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“* To the so'id ground
Of Nature trusts the mind which builds for aye.”—WORDSWORTH

THURSDAY, MAY 1, 1884

SCIENCE AND MANUFACTURES

HE occurrence in one week of meetings held by the
Iron and Steel Institute, and by the Institution of
Mechanical Engineers, seems to offer a fitting occasion
for further remarks on the connection between science
and art, between practical construction and theoretical
investigation, A few months ago, in an article on the
same subject, it was pointed out how these two branches of
knowledge were found to work in harmony for the ends of
each—science instructing ars, art supporting and minister-
ing to science ; and this truth was illustrated by a variety of
examples. Others which have occurred since that time
may be touched upon before we conclude. At this moment
we are anxious to insist once more on the need which
exists to draw this union between art and science closer
than it has ever been drawn before, and to remove all
obstacles which may stand in the way of its fullest
realisation.

The necessity for this union lies in the fact that
England has an industrial supremacy to maintain, and
that year by year its maintenance becomes more difficult
in the face of keen and jealous competition. Whatever
may be said in Parliament, all practical men are aware
that the great tide of prosperity, promised last year by the
President of the Board of Trade, has not yet begun to
flow ; that on the contrary there was never perhaps a time
when the special industries of England were more de-
pressed, or their outlook more gloomy. The fact that the
steel-rail makers of England have banded themselves with
those of France and Belgium into an association for the
maintenance of remunerative prices speaks volumes, not
only as to the severity of competition, but as to the sources
{from which that competition comes. On the other side
we see the iron-masters of America extending their out-
put year by year, and her manufacturers entering into
competition with us in neutral markets, while jealously
excluding us from their own.

What is to be the remedy for this state of things? How
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is the demand for manufactured articles, and for the raw
materials out of which those articles are made, to be once
more cqualised with the supply? Unless some vast
market, such as China or Central Africa, can be opened
up to European commerce, the only chance seems to lie
in a new departure ; in some great cheapening of produc-
tion, or cheapening of transport, comparable to that which
was effected by the development of railways. Now what
is the physical fact lying at the basis of railway locomo-
tion? It is simply this, that iron laid in the form of a
track offers a resistance to rolling which, as compared
with an ordinary road, is insignificant, whilst at the same
time it offers a resistance to sliding large enough to utilise
to the full the vast tractive power of the modern Jocomo-

tive. The first point had long been known; the second

was seized by the practical genius of George Stephenson,

and enabled him at once to solve the problem of high

speed locomotion. In so doing he owed nothing to

science ; but science might have discovered the fact, and

would have done so with small trouble, if the idea had

been put into her head—if, in fact, there had been in

England that union of theory with practice which it is our

present aim to advocate.

What is wanted now is that science shall point out
some other fact of nature, new or old, which practice may
seize upon, turn to her own ends, and make the basis of
some new industrial development, It is easy to indicate
various directions which such a development might take.
Thus there is great need of some system of light railways
which can be laid down on ordinary roads, and so cheaply
that the traffic available on such roads may be sufficient
to pay a fair return on the capital. It is impossible to
calculate the advantages which would spring from the
wide extension of such “third-class railways,” as they are
called in Germany. Again, the storage of power, such as
that of the tidal wave, with cheap and ready means for
giving it out when and where it is needed, offers a ‘?'lde
field for invention, and may lead 10 the most fruitful
results. The transmission of power to long di.stan.ces,
whether by electricity, compressed air, or otherw:s.e, is a
somewhat similar problem, which at present occupies the
attention of many engineers and men of science. Lastly,
the more homely subject of house-building offers at this
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moment special inducements to constructive genius, If
houses could be built, by the use of iron or otherwise, at,
say, half their present Cost, the problem of sheltering our
poor would be solved; unsafe and ruinous tenements
would disappear, and a demand would set in for building
materials and labour such as the world has never known.

Here, however, the question arises, Supposing that
science and art should combine successfully for any such
purpose, is it in England that the development will take
shape?

At the time of the last industrial epoch, that of the intro-
duction of railways, it would have been safe to prophesy
that this would be the case. It is by no means so certain

now. As regards cheap transport, for instance, the most |

promising recent invention in this field, viz. the caustic
soda condenscr previously described by us, was brought
out in Germany. Other improvements in the sume field,
such as the portable railways of De Cauville, the rack
railway of Riggenbach, the cable tramway of Hallidie, the
fircless engine of Francg, the iron sleepers which are
rapidly becoming universal in Germany, have all taken
their rise cither on the Continent or in America. The
storage of power, in its only practical form, that of the
secondary battery, owes its origin to Planté and Faure.
The transmission of power is being worked out by Siemens
in Berlin, and by Deprez and Tresca in Paris.  Lastly, as
to building, no one can travel abroad without seeing that
as regards scicntific architecture, lingland stands far
nearer the bottom than the top in the scale of civilised
nations. :

What is the reason of this? Why is England thus
lagging behind in the race? The answer is not far to
seek. 1In America, in France, above all in Germany, the
union between science and art is far more close and cor-
dial than with us. Evcry practical constructor or manu-
facturer is anxious to know all he can of science, every
scientific professor desires to mix practice with his theory.
Thus on the one hand we find ordinary engincers drawing
on all the resources of mathematics for the solution of
such problems as the proper section of rails or the re-
sistance of trains; on the other hand we see Clausius,
perhaps the greatest of German physicists, devoting two
long papers to investigate the working theory of the
dynamo machine. But a concrete instance will make
our meaning clearer. Within the last few days we have
inspected a safety Jamp, of which some thousands have
already becn sold for the German mines. It has many
points of excellence, but we need only dwell upon one. It
is well known to be most important that a miner’s lamp
should be locked in such a way that he cannot, if he will,
open it ; and it has been found very difficult to provide any
simple kind of lock which it is beyond the resources of a
clever workman to tamper with. In this lamp the diffi-
culty is got over by making the upper part screw into the
lower, while inside the lamp there is a catch or pawl,
which, as in a common ratchet, prevents the screw from
being turned the opposite way. Hence, that the lamp
may be unscrewed, the pawl must be drawn out of place.
In the overseer’s office this can be accomplished by means
of a powerful horse-shoe magnet. The pawl has a tail,
which is attracted by the magnet when the latter is placed
in contact with the side of the lamp. The tail moving
towards the magnet, the pawl moves in the opposite
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direction, and so allows the upper part of the lamp to be
unscrewed, while the lower is held as if in a vice by the
same magnetic power.

Now here we have a simple and beautiful contrivance
for effecting an important practical object. It is merely
the application of a well-known scientific principle to solve
a special problem in construction ; but it never could have
been invented except by one to whom the resources of
science and the needs of art were equally familiar—who
was at once a physicist and an engineer. Now it cannot
be questioned that in England we can boast many of the
highest authorities in science, many men of the highest
skill in practical construction ; but the union of the two
is comparatively rare, and yet it is this very union—the

i application of the scientific spirit to the things of common

life, as so well illustrated in the excellent paper by Prof.
Newcomb, published elsewhere—which is the vital neces-
sity of the age.

The fault is not all on one side. Science sometimes
looks down on Practice as a rough, prosperous mechanic,
interested in nothing but his work and his wages, while
Practice sneers at Science as a fine gentleman, too much
absorbed in crotchets to be worth any attention or respect,
and who, if he had not some one to look after him, would
shortly be in the workhouse.

As an instance we may take the magnetic balance lately
described Ly IP’rof. Hughes. This beautiful instrument
promises at least to supply a want Jong felt by the makers
and users of iron—the want of some method of “me-
chanical analysis "—some means of determining the
physical and chemical properties of a given material—
without testing it to destruction, as is now unavoidable.
But whilst thus appcaling on the one hand to manufac-
turers, the invention appealed on the other hand to elec-
tricians, as offering a ready index of the magnetic qualities
of a metal. By the latter it has been welcomed, and is
being used, as, for instance, by Mr. Preece, for the testing
of telegraph-wirc; but, so far as we know, not a single
manufacturer or enginecr has thought it worth while to
encounter the small amount of trouble and expense which
would be needed to test thoroughly the capabilities of the
instrument in determining the mechanical properties of
finished iron or steel.

We by no means wish to imply that no progress is being
made in the direction here pointed out. The work under-
taken by the City and Guilds Institute, the foundation of
scientific colleges, such as those at Birmingham, Sheffield,
Leeds, Nottingham, and elscwhere, the appointment of
a Committee on Technical Education, the delivery of
scientific lectures at the Institution of Civil Engineers—
these are all signs that the gap existing between art and
science is at last recognised, and that endeavours are
being made to draw them together. Moreover, the old
“ rule-of-thumb ” engineer is rapidly passing away, and a
new generation is springing up, who, if they do not pos-
sess much science themselves, are at least alive to its value.
The testing machine, for instance, is becoming a recog-
nised institution in large workshops, where not many
years ago it would have been scouted as absurd. In the
skilful hands of a practical engineer, Mr. Wicksteed of
L‘it has been made to record its own variations of
stress by a self-drawn diagram, and this record seems
likely to throw fresh and unexpected light on the physical
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problems of extension and rupture. The same gentleman
has both discovered and applied a new and most remark-
able phenomenon in friction ; the fact, namely, that if we
give a rotary motion to a body which is in contact with
another, not only is the friction diminished in the direction
of motion, but the friction in the perpendicular direction
is also diminished, apparently in at least an equal degree.
Hence, for instance, by rotating the leather packing of an
hydraulic ram, it becomes quite free to move in its
cylinder in obedience to a difference in pressure on one
side or the other. Here we have, once more, science helping
art,and art in return throwing light upon the path of science.

