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INCANDESCENT GAS LIGHTING.
L'édclairage & Incandescence. Par P. Truchot. Pp.
x + 255. (Paris: Georges Carré et C. Naud, 1899.)
IN looking back to the achievements of the past half-

century, few domestic improvements will strike the
observer more forcibly than the advances made in the
development of light from coal gas. In the early fifties
the metal flat flame and argand burners were looked upon
as so satisfactory and so little likely to find a rival, that
practically no efforts were made to improve them, and it
was only in 1852 when the late Sir Edward Frankland first
made his double chimney argand—afterwards known as
the Bowditch burner—in which he led the air supply
down between two glass cylinders surrounding the flame,
and so utilised some of the heat which would otherwise
have been wasted to heat the air supplied to the flames,
and found as the result a distinct increase in illuminating
power, that the idea arose that it was possible to obtain
more than the two to three candles of light per cubic
foot of gas consumed which the best burners then gave.

Frankland’s burner marks the inception of the idea of
regeneration as applied to an illuminating flame, an idea
perfected by Siemens in 1879 and followed by a number
of regenerative burners which doubled, and in some
cases nearly trebled, the light obtainable from coal gas
as compared with the ordinary burner.

At the same period that the regenerative burner was
struggling into prominence, Bourbouze, and later Lewis,
devised a method of producing light from coal gas by
burning it in a long bunsen burner, and making the
flame impinge upon a mantle of fine platinum gauze,
which heated to high incandescence gave more light
than would have been emitted by the gas if burnt in an
ordinary burner; and although this process never
achieved much success owing to the fact that platinum
soon got acted upon and lost its power of light emissivity,
yet it was undoubtedly the forerunner of the incandescent
mantle of to-day which has revolutionised our ideas as to
artificial illumination, and yields ten times as much light
for the same gas consumption as the ordinary No. 5 flat
flame burner.

Soimportant has incandescent lighting become, and so
abundant is the literature with regard to it, that the time
had clearly arrived for it to be collected and welded into
a handbook that should prove a guide and companion to
all working in this branch of industry. This task has
been undertaken by M. Truchot, who in “ L’'éclairage a
incandescence par le gaz et les hquides gazéifiés” has
given us a concise record of the history of incandescent
lighting and a work of both theoretical and practical
importance. :

In the twelve chapters of which the book consists, the
author passes in review the properties and production of
light, photometry, the proper distribution of light, the
theories of Drossbach, St. John, Westphaal, Killing,
Bunte and others who have attempted to explain the
cause of the high incandescence of the metallic oxides
forming the mantle skeleton, an excellent history of in-
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candescent lighting and a full account of the various
minerals employed as a source of the rare earths and
their treatment., Especially valuable will be found the
description of the various methods of making the mantle
and the chief points to be observed.

The author then passes to the various forms of bunsen
burner, and the results which can be obtained from them,
but hardly gives sufficient credit to Bandsept’s inventions,
which practically cover the ground upon which the chief
advances in this direction have since been made. It
would have been better also if a chapter had been de-
voted to the theory of the bunsen burner, as it would
have made the differences existing between the various
forms of burner clearer.

Very excellent in its way also is the chapter devoted to
the lighting of the burners, and the effect which this has
upon the life of the mantle. The author also goes fairly
fully into incandescent mantle lamps for use with alcohol,
petroleum and other easily gasifiable hydrocarbons.

The book concludes with a review of the use of incand-
escent lighting for railway carriages, lighthouses, photo-
graphy, &c., and comparisons of incandescent light with
other systems; whilst the list of French patents for
mantles and burners forms a useful finish to the work.

M. Truchot has done his work well, and his book
should be in the hands of everybody interested in incand-
escent mantle lighting.

AN AMERICAN TEXT-BOOK OF GEOMETRY.

New Plane and Solid Geometry. By W. W. Beman and

D. E. Smith. Pp. x + 382. (Boston, U.S.A. : Ginn

.and Co., 1899.)

HE Americans are an eminently practical people, and
in seeking for the path of least resistance towards
any desired end they are happily free from the shackles
of inherited prejudice and irrational reverence for estab-
lished tradition. This makes their mathematical text-
books very instructive reading ; and although in some
cases the desire for simplicity leads to a certain super-
ficiality, this reproach cannot be fairly applied to their
mathematical literature as a whole. Every reasonable
person must admit that the simplest way of demon-
strating a mathematical truth is the best one ; and that
energy wasted on the rudiments is so much loss of valu-
able time which might have been spent with profit

otherwise.

The “ New Plane and Solid Geometry,” which is a
revised edition of a work first published in 1893, illustrates
very well the attitude of two experienced and competent
American professors towards the problem of teaching
elementary geometry. It is not to be expected that their
work will meet with universal approval in all its details ;
but it has many conspicuous merits which cannot fail to
commend themselves, and deserves to be carefully studied
by every teacher, whatever his personal views may be.

The first thing to notice is the order and proportion
which the authors have succeeded in maintaining. After
a short, but very useful, introduction, there are eight
Books dealing respectively with rectilineal figures ;
equality of polygons; circles; ratio and proportion ;
mensuration and regular polygons ; lines and planes in
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space ; polyhedra ; the cylinder, cone and sphere, and
similar solids. At the end of the book will be found
numerical tables, a biographical table, a table of
etymologies and an index. The space allotted to the
different sections is comparable with their relative
importance, and proper emphasis is laid on funda-
mental ideas such as congruence, symmetry and
similarity.

Another very important feature is that the student is
consistently stimulated and encouraged to think for
himself. Marginal queries are frequently inserted, in
order that he may justify the statements in the text ; and
some of the proofs are given merely in outline for the
reader to fill up in detail. On the other hand, figures
and hints are given with the more difficult exercises.
The appendix to Book iii., and other paragraphs inserted
from time to time, ought to be of great help in teaching
the student how to acquire the difficult art of proceeding
from the unknown to the known by the method of
analysis,

In the theory of parallels, the authors adopt Playfair’s
axiom ; and their treatment of ratio is entirely arith-
metical. - In their opinion the purely geometric treatment
is too difficult for the beginner.
differ, and will probably continue to do so : at the same
time the arithmetical theory is here given in as nearly
rigorous a form as the beginner is likely to appreciate.
Thus it is properly stated as an assumption that a geo-
metric magnitude may be represented by a number ; and
the transition from the commensurable to the incom-
mensurable case is made by the classic process of ex-
haustion. Of course the strict arithmetical theory is at
least as hard as the geometrical one, because it involves,
besides the assumption above stated, either Dedekind’s
theory of irrational numbers or something equivalent to
it But there is something to be said in favour of be-
ginning with a provisional theory, admittedly imperfect,
o be made more precise later on. It would be easy to
add, in a future edition, an appendix giving the strict
arithmetical and geometrical theories.

In the discussion of the mensuration of the circle and
other similar questions, the authors have avoided an
error into which writers who adopt the arithmetical
method are very apt to fall. They explicitly state the
assumption that the circumference of a circle is the limit
of the perimeter of an inscribed or circumscribed regular
polygon, and then make use of the proved proposition
that if, while approaching their respective limits, two

variables have a constant ratio, their limits have that .

ratio. Itis rather curious, by the by, that they omit to
prove that the volume of a pyramid is the limit of the
sum of the volumes of the usual set of inscribed prisms.
In the text, which is beautifully printed by the Athenaum
Press, free use is made of abbreviations. The notation
ab for the rectangle contained by the segments denoted
by a and 4 will be objected to by some people ; but it
really needs no justification, because the analogy which it
suggests is too useful to be ignored, and if the student
1 Itmay be remarked, in passing, that Euclid's test of the equality of
two ratios rnlg' 0 to the establish of the identity of two
Schnitte, as dekind calls them ; for if mA>=<uB according as

mC>m=<nD, the series of rational numbers m/n fi hich
defines a Sch’n'tt. and this is identical with the urlﬁa fol?r wlrilchcmc,;A-E)'..B
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cannot, after due warning, distinguish @4, the area of a
rectangle, from aé, the product of two numbers, it is
entirely his own fault.

The figures are very good ; those on solid geometry
have been very carefully drawn, and are nearly as effective
as models would be. Thisisa great help to the beginner :
he should bear in mind, however, that he must eventually
be able to use a less pictorial figure, or even construct a
diagram mentally in cases where an actual figure is too
complicated to be useful. We should be rather inclined
to suggest beginning with the more pictorial figures, and
gradually reducing them to pure diagrams. Between a
picture and a diagram there is the same sort of difference
as there is between a photograph of an electrometer and

a working drawing of the same instrument,
G. B. M.

OUR BOOK SHELF.

An Elementary Course of Mathemaltics.
and F. H. Stevens. Pp. ix + 342.
millan and Co., Ltd., 1899.)

IN preparing this book the object kept in mind was, as
we are told in the preface, to provide in a simple and in-
expensive volume a short course of arithmetic, algebra and
Euclid specially adapted to the requirements of students
who, after leaving school, desire to continue their study
of elementary mathematics by partly attending evening
classes and partly working privately at home.

To attain the end in view, the compilers, in the first
portion on arithmetic, have restricted themselyes to
simply providing the student with a series of progressive
exercises arranged to extend over a winter session of
thirty weeks ; a few additions, exercises with notes and
hints, conclude this portion.

Algebra is next dealt with, and no previous knowledge
is here assumed, so that a progressive but elementary
course with numerous examples is given, covering the
usual ground up to quadratic equations. In the last
section on Euclid only the first book is considered. In
the case of each proposition a few notes and exercises
will help the reader to master this book, while ad-
ditional theorems and a large set of appropriate examples
are added for further practice.

For the purpose for which it
elementary course is well adapted.

By H. S. Hall
(London : Mac-

is intended, this

Carvell's Nursery Handbook, with Hints.
Carvell. Pp. 70. (London : Barber, 1899.)

THE contents of this “ Nursery Handbook ” are arranged
under a number of headings; for instance, “ The Nursery,”
‘ Sleeping,” “ Clothing,” “Feeding,” &c. But in each
section the hints given seem to be selected at hap-
hazard ; small details in some places are noted, while
many points of importance are omitted,

In fact, the book seems too disjointed to be of real
value, and the information too scanty to serve as a
practical guide. In many instances the directions are
so short that without amplification they might easily be
misinterpreted,

By J. M.

Chats about the Microscope. By Henry C. Shelley,
Pp. 101. (London: The Scientific Press, Ltd., 1899.)

YOUNG naturalists will find in this volume many useful
hints on the collection and preparation of common
objects for microscopical study, and will be guided to
make observations of a number of minute organisms
easily obtained.
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LETTERS 70 THE EDITOR.

The Editor does not hold himself responsible for opinions ex-
pressed by his corvespondents. Neither can he undertake
to return, or to corrvespond with the writers of, rejected
manuscripts intended for this or any other part of NATURE.
No notice is taken of anonymous communications.)

The Life of a Star.

THE letter of Prof. Perry on “‘ The Life of a Star,” published
in your issue of July 13,is of interest to astronomers ; and as the
author of it evidently aims to be fair, I think it worth while to
set right a misconception into which he has fallen. His reference
to my paper in the Astronomical Journal (No. 455) shows that
he has misconstrued the meaning of the symbol K'in the formula
T =—-ll§ . That paper was unfortunately very much abbreviated,
and as I was not concerned with the analytical investigation of
K, this constant was not sufficiently explained. Vet in my first
note on this law in the 4. /. (453), which he probably overlooked,
it was announced that *‘ K is a constant different for each body.”
Thus the constant K is not, as Prof. Perry supposes, the same
for the whole universe, but varies from star to star, bein_g a
function of the mass, specific heat, emissive power, &c., into
which we need not go at present.

