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BRITISH MOSSES.
The British Moss-Flora. By R. Braithwaite, M.D., 

F.L.S., &c. Pp. x + 315; 268; 274 + plates. 
(London : L. Reeve and Co., 1887 to 1905.)

AX/E offer to Dr. Braithwaite our most sincere 
V V congratulations on the completion of this 

work on his favourite class of plants. Begun, as 
regards publication, in 1880, it reached completion 
by the issue of the last part with index and supple­
ment in May of this year, so that the course of 
public Xion has occupied a space of some quarter of 
a century. In the last number Dr. Braithwaite takes 
leave of his readers in a postscript in which he ex­
presses his regret that he is unable to include the 
Sphagnaceae in the work; but he finds that to study 
these again at the age of eighty-one, and to draw 
some twenty-five plates, would be hopeless. All 
lovers of mosses will share in this regret, at the 
same time remembering that they owe to Dr. Braith­
waite an interesting monograph on the peat mosses 
of Europe and America, published in 1880. The 
author concludes the whole matter with a quotation 
of some lines (little known, we suspect) by Ehrhart, 
which are interesting as disclosing the mental atti­
tude of the venerable author at the conclusion of 
his labours; they begin thus :—

“ Vernimm’s und siehe die Wunder der Werke, 
Die, die Natur dir aufgestellt I

Verkiindigt Weisheit und Ordnung und Starke 
Dir nicht den Herren, den Herren der Welt? "

The three volumes of Dr. Braithwaite’s book are 
illustrated by 128 pages of plates, giving figures of 
every moss described, with enlarged designs of parts 
of the various species. Every one of these plates 
has been engraved from the drawings of the author 
himself, and together constitute a remarkable monu­
ment of his skill and industry. Indeed, the illus­
trations may be regarded as perhaps the most dis­
tinctive feature of the work. In some cases a whole 
page is devoted to a single species, as Schistostega, 
or to two species, as in the strange genus Bux- 
baumia; but generally four or more plants are dealt 
with in a single plate. So far as we have compared 
the figures of our author with nature, we have found 
his drawings accurate, and the magnified parts very 
valuable for the purposes of identification.

If we were inclined to be adversely critical on the 
plates, we should say that to some extent strength 
has been sacrificed to elegance. If you turn from 
the drawings of Braithwaite to the plates of old 
Dillenius, you are conscious of a marked difference] 
of treatment; the old figures are more robust and 
graphic, and the general facies of the plant is 
more forcibly impressed upon the mind. But this 
difference is perhaps an inevitable result of our 
advanced knowledge of the distinctions between 
kindred species; the earlier artist was not haunted 
by the perception of minute details which make the 
later artist at once more timorous and exact.

The classification principally adopted by Dr. Braith- 
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waite is that of Prof. Lindberg, by which the cleisto­
carpous mosses are no longer treated as a group by 
themselves, but are introduced into the stegocarpous 
families, and are regarded as imperfectly developed 
forms of more highly organised stegocarpous con­
geners. There can be no doubt that the distinctions 
based upon the presence or absence of a peristome 
and on the number of teeth in the peristome 
received an exaggerated amount of attention from 
many bryologists; they were for the moss flora some­
what as the number of stamens and pistils was in 
the hands of Linnaeus for phasnogamous plants.

Whenever a genus contains more than one species, 
Dr. Braithwaite gives a clavis to the species, 
arranged dichotomously, and this appears to us to 
be very carefully and well done—a fact which in­
creases our regret that the author has not given 
similar guidance between the families, subfamilies, 
and genera of the whole group, so that the student 
might have been conducted by the use of the 
necessary differentiae from the summum genus to the 
ultima species. But where so much has been given, 
it would be ungracious to complain that something is 
still wanting.

Mr. Dixon, in his preface to his “ Student’s Hand­
book of British Mosses ” (1896), referred to the 
book now under review as “ Braithwaite’s splendid 
and elaborate work . . . which has done so much 
to stimulate the study of these plants in our country 
and which will doubtless remain our standard work 
for many years to come.” In this generous appreci­
ation by one botanist of the work of another, we 
cordially agree, and We rejoice for ourselves, as well 
as for the author, at the completion of a noble piece 
of honest work.

Before we part from the book we wish to make 
this review the vehicle of a thought that has fre­
quently occurred to us

In the last number of Dr. Braithwaite’s book we 
find a notice of Catharinia tenella—which has been 
found near Goudhurst, in Kent, by that keen 
bryologist Lord Justice Stirling—mixed with 
Catharinia angustata. This is only one instance of 
a common fact, viz. the coexistence side by side of 
two kindred species.

Thus, turning over at random some pages of 
Wilson’s “ Bryologia Britannica ” (a book more easy 
to use for such a purpose than the luxurious pages 
of Braithwaite), we find that Fissidens viridulus is re­
corded as growing with F. exilis, Hypnum Swartzii 
as growing with II. praelongum, Hypnum chryso- 
phyllum as found with H. stellatum, Hypnum 
resupinatum in like manner with H. cupressiformc, 
and Hypnum elegans as often growing with H. 
denticulatum; and in all these cases the two species 
are so nearly akin that they stand next to one 
another on Wilson’s pages. A further search would, 
we feel sure, bring to light many similar cases, in­
cluding those in which forms recognised only as 
varieties are found side by side with the normal form. 
This fact seems to us to be worthy of further atten­
tion. Is it due solely to the suitability of the same 
spot to several species of the same genus, or is it
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due to some genetic relation between the two 
organisms, the one producing the other at various 
times and in divers places in the same way as the 
normal Ltnaria vulgaris from time to time and in 
this spot and the other produces the peloric form ? 
Have we caught one species in the act of producing 
another? E. F.

EXPERIMENTA L MORPHOLOG V.
Einlcitung in der experimentelle Morphologic dcr 

Tiere. By Dr. Hans Przibram. Pp. 142. (Leipzig 
and Vienna : Franz Deulicke, 1904.) Price 4 marks.

THIS volume is divided into thirteen practically 
independent sections, and represents the “ fast 

unveriinderte Drucklegung ” of a course of lectures 
delivered by the author during the session of 1903-4 
at the Wiener University. The author has been in­
duced to publish these lectures by the belief that all 
previous works of a general nature dealing with 
experimental embryology have either been written 
wholly in support of particular theories (e.g. Driesch, 
Haacke, Herbst) or only deal with a portion of the 
subject (e.g. Davenport, Hertwig, Korschelt, Maas, 
Morgan, Wilson, Ziegler). The present work is 
intended, therefore, as an introduction to the whole 
subject from an impartial standpoint.

In the first section, which deals mainly with the 
scope of experimental morphology, the author, after 
weighing the various names which have been 
proposed for the science—Entwicklungsmechanik, 
Entwicklungsphysiologie, kausala Morphologic, &c. 
—adopts Davenport’s name, “ experimental morph­
ology,” but defines it as including not only the ex­
perimental study of the factors determining form in 
ontogeny, but also in phylogeny (Umvandlungs- 
physiologie), so that Driesch’s term “ rationelle 
Morphologic ” would seem to be more appropriate.

The uncertainty as to the proper scope of the science 
which this considerable choice of names exhibits is in 
part due to its recent growth, but it is also due in no 
small measure to the close connection in which 
experimental morphology must always stand to the 
other sciences.

That the author has not been more successful than 
his predecessors in determining suitable limits to the 
subject is very clearly shown by his treatment of the 
section dealing with the “ Specifische Bestimmung. ” 
In this section the author describes the influence of 
relationship in transplantation experiments, and the 
persistence of specific characters in the transplanted 
tissues. He then refers to Heape’s experiment, in 
which normal development of an Angora rabbit is 
obtained, though transplanted shortly after fertilisa­
tion into the uterus of a Belgian rabbit, from which, 
however, the author’s conclusion that transfusion of 
strange blood has no morphogenic influence hardly 
follows. Following this is an account of immunity 
and blood relationship experiments. If it is difficult 
to see why these subjects should be included in a 
science ostensibly dealing with the factors determin­
ing form, this difficulty is still greater when the 
author proceeds to consider the distribution in the 

animal kingdom of the various proteid substances 
contained in muscle fibre.

In the fourth section, “ Die Bewegung-Taxis,” 
the author gives a series of very far-fetched com­
parisons between the behaviour of unicellular animals 
and of the higher Metazoa. The sensation of thirst is 
compared with the hydrotaxis of the Mycetozoa, and 
Davenport’s example is followed in regarding as 
rheotaxis the behaviour of fish in swimming against 
the stream, the only position in which they are able 
to breathe. Finally, the “ Thigmotaxis ” exhibited by 
an oxytrocha moving round a spherical egg, unable 
to leave its surface, is compared with the retreat of a 
cat into the corner as a dog approaches, or to the 
preference shown by many people for those seats in a 
restaurant which have their backs to the wall!

In the twelfth section, “ Die Vererbung,” the 
author, after giving a brief account of the current 
theories of heredity, shows how these are in 
“ schonster Uebereinstimmung ” with our recent 
knowledge concerning the constitution of the nucleus. 
This agreement is obtained by assuming reduction 
to consist in the elimination of whole chromosomes 
during the maturation divisions, the view that this 
process represents the belated union of the paternal 
and maternal chromosomes not being mentioned.

In the final section, “ Die Artwandlung,” the 
author discusses the influence of external factors in 
causing transmissible variations.

The wide range covered by the book, the thirteen 
sections of which only average ten pages each, has 
resulted in a somewhat superficial mode of treat­
ment, and neither in point of comprehensiveness nor 
of impartial treatment can the book be said to fill 
the want which, according to the author, has been left 
unsatisfied by all previous workers. G. C. C.

ATL.4S OF EMISSION SPECTRA.
Atlas of Emission Spectra of most of the Elements. 

By Drs. Hagenback and Konen. English trans­
lation by Dr. A. S. King. Pp. v + 70 and plates. 
(Jena: G. Fischer; London: Wm. Wesley and 
Sons, 1905.) Price 27s.

' I 'HIS atlas comprises the results of an investi- 
* gation of the spark, arc, and flame spectra of 

most of the chemical elements. Twenty-eight charts 
are given showing heliographic reproductions of 
photographs taken with the aid of two small Rowland 
concave gratings, each of 1 metre radius and 20,000 
lines to the inch. One of the gratings had a ruled 
space 9 cm. broad, and was used chiefly for the region 
of shorter wave-length. The other had a breadth of 
5 cm., and was used to photograph the less re­
frangible portion of the spectrum. For each group 
of metals two charts are given, one showing the 
normally visual part of the spectrum, the other the 
violet and ultra-violet region. The dispersion given 
by the gratings is such that the length of spectrum 
from the K line of calcium (A 3934) to the D lines of 
sodium (A 5893) is about 4.5 inches, or 11 cm., each 
scale division on the reproductions corresponding to 



ten tenth-metres. The region of spectrum studied 
extends from about x 2500 to a 7000.

In the production of the arc spectrum, rods of the 
metal were used as poles whenever possible, though 
in many cases carbon electrodes were employed, and 
scraps of metal or salts of the metal volatilised on 
them. The selection of carbon as electrodes seems to 
us a very unfortunate one, as it is next to impossible 
to disentangle the real spectrum of a substance from 
the structure of the carbon bands. Surely a better 
method would be to use poles of some inexpensive 
metal the spectrum of which is a fairly simple and 
characteristic one, such as zinc, aluminium, or silver.

Among the spectra represented in the charts are 
several, such as boron, arsenic, the rare earths, the 
platinum group, phosphorus, selenium, which are 
reproduced here for the first time. The previously 
existing records relating to some of these were very 
meagre, and those now published will be distinctly 
useful. For some of the gaseous elements vacuum­
tube spectra have been obtained.

The authors have not given—and it seems un­
necessary to do so—complete lists of wave-lengths, 
but have confined themselves to a selection of the most 
characteristic lines for each element. The wave­
lengths of these are given only to the nearest 
Angstrom unit or tenth-metre, which is scarcely of 
sufficient precision for modern spectroscopic research. 
A chapter of notes is given at the end of the text, 
touching on such points as varying numbers of lines, 
kinds of spectra, character of lines, division into 
pairs, triplets, and series, lines specially prominent in 
any particular light source, &c.

Notable amongst the few elements not investigated 
by these observers is scandium. This is unique among 
the rarer metals in the prominence of its lines in 
various celestial spectra—notably the chromosphere 
and stellar types of intermediate temperature—and a 
reproduction of its complete spectrum would there­
fore have been of interest.

The reproductions are generally excellent; excep­
tion must be taken, however, to that of the solar 
spectrum, which, apparently included as a reference 
spectrum, is practically useless. Upon the whole, the 
production of the atlas is very creditable to the 
authors, and without being in some ways of so 
elaborate a nature as Crew’s or the recently pub­
lished atlas of Eder and Valenta, it will, through its 
uniform treatment of all the elements investigated, be 
useful, as the authors surmise, to the physicist, 
chemist, and astronomer. F. E. B.

OUR BOOK SHELF.
Precis d’Hydraulique—La Houille Blanche. By 

Raymond Busquet. Pp. viii + 375. (Paris: J. B. 
Baillidre et Fils, 1905.) Price 5 francs.

This book forms one of a series of little volumes which 
are being issued under the title of “ Encyclopedic In- 
dustrielle,” and treats of the principles of hydraulics 
and their applications, which possess an enhanced im­
portance in view of the recent great extension of the 
employment of water-power for industrial purposes, 
resulting from the discovery that it can be economic­

ally transmitted to a distance when converted into an 
electric current. Thus, by the development of elec­
trical transmission, it is now practicable to use water­
falls and water stored up in reservoirs, in remote 
mountain valleys, as sources of power for towns, of 
which the Falls of Niagara, supplying electrical energy 
to Buffalo, furnish so notable an instance; and the 
author has given the name of “ La Houille Blanche,” 
or white coal, to this source of power.

The subject is discussed in five chapters, dealing 
successively with fundamental laws, flow of liquids 
in pipes, flow cd liquids in open channels, hydraulic 
motors, and creation of a fall of water; and the text 
is illustrated by forty-nine diagrams and drawings. 
The hydraulic problems relating to the utilisation of 
water-power are solved by aid of arithmetic and simple 
geometry; and the author’s aim has been, by making 
the book neither purely descriptive nor wholly di­
dactic, to render it serviceable to a large number of 
persons. In the chapter on motors, the different forms 
of waterwheels and the various types of turbines are 
described; and, finally, the principle of the hydraulic 
ram is explained, as being distinct from motors, and 
yet transforming the fall of water into useful work 
by raising some of the water to a considerable height. 
Though reservoirs have been, and are being, formed 
by constructing high masonry dams across narrow 
gorges in the valleys of mountain streams, with the 
object of furnishing water-power, the final chapter of 
this book relates exclusively to the erection of a 
masonry weir across rivers, with the necessary sluice­
way, closed by wooden panels, for the discharge of 
floods, by which the ordinary water-level of the river 
is raised so as to enable water to be drawn off into a 
branch canal for supplying water-power; and it deals 
mainly with the requisite calculations of the flow of 
the river, the discharge through the sluices, the 
pressure on the panels, the fall available, and the 
section of the branch canal and of its side retaining 
walls. The author entertains great expectations as to 
the future of water-power, and considers that, whereas 
last century was the century of steam, the twentieth 
century will be called the age of water-power, or white 
coal.

Catalogus Mammaliutn, lam viventium quant fos- 
silium. By E. L. Trouessart. Suppl. part iv., 
Cetacea to Monotremata. (Berlin : Friedlander 
and Son, 1905.) Price 8s.

We have much pleasure in congratulating the author 
on the completion of the first quinquennial supple­
ment, whereby an absolutely invaluable work is 
brought well up to date, or, rather, as nearly up to 
date as is possible in undertakings of this nature. 
We notice that in the part before us references are 
given in the case of well-known species to passages in 
which they have been recently mentioned—a plan 
which cannot fail to be of the greatest assistance to 
students.

In accordance with the recent changes in nomen­
clature, the titles adopted for several genera differ 
from those employed in the original issue, as, for in­
stance, Orcinus in place of Orca, on account of the 
preoccupation of the latter term. In the case of the 
Edentata, the list of names proposed by Dr. 
Ameghino for South American Tertiary forms looms 
very large, and, we fear, occupies much more space 
than it is really entitled to claim. In this connec­
tion it may be noted that the author follows Dr. 
Wortman in classing the North American Eocene 
ganodonts as ancestral types of the true edentates, 
Prof. W. D. Scott’s recent opposition to this view 
probably not having been published in time to receive 



notice. The classification of the ground-sloths is 
much more complicated than the one adopted by older 
writers, the Megalotheriid® being now split up into 
a number of family groups. Very noteworthy is the 
inclusion among the Monotremata of an extinct South 
American family, the Dideilotheriid®, with four 
generic modifications, as if this be justified it has a 
most important bearing on former land connections 
between the southern continents. We confess, how­
ever, to a certain amount of hesitation in accepting 
the determination of these South American fossils 
until it has been confirmed by a paleontologist of un­
questioned authority. In retaining provisionally the 
South African Tritylodon among the mammalia, Dr. 
Trouessart is in accord with opinions lately expressed 
by Dr. R. Broom. R. L.
How to Know Wild Fruits: a Guide to Plants when 

not in Flower by Means of Fruit and Leaf. By 
Maude Gridley Peterson. Pp. xIiii + 340; illus­
trated. (New York : The Macmillan Co.; London : 
Macmillan and Co., Ltd.) Price 6s. 6d. net.

“ Ye shall know them by their fruits ” might well 
have served as the fore-word to this little volume. It 
deals only “ with those plants which bear attractively 
coloured fruits,” and might, therefore, be classed by 
the reviewer among that very large class of books 
which arc made to look at rather than for any more 
serious purpose. The very first chapter, on “ Adapta­
tions of Fruits and Seeds for Dispersal and Protec­
tion,” serves to dispel that notion. It consists only 
of some half-dozen pages, but those pages arc instruc­
tive, and, better still, suggestive. Then comes a list 
of “ definitions,” few in number, but adequate to a 
book of these pretensions, especially as it is supple­
mented by a glossary at the end. “ A Guide to the 
Plant Families Represented ” comes next in order, 
and consists of an analytical table by means of which 
the several families may be discriminated by the 
observation of the variations in the character of their 
fruits. This seems to be carefully compiled, and is, 
so far as we have seen, accurate, but its value can 
only be tested by actual use in the field.

In the second table the families and species are 
grouped according to the colour of their fruits. Thus 
the monocotylcdonous families are arranged accord­
ing as the colour of the fruits is red, reddish-purple, 
green, black, or dark-purple, or blue. Of course, 
this is a highly artificial mode of grouping and one 
subject to exception, but if these circumstances be 
borne in mind the table will be found useful.

Coming now to the individual plants, which are all 
North American, the author gives a pretty full de­
scription of each, beginning with the fruit and pass­
ing on to the foliage and flowers. These descrip­
tions might have been materially abridged and com­
parison rendered easier by the omission of unneces­
sary particles and verbs. In this matter the example 
of the author’s fellow-countryman, Asa Gray, might 
have been followed. Moreover, they are not always 
botanically accurate; the “ fruit” of the yew, for in­
stance, is only remotely “ drupe-like,” and is cer­
tainly not a “ drupe,” as it is said to be in the same 
paragraph. Conversely, the leaves of the yew arc 
really spirally arranged, but appear to be disposed in 
two planes only.

It would obviously be unfair to treat this book as 
if it were intended as a botanical text-book, but as a 
help to the beginner and a means of stimulating ob­
servation it may be commended. It is well got up, 
remarkably free from misprints, appropriately illus­
trated, and provided with an index of vernacular 
names and one of the Latin designations of the plants 
described.

LETTERS TO THE EDITOR.
[T/ie 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 Kangra Earthquake of April 4, 1905.
There have been certain papers on Indian geological 

questions recently published in the Neues Jahrbuch and 
associated Centralblatt fUr Mineralogic, Gcol. und Pal. 
(Stuttgart), in which either the data or the deductions, 
generally both, have been unsound. In most cases the 
authorship alone has been sufficient to enable us toi 
separate those papers that are worth careful study from 
those that are not even worth the time necessary to 
read. But in the latest production one of the editors of 
the journal appears as a joint-author, and one wonders 
consequently whether the papers we have been discarding 
in India as untrustworthy are, after all, normal or 
accessory constituents of a periodical which all geologists 
have regarded hitherto as essential to a working library.

The paper I now refer to appeared in the Centralblatt 
No. 11 (June), entitled “Das Erdbeben im Kangra-Tal 
(Himalaya) von 4 April 1905,” by E'.1’Koken and 
F. Noetling. The authors take eight pages of text and 
a map to demonstrate the unusual features of scientific 
interest shown by the recent earthquake—the time of its 
occurrence, the remarkable variation in the rate of trans­
mission of the earthquake waves in different directions, 
the peculiar distributioh of the isoseismal lines, and the 
exceptional shape of the meizoseismal area. The whole of 
this “ scientific ” discussion is built on a few newspaper 
cuttings, in the collection of which the authors have not 
been sufficiently industrious to escape certain tell-tale mis­
prints which appeared only in the newspapers of the 
Presidency farthest removed from the earthquake centre. 
One example will be sufficient to illustrate the care 
exercised in collecting and checking their data.

The authors on p. 336 refer to a town named Tagarmalli 
as only very slightly damaged, and they consequently 
adopt this point, which they determine to be fifty miles 
from the epicentre, as the maximum extension eastwards 
of the meizoseismal area. As a matter of fact, no such 
place as Tagarmalli exists, and no such name appears in 
any of the gazetteers of India; the most casual attempt 
at verification would have shown the authors that they 
were basing their elaborate deductions on a misprint 
which appeared in one newspaper only. In one of the 
Lahore papers the names of the two places Nagar and 
Manali, twelve miles distant from one another in the Kulu 
valley, became contracted by the printer’s devil to 
Nagarmalli, and in this form it was telegraphed to Bombay 
(Times of India, April 14) and to Calcutta (Englishman, 
April 14); but by the accidental omission of a single 
Morse’s dot the word reached Madras as Tagarmalli 
(Madras Mail, April 15, and telegraphic summary, April 14). 
Having found the clue to the authors' source of data, 
we find it easy to explain other equally remarkable state­
ments in the paper. In an earlier part of their paper 
(p. 334) they refer to the complete destruction of the 
place Nagar (Naggar), without suspecting that it was 
one of the roots of their mythical Tagarmalli ; but on this 
occasion they have removed the little capital town of 
Kulu, and, for purposes of seismological reasoning, have 
carried it over the snowy range into the Kangra valley. 
To base a scries of scientific deductions on a few news­
paper cuttings may satisfy the devotee of precision (alias 
accuracy) in Germany, but to neglect the simple means 
of verifying their facts provided by the splendid maps 
of the Punjab, the complete gazetteers, or even the four- 
penny postal guide obtainable in nearly every village, 
shows a carelessness that deserves the contempt of every 
scientific man. diriw

But, after all, it is not the basis of data so much 
that is at fault, though even the purchase of a few more 
newspapers would have saved the authors from most of 
their pitfalls; it is the “ scientific ” superstructure that 
is so discreditable. When the authors noticed that the 
earthquake was recorded by the Bombay seismograph at



5.45 a.m., although the shock started from the focus, 
1280 kilometres away, at 6.10, they examined their data 
with due scientific caution, and so discovered that the local 
time-standard of Bombay accounted for the apparently 
negative result; but as they obtained from their newspaper 
a positive record for the Calcutta seismograph, the appli­
cation of the same system of scientific criticism of the 
time-standards did not occur to them. As a consequence, 
they arrive at the astonishing result that, whilst the 
earthquake waves travelling southwards to Bombay had 
a speed of 4 266 kilometres a second, those which were 
transmitted south-eastwards had a speed of 0-700 kilo­
metres only.

