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CORNISH GEOLOGY.

The Geology of Falmouth and Truro, and of the
Mining District of Camborne and Redruth. By
J. B. Hill and D. A. MacAlister, with Petrographical
Notes by J. S. Flett. Memoirs of the Geological
Survey. Pp. x+335; with 65 illustrations and 24
plates. (London: Wyman and Sons, Ltd., 1906.)
Price 7s. 6d.

F the new series one-inch map of England and
Wales, few sheets are of greater interest than No.

352 (colour-printed, price 1s. 6d.), which represents that
portion of western Cornwall that contains the oldest
and richest mines in the county; and the value of the
map is greatly enhanced by the admirable explanatory
memoir, which contains a description of the older slaty
rocks, the granites, elvans, and greenstones of this
area, together with particulars of the metalliferous
veins. Attention is given to the genesis of the ores,
and to their mode of occurrence, to the methods of
dressing the tin ore, and to the mineral output. In
short, the description is much more detailed than is
usual in a Geological Survey sheet explanation.

The original geological survey was carried out by
De la Beche, whose results were published in 1839.
New editions of the maps were published in 1866, with
additional lodes inserted by Sir Warington Smyth. A
comparison of the new map with the older one shows
that the additions that have been made are of great
importance. The area formerly represented as Devon-
ian has been subdivided into Lower Devonian and
three subdivisions, based on lithological characters,
designated by the terms Portscatho, Falmouth, and
Mylor. These three subdivisions, together with the
Veryan beds, formerly classed as Lower Silurian, are
shown to be Lower Pal@ozoic. The grits of Gram-
pound and Probus, representing the base of the
Devonian rocks, are taken as the equivalents of the
conglomerate on the Helford River (one-inch map,
359)-

The igneous rocks are divided by Mr. Hill into four
groups : (1) the greenstones, the oldest, which are epi-
diorites derived from dolerites and basalts; (2) the
granite, the dominant representative, with which the
mineral products of the area are intimately associated ;
(3) the elvans, which represent the dyke phase of
granite, and were intruded after its consolidation; and
(4) the mica traps, the age of which is uncertain.
Chapters are devoted to a description of the contact
metamorphism effected by the granite and of the
faults. The fractures are the product of the later Car-
boniferous period, and have a trend of about E.N.E.
Many of them occur in the mineral areas, where they
form the home of the lodes. They are traversed by a
second set of faults, of early Tertiary age, which are
known to the miner as cross-courses. The Pliocene
deposits receive careful attention, the Polerebo gravels
appearing to represent a patch of the Pliocene deposits
which formerly spread over the killas platform of this
area, and are represented at St. Erth, St. Agnes, and
Crousa Downs in adjacent districts. With the ex-
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ception of these gravels, this area affords no evidence
of stratified deposits from the Palaozoic period until
the Pleistocene, which is represented by the raised
beaches underlying the Head, that is probably a
product of the Glacial age.

The second part of the work, which is written by
Mr. MacAlister, deals with the mining industry of the
district. Modern theories of the genesis of ore deposits
are applied to the Cornish tin and copper ores, and de-
tailed descriptions of the mines are given, illustrated by
more than fifty sketches. Statistics of production since
1845 are set forth in detail, and ten pages are devoted
to a description of the tin-ore dressing processes
employed in the Camborne area. Products from the
various operations have been subjected to microscopic
examination, the results showing that grains of cassit-
erite which are less than the average size of the
grains in the concentrates tend to be lost in the tail-
ings of subsequent operations. The dressing oper-
ations are elucidated by means of excellent reproduc-
tions of photographs.

On the whole, the work is a very creditable produc-
tion. It forms an excellent introduction to the geology
of Cornwall; and it is satisfactory to note that the
price at which it is published is not such as to preclude
its use by students of economic geology.

MODERN

INTRODUCTIONS TO PHYSICAL
THEORIES.

(1) Elektromagnetische Schwingungen und Wellen.
By Dr. Josef Ritter von Geitler. Pp. viii+154.
(Brunswick : Fried. Vieweg und Sohn, 1903.)
Price 4.50 marks.

(2) Theorie der Elektrizitat. By Dr. A. Foppl and
Dr. M. Abraham. Vol. i., pp. xviii+443; vol. ii.,
pp. X+404. (Leipzig: B. G. Teubner, 1904 and
1905.)

(3) Ueber den gegenwiirtigen Stand der Frage nach
einer mechanischen Erklirung der elektrischen
Erscheinungen. By Dr. Hans Witte. Pp. xii+
232, (Berlin: E. Ebering, 1906.) Price 7.50 marks.

(4) Die Fortschritte der kinetischen Gastheorie. By
Dr. G. Jager. Pp. ix+r119. (Brunswick: F.
Vieweg und Sohn, 1906.) Price 3.50 marks.

(5) An Elementary Treatise on Theoretical Mechanics.
By J. H. Jeans, F.R.S. Pp. viii+364. (Boston
and London : Ginn and Co., n.d.) Price 10s. 6d.

COMPARISON of text-books of the last year or
two with those published, say, a quarter of a
century ago affords a.clear and definite measure of the
great changes which have occurred during the interval
in our commonly accepted physical theories. All the
books now before us reflect these changes in a greater
or less degree, but we take Dr. von Geitler’s manual
as our first example because the author has closely
followed the historic order of development in leading
his readers from the simple early notions of action at
a distance to the modern theories of electrical oscilla-
tions and their applications to wireless telegraphy.
Starting with Newton’s discovery of the law of
gravitation, the reader is led up to Faraday’s re-
searches on the electromagnetic field, and he first
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learns the dependence of this field on the nature of
the medium filling it, and the interdependence of
electrostatic and magnetic phenomena. While the
author in his preface directs attention to the great
difficulty of treating the subject in a popular way,
it is noticeable that he has been remarkably suc-
cessful in overcoming this difficulty, and the liberal
use of diagrams illustrating lines of force, as shown
both from plotting and by experiment, does much to
impart a reality to the discussions. The second
section is devoted to Clerk Maxwell’s electromagnetic
theory of light, and emphasis is rightly laid on the
discovery of the coincidence between the ‘2 ' of the
physicist and the velocity of light. The third section
deals with Hertz’s classical experiments, culminating
in the realisation of electric waves; while the last
section is devoted to those further developments which
have established the identity in character of electric
and optical phenomena and have resulted in wire-
less telegraphy. This section includes the study of
polarisation, dispersion, optical resonance, and the
determination of wave-lengths. The author is very
clever in the way he keeps mathematical formula in
the background, and at the same time leaves the
reader perfectly conscious of their existence.

Drs. Foppl and Abraham’s two volumes deal with
the same phenomena treated from the point of view of
the advanced student of physics instead of that of the
popular reader. For this purpose the historic method
of our older books is now quite unsuitable, and we
are glad to see its place taken by a more powerful
method of treatment. The present writer has clear
reminiscences of the difficulties into which the text-
books in use in the ‘eighties of last century led the
reader. We were taught that quantities of electricity
and quantities of magnetism acted on each other
according to the law of the inverse square, that the
units could be so chosen as to give unit force at
unit distance, and that the forces in every case were
derivable from a potential. We believed these state-
ments implicitly, and then we were introduced to
statements inconsistent with the first under * specific
inductive capacity,” with the second under ‘electro-
static and electromagnetic units,”’ and with the third
under ** electromagnetic induction.”

Dr. Abraham’s readers start by equipping them-
selves much better with the analytical methods re-
quired for arriving at a clear conception of electro-
magnetic phenomena. The first section, extending
to 122 pages, written by Dr. A. Foppl, deals exclu-
sively with vector analysis and . vector fields, and the
latter subject is introduced by means of hydro-
dynamical analogies. It may truly be said that if
the study of the dynamics of perfect fluids has not
led to many practical applications, it possesses great
educational value in affording a simple and intelligible
representation of the quantities and equations occur-
ring in electromagnetism. By the time the student
has grasped these introductory notions he is able
casily to follow the sections on electrostatics and
magnetostatics without falling into any misconcep-
tions regarding their limitations, and he can then
pass on directly to the study of electromagnetic induc-
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tion and electric waves. Especially . careful is the
author in avoiding the old pitfalls in connection with
the ** Dimensions of Units.”” His equations are all
written with the three constants, and he then shows
how the electrostatic, electromagnetic, and Gauss's
systems of units may be obtained by putting two out
of these three constants equal to unity. We should,
however, have liked to see the dimensions of the units
tabulated in terms of force (or perhaps energy),
length and time instead of mass, length and time.
The formul® are then much simpler, and better
express the fact that electrical phenomena in general
manifest themselves to our senses by the forces they
produce on material bodies, though the existence of
these phenomena is independent of the concept of
mass as commonly understood,

So much for the first volume, which, as the author
points out in his preface to the second volume, covers
what may be described as the * first floor *’ of modern
electrical theory. The second floor, which has now
been built up as a superstructure on the first, con-
sists of the modern electron theory discussed in this
second volume.

The first chapter deals with the definition of an
electron and its elementary properties, while the
second deals with radiation from electrons. In
chapter iii., which deals with the dynamics of a
system of electrons, certain assumptions have to be

made. In most cases Dr. Abraham follows Lorentz’s
theory. In the second section, in dealing with pon-
derable bodies in motion, comparisons are made

showing the differences in the results obtained by
Lorentz’s and Hertz's assumptions.

In a book like the present, dealing with theories
about which differences of opinion exist, the list of
formulae collected for reference at thé end is particu-
larly useful, as it enables the reader to see at a glance
what hypotheses are made. While the book contains
an excellent exposition of the electron theory, based
on these hypotheses, we only have to turn to the table
at the end of Dr. Witte’s book to find that there are
twelve different conceivable mechanical theories of
electric phenomena of which the great majority are
classed as recognised theories.

Of these theories, two are theories of action at a
distance, and the third is Newton’s emission theory,
all of which are easily dismissed as insufficient to
account for known phenomena. The remaining
theories, which Dr. Witte describes as undulation
theories, and their classification is a simple matter
of permutations and combinations. We have two kinds
of energy of the ether, electrostatic and electro-
magnetic, which have to be potential or kinetic, or
partially potential and partially kinetic. These possi-
bilities lead to six different combinations or nine
different permutations. The cases where each part of
the energies is wholly kinetic or wholly potential lead
to three combinations, namely, Mie’s group (both
energies potential), Lord Kelvin’s (one potential and
one kinetic), and Hertz’s (both energies kinetic). But
another totally independent line of classification is
also pointed out in the separation of theories of the
ether into atomic hypotheses and hypotheses of a con-
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tinuous medium, and this line of discussion brings us
very close to the electron theory. What the author
has really done is to apply the method of exhaustion
to mechanical theories of the electromagnetic medium,
and he finds that when atomic theories of the ether
are taken into account the number of possible hypo-
theses is very large. Perhaps, as the author points
out, no mechanical theory may be found-to be capable
of explaining satisfactorily all the phenomena of
nature. The subject-matter of the present book is
certainly only a very small fraction of all that might
be written on mechanical theories of the ether, and
probably no physicist would regard the arguments as
conclusive except so far as they show that® certain
hypotheses are insufficient to account for the results
of experience. But at the same time, if the book does
nothing else, it shows that clearer and more definite
ideas of existing electromagnetic theories may be
obtained by an attempt to exhaust and classify the
different possibilities which present themselves,

It is in connection with irreversible phenomena that
mechanical theories present the greatest difficulties.
As a consequence, the kinetic theory of gases has not
received much attention from physicists very recently.
But Dr. Jédger points out in the preface to his book
that meanwhile an atomic theory of electricity has
been built up, bringing us back to the fundamental
notions of the kinetic theory of gases. The present
book contains a good outline of those applications of
the kinetic theory which are most easily understood.
Under this heading we include the error law of distri-
bution with special reference to spherical molecules ;
the virial theorem, a brief account of Boltzmann's
minimum theorem without examination of its diffi-
culties, and a discussion of applications to viscosity
and other convection phenomena.
good introduction to place in the hands of the student
of physics whose time is very limited, but he must
remember that there is a great deal more to be said
about the kinetic theory than meets the eye in these
pages.

Whether ¢ Theoretical Mechanics ’ is properly de-
scribed as a branch of physics or of applied mathe-
matics is a matter of opinion. But the ever-increasing
part played by mechanical theories in the study,of
physical phenomena is sufficient justification for Prof.
Jeans’s book. It is becoming every year more and
more difficult for the science student to keep pace
with the demands made on his time by modern de-
velopments of physics, and a book which starts with
the laws of motion and leads the reader up to
Lagrange’s equations, all in the compass of a single
volume, is certain to prove a great boon to a large
class of students. In his preface Prof. Jeans dis-
cusses the reasons for carrying the subject so far
as the study of generalised coordinates, but in view
of the fact that Lagrange’s equations are freely used
in treatises on electricity—for example, in discussing
the effects of mutual and self-induction in electric
circuits—no defence of their inclusion in the present
volume seems to be needed. In the chapter on motion
of rigid bodies we should like to have seen a little
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This book is a very-

more about ‘‘ uniplanar ’ motion. This would enable

the student to obtain a much more tangible and
definite conception of the meaning of a moment of
inertia than is possible when he is rushed on at once
to Euler’'s equations. Moreover, the proof of
these equations is unnecessarily cumbersome and
difficult for the beginner, and space could easily
be saved by simplifying it. The equations of § 250
for moving axes, when generalised for any vector,
such as angular momentum, immediately lead to
Euler’s equations. Instead of doing this, Prof.
Jeans gives what is nothing more than an alternative
proof of the vector differentiation formula, as applied
to angular velocity in § 252, and after all this trouble
the student has learnt nothing about the fundamental
principle involved in both, applications.

Returning to the earlier chapters, Prof. Jeans makes
an attempt in chapter iii. to prove the parallelogram of
forces by the now usually discarded dynamical method.
He escapes the fallacies of the old books in connection
with the parallelogram of velocities, but is led into
the usual non sequitur in assuming that the accelera-
tion which the forces produce when acting simul-
taneously must be compounded of the accelerations
which they would produce if acting singly. In con-
nection with his proof of the property that any motion
of a rigid body is compounded of a motion of transla-
tion and one of rotation, he defines rotation as motion
with one point fixed; the subsequent paragraph,
headed ** Axis of Rotation,” is so extraordinary that
it is best reproduced here in full. It runs as
follows :—

“In a motion of rotation, let P be the point which
remains fixed. Take any plane A through P and let
B be the position of the plane A after the rotation has
occurred. These two planes both pass through P, and
must therefore intersect in some line PQ passing
through P. This line is called the axis of rotation.
The rotation can be imagined as a turning about an
imaginary pivot running along the axis of rotation.”’

The absurdity of this statement is evident if we
suppose that the chosen plane A does not contain
the axis of rotation.

The book is freely illustrated by examples. Many
of these are very useful, but others are calculated to
inculcate very extraordinary ideas in the mind of the
reader. For example, on p. 68 we have an impossible
figure of a nut-cracker, neither the nut nor the cracker
being in equilibrium. The ladder in the next
example is free from this objection, but it contains a
superfluity of trigonometry which is hardly justified
by the preface. The question can be solved by
geometry with half the work. On p. 194 is given a
construction for placing a chute in such a position
that the time of sliding from a ship’s side on to a pier
may be as short as possible. If any reader were to
put the matter to a practical test, he would certainly
not get the same result, even if he got the objects
to slide at all. The correct construction is obtained
by placing the chute along a chord of a certain
circle touching the ship’s side, but the tangent
to this circle at the point where it meets the pier
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should be inclined at the angle of friction to the
horizon instead of being horizontal.

Suppose next that the inquiring reader wishes
to put the examples on the motion of pulleys of given
mass on pp. 202, 203 to a practical test. He goes to
a scientific instrument maker, and orders some ex-
pensive pulleys. However well he oils their bearings
to make them smooth, it is pretty certain they will
never move with the accelerations given by Prof.
Jeans’s formule. The tensions of a string may be
equal on both sides of a pulley so long as that pulley
remains at rest, but so soon as it begins to rotate
differences of tension will be set up, and no amount
of lubrication applied to the bearings will affect the
result. Of course, if the inertia of the pulley is
small, the tension differences will also be small, but
the masses of the pulleys are *‘ given” in the ques-
tions, and the proper lesson to be learnt is that a
solution of the problems which does not take account
of rotational as well as translational inertia is in-
correct.

There are several good features, however, which
well deserve mention. Among these are the treatmeat
of strings, including the early references to Hooke's
law, the example on p. 53, with its neat geometrical
solution, the example on p. 360, in which accelera-
tions in polar coordinates are deduced from La-
grange’s equations, and finally the omission of all
references to poundals, slugs, and other abominations
of the same nature. It is a pity that some of the
examples involve the usual tedious and uninteresting
drudgery in the form of multiplication or division
by 2240 or 5280 or 1728 or 33,000, or another of the
same series of objectionable numbers. We do not
blame Prof. Jeans for following the common prac-
tice in this respect, as most of us find ourselves forced
to do the same, but surely the time has come when
examples involving the metric system may figure more
freely than ther do in treatises on theoretical
mechanics, especially when those treatises are particu-
larly adapted for students of physics. G. H. B.

THEORETICAL ELECTROCHEMISTRY.

The Electrolytic Dissociation Theory. By Prof. R.
Abegg; translated by Dr. Carl L. von Ende. Pp.
ix+180. (New York: John Wiley and Sons;
London : Chapman and Hall, Ltd.) Price 5s. 6d.
net.

Electrochemistry. ~ Part 1., Theoretical Electrochem-
istrv and its Physico-ch :mical Foundations. By
Dr. Heinrich Danneel; translated by Dr. Edmund
S. Merriam. Pp. vii+181. (New York: John
Wiley and Sons; London : Chapman and Hall, Ltd.)
Price zs. 6d. net.

HE advent of the translation of these two little
books into English shows that the subject

of electrochemistry, or rather, we should say,
physical chemistry, with an electrochemical bias is
coming more and more to the front. But while we
have had of late a large number of books upon the
theoretical side of the subject, there is not very much
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| literature dealing with the practice of electrochemistry
and its applications to industrial problems.

Prof. Abegg’s book is a translation of the author’s
‘““Die Theorie der elektrolytischen Dissociation,”
which appeared in 1903 in the * Sammlung chem-
ischer und chemisch-technischer Vortrige.” Prof.
Abegg starts off in an elementary manner, and ex-
plains the dissociation theory so that the beginner may
understand the subject. On several occasions he uses
the term osmotic pressure, but throughout the
book he does not explain what osmotic pressure is or
how it is measured. Although the commencement of
the book is quite simple, it is not long before Prof.
Abegg revels in mathematics, which, combined with
the slavish style of the translation, makes the reading
rather uninteresting. The section upon equilibria
among several electrolytes is very long, and includes
subsections upon hydrolysis, avidity or affinity of
acids and bases for each other. The style of the book
may perhaps be shown by the following passage :—

 Since in the case of equal concentration the ionic
concentrations of pure (unmixed) acids are to each
other as the roots of their dissociation constants, we
may with Arrhenius also express this equation thus,
that both acids divide themselves between the base in
the same ratio as their degrees of dissociation would
be, if each were present alone in the volume con-
sidered.””

A section is also devoted to *‘non-aqueous solu-
tions,”” and in it the author explains some of the
difficulties which occur when one tries to bring the
behaviour of solvent and solute into line with a similar
substance dissolved in water; for examplé, the com-
plications arising by the phenomena of the association
of the non-ionised portion of the electrolyte. The book
is a useful review of the ionic theory written entirely
with the view of supporting the theory.

Dr. Danneel’s book, although it explains the ionic
theory in considerable detail, is an exposition of
general theoretical electrochemistry. The book begins
with an explanation of the terms work, current, and
voltage. The gas laws lead up to osmotic pressure,
which is fully and lucidly presented. The theory of
electrolytic dissociation and conductivity brings us up
to p. 114. The average student who is called upon to
study the ionic theory will obtain, we venture to think,
a better grip of the subject by a study of Danneel’s
book than from that of Abegg. The latter book treats
the subject more fully, but Danneel’s style is more in-
teresting, and he leaves none of the salient facts out.
Chapter v. treats of electromotive force and the
galvanic current, and chapter vi. of polarisation and
electrolysis. The last chapter, which is very short,
treats of the electron theory. We find it here stated
that * The electron acts chemically like an element.
It combines with other elements to form saturated com-
pounds, which are the ions »’; thus

Cl+0=Clo=Cl"

It would have been of special interest had Dr. Danneel
enlarged upon this subject; he has, however, just
given enough to make it suggestive. '
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OUR BOOK SHELF.

Christiaan Huygens, Traité: De iis quae liquido
Supernatant. Rédigé par D. ]J. Korteweg. Pp.
Ixxxiii 4 210.  (Extrait des Oeuvres completes de

Christiaan Huygens. Tome xi., n.d.)

Tuis treatisc of about a hundred quarto pages, printed
from a hitherto unpublished MS. of Huygens, forms
part of the eleventh volume of the collected edition of
his works which is now in progress. The accom-
plished editor, Prof. Korteweg, of Amsterdam, who
has himself made valuable contributions to hydro-
dynamics and to mathematical history, has judged
wisely in issuing it separately, and so rendering it
accessible to a wider public.

The contents are certainly remarkable. Book i.
begins by deriving the Archimedean conditions of
equilibrium of floating bodies from the principle that
the altitude of the centre of gravity of the whole
system composed of solid and fluid must be a mini-
mum, and the same principle is then applied to the
question of stability for angular displacements. Owing
to the manner in which the problem is stated, stable
positions are alone the subject of investigation; the
recognition of the fact that the conditions of equi-
librium are equally satisfied by a stationary altitude of
the centre of gravity, belongs to a later period. The
special cases of the paraboloid of revolution, and the
cone, floating with the axis vertical, are treated in
some detail.

In Book ii. we find a somewhat elaborate, but not
quite complete, treatment of the problem of the
stability in different positions of a floating log of
rectangular section; but the method followed is
different, and is more closely related to Archimedean
principles. Book iii. deals, on similar lines, with the
problem of the floating cylinder.

This brief recital will show how great is the histor-
ical interest attaching to this tract. The interest is
increased when we are told that it was a youthful
essay, which the author himself condemned as frag-
mentary and incomplete. A note appended to the
MS. reads: “ Haec de corporibus solidis in liquido
supernatantibus in prima adolescentia scripsi, cum
nullum adhuc majoris momenti argumentum sese
obtulisset . . . E primis Theorematis quaedam retineri
possent, item de Cylindris. Reliqua vuleano tradenda.”
The student of mathematical history will be glad that
this elegant, and in some respects significant, essay
should have escaped the fate here threatened, and
will be grateful to the editor for having now placed
it beyond the reach of accident.

The volume, which is (by the way) most beautifully
printed, contains a valuable introduction and com-
mentary by Prof. Korteweg, who points out in detail
the relation of Huygens’s work to later developments
of the theory. It includes also reprints of other MS.
notes by Huygens on the same subject, with interest-
ing facsimile reproductions of the original diagrams.

“n

A Health Reader. By Dr. C. E. Shelly and E.
Stenhouse. Books i. and ii. Pp. vi4 160 and
viii+196. (London : Macmillan and Co., Ltd., 1907.)
Price 1s. and 15. 4d.

Tue great importance of imparting to children, while
at school, a knowledge of the broad princivles of
healthv living is generally recognised; and the past
few years have witnessed the outcome, in response to
a growing demand, of many handbooks upon ele-
mentary hygiene for school purposes. Some of these
have erred on the side of attempting to explain too
much, and the book, whether designed to meet the
needs of the school-teacher or of the scholar, has
dealt with non-essentials in an unnecessarily technical
manner,
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These two small works, both of which are fully
illustrated, have been compiled with great discretion,
for the subject-matter is that which every child should
know, and it is treated in such a manner that the
childl. while acquiring useful information, will be inter-
ested,

The earlier book is designed for use among chil-
dren of nine to ten years of age, and the later volume
for pupils of from ten to twelve years of age. A
noteworthy feature of both books is the omission of
all technical terms. For instance, the cranium and
sternum are called the brain-case and the breastbone,
and the red blood corpuscles of the blood are described
as ‘‘ grains of red jelly "’—‘‘ the oxygen-boats.”” An-
other noteworthy feature is the due appreciation shown
of the importance of presenting the subject-matter in
the simple manner which appeals to the child-reader.
Those who are unfamiliar with the difficulty of
appealing to the child of from ten to twelve years
with a subject such as hygiene may judge Book ii.
to be too elementary; but others will not share that
view,

It is most desirable that a health reader, the infor-
mation of which can (where necessary) be supple-
mented or explained by occasional conversational
digressions, should be introduced into every school;
for it is doubtless the easiest and the most effective
way of teaching the subject. The works under review
are exceedingly well designed to serve this purpose.
Ptolemius oder Kopernikus? IEine Studie iiber die

Bewegung der Evde und iiber den Begriff der

Bewegung. By Dr., Karl Neisser. Pp. vi+1s4.

(Leipzig : J. A. Barth, 1907.) Price 3 marks.

Tue author of this little book aims at showing that
all motion is relative, and that the people who three
hundred years ago disputed as to whether the earth
moved round the sun or the sun round the earth were
all equally right, and were only fighting about words,
In the first chapter it is set forth with needless pro-
lixity how all apparent phenomena produced by the
motion of an observer will be the same if he is at
rest, and all the surrounding objects are in motion
with the same velocity in the opposite direction. The
author next deals with the system of Copernicus, and
points out how it could only claim to represent the
planetary motions in a somewhat simpler manner,
but that the relative positions of the earth and a
planet were exactly the same according to the old
and the new system. Bul everything was changed by
the discovery of the proper motions of the fixed stars,
which made it theoretically impossible to refer the
celestial motions to a fixed origin of coordinates, while
the sun’s own motion through space shows that the
earth cannot describe a closed curve round it. As
regards the rotation of the earth, the author maintains
that the deviation of a falling body towards the east
and Foucault’s pendulum do not absolutely prove
that it is the earth and not the whole rest of the
universe which is turning. Whether we say that the
earth or the heavens, or both, move is thus a mere
matter of taste depending on the point of view; and
the two first laws of motion are incapable of proof,
since there is no such thing anywhere as motion in a
straight line.