At the time of writing the paper in the 4. /. (455) I had not
seen the early paper by Ritter in Wiedemann's Annalen, 1878,
s. 543," where he has reached by a different process a similar
formula L

Toro = Tr,
and anticipated a number of the conclusions to which I came
independently. Ritter even applied this law to the temperature
of the solar nebula when its periphery extended to the orbit of
Neptune, and sagaciously observes that his conclusions do not
agree with current views, but are yet uncontradicted by known
facts.

As I have prepared for the St. Louis Academy of Sciences a

aper in which this whole matter is discussed with some detail,
?will here merely summarise a few of the chief results, Suffice

it to say that the formula T = llf is shown to express a law of

the utmost generality, for masses composed of one kind of gas;
and that even when the body is of heterogeneous constitution,
made up of interpenetrating globes of different gases, the law
suffers no essential modification except at very long intervals,
when it would take the form
T = K (1 + B?)
™ TR o
where B is a certain small secular coefficient, and # the time.
For a great epoch the term depending on B8 might be wholly
neglected,
he only hypothesis underlying the investigation is that of
convective equilibrium, the validity of which is generally
recognised by physical investigators. In order that the reader
may see how far from metaphysical my argument really is, I add
an elementary derivation of the law of temperature.

Suppose a gaseous globe of radius R, to be held in convective
equilibrium by the attraction, pressure and temperature of its
particles (the density and temperature decreasing from the centre
to the surface), and let the temperature beneath the surface layer
be T,. Let P, be the gravitational attraction exerted upon the
thin layer of matter covering a unit surface of the globe, which
may be regarded as the base of an elemental cone extending to
the centre. Then suppose the globe to shrink by loss of heat
to a radius R, If the original element of mass still covered a
unit area, the pressure exerted upon its lower surface would

thereby become I’ = Po( %! But since the area of the initial
\

sphere surface has shrunk to S =S, %—): the area of the ele-

0
mental conical base has diminished in the same ratio. As the
force of gravity is increased, while the area upon which the
element presses is decreased correspondingly, it follows that in
the condensed condition of the globe, the gravitational pressure

4
exerted upon a unit area is P = P, (B_Q)

R
1+ Prof. Nipher, in preparing the excellent papers which he has contri-

buted to the St. Louis Academy of Sciences, first drew attention to this
reference,
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The forces counter-
!

acting this increased pressure are obviously the resistance due to
the increase in the mean density, and a possible change in

temperature which might affect the elasticity of the gas., ‘But the
density of the original mass was o, and hence ¢ = o, (l!:—“).

By hypothesis the equilibrium of the globe is maintained by the
elastic force of the gas under the heat developed by the gravit
ational shrinkage of the mass, If therefore the globe was in
equilibrium when the gas just beneath the surface layer had a
mean temperature T, to remain in equilibrium in the condensed

condition, Ty must be multiplied by Ro As To Ry = coqs'tant.

R
we may write the law of temperature.
K
T
R

This law of course applies to each layer of the globe, and
thus to its mean temperature, and is obviously general for all
gaseous celestial bodies condensing under the law of gravitation.
Some persons who do not fully understand the problem under
consideration have asserted that the functions which express
the"distribution of density and temperature with respect to the
radius, are altered by shrinkage, so that the law then breaks
down, or rather is not proved to hold true., It is perhaps
worth while to show the error of this view.

Lord Kelvin has shown (2%él. Mag., 1887, p. 287) that the
temperature distribution throughout the globe must satisfy the
differential equation

where 0 is the temperature, ¥ a function of the radius, and «
a constant, If8=¢(x) bea purticular solution of this equation,
the second differential coefficients 1 L

¢"(x)= - {p(x)j=4,

¢ (ux)= = {p(px)j a4 ;
and the general solution is shown to be of the form
0=ColxCH(x)},

where C and « are constants,

Under convective equilibrium the mass will contract in such
a way that the particles in any concentric sphere surface do not
penetrate those surfaces adjacent, that is, the new ordinate § of
any particle is defined by the equation ¢{=ax, where a is a
numerical coefficient smaller than unity ; and hence

0=CopitC~(x~1 )}
will be a solution of exactly the same form as the first. A
curve defined by the equation
=y

will give the absolute temperature from the centre to the
surface. In like manner another curve

n={(r)"
will give the distribution of density with respect to the radius,

Shrinkage by which the variables become p=ar will not
change the character of these two functions; and hence the
distribution of density and temperature is rigorously the same
after contraction as before. This result continues to hold so
long as the body is wholly gaseous and obeys the laws of con-
vective equilibrium,

Prof. Perry has examined at some length the question of radi-
ation, and he deserves our thanks for the interesting suggestions
he has advanced. Yet I have considered our knowledge based
on terrestrial experiment too limited to furnish any conclusion
which can be confidently applied to the conditions existing in
the heavens, except that the masses are always in convective
equilibrium, and that all shrinkage is determined by this condition.
Accordingly the foregoing conclusions would seem to be valid
generally, It seems E;ir to conclude that there are few branches
of physical science which offer such an unexplored field as the
one which relates to the life-history of stars. And though it
may be assumed that forces are at work in space, of which we
have little or no experimental analogy up to this time, yet it is
always safe to apply known laws to the phenomena of the
heavens with a view of explaining observations, and of suggesting
unknown causes which may become the sul’)liect of future
research, . J. J. Skr.

Washington, D.C., August 5.

and
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Remarkable Lightning Flashes,

LAsT September you kindly published a photograph of a
multiple lingning flash taken with a moving camera. I now
enclose a photograph taken at Johannesburg by Mr. G, H.
Preston. I think that he must have moved his camera (Frena)
unintentionally, being startled at the commencement of a very
vivid flash, which seems to have lasted some considerable time,
say nearly one second. At any rate there are nine distinct
lightning flashes, all of identical shape. The first three, or
perhaps a few more, are very strong and close together, and
possibly while they were taken the camera may as yet have been

fairly stationary ; its axis then moved in spiral curves while
the remaining six flashes imprinted themselves.

The photograph is of interest on account of the large number
of individual but otherwise identical flashes, and especially
because it shows that these individual discharges follow each
other at irregular intervals ; and I hope that the suggestion which
I made last year to study this subject may be carried out.

Ason my last year's photograph, there is on this one an addi-
tional flash, which appears to be single but is much more
branched than the other one. C. E. STROMEYER.

Lancefield, West Didsbury, August 21.

IN NATURE for September 14 (p. 460), the writer on dark
lightning refers to the absence of dark flashes in pictures of
artificial discharge. I may perhaps draw the attention of any
who are unfamiliar with Lord Armstrong's ** Electric Move-
ment in Air and Water” to Plate 34 in that book, in which is
shown a very fine example of a dark fla h. Lord Armstrong
describes how he obtained the discharge on p. 41.  Plate 18 is
also of interest in this connection. HENRY STROUD,

The Durham College of Science, Newcastle-upon-Tyne,

September 18,

I DO not see on what grounds it is concluded (p. 423) that ribbon
lightning has a real existence. The appearance might easily be
caused by defective vision. If the fork is not distinctly focussed
on the retina, it may appear either broadened or double or
multiple, especially if there is any degree of cataract in the eye.
The ribbon appearance in the photograph shown in your
article is surely to be explained by the camera having been
moved downwards and slightly to the right, or else in the op-
posite direction, and three or more discharges having taken
place during thetime. The horizon not being sharp is further
evidence. One may imagine, however, that an appearance of
this kind might also arnse from a discharge being repeated
through the same air, but the air moving bodily between one
discharge and the next: it seems to me it yet remains to be
proved whether such a thing ever does occur. One would sup-
pose that if it did, the motion of the air would not be uniform
throughout the flash, and therefore the ribbon would be unequal
in width in different parts.
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With regard to apparently black lightning, some months ago
I saw a black fork having exactly the appearance of an ordinary
flash of forked lightning, only dark on the light ground of a
flash of sheet lightning. I concluded the explanation to be that
given by Lord Kelvin, only the curious circumstance was that I
did not remember I had previously seen a bright fork of the
pattern of the dark one. I haveno doubt, however, that there
must have been one, and that my being dazzled by it caused me
Lo see it again, dark, as soon as there was a light background
to show it. T. W. BACKHOUSE,.

West Hendon House, Sunderland, September 18,

I'r is surprising that such a brilliant experimentalist as Prof.
R. W. Wood does not allude to that peculiar reversal of the
photographic image known as the Clayden effect.

I drew particular attention to this explanation of the dark
flash in a lecture before the Royal Photographic Society this
year, which is fully reported and illustrated in the Photographic
Journal for March last.

The Clayden effect is easily verified in the following way.

Arrange the sparking terminals of a coil, horizontally, about
four inches apart, with a dark background of velvet ; focus a
camera for the sparks, then darken the room. Place a strip of
white card one inch wide near one terminal in the spark gap,
uncap the lens, and expose on the card by burning one inch of
magnesium wire ; then remove the card and pass a spark, now
place the same card near the other terminal of the spark gap,
and burn another inch of magnesium wire. On (Icvcloping
the plate it will be found that the spark image is reversed over
the latter card only.

This shows that the same amount of iog has a very different
effect, whether it is deposited before or after the image. It
must sometimes happen that in photographing lightning some
sky fog or other llog will be deposited after the image ; it
therefore seems highly probable that any bright flash could be
converted into a dark flash by slightly fogging the plate before
development. The Clayden effect also explains why, with a
number of flashes on the same plate, some may be dark and
some light, and yet dark lightning probably has no real existence.

156 Clapham Road, S.W. F. H. GLEW.

Sedge-Warblers seizing Butterflies.

OBSERVED instances of birds capturing butterflies are so few
that I venture to think the following worth putting on record.
On the evening of August 12, at about 6,30 p.m., I was walking
beside a dyke on Ludham Marsh, Norfolk, when my attention
was attracted by the alarm notes of a pair of sedge-warblers in
the reeds. I stood still, and soon caught sight of both birds within
about six yards of me. Each had a butterfly in its mouth, and
with my field-glass I was able to identifly the species as =
meadow brown (£, Janira) and a small white (2. rapae). From
the behaviour of the birds, and my observation of them on
subsequent days, I have no doubt that they were feeding their
nestlings, though I was unable to find the nest. I may add
that at the time most of the butterflies had taken up their
quarters for the night on stems of reeds, &c., and that very
many of the butterflies which I observed during the daytime on
the marshes had very ragged and chipped wings. These injuries
may have been caused by wind and contact with twigs, thorns,
&c., but they were quite compatible with repeated ineffectual
pecks and snips from the beaks of small birds.

OswaLp H., LATTER.

Charterhouse, Godalming, September 17.

Explosion of Aluminium Iodide.

T HAD two samples of aluminium iodide in two hermetically
sealed glass tubes sent by a German firm. One of them was
passing round the class, and the other was lying on the demon-
stration table. Suddenly a report was heard, and I found that
the tube on the table had exploded, and its contents had been
thrown out. Both the tubes were perfectly sound, and therefore
there seems to be no reason to suspect that the vohltile com-
pound found an explosive mixture with the air. The temper-
ature of the lecture room was at the time nearly 95° F. I com-
municate this matter to you to find out if others have had
similar experience with aluminium iodide.. P. L. NARASU. .

