Such changes can never be the result of mere contact or 
transient settlement, but must always indicate a far more 
deeply seated and fundamental process of blending of 
peoples and cultures.

Few will perhaps hesitate to accept this position ; but I 
expect my next proposition to meet with more scepticism, 
and yet I believe it to be widely, though not universally, 
true.' This proposition is that the social structure, the 
framework of society, is still more fundamentally important 
and still less easily changed except as the result of the 
intimate blending of peoples, and for that reason furnishes 
by far the firmest foundation on which to base the process 
of analysis of culture. I cannot hope to establish the truth 
of this proposition in the course of a brief address, and 1 
propose to draw your attention to one line of evidence only.

At the present moment we have before our eyes an 
object-lesson in the spread of our own people over the 
earth's surface, and we are thus able to study how external 
influence affects different elements of culture. What we 
find is that mere contact is able to transmit much in the 
way of material culture. A passing vessel, which does not 
even anchor, may be able to transmit iron, while European 
weapons may be used by people who have never even seen 
a white man. Again, missionaries introduce the Christian 
religion among people who cannot speak a -word of English 
or any language but their own, or only use such European

1 There are definite exception* in McInnes'a; places where the social 
structure has been transformed, though the ancient language persists. 

words as have been found necessary to express ideas or 
objects connected with the new religion. There is evidence 
how readily language may be affected, and here again 
the present day suggests a mechanism by which such a 
change takes place. English is now becoming the language 
of the Pacific and of other parts of the world through its 
use as a lingua franca, which enables natives who speak 
different languages to converse not only with Europeans, 
but with one another, and 1 believe that this has often 
been the mechanism in the past; that, for instance, the 
introduction of what we now call the Melanesian structure 
of language was due to the fact that the language of an 
immigrant people who settled in a region of great linguistic 
diversity came to be used as a lingua franca, and thus 
gradually became the basis of the languages of the whole 
people.

But now let us turn to social structure. We find in 
Oceania islands where Europeans have been settled as 
missionaries or traders perhaps for fifty or a hundred 
years; we find the people wearing European clothes and 
European ornaments, using European utensils, and even 
European weapons when they fight; we find them holding 
the beliefs and practising the ritual of a European religion ; 
we find them speaking a European language, often even 
among themselves, and yet investigation shows that much 
of their social structure remains thoroughly native and 
uninfluenced, not only in its general form, but often even 
in its minute details. The external influence has swept 
away the whole material culture, so that objects of native 
origin are manufactured only to sell to tourists; it has 
substituted a wholly new religion and destroyed every 
material, if not every moral, vestige of the old; it has 
caused great modification and degeneration of the old 
language; and yet it may have left the social structure in 
the main untouched. And the reasons for this are clear. 
Most of the essential social structure of a people lies so 
below the surface; it is so literally the foundation of the 
whole life of the people that it is not seen; it is not 
obvious, but can only be reached by patient and laborious 
exploration. 1 will give a few specific instances. In 
several islands of the Pacific, some of which have had 
European settlers on them for more than a century, a 
most important position in the community is occupied by 
the father's sister.' If any native of these islands were 
asked who is the most important person in the determina
tion of his life-history, he would answer, “ My father’s 
sister”; and yet the place of this relative in the social 
structure has remained absolutely unrecorded, and, I 
believe, absolutely unknown, to the European settlers in 
these islands. Again, Europeans have settled in Fiji for 
more than a century, and yet it is only during this summer 
that I have heard from Mr. A. M. Hocart, who is working 
there at present, that there is the clearest evidence of what 
is known as the dual organisation of society as a working 
social institution at the present time. How unobtrusive 
such a fundamental fact of social structure may be comes 
home to me in this case very strongly, for it wholly eluded 
my own observation during a visit three years ago.

Lastly, the most striking example of the permanence 
of social structure which I have met is in the Hawaiian 
Islands. There the original native culture is reduced to 
the merest wreckage. So far as material objects are con
cerned, the people are like ourselves; the old religion has 
gone, though there probably still persists some of the 
ancient magic. The people themselves have so dwindled 
in number, and the political conditions are so altered, that 
the social structure has also necessarily been greatly 
modified, and yet I was able to ascertain that one of its 
elements, an element which I believe to form the deepest 
layer of the foundation, the very bedrock of social struc
ture, the system of relationship, is still in use unchanged. 
I was able to obtain a full account of the system as 
actually used at the present time, and found it to be 
exactly the same as that recorded forty years ago by 
Morgan and Hyde, and I obtained evidence that the 
system is still deeply interwoven with the intimate mental 
life of the people.

If, then, social structure has this fundamental and 
deeply seated character, if it is the least easily changed, 
and only changed as the result either of actual blending of

See “ Folk-Lore,” 1910, xxi., 4a.



peoples or of the most profound political changes, the 
obvious inference is that it is with social structure that we 
must begin the attempt to analyse culture and to ascertain 
how far community of culture is due to the blending of 
peoples, how far to transmission through mere contact or 
transient settlement.

The considerations I have brought forward have, how
ever, in my opinion, an importance still more fundamental. 
If social institutions have this relatively great degree of 
permanence, if they are so deeply seated and so closely 
interwoven with the deepest instincts and sentiments of a 
people that they can only gradually suffer change, will 
not the study'of this change give us our surest criterion of 
what is early and what is late in any given culture, and 
thereby furnish a guide for the analysis of culture? Such 
criteria of early and late are necessary if we are to arrange 
the cultural elements reached by our analysis in order of 
time, and it is very doubtful whether mere geographical 
distribution itself will ever furnish a sufficient basis for 
this purpose. I may remind you here that before the 
importance of the complexity of Melanesian culture had 
forced itself on my mind, 1 had already succeeded in 
tracing out a course for the development of the structure 
of Melanesian society, and after the complexity of the 
culture had been established, 1 did not find it necessary 
to alter anything of essential importance in this scheme. 
I suggest, therefore, that while the ethnological analysis 
of cultures must furnish a necessary preliminary to any 
general evolutionary speculations, there is one element of 
culture which has so relatively high a degree of perman
ence that its course of development may furnish a guide 
to the order in time bf the different elements into which 
it is possible to analyse a given complex.

If the development of social structure is thus to be 
taken as a guide to assist the process of analysis, it is 
evident that there will be involved a logical process of 
considerable complexity in which there will be the danger 
of arguing in a circle. If, however, the analysis of culture 
is to be the primary task of the anthropologist, it is 
evident that the logical methods of the science will attain 
a complexity far exceeding those hitherto in vogue. I 
believe that the only logical process which will in general 
be found possible will be the formulation of hypothetical 
working schemes into which the facts can be fitted, and 
that the test of such schemes will be their capacity to fit 
in with themselves, or, as we generally express it, 
“ explain ” new facts as they come to our knowledge. 
This is the method of other sciences which deal with 
conditions as complex as those of human society. In 
many other sciences these new facts are discovered by 
experiment. In our science they must be found by explora
tion, not only of the cultures still existent in living form, 
but also of the buried cultures of past ages.

And here is the hopeful aspect of our subject. I believe 
our present store of facts, at any rate on the less material 
sides of culture, to form but a very small part of that 
which is yet to be obtained, and will be obtained, unless 
we very wilfully neglect our opportunities. Waiting to be 
collected there is a vast body of knowledge by means of 
which to test the truth of schemes of the history of man
kind, not only of his migrations and settlements, but of 
the institutions and objects which have arisen at different 
stages of his history and developed into various forms 
throughout the world.

And this brings me to my concluding topic. I have 
tried to show that any speculations concerning the history 
of human institutions can only have a sound basis if 
cultures have first been analysed into their component 
elements, but I do not wish for one moment to depreciate 
the importance of attempts to seek for the origin and early 
history of human institutions. To me the analysis of 
culture is merely the means to an end, which would have 
little interest if it did not show us the way to the proper 
understanding of the history of human institutions. The 
importance of the facts of ethnology in the study of 
civilised culture is now generally recognised. You can 
hardly take up a modern work dealing with any aspect 
of human thought and activity without finding reference 
to the customs and institutions of savage or barbarous 
peoples. It is becoming recognised that a study of these 
helps us to understand much that is obscure in our own 

institutions or in those of other great civilisations of the 
present or the past. Further, there can be no doubt that 
we are only at the threshold of a new movement in learn
ing which is being opened by this comparative study.

It is a cruel irony that just as the importance of the 
facts and conclusions of ethnological research is thus be
coming recognised, and just as we are beginning to learn 
sound principles and methods for use both in the field and 
in the study, the material of our science is vanishing. Not 
only is the march of our own civilisation into the hitherto 
undisturbed places of the earth more rapid than it has 
ever been before, but this advance has made more easy 
the spread of other destroying agencies. In many parts 
of such a region as Melanesia, it is even now only from 
the old men that any trustworthy information can be 
obtained, and it is no exaggeration to say that with the 
death of every old man there and in many other places 
there goes, and goes for ever, knowledge the loss of 
which the scholars of the future will regret as the 
scholars of the past regretted such an event as the dis
appearance of the library of Alexandria. There is no 
other science in the same position. The nervous 
system of an animal, the metabolism of a plant, 
the condition of the South Pole, for instance, will a 
hundred, or even a thousand, years hence be essentially 
what they are to-day, but long before the shorter of those 
times has passed, most, if not all, of the lower cultures 
now found on different parts of the earth will have wholly 
disappeared or have suffered such change that little will be 
learnt from them. Fortunately, the need for ethnographical 
research is now forcing itself on the attention of those 
who have to deal with savage or barbarous peoples. 
Statesmen have begun to recognise the practical import
ance of knowledge of the institutions of those they have to 
govern, and missionary societies are beginning to see, what 
every wise missionary has long known, that it is necessary 
to understand the ideas and customs of those whose lives 
they are trying to reform. Still, we must not be content 
with these more or less official movements. There is 
ample scope, indeed urgent need, for individual effort and 
for non-official enterprise. It is not all who can go into 
the field and do the needed work themselves, but there are 
none who cannot in some way help to promote ethno
graphical research. We have before us one of those critical 
occasions which must be seized at once if they are to be 
seized at all: the occasion of a need which to future 
generations will seem to have been so obvious that its 
neglect will be held an enduring reproach to the science 
of our time.

SECTION I.
PHYSIOLOGY.

Opening Address nr Prop. J. S. Macdonald, B.A., 
President of the Section.

The special difficulties of physiology are well known to 
a large section of my audience, but it may be permissible 
to illustrate them by reference to an individual case. Take 
for example those small capsules which are found in the 
kidneys at the very summit, so to speak, of the problem of 
renal secretion. These small bodies each occupy a space 
of less than two thousandths of a cubic millimetre. Within 
their interior they contain several different kinds of blood
vessels that represent the structures of greatest mechanical 
interest when dealing with the circulatory system, omitting, 
of course, the heart. This almost complete sample of the 
circulatory mechanism, itself formed of a congeries of 
parts and unitary mechanisms, is enclosed by two or three 
thousand cells of specific glandular function. Every one of 
these cells again is a complex of mechanisms about which 
we cannot rightly think until we reduce our conceptions to 
the level of molecular dimensions. Enclosed then in this 
minute space, within a mass that weighs two thousandths 
of a milligramme, lie quite a series of the problems in 
which physiology is interested.

The difficulties occasioned by this minuteness of parts, 
and by the manner in which they are complexly mixed 
together, render direct investigation of single problems 
possible only in the very simplest cases, as, for instance, 
the red blood corpuscle and the nerve-fibre.

A consideration of the dynamic properties of the red 



blood corpuscle is perhaps the simplest task in physiology. 
By the aid of the centrifuge these bodies can be obtained 
free from the embarrassing presence of other cells, may 
even be washed and immersed in definite solutions of 
known value. In addition, these compressed discs—the 
study of the forces normally compressing them open to 
research by variations in the quality of the surrounding 
solutions—contain no nuclear reactions, and but the one 
material of primary dynamic importance.

Everyone knows, however, that even in this case the 
dynamic conditions are being investigated largely in an 
indirect fashion. The material of primary importance, 
hemoglobin, is stable except with regard to the one well- 
defined reaction with oxygen to which it owes its utility. 
This material may readily be obtained pure and its 
properties examined in homogeneous solutions, and these 
properties may again be studied after adding to this 
solution such secondary substances, lipoids and inorganic 
salts, as are also present in the red blood corpuscle. In 
the hands of members of this section such studies arc not 
only increasing our knowledge of the properties of hemo
globin, but are also rapidly leading to a knowledge of those 
very dynamic conditions with which it is surrounded when 
present within its microscopical site in the red blood 
corpuscle. In this very simple instance, the parts of the 
mechanism being known, it is possible to arrange them in 
such a fashion as to limit our conceptions of the way in 
which they arc actually arranged within the body.

In cases of greater complexity, where no doubt in course 
of time the same method of indirect attack will be adopted, 
in preparation for this event, the necessities of the moment 
largely confine our attention to a discovery of the various 
parts present in these mechanisms. In fact, the first 
requirement is a knowledge of the micro-chemistry of these 
more complex structures, that is to say, a precise know
ledge of the chemical materials distributed in minute spaces 
of microscopical dimensions. It is well known that my 
predecessor in this honourable post, Prof. Macallum, of 
Toronto, has contributed largely to our knowledge of these 
matters, and that he further assisted us to a right concep
tion of the forces in action between these minute masses of 
material by his excellent Presidential Address to this 
Section.

