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TUNNELS AND TUNNELLING.
Modern Tunnel Practice. By D. McNeely Stauffer. 

Pp. viii + 314. (London : Archibald Constable and 
Co., Ltd., 1906.) Price 21s. net.
"'HE author of this book is to be congratulated 

both upon having produced what will prove
to be a useful book of reference for engineers engaged 
in the arduous work of tunnelling, and also upon the 
fair and impartial manner in which he writes. He 
has given credit to those men whose names are asso
ciated with certain great improvements, and has not 
attempted, as is sometimes unfortunately the case, to 
claim inventions for his countrymen which rightfully 
belong to English, Italian or other nationalities.

Mr. Stauffer is an American engineer in New York, 
but he is also enrolled as a member of our Institution 
of Civil Engineers of London, and it is evident that 
he has had considerable and practical experience of 
the difficulties of tunnelling.

Naturally tunnels are things to be avoided as being 
both costly and difficult, but for penetrating moun
tains, crossing under rivers and arms of the sea, or for 
traversing our great towns and cities, they are indis
pensable. There is, however, one well-known case 
of a tunnel in South America in which the engineers 
deliberately ran their railway into a mountain in order 
that their country should not retain the notoriety, 
undesired by them, of not possessing a single work 
of the kind, and over the portal of that tunnel is 
marked in large letters, “ This is the first tunnel in 
the country.”

The illustrations are good and brought down to a 
recent date, but they unfortunately suffer from the 
one defect that the dimensions and notes of reference 
are almost too small to be read except with the aid of 
a magnifying-glass; it is a recognised principle that 
drawings which are to be reduced for publication in 
the leaves of a book should have all the writing and 
figures several times the usual size, so as to be easily 
legible when reduced.

The chapter on surveying for tunnels contains the 
latest practice, and will be useful to all students and 
young engineers. The author describes how a ray 
of light is now used in many cases in place of wires, 
but where the latter are still employed the inconveni
ence resulting from their acting as long pendulums 
is overcome by suspending the plummets in buckets 
of water; tar, with its greater viscosity, is, however, 
more certain in its action, but has the drawback of 
being easily floated out by water falling down the 
shaft.

The use of explosives is gone into very fully, many 
of the various kinds being described, with rules for 
their handling and thawing in cold weather; the 
general principles of blasting and the position and 
depth of bore-holes are carefully explained.

It is found by experience that when driving a head
ing or gallery through hard material, more rapid 
progress is made if a wedge-shaped mass of rock be 
blown out first, in the centre of the work, as by so

NO. 1921, VOL. 74]

doing the excavation round the margin of the tunnel 
section is more easily removed to a true line. This is 
effected by making the centre holes converge to a 
point, and charging them in such a manner, by 
shortening the fuse, that their charges will be fired 
a few seconds earlier than those in the remaining 
holes. Useful hints are given as to the precautionary 
measures to be taken in case of a misfire, when a 
charged hole has to be bored out.

The effects upon the engineers and workmen from 
the products of combustion of the explosives are re
ferred to, and instructions are given as to remedies, 
but the principle of ample ventilation right up to the 
very face of the work cannot be too strongly insisted 
upon. If large volumes of fresh air are provided for 
the men in the most advanced working, no danger of 
asphyxia is to be feared.

The introduction of high explosives, powerful drills, 
and ample machinery has reduced the necessity for a 
large number of shafts, and work is now often con
ducted only from the two portals. The author dis
cusses from a practical point of view the size and 
shape of shafts when required, and is of opinion that 
those of rectangular form are preferable to either 
square or circular ones. Doubtless there is much to be 
said in favour of his views, but if water be encountered 
in a shaft and has to be “ tubbed out,” the circular 
is the only permissible form. As regards the actual 
sinking through water-bearing strata, compressed air 
cannot be made available under a greater “ head ” 
than too feet. Pumping can be resorted to, as is 
usually the case, or the “ Kind-Chandron ” method 
of sinking, as was done at Whitburn, whilst the more 
modern system of freezing has been tried with success 
recently in one or more of the collieries in Durham.

It is, however, costly, and has its own inherent 
dangers which must be provided against; for instance, 
a case recently occurred in which the frozen material 
gave way under the hydrostatic head of the water 
behind it, and blew in the side of the shaft.

The various methods of tunnelling known as the 
English, the Belgian, the German, and the Austrian 
systems are described, and it is satisfactory to note 
that the Americans adopted the first of these in several 
of their important tunnels. The use of steel needles 
in a London tunnel under houses is referred to, but 
notwithstanding every possible care and precaution, 
some injury was done to the property; now, however, 
by the adoption of the shield, this is reduced to a 
minimum.

It is satisfactory to observe that the author gives 
the credit to the late Mr. Greathead of his shield, for 
although he was not the actual inventor, yet it was 
he who so modified and introduced it into practical 
work that it has been universally adopted by the engin
eering profession as the solution of much of the 
difficulty encountered in tunnelling. In like manner 
the name of Signor Saccardo is given as having 
invented the admirable system of ventilation with 
which his name is connected, although in more than 
one case in America his proposals have been adopted 
without his name even being mentioned.

The important tunnels in Paris, Budapest, Boston,
S 



and New York are fully discussed, and one of 
the most instructive chapters is devoted to the 
Simplon Tunnel with its approaches on the Italian 
side between Dome d’Ossola and Iselle. The 
arrangements for the men, the power installation, 
ventilation, air refrigeration, illumination, drainage, 
workshops, buildings, as also the transportation 
service, are dealt with in such a manner as 
cannot fail to be useful to readers, and when it is 
remembered that notwithstanding the innumerable 
difficulties which were encountered from hard rock, 
hot springs, and crushing timbers, an annual pro
gress was attained of one mile at each face, a 
record has been established which it will be very hard 
to beat. Subsequent to the date at which the book 
was written, it was found that in the bad ground at 
4'4 km. from Iselle steel girders and timbers could not 
contend with the load they were called upon to carry, 
and that steel girders with cement concrete alone 
enabled the work to be proceeded with.

Much information is given as to the ventilation of 
tunnels, and if only from a public point of view this 
is satisfactory as indicating the greater amount of 
.attention which is now being devoted to this branch 
of scientific engineering.

The use of compressed air in caissons, which was 
first applied at Rochester Bridge by Sir Charles Eox, 
is gone into at length, and in connection with the 
illness known as caisson disease it can be mentioned 
that the admirable system of re-compression in cases 
of men being affected was first proposed and carried 
out by Mr. Moir.

A very important part of the book describes the 
extended use which is being made throughout the 
world of concrete in cement. Within the last ten 
years this has come into favour and is being applied 
to works of all kinds. Even subaqueous tunnels, such 
as that at Boston, are being wholly constructed of 
concrete, and whereas a few years ago the material 
was regarded with suspicion, to-day it is being loaded 
to the extent of 15 tons per square foot. How to 
render concrete air-tight and waterproof is a problem 
with which the author deals.

In the appendix is given a useful glossary of terms 
used in tunnelling, and the book is rendered complete 
by a fairly extended index of contents.

ANCIENT ASTRONOMY.
Astronomy in the Old Testament. By Prof. G. 

Schiaparelli. Authorised English translation, with 
many corrections and additions by the author. Pp. 
viii4-178. (Oxford: Clarendon Press, 1905.) Price 
3s. 6d. net.

Researches into the Origin of the Primitive Constel
lations of the Greeks, Phoenicians, and Babylonians. 
Vol. ii. By Robert Brown, jun. Pp. xx + 261. 
(London : Williams and Norgate, 1900.) Price 
10s. 6d.

II 7E have in these two books works of very 
' » different scientific value. Prof. Schiaparelli’s 

little book is that of an expert astronomer who has 
also a remarkable knowledge of the archaeological 

evidence as to the early history of astronomy in the 
East. This knowledge he uses with telling effect, 
bringing out his points in an orderly, marshalled, 
logical, and therefore convincing way. He is- 
moderate and sensible in his deductions also, and never 
allows himself to be carried away by that deplorable 
impulse to wild philological comparison and identifi
cation which has been the curse of work of this kind 
hitherto. He has in his English edition also had 
the benefit of the collaboration of the sanest and most 
trustworthy critics of the Old Testament, Dr. Driver 
and Mr. Cowley to wit, so that the reader may rest 
assured that in reading the book he is not groping 
darkly among Cheyneian cryptograms, nor need he 
fear that he will be haunted by the unquiet spirit of 
Jerahmeel. Neither the ubiquitous “ Jerahmeel ” nor 
the elusive “ Musri ” (see Nature, June 26, 1902) 
have a place in this eminently sane and work-a-day 
volume, which both archaeologists and astronomers 
will find useful. The archaeologists, indeed, would 
only be too grateful if the astronomers would help 
them more than they do. The mysteries of Mahler, 
for instance; no unastronomical archaeologist quite 
knows whether they are scientific gospel or not. An 
instance of archaeological ignorance of astronomy is 
given on p. 68- Arcturus confounded with Arctos, and 
said to be a star in the Bear.

Prof. Schiaparelli gives us a very lucid introduction, 
followed by a series of chapters on the general 
cosmology of the Old Testament, the stars and con
stellations, the doubtful Mazzoroth (perhaps the two 
phases of Venus), the arrangement of months, days, 
&c., among the early Hebrews. All is most interest
ingly expressed, and the archaeological and historical 
references are most valuable. The connection of the 
Jewish star-lore with that of the Babylonians is care
fully but moderately brought out. A serious defect in 
the book is the lack of an index. The translator or 
publishers undoubtedly deserve blame for not having 
had one compiled. No doubt French or Italian 
writers do not habitually make indices to their books. 
That is their defect; in England the reader wants 
indices, and the fact ought not to have been forgotten 
in this case.

We wish we could praise so highly Mr. Brown’s 
“ Primitive Constellations,” as, to judge from his in
troduction, he is very sensitive to former criticisms. 
But honestly we cannot. The author of the “ Great 
Dionysiak Myth ” used to be hag-ridden by philo
logical speculations of the kind which were fashion
able in the days of Max Muller, Gladstone, and Sir 
George Cox, but have been recognised to be bad 
archaeology these twenty years past. Of this we are 
bound to say we do not see so much in the present 
volume, and ate glad of it, but at the same time 
we regret that Mr. Brown cannot bring himself to 
abandon his foolish explanation of the name Amalthea 
as the Assyrian Ammd, “ mother ” 4- I (which we 
suppose is the Arabic cl) + the Greek thia ; here you 
have it, Amalthea, “the divine mother” (!) Mr. 
Brown is still unable to perceive the absurdity of 
this. The learned author also used to be a victim 
of the Greek transliteration fad of Gladstone and



Cox, which led him not only to transliterate after 
their manner, but even to extend the fad into English, 
and to write such dreadful words as “ Hellenik ” and 
“ Dionysiak.” As a critic said, “Why not Dionusiak 
Muth?” which was a palpable hit. However, to be 
just, much of this sort of thing also has disappeared 
from Mr. Brown’s present book, which we readily 
allow to be a heap of antiquarian learning, Assyrio- 
logical and other, on the subject of which it treats.

Whether the Assyriology and the Sumerology are 
all right the lay critic is unable to tell, but there is 
probably a good deal in Mr. Brown’s Assyrian learn
ing that is not entirely orthodox, to judge from the 
undoubtedly unorthodox nature of much of his Greek 
philology, to which AmmA*e\-6ua testifies. That 
dreadful soloikism (as we suppose Mr. Brown would 
say) makes us perhaps unduly suspicious. If so, we 
hasten to beg Mr. Brown’s pardon, as we do not 
wish to share the fate of the Assyriological reviewer 
(not ourselves) of vol. i. of “ Primitive Constellations ” 
in Nature (April 13, 1899, vol. lix., p. 553), who said 
that Mr. Brown made mistakes in his Assyrian and was 
smitten by a Browniak thunderbolt for his temerity. 
The learned author refers to this circumstance in 
a note in the volume under review. Perhaps Mr. 
Brown may think he scored, but it is perfectly 
plain that when he wrote “ Bdrsipki ” as the name 
pf the towr) of Barsip (Borsippa) he was under the 
erroneous impression that the written suffix -ki was 
pronounced, otherwise he would not have spelt it out. 
“ Barsipkl " was written, “Barsip” was said; 
“ Barsipki ” was never either written or said. If 
Mr. Brown does not understand what is meant he 
does not understand the cuneiform writing, and if 
his Assyriology is bad the whole of his book must be 
bad too.

OUR BOOK SHELF.
Biologische und.nwrphologische Untersuchungen uber 

WfaMer- und Sunipfgcwdchse. Erster Teil. Die 
Lebensgeschichte der europaischen Alismaceen. By 
Prof. Hugo Gluck, Heidelberg. Pp. xxiv + 3i2 + 
xiv figures and plates. (Jena: G. Fischer, 1905.) 
Price 20 marks.

Tilts elaborate and apparently exhaustive monograph 
is one of the fruits of the morphological school 
founded in Munich by Goebel, but the author, struck, 
as so many writers have been, with the enormous 
variability of these plants, has here attempted to bring 
together the facts, not only of the influence of the 
environment as expressed in the direct action of such 
agencies as light, situation, water, and other factors, 
but has also tried to weave these into a sort of system 
such as can be used by the systematist.

He says“ Meiner Ansicht nach ist das der 
einzige Weg, der uns uber das Zustandekommen der 
einzelnen Formen und ihre Abhangigkeit vom 
Standort sicheren Aufschluss erteilt, da ja in der 
freien Natur die Standortsverhaltnisse dieser Pflanzen 
einem steten Wechsel unterworfen sind und sich der 
direkten Beobachtung mehr oder minder entziehen.”

But, in addition, extensive collections of herbarium 
material were made and examined, and plants over 
wide areas examined in situ.

’ The book falls into two parts, of which the first 
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or special part deals with the biology in the German 
sense of the word, of the various species of Alysma, 
Echinodorus, Elisma, Caldesia, Damasonium, and 
Sagittaria. Each of these species is then examined 
in detail as regards the general action of the environ
ment, its aquatic forms or varieties, its land forms, 
its seedlings, and its so-called monstrosities whether 
found wild in nature or produced in culture, and 
lastly, the condition in which it passes the winter. 
Here and there are notes on other matters of detail, 
such as floating apparatus, the influence of light, 
turios, submersed forms, &c.

The second or general part of the work describes an 
investigation of the adaptation of the various parts to 
different functions in general. One of the most 
interesting sections here will be the examination of 
the formative factors (gestaltbildener factoren), and 
another is the results considered in respect to system
atic botany. There is a rather too meagre index, but 
a very special word of praise should be given to the 
plates, and we congratulate author and publisher alike 
on the drawing and reproduction of the figures. Few 
morphologists will be able to dispense with the book, 
and certainly no systematist concerned with the 
biology of this interesting group of water-plants.

School Gardening for Little Children. By Lucy R.
Latter. Introduction by Prof. P. Geddes. Pp. 
xxiv+166. (London: Swan Sonnenschein and, Co., 
Ltd., 1906.) Price 2s. 6d. net.

The value of any particular scheme of education for 
little children depends more on the interest the teacher 
feels in the subject, and on the sympathy he or she 
is able to manifest towards the pupils, than on the 
scheme itself. We think this will be obvious to any
one who peruses the pages of the volume before us. 
Most children bred in the country have a “ garden all 
to themselves,” but we doubt whether any permanent 
benefit is derived by them unless their work in it is 
directed with sympathetic intelligence such as is re
vealed in Miss Latter’s pages. “ I have tried,” says 
the author, “ to prove that it is possible to make 
nature-teaching the central point of the life of a 
school without detriment to the children; that such 
teaching gives a real meaning and incentive to all 
the handwork and leads to a richer and truer appreci
ation of poetry, pictures and music.

“ The experiment has been going on for nearly six 
years, during which time it has successfully stood the 
test of Government inspection. Each year has shown 
an increasing gain to the children intellectually as 
well as physically and morally. Instead of the chil
dren being less prepared for the work of the senior 
schools, it is found that they read, write, and do 
arithmetic as well, if not much better, for having had 
daily contact with plants and animals and opportuni
ties for observing the various natural phenomena 
which affect their lives in one way or another. It is 
further found that such children pass on to the senior 
schools with a quickened power of observation, a far 
greater amount of intelligence, a keener desire to 
learn, and a greater refinement of heart than if their 
earlier years had been spent in acquiring mechanical 
perfection in the arts of reading, writing, and arith
metic before any real experience had been accumulated 
as a basis for those more formal branches of instruc
tion.”

Miss Latter speaks with authority, and a perusal of 
her book leads us to accord willing assent to it. In 
subsequent pages she tells us what have been the 
procedures which have contributed to her success, how 
part of the hard asphalt playground has been con
verted into the school-garden, how the garden is 



“ laid out,” how it is maintained and cultivated, and 
what are the moral and religious lessons which arise 
gradually and spontaneously in a child’s mind from 
the lessons afforded by the observation of plant-life 
and the habits of animals. We have no doubt of the 
truth of all this, but only on the condition before 
mentioned as to the tactful sympathy of the teacher.

LETTER 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 Earth’s Interior.
It has long been suspected that the earth is an iron 

planet, and now, through the work of Strutt and others, 
the evidence both for and against is intensifying.

It is just worth noting, as a matter of simple arithmetic, 
that a core of metallic iron of density 7, covered with a 
crust of rock 500 miles thick of density 2'5, together make 
up the known average terrestrial density, 5-6; but recent 
evidence, interestingly summarised by Principal Griffiths 
in his presidential address to Section A of the British 
Association, points to a crust much thinner than the above. 
It is to be hoped that the “ boring ” proposals of the Hon. 
Chas. Parsons will before long attract the attention they 
deserve. Oliver Lodge.

THE EARTHQUAKE IN SOUTH AMERICA.

BETWEEN seven and eight o’clock on Thursday 
evening last, Valparaiso, Santiago, and many 

other parts of Chile were visited by a very severe 
earthquake, causing, it is feared, heavy loss of life and 
widespread damage. As was the case in San Fran
cisco, the earthquake was followed by many outbursts 
of fire and the failure of the gas and electric light. 
According to a telegram to the New York Herald 
from Valparaiso, that city experienced, without any 
warning, the day having been unusually calm and 
pleasant, two distinct shocks of earthquake, and, 
standing as it does upon a formation of granite and 
gneiss, it suffered severely. The same correspondent 
reported the occurrence of many landslides round the 
city. According to Reuter, the shock at Santiago de 
Chile was the most severe within living memory; it 
lasted three and a half minutes, and was followed by 
heavy showers. The seismograph at the observatory 
was thrown out of order by the violence of the shocks, 
which, though slight, continued for some days.

The disturbance extended over a zone of nearly 
two degrees, and it is impossible at present to esti
mate the number of lives lost and the damage done, 
the accounts received being of a very conflicting 
nature.

The Chilian Legation in London received the 
following telegram from Santiago on Monday last, 
and the wording is in marked contrast to that found 
in the communications sent by Press correspon
dents :—

“ On the evening of the 16th a severe earthquake 
was felt between Valparaiso and Talca. The loss of 
life is not very great. The damage to property is 
considerable at Valparaiso but less at Santiago. 
Public order has been entirely maintained. The 
authorities and private persons are succouring the dis
tressed people, and the foreign Legations are lending 
their aid. The north has been wholly unaffected by 
the earthquake.”

The earthquake was duly recorded by seismographs 
in different parts of the world.

The instrument at Kew Observatory plainly showed 
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the magnitude of the disaster. The record indicated 
that the first tremor took place at thirty-three minutes 
after midnight, Greenwich time, on Friday morning. 
The first maximum was reached at 1.2 a.m., which 
was followed by continuous convulsions until a second 
maximum was reached at 1.50 a.m.

Prof. Milne is reported to have obtained good 
records by means of his instruments at Shide, Isle of 
Wight. The first records were observed at twenty- 
four minutes past twelve in the morning, and from 
these it was known that a disaster had occurred 
somewhere along the western side of South America. 
According to Valparaiso time, it would then have 
been 7.15. The duration was more than five hours.

According to Reuter’s correspondent at Washington, 
a very heavy and distinct earthquake shock was 
recorded on Thursday evening by the seismographs of 
the Weather Bureau, beginning at five minutes 
twenty-two seconds after seven o’clock, time of the 
seventy-fifth meridian. Complete and perfect records 
were obtained of both north to south and east to west 
movements of the earth’s crust. The tremors were 
comparatively slow, and their motion was deliberate, 
each complete movement covering from eighteen to 
forty seconds.

The disturbances lasted without intermission for 
several hours, and finally ceased about midnight. The 
most violent shock seems to have occurred at forty- 
two minutes twenty-six seconds after eight o’clock.

The instruments at the Hamburg Seismographic 
Institute are said to have shown greater and more 
prolonged signs of disturbance than at the time of 
the San Francisco disaster.

A telegram from Victoria, B.C., stated that the local 
seismograph recorded that the earthquake lasted four 
hours.

The tide gauges at Honolulu showed a disturbance, 
apparently of distinct origin, beginning' at 5.23 a.m. 
on August 17. Three waves were indicated hourly, 
showing an oscillation of between three and four 
inches from the normal tides. Wireless reports from 
Maui and Hilo state that a wave 5 feet high occurred 
there. It manifested itself by an unprecedentedly 
heavy surf. In the enclosed Bay of Maalaea, on the 
island of Maui, the wave reached a height of 12 feet.

News has been received in New York that the 
earthquake has destroyed the island of Juan Fernandez 
(made famous by its supposed connection with Defoe’s 
“ Robinson Crusoe ”), which was used as a Chilian 
penal settlement.

A despatch from Fort de France, Martinique, re
ports that earthquake shocks of varying severity 
were experienced on the island at 1.15 p.m. on 
August 19 and at 3.47 a.m., 4 a.m., and 8.37 a.m. on 
August 20, but that no damage was done; and a 
Reuter telegram from Lima states that Valparaiso 
was visited by another heavy earthquake on the night 
of Monday last: also that slight shocks were felt at 
Lima and Huacho on that day.

PROF. BROUARDEL.
AWE regret to record the death of Prof. Paul 
* * Brouardel, of Paris, who died on July 23 at 

the age of sixty-nine years. Prof. Brouardel had held 
a large number of most important positions in the 
University of Paris and in the official life of France, 
and he had many friends in England in connection 
with the important work in legal medicine and in 
hygiene which he had done.

He was born in St. Quentin in 1837, and received 
his early education at the Lyc^e St. Louis, in Paris. 
In 1859 he was an interne at the hospitals; he took



his M.D. in 1865; in 1869 he became m^decin des 
hdpitaux and professeur. agrdgrd, in 1879 he became 
a professor in the Faculty of Medicine, in 1881 a 
member of the Acaddmie de M<5decine, and in 1892 
of the Acaddmie des Sciences. For many years he 
was dean of the Faculty of Medicine at Paris, his 
work in connection with the medical faculty being 
chiefly concerned with pathology and legal medicine. 
As a medical jurist he occupied a most distinguished 
position, and there is scarcely a portion of this subject 
which has not received illumination from the 
numerous lectures and cases which he published in 
the “ Annales d'Hygiene publique et de Medicine 
legale.” His work as a medical jurist brought his 
name frequently before the public through the 
evidence which he had to give on many technical 
[mints. He published many volumes upon legal 
medicine, dealing with such problems as infanticide, 
medical responsibility, le secret medical, sudden death, 
asphyxia by gases and vapours, &c., and his work 
as professor of legal medicine at the University of 
Paris, in which chair he succeeded Tardieu in 1879, 
made him perhaps the best-known teacher in Europe 
on this subject. For many years he gave practical 
instruction in pathology at the Paris Morgue, and he 
ascribed his illness and death to the insanitary con
ditions under which this work was carried on.