These facts, and others likc them, are encouraging
signs, but we must repeat that something more than signs
is needed. The work must be not only begun but
finished, the bonds of union must be drawn close, and
that quickly, or England will find that it is too late, and
that she is once more ready to do the work of the world
just when the world has left her no work to do.

FORSTER'S “STRATA OF THE NORTH OF
ENGLAND”

A Treatise on a Section of the Strata from Newcastle to
Cross Fell. By Westgarth Forster. Third Edition, re-
vised and corrected to the present time by the Rev.
W. Nall, M.A,, with Memoir. 8vo. (Newcastle-upon-
Tyne, 1883.)

THE position of Forster’s ¢ Strata” among the classics

of geological literature in England is so well defined

that a reissue would be welcome to many readers, as
although the progress both of coal and metal mining during
the long interval that has elapsed since the appearance of
the last edition in 1821 has done much to supplenrent,and’
in some instances modify, tife author’s evidence, it must
ever remain as a splendid monument of geological inves-
tigation as carried on in the earlier years of the century.
Unfortunately, in the present issue the editor has carried
out his duties in a very thorough-going fashion ; to use
his own words, “ Some alterations have been made in this
edition of the ¢Strata’ Parts I. and II. have been re-
vised and rearranged ; Part I11. has been partially recast;
some of the old sections have been extended, and other
sections have been given ; obsolete matter has been ex-
punged, and new matter in the form of notes has been.
added.”

If the editing bad been confined to the last-mentioned
additions, or rather if all the alterations had been supplied
as footnotes or in the form of appendixes, such a course
would have been perfectly justifiable, and the value of the
text would have been enhanced; but from the course
adopted of shifting the original text backwards and for-
wards to bring it into harmony with more modern views,
and rearranging the sections even to the extent of renum-
bering the beds of limestone in the lead-measures, and the
intercalation of new subdivisions in the limestone series
not contained in the original, the work has become so
strangely metamorphosed that any one taking it for what
it professes to be, namely, Westgarth Forster's “ Strata,”
will be liable to be strangely misled, unless he carefully
Compares it with the original text. This is much to be
regretted, as the editor’s work has evidently been a labour

of love, and it is strange that he should have so ill-used -
his favourite volume.

The editor has, however, done one good service de-
serving grateful mention by supplying a memoir of the
author, which is, however, eccentrically interpolated
between the original table of contents and the text. From
this we gather many interesting particulars of the life of
one who may be regarded as the prototype of the Sop-
withs, Bewicks, and other mining engineers in the north
of England, who have become famous not only in their
original districts, but in all parts of Europe and America .
It is somewhat surprising to learn how in the year 1807 the
material for the first edition of the “ Strata” was collected
by Forster, who for that purpose resigned the agency of
the Allendale lead mines. The volume was issued in
1809 in the same year with William Smith's first geologi-
cal map of England, and at once became exceedingly
popular ;: and thenceforward the author was recognised
as one of the leading men in his profession, and was fully
engaged in many surveys until his retirement in 1833.
During this active period of twenty-three years he worked
in ncarly all the mineral districts of Ingland and Wales,
with the exception of Cornwall and Devon, and also
visited Spain and North America. The American trip was
made in 1831, in pre-steamboat days, in the fine packet-
ship Napoleon, making a fairly good voyage of thirty-two
days across the’ Atlantic. The districts visited were
Pottsville and Mauch Chunk, in the anthracite district of
Pennsylvania, which had then been discovered only eight
years, and the Phaenix Copper Mines in Connecticut.

The later years of his life were clouded by misfortunes
due to losses in working some lead mines in Wales, and
before the spring of 1829 he had spent nearly all that he
possessed in abortive trials, at a period of extreme de-
_pression in the lead trade. 1n 1833-34 failing health led
him to retire from active work, and on November g, 1835,
he died at Garrigill, in Cumberland, in his sixty-third
year. In the author’s words, Forster rendered valuable
service to the sciences of mining and geology, and for that
service, if for no other reason, his name will continue to
be remembered for a long time to come. H. B.

OUR BOOK SHELF

A Manual of Chemistry. By Henry Watts, B.A. (London:
Churchill, 1883.)

THIS work is stated by the author to be intended for a
student commencing the study of chemistry, and, as he
states in his preface, this volume commences with a short
sketch of the more important elementary bodies, the
principal laws of chemical combination, and the repre-
sentation of the constitution and reaction of bodies by
symbolic notation. In addition to this there is a large
section on chemical physics, including the mechanical

roperties of gases and the chief phenomena of heat,
ﬁght, magnetism, &c. For an elementary work, as
intended by the author, it is somewhat dense, and would
be certainly apt to frighten a beginner in chemistry.” The
sections on physics alone, compris' ng Part L., occupy very
nearly 150 pages, and within this narrow space we find
that in the domain of light we have refraction, reflection,
circular polarisation, &c., treated at considerable length,
In magnetism and electricity we have a very complete
and exceedingly condensed mass of information, certainly
much too complete and condensed for an elementary
text-book. In the pur:éy chemical section, forming Part
11., the work is extended so as to include a considerable
chapter on crystals and the more recent extensions of the
atomic theory, and also to the so-called rare metals,
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which we find treated at considerable lenﬁth. As to the
arrangement of the chemical part, the method adopted in
“ Miller's Chemistry ” of arranging the elements under the
terms metals of the alkaline earths, &c., has been adopted,
which is a very excellent method of arrangcment for
teaching purposes, as it allows of elements with similar
properties being compared. There is evidently through-
out the whole of the book a tendency to condense far too
much into a small space. It would be an exceedingly
difficult book indeed to be put before an absolute
beginner. The explanatory part is reduced apparently as
much as possible, although a great many facts are
crammed in, certainly in good order ; but still a beginner
requires very much more explanation of facts than is to
be found in this book. On that account, and being more
an epitome of facts than explanations, especially in the
chemical portion, it is scarcely possible to criticise it.
The arrangement is very excellent and the details are
well up to date. We notice that ozone has been put in
in the form of an addendum :; surely its position is closely
in connection with oxygen. It is very liable in this posi-
tion to be overlooked, or at any rate neglected, by a
student. As there is such a considerable amount of
attention given to the rare metals, especially vanadium,
many of its compounds being detailed, it is somewhat
surprising that davyum, though perhaps not yet abso-
lutely settled, is not mentioned along with them. On
Jooking carefully through the book, a number of points
occur in which more explanation, or even an explanation
of formulae, would be verﬁ advantageous; but on the
whole Mr. Watts is to be complimented on having
produced a very complete, though certainly not quite
elementary, manual on the science.

Avithmetical Chemistry. By C. J. Woodward, Birming-
ham and Midland Institute. (London: Simpkin,
Marshall, and Co,, 1884.)

TH1S is almost a book of questions selected from the

Cambridge and Oxford Local, University of London,

Science and Art Department, and other cxamination

papers. It is divided into headings on laboratory calcu-

lations, where, after an example of a volumetric or gravi-
metric analysis, a number of exercises and questions
follows, and gas analysis with corrections of gases for
pressure, &c., and determinations of vapour densities,
specific and atomic volume, specific heat, calorific power,
calorific intensity, kinetic theory of gases, and diffusion.

The explanations are in most cases short and to the

point, but the immense number of examples and exercises

given tend to make it a “getting-up ”" book for examina-
tions rather than a book to work with in the laboratory.

E. smental Chemistry. By ]J. Emerson Reynolds.
sagt )llI. (London: Longmans, Green, and Co,,
1564.

PROF. REYNOLDS, in the first and second parts of this
little work, has departed somewhat from the usual method
adopted in chemical books for junior students. The first
and second parts deal entirely with the non-metals and
their compounds, acids, &c.; while the third part is de-
voted to metals, It is divided into numbered experi-
ments for the student to perform in rotation, and should
be exceedinﬁly valuable to medical and other students
who have only a short time at disposal for practical che-
mistry. There is no 1'tempt at systematic analysis, but
the experiments arc sufficiently logically arranged to
enable a student who gives his attention to them to be
able to perform any simple qualitative analysis. At the
same time each experiment i1s very fully explained, and
the reactions expressed in most cases with equations.
Part I1I. is supplemented by a series of analytical tables
at the end, which, however, are not very clear. They are
certainly somewhat too complex for the class of student
for which the book is intendped. On the whole, however,
it is a very excellent work.

LETTERS TO THE EDITOR

[ The Bditor does not hold himself responsible for opinions expressed
by Ris corvespondents, Neither cam he{mdgtdt to return,

or to corvespond with the writers of, rejected manuscripts.
No notice is taken of anonymous communications.

[The Editor surgently reguests corr dents to keep thely let:ers
as shovt as possible. The pressuve om his space is so great
that it is impossible otherunse to insure the appearance cvem
of comn unications containing interesting and novel facts.)