Thinking of the body as no more than a collection of 
chemical reactions, this elaborate separation of parts in a 
multiplicity of extremely small spaces protects the indi
viduality of a certain large number of reactions, whilst at 
the same time securing a rich maintenance of contact with 
supplies of raw material and a ready means for separating 
the end-products of reactions from the materials in reaction 
at each point. Every nucleus, surrounded by its constella
tion of secondary chemical reactions, is thus given certain 
limits of size, surface, territory, and environment. These 
are physical necessities of arrangement possible within the 
conditions of solution met with in the body, and no doubt 
largely due to physical states developed by each reaction— 
that is to say. that the products of each reaction exert a 
physical influence nnd produce characteristic physical 
arrangements. It is not without interest to realise that 
cell-growth, and the increase in nuclear surface with 
which it is attended in cell-division, is apparently initiated 
at every centre by what is doubtless a physical process, 
and what, as Loeb has shown us, may be accelerated by 
definite physical change. Such effects of growth are best 
studied in those early days of enormous expansion when 
the ovum increases to one thousand million times its 
original weight, and it is at this time that these separative 
physical consequences of chemical reactions are most 
apparent.

During this primary expansion not only have the 
reactions of nuclear matter been extended to occupy some 
hundred million times more mass, but it is also true that 
thev have been modified in a very large number of ways, 
and doubtless this as the consequence of special conditions, 
extrinsic conditions, existing at the time of formation of 
each separate part. These modifications are largely shown 
by differences in appearance and structure, nnd are each 
attended by some difference in the function of typical 
groups of cells. A singular persistence in the similarity of 
structure and function exhibited by successive generations 
of similarly placed cells is no doubt sometimes due to the 

maintenance of those special extrinsic conditions which 
occasioned their initial modification. In these cases rever
sion to an original type may occur on immersion in 
formerly pre-existent conditions, and indeed a whole series 
of different structures make their appearance as the con
ditions are further variously modified, as is sometimes seen 
in the regeneration of parts.

There is, however, seen in some cases a greater degree 
of persistence, studied, for example, in malignant growths, 
which is largely retained even when the extrinsic con
ditions are greatly modified ; and in such cases there has 
doubtless occurred some elimination and refinement—that 
is to say, rather an abstraction than an addition of 
character—as the consequence of the initial modification.

In certain places in the adult, physical conditions due 
to the modification and acceleration of chemical reactions 
are still frequently provocative of nuclear growth and sub
division : thus in the tonsils, follicles, patches, and 
lymphatic structures generally, that are embedded in the 
surface of the alimentary canal. 4 These structures, charac
terised by their great wealth of nuclear material, experi
ence great nuclear change, to which they are largely 
stimulated by chemical substances derived from foreign 
organisms. Specifically affected by each chemical sub
stance, they are probably the site of manufacture of specific 
neutralising substances that are driven from these ’sites of 
activity into the portal system almost as soon as the 
substances exciting their appearance are driven in from the 
absorbent surface of the alimentary canal.

In other places in the adult, however, such conditions 
never recur after a certain date in development. In these 
places the nuclear material has been so refined as to be 
irresponsive to conditions that accelerate and modify the 
reactions of nuclear material in other parts. Permanent 
sites of monotonous nuclear activity are formed and main
tained in such places until the moment when some 
unusually extreme condition still further limits their 
activity and terminates their existence. Il is significant, 
too, that this may happen when the condition is not 
sufficiently extreme similarly to cut short the reactions of 
other parts.

Now the latter case is typically illustrated by reference 
to the nervous system, which is thus seen as the site of a 
severely limited quality of chemical activity. That it is 
also restricted in amount may be further emphasised by 
reference to the relatively minute quantity of nuclear 
material which is present in this system. Thus it is 
probable that if a direct comparison between the cells of 
the nervous system and the lymphoid cells to which I have 
alluded were possible, the essential difference found would 
be a difference between the stability of certain chemical 
material in the one case, and a frequently modified wealth 
of chemical reaction in the other ; so that of the two, the 
nervous system would be the more comparable with the 
red blood corpuscle.

Thus, if when reviewing the wide array of function in 
which the nervous system participates, we are led to 
foresee for each of its cells a great variety of chemical 
change, or, if when surveying the great differences in 
function of the organs of the body we are led to expect 
typical chemical differences between those several parts of 
the central nervous system with which they are individually 
associated, we are arrested by this clear evidence of a 
universally distributed monotony of simple chemical state.

It is true that certain drugs affect some groups of cells 
within this system more readily than others. None of 
these instances are, however, of .such a kind as to demand 
the inference that there was any essential difference 
between different groups of cells. In most cases, indeed, 
it is probable that differences in relative quantity, and in 
such simple factors as relative state of solution, are 
responsible for these effects. Thus there is nothing to 
refute the statement that all the cells of the nervous system 
contain chemical materials of an exactly similar kind. Just 
as every liver-cell is like every other liver-cell in its 
general chemical character, so in the nervous system are 
all the cells chemically alike.

Glancing from the liver-cell to the nerve-cell, however, 
there is at once seen a marked difference of a kind we 
have not yet considered. The chemical experiences of the 
liver-cell are multifold, but in the main alike for each cell, 



and it is thus not surprising that the chemical reactions 
are in the main the same in every cell', no matter how 
multifold they may be. The physical experiences of the 
liver-cells are similarly the same for each cell, and we are 
not surprised that in physical appearance there is as 
monotonous a similarity between all the cells in the liver 
as there is a monotonous chemical similarity between all 
the cells in the nervous system. In the nervous system, 
nowever, there is no monotony in the physical character of 
the cells. It is a notable physical fact that the cells of the 
nervous system have diverse shapes and sizes, and still 
more so that these are such as to bring them into a kind 
of physical relationship observed in no other epithelial 
organ. It is a notable physical fact that cells originally 
separated by considerable distances are brought into close 
contact by a growth of processes, and that they are in this 
way arranged into chains forming definite paths for the 
transmission of physical influence through this system.

Before attempting to explain the manner in which 
physical conditions give Tise to this arrangement, I must 
briefly sketch the differences in physical state which may 
be met with in these cells. Thus there are the states of 
excitation, of rest, and of inhibition. 1 may simplify 
matters by saying that there are reasons for considering 
excitation as associated with an increase in pressure, either 
due to a temporary increase of particles in motion within 
the solutions of the cell or to some acceleration in the 
motion of particles initially present. In rest these particles 
are in their normal quantity and have their normal mot!on. 
During inhibition the particles are decreased in number, or 
have a retarded motion. Associating excitation with an 
increase, inhibition with a diminution, and rest with 
normal degrees of molecular activity, we shall not be far 
away from the facts.

Everyone is aware that increased molecular activity is 
associated with a tendency to break bounds, or when taking 
place behind resistant but distensible bounds with a 
tendency to expand the region of activity. Thus it happens 
that the excited cell tends to grow in size, whereas, on the 
other hand, the inhibited cell tends to diminish, and the 
resting cell to remain unaltered. These several proceedings 
are possible so long as the surface membranes of the cells, 
or of structures within them, which form bounds resistant 
to the pressure of molecular activity, are at the same time 
porous to water molecules; and this we know is within 
limits true—namely, that the cell is enclosed by such semi- 
permeable membranes. Thus when the excited nerve-cell 
grows in size, and the region of molecular activity is thus 
increased, the materials within the cell are diluted by an 
admission of water.

Attention is now directed to the probability that there is 
some kind of material in solution within the cell which 
takes no part in this Increase of molecular activity ; is, on 
the other hand, retarded in its motion by agglutination 
into colloidal clusters, and may finally be precipitated. I, 
for my part, have no hesitation in saying that there is 
every probability that this is indeed the primary pheno
menon of excitation, this precipitation. Leaving that 
point, however, alone, it is probable that this tendency 
towards precipitation occurs. This material, precipitated 
and diluted, thus loses some of that mass-action formerly 
holding in check its formation by the particular chemical 
reaction that is always tending to produce still more of it. 
More of this material is thus produced within the excited 
cell, and is in turn precipitated, and still more and more. 
We may therefore think of these excited cells as laying 
down a structure which I will ask . your permission to 
describe as a cuticle. The nerve-fibre is the cuticle of the 
nerve-cell. Once give it such a name, as is in part justifi
able, and no one will be surprised that these structures are 
pushed out to an extraordinary distance from their parent 
cells, and that their length is measured not like other 
details of cell-structure in thousandths of millimetres, but 
sometimes in metres, and therefore on a scale with units 
one million times larger than usual.

If we entertain this idea, that nerve-fibre growth is 
proportional to excitation, we are prepared for the state
ment that the physical characters of the cells within the 
nervous system and their relations to one another are all 
due to their relative experience of incidents of excitation.

We face the fact that their chemical work is of a uni
versally monotonous type, a drearily slow and respectable 
type, and that their physical features and arrangements are 
capable of very simple explanation.

Now structure is everywhere the outcome of function, 
and those functional developments that lead to the growth 
and differentiation of structure contain the most interesting 
and most fundamental problems of physiology. If it is 
thought that the main relationships of parts within the 
nervous system are fixed from an early date of develop
ment, it would then seem that to the physiologist the 
nervous system is a place of very limited interest. But 
this is by no means the case, the relationship of parts is 
by no means a fixture within the nervous system. In so 
far as it is fixed, it is the sign of the orderly action of 
circumstance upon the structures of the body, and the 
result rather than the cause of the monotony of existence. 
There is, however, no need to labour this point or to 
debate our interest in this system. One portion of the 
nervous system is the seat of the mind, a fact to which I 
will return later. The whole of it is the very essence of 
the unity of the organism containing it. It is the rapid 
transmission of physical states through its individual nerve
fibres, and the modifications in transmission determined by 
passage into its constituent cells, which serve to weld the 
actions of the several parts of the body into that phase 
of common action which is suited to the necessities of the 
moment.

That there is no moment during life when there are not 
many paths through the central nervous system engaged 
in this business of transmission is a statement of common
place realised by all. There are not, however, in my 
opinion, a sufficiently large number of persons sufficiently 
impressed bv that greater truth, discovered and analysed 
by Sherrington : that no path is thus busy without there 
being at the same time some other path maintained in a 
condition of enforced rest. Whenever the system is excited 
at one part it is also inhibited at another, and it is this 
phenomenon that lies at the root of the harmonious effects 
produced by this system, and forms the means whereby 
action suspends antagonistic action.

When considering the influence of states of excitation 
upon the growth and arrangement of structures within this 
system, it follows then that I cannot afford to omit some 
proper consideration of the manner in which this pheno
menon of simultaneous inhibition may be explained, and of 
its influence on the growth and arrangements of structures. 
To get a clearer view of this process we must think in 
detail of the probable nature of the structures involved in 
the simplest case of transmission through the system. It 
is indeed a simple thing to form a picture of the track 
entering the system, the structure called the afferent 
neurone. Here we have a long length of cuticle, or nerve- 
fibre, stretching right from the surface where it is liable 
to stimulation by change in circumstance, or—more com
plicated case, but very usual one—by the maintenance of 
circumstance. This afferent neurone is mainly cuticle. It 
is true that its cell-body is placed like a hump somewhere 
on its back, but this is no more than an index that it is 
never inhibited. Thus from the site of change of circum
stance right into the nervous system transmission is of the 
simplest kind, since all we know of this nerve-fibre is that 
it transmits most of the excitations it receives at a rapid 
pace and without loss from one end to the other. We can 
therefore see the excitation planted by it into every cell 
with which it comes in contact within the system. By 
some of its branches it plants this excitation into nerve
cells, whose nerve-fibres pass out to reach the site of 
action. It is a simple matter again to picture this first 
set of efferent neurones as receiving an excitation which 
they then transmit. That there is a certain complexity in 
the process is a fact with which we are not at present 
concerned.

But now, what about the site of antagonistic action, the 
parts that are held in a state of enforced rest? To them 
also lead perfectly similar efferent neurones, incapable of 
producing any other effect in the site of antagonistic action 
than that of exciting it or transmitting excitations 
towards it. We must therefore conclude that it is this 
second set of efferent neurones that are inhibited and main



tained in a condition of enforced rest. How then does 
the change transmitted into the several branches of the 
afferent neurone, having the same character as it invades 
every branch, succeed in causing diametrically opposite 
conditions in two groups of perfectly similar efferent 
neurones? There is but one answer to this question, 
namely, that transmission into the second group must be 
through some intermediate mechanism which reverses the 
character of the change. Now I have no hesitation in 
naming definite structures in the nervous system as being 
alone those to which we can impute this reversal, namely, 
certain intermediate neurones Which have a way of being 
interpolated between afferent and efferent neurones. Such 
neurones are seen in the cord sometimes sending their 
main nerve-fibre towards efferent neurones placed on the 
other side of the cord, and in the cerebellum the large cells 
of Purkinje are seen to be approached by afferent nerve
fibres in this double fashion; one set reaching them 
directly, the other set indirectly through intermediate 
neurones. We shall then picture neurones with short nerve- 
fibre processes as placed in these paths that are inhibited, 
and as sometimes responsible for this singular reversal of 
the transmitted excitation.