At many international congresses Prof. Brouardel 
was the representative of the French Government. 
He will be best remembered in this country by the 
speeches which he gave at the International Congress 
of Hygiene and Demography in 1891, and by the 
address which he gave at the British Congress on 
Tuberculosis in 1901. In the former he bore eloquent 
testimony to the priority of England in practical 
sanitary reform, and to the willingness of the English 
to sacrifice, not only much money, but also a large 
share of personal liberty, and thus by solidarity of 
effort to secure the communal welfare. In this re
mark he brought out the strong point of popular 
representative government; for in this country, 
although there is possibly more blundering, there is 
greater practical action than in France, although in 
the latter the non-enforced theoretical recommend
ations are excellent of their kind. In the same 
address he drew a favourable augury for the twentieth 
century, from the fact that the nineteenth had seen 
Jenner at its commencement and Pasteur near its 
end.

But the public address which was most influential 
for good was that given in toot by Prof. Brouardel 
to the British Congress on Tuberculosis. In this 
address he particularly emphasised the close associ
ation between tuberculosis and alcoholism. Quoting 
with approbation Sir J. Simon’s remark that “ the 
wretched lodging is the purveyor of the public house,” 
he said, “ the public house is the purveyor of 
tuberculosis.” To this he added, “ in fact, alcoholism 
is the potent factor in propagating tuberculosis. The 
strongest man who has once taken to drink is power
less against it. ... A universal cry of despair rises 
from the whole universe at the sight of the disasters 
caused bv alcoholism. . . . Any measures, State or 
individual, tending to limit the ravages of alcoholism 
will be our most precious auxiliaries in the crusade 
against tuberculosis.”

The' preceding sketch gives a very imperfect idea 
of the important work which Prof. Brouardel did. 
His influence pervaded every department of medical 
life in Paris and in France. Not only was he a dis
tinguished physician, but also a great diplomat, and 
he thus succeeded in securing reforms which would 
otherwise have been impossible. His last public 
appearance was as president of the recent congress in

Paris for the suppression of the illegal practice of 
medicine. He was buried on July 26 in the Mont
parnasse Cemetery after a funeral service in the 
Church of Ste. Clotilde, and by his own request no 
funeral orations were pronounced. A. N.

NOTES.
The annual meeting of the British Medical Association 

began at Toronto oh Tuesday last. In addition to a large 
representation from the British Isles, the meeting is being 
attended by very many medical men from all parts of 
Canada and the United States.

The pressure upon our space prevents us from doing 
more than direct attention to the important letters on 
radium contributed to the Tinies of August 9, 15, 20, and 21 
by Lord Kelvin, Sir Oliver Lodge, and the Hon. R. J. 
Strutt.

According to a Reuter telegram of August 16 from 
Bombay, Dr. Bullock Workman, who has been moun
taineering in Kashmir, ascended a peak in the Nunkum 
range more than 23,000 feet high. Dr. Workman, with 
his wife and Italian guides and porters, camped two nights 
at an altitude of more than 21,000 feet. This is stated to 
be the highest camp ever made by mountaineers.

Further particulars respecting the forthcoming French 
exploring expedition under Major Lenfant are given by the 
Paris correspondent of the Times, quoting from the 
Ddptche Coloniale. Major Lenfant will go first to Brazza
ville, where the real organisation of the expedition will 
take place; the mission will then proceed to Nola, the 
point of junction of the Mambere and the Kadei which 
form the Sangha. At Nola it is probable that some time 
will be spent in the study of the immense forest there. 
From Nola the mission will ascend the Mambere to Bania. 
Thus far it will have followed the route recently taken by 
Major Moll for the delimitation with a German mission 
of the Cameroon frontier. From Carnot Major Lenfant 
will plunge into the wilderness. His goal is Lake Laka, 
which is situated between the Upper Logone and the de
pression of the Tuburi which he has already traversed. 
His object is to trace the various navigable stretches per
mitting the linking, so far as possible by means of the 
river routes, of the basin of the Logone to that of the 
Sangha, and to establish between the Upper Logone and 
the Upper Sangha a direct trade route permitting France 
to dispense with the services rendered by the German 
colony.

A portrait of Robert Bunsen by Prof. Triibner, of 
Karlsruhe, is to be presented to the German Museum of 
Munich by the Grand Duke of Baden.

The Graefe medal of the German Ophthalmological 
Society has been awarded to Prof. Hering, of Leipzig.

Dr. ThoinOT has been appointed professor of medical 
jurisprudence in the Paris Faculty of Medicine in succession 
to the late Prof. Brouardel.

The appointment of Prof. A. Gruvel, formerly of 
Bordeaux, to examine and report upon the sea and river 
fisheries of the French possessions in West Africa is 
announced.

Mr. William Lutlev Sclater has resigned the director
ship of the South African Museum, Cape Town, which 
he has held for the last ten years, and has returned to 
England. He has accepted the post of director of the 



Colorado Museum, Colorado Springs, U.S.A., which is in 
connection with a large college recently established there. 
Before leaving Cape Town, Mr. Sclater completed the 
" Birds ” of his series of the “ Fauna of South Africa ” 
by the issue of the fourth volume. It is to be hoped that 
his successor will be induced to carry on this important 
work to a conclusion.

Mr. Michael John Nicoll, who recently returned 
from accompanying the Earl of Crawford as naturalist 
during his winter voyage in the Valhalla, R.Y.S., round 
Africa, has accepted the post of assistant-director of the 
Zoological Gardens at Giza, near Cairo, and has left 
England to take up the duties of his appointment.

The Royal Economic Society is about to inaugurate an 
annual economic congress to be held in London in the 
January of each year. The first congress will take place 
on January 9 and 10, 1907, when it is hoped that many 
prominent economists, including visitors from foreign 
countries, will be present. It may be mentioned that 
Viscount Goschen, who has been president of the society 
from its inception in 1890, now resigns that position. 
The new president is the Right Hon. R. B. Haldane, M.P.

A committee for the furtherance of cancer research has 
been formed by the Swedish Medical Society under the 
chairmanship of Prof. Berg.

We record with much regret the death of Mr. James 
Dredge, C.M.G. (joint editor with Mr. W. H. Maw of 
Engineering), which occurred on Wednesday, August 15, 
at the age of sixty-six years. Mr. Dredge took great 
interest in the various international exhibitions held both 
in this country and abroad. He was created a Companion 
of the Order of St. Michael and St. George for his services 
as Commissioner-General for Great Britain at the Brussels 
Exhibition of 1897.

The death is announced of Prof. S. Tomaselli, of the 
University of Catania; of Dr. Alexander Bogdanov, 
professor of pathology at Odessa; also of Prof. L6on 
Adrien Prunier, director of the Pharmacie centrale des 
H6pitaux, and a member of the Paris Acadifmie de 
Medecine.

At the seventy-eighth annual meeting of the Associ
ation of German Men of Science and Physicians, which is 
to take place at Stuttgart from September 16-22 next, the 
following addresses will be delivered :—transplantation in 
surgery, by Prof. Garr6, of Breslau ; embryonal transplant
ation, by Dr. Speman; regeneration and transplantation 
in the animal kingdom, by Prof. Korschelt, of Marburg. 
In the medical section a report by Profs. Starling, of 
London, and Krehl, of Strassburg, will be presented on 
chemical correlations in the animal organism.

In addition to the courses of lectures on “ Hygiene in 
its bearing on School Life ” and “ Food and Meat Inspec
tion,” to which attention was directed in our issue of 
August 9, the Royal Sanitary Institute has arranged for 
the following courses :—the forty-second course of lectures 
for sanitary officers, commencing on September 10; the 
tenth course of practical training for meat inspectors, 
beginning on September 21; and "Sanitary Science as 
applied to Buildings and Public Works,” from 
September 28.

The following lectures are announced for delivery at the 
meeting of the Verband selbstandiger offentlicher 
•Chemiker to be held in Dessau from September 23-25 

next :—the founding of a chemical Reichsanstalt, Dr. 
Treumann; the need of reform in the wine laws. Dr. 
Kayser; on the radio-activity of the waters of health 
resorts, Dr. Aschoff; on the analysis of certain coals, 
Prof. Dr. Heyer; on the conditions imposed on industrial 
chemists when appointed, Dr. Treumann; modern milk 
hygiene, Dr. Lenze; demonstration of an apparatus for 
photomicrography, Dr. Wilhelm Lenz; modern methods of 
lighting, Dr. Thiele; on the preservation of secrecy of 
analytical methods, Dr. Vaubel; investigations of the 
phosphorus and sulphur compounds used in the manufac
ture of matches, Dr. Becker; the occurrence of manganese 
in well water and the determination of the same, Dr. 
Woy.

A tuberculosis museum, to which the public is to be 
admitted free, will, it is stated in the British Medical 
Journal, be opened at Darmstadt on August 29. The 
museum, which is the first of the kind in Germany, is in
tended for the instruction of the people in the nature of 
the disease and the means of its prevention. After two 
months the museum will be transferred to some other town, 
and so on through the whole of the Grand Duchy of Hesse.

According to Engineering, some interesting experiments 
have recently been carried out on the military Berlin-Zossen 
railway line the object of which was to ascertain the 
value of a new invention to prevent trains from leaving 
the metals'on account of faulty rails, breakages of wheels 
or axles, or other causes. In order to make the experi
ments as realistic as possible, 2 kilometres of line were 
given up to the purpose, and on this distance intentional 
derailments were effected, the experiments naturally being 
of interest to both the civil and military authorities. The 
German State Railways suffer, it is said, an annual ex
penditure of 250,000!. through damage done by derail
ments.

Although the hydrographic appropriation by Congress 
has been reduced, the investigation of underground waters 
in the eastern LInited States is still being conducted by the 
U.S. Geological Survey, and the work is to be extended 
later in the season.

An economic investigation of iron-ore deposits in Utah, 
Colorado, and the Lake Superior region will, it is stated 
in Science, be conducted next year by Mr. C. R. Van Hise, 
of the JJ.S. Geological Survey. The mapping of the iron 
ores of the Iron Springs Special quadrangle of southern 
Utah was completed on July 1. A special topographic map 
on a scale of 1 : 45,000, with 50-fect contour intervals, has 
been made of an area of 225 square miles. The ore de
posits themselves were mapped on a still larger scale of 
250 feet to the inch. The maps and the report on the 
district will be published during the coming winter.

The department of vertebrate paleontology of the 
American Museum of Natural History has, according to 
Science, no fewer than three expeditions at work this 
season. Mr. B. Brown is continuing the search for dino
saurs in the Cretaceous beds of Montana, Mr. \V. Granger 
is searching for fossil mammals in the Eocene formations 
of Wyoming, and Mr. A. Thomson is exploring tfie later 
Tertiary formations of South Dakota.

According to the British Medical Journal, an ingenious 
apparatus, invented by M. Chaulin, for the destruction of 
mosquitoes was recently presented to the Paris Academy. 
It is a simple kind of metallic cage formed of fine chains 
almost touching, and held rigid by two metallic rings above 



and below. This is suspended from the ceiling, an 
alternating electric current passes through the apparatus, 
and the insects, which are attracted by an electric light 
showing within, are literally electrocuted.

A substance that is spoken of as “ a kind of celluloid ” 
has recently been patented in Italy by an English inventor. 
Celluloid, as is well known, is largely used as a substitute 
for tortoiseshell in the manufacture of combs and other 
small articles, but the use has always been attended with 
a certain amount of risk from its inflammable nature. It 
is claimed for the new invention that in the most aggra
vated circumstances it will only carbonise, and not flow 
like a stream of melting sealing wax, setting fire to any 
inflammable substance that may happen to come in its 
way. The immunity from taking fire is secured by mixing 
glue, gum arabic, and colza oil with the original substance 
when in a liquid state, and purifying it from sediment by 
various processes, until it becomes perfectly clear, when it 
can be worked up to resemble any kind of tortoiseshell at 
a very much lower price.

Of the 728 persons who in 1905 underwent preventive 
treatment for hydrophobia at the Pasteur Institute in 
Paris, four only died of the disease, and in one of these 
cases the disease manifested itself before the completion of 
the treatment. Excluding this case, the total mortality 
shows a percentage of 0'54- In the preceding year the 
number of persons treated was slightly higher, being 755. 
The persons treated at the Paris Institute are divided into 
three categories, as follows :—(a) Where the presence of 
rabies in the animal which inflicted the bite has been 
proved experimentally by the development of the disease 
in animals which were bitten by it or were inoculated 
with its medulla; (l>) where the presence of rabies in the 
animal which inflicted the bite has been confirmed by 
veterinary examination ; (c) where the animals in question 
were supposed to be suffering from rabies. One hundred 
and sixty-six of the persons treated are comprised in 
class (a), 306 in class (b), and 255 in class (c).

A striking proof of the value of the finger-print method 
of identifying criminals is to be found in the recently issued 
report of the Commissioner of the City Police. During the 
past year 1028 persons were arrested for offences under the 
Prevention of Crimes Act, such as being found in enclosed 
premises or in other circumstances suggestive of felonious 
intent. Of these individuals 562 were not recognised at 
the time of their apprehension as having previously been 
under arrest, but on their finger-prints being taken and 
compared with the Scotland Yard registers it was ascer
tained that 265 of them were old offenders.

Recognising the danger to art which was entailed by 
the use of cheap aniline dyes, the Amir of Afghanistan 
some time ago forbade the entry into his territory of 
carpets coloured with such dyes. The Kashmir Durbar 
has now, according to the Pioneer Mail, taken a step which 
should assist materially in saving the various beautiful 
arts for which the vale of Kashmir is famous from deterior
ation or destruction. The Durbar has decided to charge 
a heavy duty of 45 per cent, on all aniline dyes at the 
frontier, and at a certain district within the frontier to 
confiscate and at once destroy them.

While acknowledging the good results obtained in the 
past by the Forest Department, the Government of India 
has decided to make better provision for scientific research 
in connection with Indian forests by the appointment of 
six special officers for the branches of sylviculture, work

ing plans, botany, zoology, chemistry, and economics to. 
form an Imperial Forest Research Institute at Dehra Dun. 
The Indian forester (June) contains a copy of the resolu
tion and a short editorial note voicing the appreciation 
of th'e Service, and pointing out the necessity for working 
out sylvicultural problems for and in India. The editor 
also contributes a second article, with illustrations, on the 
types of forest rest-houses in India—the first article 
appeared in the February issue—contrasting the poor 
accommodation provided in Burma with the more sub
stantial quarters found in the United Provinces.

Prof. A. H. R. Buller has taken up a useful subject 
for research in making a study of the basidiomycetous 
fungus, Polyporus squamosus, that grows as a wound para
site on maples, elms, and other trees. An account dealing 
with the life-history of the fungus and its action on the 
wood of Acer is published as vol. i., No. 3, of the Journal 
of Economic Biology. As observers have noted for the 
spores of other basidiomycetes, germination is not easily 
effected; spores were germinated in artificial media, such 
as malt-wort extract and solutions containing peptone and 
asparagin, but the factors necessary to natural germination 
were not discovered. Prof. Buller has devoted a separate 
paper, published in the Annals of Botany (January), to his 
examination for ferments, in which his tests point to the 
presence of seven ferments, including amylase and emulsin, 
but the tests for maltase and invertase yielded negative 
results.

Coloured drawings made by Prof. L. Errera in connec
tion with his studies on glycogen and paraglycogen in the 
fungi, to which reference was made in Nature, June 7, 
p. 134, have been discovered, and have been issued as part 
of vol. i. of the Recueil de I'Institut botanique, Brussels. 
The test consists in producing a distinct red or brown 
colour with a solution of iodide in potassium iodide, that 
disappears on heating strongly and reappears on cooling. 
A very marked reaction was obtained with the zoospore of 
Polyphagus Euglenae, with the young oidium of Sphaero- 
theca Castagnci, and with the young ascus of Geoglossum 
hirsutum.

According to the report for the past year, the Boston 
(U.S.A.) Natural History Society is making satisfactory 
progress in the matter of exhibiting a complete collection 
of the fauna bf New England. During the year specimens 
of moose and caribou have been installed, while the series 
of birds has been increased by specimens representing 
thirty-three species new to the collection.

In an exceedingly interesting article published in the 
August number of the American Naturalist Prof. R. S. 
Lull discusses the various structural modifications for flight 
occurring in vertebrates. Inclusive of extinct forms, volant 
evolution, in the author’s opinion, has occurred in seven
teen distinct instances, ten of which are, however, merely 
adaptations for soaring leaps. Among these latter Mr. 
Lull includes the so-called flying-frogs (Rhacophorus), the 
volant powers of which have been denied, and the Sifaka 
lemurs (Propithecus) of Madagascar, the long leaps of 
which are said to be aided by a rudimentary patagium. 
In connection with flying-fishes, it may be noted that the 
author considers Colonel Durnford to have definitely proved 
the necessity for wing-vibrations. As regards pterodactyles, 
Mr. Lull is of opinion that while the long-tailed Rhampho- 
rhynchus flapped its wings during flight, the gigantic 
Pteranodon of the Cretaceous had a sailing flight, with 
little or no wing-flapping, and may, indeed, have been



unable to fly at all except on a windy day, when, by 
facing the wind, it would be able to rise to a considerable 
altitude before its inertia was overcome.

In connection with the foregoing paragraph we -may 
take the opportunity of referring to the marked discrepancy 
in the matter of nomenclature which distinguishes the 
papers of systematic specialists from those of biologists 
with a wider range of studies. In Prof. Lull’s paper, for 
instance, the flying-lemur is referred to by the time- 
honoured title of Galasopithecus, whereas in a recent paper 
by Mr. G. S. Miller (Proc. U.S. Nat. Mus., No. 1481) we 
find it figuring as Cynocephalus, a name until recently 
used for the baboons. As the president of the Bavarian 
Ornithological Society remarked in his address for 1904, in 
connection with the proposed transposition of the names 
Tardus musicus and T. iliacus, “ all these changes of long- 
established names, even when the alteration was justifiable, 
should be most rigorously guarded against, as the greatest 
confusion would be the only result.”

In addition to Prof. Lull’s communication, the August 
number of the American Naturalist contains an article by 
Messrs. Dexler and Freund on the external morphology of 
the dugong, which is illustrated with reproductions from 
photographs throwing new light on the form of the muzzle. 
In the third article Mr. M. L. Hammatt describes the 
manner in which the anemone Mctridium marginatum 
multiplies by fission. After either natural or artificial 
fission, “ the fragment cut off curls together until its 
extremities meet, making parts of mesenteries before nearly 
parallel now radial in position, thus attaining to the sea
anemone structure with the least possible expenditure of 
energy."

In vol. xxii., art. 2, of the Bulletin of the American 
Museum of Natural History, Prof. H. F. Osborn publishes 
a complete description and restoration of the skeleton of 
the gigantic carnivorous dinosaur Tyrannosaurus from the 
Upper Cretaceous of North America. The creature stood 
about 16 feet, to the crown of the head, and there is a 
possibility that it may have carried an armour. The most 
remarkable feature in its osteology is the presence of a 
series of abdominal ribs comparable to those of the 
tuatera (Sphenodon), such structures having hitherto been 
unknown either among dinosaurs or crocodiles. The author 
states, however, that they have been found to exist in 
the allied genus Allosaurus, and suggests that they may 
also be represented in the herbivorous sauropodous dino
saurs, in which group they have been regarded as referable 
to the shoulder-girdle.

As a contribution to the Hann jubilee volume of the 
Meteorologische Zeitschrift, 1906, Dr. J. M. Pernter has 
selected the interesting subject of the determination of the 
size of cloud components from the phenomena of optical 
meteorology, e.g. halos and coronae round sun and moon, 
and glories such as formed by the shadow of the observer, 
like the Spectre of the Brocken, &c. Among the first to 
undertake the measurements of the ice-crystals or minute 
rain-drops were Fraunhofer and Kamtz. Many of these 
measurements have been re-calculated, together with much 
additional information obtained chiefly from observations 
made on Ben Nevis, by using the revised formulas of Airy 
and Verdet. These measurements are given in detail in 
several tables; the general conclusions arrived at are that 
both in clouds and fogs, up to the altitude of the highest 
clouds, the diameters of the ice-crystals are from about 5 m 
to 20 n, and that consequently 5 /i is the lower limit of the
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thickness of the ice-prisms. For rain-drops in clouds and 
fogs the diameters are found to be between 20 m and about 
100 ft. Dr. Pernter points out that these dimensions only 
hold good when no precipitation is falling, and further that 
it does not follow that still smaller ice-crystals, &c., may 
not be floating about in the clear atmosphere, their number 
being too few to cause any visible appearance of con
densation.

In a memorandum (dated August 5) on the meteorological 
conditions in Egypt and the Sudan during July, Captain 
Lyons, director-general of the Survey Department, 
estimates that the Nile flood will be near the average this 
year, so far as information is at present available; the 
critical period is said to be the first ten days of August, 
as the volume of the flood depends on the level attained 
by the Blue Nile being maintained for a sufficient time 
during this month. The rainfall recorded at the principal 
stations around the Nile basin in July shows that the 
excess, which had been persistent since the beginning of 
the year, is now, however, replaced by a deficiency, while 
the fall over the Sudan plains has been somewhat above 
the average at most stations from which observations have 
been received.

The Psychological Bulletin (vol. iii., No. 4) contains an 
article by Prof. G. M. Stratton on the character of con
sciousness. The conclusion to which the writer comes is 
that consciousness is either the generical mark of all 
psychic processes or else a special one of these processes, 
viz. that of knowing. If, therefore, we apply the term con
sciousness to the act of cognition, “ it should not be under
stood that knowing is the supreme function in the world of 
objects, or that it really breaks loose from those connec
tions with feeling and will which modern psychology has 
recognised.” Consequently, it seems to him that it would 
be best to say “ knowledge ” when we mean “ knowledge,” 
and to let the term “ consciousness ” designate the common 
and generic features of our psychic acts.

The Bulletin de I’Institut Central Psychologique 
(50 Ann^e, No. 6) contains two interesting articles, one a 
full account of the marine laboratory at Wimereux, founded 
in 1874 by Prof. Giard, the other on the fifth international 
psychological congress held at Rome last year. A short 
account is given in this last of the dispute between Flechsig 
and Sciamanna regarding the localisation of functions in the 
frontal and pre-frontal regions. The former maintained 
that all the frontal region corresponded to the most elevated 
associations, the feelings of personality, of self-conscious
ness, and of self-control, and that to the pre-frontal region 
in particular belonged voluntary action. Sciamanna, after 
experiments on monkeys, came to the conclusion that in 
them, at any rate, the pre-frontal lobes could not be con
sidered as the seat of intelligence, morality and the 'ike, 
but that these higher functions ought to be considered, as a 
rule, the result of the regular and harmonious working of 
the cerebral mass as a whole, and that any disturbances 
consequent on lesion were to be attributed to the rupture 
of this complete harmony. A committee appointed to 
examine the monkeys before and after death confirmed 
Sciamanna’s account of their undisturbed mental condition, 
but, on the other hand, found that the removal of the frontal 
lobes had not been so complete as Sciamanna believed.

