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THE MATHEMATICS Ob' NAVAL STRATEGY 
AND TACTICS.

Manuel Pratique de Cinematique navale et maritime. 
By Captain Leon Vidal. Pp. viii+171. (Paris: 
Gauthier-Villars, 1905.) Price 7.50 francs.

'T'HIS book was undertaken by the author in 
accordance with instructions from the Minister 

of Marine issued seven years ago. Captain Vidal 
was directed to collect in a single volume the 
numerous essays on mathematical naval tactics con
tributed by various authors, French and foreign, and 
scattered over many publications. Officers of the 
French Navy were asked officially to give all possible 
assistance to the compiler, and many of them have 
done so. The laborious task has been admirably per
formed, various problems dealt with have been clas
sified, and those relating to similar subjects have been 
grouped in distinct chapters. Captain Vidal has 
drawn largely upon work done by other officers, and 
acknowledges the fact. He is an enthusiast on the 
subject and has supplemented theorems due to others 
by much original work, extending or completing his 
scheme. Solutions alone are given and detailed 
demonstrations are avoided, so that the volume is 
compressed within narrow limits in proportion to the 
range and variety of subjects dealt with. In order 
to facilitate the practical use of his book by naval 
officers, elaborate numerical tables have been cal
culated by which readers can construct diagrams re
presenting particular cases that may require to be 
dealt with either during naval manoeuvres or in war
like operations. Numerous illustrations are intro
duced, and the descriptions are brief and clear 
throughout. Captain Vidal had to examine and col
late an enormous mass of material produced during 
the last thirty years, and it is not surprising, there
fore, that he has been so long engaged on the book. 
French naval officers and professors have done most 
in this field, but foreign authorities have also been 
laid under contribution, and the volume will probably 
long remain the chief book of reference on its special 
subject.

The science of naval cinematics, says the author, 
“ consists in the study of the movements of vessels 
considered ordinarily as moving points, but in many 
instances it also takes account of their length and 
gyration, as well as their powers.” For the most 
part, in the strategical theorems dealt with it has 
been assumed that ships may be treated as particles, 
the influence of length and turning-power being neg
lected. Further, it is generally assumed that move
ments take place in a calm and tideless sea. Cer
tain corrections are suggested subsequently in order 
to make allowance for wind, wave, and current, but 
these sections are very brief, besides being incomplete 
in treatment, as is indeed unavoidable from the 
nature of the case. The turning-powers of steam
ships arc but lightly touched, although they are most 
important in tactical manoeuvres either for single 
ships or squadrons.
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It is well known that the mathematical training of 
French naval officers is more extensive than that 
given to officers in the Royal Navy, and Captain Vidal 
is exceptionally well equipped in this respect, 
even among French officers. The book is indeed 
mainly a collection of geometrical theorems, in two 
dimensions, bearing upon the movements of ships or 
squadrons performed under certain assumed condi
tions. Many of these theorems can have little prac
tical value, but not a few have been made the basis 
of modern French naval manoeuvres. The funda
mental idea is that when the course of a ship de
parts from a straight line it may be assumed to 
follow a logarithmic spiral. Captain Vidal enumerates 
the principal properties of that curve, and gives tables 
for estimating the lengths of arcs and chords, the 
values of tangents at different points, and other use
ful items. He takes special cases for spirals described 
about a fixed point, or about a point in the rectilineal 
course of another moving body, so as to examine the 
relative positions, from instant to instant, of two 
vessels or two squadrons. Theorems attaching to the 
well-known “ curves of search ” employed by ships 
when scouting, or endeavouring to detect the posi
tion of an enemy who attempts either to arrive at or 
depart from some fixed point, are discussed at length. 
In another chapter theorems dealing with the move
ments of two vessels such as may take place in single- 
ship actions are grouped and discussed fully. In a 
third chapter the most effective methods of concentra
tion for scattered ships belonging to a fleet sent out 
for purposes of observation and scouting are dealt 
with. In another section the “ lines of observation ” 
to be patrolled by ships of a fleet, and the organisa
tion required in order that an enemy cannot pass 
through the line without detection, are discussed. 
The influences of currents in rivers on the movements 
of vessels and the effect of wind and sea are also 
briefly investigated.

Captain Vidal writes fully as much as a mathe
matician as a naval officer. In his opinion the study 
of mathematics is both necessary and beneficial to all 
naval officers, whose duty he considers it to be to lay 
down conditions for programmes of ship-construction. 
Consequently he urges that officers should under
stand the work of the engineer and the trend of indus
trial progress if they are to give good advice and be 
the corps directeur of a modern fleet. Naval officers 
must, in his opinion, “ make, in war, the synthesis 
of actual forces and guide them in producing the 
desired effects.” To ensure success in this high mis
sion the study of naval cinematics is essential, in 
Captain Vidal’s judgment, since every advance in 
that science “ enables one to foresee more clearly the 
results of movements of ships and to employ new 
combinations with intelligence.” There is much 
force in this contention, but the class of work dealt 
with by Captain Vidal could be undertaken only by 
the ilite of officers in the Royal Navy. His treat
ment would be over the heads of average naval men, 

j and it is not likely to assist them in their daily work. 
' The fact that the standard of mathematical attainment 

by average officers in our naval service is not so high 



as in the French Navy may reduce the number of 
English readers of the book. But, happily, we 
possess many naval officers fully competent to take 
their place in scientific discussions of naval strategy 
and tactics. They will find much that is suggestive 
in Captain Vidal’s book, and may be trusted to 
appreciate its investigations properly as well as to de
duce therefrom rules for guidance, which will assist 
brother officers not so well instructed as themselves 
in the practical application of the theorems which 
Captain Vidal has collected. Shortly stated, the 
volume is better suited for the student than for the 
average naval officer, but it deserves a place in the 
professional libraries of all modern fleets.

W. H. White.

THE CORRESPONDENCE OF HUYGENS.
CEuvres completes de Christiaan Huygens. Publics 

par la Socidtd Hollandaise des Sciences. Tome 
dixi^me. Correspondance 1691-1695. Pp. 816. 
(Nijhoff : La Haye, 1905.)

r | 'HIS volume completes the publication of the scien- 
A tific and miscellaneous letters of Huygens, the 

ten volumes comprising in all twenty-nine hundred 
letters and memoranda. There is, perhaps, not so 
much variety in the contents of the present volume as 
in those of previous ones, and the great majority of 
the letters of interest written during the last five years 
of Huygens’s life have been published before, but they 
have now in many cases been further illustrated by 
the addition of rough notes from the books of 
adversaria of the author.

The correspondence with Leibnitz, which had been 
resumed in 1688 after a long interruption, went on 
regularly during the years 1691-5, dealing partly with 
pure mathematics, partly with the theory of universal 
gravitation. It shows that Huygens never became 
reconciled to the use of the differential calculus, but 
continued to prefer geometrical methods. In 1691 
he acknowledges the utility of the calculus, and says 
that he has made some progress in it; yet in the 
very last letter to Leibnitz (of December 27, 1694) 
Huygens remarks that the new method “ ne me 
demeure pas prdsente & 1’esprit quand j’ai discontinue 
tongtemps ft m’y exercer. ” But the numerous letters 
and notes on the quadrature of curves, especially of 
the folium of Descartes, exchanged between Marquis 
de 1’Hospital and Huygens show that the latter’s 
power of dealing with geometrical problems was as 
vigorous as ever. He also continued to correspond 
with Fatio de Duillier, whose letters foreshadow the 
accusation of plagiarism which he launched against 
Leibnitz in 1699, as he from 1691 repeatedly assured 
Huygens that Newton was the discoverer of the 
differential calculus, and that it would not be pleasant 
for Leibnitz if Newton's letters to him were pub
lished. Huygens, who continued to think the new 
calculus unnecessary, did not omit to tell Leibnitz 
that, according to Fatio, Newton knew more of the 
inverse problem of tangents than Fatio and Leibnitz 
did; to which Leibnitz quietly replied that everybody 
had his own ways of proceeding, and perhaps he 

knew of some which Newton had not yet perceived. 
Fatio several times mentioned in his letters that he 
intended to publish a new edition of the “ Principia,” 
as Newton had declined to do it himself, and pro
posed to expand it into a folio volume, which he 
flattered himself would be more easily understood than 
Newton’s quarto.

With Leibnitz, Huygens also exchanged ideas about 
the nature and cause of gravitation. In 1692 Leibnitz 
remarked that a vortex like that assumed by 
Descartes is necessary to explain why the earth’s 
axis remains parallel to itself, while the fact 
that all planets and satellites move in the 
same direction also points to their being carried 
along by some fluid matter. He rejects the 
idea of Cassini, that the orbit of a planet 
is not an ellipse, but a Cassinian oval, since no 
physical reason had been given for this hypothesis. 
The spherical shape of a drop of water, the fall of a 
body to the earth, and the motion of the planets are 
all, according to Leibnitz, caused by the “ materia 
ambiens.” Huygens, on the other hand, thinks that 
the sphericity of a drop is more likely caused by the 
rapid motion of some matter which circulates inside, 
and as to the planets he fails to see why we should 
assume the existence of vortices when Newton had 
proved that the law of inverse squares “ with the 
centrifugal force ” produces the ellipses of Kepler. 
He also makes other objections to the theory of 
Descartes, particularly to the small spheres of the 
second element which revolve round the accumulated 
first clement (the sun), and are supposed to have been 
formed by the corners of the original matter being 
rubbed off; for if this matter offered any resistance 
to this rubbing, what should limit the resistance, and 
if there were none, what should prevent the total 
destruction of the particles? The vortex which should 
preserve the parallelism of the earth’s axis is in
compatible with the motion of the same matter in 
all directions which should produce gravitation ; an 
objection to which Leibnitz could only reply that we 
have two such independent circulations here on the 
earth, causing gravity and magnetism. Huygens 
acknowledges that vortices are a convenient means 
of explaining the common direction of planetary 
motions, but the constant eccentricity of a planet and 
the variable velocity in the orbit cannot be accounted 
for by the theory.

In this connection it is most interesting to 
read some notes written by Huygens to the 
well known “Vie de Monsieur Descartes,” pub
lished anonymously by A. Baillet in 1691. Accord
ing to Huygens, Descartes was very successful in 
getting his conjectures and fictions accepted as truth, 
just as novels may be taken for real history; but, on 
the other hand, he dealt with tangible things, and 
not with mere words as earlier philosophers had done. 
Bacon did not understand mathematics and was want
ing in penetration as regards physics, being unable 
even to conceive the possibility of the earth’s motion, 
which he mocked as an absurdity. Galileo had enough 
of mental power and mathematical knowledge to make 
progress in physical science, and he was the first to 
make discoveries as to the nature of motion, although



he left very much to be done. He did not pretend 
to explain the cause of all natural phenomena, nor 
had he the vanity to want to be the head of a sect; 
he was too modest and too great a lover of truth for 
that. But Descartes wanted to pass for the author 
of a new philosophy which could take the place of 
the Aristotelian, and he stuck to what he had once 
proposed though it was often very wrong. He 
has done a good deal of harm to the progress of philo
sophy, for those who believe in him imagine that they 
know the cause of everything; they waste time in 
sustaining the doctrines of their master, and do not 
work to penetrate the real reasons of the great number 
of phenomena as to which Descartes has only pro
pounded idle fancies. A severe judgment, but not an 
undeserved one as regards the tenacity with which the 
followers of the Cartesian philosophy clung to the 
vortex theory, though it hardly accounted for any of 
the phenomena of planetary motion.

Probably owing to the infirmities of old age, 
Huygens during the period covered by this volume 
did not do any astronomical work, though he wrote 
to his brother Constantyn in 1693 that he had got a 
tube made for a 45-feet object glass, chiefly to show 
the moon and planets to persons of quality who could 
not manage a tubeless telescope, which was pointed 
to an object by cords. His interest in the use of 
pendulum clocks at sea was unabated, and there are 
several short letters on this subject. As the results 
of repeated trials were not favourable, Huygens 
endeavoured to find other means of realising iso
chronic motion, not subject to disturbance from the 
rolling of a ship, and designed several forms of 
balance of which a full account is to appear among 
his hitherto unpublished works.

There are fewer allusions to current political and 
other events in this volume than in the previous ones, 
but naturally the anti-Copernican action of the Uni- 
versity of Louvain in 1691 is not passed over. The 
faculty of arts suspended Prof, van Welden for three 
years for asserting that the earth was one of the 
planets. He wrote to Huygens to beg for the inter
cession of Constantyn Huygens or of King William, 
but they do not appear to have done anything for 
him. During the last years of his life, Huygens 
wrote his well known little book “ Cosmotheoros, ” 
which was not published until 1698, three years after 
the death of its author. J. L. E. D.

PSFCHL47RV.
Manual of Psychiatry. By J. R. de Fursac. Trans

lated by A. J. Rosanoff, and edited by Dr. J. Collins. 
Pp. xii + 352. (New York: Wiley and Sons;
London: Chapman and. Hall, Ltd., 1905.) Price 
ios. 6d. net.

'T'HE author has managed to compress a fairly large 
J- amount of information into this manual, but we 

are afraid that the subject-matter is almost too con
densed for the reader who is not already conversant 
with the subject. This book is divided into two parts. 
The first portion is a general study of the causes, 
symptoms, and treatment of mental disorder, con

sidered independently of the various affections in which 
they are encountered. The second portion is devoted 
to the study of the individual psychoses.

The volume is rather unevenly divided; some sub
jects are fully dealt with, but the description of others 
is somewhat meagre. The chapter on aetiology is 
very good, and this important problem is thoroughly 
reviewed. We cannot agree with the author in his 
conclusion that heart disease is common in the insane, 
and Strecker’s figures as to the prevalency of this 
malady in German asylums, viz. 61.7 per cent for men 
and 42.7 per cent, for women, would not coincide with 
similar statistics obtained from English asylums.

In the chapter on general symptomatology the sub
ject of hallucinations and their causation is briefly but 
well described. Throughout the volume it is very 
noticeable that purely psychological matters are dealt 
with in greater detail than other subjects of equal, if 
not of greater, interest to the practical physician. 
For example, the pages on treatment are undoubtedly 
the weakest in the book. Very little space is devoted 
to this important subject, and the reader is left very 
much in the dark as to the management of cases of 
mental disorder.

The author has evidently had the usual difficulty in 
finding a good classification of insanity. He states 
that in the absence of one that is founded upon a 
pathological anatomy basis he has chosen “ the most 
practical, the most convenient, and the one which in 
any given case would enable us to establish the prog
nosis and institute the treatment.” We quite agree 
that he has made the best choice in selecting 
Kraepelin’s classification as the basis for his own 
scheme.

The first chapter in the second part is reserved for 
the consideration of the “infectious psychoses,” of 
which the following are briefly reviewed:—febrile 
delirium, infectious delirium, and hydrophobia.

Under the heading of “ Psychoses of Exhaustion,” 
the author describes conditions of primary mental 
confusion and acute delirium. Toxic psychoses are 
divided into two divisions, (a) acute, (b) chronic, 
morphinomania and cocainomania being included in 
the second class. Dr. de Fursac recommends that, 
when possible, the rapid method of withdrawal of 
morphia should be employed in the treatment of 
morphinism, as he prefers this to the sudden and 
gradual methods sometimes employed.

The “ autointoxication psychoses ” include ursemia, 
the polyneuritic psychosis or Korsakoff’s disease, 
dementia praecox, and general paresis. After 
thoroughly considering the relationship of syphilis to 
general paresis, the author states that “ at the present 
time we have no conclusive evidence either for or 
against the syphilitic origin of general paresis.”

The next chapters arc devoted to the description of 
“ psychoses dependent upon so-called organic cerebral 
affections,” and “psychoses of involution.” The 
latter include “ affective melancholia ” and “ senile 
dementia.” We do not like the term “affective 
melancholia”; it seems redundant, for clearly all 
forms of depression must be affective. Further, the 
author uses the term in a new sense, which causes 



confusion. The chapter on senile dementia is dis
tinctly good and very instructive.

Under “ psychoses without a well-determined 
etiology, which are apparently based upon a morbid 
predisposition,” are found manic-depressive insanity, 
paranoia, and constitutional psychopathic conditions, 
such as mental instability, sexual perversions and in
versions and obsessions. Paranoia is very briefly de
scribed under the title of “ Reasoning Insanity.” 
We strongly disagree'with the author in his use of 
this term; it is by no means a good one, and is, in 
addition, confusing, since other writers have used it 
as designating the maniacal stage of manic-depressive 
insanity.

Epilepsy and hysteria are described under the head
ing of “ Psychoses Based on Neuroses,” and the con
cluding chapter is devoted to the consideration of 
the arrest of mental development.

The book is well translated, and the index is care
fully compiled. This manual undoubtedly has its 
merits, but, as we have already stated, it will scarcely 
appeal to the practitioner, as the description of treat
ment is somewhat meagre, and the student will find 
the subject-matter almost too condensed. In any 
future edition the author will do well to correct these 
defects, for by so doing he will render his book a 
useful manual on psychiatry.

OUR BOOK SHELF.
Experiments with Plants. By Dr. W. J. V. Oster- 

hout. Pp. x + 492; illustrated. (New York: The 
Macmillan Company; London : Macmillan and Co., 
Ltd., 1905.) Price js. net.

The author defines his aims in the following words 
(p. 7):—“ The numerous questions which young 
people ask about plants are best answered by them
selves. . . . To put them in the way of doing this 
so far as possible is the object of this book.” In 
accordance with this plan, the apparatus used is of 
a rough and home-made description, constructed of 
fruit jars, lamp chimneys, clothes’ pegs, india-rubber 
bands, and sealing-wax. Much ingenuity is shown 
in the design of apparatus so put together. Whether 
a sufficient degree of stability is always obtainable 
may perhaps be questioned, but from the author’s 
point of view the advantages of his method certainly 
outweigh any such shortcomings. One great merit 
in the book is the insistence on the necessity of control 
experiments, which are especially needful with rough 
methods. The book is divided into chapters headed 
“ The Work of Roots ”—of leaves, of stems, &c.— 
ending up with a chapter on “ Making New Kinds 
of Plants,” which is a statement of what breeders 
and experimenters on variability have done rather than 
instructions for the making of such experiments.

The author very properly recommends common 
plants for use; but why students of botany should 
be confined to such names as “ Kentucky Coffee 
Tree,” “ Dusty Miller,” “ Live Forever,” “ Switch 
Plant,” it is difficult to say. Occasionally we find the 
scientific name, and in this way wc learn that a 
“ Wandering Jew ” is a Tradescantia.

Most of the experiments are clearly described, but 
we have been puzzled over some of them. For 
instance (p. 191), the method of answering the 
question, “ Does the leaf decompose carbon dioxide? ” 
seems to us to involve passing a lighted candle under 

water into a jar of air. Here and elsewhere in the 
book the author neglects simple and striking methods. 
It is important that the student should be convinced 
that oxygen is given off by green leaves in light. The 
above-mentioned experiment is not satisfactory, 
whereas Engelmann’s blood method is both simple 
and convincing. Again, the well-known plan of count
ing the bubbles given off by submerged plants in 
light, though not free from errors, gives useful com
parative data for the study of assimilation. In the 
same way wc think that more fundamental experi
ments should have been given under the heading of 
“Stomata.” Stahl’s cobalt method, which is merely 
mentioned in a note, can be used by the most elemen
tary of students to demonstrate important facts.

In spite of some faults, the book will be found of 
value to anyone compelled to give a course of 
physiological botany under conditions which preclude 
the use of ordinary laboratory fittings.
Conversations on Chemistry. Part i. General 

Chemistry. By W. Ostwald. Authorised trans
lation by Elizabeth Catherine Ramsay. Pp. v + 250. 
(New York : John Wiley and Sons; London : Chap
man and Hall, Ltd., 1905.) Price 6s. 6d. net.

The German original of this book has already received 
sympathetic notice in Nature, and in connection with 
the translation now before us it is necessary to add 
little more than that Miss Ramsay has done her 
work with much skill, and has made the dialogue 
not less natural and vivacious than it is in the original. 
It is impossible to read the book without a feeling of 
refreshment and amusement, or without admiration 
of the ingenuity and resource of its philosophical 
author. It seems hardly fair to say that we have 
here a revival of Dr. Brewer or Mrs. Marcet. There 
are two striking differences between the old and the 
new dialogues. In the first place neither master nor 
pupil in Prof. Ostwald's book is endowed with that 
austere and depressing pietv of mind which, to the 
unregencrate, provided perhaps the most afflicting 
feature of the older works. In the second place Prof. 
Ostwald’s book shows a masterly treatment not only 
of the real difficulties of chemistry in itself, but a 
perfect appreciation of the pitfalls that beset the pupil 
in the early stages of learning. It is difficult to sup
pose that any teacher will fail to find something useful 
or to gain some valuable hints from reading the book, 
and on this ground it must be warmly recommended.

It would, however, be a misfortune if a teacher 
constrained his teaching to the exact course of the 
dialogue, and, of course, it would be worse still if 
he set so many pages as a lesson to be learned by the 
pupil. The real usefulness of the book will probably 
lie in the example it affords of the life that may be 
imparted to teaching when, on the one hand, the 
pupil is allowed a fair chance of thinking out things 
for himself and a full opportunity of frankly saying 
what he thinks, and when, on the other hand, the 
teacher takes the part of a guide, philosopher, and 
friend who has a soul above dictionaries and examin
ation papers. A. S.
Mathematical Recreations and Essays. By W. W. 

Rouse Ball. Fourth edition. Pp. xvi + 402. 
(London: Macmillan and Co., Ltd., 1905.) Price 
7s. net.

This edition differs from the third by containing 
chapters on the history of the mathematical tripos at 
Cambridge, Mersenne’s numbers, and cryptography 
and ciphers, besides descriptions of some mathematical 
recreations previously omitted. The book has thus 
become more miscellaneous in character, but the 
additions fit in very well, and are all entertaining. 
Mr. Ball writes with enjoyment of his subject, and 



in a very agreeable style; moreover, he does not 
assume the reader to possess any knowledge of 
advanced mathematics. For those who wish to study 
any of the more important topics in detail he gives 
ample references; for those merely in search of 
diversion he provides a mine of amusement, in ex
ploring which many pleasant hours may be spent. 
And there are some unsolved problems mentioned 
which the amateur with a mathematical turn of mind 
may attack with nearly as much chance of success 
as the expert; for instance, to give a strict proof that 
only four different colours are necessary to colour a 
map distinctly. Altogether this is an excellent work 
of its kind, and ought to find a large number of 
readers; even those who have a former edition will 
be likely to buy this one, if only for the sake of the 
very interesting account of the vicissitudes of the 
mathematical tripos.

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

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

The Rate of Formation of Radium.
The production of radium from uranium has now been 

observed experimentally ; the rate of production is not, how
ever, in accordance with the quantitative theory. Mr. 
Soddy’s observations (Phil. Mag., June, 1905) gave, a rate 
of production of only one-thousandth of the theoretical 
amount. An experiment which I made on a specimen of 
uranium salt, known to be at least thirty years old, has 
confirmed Mr. Soddy’s conclusion so far as to show that 
the mean rate of production of radium could not have 
exceeded a hundredth part of the theoretical amount. 
It may, of course, have been much less, since the amount 
of radium initially present is unknown.

The explanation of this discrepancy, which has been 
suggested by Mr. Soddy and others, is that there may 
be a transitional product, If this is the case, it is 
to be expected that the rate of production of radium 
from uranium initially purified will be found to accelerate 
as time goes on. In the meantime, I am trying an ex
periment which promises to give the required information 
more easily.

The transitional product, if it exists, must be contained 
in pitchblende. If, therefore, we could remove all the 
radium, but as little else as possible, from a solution of 
pitchblende, the increased rate of production of radium 
might be apparent.

Fifty grams of the best pitchblende were dissolved in 
nitric acid. The insoluble residue was fused with sodium 
carbonate and added to the solution. The whole was 
evaporated to small bulk to render silica insoluble; more 
dilute acid was added, and the silica filtered off and re
jected. The metallic bases were thus got into solution.

The solution was freed from radium so far as possible 
by adding barium nitrate solution in small portions, al
ternately with equivalent quantities of potassium sulphate. 
Four and a half grams of the barium salt were thus 
added. After this the amount of radium remaining was 
determined by its emanation ; three determinations gave, on 
an arbitrary scale, 69, 585, 61-5, mean 630. After an 
interval of three and a half months the amount was 
again determined. The values were 73.5, 74 5, 72 0, 75 0, 
72 5, mean 73-5. It appears probable that this increase 
is significant, since each of the second series of numbers 
is larger than any of the first series.

Assuming that the difference is significant, the rate of 
production per gram of mineral per year would be, on 
the same scale, 0 723. The equilibrium quantity of radium, 
the amount, that is, in the untreated mineral, was found 
to be, per gram, 10,100. If radium decays to one-half its 
initial quantity in a thousand years, as theory indicates, 
then the production in one year from a gram of the 

mineral should be 10,100/145X 1000 = 69, about ten times- 
the observed amount.

The increase is insufficient to inspire complete confidence. 
It seems most probable, however, that there is an increase 
much greater than in Mr. Soddy’s experiments with pure 
uranium salts. It would not have been difficult to remove 
all traces of radium, and then the increase (if real) would 
have been unmistakable. It was feared, however, that 
the barium precipitation might remove part of the hypo
thetical intermediate product. It seems likely that this: 
is the case, since the rate of production is still less than 
theory requires.

A little longer interval will, it is hoped, give a conclusive 
result. It is intended to try other methods of separating, 
the radium, in the hope of avoiding all loss of the inter
mediate product. R. J. Strutt.

The Effect of Radium on the Strength of Threads.
In a note which appeared in Nature on February 4, 

1904, Lord Blythswood announced his observation of the 
destructive action exerted on cambric by the radiation 
from radium. Having at our disposal recently twenty 
milligrams of radium bromide which had, for a time, 
nothing better to do, we investigated the progressive de
crease of strength of threads exposed to its influence. In 
order to have examples of both animal and vegetable
fibres, we used unspun silk and ordinary bleached cotton 
thread.