Reply to Mr. Grubb’s Criticisms on the Equatorial
Coudé of the Paris Observatory

I HAVE just received the last number of the Sciemtific
Transactions of the Royal Society of Dublin, containing a
description of an instrument analogous to the equatorial con-
structed on a principle which I published in 1871 in the
Comples Rendus. Since it seems to me indispensable after I
have studied Mr. Grubb's memoir to reply to it publicly, I beg
you to insert this note in NATURE. In order to give greater
importance to the modifications imagined by himself, the author,
Mr. Grubb, submits the instrument imagined by me to a very
severe criticism, and attributes very severe defects to it. There
is no doubt that there is a considerable difference between the
instruments in question. One of them, in fact, as experiments
carried on during two ycars have proved, lends itself to the exe-
cution of all possible astronomical researches under the best
possible conditions for sccuring precision, while the other,
according to the description given in the publication above cited,
renders impossible a very great part of the researches to which
an cquatorial is specially destined, Further on I shall insist on
this difference, but I wish first of all to reply to Mr. Grubb’s ob-
]}ectious and to show that they are in all points contrary to the
act.

To give weight to his argument Mr. Grubb examines a
case of the construction of an instrument of 27 inches aperture,
and he anticipates in the construction the following difficulties,
which he considers insurmountable :—(1) The optical difficulty
of constructing a large plane mirror.  (2) The practical difficult
of procuring a disk of the necessary dimensions., Mr. Grubb
affirms that there is no glass-works capable of making a disk of
glass so large,  (3) The difficulty of moving a mirror of which
the weight, according to Mr. Grubb’s calculations, will be vel
nearly half a ton. (4) The dearhess of the instrument, whic
would cost more than an ordinary equatorial, plus dome and
observatory.

I will discuss these points one by one. (1) The construction of
Flane mirrors is a settled question nowadays, Many astronomers
have been able to convince themsclves that in the equatorial
coudé of II inches aperture the introduction of a plane mirror
of 16 inches in no way marred the definition. The brothers
Henry, who constructed this mirror, have just made another
of 40 inches diameter, which leaves absolutely nothing to
be desired in this respect. This difficulty, moreover, is so
little felt or feared by our opticians that the price of a similar
mirror for an instrument coudé is only about a quarter of the
price of an object-glass, in spite of the great difference of their
respective surfaces. Thus, for an object-glass of 27 inches,
the price of which is 70,000 francs, that of a plane mirror of 38
inches is 18,000 francs. For an object-glass of 4o inches, price
200,000 francs, the corresponding mirror of §8 inches only costs
40,000 francs., I admit, nevertheless, that in this respect Mr.
Grubb may have had apprchensions. Inthe past, in fact, serious
difficulties have been met with in the production of plane mirrors,
but my own personal experience has enabled me to realise the
real cause of this want of success. Up to the present time, to
satisfy preconceived ideas it was believed that to establish rapidly
an equilibrium of temperature it was necessary that the thick-
ness of the mirror should be small. Then, under the influence
of a tightening, however slight, or only a flexion, the mirrors
were deformed unequally, and consequently produced an
obvious alteration in the beauty of the images. The brothers
Henry, studying the same question by different processes,
have arrived ‘at the same conclusions. In giving to the disk a
sufficient tickness, the lproduction of a plane surface is not more

difficul, any optical surface whatever. The means of verifi-
cation ®¥e 50 delicate that in a mirror of 40 inches diameter an
error of 1/50,000 of a millimetre can easily be determined and
climinated. So if there be a sphericity in the mirror, the radius ot
curvature will have at least 1600 leagues, that is to say, about,
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the radius of curvature of a bath of mercury, and in taking sti:
greater gnins it will be possible to go further and to reach a:
exactitude such that the radius of curvature might be twice as
great. Under these conditions it is not possigle, as one can
readily see, that there can be any appreciable imperfection
The problem is therefore solved, as I said above.

. (2) The impossibility of finding glass-works capable of furnish-
ing large disks for mirrors, pointed out by Mr. Grubb, does not
exist. We have in reserve at the Observatory a disk for a plane
mirror of 1'22 m. diameter, weighing 6sor¥¢ilos. The mirror
just finished by the brothers Henry has a diameter of 40
inches, with a  thickness of ‘17 m.; this weighs 380 kilos.
The glass-works of St. Gobain are prepared to furnish blocks
weighing a ton, the diameter 58 inches, to anybody who will
order them,

(3) The third point in Mr. Grubb’s criticism has arisen from
some error in calculation. Mr. Grubb makes me say that
it is necessary to give the mirror a thickness equal to 1/5 of
the diameter, and then making some calculations with this
false datum, he finds that the mirror necessary for an equatorial
coudé of 27 inches would weigh 84 tonnes, and it is this result that
misleads him, Here are the facts. I have never said that the
thickness should be ‘18 of the diameter. T have given *18 as a
maximum. Allow me to quote textually what I have said
(Fournal de Physique, August 1883) : ** Des recherches effectuées
avec des miroirs de 0'08 m. m’ont démontré que pour prevenir
dans un miroir toute déformation causée par la flexion ou un
leger serrage, il faut que I'épaisseur du verre soit 0'18 du
diamétre, Peut étre avec des miroirs plus grands sera-t-il possible
de réduire notablement cette épaisseur ; en tout cas, la fraction
0°18 doit étre considérée comme un maximum,”

In my equatorial coudé for example, the mirror has a thickness
cgm’valent to 1/6 of the diameter. In taking 1/7 for a mirror of
38 inches destined for an ohject-glass of 27 inches, one has still
nothing to fear, for its weight would scarcely reach 250 kilos.,
that is to say, the half of the weight indicated by Mr., Grubb,
For an instrument which weighs already betwcen 8 and g tonnes,
this addition of 250 kilos., or of 280 kilos. if we adopt the propor-
tion of 1/6, is so small as not to be worth mentioning. From a
mechanical point of view the displacement of the cylinder carrying
mirrors of 250 kilos., or even a tonne, considering both the move-
ment and the stability of the installation, does not offer the least
difficulty. It is a mechanica] problem so clementary that not
only the first-class artists of all countries but cven ordinary
constructors would be able to solve it without any great effort of
intelligence. I am only astonished that a man of Mr. Grubb’s
reputation should have stopped to consider such a detail.

(4) We now come to the question of expense. I am curious to
know whence Mr. Grubb could have got his information, because
it differs so absolutely from the facts, Inspite of the addition of
two supplementary mirrors, the price of the new instrument is
less, or at all events not greater, than an ordinary one, The
simplicity of the construction is such that the saving in the
mechanical part covers the expense of the optical one. As]
have already pointed out in the Comptes Rendusin 1871 and 1873,
and in the ;oumal de Physigue already quoted, the considerable
expense of rotating domes, &c., is entirely avoided. I am greatly
astonished, therefore, that Mr. Grubb makes on this point, so
thoroughly studied, an objection so little founded. If he had,
moreover, looked at the drawing which I published in the Fozur-
nal de Physigue of last year, he would have seen that it is almost
identical with that which he has communicated to the Dublin
Society, so far as the general arrangements for sheltering the
observer and instrument are concerned. M. Gautier has been
good enough to furnish me with the prices.

Dimensions Ordinary Equatorial Equatorial Coudé
Inches ?n.nca Francs
12 ,000 44,000
18 1,000 79,000
27 183,000 183,000
These prices are for instruments of the most complete kind,

The objects which I wished to attain were (1) to realise an in-
strument more stable than the ordinary ones, and to render
possible the measurement of large angular distances; (2) to
establish an arran nt which permits the astronomer to explore
the whole sky and to regulate himself, with the most perfect
convenience, all the movements of his apparatus; (3) to
avoid the necessity of those monumental domes, of which
both the building ‘and the movement are always so costly ;
(4) to realise an instrument which, in spite of the introduc-
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tion of two supplementary mirrors, would be optically more
perfect. Indeed, being able to give the telescope n much ‘greater
focal distance than in the common large instruments, the achro-
matism may be rendered more perfect. I believe that I have
succeeded in satisfying these various conditions, and that I can
appeal to the judgment of several of the most eminent astrono-
mers who have studied the instrument.  Mr, Grubb makes a last
reproach rather curiously, He is astonished that I have not as
once applied the new system to the construction of a large instru-
ment, for he adds, *‘ No onc finds any difficulty in working an
equatorial of 11 inches.” 1 do not know whether this opinion
of Mr. Grubb is based on his personal experience, but I do
know that all astronomers do not share his optimism on this
point, To cite only one instance. In all the observatories
where the discovery of comets or small planets is in question,
telescopes of 6 or 7 inches aperture at the outside are employed,
Continued work of this kind with a larger instrument is accom-
panied with fatigue. Now in my instrument, whatever be the
nature of the research, a precious economy of time and energy
is secured. If we have not in Paris a larger telescope on my
plan, I must say that my regret is greater than that of Mr.
Grubb, and that the lack of it does not depend on me.

In a subsequent letter I propose to discuss Mr. Grubb’s counter
proposal. M. Lawy

Paris Observatory, April 10

On the Motion of Projectiles

EXPERIMENTS made in 1866 showed that the resistance of the
Jr to the motion of projectiles varied only slightly for such forms
of heads as were likely to be used in practice, and that it was of
no importance whether the apex of the shot was pointed or
rounded off.