The Manchester Microscopical Society has just issued 
a revised list of the lectures arranged for delivery by 
members of the extension section of the society during the 
coming winter. The object in view by the section is to 



bring scientific knowledge, in a popular form, before socie
ties unable to pay large fees for professional lectures, and 
all fees paid for lectures are devoted to the working 
expenses of the section. Applications for the list by the 
secretaries of natural history and kindred societies should 
be made to the honorary secretary of the extension section 
of the Manchester Microscopical Society at 22 Filey Road, 
Fallowfield, Manchester.

Messrs. Wratten and Wainwright have sent us a batch 
of their panchromatic plates, which have been recently pre
pared in response to the demand for a plate having more 
uniform sensitiveness to the various spectral colours. Very 
searching tests on photographs of various spectral radiations 
show conclusively the unique qualities of the new emulsion. 
For instance, on a photograph of the spectrum of the iron 
arc the green region, usually difficult to obtain with such 
exposures as give the blue of normal density, is shown of 
actually greater density than the blue; at the same time, 
the red end of the spectrum is very uniformly rendered up to 
A 7600, and with slightly longer exposure somewhat beyond 
this. This particular batch of plates was of medium 
rapidity, the sensitiveness measured to daylight being 
94 11 and D, 138 Watkins and F/94 Wynne. Development 
took about 3 minutes for most of the exposures tried, and 
the plates were clear and clean in working. An important 
factor in spectroscopic work is the fineness of the grain of 
the silver deposit, and in this respect the Wratten pan
chromatic is excellent. There is no doubt that for spectrum 
investigation extending over the whole region from ultra
violet to extreme red these plates are the most satisfactory 
at present obtainable. If one might be permitted to ask 
for further convenience, it would be to maintain the 
present colour sensitiveness ratios, and endeavour to in
crease the general rapidity. Should it be found possible to 
do this and, at the same time, keep the grain within 
reasonable bounds, this type of emulsion would be of 
immense service for stellar spectrum photography, as for 
this purpose a rapid plate is essential on account of the 
feebleness of the light. A notable feature of the instruc
tions sent out with the plates is the provision (for the first 
time, so far as we are aware) of a table showing the normal 
time of development for varying temperatures. It is well 
known that the temperature of the developing solution has a 
considerable effect on the speed of appearance and subse
quent growth of the latent image, and as the new plates are 
practically equally sensitive to all colours, requiring de
velopment in darkness, it is very advantageous to be 
able to control by time the correct duration of the pro
cess. The figures given for this purpose are not arbitrary, 
but have been obtained from exhaustive experimental trials, 
and can therefore be relied on without hesitation to give 
comparatively uniform results. The developer recommended 
is a very weak combination of metol hydroquinone, but 
excellent results have been obtained with other ordinary 
developers, some much more concentrated, so that no dif
ficulty is likely to be found from this cause when the time 
best suited to the developer chosen is once determined.

Two more parts of Prof. O. D. Chwolson's “ Trait6 de 
Physique,” which M. A. Davaux is translating into French 
from the Russian and German editions, have been pub
lished in Paris by M. A. Hermann. The first parts of 
vols. i. and ii. were reviewed at length in our issue for 
February 15 last (vol. Ixxiii., p. 362), and the present 
fascicles are the second parts of these volumes. The former 
deals with the gaseous state of bodies, and the latter with 
indices of refraction and the dispersion and transformations
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of radiant energy. As in the volumes reviewed on a previous 
occasion, the two new parts are provided with notes on 
theoretical physics by MM. E. and F. Cosserat.

Prof. H. Erdmann’s “ Lehrbuch der anorganischen 
Chemie,” the fourth edition of which has just been pub
lished by Messrs. F. Vieweg and Son, Brunswick, is a 
comprehensive text-book containing nearly eight hundred 
pages and three hundred figures. The work presents a 
concise statement of the present position of inorganic 
chemistry ; it should be of service, not only to students of 
chemistry, but also to those concerned with the study 
or progress of other branches of pure and applied 
science.

OUR ASTRONOMICAL COLUMN.
Comet igo6d.—From an observation made at Lyons on 

July 21, M. J. Guillaume recorded that Finlay’s comet, on 
that date, had a nebulous appearance with diffuse edges, 
and that the central condensation was of the twelfth magni
tude, the magnitude of the whole object being 11-5.

The observation also showed that the position given by 
M. Schulhof’s ephemeris for that date needed but small 
corrections; a further abstract from the ephemeris is given 
below :—

Ephemeris (uh. M.T. Paris).
1906 a (app) 5 (app.) log A

h. in. ». o ,
Aug. 26... 5 6 19 ... +14 31 ... 9’50197

28... 5 18 7 ... +15 18 ... 9 51725
30... 5 29 17 ... 4-15 59 ... 9’53*58

Sept. 1... 5 39 51 ... +16 37 ... 9 54783
The comet will pass about i° south of 15 

August 26 (Astronomische Nachrichten).

1 : ,«a2
... 1025
... 9 66
... 9’08
- 8’53

Orionis on

A Memorial to the late Prof. Tacchini.—From No. 7, 
vol. xxxv., of the Memorie della Society degli Spettroscopisti 
Italiani, we are pleased to learn that an international 
subscription list has been opened for the purpose of found
ing some lasting souvenir in honour of that great Italian 
astronomer the late Prof. Tacchini.

A circular letter to this end has, evidently, already been 
addressed to the members of the society which he founded, 
and a goodly sum thus realised, but not sufficient to 
fulfil the object aimed at in a manner worthy of the 
occasion.

No doubt the fellow-workers and admirers of Pietro 
Tacchini, who did so much for the cause of astronomy, 
will be glad to have this matter brought to their notice, 
and to help forward the scheme. Subscriptions should be 
addressed to Prof. L. Palazzo, Directeur du Bureau Central 
de Mdtdorologie et G^odynamique, Rome.

Report of the Paris Observatory for 1905.—Although 
M. Loewy, in opening his report of the work done at the 
Paris Observatory during the year 1905, mentions that 
observations were curtailed owing to the preparations for 
the total eclipse of the sun, the lamented death of M. Pau' 
Henry, the necessary alterations to the principal meridian 
circle, and other causes, it appears from the report itself 
that a great deal of work was prosecuted during the 
year.

The publications included twenty-seven sheets of the 
“ Cart du Ciel ” showing images of 39,697 stars, the ninth 
part of the photographic atlas of the moon, the second 
volume of the “ Catalogue photographique du Ciel,” giving 
the rectangular coordinates of some seventy thousand stars 
between declination 4-22° and +24°, and the Annales for 
1902.

Two important pieces of work, the determination of the 
difference of longitude Greenwich-Paris, and the reduction 

• of the magnitudes and positions of the stars in the cluster 
Messier 3, were completed.

The programme for the current year includes, among 
other things, the determination of the constant of aberra
tion by M. Bigourdan, the measurement of stellar radial 
velocities by M. Hamy, and the photographical record of 
the ionisation of the atmosphere by M. Nordmann.



Italian Observations of the Total Solar Eclipse 
(1905).—An interesting illustrated report of the organisation, 
equipment, and results of the Italian observations of the 
total eclipse of August last is given by Prof. Ricco in 
No. 7, vol. xxxv., of the Memorie della Societd degli 
■Spcttroscopisli Italiani.

When first organised, the eclipse party included Prof. 
Tacchini, and, on his lamented death, the programme pro
posed had, therefore, to be somewhat modified.

Finally, it was decided that the expedition should make 
its observations at AlcalA de Chivert, the programme 
including spectroscopic and direct observations of the 
prominences, photography of the corona, photographic 
•observations of the spectrum of the eclipsed sun with a 
slit spectroscope and a prismatic camera, and observations 
of the solar radiation, the ionisation of the atmosphere, 
and the polarisation of the coronal radiations.

Although the work was interfered with by clouds, some 
interesting and valuable observations were made, and are 

■recorded in the article referred to above.
The Spectra of Sun-spots /nd Red Stars.—In a 

previous paper Profs. Hale and Adams considered the 
.question of the similarity of the spectra of sun-spots and 
of fourth-type stars, and arrived at the conclusion that the 
coincidences met with in comparing the spectra suggested 
the existence of spots, similar to those on the sun, on such 
stars. Their evidence was confirmed by Sir Norman 
Lockyer, who further suggested that the temperature con
ditions of fourth-type stars, taking the absorbing atmo
spheres as a whole, arc about the same as those obtaining 
in the restricted region of a spot nucleus in the sun’s 
photosphere, both the stellar and the sun-spot atmospheres 
having a lower temperature than that indicated by the 
•ordinary Fraunhoferic solar spectrum. In a paragraph 
added to the present paper, reprinted as a Contribution 
from the Solar Observatory, Mount Wilson (No. 8), Prof. 
Hale acknowledges the possibility of this suggestion afford
ing the true explanation. Prof. Hale’s conclusion was 
examined by Dr. W. M. Mitchell, who compared his 
Princeton observations of spot spectra with the star spectra, 
and was unable to confirm the coincidences of the 
lines.

In a paper now communicated to No. 5, vol. xxiii., of 
the Astrophysical Journal, Profs. Hale and Adams point 
out that in the spectra of fourth-type stars the spot lines 
may be obliterated by bright lines, and that their apparent 
absence may not, therefore, be accepted as final evidence 
until better photographs of the fourth-type spectra can be 
obtained. Such spectra will probably be obtained when 
the 5-feet reflecting telescope is erected at Mount Wilson 
and a suitable spectrograph adapted to it. Comparing 
the spot spectra with the spectrum of a Orionis, the same 
observers show that the lines of the elements vanadium, 
titanium, and manganese, which are strongly affected in 
spot spectra, are also especially strong in this third-type 
star.
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makes direct use of that property, as in the drawing of 
wires and tubes or the flanging of plates. He is concerned, 
too, with the hardening effect that occurs in such processes 
when work is expended on permanently deforming a metal 
in the cold state, and also with the restoration to the 
normal condition of comparative softness which can be 
brought about by annealing. Nor can he afford to be in
different to the phenomena of “ fatigue ” in metals, which 
manifest themselves when a piece is subjected to repeated 
alternations or variations of stress—fatigue of strength and 
fatigue of elasticity, which, like physiological fatigue, 
admits under some conditions of rest-cure, inasmuch as it 
tends to disappear with the lapse of time. No apology 
need be made in selecting for a Presidential Address to 
Section G a subject that touches so many points of direct 
practical interest to engineers. It is a subject which has 
for me the additional attraction of lying in the borderland 
between engineering and physics—a borderland in which 
I have often strayed, and still love to stray, and I enter 
it to-day even at the risk of wandering into regions which, 
to engineers, may seem a little remote from home, regions 
where the landscape has, perhaps, a suspicious likeness to 
that of the country over which the learned men of 
Section A hold rule.

To engineers, quite as much as to physicists and chemists, 
we owe in recent years an immense extension of knowledge 
regarding the structure of metals. This has come about 
mainly by the intelligent use of the microscope. Take any 
piece of metal, in the state in which an engineer makes 
use of it, polish and lightly etch its surface, and examine 
it under the microscope, and you find that it is a congeries 
of a multitude of grains, every one of which may be proved 
to be a crystal. It is true that the boundaries of each 
grain have none of the characteristics of geometrica1 
regularity which one is apt to look for in a crystal, but 
the grain is a true crystal for all that. Its boundaries 
have been determined by the accident of its growth in 
relation to the simultaneous growth of neighbouring 
grains—the grains have grown, crystal fashion, until they 
have met, and the surface of meeting, whatever shape it 
may happen to take, constitutes the boundary. But within 
each grain there is the true crystalline characteristic—a 
regular tactical formation of the little elements of which 
the crystal is built up. It is as if little fairy children had 
built the metal by piling brickbats in a nursery. Each 
child starts wherever it happens to be, placing its first 
brickbat at random, and then piling the others side by 
side with the first in geometrical regularity of orientation 
until the pile, or the branches it shoots out, meets the 
advancing pile of a neighbour; and so the structure goes 
on, until the whole space is entirely filled by a solid mass 
containing as many grains as there have been nuclei from 
which the growth began.

I intend to devote this Address to considering in certain 
aspects the inner structure of metals and the manner in 
which they yield under strain. It will not be disputed that 
this is a primary concern of the engineer, who in all his 
problems of design is confronted by the limitations imposed 
on him by the strength and elasticity of the materials he 
employs. It is a leading aim with him to secure lightness 
and cheapness by giving to the parts such dimensions as 
are no larger than will secure safety, and hence it is of the 
first importance to know in each particular case how 
high a stress may be applied without risk of rupture or 
of permanent alteration in form. Again, the engineer 
recognises the merit, for structural purposes, of plasticity 
as well as strength, and in many of his operations he

We now know that this process of crystal growth occurs 
not only in the solidification of a metal from the liquid 
state, but in many cases during cooling through a 
“ critical ” temperature when the metal is already solid. 
We know also that the process may in certain conditions 
go on slowly at very moderate temperatures. We know 
also that the process of annealing is essentially the raising 
of the metal to a temperature at which recrystallisation 
may take place, though the metal remains solid while this 
internal rearrangement of its particles goes on. Whether 
crystallisation occurs in solidifying from the liquid or 
during the cooling of an already solid piece it results in the 
formation of an aggregate of grains, each one of which is 
a true crystal. Their size may be large or small—in 
general, quick cooling means that crystallisation starts 
from many nuclei, and the resulting grains are consequently 
small; with very slow cooling you get a gross structure 
made up of grains of a much larger size.

For simplicity of statement I shall ask you in what 
follows to confine your attention to simple metals, omitting 
any reference to alloys. Alloys present many complexities, 
into which we need not at present enter. With simple 
metals every crystalline grain is made of the same sub
stance : the elementary brickbats are all exactly alike, 
though there may be the widest variation from grain to 
grain as regards the form of the grain, and also as regards 
the direction in which the elementary brickbats are piled.



In any one grain they are piled with perfect regularity, 
all facing one way, like a regiment of perfectly similar 
soldiers formed up in rows, where each man is equidistant 
from his neighbours, before and behind, as well as to right 
and to left. Or perhaps I might compare them to the well- 
drilled flowers of an early Victorian wall-paper.

It was shown by Mr. Rosenhain and myself 1 that when 
a piece of metal is strained beyond its limit of elasticity, 
so that permanent set is produced, the yielding takes place 
by means of slips between one and another portion of each 
crystal grain. A part of each crystal slides over another 
part of the same crystal, as you might slide the cards in 
a pack. It is as if all the soldiers to one side of a given 
line were to take a step forward, those on the other side 
remaining as they were, or as if all the men in the front 
rows took a step to the left, while those in the rows behind 
kept their places. In other words, the plasticity which a 
metal possesses is due to the possibility of shear on certain 
planes in the crystal that are called “ cleavage ” or 
“ gliding ” planes. Plastic yielding is due to the occurrence 
of this shear; it may take place in three or more direc
tions in a single grain, corresponding to the various 
possible planes of cleavage, and in each direction it may 
happen on few or many parallel planes, according to the 
extent of the strain to which the piece is subjected. 
Examine under the microscope the polished surface of a 
piece of metal which has been somewhat severely strained 
after polishing, and you find that the occurrence of this 
shear or slip is manifested on the polished surface by the 
appearance of little steps, which show themselves as lines 
or narrow bands when looked at from above. To these 
we gave the name of slip-bands. Just as the piece of 
metal is an aggregate of crystal grains, the change of 
shape which is imposed upon it in straining is an aggregate 
effect of the multitude of little slips which occur in the 
grains of which it is made up. Each grain, of course, 
alters its form in the process.

Speaking broadly, this distortion of the form of any one 
grain by means of slips leaves it still a crystal. If part 
of the group of brickbats moves forward, keeping parallel 
to themselves and to the others, the formation remains 
regular, except that a step is formed on the outermost 
rows; the orientation of the elements continues the same 
throughout. Considerations which I shall mention presently 
lead to some qualification of this statement. I now see 
reason to believe that in the process of slip there is a 
disturbance of the elementary portions or brickbats adjoin
ing the plane of slip, which may alter their setting, and 
thereby introduce to a small extent some local departure 
from the perfectly homogeneous orientation which is the 
characteristic of the true crystal. In very severe straining 
there may even be a wide departure from true crystalline 
character. We shall recur to this later; but meanwhile it 
will suffice to say that substantially the slip which is 
involved in a plastic strain of moderate amount is a bodily 
translation, parallel to themselves, of part of the group 
of elementary brickbats or molecules which build up the 
grain. If a crystal the form of which has been altered, 
even largely, by such straining is cut and polished and 
etched it appears, under the microscope, to be to all intents 
and purposes as regular in the tactical grouping of its 
elements as any other crystal.

Further, in the process of straining we have, first, an 
elastic stage, extending through very small movements, in 
which there is no dissipation of energy and no permanent 
set. When this is exceeded, the slip occurs suddenly; the 
work done in straining is dissipated ; if the straining force 
is removed a strain persists, forming a permanent “ set ”; 
if it continues to act it goes on (within certain limits) pro
ducing augmented strain. In general a large amount of 
strain may take place without the cohesion between the 
gliding surfaces being destroyed. Immediately after the 
strain has occurred there is marked fatigue, showing itself 
in a loss of perfect elasticity ; but this will disappear with 
the lapse of time, and the piece will then be harder than 
at first. If, on the other hand, a process of alternate 
straining back and forth be many times repeated, the piece 
breaks.

1 Ewinc and Rosenhain, “ The Crystalline Structure of Metals," 
Bakerian Lecture, Phil, Trans. Ray. Roc., vol. cxciii. A, 189g.

These are now familiar facts. Can we attempt to explain 
them on the basis of a molecular theory which will at the 
same time offer a clue to the process of crystal-building 
as we find it in metals? I venture to make this Address 
the occasion of inviting attention to some more or less 
speculative considerations which may be held to go some 
little way towards furnishing the material for such an 
explanation.

At the Leeds Meeting of this Association, in 1890, it was 
my privilege to bring forward certain contributions to the 
molecular theory of magnetism, and to show a model which 
demonstrated that the rather complex phenomena of 
magnetisation were explainable on the very simple assump
tion that the magnetic molecules are constrained by no 
other forces than those which they mutually exert on one 
another in consequence of their polarities.1 From this 
were found to result all the chief phenomena of permeability 
and magnetic hysteresis. Let us attempt to-day to apply 
considerations of a similar character to another group of 
physical facts, namely, those that are associated with the 
crystalline structure of metals and with the manner of 
their yielding under strain. Just as in dealing with mag
netic phenomena, 1 take as starting-point the idea that the 
stability of the structure is due to mutual forces exerted 
on one another by its elementary parts or molecules, and 
that the clue to the phenomena is to be sought in the 
play of these mutual forces when displacement of the 
molecules occurs.

Iron and most of the useful metals crystallise in the 
cubic system; for simplicity we may limit what has to be 
said to them. Imagine a molecule possessing polarity 
equally in three directions, defined by rectangular axes. 
We need not for the present purpose inquire to what the 
polarity along the axes is due; it will suffice to assume 
that the molecule has six poles, three positive and three 
negative, and that these repel the like and attract the un
like poles of other molecules. We may make a model by 
using three magnetised rods fixed at right angles to one 
another at their middle points. I imagine, further, that 
the molecule has an envelope in the shape of a sphere, 
which touches the spherical envelopes of its neighbours, 
and assume that these spheres may turn on one another 
without friction.’

Think now of the process of crystal-building with a 
supply of such spherical molecules for brickbats. Starting 
with one molecule, let a second be brought up to it and 
allowed to take up its place under the action of the polar 
forces. It will have a position of stability when a positive 
pole in molecule A touches (or lies in juxtaposition to) a 
negative pole in molecule B, with the corresponding axes 
in line, and when the further condition is satisfied that 
the axes in molecule B the poles of which are not touched 
by A are stably situated with respect to the field of force 
exerted by the poles of A.

In other words, we have this formation :—

For convenience of representation in the diagram the poles 
are distinguished by the letters N. and S., but it must 
not be assumed that the polarities with which we are here 
concerned have anything to do with magnetism.

Suppose, now, that the crystal is built up by the arrival 
of other molecules, each of which in its turn assumes the 
position of maximum stability consistent with formation in

1 "Contributions to the Molecular Theory of Induced Mannerism,” 
Proc. Roy. Soc.,v<&. xlviii., June 10, 1890, or Phil. Mag., September, 1890.

- Or, let the envelope be a shelf of any form, inside of which the axes 
of polarity are free to turn as a rigid system.



cubic or normal piling. The group in that case takes an 
arrangement which is essentially a repetition of this 
quartette :—

Along each row the polarity preserves the same direction, 
but the polarity of each row is opposite to that of each 
contiguous parallel row. This description applies equally 
to all three axes. The whole group (Fig. 3) consists of 
the quartettes of Fig. 2 piled alongside of and also on top 
of one another. In this way we arrive at what I take to 
be the simplest possible type of cubic crystal.

In this grouping each molecule has the alignment giving 
maximum stability, and it seems fair to assume that it 
will take that alignment when the crystal grain is formed 
under conditions of complete freedom, as in solidifying from 
the liquid state. As a rule, the actual process of crystal
building goes on dendritically; branches shoot out, and 
from them other branches proceed at right angles, leaving 
interstices to be filled in later. We have, therefore, to 
conceive of the molecules as piling themselves preferably 
in rows rather than in blocks, though ultimately the block 
form is arrived at. In this position of maximum stability 
each molecule has its six poles touching poles of contrary 
name.

Now comes a point of particular importance. Imagine 
two neighbouring molecules in the same block to be turned 
round, each through one right angle, in opposite senses. 
They will now each have five poles touching five poles of 
contrary name, but the sixth pole will touch a pole of 
the same name as itself. They are still stably situated, 
but much less stably than in the original configuration, 
and they will revert to that configuration if set swinging 
through an angle sufficient to exceed the limited range 
within which they are stable in the new position.

Similarly we may imagine a group of three, four, or 
more molecules, each to be turned through a right angle, 
thereby constituting a small group with more or less 
stability, but always with less than would be found if the 
normal configuration had been preserved. The little group 
in question may be made up of molecules in a row, or it

Fig. 3.

may be a quartette or block, or take such a form as a 
T or L. A sufficient disturbance tends to resolve it into 
agreement with the normal tactics of the molecules which 
build up the rest of the grain.

It is conjecturally possible that small groups of this 
NO. 1921, VOL. 74] 

kind, possessing little stability, may be formed during the 
process of crystallisation, so that here and there in the 
grain we may have a tiny patch of dissenters keeping one 
another in countenance, but out of complete harmony with 
their environment.

If this happens at all during crystallisation, it would 
seem less likely to happen in free crystallisation from a 
liquid state than in the more constrained process that occurs 
when a metal already in the solid state recrystallises at a 
temperature far below its melting-point. Though rare or 
absent in the first case, it might occur frequently in the 
second. There are differences in the appearance of crysta' 
grains under the microscope in metal as cast and in meta1 
as recrystallised in the solid state, of which this may be 
the explanation. It may also explain a difference pointed 
out by Rosenhain,1 that the slip lines in cast metal are 
straight and regular, whereas in wrought iron and other 
metals which have recrystallised in the solid they rarely 
take a straight course across the crystal, but proceed in 
jagged, irregular steps. These may be due to the presence 
here and there of small planes of weakness, resulting from 
the existence of what 1 have called dissenting groups. 
Again, these groups, possessing, as they do, less stability 
than their normal neighbours, may be conjectured to differ 
from the normal parts of the grain in respect of electro
lytic quality, and to be more readily attached by an etch
ing reagent. Hence, perhaps, the conspicuous isolated 
geometrical pits that appear on etching a polished surface 
of wrought iron.