Ten pieces of thread were exposed at a time. The 
threads were folded round a strip of writing paper and 
held in place by being caught in notches cut in the edges 
of the strip. The paper was laid on the top of the capsule 
containing the radium, so that the ten threads were ex
posed to the bare radium at a distance of about half a 
centimetre. The whole was enclosed in a lead box. After 
a certain period of exposure the average breaking strength 
of the threads was taken and plotted against the time. 
The points obtained lay closely on a smoothly descending 
curve.

In the case of the silk fibres the loss of strength went 
on at a practically uniform rate from the beginning up
to the longest duration of exposure given (seven days). 
The Initial strength was 78 gms., and this decreased by 
about 4 gms. per day. The cotton threads, on the other 
hand, gave a curve which fell more rapidly in the early 
than in the later stages. The strength began at 370 gms., 
and decreased at first by about 60 gms. per day. After 
ten days the rate of weakening was about half this. The 
longest exposure given was seventeen days; at the end 
of this time the strength was reduced to 50 gms. The 
different behaviour of the two kinds of fibres may be 
due to the much greater thickness of the cotton threads.

The effect seemed to be due entirely to the a rays. A 
piece of paper was interposed between the threads and 
the radium, and three days' exposure was given. In the 
subsequent test none of the threads broke at the exposed 
part, and the strength was not decreased.

We tried the effect of moistening the cotton threads, 
the two ends of each thread being left, during a three 
days' exposure, dipping into a vessel of water. On open
ing the lead box, in which the whole arrangement was 
enclosed, it was found that the radium bromide, being 
hygroscopic, was wet and partially dissolved. The strength 
of the threads was found to be higher than when exposed 
in a dry condition for the same period. The difference 
was too great to be attributed to the increase of strength 
imparted to threads by moisture, and was plainly due to 
the decreased emission of rays accompanying the solu
tion, and the consequent removal of the emanation from 
the radium. We traced the course of the recovery of 
activity by the dried radium by making a series of three- 
day exposures of dry threads. The effectiveness of the 
radiation as measured by the weakening of the threads 
came back by regular steps in about a fortnight to a value 
slightly greater than its original one. This may have 
been due to a re-arrangement of the upper surface of the 
powder, which was not, at the beginning, very regularly 
spread over the bottom of the capsule.

Hilda P. Martin.
W. B. Morton.

Queen’s College, Belfast, August 8.



AMERICAN RESEARCH IN ASIA.'
''['HIS handsome publication is divided into six 
1 sections, Prof. Pumpelly describing the “ archeo

logical ” and physicogeographical reconnaissance in 
Turkestan, and Mr. R. W. Pumpelly the physio
graphic observations on the Pamir; Prof. W. M. 
Davis describes “a journey across Turkestan,” and 
Mr. Ellsworth Huntington deals with Central Turkes
tan and with the basin of eastern Persia and Sistan.

The expedition received the most friendly help from 
the Russian authorities, and received its only check 
in northern Afghanistan. The dominant factor in the 
wide region examined appears to be its progressive 
desiccation, whereby even the irrigation works of the 
ancient races failed long ago to bring 
in water from the streams. Every
where there are signs of old vitality, 
of great cities, and of peoples who 
accumulated wealth by trade and 
settled labour. Again and again, en
vious invaders from the south, or east, 
or west, have swept across the hollow 
lands between the mountains, and have 
destroyed a civilisation in order to 
enforce their own. The very sites of 
the chief towns have shifted, and the 
remains of the earlier settlements, 
deeply buried, may afford a clue to 
“ the origin of Western and Eastern 
civilisations.”

Prof. W. M. Davis, experienced in 
grasping the significance of the sur
face-features of a country, discusses 
the former extension of the waters in 
the Aralo-Caspian area. Particular 
interest also attaches to his examina
tion of the loess. Whatever the actual 
origin of this finely divided material, 
there is no doubt as to its distribution 
and the moulding of its surface by 
wind in the eastern provinces of Semir- 
yetshensk and Fergana (p. 63)—we 
adopt the spelling of the text, and not 
of the map which forms plate iii. Mr. 
Huntington also observes loess in pro
cess of formation in the Kashgar 
plain, and refers it here to the spread
ing out of very fine silt by water in 
the flat floor of temporary and recur
rent lakes. There is in reality no 
contradiction between these views, 
since most writers are agreed that the 
material gathers first of all in the 
plains by ordinary processes of denuda
tion, and then undergoes further sift
ing, the chief agent being the persis
tent action of the wind.

Both these authors believe that the
Tian Shan mountains were worn down to a fairly 
uniform surface after their principal folding had 
occurred, and that they owe their present irregular 
surface more to subsequent differential uplifts than to 
denudation (pp. 73, 80, 168, &c.). “ Even in the lofty 
Pamir there are certain ranges where the snowy peaks 
are smoothly truncated, as though by the old pene
plain, in spite of the fact that they are from 15,000 to 
20,000 feet high.” Prof. Davis seems not to insist on 
so recent a date for the “ peneplain ” as does his

1 “ Explorations in Turkestan, with an Account of the Basin of Eastern 
Persia and Sistan.” Expedition of the Carnegie Institution of Washington 
in 1903, under the direction of Raphael Pumpelly. Pp. xii + 324 ; with map 
plates, and figures in the text. (Washington : Carnegie Institution, 1905.) 

colleague, who brings forward conclusive evidence 
that the whole Tertiary series of the district was 
involved in the folding, and that the uniform degrada
tion must be assigned to late Tertiary times. The 
present development of the “ peneplain ” in Central 
Turkestan seems, according to Mr. Huntington, due 
to the formation of ridges and basins, without con
spicuous faulting. Prof. Davis, on his part, lays 
more stress on faults and “ fault-blocks.” Lateral 
compression, he urges, has had little to do with the 
raising of the block-ranges, to which our attention 
is now for the first time directed in this area; and he 
proceeds, in consequence, to consider the bearing of 
the Tian Shan ranges on Suess’s views on horsts. 
He justly remarks (p. 82) that “ forces of uplift are

Fig. 1.—Youngest Gorge of the Khoja Ishken, cut in the bottom of the main Glacial Valley. 
From "Explorations in Turkestan, with an Account of the Babin of Eastern Persia and 
Sistan. ”

still worthy of consideration and, being himself a 
profound student of processes of denudation, he points 
out that the surfaces of many horsts must have been 
near sea-level before they were separated by disloca
tion. After all, may we not be grateful to Suess 
when we find discussions such as these arising 
naturally in a work of travel, which might in some 
hands have been a record of detached geological 
observations ?

I he glacial phenomena of the central ranges are 
described in connection with the successive areas 
studied, and the gravel terraces, which are well illus
trated by views and sections, are correlated with 
climatic changes. The authors hope that subsequent



researches may indicate fluctuations in the Aralo- 
Caspian waters, in correspondence with those trace
able in the rivers that flowed down from the glaciated 
areas. Mr. R. W. Pumpelly tried, in the short time 
at his disposal, to correlate (p. 143) the glacial changes 
with the successive shorelines traceable in the basin 
of Kara Kul on the Pamir, and makes the interesting 
suggestion that this lake rose to a height of 320 feet 
or more above its present level during the first local ' 
glacial epoch, and to a height of 150 feet during the 
second epoch, the times of greatest precipitation 
corresponding with the increase in the lacustrine 
waters. Both here and in the Alai Valley to the 
north, two well marked series of moraines exist. The 
older series in the Alai Valley is clearly indicated by ■ 
being cut into by the narrower valley-troughs, with | 
which the second and fresher series is associated. If 
we read Mr. Pumpelly aright—for his mode of bring
ing together his observations leaves something to be 
desired and explained—the older glacial epoch actually 
preceded some of the earth-movements which gave 
the ranges their present relations and elevations (pp. 
145 and 155).

Mr. Huntington goes so far as the presentation of 
five glacial epochs, on the evidence of the large and 
high-reaching valleys which still contain glaciers in 
them (p. 199); and, arguing from the very probable

We are glad that Mr. Huntington’s clearly written 
papers close the series; for must we not admit that 
American physical geographers, who are apt to 
classify old conceptions until they appear to develop 
into new ones, provide us at times with somewhat 
difficult reading? On p. 79 we have:—“the pene
planation of the region improved in the final 40 miles 
of the road on the sixth day. In the morning some 
of the broad ridges . . . were from 300 to 500 feet 
over the intervales.” Mr. Pumpelly can hardly be a 
cyclist, or he would not speak of “ deflated bowlders ” 
on p. 131. If, again, we all understand what dating 
a letter means, how shall we appreciate the phrase 
(p. >35) “ t'le epochs predating the escarpments ”? 
We make these remarks as much in the interest of 
the conscientious foreigner as of ourselves; for the 
directors of the publications of the Carnegie Institu
tion have no right and no desire to remain content 
with a purely American circulation.

As examples of the numerous effective illustrations, 
we may mention the photograph of a characteristic 
crescent-shaped “ barkhan ” of blown sand on p. 44, 
and that of the glacial valley and subsequent ravine 
of the Khoja Tshken on p. 188, both of which are 
here reproduced; but all throughout are tQ the purpose, 

। even when merely showing modes of travel in a 
| region of absorbing interest.

Grenville A. J. Cole.

Fig. a.—A Barkhan ne?r Bakharc’en, looking south. From “ Exploration* 
in Turkestan, with an Account of the Basin of Eastern Persia and Sistan."

correlation of his epochs of gravel-deposition and of 
glacial extension higher up the country, he is in
clined to ask for at least six advances and six con
siderable “ interglacial ” withdrawals of the ice. In 
his concluding paper on eastern Persia and Sistan, 
he describes what he styles “ one of the most desolate 
lands in the world,” “ a land of gravel and naked
ness, of huge desert basins and desolate, interminable 
slopes, of tantalizing mirages and bare mountains.” 
The average rainfall does not rise above 10 inches, 
and comes from the south-east; while the summer 
wind from the north, often as violent as a hurricane, 
fills the air for four arid months with continental 
dust. The country is dealt with by Mr. Huntington 
as by a scientific artist, and his picturesque touch is 
emphasised by an occasional aphorism, such as “ The 
desert makes men lose every sentiment except the 
desire to get safely to the other side.” Persia is to 
him a “ typical example of an arid country and he 
gives us a fine sketch of its life-history. He then 
describes in detail five series of recent ri ver-terraces, 
and connects them, as we are led by this time to 
expect, with climatic changes, similar to those in 
Turkestan. The alternations in the lake-deposits of 
Sistan then come in for corresponding treatment, and 
the decay of the area in population and in political 
power in modern times is attributed to the final 
desiccation.

HABITS OE BIRDS.1
A/TR. EDMUND SELOUS, the author of this 

elegant little volume, is one of the most 
| patient and enthusiastic observers of bird-life in the 
1 British Islands, and has recorded details in con

nection with the habits of several species which have 
, been overlooked by other field-naturalists. If the 
1 riddle of nature is ever to be solved by observations 

on living animals, Mr. Selous is one of the men who 
i ought to help to solve it, although we are bound to 

confess that several of his theories, notably the one 
with regard to the origin of the nest-making instinct, 

1 do not appear to ourselves by any means convincing 
or sufficient. Nests, indeed, form a very favourite 
theme of the author; so much so, in fact, that when 

| discussing the building of supernumerary nests by 
| various species on pp. 67 and 199, he practically 
| repeats the same thing, namely, that this results, 

originally, from a simple love of labour and occupa
tion.

The author is, perhaps, at his best when describing 
the movements and actions of birds as seen during 
his inimitably patient watchings, excellent examples 
of this being shown in his description of herons alight
ing on their nest, and of long-tailed titmice construct
ing the domed receptacle in which their eggs are 
deposited. The latter incident is represented in one of 
the illustrations, photographed, like the rest, from a 
sketch by the clever pencil of Mr. Lodge, this exquisite 
picture being reproduced as a sample of the illustra
tions generally. As an interesting suggestion, refer
ence may be made to the author’s theory that when a 
woodpecker’s nesting hole has been usurped by a 
starling, the rightful owner may occasionally lay an 
egg in the nest, and that in this manner the parasitic 
habit of the cuckoo may have been developed. The 
fact of starlings excavating large nesting chambers 
in sand-cliffs is entirely new to us.

In regard to the “ get-up ” of the book, we may 
suggest that it would have been an improvement if, 
instead of repeating the main title as the heading for 
alternate pages, the name of the species under dis-

1 “ Bird Life Glimpses.” By E. Selous. Pp. viii + 335 ; illustrated. 
(London : G. Allen, 1905.) Price 6r. net.



cussion had been given, for, in consequence of the 
vague headings on the opposite pages, it is often a 
matter of some little difficulty to discover to which 
particular bird the author is referring. Throughout 
his volume Mr. Selous is fond of interpolating phrases 
or quotations in foreign languages, inclusive of 
French, German, Latin, and Greek. Whether such a 
practice is altogether desirable may be a matter of 
opinion, but there will be only one opinion as to the 
desirability of quoting correctly, which is far from |

Fig. t.—Long-tailed Titsand the Nest. From E. Selous’s “ Bird Life Glimpses.*

being the case when a well-known line from the second 
book of the .Eneid is introduced on p. 109.

R. L.

THE SOUTH AFRICAN MEETING Ob THE 
BRITISH ASSOCIATION.

'T'HE seventy-fifth meeting of the British Associa- 
tion was inaugurated at Cape Town on Tuesday, 

when the president, Prof. G. H. Darwin, F.R.S., 
delivered the first portion of his address to a large 
gathering in the' new City Hall. This part is re
printed below, and the remainder of the address, 

to be delivered at Johannesburg on Wednesday, 
August 30, will .appear in Nature of the following 
day.

From a Reuter message we learn that on the con
clusion of the .address, the Governor, Sir Walter Hely- 
Hutchinson, in proposing a vote of thanks, bade the 
association heartily welcome on behalf of Cape 
Colony. The occasion was one, he said, of no 
ordinary importance, whether in the history of the 
development of scientific inquiry or in the history of 

the relations of the United Kingdom 
with the British dominions beyond the 
seas. He hoped it would be found 
that a great and important step had 
been taken in drawing closer together 
the bonds of the brotherhood of 
science, and, it might be, through the 
brotherhood of science, in promoting 
and developing brotherly feeling be
tween His Majesty’s subjects in South 
Africa and the Motherland.

Sir David Gill, K.C.B., chairman of 
the central organising committee at 
Cape Town, seconded the motion; and 
a brief reply by Prof. Darwin brought 
the proceedings to a close.

The addresses of all the presidents 
of sections were to be delivered yester
day on the assembling of the sections 
at Cape Town. The sections are also 
to meet for the reading and discussion 
of reports and papers to-day and to
morrow, and they will reassemble on 
Tuesday, August 29, at Johannesburg, 
where the concluding meeting will be 
held on September 1, and the work of 
the sections will terminate.

Inaugural Address by Prof. G. H. 
Darwin, M.A., LL.D., Ph.D., F.R.S., 
President of the Association.

Part 1.
Bartholomeu Diaz, the discoverer of 

the Cape of Storms, spent sixteen months 
on his voyage, and the little flotilla of 
Vasco da Gama, sailing from Lisbon on 
July 8, 1497, only reached the Cape in the 
middle of November. These bold men, 
sailing in their puny fishing smacks to 
unknown lands, met the perils of the sea 
and the attacks of savages with equal 
courage. How great was the danger of 
such a voyage may be gathered from the 
fact that less than half the men who 
sailed with da Gama lived to return to 
Lisbon. Four hundred and eight years 
have passed since that voyage, and a ship 
of 13,000 tons has just brought us here, 
in safety and luxury, in but little more 
than a fortnight.

How striking are the contrasts presented 
by these events I On the one hand com

pare the courage, the endurance, and the persistence of 
the early navigators with the little that has been demanded 
of us; on the other hand consider how much man’s power 
over the forces of nature has been augmented during the 
past four centuries. The capacity for heroism is probably 
undiminished, but certainly the occasions are now rarer 
when it is demanded of us. If we are heroes, at least 
but few of us ever find it out, and, when we read stories 
of ancient feats of courage, it is hard to prevent an uneasy 
thought that, notwithstanding our boasted mechanical in
ventions, we are perhaps degenerate descendants of our 
great predecessoi s

Yet the thought that to-day is less romantic and less 
heroic than yesterday has its consolation, for it means 



that the lot of man is easier than it was. Mankind, 
indeed, may be justly proud that this improvement has 
been due to the successive efforts of each generation to 
add to the heritage of knowledge handed down to it by 
its predecessors, whereby we have been born to the accu
mulated endowment of centuries of genius and labour.

I am told that in the United States the phrase “ I want 
to know ” has lost the simple meaning implied by the 
words, and has become a mere exclamation of surprise. 
Such a conventional expression could hardly have gained 
currency except amongst a people who aspire to know
ledge. The dominance of the European race in America, 
Australasia, and South Africa has no doubt arisen from 
many causes, but amongst these perhaps the chief one is 
that not only do “ we want to know,” but also that we 
are determined to find out. And now within the last 
quarter of a century we have welcomed into the ranks 
of those who “ want to know ” an oriental race, which 
has already proved itself strong in the peaceful arts of 
knowledge.

I take it, then, that you have invited us because you 
want to know what is worth knowing; and we are here 
because we want to know you, to learn what you have to 
tell us, and to see that South Africa of which we have 
heard so much.

The hospitality which you are offering us is so lavish, and 
the journeys which you have organised are so extensive, 
that the cynical observer might be tempted to describe 
our meeting as the largest picnic on record. Although 
we intend to enjoy our picnic with all our hearts, yet 1 
should like to tell the cynic, if he is here, that perhaps 
the most important object of these conferences is the 
opportunity they afford for personal intercourse between 
men of like minds who live at the remotest corners of 
the earth.

We shall pass through your land with the speed and 
the voracity of a flight of locusts; but, unlike the locust, 
tve shall, I hope, leave behind us permanent fertilisation 
in the form of stimulated scientific and educational activity. 
And this result will ensue whether or not we who have 
come from Europe are able worthily to sustain the lofty 
part of prophets of science. We shall try our best to 
play to your satisfaction on the great stage upon which 
you call on us to act, and if when we are gone you shall, 
amongst yourselves, pronounce the performance a poor 
one, yet the fact will remain, that this meeting has 
embodied in a material form the desire that the progress 
of this great continent shall not be merely material; and 
such an aspiration secures its own fulfilment. However 
small may be the tangible results of our meeting, we shall 
always be proud to have been associated with you in your 
efforts for the advancement of science.

We do not know whether the last hundred years will be 
regarded for ever as the saeculum mirabilc of discovery, 
or whether it is but the prelude to yet more marvellous 
centuries. To us living men, who scarcely pass a year of 
our lives without witnessing some new marvel of dis
covery or invention, the rate at which the development 
of knowledge proceeds is truly astonishing; but from a 
wider point of view the scale of time is relatively un
important, for the universe is leisurely in its procedure. 
Whether the changes which we witness be fast or slow, 
they form a part of a long sequence of events which begin 
in some past of immeasurable remoteness and tend to 
some end which we cannot foresee. It must always be 
profoundly interesting to the mind of man to trace 
successive cause and effect in the chain of events which 
make up the history of the earth and all that lives on it, 
and to speculate on the origin and future fate of animals, 
and of planets, suns, and stars. I shall try, then, to set 
forth in my address some of the attempts which have been 
made to formulate evolutionary speculation. This choice 
of a subject has, moreover, been almost forced on me by 
the scope of my own scientific work, and it is, 1 think, 
justified by the name which I bear. It will be my fault 
and your misfortune if I fail to convey to you some part 
of the interest which is naturally inherent in such re
searches.

The man who propounds a theory of evolution is 
attempting to reconstruct the history of the past by means 
of the circumstantial evidence afforded by the present.

The historian of man, on the other hand, has the 
advantage over the evolutionist in that he has the written 
records of the past on which to rely. The discrimination 
of the truth from amongst discordant records is frequently 
a work demanding the highest qualities of judgment; yet 
when this end is attained it remains for the historian to 
convert the arid skeleton of facts into a living whole by 
clothing it with the flesh of human motives and impulses. 
Eor this part of his task he needs much of that power of 
entering into the spirit of other men’s lives which goes 
to the making of a poet. Thus the historian should 
possess not only the patience of the man of science in the 
analysis of facts, but also the imagination of the poet to 
grasp what the facts have meant. Such a combination is 
rarely to be found in equal perfection on both sides, and 
it would not be hard to analyse the works of great 
historians so as to see which quality was predominant in 
each of them.

The evolutionist is spared the surpassing difficulty of 
the human element, yet he also needs imagination, 
although of a different character from that of the historian. 
In its lowest form his imagination is that of the detective 
who reconstructs the story of a crime; in its highest it 
demands the power of breaking loose from all the trammels 
of convention and education, and of imagining something 
which has never occurred to the mind of man before. 
In every case the evolutionist must form a theory for the 
facts before him, and the great theorist is only to be 
distinguished from the fantastic fool by the sobriety of 
his judgment—a distinction, however, sufficient to make 
one rare and the other only too common.

The test of a scientific theory lies in the number of facts 
which it groups into a connected whole ; it ought besides 
t;o' bt; fruitful in pointing the way to the discovery and 
coordination of new and previously unsuspected facts. 
Thus a good theory is in effect a cyclopaedia of know
ledge, susceptible of indefinite extension by the addition of 
supplementary volumes.

Hardly any theory is all true, anti many are not all 
false. A theory may be essentihlly at fault and yet point 
the way to truth, and so justify its temporary existence. 
We should not, therefore, totally reject one or other of 
two rival theories on the ground that they seem, with our 
present knowledge, mutually inconsistent, for it is likely 
that both may contain important elements of truth. The 
theories of which I shall have to speak hereafter may 
often appear discordant with one another according to our 
present lights; Yet we must not scruple to pursue the 
several divergent lines of thought to their logical con
clusions, relying on future discovery to eliminate the false 
and to reconcile together the truths which form part of 
each of them.

In the mouths of the unscientific evolution is often 
spoken of as almost synonymous with the evolution of 
the various species of animals on the earth, and this again 
is sometimes thought to be practically the same thing as 
the theory of natural selection. Of course those who are 
conversant with the history of scientific ideas are aware 
that a belief in the gradual and orderly transformation 
of nature, both animate and inanimate, is of great 
antiquity.

We may liken the facts on which theories of evolution 
are based to a confused heap of beads, from which a keen- 
sighted searcher after truth picks out and strings together 
a few which happen to catch his eye, as possessing certain 
resemblances. Until recently, theories of evolution in both 
realms of nature were partial and discontinuous, and the 
chains of facts were correspondingly short and discon
nected. At length the theory of natural selection, by 
formulating the cause of the divergence of forms in tho 
organic world from the parental stock, furnished the 
naturalist with a clue by which he examined the disordered 
mass of facts before him, and he was thus enabled to go- 
far in deducing order where chaos had ruled before ; but 
the problem of reducing the heap to perfect order will 
probably baffle the ingenuity of the investigator for ever.

So illuminating has been this new idea that, as the 
whole of nature has gradually been re-examined by its aid, 
thousands of new facts have been brought to light, and 
have been strung in due order on the necklace of know
ledge. Indeed, the transformation resulting from the new 



point of view has been so far-reaching as almost to justify 
the misapprehension of the unscientific as to the date 
when the doctrines of evolution first originated in the mind 
of man.

It is not my object, nor indeed am I competent, to 
examine the extent to which the theory of natural selection 
has needed modification since it was first formulated by 
my father and Wallace. But I am surely justified in 
maintaining that the general principle holds its place firmly 
as a permanent acquisition to modes of thought.

Evolutionary doctrines concerning .inanimate nature, 
although of much older date than those'which concern life, 
have been profoundly affected by the great impulse of 
which I have spoken. It has thus come about that the 
origin and history of the chemical elements and of stellar 
systems now occupy a far larger space in the scientific 
mind than was formerly the case. The subject which I 
shall discuss to-night is the extent to which ideas, parallel 
to those which have done so much towards elucidating 
the problems of life, hold good also in the world of 
matter; and I believe that it will be possible to show that 
in this respect there exists a resemblance between the two 
realms of nature, which is not merely fanciful. It is 
proper to add that so long ago as 1873 Baron Karl du Prel 
discussed the same subject from a similar point of view, in 
a book entitled “ The Struggle for Life in the Heavens.”*

Although inanimate matter moves under the action of 
forces which are incomparably simpler than those govern
ing living beings, yet the problems of the physicist and 
the astronomer are scarcely less complex than those which 
present themselves to the biologist. The mystery of life 
remains as impenetrable as ever, and in his evolutionary 
speculations the biologist does not attempt to explain life 
itself, but, adopting as his unit the animal as a whole, 
discusses its relationships to other animals and to the 
surrounding conditions. The physicist, on the other hand, 
is irresistibly impelled to form theories as to the intimate 
constitution of the ultimate parts of matter, and he desires 
further to piece together the past histories and the future 
fates of planets, stars, and nebulm. If then the specula
tions of the physicist seem in some respects less advanced 
than those of the biologist, it is chiefly because he is more 
ambitious in his aims. Physicists and astronomers have 
not yet found their Johannesburg or Kimberley; but 
although we are still mere prospectors, I am proposing to 
show you some of the dust and diamonds which we have 
already extracted from our surface mines.

The fundamental idea in the theory of natural selection 
is the persistence of those types of life which are adapted 
to their surrounding conditions, and the elimination by 
extermination of ill-adapted types. The struggle for life 
amongst forms possessing a greater or less degree of 
adaptation to slowly varying conditions is held to explain 
the gradual transmutation of species. Although a different 
phraseology is used when we speak of the physical world, 
yet the idea is essentially the same.

The point of view from which I wish you to consider 
the phenomena of the world of matter may be best ex
plained if, in the first instance, I refer to political institu
tions, because we all understand, or fancy we understand, 
something of politics, whilst the problems of physics are 
commonly far less familiar to us. This illustration will 
have a further advantage in that it will not be a mere 
parable, but will involve the fundamental conception of 
the nature of evolution.