The most unsatisfactory part of the author’s reason-
ing is the way in which he lightly skims over the
aberration of light in a footnote only. One might
grant him that everything else he brings forward is
conceivable, but the human mind is hardly capable
of imagining that all stars might move in the course
of a vear in circles, the planes of which are parallel
to each other. If aberration is not an absolute proof
of the earth’s annual motion, we may give up the
hope of proving anything.
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LETTERS 170 THE EDITOR.

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

British Association; Section A,

As an old member interested in the welfare of
Section A, and appreciative of the useful work it has
long ‘done in bringing physicists and mathematicians of
various kinds together, I want to suggest that the com-
paratively recent practice of crowding all its multifarious
work on to a few days, and getting through it by sitting
in duplicate and by hurry, is unsatisfactory. This sugges-
tion is not intended as a complaint, but as a warning that
such a method of dealing with Section A must sooner or
later result in its disintegration into two or more sections.

So long as it keeps together—and it is much to be
desired that it should keep together, so that workers in
different fields may hear something of each other’s results
—it is necessary that it should take all the time allowed
to it, and sit as a rule both on Saturday and on Wednes-
day. The Saturday meeting is especially important. In
the old days the mathematicians frequently had an excel-
lent opportunity on that day, of which they took full
advantage. So also the final meeting on Wednesday, for
some of the papers on minor experimental points, and for
such as had been postponed from other days, has also
been often quite interesting.

If Saturday is not utilised, some of the senior members
are apt to leave at the week end, and the discussions on
future days then lack some of their interest and importance.

The only reason for not meeting on Saturday is on account
of excursions. It is to be hoped that excursions will not be
allowed to ruin the meeting, Saturday excursions are an
innovation : they began as visits to works and the like,
in the immediate neighbourhood, on the afternoon; and the
full-day excursions were kept for the second Thursday.

An attempt was made to diminish the excursions by
abolishing the second Thursday, with the unfortunate result
that excursions have now encroached on and consumed
the Saturday—which is much worse. There are sections
perhaps, such as “C, and no doubt others, of which
excursions are an important feature; but it is not so
with A, Let me urge the officers of that section to return
to the older practice, and to aim at taking meteorology on
Monday, general physics and astronomy on Thursday and
Monday, pure physics on Friday and Tuesday, pure mathe-
matics on Saturday, and an overflow, together with experi-
mental papers, on Wednesday, Then allied sections, such
as B and G, can take papers of more interest to physicists
on the Monday, as indeed used to be, and perhaps is, their
custom ; and Section L. might perhaps then assist Section A
with some of the interesting and important papers on
details connected with teaching.

Another minor matter is to express my belief that
sectional committee meetings would be more convenient,
and likely to be better attended, in the afternoon than
in the early morning, But on that there may easily be
differences of opinion. OL1vER LODGE.

Fecundity of the Leopard Moth,

A spECIMEN of the above (Zeuszera aesculi) was sent to
me by post in a tin box a few days ago from Felixstowe.
The moth was dead when it reached me, but had laid eggs
in the box. As there seemed to be such a large number
I had the curiosity to have the eggs counted, and it was
found that there were 725. It is, of course, impossible
to say whether this represents the whole family or
whether she may have laid some eggs previous to capture.

The relative fecundity of different species of insects in
relation to their life-habits is an interesting subject from
the selectionist’s point of view. The caterpillar of this
moth is a wood borer, and the conditions for favourable
nutrition may be difficult to find, so that a high fecundity
has been developed in order to meet precarious conditions
of survival. Other wood borers seem also to lay large
numbers of eggs, but I do not know whether the families
‘have ever been counted. As a contribution to the subject
ithis observation appeared worthy of record.

Nairn, N.B., August 10,
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R. MELpOLA.

THE SECOND INTERNATIONAL CONGRESS
ON SCHOOL HYGIENE.

HE. Second International Congress on School
Hygiene was opened on August 5, and closed
on August 10. The papers were mainly practical. At
the first congress (Nuremberg, 1904) there was a
distinctly greater proportion of research work ; but this
was due to the fact that the medical examination of
school children had been longer established in Ger-
many, Austria, and other European countries than it
has been in England. Such scientific investigation as
the present congress has evoked is almost exclu-
sively directed towards justifying immediate adminis-
trative measures, or developing existing organisations.
For example, medical inspection has, in England and
Scotland, now all but become a widespread reality, and
the hygiene of school buildings and school work has
rapidly grown into a speciality. We here indicate the
main problems raised for discussion.

(1) Methods of Medical Inspection.—The desirability
of medical inspection has been assumed at every sec-
tion. The chief concern is to what extent it shall
proceed. Dr. Méry (Paris) maintained that the first
examination on entry to school should include (a) an
anthropometric record of weight, height, chest
measure, dvnamometric observations; (b) physiological
record of the primary educational senses—eye and ear;
(¢) a medical record of all the organs—throat, lym-
vhatic system, skin, skeleton, lungs, heart, &, He
insisted on the extreme value of minute thoracic
measurements, as shown by insurance results. Experi-
ment has shown that spirometry as a test of lung
conditions is not practicable with children. The minute
measurements required to establish the ‘ thoracic
index »’ can be carried out only by skilled specialists.

The other papers on medical inspection recommend
‘'only a medical examination, conducted strictly in rela-
tion to the school-work required. Accounts were given
of the methods of report and examination employed in
Sl\\'edcn, Breslau, Wiesbaden, Leipzig, Nice, and other
places.

Dr. Clement Dukes (Rugby) gave the results of an
elaborate physical examination of 1000 boys of ages
thirteen to fifteen. The boys were taken as they
entered the public school. This paper is of great
practical value. It deals with boys whose home-
nurture was of the best possible. As tested by Dr.
Roberts’s standard tables, 522 boys were above the
normal height; 113 were average; 365 below normal.
In weight, 472 were above normal; 57 average; 471
below normal. In chest measurement, 445 were above
normal; 132 average; 423 below. Acquired deformi-
ties (such as spinal curvatures, pigeon-breast, bow
legs, flat feet) were surprisingly numerous. E.g.
there were 529 cases of knock-knee ; of lateral curvature
of spine, 445; of flat-feet, 329. There were 13 cases of
eustachian deafness; 19 of aural deafness. Hyper-
metropia, 40; myopia, 128 ; astigmatism (considerabie),
'27.  Heart disease, 10. Albuminuria, 157. This is a
startling figure. As to puberty, 317 had attained the
state between thirteen and fifteen years; in a few cases,
not until fifteen. This research is the most elaborate
vet published regarding English public school boys.
It has an important bearing on the question of en-
vironmental versus germinal deterioration.

(2) Effect of School on Health.—Dr. Hiittel (Prague)
records that the upper classes suffer more in nutrition
than the lower from had teeth. Myopia is admitted
to be a result of school work. Girls suffer more than
boys from spinal curvature. Nervous diseases, head-
aches, insomnia, night-terrors, are more frequent in
the higher classes.

Tuberculosis.—Dr. Oldwright (Toronto) deals with
the schoolroom as a factor in tuberculosis. As to
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teachers, he shows that, in the returns of six great
cities (Baltimore, District of Columbia, New York,
Brooklyn, Philadelphia, Boston), female teachers in
schools rank next to highest in order of mortality
from consumption, printers and pressmen being
highest, This is confirmed by other returns. The
ratio of consumption-deaths per 1000 deaths is found
uniformly higher among teachers (male and female)
than in all other occupations. Chalk dust is sug-
gested as one factor in causing this exceptional inci-
dence,

Dr. Arthur Newsholme (Brighton) states, as the
result of a careful examination of 806 children (con-
ducted by Dr. Lecky), and a comparative analysis of
other figures from Dundee, Dunfermline, and Edin-
burgh, that he is inclined ‘‘ to think that there is not,
on the average, more than 1 in 300 children in schools
showing revealed or diagnosable pulmonary tubercu-
losis.” But ‘latent tuberculosis ' is considerable.
Naegeli ‘“ found in autopsies of children aged one to
five 17 per cent., and of children aged five to thirteen
that 33 per cent. had tuberculous lesions.” But the
origin of the tuberculous infection is almost certainly
domestic, not scholastic; though school conditions and
work may, and do, provoke latent tuberculosis into
activity.

Measles.—The scientific grounds for school closure
in measles epidemics were discussed by Dr. Thomas
(LLondon) on the basis of g512 carefully investigated
cases. Measles tends to spread when a class accumu-
lates unprotected numbers to the extent of between
30 and 40 per cent.,, and when spread has begun it
extends until the proportion is reduced to between
15 and 20 per cent. unprotected. School closure to be
of any use must occur before the first *“ crop  falls.
Thiﬁ) conclusion is confirmed by Dr. Davies (Wool-
wich).

Diphtheria.—Dr. Niven (Manchester) states, as the
result of numerous investigations, that the ‘‘ year of
maximum incidence precedes the years of school life,”’
and that the ** great drop at age six ' is probably due
to widespread establishment of immunity. The sani-
tary condition of the schools has probably less to do
with outbreaks than the absence of playgrounds; but
aggregation multiplies the chances of infection. The
‘“slight or latent * cases far outnumber the discover-
able cases. But many ‘‘latent” cases proceed so
slowly that an antitoxin is naturally produced, and
immunity thus established. In practice, it is well, as
Newsholme suggests, ‘‘to exclude diphtheria con-
valescents from school for six weeks after discharge
from school and recovery at home.”  Diphtheria
‘“ contacts "’ may, though not themselves showing any
marked symptom, spread the disease.

(3) School-work and Healthy-mindedness.—Prof.
James Sully, from the standpoint of general psycho-
logy, concludes that current educational ideals over-
emphasise Rousseau’s half-truth that * education is
essentially a process of following nature, of observing,
understanding, and safeguarding a natural process of
development.”” Healthy-mindedness means vigorous
intellectual faculties strongly predisposed to exercise
their proper functions. But many facts show that
present-day school-work, by excess of book-learning
and neglect of the actualities of life, tends to reduce
mental vigour and to predispose the average person to
accept opinions without examination or test. But
there are signs that the schools are conscious of this.
Prof. Sully does not seem to allow sufficiently for the
large positive content of the reaction against books.
This positive content is more obvious in American
methods than here. But all agree with him that
education ought to produce a *‘healthy, vigorous
attitude of mind.”
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(4) Age for School Attendance.—The science of the
English custom of sending to the day-school infants
of three to five was examined by Dr. Newsholme. His
main conclusion is against the custom, first, on the
practical ground that the danger of fatal infection is
vastly increased (though the facts are too few to be
conclusive); second, because there is no educational
advantage. On the opposite side, it was contended
that the school, if properly adapted as a play-place, not
a work-place, fulfils the functions of the home by
giving scope and atmosphere for infantile play-energies
and dispositions, which are the biological prelude to
education proper. The problem is of profound import-
ance; for it involves the whole theory of the créche,
the kindergarten, and the play-centre. But there is no
body of scientific evidence to make even a provisional
conclusion possible. It is certain, on the other hand,
that many schools as they exist are quite unfit for the
work of tending infants of three to five, and there is
no general *“ play-curriculum *’ adapted to their needs.
Biologically, it is a doubtful gain to leave the delicate
organism of three absolutely to the chance environ-
ment of *“home” or street, where an ineradicable
bias to evil mental habits may readily be produced.
Scientifically, the problem remains for future con-
gresses.

A related topic is the vacation camp or holiday home.
Many practical descriptions were given, but no criti-
cised quantities, Captain Polvliet (Amsterdam) de-
scribed in detail the practice of a holiday camp in
Holland, and the conditions of healthy freedom com-
bined with sport programmes seemed to be realised,
The results to health were undoubted.

(5) Physical Training.—The tendency of the prac-
tical educationist is rather to rest in ‘‘ systems’ of
muscular training than to make an effort to discover
fundamental principles. Such an effort, however, was
made by Dr. Hulbert (London), who showed how
intimately the voice is affected by the stiffness or
elasticity of the body, and so forms an indicator of
physical conditions. Position in voice-using must be
good, but absolutely free from rigidity. ontrol of
breathing must be acquired by cultivating elasticity
of the elastic parts of the chest. Respiration for voice-
production should depend on the essential muscles
of respiration, not on the external. When the right
quality of muscular movement and of muscle is secured
by training, good voice naturally results. The ordin-
ary ‘‘systems” fail in this, because they rely on
coarse muscular movements. For good tone, physical
training of the right kind is essential. There are three
main factors—position, control of breathing, and the
abdominal press.

Dr. Gulick (New York) described the place and
limitations of folk-dancing as an agency in physical

‘training. School gymnastics fail to establish habits

of exercise, especially in girls. Selected dances can
be adapted to the feminine physiological, psycho-
logical, social and @esthetic needs. They involve large
masses of muscle, and can be carried on two or three
times as long as gymnastics without fatigue—a fact
of cardinal importance. The instinct feelings are tied
up with the neuro-muscular system in a fundamental
way, and the dance evokes them in the individual,
But dancing fails to correct the faulty postures due to
school-desks. It is a useful adjunct to training, but
not alone adequate. But the interest excited has led
to its securing a high place in the New York elemen-
tary and high schools.

(6) School Work—Duration, Sequence of Lessons,
and Seasons.—Dr. Leo Burgerstein (Vienna{ opened a
general discussion on this subject, commenting on the
practical difficulties of obtaining trustworthy measure-
ments of fatigue. But it is certain that work con-
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tinued in a state of fatigue is of no value for obtaining
skill. Lessons should never exceed forty-five minutes
in high schools, and for pupils under age of puberty.
The earlier lessons of the day should last longer than
the later. Six-year-old children should not be kept
sitting at work for more than half an hour without
exercise and rest. For infants and junior pupils,
writing should be interrupted every five or ten minutes
by change to a comfortable position. Rests should
never be used for the purpose of instruction or punish-
ment. [.essons requiring mental effort or memory
work should be taken early in the day. Lessons in
drawing or needlework should not follow a lesson in
bodily exercise. Two lessons requiring mental concen-
tration or near-vision should not follow each other.
Season has an effect on quality and quantity of worlk,
school-work being harder in summer.

Prof. Chabot (Lyons) analysed carefully the same
problems. In the French elementary school, a lesson
does not last more than thirty or forty minutes, but
the day’s session lasts about an hour and a half, the
only rest being change of subject. The official regu-
lations, however, permit a margin of variation, and
no lesson must exceed an hour. After discussing
fatigue and the details of typical time-tables, Prof.
Chabot suggests that from age seven to ten a lesson
should run from fifteen to thirty minutes; from age
ten to fourteen it should run from thirty to forty-five
minutes ; after age fourteen, the lessons may last for
an hour or an hour and a half. The limit of daily
work should be six hours from age seven to twelve;
seven hours from age twelve to fifteen; eight hours
after fifteen. The rhythm of mental effort—invention
or assimilation, analysis or synthesis—depends more
on the consecutive masters than on the distribution of
subjects; but abstract lessons should be followed by
concrete lessons and practical exercises. It is prefer-
able to have two or three classes in forenoon and two
in afternoon. There is a growing opinion in England
that afternoon work is worth little.

(7) School Suicides.—Prof. Chlopin (St. Petersburg)
gave a paper on suicide and attempted suicide among
pupils of Russian middle schools. He had investi-
gated 337 actual and 95 attempted cases. Among
school children, the suicide rate is three times higher
than among the general population. Shooting,
hanging, and poisoning are the leading methods.
The chief causes are mental and nervous derange-
ments.

Prof. Eulenberg (Berlin) gave similar facts from
Germany (as Prof. Gurlitz has already done in a book
recently published in criticism of German school
methods). He had traced during the last twelve
years 1152 cases of actual suicide among school
children. More than 50 per cent. of these were trace-
able to failure in examinations or overwork at
school.

(8) Economics o{ Neglected School Children.—Dr.
Cronin (New York) gave an estimate of the waste due
to diseases and defects of school children. In 1902
(New York) there were 24,000 exclusions, which, at
the known cost of 20 cents a day, represents a loss
of 4800 dollars in three months. In a school popu-
lation of 650,000, 30 per cent. were from one to two
years behind their proper class—a loss of about 40
dollars per child, ifP only one lost year be counted.
Thirty per cent. (or 195,000) lose one year in six—a
loss of 1,666,666 dollars in each school year. Most of
the diseases were preventable, and it is economic
waste not to prevent them.

(9) Anthropometry in School. — Dr. Shrubsall
(London) sketched what the British Association regard
as essential in school anthropometry—stature, weight,
heir-coloration, iris colours, maximum length and
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i conclusive against Griesbach’s method).

breadth of head, chest in deep inspiration and expir-
ation, diameters of chest, breadth across shoulders and
trochanters, height of head. (The report of the
Physical Training Commission [Scotland] contained
all these and some other measurements of 1200 school
children.) The opinion is general that this work
should form a special investigation, and should not
be expected of the education authority at the ordinary
medical  inspection. It certainly takes more time
than medical inspection; but the data wanted are of
value for anthropology. No results were produced at
the congress. Mr. Gray gave details of a uniform
scheme of yearly measurements of school children as
a basis for estimating deterioration of the race.

Dr. Schuyten (Antwerp) presented a summary of ten
years of research in the padological laboratories of
Antwerp. It is difficult to overestimate the value of
those researches. The chief general conclusions are,
(1) that the child, on entering the ordinary school,
undergoes physical and mental depression; (2) that
growth in muscular power is not regular during the
school year, there being a distinct depression in March ;
(3) that, as tested by the dynamometer, muscular
power varies with the season; (4) that voluntary atten-
tion decreases from January to July, and increases
from October to December; (5) that fatigue increases
during - the school year from one end to the other
without perceptible recovery of energy due to holidays ;
(6) that the validity of aesthesiometric methods of
determining fatigue is now demonstrated (a view con-
tested by Dr. Altschul, of Prague, who criticises Prof.
Griesbach’s results, and maintains that his own are
The methods
used by Dr. Schuyten are ingenious. For instance, in
drawings of a * little man ’’ on a uniform-sized white
surface by children of different ages, it was found
that there is a regular increase in the length and
breadth of the figure from 3} to 6 years of age. At
age six, on entrance to school, there is roughly a
40 per cent. reduction in the dimensions, which again
increase with age. Schmidt Monnard noted actual
slackening in the child’s own development at this
age.

It is important to have some confirmation of Prof.
Griesbach’s method of testing fatigue by the
asthesiometer. It has been subjected to much criti-
cism; but its simplicity and ease of application are
strong inducements to further definitive experiment.
It is undoubtedly the simplest method yet suggested
for school children, and research will probably centre
round it for some time to come.

(10) Relations of Medicine and Paedagogy.—Prof.
Griesbach (Muelhausen), who first suggested an inter-
national congress on school hygiene, and, as president,
carried through the Nuremberg congress with un-
tiring energy, wound up the London congress with
an evening lecture on the ‘‘ Relations between Medi-
cine and Padagogy.”” He gave a really encyclopadic
view of the whole vast subject, and his printed lecture
will remain one of the most important documents of
the movement. In a series of elaborate tables he
outlined the whole educational curriculum of elemen-
tary and higher schools in Germany, giving body to
his comments by large masses of analysed observations
and records. His table on the relations between cir-
cumference of head and mental capacity is a striking
record of observations made by himself, The numbers
examined were not stated, but they were large enough
to justify averages. When the full lecture is pub-
lished, this table will deserve careful criticism. It
sustains the view that, on the average, the larger head
goes with the greater mental capacity. The lecture
was, in every respect, a worthy close to a great con-
gress.
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ELECTRICITY IN BULK.
OWEVER far we may still be from a proper
understanding: of the actual nature of the
phenomena connected with the production of electrical
energy, the past twenty years has clearly shown that
in its economic aspects it follows certain well estab-
lished laws. Just as the great increase in the scale of
wholesale production and the invention of new and
more rapid means of distribution enables the big
manufacturer and stores to compete with the local
workshop, or shopkeeper, so the lower first cost of
producing electricity on a large scale, and the higher
electrical pressures used in its transmission, enable
the central authority to compete with the smaller local
source of production.

The economy of concentration and bulk production
of electricity was recognised by Ferranti nearly twenty
years ago, and that his attempt to carry it out at
Deptford in 1889 was unsucecessful was solely due to
the fact that there, as in the case of the ‘‘ Great
Eastern,”” the idea was in advance of the state of
manufacturing knowledge,

The size of units proposed for the Deptford
station in 1889, 10,000 h.p., and the pressure used,
10,000 volts, have since been exceeded, and the latest
serious proposal for the supply of electricity wholesale
to London, was based upon 20,000 h.p. units, and
20,000 volts pressure. But although the premature
attempt to concentrate electricity production at Dept-
ford did not meet with the success it deserved, the
correctness of the principle was not lost sight of.
Another company, the Metropolitan Electric Supply
Company, in the succeeding ten years carried out a
policy of partial concentration in its own area, abolish-
ing a number of small stations in the West End, and
replacing them by a larger station at Willesden. But
nothing so radical has taken place in electricity as
has been the case in gas supply. The Ordnance Maps
of forty years ago recall the existence of some seven-
teen or eighteen gas works, scattered throughout the
Metropolitan area, nearly all of which have now been
dismantled. To-day, go per cent. of the gas used in
London is produced at Beckton, on the Greenwich
Marshes, or at Nine Elms.

There are still, however, more than seventy electric
generating stations in Greater London, and at present
little prospect of their number being reduced. For
Parliament has now rejected the third and last possible
alternative for solving this knotty but urgent problem.
The freedom with which the process of concentration
was carried out in the case of gas arose largely from
the fact that the undertakings were entirely in private
hands, and that no political questions were raised in
connection with their abolition.

The need for improvement, and the technical sound-
ness of the methods suggested for improving exist-

_ing electrical conditions, have now been generally
admitted, both by those who favour municipalisa-
tion and those who favour private enterprise under
municipal control. The fact that the existing sta-
tions, which have cost 45l. to so0l. per kw., could
now be built for 1ol. per kw., that the present cost
of production is more than 1d. per unit, and in a new
station need only be o2d. per unit, that the consump-
tion of electricity in London is only one-tenth of
that in other great cities, are no longer questions of
discussion.

During the past threc years three serious attempts
have been made to carry out a similar concentration,
the first by private enterprise, and the second by the
London County Council. Although the first only
failed to become law by a few days, neither of these
proposals succeeded in obtaining Parfiamentary sanc-
tion,” It was, therefore, hoped that the third and last
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alternative, that of co-operation between municipal
and private enterprise, which was put before Parlia-
ment this year, would have been more successful.
The fact that it also shared the fate of the previous
proposals, and has been rejected, is therefore the more
to be regretted, for it appears as though the scien-
tific solution of London’s electricity supply difficulties
will now be indefinitely postponed. Private enterprise
cannot be expected perpetually to provide the money
for promoting schemes which are endorsed by Parlia-
mentary Committees on their merits and rejected by
the House of Commons on political grounds. The
London County Council naturally does not feel justi-
fied in making further proposals for establishing a
wholesale supply of electricity at the ratepayers’ ex-
pense, in view of the recent elections. The supporters
of complete municipalisation, however, have indicated
that they are unwilling to agree to any proposal
other than one for the complete municipalisation of
electricity supply, and hence the present deadlock.

NOTES.

We are glad to be able to notify that.the honour of
a knighthood of the Most Honourable Order of the Bath
(Civil Division) has been conferred upon Sir Archibald
Geikie.

Tue Times announces the death of Dr. W. D. Miller,
professor of odontology at Michigan University, the author
of many treatises on the tecth, and until last year professor
of odontology in the University of Berlin.

By the death of Angelo Heilprin on July 17, at the
age of fifty-four, science loses an enthusiastic naturalist,
geologist, and explorer. He was born in Hungary, but
at an early age emigrated with his parents to the United
States. His education was completed in England at the
Royal School of Mines during the years 1874-7, when he
showed especial aptitude for natural history and gained
the Edward Forbes medal. Returning to the United
States, he was in 1879 appointed professor of invertebrate
palaontology and curator in charge of the Academy of
Natural Sciences at Philadelphia, and for a time he was
professor of geology at the Wagner Free Institute of
Science in the same city. He was author of a handbook
on the local *‘ town geology,”” of a memoir on the Tertiary
geology of the United States (1884), as well as of works
on the Bermuda Islands and west coast of Florida. For
the International Scientific Series he wrote the ** Geo-
graphical and Geological Distribution of Animals ' (1887).
He was author of an essay on the Arctic problem, and
in 1892 he led the Peary relief expedition to the Polar
regions. In later years he turned to volcanic phenomena.
In 1902 he visited Mont Pelée while it was still in erup-
tion, and wrote a work entitled ‘‘ Mont Pelée and the
Tragedy of Martinique "’ (ed. 2, 1903); while in a recent
article, published in. Science (New York, 1906), he dis-
cussed the ““ Concurrence and Interrelation of Volcanie
and Seismic Phenomena.”

Tue first meeting of the Italian Association for the
Advancement of Science will take place at Parma from
September 23 to 29. According to the Lancet, the medical
sciences will be strongly represented, particularly in
anatomy, human and comparative ; and the section devoted
to anthropology, ethnography, and paloethnology will
have special attractions because of its programme. It is
expected also that fresh light will be thrown at the meet-
ing upon the subjects of forest growth, rainfall, and
hygiene.
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Tue second International Congress on Physiotherapy
will meet in Rome under the presidency of Senator Guido
Baccelli in October next, and bids fair to be a great
success, representatives from Great , Britain, France,
Germany, Austria, Denmark, Sweden, Norway, Belgium,
Holland, Switzerland, and Japap having already intimated
their intention of being present. The Italian Government
is granting special travelling facilities to those attending
the congress. The general secretary of the congress is
Prof. Carlo Colombo, Via Plinio, Rome. The English
secretary is Mr. W. Deane Butcher, Holyrood, Ealing.

