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ROCK METAMORPHISM.

Chemical and Physical Studies in the Metamorphism of
Rocks, based on the Thesis writlen for the 1).5c. Degree
in the University of London, 18838. By the Rev. A.
Irving, D.Sc.Lond,, B.A., F.G.S. (London: Longmans,
Green, and Co. 1889.)

R. IRVING is well known as a writer on Bagshot
beds. He appears in a new light as the pro-
pounder of theories dealing with the metamorphism of
rocks. His ideas on this subject are classified under
three heads: paramorphism, metatropy, and metataxis.

Paramorphism, according to the author, includes those

changes within in the rock-mass, involving changes in the

chemical composition of the original minerals and the
formation of new minerals ; mefatropy denotes changes
in the physical character of rock-masses ; and metataxis,
mechanical changes, such as the development of cleavage.

Changes brought about by the introduction of a new, or

the removal of an old mineral (¢.g. dolomitization) are

treated under the head of kyperphoric change.

The author writes, he tells us, for those who are willing
to look at geological phenomena “in the light of physical
and chemical ideas.” To all others his dissertation
“must read rather like romance than sober science.”
He is not far wrong when he complains that the chemical
side of geology has been neglected since the time of
Bischof. The reason for this is to be found in the fact
that geologists have been too busily engaged in reaping
golden harvests in the demesnes of pal@ontology and
stratigraphy to be much tempted by the allurements of
chemical geology. With the resuscitation of petrology,
however, the chemical constitution of rocks begins again
to present problems of great interest and importance.
But the author turns his chemical knowledge to bad
account, we think, in applying it to the elaboration of
sweeping generalizations, The views he puts forward
may or may not be founded on sound chemical and
physical axioms; but mere test-tube reactions will not
suffice to explain the operations of Nature in the vast
laboratory of the universe. The phenomena of meta-
morphism represent the net result of numerous and often
antagonistic forces ; and are not always simple reactions
that may be expressed by a neat chemical equation.

Dr. Irving appears to be highly gifted with what he
terms a “scientific imagination,” the meteoric flights of
which carry him far above the solid ground of fact or
even justifiable theory. An instance of this faculty of the
author’s will be found on p. 66, where he seeks to explain
the origin of foliation in Archaean rocks by the influence
of “solar and lunar tides upon the non-consolidated
magma in the Archaean and pre-Archaan (s7¢) stages of the
earth’s evolution.” He proceeds :—

“In such an unequally viscous mass there would be
tension, contortion, and shearing to any extent during
the tidal pulsations which the magma was suffering. . . .
Portions already solidified, or nearly so, by segregation
or otherwise, as time went on, would by their wis inertie
present obstacles around which a fluxion structure would
develop itself in the contiguous portions of the yielding
magma, giving us perhaps in some cases ‘ Augengneiss.’
The local tension of parts of the viscous lithosphere,
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especially near the crests of the waves, would imply
stretching and conse%uent lowering of temperature, a
circumstance favourable to local solidification. Who
shall say that in the later and feebler struggles of this
kind, as secular cooling went on, and the magma
approached nearer and nearer to the conditions required
for consolidation, some of these tidal waves may not
have become 7z situ sufficiently rigid to outline some
of the earliest lines of elevation?”

This is speculative enough in all conscience. On
p. 29, the author discusses the influence of the salts
dissolved in sea-water on submarine lava-flows, and
suggests that serpentinization and the conversion of
orthoclase into albite are the result of some process of
“submarine paramorphism ” effected by this agency.
This, again, is pure hypothesis, there being no facts to
support such a view.

There is a flavour of pedantry in the use of such
expressions as “ burnt hydrogen” for water (p. 64), or in
such sentences as “orthoclase is probably the embryonic
silicate of the terrestrial lithosphere” (p. 67). As the old
lady is said to have remarked of the word Mesopotamia,
there is something especially comforting and satisfying
about this last sentence.

The pages bristle with “hard words,” some of which
are new to science. ‘Vitreosity” has an uncanny
sound ; “ apophytic” is curious ; and “ dehydrodevitrifica-
tion ” is as inelegant as it is long. Indeed, so technical is
the author's language that a clear understanding of his
meaning involves constant reference to his definitions,
Unfortunately such reference is rendered impracticable
by the absence of an index.

The book bears witness to Dr. Irving’s extensive
acquaintance with foreign chemical and geological
literature ; references to foreign sources being abundant,
sometimes superfluous. Indeed, there is more evidence
of the author’s acquaintance with literature than with
facts derived from original observation. Good ideas
may here and there be picked out; and the work no
doubt contains some plausible explanations of geological
phenomena ; but of this we are assured, that the science
of geology will not be advanced by those who spend
their time in manufacturing wide-reaching generaliza-
tions or attractive theories in the library, but rather by
those who are content to labour, with the hammer in the
field, the microscope in the cabinet, and the balance
in the laboratory at the ofttimes wearisome task of
unravelling details.

This book may be placed in the same category as
Sterry Hunt’s *“ Chemical and Geological Essays.” Such
books can be recommended to those with a taste for
speculation and rumination. To others they may be
productive of mental confusion and headache.

HAND-BOOK OF DESCRIPTIVE AND
PRACTICAL ASTRONOMY.

Hand-book of Descriptive and Practical Astronomy. By
G. F. Chambers, F.R.A.S. Part I. The Sun, Planets,
and Comets. (Oxford: Clarendon Press, 1889.)

THE avowed aim of the author of this work, since the

publication of the first edition in 1861, has been to
keep its pages up to date—to make it a sort of vade

mecum to astronomers ; and, regarded as a book en-
D
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deavouring to effect a compromise between purely ele-
mentary works on astronomy and advanced treatises, it
is worthy of some praise. With the many remarkable
developments of astronomical science during the last
quarter of a century, the bulk of the original volume has
been somewhat increased by additions, and it has now
been decided henceforth to publish the work in three
divisions, viz.—

(1) The sun, planets, and comets.

(2) Instruments and practical astronomy.

(3) The starry heavens.

The first division of the work is now before us, and
viewed as a handy book of reference it has many com-
mendable features ; but all that could be said in its
praise would be the reiteration of comments upon former
editions.