The complex interactions of man with man in a com
munity are usually described by such comprehensive terms 
as the State, the Commonwealth, or the Government. 
Various States differ widely in their constitution and in 
the degree of the complexity of their organisation, and 
we classify them by various general terms, such as auto
cracy, aristocracy, or democracy, which express somewhat 
loosely their leading characteristics. But, for the purpose 
of showing the analogy with physics, we need terms of 
wider import than those habitually used in politics. All 
forms of the State imply inter-relationship in the actions 
of men, and action implies movement. Thus the State 
may be described as a configuration or arrangement of a 
community of men; or we may say that it implies a

1 " Der Kampf urn's Dasein am Himmel." Zweite Auflage. (Berlin: 
IDenicke, 1876.)

definite mode of motion of man—that is to say, an organ
ised scheme of action of man on man. Political history 
gives an account of the gradual changes in such con
figurations or modes of motion of men as have possessed 
the quality of persistence or of stability to resist the 
disintegrating influence of surrounding circumstances.

In the world of life the naturalist describes those forms 
which persist as species; similarly the physicist speaks of 
stable configurations or modes of motion of matter ; and 
the politician speaks of States. The idea at the base of 
all these conceptions is that of stability, or the power of 
resisting disintegration. In other words, the degree of 
persistence or permanence of a species, of a configuration 
of matter, or of a State depends on the perfection of its 
adaptation to its surrounding conditions.

If we trace the history of a State we find the degree 
of its stability gradually changing, slowly rising to a 
maximum, and then slowly declining. When it falls to 
nothing a revolution ensues, and a new form of govern
ment is established. The new mode of motion or govern
ment has at first but slight stability, but it gradually 
acquires strength and permanence, until in its turn the 
slow decay of stability leads on to a new revolution.

Such crises in political history may give rise to a con
dition in which the State is incapable of perpetuation by 
transformation. This occurs when a savage tribe nearly 
exterminates another tribe and leads the few survivors 
into slavery; the previous form of government then 
becomes extinct.

The physicist, like the biologist and the historian, 
watches the effect of slowly varying external conditions; 
he sees the quality of persistence or stability gradually 
decaying until it vanishes, when there ensues what is 
called, in politics, a revolution.

These considerations lead me to express a doubt whether 
biologists have been correct in looking for continuous trans
formation of species. Judging by analogy, we should 
rather expect to find slight continuous changes occurring 
during a long period of time, followed by a somewhat 
sudden transformation into a new species, or by rapid 
extinction. However this may be, when the stability of a 
mode of motion vanishes, the physicist either finds that 
it is replaced by a new persistent type of motion adapted 
to the changed conditions, or perhaps that no such trans
formation is possible, and that the mode of motion has 
become extinct. The evanescent type of animal life has 
often been preserved for us, fossilised in geological strata ; 
the evanescent form of government is preserved in written 
records or in the customs of savage tribes; but the 
physicist has to pursue his investigations without such 
useful hints as to the past.

The time-scale in the transmutation of species of animals 
is furnished by the geological record, although it is not 
possible to translate that record into years. As we shall 
see hereafter, the time needed for a change of type in 
atoms or molecules may be measured by millionths of a 
second, while in the history of the stars continuous changes 
may occupy millions of years. Notwithstanding this 
gigantic contrast in speed, yet the process involved seems 
to be essentially the same.

It is hardly too much to assert that, if the conditions 
which determine stability of motion could be accurately 
formulated throughout the universe, the past history of 
the cosmos and its future fate would be unfolded. How 
indefinitely far, we stand removed from such a state of 
knowledge will become abundantly clear from the re
mainder of my address.

The study of stability and instability then furnishes 
the problems which the physicist and biologist alike 
attempt to solve. The two classes of problems differ prin
cipally in the fact that the conditions of the world of 
life are so incomparably more intricate than those of the 
world of matter that the biologist is compelled to abandon 
the attempt to determine the absolute amount of the 
influence of the various causes which have affected the 
existence of species. His conclusions are merely quali
tative and general, and he is almost universally compelled 
to refrain from asserting even in general terms what are 
the reasons which have rendered one form of animal life 
stable and persistent, and another unstable and evanescent.

On the other hand, the physicist, as a general rule, 



does not rest satisfied unless he obtains a quantitative 
estimate of various causes and effects on the systems of 
matter which he discusses. Yet there are some problems 
of physical evolution in which the conditions are so com
plex that the physicist is driven, as is the biologist, to rest 
satisfied with qualitative rather than quantitative con
clusions. But he is not content with such crude con
clusions except in the last resort, and he generally prefers 
to proceed by a different method.

The mathematician mentally constructs an ideal 
mechanical system or model, which is intended to repre
sent in its leading features the system he wants to ex
amine. It is often a task of the utmost difficulty to 
devise such a model, and the investigator may perchance 
unconsciously drop out as unimportant something which 
is really essential to represent actuality. He next examines 
the conditions of his ideal system, and determines, if he 
can, all the possible stable and unstable configurations, 
together with the circumstances which will cause 
transitions from one to the other. Even when the work
ing model has been successfully imagined, this latter task 
may often overtax the powers of the mathematician. 
Finally it remains for him to apply his results to actual 
matter, and to form a judgment of the extent to which 
it is justifiable to interpret nature by means of his 
results.

The remainder of my address will be occupied by an 
account of various investigations which will illustrate the 
principles and methods which I have now explained in 
general terms.

The fascinating idea that matter of all kinds has a 
common substratum is of t emote antiquity. In the 
Middle Ages the alchemists, inspired by this idea, con
ceived the possibility of transforming the baser metals 
into gold. The sole difficulty seemed to them the discovery 
of an appropriate series of chemical operations. We now 
know that they were always indefinitely far from the goal 
of their search, yet we must accord to them the honour 
of having been the pioneers of modern chemistry.

The object of alchemy, as stated in modern language, 
was to break up or dissociate the atoms of one chemical 
element into its component parts, and afterwards to re
unite them into atoms of gold. Although even the dis
sociative stage of the alchemistic problem still lies far 
beyond the power of the chemist, yet modern researches 
seem to furnish a sufficiently clear idea of the structure 
of atoms to enable us to see what would have to be done 
to effect a transformation of elements. Indeed, in the 
complex changes which are found to occur spontaneously 
in uranium, radium, and the allied metals we are prob
ably watching a spontaneous dissociation and transmuta
tion of elements.

Natural selection may seem, at first sight, as remote 
as the poles asunder from the ideas of the alchemist, yet 
dissociation and transmutation depend on the instability 
and regained stability of the atom, and the survival of the 
stable atom depends on the principle of natural selection.

Until some ten years ago the essential diversity of the 
chemical elements was accepted by the chemist as an 
ultimate fact, and indeed the very name of atom, or that 
which cannot be cut, was given to what was supposed to 
be the final indivisible portion of matter. The chemist 
thus proceeded in much the same way as the biologist who, 
in discussing evolution, accepts the species as his working 
unit. Accordingly, until recently the chemist discussed 
working models of matter of atomic structure, and the vast 
edifice of modern chemistry has been built with atomic 
bricks.

But within the last few years the electrical researches 
of Lenard, Rontgen, Becquerel, the Curies, of my 
colleagues Larmor and Thomson, and of a host of others, 
have shown that the atom is not indivisible, and a flood 
of light has been thrown thereby on the ultimate con
stitution of matter. Amongst all these fertile investigators 
it seems to me that Thomson stands preeminent, because 
it is principally through him that we are to-day in a better 
position for picturing the structure of an atom than was 
ever the case before.

Even if I had the knowledge requisite for a complete 
exposition of these investigations, the limits of time would 

compel me to confine myself to those parts of the subject 
which bear on the constitution and origin of the elements.

It has been shown, then, that the atom, previously sup
posed to be indivisible, really consists of a large number 
of component parts. By various convergent lines of ex
periment it has been proved that the simplest of all atoms, 
namely that of hydrogen, consists of about 800 separate 
parts; while the number of parts in the atom of the denser 
metals must be counted by tens of thousands. These 
separate parts of the atom have been called corpuscles or 
electrons, and may be described as particles of negative 
electricity. It is paradoxical, yet true, that the physicist 
knows more about these ultra-atomic corpuscles and can 
more easily count them than is the case with the atoms 
of which they form the parts.

The corpuscles, being negatively electrified, repel one 
another just as the hairs on a person’s head mutually 
repel one another when combed with a vulcanite comb. 
The mechanism is as yet obscure whereby the mutual re
pulsion of the negative corpuscles is restrained from break
ing up the atom, but a positive electrical charge, or some
thing equivalent thereto, must exist in the atom, so as to 
prevent disruption. The existence in the atom of this 
community of negative corpuscles is certain, and we know 
further that they are moving with speeds which may in 
some cases be comparable to the velocity of light, namely, 
200,000 miles a second. But the mechanism whereby they 
are held together in a group is hypothetical.

It is only just a year ago that Thomson suggested, as 
representing the atom, a mechanical or electrical model 
the properties of which could be accurately examined by 
mathematical methods. He would be the first to admit 
that his model is at most merely a crude representation of 
actuality, yet he has been able to show that such an atom 
must possess mechanical and electrical properties which 
simulate, with what Whetham describes as “ almost 
Satanic exactness,” some of the most obscure and yet 
most fundamental properties of the chemical elements. 
“ Se non e vero, fe ben trovato,” and we are surely justified 
in believing that we have the clue which the alchemists 
sought in vain.

Thomson’s atom consists of a globe charged with positive 
electricity, inside which there are some thousand or 
thousands of corpuscles of negative electricity, revolving 
in regular orbits with great velocities. Since two electrical 
charges repel one another if they are of the same kind, 
and attract one another if they arc of opposite kinds, the 
corpuscles mutually repel one another, but all are attracted 
by the globe containing them. The forces called into play 
by these electrical interactions are clearly very complicated, 
and you will not be surprised to learn that Thomson found 
himself compelled to limit his detailed examination of the 
model atom to one containing about seventy corpuscles. 
It is indeed a triumph of mathematical power to have 
determined the mechanical conditions of such a miniature 
planetary system as I have described.

It appears that in general there arc definite arrange
ments of the orbits in which the corpuscles must revolve, 
if they are to be persistent or stable in their motions. 
But the number of corpuscles in such a community is not 
absolutely fixed. It is easy to see that we might add a 
minor planet, or indeed half a dozen minor planets, to 
the solar system without any material derangement of the 
whole; but it would not be possible to add a hundred 
planets with an aggregate mass equal to that of Jupiter 
without disorganisation of the solar system. So also we 
might add or subtract from an atom three or four cor
puscles from a system containing a thousand corpuscles 
moving in regular orbits without any profound derange
ment. As each arrangement of orbits corresponds to the 
atom of a distinct element, we may say that the addition 
or subtraction of a few corpuscles to the atom will not 
effect a transmutation of elements. An atom which has 
a deficiency of its full complement of corpuscles, which it 
will be remembered are negative, will be positively 
electrified, while one with an excess of corpuscles will be 
negatively electrified. I have referred to the possibility 
of a deficiency or excess of corpuscles because it is im
portant in Thomson’s theory: but, as it is not involved irr 
the point of view which I wish to take, I will henceforth 
only refer to the normal or average number in any arrange



•ment of corpuscles. Accordingly we may state that de- 
■finite nUnibers of corpuscles are capable of association in 
stable communities of definite types.

An infinite number of communities are possible, possess
ing greater or lesser degrees of stability. Thus the cor
puscles in one such community might make thousands of 
revolutions in their orbits before instability declared itself; 
slich an atom might perhaps last for a long time as esti- I 
mated in millionths of seconds, but it must finally break 
up and the corpuscles must disperse or re-arrange them
selves after the ejection of some of their number. VVe arc 
thus led to conjecture that the several chemical elements 
represent those different kinds of communities of corpuscles 
which have proved by their stability to be successful in 
■the struggle for life. If this is so, it is almost impossible 
to believe that the successful species have existed for all 
time, and we must hold that they originated under con
ditions about which I must forbear to follow Sir Norman 
Lockyer in speculating.1
• But if the elements Were not eternal in the past, we 
must ask whether there is reason to believe that they will 
be eternal in the future. Now, although the conception 
of the decay of an element and its spontaneous trans
mutation into another element would have seemed abso
lutely repugnant to the chemist until recently, yet analogy 
•with other moving systems seems to suggest that the 
elements are not eternal.

At any rate it is of interest to pursue to its end the 
history of the model atom which has proved to be so 
successful in imitating the properties of matter. The laws 
which govern electricity in motion indicate that such ah 
atom must be radiating or losing energy, and therefore 
a time must come when it will run down, as a clock does. 
When this time comes it will spontaneously transmute 
Itself into an element which needs less energy than was 
required in the former state. Thomson conceives that an , 
atom might be constructed after his model so that its , 
decay should be very slow. It might, he thinks, be made j 
to run for a million years, but it would not be eternal.

Such a conclusion is an absolute contradiction to all 
that was known of the elements until recently, for no 
symptoms of decay are perceived, and the elements exist
ing in the solar system must already have lasted for 
millions of years. Nevertheless, there is good reason to 
believe that in radium, and in other elements possessing 
Very complex atoms, we do actually observe that break-up 
and spontaneous re-arrangement which constitute a trans
mutation of elements.

It is impossible as yet to say how science will solve 
this difficulty, but future discovery in this field must surely 
prove deeply interesting. It may well be that the train of 
thought which I have sketched will ultimately profoundly 
affect the material side of human life, however remote it 
may now seem from our experiences of daily life.

I have not as yet made any attempt to represent the 
•excessive minuteness of the corpuscles, of the existence 
of which we are now so confident; but, as an introduction 
to what I have to speak of next, it is necessary to do 
so. To obtain any adequate conception of their size we 
must betake ourselves to a scheme of threefold magnifi
cation. Lord Kelvin has shown that, if a drop of water 
•were magnified to the size of the earth, the molecules of 
water would be of a size intermediate between that of a 
cricket-ball and of a marble. Now each molecule contains 
three atoms, two being of hydrogen and one of oxygen. 
The molecular system probably presents some sort of 
analogy with that of a triple star; the three atoms, re
placing the stars, revolving about one another in some 
sort of dance which cannot be exactly described. I doubt 
whether it is possible to say how large a part Of the space 
occupied by the whole molecule is occupied by the atoms ; 
but perhaps the atoms bear to the molecule some such 
relationship as the molecule to the drop of water referred 
to. Finally, the corpuscles may stand to the atom in a 
similar scale of magnitude. Accordingly a threefold 
magnification would be needed to bring these ultimate 
parts of the atom within the range of our ordinary scales 
of measurement.

I have already considered what would be observed under 
♦he triply powerful microscope, and must now return to

1 11 Inorganic Evolution." (Macmillan, i960.

the intermediate stage of magnification, in which we con
sider those communities of atoms which form molecules. 
This is the held' of research of the chemist. Although 
prudence would tell me that it would be wiser not to speak 
of a subject of which I know so little, yet I cannot refrain 
from saying a few words:

The community of atoms in water has been compared 
with a triple star, but there are others known to the 
chemist in which the atoms are to be counted by fifties 
and hundreds, so that they resemble constellations.

I conceive that here again we meet with conditions 
similar to those which we have supposed to exist in the 
atom. Communities of atoms are called chemical com
binations, and we know that they possess every degree of 
stability’. The existence of some is so precarious that the 
chemist in his laboratory can barely retain them for a 
moment; others are so stubborn that he can barely break 
them up. In this case dissociation and re-union into new 
forms of communities are in incessant and spontaneous 
progress throughout the world. The more persistent or 
more stable combinations succeed in their struggle for 
life, and are found in vast quantities, as in the cases of 
common salt and of the combinations of silicon. But no 
one has ever found a mine of gun-cotton, because it has 
so slight a power of resistance. If, through some acci
dental collocation of elements, a single molecule of gun
cotton were formed, it would have but a short life.

Stability is, further, a property of relationship to 
surrounding conditions; it denotes adaptation to environ
ment. Thus salt is adapted to the struggle for existence 
on the earth, but it cannot withstand the severer conditions 
which exist in the sun.

SECTION A.
MATHEMATICS AND PHYSICS.

Opening Address by Prof. A. R. Forsyth, Sc.D., LL.D., 
Math.D., F.R.S., President of the Section.

According to an established and unchallenged custom, 
our proceedings are inaugurated by an address from the 
President. Let me begin it by discharging a duty which, 
unhappily, is of regular recurrence. If your President only 
mentions names when he records the personal losses 
suffered during the year by the sciences of the Section, the 
corporate sense of the Section will be able to appreciate 
the losses with a deeper reality than can be conveyed by 
mere words.

In Mr. Ronald Hudson, who was one of our secretaries 
at the Cambridge meeting a year ago, we have lost a 
mathematician whose youthful promise had ripened into 
early performance. The original work which he had 
accomplished is sufficient, both in quality and in amount, 
to show that much has been given, and that much more 
could have been expected. His alert and bright personality 
suggested that many happy years lay before him. All 
these fair hopes were shattered in a moment by an accident 
upon a Welsh hillside; and his friends, who were many, 
deplore his too early death at the age of twenty-eight.

The death of Mr. Fra,nk McClean has robbed astronomy 
of one of its most patient workers and actively creative 
investigators. I wish that my own knowledge could enable 
me to give some not inadequate exposition of his services 
to the science which he loved so well. He was a man of 
great generosity which was wise, discriminating, and more 
than modest; to wide interests in science he united wide 
interests in the fine arts. Your Astronomer Royal, in the 
Royal Observatory at Cape Town, will not lightly forget 
his gift of a great telescope; and the University of Cam
bridge, the grateful recipient of his munificent endowment 
of the Isaac Newton Studentships fifteen years ago, and 
of his no less munificent bequest of manuscripts, early 
printed books, and objects of art, has done what she can 
towards perpetuating his memory for future generations 
by including his name in the list, that is annually recited 
in solemn service, of her benefactors who have departed 
this life.

In the early days of our gatherings, when the set of 
cognate sciences with which we specially are concerned 
had not yet diverged so widely from one another alike in 
subject and in method, this inaugurating address was 
characterised by a brevity that a President can envy and 



by a freedom from formality that even the least tolerant 
audience could find admirable. The lapse of time, perhaps 
assisted by presidential ambitions which have been veiled 
under an almost periodic apology for personal short
comings, has deprived these addresses of their ancient 
brevity, and has invested them with an air of oracular 
gravity. The topics vary from year to year, but this 
variation is due to the predilection of the individual Presi
dents ; the types of address are but -few in number. Some
times, indeed, we have had addresses that cannot be ranged 
under any comprehensive type. Thus one year we had an 
account of a particular school of long-sustained consecutive 
research ; another year the President made a constructive 
(and perhaps defiant) defence of the merits of a group of 
subjects that were of special interest to himself. But 
there is one type of address which recurs with iterated 
frequency; it is constituted by a general account of recent 
progress in discovery, or by a survey of modern advances 
in some one or other of the branches of science to which 
the multiple activities of our Section are devoted. No 
modern President has attempted a general survey of recent 
progress in all the branches of our group of sciences; such 
an attempt will probably be deferred until the Council dis
covers a President who, endowed with the omniscience of a 
Whewell, and graced with the tongue of men and of angels, 
shall once again unify our discussions.

On the basis of this practice, it would have been not 
unreasonable on my part to have selected some topic from 
the vast range of pure mathematics, and to have expounded 
some body of recent investigations. There certainly is no 
lack of topics; our own day is peculiarly active in many 
directions. Thus, even if we leave on one side the general 
progress that has been made in many of the large branches 
of mathematics during recent years, it is easy to hint at 
numerous subjects which could occupy the address of a 
mathematical President. He might, for instance, devote 
his attention to modern views of continuity, whether of 
quantity or of space ; he might be heterodox or orthodox 
as to the so-called laws of motion ; he might expound his 
notions as to the nature and properties of analytic 
functionality; a discussion of the hypotheses upon which 
a consistent system of geometry can be framed could be 
made as monumental as his ambition might choose; he 
could revel in an account of the most recent philosophical 
analysis of the foundations of mathematics, even of logic 
itself, in which all axioms must either be proved or be 
compounded of notions that defy resolution by the human 
intellect at the present day. Such discussions are bound 
to be excessively technical unless they arc expressed in 
unmathematical phraseology; when they are so expressed, 
and in so far as such expression is possible, they become 
very long and they can be very thin. Moreover, had 1 
chosen any topic of this character, it would have been 
the merest natural justice to have given early utterance 
of the sibyllic warning to the uninitiated; I must also 
have bidden the initiated that, as they come, they should 
summon all the courage of their souls. So I abstain from 
making such an experiment upon an unwarned audience; 
yet it is with reluctance that I have avoided subjects in 
the range which to me is of peculiar interest.

On the other hand, I must ask your indulgence for not 
conforming to average practice and expectation. My desire 
is to mark the present occasion by an address of un
specialised type which, while it is bound to be mainly 
mathematical in tenor, and while it will contain no new 
information, may do little more than recall some facts 
that are known, and will comment briefly upon obvious 
tendencies. Let me beg you to believe that it is no strain
ing after novelty which has dictated my choice; such an 
ambition has a hateful facility of being fatal both to the 
performer and to the purpose. It is the strangeness of our 
circumstances, both in place and time, that has suggested 
my subject. With an adventurous audacity that quite 
overcrows the spirit of any of its past enterprises, the 
British Association for the Advancement of Science has 
travelled south of the Equator and, in accepting your 
hospitality, proposes to traverse much of South Africa. 
The prophet of old declared that “ many shall run to and 
fro, and knowledge shall be increased ”; if the second 
part of the prophecy is not fulfilled, it will not be for the 
want of our efforts to fulfil the first part. And if the place 

and the ■ range of this peripatetic demonstration of our 
annual corporate activity arc unusual, the occasion chosen 
for this enterprise recalls memories that are fundamental 
in relation to our subject. It is a modern fashion to 
observe centenaries. In this section we are in the unusual 
position of being able to observe three scientific centenaries 
in one and the same year. Accordingly I propose to refer 
to these in turn, and to indicate a few of the events filling 
the intervals between them ; but my outline can be of only 
the most summary character, for the scientific history is 
a history of three hundred years, and, if searching enough, 
it could' include the tale of nearly all mathematical and 
astronomical and physical science.

It is exactly three hundred years since Bacon published 
“ The Advancement of Learning.” His discourse, alike 
in matter, in thought, in outlook, was in advance of its 
time, and it exercised no great influence for the years that 
immediately followed its appearance; yet that appearance 
is one of the chief events in the origins of modern natural 
science. Taking all knowledge to be his province, he 
surveys the whole of learning : he deals with the discredits 
that then could attach to it; he expounds both the dignity 
and the influence of its pursuit; and he analyses all 
learning, whether of things divine or of things human, 
into its ordered branches. He points out deficiencies and 
gaps ; not a few of his recommendations of studies, at his 
day remaining untouched, have since become great branches 
of human thought and human inquiry. But what concerns 
us most here is his attitude towards natural philosophy, 
all the more remarkable because of the state of knowledge 
of that subject in his day, particularly in England. It is 
true that Gilbert had published his discovery of terrestrial 
magnetism some five years earlier, a discovery followed 
only too soon by his death ; but that was the single con
siderable English achievement in modern science down to 
Bacon's day.

In order to estimate the significance of Bacon’s range 
of thought let me recite a few facts, as an indication of 
the extreme tenuity of progressive science in that year 
(1605). They belong to subsequent years, and may serve 
to show how restricted were the attainments of the period, 
and how limited were the means of advance. The tele
scope and the microscope had not yet been invented. The 
simple laws of planetary motion were not formulated, for 
Kepler had them only in the making. Logarithms were 
yet to be discovered by Napier, and to be calculated by 
Briggs. Descartes was a boy of nine and Fermat a boy 
of only four, so that analytical geometry, the middle-life 
discovery of both of them, was not yet even a dream for 
either of them. The Italian mathematicians, of whom 
Cavalieri is the least forgotten, were developing Greek 
methods of quadrature by a transformed principle of in
divisibles ; but the infinitesimal calculus was not really in 
sight, for Newton and Leibnitz were yet unborn. Years 
were to elapse before, by the ecclesiastical tyranny over 
thought, Galileo was forced to make a verbal disavowal 
of his adhesion to the Copernican system of astronomy, of 
which he was still to be the protagonist in propounding 
any reasoned proof. Some mathematics could be had, 
cumbrous arithmetic and algebra, some geometry lumber
ing after Euclid, and a little trigonometry ; but these were 
mainly the mathematics of the Renaissance, no very great 
advance upon the translated work of the Greeks and the 
transmitted work of the Arabs. Even our old friend the 
binomial theorem, which now is supposed to be the 
possession of nearly every able schoolboy, remained un
known to professional mathematicians for more than half 
a century yet to come.

Nor is it merely on the negative side that the times 
seemed unpropitious for a new departure; the spirit of 
the age in the positive activities of thought and deed was 
not more sympathetic. Those were the days when the 
applications of astronomy had become astrology. Men 
sought for the elixir of life and pondered over the trans
mutation of baser metals into gold. Shakespeare not long 
before had produced his play /Is You Like It, where the 
strange natural history of the toad which,

“ Ugly and venomous, 
Bears yet a precious jewel in his head."

is made a metaphor to illustrate (he sweetening uses of 
adversity. The stiffened Elizabethan laws against witch-



craft were to be sternly administered for many a year to 
come. It was an age that was pulsating with life and 
illuminated by fancy, but the life was the life of strong 
action and the fancy was the fancy of ideal imagination ; 
men did not lend themselves to sustained and abstract 
thought concerning the nature of the universe. When we 
contemplate the spirit that such a state of knowledge 
might foster towards scientific learning, and when we 
recall the world into which Bacon's treatise was launched, 
we can well be surprised at his far-reaching views, and 
we can marvel at his isolated wisdom.