A Reuter telegram from New York states that the
main expedition of the Peary Arctic Club has been post-
poned for a year in consequence of the new boilers in
the Roosevelt having been delayed; the vessel meanwhile
is to be taken to Etah, Greenland, for the purpose of
establishing a coal depbt, and will return by the end of
September.

AccorpING to the Athenaeum, a scientific expedition for
the exploration of Central Asia has been organised by
the Russian Geographical Society. It will be under the
{eadership of M. Kozlow, and will leave in October next.
The expedition proposes to spend two years in the close ex-
amination of southern Mongolia and the western parts of
the Chinese provinces of Kansuh and Szechuen. It is
stated by our contemporary that the entire cost of the
expedition will be borne by the Czar.

It is stated in the Western Electrician that wireless
telegraph stations have been erected on Spitsbergen and
at Hammerfest and Tromso in order that wireless com-
munication may be kept up with the Wellman Arctic
Expedition.

ACCORDING to the Electrical Review, a committee of
inquiry into the question of electric-railway working in
the United States is about to leave Berlin for New York,
in connection with the long-discussed scheme for the
introduction of electric traction on German railways, and
particularly on the Berlin city railways. The committee
intends to inspect, among other lines, the Baltimore-
Washington-Annapolis Railway, which is equipped on the
Westinghouse single-phase system, together with the
elevated and tunnel railways in the United States. It is
stated that the Berlin State Railway Administration will
soon prepare plans for the conversion of certain lines as a
result of a recent order made by the Minister for Rail-
ways, although nothing of practical value can really be
accomplished until the return of the committee and the
presentation of its conclusions.

Tue Mississippi Valley Laboratory of the United States
Department of Agriculture has, according to Science, been
abolished, and the work in forest pathology will in future
be carried on at Washington, D.C.

Tue Alvarenga prize of the College of Physicians of
Philadelphia for the present year has been awarded to
Dr. W. Louis Chapman for his investigations on ‘‘ Post-
operative Phlebitis, Thrombosis and Embolism.”

THE council of the Selborne Society has for some time
had under its consideration a suggestion that the work of
the society could be done much more efficiently if sections
were formed, consisting of members specially interested in
any particular objects. It is thought, for example, that
one group of members might deal with the protection of
plants, another with the question of the wearing of
feathers, a third with the preservation of ancient buildings,
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a fourth with that of places of natural beauty, a fifth
with general amenities, and so on. The matter has now
been referred to the general purposes committee, and
members who are interested in any matter coming within
the society’s objects are invited to communicate with the
honorary general secrctary, that a report may be made to
the council as to the possibility of carrying out the idea.

Tue Gypsy Lore Society, which was founded in 1888
and met an untimely end four years later, has now been
revived, with its headquarters at 6 Hope Place, Liverpool.
The first number of the new Journal illustrates the diffi-
culties which surround the problem of the origin of this
mysterious people. The most important contribution is
Mr. John Sampson'’s article on ‘‘ Gypsy Language and
Origin,”” which contains a useful summary of the litera-
ture of the subject. The linguistic evidence seems to
connect the Gypsy speech of Europe with that of Kashmir
or Dardistan, but the intervening links, particularly the
dialects of Syria and Armenia, are still little known, and
much work remains to be done before a comparative
grammar and dictionary can be compiled. The society,
however, must resist the tendency to confound the ethno-
logical with the linguistic problem. It may perhaps be
admitted that the basis of Gypsy speech is to be found
in that of one of the vagrant tribes of India. But it is
probable that this Dravidian race element has now largely
disappeared in the KEuropean branch of the tribe, and
anthropometry can throw little light on the varied
clements from which it has been recruited. All students
of anthropology, linguistics, and folk-lore offer a friendly
welcome to the revived society, which will, it may be
hoped, enjoy a longer lease of life than its predecessor.
It has been suggested that, with the collaboration of
members of the Gypsy Lore Society, an anthropological
survey of the Gypsies should be undertaken, with the
view of classifying them from that point of view and
determining their ethnographical position among the races
of India. Members of the society who are interested in
this subject, and especially those who are in a position
to take part in the work, are invited to communicate with
Mr. J. W. Scott Macfie, Rowton Hall, Chester.

AN institute entitled the Istituto Therapeutico Italiano
has been established at Milan under the directorship of Dr.
Zanoni, the work of which will be the investigation of
the action of new drugs, especially in regard to serum-
therapy and hypodermic medication.

Tne Vienna correspondent of the Lancet states that the
new premises of the Vienna Serum Institute have been
recently opened. The institute serves two distinct pur-
poses, viz. scientific research and the preparation of sera
against certain diseases for the supply of medical institu-
tions and practitioners. It is stated that 71,506 bottles
of anti-diphtheritic serum were made in the institute and
sold in 1905, and 75,000 bottles in 1906, together with
7500 doses of anti-scarlatinal serum and 2000 doses of
dysentery serum. Since 1906 the institute has been self-
supporting, as the sale of the sera to private patients
covers the cost of manufacture. The quantity of blood
taken from each animal amounts to six litres (eleven pints)
each time, and as this is repeated ten times a year, 110
pints of blood have to be reproduced by the organism
within a year. ‘

Tue French Association for the Advancement of Science
recently met at Rheims under the presidency of Dr.
Henrot. In the presidential address, after remarking that
with notification, isolation, and disinfection, with certain
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exceptions, we may hope to stamp out infectious diseases,
Dr. Henrot proceeded to deal with the question of child-
life protection. Various societies have been iounded in
France to care for the mother, both before and after the
birth of the child, and to educate the parents in the proper
feeding and care of their children. For this purpose,
associations for the supply of proper milk, comparable to
our infants’ milk dep6ts, have been established. Créches
also have been organised to look after the children while
the mothers are at work. Children abandoned or in
immoral surroundings are cared for by the State, and in
France there are no less than 178,000 of these, for whom
schools are established where, as they become old enough,
various trades are taught. The families which have the
most numerous members should be the best housed, and
at Nancy the ‘‘ Bureau de Bienfaisance’ has provided
dwellings with gardens for those families where there are
children.

AN interesting report by Dr. Leslie Mackenzie and
Captain A. Foster has been issued by the Scotch Education
Department on a collection of statistics relative to the
physical condition of children attending the public schools
of the School Board for Glasgow. The figures show that
the one-roomed child (i.e. the child of a family occupying
one room only), whether boy or girl, is always on the
average distinctly smaller and lighter than the two-
roomed ; the two-roomed than the three-roomed; and the
three-roomed than the four-roomed. *‘‘ The numbers ex-
amined are so large, and the results are so uniform that
only one conclusion is possible, viz. that the poorest child
suffers most in nutrition and in growth. It cannot be an
accident that boys from two-roomed houses should be
11-7 1b. lighter on an average than boys from four-roomed
houses and 4.7 inches smaller. Neither is it an accident
that girls from one-roomed houses are, on the average,
14 Ib. lighter and 5.3 inches shorter than the girls from
four-roomed houses.”’ The report contains a number of
elaborate tables and diagrams.

Tue Bulletin of the Johns Hopkins Hospital for June-
July contains a number of papers of interest to the patho-
logist and clinician, mostly from the laboratories of the
medical clinic of the hospital. The August number of the
same Bulletin is principally devoted to tuberculosis, and
contains an article, by Dr. Pohlman, on ‘‘The Purple
Island * by Phineas Fletcher, a seventeenth-century lay-
man’s poetical conception of the human body.

Tue Journal of the Royal Sanitary Institute for August
(xxviii,, No. %) contains the inaugural address by Sir
Charles Cameron at the Dublin conference, in which he
demonstrated how sanitation has reduced the death-rate,
and discussed the questions of tuberculosis, milk supply,
and infant mortality.

AFTER quoting a considerable portion of Sir H. H.
Johnston’s article on big-game protection which appeared
in vol. Ixxvi,, p. 37 (i907), of NATURE, a writer in the
American Naturalist for July asks the question whether
we cannot do without furs, remarking that the lack of
‘ buffalo-robes "' due to the extermination of the bison
is not felt in America. He then goes on to raise a pro-
test against collecting skins and eggs for museum pur-
poses, observing that their scientific value is but slight,
while it is a question whether oology has any right to
rank as a science at all. In his opinion a museum with
specimens of species as rare in collections as the gdreat
auk is of less value for educational purposes than a barn
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where swallows nest. *‘ In these days of inexpensive and
quite accurate pictures, collections are not necessary for
identification, and science is advanced by detailed studies.
of common forms, rather than by collecting luna and
imperial moths.”

Tue July number of the Emu (forming the first part of
vol. vii.) opens with an account by Mr. I. Batey of the
changes which have taken place in the bird-life on an
estate of fifteen thousand acres in Victoria during the last
sixty years. In its early days the tract was a veritable
bird paradise, but, largely owing to the felling of its
timber, many of the species have now completely dis-
appeared, some of them from an area of much wider
extent than that occupied by the estate. Wedge-tailed
cagles abounded in 1846, and but little effect was made
on their numbers by the shot-guns then in use, although
the introduction of strychnine soon led to their practical
extermination.

Tue July issue of the American Naturalist opens with
some interesting personal reminiscences of Louis Agassiz
related by Mr. C. W, Eliot at a meeting of the *‘ Saturday
Club” in connection with the Agassiz centenary.
Emphasis is laid on the great naturalist’s eminence as a
teacher and expositor, and the novel methods of education
he adopted. The son of a distinguished surgeon was,
for instance, set to study a few trilobites, upon which
he was expected to work for several weeks without any
aid from books or illustrations, and at the same time to
be his own artist. His powers of organisation and of
obtaining financial support were also very noteworthy in-
these early days of science teaching. Years ago it was
remarked that ‘‘ Agassiz will get more money out of the
Commonwealth of Massachusetts for his subjects than
any of you have dreamed of getting, than any of you
could possibly get; but he will so equip his subject, he
will set such a standard for collections in all subjects, that
every department of learning in the University will profit
by his achievements.” These words have proved absolutely
prophetic.

IN the August issue (No. 3) of British Birds, Miss
E. L. Turner announces that the ruff has made its re-
appearance as a breeding species in Norfolk, where the
last known nest was recorded so long ago as 188g. In
June of the present year a keeper discovered a reeve's
nest containing four eggs, which, together with the parent
bird, was successfully photographed. It is probable that
another pair of ruffs also nested in the county during the
present summer, while as young birds were killed during
the two previous seasons, there is reason to believe that
the species has nested in Norfolk since 1904. Ruffs have
been reported as breeding in Yorkshire in 1901 and the
two succeeding years. In the same issue Mr. F. Smalley
points out that the alleged occurrence of the Pacific eider-
duck (Somateria v-nigrum) in the British Isles is due to
ornithologists having failed to recognise that drakes of the
ordinary eider-duck may show a faint dark chevron on
the throat. A specimen of the Sardinian warbler (Sylvia
melanocephala), killed near Hastings in June last, de-
finitely adds another species to the British list.

WE have received a memoir by Dr. Alvan A. Tenney
on ‘‘ Social Democracy and Population,” issued in the
scries of ‘‘ Studies in History, Economics and Public
Law " of Columbia University. By ‘‘social democracy '
the author means *‘ that form of society . . . in which
every man has a chance and knows that he has it,"" a
form of society based primarily on the maintenance of a
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reasonable plane of living for all, and it is the object of
the essay to discuss the influence of biological factors on
such a form of society, assuming it possible of attain-
ment. Thus the maintenance of a social democracy re-
quires a rate of increase of population that is not too
rapid as compared with the rate of progress in the arts;
this probably implies that the democracy would be out-
stripped in population by nations of a lower standard of
living, and hence might be only capable of survival in the
case of a nation living in an easily defended situation. The
fow rate of increase postulated would not, the author con-
siders, sensibly lessen the action of selection, as the latter
acts in too many ways, nor would it be likely to lead
to degeneration. But a recognition of the existence of
hereditary individual differences and of the importance of
selection is sufficient to warrant ‘‘ conscious social inter-
ference in the biological process," interference which
already takes place in such matters as the control of
immigration. The question arises whether the principle
should not be extended for the purpose of maintaining the
level of natural ability in the population. As regards the
United States, the author considers that the attainment
of social democracy should be possible if they do not enter
into the struggle for foreign markets in competition with
peoples of a lower plane of living. ‘

IN the Journal of the Society of Arts for July 26 Mr.
T. E. Younge gives an account of the ‘‘sand-counter
(Yauuirns) of Archimedes, which may help to revive
popular interest in this very remarkable tract. Practically,
Archimedes uses a scale of notation the radix of which is
“» myriad (10,000), and shows that by means of this scale
it is possible to estimate the number of grains of sand
in a sphere of the size of the earth. His estimate, of
course, is only approximate, and his data imperfect; but
considering the state of Greek science at the time, it is a
most interesting achievement, and it is quite clear that
Archimedes could have used more exact data with equal
facility. Mr. Younge has checked Archimedes' numerical
calculations, and found them all correct.

In the Monthly Weather Review for April, issued by
the U.S. Department of Agriculture, Mr. H. Helm Clayton
proposes a new method of weather forecasting by analysis
of atmospheric conditions into waves of different lengths.
Data in support of his theory were published by the author
in the American Meteorological Journal of July, 1885, and
June, 1891, and after further research into the laws under-
lying the drift of weather conditions he concludes that
the meteorological elements at any place may be analysed
into oscillations or waves differing in length, each having
a distinct physical existence; furthey, that the waves drift
generally from west to east, with a velocity inversely
proportional to their length. Specimens of the movements
of pressure and temperature waves over the United States
illustrate the investigation, and the author considers that
the results not only open the way to an improvement in
forecasting weather from day to day, but furnish a scientific
basis for long-range forecasts.

Pror. H. Epert describes in the March number of
Terrestrial Magnetism an extremely sensitive arrangement
he has used for investigating the pulsations of short period
in the strength of the earth's magnetic field. For observ-
ations of the vertical component, a wire 3000 metres in
length is formed into a coil of fifteen turns, and is placed
on the ground. In series with it is a sensitive ** filament
galvanometer *' of the Einthoven type. Any change in the
number of magnetic lines through the coil will produce a
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current through the galvanometer, and the arrangement
will indicate a change in the vertical component of the
carth’s magnetic field equal to 1/400,000 of its mean
value. Prof. Ebert finds that periodic changes of certain
frequencies most often occur, and one of these has the
period 1/6 to 1/7 second, which is that of the oscilla-
tion of an electrical charge on a sphere of the size of
the earth. The observations are being continued, and will
probably play an important part in the search for an
explanation of the phenomena of terrestrial magnetism.

Tue Carnegie research memoirs submitted at the meet-
ing of the Iron and Steel Institute in May last, brief
summaries of which were given in Narture (this vol.,
p. 65), have now Jbeen published in full in a special
volume of the Journal of the institute (vol. Ixxiv.). The
volume contains papers by Mr. P. Breuil (Paris), on
copper steels; by Mr. W. H. Hatfield (Sheffield), on cast
iron as cast and heat treated ; by Mr. E. F. Law (London),
on the non-metallic impurities in steel; and by Dr. O.
Stutzer (Freiberg), on the geology and origin of the Lap-
land iron ores. There is also a paper on beron steels, by
Dr. L. Guillet (Paris), received since the meeting. These
steels have not hitherto been the subject of systematic
investigation, and the researches described show the com-
mercial interest attaching to these products when quenched.
Boron steels will probably never prove of commercial use
in the raw state, but they may prove useful after quench-
ing. In that condition they possess high tensile strength
and a remarkable degree of elasticity. The best results
were obtained with a steel containing o-50 per cent. of
boron. The volume concludes with a reprint of consider-
able historical interest. It is an address on the effect of
air and moisture on blast furnaces, delivered at Bradford
in the year 1800 by Joseph Dawson, of Lowmoor.

IN summarising the work of the United States Geo-
logical Survey during 1906 in the investigation of ores, Mr.
S. F. Emmons directs attention to the way in which
science is handicapped. The increasing exodus of members
of the economic staff of the survey in consequence of their
employment by large mining organisations at salaries
much greater than those they have been receiving from
the Government seriously impairs the efficiency of the
work of this branch of the survey. The loss of trained
men in this work is, for a time, irreparable, as it is only
by years of practical experience in the field that the
geologist becomes competent to carry on independent werk
of this kind.

IN the Journal of the Franklin Institute (vol. clxiv.,
No. 1) Mr. Albert Obholzer describes the methods used
to avoid piping in steel ingots at the Hungarian Govern-
ment steel foundries at Diosgyér. With the addition of
thermite to the charge of open-hearth steel, homogeneous
ingots are obtained. The method presents considerable
advantages over the very successful Harmet process, which
necessitates the use of elaborate machinery.

Tue number of the Bulletin of the College of Agri-
culture (vol. vi.,, No. 3), Tokio University, lately re-
ceived, contains several short papers on the physiological
action of various chemical substances on plants. Prof.
O. Loew and Dr. K. Aso discuss the importance of
culture solutions being physiologically balanced, and allude
to the use of lime in averting the injurious action of an
excess of magnesium salts. They also touch upon the
beneficial action of treating the soil with bactericidal sub-
stances such as carbon disulphide, attributing the effect to
the breaking down of living matter. Mr. T. Takeuchi
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refers to the use of shoots of Aralia cordata, called in
Japan ‘‘ udo,’ as a salad or a vegetable, comparable with
celery or asparagus.

A seEmI-poruLAR article on the phylogeny of the various
groups of the plant kingdom is contributed by Prof. M.
Mébius to Naturwissenschaftliche Wochenschrift (June 30
and July 7). To the Flagellatee is accorded the lowest
position, from which arose the algm, bacteria, diatoms,
and other elementary groups. From the green alge were
derived the brown and red seaweeds, the connection of
the latter being through Coleochaete or through an Ulva-
Bangia link. With regard to the mosses, the author
favours the view that they have been derived from an
early type of the Jungermanniacem, and that the proto-
type of the ferns and fern-allies was probably a plant akin
to Anthoceros. Finally, the origin of the monocotyledons
is traced through the dicotyledons to the conifers, and
thence back to the lycopods.

Four papers dealing with the identification of new plants
chiefly from Mexico are published in the Proceedings of
the American Academy of Arts and Sciences (July). Mr.
J. M. Greenman is responsible for new species of the
liliaceous genus Schoenocaulon; among the diagnoses pre-
pared by Mr. M. L. Fernald are a group of Salvias. The
collections brought by Mr. C. C. Deam from Guatemala
and Mexico vielded, amongst others, Streptochaeta
sodoriana, a grass already known from Ecuador, and a
curious Euphorbia. The majority of the identifications by
Mr. B. L. Robinson are additions to the Composite, and
include two new genera, Cymophora and Loxothysanus,
also a series of species of Eupatorium.

IN the account of the grasses of British Somaliland
contributed to the Kew Bulletin (No. 6), Dr. O. Stapf
establishes half a dozen new species, including * the
economically important *‘ durr’’ grass, Andropogon cyrto-
cladus, and Sporobolus fruticulosus, another shrubby
species. These shed their leaves and young shoots in the
dry season, but produce large, feathery branches after the
rains set in. The culms of Panicum turgidum and
Pennisetum dichotomum are persistent, and form a tough
fodder suited to the hard-mouthed camel. Phytogeo-
graphically the grasses of Somaliland have affinities with
the grasses of Eritraa, eastern Nubia, and tropical
Arabia. A considerable number of new fungi are recorded
by Mr. Massee as additions to the wild fauna and flora
of the gardens; a Hypholoma and several parasitic
Melanconiace and Hyphyomycetea provide the types of
new species. Mr. Botting Helmsley has a note on a new
species  of Rhododendron from China described by Mr.
E. H. Wilson.

Tue Annual Report and Transactions of the Manchester
Microscopical Society for the year 1906 has just reached
us. The society is, we are pleased to see, in a satis-
factory condition. The volume before us contains the
address delivered in January last by the president, Prof.
S. J. Hickson, F.R.S., on ‘‘ The Differentiation of Species
of Ccelenterata in the Shallow Water Seas,”” and many
papers of interest to students of microscopical science.

As a member of the International Congress of Geologists
meeting in Mexico in 1906, Prof. H. F. Cleland, of
Williams College, took the opportunity of visiting, in the
company of trained observers of the Mexican Geological
Survey conversant with the regions investigated, several
of the Mexican volcanoes, and describes in the August
number of the Popular Science Monthly, under the title
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of **Some Little-known Mexican Volcanoes,” the
volcanoes known as the Volcano Colima and the Nevado
de Toluca, and the cinder cones of Valle de Santiago.
The article is well illustrated.

Pror. Kar. Pearson’s Robert Boyle lecture, entitled
“*The Scope and Importance to the State of the Science
of National Eugenics,"” delivered at Oxford on May 17
last, has now been issued by Mr. H. Frowde at one
shilling net.

OUx ASTRONOMICAL COLUMMN.

HEeLIuM  ABSORPTION IN THE SOLAR SpPECTRUM.—In a
letter to the Observatory (No. 386, p. 315, August) Mr.
Nagaraja, of the Kodaikanal Observatory, records the

results of some further observations of the helium
line, D,, as a dark line in the spectrum of the
sun. Having already frequently observed this dark line

in the regions of the photosphere adjacent to sun-spots,
he suspected that he had also seen it as a faint line in
the orcrinary solar spectrum, but for several reasons found
the observation difficult to confirm. He now states that,
with a recently mounted large grating spectrograph, he
obtained a photograph of the D, region on April 19, and
on examination found that it shows both the darkening
and the chromospheric (bright) line, where a spot was close
to the limb, and, further, both the dark and the bright
lines appear to be a continuation of a faint line in the
normal solar spectrum. Further examination is necessary
ere the identity of this faint line with the helium line
can be definitely affirmed, and to this end Mr. Nagaraja
proposes to carry on the research.

In the same journal Mr. A. A. Buss discusses at some
length the appearance of dark and bright helium in
various solar regions.

PossiBLE CuANGES IN THE ‘' OwL' Nesura (M. 97).—
In a paper communicated to the Royal Astronomical
Society, Prof. Barnard compares the results of his recent
observations of the ‘“ Owl’ nebula, made with the 4o-
inch refractor of the Yerkes Observatory, with those made
with Lord Rosse's large reflector in 1848. ‘The latter
were embodied in the well-known drawing of this object
which shows a small star placed in each of the two holes,
or ‘‘ eyes,” seen in the nebula, each star representing the
pupil of the ** eye " in which it was placed.

But according to Prof. Barnard's observations in recent
years these stars are clear of the dark openings, and are
seen on the nebulosity itself, although quite near to the
dark spaces. It follows, then, that either the older draw-
ing, which is corroborated by the observer's notes, did not
correctly represent the relative positions of the stars, or
that a change has occurred in the nebula, for the two
stars have not changed their places in the sky. As a
working hypothesis, Prof. Barnard suggests the possibility
of the nebula having rotated from west to east on an axis
having the position angle of 50° and states that, if the
velocity of rotation were great enough, the two stars in
question would have occupied the positions in the holes
as shown on Lord Rosse's drawing (Monthly Notices
R.A.S., vol. Ixvii,, No. 8, p. 3543, June).

A QuickLy CHANGING VARIABLE StaR.—According to the
results of observations made at the Yerkes Observatory
by Mr. Naozo Ichinohe, the variable star 87.1906 Draconis
has the very short period of only 1oh. 37m. 3ss. The
light increases from minimum (mag. 11:6) to maximum
(mag. 10.9) in about three hours, decreases to minimum
in about five hours, and remains at minimum for the
remainder of the period.

An ephemeris accompanies Mr. Ichinohe’s note in No.
4194 of the Astronomische Nachrichten (p. 293, August 2),
and the position of this object, for 19oo, is given as
16h. 33m. 43-35.+58° 2/ 36".

VENxus as A Lusminous RiNG.—A brief note by Messrs.
H. N. Russell and Z. Daniel, published in No. 1, vol.
xxvi., of the Astrophysical Journal (p. 69, July), describes
an observation of the ring-phase of Venus made at Prince-
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ton Observatory, with the js-inch finder, at
(G.M.T.) on November 29, 19006.

At that time Venus was about 1° 49’ from the sun’s
centre, and in moments of atmospheric steadiness the
complete outline of the planet's disc was seen distinctly.
The space within the circle always appeared a shade darker
than that without, but this was probably a subjective
effect. A bright spot was several times suspected in the
bright part of the ring. If the atmospheric conditions are
very favourable, the ring-phase of this planet may be seen
again in 1914 ; after that there will be no further oppor-
tunity until 1972,

OBSERVATIONS OF JUPITER, 1906-7.—During the opposi-
tion of 1906-7, the Rev. T. E. R. Phillips observed Jupiter
on 106 occasions, and records the results of his observ-
ations in a paper communicated to the Royal Astronomical
Society (Monthly Notices, vol. lxvii., p. 522, June).

The most remarkable change, as compared with the
previous opposition, was observed in the great develop-
ment of the N. equatorial belt, which had become
broader and darker, and, in August, was marked with
numerous white rifts and dark reddish streaks along its
S. edge.

Later in the apparition this belt was seen to be triple,
the S. component being the darkest of the three. Changes
of colour were also observed in this belt and on the whole
of the disc lying between the N.N. temperate belt and
the N. pole. Observations of the dark matter in the great
S. tropical disturbance tend to confirm, in principle, Major
Molesworth's hypothesis concerning the sudden transference
of the dark matter from the following to the preceding
end of the red spot, for this transference took place in
about two weeks instead of taking nearly three months
as it should do under normal conditions of transit.

sh.

7m.

AUGUST METEORS, 1907.
FNCOUR:\GF.D by the appearance of several bright
~  Perseids on the nights of August 4 and 6 to expect
a somewhat plentiful return of this shower, a careful
watch was maintained of the sky on August 10, 11, and
12, but the results scarcely realised expectation. The
display was by no means an abundant one, and the in-
dividual meteors were not so bright generally as in ordinary

vears.
The results of watches were as under :—

August 10.