From what T have said (NATURE, vol. xxix. p. 527) it is evi-
dent that hefore we can calculate the trajectory of shot we must
know something of the quality of the gun from which the shot is
upposed to be fired. For if trajectories of shot fired from the ex-
perimental guns were calculated by the use of the tabular values
of Ka, it is plain that the calculated ranges would err in excess
for the 3-, 7-, and 9-inch guns, and in & fect for the §-inch gun,
As Mr. Ristori, using tabular coefficicnts, finds his calculated
less than his experimental range, it may be that his gun gave a
legree of steadiness above the average, as the 5-inch gun did,
It is also necessary to be correctly informed of the exact snitial
firection taken by the shot, because, owing to the recoil of the
gun, there is a ‘“jump,” which gives a greater clevation to the
lirection taken by the shot than the clevation of the axis of the
an,  Ttis also a difficult matier to obtain the correct smitia/

Adocity of a small-arm bullet.  For I am assured on the highest

uthority that the cotton threads of which my screcns are com-
oosed, would be likely to cause unsteadiness in the motion of a
small bullet, and if so, the measured velocity would be lower
than the velocity of the undisturbed bullet, And if wire screens
were used, the cvil would be increased. ¥rom the excellent
work done by Robins with a smal/ ballistic pendulum, 1 am dis-

osed to think that that instrument might be advantageously used
in experiments with sma//-arm bullets.

As my tabular values of K, were determined from the average
results given by 3- to g-inch shot, I did not venture to put them
forward as being applicable to the calculation of the moation of
small bullets, %ut recently Major McClintock, R.A., Assistant
Superintendent Royal Small-Arms Factory, has used them for
that purpose. He says:—** The accuracy of rifle-bullet trajec-
tories calculated by means of Prof, Bashforth’s tables, has been
tested by firing a large number of rounds through paper screens
placed at different points along the range. The rifle used in the
experiment was the Martini-Henry, and the screens were erected
at intervals along a 500-yards and a 1000-yardsrange, The result
of the experiment was most satisfactory, the mean heights of the
bullet-holes in the screens agreeing closely with the heights
found by calculation.” .

As is well known, guns vary greatly in the de%:ee of steadiness
they impart to elongated shot, and this often ¢ s with the
initial velocity of the shot. It i« important, therefore, to have
a ready way of chnnginﬁithc tabular coefficients K, in the ratio
of 1:x, when the cocflicients will hecome x K, where « is a
constant for that round. In the calculation of the general tables,
and in using the tables of values of integrals det’wted by X, Y,
and T, we have to deal with the product —s’ x ( fo).-
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( L « )X K,. Hence, if we calculate the value of (d_. n) at
w w

first, we may proceed without further change to use the general
tables, or to calculate trajectories, using the tabular values of
K,, just as when no change is required in the value of the
tabulated coefficients. For the 3-, 5-, 7-, and 9-inch guns, the
value of «, in the cases we have considered, would be 1°08,
0'92, 105, and 1'08 respectively. There was one case where
the studs did not act, when Ko was found to be 335°1 instead
of 750, which gives x = 4°47. The smaller the value of x
the steadier will be the motion of the shot. Mr. Ristori might
calculate another range, using x = 0'92 given by the s5-
inch gun, if he be satisfied that he has got the correct initial
velocity and initial direction of the shot. If the calculated and
measured ranges did not now quite agree, the remaining correction
of x might be found perhaps with sufficient accuracy by propor-
tional parts. ‘This seems to he the best way of expressing the
degree of steadiness of shot when they arc so light as to have
their motion disturbed by cutting the threads of screens. But
for heavy shot the most dircct way is to fire through equidistant
screens as already explained. .

When 1 made experiments with low velocities in 1879, I was
»furnished with some range tables of the 6'3-inch Howitzer,
where, it was said, my cocfficients did not give correct results.
As the difficulty in obtaining good results increases as the velo-
<ity decreases, 1 took the trouble to make a thorough comparison
between the calculated and experimental results in the above
case. I also made use of some German range tables in the same
way, where the value of @* =~ 20 was only a trifle larger. The
results of these comparisons may be found at pp. 45-49 of my
Final Report, 1880, which appear to me qguite satisfactory.

So long as there are guns good, bad, and indifferent, it is clear
that no single sct of cocfficients can give ranges suited to all
cases, But ranges, &c., calculated by the help of my coefficients,
may serve as a standard of comparison a]f-»plicnble to every case,
and so give a measure of the steadiness of the shot.

April 23 FRANCIS BASHFORTH

"The Dry and Wet Bulb Thermometers ¢ Froude”

A 80-CALLED thermometer ‘‘froude” has been used in
France' for many years, and its usc, on special occasions, has
gradually extended to other countries. It consists of an ordi-
nary thermometer fastencd to a string two to four fect in length,
If such a thermometer be swung through a circle whose radius is
the length of the string, it is evident that it will attain the tem-

rature of a large mass of air unless the results are vitiated by
riction with the air, oxidation, centrifugal action, or other
causes, Careful comparisons, at high and low vclocities, with
e thermometer pioperly eapused, have given entitely reliable
results,

Some time ago the writer attempted to use this instrument as
& wet bulb with such results that it was decided to fasten two
thermometers together, one with its bulb one and a half inches
below the other. The latter may be easily wet by immersion
without wetting the dry. This arrangement has worked admir-
ably, and has been in constant use the past winter in determining
temperature and humidity conditions both in city and country,
wn courts and rooms. Every one who has undertaken humidity
observations with a wet bulb thermometer, especially in cold
calm weather, has found it very difficult to obtain good results |
even after an hout's waiting after wetting, With this instrument |
it is an easy matter in every instance to obtain an absolutely
correct result in two or three minutes. This is shown by the
fact that repeated wetting and swinging will give the same result
as often as tried.  If ice is on the bulb, it is best, after swinging
for several observations, or until the clear glare of ice has gone,
to wet in water above freezing so as to remove the old ice and
lorqblu new coat. Distilled water should also be used if

e.

With this instrumenlt it l}ai bee:‘l four;do that, in order to get |
even a] imate results of humidity above grass und, in
clear m:-, with temperature below fmezing,gtrl?e obser- |
vation must be made upon & knoll, never in a valley or upon a
plain with rising ground on any side. It has also been found
that under the a

ve conditions in the morning a height of
twenty to thirty feet is essential, even u

oyt ity nnkno,;nﬁer;o
obviate the effect of the ual accumulation through the night
of air above sod, grd H. A. HazeN
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Extraordinary Darkness at Midday

THE extraordinary darkness that occurred here suddenly on
the morning of the 26th is deserving of record, as being the most
intense that is remembered by any of the inhabitants.

The early morning was bright, and no change was noticed
until close upon 11 a.m., when the sky became rapidly darker in
the west-south-west. The wind was blowing from the north-
east at II a.m, with a velocity of five miles an hour, and it
scarcely changed at 11.40, when it increased to seven miles an
hour, and veered at once to south-west, and then moved more
slowly round through west and north, back again to east at 1 p.m.,
when its velocity was only three miles an hour.

At 11,30 the darkness was so great that it was found impos-
sible to read even bold print (small pica) close by the window,
and at this time a dense black cloud with a slightly yellowish
tinge hung over the south-west sky; the blackness being most
intense at 10° above the horizon. At I1.35 it became somewhat
lighter, and at I11.40 the rain began to fall, and in forty minutes
0°114 inch of rain-water was collected in our rain-gauges, the
whole being almost as black as ink, and full of fine carbon in
suspension. Hail that fell a mile off to the south-west by south,
and both hail and snow that fell on the hills two miles to the
west, were also black. At Preston, fourteen miles to the south-
west, the darkness was very marked, but five and a half miles to
* ¢ north-east nothing very particular was noted.

Stonyhurst Observatory, April 28 S. J. PERRY

Intelligence in Animals

I THINK it was about the year 1844 that the Duke of Argyll
desired my late father, his factor, to preserve game in the district
of Kintyre, Argyllshire. If any steps in this direction had been
taken by other proprictors, they were very irregular. My
memory goes back to about 1846 and 1848, and at that time
the grouse of Kintyre ¢‘sat like stones "—they might be shot to
dogs from the first to the last day of the season ; in fact it was often
dxf%cull to get the birds up. With this preservation, grouse in-
creased enormously--and therefore the food supply of the people
—to such an extent that the late Sir John Cuningham and my
father shot, on onc 12th of August, seventy-two brace of grouse.
Sir John was a very old man, and insisted on loading his own
gun, an old muzzle-loader. My father never shot hard, Now
1 do not believe any two men with two guns and loaders could
do this in the same district with"all the improvements in arms
and dogs ; whilst I have heasd my father say that seven brace
was a good bag when he was young, before game-preserving,

Grouse yet sit pretty well in Kintyre, and I believe this is the
case because it was one of the last districts to preserve and
shoot ; but the birds are every year becoming wilder, and now
in the month of September it is useless to take dogs on the hill,
and for two years we, like others, have had to drive them.