The most important application of spectroscopy to
astronomy is too well known to need any enlarging upon.
It may be said to be almost entirely a creature of the last
quarter of a century, but by far the greater amount of
this spectroscopic work has been directed to the sun,
whilst many new and important discoveries have been
made in connection with it. In pre-spectroscopic times
a spot on the sun was only that, and nothing more ; and
a solar prominence was a stupendous flame, the observa-
tion of which was only possible at eclipses. Nothing
was known of their constitution ; and, in fact, all we now
know of the physical and chemical condition of the sun
has been gained by spectroscopists. However, it is not
necessary here to consider the enormous work that has
been done in this direction, but it is our duty most em-
phatically to protest against a compilation such as the one
before us—purporting to be a completely revised account
of astronomical labours and advances, and yet render-
ing terribly conspicuous by its absence everything that
relates to spectroscopy. It is like a book on loco-
motion leaving out all about railways because they
were not prominent when the first edition was pub-
lished. The pictorial representations of the corona, the
solar prominences, the surface of the sun and the spots
upon it, are well discussed in their respective sections,
but no room has been given to an examination of their
constitution by means of the spectroscope ; and indeed,
as far as this book is concerned, the whole work that has
been done in connection with solar physics might have
been left undone.

But these remarks apply not only to the chapters re-
lating to the sun ; those on the planets and comets re-
spectively are in the same incomplete condition. Without
the spectroscope, the source of luminosity of a comet was
far beyond human ken, and its whole constitution was a
matter of considerable doubt ; with this instrument, how-
ever, much has been added to our knowledge—the comet’s
light has been analyzed, and the whole sequence of
changes, as it goes from aphelion to perihelion and back
again, is now understood. Yet the spectroscope might
never have been turned to these bodies, or indeed utilized
in any way, if the utility and importance of the work
done were measured by the brief notice with which the
author has seen fit to dispose of it, and the following may
be said to be the reason for his grievous omissions :—

“The study of the sun has during the last few years
taken a remarkable start, owing to the fact that, by the

aid of the spectroscope, we have been enabled to obtain
much new information about its physical constitution.
The subject being, however, a physical rather than an
astronomical one,and involving a great amount of optical
and chemical details, it cannot conveniently be discussed
at length in a purely astronomical treatise, though some-
thing will be said concerning it later on in the portion of
this work dedicated to spectroscopic matters.”

This explanation, however, only aggravates the fault.
The importance of the work that has been done is as-
sented to, but, instead of including that part of it relating
to the sun in a chapter on that body, instead of consider-
ing the spectroscopy of comets as inseparable from a
chapter devoted to their discussion, the author has rele-
gated the whole work to an unpublished section devoted to
astronomical instruments. Such an arrangement is un-
doubtedly wrong. A chapter on the sun must contain all
that is known about that body, if it strives to be at all com-
plete ; similarly, a chapter on comets cannot approach
completion unless their spectra are considered ; thus this
work cannot lead the general public to a just appreciation of
the many advancements that have been made. The most
elementary text-books rightly include the spectroscopic
labours and discoveries, whereas this so-called hand-book,
although aiming at being an historical account of the
work that has been directed to the sun, planets, and
comets respectively, leaves a vast array of facts out of
consideration altogether.

There are a few minor faults, one of which is the
figure relating to Foucault’s pendulum experiment for
determining the rotation of the earth. The author ap-
pears to have discarded the method of suspension
adopted by Foucault, and the pendulum is sketched as
if rigidly attached to a beam. The accompanying text
also leaves this most important experimental detail out
of consideration.

But apart from these points, the work is worthy
of some commendation. An addition has been made to
the chapter on comets, viz. a method of determining the
elements of the orbit of a comet by a graphical process.
The catalogue of comets whose orbits have been com-
puted has also been brought up to date, and similar ad-
ditions have been made to the chapters on periodic and
remarkable comets. Doubtless the book will prove to be
what it has been heretofore—a handy reference to some
astronomical facts.

ELECTRICAL UNDERTAKINGS.

Proceedings of the National Electric Light Association
at its Ninth Convention, 1889. Vol. VI. (Boston,
Mass., U.S.: Press of Modern Light and Heat, 1889.)

E have before us, in this volume, an account of the

proceedings of the National Electric Light Asso-

ciation in the United States during the Convention held
at Chicago on certain days in February 1889.

This body is one which, in the United States, has been
brought into existence by the growing necessities and
rapid expansion of the electric light and power industry.
Probably its nearest English analogue is the Iron and
Steel Institute. It is essentially a commercial associa-
tion, and its aims may be said to be comprised within
the limits of the exchange of practical information
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amongst its members, and of such joint action as will
further the use and success of these electrical trades.
Hence its objects are not, exactly speaking, scientific,
at least in the usual sense of the word, and the inter-
mixture of genuine desire to exchange veritable expe-
rience, with a certain element of effort to push into notice
particular personal “interests,” renders a discriminating
mind necessary in dealing with its Reports. At the time
of writing, when the work of practically providing London
with distributed electric current is being carried on with
energy in diverse directions, and the various Electric
Supply Companies are laying down mains and establish-
ing stations, this Report serves a useful purpose of
enabling us to judge the present state of the industry in
the country where, of all others, it has had the most
unhindered development.

In his opening address, the President, Mr. S. A. Dun-
can, gave some figures which are significant of the
immense extent to which the electric lighting business
has now progressed in the United States. The total
number of arc lights in daily use is about 220,000 ; of
incandescent lamps, some 2,500,000, There are approxi-
mately 5700 central stations and isolated plants, supply-
ing electric current to single buildings or groups, or
sections of towns. There are 53 electric railways in
operation, and 44 in progress, on which 378 electric
tram-cars travel over 204 miles of track. The total
capital employed and sunk in these various undertakings
is probably not under fifty millions sterling. When we
consider that this is the growth of ten years, we are
bound to admit, not only that this youngest of the applied
sciences is of vigorous growth, but that its commercial
basis must be sound. The Proceedings of the Conven-
tion take the form of a series of Reports on various
points of interest which are drawn up by individuals or
Committees, and then discussed by the whole body.

One of the important questions which in this meeting
received consideration was that of underground con-
ductors. It has been evident for a long time that arc-light
wires, telephone, telegraph, fire-signal, and incandescent-
lamp wires cannot be permitted to increase without limit
in the form of overhead conductors. In the early days of
the telephone and arc light the inconvenience of overhead
wires did not present itself as a formidable one; but, with
their rapid growth, the dangers to life and property arising
from an indiscriminate collection of electric wires strung
on poles or attached to roofs in large cities became ap-
parent. Hence has arisen a demand that they shall be
put underground.

