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BRITISH FISH PARASITES.

The British Parasitic Copepoda. By Dr. Thomas
Scott and Andrew Scott. Vol. i. Pp. x+256.
Vol. ii.
Society ; Dulau and Co., Ltd., 1913.) Price 15s.

net.

DR. THOMAS SCOTT has long been recog-

nised as a leading authority on the smaller
crustacea of the British seas, and his son, Mr.
Andrew Scott, has also made important contribu-
tions to our knowledge of the same subject. It is
fortunate, therefore, that the Ray Society has
found these experienced investigators ready to
undertake the preparation of a monograph on the
British parasitic Copepoda, of which these two
volumes, dealing with the species parasitic on
fishes, form the first instalment.

The parasitic Copepoda have hitherto been some-
what neglected from a systematic and faunistic
point of view. The student wishing to identify
British specimens of fish-lice has had little to help
him beyond Baird’s * British Entomostraca,” pub-
lished by the Ray Society so long ago as 1850.
The inadequacy of this help is shown by the fact
that only thirty-four species of fish-parasites are
described in Baird’s volume, while the authors of
the present monograph are able to record no fewer
than one hundred and thirteen. The practical im-
portance of a knowledge of the parasites of fishes
in connection with fishery research hardly needs to
be pointed out, and the careful descriptions and
abundant illustrations now provided will prove a
most useful foundation for future work in this
department.

The authors have not attempted to deal seriously
with the morphology and classification of the
animals that they describe. Ior this course they
can plead plenty of precedents, and it will meet
with little condemnation from those zoologists of
the younger generation who are so ready to pro-
claim the vanity of morphological research. It is
likely, however, to cause the student some trouble
when he finds, for instance, the term “fifth pair of
thoracic feet ” applied, in one family, to the appen-
dages of the pre-genital somite, and transferred in
the next family, without explanation or discussion,
to those of the genital somite.

There are a number of minor blemishes through-
out the work that might have heen removed by
more careful editing ; specific names appearing for
the first time are sometimes followed by the indi-
cation ‘“sp. nov.,” as on p. 202, sometimes not,
as on p. 135; there is a lack of uniformity in the
way in which references are made to the list of
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Pp. xii+72 plates. (London: The Ray |

literature at the end of vol. i., and some of the
references are obviously wrong; and the generic
| name Phyllothyreus appears on p. g2 and else-
| where as Phyllothreus. The colouring of some of
the plates is very diagrammatic, and adds neither
to their beauty nor their usefulness.

From a faunistic point of view, however, the
( work is of the highest importance, and it is to be
hoped that it will attract other students to the
many complex problems presented by the life-
histories and bionomics of these strangely-modified
parasites.

AND ITS PREVENTION.

(1) Prevention and Control of Disease. By Prof.
FF. Ramaley and Dr. C. E. Gifin. Pp. 386.
(Boulder, Colo. : The University, 1913.)

(2) Practical Bacteriology, Microbiology and
Serum Therapy (Medical and Veterinary). A
Text-book for Laboratory Use. By Dr. A.
Besson. Translated and adapted from the fifth
I'rench edition by Prof. H. J. Hutchens, D.S.O.
Pp. xxx+89z2. (London: Longmans, Green and
Co., 1913.) Price 36s. net.

(3) 4 Monograph on Johne’s Disease (Enteritis

| Chronica Pseudotuberculosa Bovis). By F. W.

| Twort and G. L. Y. Ingram. Pp. xi+ 179-+ix

! plates.

!

DISEASE

(London : Bailliere, Tindall and Cox,
1913.) Price 6s. net.
(1) HE authors of this book have undertaken

the task of describing, in language
intelligible to the educated man without special
medical training, the present state of knowledge
and opinion respecting the origin, nature, and
methods of preventing important diseases. In the
earlier chapters the principles of bacteriology and
the meaning of terms employed in describing the
phenomena of immunity are detailed and ex-
plained. In later chapters most of the common
diseases are passed in review and the duty of an
intelligent citizen in the presence of any such
disease succinctly stated.
! The vastness of the field attempted to be
' covered and the necessity of avoiding technical
| discussion in a work of this kind must needs
result in portions of it appearing incomplete to a
| specialist reader. Thus the student of hereditary
| influences might doubt whether the authors suffi-
ciently recognise the importance of the soil in the
genesis of disease, while the statistician will feel
that the face value of various sets of figures quoted
differs from their intrinsic worth. Such criticisms
as these, however, could be directed against any
similar book, and we have no doubt that the
present work will satisfactorily achieve the aim
its authors had in view. Some suggestions for
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the improvement of future editions may not be
out of place.

Vital statistics necessarily form the principal
medium through which the layman acquires a
knowledge of the prevalence of disease. The re-
marks on pp. 8-9 might be amplified with ad-
vantage. In particular the methods by which
corrections for the age and sex constitutions of
different populations are made can be readily ex-
plained to an intelligent reader, and such an
explanation would enable him to avoid many fal-
lacies in comparing mortality rates.

(2) This translation of Besson’s well-known
treatise forms a notable addition to the list of
text-books on bacteriology available to the
English student and laboratory worker, and we
may say at the outset that Prof. Hutchens has
admirably performed the undoubtedly difficult
task of translating and emendating a foreign text-
book in such a manner as to render it palatable
to the English reader. The translator, while
adhering closely to the Irench text, has wisely
decided to reproduce the sense rather than the
letter of the original, with the result that the text
betrays little or no sign of its foreign origin. The
present translation has been made from the last
French edition, which appeared in 1911, and con-
sequently numerous additions have been made by
the translator so as to bring the matter up to date.
The most extensive of these additions are the
chapters embodying recent work on the relation-
ships of the Gaertner-Paratyphoid group of
bacilli, to which subject English writers have
made important contributions, also on the work
of the English Royal Commission on Tubercu-
losis, in which Prof. Hutchens formerly partici-
pated. The chapter on the microscope has also
been entirely rewritten and contains a most com-
plete account of the working of the modern micro-
scope, including the principle of dark-ground
illumination and its practical applications.

Besides these major additions to the French
original, there is scarcely a page of the text which
does not bear evidence of the work of the
emendator. This generally takes the form of
bracketed paragraphs or footnotes, which the
translator has interpolated where the views of the
French author, or the Irench school generally,
happen to conflict with current English or German
opinion. By the advanced laboratory worker
these interpolations will be readily appreciated,
but it is possible that the student may become
bewildered by the multiplicity of these interpola-
tions, which not infrequently contain opinions at
variance with those of the French author. Short
of rewriting the whole book, however, such de-
fects are, of course, inevitable, and it is to be

NO. 2294, VOL. 92]

NATURE

[OcTOBER 16, 1913

| hoped that the translator, with the experience he

has now gained, may see his way to compile an
equally comprehensive and purely English text-

' book, in ‘which greater scope for the exercise of

criticism would be available than is possible in
a work written at second hand. It is doubtful
whether the French original was really the best
foundation on which to build an English text-book.
The English mind is essentially practical, and
there is no doubt that many of the methods so
minutely described by the French author and
many of the complicated media recommended for
the isolation of various micro-organisms are either
antiquated, superfluous, or unworthy of mention.
The arrangement of the matter in the book may
justly be considered a model, and the prominent
headings of the various sections are most helpful
to the reader.

The book is well bound and beautifully printed,
and the illustrations are excellent. The only im-
portant misprint we have noticed is the curious
but consistent employment of ‘“an’ before such
words as ‘“homogeneous,” ‘“herd,” and ‘“horse.”

As a most comprehensive treatise on bacteri-
ology, we can confidently assert that Dr. Besson’s
book in its English dress has unique claims on
English workers in bacteriology.

(3) The great merit of this monograph rests on
the important contributions which the authors
have made during the past four years to our
knowledge of the etiology of Johne’s disease.

This disease is one which affects cattle (and
possibly also sheep and goats) in various countries,
and it is only recently that serious attention has
been directed to it in Great Britain. The chief
pathological lesion in affected cattle is an irregular
thickening of the bowel, generally in the neigh-
bourhood of the ileo-caecal valve, and the symp-
toms to which this lesion gives rise are chiefly
diarrhcea and extreme emaciation. The disease
leads to serious economic loss, and the name by
which it goes in this country is that of Prof. Johne,
of Dresden, who in 18935, in conjunction with Dr.
Frothingham, first directed attention to the pres-
ence of acid-fast bacilli in the thickened intestine.
For many years all attempts to cultivate these acid-
fast organisms on artificial media either failed
entirely or the cultures that were obtained from
the lesions proved to be incapable of reproducing
the disease in experimental animals. In 1910
Dr. Twort and Mr. Ingram started an investiga-
tion of this question and ultimately succeeded in
obtaining a growth of the organism on an egg-
medium in which killed tubercle bacilli were in-
corporated. Later it was found that the addition
of killed Timothy grass bacilli, or glycerine ex-
tracts of these bacilli, gave equally good results.
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These experiments have been repeated and con-
firmed by other workers.

Further, attempts to reproduce the disease by
inoculation of artificial cultures have been suc-
cessful. The authors have also carried out a
considerable number of experiments with the view
of obtaining a preparation of Johne’s bacillus
suitable for diagnostic purposes on the same lines
as those on which the tuberculin test is at present
applied. The results have been distinctly encour-
aging, and we may express the hope that lack of
funds may not impede the further effective prose-
cution of the author’s researches. The book has
been very carefully written throughout, and con-
cludes with a valuable bibliography. To all scien-
tific veterinarians and stockbreeders this mono-
graph may be heartily recommended.

MATHEMATICAL TEXT-BOOKS.

(1) Elementary Algebra. By C. Godfrey and
A. W. Siddons. Vol. ii. Pp. xi+227-3530+

(Cambridge University Press, 1913.)
Price 2s. 6d.

(2) Four-Figure Tables. By C. Godfrey and
A. W. Siddons. Pp. 4o. (Cambridge University
Press, 1913.) Price 9d. net.

(3) Papers Set in the Mathematical Tripos, Part

xIvi.

I., in the University of Cambridge, 1908-1912.
Pp. 70. (Cambridge University Press, 1913.)

Price 2s. 6d. net.

(4) Elementary — Experimental

By C. E. Ashford. Pp. viii+246.
(Cambridge University Press, 1913.) Price 4s.

(5) Mathematics, Science, and Drawing for the
Preliminary Technical Course. By L. ]J. Castle.
Pp. vii+149. (London: George Routledge and
Sons, Ltd., 1913.) Price 15. net.

(6) Nomography, or the Graphic Representation
of Formulae. By Captain R. K. Hezlet. Pp.
iv+354. (Woolwich: Royal Artillery Institu-
tion, 1913.) Price 2s. 6d.

(7) The Principles of Projective Geometry Applied
to the Straight Line and Conic. By ]J. L. S.
Hatton. Pp. x+366. (Cambridge University
Press, 1913.) Price 10s. 6d.

Dynamics  for
Schools.

(1) HE second volume of this treatise, which

is intended to include as much as the
pupil of average ability will assimilate in a full
school course, opens with a treatment of indices
and logarithms. The next two chapters deal with
variation of functions of one or more variables.
This is followed by harder equations, surds, pro-
portion, and progressions. The next four chapters
contain an excellent introduction to the differential
and integral calculus. Although confining them-
selves to very simple functions, x2, x% 1/x, the
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authors have illustrated all the important ideas of
the subject. The educational value of such work
as this is very great, and we have little doubt
that in a few years’ time it will be accepted as
a regular part of the non-specialist course. This
and the chapter on progressions are the outstand-
ing features of a book which is admirable through-
out. An appendix is added containing such parts
of the subject as are still required by various con-
servative examining bodies, but which the authors
hope further reform will soon render unnecessary.
There is an excellent set of test papers.

(2) We welcome the issue of this set of four-
figure tables chiefly on account of their low price.
Now that their use has become so general, it is
important that students should be able to procure
them in an inexpensive form. There is little to
note in regard to their contents, which include, in
addition to squares, square-roots, reciprocals and
logarithms, the usual trigonometrical tables. In
our opinion it is unfortunate that the table of
logarithms is not placed at the beginning. Coming
as it does at p. 22, some time will always be lost
in finding it. The arrangement of the table of
square-roots is new and distinctly ingenious; for
instance, opposite to 42, printed one below the
other are the numbers 2049, 6481, thus making
it impossible for the pupil to take the square-root
from the wrong page.

(3) This collection of papers, set under the new
regulations for the first part of the mathematical
tripos, besides being of use to undergraduates at
Cambridge, is interesting as showing the change
in character of the work required from candidates
for honours since the abolition of the order of
merit. The ten-minute conundrum has now prac-
tically disappeared, and its place taken by more
practical and straightforward questions. With
the exception of some electricity and optics, there
is practically nothing that the capable specialist
would not be able to do on leaving school, and the
course, therefore, suits not only those who are
intending to take up research work, but also
those who will afterwards turn to mechanical
science, engineering, or physics.

(4) The use of a trolley and inclined plane has
done much to smooth away the difficulties from
the path of those who attempt an experimental
introduction to dynamics.  Most teachers now
agree that it is unsatisfactory to allow the ordinary
student to confine himself to a theoretical treat-
ment. Mr. Ashford quotes from Thomson and
Tait’s standard treatise a remark that “Nothing
can be more fatal to progress than a too confident
reliance on mathematical symbols, for the student
is only too apt to consider the formula, and not
the fact, as the physical reality.” And he has set
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himself the task of devising a course which should
guard the student against this danger. Illustra-
tions are drawn from practical engineering, steam-
ships, aéroplanes, motor-bicycles, turbines, &c.,
which should convince the reader of the real
utility of mechanics, and arouse and preserve his
interest. Text-books such as this do much to
advance the cause of elementary mathematical
education by enlarging the mental horizon of the
student, and giving him a sound knowledge of the
fundamental ideas, such as mass, force, energy,
momentum, &c., without which any substantial
progress is impossible.

(5) This course of practical arithmetic, geo-
metry, and mechanics is written for first-year
students taking a technical course, and is intended
to occupy rather more than a hundred hours. The
first forty pages deal with fractions, decimals,
ratio, percentage, and graphs; the next sixty with
the mensuration of the triangle, circle, and simple
solids; and the remainder with the principle of
the lever, centre of gravity, and the measurement
of work. The examples are numerous, simple,
and practical.

(6) This small pamphlet gives an account of a
graphical method for facilitating numerical calcu-
lations required in connection with comparatively
complicated formulee occurring in scientific and
engineering work. Although disclaiming any
originality for the methods he gives, the author
points out that as yet they have received little or
no attention from English writers. The theory is
not difficult, but those whose mathematical know-
ledge is small will find it-easy to master the
practical procedure if they "study the examples
which are worked out in great detail, although
they may consider the nomenclature rather alarm-
ing.

(7) There are few subjects which depend so
much on the personality of the teacher for their
success, and the interest they arouse in the student,
as geometry. And this applies even more to its
higher branches than to the elements. A care-
fully-chosen course on projection and homography
not only stimulates the mind of the pupil by the
power and generality of its root ideas, but also
induces an enthusiasm which ensures a remark-
able rapidity of progress. There are two distinct
methods of procedure open to the teacher. On
one hand, he may base his work on an analytical
foundation, thus making use from the start of
imaginary and ideal elements, and so establish-
ing the validity of general projection and the
principle of continuity. Properties of homography
and involution, and the idea of a one-to-one corre-
spondence, also admit of valuable illustrations from

himself to the methods of pure geometry, and
exclude imaginary elements until, at an advanced
stage, they emerge from the consideration of an
overlapping involution. In the treatise before us
the author has adopted the latter method, which
we are inclined to think is rather more difficult
for the ordinary student. Its contents form a
very comprehensive account of the projective geo-
metry of lines and conics up to the standard of a
university honours degree. The author writes
clearly, and has brought together an extremely
interesting collection of properties; the excellence
of the diagrams calls for special notice. We do
not hesitate to say that those who use this book
will gain a sound knowledge and appreciation of
the principles of higher pure geometry.

OUR BOOKSHELF.
The Climate and Weather of San Diego, Cali-

fornia. By F. A. Carpenter. Pp. xii+118+
plates. (San Diego: Chamber of Commerce,
1913.)

AN excellent little book on the climate and weather
. of San Diego, South California, has been prepared
[ by the local officer of the weather bureau, and
| published by the local chamber of commerce. The
book contains twenty-seven short chapters dealing
partly with San Diego town and bay, partly with
San Diego county, and partly with general factors
in weather and climate.

The characteristic feature of the climate is the
“velo” cloud, to which the place owes its com-
paratively low summer temperature, in spite of its
proximity to the tropics. (The latitude and longi-
tude might with advantage have found a place
at the beginning of the book.) The “velo” cloud
is a cloud of a low stratus type, which “veils ” the
sun in the morning, and usually disappears with
the coming of the sea breeze in the afternoon.

On the average the sun shines on 356 days of
the year at San Diego, and the total rainfall is
under 10 inches; at times, therefore, rain is
earnestly desired, but we are told in illustration
of the importance of local signs in weather-fore-
casting that San Diego’s best-loved priest used
to refuse to offer prayers for rain unless the wind
had been in the south for three days. The book
is eminently readable, and the statistical tables
have been infused with a human interest. E. G.

Petrographische Untersuchungen an Gesteinen des
Polzengebietes in Nord-Béhmen. By K. H.
Scheumann. Pp. \‘i+6‘o7—-776. (Leipzig :
B. G. Teubner, 1913.) Price 8 marks.

Tue latest number of the Abhandlungen of the
Konigl. Sdichsischen  Gesellschaft der Wissen-
schaften contains a memoir by K. H. Scheumann
on the Tertiary igneous rocks of the Polzen
district, in northern Bohemia. These rocks are
of the same age as those of the better-known
Mittelgebirge, farther west, and have the same

analysis. Or, on the other hand, he may restrict | alkaline affinities, though there is not the same
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great preponderance of basic types. In the neigh-
hourhood of Leipa occur numerous volcanic plugs
and necks, composed of various alkaline bhasalts |
and trachydolerites, with tuffs of corresponding |

nature. In addition, dykes with a N.E.-S.\W.
direction are met with throughout the whole
district. These have a wider petrographical

range, and are discussed at length by the author.
The most basic rocks of this series contain 50 per
cent. of olivine, with melilite, biotite, haiiyne,
nepheline, &c. To this type the author gives the
name polzenite, but it does not seem to differ
essentially from alndite. Irom this extreme the

rocks range through melilite- and nepheline-
basalts, haiiyne-basalts, and various trachy-

dolerites to phonolites, the most acid term being
a trachytoid phonolite very rich in sanidine. The
silica percentage ranges from less than 30 to 38.
The whole assemblage of dyke-rocks is regarded as
a single series, derived from a common magma
by differentiation along definite lines. This con-
clusion is enforced by chemical analyses, fourteen
in number, which yield smooth curves when plotted
on a diagram. The author connects the differenti-
ation with progressive crystallisation in the
original magma, of trachydoleritic composition;
and for a series of rock-types so related he pro-
poses the term pexitropic.

LElements of Waler Bacteriology with Special
Reference to Sanitary Water Analysis. By
S. C. Prescott and C. E. A. Winslow. Pp.

xiv+318. Third edition. (New York: John
Wiley and Sons, Inc.; London: Clmpmrm and
Hall, Ltd., 1913.) Price 7s. 6d. net

AtTENTION has been directed in these columns to
the previous editions of this work; to the first on
July 7, 1904 (vol. Ixx., p. 221), and to the second
on November 3, 1908 (vol. Ixxix., p. 6). In view
of the important progress made during the last
five years in sanitary bacteriology, the authors
have thoroughly revised their work. Newer ideas
on the effect of temperature upon the viability
of bacteria in water are included; the recent
recommendations of the committee on standard
methods are discussed; the description of the
isolation of specific pathogenes from water has
been largely rewritten and much extended; and a
new chapter on the application of bacteriology to
the sanitary study of shellfish has been introduced.

Metallography. By Dr. Cecil H. Desch. Pp.
xi+431. Second edition. (London: Long-
mans, Green and Co., 1913.) Price os.

THE first edition of this book was reviewed in the
issue of NATURE for January g5, 1911 (vol. Ixxxv.,
p. 301). In the present work the general plan
and arrangement of the first edition remain un-
changed, but the text has been revised, and the
most important results of recent ln\estig'ations
have been incorporated. Important changes have
heen made in the treatment of the physical pro-
perties of alloys, and of the metallography of iron
and steel.
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LETTERS TO THE EDITOR.

[The Editor does not hold himself responsible for
opinions expressed by his correspondents. Neither
can he undertake to return, or to correspond with
the awriters of, rejected manuscripts intended for
this or any other part of NATURE. No nolice is
taken of anonymous communications.]

The Piltdown Skull and Brain Gast.

Tue discovery of the fragments of the Piltdown
skull has given rise to a problem of a new kind.
In all former discoveries of the remains of ancient
man the part of the skull actually found was intact,
or, if broken, a sufficient number of pieces were
recovered to render reconstruction an easy task. In
the case of the Piltdown skull, although the greater
part of the bony walls of the cranial C:l\'it_\‘ were
found, a large area of the forehead and along the

- middle line of the roof of the skull are still missing.

The problem that has to be solved is: How much is
missing? The solution of the problem, as Dr. Smith

Woodward realised when he commenced his work of
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F16. 1.—Occipital aspect of the brain-cast of the Piltdown skull as recon-
structed by Dr. Smith Woodward. The parts missing in the skull are
represented by vertical shading.

lies in the hinder or occipital wall of
The fragment which Dr. Smith Wood-

restoration,
the skull.

| ward himself discovered gives a definite index to the

width of the right half of the occipital bone, and
also to the width of the hinder or occipital part of the
head.

It is clear, then, that the first step in the recon-
struction of the Piltdown skull must be an accurate
adjustment of the parts which enter into the forma-
tion of the occipital wall. If a mistake is made in
this initial step, then the error may become propor-
tionately greater as one proceeds towards the region
of the forehead. In my opinion, Dr. Smith Wood-
ward has made a grave mistake in his restoration of
the occipital region, and therefore the brain cast
which he obtained from his reconstruction—the basis
of Prof. Elliot Smith’s preliminary note to the Geo-
logical Society—does not give an accurate representa-
tion of either the size or general form of the brain of
Piltdown Man.