Christian College, Madras, July 30.
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THE DOVER MEETING OF THE BRITISH
ASSOCIATION.

THE final meeting of the general committee of the
British Association was held on Wednesday in
last week, for the purpose of receiving the report of the
committee of recommendations. The list of grants made
for various scientific purposes has already been given (p.
496). The committee also recommended that, in view of
the opportunities of ethnographic inquiry which will be
presented by the Indian census now beginning, the
council of the Association be requested to urge the
Government of India to make use of the census officers
to obtain information with reference to particular races
and tribes, and to attach photographers to the census
officers to furnish a complete photographic series of
typical specimens of the various races, of views of
archaic industries, and of other facts interesting to
ethnologists. This recommendation was accepted and
ordered to be forwarded to the council. It was also
resolved that the council be requested to recommend to
Her Majesty’s Government the importance of giving
more prominence to botany in the training of Indian
forest officers.

At the concluding general meeting of the Association,
held on Wednesday, September 20, it was announced
that the number of tickets issued was 1403. The usual
votes of thanks were then put to the meeting and passed.

Sir G. G. Stokes proposed :—*That the best thanks of
the Association be given to the Mayor and Corporation,
to the local committee, and to the officers of the local
sub-committees for their reception of the Association.”
Prof. Forsyth, in seconding the resolution, said that

way in which they had been treated at Dover, and if the
meeting had not been the largest it had certainly been
very pleasant and highly successful.
The two local secretaries, Colonel Knocker and Mr.
W. H. Pendlebury, responded for the local committee.
Sir John Evans proposed a vote of thanks to the

President, Council, and Headmaster of Dover College.

for putting the college buildings at the service of the
Association. In seconding the resolution Sir W. Thisel-
ton-Dyer expressed, on behalf of the members of the
Association, gratitude to the municipality and inhabitants
of Dover for the reception which they had given to the
Association. Some of the work this year had been
of quite exceptional importance.

The Headmaster of Dover College (the Rev. W. C.
Compton) acknowledged the vote of thanks.

Sir Norman Lockyer proposed a vote of thanks to
Captain Winslow and the other officers of Her Majesty’s
ships, to Major-General Sir Leslie Rundle and Staff, and
to all the inhabitants who had entertained members or
conducted excursions, and to the heads of firms who had
thrown open their works. He remarked that the fact that
this vote of thanks included officers of Her Majesty’s
Navy and Army gave distinction to a meeting which
otherwise had a distinctive character. For the first time
members of the Association had met in the Sections to-
gether with French confréres, and the visit of the French
Association had been marked by many little incidents
lshowing a kindly feeling, which was national rather than
ocal.

Sir W. H. White seconded the resolution, and Dr.
Sebastian Evans briefly responded.

Sir John Murray moved that a cordial vote of thanks
be given to Sir Michael Foster for his services as
president of the Dover meeting.

Sir A. Binnie, in seconding the resolution, said that the
success of this meeting was largely due to the tact and
urbanity of the president. Sir Michael Foster in a few
words acknowledged the compliment, and then declared
the meeting adjourned till next September at Bradford.
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On Wednesday afternoon the Mayor and Corporation
of Canterbury received and entertained at luncheon the
president and some of the chief officers of the Association,
together with the president, Dr. Brouardel, and about a
hundred members of ’Association frangaise pour avance-
ment des sciences

A brief toast list followed the luncheon. The Queen
and the President of the French Republic having been
successively proposed from the chair, Dean Farrar gave
“Our Guests and Success to the British and French
Associations for the Advancement of Science,” coupling
with it the names of the presidents of the two Associa
tions. In the course of his remarks he said there was
no means of human knowledge which the human mind
could devote itself to study with more profit or advantage
than the knowledge of science. It was right to do
honour to those whose efforts had illuminated darkness,
removed ignorance and extended man’s horizon.

Dr. Brouardel and Sir Michael Foster responded.

On Thursday, September 21, the president, officials
and about three hundred members of the British Associ-
ation proceeded from Dover to Boulogne to return the
visit of the French Association. From the: Z7mes report
we learn that at Boulogne they were received by leading
members of the French Association, who entertained
them to breakfast, and afterwards they. were officially
welcomed at the Town Hall by the Mayor of Boulogne,
Later in the day they were entertained at’a banquet in
the ball-room: of the casino by the municipality of the
town, and speeches of compliment and welcome were
delivered by the Prefect of the Pas de Calais, the
Director of Primary Education as delegate of the French

. | Government, Sir. Michael Foster and Dr. Brouardel.
they should all carry away grateful recollections of the |

Special commemorative medals, were presented by the
French Association to their president and Sir M. Foster.
Subsequently the visitors were present at the unveiling
of a monument of Dr. Duchesne—who died about twenty-
five years ago and was distinguished by his application
of electricity to nervous disorders—and of a black marble
plaque upon the house in which Thomas Campbell,
the poet (who devoted much time and attention to
many public matters, including the University of London),
died at Boulogne in 1844.

No account of the meeting which has just been con-
cluded would be complete without a reference to two
sermons on “ Some of the Mutual Influences of Theology
and the Natural Sciences,” preached in St. Mary’s
Church for members of the Association by the Ven,
J. M. Wilson, Archdeacon of Manchester. The en-
larged conception of the study of theology, as pre-
sented by Archdeacon Wilson, will be made the subject
of deep consideration by many thoughtful minds ; and
men of science cannot but be gratified at the liberal
spirit which permeated it. No longer is it asserted
that the methods and results of theology and science are
antagonistic, but rather that the two exert beneficial
influences upon each other, and that the scientific method
should be applied to theological research. The expression
of such rational views should do much to overcome the
prejudice which still exists against scientific habits of
thought, and to create sympathy between men engaged
in advancing natural and theological knowledge. The
common meeting ground is the search for truth, so far as
the human mind can follow it.

SECTION E.
GEOGRAPHY,
OPENING ADDRESS BY SIR JoHN Murray, K.C.B,, F.R.8.,
LL.D., PRESIDENT OF THE SECTION,

IN his opening Address to the members of the British
Association at the Ipswich meeting, the President cast a retro-
spective glance at the progress that had taken place in the
several branches of scientific inquiry from the time of the form-
ation of the Association in 1831 down to 1895, the yearin which
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were published the last two of the fifty volumes of Reports con-
taining the scientific results of the voyage of H.M.S, Challenger.
In that very able and detailed review there is no reference
whatever to the work of the numerous expeditions which had
been fitted out by this and other countries for the exploration of
the depths of the sea, nor is there any mention of the great
advance in our knowledge of the ocean during the period of
sixty-five years then under consideration. This omission may
be accounted for by the fact that, at the time of the formation
of the British Association, knowledge concerning the ocean
was, literally speaking, superficial. The study of marine
phenomena had hitherto been almost entirely limited to the
surface and shallow waters of the ocean, to the survey of coasts
and of oceanic routes directly useful for commercial purposes.
Down to that time there had been no systematic attempts to
ascertain the physical and biological conditions of those regions
of the earth’s surface covered by the deeper waters of the ocean ;
indeed, most of the apparatus necessary for such investigations
had not yet been invented.

The difficulties connected with the exploration of the greater
depths of the sea arise principally from the fact that, in the
majori?' of cases, the observations are necessarily indirect. At
the surface of the ocean direct observation is possible, but our
knowledge of the conditions prevailing in deep water, and of all
that is there taking place, is almost wholly dependent on the
correct working of instruments, the action of which at the
critical moment is hidden from sight.

It was the desire to establish telegraphic communication
between Europe and America that gave the first direct impulse
to the scientific exploration of the great ocean-basins, and at the
present day the survey of new cable routes still yields each year
a large amount of accurate knowledge regarding the floor of the
ocean. Immediately before the Challenger Expedition there
was a marked improvement in all the apparatus used in marine
investigations, and thus during the Challenger Expedition the
great ocean-basins were for the first time systematically and
successfully explored. This expedition, which lasted for nearly
four years, was successful beyond the expectations of its pro-
moters, and opened out a new era in the study of oceanography.
A great many sciences were-enriched by a grand accumulation
of new facts, Large collections were sent and brought home,
and were subsequently described by specialists belonging to
almost every civilised nation.  Since the Challenger Expedition
there has been almost a revolution in the methods employed in
deep-sea observations. The most profound abysses of the ocean
are now being everywhere examined by sailors and scientific
men with increasing precision, rapidity and success.

The recognition of oceanography as a distinct branch of
science may be said to date from the commencement of the
Challenger investigations.  The fuller knowledge we now
possess about all oceanic phenomena has had a great modifying
influence on many general conceptions as to the nature and ex-
tent of those changes which the crust of the earth is now under-
ﬁoing and has undergone in past geological times. Our

nowledge of the ocean is still very incomplete. So much has,

however, already been acquired that the historian will, in all
probability, point to the oceanographical discoveries during the

st forty years as the most important addition to the natural
knowledge of our planet since the great geographical voyages
associated with the names of Columbus, Da Gama, and Magellan,
at the end of the fifteenth and the beginning of the sixteenth
centuries.

It is not my intention on this occasion to attempt anyth ng
like a genemi’ review of the present state of oceanographic
science. But, as nearly all the samples of marine deposits col-
lected during the past thirty years have passed through my
hands, I shall endeavour briefly to point out what, in general,
their detailed examination teaches with respect to the present
condition of the floor of the ocean, and I wilrlhereaher indicate
what appears to me to be the bearing of some of these results
on speculations as to the evolution of the existing surface
features of our planet,

' Depth of the Ocean.

All measurements of depth, by which we ascertain the relief
of that part of the earth’s crust covered by water, are referred
to the sea-surface ; the measurements of height on the land are
likewise referred to sea-level. It is admitted that the ocean
has a very complicated undulating surface, in consequence of
‘the attraction which the heterogeneous and elevated portions
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of the lithosphere exercise on the liquid hydrosphere. In the
opinion of geodesists the geoid may in some places depart
from the figure of the spheroid by 1000 feet., Still it is not
likely that this surface OF the geoid departs so widely from the
mean ellipsoidal form as to introduce a great error into our
estimates of the elevations and depressions on the surface of the
lithosphere.

The soundings over the water-surface of the globe have ac-

cumulated at a rapid rate during the past fifty years. In the
shallow water, where it is necessary to know the depth for
purposes of navigation, the soundings may now be spoken of as
innumerable ; the 100-fathom line surrounding the land can
therefore often be drawn in with much exactness. Compared
with this shallow-water region, the soundings in deep water
beyond the 100-fathom line are much less numerous ; each year,
however, there are large additions to our knowledge., Within
the last decade over ten thousand deep soundings have been taken
by British ships alone. The deep soundings are scattered over
the different ocean-basins in varying proportions, being now
most numerous in the North Atlantic and South-west Pacific,
and in these two regions the contour-lines of depth may be drawn
in with greater confidence than in the other divisions of the great
ocean-basins. It may be pointed out that 659 soundings taken
quite recently during cable surveys in the North Atlantic, although
much closer together than is usually the case, and yielding much
detailed information to cable engineers, have, from a general
l)oim of view, necessitated but little alteration in the contour-
ines drawn on the Challenger bathymetrical maps published in
1895, Again, the recent soundings of the German s.s. Faldivia
in the Atlantic, Indian, and Southern Oceans have not caused
very great alteration in the positions of the contour-lines on the
Challenger maps, if we except one occasion in the South Atlantic
when a depth of 2000 fathoms was expected and the sounding
machine recorded a depth of only 536 fathoms, and again in the
great Southern Ocean when depths exceeding 3000 fathoms were
obtained in a region where the contour-lines indicated between
1000 and 2000 fathoms. This latter discovery suggests that the
great depth recorded by Ross to the south-east of South Georgia
may not be very far from the truth.