Unfortunately this is not so easy in practice as it seems.
The distributing companies in many cases desire to avoid
the cost of making the exchange in those cases in which
they are operating overhead wires. The expense of an
underground system of conductors is from five to ten
times that of aérial lines. Moreover, the various methods
suggested for sub-laying the conductors in streets and
roads have all peculiar merits and demerits. Mr. Edison,
as is well known, places the copper conductors in steel
pipes, insulating them with a bituminous compound, and
lays these like gas-pipes in the streets. This system has
been operated for years in New York, Milan, Boston,
and Chicago, with a high degree of success. Other in-
ventors have advocated a conduit system ; others, again,

the use of bare copper conductors insulated in a subway.
It is thus seen that the necessary experience for satis-
factorily laying down underground systems of conductors
for the conveyance of large electric currents is only slowly
being collected.

The city of Chicago has one of the most completely
developed systems of underground conductors for arc-light
wires. There are some seventy-eight miles of under-
ground cable conveying currents under a pressure of
1000-1800 volts. The members of the Convention not
unnaturally exhibited considerable differences of opinion
on this question of underground conductor systems.
A Committee appointed for the purpose had issued a
circular to about 1066 managers of central stations and
lighting systems and others, with the object of eliciting
their opinions on the subject of underground conductors.
Out of this number 130 returned very full answers to the
various questions, and the diversity of opinion seems
very great. It is difficult, however, to believe that the
process of collecting information was that which would
lead to the best results, and although the various views
put forward in the discussion on the Report are interest-
ing, they do not indicate a solidarity of opinion on any
one point, It is perfectly certain, however, that in
England electric conductors for systems of town light-
ing by electricity will have to be placed underground,
and it is also equally certain that those responsible
for this work will have to exercise the greatest dis-
cretion and take the fullest advantage of existing ex-
perience. The question of the fire risks of electric
lighting also occupied the attention of the members. In
the United States, as with us, the opinion based on
experience is that when the work of installing the electric
light is carried out under all known proper precautions,
and by the best guidance, there is greater safety in it
than in gas illumination, but that when these known
precautions are disregarded then danger ensues. Minor
questions, such as the disruptive discharges in lead
cables and fuel oil, attracted briefer attention. The im-
portance of such a gathering in guiding the experience of
those who are fostering an industry like that of electric
lighting, in which invention advances by leaps and
bounds, is very great. We in England, thanks to the
revision of the Electric Lighting Act, are now entering on
a period of great electrical activity, and already it has
been found that the commercial side of electrical engin-
eering requires the association of those engaged in it for
mutual advice and joint action, and the London Chamber
of Commerce has now an active Electrical Section which
fulfils to some extent the functions of the National Elec-

tric Light Association in America. LA

DIANTHUS.

Enumeratio Specierum Varietatumgue Generis Dianthus.
Auctore F. N. Williams, F.L.S. Pp. 23. (London:
West and Newman, 1889.)

NE of the things most wanted by species-botanists

at the present time is a set of monographs of a
number of the familiar large genera of Polypetalous
Dicotelydons. The natural orders of Polypetale were
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monographed by De Candolle in the * Prodromus” be-

tween 1824 and 1830, and the scattered material relating
to many of the orders and genera has not since been
brought together and codified. As instances of genera
now involved in great confusion for want of a more recent
elaboration, we may cite Ranunculus, Viola, Papaver,
Alyssum, Draba, Dianthus, Geranium, Galium, and
many others. The present paper is, unfortunately, not
a monograph of Dianthus, but only a list of the known
species classified into groups, accompanied by general
remarks on the structure of the different organs in the
genus, and on their range of variation, so that, though
it is interesting and useful as far as it goes, it still leaves
very much to be desired. Although, on the one hand,
Caryophyllacez are dried for the herbarium very easily,
and suffer little in the process, yet Dianthus is a very
difficult genus for botanists to deal with and to under-
stand, There are 230 species for a monographer to
characterize. The range of variation between the ex-
treme types is not great, and some of the commoner |
species (e.g. D. Seguieri, plumarius, and Carthusian-
orum) are very variable, the consequence being that,
one often sees them named in gardens very incorrectly,
forms of plumarius especially, which is hardy and
spreads readily, doing duty for many totally distinct
species.

Dianthus is a genus quite characteristic of temperate
and sub-temperate climates. It has its head-quarters in
Europe and Western Asia. There are several species at
the Cape ; a few are Himalayan, Chinese, and Japanese ;
none reach Australia, New Zealand,or the Andes; and
only one just touches the extreme north-western tip of the
American continent. There are two principal sub-genera :
Caryophyllastrum, of which the carnation may be taken |
as the type, which is far the largest ; and Armeriastrum,
or Carthusianastrum, of which the flowers are numerous
and clustered, as in the sweet-william. There is a third
small sub-genus, intermediate between Tunica and the
true pinks, which is classified by Bentham and Hooker
with Tunica, and by Mr. Williams, following Linnus
and Koch, as a third sub-genus of Dianthus. Within the
bounds of the genus, Mr. Williams finds his primary
characters—those which mark groups—in the form of the
calyx, the nature of the margin of the lamina of the
petals, the presence or absence of a beard at the junction
of the blade and claw of the petals, filaments, and styles,
the shape of the leaf, and the disposition of the flowers ;
and his secondary characters—those which distinguish
species—in the number and shape of the bracts of the |
epicalyx, the form of the lamina of the petals and their
apposition, the character of the calyx-teeth, the form and

“structure of the capsule, the form and structure of the
seeds, and the disposition of the fascicles of veins in the
leaves of the barren shoots and flowering stems. His
groups and species do not differ materially from those
given in his paper in the Jowrnal of Botany for 1885,
p- 340. The list would have been more useful if he had
stated the native country of each species, and added a
reference to where it was first described. 'We hope, how-
ever, that he will see his way to publish, before long, the
monograph of which this is a mere outline sketch.

J. G. B.
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OUR BOOK SHELF.

Magnetism and Electricity. By Arthur W, Poyser, M.A.
(London : Longmans, Green, and Co., 1889.)