The nature of the problem and .the manner of its
solution will be made clear by the three accompanying
figures. TFig. 1 represents the occipital aspect of the
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brain cast obtained in Dr. Smith Woodward’s recon- | alike. When the test of symmetry is applied to the
struction; Fig. 2, the same view in a reconstruction | occipital region of the brain cast from Dr. Smith
of the skull made by the writer: Fig. 3, the same | Woodward’s reconstruction of the skull, it is at once
view of a brain cast from the skull of an Australian | seen that there is a great degree of discrepancy
native, with a cubic capacity of 1460 cubic centi- | between the right and left halves; the amount which
has to be added to the right halt to malke it ap-
proximately equal to the left is shown by the stippled
line in Fig. 1. The discrepancy between the two
halves is even more marked when the right and left
halves of the lambdoid suture—the joint between
the posterior margin of the two parietal bones and
the occipital—are investigated.

The situation of corresponding parts of this suture
are represented on the right and left halves of the
recovered parts of the Piltdown skull; Dr. Smith
Woodward has already recognised the presence
of thoce two parts of the lambdoid suture.
They are indicated on the three accompanying
figures as A\, B. Now on the left side of the
skull the lambdoid suture cuts the Ilateral line
50 mm. from the mid-line; on the right side it falls
20 mm. short of the lateral line; to make the two
sides approximately symmetrical, the right lambdoid
suture has to be moved outwards until it occupies
the position A/ B/, shown in Fig. 1. That degree
of error exceeds even the amount found in human
skulls deformed artificially or deformed by disease,

'- S “ and points to an error in reconstruction. It will be

I y TG | ulsn_ seen that the right and left halves of the suture,

| wwmmmmumm\“r as indicated on the brain cast—the discrepancy is
1 DA R PR even more marked on the reconstruction of the skull
75 50 0 have a different inclination to the mid-line of the

F16. 2.—The same aspect from the reconstruction of the skull by the writer. reconstruction. It may be lhﬂllght that all that is

necessary to obtain symmetry is to move the parts of
metres—rather a large skull for an Australian native. | the right half outwards until the right and left halves
All three brain casts have been arranged on the same | of the brain cast are approximately equal in size;
horizontal plane and drawn to the same scale. To | when  this is done, it will be f.oun.d that marked
asymmetry of another kind is introduced. In
moving one part, all the other parts of the skull are
thrown out of place; the task has to be recom-
menced from the first initial step.

In Fig. 2 I give a drawing of the brain cast ob-
tained when the parts of the skull are placed
together according to their structural markings.
There can be no doubt as to the middle line of the
occipital bone; on its outer surface is clearly seen
the ridge which indicates the division between the
right and left halves of the neck. We may presume
in this primitive man that the neck was symmetrical.
The next point which has to be fixed definitely is the
,. middle line on the roof of the skull. At first T accepted
the middle line as fixed by Dr. Smith Woodward—
an elevation on the outer aspect of the left parietal
bone—near its hinder upper angle—corresponding to a
wide depression which is to be seen on the inner aspeet
of that part of the bone. T found it impossible to
obtain even an approximate symmetry of the right and
left halves of the skull in all my attempts at recon-
struction when T proceeded on this basis.

On comparing the corresponding regions of the
Piltdown and Neanderthal brain casts, it became quite
apparent that the markings of the middle line—
which T had accepted from Dr. Smith Woodward—
did not represent the middle line, but a region well to
| the left of that line. The excavation or groove which
1) S S S S — P i we had regarded as caused by the longitudinal blood
13 e e 2 * sinus—a channel passing along the roof of the skull
F16. 3.—The same aspect of the brain cast from the skull of an Avstralian ~ under the middle line—was not due to that struc-

native—for compatison with figs. r.and 2. ture, but to the well-marked elevations of the brain

on each side of the longitudinal sinus. These cerebral

represented—the middle and two lateral lines. The | elevations are clearly marked in the brain casts of
lateral lines are 50 mm. apart from the middle line.  Neanderthal man. In the skulls of all the higher

The leading principle which guides the task of = primates, the longitudinal sinus, near the hinder end
reconstruction is symmetry—the right and left halves = of the adjacent margins of the right and left parietal
of the mammalian head and skull are approximately = bones, is marked by a narrow deep groove with dis-
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facilitate comparison, they have been placed within
squares of the same size. Three vertical lines are
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tinct edges; on the margin of the upper angle of the
Piltdown fragment the edge or margin of this groove
can be clearly recognised.

In Dr. Smith Woodward’s reconstruction, therefore,
it is not only necessary to move the fragments of the
right side outwards; the left parietal bone has also to
be moved outwards, or rather tilted upwards and out-
wards until it assumes a more vertical position, with the
marking of the sinus in the middle line. When that
is done, and the other parts correctly adjusted, the
brain cast assumes the form and size represented in
Fig. 2. 1 made many experiments to test other pos-
sible suppositions, but only when the fragments were
placed as in Fig. 2 could I secure symmetry, and at
the same time obtain all the anatomical markings in
their normal situations. The brain cast obtained from
this reconstruction displaces just over 1500 cubic
centimetres of water. Dr. Smith Woodward esti-
mated his brain cast provisionally at 1070 c.c.; the
replicas of the brain cast which were distributed
displace 1200 c.c. of water; even if the reconstruc-
tion carried out by Dr. Smith Woodward is accepted,
and the right half is made approximately symmetrical
with the left, the brain of Piltdown man will be about
200 c.c. above his original estimate.

In my reconstruction two other peculiar features of
the original brain cast have disappeared. One is the
sharp bending inwards or kinking of the temporal
lobe of the brainj the other is the position of the
foramen magnum—the opening in the base of the
skull for the exit of the spinal cord. In the original
reconstruction the lower margin of the occipital bone
was brought forwards so far in the base of the skull
that when a palate was articulated there was no
room left for the soft palate and pharynx. The cor-
responding basal parts of the brain cast are, of course,
also abbreviated.

I do not attach any high importance to actual brain
mass; it is merely a rough indication of mental
power when applied to human brains. So far as
concerns the description of the actual markings of
the Piltdown brain cast given by my friend Prof.
Elliot Smith, I am in complete agreement, but so
far as concerns general mass and conformation, it is
clear, from his letter in Narurg, October 2, p. 131,
that I am at complete variance. How far I am right
—to what extent T have made an error—remains to
be seen; but the publication of these drawings and
observations will show that T have made every
endeavour to arrive as near the truth as is possible
for me. A. Kerrn.

Roval College of Surgeons, Lincoln’s Inn

Fields, W.C., October 4.

The Theory of Radiation.

IN his letter published in Narure of October g, Prof.
Maclaren has referred to my use of the concept of
a natural unit of angular momentum, and perhaps
a few explanatory remarks may be useful, as the work
has not been published in a journal devoted to physics.
The concept first appeared in my paper on the con-
stitution of the solar corona, published in the Monthly
Notices of the Royal Astronomical Society in June of
last year. It was found that the energy frequency
ratios of the atomic systems, which were held to be
the origin of the main lines in the coronal spectrum,
were always simple multiples of the quantity h/zm,
where h is Planck’s constant. As these ratios were
nothing more or less than the angular momenta
of the atoms, the conclusion was forced upon me that
Planck’s h could only be an angular momentum.

As was stated at the time, such an interpretation
removes much of the difficulty otherwise pertaining
to the quanta theory, when expressed in the usual
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way in terms of energy. It does not, of course, ex-
plain that theory, but merely renders it more intelli-
gible as a possibility, for it is not difficult to obtain
fair mechanical models of atoms the angular momen-
tum of which can only have a discrete set of values.
Prof. Maclaren, in his letter has, in fact, indicated
a very beautiful one by the help of the magneton,
which has a definite unit of angular momentum. It
is evidently possible to construct a system containing
multiples of that unit.

The more recent work of Dr. Bohr (Phil. Mag.,
July and September of this year) applies the same con-
cept to series spectra, but is different in that it postu-
iates the angular momentum of an electron in the
normal state of the atom as exacily h/2=.  For
example, the whole angular momentum of a neutial
atom with five electrons is, on Bohr’s theory, 35h/2m.
But I had found it necessary in the paper cited above
that the value should be 235h/27. There is in this
respect a discrepancy between the two theories, which
is probably not serious, as Dr. Bohr has only calcu-
lated the series lines in hydrogen and in helium with a
single electron, and therefore charged. (The number
of electrons and its square are then identical.) The
real test of his theory will lie in its capacity to account
for the usual spectrum of helium-—a test which does
not appear difficult.  For - Dr. Bohr has concluded
that helium will not take a -negative charge. The
ordinary spectrum must therefore come from the un-
charged atom in its passage between stationary states,
which are of a limited number, as there are only two
electrons. It does not appear that the helium spec-
trum can be obtained in this way, but perhaps further
investigation will modify this conclusion. Until this
is done, the point raised by Prof. Fowler in a recent
discussion in NATURE, as to the apparent need for
keeping the Balmer and - Pickering spectra of
“hydrogen™ as two distinct series, has not been
answered.

But as Prof. Maclaren states, whatever be the fate
of this theory, the natural unit of angular momentum
seems necessary. It is inevitably suggested by any
atomic theory which now attempts to rest on a founda-
tion of electrons and a positive nucleus; for its use
is not restricted to the applications already mentioned.
It is apparently the only readv means of explaining
a type of spectral series which the writer has found
recently to be of importance—a series in which the
cube roots of the wave-lengths have constant differ-
ences. J. W. Nicnovrsox.

King’s College, London.

Science and the Lay Press.

Maxy “lay ™ journalists will have welcomed the
comments in NATURE of October g (p. 172) on the
“sensational paragraphs to the effect that Sir
Frederick Treves had announced at the Radium In-
stitute ‘*a complete revolution in the future of
radium.’” For the undue enthusiasm shown, the
Radium Institute is partly to blame. Sir IFrederick
claimed credit on behalf of it for the discovery that
emanation was as valuable as radium in the treat-
ment of cancer, and when Mr. Pinch was describing
the good results obtained with emanation water in
the treatment of arthritis deformans he interpolated
the remark that this was something new in medicine.
Undoubtedly, too, the impression was created in the
minds of many of those present that by utilising
emanation a gram of radium could be made to do
the work of several grams. While in the matter of
comment several newspapers fell into gross errors,
they did little more than translate into popular
language the sense of what was said.

Unfortunately in compressing what he had to say
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Sir Frederick Treves did not find it possible to show
clearly in what exact respects the institute claimed to
have made an advance. I imagine his remarks were
intended to serve a double purpose—to explain the
part that radium can play in disease and to show
on what lines the institute had new information to
publish.

The conditions of lay journalism are such that the
reporter is usually forced to estimate the value of
claims put forward by considering the way in which
they are presented, coupled with the standing of the
speaker and of the institution that has given him a
platform. Several papers have made the experiment
of employing an expert in such matters, but on the
whole the results have been disappointing. It is to
be hoped that the episode, and your comments on it,
will act as a warning for future occasions, and that
in communications to the lay Press men of science
will be more careful to pre-

serve a proper perspective
and to differentiate clearly
between new and already |
well-known facts. |
‘

ONE THE REPORTERS

PRESENT.

OF

THE GLASGOW »'
MEMORIAL TO LORD
KELVIN.

N May, 1908, in re-
sponse to a widely
expressed opinion that a

memorial should  be
erected to Lord Kelvin, a
meeting was called by
the Lord Provost of

Glasgow to consider the
matter. This gathering,
representative of the city
and west of Scotland, re-
solved to mark in a fit-
ting and permanent form
its sense of the manifold
benefits which Lord Kel-
vin'’s  researches  and
discoveries in  physical
science, and his patient
application of the same
to the common uses of
man by sea and land,
have conferred upon the world, by establishing
a worthy memorial of him in the city where he
lived and laboured.

The desire thus expressed was amply accom-
plished on Wednesday, October 8, in the presence
of a large and distinguished assemblage, including
many veterans of science trained under Lord
Kelvin, and leaders in other departments of life,
when the unveiling of the memorial statue was
performed by the Rt. Hon. Augustine Birrell,
K.C., M.P., Lord Rector of Glasgow University.
The statue stands in Kelvingrove Park, at the base
of the hill on which the University is built, facing
S.E. towards the river Kelvin and the city. It
represents Lord Kelvin seated with his familiar
green book and pencil in hand, in a character-
istic attitude as when at work on some problem.
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| Behind the figure are placed his binnacle and
mirror galvanometer, with other emblems of his
services to industry and science. The memorial
is the work of Mr. A. McFarlane Shannan,
Glasgow, and, in the words of Prof. Perry, asa
faithful likeness and, what is more, as a work of
art, it does all that art could do in awakening the
emotions of reverence and love felt by all who
came closely in touch with the great master.

At the unveiling ceremony, which took place
at 11 a.m., a letter from Lady Kelvin was read
expressing her regret at being unable to attend,
and after a short introductory speech by the
Lord Provost, Mr. Birrell began his address. He
referred to William Thomson’s early life and
training in Glasgow, and traced his close and

=

| life-long connection with- the University, begin-
ning as student, and ending its first stage as the
author of original memoirs at the age of eighteen.
Then came the eventful interlude at Cambridge,
and Mr. Birrell genially recalled how Thomson’s
originality proved his undoing in the competition
for the Senior Wranglership, and how ¢the
ancient and eternal wrongs of the examination
| room” were mitigated later when Parkinson,
despite his pace, was second Smith’s Prizeman.
Cambridge over, he returned to Glasgow to the
professorship of natural philosophy, “a chair
which he occupied and illuminated for half a
century.” In closing the review of Lord Kelvin’s
work in Glasgow as student, as investigator, and
teacher, the Lord Rector added that he had' said
enough, and far more than was necessary, to prove
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that before all other cities, and above all other
places, Glasgow is the city and the place for a
statue of Lord Kelvin. Men like Lord Kelvin
were seldom solitary voyagers, but rather leaders
of a great company of thinkers and experimenters

labouring to lighten the burden of suffering
humanity. As a practical inventor as well as

a thinker his claims appealed to all, and would
continue to do so. It was therefore with pride
and joy and confidence that he asked the City of
Glasgow, for all time to come, to take good care
of a beautiful memorial of a truly memorable man.

Prmup(xl Sir. Donald MacAlister, in moving
vote of thanks to Mr. Birrell, said that the Loxd
Rector had performed the ceremony with his ac-
customed felicity, and had worthily expressed the
homage of the city and University to one of its
brightest ornaments. In the name of the sub-
scribers, Prof. S. P. Thompson moved a vote
of thanks to the sculptor; this was seconded by
Prof. Perry, and Mr. Shannan-replied.

At the luncheon following on the unveiling of
the statue to Lord Kelvin the toast, “ The Memory
of Lord Kelvin,”was proposed by the Rt. Hon.
Arthur James Balfour, M.P.

Mr. Balfour dwelt upon Lord Kelvin's happy
combination of great gifts, making him at once
the greatest master of theory and a leading spirit
in every department of practical affairs. His
services to mankind, as man of business, inventor,
teacher, investigator of the great problems of
the universe, in order more and more to raise the

material condition of  mankind, rank him as
greatest of the great ‘group of physicists

who have paved the way for the scientific revolu-
tion in the midst of which we are living. Lord
Kelvin’s want of sympathy with those latter-day
speculations to which his own labours led up was

not the imperviousness to ideas which comes of-
But what he would accept from’

mental inertia.
other men depended at the moment upon the
intense inner life that -he led, which concentrated
his attention upon certain lines of -investigation,
and made him almost oblivious of what was going
on outside the current of his own thought. Great
in knowledge, great in achievement, yet in him-
self the most modest, the most eager, the most
childlike—in the good sense of the word—of men,
his record had never been surpassed in the whole
annals of phyvsical science.
THE PREHISTORIC SOCIETY OF EAST
ANGLIA.
HE members of the Prehistoric Society of
East Anglia are to be congratulated on the
systematic manner in which they are studying the
properties of flint, with special reference to the
identification of human workmanship. In the
latest part of their proceedings® Dr. W. Allen
Sturge discussess the patina of flint implements,
and concludes that it is produced entirely by ex-
posure on the surface. Permanent burial appears
not only to retard, but even to prevent, patination.

1 Proceedings of the Prehmnrlc Society of East Anglia, 1910-11, 1911-12,
vol. i., pt ii. (london: H. K. Lewis, vor2.)
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Mr. ]J. Reid Moir describes some experiments
on the chipping of flints, and attempts to show
that the flaking of a margin by natural causes is
comparatively irregular, while the blows directed
by man to ploduce such flaking are at definite
angles with much regularity. He also demon-
strates that flakes produced by natural pressure
often exhibit a bulb at each end. Mr. . N.
Haward follows with additional notes on the
chipping of flints by natural agencies, and con-
cludes that much can be accounted for by move-
ments in the ground. He instances particularly
the chipping due to the creeping motion of grav el
at the top of pipes in the chalk.

Among descriptive papers may be specially
mentioned that by Mr. J. Reid Moir on the much-
discussed human skeleton discovered by him in a
olacial deposit at Ipswich. Though interesting,
it is by no means convincing in its argument that
the skeleton lay in undisturbed ground; and the
difficulty in believing that the human being in
question lived before the deposition of the houlder
clay is further enhanced by the report of Prof.
A. Keith, who finds that there is no essential
difference "between this skeleton and that of a
modern civilised man.

There may also be differences of opinion about
the supposed flint implements, described by Mr.
W. G. Clarke, from the basement hed of the
Norwich Crag, in Norfolk; but Dr. Sturge’s
elaborate paper on Mousterian and other late
Palaeolithic flint implements from superficial
deposits in East Anglia will be accepted without
hesitation, and is all the more welcome from the
abundance of French specimens which the author
is able to select for comparison from his own

cabinet. All the papers are well illustrated, but
this one by Dr. Sturge especially so; and the
only fault we have to find with them is their

frequent diffuseness. A more concise and system-
atic mode of expression might be adopted in future
with advantage.

NOTES.

AN extra meeting of the Chemical Society will be
held at Burlington House, Piccadilly, W.; on Thurs-
day, October 23, at 8.30 p.m., when the Ladenburg
Memorial Lecture will be delivered by Prof. F. Stan-
lev Kipping, F.R.S.

A LECTURE will be given under the auspices of the
Swedenborg Society at the rooms of the Society of
British  Artists, Suffolk Street, on the evening of
November 19, by Prof. W. B. Bottomley, of King’s
College, I.ondon, on Swedenborg’s doctrine of the
origin of life. Sir W. F. Barrett, F.R.S., will occupy
the chair.

Tur High Commissioner of the Federated Malay
States has notified that, in consideration of the import-
ance of the London School of Tropical Medicine to
the Government, a sum of 5000l. has been voted as a
contribution to Mr. Austen Chamberlain’s appeal for
100,000l. for the endowment of the school. The grant
was made by the Legislative Council on the repre-
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sentation of unofficial members. Mr. Chamberlain’s

fund now amounts to 70,000l.

A. DISCOVERY of arctic land, which, when further
investigated, will add an important feature to even a
small-scale map of the north polar region, is reported
by The Times correspondent in St. Petersburg. Tt
appears that Capt. Wilkitsky, in command of two
Russian surveying ships off the north Siberian coast,
has been working northward and westward from
Vladivostok and Cape Dezhnev, and was brought to
a stop by ice off Cape Chelyuskin. Proceeding north-
ward in an attempt to turn the barrier, he came upon
land—an eastward-facing coast—extending in a direc-
tion roughly north-north-west from 78° to 81° N.,
over a distance of 200 nautical miles. He was forced
to return, and has sent his message from TFort St.
Michael, in Alaska. The existence of land of such
extent as is indicated at once suggests an-interruption
in the polar circulation, goes far to account for the
habitually ice-bound condition of the Kara Sea to the
south-west, and of the waters off Cape Chelyuskin
itself (which must apparently be separated from the
new land by a strait only some forty miles wide),
and may be taken to bear upon the distinct northerly
trend of the drift of Nansen's ship, the Fram, which
appears in the charts between lats. 110° and go°® E.
If the new land really terminates in 81° N.,; it may
be added that the Fram easily missed it, being fully
three degrees more northerly.

MRr. Trusan H. Avrprich, of Birmingham, Alabama,
has presented his entire collection of recent shells,
about 20,000 named species, to the museum of the
Geological Survey of Alabama. The series includes
not only Mr. Aldrich’s gatherings and the results of
exchanges during more than fifty vears, but several
large private accumulations which were purchased
entire, notably the Pike Mauritius series, the Jones
Bermuda and Nova Scotia shells, and the Parker
cabinet of about 3300 listed species.  The Aldrich
collection is particularly rich in operculate land shells
and includes many types. About 1500 books, concho-
logical and other scientific works, accompanied the
gift. Mr. Aldrich has already proved himself a
generous friend of the museum. Three vears ago he
gave all his duplicate shells, some 230,000, fine
specimens; and the very rich set of Tertiary inverte-
brate fossils is largely due to him. His cabinet set
of these fossils, one of the finest in the world, was
acquired by the Johns Hopkins University of Balti-
more.

A sTrRIKING and impressive instance of the benefits
conferred upon the human race by developments of
modern science was provided by the occurrences in
connection with the disastrous fire which destroved
the British steamship lolturno in mid-Atlantic last
week during a heavy gale. The passengers and crew
numbered 657, and it is known that 321 have been
saved. All the survivors on board the ship when the
vessels arrived which responded to the Tolturno’s
wireless telegraphic call for help were saved. The
Cunard liner Carmania received the first news of the
fire, and immediately use was made of her wireless
installation to send the cry for help far and wide, with
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the result that ten steamships were able to render aid.
The 321 survivors thus owe their lives primarily to
wireless telegraphy. Among the rescuing vessels was
an oil-tank steamer, the Narragansett, which by dis-
charging two large streams of oil, moderated the
troubled waters and assisted in the work of rescue by
enabling small boats to approach the burning vessel
with less danger. A passenger on board the Car-
mania says, in The Daily Mail, that within five
minutes after the commencement of the discharge of
the oil, the sea for a hundred yards away from the
Narragansett and towards the Volturno became abso-
lutely calm, apart from a slight roll.