T account for this by an alteration in instinct, and I am as sure as
any one can be, from observation and the opinion of competent

versons, that it is progressive imstinct in fve generatl

‘ormerly the great enemies of the grouse were ravens, that took
their egys and young birds ; foxes, polecats or martin cats, and
wild cats, that took them at n#igA/ on the ground ; and hawks, that
took them on the wing during the day. When man stepped in
and altered the balance of Nature, the

Bird that up and flew away,
He lived to hreed another day.
No hawk was there to knock him down. He found from experi-
ence that flying away before man and his dog came mear gave
him safety ; and his children that inherited the wit or instinct
or power of turning heather into nerve-force or intelligent
thought—or whatever the straw-splitters like to call it—lived ;
whilst his brother, that inherited the qualities which kept him
hiding in the heather, was shot when forced up.
I had this summer ample corroboration of this theory. About

| eight years ago I was shooting in the island of Rum ; the grouse

were not preserved and were extremely tame, so tame in Sep-
tember and October that I had to run after them to make them *
take the wing, and it was new to dogs. Last year I again shot
in the island, and I observed the same tameness in one part of

the islandy but in another district I observed the grouse were
er, and much wilder. I was puzzled with this until
I fourl omt that the late tenant had three befare turned down

some English grouse, and in the district where they were so0
turned down the grouse were very wild.

Knockrioch, April 28 DUNCAN STEWART
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IN NATURE (vol. xxix. p. 596) there is a letter signed James
Graves, in which he says, *‘ as to the magpie or any other bird
bein%able to fix dates exactly to the day, it is unproved and in-
credible.” I do not know what may be the case in regard to
birds-nestbuilding, but I can give two instances of the regularity
with which birds arrive at certain localities s roufe northward,
whatever may be the state of the weather, During a ten years’
residence on the shores of Hudson’s Bay, the first Canada goose
of the spring migration was seen and generally shot on April 23.
At Toronto on Lake Ontario, large flocks of a pretty little plover
called the ‘¢ black-heart,” from a black patch on its breast, Bass
along the islands, flying northward, on St. George’s Day
(April 23), and are seldom or never seen even a day before or a
day after that date. The poor little birds have a sad time of it
for six or ei&ht hours, as a number of sportsmen go out for the
occasion and knock them down by the half-dozen or more at
In this case, as in the other, wind and weather

cvery shot.
JOHN RaAE

appear to cause no difference
4, Addison Gardens, April 25

THE ABSORPTION OF WATER BY PLANTS

AN ingenious instrument has lately been described by

Dr. J. W, Moll (Archives Necrlandaises, i. xviii.)
under the name of the Potometer. It is a modification
of Sachs’ apparatus for determining the amount of water
which a cut branch absorbs in a given time. I have been
for some years in the habit of using a form of Sachs’
instrument, differing in principle from Moll’s apparatus,
but resembling it in being especially adapted for making
observations at short intervals of time. As the subject
of transmission of water through wood is now attracting
attention among physiologists, it seems worth while to
describe my instrument.

A short é)iece of thick indiarubber tube is slipped over
the cut end of a branch and firmly attached to it by wire
ties ; the other end of the rubber tube being securely fitted
to a glass tube which is filled with water. The other end
of the glass tube is closed by an indiarubber cork through
which passes a coarse thermometer tube, The apparatus
is now fixed so that the free end of the thermometer tube
dips into water. As the leavds evaporate the water in
the flass tube is sucked up by the cut end of the branch,
the Joss being constantly made up by a current flowing in
through the thermometer tube. If then we can estimate
the rate of this current we shall know the rate of absorp-
tion of water. This is very simply done by allowing, for
a few seconds, the thermometer tube to suck in air instead
of water; when a column of air a few millimetres in
length has been drawn in, the end of the tube is again
immersed in water, and the bubble travels rapidly along
the thermometer tube, when its speed is measured by
means of a chronograph.

This method appears no doubt to be a rough one, and
is open to objections ; but | believe that it does not give
rise to serious errors, and it certainly demonstrates ex-
tremely well small changes in the rate of absorption
by a cut end of the branch. By means of my instrument
observations can be made at very short intervals; for
instance, four readings were taken in 1' 50" ; it is there-
fore well adapted for observing rapid changes in the rate
of absorption.

I reserve a full discussion of the merits and demerits of
the instrument for a later publication.

Experiments, April 1884.—When a branch is first fitted
to the instrument the rate of absorption is extremely rapid,
owing to causes which need not here be considered, but
after a time the rate of absorption (which diminishes
with great rapidity) becomes constant. A branch of
Portugal laurel (Cerasus Iusitanica) was cut at 9 30 a.m.,
and was not fitted to the apparatus until 10,15 a.m.

The following table shows clearly the rapid decrease in
the rate of absorption :—1!

tIn L'ﬂ:. :l-lg the &oni.u tables ,I“l:v:f not given the actual quantities of

—~ataw a

Times h. m, Rate of Absorption
7

10 18 . 1
20 h. 53
25 40
I 14 26
35 25
52 25

Sachs has called attention to the diminution in th
absorption which occurs when cut hranches are placed in
water, and has shown that the absorbing power can be
renovated by cutting a fresh surface at the base of the
branch. This effect is well shown with my instrument.*

The above-mentioned branch of Portu:al laurel which
had been placed in water at 9.30 a.m. gave a relative rate
of absorption of twent&’_-four at 12.28; at 12.30, between
6 and 7 cm. were cut off, and the branch was again fitted to
the machine, the operation lasting one and a half minutes.

Time p m. Rate of

h. m. Abscrption

12 28 ... 24
30 .. fresh surface cut
314 .. branch replaced
333 .335
3 0
39 28
45 26

26

54 e e
When the rate of absorption has become constant,
any variation in dampness or dryness of the air causes
variations in the transpiration of the leaves, and therefore
in the rate of absorption, These changes are well shown
by my instrument. The following experiment, made
with a branch of Portugal laurel shows the amount and
rapidity of the increase in absorption caused by exposing
the leaves to the sun shining through window-glass :~—

Time am. h. m. Rate of Abrorptitn
10 44 14
49 14
55 14
it o .. 15
5 . 15
64 14
Blind drawn up
752 ... . 14
9 .. 20
124 ... . 27

Thus in six minutes the rate of absorption had nearly
doubled. A similarly rapid effect is seen when the sun-

light is cut off, when the rate of absorption falls.
Rate of Absurption

‘Iime h. m.

12 5 33
10 w32
103 blind down
124 27
194 20
25 . . 19
29 .. . 18

That is, the rate of absorption diminished in the proportion
of 100: 56 in twenty-four minutes, when the sunlight was
cut off. ~In the same way the effect of opening a window
and thus increasing the evaporation for the leaves, is a
once visible in incrcased rate of movement in the bubble,

Cut Stem of vy

Time a.m. Rate of
h. m. = Absorption
1033 o 32
11 0 0 31
9 o window and door opened
10 40 . 34
1T 30 37
12 o g;
:g g . window and door shut
21 30 31
22 30 29
40 31

P d not here be discussed whether the pasticular phenomencn her
d«cﬁb:ﬁeh the same as that described by Sechs.
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Epfect of Disturbance—The fact observed by Baran-
etzky, that a small disturbance, such as a slight shake,
increases the transpiration of the leaves, is also easily
seen, and my observations show that in some cases the
effect may be very transitory. It need not occur in the
use of my instrument, since the plant remains quite un-
touched, the only necessary movement being the removal
and repia.cement of a vessel of water to allow the entrance
of a bubble, .

Effect of Sudden Diminution of the Ewvaporaling
Swurface—1 have been astonished to find with what
rapidity the rate of absorption diminishes when the
evaporating surface is diminished by cutting off a twig
from the branch under experiment. . .

A branch of Portugal laurel was absorbing (April 10)
with great regularity.

. Rate of
'{im nem.p.T Absorption
5 5 0 23
47 © 23
48 40 a small branch cut
49 15 21
50 30 20
52 0 21
58 o 20
6 4 o 20
11 o 20
12 © another branch cut off
20 - 18
13 © 17
14 40 16
26 o 16
35 © 16

When the first branch was removed nearly the whole of
the permanent diminution was visible in 3 g"; in this case
the distance from the base of the branch to the place
where the small branch was severed was 28 cm,

In the second experiment half the permanent effect
was produced in 20” ; and here the distance of the cut-off
twig from the cut end of the main branch was 45 cm,

But far more remarkable results were obtained when a
long stem of ivy was used for the experiment.

A stem of ivy was removed from the tree on which it
grew on April 13, and was placed with its cut end in
water until the following day, when it was fitted to the
apparatus.'

pril 14.—The rate of absorption remained fairly con-
stant from 10.30 (o 11.45 a.m., when the first branch was
removed.

Time a m. Rate of
he mo s Absorption
10 33 © 32
11 42 © 31
45 © . branch cut off
15 29
46 20 23
53 o . 26

The branch which had been cut off left the main stem at
a distance of 13 feet 3 inches from the basal end, so that
change in the rate ot absorption was transmitted at the
rate of 0'88 feet per second.