SINCE the amount of knowledge that is supposed to con-
stitute an elementary scientific education increases every
year, there is sufficient justification for the publication of
a series of science manuals designed to meet the growing
requirements of the Science and Art Department examina-
tions, and this work is an excellent representation of such
a series. Apart, however, from the value of this book
as an examination manual, it possesses considerable
merit. The matter contained in it is just about as much
as would cover the course usually taken in a year's
school work ; the explanatory text is couched in the
clearest language, and the experiments described are
capable of being easily brought to a successful termination.
Also the 233 illustrations will be of considerable assist-
ance to the student, whilst the many exercises and
examination questions interspersed throughout the book
may be useflﬂ tests of his knowledge. The text-books
that in their day have been eminently successful, if un-
revised, must be supplanted by others which take a more
extended view of the subject ; hence it is that this book
will compare most favourably with any written for the
purpose of imparting a rudimentary knowledge of mag-
netic and electrical phenomena and the laws by which
they are governed.

The Engineer's Sketch-book. By Thomas Walter Barber.
(London : E. and F. N. Spon, 1889.)

ENGINEERS and draughtsmen generally keep note-books
in which are jotted down most things they wish to
particularly remember, accompanied by rough sketches
when necessary. The author of this book is no excep-
tion to the rule. He tells us he has made many notes
and sketches during his experience as an engineer, and
has often found the want of such a collection for refer-
ence. This volume consists of about 1936 sketches,
classified under different headings, of devices, appli-
ances, and contrivances of mechanical movements., The
book is certainly unique in its way, and will prove useful
to those who have machinery to design, who may require
suggestive sketches of mechanical combinations to ac-
complish some desired end. The author truly remarks
that a sketch properly executed is to a practical man
worth a folio of description. Hence the descriptions given
are generally mere names, with occasionally a concise
statement of purpose. Each sketch bears a number, and
on the opposite page this number is to be found with the
description, &c.,—a very good arrangement.

These sketches are clearly printed, and are probably
executed from scale drawings in most cases. Taken as a
whole, they fairly represent what they profess to do.
Sketch 1636, however, is supposed to represent a Rams-

| bottom safety valve, but it gives a radically wrong im-

pression of this valve. The lever is shown resting on the two
valves certain:{, but the spring is attached to the lever at
a point considerably above the assumed straight line
joining the points resting on the valves—an impossible
position. Again, one of the two points of the lever
resting on the valves is usually loose and connected with
the lever by a pin. The sketch shows the lever and the
two projecting points made solid. This example is the
most unpractical sketch discovered in the book, and
should be rectified in a future edition. A fairly good
index adds to the usefulness of the volume. There is
ample evidence of careful work on the part of the author,
ancr he is to be congratulated on writing a book which
will probably be of use to many engineers and those
connected with the profession. N.J.L
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A Life of John Davis. By Clements R. Markham, C.B.,
F.R.S. (London: George Philip and Son, 1889.)

THIs is the first volume of what promises to be a series
of great value and interest. The object of the series, as
explained by the editors, is to provide a biographical
history of geographical discovery. Each of the great
men who “have dared to force their way into the un-
known, and so unveiled to us the face of mother earth,”
will form the subject of a volume ; and an attempt will be
made, not only to present a vivid picture of the character
and adventures of these heroes, but to estimate exactly
the scientific value of their work. If the scheme is carried
out in a manner worthy of the stirring tales to which it
relates, the series will be a source of much wholesome
pleasure to all who care to understand how our present
knowledge of the earth’s surface came to be built up, and
who are capable of appreciating the splendid qualities,
moral and intellectual, of all who have won for them-
selves a place in the list of illustrious explorers. The
subject of the present volume could not have been in-
trusted to a more suitable writer than Mr. Clements
Markham. He tells in a simple and natural style the
tale of Davis's life, displaying at every stage of the story
full and accurate knowledge, and summing up clearly the
achievements which entitle the discoverer of Davis
Straits to be ranked “among the foremost sea-worthies
of the glorious reign of Queen Elizabeth.,” Two admirable
chapters are devoted to the following-up of the work of
Davis, and in an appendix the author gives all necessary
information as to authorities, Mr. Markham has done
his work well, and it will be no easy task for the writers
of the succeeding volumes to maintain the series at the
same high level.

The Brook and its Banks. By the Rev. J. G. Wood.
(London : The Religious Tract Society, 1889.)

The Zoo. Second Series. By the Rev. J. G. Wood,
(London : Society for Promoting Christian Knowledge,
1889.)

THE first of these two books was written for the Giris’
Own Paper, and a few chapters of it have been printed
in that periodical. Now the complete work is issued
separately, and it will no doubt be welcomed by many
readers who have already profited by the late author’s
well-known writings. The reader is supposed to be con-
ducted along the banks of an IEnglish brook, and to learn,
as he advances, the characteristics of the living creatures
which are to be found by the way. The idea is carried
out brightly, and—we need scarcely say—with ample
knowledge. There are many illustrations, and they add
considerably to the interest of the text.

“The Zoo” contains an account of animals of the
weasel tribe, the seal tribe, the rodent family, and various
kinds of oxen. The descriptions are clear, compact, and
lively, and cannot fail to interest the young readers
for whose benefit the book was originally planned.
Mr. Harrison Weir contributes a number of excellent
illustrations.

LETTERS TO THE EDITOR.

(The Editor does not hold himself ,}yamiﬁle Jor opinions ex-
pressed by his corvespondents. Neither can he undertake
to return, or to correspond with the writers of, rejected
manuscripls intended for this or any other part of NATURE,
No notice is taken of anonymous communications.]

Protective Coloration of Eggs.

THE following letter records a very interesting observation
which is new to me, and I should be glad to hear if any similar
fact has been noted lefore. If not, it would be very interesting
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if those who have the opportunity would, in the coming spring,
seek for as many nests as possible of the red-backed shrike, and
see if they can find any correlation between the colours of the
eggs and the lining material of the nest.

Parkstone, November 1, ALFRED R, WALLACE.

“ Merchant Taylors' School, Crosby, Liverpool,
*“ October 15, 18809.

“ DEAR SIR,—I wish to bring before your notice an observa-
tion of mine relative to the purpose of colour in animals,

*“ The red-backed shrike (ZLanius collurio). Colour of eggs—
cither pale blue or green, white ground with zone of spots at
larger end ; or, pink ground with reddish spots.

* Observation.—The colour of the lining substance of the
nest—such as roots—assimilates to the colour of the eggs, bein
dirty gray material when the eggs are to be pale (blue or grecn%
;ﬁvhilg,]\but being of red-brown roots, &c., when the eggs are to
be pink.