I have redrawn the several contour-lines of depth in the
reat ocean-basins, after careful consideration of the most recent
ata, and these may now be regarded as a somewhat close ap-

proximation to the actual state of matters, with the possible
exception of the great Southern and Antarctic Oceans, where
there are relatively few soundings, but where the projected
Antarctic Expeditions should soon be at work. On the whole,
it may be said that the general tendency of recent soundings is
to extend the area with depths greater than 1000 fathoms, and
to show that numerous volcanic cones rise from the general
level of the floor of the ocean-basins up to various levels beneath
the sea-surface,

The areas marked out by the contour-lines of depth are now

estimated as follows :—

Fms, Sq. geo. m. Per cent.
Between the shore and 100 7,000,000 ... (or 7 of the sen-bed;
5¥ 100 ,, 1000 10,000,000 (or 10 ,, %
" 1000 4y 2000 22,000,000 . forasr "
" 2000 ,, 3000 §7,000,000 (or 55 ”
Over 3000 fathoms 7,000,000 (or 7 "
103,000,000 100

From these results it appears that considerably more than half
of the sea-floor lies at a depth exceeding 2000 fathoms, or over
two geographical miles. It is interesting to note that the area
within the 100 fathom line occupies 7,000,000 square geo-
rraphical miles, whereas the area occupied by the next succeed-
ing 9oo fathoms (viz, between 100 and 1000 fathoms) occupies
only 10,000,000 square geographical miles. This points to a
relatively rapid descent of the sea-floor along the continental
slopes between 100 and 1000 fathoms, and therefore confirms
the results gained by actual soundings in this region, many of
which indicate steep inclines or even perpendicular cliffs, Not
only are the continental slopes the seat of many deposit-slips
andy seismic disturbances, but Mr., Benest has given good reasons
for believing that underground rivers sometimes enter the sea
at depths beyond 100 fathoms, and there bring about sudden
changes in deep water. Again, the relatively large area covered
by the continental shelf between the shore-line and 100 fathoms
points to the wearing away of the land by current and wave
action,

On the Challenger charts all areas where the depth exceeds



SEPTEMBER 28, 1899]

3000 fathoms have been called ** Deeps,” and distinctive names
have been conferred upon them. Forty-three such depressions
are now known, and the positions of these are shown on the map
here exhibited ; twenty-four are situated in the Pacific Ocean,
three in the Indian Ocean, fifteen in the Atlantic Ocean, and
one in the Southern and Antarctic Oceans. The area occupied
by these thirty-nine deeps is estimated at 7,152,000 square
geographical miles, or about 7 per. cent. of the total water-surface
of the globe. Within these deeps over 250 soundings have
been recorded, of which twenty-four exceed 4000 fathoms,
including three exceeding 5000 fathoms.

Depths exceeding 4000 fathoms (or four geographical miles)
have been recorded within eight of the deeps, viz. in the North
Atlantic within the Nares Deep ; in the Antarctic within the
Ross Deep ; in the Banda Sea within the Weber Deep ; in the
North Pacific within the Challenger, Tuscarora, and Supau
Deeps ; and in the South Pacific within the Aldrich and Richards
Deeps. Depths exceeding 5000 fathoms have been hitherto re-
corded only within the Aldrich Deep of the South Pacific, to the
east of the Kermadecs and Friendly Islands, where the greatest
depth is 5155 fathoms, or 530 feet more than five geographical
miles, being about 2000 feet more below the level of the sea than
the summit of Mount Everest in the Himalayas is above it.
The levels on the surface of the lithosphere thus oscillate between
the limits of about ten geographical miles (more than eighteen
kilometres).

Zemperature of the Ocean-floor.

Our knowledge of the temperature on the floor of the ocean
is derived from observations in the layers of water immediately
above the bottom by means of deep-sea thermometers, from
the electric resistance of telegraph cables resting on the bed of
the great ocean-basins, and from the temperature of large masses
of mud and ooze brought up by the dredge from great depths.
These observations are now sufficiently numerous to permit of
some general statements as to the distribution of temperature
over the bottom of the great oceans.

All the temperatures recorded up to the present time in the
sub-surface waters of the open ocean indicate that at a ‘depth
of about 100 fathoms seasonal variation of temperature disappears,
Beyond that depth there is a constant, or nearly constant, tem-
perature at any one place throughout the year. In some special
posilions, and under some peculiar conditions, a lateral shift-
ing of large bodies of water takes place on the floor of the oceari
at depths greater than 100 fathoms. This phenomenon has
been well illustrated by Prof. Libbey off the east coast of North
America, where the Gulf Stream and Labrador Current run
side by side in opposite directions, This lateral shifting can-
not, however, be called seasonal, for it apJ)ears to be effected
by violent storms, or strong off-shore winds bringing up colder
water from considerable depths to supply the place of the sur-
face drift, so that the colder water covers stretches of the ocean’s
bed which under normal conditions are overlaid by warmer
strata of water. Sudden changes of temperature like these
cause the destruction of innumerable marine animals, and pro-
duce very marked peculiarities in the deposits over the areas
thus affected.

It is estimated that 92 per cent. of the entire sea-floor has a
temperature lower than 40° F. This is in striking contrast to
the temperature prevailing at the surface of the ocean, only 16
per cent. of which has a mean temperature under 40° I, The
temperature over nearly the whole of the floor of the Indian
Ocean in deep water is under 35° F. A similar temperature
occurs over a large part of the South Atlantic and certain parts
of the Pacific, but at the bottom of the North Atlantic basin
and over a very large portion of the Pacific the temperature is
higher than 35° F. In depths beyond 2000 fathoms, the
average temperature over the floor of the. North Atlantic is
about 2° F, above the average temperature at the bottom of
the Indian Ocean and South Atlantic, while the average tem-
p;ramre of the bed of the Pacific is intermediate between
these.

It is admitted that the low-temperature of the deep sea has
been acquired at the surface in Polar and sub-Polar regions,
chiefly within the higher latitudes of the southern hemisphere;
where the cooled surface water sinks to the bottom and spreads
slowly over the floor of the ocean into equatorial regions. These
cold waters carry with them into the deep sea the gases of the
atmosphere, which are everywhere taken up at the surface
according to the known laws of gas absorption. In this way
myriads of living animals are enabled to carry on their existence
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at all depths in the open ocean. The nitrogen remains more or
less constant at all times and places, but the proportion of
oxygen is frequently much reduced in deep water, owing to the
processes of oxidation and respiration which are there going on.,

The deep sea is a region of darkness as well as of low tem-
perature, for the direct rays of the sun are wholl{ absorbed in
passing through the superficial layers of water. Plant-life is in
consequence quite absent over 93 per cent. of the bottom of the
ocean, or 66 per cent. of the whole surface of the lithosphere.
The abundant deep-sea fauna, which covers the floor of the
ocean, is therefore ultimately dependent for food upon organic
matter assimilated by plants near its surface, in the shallower
.watﬁ‘rs near the coast-lines, and on the surface of the dry land
itself.

As has been already stated, about 7,000,000 square geo-
graphical miles of the sea-floor lies within the 100-fathom line,
and this area is in consequence subject to seasonal variations of
temperature, to strong currents, to the effects of sunlight, and
presents a great variety of physical conditions. The planktonic
rlant-life is here reinforced by the littoral sea-weeds, and animal-
ife is very abundant. About 40 per cent. of the water over the
bottom of this shallow-water area has a mean temperature under
40° F., while 20 per cent. has a mean temperature between 40°
and 60° ., and 40 per cent. a temperature of over 60° F,

It follows from lﬁis that only 3 per cent. of the floor of the
ocean presents conditions of temperature favourable for the
vigorous growth of corals and those other benthonic organisms
which make up coral reefs and require a temperature of over
60° I. all the year round. On the other hand, more than half
of the surface of the ocean has a temperature which never falls
below 60° F. at any time of the year. In these surface-waters
with a high temperature, the shells of Pelagic Molluscs, Foram-
inifera, Algee, and other planktonic organisms are secreted in
great abundance, and fall to the bottom after death,

It thus happens that, at the present time, over nearly the
whole floor of the ocean we have mingled in the deposits the
remains of organisms which had lived under widely different
bhysical conditions, since the remains of organisms which lived
in tropical sunlight, and in water ata temperature above 80° F.,
all their lives, now lie buried in the same deposit on the sea-
floor together with the remains of other organisms which lived
all their lives in darkness and at a temperature near to the
freezing point of fresh water,

Marine Deposits on the Ocean-floor.

The marine deposits now forming over the floor of the ocean
present many interesting peculiarities according to their geo-
graphical and bathymetrical position. On the continental
shelf, within the 1o0o-fathom line, sands and gravels pre-
dominate, while on the continental slopes beyond the 100-
fathom line, Blue Muds, Green Muds, and Red Muds, together
with Voleanic Muds and Coral Muds, prevail, the two latter
kinds of deposits being, however, more characteristic of the
shalgow water around oceanic islands. The composition of all
these Terrigenous Deposits depends on the structure of the
adjoining land.  Around continental shores, except where coral
reefs, limestones, and volcanic rocks are present, the materials
consist principally of fragments and minerals derived from the
disintegration of the ancient rocks of the continents, the most
characteristic and abundant mineral species being quartz, River.
detritus extends in many instances far from the land, while
off high and bold coasts, where no large rivers enter the
sea, pelagic conditions may be found in somewhat close prox-
imity to the shore-line. Itisin these latter positions that Green
Muds containing much glauconite, and other deposits containing
many phosphatic nodules, have for the most part been found ;
as, for instance, off the eastern coast of the United States, off
the Cape of Good Hope, and off the eastern coasts of Australia
and Japan. The presence of glauconitic grains and phosphatic
nodules in the deposit at these places appears tc be very intimately
associated with a great annual range of temperature in the surface
and shallow waters, and the consequent destruction of myriads
of marine animals. As an example of this phenomenon may be
mentioned the destruction of the tile-fish in the spring of 1882
off the castern coast of North America, when a layer six feet in
thickness of dead fish and other marine animals was believed to
cover the ocean floor for many square miles. -

In all the Terrigenous Deposits the evidences of the mechanical
action of tides, of currents, and of a great variety of physical
conditions, may almost everywhere be detected, and it is possible
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to recognise in these deposits an accumulation of materials
analogous to many of the marine stratified rocks of the con-
tinents, such as sandstones, quartzites, shales, marls, greensands,
chalks, limestones, conglomerates, and volcanic grits.