The rest of the paper consists of “ facts ” and “ infer­
ences ” of this kind, and whilst most are unimportant, it 
is desirable, perhaps, to point out that the epicentre de­
termined by the authors is far removed from the true 
one. They have had to stretch their epicentre for more 
than forty miles to the west to account for the “ complete 
destruction ” of I’athankot. I was at Pathankot soon 
after the earthquake, and found it difficult to discover 
even a masonry crack in the town; even a few more news­
paper cuttings would have shown the authors that the 
place was practically undamaged.

After picking a few pebbles out of this conglomerate 
of truth and fiction, one wonders why the paper was ever 
published at all. The very newspaper from which they 
obtained their data must have informed the authors that 
a thorough investigation of the earthquake had been 
organised by the Geological Survey. As both authors 
were in Madras at the time, one would imagine that a 
subject sufficiently interesting for a serious paper in a 
leading scientific journal would be worth, at any rate, a 
few more newspaper cuttings, even if a personal visit to 
the affected area were thought to be, for private reasons, 
inconvenient. We take it for granted that the long experi­
ence of both authors must have brought them into contact 
with the etiquette observed by scientific men, and that 
neither would consciously risk the recognised danger of 
forestalling the results of a thorough investigation by the 
publication of conclusions obtained from unverified data. 
But whatever the object, if the editor of a leading scien­
tific journal can join in the production of such a paper, 
the future of scientific literature in Germany may yet give 
us entertainments as surprising as any of the recent 
efforts of the Russian Navy.

Of the Kangra earthquake, as well as of the other 
Indian questions which have been treated recently in the 
Centralblatt with an equal regard for accuracy, those who 
wish to know the truth will be provided with details in 
due season. Within a few days after the disaster occurred, 
every telegraph operator, meteorological observer, and dis­
trict official north of the latitude of Bombay was provided 
with a complete guide for reporting the resulting pheno­
mena, and the reports so obtained have since been supple­
mented by a detailed examination of the affected area by 
five officers of the Geological Survey. The observations 
made will be summarised first in the next part of the 
records, and the full details will form a special memoir, 
now in course of preparation. When these reports are 
ready, it will be seen that the actual facts, though in 
ways interesting and novel, are scarcely so strange as 
German fiction. T. H. Holland.

Calcutta, July 20.

The Transverse Momentum of an Electron.
When Newton’s third law is applied to an electron, jit 

makes
F = M + N, (1)

where M is the “ momentum ” in the field, or that part of 
the time integral of the force on the ether which is in 
the field, or S Vdb, and N is the momentum already 
wasted, whilst F is the applied force on the electron. 
Similarly, Newton’s fourth law (or the Scholium to the 
third) makes

Fu = U 4- 1+W, (2)
if u is the velocity of the electron, U the electric and T 
the magnetic field energy, and W the rate of waste of 
energy.

Now, both W and N are known in terms of the velocity 
and acceleration of the charge at any moment by formulae 
I gave in Nature, October 30, November 6, 1902. But 
when applied to (1), (2), these equations do not let us 
determine M generally in terms of the velocity and 
acceleration, on account of the variability of the state 
of the field, and the waste of energy and momentum. 
M is indefinite. But in long-continued forced circular 
motion of a charge, U-t-T = o. So

Fu = 'W = nQ,a‘l6irVK (3)
(loc. cit.), where Q is the charge, and a the acceleration 
(or «3/R, if R is the radius of the orbit). Also, 
Ka = i—u2/v*. The direct or u component of F is there-; 
fore known. We also have (loc. cit.)

li = (u/»’)W. (4)
Using this in (1), along with (3), we come to

*’F, = M„ f, = M2, (s)
where F, is the u component, and F. the transverse com­
ponent, towards the centre.

Thus only the part k’F, of the direct force is associated 
with the transverse or centripetal force F. in keeping up 
the (evolving state, the rest of F,, that is, (u’/t^jF,, being 
the wasted part as regards momentum, although the 
whole of F, is concerned in the waste of energy.

Now, M=VnM, if n is the angular velocity. That is;
M = Kl,u1 + M1u14-M2a1 + M>2, (6)

if u, and a, are unit vectors, making 
u,=(u/R)a,, a, = -(u/R)u,. (7)

Also M,=o, Kl2 = o, because the motion is steady. So we 
convert (5) to

x’F, = M, = - M,(«/R)u„ Fj = M. = M1(u/R)a1. (8)
Finally, although we get no formula for M„ we do 

obtain a complete formula for M2, viz.,
M, = — pQ!a/6irf (9)

This is the transverse momentum of Q in steady circular 
motion, without any limitations upon the size of the 
velocity and acceleration, save the usual ones, u<v, and 
a not excessively great in regard to the diameter of the 
electron.

It would seem that an integration over the whole field, 
in which E and H are known (loc. cit.), is required to 
find Mlt the direct momentum. If, however, the acceler­
ation is infinitesimal, the known formula for M, in steady 
rectilinear motion may be employed, viz. JM,u = T.

Finally, 1 have pleasure in saying that Mr. G. F. C. 
Searle, F.R.S., led me to see that my waste formulae led 
to the formula (9) for the transverse momentum, by sub­
mitting to me a calculation of M2 in the special case of 
infinitesimal acceleration and velocity. He made no use 
of the waste formula, not being aware of it, but, since in 
the circumstances the waste is infinitesimal, it did not 
matter. In fact, JM(u=T leads to the reduced special 
value of the transverse momentum when u and <1 are 
infinitesimal. The argument became somewhat obscure 
by the want of comprehensiveness, but the result agrees 
with (9). Oliver Heaviside.

August 20.

A Parasite of the House-fly.
I should be very glad if Mr. Hill (p. 397) would send 

me a few specimens of the Pseudoscorpiones he has found 
attached to common house-flies, and I will endeavour to 
identify them for him. There are several genera of this 
order represented in the British fauna, and it is probable 
that all the species occasionally attach themselves to the 
legs or wings of larger insects and arachnids. There is 
some doubt, however, whether this is a case of true 
parasitism. It may be that the occasional association of 
these small arachnids with larger and more rapid arthro­
pods is of importance to the species in providing a means 
for a wider geographical distribution.

Sydney J. Hickson.
The University, Manchester, August 25.



THE TRANSPLANTATION OF SHELLFISH.

FOR the past three years an interesting series of 
experiments has been carried out on the Lanca­

shire coast by the officials of the Lancashire and 
Western Sea Fisheries Joint Committee with the 
object of improving the condition of the public shell 
fisheries. It has for some time been felt that the

Fig. 1.—An overcrowded Morecambe mussel bed.

Introduction of restrictive legislation has not removed 
all the difficulties incident to the successful protection 
■of cockle and mussel beds where the beds do not 
form part of a several fishery, that is to say, are 
under private ownership. Restrictive methods such 
as the abolition of destructive implements of fishing 
and the prevention of the removal of 
cockles and mussels under a certain 
■size, no doubt do protect beds from 
excessive depletion, but there are 
various factors which require other 
treatment for their solution. In some 
districts, notably at Morecambe, beds 
have become overcrowded, so that 
thinning is an absolute necessity. In 
one instance the present writer counted 
116 small mussels adhering to an area 

•of one square inch. In other cases 
there is the danger that the molluscs 
may become smothered by sand, or 
that'the “spat” has struck too near 
the high-water mark for the mussels 
to develop to the size at which they’ 
may legally be taken by the fishermen. 
Three years ago the scientific sub­
committee of the Lancashire Sea 
Fisheries District expended a small 
sum of money in order to try the ex­
periment of thinning the Morecambe 
mussel beds. The shellfish that were 
removed were transplanted to other 
suitable areas nearly or entirely bare 
•of shellfish.

Samples of the mussels were taken before and at 
frequent intervals after transplantation. It was found 
that the experiment was successful, and in the follow­
ing year (1904) the work was extended to other dis­
tricts on the Lancashire coast, and attention was not 
only’ directed to mussels, but cockles were transplanted 
from overcrowded beds in the neighbourhood of South­
port. This year the experiment has been proceeded 

with still further. Cockles have been transplanted 
successfully at Lytham and Southport, and mussels at 
Morecambe, Flookburgh, and in the Wyre and Lune 
estuaries. The work is carried out under the super­
intendence of the committee’s bailiffs, and the shell­
fish gatherers are paid per tide for the work involved 
as well as for hire of boats. The mussels are 

generally’ removed at the commence­
ment of the close season—which lasts 
in this district from April to August 
inclusive—so that the fish have a 
chance of accommodating themselves 
to their new environment without dis­
turbance. Care is also taken to re­
move shellfish under the legal size so 
that their growth can be tested before 
they become “ sizeable ” fish for the 
market. The renewed growth which 
takes place in old cockles and mussels 
which had previous to removal not 
grown for years is remarkable.

The amount of shellfish transplanted 
is in the aggregate considerable, as 
may be seen from the following. In 
four days at Morecambe alone 152 tons 
11 cwt. of mussels were re-deposited 
in localities favourable for their 
vigorous growth. At Lytham under­
sized cockles were removed from places 
where they’ were left dry' too long by’ 
the receding tide, as a consequence of 
which their growth was checked, to 
more suitable ground where their 
growth was likely to be facilitated. 

This work is rendered possible by the Sea Fisheries 
(Shell Fish) Regulation Act of 1894, which inter alia 

j provides that a local fisheries committee shall have 
j power to stock or re-stock any public fishery’ for 
| shellfish, and for that purpose to incur such expenses 
| as may be sanctioned by the Board of Agriculture 

Fig. 2.—At work with the “ Craam.’

and Fisheries. The fishermen themselves, who may 
invariably be trusted to express their criticism of any 
wprk undertaken by the committee in a frank and 
outspoken manner, in this case express their appreci­
ation of the efforts of the committee to improve and 
maintain the shellfish industry on the Lancashire 
coast. The value of the cockle industry to the Lanca­
shire cocklers is approximately 20,000!. per annum.



THE STANDARDISATION OF SCREWS.
H'HE question of standardising screw threads and [ 

limit gauges has long received the careful 
attention of engineers, and in Great Britain con­
siderable advantage has accrued from the publica­
tion of an interim report (No. 20, April, 1905) of the 
Engineering Standards Committee, dealing with the 
form and pitches of screw-threads most suitable for 
general engineering purposes. Having regard to the 
fact that the Whitworth thread is in general use 
throughout the country, the committee does not 
recommend any departure from this form of thread. 
The existing Whitworth series of pitches for screws 
from J inch to 6 inches in diameter does not, however, 
satisfy all requirements, and the committee has 
drawn up tables of standard sizes which will doubt­
less meet with general adoption. For all sizes of 
screw threads below j inch in diameter the com­
mittee recommends the adoption of the pitches, sizes, 
and form of thread proposed by the British Asso­
ciation Small Screw Gauge Committee in 1884.

In France an influential committee of the Socidtd 
d'Encouragement pour 1'Industrie nationale, consist­
ing of General Sebert and Messrs. Carpentier, 
Sauvage, Masson, Sartiaux, and Zetter, has devoted 
attention to the subject, and has published in the 
current issue of the Bulletin of the society a scheme 
for extending the international system to screws of 
less than 6 millimetres in diameter. The committee 
recommends the adoption, between the diameters of 
1 millimetre and 5.5 millimetres inclusive, of twelve 
screws as shown in the following table :— 

Diameter Pitch Diameter Pitch
mm. mm. mm. mm.
I ’0 i .............. 0-2$

3’° 1 .............. o'6o1’25 1 3’5 1
1'5 1 
1751■ .............. 0'35

4’0 1
4’5 1

(• .............. °7S

2’0 ।
2’5 ’

[ .............. 0’45 5o1 
5’5 J

............ 090

The six largest screws of this series are those first 
proposed by the second committee of the Chambre 
syndicale des Industries 61ectriques. The screws of | 
2 millimetres and of 2.5 millimetres for which the । 
pitch is 0.5 millimetre having proved too coarse, 1 
have received the pitch of 0.45 millimetre. The 1 mil­
limetre screw has received the pitch of 0-25 milli­
metre in order to bring the new series into accord 
with the Thury series, which is used for very small 
screws. The scheme appears likely to be favourably 
received by the Swiss and German industries.

The initial accuracy of a helical surface, as dis­
tinct from the sectional form of the thread, is de­
pendent upon the accuracy of the leading screw of 
the machine upon which if is cut, and thus the lead­
ing screw becomes a generating master-gauge which 
instead of being used solely for gauging is called 
upon to do work involving wear. The importance 
of maintaining the accuracy of these leading screws 
in connection with the production of the interchange­
able parts of modern guns and gun mountings led 
to the appointment in November, 1900, of a com­
mittee consisting of Mr. H. F. Donaldson, chief 
superintendent of the Royal Ordnance Factories, pre­
sident, Mr. R. Matthews’, Lieutenant A. T. Dawson, 
R.N., Mr. H. J. Chaney, Dr. R. T. Glazebrook, 
F.R.S., and Colonel H. C. L. Holden, R.A., F.R.S., 
to consider the provision of standard leading screws 
for screwnOutting lathes, and its report to the 
secretary of the Army Council has just been pub­
lished. The committee finds that the only practical 
way to obviate the difficulty found in securing abso­
lute interchangeability, even on short lengths of large 
screws, is to provide centrally special machinery for

the supply of large screws of certified accuracy. 
Approval of funds for this purpose was accordingly 
sought and obtained. The machine, which was 
made by Messrs. Armstrong, Whitworth and Co., 
of Manchester, was designed to secure accuracy over 
3 feet length of screw. Measurements made after 
the machine was installed in the special chamber 
erected for it at the National Physical Laboratory 
showed that the movement of the tool carriage did 
not vary from that produced by a true screw of the 
same reputed length by more than 0-0002 inch in its 
full length, and after insertion of a correcting cam 
by more than 0.0001 inch at any one point, and that 
corrected microscopic scale readings and independent 
end-measure readings did not differ by more than 
o-oooi inch at any point. The committee recommends 
that all accurate screws required for Government 
engineering work be supplied in future from screws 
originated from or corrected by the standard leading­
screw adjusting machine at the National Physical 
Laboratory, and that facilities be given to private 
firms to correct heavy screws of i-inch pitch by this 
machine. The house in which the machine is in­
stalled at the National Physical Laboratory presents 
many points of interest, as the greatest possible pre­
cautions have been taken to maintain uniformity of 
temperature and freedom from vibration.

THE STERILISATION OF WATER IN THE 
FIELD.

IT is well known that disease is more fatal to the 
soldier in a campaign than the bullets of the 

enemy. Thus in the South African campaign the 
total deaths from disease were almost exactly double 
those due to wounds in battle. The diseases which 
persistently dog the track of an army are typhoid or 
enteric fever, dysentery, and, in certain countries, 
cholera, and to these the principal mortality is due.

As regards their incidence, much necessarily de­
pends on the climatic and physical conditions of the 
country in which the war is being carried on. Both 
in the Spanish-American war and in the South 
African war typhoid fever proved a terrible scourge.

These diseases are usually largely water-borne, 
but it must be recognised are not exclusively so, 
and, therefore, attention to the water supply alone 
will not wholly prevent them. In the Spanish- 
American war, for instance, the commission which 
investigated the typhoid fever epidemics of the United 
States Army reported that infected water was not an 
important factor in its spread. The other agents 
concerned in the dissemination of this disease are 
dust and flies, blowing or carrying infection from 
infected latrines, and gastro-intestinal disturbance, 
the result of heat, fatigue, and bad food rendering 
the troops more vulnerable. It cannot be doubted, 
however, that a pure water supply would do much 
to lessen the incidence of typhoid fever and dysentery, 
and probably quite prevent cholera.

A pure water supply can partially be secured by 
three methods; (1) by a careful selection of the camp­
ing’ grounds and protection of the water supply from 
pollution ; (2) by deep-driven artesian wells; and (3) by 
the sterilisation of the water; or a combination of 
these methods may in many instances be adopted. 
But whatever method is applied it must be remem­
bered that soldiers parched with thirst will drink any 
water that comes in their way. As regards the first 
method, the selection of the camping grounds, &c., 
it is reported that it has been adopted with consider­
able success by the Jananesc in the present campaign ; 
a corps of medical officers is sent on ahead to select 
the camping ground and survey the water supply; 



sources which seem to be polluted can thus be largely 
excluded, and by judicious arrangement of the latrines 
and by posting guards to prevent individual pollution 
and the drinking of suspicious supplies much may be 
done to ensure pure water for drinking. As regards 
artesian wells, surface wells and streams are the main 
source of danger, but by driving deep artesian wells 
a pure water is obtained. This, however, would be 
possible only under special conditions in certain dis­
tricts and for comparatively small contingents.

There remains the method of sterilisation, which, if 
it could be universally applied, would necessarily pre­
vent water-borne disease.

The three methods applicable for the sterilisation 
of water are :—(i) filtration through a porous porcelain 
filter such as the Pasteur-Chamberland; (2) heat; and 
(3) chemical germicides.

Filtration through a porcelain filter, if it can be 
applied, would be efficient, but it necessitates a good 
deal of apparatus, and the filter candles are fragile. 
It is a good method under efficient supervision, but 
is more applicable for small contingents than a large 
army.

Heat has been adopted by many inventors, and Mr. 
Arnold-Forster, M.P., recently inspected a number 
of devices based on this principle. In most, e.g. the 
Lawrence, Forbes, Mallock, and Tuckfield and. Gar­
land machines, the water is heated to the boiling 
point, but in the Griffiths machine it is assumed (from 
experimental evidence) that heating to about 170° F. 
suffices, which results in a considerable economy in 
fuel. In all the machines the out-going hot water 
warms the in-going cold water, and is itself cooled 
thereby. Important considerations are weight and 
fuel, and these have received much attention from the 
respective inventors.

The Mallock machine, which, including pump and 
cases, weighed 153 lb., with a consumption of one 
pint of kerosine gave 50 gallons of water an hour at 
a temperature of 88° or 900, the temperature of the in­
going water being 740, The Tuckfield and Garland 
machine, of which the steriliser weighed 198 lb. and 
the heating apparatus 126$ lb., gave 40 to 50 gallons 
at a temperature of between 1040 and uo°, the tem­
perature of the in-going water being 78°; its in­
ventors state that it requires 20 lb. or 30 lb. of 
kerosine for 1000 gallons of water, and in it the water 
to be sterilised is heated by steam generated in a 
separate boiler. The Griffiths machine, weighing 
120 lb. and using tj pint of kerosine an hour, 
yielded 26} gallons of water an hour at a temperature 
of 920, 45 gallons an hour at a temperature of 1030 
to 1060, and 72 gallons an hour at a temperature of 
1050, the temperature of the supply being in all cases 
67$. The Lawrence apparatus, weighing, with water­
tank and case, 168 lb., and working with supply 
water at 740, had a temperature of delivery of 88° to 
900, but it used two pints of kerosine an hour and 
the quantity of water delivered was only 30 gallons 
an hour. Finally, the Forbes machine, weighing 
130 lb., delivered 15 gallons of water an hour, with an 
oil consumption of one pint, the temperature of 
supply being 74°, and of delivery from 86° to 900.

Lastly, there remain the chemical germicides. 
Obviously these must have no deleterious action on 
man in the quantities employed; they should not be 
corrosive to metal vessels, they should be portable and 
act rapidly. Alum has long been employed for puri­
fying water, but its action is to clarify a turbid water, 
and it cannot be relied on to sterilise. Potassium 
permanganate may be used, but is not very efficient or 
trustworthy, and both it and alum necessitate the water 
being left for some hours. Some three or four years 
ago Parkes and Rideal introduced bisulphatc of soda 

for the purpose. It may be put up in tablets, and in 
quantities of 15 grains to the pint or thereabouts 
destroys the typhoid bacillus in water within half an 
hour, imparts little or no taste to the water, and is 
quite harmless. Lastly, there is the method intro­
duced lately by Lieut. Nesfield, I.M.S., in which 
chlorine is the sterilising agent, and this, after acting, 
is “ killed ” by the addition of sulphite of soda. For 
small quantities of water, iodine may be similarly 
used. This last method was recently described in 
Nature (July 27, p. 307), and has much to commend 
it. ' R. T. Hewlett.

PROF. JULES OPPERT.

ON August 21 died Prof. Jules Oppert, the last 
of the band of great scholars who were the 

pioneers of cuneiform decipherment. His name will 
go down to posterity with those of Rawlinson, 
Hincks, de Saulcy, and Fox Talbot, with whom he 
helped to lay the foundations of the flourishing science 
of Assyriology. Like them, too, he has now laid 
down the pen for ever.

Born of Jewish parents in Hamburg on July 9, 
1825, Jules Oppert began the study of Sanskrit and 
Arabic under Lassen and Freytag at Bonn, after­
wards devoting himself to Zend and Old Persian at 
Berlin and Kiel. In 1847 he published his first 
work, entiled “ Das Lautsystem des Altpersischen,” 
in which he discovered that m and n had to be sup­
plied before a following consonant in Old Persian, 
and thereby supplementing the alphabet. At that 
time the German law did not permit Jews to hold 
professorial posts, so in the same year he moved to 
France, where he was appointed professor of German 
at Laval, and afterwards, in 1850, at Rheims. The 
favourable reception accorded to his work on the 
Achaemenian inscriptions obtained for him, in 1851, a 
post on the staff of the scientific mission dispatched 
to Mesopotamia by the French Government, under 
MM. Fresnel and Thomas.