1oh. to 12h., twenty-five meteors per hour, of which
half were Perseids; 13h. to 14h., forty-five meteors, of
which two-thirds were Perseids; 14h. to 15h., twenty-five
meteors seen, but there were many passing clouds from
west. Two other observers at Bristol counted thirty-one
meteors between 11h. and 1zh.

August 11.

oh. to 10h., fifteen meteors; about half of them were
Perseids; 13h. to 14h., thirty-six meteors, of which
twenty-two were Perseids. Sky rather misty. The shower
was regarded as very poor for August 11.

Miss Irene Warner, of Horfield Common, Bristol,
obtained the following results :— .

25m. to 1oh. sm., eleven meteors, including eight

Perseids; 1oh. sm. to 11h, dsm., thirty-three meteors, in-
cluding twenty-seven Perseids; 11h. sm. to 1th. gqom.,
twelve Perseids.

The horary number was about twenty-eight meteors, of
which about twenty-four were Perseids.

Two other observers at Bristol, watching from gh. to
11h., counted thirty-five meteors.

August 12.

Miss Warner watched as follows :—

oh. 15m. to gh. 4om., five meteors;
1th. 2om., twenty-one meteors; 1th. aom.
twenty-three meteors. Fine meteor seen at 1oh. s5m.
with train. The path was from 3 to « Cygni. At
1th. 20m. one as bright as Venus from about 35°+38° to
60° + 47°.
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1oh. 10m. to
to 12h. 20m.,

1th. to 12h., about forty-five meteors, including thirty-
three Perseids; 13h. to 14h., about fifty meteors, including
thirty-five Perseids.

There were many passing clouds, rendering observation
difficult, and the horary numbers were derived from the
number of objects seen during clear intervals,

Radiant point on August 10=44°+ 56°.

Radiant point on August 12=47°+57°.

A brilliant flash was noticed on August 11, 1zh. 17m.,
probably given by a large Perseid falling in the southern
sky, but this quarter was hidden from the observer by a
building.

I would be glad to hear of any duplicate observations of
the following objects seen on August 10 :—

(1) 10 22 1} 339 +66 to 306+ 573
(2) 10 0 1 § +26 ,, 8+22%
(3)de 26 14 24+63 5, 54+73

No. 2 was a fine, bluish-white Cygnid, which flashed
out suddenly in a short diving course. No. 3 was from
the direction of the A Aquilid radiant, and it moved very
slowly, occupying 3} seconds in sailing along its path
of 19°. The nucleus was yellow, and it threw off a trail
of reddish sparks.

Other showers were
332°+50° and 333°+28°

August 10-12 from
W. F. DENNING.

seen  on

TREASURY GRANTS 70 UNIVERSITY
COLLEGES.

HE report of the permanent advisory committee
appointed on January 31, 1906, to advise the Treasury
as to the distribution of the grant in aid of colleges furnish-
ing education of a university standerd, has now been
published.” The report states that a study of the problem
how education of a university standard may be most
advantageously assisted by State grants shows that there
is at the present time considerable complexity surrounding
the question, not only by reason of the overlapping due
to various educational bodies carrying on similar work
in -the same areas, but also by reason of public money
derived from rate or tax being voted for higEer education
by different authorities with insufficient information as to
one another’s operations. For these reasons the committee
has obtained permission to shorten from five years to two
the period for which the present re-allocation shall hold
good. It is hoped that it will be possible by April 1, 1909,
to make recommendations for a permanent arrangement.

With regard to the question of standard, the committee
finds that it is only in comparatively few of the university
colleges that the majority even of the day students have
passed a matriculation examination or equivalent test. A
well-recognised standard once established would make it
casier for the colleges to coordinate their curricula with
those of secondary schools. For the present, the report
continues, a step may be taken in this direction by ex-
cluding rigorously from the category of university work
all classes which are preparing students for matriculation.

The committee appointed two inspectors to visit the
colleges which already receive grants and certain other
institutions which had applied for recognition. Sir Thomas
Raleigh, K.C.S.1., and r)r. Alex. Hill undertook this task,
and their reports on the various institutions visited are
printed as an appendix to the report.

After summarising the financial assistance received by
the colleges from Imperial funds and recapitulating the
rules laid down for its guidance in various Treasury
minutes, the committee recommended that a new maximum
limit for all grants be set up, and 10,000l. has been
decided upon. This maximum relates only to the annual
grants for general purposes, and is exclusive of grants for
special purposes which may be made from time to time.

The grants recommended for the intervening period of
two years, pending a settlement of the general questions
referred to in the report, are shown in the following
table :—

IJIUniversily Colleges (Great Britain)."" Grant in Aid. [267). Price
14 .
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Grant, Proposed

College. 1902—7. Gzlm.

Victoria University of Manchester .., 12,000 ... 10,000
University of Liverpool ... .. ... .. 10,000 ... 10,000
University College, London ... ... ... 10,000 ... 10,000
University of Birmingham .. .. .. 0,000 ... 9,000
Univessity of Leeds ... ... «. . o 8,000 ... 8,000
King's College, London ... .. .. .. 7,800 wv 7,800
Armstrong College, Newcastle-on-Tyne... 6,000 ... 6,000
University College, Nottingham ... ... 5,800 ... 5,000
University of Sheffield .. ... .. .. 4,600 ... 5,000
Bedford College for Women, London 4,000 ... 4,000
University College, Bristol v« aes 4,000 ... 4,000
University College, Reading ... .. .. 3,400 ... 3,400
Hartley University College, Southampton 3,400 ... 2,250
London School of Economics «.. .. w. — . 500

The report gives the committee’s reasons for the diminu-
tion of the grant in the case of Manchester, Nottingham,
and Southampton, and for the grant to the London School
of Economics.

After a consideration of the reports of the inspectors who
visited the institutions and of the statistics provided by
them, the committee decided not to recommend a grant
in the case of the Birkbeck College, the East London
College, and the Royal Albert Memorial College, Exeter.

The grants ecnumerated in the table above amount to
84,950l., leaving, if the grant of 1000l. to Dundee Uni-
versity College is continued, a balance of 14,050l. available
for grants for special purposes.

s THE BRITISH ASSOCIATION.
SECTION G.

ENGINEERING.
OPENING ADDRESS BY SiLvanus P. Twuowmpsox, D.Sc.,
F.R.S., Past PRESIDENT OF THE INSTITUTION OF

ELeCcTRICAL ENGINEERS, PRESIDENT OF THE SECTION.

It would be impossible for any assembly of engincers
to meet in annual gathering at the present time without
reference to the severe loss which the profession has so
recently sustained by the death of Sir Benjamin Baker.
Born in 1840, he had attained while still a comparatively
young man to a position in the front rank of constructive
engineers. His contributions to science cover a consider-
able range, but were chiefly concerned with the strength
of materials, into which he made valuable investigations,
and with engineering structures generally. His name will
doubtless be chiefly associated with the building of great
bridges, to the theory of which he contributed an important
memoir entitled ‘“ A Theoretical Investigation into the
Most Advantageous System of Constructing Bridges of
Great Span.” In this work he set forth the theory of the
cantilever bridge. Upon the plan there laid down he
built the Forth Bridge, besides mar‘% other large bridges
in various parts of the world. ith that memorable
structure, completed in 18go, his name will ever be
associated ; but he will be remembered henceforth also as
the engincer who was responsible for the great dam across
the Nile at Assouan, a work which promises to have an
influence for all time upon the fortunes of Egypt and
upon the prosperity of its population. Sir Benjamin
Baker was, morcover, closely associated with the internal
railways of London, both in the early days of the Metro-
politan Railway and in the later devezapments of the deep-
level tubes. e was elected a Fellow of the Royal Societ
in 1890, became President of the Institution of Civil
Engineers in 1895, and was a member of Council of the
Institution of Mechanical Engineers, besides being an
active member of the Royal Institution and of the British
Association. He was also a member of the Council of
the Royal Society at the time of his death.

He enjoyed many honorary distinctions, including degrees
conferred by the Universities of Cambridge and Edin-
burgh. In 1890 there was conferred upon him the title
of K.C.M.G., and in 1902 that of K.C.B.

He had but just returned from Egypt, whither he had
gone in connection with the project for raising the height
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of the Assouan dam, so as to increase its storage to more
than double the present volume, when he died very
suddenly on May 19, in his sixty-seventh year. X

The Development of Engincering and its Foundation on
Science.

We live in an age when the development of the material
resources of civilisation is progressing in a ratio without
parallel. International commerce spreads apace. Ocean
transport is demanding greater facilities. Steamships of
vaster size and swifter speed than any heretofore in use
arc being built every year. Not only are railways extend-
ing in all outlying parts of the world, but at home, where
the territory is already everywhere intersected with lines,
larger and heavier locomotives are being used, and longer
runs without stopping are being made by our express
trains. The horsed cars on our tramways are now being
mostly superseded by larger cars, electrically propelled and
travelling with greatly increased speeds. For the handling
of the ever-increasing passenger traffic in our great cities
electric propulsion has shown itself a necessity of the
time; witness the electric railways in Liverpool and the
network of electrically worked tube railways throughout
London. In ten years the manufacture of automobile
carriages of all sorts has sprung up into a great industry.
Every year sees a greater demand for the raw materials
and products, out of which the manufacturer will in turn
produce the articles demanded by our complex modern
life. We live and work in larger buildings; we make
more use of mechanical appliances; we travel more, and
our travelling is more expeditious than formerly; and not
we alone but all the progressive nations. The world uses
more steel, more copper, more aluminium, more paper ;
therefore requires more coal, more petroleum, more timber,
more ores, more machinery for the getting and working
of them, more trains and steamships for their transport.
It requires machines that will work faster or more cheaply
than the old ones to meet the increasing demands of
manufacture; new fabrics; new dyes; even new foods;
new and more powerful means of illumination; new
methods of speaking to the ends of the earth.

We must not delude ourselves with imagining that the
happiness and welfare of mankind depend only on its
material advancement; or that moral, intellectual, and
spiritual forces are not in the ultimate resort of greater
moment. But if the inquiry be propounded what it is
that has made possible this amazing material progress,
there is but one answer that can be given—science.
Chemistry, physics, mechanics, mathematics, it is these
that have given to man the possibility of organising this
tremendous development. And the great profession which
has been most potent in applying these branches of science
to wield the energies of Nature and direct them to the
service of man has been that of the engineer. Without
the engincer how little of all this activity could there
have been; and without mathematics, mechanics, physics,
and chemistry, where was the engineer?

If looking over this England of Edward the Seventh
we try to put ourselves back into the England of Edward
the Sixth—or for that matter of any pre-Victorian monarch
—we must admit that the differences to be found in the
social and industrial conditions around us are due not in
any appreciable degree to any changes in politics, philo-
sophy, religion, or law, but to science and its applications.
If we look abroad, and contrast the Germany of Wilhelm
the Sccond with the Germany of Charles the Fifth, we
shall come to the like conclusion. So also in Italy, in
Switzerland, in every one indeed of the progressive nations.
And it is precisely in the stagnant nations, such as Spain,
or Servia, where the cultivation of science has scarcely
begun, that the social conditions remain in the backward
state of the Middle Ages.

Interaction of Abstract Science and its Applications.

In engineering, above all other branches of human effort,
we are able to trace the close interaction between abstract
science and its practical applications. Often as the con-
nection between pure science and its applications has been
emphasised in addresses upon engineering, the emphasis
has almost always been laid upon the influence of the
abstract upon the concrete. We are all familiar with the
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doctrine that the progress of science ought to be an end
in itself, that scientific research ought to be pursued with-
out regard to its immediate applications, that the import-
ance of a discovery must not be measured by its apparent
utility at the moment. We are assured that research in
pure science is bound to work itself out in due time into
technical applications of utility, and that the pioneer ought
not to pause in his quest to work out potential industrial
developments. We are invited to consider the example
of the immortal Faraday, who deliberately abstained from
busying himself with marketable inventions arising out of
his discoveries, excusing himself on the ground that he
had no time to spare for moncy-making. It is equally
true, and equally to the point, that Faraday, when he
had established a new fact or a new physical relation,
ceased from busying himself with it and pronounced that
it was now ready to be handed over to the mathematicians.
But, admitting all these commonplaces as to the value of
abstract science in itself and for its own sake, admitting
also the proposition that sooner or later the practical
applications are bound to follow on upon the discovery,
it yet remains true that in this thing the temperament of
the discoverer counts for something. ‘There are scientific
investigators who cannot pursue their work if troubled by
the question of ulterior applications; there are others no
less truly scientific who simply cannot work without the
definitencss of aim that is given by a practical problem
awaiting solution. There are Willanses as well as
Regnaults ; there are Whitworths as well as Poissons.
The world nceds both types of investigator; and it needs,
too, yet another type of pioneer—namely, the man who,
making no claim to original discovery, by patient appli-
cation and intelligent skill turns to industrial fruitful-
ness the results alrcady attained in abstract discovery.

There is, however, another aspect of the relation between
pure and applied science, the significance of which has
not been hitherto so much emphasised, but yet is none
the less real—the reaction upon science and upon scientific
discovery of the industrial applications. For while pure
science breeds useful inventions, it is none the less true
that the industrial development of useful inventions fosters
the progress of pure science. Nosone who is conversant
with the history, for example, of optics can doubt that
the invention of the telescope and the desire to perfect it
were the principal factors in the outburst of optical science
which we associate with the names of Newton, Huygens,
and Euler. The practical application, which we know was
in the minds of cach of these men, must surely have been
the impelling motive that caused them to concentrate on
abstract optics their great and exceptional powers of
thought. It was in the quest—the hopeless quest—of the
philosopher's stone and the elixir of life that the found-
ations of the science of chemistry were laid. The inven-
tion of the art of photography has given immense assist-
ance to sciences as widely apart as meteorology. ethnology,
astronomy, zoology, and spectroscopy. Of the laws of
heat men were profoundly ignorant until the invention of
the steam engine compelled scientific investigation; and
the new science of thermodynamics was born. Had there
been no industrial development of the steam engine, is it
at all likely that the world would ever have been enriched
with the scientific researches of Rankine, Joule, Regnault,
Hirn, or James Thomson? ‘The r:agnet had been known
for centuries, vet the study of it was utterly neglected
until tho appiication of it in the mariners’ compass gave
the incentive for research.

The history of electric telegraphy furnishes a very
striking example of this reflex influence of industrial appli-
cations. The discovery of the electric current by Volta
and the investigation of its properties appear to have been
stimulated by the medical properties attributed in the pre-
ceding fifty years to electric discharges. But, once the
current had been discovered, a new incentive arose in the
dim possibility it suggested of transmitting signals to a
distance. This was certainly a possibility, even when
only the chemical effects of the current had yet been found
out. Not, however, until the magnetic effects of the
current had been discovered and investigated did telegraphy
assume commercial shape at the hands of Cooke and
Wheatstone in England and of Morse and Vail in America.
Let us admit freely that these men were inventors rather
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than discoverers : exploiters of research rather than
pioneers. They built upon the foundations laid by Volta,
Oersted, Sturgeon, Henry, and a host of less famous
workers. But no sooner had the telegraph become of
industrial importance, with telegraph lines erected on land
and submarine cables laid in the sea, than fresh investi-
gations were found necessary; new and delicate instru-
ments must be devised; means of accurate meastrement
heretofore undreamed of must be found; standards for
the comparison of electrical quantities must be created ;
and the laws governing the operations of electrical systems
and apparatus must be investigated and formulated in
appropriate mathematical expressions. And so, perforce,
as the inevitable corsequence of the growth of the tele-
graph industry, and mainly at the hands of those interested
in submarine telegraphy, there came about the system of
electrical and electromagnetic units, based on the early
magnetic work of Gauss and Weber, developed further by
Lord Kelvin, by Bright and Clark, and last but not least
by Clerk Maxwell. Had there been no telegraph industry
to force electrical measurement and electrical theory to
the front, where would Clerk Maxwell's work have been?
He would probably have given his unique powers to the
study of optics or geometry; his electromagnetic theory of
light would never have leapt into his brain; he would
never have propounded the existence of electric waves in
the ether. And then we should never have had the far-
reaching investigations of Heinrich Hertz; nor would the
British Association at Oxford in 1894 have witnessed the
demonstration of wireless telegraphy by Sir Oliver Lodge.
A remark of Lord Rayleigh’'s may here be recalled, that
the invention of the telephone had probably done more
than anything else to make electricians understand the
principle of self-induction. .

In considering this reflex influence of the industrial
applications upon the progress of pure science it is of some
significance to note that for the most part this influence
is entirely helpful. There may be sporadic cases where
industrial conditions tend temporarily to check progress
by. imposing persistence of a particular type of machine
or appliance; but the general trend is always to help to
new developments. The reaction aids the action; the law
that is true enough in inorganic conservative systems,
that reaction opposes the action, ceases here to be applic-
able, as indeed it ceases to be applicable in a vast number
of organic phenomena. It is the very instability thereby
introduced which is the essential of progress. The grow-
ing organism acts on its environment, and the change in
the environment reacts on the organism—not in such a
way as to oppose the growth, but so as to promote it.
So is it with the development of pure science and its
practical applications.

In further illustration of this principle one might refer
to the immense effect which the engineering use of steel
has had upon the studv of the chemistry of the alloys.
And the study of the alloys has in turn led to the recent
development of metallography. It would even seem that
through the study of the intimate structure of metals,
prompted by the needs of engineers, we are within measur-
able distance of arriving at a knowledge of the secret of
crystallogenesis. Everything points to the probability of
a very great and rapid advance in that fascinating branch
of pure science at no distant date,

Hislory of the Development of Electric Motive Power.

There is, however, one last example of the interaction
of science and industry which may claim closer attention.
In the history of the development of the electric motor
one finds abundant illustration of both aspects of that
interaction.

We go back to the year 1821, when Faraday, after
studying the phenomena of electromagnetic deflexion of a
necdle by an electric current (Oersted’s discovery), first
succeeded in producing continuous rotations by electro-
magnetic means. In his simple apparatus a piece of
suspended copper wire, carrying a current from a small
battery, and dipping at its lower end into a cup of
mercury, rotated continuously around the pole of a short
bar-magnet of steel placed upright in the cup. In another
variety of this experiment the magnet rotated around the
central wire, which was fixed. These pieces of apparatus
were the merest toys, incapable of doing any useful work;
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nevertheless they demonstrated the essential principle, and
suggested further possibilities, Two years later, Barlow,
using a star-wheel of copper, pivoted so that the lowest
point of the star should make contact with a small pool
of mercury, found that the star-wheel rotated if a current
was sent through the arm of the star while the arm
itself was situated between the poles of a steel horseshoe-
magnet.  Shortly afterwards Sturgeon improved the
apparatus by substituting a copper disc for the star-
wheel. The action was the same. A conductor, carry-
ing an electric current, if placed in a magnetic field, is
found to experience a mechanical drag, which is neither
an attraction nor a repulsion, but a lateral force tending
to move it at right angles to the direction of flow of
the current and at right angles to the direction of the
lines of the magnetic field in which it is situated. Still
this was a toy. Two years later came the announcement
by Sturgeon of the invention of the soft-iron electro-
magnet, one of the most momentous of all inventions,
since upon it practically the whole of the constructive part
of electrical engineering is based. For the first time man-
kind was furnished with a magnet the attractive power
of which could be increased absolutely indefinitely by the
mere expenditure of sufficient capital upon the iron core
and its surrounding copper coils, and the provision of a
sufficiently powerful source of electric current to excite
the magnetisation. Furthermore the magnet was under
control, and could be made to attract or to cease to attract
at will by merely switching the current on or off; and,
lastly, this could be accomplished from a distance, even
from great distances away. How slowly the importance
of this discovery was recognised is now a matter for
astonishment. To state that Sturgeon died in poverty
twenty-six years later is sufficient to indicate his place
among the unrequited pioneers of whom the world is not
worthy. Six years elapsed, and then there came a flood
of suggestions of electric motors in which was applied
the principle of intermittent attraction by an electro-
magnet. Henry in 1831 and Dal Negro in 1832 produced
see-saw mechanisms so operated. Ritchie in 1833 and
Jacobi in 1834 devised rotatory motors. Ritchie pivoted a
rapidly commutated electromagnet between the poles of a
permanent magnet—a true type of the modern motor—
while Jacobi caused two multipolar electromagnets, one
fixed, one movable, to put a shaft into rotation and propel
a boat. A perplexing diminution of the current of the
battery whenever the motor was running caused Jacobi
to investigate mathematically the theory of its action. In
a masterly memoir he laid down a few years later the
theory of electric motive power. But in the intervening
period, in 1831, Faraday had made the cardinal discovery
of the mechanical generation of electric currents by
magneto-electric induction, the fundamental principle of
the dynamo. Down to that date the only known way—
save for the feeble currents of thermopiles—to generate
clectric currents had been the pile of Volta, or one of
the forms of battery which had been evolved from it.
Now, by Faraday’s discovery, the world had become
possessed of a new source. And yet again, strange as it
may seem, years elapsed before the world—that is, the
world of engineers—discovered that an important discovery
had been made. Not until some thirty years later were
any magneto-electric machines made of a sufficient size
to be of practical service even in telegraphy, and none
were built of a sufficient power to furnish a single electric
light until about the year 1857. In the meantime in
America other electric motors, to be driven by batteries,
had been devised by Davenport and by Page; the latter’s
machine had an iron plunger to be sucked by electro-
magnetic attraction into a hollow coil of copper wire,
thereby driving a shaft and flywheel through the inter-
mediate action of a connecting-rod and crank. Page's
was, in fact, an electric engine, with 2-foot stroke, single-
acting, of between 3 and 4 horse-power. The battery
occupied about 3 cubic feet and consumed, according to
Page, 3 Ib. of zinc per horse-power per day. This must
have been an under-estimate: for if Daniell’s cells were
used the minimum consumption for a motor of 100 per
cent, efficiency is known to be about 2 Ib. of zinc per
horse-power per hour.
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Electric Motive Power Impossible in 1857.

Upon the state of development of electric motors fifty
vears ago information may be gleaned from an exceedingly
interesting debate at the Institution of Civil Engineers
upon a paper read A?ril 21, 1857, ‘* On Electromagnetism
as a Motive Power,”” by Mr. Robert Hunt, F.R.S. In
this paper the author states that, though long-enduring
thought has been brought to bear upon the subject, and
large sums of money have been expended on the construc-
tion of machines, ‘‘ yet there does not appear to be any
nearer approach to a satisfactory result than there was
thirty years ago.” After explaining the elementary prin-
ciples of electromagnetism, he describes the early motors
of Dal Negro, Jacobi, Davenport, Davidson, Page, and
others. Reviewing these and their non-success as com-
mercial machines, he says: ‘' Notwithstanding these
numerous trials . . . it does not appear that any satis-
factory explanation has ever been given of the causes:
which have led to the abandonment of the idea of employ-
ing electricity as a motive power. It is mainly with the
view of directing attention to these causes that the present
communication has been written."” He admits that electro-
magnets may be constructed to give any desired lifting
power; but he finds that the attractive force on the iron
keeper of a magnet of his own, which held 220 Ib. when
in contact, fell to 36 1b. when the distance apart was only
one-fiftieth of an inch. To this rapid falling off of force,
and to the hardening action on the iron of the repeated
vibrations due to the mechanical concussion of the keeper,
he attributed the small power of the apparatus. Also he
remarked upon the diminution of the current which is
observed to flow from the battery when the motor was
running (which Jacobi had, in his memoir on the theory,
traced to a counter electromotive force generated in the
motor itself), and which reduced the effort exerted by the
electromagnets ; this diminution he regarded as impairing
the efficiency of the machine. ‘‘ All - electromagnetic
arrangements,’’ he says, ‘‘ suffer from the cause named,
a reduction of the mechanical value of the prime mover,
in a manner which has no resemblance to any of the effects
due to heat regarded as a motive power."” Proceeding to
discuss the batteries, he remarked that as animal power
depends on food, and steam power on coal, so electric
power depends on the amount of zinc consumed; in sup-
port of which proposition he cited the experiments of
Joule. He gives as his own results that for every grain
of zinc consumed in the battery his motor performed a
duty equivalent to lifting 86 Ib. 1 foot high. Joule and
Scoresby, using Daniell’s cells, had found the duty to be
equivalent to raising 8o 1b. 1 foot high, being about half
the theoretical maximum duty for 1 grain of zinc. In the
Cornish engine, doing its best duty, 1 grain of coal was
equivalent to a duty of raising 143 1b. 1 foot high. He
put the price of zinc at 33l. per ton as compared with coal
at less than 1l. per ton, which makes the cost of power
produced by an electric motor—if computed by the con-
sumption of zinc in a battery—about sixty times as great
as that of an equal power produced by a steam-engine
consuming coal. He concludes that ‘it would be far more
economical to burn zinc under a boiler and to use it for
generating steam power than to consume zinc in a battery
for generating electromagnetical power."

In the discussion which followed, several men of dis-
tinction took part. Prof. William Thomson, of Glasgow
(Lord Kelvin). wrote, referring to the results of Joule and
Scoreshy : ““ These facts were of the highest importance
in estimating the applicability of electromagnetism, as a
motive power, in practice; and, indeed, the researches
alluded to rendered the theory of the duty of electro-
magnetic engines as complete as that of the duty of water-
wheels was generally admitted to be. Among other con-
clusions which might be drawn from these experiments
was this: that, until some mode of producing electricity
as many times cheaper than that of an ordinary galvanic
battery as coal was cheaper than zinc, electromagnetic
engines could not supersede - the steam-engine.'” Mr.
W. R. Grove (Lord Justice Sir William Grove) remarked
that a practical application of the science appeared to be
still distant. The great desideratum, in his opinion, was
not so much improvement in the machine as in the prime
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mover, the battery, which was the source of power. At
present the only available use for this power must be
confined to special purposes where the danger of steam
and the creation of vapour were sought to be avoided, or
where economy of space was a great consideration. Prof.
Tyndall agreed with the last speaker, but suggested that
there might be some way of mitigating the apparent
diminution of power due to the induction of opposing
electromotive forces in the machine itself. Mr. C. Cowper
?Oke of some experiments, made by himself and Mr.