With increasing depth and distance from the continents the
deposits gradually lose their terrigenous character, the particles
derived directly from the emerged land decrease in size and in
number, the evidences of mechanical action disappear, and the
deposits pass slowly into what have been called Pelagic De-
posits at an average distance of about 200 miles from continental
coast-lines. The materials composing Pelagic Deposits are not
directly derived from the disintegration of the continents and
other land-surfaces. They are largely made up of the shells and
skeletons of marine organisms secreted in the surface waters of
the ocean, consisting either of carbonate of lime, such as Pelagic
Molluscs, Pelagic Foraminifera, and Pelagic Alga, or of silica,
such as Diatoms and Radiolarians. The inorganic constituents
of the Pelagic Deposits are for the most part derived from the
attrition of floating pumice, from the disintegration of water-
logged pumice, from showers of volcanic ashes, and from the
débris ejected from submarine volcanoes, together with the pro-
ducts of their decomposition. Quartz particles, which play so
important a »¢/e in the Terrigenous Deposits, are almost wholly
absent, except where the surface waters of the ocean are affected
by floating ice, or where the prevailing winds have driven the
desert sands far into the oceanic areas, Glauconite is likewise
absent from these abysmal regions. The various kinds of
Pelagic Deposits are named according to their characteristic
constituents, Pteropod Oozes, Globigerina QOozes, Diatom
Qozes, Radiolarian Qozes, and Red Clay.

The distribution of the deep-sea deposits over the floor of the
ocean is shown on the map here exhik)iled, but it must be re-
membered that there is no sharp line of demarcation between
them ; the Terrigenous pass gradually into the Pelagic Deposits,
and the varieties of eacﬂaof these great divisions also pass in-
sensibly the one into the other, so that it is often difficult to fix
the name of a given sample.

On another map here exhibited the percentage distribution of
carbonate of lime in the deposits over the floor of the ocean has
been represented, the results being founded on an extremely
large number of analyses. The results are also shown in the
following table :—

Sq. Geo. Miles. Percentage.
Over 75% CaCOy4 6,000,000 58
80 to . 78% "5 5 ... 24,000,000 23'2
t;to 8O/ <9y ..v 14,000,000 13'5
nder 257 ... 59,000,000 57°5
103,000,000 100

The carbonate of lime shells derived from the surface play

a great and puzzling #6/¢ in all deep-sea deposits, varying in
abundance according to the depth of the ocean and the temper-
ature of the surface waters, In tropical regions removed Som
land, where the depths are less than 600 fathoms, the carbonate
of lime due to the remains of these organisms from the surface
may rise to 80 or 9o per cent. ; with increase of depth, and
under the same surface conditions, the percentage of carbonate
of lime slowly diminishes, till, at depths of about 2000 fathoms,
the average percentage falls to about 60, at 2400 fathoms to
about 30, and at about 2600 fathoms to about 10, beyond which
depth there may be only traces of carbonate of lime due to the
presence of surface shells, The thin and more delicate surface
shells first disappear from the deposits, the thicker and denser
ones alone persist to greater depths. A careful examination of
a large number of observations shows that the percentage of
carbonate of lime in the deposits falls off much more rapidly
at depths between 2200 and 2500 fathoms than at other depths.
The Red Clay, which occurs in all the deeper stretches of the
ocean far from land, and covers nearly half of the whole sea-
floor, contains—in addition to volcanic débris, clayey matter,
the oxides of iron and manganese—numerous remains of whales,
sharks and other fishes, together with zeolitic crystals, man-
anese nodules, and minute magnetic spherules, which are be-
ieved to have a cosmic origin. One hawl of a small trawl in
the Central Pacific brought to the surface on one occasion, from
a depth of about two and a half miles, many bushels of man-
gnnese nodules, nlongowith fifteen hundred sharks’ teeth, over
fty fragments of earbones and other bones of whales. Some of
these organic remains, such as the Carckarodon and Lamna
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teeth and the bones of the Ziphioid whales, belong apparently
to extinct species. One or two of these sharks’ teeth, ear-
bones, or cosmic spherules, may be occasionally found in a
Globigerina Ooze, but their occurrence in this or any deposits
other than Red Clay is extremely rare,

Our knowledge of the marine deposits is limited to the super-
ficial layers; as a rule, the sounding-tube does not penetrate
more than six or eight inches, but in some positions the sound-
ing-tube and dredge have been known to sink fully two feet
into the deposit. Sometimes a Red Clay is overlaid by a
Globigerina Soozc, more frequently a Red C?x’\y overlies a Glob-
igerina Ooze, the transition between the two layers being either
abrupt or gradual. In some positions it is possible to account
for these layers by referring them to changes in the condition
of the surface waters, but in other situations it seems necessary
to call in elevations and subsidences of the sea-floor,

If the whole of the carbonate of lime shells be removed by
dilute acid from a typical sample of Globigerina Ooze, the
inorganic residue left behind is quite similar in composition to
a typical Red Clay. This suggests that possibly, owing to some
hypogene action, such as the escape of carbonic acid through
the sea-floor, a deposit that once was a Globigerina Ooze
might be slowly converted into a Red Clay. However, this is
not the interpretation which commends itself after an ex-
amination of all the data at present available ; a consideration
of the rate of accumulation probably affords a more correct
interpretation. It appears certain that the Terrigenous Deposits
accumulate much more rapidly than the Pelagic Deposits.
Among the Pelagic Deposits, the Pteropod and Globigerina
Oozes of the tropical regions, being made up of the calcareous
shells of a much larger number of tropical species, apparently
accumulate at a greater rate. than the Globigerina Oozes in
extra-tropical areas. Diatom Ooze being composed of both
calcareous and siliceous organisms, has again a more rapid rate
of deposition than Radiolarian Ooze. In Red Clay the mini-
mum rate of accumulation takes place. The number of sharks”
teeth, of earbones and other bones of Cetaceans and of cosmic
spherules in a deposit may indeed be taken as a measure of the
rate of deposition. These spherules, teeth and bones are
probably more abundant in the Red Clays, because few other
substances there fall to the bottom to cover them up, and they
thus form an appreciable part of the whole deposit. The
volcanic materials in a Red Clay having, because of the slow
accumulation, been for a long time exposed to the action of sea-
water, have been profoundly altered. The massive manganese-
iron nodules and zeolitic crystals present in the deposit are
secondary products arising from the decomposition of these
volcanic materials, just as the formation of glauconite,
phosphatic, and calcareous and barytic nodules accompanies
the decomposition of terrigenous rocks and minerals in deposits
nearer continental shores. There is thus a striking difference
between the average chemical and mineralogical composition of
Terrigenous and Pelagic Deposits.

It would be extremely interesting to have a detailed examin-
ation of one of those ({eep holes where a typical Red Clay is
present, and even to bore some depth into such a deposit if
possible, for in these positions it is probable that not more than
a few feet of deposit have accumulated since the close of the
Tertiary period. One such area lies to the south-west of
Australia, and its examination might possibly form part of the
programme of the approaching Antarctic explorations.

Life on the Ocean:floor.

It has already been stated that plant-life is limited to the
shallow waters, but fishes and members of all the invertebrate
%!oups are distributed over the floor of the ocean at all depths.

he majority of these deep-sea animals live by eating the mud,
clay or ooze, or by catching the minute particles of organic
matter which fall from the surface. It is probably not far from
the truth to say that three-fourths of the deposits now covering
the floor of the ocean have passed through the alimentary canals
of marine animals. These mud-eating species, many of which
are of gigantic size when compared with their allies living in the
shallow coastal waters, become in turn the prey of numerous
rapacious animals armed with peculiar prehensile and tactile
organs. Some fishes are blind, while others have very large
eyes. Phosphorescent light plays a most important 76/¢ in the
deep sea, and is correlated with the prevailing red and brown
colours of deep-sea organisms. Phosphorescent organs appear
sometimes to act as a bull’s-eye lantern to enable particles of
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food to be picked up, and at other times as a lure or a warning,
All these peculiar adaptations indicate that the struggle for life
may be not much less severe in the deep sea than in S\e shallower
waters of the ocean.

Many deep-sea animals preSent archaic characters ; still the
deep sea cannot be said to contain more remnants of faunas
which flourished in remote geological periods than the shallow
and fresh waters of the continents, Indeed, king-crabs,
Lingulas, Trigonias, Port Jackson sharks, Ceratodus, Lepido-
siren, and Protopterus, probably represent older faunas than
nngthing to be found in the deep sea

ir Wyville Thomson was of opinion that, from the Silurian
period to the present day, there had been as now a continuous
deep ocean with a bottom temperature oscillating about the
freezing point of fresh water, and that there had always been an
abyssal fauna, I incline to the view that in Palaozoic times the
ocean-basins were not so deep as they are now ; that the ocean
then had throughout a nearly uniform high temperature, and
that life was either absent or represented only by bacteria and
other low forms in great depths, as is now the case in the Black
Sea, where life is practically absent beyond 100 fathoms, and
where the deeper waters are saturated with sulphuretted
hydrogen. This is not, however, the place to enter on specu-
lations concerning the origin of the deep-sea fauna, nor to
dwell on what has been called *“ bipolarity” in the distribution
of marine organisms.

Euvolution of the Continental and Oceanic Areas.

I have now pointed out what appears to me to be some of
the more general results arrived at in recent years regarding the
present condition of the floor of the ocean. I may now be
permitted to indicate the possible bearing of these results on
oginions as to the origin of some fundamental geographical
phenomena ; for instance, on the evolution of the protruding
continents and sunken ocean-basins, In dealing with such a
problem much that is hypothetical must necessarily be intro-
duced, but these speculations are based on ascertained scientific
facts.

The well-known American geologist, Dutton, says: ‘It has
been much the habit of geologists to attempt to explain the pro-
gressive elevation of plateaus and mountain platforms, and also
the folding of strata, by one and the same process. I hold the
two processes to be distinct, and having no necessary relation to
each other. There are plicated regions which are little or not
at all elevated, and there are elevated regions which are not
plicated.” Speaking of great regional uplilts, he says further :
““ What the real nature of the uplifting force may be is, to my
mind, an entire mystery, but I think we may discern at least
one of its attributes, and that it is a gradual expansion or a
diminution of density of the subterranean magmas. . . . We
know of no cause which could either add to the mass or diminish
the density, yet one of the two must surely have happened. . . .
Hence I infer that the cause which elevates the land involves an
expansion of the underlying magmas, and the cause which
depresses it is a shrinkage of the magmas ; the nature of the
process is at present a complete mystery,” I shall endeavour to
show how the detailed study of marine deposits may help to
solve the mystery here referred to by Dutton,

The surface of the globe has not always been as we now see
it.  When, in the past, the surface had a temperature of about
400° F., what is now the water of the ocean must have existed
as water vapour in the atmosphere, which would thereby—as
well as because of the presence of other substances—be increased
in density and volume. Life, as we know it, could not then
exist. Again, science foresees a time when low temperatures,
like those produced by Prof. Dewar at the Royal Institution,
will prevai?over the face of the earth. The hydrosphere and
atmosphere will then have disappeared within the rocky crust,
or the waters of the ocean will have become solid rock, and
over their surface will roll an ocean of liquid air about forty feet in
depth. Life, as we know it, unless it undergoes suitable secular
modifications, will be extinct. Somewhere between these two
indefinite points of time in the evolution of our planet it is our
privil:se to live, to investigate, and to speculate concerning the
antecedent and future conditions of things.