On his return in 1854, Oppert devoted himself 
entirely to the study of Assyrian and Babylonian, and 
between 1857 and 1863 the several volumes of his 
great work “ Expedition scientifique en Mdso- 
potamie ” saw the light. While the linguistic value 
of this has always been of the greatest importance, 
the topography is less fortunate, the late author 
having been led into the mistake that the ruins of 
ancient Babylon were much larger than they really 
are. In 1855 he visited the British Museum and the 
museums of Germany to report on the progress made 
in cuneiform studies, and on his return in the follow­
ing year he was decorated with the Cross of the 
Legion of Honour, and obtained the post of professor 
of Sanskrit and comparative philology at the school 
of languages attached to the Imperial Library at 
Paris. Two years previously he had become a 
naturalised Frenchman. In 1839 he published a 
Sanskrit grammar, closely followed by “ fildments 
de la Grammaire assyrienne.” In 1865 there appeared 
from his pen a short history of Babylonia and Assyria. 
In 1881 he succeeded the late M. Mariette as a 
member of the Institute of France, being elected 
president of the same society ten years later—perhaps 
the highest honour a French savant can receive.

The versatility of the late Prof. Oppert was extra­
ordinary. His papers, published in various scientific 
journals, cover an astonishing range of subjects. 
Not the least interesting are his contributions to 
astronomical chronology, in which subject he took 
a deep interest. In “La Chronologic biblique fixde 
par les Eclipses des Inscriptions cundiforme ” {Rev. 
Archeol., 1868) he attempted to reconcile the dates 



of the Old Testament with those of the Assyrian 
monuments. Other astronomical works are :—“ Die 
astronomischen Angaben der assyrischen Keilin- 
schriften ” (Band xci., Kais. Akad. der Wissensch., 
1885), “ Un Annuaire astronomique babylonien utilise 
par Ptoldm6e (Journ. As., 1890), “ Les Eclipses 
mentionndes dans les Textes cundiformes ” (Zeitschr. 
fiir Assyr., 1897), and many others of less import­
ance. One of his last works was a contribution to 
chronology, entiled “ L’Annde de Meton ” (Rev. 
des Etudes grecques, 1903). In his early days he 
had been a great champion of the genuineness of 
cuneiform decipherment, when its opponents counted 
among their ranks such great men as Renan and 
many others. He was one of the historic four who, 
at the invitation of the sceptics, produced a translation 
of the cylinder of Tiglath-Pileser 1., which was read 
at a meeting of the Royal Asiatic Society by the 
president, and found to be substantially the same as 
the translations of Rawlinson, Hincks, and Fox 
Talbot, all of whom had bound themselves over not 
to collaborate or communicate with one another.

NOTES.
At the time of going to press, no message had been 

received from Sir Norman Lockyer as to the eclipse observ­
ations at Palma. The following telegram from the 
Astronomer Royal had, however, reached the Royal 
Society :—“ Eclipse satisfactorily observed, but partially 
cloudy. Photographs with all instruments.”

Prof. Ronald Ross informs us that the announcement 
to the effect that he has proceeded to New Orleans with 
Prof. Rubert Boyce, in connection with the outbreak of 
yellow fever there, is without foundation.

The sixteenth annual general meeting of the Institution 
of Mining Engineers will be held at Manchester on 
September 13-16. The following papers will be read, or 
taken as read :—Leading features of the Lancashire coal­
field extended: J. Dickinson; up-to-date electrical power 
distribution : R. L. Gamlen ; can explosions in coal-mines, 
with their associated toxic fatalities, be prevented? B. H. 
Thwaite; earth in collieries, with special reference to the 
recently issued departmental rules : S. F. Walker; the 
value of mollusca in Coal-measure stratigraphy: J. T. 
Stobbs.

The Local Government Board has issued a circular to 
borough councils and other local authorities respecting 
cerebro-spinal or “ spotted ” fever. This disease has 
recently been somewhat prevalent in Central Europe and 
in America, but the Board expresses the opinion that 
there has been no increase of the disease in England. For 
the guidance of local authorities the chief features of the 
disease are detailed, and, should an outbreak occur, the 
Board is prepared to advise the authority respecting it 
and to sanction notification.

During the past week the weather over the British 
Islands has been very unsettled ; on Thursday last, heavy 
rain set in over many parts of Ireland, and continued 
almost without interruption for about thirty-four hours. 
The amounts measured during this period were 4-17 inches 
at Greystones, 4.33 inches at Dublin, 4-71 inches at Dun- 
drum, andlig.og inches at Bray, causing disastrous floods 
in various parts of that country. At Little Bray, the 
inmates of the lower-lying houses had to be rescued by 
boats. Sharp thunderstorms occurred in London and other 
parts on Sunday, Monday, and Tuesday, causing much 
damage to property. At Leigh, in the neighbourhood of 

Tonbridge, the trunk of an oak tree was torn in half, and 
a man who was seeking shelter under it was killed. 
During this period, rainfall has been considerable in all 
parts of the British Islands; in the twenty-four hours 
ending at 8h. a.m. on Tuesday, August 29, the amounts 
at Oxford and Yarmouth exceeded an inch, and an inch 
and a half was measured in the neighbourhood of London.

The programme of the Iron and Steel Institute for the 
meeting to be held at Sheffield on September 26-29 includes 
the following list of papers :—Wear of steel rails on 
bridges; T. Andrews, F.R.S. ; metallurgical department 
of Sheffield University : Prof. J. O. Arnold ; thermal trans­
formation of carbon steels: Prof. J. O. Arnold and 
A. McWiiliam; nature of troostite : Dr. Carl Benedicks; 
occurrence of copper, cobalt, and nickel in American pig- 
irons : Prof. E. D. Campbell ; transformations of nickel 
steels : L. Dumas; on steel for motor-car construction, and 
on vanadium steels: L. Guillet; presence of greenish- 
coloured markings in the fractured surface of test pieces : 
Captain II. G. lloworth; over-heated steel: A. W. 
Richards and J. E. Stead, F.R.S. ; segregation in steel 
ingots : B. Talbot; manipulator for steel bars : D. Upton ; 
influence of carbon on nickel and iron : G. B. Waterhouse.

Attention is directed by the Engineering and Mining 
Journal of New York to a new development in mining 
which has not been generally noticed, namely, the work­
ing of alluvial tin deposits by dredging in the same 
manner as that followed in the case of gold-bearing 
•gravel. In New South Wales the dredging for tin ore 
has become an established practice. In 1904 there were 
seven dredges in operation, which obtained 319 tons of 
tin ore, valued at 26,000!. The successful development 
of this practice in New South Wales suggests that it 
might possibly be applied with advantage in the Straits 
Settlements and elsewhere.

In a paper read before the Geological Society of 
America, Mr. George P. Merrill described a large block 
of massive serpentine traversed by veins of so-called 
asbestos from Thetford, Canada, now exhibited at the 
United States National Museum at Washington. In­
cidentally discussing the origin of the veins, he suggested 
that the vein cavities are shrinkage cracks filled by a 
process of crystallisation extending inward from either 
wall, and compared the veins to the shrinkage cracks 
formed in septarian nodules of clay ironstone, and their 
filling with fibrous material to the crystallisation of fibrous 
gypsum in limestone.

An ordinance relating to lead works has just been 
issued by the German Imperial Chancellor. The employ­
ment of women and lads in dust chambers and flues and 
in the transport of the dust is prohibited. The workmen 
employed at the furnaces may not work more than eight 
hours a day. The same rule applies to the workmen 
working inside cold furnaces or engaged in cleaning dust 
chambers and flues containing wet dust. Workmen 
engaged in cleaning dust chambers and flues containing 
dry dust are not permitted to work more than four hours 
a day inside such chambers and flues, and not more than 
eight hours a day in all. Food must not be taken to the 
working places. Working-suits, respirators, and gloves 
must be worn. Smoking cigars and cigarettes during 
work is forbidden. The rules will come into force on 
January 1, 1906.

The most important paper in the June issue of the 
Proceedings of the Philadelphia Academy is perhaps one 



by Mr. J. A. G. Rehn on the brown grasshoppers 
(Acridiidae) of Costa Rica, in the course of which a 
number of new species are described. The collections 
examined included nearly three hundred specimens.

It may be remembered that the remains of James 
Smithson, the founder of the Smithsonian Institution, 
who died in 1829 and was buried in the English cemetery 
on the heights of San Benigno, Italy, were removed to 
Washington last year and formally handed over to the 
Regents of the institution. The body, upon its arrival in 
Washington in January, 1904, was placed temporarily in a 
room in the Smithsonian building containing the relics of 
Smithson. While resting there, the remains were examined 
by medical experts and found to be in a remarkable state 
of preservation. Meanwhile a small mortuary chapel was 
prepared for them on the immediate left of the north 
■entrance of the Smithsonian building, and on March 6, 
1905, the remains were brought to this chapel and, in 
the presence of the Regents, replaced in the original tomb,

Fig. 1.—Interior of Smithson Mortumy Chapel, Smithsonian Institution.

shown in the illustration, which has been reproduced from 
the Smithsonian Quarterly (vol. xlviii.), where they will rest 
until Congress makes adequate provision for their fitting 
interment.

In La Nature of July 29 Prof. E. T. Hamy, the well 
known professor of anthropology at Paris, gives an 
account, illustrated by reproductions from photographs of 
the animal shortly after death, of a gigantic gorilla recently 
shot on the Sangha River, Congoland. It is said to have 
measured no less than 2 metres 30 cm. (7 feet 6J inches), 
and the height of the carcase in a sitting posture reached, 
as shown in the photograph, to the waist of a full-grown 
native. Prof. Hamy believes the specimen to indicate a 
new race, if not a new species, of gorilla.

From the report on the museums of the Brooklyn 
Institute of Arts and Sciences for 1904 we learn that 
special attention is being devoted to improving the in­
stallation of the children’s museum. As first arranged, 
this part of the exhibition scries was found to overlap 
in a considerable degree the ordinary collection, and steps 
were accordingly taken to do away with this duplication. 
Elimination, both from the museum and the illustrative 
lectures, of material not likely to interest children has 
also been undertaken, with the result that the collection 
has been entirely re-modelled, and is now as suitable for 
its present purpose as it can be made.

The chief feature of the July issue of the Emu is 
formed by the plates, one of which gives a full-sized 
figure, from a photograph, of the New Calendonian kagu 
(Rhinochaetus jubatus), to which allusion has been made 
previously in these columns; while others (also from photo­
graphs) are devoted to the illustration of the parasitic 

1 habits of Australian cuckoos, which appear to be very 
similar to those of our own species. Of these three plates, 
one represents a young bronze-cuckoo (Chalcococcyx) oust­
ing a blue wren (Malurus) from its rightful nest, the 
second a young fan-tailed cuckoo (Cacomantis) in a brown 
tit’s (Acanthiza) nest, while the third shows a young 
bronze-cuckoo in the nest of a brown tit.

In the Zoologist for August the editor commences a 
series of articles on the factors conducive to extermination 
of species, dealing in this instance with natural as dis­
tinguished from human agencies. Unfortunately the 
article is marred by several serious mistakes. We are told, 

i for instance, that “ the opossum ” is the only non­
Australian mammal, the cuscuses of Celebes and Cceno- 
lestes of Brazil being ignored ; while in the same sentence 
we are informed that ntonotremes are confined to New 
Zealand 1 Again, we are unaware what ground there is 
for the statement that fossil marsupials are known from 
Asia. Minor errors, such as nummulitids for nummulites, 
are also noticeable. In the same issue is a very interest­
ing article by Mr. H. H. Patterson on the heronry at 
Reedham, Norfolk. In the case of a note on the occur­
rence of the lesser horse-shoe bat in Shropshire, the editor 
might have pointed out that Noctilio is not the generic 
title for these bats.

The fourth volume of “ The Museums Journal " (Dulau 
and Co.), edited by Mr. E. Howarth, covers the period 
from July 1, 1904, until June 30 of the present year, and 
contains the report of the council submitted at the Norwich 
Conference of 1904. Although now somewhat ancient 
history, that report records continued progress on the 
part of the association, both as regards membership and 
funds for permanent investment. It is also satisfactory 
to learn that the journal itself is becoming more and 
more widely appreciated, and consequently shows a con­
stant tendency to increase in bulk. The museums 
directory, or list of the museums in the United Kingdom, 
is likewise proving larger than was anticipated, the volume 
just received continuing the list from London to Staly- 
bridge inclusive, together with supplements. One of the 
difficulties which the editors experience is in getting local 
curators to send in the names and objects of the institu­
tions under their charge. The attendance of delegates 
from foreign museums at the last two conferences is 
another satisfactory feature in connection with the progress 
of the association. Among features connected with 
progress in regard to museum work, attention may be 
directed to the adoption by the Museum of the Federated 
Malay States of the card-system for the registration of 
specimens.

Much interesting information with regard to animals 
in menageries and the evolution of museums on the other 
side of the Atlantic is conveyed in a pleasant style in the 
course of an illustrated article by Mr. E. S. Hallock pub­
lished in the August number of the Century Illustrated 
Monthly Magazine. “ The menagerie,” writes the author, 
“ developed along with the circus, but differed from the 
latter in being an animal-show pure and simple. . . . 
Some menageries were stationary, while others travelled 
from place to place in large vans.” The “dime­



exhibition ” and the “ curiosity-house ” were devoted more 
to the exhibition of rare and interesting animals, 
monstrosities, &c., and from these, by the elimination of 
the “ freak ” element, are derived the modern American 
scientific museums. Reference is made to the camel 
exhibited in London in 1650, the Indian rhinoceros (de­
scribed by Dr. Parsons) in 1685, and to Wombwell’s un­
recognised gorilla. Less well known is the case of the 
first great ant-eater exhibited in the London “ Zoo,” which 
was purchased about 1850 from two sailors, by whom it 
had been brought from Rio, for 300/. ; and also that of 
a full-grown mandrill captured on board a slaver, and 
exhibited in Bristol in 1828, and later on in London. 
The most interesting record in the article is, however, 
the reference to a pair of South African giraffes imported 
into America in 1836, the same year in which the London 
gardens received their first representatives (of the northern 
race).of the species. In stating that the London establish­
ment received its first representative of the southern form 
in 1895 the author makes a pardonable error, the fact 
being that the true southern race never has, so far as we 
know, been exhibited alive in this country.

The most generally interesting feature in the report of 
the Indian Museum, Calcutta, for 1903-4 is the reference 
to a suggestion made by the director of the natural history 
branch of the British Museum that all the Indian type 
specimens might be transferred to the institution under 
his charge. The suggestion—which Major Alcock refers 
to in his section of the report as “ most reasonable ”— 
was largely based on the fact that the climate of Calcutta 
renders " types ” as objects of reference almost useless, 
and that the interests of science would accordingly be 
advanced by their transference to the chief natural history 
centre of the British Empire. By the terms of their trust 
the trustees found themselves, however, unable to hand 
over the “ types ” formerly belonging to the Asiatic Society 
of Bengal, while they were disinclined to accede to the 
request as regards other “ types ” for fear of handicapping 
workers in India. Commenting upon this decision and its 
consequences, Major Alcock directs the attention of the 
Government of India to the administration of the museum, 
stating that the zoological staff is altogether inadequate. 
“ An imperial museum of natural history,” he writes, 
“ such as the zoological section of the Indian Museum was 
designed to be, should be at once a complete and modern 
index of the fauna of the country, an object lesson in the 
more important general principles of zoology, an unfailing 
magazine of well-preserved material for research and dis­
tribution, and a centre where natural science is advanced 
by the discovery and publication of new facts. The facts 
that the Museum receives a grant for teaching-preparations 
from the local Government, and has decided that its 
‘ types ’ must be kept on the spot for reference, indicate 
that this is the standard the Trustees wish realised. But 
grants Of money and the possession of historic ‘ types ’ 
are not enough; equally essential are well-qualified paid 
assistants and reliable machinery for collecting new 
material and replenishing old.”

A very interesting paper is contributed on the magic 
origin of Moorish designs to the Journal of the Anthropo­
logical Institute (July-December, 1904) by Dr. Wester- 
marck. The, magic consists entirely in the methods 
employed to ward off the evil eye, the fear of which is 
so potent in countries bordering the Mediterranean. The 
designs consist of hands, crosses, eyes, rosettes, squares, 
octagons, triangles, and innumerable conventional em­
broidery patterns; but they are all grouped round one 

central idea, the intention being to throw back the 
evil influence emanating from the eye, by some counter­
charm. This is usually done by stretching out the five 
fingers of the right hand, and Dr. Westermarck shows 
how all these various designs can be traced to some 
elaboration of fives, originally representing the five fingers, 
or of eyes, for if baneful energy can be transferred by 
the eye, it can obviously also be thrown back by the eye. 
Sixty-two illustrations of these counter-charms accompany 
the article.

In the course of a note on the supply of water to leaves 
on a dead branch, printed as part ii. of vol. xi. of the 
Scientific Proceedings of the Royal Dublin Society, Prof. 
H. H. Dixon adduces evidence, based on experiment, to 
show that when a portion of a stem is killed by heat, the 
cells give off poisonous or plasmolysing substances; for 
some such' reason it appears that leaves attached to a 
dead branch wither much more rapidly than leaves on a 
living twig. In the first part of the same volume Mr. J. 
Adams discusses the effect of very low temperatures on 
moist seeds.

Mr. D. Hoopbr has a historical and explanatory note 
on the ancient eastern medicine known as lycium or 
rusot in the Journal of the Asiatic Society of Bengal 
(vol. Ixxiii., part ii., No. 4). The identity of rusot with 
the Indian lycium of the ancients was first pointed out 
by Dr. J. F. Royle, who found out that it is an inspissated 
extract prepared from the wood and roots of several species 
of Berberis. Mr. Hooper’s analyses of four specimens 
indicate an amount of berberine varying from 3 per cent, 
to nearly 8 per cent. The dried stem of Berberis aristata 
is officinal in India, and a tincture is often recommended 
in the treatment of fever.

In the island of St. Vincent the Imperial Department 
of Agriculture for the West Indies controls an agricultural 
School and a land settlement scheme in addition to the 
botanic gardens. In the report for 1904-5 Mr. W, N. 
Sands, the agricultural superintendent, registers a dis­
tribution of nearly 30,000 plants, of which more than 
two-thirds were cacao, and, besides, smaller numbers of 
sisal bulblets, coffee, lime, and other economic plants. 
Many of these were distributed to allottees on the land 
settlement estates who cultivate cacao, canes, cassava, 
yams, and sweet potatoes. Mr. Sands, reviewing the 
progress of the cotton industry, has the satisfaction of 
recording that much of the sea-island cotton was the best 
produced under the auspices of the British Cotton Growing 
Association, and had realised seventeen pence per pound.

Mr. W. E. Cooke, Government astronomer for Western’ 
Australia, has sent us a communication explaining a novel 
plan that he has adopted for giving more definiteness to 
the weather forecasts issued in that colony. Each fore­
cast for a definite district is subdivided into specific items, 
to each of which a figure is attached, “ 1 ” representing 
that the occurrence prognosticated has only the barest 
possibility of being successful, and so on, up to “5,”' 
which indicates that the prediction may be relied upon 
with almost absolute certainty. Each item of the forecast 
has therefore a “ weight ” attached to it ; on the whole, 
Mr. Cooke states that the new method has proved a dis­
tinct success, and that while people find that whenever the 
figure 5 appears the forecast is fulfilled in 99 cases, 
out of too, they do not feel so disappointed in case of 
failure when the lower numbers are attached, or as when, 
under the usual method, equal weight is attached to the 
whole forecast.



We have received the report of the Falmouth Observ­
atory lor the year 1904, reprinted from the seventy-second 
annual report of the Royal Cornwall Polytechnic Society. 
This observatory has for many years done excellent work 
in connection with meteorology and magnetism, as well as 
by the collection of sea-temperature observations at various 
places off the coast of Falmouth. The station has for 
many years been adopted by the Meteorological Office as 
one of its first-class observatories, and hourly observations 
or means have been regularly published in the official re­
ports of that office. With regard to magnetism, the 
Falmouth Observatory has become additionally important, 
in consequence of the recording magnets at Kew and 
Greenwich being somewhat affected by the electric trams 
in those neighbourhoods.

Dr. Alberto Aggazzotti, writing in the Atti del Lincei, 
xiv., (1), 12, describes some experiments conducted in the 
physiological laboratory at Turin on the effects of rare­
faction on the respiration of the orang-utan. The animal 
on which the observations were made was brought from 
Borneo by Count Mario Peracca, who handed it over 
to Prof. Angelo Mosso for the investigation. It is de­
scribed as being of good disposition and intelligent; at 
first it resisted the attempts to place it in the receiver, 
and tried to destroy the apparatus, but when it realised 
what was being done, it not only offered no further resist­
ance, but even helped the experimenter in attaching the 
pneumograph and other necessary apparatus to it. A 
moderate rarefaction produced no injurious effects pro­
vided that the restoration of normal pressure was not 
effected too rapidly; at 450 millimetres of pressure the 
animal became more tranquil, at 300 millimetres it fell 
asleep, while at 270 millimetres it became seriously ill 
and fell down insensible. The respiration altered in 
character between 450 millimetres and 470 millimetres with 
an increase of frequency and a decrease of intensity, while 
at 300 millimetres it became irregular and spasmodic. 
These changes fairly well agree with those observed in 
other animals, particularly man.

Mr. C. Mosley has arranged an edition of White's 
“ Selborne ” for students, in which the whole of the letters 
are classified under subjects, giving the reader all that 
Gilbert White wrote on one topic under one head. As 
the subjects will be arranged alphabetically, the work will 
be one of reference as well as for reading consecutively. 
Mr. Elliot Stock is to publish the book during the coming 
season.

We have received a copy of the first fasciculus of vol. 
xxxv. of the Mdnioires de la Socidti de Physique et 
d'Histoire naturelie de Geneve. This part of the trans­
actions contains, with other interesting papers, the 
president’s report for 1904. Dr. Auguste Wartmann- 
Perrot successively passes in review the administrative 
events of the year, refers in eulogistic terms to the work 
of eminent members of the society deceased during the 
previous year, and recapitulates briefly the scientific 
subjects discussed in the meetings of the society during 
1904. The biographical notices contained in the presi­
dent’s report include those of Charles Soret, renowned 
for his work in crystallography; of Albert Rilliet, the 
chemist; and of Wilhelm His, the anatomist. The 
scientific activity of the society is summarised concisely 
under subjects, and this part of the report will serve 
men of science as a full index of the work done by 
members of the Geneva Society during 1904. The presi­
dent’s statement is a useful account of a good year’s work.

OUR ASTRONOMICAL COLUMN.
Astronomical Occurrences in September :—

Sept. 4.
>» >1

„ 8.
„ 11.
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.. 18.
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.. «9-

.. >9-

» 19-

>1 20.
>> 21.

19-

.. 28.

Ceres in opposition to the Sun (Ceres mag. 7'4).
7h. 33m. to 8h. 37m. Moon occults 7 Libra

(mag. 4'1).
loh. 20m. Minimum of Algol (3 Persei).
I2h. Moon in conjunction with Saturn (Saturn 

1° $6’S.). .
izh. 42m. to 14b. urn. Transit of Jupiters Sat. III. 

(Ganymede).
23b. Mercury at greatest elongation, 17° 54' W.
Venus. Illuminated portion of disc = 0'787, o.