. A. Cowper, showing the advantage gained by properly
laminating the iron cores used in the motor. He put the
cost of electric power at 4. per horse-power per hour.
He deprecated building electric motors with reciprocating
movements and cranks; described the use of silver com-
mutators ; and mentioned the need of adjusting the lead
given to the contacts. There was, he said, no reason to
suppose that electric motors could be made as light as
steam-engines. Even in the case of small motors of one-
tenth or one-hundredth of a horse-power, for light work,
where the cost of power was of small consequence, a
boy or a man turning a winch would probably furnish
power at a cheaper rate. Mr. Allred Smee agreed that
the cost would be enormous for heavy work.  Although
motive power could not at present be produced at the
same expense on a large scale by the battery as by coal,
still they were enabled readily to apply the power at any
distance from its source; the telegraph might be regarded
as an application of motive power transmitted by elec-
tricity, Mr. G. P. Bidder considered that there had been
a lamentable waste of ingenuity in attempting to bring
electromagnetism into use on a large scale. Mr. Joule
wrote to say that it was to be regretted that in France
the delusion as to the possibility of electromagnetic engines
superseding steam still prevailed. He pointed out, as a
result of his calorimeter experiments, that if it were
possible so to make the electric engine work as to reduce
the amount to a small fraction of the strength which it
had when the engine was standing still, nearly the whole
of the heat (energy) due to the chemical action of the
battery might be evolved as work. The less the heat
evolved, as heat, in the battery, the more perfect the
economy of the engine. It was the lower intensity of
chemical action of zinc as compared with carbon, and the
relative cost of zinc and coal, which decided o completely
in favour of the steam-engine. Mr. Hunt, replying to the
speakers in the discussion, said that his endeavour had
been to show that the impossibility of employing electro-
magnetism as a motive power lay with the present voltaic
battery. Before a steam-engine could be considered, the
boiler and furnace must be considered. So likewise must
the battery if electric power were to become economical.
Then the President, Mr. Robert Stephenson, wound up
the discussion by remarking that there could be no doubt
that the application of voltaic electricity, in whatever
shape it might be developed, was entirely out of the ques-
tion, commercially speaking. The mechanical application
seemed to involve almost insuperable difficulties. The
force exhibited by electromagnetism, though very great,
extended through so small a space as to be practically
uscless. A powerful magnet might be compared to a
steam-engine with an enormous piston, but with exceed-
ingly short stroke; an arrangement well known to be very
undesirable.

In short, the most eminent engineers in 1857 one and
all condemned the idea of electric motive power as un-
Eracticnl and commercially impossible. Even Faraday, in
is lecture on ‘‘ Mental Education' in 1854, had set
down the magneto-electric engine along with mesmerism,
homceopathy, odylism, the caloric engine, the electric light,
the sympathetic compass, and perpetual motion as coming
in different degrees amongst ‘‘ subjects uniting more or
less of the most sure and valuable investigations of science
with the most imaginary and unprofitable speculation, that
are continually passing through their various phases of
intellectual, experimental, or commercial development,
some to be established, some to disappear, and some to
recur again and again, like ill weeds that cannot be
extirpated, yet can be cultivated to no result as wholesome
food for the mind."
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Fifty Years Later.
Fifty years have fled, and Hunt, Grove, Smee, Tyndall,
Cowper, Joule, Bidder, and Stephenson have long passed
away. Lord Kelvin remains the sole: and honoured
survivor of that remarkable symposium. But the electric
motor is a gigantic practical success, and the electric
motor industry has become a very large one, employing
thousands of hands. Hundreds of factories have discarded
their steam-engines to adopt electric-motor driving. All
travelling cranes, nearly all tramcars, are driven by
electric motors. In the Navy and in much of the merchant
service the donkey-engines have been replaced by electric
motors. Electric motors of all sizes and outputs, from.
one-twenticth of a horse-power to 8ooo horse-power, are
in commercial use. One may well ask: What has
wrought this astonishing revolution in the face of the
unanimous verdict of the engincers of 18577
The answer may be given in terms of the action and
reaction of pure and applied science. Pure science
furnished a discovery; industrial applications forced its
development ; that development demanded further abstract
investigation, which in turn brought about new appli-
cations. It was beyond all question the development of
the dynamo for the purposes of electrotyping and electric
light which brought about the commercial advent of the
electric motor. For about that very time Holmes and
Siemens and Wilde and Wheatstone were at work develop-
ing Faraday's magneto-electric apparatus into an apparatus
of more practical shape; and the electric lighthouse lamp
was becoming a rcality which Faraday lived to see before
his death in 1867. That eventful year witnessed the intro-
duction of the more powerful type of generator which
excited its own magnets. And even before that date a
young Ifalian had made a pronouncement which, though
it was lost sight of for a time, was none the less of
importance. Antonio Pacinotti in 1864 described a
machine of his own devising, having a specially wound
revolving ring-magnet placed between the poles of a
stationary magnet, which, while it would serve as an
admirable generator of electric currents if mechanically
driven, would also serve as an excellent electric motor if
supplied with electric currents from a battery. He there-
upon laid down the principle of reversibility of action, a
{)rinciple more or less dimly foreseen by others, but never
before so clearly enunciated as by him. And so it turned
out in the years from 1860 to 1880, when the commercial
dynamo was being perfected by Gramme, Wilde, Siemens,
Crompton, and others, that the machines designed specially
to be good and economical generators of currents proved
themselves to be far better and more efficient motors than
any of the earlier machines which had been devised
specially to work as electromagnetic engines. Moreover,
with the perfection of the dynamo came that cheap source
of electric currents which was destined to supersede the
battery. That a dynamo driven by a steam engine furnish-
ing currents on a large scale should be a more economical
source of current than a battery in which zinc was con-
sumed, does not appear to have ever occurred to the
engineers who, in 1857, discussed the feasibility of electric
motive power. Indeed, had any of them thought of it,
they wou!d have condemned the sugdestion as chimerical.
There was a notion abroad—and it persisted into the
‘eighties—that no electric motor could possibly have an
efficiency higher than 50 per cent. This notion, based
on an erroneous understanding of the theoretical investi-
gations of Jacobi, certainly delayed the progress of events.
Yet the clearest heads of the time understood the matter
more truly. The true law of efficiency was succinctly
stated by Lord Kelvin in 1851, and was recognised by
Joule in a paper written about the same date. In 1877
Mascart pointed out how the efficiency of a given magneto-
electric machine rises with its speed up to a limiting value.
In 1879 Lord Kelvin and "Sir William Siemens gave
evidence before a Parliamentary Committee as to the
possible high efficiency of an electric transmission of
power; and in August of the same year, at the British
Association meeting at Sheffield, the essential theory of
the efficiency of electric motors was well and admirably
put in a lecture by Prof. Ayrton. In 1882 the present
author designed, in illustration of the theory, a graphic
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construction, which has been ever since in general use
to make the principle plain. The counter-electromotive
force generated by the motor when running, which Hunt
and Tyndall deplored as a defect, is the very thing which
enables the motor to appropriate and convert the energy
of the battery. Its amount relatively to the battery’s own
electromotive force is the measure of the degree to which
the energy which would otherwise be wasted as heat is
utilised as power. Pure science stepped in, then, to con-
firm the possibility of a high efficiency in the electric
motor per se. But pure science was also brought into
service in another way. An old and erroneous notion,
which even now is not quite dead, was abroad to the
effect that the best way of arranging a battery was so to
group its component cells that its internal resistance should
be equal to the resistance of the rest of the circuit. If
this were true, then no battery could ever have an efficiency
of more than 50 per cent. It was supposed in many
quarters that this misleading rule was applicable also to
the dynamo. The dynamo makers discovered for them-
selves the fallacy of this idea, and strove to reduce the
internal resistance of the armatures of their machines to
a minimum. Then the genius of the lamented John
Hopkinson led him to apply to the design of the magnetic
structure of the dynamo abstract principles upon which
a rational proportioning of the iron and copper could
result. A similar investigation was independently made
by Gisbert Kapp, and between these accomplished engineers
the foundations of dynamo design were set upon a scientific
basis. To the perfection of the design the magnetic studies
of our ex-President, Prof. Ewing, contributed a notable
art, since they furnished a basis for calculating out the
inevitable losses of energy in armature cores by hysteresis
and parasitic currents in the iron when subjected to re-
curring cycles of magnetisation. Able constructive
engineers, Brown, Mordey, Crompton, and Kapp, perfected
the structural development, and the dynamo within four
or five ycars became, within its class, a far more highly
efficient machine than any steam engine. And as by the
principle of reversibility every dynamo is also capable of
acting as a motor, the perfection of the dynamo implied
the perfection, both scientific and commercial, of the motor
also. The solution in the ‘eighties of the problem how to
make a dynamo to deliver current at a constant voltage
when driven at a constant speed, found its counterpart
in the solution by Ayrton and Perry of the corresponding
problem how to make a motor which would run at constant
speed when supplied with current at a constant voltage.
Both solutions depend upon the adoption of a suitable com-
pound winding of the field magnets.

A little later alternating currents claimed the attention
of engineers; and the alternating current generator, or
““alternator,”” was developed to a high degree of perfec-
tion. To perfect a motor for alternating currents was not
so simple a matter., But again pure science stepped in,
in the suggestion by Galileo Ferraris of the extremely
beautiful theorem of the rotatory magnetic field, due to
the combination of two alternating magnetic fields equal
in amplitude, identical in frequency and in quadrature in
space, but differing from each other by a quarter-period
in phase. To develop on this principle a commercial
motor required the ingenuity of Tesla and the engineering
skill of Dobrowolsky and of Brown: and so the three-
phase induction motor, that triumph of applied science,
came to perfection. Ever since 1891, when at the Frank-
fort Exhibition there was shown the four de force of
transmitting 100 horse-power to a distance of 100 miles
with an inclusive efficiency of 73 per cent., the commercial
possibility of the electric transmission of power on a large
scale was assured. The modern developments of this
branch of engineering and the erection of great power-
stations for the economic distribution of electric power
generated by large steam plant or by water-turbines are
known to all engineers. The history of the electric motor
is probably without parallel in the lessons it affords of the
commercial and industrial importance of science.

But the query naturally rises: If a steam-engine is still
needed to drive the generator that furnishes the electric
current to drive the motors, where does the economy come
in? Why not use small steam-engines, and get rid of
all intervening electric appliances? The answer, as every
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engineer knows, lies in the much higher efficiency of large
steam-engines than of small ones. A single steam-engine
of 1000 horse-power will use many times less steam and
coal than a thousand little steam-engines of 1 horse-
power each, particularly if each little steam-engine re-
quired its own little boiler. The little electric motor may
be designed, on the other hand, to have almost as high an
efficiency as the large motor. And while the loss of energy
due to condensation in long steam-pipes is most serious,
the loss of energy due to transmission of electric current
in mains of equal length is practically negligible. This
is the abundant justification of the electric distribution of
power from single generating centres to numerous electric
motors placed in the positions where they are wanted to
work.
Education and Training of Engineers.

Interplay of action and reaction make for progress not
only in the evolution of the scientific industries, but also
in the development of the individual engineer, In him,
if his training is on right lines, pure theory becomes an
aid to sound practice; and practical applications are con-
tinually calling him to resort to those abstractions of
thought, the underlying principles, which when known
and formulated are called theories. Recent years have
brought about a so much better understanding of educa-
tion, in its bearing upon the professions and constructive
industries, that we now seldom hear the practical man
denouncing theory, or the theorist pooh-poohing practice.
It is recognised that each is useful, and that the best

uses of both are in conjunction, not in isolation. As a
result of this better understanding distinct progress is
being made in the training of engineers, f this the

growth of the engineering departments of the universities,
and of the technical colleges and schools, affords striking
evidence. The technical schools, moreover, are recognising
that their students must have a sound preliminary educa-
tion, and are advancing in the requirements they expect of
candidates for admission. They are also finding out how
their work may best supplement the practical training in
the shops, and are improving their curricula accordingly.
In the engineering industry, too, Great Britain is slowly
following the lead taken in Amecrica, Germany, and
Switzerland, in the recognition afforded to the value of a
systematic college training for the young engineer, though
there is still much apathy and even distrust shown in
certain quarters. Yet there is no doubt that the stress of
competition, particularly of competition against the indus-
try and the enterprise of the trained men of other nations,
is gradually forcing to the front the sentiment in favour
of a rational and scientific training for the manufacturer
and for the engineer. As William Watson, in his ‘‘ Ode
on the Coronation,”” wrote in a yet wider sense of
England :—

For now the day is unto them that know,

And not henceforth she stumbles on the prize :

And yonder march the nations full of eyes.

Already is doom a-spinning. . . .
Truly the day is ‘““unto them that know.” Knowledge,
perfected by study and training, must be infused into the
experience gained by practice: else we compete at very
unequal odds with the systematically trained workers of
other nations. Nor must we make the mistake here in
the organisation of our technical institutions of divorcing
the theory from its useful applications. In no department
is this more vital than in the teaching of mathematics
to engineering students, For while no sane person would
deny that the study of mathematics, for the sole sake of
mathematics, even though it leads to nothing but abstract
mathematics, is a high and ennobling pursuit, yet that
is not the object of mathematical studies in an engineering
school. The young engineer must learn mathematics not
as an end in itself, but as a tool that is to be useful to
him. And if it is afterwards to be of use to him, he must
learn it by using it. Hence the teacher of mathematics
in an engineering school ought himself to be an engineer.
However clever he be as a mathematical person, his teach-
ing is unreal if he is not incessantly showing his learners
how to apply it to the problems that arise in practice;
and this he is incapable of doing if these problems do
not lie within his own range of experience and knowledge.
Were he a heaven-born senior wrangler, he is the wrong
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man to teach mathematics if he either despises or is
ignorant of the ways in which mathematics enter into
engineering. The fact is that for the great majority of
engineering students, the mental training they most need
is that which will enable them to think in physics, in
mechanics, in geometric space, not in abstract symbols.
The abstract symbols, and the processes of dealing with
their relations and combinations, are truly necessary to
them: but they are wanted not for themselves, but to
form convenient modes of expressing the physical facts
and laws, and the interdependence of those physical facts
and laws. When the student loses grip of the physical
meaning of his equations, and regards them only as
abstractions or groupings of symbols, woe betide him.
His mathematics amount to a mere symbol-juggling. That
is how paper engineers are- made. The high and dry
mathematical master who thinks it beneath him to show
a student how to plot the equations y=Asinx, or
r=10b sin @, or who never culls an example or sets a problem
from thermodynamics or electricity, must be left severely
on one side as a fossil. Better a living Whitworth scholar
than a dry-as-dust Cambridge wrangler. He at least
knows that elasticity is something more real than the

Ax . . s
group of symbols E=p+—‘;‘, which any mathematician

may ‘‘ know,” even though he be blissfully ignorant
whether the force required to elongate a square-inch bar
of steel by one one-millionth of its length is ten ounces or
ten tons.

One evidence of the wholesome change of opinion that
is springing up concerning the training of engineers is the
abandonment of the system of taking premium pupils into
works with no other test or qualification than that of the
money-bag. Already many leading firms of engineers
have been finding that the practice of taking sons of
wealthy parents for a premium does not answer well, and
is neither to their own advantage nor in many cases to
that of the ‘* pupil,” whom it is nobody’s particular busi-
ness in the shops to train. Premium pupilage is abso-
lutely . unknown in the engineering firms of the United
States or on the Continent of Europe. The firms who
have abandoned it are finding themselves better served by
taking the ablest young men from the technical schools
and paying them small wages from the first, while they
gain experience and prove themselves capable of good
service. Messrs. Yarrow and Co. have led the way with
a plan of their own, having three grades of apprentice-
ship, admission to which depends upon the educational
abilities of the youths themselves. Messrs. Siemens have
adopted a plan of requiring a high preliminary training.
The Daimler Motor Company has likewise renounced all
premiums, preferring to select young men of the highest
intelligence and merit. Messrs. Clayton and Shuttleworth
have quite recently reconstructed their system of pupil-
apprenticeship on similar lines. The British Westing-
houss Company and the British Thomson-Houston Com-
pany have each followed an excellent scheme for the
admission of capable young men. Even the conservatism
of the railway engineers shows signs of giving way; for
already the Great Eastern Railway has modernised its
regulations for the admission of apprentices. What the
engineering staffs of the railway companies have lost by
taking in pupils because of their fathers’ purses rather
than for the sake of their own brains it is impossible to
gauge. But the community loses too, and has a right to
expect reform.

o this question, affecting the whole future outlook of
engineering generally, a most important contribution was
made in 1906 by the publication by the Institution of Civil
Engineers of the report of a committee (appointed in
November, 1903) to consider and report to the Council
upon the subject of the best methods of education and
training for all classes of engineers. This Committee,
a most influential and representative body consisting of
leading men appointed by the several professional societies,
the Institutions of Civil, Mechanical, and Electrical
Engineers, the Institution of Naval Architects, the Iron
and Steel Institute, the Institution of Gas Engineers, the
Institution of Mining Engineers, and two northern socie-
ties, was ably and sympathetically presided over by Sir
William H. White. Its inquiries lasted over two years
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and included the following sections: (1) Preparatory
Training in Secondary Schools; (2) Training in Offices,
Workshops, Factories, or on Works; (3) Trainini; in
Universities and Higher Technical Institutions; (4) Post-
graduate Work. The findings of this Committee must be
received as the most authoritative judgment of the most
competent judges. So far as they relate to preparatory
education they suggest a modernised secondary school
curriculum in which there is no one specialised scientific
study, but with emphasis on what may be called sensible
mathematics. They also formulated one recommendation
so vital that it must be quoted in full :—

‘“ A leaving examination for secondary schools, similar
in character to those already existing in Scotland and
Wales, is desirable throughout the United Kingdom. It
is desirable to have a standard such that it could be
accepted by the Institution [of Civil Engineers] as equiva-
lent to the Studentship Examination, and by the Universi-
ties and Colleges as equivalent to a Matriculation
Examination."

One may well wonder why such a reasonable recom-
mendation has not long ago been carried out by the Board
of Education. Perhaps it has been too busy over the
religious squabble to attend to the pressing needs of the
nation,

The second set of recommendations relates to engineer-
ing training. It begins with the announcement that
‘“long experience has led to general agreement among
engineers as to the general lines on which practical train-
ing should proceed '’; but goes into no recommendations
on this head beyond favouring four years in workshops,
on works, in mines, or in offices, expressing the pious
desire that part of this practical training should be obtained
in drawing-offices, and suggesting that during workshop-
training the boys should keep regular hours, be subject
to discipline, and be paid wages. It then lays down a
dozen recommendations as to the ‘‘ academic training
suitable for the average boy. He should leave school
about seventeen; he should have a preliminary year, or
introductory workshop course of a year, either between
leaving school and entering college, or after the first vear
of college training. If the workshop course follows
straight on leaving school there must be maintenance of
studies either by private tuition or in evening classes, so
that systematic study be not suspended. For the average
student, if well prepared before entering College, the
course should last three academic years (three sessions);
in some cases this might be extended to four or shortened
to two. A sound and extensive knowledge of mathe-
matics is necessary in all branches of engineering, and
those departments of mathematics which have no bearing
upon engineering should not claim unnecessary time or
attention. The Committee strongly recommends efficient
instruction in engineering drawing. The college course
should include instruction (necessarily given in the labor-
atory) in testing materials and structures, and in the prin-
ciples underlying metallurgical processes. In the granting
of degrees, diplomas, and certificates, importance should
be attached to laboratory and experimental work per-
formed by individual students, and such awards should
not depend on the results of terminal or final examinations
alone.

All this is most excellent. It will be seen that it is
entirely incompatible with the premium-pupil system, which
may therefore be regarded as having been weighed and
found wanting. For two things clearly stand out; that
the young engineer must be college-trained, and that when
he goes to works he should be regularly paid. It would
have been well if the Committee could have been more
explicit as to the proper course of workshop training: for
instance as to the systematic drafting of the young engineer
through the shops—forge, foundry, pattern-shop, fitting-
shop, &c., and as to the proper recognition of the duty
of the shop-foreman to allocate work to the novice in
suitable routine. These are doubtless among the matters
in which “ long experience has led engineers to general
agreement,”” But this being so, it would have been well
to state them authoritatively.. A notable feature of this
report is its healthy appreciation of the advantages of
training, and an equally healthy distrust of the pracgice
of cramming for examinations.  So soon as any subject
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is crammed, it ceases to afford a real training. ‘‘ Nature
provides a very convenient safety-valve for knowledge too
rapidly acquired.” It is even whispered that a new species
of crammer has arisen to ‘‘prepare’ candidates in
engineering for the graduate examinations of the Institu-
tion of Civil Engincers. The distinguished framers of |
this epoch-making report on the education and training

of engincers at least give no countenance to any such

parasitical development. For the scheme of education and |
trninin[g at which the Committee has aimed is genuinely

scientific, a happy federation of the theoretical with the |
practical. It seeks to place the training on a broad basis, |
and to secure to every future engineer worthy of the name
the advantage of learning his professional work in both
its aspects. It seeks, in short, to take advantage of that
reflex action between science and its applications in which
lies the greatest stimulus to progress. Its adoption will
utilise for the young engineer, and therefore for the
engineering industry as a whole, the facilities for train-
ing now so widely afforded throughout the country. If
the institutions, schools, and colleges where engineering
training is offered are but rightly developed and co-
ordinated, the engineers of Great Britain need have no
fear as to holding their own against the trained engineers
of other countries. Tt is for the employers to make use
of these institutions, and to show that sympathetic interest
in their efficiency which is essential to lileil' full success.

SECTION H.
ANTHROFOLOGY.

OpreNiNG ApprEss By D. G. HocartH, M.A., PRESIDENT OF
THE SECTION.

Religious Survivals.

Tue science of Anthropology, from its very nature, seldom |
touches the beliefs or customs of the higher actual civilis- |
ations; but exceptions occur when it enters the field of
comparative religion. In coming to the aid of this fas-
cinating study it can hardly help offending, sooner or later,
certain prejudices which are deeply rooted and widely dis-
tributed, and that not only when it really contravenes the
beliefs of pious minds, but, often enough, when its exponents
neither wish to impair these beliefs, nor, as a matter of
fact, are taking any steps to do so; for the opposition which
meets science when it concerns itself with religion is very
frequently arrayed before the opponent has taken the
time or the trouble to ascertain whether anything vital or
essential is concerned in the investigation. At any rate it
will be allowed that the majority of the treatises on this
study written in the English tongue do not, by any lack
of reverent treatment or by any obvious oblivion of the

responsibility resting on those who inquire into the
religious basis of our social order, display any
desire to offend. But just because some offence
must almost inevitably be given, even by the most

reverent anthropologist, in pursuing investigations which
involve examination of actual pious beliefs, it is especially
incumbent on students of this particular subject to proceed
only along the most strictly judicial lines, careful not to
force a conclusion from evidence which is in any respect
dubious or even incomplete; and, moreover, to be quite
clear in their own minds and to make it clear to others
how far their investigation really touches actual religion
in vital and essential points of belief as distinguished from
mere points of observance or ritual, i.e., religious acci-
dents, as they might be called. Obvious as this caution
may seem, neglect of it is very general, and has led to
much needless suspicion of Anthropology as a science with
covert and far-reaching purpose, subversive of all religion.

It is in the interests of definition and clearness in a
controversial topic among the religious inquiries of anthro-
pologists that I have chosen my theme to-day. I have
small claim to expound the science, as usually understood,
to which this Section is devoted, whether on its physical
or on its social side, so far as the latter is principally
concerned with actual custom and folklore. But as
one who has spent more than twenty years in studying the
ancient life of that region of the world in which three of
the greatest actual systems of religion were developed, and
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a good part of his time among the modern peasantry of
the region itself, I have had my attention particularly
directed to the evolution of religious beliefs and observ-
ances during long periods of time, which are unusually
well illuminated for us from first to last by the light of
both monuments and literature; and that attention has
often been arrested by striking instances of cultus con-
tinuity under successive religious systems or dispensations.
I enjoyed the advantage of beginning travel in the Nearer
East in the company of the acute observer who is now
Sir William Martin (‘;nmsay, and to his comments on what
we saw together in the Phrygian highlands as long ago
as 1887 I owe much of my earliest interest in the question
of religious survival and my direction towards the lines on
which I have since tried to study it. Some day let us hope
that, prompted by such a lectureship as the Gifford Found-
ation, or encouraged by some discerning publisher, Sir
William Ramsay may collect from his many bcoks the
observations scattered here and there upon the religious
elements which survived from Anatolian heathendom into
both Christian and Moslem observance, and adding to
them others from the storehouse of his memory and his
notebooks, produce a volume parallel to that ** Religion of
the Semites '’ which is the abiding memorial of his dead
friend and ally.