In this connection, too, we must deal briefly with another 
fact observed by Sherrington, that certain drugs, tetano
toxin and strychnine, affect these intermediate mechanisms 
In such a way that they lose their power of reversing the 
character of change transmitted through them. When 
these drugs are applied to any part of the nervous system 
action and antagonistic action are simultaneous conse
quences, and the stronger wins. Of the greatest interest, 
too, is the fact that this disturbance of the process of 
reversal may be obtained in a graduated manner by the 
application of such drugs in varied strengths of solution. 
It is thus clear that there is nothing peculiar about the 
nerve-fibre portion of these intermediate neurones, since 
when given excitations to transmit they transmit them, 
although it is so frequently their normal business to 
transmit inhibitions. Clear, too, that their cell-bodies fre
quently inhibited like those of the efferent neurones may 
also with a slight modification of condition tend towards 
excitation, or, as a matter of fact, be excited, again like 
the efferent neurones. There is no difference discoverable 
here between these two sets of cells other than n difference 
of degree. The one salient fact demanding explanation is 
this difference under normal conditions in which the efferent 
neurones are seen as excited by identically the same 
character of transmitted change that inhibits the inter
mediate neurones.

Now it would be a simple matter to show that all these 
points might be dealt with adequately on the assumption 
that nerve-cells invariably contained a mixture of two 
materials, existing in different proportions in different cells, 
each of which was forced into a diametrically opposite 
physical state to the other as the result of changes in 
physical conditions of the kind transmitted by nerve-fibres.

It is of interest then that there is definite reason to 
suppose that within nerve-cells there are always two sub
stances which seem to have their states diversely affected 
by different conditions. One of them is the characteristic 
constituent of what I have been irreverently terming the 
cuticle, the nerve-fibre ; and the other a complex material 
which apparently represents the primary product of nuclear 
activity, and is spoken of as the material of Nissl. It may 
seem a weak point in my use of the term that this 
cuticle-stuff is found within the cell-body. Perhaps so, 
but perhaps also not so ; the point is not worth discussing.

The point really worth discussion is as to whether it is 
true that these substances are affected in diametrically 
opposite ways by the same change, just ns if, for example, 
one of them was possessed of acid and the other of basic 
characters; so that the basic was precipitated, and the 
acid dissolved by the addition of an alkali : since if they 
exhibit any opposite behaviour in the presence of the trans
mitted excitation, then it is indeed probable that their 
admixture is responsible for many of the orderly vagaries 
of transmission through nerve-cells. I am proceeding as if 
this is really true to a consideration of its influence on the 
development of nerve-cells.

Imagine a developing afferent neurone in contact with 
two other neurones, but by different extents of its surface, 

so that it transmits a larger quantity of change to the one 
than to the other. In both cases it affects an algebraical 
sum of opposing properties, and we might think of it as 
effecting a compression and an expansion. Now let there 
be the slightest difference in the forces required to coinpress 
and to expand, and it might readily happen that the effect 
of a minimal dose might be to produce an algebraical sum 
in favour of compression, whilst a maximal created a 
general effect of expansion. One of these cells then 
might be habitually excited and grow a cuticle traversing 
considerable distances in the central nervous system; 
whereas the other is inhibited until the accumulation of 
charges previously received add up to the dose required to 
tip the algebraical sum in favour of excitation, and then 
first commences the growth of a short nerve-fibre.

This, however, involves the assumption that these cells 
of both classes store up all the transmitted energy they 
receive, that they do not leak, do not transmit, and thus 
grow their nerve-fibres from the effects of accumulation. 
Within certain limits this supposition is sound, since we 
are familiar with that summation which is a leading 
feature in nerve-cell conduction. Below a certain definite 
quantity of charge they do not leak, and are found by a 
second impulse arriving some little time after an apparently 
ineffectual predecessor in a new state, so that the new
comer is effectual. Now if no new-comer arrives in time 
we must suppose the energy due to the first as having 
affected the growth of the cell in one direction or another— 
that is to say, in one direction if it produced the change 
characteristic of excitation, and the other if producing to a 
minimal degree the change characteristic of inhibition. It 
is legitimate, too, to suppose these limits as set by the 
capacity and extent of excitable contacts. The larger the 
extent of contact the sooner and the more effectual must 
be the leakage. Thus we may readily picture the excited 
neurone as growing more and more cuticle until this 
growth is checked by the number, extent, and capacity of 
the excitable contacts made in_course of growth. When a 
certain measure of growth has occuried we may suppose 
that residual charges below the margin of leakage are now 
only just sufficient to maintain the district of cuticle that 
has been laid down. We have therefore encountered the 
limits of growth of the nerve-fibre.

As for the second cell, which we have considered as 
mainly inhibited. In it the mass-action of the products of 
nuclear change is diminished and we must think of it as 
enlarging its cell-body by an increased nuclear activity; 
possessed of a short cuticle but an extending cell-body, 
possessed of no more than a short nerve-fibre and an 
extensive set of dendritic processes. As each new dendritic 
process makes contact with a new branch of the excited 
afferent neurone its growth will be more and more limited. 
We have here, then, encountered the limits of growth of 
the nerve-cell.

There is no difficulty other than that due to the short 
time at my disposal in compounding these statements so ns 
to cover the whole scale of differential cell-growth, and 
within each cell of the relative growth of its several parts, 
that is observed within the nervous system. I may perhaps 
be permitted this abrupt closure to a development of the 
probabilities underlying the following expression of opinion.

I hold it as probable that all the individual structures of 
the nervous system, and so in the brain, have just so much 
difference from one another in size, in shape, and in 
function, as is the outcome of that measure of purely 
physical experience to which each one of them has been 
subjected ; and that the physiological function of each one 
of them is of the simplest kind. The magnificent utility 
of the whole system, where the individual units have such 
simplicity, is due to the physically developed peculiarities of 
their arrangement in relation to one another, and to the 
receptive surfaces and motor-organs of the body.

To relieve the monotony of this discussion, let us turn 
awav for a moment to the consideration of certain physical 
mechanisms found in the body, external to the central 
nervous system; mechanisms that are placed, so to speak, 
upon the front of that system so that they are capable 
rather of affecting it than of being affected by it, and this 
to such a degree that we must suppose them as rather 
assisting in the development of the central nervous system 
than as being assisted to their development by the centra! 



nervous system. There are, for example, the lens systems 
of the eyeball and the sound-conducting and resonant 
systems of the ear. Now, in dealing with the central 
nervous system, the suggestion was made that it was 
developed by just such physical conditions as are trans
mitted through it in its adult form. In dealing with the 
eyeball, it is clear that an admission of this sort is not 
easy. During the evolution associated with natural selec
tion the eyeball is formed by light. It must be so. The 
eye is as perfect an optical instrument as could be made 
with a full knowledge of the part played by matter and 
special arrangements of matter in reflecting, refracting, 
and absorbing light. Long prior to the development of 
man, who at a later date acquired sufficient knowledge of 
these properties to aid him in the formation of crude 
lenses, there was to be found upon the general surface of 
the animal world lenses of very great perfection, in fact, 
complete cameras. Had the first optician then known 
what was in him he would have been saved infinite pains. 
Had he indeed known even the lens systems formed on the 
leaves of plants. Surely there is no escape from the state
ment that either external agency cognisant of light, or 
light itself, has formed and developed to such a state of 
perfection this purely optical mechanism, and that natural 
selection can have done no more than assist in this process. 
The influence of natural selection depends upon the fre
quency of variations, and it is important that there is no 
variation that has not behind it some cause. In this 
special case of variation in physical arrangements, ' it is 
indeed probable that the most frequent cause of variation 
would be exerted bv physical conditions, since in this case 
the factors that are thus introduced by variation are not 
distinguished by any chemical peculiarity. Thinking of the 
few possible physical causes of variation, there can be little 
doubt that light itself would produce some change in 
this optical instrument, and that the variations produced 
by light would be just those more likely to be adapted to 
the subsequent traverse of light than such as were acci
dentally produced by some other physical cause. Accepting 
such a statement, we may say that in the course of 
development light formed the eye by its action upon such 
tissues as those of which the general surface of the body 
is composed. Now in just the same way there can be little 
doubt but that sound formed the sound-conducting and 
resonant portions of the ear. We may perhaps go further 
than this statement, and say that not only has this 
mechanism placed in front of the central nervous system 
been formed in this • fashion, but that the parts of the 
central nervous system behind it have been formed by 
physical effects transmitted from the ear through this key
board where sound is transformed into nervous impulses. 
Thus also, when thinking of the semicircular canals, repre
senting as they do the portion of the surface of the body 
that is still normally excited by just such' changes as 
affected the whole surface of the animal when its habitat 
was the sea, there is no need to doubt the view that the 
structures found there were formed by fluid friction ; and 
that the cerebellum was formed as a consequence of the 
stimuli which have been transformed by these surface 
organs into nervous impulses.

But if this was the case during the evolution which led 
up to man. what occurs in the development of the indi
vidual? We -an afford to admit the possibility that sound 
may approach the embryo and that fluid friction is 
responsible for effects observed, but light is obviously no 
factor in this process. Here there is no doubt that the 
eyeball is developed into a very perfect optical instrument 
in the absence of light, and we must ask : What is the 
force that in this case imitates the action of light? Some 
force must be held as arranging the several parts of the 
eyeball in front of the developing retina, and it is probable 
that before discovering it we should have to refer to the 
properties of the retina for an answer. We might indeed 
say that since the retina is a portion of the central nervous 
system generally characterised by the undoubted possession 
of electrically charged surfaces, it is always possible that । 
this cause is of an electrical nature. Leave the statement 1 
general and it takes the form that the optical mechanisms 
of the eyeball are formed in the absence of light bv some 
other definite physical cause or series of causes. Place it 
temporarily in the form where I would like to leave it, 

both on general grounds and on the evidence that its 
development is modified by the addition or subtraction of 
electrolytes : in the absence of light it is probable that 
orderly electrical forces arrange fhe developing parts of the 
eyeball. Now this is really not a surprising statement, 
since light may probably, even in the first case, be 
transformed into some other form of energy such as 
electrical energy when primarily shaping these surfaces. 
In any case, however, this is the view, that the individual 
eyeball is an instrument formed probably by some simple 
set of physical conditions from which light is absent 
and that it is used, after a certain abruptly occurring 
date, by light, a force that has, up to this time, had no 
access to it, and yet finds it most beautifully formed for its 
special use.

Now development after all is rather a retrograde affair. 
Consider the fertilised ovum and its possibilities. A physical 
condition determines an increase in the chemical activity 
of the nucleus. At the same time an addition is made to 
the chemical material of the nucleus. The nucleus then 
divides and forms an ever-increasing site of modified 
chemical activity. Each new portion of this extending site 
is surrounded by cell bodies subjected to different sets of 
physical conditions, and in touch with different qualities 
and quantities of states. We may take it as certain that 
not any of the many extraordinary events which take place 
happen without definite cause. For example, this must 
be true of every single cell division. Any particular cause 
bearing similarly on successive generations of cells, or, as 
we may say, allowed to prolong its action upon a special 
mass of changing nuclear reaction, must finally produce 
states of an almost irreversible kind, eliminating possi
bilities of variation. Thus we might describe the ovum as 
a possible source of countless variations, whereas it is 
probable the cells of formed tissues are greatly limited in 
this possibility. Early in these processes, it is true, a 
portion of still fairly aboriginal material is shut off, and 
through some cause protected from changes leading to 
violent modification ; and to this share there still appertains 
much of the variable character of the original ovum. Part 
of the remainder, perhaps the whole of the remainder, is 
under the heavy grip of circumstances which differ widely 
in different cases, and is step by step slowly driven into 
something of that deadly monotony of condition which is so 
evident in the red corpuscle, in the nerve-fibre, and in a 
somewhat less degree in the nerve-cell. Knowing this, 
then, we shall only with difficulty be induced to credit any 
particular kind of subordinate cell with any special 
character. When, for example, it is stated that the mind 
is, so far as the evidence will permit the statement, 
associated with the brain, and with no other part of the 
central nervous system, we can hardly get behind this 
statement. Mind, in man, is associated with the brain. 
It is conceivable that in animals it may be associated with 
parts of central nervous systems so simple in arrangement 
that we single out nothing from them as the brain. It is 
conceivable that there is something of the kind, indeed, in 
humble uni-cellular organisms. But in man mind is 
associated with the brain.

There is also the point that even in the case of the 
brain, such phenomena as sleep and deep anaesthesia 
familiarise us with the fact that the mind is not necessarily 
always associated with the brain, but only with this when 
in a certain condition.

Now there is no scientific evidence to support or to rebut 
the statement that the brain is possibly affected by 
influences other than those which reach it by the definite 
paths proceeding from the sense-organs and from the 
different receptive surfaces of the body. It is still possible 
that the brain is an instrument traversed freely, as the ear, 
by sound, by an unknown influence which finds resonance 
within it. Possible, indeed, that the mind is a complex 
of such resonances; music for which the brain is no more 
than the instrument, individual because the music of a 
single harp, rational because of the orderly structure of 
the harp. Consider such a possibility, and the analogy 
which I have prepared in dealing with the eyeball is seen 
to have some meaning, inasmuch as an instrument shaped 
in the embryo by a certain set of conditions may in due 
course of time become the play of some new influence 
which has taken no immediate part in fashioning it. I 



will not dwell upon the point behind this statement, that I 
find it difficult to refrain from using the word “ soul.”