In a second trial the following results were obtained :—

Time Rate of
h. m. s. Absorption
310 23

6 o . 23

11 30 23

13 o stem cut

15 18

14 © . 1y

lg 30 15

18 o - 15

The point at which the stem was severed was 16 feet
§ inches from the basal end, so that here a change in

h:.'l'ln nﬁwm»mﬁudml end was some few feet above the

absorption travelled at the rate of 1'1 foot per second.
The same result followed on two other occasions, but
here the rates of transmission were slower—
15 feet § inches in 30",
9 feet 10 inches in 30",

In the latter of these two cases the part removed was
not a branch of the stem, but a branch belonging to a
neighbouring stem which had grown into lateral union
with it, so that here the transmission of the change must
have taken place laterally from the branch to the stem, and
then longitudinally along the latter. .

Efiect of partly severing the Branch.—My instrument
is well adapted for testing the transmitting capacity of a
branch which has been partly cut through. I have been
much surprised at the fact that cuts to the depth of half
or more than half the diameter of the branch produce
practically no diminutio< in the rate of absorption. Indeed
a slight increase is often visible owing to the disturbance
which must occur when the branch is cut with the saw.

A branch of yew ‘55 inch in diameter was sawn (A) to
the depth of *25 inch, (B) so deep that the bridge of wood
through which the water had to pass was not more than
*t inch in thickness in radial direction.

‘l'ime p.m. Rate of
h. m. Absurption
3 26 99
32 99
34 .. ... cut A made
35 .. 98
40 .. 103
47 101
4 3 99
37 99
384 ... cut i made
40 100
43 97
46 . .. 100
50 ... we 100

It was only when the bridge remaining after cut B was
narrowed, by sawing on both sides at right angles to the
former direction, that theeratc of absorption fell. The
same thing was shown in another branch of yew, the
woody part of which was romm, in diameter, and which
was sawn to a depth of 8 mm,, leaving a bridge 2mm.
thick in radial direction, Even this deep section did not
diminish the rate of absorption. With the Portugal laurel
the same thing was observed ; and here the possibility of
recovery from a temporary diminution in absorption was
shown in two cases.

The branch with its bark on measured 11 mm, in dia-
meter, and it was traversed by an excentric cylinder of
old brown wood 1'8 mm. in diameter.,

The following figures give the result of section :—

Time a.m. Rate of

. om. Absorption
I o R |
9 18

14 cut A
16 16
20 18
30 .. 17
12 o e 17
6 18

8-9 cut B
10 18
11 19
17 17
30 18

35 cut ¢
364 9
38 9
2 10
& a8 12
55 . 14

p-m.

118 . et e 16
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It will be seen that the two first cuts produced no effect
comparable to that caused by ¢, Cut A was 3 mm. deep,
cut B was also 3 mm. deep on the opposite side, so that,
after B had been made a bridge, 5 mm. in radial direction
remained ; nevertheless the rate of absorption was undi-
minished, Cut ¢ was made by increasing B to the depth
of g mm. from the bark, so that the bridge of more or
less central wood finally left was 3mm. in radial thick-
ness, and even then the diminution was only temporary.
The cuts were made about 7 cm. from the basal end, and
the same distance from the first branch. Another branch
of Portugal laurel showed the same thing. The wood of
the branch at the point ¢f section was about a centimetre
in diameter, and contained a large })ro%ortion of old
brown wood. The external envelope of white wood was
cut away with the exception! of a bridge measuring
roughly 3 X 3'5 mm. in cross section.

The result is shown ia the following table :—

Time p.m. Rate ot
h. m.

Absorption
16 e ct
198 .. 10
2ty .. 11
26 13
32 . 14
39 13
47 14
53 - 15

Here again we have a diminution followed by gradual
rise.

When the little bridge of younger wood was severed,
the fall in rate of absorption was rapid.

Time p.m. Rate of
h. m. Absorption
5727 e 16
28% bridge severed
32 e ves T vee 0'12
47 vea o'o8

Thus the absorption fell to one-twentieth of the original
amount ; that it did not quite cease may be accounted
for by the fact that the younger circumnferential wood was
not completely cut through.

My apparatus would be also suitable for such experi-
ments as those of Dufour (Arbeiten d. Bot. Inst. in
Wiirsburg, 1884, Band iii.), in which he showed that
sharply bending a stem, such as a hop-bind, does not
prevent the passage of the water of transpiration, whereas
water could not be mechanically forced t%rough the bent
stem. Dufour also repeated Hales’ experiments in which
the transpiring branch was cut half through on two oppo-
site sides, the points of section being an inch or two apart,
When this had been done, so that the continuity of all
cavities of vessels and cells was broken, he found that
the transpiration-stream could still pass, because the con-
tinuity of the cell-wa//s remained unbroken. 1 give a
single experiment of this kind to show that my instrument
is well adapted for such work (April 15) i=

Time Rate of
h. m, Absorption
11 32 25
37 o finstout
39 . 22
49 e e .. 24
55 ... second cut
12 2 . . 0'84
22 . 0°69

Both cuts penetrated to the centre of the branch. The
first was one and a half inch from the base, the second

* The young wood was not well severed, and a small amount remained in
continnity.

balf an ‘inch below the first cut, and on the opposite side
of the branch.

Dufour’s experiments would seem to show that the great
depression in absorption which occurred on making the
recond cut may have been only a temporary phenomenon ;
this and otheri ndred questions I hope soon to be able
to work out. FRANCIS DARWIN

Cambridge, April 17

WHAT IS A LIBERAL EDUCATION ?1

I DO not intend, in the present paper, to enter upon the

disputed question between the advocates of classical
culture on the one hand, and those of scientific training
on the other ; because it seems to me that the line on
which the two parties divide is not that which reﬁﬁy
divides the thought of the day. If we look closely into
the case, we shall see that the objects of a higher educa-
tion may be divided into three classes, instead of the two
familiar ones of liberal and professional. In fact, what
we commonly call a liberal education should, I think,
have two separate objects, With the idea of a profes-
sional education we are all familiar: it is that which
enables the possessor to pursue with advantage some
wealth-producing specialty.  Although, in accordance
with well-known economic principles, it is designed to
make the individual useful to his fellow-men, the ultimate
object in view is the gaining of a livelihood by the indivi-
dual himself. On the other hand, the object had in view in
what is commonly known as culture is not the mere gain-
ing of a livelihood, but the acquisition of those ideas,
and the training of those powers, which conduce to the
hulppiness of the individual. From this point of view
culture may be considered an end unto itself.

The third object which we have to consider is only
beginning to receive recognition in the eyes of the public.
It is the general usefulness of the individual, not merely
to himself and to those with whom he stands in business
relations, but to society at large. Modern thought and
investigation lead to the conclusion, that man himself, the
institutions under which he lives, and the conditions which
surround him, are subject to slow, progressive changes ;
and that it depends very largely on the policy of each
generation of mankind whether these changes shall be in
the way of improvement or retrogression. During the
next fifty years all of us will have passed from the stage
of active life, and the course of cvents will be very largely
directed by men who are still unborn. The happiness of
those men is, from the widest philanthropic point of view,
just as important as the happiness of those who now in-
habit the earth ; and, in the light of modern science, we
now see that that happiness depends very largely upon
our own actions. We thus have opencd out to us an in-
terest and a field of solicitude in which we need the best
thought of the time. The question is, What form of
education and training will best fit the now rising genera-
tion for the duty of improving the condition of the genera-
tion to follow it ?

Let it be understood that we are now speaking, not of
the education of the masses, but of that higher education
which is necessarily confined to a small minority. So far
as | am aware, that fraction of the male population which
receives a college education is not far from I per cent,
To that comparatively small body we must look for the
power which is to direct the society of the future, and by
their acts to promote the well- or ill-being of the commg
generation. Our duty to that generation is to so use an
train this select body as to be of most benefit to the men
of the future. What is the training required? I reply
by saying that I know "°thm§, better fgr this end than a
wide amf liberal training in the scientific spirit and the
scientific method. The technicalities of science are not the
first object ; and, so far as they are introduced, it is only

s From Science.
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as media through which we may imbue the mind with
If called upon to .

meral and abstract ideas.
scientific spirit, I should say that it was the

certain
define t
love of truth for its own sake.

This definition carries .

with it the idea of a love of exactitude—the more exact .

we are the nearer we are to the truth, It carries with it

a certain independence of authority ; because, although an ;
adherence to authoritative propositions taught us by our an-

cestors,and whichwe regard as true,may,in a certain sensq:i '
; tions of Krakatoa, has led to various remarkable results

be regardedas a loveof truth, yet it ought rather to be calle

a love of these propositions, irrespective of their truth.

The lover of truth is ready to reject every previous opinion
the mement he sees reason to doubt its exactness. This
particular direction of the love of truth will lead its pos-
sessor to pursue truth in every direction, and especially to
investigate those problems of society where the greatest
additions to knowledge may be hoped for.

Scientific method we may define as simply generalised
common sense. I believe 1t was described by Clifford as
organised common sense. It differs from the method
adopted by the man of business, to decide upon the best
method of conducting his affairs, only in being founded
on a more refined analysis of the conditions of the pro-
blem. Its necessity arises from the fact that, when men
agply their powers of reason and judgment to problems
above those of every-day life, they are prone to lose that
sobriety of judgment and that grasp upon the conditions
of the case which they show in the conduct of their own
private affairs. Business offers us an example of the
most effectual elimination of the unfit and of “the sur-
vival of the fittest.” The man who acts upon false
theories loses his moncy, drops out of society, and is no
longer a factor in the result. But there is no such method
of elimination when the interests of socicty at large are
considered. The ignorant theoriser and speculator can
continue writing long after his theories have been proved
groundless, and, in any case, the question whether he is
right or wrong is only one of opinion.