‘“ Evidence for above statement. About sixteen years ago I
was a lad of fifteen, an enthusiastic birds’-nester, living at Maid-
stone, and found several (I forget how many) nests, and noticed
this ; and it so puzzled me—because I could not make out how
the bird knew what coloured lining to select, because she made
her nest defore she laid her eggs—that I have never forgotten it.
In those days I had never heard of ¢ The Origin of Species,’
nor did I trouble myself about evolutionary theories, knowing
nothing about them, so that there was no predisposing cause in
me to make a wrong observation. Yet I remember it was only
a school-boy's observation, and therefore it needs confirmation.

“ Assume the fact, Protective, obviously, VYet, how does the
bird know ?  We know birds build nests from observing other
nests, and not by instinct wholly.

‘“ (@) Have we here incipient species, in which the young,
emerging from pink eggs, remember their own infancy in a red-
dish nest ?

‘“(4) Has the sight of the red lining an influence over the
mother to tinge the eggs pink—7.e. would a shrike brought up
in a pink cage be more likely to lay pink eggs? or a gray rabbit
in a black or white hutch have a greater proportion of black or
white variants in her litter ?

“(¢) A mere coincidence ; too few observations.

“Will you forgive one who intends to be amongst your au-
dience on October 29 and 30, if not prevented, thus trespassing
on your time—time which, spent in research, is so valuable to
the whole scientificworld? Yet, I do think my boyhood's obser-
vation is worth recording, if only to direct other observers,

““ £.g. has the amount of w{ite quartzite veins in a cliff, or
chalk, any influence in the percentage of white, as against blue,
eggs of the common guillemot ?

‘“ Believe me, yours faithfully,
‘“(Rev.) FRED, F. GRENSTED.”

Science and the India Civil Service Eximinations.

THE position of science candidates in the Civil Service com-
petitions is largely in the hands of the science examiners. In
some cases they have practically struck their subject out of the
schedule by requiring, or by acquiescing in, the demand for a
standard ofyknowledge far beyond the proportion of marks as-
signed. Even in the last India Civil Service competition the
first two men in chemistry only scored 196 and 195 respectively,
whilst the first two in German, out of the same maximum,
gained 359 and 353. If the eminent men of science who un-
dertake these examinations would see that science had fair play,
many more candidates would be encouraged to study it. What-
ever the private views of the Civil Service Commissioners may be,
their absolute justice and honourable impartiality are unassailable.
Even if they did not altogether concur in the opinions of the
examiners, they would give their arguments careful consideration,
and see that all interests should be duly regarded.

It will not advance the claims of science to weight them with
the very doubtful proposition that *‘ the Universities of England
and India” are the only places where ‘‘ well educated”” men are
to be found. Many most distinguished men of science have not
had the advantage of a University degree in early life. No
one would venture to class them for this reason in ‘‘an inferior
order of men,” HEeNRY PALIN GURNEY,

2 Powis Square, W., November 15.
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The Physics of the Sub-oceanic Crust,

IN the new edition of his ‘“Physics of the Earth’s Crust,”’
Mr. Fisher has made a great advance on his former position, for
he sees his way to explain the formation of mountain chains, and
all the phenomena of compression which are so strikin%ly
exhibited in the crust of the earth, without depengling on his
former theory of columnar expansion, and without falling back on
the contraction hypothesis.

He believes that the existence of a liquid substratum beneath
a thin crust is consistent with the physical conditions of the
universe ; and argues that no appreciable tide would be produced
in it if the liquid magma consisted of an intimate association of
fused rock and dissolved gases. e further concludes that this
magma is not an inert or motionless liquid, but one in which
convection currents are constantly bringing up heat from below,
and leading to frequent internal displacements of mass,

In this hypothesis he finds a means of explaining the move-
ments of the earth’s crust. Whether Mr. Fisher’s position can
be maintained must be decided by those who are accustomed to
deal with the physical problems involved, but geologists will be

lad if it should prove that the objections to the existence of a
iquid substratum have been successfully met, for they have
always found a difficulty in explaining geological phenomena
without having recourse to the supposition of a liquid layer,

One of the most important chapters in the book is that on the
sub-oceanic crust, nn(r it is on this that I propose to offer a few
remarks, taking it for granted that a truly liquid substratum with
a play of convection currents does really exist.

Mr. Fisher’s object is to ascertain the thickness and density of
those parts of the crust which lie beneath the oceans, and to see
whether in these respects they differ from the continental
portions. This he does by making a series of assumptions, and
considering how far the results are compatible with known facts
and conditions. This process involves the dismissal of certain
hypotheses, but although he cvcntunllf' finds one which fulfils the
requisite conditions, it does not follow that no other equally
satisfactory hypothesis can be found. Consequently his results
though interesting cannot be regarded as final. The suppositions
he is obliged to introduce before obtaining satisfactory results
are, that the density of the subtratum beneath the continental
and the sub-oceanic portions of the crust is different, and that the
sub-oceanic crust consists of two layers of different densities,

It is conceivable, however, that the lower part of the crust is
everywhere denser than the upper part, and consequently that two
layers of continental crust should be introduced into the problem ;
wi;cther this hypothesis would likewise fulfil the conditions, and
whether it would lead to the same results as that which Mr.
Fisher adopts, could only be ascertained by trial. Mr. Fisher
informs me that he has not made this trial, and that every
additional assumption introduced increases the great labour of
the calculations,

Let us assume, however, that no other hypothesis would satisfy
the conditions so well as that which he has adopted, and let us
see to what conclusions it leads. Mr. Fisher derives from it the
following important results :—

(1) That the sub-oceanic crust dips more deeply into the
substratum than the continental crust.

(2) That its lower part is more dense than the substratum.

(3) That the density of the liquid substratum is less beneath
the oceans than beneath the continents.

This last result leads to the conclusion that the differences of
density in the substratum must give rise to ascending and descend-
ing convection currents, and that the ascending currents will rise

- beneath the oceans while the descending currents will occur
beneath the continents. *‘That the former occupy so much
larger an area is,” he says, ‘““no more than we might expect,

. because to whatever immediate cause they may be due, they are
ultimately the result of secular cooling. . . . The descending
being merely return currents will be confined to the smaller area,
but on that account they will move the more rapidly.”