Tue death is announced, in his seventy-eighth year,
of a distinguished American astronomer, Rear-Admiral
John R. Eastman. In his boyhood he lived on a farm
in New Hampshire, and attended only a public
elementary school, afterward supporting himself by
teaching until he entered Dartmouth College, where
he graduated in 1862. After serving for a few yvears
as an assistant at the U.S. Naval Observatory, he was
appointed in 1865 professor of mathematics in the
U.S. Navy. He retired in 1898 with the rank of
captain, and was promoted in 1906 to that of rear-
admiral. He was engaged for many years in astro-
nomical observation and research, the bulk of his
published work appearing in the annual volumes of
the Government Observatory. He prepared and
edited the Second Washington Star Catalogue, con-
taining the results of nearly 80,000 observations at
the Naval Observatory. He was the author of **Tran-
sit Circle Observations of the Sun, Moon, Planets,
and Comets,” published in 1903. Rear-Admiral East-
man was the first president of the Washington
Academy of Sciences.

Tre death is announced of Sir John Batty Tuke,
formerly M.P. for Edinburgh and St. Andrews Uni-
versities, at seventy-eight years of age. From an
obituary notice in Tuesday’s Times we learn that Sir
John Tuke was educated at Edinburgh Academy and
University. On taking the degree of M.D. he went
out to New Zealand, where he was civil practitioner
in medical charge of a wing of the 65th Regiment.
On returning to Scotland in 1863 he began practice
in Edinburgh. For some time he was assistant
physician at the Royal Edinburgh Lunatic Asylum,
and in 1867 was appointed medical superintendent of
the Fife and Kinross District Lunatic Asylum. He
returned to Edinburgh in 1873, and was associated
with the late Dr. Smith and Dr. Lowe in the manage-
ment of Saughton Hall Asylum, which he continued
to direct until a few years ago. He was president of
the Medico-Chirurgical Society and of the Neuro-
logical Society of the United Kingdom. He held the
honorary degrees of D.Sc. (Dublin), LL.D. (Edin-
burgh), and LL.D. (St. Andrews). In 1895 Tuke
was elected president of the Royal College of
Physicians, Edinburgh, and in 1898, his last vear of
office, received the honour of knighthood. Two years
later he succeeded the late Sir William Priestley as
member of Parliament for Edinburgh and St. Andrews
Universities. He retired from Parliament in 1910,
and was succeeded by Sir Robert B. Finlay. Sir
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John Batty Tuke will long be remembered as a great
authority on the care and treatment of the insane.
He gave himself to work hard at the problems which
these cases present; and he deserved, and attained,
a very high place in his profession, not only by his
practice, but by his writings.

Tue Ricur Hon. James Stuart, formerly professor
of mechanism and applied mechanics in the Univer-
sity of Cambridge, died on Sunday, October 12, in
his seventy-first year. Mr. Stuart’s early education
was partly private and partly at the Madras College,
St. Andrews. Thence he proceeded to the' University
of that city, where he graduated in 1861, and in the
following year he won a minor scholarship at Trinity
College, Cambridge. In 1864 he was elected to a
foundation scholarship at Trinity, where in 1866 he
graduated as Third Wrangler. He was elected a
fellow of his college in 186%. The University Exten-
sion movement sprang from Mr. Stuart’s interest in
the education of women. He undertook in 1867 to
deliver a course of lectures on astronomy to women
teachers. The result was a number of invitations to
lecture to working-men. By 1871 he had worked out
a scheme of extension lectures, and the University of
Cambridge was induced to give definite shape to his pro-
posals. To-day something like a thousand courses of lec-
tures are organised annually, and more than a hundred
thousand persons benefit by the teaching. In 1875
Stuart was elected the first professor of mechanism
and applied mechanics at Cambridge, and was chosen
a member of the University Council.  During "the
next ten years his energies were largely devoted to
the founding of the mechanical workshops in which
his teaching was carried on, and to the establishment
of the mechanical science tripos in the University.
Prof. Stuart entered the House of Commons in 1883,
and was a member of the London County Council
for many vears. In 1889 his absorption in party
politics in London led him to resign his professorial
chair at Cambridge, after a successful tenure of
fourteen vears. In 1909 he was sworn a member of
the Privy Council; and in 18981901 he was rector of
St. Andrews University.

Mgr. PercivaL MAaRrRsSHALL is to be congratulated on
the success of the fourth biennial Model Engincer
Exhibition at the Royal Horticultural Hall. Here
are collected together not only models of all kinds of
professional make, together with their parts and tools
suitable for their construction—good and not unduly
expensive—but the work of a large band of amateur
workers is exhibited also. No better evidence could
be afforded of the stimulus which has been given to
latent talent by The Model Engineer, now issued
weekly, which Mr. Marshall was enterprising enough
to found fifteen years ago, and also by the numerous
societies and clubs which have come into existence,
with this newspaper as a medium of coimmunication.
The admirable working drawings of models Tor
which The Model Engineer has been so well known
have had a valuable educational effect; and whether
the immediate stimulus has been the desire to make a
kite, a hydroplane, some kind of engine, or a wireless
set, for the mere enjoyment of the thing or with the
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hope of obtaining one of the prizes for model work
which the paper or the societies or clubs offer is a
small matter, the educative process is carried out on
attractive lines, and more serious study is encouraged.
It is not possible in the available space to refer to
individual exhibits of the amateur class, but reference
may be made to the ‘horophone’ or wireless receiv-
ing set designed for receiving the time signals from
the Eiffel Tower or from Norddeich, mainly with the
object of commenting on the fact that Greenwich time,
now the time-basis of practically the whole civilised
world, is sent out daily by Germany and IFrance to
Europe and the North Atlantic, while this country sits
idly by accepting for its shipping the invaluable aid
given freely by its two neighbours.

IN  connection with the Fourth International
Botanical Congress to be held in London in 1913, a
preliminary circular has been issued on behalf of the
organising committee. The previous congress, held
at Brussels in May, 1910, decided, on the invitation
of the Royal Society of London, that the next meet-
ing, in 1915, should be held in London. At a general
meeting of British botanists, held in London in March,
1912, an organising committee was elected, and sub-
sequently an executive committee. A\ number of dis-
tinguished patrons of botany were also invited to lend
their support to the congress. The organising com-
mittee consists of three presidents—Sir David Prain,
Prof. F. O. Bower, and Prof. A. C. Seward—the
following vice-presidents : Prof. 1. Bayley Balfour,
Mr. W. Bateson, Dr. F. F. Blackman, Sir Francis
Darwin, Prof. H. H. Dixon, Mr. G. C. Druce, Prof.
J. B. Farmer, Mr. A. D. Hall, Dr. W. B. Hemsley,
Dr. R. Kidston, Prof. F. W. Oliver, Mr. R. L.
Praeger, Miss E. Sargant, Dr. D. H. Scott, Mr.
A. G. Tansley, Prof. S. H. Vines, and Mr. H. \W.
Wager; and a list of members which is fully represen-
tative of British botany. Sir Frank Crisp is treasurer,
Dr. A. B. Rendle general secretary, and Dr. Otto
Stapf foreign secretary. The congress will meet
from May 22 to May 29, 19135, and its work will
include the various branches of botanical science,
together with certain matters connected with nomen-
clature and bibliography left over from the previous
meeting. The official language of the congress will
be English, but any language may be used in the
discussions. Member’s subscription is fifteen shil-
lings, and ladies accompanying members may attend
the meeting and excursions on payment of ten
shillings each. Particulars of meetings, discussions,
excursions, &c., will be issued later. As it is esti-
mated that the sum of 1000l. will be required to
defray the expenses of the congress, the executive
committee have decided to raise a fund for the purpose,
and an appeal has been issued to British botanists
and those interested in the science in Great Britain.

Tue Hull Municipal Museum, under its curator, Mr.
T. Sheppard, continues to increase its collections.
Recent additions include a fine bronze palstave lately
found at Kirkella, the outfit of a Yorkshire clog-sole
maker, a curious ancient wooden nut-cracker repre-
senting a human head, Saxon bronze brooches dis-

) covered at Hornsea, a fine collection of ecarly jewel-
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lery and old firearms, while a large series of
ethnographical objects from Nigeria, acquired by Mr.
M. S. Cockin, has been deposited. The excellent and
well-illustrated progress reports issued by the curator
might with advantage be studied by other museum
authorities as a means of popularising their collections.

Tue most important contribution to the October
issue of Man is a paper by Prof. Flinders Petrie
describing a series of the earliest perfect tombs dis-
covered at the great cemetery of Tarkhan, forty miles
south of Cairo. Two of them date from the time of

King Zet, in the middle of the first dynasty. This
series  of interments was found absolutely undis-

turbed, and contained burials of the contracted form,
the head lying north, the face east, on the left side,
and accompanied by some small pottery and gazelle
bones. In the tomb walls are two slits, through
which it was believed that the food offerings reached
the dead. Some 600 skeletons have been unearthed,
those of the females being homogeneous, while the
males fall into two groups, indicating that from pre-
historic times there had been a slow intermixture
of the dynastic race with the indigenous peoples.
SincE 1911 the Cambrian Archaeological Society has
been engaged on the excavation of a Roman fortress
in Mid Wales—Castell Collen, ‘‘the fortress of the
hazel trees,” close to Llandrindrod Wells. So far, a
granary, the principia or headquarters building, and
the house of the commandant have been unearthed.
The place, from the evidence of coins and pottery,
seems to have been occupied from the end of the first
century to the close of the third century A.p. Among
the discoveries are a bronze scabbard-scape of late
Celtic work, a dolphin-shaped scabbard attachment

of bronze, a silver ring with the motto ** Amor
Dvleis,” and an intaglio with a Roman horseman

riding down a barbarian. Much work remains to
be done, and contributions are invited by Mr. C.
Venables Llewelyn, Llysdinain Hail, Newbridge-on-
Wye.

TuE first report of the Eugenics Record Office of
Cold Spring Harbour, Long Island, New York, was
issued in June last by the superintendent, Mr. H. H.
Laughlin. It contains an interesting account of the
way in which the work of the office is organised, and
of the elaborate card system which has been adopted
for indexing the extensive collection of data in
process of accumulation. The practical work of the
office has three aims : (1) to collect and analyse family
records for the purpose of studying heredity; (2) to
organise courses for the training of the *‘field
workers ™ to be emploved in the collection of data;
(3) to advise concerning the eugenical fitness of pro-
posed marriages. For funds the office is principally
indebted to Mrs. E. H. Harriman, but Mr. J. D.
Rockefeller has also made generous contributions in
providing for the salaries of five *‘field workers’ and
for the publication of memoirs and half the cost of
the training class.

Major  GRrElG gives an account of the present
incidence of enteric or typhoid fever in India in a
paper contributed to the All-India Sanitary Confer-
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ence in Madras, 1912. The disease has greatly
declined, as the following figures show :—Average
admission per 1000 in 1895-1g04, 223, in 1910, 4'I;
constantly sick per 1000 in 1895-1904, 3'31, in 1910,
0'g1; deaths per 1000 in 1895-1904, 562, in 19I0,
0'62.  The factors concerned in this decline are
(a) segregation of the convalescent enteric patient
until he is proved to be free from infection, (b) the
elimination of the chronic carrier, (¢) inoculation,

(d) general sanitary improvement.

Tue curator’s report of the Otago University
Museum for 1912 records the definite transfer to the
university of the Hocken library—consisting, it may
be remembered, of a valuable collection of books,
pamphlets, manuscripts, plans, and pictures relating
to the history of New Zealand and the Maoris. Some
idea of the size of the library may be gleaned from
the statement that the printed catalogue of the
bound books runs to several volumes.

A DpISCOVERY of special importance in connection
with the problem of the homology of the mammalian
auditory ossicles is recorded by Mr. R. \W. Palmer,

University College, Reading. In dissecting  the
auditory region of a feetal Australian bandicoot

(Perameles) it was found that the ossicles and car-
tilages lie freely in a hollow of the thin dentary bone
of the lower jaw, and comparison of their position,
form, and relations with the corresponding region
of the skull in certain Triassic anomodont reptiles
renders it practically certain that the mammalian
malleus represents the articular bone of the reptilian
lower jaw, while the incus of the mammal corresponds
to the quadrate of the reptile and the tympanic to the
angular element of the jaw. The paper is published
in the Anatomischer Anzeiger, vol. xliii., p. 512.

WE have received from the publishers (Herren R.
Friedlinder und Sohn, Berlin) five parts, 34-38, of
* Das Tierreich,” edited by Dr. F. E. Schulze. These
parts deal respectively with the butterflies of the

family Amathusiidee, the rhabdocelid turbellarian
worms, the pteropod molluscs, the cacilian am-
phibians, and the molluscs of the group Soleno-

gastres; and the mere fact that the second of these
(No. 335) comprises no fewer than 484 pages of text,
coupled with the number of parts already
issued, gives some indication of the voluminous nature
of the work. To how many parts it is expected to
run we have no clue, but it may be mentioned that
mammals and fishes are not touched in any of those
already issued. Each part being separately paged,
the entire work can be arranged in such order as
may be best suited to the needs of individual students.
So far as we can judge, the parts before us, which,
like the rest, are by specialists in their respective
subjects, maintain the high standard of their pre-
decessors.  As might have been expected in a work
by different authors, the style of treatment is by no
means uniform; the diagnoses of the species and
groups being in some instances models of concise-
ness, while in others they tend to undue prolixity.
The attention of *“zoological recorders’ may be
directed to the fact that a new generic name is pro-

large
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posed on p. 17 of the part on Solenogastres, which
may be an indication that others occur elsewhere in
this invaluable work.

TuE report of the Meteorological Committee for the
yvear ended March 31 differs from its predecessors in
at least one important respect, viz. the omission of
most of the usual appendices. These interesting
documents are to be issued subsequently. The detailed
reports of the work of the several divisions of the
office, based to some extent upon such appendices,
appear as heretofore. We are pleased to see that
H.M. the King has shown his interest in the work
by commanding that a copy of the useful daily weather
report be regularly addressed to him. At the request
of the Treasury, the committee is negotiating with
the Scottish Meteorological Society with the object,
inter alia, of securing closer cooperation with this
body in respect of the supply of meteorological in-
formation to the public. It is stated that the com-
mittee has been much interested in a proposal for
the more general use of .the centimetre-gramme-
second system of units in meteorological publications,
and, for reasons given, they have decided to use the
centibar or millibar instead of the inch, as far as pos-
sible, for all barometric measurements. Specimens
of the daily and weekly weather reports are given with
isobars shown for centibars (100=2¢'52 in.), and tem-
peratures shown on the absolute temperature scale
{273° A.=32° F.). Another important change refers
to the modification of the code of signals hitherto
used for storm warnings. All classes of weather fore-
casts issued during the vear 1912 were very success-
ful; many valuable wireless reports were received
from H.M. ships, and a very large number from
Atlantic liners, but only about one-twentieth of the
latter reached the office in time to be included in
“to-day’s’ map in the daily weather report, although
nearly half of them could be utilised in one of the two
smaller maps for “* vesterday " shown in that report.

Ox October 3, Sir Joseph Thomson formally opened
the new works of Messrs. W. G. Pye and Co. at
Chesterton, near Cambridge, and in the course of his
speech gave an account of his own connection with
the establishment of Cambridge as an instrument-
making centre. A laboratory in which any consider-
able amount of physical research is carried out requires
an instrument maker of its own, and twenty-two years
ago Sir Joseph appointed Mr. Pve to the post at the
Cavendish laboratory. Under his management the

laboratory workshops were greatly improved, and
many exceedingly effective instruments turned out. In

the meantime, a small business started by Mr. Pye
developed and soon demanded his whole attention.
This led to his resignation of the laboratory post
eleven years ago. Since that time the business has
grown so rapidly as to necessitate removal to a site
admitting of further extensions in the future.

In the Terhandlungen of the German Physical
Society  for  September 15, Drs. Gehlhoff and
Neumeier, of the Danzig-Langfuhr Technical School,
give the results of their measurements of the thermal
and electrical properties of a series of alloys of bis-
muth and antimony at temperatures between —190°
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and 100° C. The principal results relate to the
thermal and electrical conductivities which were deter-
mined by a modification of the method used by Lees.
They show that the quotient of the thermal by the
electrical conductivity and by the absolute temperature
is not a constant as it should be according to the
electronic theories of conduction, by decreases by
40 to %o per cent. as the temperature rises from
—190° to 100° C. The authors point out that this
behaviour is analogous to that found by Lees for
steel, nickel, and several alloys, and that it confirms
the belief that the conduction of heat in many metallic
conductors cannot be satisfactorily explained by the
motion of free electrons.

Hrruerto the laws of thermodynamics have been
applied to gases, and also to investigations of the
radiation pressure in a black body-cavity, but little
has been done to combine gaseous pressure and radia-
tion pressure in a single investigation. In the
Bulletin of the Cracow Academy for May, Mr. T.
Bialobjeski works out the conditions of equilibrium of a
self-gravitating spherical mass of gas when radiation
pressure is taken into account. The solution
essentially mathematical, namely, a deduction of con-
clusions from previously stated hypothesis; thus, to
simplify matters, the author assumes the ordinary
formule for a perfect gas and Stefan’s formula for
radiation pressure. The investigation has an im-
portant application to astrophysics, as it is shown
that the equilibrium of the sun and stars may be
affected by radiation pressure in a marked degree.

is

Tue revised London County Council reinforced
concrete regulations governing the erection of re-
inforced concrete buildings in the London area have
been amended by the Local Government Board, and
have been submitted to the professional societies for
further revision. These regulations have been the
subject of much criticism, and additional comment on
them is made by Mr. E. S. Andrews in The Enginecr
for October 3. Mr. Andrews points out that, to render
the regulations reasonable and to remove some of the
absurdities which arise in their application in some
instances, further amendment is required, especially
in questions of working stresses and modular ratios.
The clauses governing these values penalise rich
mixtures of concrete in the case of all rectangular
beams, and also in many cases of beams of T section.
The decrease in modular ratio suggested by the Local
Government Board is reasonable, but the working
stresses in the concrete do not increase for the richer
mixtures in anything like the same ratio as obtains
in actual experiment. Applied to columns, the regula-
tions as to working stresses do not lead to obviously
absurd results, but they do have the effect of dis-
couraging the use of richer mixtures.

MessRS. GEORGE ROUTLEDGE AND Sons, Lrp., have
in the press, and will shortly publish, “A Handbool
of Photomicrography,” by H. Lloyd Hind and W.
Brough Randles.  The new work will contain an
account of the modern methods employed in photo-
micrography, with a description of the apparatus and
processes, treated both from a microscopic and photo-
graphic point of view.
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OUR ASTRONOMICAL COLUMN.

BriLLiant Meteor or OctoBeErR 7.—A\ very fine
meteor, which illuminated the heavens like a flash of
lightning, was observed at various places in the west
of England on October 7 at 10.35 p.m. It was seen
by Mr. F. T. Naish at Bishopston, Biistol, and he
recorded the position of the streak, which endured
for nearly half a minute, as from 337°+8° to 327°—2°.
As observed by Miss Eleonora Armitage at Swains-
wick, near Bath, the meteor is described as coming
rapidly from overhead and disappearing in Aquila. It
left a luminous trail about 10° long, lasting for a few
seconds.

Mr. F. C. Carey, of H.M.S. Illustrious, Devonport,
noticed a lightning-like flash, and on looking up-
wards saw in due east, altitude 60°, a luminous train
which was brighter in the upper portion and remained
visible for several seconds.

The meteor was also visible from Keynsham, near
Bristol, and by several other observers at Bristol.

From the data collected by Mr. Denning, he finds
that the meteor had a probable radiant in Gemini,
and that its height was from about seventy-four to
fifty-two miles. The position of the flight was from
over Wiltshire to the English Channel, about ten
miles east of Paignton, Devonshire. Further observa-
tions are needed of a more exact character to deter-
mine its real path accurately. The meteor was a very
swift one of the Leonid type, and it appeared on a
very unsettled, showery evening, when, unfortunately,
the sky was cloudy at many places.

COMETARY OBSERVATIONS IN 1909 10O 1g12.—The
principal contents of No. 12 of the Mitteilungen der
Hamburger Sterwarte relate to the observations made
of comets which appeared in the interval included
in the vears 19og to 1g12. The observations there
recorded are both visual and photographic, the former
being made with an equatorial of 256 mm. aperture
and 302 m. focal length, and the latter with a
138 mm. Petzval objective of 760 mm. focal length,
and a 3-in. Cooke triplet of 600 mm. focal length.
Dr. K. Grafl gives an account of the physical observa-
tions made with the large equatorial, and accom-
panies his remarks with an excellent series of draw-
ings of the detailed structures in the heads of the
various comets observed. Prof. A. Schwassmann
limits his account to DBrooks's comet (1gric), and
describes in detail the chief points which are notice-
able on the fine series of photographs which accom-
pany the text. This publication also includes the
observations made for the determinations of the posi-
tions of the comets and numerous minor planets, all
made with the large equatorial by the observers, Dr.
K. F. Bottlinger, Dr. K. Graff, and Herr H. Thiele.

NORMAL SYSTEM OF WAVE-LENGTHS IN THE SPECTRUM
or THE TRON ARc.—In this column for October 2 refer-
ence was made under the heading **The Wave-
lengths of Certain Iron Lines to the work of Dr. F.
Goos. The current number of The Astrophysical
Journal (vol. xxxviii., No. 2, p. 141) contains a further
contribution by himn towards *‘the establishment of a
normal svstem of wave-lengths in the arc spectrum
o iron.”” The main object of the communication is

to show that it is not sufficient to prescribe a current’

of 5 to 10 amperes for the arc, as was adopted by
the International Solar Union, but that it is abso-
lutely necessary to define the manner of burning and
the part of the arc used. Dr. Goos recommends the
following procedure, based on many experiments :—
For the normal spectrum of iron he proposes an
arc 5 mm. long (separation of the rounded ends from
each other) betweéen iron rods 6 mm. in diameter and
with a current of 4 amperes. It should be used on a

NO. 2294, VOL. 92]

! to horse hides and to leather made therefrom.

220-volt circuit; the potential difference at the arc
then falls to between 45 and 49 volts. It should be

cused with a pole changer, and the arc so projected

on the slit of the spectrograph with the condensing
lens that only a portion of the arc at the middle is
used extending 1-5 mm. vertically at most. In order
to show the importance of specilying exactly the arc
conditions to be wused, he directs attention to the
difference in the values of the three observers of the
normals of the second order. Thus he compares the
wave-lengths of the iron arc as published by Kayser
and himself with the measurements of St. John and
Ware. He also includes measurements of the widths
of some selected iron lines. The main cause of all
the differences is due to pressure changes, and the
whole investigation shows that the iron arc is far from
homogeneous. - Dr. Goos finally questions whether
the measurements of the normals of the third order
form a really homogeneous system, and he proposes
that an entirely new series of observations should be
made with more uniform light-sources.