I ask leave to introduce an illustration of the possi-
bilities of scientific method in the direction alluded to.
Looking at the present state of knowledge, of the laws of
wealth and prosperity of communities, we see a great re-
semblance to the scientific ideas entertained by mankind
at large many centuries ago. There is the same lack of
precise ideas, the sume countless differcnces of opinion,
the same mass of meaningless speculation, and the same
ignorance of how to analyse the problem before us in the
two cases. Two or thrée centuries ago the modern
method of investigating nature was illustrated by Galileo,
generalised by Bacon, and perfected by Newton and his
contemporaries. A few fundamental ideas gained, a vast
load of useless rubbish thrown away, and a little know-
ledge how to go to work acquired, have put a new face
upon society. Look at such questions as those of the
tariff and currency. It is impossible not to feel the need
of some revolution of the same kind which shall lead to
certain knowledge of the subject. The enormous differ-
ence of opinion which prevails shows that certain know-
ledpe is not reached by the majority, if it is by any. We
find no fundamental principles on which there is a general

ent. From what point must we view the problem
in order to see our way to its solution ?

I reply, from the scientific standpoint. All such politi-
cal questions as those of the tariff and the currency are,
in their nature, scientific questions. They are not matters
of sentiment or feelin? which can be decided by popular
vete, but questions of fact, as effected by the mutual action

interaction of a complicated series of causes. The
only way to get at the truth is to analyse these causes into
component elements, and see in what manner each

acts by itself, and how that action is modified by the
mof the others: in other words, we must do what
ileo and Newton did to arrive at the truths of Nature.
With this object in view, whatever our views of culture,

we mal);elet science, scientific method, and the scientific
spirit the fundamental object in every scheme of a
liberal education. S. NEWCOMB

THE KRAKA1T0A ERUPTION?

HE inquiry, instituted in consequence of a Govern-
ment resolution of October 4, 1883, into the nature,
the extent, and the consequences of the volcanic eru

of which a short account is given here. A detailed re-
port is in course of preparation, but will not appear for
some months, as the making of numerous illustrative
maps and plates will take much time, The inquiry did
not extend solely to the islands of the Straits of Sunda,
but also to the coast countries of the Lampong districts,
Bantam and Batavia, which were partly or entirely de-
stroyed. In the Straits of Sunda the islands of Merak,
Toppershoedje, Dwars in den Weg (Thwart the Way?,
Seboekoe, Sebesi, Lagoendi, Krakatoa, Taboean, Prince’s
Island, the Monnikrotsen (the Monk’s Rocks), and
Meeuwen Island (Mew’s Island), were visited ; further,
the coast-strip from Ketimbang to Kalianda, and inland
as far as Kesoegihan, besides the foot of the Radja Bassa ;
the coast of Hoeroen to Telok Betong, and the environs
of the capital ; the southern part of Semangka Bay (the
northern part was inaccessible through pumice-stone),
the kampoengs Tampang and Blimbing, near the Vlakken
Hoek, Java’s First Point (Java Head), and the coasts of
Tjiringin and Anjer to Merak. The voyage, which lasted
seventeen days, was made by the lopperbarge (small
stcamer) A'ediri, commander 't Hoen, given for the
inquiry by the temporary chief of the Batavian Harbour
Works. About the causes of eruptions there is usually
not much to be said, yet in this case something has been
ascertained. Krakatoa, namely, lies with a few other
volcanoes on a rent or fissure in the crust of the earth
which runs across the $traitg of Sunda, and of which I
indicated the probable existence for the first time three
years ago. Along such & fissure little shiftings of the
earth’s crust are possible, by which a pressure is exercised
upon the molten substances below the crust. It is also
possible that along such a rent— however tightly closed
by the neighbouring stone-layers—the water may more
easily than elsewhere flow to the regions under the earth.
If this water comes in contact with the molten substances,
steam at high temperature and high pressure is formed,
and this steam may be considered as the chief motor of
most, if not all, volcanic eruptions.

Many circumstances, therefore, combine to make erup-
tions take place in preference near fissures, provided water
(either rain or sea-water) can penetrate in sufficient quan-
tity. We must conclude from the 2co years’ quietude of
the volcanoes in the Straits of Sunda that the water
affluence during that time was but small, and only became
larger within the last years. Now it happens that during
the last years a great many earthquakes took place along
this fissure, of which the lighthouse on *Java’s First
Point ” in particular suffered greatly. The most violent
earthquake took place September 1,1880 ; the upger part
of the tower was rent, and had to be broken off after-
wards. These earthquakes were probably the result of
subterranean subsidences, and I think 1 may assume that
through those subsidences modifications took place along
the fissure through which the cea-water could ooze in
greater quantity than before. Within the three last years,
the pressure of the steam formed became sufficiently
strong to force the lava, out of the much deeper-lying lava

strata, upwards through the crater of Krakatoa, and the
erup! took place when, at last, the violence of the
steam was enabled to force its way through the lava to

the crater and the surface. The steam carried with it a

* Tranvation of a Short Report cn the Eruption of Krakatoa on.August
26, 87, and 28, 1883,
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uantity of lava, which was mostly shot as fine dust out of

e crater. The porous nature of the ejected substances
—pumice-stone was almost the only substance formed——is
doubtless to be ascribed to the steam, which was blown
with great force through the lava. I must keep the more
detailed description of the way in which the eruption
proper was prepared and took place for a future time, as
drawings are requisite for a right understanding of the
matter. I must still observe here, however, that through
the Krakatoa eruption our notions about the shape and
extent of subterranean regions will probably be much
modified. If it may be assumed that there exists a con-
nection between our eruptions, the heightened activity of
the volcanoes in the Indian Archipelago since that time,
and the earthquakes in Australia which took place simul-
taneously with and succeeded the eruptions of the last
days—in any case a remarkable coincidence—then much
larger dimensions will have to be allowed to those regions
than the present geologists are accustomed to assign
to them,

Krakatoa is the only point which has been active.
There are reports that Sebesi and the Radja Bassa have
also shown activity, but this is inaccurate.

Of the old Krakatoa there is no detailed survey ; the
English and Dutch sea-charts, both on a small scale,
besides a couple of sketches taken by Buijskes in 1849,
and by me in 1880, alone give some idea of the surface-
formation of the island. From the two sketches may be
seen that the island had three tops—the northern, called
Perboewatan (in some reports Roewatan), was the lowest
of the three, and showed streams of lava on various sides ;
this is the point which first began to be active in May
1883, and which probably also ejected pumice-stone in
1860. The centre top bore the name of Danan, and was
active also in August 1883. The southern peak, the
mountain Rakata properly speaking (which was corrupted
into Krakatoa), was by far the highest point of the whole
island, and, according to the sea-chart, 822 metres high.
:l‘his8 g:oint is also an old crater, but was zo# active
in 1883. .

On May 20, 1883, the Perboewatan began suddenly to
show signs of activity ; that nbthing was known before
then of an approaching eruption must be ascribed to the
fact that Krakatoa was uninhabited, and only visited
occasionally by Lampong fishermen, who went no further
than the coast. Otherwise it would seem inexplicable
that no previous signs of it should have been noticed.
The eruptions lasted with various degrees of violence,
and with intervals, till August 26; while latterly also the
crater of Mount Danan became active. Though in them-
selves not unimportant, these eruptions were insignificant
compared to what followed. On August 11 trees were
still %row.ing on the peak, so that the destruction of veget-
able life was then still limited to the immediate neigh-
bourhood of the craters. On the 26th the explosions
much increased in violence, and they reached their maxi-
mum on the 27th, at 10 am. They then diminished in
strzgth, but lasted still the whole night of Monday to
’61‘u ay, till they suddenly ceased on the 28th, at about
a.m.

About the eruptions from May till August 26 little of
importance has, on the whole, become known; all I
have been able to collect will be mentioned in the
detailed report.

“The eruptions of August 26 and 27 were accompanied
by violent detonations and air vibrations. During those
days almost incessantly a rumbling sound was heard which
resembled the noise of thunder at a distance, the explo-
sions ly speaking were accompanied by short
detonations which can best be compared to heavy cannon
shots, but the most violent detonations were still shorter
mdf:wc rattling, and cannot be compared to any other
‘soun!

The sounds of the explosions in May were heard in

a north-west direction at Moeara Doea in Palembang
and at Bintoehan, in the division of Kauer in Benkoelen
respectively 230 and 270 kilometres from Krakatoa ; the
transmission of the sound on August 27 surpasses, how-
ever, all which is known of the kind. The explosions
were heard in Ceylon, in Burmah, at Manilla, at Doreh in
the Geelvink Bay (New Guinea), and at Perth on the
west coast of Australia, besides all the places which lie
closer to Krakatoa than the above-mentioned. If a circle
is drawn from Krakatoa with *a radius of 30° 1,800 geo-
graphical miles, or 3,333 kilometres, the circle will go
exactly over the furthest points where the sound was
heard. The furthest distance between the points -east
and west where the sound was heard is therefore 60°
(the diameter of the circle) or one-sixth of the whole
circumference of the earth. The surface of this circle,
or rather of the spherical segment, comprises more than
one-fifteenth of the surface of the earth. In historic
times no eruption is known of which the sound was
transmitted over such an enormous area. At the eruption
of Tombora in Sumbawa, in 18135, the radius of the circle
within which the sound was heard, was but half the size,
namely 15° the surface being therefore 3°93 times smaller.