If, however, such a view is considered, it must be said 
that there is no evidence that any individual physico
chemical phenomenon is developed within the brain that is 
not developed within other parts of the nervous system, and 
in a more confused manner, indeed, within the limits of 
every living cell. It is some special arrangement of 
dynamic states that must be held to form the special 
characteristic of the waking brain, and it should be possible 
in time to define the peculiarities of those special arrange
ments whereby we are assuming that the mind is, so to 
speak, caught.

It is true, too, that there are great difficulties offered to 
the expanded presentation of a statement which suggests a 
mysterious influence provocative of mind as possessed 
apparently of something of the nature of a physical force, 
since it is held to be constrained in certain peculiarities of 
physical environment to behave in a special way. It is,, 
indeed, almost clear that this influence must be held to 
affect those physical surroundings, since there is little 
doubt that mind, per sc, affects human conduct and animal 
behaviour, just as it is impossible to conceive mind, where 
present, as exerting no influence in natural selection. This, 
although the risks of the environment must always play 
the greater part in natural selection, and the influence of 
the mind be conceived as only secondarily affecting the 
organism through the intervention of the nervous system, 
or through mechanisms that are substituted for that system. 
Admitting these facts, we should in this case be obliged to 
regard mind resonating amongst the distributed dynamic 
states of the brain as influencing them in a way that might 
possibly be demonstrable in any physical apparatus closely 
imitating those states and their distribution.

Then, again, one of the main objections to a suggestion 
of this kind is that the condition might involve a trans
formation of energy which should have been discovered as 
an otherwise unexplainable quantity in the energy equa
tions of the body. There may, however, be no real 
necessity to conclude that any transference of energy would 
be involved in such a process. The distribution of dynamic 
states in the central nervous system which are suggested 
as playing the part of resonators is, as I have already 
related, a distribution of opposite states. If we consider 
how these opposite states, excitation and inhibition, are 
arranged in any given case, it is seen that the installation 
of an equal number of excitations where inhibitions were 
present, and of inhibitions where excitations were present, 
will give rise to a new pattern of a very different mean
ing. Now such a change in the distribution of states 
might entail either no more than the transmission of 
nervous impulses, a process in which exceedingly small 
quantities of energy are dissipated, or, indeed, an actual 
cessation in the transmission of certain nervous impulses, 
since it is one of the curious features in these states that 
the one tends to recoil into the other. We might, indeed, 
make the assumption that an alteration in the setting of 
the instrument, such as was attended with a change in 
consciousness, was always attended by this cessation of 
nervous impulses, so that a brilliant display of mind might 
be associated with no increase in the transformation of 
physical energy, but actually with a diminution in the 
transformation. Under cover of such an assumption it 
might be held that this mysterious influence of which I 
have spoken absorbed instead of contributing energy to 
the system, or that it diverted energy without loss from 
one part of the system to another.

Now, in my opinion, there is no one at the present time 
who is in a position to discuss the energy transformation 
of the central nervous system. Further, there is certainly 
no one capable of dealing with such peculiarities as might 
arise in the energy transformation of that part of it, the 
brain, which is associated with the mind. There are many 
points to be cleared up, as, for instance, the extraordinary 
relationship of the central nervous system to the general 
muscular system, upon which I might be allowed for a 
moment to dwell. The fibres of skeletal muscle form the 
largest site of energy transformation from the oxidation 
of food or fuel, a site in which apparently no such trans
formation takes place without a coincident exhibition of 
characteristic muscle function and the performance of some 

mechanical work, and are dominated in this transforma
tion by impulses discharged from the ventral portion of 
the central nervous system. This exhibition of function 
is invariably the cause of a dispatch of nervous impulses 
into the central nervous system again, along the nerve
fibres passing into its dorsal portion. Now, since the 
energy set free in muscle is out of all proportion to the 
small sum of energy transmitted from the nervous system, 
it is capable, amongst other things, of dispatching back 
again to the central nervous system a compensating or 
even an additional sum of energy. The musculature might 
then be supposed to reinforce the nervous system. Until 
such points are given their due importance, it would be 
ridiculous to dogmatise about the energy equations of the 
central nervous system, and to discuss the amount of 
energy expended in the performance of movements, or 
stored in the absence of movements, within this system.

1 will not labour these points, upon which I can throw 
no light, but put forward this expression of belief rather 
than opinion to explain an attitude revealed in the re
mainder of this address, and not as based on evidence or 
in any way a statement of demonstrated or demonstrable 
fact. The essential point for the moment is this—that 
there is some loophole for the view that mind is not 
directly associated with life or living matter, but only in
directly with certain dispositions of dynamic state that are 
sometimes present within certain parts of it. It is a point 
of view not without interest to physiology, since it would 
leave that science free to consider all phenomena present 
in such forms of life and living matter as carry no sugges
tion of an association with mind, as nothing more or less 
than physico-chemical phenomena, which, when thoroughly 
investigated, would be completely translatable into scien
tific terms. Then, too, when there is evidence of mind, the 
view is that it represents a force acting from without upon 
what is still no more than matter involved in certain 
chemical and physical states. Incidents of function would, 
in such a view, pass straightway into the realms of 
physical and organic chemistry, requiring special methods 
of investigation alone, because of the localisation of pro
cesses and punctate states in minute microscopical parts 
not readily removed from their surroundings into selected 
experimental surroundings of the same value.

We are at liberty, then, to deal with this series of 
physico-chemical experiments, boldly giving each observed 
difference in circumstance a possible importance in the 
determination of observed differences of character, and each 
difference in character a probable explanation in terms of 
simple differences in circumstance ; we may boldly consider 
the causation of variations, and use the term “ natural 
selection ” as equivalent to the physico-chemical limits to 
the successful maintenance of each experiment. Let us, 
for example, begin with the blood.

It is at opce legitimate, in the first place, to ask how 
this blood tissue has arisen from variation in the chemical 
reactions of nuclear material. The argument runs that 
some ascertainable cause must have produced a material 
variation which has been preserved by natural selection, 
and quite probably, too, by the persistence of the cause 
over some long period in the history of nuclear material. 
There is no harm for the moment in surveying causes and 
temporarily fixing upon one that seems to possess greater 
appropriateness than any other. Therefore I suggest that 
we take this main characteristic of nuclear material in the 
blood tissue, that it is engaged in the production of a 
pigment, and that the most efficient. cause .determining 
pigment production is the action of light. Remembering 
that we are probably dealing with nuclear matter in 
general from which this particular material has been split 
off and set aside bv subsequent causes, we can admit this 
postulate. The pigment-forming propensity of blood is 
thus taken as probably due to the initial action of light 
upon nuclear material placed near the surface of the body, 
and there exposed to the action of light.

Our next step is to discover any probable fact which, 
favoured by natural selection, might drive into the interior 
of the body nuclear matter that had been so modified by 
light that it persisted in the formation of pigment; in 
other words, Why should any pigment-forming reaction 
ever be removed from the direct influence of light, and a 
valuable transformer of radiant energy be thus driven into



a position of disadvantage within the interior of the 
body ?

Now let us consider the value of those particular 
instances of pigment formation which have been allowed 
by natural selection to persist upon the surface of the body. 
These successes represent experiments that have not been 
detrimental to the general mass of chemical reactions 
which form collectively what we call the organism, and 
we are entitled to ask, In what way are these successes 
likely to differ from the failures? If we take the possi
bility that some pigments convert all the light which they 
absorb into heat, and receive per unit of surface a share 
of solar radiation measured as seven thousand horse-power 
per acre, we have a picture that the body surface might 
thus be exposed at any one time to the transformation of 
an excessive amount of energy. The square metre of 
surface which might in the human body be exposed at one 
time to the sun would, provided with such pigment, absorb 
in one hour as much heat as is produced by the whole 
body in twelve hours, and the temperature of the body 
might be raised a further 200 C. by this means in one 
hour. It must, then, be an important matter in which 
the risks of life maintenance have certainly acted along 
the lines of natural selection, that such pigments, trans
forming the total energy they receive into heat, must be 
driven from any place they have temporarily occupied on 
the surface of living matter. As in the plant, in successful 
cases this energy must be largely diverted into chemical 
work. It would not, then, be surprising that certain 
modes of pigment formation have been eliminated, and 
that certain other modes, finding a utility of some other 
kind, have been retained by natural selection in seclusion 
within the interior of the body. Let us take it that blood
pigment represents such a mode of reaction, and that its 
influence is mainly to convert light into heat, and, 
secondarily, in some degree to determine the separation of 
oxygen from certain compounds, thus also performing 
some chemical work when under the influence of light.

Now since it is also part of the general line of argu
ment that it was inefficient in this chemical aspect, and 
on that account driven from the surface of the body, it 
must be held as incapable of separating oxygen from more 
stable compounds; and we find an explanation for the 
fact that it is engaged upon unstable compounds of oxygen, 
not absorbing much energy in the process of reduction nor 
liberating much on oxidation.

Since, in regard to all such chemically dynamic pig
ments, with a utility dependent upon their constant associa
tion with some molecular group in which a corresponding 
reduction process can be effected, it will never be surprising 
to find this group actually forming a constituent part of 
the molecule. It is, then, not surprising to find these two 
qualities, pigment and unstable oxygen compound, present 
in htcmoglobin, nor to find in this special case that the 
secondary process has assumed the position of major 
importance, and that haemoglobin is no longer of use as a 
pigment so much as an unstable compound of oxygen. 
Following this line of reasoning, there is nothing extra
ordinary in the discovery that such pigments, utilised as 
“ oxygen carriers ” within the interior of the body, are 
found in other situations than in blood—for instance, in 
the nerve-cells of certain animals and commonly in skeletal 
muscle. Blood tissue represents a special set of nuclear re
actions possessed of this persistent quality in marked degree.

If it seems strange that the initial formation of blood 
in the embryo and its maintained formation in the adult 
persist in the absence of light, let us return to the instance 
of the eyeball. Of that instrument it was said that, 
although it was originally formed by light, yet in the 
mammalian embryo its formation was continued in the 
absence of light. Here it was necessary to think of some 
replacement of one cause by another, and not difficult to 
adopt such a suggestion, since even in the initial process 
it was probable that light produced its effects subsequent 
to transformation into some other form of energy, such as 
electricity. In that particular case this idea of forces, and 
substituted forces, in action, is capable of being formu
lated in fashion readily understood, because of the ease 
with which we can think of arrangements in gross parts 
being determined bv such forces. Here in this new case 
we are, however, thinking of parts of a different order of 

magnitude, a fact which I can best illustrate by reference 
to a single red blood corpuscle occupying a one-tenth 
millionth of a cubic millimetre, and containing in a one
hundredth part of that space as many molecules of hemo
globin as there are present red blood corpuscles in one 
cubic millimetre of blood—that is to say, five millions.

Now there is, in reality, no difficulty in considering 
some electrical agency as limited in its action to the 
minute dimensions in which each pigment-forming reaction 
is in process; some electrical machine such as, for example, 
might be energised by electrons derived from the dissolved 
molecules of a pigment-salt; such a machine as might be 
capable of transforming both light and heat into electrical 
energy, and which would maintain a process in the absence 
of light at the cost of energy obtained in the form of 
heat.

When thinking of the persistence of such reactions as 
this, initiated in this way by the action of certain primary 
causes that are then subsequently removed without any 
cessation of the reaction, we are concerned with one of 
the fundamental properties of living matter. Everywhere 
in living matter numerous instances of this property are 
being discovered, as in the study of immunity and of 
protection from infection. Nor is there reason to believe 
that this persistent quality of such variations will not 
finally be explained in terms of physical chemistry. The 
main characteristic of living matter is that it contains 
machines formed by electrolytes distributed upon the com
plex surfaces of matter in a state of colloidal solution and 
in the presence of competitive solvents, and 'that such 
machines are multiplied within it. Some of these 
mechanisms are arranged and perfected by the action of 
physical conditions operative on the surface of living 
matter, as, for instance, light. Some by energy derived 
from internal sources, but in a form that embodies con
ditions originally derived from the surface. Some are 
primarily due to internal disturbances in the equilibrium 
of these complex solutions produced by those chemical 
reactions which take place there.

Now, returning to the grosser characteristics of blood, 
we find it possessed of other characters curiously reminis
cent of the surface of the body, and especially of glandular 
invaginations from the surface. Thus it is everywhere 
confined by cells spread upon its surface, the endothelium, 
which limit its relationship to the general mass of the 
interior. Its new-formed cells are again passed into an 
internal core covered by these surface cells, and from this 
situation, except as a result of violence, they do not pass. 
We might, in fact, compare the blood to a gland in which 
the red blood corpuscles were seen ns a secretion occupy
ing a lumen which represents the original external surface 
of the body. I do not wish to lay any emphasis on this 
point except in so far as it renders clearer this thought : 
that blood covered by its endothelium represents a single 
tissue which tends, like any gland, to grow into every 
interstice of the body, where the conditions of mechanical 
pressure permit. I shall render the point clearer by say
ing that the blood capillaries are no more and no less 
than blood-tissue.