Mars =0'851.
loh. 35m. to 1 ih. 36m. Moon occults m Ceti (mag.

4'4).
9h. 54m. to loh. 55m. 

(mag. 4'3).
loh. 36m. to loh. 59m.

(mag. 3'9).
13b. 56m. to 14b. 37m.

(mag. 4'6).
15b. 13m. to i6h. 36m.

(mag. 3'9).
i$h. 18m. to l6h. 31m.

(mag. 3'6).
2oh. 24m. to 2th. im.

Moon occults / Tauri 

Moon occults 7 Tauri 

Moon occults 71 Tauri 

Moon occults 91 Tauri 

Moon occults fl3 Tauri 

Moon ocdults a Tauri
(mag. I'I).

14b. Ceres 9' N. of 89 Aquarii (mag. 4'9).
Saturn. Major axis of ring =43"'30, Minor axis 

= 8 "-36.
14b. Moon in conjunction with Jupiter (Jupiter 

4° 16' N.).
I2h. 3m. Minimum of Algol (A Persei).

Observations op Planets.—The results of a number of 
recent observations of Saturn and Jupiter are recorded by 
Mr. Denning in the Observatory for August. Using the 
I2j-inch Calver reflector, some excellent observations of 
Saturn were obtained during the morning twilight in June 
and July. The region north of the multiple belt in the 
northern hemisphere was seen to be the brightest part of 
the planet—not the equatorial zone, as previously. A 
small white spot was detected on the N. edge of the 
great belt on July 6, and estimated to be central at 
13b. 40m. A small white spot was seen in the N. 
temperate zone on the following dates in the positions and 
at the times stated :—

July 13
,, 16
>> 21

Transit time Long. System II.
h. m. o
13 20 ... 727
15 35 - 67-3
12 35 - 69 5

Observing the Great Red Spot on Jupiter on June 24 
and July 6, Mr. Denning found it to be central at 
15b. 43m. and 15b. 40m. respectively, the corresponding 
longitudes being 25° 1 and 24°.8. Comparing these longi­
tudes with those published in the April Observatory, it 
is seen that during the period that Jupiter has been too 
near to the sun to be observable, the motion has con­
formed precisely with system ii. of the ephemerides based 
on a rotation period of gh. 55m. 40.63s. An observation 
made by the Rev. T. E. R. Phillips confirms the above 
observation of July 6.

Proper Motions of the Hyades.—A discussion of the 
proper motions of the Hyades group is the raison d'itre 
of No. 14 of the Publications of the Astronomical Labor­
atory at Groningen. The plates from which the proper 
motions were derived were obtained by Prof. Donner at 
Helsingfors and discussed by Profs. Kapteyn and W. 
de Sitter.

In the introduction to the volume Prof. Kapteyn gives 
a most interesting discussion of the results obtained by 
his method of determining proper motions, the method 
employed in the present case, in which a plate is exposed 
on. a certain area and then packed away (qr a number 
of years, exposed again on the same area, and then de­
veloped and measured. One of the gravest objections to 
this method was the fear that the plates would deteriorate 
during the interval between the two exposures, but Prof. 
Kapteyn disposes of this objection by stating that not a 



single plate of the present series, for which the interval 
was between four and five years, has had to be rejected. 
These plates were by Schleussner, on plate glass, and the 
method of preservation employed by Prof. Donner is ex­
plained.

As regards the length of exposure, Prof. Kapteyn states 
that, whilst it must be chosen in accordance with the 
particular work contemplated, it must be such as to give 
at least one hundred easily measured stars on each plate. 
Another objection raised against this method was that of 
accuracy as compared with the older method, but from 
a comparison of the probable errors now obtained with 
those obtained at Paris and Potsdam in the carte du del 
work, Prof. Kapteyn shows that the advantage is with 
the new method. He further concludes that to attain a 
given degree of accuracy the labour involved in the present 
method is at the very least seven times smaller than it 
would be by employing the older method.

The value for the proper motion of the Hyades group 
adopted by Prof. Donner is

In R.A. + o"'ogoo = + 0006245.) 
,, Deci, -o'''0250 /

Reduced to the system given in Publication No. 9, this 
becomes

gulp R.A. + o"'tto7 = +0'007675.
„ Deci.-o"'0259 

which is equivalent to a total proper motion of 
o"-ti37 in position angle io3°.t7.

The general catalogue contains 395 stars, and of these 
42 are considered as very probably belonging to the group, 
19 are given as “ probable,” and 16 are regarded as 
“ doubtful.”

Variations ok Latitude.—In Nos. 4040-4041 of the 
Astronomische Nachrichten Mr. Kimura, of the Inter­
national Latitude Observatory at Mizusawa, gives the 
results of a series of latitude observations made by Mr. 
Nakano and himself during the year March 28, 1903, to 
March 31, 1904. Simultaneous observations of four groups 
Were made each night, their principal aims being (1) to 
examine whether there exists any regular diurnal change 
of latitude of a measurable quantity; (2) to see how large 
are the systematic differences between the variation of 
latitude from this (four groups) scries of observations and 
that from the two groups observations for the international 
service. The mean declinations and proper motions of 
the stars observed were taken from the international 
service work, and the value of the “ aberration constant ” 
employed was 2o"-5i2. Great care was taken during the 
reductions to eliminate accidental errors, and it was found 
that the personal equation between the two observers was 
practically negligible. The measures and their reductions 
are given in detail, and lead to the conclusion that “ Any 
systematic diurnal change of latitude of a measurable 
quantity cannot exist at all.” The subsequent com­
parison of the results of these observations with those 
obtained for the international service shows that no 
systematic differences exist between the four groups 
observations and the two groups observations made for 
the international service.

A Proposed New Method for determining the Solar 
Radiation.—In No. 4037 of the Astronomische Nachrichten 
Prof. Ceraski proposes a new method whereby the absorp­
tion of our atmosphere might be eliminated from observ­
ations of the changes in the solar radiation. His proposi­
tion is that the light of the telescopic planets should be 
regularly observed photometrically. If the variation of the 
solar radiation is great enough, it should be shown in the 
amount of light reflected by the planets, and a long period 
of photometric observations of these, such as he proposes, 
would show the sympathetic variations, whilst, if suitable 
comparison stars were employed, the differential effect of 
the earth’s atmosphere would not affect the results.

The Cape 'Observatory.—The opening paragraphs of 
Sir David Gill’s report for the year 1904 deeply lament 
the loss sustained by the Cape Observatory, anil science 
in general, by the death of Mr. Frank McClean, F.R.S., 
to whose generosity the observatory owes an important 
part of its equipment.

The new transit circle has been thoroughly examined 
and its observers trained during the past twelve months, 
and it is now ready for routine work. It was found that 
by using the Rcpsold-Struve apparatus, in which a 
travelling wire actuated by clockwork is employed, the 
magnitude equation in right ascension observations might 
be almost, if not entirely, eliminated.

Preliminary trials of the new sidereal clock showed that 
the daily rate never varied more than ± 0.03s. ; but even 
this is to be improved by a new arrangement by which 
the top and bottom of the pendulum will be kept at the 
same temperature. In order to preserve a more equable 
temperature inside the case, an enclosing chamber 8 feet 
square and 13 feet high has been erected about it.

Owing to an unfortunate accident, the driving worm 
and sector of the Victoria telescope were damaged, and 
have had to be sent to Sir Howard Grubb for repair. 
In consequence, the new objective prism has not yet been 
tested.

A number of observations were made with the transit 
and equatorial instruments during the year, and 185 plates 
(containing 117,073 stars) for the Astrographic Catalogue 
were measured. The total number of plates measured is 
now 760, containing more than 440,000 star images, corre­
sponding to about 200,000 different stars.

In the astrophysical department 74 star-spectra were 
photographed, and of these 30 have been measured, and 
a number of radial velocities deduced.

RECENT ADVANCES IN THE CHEMISTRY 
OF ALBUMIN.'

UNTIL recently, one of the main objects in studying the 
proteids was to classify them into characteristic 

groups by the aid of certain reactions. This has now 
given place to problems of a different nature—the investi­
gation of the quantitative decomposition of the albumin 
molecule, the progressive degradation and study of the con­
stituent parts, and the determination of the nature of 
what may be termed the stones of the molecular edifice; 
finally, the arrangement of these materials in the con­
struction of the albumin molecule.

The task of separating the constituents of the 
albumin molecule is still far from complete. The 
reason for this lies in the difficulty connected with 
their isolation, for they are particularly troublesome to 
purify. An important advance was made when Emil 
Fischer discovered the ester method of separating the 
amino-acids by distilling them in a vacuum. The 
method bore immediate fruit in the discovery of phenyl­
alanine and a-proline (pyrrolidinecarboxylic acid). Fischer 
has shown, moreover, that certain amino-acids, like alanine, 
phenyl-alanine, and serine (hydroxyaminopropionic acid) 
are invariable constituents of the albumin molecule, whilst 
hydroxy-a-proline, discovered by Fischer, is another widely 
distributed constituent. Ehrlich has found that the leucine 
from albumin, long considered a simple substance, is a 
mixture of at least two bodies. Hopkins and Cole have 
succeeded in separating tryptophane in a pure state, a 
substance which had long eluded the attempts of physio­
logists to isolate, and which they have pronounced to 
be skatolaminoacetic acid. Skraup has obtained from 
casein a whole series of new products belonging to the 
group of diamino- and hydroxyamino-acids—diamino­
glutaric acid, diaminoadipic acid, hydroxyaminosebacic 
acid, and caseanic and cascinic acids of unknown structure.

New substances are constantly being added to the list 
of what may be termed molecular fragments, which now 
amount to about twenty individuals.

There still remains the carbohydrate group of albumins. 
F. Muller has shown that glucosamine from mucine and 
egg-albumin forms an interesting link between the sugar 
group and the amino-acids. We are still ignorant of the 
part played by the carbohydrate in its connection with 
albumin. We cannot say whether it is a loose combination 
or a mechanical admixture.

The enormous number of products gives some indica­
tion of the complexity of the problem which the study

1 Abstract of an article by Emil Abdcrhalden contributed to ” Medizinische 
Klinik," 1905, Nos. t and 3.



of albumin affords. Furthermore, before a synthesis 
can be successfully attempted, it is necessary to know 
whether these substances are primary or secondary pro­
ducts formed directly or indirectly by the action of the 
reagent, and here again the field is still untraversed.

Whilst great similarity exists among the constituent parts 
of the molecule, there is a wide difference in the propor­
tions of each present. The protamines, which are obtained 
from the milt (testicles) of fishes, and represent some of 
the simplest proteids, contain a large proportion of diamino­
acids and a small quantity of monoamino-acids; the 
kindred histones, on the other hand, contain a much 
smaller proportion of diamino-acids, but the whole group 
of monoamino-acids. Through a series of gradations we 
arrive finally at substances like the proteids of silk and 
elastin, which are exceptionally rich in monoamino-acids.

A comparison of the composition of the individual 
albumins of food and of the living body leads to the con­
clusion that in digestion deep-seated changes must occur. 
Moreover, the view is steadily growing that the albumin 
molecule forms the basis of the two other important groups 
of food-stuffs, fats and carbohydrates. The decomposition 
which certain albumin fragments undergo promises to 
throw new light on the changes which occur in the 
organism and on the formation of pathological products.

Granted that the whole series of albumin products 
were known, their relative arrangement in the molecule 
would still remain to be discovered. Attempts have been 
made by using milder reagents to arrest the process of 
degradation at an earlier stage, and so obtain larger mole­
cular fragments ; but great practical difficulties attend the 
method. Nevertheless, by the labours of Fischer and 
Bergel! a series of no less than four intermediate 
products between silk and its lowest degradation product 
have been isolated. First, sericoine; secondly, a sub­
stance containing tyrosine; thirdly, one free from tyrosine; 
and lastly, a compound which probably belongs to the 
dipeptides mentioned below. This study of partial de­
gradation of the albumin molecule derives increased 
interest from the behaviour of food albumin in the intes­
tine, which, as Fischer and Abderhalden have shown by 
their experiments on dogs, probably undergo neither slight 
nor yet complete decomposition, but partial hydrolysis. 
It will be an attractive problem to determine how far 
food albumin may be degraded and yet afford nutriment 
for the organism.

If the process of decomposition cannot furnish the 
necessary information about the structure of the albumin 
molecule, the reverse process of synthesis may effect the 
desired object. E. Fischer has with wonderful experi­
mental ingenuity and skill successfully followed this path 
of research. The classical memoirs on the polypeptides 
have already been referred to in the pages of Nature. 
13/ combining two molecules of amino-acids, the dipeptides, 
glycyl-glycine, alanyl-alanine, and leucyl-leucine have been 
obtained, as well as mixed dipeptides, e.g. glycyl-alanine, 
alanyl-glycine, &c. By uniting three and more molecules, 
tri- and tetra-peptides, &c., are formed. The longest chain 
of this character is pentaglycine, consisting of a group of 
five linked glycine molecules.

But, as we have seen, the degradation products of 
albumin are not all monoamino-acids, but include hydroxy- 
and diamino-compounds, and peptides of these substances 
have also been prepared. These products show an un­
mistakable likeness to the natural peptones. They give 
the usual reactions—the biuret reaction, precipitation by 
phosphotungstic acid, and hydrolysis by trypsin. A 
peculiar interest centres round the different behaviour of 
the peptides towards the pancreatic ferment. Whereas 
glycyl-I-tyrosine and glycyl-I-leucine are easily hydrolysed, 
glycyl-glycine and glycyl-alanine are unattacked by the 
ferment.

These experiments, as Fischer has pointed out, are not 
only useful in indicating the physiologically important com­
pounds among the numerous synthetic materials obtained 
by him, but show, by the experience so gained, the possi­
bility of discovering the different kinds of linking which 
exist among the amino-acids of the albumin molecule.

We may anticipate from these investigations some know­
ledge of the cause whereby different parts of the molecule 
resist or retard the action of the ferment. J. B. C.

ON THE ORIGIN OF EOLITHS.'
t^OR some time past the question of the existence of 

man in different countries during the Tertiary period, 
based upon flints bearing traces of intentional work, has 
occupied the lively attention of “ prehistorians ” in 
numerous parts of the globe—in France, England,
Germany, Russia, Egypt, India, &c.

According to the eminent Belgian geologist, M. Rutot, 
who has placed himself at the head of this new move­
ment, we must add to the Paleolithic and Neolithic periods 
a period more ancient still, which has received the name 
of Eolithic. This does not comprise any type of instru­
ment chipped into an intentional form, but only natural 
forms utilised at once. These primitive and rough tools 
have received the name of eoliths. It is believed that 
they may be recognised by the presence of secondary 
work (retouches), that is to say, the removal of small 
flakes in apparently a systematic manner, in accordance 
with the needs of the case, or resulting from the wear 
of the flint by use.

An enormous quantity of eoliths are found in the 
Quaternary gravels mixed with instruments of determinate 
and classic forms. In the gravels of the north of France 
and of Belgium, M. Rutot has described several industries 
of this kind, the Reutelian, the Mafflian, the Mesvinian, 
&c. But such objects are equally met wiflt in beds of 
far greater antiquity; the chipped stones of the Oligocene 
of Thenay, of the Miocene of Otta and Aurillac, of the 
Pliocene of . England, &c., arc eoliths; and here the 
question becomes far more grave, inasmuch as the adepts 
in the new theories rely on these facts to admit the 
existence of man or his immediate precursor during the 
Tertiary period.

For twenty years I have not ceased to combat these 
theories ; first, because it appeared to me to be imprudent 
to admit the existence of Tertiary man in the absence 
of all direct, that is to say, in the absence of osteological 
evidence, and secondly, because I have always been con­
vinced that the eoliths are due to natural causes. I had, 
indeed, had occasion to meet with them in all the ancient 
alluvia of torrential character in which flints were present. 
In Auvergne, and in the Velay, in the course of my explor­
ations in connection with the geological map, I had found 
them at numerous points in the midst of Oligocene or 
Miocene beds occupying thousands of square kilometres 
in extent. I asked myself how experiments could be 
undertaken to solve the problem of the eoliths, when M. 
Laville, of the Ecole des Mines, brought before M. 
Cartailhac, correspondent of the institute, Dr. Obermaier, 
and myself some experiments carried on daily, but un­
intentionally, in an industrial establishment.

There are in the Commune of Guerville, near Mantes, 
some works in which cement is made from a mixture of 
chalk and plastic clay. The chalk, as usual, contains 
blocks of flint which are rejected by the diggers. Trucks 
convey the chalk from the quarry to the neighbouring 
works, and deliver it with a certain quantity of clay into 
circular vats called dd/aycurs. These are about 5 metres 
in diameter and 140 metres in depth. The water which 
serves them arrives by pipes, and is discharged through 
lateral sieves, carrying with it the finest particles of the 
mixture of chalk and clay. The water is set in motion 
by a horizontal wheel, above the level of the water, but 
from its spokes are suspended harrows (herses) of cast- 
iron dipping into the water ; the speed of rotation of the 
wheel is about 4 metres at its circumference.

The water is thus driven into a tumultuous movement, 
which carries away not only the particles of chalk and 
clay, but also a certain number of flints which have 
escaped the attention of the workmen, and have been 
thrown into the vats together with the chalk. These 
flints are therefore subjected to blows one against the 
other which during a period of twenty-nine hours must be 
extremely numerous. When the machinery is stopped, the 
flints remain at the bottom of the vat, where they are 
covered by a coating of chalk. They are taken out of the 
vats to be washed and placed in heaps, as they are useful 
for making concrete.

Now these bits of flint that while in the vats have
1 Translation of a paper by M. Marceltin boule in the Ccm/tes rendus of 

the Paris Academy of Sciences (June ad). 



undergone the dynamic action of an artificial whirlpool 
in all points comparable with the dynamic action of a 
torrential current of water, present all the characteristics 
of the ancient river-gravels; it is easy to find among 
them, after a few minutes’ search, all the most charac­
teristic forms of eoliths, such as are given as typical. 
My colleagues and 1 have been able to make a collection 
of flints admirably retouches, identical with the forms 
called by M. Rutot hammer-stones, planes, notched flints, 
&c. We have also collected flints showing the cone of 
percussion, which is generally regarded as an infallible 
mark of intentional fashioning.

THE BRITISH ASSOCIATION.
Inaugural Address bv Prof. G. H. Darwin, M.A., 

LL.D., Ph.D., F.R.S., President of the Association.
Part IL1

Thus far we have been concerned with the almost in­
conceivably minute, and 1 now propose to show that 
similar conditions prevail on a larger scale.

Many geological problems might well be discussed from 
my present point of view, yet P shall pass them by, and 
shall proceed at once to Astronomy, beginning with the 
smallest cosmical scale of magnitude, and considering after­
wards the larger celestial phenomena.

The problems of cosmical evolution are so complicated 
that it is well to conduct the attack in various ways at 
the same time. Although the several theories may seem 
to some extent discordant with one another, yet, as I have 
already said, we ought not to scruple to carry each to its 
logical conclusion. We may be confident that in time the 
false will be eliminated from each theory, and when the 
true alone remains the reconciliation of apparent disagree­
ments will have become obvious.

The German astronomer Bode long ago propounded a 
simple empirical law concerning the distances at which 
the several planets move about the sun. It is true that 
the planet Neptune, discovered subsequently, was found to 
be considerably out of the place which would be assigned 
to it by Bode’s law, yet his formula embraces so large 
a number of cases with accuracy that we are compelled to 
believe that it arises in some manner from the primitive 
conditions of the planetary system.

The explanation of the causes which have led to this 
simple law as to the planetary distances presents an 
interesting problem, and, although it is still unsolved, we 
may obtain some insight into its meaning by considering 
what I have called a working model of ideal simplicity.

Imagine then a sun round which there moves in a circle 
a single large planet. I will call this planet Jove, because 
it may be taken as a representative of our largest planet, 
Jupiter. Suppose next that a meteoric stone or small 
planet is projected in any perfectly arbitrary manner in 
the same plane in which Jove is moving; then we ask 
how this third body will move. The conditions imposed 
may seem simple, yet the problem has so far overtaxed 
the powers of the mathematician that nothing approach­
ing a general answer to our question has yet been given. 
We know, however, that under the combined attractions 
of the sun and Jove the meteoric stone will in general 
describe an orbit of extraordinary complexity, at one time 
moving slowly at a great distance from both the sun and 
Jove, at other times rushing close past one or other of 
them. As it grazes past Jove or the sun it may often 
but just escape a catastrophe, but a time will come at 
length when it runs its chances too fine and comes into 
actual collision. The individual career of the stone is then 
ended by absorption, and of course by far the greater 
chance is that it will find its Nirvana by absorption in 
the sun.

Next let us suppose that instead of one wandering 
meteoric stone or minor planet there are hundreds of them, 
moving initially in all conceivable directions. Since they 
are all supposed to be very small, their mutual attractions 
will be insignificant, and they will each move almost as 
though they were influenced only by the sun and Jove.

1 Delivered at Johannesburg on August 30. The first part of the Address, 
delivered at Cape Town on August 15, appeared in Nature of August 17.

Most of these stones will be absorbed by the sun, and the 
minority will collide with Jove.

When we inquire how long the career of a stone may 
be, we find that it depends on the direction and speed with 
which it is started, and that by proper adjustment the delay 
of the final catastrophe may be made as long as we please. 
Thus by making the delay indefinitely long we reach the 
conception of a meteoric stone which moves so as never 
to come into collision with either body.

There are, therefore, certain perpetual orbits in which 
a meteoric stone or minor planet may move for ever with­
out collision. But when such an immortal career has been 
discovered for our minor planet, it still remains to discover 
whether the slightest possible departure from the pre­
scribed orbit will become greater and greater and ulti­
mately lead to a collision with the sun or Jove, or whether 
the body will travel so as to cross and re-cross the exact 
perpetual orbit, always remaining close to it. If the 
slightest departure inevitably increases as time goes on, 
the orbit is unstable; if, on the other hand, it only leads 
to a slight waviness in the path described, it is stable.

We thus arrive at another distinction : there are per­
petual orbits, but some, and indeed most, are unstable, 
and these do not offer an immortal career for a meteoric 
stone; and there are other perpetual orbits which are 
stable or persistent. The unstable ones are those which 
succumb in the struggle for life, and the stable ones are 
the species adapted to their environment.

If, then, we are given a system of a sun and large 
planet, together with a swarm of small bodies moving 
in all sorts of ways, the sun and planet will grow by 
accretion, gradually sweeping up the dust and rubbish 
of the system, and there will survive a number of small 
planets and satellites moving in certain definite paths. 
The final outcome will be an orderly planetary system in 
which the various orbits are arranged according to some 
definite law.