Finally he says that these conclusions confirm the theory of the
permanence of oceans, ‘“because it is difficult to conceive how
the subjacent crust, once more dense, can have subsequently
passed into the less dense condition which would be requisite to
render it continental.” T venture to think he is hardly justified
in making this unqualified statement, and purpose to show that
his results only confirm the theory of the permanence of oceans
in a limited and partial manner. )

In the first place, if chapters xvii. and xxiv. are read carefully,

it will be obvious that Mr, Fisher uses the terms oceanic and sub-
oceanic ina special sense. On p. 233 he classes areas having less
than two vertical miles of water as ** extensions of the elevations
that produced the continents,” and even those with depths of two
to three miles of water he regards as *‘ sometimes connected with
and prolongations of the first.” In other words, he looks upon
the shallower parts of the great oceans from a continental coast-
line to a depth of at least 2000 fathoms as extensions of the
continental elevations.

Again, on p. 331 we find him saying that New Caledonia and
the Seychelles are not properly speaking oceanic islands, because
the first is a prolongation of the submerged ridge which connects
New Zealand with North Australia, and because the latter
belongs to an extension of the Madagascar ridge into the Indian
Ocean. Now a reference to the physical chart of the oceans

iven in the ‘‘Narrative of the Cruise of the Challenger”
I’(;vol. i.) shows that the rooo-fathom line completely encircles
New Caledonia and the adjacent islands, and that the submerged
ridge which he speaks of would be a very narrow one unless we
regard it as extending to the line of 2000 fathoms ; but this line
includes also the Solomon Islands, the Fijis, and the Friendy
Islands, so that if New Caledonia cannot be considered as an
oceanic island neither can the other islands just mentioned,
though no one would reject them from that category on other
grounds. Similarly, the Seychelles and Amirantes are surrounded
by water of more than 1000 fathoms, and are usually regarded as
oceanic islands. The same may be said of Barbados, where
stratified Neozoic rocks are found.

The contour-line of 1000 fathoms has, I think, been generally
taken by recent writers as the approximate limit of the
continental elevations, the space outside this being regarded as
oceanic ; the islands which rise from depths of over 1000
fathoms would on this view be necessarily classed as oceanic,
and as a matter of fact all such islands come within the terms of
Sir A. Wallace’s definition of an oceani¢ island except that a
few of them are not entirely of volcanic or coralline composition.
To exclude all the islands which rise from within the 2000-fathom
limit would necessitate the division of oceanic islands into two
classes, the definition of which would be difficult.

I am not saying that such a distinction would be incorrect, or
that Mr. Fisher has no right to assign larger limits to the
continental elevations and narrower limits to the oceans: I only
desire to show that he takes a special view, and that he declines
te regard islands which rise from less than 2000 fathoms as
specimens of the sub-oceanic crust. His discussion of the
probable structure of the swé-oceanic crust deals therefore with
areas which are covered by water of three miles or more in depth—
that is to sn‘\]', from about 2500 to 5000 fathoms, and the
comparison which he makes between patches of sub-continental
and sub-oceanic crust is really between a piece of continental
land and a piece below an area of deep ocean at a considerable
distance from the continents,

With regard to this point, I have had the advantage of a
further explanation from Mr. Fisher ; writing to me he says :—
*“ My sub-oceanic patch may be anywhere under the ocean, but
you must remember that all the quantities are subject to change
except ¢, p, #, o, as & diminishes; 7. as the ocean grows
shallower toward the coast-lines, the thicknesses and densities
merge into those at the sea-level, the second layer of the sub-
oceanic crust at the same time thinning away to nothing. You
are quite right in thinking that in a general way in discussing
the sub-oceanic crust I am dealing with the crust at a consider-
able distance from the continents. . .. . I do not profess to
explain the structure of the crust of the earth in those parts which
appear to have sometimes been land and sometimes sea. I
should, however, guess that having been at times land the
crust there resembles the present continental crust. Still the
eluations (p. 242) must inly to these parts if only we knew
what assumptions to make.” 7

Since, therefore, there are regions of sub-oceanic crust the
structure of which may resemble that of the continental crust
rather than that beneath the central parts of the oceans, it is
clearly of importance to consider the ’Position and extent of these
regions. Let us first take that part of the Pacific Ocean in which
New Caledonia is situate ; if we are to regard it as a submerged
plateau which may once have been continental land, it acquires
a special interest. The contour of 2000 fathoms which unites
New Caledonia to Australia and New Zealand extends from the
north coast of New Guinea by the Solomon Islands to Samoa,
and then bends southward to New Zealand, but curves out again
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$0 as to include the Chatham and Antipodes Islands, some 600
miles to the south-east of New Zealand. Southward it has a
connection with the Antarctic continent, but a deep gulf of over
2000 fathoms runs far up outside the east coast of Australia,
The area within the 2000-fathom line measures about 2500
miles across its northern portion, and has an extreme length of
about 3600 miles from its northern border to the south end of
New Zealand.

If this large area is not to be regarded as strictly oceanic—that
is to say, if the physical structure of the crust beneath it differs
from that of the crust beneath the deeper ocean outside it—and
if its geological history is different from that of this deeper
oceanic area, and is comparable with that of a continent, then a
very important modification is introduced into the theory of the
permanence of oceans and continents.

We learn that an area now covered with oceanic deposits may
not have been always ocean, and this is precisely what Lyell and
his followers have always maintained ; for if so large a part of
the Pacific may have been land (say in the Cretaceous period),
there has been what most geologists would consider to be a
change from continental to oceanic conditions ; and if, being such
a transmutable rc%ion, it may eventually be raised again till
large parts of it become land surfaces, round which shallow
water deposits could be formed, it would exhibit strata of deep-
sea origin (usually called oceanic) intercalated between forma-
tions of the ordinary continental type.

Another region where similar transmutations appear to have
taken place is that of the West Indian Islands with the adjoining
area of the Caribbean Sea and a portion of the Western Atlantic.
Of this region the structure of Barbados is an illustration,
That island conforms to the ordinary definition of an oceanic
island ; it is separated from South America and the rest of the
Antilles by water of over 1000 fathoms, and the scanty fauna
which it possesses is not such as would have been introduced by any
former land connection. Its geological structure is simple but
striking : there are no volcanic rocks, but a basal series of
sandstones and clays that are similar to the older Tertiaries of
Trinidad, and may be regarded as testifying to a former northern
extension of the South American continent ; above these are
oceanic deposits, consolidated radiolarian and foraminiferal oozes,
which appear to be of very late Tertiary age (Pliocene or
Pleistocene). Capping the whole are raised coral reefs, Here,
therefore, is part of a continental (or shallow sea) area which has
sunk into oceanic depths during the Tertiary period, has received
a burden of oceanic deposits, and has risen again to be invested
with a formation of essentially shallow water origin. Certainly

eologists have no proof of greater geographical changes than
lghis, though Europe affords evidence of quite as great a change,
for in the area of the European chalk we have an instance of
similar oceanic conditions to those under which the Barbados
earths were deposited ; yet this area was continental land before
the Cretaceous period, and has again become so since that
period, ’

The other oceanic areas which have less than 2000 fathoms of
water over them are the Arctic Ocean, the southern part of the
Indian Ocean, and part of the North Pacific between America
and Kamchatka. It would appear then that we may claim
these regions, together with the Caribbean area and a large part
of the Western Pacific, as areas which have been interchangeable
with the present continental surfaces.’