In its early days this blood-tissue, or, if you will, this 
capillary network, is pushed into each portion of the body 
by pressure due to its growth. In its later stage the 
tissues surrounding it, which form the muscular coat of 
the heart and the walls of the blood-vessels, are arranged 
into an external mechanical system providing a new 
pressure, which still further tends to push the blood-tissue 
into every available space, a process such as, for example, 
takes place in tumour development and in the granulation 
tissue present in wounds.

It is a general postulate that cells long exposed to 
constant conditions may come to be stamped by those con
ditions. Special change takes place from the time when 
the blood grew onward by pressure of its own growth to 
the time when this movement is more clearly determined 
by the mechanism of the circulatory system, and divergent 
results occur in different localities of the blood-tissues 
which can be attributed to the differences in these causes 
of onward motion. Thus where growth is the leading 
cause of this progressive motion, as, for example, in the 
development of bone, the blood-tissue is later found occupy-



ing spaces that are cut off from the general mass except 
by lines of communication too small to transfer a full 
share of pressure from the circulatory mechanism. In 
this isolated space the blood-tissue preserves to a greater 
degree powers of intrinsic growth than in those places 
where the tissue bears the brunt of new forces. It is true 
that other factors induced by the new motion given to the 
fluid core of this tissue complicate this matter. This not
withstanding, it is, however, clear that certain definite 
differences in circumstance, and those principally of a 
purely mechanical kind, leave the blood-tissue in one dis
trict possessed of aboriginal properties which are in a large 
degree lost elsewhere.

As to that other tissue, which forms the circulatory 
system and embraces the blood-tissue, there is here little 
room for doubt that the structures found are the result of 
special local conditions acting upon originally similar cells, 
and little room for the suggestion that samples of several 
different kinds of special formative cells are driven into 
these positions by destiny and not by mechanics. This is 
an old theme, well extended and illustrated by exact 
observation, especially by Thoma; that in every blood
vessel the arrangement of structures is an almost imme
diate guide to the conditions of pressure met with in that 
vessel. Let us proceed through the structures in the walls 
of a small artery, giving a definite mechanical origin to 
each tissue. The elastic tissue first met with in the inner 
coat of the vessel is the result of periodical or intermittent 
pressure. In the large arteries, where intermittent 
pressure is the main phenomenon, and where its influence 
is felt right through the thickness of the wall, this elastic 
tissue has the major share in forming the structure of the 
wall. In the small artery, where the total quantity of 
the causative phenomenon is small, the innermost struc
tures are affected most. This inner zone, formed under 
the influence of intermittent pressure, protects from inter
mittency the tissue formed by constant pressure, involun
tary muscle. Both with regard to this tissue and with 
regard to the elastic tissue, it is to be remembered that 
the conformation of the material embracing the cylindrical 
mass of blood-tissue is such as to convert incidents of 
internal pressure into tension as well as pressure. Thus 
we may say that elastic tissue varies in quantity with the 
value of intermittent, involuntary muscle with the value 
of constant, pressure, and tension. On the outer surface 
of this case, still more protected by the mechanical value 
of the structures internal to it, but submitted to the trac
tion and friction of surrounding tissues, comes white 
fibrous tissue. Again, when windows have been cut in the 
outermost case of large vessels, leaving the inner case 
intact, and thus destroying the tensile character of the 
mechanical conditions and permitting the internal pressure 
to hammer through these windows, they have been found 
closed in by plaques of cartilage, and even by true bone. 
It is true that the explanation offered for such results 
has been different from that here inferred, it being held 
that cells specially formative of cartilage and bone have 
been admitted to this new situation by the brusque strokes 
of operating instruments. True, too, that the complete 
ligature of vessels has been followed by developments of I 
bone in unexpected places beyond the walls of the blood
vessels, as in the pelvis of the kidney: but how can you 
make a better internal hammer and better provide for its 
constant use than, for example, by tying the renal artery? 
Let me state it as probable that white fibrous tissue, in
voluntary muscle, and elastic tissue are produced by 
tension, whereas bone and cartilage are formed by 
pressure. If we credit the main statement that they are 
first formed from originally similar cells by circumstances 
special to each case, and that the difference lies in the i 
circumstances and not in the cells, together with the state
ment illustrated in former paragraphs that modifications i 
tend to persist when once introduced, we shall probably 
get near to the truth of the matter. Now it is impossible , 
to leave this special case of the circulatory system—special I 
because here there is no doubt that mechanical conditions 1 
are operative from the earliest days of development and 
from the first beat of the heart—without touching upon I 
two points: the origination of the heart itself and the I 
formation of valves.

Picture the blood-tissue in its earliest form as a lacery 1 
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of networks distributed in a layer throughout the embryo, 
protected better by the greater thickness of material cover
ing the central longitudinal axis than at the edges. In 
the absence of this protection the peripheral parts are 
subjected to incidents of compression which set pressure
waves travelling along the meshes of this blood-tissue in 
all directions from the point primarily affected. Since 
these waves will tend to be reflected within the tissue, we 
can think of the disturbance caused by them as possessed 
of a certain periodic recurrence of rhythm determined in 
its time-relations by the dimensions of the tissue, and as 
undergoing a tendency to modification as these dimensions 
are increased. In the earliest stages, whilst the distance 
from edge to edge is less than one millimetre, giving these 
waves the very slow rate of one metre per second, we csin 
imagine these periodic changes in pressure exerting their 
influence upon the tissues enveloping the blood with a 
frequency of one thousand per second. It is again not 
difficult to imagine that the protection afforded to the 
central axial portion, through which each wave must pass 
in transit from edge to edge, allows us to think of the 
tissue there as more pressed upon than pressing, so that 
in this place our attention is directed to the enveloping 
tissue-cells receiving this rapidly recurring stimulation and 
being especially affected in the process into a formation 
of cardiac muscle. Since cardiac muscle resembles so 
closely in many minute particulars skeletal muscle, which 
is developed mainly under the influence of electrical dis
charge from the central nervous system, we must, if con
sistent, suppose that here, too, the same force is in action. 
In this, however, there is no difficulty, since it is a simple 
matter to explain how mechanical pressure may give rise 
to electrical change, as, for instance, when a nerve is 
excited by mechanical pressure. There is, however, prob
ably this distinction between skeletal and cardiac muscle, 
namely, that the electrical stimulus provocative of the 
latter is of a high frequency and approximates nearer to 
what .1 might describe as a constant electrical current. 
The heart is not by any means the only site of formation 
of rhythmical contractile tissues, and in these other cases, 
so far as I am acquainted with them, a similar state of 
formative conditions may be described. Thus at those 
points where the conical apices of that second network, 
the lymphatic system, are forced by pressure of external 
parts to flow towards certain points in this blood-tissue, 
rhythmical lymph-hearts are described as developed in these 
protected sites prior to the final penetration of the blood
tissues, and the forced commingling of lymph with the 
fluid core of the blood.

Now give the agency that T have described a certain 
direction, crediting it with a graduated qualitative influence 
in different parts in correspondence with the date of their 
formation and with the altering dimensions of the blood
tissue as a whole, and the peristaltic character of the 
movement subsequently performed by the contractile tissue 
may be completely explained. Let us, then, suppose that 
such a peristaltic contractile mass is formed in these 
enveloping tissues, and consider how it will affect the 
blood, again enveloped by its own endothelial cells. When 
driven forward away through this site, the endothelial 
covering, which at first will slip upon the enclosing heart, 
later will acquire some attachment by the precipitation of 
fibrous tissue due to repeated friction. The movement of 
the endothelial cells is now only partial. They have be
come describable no longer completely as the surface cells 
of blood-tissue, nnd are in a measure the internal covering 
of the heart, its “ tunica intima.” With each pulsation 
this intima is dragged onwards to some slight degree 
behind the blood column to which it originally belonged. 
There is no difficulty whatever in thinking that valves are 
necessarily formed at every point where the conditions are 
such as tend to break up the blood column into separate 
parts. Indeed, we may look particularly nt every place 
where valves arc found in the blood-vessels and sec similar 
factors at work. Tn the arterial system there is no pro
jection forwards of interrupted columns of blood, nor is 
this the case in anv of those veins in which no valves 
are found, as notably in those veins that are protected 
from partially distributed results of external pressure by 
the rigidity or by some other incident in the conformation 
of the framework in which they are found.



And now let us turn to the main function of this 
developing system, which is to drive the blood in con
tinual sequence past tissues that contribute to it and 
tissues that abstract from it certain chemical materials, 
and let us select the main incident, namely, the carriage 
of oxygen from the lungs to other parts. That this is a 
main incident is clearly shown by the fact that the red 
corpuscles which form so important a feature in the 
structure of blood are formed in a number directly equiva
lent to this demand, that the blood should be capable of 
transferring a certain quantity of oxygen. Thus if these 
structures are lost by haemorrhage, or rendered less 
efficient by the presence of carbon monoxide, or when 
circumstances for the acquisition of oxygen are peculiarly 
difficult, as on high altitudes, their formation is propor
tionally accelerated. That negative pressure of oxygen 
governs blood-production is a statement which will bear 
some inspection.

Now here we have a function which for its perfect 
performance is dependent upon another machine, the 
respiratory mechanism, which in its turn is governed by 
a different but correlated factor, namely, the carbonic-acid 
pressure in the blood. In this case we may say that the 
positive pressure of carbonic acid dominates the quantity 
of the respiratory activity. It is well known now that this 
statement has been set on firm ground.

It is interesting, then, to observe how these two 
mechanisms are brought into exact correlation by the 
simple fact that the lung surface, a portion of the respira
tory mechanism, is formed accurately to a measure pro
vided by the volume of blood dispatched from the heart, 
and therefore probably by that second growth of blood
tissue which I have spoken of as due to pressure from 
the heart. The surface of the lungs is some eighty square 
metres. The heart at each stroke sends into the lungs 
somewhere about too cubic centimetres of blood containing 
red corpuscles within a total surface also of eighty square 
metres. Here, then, we have a mechanical link connect
ing these mechanisms that is obviously forged by. an 
incident of use.

Within the central nervous system, where development 
mainly affects the shape and distribution of structures 
rather than their chemical quality, affecting thus what we 
might call the geography of the system, interesting geo
graphical facts attest to the same forged linkage of 
mechanisms. Thus, for example, we have the so-called 
“ sympathetic system,” offering at first view a curious 
anomaly to the more usual, somewhat segmental, distri
bution of nerve-fibres, since from the region of the cord 
related to the trunk of the body nerves pass through this 
system to control tissues placed in the head and in the 
limbs. This anomalous geographical fact is, however, at 
once explained when we regard the part played by this 
sympathetic control in the several parts of the body as 
merely subservient to the interests of locomotion. Under 
its influence the eye is set for out-of-door, or, if I might 
say it, for out-of-cave, vision. The heart is accelerated. 
The glandular organs, with the exception of those useful 
in times of much exertion and heat production, like the 
sweat glands, are set at rest, or else the motor organs 
of special importance in their sphere of influence are 
quietened. Regarding the matter in this light, there is an 
obvious convenience of geographical fact in the situation 
of this instrument midway between those parts of the 
central nervous system that are swept at this very time 
by nervous impulses dominating the movements of the 
limbs, just as there is some convenience in the chemical 
linkage which has been discovered between the different 
parts of this sympathetic system that further tends to 
permit their unison of activity.

On the other hand, when the muscles are at rest and 
the condition of the body is of the indoor description, the 
eye is set for close vision, and various glandular organs 
are allowed to conduct their functions under the influence 
of nervous mechanisms placed at some distance from the 
disturbing centres of nervous activities that are used in 
locomotion.

Doubtless this useful distribution of parts within the 
nervous system must find an explanation in the same 
terms as must the dynamic anatomical relation to which 
I have drawn attention as linking up the respiratory and 

circulatory systems, namely, the fact that the heart sweeps 
past the surface of the lungs at each stroke red corpuscles 
that have the same extent of surface as the lungs. In 
both cases it is true that the right adjustment of the 
several parts of this machine has been arrived at as a 
consequence of use, and that these mechanical linkages 
are due to circumstances of a purely physical and chemical 
nature.

In conclusion, I might say that these instances have 
been selected to illustrate my opinion that some of the 
experiments of greatest interest to physiology are in process 
of conduction within the normal body, and are to be 
observed by records imprinted on its structures. In feel
ing for the keys whereby each set of records may be 
interpreted, it is necessary that someone should frankly 
attempt to assign a definite meaning to every incident of 
structure. That this attempt should be limited by precise 
thinking goes without saying, and I may be allowed the 
hope that my transgression outside the realms of precision 
have not been beyond the tolerance of this section of the 
British Association for the Advancement of Science.

NOTES.
A departmental committee (consisting of Mr. Angus 

Sutherland, C.B., chairman, Mr. J. E. Sutherland, M.P., 
Mr. 11. M. Conacher, Dr. T. Wemyss Fulton, and Mr. J. 
Moffatt) has been appointed by the Secretary for Scotland 
to inquire into and report upon the character and national 
importance of the inshore and deep-sea fisheries of Norway 
and other countries engaged in the North Sea fisheries, 
and the efforts made for the development of the fishing 
and fish-curing industry in all its branches, including 
(1) the systems of fishery administration, including the 
constitution and function of the local committees formed 
for this purpose in Norway and of any similar organisa
tions in the other countries; (2) the facilities provided for 
research and for educating and training those engaged in 
these industries, by the establishment of technical schools, 
museums, laboratories, classes, or other special facilities; 
(3) the nature of the various means of capture employed 
and .the methods (including any use of State credit) by 
which fishermen obtain the necessary capital to maintain 
the efficiency of their vessels and equipment; and to report 
in regard to each of the foregoing matters whether it would 
be advisable for similar action to be taken, with or with
out modifications, in the case of the Scottish fishing indus
try, and, if so, what means should be adopted.