If a circle with the same radius, namely 30°, is drawn
round the earth, taking Amsterdam as the centre, the
circle would have the following course, The northern
point lies 82° north latitude, thus north of Spitzbergen ; from
there the circle runs to the middle of Novya Zemlya, thence
along the Ural Mountains to Orenburg, Tiflis, Damascus,
Jerusalem, Suez ; crosses the Tropic of Cancer at about
15° east longitude from Greenwich, reaches the most
southern point at 22° north latitude in the Desert of
Sahara, crosses the Tropic of Cancer once more at 5° west
longitude from Greenwich, runs close along Ferro, includes
the Canary Islands and Azores, besides the greater part
of Greenland, and runs back to the starting point north
of Spitzbergen. In various places it was observed that the
strongest detonations were heard at different hours, and
also that in places in the neighbourhood of Krakatoa little
or nothing was heard of the sound, whereas it was heard
very distinctly in places further removed. Thus for ex-
ample the loudest rreport was heard at Buitenzorg at a
quarter to seven, at Batavia at half-past eight, at Telok
Betong at ten o’clock on the morning of the 27th. This was
caused ‘principally by the direction of the wind ; it appears
clearly from the reports that the sounds were loudest on
the side of Krakatoa whither the wind blew, and the fine
ash particles were blown. But this does not yet explain
the fact that the sound was sometimes better heard in
places that were further off than in those that were nearer
when those places lay in the same direction from
Krakatoa, such as, for example, Anjer, Serang, and Bata-
via. This phenromenon is to be ascribed solely to the great
quantity of ash particles which were present in the lower
atmosphere. If one assumes for example the presence of
a thick cloud of ashes between Krakatoa and Anjer, this
would act on the sound waves like a thick soft cushion ;
along and above such an ash cloud the sound may be
propelled very easily to further removed places, for
instance Batavia, whereas at Anjer, close behind the ash
cloud, no sounds or only faint ones would be
Cther explanations, such as by the interference of sound,
se;lm to me less probable though not entirely impos-
sible.

Besides these sound vibrations, very long air waves
were formed during the explt:isioll:s, v}v;l;xé:h did not anz:i;
fest themselves by any sound, but n .
important effect. The most rapid of thesesvibrations
communicated themselves to the buildings and walls of
rooms, so that objects which hung on the walls or from
the ceiling were set in motion. Thus at Batavia and at
Buitenzorg, a distance of 150 kilometres from Krakston,
the doors and windows began to rattle, clocklaoodﬂl,
ornaments on cabinets fell down, and hanging lampswere
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thrown out of their fastenings, ard fell shattered to the
ground with their chimneys and globes. .
But not only at tiis distance was the air vibration
mm At Batoe-Radja in Palembang (250 kilometres

; katoa) rents appeared in the pradjoerit's barracks
at three o’clock in the night; even at Palembang, 350
kilometres from Krakatoa, several Government buildings
had to be immediately vacated as a crash was feared ; and
even in the Alkmaar country in Pasoeroean, 830 kilo-
metres from Krakatoa, the walls were rent in the house of
the administrator and the machinist. All this was caused

air vibrations, #o¢ by earthquakes, for it is a remark-
able fact that these have nowhere been observed with
certaintf' in this eruption.

Finally in the most violent explosions, air waves of an
astonishing length were formed. As the Meteorological
Institute at Batavia no longer possesses a self-registering
barometer, those waves would have passed unobserved at
Batavia, had they not fortunately been recorded by the
indicator of the gas-works, This apparatus is self-
registering, and continually marks on a paper, wound
round a turning cylinder, the pressure of the gas. As the
large gasometer was set in motion on August 26 and 27
by the pressure of the air waves, these oscillations were
marked by the indicator, and the line of pressure shows
that day, not the normal curves, but a number of sharp
points. As hour lines are marked on the paper, the time
at which these oscillations occured can be accurately
fixed, and if the time be deducted which the wave requires
to travel from Krakatoa to Batavia, the moment is also
known when the wave was formed, and the explosion took

lace (omitting a correction for the time which clapses
ween the moment of Eressure on the gasometer and the
moment this is recorded by the indicator, a lapse of time
which is unfortunately not exactly known). The barometcr
experiments in Europe and America show that those large
air waves possess almost as great a velocity as sound,
from which it follows that they require seven minutes to
travel the distance between Krakatoa and Batavia.

I have concluded from this that the most violent
explosions took place at the following hours :— August 27,
5h. 35m., 6h. som.,, 10h. 5m,, and 10h. 55m., Batavia time.
Bty far the most violent of these four was the explosion
of 10h. 5m. Then also an air wave was propelled from
Krakatoa which spread in a circular form round this point
as pole along the surface of the earth, and travelled no
less than three and a quarter times round the whole
circumference of the earth. The velocity was, as already
observed, about the same as that of sound, although
these were waves of a gigantic length (the length of the
lowest sound waves being about 20 metres, that of the
Krakatoa air wave more than a million metres),

The eruptions, which took place at first above the sea,
probably became submarine about ten o'clock on August
27. Before that time only more or less damp ashes werc
ejected, after that also a large quantity of mud or mire,
being volanic sand mixed with sea-water. The giving
way of the northern part of the mountain must have
preceded these submarine eruptions, as appeared from
the time at which the large tide wave, which probably
originated through this subsidence, overflowed the Vlakken
‘Hoek. This catastrophe caused a great change in the group
-of islands of Krakatoa. To the north-west of Krakatoa
lies Verlaten Island, to the north-east Long Island, and
west of the latter lies the Poolsche Hoedje. This
small island has disappeared, the two others still exist,
and are even larger than before, through the ejected sub-
stances which have settled on and around the 1sland ; but
the greatest change has been undergone by Krakatoa
itsef. The whole northern part with the craters Per-

boewatan and Danan, and half of the peak have sunk in
the depths. There only remains the southern part of the
mwhmh has been cut in two from the very top, and
: on the north side a magnificent precipitous cliff

more than 800 metres high. Through the downfall there-
fore a volcano rufture has been formed which is probably
unique in the world. A coloured drawing of this remark-
able rock will be added to the large report. .

The size of Krakatoa was formerly 333 square kilo-
metres ; of that 23 square kilometres have subsided, and
1@} square kilometres remain extant. But on the south
and south-west side the island has been increased by a
large ring of volcanic products,so that the size of New
Krakatoa is now, according to our survey, 154 square
kilometres. The size of Long Island was formerly 2'9
and is now 32 square kilometres. Verlaten Island has
become much larger; it was formerly 3'7 and is now
11'8 square kilometres in size. Of the Poolsche Hoedje
nothing remains.

In the place where the fallen part of Krakatoa once
stood there is now everywhere deep sea, generally 200,
in some places even more than 300 metres deep. It is
remarkable that in the midst of this deep sea a rock
has remained which rises about 5 metres above its sur-
face. Close to this rock, which is certainly not larger
than 10 metres square, the sea is more than 200 metres
deep. It islike a gigantic club, which Krakatoa lifts de-
fiantly out of the sea.

The volcanic products of the preceding year consist
almost exclusively, as we have already said, of pumice-
stone ; only here and there among the pale gray material
a solitary piece of darker coloured steatite or a vitreous
piece of obsidian appears. Although the stone masses
in the crater were doubtless liquid, a stream of lava could
nowhere pour down, because everything was shot out of
the grater in larger and smaller pieces, and generally in

owder,

P The chemical composition of the ejected substances is
not yet sufficiently known, but from the analyses that have
hitherto been made it would appear that all the substances
do not contain the same quantity of silica ; probably that
the large pieces floating on the top of the molten mass
were somewhat more acid than the lava that lay deeper
in the crater and was cjected as powder. The ashes col-
lected by myself at Buitenzorg contained, according to the
analysis made at Batavia; 60 per cent ; a piece of pumice-
stone, collected on the Island Calmeyer, 68 per cent.; a
small piece of obsidian from Krakatoa over 68 per cent. ;
and fine yellow ashes from the east coast of Krakatoa
even 70 per cent. of silica. There was found moreover
alumina 14 to 16 per cent., protoxide of iron 6 per cent.,
chalk 4 per cent., soda 4 to 6 per cent, and a little
magnesia.

In the microscopic examination of the ashes collected
at Buitenzorg there was found—(1) gZass in innumerable
irregular fractured particles, generally completely per-
meated with vacuoles round or oval ; in some particles
the glass threads are bent. Those §lass particles, micro-
scopic pieces of pumice-stone, are always present in large
abundance. (2) fe/spar, very fresh and clear, some-
times with distinct polysynthetic twin lines, generally,
however, in single crystal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>