Let me select a few specimens of his judgments, chosen 
solely in relation to our own subjects. When he says :

“ All true and fruitful natural philosophy hath a double 
scale or ladder, ascendant and descendant, ascending from 
experiments to the invention of causes, and descending 
from causes to the invention of new experiments; there
fore I judge it most requisite that these two parts be 
severally considered and handled ”—
he is merely expounding, in what now is rather archaic 
phrase, the principles of the most ambitious investigations 
in the natural philosophy of subsequent centuries. When 
he speaks of
“ the operation of the relative and adventive characters 
of essences, as quantity, similitude, diversity, possibility, 
and the rest; with this distinction and provision, that they 
be handled as they have efficacy in nature, and not 
logically ”—
I seem to hear the voice of the applied mathematician 
warning the pure mathematician off the field. When, 
after having divided natural philosophy into physic and 
metaphysic (using these words in particular meanings, 
and including mathematics in the second of the divisions), 
he declares
“ physic should contemplate that which is inherent in 
matter, and therefore transitory, and metaphysic that which 
is abstracted and fixed ; ... physic describeth the causes 
of things, but the variable or respective causes; and 
metaphysic the fixed and constant causes ”—
there comes before my mind the army of physicists of the 
present day, who devote themselves unwearyingly to the 
properties of matter and willingly cast aside elaborate 
arguments and calculations. When he argues that
“ many parts of nature can neither be invented with 
sufficient subtilty, nor demonstrated with sufficient per
spicuity, nor accommodated unto use with sufficient 
dexterity, without the aid and intervening of the mathe
matics ”—
he might be describing the activity of subsequent gener
ations of philosophers, astronomers, and engineers. And 
in the last place (for my extracts must have some end), 
when he expresses the opinion
“ that men do not sufficiently understand the excellent 
use of the pure mathematics, in that they do remedy and 
cure many defects in the wit and faculties intellectual. 
For if the wit be too dull, they sharpen it; if too wander
ing, they fix it; if too inherent in the sense, they abstract 
it; . . ., in the mathematics, that which is collateral and 
intervenient is no less worthy than that which is principal 
and intended ”—
I seem to hear an advocate for the inclusion of elementary 
mathematics in any scheme of general education. At the 
same time, I wonder what Bacon, who held such an 
exalted estimate of pure mathematics in its grey dawn, 
would have said by way of ampler praise of the subject 
in its fuller day.

It was a splendid vision of inductive science as of other 
parts of learning; it contained a revelation of the course 
of progress through the centuries to come. Yet the facts 
of to-day are vaster than the vision of that long-ago 
yesterday, and human activity has far outstripped the 
dreams of Bacon’s opulent imagination. He was the 
harbinger (premature in many respects it must be con
fessed, but still the harbinger) of a new era. At a time 
when we are making a new departure in the fulfilment 
of the purpose of our charter, which requires us “ to 
promote the intercourse of those who cultivate Science
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in different parts of the British Empire,” our Association 
for the Advancement of Science may pause for a moment 
to gaze upon the vision revealed three centuries ago in the 
“ Advancement of Learning ” by a philosopher whose 
influence upon the thought of the world is one of the 
glories of our nation.

I have implied that Bacon’s discourse was in advance 
of its age, so far as England was concerned. Individuals 
could make their mark in isolated fashion. Thus Harvey, 
in his hospital work in London, discovered the circulation 
of the blood ; Napier, away on his Scottish estates, invented 
logarithms; and Horrocks, in the seclusion of a Lancashire 
curacy, was the first to observe a transit of Venus. But 
for more than half a century the growth of physical science 
was mainly due to workers on the continent of Europe. 
Galileo was making discoveries in the mechanics of solids 
and fluids, and, specially, he was building on a firm 
foundation the fabric of the system of astronomy, hazarded 
nearly a century before by Copernicus; he still was to 
furnish, by bitter experience, one of the most striking 
examples in the history of the world that truth is stronger 
than dogma. Kepler was gradually elucidating the laws 
of planetary motion, of which such significant use was 
made later by Newton ; and Descartes, by his creation of 
analytical geometry, was yet to effect such a constructive 
revolution in mathematics that he might not unfairly be 
called the founder of modern mathematics. In England 
the times were out of scientific joint; the political distrac
tions of the Stuart troubles, and the narrow theological 
bitterness of the Commonwealth, made a poor atmosphere 
for the progress of scientific learning, which was confined 
almost to a faithful few. The fidelity of those few, how
ever, had its reward; it was owing to their steady con
fidence and to their initiative that the Royal Society of 
London was founded in 1662 by Charles II. At that epoch, 
science (to quote the words of a picturesque historian) 
became the fashion of the day. Great Britain began to 
contribute at least her fitting share to the growing know
ledge of Nature; and her scientific activity in the closing 
part of the seventeenth century was a realisation, 
wonderful and practical, of a part of Bacon’s dream. 
Undoubtedly the most striking contribution made in that 
period is Newton’s theory of gravitation, as expounded 
in his “ Principia,” published in 1687.

That century also saw the discovery of the fluxional 
calculus by Newton, and of the differential calculus by 
Leibnitz. These discoveries provided the material for one 
of the longest and most deadening controversies as to 
priority in all the long history of those tediously barren 
occupations; unfortunately they are dear to minds which 
cannot understand that a discovery should be used, 
developed, amplified, but should not be a cause of envy, 
quarrel, or controversy. Let me say, incidentally, that the 
controversy had a malign influence upon the study of 
mathematics as pursued in England.

Also, the undulatory theory of light found its first 
systematic, if incomplete, exposition in the work of 
Huygens before the century was out. But Newton had an 
emission theory of his own, and so the undulatory theory 
of Huygens found no favour in England until rather more 
than a hundred years later; the researches of Thomas 
Young established it on a firm foundation.

Having thus noted some part of the stir in scientific 
life which marked the late years of the seventeenth century, 
let me pass to the second of our centenaries; it belongs 
to the name of Edmond Halley. Quite independently of 
his achievement connected with the year 1705 to which 
I am about to refer, there are special reasons for honour
ing Halley’s name in this section at our meeting in South 
Africa. When a young man of twenty-one he left England 
for St. Helena, and there, in the years 1676-1678, he laid 
the foundations of stellar astronomy for the Southern 
Hemisphere ; moreover, in the course of his work he there 
succeeded in securing the first complete observation of a 
transit of Mercury. After his return to England, the next 
few years of his life were spent in laying science under a 
special debt that can hardly be over-appreciated. He 
placed himself in personal relation with Newton, pro
pounded to him questions and offered information; and 
it is now a commonplace statement that Halley’s questions 
and suggestions caused Newton to write the “ Principia.”



More than this, we know that Newton’s great treatise 
saw the light only through Halley's persuasive insistence, 
through his unwearying diligence in saving Newton all 
cares and trouble and even pecuniary expense, and through 
his’ absolutely self-sacrificing devotion to what he made 
an unwavering duty at that epoch in his life. Again, he 
appears to have been the first organiser of a scientific 
expedition, as distinct from a journey of discovery, towards 
the Southern Seas; he sailed as far as the fifty-second 
degree of southern latitude, devised the principle of the 
sextant in the course of his voyaging, and, as a result of 
the voyage, he produced a General Chart of the Atlantic 
Ocean, with special reference to the deviation of the 
compass. Original, touched with genius, cheery of soul, 
strenuous in thought and generous by nature, he spent 
his life in a continuously productive devotion to astro
nomical science, from boyhood to a span of years far 
beyond that which satisfied the Psalmist’s broodings. I 
have selected a characteristic incident in his scientific 
activity, one of the most brilliant (though it cannot be 
claimed as the most important) of his astronomical achieve
ments ; it strikes me as one of the most chivalrously bold 
acts of convinced science within my knowledge. It is only 
the story of a comet.

I have just explained, very briefly, Halley’s share in 
the production of Newton’s “ Principia ”; his close concern 
with it made him the Mahomet of the new dispensation 
of the astronomical universe, and he was prepared to view 
all its phenomena in the light of that dispensation. A 
comet had appeared in 1682—it was still the age when 
scientific men could think that, by a collision between the 
earth and a comet, “ this most beautiful order of things 
would be entirely destroyed and reduced to its ancient 
chaos but this fear was taken as a “ by-the-bye,” which 
happily interfered with neither observations nor calcula
tions. Observations had duly been made. The data were 
used to obtain the elements of the orbit, employing 
Newton’s theory as a working hypothesis; and he expresses 
an incidental regret as to the intrinsic errors of assumed 
numerical elements and of recorded observations. It then 
occurred to Halley to calculate similarly the elements of 
the comet which Kepler and others had seen in 1607, and 
of which records had been made; the Newtonian theory 
gave elements in close accord with those belonging to the 
comet calculated from the latest observations, though a 
new regret is expressed that the 1607 observations had not 
been made with more accuracy. On these results he com
mitted himself (being then a man of forty-nine years of 
age) to a prophecy (which could not be checked for fifty- 
three years to come) that the comet would return about 
the end of the year 1758 or the beginning of the next 
succeeding year; he was willing to leave his conclusion 
“ to be discussed by the care of posterity, after the truth 
is found out by the event.” But not completely content 
with this stage of his work, he obtained with difficulty 
a book by Apian, giving an account of a comet seen in 
1531 and recording a number of observations. Halley, 
constant to his faith in the Newtonian hypothesis, used 
that hypothesis to calculate the elements of the orbit of 
the Apian comet; once more regretting the uncertainty 
of the data and discounting a very grievous error com
mitted by Apian himself, Halley concluded that the Apian 
comet of 1531, and the Kepler comet of 1607, and the 
observed comet of 1682 were one and the same. He con
firmed his prediction as to the date of its return, and he 
concludes his argument with a blend of confidence and 
patriotism :—

“ Wherefore if according to what we have already said 
it should return again about the year 1758, candid posterity 
will not refuse to acknowledge that this was first discovered 
by an Englishman.’’
Such was Halley’s prediction published in the year 1705. 
The comet pursued its course, and it was next seen on 
Christmas Day, 1758. Candid posterity, so far from 
refusing to acknowledge that the discovery was made by 
an Englishman, has linked Halley's name with the comet, 
possibly for all time.

We all now could make'announcements on the subject 
of Halley’s comet; their fulfilment could be awaited 
serenely. No vision or inspiration is needed ; calculations
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and corrections will suffice. The comet was seen in 1835, 
and it is expected again in 1910. No doubt our astro
nomers will be ready for it; and the added knowledge of 
electrical science, in connection particularly with the 
properties of matter, may enable them to review Bessel’s 
often-discussed conjecture as to an explanation of the 
emission of a sunward tail. But Halley’s announcement 
was made during what may be called the immaturity of 
the gravitation theory; the realisation of the prediction 
did much to strengthen the belief in the theory and to 
spread its general acceptance; the crown of conviction 
was attained with the work of Adams and Leverrier in 
the discovery, propounded by theory and verified by observ
ation, of the planet Neptune. 1 do not know an apter 
illustration of Bacon’s dictum that has already been 
quoted, “ All true and fruitful natural philosophy hath a 
double scale, ascending from experiments to the invention 
of causes, and descending from causes to the invention of 
new experiments.” The double process, when it can be 
carried out, is one of the most effective agents for the 
increase of trustworthy knowledge. But until the event 
justified Halley's prediction, the Cartesian vortex-theory 
of the universe was not completely replaced by the New
tonian theory; the Cartesian votaries were not at once 
prepared to obey Halley’s jubilant, if stern, injunction 
to “ leave off trifling . . . with their vortices and their 
absolute plenum . . . and give themselves up to the study 
of truth.”

The century that followed the publication of Halley’s 
prediction shows a world that is steadily engaged in the 
development of the inductive sciences and their appli
cations. Observational astronomy continued its activity 
quite steadily, reinforced towards the end of the century 
by the first of the Herschels. The science of mathematical 
(or theoretical) astronomy was created in a form that is 
used to this day ; but before this creation could be effected, 
there had to be a development of mathematics suitable for 
the purpose. The beginnings were made by the Bernoullis 
(a family that must be of supreme interest to Dr. Francis 
Galton in his latest statistical compilations, for it con
tained no fewer than seven mathematicians of mark, dis
tributed over three generations), but the main achievements 
are due to Euler, Lagrange, and Laplace. In particular, 
the infinitesimal calculus in its various branches (including, 
that is to say, what we call the differential calculus, the 
integral calculus, and differential equations) received the 
development that now is familiar to all who have occasion 
to work in the subject. When this calculus was developed, 
it was applied to a variety of subjects; the applications, 
indeed, not merely influenced, but immediately directed, 
the development of the mathematics. To this period is 
due the construction of analytical mechanics at the hands 
of Euler, d’Alembert, Lagrange, and Poisson; but the 
most significant achievement in this range of thought is 
the mathematical development of the Newtonian theory of 
gravitation applied to the whole universe. It was made, 
in the main, by Lagrange, as regards the wider theory, 
and by Laplace, as regards the amplitude of detailed 
application. But it was a century that also saw the 
obliteration of the ancient doctrines of caloric and 
phlogiston, through the discoveries of Rumford and Davy 
of the nature and relations of heat. The modern science 
of vibrations had its beginnings in the experiments of 
Chladni, and, as has already been stated, the undulatory 
theory of light was rehabilitated by the researches of 
Thomas Young. Strange views as to the physical con
stitution of the universe then were sent to the limbo of 
forgotten ignorance by the early discoveries of modern 
chemistry; and engineering assumed a systematic and 
scientific activity, the limits of which seem bounded only 
by the cumulative ingenuity of successive generations. But 
in thus attempting to summarise the progress of science 
in that period, I appear to be trespassing upon the domains 
of other Sections ; my steps had better be retraced so as 
to let us return to our own upper air. If I mention one 
more fact (and it will be a small one), it is because of its 
special connection with the work of this Section. As you 
are aware, the elements of Euclid have long been the 
standard treatise of elementary geometry in Great Britain ; 
and the Greek methods, in Robert Simson's edition, have 
been imposed upon candidates in examination after ex-



amination. But Euclid is on the verge of being dis
established ; my own University of Cambridge, which has 
had its full share in maintaining the restriction to Euclid’s 
methods, and which was not uninfluenced by the report 

-Of a Committee of this Association upon the subject, will, 
some six or seven weeks hence, hold its last examination 
in which those methods are prescriptively required. The 
disestablishment of Euclid from tyranny over the youthful 
student on the continent of Europe was effected before the 
end of the eighteenth century.

■ But it is time for me to pass on to the third of the 
centenaries, with which the present year can be associated. 
Not so fundamental for the initiation of modern science 
Us was the year in which the “ Advancement of Learning ” 
was published, not so romantic in the progress of modern 
science as was the year in which Halley gave his pre
diction to the world, the year 1805 (turbulent as it was 
with the strife of European politics) is marked by the 
silent voices of a couple of scientific records. In that year 
Laplace published the last progressive instalment of his 
great treatise on Celestial Mechanics, the portion that 
still remained for the future being solely of an historical 
character; the great number of astronomical phenomena 
which he had been able to explain by his mathematical 
presentation of the consequences of the Newtonian theory 
would, by themselves, have been sufficient to give con
fidence in the validity of that theory. In that year also 
Monge published his treatise, classical and still to be read 
by all students of the subject, “ The Application of Algebra 
to Geometry ”; it is the starting point of modern synthetic 
geometry, which has marched in ample development since 
his day. These are but landmarks in the history of 
mathematical science, one of them indicating the com
pleted attainment of a tremendous task, the other of them 
initiating a new departure; both of them have their signifi
cance in the progress of their respective sciences.

When we contemplate the activity and the achievements 
of the century that has elapsed since the stages which 
have just been mentioned were attained in mathematical 
science, the amount, the variety, the progressive diligence, 
are little less than bewildering. It is not merely the vast 
development of all the sciences that calls for remark ; no 
less striking is their detailed development. Each branch 
of science now has an enormous array of workers, a 
development rendered more easily possible by the growing 
increase in the number of professional posts; and through 
the influence of these workers and their labours there is 
an ever-increasing body of scientific facts. Yet an aggre
gate of facts is not an explanatory theory any more neces
sarily than a pile of carefully fashioned stones is a 
cathedral; and the genius of a Kepler and a Newton is 
just as absolutely needed to evolve the comprehending 
theory as the genius of great architects was needed for 
the Gothic cathedrals of France and of England. Not in
frequently it is difficult to make out what is the main 
line of progress in any one subject, let alone in a group 
of subjects; and though illumination comes from striking 
results that appeal, not merely to the professional workers, 
but also to unprofessional observers, this illumination is 
the exception rather than the rule. We can allow, and we 
should continue to allow, freedom of initiative in all direc
tions. That freedom sometimes means isolation, and its 
undue exercise can lead to narrowness of view. In spite 
of the complex ramification of the sciences which it has 
fostered, it is a safer and a wiser spirit than that of un
congenial compulsion, which can be as dogmatic in matters 
scientific as it can be in matters theological. Owing to 
the varieties of mind, whether in individuals or in races, 
the progress of thought and the growth of knowledge are 
not ultimately governed by the wishes of any individual 
Or the prejudices of any section of individuals. Here, a 
school of growing thought may be ignored ; there, it may 
be denounced as of no importance; somewhere else, it may 
be politely persecuted out of possible existence. But the 
here, and the there, and the somewhere else do not make 
up the universe of human activity; and that school, like 
Galileo’s earth in defiance of all dogmatic authority, still 
will move.

This complete freedom in the development of scientific 
thought, when the thought is applied to natural pheno
mena, is all the more necessary because of the ways of 

Nature. Physical nature cares nothing for theories, nothing 
for calculations, nothing for difficulties, whatever their 
source; she will only give facts in answer to our questions, 
without reasons and without explanations; we may explain 
as we please and evolve laws as we like, without her help 
or her hindrance. If from our explanations and out laws 
we proceed to prediction, and if the event justifies the 
prediction through agreement with recorded fact, well and 
good; so far we have a working hypothesis. The signifi
cance of working hypotheses, in respect of their validity 
and their relation to causes, is a well known battle-ground 
of dispute between different schools of philosophers; it 
need not detain us here and now. On the other hand, 
when we proceed from our explanations and our laws to 
a prediction, and the prediction in the end does not agree 
with the fact to be recorded, it is the prediction that has 
to give way. But the old facts remain and the new fact 
is added to them ; and so facts grow until some working 
law can be extracted from them. This accumulation of 
facts is only one process in the solution of the universe; 
when the compelling genius is not at hand to transform 
knowledge' into wisdom, useful work can still be done 
upon them by the construction of organised accounts 
which shall give a systematic exposition of the results, 
and shall place them as far as may be in relative 
significance.

Let me pass from these generalities, which have been 
suggested to my mind by the consideration of some of 
the scientific changes that have taken place during the 
last hundred years, and let me refer briefly to some of 
the changes and advances which appear to me to be most 
characteristic of that period. It is not that I am con
cerned with a selection of the most important researches 
of the period. Estimates of relative importance are often 
little more than half-concealed expressions of individual 
preferences or personal enthusiasms; and though each 
enthusiastic worker, if quite frank in expressing his 
opinion, would declare his own subject to be of supreme 
importance, he would agree to a compromise that the 
divergence between the different subjects is now so wide 
as to have destroyed any common measure of comparison. 
My concern is rather with changes, and with tendencies 
where these can be discerned.

The growth of astronomy has already occupied so large 
a share of my remarks that few more words can be spared 
here. Not less, but more, remarkable than the preceding 
centuries in the actual exploration of the heavens, which 
has been facilitated so much by the improvements in 
instruments and is reinforced to such effect by the co
operation of an ever-growing band of American astro
nomers, it has seen a new astronomy occupy regions 
undreamt of in the older days. New methods have supple
mented the old; spectroscopy has developed a science of 
physics within astronomy; and the unastronomical brain 
reels at the contents of the photographic chart of the 
heavens which is now being constructed by international 
cooperation and will, when completed, attempt to map 
ten million stars (more or less) for the human eye.

Nor has the progress of physics, alike on the mathe
matical side and the experimental side, been less remark
able or more restricted than that of astronomy. The 
elaborate and occasionally fantastic theories of the 
eighteenth century, in such subjects as light, heat, even 
as to matter itself, were rejected in favour of simpler and 
more comprehensive theories. There was one stage when 
it seemed as if the mathematical physicists were gradually 
overtaking the experimental physicists ; but the discoveries 
in electricity begun by Faraday left the mathematicians 
far behind. Much has been done towards the old duty, 
ever insistent, of explaining new phenomena; and the 
names of Maxwell, Weber, Neumann, and Hertz need only 
to be mentioned in order to suggest the progress that has 
been made in one subject alone. We need not hesitate 
to let our thoughts couple, with the great physicists of 
the century, the leaders of that brilliant band of workers 
upon the properties of matter who carry us on from wonder 
to wonder with the passage of each successive year.

Further, it has been an age when technical applications 
have marched at a marvellous pace. 60 great has been 
their growth that we are apt to forget their comparative 
youth; yet it was only the middle of the century which 



saw the awakening from what now might be regarded 
as the dark ages. Nor is the field of possible application 
nearing exhaustion; on _the contrary, it seems to be in
creasing by reason of new discoveries in pure science that 
yet will find some beneficent outcome in practice. Invisible 
rays and wireless telegraphy may be cited as instances 
that are occupying present activities, not to speak of 
radium, the unfolding of the future of which is watched 
by eager minds.

One gap, indeed, in this subject strikes me. There are 
great histories of mathematics and great histories of 
astronomy; I can find no history of physics on the grand 
scale. Some serviceable manuals there are, as well as 
monographs on particular topics; what seems to me to 
be lacking is some comprehensive and comparative survey 
of the whole range. The history of any of the natural 
sciences, like the history of human activity, is not merely 
an encyclopaedic record of past facts; it reveals both the 
spirit and the wealth which the past has bequeathed to 
the present, and which, in due course, the present will 
influence before transmission to the future. Perhaps all 
our physicists are too busy to spare the labour needed for 
the production of a comprehensive history; yet I cannot 
help thinking that such a contribution to the subject would 
be of great value, not to physicists alone.

But, as you hear me thus referring to astronomy and to 
physics, some of you may think of the old Roman proverb 
which bade the cobbler not to look above his last; so I 
take the opportunity of referring very briefly to my own 
subject. One of the features of the century has been 
the continued development of mathematics. As a means 
of calculation the subject was developed as widely during 
the earlier portion of the century as during the preceding 
century; it soon began to show signs of emergence as an 
independent science, and the later part of the century has 
witnessed the emancipation of pure mathematics. It was 
pointed out, in connection with the growth of theoretical 
astronomy, that mathematics developed in the direction 
of its application to that subject. When the wonderful 
school of French physicists, composed of Monge, Carnot, 
Fourier, Poisson, Poinsot, Ampfere, and Fresnel (to mention 
only some names), together with Gauss, Kirchhoff, and 
von Helmholtz in Germany, and Ivory, Green, Stokes, 
Maxwell, and others in England, applied their mathematics 
to various branches of physics, for the most part its 
development was that of an ancillary subject. The result 
is the superb body of knowledge that may be summarised 
under the title of “mathematical physics”; but the final 
interest is the interest of physics, though the construction 
has been the service of mathematics. Moreover, this 
tendency was deliberate, and was avowed in no uncertain 
tone. Thus Fourier could praise the utility of mathe
matics by declaring that “ there was no language more 
universal or simpler, more free from errors or obscurity, 
more worthy of expressing the unchanging relations of 
natural entities ”; in a burst of enthusiasm he declares 
that, from the point of view he had indicated, “ mathe
matical analysis is as wide as Nature herself,” and “ it 
increases and grows incessantly stronger amid all the 
changes and errors of the human mind.” Mathematicians 
might almost blush with conscious pleasure at such a 
laudation of their subject from such a quarter, though 
it errs both by excess and defect; but the exultation of 
spirit need not last long. The same authority, when 
officially expounding to the French Academy the work of 
Jacobi and of Abel upon elliptic functions, expressed his 
chilling opinion (it had nothing to do with the case) that 
“ the questions of natural philosophy, which have the 
mathematical study of all important phenomena for their 
aim, are also a worthy and principal subject' for the 
meditations of geometers. It is to be desired that those 
persons who are best fitted to improve the science of 
calculation should direct their labours to these important 
applications.” Abel was soon to pass beyond the range 
of admonition ; but Jacobi, in a private letter to Legendre, 
protested that the scope of the science was not to be 
limited to the explanation of natural phenomena. I have 
not quoted these extracts by way of even hint of reproach 
against the author of such a wonderful creation as 
Fourier’s analytical theory of heat; his estimate could 
have been justified on a merely historical review of the 

circumstances of his own timp and of past times; and I 
am not sure that his estimate has not its exponents at 
the present day. But all hjstory shows that new dis
coveries and new riiethods can spread to issues wider, than 
those of their origins, and that it is alnfost a duty of 
human intelligence to recognise this possibility in the 
domain of progressive studies. The fact is that mathe
matical physics and pure mathematics have given much 
to each other in the past and will give much to each other 
in the future; in, doing so, they will take harmonised 
action in furthering the progress of knowledge. But 
neither science must pretend to absorb the activity of the 
other. It is almost an irony of circumstance that a 
theorem, initiated by Fourier in the treatise just men
tioned, has given rise to a vast amount of discussion and 
attention, which, while of supreme value in the develop
ment of one branch of pure mathematics, have hitherto 
offered little, if anything, by way of added explanation of 
natural phenomena.

The century that has gone has witnessed a wonderful 
development of pure mathematics. The bead-roll of names 
in that science—Gauss; Abel, Jacobi; Cauchy, Riemann, 
Weierstrass, Hermite; Cayley, Sylvester; Lobatchewsky, 
Lie—will on only the merest recollection of the work with 
which their names are associated show that an age has 
been reached where the development of human thought is 
deemed as worthy a scientific occupation of the human 
mind as the most profound study of the phenomena of 
the material universe.

The last feature of the century that will be mentioned 
has been the increase in the number of subjects, appar
ently dissimilar from one another, which are now being 
made to use mathematics to some extent. Perhaps the 
most surprising is the application of mathematics to the 
domain of pure thought; this was effected by George 
Boole in his treatise “ Laws of Thought,” published in 
1854 ; and though the developments have passed consider
ably beyond Boole’s researches, his work is one of those 
classics that mark a new departure. Political economy, 
on the initiative of Cournot and Jevons, has begun to 
employ symbols and to develop the graphical methods; 
but, there, the present use seems to be one of suggestive 
record and expression, rather than of positive construction. 
Chemistry, in a modern spirit, is stretching out into 
mathematical theories; Willard Gibbs, in his memoir on 
the equilibrium of chemical systems, has led the way; 
and, though his way is a path which chemists find strewn 
with the thorns of analysis, his work has rendered, in
cidentally, a real service in coordinating experimental 
results belonging to physics and to chemistry. A new and 
generalised theory of statistics is being constructed ; and 
a school has grown up which is applying them to biological 
phenomena. Its activity, however, has not yet met with 
the sympathetic goodwill of all the pure biologists; and 
those who remember the quality of the discussion that 
took place last year at Cambridge between the biometricians 
and some of the biologists will agree that, if the new 
school should languish, it will not be for want of the tonic 
of criticistn.