Mr. Fisher does not discuss the subterranean structure of the
shallow ocean areas, but in his letter already quoted he inclines
to think that the crust beneath them is simi{nr to the continental
crust, and this view is borne out by the structure of certain
oceanic islands ; but though the density and general structure of
the crust may be similar to that of the continents, the condition
of the liquid substratum may not be exactly the same, or rather
there may be differences in the force and direction of the
convection currents which traverse the substratum.

In chapter xxiv. Mr. Fisher does briefly consider the condition
of the substratum in the tracts that lie between the continents
and the [deep] oceanic regions. Having shown that, if the
density of the substratum is less beneath the ocean than beneath
the land, the convection currents must rise beneath the oceans
and descend beneath the continents, he points out that there
must be a certain space between the lines of ascent and descent
where the currents will move more or less horizontally. In this
horizontal movement he finds a force capable of exerting strong
pressure on the continental crust. Now in some parts of the

' The ridges in the Central and Southern Atlantic do not come within the
<ategory of shallow oceans,

world the space along which these horizontal currents move may
be narrow, but in others it is probably broad : thus, on the east
side of the Pacific, where the change from ocean depths to moun-
tain heights is rapid, this space is doubtless small, but on the
west side of the same ocean, as we have seen, there is a broad
intervening area of shallow ocean, and beneath this the currents
that move westward may continue to be mainly horizontal till
they reach Australia.

The behaviour of convection currents is so little understood
that one cannot predicate much about them ; there would prob-
ably be a certain play of ascending and descending currents
beneath the broad semi-oceanic area as well as horizontal
currents, and very slight changes may cause these to vary in
volume and to alter their positions ; such a region is therefore
likely to be in a state of unstable equilibrium, and its upheaval
or further subsidence would depend on the balance that is
established between the three sets of currents in the liquid
substratum beneath it.

Another question suggests itself—namely, whether the oceans
have always been as deep as they are now. According to Mr,
Fisher’s results, the mass of the sub-oceanic crust is greater than
that of the sub-continental crust, but he gives reasons for thinking
that its thickness is not greater, and if thisis so, then its density
must be greater ; and it is from this he deduces the permanency
of the oceans, because it is difficult to conceive of the denser crust
becoming less dense, which would be necessary before any part
of it could be converted into a continent, But though this
difficulty certainly exists, it does not preclude the possibility
of the sub-oceanic crust having been originally less dense than it
is now ; it may have been growing denser, and there may have
been a corresponding increase in the size and depth of the oceans
at the expense of the continents. His results, in fact, do not
involve the permanency of the present continents, or of the pre-
sent relative proportions of land and water surfaces, We are at
liberty to imagine a time when there was much more land than
there is at grescnt, and when all the oceans were comparatively
shallow ; there being at this early period less difference in the
comparative density of the sub-oceanic and sub-continental crust.

We may, in fact, postulate a secular increase in the size of the
oceans and in the depth of the ocean basins corresponding to a
secular increase in the density of the sub-oceanic crust; and
possibly as a consequence a general increased stability of the
whole crust.

The supposition of a secular increase in the depth of the
oceans is in accordance with the evidence of geological history,
for if there had been such an increase we should expect to find
that oceanic deposits of the modern type were essentially Neozoic
formations, and would not occur among Pal®ozoic rocks ; and
such appears to be the case. At present we do not know of the
existence of any purely oceanic limestone that is older than the
Cretaceous period ; and among the Palaeozoic rocks there are none
which appear to have been formed at any great distance from
continental land.

I think it has now been shown that Mr, Fisher's conclusions
do not give unqualified support to the theory of the permanence of
oceans, but that, on the contrary, they are consistent with two
important limitations of the theory—limitations which had
already been suggested by geologists before the publication of
Mr, Fisher's booﬁ. Thus, Prof. Prestwich has expressed the
opinion® ‘“that it is only the deeper parts of the great ocean-
troughs that can claim the high antiquity which is now advocafed
for them by many eminent American and English geologists” ;
and I have suggested the probability that *‘ the tendency of all
recent geographical changes has been to deepen the ocean-
basins, and to raise the mountain-peaks to higher and higher
elevations,”*

It is therefore satisfactory to find that the results of purely
physical and mathematical reasoning, on the one hand, and of a
consideration of the geological evidence, on the other hand, are
so closely in accord. The importance of this agreement consists
in the way it opens for the reconciliation of two opposing

eological schools : animportant limitation is imposed on the
yellian belief in the past interchange of oceanic and continental
areas ; while the extreme view, held by Dana and others, that
there has been no such interchange at all, may be equally far
from the truth; the probability being that truth lies midway
between the two extremes.

It is also worthy of note that the hypothesis of a secular
increase in the depth of the oceans and the heights of the moun-

1 4 Geology.” vol. il p. 547,
2 “The Bﬁldinz of th,e' ﬁ:lylilh Isles,” p. 334.
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tains brings the whole succession of past geological ch:mges
within the scope of a general theory of geographical evolution.
A. J. JUKES-BROWNE,

The Composition of the Chemical Elemen's.

My excuse for troubling your readers with this well-worn theme
is that a definite hypothesis is possible, which, should it be fully
borne out by the facts, appears to afford a remarkably complete
extl;)llanation of the periodic law, as set forth in Prof. Mendeleeff’s
table,

The periodicity exhibited by this table is double, alternate
series presenting members which have high or low atomic
volumes, are fusible or infusible, &c.