MICROSCOPICAL EXAMINATION OF SKIN
AND LEATHER.

IN the May number of the Bulletin de la Société

d’Encouragement pour 1’Industrie Nationale, M.

Georges Abt, of the Pasteur Institute, contributes an

interesting and valuable paper on the microscopical

examination of skin and leather, with special refer-
ence to salt stains and their effect.

The author first describes in detail the methods used
for cutting and staining sections of skin. These are
the general methods familiar to microscopists, but
are varied slightly in order to differentiate the im-
portant histological elements of the skin for the par-
ticular purpose in view. The author endeavours to
classify the different changes taking place in the skin
during the various processes of manufacture into
leather, and even goes so far as to suggest that the
microscopical examination of the skin or hide in the
various stages might be used to control the various
processes.

In connection with his special investigation, the
effect of salt stains, the author has prepared sections
of the grain, flesh, and interior of the raw skin, the
pelt, and of the finished leather, showing the char-
acteristics of salt stains and their effect.

The work is supplementary, and supports the hypo-
thesis deduced by the same writer from a chemical
investigation of these stains (* Collegium,” 1912,
pp- 388-408). M. Abt differentiates between two types
of salt stains. Stains of the first class are distin-
guished by the presence of calcium phosphate in
places where grains of calcium sulphate have been

deposited from  the - salt. In the section through
these stains the nuclei of the connective tissue
are  very prominent. The author has proved
them to contain iron and excess of tannin
in the sections of stained leather. He assumes

that these nuclei have been protected from the de-
structive action of micro-organisms in the preliminary
processes by an envelope of an organic iron salt and
of iron and calcium phosphate, and he goes on to
show that as the salt stain progresses the nuclei
ultimately disappear, the connective tissues being dis-
integrated, but not completely decomposed, as they
would be by the action of bacteria, as claimed by
Becker.

The second kind of stain investigated only applied
These
are characterised bv the presence of strongly pig-
mented epithelial tissues and the complete absence of
calcium phosphate. The writer assum s, therefore,
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that these special stains proceed from the brown pig-
ment in the cells of the Malpighi layer and internal
epithelial hair sheath in the original skin. This pig-
ment becomes fixed by mineral matter so that decom-
position in the limes is resisted.

The author finds that the common factor in the
stains examined is the presence of traces of iron.
The persistence of the connective elements, especially
the nuclei and epithelial tissues, is proved, and the
very slight changes that take place in the connective
tissue lead the writer to conclude that bacteria play
a very small part in the production of the stains he
examined.

In this paper M. Abt, for the stains he has
examined, takes up practically the opposite view to
that enunciated by Becker, who claims that many of
the salt stains are largely caused by bacterial action.

The experiments carried out by M. Abt have been
carefully performed, and the hypothesis he draws
from the results obtained on the stains he has examined
appear to be conclusive. The paper is extremely well
illustrated by coloured photographs of prepared sec-
tions of normal and salt-stained skin and leather which
are very clear, and are much more defined than the
illustrations usually given in this tvpe of work; in
fact, these microphotographs are from magnificent
sections, and are beautifully reproduced in the article.
They are the finest reproductions of the structure of
the hide and skin that have been published in recent
times.

M. Abt’s work on this subject is of great importance
to leather technologists, and, while the author does
not claim to have solved all the various kinds of salt
stains, he has certainly solved a portion of the difficult
problem, and appears to have definitely proved that
what the tanner and leather-dresser call salt stains
may originate from more than one cause, and may
under different conditions vary in appearance and
effect upon the skin.

The paper shows that M. Abt has carried out a
very careful and systematic investigation, and it is a
most valuable contribution to the elucidation of this
problem, but in spite of this the subject is still by no
means exhausted, and we venture to hope that M. Abt
will investigate some other forms of salt stains which
he has not yet dealt with. Although the author has
undoubtedly  clearly proved the cause, traced the
history, and shown the effect of certain forms of salt
stains, he has not yet described any practical method
of avoiding this economic waste which is so vital to
the tanners of calf and other similar leathers, but the
paper brings us one step nearer this goal.

]. G. P.

THE BRITISH ASSOCIATION AT

BIRMINGHANM.
SECTION H.
ANTHROPOLOGY.

OPENING ADDRESS BY SIR Rictarp C. TeMPLE, BART.,
C.1.E., PRESIDENT OF THE SECTION.

Administrative Value of Anthropology.

Tue title of the body of which those present at this
meeting form a section is, as all my hearers will know,
the British Association for the Advancement of Science,
and it seems to me therefore that the primary duty of
a sectional President is to do what in him lies. for the
time being, to forward the work of his section. This
may be done in more than one way: by a survey of
the work done up to date and an appreciation of its
existing position and future prospects, bv an address
directly forwarding it in some particular point or
aspect, by considering its applicability to what is called
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the practical side of human life. The choice of method
seems to me to depend on the circumstances of each
meeting, and I am about to choose the last of those
above mentioned, and to confine my address to a con-
sideration of the administrative value of anthropology
because the locality in which we are met together and
the spirit of the present moment seem to indicate that
I shall best serve the interests of the anthropological
section of the British Association by a dissertation on
the importance of this particular science to those who
are or may hereafter be called upon to administer the
public affairs of the lands in which they may reside.

I have to approach the practical aspect of the general
subject of anthropology under the difficulty of finding
myself once more riding an old hobby, and being con-
sequently confronted with views and remarks already
expressed in much detail. But I am not greatly dis-
turbed by this fact, as experience teaches that the most
effective way of impressing ideas, in which one believes,
on one’s fellow man is to miss no opportunity of put-
ting them forward, even at the risk of repeating what
may not yet have been forgotten. And as I am con-
vinced that the teachings of anthropologists are of
practical value to those engaged in guiding the ad-
ministration of their own or another country, I am
prepared to take that risk.

Anthropology is, of course, in its baldest sense the
study of mankind in all its possible ramifications, a
subject far too wide for any one science to cover, and
therefore the real point for consideration on such an
occasion as this is not so much what the students of
mankind and its environments might study if they
chose, but what the scope of their studies now actually
is, and whither it is tending. I propose, therefore, to
discuss the subject in this limited sense.

What, then, is the anthropology of to-day that
claims to be of practical value to the administrator?
In what directions has it developed?

Perhaps the best answer to these questions is to
be procured from our own volume of ‘“‘Notes and
Queries on Anthropology,” a volume published under
the arrangements of the Royal Anthropological Insti-
tute for the British Association. This volume of
“Notes and Queries” has been before the public for
about forty years, and is now in the fourth edition,
which shows a great advance on its predecessors and
conforms to the stage of development to which the
science has reached up to the present time.

The object of the *“ Notes and Queries ' is stated to
be ‘‘to promote accurate anthropological observation
on the part of travellers including all local observers)
and to enable those who are not anthropologists them-
selves to supply information which is wanted for the
scientific study of anthropology at home.” So, in the
heads under which the subject is considered in this
book, we have exhibited to us the entire scope of the
science as it now exists. These heads are (1) physical
anthropology, (2) technology, (3) sociology, (4) arts a-«
sciences. It is usual, however, nowadays to divide the
subject into two main divisions—physical and cultural
anthropology.

Physical anthropology aims at obtaining ‘‘as exact
a record as possible of the structure and functions of
the human body, with a view to determining how far
these are dependent on inherited and racial factors, and
how far they vary with environment.” This record is
based on two separate classes of physical observation :
firstly on descriptive characters, such as types of hair,
colour of the eyes and skin, and so on, and actual
measurement; and secondly on attitudes, movements,
and customary actions. By the combined study of
observations on these points physical heredity is ascer-
tained, and a fair attribution of the race or races to
which individuals or groups belong can be arrived at.

But anthropology, as now studied, goes very much
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further than inquiry into the physical structure of the
human races. Man, ‘‘unlike other animals, habitually
reinforces and enhances his natural qualities and force
by artificial means.”” He does, or gets done for him,
all sorts of things to his body to improve its capacities
or appearance, or to protect it. e thus supplies him-
self with sanitary appliances and surroundings, with
bodily ornamentation and ornaments, with protective
clothing, with habitations and furniture, with protec-
tion against climate and enemies, with works for the
HLl]Jp]y of water and fire, with food and drink, drugs
and medicine. And for these purposes he hunts, fishes,
domesticates animals, and tills the soil, and prowdes
himself with implements for all these, and also for
defence and offence, and for the transport of goods,
involving working in wood, earth, stones, bones, shells,
metals and other hard materials, and in leather,
strings, nets, basketry, matting and weaving, leading
him to what are known as textile industries. Some of
this work has brought him to mine and quarry, and to
employ mechanical aids in the shape of machinery,
however rude and simple. The transport of himself
and his belongings by land and water has led him to
a separate set of industries and habits: to the use of
paths, roads, bridges, and halting places, of trailers,
sledges, and wheeled vehicles; to the use of rafts,
floats, canoes, coracles, boats, and ships, and the
means of propelling them, poles, paddles, oars, sails,
and rigging. The whole of these subjects is grouped
by anthropologists under the term technology, which
thus becomes a very wide subject, covering all the
means by which a people supplies itself with the
necessaries of its mode of livelihood.

In order to carry on successfully what may be
termed the necessary industries or even to be in a
position to cope with them, bodies of men have to act
in concert, and this forces mankind to be gregarious,
a condition of life that involves the creation of social
relations.  To understand, therefore, any group of
mankind, it is essential to study sociology side by
side with technology. The subjects for inquiry here
are the observances at crucial points in the life-history
of the individual—birth, puberty, marriage, death,
daily life, nomenclature, and so on; the social
organisation and the relationship of individuals. On
these follow the economics of the social group, pas-
toral, agricultural, industrial, and commercial, together
with conceptions as to property and inheritance (in-
cluding slavery), as to government, law and order,
politics and morals; and finally the ideas as to war
and the external relations between communities.

We are still, however, very far from being able to
understand in all their fulness of development even
the crudest of human communities without a further
inquiry into the products of their purely mental activi-
ties, which in the **Notes and Queries " are grouped
under the term ‘“ Arts and Sciences.” Under this head
are to be examined, in the first place, the expression
of the emotions to the eye by physical movements and
conditions, and then by gestures, <1qns and signals,
before we come to language, which is primarily ex-
pressed by the voice to the ear, and secondarily to the
eye in a more elaborate form by the graphic arts—
pictures, marks and writing. Man further tries to
express his emotions by what are known as the fine
arts; that is by modifying the material articles which
he contrives for his l1vollhood in a manner that makes
them represent to him something beyond  their
economic use—malkes them pleasant, representative
or symbolical—leading him on to draw, paint, enamel,
engrave, carve and mould. In purely mental efforts
this striving to satisfy the artistic or @sthetic sense
takes the form of stories, proverbs, riddles, songs,
and music. Dancing, drama, games, tricks and |

amusements are other manifestations of the same I exposition enables one to achieve.
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effort, combining in these cases the movements of the
body with those of the mind in expressing the
emotions.

The mental processes necessary for the expression
of his emotions have induced man to extend his powers
of mind in directions now included in the term
“abstract reasoning.” This has led him to express
the results of his reasoning by such terms as reckoning
and measurement, and to fix standards for comparison
in such immaterial but all essential matters as
enumeration, distance, surface, capacity, weight,
time, value, and exchange. These last enable him to
reach the idea of money, which is the measurement
of value by means of tokens, and represents perhaps
the highest economic development of the reasoning
powers common to nearly all mankind.

The mental capacities of man have so far been con-
sidered only in relation to the expression of the
emotions and of the results of abstract reasoning;
but they have served him alsc to develop other results
and expressions equally important, which have arisen
out of observation of his surroundings, and have given
birth to the natural sciences : astronomy, meteorology,
geography, topography, and natural history. And
further they have enabled him to memorise all these
things by means of records, which in their highest
form have brought about what is known to all of us
as history, the bugbear of impulsive and shallow
thinkers, but the very backbone of all solid opinion.

The last and most complex development of the
mental processes, dependent upon all the others
according to the degree to which they themselves have
been devclupcd in any given variety of mankind, is,
and has always been, present in every race or group on
record from the remotest to the most recent time in
some form or other and in a high degree. Groups of
men observe the phenomena exhibited by themselves
or their environment, and account for them according
to their mental capacity as modified by their heredity.
Man’s bare abstract reasoning, following on his ob-
servation of such phenomena, is his philosophy, but
his inherited emotions influence his reasoning to an
almost controlling extent and induce his religion,
which is thus his philosophy or explanation of natural
phenomena as effected by his hereditary emotions,
producing that most wonderful of all human pheno-
mena, his belief. In the conditions, belief, faith, and
religion must and do vary with race, period, and
environment.

Consequent on the belief, present or past of any
given variety of mankind, there follow religious prac-
tices (customs as they are usually alled) based thereon,
and described commonly in terms that are familiar to
all, but are nevertheless by no means even yet clearly
defined : theology, heathenism, fetishism, animism,
totemism, magic, superstition, with soul, ghost, and
spirit, and so on, as regards mental concepts; worship,
ritual, prayer, sanctity, sacrifice, taboo, &c., as regards
custom and practice.

Thus have the anthropologists, as I understand
them, shown that they desire to answer the question
as to what their science is, and to explain the main
points in the subject of which they strive to obtain
and impart accurate knowledge based on scientific
inquiry : that is, on an inquiry methodically con-
ducted on lines which experience has shown them will
lead to the minimum of error in observation and
record.

I trust I have been clear in my explanation of the
anthropologists’ case, though in the time at my dis-
posal I have been unable to do more than indicate the
subjects they study, and have been obliged to exercise
restraint and to employ condensation of statement to
the utmost extent that even a long expenence in
Briefly, the science
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of anthropology aims at such a presentation and ex-
planation of the physical and mental facts about any
given species or even group of mankind as may cor-
rectly instruct those to whom the acquisition of such
knowledge may be of use. In this instance, as in
the case of the other sciences, the man of science en-
deavours to acquire and pass on abstract knowledge,
which the man of affairs can confidently apply in the
daily business of practical life.

It will have been observed that an accurate pre-
sentation of the physical and mental characteristics of
any species of mankind which it is desired to study is
wholly dependent on accurate inquiry and report. Let
no one suppose that such inquiry is a matter of instinct
or intuition, or that it can be usefullv conducted em-
pirically or without due reference to the experienges of
others; in other words, without sufficient preliminary
study. So likely indeed are the uneducated in such
matters to observe and record facts about human
beings inaccurately, or even wrongly, that about a
fourth part of the *‘Notes and Queries’ is taken up
with showing the inquirer how to proceed, and in
exposing the pitfalls into which he may unconsciously
fal. The mainspring of error in anthropological
observation is that the inquirer is himself the product
of heredity and environment. This induces him to
read himself, his own unconscious prejudices and in-
herited outlook on life, into the statements made to
him by those who view life from perhaps a totally
different and incompatible standpoint. To the extent
that the inquirer does this, to that extent are his
observations and report likely to be inaccurate and
misleading. To avoid error in this respect, previous
training and study are essential, and so the ‘' Notes
and Queries on Anthropology,” a guide compiled in
cooperation by persons long familiar with the subject,
is as strong and explicit on the point of how to
inquire as on that of what to inquire about.

Let me explain that these statements are not in-
tended to be taken as made ex cathedrd, but rather as
the outcome of actual experience of mistakes made in
the past. Time does not permit me to go far into
this point, and I must limit myself to the subject
of sociology for my illustration. If a man under-
takes to inquire into the social life of a people or tribe
as a subject apart, he is committing an error, and his
report will almost certainly be misleading. Such an
investigator will find that religion and technology are
inextricably mixed up with the sociology of any given
tribe, that religion intervenes at every point not only
of sociology but also of language and technology. In
fact, just as in the case of all other scientific research,
the phenomenon observable by the anthropologist are
not the result of development along any single line
alone, but of a progression in a main general direc-
tion, as influenced, and it may be even deflected, by
contact and environment.

If again the inquirer neglects the simple but essential
practice of taking notes, not only fully, but also im-
mediately or as nearly so as practicable, he will find
that his memory of facts, even after a short time,
has become vague, inexact, and incomplete, which
means that reports made from memory are more likely
to be useless than to be of any scientific value. If
voluntary information or indirect and accidental cor-
robation are ignored, if questions are asked and
answers accepted without discretion, if exceptions are
mistaken for rules, then the records of an inquiry may
well mislead and thus become worse than useless. If
leading or direct questions are put without due caution,
and if the answers are recorded without reference to
the natives’ and not the inquirer’s mode of classifying
things, crucial errors may easily arise. Thus, in many
parts of the world, the term *‘mother’ includes all
female relatives of the past or passing generation,
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; and the term “‘brother " the entire brotherhood. Such
| expressions as ‘‘brother” and ‘‘sister” may and do
| constantly connote relationships which are not recog-
| nised at all amongst us. The word ““marriage’” may
include ‘“irrevocable betrothal,” and so on; and it is
very easy to fall into the trap of the mistranslation
of terms of essential import, especially in the use of
words expressing religious conceptions. The con-
ception of godhead has for so long been our inheritance
that it may be classed almost as instinctive. It is
nevertheless still foreign to the instincts of a large
portion of mankind.

If also, when working among the uncultured, the
| inquirer attempts to ascertain abstract ideas, except
i through concrete instances, he will not succeed in his
| purpose for want of representative terms. And lastly,
| if he fails to project himself sufficiently into the minds

of the subjects of inquiry, or to respect their prejudices,
| or to regard seriously what they hold to be sacred, or
to keep his countenance while practices are being
described which to him may be disgusting or ridiculous
—if indeed he fails in any way in communicating to
his informants, who are often super-sensitively sus-
picious in such matters, the fact that his sympathy is
| not feigned—he will also fail in obtaining the anthropo-
logical knowledge he is seeking. In the words of the
“ Notes and Queries " on this point,  Nothing is easier
than to do anthropological work of a certain sort, but
to get to the bottom of native customs and modes of
thought, and to record the results of inquiry in such
a manner that they carry conviction, is work which
can be only carried out properly by careful attention.”

The foregoing considerations explain the scope of
our studies and the requirements of the preliminary
inquiries necessary to give those studies value. The
further question is the use to which the results can
be put. The point that at once arises here for the
immediate purpose is that of the conditions under
which the British Empire is administered. We are
here met together to talk scientifically, that is, as pre-
cisely as we can: and so it is necessary to give a
definition to the expression ‘‘ Imperial Administration,”
especially as it is constantly used for the government
of an empire, whereas in reality it is the government
that directs the administration. In this address I use
the term ‘‘administration’ as the disinterested
management of the details of public affairs. This ex-
cludes politics from our purview, defining that term
as the conduct of the government of a country accord-
ing to the opinions or in the interests of a particular
group or party.

Now in this matter of administration the position of
the inhabitants of the British Isles is unique. It falls
to their lot to govern, directly or indirectly, the lives
of members of nearly every variety of the human race.
Themselves Europeans by descent and intimate con-
nection, they have a large direct interest in every other
general geographical division of the world and its
inhabitants. Tt is worth while to pause here for a
moment to think, and to trv and realise, however
dimly, something of the task before the people of
this country in the government and control of what are
known as the subject races.

For this purpose it is necessary to throw our glance
over the physical extent of the British Empire. In
the first place, there are the ten self-governing com-
ponents of the Dominion of Canada and that of New-
foundland in North America, the six colonial States in
the Commonwealth of Australia, with the Dominion
of New Zealand in Australasia, and the four divi-
sions of the Union of South Africa. All these may be
looked upon as indirectly administered portions of the
British Empire. Then there is the mediatised govern-
ment of Egvot, with its appanage, the directly British
+ administered Sudan, which alone covers about a
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million square miles of territory in thirteen provinces,
in northern Africa. These two areas occupy, as it
were, a position between the self-governing and the
directly-governed areas. Of these, there are in Europe
Malta and Gibraltar, Cyprus being officially included
in Asia. In Asia itself is the mighty Indian Empire,
which includes Aden and the Arabian coast on the
west and Burma on the east, and many islands in the
intervening seas, with its fifteen provinces and some
twenty categories of native states ‘‘in subordinate
alliance,” that is, under general Imperial control. To
these are added Ceylon, the Straits Settlements, and
the Malay States, federated or other, North Borneo
and Sarawak, and in the China Seas Hong Kong
and Wei-hai-wei. In South Africa we find Basuto-
land, Bechuanaland, and Rhodesia; in British West
_ Africa, Gambia, the Gold Coast, Sierra Leone, and
Nigeria; in eastern and Central Africa, Somaliland,
the East Africa Protectorate, Uganda, Zanzibar, and
Nyassaland; while attached to Africa are the Mauri-
tius, Seychelles, Ascension, and St. Helena. In Cen-
tral and South America are Honduras and British
Guiana, and attached to that continent the Falkland
Islands, and also Bermuda and the six colonies of
British West Indies. In the Pacific Ocean are Fiji,
Papua, and many of the Pacific Islands.

I am afraid that once more during the course of this
exposition I have been obliged to resort to a concen-
tration of statement that is almost bewildering. But
let that be. If one is to.grapple successfully with a
large and complex subject, it is necessary to try and
keep before the mind, so far as possible, not only its
magnitude, but the extent of its complexity. This is
the reason for bringing before you, however briefly
and generally, the main geographical details of the
British Empire. The first point to realise on such a
survey is that the mere extent of such an Empire
makes the subject of its administration an immensely
important one for the British people.

The next point for consideration and realisation is
that an empire, situated in so many widely separated
parts of the world, must contain within its boundaries
groups of every variety of mankind, in such numerical
strength as to render it necessary to control them as
individual entities.  They do not consist of small
bodies lost in a general population, and therefore
negligible from the administrator’s point of view, but
of whole races and tribes or of large detachments
thereof.