When we regard our globe with the mind’s eye, it appears
at the present time to ie-for’mcd of concentric spheres, very
like, and still very unlike, the successive coats of an onion.
Within is situated the vast nucleus or centrosphere ; surrounding
this is what may be called the zektosphere (rnrrés, molten), a
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shell of materials in a state bordering on fusion, upon which
rests and creeps the /ithosphere. Then follow /Aydrosphere and
atmosphere, with the included diosphere (Blos, life). To the
interaction of these six geospheres, through energy derived
from internal and external sources, may be referred all the
existing superficial phenomena of the planet.

The vast interior of the planetary mass, although not under
direct observation, is known, from the results of the astronomer
and physicist, to have a mean density of 5'6, or twice that of
ordinary surface rock. The substances brought within the
reach of observation in veinstones, in lavas, and hypogene
rocks—by the action of water as a solvent and sublimant—
warrant the belief that the centrosphere is largely made up of
metals and metalloids with imprisoned gases. {l is admitted
that the vast nucleus has a very high temperature, but so enor-
mous is the pressure of the superincumbent crust that the
melting point of the substances in the interior is believed to be
raised to a higher value than the temperature there existing—
the centrosphere in consequence remains solid, for it may be
assumed that the melting point of rock-forming materials is
raised by increase of pressure. Astronomers, from a study of
precession and nutation, have long been convinced that the
centrosphere must be practically solid.

Recent seismological observations indicate the transmission
of two types of waves through the earth—the condensational-
rarefactional and the purely distortional—and the study of these
tremors supports the view that the centrosphere is not only
solid, but possesses great uniformity of structure. The seis-
mological investigations of Profs. Milne an1 Knott point also
to a fairly abrupt boundary or transition surface, where the solid
nucleus passes into the somewhat plastic magma on which the
firm upper crust rests,

In this plastic layer or shell—named the teltosphere—the
materials are most probably in a state of unstable equilibrium
and bordering on fusion. Here the loose- textured solids of the
external crust are converted into the denser solids of the nucleus
or into molten masses, at a critical point of temperature and
pressure ; deep-seated rocks may in consequence escape
through fissures in the lithosphere. Within the lithosphere
itself, the temperature falls off so rapidly towards the surface as
to be everywhere below the melting point of any substance
there under its particular pressure,

Now, as the solid centrosphere slowly contracted from loss of
heat, the primitive lithosphere, in accommodating itself—
through changes in the tektosphere—to the shrinking nucleus,
would be buckled, warped, and thrown into ridges. That these
movements are still going on is shown by the fact that the
lithosphere is everywhere and at all times in a slight but
measurable state of pulsation. The rigidity of the primitive
rocky crust would spermit of considerable deformations of the
kind here indicated. Indeed, the compression of mountain
chains has most probably been brought about in this manner,
but the same cannot be said of the elevation of plateaus, of
mountain platforms, and of continents,

From many lines of investigation it is concluded, as we have
seen, that the centrosphere is homogeneous in structure.  Direct
observation, on the other hand, shows that the lithosphere is
heterogeneous in composition. How has this heterogeneity
been brought about? The original crust was almost certainly
composed of complcx and stable silicates, all the silicon dioxide
being in combination with bases. Lord Kelvin has pointed out
that, when the solid crust began to form, it would rapidly cool
over its whole surface; the precipitation of water would
accelerate this process, and there wou?d soon be an approxim-
ation to present conditions. As time went on the plastic or
critical layer—the tektosphere—immediately beneath the crust
would gradually sink deeper and deeper, while ruptures and re-
adjustments would become less and less frequent than in earlier
stages. With the first fall of rain the silicates of the crust
would be attacked by water and carbon dioxide, which can at
low temperatures displace silicon dioxide from its combinations.
The silicates, in consequence, have been continuously robbed of
a part, or the whole of their bases. The silica thus set free
goes ultimately to form quartz veins and quartz sand on or
about the emerged land, while the bases leached out of the
disintegrating rocks are carried out into the ocean and ocean-
basins. A continuous disintegration and differentiation of
materials of the lithosphere, accompanied by a sort of migration
and selection among mineral substances, is thus always in pro-
gress. Through the agency of life, carbonate of lime accumulates
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in one place; through the agency of winds, quartz sand is
heaped up in another ; througﬁ the agency of water, beds of
clay, of oxides of iron and of manganese are spread out in
other directions.

The contraction of the centrosphere supplies the force which
folds and crumples the lithosphere. The combined effect of
hydrosphere, atmosphere and biosphere on the lithosphere

ives direction and a determinate mode of action to that force.

‘rom the earliest geological times the most resistant dust of the
«continents has been strewn along the marginal belt of the sea-
floor skirting the land. At the present time, the deposits over
this area contain on the average about 70 per cent. of free and
combined silica, mostly in the form of quartz sand, In the
abysmal deposits far from land there is an average of only about
30 per cent. of silica, and hardly any of this in the form of
:}uarlz sand, Lime, iron and the other bases lnrgely pre-

ominate in these abysmal regions. The continuous loading on
the margins of the emerged land by deposits tends by increased
srcssure to keep the materials of the teLtosphere in a solid con-

ition immediately beneath the loaded area. The unloading of
emerged land tends by relief of pressure to produce a viscous
condition of the tektosphere immediately beneath the denuded
surfaces. Under the influence of the continuous shakings,
tremors and tremblings always taking place in the lithosphere,
ithe materials of the tektosphere yield to the stresses acting on
them, and the deep-seated portions of the terrigenous deposits
are slowly carried towards, over or underneath the emerged
land. The rocks subsequently re-formed beneath continental
areas out of these terrigenous materials, under great ‘pressure
and in hydrothermal conditions, would be more acid than the
rocks from which they were originally derived, and it is well
known that the acid silicates have a lower specific gravity than
the intermediate or basic ones. By a continual repetition of
this process the continental protuberances have been gradually
built up of lighter materials than the other parts of the litho-
sphere. The relatively light quartz, which is also the most
refractory, the most stable and the least fusible among rock-
forming minerals, plays in all this the principal »d/e. The
average height of tge surface of the continents is about three
miles above the average level of the abysmal regions. If now
we assume the average density of the crust beneath the
continents to be 2°5, and of the part beneath the abysmal regions
to be 3, then the spheroidal surface of equal pressure—the
tektosphere—would have a minimum depth of eighteen miles
beneath the continents and fifteen miles beneath the oceans, or
if we assume the density of the crust beneath the continents to
be 2°5, and beneath the abysmal regions to be 2'8, then the
tektosphere would be twenty-eight miles beneath the continents
and twenty-five miles beneath, the oceans. The present
condition of the earth’s crust might be brought about by the
disintegration of a quantity ol‘g quartz-free volcanic rock,
«covering the continental areas to a depth of eighteen miles, and
the re-formation of rocks out of the disintegrated materials.

Where the lighter and more bulky substances have
accumulated there has been a relative increase of volume, and
in consequence bulging has taken place at the surface over the
continental areas. Where the denser materials have been laid
down there has been flattening, and in consequence a depres-
sion of the abysmal regions of the ocean-basins. It is known
that, as a general rule, where large masses of sediment have
been deposited, their deposition has been accompanied by a
«depression of the area. On the other hand, where broad
mountain platforms have been subjected to extensive erosion,
the loss uf altitude by denudation has been made good by a rise
of the platform. This points to a movement of matter on to
the continental areas.

If this be anything like a true conception of the interactions
that are taking place between the various geospheres of which
our globe is made up, then we can understand why, in the
gradual evolution of the surface features, the average level of
the continental plains now stands permanently about three
miles above the average level of those plains which form the
floor of the deep ocean:basins. We may also understand how
the defect of mass under continents and an excess of mass
under the oceans have been brought about, as well as deficiency
of mass under mountains and excess of mass under plains. Even
the local anomalies indicated by the plumb-line, gravity and
magnetic observations may in this way receive a rational
explanation. It has been urged that an enormous time—greater
even than what is demanded by Darwin—would be necessary for
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an evolution of the existing surface features on these lines. " I,
do not think so. Indeed, in all that relates to geological time I
agree, generally speaking, with the physicists rather than with
the biologists and geologists. ‘

Progress of Oceanic Research. e

I have now touched on some of the problems and speculations
suggested by recent deep-sea explorations ; and there are many -
otﬁgrs, equally attractive, to which no reference has been made. |
It is abundantly evident that, for the satisfactory explanation of
many marine phenomena, further observations and explorations,
are necessary. l‘ln;')(pily there is no sign that the interest in
oceanographical work has in any way slackened. On the con-
trary, the number of scientific men and ships cngai;ed in the
study of the ocean is rapidly increasing. Among all civilised
peoples and in all quarters of the globe the economic importance .
of many of the problems that await solution is clearly
recognised.

e have every reason to be proud of the work continually
carried on by the officers and ships attached to the Hydro-
graphic Department of the British Navy. They have surveyed
coasts in all parts of the world for the purposes of navigation,
and within the past few years have greatly enlarged our know-
ledge of the sea-bed and deeper waters over wide stretches of
the Pacific and other oceans.- The samples of the bottom,
which are procured, being always carefully preserved by the,
officers, have enabled very definite notisns to be formed as to
the geographical and bathymetrical distribution of marine
deposits,

The sh'ps belonging to the various British telegraph cable
companies have done most excellent work in this as well as in;
other directions. Even during the present year Mr. R. E.
Peake has in the .5, Britannia procured 477 deep soundings in.
the North Atlantic, besides a large collection of deep-sea
deposits, and many deep-sea temperature and current,
observations,

The French have been extending the valuable work of the,
Zalisman and Zravailleur, while the Prince of Monaco is at
the present moment carrying on his oceanic investigations in the
Arctic Seas with a large newjyacht elaborately and specially fitted,
out for such work. The Russians have recently been engaged .
in the scientific exploration of the Black Sea and the Caspian:
Sea, and a special ship is now employed in the investigation of,
the Arctic fisheries of the Murman coast under the direction of,
Prof. Knipowitsch. Admiral Makaroff has this summer been
hammering his way through Arctic ice, and at the same time
carrying on a great variety of systematic observations and:
experiments on board the Vermak—the most powerful and most
effective instrument. of marine research ever constructed. Mr.
Alexander Agassiz has this year recommenced his deep-sea.
explorations in the Pacific on board the U.S. steamer A/batross.
He proposes to cross the Pacific in several directions, and to
conduct investigations among the Paumotu and other coral
island groups. Prof. Weber is similarly employed on board a
Dutch man-of-war, in the East Indian Seas. The Deutsche.
Seewarte at Hamburg, under the direction of Dr. Neumayer,
continues its praiseworthy assistance and encouragement to all
investigators of the ocean, and this year the important German
Deep-Sea E);pedition. in the s.s. Valdivia, arnived home after
most successful oceanographical explorations in the Atlantic,:
Indian and Great Southern Oceans. \

The Belgica has returned to Europe safely with a wealth of.
geological and biological collections and physical observations,
after spending, for the first time on record, a whole winter
among the icefields and icebergs of the Antarctic. Mr.,
Borchgrevink in December last again penetrated to Cape Adare,
successfully landed his party at that point and is now winter-
ing on the Antarctic continent. The expeditions of Lieut..
Peary, of Prof. Nathorst, of Captain Sverdrup, and of the Duke,
of Abruzzi, which are now in progress, may be expected to
yield much new information about the condition of the Arctic,
Ocean. Mr. Wellman has just returned from the north of
Franz Josef Land with observations of considerable interest.