It will help in. making clear these points, and others 
that are to follow, if we study the action of a model formed 
by grouping a number of polarised “ molecules ” in one 
plane, supporting them on fixed centres, about which they 
are free to turn. In the model before you the centres are 
uniformly spaced in rectangular rows, and the “ mole
cules ” are + shaped pieces of hardened steel, strongly 
magnetised along each of the crossed axes, each having, 
therefore, two north poles and two south poles. The third 
axis is omitted in the model, the movement to be studied 
with the help of the model being movement in one plane. 
On placing these “ molecules ” on their centres they readily 
take up the position already indicated in Fig. 3. Each one 
within the group has its four poles in close proximity to 
four poles of contrary name, and is, therefore, highly 
stable. If disturbed by being turned through a small angle, 
and let go, it swings back, transmitting a wave of vibra
tion through the group, which is reflected from the edges, 
and is finally damped out in the model by pivot friction 
and air friction. We may assume some damping action 
(say by'the induction of eddy-currents) in the actual solid, 
of which the model may be taken as a very crude repre
sentation.

By turning two molecules carefully round together, each 
through one right angle in opposite senses, we set up a 
dissenting pair, the equilibrium of which has feeble stability. 
A slight displacement, such as might be produced by the 
transmission of a vibrational wave, breaks them up, and 
they swing back to the normal configuration, giving out 
energy, which is taken up by the rest and is ultimately 
dissipated. By making the dissenting coterie consist of 
three or more we can give it additional strength.

An example is shown in Fig. 4, where the three molecules 
marked <1, b, and c are turned round in this way.

Notice that the normal molecule d, adjoining a line of 
such dissenters, is in a peculiar position. His neighbours 
present to him three N. poles and one S. pole. He has 
the choice of conforming to the majority, or of throwing 
in his lot with the dissenters; and he has a third possible 
position of equilibrium (very feeble equilibrium) which is 
reached when his two S. poles are turned until the one 
neighbouring south pole faces just between them. I have 
laboured these points a little because they seem important 
when we come to speak of the effects of strain.

Consider now the straining action, which we may imitate 
in the model by sliding one part of the group past the 
other part. For this purpose the centres arc cemented to 
two glass plates which can slide parallel to one of the 
axes.

1 Rosenhain, “ The Plastic Yielding of Iron and Steel, "Jour, Iron and 
Steel Institute. No. 1 for 1904, p. 335.



At first, when the displacement by sliding is exceedingly 
small, the strain is a purely elastic one. The molecules 
adjacent to the plane of sliding pull one another round a 
little, but without breaking bonds, and if in this stage the 
strain is removed, by letting the plate slide back to its 
original position, there is no dissipation of energy. The 
work done in displacing the molecules is recovered in the 
return movement. We have here a representation of what 
happens between each pair of adjoining rows in the elastic 
straining of a metal. So far the action is within the limit 
of elasticity; it leaves no permanent effect: it is completely 
reversible.

But now let the process of straining be carried further. 
The opposing molecules try to preserve their rows intact, 
but a stage is reached when their resistance is overcome; 
the bonds are broken, and they swing back, unable to 
exert further opposition to the slip. The limit of elasticity 
has now been passed. Energy is dissipated ; set has been 
produced ; the action is now no longer reversible. The 
model shows well the general disturbance that is set up in 
molecules adjoining the plane of slip, which we may take 
to account for the work that is expended in a metal in 
producing plastic strain.

Moreover, when the slip on any plane stops and the 
molecules settle down again, the chances are much against 
their all taking up the norma! orientation which they had 
before the disturbance. What I have called dissenting 
groups or unstable coteries are formed as a result of the 
disturbance. Here and there like poles are found in juxta
position. Viewed as a whole, the molecular constitution 
of the metal in the region adjacent to the plane of slip

Fig. 4.

is now uncertain and patchy. It includes parts the stability 
of which is much less than normal. Individual molecules 
or small groups in it are very feebly stable ; a touch would 
make them tumble into positions of greater stability.

Observe how all this agrees with what we know about 
the nature of plastic strain through experiments on iron 
or other metals. Its beginning is characteristically jerky. 
Once the critical force is reached, which is enough to 
start it, there is a big yield, which will not be stopped even 
by reducing the amount of the straining force.

Again, we know that there is a slow creeping action that 
continues after the straining force has done its main work. 
I ascribe this to the gradual breaking up of the more 
unstable groups which have been formed during the sub
sidence of disturbance in the earlier stage of the slip.

Further, we know that overstrained iron is very 
imperfectly elastic until it has had a long rest, or until 
it has been raised for a short time to a temperature such 
as that of boiling water.' This is to be expected when we 
recognise the presence of unstable individuals or groups 
resulting from the overstrain. When the elasticity of the 
overstrained piece is tested by removing and reapplying 
the load, some of these tumble into new positions, making 
inversible movements, which dissipate energy and produce 
hysteresis in the relation of the strain to the stress although 
the strain is quasi-elastic. At the ordinary temperature these 
unstable groups are gradually becoming resolved, no doubt

1 J. Muir, “On the Recovery of Iron from Overstrain,’* Phil. Trans.. 
vol. cxciii. A, tyoo.

through the action of the molecular movements that are 
associated with heat, and hence the slow progressive re
covery of perfect, or nearly perfect, elasticity shown by 
the experiments of Muir. Let the temperature be raised 
and they disappear much more quickly ; in warm surround
ings the rest-cure for elastic fatigue does not need to be 
nearly so long.

Rosenhain 1 has recently shown that after the slip-bands 
on the surface of an overstrained specimen have been 
obliterated by polishing, traces of them will reappear on 
etching if only a short interval of time is allowed to lapse 
since the overstraining; but if time is given for complete 
recovery no traces are found. This is in remarkable 
agreement with the view now put forward, that the layers 
contiguous to the surface of slip contain for a time com
paratively unstable groups. They are consequently different 
from the normal metal until the unstable groups are 
resolved, and the temporary difference manifests itself on 
etching, provided that is done while the difference still 
exists.

From the engineer’s point of view a much more important 
matter than this fatigue of elasticity is the fatigue of 
strength that causes fracture when a straining action is 
very frequently repeated. Experiments which I made with 
Mr. Humfrey 2 showed that this action begins with nothing 
more or less than slight slip on surfaces where the strain 
is locally sufficient to exceed the limit of elasticity. An 
alternating stress, which makes the surfaces slip back
wards and forwards many thousands, or it may be millions 
of times alternately, produces an effect which is seen on 
the polished surface as a development of the slip lines into 
actual cracks, and this soon leads to rupture.

We have, therefore, to look for an effect equivalent to 
an interruption of continuity across part or the whole of 
a surface of slip, an effect progressive in its character, 
becoming important after a few rubbings to and fro if the 
movement is violent, but only after very many rubbings 
if the movement is slight.

That there is a progressive action which spreads more 
or less into the substance of the grain on each side of the 
original surface of slip was clearly seen in the experiments 
referred to. It was found that a slip-band visible on the 
polished surface of the piece broadened out from a sharply 
defined line into a comparatively wide band with hazy 
edges, and this was traced to an actual heaping up of 
material on each side of the step which constituted the 
original line.

I think this suggests that under alternating stresses 
which cause repeated backward and forward slips, these 
do not occur strictly on the same surface in the successive 
repetitions, and hence the disturbance spreads to some 
extent laterally. It may be conjectured that slip on any 
surface leaves a more or less defective alignment of the 
molecular centres; that is to say, the rows on one side 
of the plane of slip cease to lie strictly in line with those 
on the other side. If this occurs over neighbouring sur
faces, as a result of slips or a number of parallel planes 
very close together, the metal throughout the affected 
region loses its strictly crystalline character, and with it 
loses the cohesion which is due to strict alignment.

Mr. G. T. Beilby, in a very suggestive paper,’ has 
advanced grounds for believing that portions of a metal 
may pass from a crystalline to an amorphous formation 
under the mechanical influence of severe strain, as in the 
hammering of gold leaf or the drawing of wire, and that 
this occurs in the polishing of a metallic surface, and also 
in the internal rubbing which takes place at a surface of 
slip within the grain. In both cases he suggests the form
ation of an altered layer. When a polished metal surface 
is etched, the altered layer is dissolved away, and the 
normal structure below it is revealed.

Without accepting all Mr. Beilby’s conclusions, I think 
the idea of an altered and more or less amorphous layer 
is supported by the considerations I am now putting for
ward. We have assumed that in normal crystallisation 
the intermolecular forces lead to a normal piling, in which

t Joum. iron ami Steel Institute. 1906.
- Ewing and Humfrey. “The Fracture of Metals under Repeated 

Alternations of Stress," Phil. Trans.. vol. cc. A, 1902.
8 Beilby, “ The Hard and Soft States ini Metals," Phil. Mag., August, 

1904.



each molecule touches six neighbours. But it may be con
jectured that some of them may take up pyramidal piling 
(touching twelve others) under the compulsion of strong 
forces—such forces, for example, as act on the superficial 
molecules of a surface that is being polished.

If this also occurs at a surface of slip, it gives us a clue 
to several known facts. It at least assists in explaining 
the familiar result that metal is hardened by straining in 
the sense of being made less plastic. Again, it accounts 
for the general increase of density which is found to take 
place in such an operation as wire drawing. Further, if 
a local increase of density occurs in the interior of a grain 
through piling of some molecules in the closer manner 
where repeated slips are going on, the concentration of 
material at one place requires it to be taken from another; 
in other words, the closer piling tends to produce a gap or 
crack in the neighbourhood where it occurs. This is con
sistent with what we know of the development of cracks 
through repeated alternations of strain.

Recourse to the model shows that with pyramidal piling 
the polar axes point in so random a manner that the 
aggregate may fairly be called amorphous. To illustrate 
this a group is shown with centres fixed at the corners of 
equilateral triangles.

It is obvious that any pyramidal piling at a surface, of 
slip tends to bar further slip at that particular surface. 
Hence not only the augmented hardness due to strain, but 
the tendency in repeated alternations to lateral spreading 
of the region on which slip occurs. The hardness due to 
straining is, of course, removed when we raise the metal 
to such a temperature that complete recrystallisation occurs, 
normal piling being then restored in the new grains.

Taking a previously unstrained piece, it is clear that 
the facility with which slip will occur at any particular 
surface of slip in any particular grain depends not only 
on the nature of the metal and on the orientation of the 
surface in question to the direction of the stress, but also 
on the amount of support the grain receives from its 
neighbours in resisting slip there. In other words, for a 
given orientation of surface the resistance to slip may be 
said to consist of two parts; one is inherent in the surface 
itself, and the other is derived from the position of the 
grain with reference to other grains.

To make this point dear, think of a grain (under stress) 
in which there is a gliding surface oriented in the most 
favourable direction for-slipping. Slip on this surface can 
take place only when its yielding compels the neighbours 
(which are also under stress) to yield with it, and the 
surfaces in these on which slip is tompelied to occur are, 
on the whole, less favourably situated. Hence the original 
grain cannot yield until the stress is considerably in excess 
of that which would suffice to make it yield if it stood 
alone, or had neighbours equally favourably inclined.

Apply this consideration to the case of steel, where there 
are two classes of grains : the ferrite, which is simply 
iron, and the pearlite, which is a harder structure. Slip 
on any ferrite grain is resisted partly by the strength of 
the surface itself, and partly by the impossibility of its 
yielding without forcing slip to 'take place on neighbour
ing (harder) grains. Now suppose the structure is a very 
gross one, such as Mr. Stead has shown may be found in 
steel that is seriously overheated. On the large grains of 
ferrite in overheated steel the resistance to slip will be 
but little greater than it would be in iron, and, con
sequently, under an alternating stress fatigue of strength, 
leading to rupture, may be produced by a very moderate 
amount of load. Mr. Stead 1 has shown how the effects 
of overheating can be removed by the simple expedient of 
raising the steel to a temperature sufficient to cause re- 
crystallisation—a homoeopathic remedy that transforms the 
gross structure of the overheated metal into an ordinarily 
fine structure, where no ferrite grain can yield without 
compelling the yielding of many pearlite grains. Hence 
we find, as Rogers’ has demonstrated by experiment, that 
steel cured by reheating from the grossness of structure 
previously produced by overheating, has an immensely in-

1 See especially a paper bv J. E. Stead and A. W. Richards on “The 
Restoration of Dangerously Crystalline Steel by Heat Treatment," Joum. 
of the Iron and Steel Inst., No. a, 1903,

- F. Rogers, “ Heat Treatment and Fatigue of Steel,"/ewew. Iron. and 
Steel Inst., No. i, 1905.

creased power to resist the deteriorating effects of often 
repeated stress.

1 trust you will not feel I have abused the license of the 
Chair in presenting contributions to molecular theory that 
are for the most part in the nature of speculative sugges
tions, thrown out in the hope that they may some time 
lead to fuller and more definite knowledge. Remote as 
they may seem to be from the concerns of the workaday 
engineer, they relate to the matter which it is his busi
ness to handle, and to the rationale of properties, without 
which that matter would be useless to serve him. We 
have attempted to penetrate into its very heart and sub
stance in order the better to comprehend the qualities and 
functions on which the practical work of engineering relies. 
The man whose daily business leads him through familiar 
tracks in a forest does well to stray from time to time into 
the shady depths that lie on either hand. The eyes of his 
imagination will be opened. He will at least learn his 
own limitations, and, if he is fortunate, he may gain 
some clearing on a hilltop which commands a wider view 
than he ha« ever had before.

SECTION I.
PHYSIOLOGY.

Opening Address by Prof. Francis Gotch, M.A., O.Sc., 
F.R.S., Waynflete Professor of Physiology in the 
University of Oxford, President of the Section.

“ Tint investigators who are now working with such 
earnestness in all parts of the world for the advance of 
physiology have before them a definite and well-understood 
purpose, that purpose being to acquire an exact knowledge 
of the chemical and physical processes of animal life and 
of the self-acting machinery by which they are regulated 
for the general good of the organism."1

In this admirable and concise manner the late Sir John 
Burdon-Sanderson described the aims and methods of 
physiology. The words were spoken in 1881, when the 
British Association last met in this historic city. At that 
time the subjects of Anatomy and Physiology formed a 
subsection of the Section of Biology, and it was presided 
over by this distinguished man, whose recent death has 
deprived not only physiology but natural science of one of 
its most honoured leaders. His continuous work, extend
ing over a period of fifty years, was remarkable from 
many points of view, but in none more than the extent 
of its scope. ’ Sanitary science, hygiene, practical medicine, 
botany, pathology, and physiology have all been illuminated 
and extended by his researches. His claim for being in
cluded among the great names in English science does 
not rest merely upon his acknowledged eminence as an 
original and exact investigator, ,J>ut also upon the influence 
which, for four decades, he exerted upon other workers 
in medical science, endowing their investigations with 
purpose and materially helping to give English physiology 
and pathology their proper scientific status. Many circum
stances contributed to make this influence widely felt ; 
among these were the peculiar charm of his manner, his 
striking and commanding personality, the genuine enthu
siasm with which he followed the work of others, the 
devotion with which he advocated the use of experimental 
methods, his scientific achievements, and his extensive 
knowledge. All these qualities of mind and character 
marked him as one of those great masters who inspire 
the work and mould the thought of a generation. It is 
in tribute to his memory that, as one of his pupils and 
his successor in the Oxford Chair of Physiology, I utilise 
this occasion for recalling such fruitful features of his 
scientific conceptions as are expressed in the felicitous 
phrase which I have quoted.

Probably the most important of the many services which 
Burdon-Sanderson rendered to English medical science was 
that of helping to direct physiological and pathological 
inquiry towards its proper goal. It will be admitted by 
all who knew him intimately that among his most 
characteristic scientific qualifications were the insight with 
which he realised the essence of a physiological problem,

1 Address to the Subsection of Anatomy and Physiology, by J. Burdon- 
Sanderson, British Association Report, York, 1881. 



and the tenacity with which he kept this essential aspect 
in view. The faculty which enables the mind to review 
the varied aspects of complex phenomena and to determine 
which of these are mere incidents, or external trappings, 
and which constitute the core of the subject, is one which 
every scientific worker must possess in a higher or lower 
degree; it may, indeed, be confidently asserted that scien
tific training is successful only in so far as it develops 
a nice and just discrimination of this character. Many 
attain this capacity after several years of labour and 
effort; but in the case of rare and gifted individuals its 
possession comes so early as to seem almost an intuitive 
endowment. In 1849, during his student days at Edin
burgh, Burdon-Sanderson showed by the character of his 
earliest scientific work that he viewed the proper aim of 
physiological inquiry as essentially the study of processes. 
At the present time it may appear superfluous to dwell 
upon the importance of this standpoint, but fifty-seven 
years ago this aspect of the subject was rarely, in this 
country, a stimulating influence in physiological work, 
whilst, as regards pathology, the point of view taken by 
Burdon-Sanderson was, even in i860, probably unique.

The obvious fact that living processes occur in connec
tion with certain definite structural forms transferred 
attention from the end to one of the means, and thus 
education and research in physiology and pathology were 
almost entirely confined to the elucidation of that struc
tural framework in which the essential processes were now 
displayed and now concealed. Improved methods of micro
scopic technique revealed the complexity of this struc
ture, and minute anatomy absorbed the interest of the 
few physiologists and pathologists who prosecuted re
searches in this country. Even when attention was directed 
to the living processes, it was with an unconscious 
anatomical bias, and detailed descriptions of structural 
framework were advanced as affording a sufficient scientific 
explanation of the character of the subtle processes which 
played within the structure. Yet upon the Continent the 
great physiologists of that time had long realised that 
physiological study must ascertain the characters of these 
processes, and that research conducted along experimental 
lines could alone advance scientific physiology as distinct 
from scientific anatomy. In 1852 Burdon-Sanderson went 
from Edinburgh to Paris to study the methods used in 
physics and chemistry. Whilst there he came under the 
inspiring influence of one of these great Continental physio
logists, Claude Bernard, and his views as to the proper 
end of physiological inquiry received from this master 
qmple confirmation. The sentence which I have quoted 
from the York address sets forth with scientific precision 
his enlarged conception of living phenomena, for whilst it 
asserts that the characteristics of processes form the true 
aim of all physiological investigation, it defines the par
ticular processes which should be investigated as chemical 
and physical, and it particularises two further aspects of 
these, the machinery for their coordination described as 
self-acting, that is automatic, and the raison d’etre of 
their occurrence, which is said to be the welfare of the 
whole organism. All these various aspects are strikingly 
exemplified in the progress of physiology in this country 
and in the researches now being carried on both at home 
and abroad; their consideration may thus be not in
appropriate in a general address such as it is my privilege 
to deliver to-day.

At the outset it is desirable to refer to certain wide 
issues which are involved in the statement that the busi
ness of the physiologist is “ to acquire an exact knowledge 
of the chemical and physical processes of animal life.” 
The limitation of physiology to pscertainable characters of 
a chemical and physical type does not commend itself to 
certain physiologists, physicists and chemists, who have 
revived under the term “ neo-vitalism ” the vitalistic con
ceptions of older writers. They deny that physiological 
phenomena can ever be adequately described in terms of 
physics and chemistry, even if these terms are in the future 
greatly enlarged in consequence of scientific progress. It 
is undoubted that there are many aspects of living pheno
mena which in the existing state of our knowledge defy 
exact expression in accordance with chemical and physical 
conceptions; but the issues raised have a deeper significance 
than the mere assertion of present ignorance, for those 

who adopt “ neo-vitalism ” are prepared to state not only 
that certain physiological phenomena are, from the chemical 
and physical point of view, inexplicable to-day, but that 
from the nature of things they must for ever remain so. 
This attitude implies that it is a hopeless business for the 
physiologist to try by the use of more appropriate methods 
to remove existing discrepancies between living and non
living phenomena, and this is accentuated by the use of 
a peculiar nomenclature which, in attributing certain 
phenomena to vital directive forces, leaves them cloaked 
with a barren and, from the investigator’s point of view, 
a forbidding qualification.

It is of course possible in describing phenomena to 
employ a new and special terminology, but since many 
aspects of the phenomena of living processes can be de
scribed in accordance with physical and chemical concep
tions, the creation of a vitalistic nomenclature duplicates 
our terminology. A double terminology is always 
embarrassing, but it becomes obstructive when it is of 
such diversity that description in the one can never in 
any circumstances bear any scientific relation to that in 
the other. In this connection it is somewhat significant 
that the one kind, namely vitalistic, is abandoned as soon 
as the observed phenomena to which it referred have been 
found to be capable of expression in terms of the other. 
The reason for this abandonment raises questions of prin
ciple, which appear to me to render it impossible for a 
scientific physiologist seriously to employ vitalistic nomen
clature in describing physiological phenomena. Science is 
not the mere catalogue of a number of observed pheno
mena ; such a miscellaneous encyclopedia may constitute 
what many people would describe as knowledge; but 
science is more than this. It is the intellectual arrange
ment of recognised phenomena in a certain orderly array, 
and the recognition of any phenomenon is only the first 
step towards the achievement of this end. The potent 
element in science is an intellectual one essentially con
nected with mental grouping along one particular line, 
that which tends to satisfy our craving for causative ex
planation. Hence it involves the intellectual recognition 
of widespread characteristics, so general in their distribu
tion that they are termed fundamental. The most funda
mental of such characteristics are those which possess the 
widest intellectual sphere, and in natural science these 
are the broad conceptions of matter and motion which 
form the essential basis of both chemistry and physics. 
If this grouping is, in regard to any phenomenon, at pre
sent impracticable, then this subject-matter cannot be 
justly regarded as forming a part of natural science, 
though it might be considered as natural knowledge, and 
in so far as this is the case in physiology it appears to 
me to be a confession of present scientific ignorance. If, 
however, it is boldly asserted that the nature of any 
phenomenon is such that it can never by any possibility 
be brought into accord with the broad conceptions which 
I have indicated, then I fail to understand how it can 
claim to bear any relation to natural science, since, 
ex hypothesi, it can never take its proper place in the 
causative chain which man forges as a limited but in
telligible explanation of the world in which he lives. 
Only in so far as physiological phenomena are capable 
of this particular intellectual treatment and take part in 
this intellectual construction can we hope to obtain, how
ever dimly, a knowledge of permanent backgrounds among 
the shifting scenes of the living stage, and thus, by 
gradually introducing order amidst seeming confusion, 
claim that gift of prevision which has long been enjoyed 
by other branches of natural science.