These tribes of mankind profess every variety of
religion known. They are Christians, Jews, Mahom-
medans, Hindus, Buddhists, Jains, Animists, and, to
use a very modern expression, Animatists, adherents
of main religions followed by an immense variety of
sects, governed, however loosely, by every species of
philosophy that is or has been in fashion among
groups of mankind, and current in every stage of
development, from the simplest and most primitive to
the most historical and complex. One has to bear in
mind that we have within our borders the
Andamanese, the Papuan, and the Polynesian, as well
as the highly civilised Hindu and Chinese, and that
not one of these, nor indeed of many other peoples,
has any tradition of philosophy or religion in common
with our own; their very instincts of faith and belief
following other lines than ours, the prejudices with
which their minds are saturated being altogether alien
to those with which we ourselves are deeply imbued.

The subjects of the British King-Emperor speak
between them most of the languages of the world,
and certainly every structural variety of human speech
has its example somewhere in the British Empire. A
number of these languages is still only in the process
of becoming understood by our officials and other
residents among their speakers, and let there be no
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mistake as to the magnitude of the question involved
in the point of language alone in British Imperial
regions. A man may be what is called a linguist.
He may have a working knowledge of the main
European languages and of the great Oriental tongues
—Arabic, Persian, and Hindustani—which will carry
him very far indeed among the people—in a sense,
in fact, from London to Calcutta—and then, without
leaving that compact portion of the British possessions
known as the Indian Empire, with all its immense
variety of often incompatible subordinate languages
and dialects, he has only to step across the_ border
into Burma and the Further East to find himself in a
totally different atmosphere of speech, where not one
of the sounds, not one of the forms, not one of the
methods, with which he has become familiarised is of
any service to him whatever. The same observation
will again be forced on him if he transfers himself
thence to southern Africa or to the Pacific Ocean.
Let him wander amongst the North American Indians
and he will find the linguistic climate once more
altogether changed.

Greater Britain may be said to exhibit all the many
varieties of internal social relations that have been
set up by tribes and groups of mankind—all the
different forms of family and general social organisa-
tion, of reckoning kinship, of inheritance and control
of the possession of property, of dealing with the
birth of children and their education and training,
physical, mental, moral, and professional, in many
cases by methods entirely foreign to British ideas and
habits. For instance, infanticide as a custom has
many different sources of origin.

Our fellow-subjects of the King follow, somewhere
or other, all the different notions and habits that have
been formed by mankind as to the relations between
the sexes, both permanent and temporary, as to mar-
riage and to what have been aptly termed supple-
mentary unions. And finally, their methods of deal-
ing with death and bringing it about, of disposing
of the dead and worshipping them, give expression
to ideas, which it requires study for an inhabitant of
Great Britain to appreciate or understand. [ may
quote here, as an example, that of all the forms of
human head-hunting and other ceremonial murder
that have come within my cognisance, either as an
administrator or investigator, not one has originated
in callousness or cruelty of character. Indeed, from
the point of view of the perpetrators, they are in-
variably resorted to for the temporal or spiritual
benefit of themselves or their tribe. In making this
remark, I must not be understood as proposing that
they should not be put down, wherever that is prac-
ticable. T am merely trying now to give an anthropo-
logical explanation of human phenomena.

In very many parts of the British Empire, the
routine of daily life and the notions that govern it
often find no counterparts of any kind in those of the
British Isles, in such matters as personal habits and
etiquette on occasions of social intercourse. And vet,
perhaps, nothing estranges the administrator from
his people more than mistakes on these points. Tt is
small matters—such as the mode of salutation, forms

of address and politzness, as rules of precedence,
hospitality, and decency, as recognition of super-
stitions, however apparently unreasonable—which

largely govern social relations, which no stranger can
afford to ignore, and which at the same time cannot
be ascertained and observed correctly without due
study.

The considerations so far urged to-day have carried
us through the points of the nature and scope of the
science of anthropology, the mental equipment neces-
sary for the useful pursuit of it, the methods by which
it can be successfully studied, the extent and nature



OCTOBER 76, 1913]

NATURE

211

of the British Empire, the kind of knowledge of the
alien populations within its boundaries required by
persons of British origin who would administer the
Empire with benefit to the people dwelling in it, and
the importance to such persons of acquiring that
knowledge.

I now turn to the present situation as to this last
point and its possible improvement, though in doing
so I have to cover ground that some of those present
may think I have already trodden bare. The main
proposition here is simple enough. The Empire is
governed from the British Isles, and therefore year
by year a large number of young men are sent out
to its various component parts, and to them must
inevitably be entrusted in due course the administra-
tive, commercial, and social control over many alien
races. If their relations with the foreign peoples with
whom they come in contact are to be successful, they
must acquire a working knowledge of the habits,
customs, and ideas that govern the conduct of those
peoples, and of the conditions in which they pass
their lives. All those who succeed find these things
out for themselves, and discern that success in ad-
ministration and commerce is intimately affected by
success in social relations, and that that in its turn
is dependent on the knowledge they may attain of
those with whom they have to deal. They set about
learning what they can, but of necessity empirically,
trusting to keenness of observation, because such self-
tuition is, as it were, a side issue in the immediate
and imperative business of their lives. But, as I have
already said elsewhere, the man who is obliged to
obtain the requisite knowledge empirically, and
without any previous training in observation, is
heavily handicapped indeed in comparison with him
who has already acquired the habit of right observa-
tion, and, what is of much more importance, has been
put in the way of correctly interpreting his observa-
tions in his youth.

To put the proposition in its briefest form: in
order to succeed in administration a man must use
tact. Tact is the social expression of discernment and
insight, qualities born of intuitive anthropological
knowledge, and that is what it is necessary to induce
in those sent abroad to become eventually the con-
trollers of other kinds of men. What is required,
therefore, is that in youth they should have imbibed
the anthropological habit, so that as a result of having
been taught how to study mankind, they may learn
what it is necessary to know of those about them
correctly, and in the shortest practicable time. The
years of active life now unavoidably wasted in secur-
ing this knowledge, often inadequately and incorrectly
even in the case of the ablest, can thus be saved, to
the incalculable benefit of both the governors and the
governed.

The situation has, for some years past, been appre-
ciated by those who have occupied themselves with
the science we are assembled here to promote, and
several efforts have been made by the Royal Anthropo-
logical Institute and the Universities of Oxford, Cam-
bridge, and London, at any rate to bring the public
benefits accruing from the establishment of anthropo-
logical schools before the Government and the people
of this country.

In 1902 the Royal Anthropological Institute sent a
deputation to the Government with a view to the
establishment of an official Anthropometric Survey of
the United Kingdom, in order to test the foundation
for fears, then widely expressed, as to the physical
deterioration of the population. In 1909 the institute
sent a second deputation to the present Government,
to urge the need for the official training in anthro-
pology of candidates for the Consular Service and of
the Indian and Colonial Civil Services.  There is
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happily every reason to hope that the Public Services
Commission may act on the recommendations then
made. This year (1913) the institute returned to the
charge and approached the Secretary of State for
India, with a view to making anthropology an integral
feature of the studies of the Oriental Research Insti-
tute, to the establishment of which the Government
of India had officially proposed to give special atten-
tion. The institute has also lately arranged to deal
with all questions of scientific import that may come
before the newly constituted Bureau of Ethnology at
the Royal Colonial Institute, in the hope with its
cooperation of eventually establishing a great desi-
deratum—an Imperial Bureau of Ethnology. It has
further had in hand a scheme for the systematic and
thorough distribution of local correspondents through-
out the world.

At Oxford, anthropology as a serious study was
recognised by the appointment, in 1884, of a reader,
who was afterwards given the status of a professor.
In 1885, it was admitted as a special subject in the
final honours school of natural science. In 1904, a
memorandum was drawn up by those interested in the
study at the University, advocating a method of
systematic training in it, which resulted in the forma-
tion of the committee of anthropology in the follow-
ing vear. This committee has established a series
of lectures and examinations for a diploma, which
can be taken as part of the degree course, but is open
to all officers of the public services as well. By these
means a school of anthropology has been created at
Oxford, which has already registered many students,
among whom officers engaged in the administration
of the British Colonies in Africa and members of the
Indian Civil Service have been included. The whole
question has been systematically taken up in all its
aspects, the instruction, formal and informal, compris-
ing physical anthropology, psychology, geographical
distribution, prehistoric archzology, technology,
sociology, and philology.

At Cambridge, in 1893, there was a recognised lec-
turer in physical anthropology, an informal office now
represented by a lecturer in physical anthropology
and a reader in ethnology, regularly appointed by the
University. In 1904, as a result of an expedition to
Torres Straits, a board of anthropological studies was
formed, and a diploma in anthropology instituted, to
be granted, not for success in examinations, but in
recognition of meritorious personal research. At the
same time, in order to help students, among whom
were included officials of the African and Indian Civil
Services, the Board established lectures on the same
subjects as those taught at Oxford. This year, 1913,
the University has instituted an anthropological tripos
for its degrees on lines similar to the others. The
distinguishing feature of the Cambridge system is the
prominence given to field work, and this is attracting
foreign students of all sorts.

In 1909, joint representations were made by a depu-
tation from the Universities of Oxford and Cam-
bridge to both the India and Colonial Offices, advo-
cating the training of Civil Service candidates and
probationers in ethnology and primitive religion.

In 1904, the generosity of a private individual estab-
lished a lectureship in ethnology in connection with
the University of London, which has since developed
into a professorship of ethnology with a lectureship
in physical anthropology. In the same year the same
benefactor instituted a chair of sociology. In 1909
the University established a board of anthropology,
and the subject is now included in the curricula for
the degrees of the University. In and after 1914,
anthropology will be a branch of the science honours
degree. The degree course of the future covers both
physical and cultural anthropology in regard to
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zoology,  paleontology, physiology,  psychology, l and the school, and their universal interests provide
archaology, technology, sociology, linguistics, and | the incentive for securing for those in their employ
ethnology. There will also be courses in ethnology | the best method of acquiring a knowledge of men that

with special attention to field worlk for officials and
missionaries, and it is interesting to note that students
of Egvptology are already taking a course of lectures
in ethnology and physical anthropology.

Though the universities have thus been definite
enough in their action where the authority is vested in
them, it is needless to say that their representations
to Governments have met with varying success, and
so far they have not produced much practical result.
But it is as well to note here that a precedent for the
preliminary anthropological training of probationers
in the Colonial Civil Service has been already set up,
as the Government of the Sudan has directed that
every candidate for its services shall go through a
course of anthropology at Oxford or Cambridge. In
addition to this, the Sudan Government has given a
grant to enable a competent anthropologist from Lon-
don to run a small scientific survey of the peoples
under its administration. The Assam Government has
arranged its ethnographical monographs on the lines
of the British Association’s **Notes and Queries”
with much benefit to itself, and it is believed that the
Burma Government will do likewise. The Colonial
Office has appointed a lecturer in anthropology for
East and West Africa, and the Government of India
is distributing copies of the anthropological articles
in its Imperial Gazetteer to successful candidates for
its civil services.

Speaking in this place to such an audience as that
before me, and encouraged by what has already been
done elsewhere, I cannot think that I can be mistaken
in venturing to recommend the encouragement of the
study of anthropology to the University of such a city
as Birmingham, which has almost unlimited interests
throughout the British Empire. For it should be re-
membered that anthropological knowledge is as useful
to merchants in partibus in dealing with aliens as to
administrators so situated. Should this suggestion
bear fruit, and should it be thought advisable some
day to establish a school of anthropology in Birming-
ham, I would also venture to point out that there are
two requirements preliminary to the successful forma-
tion of almost any school of study. These are a
library and a museum ad hoc. At Oxford there is a
well-known  and  well-conducted  anthropological
museum in the Pitt-Rivers collection, and the museum
of archaology and ethnology at Cambridge contains
collections of the greatest service to the anthropologist.
Liverpool is also interesting itself in such matters.
The Royal Anthropological Institute is forming a
special library, and both that institute and the Univer-
sity of London have the benefit of the splendid collec-
tions of the British Museum and of the Horniman
Museum readily accessible. The libraries at Oxford
and Cambridge are, I need scarcely say, of world-wide
fame. At all these places of learning, then, these
requisites for this department of knowledge are forth-

coming.

It were almost superfluous to state why
they are requisites. Every student requires, not
only competent teachers to guide him in his
particular branch of study, but also a library
and a museum close at hand, where he can
find the information he wants and the illustration
of it. Where these exist, thither it will be found that

students will flock. Birmingham possesses peculiar
facilities for the formation of both, as the city has all
over the Empire its commercial representatives, who
can collect the required museum specimens on the
spot. The financial labours also of those who distri-
bute these men over Greater Britain, and indeed all
over the world, produce the means to create the library
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can be turned to useful commercial purpose. Beyond
these suggestions I will not pursue this point now,
except to express a hope that this discourse may lead
to a discussion thereon before this meeting breaks up.

Before I quit my subject I would like to be some-
what insistent on the fact that, though I have been
dwelling so far exclusively on the business side, as
it were, of the study of anthropology, it has a personal
side as well. I would like to impress once more on
the student, as | have often had occasion to do already,
that whether he is studying of his own free will or at
the behest of circumstances, there is scarcely any
better hobby in existence than this, or one that can
be ridden with greater pleasure. It cannot, of course,
be mastered in a day. At first the lessons will be a
grind.  Then, until they are well learnt, they are
irksome, but when fullness of knowledge and
maturity of judgment are attained, there is, perhaps,
no keener sense of satisfaction which human beings
can experience than that which is afforded by this
studyv. Its range is so wide, its phases so very
many, the interests involved in it so various, that it
cannot fail to pleasantly occupy the leisure hours from
vouth to full manhood, and to be a solace, in some
aspect or other, in advanced life and old age.

The processes of discovery in the course of this
study are of such interest in themselves that I should
wish to give many instances, but I must confine
myself now to one or two. The student will find on
investigation, for instance, that however childish the
reasoning of savages may appear to be on abstract
subjects, and however silly some of their customs
may seem, they are neither childish nor silly in reality.
They are almost always the result of ‘‘correct argu-
ment from a false premiss'—a mental process not
unknown to civilised races. The student will also
surely find that savages are not fools where their
concrete interests are concerned, as they conceive
those interests to be. For example, in commerce,
beads do not appeal to savages merely because they
are pretty things, except for purposes of adornment.
They will only part with articles they value for par-
ticular sorts of beads which are to them money, in
that they can procure in exchange for them, in their
own country, something they much desire. They have
no other reason for accepting any kind of bead in
payment for goods. On few anthropological points
can mistakes be made more readily than on this, and
when they are made by merchants, financial disaster
can well follow, so that what I have already said
elsewhere as to this may bear repetition in part here.
Savages in their bargains with civilised man never
make one that does not, for reasons of their own,
satisfy themselves. Each side, in such a case, views
the bargain according to its own interest. On his
side, the trader buys something of great value to him,
when he has taken it elsewhere, with something of
little value to him, which he has brought from else-
where, and then, and only then, can he make what
is to him a magnificent bargain. On the other hand,
the savage is more than satisfied, because with what
he has got from the trader he can procure from
among his own people something he very much
covets, which the article he parted with could not have
procured for him. Both sides profit by the bargain
from their respective points of view, and traders
cannot, as a matter of fact, take undue advantage of
savages, who, as a body, part with products of little
or no value to themselves for others of vital import-
ance, though these last may be of little or none to the
civilised trader. The more one dives into recorded bar-
gains, the more clearly one sees the truth of this view.
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I have always advocated personal inquiry into the | ing the historical evolution of various common objects.

native currency and money, even of pre-British days,
of the people amongst whom a Britisher’s lot is cast,
for the reason that the study of the mental processes
that lead up to commercial relations, internal and
external, the customs concerned with daily buying
and selling, take one more deeply into aliens’ habits
of mind and their outlook on practical life than any
other branch of research. The student will find him-
self involuntarily acquiring a knowledge of the whole
life of a people, even of superstitions and local politics,
matters that commercial men, as well as adminis-
trators, cannot, if they only knew it, ever afford to
ignore. The study has also a great intellectual in-
terest, and neither the man of commerce nor the man
of affairs should disregard this side of it if he would
attain success in every sense of that term.

Just let me give one instance from personal experi-
ence. A\ few years back a number of ingots of tin,
in the form of birds and animals and imitations
thereof, hollow tokens of tin ingots, together with a
number of rough notes taken on the spot, were
handed over to me for investigation and report. They
came from the Federated Malay States, and were
variously said to have been used as toys and as money
in some form. A long and careful investigation un-
earthed the whole story. They turned out to be sur-
viving specimens of an obsolete and forgotten Malay
currency. Bit by bit, by researches into travellers’
stories and old records, European and vernacular, it
was ascertained that some of the specimens were cur-
rency and some money, and that they belonged to two
separate series. Their relations to each other were
ascertained, and also to the currencies of the European
and Oriental nations with whom the Malays of the
Peninsula had come in contact. The mint profit in
some instances, and in other instances the actual
profit European Governments and mercantile authori-
ties, and even native traders, had made in recorded
transactions of the past, was found out. The origin
of the British, Dutch, and Portuguese money, evolved
for trading with the Malays, was disclosed, and
several interesting historical discoveries were made;
as, for instance, the explanation of the coins still
remaining in museums -and issued in 1510 by the
great Portuguese conqueror, Albuquerque, for the then
new Malay possessions of his country, and the mean-
ing of the numismatic plates of the great French
traveller Tavernier in the next century. Perhaps the
most interesting, and anthropologically the most im-
portant, discovery was the relation of the ideas that
led up to the animal currency of the Malays te similar
ideas in India, Central Asia, China, and Europe itself
throughout all historical times. One wonders how
many people in these isles grasp the fact that our
own monetary scale of gbo farthings to the sovereign,
and the native Malay scale of 1,280 cash to the dollar,
are representatives of one and the same universal
scale, with more than probably one and the same
origin out of a simple method of counting seeds, peas,
beans, shells, or other small natural constant weights.
But the point for the present purpose is that not only
will the student find that long practice in anthropo-
logical inquiry, and the learning resulting therefrom,
will enable him to make similar discoveries, but also
that the process of discovery is intensely interesting.
Such discoveries, too, are of practical value. In this
instance they have taught us much of native habits
of thought and views of life in newly acquired posses-
sions which no administrator there, mercantile or
governmental, can set aside with safety.

I must not dwell too long on this aspect of my
subject, and will only add the following remark. If
any of my hearers will go to the Pitt-Rivers Museum
at Oxford he will find many small collections record-
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Among them is a series showing the history ot the
tobacco pipe, commonly known to literary students
in this country as the nargileh and to Orientalists as
the hukka. At one end of the series will be found a
hollow coconut with an artificial hole in it, and then
every step in evolution between that and an elaborate
hukka with its long, flexible, drawing-tube at the
other end. I give this instance as I contributed the
series, and I well remember the eagerness of the hunt
in the Indian bazaars and the satisfaction on proving
every step in the evolution.

There is one aspect of life where the anthropologicai
instinct would be more than useful, but to which,
alas, it cannot be extended in practice.  Politics,
government, and administration are so interdependent
throughout the world that it has always seemed to
me to be a pity that the value to himself of following
the principles of anthropology cannot be impressed on
the average politician of any nationality. I fear it is
hopeless to expect it. Were it only possible the extent
of the consequent benefit to mankind is at present
beyond human forecast, as then the politician could
approach his work without that arrogance of ignor-
ance of his fellow-countrvmen on all points except
their credulity that is the bane of the ordinary types
of his kind wherever found, with which they have
always poisoned and are still poisoning their minds,
mistaking the satisfaction of the immediate tem-
porary interests and prejudices of themselves and
comrades for the permanent advantage of the whole
people, whom, in consequence, they incontinently mis-
govern whenever and for so long as their country is
so undiscerning as to place them in power.

Permit me, in conclusion, to enforce the main argu-
ment of this address by a personal note. It was my
fortune to have been partly trained in youth at a
university college, where the tendency was to produce
men of affairs rather than men of the schools, and
only the other day it was my privilege to hear the
present master of the college, my own contemporary
and fellow-undergraduate, expound the system of
training still carried out there. *‘In the government
of voung men,” he said, “intellect is all very well,
but sympathy counts for very much more.” Here we
have the root principle of applied anthropology. Here
we have in a nutshell the full import of its teaching.
The sound administration of the affairs of men can
only be based on cultured sympathy, that sympathy
on sure knowledge, that knowledge on competent
study, that study on accurate inquiry, that inquiry on
right method, and that method on continuous experi-
ence.

SECTION 1.
PHYSIOLOGY.

OpPENING ADDRESS BY F. Gowranp Horkins, F.R.S.,
PRESIDENT OF THE SECTION.

The Dynamic Side of Biochemisiry.

IN the vear 1837 Justus Liebig, whom we may
rightly name the father of modern animal chemistry,
presented a report to the Chemical Section of the
British Association, then assembled at Liverpool. The
technical side of this report dealt with the products
of the decomposition of uric acid, with which T am
not at the moment concerned, but it concluded with
remarks which, to judge from other contemporary
writings of Liebig, would have been more emphatic
had the nature of his brief communication permitted.
Liebig had a profound belief that in the then new
science of organic chemistry, biology was to find its
greatest aid to progress, and his enthusiastic mind
was fretted by the cooler attitude of others. In- the
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report I have mentioned he called upon the chemists
of this country to take note of what was in the wind,
and while complimenting British physiologists and
biclogists upon their own work, urged upon them the
immediate need of combining with the chemists. Ten
vears later, Liebig had still to write with reference
to chemical studies: “Der Mann welcher in der
Thierphysiologie wie Saussure in der Pflanzenphysio-
logie die ersten und wichtigsten Fragen zur Aufgabe
~eines Lebens macht, fehlt noch in dieser Wissen-
schaft”” (Ann. Chem. Pharm., Ixii., 257, 184%). Much
later still, he was still making the same complaint.
As a matter of fact, the combination of chemistry with
biology, in the full and abundant sense that Liebig’s
carlier enthusiasm had pictured as so desirable, never
happened in any country within the limits of his own
century, while in this country, up to the end of that
century, it can scarcely be said to have happened at
all.  But the regrettable divorce between these two
aspects of science has been so often dwelt upon that
vou will feel no wish to hear it treated historically,
and perhaps even any emphasis given to it now may
seem out of place, since on the Continent, and notably
in America, the subject of biochemistry (with its new
and not very attractive name) has come with great
suddenness into its kingdom. Even in this country
the recent successful formation of a Biochemical
Society gives sure evidence of a greatly increased
interest in this borderland of science. Yet I am going
to ask you to listen to some remarks which are a
reiteration of Liebig’s appeal, as heard by this asso-
ciation three-quarters of a century ago.