If I have dealt with the past history of some of the 
sciences with which our Section is concerned, and have 
chosen particular epochs in that history with the aim of 
concentrating your attention upon them, you will hardly 
expect me to plunge into the future. Being neither a 
prophet nor the son of a prophet, not being possessed of 
the knowledge which enabled Halley to don the prophet’s 
mantle with confidence, I shall venture upon no prophecy 
even so cautious as Bacon’s—*1 As for the mixed mathe
matics I may only make this prediction, that there cannot 
fail to be more kinds of them as Nature grows further 
disclosed ”—-a declaration that is sage enough, though a 
trifle lacking in precision. Prophecy, unless based upon 
:onfident knowledge, has passed out of vogue, except 
perhaps in controversial politics; even in that domain, it 
is helpless to secure its own fulfilment. Let me rather 
exercise the privilege of one who is not entirely unfamiliar 
with the practice of geometry, and let me draw the pro
verbial line before indulgence in prophetic estimates. The 
names that have flitted through my remarks, the dis
coveries and the places associated with those names, 
definitely indicate that, notwithstanding all appearance of



divergence and in spite of scattered isolation, the sum 
of human knowledge, which is an inheritance common to 
us all, grows silently, sometimes slowly, yet (as we hope) 
safely and surely, through the ages. You who are in 
South Africa have made an honourable and an honoured 
contribution to that growing knowledge, conspicuously in 
your astronomy and through a brilliant succession of 
astronomers. Here, not as an individual but as a re
presentative officer of our brotherhood in the British 
Association, 1 can offer you no better wish than that you 
may produce some men of genius and a multitude of able 
workers who, by their researches in our sciences, may 
add to the fame of your country and will contribute to the 
intellectual progress of the world.

SECTION B.
CHEMISTRY.

Opening Address by G. T. Beilby, President of the 
Section.

In scanning the list of the elements with which we are 
thoughtfully supplied every year by the International Com
mittee on Atomic Weights, the direction in which our 
thoughts are led will depend on the particular aspect of 
chemical study which happens to interest us at the time. 
Putting from our minds on the present occasion the 
attractive speculations on atomic constitution and dis
integration with which we have all become at least super
ficially familiar during the past few years, let us try to 
scan this list from the point of view of the “ plain man ” 
rather than from that of the expert chemist. Even a 
rudimentary knowledge will be sufficient to enable our 
“ plain man ” to divide the elements broadly into two 
groups—the actually useful and the doubtfully useful or 
useless. Without going into detail we may take it that 
about two-thirds would be admitted into the first group, 
and one-third into the second. It must, I think, be re
garded as a very remarkable fact that of the eighty 
elements which have had the intrinsic stability to enable 
them to survive the prodigious forces which must have been 
concerned in the evolution of the physical universe, so 
large a proportion arc endowed with characteristic proper
ties which could ill have been spared either from the 
laboratories of Nature or from those of the Arts and 
Sciences. Even if one-third of the elements are to be 
regarded as waste products or failures, there is here no 
counterpart to the reckless prodigality of Nature in the 
processes of organic evolution.

If we exclude those elements which participate directly 
and indirectly in the structure and functions of the organic 
world, there are two elements which stand out con
spicuously because of the supreme influence they have 
exercised over the trend of human effort and ambition. 
I refer, of course, to the metals gold and iron.

From the early beginnings of civilisation gold has been 
highly prized and eagerly sought after. Human life has 
been freely sacrificed in its acquirement from natural 
sources, as well as in its forcible seizure from those who 
already possessed it. The “ Age of Gold ” was not neces
sarily “ The Golden Age,” for the noble metal in its 
unique and barbaric splendour has symbolised much that 
has been unworthy in national and individual aims and 
ideals.

We have accustomed ourselves to think of the present 
as the Age of Iron, as indeed it is, for we see in the dull, 
grey metal the plastic medium out of which the engineer 
has modelled the machines and structures which play so 
large a part in the active life of to-day. Had iron not 
been at once plentiful and cheap, had it not brought into 
the hands of the engineer and artificer its marvellous 
qualities of hardness and softness, of rigidity and tough
ness, and to the electrician its mysterious and unique 
magnetic qualities, it is not difficult to conceive that man’s 
control over the forces of Nature might have been delayed 
for centuries, or perhaps for ages. For iron has been 
man’s chief material instrument in the conquest of Nature; 
without it the energy alike of the waterfall and of the 
coalfield would have remained uncontrolled and unused. 
In this conquest of the resources of Nature for the service 
of man are we not entitled to say that the intellectual
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and social gains have equalled, if they have not exceeded, 
in value the purely material gains; and may we not then 
regard iron as the symbol of a beneficent conquest of 
Nature?

With the advent of the Industrial Age gold was destined 
to take a new place in the world's history as the great 
medium of exchange, the great promoter of industry and 
commerce. While individual gain still remained the pro
pelling power towards its discovery and acquisition, every 
fresh discovery led directly or indirectly to the freer inter
change of the products of industry, and thus reacted favour
ably on the industrial and social conditions of the time.

So long as the chief supplies of gold were obtained 
from alluvial deposits by the simple process of washing, 
the winning of gold almost necessarily continued to be 
pursued by individuals, or by small groups of workers, 
who were mainly attracted by the highly speculative nature 
of the occupation. These workers endured the greatest 
hardships and ran the most serious personal risks, drawn 
on from day to day by the hope that some special stroke 
of good fortune would be theirs. This condition prevailed 
also in fields in which the reef gold occurred near the 
surface, where it was easily accessible without costly 
mining appliances, and where the precious metal was 
loosely associated with a weathered matrix. These free- 
milling ores could be readily handled by crushing and 
amalgamation with mercury, so that here also no elaborate 
organisation and no great expenditure of capital were 
necessary. A third stage was reached when the more 
easily worked deposits above the water-line had been 
worked out. Not only were more costly appliances and 
more elaborately organised efforts required to bring the 
ore to the surface, but the ore when obtained contained 
less of its gold in the easily recovered, and more in the 
refractory or combined form. The problem of recovery 
had now to be attacked by improved mechanical and 
chemical methods. The sulphides or tellurides with which 
the gold was associated or combined had to be reduced to 
a state of minute subdivision by more perfect stamping 
or grinding, and elaborate precautions were necessary to 
ensure metallic contact between the particles of gold and 
the solvent mercury. In many cases the amalgamation 
process failed to extract more than a very moderate pro
portion of the gold, and the quartz sand or “ tailings ” 
which still contained the remainder found its way into 
creeks and rivers or remained in heaps on the ground 
around the batteries. In neighbourhoods where fuel was 
available a preliminary roasting of the ore was resorted 
to, to oxidise or volatilise the baser metals and set free 
the gold; or the sulphides, tellurides, &c., were concen
trated by washing, and the concentrates were taken to 
smelting or chlorinating works in some favourable situ
ation where the more elaborate metallurgical methods 
could be economically applied. Many efforts were also 
made to apply the solvent action of chlorine directly to 
the unconcentrated unroasted ores; but unfortunately 
chlorine is an excellent solvent for other substances besides 
gold, and in practice it was found that its solvent energy 
was mainly exercised on the base metals and metalloids, 
and on the materials of which the apparatus itself was 
constructed.

This to the best of my knowledge is a correct, if rather 
sketchy, description of the state of matters in 1889 when 
the use of a dilute solution of cyanide of potassium was 
first seriously proposed for the extraction of gold from 
its ores. Those of us who can recall the time will re
member that the proposal was far from favourably re
garded from a chemical point of view. The cost of the 
reagent, its extremely poisonous nature, the instability 
of its solutions, its slow action—such were the difficulties 
that naturally presented themselves to our minds. And, 
even granting that these difficulties might be overcome, 
there still remained the serious problem of how to recover 
the gold in metallic form from the extremely dilute solu
tions of the cyanide of gold and potassium. How each 
and all of these difficulties have been swept aside, how 
within little more than a decade this method of gold 
extraction has spread over the gold-producing countries 
of the world, now absorbing and now replacing the older 
processes, but ever carrying all before it—all this is already 
a twice-told tale which I should feel hardly justified in 



alluding to were it not for the fact that we are to-day 
meeting on the Rand where the infant process made its 
dibut nearly fourteen years ago. The Rand to-day is the 
richest of the world’s goldfields, not only in its present 
capacity, but in its potentialities for the future; twenty 
years ago its wonderful possibilities were quite unsuspected 
even by experts.

It is not for me to describe in detail how the change 
has been accomplished; this task will, we know, be far 
better accomplished by representative chemists who are 
now actively engaged in the work. But for the chemists 
of the British Association it is a fact of great significance 
that they are here in the presence of the most truly in
dustrial development of gold production which the world 
has yet seen; a development moreover that is founded on 
a purely chemical process which for its continuance re
quires, not only skilled chemists to superintend its oper
ation, but equally skilled chemists to supply the reagent 
on which the industry depends.

In 1889 the world’s consumption of cyanide of potassium 
did not exceed fifty tons per annum. This was produced 
by melting ferrocyanide with carbonate of potassium, the 
clear fused cyanide so obtained being decanted from the 
carbide of iron which had separated. The resulting salt 
was a mixture of cyanide, cyanate, and carbonate which 
was sometimes called cyanide of potassium for the hardly 
sufficient reason that it contained 30 per cent, of that 
salt. When the demand for gold extraction arose, it was 
at first entirely met by this process, the requisite ferro
cyanide being obtained by the old fusion process from 
the nitrogen of horns, leather, &c. In 1891 the first 
successful process for the synthetic production of cyanide 
without the intervention of ferrocyanide was perfected, 
and the increasing demand from the gold mines was largely 
met by its use. At present the entire consumption of 
cyanide is not much short of 10,000 tons a year, of which 
the Transvaal goldfield consumes about one-third. Large 
cyanide works exist in Great Britain, Germany, France, 
and America, so that a steady and sure supply of the 
reagent has been amply provided. In 1894 the price of 
cyanide in the Transvaal was as. per pound ; to-day it is 
one-third of that, or 8d. During the prevalence of the 
high prices of earlier years the manufacture was a highly 
speculative one, and new processes appeared and dis
appeared with surprising suddenness, the disappearance 
being generally marked by the simultaneous vanishing 
of large sums of money. To-day the manufacture is 
entirely carried out in large works scientifically organised 
and supervised, and, both industrially and commercially, 
the speculative element has been eliminated.

Chemistry has so often been called on to play the part 
of the humble and unrecognised handmaiden to the in
dustrial arts that we may perhaps be pardoned if in this 
case we direct public attention to our Cinderella as she 
shines in her rightful position as the genius of industrial 
initiation and direction.

To this essentially chemical development of metallurgy 
we owe it that in a community the age of which can only 
be counted by decades we find ourselves surrounded by 
chemists of high scientific skill and attainments who have 
already organised for their mutual aid and scientific 
enlightenment “ The Johannesburg Society of Chemistry, 
Metallurgy, and Mining,” the published proceedings of 
which amply testify to the atmosphere of intellectual 
vigour in which the work of this great industry is 
carried on.

It appears, then, that while gold still maintains its 
position of influence in the affairs of men, the nature of 
that influence has undergone an important change. Not 
only has its widespread use as the chief medium of ex
change exercised far-reaching effects on the commerce of 
the world, but the vastly increased demand for this purpose 
has in its turn altered the methods of production. These 
methods have become more highly organised and scientific, 
and gold production is now fairly established as a pro
gressive industry in which scope is found for the best 
chemical and engineering skill and talent.

The experience of more highly evolved industries in the 
older countries has shown that the truly scientific organ
isation of industry includes in its scope a full and just 
consideration for the social and intellectual needs of its 
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workers from highest to lowest. It augurs well, therefore, 
for the future of the gold industry, from the humane and 
social points of view, that its control should be more and 
more under the influence of men of scientific spirit and 
intellectual culture who we may feel assured will not 
forget the best traditions of their class.

The application of science to industry requires on the 
part of the pioneers and organisers keen and persistent 
concentration on certain well-defined aims. Any waver
ing in these aims or any relaxation of this concentration 
may lead to failure or to only a qualified success. This 
necessary but narrow concentration may be a danger to 
the intellectual development of the worker, who may 
thereby readily fall into a groove and so may become 
even less efficient in his own particular work. It 
certainly requires some mental strength to hold fast to 
the well-defined practical aim while allowing to the atten
tion occasional intervals of liberty to browse over the 
wide and pleasant fields of science. But I am certain 
that the acquirement of this double power is well worth 
an effort. The mental stimulus, as well as the new ex
periences garnered during the excursion, will sooner or 
later react favourably on the practical problems, while 
the earnest wrestling with these problems may develop 
powers and intuitions which will lend their own charm 
to the wider problems of science.

Gold and Science.
If we re-peruse the table of the elements, not now in 

our capacity as “ plain men ” but as chemists, we shall 
certainly not select gold as of supreme interest chemically. 
Its position as chief among the noble metals, its patent 
of nobility, is based on its aloofness from common associ
ations or attachments. Unlike the element nitrogen, it 
is mainly for itself and little if at all for its compounds, 
that gold is interesting. In it we can at our leisure study 
the metal rather than the clement. Its colour and trans
parence, its softness and its hardness, the density as well 
as the extreme tenuity of some of its forms—such were 
the qualities which recommended it to Faraday when he 
desired to study the action of material particles on light. 
I should like to repeat to you in his own words the reasons 
he gave for this choice: “ Because of its comparative 
opacity among bodies, and yet possession of a real trans
parency ; because of its development of colour both in the 
reflected and transmitted rays; because of the state of 
tenuity and division which it permitted with the preserv
ation of its integrity as a metallic body; because of its 
supposed simplicity of character; and because known 
phenomena appeared to indicate that a mere variation 
in the size of its particles gave rise to a variety of re
sultant colours. Besides the waves of light are so large 
compared to the dimensions of the particles of gold which 
in various conditions can be subjected to a ray, that it 
seemed probable that the particles might come into effective 
relations to the much smaller vibrations of the other 
particles.”

I may remind you that Faraday came to the conclusion 
that the variety in the colours presented by gold under 
various conditions is due to the size of its particles and 
their state of aggregation. Ruby glass or ruby solutions 
he proved are not true solutions, nor are they molecular 
diffusions of gold, but they contain the metal in aggregates 
sufficiently large to give a sensible reflection under an 
incident beam of light. Through the kindness of Sir 
Henry Roscoe I am able to exhibit to you some of the 
original ruby gold preparations obtained during this re
search, which were afterwards presented to him by Fara
day at the Royal Institution some years before his death.

By means of refined and ingenious optical methods 
Zsigmondy and Siedentopf have succeeded in making these 
ultra-microscopic particles visible, in the microscope as 
diffraction discs; they have, further, counted the number 
of particles per unit area, and have from the intensity of 
their reflection calculated their size. In ruby glass the 
size of the particles in different specimens was found to 
vary from 4 to 791 millionths of a millimetre. No re
lation was found to hold between the colour of the particles 
and their absolute size. This conclusion is in direct con
tradiction of Faraday’s belief already referred to. Mr. 
J. Maxwell Garnett has recently shown that the colour 



of metallic glasses and films is determined, not only by 
the absolute size of the metal particles, but also by the 
proportion of the total volume they occupy in the medium 
in which they are diffused. The results of Mr. Garnett’s 
calculations are in close agreement with a number of 
the observations on the colour and microstructure of thin 
metal films which I had already recorded, and they appear 
to me to supply the explanation of much that had appeared 
puzzling before. My own observations lead me to think 
that the actual microscopic particles which are to be seen, 
and the larger of which can also be measured, in films 
and solutions or suspensions, do not in any way represent 
the ultimate units of structure which are required by Mr. 
Garnett’s theory, but that these particles are aggregates 
of smaller units built up in more or less open formation.

That a relatively opaque substance like gold may be so 
attenuated that when disseminated in open formation it 
becomes transparent is contrary to all our associations 
with the same operation when performed on transparent 
substances like glass or crystalline salts. The familiar 
experiment of crushing a transparent crystal into a per
fectly opaque powder would not prepare us for the effect 
of minute subdivision on the transparence of metals. At 
first it might be supposed that this difference is due to 
the very rough and incomplete subdivision of the crystal 
by crushing; but this is not the case, for the perfectly 
transparent oxide of magnesium may be obtained in a 
state of attenuation comparable with that of the gold, 
by allowing the smoke from burning magnesium to deposit 
on a glass plate. The film of oxide obtained in this way 
is found to be built up of particles quite as minute as 
those of which the gold films are composed, yet the opacity 
of the oxide film is relatively much greater. The minute 
particles of the dielectric, magnesium oxide, scatter and 
dissipate the light waves by repeated reflection and re
fraction, while the similar particles of the metallic con
ductor, gold, act as electrical resonators which pass on 
some of the light waves while reflecting others. Specimens 
of films of gold and silver and of magnesium oxide are 
exhibited on the table and on the lantern screen. When 
the metallic particles are in this state of open formation 
and relative transparence, it was found that the electrical 
conductivity of the films had completely disappeared. 
Films of this description were found to have a resistance 
of more than 1,000,000 megohms as compared with only 
six ohms in the metallic reflecting condition.

Molecules in the Solid State.
My examination of gold films and surfaces has revealed 

the fact that during polishing the disturbed surface film 
behaves exactly like a liquid under the influence of surface 
tension. At temperatures far below the melting point 
molecular movement takes place under mechanical dis
turbance, and the molecules tend to heap up in minute 
mounds or flattened droplets. These minute mounds are 
often so shallow that they can only be detected when the 
surface is illuminated by an intense, obliquely incident 
beam of light. 1 have estimated that these minute mounds 
or spicules can be seen in this way in films which are 
not more than five to ten micro-millimetres in thickness. 
A film of this attenuation may contain so few as ten to 
twenty molecules in its thickness.

When moderately thin films of gold are supported on 
glass and heated at a temperature of 4oo°~5oo , they be
come translucent, and the forms assumed under the in
fluence of surface tension can be readily seen by trans
mitted light. It was in this way that the beautiful but 
puzzling spicular appearance bv obliquely reflected light 
was first explained as due to the granulation of the sur
face under the influence of surface tension. Photo
micrographs of these films are exhibited.

Turning now to the mechanical properties of metals, 
we find that gold has proved itself of great value in the 
investigation of some of these. It has long been recog
nised as the most malleable and ductile of the metals, 
whilst its chemical indifference tends to preserve it in a 
state of metallic purity throughout any prolonged series 
of operations.

The artificers in gold must very early have learned that 
its malleability and ductility are not qualities which in
definitely survive the operations of hammering and wire
drawing. A piece of soft gold beaten into a thin plate 

does not remain equally soft throughout the process, but 
spreads with increasing difficulty under the hammer. If 
carelessly beaten it may even develop cracks round its 
edges. We may assume that the artificers in gold very 
soon discovered that by heating, the hardened metal might 
be restored to its former condition of softness.

In connection with the study of the micro-metallurgy 
of iron and steel during recent years it has been recognised 
that heat annealing is, as a rule, associated with the 
growth and development of crystalline grains, and Prof. 
Ewing and Mr. Rosenhain have shown that overstrain is 
often if not invariably associated with the deformation of 
these crystalline grains by slips occurring along one or 
more cleavage planes. This hypothesis, though well sup
ported up to a point by microscopic observations on a 
variety of metals, offers no explanation of the natural 
arrest of malleability or ductility which occurs when the 
overstrain has reached a point at which the crystalline 
grains are still, to all appearance, only slightly deformed. 
At this stage there is no obvious reason why the slipping 
of the crystalline lamella; should not continue under the 
stresses which have initiated it. But far from this being 
the case, a relatively great increase of stress produces 
little or no further yielding until the breaking point is 
reached and rupture takes place.

The study of the surface effects of polishing, already 
referred to, had shown that the thin surface film retained 
no trace of crystalline stiucture; while it also gave the 
clearest indications that the metal had passed through a 
liquid condition before settling into the forms prescribed 
by surface tension. From this it was argued that the 
conditions which prevail at the outer surface might equally 
prevail at all inner surfaces where movement had occurred, 
so that every slip of one crystalline lamella over another 
would cause a thin film of the metal to pass through the 
liquid phase to a new and non-crystalline condition. By 
observations on the effects of beating pure gold foil, it 
was found that the metal reached its hardest and least 
plastic condition only when all outward traces of crystal
line structure had disappeared. It was also ascertained 
that this complete destruction of the crystalline lamella; 
and units could only be accomplished in the layers near 
the surface, for the hardened substance produced by the 
flowing under the hammer appears to encase and protect 
the crystalline units after they become broken down to a 
certain size. By carefully etching the surface in stages 
by means of chlorine water or cold aqua regia, the 
successive layers below the surface were disclosed. The 
surface itself was vitreous; beneath this was a layer of 
minute granules, and lower still the distorted and broken- 
up remains of crystalline lamella: and grains were em
bedded in a vitreous and granular matrix. The vitreous- 
looking surface layer represents the final stage in the 
passage from soft to hard, from crystalline to amorphous. 
By heating the beaten foil, its softness was restored ; and 
on etching the annealed metal it was found that the 
crystalline structure also was fully restored. Photo
micrographs showing these appearances are exhibited. 
These microscopic observations were fully confirmed by 
finding well-marked thermo-electrical and electro-chemical 
distinctions between the two forms of metal, the hard and 
soft or the amorphous and the crystalline. The determin
ation of a definite transition temperature at which the 
amorphous metal passes into the crystalline metal further 
confirms the phase view of hardening by overstrain and 
softening by annealing.

It was subsequently proved that the property of passing 
from crystalline to amorphous by mechanical flow, and 
from amorphous to crystalline by heat at a definite transi
tion temperature, is a general one which is possessed by 
all crystalline solids which do not decompose at or below 
their transition temperature. The significance of this fact 
1 venture to think entitles it to more than a passing 
reference. It appears to me to mean that the transition 
from amorphous to crystalline is entitled to take its place 
with the other great changes of state, solid to liquid, liquid 
to gas, for like these it marks a change in the molecular 
activity which occurs when a certain temperature is 

■ reached. It is entitled to take this place because there is 
every indication that the change is as general in its nature 
as the other changes of state. Compare it, for instance, 
with the allotropic changes with which chemists have been



familiar. These are for the most part changes which are 
special to particular elements or compounds, and are 
usually classed with the chemical properties by which the 
substances may be distinguished from each other. Very 
different is the amorphous crystalline change, for although 
in particular cases it may have been observed and asso
ciated with allotropic changes, yet the causes of its occur
rence are more deeply founded in the relations between the 
molecules and the heat energy by which their manifold 
properties are successively unfolded as temperature is raised 
from the absolute zero. At this transition point we find 
ourselves face to face with the first stirrings of a specific 
directive force by which the blind cohesion of the mole
cules is ordered and directed to the building up of the 
most perfect geometric forms. It is hardly possible any 
longer to regard the stability of a crystal as static anil 
inert, and independent of temperature; rather must its 
structure and symmetry be taken as the outward manifesta
tion of a dynamic equilibrium between the primitive co
hesion and the kinetic energy imparted by heat. Even 
before the discovery of a definite temperature of transition 
from the amorphous to the crystalline phase we had in our 
hands the proofs that in certain cases the crystalline state 
can be a state of dynamic, rather than of static equilibrium. 
The transition of sulphur from the rhombic to the prismatic 
form supplies an example of crystalline stability which 
persists only between certain narrow limits of temperature. 
Within these limits the crystal is a “ living crystal ” if 
one may borrow an analogy from the organic world. It 
can still grow, and it will under proper conditions repair 
any damage it may receive.

The passage of the same substance through several crys
talline phases, each only stable over a limited range of 
temperature, strongly supports the general conclusion 
drawn from the existence of a stability temperature between 
the amorphous and crystalline phases, namely, that the 
crystalline arrangement of the molecules requires for its 
active existence the particular kind or rate of vibration 
corresponding with a certain range of temperature. Below 
this point the crystal may become to all appearance a 
mere pseudomorph with no powers of active growth or 
repair. But these powers are not extinct—they are only in 
abeyance ready to be called forth under the energising 
influence of heat. This temporary abeyance of the more 
active properties of matter is strikingly illustrated by the 
early observations of Sir James Dewar at the boiling point 
of liquid air, and more recently at that of liquid hydrogen. 
At the latter temperature even chemical affinity becomes 
latent. In metals it was found that the changes in their 
physical properties brought about by these low temperatures 
are not permanent, but only persist so long as the low 
temperature is maintained. During the past year Mr. 
R. A. Hadfield has supplemented these earlier results by 
making a very complete series of observations on the effect 
of cooling on the mechanical properties of iron and its 
alloys. The tenacity and hardness of the pure metal and its 
alloys at the ordinary temperature and at —182° have been 
compared, and it has been found that these qualities are 
invariably enhanced at the lower temperature, but that 
they return exactly to their former value at the ordinary 
temperature. By the mere abstraction of heat between the 
temperatures of 18° and —182° the tensile strength of pure 
metals is raised 50 to too per cent. In pure iron the in
crease is from 23 tons per square inch at 18° C. to 52 
tons at —182°; in gold from 15-1 tons to 22-4 tons; and 
in copper from 19 5 tons to 26.4. This increase is not, I 
think, due to the closer approximation of the molecules, 
for the coefficient of expansion of most metals below o° 
is extremely small. Neither is it due to permanent changes 
of molecular arrangement or aggregation, for Mr. Hadfield 
has obtained a perfectly smooth and regular cooling curve 
for iron between 180 and —182°, and there appears to be 
no indication of the existence of any critical point between 
these temperatures. Further, the complete restoration of the 
original tenacity on the return to the higher temperature 
shows that no permanent or irreversible change has occurred 
during cooling. Everything therefore indicates that the 
increase of tenacity which occurs degree by degree as beat 
is removed is due to the reduction of the repulsive force 
of molecular vibration, so that the primary cohesive force 

can assert itself more and more completely as the absolute 
zero is approached.