But the problem presented even by a system of such 
ideal simplicity is still far from having received a complete 
solution. No general plan for determining perpetual orbits 
has yet been discovered, and the task of discriminating 
the stable from the unstable is arduous. But a beginning 
has been made in the determination of some of the zones 
surrounding the sun and Jove in which stable orbits are 
possible, and others in which they are impossible. There 
is hardly room for doubt that if a complete solution for 
our solar system were attainable, we should find that the 
orbits of the existing planets and satellites are numbered 
amongst the stable perpetual orbits, and should thus 
obtain a rigorous mechanical explanation of Bode's law 
concerning the planetary distances.

It is impossible not to be struck by the general similarity 
between the problem presented by the corpuscles moving 
in orbits in the atom, and that of the planets and satellites 
moving in a planetary system. It may not, perhaps, be 
fanciful to imagine that some general mathematical method 
devised for solving a problem of cosmical evolution may 
find another application to miniature atomic systems, and 
may thus lead onward to vast developments of industrial 
mechanics. Science, however diverse its aims, is a whole, 
and men of science do well to impress on the captains of 
industry that they should not look askance on those 
branches of investigation which may seem for the moment 
far beyond any possibility of practical utility.

You will remember that I discussed the question as to 
whether the atomic communities of corpuscles could be 
regarded as absolutely eternal, and that I said that the 
analogy of other moving systems pointed to their ultimate 
mortality. Now the chief analogy which I had in my 
mind was that of a planetary system.

The orbits of which I have spoken are only perpetual 
when the bodies are infinitesimal in mass, and meet with 
no resistance as they move. Now the infinitesimal body 
does not exist, and both Lord Kelvin and Poincari? concur 
in holding that disturbance will ultimately creep in to 
any system of bodies moving even in so-called stable orbits; 
anil this is so even apart from the resistance offered to 
the moving bodies by any residual gas there may be 
scattered through space, the stability is therefore only 
relative, and a planetary system contains the seeds of its 
own destruction. But this ultimate fate need not disturb 



us either practically or theoretically, for the solar system 
contains in itself other seeds of decay which will probably 
bear fruit long before the occurrence of any serious dis­
turbance of the kind of which I speak.

Before passing on to a new topic I wish to pay a tribute 
to the men to whom we owe the recent great advances 
in theoretical dynamical astronomy. As treated by the 
master-hands of Lagrange and Laplace and their 
successors, this branch of science hardly seemed to afford 
scope for any great new departure. But that there is 
always room for discovery, even in the most frequented 
paths of knowledge, was illustrated when, nearly thirty 
years ago, Hill of Washington proposed a new method of 
treating the theory of the moon's motion in a series of 
papers which have become classical. I have not time to 
speak of the enormous labour and great skill involved in 
the completion of Hill’s Lunar Theory, by Ernest Brown, 
whom I am glad to number amongst my pupils and 
friends; for I must confine myself to other aspects of 
Hill's work.

The title of Hill’s most fundamental paper, namely, 
“ On Part of the Motion of the Lunar Perigee,” is almost 
comic in its modesty, for who would suspect that it con­
tains the essential points involved in the determination of 
perpetual orbits and their stability? Probably Hill him­
self did not fully realise at the time the full importance 
of what he had done. Fortunately he was followed by 
Poincar^, who not only saw its full meaning but devoted 
his incomparable mathematical powers to the full theo­
retical development of the point of view I have been laying 
before you.

Other mathematicians have also made contributions to 
this line of investigation, amongst whom 1 may number 
my friend Mr. Hough, chief assistant at the Royal Observ­
atory of Cape Town, and myself. But without the work 
of our two great forerunners we should still be in utter 
darkness, and it would have been impossible to give even 
this slight sketch of a great subject.

The theory which 1 have now explained points to the 
origin of the sun and planets from gradual accretions of 
meteoric stones, and it makes no claim to carry the story 
back behind the time when there was already a central 
condensation or sun about which there circled another 
condensation or planet. But more than a century ago 
an attempt had already been made to re-construct the 
history back to a yet remoter past, and, as we shall see, 
this attempt was based upon quite a different supposition 
as to the constitution of the primitive solar system. I 
myself believe that the theory I have just explained, as 
well as that to which I am coming, contains essential 
elements of truth, and that the apparent discordances will 
some day be reconciled. The theory of which I speak 
is the celebrated nebular hypothesis, first suggested by 
the German philosopher Kant, and later re-stated in­
dependently and in better form by the French mathe­
matician Laplace.

Laplace traced the origin of the solar system to a nebula 
or cloud of rarefied gas congregated round a central con­
densation which was ultimately to form the sun. The 
whole was slowly rotating about an axis through its 
centre, and, under the combined influences of rotation 
and of the mutual attraction of the gas, it assumed a 
globular form, slightly flattened at the poles. The justifi­
ability of this supposition is confirmed by the observations 
of astronomers, for they find in the heavens many nebula;, 
while the spectroscope proves that their light at any rate 
is derived from gas. The primeval globular nebula is un­
doubtedly a stable or persistent figure, and thus Laplace’s 
hypothesis conforms to the general laws which I have 
attempted to lay down.

The nebula must have gradually cooled by radiation 
into space, and as it did so the gas must necessarily have 
lost some of its spring or elasticity. This loss of power 
of resistance then permitted the gas to crowd more closely 
towards the central copdensation, so that the nebula con­
tracted. The contraction led to two results, both inevit­
able according to the laws of mechanics : first, the central 
condensation became hotter; and, secondly, the speed of 
its rotation became faster. The accelerated rotation led 
to an increase in the amount of polar flattening, and the 
nebula at length assumed the form of a lens, or of a 

disc thicker in the middle than at the edges. Assuming 
the existence of the primitive nebula, the hypothesis may 
be accepted thus far as practically certain.

From this point, however, doubt and difficulty enter 
into the argument. It is supposed that the nebula became 
so much flattened that it could not subsist as a continuous 
aggregation of gas, and a ring of matter detached itself 
from the equatorial regions. The central portions of the 
nebula, when relieved of the excrescence, resumed the 
more rounded shape formerly possessed by the whole. As 
the cooling continued the central portion in its turn became 
excessively flattened through the influence of its increased 
rotation ; another equatorial ring then detached itself, and 
the whole process was repeated as before. In this way the 
whole nebula was fissured into a number of rings surround­
ing the central condensation, the temperature of which 
must by then have reached incandescence.

Each ring then aggregated itself round some nucleus 
which happened to exist in its circumference, and so formed 
a subordinate nebula. Passing through a series of trans­
formations, like its parent, this nebula was finally replaced 
by a planet with attendant satellites.

The whole process forms a majestic picture of the history 
of our system. But the mechanical conditions of a rotating 
nebula are too complex to admit, as yet, of complete 
mathematical treatment; and thus, in discussing this theory, 
the physicist is compelled in great measure to adopt the 
qualitative methods of the biologist, rather than the 
quantitative ones which he would prefer.

The telescope seems to confirm the general correctness 
of Laplace’s hypothesis. Thus, for example, the great 
nebula in Andromeda presents a grand illustration of what 
we may take to be a planetary system in course of form­
ation. In it we see the central condensation surrounded 
by a more or less ring-like nebulosity, and in one of the 
rings there appears to be a subordinate condensation.

Nevertheless it is hardly too much to say that every 
stage in the supposed process presents to us some difficulty 
or impossibility. Thus we ask whether a mass of gas of 
almost inconceivable tenuity can really rotate all in one 
piece, and whether it is not more probable that there would 
be a central whirlpool surrounded by more slowly-moving 
parts. Again, is there any sufficient reason to suppose 
that a series of intermittent efforts would lead to the 
detachment of distinct rings, and is not a continuous out­
flow of gas from the equator more probable?

The ring of Saturn seems to have suggested the theory 
to Laplace ; but to take it as a model leads us straight 
to a quite fundamental difficulty. If a ring of matter ever 
concentrates under the influence of its mutual attraction, 
it can only do so round the centre of gravity of the whole 
ring. Therefore the matter forming an approximately 
uniform ring, if it concentrates at all, can only fall in on 
the parent planet and be re-absorbed. Some external force 
other than the mutual attraction of the matter forming 
the ring, and therefore not provided by the theory, seems 
necessary to effect the supposed concentration. The only 
way of avoiding this difficulty is to suppose the ring to 
be ill-balanced or lop-sided ; in this case, provided the want 
of balance is pronounced enough, concentration will take 
place round a point inside the ring but outside the planet. 
Many writers assume that the present distances of the 
planets preserve the dimensions of the primitive rings; but 
the argument that a ring can only aggregate about its 
centre of gravity, which I do not recollect to have seen 
before, shows that such cannot be the case.

The concentration of an ill-balanced or broken ring on 
an interior point would necessarily generate a planet with 
direct rotation—that is to say, rotating in the same direc­
tion as the earth. But several writers, and notably Faye, 
endeavour to show—erroneously as 1 think—that a retro­
grade rotation should be normal, and they are therefore 
driven to make various complicated suppositions to explain 
the observed facts. But I do not claim to have removed 
the difficulty, only to have shifted it; for the satellites of 
Neptune, and presumably the planet itself, have retrograde 
rotations; and, lastly, the astonishing discovery has just 
been made by William Pickering of a ninth retrograde 
satellite of Saturn, while the rotations of the eight other 
satellites, of the ring and of the planet itself, are direct. 
Finally, I express a doubt as to whether the telescope 



does really exactly confirm the hypothesis of Laplace, for 
1 imagine that what we see indicates a spiral rather than 
a ring-like division of nebula;.1

1 Prof. Chamberlin, of Chicago, has recently proposed a modified form 
■of the nebular hypothesis, in which he contends that the spiral form is 
no-mal. See “ Year Hook," No. 3, for 1904, of the Carnegie Institution of 
Washington, pp. 195-258.

2 Newcomb considers the objections to Lockyer's theory insuperable. 
See p. 190 of “The Stars." (London : John Murray, 1904.)

8 See preceding reference to Chamberlin's paper.

This is not the time to pursue these considerations 
further, but enough has been said to show that the nebular 
hypothesis cannot be considered as a connected intelligible 
whole, however much of truth it may contain.

In the first theory which I sketched as to the origin 
■of the sun and planets, we supposed them to grow by the 
accretions of meteoric wanderers in space, and this hypo­
thesis is apparently in fundamental disagreement with 
the conception of Laplace, who considered the transform­
ations of a continuous gaseous nebula. Some years ago 
a method occurred to me by which these two discordant 
schemes of origin might perhaps be reconciled. A gas is 
not really continuous, but it consists of a vast number of 
molecules moving in all directions with great speed and 
frequently coming into collision with one another. Now 
I have ventured to suggest that a swarm of meteorites 
would, by frequent collisions, form a medium endowed 
•with so much of the mechanical properties of a gas as 
would satisfy Laplace’s conditions. If this is so, a nebula 
may be regarded as a quasi-gas, the molecules of which 
are meteorites. The gaseous luminosity which undoubtedly 
is sent out by nebulte would then be due only to incan­
descent gas generated by the clash of meteorites, while 
the dark bodies themselves would remain invisible. Sir 
Norman Lockyer finds spectroscopic evidence which led 
him long ago to some such view as this, and it is certainly 
of interest to find in his views a possible means of re­
conciling two apparently totally discordant theories.’ How­
ever, I do not desire to lay much stress on my suggestion, 
for without doubt a swarm of meteors could only maintain 
the mechanical properties of a gas for a limited time, and, 
as pointed out by Prof. Chamberlin, it is difficult to under­
stand how a swarm of meteorites moving indiscriminately 
in every direction could ever have come into existence. 
But my paper may have served to some extent to suggest 
to Chamberlin his recent modification of the nebular hypo­
thesis, in which he seeks to reconcile Laplace’s view with 
a meteoritic origin of the planetary system.’

We have seen that, in order to explain the genesis of 
planets according to Laplace's theory, the rings must be 
ill-balanced or even broken. If the ring were so far from 
being complete as only to cover a small segment of the 
whole circumference, the true features of the occurrences 
in the births of planets and satellites might be better re­
presented by conceiving the detached portion of matter 
to have been more or less globular from the first, rather 
than ring-shaped. Now this idea introduces us to a group 
of researches whereby mathematicians have sought to 
explain the birth of planets and satellites in a way which 
might appear, at first sight, to be fundamentally different 
from that of Laplace.

The solution of the problem of evolution involves the 
search for those persistent or stable forms which biologists 
would call species. The species of which I am now going 
to speak may be grouped in a family, which comprises all 
those various forms which a mass of rotating liquid is 
capable of assuming under the conjoint influences of gravi­
tation and rotation. If the earth were formed throughout 
of a liquid of the same density, it would be one of the 
species of this family; and indeed these researches date 
back to the time of Newton, who was the first to explain 
the figures of planets.

The ideal liquid planets we are to consider must be re­
garded as working models of actuality, and inasmuch as 
the liquid is supposed to be incompressible, the conditions 
■depart somewhat widely from those of reality. Hence, 
when the problem has been solved, much uncertainty 
remains as to the extent to which our conclusions will be 
applicable to actual celestial bodies.

We begin, then, with a rotating liquid planet like the 
earth, which is the first stable species of our family. We 
next impart in imagination more rotation to this planet, 

and find by mathematical calculation that its power of 
resistance to any sort of disturbance is less than it was. 
In other words, its stability declines with increased rota­
tion, and at length we reach a stage at which the stability 
just vanishes. At this point the shape is a transitional 
one, for it is the beginning of a new species with different 
characteristics from the first, and with a very feeble degree 
of stability or power of persistence. As a still further 
amount of rotation is imparted, the stability of the new 
species increases to a maximum and then declines until a 
new transitional shape is reached and a new species comes 
into existence. In this way we pass from species to species 
with an ever-increasing amount of rotation.

The first or planetary species has a circular equator like 
the earth ; the second species has an oval equator, so that 
it is something like an egg spinning on its side on a table; 
in the third species we find that one of the two ends of 
the egg begins to swell, and that the swelling gradually 
becomes a well-marked protrusion or filament. Finally 
the filamentous protrusion becomes bulbous at its end, and 
is only joined to the main mass of liquid by a gradually 
thinning neck. The neck at length breaks, and we are 
left with two separated masses which may be called planet 
and satellite. It is fair to state that the actual rupture 
into two bodies is to some extent speculative, since mathe­
maticians have hitherto failed to follow the whole process 
to the end.

In this ideal problem the successive transmutations of 
species are brought about by gradual additions to the 
amount of rotation with which the mass of liquid is 
endowed. It might seem as if this continuous addition 
to the amount of rotation were purely arbitrary and could 
have no counterpart in nature. But real bodies cool and 
contract in cooling, and, since the scale of magnitude on 
which our planet is built is immaterial, contraction will 
produce exactly the same effect on shape as augmented 
rotation. I must ask you, then, to believe that the effects 
of an apparently arbitrary increase of rotation may be 
produced by cooling.

The figures which I succeeded in drawing, by means of 
rigorous calculation, of the later stages of this course of 
evolution, are so curious as to remind one of some such 
phenomenon as the protrusion of a filament of protoplasm 
from a mass of living matter, and I suggest that we may 
see in this almost life-like process the counterpart of at 
least one form of the birth of double stars, planets, and 
satellites.

As I have already said, Newton determined the first of 
these figures; Jacobi found the second, and Poincar6 in­
dicated the existence of the third, in a paper which is 
universally regarded as one of the masterpieces of applied 
mathematics; finally I myself succeeded in determining 
the exact form of Poincare’s figure, and in proving that it 
is a true stable shape.

My Cambridge colleague Jeans has also made an 
interesting contribution to the subject by discussing a 
closely analogous problem, and he has besides attacked the 
far more difficult case where the rotating fluid is a com­
pressible gas. In this case also he finds a family of 
types, but the conception of compressibility introduced a 
new set of considerations in the transitions from species to 
species. The problem is, however, of such difficulty that 
he had to rest content with results which were rather 
qualitative than strictly quantitative.

This group of investigations brings before us the process 
of the birth of satellites in a more convincing form than 
was possible by means of the general considerations 
adduced by Laplace. It cannot be doubted that the sup­
posed Laplacian sequence of events possesses a consider­
able element of truth, yet these latter schemes of trans­
formation can be followed in closer detail. It seems, then, 
probable that both processes furnish us with crude models 
of reality, and that in some cases the first and in others 
the second is the better representative.

The moon's mass is one-eightieth of that of the earth, 
whereas the mass of Titan, the largest satellite in the 
solar system, is 1/4600 of that of Saturn. On the ground 
of this great difference between the relative magnitudes 
of all other satellites and of the moon, it is not unreason­
able to suppose that the mode of separation of the moon 
from the earth may also have been widely different. The 



theory of which I shall have next to speak claims to trace 
the gradual departure of the moon from an original position 
not far removed from the present surface of the earth. If 
this view is correct, we may suppose that the detachment 
of the moon from the earth occurred as a single portion 
of matter, and not as a concentration of a Laplacian ring.

If a planet is covered with oceans of water and air, or 
if it is formed of plastic molten rock, tidal oscillations 
must be generated in its mobile parts by the attractions of 
its satellites and of the sun. Such movements must be 
subject to frictional resistance, and the planet’s rotation 
will be slowly retarded by tidal friction in much the same 
way that a fly-wheel is gradually stopped by any external 
cause of friction. Since action and reaction are equal 
and opposite, the action of the satellites on the planet, 
which causes the tidal friction of which I speak, must 
correspond to a reaction of the planet on the motion of the 
satellites.

At any moment of time we may regard the system com­
posed of the rotating planet with its attendant satellite 
as a stable species of motion, but the friction of the tides 
introduces forces which produce a continuous, although 
slow, transformation in the configuration. It is, then, 
clearly of interest to trace backwards in time the changes 
produced by such a continuously acting cause, and to 
determine the initial condition from which the system of 
planet and satellite must have been slowly degrading. We 
may also look forward, and discover whither the trans­
formation tends.

Let us consider, then, the motion of the earth and moon 
revolving in company round the sun, on the supposition 
that the friction of the tides in the earth is the only 
effective cause of change. We are, in fact, to discuss a 
working model of the system, analogous to those of which 
I have so often spoken before.

This is not the time to attempt a complete exposition 
of the manner in which tidal friction gives rise to the 
action and reaction between planet and satellite, nor shall 
I discuss in detail the effects of various kinds which are 
produced by this cause. It must suffice to set forth the 
results in their main outlines, and, as in connection with 
the topic of evolution retrospect is perhaps of greater 
interest than prophecy, I shall begin with the consider­
ation of the past.

At the present time the moon, moving at a distance of 
240,000 miles from the earth, completes her circuit in 
twenty-seven days. Since a day is the time of one rota­
tion of the earth on its axis, the angular motion of the 
earth is twenty-seven times as rapid as that of the moon.

Tidal friction acts as a brake on the earth, and there­
fore we look back in retrospect to times when the day 
was successively twenty-three, twenty-two, twenty-one of 
our present hours in length, and so on backward to still 
shorter daj’s. But during all this time the reaction on 
the moon was at work, and it appears that its effect must 
have been such that the moon also revolved round the 
earth in a shorter period than it does now ; thus the month 
also was shorter in absolute time than it now is. These 
conclusions are absolutely certain, although the effects on 
the motions of the earth and of the moon are so gradual 
that they can only doubtfully be detected by the most 
refined astronomical measurements.

We take the “ day,” regarding it as a period of variable 
length, to mean the time occupied by a single rotation of 
the earth on its axis; and the “ month,” likewise variable 
in absolute length, to mean the time occupied by the 
moon in a single revolution round the earth. Then, 
although there are now twenty-seven days in a month, 
and although both day and month were shorter in the 
past, yet there is, so far, nothing to tell us whether there 
were more or fewer days in the month in the past. For if 
the day is now being prolonged more rapidly than the 
month, the number of days in the month was greater in 
the past than it now is; and if the converse were true, 
the number of days in the month was less.

Now it appears from mathematical calculation that the 
day must now be suffering a greater degree of prolongation 
than the month, and accordingly in retrospect we look 
back to a time when there were more days in the month 
than at present. That number was once twenty-nine, in 
place of the present twenty-seven ; but the epoch of twenty- 

nine days in the month is a sort of crisis in the history 
of moon and earth, for yet earlier the day was shortening 
less rapidly than the month. Hence, earlier than the time 
when there were twenty-nine days in the month, there was 
a time when there was a reversion to the present smaller 
number of days.

We thus arrive at the curious conclusion that there 
is a certain number of days to the month, namely twenty- 
nine, which can never have been exceeded, and we find 
that this crisis was passed through by the earth and moon 
recently; but, of course, a recent event in such a long 
history may be one which happened some millions of years 
ago-

Continuing our retrospect beyond this crisis, both day 
and month are found continuously shortening, and the 
number of days in the month continues to fall. No change 
in conditions which we need pause to consider now super­
venes, and we may ask at once, what is the initial stage 
to which the gradual transformation points? 1 say, then, 
that on following the argument to its end the system may 
be traced back to a time when the day and month were 
identical in length, and were both only about four or five 
of our present hours. The identity of day and month 
means that the moon was always opposite to the same 
side of the earth ; thus at the beginning the earth always 
presented the same face to the moon, just as the moon 
now always shows the same face to us. Moreover, when 
the month was only some four or five of our present hours 
in length the moon must have been only a few thousand 
miles from the earth’s surface—a great contrast with the 
present distance of 240,000 miles.

It might well be argued from this conclusion alone that 
the moon separated from the earth more or less as a single 
portion of matter at a time immediately antecedent to the 
initial stage to which she has been traced. But there exists 
a yet more weighty argument favourable to this view, for 
it appears that the initial stage is one in which the stability 
of the species of motion is tottering, so that the system 
presents the characteristic of a transitional form, which we 
have seen to denote a change of type or species in a 
previous case.

In discussing the transformations of a liquid planet we 
saw the tendency of the single mass to divide into two 
portions, although we failed to extend the rigorous argu­
ment back to the actual moment of separation ; and now 
we seem to reach a similar crisis from the opposite end, 
when in retrospect we trace back the system to two masses 
of unequal size in close proximity with one another. The 
argument almost carries conviction with it, but I have 
necessarily been compelled to pass over various doubtful 
points.

Time is wanting to consider other subjects worthy of 
notice which arise out of this problem, yet I wish to point 
out that the earth's axis must once have been less tilted 
over with reference to the sun than it is now, so that the 
obliquity of the ecliptic receives at least a partial explan­
ation. Again, the inclination of the moon's orbit may be 
in great measure explained; and, lastly, the moon must 
once have moved in a nearly circular path. The fact 
that tidal friction is competent to explain the eccentricity 
of an orbit has been applied in a manner to which I shall 
have occasion to return hereafter.

In my paper on this subject I summed up the dis­
cussion in the following words, which I still see no reason 
to retract :—

“ The argument reposes on the imperfect rigidity of 
solids, and on the internal friction of semi-solids and 
fluids; these are verae causae. Thus changes of the kind 
here discussed must be going on, and must have gone on 
in the past. And for this history of the earth and moon 
to be true throughout it is only necessary to postulate 
a sufficient lapse of time, and that there is not enough 
matter diffused through space materially to resist the 
motions of the moon and earth in perhaps several hundred 
million years.