Some of the scientific results obtained by the expeditions in
the Danish steamer Zmgo/f have lately been published, and,
these, along with the results of the joint work.pursued for
many years by the Swedes, Danes and Norwegians, may
ultimately have great economic value from, their direct bearing
on fishe roblems and on weather forecasting ‘over long
periods of time. '
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Largely through the influence of Prof.i Otto Pettersson, an
International Conference assembled at Stockholm a few months
ago, for the purpose of deliberating, as to a programme of con-
ioint scientific work in the North Sea and northern parts of the
Atlantic, with special reference to the economic aspect of sea-
fisheries. A programme was successfully drawn up, and an
organisation suggested for carrying it into effect; these
broposals are now under the consi({emlion of the several States.

he Norwegian Government has voted a large sum of money
for building a special vessel to conduct marine investigations of
the nature recommended by this conference. It is to be hoped
the other North Sea Powers may soon follow this excellent
example.

The various marine stations and laboratories for scientific
research in all parts of the world furnish each year much new
knowledge concerning the ocean. Among our own people the
excellent work carried on by the Marine Biological Association,
the Irish Fisheries Department, the Scottish Fishery Board, the
Lancashire Fisheries  Committee, the Cape and Canadian
Fisheries Departments, is well worthy of recognition and con-
tinued support. Mr. George Murray, Mr. H. N. Dickson,
Prof. Cleve, Prof. Otto Pettersson, Mr. Robert Irvine and
others have, with the assistance of the officers of the Mercantile
Marine, accumulated in recent years a vast amount of inform-
ation regarding the distribution of temperature and salinity, as
well as of the planktonic organisms at t{:e surface of the ocean.
The papers by Mr. H. C. Russell on the icebergs and currents
of the Great Southern Ocean, and of Mr, F. W, Walker on the
density of the water in the Southern Hemisphere, show that
the Australian Colonies - are taking a practical interest in
oceanographical problems.

Proposed Antarctic Explorations.

The great event of the year; from a geographical point of
view, is the progress that has been made towards the realisation
of a scheme for the thorough scientific exploration in the near
future of the whole South Polar region. The British and
German Governments have voted or guaranteed large sums of
money to assist in promoting this object, and princely donations
have likewise been received from private individuals, in this
connection the action of Mr. L. W, Longstaff in making a gift
of 25,000/; and of Mr. A, C. Harmsworth in promising 5000/,
being beyond all praise.

There is an earnest desire among the scientific men of Britain
and Germany that there should be some sort of co-operation
with regard to the scientific work of the two expeditions, and
that these should both sail in 1901, so that the invaluable gain
attaching to simultaneous observations may be secured. Beyond
this nothing has, as yet, been definitely settled. The members
of the Association will presently have an opportunity of express-
ing their opinions as to what should be attempted by the British
expedition, how the work in connection with it should be
arranged, and how the various researches in view can best be
carried to a successful issue.

I have long taken a deep interest in Antarctic exploration,
because such exploration must necessarily deal largely with
oceanographical problems, and also because I have had the
privilege of studying the conditions of the ocean within both the
Arctic and Antarctic circles, In the year 1886 I published an
article on the subject of Antarctic Exploration in the Scottish
Geographical Magasine. This article led to an interesting
interview, especially when viewed in the light of after events,
for, a few weeks after it appeared in type, a young Norwegian
walked into the Challenger office in Edinburgh to ask when the
proposed expedition would probably start, and if there were
any chance of his services being accepted. His name was
Nansen.

When at the request of the President I addressed the Royal
Geographical Society on the same subject in the year 1893, I
made the following statement as to what it seemed to me should
be the general character of the proposed exploration: ‘A
dash at the South Pole is not, however, what I advocate, nor
do I believe #kat is what British science at the present time
desires. It demands rather a steady, continuous, laborious and
systematic exploration of the whole southern region with all the
appliances of the modern investigmor." At the same time I
urged further; that these explorations should be undertaken by
the Royal Navy in two ships, and that the work should extend
over two winters and three summers.

This scheme must now be abandoned, so far at least as the
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Royal Navy is concerned, for the Government has intimated
that it can spare neither ships nor officers, men nor money, for
an undertaking of such magnitude, The example of Foreign
Powers—rather than the representations from our own scientific
men—appears to have been chiefly instrumental in at last
inducing the Government to promise a sum of 45,000/, pro-
vided that an equal amount be forthcoming from other sources.
This resolve throws the responsibility for the financial adminis-
tration, for the equipment and for the management of this
exploration on the representative scientific societies, which have
no organisation ready for carrying out important executive work
on such an extensive scale. I am doubtful whether this state of
matters should be regarded as a sign of increasing lukewarms
ness on the part of the Government towards marine research, or
should rather be looked on as a most unexpected and welcome
recognition of the growing importance of science and scientific
men to the affairs o‘i the nation. Let us adopt the latter view,
and accept the heavy responsibility attached thereto.

Any one who will take the trouﬁlc to read, in the Proceedings
of the Royal Society of London, the account of the discussion
which recently took place on *“ The Scientific Advantages of an
Antarctic Expedition,” will gather some idea of the number and
wide range of the subjects which it is urged should be investi-
gated within the Antarctic area; the proposed researches have
to do with almost every branch of science, Unless an earnest
attempt be made to approach very near to the ideal there
sketched out, widespread and lasting disappoinlmenl will
certainly be felt among the scientific men of this country. The
proposed expedition should not be one of adventure. Nota
rapid invasion and a sudden retreat, with tales of hardships and
risks, but a scientific occupation of the unknown area by
observation and experiment should be aimed at in these days.

I have all along estimated the cost of a well-equipped
Antarctic expedition at about 150,000/ I see no reason for
changing my views on this point at the present time, nor on the
general scope of the work to be undertaken by the E)roposcd
expedition, as set forth in the papers I have published on the
subject, There is now a sum of at most 90,000/ in hand, or in
view. If one ship should be specially built for penetrating the
icy region, and be sent south with one naturalist on board, then
such an expedition may, it will be granted, bring back interest-
ing and important results. But it must be distinctly understood
that this is not the kind of exploration scientific men have been
urging on the British public for the past fifteen or twenty years.
We must, if possible, have two ships, with landing parties for
stations on s{m)ore, and with a recognised scientific leader and
staff on board of each ship. Although we cannot have the
Royal Navy, these ships can be most efficiently officered and
manned from the Mercantile Marine. With only one ship.
many of the proposed observations would have to be cut out of
the programme. In anticipation of this being the case, there
are at the present moment irreconcilable differences of opinion
among those most interested in these explorations, as to which
sciences must be sacrificed.

The difficulties which at present surround this undertaking
are fundamentally those of money. These difficulties wauld at
once disappear, and others would certainly be overcome,
should the members of the British Association at this meeting
agree to place in the hands of their President a sum of 50,000/,
50 that the total amount available for Antarctic exploration would
become something like 150,000/ Although there is but one
central Government, surely there are within the bounds of this
great Empire two more men like Mr, Longstaff. The Govern-
ment has suddenly placed the burden of upholding the high
traditions of Great Britain in marine research and exploration
on the shoulders of her scientific men. In their name I appeal
to all our well-to-do fellow-countrymen in every walk of life for
assistance, so that these new duties may be discharged in a
manner worthy of the Empire and of the well-earned reputation
of British Science.

SECTION G.
MECHANICAL SCIENCE.
OPENING ADDRESS BY SIR WiLLiam Waite, K.C.B,,
LL.D., F.R.S., PRESIDENT OF THE SECTION.

IN this Address it is proposed to review briefly the character-
istic features of the progress made in steam navigation ; to.
glance at the Erincipal causes of advance in the speeds of steam-
ships and in the lengths of the voyages on which such vessels.
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can be successfully employed ; and to indicate how the experience
and achievement of the last sixty years bear upon the prospects
of further advance,

There is reason to hope that this choice of subject is not
inappropriate.  From the beginning of steam navigation the
British Association in its corporate capacity, by the appointment
of special committees, and by the action of individual members,
has greatly assisted the scientific treatment of steamship design.
Valuable contributions bearing on the resistance offered by water
to the motion of ships, the conduct and analysis of the results of
steamship trials, the efficiency of propellers and cognate subjects
have been published in the Rexons of the Association, Many
of these have largely influenced practice, and most of them may
be claimed as the work of this Section.

On this occasion no attempt will be made either to summarise
or appraise the work that has been done. It must suffice to
mention the names of three men to whom naval architects are
deeply indebted, and whose labours are ended—Scott Russell,
Rankine, and William Froude. Each of them did good work,
but to Froude we owe the device and application of the method
of model experiment with ships ‘and propellers, by means of
which the design of vessels of novel types and unprecedented
speeds can now be undertaken with greater confidence than
heretofore.

As speeds increase, each succeeding step in the ascending
scale becomes more difficult, and the rate of increase in the
power to be developed rapidly augments. Looking back on
what has been achieved, it is impossible to overrate the courage
and skill displayed by the pioneers of steam navigation, who had
at first to face the unknown, and always to depend almost entirely
on experience gained with actual ships, when they undertook
the production of swifter vessels. Their successors of the
present day have equal need to make a thorough study of the

erformances of steamships both in smooth water and at sea.
n many ways they have to face greater difficulties than their
Fredccessors, as ships increase in size and speed. = On the other
rand, they have the accumulated experience of sixty years to
draw upon, the benefit of improved methods of trials of steam-
ships, the advantage of scientific procedure in the record and
analysis of such trials and the assistance of model experiments.

Steamship design to be successful must always be based on
experiment and experience as well as on scientific principlesand
processes. It involves problems of endless variety and great
complexity. The services to be performed by steamships differ
in character, and demand the production of many distinct types
of ships and propelling apparatus. In all these types, however,
there is one common requirement—the attainment of a specified
speed.  And in all types there has been a continuous demand
for higher speed.

Stated broadly, the task set before the naval architect in the
design of any steamship is to fulfil certain conditions of speed in
a ship which shall not merely carry fuel sufficient to traverse a
specified distance at that speed, but which shall carry a specified
load on a limited draught of water. Speed, load, power and
fuel supply are all related ; the two last have to be determined
in cach case. In some instances other limiting conditions are
imposed affecting len%lh, breadth or depth. In all cases there
are three separate efficiencies to be considered : those of the
ship as influenced by her form; of the propelling apparatus,
incfuding the generation of. steam in the boilers and its utilisa-
tion in the engines ; and of the propellers, Besides these con-
siderations, the designer has to take account of the materials and
structural arrangements which will best secure the association of
lightness with strength in the hull of the vessel. He must select
those tyges of engines and boilers best adapted for the service
proposed. Here the choice must be influenced by the length of
the voyage, as well as the exposure it may involve to storm and
stress. Obviously the conditions to be fulfilled in an ocean-
going passenger steamer of the highest speed, and in a cross-
Channel steamer designed to make short runs at high speed in
comparatively sheltered waters, must be radically different. And
$0 must be the conditions in a swilt sea-going cruiser of Jarge size
and great coal endurance, from those best adapted for a torpedo
boat or destroyer. There is, in fact, no general rule applicable
to all classes of steamships : each must be considered and dealt
with independently, in t{:e light of the latest experience and
improvements. For merchant ships there is always the com-
mercial consideration—Will it pay ? For warships there is the
corresponding inquiry—Will the cost be justified by the fighting
power and efficiency ¢
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Characturistics of Progress in Steam Navigation.