I have called ** Religious Survivals' a controversial
topic. That is to put it mildly. Indeed, few anthropo-
logical topics generate so much heat. In addition to a
common distaste ‘with which one may sympathise, even if
one does not share it, manifested by many reverent minds
for all objective discussion of things religious, this topic
challenges a certain very widespread prejudice, as irra-
tional as it is strong—namely, the prejudice against the
inclusion of orthodox religious beliefs and observances
under the general maxim, *‘ There is nothing new under
the sun.'” The more sacred a man holds anything the less
will he believe that evolution has had anything to do with
it—evolution with its inevitable implication of embryonic
and imperfect stages. The Athenian loved to think that
the great patron goddess of his city sprang fully grown
and fully armed from the head of the King of heaven.
The devotees of all creeds have wished to believe that
when the first founders of systems proclaimed their mis-
sions the old things passed away like a burning scroll
and a wholly new earth and heaven began. Nothing is
more repugnant to the ordinary orthodox Moslem than the
suggestion that the Prophet borrowed theology and doctrine
from earlier Semitic systems, notably the Hebraic. and
that much of the ceremonial and observance now followed
by the faithful in their most religious moments, those of
the Meccan pilgrimage, survive from the times of ignorance.
Yet what contentions are less controvertible in fact than
these? The devotee can believe that every detail of a new
dispensation was known from all time in heaven, but will
refuse to allow that anything can have been known on
earth. With that direct revelation which he thinks to have
been vouchsafed at a given moment from on high, the
slate of time must have been wiped clean of all previous
religious thought and practice. I do not, of course, speak
for one moment of the enlightened and scholarly doctors
of our own creed or any other. These have always seen
and often stated that the religious systems by which they
hold have assimilated much from systems of earlier date;
Eor in admitting that have they found their faith take any
arm.

How natural and compelling, however, is the prejudice
in question may be estimated by the fact that it is ex-
tended to dispensations in other fields than the religious.
For example, that message to civilisation which it was
given to the pagan Hellene to deliver does not admit in
the view of certain devout Hellenists of the view that the
Greek artistic sense had any pedigree in pge-classical times.
They resent as an insolent innuendo th&® contention that
what is essential in the Greek spirit can be detected in the
work of peoples living in the Hellenic area long before the
rise of classic Hellenic art, and that from these peoples
and from others who possessed older civilisations the fabric
of Hellenism was built up in strata, which can still be
observed, and referred to their pre-Hellenic authors. So
close akin is odium archaologicum to odium theologicum !
Yet, perhaps, in this case they are really one and the
same, for perfervid Hellenism is the last half-conscious
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protest of the Western peoples of Europe against the
dominance of an Asiatic religion.

Irrational is this prejudice in the first degree of course,
because not only have we the clearest historical evidence
that in our own religious practice, as in that of other races,
details of earlier ritual and observance have survived,
often by conscious and intentional adoption, but also, as
Robertson Smith well said, ‘* experience shows that primi-
tive religious beliefs are practically indestructible, except
by the destruction of the race in which they are ingrained."’
All apostles of new creeds have had to preach to and gain
the adherence of societies which they could not hope to
lead to a perfect way all at once or even in centuries of
time, and all have had to take account of the pre-existing
habits of religious thought and actual expressions of re-
ligious feeling, and by accepting some compromise to
modify these to their purpose. And if this be obviously
true of those societies which such an apostle as Mohammed
could influence directly and retain under some sort of per-
sonal control, what must we say of the societies to which
the truth only came at second hand or by many more
degrees removed from the original prophetic utterance?
What of the remote or scattered folk to whom it came not
at all till after a long interval, and then faint and confused
as a reverberating echo? For thése at least there was no
possibility of such utter change as revelation working
through the human agency of a magnetic personality may
have effected elsewhere; and of their belief and their practice
much, perhaps the most, has remained primzeval and local,
and as the physical conditions of their life have prompted
it from all time to be, and prompt still.

All this stratification in religious belief and practice it
is the function of Anthropology to investigate; and thereby
it may render no small service to religion itself by dis-
tinguishing accidental elements in ritual ana observance
which have persisted from systems worn out and aban-
doned. But while proclaiming that this investigation is
not only legitimate but necessary, 1 wish to-day to utter
a note of warning against a certain confusion of thought
which is often . manifested by the investigators in this
particular field, and is apt to occasion unfortunate ethical
consequences or, at the best, unnecessary scandal. It finds
expression in the grouping of all the elements in belief,
observance, and ritual, which have persisted from earlier
systems to later, under one head as religious survivals,
without due account being taken of very vital differences,
both in their essential nature and in the history and reason
for their persistence. The word ‘‘ survival ' itself is per
accidens not a very fortunate one. Though in the broad
sense perfectly appropriate to all things that persist, it has
acquired in our modern speech, largely from its use in
medical science, a certain particular connotation of oppro-
brious import. It suggests something which has lost its
useful purpose, and is effete or even dead, persisting among
living organisms usually to their detriment. Such is the
sense in which many anthropologists seem to use the word
in speaking of religious persistences without discriminating
between divers kinds of these; and such, still more often,
is the connotation which their readers attach to the word
in this connection. Yet all religious persistences are not
survivals in this pathological sense—nay, the class to which
this connotation is suitable includes but a small proportion
of the whole. It is to distinguishing these classes of sur-
vivals that 1 propose to address myself in the remainder of
the time which is allotted to me to-day.

In the first place there is a most numerous and important
body of religious persistences which ought not to be called
survivals at all, if that word be used, as it usually is, with
a causative implication; that is to say, there are elements
of belief and practice the existence of which in actual cult
is not necessarii{ due at all to the fact that they, or some-
thing very closely akin, existed in a previous cult. If
religion is the expression of the instinctive desire of man to
find an intelligible relation between his own nature and a
nature which transcends its limitations, he appears unable
to establish that relation by other than a very small and
definite number of conceptions; and among certain races,
and indeed in certain geographical areas, those conceptions
seem not to vary over immense spaces of time and under
successive dispensations. The just way to regard them,
therefore, is as falling within categories of thought inevit-
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ably imposed on the human mind by its humanity and
necessary conditions of any religious sense whatever. Man
does not form these conceptions because his predecessors
formed them, nor indeed because his contemporaries hold
them; but because, as an individual limited by race and
environment, he cannot otherwise satisfy his religious
instinct. How important this class is, and how much it
includes which has often been discussed by anthropologists
under the head of religious survival, may be judged if we
recall that there falls under it such an article of belief as
the Incarnation of God with al! its consequences of expres-
sion—the immaculate conception, atoning death, and bodily
resurrection. Neither this belief nor any of its expressions,
I need hardly say, make their appearance for the first time
in Christianity. They are to be recognised as forms—
necessary categories of creed if you will—under which races
of the Nearer East and of other regions of the world also
have conceived the relation between the human and the
divine as far back as we know anything of their history.
ut since anthropological knowledge concerning this delicate
and difficult instance has been set forth lately in full detail
by a distinguished student of religious persistences, Mr.
J. G. Frazer, in his ‘‘ Adonis, Attis, and Osiris,”” I feel
no obligation to deal with it further than to remind you
that, apart from all question whether Christian tradition
states historical facts in this matter, nothing which Anthro-
pology has collected in the way of comparative facts from
other creeds serves to place either this belief or its form
of expression among religious survivals in the narrower
sense—that is to say, among religious -elements which
appear in Christianity merely because they existed in earlier
religions. Much accidental circumstance has beyond doubt
attached itself to this Christian tenet from the previous
cult observances and ritual of the many races which it has
convinced ; and to certain of these I shall call attention
presently when 1 come to deal with another class, more
properly to be called religious survivals; but as for the
essentials of the belief, they have as much right to be
regarded as independent conceptions of Christianity,
despite their earlier appearance in other religions, as
history proclaims them to have been endued by Christianity
with a wholly new ethical significance.

But in order to fortify my generalities with a particular
example, I may be allowed to deal in brief detail with
another, though related, religious conception of the same
class, which has not been so exhaustively treated by anthro-
pologists. As a student of Mediterranean races and a fre-
quent observer of their actual representatives, 1 have often
been struck by the persistent dominance of femininity in
their conception of the Divine, and equally by the distinction
which that fact makes between their instinctive creeds and
those of other races domiciled contiguous to them, but round
an outer radius. In fact, it would not be difficult to draw
a broad frontier line at a certain distance inland round the
Mediterranean area from the Atlantic to the African deserts,
within which a Goddess has always reigned supreme in the
hearts of the unsophisticated folk, with a God occupying
only a subordinate, and often demonstrably a less primaval,
throne ; while without it the God has been dominant and
feminine divinity secondary. Within the frontier lie the
peninsular and other littoral districts with a broad hinter-
land of mountainous or hilly regions. With the
great continental plains begins the outer and con-
trasted circle. The predominance of a great Nature
Goddess among all the races of the East Mediter-
ranean basin in the earliest historic time is well
known; and to what had been ascertained of her among
the Semites, under her many names, Tanith, Al-Lat, Baalit,
Ishtar, Atta, Ashtaroth—these last but variants of one
appellation; among the Nilotic peoples also under many
names, e.g., Neith and Isis; among the Anatolian races
as the Great Mother, Kybele, Ma, and the unknown
‘ Hittite ”’ title; among the historic inhabitants of Greece
and the Agean as Rhea, Artemis, Britomartis, and a
score of other appellations; among the Italic tribes, as
Diana or local variants, there has been added latterly the
discovery that a Goddess of character and attributes,
readily to be compared with those of the Nature deity in
various varts of the surrounding area, was dominant in
the religion of that important artistic race which occupied
the /Egean in the prehistoric age, and had so much in-
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fluence on the momentous civilisation of its later time—
that race which has been rescued from long oblivion by
Schliemann in Greece and Troy, and by Evans and others
in the Isles. The more we learn of this great Nature- or
Mother-Goddess, the more primaval and predominant is
the position she is seen to hold. All round the Eastern
Mediterranean she was before all created things: she
became the mother of a son by spontaneous generation or
some other process independent of the male—an idea, it
may be remarked, which presents no impossiblity to the
minds of very primitive races, some of whom even at this
day do not connect fertilisation and conception as cause
and effect.  With her son she produced all life: she gave
her son to the humanity so created, and humanity killed
him that it might live; he revived and returned again to
his mother, was again killed, and so the cycle of the
seasons revolved, So far as concerns Him in all his
avatars Mr. Frazer's book may be consulted. As for Her,
a Woman still holds the same place in the religious belief
of the old races of the same region, wherever they have
escaped assimilation by conquering races and faiths from
beyond the border. Hear any Greek or Italian peasant
in a moment of excitement or danger. He calls on no
Person of the Trinity, but on the Virgin. For him her
power does not come from her Motherhood of her Son.
Indeed, 1 have known Christian countrymen of a West
Anatolian valley to whom that motherhood was evidently
unknown, and when spoken of remained without interest
or significance. She is a self-sufficient, independent em-
bodiment of divinity, to whom the ruder folk of Mediter-
ranean lands offer their prayers and pay their vows alone.
She and no other is beseeched to grant increase and fer-
tility ; she and no other is credited with the highest direc-
tion of human affairs. But to say, as so often is said,
that, for instance, in Greek lands the Panaghid is simply
a survival of Artemis or Aphrodite under another name,
is to convey a false impression. She stands for the same
principle of divinity as they; she has taken on, as I shall
point out presently, even the feasts and the ritual of her
predecessor ; and she has. often made peculiarly her own
the spots especially sacred to the earlier Mother-Goddess.
But, as I take it, she is not worshipped now in Ephesus
or Cyprus merely because there was once a dominant cult
of Artemis or Aphrodite in those places, but because to the
peoples of a wide Mediterranean region it is still, as it
always was, a religicus necessity to embody their idea of
divinity in the feminine; and I would state the relation
of the Christian Virgin-Goddess to the pagan one rather
in this way—that, coming from without, she gained accept-
ance at once for herself, and probably also, in a great
measure, gained acceptance for the whole creed with which
she was connected, because she offered a possible personifi-
cation of the same principle which had always been
dominant in the local religion.

Why that principle was so deeply rooted in the peoples
of this particular region I cannot pretend precisely to say.
To ascribe it, as has been suggested, to the original pre-
valence of Mutterrecht is probably to mistake effect for
cause. The principle has its roots deeper down than even
the matriarchal system. In a general way we may hold
it the result of a peculiar mental concentration upon the
idea of generation and reproduction of life, upon the
increase of man, the brute creation, and the earth, In
these processes the more obvious part played by the female
in Nature inevitably tends among primitive peoples, who
are comparatively peaceful and more of agriculturists and
herdsmen than warriors or hunters, to make woman seem
the sole condition of their being and the predominant
arbiter of their destinies. More we can hardly say. We
cannot determine whether there were peculiar geographical
conditions in the dawn of time, which, either in some
other home or in the Eastern Mediterranean region itself,
predisposed the ancestors of the actual races of the latter
to this cult of the reproductive force. One can but bear
witness that at the present day this idea is an obsession
of these inhabitants wherever they remain in a com-
paratively simple state of society, = All their thoughts,
their prayers, and their actions seem to be inspired by
it, and of all their thoughts, their prayers, and
their actions—so far as they have not been warped to
the Father-God of the Southern Semites by the armed
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pressure of an alien folk from the warlike steppes of
Northern Asia—Mary, the Panaghid, is the focus.

In her essential identification with the religious sense of
these peoples, therefore, the Virgin is no mere survival,
But in an accidental or secondary sense her actual per-
sonality may, perhaps, be so regarded in the region in
question if we are careful to exclude from the word all
connotation of superfluity or decaying energy. Her cult
may be brought under that body of beliefs, observances,
and practices which have demonstrably passed from earlier
religious system to later by processes of transference,
usually unconscious, but often half-conscious, and un-
doubtedly in some cases wholly conscious. Where the
process has been unconscious or half-conscious these beliefs,
observances, and practices have survived in the new sys-
tem because the religious sense of the masses felt in-
stinctively that they were necessary to its expression. They
cannot therefore be regarded as survivals with any
implication of decay or death. They were necessities
under the former system; they remained necessities under
the later, and may be living forces and vital expressions of
the human desire for relation with the divine under the
new as much as under the old. Where the process has
been conscious a popular demand for their survival as
necessities has been appreciated by leaders of the system,
and observances and forms of ritual have been consciously
taken from the old system to express a principle still active
under the new. Often we are in a position to know that
the old beliefs, observances, and forms did not accord with
the highest ideals of the most advanced professors of the
new system, and that they came to be consciously adopted
by compromise in the interests of the more rapid and per-
manent establishment of the latter among inferior intel-
ligences. They were better than the worse, if not as good
as the best. Of these Dr. Bigg is speaking in the preface
to his book ‘‘The Church’s Task under the Roman
Empire " when he says, ‘‘ The most significant changes
in history were not imposed upon the Church by the
bishops from above, but forced upon the bishops by the
pressure of popular opinion from helow.” A well-known
example is supplied by the early history of Islam, when
the Prophet, having learned in exile at Medina, what
many of his apostles have since had to learn, that the
Semitic masses could not be weaned to a perfectly spiritual
system, came to terms with the primaeval worship of the
Arabian Goddess in Mecca and displaced her personality by
retaining many expressions of the popular cult of her:
and, as so often has happened in similar cases of religious
transference, those expressions remaining to this day the
most strictly observed by Moslems, testify still to the
vitality of the religious necessity which lay and lies behind
them. And not only the early history of Islam, but the
early history of Christianity offers instances of such con-
scious transference, some of which may be read of in
Sir William Ramsay’s works, e.g., in ** The Church in the
Roman Empire,” where he deals with that strange story
of Glycerius the Cappadocian deacon, who broke out at a
certain great gathering of Christians at Venasa, one of
the holiest of the pagan high places of the land, and
revived the former orgiastic form of cult by leading a band
of enthusiastic maidens dancing and singing through the
hills to the glory of Christ crucified. Condemned in haste
by the stern Basil of Casarea, the recaleitrant deacon found
an apologist and a protector in no less saintly a priest
than Gregory of Nazianzos, who knew better than his
Metropolitan how real and deep a local religious instinet
lay beneath this scandalous manifestation, and how much
better it were to bend to the service of the Church, than
to break, the religious zealots who had expressed it.
Another curious collection of such transferences may be
found in a recent work of Mr. Rendel Harris, which he
entitled ‘‘ The Heavenly Twins.”” Here are set out an
immense number of facts and suggestions tending to show
how the early Church adapted to its ends the cult of th~
Dioscuri or of similar twin gods known by other names
both in the West and East, a cult which expressed a certain
concention of the relation between human and divine, salu-
The
book needs to be read in a critical spirit, for the author
has been led on by the fascination of myth-interpretation
to find his twin nature-gods wherever he turns to look
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for them; and often his reading of the legends is less
convincing than would be (if it is allowed to use a frivolous
instance in such a connection) a similar explanation applied
to the story of Box and Cox—those obvious twins of Dark
and Light who occupied, turn and turn about, their cham-
ber, the World, under the benign influence of the landlady
of the tale, a manifest Earth-Mother of mythology.

Many of the undoubted transferences which took place
under the Christian system cannot at this time of day be
certainly distinguished into the conscious and the uncon-
sszious. We know that saints of the Church have entered
often into the honour and the local habitations of pagan
deities. Mr. Frazer has 1old us how St. Felicita has re-
placed Mephitis, the heathen personification of the poison-
ous gas of the pool of Frigento, and how Adonis in Sicily
and Sardinia lives on as St. John. These instances might
be multiplied to many hundreds. We know, too, that
almost all our stated ecclesiastical festivals are continu-
ations of heathen feasts, so far as their dates and the
general nature of their commemorative significance are
concerned. What had to be changed has been changed,
but not more. Christmas has succeeded to the festival of
the winter solstice which celebrated the new birth of the
Sun; Easter to the spring festival at which in many parts
of the Mediterranean world the Nature-Goddess, and
especially the death and resurrection of her Son, were
commemorated, The Assumption of the Virgin replaces
the August feast of Artemis and Diana in Greece and Italy.
The anniversary of St. George, so great a day in modern
Greece, seems to be the old Parilia; St. John the Baptist
has taken on the heathen rites of midsummer, and you
may see the folk of Smyrna, Christian and Moslem alike,
jumping through fire to his honour on any St. John's Eve.
Very rarely, as in the case of the Feast of All Souls, the
late Christian adoption of which in the tenth century
happens to be known, can we ascribe these transferences to
any definite action of a leader of the Church. Usually
we know no more than that where and when there was
once a pagan saint or a pagan feast there are now saints
and feasts of Christianity. But no reasonable person feels
that the latter are discredited or lose anything of their
actual significance by the fact of their having a pre-Christian
pedigree. St. John may have succeeded to Adonis, but he
is not Adonis. Christmas may be the heir of the Saturn-
alia, but it is the Saturnalia no longer. To feel that the
sanctity of either is impaired by these facts is as if one
were to refuse reverence to the art-types of early Chris-
tianity, because most unquestionably these were not in-
vented fresh and new for the new religion. Why should
they have been? If there were ready to hand images in
pagan art, fit to express the early Christian ideas, it would
have needed a miracle for the nascent Church to have
invented new ones. The kuman creative faculty in matters
of art is strictly limited as to types. Presentations of
Apollo or Orpheus were used naturally for the new Christ,
and those of the Nature-Goddess of Asia with her
Son for the new Mother and Child. How else
should gracious maternity have been represented? Last
year 1 showed in this Section certain terra-cotta images of
the Ephesian Goddess with her child, dated to the fourth
century before Christ, which might easily have been mis-
taken for Madonna figures of the Italian Renaissance; and
last winter I saw in a newly excavated Coptic chapel of
the sixth century at Memphis a fresco painting of the
Virgin suckling her Son which was indistinguishable from
late representations of Isis.

As a matter of fact there is little fear that anthropologists
in demonstrating the fact of transference in such categories
of religious expression as these with which I have just
been dealing will impair their religious efficiency. For,
after all, how much is there not in the everyday expres-
sion of the religious sense among ourselves which has
suffered a transference in time and space so obvious that
no reflective mind can be unconscious of it? Consider only
the religious phraseology current among the simplest Chris-
tians all that mass of images and ideas proper to an alien
race and to the latitude and climate of the Mediterranean
in which, for examnle, the Presbyterian of Scotland ex-
presses the most pious of his aspirations. He sighs for
the shadows of great rocks in a weary land, for the plash
of running waters, for the shade of the fig and the vine;
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and, the most restless of men to whom all inaction is
hateful, he aspires to a heaven floored with the crystal
of Oriental imagery, where he shall for ever sit still.
These ideas one meets at every turn, not only in religious,
but in the secular, thoughts of every Oriental or South
European., Among us they appear in religion only, known
for manifest exotics, but not the less full of religious
significance, even to the lease congruous Christian.

Ere I leave this second class of Survivals let me revert
again for a moment to the cult of the Virgin in the Nearer
East. It is possible, even probable, that Mary, the mother
of Jesus, also owes her divine, or at least semi-divine, posi-
tion in the Christian system to such a conscious effort by
leaders of the Church as those to which we have just
alluded. It is a well-known fact that neither the primary
nor the secondary authorities for the first two centuries of
Christianity supply any warrant for the position which she
was to hold later. They are, in fact, almost silent about
her. Nor has Christian archaology discovered any better
evidence of her glorification above other holy women during
that time. It seems established that it was not till the
third century that she began to assume semi-divinity. By
the fourth her position was sufficiently exalted to cause the
schism associated with the name of Nestorius, whatever
the real views of that ecclesiastic may have been; but it
was not till A.p, a1 that she was officially acknowledged
by a General Council to be divine in virtue of her Theo-
tokid, her Motherhood of God. It is difficult not to believe
that this is one of the examples of the general fact which
I have just quoted from Dr. Bigg, and that the bishops
assembled at Ephesus on that occasion were tardily con-
ceding a demand for the recognition of the feminine prin-
cinle in divinitv. made even more and more openly by the
voice of the common people all round the Eastern Mediter-
ranean. We are told indeed in a contemporary letter
written by one present in Ephesus at the time that the
populace of the ecity itself, that immemorial seat of a
Virgin-Goddess, gathered about the church while the Council
was sitting, and put pressure on the bishops when they
showed signs of wavering in their decision to proclaim the
Theotékos by condemning Nestorius; and that when the
decree had at last gone forth the Ephesians went wild with
jov. Their Great Mother had come again to her own.

Once established, or, more probably, little by little while
she was gaining recognition, the Christian Virgin appro-
priated the festival dates, the holy places, and even the
rites of her predecessors. Here we approach a third class
of survivals. The great August feast of Artemis, as I have
said, became that of the Assumption of Our Lady ; temples,
groves, sacred springs, and other holy spots of Nature-
worship were transferred to the new patroness of all life
and fertility. There are hundreds of places in Anatolia,
Greece, and Syria which might be called to testify. One
of singular interest I visited a few years ago, that wild
spot in the Lycian mountains where the ever-burning gase-
ous flames of the Chimmra break out in a clearing of the
forest. Here, on the foundations of a temple, stands the
ruin of a church built over the largest vent of the fire,
Islam has decreed that the goddess of the earth-flames be
no longer openly adored, but all the bushes which grow
about the ruin I found hung with mouldering rags of quite
modern date, witnesses that her cult is not yet dead in the
hearts of shepherds and woodmen. On the wall of a ruined
convent hard by is a half-effaced fresco of Mary. And for
persistent rites and ceremonies let me ouote once more
the anointing of the great corner-stones of the ruined shrine
of Paphian Aohrodite—the ‘* Oueen,”’ as she is called shertly
in inscriptions in the old Cypriote character. This observ-
ance takes place on the Feast of the Assumption of the
Virgin, to whose honour, under the name Panaghid Chrv-
sopolitissa—the Lady of the Golden City—a church stands
hard by in the precinct of the Temple.” Even Moslems in
Cyprus at times of stress reveal the pre-Islamic secret of
their souls and bow down before the holy icon of the
Virgin, painted, it is believed, by St. Luke, wafted oversea
to the same Paphian shore as Venus of old, and kept by the
Monastery of Kykko. and carried in procession round fields
to bring rain and hlrss their incresse, Sa teo do they in
the remoter parts of Egypt. When I was being taken over
the Church of the Convent of St. Gemiana, in the marsh-
land of the Northern Delta, 1 saw a woman kneeling and
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muttering prayers before an icon of the Virgin. It struck
me she was no Copt, and I put a question to the monk
who acted as guide. He shrugged his shoulders apologetic-
ally: ** She is of the Muslamin,” he said. *‘ Her son is
very ill. Why should she not? Who knows? "

Finally, let me return to Ephesus, whose cult with its
environment I have peculiar reason to know. A phenomenon
has taken place there latterly which illustrates singularly
well both kinds of religious transference, the conscious and
the unconscious. About fifteen years ago a Catholic priest
of Smyrna who had been reading Clement Brentano's ** Life
of the Virgin,”” which is based on visions of the German
mystic Anne Catherine Emmerich, and contains the story
that Mary accompanied St. John to Ephesus, lodged in
a dwelling at some distance from the city, and there
died—a belief which we know from the French traveller
Tournefort to have been held locally two centuries ago—
identified the holy house with a ruined building, standing
above a spring in the southern hills, and dedicated by the
Orthodox Church to Panaghid Kapouli—Our Lady of the
Gate. He succeeded in buying the site and much ground
about it, fenced it in, found the gardens which the Virgin
had tended, and the path with its stations by which she
had climbed daily to Calvary on the hill-top, and when 1
was there was sanguine of finding also her tomb. He pro-
claimed his discoveries far and wide and instituted two pil-
grimages which now draw thousands of Catholics every year
on the Wednesday in Easter week and in the octave of the
Assumption. So far we are considering a conscious revival,
located by a coincidence at the great Asiatic seat of the
pagan Virgin Goddess. But there is a stranger coinci-
dence of which the good priest was not conscious. The
holy house stands far from all villages or haunts of men
at the head of that same glen of Ortygia where we know,
from Strabo and Tacitus, stood the original shrine of the
great Ephesian Mother. It stands too on obviously earlier
foundations, and, as I have said, over an Aghiasma, as it
is called, that is, a holy spring. Indeed, very possibly it
occupies the actual site of the Ortygian temple. How did
this coincidence come about? On this wise, When search-
ing the Ephesian district the Smyrniote priest asked the
Orthodox peasants for places sacred to the Virgin, and was
directed to this in the glen as the most holy of all. It
had been, in fact, a place of pilgrimages and of inter-
cession for the sick, for rain and fertility, and for the easy
delivery of women as far back as local tradition ran. This
it had been because it was Ortygia, though the villagers
of Kirkinji and Arvalia knew it not. In virtue of that
fact the priest anoropriated it, though he never suspected
the identity: and thither the faithful flock twice a year,
even less aware of, but none the less compelled by, the
persistent sanctity of Ortygia.