Neo-vitalism, like its parent vitalism, Is fostered by the 
imperfect and prejudiced view which man is prone to take 
in regard to his own material existence. This existence 
is, for him, the most momentous of all problems, and it 
is therefore not surprising that he should assume that 
in physiology, pathology, and, to a lesser degree, in 
biology, events are dealt with of a peculiarly mystic 
character, since many of these events form the basis of 
his sensory experience and occur in a material which he 
regards with a special proprietary interest. He is reluc
tant to believe that those phenomena which constitute the 
material part of his existence can be intellectually re
garded as processes of a physicochemical type, differing 



only in complexity from those exhibited in the non-living 
world, and impelled by this reluctance he fabricates for 
them, out of his own conceit, a special and exclusive 
realm. The logical pressure of physical and chemical 
conceptions forbids the postulation, by either the public 
or the neo-vitalist, of such an incongruous entity as a 
vital chemical element capable of blending with the familiar 
chemical elements recognised in the material world; yet 
the physiological processes of life arc in popular estim
ation still held to be due to peculiar forces blending with 
those of the material world, but so essentially different 
that they can only be described as “ vital.” The neo- 
vitalistic school of men of science, without adopting this 
popular view in its entirety, retains the same term for 
such physiological characteristics of cell processes as, with 
our present limited knowledge and with our present in
adequate methods of investigation, seem to be in disagree
ment with present chemical and physical conceptions. 
This disagreement is accentuated by the assumption of 
directive vital forces, and since these cannot be ranged 
alongside those .of chemistry and physics, transcendental 
phenomena may be always expected to occur the orderly 
array of which as part of natural science is not merely 
a futile but on a priori grounds an absolutely impossible 
task. In order to justify this description as representing 
the views of some neo-vitalists, I will quote a few sentences 
from the presidential address delivered in 1898 by Prof. 
Japp in the Chemical Section of this Association. This 
address dealt with the formation of the optically active 
substances found in vegetable and animal tissues or their 
extracts. It asserts that “ the absolute origin of com
pounds of one-sided symmetry to be found in the living 
world is a mystery as profound as the origin of life itself.” 
In regard to this it may be remarked that the absolute 
origin of anything, living or non-living, is a mystery 
which science does not attempt to solve, relative not 
absolute causation being the object of scientific grouping, 
hence this assertion does not necessarily imply any funda
mental distinction between the two classes of phenomena. 
But there is more than appears upon the surface, for the 
whole argument leads up to the sweeping statement that 
“ no fortuitous concourse of atoms, even with all eternity 
for them to clash and combine in, could compass this 
feat of the formation of the first optically active organic 
compound.” It is thus inferred that because the manner 
of such formation cannot be accounted for in the present 
condition of scientific knowledge, its scientific causation is 
from the nature of things unknowable. However, although 
unknowable in the strictly scientific sense, the intellectual 
craving for causative explanation of some sort urges Prof. 
Japp to say, “I see no escape from the conclusion that 
at the moment when life arose a directive force came into 
play.” There is here introduced a grandiose term for life 
which is viewed as involving directive forces; the term, 
however, adds nothing to our physiological knowledge, is 
not in itself explanatory, and not only offers no new 
method of physiological investigation, but brands as use
less all the methods derived from physics and chemistry, 
past, present, and future. In a recent work Prof. Moore 
has attempted to set forth a conception which shall be 
vitalistic in essence, and yet not so completely out of touch 
with the principles of natural science.1 He regards living 
cells as transformers of energy and thus leaves them abso
lutely dependent upon its receipt; the transformed mode 
which is achieved by the cells is, however, one which 
cannot be interpreted in terms of the familiar modes pre
sented in the non-living world. He terms the transformed 
mode “ biotic energy,” and the distinction between this 
and “ vital directive force " appears to be its absolute 
dependence upon the other modes for its appearance. It 
thus does not run counter to the law of the conservation 
of energy, and warrants, in the opinion of some, the con
fident expectation that it will be found capable of precise 
scientific expression. I confess that I am unable to share 
this confidence. The introduction of the conception entails 
the same double terminology to which I have referred, 
and I feel convinced that the assumption, in the case of 
any given physiological phenomena, of biotic energy as a

* See article by B. Moore in 11 Recent Advances in Physiology and Bio
chemistry." Edited by L. Hill, F.R.S. (London : Arnold, 1906.) 

causative explanation, would be immediately abandoned if 
the phenomena were subsequently found to be explicable 
on physical and chemical conceptions. Biotic energy 
appears to me as only an intellectual compromise, an 
abortive attempt to clothe the naked form of vitalism in 
a decent scientific dress; but, although partially clothed, 
it offers, like neo-vitalism, no new method for physio
logical investigation, and must, in consequence, remain 
barren, never contributing towards physiological achieve
ment. To what extent its adoption may be an intellectual 
solace is a question which does not fall within the scope 
of physiology. Certain physiological phenomena are 
especially brought forward as necessitating the assumption 
of vitalistic or biotic conceptions; among these are the 
phenomena of nervous activities, the formation and activi
ties of enzymes, and the passage of substances through 
living membranes. The question of the nervous activities 
will be dealt with later; but as regards the diffusion of 
gases or substances in solution through cellular membranes 
a few general considerations may be advanced now? The 
passage of substances into and through non-living mem
branes is modified in regard to both the velocity and the 
selective character of the passage by a large number of 
factors, among which are nature of substance, pressure, 
osmotic index, temperature, and the structural, electro
lytic, and chemical characters of the membrane. Tissue 
membranes, whether animal or vegetable, possess a com
plicated particulate structure, and it is obvious that experi
ments must be carried out extensively on dead tissue mem
branes in order to determine how far the general particulate 
arrangement may modify the rate and character of the 
passage. In this respect our present information is not 
sufficiently extensive to warrant any definite general state
ment, and such experimental evidence as exists opens up 
difficult problems in molecular physics which still await 
solution; moreover, the presence of electrolytes, by assist
ing adsorption, appears to modify the apparent rate and 
character of the total passage, and further experiments are 
necessary on this point. But in the living membrane, 
especially when it is composed of cellular units, the whole 
question is additionally complicated by the great prob
ability that the cells are the seat of chemical processes 
the nature of which is imperfectly known ; such processes 
constitute the metabolism of the cells. It would, therefore, 
be somewhat surprising if the phenomena of the passage 
of substances through such cellular membranes were in 
strict accord with the passage of similar substances through 
non-living membranes which have not the same particulate 
framework and are not the possible seat of similar chemical 
processes. The statement, therefore, that any discrepancy 
between the two classes of phenomena necessitates the 
assumption of a peculiar vital directive force disregards 
the circumstance that between the conditions in the one 
case and those in the other lies a large and little explored 
field; moreover, such a statement implies, without any 
warrant, that any physico-chemical explanation must 
necessarily be insufficient in the case of the living mem
brane, although it is realised that there may be active 
chemical processes of the operations of which we have at 
present little exact knowledge.

What possible justification is there, therefore, for brand
ing as hopeless all further physical and chemical investi
gation of certain aspects of the phenomena by attributing 
these to vital directive forces? The gaps and imperfections 
of the palmontological record were triumphantly vaunted 
by the opponents of evolution ; and now that the work of 
successive years has convincingly contributed towards the 
filling up of these gaps not only has this objection col
lapsed, but the hypothesis of special creations which it 
supported has been involved in its fall. There are indica
tions that the discrepancies in diffusion phenomena through 
widely different structures may be knit by the results of 
experiment on intermediate modifications. It may be many

1 The conception of Ostwald as to the action of catalytic substances is 
extremelv suggestive in connection with the activities of enzvmes, both in
tracellular and extracellular. It is possible that the changes, brought about 
by enzymes may, with the growth of our knowledge in physical chemistry, 
be shown to b of the same order as those which si -wlv occur in the absence 
of enzymes, and that the enzyme it-elf bv facilitating adsorption phenomena 
may merely act by accelerating the velocity of the special change. See 
Leather, ” Problems in Animal Metabolism " (London : Murray, 1906). 



years before these are completed, but the introduction of 
vitalism or biotic energy as a fictitious causative explan
ation is so opposed to the spirit and the progress of science 
that we may safely predict the complete abandonment of 
this position at a comparatively early date.

I venture now to define my own position in regard to 
this matter. I assert that, although the complexity of 
living tissues makes our present knowledge extremely 
limited, it is essentially unscientific to say that any physio
logical phenomenon is caused by vital force or is an argu
ment in favour of “ vitalism,” and that, if this phraseology 
is offered as a sufficient description of the phenomenon, 
its further scientific study is prejudiced because the only 
terminology which admits of scientific exactitude is 
excluded. 1 assert, further, that if the term “ vitalism ” 
connotes no more in physiology than the term “ living,” 
its employment docs not in any way enlarge our intellectual 
view of the subject-matter of physiology, and can only 
be considered either as meaningless tautology or as an 
expression of faith ; but if the term has some additional, 
occult, and mystic significance, then its employment is 
detrimental to the progress of physiology, exerting as 
obstructive an influence upon the growth of our science 
as the conception of special creation exerted upon the 
progress of biology.

Vitalism is not the only “ ism ” which, perhaps un
wittingly, obstructs physiological progress; it is, however, 
far more worthy of respect than others which I do not 
propose to particularise, for it is a twig of that lusty tree 
which, in philosophy, still claims the largest share of 
men’s belief. The vitalist, leaving the more solid ground 
of physics and chemistry, enters the realm of metaphysics 
and there attaches himself to that distinguished circle of 
idealists whose pedigree extends back to Plato. If, as 
may be asserted with great confidence, idealism in philo
sophy will endure as long as thought exists, then it might 
be expected that vitalism in physiology will never entirely 
cease. The history of physiology, however, reveals the 
fluctuating extent of its influence. Potent a century or 
more ago, vitalism nearly disappeared between 1850 and 
1870 under the pressure of the application of physical and 
chemical methods to physiology ; it revived again towards 
the century’s close, the ripple of a wide-spreading wave 
of idealistic philosophy. Materialism and idealism have 
been described by Huxley as appearing in the history of 
philosophy like “ the shades of Scandinavian heroes 
eternally slaying one another and eternally coming to life 
again.” As a physiologist, I do not venture to touch 
however lightly upon this metaphysical duel, since I frankly 
admit my own incapacity to do so and the particular 
applicability to my own powers of the words of Gibbon 
that “ it is much easier to ascertain the appetites of a 
quadruped than the speculations of a philosopher.” It is 
therefore without any intention of casting any suspicion 
of doubt upon the confidence felt as to the persistence of 
idealism in philosophy that I suggest that neo-vitalism 
in physiology bears upon its surface the signs of its own 
decay. One such sign is the circumstance that even its 
most ardent exponents refuse to follow the lead of this 
ignis fatuus, but assiduously investigate living processes 
by the most improved chemical and physical methods; 
another is that when any so-called vitalistic aspect of some 
physiological phenomenon is rendered explicable on physical 
and chemical lines, the vitalist abandons in this instance 
his peculiar standpoint. Neo-vitalism has of late thus lost 
its corrosive character; it now spreads as a thin but 
tenacious film over physiological conceptions and is in this 
way mildly obstructive, but its obstructive viscosity is con
tinually yielding to the accumulating mass of the more 
precise knowledge which it endeavours to obscure. Re
search along physical and chemical lines into physiological 
processes is its uncompromising opponent, so that there is 
every reason for believing with Huxley that the weight 
and increasing number of those who refuse to be the prey 
of verbal mystifications have begun to tell.

The recent history of physiological progress shows that 
investigations confined to the study of physical and chemical 
processes have been the one fruitful source of physiological 
knowledge. It would be impossible to give even a brief 
survey of the chief results which have, during the last 
twenty years, been thus obtained. Out of the enormous 

wealth of material I select one of great importance and 
promise. It is that of the constitution of the nitrogenous 
compound familiarly known as proteid, which from its 
close association with protoplasm, the physical basis of life, 
has a fundamental significance and has therefore attracted 
the attention of many competent investigatory. Important 
researches have been made on this subject by physiological 
chemists, notably Hofmeister and Kossel, and tit the pre
sent time the subject is also being studied by one of the 
ablest organic chemists of the day, Emil Fischer, whose 
previous work on carbohydrates is so illuminating.1 In 
the splendid chemical laboratory at Berlin, with its un
paralleled equipment, a succession of researches have been 
carried out dealing not only with the constitution of the 
simpler proteid derivatives, but also with the important 
and difficult problem of the synthetic grouping of these 
derivatives into more complex compounds. The success 
jvhich has so far attended these investigations is so pro
nounced as to encourage the hope that the future may 
reveal the chemical constitution of proteid itself and thus 
bring us perceptibly nearer to its possible synthetic form
ation. We congratulate ourselves that this problem has at 
last attracted the earnest attention of organic chemists.

I now invite your attention to those further aspects 
indicated in the opening sentence of this address, which 
imply the presence of automatic mechanisms by which the 
various processes of the body organs are regulated and 
coordinated for the welfare of the whole organism.

Many such automatic mechanisms are now known. 
Some of these are of an obvious chemical type, the 
mechanism being the production in minute quantity of 
chemical substances which are conveyed to remote organs 
by the circulating blood. In this way adrenalin, a sub
stance elaborated by the medullary portion of the supra
renal organs, augments the activities of the muscles, par
ticularly those of the arterioles. From his recent re
searches, Langley ‘ is disposed to believe that many 
chemical compounds which augment or diminish the 
activity of muscles and glands do not act by altering the 
differentiated tissue, but play upon a hypothetical receptive 
substance which lies at the junction of the tissue with its 
entering nerves. This middleman, so situated as to lie 
in the interstices of the neuro-muscular junction, bears a 
relation to the muscle or gland-cell somewhat analogous 
to that which the fulminating cap bears to the cartridge, 
and it is quite conceivable that it is maintained in an 
appropriate condition of instability or explosiveness by the 
direct action of chemical substances conveyed to it in 
minute amounts by the blood.

It is remarkable how many of these strictly chemical 
automatic mechanisms have been discovered in the last 
few years, thus substantiating the views of Brown-S^quard. 
The automatic character of the mechanism which deter
mines the secretion of the pancreatic fluid was revealed by 
the experiments of Bayliss and Starling, which showed 
that definite chemical compounds arc formed in the lining 
cells of the small intestine, and that treatment with weak 
acid, such as occurs in the acid chyme, liberates a sub
stance which, absorbed into the blood, has the special 
function of stimulating the pancreatic cells.’ A similar 
automatic mechanism has been found by Edkins to exist 
in the stomach, for although the flow of gastric juice is 
initiated by nervous channels, the subsequent peptic secre
tion is largely augmented through the presence in the 
blood of chemical substances elaborated and absorbed in 
the pyloric portion of the stomach wall.4 Marshall and 
Jolly have recently shown that substances elaborated in 
the maternal ovaries, and particularly in the corpus 
luteum,' determine, when introduced into the circulating 
blood, the changes necessary for the proper attachment of 
the embryo to the uterine wall and thus the further develop
ment of the embryo during the first stages of pregnancy. 
The researches of Starling and Miss Lane-Claypon indicate

1 F. Fischer, Rerichte Deutsch. Gesellschaft, xxxviii ronj. (See also 
“ T.a svnthfese Hex motiitres P’Oteion-s," par L. C. Maillard. Revue 
Gfnfrale des Sciences F<lvr. 1906 Paris.)

3 J. N. Lanpley, Journ. of Physiol., xxxiii. 1905, p. 374, and Croonian 
Lecture. Boy. Roe., rood.

3 Bayliss and S'arl'ne, Journ. of Physiol,, xxviii. 190a. p, 335.
1 Fdldns, “On the Chemical Mecban’sm of Gastric Secretion,” Proc. 

Roy Soc , B- Ixxvt., root. p. 376.
5 Marshall and Jolly, Phil. Trans. Roy. Soc. London, B, 1905, p. 198. 



that chemical substances formed during pregnancy in the 
tissues of the fcetus will, if introduced into the maternal 
blood, directly evoke the appropriate activities of the re
mote mammary glands.'

These are only a few instances of a class of mechanisms, 
strictly chemical in character, by which the activities of 
remote and dissimilar organs are automatically coordinated ; 
a further class of such mechanisms, although involving a 
chemical substance conveyed by the blood, carries out the 
actual regulation by means of the central nervous system. 
An example of this class is afforded by the researches of 
Haldane and Priestley upon the carbonic-acid gas in the 
pulmonary air. These show that the alveolar pressure of 
carbonic acid in the lung spaces remains constant even 
when the atmospheric pressure is considerately altered in 
amount. The constancy is due to the circumstance that 
the respiratory nerve centres are exquisitely sensitive to a 
rise in this carbonic-acid pressure. Any such rise slightly, 
augments the carbonic-acid tension of the pulmonary 
blood, which, on being conveyed to the nerve centres, 
arouses their greater activity, and the increased efficiency 
of the respiratory ventilation, thus produced, rapidly re
duces the amount of the very agent which is its exciting 
cause.’ The researches of Hill and Greenwood, with air 
pressures up to seven atmospheres, bear out the con
clusion that by this automatic mechanism the air in the 
lung alveoli has a practically constant pressure of carbonic 
acid in any given individual.’

The introduction, in this example, of the respiratory 
centres and nerves raises the question whether the nervous 
system, which is in a very special sense the channel for 
the regulation and coordination of the various activities of 
the body, may not itself be conceived to be a supreme 
example of an automatic physico-chemical mechanism, the 
transference from one part to another taking place, not 
through the flow of blood containing chemical substances, 
but through a more subtle physico-chemical flow along the 
highly differentiated nervous strands of which this system 
consists. The nervous system is not popularly regarded in 
this light; on the contrary it is considered to be the special 
seat of vital directive forces, and it is held, even by some 
scientific men, that the nervous energy which it manifests 
is so transcendental in its essence that it can never be 
brought into line with those modes of energy prevailing 
in chemistry and physics. There is, moreover, a wide
spread belief, founded upon conscious volitional power, 
that nervous energy can be spontaneously created, and 
that even if its manifestations are bound up with the 
integrity of certain definite nervous structures, these struc
tures only form the material residence of genii, temporarily 
in possession, endowed with the powers of hypothetical 
homunculi at the bidding of which the manifestations 
either take place or cease.4

The complexity of nervous structure and the apparently 
uncertain character of nervous activities furnished the 
older writers with plausible reasons for assuming the exist
ence of animal spirits, but the extensive researches of half 
a century progressively suggest that nervous phenomena 
may be regarded as the sum of particular physico-chemical 
processes localised in an intricate differentiated structure, 
the threads of which are being unravelled by neurological 
technique. This chapter of physiology still bristles with 
difficult problems and obscure points, yet the unmistakable 
trend of the immense advances which have been made in 
recent years is towards the assumption that nervous pro
cesses do not in their essence differ from processes occur
ring elsewhere in both the living and non-living worlds.

As regards structure it is generally assumed by neuro
logists that the whole system is a fabric of interwoven 
elements termed neurons, each with a nucleated nerve cell 
and offshoots, one of which may be extended as a nerve 
fibre, whilst no nerve fibre exists which is not the offshoot

1 Starling and Lane-Claypan.
- Haldane and Priestley, “The Regulation of Lung Ventilation.“ Joum. 

of Physiol.. xxxii. 1905.
8 Hill and Greenwood. “The Influence of Increased Barometric Pressure 

on Man." ?/w. Roy. Soo., vol. Ixxvii. B, rood. p. 442.
4 Lodge, “ Life and Matter ” (London : Williams and Norgate, 1936). 

“ Matter is the vehicle of mind, but it is dominated and transcended by it ” 
(p. 133). “ Contemplate a brain-cell, whence originates a certain nerve- 
process whereby energy is liberated with some resultant effect" (p. 168). 
“It is intelligence which directs; it is physical energy which is directed 
and controlled and produces the result in time and space ” (p. 169). 

of one such cell. This neuron theory is based upon 
developmental history and upon the suggestive fact that 
each nerve cell forms an independent trophic centre for its 
own distributed processes. It is undoubted that, like the 
atomic theory in chemistry, the neuron theory has proved 
of enormous service, enabling neurologists to disentangle 
the woven strands of nerve-cell processes even in such an 
intricate woof as that of the central nervous mass. There 
are, however, difficulties associated with its full accept
ance in physiology, as indeed there are said to be in con
nection with the full acceptance of the atomic theory in 
chemistry; but dismissing these for the moment, 1 pass on 
to consider the presumable character of such a conception 
of nervous activities as would be demanded on the sup
position that the nervous system is, as regards all essentials, 
an automatic physicochemical mechanism.

In the nerve fibres, which are undoubtedly the offshoots 
of nerve cells, the only demonstrable changes during the 
actual passage of nervous impulses are of an electrical 
type. These resemble the effects which would occur if 
there were redistributions of such electrolytes as are known 
to exist within and around the differentiated fibrillated 
core or axon of each nerve fibre. All the better-known 
aspects of nerve-fibre activities are in accordance with such 
an electrolytic conception. The exquisite sensibility of 
nerve to physical and chemical changes of a sudden 
character would be associated with the fluctuating and 
variable character of electrolytic distribution, this instability 
being characteristic of particular electrolytes in colloidal 
solutions; hence physical and chemical alterations primarily 
affecting the nerve envelope will, by modifying the electro
lytic distribution, produce physico-chemical change in the 
internal axon itself. Such changes, when once produced 
at any point in the differentiated fibrillar continuum of the 
nerve fibre, must in accordance with the conception first 
propounded by Hermann be propagated or transmitted along, 
this continuum. The redistribution of electrolytes at the 
seat of the external impression being itself a source of 
electromotive effects, electrical currents demonslrably flow 
from this point into the contiguous parts of the fibrillar 
continuum. Such flow of current must reproduce in this 
neighbouring continuum that electrolytic redistribution 
which is the fundamental aspect of nerve-fibre activity. 
Thus, by this comparatively simple automatic mechanism, 
the physico-chemical electrolytic change is successively 
assumed by the various portions which compose the length 
of the differentiated axon, and the new or active phase is 
propagated along a nerve fibre as infallibly as a flame 
speeds along a fuse when one end is ignited ; in this way 
the conception explains how a so-called nervous impulse 
is brought into being. Further, the brief duration of the 
activity of the nerve, its rapid development and slower 
decline, and the circumstance that a second external change 
cannot arouse a second activity if it occurs very shortly 
after an effective predecessor, all have their counterpart 
on the electrolytic side, and we have convincing evidence 
that the electrolytic redistribution during activity cannot 
be again produced until the electrolytic condition has more 
or less returned to its original resting poise: the real 
peculiarity of the living tissue is its persistent tendency 
to re-establish the electrolytic concentration of this resting 
poise.1 Finally experiments show more and more con
vincingly that the capacity of the nerve to respond to' 
external changes, as well as the magnitude and duration 
of the aroused activities, arc particularly susceptible to- 
modification by all those agents which are most potent 
in affecting electrolytic aggregates, such as temperature, 
electrolysis, and impregnation with various electrolytes.