Looking at the results so far attained, it may be said that
progress in steam navigation has been marked by the following
characteristics :—

(1) Growth in dimensions and weights of ships, and large
increase in engine-power, as speeds have been raised.

(2) Improvements in marine engineering accompanying
increase of steam pressure, Economy of fuel and reduction in
the weight of propelling apparatus in proportion to the power
developed.

(3) Improvements in the materials used in shipbuilding ;
better structural arrangements ; relatively lighter hulls and
larger carrying power.

(4) Improvements in form, leading to diminished resistance
and economy of power expended in propulsion.

These general statements represent well-known facts—so
familiar, indeed, that their full significance is often overlooked.
It would be easy to multiply illustrations, but only a few repre-
sentative cases will be taken,

ZTransatlantic Passenger Steamers.

The Transatlantic service naturally comes first. It is a
simple case, in that the distance to be covered has remained
practically the same, and that for most of the swift passenger
steamers cargo-carrying capacity is not a very important factor
in the design.

In 1840 the Cunard steamship Britannia, built of wood,
gro elled by paddle-wheels, maintained a sea-speed of about

4 knots. Her steam pressure was 12 lbs, rer square inch.
She was 207 feet long, about 2000 tons in displacement, her
engines developed about 750 horse-power, and her coal con-
sumption was about 40 tons per day, nearly § Ibs. of coal per
indicated horse:-power per hour. She had a full spread of sail.

In 1871 the White Star steamship Oceanic (first of that name)
occupied a leading position. She was iron-built, propelled by
a screw, and maintained a sea-speed of about 144 knots,
The steam pressure was 65 lbs. per square inch, and the
engines were on the compound principle. She was 420 feet
long, about 7200 tons in displacement, her engines developed
3000 hnrsc-gowcr. and she burnt about 65 tons of coal per day,
or about 2 Ibs. per indicated horse-power per hour. She carried
a considerable spread of sail.

In 1889 the White Star steamer Zentonic appeared, propelled
by twin screws and practically with no sail-power. She is steel-
built, and maintains a sea-speed of about 20 knots. The steam
pressure is 180 lbs. per square inch, and the engines are on the
triple expansion principle. She is about 565 feet long, 16,000
tons displacement, 17,000 horse-power indicated, with a coal
consumption of about 300 tons a day, or from 1'6 to 1'7 lbs. per
indicated horse-power per hour,

In 1894 the Cunard steamship Campania began her service,
with triple expansion engines, twin screws and no sail-power.
She is about feet long, 20,000 tons displacement, develops
about 28,000 horse-power at full speed of 22 knots, and burns
about 500 tons of coal per dw.

The new Oceanic, of the White Star Line, is just beginning
her work, She is of still larger dimensions, being 685 feet in
length and over 25,000 tons displacement, From the authori-
tative statements made, it appears that she is not intended to
exceed 22 knots in speed, and that the increase in size is to be
largely utilised in additional carrying power.

he latest German steamers for the Transatlantic service are
also notable. A speed of 224 knots has been maintained by
the Aaiser Wilhelm der Grosse, which is 25 feet longer than
the Campania. Two still larger steamers are now building.
The Deutschiand is 660 feet long and 23,000 tons displacement ;
her engines are to be of 33,000 horse-power, and it is estimated
she will average 23 knots. The other vessel is said to be 700
feet long, and her engines are to develop 36,000 horse-power,
giving an estimated speed of 234 knots.  All these vessels have
steel hulls and twin screws. It will be noted that to gain
about three knots an hour nearly 50 per cent. will have been
added to the displacement of the Zeutonic, the engine-power
and coal consumption_will be doubled, and the cost increased
proportionately. i

Sixty years of continuous effort and strenuous competition on
this great ‘*“ocean ferry” may be summarised in the following
statement. Speed has been increased from 8% to 224 knots;
the time on the voyage has heen reduced to about 38 per cent.
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of what it was in 1840. Ships have been more than trebled in
length, about doubled in breadth, and increased tenfold in dis-
placement, The number of pissengers carried by a steamship has

en increased from about 100 to nearly 2000. The engine-power
has been made forty times as great.  The ratio of horse-power
to the weight driven has been increased fourfold. The rate of
coal consumption (measured per horse-power per hour) is now
only about one-third what it was in 1840. To drive 2000 tons
weight across the Atlantic at a speed of 8} knots, about 550
tons of coal were then burnt : now, to drive 20,000 tons_across
at 22 knots, about 3000 tons of coal are burnt. With the low
pressure of steam and heavy slow-moving paddle-engines of
1840, each ton weight of machinery, boilers, &c., produced only
about 2 horse-power for continuous working at sea. With
modern twin-screw engines and high steam pressure, each ton
weight. of propelling apparatus produces from 6 to 7 horse-

ower,  Had the old rate of coal consumption continued,
instead of 3000 tons of coal, 9ooo tons would have been required
fora voyage at 22 knots. Had the engines been proportionately as
heavy as those in use sixty years ago, they would have weighed
about 14,000 tons. In other words, machinery, boilers, and
coals would have exceeded in weight the total weight of the
Campania as she floats to-day. There could not be a more
striking illustration than this of the close relation between im-
provements in marine engineering and the development of
steam navigation at high speeds.

Equally true is it that this development could not have been
accomplished but for the use of improved malerials and
structural arrangements  Wood, as the principal material for
the hulls of high-powered swilt steamers, imposed limits upon
dimensions, proportions and powers which would have been a
bar to progress. The use of iron, and later of steel, removed
those limits, The percentage of the total displacement devoted
to hull in a modern Atlantic liner of the largest size is not much
ﬁrealct than was the corresponding percentage in the wood-

uilt Britannia of 1840, of one-third the length and one-tenth
the total weight.

Nor must it be overlooked that with increase in dimensions
have come considerable improvements in form, favouring
economy in propulsion. This is distinct from the economy
cesulting from increase in size, which Brunel appreciated
thoroughly half a century ago when he designed the Great
Britoin and. the Great Eastern. The importance of a due
relation between the lengths of the ‘“entrance and run” of
steamships and their intended maximum speeds, and the
advantages of greater length and fineness of form as spéeds are
increased, were strongly insisted upon by Scott Russell and
¥roude, Naval architects, as a matter of course, now act upon
the principle, so far as other conditions permit. For it must
never be forgotten that economy of propulsion is only one of
many desiderata which must be kept in view in steamship
design.  Structural weight and strength, seaworthiness and
stability, all claim attention, and may necessitate modifications
in dimensions and form which do not favour the maximum
economy of propulsion.

Swift Passenger Steamers for Long Voyages.

Changes similar to those described for the Transatlantic
service have been in progress on all the great lines of ocean
traffic. In many instances increase in size has been due, not
only to increase in speed, but to enlarged carrying power and
the extension of the lengths of voyages. No distance is now
found too great for the successful working of steamships, and
the sailing fleet is rapidly diminishing in importance, So far
as long-distance steaming is concerned, the most potent factor
has undoubtedly been the marvellous economy of fuel that has
cesulted from higher steam pressures and greater expansion, In
all cases, however, advances have been made possible, not
merely by economy of fuel, but by improvements in form,
structure and propelling apparatus, and by increased dimens
sions,

Did time permit, this might be illustrated by many interesting
facts drawn from the records of the great steamship companies
which perform the services to the Far East, Australia, South
America, and the Pacific. As this is not possible, I must be
content with a brief statement regarding the development of
the fleet of the Peninsular and Oriental Company.

The paddle steamer William Fawcelt of 1829 was about 75
feet long, 200 tons displacement, of 60 nominal horse-power
{probably about 120 indicated horse-power), and in favourable
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weather steamed at a speed of 8 knots. Her hul was of wood,
and, like all the steamers of that date, she had considerable
sail-power,

In 1853 the Himalaya iron-built screw steamer of this line was
described as ““ of larger dimensions than any then afloat, and
of extraordinary speed.” She was about 340 feet long, over
4000 tons load displacement, 2000 indicated horse-power on
trial, with an'average sea-speed of about 12 knots, The steam
pressure was 14 lbs, per square inch, and the daily coal con-
sumption about 70 tons. This vessel was transferred to the
Royal Navy and did good service as a troopship for forly years,

In 1893 another Himalaya was added to the company's fleet.
She was steel-built, nearly 470 feet long and 12,000 tons load
displacement, with over 8000 indicated horse-power and a
capability to sustain 17 to 18 knots at sea, on a daily consump-
tion of about 140 tons of coal. The steam pressure is 160 Ihs,
per square inch, and the engines are of the triple expansion type.

Comﬁaring the two Himayalas, it will be seen that in forty
years the length has been increased about 40 per cent., dis-
placement trebled, horse-power quadrupled and speed increased
about 50 per cent. The proportion of horse-power to displace-
ment has only been increased as three to four, enlarged
dimensions having secured relative economy in propulsion.
The rate of coal consumption has been probably reduced to
about one-third of that in the earlier ship

The latest steamers of the line are of still larger dimensions,
being 500 feet long and of proportionately greater displace-
ment. It is stated that the Himalaya of 1853 cost 132,000/
complete for sea ; the corresponding outlay on her successors is
not published, but it is probably twice as great.

On the service to the Cape similar developments have taken
place. Forty years ago vessels less than 200 feet long and
about 7 knots performed the service, whereas the latest additions
to the fleets exceed 500 feet in length, and can, if required, be
driven at 17 to 18 knots, ranking in size and power next to the
great Transantlantic liners. ‘

Commercial considerations necessarily regulate what is under-
taken in the construction of merchant steamers, including the
swilt vessels employed in the conveyance of passengers and
mails. The investment of 600,000/ to 700,000/ in a single
vessel like a great Transatlantic liner is' obviously a serious
matter for private owners; and even the investment of half
that amount in a steamer of less dimensions and speed is not to
be lightly undertaken. It is a significant fact that, whereas
fifteen years ago nearly all the largest and swiftest ocean
steamers were British built and owned, at the present time there
is serious competition in this class by German, American
and French companies. It is alleged that this change has
resulted from the relatively large subsidies paid by foreign
Governments to the owners of swift steamers ; and that British
owners, being handicapped in this way, cannot continue the
competition in size and speed on equal terms unless similarly
assisted. This is not the place to enter into‘any discussion of
such matters, but they obviously involve greater considerations
than the profit of shipowners, and have a bearing on the naval
defence of the Empire. In 1887 the Government recognised
this fact, and made arrangements for the subvention and
armament of a number of the best mercantile steamships for
use as auxiliary cruisers,  Since then other nations have adopted
the policy, and given such encouragement to their shipowners
that the numbers of swift steamers suitable for employment as
cruisers have been largely increased. Not long since the First
Lord of the Admiralty announced to Parliament that the whole
subject was again under consideration.

Cargo and Passenger Steamers.

Cargo steamers, no less than passenger steamers, have been
affected by the improvements mentioned. Remarkable
developments have occurred recently, not merely in the purely
cargo-carrier, but in the construction of vessels of large size
and good speed carrying very great weig‘hts of cargo and
considerable numbers of passengers. he much-decried’
‘‘ocean-tramp” of the present day exceeds in speed the
passenger and mail steamer of fifty years ago. Within ten
years vessels in which cargo-carrying is the chief element of
commercial success have been increased in length from 300 or
400 f