Such, then, are the religious survivals which are not
survivals at all in what may be called the pathological
sense, not, that is to say, elements in actual religion which
have survived their utility in this system; and such should
not, I urge, be treated by anthropologists without explicit
reference to the fact that they are as full of meaning, as
vital, and as necessary in actual cult as ever they were.
They offer not so much examples of the conservatism of
religion—a much used phrase of slightly contemptuous im-
plication—as of the identity of the religious sense through-
out the life of particular races and within certain geo-
graphical areas, and of the necessary conditions and limita-
tions of its expression. They claim all the respect and
tenderness of treatment due to beliefs which still make
part of the foundations of our social order, and cannot be
impaired or cut away, like a pathological survival, without
the provision of substitutes equally efficient. Even when
the rudest beliefs of primitive and simple folk are dealt
with, maxima debetur pueris reverentia; and much, be it
remembered, in the content of these great classes of re-
ligious persistences is concerned with the belief of folk who
are by no means simple or primitive.

There remains, of course, an immense body of religious
persistences which are more or less rightly to be regarded
@ survivals in the ordinary pathological sense, beliefs,
observances, and rites, that is, which have indeed survived
frorp earlier religious systems, and have lost or are losing
their meaning, because they express nothing necessary or
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vital to the religious sense. So far as this class includes
beliefs at all, these are of the kind which are called super-
stitions, and I venture, despite the reluctance of some
anthropologists to admit a definite distinction between
religion and superstition, to maintain that there is such a
distinction, and that it is just this, that superstition in-
cludes only those beliefs which are held wholly or chiefly
because they have always been held; which are, in effect,
results of earlier religious systems, or survivals in the
narrower pathological sense of the word. Some religious
beliefs may be survivals in the wider sense; all super-
stitious beliefs are survivals in the narrower sense,

The most numerous content of the class, however, is
composed of observances and ceremonies. These may often
persist as pathological survivals in connection with beliefs
of the really religious kind. The object of cult may be a
survival of the necessary and vital class, as, for example,
the Virgin mother; but the particular place and manner
of her worship may be conditioned by survivals of the
pathologic sort. The persistence of local sanctity supplies
the most obvious illustration of the latter kind of survival.
For instance, while the consideration of many holy places
to Christendom is due to events or traditions of Christian
history itself, to connection with the Gospel story or with
early preachers, teachers, or other saints, to reputed
epiphanies, and so forth, a much greater number owe the
fact that they are still frequented by the pious to reasons
of which the pious have not the dimmest consciousness,
often to features of pre-Christian Nature-worship—to rocks
or springs, or even objects which may have perished long
ago, like sacred trees. What Greek votary in the shrines
of St. George or St. Elias could give a satisfactory account
of either of those saints, demonstrate their place in the
history of his Church, or say why their shrines stand in
certain valleys or on certain peaks of the hills? We often
know better than he; for we can say definitely that many
of these saints of the Orthodox Church and of Islam,
whose churches and tombs dot the Nearer East, have never
died because they never lived, but are the unsubstantial
shadows of old gods, clinging to the sites of shrines and
groves whence their names perished long ago with the
victory of the Galilean,

The particularism, which communities—village, tribal,
urban, and even national—display all the world over, has
had, of course, much to do with local persistence of sanc-
tity. A small body, blessed with a private deity of its
very own for uncounted centuries, who has been identified
with its particular interests, and has favoured it in its
multifarious local feuds, will not readily resign it for a
deity of more general jurisdiction. If it accepts the
Christian Virgin in place of a pagan goddess, she will be
the Virgin of that particular community, unconnected with
any other Virgin, and in full sympathy with the insults
which Latin peasants, for example, will heap upon the
Madonna of the rival village across the valley, Indeed,
an indistinctive distrust of and disinclination to accept an
impartial god is characteristic of all imperfect humanity,
and lies beneath the sectarianism which has been promptly
and continuously developed within the pale of all the great
universal religions—for instance, in both Islam and Chris-
tianity.  The omnipresent, omniscient Deity is too far
removed, too catholic, too vague. Man ever desires to
focus divine attention on a smaller area, to establish for
himself some preference in the eyes of his God; and, even
when most anxious to bring the rest of the world into
the fold, he often most jealously reserves to his own
community the distinction of a Chosen People.

This great and well-known class of observances and
rites, which represent true pathologic religious survivals,
supplies the bulk of the matter of all the great treatises
written on cult by anthropologists, such as those, for
example, of Mannhardt and Bitticher on Tree-worship, as
well as others to which I have already referred, and many’
more. With this class the anthropologist can deal freely.
In the others it seems reasonable that he should move
with greater reserve; and I venture to think that he will’
best avoid offence if he keep clearly in his own mind,
and as clearly before his readers, the main distinction
between the classes of religious survivals, which, quite
independently of my presentation of it, is real, vital, and
of momentous significance.
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SECTION L
PHYSIOLOGY.

OPENING ADDRESS BY Aucustus D. WarLer, M.D., LL.D.,
F.R.S., PRESIDENT OF THE SECTION.

On the Action of Anaesthetics,

Tue duty laid upon me by the Chair which I have the
honour to occupy to-day is in the first place to copy the
example of my predecessors by submitting to the Section
some distinct and definite contribution to the advance-
ment of science.

And inasmuch as the subject has firmly held my atten-
tion during the last fifteen years, I am naturally led to
name Aniesthesia as the title of my Presidential Address
to the Section of Physiology.

With due regard paid to the fact that the audience to
which the British Association addresses itself is not prin-
cipally medical nor exclusively scientific, I shall deal with
the subject in a manner that may, | hope, justify my
opinion that it is a subject capable of being usefully con-
sidered by all educated minds.

And surely, quite apart from its value as an illustra-
tion of the method of physiological inquiry, the subject is
one with which any educated man may well desire to
possess some rational acquaintance, since every one of us
may some day require the saving boon of anwmsthesia.

Most peopie have some idea of what is meant by an
anmsthetic, and will recognise by name at least one
anwsthetic drug—chloroform. It is even probable that the
first stranger whom you should meet in the street might
also name ether and ‘‘ gas' as being anwmsthetics. And
pretty surely he would also know that the use of an
anmsthetic is to abolish pain. But if you were to tell
him that a plant can be anmsthetised—that sceds can be
chloroformed or etherised—he might very possibly express
surprise.

he popular notion of an anmsthetic, in conformity with
the literal meaning of the word, is that it is something
that abolishes sensibility and takes away pain. But how,
then, can a plant be chloroformed? Does that mean that
a plant is sensitive and can feel pain as we do? Well,
probably not; nevertheless it is very certain that a plant
can be anwmsthetised, and when you have properly appre-
ciated what this means I think you will admit that our
notions of vital processes and of their anmsthesia by ether,
or by chloroform, or by a host of other reagents have
been considerably widened. For we shall then have
realised that the state of a person or of an animal rendered
insensitive of pain by an anmsthetic is a particular instance
of the generaf principle that all protoplasm—vegetable as
well as animal—is liable to be immobilised—put to sleep—
more or less completely—temporarily or permanently—by
the action of substances which we therefore designate as
anwesthetics or narcotics. A volatile narcotic, like ether
or chloroform, gets to the living cells of a plant by direct
diffusion; in the case of ourselves and of the higher
animals it gets to the living cells by the channels of
respiration and of circulation. The molecule of chloro-
form (or of ether) is drawn into the lungs with the inspired
air, passes from the pulmonary air to the pulmonary blood,
combines with its corpuscles, is thus carried first to the
heart and then distributed with the blood to all parts of
the body; in the capillaries the molecule of chloroform
parts company from hwemoglobin, passes from the blood
to the tissues and tissue fluids, and enters into combin-
ation with the living cells which it immobilises more or
less profoundly, temporarily or permanently. The various
kinds of living cells that constitute our organs are un-
equally susceptible as regards the immobilising effect of
this general invasion of the system by the narcotising
molecules.

Of all the cells of the body, the most labile, and there-
fore the first immobilised, are the master cells of the body
—the cells of the grey matter of the brain, that is, the
seat of sensation and the organ of voluntary motion. The
most stable, and therefore the last immobilised, are the
executive cells of the body that constitute muscle and
nerve. The order of lability from greatest to least is as
follows :—Brain; spinal bulb and cord; terminal nerve
cells, cardiac muscle; skeletal muscle; nerve fibres. And
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while all living cells and tissues of the body are subject
to the immobilising action of narcotic substances, their
individual differences of susceptibility are such that,
whereas one part of chloroform in 5000 of blood is sufficient
to immobilise cortical nerve cells, a nerve fibre requires
a more than tenfold effective mass of chloroform before
exhibiting any falling-off of its normal excitability.

Let us now briefly consider what happens when a patient
is anasthetised by, say, chloroform in the usual manner
by inhalation of an unknown mass of vapour. The inhaled
vapour, more or less diluted in air, diffuses into, and is
distributed to, the entire body by the circulating blood.
The lymph bath that surrounds and permeates all the
tissues and cells of the body becomes a weak solution
of chloroform in water, and gradually within that weak
chloroform atmosphere the most labile parts fall under
the immobilising effect of the anwesthetic, first the organ
of conscious sensation and movement—the cortical grey
matter of the brain—then the organ of unconscious re-
actions, the medullary grey matter of the spinal bulb and
cord. So that the order in which the effects unfold them-
selves are (after a brief stage of excitement or mobilisa-
tion) first a suppression of sensation and voluntary move-
ment, then a suppression of reflex and automatic move-
ments, inclusive of the movements of respiration. Finally
—and if this finally is reached the immobilisation can no
longer be recovered from—the heart stops beating. The
patient is dead.

From life to death by the way of anwmsthesia there are
three principal finger-posts dividing the journey into three
stages. Of these three finger-posts two are to be care-
fully watched for; the third should never be sighted,

During the first stage of anmsthesia—commencing, it
may be, by some amount of preliminary agitation—sensa-
tion and voluntary motion become suppressed, while reflex
and automatic movements are preserved, The finger-post
between this first stage and the next is quite clear: if
when the conjunctiva is touched the eye winks the
anmsthesia is *‘light ''; if the eye does not wink the
anasthesia is ** deep.”

During the second stage of anmsthesia not only voluntary
but also reflex movements (of which the conjunctival reflex
is the most convenient indicator) are wholly suppressed,
while the automatic movements of respiration persist.
This is the degree of anwmsthesia required for any major
surgical operation, and is therefore frequently spoken of
as surgical anmsthesia, The finger-posts to its boundaries
are: on this side the conjunctival reflex, on that side the
movements of respiration.

The third and last finger-post—arrest of the heart’s beat
—should not be passed. Arrest of the pulse signifies an
almost hopeless state. The time of grace between arrest
of respiration and arrest of the pulse from which recovery
is almost hopeless is very brief indeed—hardly more than
a minute. The doctrine of the Edinburgh school—watch
the respiration, not the pulse—is sound doctrine. Stoppage
of rcl:spiration means danger ; stoppage of the pulse means
death.

I think this sketch, rough as it is, will be sufficient to
bring before our minds a clear picture of the process of
anmsthesia and of its principal danger—cardiac syncope.
I do not wish to blur it with details, I shall therefore
not enter into the question of primary cardiac syncope,
nor call off your attention to other symptoms, such as the
state of the pupil and the character of the pulse and the
colour of the face, Nor shall 1 at present lay any stress
upon the fact that chloroform can be of variable quality,
and that like alcohol it may act differently upon different
reople.

; First and foremost, if we are to secure the safe adminis-
tration of a powerful poison like chloroform, we require
to know how much of the drug is required for the produc-
tion of the desired physiological effects, how much is
dangerous, how much is necessarily fatal. Considering
the fact that chloroform has now been in common use
for sixty years,' and that the uniform experience of physio-
logists is to the effect that it is a dangerous drug as
ordinarily used, it is astonishing that its administration
should not rest upon any definite scientific basis.

1 The first major operation under chloroform was performed by Sir James
Simpson on January 19, 1847,
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Occasional attempts have been made in the past—by
Snow ' first of all, by the French school of physiologists,
Paul Bert,* Grehant,” Dubois,* and others, more recently
by committees of medical societies and of the British
Medical Association *~to determine what may be desig-
nated as the physiological arithmetic of chloroforim; but
partly by reason of the difficulty in the way of measuring
percentages of chloroform in the air and in the blood,
partly by reason of the facility with which chloroform can
be administered without any reference to percentages, the
results obtained produced very little impression upon
clinical practice, and deaths that could not have occurred
if the principles laid down by Snow and by Bert had
been properly appreciated and acted upon, were and still
are regarded by the medical profession and by the public
as the normal incidents of medical practice, and attributed
to any but their true cause—an overdose of chloroform.

I shall not venture to guess at the number of avoidable
deaths that have taken place from this cause, but I place
before you a diagram constructed from the annual returns
of Somerset House and giving the number of deaths
officially classified under the heading ‘‘ Anwsthetics "'
during the last fifty years. 1 do not wish to use the
diagram in an alarmist sense, so I hasten to call your
attention to the fact that the numbers are not percentages,
but absolute figures, which may in your opinion be
sufliciently accounted for by the fact that the absolute
number of cases has augmented in which anwsthetics have
been employed, and that official returns of fatal cases
may have become more complete.

Indeed, 1 do not myself base my judgment of the matter
so much upon statistics, which are notoriously apt to be
imperfect and misleading, as upon the common experience
of most members of the medical profession and of many
persons outside that profession; I have rarely met a well-
informed person who was not personally acquainted with
at least one accidental death by chloroform. Nevertheless
I have presented to you the above statistical diagram
because 1 consider that with due reservation this outcome
of unprejudiced observalion gives a by no means ex-
aggerated picture of an actual fact, and because I believe
it is an avcidable fact and will be diminished in future
years by the wider knowledge of the physiology of
anzesthesia,

I hope I shall not tax your attention too severely if
1 ask you to follow me through a short arithmetical
argument in order to convince you that accidental deaths
by chleroform must of necessity be expected to occur in
the ordinary way of administration if the administrator is
not fully alive to the physical and physiological properties
of chloroform, and to outline in your minds a definite
picture of some very simple and important measurements,

By ordinary methods of administration the percentage
of chloroform vapour in the mixture of chloroform and
air inhaled may be anything between 1 and 10 per cent.;
let us say that it is 4 per cent.—i.e., that an inhalation
of, say, 500 c.c. carries 20 c.c. of chloroform vapour into
the lungs. Of this 20 c.c. it is no exaggerated estimate
to take one-half, or 10 c.c., as absorbed by the pulmonary
blood, the other half being expelled in the expired air.
If the subject breathes twenty times per minute 500 c.c.
at each inspiration, his blood absorbs 200 c.c. of chloro-
form vapour in one minute—i.c., one gram of fluid chloro-
form, He may, of course, absorb less than one gram
per minute; but he may also absorb more. Snow
estimated that 17 minims of chloroform in the blood
(i.e., about one gram) was sufficient to produce anwmsthesia,
while double the amount was fatal.

Grehant found that after death by chloroform the blood
contained half a gram of chloroform per litre of blood—
Le., five litres of blood, which is the normal amount in
an average man, would contain two and a half grams.
Buckmaster and Gardner find from numerous experiments
results that may be summarised as follows :—

Quantity of chloroform (in grams) contained in 100 grams
of blood :
M'n. Max,

Taken during deep anwmsthesia ... ... 0020 0030 0040
Taken after death by anwmsthesia ... 0040 0.030 o

1 Snow, “On Chloroform and other Anesthetics,” 1858.
2 Paul Bert. # Grehant. 4 R. Dubo's.

NO. 1972, VOL. 76]

Mean

5 B.MLA,

These results signify in five litres of blood between one
and two grams as the anmsthetic amount, between two
and three grams as the lethal amount.

Consider, then, what might happen if a patient were to
absorb chloroform at anything like the rate of one gram
per minute, and what might happen if by mischance he
should absorb two or three grams in a fraction of a
minute.  This is a mischance that can occur in the
ordinary method of inducing anwsthesia : a few deep gasps
by a struggling patient, a few moments’ inattention on
the part of an administrator, and the blood almost at once
be fatally overloaded with chloroform.

In the early days of chloroform anwsthesia it used to be
considered admissible to administer chloroform vapour of
4 and 5 per cent. strength in air; but at that time the
means of estimating percentage were very imperfect, and
the figures quoted were little better than guesswork.

The dictum of the Edinburgh school was * plenty of
(‘hl()rgform with plenty of air by continuous administra-
tion.

Some ten years ago, at a meeting of the Society of
Anwmsthetists,” 1 pleaded for the continuous administration
of chloroform vapour at a strength (in air) of not below
1 per cent. and not above 2 per cent., which amounted
to a translation into figures of the Edinburgh dictum, with
justification of the figures by quantitative observation.
Perhaps 1 may briefly explain the method * by which the
percentages of chloroform and air are obtained :—

Ciram:

A litre, or 1000 c.c., of chloroform vapour weighs 5333

A litre, or 1000 c.c., of air weighs ... .. .. 1288

The litre weight difference is therefore ... ... 4045

The weight difference of 1 c.c. i approximately 4 milli-
grams,

So that a 100 c.c. flask in which 1, 2, 3, &c., c.c. of air
are replaced by 1, 2, 3, &ec., c.c. of chloroform vapour is
4, 8, 12, &c., milligrams heavier than the same flask
filled with air.

So that added weights of 4, 8, 12, &c., milligrams
indicate 1, 2, 3, &c., per cent. of chloroform vapour
present.

Thus, by simply counterpoising a 100 c.c. flask (or,
preferably, a 250 c.c. bulb, so as to give weight increments
of 10, 20, 30, &c., milligrams as indications of 1, 2, 3,
&e., per cent.) filled with air against a similar bulb filled
with chloroform mixture, the percentage of the mixture
is read directly by the number of centigrams required to
counterpoise. For instance, a bulb full of mixture being,
say, 18 milligrams heavier than when it is full of air,
the chloroform vapour percentage is known to be 1.8 per
cent,

Evidently, with a ready means of estimating percentage,
one is entitled to talk about the percentages that one
considers from experiment to be necessary and sufficient
and excessive.

My argument up to this point comprises one or two
tacit assumptions that ought to be briefly dealt with, or,
at any rate, mentioned.

In the first place, T have assumed that the great
;rmjority of accidents by anwmsthetics are caused by chloro-
orm.

This is accounted for by the fact that chloroform is
the most powerful, the most convenient, and the most
extensively used of all anmsthetic vapours. 1 hasten to
add that, in my opinion, this fact is an argument not so
much for the substitution of other less dangerous
anwmsthetics as for the more careful administration of
chloroform itself.

In the second place, I have assumed that chloroform
is a remarkably uniform and certain reagent, producing
its physiological effects in strict conformity with the
quantity of vapour administered, and by no means irregular
in its action by reason of irregularities or impurities of
manufacture. Pure chloroform is more powerful than
impure chloroform,

1 do not dwell upon these two points now ; nevertheless
I should like to say that these are not gratuitous assump-
tions, but, more properly speaking, results of observation

1 Waller, British Medical Journal, April 23, 1898,
2 Waller and Geets, i4id., June 20, 1303.
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and experiment, of which 1 can offer some evidence. 1
have tested purified chloroform against the concentrated
residue of its impurities, and have found the former to be
far more powerful than the latter. And I have compared
with each other chloroform or trichlormethane, CHCI,,
dichlormethane, CH,Cl,, monochlormethane, CH,CI, tetra-
chlormethane, CCl,, as well as many anmsthetics of the
cther group, Et,0, EtCl, EtBr, Etl, and several
anwmsthetics  belonging to the series of chloroethanes,
members of which have at various times been recom-
mended as substitutes for chloroform—e.g., ethylene
chloride or ** Dutch liquid,” CH,CI—CH,Cl, and ethyl-
edene chloride, CH,—CHCI,. The conclusion 1 have
drawn' from this study is that of all these more or less
powerful anmsthetics chloroform is the most powerful, the
most certain, the most convenient, and the most trust-
worthy.

But I would repeat the statement that the safe adminis-
tration of chloroform consists in its continuous administra-
tion at a strength of between 1 and 2 per cent. And if
anyone now objects that it may be safe to go up to 3 per
«cent., or sufficient to go down to § per cent., I am content
to accept the objection as being possibly well founded,
because it carries with it the all-important admission that
the question of safe anmsthesia is in first instance a ques-
tion of quantity, and in second instance a question of
idiosyncrasy and of clinical conditions.

Admitting, then, that the primnry condition of the safe
administration of chloroform consists in the continuous
administration of an atmosphere in which chloroform
vapour is between the limits of 1 and 2 per cent., the
question is how best to secure this essential condition.
It can be secured by many methods. Given the requisite
care, skill, and experience on the part of the administrator,
anmsthesia may be properly carried out by any method,
empirically or otherwise. But some methods demand more
skill and care than other methods, and the task of the
anmesthetist may be lightened (or it may be aggravated)
by various mechanical appliances. A folded towel drenched
with chloroform may be safely used by an anmsthetist
whom previous experience has rendered fully alive to the
extreme danger of two or three deep inspirations of a
concentrated vapour, and whose attention is never dis-
tracted from the paramount necessity of ‘‘ plenty of air™
with the ‘‘plenty of chloroform.” On the other hand,
a person unmindful of the physiological elements of chloro-
formisation is a dangerous administrator if he is content
with the empirical use of any apparatus, however faith-
fully he may carry out the instructions of his instrument
maker,

Methods and apparatus are legion, and it would be
futile or invidious on my part to attempt to describe or
criticise in detail any one method or apparatus. But I
may usefully invite your consideration of certain prin-
ciples and ask you fo recognise that for their trial by
experiment the chief necessity is a simple method, such
as I have just described, enabling us to test percentages
quickly. Thus, by the use of this method, l\f Symes *
has determined what are the usual percentages of chloro-
form vapour offered to inspiration by an ordinary Skinner’s
mask, and found them to range between the desirable
limits of 1 and 2 per cent.,, with occasional fluctuations
up to about 3 or 4 per cent.

All apparatus designed for the delivery of chloroform
vapour of definite and controllable percentage is based upon
one or other of two principles. On the first or vacuum
system, of which the best known examples are the
apparatus of Snow and that of Harcourt, the patient
inspires air through a vessel containing liquid chloroform
by a broad inlet tube and a closely fitting face-piece.

On the second or plenum system, of which the examples
best known to me are the apparatus of Dubois and that
to which 1 have given the name of the ‘‘ wick vaporiser,’” *
the patient inspires from a freely open face-piece in which
an excess of chloroform and air at required percentage is
maintained by a pump.

In my opinion, if apparatus is to be adopted, the plenum
is preferable to the vacuum principle: for in the latter
case it is more difficult to secure uniformity of adminis-

1 Svmes, Lancet. July g. 1904.
2 Waller, Proc. Physiol. Soc., August 19, 1904.
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tration, which requires a perfect fit of the face-piece, still-
ness of the chloroform over which the inspired current of
air is drawn, and which causes of necessity a considerable
added resistance to inspiration. By the plenum system
there is a more uniform percentage of supply, and the
patient breathes freely from an open loosely fitting face-
piece, the cavity of which is kept filled to overflowing by
an excess of mixture of controllable strength.

But, whichever of these two systems be followed, the
choice is obviously one that can only be determined by
experience, both clinical and of the laboratory. Equally
obviously the so-called accurate percentages afforded by
any method can only be approximately accurate under the
sometimes difficult conditions of practical administration,
and it is therefore of principal importance to ascertain by
a simple and ready method of estimating percentages such
as I have described above what is the degree of accuracy.
or, if you prefer to say so, the range of inaccuracy to
which ‘any method or apparatus is subject under the
ordinary conditions of its application.

You may indeed sometimes hear it said that the per-
centage can be judged of by the sense of smell, which
therefore affords the readiest means of estimating the
strength of a mixture, to which I should like to add yes,
certainly, provided the observer by previous experience of
known percentages has formed some standard of com-
parison on which his opinion is based.

I have finished what I set myself to say to-day concern-
in% the physioloﬁical problems involved in the question of
safe anasthesia by chloroform.

But I have reserved for my conclusion certain consider-
ations by which it is customary to introduce the particular
subject under review. May I briefly trespass further on
your attention to say something about the conditions under
which physiological inquiry is pursued in London?

Physiology, in the technical and restricted sense
commonly received in this country, has become so closely
associated in the public mind with vivisection, and, as
dealt with in the medical curriculum, is so narrowly re-
duced to what is strictly necessary and practicable, that
its real scope and value as a general science have been
altogether lost sight of.

I do not propose on the present occasion to deal with
the question of vivisection either on its ecthical or on its
utilitarian aspect. All I wish to do is to bring distinctly
before your minds two considerations that may, I hope,
contribute to a broader and truer conception of the place
of physiology among the sciences, though they assuredly
will not justify the claim of Dubois-Reymond that physio-
logy is the queen of the sciences. !

The first of these two considerations is that the province
of vivisection, essential as it is, is a very narrow and
restricted province indeed in the domain of physiology.
In the ordinary routine of the physiological laboratory
experiments involving vivisection are infinitely less
numerous and infinitely less exacting than experiments
that involve no vivisection. Vivisection is, in fact, an
infinitesimal fraction of experimental physiology, whereas
in the minds of many who should know better experi-
mental physiology always means vivisection : the two terms
are taken as synonymous, and an odium that should not
have been attached either to physiology or to vivisection
has been directed through vivisection upon the whole of
physiology. Yet do not mistake my meaning. 1 do nof
for one moment surrender the claim that upon ethical and
utilitarian grounds vivisection is lawful ; {)dcprecate the
perverted picture of vivisection that is presented to public
opinion by sensational agitators and the perverted notion
of physiology that is one of the evil results of the anti-
vivisection crusade. But I do not desire to dwell on the
vivisection question; I do not consider that it can be use-
fully considered by the general public without an intimate
knowledge of the subject, itself possible only to the
specialist. An ordinary normal person who should say he
approved of vivisection would be, in my opinion, even
more objectionable than an ordinary normal person who
should express a detestation of vivisection, for the bare
idea of vivisection is repugnant to every humane person.
To bring dispassionate argument against such natural re-
pugnance seems to me hardly less mischievous than to
fan repugnance into hatred by passionate appeals to the
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imagination. The surgeon to whom an ignorant crowd
should impute cruelty would fail to serve the cause of
humanity by the technical descriptions to them of the
operations he is required to perform.