These electrical indications of nerve-fibre activities are 
fundamentally the same whether the fibres occur in peri
pheral nerve trunks or in the bundles wfiich course through 
the central masses; and thus, if the whole system con
sisted of nothing but the united strands of differentiated 
nerve fibres, nervous phenomena would be merely the ex
pression of the development, along appropriately distributed 
tracts, of similar electrolytic changes primarily started by 
some external physical or chemical alteration. But addi
tional complications are introduced by the existence of 
nerve-fibre endings and by the interposition of the nerve

I Gotch and Burch, Journ. of Physiol., vol. xxiv. 1899, p. 410. 



cells. According to the neuron theory the fibres of different 
nerve cells end more or less blindly, and, at any rate in 
vertebrates, do not demonstrably unite at their termini 
within the central mass; hence gaps exist at the junction 
unbridged by the differentiated structural continuum. But 
since the nervous impulse can pass from one set to the 
other, a physiological continuum undoubtedly exists; it is 
necessary, therefore, to assume cither that the electro
lytic change in one neuron can by mere contiguity in space 
arouse a similar change in a neighbouring neuron process, 
or that a differentiated connection actually exists, but of 
such structural delicacy that it cannot be microscopically 
demonstrated. Recently several physiologists have stated 
their belief in such continuity ; one of these, E. Pfluger, 
bases his view upon the admitted intracellular nature of 
peripheral nerve endings in muscles, glands, epithelial 
cells, and electrical organs. Arguing from analogy, he 
infers that the central nerve endings of one neuron prob
ably pierce and enter the cell processes of another neuron.1 
Such a connection can be actually seen, as a pericellular 
plexus, in the ganglia of Crustacea, and has been occasion
ally described as observed in higher animals. Whether 
'the central termini of neuron processes are in reality 
joined by extremely fine fibrillar filaments or whether they 
end blindly in mere juxtaposition, it is undoubted that the 
functional synapsis presents peculiar features. The chief 
peculiarities of synaptic activities as distinct from the 
activities of the nerve fibres are the following :—Marked 
retardation in the maximum rate of propagation; irre- 
ciprocity of conduction, which is favoured in the natural 
or homodromous direction, whilst in the unnatural or 
heterodromous direction it is obstructed or completely 
blocked; susceptibility to fatigue; special susceptibility to 
■stimulation and impairment by definite chemical substances, 
by strychnine, absinthe, anaesthetics, &c. ; the presence of 
a resistance which diminishes rapidly when subjected to 
the assault of a series of entering or centripetal nervous 
"impulses even when each member of the series is alone 
■quite powerless to force a passage. All these peculiarities 
are more or less demonstrable in all nerve endings, peri
pheral as well as central, and are presumably, therefore, 
related to the character of the propagation which occurs 
in the finely-divided non-medullated twigs or “ arborisa
tions ” into which the nerve fibres break up in such end
ings, and possibly to some further “ receptive ” substance 
lying beyond the endings. The retarded propagation, 
showing itself by an apparent delay, occurs in the motor 
nerve endings of muscles and in the multitudinous nerve 
■endings of electrical organs, as well as in the central 
nervous system. Garten’s researches on non-medullated 
nerves suggest that it may be connected with such slowed 
development of the electrolytic redistribution and of its 
accompanying electromotive alterations as is demonstrable 
In these structures.2 Irreciprocity of conduction occurs 
where nerve endings are continued into muscle substance, 
since the activity process passes from nerve to muscle, but 
not the reverse way. In 1896 Engelmann succeeded by 
means of a double muscle-bath in so modifying one end 
of a muscle fibre that the wave of contraction, whilst it 
travelled freely along the muscle fibre from the unmodified 
to the modified portion, would not do so the reverse way.’ 
The particular modification which produced this abnormal 
result is an interesting one; it is the development of an 
abnormally sluggish tjpe of mobility, the whole activity 
of the modified region being greatly prolonged by means 
of veratria. This suggests that difference in the duration 
of the active process on the two sides of a central nervous 
synapsis would, if present, be one factor in producing the 
well-known central irreciprocity. The susceptibility to 
fatigue may be associated with this augmented difficulty of 
propagation, and it undoubtedly occurs to a marked extent 
in muscular nerve endings; for, according to the investi
gations of Joteyko, it may be more pronounced in this 
peripheral ending than it is even in the spinal cord.4 Even 
the so-called summation phenomena—that is, the ease with 

1 E. Pfluver, “ Ueber den elementaren Bau des Nervensystems," Archiv 
r. die Ges. Physiol, cxii., 1006.

- Garten, “ Beitriige zur Physiologic der tnnrklosen Nerven," .Tena, 1903.
■’ Engelmann, “ Versuche tiller irreciproke Reizleitung in Muskelfasern/' 

Archiv/. die Ges. Physiol., Ixii. 1896. p. 400.
4 Joteyko, “ Travaux de I'lnsiitut Solvay," Bruxelles, iii. a, 1900.

which a succession of centripetal impulses can force a 
passage as opposed to the difficulty with which a single 
such impulse does so—is not peculiar to the central mass, 
but is observed more or less in peripheral nerve endings; 
for instance, those of electrical organs. Finally, the results 
obtained by Wedenski suggest that anaisthetics have a 
particular affinity for nerve endings, including the peri
pheral ones in the muscles ; and although the causation is 
at present imperfectly known, it does not seem improbable 
that they may act upon some such specific substance as 
that which is conceived of by Langley under the term 
“ receptive.” *

All the phenomena hitherto described are thus not neces
sarily aspects of the activity of that particular mass which 
constitutes the body of the nerve cell, but of nerve endings 
with their fine arborisations. As regards direct electrical 
evidence of electrolytic changes in these finer branches, it 
so happens that Nature has provided some nerve endings 
on such a magnificent scale that this evidence is readily 
obtained. In the electrical organs of fishes the essential 
structure consists of a pile of numerous discs each invaded 
by nerve endings, and the electric shock of the fish is the 
sum of all the electrical changes in this pile when an 
efferent nervous impulse reaches each of its component 
discs. Its potency is due to the number of these com
ponents, but in each single component it is of the same 
order as the electromotive change in a nerve, and its 
character is such as might be produced by electrolytic 
redistribution occurring simultaneously in the immense 
number of nerve endings which are present in each disc 
of the electrical organ. Although displaying the peculiari
ties of apparent delay, &c., just referred to, the general 
character of the shock of the organ is such as to warrant 
the belief that electrolytic conceptions of nerve-fibre activity 
can be extended to the activities of nerve endings.

There remains that special part of the whole neuron 
which is the effective source both of its development and 
of its maintenance, the nerve cell. Continuity with a nerve 
cell is essential for the integrity of both the structure and 
the function of a nerve fibre, but it is undoubted that, in 
its turn, the nerve cell is also dependent upon the exist
ence of its processes in an unimpaired state. Thus the 
cell suffers a change which comes on slowly but with great 
certainty if any part of the neuron has been mutilated, or 
if the cell has been shorn of some of its offshoots. That 
it forms a special part of the conducting path is indicated 
by the occurrence of intracellular and nuclear alterations 
when a prolonged series of impulses travel towards it, and 
a further more remarkable point is that it also appears to 
change if the entering nervous impulses with their electro
lytic concomitants are no longer able to reach it. This 
suggests that nerve cells, far from being spontaneous 
actors, are in a very real sense dependents; they form only 
one possible conducting portion of the whole differentiated 
tract, and atrophy when this tract is broken or is from 
any circumstance not utilised. That the cell is primarily 
trophic and only incidentally a conductor is suggested by 
Bethe’s experiments upon Crustacea. Owing to pericellular 
connections the actual nerve cell may be removed in these 
animals without severing the whole conducting tract, for 
a portion lies around but outside the cell; and since, even 
after such removal, the usual reflex movements of the sup
plied antenna: are resumed, the cell cannot in this instance 
be regarded as essential for the discharge of the motor 
impulses which evoke the antenna: movements.2

In higher animals such removal of the cell body has 
been imperfectly carried out by Steinach in the dorsal 
spinal ganglia, but in the central mass it is impossible to 
perform a crucial experiment of this kind so as to deter
mine whether or no the substance of nerve cells can create 
nervous impulses. There are two particular features of 
reflex movements which may be cited as indicating that a 
motor nerve cell has at its call a store of nervous energy 
which it can spontaneously discharge. The first of these 
is the well-known fact that the character of reflex move
ments is such as to indicate the rhythmical discharge of 
groups of centrifugal nerve impulses the periodicity of

1 Wedenski, " Erregung, Hemmung und Narkose," Archiv f. die Ges. 
Physiol, c., 1903.

- Bethe, Allgetneisu Anat. n. Physiol, des Nerwnsystesnt, 1903, p. 99. 



which bears no relation to that of the centripetal ones. 
But it must be' remembered that even in nerve fibres it is 
possible for a succession of stimuli to evoke a different 
succession of electrolytic changes and of nerve impulses, 
provided that some of the successive stimuli fall within 
the period of inexcitability which occurs during the estab
lishment of each new electrolytic poise.1 We have, there
fore, only to assume, as is very probable, that in the 
central portion of the nervous path this poise is prolonged 
in its development, and numbers of centripetal impulses 
must necessarily fail; hence the emergent ones will have a 
special periodicity indicative of the duration of the swing 
of the electrolytic rearrangement which occurs when the 
synapses plus the cells are traversed by the entering 
impulse.

1 Gotch and Burch, Journ. of Physiol., vol. xxiv. 1800, p. 410 : Bovrott, 
Journ. or Physiol., vol. xxiv. 1891, p. 144 ; Buchanan, Joum. of Physiol., 
vol. xxvii tqnt, n, qS &c

2 Gotch and Horsley, Phil. Trans., vol. dxxxii. pp. 767-526. (London, 
:8m 1

I* Baglioni, flrchiv f. dis Ges. Physiol., 1900, Supplement, pp. 198-342. 
(Leipzig.)

The second feature which more particularly suggests 
spontaneous cellular activity is the well-known fact that 
reflex centrifugal discharges may continue after the obvious 
centripetal ones have ceased. This is preeminently the case 
when the central mass is rendered extremely unstable by 
certain chemical compounds, such as strychnine, &c. 
There are, however, suggestive indications in connection 
with such persistent discharges. The more completely all 
the centripetal paths are blocked by severance and other 
means, the less perceptible is such persistent discharge, and 
since nervous impulses are continually streaming into the 
central mass from all parts, even from those in apparent 
repose, it would seem that could we completely isolate 
nerve cells, their discharge would probably altogether 
cease. In this connection a suggestive experiment was 
carried out some years ago upon the spinal cord of the 
mammal.’ A portion was isolated in situ by two cross
sections, and a part of this isolated cord was split longi
tudinally into a ventral half containing the motor or centri
fugal nerve cells and a dorsal half containing the breaking 
up of the centripetal nerves; each half was then examined 
for those electrolytic changes which indicate the presence 
of nervous impulses. It was found that, even in the 
strychnised animal, no electrical effects could be detected 
in the ventral half of the cord or its issuing roots, although 
such effects were marked in the whole cord, and occurred 
in the dorsal half which contained the centripetal nerve 
fibres.

This experiment indicates that even in the hyper-excitable 
condition produced by strychnine the spinal motor nerve 
cells did not discharge centrifugal impulses when cut off 
from their centripetal connections. It is corroborated by 
the results obtained by Baglioni in the frog and smaU 
mammal,’ and, taken in connection with those previously 
mentioned, it affords considerable foundation for assert
ing that the chief r6le of the nerve cell is trophic, and 
that, as regards issuing nerve impulses, it only forms a 
modified part of the conducting path. The more we 
investigate the physiology of the nervous system, the 
stronger becomes our belief that for centrifugal discharges 
to occur centripetal impulses must be primarily started 
either in the peripheral sensory surfaces by changes of a 
physical or chemical type occurring in the external world, 
or at some point in the nerve continuum by local chemical 
or physical changes within the body, especially those due 
to the chemical condition of the blood. Having been thus 
started they course along definite structural paths, and the 
only direct indications of this passage consist of such 
phenomena as would be produced by the redistribution of 
concentrated groups of electrolytes—a purely physico
chemical process.

This conception places the propagation of the nervous 
excitatory state as the sole determining factor of nerve 
activities, central or peripheral. It derives additional sup
port from the circumstance that it is in harmony with that 
aspect of these activities which is comprised under the 
term, inhibition. Any effective regulating system must be 
able to bring into pl.av both incentive and restraint—the 
whip and the reins. The possession by the central nervous 

mechanism of inhibitory powers is remarkable both for its 
extent and its delicacy. It appears more and more prob
able that this is achieved by the propagation of nervous 
impulses of the ordinary type. Thus, recent researches by 
Sherrington show that the propagated impulses from a 
given central mass may, although normally inhibitory to 
the centrifugal discharge of another mass, become directly 
incentive if the second controlling centre has its excitability 
abnormally augmented by strychnine, tetanus toxin, &c.‘ 
As regards their fundamental characters it thus appears 
that both augmenting and inhibiting impulses belong to 
the same category. Moreover, such theories of central 
inhibition as embrace all the phenomena involve as their 
essential basis the cutting-oil of the potent centripetal 
supply to the inhibited centre. In the interference theory 
this cutting-off is assumed to be caused by the arrival of 
other nerve impulses which, breaking into the path of 
normal centripetal flow, obstruct and run counter to this 
potent stream. In the ingenious drainage theory, pro
pounded by McDougall, the cutting-off is an indirect one, 
it being assumed that the new stream enters other side
channels, and thereby opens up a short circuit through 
which the potent ones drain away without reaching the 
centrifugal centre. Even Langley’s conception of receptive 
substances played upon by impulses must be associated 
with a check in the efficiency of the continuous centripetal 
supply.

From the foregoing it appears that the physiologist has 
definite grounds for believing that, as far as present know
ledge goes, both the production and cessation of central 
nervous discharges are the expression of propagated 
changes, and that these changes reveal themselves as 
physico-chemical alterations of an electrolytic character. 
The nervous process, which rightly seems to us so re
condite, does not, in the light of this conception, owe its 
physiological mystery to a new form of energy, but to the 
circumstance that a mode of energy displayed in the non
living world occurs in colloidal electrolytic structures of 
great chemical complexity. There is a natural prejudice 
against the adoption of this view, but such prejudice should 
surely be mitigated by the consideration that this full 
admission of physiology into the realm of natural science, 
by forcing a more comprehensive recognition of the 
harmony of Nature, is invested with intellectual grandeur.

With such questions as the essential meaning of con
sciousness and the interpretation of the various aspects of 
mind revealed by introspective methods, the physiologist, 
as such, has no direct concern. For his purpose states of 
consciousness are regarded merely as signs that certain 
nervous structures are in a state of physiological activity; 
and he thus limits the scope of physiology to the objective 
world. This limitation of physiology does not prohibit a 
treatment of the subjective world along lines calculated 
to display that intellectual causative array which character
ises science; it merely indicates that this particular appli
cation of scientific method is not physiology, but that 
something else, still more profound, which is now termed 
psychophysics.

But if objective phenomena form the subject-matter of 
the physiologist, then “ the legitimate materialism of 
science ” must constitute his working hypothesis; and his 
“ well-defined purpose ” must be to adapt and apply the 
methods of physics and chemistry for the analysis of such 
phenomena as he can detect in all physiological tissues, 
including the nervous system. The trend of such a strictly 
physiological analysis is towards a conception in which the 
highest animal appears as an automaton composed of differ
entiated structures exquisitely sensitive to the play of 
physical and chemical surroundings.’ The various parts of 
the animal body are linked by circulating fluids and by 
one special structure, the nervous system ; in this linking 
of parts the physiologist detects the working of automatic 
chemical mechapisms of great delicacy which, once de
veloped. are retained and perfected in proportion as they 
efficiently regulate the various bodily activities and co
ordinate them for the welfare of the whole organism. The

1 Sherqngton, Proc. Roy. Soc., vol. Ixxvi. B, pp. 269-297. (London, 
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plastic nature of nervous tissue renders it, in accordance 
with the principles of natural selection, particularly favour
able for progressive change in this direction, and thus 
developments may occur which reach their highest physio
logical expression in the brain of man.

In conclusion, attention may be drawn to the peculiar 
instability of living processes and structures. The living 
units show that significant mutability which the physio
logist describes as metabolism. This mutability appears to 
be encouraged or discouraged by the extent to which it 
fulfils a purpose, and this purpose in a living organism is 
the dominating law of its own development. The fulfil
ment of this purpose by means of physical and chemical 
change is such a general characteristic of living processes 
that a physiologist may with some confidence suggest that 
this fulfilment is the distinctive mark of a living thing.

SECTION K.
BOTANY.

Opening Address by Prof. F. W. Oliver, M.A., D.Sc., 
F. R.S., President of the Section.
The Seed, a Chapter in Evolution.

As the subject of the first portion of my Address I propose 
to consider the place of the seed in the evolutionary history 
of plants. The seed-character is the distinctive mark of 
three great groups of plants—the Pteridosperms, Gymno
sperms (including Cordaitete), and Angiosperms. Nor will 
it be seriously questioned that the possession of this organ 
has given supremacy to seed-bearing plants over groups 
not thus characterised in a majority of the types of environ
ment where vegetation is able to exist. Exceptions, of 
course, there are, though few of them are wholly immune 
from the invasion of the Spermophyte. The sort of habitat, 
for instance, in which Zostera flourishes—sometimes to the 
exclusion of other forms—is held more as a result of 
vegetative aggressiveness than in virtue of any special 
power conferred by the seed-habit.

Our stock of knowledge of those plants which had 
attained to the seed-bearing condition in a bygone age has 
undergone some extension during the last few years; the 
seed, too, has shed its glamour over other branches of 
morphological inquiry, so that no serious apology is neces
sary for its selection as the subject of this morning’s 
discourse.

It is generally conceded that the primitive vegetation 
arose in the waters, and that with the parting of the 
waters and the emerging of land and continents this 
primitive stock of plants was sufficiently plastic to take 
advantage of the new conditions, throwing up successive 
hordes which effected a footing on the land, and in time 
peopled the whole earth with forms adapted to the varying 
habitats and climates as they differentiated.

Of the character of -these primaeval aquatic types no 
direct information has been vouchsafed. It is a matter of 
inference that they possessed much in common with the 
green Algae of to-day, which, living in a biologically stable 
medium, are commonly regarded as their nearest represent
atives. Be that as it may, the complexity of the life
history of existing Alga; and the frequent presence of 
neutral generations seem significant of the capacity of 
their progenitors to originate forms with sporophytes 
adapted to terrestrial conditions.

In our Liverworts and Mosses on the one hand and the 
Ferns and their allies on the other, two divergent evolu
tionary lines are represented, both fitted to existence upon 
land surfaces, but handicapped by the retention of a non
terrestrial method of effecting the sexual process. In the 
Bryophytes the physiological continuity and dependence of 
the sporophyte upon the gametophyte is preserved through
out, and it never rises above the status of an elaborate 
spore-capsule; whilst the gametophyte, though often reach
ing a complex vegetative differentiation, offering many 
analogies with the sporophytes of higher plants, is con
demned to pigmy dimensions through the incubus of the 
inherited aquatic mechanism of fertilisation.

Though remote from the series that have culminated in 
seed-plants, the Bryophytes arc a group offering many an 
instructive parallel with the main series of plants; certainly 

these forms have remained too long a thing apart. Haber- 
landt and Goebel have shown us—to name no others—how 
happy is the hunting-ground which the Bryophytes provide. 
Further work is still required, directed more especially to 
certain important points in the life-history.

With the regular vascular cryptogams the relations 
between the stages are of course different. Here we find 
large complex sporophytes holding the ground, but 
hampered by the ever-recurring necessity of dependence 
upon outside water for the performance of the reproductive 
process.

The land problem was solved on ingenious lines. The 
differentiation of gametophytes which accompanied hetero
spory rendered possible the retention of the larger spore 
and female prothallus. Thus retained aloft, the drawback 
of the double existence is overcome and the advantages of 
the elaborated sporophyte more fully realised. The water 
conditions are brought directly under the plant’s control 
through the device of the pollenrchamber, and the way 
paved for the ideal seed with siphonogamy.

All the elements of the seed were present before, but 
combined compactly in this new way we recognise what is 
virtually a fresh stage intercalated in the life-history. 
Further elaboration came bit by bit as the possibilities 
were successively realised. With the evolution of the seed, 
the plant rose at a bound to a higher plane, and this struc
ture in its perfected form has become the very centre of 
the plant’s existence.

The case of Cycas and Ginkgo with motile sperms affords 
an extreme demonstration of the inertia of heredity, the 
persistence in living seed-plants of the original aquatic 
flagellate type.

Obsolete as they arc and faced with extinction, these 
survivors from the middle epoch of the world’s history 
still hold their ground in a few scattered localities. In 
this connection we shall listen with interest to Prof. 
Pearson's account of the Encephalartos-scrub of South 
Africa which is to occupy us during the course of the 
present sitting of the Section.

How the sperms became replaced ultimately by the 
passive cells of the pollen-tube we have no knowledge.

If the conjecture be well founded that the change came 
late rather than early, then the conservatism of the spermo- 
phytic line in this respect stands in marked contrast to the 
adaptability that is so characteristic of another phylum of 
aerial plants. The ready evolution of siphonogamy in the 
form of fertilising tubes, so common in the Fungi, perhaps 
finds its explanation in the close filiation of this group 
with primitive and plastic forms. The fertilising tube may 
reasonably be regarded as a special case of a general 
susceptibility to chemiotactic stimuli which distinguished 
the whole hyphal complex of the group from very early 
times. In the case of the spermophyte, on the other hand, 
the motile spermatozoid seems to have persisted through a 
long and complicated ancestral history, so that its elimin
ation may have been less easy of achievement.

The seed, once evolved, became the centre of a host of 
accessory organs, constituting what we know collectively 
as the fruit and flower. By these it has been robbed, as 
we shall see, of many of its pristine functions, and at the 
same time has undergone marked structural reduction. 
In the highly elaborated Angiosperm more especially we 
find an almost stereotyped uniformity in seed-structure 
contrasting with an infinite diversity in the outward floral 
husk.

In attempting a sketch of the origin of the seed one 
has to admit at the outset that recent discoveries bring 
us no nearer to its prototype than we were a decade ago. 
For the seeds of the Pteridosperms are advanced structures 
recalling quite vividly the type long familiar in living 
Cycads. It would be overstating the case to say they have 
nothing primitive about them, but there is a long chapter 
in evolution to be deciphered before we can connect, say, 
the seed of Lyginodcndron with the sporangium of any 
Fern at present known to us.

The great interest of the recent correlation of seeds with 
Coal Measure plants lies less in the structure of these 
correlated seeds than in the very extensive scries of plant- 
remnins wbtrh we hnv» thus come to recognise as belonging 
to the earlier Spermophytes.

For the position of these plants had remained in suspense.



The elaborate anatomical investigation whicn tneir vege
tative organs had received at the hands of Williamson, 
Scott, Solms-Laubach, and others showed them to occupy 
a transitional position between the Ferns and Cycads. 
In certain respects they showed an advance in the cycadian 
direction, whilst in others they were wholly fern-like. 
1'heir fructifications were unknown, and their nature re
mained an open question. It was for this group, or series 
of transitional groups, that Potonid proposed the appro
priate name of Cycadofiliccs.

We know now that the Lyginodendrea; and Medullosea; 
bore seeds attached to their fronds. The seeds have been 
found attached in some cases to reduced fronds consisting 
of a branching rachis, in others to fronds of the normal 
filicinean type. Indeed, so far as habit is concerned, these 
plants may rightly be described as seed-bearing Ferns.

As such, indeed, most people will be content to regard 
them—as forms, that is, having close filicinean relation
ship in which the reproductive method has been profoundly 
modified, the internal anatomy to a less extent, and the 
habit hardly at all. Had these Pteridosperms come to light 
during the lifetime of Ilofmeister that master of morph
ology must have pounced upon them as furnishing an 
important link in his chain. These fossils and the sperm
atozoa which the Japanese botanists discovered in the seeds 
of Cycas and Ginkgo, indeed, afford the most convincing 
direct evidence of the soundness of the Hofmeisterian 
scheme that it is possible to conceive. Nor is that all. 
For by confirming the indications first revealed by the 
earlier investigation of the vegetative anatomy, the 
Pteridosperms have afforded us a striking object-lesson of 
the value of the anatomical method—of the significance of 
purely anatomical characters too long ignored by the 
systematist.

Not so long ago, when new examples of; these Pterido
sperms were turning up on every hand, some pessimists 
were inclined to wonder whether, after all, any groups of 
real Ferns existed in the Palaeozoic rocks. Such sporangia 
as were known might well be the pollen-sacs of seed-bear
ing plants. All doubts on this score are happily set at rest 
by the detection of germinating Fern-spores in contem
porary beds. Nor can I think of any more fitting tail
piece to the investigations which lead the way to the 
Pteridosperms than the discovery, by the same investigator, 
of the antidote to these rather disturbing views. However, 
it is needless to dwell further on these matters now, in 
view of Dr. Scott’s address to-morrow upon the Present 
State of Palaeozoic Botany.