Reuter messages from Catania state that frequent 
earthquake shocks, some of which were fairly severe, have 
been recorded at the Etna Observatory. The records in 
the seismic apparatus are reported to be almost continuous 
and very distinct. The volcano is throwing up dense 
clouds of smoke, and a rain of cinders is falling as far 
as Catania. There is also a broad stream of lava, which 
is destroying the vineyards in its path.

On Saturday, September 9, the aerial post was in
augurated by Mr. Gustav Hamel, one of our most brilliant 
flyers, who carried a sack of letters in a Bleriot monoplane 
from Hendon to Windsor in thirteen minutes. Starting at 
five minutes to five in the afternoon, he arrived at his 
destination, nineteen miles distant, at 5.8, so that his speed, 
the wind being behind him, was about 105 miles an hour. 
The other aviators who should have started were prevented 
by the thirty-mile wind, and no further deliveries took place 
until Monday, when Messrs. Greswell and Driver carried 
six mail-bags over in the early morning. M. Hubert, in 
an effort to follow, had a bad fall, damaging his machine 
and severely injuring himself. The affair has aroused 
great interest, so much so that it is as well to sound a 
word of warning and say that the aeroplane post is neither 



practical, useful, nor economical. Letters can be sent far 
more cheaply, trustworthily, and conveniently by train or 
motor-van, and it is to be expected that these conditions 
will continue for the next half-century at least. From a 
philanthropic point of view the post has been a success, 
large sums having been received by the sale of letters and 
postcards, which are to be devoted to charity; but from 
the aeronautical point of view it proves nothing and 
promises nothing. Besides, it is unthinkable for very 
many years to come that we should put good aviators to 
the menial task of carrying mails regularly.

The Zeppelin airship Schwaben made a successful non
stop flight on September 6 from Baden Baden to Gotha 
by way of Frankfurt-on-the-Main. It left Baden at 6.10, 
and descended at Gotha at 12.30, covering a distance of 
about 200 miles. It carried seven passengers in addition 
to the pilot. , On September 9 it flew from Gotha to 
Berlin, and on September 12 it carried eight passengers 
from Gotha to Dusseldorf.

Particulars are given in The Times of the anthropo
logical research expedition to the islands of Normanby, 
Fergusson, and Goodenough, in British New Guinea, funds 
for which are being provided out of the Oxford University 
common fund and by several of the colleges. The work 
has been undertaken by Mr. David Jenness, of Balliol 
College, who proposes, unaccompanied, to spend a year 
amongst people who are admittedly cannibals. Mr. 
Jenness started on his journey last week. It is stipulated 
by the University, in contributing to the expedition, that 
the University museum shall have the first offer of articles 
of interest which may be obtained. Assistance has been 
promised by the missionaries on Goodenough Island, 
including the use of a boat and native oarsmen. The first 
few weeks will be spent in cruising around the islands 
endeavouring to get on friendly terms with the people and 
in studying the trade relations, after which Mr. Jenness 
hopes to settle down for some time; later he will proceed 
on a mission boat to Rossell Island, at the eastern end of 
the Louisiade Archipelago, to study some ethnological 
problems concerning the relationships of Oceanic peoples. 
Mr. Jenness has been provided with the latest scientific 
instruments, including a phonograph for recording native 
songs and speech.

A preliminary announcement with reference to the 
eighth International Congress of Applied Chemistry, which 
is to be held in Washington, D.C., U.S.A., on September 
4, 1912, and in New York on September 6 to 13, 1912, has 
been sent to us. We learn from it that the sections will 
be devoted to the following subjects:—(1) analytical 
chemistry; (2) inorganic chemistry; (3a) metallurgy and 
mining ; (3b) explosives ; (3c) silicate industries ; (4) organic 
chemistry ; (4a) coal-tar colours and dyestuffs; (5a) indus
try and chemistry of sugar; (5b) indiarubber and other 
plastics ; (5c) fuels and asphalt; (5<I) fats, fatty oils, and 
soaps ; (5c) paints, drying oils, and varnishes; (6a) starch, 
cellulose, and paper; (6b) fermentation ; (7) agricultural 
chemistry; (8a) hygiene; (8b) pharmaceutical chemistry; 
(8c) bromatology; (8d) physiological chemistry and
pharmacology ; (9) photochemistry ; (10a) electrochemistry ; 
(10b) physical chemistry; (11a) law and legislation affect
ing chemical industry; (11b) political economy and con
servation of natural resources. Further particulars of the 
prospective arrangements of the congress may be obtained 
from the secretary, 25 Broad Street, New York City, 
U.S.A.

The autumn meeting of the Institute of Metals will 
take place at Newcastle-on-Tyne on September 20 to 22, 

and the reading of the undermentioned papers has 
been arranged for :—the corrosion of brass, with special 
reference to condenser tubes, by Mr. P. T. Bruhl; 
further note on the nature of solid solutions, by Mr. 
C. A. Edwards; the electrical conductivity and con
stitution of alloys, by Dr. W. M. Guertler; volume 
changes in the alloys of copper with tin, by Mr. J. L. 
Haughton and Prof. T. Turner; non-ferrous metals in 
railway work, by Mr. G. Hughes; the failure of a brazed 
joint, by Prof. H. Louis; the mechanical properties of 
hard drawn copper, by Mr. D. R. Pye; the alloys of 
aluminium and zinc, by Dr. W. Rosenhain and Mr. S. L. 
Archbutt.

We learn from Science that the third National Con
servation Congress will be held in Kansas City on Sep
tember 25 to 27. It will be remembered that the general 
objects of the congress are to provide for the discussion 
of the resources of the United States as the foundation for 
the prosperity of the people; to furnish definite information 
concerning the resources, and their development, use, and 
preservation ; to afford an agency through which the 
people of the country may frame policies and principles 
affecting the conservation and utilisation of their resources, 
to be put into effect by their representatives in State arid 
federal Governments.

The third congress of the International Society of 
Surgery will take place in Brussels on September 25 to 29, 
and a lengthy programme of papers to be read and dis
cussed has just been. issued.

At the meeting of the Astronomical and Astrophysical 
Society of America, held at the Dominion Observatory, 
Ottawa, on August 23 to 25, Prof. E. C. Pickering was 
re-elected to the presidency and Prof. Hussey to the 
secretaryship. The next annual meeting is to take place 
in August next at the Allegheny Observatory, Pittsburg.

It is announced in Science that Mr. Arthur A. Allen, 
instructor in neurology and vertebrate zoology in Cornell 
University, is to spend next year in South America as 
chief of an expedition organised by the American Museum 
of Natural History. The expedition will go to Colombia, 
its immediate object being to explore ruins and collect 
antiquities.

The New South Wales Government, in consequence of 
the efforts of Prof. Edgeworth David, F.R.S., has granted 
the sum of 7000I. towards the cost of Dr. Mawson's 
Antarctic expedition. The amount subscribed locally has 
now reached 19,100k

The sum of 500I. a year for two years has been given 
to the Sheffield City Council by Mr. Douglas Vickers to 
cover the cost of a trial of the tuberculin treatment for 
consumptives, and Dr. Chapman, formerly of the Sheffield 
Infirmary, has been appointed to superintend the treat
ment.

The twenty-sixth annual congress of the Incorporated 
Sanitary Inspectors* Association met at Yarmouth last 
week under the presidency of Sir James Crichton-Browne, 
F.R.S., who in his opening address made the following 
remarks on the subject of tuberculosis :—For all prac
tical purposes the identity of human and bovine tuber
culosis is established, and we can hold fast to the 
faith which had been unquestioned until Koch launched 
his thunderbolt—the explanation of which was afforded 
by the Royal Commission report. It was the difficulty he 
experienced in communicating human tuberculosis to 
calves, cattle, and pigs, whether by injection or feeding, 
that led Koch to conclude, too hurriedly, that human and 



bovine tuberculosis were specifically different. The fact of 
the comparative immunity of calves, cattle, and pigs to 
human tubercle bacillus enabled them to realise how much 
they were indebted to the labours of the Royal Com
mission. It misled Koch ; it would have misled many less 
experienced investigators; and but for the appointment of 
the commission there would have been a series of repeti
tions of Koch's experiments under restricted conditions 
and an accumulation of testimony that he was quite right 
in declaring that bovine and human tuberculosis were 
distinct diseases, followed by a mischievous relaxation of 
the measures directed to prevent the communication of 
bovine tuberculosis to human beings and the loss of 
innumerable lives. The commission fulfilled its mission, 
and there is now irrefragable evidence that mammals and 
man can be reciprocally infected with tuberculosis, with 
the prospect of the introduction of stringent administrative 
measures for preventing the propagation of tuberculosis 
among human beings by means of food. Bovine animals 
are only comparatively, not completely, immune to the 
human tubercle bacillus, and human beings are notably 
susceptible to the bovine tubercle bacillus, which produces 
in them even the pulmonary forms of the disease. He 
went on to emphasise the necessity of general legislation, 
applicable to the whole country, to cope with the evil of 
tuberculous milk supply.

September this year is proving exceptionally warm, and 
the record summer is extending its influence into the early 
autumn. On seven days out of the first twelve in 
September the shade temperature at Greenwich has ex
ceeded 8o°, which brings the total days with 8o° and above 
to forty-four for the summer so far, which is four more 
than any previous record during the last seventy years. 
The average maximum temperature for the first eight days 
of the month is 2° higher than any previous record for 
the same period. The maximum temperature at Greenwich 
on September 7 was 92°, and on September 8 <14°; the 
latter is 20 higher than any previous temperature so late 
in September. There have already been seven days during 
the summer with the temperature above 90°, and t868 is 
the only other summer in the past seventy years with an 
equal number of hot days. The aggregate rainfall at 
Greenwich from July 1 to September 12 is 1.62 inches, 
which is 30 per cent, of the average, and rain has only 
fallen on twelve days. When a complete discussion is 
made of the very remarkable summer, it will be full of 
interest.

The Parliamentary report of the Meteorological Com
mittee for the year ended March 31 shows that the busi
ness has been exceptionally important; the office was 
transferred to South Kensington, where a museum of 
instruments and objects of interest, and a small physical 
laboratory, have been provided. The transfer to the com
mittee of the administration of the Kew Physical Observa
tory and of the magnetic observatory at Eskdalemulr (to 
which we have before referred) was carried out. In 
addition to many useful official publications, we note that 
Dr. Shaw has completed a book (more particularly for the 
use of aeronauts) on “ Forecasting Weather,” which 
embodies the results of the work of the office in connec
tion with dynamical meteorology during the last ten years. 
The reports of the operations of all the various depart
ments exhibit great activity. Upwards of 3000 registers 
of various classes relating to the meteorology of the ocean 
were received. The information has been utilised in the 
preparation, inter alia, of the monthly meteorological 
charts of the North Atlantic and Indian Oceans (to which 

we have frequently referred). Considerable improvements 
have been made in the maps and tables of the Daily 
Weather Report; several stations in or near London are 
now included in a separate table. The usual forecasts 
have been supplemented by a “ further outlook ” giving 
the prospects for a longer period when practicable. The 
success of these and of the usual forecasts and storm 
warnings during the year was very satisfactory ; wireless 
telegrams from the mercantile marine were generally re
ceived too late for the chart of the current day, but were 
nevertheless frequently of great assistance to the fore
caster. The investigation of the upper air by kites and 
balloons has been regularly carried on ; a systematic 
attempt was made to ascertain the effect of solar radiation 
on the instruments, &c. The result, so far as it goes, is 
said to show that distinctly higher temperatures are re
corded while the sun is shining.

To the first part of the Bergens Museums Aarbok for 
1911 Captain H. Negaard contributes a paper on the 
earliest population of the Hardanger Field district of south
western Norway, with descriptions and illustrations of their 
works, weapons, and implements. Among the former, the 
abundance of remains of Megalithic structures of the Stone 
age is specially noticeable. In a second paper Mr. J. A. 
Grieg records the vertebrate remains found among these 
” boplader," which include those of trout, ptarmigan, 
willow-grouse, plover, reindeer, and lemming.

Dr. Florentino Ameohino emphasises his views on 
early human development in South America in a paper 
entitled “ La antigiiedad del hombre en la Republics 
Argentina ” (AtUntida, tomo iii., 1911). The strati
graphical studies of Wilckens are quaintly described as 
formed in the cabinet during “ un acceso de ameghinofobia 
aguda.” The paper is mainly an answer to the work of 
A. Mochi in the Archivio per l'antropologia, in which the 
age of the beds containing human remains is held to be 
in accord with what is known in Europe, while doubt is 
thrown upon the materials brought as evidence from under
lying strata. Ameghino claims certain diminutive eoliths 
from the South American Eocene as having been fashioned 
by the precursors of man. His general position is that 
Argentina may be able to show what European strati
graphy fails to prove, and this, of course, no scientific 
geologist can overlook.