The metals experimented with by Mr. Hadfield were all 
in the annealed or crystalline condition, so that the 
molecules must have exerted their mutual attractions along 
the directed axes proper to this state. It is to be expected 
that similar experiments with the metals in the amorphous 
state may throw light on the question whether and to 
what extent the crystalline state depends on a dynamic 
equilibrium between the forces of cohesion and repulsion, 
or whether a directed cohesion exists fully developed in 
the molecules at the absolute zero.1

The phenomena of the solid state throw an interesting 
light on the interplay of the two great forces, the primative 
or blind cohesion which holds undisputed sway at the
absolute zero, and the repulsion due to the molecular vi
brations which is developed by heat. This interplay we
know continues through the states which succeed each 
other as the temperature is raised, until a point is reached 
at which the molecular repulsions so far outweigh the 
cohesive force that the substance behaves like a perfect gas. 
The problems of molecular constitution are more likely to 
be elucidated by a study of the successive states between 
the absolute zero and the vaporising temperature than at 
the upper ranges where the gaseous state alone prevails. 
The simplicity of the laws which govern the physical 
behaviour of a perfect gas is very attractive, but we must 
not forget that this simplicity is only possible because 
repulsion has so nearly overcome cohesion that the latter 
may be practically ignored. The attractiveness of this 
simplicity should not blind us to the fact that it is in the 
middle region, where the opposing forces are more nearly 
equal, that the most interesting and illuminating phenomena 
are likely to abound. The application of the gas laws to 
the phenomena of solution and osmosis appears to be one 
of those cases in which an attractive appearance of sim
plicity in the apparent relations may prove very misleading.

Before passing from the specially metallic qualities of 
gold I will only remind you of the important part it has 
played in the researches on the diffusion of metals by the 
late Sir William Roberts-Austen, and in those of Mr. 
Haycock and Mr. Neville on the freezing points of solu
tions of gold in tin, which led to the recognition of the 
monatomic nature of the molecules of metals.

Molecules in Solution.
It has occurred to me that the practice of the cyanide 

process of gold extraction presents us with several new 
and interesting aspects of the problems of solution. As 
you are aware, the gold is first obtained from the ore in 
the form of a very dilute solution of cyanide of gold and 
potassium from which the metal has to be separated, either 
by passing it through boxes filled with zinc shavings, or 
by electrolysis in large cells.

The solution as it leaves the cyanide-vats may contain 
gold equal to too grains or more per ton, and as it leaves 
the precipitating-boxes it may contain as little as 1 or 
2 grains and as much as 20 grains. In the treatment of 
slimes much larger volumes of solution have to be dealt 
with, and in this case solutions containing 18 grains per 
ton have been regularly passed through the precipitating- 
boxes, their gold content being reduced to ij grains per 
ton. In round numbers we may say that 1 gram of gold 
is recovered from 1 cubic metre of solution, while o-t gram 
is left in the solution. Even from the point of view of the 
physical chemist we are here in presence of solutions of a 
very remarkable order of dilution. A solution containing 
1 gram per cubic metre is in round numbers N/200,000, 
and the weaker solution containing ox gram is 
N/2,000,000. It is convenient to remember that the latter 
contains a little more than tj grains per ton. In experi
ments on the properties of dilute solutions the extreme 
point of dilution was reached by Kohlrausch, who employed 
solutions containing 1/100,000 of a gram-molecule of solute 
per litre for his conductivity experiments. These solutions 
were therefore twice as strong as the gold solution with 
1 gram per cubic metre, and twenty times as strong as the

1 Since the above was written a series of observations has been made on 
the influence of low temperature on the tenacity of pure metals in the 
amorphous condition. These observations will form the subject of a separ t 
communication to the Section.



more dilute solution. This fact must be my excuse for 
placing before you the results of a few simple calculations 
as to the molecular distribution in these solutions, which 
have certainly given me an entirely new view of what con
stitutes a really dilute solution from the molecular point 
of view.

In estimating the number of molecules in a given volume 
of solution the method adopted is to divide the space into 
minute cubical cells, each of which can exactly contain a 
sphere of the diameter of the molecule. In this way a 
form of piling for the molecules is assumed which, though 
not the closest possible, may quite probably represent the 
piling of water molecules. Taking the molecular diameter 
as O'JXio-1 millimetres—a figure which is possibly too 
small for the water molecules and too large for the gold 
—it is found that a cubic millimetre of solution contains 
i25Xtou molecules, or 125 quadrillions. The head of an 
ordinary pin, if it were spherical, would have a volume 
of about 1 cubic millimetre.

If these water molecules could be arranged in a single 
row, each molecule just touching its two nearest neighbours, 
the length of the row would be 25,000,000 kilometres. A 
thread of these fairy beads, which contained the molecules 
of one very small drop of a volume of 6 cubic millimetres, 
would reach from the earth to the sun, a distance of 
about 150,000,000 kilometres.

In a solution containing ij grains of gold per ton, or 1 
decigram per cubic metre, the ratio of gold molecules to 
water molecules is as 1 : 193,000,000. Each cubic milli
metre of the solution, therefore, contains 6,500,000,000 gold 
molecules. If these are uniformly distributed throughout 
the solution each will be about 400 micro-millimetres, or 
1/60,000 of an inch, from its nearest neighbours. This 
is not really very wide spacing, for the point of the finest 
sewing-needle would cover about 1,500 gold molecules.

If a cubic metre of solution could be spread out in a 
sheet one molecule in thickness it would cover an area of 
1,680 square miles, and nowhere in this area would it be 
possible to put down the point of the needle without touch
ing some hundreds of gold molecules simultaneously.

According to Prof. Liversidge, sea-water contains on 
the average about 1 grain of gold per ton. If this is the 
case, then the above figures for the dilute cyanide solution 
apply with only a slight modification to sea-water. No 
drop, however small it may be, can be removed from the 
ocean which will not contain many millions of gold mole
cules, and no point of its surface can be touched which is 
not thickly strewn with these. From this molecular point 
of view we must realise that our ships literally float on a 
gilded ocean !

From time to time adventurers arise who attempt to 
launch upon this gilded ocean unseaworthy ships freighted 
with the savings of the trusting investor. In order that 
nothing which has been said here may tempt anyone to 
contribute to the freighting of these ships, let me hasten 
to point out that the weakest of the cyanide solutions here 
referred to is richer in gold than sea-water is reported to 
be. The practical conclusion from this comparison is 
sufficiently obvious. If the cyaniding expert, whose business 
it is to extract gold from dilute solutions, finds that it 
does not pay to carry this extraction beyond a concentra
tion of 2 or 3 grains per ton, even when the solution is 
already in his hand, and when, therefore, the costs of 
treatment are at their minimum, how can it possibly 
pay to begin the work of extraction on sea-water, a 
solution of one-half the richness, which would have to 
be impounded and treated by methods which could not 
fail to be more costly in labour and materials than the 
simple process of zinc-box precipitation? It is generally 
unsafe to prophesy, but in this case I am rash enough to 
risk the prediction that if ever the gold mines of the 
Transvaal are shut up it will not be owing to the com
petition of the gold resources of the ocean.

In these calculations with reference to the dilute cyanide 
solutions it is assumed that the gold molecules are uni
formly distributed, that they are practically equidistant 
from each other. There appears to me to be considerable, 
doubt whether we have any right to make this assumption. 
Leaving out of account for the moment the action of 
the water molecules, it would appear that as long as the 
gold molecules are so numerous that a uniform distribution
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would bring them within the range of each other’s at
traction, we can imagine that all submerged molecules 
would be in equilibrium so far as the attractions of their 
own kind are concerned, being subjected to a uniform pull 
in all directions. This condition would certainly make 
for uniform distribution. But when the distance between 
them exceeds the range of the molecular forces, it is 
evident that an entirely new condition is introduced, and 
it seems not improbable that the widely distributed mole
cules would tend to drift into clouds in which they are 
brought back within the range of these forces. The range 
of the cohesive forces in water and aqueous liquids is 
usually taken from 50 to 100 micro-millimetres, and I am 
disposed to think that ten times this amount would not 
be an excessive estimate of the range in the case of gold. 
If the range for gold be taken as 500 micro-millimetres, 
then the gold molecules of the dilute gold solution, which 
are spaced at 400 micro-millimetres apart, are just within 
the range of each other’s attraction, and their distribution 
is, therefore, likely to be uniform. But by a further dilu
tion to half concentration, the equilibrium would be liable 
to be disturbed, and denser clouds of gold molecules would 
be formed, with less dense intervals between them.

In preparing the zinc boxes through which the gold solu
tion is passed, very great care rias to be exercised to 
ensure that the contact surface of the zinc is used to the 
best advantage. With this object the packing of the zinc 
shavings is so managed that the solution is spread over 
the zinc surface in as thin sheets as possible. The object, 
of course, is to bring as many of the gold molecules as 
possible into actual contact witri the zinc. The gold mole
cules found in the solution leaving the boxes are those 
which have not been in contact with the zinc. Yet we 
have seen that these molecules are still so numerous that 
they are within 1/60,000 of an inch of each other. If 
these molecules are in a state analogous to the gaseous 
state, with diffusive energy of the same order as that of 
the gas molecule, it is difficult to imagine how they can 
escape without coming in contact with the zinc surface 
during their tortuous passage through the boxes and being 
deposited there. Yet they do escape, even when the velocity 
of the solution in passing over the zinc surfaces is so slow 
as to cm. per minute or t-6 mm. per second.

We may regard the condition of these isolated gold 
molecules, or trie more complex auricyanide of potassium 
molecules, as typical of that of the solute molecules in a 
dilute solution of any non-volatile solid. They are solid 
molecules sparsely distributed among a multitude of in
tensely active solvent molecules, the temperature of the 
solution being many hundred degrees below that at which 
they could of themselves assume the greater freedom of 
the liquid or gaseous state. These solute molecules have 
to a great extent been set free from the constraining effect 
of their cohesive forces, but it is important to remember 
that this freedom has not been attained by the increase 
of their own kinetic energy as in liquefaction by heat. 
Their freedom and the extra kinetic energy they have 
acquired have in some way been imparted to them by 
the more active solvent molecules; for, if the solvent could 
be suddenly removed, leaving the solute molecules still 
similarly distributed in a vacuous space, they would eventu
ally condense into a solid aggregate. This must be the 
case, for the non-volatile solute has no measurable vapour 
pressure at the temperature of the solution. The kinetic 
energy of the solute molecules is of itself quite insufficient 
to endow them with the properties of the gaseous or even 
of the liquid molecule, even when their cohesive forces 
have been weakened or overcome by separation.

If the energy employed in this separation is not intrinsic 
to the solute molecule then it must in some way have been 
imparted by the solvent molecules. It therefore becomes 
important to compare the energy endowment of one set of 
molecules with that of the other.

Compared with other solids, ice at its freezing point has 
very little hardness or tenacity: the cohesion of its 
molecules has been much relaxed by the great absorption 
of heat energy between the absolute zero and the freezing 
point. If an average specific heat of 05 over the whole 
range be assumed, trie heat absorption of one gram amounts 
to 136.5 calories. In the transition to the liquid state at 
o° a further absorption of 79 calories takes place, so that 



a gram of liquid water at the freezing point contains the 
heat energy of 215-5 calories. The fact that water has 
the high vapour pressure of 46 mm. of mercury at the 
freezing point is probably a result of this enormous store 
of energy. As a liquid, therefore, it is natural to expect 
that its molecules will exhibit effects proportionate to this 
great store of energy. This expectation appears to be 
realised when we consider not only its properties as the 
universal solvent, but its osmotic and diffusive energy in 
solutions in which it is the solvent.

To complete the comparison it is only necessary to 
calculate the heat energy of gold at o°. Taking its specific 
heat as 0032, a gram of gold at o° contains 87 calories. 
A gram-molecule, therefore, contains in round numbers 
1700 calories as compared with 3880 calories in a gram- 
molecule of water.

Taking into consideration not only this greater store 
of energy, but also the much smaller cohesive force of water 
as compared with the majority of solid solutes, there can 
be no doubt that the active rdle in aqueous solutions of 
this type must be assigned to the solvent, not to the solute 
molecules.

This leads to the important conclusion that the energy 
of solution, of diffusion, and of osmosis is due, not to the 
imaginary gaseous energy of the solute, but to the actual liquid 
energy of the solvent molecules. When this conclusion is 
reached a new physical explanation of these phenomena is 
in our hands, and we are relieved from the strain to the 
imagination involved in the application of the gas theory 
to solutions of non-volatile solids.

This transference of the active r6le to the solvent mole
cules does not in any way affect the well-established con
clusions based on the laws of thermodynamics as to the 
energy relations in these phenomena, for it has always 
been recognised that these conclusions have reference to 
the average conditions prevailing in large collections of 
relatively minute units. Wherever the gas analogy has 
appeared to hold it has not necessarily involved more than 
this, that the observed effects are in proportion to the 
number of these minute units in a given volume.

In applying the gas theory to the physical explanation 
of osmotic pressure it has been the custom to regard this 
pressure as directly due to the bombardment of the semi- 
permeable membrance by the solute molecules. But this 
conception completely ignores the fact that the pressure 
developed is a hydrostatic, not a gaseous pressure, and 
that the hydrostatic pressure results directly .from the 
penetration of the solvent molecules from the other side 
of the partition.

It appears to me more natural to abandon the gas 
analogy altogether, to regard the molecules as in the solid 
and liquid condition proper to their temperature, and to 
apportion to them their respective parts in the active 
changes according to their obvious endowment of energy.

Applying this view to the case of a solution and a solvent 
separated by a semi-permeable membrane, it is seen that 
the pressure rises on the solution side, because the pure 
solvent molecules on the other side have some advantage 
for the display of their energy over the similar molecules 
in the solution. This effect in its most general form may 
be attributed to the dilution of the solvent by the solute 
molecules. In cases where the osmotic pressure appears 
to obey Boyle’s law the effect is exactly measured by the 
number of solute molecules per unit volume. But the facts 
of this position are in no way changed if the effect is 
taken to be due to the activity of an equal number of 
solvent molecules, for we then see that each solute molecule 
by cancelling the activity of one solvent molecule on the 
solution side permits a solvent molecule from the other 
side to enter the solution.

What the exact mechanism of this cancellation is there 
is at present no evidence to show, and the caution origin
ally given by Lord Kelvin with reference to the undue 
forcing of the gas analogy must also be applied to the 
suggestion now put forward. But as a means of making 
the suggestion a little more clear I give here a simple 
diagram on which A represents a single perforation in a 
semi-permeable membrane, r, on both sides of which there 
is only pure solvent. For the sake of clearness the mole
cules are shown only as a single row. Normally there will 
be no passage of solvent molecules from side to side, for
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the average kinetic energy of the molecules on both sides 
is equal. This state of equilibrium is indicated on the 
diagram by marking with a cross the molecule which is 
exactly halfway through the partition.

At n a single solute molecule, s, has been introduced at 
the right side. If this molecule exactly cancels the energy 
of one solute molecule at its own end of the row, the 
equilibrium point will move one molecule to the right, the 
solvent molecules will move in the same direction, and 
one of their number will enter on the solution side. So 
long as the row includes one, and only one, solute molecule, 
the equilibrium will remain unchanged and no more solute 
molecules will pass in. If another solute molecule arrives

on the scene, the equilibrium will again be disturbed in 
the same way as before, and another solvent molecule will 
pass into the solution.

This mechanism accomplishes to some extent the work 
of a “ Maxwell Demon,” in so far at least as it takes 
advantage of the movement of individual molecules to raise 
one part of a system at a uniform temperature to a higher 
level of energy.

A Mechanical View of Dissociation in Dilute Solutions.
The view that the phenomena of solution depend on the 

relative kinetic energy of the solvent and solute molecules 
appears to apply with special force to the phenomena of 
dissociation in dilute solutions. Under the gas theory there 
does not appear to be any reason why the solute molecules 
should dissociate into their ions. So obvious is this absence 
of any physical motive that Prof. Armstrong has 
happily referred to the dissociation as “ the suicide of 
the molecules.” Others have proposed to ascribe the phe
nomenon to what might be called “ the fickleness of the 
ions,” thus supposing that the ions have an inherent love 
of changing partners. These may be picturesque ways of 
labelling certain views of the situation, but the views 
themselves do not appear to supply any clue to the physical 
nature of the phenomena. With the acceptance of the 
view that the phenomena of solution are largely due to the 
kinetic energy of the solvent molecules, the phenomena of 
dissociation also appear to take their place as a natural 
result of this activity. For consider the situation of an 
isolated molecule of cyanide of gold and potassium closely 
surrounded by and at the mercy of some millions of water 
molecules all in a state of intense activity. The rude 
mechanical jostling to which the complex molecule is sub
jected will naturally tend to break it up into simpler 
portions which are mechanically more stable. The me
chanical analogy of a ball mill in which the balls are self
driven at an enormous velocity is probably rather crude, 
but it may at least help us to picture what, on the view 
now advanced, must be essentially a mechanical operation.

In importing this mechanical view of the breaking down 
of complex into simpler molecules we are not without 
some solid basis of facts to go upon. My own observ
ations have shown that even in the solid state the crystalline 
molecule can be broken down by purely mechanical means



into the simpler units of the amorphous state; and, 
further, that the water molecules of a crystal may by the 
same agency be broken away from their combination with 
the salt molecules. Since the publication of the earlier of 
these observations Prof. Spring has shown that the acid i 
sulphates of the alkali metals may be mechanically' decom
posed into two portions, one of which contains more acid, 
and the other more base than the original salt. It is | 
important to recognise that in these three apparently short ; 
steps the transition has been made from the overcoming ; 
of the simple cohesion of similar molecules in contact with 
each other to the breaking asunder of the chemical union 
of dissimilar molecules. At each step the solid molecules 
appear, not as mere ethereal abstractions, but as sub- i 
stantial portions of matter which can be touched and 
handled mechanically.

The physical properties of a gas are primarily due to its 
being an assemblage of rapidly moving molecules. These 
simpler and more general properties can coexist with, and 
may be modified by, the more complex relations introduced 
by chemical affinity as it occurs in compound gases and 
mixtures.

It appears to me quite legitimate similarly to regard the 
physical properties of a liquid as due to its being an as
semblage of rapidly moving molecules. The liquid system 
is highly condensed, and the motions of its molecules are 
controlled by the cohesive as well as by the repulsive 
forces. The closer approximation of the molecules may 
reduce their mean free path to an extremely small amount, 
or it may even cause their translatory motion to disappear, 
so that the whole kinetic energy of the liquid molecules 
may be in the form of rotation or vibration.

As we can imagine a perfect gas, so also may we 
imagine a perfect liquid, the physical properties of which 
are as simply related to the laws of dynamics as arc those 
of the gas. But the conditions of the liquid state being 
also those most favourable to the play of chemical affinity, 
the internal equilibrium of solutions or of mixed liquids 
must be a resultant of this affinity together with the 
primary forces of the ideal liquid state.

An ideally perfect solution—that is, a solution the 
physical properties of which are determined solely by the 
number of molecules it contains in a given volume—must 
consist of a solvent and a solute which have no chemical 
affinity for each other, so that their molecules will neither 
associate nor dissociate in- solution. Probably only com
paratively few solutions will be found which even ap
proximate to this ideal perfection. But it appears to me 
that the study of the problems of the liquid and the dis
solved states may be much simplified by the recognition 
fi) that the primary physical properties of liquids and 
solutions are due to the fact that they are assemblages of 
molecules endowed with the amount and the kind of kinetic 
energy which is proper to their temperature ; and (2) that 
as these primary physical properties of the liquid and dis
solved states may be masked and interfered with by 
chemical affinity, they should be studied as far as possible 
in examples- where the influence of this force is either 
absent or at a minimum.

NOTES.
We regret to learn of the death, at the age of seventy

eight, of Dr. T. R. Thaldn, professor of physics at the 
University of Upsala, and one of the most eminent Swedish 
men of science. The Rumford medal was awarded to him 
by the Royal Society for his researches on spectrum 
analysis, and a gold medal was awarded to him by the 
Swedish Association of Ironmasters in 1874 for his in
vestigations of magnetic iron ore deposits;

7
A Reuter telegram from Berlin states that the Inter

national Conference for the Investigation of Earthquakes 
met on Tuesday at the Ministry of the Interior, under 
the presidency of Privy Councillor Dr. Lewaid. All the 
States which possess organised staffs for the investigation 
of earthquakes were invited by the German Government 
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to take part in the conference. The conference is expected 
to last two days.

The Government Eclipse Expedition in charge of Sir 
Norman Lockyer, K.C.B., has arrived at Palma, Balearic 
Islands, where the instruments will.be erected for observ
ations of the total solar eclipse on August 30. A Reuter 
telegram from Madrid reports that the telegraph authori
ties have decided to. frank all telegrams dispatched by 
members of the various astronomical expeditions regarding 
observations of the eclipse.

TiiE London' County Council has erected a memorial 
tablet on No. 14 Hertford Street,' Park Lane, where 
Edward Jenner, the originator of vaccination, resided in 
1803 ; and also on No. 34 Gloucester Square, Hyde Park, 
where Robert Stephenson, the engineer, resided at one 
time.

The death is announced of the Rev. Dr. J. Keith. He 
was one of the leading educationists of the north of Scot
land, and took an active interest in scientific pursuits, 
especially botany,

The Times correspondent at Wellington, N.Z., states 
that the Postmaster-General hopes, with the cooperation 
of Australia, to have wireless telegraphv established across 
the Tasman Sea within twelve months. The cost will be 
S8,oool.

The meeting of the tenth International Navigation 
Congress will be held at Milan from September 24-30. 
Particulars can be obtained from the secretary, M. 
Dufourny, 38 Rue de Louvain, Brussels, or from M. 
Saujast Di Tculada, Villa Real, Milan.

Mr. W. E. Langdon, formerly telegraph superintendent 
and chief of the electrical department of the Midland 
Railway, died on Saturday last, August 12. He was for 
many years a member of the Institution of Electrical 
Engineers, and was president for the session of 1901-2.

Props, Robert Boyce and Ronald Ross, of the Liver
pool School of Tropical Medicine, left Liverpool on Satur
day by the Campania for New York. They are proceeding 
to New Orleans, their services having been offered to the 
authorities in connection with the outbreak of yellow 
fever at that port.

A Reuter message from Hong Kong, dated August 12, 
reports that for nine hours a continuous series of earth
quake shocks, two of them prolonged, have been felt at 
Macao. Slight shocks have been experienced in Hong 
Kong. An earthquake shock was felt at Chamonix on 
August 13, at 10.30 a.in. The usual subterranean rumbling 
noise was heard.

Mr. Gerald Dudgeon has been appointed by the 
Secretary of State for the Colonies to examine and report 
upon questions relating to the development of the agri
cultural resources (including cotton) of British West Africa. 
His title is Superintendent of Agriculture for the British 
West African Colonies and Protectorates.

The weather report issued by the Meteorological Office 
for the week ending August 12 shows that in all the 
eleven districts into which the British Islands are divided 
the rainfall since the beginning of the year is below the 
average, except in the north of Scotland, where the excess 
is 52 inches. The deficiency amounts to 46 inches in 
the north-east of England, and to 30 inches in the Midland 
counties. While at the end of the week in question nearly 
the whole ot England and Ireland were under the influence
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of high barometric pressure, an area of low pressure lay 
over Italy and the Adriatic; these conditions caused an 
unusually heavy fall of rain over the whole of Switzer
land during the night of August 11-12, exceeding 2 inches 
in amount at several places, with early snowfall at the 
high-level stations.

In a recent issue (August 5) the Academy directs atten
tion to a curious poetical tribute—composed by a French 
mathematician—to Archimedes, referring to the evaluation 
of ir, which, set out in thirty places of decimals, is 
3*4I592653589793238462643383279. It will be observed 
that each of the thirty-one words in this quatrain contains 
the number of letters corresponding with the successive 
numbers in the numerical expression :—

3 I 4 J 5 9 26 535
Que j’aime a faire apprendre un nombre utile aux sages

8 0 7 9
Immortel Archimide, artiste inginieur I 
323.8 4 626

Qui de ton jugement peut priser la valeur?
4 3 3 8 327 9

Pour moi ton problime cut de pareils avantages.
The Frankfurter Zeitung reproduces the French verse, and 
adds a similar effort emanating from a German poet and 
geometrician :—

3 I 4 1 5 9 26 5
Dir, o Held, o alter Philosoph, Du Riesen-Genie I

3 5 8 9 7
Wie viele Pausende bewundern Geister,

9 323 8
himmlisch wie Du und gottlich I—

4 626
Noch reiner in Aeonen

4 3 3 8
wird das uns strahlen,
3 2 7 9

wie im lichten Morgenrot I
The Academy asks for English parallels to these efforts.

The fifth instalment of the “ Fauna of New England ” 
has just been issued in the seventh volume of Occasional 
Papers of the Boston (U.S.A.) Society of Natural History, 
and comprises a list of the Crustacea, by Miss M. J. 
Rathbun. The number of species recorded is 390.

We have received a copy of the sixth annual report of 
the Plymouth Municipal Museum and Art Gallery, in 
which are recorded the additions made to the collections 
during the past year, which are numerous. As regards the 
biological and geological sections, the committee is 
apparently of opinion that a miscellaneous omnium 
gatherum is preferable to a representative local collection 
—an opinion not shared by ourselves. In looking over 
the list of additions to the geological series, we were 
somewhat surprised to find the entry of a cast as 
Archaeopteryx sinensis, which is, however, evidently a 
misprint for A. siemensi. We also notice molybdinite in 
place of molybdenite.