For one can, I think, honestly say that it is yet
a rare thing in this country to meet a professed
biologist, even among those unburdened either with
years or traditions, who has taken the trouble so to
equip himself in organic chemistry as to understand
fully an important fact of metabolism stated in terms
of structural formulz. The newer science of physical
chemistry has made a more direct appeal to the bio-
logical mind. Its results are expressed in more
general terms and the bearing of its applications are
perhaps more obvious, especially at the present
moment. This fact increases the danger of a further
neglect in biology of the organic structural side of
chemistry, upon which, nevertheless, the whole
modern science of intermediary metabolism depends.
On the other hand, I think one may say that there
are only a few among the present leaders of chemical
thought in our midst who have set themselves to
appraise with sympathy the drift of biological pro-
ses or the nature of the problems that biologists
have before them. Anyone wishing to sece the number
of biochemical workers increased might therefore with
equal justice appeal to the teachers of biology or to
the teachers of chemistry for greater sympathy with
the borderland. It is a moot point indeed as to
which is the better side for that borderland to recruit
its workers from.

But on the whole it is easier for the intelligent
adult mind to grasp new problems than to learn a
new technique. It is better that youth should be
spent in acquiring the latter. That is why, though
I admit that it would have been more obviously to
the point if made some ten years ago, I feel justified
in repeating to-day the appeal of Liebig to the leading
chemists of this country, in the hope that they may
see their way to direct the steps of more of their able
students into the path of biochemistry. T have been
specially tempted to do this, rather than to speak upon
some of many subjects which would have interested
this section more, for a very practical reason. 1
have been in a position to review the current demand
of various institutions, home and Colonial, for the
services of trained biochemists, and can sav, I think

NO. 2294, VOL. 92]

with authority, that the demand will rapidly prove
to be in excess of the supply. It will be a pity if the
generation of trained chemists now growing up in
this country should not share in the restoration of
this balance. You certainly have the right to tell
me that I ought, in the circumstances, to be address-
ing another section; but it may be long before any
member of my cloth will have the opportunity of
appealing to that section from the position of advan-
tage that I occupy here. 1 believe you will forgive
the particular trajectory of my remarks, because 1 am
sure you will sympathise with their aim. Moreover,
I have some hope that the considerations upon which
I shall chiefly base my appeal will have some interest
for members of this section as well as for the chemist.
My main thesis will be that in the study of the
intermediate processes of metabolism we have to
deal, not with complex substances which elude
ordinary chemical methods, but with simple substances
undergoing comprehensible reactions. By simple sub-
stances I mean such as are of easily ascertainable
structure and of a molecular weight within a range
to which the organic chemist is well accustomed.
I intend also to emphasise the fact that it is not alone
with the separation and identification of products
from the animal that our present studies deal; but
with their reactions in the body; with the dynamic
side of biochemical phenomena.

I have made it my business during the last vear
or two to learn, by means of indirect and most diplo-
matic inquiries, the views held by a number of our
leading organic chemists with respect to the claims
of animal chemistry. I do not find any more the
rather pitying patronage for an inferior discipline,
and certainly not that actual antagonism, which
fretted my own youth; but T do find still very widely
spread a distrust of the present methods of the bio-
chemist, a belief that much of the work done by
him is amateurish and inexact. What is much more
important, and what one should be much more con-
cerned to deny (though but a very small modicum
of truth is, or ever was, in the above indictment), is
the view that such faults are due to something
inherent in the subject.

My desire is to point out that continuous progress,
vielding facts which, by whomsoever appraised, be-
long to exact science, has gone on in the domain of
animal chemistry from the days of Liebig until now,
and that if this progress was until recently slow,
it was, in the main, due to a continuance of the
circumstance which so troubled Liebig himself-—the
shortage of workers.

But we must also remember that the small band of
investigators who concerned themselves with the
chemistry of the animal in the latter half of the
nineteenth century suffered very obviously from the
fact that the channels in which chemistry as a whole
was fated to progress left high and dry certain regions
of the utmost importance to their subject. In three
regions particularly the needs of biochemistry were
insistent. The colloid state of matter dominates the
miliew in which vital processes progress, but, not-
withstanding the stimulating work of Graham, the
pure chemist of the last century consistently lett colloids
on one side with a shudder of distaste. Again, we
have come to recognise that the insidious influence of
catalysts is responsible for all chemical change as it
occurs in living matter, but for many vears after
Berzelius the organic chemist gave to the subject of
catalysis very cursory attention, fundamental though
it be. Lastly, every physiological chemist has to
realise that among his basal needs is that of accurate
methods for the estimation of organic substances
when they are present in complex mixtures. But the
organic chemist of the nineteenth century did not
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develop the art of analysis on these lines. Of the
myriad substances, natural or artificial, known to
him at the most a few score could be separated quanti-
tatively from mixtures, or estimated with any accu-
racy. It was a professional or commercial call rather
than scientific need which evolved such processes as
were available, so that this side of chemical activity
developed only on limited and special lines.

All these circumstances were, of course, inevitable.
Organic chemistry in Liebig’s later years was con-
cerned with laying its own foundations as a pure
science, and for the rest of the century with building
a giant, self-contained edifice upon them. " The great
business of developing the concepts of molecular
structure and the wonderful art of synthesis were so
absorbing as to.leave neither leisure nor inclination
for extraneous labours. But it is easy to recognise
that, near the beginning of the present century, a
sense of satiety had arisen in connection with syn-
thetic studies carried out for their own salke. Workers
came to feel that, so far as the fundamental theo-
retical aspects of chemistry were concerned, that par-
ticular side of organic work had played its part. In
numerous centres, instead of only in a few, quite
other aspects of the science were taken up: in par-
ticular, the study of the dynamic side of its pheno-
mena.  The historian will come to recognise that a
considerable revolution in the chemical mind coincided
roughly with the beginning of this century. Among
the branches which are fated to benefit by this revolu-
tion—it is to be hoped in this country as well as
others—is the chemistry of the animal.

But I would like to say that I do not find, on read-
ing the contributions to science of those who, as pro-
fessed physiological chemists, ploughed lonely furrows
in the last century, any justification for the belief that
the worlk done by them was amateurish or inexact;
no suggestion that anything inherent in the subject
is prone to lead to faults of the kind. Truly these
workers had to share ignorance which was universal,
and sometimes, compelled by the urgency of certain
problems, had perforce to do their best in regions
that were dark. But they knew their limitations here
as well as their critics did, and relied for their justifi-
cation upon the application of their results, which was
often not understood at all by their critics.

There is little doubt, for instance, that it was the
earlier attempts of various workers to fractionate
complex colloid mixtures that led to the cynical state-
ment that ** Thierchemie is Schmierchemie.,” But the
work thus done, even such work as Kiihne's upon
the albumoses and peptones, had important bearings,
and led indirectly to the acquirement of facts of great
importance to physiology and pathology.

In connection with enzyme catalysis the work done
at this time by physiological chemists was in the main
of a pioneer character, but it was urgently called for
and had most useful applications. By the end of the

century, indeed, it had become of great import-
ance. I recall an incident which illustrates
the need of suspended judgment before work

done in new regions is assumed to be inexact.
In 1835 E. Schiitz published a study of the hydrolysis
of protein by pepsin which showed that the rate of
action of the ferment is proportionate to the square
root of its concentration. When this paper was dealt
with in Maly’s *Jahresbericht " the abstractor (who
from internal evidence, 1 believe, was Richard Maly
himself) believed so little in such an apparent depar-
ture from the laws of mass action that he saw fit to
deal with the paper in a ribald spirit, and to add, as
a footnote to his abstract, the lines :—
“ Musst mir meine Erde

Doch lassen steh’n
Und meine Hiitte die du nicht gebaut !”
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Yet it is now known that the relation brought to
light by Schiitz does hold for certain relative concen-
trations of ferment and substrate. That it had limita-
tions was shown by Schiitz himself. The fact, how-
ever, involves no such shaking of the foundations as
the abstractor thought. We quite understand now
how such relations may obtain in enzyme-substrate
systems.

As for analytical work involving a separation of
complex organic mixtures, the biochemist of the last
century was in this ahead of the pure organic chemist,
as the development of urinary analysis if considered
alone will show.

In countless directions the acquirement of exact
knowledge concerning animal chemistry has been,
as | have already claimed, continuous from Liebig’s
days until now. I would like in a brief way to illus-
trate this, and if I choose for the purpose one aspect
of things rather than another, it is because it will
help me in a later discussion. I propose to remind
vou of certain of the steps by which we acquired
knowledge concerning the synthetic powers of the
animal body, apologising for the great familiarity
of many of the facts which I shall put before you.

It seems that the well-known Glasgow chemist and
physician, Andrew Ure, was the first actually to
prove, from observations made upon a patient, that
an increased excretion of hippuric acid follows upon
the administration of benzoic acid.  Wohler had
earlier fed a dog wupon the latter substance, and
decided at the time that it was excreted unchanged;
but when, later, Liebig had made clear the distinction
between the two acids, Wohler recalled the properties
of the substance excreted by his dog, and decided that
it must have been hippuric acid and not benzoic acid
itself. Excited by the novel idea that a substance
thus extraneously introduced might be caught up in
the machinery of metabolism, Wohler, immediately
after the publication of Dr. Ure’s statement, initiated
fresh experiments in his laboratory at Gottingen,
where Keller, by observations made upon himself,
showed unequivocally that benzoic acid is, and can
be on a large scale, converted into hippuric acid in
the body. Thus was established a fact which is now
among the most familiar, but ,which at that time
stirred the imagination of chemists and physiologists
not a little. The discovery immediately led to a large
number of observations dealing with various condi-
tions which affect the synthesis, but we may pass to
the acute observations of Bertagnini. This investi-
gator wished to earmark, as it were, the benzoic
acid administered to the animal, in order to make
sure that it was the same molecule which reappeared
in combination. He so marked it with a nitro-group,
giving nitro-benzoic acid and observing the excretion
of nitro-hippuric acid. Later on he continued this
interesting line of research by giving other substituted
benzoic acids, and showed that in each case a corre-
sponding substituted hippuric acid was formed. Even
so far back as the earlier ’fifties a clear understand-
ing was thus established that the body was possessed
of a special mechanism capable of bringing a par-
ticular class of substances into contact with the
amino-acid glycine, and of converting them, by means
of a syvnthetical condensation (which had not then
been induced by any laboratory method), into conju-
gates which, as later experiments have shown, are
invariably less noxious for the tissues than the sub-
stances introduced. Great is the number of com-
pounds which are now known to suffer this fate.
To the story begun by Ure and \Wohler, chapter after
chapter has been added continuously up to the present
day. 1In 1876 came the classical experiments of Bungde
and Schmiedeberg.  After laborious but successful
efforts to obtain a good method for the estimation of
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hippuric acid in animal fluids, these authors proved,
by a method of exclusion, that, in the dog at least,
the kidney is the seat of the hippuric synthesis. W hu],
in their carefully controlled experiments, blood con-
taining benzoic acid and glycine was circulated
through that organ, after its isolation from the body,
the production of hippuric acid followed. Schmiede-
berg, a little later, convinced himself that the reaction
in the kidney was a balanced one; the organ can not
only synthesise hippuric acid, it can also hydrolise it.
As with reactions elsewhere, so in the kidneyv cell,
the equilibrium of the reaction depends on the relative
concentration of the products concerned. Schmiede-
berg then separated from the tissues of the kidney
what he believed to be an enzyme capable of inducing
the hydrolysis. Mutch, with improved methods, has
recently shown that a preparation from the kidney,
wholly free from intact cells, can, bevond all dnubt
hydrolise hippuric acid under rigidly aseptic condi.
tions, the reaction being one which comes to an
equilibrium point when some g7 per cent. of the sub-
stance is broken down. The ouuuom‘c of this equili-
brium, and the form of the reaction-velocity curve as
obtained by Mutch, suggested that synthesis under
the influence of the enzvme was to be ex xpected, and,
on submitting the mixture of benzoic acid and glveine
to its influence, Mutch obtained a product which,
though too small in amount for analysis, was almost
certainly hippuric acid. I have myself obtained
evidence which shows that the synthesis does certainly
occur under these conditions.

The significance of this earliest known svnthesis in
the body is no limited one. The amide linkage estab-
lished by it is one with which the body deals widely,
and is, of course, of the type which is dominant in
tissue complexes, since it is one which unites the
amino-acids in the protein molecule,

Seeing, from the nature of the material supplied
for the synthesis by the body itself, that the foreign
substances administered must intrude themselves into
the machinery of protein metabolism, it is not sur-
prising that many have turned their minds to consider
how far a detailed study of the phenomena might
throw light upon this machinerv. How far can the

body extend its supplv of glvcine when stimulated
by increasing doses of benzoic acid? What effects
follow when administration is pushed to its limits?

How is the fate in metabolism of the whole molecule
of protein affected when one particular amino-acid is
inharmoniously removed?  Can the amino-acid be
itself synthesised de novo in response to the call for
it? These and similar questions clearly arise. I can
only stop to remind you that there is evidence that,
in connection with this particular chemical synthesis,
the carnivore reacts differently to the herbivore. Tf
the body of the former be flooded with benzoic acid,
only a proportion undergoes condensation. Only so
much glycine is supplied as would correspond, roughly,
at any rate, with that rendered available by the normal
contemporary breakdown of protein, whereas, in the
herbivorous animal, pushing the administration of
benzoic acid may lead to the excretion of so much
conjugated ;:l\cm(' that it may contain more than half
of the whole nitrogen excrefed. This is, of course,
much more than could come from the protein of the
body, and it would seem that the amino-acid is pre-
pared de novo for an express purpose, a significant
thing. But I must not stop to consider questions
which are still in course of study. Before the hippuric
synthesis was first observed synthetic powers were
thought to be absent from the animal. Since then
we have been continuously learning of fresh instances
of synthesis in the body, not only in connection with
its treatment of foreign substances, with which 1 am
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just now concerned, but in connection with all its
normal processes.

Another most interesting group of syntheses in
which substances are so dealt with in the body as to
reappear in conjugation with protein derivatives are
those in which the sulphur group plays its part. In
1876 Baumann first introduced us to the ethereal
sulphntes of the urine, and, from much subsequent
work, we know how great a group of substances,
chiefly those of phenolic character, are, after adminis-
tration, excreted linked to sulphuric acid. We have
evidence to show that, in all prebability, the original
condensation is not with sulphuric acid itself, but
that oxidation of a previously formed sulphur contain-
ing conjugate has preceded excretion, and we know
that another group of substances leave the body com-
bined with unoxidised sulphur. Certain cyanides—
the aliphatic nitriles, for example—reappear as sulpho-
cvanides; but, above all in interest, is the case de-
scribed by Baumann, in which the intact cystein
complex of protein, after suffering acetylation of its
amino group, is excreted as a conjugate. The ad-
ministration of halogen-benzene compounds is followed
by the appearance of the so-called mercapturic acids
in which the cystein is linked by its sulphur atom
to the ring of chlor-, bromo-, or iodi-benzene. That
large amounts of these conjugates can be formed
during the twentv-four hours is certain, but it would
be interesting to know what limit is set to this loss
of cystin from the body.

I will now recall to vou svntheses in which the
substance supplied by the body is derived, not from
protein, but from carbohydrate. The study of the
fate of camphor in the body, carried out by Schmiede-

berg and Hans Mever in 1878, if it stood by itself,
would abundantly illustrate the significance of this

tvpe of experiment. s you are aware, these workers
proved that, after the administration of camphor, the
urine contains a conjugate formed between an oxidation
product of the camphor and an oxidation product of

glucose. Both substances were then new to chem-
istrv, and the latter—glvcuronic acid—has since
proved itself of great ph\ @1010;1( al interest. After

Schmiedeberg’s and Hans Meyer's experiments it was
realised for the first time that the sugar molecule
might play a part in metabolism quite distinct from
its function as fuel, a fact that has much of cogency
at the present time. We have good reason to believe
that though, as a matter of fact, glvcuronic acid is a
normal metabolite, the actual synthesis concerns sugar
itself, the oxidation of the glucose molecule occurring

later. The compound formed is of the glucoside
tvpe, and the analogv with the formation of gluco-
sides in the plant is unmistakable. Already the

number of substances known to suffer this particular
svnthesis is legion.  Almost every organic group
yields an example.

in illustration of a quite different type of
s (I can only deal with a few of the many
known cases) we may recall the methylation which
certain compounds undergo. The mechanism of this
process, as it occurs in the body, is obscure, and its
explanation would be of the greatest chemical interest.
I must mention only one particular instance inves-
tigated by Ackermann. When nicotinic acid is fed
to animals, it is excreted as trigonellin, a known
vegetable base. This conversion involves methyla-
tion, and is of striking character as an instance of
the artificially induced production of a plant alkaloid
in the animal body.

The full significance of all such happenings will not
be understood unless it be remembered that a nice
adjustment of molecular structure is in many cases
necessary to prepare the foreign substance for syn-
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thesis. * Preliminary regulated oxidations or reduc-
tions may occur so as to secure, for example, the
production of an alcoholic or phenolic hydroxyl group,
which then gives the opportunity for condensation
which was otherwise absent.

I have touched only on the fringes of this domain.
The body of knowledge available concerning it has
not been won systematically, and the fate of a multi-
tude of other types of organic substances remains for
investigation. The known facts have, one feels, an
academic character in the view of the physiologist,
and even in that of the pharmacologist, to whom we
owe most of our knowledge about them. But, in my
opinion, the chemical response of the tissues to the
chemical stimulus of foreign substances of simple
constitution is of profound biological significance.
Apart from its biological bearings as the simplest type
of immunity reaction, it throws vivid light, and its
further study must throw fresh light on the poten-
tialities of the tissue laboratories.

In a brilliant address delivered before the faculty
of medicine of the University of Leeds, Lord Moulton
likened the process of recovery in the tissues after
bacterial invasion to the generation of forces which
establish what is known to the naval architect as the
“righting couple.” This grows greater the greater
the displacement of a ship, and finally may become
sufficient to overpower the forces tending to malke
‘her heel over. It is surely striking to realise that
the establishment of the *‘righting couple’ which
brings the tissue cell back to equilibrium after the
disturbances due to the intrusion of simple molecules
calls for such a complex of chemical events, events
which ultimately result in the modification of the
disturbing substance and its extrusion from the
tissues concerned in a form less noxious to the bodyv
as a whole.

Oxidation, reduction, desaturation, alkylation,
acylation, condensation; any or all of these processes
may be brought de novo into play as the result of the
intrusion of a new molecule into reactions which were
in dynamic equilibrium. It is clear that chemical
systems capable of so responding to what may be
termed specific chemical stimuli must not be neglected
by any student of chemical dynamics. The physio-
logist has for many years been engaged upon careful
analyses of the mechanical and electric responses to
stimulation. In the phenomena before us we find
“responses '’ which are equally fundamental. If we
do not study them exhaustively we shall miss an
important opportunity for throwing light upon the
nature of animal tissues as chemical systems.

One reason which has led the organic chemist to
avert his mind from the problems of biochemistry is
the obsession that the really significant happenings
in the animal body are concerned in the main with
substances of such high molecular weight and conse-
quent vagueness of molecular structure as to malke
their reactions impossible of study by his available
and accurate methods. There remains, [ find, pretty
widely spread, the feeling—due to earlier biological
teaching—that, apart from substances which are
obviously excreta, all the simpler products which can
be found in cells or tissues are as a class mere dejecta,
already too remote from the fundamental biochemical
events to have much significance. So far from this
being the case, recent progress points in the clearest
way to the fact that the molecules with which a most
important and significant part of the chemical
dynamics of living tissues is concerned, are of a
comparatively simple character.  The synthetic re-
actions which we have already considered surely pre-
pare us for this view; but it may be felt that, however
important, they represent abnormal events, while the
study of them has been largely confined to determin-
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ing the end-products of change. Let me now turn
to normal metabolic processes and to intermediary
reactions.

We know first of all that the raw material of
metabolism is so prepared as to secure that it shall
be in the form of substances of small molecular
weight; that the chief significance of digestion, in-
deed, lies in the fact that it protects the body from
complexes foreign to itself. Abderhalden has ably
summarised the evidence for this and has shown us
also that, so far as the known constituents of our
dictaries are concerned, the body is able to maintain
itself when these are supplied to it wholly broken
down into simple bausteine, any one of which could be
artificially synthesised with the aid of our present
knowledge. Dealing especially with the proteins, we
have good reason to believe that the individual con-
stituent amino-acids, and not elaborate complexes of
these, leave the digestive tract, while Folin, Van
Slyke, and Abel have recently supplied us with sug-
gestive evidence for the fact that the individual amino-
acids reach the tissues as such and there undergo

change.
But still more important, when things are viewed
from my present point of view, is the fact

that recent work gives clear promise that we shall
ultimately be able to follow, on definite chemical lines,
the fate in metabolism of each amino-acid individu-
allv; to trace each phase in the series of reactions
which are concerned in the gradual breakdown and
oxidation of its molecule. Apart from the success
to which it has already attained, the mere fact that
the effort to do this has been made is significant. To
those at least who are familiar with the average
physiological thought of thirty years ago, it will
appear significant enough. So long as there were
any remains of the instinctive belief that the carbonic
acid and urea which leave the body originate from
oxidations occurring wholly in the vague complex of
protoplasm, or at least that any intermediate products
between the complex and the final excreta could only
be looked for in the few substances that accumulate
in considerable amount in the tissues (for instance,
the creatin of muscle), the idea of seriously trying
to trace within the body a series of processes which
begin with such simple substances as tryosin or
leucin was as foreign to thought as was any con-
ception that such processes could be of fundamental
importance in metabolism. However vaguely held,
such beliefs lasted long after there was justification
for them; their belated survival was due, it seems
to me, to a certain laziness exhibited by physiological
thought when it trenched on matters chemical; they
disappeared only when those accustomed to think in
terms of molecular structure turned their attention to
the subject. But it should be clearly understood that
the progress made in these matters could only have
come through the work and thought of those who
combined with chemical knowledge trained instinct
and feeling for biological possibilities. Our present
knowledge of the fate of amino-acids, as of that of
other substances in the body, has only been arrived
at by the combination of many ingenious methods of
study.