In an article on the adaptation of the Primates, pub
lished in The American Naturalist for August, Prof. F. B. 
Loomis expresses the opinion that the group, of which the 
earliest known representatives are the Lower (Wasatch) 
Eocene Anaptomorphida? and Notharctidie, originated in 
the forest tract north of Hudson Bay, which then enjoyed 
a tropical climate. “ From this ancestral centre the first 
Primates, along with other groups, migrated in all direc
tions possible. . . . This opened three paths, one south 
into America, a second south-easterly into England and 
France, and a third south-westerly into Asia, thence ever 
southerly across China and India and along the Indo
Madagascar isthmus (or chain of islands) to Madagascar 
and Africa.” At an early date the group became differ
entiated into fruit-eaters (Anaptomorphidae, followed by the 
modern Tarsiidte) and general feeders (Notharctidtc—giving 
rise to the tropical American Cebida?—and the European 
Adapidae, from which are derived modern Old World apes 
and monkeys, while a side-branch gave rise to lemurs). 
The Cebida; probably reached their present home from the 
north during the Eocene, while the Old World Primates 
travelled from America via Bering Strait, and made their 
way south through eastern Asia to Madagascar and 



Africa, reaching England in the Upper Eocene. “ With 
the close of the Eocene the first adaptive radiation of the 
Primates was complete, and they had achieved an almost 
world-wide distribution. At the end of the period the 
North American contingent was extinct, the South 
American group was isolated, the Asiatic and African forms 
were scattered on islands and on the African continent, 
and the European contingent was located in central and 
southern Europe . . . and it is among these that the next 
act in the great primate drama took place.” To follow 
the views of the author on this point would take too much 
space, but it may be mentioned that he adopts the opinion 
as to the Asiatic origin of the man-like apes and man, 
considering the Fayum forms described by Schlosser as 
being probably referable to the Cercopithecidae. In con
clusion, it may be observed that the views of Mr. Loomis 
differ essentially from those of Dr. Standing (Trans. Zool. 
Soc., 1908), who believes American monkeys and lemurs 
to have been differentiated in an equatorial continent con
necting Africa with South America.

Vol. vi., No. 15, of the University of California Publi
cations in Zoology contains a contribution (pp. 353-468, 
pls. 33-48), by Edna Earl Watson, on the unsegmented 
cestode Gyrocotyle, which is parasitic in the spiral valve 
of certain chimaeroid fishes. The history, occurrence, and 
gross anatomy of the genus are considered, the distinctive 
characters of the four known species are pointed out, and 
the morphology and histology of the systems of organs 
described. The intermediate host and life-cycle of Gyro
cotyle are still unknown. Interesting observations are pre
sented on the functional orientation of this parasite. The 
acetabulum is directed anteriorly, and its exploratory func
tion is strongly in evidence; it never acts as an organ of 
fixation. The rosette is posterior, and functions strictly 
as an organ of attachment. Near the acetabulum is a 
pair each of sensory pits and papillae abundantly inner
vated from the neighbouring portion of the central nervous 
system, which the author regards as corresponding to the 
“ brain " of a turbellarian. The rosette portion of the 
nervous system, developed in connection with the powerful 
posterior organ of attachment, is comparable with the 
posterior ring commissure in the posterior sucker of a 
heterocotylean trematode. The rosette of Gyrocotyle is a 
true scolex, in structure and function, and corresponds to 
that organ in the segmented tape-worms. On the basis 
of this and other evidence, the scolex of a cestode is re
garded as a posteriorly situated organ of attachment, the 
“ neck ” or growing region as the ante-penultimate region, 
corresponding to the growing zone in annelids, and the 
proglottis as the intermediate region of the body. Accord
ing to this view, the anterior end in the tape-worms has 
disappeared.

Part i. of vol. ii. of the entomological series of Indian 
Forest Memoirs, by Mr. E. P. Stebbing, contains a de
tailed account of the pests of the Deodar, and some 
sketches of the insects that have been observed to prey 
upon some of these pests, which should be extremely useful 
to forest officers of every grade. The number of pests, 
mostly from the Deodar forests of the N.W. Himalaya, 
which the author discusses, include fourteen species of 
beetles, six species of lepidopterous caterpillars, and two 
saw-fly caterpillars, the majority of which are specifically 
identified, those that are not named being sufficiently 
described and figured for recognition by the forest con
servator. Among the injurious beetles, three species of 
Scolytus, which are regarded as destructive above all 
others in the area specified, are said to be quite peculiar j 
to the Deodar. Of insects that attack some of the | 

commoner of the pests, four parasitic Hymenoptera and 
three predaceous beetles are mentioned, and are duly 
extolled according to the modern optimistic fashion. The 
plan of the memoir is good. Each species, so far as the 
present state of knowledge allows, is described and figured 
in the several stages of its existence, in the more 
important phases of its activity, and in its local and con
stitutional effects upon the tree. Damages also are 
adjudged, and treatment is suggested.

In addition to giving an account of the work and pro
gress of the society for the year 1910-11, the seventy-eighth 
annual report of the Royal Cornwall Polytechnic Society 
contains a short but excellent life, by Mr. F. H. Davey, 
of the later C. W. Peach, accompanied by a portrait. 
Peach, who did so much for the geology and natural history 
of Cornwall, as well as for other parts of the United 
Kingdom, was born in 1800 and died in 1886. Occupying 
an ordinary post in the coast guard service, and entirely 
self-educated, he is credited with having made during the 
first half of the nineteenth century probably more additions 
to the Cornish marine fauna than any naturalist except 
W. P. Cocks.

Pursuing Prof. Brandt’s argument that the distribution 
of plankton is correlated with the activity of denitrifying 
bacteria, Mr. B. Issatschenko reports in the Bulletin du 
Jardin Imperial Botanique, St. Petersburg (vol. xi., 
part iii.), the results of cultivating bacteria from samples 
of water taken from the Black Sea. Two new species of 
Bacterium were thus obtained, the one an active denitrify
ing organism, the other only capable of decomposing 
nitrites. Similarly, Dr. Parlandt describes the action of 
three denitrifying species cultivated in water from the 
Baltic Sea.

A brier summary of the leading facts connected with 
graft hybrids is contributed by Mr. R. P. Gregory to The 
Gardener’s Chronicle (September 2 and 9). Although the 
subject is discussed by Charles Darwin in “ Animals and 
Plants under Domestication," the nature of these vegetative 
hybrids has remained obscure, and systematic attempts to 
produce other specimens failed until Prof. H. Winkler 
managed to raise composite forms from grafts of tomato 
and black nightshade. A striking feature of the hybrids 
thus obtained was the development, side by side on the 
stem, of the stiff hairs and divided leaves of the tomato 
with the smooth exterior and simple leaves of the night
shade, a phenomenon to which Winkler gave the name of 
“ chimmra "; the explanation is found in the juxtaposition 
of meristematic tissues derived from each plant. Generally 
it has been observed that tissue development proceeds in 
parallel lines, i.e. periclinally; thus in Crataego-mespilus 
Asnierii—as illustrated—the epidermis is that of the medlar, 
while the internal tissue is that of Crataegus, and Cytisus 
Adami presents the appearance of Laburnum vulgare 
clothed in an epidermis of Cytisus purpureus.

Mr. E. F. Smith directs attention to the striking re
semblances between “ crown-gall," an affection of plants, 
and malignant animal tumours, especially sarcoma. It is 
inoculable on to healthy plants, reproducing the disease. 
In the “ tumours,” both primary and those obtained by 
artificial inoculation, a bacterial organism (Bacterium 
tumefaciens) is present, which can be isolated and culti
vated, and the pure cultures reproduce the disease on 
inoculation (Circular No. 85, 1911, Bureau of Plant 
Industry, U.S. Department of Agriculture).

In The Museums journal (vol. x., No. 12, June) Mr. 
E. E. Lowe, of Leicester, continues a description of models 
to show the optical properties of rock-forming mineral?.



We should prefer to place the models illustrating the 
crystal-systems on a lower shelf, rather than to tilt some 
of them in order to show their lateral axes. The features 
of the optical indicatrix are well illustrated by hoops and 
wires. The explanations of the models serve as an intro
duction to the examination of mineral-slices with the 
polarising microscope ; but we may prefer the generalised 
diagrams of Groth to those here given for a special case. 
There seems an arrow-head too many in one of the figures; 
and we doubt if Mr. Lowe’s model has, as he states, the 
short diagonal of the analysing nicol “ inclined towards 
the observer at an angle of 450 with the horizontal plane.”

For several years past the Aire and Calder Navigation 
Company has been improving the navigation along the 
system of canals between Goole and Leeds by deepening 
and widening the water-way; and in consequence the 
traffic has been very largely increased, rendering Leeds 
an inland port on a small scale. Recently a steamer 
So feet long reached Leeds from the docks at Hull in 
nineteen hours.

An automatic stabilisator, recently invented by M. 
Doutre, has been used with partial success on a Farman 
biplane in France, where it has aroused considerable 
interest. It is designed solely for preserving fore-and-aft 
equilibrium, and one of its most interesting results is to 
give the machine to which it is fitted its best angle of 
glide independently of the pilot’s control. The apparatus 
consists of two parts, an anemometer and what is termed 
an “ accelerometer.” The former is a plate placed 
normally to the air-flow, and backed by two springs of 
such a strength that the pressure on the plate, when the 
machine attains its mean speed, entirely compresses them. I 
The forward motion of the plate resulting from any 
diminution of the wind-pressure depresses the elevator 
through the agency of a piston operating by compressed 
air. The “ accelerometer " consists of two movable and 
relatively heavy cylinder-heads, each sliding on. a rod 
placed end on to the flight-path, which move under inertia 
whenever the speed of the machine diminishes or increases, 
and operate the elevator in a similar way to the anemo
meter. These cylinder-heads are held at each end by 
springs, which return them to their initial position when 
the aeroplane progresses at a uniform speed, and also 
check their movement when the machine pitches without 
speed variation. Both the accelerometer and the anemo
meter have been combined in one instrument by the 
inventor, and experiments in calm weather proved that the 
machine could safely fly for several seconds uncontrolled.

An interesting article on engineering problems in 
Nicaragua, by Mr. T. Lane Carter, appears in The 
Engineering Magazine for August. As few countries have 
such a rainfall as one finds in Nicaragua, irrigation is not 
one of these problems. At Greytown, at the mouth of the 
San Juan River, the rainfall is about 300 inches per 
annum; in the mountains, where the gold mines are 
situated, the rainfall varies from too to 125 inches per 
annum. With rainfall and soil such as they have in 
Central America, it is not surprising that the vegetable 
growth is rapid. Two and a half crops of corn can be 
raised per year. Sugar-cane will produce there for seven 
or eight years, and does not need an annual planting, as 
in Louisiana. But the agricultural engineer will find a 
great deal to occupy his attention in Nicaragua. In the 
eastern part of the country agriculture is in as backward 
a condition as in the days of Columbus. Take, for 
instance, the usual method there of planting corn. A patch 
is selected in the forest, and the trees and bushes felled.

No attempt is made to clear away the rubbish. A man 
goes round with a sharp, pointed stick, pokes holes in the 
ground wherever he can find a place amongst the ddbris, 
drops in a few seeds, and leaves the crop to nature’s care. 
There is no hoeing or cultivating done. The corn must 
fight out its battle unaided by man. Strange to say, the 
crop is gathered in about eight weeks.

A leading article in Engineering for September 1 deals 
with the recent investigation on the stress distribution in 
a plate pierced with a hole and subjected to pull, which 
has been ably carried out by Dr. K. Suyehiro, of the 
Department of Naval Architecture, Tokio University. 
Strictly speaking, the solution appertains only to the ideal 
case of a plate pierced at the centre and extending to 
infinity in all directions; this is assumed to be subjected, 
in one direction only, to tension, the distribution of which 
is uniform at an infinite distance from the origin. Dr. 
SuyeKiro then works out what the distribution of stress 
is in the immediate neighbourhood of the hole, and finds 
that the maximum value of the stress is no fewer than 
three times that of the average value. If there were any 
real analogy between stream-lines and stress-lines, the 
maximum stress, he points out, would be double the mean. 
Dr. Suyehiro also shows that local concentrations of stress 
have practically vanished at points distant from the centre 
of the hole by ij radii; hence his result is applicable to 
quite narrow plates. He has also compared the results of 
his calculations with direct experiments on a strip of india- 
rubber, and finds remarkably close agreement. In view of 
the importance of the fact that a ship’s deck is under push 
and pull alternately, a useful investigation might be made 
on the elastic breakdown and final rupture of a wide bar 
pierced with a hole and subjected to alternating stresses of 
push and pull. The original paper is reprinted in full in 
the issue of Engineering already quoted.

OUR ASTRONOMICAL COLUMN.
Kiess’s Comet, 1911b.—No. 4522 of the Astronomische 

Nachrichten contains a new set of elements calculated by 
Dr. H. Kobold for comet 1911b, also a number of observa
tions of the comet. The observations, made about the 
middle of August, are somewhat uncertain, owing to the 
difficulty of the object, and Senor Marisonza reports from 
Rio de Janeiro that during August 18-20 the brightness 
had rapidly decreased; he states that it could not be 
observed there after August 24. The ephemeris computed 
by Herr A. Kobold shows that the present magnitude 
should be about 8.6, and the position for September 14 is 
i8h. 15.3m., —45° 24't'; the comet is now nearly stationary 
in Corolla, immediately north of a Telescopium.