The latest issue (vol. xv., part ii.) of the Proceedings 
of the Cotteswold Naturalists' Field Club contains two 
papers dealing with local subjects, namely, one by Mr. 
L. Richardson on the effects of earth-pressure on the 
Keuper rocks in the neighbourhood of Eldersfield, and 
a second, by Mr. C. Upton, on some Cotteswold Oolitic 
brachiopods. In the latter communication the author, 
after alluding to the extreme difficulty of determining the 
various forms of Rhynchonella, feels himself justified in 
describing two species of that genus as new, and likewise 
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two new tcrebratulas. Other papers deal with rock speci
mens from Cyprus, experiences in Korea, and certain early 
Indian stone monuments.

The third part of vol. xxv. of Notes from the Leyden 
Museum, issued on April 15, comprises eleven short 
articles dealing with various invertebrate groups, among 
which one on Trochidae by Mr. M. M. Schepman, and a 
second on the collection of chitons in the Leyden Museum 
by Dr. II. F. Nierstrasz, are illustrated. Among the 
other contents reference may be made to five by Mr. 
C. Ritsema on various groups of beetles, and a sixth by 
Mr. E. Jacobson (communicated by the Rev. E. Wasmann) 
on the Javan ant Polyrhachis dives. It is well known 
that the oriental ant (Hcophylla smaragdina has the 
remarkable habit of employing its larvte (which have 
special silk-glands for making their own cocoons) to glue 
together the edges of leaves for the benefit of the ants 
themselves, and the Javan species uses its larva? in the 
same manner to spin nests.

In the Records of the Australian Museum (vol. vi., 
part i.) Mr. R. Etheridge describes the fore-part of a 
huge fish from the Lower Cretaceous of Queensland allied 
to the well known Portheus and Ichthyodectes of the 
same epoch. The specimen is provisionally assigned to 
the former genus, with the designation I. marathonensis, 
in reference to Marathon, its place of origin on the 
Flinders River. Later on in the same journal Mr. W. J. 
Rainbo^ makes an interesting addition to the subject of 
social spiders. It appears that some time ago the museum 
received two huge shawl-like webs taken from the 
Jenolan Caves, the larger of which measures 12 feet in 
length and about 4 feet in maximum width. Both webs 
are closely wrought, and are evidently the work of a 
large community of a spider referred to new species under 
the name of Amaurobius socialis.

To the May issue of the Proceedings of the Philadelphia 
Academy Mr. 13. Smith contributes a suggestive paper on 
senility in gastropods, mainly based on the study of the 
Tertiary genus Volutilithes. In most extinct gastropods 
changes of ornamentation may be observed as the earlier 
are compared to the later whorls ; a normal succession of 
such changes being noticeable, which varies but little in 
widely sundered groups, although most families display 
certain distinctive features in this respect. Infancy, youth, 
and maturity are represented by distinctive styles in the 
ontogeny of a species, but these stages cannot always, 
perhaps from the imperfection of the geological record, be 
correlated with ancestral types. Senile features, of which 
several usually occur together in the last whorl, do not 
all necessarily appear at exactly the same time in the 
ontogeny. Senile species or genera never transmit de
scendants, being the terminal members of short branches. 
Evolution among gastropods seems, indeed, to work some
times rapidly and sometimes slowly, those forms in which 
it is rapid and bizarre. constituting the aforesaid senile 
offshoots.

Rejuvenation (Verjungung) forms the subject of an 
interesting communication by Mr. E. Schultz, of St. 
Petersburg, to Biologisches Centralblatt of July 15. Start
ing with the fact that in the genital chamber of fasting 
planarians not only may the whole organ be seen to 
undergo a retrograde development to its original embryo
logical condition, but the differentiated epithelial cells 
of this organ may be observed to lose their mutual con
nection, to become rounded, and to resume their embryo
logical state; the author proceeds to argue that periods. 



of fasting and torpor, together with the phenomenon of 
encysting, are of great importance in regard to the re
juvenation of tissue, and consequently to the duration of 
life of the animal. Primd facie, such periods of rest and 
rejuvenation would seem to imply longevity in the species 
In which they occur, and it is therefore suggested that 
such animals as dormice, badgers, bats, moles, bears, 
hamsters, and tortoises and many other reptiles are in 
all probability long-lived. Except in the case of tortoises, 
our information on this point is, however, very defective. 
On the other hand, some other explanation must be sought 
for the longevity which is known to occur in many kinds 
of birds. The paper concludes with speculations and 
theories connected with the subject.

In the July number of the Psychological Bulletin (ii., 
No. 7) Mr. Shepherd Franz describes anomalous time 
reactions in a case of manic-depressive depression.

The Bulletin of the Johns Hopkins Hospital for July 
(xvi., No. 172) contains an interesting contribution to the 
history of medicine in Maryland during the revolution 
(1775- *779) by Dr. Walter Steiner, various medical 
articles, proceedings of societies, &c.

The Journal of Anatomy and Physiology for July (xix., 
part iv.) contains papers by Dr. Gaskell, F.R.S., on the 
origin of the vertebrates deduced from the study of the 
ammocoetes, by Dr. Wright on skulls from the round 
barrows of east Yorkshire, by Dr. Cameron on* the de
velopment of the retina in Amphibia, and a report by 
Dr. Bertram Windle on recent teratological literature, 
together with several articles of anatomical interest.

The Journal of Hygiene for July (v., No. 3) contains 
papers on canine piroplasmosis by Drs. Nuttall, Graham 
Smith, and Wright, and one on bovine piroplasmosis by 
Mr. Mettam. Dr. Boycott details an experimental case 
of skin infection with ankylostoma, and Mr. MacConkey 
contributes an important paper on lactose-fermenting 
bacteria in fmces. Colonel Leishman, Captain Harrison, 
and Lieuts. Smallman and Tulloch describe very fully 
an investigation upon the blood changes following anti
typhoid inoculation; this and several other interesting 
papers complete the contents of an excellent number.

In a report on the metropolitan water supply, Dr. 
Scott Tebb, the public analyst for Southwark, points out 
that five out of the seven committees of inquiry which 
have investigated the quality of the Thames water have 
condemned the river as a source of domestic supply to 
the metropolis, that the quality of the water as indicated 
by analysis has shown no substantial improvement during 
the last thirty years, that the river is extensively polluted, 
and that it is doubtful if this can ever be prevented. He 
therefore recommends that London should as soon as 
possible abandon the Thames as a source of domestic 
supply, a conclusion neither new nor novel. But when 
in the body of the report it is stated that “ we know 
nothing of the essential cause of either typhoid fever or 
cholera, and the medical profession is as much in the 
dark now as it was 40 years ago ” (respecting these 
diseases), it becomes doubtful how much weight should be 
attached to Dr. Tebb’s conclusions. A large portion of 
the report is filled with abstracts from papers and books, 
mostly old, attempting to show that the cholera vibrio 
and typhoid bacillus have nothing to do with the respective 
diseases, the overwhelming evidence on the other side 
being completely suppressed.
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A number of new plants or new localities for previously 
recorded Indian plants are given in Nos. 4 and 5 of 
vol. Ixxiii., part ii., of the Journal of the Society of 
Bengal. Dr. Prain records several new species from 
Sikkim, including a Geum and a Potentilla, which are 
figured, five new species from Burma, and two new 
orchids from Chota Nagpur. Also Dr. Prain and Mr. 
Burkill have a note on a new yam, not, however, fit for 
food, which was collected abundantly in Burma. In 
another note Mr. J. R. Drummond describes a new Scirpus 
from Baluchistan, with some allied species.

It is characteristic of the Americans that when they 
took over the Philippines they accepted also the responsi
bilities thereby entailed. In 1837 Father Blanco published 
a “ Flora de Filipinas,” enumerating more than a thousand 
species and varieties; the descriptions were in many cases 
imperfect, Blanco’s knowledge of the plants of neigh
bouring countries was slight, and unfortunately his 
herbarium has been lost, so that except where types have 
been preserved in European herbaria, identification has 
been most difficult. Mr. E. D. Merrill has prepared a 
review of the three editions and appendix, of the flora to 
summarise present knowledge and to provide a basis for 
further identification by collectors; the volume forms 
No. 27 of the Publications of the Bureau of Government 
Laboratories, Manila.

In the Botanic Gardens at Brussels special facilities 
have been provided for students for many years in the 
matter' of plant collections, notably of economic, also of 
officinal and poisonous plants. More recently, in 1902, it 
was decided to lay out four groups of plants which should 
be geographical, systematic, evolutionary (phylogenique), 
and physiological (dthologique), in addition to a group of 
xerophytes. Copies of the pamphlets explaining the 
arrangements and the nature of the collections, which are 
supplied to students, have been received. The evolutionary 
collection is designed to illustrate variability, heredity, 
and the origin of new varieties and species. The plants 
that constitute the “ collection dthologique ” have been 
selected on account of their showing special developments, 
whether for nutrition, reproduction, or some other pur
pose. A house has been devoted to xerophytes ever 
since Demoulin’s collection was presented in 1882 ; this 
has been extended, and a novel feature of the present 
system is the arrangement of a number of species of 
cactus as a practical exhibition of an evolutionary series.

Money-boxes in the form of mamma: are made in 
Germany and Italy, and these form the subject of a paper 
by F. Rosen in Globus (Ixxxvii. p. 277). In olden times 
the mamma was the symbol of abundance, blessings 
and wealth, therefore this form is peculiarly appropriate 
for money-boxes; but money-boxes are not ancient. In 
prehistoric times vessels were frequently made in the form 
of mammas, and they are still so made by the folk. The 
author refers to the pomegranate as an ancient symbol of 
riches and good fortune; one half of it has some resem
blance to a .mamma, and the numerous seeds it contains 
suggest fertility. The mamma was certainly a luck-symbol, 
and Astarte, Aphrodite, and Isis were luck-goddesses. 
Astarte, Venus, and Isis were protective patronesses of 
sailors. He refers to the fact that one often finds money
boxes in the form of pigs; the “lucky pig” is an ex
tremely common talisman in Germany. Pregnant sows 
were offered to Demeter or Ceres because of the great 
fertility of this animal. Leland (“ Etruscan Roman 
Remains,” p. 255) says, “ Ceres was pre-eminently a



goddess of fertility, therefore of good luck and all genial 
influences; hence little gold and silver pigs were offered 
to her, and also worn by Roman ladies, partly to ensure 
pregnancy, and partly for luck.”

The recent issues of the Monthly Weather Review of 
the U.S. Weather Bureau contain, inter alia, some im
portant articles by Prof. Bigelow on the application of 
mathematics to meteorology, on the diurnal periods in the 
lower strata of the atmosphere, and on the observations 
with kites at the Blue Hill Observatory, from 1897-1902. 
In the first-named paper, the author points out that no 
branch of modern science has suffered more severely than 
meteorology by the misapplication of good mathematics to 
good observational data, and that the results of recent 
balloon and kite observations show that nearly the entire 
range of general theory of the circulation of the atmo
sphere must be pronounced a misfit. We think we are safe 
in saying that no other meteorological journal can compare 
with the Monthly Weather Review in its endeavour to 
popularise meteorological science, by the publication of 
original articles, reprints, and translations from foreign 
papers. The ordinary meteorological tables are based on 
data from about 3583 stations, some of which belong to 
countries outside the United States. Since December, 1904, 
the Weather Bureau has received a large number of 
reports giving simultaneous observations over the Atlantic 
and Pacific Oceans made at Greenwich—noon. These are 
charted, and, with corresponding land observations, will 
form the framework for daily weather charts of the globe. 
As a further instance of disseminating useful information, 
we may refer to an article on forecasting the weather and 
storms, by Prof. W. L. Moore, in the National Geo
graphic Magazine for June, illustrated by a. number of 
weather charts. The author points out, with justice, that 
to anyone who will read the text, and carefully follow 
the charts which illustrate and make it clear, the daily 
weather chart will be an object of interest as well as of 
pleasure and profit. Every step taken, from the receipt of 
the observations to the publication of the weather chart 
and preparation of forecasts, is explained with clearness 
and precision.

Several simple forms of instruments affording a rapid 
and accurate means of determining the paths of refracted 
and reflected rays through any optical system are described 
by Mr. J. R. Milne in the Proceedings of the Royal Society 
of Edinburgh (vol. xxv., p. 806).

It is well known that the minimum potential of a point 
discharge is increased by the discharge, a blunting or 
powdering of the point occurring. That the blunting 
is, however, not responsible for the rise in potential 
appears evident from a series of experiments made by 
Mr. F. R. Gorton and described in the Verhandl- 
ungen of the German Physical Society (vol. vii., p. 217), 
where it is shown that under the influence of either an 
ultra-violet radiation or the radiation of radium the blunted 
point recovers its original value for the minimum potential. 
The blunting of the point is thus a minor factor in the 
question, and the conditions are investigated in which 
constant, reproducible values can be obtained so that the 
subject may be more fully investigated.

In the July number of the American Journal of Science 
Mr. D. Albert Kreider describes a special form of volta
meter in which the accuracy and sharpness of the volu
metric method of estimating iodine by means of sodium 
thiosulphate are utilised. A special form of potassium 
iodide cell is adopted in which iodine is liberated by the 

action of the current; its amount is then readily ascer
tained by direct titration. The results obtained agree very 
closely among themselves if a certain current be not ex
ceeded, the difference then not exceding x part in 10,000; 
but the results are uniformly higher by 0-06 per cent, to 
0 09 per cent, than are shown by a silver voltameter placed 
in the circuit. The rapidity and simplicity of the method 
should adapt it for practical application.

Prof. Balbiano, writing in the Atti dei Lincei, xiv., 12, 
gives an account (read June 18) of the work of Prof. 
Augusto Piccini, whose death occurred on April 16. While 
Piccini’s most important researches were connected with 
the periodic law of MendekSeff, attention is directed to a 
little-known article on oxygenated water written by him 
two years ago for the “ Encyclopaedia of Chemistry,” in 
which the theory was advanced that the atoms of oxygen 
which it contains are in the form of a combination inferior 
to that of water.

An interesting application of the mathematical theory 
of elasticity is given by Prof. Vito Volterra in the Atti 
dei Lincei, xiv., 12. The problem is that of an elastic 
ring or hollow cylinder of rectangular radial section from 
which a slice is removed and the separated parts joined 
together, and the two cases are considered where the 
fissure is radial and where the portion removed is of 
uniform thickness. From calculation, the author found 
expressions representing increase of internal length, de
crease of external length, and distortion of the lateral 
surface of the cylinder into a form concave outwards, and 
experiments conducted with actual cylinders of caoutchouc 
closely reproduced all the results of calculation.

Dr. Roberto Bonola, of Pavia, discusses in the 
Lombardy Rendiconti, xxxviii., 11, the theorems of Padre 
Gerolamo Saccheri on the sum of the angles of a triangle, 
in connection with Dehn’s researches, Euclid’s axiom of 
parallels, and the postulate of Archimedes. Saccheri's in
vestigations were published at Milan in 1793 under the 
title “ Euclides ab omni naevo vindicatus, ” and were 
based on the consideration of ” bi-rectangular isosceles 
quadrilaterals,” this term being used to designate a quadri
lateral ABCD having AB = CD, and

angle ABC = BCD = 90°.
In ordinary space such a quadrilateral is a rectangle. 
Padre Saccheri gives a proof that if one bi-rectangular 
isosceles triangle has its remaining angles acute, right, 
or obtuse, the same property will be true of every other 
such quadrilateral. From this he deduces that if one 
triangle has the sum of its angles greater to, equal to, 
or less than two right angles, the same will be true of 
every other triangle, i.e. the property commonly known 
as Legendre's theorem on the angles of a triangle. Dr. 
Bonola refers to Dehn’s work in proving that Legendre’s 
theorem is independent of the postulate of Archimedes, 
and he gives corresponding. proofs in connection with 
Saccheri's work.

A sixth edition of Mr. A. B. Lee’s “ Microtomist’s 
Vade-mecum : a Handbook of the Methods of Microscopic 
Anatomy,” has been published by Messrs. J. and «A. 
Churchill. The first edition of the work appeared in 
March, 1885, and was reviewed in our issue of June 18 
of the same year (vol. xxxii. p. 147). Many of the sug
gestions made on that occasion have since been adopted. 
The text of the book has been even more condensed than 
in the last edition, and this plan has given room for much 
new matter. The chapter on staining with coal-tar colours 



has been removed, this subject being now dealt with in 
the genera! chapter on staining, which has been re-written. 
The chapters on connective tissues, on blood and glands, 
and on the nervous system have been thoroughly revised 
and considerably amplified. Explanations relating to the 
principles of technical processes have been included in 
general chapters, and do not in this edition occur under 
the special sections.

OUR ASTRONOMICAL COLUMN.
The Planet Mars.—In No. 360 of the Observatory 

Mr. Wesley discusses the photographs of the planet Mars 
which Mr. Lowell recently published. Mr. Wesley has 
made a very careful study of the six prints, and has been 
able to distinguish easily, on one or another of them, the 
features named by Mr. Lowell. He is not, however, pre
pared to corroborate the opinion expressed by the latter 
that the photographs confirm the fact that the so-called 
“ canals ” are continuous lines, for imperfect definition 
might render a row of dots as an unbroken line. As the 
Lowell photographs are too small to reproduce satisfac
torily, Air. Wesley has made a composite drawing showing 
all the features seen on any of the prints, and this is 
given as a frontispiece.

In the same journal Mr. Denning gives, among other 
planetary observations, an account of his recent areo
graphical researches with a izj-inch Calver reflector, using 
a power of 300. He is very certain of the actual existence 
of the features termed “ canals,” many of which he was 
able to identify quite easily. He regards “ canals,” how
ever, as an unfortunate designation for the irregular, fre
quently knotted streams of shading, which are by no means 
straight or narrow, but have a perfectly natural appear
ance, and says:—“ The idea that they are clearly cut 
lines, suggestive of artificial origin, may be dismissed as 
a mere conjecture unsupported by reliable evidence.”

Major Molesworth, of Trincomalee, Ceylon, has recently 
communicated to the Royal Astronomical Society a record 
of his observations of Mars during the opposition of 1903. 
These observations were made, under excellent conditions, 
with a izj-inch Calver reflector, generally employing a 
power of about 450. An abstract of this paper, giving the 
principal tables and conclusions, appears in No. 8, vol. 
Ixv., of the Monthly Notices, accompanied by six 
beautiful drawings showing the chief characteristic features 
of the Martian surface during the opposition. As his 
results testify, Major Molesworth has made a long and 
laborious study of this planet with great zeal, and he has 
not the slightest doubt as to the reality of the “ so-called 
canals.” These markings do not, however, appear to him 
as continuous definite lines, but rather like " streaky ” 
lines such as would be drawn on very rough paper with 
a rounded crayon or stump. He records several instances 
of gemination, and offers a natural explanation of the 
phenomenon. On six occasions he observed projections 
either on the limb or the terminator. In conclusion, he 
proposes a new classification of Martian features, and dis
cusses the several “ contrast ” and “ illusion ” theories 
which have been opposed to the reality of the “ canals.” 
Likening these peculiar markings to those seen on Jupiter, 
he concludes that if the latter be accepted as real—as they 
undoubtedly are—then the similar ones on Mars cannot, 
on any logical basis, be ascribed to illusion.

The Rings of Saturn.—Observing at Aosta (Italy) 
during the later months of 1904, MM. Amann and Rozet 
noted a novel feature on Saturn’s rings. On October zo 
M. Amann saw a sharp, accentuated marking, or shadow, 
on the rings some distance from the outer edge of the 
shadow cast by the planet itself, and having a curved 
form concave towards the planet. Between October zo 
and November 15 this new feature was not seen, although 
numerous observations were made under favourable con
ditions. After November 15 the shadow was seen re
peatedly, and it was then noticed that that part of it which 
was projected on the inner ring was always broader and 
more accentuated than the other part. Between December 
az and zy it was seen that this broader portion was 
bifurcated, so that the whole shadow had the form of a 
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capital V ; that the apparition was a shadow was shown 
by its fixed position relative to the planet, notwithstanding 
the rotation of the latter and its rings (Bulletin de la 
SociMd astronomique de France, August).

Declinations of Certain North Polar Stars.—In No. 
3440 of the Astronomische Nachrichten Dr. Auwers pointed 
out that in certain hours of right ascension, north of de
clination +8z°, there were gaps containing no “ funda
mental ” stars, and asked that these gaps might be filled. 
In answer to this request Miss Harriet Bigelow, of the 
Smith College Observatory (University of Michigan), has 
determined the places of twenty-one stars situated between 
declinations +84° 34' and 4-88° 55', and now publishes 
them in vol. vii. of the Proceedings of the Washington 
Academy of Sciences (pp. 189-249). The instrument 
employed was the Walker meridian circle, having a tele
scope of 6 3 inches aperture and a focal length of 8 feet.

The Minor Planet Ocllo (475).—Another set of posi
tions of the interesting asteroid Ocllo, as determined by 
Mr. R. H. Frost at Arequipa, are given in Circular No. 
103 of the Harvard College Observatory. The object was 
re-discovered on, and its position determined from, a plate 
taken on June 6, and was also shown on other plates 
secured on June 7 and 9. The determined positions show 
that Ocllo seems to be about 40 from its position as com
puted from the previously published elements. The data 
now given, together with the positions published in 
Circulars Nos. 63 and 101, should enable the elements 
of Ocllo’s peculiar orbit to be determined with great 
accuracy, and to insure against the future loss of this 
planet.

The Roval University Observatory of Vienna.—We 
have just received vols. xv. and xviii. of the Annalen der 
k.k. Universitats-Sternwarte in IFien, edited by the 
director, Prof. E. Weiss. Vol. xv. contains a catalogue 
of Z4I7 stars the places of which have been determined 
by Herr F. Bidschof with the meridian circle, and are 
given for the mean equinox of 1885 0. The instrumental 
equipment and the methods employed in the reduction are 
discussed at length. A series of observations of Jupiter 
made between February zo and May 1, 1898, by Herr J. 
Rheden is also described in this volume, and the descrip
tion illustrated by fifty coloured drawings of the planet, 
which are given on .the two accompanying plates.

Vol. xviii., in the first part, is devoted to the results 
obtained from the observations of minor planets and 
comets, made by Dr. J. Palisa with the Grubb refractor 
of 67 cm. (about 27 inches) aperture during the years 
1899-1901. The observations of seven comets and four 
nebula; are included, and the whole of the results are tabu
lated at the end in a handy form for reference. This 
volume is completed by the meteorological results obtained 
in 1901, ipoz, and 1903, the pressure, temperature, &c., 
being given for 7 a.m., a p.m., and 9 p.m. on each day.

THE STATE AND THE CLAY WORKER.1
T T is the purpose of each of these works to supply the 
1 members of the clay industry, in the State to which 
it refers, with an account of the geological relationships, 
the mode and place of occurrence, and the chemical and 
physical properties of the raw clays both worked and un
worked. The manufacturing processes of various types 
of ware are also described as they are practised in the 
State, with numerous details of physical tests that have 
been applied to them.

The subject has been treated upon very similar lines in 
both reports; the Iowa volume, however, contains more 
information upon the practical manufacturing side; it 
devotes a chapter to the selection and upkeep of power 
plants, and has a fuller account of different forms of 
kiln ; there is even a section dealing with the composition 
of the fuels used in burning the clays. But this volume

1 “ Clays and Clay Industries of Iowa.” By S. W. Beyer, G. W. Bissell, 
I. A. Williams, J. B. Weems, and A. Marston. Iowa Geological Survey, 
vol. xiv. Pp. X14-664. (Des Moines : Iowa Geol. Survey, 1004 )

“ The Clays and Clay Industry of New Jersey.” By H. Ries and H. B. 
Kiimmel, assisted by G. N. Knapp. Geological Survey of New Jersey, 
vol. vi. Final Report. (Trenton, N, J. : Geological Survey of New 
Jersey, 1904.)



suffers somewhat in comparison with the New Jersey one 
through faulty editing; there are many more diagrams in 
the former than in the latter work, but they are sometimes 
too small for the matter they contain (p. 572); they are 
rather untidy in appearance, and are frequently inserted 
sideways in the text when they should be upright. The 
chemical portion is unnecessarily duplicated, and the im
portant table of analyses (p. 344) is rendered useless for 
ready reference by the complete omission of silica.

Both books are provided with maps of the geological 
distribution of the clays, with abundant photographic 
illustrations of varying degrees of value, with a directory 
of the clayworkers in the State, and fairly numerous refer
ences to the literature of the subject, tn each case the 
section dealing with pottery is weak.

Prof. Ries still maintains that the most generally useful 
way of expressing the chemical nature of a clay is through 
the ultimate analysis, though he admits the value of tne 
so-called “ rational ” analysis in the case of the higher 
grade clays; with this view we are entirely in accord. 
Messrs. Beyer and Williams appear to lean somewhat 
towards the “ rational ” analysis, and have given the 
results in this form along with the ultimate analysis—a 
useful custom. Their method of dividing the ultimate 
analysis into "sand and clay,” "total fluxes,” and 
“ moisture, CO, and SO,,” is convenient. The influence 
Of titanium on the fusibility of clay is rightly emphasised 
by Ries; in this country it has been very generally 
neglected in analyses.

t he physical tests applied to clay products were :—com
pression tests, transverse tests, absorption tests, and 
freezing and thawing (Iowa only); of these, the second is 
held in highest esteem ; it is certainly far superior to the 
crushing test in most cases, but we are among those who 
do not agree with Prof. Marston that for paving brick 
it can take the place of the “ rattler ” test; the objections 
he urges against the latter may be applied with equal 
force to the former, while he admits that the action of 
the “ rattler ” approximates more closely to the kind of 
wear to which paving bricks are subjected in actual use.

From a multitude of councillors we expect wisdom; it 
is none the less true that if the councillors will not consult 
one another we are apt to get only confusion. Everyone 
who publishes some results of physical tests of clays and 
clay wares seems to think that these should become 
recognised standards at once. The two authorities here 
cited are no exception ; each one stoutly believes that its 
own favoured methods should be adopted for general use. 
There is here a satisfactory unanimity as to the kind of 
test required, but when we come to details of application, 
we find considerable divergence of practice in precisely 
those points which together go to constitute a standard 
test.