. “ It hardly seems too much to say that granting these 
two postulates and the existence of a primeval planet, 
such as that above described, then a system would neces­
sarily be developed which would bear a strong resemblance 
to our own.

“ A theory, reposing on verae causae, which brings into 



quantitative correlation the lengths of the present day 
and month, the obliquity of the ecliptic, and the inclin­
ation and eccentricity of the lunar orbit, must, 1 think, 
have strong claims to acceptance.”1

We have pursued the changes into the past, and I will 
refer but shortly to the future. The day and month are 
both now lengthening, but the day changes more quickly 
than the month. Thus the two periods tend again to 
become equal to one another, and it appears that when 
that goal is reached both day and month will be as long 
as fifty-five of our present days. The earth will then 
always show the same face to the moon, just as it did 
in the remotest past. But there is a great contrast 
between the ultimate and initial conditions, for the ulti­
mate stage, with day and month both equal to fifty-five 
of our present days, is one of great stability in contra­
distinction to the vanishing stability which we found in 
the initial stage.

Since the relationship between the moon and earth is 
a mutual one, the earth may be regarded as a satellite 
of the moon, and if the moon rotated rapidly on her axis, 
as was probably once the case, the earth must at that 
time have produced tides in the moon. The mass of the 
moon is relatively small, and the tides produced by the 
earth would be large; accordingly the moon would pass 
through the several stages of her history much more 
rapidly than the earth. Hence it is that the moon has 
already advanced to that condition which we foresee as the 
future fate of the earth, and now always shows to us the 
same face.

If the earth and moon were the only bodies in exist­
ence, this ultimate stage when the day and month were 
again identical in length would be one of absolute 
stability, and therefore eternal; but the presence of the 
sun introduces a cause for yet further changes. I do not, 
however, propose to pursue the history to this yet remoter 
futurity, because our system must contain other seeds 
of decay which will probably bear fruit before these further 
transformations could take effect.

If, as has been argued, tidal friction has played so 
important a part in the history of the earth and moon, 
it might be expected that the like should be true of the 
other planets and satellites, and of the planets themselves 
in their relationship to the sun. But numerical examin­
ation of the several cases proves conclusively that this 
cannot have been the case. The relationship of the moon 
to the earth is in fact quite exceptional in the solar 
system, and we have still to rely on such theories as that 
of Laplace for the explanation of the main outlines of 
the solar system.

I have as yet only barely mentioned the time occupied 
by the sequence of events sketched out in the various 
schemes of cosmogony, and the question of cosmical time 
is a thorny and controversial one.

Our ideas are absolutely blank as to the time requisite 
for the evolution according to Laplace’s nebular hypothesis. 
And again, if we adopt the meteoritic theory, no estimate 
can be formed of the time required even for an ideal sun, 
with its attendant planet Jove, to sweep up the wanderers 
in space. We do know, indeed, that there is a continuous 
gradation from stable to unstable orbits, so that some 
meteoric stones may make thousands or millions of re­
volutions before meeting their fate by collision. Accord­
ingly, not only would a complete absorption of all the 
wanderers occupy an infinite time, but also the amount 
of the refuse of the solar system still remaining scattered 
in planetary space is unknown. And, indeed, it is certain 
that the process of clearance is still going on, for the 
earth is constantly meeting meteoric stones, which, pene­
trating the atmosphere, become luminous through the I 
effects of the frictional resistance with which they meet. |

All we can assert of such theories is that they demand 
enormous intervals of time as estimated in years.

The theory of tidal friction stands alone amongst these 
evolutionary speculations in that we can establish an 
exact but merely relative time-scale for every stage of the 
process. It is true that the value in years of the unit 
of time remains unknown, and it may be conjectured that 
the unit has varied to some extent as the physical con­
dition of the earth has gradually changed.

1 Phil. Trans , pt. ii., 1880, p. 883.

It is, however, possible to determine a period in years 
which must be shorter than that in which the whole 
history is comprised. If at every moment since the birth 
of the moon tidal friction had always been at work in 
such a way as to produce the greatest possible effect, then 

: we should find that sixty million years would be consumed 
in this portion of evolutionary history. The true period 
must be much greater, and it does not seem extravagant 

I to suppose that 500 to 1000 million years may have 
I elapsed since the birth of the moon.
I Such an estimate would not seem extravagant to 

geologists who have, in various ways, made exceedingly 
rough determinations of geological periods. One such 

1 determination is derived from measures of the thickness 
of deposited strata, and the rate of the denudation of con­
tinents by rain and rivers. I will not attempt to make 
any precise statement on this head, but 1 imagine that 
the sort of unit with which the geologist deals is too 
million years, and that he would not consider any estimate 
involving from one to twenty of such units as unreasonable.

Mellard Reade has attempted to determine geological 
time by certain arguments as to the rate of denudation 
of limestone rocks, and arrives at the conclusion that geo­
logical history is comprised in something less than 600 
million years.1 The uncertainty of this estimate is wide, 
and 1 imagine that geologists in general would not lay 
much stress on it.

Joly has employed a somewhat similar, but probably less 
risky, method of determination.2 When the earth was still 
hot, all the water of the globe must have existed in the 
form of steam, and when the surface cooled that steam 
must have condensed as fresh water. Rain then washed 
the continents and carried down detritus and soluble matter 
to the seas. Common salt is the most widely diffused of 
all such soluble matter, and its transit to the sea is an 
irreversible process, because the evaporation of the sea 
only carries back to the land fresh water in the form of 
rain. It seems certain, then, that the saltness of the sea 
is due to the washing of the land throughout geological 
time.

Rough estimates may be formed of the amount of river 
water which reaches the sea in a year, and the measured 
saltness of rivers furnishes a knowledge of the amount of 
salt which is thus carried to the sea. A closer estimate 
may be formed of the total amount of salt in the sea. On 
dividing the total amount of salt by the annual transport 
Joly arrives at the quotient of about too millions, and 
thence concludes that geological history has occupied too 
million years. I will not pause to consider the several 
doubts and difficulties which arise in the working out of 
this theory. The uncertainties involved must clearly be 
considerable, yet it seems the best of all the purely geo­
logical arguments whence we derive numerical estimates 
of geological time. On the whole I should say that pure 
geology points to some period intermediate between 50 
and 1000 millions of years, but the upper limit is more 
doubtful than the lower. Thus far we do not find any­
thing which renders the tidal theory of evolution untenable.

But the physicists have formed estimates in other ways 
which, until recently, seemed to demand in the most 
imperative manner a far lower scale of time. According to 
all theories of cosmogony, the sun is a star which became 
heated in the process of its condensation from a condition 
of wide dispersion. When a meteoric stone falls into the 
sun the arrest of its previous motion gives rise to heat, 
just as the blow of a horse's shoe on a stone makes a 
spark. The fall of countless meteoric stones, or the con­
densation of a rarefied gas, was supposed to be the sole 
cause of the sun’s high temperature.

Since the mass of the sun is known, the total amount 
of the heat generated in it, in whatever mode It was 
formed, can be estimated with a considerable amount of 
precision. The heat received at the earth from the sun 
can also be measured with some accuracy, and hence it is 
a mere matter of calculation to determine how much heat 
the sun sends out in a year. The total heat which can 
have been generated in the sun divided by the annual

1 *'Chemical Denudation in Relation to Geological ’time," Bogue, 
London, 1879 ; or Roy. Soc., January 23 1879.

- ‘‘An Es'imate of the Geological Age of the Farth," Trans. Kay. Dub. 
Soc., vol. vii. series iii., 1902, pp. 23-66. 



output gives a quotient of about 20 millions. Hence it 
seemed to be imperatively necessary that the whole history 
of the solar system should be comprised within some 20 
millions of years.

This argument, which is due to Helmholtz, appeared 
to be absolutely crushing, and for the last forty years the 
physicists have been accustomed to tell the geologists that 
they must moderate their claims. But for myself I have 
always believed that the geologists were more nearly 
correct than the physicists, notwithstanding the fact that 
appearances were so strongly against them.

And now, at length, relief has come to the strained 
relations between the two parties, for the recent marvellous 
discoveries in physics show that concentration of matter 
is not the only source from which the sun may draw its 
heat.

Radium is a substance which is perhaps millions of 
times more powerful than dynamite. Thus it is estimated 
that an ounce of radium would contain enough power to 
raise 10,000 tons a mile above the earth’s surface. Another 
way of stating the same estimate is this: the energy 
needed to tow a ship of 12,000 tons a distance of six 
thousand sea miles at 15 knots is contained in 22 ounces 
of radium. The Saxon probably burns five or six thousand 
tons of coal on a voyage of approximately the same length. 
Again, M. and Mme. Curie have proved that radium 
actually gives out heat,1 and it has been calculated that 
a small proportion of radium in the sun would suffice to 
explain its present radiation. Other lines of argument 
tend in the same direction.3

Now we know that the earth contains radio-active 
materials, and it is safe to assume that it forms in some 
degree a sample of the materials of the solar system. 
Hence it is almost certain that the sun is radio-active also; 
and besides it is not improbable that an element with so 
heavy an atom as radium would gravitate more abundantly 
to the central condensation than to the outlying planets. 
In this case the sun should contain a larger proportion 
of radio-active material than the earth.

This branch of science is as yet but in its infancy, but 
we already see how unsafe it is to dogmatise on the 
potentialities of matter.

It appears, then, that the physical argument is not 
susceptible of a greater degree of certainty than that of 
the geologists, and the scale of geological time remains 
in great measure unknown.

I have now ended my discussion of the solar system, 
and must pass on to the wider fields of the stellar universe.

Only a few thousand stars are visible with the unaided 
eye, but photography has revealed an inconceivably vast 
multitude of stars and nebula?, and every improvement in 
that art seems to disclose yet more and more. About 
twenty years ago the number of photographic objects in 
the heavens was roughly estimated at about 170 millions, 
and some ten years later it had increased to about 400 
millions. Although Newcomb, in his recent book on “ The 
Stars,” refrains even from conjecturing any definite 
number, yet I suppose that the enormous number of 400 
million must now be far below the mark, and photography 
still grows better year by year. It seems useless to con­
sider whether the number of stars has any limit, for 
infinite number, space, and time transcend our powers of 
comprehension. We must then make a virtue of necessity, 
and confine our attention to such more limited views as 
seem within our powers.

A celestial photograph looks at first like a dark sheet 
of paper splashed with whitewash, but further examination 
shows that there is some degree of method in the arrange­
ment of the white spots. It may be observed that the 
stars in many places are arranged in lines and sweeping 
trains, and chains of stars, arranged in roughly parallel 
curves, seem to be drawn round some centre. A surface 
splashed at hazard might present apparent evidence of 
system in a few instances, but the frequency of the occur­
rence in the heavens renders the hypothesis of mere 
chance altogether incredible.

1 Lord Kelvin has estimated the age of the earth front the rale of increase 
of temperature underground. But the force of his argument seems to be 
entirely destroyed by this result.

- See W. E. Wilson, Nature, July 9,1903 ; and G. H. Darwin, Nature, 
September 34, 1903.

Thus there is order of some sort in the heavens, and,, 
although no reason can be assigned for the observed 
arrangement in any particular case, yet it is possible to 
obtain general ideas as to the succession of events in 
stellar evolution.

Besides the stars there are numerous streaks, wisps, 
and agglomerations of nebulosity, the light of which we 
know to emanate from gas. Spots of intenser light are 
observed in less brilliant regions; clusters of stars are 
sometimes imbedded in nebulosity, while in other cases 
each individual star of a cluster stands out clear by itself. 
These and other observations force on us the conviction 
that the wispy clouds represent the earliest stage of develop­
ment, the more condensed nebulae a later stage, and the 
stars themselves the last stage. This view is in agree­
ment with the nebular hypothesis of Laplace, and we may 
fairly conjecture that the chains and lines of stars repre­
sent pre-existing streaks of nebulosity.

As a star cools it must change, and the changes which 
it undergoes constitute its life-history, hence the history 
of a star presents an analogy with the life of an individual 
animal. Now, the object which I have had in view has 
been to trace types or species in the physical world through 
their transformations into other types. Accordingly it falls 
somewhat outside the scope of this address to consider 
the constitution and history of an individual star, interest­
ing although those questions are. I may, however, 
mention that the constitution of gaseous stars was first 
discussed from the theoretical side by Lane, and sub­
sequently more completely by Ritter. On the observational 
side the spectroscope has proved to be a powerful instru­
ment in analysing the constitutions of the stars, and in 
assigning to them their respective stages of development.

If we are correct in believing that stars are conden­
sations of matter originally more widely spread, a certain 
space surrounding each star must have been cleared of 
nebulosity in the course of its formation. Much thought 
has been devoted to the determination of the distribution 
of the stars in space, and although the results are lack­
ing in precision, yet it has been found possible to arrive 
at a rough determination of the average distance from star 
to star. It has been concluded, from investigations into 
which I cannot enter, that if we draw a sphere round the 
sun with a radius of twenty million millions of miles,1 it will' 
contain no other star; if the radius were twice as great 
the sphere might perhaps contain one other star; a sphere 
with a radius of sixty million millions of miles will contain 
about four stars. This serves to give some idea of the 
extraordinary sparseness of the average stellar population; 
but there are probably in the heavens urban and rural 
districts, as on earth, where the stars may be cither more 
or less crowded. The stars are moving relatively to one 
another with speeds which are enormous, as estimated by 
terrestrial standards, but the distances which separate us 
from them arc so immense that it needs refined observ­
ation to detect and measure the movements.

Change is obviously in progress everywhere, as well in 
each individual nebula and star as in the positions of these 
bodies relatively to one another. But we are unable even 
to form conjectures as to the tendency of the evolution 
which is going on. This being so, we cannot expect, by 
considering the distribution of stars and nebulas, to find 
many illustrations of the general laws of evolution which 
I have attempted to explain ; accordingly I must confine 
myself to the few cases where we at least fancy ourselves 
able to form ideas as to the stages by which the present 
conditions have been reached.

Up to a few years ago there was no evidence that the 
law of gravitation extended to the stars, and even now 
there is nothing to prove the transmission of gravity from 
star to star. But in the neighbourhood of many stars the 
existence of gravity is now as clearly demonstrated as 
within the solar system itself. The telescope has disclosed 
the double character of a large number of stars, and the 
relative motions of the pairs of companions have been 
observed with the same assiduity as that of the planets. 
When the relative orbit of a pair of binary or double stars is 
examined, it is found that the motion conforms exactly to 
those laws of Kepler which prove that the planets circle-

1 This is the distance at which the earth's distance from the sun would 
appear to he 1".



round the sun under the action of solar gravitation. The 
success of the hypothesis of stellar gravitation has been 
so complete that astronomers have not hesitated to explain 
the anomalous motion of a seemingly single star by the 
existence of a dark companion; and it is interesting to 
know that the more powerful telescopes of recent times 
have disclosed, in at least two cases, a faintly luminous 
companion in the position which had been assigned to it 
by theory.

By an extension of the same argument, certain variations 
in the spectra of a considerable number of stars have 
been pronounced to prove them each to be really double, 
although in general the pair may be so distant that they 
will probably always remain single to our sight. Lastly, the 
variability in the light of other apparently single stars 
has proved them to be really double. A pair of stars may 
partially or wholly cover one another as they revolve in 
their orbit, and the light of the seemingly single star 
will then be eclipsed, just as a lighthouse winks when the 
light is periodically hidden by a revolving shutter. Exact 
measurements of the character of the variability in the 
light have rendered it possible not only to determine the 
nature of the orbit described, but even to discover the 
figures and densities of the two components which are 
fused together by the enormous distance of our point of 
view. This is a branch of astronomy to which much 
careful observation and skilful analysis has been devoted ; 
and I am glad to mention that Alexander Roberts, one of 
the most eminent of the astronomers who have considered 
the nature of variable stars, is a resident in South Africa.

1 must not, however, allow you to suppose that the 
theory of eclipses will serve to explain the variability of 
all stars, for there are undoubtedly others the periodicity 
of which must be explained by something in their internal 
constitution.

The periods of double stars are extremely various, and 
naturally those of short period have been the first noted; 
in times to come others with longer and longer periods 
will certainly be discovered. A leading characteristic of 
all these double stars is that the two companions do not 
differ enormously in mass from one another. In this 
respect these systems present a strongly marked contrast 
with that of the sun, attended as it is by relatively in­
significant planets.

In the earlier part of my address I showed how theory 
indicates that a rotating fluid body will as it cools separate 
into two detached masses. Mathematicians have not yet 
been able to carry their analysis far enough to determine 
the relative magnitudes of the two parts, but so far as we 
can see the results point to the birth of a satellite the 
mass of which is a considerable fraction of that of its 
parent. Accordingly See (who devotes his attention largely 
to the astronomy of double stars), Roberts, and others 
consider that what they have observed in the heavens is 
in agreement with the indications of theory. It thus 
appears that there is reason to hold that double stars 
have been generated by the division of primitive and more 
diffused single stars.

But if this theory is correct we should expect the orbit 
of a double star to be approximately circular; yet this is 
so far from being the case that the eccentricity of the 
orbits of many double stars exceeds by far any of the 
eccentricities in the solar system. Now See has pointed 
out that when two bodies of not very unequal masses 
revolve round one another in close proximity the conditions 
are such as to make tidal friction as efficient as possible 
in transforming the orbit. Hence we seem to see in tidal 
friction a cause which may have sufficed not only to 
separate the two component stars from one another, but 
also to render the orbit eccentric.

I have thought it best to deal very briefly with stellar 
astronomy, in spite of the importance of the subject, 
because the direction of the changes in progress is in 
general too vague to admit of the formation of profitable 
theories.

We have seen that it is possible to trace the solar system 
back to a primitive nebula with some degree of confidence, 
and that there is reason to believe that the stars in 
general have originated in the same manner. But such 
primitive nebula; stand in as much need of explanation 

as their stellar offspring. Thus, even if we grant the 
exact truth of these theories, the advance towards an 
explanation of the universe remains miserably slight. Man 
is but a microscopic being relatively to astronomical space, 
and he lives on a puny planet circling round a star of 
inferior rank. Does it not then seem as futile to imagine 
that he can discover the origin and tendency of the 
universe as to expect a housefly to instruct us as to the 
theory of the motions of the planets? And yet, so long 
as he shall last, he will pursue his search, and will no 
doubt discover many wonderful things which are still 
hidden. We may indeed be amazed at all that man has 
been able to find out, but the immeasurable magnitude 
of the undiscovered will throughout all time remain to 
humble his pride. Our children's children will still be 
gazing and marvelling at the starry heavens, but the riddle 
will never be read.

SECTION E.
GEOGRAPHY.

Opening Address by Rear-Admiral Sir W. J. L. 
Wharton, K.C.B., F.R.S., President of the Section.
It is sometimes denied to Geography that she has any 

right to consider herself as a science, the objection being 
apparently founded on the view that it is a subject that 
can be learnt by heart, but not studied on any systematic 
line or reduced to principles which enable advance to be 
made, as in the more exact sciences, by continual in­
vestigation by means of laws discovered in the course of 
such investigation. This, it appears to me, is a misap­
prehension due to an incomplete recognition of what 
Science is, and of what Geography is.

Science is, in its simplest interpretation, “ knowledge,” 
such knowledge as comes from an intimate acquaintance 
with and study of any subject duly coordinated and ar­
ranged. The subjects which the advancing education and 
civilisation of the world have caused to be minutely studied 
are very many, and as knowledge has increased specialisa­
tion has become a necessity, until the list of sciences is 
very long.

Science may be broadly divided into several categories.
Pure or Exact Science, such as Mathematics; Natural or 

Physical Science, which rests on observations of Nature; 
Moral Science, which treats of all mental phenomena.

Some Sciences are of ancient foundation, some have 
arisen from new inquiries and needs of man, or from 
fissure in subjects too wide for convenient treatment as 
one.

Many of them are capable of exact definition, and their 
boundaries and limits can be well marked.

To others no very distinct limitations can be assigned. 
From their nature they overlap and are overlapped by other 
subjects, and it is impracticable to confine them by a strict 
line.

Geography is one of the latter.
Geography is one of the most ancient subjects studied 

with the view of coordinating facts. A desire for exact 
knowledge of, first, the bearings and distances of one 
place from another for the purposes of intercommunication 
must have arisen as soon as men became collected into 
groups whose growing civilisation and needs required 
travel to obtain what could not be obtained in the com­
munity. This was the earliest form of Geography, and 
it is an aspect which still remains, and to some is, in the 
modern shape of maps, the principal, if not the sole, end 
of Geography.

From the earliest times, however, geographical informa­
tion included other than topographical data.

It was soon found that for the traveller and statesman, 
whether in peace or war, more was wanted to enable 
Geography to supply requirements.

The nature of a country, the supply of food and water, 
the characters of the rivers, the manners and customs of 
the inhabitants, their language and affinities, the climate, 
and other matters, were all of much moment, and Geo­
graphy dealt with them all, being, as its name denotes, 
in the broadest sense a “ description of the earth.”

After the first crude guesses of relative positions, 



founded on times occupied on journeys, other knowledge 
was enlisted in the cause.

Astronomy was soon recognised as the only means by 
which to ascertain the distances of places far apart and 
separated by seas, but for many centuries this could only 
be applied to latitude. Still the scientific geographer had 
to study and use the astronomical and geodetic methods 
known.

As knowledge increased, the subjects became too wide 
to be strictly considered as one study, and many have 
become the objects of special research under different titles.

Geodesy deals with the precise form of the earth and its 
dimensions.

Geology studies the nature of the materials forming the 
earth's crust, and the changes in it in past ages.

Ethnology and Anthropology treat of the different races 
of mankind.

The study of Economics takes note of the conditions of 
communities and nations, their laws and systems of 
government.

liotany and Zoology now concern themselves with the 
details of vegetable and animal life.

Archaeology investigates the remains of past civilisations 
which cover the earth.

Meteorology strives to unravel and reduce to law the 
complicated conditions of the atmosphere, its continual 
movements, and the results which have such varying effect 
on our daily life.

Oceanography, the study of the phenomena of the sea 
as distinct from the dry land, is still regarded as an 
integral part of Geography, but is rapidly becoming a 
subject by itself.

Of all these subjects Geography may be considered to be 
the parent; and though the family be large and has gone 
off on many separate lines, it is necessary when taking a 
large and comprehensive view of the united results of 
knowledge thus gained, especially from the point of view 
of Distribution, to return to that parent and consider them 
on a general or geographical basis,

I cannot pretend to define Geographical Science in a 
clearer or shorter form than that in which it has been 
already put by General Sir Richard Strachey, and 1 will 
quote his words :—

“ To investigate and delineate the various features of 
the earth, to study the distribution of land and sea, and 
their effects upon climate, the configuration and relief of 
the surface, positions on the globe, and so forth, facts 
which determine the existent conditions of various parts 
of the earth, or which indicate former conditions, and to 
ascertain the relations that exist between those features 
and all that is observed on the earth.”