Should the elements be really simple atoms, it would be im-
possible to account for this fact without introducing occult differ-
ences of quality, from which it has been all along the aim of
chemical science to free itself, Undoubtedly periodical variations
in the size and shape of the atoms might account for the dual
periodicity of their properties, but nothing satisfactory can be
gleaned from such an explanation. Besides, we are accustomed
to regard differences of properties in compounds as dependent on
composition, even should their molecular weights be similar, It
may also be urged that, if the elements are supposed single, their
properties should vary with increase of weight in some con-
tinuous manner, and not sway to and fro so remarkably. 1 am
aware that Prof. Mendeleeff himself does not take this view (cf.
Chem. Soc. Journ., October 1889), but it is one that is widely
spread, and 1s held by other eminent chemists,

It is, however, possible to push too far such analogies as that
of a series of organic compounds. Important differences exist
between such a series and that of a natural family of the ele-
ments : for example, the specific refraction equivalents are not
at all analogous in the two cases. Specific heat determinations
show that, as a rule, an element moves as a single solid mass,
But these considerations need prove nothing more than that we
must be prepared to deal, in the case of the elements, with
affinities of a different order—perhaps brought into play by vastly
different conditions—from those found in ordinary compounds,

If the elements are assumed to be composite radicles, then, in
stating their hypothetical composition, there is material ready to
hand. The famous principle known as ‘‘Occam’s razor"”
applies here as elsewhere. Hypothetical elements should only
be introduced where other considerations are plainly in favour of
the suppositions involved.

The elements form natural families of two groups each, six of
them having for their types the following: Li, Be, B, C, N,
and O.

Since the properties of the typical element run all through the
members of a family, then (on the hypothesis that properties
depend upon composition) we should expect it to be found in the
formulee of the remainder.

The hypothesis here advanced is, that the periodicity of the
properties of the elements is due to the dependence of the pro-

erties of each element upon those of the typical element of the
amily to which it belongs, together with the mode of its ¢ m-
bination with oxygen. In other words, that the elements, with
the exception of the first six, are, in a qualified sense, compound
oxygen radicles.

The reasons for the adoption of oxygen are : (1) the remark-
able coincidence of the figures for each family upon this hypo-
thesis ; (2) that the atomic weights of the oxygen family of
elements are whole multiples of that of oxygen ; (3) the relations
disclosed between the numbers of atoms composing the ele-
ments, which cannot be other than the result of law ; and (4)
the fact that all the elements combine with oxygen, which is also
the most plentiful element in Nature.

Supgosmg any natural family complete, its two groups are
given by the following formule, R being its typical element :—

R {Group (@) : ROy, ROy, ROy, ROy, ROy,
Group (4) : KO, R, 04 ROy R0y, RyOy,.

The seventh and eighth families are very incomplete, but may
be represented in the same way.
It will be noted that the numbers of atoms in these formulae
are as follow :—
{ {3 6,9 12,15
2,5, 8, 11, 14.

The common difference in each group being 3, and the numbers
4, 7, 10, and 13 being absent,

The resemblance of these figures to the atomic weights of the
ten typical elements (including four hypothetical ones) is very
close.  One is almost tempted to regard them as the primitive
forms of the combination of matter, and to return to Prout’s
hypothesis,

The existence of four elements between H and Li is indicated
as well by the gap which exists between them as by this hypo-
thesis. That Fe, Co, Ni, &c., have formule commencing
with Ry, is shown by the fact that they recur regularly in the
series having these formulw, their comparative infusibility and
low atomic volume indicating also this composition, as well as
the fact that, if it were otherwise, the rule observable in the first
six families would be broken through. It is, again, hardly pos-
sible to suppose that the seventh family, the halogens, should
contain the electropositive hydrogen, although the latter would
then lose its unique position, and in this case the difference be-
tween the calculated values of Ag and I {18°9) agrees very nearly
with that between those observed (18°87), the ratio of these
latter being very exactly determined by Stas. This, however, is
a matter which may well be left undecided for the present.
Should fluorine be a fundamental element, the halogen series
will break the rule which holds for at least six out of the
remaining seven families. }

The following table is constructed on the lines of Mendeleeff’s.
The seventh and eighth families are placed first in order, and
the calculated and observed atomic weights are placed under-
neath their respective formule. Want of data is indicated by
blanks, but the rarer metals are omitted, although they mostly
correspond to the formule R,0, It will be noted that the
arrangement gives Mn, Fe, Co, Ni, and Cu an intelligible
position in the series.

It is not to be expected that the calculated arnd observed
figures will perfectly agree, although in some thirty cases the
average variation is 0'5 of a unit. The chief variations occur in
two series, in which, however, the natural order is preserved,
viz. Ti, V, and Cr, with an average error of 4'5, and all the
elements containing O,,, from tungsten to bismuth, in which the
mean difference is 9. it will be noted that this difference holds
even in the case of the eighth family, in which the formule con-
tain the hypothetical R¥, Riii| and {{“’, showing that the errors
arise from a common cause. The atomic weights, since the dis-
covery of the periodic law, have not been decided upon without
reference to one another., This whole series is separated by a
huge gap from the rest of the atomic weights, which is only
filled in at intervals by the less common metals of the earths, &c.,
and consequently an error in one of them would certainly affect
the whole.  Similarly, the differences of 4 between the observed
atomic weights of Ca and Sc, and Sc and Ti, are anomalous,

On the other hand, the coincidences exhibited by the table
cannot be the work of chance, and, considering the inexactitude
of the determinations of many of the atomic weights, the fact
that the average of the differences between the observed and
calculated numbers in the large majority of the elements is only
one unit, and that the remainder appear to arise from a single
cause, is remarkable, especially when we consider the facts
which are brought to light by this mode of representation. The
law that elements essentially similar differ only by an atomic
weight of Oy, or its multiple, surely deserves attention. When,
again, the difference between the two groups of any natural family,
and the periodicity of the properties of the elements, are ex-
hibited as the result of composition, the conclusion becomes
apparent that we have in the hypothesis at least a guide for
future research,

The atomic volumes of the groups commencing with RO are
smaller than in those commencing with RO,. These correspond
to the ““ even” and ** odd " series of Mendeleeff. Other proper-
ties follow, thus affording a possible clue as to /ow the charac-
teristics of the elements deﬁcnd upon their composition.

Without trespassing further upon your valuable space, T will
conclude by quoting Dr. Gladstone (Pres. Address, Chemical
Section, Brit. Assoc., Southport, 1883) :—

““The remarkable relations between the atomic weights of the
elements and many peculiarities of their grouping, force upon
us the conviction that they are not separate bodies created with-
out reference to one another, but that they have been originally
fashioned, or built up from one another, upon some general
plan. This plan we may hope to understand better ; but if we
are ever to transform one of these supposed elements into an-
other, or to split up one of them into two or three dissimilar
forms of matter, it will probably be by the application of some
method of analysis hitherto unknown.”
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