But to return to the history of the seed. In the absence 
of direct evidence, one can only conjecture that some old 
generalised type of sporangium formed its prototype, some
thing substantial, on the lines of a Botryopteris or Zygo- 
pteris, perhaps. The heterospory that was the precursor 
of the seed-like condition must have been a transient phase, 
or else it is lost in the pre-Carboniferous obscurity. Be 
that as it may, the passage from the dehiscent to the 
indehiscent monosporal megasporangium finds its analogy 
in every group of plants. Where there is extreme numerical 
reduction of the contained structures—be they spores or 
seeds—a multitude of cases in the Fungi, in the Alga:, and 
the angiospermic flowering plants show that dehiscence 
tends to become, obsolete. The failure to dehisce does not 
appear to be directly correlated with any mechanical diffi
culty in ejaculation. It is more probably one of those 
obscure cases of interdependence of phenomena in which 
the vegetable kingdom abounds. A special investigation 
directed to the elucidation of this point might be expected 
to yield interesting results.

We now come to the consideration of a most character
istic organ of the seed—the pollen-chamber. This cavity 
arises at the apex of the megasporangium, above the big 
megaspore, and is found in all the Palaeozoic seeds, with 
the sole exception, so far as I am aware, of the “seed- 
like ” structures in Lepidocarpon and Miadesmia. The 
utility of the pollen-chamber is manifest, but its ante
cedents are quite unknown. Upon such a structure as this 
may have depended the success of the seed-method at a 
critical stage in its evolution. In the viviparous 
Selaginellas, described some years, ago in America, the 
archegonium on the prothallus of the retained megaspore 
is fertilised by sperms liberated from microspores which 

become caught tn tne lips of the open megasporangial wall- 
This analogy suggests to us that the pollen-chamber cavity 
may be a relic or modification of the original place of 
dehiscence. If this conjecture be true, we have here what 
was once an exit-pore converted to the purposes of ingress, 
just as we find, in so many Thallophytes, tubes and beaks, 
once, as it is supposed, the orifices of zoospore discharge, 
now serving for the reception of male gametes.

A great feature in the early seed types was the com
plexity of the integument, and this still holds good in 
recent Cycads and some other Gymnosperms. Protective 
envelopes are so commonly associated with reproductive 
organs, and the nutritive conditions are so favourable to 
their production, that a naked nucellus strikes one as. 
anomalous. If future research confirm the supposition that 
the ferns which stand in possible relation to early seed
plants were ex-indusiate, like the Marattiacete, recent and 
fossil, then no doubt the seed-coat is a new formation, 
having no true homology with, but merely homoplastic 
resemblance to, ordinary Fern-indusia. The only case of a 
naked nucellus that recalls itself is the rather mysterious 
instance of Lepidocarpon in which Dr. Scott reports the 
not infrequent occurrence of non-integumented mega
sporangia with the prothallus fully developed.

The robust nature of the seed envelope, which was often 
drupaceous, is in complete harmony with the whole 
character of the seed if you regard the habit at its incep
tion as a xerophilous adaptation. And such no doubt it 
was, an improved method whereby the plant became in
dependent of chance water at a very critical stage in the 
life-history. Some of the peculiarities of fossil seed-coats, 
especially the ribbing of the Lagenostomas and several 
other genera, may be attributed to a multiple origin of 
this structure, at any rate in some cases. The remarkable- 
circlet of tentacles which surrounds the summit of Lageno- 
stoma physoidcs (best known by Williamson’s earlier name 
Physostoma elegans) suggests that a number of foliar lobes 
have been incorporated in the seed, whilst the presence of 
perimicropylar ridges and the septate canopy in allied forms 
may be taken as only a less evident indication of the same 
thing.

The relation between the integument and sporangia! body 
of recent Gymnosperm seeds is found to be an inconstant 
character, and the same is true of the fossils. In general 
character the relationship recalls that which obtains between 
the ovary and receptacle of an Angiosperm. The Lageno
stomas resemble Cycas and Pinus in having the integument 
free at the apex only, whilst Taxus, Phyllocladus, and 
Araucaria are in agreement with the Trigonocarpons and 
other seeds, which are generally attributed to Medultoserv. 
in having an integument which rises freely from the 
chalaza. It is interesting to note that the fossil seeds o' 
the latter group show an additional complexity in the wall 
of the nucellus. For in them a series of tracheal strands 
or even a mantle of- tracheides is found running up from 
the chalaza to the pollen-chamber. It is evident that 
nothing was spared in these older seeds to ensure adequate 
access of water to the pollen-chamber where the sperms 
must have been liberated.

In due time the protective sheath, or testa, appropriated 
other functions supplementary to that of protection. Of 
these the most important must have been the reception of 
the pollen. A very striking feature in all the Lageno
stomas is the way in which the tip of the nucellus (where 
the orifice of the pollen-chamber is situated) projects beyond 
the integument. In these seeds the microspores must have 
had direct access to the pollen-chamber without first de
scending a micropylar canal.

In the Medullosean seeds also the nucellus is dis
tinguished by a long beak, ns Dr. Scott and Mr. Maslen 
have shown recently for Trigonocarpon, and, as we know, 
in Stephnnospermum, and many other cases. So far as we- 
know, this beak does not extend to the surface, though it 
engages with the micropylar canal, and is continued some 
distance up.

Though it can hardly be supposed that the long beak has 
been inherited from the ancestral sporangium, its presence 
may be none the less significant of what took place when 
the seed method was initiated. The direct pollination in 
Lagenostoma may well be a survival from the old days 
when no proper micropyle existed. But when the micro



pyle closed in, the conservative nucellus would for a while 
endeavour to maintain direct communication with the 
exterior. The beak-like appendage on this view would be 
a new formation evolved pari passu with the integument.

A peculiar and distinctive, though negative, feature 
common to the whole range of Palaeozoic seeds that have 
become known to us is the lack of an embryo. Occasion
ally small-sized seeds are met with, as in Lagenostoma 
Lomaxi, and now and then immature-looking stages, of 
which the best example is Renault’s Cordaitean ovule, so 
often figured in the books. But apart from such rarities 
the petrifactions agree in being at a stage which, in the 
light of recent Cycads, is to be interpreted as corresponding 
to the time of fertilisation. The pollen-chamber is charged 
with pollen-grains, whilst in good examples the megaspore 
is filled with a prothallus which frequently shows indica
tions of archegonia at its upper extremity. All these 
specimens will be dismissed by some as abortive, and any 
conclusions drawn from the negative character as invalid. 
Without ignoring this contingency another view is, of 
course, possible. The normal fall of the seed may have 
followed pollination at a short interval, much as is reported 
for Cycas and Ginkgo to-day. The “ resting period ” in 
these seeds would then perhaps coincide with the matura
tion of the sperms, whilst the subsequent embryonic history 
might have been carried through without a pause. This 
view gains support from the filicinean relationship, for of 
course the fertilised egg of a Fern continues its develop
ment without interruption. If the modification of the 
pteridophytic life-history that culminated in these early 
seeds were directed, as seems probable, to ensuring a 
greater certainty in bringing the gametes together under 
conditions favourable to their union, it would follow that 
the other great advantage arising from the seed-habit was 
of later acquisition. In other words, the ordinary seed 
with resting embryo was evolved by stages. There is a 
great lacuna in our knowledge of the early adjustment of 
the embryo to intraseminal existence. Whilst evidence of 
Palaeozoic seeds with resting embryos is altogether want
ing, we are confronted in the Mesozoic rocks with the 
Bennettitea:, all of which possess a well-marked dicotyle
donous embryo practically filling the seed-cavity. It is 
mere conjecture to suggest that this change has been 
wrought in response to some climatic stimulus, though the 
marked xerophiious facies of many of the Mesozoic Cycado- 
phyta seems quite consistent with such a view. Be that 
as it may, one cannot fail to recognise that the resting seed 
with an embryo marks a great advance on the Pterido- 
sperm, an advance hardly less important to the welfare of 
the plant than was the earlier type of seed on the extended 
life-history of the filicinean prototype.

This stage of the seed-history would be of exceptional 
interest if we could hope to recover any morsels of direct 
evidence. As yet we remain in the dark as to the morpho
logical nature of the embryonic organs, how far we are 
dealing with new structures produced from a protocorm, 
as Prof. Bayley Balfour has suggested; 1 how far they 
represent the old filicinean organs adjusted to intraseminal 
life. What chance there may be of the solution of this 
difficult problem by the application of other methods may 
emerge perhaps from the discussion on the phylogenetic 
value of early seedling characters which is to be opened 
next Tuesday morning by my colleagues Mr. Tansley and 
Miss Thomas.

1 Presidential Address, Section K, Glasgow, 1901, p. 9.

Reference has already been made to the view that the 
seed, as we find it in the majority of spermophytes with 
its resting embryo, shows definite adaptation to seasonal 
periodicity. It would be interesting to learn how far the 
seeds of plants long accustomed to uniform conditions, 
such as the rainy tropical forest, behave in this respect. 
The point does not appear to have been very fully investi
gated. Indeed, there is a rich field for both observational 
and experimental work upon obscure seed-problems await
ing any one who can devote continuous attention to the 
subject. Is there any solid foundation for the supposed 
“ physiological dimorphism ” among seeds according to 
which, as one reads in the older books, the earlier ripening 
seeds are adapted to an immediate germination, whilst the 
later ones are reserved for the following spring? It may 

be that we have here but one more illustration of the 
operation of temperature as the limiting factor, but in any 
case the matter wants clearing up. An experimental in
vestigation of the relations of “ albuminous ” and “ ex
albuminous ” seeds would probably repay the trouble 
involved. Does any condition or set of conditions under 
the control of the operator exert an influence in this con
nection?

The mention of the early germination of seeds brings to 
mind the most striking instance of all—that of the tropical 
Mangrove, in which, as is so well known, the seed 
germinates on the tree, so that the young plant is extruded, 
and in some instances falls, from the parent free of its 
envelopes.

Our interest in this type of vegetation has been revived 
through the researches of Mr. H. B. Guppy incorporated 
in his recent contribution on “ Plant-dispersal in the 
Pacific.” This volume, perhaps the most important con- 
tribufion to the biology of tropical plants that has appeared 
since the death of the lamented Schimper, is distinguished 
alike for its wealth of new observations and its engaging 
freshness of treatment. There is one suggestion of Mr. 
Guppy's concerning the vivipary of Mangroves which may 
occupy our attention for a few moments.

As a result of his studies in the Pacific and elsewhere 
Mr. Guppy has arrived at the conclusion that the Man
grove type of vegetation is a very ancient one, dating back 
to the times when climate was more uniform and moist 
than we know it to-day. The viviparous habit he con
jectures to have been once very general, whilst to-day this 
primitive condition is making its last stand along the 
tropical shores. Traces of vivipary still occur among 
inland plants, such as Crinum, whilst in other cases it re
appears intermittently under conditions not fully ascer
tained. Mr. Guppy supposes the ordinary fruiting way of 
plants with caducous fruits or seeds, that germinate after 
an interval, to have arisen by a modification of the con
tinuous viviparous method in the sense that the seed has 
come to fall earlier and earlier until the stage now 
characteristic of practically all Spermophytes has been 
reached.

Piecing the data together, this seems to be the position : 
The earliest known seeds appear to have remained on the 
plant just long enough to receive their pollen ; but in time, 
it is reasonable to suppose, the advantage of remaining 
longer was realised, and the fall of the seed was postponed 
until fertilisation was followed by the occupation of the 
seed-cavity by an embryo. Here in seclusion the embryo 
could remain until germination was convenient. Starting 
at the other end, our modern seed, according to Mr. Guppy, 
has been evolved by the gradual retention of the viviparous 
embryo; or, to put it in another way, the detachment of 
the seed has been hastened so that it falls long before 
germination is due.

Well, these theories fail to meet in the middle, as they 
should if they are to present us with an epitome of the 
whole seed-history. Perhaps there were troublous times in 
that middle epoch, so that the continuity has become 
obscure 1 Or possibly another view may be admissible of 
the relation of vivipary to normal seed-production. Most 
botanists, I take it, have been inclined to regard vivipary 
as the dernier cri in seed-history, the ultimate stage in 
the way of possible reproductive advance in seed-bearing 
methods that the higher plants have yet attained. The 
Mangrove process might even be conceived as the starting- 
point, under certain contingencies, of a whole new race of 
plants with life-histories complicated by fresh alternations 
■—homologous alternations—far beyond any of which we 
have knowledge to-day I

Schimper and others who have given attention to the 
subject found no reason for regarding vivipary as other 
than an adaptation to special circumstances, an extreme 
condition that had arisen independently in several cycles 
of affinity. Before the contrary can be accepted a good 
deal of positive evidence will be needed, drawn from the 
non-Mangrove representatives of groups in which vivipary 
occurs, to show that the relationship is other than has 
been generally supposed. Moreover, if the viviparous habit 
were formerly of wide occurrence some traces of it might 
reasonably be expected in the fossil record. So far as can 



be ascertained, such have not been forthcoming, nor can 
I hear of any record of recent Mangroves being preserved 
in this way. Seeds and embryos appear to be so uniform 
on the whole that it is difficult to understand how they 
could have passed through a viviparous phase in the later 
stages of their evolution.

The viviparous Mangroves, on the other hand, are full 
of diversity in detail, and these differences would surely 
have left a permanent mark had the course pursued been 
in conformity with Mr. Guppy’s very interesting sugges
tion. That there is a rich field awaiting detailed investi
gation in connection with the fascinating subjects opened 
up by Mr. Guppy will be admitted by most naturalists.

In glancing back at the early seed-structures one is 
struck with the complexity of their organisation as com
pared with the relative simplicity of modern seeds. The 
pollen-chamber, the large elaborate integument, and the 
complicated vascular arrangements, so characteristic of the 
Pteridosperm seed, have for the most part passed away, 
giving place to much simpler structures. Occasional ex
ceptions no doubt occur; the seeds of Palms have remark
able integuments, whilst those of Magnolia, some Aroids, 
Sapotacem, &c., show an unusual development of vascular 
tissue. Most astonishing of all perhaps is the integu- 
mental tracheal sheath which closely invests the nucellus 
of Cassytha.' Though evidence of their precise function be 
lacking, the fact that many of these structures belong to 
the tropical forest makes closer knowledge desirable. For 
in these localities the conditions must have long been 
relatively stable; thus increasing the chance that the struc
tures referred to still perform their pristine functions. 
These and other cases like them need elucidation, but to 
the broad statement that the seeds of recent Spcrmophytes 
are organised on simple lines there can be no question. 
This reduction in complexity may be accounted for on two 
grounds. In the first place fertilisation by motile sperms 
has been replaced by fertilisation by pollen-tubes. Instead 
of sperms being discharged into an internal water-chamber 
upon which the archegonia abutted, the male cells are 
carried through soft tissues to the egg in a plastic tube.

In other spheres the like befalls. If primitive man had 
occasion to journey from Baker Street to Waterloo, he 
penetrated the forest and then swam the river; to-day his 
descendants are projected from the one to the other with 
accuracy and despatch in a subterranean passage.

Just at what stage the improvisation of the pollen
chamber gave place to the newer method we have no 
knowledge. Perhaps some information on this point may 
emerge from Dr. Wieland’s exhaustive researches into the 
extensive Yale collections of American Cycadeoideas. For 
the Bennettitem already show a simplification of the seed 
in certain respects; though, owing to the late stages of 
development usually found in European examples, this point 
could be cleared up.

The other cause that must have played a prominent part 
in the simplification of the seed was the association with 
it of other structures which relieved it of a part of the 
original load of duties that fell to its lot. The dense heads 
of Bennettites show us this, and the same may be said 
of most Coniferous strobili. But the Angiospermic ovary 
provides the best example of a special organ inclosing the 
seed or ovule, affording it protection during the immature 
stages and also collecting the pollen. The steps by which 
this came about remain hidden, and any discussion of the 
matter is of course premature. The carpels may have 
been derived from reduced sporophylls or from portions of 
sporophylls that were more closely associated with the 
seeds. The cupule of Lyginodendron is an organ rather 
suggestive in this connection. One is tempted to compare 
it with a rudimentary ovary, playing the serviceable part 
of a moist air-chamber for the seed during the earlier 
stages of its development.

However, the origin of the fruit and of the flower, with 
all its manifold organs, must be left to the future : they 
form no part of our theme. Some day a happy discovery 
will yield a clue, and the reproach that we are in entire 
ignorance of the affinities of the dominant phylum will be 
removed.

t”M. Mirande, “ Ledevelop, ct l’anat. d. Cassythacies," Ann. d. Sc. Nat., 
sir. hot., tom. 11., 1905.

The history of the seed, as I read it from the imperfect 
and fragmentary data that are available, has been a series 
of advances spread over long geological periods. The 
possibilities of the seed-habit were realised only bit by bit, 
and the high efficiency of the modern seed depends in large 
degree upon the close association of other structures which 
cooperate in its functions. No doubt the first step, the 
retention of the megaspore, was the most important of 
all ; though, that this might be effective, some contrivance 
for the capture of the pollen-grains must have accompanied 
it. Later steps in the process of seed-evolution would 
include the adjustment of an intraseminal embryonic stage, 
and in time the substitution of the pollen-tube for the 
liberation of sperms.

Now assuming, as 1 think we are entitled to assume, 
that seeds have come into existence along some such lines 
as those thus crudely blocked out, there is a great difficulty 
in conceiving the process other than discontinuous. Every 
one of the stages emphasised involves the conception of 
something more abrupt than mere gradual variation. And 
there is, of course, the old difficulty confronting us as to 
how the organ or mechanism came to be preserved at its 
inception. All these difficulties vanish when it is recog
nised that effective variation is of the discontinuous order, 
and that the successive changes involved may be consider
able enough to be designated jumps. Happily such views, 
based upon experimental results, have been formulated by 
De Vries in his Mutation Theory. That theory is so well 
known to botanists in this country that any exposition here 
is quite superfluous. The least thing that can be said in 
its support is that it is perfectly tenable. But we may go 
much further than that. Apart from the Theory of 
Natural Selection, no modern hypothesis of evolution has 
been so helpful or so likely to stimulate further work. 
The results of continued investigations in this field, now 
so actively pursued, will be awaited by all biologists with 
a keen and sympathetic expectancy. Not the least of the 
advantages that follow in the wake of the Mutation Theory 
is the shortening of the time required for the evolutionary 
process. As the physicist imposes a time limit to the 
period during which life has been possible on the earth, 
a working theory that reconciles the demands of the 
biologist with the physical limitations is decidedly re
assuring. In this connection it is very interesting to note 
that Monsieur Grand’Eury, one of the most active and 
distinguished workers in the field of pal.-cobotany, should 
have found data supporting the view of mutation.1 In 
tracing the passage of fossil plants through great thick
nesses of rock he has been impressed on the one hand with 
the high degree of permanence of certain forms, and on 
the other with the suddenness, when the moment came, 
with which one species passes into another.

The collection of data of this kind from our own Coal 
Measures appears to me a very pressing necessity in view 
of the rapidity with which the coalfields are being 
exhausted. Indeed, the present is an unique opportunity 
which can never recur, and the chance of systematically 
utilising it is slipping away. Whatever view one may hold 
as to the expediency of making exhaustive collections of 
the recent flora, there can be no two opinions of our 
manifest duty to “ make hay while the sun shines ” in 
the matter of the coal fossils. Regarded as systematically 
arranged collections showing how the plants occur in 
definite localities, the contents of most of our museums, 
as I am assured by competent authorities, are practically 
worthless. That innumerable specimens of the greatest 
value are preserved in museums may be readily conceded ; 
but my point is that these collections have been made 
without system, and that details of precise locality and 
horizon are frequently wanting. All this has to be done 
over again, and I believe local societies working in touch 
with a central organisation could do a memorable service 
which would earn them the gratitude of future generations 
and at the same time provide a fresh outlet to their 
energies.

To us the coal industry, with its vast resources, is a 
convenient mechanism for making fossil plants accessible. 
The colliery proprietor may be relied on to afford all 
reasonable facilities for the acquisition of select examples

1 Grand’Eury, Compile rtndm, tom. exlii p. as.



from these superabundant and embarrassing waste pro
ducts. Should he incline to go further and contribute 
towards the modest funds necessary to carry out the under
taking worthily, he would increase the debt which science 
owes to industry. The thousandth part of the revenue 
arising from the export tax on coal would amply suffice 
for the purpose. Indeed, I can think of no more appro
priate way of celebrating the abolition of that burdensome 
impost.

If I have dwelt to-day on the seed to the exclusion of 
other features, it is because I am convinced of its supreme 
importance. The evolution of the seed must have been one 
of the most pregnant new departures ever inaugurated by 
plants. The revelations of the last few years afford us, it 
is true, but the merest glimpse of the first stage reached, 
the rise of the Pteridosperms. The conquest of the world 
must have been slow then as it is now. The great forests 
of Lepidodendrons and Calamites were not reduced to mere 
Lycopodiums and Equisetums all at once. In this pro
longed struggle, even if the Lycopods never produced a 
race to share the spoils, as some suppose, there is the 
evidence of Lepidocarpon that their reproductive methods 
underwent a certain if ineffectual modification in the same 
direction as their eventual supplanters. Probably the seed 
plants asserted themselves wherever physical changes over
whelmed old habitats. The rise and fall of the land, so 
great a feature in Carboniferous times, would favour the 
younger group. For as new ground became available for 
colonisation there would be opportunity of competing on at 
least equal terms with the effete types that cumbered the 
forest land. Nor should we forget that the seeds were well 
equipped with dispersal-mechanisms almost as varied as 
they are to-day.

A somewhat similar struggle is now in progress between 
the Angiosperms and Gymnosperms, but so slowly that we 
hardly notice it. A future age may have to be content to 
know its Gymnosperms from dwarf forms like those which 
the Japanese are so fond of producing in their pot-cultiva
tions I But perhaps all calculations will be upset by the 
more effective intervention of the human race. On present 
indications the vegetation of the future should consist of 
cpltivated crops and the weeds that accompany them ; that 
is, unless the Chemist comes to our aid and solves the 
problem on other lines.

Botany in England.
I now turn to other matters. The period of twenty-five 

years that has elapsed since the British Association last met 
in this City all but includes the rise of modern botany in 
this country. During the middle decades of last century 
our botanists were preoccupied with arranging and de
scribing the countless collections of new plants that poured 
in from every quarter of an expanding empire. The 
methods inculcated by Linnaeus and the other great taxo
nomists of the eighteenth century had taken deep root 
with us and choked out all other influences. Schleiden’s 
“ Principles of Botany,” which marked a great awakening 
elsewhere, failed to arouse us. The great results of Von 
Mohl, Hofmeister, Niigeli, and so many other notable 
workers, which practically transformed botany, were at 
first without visible effect.

It was not that we were lacking in men capable of 
appreciating the newer work. Henfrey, Dr. Lankester 
(the father of our President), not to mention others, were 
continually bringing these results before societies, writing 
about them in the journals, and translating books. But 
the thing never caught on—it would have been surprising 
if it had. You may write and talk to your contemporaries 
to your heart’s content, and leave no lasting impression. 
The schools were not ready. No movement of the sort 
could take root without the means of enlisting the sym
pathies of the rising generation. It was only in the 'seven
ties that effective steps were taken to place botany on the 
higher platform ; and the service rendered in this connec
tion by Thiselton-Dyer and Vines is within the knowledge 
of us all. Like the former in London, so the latter at 
Cambridge aroused great enthusiasm by his admirable 
courses of lectures. Great service, too, was rendered by 
the Clarendon Press, which diffused excellent translations 
of the best Continental text-books—a policy which it still 
pursues with unabated vigour, though the need of them

is, I hope, less urgent now than formerly. Already at the 
time of the last meeting in York (1881) a select band of 
Englishmen were at work upon original investigations of 
the modern kind. The individuals who formed this little 
group of pioneers in their turn influenced their pupils, and 
so the movement spread and grew. It would be premature 
to enter fully into this phase of the movement, so I will 
pass on with the remark that modern botany was singularly 
fortunate in its early exponents.