It is easy in the animal, as in the laboratory,
to determine the end-products of change; but, when
the end result is reached in stages, it is by no means
easy to determine what are the stages, since the
intermediate products may elude us. And yet the
whole significance of the processes concerned is to be
sought in the succession of these stages. In animal
experiments directed to the end under consideration,
investigators have relied first of all upon the fact
that the body, though the seat of a myriad reactions,
and capable perhaps of learning, to a limited extent
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and under stress of circumstances, new chemical
accomplishments, is in general able to deal only with
what is customary to it.  This circumstance has
vielded two methods of determining the nature of
intermediate products in metabolism. Considerations of
molecular structure will, for instance, suggest several
possible lines along which a given physiological sub-
stance may be expected to undergo chande. We may test
these possibilities by administering various derivatives
of the substance in question. Only those which prove
on experiment to be fully metabolised, or to yield
derivatives in the body identical with those vielded by
the parent substance, can be the normal intermediate
products of its metabolism. All others may be re-
jected as not physiological.  In a second method
dependent upon this eclecticism of the body, sub-
stances are administered which so far differ from the
normal that, instead of suffering a complete break-
down, they yield some residual derivative which can
be identified in the excreta, and the nature of which
will throw light upon the chemical mechanism which
has produced it. For instance, a substance with a

resistant  (because abnormal) ring structure, but
possessing a normal side chain, may be used to

demonstrate how the side chain breaks down. Again,

we may sometimes obtain useful information by
administering a normal substance in excessive
amounts, when certain intermediate products may

appear in the excreta. Another most profitable method
of experiment is that in which the substance to be
studied is submitted to the influence of isolated organs
instead of to that of the whole animal. Under these
conditions, a series of normal reactions may go on,
but with altered relative velocities, so that inter-
mediate products accumulate; or again when, as may
happen, the successive changes wrought upon a sub-
stance by metabolism occur in different organs of the
body, this use of isolated organs enables us to dissect,
as it were, the chain of events. Extraordinarily profit-
able have been the observations made upon indi-
viduals sulfering from those errors of metabolism
which Dr. Garrod calls ** metabolic sports, the chem-
ical analogues of structural malformations.” In these
individuals, nature has taken the first essential step
in an experiment by omitting from their chemical
structure a special catalyst which at one point in the
procession of metabolic chemical events is essential
to its continuance. At this point there is arrest, and
intermediate products come to light.

As you know, most ingenious use of this ready-
made experimental material has added greatly to our
knowledge of intermediate metabolism.  Admirable
use, too, has been made of the somewhat similar
conditions presented by diabetes, clinical and experi-
mental. Every day our knowledge of the dynamics
of the body grows upon these lines.

I know that the history of all these efforts is
familiar to you, but I am concerned to advertise the
fact that our problems call for ingenuity of a special
sort, and to point out that an equipment in chemical
technique alone would not have sufficed for the suc-
cessful attack which has been made upon them. But
I am even more concerned to point out that the direct
method of attack has been too much neglected, or has
been in the hands of too few; I mean the endeavour
to separate from the tissues further examples of the
simpler products of metabolic change, no matter how
small the amount in which they may be present; an
endeavour which ought not to stop at the separation
and identification of such substances, but to continue
until it has related each one of them to the dvnamic
series of reactions in which each one is surely plaving
a part. The earliest attempts at tracing the inter-
mediate processes of metabolism looked for informa-
tion to the products which accumulate in the tissues,
but it seemed to be always tacitly assumed that only
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those few which are quantitatively prominent could
be of importance to the main issues of metabolism.
It is obvious, however, upon consideration, that the
degree to which a substance accumulates is by itself
no measure of its metabolic importance; no proof as
to whether it is on some main line of change, or a
stage in a quantitatively unimportant chemical by-
path. For, if one substance be changing into another
through a series of intermediate products, then, as
soon as dyvnamical equilibrium has been established
in the series, and to such equilibrium tissue processes
always tend, the rate of production ot any one inter-
mediate product must be equal to the rate at which
it changes into the next, and so throughout the series.
Else individual intermediate products would accumu-
late or disappear, and the equilibrium be upset. Now
the rate of chemical change in a substance is the
product of its efficient concentration and the velocity
constant of the particular reaction it is undergoing.
Thus the relative concentration of each intermediate
substance sharing in the dynamic equilibrium, or, in
other words, the amount in which we shall find it at
any moment in the tissue, will be inversely propor-
tional to the velocity of the reaction which alters it.
But the successive velocity constants in a series of
reactions may vary greatly, and the relative accumu-
lation of the different intermediate products must vary
in the same degree. It is certain that in the tissues
very few of such products accumulate in any save
very small amount, but the amount of a product
found is only really of significance if we are concerned
with any function® which it may possibly possess.
It is of no significance as a measure of the quantita-
tive importance of the dynamical events which give
rise to it.

To take an instance. The substance creatin has
always asserted itself in our conceptions concerning
nitrogenous metabolism because of the large amount
in which it is found in the muscle. It may be of
importance per se, and abnormalities in its fate are
certainly important as an indication of abnormalities
in metabolism, but we must remember that the work
of Gulewitsch, Krimberg, Kutscher, and others has
shown us that a dgreat number of nitrogenous basic
bodies exist in muscle in minute amounts. Mavbe
we shall need to know about each of these all that we
now know, or are laboriously tryving to know, about
creatin, before the dynamics of basic nitrogen in
muscle become clear.  Fortunately for the experi-
menter, most of the raw materials required for tissue
analysis are easily obtainable; there is no reason save
that of the labour involved why we should not work
upon a ton of muscle or a ton of gland tissue.

I am certain that the search for tissue products of
simple constitution has important rewards awaiting
it in the future, so long as physiologists are alive to
the dvnamical significance of all of them. Such work
is laborious and calls for special instincts in  the
choice of analvtical method, but, as I mentioned in
an earlier part of this address, I am sure that high
qualifications as an analyst should be part of the equip-
ment of a biological chemist.

I should like now to say a few words concerning
the actual results of this modern work upon inter-
mediate metabolism, and wili return to the amino-
acids. It is clear that what I can say must be very
brief.

We know that the first change suffered by an
e-amino-acid when it enters the metabolic laboratories
is the loss of its amino group, and, thanks to the
labours of Knoop, Neubauer, Embden, Dakin, and
others, we have substantial information concerning
the mechanism of this change. The process involved

1 A product of metabolism can only be said to have a * function” in a
cell or in the body when, being the end-product of one reaction, it initiates
or modifies reactions in another milieu.
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in the removal of the amino group is not a simple
reduction, which would yield a fatty acid, or substi-
tuted fatty acid, nor a hydrolytic removal which would
leave an e-hydroxy-acid; but the much less to be
expected process of an oxidative removal, which re-
sults in the production of a keto-acid.? 1If the direct
evidence for this chemically most interesting primary
change were to be held insufficient (though there is
no insufficiency about it), its physiological reality is
strongly supported by the proof given us by Knoop
and Embden that the liver can resynthesise the
original amino-acid from ammonia and the corre-
sponding  keto-acid.  This profoundly — significant
observation is part of the evidence which is continu-
ally accumulating to show that all normal chemical
processes of the body can suffer reversa!l. The next
step in the brealkdown involves the oxidation of the
keto-acid, with the production of a fatty acid contain-
ing one carbon less than the original amino-acid.
This in turn is oxidised to its final products along
the lines of the B-oxidation of Knoop, two carbon
atoms being removed at each stage of the breakdown.
All this is true of the aliphatic e-aminc-acids, and,
with limitations, of the side chains of their aromatic
congeners. In the case of certain amino-acids the
course of breakdown passes through the stage of
aceto-acetic acid. This happens to those of which the
molecule contains the benzene ring, and Dakin has
enabled us to picture clearly the path of change which
involves the opening of the ring.  This particular
stage does not seem to occur in the breakdown of the
aliphatic amino-acids, save in the case of leucin; the
rule and the exception here being alike easy of ex-
planation by considerations of molecular structure.
But direct breakdown on the lines mentioned is far
from being the only fate of individual amino-acids in
the body. The work of Lusk, completed by that of
Dakin, has shown us that of seventeen amino-acids
derived from protein no less than nine may indi-
vidually vield glucose in the diabetic organism, and
there are excellent grounds for believing (indeed, there
is no doubt) that they do the same to a duly regulated
extent in the normal organism. The remaining seven
have been shown not to yield sugar, and there is
therefore a most interesting contrast in the fate of
two groups of the protein Bausteine. Those which
vield sugar do not vield aceto-acetic-acid, and those

which vield the latter are not glycogenic. One set,
after undergoing significant preliminary changes,

seems to join the carbohydrate path of metabolism,
the other set ultimately joins a penultimate stage in
the path which is traversed by fats.

I will here venture to leave for one moment the
firm ground of facts experimentally ascertained. Un-
explored experimentally, but quite certain so far as
their existence is concerned, are vet other metabolic
paths of prime importance, along which individual
amino-acids must travel and suffer change. \We know
now from the results of prolonged feeding experi-
ments upon young growing animals, which I myself,
as well as many others, have carried out, that all the
nitrogenous tissue complexes, as well as the tissue
proteins, can be duly constructed when the diet con-
tains no other source of nitrogen beside the amino-
acids of protein. The purin and pyrimidin bases, for
instance, present in the nuclear material of cells cer-
tainly take origin from particular amino-acids, though
we have no right to assume that groups derived from
carbohydrates or fats play no part in the necessary
syntheses. While recent vears have given us a

2 Dakin’s recent work is giving us an insight into the mechanism of the
keto-acid formation. Amino-acids in aqueous solution dissociate into
ammonia and the corresponding keto-aldehyde. The oxidation involved is
therefore concerned with the conversion of the aldehyde into the acid.
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wonderfully clear picture as to how the nucleic acids
and the purin bases contained in them break down
during metabolism, we have as yet no knowledge of
stages in their synthesis. But it is clear that to dis-
cover these is a task fully open to modern experi-
mental methods, and though a difficult problem, it
is one ready to hand. Again, in specialised organs
substances are made which are of great importance,
not to the structure, but to the dynamics of the body.
These have become familiar to us under the name of
Hormones. We know the constitution of one of these
only, adrenaline. The molecule of this exemplar has
a simple structure of a kind which makes it almost
certain to be derived from one of the aromatic amino-
acids. It is clearly open to us to discover on what
lines it takes origin. Facts of this kind, we may be
sure, will form a special chapter of biochemistry in
the future. 1 would like to make a point here quite
important to my main contention that metabolism
deals with simple molecules. As a pure assumption
it is often taught, explicitly or implicitly, that although
the bowel prepares free amino-acids for metabolism,
only those which are individually in excess of the
contemporary needs of the body for protein are directly
diverted to specialised paths of metabolism, and these
to the paths of destructive change. All others—ali
those which are to play a part in the intimacies of
metabolism—are supposed to be first reconstructed
into protein, and must therefore again be liberated
from a complex before entering upon their special
paths of change. But there is much more reason
(and some experimental grounds) for the belief that
the special paths (of which only one leads to the repair
or formation of tissue protein) may be entered upon
straightway. Mrs, Stanley Gardiner (then Miss Will-
cock) carried out some feeding experiments a few
years ago, and in discussing these I pointed out that
they offered evidence of the direct employment for
special purposes of individual amino-acids derived as
such from the bowel. It seemed at the time that the
argument was misunderstood or felt to carry little
weight, but later Prof. Kossel (Johns Hopkins {ios-
pital Bulletin, March, 1912) quoted my remarks with
approval and expressed agreement with the view that
the Bausteine of the food protein must, in certain
cases, be used individually and directly.

I wish I had time to illustrate my theme by some
of the abundant facts available from quite other de-
partments of metabolism; but I must pass on.

The chief thing to realise is that as a result of
modern research the conception of metabolism in
block is, as Garrod puts it, giving place to that of
metabolism in compartments. It is ‘from the be-
haviour of simple molecules we are learning our most
significant lessons.

Now interest in the chemical events such as those
we have been dealing with may still be damped by
the feeling that, after all, when we go to the centre
of things, to the bioplasm, where these processes are
initiated and controlled, we shall find a milieu so com-
plex that the happenings there, although they com-
prise the most significant links in the chain of events,
must be wholly obscure when seen from the point of
view of structural organic chemistry. I would like
vou to consider how far this is necessarily the case.

The highly complex substances which form the most
obvious part of the material of the living cell are
relatively stable. Their special characters, and in
particular the colloidal condition in which they exist,
determine, of course, many of the most fundamental
characteristics of the cell: its definite yet mobile
structure, its mechanical qualities, inciuding the con-
tractility of the protoplasm, and those other colloidal
characters which the modern physical chemist is
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studying so closely. For the dynamic chemical events

phases, such as we find permanently present in a

which happen within the cell, these colloid complexes | living cell, even a metaplasmic phase, 1s less essential

yield a special milieu, providing, as it were, special
apparatus, and an organised laboratory. But in the
cell itself, I believe, simple molecules undergo re-
actions of the kind we have been considering. These
reactions, being catalysed by colloidal enzymes, do
not occur in a strictly homogeneous medium, but they
occur, I would argue, in the aqueous fluids of the cell
under just such conditions of solution as obtain when
they progress under the influence of enzymes in vitro.
There is, I know, a view which, if old, is in one
modification or another still current in many quarters.
This conceives of the unit of living matter as a de-
finite, if very large and very labile molecule, and
conceives of a mass of living matter as consisting of
a congregation of such molecules in that definite sense
in which a mass of, say, sugar is a congregation of
molecules, all like to one another. In my opinion,
such a view is as inhibitory to productive thought as
it is lacking in basis. It matters little whether in
this connection we speak of a **molecule” or, in order
to avoid the fairly obvious misuse of a word, we use
the term *biogen,” or any similar expression with the
same connotation. Especially, I believe, is such a view
unfortunate when, as sometimes, it is made to carry
the corollary that simple molecules, such as those
provided by foodstuffs, only suffer change after they
have become in a vague sense a part of such a giant
molecule or biogen. Such assumptions became un-
necessary as soon as we learnt thar a stable substance
may exhibit instability after it enters the living cell,
not because it loses its chemical identity, and the
chemical properties inherent in its own molecular
structure, by being built into an unstable complex,
but because in the cell it meets with agents (the
intracellular enzymes) which catalyse certain re-
actions of which its molecule is normally capable.
Exactly what sort of material might, in the coursc
of cosmic evolution, have first come to exhibit the
elementary characters of living stuff, a question raised
in- the presidential address which so stirred us last
vear, we do not, of course, know. But it is clear that
the living cell as we now know it is not a mass of
matter composed of a congregation of like molecules,
but a highly differentiated system; the cell, in the
modern phraseology of physical chemistry, is a system
of coexisting phases of different constitutions.” Cor-
responding to the difference in their constitution,
different chemical events may go on contemporaneously
in the different phases, though every change in any
phase affects the chemical and physico-chemical equili-
brium of the whole system. Among these phases are
to be reckoned not only the differentiated parts of the
bioplasm strictly defined (if we can define it strictly)
the macro- and micro-nuclei, nerve fibres, muscle
fibres, &c., but the material which supports the cell
structure, and what have been termed the * meta-
plasmic" constituents of the cell. These last com-
prise not only the fat droplets, glycogen, starch grains,
aleurone grains, and the like, but other deposits not
to be demonstrated histologically.  Thev must be
held, too—a point which has not been sufficiently in-
sisted upon—to comprise the diverse substances of
smaller molecular weight and greater solubility, which
are present in the more fluid phases of the system—
namely, in the cell juices. It is important to remem-
ber that change in any one of these constituent
phases, including the metaplasmic phases, must
affect the equilibrium of the whole “cell system,
and because of this necessary equilibrium-relation it
is difficult to say that any one of the constituent

3 See in this connection the very able exposition of the views developed by
Zwaardemaker and others, by Botazzi in Winterstein's ‘“ Handbuch,” vol. i,
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than any other to the **life ” of the cell, at least when
we view it from the point of view of metabolism. It is
extremely difficult and probably impossible by any
treatment of the animal completely to deprive the liver
of its glycogen deposits, so long as the liver cells
remain alive. Even an extreme variation in the
quantity is in the present connection without signi-
ficance because, as we know, the equilibrium of a
polyphasic system is independent of the mass of any
one of the phases; but I am inclined to the bold
statement that the integrity of metabolic life of a
liver cell is as much dependent on the coexistence of
metaplasmic glycogen, however small in amount, as
upon the coexistence of the nuclear material itself;
so in other cells, if not upon glycogen, at least upon
other metaplasmic constituents.

Now we should refuse to speak of the membrane
of a cell, or of its glycogen store, as living material.
We should not apply the term to the substances dis-
solved in the cell juice, and, indeed, would scarcely
apply it to the highly differentiated parts of the bio-
plasm if we thought of each detail separately. We are
probably no more justified in applying it, when we
consider it by itself, to what, as the result of micro-
scopic studies, we recognise as ‘‘undifferentiated”
bioplasm. On ultimate analysis we can scarcely speak
at all of living matter in the cell; at any rate, we
cannot, without gross misuse of terms, speak of the
cell life as being associated with any one particular
type of molecule. Its life is the expression of a
particular dynamic equilibrium which obtains in a
polyphasic system. Certain of the phases may be
separated, mechanically or otherwise, as when we
squeeze out the cell juices, and find that chemical
processes still go on in them; but ‘‘life,” as we
instinctively define it, is a property of the cell as a
whole, because it depends upon the organisation of
processes, upon the equilibrium displayed by the
totality of the coexisting phases

I return to my main point. The view I wish to
impress upon you is that some of the most important
phenomena in the cell, those involving simple re-
actions of the type which we have been discussing,
occur in ordinary crystalloid solution. We are
entitled to distinguish fluid (or more fluid) phases in
the cell. T always think it helpful in this connection
to think of the least differentizted of animal cells—
to consider, for instance, the amceba. In this
creature a fluid phase comes definitely into view with
the appearance of the food vacuole. In this vacuole
digestion goes on, and there can be no doubt, from
the suggestive experimental evidence available, that
a digestive enzyme, and possibly two successive
enzymes (a pepsin followed by a trypsin) appear in
it. It is now generally admitted that digestion in
the amceba, though intracellular, is metaplasmic.
The digestion products appear first of all in simple
aqueous solution. TIs it not unjustifiable to assume
that the next step is a total ‘‘assimilation” of the
products, a direct building up of all that is produced
in the vacuole into the complexes of the cell? If
there be any basis for our views concerning the speci-
ficity of, say, the tissue proteins, they mus: z2ppls
the amceeba no less than to the higher animal, and
we must picture the building-up of its specific com-
plexes as a selective process. The mixture of amino-
acids derived from the proteins of the bacteria or
other food eaten by it may be inharmonious with
their balance in the amceba. Some have to be more
directly dealt with, by oxidation or otherwise. If
the digestive hydrolysis occur outside the complexes,
we may most justifiably assume that other prepara-
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tive processes also occur outside them. We need not
think of a visible vacuole as the only seat of such
changes. Similar fluid phases in the cell may elude
the microscope, and the phenomena would be just as
significant il reactions occur in the water imbibed by
the colloids of the cell or present in the intra-micellar
spaces of the bioplasm. It is always important to
remember that 75 per cent. of the cell substance
consists of water.

All of these considerations we may apply to the
tissue cells of the higher animal. 7o my mind, at
least, the following considerations appeal. It is note-
worthy that all the known complexes of the cell—
the proteins, the phosphorous complexes, the nucleic
acids, &c.—are susceptible to hydrolysis by catalytic

agents, which are always present, or potentially
present. If the available experimental evidence be

honestly appraised, it points to the conclusion that
only to hydrolytic processes are the complexes un-
stable. Under, the conditions of the body they are,
while intact, resistant to other types of change, their
hydrolytic products being much more susceptible.
Since hydroclastic agents are present in the cell we
must suppose that there is, at any moment, equili-
brium between the complexes and their water-soluble
hydrolytic products, though the amount of the latter
present at any moment may be very small. Now, I
think we are entitled to look upon assimilation and
dissimilation, while very strictly defined, as being
dependent upon changes in this equilibrium alone.
They are processes of condensation and hydrolysis
. respectively. Substances which are foreign to the
normal constitution of the complexes—and these com-
prise not only strictly extraneous substances, but
material for assimilation not vet ready for direct con-
densation, or metabolites which are no longer simple
hydrolytic products—do not enter or re-enter the com-

plexes. They suffer change within the cell; but not
as part of the complexes. When, for instance, a
supply of amino-acids transferred from the gut

reaches the tissue cell, they may be in excess of the
contemporary limits of assimilation; or, once more,
individual acids may not be present in the har-
monious proportion required to form the specific pro-
teins in the cell. Are we to suppose that all never-
theless become an integral part of the complexes
before the harmony is by some mysterious means
adjusted? 1 think rather that the normality of the
cell proteins is maintained by processes which precede
actual condensation or assimilation.  Conversely,
when the cell balance sets towards dissimilation, the
amino-acids liberated by hydrolysis suffer further
changes outside the complexes. So when a foreign
substance, say benzoic acid, enters the cell, we have
no evidence, experimental or other, to suggest that
such a body ever becomes an integral part of the
complexes.  Rather does it suffer its conjugation with
glycine in the fluids of the cell. So also with cases of
specific chemical manufacture in organs. When, for
instance, adrenaline—a simple, definite crystalline
body—appears in the cells of the gland which prepares
it, are we to suppose that its molecule emerges in
some way ready-made from the protein complexes of
the gland, rather than that a precursor derived from
a normal hydrolytic product of these proteins or from
the food supply is converted into adrenaline by re-
actions of a comprehensible kind, occurring in aqueous

solution, and involving simple molecules throughout?

While referring to adrenaline, T may comment upon
the fact that the extraordinarily wide influence now
attributed to that substance is a striking illustration
of the importance of simple molecules in the dynamics
of the body.

It should be, of course, understood, though the
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consideration does not affect the essential significance
of the views I am advancing, that the isolation of
reactions in particular phases of the cell is only rela-
tive. 1 have before emphasised the point that the
equilibrium of the whole system must, to a greater
or less degree, be affected by a change in any one
phase. A happening of any kind in the fluid phases
must affect the chemical equilibrium and, no less, the
physico-chemical equilibrium, between them and the
complexes or less fluid phases. A drug may have an
“action” on a cell, even though it remain in solution,
and it may have a specific action because its mole-
cular constitution leads it to intrude into, and modify
the course of, some one, rather than any other, of the
numerous simple chemical reactions proceeding in the
cells of different tissues.