There are two great principles involved in the welfare
of any applied science—in the welfare indeed of any living
thing—the conservative principle and the progressive
principle.

Any organised living mass—Ilet it be an animal or an
organised body of men—by virtue of the conservative

rinciple of heredity, of repetition of like by like, of
imitation of action that has proved to be successful, works
more ecconomically than it could have done if each in-
dividual mass had perforce to work out its own salvation,
evolve for itself its own suitability to and temporary
mastership of surrounding circumstances.

But the child that can only imitate and repeat the actions
of its ancestors brings no positive addition to the excel-
lence of the race the upward progress of which requires to
be fed by the costly process of initiative efforts, by the
sports of talent and of genius, by the cumulative effect
of innumerable hits among innumerable misses of
innumerable multitudes of individuals.

Transfer this thought to education—to medical education
in particular., An educated person—a competent physician
or surgeon—must in the first place learn at the feet of
his masters, believe and learn what he is told, imitate
what he sees done by his instructors, be the apprentice and
follower of the experienced craftsman who shows him
tried and approved ways of working.

But the apprentice who is to contribute to the common-
wealth of knowledge and power has to be something more
than the faithful imitator of his teacher; he must initiate,
and he must make a hit among, it may be, his many
misses. He will then have contributed to the advance-
ment of knowledge and power,

In all provinces of human activity we may distinguish
the result of our two complementary principles—imitation,
. the conservative principle; initiation, the progressive prin-
ciple. But while in all provinces the conservative factor,
being, so to speak, the means of wholesale economy, bulks
the larger, the progressive factor, as the means of retail
economy, is relatively insignificant.

Between the two extremes—imitation on the one hand,
initiation on the other—there is room for numberless
variations; and, by reason of the vastness of area of even
the minutest province of human activity, the aim of educa-
tion, even the most technical, is perforce more and more
directed to teach the pupil to use his own mind in presence
of the task set him rather than to copy minutely and to
reproduce perfectly the model facts shown or described
to him by the master.

But in every province, and in particular in that of
education, the power of imitation is easier to exert and
easier to develop than the power of initiation, which is a
rare and costly ingredient, since at any given juncture
the odds must be heavily in favour of the success of the
time-honoured fact or method as compared with its yet
untried competitor.

There are of necessity many misses and few hits among
the novelties that come to trial.

The genius of our nation is admittedly a practical genius
that looks upon the conservative way as the better way,
and makes its changes by as small steps as can be from
precedent to precedent. This is the safe and easy way,
the way of nature; and to this predominance of fact
copied over fancy realised may fairly be ascribed our own

rolonged constitutional prosperity. We have found by
ong experience that it is very long odds indeed against
any dark horse without a good pedigree of precedents,
so we prefer to back the field; old methods are the safe
thing and the good thing.

But one may have too much of a good thing, and in
education I think we have had too much of the old
methods, in which the keynote is imitation and examin-
ation of copy, and too little of that expensive and dangerous
ingredient—so dangerous that to some authorities it
appears in the light of a poison—initiative and originality
of thought. I admit all the danger: I grant to the old
authorities that there is a good deal of trash current under
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the label of original research. But I do not think we can
have wheat without chaff, and 1 am convinced that the
adherents of original research, as against the clientéle of
the examiner and of the crammer, bring to the educational
commonwealth the scanty and much needed ingredient of
initiative. We want education still further urged in the
direction of teaching the pupil to use his own mind upon
unseen translation of new facts into effective conduct, and
one of the best ways of obtaining that the teacher shall
guide his pupils to use their own minds is that he should
himself use his own mind, and not suffer himself to drop
into the jog-trot of routine. We want our teachers to be
learned men, but we also want them to continue to be
learning men; and that is why, in spite of its defects, I
want to urge that greater encouragement be given to
original research.

1 hope 1 shall not have taxed your patience too far if
I bring these considerations to their natural conclusion by
telling you as briefly as may be of an effort that is now
being made in the University of London to strengthen and
organise that spirit of initiative which is, I am convinced,
of capital importance in all teaching, the most elementary
no less than the most advanced. We have formed our-
selves into a school of physiology, including every teacher
of physiology in London, each of whom undertakes to
give at the headquarters of the University lectures upon
those portions of the science with which his own previous
study has rendered him specially conversant. The teach-
ing offered is of an advanced character, and is addressed
more especially to post-graduate and to Honours students ;
and, in pursuance of the principle that such teaching is
the immediate consequence of learning, the University has
provided a research laboratory in which teachers and other
post-graduate students find the necessary facilities for
work. We believe that the experience of the last five
years has sufficiently proved that a ‘‘ college of learning "’
thus constituted renders valuable assistance to the teachers
and students of the schools of London, and  that it is
helping to draw to a focus resources and efforts that are
at present scattered and wasted among the several schools.
I cannot do better in this connection than quote the words
of the Chancellor of the University (Lord Rosebery) :—
““We hope to make this laboratory the central spot for
medical research in London . . . an institute of studies
ancillary to medicine, which may develop and complete
the work of the University in that direction.” And 1
think that you will agree with me that any movement
that contributes to the good health of the University of
London contributes to the good health of every university
in the Empire, and of every school the teachers of which
are animated by the university spirit—the love of learning
for its own sake as well as for the sake of the mental
and material power that is required of us,

‘UNIVERSITY AND EDUCATIONAL
INTELLIGENCE.

CAMBRIDGE.—The mastership of Downing College has
been offered to Prof. Howard Marsh, who has, it is under-
stood, given a favourable reply, but the election cannot
take place until October.

Mr. Augustine Henry has been appointed reader in
forestry for five years.

A university lectureship in botany will be vacant at
Michaelmas in consequence of the resignation of Mr.
Hill. The annual value of the post is 100l. Applica-
tions for the lectureship, accompanied by testimonials,
should be sent to the Vice-Chancellor on or before
October 11,

Loxpon.—Dr. E. A. Westermarck has been appointed
to one of the two professorships of sociology founded by
Mr. Martin White—the one for five years; the appoint-
megt to the permanent professorship has not yet been
made.

Dr. A. C. Haddon, F.R.S., has been appointed university
lecturer in ethnology for the session 1907-8 under the
Martin White henefaction. The teaching in these sub-
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jects will continue to be given at the London School of
conomics, and the courses will be treated as inter-
collegiate courses.

MancHesTER.—Mr. J. L. Simonsen, Schunck research
fellow, has been appointed a junior demonstrator in
chemistry.

Oxrorp.—The professor of human anatomy has notified
the Vice-Chancellor that the Welsh prize, 1907, has been
awarded to Mr. Wathen E. Waller, of University College.

An election to the Philip Walker studentship in
pathology will take place in October next. The student-
ship, which is of the annual value of 200l., is tenable for
three vears, is open to either sex, and the holder need
not necessarily be a member of the University of Oxford
nor bhe legally qualified to practise the profession of
medicine, but while holding the studentship he or she must
be devoted to original pathological research. If the work
done by a student be of exceptional promise, the student-
ship may be extended for a second period not exceeding
two years. Applications, accompanied by three testi-
monials, must reach the registrar of the University by
September 14 next.

At the Convocation to be held on September 30 it will
be proposed to confer the honorary degree of D.Sc. upon
Dr. Ludwig Mond, F.R.S., who was unable to be present
and receive the degree at the late Encania.

Prof. W. Baldwin Spencer, F.R.S., the holder of the
chair of biology in the University of Melbourne, has been
elected to an honorary fellowship at Exeter College.

Dr. Normay Moore will deliver the first Finlayson
lecture in Glasgow in February next. The lectureship was
founded in commemoration of the late Dr. James Finlay-
son. The subject and actual date of the lecture will be

. announced later.

Mr. W. Egrtam Saitn, who is at present acting as
temporary professor of natural science at Government
College, Rangoon, has been appointed to succeed Dr.
W. H. Wilson as professor of chemistry in the Presidency
College, Madras, when the latter retires in October next.

For work carried on in the cancer research laboratories
of the Middlesex Hospital, the Walter Emden research
scholarship and the Richard Hollins scholarship have been
awarded respectively to Dr. Victor Bonney and Mr. L.
Courtauld.

Tue Joule studentship of the Royal Society has been
awarded to Dr. T. H. Laby, of the University of Sydney,
now of the Cavendish Laboratory, Cambridge, for the
investigation of the conditions of condensation and super-
saturation of vapours other than steam.

Mgr. Riciarp Hexry Curmis, principal assistant in the
observatories branch, has been appointed superintendent of
the instruments branch at the Meteorological Office. The
observatories branch will in future be incorporated with
the instruments branch. Mr. Richard Corless, of Sidney
Sussex College, Cambridge, has been appointed special
assistant to the director.

A rELLOwSsHIP in agriculture has been awarded to Mr.
W. Dawson by the executive committee of the Carnegie
trust for his thesis entitled ** Production of Seed by Forest
Trees," and a scholarship in agriculture has been awarded
by the same committee to Mr. F. S. Marr for his paper
on “ The Stimulus of Phosphoric Acid on the Early
Development of Plant Growth.”

Tue following appointments have been made in connec-
tion with the Rothamsted Experimental Station :—Dr.
E. J. Russeil, lately of the South-Eastern Agricultural
College, Wye, as the Goldsmiths' Company's assistant for
the investigation of soils, and Dr. H. B. Hutchinson, of
the Midland Agricultural and Dairy College, Kingston,
Derby, as bacteriologist.

Mgr. Murray has published at 5s5. net a handsome
nmemorial volume of the visit in June, 1906, to the Uni-
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versity of London of representatives of the University of
France, the Collége de France, and the French provincial
universities. We published in our issue of June 14, 1906,
an article on the visit, so do not need to say more about
the volume than that it contains the names and particulars
as to the standing of the guests, verbatim reports of the
various addresses delivered, and accounts of the numerous
receptions, luncheons, &c., arranged in honour of the
distinguished visitors, concluding with the conversazione
held at the University of London, South Kensington, at
which about 2000 guests were present,

Tue council of the Institution of Civil Engineers is pre-
pared to consider applications for a nomination to a Palmer
scholarship. The annual value of the scholarship, which
will be vacant at the end of next month, is 4ol. Sons of
civil engineers alone are eligible for nomination, and they
must be desirous of matriculating, and subsequently
graduating, at the University of Cambridge, and their
circumstances must be such as to need the help afforded
by the scholarship. Copies of the regulations may be
obtained from the secretary of the Institution of Civil
Engineers.

Tue following appointments in universities abroad are
notified in Science :—Dr, G. L. Streeter, professor of
anatomy in the University of Michigan; Dr. J. Heath
Bawden, professor of philosophy in the University of
Cincinnati; Dr. F. R. Noll, of the Agricultural Academy
at Poppelsdorf, professor of botany at Halle; and the
following appointments at Syracuse University have been
made :—Joseph E. Kirkwood, professor of botany;
W. M. Smallwood, professor of comparative anatomy ;
and George D. Babcock, professor of .practical mechanics.

Tie most recent report of the U.S. Commissioner of
Education deals with the year ending June 30, 1905, and
has just been published. The growth of facilities for
higher instruction as recorded in the report is remarkable.
The total value of property possessed by the institutions
for higher education increased during the year with which
the volume deals by 10,000,000l. At the date mentioned
the total value reached approximately 103,000,000l., of
which 47,000,000l. represents endowment funds, the re-
mainder being the value of the material equipment used
for instruction purposes. Forty-one institutions have
endowment funds of more than 200,000l. each. The rate
of increase per year in the endowment funds was 41-3 per
cent. during the five years 1900-1905. The total income
for the year of these institutions for higher education,
excluding benefactions, amounted to 8,355,000l., an increase
of 289,200l. over the preceding year. Of this amount
23.6 per cent. was from endowment funds, 236 per cent.
from State appropriations, and 6.9 per cent. from Federal
appropriations. It is interesting to note that Harvard and
Columbia had incomes exceeding 200,000l. each, eight
other institutions had over 150,000l. each, three over
100,000l., and twelve more over 60,000l. The total amount
of benefactions reported by all institutions during 1904-5
was 3,335,790, of which 71 per cent. was received by
thirty-three institutions which each obtained 20,000l. or
more. Harvard received gifts amounting to 466,000l.,
Yale 279,000l., and Columbia 236,000l. The total number
of men students in these institutions of higher education
increased during the year under consideration from
86,006 to q2,161, and of women students from ‘32,023 to
34:243-

SRS UR——

SOCIETIES AND ACADEMIES.

Loxpox.

Royal Society, June 27.—*‘On the Velocity of the
Kathode Particles emitted by Various Metals under the
Influence of Rintgen Rays, and its Bearing on the Theory
of Atomic Disintegration.’”” By P. D. Innes.

(1) The velocity of the electrons emitted by lead, silver,
zine, platinum, and gold under the influcnce of Rdntgen
rays has been measured, both for soft and hard rays.
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(2) The values found are as follows,

(2) the accuracy being
within about 3 per cent. :

Soft rays
032076 XI0% orsi O
6'0to7'2%x10" .. 6
60 to 64 x 10"
6'1to 7'5%x 10 ... 6°41to8'1x10"
6°'1to 7'5x10" ... 6°2to81x10"

Hard rays
'3 to 83 x 10"
‘1 to 8'0ox 10"

 BTY R
2 17 R A
Zine
Platinum
e [ I e

(3) The velocity of the fastest electrons emitted from each
metal is completely independent of the intensity of the
primary rays, but increases with the hardness of the tube.

(4) The velocity decreases with the atomic weight, the
difference between the speed of the fastest electron with
hard rays and that with soft rays being practically the
same for the various metals, if the variation in hardness of
the rays is the same.

(5) A minimum velocity is necessary to enable the electron
to emerge, and the minimum velocity is nearly the same in
the different metals,

(6) The number of electrons given off decreases with
decreasing intensity of the rays, as well as with increasing
hardness.

(7) The number emitted also decreases with decreasing
atomic weight and density.

(8) The conclusion is drawn from calculation and dis-
cussion of other theories that the most probable theory
is that of atomic disintegration. It is shown that the
velocity of the emitted electron is too great to be that
acquired under the influence of the welectric force in the
X-ray pulse. The other theory of ejection is discussed
and objections to it pointed out. A possible explanation
is given of the increase of the velocity with increasing
hardness of the rays, and this fact is shown not to be
inconsistent with the disintegration theory.

EDINBURGH.

Royal Society, July 8.—Dr. Robert Munro, vice-
president, in the chair.—The plant remains in the Scottish
peat mosses, part iii. : F. J. Lewis, The third part dealt
with the peat mosses of the east and north-west Highlands,
Shetland, and the Outer Hebrides. All the Scottish peat
mosses show a definite succession of plant remains. The
oldest in the south of Scotland and the Shetland Islands
have an Arctic plant bed at the base. This is succeeded
by a forest of birch, hazel, and alder containing temperate
plants. A second Arctic plant bed occurs above the lower
forest, and is overlaid in all districts except the Hebrides,
Cape Wrath, and the Shetland Islands by the upper forest,
covered by several feet of peat bog plants. hile it is
difficult to reconcile the several stages in the peat with
the theory of a single glaciation, the peat beds as a whole
agree very closely with the scheme of classification proposed
by Geikie in ‘“ The Great Ice Age.''—Note on the abyssal
temperature of fresh-water lakes: E. M. Wedderburn.
Observed distributions of lake temperatures were brought
forward as illustrations of the author's view that the sur-
face current set up by wind action produces a back current
at a moderate depth,. with a slow movement of the bottom
layers parallel to the surface current.—The action of
sodium ethylate on trichloromethylsulphonic chloride : Prof.
A, Crum Brown and T. F. Cowie.—A hybrid between
Prejvalsky’s horse and a Highland pony: Prof. J. C.
Ewart. In most respects the hybrid differed little
from an ordinary cross-bred pony. In its mane, however,
it afforded striking evidence of its mixed origin. The front
part of the mane projected forward, but failed to form a
forelock. The rest consisted of hairs which were either
erect or arched outward, some falling towards the right,
others towards the left.  The experiment gave further
evidence in favour of the theory that our modern horses
are descended from several distinct stocks, of which the
Prejvalsky horse is one.—A note on a reflected mirage :
Dr. C. G. Knott. This was an account of a curicus
mirage observed in South Africa by members of a cadet
corps who were camping out to the south-east of Wor-
cester. With the town at their back the observers saw
about four miles off, apparently on the back of the river,
a recognisable image of the town itsell.-—~The system
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sulphur-iodine : Prof. Alex. Smith and C. M. Carson.
The freezing points of mixtures of iodine and sulphur show
that these elements neither combine chemically nor form
solid solutions.—Precipitated sulphur: Prof. Alex. Smith
and R. H. Brownlee. Sulphur precipitated from poly-
sulphides by means of acids is almost wholly composed of
soluble rhombic sulphur. The fluid droplets of which the
precipitate is at first composed crystallise to monoclinic
sulphur, and the masses of the latter afterwards turn into
rhombic sulphur without change in their spherical form.
The sulphur precipitated from sodium thiosulphate by means
of acids is wholly soluble when acetic acid is used. With
hydrochloric acid the precipitate is viscous. The amount
og insoluble sulphur is proportional to the concentration of
the acid, and varies from 6 per cent. to 96 per cent.—
Preliminary note on the optical rotations (throughout the
spectrum), the electrical conductivities, and the densities of
mixtures of sodium-potassium-tartrate and ammonium
molybdate in aqueous solutions. The essential feature of the
method lay in the measurements being made for all kinds
of light. Interesting results were obtained with respect to
the influence of non-active substances when added to active
solutions. i

July 15.—~Dr. Robert Munro, vice-president, in the chair.
~—The Pycnogonida of the Scottish National Antarctic Ex-
pedition: T. V. Hodgeon. The main interest of the
Scotia collection lay in the problem of distribution to which
it gave rise. Antarctic and sub-Antarctic regions were dis-
tinguished, being separated provisionally by the sixtieth
parallel south. Of the fifteen species recorded from the
Scotia the most striking was the Decolopoda australis,
a species discovered and accurately described some
seventy years ago, but forgotten, and when first noticed
despised as a monstrosity or as a sample of defective work.
~The marine mollusca of the Scottish National Antarctic
Expedition: J. C. Melvill and R. Standen. The col-
lection is interesting because of the number of deep-sea
forms brought for the first time from unusual depths, and
because of the extension of the geographical range of cer-
tain species already known. A second example of the
hitherto unique Guivillea alabastrina, Watson, was dredged
from a station not far from the original Challenger locality.
Of the ninety-five species described, the gastropods claim
fifty-nine with eleven new species, the scaphopods two
with one new species, and the pelecypods thirty-four with
nine new forms.—Preliminary note on the internal structure
of Sigillaria mamillaris, Brongt., and Sigillaria scutellata,
Brongt. ; and description of a new species of Lepidodendron
(L. pettycurense) from Pettycur: Robert Kidston,—
The periods of the elliptic functions of Weierstrass: R. T. A,
Innes. The paper gave a new method of calculating the
periods when the invariants of the cubic were given.—
Hydrachnidae collected by the Lake Survey: W. William-
son. Among the various forms described there was a
species of Whitfeldtia, which until .now had not been found
outside Norway.—Degenerations following experimental
lesions in the motor cortex of the monkey: Drs. W. A,
Jolly and Sutherland Simpseon. Lesions were made in
the motor cortex of the monkey, Macacus rhesus, involving
portions of the leg, arm, and face areas. The fibres of
the pyramidal tract arising from these areas were traced
by the method of secondary degeneration from their source
to their termination. It was found that the fibres from
these areas begin to intermingle soon after they leave the
motor cortex. In the internal capsule there is already a
good deal of overlapping, and this is more marked still in
the pes pedunculi. Throughout the pons, medulla oblongata,
and spinal cord the intermixture is practically complete,
so that below the level of the mid-brain there is no localis-
ation or grouping of the fibres within the pyramidal tract
as there is of the cells from which they take origin in the
motor cortex. Above this level some localisation of fibres
does take place, but it is only partial, the degeneration
from one area encroaching upon that from the neighbour-
ing areas to a considerable extent.-—Classification of
igneous rocks according to their chemical composition :
Dr. H. Warth.—Note on quaternion integrals: Dr. H.
Hermann, This was an improved de -onstration of the
generalised quaternion form of the theoi ms which include
those of Green, Gauss, and Stokes,
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Paris.

Academy of Sciences, August 5 —NM, H. Poinraré in the
<hair.—M. A. Lacroix .mnoumed the death of J. F. C.
Klein, correspondant for the section of mineralogy, and
gave an account of his work in the field of mineral
crystallography.—Report  presented by the committee
charged with the scientific control of the geodesic oper-
ations on the equator: H. Poincaré (secretary). The
last report was presented in April, 1905. A summary is
iven of the work done at seventy-four geodesic stations.

Three base lines were measured, and magnetic and
endulum observations were also carried on throughout.

‘he provisional calculations are well advanced. The
triangulation and the concordance of the bases measured
and calculated appear to be of the same order of accuracy
as those used in the revision of the meridian of France.
—The law of the velocity of hamolysis of the red blood
corpuscles under the action of light, of heat, and of some
hwemolytic bodies : Georges Dreyer and Olav Hanssen.
The decrease of the corpuscles after treatment with light
or heat can be expressed by the monomolecular formula,
and examples of this are given in three tables.—The heat
of combustion and formation of gaseous hydrogen phos-
phide: P, Lemoult. This measurement has hitherto been
made by indirect methods only. The author has carried
out direct measurements by exploding hydrogen phosphide
with oxygen in the calorimetric bomb.

Berthelot platinum lined bomb, the results agreeing to
about o5 per cent. The molecular heat of combustion of
phosphoretted hydrogen is 310 calories at constant volume,
311:2  calories at constant pressure.—The silicide of

platinum, SiPt, and on a double silicide of platinum and !
Referring to a recent publi- |
Lebeau and |

copper : Em. Vigouroux,
cation concerning this silicide SiPt by M.
A. Novitzky, the author points out that he recently de-
scribed the same compound, further details of which are
now given.—The use of foreign materials modifying the
forms of a crystal in course of growth to determine its
crystalline symmetry : Paul Gaubert. Crystals of nitrate
of urea have been variously ascribed to the monoclinic
and rhombic systems. By utlllsmg the effects of the
resence of methylene blue or picric acid in the mother
iquor from which the urea nitrate crystals are separating
it has been found that the crystals of urea nitrate are,
monoclinic, and it is by an association following a plane
perpendicular to the base that the groups appear to show
a rhombic symmetry. This macle presents the curious
property of not being noticeable from the optical behaviour.
—Concerning two notes of M. Gerber on the ferment of
the Crucifere and the ferment of the Rubiaceax: M.
Javillier.

New Soutn WALES.

Linnean Society, June 26.—Mr. A. H. Lucas, presi-
dent, in the chair.—New Australian species of the family
Calopterygide (Neuro, gtera. Odonata): R. J. Tillyard.
Diphlebia lestoides, Sélys, is the only species of this
exceedingly beautiful and interesting family so far de-
scribed from Australia. Two additions are now made,
one a common East Indian species (Rhinocypha tincta,

Ramb.), and the other a beautiful new Diphlebia from |

northern Queensland.—A contribution to the geology of
Viti Levu, Fiji: Dr. W. G. Woolnough. This paper
comprises 'the results of the author’s second expedition to
Fiji in 1905. The granitic rocks met with in 1901 were
shown to occur at intervals over an area of at least 400
square miles; evidence is now adduced to prove that their
surface represents an ancient peneplain. The sections at
Nasago and Nadrau previously described, and new and
very instructive ones at Rewasau and Nukuilau, were
examined, These prove conclusively that the granite is
very much older than the volcanic series which builds the
bulk of the island. The slaty rocks associated with the
gramtes are shown to be, in part at all events, altered
eruptive rocks. ' Their geological relationship to the
granites has not yet been definitely. proved. The earliest
stage of the Cainozoic history of the island is marked by
-extensive submarine rrupnons later stages by torrestria

eruptions of andesites; and a probable sequence of (;'upxi';e
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rocks is suggested. ‘The causes which led to the separ-
ation of the Fiji mass from the continental land to the
west were assumed to be faulting, but no definite evidence
of such a phenomenon was cited. Now fairly definite
evidence is adduced to show that hcaV\ faulting has taken
place along a N.N.W.-S.S.E. axis. It is suggested that
a second faulting has taken place along a - W.S.W.-E.N.E.
axis, parallel to the long axis of the Viti Levu-Vanua Levu
massif.  Extensive movements of elevation have taken
place, causing a maximum uplift of nearly s000 feet on
the north-west with a marked tilt towards the south-east.
River ~ developpent affords scope for very interesting
speculations, and several theorics are dealt with in the
paper. The marked rectangular network arrangement of
the rivers is commented on, and is explained as chiefly
due to earth movement. River _capture has subsequently
modified the original drainage in some particulars, and
adjustment of drainage is proceeding very rapidly under
almost ideal conditions. All the evidence obtained up to
the present confirms the opinion formerly expressed that
Fiji at one time formed part of a great Austral-Papuan
continent.—Revision of the Australian Curculionide belong-
ing to the subfamily Cryptorhynchides, part viii.:
Arthur M. Lea. In this contribution the revision of the
| genera allied to Cryptorhynchus is continued.

Observations
were made with a Mahler enamel lined bomb and with a |
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