Thus in obtaining the modulus of rupture in the “ trans
verse ” test of bricks, New Jersey employs rounded knife- 
edge contacts alone, while Iowa interposes steel bearing
plates between the brick and the knife-edges; in the 
crushing and absorption tests New Jersey uses half a 
brick, Iowa grinds out from the brick a 2-inch cube; 
again, the former measures linear shrinkage and calculates 
the cubic shrinkage, the latter reverses the process, using 
a Seger volumeter for the purpose. For estimating texture
(fineness of grain) 
Whitney’s method, 
apparatus. Further, 
between the methods

Iowa employs a modification of 
New Jersey uses a centrifugal 
there is an important difference 

of collecting materials ; Prof. Marston 
asks for a fairly large consignment to be sent by the 
manufacturer, and tests twenty or more bricks in the 
transverse way ; on the other hand, members of the New 
Jersey Geological Survey staff pick out live to seven re
presentative bricks on Ihe spot, and send them to be 
similarly tested by Prof. Ries. Useful though these tests 
may be for local reference, it is evident that a standard 
series of tests will never be arrived at by such isolated 
endeavours; indeed, we cannot help feeling that in these 
and similar publications there is much duplication and 
waste of energy through the lack of a little coordination.

There will be diversity of opinion as to the expediency 
of the State taking upon itself the task of publishing tests 
of manufactured wares; it stands in the same relationship
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to producers as to consumers, yet, while such publications 
may be supposed to benefit the latter class uniformly, a 
considerable injustice might conceivably be done to one of 
the former the ware of which took a lower place in the 
scale. This danger is exemplified to some extent in the 
Iowa report, which mentions the names of firms in con
junction with the results, and the effect is too much like 
an advertisement. New Jersey adopts the plan of publish
ing the laboratory number of the test; the manufacturer 
has the result communicated to him privately. For our 
part we doubt the wisdom of such publication, except upon 
lines similar to those on which watches and thermometers 
arc tested in this country.

But good maps of the distribution of the clays, the 
preparation and collection of comparable data of the 
physical and chemical properties of the raw materials, 
experiments on the results of blending hitherto unworked 
clays with one another and with known clays, and the 
coordination of the information and samples in a manner 
accessible to all, is the legitimate duty of a State depart
ment, and of the utmost value to all sections of the 
community.

The Geological Surveys of Iowa and New Jersey have 
performed most of these duties in a manner which cannot 
fttil to be appreciated. When we remember that in addition 
to this Geological Survey work there is in each State a 
well equipped ceramic laboratory for testing and for in
struction in the manufacture of all grades of wares—the 
department of ceramics in the State College of New Bruns
wick has an outfit in the brick-making section capable of 
turning out 20,000 bricks per day—we are constrained to 
turn our eyes to our own State, where we see the capital 
pioneer effort of an individual, George Maw, nearly fifty 
years ago—and what beside? “ Comparisons,” as Mrs. 
Malaprop says, are “obvious.”

THE CEREBELLUM: ITS RELATION TO 
SPATIAL ORIENTATION AND LOCO
MOTION.1

A S the cerebellum is well represented in the lowest 
vertebrates and undergoes relatively little change in 

form with the higher development of the rest of the brain, 
it must be regarded as a fundamental structure of the 
vertebrate nervous system. This may be one of the reasons 
that much interest has centred in its study and in the 
attempt to define its functions in exact physiological 
terms. Though Willis (Oxford, 1660) noted the intimate 
connection between the cerebellum and pons Varolii, and 
recognised that the trapezial fibres of the latter are a 
cerebellar and not a cerebral system, and though Majendie 
laid the first foundations of our knowledge of its func
tions, it has only been of recent years that we have gained, 
chiefly from the work of Luciani and the workers who 
followed him, satisfactory insight into its anatomy and 
physiology.

In the lecture, Sir Victor Horsley analysed the con
clusions on its functions which have been obtained by 
the destruction and stimulation methods of study, and in 
iiddition contributed from his clinical and laboratory ex
perience some facts which help to elucidate the rMe it 
plays in our nervous economy.

In the first place all recent work confirms the con
clusion formulated years ago by Edinger, that the cere
bellum is essentially an organ for the reception of certain 
sensory impulses. Systems of fibres ascending from the 
spinal cord convey to it part of the sensory impulses which 
enter through the dorsal roots front the cutaneous and 
more deeply placed peripheral nerves. These tracts of 
fibres end in the cerebellum exclusively in its vermis or 
middle lobe. To the vermis also come direct root fibres 
of the vestibular nerves which collect front the semi-circular 
canals, the organs of the special sense of orientation in 
space, the sensations of change of position and of the 
position of the head in space. The lateral lobes of the 
cerebellum, on the other hand, are in connection through 
the pontine grey matter with the temporal lobes and with 
the kinaesthetic cortex of the forebrain. All these systems 
which conduct to the cerebellum end in its cortex, and

1 Abstractor Boyle Lecture delivered by Sir Victor Horsley, F.R.S.. 
be'ore the Junior Scientific Club of the University of Oxford, June 5. 



from the latter—and this is a new fact of great signifi
cance—no true efferent fibres arise. The efferent or motor 
mechanism of the cerebellum is contained in its nuclei, 
the system of roof nuclei being in connection with the 
cortex of the vermis, the nucleus dentatus with that of 
the lateral lobe. The cortex of the cerebellum is thus the 
special organ for the reception of sensory impressions, 
while its nuclear system may, be regarded as its motor 
or efferent mechanism.

The functions of the cerebellum must be studied in 
relation to the sensory impressions it receives and to the 
activity of other centres. While it is the cortex of the 
forebrain which consciously appreciates and records our 
sensory impressions and initiates purposeful actions, it is 
the cerebellum which automatically preserves our equil
ibrium, guides our locomotion, and assists to regulate our 
finer movements. Thus its functions are in part reflex 
or involuntary, dependent on the sensory impulses which 
reach it directly or through the forebrain, and in part to 
coordinate and regulate the muscular contractions 
generated in the kinaesthetic cortex, especially those which 
result in movement in space and those on which the 
maintenance of equilibrium depends. The accuracy of 
equilibration is necessarily dependent on our knowledge 
of our position in space. This is obtained chiefly by 
vision, but as our visual fields are small in relation to 
the space in which we exist, sight must be supplemented 
by the power to turn the head and eyes in the three 
planes of space. There is conclusive clinical and experi
mental evidence that the coordinated execution of these 
movements is largely represented in the ponto-cerebellar 
centres. The sense of touch is also a valuable aid in 
spatial orientation, for though by touch the body can be 
aware only of the surface with which it is actually in 
contact, we can explore, as blind men do, our neighbour
hood by the movements of our limbs. The memory of 
space so obtained is stored up in the kinaesthetic cortex, 
and disease of this region diminishes or destroys our 
knowledge of points on the surface of our body so far 
as their precise position in space is concerned, and con
sequently the effective movement of the limb. It has been 
long recognised that one of the most prominent signs of 
destructive lesions of the cerebellum is the inability to 
move a limb in a coordinate manner towards any point, 
but it appears probable from some not yet concluded 
observations of the lecturer that the faculty of localisation 
of points of the body in space is also defective with 
disease of the cerebellum. The touch sensations from the 
portions of our body resting on our base, the pressure 
sensations in our joints, and the sensations of tension in our 
muscles are also requisite for the automatic maintenance 
of equilibrium. These are some of the sense impressions 
which pass to the cortex of the vermis by the anatomical 
tracts referred to.

It would appear that the cortex of the vermis receives 
the sensory impressions necessary for movement in the 
anterolateral plane and for bending backwards and for
wards ; with lesions of this part there is a tendency to 
fall forwards or backwards. The lateral lobes, on the 
other hand, receive through the middle peduncles, as 
Majendie demonstrated, the stimuli necessary for rotation 
on the longitudinal axis.

From the cortex of the cerebellum, which is constantly 
receiving these waves of sensory impressions, the cere
bellar nuclei collect the properly associated impulses which 
regulate and reinforce the purposeful movements and the 
automatic actions of the individual.

This latter position has been established by the re
searches of Dr. Clarke and the lecturer during the past 
three years.

Luciani’s discovery that the cerebellum is also a source 
of energy to the muscles, which become asthenic and 
hypotonic on its destruction, is also fully confirmed by 
the lecturer’s own work.

In conclusion, this sketch of the cooperation of the 
cerebellum and cerebrum was illustrated by a quotation 
from Boyle, who said :—“ I consider the body of a living 
man not as a rude heap of limbs and liquors but as an 
engine consisting of several parts so set together that 
there is a strange and conspiring communication between 
them.”
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UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE.

The University of Melbourne has received a largely 
increased endowment from the Government of Victoria on 
condition of instituting a course for a degree in agriculture. 
The necessary arrangements for such a course have now 
been made, and the university is inviting applications in 
England and America for a professorship of botany and a 
lectureship in biochemistry in connection with the school 
of Agriculture. A new professor of anatomy is also to be 
appointed for the rapidly growing medical school.

The Drapers’ Company has made a further grant of 
5000I. for an extension of the premises of the East London 
Technical College. In addition, the company has largely 
developed its scholarship scheme. Next year nineteen 
scholarships will be awarded of the value of 40I. per 
annum, tenable at the college for three years. Certain of 
these scholarships are reserved for women, while others 
will be awarded in the subjects of the London arts degree. 
The governors of the college have extended the work by 
introducing a course in languages and literary subjects. 
Students taking this course will study under recognised 
teachers, and be internal students of the University of 
London. As a consequence of this development, the 
governors have decided that the college shall, in future, 
be known as the East London College.

Probate has been granted of the will of Mr. John Innes, 
of Merton, Surrey, who died on August 8, 1904, leaving 
the sum of about 200,000!. for public and charitable pur
poses. Among other bequests he left his house, the 
Manor Farm, Merton, and two acres of ground, “ to 
establish thereon a school of horticulture or such other 
technical or industrial institution as the law will allow, 
to give technical instruction in the principles of the science 
and art of horticulture and the necessary physical and 
mental training incidental thereto; to erect suitable build
ings and furnish them, and to provide workshops, tools, 
plant, scientific apparatus, libraries, reading-rooms, lecture 
and drill halls, a swimming bath, and gymnasium. If 
this may not be legally carried out, then to establish in 
these buildings a public museum for the exhibition of 
collections of paintings and similar works of art, objects 
of natural history, or of mechanical or philosophic inven
tions, and to lay out land for a park.”

Mr. S. Herbert Cox has been appointed to the pro
fessorship of mining at the Royal School of Mines, South 
Kensington, vacant by the death of Sir Clement Le Neve 
Foster. In view of the changes in organisation that may 
be found desirable in the Royal College of Science and 
the Royal School of Mines after the completion of the 
investigations now in progress by the departmental com
mittee, the appointment has been made a temporary one. 
Mr. Cox is an Associate of the Royal School of Mines. 
After experience as assistant geologist and inspector of 
mines in New Zealand, he was appointed instructor in 
geology, mineralogy, and mines in Sydney Technical 
College ; concurrently with his tenure of this office he was 
employed to give technical lectures at various mining 
camps in New South Wales, and practised as a mining 
engineer. Since 1900 he has been entirely engaged in 
private practice, and has had experience of mining in 
England, France, Spain, Egypt, the United States, and 
Canada. Mr. Cox was president of the Institution of 
Mining and Metallurgy in 1899-1900.

The London University Gazette (August 9) publishes 
the following announcement referring to the endowment of 
a chair of protozoology :—“ The senate had before them 
a communication from the Secretary of State for the 
Colonies, offering the university the sum of 700I. a year 
for five years for the purpose of instituting a chair of 
protozoology. Of this sum, 200I. a year was stated to be 
a contribution from the Rhodes trustees, and 500I. a year 
to represent a moiety of a grant originally made from 
the tropical diseases research fund (established under the 
auspices of the Colonial Office) to the Royal Society for 
the promotion of research work, and by the Royal Society 
surrendered for the purpose of endowing the chair. Having 
considered reports upon this offer from the academic 
council, and from the board of advanced medical studies 
and the boards of studies in botany and zoology, the. 



senate decided to accept the offer, to devote the whole of 
the 700Z. a year as salary to the professor, and to set 
aside a further sum of 200/. a year to defray the cost of 
assistants and laboratory expenses in connection with the 
chair.”

A day higher commercial department is to be opened 
at the end of September next in connection with the City 
of London College. The object of this department is to 
provide a higher education for those who have already 
had an ordinary secondary education. Hitherto there has 
been some basis for the charge that higher education 
has not generally induced students to regard business 
sympathetically, nor has it exhibited a commercial career 
attractively. Those engaged in higher education have 
seldom attempted to show that the study of science, 
language, and of other subjects is, or can be, related to 
the conduct of commerce, and that a commercial man will 
understand his business better if he starts with a ground
work of knowledge which has been deliberately exhibited 
to him in its relation to the conduct of ordinary business. 
Those responsible for the new scheme at the City of London 
College believe that, other things being equal, a youth who 
has been trained to see the principles which lie behind 
the facts of commerce, to know how far nature has been 
controlled by commerce, and commerce by nature ; to know 
the commercial methods of his own and other nations and 
the reasons for their existence, will make a better busi
ness man than one who has had no such training. They 
believe that there is a mass of experience a judicious selec
tion from which, if assimilated, will save an English youth 
on his actual entry to commercial life from errors and 
waste of time. The experiment will be watched with great 
interest by all who are interested in the various sides of 
higher education.

SOCIETIES AND ACADEMIES.
London.

Royal Society, June 8.—“The Morphology of the Ungu
late Placenta, particularly the Development of that Organ 
in the Sheep, and Notes upon the Placenta of the Elephant 
and Hyrax.” By R. Asshoton. Communicated by 
A. Sedgwick, F.R.S.

The formation of the placenta of the Ungulata vera 
is founded on a system of foldings of the subzonal mem
brane (or of the trophoblast only), which fit into corre
sponding grooves in the walls of the uterus, without 
thickening of the trophoblast layer of the blastocyst, and 
without destruction of maternal epithelium or other tissue 
(Sus). Certain parts of the crests of the ridges are pro
duced by local amplification into true villi, into which the 
splanchnopleure of the allantois subsequently extends 
(Equus, Bos, &c.).

For this type of placentation, which is caused funda
mentally by the folding of the trophoblast, the term plicate 
is used (placenta plicata), and to this type of placentation 
it is suggested that the Cetacea, Sirenia, and Proboscidea 
conform, as well as the Ungulata vera, and possibly the 
Edentata and Prosimia.

The term placenta cumulata is used for the type of 
placentation in which the placenta is formed by the heap
ing up or thickening of the trophoblast layer, among the 
cells of which accumulation extravasated maternal blood 
circulates. Destruction of the maternal epithelium prob
ably always occurs. To this type belong the Rodentia, 
Insectivora, the Hyracoidea, Primates, and Chiroptcra. 
The Carnivora are perhaps intermediate, but, according to 
Strahi’s account, they would be distinctly plicate, while, 
according to the account of other authors, they are slightly 
cumulate.

The morphological position of the sheep’s placenta, a 
full account of the development of which is given in the 
paper, is at that end of the series of plicate forms which 
closely approximates to the cumulate type.

The placentation of the Ungulata shows that that order 
is more closely connected with the Proboscidea, and the 
Sirenia and Carnivora, than with other groups of 
mammals, whilst the placentation of the Hyracoidea 
suggests no connection at all with those groups, but is 
of the cumulate type, and resembles more closely the form 
found in certain of the Insectivora.
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Edinburgh.
Royal Society, July 10.—Dr. R. H. Traquair in the chair. 

—On the bathymetry, deposits, and temperature of the 
south-western Pacific: Sir John Murray, K.C.B. The 
region discussed lay to the east and south-east of 
Australia. Seven of the soundings were in depths exceed
ing 4000 fathoms and three in depths exceeding 5000 
fathoms. Interesting comparisons were made between the 
bathymetric charts and the temperature charts, and inform
ation was also derived from the study of more than 1000 
samples of deposits. Globigerina ooze covered about 48 per 
cent., and red clay about 44 per cent, of the bottom, the 
remaining 8 per cent, being covered by other deposits. 
The percentage of carbonate of lime was low in very deep 
water and in shallow water near islands not bordered by 
coral reefs. In moderately deep water and in shallow 
water where the deposit was coral mud, the percentage 
of carbonate of lime was high. The evidence seemed to 
point to a continent in the making rather than to a sunken 
continent.—The varying form of the stomach in man and 
the anthropoid ape: Prof. D. J. Cunningham. The 
paper was a detailed discussion of the anatomy of the 
stomach, its changes of form and position at various 
stages of digestion, the functions of the different parts, and 
the movements by which digestion was carried out.—The 
evaporation of musk and other substances ; John Aitkon. 
The question was as to the nature of the exhalation or 
emanation which produced the characteristic odour; was 
it solid or vapour? The test applied was the cloud-pro
ducing power in a region saturated with water vapour and 
suddenly cooled. Experiment showed that when the air 
was purified of dust particles, but full of musk eman
ations and w .:cr vapour, a sudden cooling produced no 
cloud. Therefore the emanation must itself be vapour 
and not solid. The same result was obtained with many 
other substances, such as spices, chemicals, herbs, and 
flowers, not one of them giving off solid particles. 
Evidence was adduced that the dusts of these substances 
affected the branch of the fifth nerve which serves the 
nostrils, while the olfactory nerve was sensitive to matter 
in the gaseous form.

July 17.—Lord McLaren in the chair.—On some points 
in the geombtry of reflecting telescopes with graphical 
solutions : Dr. James Hunter. The real problem in the 
construction of an efficient reflecting telescope is to find 
the best size of small mirror and the best position for it, 
so that the maximum of light and of definition is gained. 
This the paper discussed in detail, and gave a simple 
graphical construction by which the required data could 
be obtained to an approximation sufficient for practical 
purposes.—Some general principles of absorption spectro
photometry, and a new instrument : James R. Milno. 
The necessary conditions for the photometric comparison 
of two patches of light, of which one is produced by a ray 
passing through an absorbing medium, were fulfilled as 
follows :—(1) By use of a small hole instead of a slit in 
the collimator a strictly parallel beam of light was secured. 
(2) By use of a naked flat acetylene flame, the beam was 
obtained of equal intensity across a normal section, a 
condition unrealisable by electric arc or lime-light unless 
heavily screened. (3) By means of a double image prism 
replacing the ordinary eye-piece of the spectrophotometer 
telescope it was found possible (a) to bring the two patches 
of light presented to the eye accurately edge to edge, 
(6) to have these patches of some width, namely, that of 
the telescope objective, (c) to secure the coplanarity of 
the two “ faces ” of rays which proceed from each point 
of the edge common to the two patches. The instrument 
constructed on these lines could also be used as a spectro
meter or as a spectropolarimeter for measuring optical 
rotations.—Note on some generally accepted views regard
ing vision : Dr. W. Peddie. The note referred to some 
observations on the effect of fatigue in the eye in relation 
to its power of judging of colour.—On the opacity of 
aluminium foil to the ions from a flame : George A. 
Carso. The experiments were made in the Cavendish 
Laboratory, and showed that the aluminium foil was 
quite opaque to the ions, a result not in agreement with 
results described by Lebon.—On deep sea-water waves : 
Lord Kolvin. This was a continuation of a paper read 
last January. By use of Lord Rayleigh’s method of 



ultimate intersections, a correct diagram was obtained 
of ship waves in deep and broad water, an approximate 
representation of which had been given in 1887 (see 
“Popular Lectures and Addresses,” vol. iii.). I he 
numerical calculations and drawings were made by Mr. 
J. de Graaff Burster.—On the periods and nodes of Lochs 
Earn and Trieg: Prof. Chrystal and E. Maclagan 
Woddorburn. This was a detailed comparison of the 
observed periods and nodes with those calculated from 
the hydrodynamical theory as already "given by Prof. 
Chrystal. The bottom contours were approximated to by 
piecing together appropriate parabolic functions of the 
depth; the results of theory and of observation were in 
good agreement, especially as regards the periods, which 
are less influenced by local conditions than the node
positions or the amplitudes.—A regular fortnightly explor
ation of the plankton of the two Icelandic lakes, Thing- 
vallavatn and Myvatn : C. N. Oatonfold and Dr. C. 
Woeonboryr-Lund.—Note on the boiling points of solu
tions : S. N. Johnson. It was found that the boiling- 
point elevation constant C, as calculated from the formula

Cw 11 +(«-*)“! = »rWr, 
where m is the molecular weight of salt used, \V the 
weight of solvent, w the weight of salt added, a the 
ionisation constant, n the number of free ions, and 
e the observed elevation of temperature, had widely 
differing values. The discrepancies clearly arose from 
the difficulty of getting the boiling point of the solvent. 
When, however, C was calculated from the formula 
when for c and w are substituted the increments Ac and 
Aw, as one passes from solution of lower to solution of 
higher concentration, satisfactorily concordant results were 
obtained. The salts studied were the nitrate, chlorate, 
chloride, and bromide of potassium, and the nitrate and 
chloride of sodium.—The oxidation of manganese by per
sulphates : Dr. Hugh Marshall.—Influence of cross 
magnetisation on the relation between resistance and 
magnetisation in nickel : Dr. C. G. Knott. The decrease 
of resistance of a strip of nickel foil when magnetised 
transversely to its length was numerically increased when 
the foil was set in a steady magnetic field magnetising it 
longitudinally, while the increase of resistance accompany
ing the application of this longitudinal field was 
numerically decreased when the foil was set in a steady 
field magnetising it transversely.

Paris.
Academy of Sciences, Augu't 7.—M. Bovquet de la 

Grye in the chair.—Observations of the planet Y.R. 
(Goertz) made with the large equatorial of the Observatory 
of Bordeaux : E. CaclanRon. Observations of this 
planet were made on July 29 and 30, and the results are 
given, together with the mean positions of the comparison 
stars, and the apparent positions of the planet.—On the 
sidereal day : A. Panaiot. On continued algebraic frac
tions : M. Auric.—On similitude in the motion of fluids: 
M. Joug-uot.—On the state of matter in the neighbour
hood of the critical point : C. Ravcau. A criticism on a 
recent paper on the same subject by MM. G. Bertrand and 
J. Lecarme. The author contests the views put forward 
by these authors, and notes that a consequence that they 
have deduced is a peculiarity of which a complete account 
is rendered by the ordinary kinetic theory of gases.—On 
magnetic double refraction. Some new active liquids : 
A. Cotton and II. Mouton. A solution of dialysed iron 
prepared by the method of Bravais undergoes a marked 
change when heated for some time at too® C. The double 
refraction in a magnetic field became greater, four hours’ 
heating making the double refraction forty times its 
original value; the size of the particles was clearly in
creased by the heating. Colloidal solutions of iron were 
also prepared by the method indicated by Bredlg for the 
precious metals. This solution was doubly refracting also, 
but the variation with the strength of the field followed 
a different law to the Bravais solution. A solution of 
iron prepared by the Bredig method in glycerine was also 
examined. Solutions were also found exhibiting magnetic 
double refraction which did not contain iron, but minute 
crystals of calcium carbonate. Reason is shown for sup
posing that for these effects to be observed the size of the 
separated particles must lie between certain limits.—On 
the chloroborates of calcium : L. Ouvrard.—Study of the
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constitution of unsymmetrical dipara-ditolylethane, of the 
dihydride of 2:7:9: 10-tetramethylanthracene and of 
2 : 7-dimethylanthracene : James Lavaux.—On the absorp
tion spectrum of manganous salts: P. Lambert. 1 he 
manganese salts used in the research were purified with 
especial care from iron, since the spectrum of the latter 
element in the ultra-violet was found to interfere. A 
diagram is given of the manganese bands for wave-lengths 
between 557 and 394.—The thermochemistry of the 
hydrazones : Ph. Landrieu. The reaction between some 
ketones and aldehydes has been determined directly in the 
calorimeter, and the values thus found compared with those 
deduced from the heats of combustion determined with the 
Berthelot bomb. 1'he results of the two methods show a 
fair agreement.—The mechanical properties of iron in 
isolated crystals: F. Osmond and Ch. Frtmont The 
experiments were made upon crystals of a volume of 
several cubic centimetres, and included measurements of 
the extension, compression, hardness, and bending. It 
was found that the mechanical properties of irpn in crystals 
are a function of the crystallographic orientation. The 
fragility, very great in the plane of cleavage, is, contrary 
to the views generally held, associated with great plasticity 
in the other directions.—The classification and nomen
clature of the arable earths according to their mineralogical 
constitution : H. LaRatu.—On the reddening of the vine 
leaf : L. Ravax and L. Roos. A study has been made 
from the chemical standpoint of the non-parasitic redden
ing of the leaf of the vine. The results confirm the theories 
of Boehm and some other authors on the solution and 
migration of the carbohydrates in the leaf.—Sterigmato- 
cystis nigra and oxalic acid : P. G. Charpontior. Oxalic 
acid is a product of the growth of this mould when culti
vated in Raulin’s solution, and is still produced when the 
tartaric acid of this solution is replaced by sulphuric acid. 
But if the Raulin’s solution is deprived of sugar, and the 
tartaric acid is the only source of carbon, then oxalic acid 
is not formed.—On the mending of wounds in cartilage 
both from the experimental and histological points of view : 
V. Cornil and Paul Coudray.—On accommodation and 
convergence in binocular vision : L6on Piiroon.—The 
geological structure of the central Sahara : Emile Haug,
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		Wiersze		Zatwierdzono		TR musi być elementem potomnym Table, THead, TBody lub TFoot

		TH i TD		Zatwierdzono		TH i TD muszą być elementami potomnymi TR

		Nagłówki		Zatwierdzono		Tabele powinny mieć nagłówki

		Regularność		Zatwierdzono		Tabele muszą zawierać taką samą liczbę kolumn w każdym wierszu oraz wierszy w każdej kolumnie

		Podsumowanie		Pominięto		Tabele muszą mieć podsumowanie

		Listy



		Nazwa reguły		Status		Opis

		Elementy listy		Zatwierdzono		LI musi być elementem potomnym L

		Lbl i LBody		Zatwierdzono		Lbl i LBody muszą być elementami potomnymi LI

		Nagłówki



		Nazwa reguły		Status		Opis

		Właściwe zagnieżdżenie		Zatwierdzono		Właściwe zagnieżdżenie
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