Meridian Circle Observations.—From the Harvard 
College Observatory we have received vols. Ixv. and Ixvi. 
of the Annals, embodying the journal of the zones observed 
with the 8-inch meridian circle during the years 1888-90 
and 1890-8 respectively. The observations were made and 
the volumes prepared by Prof. Searle in the preparation 
of a catalogue which is to appear in vol. Ixvii. of the 
Annals; a previous publication, vol. Ixii., part I., dealt 
with the fundamental stars employed in the same zone, 
viz. —90 50' to —140 10'.

Brooks’s Comet, 1911c.—The brightness of Brooks’s 
comet, 191 ic, continues to increase, and during the fine 
nights recently experienced at Portsmouth many British 
Association visitors who are not astronomers found no 
difficulty in distinguishing the comet from the surrounding 
stars merely by naked-eye observations. According to the 
supplement to No. 4522 of the Astronomische Nachrichten, 
Dr. Schiller reports that on August 29 the comet was about 
half a magnitude fainter than the Andromeda nebula. Its 
nucleus, formerly sharply stellar, had become diffuse, and 
in a bright red field was well seen. Dr. Ebell found that 
on August 26 the brightness of the comet was comparable



with that of two 5-g-magnitude stars near to it, and on 
September 11 Mr. Rolston found that it was as conspicuous 
a- K Draconis.

From later observations, August 19, 21, and 24, Dr. 
Kobold has calculated improved elements and an 
ephemeris, which he publishes in the supplement named, 
and from which we take the following :—

Elements.
T =1911 October 2776245 (M.T. Berlin)
u =152' 44' 177')
ft =293’ to' 6'i" } 1911 o
i = 34° o' 2'8")

1 g'Z =9-«9o.158-
Ephemeris i2h. Berlin M.T.

1911 a (true) £ (true) lo^ r log A mag.
h. m. . t

Sept. 13 ... 17 <4'2 ... +57 9'7 ••• 0-0396 ...97171 ... 5'1
,, 15 ... 16 48-1 ... +56 40-5
„ 17 ... 16 22'6 ... +55 50 5 ... 0-0113 •• 9 7>j6 - 4'9
„ >9 - '5 5S 5 - +54 42't
,, 21 ... 15 35 8 ... +53 16-8 ... 9-9808 ... 97152 ... 4-8
„ 23 ... 15 146 ... +51 37't
,, 25 ... 14 55'6 ... +49 447 9 9482 ... 9-7214 ... 47
,, 27 ... 14 37'9 +47 41 9
„ 29 ... 14 2t-8 ... +45 30-0 ... 9-9132 ... 97321 ... 4 5
On the accompanying chart we show the approximate 

apparent path of the comet among the stars for the next 
month.

Apparent Path of Brooks's Comet, tQt ic, September ij to October 15, 1911.

From the ephemeris it will be seen that the comet is 
nearest to the earth about September 17, when its distance 
will be about 48 million miles. In calculating the magni
tude, Dr. Kobold has taken 6'0 on August 26 as his 
fiducial point, and from opera-glass observations made on 
that date we believe that his figure probably errs in the 
direction of making the comet too faint, so that we may 
expect to see a fourth-magnitude object at the beginning 
of October.

Variability of Polaris.—Numerous observers have 
■suspected a Ursa; Minoris to be a variable star, and several 
periods have been found for its variation, but a lack of 
agreement has left the question somewhat undecided. As 
a result of a very large piece of observational work, how
ever, Dr. Ejnar Hertzsprung finds that the pole star is a 
variable of the S Cephei type having an amplitude of 
0171^0012, and a period of 3-9681 days. The grating 
method described in Astronomische Nachrichten No. 4452 
was employed, the first- and second-order images of Polaris 
being compared for density with the image of a neighbour
ing star. Observations were made on fifty nights, 418 
plates being secured with four exposures on each, and the 
results are tabulated in the paper in No. 4518 of the 
Astronomische Nachrichten. Dr. Hertzsprung also shows 
that Polaris has other attributes of a Cepheid variable.

Observations of Mars.—A telegram from Prof. Lowell, 
published in No. 4521 of the Astronomische Nachrichten. 
announces that photographs of the Martian canals were 
secured on August 30.

In the-same journal M. Jarry Desloges makes some pre- 
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liminary remarks concerning his observations of the planet 
during the present opposition. The seeing generally has 
not been good, although latterly he has been able to use 
a power of 500, and has had moments of absolute calm. 
The Mare Cimmerium, among other features, is still very 
pale and difficult to see during Martian morning. The 
gulf which formed on Zephyria in 1909 is still visible, and 
a bright area has been detected on its interior. Aonius 
Sinus is sharply outlined, but the whole region of the Solis 
Lacus, although well placed for observation, is lacking in 
colour; the lake itself is double, or greatly constricted 
across its median line, as in 1907 and 1909. A number of 
“ canals ” appear as broad bands with indefinite edges, and 
are quite easy to see despite the great distance of the 
planet; Cyclops, Cerberus, Lies try gon, Titan, Araxes, 
Coprates, and Bathys are among these, and the last named 
is more easily seen than in 1907, although the planet was 
much nearer then. Many bright spots, e.g. Elysium, 
.Eolis, Zephyria, Memnonia, Tharsis, &c., are visible, but 
the southern polar cap is very small and at times difficult 
to distinguish, appearing as though it were veiled.

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE.

The University of Edinburgh has just instituted two 
degrees in veterinary science, viz. bachelor and doctor.

A State college of forestry has been established at 
Syracuse University, and the sum of 55,000 dollars has 
been appropriated for it.

Dr. Fraser Harris, at present lecturer on physiology 
in the University of Birmingham, has been appointed pro
fessor of physiology in the Dalhousie University, Halifax, 
Nova Scotia.

Mr. E. D. Sanderson, dean of the college of agriculture 
at West Virginia University, has been appointed to succeed 
Mr. J. H. Stewart in January next as director of the 
experiment station. He will continue to fulfil the duties 
of dean.

Elementary courses of medical study, both theoretical 
and practical, have been arranged by the authorities of 
Livingstone College, Leyton, E., for those about to engage 
in missionary work. Particulars of the course, and the 
“ Mrs. Bishop exhibition,” can be obtained from the prin
cipal of the college. The session begins on October 2.

At the jubilee celebration of the University of 
Christiania, the honorary degree of doctor was conferred 
upon the following British representatives :—Prof. Alfred 
Marshall ; Sir Thomas Barlow, Bart., K.C.V.O., F.R.S. ; 
Sir J. Rose Bradford, K.C.M.G. ; Prof. Sir W. Osler, 
Bart., F.R.S. ; Rev. Prof. A. 11. Sayce; Dr. IL Sweet; 
Prof. Sir James Dewar, F.R.S. ; Dr. H. A. Miers, F.R.S. ; 
Sir John Murray, K.C.B., F.R.S. ; Prof. Sir William 
Ramsay, K.C.B., F.R.S. ; Prof. W. J. Sollas, F.R.S. ; and 
Prof. Sir J. J. Thomson, F.R.S.

The Board of Education has issued its regulations for 
scholarships, exhibitions, &c., in science for the year 1912. 
The awards for science to be made by the Board under 
these regulations are identical with those formerly made 
by the Board under the regulations for technical schools, 
1909-10. The conditions for these awards in 1913 will be 
modified. The subjects of the competitive examination will 
remain the same, but the papers set will be of not more 
than two standards corresponding with those of the new 
scheme of general science examinations. The Board of 
Education is of opinion that further changes in the con
ditions of award of Royal scholarships, free studentships, 
and of Whitworth scholarships and exhibitions, may with 
advantage be made later, but such alterations will not be 
brought into operation without due notice being given.

In the case of the Merchant Venturers’ Technical College, 
Bristol, in which the faculty of engineering of the Uni
versity of Bristol is provided and maintained, the new 
calendar shows that the complete arrangements made last 
year are to govern the work next session, and that the 
educational needs of every important industry of the city 
have been borne in mind. It is interesting to notice that 
several local firms have notified their willingness, other 
things being equal, to give a preference to students who



have completed a course of work in the engineering depart
ment ; and some firms are prepared to take students into 
their works at reduced premiums, or, in others, without 
premiums. Some firms, too, have agreed to allow their 
apprentices to present themselves at their works at 
7 o’clock in place of at 6 o'clock on not more than two 
mornings a week during the college evening-class session 
provided they can produce a certificate from the college at 
the end of the session stating that they have attended a 
number of evenings equal to the number of cases on which 
they have availed themselves of the concession.

The new calendar of the Battersea Polytechnic shows 
that in the Day Technical College full-time courses are 
arranged in mechanical, civil, electrical, and motor 
engineering, architecture and building, and chemical 
engineering. The courses cover a period of three years, 
at the end of which time students passing the necessary 
examinations are awarded the polytechnic diploma. Con
currently with the diploma courses, students can take the 
degree courses in science and engineering of the University 
of London. Several new developments have been arranged; 
in the mechanical engineering department a course of 
lectures on illuminating engineering will be held; in the 
electrical engineering department special attention will be 
given to electric traction, and new machinery and apparatus 
are being purchased so that the subject may be more 
thoroughly taught. Attention may also be directed to the 
chemistry course for sanitary inspectors, and to the 
arrangements which have been made for the provision of 
special lectures by trade experts in connection with the 
paper-making course.

Among the college calendars, providing information re
specting the arrangements made for the forthcoming 
session, which have been received during the past week 
may be mentioned that of the Edinburgh and East of 
Scotland College of Agriculture, which affords evidence of 
the greatly increased activity in this branch of technical 
education. Particulars are given of the courses which may 
be taken at the central institution in the departments of 
agriculture, horticulture, and forestry. In horticulture, 
during the coming session a commencement will be made 
with the newly instituted two years' course leading up to 
a special certificate. It is hoped that this course, which 
has been established at the instance of the Scottish horti
cultural societies, will be taken advantage of by intending 
nurserymen, market and estate gardeners, and others. 
Under the new arrangements with the University of Edin
burgh, the teaching in forestry subjects is to be shared 
between the University and the College, and details are 
given of the courses offered in the combined forestry school. 
Various experiments in the growing of field crops and in 
other branches of agriculture and horticulture are con
ducted under the advice of local committees of practical 
men, and are directed towards the solution of problems of 
importance in the business of the farmer and gardener.

The celebration of the 500th anniversary of the founda
tion of St. Andrews University is now in progress, and 
the influx of distinguished visitors into the ancient city 
far exceeds anything of the kind in former years. The 
presence of Royalty alone is necessary to complete the 
scene. Almost all the visitors are the guests of the Uni
versity staff, of the St. Andrews School for Girls, of the 
citizens of St. Andrews and Dundee, or of country houses 
in Fife and Forfarshire—within easy reach of the city by 
motor carriages. The cordiality with which all responded 
to the call for accommodation was a source of gratification 
to the executive. For the carrying out of the programme 
various committees dealing with the several departments 
have been at work about a year. Thus the publications 
committee has issued several memorial volumes, literary, 
scientific, and historical, and there is also a small quin
centenary handbook of the city and the University of St. 
Andrews by the librarian. In the memorial volumes the 
zoological department and the Gatty Marine Laboratory do 
not bulk so largely as, for example, chemistry, since the 
history of the laboratory, with the list of publications up 
to date, forms an independent publication. A large 
temporary hall about 90 yards in length nnd 30 yards in 
breadth has been fitted with a spacious platform at one 

end and an orchestra at the other, the whole structure 
occupying the old archery butts to the north of the 
United College. This hall accommodates between three 
and four thousand people. Covered ways lead to several 
cloak-rooms, to the museum, and to the United College 
buildings generally. In the upper hall of the library in 
South Street is an exhibition of early and rare printed 
books and manuscripts. Everything has been done in the 
way of facilitating transit by railway from a distance and 
to Dundee, as well as arranging for local conveyances. 
Clubs for men and for women, a camp in the University 
park for students, a special post-office and a refreshment
room in the Town Hall are other features which have 
received attention. Never did the old grey and sea-girt 
city, with its parallel streets leading to the cathedral, look 
more charming, or its finely planted promenades and 
walks (under the fostering care of the Town Council) more 
enticing. To every graduate and student, as of old, the 
place appeals with an irresistible charm, and it is to be 
hoped that the distinguished visitors will be no less 
fascinated by their unique surroundings. Next week we 
hope to have an account of the celebration, which 
began with a reception by the Chancellor on Tuesday 
evening. Besides the men of science mentioned in Nature 
of last week, the following will receive the honorary degree 
of LL.D. :•—Dr. Berry, Dr. Byron Bramwell, Sir H. 
Butlin, Sir Hector Cameron, Prof. Caullery, Prof. Goebel, 
Prof. Gotch, Prof. Ludwig Graff von Paucsova, Prof. 
Holst, Dr. Horne, Prof. Keen, Sir J. Larmor, Prof. 
Leboucq, Prof. Sedgwick Minot, Prof. Nathorst, Prof. 
Nijland, Prof. E. E. Prince, Prof. Reddingius, Prof. 
Schaefer, Dr. Anthony Traill, Prof. Veit, Prof. Watts, 
and Dr. Smith Woodward.
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