Strabo, in the opening words of his introduction to his 
great Geography, puts it thus :—

“ If the scientific investigation of any subject be the 
proper avocation of the philosopher, Geography, the science 
of which we propose to treat, is certainly entitled to a 
high place. In addition to its vast importance in regard 
to social life and the art of government, Geography unfolds 
to us the celestial phenomena, acquaints us with the occu­
pants of the land and ocean, and the vegetation, fruits, 
and peculiarities of the various quarters of the earth.”

This was written when Geography included all natural 
science, and before it gave birth to so many separate 
subjects; but it sets forth so admirably the aims which 
the geographer still pursues that it is worthy of remem­
brance.

It is not advocated, nor is it in any way necessary, that 
all should study Geography in the extended sense thus 
indicated ; but it cannot be too strongly pointed out that 
an educated man—and education is now essential to the 
successful conduct of affairs—must have a considerable 
knowledge of the elementary facts of Geography.

These elementary facts are, it is true, of the nature of a 
lesson, and must be learnt, so to speak, by heart by the 
aid of maps and books; but this is nothing more than 
making use of the labours of others without which no 
advance is possible in any subject, and is common to all 
studies.

We must, in fact, distinguish between the science of 
Geography, which consists in ascertaining and coordinating 
new facts, and putting them into a shape for the use of 

others, which is the work of comparatively few; and the 
practical Geography which consists of making use of that 
work, and, as in many other branches of science, is within 
the reach of all who choose to devote time to it.

It is the object and business of the British Association 
to try to interest their fellow-countrymen in all branches 
of knowledge, to gain if possible more workers in science, 
but at any rate to induce all educated persons to take 
advantage of the solid work done by others towards the 
elucidation of the details of the glorious Nature which 
surrounds us on all sides, and in so many forms, and 
without which ignorance and superstition, those primary 
bars to the advancement of mankind, can never be 
banished.

It is impossible to have a clear comprehension of history, 
whether past or current, without calling in the aid of 
Geography; but unfortunately much history has been 
written and taught without such aid.

To read the daily paper requires either geographical 
knowledge or constant reference to maps; and if readers 
would only make a practice of such reference on every 
occasion when they are at fault, they would soon find 
themselves acquiring knowledge of the greatest use to them 
in the easiest and most interesting manner, and with the 
smallest expenditure of time.

The mistakes made even by those responsible for the 
conduct of public affairs, by reason of the want of this 
essential but elementary knowledge, are innumerable, and 
to this day there are many who consider themselves highly 
educated and capable men who cannot even rightly under­
stand a map.

As I have before indicated, good maps are the founda­
tion of all sound geographical knowledge, and these maps 
must be founded on good surveys.

Now a good survey is a comparatively modern opera­
tion, and the parts of the world that have been subjected 
to it are small indeed.

It is true that we now have general maps of the larger 
parts of the world, which more or less convey a fair re­
presentation of the configuration of land and sea when 
large areas are considered, but details are sadly lacking 
almost everywhere.

It is not astonishing, for to make the necessary surveys 
requires an enormous expenditure of both time and money, 
and the latter is hard to get until the necessity for its 
expenditure is patent to the smallest intelligence. Thus 
many countries long settled and in a high state of civilisa­
tion are still without any organised system of survey or 
maps, and even in the United Kingdom it is only from the 
year 1784 that a proper survey was established of the 
British Isles, though no maps were published from it until 
1801 ; and it has proceeded so slowly that it has only 
recently been in one sense completed, while its revision, 
badly wanted on account of changes, is still in active 
prosecution, and must be continued ad infinitum.

Such indifference is, however, giving way to experience 
of the results of absence of proper maps, and all who wish 
well to the progress of South Africa must be pleased at 
finding that their provision has been taken in hand on such 
an admirably scientific basis as is provided by the Trigono­
metrical Survey, now far advanced, and the successful 
progress of which is, I believe, greatly due to the in­
exhaustible energy of my friend Sir David Gill, who seems 
to find time to promote and aid all branches of know­
ledge, and that steps are now being taken to prosecute 
the detailed topographical survey and provide good maps.

To many people one map is as good as another. They 
do not pause to consider on what it is based, or what 
degree of accuracy it probably possesses, but so long as 
there is a map they are satisfied.

A vast number of existing maps are compiled from the 
roughest materials : in partly occupied countries, from 
drawings of small areas placed together as can best be done, 
by means of places here and there the relative positions 
of which are fairly known by distances along roads, with 
perhaps in some cases angles and astronomical positions ; 
in less civilised parts by routes of travellers laid down by 
estimation of the distance traversed and direction of march, 
checked perhaps by a few astronomical observations of 
more or less value as the traveller possesses or does not 
possess the necessary skill.



The compilers of such a map have a difficult task. Dis­
crepancies are, of course, multitudinous. Nothing agrees, 
and one has to accept, reject, and adjust as best he can 
on his own responsibility and with what knowledge he 
can procure of the respective trustworthiness of each author.

Happy is he if he has even a few positions in his map 
which have been properly determined, as between them he 
is saved from the constantly increasing errors of adding 
one little area to another, which if carried on indefinitely 
culminates in great errors.

Of course such maps are of no practical use, save as 
giving a very general idea of a country, and when required 
by the administrator or traveller lead to endless mistakes 
and annoyances.

The feature of our globe which is now, broadly speak­
ing, most accurately laid down is the coast-line. The safety 
of navigation has caused general marine surveys to be 
carried on all over the world during the nineteenth century, 
which .have finally determined the position and shape of 
the boundaries of the sea.

These surveys, executed for the most part by skilled 
naval officers with proper instrumental outfit, and supplied 
especially with trustworthy chronometers, and based upon 
frequent carefully determined astronomical positions, have 
resulted in this boundary line being delineated with an 
accuracy, so tar as its absolute position is concerned, far 
in advance of any other main feature in maps.

Here I may perhaps explain to those unversed in these 
matters why this is so.

The position of any spot on the earth's surface can be 
ascertained in two ways : either by careful measurement 
by means of an accurate system of triangles from another 
spot already fixed, or by independent observations of the 
heavenly bodies and calculations from them, which give 
the precise latitude and longitude of the place. The former 
is suitable for positions inland, but entails much time and 
labour, and is only adopted when a perfect map is to be 
made, for which it is the indispensable foundation. The 
latter can be carried on from a ship, and in most 
circumstances only from a ship, because of the limitations 
of the methods of determinating longitudes.

Longitude can now be satisfactorily and rapidly ascer­
tained in two ways : by the electric telegraph or by use of 
chronometers.

The places served by the electric telegraph are still few, 
and its use is therefore restricted ; but the chronometer has 
been in working use for more than a hundred years.

This instrument, which is merely a watch of especial 
construction, will only keep a steady rate when it is un­
disturbed by irregular shocks or motions.

No means have yet been found for transporting a chrono­
meter on land without upsetting its regularity, and there­
fore rendering it useless ; but on board a ship it can be 
so suspended and stowed as to prevent its being disturbed 
by any ordinary movements of or in the ship. The ac­
curate time of any place departed from, ascertained by 
astronomical observations, can therefore be carried about 
on board ship for considerable periods, and by comparison 
with the local time, also determined by sextant observa­
tions of the heavenly bodies, at any required spot on the 
coast, the difference of longitude is at once obtained with 
very small limits of error when a number of chronometers 
are employed. These two simple yet marvellous instru­
ments, the sextant and the chronometer, have thus placed 
in the hands of sailors ready means of fixing with great 
exactitude and celerity the position of selected points on 
coasts all over the world ; and it will be seen that, while 
the detail of the line of coast between such fixed positions 
will depend upon the degree-of accuracy of the survey or 
sketch, the general line cannot get far out, as it is con­
stantly checked at the selected points.

It is not claiming too much to say that at the present 
time very few salient points on the coast-lines of the 
world are as much as two miles in doubt.

It should be a source of great satisfaction to the Briton 
to know that both these instruments were devised by 
Englishmen, John Hadley producing the sextant in 1730, 
in the form still used, on the basis of ideas formulated 
by Newton fifty years before; and John Harrison the 
chronometer in 1736. The latter instrument has undergone 
modifications in detail, but the principle remains the same. 

It required seventy years before its value was fully recog­
nised and it came into general use.

It is a still further satisfaction to think that it is British 
naval officers who have made by far the greatest use of 
them in mapping the coasts of the whole world. Since 
the time of the great Captain Cook British surveying 
vessels have been constantly employed in this work, not 
only in British colonies, but in all parts, aiding and often 
paving the way for British commerce, and for the men-of- 
war that protect it.

It is difficult to find coasts of any extent that have not 
been laid down by British marine surveyors. The whole of 
Africa has been their work. By far the greater part of 
America, all the south and east coasts of Asia, Australia, 
and most of the innumerable islands in all oceans have 
been fixed and laid down by them. Even in the Medi­
terranean, until very lately, the charts were mostly founded 
on British surveys, and the improvements now being 
carried out by other nations on their own coasts in details 
required for modern navigation do not materially modify 
the main shapes and positions formerly determined by the 
British.

It has been, and is, a great work, and I hope I may 
be pardoned for dwelling on it with pride as the result 
of the wise administration of the Admiralty for many years, 
and of the immediate labours of my predecessors as Hydro- 
grapher, and as a very great contribution to geographical 
knowledge, more especially as I do not think that it is 
generally realised that this great advance in geographic 
accuracy is due to marine surveyors.

To give an idea of the comparative accuracy of the 
chronometer method, I may mention that on taking at 
hazard eleven places distributed all over the world at great 
distances from England, the longitudes of which have been 
recently determined by means of the electric telegraph and 
elaborate series of observations, I find that the average 
difference between the chronometer and the telegraph posi­
tions is 700 yards. The shapes of the different continents 
and the positions of islands as at present on our maps and 
charts will never be altered except in insignificant degree, 
and the framework is ready for many years’ work of land 
mapping.

It is not to be inferred from what I say that marine 
surveys are approaching their close. It is far otherwise. 
The time given to these enormous extents of coasts and 
seas, and the necessarily small scales on which the surveys 
have been carried on, have caused them to be very im­
perfect in all details. Hundreds of rocks and shoals, both 
stretching from the land and isolated in the sea, have been 
missed in the course of them, and loss of ships and life on 
these unknown dangers still continues. With the increase 
of shipping, increased number of ships of heavy draught, 
the closeness of navigation due to steam, and the desire 
to make quick passages, smaller inaccuracies of the charts 
become yearly of greater importance.

As an illustration of the condition of affairs I may 
mention that in Hamoaze, the inner harbour of Plymouth, 
one of the headquarters of the British fleet for more than 
300 years, a small but dangerous pinnacle of rock was only 
discovered five years ago; whilst numerous other dangers 
of a similar character have been yearly revealed in close 
surveys of other harbours in the United Kingdom, supposed 
to be well examined and charted in the last century.

There never was a greater need for close marine surveys 
of places frequented by ships than now.

ft is interesting to look back and see the gradual progress 
of the delineation of the world and to mark how very 
recent any approach to accuracy is.

The very earliest maps of any extent of country are un­
fortunately lost to us. The first man who made a map of 
which any historical record exists is Anaximander of Miletus, 
about 600 B.C., but we know nothing of it. A map is 
mentioned by Herodotus as having been taken in 500 B.C. 
by Aristagoras of Miletus in the shape of an engraved 
bronze plate whereon the whole circuit of the earth was 
engraved, with all its seas and rivers, to influence Cleo- 
menes, King of Sparta, to aid the lonians against Persia. 
This was probably the work of Hecatams, to whom early 
Geography owed much. His works are also only known 
to us by quotation ; but they are especially interesting as 
containing an early idea of the limits of Africa, which he 



represents as entirely surrounded by the sea—a circumstance 
apparently either forgotten or disbelieved in later years.

Erotosthenes, 250 B.c., and Hipparchus, 150 B.c., made 
great advances, and the former made the first attempt to 
measure the size of the earth by the difference of latitudes 
between Assouan and Alexandria in Egypt, an attempt 
which, considering the great imperfection of his means, 
was remarkably successful, as, assuming that we are right 
in the length of the stadium he used, he made the circum­
ference of the globe 25,000 geographical miles, whereas 
it should be 21,600.

He also devised the system of meridians and parallels as 
we now have them ; but the terms “ latitude ” and “ longi­
tude,” to denote positions on those circles, were introduced 
by Ptolemy.

The maps of Ptolemy, the great Alexandrian astronomer 
and geographer of a.d. 150, are the earliest we possess. 
He drew, besides a general map of the whole known 
world from the southern part of the Baltic to the Gulf of 
Guinea, north and south, and from the Canary Islands 
to the China Sea, east and west, a series of twenty-six 
rttaps of the different parts.

Ptolemy's maps and his method of representing the 
spherical globe on a flat surface had a great influence on 
Geography for many years. After his time the Greek 
civilisation waned# and the general decline of the Roman 
Empire, followed by its disruption by the invasion of 
barbarians, closed the course of discovery in all branches 
of research for centuries. It is not too much to say that 
for 1300 years no advance was made, and until the com­
mencement of exploration by sea, which accompanied the 
general revival of learning in the fifteenth century, 
Ptolemy’s maps represented the knowledge of the world.

As might be expected, the further he got from the Medi­
terranean, the greater were his errors; and his representa­
tions of Eastern Asia and North-Western Europe are some­
what grotesque, though quite recognisable in the main.

Of Africa south of the Equator he knows nothing, and 
his map of it terminates with the border.

This is somewhat remarkable, as I am one of those who 
firmly believe in the circumnavigation of Africa by the 
Phoenicians sent by Necho, King of Egypt, in 600 B.c. from 
the head of the Red Sea. As described by Herodotus, the 
voyage has all the impress of veracity. My personal faith 
in Herodotus was much strengthened by finding when I 
surveyed the Dardanelles in 1872 that his dimensions of 
that strait were nearer the truth than those of other and 
later authorities, even down to the time at which I was 
at work, as well as by other geographical tests I was 
able to apply. When, therefore, he records that the 
Phoenicians declared that in their voyage they had the sun 
on their right hand, and says he does not believe it, he 
registers an item of information which goes far to prove 
the story correct. Influenced by H ecat reus, who though 
surrounding Africa by the sea cut it far short of the 
Equator, Herodotus could not conceive that the travellers 
had passed to the south of the sun when it was in the 
southern tropic.

No historical incident has been more discussed than this 
voyage, commentators varying much in their opinions of 
its truth. But we have to-day some new facts. No one 
who has followed the exploration of the ancient buildings 
in Rhodesia, and considered the information we possess on 
the early inhabitants of Southern Arabia, whether we call 
them Sabaeans or Himyarites, can doubt that the former 
were mainly the work of men coming from Arabia at a 
very early date, while the period of time necessary to carry 
out gold-mining operations over the large areas now found 
to have been exploited must have been very great.

It seems strange that no record of the constant voyages 
to this El Dorado should remain, but the very natural desire 
to keep lucrative information to themselves is not an un­
known thing amongst traders of the present day, while the 
conditions of society and the absence of written records of 
South Arabia would make concealment easy.

The Phoenicians, an allied race, and the great seafaring 
trading nation of the Mediterranean, succeeded in keeping 
the majority of their marts secret, and we have incidents 
recorded showing their determination not to allow others 
to follow their steps, while to this day we are very doubtful 
of the limits of their voyages.

It may be considered certain that while we naturally 
quote Greek historians and geographers as the early au­
thorities for the growth of geographical knowledge, and 
that the scientific basis for proper maps of large areas 
was really provided by them, the seafaring nations, 
Arabians, Phoenicians, and Chinese, knew a very great 
deal practically of the coasts of various parts of the Old 
World that were absolutely unknown to the Greeks.

The favourable conditions afforded by those remarkable 
periodic winds, the monsoons, would in the China Sea, Bay 
of Bengal, and the Arabian Sea naturally facilitate any 
attempts at extensive sea voyages, and would lead to such 
attempts under conditions that in the regions of variable 
winds would be considered too dangerous and uncertain. 
The fact that the monsoons in nearly every case blow prac­
tically parallel to the coasts in opposite directions is a most 
important factor in considering early navigation. The 
direction of the wind itself in such cases roughly guides a 
vessel without a compass, and the periods of cyclones and 
unsettled weather between the monsoons would soon be 
noted and avoided, as they are to this day by the 
Arabs and Chinese, whose vessels, I have very little 
doubt, have remained practically the same for thousands 
of years.

The unknown Greek author of that unique and most 
interesting document, the “ Periplus of the Erythraean 
Sea,” probably of the first century a.d., describes vessels 
built without nails, the planks of which were bound together 
by cords, in precisely the same way as many Arab dhows now 
navigating the Indian Ocean. His personal knowledge of 
Africa evidently ceased at Cape Guardafui, though he gives 
information gained from others on the East Coast as far 
as Zanzibar, which—or, rather, a part on the mainland near 
—he describes as the limit of trade to the south. We know 
that Arabs had penetrated further, but no doubt they kept 
their knowledge to themselves.

These early navigators very probably had charts. When 
Vasco da Gama first passed along the eastern coast of 
Africa he found that the Arab dhows had charts. Un­
fortunately none of them has come down to us, or it would 
have been interesting to compare them with those of the 
West Coast used by the Portuguese at the time, and 
which were of the crudest description.

I claim for sailors of all ag« that they would be the 
first to make practical maps of the shape of the coasts. 
Their safety and convenience demanded it, while it is a 
far easier task to compile such a picture of the earth from 
successive voyages along coasts over the sea, where average 
distances from known rates of sailing and courses from the 
sun and stars can be more accurately ascertained, than 
from long and generally tortuous land journeys in directions 
governed by natural features, towns, and so forth. A 
navigator must be a bit of an astronomer. A landsman 
to this day seldom knows one star from another.

It was the sea-charts, or portolani, of the Middle Ages 
that on the revival of learning first gave respectable re­
presentations of the shape of the coasts, at a time when 
the learned monks and others were drawing the most 
fantastic and absurd pictures which they called maps.

At the same time it must be remembered that in all 
ages and down to the present day pilots, who within a 
hundred years were usually carried by all ships, even for 
sea voyages, jealously keep their knowledge largely in 
their heads, and look upon good charts as contrivances to 
destroy their profession, and that such charts or notes 
as they had they would keep religiously to their fraternity.

The Egyptians were no sailors, but we know that they 
habitually employed Phoenicians for sea expeditions, while 
we have the historical record of the Old Testament for 
their employment by David and Solomon for a like purpose 
in the Red Sea, and probably far to the south. It is, 
therefore, almost impossible to doubt that the Phoenicians 
were also acquainted with the navigation of the Red Sea 

■ and east coast of Africa. Such a voyage as that recorded 
by Herodotus would in these circumstances be far from 
improbable.

The varying monsoons which had led the Arabians cen­
turies before to get so intimate a knowledge of the east 
coast as to enable them to find and work the goldfields 
would be well known to the Phoenicians, and the hardy 
seamen who braved the tempestuous regions lying between



Cadiz and Great Britain would make little of the difficulties 
of the African seas.

The limit of easy navigation from and to the Red Sea is 
Sofala. 1 do not think that it is too great a use of im­
agination to suppose that it would be from information 
received in what is now North Rhodesia that it was learnt 
that to the westward lay the sea again, and that this 
led to the attempt to reach it by the south.

Once started from the neighbourhood of Sofala, they 
would find themselves in that great oceanic stream, the 
Agulhas Current, which would carry them rapidly to the 
southern extremity of Africa.

I, as a sailor, can also even conceive that finding them­
selves in that strong current they would be alarmed and 
attempt to turn back, and that after struggling in vain 
against it they would have accepted the inevitable and 
gone with it, and that without the Agulhas Current no 
such complete voyage of circumnavigation would have been 
made.

As Major Rennell in the last century pointed out, once 
past the Cape of Good Hope, the periodic winds, and over 
a great part of their journey the currents, would help 
them up the West African coast; and the general con­
ditions of navigation are favourable the whole way to 
the Straits of Gibraltar, the ships keeping, as they would 
do, near the land ; but we can well understand that, as 
recorded, the voyage occupied nearly three years, and that 
they halted from time to time to sow and reap crops. I 
should say that it is highly probable that either Simon’s 
Bay or Table Bay was selected as one of these stopping­
places.

No reference to this voyage has been found amongst the 
hieroglyphic records, and, indeed, so far few such records 
of Necho, whose reign was not for long, are known ; but 
that it was regarded at the time as historical is evident, 
for Xerxes, a hundred years later, sent an expedition to 
repeat it in the contrary direction.

This, however, failed, and the unfortunate leader, 
Sataspes, was impaled on his unsuccessful return.

This attempt shows that the greater difficulty of the 
circumnavigation from west to east, as compared with 
that from east to west, was not realised, and points to 
the concealment of any details of the successful voyage.

Of Hanno’s voyage from the Straits of Gibraltar to 
about Sierra Leone, the date of which is uncertain, but 
from 500 to 600 B.C., we should know little had not good 
fortune preserved the record deposited in a Carthaginian 
temple.

But the well-known secrecy of the Phoenicians in all 
matters connected with their foreign trade and voyages 
would explain why so little was known of Necho’s voyage, 
and our present knowledge of the extensive ancient gold 
workings of Rhodesia shows how much went on in those 
times of which we are wholly ignorant.

1 have dwelt perhaps too long on this subject, but it has 
to me a great interest ; and as it has not, so far as I 
know, been dealt with by a seaman who is personally well 
acquainted with the ways of seamen in sailing ships and 
with the navigation of the coasts in question, 1 hope I may 
be excused for putting my views on record.

There are several references in Greek and Latin historians 
to other circumnavigations, but none of them can be 
trusted, and apart from Necho’s voyage we hear nothing 
of the east and south coasts of Africa until the arrival 
of the Portuguese at the end of the fifteenth century. But 
they found a thriving civilisation along the coast from 
Sofala northward, Shirazi, Arab, and Indian.

Ruins exist in many places which have not yet been 
properly investigated, and we are quite unable to say from 
what date we are to place the earliest foreign settlements, 
nor how many breaks existed in the continuity of the gold­
mining, which apparently was proceeding at or very shortly 
before the Portuguese visit.

After the recommencement of exploration by sea in the 
fifteenth century, seamen slowly gathered enough informa­
tion to draw the lines of the coasts they passed along, and 
in time—that is, by the middle of the eighteenth century— 
most lands were shown with approximately their right 
shapes. But of true accuracy there was none, for thp 
reason I have before mentioned, that there was no exact 
method of obtaining longitude.