Whenever the history of botany in England comes to be 
written, one very important event will have to be chronicled. 
This is the foundation of the Jodrell Laboratory at Kew, 
which dates from the year 1876. Hidden away in a corner 
of the Gardens this unpretentious appendage of the Kew 
establishment has played a leading part in the work 
of the last twenty-five years. Here you were free to 
pursue your investigations with the whole resources of the 
Gardens at your command. I suppose there is hardly a 
botanist in the country who has not, at some time or other, 
availed himself of these facilities, and who does not cherish 
the happiest memories of the time he may have spent there. 
Certainly Jodrell displayed rare sagacity in his benefac
tions, which included, in addition to the laboratory that 
bears his pame, the endowments of the Chairs of Animal 
Physiology and Zoology at University College, London.

Sir William Thiselton-Dyer, who has so recently retired 
from the Directorship of Kew, had every means of know
ing that his happy inspiration of founding a laboratory at 
Kew was a most fertile one. It would not be surprising 
if the future were to show that of the many changes 
inaugurated during his period of service this departure 
should prove by far the most fruitful.

Another incident belonging to the early days ought not 
to be overlooked : I refer to the notable concourse of Con
tinental and American botanists at the Manchester meeting 
of the British Association in 1887. The genuine interest 
which they evinced in our budding efforts and the friendly 
encouragement extended to us on that occasion certainly 
left an abiding impression and cheered us on our way.

We are not forgetful of our obligations. We regard 
them in the light of a sort of funded debt on which it is 
at once a pleasure and a duty to pay interest. The divi
dends, I believe, are steadily increasing—a happy result 
which I am confident will be maintained.

But I should be lacking in my duty did I permit the 
impression to remain that botany is anything but a sturdy 
and natural growth among us. The awakening, no doubt, 
came late, and at first we were influenced from without in 
the subject-matter of our investigations. But many lines 
of work have gradually opened out, whilst fruitful new 
departures and important advances have not been wanting. 
We still lean a little heavily on the morphological side, 
and our most urgent need lies in the direction of physio
logy. As chemists and physicists realise more fully the 
possibilities of the “ botanical hinterland,” one may expect 
the conventional frontier to become obliterated. As Mr. 
F. F. Blackman has pointed out in a recent interesting 
contribution,1 the chemist’s point of view has undergone 
a change with the growth of the science of physical chem
istry, and is now much more in line with that of the 
biologist than was formerly the case. This natural passage 
from the problems of the one to those of the other should 
be the means of attracting into our body recruits possessing 
the necessary chemical equipment to attack physiological 
problems.

As the position gains strength on the physiological side, 
it will become possible to render more effective service to 
agriculture and other branches of economic botany.

This is of importance for a variety of reasons. Among 
others it will bring public support and recognition which 
will be all for good, and it will provide an outlet for 
our students. It will also afford unrivalled opportunities 
for experiments on the large scale. Even should economic 
conditions, which compel us to import every vegetable 
product, continue to prevail in this country, this will not 
be so in the Colonies. As time goes on, one may reason
ably expect an increasing demand for trained botanists, 
ready to turn their hands to a great variety of economic 
problems.

1 “ Incipient Vitality," New Phytologist. vol. v. p. aa.



From this rough sketch we see that the prevailing school 
of botany has arisen very independently of that which 
preceded it. The discontinuity between them you might 
almost call abrupt. All through the middle parts of the 
last century we were so busy amassing and classifying 
plants that the great questions of botanical policy were 
left to solve themselves. Great herbaria became of the 
order of things : they received Government recognition, and 
they continue their work apart. Those who built up these 
great collections neglected to convince the schools of the 
importance of training a generation of botanists that would 
use them. The schools were free, and they have gone 
their own way, and that way does not lie in the direction 
of the systematic botany of the herbarium. So long as 
this tendency prevails the herbaria must languish. When 
I say languish, I do not mean that they will suffer from 
inefficient administration—their efficiency probably has 
never been greater than at the present time. But the effort 
involved in their construction and upkeep is altogether 
disproportionate to any service to which they are put. 
Work, of course, comes out of them ; it is no question of 
the devotion or ability of individuals. It is the general 
position, the isolation of systematic botany, to which atten
tion should be directed with a view to its alleviation.

If things are left to take their course there is the fear 
of atrophy through disuse. The operation of the ordinary 
economic laws will no doubt serve to fill vacancies on the 
staff as they arise, but the best men will be reluctant to 
enter. Of course the pendulum may begin to swing the 
other way, though no indication of such a change is yet 
apparent.

Let us now attempt an analysis of some of the causes 
which have led to this condition of affairs.

In the first place, our two national herbaria (Kew and 
the British Museum) stand apart from the ordinary 
botanical current. They are administered, the one as a 
portion of the Kew establishment under the Board of Agri
culture, the other as a department of the British Museum 
under a Board of Trustees. Neither has any connection, 
direct or indirect, with any university organisation. The 
Keepers and Assistants as such have no educational func
tions allotted them; I mean positions in these herbaria 
carry no teaching duties with them. There are no facilities 
for teaching; there are no students. No machinery exists 
for training recruits or for interesting anybody in the ideals 
and methods of systematic botany. A recent event illus
trates my meaning better than any words. My friend Dr. 
Rendle accepted the Keepership of the Botanical Depart
ment at the British Museum a few months ago. Previously, 
as Assistant, he had held a lectureship at a London college. 
One of the first consequences of his new appointment was 
his retirement from the teaching post. Now that was bad. 
Under the conditions which one would like to see there 
would have been no resignation. On the contrary, the 
Keepership should have entitled Dr. Rendle to promotion 
to a full professorship. I do not mean a great post, with 
elementary classes, organisation, and so on, but one in 
which he would be occupied with his own branch, giving 
a course for advanced students, let us say, once a year 
during the summer months. Nor is that all. Such are 
the vagaries of our university organisation in London that 
we run some risk of losing Dr. Rendle from the Board of 
Studies in Botany. Automatically he ceases to be a 
“ recognised teacher,” and unless some loophole can be 
found the connection will be severed.

Next we come to the question of routine duties. These 
are heavy in herbaria, and must include a great many 
that could be satisfactorily discharged by handy attendants. 
As in the case of those who work in laboratories, half a 
man’s time should be at his own disposal for original 
investigations. It is important, for a variety of reasons, 
that the members of the staff should take a leading part 
in advancing systematic botany.

Then there is another way in which a great economy 
could be effected in effort, time, and money. This is the 
transfer of the collections and staff of the Botanical De
partment from the Museum to Kew. This is a very old 
proposal, first seriously entertained some fifty years ago 
after the death of Robert Brown. There must be endless 
files of reports and Blue Books in official pigeon-holes 
dealing with this question. The most recent report of a 

departmental committee is known to all interested in the 
matter. From the character of the evidence tendered it is 
not surprising that no action has been taken. 1 am at a 
loss to find any adequate reason for the continuance of two 
separate herbaria. It has been urged, no doubt, that 
botany would suffer if unrepresented in the Museum collec
tions at South Kensington, and that the dried collections 
and herbarium staff are a necessary adjunct to the mainten
ance of a botanical museum. But there is little force in 
the contention. The specimens that go to make a 
herbarium are not proper subject-matter for museum dis
play ; nor is there anything about herbarium work which 
intrinsically fits the staff to engage in the arrangement 
of museum cases. The function of a botanical museum is 
to interest, stimulate, and attract. It should convey an 
idea of the current state of the science, and particularly of 
the problems that are to the front, in so far as it is possible 
to illustrate them. It requires a curator with imagination 
and ideas, as well as an all-round knowledge of his subject. 
Ue must also be an artist. Logically there is no reason 
why a museum should be part of the same organisation 
as systematic collections. There is, indeed, a danger of 
making the museum too exhaustive. I am speaking, of 
course, of a teaching museum, which belongs really to the 
province of a university, or university extension if you like. 
Systematic collections kept exposed under glass are luxuries. 
All the world agrees that the museum side is admirably 
done at South Kensington, and most people attribute this 
success to the systematic element which is paramount 
behind the scenes. But, as we have seen, this is a fallacy, 
and the “ museum argument ” for keeping the herbarium 
at South Kensington may be ignored.

By the fusion of the herbaria at Kew . one would look 
for increased economy and efficiency, more time for original 
work as distinguished from routine duties, and a more 
complete specialisation.

We now approach another aspect of the question. Much 
has been said on the value of anatomical characters in 
classification, and it is pretty generally conceded that they 
ought to be taken into consideration, though, like other 
characters, they are beset with their own special difficul
ties. As Dr. Scott—who has always urged their import
ance—says : 1 “ Our knowledge of the comparative anatomy 
of plants, from this point of view, is still very backward, 
and it is quite possible that the introduction of such 
characters into the ordinary work of the herbarium may
be premature; certainly it must be conducted with the 
greatest judgment and caution. We have not yet got our 
data, but every encouragement should be given to th< 
collection of such data, so that our classification in the 
future may rest on the broad foundation of a comparison 
of the entire structure of plants.” This passage was 
written ten years ago and we are still awaiting its realisa
tion.

It is perfectly true that in the case of a recent proposa' 
to found a new natural order of flowering plants anatomical 
characters find due consideration ; still, on the whole, we 
are content to rely on the traditional methods that have 
been transmitted from Linnmus and the old taxonomists. 
So much material is always passing under the hands of 
our systematists that they cannot devote the time for the 
elaboration of a fresh method. In particular there arc 

| the new things which require docketing and provisional 
। description. Circumstances, as ever, place obstacles in our 
] way and tend to make us unprogressive.

Now it seems to be of the first importance that reform 
should come from within ; that these problems, which are 
systematists’ problems, should be solved by taxonomic 
specialists.

I am sanguine enough to believe that much might be 
done by a redistribution of duties, especially if this were 
accompanied by the fusion of the great herbaria, to which 
reference has already been made. But the greatest hope. 
I think, must lie in the possibility of some form of alliance 
or understanding between the authorities responsible for the 
administration of the herbaria on the one hand and the 
local university on the other. For directly you give the 
Keepers or Assistants in the former a status in the latter, 
you place at the disposal of the systematists a considerable

1 D. H. Scott, Presidential Address, Section K, Brit Assoc. (1896). 



supply of recruits in the form of advanced students possess
ing the requisite training to carry out investigations under 
direction. And if this be true of the herbaria, it holds 
equally in all the branches of knowledge represented in the 
National Museum. Really I fancy our Museum is rather 
anomalous in its isolation. In am confident that any 
understanding or arrangement that might be reached would 
be attended with great reciprocal advantage. Nor am I 
speaking without some data before me. The movement 
towards a closer relation between the museum and the 
university has already entered the experimental stage. For 
on several occasions during the last few years members 
of the Museum staff, from more than one department, have 
given courses of lectures in connection with the university 
schemes of advanced study. From all I hear, the experi
ment may be regarded as distinctly encouraging.

Before leaving this subject it may be appropriate to recall 
that the English edition of Solereder’s great work on 
Systematic Plant-anatomy is rapidly approaching comple
tion, and should be available very shortly. Its appearance 
cannot fail once more to arouse discussion as to the import
ance of anatomical characters. I hope the result produced 
may reward the devotion and labour with which Mr. L. A. 
Boodle and Dr. Fritsch have carried out their task.

In another and even more fundamental branch of system
atic work the future seems brimful of promise. We are 
beginning to recognise that a vast number of the species 
of the systematist have no correspondence with the real 
units of nature, but are to be regarded rather as sub
jective groups or plexuses composed of closely similar 
units which possess a wide range of overlapping variability. 
That such might be the case was apparent to Linnaeus, 
but the proof depends on the application of precise methods 
of analysis.

In the year 1870 our great taxonomist Bentham happened 
to meet Nageli at Munich, and, as we find recorded in Mr. 
Daydon Jackson’s interesting life, “ had half an hour's 
conversation with him on his views that in systematic 
botany it is better to spend years in studying thoroughly 
two or three species, and thus really to contribute essen
tially to the science, than to review generally floras and 
groups of species.” Bentham does not appear to have 
been convinced, for his comment runs : “He is otherwise, 
evidently, a man of great ability and zeal, and a constant 
and hard worker.” At the time of this interview Bentham 
was seventy years old, Nageli being seventeen years his 
junior. The views of the latter are now bearing fruit, as 
we see in the important results already obtained by 
De Vries and others, who are following the methods of 
experimental cultivation with so much success.

The supposed slowness of change has been a difficulty 
to many. This was one of the “ lions ” left by Darwin 
in the way, and it has driven back many a “ Timorous ” 
and “ Mistrust.” Now, as we are gradually perceiving, 
it is only a chained lion after all; a thing to avoid and 
pass by. The detection of the origin of species and varie
ties by sudden mutation opens out new vistas to the 
systematist, and along these he will pursue his way. It 
will take many years of arduous work this reinvestigation 
of the species question. The collections of our herbaria 
form the provisional sorting-out from which we must start 
afresh. In the long run it may be that our present collec
tions will prove obsolete, but that will not deter us. The 
scrap-heap is the sign and measure of all progress.

The Garden thus becomes an instrument of supreme 
importance in conjunction with the herbarium, and that is 
another reason for the transfer of South Kensington to 
Kew. The resources of the latter could then be directed 
more fully than ever to the advancement of scientific 
botany, and the Gardens would be revealed in a new light. 
For the operations and results of experimental inquiries 
would form a new feature, very acceptable to the specialist 
and public alike. And, as I am on the subject, it may not 
be out of place to remark that we all look forward eagerly 
to the time when the multifarious activities of Kew will 
permit the development of other features of which traces 
are already discernible. The arrangement of the living 
collections is nt present based largely on horticultural con
venience, geographic origin and systematic affinity, happily 
subordinated to an artistic or decorative treatment. In 
time we shall go further than that and attempt in some 

degree to reflect current botanical ideas in the grouping of 
our plants. Let me illustrate my meaning by a good 
example. The Succulent House is generally conceded to 
form one of the most interesting and stimulating exhibits 
to be seen at Kew—not merely from the weird and gro
tesque forms assumed by the individual plants, but chiefly 
because here you have assembled together plants of the 
most varied affinity having the common bond of similar 
adaptations to a like type of environment. The principles 
that underlie the arrangement of the best sort of museum 
may be applied with advantage in the case of a garden, 
and with tenfold effect; for is not a live dandelion better 
than a dead Welwitschia? This feature, introduced as it 
would be with moderation and discretion, would immensely 
enhance the value of the Gardens both to the student and 
general visitor.

But to return from this digression : on the whole the 
time seems ripe for the new departure. Fresh lines are 
opening up in systematic botany that call for special pro
vision. Now it was evident from the circumstances of the 
botanical renaissance twenty-five years ago that when it 
acquired strength some readjustment between the old and 
the new would have to be made. The thing was inevitable. 
The administrative acts of recent years all point in the 
same direction. The founding of the Jodrell Laboratory, 
the enhanced efficiency of the Gardens, the great extension 
of the Herbarium building, all help to pave the way. But 
more is wanted. Reference has been made to the advant
ages that would attend the migration from the Natural 
History Museum. But it is most important of all to 
devise a mechanism for securing a flow of recruits to carry 
on the work. This would follow in the wake of a 
rapprochement with the schools on the lines already 
sketched out. Difficulties, no doubt, will be encountered 
in the initial stages of a reorganisation, but these are 
inseparable from our bureaucratic system. A very hopeful 
sign is the readiness which the Government has shown in 
instituting inquiries in the past. That nothing has come 
of them may be attributed primarily to the attitude of 
botanists themselves. If they can unite on any common 
policy, there should be no serious delay in giving it effect.

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE.

The resignation of Dr. A. E. Dolbear, professor of 
physics at Tufts College since 1874, is announced.

Dr. Kuno Fischer has resigned the professorship of 
philosophy at the University of Heidelberg in consequence 
of ill-health.

Sir Walter Lawry Buller, F.R.S., has left on trust 
1000I. to found a Maori scholarship, to be called the 
Buller scholarship, tenable by Maoris, but not by Europeans 
or half-castes.

Du. A. G. Ruthven, who is at present collecting reptiles 
and studying their field relations for the American Museum 
of Natural History, has been appointed curator of the 
museum of the University of Michigan.

The Physical Society, Frankfurt a. M., has fitted up 
an electrotechnical instructional and experimental institu
tion in which young people after finishing their apprentice
ship may go through a further course in order to qualify 
themselves as works managers, &c.

Dr. J. K. H. Inglis, of University College, London, 
has been appointed principal lecturer in chemistry at Uni
versity College, Reading; and Mr. F. J. Cole, of the 
University of Liverpool, has been appointed principal 
lecturer in zoology at the same institution.

Plans are being prepared for a building for operative 
surgery and experimental pharmacy, and for the new 
university hospital in connection with the college of 
medicine and surgery, the University of Minnesota, this 
having been made possible by the recent bequest by Dr. 
A. F. Elliott of 30,000!.

The Austrian Government has sanctioned the granting 
of the title of “ Doktor der Bodenkultur ” to be conferred 
upon those students of the Vienna High School for Agri



culture who pass a satisfactory examination, which shall 
consist of the preparation of a scientific thesis and a 
viva voce ordeal of not more than two hours.

The “ Craggs ” research prize will be awarded by the 
London School of Tropical Medicine in October next to 
a past or present student of the school who during the year 
(October, 1905, to October, 1906) has made the most 
valuable contribution to tropical medicine. The competing 
essays must reach the medical tutor of the school on or 
before October 1.

Prof. G. S. Boulgbr has accepted the post of honorary 
professor and external examiner for the diploma at the 
Royal Agricultural College, Cirencester, in succession to 
the late Dr. W. Fream, and Mr. W. Hunting has accepted 
the position of honorary professor and examiner for the 
diploma of the same institution in succession to the late 
Sir G. Brown, C.B.

According to Science, the General Education Board, 
endowed by Mr. J. D. Rockefeller with 2,000,000/., has 
made the following appropriations to nine institutions on 
condition that the sums in question be augmented three 
times in value from other sources :—Coe College, Cedar 
Rapids, la., io,oool. ; Washburn College, Topeka, Kan., 
5000/. ; Tulane University, New Orleans, 15,000!. ; 
Wofford College, Spartanburg, S.C., 5000!. ; Furman Uni
versity, Greenville, S.C., 5000!. ; Wake Forest College, 
N.C., 7500!.; Howard College, Birmingham, Ala., 5000!.; 
South-western University, Jackson, Tenn., 5000!. ; and 
Mississippi College, Clinton, Miss., 5000!.

The number of students attending the twenty-one German 
universities during the summer semester just ended is 
given as 45,630 matriculated students and 4566 non
matriculated students, 665 of these being at Berlin Uni
versity. Among the matriculated students there were in 
Freiburg, Heidelberg, Leipzig, Munich, and Tubingen 
taken together 182 women, whilst the number of non
matriculated students included 1536 women. The number 
of science students (including mathematics) at these uni
versities, that is, apart from the technical high schools, 
is given as 6323, as against 6125 in the corresponding 
semester of 1905 ; the number of pharmaceutical students 
is stated to have' been 1767, against 1481 in 1905.

Prof. Rontgen having declined the offer of the physics 
chair at Berlin University in succession to the late Prof. 
Paul Drude, the direction of the physical institute has 
been temporarily placed in the hands of Prof. W. Nernst, 
the director of the neighbouring physical chemistry insti
tute. The designation “ Physikalisch-Chemisches Insti- 
tut ” was only recently granted to Prof. Nernst’s institu
tion, which had hitherto been known as the “ IL 
Chemische Institut”; it may also be observed that the 
equipment of the institute has been extended on the 
electrical side by means of a grant of 10,000 marks, so 
that the various workplaces have easy access to direct 
current of voltages of 10, tio, and 220 volts, and a low- 
voltage alternating current for electric furnace work.

The following appointments have recently been made :— 
Dr. Wilhelm Deecke, professor of mineralogy in the Uni
versity of Greifswald, as successor to Prof. Steinmann in 
the University of Freiburg i. B. ; Dr. Johannes Walther 
as ordinary professor of mineralogy in the University of 
Halle; M. R. A. Raiss as extraordinary professor of scien
tific photography in the Lucerne University; Dipl.-Ing. 
Johannes Galli, technical director of the Annen Steel 
Works, Ltd., in Westphalia, as successor to the late Prof. 
A. Ledebur in the professorship of metallurgy in the 
Mining School, Freiburg, Saxony; and Dr. Karl Hintze, 
professor of mineralogy in the University of Breslau, has 
been offered an appointment in the University of Bonn, in 
succession to Prof. Dr. Laspeyres, retired.

The calendar of the Merchant Venturers' Technical 
College, Bristol, for the session 1906-7, contains an interest
ing section dealing with the attempts being made in Bristol 
to secure the cooperation of employers in the work of 
educating apprentices and artisans suitably. The plans 
which certain firms adopt to secure this object are enumer
ated. Some firms pay the fees of students attending classes 
relating to the industry in which they are engaged; they 

also in some instances provide the necessary books and 
instruments, or they offer prizes for the best student in 
their employ. Other employers increase the wages of those 
of their servants who attend specified classes and pass 
the examination held at the end of the course. The time 
spent at evening classes is allowed to count in reduction 
of the working hours of apprentices by a third class of 
employer. Every plan which tends to bring home the 
importance of technical training to the manufacturers and 
their workmen deserves commendation, and it is to be hoped 
that the Bristol experiments will be tried in other large 
centres of industry.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences. August 6.—M. H. Poincati in the 
chair.—The iodomercurates of sodium and barium : A. 
Duboin. The author has isolated crystals of the double 
iodide of sodium and mercury, having the composition 
2NaI,HgL,4H;O, and of the corresponding barium com
pound, BaI:,HgI2,5H2O. The latter crystals were remark
able for their length, approaching 2 cm.—The boro- 
stannates of the alkaline earths: the reproduction of 
nordenskioldine: L. Ouvrard. Calcium borostannate, 
possessing crystallographic characters identical with those 
of the natural mineral, was obtained by heating precipitated 
calcium borate with tin dioxide to a white heat in a slow 
current of hydrogen chloride.—The influence of the tempera
ture of dehydration of alabaster on the setting of the plaster 
obtained : E. Leduc and Maurice Pellet.—The causes of 
the appearance of so-called anomalous forms in plants : P. 
Vuillomin.—Researches on the gaseous exchanges of a 
green plant developed in the light in the absence of 
carbonic acid, in a soil to which amides have been added : 
Jules Lofdvro. Under the above conditions it has been 
found that a green plant can develop, increasing its dry 
weight three times, without any oxygen being given off.— 
The action of the X-rays on the ovary of the dog : M. 
Roulicr. Contrary to the results obtained with rabbits, 
atrophy of the ovary is very difficult to obtain, in spite of 
the production of serious lesions of the skin.—Experimental 
nagana. The variations in the number of the trypanosomes 
in the blood of the dog. The intravascular trypanolysis 
and trypanolytic power of the serum: A. Rodot and 
G. Valiot.
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