But T must now turn from consideration of the re-
actions themselves to that of their direction and con-
trol. It is clear that a special feature of the living
cell is the organisation of chemical events within it.
So long as we are content to conceive of all hap-
penings as occurring within a biogen or living mole-
cule all directive power can be attributed in some
vague sense to its quite special properties.

But the last fifteen years have seen grow up a
doctrine of a quite different sort which, while it has
difficulties of its own, has the supreme merit of pos-
sessing an experimental basis and of encouraging by
its very nature further experimental work. [ mean
the conception that each chemical reaction within the
cell is directed and controlled by a specific catalyst.
I have already more than once implicitly assumed
the existence of intracellular enzymes. 1 must now
consider them more fully.

Considering the preparation made for it by the
carly teaching of individual biologists, prominent
among whom was Moritz Traube, it is remarkable
that belief in the endo-enzyme as a universal agent
of the cell was so slow to establish itself, though in
the absence of abundant experimental proof scepticism
was doubtless justified. So long as the ferments
demonstrated as being normally attached to the cell
were only those with hydroclastic properties, such as
were already familiar in the case of secreted digestive
ferments, the imagination was not stirred. Only with
Buchner’s discovery of zymase and cell-free alcoholic
fermentation did the faith begin to grow. Yet, a
quarter of a century before, Hoppe-Seyler had written
(when discussing the then vexed question of nomen-
clature, as between organised and unorganised * fer-
ments’): “The only question to be determined is
whether that hypothesis is too bold which assumes
that in the organism of yeasts there is a substance
[the italics are mine] that decomposes sugar into
alcohol and CO, . . . I hold the hypothesis to be
necessary because fermentations are chemical events
and must have chemical causes. *If in the last
sentence of this quotation we substitute for the word
“fermentations’’ the words *‘the molecular reactions
which occur within the cell,”” Hoppe-Sevler would, I
think, have been equally justified.

Remembering, however, the great multiplicity of
the reactions which occur in the animal body, and
remembering the narrow specificity in the range of
action of an individual enzyme, we may be tempted
to pause on contemplating the myriad nature of the
army of enzymes that seems called for. But before
judging upon the matter the mind should be prepared
by a full perusal of the experimental evidence. We
must call to mind the phenomena of autolysis and
all the details into which they have been followed; the
specificity of the proteolytic ferments concerned, and
especially the evidence obtained by Abderhalden and
others, that tissues contain numerous enzymes, of
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which some act upon only one type of polypeptide, and
some specifically on other polypeptides. We must
remember the intracellular enzymes that slit the phos-
phorous complexes of the cell; the lipases, the
amylases, and the highly specific invert ferments, each
adjusted to the hydrolysis of a particular sugar. We
have also to think of a large group of enzymes acting
specifically upon other substances of simple constitu-
tion, such as the arginase of Kossel and Dakin,
the enzyme recently described by Dakin which
acts with great potency in converting pyruvic
aldehvde into lactic acid, and many others.
Nothing could produce a firmer belief in the reality
and importance of the specialised enzymes of the
tissues than a personal repetition of the experiments
of Walter Jones, Schittenhelm, Wiechowski, and
others, upon the agents involved in the breakdown of
nucleic acids; each step in the elaborate process
involves a separate catalyst. In this region of meta-
bolism alone a small army of independent enzymes is
known to play a part, each individual being of proven
specificity.  The final stages of the process involve
oxidations which stop short at the stage of uric acid
in man, but proceed to that of allantoin in most
animals. It is very instructive to observe the clean,
complete oxidation of uric acid to allantoin, which can
be induced in vitro under the influence of Wiechowski’s
preparations of the uric acid oxidase, especially if
one recalls at the same time, in proof of its physio-
logical significance, that this oxidase, though always
present in the tissues of animals, which excrete allan-
toin, is absent from those of man, who does not.

I will not trouble you with further examples. We
have arrived, indeed, at a stage when, with a huge
array of examples before us, it is logical to conclude
that all metabolic tissue reactions are catalysed by
enzymes, and, knowing the general properties of these,
we have every right to conclude that all reactions may
be so catalysed in the synthetic as well as in the
opposite sense. If we are astonished at the vast
array of specific catalysts which must be present in
the tissues, there are other facts which increase the
complexity of things. Evidence continues to accu-
mulate from the blolomc al side to show that, as a
matter of fact, the living cell can acquire de novo as
the result of special stimulation new catalytic agents
previously foreign to its organisation.

It is certain, from very numerous studies made upon
the lower organisms, and especially upon bacteria,
that the cell may acquire new chemical powers when
made to depend upon an unaccustomed nutritive
medium. T must be content to quote a single in-
stance out of many. Twort has shown that certain
bacteria of the Coli-typhosus group can be trained to
split sugars and alcohols which originally they could
not split at all. A strain of B. {yphosus which after
being grown upon a medium containing dulcite had
acquired the power of splitting this substance, re-
tained it permanently, even after passage through the
body of the guinea-pig, and cultivation upon a dulcite-
free medium. Similar observations have been made
upon the Continent by Massini and Burri; the latter
showed by ingenious experiments that all the indi-
viduals of a race which acquires such a new property
have the same potency for acquiring it. No one, at
the present time, will deny that the appearance of a
new enzvme is involved in’ this adjustment of the cell
to a new nutritive medium.

We have not, it is true, so much evidence for
similar phenomena in the case of the higher animals.
The milk-sugar splitting ferment may be absent from
the gut epithelium before birth, and in some animals
may disappear again after the period of suckling, but
here we probably have to do with some simple alterna-
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tion of latency and activisation.. But among the
“protective " ferments studied by Abderholden we
have, perhaps, cases in which specific individuals
appear de novo as the result of injecting foreign
proteins, &c., into the circulation. Consider, more-
over, the case of the reactions called out by simpler
substances. We have seen that an enzyme separable
from the kidney tissue can catalyse the synthesis no
less than the breakdown of hippuric acid. Now the
cells of the mammalian kidney have always had to
deal with benzoic acid or chemical precursors of
benzoic acid, and the presence of a specific enzyme
related to it is not surprising. But living cells are
rot likely to have ever been in contact with, say,
bromo-benzol, until the substance was administered to
animals experimentally. Yet a definite reaction at
once proceeds when that substance is introduced into
the body. It is linked up, as we have seen, with
cystein.  Now, this reaction is not one which would
proceed in the body uncatalysed; if it be catalysed by
an enzyme, all that we know about the specificity
of such agents would suggest that a new one must
appear for the purpose. I have allowed myself to go
beyond ascertained facts in dealing with this last
point. ‘But once we have granted that specific
enzymes are real agents in the cell, controlling a
great number of reactions, I can see no logical reason
for supposing that a different class of mechanism
can be concerned with any particular reaction.

If we are entitled to conceive of so large a part of
the chemical dynamics of the cell as comprising
simple metaplasmic reactions catalysed by independent
specific enzymes, it is certain that our pure chemical
studies of the happenings in tissue extracts, expressed
cell juices, and the like, gain enormously in meaning
and significance. We make a real step forward when
we escape from the vagueness which attaches to the
“bioplasmic molecule’ considered as the seat of all
change. But I am not so foolish as to urge that the
step is one towards obvious simplicity in our views
concerning the cell. For what indeed are we to
think of a chemical system in which so great an array
of distinct catalysing agents is present or potentially
present; a system, I would add, which when dis-
turbed by the entry of a foreign substance regains its
equilibrium through the agency of new-born catalysts
adjusted to entirely new reactions? Here seems
justification enough for the vitalistic view that events
in the living cell are determined by final as well as
by proximate causes, that its constitution has refer-
ence to the future as well as the past. But how can
we conceive that any event called forth in any system
by the entry of a simple molecule, an event related
qualitatively to the structure of that molecule, can be of
other than a chemical nature? The very complexity,
therefore, which is apparent in the catalytic pheno-
mena of the cell to my mind indicates that we must
have here a case of what Henri Poincaré has called
la simplicité cachée. Underlying the extreme com-
plexity we may discover a simplicity which now
escapes us. If so, T have of course no idea along
what lines we are to reach the discovery of that sim-
plicity, but I am sure the subject should attract the
contemplative chemist, and especially him who is in-
terested and versed in the dynamical side of his sub-
ject. If he can arrive at any hypothesis sufficiently
general to direct research he will have opened a new
chapter of organic chemistry—almost will he have
created a new chemistry.

Tt must not be supposed that T am blind to the fact
that the phenomena of the cell present a side to
which the considerations T have put before you do not
apply. Paul Ehrlich, in his recent illuminating ad-
dress to the- International Congress of Medicine,
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remarked that if, in chemistry, it be true that Corpora
non agunt nist ltquz(la then, in chemiotherapy, it is
no less true that Corpora non agunt nisi ﬁxala
Whatever pxecmel} may be involved in the important
principle of ‘fixation 7’ as applied to drug actions,
it remains, I think, true that the older '1dage applies
to the d)namlc reactions which occur in the living
cell. But there are doubtless dynamic phenomena in
which the cell complexes play a prominent part. The
whole of our doctrine concerning the reaction of the
body to the toxins of disease is based upon the fact
that when the cell is invaded by complexes other than
those normal to it, its own complexes become involved.
I must not attempt to deal with these phenomena, but
rather proceed to my closing remarks. I would like,
however, just to express the hope that the chemist will
recognise their theoretical importance. He will not,
mdeLd be surprised at the oligo-dynamic aspects of
the phenomma startling as they are. 'When physico-
chemical factors enter into a phenomenon the in-
fluence of an infinitely small amount of material may
always be expected. It is a fact, for instance, as
Dr. W. H. Mills reminds me, that when a substance
crystallises in more than one form it may be quite
unp0551b1L to obtain the less stable forms of its
crystals in any laboratory which has been *‘infected
with the more stable form, even though this infec-
tion has been produced by quite ordinary manipulations
dealing with the latter. Here, certainly, is a case in
which the influence of the infinitesimal is before
us. But what I feel should arrest the interest
of the chemist is the remarkable mingling of
the general with the particular which pheno-
mena like those of immunity display. In the
relations which obtain between toxin and anti-toxin,
for example, we find that physico-chemical factors
predominate, and yet they are associated to a high
degree with the character of specificity. The colloid
state of matter, as such, and the properties of surface
determine many of the characteristics of such re-
actions, yet the chemical aspect is always to the front.
Combinations are observed which do not seem to be
chemical compounds, but rather associations by adsorp-
tion; vet the mutual relations between the inter-
acting complexes are in the highest degree discrimina-
tive and specific. The chemical factor in adsorption
phenomena has, of course, been recognised else-
where; but in biology it is particularly striking.
Theoretical chemistry must hasten to take account of
it. The modern developments in the study of valency
probably constitute a step in this direction.

It is clear to everyone that the physical chemist
is playing, and will continue to play, a most important
part in the investigation of biological phenomena.
We need, I think, have no doubt that in this country
he will turn to our problems, for the kind of work
he has to do seems to suit our national tastes and
talents, and the biologist just now is much alive
to the value of his results. But I rather feel that the
organic chemist needs more wooing and gets less,
thouvh I am sure that his aid is equally necessary.
In connection with most biological problems, physical
and organic chemists have clearly defined tasks. To
take one instance. In muscle phenomena it is becom-
ing every day clearer that the mechanico-motor pro-
peltles of thé tissue, its changes of tension, its con-
traction and relaxation, depend upon phv51co -chemical
phenomena associated with its C01101da1 comple\{es
and its intimate structure. Changes in hydrogen-ion
concentration and in the concentration of electrolytes
generally, by acting upon surfaces or by upsetting
osmotic equilibria, seem to be the determining causes
of muscular movement. Yet the energy of the muscle
is continuously supplied by the progress of organic
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reactions, and for a full understanding of events we
need to know every detail of their course. Here
then, as everywhere else, is the need for the organic
chemist.

But 1 would urge upon any young chemist who
thinks of occupying himself with biological problems
the necessity for submitting for a year or two to a
second discipline. If he merely migrate to a bio-
logical institute, prepared to determine the constitu-
tion of new pnoductb from the animal and study
their reactions in wvitro, he will be a very useful and

acceptable person, but he will not become a bio-
chemist. We want to learn how reactions run in the
organism, and there is abundant evidence to show

how little a mere knowledge of the constitution of
substances, and a consideration of laboratory possi-
bilities, can help on such knowledge. The animal
body usually does the unexpected.

But if the organic chemist will get into touch with
the animal, it is sure that the possession of his special
knowledge will serve him well. Difficulties and
peculiarities in connection with technique may lead
the professor of pure chemistry to call his work
amateurish, and certainly his results, unlike those
of the physical chemist, will not straightway lend
themselves to mathematical treatment. He may him-
self, too, meet from time to time the spectre of
Vitalism, and be led quite unjustifiably to wonder
whether all his work may not be wide of the mark.
But if he will first obtain for us a further supply of
valuable qualitative facts concerning the reactions in
the body, we may then say to him, as Tranio said to
his master :

‘“ The mathematics and the metaphysics
Fall to them as you find your stomach serves you.”

All of us who are engaged in applying chemistry
and physics to the study of living phenomena are apt
to be posed with questions as to our goal, although
we have but just set out on our journey. It seems
to me that we should be content to believe that we
shall ultimately be able at least to describe the living
animal in the sense that the morphologist has
described the dead; if such descriptions do not amount
to final explanations, it is not our fault. If in *‘life”
there be some final residuum fated always to elude
our methods, there is always the comforting truth
to which Robert Louis Stevenson gave perhaps the
finest expression, when he wrote :

¢ To travel hopefully is better than to arrive,
And the true success is labour.”

UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

LEEDS.—An anonymous donor has generously
signified, through the Chancellor (the Duke of Devon-
shire), his intention of presenting to the University
of Leeds the sum of 10,000l. for the erection of the
much-needed building for the school of agriculture at
the University. This gift will enable the University,
in conjunction with the Yorkshire Council for Agri-
cultural Education and with the help, it is hoped, of a
grant from the Government, to provide without further
delay the headquarters of agricultural education and
research for the three Ridings of Yorkshire.  The
organisation of agricultural teaching in Yorkshire
has been taken by the Board of Agriculture as the
model for all other parts of England, and the rapid
growth of the agricultural courses and the develop-
ment of research in animal nutrition and other sub-
jects have made it necessary to provide new buildings
and laboratories on an extensive scale for the school
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of agriculture at the University of Leeds.  The
University Council has provided a site for the new
building, and much of the experimental worlk will be
done at the Manor Farm, Garforth.

MancuesTER.—Mr. A. R. Wardle, assistant demon-
strator in zoology in the Royal College of Science, Lon-
don, has been appointed lecturer in economic zoology in
succession to Mr. J. Mangan, who resigned at the
end of last session to take up the position of assistant
to the professor of biology in the Government Medical
Coliege, Cairo.

Mr. W. McBrerNEy, headmaster of the Storey
Institute, Lancaster, has been appointed headmaster
of the new Secondary School and Technical Institute
at Wallsend.

Four Gresham Lectures on Harvey, Darwin, and
Huxley will be delivered on October 28, 29, 30, and 31,
by Dr. F. M. Sandwith, Gresham professor of physic.

-The lectures, which will be given at the City of Lon-
don School, Victoria Embankment, E.C., are free to
the public, and will begin each evening at six o’clock.

It is stated in Science that M. Ernest Solvay, the
discoverer of the Solvay process for the manufacture
of sodium carbonate, celebrated the fiftieth anniver-
sary of that discovery on September 2 last at Brussels
by giving more than 200,000l. to educational and charit-
able institutions and the employees of his firm. The
Universities of Paris and Nancy each received 20,000l.

THE new engineering laboratories at University
College, Dundee, were opened on October 14, by Sir
Alexander Kennedy, F.R.S. The chair of engineering
was one of the first to be established at Dundee Uni-
versity College, and in 1882, Prof. (now Sir Alfred)
Ewing, K.C.B., was elected as its first occupant. For
some few years after the foundation of the college, the
facilities for the experimental teaching of engineering
were meagre, and it was not until 1887 that an
engineering laboratory on an adequate scale was pro-
vided. In January, 1911, the University authorities
decided to build and equip a new engineering block,
utilising for the purpose a grant of 10,000l. made by
the Carnegie Trust for the development of the Scottish
Universities. This department has been erected at
a cost, including equipment, of about 15,500l. Owing
to the completion in 1910 of the Peters’s Electrical
Engineering Laboratory, the college is well equipped
for the study of this branch of enginecering, and the
present laboratories are devoted to the investigation of
problems involved in civil and mechanical engineering.
The heat-engine equipment at present includes an
experimental steam engine, a gas engine, and a petrol
motor, while provision is made for the installation of
a Diesel oil engine and a steam turbine in the near
future. The heat engine-room also contains all the
apparatus necessary for the measurement of the heat
value of solid and gaseous fuels, for the analysis of
flue, exhaust, and fuel gases, and for the measure-
ment of the dryness of steam, &c. The equipment of
the strength of materials laboratory consists of a
so-ton Buckton single-lever testing machine, fitted
for tension, compression, and cross-breaking, and with
autographic recorder, an alternating stress machine,
and cement testing machine, along with apparatus
for determining the moduli of elasticity and rigidity,
and for investigating the strength of struts and
the elastic vibrations and deformations of structures.
The hydraulic equipment includes a 24-in. Pelton
wheel, a ¢-in. inward flow pressure turbine, an elec-
trically-driven centrifugal pump, capable of discharg-
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ing 430 gallons per minute, an Oddie-Barclay high-
speed differential-ram reciprocating pump, a’ flume,
3 ft. broad and 45 ft. long, for the study of weir and
channel flow, and apparatus for studying the friction
of fluids in pipes, the impact of jets, &c.

SOCIETIES AND ACADEMIES.

Paris.

Academy of Sciences, September 29.—M. C. Jordan in
the chair.—]. Guillaume : Observation of the occulta-
tion of the Pleiades by the moon, made September 20,
1913, with the coudé equatorial at Lyons Observatory.—
Léopold Fejér: Harmonic polynomials.—H. Tietze:
Continuous representations of surfaces on themselves.
—C. Beau: The relations between tuberisation of roots
and the attack by endophytic fungi in the course of
development of Spiranthes autumnalis.

October 6.—M. P. Appell in the chair.—H.
Deslandres : Remarks on the general electric and mag-
netic fields of the sun. A full discussion of the work
of Hale in comparison with that done at Meudon by
the author.—A. Chauveau: A comparison of human
and bovine tuberculosis from the point of view of
innate or specific aptitude.of receiving or cultivating
the bacillus. A development of views put forward in
an earlier paper. The author holds that no human
being, whatever the state of health, is incapable of
receiving the tubercle infection, and regards this as a
necessary consequence of his experiments on cattle.
In the case of human beings exposed to infection and
escaping, it is not the stronger subjects alone who
escape. The practical conclusion is drawn that in the
battle against tuberculosis, it is the bacillus which
must be attacked, and hence that concentration on
strengthening the vitality of the possible patient is
unscientific.—R. Lépine and M. Boulud : The origin of
the sugar secreted in phlorizic glycosuria. The results
of experiments are cited contradicting the hypothesis
that the sugar eliminated in phlorizic glycosuria arises
from the renal cells. The point of attack in the
kidney appears to be especially the vascular endo-
thelium.—Charles Depéret: The fluvial and glacial
history of the Rhone valley in the neighbourhood of
Lyons. The Rhoéne glacier reached the Lyons region
at a later period than the Quaternary epoch.—].
Bosler : The spectrum of the Metcalf comet, 1913b.
Photographs taken at Meudon show a feeble continu-
ous spectrum with three condensations corresponding to
hydrocarbons (Swan spectrum) and cyanogen. It is
nearly identical with the spectrum of the Schaumasse
comet.—Michel Plancherel : The convergence of series of
orthogonal functions.—Georges Rémoundos : Families
of multiform functions admitting exceptional values
within a domain.—Emile Jouguet : Some properties of
waves of shock and combustion.—Léon Guillet and
Victor Bernard: The variation of the resilience of
some commercial alloys of copper as a function of
the temperature. The alloys examined included seven
bronzes with tin, ranging from 3-5 per cent. to 20 per
cent., four brasses, and one aluminium bronze. The
results are given graphically in two diagrams.—
Charles Nicolle and L. Blaizot : An atoxic antigono-
coccic vaccine. Its application to the treatment of
blennorrhagia and its complications. ~ The authors

| have obtained a stable, atoxic antigonococcic serum

by a method not disclosed, and give details of its
curative action in a considerable number of cases.—
Ch. Dhéré and A. Burdel : The absorption of the
visible rays by the oxvhamocvanines. Three repro-
ductions of photographs of spectra are given. There
would appear to be one absorption band common to
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all the oxyh@mocyanines.—M. de Montessus de | Loeffler, Dr. A. Newsholme, and others. Re-issue,
Ballore : An attempt at synthesis of seismic and vol- | with Supplementary Bibliography. Pp. xx+718+xvi
canic phenomena.—Ph. Flajolet : Observation of a | plates., (Cambridge: University Press.) 15s. net.

curious formation of cirrus.

NeEw Sourn WALES.

Linnean Society, August 27.—Mr. W. W. Froggatt,
vice-president, in the chair.—A. M. Lea: Revision of
the Australian Curculionidae belonging to the sub-
family Cryptorhynchides, Part xii. This paper deals
with the balance of the genera, more particularly those
allied to Poropterus, and species of this immense sub-
family of weevils, and, with the exception of a con-
cluding instalment dealing with the classification, dis-
tribution, &c., is the last of the series. Iifteen genera
(one proposed as new) and twenty-three species (two
proposed as new) are described.—W. N. Benson: The

geology and petrology of the Great Serpentine
Belt of New South Wales, Part 1i., Introduc-
tory.  The area described stretches from Warialda

to Tamworth, embracing about 2000 square miles,
together with one hundred square miles in the
Nundle district, S.S.E. of Tamworth. A general
description of the palaozoic formations is given. A
great extension of the radiolarian rocks has been
proved, both laterally and in vertical range. The
sequence in igneous rocks is sketched.
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