If we look at a general world chart of a.d. 1755—and to 
get the best of that period we must consult' a French 
chart—we shall find on this small scale that the shape 
of the continents is fairly representative of the truth. 
But when we examine details we soon see how crude it all 
is.

I have compared with their true positions the positions 
of thirty-one of what may be taken as the fundamental 
points in the world as given in the larger scaled French 
charts of 1755, from which the general one is drawn, and 
I find that on an average they are forty-eight miles in 
error. The errors vary from 160 miles to two miles. If 
the delineation of the coast-lines between be considered the 
inaccuracies are very much greater.

Very shortly after this date more accurate determinations 
began to be made. The method of luriar distances was 
perfected and facilitated by tables published in the various 
astronomical “ ephemerides,” and seamen and explorers 
commenced to make use of it. Still the observation re­
quired constant practice, and the calculation, unless con­
stantly made, was laborious, and it was used with com­
plete success by the few. The great Captain Cook, who 
may be looked upon as the father of modern methods of 
surveying, did much to show the value of this method; 
but the chronometer came into use shortly after, and the 
principal advance in exact mapping was made by its aid, 
as I have already stated.

There is a vast amount yet to be done for Geography. 
Until we possess publications to which we can turn for 
full information on all geographical aspects of things on 
this globe of ours, there is work to be done. Seeing that 
our present publications are only now beginning to be 
worthy of being considered trustworthy for the very small 
amount of knowledge that we already possess, geographical 
work in all its branches is practically never-ending.

But of exploration pure and simple very little remains to 
be done. The charm of travelling through and describing 
an entirely new country which may be practically service­
able to civilised man has been taken from us by our pre­
decessors, though limited regions. still remain in Central 
Asia and South America of which we know little in detail.

I must except the Polar regions, which are in a some­
what special category, as their opening-up affords few at­
tractions to many people. But a knowledge of the past 
history of our globe—fit study for human thought—can only 
be gained by study of the portions still under glacial con­
ditions.

What is there round the South Pole—a continent or a 
group of large islands? What is going on there? What 
thickness does ice attain? Have these regions always been 
glaciated; and if not, why not? Can we get any nearer the 
mystery of magnetism and its constant changes by study 
at or near the magnetic poles? All these and many other 
scientific questions can only be solved by general geo­
graphical research in these regions, and all interested in 
such questions have been delighted at the recent attempts 
to gain more knowledge.

The object of these expeditions was frankly and purely 
scientific. All hope of remunerative whale or seal fisheries 
had been dispelled by the visit of the Norwegian whalers 
in 1892 to the region south of Cape Horn, and the known 
general condition of the land forbade any expectation of 
other profitable industries, unless indeed gold and other 
valuable minerals should be found, which is always possible. 
Beyond the fact that exploring expeditions of this character 
keep alive the spirit of enterprise and bring out the finest 
characteristics of a race—which is a point by no means to 
be despised—no immediate practical benefit was to be 
expected.

Progress under the conditions must be slow, but I think 
that Great Britain may well be satisfied with the inform­
ation collected in the Antarctic by Captain R. F. Scott 
and his gallant companions. The unfortunate detention of 
the Discovery by an unfavourable summer prevented the 
further coastal exploration which was part of the pro­
gramme, but gave opportunity for further detailed ex­
amination of the inland conditions, which was carried out 
in defiance of the severest atmospheric and topographical’ 
difficulties, and with the greatest zeal and intelligence;: 
and it may be doubted whether Science in the end has not



gained more than she lost by the unexpected diversion of 
energy. The healthy conditions which prevailed through­
out are a standing proof both of Captain Scott’s eminent 
capacity as a leader and of the cheery spirit which animated 
the whole expedition.

The full results of the scientific observations are not yet 
worked out, and in many cases for a complete appreciation 
of their bearing they must be compared and correlated with 
those of the other Antarctic expeditions, but many highly 
suggestive points have already been revealed.

For the first time Antarctic continental land has been 
travelled over for long distances, and though the actual 
area of new discovery looks small on a map of the world, 
the distances covered can only be described as extraor­
dinary, and far exceeding the most sanguine anticipations.

Few who considered the mountainous coast-line of 
Victoria Land and its complete glaciation, as reported 
by Sir James Ros$ from his distant view, thought that it 
would prove practicable not only to ascend those mountains, 
but to reach to heights much surpassing them behind.

The reason that it proved feasible is that, while there are 
occasional heavy snowstorms, the annual snowfall is small, 
and the surface, therefore, is generally unencumbered with 
soft deep snow.

And what did Captain Scott find after his memorable 
struggle up the glacier through the mountains?

An enormous plateau at an elevation of about 9000 feet, 
nearly level, smooth, and featureless, over which he travelled 
directly inland for more than 200 miles, seeing no sign 
at his furthest point of any termination or alteration in 
character. So far as could be seen from other journeys, 
glacial discharge from this great ice-sheet is very small, 
and practically it appears to be dead. Its accretion by 
fresh snowfall is insignificant, while on all sides along the 
flanks of the coastal mountains there are signs of diminution 
in the mass of ice.

The great ice-barrier east of Ross Island tells the same 
tale. This magnificent feature presents to the sea a face 
of perpendicular ice-cliffs varying from 60 to 240 feet in 
height and 450 sea-miles long. Sir J. Ross mapped its 
position in 1841, and Captain Scott finds that it has re­
treated on an average fifteen miles, varying much in 
different parts.

Should this rate of retreat continue the whole of this 
ice mass, so far as Captain Scott saw it, will have vanished 
in 1000 years.

As the motion of the ice mass is also about fifteen miles 
to the north in the same time, icebergs covering collectively 
an area of 450 miles by 30 have been discharged from it 
in sixty years.

Captain Scott travelled over it nearly due south to a 
point 300 miles from its' face, and then saw no sign of its 
end.

It is bordered on its western side by a mountainous coast­
line, rising in places to 15,000 feet He found the ice 
practically flat and wholly unfissured, except at the side, 
where its northerly motion, found to be about 130 feet 
in the month, caused shearing and vast crevasses. All 
that is known of its eastern edge is that it is bordered, 
where it meets the sea, by land from 2000 to 3000 feet 
high, suspected by Ross and verified by Captain Scott. 
This may be an island, or more probably the eastern side 
of the great fiord or bay now filled by the barrier.

Captain Scott is of opinion that this great ice-sheet is 
afloat throughout, and I entirely agree with this conclusion. 
It is unexpected, but everything points to it.

From soundings obtained along the face it undoubtedly 
has about 600 feet of water under it.

It is difficult to believe that this enormous weight of 
ice, 450 miles by at least 360, and perhaps very much 
more, with no fall to help it along by gravity, can have 
behind it a sufficient force in true land glacier to overcome 
the stupendous friction and put it in motion if it be resting 
on the bottom. It is sufficiently astonishing that there is 
force enough even to overcome the cohesion at the side, 
which must be very great.

The flat nature of the bottom of the Ross Sea and the 
analogies of many geographical details in other parts of 
the world make it most probable that the water under the 
whole barrier is deep.

A point on which I have seen no comment is the differ-
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ence in the appearance of the slopes of Mount Terror. 
Captain Scott found the bare land showing over large 
areas, but during the two summers of Ross's visit it was 
wholly snow-clad. Sir Joseph Hooker, the sole survivor of 
Ross’s expedition, when questioned had no doubt on the 
subject, and produced many sketches in support.

This may be due to temporary causes, but all the in­
formation collected by the expedition points without doubt 
to steadily diminishing glaciation in recent times. We have, 
therefore, this interesting fact, that both in Arctic and 
Antarctic regions, as indeed all over the world, ice con­
ditions are simultaneously ameliorating, and theories of 
alternate northern and southern maximum glaciations seem 
so far disproved.

But this does not mean that climatic conditions in the 
Antarctic are now less severe—probably the contrary. It 
has been pointed out by many that land glaciation may 
arise from varied primary causes, but one obvious necessity 
is that the snowfall should exceed melting and evaporation. 
It need not be heavy ; but if it is, it may produce glaciation 
under somewhat unexpected conditions. This would entail 
a vapour-laden air more or less continuously impinging 
upon the land at a temperature which will enable it when 
cooled, either by passing over chilled land or when raised 
to higher regions by the interposition of mountains, to 
give up its moisture freely. This condition is not fulfilled 
when the air as it arrives from the sea is already at a very 
low temperature.

It was my fortune to spend two long seasons in the 
Straits of Magellan, and I was daily more impressed by 
what I saw.

There you have a mountainous ridge of no great height 
—very few peaks rising more than 4000 feet—opposed 
to the almost continuous westerly winds pouring in from 
the Pacific at a very moderate temperature and charged 
with much moisture.

The result is that in the latitude of Yorkshire every 
mountain mass over 3000 feet high is covered with eternal 
snow, and sends glaciers down to the sea.

I was convinced by what was going on under my eyes 
that it only required an upheaval of the land of 2000 feet 
or so to cover the whole of Patagonia with ice. But then 
the climate would still not be very severe. The temperature 
of the wind from the sea would be the same, and such 
part of it as blew along the channels and on the lower 
land would moderate the cold caused by the ice-covered 
slopes.

The shores of the whole of Western Southern Patagonia, 
deeply indented with long and deep fiords, indicate, ac­
cording to all received views of the origin of such form­
ations, that the land was formerly higher, while signs of 
glaciation are everywhere present.

The results of geographical research show us that in 
many parts of the world climate must have greatly changed 
in comparatively recent times.

In the now arid regions of Northern Africa, Central 
North America, and in parts of Asia there is ample evidence 
that the climate was in times past more humid. In a 
remarkable paper on the causes of changes of climate, con­
tributed by Mr. F. W. Harmer to the Geological Society in 
1901, and which has not obtained the notice it deserves, 
it is pointed out how changes in the distribution of the 
prevalent winds would vastly alter climatic conditions. Like 
everything else in Nature, and especially in the depart­
ment of meteorology, these questions are exceedingly com­
plex, and similar results may be brought about in different 
ways, but there can be no doubt that the climate of South 
Africa would be greatly modified, and more rainfall would 
occur, if only the cyclonic storms which now chase each 
other to the eastward in the ocean south of the Cape of 
Good Hope could be prevailed upon to pursue a slightly 
more northerly line, and many obstacles to the agricultural 
prospects of South Africa now existing would be removed. 
This is, however, beyond the powers of man to effect; but, 
as I have just said, there are other ways of attaining the 
object, and it is earnestly to be hoped that the attention 
now being paid to afforestation may result in vigorous 
efforts to bring about by this means the improvement in 
humidity so much required in many parts of the country.



The other recent event in geographical exploration is the 
result of the expedition to Lhasa. It was an unexpected 
solution of this long-desired knowledge that it should come 
from political necessities and by means of a Government 
mission. The many ardent travellers who have dreamed 
of one day making their way in by stealth have thus been 
disappointed, but our knowledge is now fuller than could 
otherwise have been gathered.

The most important fact is the revelation of the fertility 
of a large part of Southern Tibet. Much has been added 
to topographical knowledge, but the route maps of the 
secret Indian native surveyors already had given us a rough 
knowledge of the country on the road to Lhasa. It was 
not, however, realised how great was the difference between 
the aridity of the vast regions of the north, known to us 
from the travels of men of various nationalities, and the 
better-watered area in the south, though from the great 
height of the plateau—some 12,000 feet—the climate is very 
severe. The upper course of the Brahmaputra has been 
traced by Captain Ryder, but, unfortunately, a political 
veto was placed on the project to solve the interesting 
problem of how this great river finds its way to the Indian 
plains, and this still remains for the future to unravel.

Of the ocean, which has been my own particular study 
for many years, and on which alone I feel any special 
qualification to speak, 1 have said but little, for the reason 
that when presiding over this Section on a former occasion 
I took it for my theme, but there are a few points re­
garding it which 1 should like to bring to your notice.

It is of the ocean, more than of any other physical 
feature of out globe, that our knowledge has increased of 
late years. Forty years ago we were profoundly ignorant 
even of its depth, with the exception of a few lines of 
soundings then recently taken for the first submarine tele­
graph cables, and consequently we knew nothing of its 
real vast bulk. As to the life in it, and the laws which 
govern the distribution of such life, we were similarly 
ignorant, as of'many other details.

The Challenger expedition changed all this, and gave an 
impetus to oceanographic research which has in the hands 
of all nations borne much fruit.

Soundings have been obtained over all parts of the seas, 
even in the two polar seas; and though much remains to 
be done, we can now form a very close approximation to 
the amount of water on our earth, whilst the term “ un­
fathomable ocean ” has been shown to have been based on 
an entire misconception. Biological research has also re­
vealed a whole world of living forms at all depths of the 
existence of which nothing was known before.

In my former Address, eleven years ago, I gave many 
details about the sea, of which I will only repeat one— 
which is a fact that everyone should know—and that is, 
that the bulk of the ocean is about fourteen times as 
great as that of the dry land above water, and that if the 
whole of that land were thrown into the Atlantic Ocean it 
would only fill one-third of it.

Eleven years ago the greatest depth known was 4700 
fathoms, or 28,000 feet. We have since found several places 
in the Pacific where the depth is nearly 5170 fathoms, or 
31,000 feet, or somewhat higher than Mount Everest, which 
has been lately definitely shown to be the culminating 
point of the Himalayas. These very deep parts of the 
ocean are invariably near land, and are apparently in the 
shape of troughs, and are probably due to the original 
crumpling of the earth’s surface under slow contraction.

The enormous area of the sea has a great effect upon 
climate, but not so much in the direct way formerly 
believed. While a mass of Warm or cold water off a coast 
must to some extent modify temperature, a greater direct 
cause is the winds, which, however, are in many parts the 
effect of the distribution of warm and cold water'in the 
ocean perhaps thousands Of miles away. Take the United 
Kingdom, notoriously warm and damp for its position in 
latitude. This is due mainly to the prevalence of westerly 
winds. These winds, again, are part of cyclonic systems 
principally engendered off the coasts of Eastern North 
America and Newfoundland, where hot and cold sea­
currents, impinging on one another, give rise to great 
variations of' temperature and movements of the atmo­
sphere which start cyclonic systems travelling eastwards.

The centre of the majority of these systems passes north 
of Great Britain. Hence the warm and damp parts of them 
strike the country with westerly winds, which have also 
pushed the warm water left by the dying-out current of the 
Gulf Stream off Newfoundland across the Atlantic, and 
raises the temperature of the sea off Britain.

When the cyclonic systems pass south of England, as 
they occasionally do, cold north-east and north winds are 
the result, chilling the country despite the warm water 
surrounding the islands.

It only requires a rearrangement of the direction of the 
main Atlantic currents wholly to change the climate of 
Western Europe. Such an arrangement would be effected 
by the submergence of the Isthmus of Panama and adjacent 
country, allowing the Equatorial Current to pass into the 
Pacific. The gale factory of the Western Atlantic would 
then be greatly reduced.

The area south of the Cape of Good Hope is another 
birthplace of great cyclonic systems, the warm Agulhas 
Current meeting colder water moving up from the Polar 
regions ; but in the Southern Ocean the conditions of the 
distribution of land are different, and these systems sweep 
round and round the world, only catching and affecting the 
south part of Tasmania, New Zealand, and Patagonia.

In 1894 I spoke of the movements of the lower strata 
of water in the sea as a subject on which we were only 
beginning to get a little light. Since that year we have 
learnt a little more. It is a common idea that at the 
bottom of the sea all is still ; but this is a mistake, even 
for the deepest parts, for the tidal influence reaches to the 
bottom and keeps every particle in motion, though such 
motion is quiet and slow.

Near the shore, however, though still in deep water, the 
movement may be considerably increased. Cases have 
occurred in late years where submarine cables have broken 
several hundred fathoms deep, and when picked up for 
repair it has been found that the iron wire covering has 
been literally rubbed away as by a file. This can only be 
the result of an undercurrent along the bottom moving the 
cable to and fro. Such a current might be caused by a 
submarine spring, for there is no doubt that much fresh 
water finds its way into the ocean in this fashion, but it 
is more probably generally an effect of acceleration of the 
tidal movement due to the rising slope of the continent.

In connection with this, further facts have come to light 
in the course of recent marine surveys.

Many isolated shoal spots in the great oceans have figured 
in our charts, the results of reports by passing sailors 
who have said they have seen breakers in fine weather.

Such places are the terror of seamen, and it is part of 
the duty of surveying ships to verify or disprove them. 
Very much has been done in the last eighteen years, with 
the result that the majority of them have, as dangers, dis­
appeared. In many cases, however, a bank has been found, 
deep in the ordinary acceptation of the word, but must less 
deep than the surrounding sea—solitary ridges, in fact, 
rising from the ocean floor. Frequently, in examining these 
banks in search of shoaler spots, breakers have been re­
ported and recognised as such on board the surveying ship 
from a distance, but on approach they have proved to be 
small overcurls caused by tide ripplings, and the depth 
of water has proved to be several hundred fathoms. 
These ripplings are clearly caused by the small tidal 
motion in the deep water, generally in these cases 
of more than 2000 fathoms, meeting the slope of the 
submerged mountain range, being concentrated and ac­
celerated until the water finally flows up the top of the 
slope as a definite current, and taking the line of least 
resistance, that to the surface, makes itself visible in the 
shape which we are accustomed to associate with com­
paratively shallow water.

These cases form remarkable instances of the manner in 
which extensive motion of water may arise from very small 
beginnings.

An observation I was anxious to make in 1894 has been 
successfully carried out since. This was to ascertain 
whether there was any permanent undercurrent in the 
Straits of Bab-el-Mandeb due to more water being forced 
through the strait on the surface by the persistent S.E, 
wind of winter than could be evaporated in the closed Red 
Sea.



Such return undercurrents have in somewhat similar 
circumstances been shown to exist in the Dardanelles, 
Strait of Gibraltar, and in the Suez Canal.

The observation at Bab-el-Mandeb was difficult. The 
wind is strong and the disturbance of the sea is considerable, 
while the water is 120 fathoms or 700 feet deep. But a 
surveying vessel maintained herself at anchor there during 
four days, and, by the aid of an ingenious apparatus sent 
from England for the purpose, clearly proved the existence 
of a current of ij knot flowing steadily at depths below 
70 fathoms out of the Red Sea, whilst in the upper strata 
•there was a similar current flowing in. In such ways is 
interchange of water provided for by Nature in places 
where tidal action does not suffice.

In what I fear is a very discursive Address 1 have not 
•mentioned the interior of Africa. In the first place, it is 
a subject of itself; and as we shall have, I hope, many 
papers on African subjects I have thought it better to deal 
mainly with generalities.

Still I cannot refrain from a few words to express the 
astonishment 1 always feel when I hear people complain 
that Africa goes slow. When I look at what has been 
effected in my own lifetime, it appears to me that, on the 
contrary, it has been rushed. The maps I learnt from as 
a boy showed the whole interior as a blank. There are 
now no parts that are not more or less known. The great 
lakes have all been revealed ; the great rivers have all been 
traced ; Europeans are now firmly fixed with decent govern­
ments in parts formerly a prey to tribal wars and the 
atrocities of the inland slave traffic. Railways are running 
over regions unknown forty years ago, and one of the most 
astonishing things to me is that I should be able to hope 
now to visit in comfort and luxury the great Victoria Falls 
which my old friend Sir John Kirk—whom I left the other 
day hale and hearty—was, with the exception of Living­
stone, the first white man to see, after a long and laborious 
journey in his company in i860.

I could not help being amused as well as interested at 
seeing a short time ago a proclamation by the Government 
of Northern Rhodesia, dated not far from Lake Bangweolo, 
calling on all concerned to observe neutrality during the 
present war between Russia and Japan. 1 think that if 
anyone had prophesied to Livingstone, as he lay in 1873 
lonely and dying by the shores of that newly discovered 
lake, that such an edict would be issued in thirty years he 
would have expressed a doubt as to its fulfilment.

To Southern Africa Nature has denied two of the features 
that facilitate rapid progress—good harbours and sufficient 
rainfall—but the energy of man has done wonders to pro­
vide the former where possible, and will doubtless do more; 
whilst I believe that the lack of the latter will also be 
overcome in the same way. The coordinated—or, in other 
words, the scientific—observations made in many other 
countries have pointed out a possible solution. On the other 
hand, the height of the inland plateaux makes it possible 
for the white man to live and work in latitudes which 
would under other conditions be tropical.

South Africa must have a great future before it; and 
while some present circumstances may delay development 
of its natural advantages, I am inclined to think that in 
the long run prosperity may be more solid and material 
for being reached in the face of difficulties, as has so often 
occurred in the history of the world.

SOCIETIES AND ACADEMIES.
Paris.

Academy of Sciences, August 21.—M. Bouquet de la 
Grye in the chair.—On the laws of sliding friction : Paul 
PainlovO. A discussion of a problem suggested by M. 
de Sparre in a recent paper, and of the conditions necessary 
for a solution without ambiguity.—The cause of the 
presence of abnormal quantities of starch in bruised 
apples : G. Warcollior. It is shown that tannin from 
galls prevents all action of amylase on starch, and it is 
supposed that the accumulation of starch in bruised apples 
is due to a similar action.

Calcutta.
Asiatic Society of Bengal, August 2.—Additions to the 

collection of Oriental snakes in the Indian Museum, 
part iii. : N. Annandalo. Four new species and a new 

genus are described, two of the former coming from the 
Malay Archipelago, one from N.E. India, and one from 
Gilgit. Notes on other species from different parts of the 
Oriental region are given. This paper completes the series 
for the present, the collection now being worked out and 
arranged.—Sal-ammoniac : a study in primitive chemistry : 
H. E. Stapleton. An attempt to carry back the history 
of sal-ammoniac through Mohammedan times, and to 
throw light on the primitive conceptions of nature which 
led to its introduction as an alchemical drug. Although 
little used by the Greek school of Alexandria, it was in 
high repute as one of the alchemical “ stones ” of the 
Arabs, and through their agency the substance passed 
into European alchemy. Authorities are given for the 
belief that the salt owed its reputation partly to its magical 
qualities, which were due to its connection with human 
hair and other animal substances, and partly to its strictly 
chemical qualities. A suggestion is finally made that the 
salt was originally introduced into Western Asia through 
Persia from China.—Alchemical equipment in the eleventh 
century, a.d. : H. E. Stapleton and R. F. A10. This 
paper is an annotated analysis of an Arabic treatise on 
alchemy lately discovered in the library of His Highness 
the Nawab of Rampur. The treatise was written in 
Baghdad in the year 426 a.h. (1034 a.d.), and though now 
in a somewhat mutilated state, it affords a welcome addi­
tion to our knowledge of alchemical methods and equip­
ment in the eleventh century. Special attention is directed 
to (1) the great importance attached to weights in chemical 
operations 700 years before the time of Black and 
Lavoisier; and (2) the drawings and description of the 
Vlhal (Aludel), which furnish, for the first time from 
Arabic sources, a clear conception of this instrument.
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